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Juglans regia Linn is a medicinal plant that has been widely used in traditional medicine for a wide 
array of ailments that include helminthiasis, diarrhea, sinusitis, stomachache, arthritis, asthma, eczema, 
scrofula, skin disorders, and various endocrine diseases such as diabetes mellitus, anorexia, thyroid 
dysfunctions, cancer and infectious diseases. The present review, attempts to provide comprehensive 
information on the ethnobotanical use, pharmacology, nutritional value, preclinical and clinical studies, 
toxicity, other uses and current research prospects of the Juglans regia L. Currently, there is a renewed 
interest in walnut, and several investigations aimed at scientific validation of its traditional uses and a 
humble scientific investigation aimed at isolation and identification of active constituents of crude 
extracts.   
 
Key words: Juglans regia, nutritional value, bioactivity, clinical trial, traditional use, toxicity.  

 
 
INTRODUCTION 
 
Origin and distribution 
 
Walnut (Juglans regia L.) is the most widespread tree nut 
in the world. The tree is commonly called as the Persian 
walnut, white walnut, English walnut or common walnut.  
It belongs to juglandaceae and has the scientific name 
Juglans regia. The walnut tree species is native to the old 
world. It is native in a region stretching from the Balkans 
eastward to the western Himalayan chain (Fernandez-
Lopez et al., 2000) and was cultivated in Europe as  early  
as 1000 BC. At present, walnut is cultivated commercially 
 
 
 
*Corresponding author. E-mail: nabutaha@ksu.edu.sa. 

 
Abbreviations: FAs, Fatty acids; PUFAs, polyunsaturated fatty 
acids; AA, amino acid; MICs, minimum inhibitory 
concentrations; IC50, half maximal inhibitory concentration; 
TMV, tobacco mosaic virus; DPPH, 2,2-diphenyl-1-
picrylhydrazyl; LDL, low-density lipoprotein; CCl4, carbon 
tetrachloride; LDH, lactate dehydrogenase; GSH, glutathione; 
GR, glutathione reductase; GOT, glutamyl oxaloacetic 
transaminase; GPT, glutamyl pyruvic transaminase; TG, 
triglycerides; EDV, endothelium-dependent vasodilation; CP, 
cyclophosphamide. 

throughout southern Europe, northern Africa, eastern 
Asia, the USA and western South America. World 
production of whole walnut was around 1.5 × 106 t in 
2008 (FAO, 2008). China is the leading world producer, 
followed by the USA, Iran, Turkey, Ukraine, Romania, 
France and India, but production in other countries such 
as Chile and Argentina has increased rapidly in recent 
years (Martinez et al., 2010). 
 
 
Walnut composition and nutritional value 
 
Walnut has been used globally in human nutrition since 
ancient times. The high protein and oil contents of the 
kernels of Juglans regia L. (Juglandacea) make this fruit 
indispensable for human nutrition. Therefore, the walnut 
is classified as a strategic species for human nutrition 
and is included in the FAO list of priority plants (Gandev, 
2007). The seed part of the fruit (kernel) is consumed 
fresh, toasted, or mixed with other confectionaries.  In the 
Middle East walnuts are added alone or along with 
almonds, date, and raisin as a special pastry preparation 
called Ma'moul.  Walnuts are nutrient-rich food due to 
high contents of fats, proteins, vitamins and minerals. 
They are also good source  of  flavonoids,  sterols,  pectic 



  
 
 
 

Table 1. Nutritional value of Juglans regia L.   
 

Principle  Value per 100 g 

Vitamins (USDA, 2010)  

Folates 98 mcg 

Niacin  1.125 mg 

Pantothenic acid o.570 mg 

Pyridoxine 0.537mg 

Riboflavin 0.150 mg 

Thiamin 0.541 mg 

Vitamin A 20 IU 

Vitamin C 1.3 mg 

Vitamin E-y 20.83 mg 

Vitamin K  207 mcg 

Minerals  

Potassium 441 mg 

Phosphorus 346 mg 

Calcium 98 mg 

Magnesium 158 mg 

sodium 2 mg 

Iron 2.9 mg 

Copper 1.5 mg 

Manganese 3.8 mg 

zinc 3.09 mg 

Aluminum 0.58  mg 

  

Fatty acids (Muradoglu et al., 2010)  

Unsaturated fatty acids  

Palmitoleic acid C16:1 0.77 

Oleic acid C18:1 25.26 

Gadoleic acid C20:1 0.05 

Total MUFA  22.37 

Linoliec acid C18:2 57.10 

Lineliec acid C18:3  10.34 

Total PUFA 4.29 

Saturated fatty acid   

Myristic acid C14:0 0.24 

Palmitic acid C16:0 4.28 

Stearci acid C18:0 1.85 

Archidic acid C20:0  0.19 

Total SFA 7.21 

PUFA/SFA 9.91 

 
 
 
substances, phenolic acids and related polyphenols. The 
nutritional contents differs from a cultivar to another 
which can be influenced by genotype, cultivator, different 
ecology and different soil (Caglarirmak, 2003; Crews et 
al., 2005; Martinez et al., 2010; Muradoglu et al., 2010). 
The major components of walnut oil are triacylglycerols 
(980 g/kg oil), in which monounsaturated fatty acids (FAs) 
(mainly oleic acid) and polyunsaturated FAs (PUFAs; 
linoleic and α-linolenic acids) are present in high amounts 
in   all  genotypes  (Table 1).  Oil   contents   reported  by  
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Pereira et al. (2008) (78.83 to 82.4%) were higher than 
those reported by other researchers (Savage, 2001; 
Muradoglu et al., 2010). In general, the FA composition of 
walnut oil resembles that of soybean oil, but walnut oil 
contains a greater concentration of linolenic acid. In fact, 
among vegetable oils, walnut oil has one of the highest 
amounts of PUFAs (up to 78% of the total FA content).   

Walnuts have high amount of omega-6 and omega-3 
PUFA, which are essential dietary fatty acids. Clinical 
studies suggest that omega-3 PUFA have significant role 
in prevention of coronary heart disease (Davis et al., 
2007). Oil rich in oleic acid displays greater oxidative 
stability therefore; it could be widely used as frying oil. 
According to an investigation conducted by several 
researchers, It was found that the average value for 
protein was 18.1% (Amaral et al., 2003); Muradolu, 2005; 
Mitrovic et al., 1997; Muradoglu, 2010; Savage, 2001). 
They are mainly composed of glutelins (about 70% of the 
total seed proteins) together with lesser amounts of 
globulins (18%), albumins (7%) and prolamins (5%) 
(Martinez et al., 2010). The amino acid (AA) composition 
of walnut flour is dominated by the acidic AA residues of 
aspartate and glutamate together with relatively high 
levels of arginine. Walnut proteins contain all essential 
AAs required for the needs of a human adult. The 
lysine/arginine ratio in walnut proteins is lower than those 
observed in other common vegetable proteins, and this 
fact has been identified as a positive feature in the 
reduction of atherosclerosis development (Sza-Tao et al., 
2000; Venkatachakm and Sathe; 2006; Martinez et al., 
2010). Walnut cultivars analyzed have recorded rich 
mineral composition, especially potassium, magnesium, 
and calcium.  The minimum and maximum macro and 
micro nutrient contents of walnut are presented in Table 1 
(Ravai, 1992; Payne, 1985; Souci et al., 1994; 
Cosmulescu et al., 2009). Walnuts contain high levels of 
potassium, phosphorus and magnesium and lower 
sodium. These elements play an important role for many 
enzymes activity especially as cofactor.  
 
 
Ethnobotanical use  
 
Juglans regia leaves have been used mostly in worldwide 
traditional medicines as antimicrobial, antihelmintic, 
astringent, keratolytic, antidiarrhoeal, hypoglycaemic, 
depurative, tonic, carminative, and for the treatment of 
sinusitis, cold and stomach ache (Girzu et al., 1998; 
Mouhajir et al., 2001; Vaidyaratnam, 2005). In Turkish 
folk medicine, fresh leaves applied on the naked body or 
forehead to reduce fever or on swelled joint to alleviate 
the rheumatic pain (Fujita et al., 1995; Yesilada, 2002). 
The kernel of J. regia has been used for the treatment of 
inflammatory bowel disease in Iranian traditional 
medicine (Kim et al., 2006). In Palestine, it is used for 
treatment of diabetes and asthma (Jaradat, 2005; Kaileh 
et al., 2007) and to treat prostate and vascular 
disturbance  (Spaccarotella  et  al.,  2008).  The   plant  is  
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used as a topical remedy for dermal inflammation and 
excessive perspiration of the hands and feet. It is also a 
common home remedy for the treatment of chronic 
eczema and scrofula. The leaves of this plant is used 
topically to treat scalp itching and dandruff, sunburn and 
superficial burns as well as an adjunctive emollient in skin 
disorders (Gruenwald et al., 2001; Robbers et al., 1999; 
Ali-Shtayeh and Abu Ghdeib, 1999; Blumenthal, 2000; 
Baytop, 1999). It also has high anti-atherogenic potential 
and a remarkable osteoblastic activity that adds to the 
beneficial effect of a walnut enriched diet on 
cardioprotection and bone loss (Papoutsi et al., 2008). 
The bark, branches and exocarp of the immature green 
fruit of this medicinal plant have been used to treat 
gastric, liver and lung cancer a long time in China (Liu et 
al., 2004; Baytop, 1999). It is used by traditional healer in 
northeastern region of Mexico to protect against liver 
damage (Torres-gonzalea et al., 2011). The bark is used 
as miswaks for teeth cleaning (Ibrar et al., 2007). In 
Nepal the bark paste is useful in arthritis, skin diseases, 
toothache, and hair growth. Seed coat is used for healing 
wounds (Kunwar and Adhikari, 2005). The shell of 
Juglans regia is used in Calabria folk medicine to heal 
malaria (Tagarelli et al., 2010). 
 
 
Antibacterial activity 
 
Hot and cold solvent and aqueous extract of leaves, 
barks, fruits and green husks of J. regia from different 
countries revealed broad spectrum antibacterial activity 
against gram-positive and gram-negative bacteria viz. 
Bacillus cereus, Bacillus subtilis, Staphylococcus aureus, 
Pseudomonas aeruginosa, Escherichia coli,  Klebsiella 
pneumoniae, Staphylococcus epidermidis,  Micrococcus 
luteus, Salmonella typhimurium, Enterococcus faecalis, 
Bacillus thuringiensis, Protomonas extroquens,  and 
Proteus sp. using agar streak method, disc diffusion 
method and microplate alalmar blue assay (Deshpande 
et al., 2011; Poyrazolu et al., 2010; Pereira et al., 2008; 
Oliveira et al., 2008; Pereira et al., 2007; Qa’dan et al., 
2005a b; Citoglu and Altanlar, 2003; Upadhyay et al., 
2010b). The antimicrobial activity against gram-negative 
bacteria were selective since not all the fruit extract of J. 
regia cultivator inhibited the growth of Pseudomonas 
aeruginosa and E. coli.  cv. Lara inhibited the growth of 
K. pneumoniae (MIC of 100 mg/mL), cv. Mayette 
inhibited the development of P. aeruginosa and E. coli 
with minimum inhibitory concentrations (MICs) of 50 and 
10 mg/mL, respectively, and cv. Mellanaise inhibited the 
growth of E. coli and K. pneumoniae at concentration of 
100 mg/mL (Ali-Shtayah et al., 1999).  Mexican aqueous 
bark and leaves extract exhibited no antimycobacterial 
activity. Only the hexane and methanol extract showed 
antimycobacterial activity with MIC of 100 and 125 mg/ml, 
respectively using Soxhlet extractor (Cruz-Vega et al., 
2008).   Over    45%    of    Iranian   clinical   isolates   of  

 
 
 
 
Helicobacter pylori strain were inhibited by J. regia 
aqueous and equal mixture of methanol, diethyl ether and 
petroleum benzene extract (Nariman et al., 2004).  In a 
recent study, juglone was shown to potently inhibit the 
three key enzymes from Helicobacter pylori, 
cystathionine γ-synthase (HpCGS), malonyl-CoAacyl 
carrier protein transacylase (HpFabD), and β-
hydroxyacyl-ACP dehydratase (HpFabZ) with the half 
maximal inhibitory concentration (IC50) values of 7.0±0.7, 
20±1, and 30±4 μmol/L, respectively. Therefore, HpCGS, 
HpFabD, and HpFabZ are considered to be the potential 
targets of juglone (Kong et al., 2008). The antibacterial 
activity of Jordanian J. regia leaves extract to acne 
developing organism revealed that 12.5% S. epidermidis 
isolates were resistant to the leaf extract where as all 
Propionibacterium acnes isolates were sensitive even to 
10% of the extract (Qa'dan et al., 2005b). 
 
 
Antifungal activity  
 
J. regia fruits, leaves and bark aqueous and solvents 
extract exhibited antifungal activity against wide range of 
fungi using disc diffusion method, agar dilution method, 
agar streak dilution  and Raddish method. Pereira et al. 
(2008) reported that all the walnut varieties exhibited 
antifungal activity against Candida albicans and 
Cryptococcus neoformans when soxhleted with light 
petroleum ether (b.p. 40-60°C). The higher inhibition was 
observed with cv. Lara extract (MIC of 1 mg/mL). 
However, C. albicans and C. neoformans were only 
resistant to cv Mallanaise extract. Cold extraction of fruit, 
leaves and bark inhibited the growth of Microsporum 
canis, Trichophyton mentagrophytes, and Trichophyton 
violaceum (Ali-Shtayah et al., 1999). On the other hand, 
the aqueous extract of green husks showed no antifungal 
activity against C. albicans and C. neoformans (Oliveira 
et al., 2008). Methanol, acetone, chloroform and ethyl 
acetate bark extract revealed antifungal activity against 
A. niger, Alternaria alternata,  Trihoderma  viresn, 
fusarium solani, Pichia guiliermondii, Pichia jadinii and  all 
Candida speices tested (Upadhyay et al., 2010c; Ahmad 
et al., 1973). 
 
 
Antiviral activity 
 
Mei-zhi et al. (2007) reported that 95% ethanol and ethyl 
acetate leaves extract of J. regia, inhibited tobacco 
mosaic virus (TMV). The methanol extract of J. regia 
inhibited Sindbis virus at a minimum concentration of 1.5 
µg/ml (Mouhajir et al., 2001). 
 
 
Antioxidant activity 
 
The antioxidant potential of ethyl acetate,  butanol,  meta- 



 
 
 
 
nol, ether and aqueous methanol extract of walnut 
kernels, husks and leaves were measured by different 
methods such as reducing power, scavenging activity on 
2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals and lipid 
oxidation inhibition by β-carotene linoleate system. All the 
extracts showed strong antioxidant activity (Qamar and 
Sultana, 2011; Carvalho et al., 2010; Abbasi et al.,  2010; 
Rahimipanah et al., 2010; Zhang et al., 2009b; Almeida 
et al., 2008; Oliveira et al., 2008; Pereira et al., 2008; 
Pereira et al., 2007; Fukuda et al., 2003). Bullo et al. 
(2010) reported a decrease in the antioxidant burden 
observed in enzymatic and non-enzymatic antioxidant 
systems after the consumption of a whole-walnut or a  
walnut-skin diet in C57BL/6 mice.  The same author also 
reported that consumption of walnuts and walnut skins 
have no deleterious effect on low-density lipoprotein 
(LDL) oxidizing capability, despite their higher contents of 
omega-6 PUFAs. Several  phenolic compounds isolated 
from J. regia such as pyrogallol, p-hydroxybenzoic acid, 
vanillic acid, ethyl gallate, protocatechuic acid, gallic acid, 
3,4,8,9,10-pentahydroxydibenzo pyran-6-one, tannins, 
glansrins, adenosine, adenine, etc, could  provide a 
chemical basis for some of the health benefits claimed for 
J. regia in foods and folk medicine (Zhang et al., 2009a; 
Fukuda et al., 2003). 
 
 
Antidiabetic activity  
 
Fukuda et al. (2004) demonstrated a strong inhibitory 
activity of walnut polyphenols and the polyphenolic 
components like Casuarictin, tellimagradin II and 
Tellimagradin I on different enzymes like glycosidase, 
sucrose, maltase and amylase. In addition to the above 
findings, researchers also noticed that walnut polyphenol-
rich fraction has triglyceride lowering effect and urine 
peroxide lowering effect in genetically inherited Type II 
diabetes mellitus (db/db) mice at the dose of 
200mg/kg/day. The consumption of walnut leaf pellets in 
alloxan induced diabetic rats at the dose of 185 mg/kg 
reduced fasting blood sugar significantly and the 
histomorphometric study of pancreas showed a sign of 
regeneration of β-cells in the treated group (Jelodar et al., 
2007). J. regia leaves methanolic extract at dose of 250 
mg/kg decreases the postprandinal plasma blood glucose 
levels in both short and long term models. The plant 
extract significantly inhibited α-glucosidase activity in vitro 
for both maltase and sucrase enzymes and showed no 
changes in the insulin and glut-4 genes expression. The 
author attributed the inhibitory action of the plant extract 
to gallic acid and caffeoylquinic acid in the leaves 
(Teimori et al., 2010). 
 
 
Anthelmintic activity 
 
Kale et al. (2011)   reported   that  stem  park  of  J.  regia 
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acetone extract exhibited significant activity at all dilution 
tested when compared to the Albendazole standard 
against Eicinia feotida. The benzene, methanol and 
ethanol soxhlet extracts of J. regia stem bark on adult 
Indian earthworm, Pheretima posthuma exhibited 
significant anthelmintic activity as comparable to that of 
standard drug Piperazine citrate (Upadhyay et al., 
2010a). The 95% ethanol, petroleum ether and ethyl 
acetate extract of green walnut hull have obvious anti-
feeding effect on armyworm and the small vegetable-
moth. The research group indicated that anti-feeding rate, 
death rates as well as growth inhibition rate of armyworm  
have correspondingly changed in dose dependant 
manner (Me-zhi et al., 2006). 
 
 

Anti-inflammatory activity 
 

The ethanolic extracts of J. regia leaves exhibited potent 
anti-inflammatory activity as potent as indomethacin 
against carrageenan-induced hind paw edema model in 
mice without inducing any gastric damage (Erdemoglu et 
al., 2003). Mokhtari et al. (2008) stated that the alcohol 
extract of walnut leaves in dose of 1.5 mg/kg caused a 
significant nociception decrease in acute phase of 
formalin test where as the aqueous (2.87 and 1.64 g/kg) 
and ethanolic (2.044 and 1.17 g/kg) extracts of leaves 
showed antinociceptive activity in hotplate test 
suggesting a promising analgesic and anti-inflammatory 
agents against diseases such as rheumatoid arthritis. On 
the basis of Qamar and Sultana (2011) result, a 
protective role of methanolic J. regia extract against CSE-
induced acute lung toxicity in Wistar rats was suggested. 
The extract significantly decreased the levels of Lactate 
dehydrogenase (LDH), total cell count, total protein and 
increased the glutathione (GSH) level in bronchoalveolar 
lavage fluid. It also significantly restored the levels of 
Glutathione reductase (GR), catalase and reduced the 
xanthine oxidase (XO) activity in lung tissue.  
 
 

Antidepressant activity 
 

The macerated hexane extract of J. regia fruit produced 
significant antidepressant activity at both doses of 100 
and 150 mg/kg body weight when compared with 
standard drug fluoxetine on male Wistar rats. The 
antidepressant activity was evaluated by forced 
swimming and tail suspension test (Rath and Pradhan, 
2009). 
 
 

Antityrosinase activity 
 

Ozer et al. (2007) suggested that gel formulation 
containing ellagic acid and plant leaves extract of J. regia 
is effective in treating uneven skin pigmentation. The 
ethanolic  leaves   extract  could  be  suggested  as  new  
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sources of skin-whitening agents.  Aitani and Shimoda 
(2005) reported that melanin formation was inhibited at 
concentration 1 to 30 μg/ml in Pre-cultured B16 
melanoma cells incubated with medium containing walnut 
polyphenols and their result indicated that walnut 
polyphenols is more superior to the popular skin-
lightening agent, ascorbic acid and arbutin upon data 
comparison.  

 
 
Hepatoprotective activity 

 
Orally fed Walnut polyphenols prepared from the 
kernelpellicle demonstrated a dose dependent lowering 
effect in glutamyl oxaloacetic transaminase (GOT) and 
glutamyl pyruvic transaminase (GPT) in carbon 
tetrachloride (CCl4) induced liver damage in mice model 
after a single oral administration (200 g/kg). Result 
indicated that walnut polyphenols is more superior to 
Curcumin, a commonly used hepatoprotective agent. The 
effect of each active component of in vitro evaluation of 
walnut polyphenols on CCl4-induced cytotoxicity in 
primary cultured rat hepatocytes showed that 
tellimagrandin I, casuarictin, tellimagrandin II, and rugosin 
C (Figure 1) are inhibitory on CCl4-induced cytotoxicity in 
primary cultured rat hepatocytes however, tellimagrandin 
I of walnut polyphenols is believed to be the most 
important active  compound responsible for 
hepatoprotective effect (Hiroshi et al., 2008).  The same 
author, Hiroshi et al. (2006) reported that 50% EtOH 
extract from endocarps of walnuts on mice  liver injury 
models induced by carbon tetrachloride at the dose of 
100 and 200 mg/kg  significantly suppressed GOT and 
GPT deviations. Polyphenolic constituents, 
tellimagrandins I and II, rugosin C and casuarictin were 
found to be principal constituents with hepatoprotective 
activity against oxidative damage.  

 
 
Hypotriglyceridemic activity 

 
Oral administration of a polyphenol-rich extract (WP) from 
walnuts (100 and 200 mg/kg) in high fat diet fed mice 
significantly reduced liver weight and serum triglycerides 
(TG) where as hepatic β-oxidation in cytosol, including 
peroxisome, was enhanced by WP (50-200 mg/kg). A 
polyphenol-rich extract was found to possess 
hypotriglyceridemic activity via enhancement of 
peroxisomal fatty acid β-oxidation in the liver. These 
results suggest that tellimagrandin I is involved in the 
hypotriglyceridemic mechanism (Shimoda et al., 2009). 

 
 
Anticancer activity  

 
Juglone has been reported to inhibit intestinal 
carcinogenesis  induced  by  azoxymethane   in  rats  and  

 
 
 
 
might be a promising chemopreventive agent in human 
intestinal neoplasia (Sugie et al., 1998). Juglone was also 
proven to be a potent cytotoxic agent in vitro in human 
tumor cell lines, including human colon carcinoma (HCT-
15) cells, human leukemia (HL-60) cells and doxorubicin-
resistant human leukemia (HL-60R) cells (Kamei et al., 
1998; Segura-Aguilaretal, 1992). In a recent study, 
Juglone inhibited the growth and induce apoptosis of 
sarcoma and 180 SGC-7901 cells in vivo. The 
mechanism is mediated by the activation of the 
mitochondrial death pathway, which requires the 
generation of reactive oxygen species (ROS), down-
regulation of Bcl-2 protein expression and up-regulation 
of Bax protein expression (Ji et al., 2011). Walnut 
methanolic extracts obtained from J. regia seed, green 
husk and leaf showed concentration dependent growth 
inhibition against human renal cancer cell lines A-498, 
769-P and the colon cancer cell line Caco-2. Concerning 
A-498 renal cancer cells, all extracts exhibited similar 
growth inhibition activity (IC50 values between 0.226 and 
0.291 mg/mL), while 769-P renal and Caco-2 colon 
cancer cells, walnut leaf extract showed a higher 
antiproliferative efficiency (IC50 values of 0.352 and 0.229 
mg/mL, respectively) than green husk or seed extracts 
(Carvalho et al., 2010). The tested dried fine powder of J. 
regia light petroleum seed extract in cancer induced in 
Swiss albino mice with the help of 7,12-
Dimethylbenz(a)anthracene (DMBA) and croton oil 
showed the petroleum extract was significant in reducing 
the cancer cells (Kumudhavalli et al., 2010). 
 
 
Other medicinal uses  
 

Willis et al. (2009) examined the effects of walnut diet on 
motor and cognitive ability in aged rats for 8 weeks.  The 
three treated groups (2, 6 and 9%) revealed that the 2% 
walnut diet improved performance on rod walking, while 
the 6% walnut diet improved performance on the medium 
plank walk; the higher dose of the 9% walnut diet 
impaired reference memory, however the researcher 
attributed this to the number of polyphenolic compounds 
that could be negatively effecting reference memory at a 
higher dose. A 2004 study by the NYS Institute for Basic 
Research in Developmental Disabilities (OMRDD) 
revealed  that methanolic extract of walnut was able to 
inhibit and defibrillize fibrillar amyloid β- protein (the 
principal component of amyloid plaques in the brains of 
patients with Alzheimer's). It is proposed that 
polyphenolic compounds present in walnuts may be 
responsible for its anti-amyloidogenic activity (Chauhan 
et al., 2004). Similarly, it was found that two of its major 
components in walnuts, gallic and ellagic acid, act as 
"dual-inhibitors" of the enzyme acetylcholinesterase 
which, in association with amyloid inhibits protein 
aggregation, and inhibit the site of acetylcholinesterase 
responsible for the breakdown of acetylcholine. These 
results suggest that walnuts may reduce the risk or delay 
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the onset of Alzheimer's disease by maintaining amyloid-
protein in the soluble form and prevent the breakdown of 
acetylcholine (Society for Neuroscience, 2007).  
 
 
Clinical study 
 

A daily intake of 43 to 57g of walnuts incorporated into 
Japanese diet for 4 weeks to 40 healthy Japanese men 
and women lowered blood cholesterol, particularly in 
women (Iwamoto et al., 2000). In double-blind case with 
either plasma triglyceride (TG) concentration more that 
350 mg/dl or total cholesterol concentration more that 
250 mg/dl were randomized into two groups, group A 
subject were administered 6 capsules, each filled with 
500 mg of the extracted walnut oil, per day for 45 days, 
group B individual serve as control and received placebo 
for 45 days. The result of this lowered plasma triglyceride 
level by 19 to 33% (Zibaeenezhad et al., 2003). Ros et al. 
(2004) reported that substituting walnuts for 
monounsaturated fat in a Mediterranean diet improves 
endothelium-dependent vasodilation (EDV) in 
hypercholesterolemic subjects. A daily intake of 8-13 
walnuts for 4 weeks significantly improves the EDV of 21 
hypercholesterolemic males and females. 

On the other hand, walnut-enriched meals effectively 
prevented post prandial lipidemia where triacylglycerol 
was significantly reduced (Bellido et al., 2004). 
Spaccarotella et al. (2008) assessed the effect of walnuts 
on markers of prostate cancer between 45 and 75 years 
of age. Results suggest that walnuts improved serum γ-T 
and α-T: γ-T, two biomarkers that are important in 
prostate and vascular health. Total bilirubin, total protein, 
albumin, aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), lactate dehydrogenase (LDH), 
leucine aminopeptidase (LAP), gamma-
glutamyltranspeptidase (γ-GTP), cholinesterase, 
amylase, lipase, Lecithin: cholesterol acyltransferase (L-
CAT), LDL-cholesterol, total cholesterol, triglyceride, 
phospholipid, free fatty acid (FFA), high-density 
lipoprotein (HDL)-cholesterol, Na, K, serum Fe, total iron 
binding capacity (TIBC), unsaturated iron binding 
capacity (UIBC), urea nitrogen, uric acid, glucose, 
hemocytes revealed no abnormal reading for four  male 
volunteers were given oral walnut polyphenols at the 
dose of 50 mg/day for 4 weeks (Oryza, 2007).   
 
 
Toxicity 
 
A review of the literature showed that juglone can cause 
irritant reactions as well as skin hyper pigmentation but, 
although it has been found to be a strong sensitizer in 
guinea pigs, contact allergy is considered a very rare 
event in man (Wood and Calnan, 1976; Hausen, 1981). 
However, a case report of 65- year-old woman 
complaints of skin hyper pigmentation and large tense 
blisters involving  the palms  and fingers  caused  by  the 

 
 
 
 
cumulative effect of 15 kilos of walnuts shelled in the 3 
days was reported by Bonamonte et al. (2001). Haque et 
al. (2003) investigated the modulatory effects of walnut 
aqueous extract on the toxicity of an anticancer drug, 
cyclophosphamide (CP) with special reference to 
protection against disruption of drug metabolizing and 
antioxidant enzymes during the chemotherapy. The 
extract showed a significant increase in the activity and 
level of glutathione and glutathione peroxidase in both 
liver and kidney tissues and catalase in liver only. While 
the extract CP treated group showed a significant 
decrease in the lipid peroxidation in liver and kidneys 
when compared with the CP-treated group. Aqueous 
extract from J. regia leaves reduced 3-(4,5-Dimethyl 
thiazol-2yl)-2,5-diphenyl tetrazolium bromide (MTT) 
formation by about 60% at concentration of 500 µl/ml

 
on 

HepG2 cell. Additionally, the co-culture of HepG2 with 
THP1 revealed   no sign of any negative effect at all 
concentration tested after exposure to the extract. The 
investigator also reported no significant changes of LDH 
and albumin levels on the culture medium after 24 h of 
exposure to the extract (Saad et al., 2006). 
Hosseinzadeh et al. (2011) calculated the half-maximal 
lethal dose (LD50) values of intraperitoneal injection of J. 
regia aqueous and ethanolic leaves extract and found it 
to be 5.5 and 3.3 g/kg, respectively. Acute dermal toxicity 
studies showed that petroleum ether extract of J. regia 
gives lethal effect at 2000 mg/kg (Kumudhavalli et al., 
2010).  
 
 
Other uses 
 
The seeds contain unusual fatty acids which are 
industrially important, as they are used in protective 
coatings, dispersants, pharmaceuticals, cosmetics, soaps 
and a variety of synthetic intermediates as stabilizers in 
plastic formulations (Hosamani et al., 2000; Eganathan et 
al., 2006). The wood is of very high quality, and is used to 
make furniture, and gunstocks. The dye is used as a 
coloring and tonic for dark hair (Brwon, 1995). The unripe 
fruits are pickled in vinegar (Facciola, 1990). 
 
 
Conclusions 
 

The present review article documents the publications on 
walnut and its constituents in the recent and last few 
years. The paper highlights the traditional use of this 
plant and some scientific validation of the claimed 
biological activity in vivo as well as in vitro.  To best of our 
knowledge and internet survey only one case of contact 
dermatitis was reported after shelling 15 kilos of walnuts. 
The toxicological studies of various secondary 
metabolites which contribute to its medicinal value are 
still in its infancy and are becoming an important limiting 
factor for utilizing the metabolites as therapeutic agent.  

Besides,   isolation   and    characterization   of    active 



 
 
 
 
secondary metabolites responsible for various biological 
activities have not yet been structurally elucidated, mode 
of action, target organ of toxicity and molecular 
mechanism also need to be investigated. Further trials in 
humans are required to determine the efficacy of walnut 
extract or one or more of its constituents and to establish 
what, if any, adverse effects are observed.  
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Lately, radiation technology is widely used to produce changes in the product characteristics leading to 
the development of new products. Gamma irradiation is capable of hydrolyzing chemical bonds, 
thereby cleaving large molecules of starch into smaller fragments of dextrin that may be either 
electrically charged or uncharged as free radicals. These changes may affect the physical and 
rheological properties of irradiated foods, resulting in increased solubility of starch, decreased swelling 
power, and decreased viscosity of starch paste. Irradiation of gamma rays on bud wood can produce 
higher frequencies of mutation, leading to the creation of new variants compared to the control. 
Macronutrients (carbohydrates, proteins and lipids) content are relatively stable against irradiation 
doses up to 10 kGy, on the other hand, gamma irradiation affects proteins by causing conformational 
changes, oxidation of amino acids, rupturing of covalent bonds and formation of protein free radicals. 
Radiation mediated morphological, structural and functional changes in a plant are governed by the 
intensity and duration of the gamma irradiation. 
 
Key words: Irradiation, Foods sterilized, Mutation, Biochemical change, Agriculture. 

 
 
INTRODUCTION 
 
Irradiation is an ionic, no-heat process that continues to 
receive attention as a preservation and functional 
modification agent in polymer research and application 
(Abu et al., 2006). It was considered as one of the 
physical modification methods of nature polysaccharide 
(Hai et al., 2003; Relleve et al., 2005; Rombo et al., 
2004). In comparison with other physical modification 
methods, such as microwave, UV, ultrahigh hydrostatic 
pressure and hydrothermal treatment, irradiation 
treatment is rapid, convenient and more extensive 
because ionizing energy penetrates through the 
polysaccharide granule rapidly (Bao et al., 2005). This 
process is useful in solving various agricultural problems: 
reduction of post-harvest losses through suppressing 
sprouting and contamination, eradication or control of 
insect pests, reduction of food-borne diseases and in 
extension of shelf life, and breeding of high performance 
well adapted and disease resistant agricultural crop 
varieties (Andress, 1994; Emovon, 1996).  
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Mutation 
 
Nuclear techniques, in contrast to conventional breeding 
techniques, are widely applied in agriculture for improving 
genetically diversity. Unlike conventional breeding 
procedures which involve the production of new genetic 
combinations from already existing parental genes, 
nuclear technology causes exclusively new gene 
combinations with high mutation frequency. Basic tool of 
nuclear technology for crop improvement is the use of 
ionizing radiation which causes induced mutations in 
plants. These mutations might be beneficial and have 
higher economical values (Abdul et al., 2010).  

Mutagenesis has already been used to improve many 
useful traits affecting plant size, flowering time and fruit 
ripening, fruit color, self compatibility, self thinning, and 
resistance to pathogens. Nowadays, the number of 
cultivars derived from mutation induction increases 
constantly (Hearn, 2001; Maluszynski et al., 1995). 
Inducing mutations by gamma rays has been effectively 
used with several species of Citrus. Irradiation of gamma 
rays on bud wood can produce higher frequencies of 
mutation    leading    to   the   creation   of   new   variants  



 
 
 
 
compared to the control. Radio sensitivity (LD 50) of 
acute exposure of Citrus ranges from 40 to 100 Gy 
(Sanada and Amano, 1998; Sparow, 1968) depending on 
species and varieties. Scion (bud wood), seeds, foral 
stage embryos, and in vitro material of Citrus were 
exposed to gamma rays. Citrus sunki was irradiated with 
20 or 40 Gy of gamma rays at three different foral stages 
(Spiegel-Roy and Padova, 1973) and nucellar seedling 
(Ikeda, 1976). A spine free mutant was selected from 
irradiated nuclear. In Citrus sinensis, immature seeds 
were exposed to gamma rays at the doses 80-100Gy 
(Sparow, 1968), while those polyembryonic seeds were 
exposed to gamma rays of 100Gy (Kukimura, 1976). Two 
seedless mutants were selected, leading to release of a 
new cultivar “Hongju 418 and Hongju 420” (Kukimura, 
1976). Citrus paradisi cv Hudson were exposed with 
thermal neutron, leading to release of a seedless mutant 
‘Star Ruby’ (Chen, 1991). Another fve nearly seedless 
mutants of Citrus paradisi cv Foster were also selected 
from irradiated bud wood at the dose 50 gray of gamma 
rays (Micke, 1985). Citrus limon cv Eureka and Israeli 
Villafranca were irradiated by 60 and 50 Gy of gamma 
rays respectively, and completely new seedless varieties 
were released (Hearn, 1985). A red color of flesh and 
juice mutant derived from 80 Gy gamma irradiation of 
Citrus paradisi cv Ruby Red was released as cultivar Rio 
Red in 1984 (Spiegel-Roy, 1985). Bud woods of pummel, 
mandarin and Navel Orange irradiated by gamma-rays at 
doses of 30 to 75 Gy showed high sensitivity at higher 
dose, while Valencia and grapefruit produced more 
seedless fruits from those at the higher doses (Wu, 
1986). Khatri et al. (2005) collected three high grain 
yielding and early maturing mutants by treating seeds of 
Brassica juncea L. cv. S-9 with gamma rays (750 to 
1000KGy) and EMS. 

Shah et al. (2001) developed a new oil seed Brassica 
napus L cv. ABASIN-95 by induced mutation. They 
exposed seeds of B. napus L. cv. Tower to 1.0, 1.2 and 
1.4 KGy gamma rays and the resulting new variety was 
high yielding, resistant to Alternaria blight and white rust. 

Irradiation of gamma rays (10-60 Gy) on calli in vitro 
proliferation stage resulted in high mortality at the dose of 
60 Gy (Predieri, 2001) When nucellus and embryonic 
mases of Citrus sinensis cv. Pera were exposed to 
gamma irradiation at the dose 0–160 Gy and 0–189 Gy 
respectively, normal growth of plantlets was obtained 
from irradiated nucellus exposed to 20 – 80 Gy 
(Froneman, 1996).  
 
 
Physiological changes in crop 
 
Gamma irradiation induced physiological changes in crop 
although, gamma radiation is a technology with immense 
applications in agriculture, industry and medicine, its 
potential exploitation in agriculture is limited mainly 
because of lack of information awareness   on   optimal  
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dose of irradiation which differs from one crop to another 
crop and from one application to another application. 
Radiation mediated morphological, structural and/or 
functional changes in a plant are governed by the 
intensity and duration of the gamma irradiation. In wheat, 
particularly, research efforts are needed to develop plant 
types with reduced height, which would enable them to 
tolerate gusty wind and contain losses due to lodging and 
subsequently grain yield. Mashev et al. (1995) used high 
irradiation dose of 5000–15 000 R to achieve a decrease 
in plant height and an increase in yield and suggested 
that even higher irradiation dose could be used to 
develop yield efficient wheat plant types. Wheat grains 
from irradiated plants were also rich in proteins and 
essential amino acids (Mashev et al., 1995). Din et al. 
(2003) studied the effect of gamma irradiation on different 
wheat varieties at seed irradiation dose of 10, 20, 30 and 
35 krad. A higher dose of 30 and 35 krad created some 
abnormalities in plant types for example, a tiller having 
two ears attached with each and/or prevalence of sterile 
ears etc. Mashev et al. (1995), observed a significant 
decline in grain yield of wheat at doses above 0.10 kGy, 
however, lower doses of 0.01 and 0.025 kGy increased 
grain yields. Spielmeyer et al. (2007) had used a high 
vigour breeding line vigour 18 to identify a QTL on 
chromosome 6A that accounted for up to 8% of the 
variation for coleoptile length, 14% of seedling leaf width 
and was associated with increased plant height. They 
found a SSR marker, NW 3106, nearest to the 6A QTL 
that was associated with greater leaf width in a breeding 
population. The Vigour 18 allele of the QTL on 
chromosome 6A promoted coleoptile length and leaf 
width not only during early plant growth but was also 
found to be associated with increased plant height at 
maturity (Spielmeyer et al., 2007).  
 
 
Biochemical change in crop 
 
Extensive research showed that the macronutrients 
(carbohydrates, proteins and lipids) content are relatively 
stable against irradiation doses up to 10 kGy (WHO, 
1994). However, Lee et al. (2005) reported that gamma 
irradiation affects proteins by causing conformational 
changes, oxidation of amino acids, rupturing of covalent 
bonds and formation of protein free radicals. Also, chemi-
cal changes in the proteins caused by gamma irradiation 
include fragmentation, cross-linking, aggregation and 
oxidation by oxygen radicals that are generated in the 
radiolysis of water. Gamma irradiation has a slight effect 
on the amino acid profile at recommended doses to foods 
(WHO, 1999). This effect could be related to the structure 
of each amino acid as revealed by many authors (Simic, 
1983; Urbain, 1986; Elias and Cohen, 1997; Matloubi et 
al., 2004; Erkan and Ozden, 2007). The previous authors 
concluded that simple amino acids increased upon 
irradiation, such as   glycine,   which   undergo   reductive  
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deamination and decarboxylation. In addition, aliphatic 
amino acids with increasing chain length, provide addi-
tional C–H bonds for interaction with OH radicals which 
reduces the extent of oxidative deamination. Wang and 
von Sonntage (1991) reported that sulfur containing as 
well as aromatic amino acids are, in general, the most 
sensitive to irradiation, while simple amino acids could be 
formed by destruction of other amino acids. Diehl (1995) 
and Matloubi et al. (2004) reported that there is a mutual 
protection exerted when different substances are 
irradiated together.  

The results of irradiating multiple compounds together 
will, generally, not cause much chemical change in any 
one of the compounds, when irradiated alone. The effects 
of gamma irradiation on physicochemical changes in 
proteins have been described in previous studies, where 
chemical trans-formations of amino acids, breakdown of 
peptide bonds, hydrogen and disulphide bridges were 
observed (Ambe et al., 1961; Bernofsky et al., 1959; 
Nisizawa, 1988; Puchala et al., 1979; Zabielski et al., 
1984).  

Delincee and Pushpa (1981) observed cross-linking of 
the chain influences of the tertiary structure of proteins 
and their physicochemical properties. Decomposition and 
denaturation were detected in irradiated proteins (Ciesla 
et al., 2000). The decrease of apparent amylose content 
was possibly originated from the breakage or cleavage of 
long chains in amylopectin caused by gamma irradiation 
(Wu et al., 2002). It also agreed with Descherider and 
Grant’s observation (Descherider, 1960; Grant and 
D’Apponlonia, 1991) that the decreasing apparent 
amylose content results from the shortening of 
polysaccharide chains. Ciesla et al. (2000), stated that 
indicating modification of proteins occurring after gamma 
irradiation similar to the transformations taking place 
under heating.  

Kanemaru, et al. (2005), reported that protein content 
for the irradiated semolina and semolina obtained from 
irradiated wheat grains was not affected with gamma 
irradiation and ranged around 10.6-10.9%. Similarly, 
these results also agreed with the findings of Marathe et 
al. (2002), Agundez-Arvizu et al. (2006) and Azzeh and 
Amr (2009). Kwon et al. (1988) concluded from their 
studies on a Korean garlic cultivar that immediately after 
gamma irradiation with 100 Gy there are no differences in 
the levels of linoleic, palmitic, oleic and linolenic acids, 
the predominant fatty acids of bulbs.  

The low radiation dose used could have produced its 
long-term effects in part by means of the stimulation of 
lipid degradation, possibly mediated through the action of 
free radicals that are known to be generated after 
irradiation (Katsaras et al., 1986; Voisine et al., 1991). In 
plant tissues subject to different forms of stress, polar 
lipids are degraded to generate free fatty acids and 
diacylglycerols, resulting in an eventual accumulation of 
TG as a defense mechanism (Olsson, 1995; Navari-Izzo 
et al., 1990). 

 
 
 
 
Effect of irradiation on crop growth and seed 
germination 
 
When ionizing radiation is absorbed in biological 
materials, it acts directly on critical cell targets or 
indirectly through the generation of metabolites that can 
modify important cell components. Low doses of gamma 
irradiation have been used to advantage in order to 
control the degree of ripeness and extend the shelf life of 
fruits and vegetables. The use of ionizing radiation 
depends on a country as food irradiation is illegal in some 
countries. Detection methods of ionizing radiation are 
also required for enforcing good control. Methods such as 
inhibition of seed germination and elongation of roots and 
shoots from germinating seeds have been reported for 
the detection of irradiated seeds of crop species 
(Qiongying et al., 1993; Zhu et al., 1993; Selvan and 
Thomas, 1999; Barros et al., 2000). Chaudhuri (2002) 
reported a simple and reliable method to detect gamma 
irradiated lentil seeds by germination efficiency and 
seedling growth test.  

There is a difference in the detection of irradiated 
seeds of kabuli -type chickpeas and wild Cicer species. 
Toker and Cagirgan (2004) reported that the shoot length 
of kabulitype chickpeas was induced by 100Gy irradiation 
as compared to the controls. For this reason, only 200, 
300 and 400 Gy doses were taken into account for 
irradiation. Chaudhuri (2002) found similar results with 
lentil. Villavicencio et al. (1998) showed that root growth 
and the almost totally retarded shoot elongation of 
irradiated common bean and mung bean were markedly 
reduced as compared to the non-irradiated checks. They 
stated that the critical dose that prevented shoot and root 
elongation varied among species and also ranged from 
genotype to genotype within species. The kabuli types 
were more affected than the desi ones. This is a certain 
and reliable way to identify the effects of gamma rays on 
Cicer seeds in a very short time. These effects might in 
time be developed into a method for irradiation detection. 
Higher doses inhibit germination.  

Chromatographic analysis of some herbal extracts 
indicated that changes in total yield and constituents of 
volatile oil following irradiation were ranged from none to 
slight depending upon dose-based irradiation in variety of 
herbs (IAEA, 1992; Venskutonis et al., 1996; Chatterjee 
et al., 2000). It can be assumed, therefore, that the dose 
which can be applied and hence extent to the microbial 
kill may be limited by undesirable changes in volatile oil 
constituents, their yield and flavor quality. Farag et al. 
(1995) that reported terpenes were converted to 
monoterpe-nesalcohols. b-Eudesmol, an oxygenated 
monoterpenes, was the major compound in this group, 
while verbenol, a-eudesmol, verbenone, and (E)-r-2-
menthen-1-ol were also detected. The a-and b-eudesmol 
were increased to 9.52% from 6.91%, with no major 
variation between the different irradiation doses. The 
remaining oxygenated terpene levels also did not vary  



 
 
 
 
significantly during irradiation. Quantity of paeoniflorin in 
Paeoniae radix, i.e. no change with irradiation as cited by 
Yu et al. (2004). In addition, Owczarczyk et al. (2000) 
have reported that the content of biologically active 
substances, including the essential oils, flavonoids, 
glycosides, anthocyanins, and plants mucus did not 
change significantly after irradiation. Irradiation can also 
increase the alkaloids percentage in the different organs 
of plant, particularly the leaves (Abo Elseud, 1983; El-
Kholy, 1987; Habba, 1989). The increase or decrease in 
the germination percentage was found to attributed to 
gamma rays treatments. The stimulating effects of 
gamma ray on germination may be attributed to the 
activation of RNA synthesis (Kuzin at al., 1975) on coster 
bean, or protein synthesis (Kuzin et al., 1976) which 
occurred during the early stage of germination after 
seeds irradiated with 4 K-rad. These results are in 
agreement with the findings of Grover and Dhanju, (1980) 
on Papaver somniferum and Donge et al. (1986) on tea 
seeds. Habba (1989) who reported that increasing the 
dose of gamma rays up to 100 Gy, gradually increased 
the germination percentage, and then decreased 
gradually with increasing the gamma ray dose in the 
second season in Hyoscyamus muticus. Hell et al., 
(1974) stated that on Phaseolus vulgaris, treating seeds 
with high rates of gamma radiation reduced germination. 
Abo Elsauod and Omran (1976) indicated that irradiation 
snap bean seeds with 50, 100 and 150 Gy resulted in 
greater percentage of germination than the control. 
Regarding the effect of GA on seed germination an 
increase in germination percentage was observed by 3 
increasing GA concentration was in confirmity with 
Ruminska et al. (1978) Who reported that the seed 3 
soaking, preceding the sowing, in solutions 500, 1000, 
1500 and 2000 ppm of GA improved germination ability 
of seven species of seeds, particularly good effects were 
achieved with Lavandula vera and Atropa belladonna 
where not only germination ability was not only increased 
but also accelerated and even shooting was obtained. 
Increase in higher germination percentage at higher 
doses might be due to their stimulating effects on 
activating RNA synthesis or protein synthesis (Kuzin et 
al., 1975; 1976) or it could be due to the elimination of 
germinating bacterial populations, their spores and mould 
fungi (Gruner et al., 1992) 
 
 
Food irradiation 
 

Research on food irradiation dates back to the turn of the 
twentieth century with the first United States of America 
and British patents being issued in 1905. It allowed the 
use of ionising radiation to kill bacteria in food (ICGFI 
1999). The United States have since amended their drug 
regulations to allow the irradiation of certain food 
products to control food-borne pathogens (USEPA 2002). 
Food irradiation is a process in which products are 
exposed to ionizing energy, such as gamma rays, 
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electron beams and X-rays for a specified time (FDA, 
1986). A food is irradiated to utilize the destructive power 
of ionization radiation on the microorganisms with 
minimum changes in food constituents (Zenthen and 
Sorensen, 2003). Nowadays, irradiation of food is 
permitted in over than 60 countries for the purpose of 
food preservation by destruction of microbes, worms, 
insects and parasites, as well as for the inhibition of 
sprouting of potatoes and onions (IAEA, 2007). According 
to international health and safety authorities; Joint 
FAO/IAEA/WHO Expert Committee on the 
Wholesomeness of Irradiated Foods (JECFI), foods 
irradiated up to 10 kGy are considered safe and present 
no toxicological hazard and no special nutritional or 
microbiological problems in food (Anonymous, 1981). 
Gamma radiation of 30–1000 Gy has been applied to 
achieve a delay in the ripening of some fruits and 
vegetables (WHO 1988). A reduction in the amount of 
visible and total mould present in bread during a storage 
period of up to 20 weeks was reportedly achieved by 
applying a gamma radiation dose of 150 Gy to the flour 
(Adejumo 1998). Bansa and Appiah (2003) have also 
reported the successful use of gamma radiation dose of 
120 Gy to effectively inhibit sprouting in yams for six 
months under tropical ambient conditions. Furthermore, 
higher gamma radiation doses of 2–4 kGy have been 
used to successfully reduce the infection rate in sugar 
beet seeds (Rizk and Moussa 2003)while a dose of 
approximately 500 Gy has been employed to disinfect 
and also reduce microbial populations in cocoa beans 
(Adesuyi 1996). 
 
 
Foods sterilized 
 
During the last decade interest has increased in the 
methods of food sterilization and modification applying 
medium (1–10 kGy) and high doses (10–70 kGy) of 
irradiation as well as radiation processing of industrial 
products that contain starch. Foods sterilized at high 
doses may be consumed by immunologically depressed 
patients and can be stored at room temperature (for 
example bakery products, readily prepared meals). 
Radiation modification enables, moreover, removal of ant 
nutritional factors and inhibition of food allergies Doses of 
several dozen kGy are used for sterilization of 
pharmaceuticals and medical devices and for starch 
modification. Accordingly, it appears desirable to acquire 
knowledge about the functional and structural properties 
of foods and starch alone irradiated using medium and 
high doses and in the development of appropriate 
physicochemical testing methods.  
 
 
CONCLUSION 
 

Many investigate on effect of gamma radiation on crop 
were carried out and their results showed usage of  
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gamma radiation have different effect on crop such as 
Biochemical and physiological change, growth and 
germination inhibition. Inhibition of seed germination and 
elongation of roots and shoots from germinating seeds 
have been reported for the detection of irradiated seeds 
of crop species. Gamma irradiation affects proteins by 
causing conformational changes, oxidation of amino 
acids, rupturing of covalent bonds and formation of 
protein free radicals. Also, chemical changes in the 
proteins caused by gamma irradiation include fragmen-
tation, cross-linking, aggregation and oxidation by oxygen 
radicals that are generated in the radiolysis of water. 
Irradiation is effective method for microbiological 
decontamination of them, and the content of essential 
biologically active substances and pharmacological 
activity of medicinal herbs not change significantly with 
irradiation.  
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The aim of this study was to search for new antiviral agents from Tunisian Jrani caprifig latex (Ficus 
carica L., Moraceae). Terpenes and coumarins were identified by gas chromatography–mass 
spectrometry (GC-MS) analysis in hexane and hexane ethyl-acetate (1:1, v/v) extracts, and used in 
experiments to test their influence on a series of viruses, namely Herpes simplex (HSV-1), Adenovirus 
(ADV) and Echovirus type 11 (ECV-11). To evaluate the capacity of the extracts inhibition of viruses 
replication cycles by preventing their adsorption and their penetrations in the cells (by interaction with 
the cellular receivers designed for these viruses) or by inhibition of their intracellular replication or by 
virus inhibition after a direct contact under microscopic observation of cytopathic effect (CPE). Extracts 
inhibited virus multiplication in tested techniques at the concentrations of 19.5 and 39 µg/ml, 
respectively. All extracts had no cytotoxic effect on Vero cells at all tested concentrations. In 
conclusion, some compounds of Jrani latex which possess antiviral activities may be due to the high 
level of Triterpens. Their mode of action against the tested viruses was found to be at all stages of 
multiplication, suggesting the potential use of this compound for treatment of the infection caused by 
these viruses. 
 
Key words: Ficus carica, caprifig, latex, HSV-1, HSV-2, ECV-11, ADV, coumarins, terpens. 

 
 
INTRODUCTION 
 
The use of herbs and medicinal plant as the first 
medicines is a universal phenomenon. Every culture on 
the earth, through written or oral tradition, has relied on 
the vast variety of natural chemistries found in  plants  for 
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Abbreviations: CPE, Cytopathic effect; PBS, phosphate 
buffered saline; MEM, minimum essential medium; FBS, fetal 
bovine serum; HSV-1, herpes simplex virus type 1; CPE, 
cytopathic effect. 

their therapeutic properties. All drugs from the plant are 
substances with a particular therapeutic action extracted 
from plants (Serrentino, 1991). The usage of herbal 
plants as traditional health remedies is the most popular 
for 80% of the world population in Asia, Latin America 
and Africa and is reported to have minimal side effect 
(Doughari, 2006). In this study Jrani caprifig variety which 
belongs to the genus Ficus carica L. (Moraceae) has 
been selected. Unlike common figs, the caprifig is a fig 
tree which produces both male and female flowers and is 
used to fertilize the female trees of the species. The 
name caprifig is derived from caprificus (or “goat fig” in 
Italian) (Storey et al., 1977) produces three crops of 
syconia. These are known by their Italian  terms,  profichi, 



 

 
 
 
 
mammoni and mamme. The fig is a deciduous tree, 
which probably originated in Western Asia, and spread to 
the Mediterranean is commonly known as fig tree (Tous 
and Ferguson, 1996). Its products are widely used both 
as a food and in traditional medicine in the 
Mediterranean; the roots are used in treatment of 
leucoderma and ringworms and its fruits which are sweet, 
have antipyretic, purgative, aphrodisiac properties and 
have shown to be useful in inflammations and paralysis 
(Kirthikar and Basu, 1996). F. carica is claimed to be 
useful in liver and spleen disorders, to cure piles and in 
treatment of gout. The leaf decoction affected lipid 
catabolism in hyperglyceridemic rats (Perez et al., 1999). 
Several phytochemical investigations of F. carica leaves 
have been published, but with no biological data. 

Athnasios et al. (1962) have isolated prosalen, -
sitosterol and Bergapten. Others have isolated 
triterpenoids (Abu-Mustafa et al., 1964).  F. carica latex 
released on picking the fruits is used to treat skin tumors 
and warts (Ghazanfar, 1994). The first scientific investi-
gation of the activity of fig latex was done by Ullman et al. 
(1945, 1952). The dialysate of the latex contained the 
active ingredient. Although, isolation of the active com-
ponents was not pursued further, some pharmacological 
work was reported by Ullman (1952) and Ullman et al. 
(1952). Fig latex has also been tested for its anthelmitic 
activity (De-Amorin et al., 1999).  

In this modern age it is very important to provide 
scientific proof to justify the various medicinal uses of 
herbs. Herbal drugs are prescribed widely even when 
their biologically active components are unknown 
because of their effectiveness, fewer side effects and 
relatively low cost (Valiathan, 1998). However, we are not 
aware of a satisfactory remedy for serious viral diseases 
and search for effective and safe drugs. 

In this paper we describe the identification of a potent 
antiviral terpenes and coumarins from Tunisian caprifig 
latex, Jrani variety. 
 
 
MATERIALS AND METHODS  

 
Latex collection 

 
The Jrani caprifig latex was collected from unripe inedible fig fruit 
growing in Mesjed Aissa agricultural field located in the central cost 
of Tunisia. The latex was held in ice during the period of collection. 
The identification of this variety was established by Pr. Massoud 
MARS, professor of arboriculture at the high school of horticulture 

of Chott Meriam Sousse, Tunisia, Department of Agriculture, and 
Arboriculture, the code collection of the tree is JR1. This fig fruit 
was cat open from its top then slightly squeezed to collect few 
drops of latex directly into polyethylene centrifuge tubes, frozen 
immediately in Dry-Ice and maintained in frozen state at –30°C until 
the analyses were performed. 

 
 
Extracts preparation 

 
The gum, approximately 30%  by  weight  in  F.   carica   latex   was 
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removed from the aqueous solution by centrifugation in a 
refrigerated centrifuge (Bakemann Avanti TM30) at 15 000 rpm for 
60 min at 0°C. The clear, straw-colored aqueous solution that was 
designated as a soluble material was frozen and stored at –30°C 
until required for analysis. 

100 g of defrosted F. carica latex were macerated, (on cold) in 
300 ml of methanol, over night, and repeated three times (Sarang 
et al., 2005), then evaporated under reduced pressure to afford (15 
g) of yellow brown solid extract product 1 (P1). 

The resulted residue was subjected to silica gel flash column 
chromatography eluted with hexane, hexane-ethyl acetate (1:1 v/v), 
and finally with ethyl acetate to obtain product 2 (P2), 3 (P3), and 4 
(P4) of 4.10 g, 2.10 g and 0.60 g, respectively. 

Furthermore, methanol was added to elute the polar compounds, 
which concentrated under reduced pressure, and then was re-
dissolved in H2O, and re-extracted with chloroform to afford product 
5 (P5) of 3 g. All solvent were purchased from Merck, Germany. 

 
 
GC-MS analysis 

 
The analysis of Jrani caprifig latex hexane and ethyl-acetate (1/1, 

v/v) extracts was performed on a GC-MS HP model 1909S-433 
inert MSD (Agilent Technologies, J and W Scientific Products, Palo 
Alto, CA, USA), equipped with an Agilent Technologies capillary 
DB-5MS column (30 m in length; 0.25 mm i.d.; 0.25 mm film 
thickness), and coupled to a mass selective detector (MSD1909S-
433, ionization voltage 70 eV; all Agilent, Santa Clara, CA). The 
carrier gas was He and was used at 1 ml/min flow rate. The oven 
temperature program was as follows: 2 min at 150°C ramped from 

150 to 240°C at 10°C/min and 1 min at 240°C then ramped from 
240 to 280°C at 5°C/min and 15 min at 280°C. The chromatograph 
was equipped with a split/splitless injector used in the split mode. 
The split ratio was 1:100. Bis-(trimethylsilyl)-acetamide (BSTFA) 
(100 ml) was added to 100 ml of extract. The control of the GC/MS 
system and the data peak processing were carried out by means of 
MSDCHEM software. Identification of components was assigned by 
matching their mass spectra with Wiley and NIST library data, 
standards of the main components. 

 
 
Cell and virus culture 

 
The cell line used was Cercopithecus aethiops African green 
monkey kidney cells (Vero cell line ATCC CCL-81). The cellular 
lines maintained in the laboratory of transmissible diseases and 
bioactive substance (Faculté de Pharmacie de Monastir). 

Briefly, the protocol used to obtain primary cell culture from the 
biopsy was as follows, each biopsy was washed three times with 
phosphate buffered saline (PBS) containing 200 units/ml of 
penicillin, 200 µg/ml of streptomycin and 0.5 µg/ml of amphotericin 
B. The skin was discarded the cartilage and the subcutaneous 
tissue were minced. Finely, the pieces of tissue were phased in 25 
cm

2
 cell culture flasks with just enough growth medium, that is 

eagle minimum essential medium (MEM) with 2 mM L-glutamine, 

1% vitamins, 1% non essential amino acids, 100 units/ml of 
penicillin, 100 µg/ml of streptomycin, 0.25 µg/ml of amphotericin B, 
and 10% of fetal bovine serum (FBS) to cover the pieces of tissue 
when the fibroblasts had proliferated to 30 or 40% confluence, the 
pieces of tissue were discarded by gently shaking with PBS and 
again the cells were fed with 50% of used medium and 50% of 
fresh medium. When 80% confluence was reached, the cells were 
trypsinized and cultured in 150 cm

2
 flasks. Once the cells had 

covered about 80% of the surface, they were trypsinized, 

centrifuged and cryopreserved. All cells were grown in MEM 
supplemented with 10% (FBS), 100 units/ml of penicillin, 100 µg/ml 
of streptomycin (4 ml), 2  mM L-glutamine  (2 ml),  0.07%  NaHCO3,  
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1% non essential amino acids and vitamin solution. The cultures 
were maintained at 37°C in humidified 5% CO2 atmosphere.  

Herpes Simplex (herpes Viridae family) virus Type 1 (HSV-1) 
was obtained from the Laboratoire des Maladies Transmissibles et 
Substances Biologiquement actives, Faculté de Pharmacie 5000 
Monastir Tunisia. Echovirus (ECV-11): Type 11 (Picornaviridae 
family) clinical strains. Adenovirus (ADV): non serotyped 
(Adenoviridae family) clinical stain. 

 
 
Titration of viral strains  

 
The virus strains were prepared from HSV-1 infected Vero cell 

cultures. The infected cultures were subjected to three cycles of 
freezing-thawing and centrifuged at 2000 rpm for 10 min. The 
supernatant was collected, titrated, and stored at – 80°C in 1 ml 
aliquots. Viral strain was carried out on 96-well flat-bottomed plate 
containing confluent cells into monolayer; decimal dilutions of the 
initial viral suspension were made then inoculated in to deprived 
cells from their growth medium. Each dilution was divided up in to a 
column of 8 wells at a density of 100 µl/well. The last column was 
reserved for control cells not infected by the virus and containing 

only the survival medium; then the plaque was incubated at 37°C in 
humidified 5% CO2 atmosphere and controlled every 24 h by taking 
note of each time the number of well showed a CPE, when the CPE 
ceased to progress (5 to 7 days).  

We evaluated the infectious title of the virus according to the 
method of Reed and Muench (1938) (Watanabe et al., 1994): the 
title of a virus is expressed by the TCID50 (infectious amount on 
cultured tissue), it shows the dilution of the viral suspension of 

which 50% of the cells degenerate. The exploitation of dilution DL50 
or TCID50 (in absolute value) corresponds to the dilution which is 
giving a degeneration immediately above 50%, increased product 
of the proportional distance X by the logarithm of dilution factor. The 
proportional distance X between two critical dilutions at which the 
TCID50 is located and obtained by spearman Kàber formula: X = (D 
> 50% - 50)/(D > 50% to D 50%). D > 50%: degeneration 
immediately grater than 50%. D < 50%: degeneration immediately 
lesser than 50% (Lorenz and Bögel, 1973). 

To titer the virus suspension, confluent monolayer Vero cells 
were grown in 96-well flat-bottomed plates, and were infected with 
0.1 ml of serial 12-fold dilutions of the virus suspension by 0.1 ml 
quadruplicated for a period of 48 h. The virus titer was 10

3.5
 (the 

dilution of the virus required to TCID50/0.1ml lytic effect, 50% of the 
inoculated cultures).  

 
 
Solvent cytotoxicity assay 

 
The solutions of extracts were already prepared with 100 mg/ml, a 
serial dilutions (1, 1/10, 1/20, 1/40, 1/80, 1/160, 1/320, 1/640, 
1/1280, 1/2560 and 1/5120 mg/ml) were done in a medium, made 
up of RPMI 1640 supplemented with 1% L. glutamine, 2% of 
antibiotic and 10% (FBS) (serum of be worth fetal) (Chiang et al., 
2002). Cells monolayer were trypsinized, washed with culture 

medium and plated in 96-well flat-bottomed plate with 2. 10
4
 cells 

per well. After 24 h of incubation, each diluted extract was added to 
the appropriate wells, some wells containing only cells with the 
medium of dilution [Cat 2% (FBS)] were taken as a cellular control 
and the plate were incubated for a further 48 h at 37°C in humidified 
incubator with 5% CO2. The supernatants were removed from the 
cells and cells viability during 5 days was evaluated by supervising 
the state of the cells until the appearance of cytopathic effect 
(CPE). That effect generally appears when cells become round and 

fall with repression of the cores in the cellular membranes, 
phenomenon observed during the cells bursting by a serial of 
freezing and defrosting.  The  results  are  obtained   from   triplicate  

 
 
 
 
assays with at least five extract concentrations.     

 
 
Antiviral activity assay 

 
Viral reproduction inhibitory, extract can act on the reproduction 
itself, or on the adsorption, or during the penetration of the virus in 
the cell. Three tests were carried out.  

Contact between the virus and the extract before inoculation with 
the cells. This test allowed us to know, if the extract is able to 
deteriorate the integrity of the virus and so to prevent it from 
carrying out its infectious process. Contact between cells and 
extract before virus attaching, and so, the extract has the possibility 

of acting on the cellular receivers and can therefore prevent the 
adsorption, thus the penetration of the virus in the cell. In both 
cases, extracts will prevent the adsorption and so the penetration of 
virus in the cell.  

Contact between cells and viral suspension then we add the 
extract. In this case, the virus has enough time to penetrate in the 
cell and to begin the replication process. The inhibition of viral 
multiplication after adding the extract was due to the blocking effect 
of the viral replication by the extract. These three tests were applied 

to the viruses and the two extracts (P2 and P3) of which their 
cytotoxicity has already being studied.  

 
 
Incubation of the extract with the viral suspension                   

 
The various concentrations of the extract were contacted with the 
viral suspension from line 2 to 11 and from column B to G in 96-well 

flat-bottomed plate at a density of 10 TCID 50 /ml (v/v) equalized 
volumes (Grazìa et al., 2003). In line 1, non infected cells were held 
in their growth medium used as a negative control, line 12, columns 
A and H were reserved to infected cells as a positive control. The 
plate was incubated at 37°C for 1 h, and then inoculated on 
cultured Vero cells, presenting a confluent layer at a density of 200 
µl/well. The cells were again incubated at 37°C and observed for 5 
to 7 days until the appearance of a total CPE by the viral control 
(Ooi et al., 2004; Tshikalange et al., 2005).  

 
 
Incubation of the cells with the extract  

 
The incubation of the cells, which were separated from their growth 
medium were contacted with various concentrations of the extract 
at a density of 100 µl/well for 1 h at 37°C. Then, 100 µl of the viral 

suspension were added in each well of the plate which was again 
incubated at 37°C and observed for 5 to 7 days until the 
appearance of the viral CPE on the control as explained above 
(Beloin et al., 2005). 

 
 
Incubation of the cells with the viral suspension  

 
The cells were infected by the viral suspension at a density of 100 
µl/well incubated for 1 h at 37°C, then 100 µl/well  of various extract 
concentrations were added, and incubated for 5 to 7 days until the 
appearance of total CPE on the viral control (Cos et al., 2002). 
These tests were performed in triplicate for the three viral strains, 
each test performed used as a negative control of none infected 
cells held in their growth medium, and as a positive control of the 
cells infected by the viruses at equal concentration used for all tests 
(Tshikalange et al., 2005; Beloin et al., 2005). The absence of the 

CPE at a concentration level of the extract when the viral control 
expresses a CPE indicates that the extract has an antiviral activity 
with a specific concentration (Meyer et al., 1996).  



 

 
 
 
 
RESULTS  
 

GC-MS analysis 
 

The average percentage of individual compounds of 
caprifig latex (Jrani variety) hexanic and hexane ethyl 
acetate (v/v) extracts were presented in Tables 1 and 2, 
respectively. GC-MS analysis of extracts resulted in the 
identification of 36 and 17 compounds representing 96.12 
and 77.46%, respectively. Among the identified com-
pounds, were sesquiterpens, triterpens, monoterpene 
(bornanone-3), coumarins and alcans, Furthermore, the 
most abundant compounds (> 8%) of extracts were 
lanosta-8 (13.17 and 30.82%), urs-12-en-24-oic acid 
(21.52 and 22.36%), aristolone (15.63 and 10.30%), 
olean-12-en-3-ol, (23.47, 3.66%), maragenin I acetate 
(8.78%) and A’-Neogammacer-22(29)-en-3-ol (22.06%).  
 
 

Extracts cytotoxicity assay  
 

The optical densities obtained after spectrophotometric 
measurement at 540 nm, were useful to determine the 
percentage of cellular viability. Only the concentrations 
having a little or no cytotoxic effect on the cells (cellular 
viability from 90 to 100%) were tested for antiviral activity. 
 

 

Effect of hexanic extract (P2) 
 

The observation of the cells state under a microscope 
after 48 h of contact with the extract and incubated at 
37°C did not show any CPE. We note that the percentage 
of cellular viability is higher than 90% at all concen-
trations of the extract. We can deduce that P2 does not 
have any cytotoxic effect on the cells. All tested 
concentrations were used thereafter for antiviral activity.  
 
 

Effects of ethyl acetate-hexane (v/v) extract (P3)  
 

We note that this extract does not have any cytotoxic 
effect on the Vero cells. Thus, all the concentrations were 
tested for antiviral activity.  

We could demonstrate for these tested extracts that all 
concentration range of the pure extract and the different 
dilutions were tolerable by the cells and gave a 
percentage of viability higher than 90%. From the 
cytotoxicity results of the tested extracts towards the Vero 
cells, we understand that a cellular fall, in the presence of 
an extract and of a virus was really due to the cytopathic 
effect CPE of the virus and not to the cytotoxic effect of 
the extract. 
 
 
Activity against HSV-1, ECV-11 and ADV  
 
The results of the three antiviral tests which were carried 
out against HSV-1, ECV-11 and ADV are presented in 
Table  3  and  proved  that  P2  and  P3  extracts  had  an  
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antiviral activity by deteriorating the integrity of the virus 
and to prevent it, from carrying out its infectious course. 
These extracts acted on the cellular receivers and 
prevented the adsorption and the virus penetration in the 
cell and blocked the viral replication in the infected cell. It 
is noticed, that these positive tests which were obtained 
in all concentration range starting from the pure extracts 
to the highest dilution (1/5120).  
 
 
DISCUSSION  
 

Infectious diseases are leading cause of death world 
wide due to multidrug resistant strains of viruses. Many 
medicinal plants remain unexplored; screening of antiviral 
resistance modifying compounds from plants sources are 
expected to provide the basis for identifying leads for the 
isolation of therapeutically useful compounds. This study 
will definitely open scope for future utilization of the waste 
products for therapeutic purpose.  

The contact type of the first antiviral activity test 
showed the competition between extracts and viruses on 
the cellular receivers. If an extract is able to stick to the 
cellular receivers, it can prevent the adsorption and thus 
the penetration of the virus on the cells. In this case, the 
viral CPE will be absent and the antiviral activity of the 
extract in question will be proved. Among the studied 
latex extracts P2 and P3 proved to be active against 
three viral strains (HSV-1, ECV-11 and ADV). The 
sensitivity of HSV-1 against natural substances was also 
showed by Beloin et al. (2005) by testing various extracts 
of Momordica charantia (Cucurbitaceae).  

In the second test the virus had sufficient time to be 
adsorbed and penetrated in the cell. Thus, the absence 
of the viral CPE proved that the extract acted to prevent 
viral replication progress within the cell therefore, proving 
the antiviral activity of this extract. Both extracts P2 and 
P3 expressed an antiviral activity against these three 
tested strains. Thereafter, these extracts were able to 
inhibit simultaneously, the DNA viruses HSV-1 and ADV 
and ARN viruses ECV-11 replication. Cos et al. (2002) 
studied the antiviral activity of Colenrs kilimandschari and 
Leonotis neptaeflia extracts witch belongs to Lamiacées 
family. Only C. kilimandschari leaves extract showed an 
anti-HSV-1 capacity. The type contact of the third test 
showed no viral CPE, means that viruses were already 
inhibited, and showed the antiviral activity.   

These tests demonstrate that, ECV-11, HSV-1 and 
ADV were sensitive to both extracts. Grazia et al. (2003) 
studied the antiviral activity of essential oils from eight 
(Lamiaceae) plants of which Hyptes mutabilis did not 
detect any anti-HSV-1 activity. Therefore the studied 
extracts P2 and P3, were able to stop the replication 
cycles of HSV-1, ECV-11 and ADV by preventing their 
adsorption and their penetrations in the cells (by 
interaction with the cellular receivers designed for these 
viruses), or by inhibition of their intracellular replication, or 
by virus  inhibition  after  a  direct  contact.  These  results  
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Table 1. Chemical composition of hexane extract obtained by GC/MS. 
 

Retention time 

(min) 

Area 

(%) 
Constituent 

Wiley library 

Reference No 
CAS No Quality 

4.70 0.06 GERMACRENE-D 121792 023986-74-5 98 

5.04 0.01 Delta-Cadinene 121465 000483-76-1 97 

7.03 0.33 2, 6, 10-Dodecatrien-1-ol 148283 004602-84-0 83 

8.88 0.05 Dodecan-2-on 93122 006175-49-1 72 

9.09 0.38 Hexadecanoic acid 213894 000112-39-0 98 

10.73 0.33 CIS-LINOLEIC ACID METHYL ESTER 243137 000112-63-0 99 

11.69 0.08 Pentadecane 134011 000629-62-9 96 

11.88 0.04 1, E-8, z-10-Hexadecatriene 145418 080625-33-8 87 

12.76 0.03 Tricosane 275685 000638-67-5 96 

13.90 0.13 Triacontane 34922 000638-68-6 91 

14.51 0.02 8-dimethoxynaphthalene 120716 105372-17-6 90 

15.76 0.51 Bis (2-ethylhexyl) phthalate 326908 000117-81-7 91 

16.30 0.05 Hexacosane 311168 000630-01-3 94 

16.72 0.06 7-Pentadecyne 128099 022089-89-0 64 

17.55 0.13 Heptacosane 32679 000593-49-7 95 

18.79 0.10 Octacosane 329269 000630-02-4 96 

19.23 0.33 Squalene 337959 007683-64-9 93 

20.05 0.13 Nanocosane 337002 000630-03-5 97 

20.61 0.37 Oxirane 345735 007200-26-2 89 

21.73 0.29 1-ethyl-3-acetyl-5 182541 112482-88-9 86 

22.51 0.72 4-methoxycarbonyl-2, 6-diphenylpyridine 237065 069209-39-8 74 

22.98 1.04 Bornanone-3 49880 013854-85-8 70 

23.38 0.19 1-ethyl-3-acetyl-5 182541 112482-88-9 78 

23.54 0.15 1, 6, 10, 14, 18, 22-Tetracosahexaen-3-ol 345737 054159-46-5 64 

23.67 1.02 [3.2] metacyclophane-10-ene 145464 121733-15-1 91 

24.79 0.77 5-HYDROXY-6 236998 063955-63-5 78 

27.96 0.98 9, 19-Cyclolanost-24-en-3-ol 345634 000469-38-5 93 

28.96 0.94 Beta.-Amyrin 345611 000559-70-6 83 

29.47 13.17 Lanosta-8 360770 002671-68-3 96 

30.20 0.24 6-Aza-B-homo-5.alpha.-cholestane 345497 066233-39-4 92 

30.25 0.37 Lupeol 345599 000545-47-1 87 

32.33 21.52 Urs-12-en-24-oic acid 360707 020475-86-9 91 

32.75 15.63 Aristolone 141923 006831-17-0 86 

32.95 23.47 Olean-12-en-3-ol 360750 001616-93-9 93 

33.38 8.78 Maragenin I acetate 360711 071545-16-9 89 

33.62 2.32 alpha.-amyrenyl acetate 360746 000863-76-3 64 

 
 
 
Table 2. Chemical composition of ethyl acetate extract obtained by GC/MS. 

 

Retention time 

(min) 

Area 

(%) 
Constituent 

Wiley library 

Reference No 
CAS No Quality 

8.424 0.10 (+)-Aromadendrene 121608 000489-39-4 96 

8.767 0.19 delta.-Cadinene 121454 000483-76-1 99 

9.174 1.08 1H-Cycloprop[e]azulen-7-ol 145016 006750-60-3 95 

10.398 0.72 Tetradecanal 133817 000124-25-4 81 

10.867 0.30 Hexadecanoic acid 213911 000112-39-0 93 

11.297 1.24 1H-Naphtho[2,1-b]pyran 238701 001227-93-6 94 

11.531 1.06 Heptadecene-(8)-carbonic acid-(1) 228686 000000-00-0 90 
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Table 2. Contd. 
 

19.616 30.75 Lanosta-8 360770 002671-68-3 95 

19.879 1.17 Silicone grease 392047 000000-00-0 58 

20.331 10.30 Olean-12-en-3-ol 360750 001616-93-9 93 

21.024 19.80 alpha.-Amyrenyl acetate 360746 000863-76-3 76 

22.597 10.82 A'-Neogammacer-22(29)-en-3-ol 360754 002085-25-8 86 
 

Total area: 77.5%. 

 
 
 

Table 3. Antiviral activity of Ficus carica extracts. 

 

Extracts 
Antiviral activity (%) 

P2 P3 

Extracts last dilution 1/5120 1/2560 

(E+V) + C 

HSV 100 100 

ECV 100 100 

ADV 100 100 

    

(C+E) + V 

HSV 100 100 

ECV 100 100 

ADV 100 100 

    

(C+V) + E 

HSV 100 100 

ECV 100 100 

ADV 100 100 
 

P2: hexanic extract; P3: (v/v) ethyl acetate-hexane extract; (E+V) + C: extract effect against 

virus; (C+E) + V: extract effect against Vero cells; (C+V) + E: extract effect against viral cycle 
after adsorption. 

 
 
 
confirmed the evidence that, P2 and P3 extracts had an 
interesting antiviral activity.  
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Aeromonas hydrophila is a pathogen that causes disease in a wide range of homeothermic and 
poikilothermic hosts due to its multifactorial virulence. The production of many of these virulence 
determinants is associated with high cell density, a phenomenon that might be regulated by quorum 
sensing. The quorum sensing system regulates the expression of several virulence factors in a wide 
variety of pathogenic bacteria. To investigate the pathogenic role of quorum sensing system in A. 
hydrophila, We constructed an ahyI mutant strain of a fish-clinical isolate YJ-1, named YJ-1∆AhyI. 
Compared with the wild-type strain, the ahyI mutant strain exhibited a significant decrease of total 
extracellular virulent activity, and decreased in biofilm formation, intraperitoneal LD50 of YJ-1∆AhyI were 
more than 10

9
 CFU, about 10

4
 times higher than the parent strain. These results suggest that A. 

hydrophila is able to regulate its extracellular virulent factors and biofilm formation by quorum sensing 
systems, and indicate that disruption of quorum sensing could be a good alternative strategy to combat 
infections caused by A. hydrophila. 
 
Key words: Aeromonas hydrophila, quorum sensing, biofilm, virulence factors. 

 
 
INTRODUCTION 
 
Aeromonas hydrophila is a ubiquitous Gram-negative 
bacterium

 
of aquatic environments, which has been 

implicated as a causative
 
agent of motile aeromonad 

septicemia in a variety of aquatic
 

animals especially 
freshwater fish species (Hänninen et al., 1997). It causes

 

gastrointestinal and extraintestinal infections in humans, 
including

 
septicemia, wound infections, gastroenteritis 

and peritonitis (Daskalov, 2006). A number
 
of virulence 

factors have been identified in A. hydrophila,
 
such as, 

adhesins (e.g. pili), S-layers, exotoxins such as 
hemolysins and enterotoxin, and a repertoire of 
exoenzymes which digest

 
cellular components such as 

proteases, amylases, and lipases
 

(Cahill, 1990; 
Pemberton, 1997). 

Quorum sensing (QS) (Fuqua et al., 1994) is a mecha-  
 
 
 
*Corresponding author. E-mail: 
chuweihua2002@yahoo.com.cn. 

nism for controlling gene expression in response to an 
expanding bacterial population. In many Gram-negative 
bacteria, the diffusible quorum sensing signal molecule is 
a member of the N-acylhomoserine lactone (AHL) family 
(Fuqua et al., 1994; March and Bentley, 2004). Several 
virulence-associated phenotypes in pathogens have been 
shown to be controlled by their quorum sensing systems 
(Winzer and Williams, 2001). These phenotypes include 
biofilm formation (Croxatto et al., 2002), the production of 
virulence factors such as proteases (Swift et al., 1997, 
1999; Croxatto et al., 2002), haemolysin (Kim et al., 
2003), a type III secretion system (Henke and Bassler, 
2004), extracellular toxin (Manefield et al., 2000) and a 
siderophore (Lilley and Bassler, 2000). A. hydrophila has 
been found to have homologues of the Vibrio fischeri 
quorum sensing genes luxI and luxR, designated ahyI 
and ahyR (Swift et al., 1997). In this study, we explored 
the role of the ahyRI dependent QS system of A. 
hydrophila by construction an analysis of the ahyI mutant. 

We    evaluated     whether     deletion    of     the   ahyI  

mailto:chuweihua2002@yahoo.com.cn
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Table 1. Characteristics of bacterial strains and plasmids used in this study. 
 

Strains or plasmid Relevant characteristic(s) Source or reference 

A. hydrophila    

YJ-1 Virulent Chu, 2001 

YJ-1∆ahyI ahyI mutant strain of YJ-1 This study 

YJ-1∆ahyIRC Complement strain of YJ-1∆ahyI This study 

   

E. coli   

DH5α recA gyrA Laboratory stock 

CC118 
λpir lysogen of CC118 (∆(ara-leu) araD ∆lacX74 galE galK phoA20 thi-1 
rpsE rpoB argE(Am) recA1) 

Dennis et al., 1998 

S17-1 Smr Spr hdsR RP4-2 kan : : Tn7 tet : : Mu, integrated in the chromosome Simon et al., 1983 

   

C. violaceum   

CV026 
double mini-Tn5 mutant derived from C. violaceum ATCC31532, Hg

r
 

cviI::Tn5 xylE Km
r
, plus spontaneous Sm

r
 

McClean et al., 1997  

   

Plasmids   

pGEMT-Easy Cloning vector, Amp
r
 resistant Promega 

pFS100 Km
r
, Pgp704 suicide vector Rubires et al., 1997 

pahyI
-
 pFS100 harboring with an internal fragment of ahyI gene This study 

pGEMT-ahyIR harboring a 1972bp DNA fragment containing the ahyIR gene This study 
 

 
 

gene affected biofilm formation, motility, extracellular 
virulence and the pathogenicity in a fish model of 
infection. 
 
 
MATERIALS AND METHODS 

 
Bacterial strains, media and growth conditions 

 
The bacteria and plasmids used are listed in Table 1. Escherichia 

coli DH5α, plasmid-containing E. coli strains, A. hydrophila and its 
derivative strains were grown in LB medium, E. coli strains were 
grown at 37°C, while A. hydrophila strains were routinely grown at 
28°C, Chromobacterium violaceum CV026 was kindly provided by 
Dr. McLean (Texas State University) and was grown in LB medium 
at 30°C. Media were solidified with 1.5% (wt/vol) agar as needed. 

Antibiotics were added as required at the following final 
concentrations: ampicillin, 100 μg ml

−1
; kanamycin, 50 μg ml

−1
. 

 
 
DNA manipulation 

 
Genomic DNA of A. hydrophila YJ-1 was prepared as previously 
described (Sambrook et al., 1989). Plasmid DNA from E. coli was 

extracted using a plasmid purification kit (Shanghai Shenggong Co. 
Shanghai) according to the manufacturer’s instructions. Taq DNA 
polymerase and restriction enzymes were obtained from Takara 
(Takara Bio. Inc., Dalian, China); and incubation conditions were as 
recommended by the suppliers.  
 
 
Construction of A. hydrophila ahyI mutant 

 
To obtain single defined insertion mutant in gene ahyI, we used a 
method based on the suicide pFS100 (Rubires et al., 1997). Briefle, 
an internal fragment of the selected gene was amplified by 

polymerase chain reaction (PCR) using A. hydrophila YJ-1 
chromosome, ligated into pGEM-Teasy (Promega). 
Oligonucleotides ahyI-F (5′ -CACGGGCAAAACGTTCATC-3’) and 
ahyI-R (5′ -ACGAGCTTTATCGCTTCCG-3’) were used to amplify 
the internal fragment of ahyI gene from A. hydrophila YJ-1 by PCR. 
The PCR product was ligated to pGEM-T vector (Promega) and 
transformed into E. coli DH5α. The internal fragment was recovered 
by EcoRl restriction digestion, and finally ligated into EcoRl 

digested suicide plasmid pFS100 plasmid vector. The ligation 
product was transformed into E. coli CC118 (λpir) and selected for 
kanamycin resistance. The recombinant plasmid was isolated and 
transformed into the A. hydrophila YJ-1 strain to obtain the ahyI 
insertion mutant. The insertion of plasmid on the chromosomes of 
the mutant was confirmed by PCR with appropriate primers. 
 
 
Complementation of the A. hydrophila YJ-1 ahyI mutant 

 
To complement the ahyI mutant strain of A. hydrophila, a 1972 bp 
fragment containing ahyRI open-reading frame (ORF), including its 
promoter, was amplified from A. hydrophila genomic DNA by using 
two primers ahyIR-F/SalI 5’-
GGGGTCGACAGCAGCTTGTAATCCAACGC-3’ and ahyIR-
R/EcolRI 5’-GGGGAATTCATGAACCGTCCAGCAGAGTGA-3’. The 
amplified product was ligated into pGMT-Easy vector creating 
pGEMT-ahyIR. pGEMT-ahyIR was then introduced into the YJ-
1∆AhyI strain by electroporation. Clones exhibiting resistance to 
ampicillin (100 μg ml

−1
) were chosen for further study. The presence 

of luxS on pGEMT-ahyI was confirmed by sequencing. To exclude 
the possible influence from the vector, the empty vector was 
electroporated into A. hydrophila YJ-1∆AhyI as a control strain. 
 
 
AHL bioassays 

 
Chromobacterium violaceum CV026 was used as a biosensor to 
detect AHL. The AHL detection was applied by cross-streaking test  



 
 
 
 
strains against C. violaceum CV026 on nutrient agar plate, in which 
the purple pigment violacein can be restored in response to the 
presence of AHL molecules. Briefly, strain CV026 was streaked at 
the center of the nutrient agar plate, the target bacteria were 
streaked on the same plate against CV026 line, if the target 
bacteria have AHL-producing ability, diffusible AHL produced by the 
target bacteria induces strain CV026 to produce a purple pigment 
(McClean et al., 1997). C. violaceum CV026 (a mini-Tn5 mutant) 
was used as an indicator strain for the detection of C4 and C6-
HSLs.  
 
 
Motility assay 

 
LB medium containing 0.3% (wt/vol) agar was used to characterize 
the motility phenotype of wild type (wt) A. hydrophila YJ-1 and its 
ahyI mutant strain. The plates were then wrapped with Saran Wrap 
to prevent dehydration and incubated at 30°C for 12 to 14 h, and 
the motility was assessed by examining migration of bacteria 
through the agar from the center towards the periphery of the plate. 
 
 
Detection of extracellular virulence factors 
 
Some extracellular virulence factors activities were detected by 
patching bacteria on LB agar plates supplemented with different 
substrates (Swift et al., 1999). All strains were tested in duplicate, 
and when results were different, a third experiment was carried out 
to resolve the discrepancies. 

Hemolytic activity was tested on agar base (Oxoid) 
supplemented with 5% sheep erythrocytes. The culture was 

streaked onto the plates and incubated at 27℃ for 24 to 36 h, The 

presence of a clear colourless zone surrounding the colonies 
indicated β-hemolytic activity. Protease production and proteolytic 
activity was detected on 1.2% agar plates supplemented with 10% 

(v/v) sterile skimmed milk (105℃ for 30 min). The cultures were 

streaked on the skim milk agar plates and incubated at 27°C for 24 
to 36 h. Proteolytic strains caused a clearing zone around the 
colonies. Lipase activity was assayed on 0.5% tributyrin 
(Panreac,Barcelona, Spain) agar emulsified with 0.2% Triton X-100 
and incubated at 27°C for 24 to 36 h. The presence of a transparent 
zone around the colonies indicated lipase activity. Extracellular 
nucleases (DNases) were determined on Dnase agar plates (Difco) 
with 0.005% methyl green. The culture was streaked onto the plates 
and incubated at 27°C for 24 to 36 h, a pink halo around the 
colonies indicated nuclease activity. 
 

 
SDS-PAGE analysis of extracellular proteins  

 
To prepare extracellular proteins, A. hydrophila YJ-1 and YJ-1∆luxS 
were grown for 15 h and inoculated into 8 ml of fresh LB (1% 
inoculum). After incubation for 24 h, the cells were removed by 
centrifugation at 12,000 x g for 5 min and 4 ml of the separated 
culture supernatant was combined with 800 μl of 10% 
trichloroacetic acid. After 10 min at room temperature, the mixture 

was centrifuged and residues were solubilized in sample buffer 
composed of 62.5 mM Tris hydrochloride (pH 6.8), 10% glycerol, 
5% 2-mercaptoethanol, and 2% SDS. The protein samples were 
analyzed by SDS-PAGE using 8% gel and stained with Coomassie 
Brilliant Blue G-250. 
 
 
Morphological changes in epithelioma papillosum cyprini 
(EPC) cells induced by A. hydrophila 

 
Cytotoxicity of A. hydrophila strains was assayed with EPC cells.  
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The EPC cells were grown as a monolayer at 25°C in Eagle’s 
minimum essential medium (MEM; Sigma) supplemented with 10% 
fetal calf serum in a 5% CO2 atmosphere incubator, and harvested 
with trypsin ethylenediaminetetraacetic acid. A 900 μl aliquot of the 
cell suspension was inoculated to each well in a 24 well culture 
plate. After incubation for 24 h, EPC monolayers were infected with 
A. hydrophila cells (wt and QS mutant) suspended in phosphate-
buffered saline (PBS) at a multiplicity of infection (MOI) (number of 
bacteria per cultured cell) of 1 and incubated for 30 min, after 
infection, the EPC cells were washed three times with PBS. The cell 
morphology were examined using an Axiover 25CFL phase-contrast 
inverted microscope (Carl-Zeiss) at 200 magnifications.  

 
 
Animal experiments 

 
50±3 g (mean ±SD) Carassius auratus gibelio were obtained from a 
aquaculture farm in Nanjing, Jiangsu Province, P. R. China. The C. 

auratus gibelio were kept in 100 L tanks supplied with aerated fresh 
water and fed with commercial pelleted diet twice a day. The water 
temperature was kept at (25±1)°C. Before manipulation, the fish 
were anesthetized with 1:15,000 tricaine methane sulfonate MS-

222 (Sigma) in water. For 50% lethal dose (LD50) determinations, 
six groups of 10 fish were intraperitoneally (i.p.) injected with 0.1 ml 
of washed culture of A. hydrophila YJ-1 and of A. hydrophila ahyI 
mutant, emulsified in sterile phosphate-buffered saline containing 
10

3
 to 10

9
 CFU. The fish were observed for 7 days, and any dead 

specimen was removed for routine bacteriological examination. The 
experiment was carried out three times in duplicate, and the LD50 
was calculated by the statistical approach of Reed and Muench 

(1938). 

 
 
Biofilm assay  

 
A quantitative biofilm formation experiment was performed in a 
microtiter plate as described previously (O'Toole and Kolter, 1998), 
with minor modification. Briefly, bacteria were grown on LB agar, 

and several colonies were gently re-suspended in LB (with or 
without the appropriate antibiotic); 100 μl aliquots were placed in a 
microtiter plate (polystyrene) and incubated 48 h at 28°C without 
shaking. After the bacterial cultures were poured out, the plate was 
washed extensively with water, fixed with 2.5% glutaraldehyde, 
washed once with water, and stained with a 0.4% crystal violet 
solution. After solubilization of the crystal violet with ethanol-
acetone (80:20, vol/vol) the absorbance at 570 nm was determined 
using a microplate reader (Bio-Rad, Hercules, Calif.). 

 
 
Statistical analysis 

 
For animal studies, statistical analyses were performed using 
Fisher’s exact test. For all other studies, Student’s t test was used.  
 
 
RESULTS 
 
Characterization of ahyI mutant strain of A. 
hydrophila YJ-1 
 
An ahyI mutant strain YJ-1∆AhyI was constructed with a 
deletion of 147 bp of ahyI (GenBank accession 
no.X89469). The successful mutant of the ahyI gene was 
confirmed by PCR and DNA sequencing (data not 
shown). The  CV026   bioassay   revealed   that   the  YJ- 
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Figure 1. SDS–PAGE analysis of extracellular proteins of A. 

hydrophila strains. Lane 1, YJ-1∆AhyI; lane 2, YJ-1, lane 3 
Molecular weight markers. 

 
 
 
1∆AhyI does not produce AHL signal molecules (data not 
shown). The motility of YJ-1∆AhyI was significantly less 
compared to that of the WT or the complemented strain. 
These results suggested that the quorum sensing system 
played an important role in A. hydrophila motility. The 
deletion of the ahyI gene did not alter bacterial growth 
kinetics over a tested period of 24 h. The analysis of 
extracellular enzyme activities revealed that the ahyI 
mutant could not produce the detectable extracellular 
proteases, haemolysin, amylase and Dnase, while A. 
hydrohila YJ-1 had a high level of extracellular enzyme 
activities. The extracellular protein profiles of YJ-1 and 
YJ-1∆AhyI were surveyed by SDS–PAGE analysis 
(Figure 1). Compared with the case of YJ-1, many protein 
bands were decreased clearly in YJ-1∆AhyI. 

 
 
Morphological changes of EPC cells induced by A. 
hydrophila ECP 

 
The cytotoxicity of A. hydrophila strains against A. 
hydrophila were EPC cells was further assessed, upon 
incubated with YJ-1, the ECP cells underwent a series of 
morphological changes. An monolayer EPC cells 
incubated with YJ-1∆AhyI appeared as a smooth sheet 
with the cells adhere tightly to the neighbors, while 
incubated with YJ-1, the cells first became slightly 
detached from one another, the smooth appearance was 
lost and then large holes separated cells, and last the 
cells became rounded and the spindle connections were 
lost (Figure 2). 

 
 
 
 
Role of quroum sensing in biofilm formation of A. 
hydrophila 
 
Biofilm formation of A. hydrophila wild-type and ahyI 
mutant strain, YJ-1∆AhyI was monitored in microtiter 
plates. As shown in Figure 3, biofilm formation of YJ-
1∆AhyI was significantly decreased, compared with that 
of wild-type strain YJ-1, while the complemented strain of 
YJ-1∆AhyI, YJ-1∆AhyIC can form biofilm. Thus, quorum 
sensing has a distinct influence on biofilm formation in A. 
hydrophila.  

 
 
Fish infection 

 
To ascertain the role of quorum sensing system in the 
pathogenesis of A. hydrophila, the LD50 was determined 
for A. hydrophila YJ-1 and YJ-1∆AhyI by intraperitoneal 
challenge of C. auratus gibelio. As showed in Table 2, the 
LD50 values were more than 1.0 x 10

9
 CFU bacteria for 

YJ-1∆AhyI and 6 x 10
5
 CFU bacteria for wild-type 

respectively. Fish injected with the parental strain died 
more rapidly than those injected with YJ-1∆AhyI. All 
recorded deaths occurred within 4 days when the fish 
were injected with the wild type; however, deaths were 
recorded up to 6 days following injection when the fish 
were injected with YJ-1∆AhyI. The ahyI mutation led to a 
significant decrease in strain virulence, indicating that 
quorum sensing system has a role in the pathogenic 
mechanism of A. hydrophila. 

Examination of mortality showed typical clinical signs of 
hemorrhagic septicemia, mainly external lesions 
(abdominal distension at the injection site) and internal 
hemorrhages. To confirm stability of the insertional 
inactivated ahyI mutant gene, bacteria were isolated from 
dead fish inoculated with YJ-1∆AhyI, all conferring a Kan 
phenotype.  

 
 
DISCUSSION 

 
In animal and plant pathogens, such as Agrobacterium 
tumefaciens, Erwinia chrysanthemi, Pseudomonas 
aeruginosa, and Vibrio anguillarum, AHL systems control 
the expression of a number of exported products that are 
proven or putative virulence factors. For example, 
quorum sensing through AHLs has been shown to be 
involved in biofilm formation (Kjelleberg and Molinm, 
2002), competitive or cooperative bacterial interactions 
(Keller and Surette 2006) and virulence factors secretion. 
As described earlier, A. hydrophila produces a wide 
range of virulence factors. These virulence factors are 
expressed differently, depending on environmental and 
metabolic aspects of its current habitat. The regulation of 
many of these virulence factors is based on cell density-
dependent cell-to-cell signaling, termed quorum sensing 
(Lynch  et  al.,  2002;  Bi  et  al.,  2007;  Khajanchi  et  al.,  
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Figure 2. Micrographs of EPC cells infected with A. hydrophila YJ-1 (a) and YJ-1∆AhyI (b) at 5 h post 
infection. 
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Figure 3. The amount of biofilm formation for each strain was quantified by solubilizing the stained biofilm 

with ethanol : acetone and measuring the OD570. Each strain was tested in quadruplicate at each time point. 
Error bars indicate standard deviation. Lane 1, wide type Ah YJ-1, lane 2, YJ-1∆AhyIRC, lane 3, YJ-1∆AhyI. 
The results are representative of three experiments. 

 
 

 
Table 2. Calculations of LD50 strain YJ-1 and the ahyI mutant.  

 

Bacteria CFU/0.1 ml 

Mortality 

(no. dead/no. total) 

Day of death 

(no. dead/no. total) 

YJ-1 
AhyI 

mutant 
YJ-1 AhyI mutant 

10
9 

10/10 1/10 1(5/10) 2(8/10) 3(10/10) 6(1/10) 

10
8 

10/10 1/10 1(5/10) 2(7/10) 4(10/10) 6(1/10) 

10
7 

8/10 0/10 1(4/10) 2(7/10) 4(8/10) NA
*
 

10
6 

6/10 0/10 1(3/10) 3(5/10) 4(6/10) NA
*
 

10
5 

3/10 0/10 3(4/10) 4(6/10) NA
*
 

10
4 

0/10 0/10 NA
*
 NA

*
 

10
3 

0/10 0/10 NA
* 

NA
*
 

control 0/10  NA
*
  

LD value(CFU/ml) 6 x10
5 

>10
9 

  
 

*NA, not applicable: no death due to A. hydrophila infection during the experiment. 
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2009). To explore the role of quorum sensing system in 
regulating the extracellular virulent factors secretion and 
biofilm formation, we constructed an ahyI mutant strain of 
a fish-clinical isolate YJ-1, named YJ-1∆AhyI. Inactivation 
of the ahyI gene of A. hydrophila did not result in 
noticeable changes in growth patterns compared with 
those of the wild-type strain. This finding indicates that 
ahyi has no significant effect on basic cellular metabolic 
processes required for growth of A. hydrophila in vitro. 
This is in contrast to some other bacteria in which luxS 
had an effect on growth, Lyon et al. (2001) reported that 
disruptions of Streptococcus pyogenes, s luxS shown a 
media-dependent growth defect, and the effect of quorum 
sensing on Vibrio harveyi growth rate can be either 
positive or negative (Nackerdien et al., 2008). 

Decreased virulence has been seen in ∆luxS mutants 
of several pathogenic bacteria (Winzer and Williams, 
2001). A Vibrio cholerae luxO mutant is severely defective 
in colonization of the small intestine in an infant mouse 
model, inactivation of the rhlA gene in P. aeruginosa 
prevents rhamnolipid production, disabling the protection 
against polymorphonuclear leukocytes (Van et al., 2009), 
and quorum sensing is necessary for the virulence of P. 
aeruginosa during urinary tract infection (Kumar et al., 
2009), and Vibrio alginolyticus luxO-luxRval regulatory 
system control the expression of alkaline serine protease 
(Rui et al., 2009). In contrast, the S. epidermidis luxS 
mutant shows increased virulence in a model of catheter- 
associated infection. Most likely, the increased virulence 
may be partly attributed to the increased synthesis of PIA 
and more-intense biofilm formation. In this study, 
virulence factors were detected by patching bacteria on 
LB agar plates supplemented with different substrates, 
and the results shown that the virulence factors were 
decreased in the ahyI mutant strain, and on the PAGE, 
many proteins bands were lost or decreased, this 
phenomena suggest that QS control the extracellular 
proteins production, these band not only include the 
virulence factors, this results is consistent with the report 
on the protease. 

The biofilm formation has been documented as survival 
strategy of pathogens, regulation of biofilm formation by 
quorum sensing systems has been shown in a number of 
bacteria. In vitro biofilm formation in A. hydrophila has 
been demonstrated using crystal violet staining assays as 
well as SEM. We could detect the difference between the 
parent strain and the QS mutant. Our data showed that 
the ahyI mutant strain was unable to develop a complete 
biofilm. This effect on biofilm formation by luxS in vitro 
was also observed in Streptococcal (Cvitkovitch et al., 
2003), Streptococcus (Kong et al., 2006) and V. cholerae 
(Waters et al., 2008), while the luxS mutant of 
Edwardsiella tarda (Xiao et al., 2009) and Streptococcus 
mutans (Huang et al., 2009) were considerably increased 
biofilm formation. Thus, the quorum sensing signaling 
molecules have contrasting effects on biofilm formation in 

different strains.  

 
 
 
 
In conclusion, we show quorum sensing system in A. 
hydrophila is functional for the secretion of extracellular 
virulence factors, the formation of mature biofilm and its 
pathogenicity, and these findings indicate that disrupt 
quorum sensing systems of pathogenic bacteria is a 
promising alternative for antibiotics in fighting bacterial 
infections. 
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H9N2 Avian influenza virus (AVI) infection is a major cause of economic losses in poultry industry. 
Therefore further study to explain the virus pathogenesis is necessary. In this study tissue tropism and 
dissemination of A/chicken/Iran/11T/99(H9N2) virus in various organs of specific pathogen free (SPF) 
chickens were investigated. Fifty 2-week-old chickens hatched from SPF eggs were divided randomly 
into two groups. Forty chicks in the experimental and ten chicks in the control group. Experimental 
chicks were inoculated intranasally-intraorally with the virus. Samples of lung, trachea, pancreas, 
thymus, spleen, brain, bursa of fabricius, proventriclus, cloaca and kidney were aseptically collected at 
1, 3, 5, 7, 9 and 10 day post inoculation (DPI). A reverse transcriptase polymerase chain Reaction (RT-
PCR) test was performed for virus detection. Viral RNA was detected in the respiratory system on days 
3, 5 and 7 PI. The virus was also found in the kidney on days 3,5,7,9 PI and in the pancreas on days 3 
and 5 PI. Viral RNA was observed only on day 5 PI in cloaca. The virus was not detected in the blood, 
brain and immune system. The virus was not found from any organs on day 10 PI. These results 
suggest that H9N2 AIV has tropism for respiratory, digestive and urinary system following 
intranasal/intraoral inoculation. 
 
Key words: Avian influenza, H9N2, SPF, RT-PCR. 

 
 
INTRODUCTION 
 
Avian influenza viruses (AIVs) belong to the family 
orthomyxoviridae and to the type A influenza virus. These 
viruses are classified into subtypes based on their 
surface haemagglutinin (H) and neuraminidase (N) 
glycoproteins. So far, 16 different H subtypes (H1-H16) 
and 9 different N subtypes have been indentified 
(Fouchier et al., 2005). According to the pathogenicity of 
AIV to domestic and wild bird species these viruses are 
categorized into two pathotype groups  including Highly 
Pathogenic Avian Influenza (HPAI) viruses and non-
Highly         Pathogenic    Avian     influenza    (nHPAI)    viruses  

 
 
 
*Corresponding author. E-mail: saberfar@yahoo.com.  Tel: +98-
21-66949644. 

(Capua and Alexander, 2006). The H9N2 AIV outbreaks 
occurred in domestic poultry in Asia and the Middle East 
since the 1990s, and have caused severe economic 
losses in many countries. In 1998 an AI outbreak in Iran 
caused great economic losses in poultry industry and an 
non-highly pathogenic avian influenza virus (H9N2) has 
been reported as causative agent (Pourbakhsh et al., 
2000). H9N2 AIVs induce significant troubles for the 
poultry industry in Iran due to decreased production, 
increased mortality and cost of vaccination. Avian 
influenza disease due to H9N2 subtype has been 
markedly common during 1994 to 1999 in many parts of 
the world (Vasfi Marandi and Bozorgmehrifard, 2002). 
H9N2 influenza viruses are also discussed to be one of 
the potential candidate for the next human widespread 
epidemic disease (Butt et al., 2005). Experimental infection 



 

 
 
 
 
in specific pathogen-free (SPF) chickens announced that 
the H9N2 AIV is not capable to cause pathological 
lesions, severe clinical signs and mortality by itself (Lee 
et al., 2007; Pourbakhsh et al., 2000). During outbreaks 
of non-highly pathogenic AIVs co-infection with other 
pathogens especially in severe stress conditions may 
complicate the syndrome and induce sings of respiratory 
disease and even mortality in field.  
   Because of widespread incident of the disease and 
ambiguous behavior of the H9N2 AIV further study to 
explain the virus pathogenesis is necessary. In a 
characteristic manner non-highly pathogenic AIVs have 
been isolated from respiratory exudate and feces of 
infected birds, and AIV nucleoprotein has been 
demonstrated in epithelial cells of the intestine, trachea, 
lungs and air sacs (Shalaby et al., 1994; Swayne et al., 
1994). LPAI viruses often need trypsin like enzyme 
activity to cleave the Hemagglutinin into HA1 and HA2 
proteins in order to make the infectious virus particle 
(Klenk et al., 1975). Hence respiratory and 
gastrointestinal epithelia that contain these types of 
enzyme and organs containing epithelial cells like 
pancreas and kidney are principal places for non-highly 
pathogenic AIV replication and lesion formation (Klenk et 
al., 1975; Shalaby et al., 1994). Anyway the pathway of 
virus distribution into these organs remains ambiguous 
and it needs more studies to be investigated well. Virus 
isolation in SPF chickens for identification of AI viruses is 
time consuming and require specific facilities. Molecular 
tests like reverse transcription PCR (RT-PCR) are being 
introduced in order to detection of AIV due to their 
premium such as rapidity, delicacy and sensitivity 
(Saberfar et al., 2008). The aim of this study was 
assessment of the H9N2 virus spreading in various 
organs of the infected SPF chickens at different days 
after inoculation. RT-PCR test was performed to 
diagnose the presence of the virus in different body 
tissues. It may further help us to investigate the virus 
pathogenesis. 
 
 
MATERIALS AND METHODS 
 
Virus strain 
 
The influenza virus A/chicken/Iran/11T/99 H9N2 that was isolated 
from outbreak among poultry in Iran,was provided by Razi Vaccine 
and Serum Research Institute (Karaj, Iran). The virus was 
propagated two times in the allantoic cavity of 9 to 11-day-old 

embryonated chicken specific pathogen free eggs. 
Hemagglutination (HA) titers of the viruses ranged from 512 to 1024 
HA unit, when tested according to the methods as described 
previously (Burleson et al., 1992). 
 
 
SPF chickens  

 
Fifty 2-week-old chickens hatched from SPF eggs were randomly 

divided in two groups (forty chicks in experimental group and ten 
chicks in control group). Both groups were housed in same 
condition  in  two  separate isolated rooms. Feed  and  water  were 
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 available ad libitum. 
 
 
Experimental design  

 
All birds were bled and serologically tested using Hemagglutination 
inhibition test (HI) (Burleson et al., 1992). They were negative for 
antibodies to H9N2 influenza virus antigens. Five chickens from 
treated group were sacrificed and their organs were investigated 
from virus detection. All of these samples were also negative for 
virus detection. Subsequently, chickens of the experimental group 
were inoculated via intranasal/intraoral routes with 120 µl of 
infectious allantoic fluid containing 10

7.5
 EID 50 of the applied virus 

strain diluted in sterile PBS solution. The control group was 
received sterile PBS with the same manner. All the birds were 
monitored daily for 15 days to investigate the changes of antibody 
titre to H9N2 and mortality. Five chickens from the experimental 
group and one chicken from the control group were randomly 
selected on days 1, 3, 5, 7, 9 and 10 post inoculation (PI). They 
were bled and sacrificed. During this period, all chickens were 
observed if they have clinical signs of disease or not and 
observations were recorded. Necropsy was done on sacrificed 

chickens and all gross lesions were recorded. Samples of lung, 
trachea, pancreas, thymus, spleen, brain, bursa of fabricius, 
proventriclus, cloaca and kidney were aseptically collected for virus 
detection and RT-PCR assay. Blood samples were collected in 
EDTA tubes. Sera of the birds were also collected at the same days 
for HI test. All tissue samples were immediately stored at -70º until 
used.  
 
 

Serology  
 

Serum samples were collected on the pre-inoculation, first to 
fifteenth days post inoculation from all chickens and were tested 
against specific antibodies to H9 antigen by using 
Haemagglutination Inhibition (HI) test, according to the manual of 
standards for diagnostic test (OIE, 2008). 
 

 
Extraction of viral RNA  
 
RNA of blood and tissue samples was extracted using the RNX TM 
(-Plus) kit (CinnaGen Inc.) according to the manufacturer's protocol. 
50 to 100 mg of tissue or 100 µl of blood sample was mixed with 
1ml RNX and incubated at room temperature for 5 minutes. After 
addition of 200 µl chloroform and mixing, the liquid was clarified by 
centrifugation at 12,000 rpm at 4º for 15 min. The supernatant was 
transferred into a new tube and mixed with an equal volume of 
isopropanol followed by centrifugation at 12000 rpm at 4º for 15 
min. The pellet was washed with 1ml of 75% ethanol. Finally, the 
pellet was dissolved in 50 µl of DEPC treated water. 

 
 
RT-PCR  
 

The cDNA was synthesized using AccuPower RT-Premix kit 
(BioNeer corporation, South Korea) according to the manufacturer's 
protocol. The primer sequences are shown in Table 1. 1 µg of total 
RNA and 20 pmol of each primer were used for cDNA preparation. 
PCR was performed to amplify 510 bp fragment of matrix protein 
gene of influenza virus using the AccuPower PCR PreMix kit 
(BioNeer Corporation, South Korea).The reaction mixture contained 
5 µl cDNA in a final volume 20 µl was subjected to 94ºC for 5 min 
an 35 cycles of  94°C for 30 s, 49°C for 30 s, 72ºC for 40 s and 

followed by final extension at 72°C for 5 min. The PCR products 
were separated by electrophoresis using a 1.5% agarose gel in 
1xTBE buffer.   
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Table 1. RT-PCR Primer Sequences. 
 

Specificity primers sequences size 

Influenza A virus MF GGC TCT CAT GGA ATG GCT AA 510 

Influenza A virus MR CTG GCC TGA CTA GCA ACC TC 510 

 
 
 

Table 2. H9N2 serum antibody titration (Mean titer) of the test and control groups of chickens experimentally 
infected with H9N2 AI virus. 

 

      DPI       Day 0 Day 1 Day 3 Day 5 Day 7 Day 9 Day 10 Day 13 Day 15 

test Group 0 0 0.4 1.4 2.4 3.6 4 6.6 7.4 

control Group 0 0 0 0 0 0 0 0 0 

 
 
 
 

 
 

Figure 1. Results of the RT-PCR assay. 

Amplifying 510-bp segment of M gene of 
AIV. Lane 1: DNA marker (100-bp), Lane 2: 
negative control, lane 5,6 and 7: negative 
samples, lane 3: positive control, lane 4: 
positive sample. 

 
 
 

Amplified  products  were visualized  under ultraviolet  light after 
staining with 0.1 µg /ml ethidium bromide. A 100 base pair ladder 
was used as a molecular weight marker.  
 
 
RESULTS 
 
Clinical signs 
 
Daily monitoring did not show any sign of illness in the 
chickens from control group. The clinical signs observed 
in the inoculated chickens were depression, facial 
edema, conjunctivitis, ruffled feather, decrease feed 
consumption and diarrhoea. Clinical signs were observed 

from third day post inoculation. On day 7 PI the number 
of chickens showing clinical signs reduced. The clinical 
signs disappeared at 12 DPI. No mortality was recorded 
from each isolate. 
 
 
Gross Lesions 
 
No gross lesions were observed in the uninfected control 
group. In experimental chickens the lesions such as mild 
congestion of the trachea and lungs, hemorrhage in small 
intestine and pancreas and swollen kidneys were 
observed. 
 
 
HI test 
 
There was no evidence of any change in specific 
antibodies against AIV in pre and post inoculation of 
control chickens. As shown in Table 2 the mean of 
antibody titer was increased at 5 DPI and reached to 

at 15 DPI in the experimental group. 

 
 
RT-PCR 
 
The presence of the virus in various organs obtained 
from the inoculated and control birds at different DPI was 
determined by RT-PCR test. Tissue samples from 5 
different birds that had been taken before inoculation and 
samples from control group were all negative for virus 
detection. First positive samples were seen on day 3 PI 
and the last positive sample was detected on day 9 PI 
(Figure 1). The virus was detected in the trachea, lungs, 
pancreas, cloaca and kidney of infected birds during the 
experiment course. The results of the virus detection are 
shown in Table 3. The results show that most positive 
samples were detected on days 5 PI. All brain, blood, 
thymus,  spleen,  proventriclus   and  bursa  of  fabricius, 
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Table 3. The results of virus detection from various organs of SPF chickens at different days post inoculation with H9N2 AI virus.  
 

Day PI Group Tr L Th Sp Pr Cl Bu P K Br Bl 

1 T 

C 

0/5* 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

             

3 T 

C 

2/5 

0/1 

3/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

1/5 

0/1 

2/5 

0/1 

0/5 

0/1 

0/5 

0/1 

             

5 T 

C 

2/5 

0/1 

4/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

2/5 

0/1 

0/5 

0/1 

4/5 

0/1 

3/5 

0/1 

0/5 

0/1 

0/5 

0/1 

             

7 T 

C 

0/5 

0/1 

2/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

1/5 

0/1 

0/5 

0/1 

0/5 

0/1 

             

9 T 

C 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

1/5 

0/1 

0/5 

0/1 

0/5 

0/1 

             

10 T 

C 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 

0/5 

0/1 
 

T= test group C= control group  Tr= Trachea, L= Lung, Th= Thymus, Sp= Spleen, Pr= Proventriclus, Cl= Cloaca, Bu= Bursa of Fabricius, 
P= Pancreas, K= Kidney, Br= Brain, Bl= Blood. *= No. of positive samples/total samples taken. 

 
 
 
samples were negative for virus detection.   
 
 
DISCUSSION 
 
In this study tissue tropism and dissemination of H9N2 
virus throughout the various organs were evaluated 
following intranasal/intraoral inoculation. The clinical 
signs and gross lesions found at post mortem 
examination were alike and milder than lesions reported 
in naturally infected birds with H9N2 (Pourbakhsh et al., 
2000). Although In Some researches (Shalaby et al., 
1994; Swayne et al., 1994) as well as present study, 
inoculation of low pathogenicity AIVs in SPF or broiler 
chickens have produced absence of mortality, but 
mortality between 20 and 60% in natural outbreaks have 
been reported (Naeem et al., 2003; Nili et al., 2003; Vasfi 
Marandi and Bozorgmehrifard, 2002). Previous studies 
have shown that the M gene RT-PCR is sensitive and 
specific method for the detection of influenza A viruses of 
human and avian origin (Saberfar et al., 2009).  

In this study predominant infection in the respiratory 
organs was observed between days 3 and 7 PI. 
Detection of the virus from the trachea and lungs 
indicates that H9N2 AI virus is pneumotropic following 
intranasal/intraoral inoculation. Repetition of virus 
recovery in respiratory system was mostly higher for lung 
tissues. Viral RNA was identified in lung tissue on days 3, 
5 and 7 PI. Previous studies (Kwon et al., 2008) have 
reported that H9N2 viral antigen were detected in the 
trachea, lungs, thymus, spleen, bursa, cecal tonsils and 

kidneys of SPF chickens on day 5 PI. We observed 
infections that are localized to the GI tract at days 3 and 5 
PI. The H9N2 virus were detected in the cloaca at day 5 
PI and in the pancrease at day 3 and 5 PI. Detect of the 
H9N2 virus in cloaca only on day 5 PI perhaps originated 
in temporary replication of the virus in GI tract. Swayne 
and Halverson reported that LPAI viruses produce 
infections in respiratory and GI tracts of chickens. AIV 
nucleoprotein has been identified in epithelial cells of the 
trachea, lungs, and intestine (Shalaby et al., 1994; 
Slemons and Swayne, 1995; Swayne et al., 1994). 
Hablolvarid et al. (2004) detected nucleoproteins of the 
H9N2 virus in the trachea, lungs and cecal tonsils of 
experimentally infected 5-week-old SPF chickens using 
immunoperoxidase assay. We detected H9N2 virus in the 
pancreas on day 3 and 5 post inoculation. Shinya et al. 
(1995) reported positive immunoreaction to H5N3 virus 
antigen in the pancreas of inoculated chicks. Hablolvarid 
et al. (2003) detected H9N2 virus nucleoproteins in the 
pancreas of experimentally infected 5-week-old chickens 
using immunoperoxidase assay following intravenous 
inoculation. Sometimes LPAIV can spread further than 
the respiratory and GI tracts, replicate and cause lesions 
in primarily visceral organs including epithelial cells such 
as pancreas and kidney (Shalaby et al., 1994; Vasfi 
Marandi and Bozorgmehrifard, 2002). 

Mosleh et al. (2009) showed that 
A/Chicken/Iran/772/1998 (H9N2) had tissue tropism and 
pathogenicity for the respiratory system (lung and 
trachea), immune system (spleen), urinary system 
(kidneys)  and  digestive  system  of   commercial   broiler  
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chicks following IN inoculation. We observed 
predominant infection in the kidney at days 3, 5, 7, and 9 
PI. Virus detection in the kidney could indicate virus 
tropism for the urinary system as previously reported 
(Shalaby et al., 1994; Swayne and Slemons, 1995; Vasfi 
Marandi and Bozorgmehrifard, 2002). Swayne and 
Slemons (1994) reported that LPAIVs were nephrotropic 
following IV inoculation and pneumotropic following 
intranasal inoculation, but they did not detect the virus 
antigens in kidney using immunohistochemistry assay. In 
other study LPAI virus was not detected in parenchymal 
cells of the kidneys following IN inoculation (Swayne and 
Beck, 2005). In previous studies the H9N2 AIV detected 
from trachea, kidney and lung tissues using indirect 
immunoperoxidase test (Shamsedini et al., 2002). H9N2 
viral antigen was detected from different tissues of 
experimental infected three-week-old SPF chickens such 
as spleen, kidney, lung, trachea, thymus, bursa and cecal 
tonsil (Kwon et al., 2008). However In this study we did 
not detect the viral RNA in the lymphoid tissues. Viral 
RNA was not detected in the blood of the chickens in 
experimental group. Mosleh et al, (2009) did not also 
detect the virus from blood samples.  
 
 
Conclusion   
 
Most of the Non Highly Pathogenic AIVs have two basic 
amino acids at the proteolytic cleavage site of the 
hemagglutinin protein (Wood et al., 1993) and require 
cleavage by a trypsin-like enzyme to be infectious and 
perform multiple virus replication cycles (Klenk et al., 
1975). Respiratory and gastrointestinal tracts have this 
enzyme activity in some cells or lumenal contents and it 
is responsible for the GI and respiratory tracts being 
primary sites for LPAI virus replication and lesion 
production. Therefore more studies must be investigated 
to realise the ability of replication of the virus in the 
organs with no trypsin-like enzyme such as lymphoid 
tissues. The virus was not detected from any organs on 
day 10 PI. It might be resulted from increasing of the 
specific AIV antibody titer in chicken's blood. Current 
study showed that H9N2 AIV has tropism for the 
respiratory organs, urinary system and digestive system. 
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Nitrification is an important biological process in  nitrogen cycling and has a significant effect on 
effluent quality in wastewater treatment. Nitrifica tion occurs in two steps by two types of 
chemoautotrophic bacteria, the ammonia oxidizing ba cteria (AOB) and nitrite oxidizing bacteria (NOB). 
The ammonia oxidizing bacteria is responsible for t he oxidation of ammonia with oxygen into nitrite an d 
is often the rate-limiting step in nitrification in  wastewater treatment plants. Hence, a better 
understanding of the ecology, microbiology and chem istry of ammonia oxidizing bacteria in biological 
wastewater treatment systems is necessary in order to enhance treatment performance and control. A 
detailed review of various biological wastewater tr eatment processes, ammonia oxidizing bacteria and 
archaea; economic importance, problems, various mol ecular techniques for the investigation of the 
diversity and community structure, as well as the i solation of ammonia oxidizing bacteria were 
discussed. 
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INTRODUCTION 
    
Wastewater treatment is the process of taking 
wastewater and making it suitable for discharge back into 
the environment. Wastewater results from a number of 
different activities, including industrial activities, rainwater 
runoff and domestic activities (Van der Hoek, 2004; 
Thomas, 2005). No matter where the wastewater comes 
from, this water is full of bacteria, chemicals, and other 
contaminants. Wastewater treatment therefore reduces 
the contaminants to acceptable levels so as to be safe for 
discharge into the environment. There are two types of 
wastewater treatment systems: a biological treatment 
plant and a physical/chemical treatment plant. Either of 
the treatment plants are utilized depending on the nature 
and components of pollution but some other pollution will  
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require a combination of both wastewater treatment 
systems. When considering either a chemical or 
biological wastewater treatment for a particular 
application, it is very important to understand the sources 
of the wastewater generated, typical wastewater 
composition, discharge requirements, events and 
practices within a facility that can affect the quantity and 
quality of the wastewater, and pretreatment ramifications. 
Consideration of these factors will allow for maximization 
of the benefits the treatment plant will gain from effective 
wastewater treatment. 

The various wastewater treatment processes have the 
following objectives: To confer and preserve the inherent 
physical, chemical and biological qualities of water of 
different origins which make it suitable for specific uses 
such as water for drinking and for use in productive 
processes, to protect the public from health risks without 
causing any damage to the environment and to confer 
and preserve those characteristics of water in  its  natural  
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environment which are necessary for the conservation 
and development of fauna and aquatic vegetation, and 
for provision of drinking water for cattle and wild animals 
or for recreational and aesthetic purposes (Boari et al., 
1997). 
 
 
Ammonia wastewater treatments 
 
Nitrogen appears in wastewater as ammonia, nitrite, 
nitrate and organic nitrogen (Sotirakou, 1999). With the 
advancement in technology, there have been various 
biological and chemical wastewater treatments meant to 
address the problems of ammonia in wastewater 
(Jorgensen and Weatherley, 2003). The various 
treatment processes for treating ammonia include; lagoon 
systems, membrane bioreactor, fixed film treatment 
processes etc.  

Lagoon systems are not expensive and are much 
easier to operate than mechanical wastewater treatment 
systems. Its components use little concrete and built 
through excavation. However, the effluent quality can 
become substandard because it is hard to control the 
wastewater's temperature, return rate, and oxygen level 
inside the system (Middlebrooks et al., 1999). 

Membrane bioreactor (MBR) technology which 
combines biological-activated sludge process and 
membrane filtration has become more popular, abundant, 
and accepted in recent years for the treatment of many 
types of wastewaters, whereas the conventional activated 
sludge (CAS) process cannot cope with either 
composition of wastewater or fluctuations of wastewater 
flow rate (Jelena et al., 2007). The MBR has three 
essential components - the anoxic basin, the pre-aeration 
basins, and the MBR basin. The raw wastewater is 
poured into a fine screen for filtration, before placing it 
inside the anoxic basin. In the anoxic basin, the mixed 
liquor gushes into the pre-aeration basins until it reach 
the MBR basins. The fluids will then pass through the 
membranes of the MBR basins, wherein the membrane 
that pushes the effluent for disinfection is connected. The 
effluent must be sent first to the disinfection stage to 
ensure the quality of wastewater prior to release. The 
membranes lessen the repeat clarification process, 
making wastewater treatment more practical and 
convenient (Churchouse, 1997; Maryam et al., 2009). 
The MBR treatment process is known for its high effluent 
quality. Unlike other treatments, MBR treatment does not 
need additional filtration or clarification because the 
membranes are designed to clear the impurities in 
wastewater, and removes the total nitrogen from 
wastewater. The MBR machine is also less cumbersome 
and fits to small areas compared to other wastewater 
treatment machines. The costs involved in operating 
MBR are thus much higher compared to other 
wastewater systems.   

BOD removal  and b iological  nitrification  can  also  be 

 
 
 
 
achieved using fixed film treatment (Park et al., 1996). 
This technique involves the use of microorganisms such 
as the ammonia oxidizing bacteria (AOB) to treat 
wastewater. It uses a trickling filter/activated sludge 
treatment process wherein a plastic media contains 
microorganisms, which will grow inside a tower where the 
wastewater is placed for treatment. It is then followed by 
activated sludge process. The trickling filters/activated 
sludge treatment process harness the best quality of 
wastewater. Trickling filters are more energy efficient and 
reduce the production of low quality effluent. The 
disadvantages of fixed film treatment include high solid 
retention and foul odour. 
 
 
Activated sludge process 
 
The activated sludge process is a system used for the 
treatment of sewage and industrial wastewaters that 
involves the mixture of biological mass and wastewater 
(Beychok, 1967). It is a complex biological wastewater 
treatment system that is currently designed for removing 
carbon (Akpor, 2011), phosphorus (Metcalf and Eddy, 
1991; Henze, 1996) and/or nitrogen constituents (Metcalf 
and Eddy, 1991; Larsdotter, 2006) in the wastewater. In 
activated sludge process, organic waste is fed to the 
system and leaves the process depending on the desired 
treatment efficiency set by the operator. The process 
begins by mixing the biological waste present in industrial 
wastewater or sewage with an aerobic bacterial culture in 
the reactor and air. This mixture is known as the mixed 
liquor. Once in the reactor, the mixed liquor is aerated for 
a particular period of time in order to ensure that this 
solution is fully mixed. This mixture therefore undergoes 
separation through the gravity clarifier, where the waste 
activated sludge is removed from the treatment and 
mixed with primary treated wastewater before it is 
recycled back to the beginning of the process in order to 
maintain the desired concentration of organisms and 
sludge. Lastly, the sludge goes through further treatment 
and the result of all this process is the treated wastewater 
that can be safely disposed to nature. A generalize 
schematic diagram of an activated sludge process is as 
shown in Figure 1.  

There are basically three types of activated sludge 
processes, they are conventional activated sludge 
processes (Brucculeri et al., 2005; Marcos, 2007), 
contact stabilization processes (Gujer and Jenkins, 1975) 
which uses two separate aeration processes, and the 
extended aeration processes (Lowe and Gaudy, 1989; 
Sotirakou et al., 1999). The different activated sludge 
processes all accomplish the biochemical reduction of 
organics using aeration basins and the return and waste 
sludge systems. It is the detention times, mixed liquor 
suspended solids (MLSS), and food/microorganism ratio 
(F:M) loadings that are different. Other modifications are 
oxidation ditch, complete  mix  activated  sludge  process,  
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Figure 1.  A generalize schematic diagram of an activated sludge process. 

 
 
 
step feed, tapered aeration and Kraus process. The 
different types of activated sludge plants include: 
Package plants, oxidation ditch, deep Shaft and surface-
aerated Basins/Lagoons (Beychok, 1967).  
 
 
Ammonium oxidizing bacteria and archaea  
 
Ammonia in water environments is toxic to fish and other 
aquatic life at high concentrations, and also contributes to 
eutrophication. Biodegradation and elimination of 
ammonia in wastewater is thus one of the main functions 
of wastewater treatment plants (WWTPs) and can be 
achieved by nitrification. Nitrification is the biological 
oxidation of ammonia with oxygen into nitrite followed by 
the oxidation of these nitrites into nitrates and can be 
represented by equation 1 and 2, respectively. A 
chemolithotrophic nitrification is a two-step process and is 
carried out by two different groups of organisms, the AOB 
and the nitrite oxidizing bacteria (NOB) (Bin et al., 2009). 
AOB are primarily responsible for the first step which is 
the oxidation of ammonia with oxygen into nitrite and 
often the rate-limiting step in nitrification. It is this process 
that is essential for the removal of ammonia from the 
wastewater. 
 
NH3 + O2 → NO2

-+ 3H+ + 2e-   (1) 
 
NO2

- + H2O → NO3
- + 2H+ +2e-   (2) 

 
It is generally accepted that ammonia (NH3) and not 
ammonium (NH4

+) is used as substrate, and the 
ammonia/ammonium ratio may therefore affect the 
growth of AOB. AOB are obligatory chemolithoautotrophs 
and can be found among the beta-proteobacteria and 
gamma-proteobacteria (Purkhold, 2000). Most AOB are 
phylogenetically closely related to other activated sludge 
bacteria within the beta subdivision class of 
Proteobacteria (Harms, 2003). AOB are generally rod-
shaped, spherical, spirillar, or lobular, typically Gram-

negative, and flagellation of motile cells is polar to sub-
polar or peritrichous. Most species are aerobic but can 
grow at reduced oxygen partial pressure. Studies suggest 
that there are physiological and ecological differences 
between the different AOB genera and lineages and that 
environmental factors such as salinity, pH, and 
concentrations of ammonia and suspended particulate 
matter select for certain species of AOB (Kowalchuk and 
Steven, 2001; Bin et al., 2009). The physiological activity 
and abundance of AOB in wastewater processing is 
important in the design and operation of waste treatment 
systems, particularly since these organisms display low 
growth rate and high sensitivity to environmental 
disturbances and inhibitor (Okabe, 1999). 
 
 
Ammonia oxidizing archaea 
 
Autotrophic ammonia/ammonium oxidation was initially 
assumed to be restricted to aerobic AOB and anaerobic 
ammonium oxidizing (Anammox) bacteria until recent 
molecular and culture-dependent evidence showed that 
autotrophic ammonia oxidation also occurs in the domain 
Archaea. The first strain of ammonia oxidizing archaea 
(AOA), Nitrosopumilis maritimus, was isolated from the 
rocky substratum of a tropical marine aquarium tank 
(Erguder et al., 2009). Some evidences showed that AOA 
are more abundant than AOB in marine, lake waters and 
soil environments (Sonthiphand and Limpiyakorn, 2010). 
AOA have also been detected in activated sludge 
bioreactors by using specific PCR primers targeting 
archaeal amoA gene. However, AOA abundances 
seemed to be much lower (four orders or more) in most 
cases than AOB based on analysis of amoA gene copy 
number (Jin et al., 2010; Limpiyakorn et al., 2011). The 
factors influencing the presence or/and dominance of 
AOA in different environments are ammonium levels, 
salinity, temperature, organic carbon, dissolved oxygen 
(DO) levels, pH, sulphide levels, and phosphate levels. 
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Ammonia monooxygenase  
 
Ammonia monooxygenase (AMO) is a membrane-bound 
enzyme in Nitrosomonas europaea and other autotrophic 
AOB of the beta and gamma-subclasses of 
Proteobacteria. The enzyme contains multiple subunits; 
amoA, amoB and amoC. All the three AMO genes have 
been cloned and sequenced from several AOB 
(McTavish et al., 1993). AMO is responsible for the 
conversion of ammonia to hydroxylamine. Hydroxylamine 
is then oxidized to nitrite by hydroxylamine 
oxidoreductase (HAO) in an endergonic reaction. HAO is 
an unusual enzyme with a highly complex structure, 
located as a soluble enzyme in the perplasmic space, but 
anchored in the cytoplasmic membrane. AMO and HAO 
enzymes are necessary for energy conversion during the 
oxidation of ammonia. The initial oxidation of ammonia, 
which yields hydroxylamine as a reduced product, is an 
O2-dependent reaction catalyzed by AMO: 
 
NH3 + O2 + 2e- + 2H+   → NH2OH + H2O  (4)  
   
Hydroxylamine is further oxidized to nitrite by HAO: 
 
NH2OH + H2O    →   NO2

- + 5H+ + 4e-  (5) 
 
Two of the four electrons generated from hydroxylamine 
are used to support the oxidation of additional ammonia 
molecules; the other two enter the electron transfer chain 
and are used for CO2 reduction and ATP biosynthesis 
(Wood, 1986).  

Ammonia monooxygenase subunit A (amoA) gene and 
16S rRNA genes has been widely used to analyze the 
diversity and abundance of AOB in various samples. 
Based on comparative analysis of 16S rRNA and amoA 
gene sequences, it was found that 16S rRNA gene is 
more conserved than amoA gene and the suggested 
similarity thresholds of 16S rRNA and amoA genes to 
define different AOB species are 97 and 80%, 
respectively (Ye and Zhang, 2011). 
 
 
Economic importance of ammonium oxidizing 
bacteria  
 
Nitrogenous wastes are increasing as a result of the 
expansion of animal husbandry, nitrogen-producing 
industries, and human activities and have therefore 
become a critical factor in environmental management. 
The removal of nitrogen from wastewater treatment is of 
extreme environmental importance. This is because the 
release of untreated waste can result to toxic effect on 
aquatic animals and can lead to eutrophication of the 
environment. Even in cases where treatment does not 
lead to successful denitrification, nitrification helps to 
avoid environmental contamination with potentially toxic 
ammonia salts (Painter, 1986). The   broad specificity of 
the AMO complex common to all AOB  often  permits  the 

 
 
 
 
co-oxidation of numerous recalcitrant aliphatic, aromatic, 
and halogenated molecules.  AOB may also play a role in 
methane oxidation and biofilter systems. Biofilter systems 
have been used for the elimination of odours associated 
with waste treatment and composting (Bohn, 1992) and 
also for purposes as providing long-term filtering capacity 
suitable for manned spacecraft (Joshi et al., 2000). The 
reduction of ammonia released into the environment 
reduces the risk of local oxygen depletion. 
 
 
Problems associated with ammonia oxidizing 
bacteria 
 
AOB can lead to the production of the ozone-depleting 
gas NO or the greenhouse gas N2O either at low or high 
levels via partial-denitrification processes under reduced 
oxygen conditions (Cho and Kim, 2000). The process of 
ammonia oxidation leads to a net acidification of the 
environment. The acidification of forest soils may thus 
have a detrimental effect on tree, and high levels of 
nitrification may intensify problems involving the effects of 
acid rain. Nitrogen transformations that lead to an 
increased proton load can lead to the release of metals 
such as aluminum, which can contribute to root damage 
and forest decline.  AOB may generate elevated levels of 
nitrous acid and can lead to corrosion of natural stones, 
historical monuments, and building materials (Meincke et 
al., 1989). 
 
 
Diversity, abundance and community structure 
measurement 
 
A better understanding of the microbial ecology of AOB 
and AOA in wastewater treatment systems could 
potentially enhance the treatment performance and 
control, and would also help engineers to utilize the 
functional characteristics of the microbial population to 
model and improve the design and operation of the 
systems (Wang et al., 2010). The development of culture 
independent molecular techniques has enhanced the 
ability of researchers to analyze environmental samples.  
 
 
Denaturing gradient gel electrophoresis (DGGE) 
 
DGGE is a molecular fingerprinting method that 
separates polymerase chain reaction (PCR)-generated  
DNA products. The technique enables sequence diversity 
of PCR-amplified genes from a large number of samples 
to be compared in one gel to reveal changes in 
community structure over time or  space. This  approach 
separates DNA sequences and allows 95% of single 
base sequence differences to be detected. This approach 
also  has   the  ability   to   separate  genomic  sequences 
differing by more than one base (Muyzer et al., 1993). 

DGGE is a  useful   method  for  bacterial   community 



 
 
 
 
profiling by targeting the 16S rRNA and/or amoA genes 
of AOB (Nicolaisen and Ramsing, 2002). This method is 
less time consuming for comparing AOB communities 
than conventional analysis by cloning and sequencing. 

Hornek et al. (2006) reported the communities of AOB 
in activated sludge of a municipal wastewater treatment 
plant (WWTP) located in Linz (Austria) by the use of 
DGGE technique. DGGE analyses of PCR products 
generated by the amoA primers; amoA-1F, amoA-2R, 
amoAf-I, and amoAr-I were performed with the D-gene 
system. Selected bands were recovered, sequenced and 
subsequently submitted to BLAST to allocate to available 
partial amoA sequences. Sequences were aligned using 
the program ClustalX 1.81. The application of the primer 
set amoA-1F in combination with amoA-2R and amoAr-I 
was suggested for a rapid PCR-DGGE analysis, because 
they seem to complement each other to screen for 
present AOB in the environment.  

The microbial community composition and dominant 
bacterial populations in anoxic-oxic activated sludge from 
a full-scale WWTP in Liaoning, China were investigated 
with PCR-DGGE coupled with sequence analysis of 16S 
rRNA gene fragments from dominant bands by Ding et al 
(2011). PCR amplification of bacterial 16S rRNA gene 
fragments was performed using primer 968F-GC (5’-CGC 
CCG GGG CGC GCC CCG GGC GGG GCG GGG GCA 
CGG GGG GAA CGC GAA GAA CCT TAC-3’) and 
primer 1401R (5’-CGG TGT GTA CAA GGC CCG GGA 
ACG-3’) for the Domain Bacteria, corresponding to 
positions 968 and 1401 in the 16S rDNA of Escherichia 
coli, with a 40 bp-GC-rich sequence (5’- CGC CCG GGG 
CGC GCC CCG GGC GGG GCG GGG GCA CGG GGG 
G - 3’) attached to the 5’ end of the forward primer to 
stabilize the melting behavior of the DNA fragments. 
DGGE of the PCR amplified 16S rDNA was carried out 
using the DCodeTM Universal Mutation Detection 
System. The prominent DGGE bands were selected and 
excised for nucleotide sequence determination. The 
sequences obtained from the DGGE were then analyzed 
in comparison with the 16S rDNA sequences in the 
GenBank database by using the basic local alignment 
search tool (BLAST). The alignment was calculated by 
the neighbor-joining method using Clustal X. The 
phylogenetic affiliation of the sequences was further 
analyzed and a phylogenetic tree was plotted by Mega 
3.1 program. 

Because of high similarity of the 16S rDNA sequences 
that makes it difficult to identify closely related ammonia  
oxidizing species, some difficulties have been 
experienced in studying ammonia oxidizing bacterial 
diversity using DGGE of 16S rDNA gene sequence. 
Another method based on the same principle is the 
temperature gradient gel electrophoresis (TGGE). 
 
 
Real-time PCR 
 
Real-time   PCR   is   a   highly  sensitive  technique   that 
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facilitates amplification and quantification of a specific 
DNA sequence with the detection of the PCR product in 
real time. Quantification of DNA targets can easily be 
achieved by determination of the cycle when the PCR 
product can first be detected. Thus, Real-time PCR 
technique is reliable and reproducible for AOB and for 
evaluating correlations between microbial activities, cell 
numbers and population changes in time and space. 
Real-time PCR analysis has been applied to numerous 
environmental samples to reveal the comparative 
abundance of AOA and AOB. In many cases, according 
to Caffrey et al. (2007), the archaeal amoA gene 
outnumbered that of AOB. 

The abundance of amoA genes of AOB and AOA in 
activated sludge of seven full-scale wastewater treatment 
plants in Thailand was investigated by Limpiyakorn 
(2011). Quantitative real-time PCR was performed with 
duplicate sets of extracted DNA. Each set of extracted 
DNA was prepared by pooling the DNA extracted in 
triplicate, then diluted for four different 10-fold dilutions 
and a quantitative real-time PCR was carried out  for 
each dilution in duplicate with a Brilliant II SYBR Green 
QPCR Master Mix in an Mx3005P instrument. Archaeal 
amoA genes were quantified using the primers Arch-
amoAF (5’-STA ATG GTC TGG CTT AGA CG-3’) and 
Arch-amoAR (5’-GCG GCC ATC CAT CTG TAT GT-3’),  
the quantification of bacterial amoA genes was performed 
using the primers amoA 1F (5’-GGG GTT TCT ACT GGT 
GGT-30) and amoA 2R (5’-CCC CTC KGS AAA GCC 
TTC TTC-3’) while AOB 16S rRNA gene was quantified 
using the primers CTO 189A/Bf (5’-GGA GRA AAG CAG 
GGG ATC G-3’), CTO189Cf (5’-GGA GGA AAG TAG 
GGG ATC G-3’), and CTO 654r (50-CTA GCY TTG TAG 
TTT CAA ACG C-3’). To confirm the single target 
fragment of the PCR amplified products, dissociation 
curves were analyzed and plotted at the end of every 
quantitative real-time PCR reaction and to verify the 
correct amplification of the target microorganisms’ DNA, 
few clones from the clone libraries constructed from the 
real-time PCR amplified products were randomly selected 
for sequencing and the results for every reaction tested 
verified the correct amplification of the target 
microorganisms’ DNA. 
 
 
Terminal restriction fragment length polymorphism 
(T-RFLP) 
 
T-RFLP is a molecular biology technique for profiling of 
microbial communities based on the position of a 
restriction site closest to a labeled end of an amplified 
gene. The method is based on the digestion of a mixture 
of PCR amplified variants of a single gene using one or 
more restriction enzymes and detecting the size of each 
of the individual resulting terminal fragments using a DNA  
sequencer. The result is a graph image where the X axis 
represents the sizes of the fragment and the Y axis 
represents their fluorescence intensity.  
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Wang et al. (2010) investigated the communities of 
AOB in activated sludge collected from eight wastewater 
treatment systems in Beijing using polymerase chain 
reaction (PCR) followed by T-RFLP, cloning, and 
sequencing of the α-subunit of the amoA gene. The 
primers amoA-1F (5’-GGG GTT TCT ACT GGT GGT-3’) 
and amoA-2R (5’-CCC CTC KGS AAA GCC TTC TTC-3’) 
were used to amplify a 491 base pairs (bp) fragment of 
the amoA gene of AOB. A Clone library was constructed 
and the software Clustal X 1.81 was used to align 
sequences of the recovered clones with other published 
amoA sequences and software Mega 4.0 was used to 
generate a phylogenetic tree using the neighbor joining 
method. Their results (T-RFLP fingerprint analysis) 
showed that the different wastewater treatment systems 
harbored distinct AOB communities and that the source 
of influent affected the AOB community with the WWTPs 
treating domestic wastewater containing a higher AOB 
diversity than those receiving mixed domestic and 
industrial wastewater. A combination of the results of 
sequencing the amoA gene and the T-RFLP profiles of 
clones clearly indicated which species each peak 
represented. 

The AOB populations in Marshall WWTP (an aerated-
anoxic Orbal process treating 900 ~ 1,300 m3/day of 
domestic wastewater) and Nine Springs WWTP (a 
variation of the UCT process and treats 150,000 ~ 
200,000 m3/day of domestic wastewater) with T-RFLP 
was investigated by Park et al (2001). Primers amoA-1F 
and amoA-2R were used to amplify a 491-bp fragment of 
the amoA gene. 

The analysis was complemented by cloning and 
sequencing the amoA gene fragment to detect and 
identify AOB. 

TRFLP is one of several molecular methods aimed to 
generate a fingerprint of an unknown microbial 
community (Liu et al., 1997). Because of its relatively 
high resolution and reproducibility, T-RFLP has been 
widely used to assess the AOB community (Osborn et al., 
2000). 

Other molecular techniques are fluorescent in situ 
hybridization (FISH), restriction fragment length 
polymorphism (RFLP), amplified ribosomal DNA 
restriction analysis (ARDRA), singlestranded-
conformation polymorphism (SSCP), randomly amplified 
polymorphic DNA (RAPD) or DNA amplification 
fingerprinting (DAF), bisbenzimide-polyethyleneglycol 
(Bb-PEG) electrophoresis, etc. 
 
 
Fluorescent in situ Hybridization (FISH)  
 
FISH (fluorescent in situ hybridization) is a cytogenetic 
technique developed by Christoph Lengauer that is used  
to detect and localize the presence or absence of specific 
DNA sequences on chromosomes. The technique is one 
of   the  methods  that  have  been  described  for  direct 

 
 
 
 
visualization of AOB. Hybridization techniques generally 
use directly extracted DNA as a “probe” for specific 
detection of various microorganism species. The 
application of In situ Hybridization approaches to AOB 
has been most effective in detecting AOB that dominate 
total bacterial community in environment such as the 
sewage treatment plants (Wagner et al., 1995). 
 
 
Restriction fragment length polymorphism (RFLP)  
 
RFLP is a technique that exploits variations in 
homologous DNA sequences.  Ribotyping (RFLP of rRNA 
genes) combines restriction enzyme digestion of the total 
genomic DNA with a Southern analysis, in which rRNA 
gene-specific DNA probes are used. The hybridization 
pattern obtained is a characteristic of each organism. 
RFLP determines the multiplicity, the arrangement and 
the relative location of rRNA genes in bacterial genomes 
and also contain taxonomic information. Aakra et al. 
(1999) in their study, ribotyped 12 isolates of AOB, and 
the sequences of the 16s-23s rDNA intergenic spacer 
region (ISR) were determined and used in a phylogenetic 
study. 
 
 
Amplified ribosomal DNA restriction analysis 
(ARDRA)  
 
ARDRA is a DNA fingerprint technique based on PCR 
amplification of 16S ribosomal DNA using primers for 
conserved regions, followed by enzyme digestions and 
agarose gel electrophoresis (Smit el al., 1997).  

T-RFLP is different from ARDRA and RFLP in that only 
the terminal fragments (i.e. the labeled end or ends of the 
amplicon) are read and all other fragments ignored 
whereas all restriction fragments are visualized for 
ARDRA and RFLP. 
 
 
Singlestranded-conformation polymorphism (SSCP)  
 
With SSCP, DNA fragments such as PCR products 
obtained with primers specific for the 16S rRNA gene, are 
denatured and directly electrophoresed on a non-
denaturing gel. Separation is based on differences in the 
folded conformation of single-stranded DNA, which 
influences the electrophoretic mobility. 
 
 
Randomly amplified polymorphic DNA (RAPD) and 
DNA amplification fingerprinting (DAF) 
 
RAPD and a similar approach termed DAF use short (5-
10 nucleotides) random primers, which anneal at different 
sites of the genomic DNA, generating PCR products of 
various lengths. The products are  separated  on agarose 
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Table 1.  PCR primers. 
 

Primers  Sequences (5’      3’)  Target  Reference  

AmoA-1F-Clampa GGGGTTTCTACTGGTGGT amoA Nicolaisen and Ramsing (2002) 
AmoA-2R-Clampa and b CCCCTCKGSAAAGCCTTCTTC amoA  Nicolaisen and Ramsing (2002) 
AmoA-2R-KSb CCCCTCKGSAAAGCCTTCTTC  amoA  Nicolaisen and Ramsing (2002 
AmoA-2R-TSb CCCCTCTGSAAAGCCTTCTTC amoA Nicolaisen and Ramsing (2002) 
AmoA-2R-GSb CCCCTCGGSAAAGCCTTCTTC amoA Nicolaisen and Ramsing (2002) 
AmoA-2R-TC  CCCCTCTGCAAAGCCTTCTTC amoA   Nicolaisen and Ramsing (2002) 
AmoA-2R-TG CCCCTCTGGAAAGCCTTCTTC amoA  Okano et al. (2004) 
AmoA-2R-GC CCCCTCGGCAAAGCCTTCTTC amoA  Nicolaisen and Ramsing (2002) 
AmoA-2R-GG  CCCCTCGGGAAAGCCTTCTTC amoA  Nicolaisen and Ramsing (2002) 
Cren-amoAF ATGGTCTGGCTAAGACGMTGTA amoA  Hallam et al. (2006) 
Arch-amoAR GCGGCCATCCATCTGTATGT amoA  Francis et al. (2005) 
CTO189f-Clampa and b GGAGRAAAGYAGGGGATCG 16s rDNA     Kowalchuk et al. (1997) 
CTO654rb CTAGCYTTGTAGTTTCAAACGC 16s rDNA     Kowalchuk et al. (1997) 
6R AGAAAGGAGGTGATCCAGCC 16s rDNA     Dorsch and Stackebrandt (1992) 
7F GCCTTGTACACACCGC 16s rDNA     Lane et al. (1985) 
9F GAGTTTGATCCTGGCTCAG Bacteria Dionisi et al. (2003) 
11F TGGCGAAGGCGGCCCCCTGGA 16s rDNA      Edwards et al. (1989) 
13R GCCAAGGCATCCACCACATG 23s rDNA      Gurtler and Stanisich (1996) 
23SF CCGAATGGGGAAACC 23s rDNA      Gurtler and Stanisich (1996) 
23SR CCTTTCCCTCACGGTA  23s rDNA      Gurtler and Stanisich (1996) 
1393R  ACGGGCGGTGTGTAC  Bacteria Dionisi et al. (2003) 
1055F  ATGGCTGTCGTCAGCT  Bacteria Dionisi et al. (2003) 
341Fc TACGGGAGGCAGCAG  Bacteria Lopez-Gutierrez et al. (2004) 
518R ATTACCGCGGCTGCTGG Bacteria  Lopez-Gutierrez et al. (2004) 

 
a5’ GC-Clamp (CGCCGCGCGGCGGGCGGGGCGGGGGC); bDegeneracies are shown in bold; c5' GC-clamp 
(CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCACGGGGGG). 

 
 
 
or acrylamide gels, and visualized by ethidium bromide or 
silver staining (Muyzer, 1999). 
 
 
Bb-PEG Electrophoresis 
 
Electrophoresis is performed in agarose gels containing 
the DNA ligand bisbenzimide to which long chains of 
polyethyleneglycol (PEG) are covalently coupled. 
Bisbenzimide binds to adenine and thymine (A+T) rich 
sequence motifs in the DNA. Therefore, being loaded 
with the Bb-PEG conjugate, the A+T-rich DNA molecules 
are more retarded in the gel than the molecules which 
are low in A+T, and so separation is achieved (Muyzer, 
1999). 
 
 
PCR primers  
 
Primers are strands of nucleic acid that function as 
starting point for DNA synthesis. Some other PCR 
primers used in several other studies are presented in 
Table 1. Primers are required for DNA replication 
because the enzymes DNA polymerases, which catalyze 

the process can only add new nucleotides to an existing 
strand of DNA. The polymerase therefore starts 
replication at the 3’-end of the primer, and copies the 
opposite strand. 
 
 
Isolation of ammonia oxidizing bacteria 
 
AOB can be isolated in most aerobic environments where 
ammonia is available through the mineralization of 
organic matter or anthropogenic nitrogen sources, such 
as fertilizers and waste. AOB pure cultures are also 
obtained by picking colonies from a solid medium or by 
the use of dilution methods in liquid culture (Ford et al., 
1980; Schmidt and Belser, 1982). The selective medium 
used must be free of organic carbon sources and contain 
inhibitors of heterotrophic organisms, an ammonia 
source, and essential trace elements (MacDonald and 
Spokes, 1980). AOB are very difficult to handle as a 
result of their slow growth and low maximum growth 
yield, making their isolation and maintenance in pure 
culture difficult and time-consuming.  Culture-dependent 
techniques such as selective plating and the most 
probable number (MPN) method  have been  used for the  
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enumeration of AOB; however, such techniques are 
thought to underestimate actual cell numbers. In addition 
to medium selectivity and bias, MPN underestimation 
may also stem from inadequate suspension of cells from 
solid substrates in the environmental sample or dispersal 
of flocks and microcolonies. Cell damage due to rigorous 
disruption methods or osmotic shock and the possible 
dependence on inter- or intraspecies interactions for 
growth may also generate inaccuracies (Kowalchuk and 
Steven, 2001). 
 
 
Conclusion 
 
Ammonia has been found to be very dangerous to water 
environment especially to fishes and other aquatic life, its 
high concentration is mostly responsible for this. It is 
therefore necessary to convert ammonia to other nitrogen 
compounds that will have little or no effect on water 
environment. An example of microorganisms widely used 
for this purpose are the AOB, they are used for the 
oxidation of ammonia into nitrite in biological WWTPs. 
AOB are ecologically important, being the only group of 
organisms that oxidize ammonia to nitrite in significant 
amounts, and they appear to be present in all 
environments in which nitrogen is mineralized (Aakra et 
al., 1999). Because these microorganisms display low 
growth rate and high sensitivity to environmental 
disturbances and inhibitor, the physiological activity and 
abundance of AOB in wastewater processing is important 
in the design and operation of waste treatment systems. 
AOB can be isolated in most aerobic environments as 
well as low-oxygen environments. The different 
techniques for the investigation of diversity and 
community structure of AOB are: denaturing gradient gel 
electrophoresis (DGGE), Real-Time PCR, fluorescent in 
situ hybridization (FISH), terminal restriction fragment 
length polymorphism (T-RFLP), restriction fragment 
length polymorphism (RFLP), amplified ribosomal DNA 
restriction analysis (ARDRA), singlestranded-
conformation polymorphism (SSCP), randomly amplified 
polymorphic DNA (RAPD) or DNA amplification 
fingerprinting (DAF), and bisbenzimide-
polyethyleneglycol (Bb-PEG) electrophoresis. Among the 
various techniques, DGGE appears to be the most 
frequently used community fingerprinting method. It 
allows a rapid comparison of the microbial communities 
between the samples and is generally used to detect 
shifts in microbial population under different 
environmental conditions. DGGE technique based on 
16S rDNA gene enables the investigation of the spatial 
and temporal variability of the population in environment, 
provide information on the predominant species in a 
community and analyze multiple samples simultaneously.  
  However, it should also be noted that none of these 
methods is absolutely perfect; they all have their 
advantages and disadvantages (Muyzer, 1999). Hence, 
only a polyphasic approach combining different molecular 

 
 
 
 
biological techniques, microbiological methods, and 
methods to determine the environmental parameters will 
lead to an unbiased understanding of the role of 
microorganisms in their environment. 
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The extracellular cold active protease produced from Serratia marcescens TS1. The protease was 
purified to homogeneity from the production medium by ammonium sulphateation then followed by 
acetone precipitation with 80% saturation. The cold active protease was fractionized by 
diethylaminoethyl  (DEAE) cellulose column chromotography. The molecular weight of protease was 
approximately 56 KDa. The isoelectric point was close to 6.4. The maximal activity towards casein was 
found at 40°C and its pH activity was at 8.0. The protease was strongly inactivated by HgCl2 metal ion 
and reactivated by FeSO4 thus indicated as metalloprotease. The protease was inhibited by Na2 
ethylenediaminetetraacetic acid (EDTA). The protease of S. marcescens TS1 showed a potential 
application in the laundry industry by removeing the blood, chocolate and egg youlk stains from the 
white cotton cloths in a short period without changing texture of cloths.   
 
Key words: Cold active Protease, S. marcescens TS1, extracellular protease, metalloprotease, laundry 
application. 

 
 
INTRODUCTION  
 
Serratia marcescens is a gram-negative bacteria 
belonging to the genus Serratia and family 
enterobacteriaceae (Grimont and Grimont, 2006). The 
protease secreted by Serratia marcescen was purified by 
thin layer chromatography (Matsuyama et al., 1986). The 
advance in biotechnological techniques and enzyme 
engineering paves way for industrial application of 
protease (White et al., 1973). Proteolytic enzymes from 
microorganisms may be located within the cell or 
excreted into the media (Kohlman et al., 1991). 
Proteases added to laundry detergent enable to release 
the proteinaceious materials from stained cloths (Masse 
and Tilburg, 1983). In addition it improves washing 
efficiency allows shorter period of agitation, often after a 
preliminary period of soaking (Nielsen et al., 1981; 
Demidyuk et al., 2008). Many other keratinolytic alkaline 
proteases were used in feed technology for the 
production of peptides for degrading waste keratinous 
materials in bathtub and drains in  public  places  (Takami  
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et al., 1992). It is now firmly established that enzymes in 
organic solvents can expand the applications of 
biocatalysts in synthetic chemistry (Zaks and Kilbanov, 
1984; Zaks, 1991). Some studies have demonstrated the 
possibility of using alkaline protease to catalyse peptide 
synthesis in organic solvents (Golobov et al., 1994). The 
mechanism in each case is the ability of an enzyme to 
cleave or cut proten target in to two or more pieces 
usually at a very specific cleavage sites (Mazzone et al., 
1990).  
 
 
MATERIALS AND METHODS 

 
Bacterial strains 
 

The psychrotrophic bacterial strain S. marcescens TS1 screened 
from the soil of dense apple garden around Badran Magam in 
Ksahmir at altitude of 1630 meters above the sea level. The 
bacterial strain was grown at 15°C for 24 h in casein enzyme 
hydrolysate medium (Rifaat et al., 2007). The strain TS1 has the 
high proteolytic activity was identified by morphological and 

biochemical test. Then confirmed based on 16s ribosomal 
deoxyribonucleic acid (rDNA) gene sequence which were submitted  
to the   Gene   Bank   and    compared    with    other    bacteria   by 
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phylogenetic analysis. 
 
 
Enzyme production  

 
The cold active protease was produced by following a method of 
Salamone and Wodzinski (1997) using the enzyme production 
medium Tryptone-yeast extract glucose broth containing: Tryptone 
5 g/L, Yeast extract 2.5 g/L, Glucose 1 g/L and pH 7.2. For the 
study of protease production 250 ml of medium was poured into 
1000 ml of Erlenmeyer flask capacity, were sterilized at 121°C for 
15 min. 

After cooling 0.5 ml of stationary phase culture of strain TS1 was 

inoculated and incubated on shaker at 28°C for 48 h.   
 
 
Enzyme purification 

 
The cold active protease was purified by following method of 
Matsumato et al. (1984) from culture broth by centrifuged at 8,944 
×g for 20 min at 4°C. The supernatant was collected and filtered 
through membrane filter having porosity of 0.022 μm at 4°C. To the 

supernatants ammonium sulphate was added slowly with 
continuous string to the final concentration of 80% saturation. The 
enzyme solution was allowed to stand for 24 h at 4°C and 
centrifuged at 8,944 ×g for 20 min. The precipitate was 
resuspended in 50 mM Tris HCl having pH

 
8.0 and further 

precipitated with acetone by adding slowly to the final concentration 
80% saturation and left for 1 h at 4°C. The pellet was obtained by 
centrifugation at 8,944 ×g for 20 min at 4°C and resuspended in 20 
mM Tris HCl pH 8.0 then dialyzed against 500 ml of 5 mM Tris-HCl 
pH 8.0 containing 1 mM MgCl2 over night at 4°C with stirring 
conditions. The dialyzate was centrifuged at 5,724 ×g for 20 min at 
4°C and supernatant were subjected to diethylaminoethyl (DEAE) -
cellulose anion exchange column chromatography equilibrated with 
10 mM Tris-HCl buffer pH 8.3. The 15 ml of dialysate eluted with 10 
mM Tris-HCl buffer pH 8.3 at the flow rate of 20 ml/h. A linear 
gradient consisting of 50 ml of 10 mM Tris-HCl buffer pH 8.3 and 50 
ml of the same buffer with 0.3 M NaCl. The 5ml of fractions elute 

was collected and absorbance measure at 280 nm and enzyme 
activity was determined.  
 
 

Determination of protein content and assay of proteolytic 
activity 

 
The protein concentration of strain TS1 was determined by the 
method of Lowry et al. (1951) by taking bovine serum albumin as 
standard. The proteolytic activity was determined by following a 
method of Kunitz (1947) using casein as substrate. The substrate 
contained 3.75 ml of 1.0% casein in 100 mM Tris-HCl and 1 mM 
MgCl2 at pH 8.0. The 0.5 ml of protease sample was added to the 
substrate and incubated for half an hour at 30°C. After incubation, 
the reaction was quenched with 0.5 ml of 10% trichloro acetic acid. 
The quenched reaction mixture was centrifuged at 10000 rpm for 
10 min to pellet precipitated protein and absorbance for the 
supernatant was determined at 280nm.  One unit of proteolytic was 

defined as the amount of enzyme that produced an increase of 
absorbance at 280 nm of 0.1 under the conditions of the assay. 
 
 

Molecular weight determination by sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) 
 

The molecular weight of the protein in strain TS1 was determined 
by the method of Laemmli et al. (1970) staining the protein with 

10% methanol, 7% acetic acid and 0.2% coomassie brilliant blue for 
4 h and destained with 10% methanol, 25% acetic acid solution for 
12 h. The molecular  weight  analysed  by  calculated  the  distance  

 
 
 
 
travelled by the protein marker and distance travelled by the 
sample. 
 
 
Isoelectric focusing of protein   

 
The isoelecric focusing of purified protease of strain TS1 was 
determined using mini-gel system (Robertson et al., 1987). The gel 
was placed in staining solution for 30 min and destained for one 
hour. The bands were observed in white light transilluminator. 
 
 
Effect of temperature on protease activity 

  
A 0.2 ml of cold acive protease of strain TS1 was added to the 
substrate mixture containing 1.5 ml of 1.0% (w/v) casein in 100 mM 
Tris-HCl in 1 mM MgCl2 at pH 8.0 and incubated at 25, 30, 35, 40, 
45, 50, 55, 60°C for 1 h. After the incubation, the proteolytic activity 
was determined by the protease assay, an optical density was 
measured at 280 nm.  
 
 
Effect of pH on protease activity 
 
A 0.2ml of cold acive protease of strain TS1 was added to the 
substrate mixture containing 1.5ml of 1% (w/v) casein, and 0.1 mM 
MgCl2 in various buffers. Such as Glycine-HCl buffer having pH 2.0, 
2.5, 3.0, 3.5, Acetate buffer having pH 4.0, 4.5, 5.0, 5.5, phosphate 
buffer having pH 6.0, 6.5, 7.0, Tris- HCl buffer having pH 7.5, 8.0, 
8.5, 9.0 and carbonate bicarbonate buffer having pH 9.5, 10.0, 
10.5, 11.0 and incubated at 37°C for 60 min. After incubation the 

proteolytic activity was determined by the protease assay. 
 
 
Effect of metal ions on protease activity 

 
 A 0.2 ml of cold acive protease of strain TS1 was added to the 1.5 
ml of 0.1 M Tris-HCl pH 7.5 and to the same buffer supplemented 

with 100 l of 8.3 mM of metal ions viz MgSO4, MnCl2, CaCl2, 
CuSO4, FeSO4, HgCl2 and ZnCl2 and mixtutes were incubated at 
room temperature 25°C for 30 min and proteolytic activity was 
determind by protease assay. In addition the purified protease 

sample preparation (200 l/ml) was incubated for 30 min at 25°C in 
0.1 M acetate buffer having pH5 5.0 supplemented with (100 μl/ml) 
Na2EDTA and protease activity was determined by protease assay.  
 
 
Effect of inhibitors on protease activity 

 
A 0.2 ml of cold acive protease of strain TS1 preparation was 
added in to 1.5 ml of 0.1 M tris- hydrochloride buffer having pH 7.5 
and to the same buffer supplemented with 100 μl of various 
inhibitors 20 mM Na2EDTA, 8.3 mM iodioacetic acid, 8.3mM 

dithiothreitol, 8.3 mM leupeptin, 1% of 2 -mercaptoethanol, 1% of 
tween-20 and 3% of ethanol and mixtutes were incubated at 25°C 
for 30 min and proteolytic activity was determind by protease assay.  

 
 
Assessment of detegent additive role of protease in laundry 
industry 

 
The application of cold active protease strain TS1 as detergent 
addivites in the laundry industry (Masse and Tillburg, 1983) was 
carried out by taking 100µl/ml of protease strain TS1 and 200mg/ml 
of wheel detergent on white cotton cloth pieces (10 ×10 cm) stained 
with human blood, chocolate and egg yolk. The stained clothes 
incubated  at  room   temperature  for  4 h  and  washed  with  water 
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Table1. Purification of Protease from S. marcescens TS1 in the supernatants of tryptone yeast extract glucose medium. 

  

S/N 
Purification 

Stage 

Volume 

(ml) 

Protein conc. protein 

(mg/ml) 

Total 

(mg) 

Activity 

(U/ml) 

Specific activity 
(U/mg) 

Total Recover 

activity (U) 

Purification 

fold 
(%) 

1 

 

Cell free culture 

supernatant 
2500 0.9 2250 864 960 2160000 1 100 

2 
Ammonium 

Sulphate fraction 
200 4.5 900 7890 1753.3 1578000 1.9 92 

3 Acetone fraction 50 5.9 295 23800 4033.8 1190000 4.2 70 

4. Dialysis 100 0.6 60 3950 6583.3 395000 6.9 60 

5. DEAE cellulose Fraction 50 0.3 15 2840 9466.6 142000 9.9 51 

 
 
 
then result was noted. 

 
 
RESULTS 
 
Bacterial soil isolate 
 
The total 211 strains were isolated from the soil 
and the potential cold actine proteolytic strain TS1 
was found gram negative rod shaped bacterium, 
non-flagellated, non motile, non endospore 
former. The colony morphological appreance 
found red pigmented convex, transparent in 
nature. The biochemical tests showed indole 
negative, methyl red negative, vogues proskauer 
positive and citrate positive, bacteria does not 
produce hydrogen sulphide gas. 16s rDNA gene 
sequences confirmed that it belongs to S. 
marcescens therefore this bacterium named as S. 
marcescens TS1 under Gene Bank ACC. No. 
GU046543.  
 
 
Enzyme purification 
 
The purification process showed that 80% 
ammonium sulphate saturation had precipitated 

the protease in the solution by salt out mechanism 
and further recovered with 80% acetone 
saturation. The  dialysed cold active precipitated 
protease of S. marcescens strain TS1 
fractionalised  by DEAE Cellulose anion 
exchanged chromatography with 10 mM Tris HCl 
buffer pH 8.3 were shown in Table 1. 
 
 
Determination of protein content and 
proteolytic activity of protease enzyme 
 
The proteolytic activity was 83.84 IU/ml in casein 
as substrate. The molecular weight of protease S. 
marcescens strain TS1 was found approximately 
56 KDa protein band when observed under white 
transilluminator (Figure 1) and isoelectric point 
was 6.4 in an ampholyte buffer having pH ranges 
from 2.0 to 11.0 (Figure 2). 
 
 
Effect of temperature on protease activity 
 
The maximium temperature for the cold active 
protease of S. marcescens TS1 was 20°C in 100 
mM Tris HCl buffer as shown in Figure 3. The 
activity declined rapidly above 25°C and was 

negligible above 50°C. The enzyme retained its 
82% activity at 25°C when temperature increased 
the enzyme activity decreases rapidly and lost at 
50°C. 
 
 
Effect of pH on protease activity 
 
The hydrogen ion concentration of cold active 
protease S. marcescens strain TS1 was 8.5 with a 
sharp decrease in activity above pH 9.0. The 
protease had half maximal activity near pH 7.5 
and exhibited a little activity below pH 3.5. The 
protease retained its maximum activity from pH 
6.5 to 9.0 (Figure 4).  
 
 
Effect of metal ions on protease activity 
 
The metal ions have altered the protease activity 
of S. marcescens strain TS1. The HgCl2 and 
Na2EDTA have inactivated the protease at both 
pH 8.5 and pH 6.5. The protease have retained 
maximum activity in FeSO4, MgSO4, ZnCl2 and 
minimum activity in MnCl2, CaCl2, CuSO4 and lost 
its activity in HgCl2 and Na2EDTA (Table 2). The 
data indicates that cold active proteases of the S. 
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Figure 1. Determination of molecular weight of proteases by sodium dodecyl sulphate agarose 

gel electrophoresis. 

L1—Molecular marker mass standards: phosphorylase b (97 kDa), tyrosine (85kDa), acid 

phosphate (75kDa), bovine serum albumin (66 kDa), glutamic dehydrogenase (55 kDa) and 

aldolase (40 kDa)  

L2--Protease sample of S. marcescens TS1 (56kDa) 
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Figure 1. Determination of molecular weight of proteases by 
sodium dodecyl sulphate agarose gel electrophoresis. L1—

Molecular marker mass standards: phosphorylase b (97 kDa), 
tyrosine (85 kDa), acid phosphate (75 kDa), bovine serum 
albumin (66 kDa), glutamic dehydrogenase (55 kDa) and 
aldolase (40 kDa), L2--Protease sample of S. marcescens TS1 

(56 kDa). 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 . Isoelectric focusing electrophoretogram, pH 2.0 to 11.0 stained with coomassie blue.     

M—Isoelectric focusing standards: amyloglucosidase (pI 3.6), trypsin inhibitor (pI 4.5), carbonic 

anhydrase II (pI 6.5), lentil lectin (pI 8.3) and ribonuclease A (pI 9.6) 

L1 & L2--Serratia marcescens TS1 showing pI 6.4 
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Figure 2. Isoelectric focusing 

electrophoretogram, pH 2.0 to 11.0 stained with 
coomassie blue. M—Isoelectric focusing 

standards: amyloglucosidase (pI 3.6), trypsin 
inhibitor (pI 4.5), carbonic anhydrase II (pI 6.5), 
lentil lectin (pI 8.3) and ribonuclease A (pI 9.6), 
L1 and L2--Serratia marcescens TS1 showing pI 
6.4.    

 

 
 

marcescens strain TS1was to be a metalloprotease 
because inactivated by the Na2EDTA and reactivated by 
the Mg

2+
, Fe

2+
, Zn

2+ 
is due to increase in the absorbance 

value at 280 nm and their residual enzyme activity. 
 
 
Effect of inhibitors on protease activity 
 
The cold  active  protease  of  S. marcescens  strain  TS1 

 
 
 
 

 
 
Figure 3. Effect of Temperature on protease activity was 

examined in 100 mM Tris-HCl buffer having pH 8.0 at 5, 10, 15, 
20, 25, 30, 35, 40, 45, 50 and 55°C for 30 min. The Serratia 

marcescens strain TS1 showed maximum activity at optimum 
25°C. 

 
 
 
showed the resistant against the all inhibitors except 20 
mM EDTA. The protease retained 80% activity in 
iodioatic acid, 83% activity in 2-mercaptoethanol, 90% 
activity in tween 20, 87% activity in 3% ethanol, 73% 
activity in leupeptin but lost its activity in 20 mM EDTA 
(Table 3). 
 
 
Detergent application 
 
There was the litte blood stain in the white cotton cloth 
which was treated with detergent only but the blood stain 
was completely removed from the white cotton cloths 
which were treated with both detergent and protease of 
S.marcescens strain TS1. In case of chocklate and egg 
yolk there was a stains even when treated with detergent 
but completely removed when treated with both detergent 
and protease of S. marcescens strain TS1. Thus 
indicated that protease in presence of detergent removed 
the stains completely from white cotton cloth pieces 
(Figure 5). 
 
 
DISCUSSION 
 
The S. marcescens strain TSI secreates large 
extracellular enzyme protease in the surrounding medium 
(Yanagida et al., 1988). The production was stoped at 
early stationnary phase at that time maximium protease 
was produced (Henriette et al., 1993). The 80% 
ammonium sulphate saturation leads the precipitation of 
the protease at 4°C and fractional precipitation with 
acetone (Salamone and Wodzinski, 1997). The excess 
salt removed from protease by means of a dialysis 
(Morita et al., 1997). The dialyzate of S. marcescens 
strain  TS1   purified   by  ion  exchange  chromatography  
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Figure 4.  Effect of pH on protease activity was examined in various buffers such as 

Glycine-HCl buffer having pH 2.0 to 3.5, Acetate buffer having pH 4.0 to 5.5, Phosphate 

buffer having pH 6.0 to7.0, Tris-HCl buffer having pH 7.5 to 9.0 and Carbonate-Bicarbonate 
buffer having pH 9.5 to 11.0 at 30°C for 30 min. The pH optimum of Serratia marcescens 
strain TS1 was at pH 8.5 Tris-HCl buffer. 

 
 
 

Table 2. Effect of metal ions on protease activity was examined in 8.3 mM 
of MgSO4, MnCl2, CaCl2, CuSO4, FeSO4, HgCl2 and ZnCl2 in 0.1 M Tris-
HCl buffer having pH 7.5 at 25°C for 30 min.  The metal ions HgCl2 and 20 

mM Na2EDTA have inactivated the protease of Serratia marcescens TS1.  
 

S/n Metal ion Residual protease activity (%) 

1 Native protease 100 

2 FeSO4 81 

3 MnCl2 22 

4 CaCl2 15 

5 CoSO4 11 

6 ZnCl2 70 

7 MgSO4 78 

8 HgCl2 00 

9 Na2EDTA 00 
 

 

 

Table 3. Effect of inhibitors on protease activity was examined in 20 mM EDTA, 8.3 
mM Iodioacetic acid, 8.3 mM Dithiothreitol, 8.3 mM Leupeptin, 1% of 2- β 
Mercaptoethanol, 1% of Tween 20 and 3% of ethanol in 0.1 M Tris-HCl having pH 
7.5 at 25°C for 30 min. The protease of Seratia marcescens strain TS1 was 
inactivated completely by 20 mM EDTA. 
 

S/N Inhibitor Residual protease activity (%) 

1 Native protease 100 

2 Iodioacetic acid 80 

3 2- Mercaptoethanol 83 

4 Tween 20 90 

5 3% Ethanol 8 

6 Dithiothreitol 73 

7 Leupeptin 82 

8 20 mM EDTA 00 
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Figure 5. Washing test of protease Serratia marcescens strain TS1. 
1. A. Blood stained cotton cloth, B. Washed with detergent wheel only,  
C. Washed with both wheel detergent and protease of Serratia 

marcescens TS1 
II. A. Chocolate stained cotton cloth,  B. Washed with wheel detergent 
only, C. Washed with both protease of Serratia marcescens TS1 and 

wheel detergent. 
III. A. Egg yolk stained cotton cloth, B. Washed with wheel detergent 
only, C. Washed with both protease of Serratia marcescens TS1 and 

detergent. 

 
 
 
relied on the attraction between oppositely charged 
particles. The net charge exhibited by these compounds 
was depends on their pka and pH of the solution. The 
proteolytic activity was determined by using casein as 
substrate (Kunitz, 1947) in Tris HCl buffer pH 8.0 showed 
the protease activity of 83.84 IU/ml. The purified 
exocellular protease turned out to be one polypeptide 
chain with a molecular weight of 56 KDa averages of the 
values obtained by SDS-PAGE (Laemmli, 1970). The 
isoelectric point of protease S. marcescens strain TS1 
was 6.4 (Robertson et al., 1987). As proteins are differing 
in the composition each and every protein has its own 
characteristic p

I 
value. The optimal timperature of 

protease S. marcescens strain TS1was 40°C in Tris HCl 
buffer containing MgCl2 having pH

 
8.0. The protease 

activity lost when temperature increased at 60°C there 
was neglible activity. The protease activity was neglible 
when temperature increased from mesophilic bacteria is 
around 60°C (Boguslawski et al., 1983). A psychrotrophic 
Pseudomonas fluorescens 114 produced a protease with 
an optimal temperature of 35°C (Hamamoto, 1994), 37°C 
an antarctic yeast (Ray et al., 1992) and 40°C by 
psychrophilic vibrio sp. strain 5709 (Hamamoto et al., 
1995). The pH characteristics of cold proteases S. 

marcescens strain TS1 showed high enzyme activity 
between 6.5 to 9.0 and maximum at 8.5 in Tris HCl buffer 
(Lyerly and Kreger, 1979). The metals ions HgCl2 and 
Na2EDTA completely inactivated the protease activity 
(Matsumoto et al., 1984) and reactivated by Mg

2+
, Fe

2+
, 

Zn
2+

 and Mn
2+

 are essential for the enzyme activity so 
named as metallprotease (Aiyappa and Haris, 1976). The 
20 mM EDTA inhibited the enzyme activity completely 
while as other inhibiters did not showed much impact on 
enzyme activity. The potease of S. marcescens TS1 
acted on the stains and degraded the protein bonds 
among the proteins present in the blood, chocolate, and 
egg yolk (Masse and Tilburg, 1983). The increased 
usage of these proteases as detergent additives is mainly 
due to the cleaning capabilities of these enzymes, 
environmentally acceptable and non phosphate 
detergents. 
 
 
Conclusion 
 
The cold active protease of Serrratia marcescens strain 
TS1found to more active to remove the dirts and stains 
from  the  clothes   at  low  temperature  in  a  short  time  



 
 
 
 
without damaging the nature of the cloth. So the 
economic values and enhencer actions will be boom to 
the detergent industry as detergent additives.              
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Overlap of insect growth regulator (cyromazine) concentration, treatment method and rearing 
temperature was studied on the southern cowpea weevil, Callosobruchus maculatus F. (Bruchidae: 
Coleoptera), under laboratory conditions. A concentration of 5% cyromazine and dipping treatment at 
30°C showed a significant reduction in the reproductive rate by 0.5%. Moreover, increasing the 
cyromazine concentration led to a decrease in food consumption. Hence, treatment of cowpea seeds 
via dipping method provided more protection compared to spraying method. Also, the increase of 
cyromazine concentration led to an increase of generation's lifespan. The longest generation lifespan 
recorded was 33.33 days when treated with 5% cyromazine by dipping at 30°C. On the other hand, the 
shortest generation lifespan recorded was 25.33 days when treated with 1% cyromazine concentration 
by dipping at 30°C. This study showed that there is no effect of the overlap between studied factors, 
neither in the disparity of sex ratio nor in the disparity of males and females body weights. 
 
Key words: IGR, Insect pest, reproductive rate, sex ratio, Trigard, cyromazine. 

 
 
INTRODUCTION  
 
Legumes are considered as important crops in the world, 
as they are used for feeding human and animals in the 
form of green crops or dry seeds. Legumes are attacked 
by many insect pests in the field and in stores. The 
southern cowpeas weevil, Callosobruchus maculates, is 
one of the most common pests, with more than 35 kinds 
(in the field and stores) of which the most important of 
them is the cowpea weevil. This insect inflicts heavy 
losses to seeds up to 62%, since a single larva 
consumes  about  50% of single  seed  weight  during  its  
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development (Elazawe and Mahadi, 1983). Saplina 
(1980) reported that this insect is spread over more than 
30 countries around the world. Its ability to fly facilitates  
the operation of transferring from store to field and 
reverse easily. The damage is caused as a result of the 
larvae feeding on the growing seeds, and this damage 
increases as larvae continue to grow due to increasing 
consumption of seeds contents (Howe and Currie, 1964; 
Pajni, 1965; Elazawe et al., 1990). Bastos (1973) found 
out when testing 241 samples of cowpea seeds that the 
rate of hit with southern cowpea was 37.8% of the tested 
samples and after storage for 56 days the damage 
percentage reached 68.6%, which subsequently led to 
decrease of the trade value of cowpea seeds by 56%.  

The presence of residues in food, resistance develop- 



 
 
 
 
ment by pest species, health risks (Arthur, 1996), 
increased cost (Hagstrum and Subramanyam, 2006) and 
toxicity to non-target organisms (Fields, 1992) has 
created strong concerns with the use of synthetic 
chemicals in controlling stored-product insects. Thus, 
insect growth regulators (IGR) are considered one of the 
most suitable alternative natural pesticides as they may 
adversely affect insects by regulating or inhibiting specific 
biochemical pathways or processes essential for insect 
growth and development. Some insects exposed to such 
compounds may die due to abnormal regulation of 
hormone-mediated cell or organ development. Other 
insects may die either from a prolonged exposure at the 
developmental stage to other mortality factors 
(susceptibility to natural enemies, environmental 
conditions, etc) or from an abnormal termination of a 
developmental stage itself (Tunaz, 2004). Miller et al. 
(1981) pointed out that the use of insect growth regulator 
(cyromazine) 0.25, 0.5 and 0.1% concentration against 
the larvae of Musca domestica Linn caused 95% 
mortality, recording rate of success of 3 to 10 over the 
growth regulator diflubenzuron. In addition, Saito (1988) 
reported that adding 75% of cyromazine to water resulted 
in 88% mortality amongst larvae of Liriomyza bryoniae 
Kalt. In an experiment involving the use of cyromazine at 
the rate of 0.1, 0.5 and 1.1% g/ kg weight of animal in the 
field of milk cows, Miller et al. (1996) found that its 
residue in cows' waste discouraged the development of 
M. domestica larvae. Levot and Sates (1998) also found 
that the use of cyromazine and dezinion each individually 
against M. domestica by concentration 0.4 g/L led to a 
reduction in the number of M. domestica at rate of 69% 
after one day of treatment and 99.97% in three days of 
treatment. Vazirianzadeh et al. (2007) concluded that 
cyromazine (Trigard) should be used in a larvicidal 
program to control house-fly. More importantly, insect 
growth regulators were considered to be better used in 
an integrated pest management program, rather than 
being used alone (Oberlander et al., 1997).  

The objectives of the current study were to determine 
the impact of overlapping between the different 
concentrations of growth regulator (cyromazine), 
treatment methods and the temperatures in the biological 
activity of southern cowpea weevils.  
 
 
MATERIALS AND METHODS  

 
Experimental insects 

 
The southern cowpea weevil, Callosobruchus maculatus F. 
(Bruchidae: Coleoptera), was obtained from an entomological 
research laboratory in the College of Agriculture and Forestry, 
University of Mosul. All cowpeas (Vigna unguiculata) seeds were 
put in glass jar (1/2 kg each). The southern cowpea weevils were 
added (20 weevil/jar), covered with a piece of cloth, bond with 
rubber firmly and then incubated at 30 ± 2°C or 50 ± 5% (Ishimoto 

et al., 1996). Cultures were renewed after each generation by 
taking the newly emerged insects for construction of a new culture 
to conduct further studies. 
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Insect growth regulator (cyromazine) 
 
This pesticide works as a growth regulator and is used to control 
larvae of Diptera and Coleoptera. It is being used as a powder in 
water containing 750 g /kg effective cyromazine (N-cyclopropyl 1, 3, 
5-triazine-2, 4, 6-triamine) and sold under the names of various 
commercial (Larvadex, Premix) classifies toxically within the Class 
III according to the classification of the World Health Organization 
(WHO). Solutions of cyromazine were freshly prepared immediately 
prior to the experiments (Awad and Mulla, 1984). 
 
 
Pesticide bioassays 

 
Three concentrations of cyromazine were applied (1, 3 and 5%) in 
the treatment of chickpea seeds. Seeds (25 g per time) were 
treated twelve times and six times treated in a spraying manner 
using the Potter Tower at 5 lbs/inches pressure and 2.5 ml of 
cyromazine solution, ensuring coverage of the surface of seeds. 
The remaining six were treated by dipping in the cyromazine 
solution for 1 min. For the control, seeds were treated with water 
only. Drought seeds have been placed in plastic pots (7 × 7 cm) 

then five pairs (males and females) of newly emerged adults were 
transferred into each pot and covered with a piece of cloth sealed 
with a rubber bond. Pots were then incubated at 25 ± 1 or 30 ± 1°C 
and 50 ± 5% RH. Treatments were followed up to two successive 
generations to specify the overlap between different concentrations 
of cyromazine, treatment method and rearing temperature on the 
following: Reproductive rate of the southern cowpea weevils is 
calculated for two successive generations using the formula of 
Krebs (1978):  

 

 

 

r =  

 

 

 

dn / dt 

n  
 
Where r is the reproductive rate; n is the number of colony 
individuals; dn is the change in the number of colony individual; and 
dt is the change in time. 

The rate of food consumption was measured by weighing the 
treated seeds after the end of experiment and deducted from the 
original weight (25 g). Generation lifespan was calculated from the 
new adult emergence (from the pupae) until the advent of insects in 
the second-generation. Sex ratio and weight of males and females 
were tested by taking a random group of full complete insects each 
in pot and calculating the number of males and females and their 
weight.  
 
 
Data analysis 

 
For conducting the test and analyzing its data, the factorial 
completely randomized design and Duncan's multiple range tests to 
change the averages of endurable level 5% (Daoud and Elyass, 
1990) were used. 

 
 
RESULTS AND DISCUSSION 
 

The results presented in Table 1 indicate that increasing 
in the cyromazine concentration resulted in significant 
reduction in the reproductive rate of the treated southern 
cowpea weevils compared to control ones. Cyromazine-
treated insects (with a concentration of 5%) showed 
reproductive rate of 2.58% compared to 36.1% in  control 
ones. House et  al.  (1978)  stated  that  when  they  used 
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Table 1. Summarized results of studied parameters on the southern cowpea weevil, C. maculatus, reared on cowpeas with the 
different concentrations of cyromazine, treatment methods and temperatures. 

 

 
Concentration (%)  Treatment methods  Temperatures 

1 3 5 Control  Dipping Spraying  25°C 30°C 

Reproductive rate 23.3
C
 8.74

B
 2.58

A
 36.11

D
  14.41

A
 21

B
  18.50

B
 16.9

A
 

Food consumption 8.87
C
 5.61

B
 2.89

A
 18.28

D
  6.89

A
 10.94

B
  9.29

B
 8.54

A
 

Generation lifespan 28.7
C
 29.79

B
 30.67

A
 27.71

D
  28.81

B
 29.63

A
  31.79

A
 26.65

B
 

           

 

Sex ratio 

M 1.05
A
 1.18

A
 1.19

A
 1.11

A
  1.16

A
 1.11

A
  1.10

A
 1.17

A
 

F 1.14
A
 1.05

A
 1.05

A
 1.04

A
  1.07

A
 1.07

A
  1.07

A
 1.07

A
 

            

Average weights 
M 0.96

A
 1.07

B
 1.05

B
 0.95

A
  0.99

A
 1.02

A
  1.02

A
 0.99

A
 

F 1.36
A
 1.59

B
 1.42

A
 1.44

A
  1.42

A
 1.49

A
  1.45

A
 1.46

A
 

 

Averages of similar characters refer to the existence of significant differences at the 0.05% level of probability. M, Male; F, female. 

 
 
 
diflubenzuron to control the boll weevils, Anthonomus 
grandis (Boheman), at a rate of 35, 70 and 140 g/ha, 
there was an effective reduction in the total percentage of 
adult emergence from pupae (37.7, 22.21 and 15.8%, 
respectively). The use of 4 growth regulator, hydroprene, 
methoprene, diflubenzuron, and MV-678 to control 
Ephestia cautella (Walker) on the peanut, with increased 
concentration resulted to a decrease of adult emergence 
(Nickle, 1979). These growth regulators led to down-
regulation of the rate of the fertility among treated insects. 
In oblique-banded leafroller Choristoneura rosaceana 
(Harris), the pupation and adult emergence was 
significantly delayed at pyriproxyfen concentrations 
higher than 1 ppm (Sial and Brunner, 2010). 

Considering the effect of treatment methods on the 
reproductive rate, Table 1 shows a decrease in the 
southern cowpea weevils’ number when treated via 
dipping method (14.41%), compared with the spraying 
methods (21%). The production rate was monitored with 
temperature since it was 16.90 at 30°C, while at 25°C it 
was 18.50. Buholzer et al. (1992) also tested the 
efficiency of growth regulator (Match) at three different 
degrees of temperature 18, 24, 30°C in controlling cotton 
leaf worm Spodoptera littoralis (Boisd.) and reported a 
positive relation between temperature and the efficiency 
of the Match. The mortality rate increase accordingly with 
increase in temperature, perhaps that relevant to 
increasing of insect activity at high temperature leading to 
increase of growth regulator pick up.  

The data from overlap experiment indicated that 
dipping-treated cowpea seeds (in 5% cyromazine 
solution at 30°C) showed significant decrease of the 
production rate of the southern cowpea weevil, recording 
0.5, where it was 36.43 in spraying methods (Table 2). 
The obtained results as shown in Table 1 revealed that 
the rate of food consumption (8.87, 5.61, and 2.89 g) 
decreased when cyromazine concentration (1, 3, and 
5%) increased compared to control (18.28 g). A 
significant influence of treatment methods, preferring the 

dipping method over spraying one where the dipping 
method resulted in decrease in the rate of food 
consumption (6.89 g) compared to that of the spraying 
methods (10.94 g). Temperature also had a significant 
impact, where at 25°C the rate of food consumption was 
high (2.29 g), compared to that at 30°C (3.30 g). Gabouri 
(2000) mentioned that Southern cowpea weevils at 25°C 
consumed 17.17 g of the food during a complete 
generation in contrast with that raised at 30-35°C which 
consumed 12.38 g, and 10.88 g, respectively. Data from 
overlap experiment indicated that cowpea seeds treated 
via dipping method in 5% cyromazine solution at 30°C led 
to significant decrease of the food consumption rate of 
the southern cowpea weevil, recording 0.5, whereas it 
was 4.04% in spraying methods (Table 2).  

The generation lifespan reached 28.71, 29.79, and 
30.67 days at the concentration of 1, 3, and 5% 
respectively, in contrast with water treated control. The 
generation lifespan clearly decreased when the dipping 
method was applied at 28.81 days, while in spraying 
method was 29.63 days. Temperature plays important 
role; at 30°C the average of the generation lifespan was 
26.65 days, in contrast with generation lifespan at 25°C 
recorded 31.79 days (Table 1). The highest generation 
lifespan recorded was 33.33 days in spraying treatment 
at 5% concentration and 25°C, and the lowest generation 
lifespan was 26.33 days in dipping treatment at 1% 
concentration and 30°C (Table 2). Furthermore, Tables 1 
and 3 showed no significant differences observed for the 
sex ratio in any test concentration, treatment method and 
the temperature compared to the control. Similarly, in 
Chironomus riparius, no significant differences to solvent 
control were observed in any test concentration, although 
an exclusive production of males by Daphnia was 
observed with pyriproxyfen at 100 ng/L (Wang et al., 
2005; Tatarazako et al., 2003). Other studies with C. 
riparius which reported sex-related effects at sensitive 
(molecular) level also exist (Hahn et al., 2001; Hahn and 
Schulz,  2002).  For   example  Hahn  and  Schulz  (2002)  
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Table 2. Overlap effect of different concentrations of cyromazine, treatment methods and temperatures on the reproductive rate, food 
consumption rate and generation lifespan of the southern cowpea weevil, C. maculates reared on cowpeas. 
 

Concentration (%) Treatment method Temperature Reproductive rate Food consumption rate Generation lifespan 

1 

Dipping 

25 

20.60 ± 0.26
F
 7.23 ± 0.16

F
 31.17 ± 0.17

C
 

3 3.27 ± 0.15
C
 4.93 ± 0.23

E
 32.33 ± 0.17

B
 

5 1.53 ± 0.15
B
 2.56 ± 0.09

B
 32.5 ± 0.29

AB
 

Control 36.07 ± 0.23
J
 12.72 ± 0.14

K
 30.17 ± 0.17

D
 

     

1 

Spraying 

30 ± 0.29
I
 11.18 ± 0.16

G
 32 ± 0.50

B
 

3 15.47 ± 0.15
E
 7.75 ± 0.25

I
 32.67 ± 0.33

AD
 

5 4.9 ± 0.06
D
 4.46 ± 0.07

DE
 33.33 ± 0.33

A
 

Control 36.2 ± 0.12
J
 23.45 ± 0.21

N
 30.17 ± 0.17

D
 

      

1 

Dipping 

30 

15.5 ± 0.29
E
 7.02 ± 0.18

FH
 25.33 ± 0.17

HI
 

3 1.4 ± 0.21
B
 3.19 ± 0.04

C
 26.67 ± 0.33

H
 

5 0.05 ± 0.06
A
 0.50 ± 0.06

A
 27.67 ± 0.17

F
 

Control 36.43 ± 35
J
 16.94 ± 0.24

L
 24.67 ± 0.17

J
 

     

1 

Spraying 

27.43 ± 0.07
H
 10.04 ± 0.28

J
 26.33 ± 0.17

H
 

3 14.83 ± 0.44
E
 6.55 ± 0.16

F
 27.5 ± 0.50

F
 

5 3.4 ± 0.21
C
 4.04 ± 0.18

D
 29.17 ± 0.17

E
 

Control 35.73 ± 0.15
J
 20.02 ± 0.13

M
 25.83 ± 0.17

HI
 

 

Averages of similar characters refer to the existence of significant differences at the 0.05% level of probability. 

 
 
 
 
 

Table 3. Overlap effect of different concentrations of cyromazine, treatment methods and temperatures on the sex ratio 

of the southern cowpea weevil, C. maculates reared on cowpeas. 
 

Concentration (%) Treatment method Temperature 
Mean of the sex ratio ± S.E 

Male Female 

1 

Dipping 

25 

1.05 ± 0.05
A
 1.12 ± 0.12

AB
 

3 1.13 ± 0.13
A
 1.O3 ± 0.02

AB
 

5 1.09 ± 09
A
 1.06 ± 0.06

AB
 

Control 1.11 ± 0.08
A
 1.06 ± 0.06

AB
 

    

1 

Spraying 

1.07 ± 0.07
A
 1.04 ± 0.03

AB
 

3 1.15 ± 0.10
A
 1.09 ± 0.09

AB
 

5 1.09 ± 0.09
A
 1.12 ± 0.08

AB
 

Control 1.O7 ± 0.07
A
 1.04 ± 0.04

AB
 

     

1 

Dipping 

30 

1 ± 0
A
 1.32 ± 0.27

B
 

3 1.25 ± 0.09
AB

 1 ± 0
A
 

5 1.47 ± 0.14
B
 1 ± 0

A
 

Control 1.17 ± 0.17
A
 1 ± 0

A
 

    

1 

Spraying 

1.07 ± 0.04
A
 1.O7 ± 0.07

AB
 

3 1.19 ± 0.10
AB

 1.06 ± 0.06
AB

 

5 1.11 ± 0.08
A
 1.04 ± 0.04

AB
 

Control 1.07 ± 0.07
A
 1.07 ± 0.07

AB
 

 

Averages of similar characters refer to the existence of significant differences at the 0.05% level of probability.  
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Table 4. Overlap effect of different concentrations of cyromazine, treatment methods and temperatures on the average 
weights of the southern cowpea weevil, C. maculates reared on cowpeas. 

 

Concentration (%) Treatment method Temperature 
Mean of the average weights ± S.E 

Male Female 

1 

Dipping 

25 

1.07 ± 0.7
CDE

 1.37  ± 0.02
AB

 

3 1.05 ± 0.05
BCDE

 1.52 ± 0.02
BC

 

5 1 ± 0.03
BCDE

 1.53 ± 0.15
BC

 

Control 1 ± 0.03
BCDE

 1.45 ± 0.1
AB

 

    

1 

Spraying 

0.95 ± 0.03
ABCD

 1.27 ± 0.07
A
 

3 1.08 ± 0.04
CDE

 1.83 ± 0.14
D
 

5 1.02 ± 0.11
BCDE

 1.30 ± 0.03
AB

 

Control 1.02 ± 0.02
BCDE

 1.32 ± 0.03
AB

 

     

1 

Dipping 

30 

0.82 ± 0.04
A
 1.30 ± 0.09

AB
 

3 1.02 ± 0.03
BCDE

 1.32 ± 0.06
AB

 

5 1.07 ± 0.04
CDE

 1.37 ± 0.03
AB

 

Control 0.92 ± 0.04
ABC

 1.5 ± 0.06A
BC

 

    

1 

Spraying 

1 ± 0.05
BCDE

 1.52 ± 0.06
BC

 

3 1.12 ± 0.02
DE

 1.70 ± 0.06
CD

 

5 1.13 ± 0.0
7E

 1.48 ± 0.02
ABC

 

Control 0.88 ± 0.05
AB

 1.50 ± 0.05
ABC

 
 

Averages of similar characters refer to the existence of significant differences at the 0.05% level of probability. 

 
 
 
observed a sex-related effect of tributyltin on the 
ecdysteroid synthesis and the imaginal disk development 
by C. riparius. In Leptomastix dactylopii (Howard), when 
kinoprene was applied, Rothwangl et al. (2004) found 
that the sex ratio was equivalent in the petri dish 
experiment, whereas in the cage experiment the sex ratio 
was biased toward males. 

Regarding the rate of male weight, the increase of 
cyromazine concentration led to increase of male weight 
recording 0.96, 1.5 and 1.7 mg at concentrations of 1, 3 
and 5, respectively (Table 1), in contrast with control 
treatment (0.95 mg). Also the study concluded a non 
significant effect of concentration, temperature and 
treatment method in the average of male weight 
recording 1.13 mg at 5% concentration using the 
spraying method at 30°C as the highest weight. However 
the lowest male weight recorded was 0.82 mg at 1% 
concentration via dipping method and at 30°C. For the 
female average weight, the weight recorded was 1.59 mg 
at concentration 3% and recorded 1.36, 1.42 mg at 1 and 
5% concentration, respectively. Taking together, these 
results showed no significant differences in the average 
weight of female between the two concentrations (1 and 
5%) and the control, but there was a little difference in 
female weight at 3% concentration. Also there were no 
differences in the female weight at 25 to 30°C and the 
two different methods of treatment (Table 1). The highest 
female average weight recorded was 1.83 mg at 3% 

concentration via spraying method at 25°C and the 
lowest weight recorded was 1.27 mg at 1% concentration 
via spraying method at 25°C (Table 4). Sial and Brunner 
(2010) studied the effect of pyriproxyfen, on oblique-
banded leafroller C. rosaceana (Harris) and found that 
the weights of adults were significantly increased. 

In conclusion, the study of the overlap between 
cyromazine concentration, treatment method and 
temperature on the southern cowpea weevil for two 
successive generations indicated the existence of a 
difference in the reproductive rate, the rate of food 
consumption and average of generation lifespan. 
However, there was no effect neither in the disparity of 
sex ratio nor in the disparity in the weight of males and 
females. 
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This study was designed to explore the in vitro antioxidant and antibacterial activities of Camptotheca 
acuminate D. seed oil, which were extracted by supercritical fluid extraction (SFE) or petroleum ether 
extraction methods. The major constituent of the oi l were described as (Z,Z,Z)-9,12,15-Octadecatrien-1 -
ol (54.92%) and 2-[(trimethylsilyl)oxy]-3-[4-[(trim ethylsilyl)oxy]phenyl]-trimethylsilyl ester (26.53% ) in 
supercritical fluid and petroleum ether extracts. T he oil and the components were subjected to screen 
for their possible antioxidant activity by 2, 2-dip henyl-1-picrylhydrazyl (DPPH) assay and β-carotene 
bleaching test. In the DPPH test system, free radic al scavenging activities of supercritical fluid ext racts 
and petroleum ether extracts were determined to be 7.55 ± 0.11% and 4.38 ± 0.08% (v/v), respectively. As 
to the β-carotene bleaching test system, the two values wer e 15.93 ± 0.11% and 6.87 ± 0.15% (v/v), 
respectively. The activities of antioxidant and ant ibacterial in components of petroleum ether were mo re 
efficient than in components of supercritical fluid  extraction. As to the antimicrobial activities of the 
essential oil against 8 species bacterium, C. acuminate D. seed oil had remarkable antibacterial activity, 
especially to staphylococcus aureus (ATCC 6538). Thus, C. acuminate D. seed oil could be judged as a 
kind of patent drug which has antioxidant and antib acterial activity effectively. 
 
Key words:  Camptotheca acuminate D. seed oil, antioxidant activities, antibacterial activities. 

 
 
INTRODUCTION 
 
Camptotheca acuminata Decaisne belongs to the family 
of Nyssaceae. It is a kind of deciduous and medicinal tree 
from south China and listed as an endangered species in 
China (Cheng et al., 2008; Li et al., 2002; (Yang et al, 
2011) DOI: 10.1002/qua.23046). The main active 
ingredients of C. acuminate D. extracts are quinoline and 
indole alkaloids (Wall et al., 1966). The camptothecin 
(CPT) (a terpenoid quinoline alkaloid) and its analogues 
are the potent topoisomerase I inhibitors, which have 
been used as the anticancer drugs to treat ovarian, lung 
and  colorectal  cancers  or  the  antiviral  agents  (Li and  
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Adair, 1994; Oberlies and Kroll, 2004). 
Some studies on anticancer activities of C. acuminata  

D. have been reported. However, the antioxidant activity 
of its seed oil has not yet been studied. The seed oil of C. 
acuminata D. possesses the potential as high-quality 
edible oil that is beneficial to health and valuable natural 
antioxidants in cosmetic and pharmaceutical industries.  

Industrial seed oils are generally obtained with the aid 
of mechanical process and organic solvent extraction 
(mainly hexane). The oil prepared by mechanical 
separation is of high quality, but in most cases the yield is 
low. Hexane extraction can achieve almost complete 
recovery of the oil, but the solvent is quite harmful to 
human health and environment, embarrassing the use in 
food, cosmetic and pharmaceutical industries. 
Supercritical fluid extraction (SFE) with supercritical 
carbon dioxide  (SC-CO2)   is  an   alternative   method  to  



 
 
 
 
extract the oils from natural products and has received 
considerable attention (Gomes et al., 2007; Lu et al., 
2007; SalgIn, 2007). The oil obtained by SC-CO2 
extraction is of high quality, and the yield is comparable 
with those of organic solvent extractions (Friedrich et al., 
1982; Molero Gómez et al., 1996). In fact, CO2 extracts 
have been generally considered as safety in food 
applications (Gerard and May, 2002), and SFE has been 
served as a very potential technology in food and 
pharmaceutical operations (King, 2000).  

To the best of our knowledge, the antioxidant and 
antibacterial activities of C. acuminate D. seed oil in vitro 
have not yet been evaluated. Therefore, in this work, the 
oil will be separately extracted by SFE and petroleum 
ether extraction methods, and the activities will be 
evaluated by 2, 2-diphenyl-1-picrylhydrazyl (DPPH) 
assay, β-carotene bleaching test, as well as minimal 
inhibitory concentration (MIC) and minimal bactericidal 
concentration (MBC) determinations. We anticipate that 
the investigation will be of value in the development of 
antioxidant and antibacterial agents. 
 
 
MATERIALS AND METHODS 
 
Preparation of extract 
 
Isolation of C. acuminata seed oil by petroleum ether 
 
C. acuminate D. seeds were air dried at room temperature and 
ground, and 100 g were subjected to the distillation with a British-
type clevenger apparatus at 100°C for 3 h. Then, the  extracts were 
filtered and concentrated in vacuum at 45°C, yieldin g the seed soil 
in yellow.  
 
 
Supercritical carbon dioxide (SC-CO2) extraction 
 
C. acuminate D. seeds were air dried at room temperature and 
ground in a grinder with a mesh of 2 mm in diameter. Then, they 
were passed through a 0.5 mm sieve to obtain a fine powder. The 
extraction temperature was 45°C and the pressure was 5 .5 MPa. 
The flow rate was determined using a watch. The flow rate of CO2 
was 10 kg/h; and the extraction time was 2 h. Liquid CO2 was 
supplied from a gas cylinder. Before passing into the extraction 
vessel filled with the samples by pump, the liquid CO2 was adjusted 
to the desired pressure and heated to a specified temperature to 
reach the supercritical state. Finally, the extracts were lyophilized 
and kept in dark at 4°C until the next step.  
 
 
Gas chromatography 
 
The sample was diluted by ethyl acetate (1:100) and mixed. The 
analysis of the essential oil was performed using a VG platform II 
Gas chromatography-Mass spectroscopy (GC–MS) system 
equipped with an Rtx-5MS capillary column (30 × 0.25 mm; film 
thickness 0.25 mm). For the Rtx-5MS detection, the injector 
temperature was set at 280°C; split injection with a  ratio of 100: 1; 
and the injection volume was 1 µl with a flow controlled by a linear 
model. Helium was the carrier gas at a flow rate of 1.6 ml/min. 
Starting from 60°C, the temperature was raised to 280 a t 10°C /min 
and held for 5 min. Injector and detector MS transfer line 
temperatures were set  at  200  and  280°C,  respecti vely,   and  the  
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sample collection time was 3 min (m/z = 40 to 500). 
 
 
Antioxidant activity 
 
General description 
 
Antioxidant activity was assessed by DPPH assay and β-carotene 
bleaching test. All data collected for each assay were the average 
of the measurements of three independent experiments. 
 
 
DPPH radical scavenging assay and the oil obtained by SC-
CO2 extraction 
 
We measured the bleaching of purple-colored ethanol solution of 
DPPH. This spectrophotometric assay uses the stable radical 
DPPH as a reagent (Wu et al., 2010). An aliquot of the sample (100 
µl) was mixed with 1.4 ml of ethanol and then added to 1 ml of 
0.004% DPPH (Sigma–Aldrich) in ethanol. The mixture was 
vigorously shaken and then immediately placed in a UV–Vis 
spectrophotometer (AWARENESS) to monitor the decrease in 
absorbance at 517 nm. Monitoring was continued for 70 min until 
the reaction reached a plateau. Ascorbic acid (Sigma–Aldrich), a 
stable antioxidant, was used as a synthetic reference. The radical 
scavenging activities of samples were calculated as the inhibition 
percentage of DPPH according to the formula:  
 

 
 
where AB and AA are the absorbance values of the blank sample 
and the tested samples examined after 70 min, respectively. 
 
 
β-Carotene-linoleic acid bleaching assay 
 
Antioxidant activity of the samples was determined with β-carotene 
bleaching test (Wu et al., 2010). Approximately 10 mg of β-carotene 
(type I synthetic, Sigma–Aldrich) was dissolved in 10 ml chloroform. 
The carotene–chloroform solution of 0.2 ml was pipetted into a 
boiling flask containing 20 mg linoleic acid (Sigma–Aldrich) and 200 
mg Tween 40 (Sigma–Aldrich). Chloroform was removed by a 
rotary evaporator (RE-52AA) at 40°C for 5 min, and to th e residue, 
50 mL of distilled water was added, slowly with vigorous agitation, 
to form an emulsion. The emulsion (5 ml) was added to a tube 
containing 0.2 ml of the sample solution and the absorbance was 
immediately measured at 470 nm against a blank consisting of an 
emulsion without β-carotene. The tubes were placed in a water bath 
at 50°C, and the oxidation of the emulsion was moni tored by a 
spectrophotometer at 470 nm over a period of 60 min. Control 
samples contained 10 ml of water instead. Butylated 
hydroxytoluene (BHT) (Sigma–Aldrich), a stable antioxidant, was 
used as a synthetic reference. The antioxidant activity was 
expressed as the inhibition percentage relative to the control after 
60 min incubation with the following equation:  
 

 
 
Where AA, antioxidant activity; DRC, degradation rate of the control 
[ln(a/b)/60]; DRS, degradation rate in the presence of the sample 
[ln(a/b)/60]; a, absorbance at time 0; b, absorbance at 60 min. 
 
 
Antimicrobial activity  
 
The microorganisms used for testing antimicrobial sensitivity 
included Bacillus subtilis 6633, Staphylococcus aureus  ATCC 6538  

Inhibition percentage (Ip) = [(AB-AA)/AB] ×100 (Yen and Duh, 1994) 

AA = 100(DRC - RS)/DRC  
 



5856          Afr. J. Microbiol. Res. 
 
 
 
and Staphylococcus epidermidis ATCC 49134, Escherichia coli 
ATCC 11229, Proteus vulgaris, Pseudomonas aeruginosa, Candida 
albicans and Aspergillus niger V. Tiegh. They were obtained from 
the Center for Microbiology Research, Jiamusi Medical Research 
Institute.  
 
 
Minimal inhibitory concentration  (MIC) and minimal 
bactericidal concentration  (MBC) determination of 
Camptotheca acuminate D. seed oil 
 
The MIC and MBC were measured by the broth micro-dilution 
method (NCCLS, 2002). The essential oils were individually 
dissolved in sterilized physiological saline solution (0.9% w/v) 
supplemented with Tween 80 (Sigma) at a final concentration of 
0.5% (v/v). Serial doubling dilutions of the oils were prepared in a 
96-well microtiter (µL) plate in the range of 0.156 to 4.000% (v/v). 
Each essential oil dilution (100 µL) was dispensed into the wells of 
a microtiter plate, and each well was then inoculated with 100 µL of 
the suspension. The obtained suspensions were mixed with a 
micro-pipette. The final concentration of each strain was adjusted to 
105 to 106 CFU/mL. All microtiter plates against all microorganisms 
were incubated at 37°C for 24 h, except for A. niger that was 
incubated at 25°C for 5 days. After incubation, the wells were 
examined for the microorganism growth, and the MICs were 
determined. The MIC was defined as the lowest concentration of 
the essential oil at which the microorganism did not show visible 
growth. The MBCs were confirmed by reinoculating on agar plates 
with 10 µL of each culture medium from the microplates. The MBCs 
were defined as the lowest concentration of the essential oil at 
which incubated microorganisms were completely killed. 
Streptomycin and Amphotericin B were served as the positive 
controls. Each experiment was repeated for three times. 
 
 
RESULTS AND DISCUSSION 
 
Chemical composition 
 
We identified 50 components in the C. acuminate D. seed 
oil obtained by SC-CO2 extraction (Table 1). Fifty-three 
(53) components were identified in the oil obtained by 
petroleum ether (Table 2). The major components were 
(Z,Z,Z) - 9, 12, 15 - Octadecatrien- 1- oil (54.92%), 
octadecanoic acid (13.46%), n-hexadecanoic acid 
(11.63%) in the seed oil (Table 1) obtained by SC-CO2. 
While the major components were [4-
[(trimethylsilyl)oxy]phenyl]-2-[(trimethylsilyl)oxy]-3-2-
propenoicacid trimethylsilyl ester (26.53%), gamma-
sitosterol (23.49%), (Z,Z,Z)-9,12,15-octadecatrienoic 
acid, and methyl ester (19.19%) in the seed oil obtained 
by petroleum ether. 
 
 
Antioxidant activity 
 
The antioxidant activities of the essential C. acuminate D. 
seed oil obtained by SC-CO2 extraction or petroleum 
ether were determined by two complementary test 
systems: DPPH assay and β-carotene bleaching tests. 
The results of antioxidant activity in these test systems 
were collected and shown in Figures 1 to 3. In the DPPH  
test   system,   free   radical -  scavenging  activity of  C.  

 
 
 
 
acuminate  D.  seed  oil  obtained  by  SC-CO2  extraction 
was determined to be 81.39 ± 0.92%; whereas the oil 
obtained by petroleum ether was 87.13 ± 1.81% (Figure 
1). As for the lipid peroxidation inhibitory activity of the 
essential oil by the β-carotene bleaching test, the results 
were consistent with the data obtained from the DPPH 
test (Figure 2). Compared with BHT, the effects of C. 
acuminate D. seed oil obtained by SC-CO2 extraction or 
petroleum ether were 80.82 ± 0.32% and 85.47 ± 0.54%, 
respectively. The concentration of 50% inhibition (IC50) 
values of BHT, C. acuminate D. seed oil obtained by SC-
CO2 or petroleum ether were 3.24 ± 0.12%, 7.55 ± 0.11% 
and 4.20 ± 0.08%, respectively (Figure 3). It seemed that 
the antioxidant activities of all the tested samples were 
mostly related to their concentrations, and the IC50 values 
of these two types of seed oil were both higher than that 
of the synthetic antioxidant BHT (Figures 2 and 3). 
 
 
Antimicrobial activity 
 
Minimal inhibitory concentration (MICs) and minimal 
bactericidal concentration (MBCs) of Camptotheca 
acuminate D. seed oil 
 
As shown in Tables 3 and 4, the essential oils exhibited 
inhibitory effects of all the testing organisms. The oil 
obtained by SC-CO2 exhibited somewhat higher 
antimicrobial activity on S. epidermidis ATCC 49134 
rather than other microorganisms; whereas the oil 
obtained by petroleum ether showed more potent on S. 
aureus ATCC 6538, P. aeruginosa and C. albicans. The 
antimicrobial activities of the seed oil obtained by SC-CO2 
against B. subtilis 6633, P. vulgaris and A. niger V. Tiegh 
were less than those of other microorganisms; whereas 
the oil obtained by petroleum ether showed less inhibitory 
effects on B. subtilis 6633 and P. vulgaris. The MICs of 
the oil obtained by SC-CO2 extraction ranged from 
0.625% (v/v) to more than 5.000% (v/v) for all testing 
microorganisms; while as to petroleum ether, the values 
ranged from 0.625% (v/v) to more than 5.000% (v/v). The 
MBCs were similar or even higher than the corresponding 
MIC values. 
 
 
The activity components of Camptotheca acuminate 
D. seed oil 
 
The essential oil of C. sativum obtained on hydro-
distillation was analyzed by GC–MS. We identified 24 
components, representing 92.7% of the total oil. Table 1 
summarized the constituents identified by GC–MS 
analysis, their retention indices and area percentages 
(concentrations). The oil was dominated by aldehydes 
and alcohols, which accounted for 55.5 and 36.3%, 
respectively. The major aldehydes were 2E-decenal 
(15.9%) and decanal (14.3%), while the alcohols mainly 
consisted   of   2E-decen-1-ol    (14.2%)   and   n-decanol  
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Table 1. The chemical compositions of C. acuminate D. seed oil obtained by supercritical carbon dioxide extraction (SC-CO2). 

 

No. RT Compounds Molecular 
formula MW Relative 

1. 3.246 Nonane 128 C9H20 0.25 
2. 3.652 propyl-cyclohexane, 126 C9H18 0.10 
3. 4.097 Hexanoic acid 116 C6H12O2 0.19 
4. 4.443 (E,E)-2,4-Heptadienal, 110 C7H10O 0.14 
5. 4.627 1-ethyl-Cyclohexene, 110 C8H14 0.05 
6. 6.079 Phenylethyl Alcohol 122 C8H10O 0.06 
7. 8.510 8-Methylene-3 oxatricyclo[5.2.0.0(2,4)]nonane 136 C9H12O 0.13 
8. 8.552 (E,E)-2,4-Decadienal, 152 C10H16O 0.09 
9. 8.872 2,7-Dimethyl-1,3,7-Octatriene, 136 C10H16 0.33 
10. 12.737 7-Bromomethyl-Pentadec-7-ene, 302 C16H31Br 0.06 
11. 14.169 Tetradecanoic acid 228 C14H28O2 0.07 
12. 14.574 Heneicosane 296 C21H44 0.09 
13. 15.015 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 296 C20H40O 0.07 
14. 15.090 6,10,14-Trimethyl-2-Pentadecanone, 268 C18H36O 0.09 
15. 15.225 Pentadecanoic acid 242 C15H30O2 0.06 
16. 15.417 1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester 278 C16H22O4 0.79 
17. 15.888 1,2-Benzenedicarboxylic acid, butyl octyl ester 334 C20H30O4 0.09 
18. 16.077 9-Hexadecenoic acid 254 C16H30O2 0.14 
19. 16.329 n-Hexadecanoic acid 256 C16H32O2 11.63 
20. 16.595 Heneicosane 296 C21H44 0.28 
21. 17.217 Heptadecanoic acid 270 C17H34O2 0.07 
22. 17.424 1-Octadecanol 270 C18H38O 0.14 
23. 17.537 2,6,10,15-Tetramethyl-Heptadecane, 296 C21H44 0.12 
24. 17.618 (Z,Z,Z)-9,12,15-Octadecatrienoic acid, methyl ester, 292 C19H32O2 0.10 
25. 17.714 Phytol 296 C20H40O 0.15 
26. 18.195 (Z,Z,Z)-9,12,15-Octadecatrien-1-ol, 264 C18H32O 54.92 
27. 18.265 Octadecanoic acid 284 C18H36O2 13.46 
28. 18.917 cis,cis,cis-7,10,13-Hexadecatrienal 234 C16H26O 0.55 
29. 19.297 Pentacosane 352 C25H52 0.15 
30. 19.542 11,14,17-Eicosatrienoic acid, methyl ester 320 C21H36O2 0.29 
31. 19.882 E-8-Methyl-7-dodecen-1-ol acetate 240 C15H28O2 0.24 
32. 20.912 Tetratetracontane 618 C44H90 0.56 
33. 21.084 2-Mono-Palmitin, 330 C19H38O4 0.99 
34. 21.672 Pentatriacontane 492 C35H72 0.16 
35. 21.975 Octadecanal 268 C18H36O 0.07 
36. 22.281 (Z,Z)-9,12-Octadecadienoic acid, trimethylsilyl ester 352 C21H40O2Si 0.18 
37. 22.350 (all-Z)-4,7,10,13,16,19-Docosahexaenoic acid, methyl ester, 342 C23H34O2 0.14 
38. 22.502 E,Z-1,3,12-Nonadecatriene 262 C19H34 3.94 
39. 22.585 Methyl(Z)-5,11,14,17-eicosatetraenoate 318 C21H34O2 4.30 
40. 22.683 1-Mono-Stearin, 358 C21H42O4 0.63 
41. 23.251 1-Hentetracontanol 592 C41H84O 0.66 
42. 23.667 (all-E)- 2,6,10,15,19,23-hexamethyl-2,6,10,14,18,22 Tetracosahexaene, 410 C30H50 1.39 
43. 24.183 6,6-Dimethyl-Bicyclo[3.1.1] hept-2-ene-2-ethanol, 166 C11H18O 0.06 
44. 24.268 Triacontane 422 C30H62 0.66 
45. 24.331 17-Pentatriacontene 490 C35H70 0.51 
46. 24.540 2-Nonadecanone 282 C19H38O 0.14 
47. 25.074 8-Methyltocol 402 C27H46O2 0.18 
48. 26.091 Octadecanal 268 C18H36O 0.10 
49. 26.519 β-Tocopherol 416 C28H48O2 0.28 
50. 26.862 Tetratriacontane 478 C34H70 0.15 
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Table 2. The chemical compositions of C. acuminate D. seed oil obtained by petroleum ether. 
 

No. RT Compounds Molecular formula MW Relative 

1. 3.235 1,3,5,7-Cyclooctatetraene 104 C8H8 0.10 

2. 5.199 3,6-dimethyl-Decane,  170 C12H26 0.06 

3. 6.183 1,2,4,5-tetramethyl-Benzene,  134 C10H14 0.07 

4. 8.071 Pentadecane 212 C15H32 0.07 

5. 8.301 4,6-dimethyl-Dodecane,  198 C14H30 0.15 

6. 8.923 Heptadecane 240 C17H36 0.04 

7. 11.008 Acetamidocyclohexane 141 C8H15NO 0.07 

8. 11.120 Cetyl iodide 352 C16H33I 0.12 

9. 11.158 Heptadecane 240 C17H36 0.06 

10. 11.393 2,4-bis(1,1-dimethylethyl)-Phenol,  206 C14H22O 0.07 

11. 11.668 Heneicosane 296 C21H44 0.04 

12. 13.629 Eicosane 282 C20H42 0.08 

13. 14.103 Hexadecane 226 C16H34 0.04 

14. 14.177 Tetradecanoic acid 228 C14H28O2 0.11 

15. 15.008 5-Isopropyl-1-methyl-1-cyclohexene 138 C10H18 0.07 

16. 15.095 6,10,14-trimethyl-2-Pentadecanone,  268 C18H36O 0.06 

17. 15.419 1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester 278 C16H22O4 0.16 

18. 15.600 diethyl-Borinic acid,  86 C4H11BO 0.05 

19. 15.878 2,6,10,14-tetramethyl-Hexadecane,  282 C20H42 0.06 

20. 16.270 n-Hexadecanoic acid 256 C16H32O2 3.19 

21. 17.424 1-Octadecanol 270 C18H38O 0.06 

22. 17.538 Heneicosane 296 C21H44 0.08 

23. 17.714 Phytol 296 C20H40O 0.13 

24. 18.037 (Z,Z,Z)-9,12,15-Octadecatrienoic acid, methyl ester,  292 C19H32O2 19.19 

25. 18.162 (Z,Z)-9,12-Octadecadienoic acid  280 C18H32O2 3.35 

26. 18.442 1,54-Dibromotetrapentacontane 914 C54H108Br2 0.60 

27. 19.292 Pentacosane 352 C25H52 0.11 

28. 20.118 Tetracosane 338 C24H50 0.08 

29. 20.792 trans-9-Octadecen-1-ol 268 C18H36O 0.09 

30. 20.910 Tetratetracontane 618 C44H90 0.37 

31. 21.078 2-mono-Palmitin,  330 C19H38O4 0.14 

32. 21.673 Pentatriacontane 492 C35H72 0.07 

33. 21.906 (3.beta.)-Ergost-5-en-3-ol,  400 C28H48O 1.98 

34. 22.142 3-Fluorobenzoic acid, 4-hexadecyl ester 364 C23H37FO2 0.23 

35. 22.342 1-Pent-3-ynylcyclopenta-1,3-diene 132 C10H12 0.10 

36. 22.441 1,54-dibromo-Tetrapentacontane,  914 C54H108Br2 0.46 

37. 22.489 9-Octadecenoic acid, (E,E,E)-1,2,3-propanetriyl ester, 884 C57H104O6 0.31 

38. 22.569 (Z,Z,Z)-9,12,15-Octadecatrienoic acid, ethyl ester,  306 C20H34O2 0.34 

39. 22.608 2-Nonadecanone 282 C19H38O 0.29 

40. 22.675 Stigmastane-3,6-dione 428 C29H48O2 0.18 

41. 23.250 Pentafluoropropionic acid, heptadecyl ester 402 C20H35F5O2 0.28 

42. 23.483 1-Hexadecanesulfonyl chloride 324 C16H33ClO2S 0.46 

43. 23.664 All-trans-Squalene 410 C30H50 0.85 

44. 24.167 [4-[(trimethylsilyl)oxy]phenyl]-2-[(trimethylsilyl)oxy]-3-2-Propenoic acid, trimethylsilyl ester 396 C18H32O4Si3 26.53 

45. 24.265 .gamma.-Sitosterol 414 C29H50O 23.49 

46. 24.578 Fucosterol 412 C29H48O 1.38 

47. 25.034 
[3S-(3.alpha.,5a.alpha.,7a.alpha.,11a.beta.,11b.alpha.)]-dodecahydro 

-3,8,8,11a-tetramethyl-5H-3,5a-Epoxynaphth[2,1-c]oxepin, ,  
278 C18H30O2 1.39 

48. 25.318 Betulin 442 C30H50O2 0.43 

49. 25.560 Cedran-8-yl acetate 264 C17H28O2 3.32 

50. 25.725 Lup-20(29)-en-3-one 424 C30H48O 4.30 

51. 26.091 cis-1-Chloro-9-octadecene 286 C18H35Cl 0.52 

52. 26.323 Lupenyl acetate 468 C32H52O2 3.79 

53. 26.514 .beta.-Tocopherol 416 C28H48O2 0.41 
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Figure 1.  The rate of DPPH elimination. Values of each curve are means ± SD (n, 3). p < 0.01. 
 
 
 
 

 
 

Figure 2. β-Carotene bleaching test. Values of each curve are means ± SD (n, 3). p < 0.01. 
 
 
 
(13.6%). Other aldehydes in appreciable amounts were 
2E-tridecen-1-al (6.75%), 2E-dodecenal (6.23%), 
dodecanal (4.36%) and undecanal (3.23%). The alcohol 
undecanol (3.37%) was also in fairly good amount. The 
monoterpenes apinene (0.04%) and linalool (0.32%) 
were in trace amounts. However, the chemical 
composition of the essential oil was different from that 
observed from Tunisian plant materials (Msaada et al., 
2007). Indeed, in the Tunisia study, the predominant 

aldehyde was 2E-dodecenal, while in our study, it was 
2E-decenal. The essential oil was evaluated for 
antimicrobial activity against pathogenic strains of Gram 
positive (S. aureus and Bacillus spp.) and Gram negative 
(E. coli, P. aeruginosae, S. typhi, Klebsiella pneumoniae, 
and Proteus mirabilis) bacteria. It was active against all 
the bacterial strains except P. aeruginasae.  

The oil also showed an obvious antifungal activity 
against C. albicans and P. aeruginosae, which also been  
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Figure 3.  The concentration of 50% inhibition (IC50) values of C. acuminate D. seed oil 
obtained by SC-CO2 or petroleum ether. 

 
 
 
Table 3.  The inhibitory effects of C. acuminate D. seed oil obtained 
by SC-CO2 against all the testing organisms. 

 

Bacterial strain  MIC (%) MBC (%) 
B. subtilis 6633 >5 >5 
S. aureus ATCC 6538 1.25 1.25 
S. epidermidis ATCC 49134 0.625 2.5 
E. coli ATCC 11229 2.5 >5 
P. vulgaris >5 >5 
P. aeruginosa 2.5 >5 
C. albicans 1.25 5 
A. niger V. Tiegh >5 >5 

 
 
 
 

Table 4.  The inhibitory effects of C. acuminate D. seed oil 
obtained by petroleum ether against all the testing organisms. 

 

Bacterial strain  MIC (%) MBC (%) 
B. subtilis 6633 >5 >5 
S. aureus ATCC 6538 0.625 1.25 
S. epidermidis ATCC 49134 2.5 2.5 
E. coli ATCC 11229 5 >5 
P. vulgaris >5 >5 
P. aeruginosa 0.625 1.25 
C. albicans 0.625 2.5 
A. niger V. Tiegh 1.25 5 

observed to be resistant to the essential oils from other 
plants, such as Achillea holosericea (Magiatis et al., 
1999) and Stachys species (Skaltsa et al., 2003). This 
microorganism is less susceptible to the anti-microbial 
properties of essential oils than others, and its tolerance 
is thought to result from its outer membrane (Cox and 
Radolf, 2001). And the ability of essential oil to disrupt the 
permeability barrier of cell membrane structures and the 
accompanying loss of chemiosmotic control are the most 
likely reason for its lethal action (Cox and Radolf, 2001). 
This antimicrobial activity against bacteria and fungi has 
also been demonstrated in essential oils extracted from 
C. sativum seeds (Lo Cantore et al., 2004). Although the 
concentrations of the oil were generally about 100 times 
more than those of the standard antibiotics 
(chloramphenicol), they showed marked antibacterial and 
antifungal activities, as demonstrated by their zones of 
inhibition (Tables 3 to 6). This concentration difference 
between the essential oil and the standard antibiotic can 
be explained by the fact that the active components in the 
oil comprise only a fraction of the oil. Therefore, the 
concentration of the active components could be much 
lower than the standard antibiotics we used. Importantly, 
if the active components were isolated and purified, they 
would probably show higher antimicrobial activities than 
those observed here. Among the Gram negative bacteria, 
the oil was very active against K. pneumoniae and P. 
mirabilis. The best activity was observed for the Gram 
positive  bacteria.  In  general,  the  oil  showed    greater  
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Table 5. The antimicrobial activity curve of oil obtained by SC-CO2. 
 

Concentration/Time MIC/2 MIC (MBC) 2MIC Control 

0 5600 7000 8400 6200 
1 4000 4400 600 10600 
2 4400 1700 0 18800 
4 2400 600 0 23800 
8 6300 0 0 28600 
12 9500 0 0 42400 
24 20100 0 0 61800 
30 21300 0 0 64600 

 
 
 

Table 6. The antimicrobial activity curve of oil obtained by petroleum ether. 
 

Concentration/Time MIC/2 MIC (MBC) 2MIC Control 
0 9300 11100 10400 11500 
1 5700 4400 1100 14000 
2 5000 3800 300 19300 
4 3100 2200 200 24000 
8 400 1200 0 28800 
12 1000 200 0 53400 
24 8800 6900 0 68800 
30 10600 11300 0 74800 

 
 
 
antibacterial activity than antifungal activity (Tables 3 to 
6). Aldehydes and alcohols are known to be active but 
with different specificity and activity levels, which is 
related not only to the functional group but also to 
hydrogen bonding parameters (Skaltsa et al., 2003). As a 
minor component in this study, linalool has been found to 
have antimicrobial activity against various microbes, 
except for P. aeruginosae (Carson and Riley, 1995), 
which is also known to inhibit spore germination and 
fungal growth. The inhibition of sporelation appeared to 
arise from respiratory suppression of aerial mycelia 
(Lahlou and Berrada, 2001). 
 
 
Conclusions 
 
Our study showed that C. acuminate D. seed oils had 
extraordinary antioxidant and antibacterial activity in vitro. 
Due to its virulence, this seed oil can work as natural 
antioxidants and antimicrobial, which is a promising 
alternative to the use of synthetic antioxidants in food 
supplement or in pharmaceutical and cosmetic industry. 
But there have been few studies on the activity of C. 
acuminate D. seed oil. In this study, we evaluated its 
inhibitory activity in several common bacteria and 
estimated its antioxidant effectiveness by β-carotene 
bleaching and DPPH tests. Our results further 
demonstrated that C. acuminate D. seed oil had 

remarkable antioxidant and antibacterial activity, 
especially S. aureus ATCC 6538. The seed oil possesses 
various biological functions, notably antibacterial and  
Antioxidant properties that can be widely used as 
alternative to synthetic antioxidant or antibacterial. 
Therefore, we hope our study provides a foundation for 
future research of extracting ingredients from plants or 
herbs as natural antioxidant and antibacterial. 
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Local delivery of sustained-release drugs in periodontal pocket is an effective approach for the 
treatment of periodontitis. The present study aimed to optimize and characterize the sustained-release 
periodontal suppository of compound ornidazole and pefloxacin mesylate (O&P) in vitro. Before 
suppository was prepared, the combined effect of O&P against dominant anaerobe and facultative 
anaerobe in periodontitis was investigated and then the optimal ratio of each drug was determined. 
After the compound suppository of O&P was prepared by cold compression, the optimal content of the 
suppository was determined through evaluating the bacteriostatic effect and then the sustained-release 
level of optimized suppository was investigated. There was no incompatibility between ornidazole and 
pefloxacin mesylate. When being applied in combination, they could exert synergistic bacteriostatic 
effect against ‘porphyromonas gingivalid’ and ‘fusobacterium nucleatum’, and additive effect against 
‘prevotella intermedia’ and ‘peptostreptococcus spp’ and inhibit anaerobe growth at a low 
concentration. The optimal ratio of O&P is 2:3 and the optimal content of suppository 20% in vitro; this 
suppository could release both drugs in a sustained manner for 12 h. The compound suppository of 
O&P can serve as one of the potential candidates for the treatment of periodontitis and has favorable 
sustained-release ability which can meet the requirement of clinical treatment of periodontitis. 
 
Key words: Ornidazole, pefloxacin mesylate, periodontitis, sustained-release delivery system. 

 
 
INTRODUCTION 
 
Periodontitis is a group of dentoalveolar infections and 
remains one of the major causes of adult tooth loss. 
These infections involve a variety of bacteria in local 
periodontal tissues. Plaques and their products are the 
original cause of parodontopathy (Zambon, 1996). To 
date, numerous investigations have been confirmed that 
anaerobe is a dominant type of pathogenic bacteria, 
including Porphyromonas gingivalid (Pg), Fusobacterium 
nucleatum (Fn), Prevotella intermedia (Pi) and 
Peptostreptococcus spp (Ps). Additionally, these 
facultative anaerobe such as Staphylococcus aureus 
(Sa),  Staphylococcus epidermidis (Se),  etc   (Takahashi,  
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1998; Paju et al., 2009), also have synergistic action in 
the process of pathogenesis. Although, the use of 
systemic antibiotic treatment of periodontitis has shown 
some benefits, multiple systemic doses of antibiotics 
have several drawbacks including inadequate antibiotic 
concentration (subtherapeutic level) at the site of 
periodontal pocket and high plasma concentration. 
Inadequate antibiotic concentration is not able to 
continuously inhibit or kill the pathogenic microorganisms, 
and fail to control the periodontal inflammation which may 
facilitate the reconstruction of damaged tissues. High 
plasma concentration may be associated with bacterial 
resistance and occurrence of side effects (Bidault et al., 
2007a, b). These disadvantages have evoked an interest 
in the development of novel local drug delivery systems 
for the treatment of periodontal diseases (Greenstein, 
2006; Hussein et al., 2007). 
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With the development of modern pharmacy, sustained-
release drug has been used in the treatment of 
parodontopathy (Vandekerckhove et al., 1997; Vyas et 
al., 2000). If a therapeutic effective concentration can be 
maintained in the periodontal pocket for a desired period, 
local sustained-release drug may significantly improve 
the therapeutic efficacy of periodontitis. Moreover, side-
effects can also be greatly decreased due to avoidance of 
high plasma concentration (Vyas et al., 2000). Ornidazole 
is a nitroimidazole antiprotozoal agent and has better 
anti-anaerobic activity than quinolones (Quirynen et al., 
2002). Although, anaerobe is the dominant population 
involving in periodontitis, facultative anaerobe also plays 
a part role in the periodontal destruction. Pefloxacin 
mesylate is a quinolone antibiotic and has better activity 
against facultative anaerobes than nitroimidazoles (Wang 
et al., 2007). In the present study, the optimal ratio and 
optimal content of ornidazole (O) and pefloxacin mesylate 
(P) were determined to prepare the compound O&P 
sustained-release periodontal suppository for the 
treatment of periodontitis. 
 
 
MATERIALS AND METHODS 
 
Dominant pathogenic bacteria of periodontitis 

 

Pg, Fn, Pi, Ps, Mutans streptococcu (Ms), Sa and Se are standard 
strain purchased from the R&D Department of P&G company. 
 
 
Instruments for experiments 

 
Agar medium (Shanghai Li Chen Biotechnology Co., Ltd.), drug 
susceptibility papers (Shanghai Wufeng Scientific Instruments Co., 
Ltd.), high performance liquid chromatograph (HPLC) (Shanghai 
Wufeng Scientific Instruments Co., Ltd.), O&P standard substance 
and chromatography-pure methanol (Shanghai Shengke 
Biotechnology Co., Ltd.) were used. SPSS13.0 was used for 
statistical analysis. 
 
 
In vitro study on the anti-microbic characteristic of O&P  

 

To investigate whether O&P have synergic anti-microbic action, the 
Kirby-Bauer test was applied. Round arid anti-microbic filter papers 
measuring 6 mm in diameter were prepared and soaked with 5 µg 
of ornidazole or pefloxacin mesylate, respectively. Then, these 
papers were put onto the agar plate containing Pg, Fn, Pi, Ps, Sa or 
Se. There were one ornidazole paper and one pefloxacin mesylate 
paper on each agar plate. Then, the synergic action was 
preliminarily estimated by the shape of intersecting angles between 

two inhibition rings. The interaction was further assessed by using 
agar dilution method and the effects evaluated with fractional 
inhibitory concentration (FIC) and minimun inhibitory concentration 
(MIC). In brief, Pg, Fn, Pi, Pa, Sa, Se (2 × 107 ml) were inoculated 
into a Mueller-Hinton broth and dispensed at 0.1 ml/well in 96-well 
plates. MICs were determined by a serial twofold dilution of 
ornidazole and/or pefloxacin mesylate from 2 to 1/32 of MIC alone. 

After 24 h of incubation at 37°C, the minimal compound 
concentration at which the ornidazole/pefloxacin mesylate 

prevented the growth of a given organism was determined and 
defined as the MIC of the compound. The MIC was determined in 
three independent assays. 

 
 
 
 
Screen on the optimal ratio of O&P 
 
In the agar plates of Pg, Fn, Pi, Ps and Fn, the ditch plate method 
of agar diffusion was employed to detect anti-anaerobic effects of 
O&P at different ratios. L36 (62) orthogonal table was designed to 
select the optimal ratio of O&P on the 4 strains of anaerobes. In the 
orthogonal table, O&P are two factors and each factor is classified 
into 6 levels. In the orthogonal experiment, there were 36 groups in 
which the ratio of O&P varied from 1:6 to 6:1 and only 23 groups 
were finally subjected to analysis because sever groups were 
integrated into one (for example ratios at 1:2, 2:4 and 3:6 were the 
same to 1:2) (Table 1). According to findings in the orthogonal 
experiment, the range of each factor was calculated: the larger the 

range, the higher the antibacterial effect. Single-factor analysis of 
variance was used to identify the critical point of ratio for each 
anaerobe. 

In order to get the optimal ratio, the MIC and MIC50 of dominant 
periodontal pathogenic bacteria were determined according to each 
critical point. 
 
 
Preparation of compound O&P sustained-release periodontal 

suppository 
 
A special mold (Figure 1) of suppository was designed according to 
anatomic shape and the depths of different periodontal pockets. 
Cold compression was employed for the preparation of suppository. 
The carrier which can reduce the application of antibacterial agents 
was composed of ethyl cellulose (EC) and hydroxypropyl methyl 
cellulose (HPMC). Firstly, EC was swollen with 95% alcohol, and 
then with sufficient distilled water. The glycerine, pefloxacin 

mesylate and ornidazole were added in a proper order. When all 
these materials were mixed sufficiently, HPMC was then added to 
the mixture. After agitation, alcohol was volatilized, the mixture was 
swollen to doughing time and then it was taken into the mold. 
 
 
Screening optimal content of compound O&P periodontal 
suppository 

 
Different contents (1, 2, 5, 10 and 20%) of O&P periodontal 
suppository were prepared. In every content group, three 
suppositories with same content were completely dissolved in 3 ml 
of purified water. After being filtrated, 5 μl of drug-filtrate was put 
into the drug -sensitive paper plates measuring 6 mm in diameter. 
So, in the paper plate of each group, the drug content was 0.5, 1, 
2.5, 5 and 10 μg; which corresponded to the contents of 
suppositories. Then, Kirby-Bauer method was used to estimate the 
bacteriostatic effect on the 4 strains of anaerobic bacteria (Pg, Fn, 
Pi and Ps), and 3 strains of facultative anaerobe (Ms, Sa and Se). 
The optimized content of suppository was determined by comparing 
the size of inhibition rings. 
 
 
Medicine release level of compound sustained-release 
periodontal suppository in vitro 

 
Cumulative release ratio of drugs was detected through HPLC. The 
conditions for HPLC were chromatographic column: C18 (250 × 4.6 
mm, 5 µm); mobile phase: 0.1 mol/L monopotassium phosphate 
solution-methanol (60:40); detecting wavelength: 277 nm; flow 
velocity: 1.0 ml/min; sampling size: 20 µl; column temperature: 
30°C. Firstly, the standard curves of O&P were delineated and the 
peak areas were corresponding to the drug concentration. Then, 
the suppositories with 20% drug were soaked into a beaker 

containing 5 ml of purified water and stirred every 10 min (n = 5). At 
the designed time points (0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 15, 
18 and 24 h), 200 µl of fluid  were  collected  for  the  detection  and  
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Table 1. Ratio of ornidazole and pefloxacin mesylate for testing. 
 

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Ornidazole 6 5 4 3 5 2 5 3 4 5 6 1 5 4 3 2 3 1 2 1 1 1 1 

Pefloxacin 1 1 1 1 2 1 3 2 3 4 5 1 6 5 4 3 5 2 5 3 4 5 6 

 
 
 

 
 
Figure 1. Mold for sustained-release periodontal suppository. The mould is opened (A) and the mould is 

closed (B). The mold of suppository is made of stainless steel. According to anatomic shape and the depth 
of different periodontal pockets, the die hole of anterior teeth is 3 ~ 4 mm in length, 2 mm in width and 350 
to 500 μm in thickness. The die hole of posterior teeth is 3 to 4 mm in length, 4 mm in width, 350 to 500 
μm in thickness. All the die holes are shuttle-shaped with obtuse margin. 

 
 
 
additional 200 µl of purified water was added to the beaker. The 
peak areas at different time points were measured by HPLC. 
According to the standard curve, average concentrations at different 
time points were calculated. Based on the average concentrations, 
the discharge amounts at different time points were obtained. 

Finally, the release curves of two drugs were delineated 
according to the time and corresponding release rate. 

 
 
RESULTS 
 
Anti-microbic characteristic of O&P 
 
On the anaerobe flat plate, the intersecting angles of two 
inhibition rings of two drugs displayed straightened or 
even evaginated which suggests they may have 
synergistic action against anaerobe (Figure 2A). On the 
facultative anaerobe flat plate, there was no inhibition 
rings of ornidazole (Figure 2B); which indicates that they 
have independent effect against facultative anaerobe and 
only pefloxacin mesylate exerts anti-anaerobic effect. FIC 
of two drugs against anaerobe were lower than 1, further 
demonstrating that both drugs can confer synergetic or 
additive effect against anaerobes when being used 
together; and they can inhibit the growth of anaerobes at 
a low concentration (Table 2). For the facultative 
anaerobe, when two drugs were used together, the 
concentration of pefloxacin was equal to or higher than its 
own MIC and the FIC was 1.0625, which suggests that, 
the activities of two drugs are independent and the 
bactriostatic effect depends on pefloxacin mesylate alone 

(Table 2). 
 
 
Optimization on the ratio of O&P 
 
The results of orthogonal test are shown in Table 3. 
Analysis showing the range of ornidazole and pefloxacin 
could be calculated (Table 4). The range of ornidazole 
was larger than that of pefloxacin which provides the 
evidence that ornidazole has high anti-anaerobic activity 
than pefloxacin mesylate. In each group, the length of 
bacteriostatic area at each ratio was analyzed by single-
factor analysis of variance. For the Pg, Fn, Pi and Ps, the 
critical point of the ratio of two drugs was 1:2, 2:3, 2:3 
and 1:1, respectively. According to the 3 critical points, 
the MIC and MIC50 of dominant periodontal pathogenic 
bacteria were determined (Table 5). The MIC of 
ornidazole against Pg, Fn, Pi, Ps was 0.062, 0.062, 0.125 
and 0.25 mg/L, respectively; showing that all these 4 
kinds of bacteria are very sensitive to ornidazole. The 
MIC of pefloxacin mesylate against these bacteria was 
0.25, 0.25, 0.5 and 4 mg/L, respectively; showing that 
pefloxacin mesylate has bacteriostatic effect on all the 4 
kinds of bacteria. The MIC of pefloxacin mesylate against 
Sa and Se was 0.062 and 0.125 mg/L, respectively; also 
showing a bacteriostatic effect. 

When ornidazole was combined with pefloxacin 
mesylate, the MIC of ornidazole or pefloxacin mesylate 
against anaerobes was lower than their own MIC. The 
results demonstrated that two drugs have synergic action  
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Figure 2. Compound synergic anti-microbic characteristic of ornidazole and pefloxacin mesylate with 

Kirby-Bauer method. The synergic anti-microbic characteristic of ornidazole and pefloxacin mesylate (A).  
On the anaerobe flat plate, the intersecting angles of two inhibition rings of two drugs displayed 
straightened or even evaginated which suggests they have synergistic action against anaerobe (B). The 
indenpedent anti-microbic characteristic of ornidazole and pefloxacin mesylate. On the facultative 
anaerobe flat plate, there was no inhibition rings of ornidazole, which suggests that two drugs have 
indenpedent actions against facultative anaerobe and the bactriostasis depends on pefloxacin mesylate 
alone. 

 
 
 

Table 2. FIC of compound ornidazole and pefloxacin mesylate. 

 

Bacterium Ornidazole (MIC) Pefloxacin mesylate (MIC) FIC 

Anaerobe 

Porphyromonas gingivalid 1/4 1/16 0.3125 

Fusobacterium nucleatum 1/4 1/8 0.375 

Prevotella intermedia 1/4 1/16 0.5625 

Peptostreptococcus spp 1/4 1/4 0.75 

     

Facultative anaerobe 
Staphylococcus aureus 1/16 1 1.0625 

Staphylococcus epiermidis 1/16 1 1.0625 
 

FIC = (MICDrug A in combination/MICDrug A alone) + (MICDrug B in combination/MICDrug B alone). FIC ≤ 0.5, 0.5 < FIC≤1, 1 < FIC ≤ 2, and > 2 were defined as 
synergistic, additive, independent, and antagonism, respectively. All FICs of two drugs against anaerobes were less than 1. For Pg and Fn, the 
FIC was less than 0.5 which suggests two drugs have synergistic action. For Pi and Ps, the FIC was between 0.5 and 1 which suggests two drugs 

have additive action. All FICs of two drugs against facultative anaerobes were higher than 1 but lower than 2. For Sa and Se, the FIC was 1.0625, 

which suggests two drugs have independent action and the bactriostatic effect depends on pefloxacin mesylate alone. 

 
 
 
against the anaerobic bacteria. Especially, MIC against 
Pg was kept constantly at 0.062 mg/L. The MIC at 3 
different ratios of O&P showed no significant difference 
against 4 kinds of anaerobic bacteria. The antiblastic 
effect was not significantly diminished when reducing the 
ratio of ornidazole or increasing that of pefloxacin. 
 
 
Optimal content of each drug in the compound O&P 
periodontal suppository 
 
The inhibition rings were examined at different drug 
contents ranging from 1 to 20% and results showed that 
the anti-bacterial effects of both drugs were dose-
dependent against the 7 major pathogenic bacteria 

(Figure 3A). The 20% drug had the strongest anti-
bacterial effect against Sa (inhibition ring was 27 mm in 
diameter) and 1% drug had the weakest anti-bacterial 
effect against Ms (inhibition rings was 7.9 mm in 
diameter). The sizes of bacterial inhibition rings against 
the 7 different bacteria decreased in the following order: 
Ms, Ps, Pi, Fn, Pg, Se and Sa (Figure 3B). 
 
 
In vitro release of sustained-release periodontal 
suppository containing 20% drug 
 
HPLC showed the retaining times of ornidazole 
(Bodyguard Pharmaceutical Co. Ltd., China) and 
pefloxacin  mesylate   standard   substance  (North China  
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Table 3. Anti-anaerobic effect of different ratios of ornidazole and pefloxacin mesylate.  
 

 Factor Anti-anaerobic effects (mm) 

No. O P Pg Fn Pi Ps 

y1 6 1 31.2±1.37 31.0±1.17 28.3±1.06 26.4±1.28 

y2 6 2 30.5±1.07 30.9±1.22 28.3±0.87 26.3±0.91 

y3 6 3 30.8±1.05 30.83±1.35 27.91±0.95 25.72±0.87 

y4 6 4 30.5±1.61 30.6±0.93 27.3±0.74 25.1±1.16 

y5 6 5 30.4 ±1.21 30.6±1.07 27.0±1.13 24.8±1.13 

y6 6 6 30.0±0.94 30.4±1.02 26.9±1.02 24.5±0.74 

y7 5 1 31.4±1.53 31.1±1.45 28.3±0.87 26.0±.1.03 

y8 5 2 31.0± 1.32 30.7±1.10 28.1±0.89 26.1±1.01 

y9 5 3 30.2±1.32 30.7±1.01 27.6±0.86 25.1±0.99 

y10 5 4 30.5±1.34 30.4±0.95 27.1±0.81 25.1±1.15 

y11 5 5 30.0±0.94 30.4±1.02 26.9±1.02 24.5±0.74 

y12 5 6 29.9±1.32 30.0±1.55 26.8±1.11 23.4±0.85 

y13 4 1 31.2± 1.36 31.1±1.42 28.2±0.94 26.4±0.96 

y14 4 2 30.86±1.05 30.83±1.35 27.91±0.95 25.72±0.87 

y15 4 3 29.9 ±1.26 30.5±1.09 27.3±0.97 25.0±0.99 

y16 4 4 30.0±0.94 30.4±1.02 26.9±1.02 24.5±0.74 

y17 4 5 29.9±1.33 29.8±1.07 26.8±1.22 23.2±0.67 

y18 4 6 30.1±1.05 29.5±1.06 26.7±1.01 22.8±0.99 

y19 3 1 30.5±1.07 30.9±1.22 28.3±0.87 26.3±0.91 

y20 3 2 30.5±1.61 30.6±0.93 27.3±0.74 25.1±1.16 

y21 3 3 30.0±0.94 30.4±1.02 26.9±1.02 24.5±0.74 

y22 3 4 30.2±1.50 30.0±1.02 26.9±0.99 22.9±0.87 

y23 3 5 29.3±1.33 29.0±0.94 26.5±0.74 22.8±1.02 

y24 3 6 29.2±1.52 28.6±0.72 25.9±1.00 22.6±1.20 

y25 2 1 30.4±1.29 30.8±1.37 27.7±1.13 25.5±1.35 

y26 2 2 30.0±0.94 30.4±1.02 26.9±1.02 24.5±0.74 

y27 2 3 30.1±1.05 29.5±1.06 26.7±1.01 22.8±0.99 

y28 2 4 29.2±1.52 28.6±0.72 25.9±1.00 22.6±1.20 

y29 2 5 28.3±0.95 27.6±0.96 24.2±1.16 22.4±1.29 

y30 2 6 27.1±1.12 26.5±1.16 23.6±1.01 21.8±0.94 

y31 1 1 30.0±0.94 30.4±1.02 26.9±1.02 24.5±0.74 

y32 1 2 29.2±1.52 28.6±0.72 25.9±1.00 22.6±1.20 

y33 1 3 27.1±1.12 26.5±1.16 23.6±1.01 21.8±0.94 

y34 1 4 26.7±1.17 26.0±0.81 22.7±0.91 21.5±1.02 

y35 1 5 26.0±1.13 25.5±0.89 22.1±1.15 20.2±0.98 

y36 1 6 26.0± 0.78 25.1±0.80 21.3±1.59 19.8±0.89 

 
 
 
 
Pharmaceutical Group Co. Ltd., China) were 10.1 and 
13.7 min, respectively (Figure 4A). The regression 
equation of ornidazole was y = 5.7507x + 1.0714, r = 
0.9993 (Figure 4B) and that of pefloxacin mesylate was y 
= 1.1279x + 0.9904, r = 0.9999 (Figure 4C). The peak 
areas, average concentrations and release amounts of 
O&P at different time points are shown in Tables 6 and 7. 
Ornidazole was released by 9.08% at 30 min, 59.50% at 
5 h and 98.30% at 13 h, while pefloxacin mesylate was 
released by 15.26% at 30 min, 45.00% at 5 h and 
96.01% at 13 h (Figure 4D). 

DISCUSSION 
 
The appearance of periodontal pocket is one of the 
important signs of periodontitis (Liu et al., 2003). The 
periodontal pocket provides a natural space for the local 
delivery system (Mundargi et al., 2007). Meanwhile, the 
gingival crevicular fluid provides a liquid medium for the 
release of drug from a carrier and for its distribution 
throughout the periodontium (Jain et al., 2008). 
Therefore, a therapeutic effective concentration of an 
anti-microbial agent could be maintained in the periodontal 
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Table 4. Antibacterial index of ornidazole and pefloxacin mesylate with range analysis. 
 

Bacterium Ornidazole Pefloxacin mesylate 

Porphyromonas gingivalid R
(1) 

= 7.5955 R
(2) 

= 2.6142 

Fusobacterium nucleatum R
(1) 

= 3.3219 R
(2) 

= 1.8027 

Prevotella intermedia R
(1) 

= 8.3327 R
(2) 

= 2.7861 

Peptostreptococcus spp  R
(1) 

= 10.8025 R
(2) 

= 4.7611 
 

 The range of ornidazole was larger than that of pefloxacin which provides the evidence that 
ornidazole has stronger sensitivity than pefloxacin mesylate against anaerobes. The range 

can be calculated from Table 3. R
(1) 

= [ k 1
(1) 

— µ]
2 

+ [ k 2
(1) 

— µ]
2 

+ [ k 3
(1) 

— µ]
2 

+ [ k 4
(1)

— 

µ]
2 
+ [ k 5

(1) 
— µ]

2 
+ [ k 6

(1) 
— µ]

2
; R

(2) 
= [ k 1

(2) 
— µ]

2 
+ [ k 2

(2) 
— µ]

2 
+ [ k 3

(2) 
— µ]

2 
+ [ k 4

(2 )
— 

µ]
2 
+ [ k 5

(2) 
— µ]

2 
+ [ k 6

(2) 
— µ]

2
; µ = (y1 + y2 + y3 + y4………. +.y36) × 1/36; k1

(1) 
= y1 + y2 + y3 + 

y4 + y5 + y6: k 1
(1) 

= 1/6 k1
(1)

: k2
(1) 

= y7 + y8 + y9 + y10 + y11 + y12: k 2
(1) 

= 1/6 k2
(1)

; k1
(2) 

= y1 + y7 + 

y13 + y19 + y25 + y31 k 1
(2) 

= 1/6 k1
(2)

: k2
(2) 

= y2 + y8 + y14 + y20 + y26 + y32: k 2
(2) 

= 1/6 k2
(2) 

and so 

on. 

 
 
 

Table 5. MIC in 4 strains of anaerobes and 3 strains of facultative anaerobes with 3 different critical points in ratio.  
 

Bacterium (strain) 
Ornidazole Pefloxacin mesylate 1:1 2:3 1:2 

MIC/MIC50 MIC/MIC50 MIC/MIC50 MIC/MIC50 MIC/MIC50 

Pg 0.062 0.25 0.062 0.062 0.062 

Fn 0.062 0.25 0.062 0.062 0.125 

Pi 0.125 0.5 0.125 0.25 0.25 

Ps 0.25 4 0.25 0.5 1 

Sa >256 0.06~8/0.5 0.125~32/1 0.06~16/0.5 0.06~8/0.5 

Se >256 0.125~16/1 0.25~32/2 0.25~32/1 0.25~16/1 

Ms >256 0.125~64/4 0.25~64/8 0.25~64/4 0.125~64/4 

 
 
 

 
 

Figure 3. In vitro bacteriostatic effect of ornidazole and pefloxacin mesylate periodontal suppository with five different drug contents.  

Diameters of inhibition zones at five different drug contents against one bacterium (A); bacteriostatic effect against differ ent bacteria at 
different drug contents (B). An obvious dose-dependent manner was observed in the anti-bacterial effect against the 7 major suspected 
pathogenic bacteria.  



Rui et al.         5869 
 
 
 

 
 
Figure 4. In vitro release of sustained-release suppository containing 20% drug. Chromatography of ornidazole 

and pefloxacin mesylate standard substance (A); A represents ornidazole TR = 10.166 min and B pefloxacin TR 

= 13.722 min; the standard curve of ornidazole (B); the standard curve of pefloxacin mesylate (C) and the 
release curve of ornidazole and pefloxacin mesylate in vitro (D). 

 
 
 

Table 6. The peak area and delayed release of ornidazole in the periodontal suppository. 

 

Time (h) Peak area Average concentration (mg/ml) Release amount (mg) Accumulative release degrees (%) 

0.5 5.757 0.036 0.18 9.08 

1 8.781 0.055 0.10 14.63 

2 12.793 0.080 0.14 22.01 

3 20.629 0.129 0.26 36.25 

4 26.227 0.164 0.20 47.20 

5 32.623 0.204 0.23 59.50 

6 37.900 0.237 0.21 70.86 

7 41.579 0.260 0.16 79.47 

8 44.137 0.276 0.13 86.55 

9 47.816 0.299 0.07 90.18 

10 47.816 0.299 0.06 93.34 

11 48.775 0.305 0.03 96.79 

13 47.655 0.298 0.03 98.30 

 
 
 
pocket for a desired period, which is the basis of; and 
ensure the successful treatment of periodontitis. A variety 

of potentials of sustained-release preparations have been 
displayed   in   this  treatment (Chen et al., 2006).  In  this  
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Table 7. The peak area and delayed release of pefloxacin mesylate in the periodontal suppository.  
 

Time (h) Peak area 
Average concentration 

(mg/ml) 
Release amount (mg) Accumulative release degrees (%) 

0.5 101.470 0.084 0.42 15.26 

1 155.154 0.128 0.24 24.10 

2 199.423 0.164 0.22 32.11 

3 215.410 0.177 0.10 35.80 

4 236.315 0.194 0.12 40.23 

5 258.449 0.212 0.13 45.00 

6 319.935 0.262 0.29 55.45 

7 388.110 0.317 0.33 67.62 

8 444.136 0.363 0.29 78.33 

9 467.500 0.382 0.17 84.48 

10 483.486 0.395 0.14 89.64 

11 498.243 0.407 0.14 94.57 

13 488.405 0.399 0.04 96.01 

 
 
 
study, in order to provide a high anti-microbial activity, we 
designed local compound O&P periodontal suppository 
which consisted of ornidazole, pefloxacin mesylate and 
carrier. The carrier was composed of EC and HPMC, 
materials widely used in controlled release system and its 
application reduced the content of antibacterial agents. 

The Kirby-Bauer test and FIC detection indicated that 
there was no incompatibility between ornidazole and 
pefloxacinmesylate, and they could exert synergetic 
effect against anaerobe and inhibit the anaerobic growth 
at a low concentration when they were applied together. 
For facultative anaerobe, however, the anti-bacterial 
effect depended on pefloxacin mesylate alone. In this 
study, the ratio of two drugs was for the first time 
optimized. Orthogonal experiment was performed to 
determine the optimal ratio against 4 strains of 
anaerobes. Through single-factor analysis of variance, 
three critical points of ratio were identified: 1:2, 2:3 and 
1:1. According to 3 critical points, the MIC and MIC50 of 
the dominant periodontal pathogenic bacteria were 
determined. Among the 3 different critical points, for the 
anaerobes, there were no significant differences in the 
anti-bacterial activities and their MIC. The present study 
also demonstrated that the antibacterial activities of the 
compound increased with the increase of pefloxacin 
when the anti--bacterial effect against facultative 
anaerobes was taken into account. Because two drugs 
have independent anti-bacterial effect against facultative 
anaerobe and the bactriostatic effect depends on 
pefloxacin mesylate alone; that is to say, the ratio of 1:2 is 
preferred. However, periodontal diseases are 
predominantly caused by anaerobic infection, and 
quinolones have been clinically applied for years, there is 
a possibility of drug resistance. 

In addition, ornidazole has first expose effect and its 
anti-bacterial effect is concentration dependent (Kamma 
et al., 2000). Moreover, the anti-bacterial activity of 

pefloxacin mesylate against anaerobes in vivo should be 
further studied (Appelbaum, 1999). Taking the reasons 
earlier mentioned into account, we speculate that the 
ratio of 2:3 is a preferred ratio. O&P are freely soluble in 
gingival crevicular fluid, and hence selection of release-
retarding excipient is necessary to achieve a constant 
input rate in the gingival crevicular (Paquette et al., 2008; 
Akncbay et al., 2007; Bosco et al., 2009). Because of its 
flexibility, HPMC (a hydrophilic polymer matrix) was used 
to obtain a desirable drug release profile and broad 
regulatory acceptance. HPMC has been well known to 
retard drug release by swelling in aqueous media (Li et 
al., 2005). However, for a water soluble drug, application 
of a hydrophilic matrix system alone is restricted because 
of rapid diffusion of dissolved drug through the hydrophilic 
gel network. In such circumstances, EC, one of 
hydrophobic polymers is required along with the HPMC 
for developing sustained-release delivery system (Barat 
et al., 2007). 

Incorporation of a high concentration of EC controls the 
drug release in a better manner, which may be attributed 
to the decreased penetration of solvent molecules in the 
presence of hydrophobic polymer, leading to decreased 
drug diffusion from the matrix (Bromberg et al., 2001). 
Furthermore, because of the presence of EC which is 
generally responsible for the hardness of suppository, the 
suppository is not susceptible to being cracked when it is 
held by pliers. The sustained-release materials used in 
this study have certain drug saturation. When the drug 
content is higher than 20%, the precipitation of drug may 
occur. So, 5 different contents (1, 2, 5, 10 and 20%) were 
applied. The optimal content was selected by comparing 
the size of inhibition rings. Statistical analysis 
demonstrated that content at 20% has obvious 
advantages. The in vitro experiment on the sustained-
release periodontal suppository containing 20% drug 
revealed that the average release rates of ornidazole and  



 
 
 
 

pefloxacin mesylate were 0.14 and 0.20 mg/h, 
respectively; and the accumulated release percentages 
of ornidazole and pefloxacin mesylate at 13 h were 98.3 
and 96.01%, respectively. Moreover, the initial burst 
release was not observed. All the parameters related to 
sustained-release behavior were within the limits 
proposed by the pharmacopeia. 

The present study indicated that the compound 
periodontal suppository containing 20% drug had potent 
sustained-release bacteriostatic effect against the 
suspected pathogenic bacteria. Especially, for the 
sensitive bacteria, the sustained-release could be 
sustained for about 24 h. For the non-sensitive bacteria 
such as Ps and Ms, the sustained-release could be 
sustained for about 10 h. These features demonstrated 
that the suppository can meet the requirement of 
sustained-release. So, in the treatment of periodontitis, 
the suppository may be medicated every other day. This 
study affirmatively provides a better understanding of the 
synergistic effect of O&P which may be helpful for the 
periodontal therapies. Our results provide convincing 
evidence and useful information for future clinical 
application of sustained-release periodontal suppository 
containing 20% drug. In future study, we will further 
optimize the periodontal suppository. For example, the 
ratio of sustained-release materials should be optimized 
which may prolong the sustained-release time. 

In addition, the therapeutic effect of periodontal 
suppository will be investigated in rats with ligature-
induced periodontitis. 
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The molecular epidemiology of fifteen clinical strains of Acinetobacter baumannii recovered from 
various clinical specimens from different wards during January to June, 2010 from a hospital in Nepal 
was evaluated. Kirby-Bauer disk diffusion test was used for determining in-vitro activities of antibiotics. 
Molecular epidemiology was investigated by polymerase chain reaction-randomly amplified 
polymorphic DNA (PCR-RAPD) and plasmid profiling. A. baumannii recovered were multidrug resistant. 
Isolates represented three antibiotypes (a, b and c). Isolates in antibiotype c (n=12) were resistant to all 
antibiotics tested while isolates in antibiotype a (n=2) was susceptible to netilmicin and b (n=1) was 
susceptible to aminoglycosides and fluoroquinolones tested. Four plasmid profiles (i) 1 isolate; (ii) 1 
isolate; (iii) 1 isolate; and (iv) 12 isolates and four PCR-RAPD types (I)1isolate; (II) 8 isolates; (III) 1 
isolate; (IV) 5 isolates revealed oligoclonal population of A. baumannii. Antibiotypes, plasmid profiles 
and PCR-RAPD types showed no empirical association. A. baumannii isolates were oligoclonal and 
multi-drug resistant. The emergence of multi-drug resistant oligoclonal population of this pathogen in a 
hospital warrants for development of appropriate antibiotic policies and immediate implementation of 
infection prevention and control measures. 
 
Key words: Acinetobacter baumannii, multidrug-resistant, oligoclonal, Nepal. 

 
 
INTRODUCTION 
 
Acinetobacter baumannii is emerging as a nosocomial 
pathogen around the globe. This pathogen is ubiquitous 
in the hospital environment, is multidrug, pandrug to 
extensively drug-resistant, can survive wide range of pH, 
salinity, humidity, and can thrive on almost all nutrient 
sources. They frequently colonize respiratory and 
digestive tract, skin, and throat causing wide array of 
infections especially in immunocompromised and 
debilitated patients admitted in intensive care units (ICU) 
(Montefour et al., 2008; Rosenthal and Tager, 1975; 
Somerville and Noble, 2008). Acinetobacter spp. is 
responsible for 3 to 4% of ventilator associated 
pneumonia and crude mortality rate due to A. baumannii  
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is 30 to 70% (CDC, 1984).  
Since its emergence as nosocomial infection in USA in 

1991, A. baumannii has been isolated in numerous health 
care facilities and city, country and continent wide 
outbreak of this pathogen have been documented (Go et 
al., 1994; Peleg et al., 2008). This pathogen has 
successfully overcome therapeutic armament by 
accumulating its innate and acquired resistance 
repertoire (Peleg et al., 2008). A. baumannii resistant to 
all beta-lactams has already emerged (Peleg et al., 2008). 
Polymyxins, tigecycline and rifampin are considered as 
magic bullets to treat A. baumannii infections but 
resistant strains to these antibiotics are emerging (Ko et 
al., 2007; Thapa et al., 2009a). 

Multidrug resistant strains of Enterobacteriaceae like, 
Escherichia coli Klebsiella pneumoniae, Citrobacter spp., 
Proteus spp., and Enterobacter spp., have been the 
subject of attention in Nepal but  nosocomial  infection  by  
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Table 1. Antibiotypes, plasmid profiles and PCR-RAPD types of isolates studied. 
 

Isolates PCR-RAPD Plasmid profile Antibiotypes AST, sensitive to 

104 I iv c - 

106, 107, 1011, 1012, 1015, 1016 
II iv 

c 

 

- 

 

109 - 

1010 II iv a AK, G, K, NT, NX, CF 

108 III iii c - 

101 IV i a AK, G, K, NT, NX, CF 

102 IV ii b NT 

105,1013,1014 IV iv c - 
 

AST, Antibiotic susceptibility test; AK,  Amikacin; G,  Gentamicin; K,  Kanamycin; NT, Netilmicin; NX, Norfloxacin; CF, Ciprofloxacin.  

 
 
 
non-Enterobacteriaceae, like A. baumannii is also 
emerging (Banjara et al., 2003; Gaur et al., 2007; Thapa 
et al., 2009b). Molecular studies of A. baumannii from 
Nepal are scarce. Here, we studied the molecular 
epidemiology of nosocomial strains of A. baumannii 
isolated from Nepal.  
 
 
MATERIALS AND METHODS 

 
Bacterial strains  

 
Out of 36 strains of A. baumannii isolated from various specimen 
sources in Microbiology laboratory of Kathmandu Medical College 
and Teaching Hospital (KMCTH), Kathmandu, Nepal during 6 
months period (January to June, 2010), 15 were studied. The 
isolates were identified based on the published reports (Malini et 
al., 2009).  

 
 
Antibiotic susceptibility test 

 
Antibiotic susceptibilities of these pathogens were tested using 
Kerby-Bauer disk diffusion assay following CLSI guidelines (CLSI, 
2005). The disk containing antibiotics (µg/disk) (HiMedia Pvt. Ltd, 
India) used were; Amoxicillin (20), Amoxicillin-Clavulanic acid 

(20+10), Piperacillin (100), Ceftizoxime (30), Ceftriaxone (30), 
Ceftazidime (30), Cefazolin (30), Cefoxitin (30), Amikacin (30), 
Gentamicin (30), Kanamycin (30), Netilmicin (30), Norfloxacin(10), 
and Ciprofloxacin (5).  
 
 
Genetic analysis  

 
Genomic and plasmid DNA from these isolates were extracted 

using Genomic DNA extraction Kit (Puregene, Minneapolis, 
Minnesota, USA) and Plasmid Miniprep (MN, Germany), 
respectively. polymerase chain reaction-randomly amplified 
polymorphic DNA (PCR-RAPD) was performed on Genomic DNA 
extract as described previously (Thapa et al., 2010).

 
Briefly, PCR 

reaction was carried in 20 µl containing 50 ng of genomic DNA 
template, 0.2 µM primer (R003, 5’ CTTGACGCA 3’), 0.2 mM 
dNTPs (FINZYMES), 2.5 µl of supplied PCR buffer, and 1.0 U of 
Taq polymerase (FINZYMES). 5% dimethylsulfoxide was added 

into the reaction. The PCR (PERKIN ELMER)  profile used was: 
initial denaturation at 94°C for 2 min; followed by 40 cycles of 94°C 
for 10 s, 36°C for 30 s, and 72°C for 1 min; and a final heating at 

72°C for 2 min. Amplified products and extracted plasmids were 
resolved in 1% TAE agarose (Research organics, inc. USA). 

Plasmid profiles were interpreted on the basis of the number and 
size of the plasmids. The study was approved by the institutional 
review board, Kathmandu Medical College, Nepal. 

 
 
RESULTS 
 
Antibiotic sensitivity test and antibiotype  
 
The in-vitro activities of 14 antibiotics were tested against 
these isolates. All strains were multidrug-resistant (Table 
1). Most of the isolates (n=13) were resistant to all 
antibiotics tested. All isolates were also resistant to beta-
lactam antibiotics tested. Aminoglycosides and 
fluoroquinolones were effective against two isolates (101, 
1010) while netilmicin was only effective to an isolate, 
102. Based on the antibiotic susceptibility test these 
isolates were grouped into three antibiotypes, a, b, and c 
(Table 1). Most isolates (n=12) in antibiotype c were 
resistant to all antibiotics while antibiotype a (n=2) was 
sensitive to amino glycosides and fluroquinolones and b 
(n=1) was sensitive to netilmicin. 
 
 
Plasmid profile  
 
The size and number of the plasmids were able to 
categorize isolates into 4 plasmid profiles (i, ii, iii, and iv) 
(Figure 1 and Table 1). Most isolates (n=12) were 
grouped into plasmid profile iv while rest of the isolates 
represented individual plasmid profile type i, ii, and iii 
(Table 1).  
 
 
PCR-RAPD   
 
PCR-RAPD analysis of these strains revealed three 
RAPD types (I, II, and III) (Figure 2 and Table 1). Most of 
the isolates (n=8) accounted for type II and isolates 104 
and 108 accounted for  type I  and  III,  respectively.  Few  
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Figure 1. RAPD for A. baumannii studied. Lane M, molecular weight marker (1 kb+, Invitrogen); 

Numbers above lanes (2-17) indicates the isolates. 

 
 
 

 
 

Figure 2. Plasmid profile of A. baumannii studied. 

Lane M, Molecular weight marker (1 kb
+
, Invitrogen); 

lanes (2-5) indicates different plasmid profiles. 

 
 
 
isolates (n=5) were not amplified and were grouped as 
type IV.  
 
  
DISCUSSION 
 

The    indiscriminate  use  of  antibiotics   has   led  to  the 

emergence of MDR, PDR and XDR strains of A. 
baumannii which was conventionally considered as less 
virulent and clinically unimportant. A. baumannii infection 
is a growing concern around the globe but the evidence 
of the emergence of this pathogen in Nepal is scarce. Out 
of 195 bacterial isolates obtained from surgical wound 
infection in Nepal, 13 bacterial species were identified 
and Acinetobacter spp. ranked 5th with the prevalence 
rate of 7.6%, and 9 strains were MDR (Banjara et al., 
2003). In this study, all A. baumannii isolates were 
multidrug resistant. All were resistant to beta-lactam 
antibiotics tested. Some isolates were resistant to all 
antibiotics tested (antibiotype c) while others were 
sensitive to aminoglycosides and fluoroquinolones. 
Strains resistant to these antibiotics and to carbapenems 
have already been reported elsewhere (Chaiwarith et al., 
2005; Thapa et al., 2010). At the time of conducting this 
study, carbapenems were just introduced in the clinical 
practice in Nepal and carbapenem susceptibility was not 
performed. Carbapenems including polymyxin, 
tigecycline, and rifampin in combination with other 
antibiotics which have been recommended for the 
management of multidrug-resistant A. baumannii can be 
the choices (Kasiakou et al., 2005; Thapa et al., 2009a). 
There are no current guidelines for treating A. baumannii 
in Nepal and the susceptibility data to these antibiotics 
should be generated before formulating such guidelines. 

The clonality of the isolates was evaluated using 
antibiotypes, plasmid profiles, and PCR-RAPD. The 
evaluation of genetic relatedness using PCR-RAPD is an 
easy, cost effective, and rapid (Thapa et al., 2010). Using 
this arbitrarily primed PCR, we successfully identified the 
circulating local oligoclones (I to IV). Similar olioglonal 
outbreaks of A. baumannii have been reported (Thapa et 
al., 2010; Naas et  al., 2005;  Jeon et al.,  2005).  Plasmid  



 
 
 
 
profiling a conventional typing tool grouped these isolates 
into four types (i to iv), and the isolates were grouped into 
three antibiotypes (a, b and c). Type II PCR-RAPD clone 
was most commonly encountered (n=8). These isolates 
also had similar plasmid profile and antibiotype. Similar 
plasmid profiles (type iv) and antibiotypes (type a and c) 
were observed among the isolates in PCR-RAPD types II 
and IV suggesting transfer of plasmids and resistance 
genes among different lineages. Two isolates (101 
and102) within same PCR-RAPD type IV had 
independent plasmid profile and antibiotype. This 
reflected high rate of genetic promiscuity among similar 
genotypes. The difference of plasmid profiles and 
antibiotypes among different PCR-RAPD types can be 
explained by the high transformation capability of 
Acinetobacter spp. to expand its genetic pool of 
resistance (resistant plasmids and genes) (Metzgar et al., 
2004). The same genotype of A. baumannii was found 
circulating in different wards. This suggests that the 
particular clone is hovering between wards and urge for 
prompt detection and elimination of the source.  

Acinetobacter can be found in normal human skin, 
nosopharynx and digestive tract of hospitalized patients 
and infects debilitated and immunocompromised patients 
(Rosenthal and Tager, 1975). Most of the A. baumannii 
nosocomial outbreaks are also linked to the 
environmental sources in the hospital like, particles, air, 
injectable intravenous fluids, hands of medical staffs, and 
medical equipments (Deitz et al., 1988). These sources 
must be detected to control the spread of these clones. 
MDR international A. baumannii clones known as 
European clones I, II, and II have been reported in 
several European countries and also in United States 
(Nemec et al., 2004, van Dessel et al., 2004; Wroblewska 
et al., 2007). The rise in A. baumanni in United States 
has been contributed by the injured military personal 
returning from war in Iraq and Afghanistan (Scott et al., 
2007; Davis et al., 2005). There was also an increase in 
prevalence of MDR A. baumannii between 1997 to 2001 
in South American countries like, Argentina, Colombia, 
Chile, and Brazil (Tognim et al., 2004). Similarly, 
numerous PDR A. baumannii outbreaks have been 
reported from Asian hospitals (Thapa et al., 2010; Koh et 
al., 2007; Ying et al., 2006). Multidrug- and pandrug-

resistant A. baumannii have been reported from almost 
all continents and is now a global problem.  

This study, for the first time showed inter-ward spread 
of the A. baumannii clones and sensitized the need for 
monitoring of inter-institutional and international clones in 
Nepal. PCR-RAPD offers a dynamic platform to 
investigate clones in rapid and cost effective manner, has 
high sensitivity and high resolution for local 
epidemiological studies but it lacks reproducibility and 
produce categorical data that cannot be used to 
understand global epidemiology (Grundmann et al., 
1997). More robust molecular typing tool-multi locus 
sequence typing-is necessary to establish the  spread   of  
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these clones outside this institution (Bartual et al., 2005). 

In conclusion, oligoclonal multidrug resistant A. 
baumannii has emerged as a successful nosocomial 
pathogen in this hospital in Nepal and warrants for tracing 
and elimination of the source. Prudent use of antibiotics, 
infection control and prevention practices, monitoring of 
these multidrug oligoclonal A. baumannii will help to stop 
the emergence and spread of the pathogen and its 
resistance genes across Nepal and internationally. 
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Twenty one male Wistar albino rats each weighing approximately 280 g were used in this study. 
Animals were divided into three groups. The first group (n = 7) consisted of sham controls, in the 
second (n = 7), rats were administrated 0.1 g/1 ml/galactooligosaccharide by by oral gavage for 4 weeks. 
In the third group (n = 7), rats were administrated 10

9
 CFU/1ml/day Bifidobacterium lactis by oral gavage 

for 4 weeks. After 4 weeks, rats were sacrified; ileum and proximal colon segments were removed. The 
spontaneous contractions of ileum and proximal colon were evaluated by using organ bath. It has been 
detected that both prebiotics and probiotics increased intestinal motility. While probiotics have effects 
on both ileum and proximal colon, prebiotics seem to be effective in colon. All data are expressed as 
mean ± SEM (standard error of mean). Statistical comparisons between groups were performed using 
general linear models of analysis of variance (ANOVA) followed by the Turkey test.  
 
Key words: Bifidobacterium lactis, galactooligosaccharide, ileum, rat, distal colon, in vitro. 

 
 
INTRODUCTION 
 
Epidemiological studies indicate that diet has a major 
impact on human health: a diet low in fat and high in fruit 
and vegetables has been correlated with a decreased 
incidence of so-called Western diseases such as 
coronary heart disease and colon cancer (Trock et al., 
1990). Such a diet contains not only nutrients that are 
readily absorbed in the small intestine but also coponents 
that escape digestion by pancreatic and small bowel 
enzymes. The latter are the principal substrates of the 
bacteria resident in  the  human  intestinal  tract.  Since  a  
 
 
 
Abbreviations: GOS, galactooligosaccharide; KBS, 
Krebsbicarbonate solution; CFU, colony forming units; 
NDO, non-digestible oligosaccharides; NaH2PO4, sodium 

phosphate; NaCl, sodium chloride; KCl, potassium  
chloride; CaCl2, calcium chloride; MgCl2, magnesium 
chloride; NaHCO3, sodium bicarbonate; SEM, standart 
error of mean; ANOVA, analysis of variance. 

number of nutritional health effects are mediated by the 
intestinal microflora, diet is key in influencing their 
composition and activity. It has been increasingly 
recognized that the bacterial community in the intestine 
influences human health and well-being (Cummings and 
Macfarlane, 1997). Consequently, nutrition may be 
considered as a tool for influencing the intestinal 
microbiota in such a way that harmful bacteria are 
suppressed and beneficial bacteria are stimulated. 
Dietary strategies that serve to support health-promoting 
effects of the intestinal microflora include the ingestion of 
probiotics (Goldin, 1998) and or prebiotics (Gibson and 
Roberfroid, 1995), as well as a diet rich in fiber (Salminen 
et al., 1998). 

Three approaches exist to increase the number of 
health-promoting organisms in the gastrointestinal tract. 
The first is the oral administration of live beneficial 
microorganisms. At present, these microorganisms, 
called probiotics, have been selected mostly from lactic 
acid bacteria and  bifidobacteria  that form  a  part  of  the  
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normal intestinal microflora of humans, these organisms 
are also indigenous to the colon. These bacteria have 
been suggested to be useful in the treatment of diarrhea 
(Rota virus, traveler‟s diarrhea, and Clostridium difficile), 
constipation, irritable bowel syndrome, and inflammatory 
bowel disease. They also have putative effects on 
enhancing the immune system and decreasing lactose 
intolerance (Bhutto and Morley, 2008).  

The mechanisms of probiotic action appear to be 
multifactorial. Probiotic bacteria can promote fermen-
tation processes that metabolize varying quantities of 
lactic, acetic, and formic acids; synthesis of vitamins; and 
the production of antimicrobial bacteriocidins and fatty 
acids (Bourlioux et al., 2002). Probiotics can also affect 
innate intestinal host defenses, including strengthening 
intestinal tight junctions, increasing mucous secretion, 
enhancing motility, and producing metabolic products 
(amino acids such as arginine and glutamine and short-
chain fatty acids) that secondarily function as protective 
nutrients. They contribute to microflora diversity, thus 
helping to establish a normal commensal flora that protect 

against potential microbial pathogens (Neu and Caicedo, 
2005). 

The second strategy for increasing their number is to 
supply those already present in the intestine with 
selective carbon and energy source that provides them 
with competitive advantage over other bacteria in this 
ecosystem, thus selectively modifying the composition of 
the microflora using dietary supplements. These selective 
dietary components were named “prebiotics”.  

A prebiotic has been defined as “a non-digestible food 
ingredient that beneficially affects the host by selectively 
stimulating the growth and or activity of one or a limited 
number of bacteria in the colon” (Gibson and Roberfroid, 
1995). Prebiotics are intended to modify the intestinal 
microbiota in such a way that bacterial activities 
advantageous to the host are stimulated and bacterial 
activities adverse to host health are suppressed. The 
concept of prebiotics arose from the observation that 
inulin and fructooligosaccharides selectively stimulate the 
growth of bifidobacteria (Potter et al., 1993; Cummings, 
1994) which are considered to be beneficial for human 
health (Gibson and Roberfroid, 1995). Although most 
research has been done on inulin and 
fructooligosaccharides, other non-digestible 
oligosaccharides (NDO) including xylooligosaccharides, 
galactooligosaccharides and isomalto oligosaccharides 
have also been tested for their prebiotic effect (Fuchs et 
al., 1999). The majority of candidate prebiotics are 
oligosaccharides but also include polysaccharides.To 
serve as a bacterial substrate in the colon, a prebiotic 
may not be hydrolyzed or absorbed in the upper part of 
the gastrointestinal tract. 

And the last approach is a mixture of probiotic and 
prebiotic “synbiotic” has recently been proposed to 
characterise health-enhancing food and supplements 
used as functional food ingredients in human (Kontula et 
al., 1998). 

 
 
 
 

Like probiotics, the prebiotics belong to a more general 
class of “colonic foods”, that is foods entering the colon 
and serving as substrates for the endogenous colonic 
bacteria, thus indirectly providing the host with energy, 
metabolihc substrate and essential micronutrients 
(Gibson and Roberfroid, 1995). 

Although it has been shown in clinical studies that pre 
and probiotics have positive effects on gastrointestinal 
motility, in vitro effects of pre and probiotics are not clear. 

In this study we aimed to investigate and compare the 
effects of pre and probiotics on gastrointestinal motility in 
different segments of gastrointestinal track. 
 
 
MATERIALS AND METHODS 

 
Animal preparation twenty one male Wistar albino rats each 
weighing approximately 280 g were used in this study. The study 
was approved by. Animals were divided into three groups. The first 
group (n = 7) consisted of sham controls in which rats were 

administrated 1% ml 0.9 NaCl/ day by oral gavage for 4 weeks. In 
the second group (n = 7), rats were administrated 0.1 g/1 ml/day 
galactooligosaccharide (GOS) used as a prebiotic by oral gavage 
for 4 weeks. In the third group (n = 7), rats were administrated 10

9
 

CFU/1ml/day Bifidobacterium lactis used as a probiotic by oral 
gavage for 4 weeks. B. lactis were grown from frozen stocks (-80 
o
C) prepared for ingestion and counted as in Kamiya at al. (2006). 

At the end of the four weeks, rats were killed by cervical dislocation. 

The abdomen was opened with a midline incision. Ileum and 
proximal colon was removed and placed in previously aerated (95% 
O2 and 5% CO2) Krebs-bicarbonate solution (composition in 
mmol/L: NaCl, 120; KCl, 4.6; CaCl2, 2.5; MgCl2, 1.2; NaHCO3, 22; 
NaH2PO4 and glucose 11.5). Whole full-thickness segments of 
ileum and proximal colon were placed in circular direction in a 10 
mL tissue baths, filled with pre-aerated Krebsbicarbonate solution 
(KBS) at 37°C. The upper end of the preparation was tied to an 
isometric transducer (Grass FT 03, Quincy, MA, USA) and 

preloaded with 1 to 1.5 g. Tissues were allowed to equilibrate for 30 
min. 
 
 
In vitro muscle contractility studies 
 

Muscle segments from each group were contracted with 80 mmol/L 
KCl to ensure that they worked properly at the beginning and end of 

each experiment. 
At the beginning of each experiment, 80 mmol/L KCl was added 

to the organ bath, and the contraction was considered as reference 
response. Subsequently, the amplitude of spontaneous 
contractions of the isolated Ileum and proximal colon muscle 
segments were calculated as a percentage of the contraction 
induced by KCl (80 mmol/L) from both control, prebiotic and 
probiotic groups. Changes in the frequency (number or min.) of 
spontaneous contractions were expressed as the number of 
contractions for 10 min intervals. Isometric tensions were recorded 
on a Grass model 79 E polygraph. All experiments were performed 
in duplicate. 
 

 
Data analysis 
 

All data are expressed as mean ± SEM (standard error of mean). 
Statistical comparisons between groups were performed using 

general linear models of analysis of variance (ANOVA) followed by 
the Turkey test and P-values of less than 0.05 were considered to 
be statistically significant. 



 
 
 
 

 
 

Figure 1. KCl (80 mmol/L) induced contractions of 

isolated ileum muscle segments in control, prebiotic 
and probiotic groups. No statistical difference was 
observed between groups (P > 0.05). 

 
 
 
RESULTS 
 
Contractions induced by 80 mmol/L KCl were not 
significantly different between control, prebiotic and 
probiotic groups in isolated ileum smooth muscle 
segments which indicated that muscle segments from 
both groups worked properly (Figure 1). 

In the smooth muscle segments from ileum, the mean 
amplitude of the spontaneous contractions was 70.6 ± 
4.6 in the control group, 74.2 ± 5.2 in prebiotic group and 
95.5 ± 7.1 in probiotic group, respectively. There was no 
significant difference between the amplitude responses of 
control and prebiotic groups (p > 0.05). But the amplitude 
of probiotic group was significantly higher than both 
control and prebiotic groups (p < 0.05) (Figure 2A). 

In the smooth muscle segments from proximal colon, 
the mean amplitude of the spontaneous contractions was 
62.4 ± 3.5 in the control group, 81.4 ± 4.4 in prebiotic 
group and 87.5 ± 5.2 in probiotic group, respectively. 
Both amplitude responses of spontaneous contractions of 
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Figure 2. Changes in the spontaneous contraction 

amplitudes of the isolated smooth muscle 
segments. A. Ileum B. Proximal Colon. 

 
 

 

prebiotic and probiotic groups were significantly high 
when compared to the control group (p < 0.05). There 
was significant difference between prebiotic and probiotic 
groups (p > 0.05) (Figure 2B).  

In the smooth muscle segments from ileum, the mean 
frequency of the spontaneous contractions was 27.2 ± 
1.6 in the control group, 28.8 ± 2.2 in prebiotic group and 
35.7 ± 4.1 in probiotic group, respectively. There was no 
significant difference between the frequency responses of 
control and prebiotic groups (p > 0.05). But the frequency 
of probiotic group was significantly higher than both 
control and prebiotic groups (p < 0.05) (Figure 3A). 

In the smooth muscle segments from proximal colon, 
the mean frequency of the spontaneous contractions was 
12.3 ± 1.5 in the control group, 11.1 ± 1.4 in prebiotic 
group and 17.5 ± 2.2 in probiotic group, respectively. 
Although there was no significant difference between the 
frequency responses of control and prebiotic groups (p > 
0.05), spontaneous contraction amplitude responses of 
probiotic group was significantly high when compared to 
the control and prebiotic groups (p < 0.05) (Figure 3B). 
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Figure 3. Changes in the spontaneous contraction 

frequency of the isolated smooth muscle segments. A. 
Ileum B. Proximal Colon. 

 
 
DISCUSSION 

 
The gut represents a complex and dynamic microbial 
ecosystem in which intestinal micro flora has an  
important and specific metabolic, trophic, and protective 
function. Normal gut structure and function are the end-
point of a complex set of interactions between the host 
and microorganisms colonizing the gut (Guarner and 
Malagelada, 2003). Bacteria can be used to improve 
human health. A bacterium that provides specific health 
benefits when consumed as a food component or 
supplement would be called a probiotic. A consensus 
definition of the term was issued a few years ago and 
states that oral probiotics are living microorganisms that 
upon ingestion in specific numbers exert health benefits 
beyond those of inherent basic nutrition (Guarner and 
Schaafsma, 1998; Guarner et al., 2005). While probiotics 
are the live microbial feed supplements that beneficially 
affect the host animal by improving its intestinal microbial 

 
 
 
 
balance (Fuller, 1989); prebiotics are defined as food 
ingredients that promote the growth or activity of a limited 
number of bacterial species for the benefit of host health 
(Gibson and Roberfroid, 1995). Organisms used as 
probiotics are most frequently of the Lactobacillus or 
Bifidobacterium species, and clinically beneficial effects 
of probiotics have been described in travellers‟ diarrhea, 
irritable bowel syndrome and inflammatory bowel disease 
(Walker and Buckley, 2006; Shanahan, 2007). 

There are many conflicting studies about the effects of 
pro and prebiotics on gastrointestinal motility. While some 
of these studies suggest that pro and prebiotics increase 
intestinal motility, others suggest opposite. It has been 
shown that Lactobacillus reuteri ingestion consistently 
alters the motility of colon segments in an ex vivo organ 
bath recording setup. The effect is a decrease in the 
amplitudes of contractions at constant luminal filling 
preasure, and an increase in the threshold luminal 
pressure required to evoke rhythmic contractions (Wang 
et al., 2010). On the other hand, an in vivo study showed 
that administration of probiotics induces increased 
colonic propulsive contractions and defecation rate in 
pigs (Ohashi et al., 2001). It has been shown in a human 
clinical study that probiotic supplements may have a 
positive effect on bowel movements among orthopedic 
rehabilitation elderly patients (Zaharoni et al., 2011). In 
addition, Tabbers et al. (2009) suggested that B. lactis 
strain DN-173 010 is effective in increasing stool 
frequency after 3 weeks of product consumption in 
children with functional constipation and a defecation 
frequency less than 3 weeks.  

There are little data available related to the influence of 
prebiotics on gastrointestinal motility in preterm infants. In 
a study in healthy preterm infants, Boehm et al. (2002) 
demonstrated that preterm infants fed with mother‟s milk 
had lower stool consistency and higher stool frequency 
than infants fed a preterm bovine milk formula. 
Supplementation of the same formula with a mixture of 
scGOS and lcFOS resulted in a reduction in stool 
consistency and an increase in stool frequency. More 
recently, Mihatsch et al. (2006) demonstrated a clinically 
relevant reduction in the gastrointestinal transit time in 
preterm infants fed a formula supplemented with these 
prebiotics. 

In this study, consistent with these positive studies, we 
found that probiotics increased spontaneous contraction 
amplitude and frequency of both ileum and proximal 
colon. On the other side, while prebiotics increasing 
spontaneous contraction amplitudes of proximal colon, 
did not changed spontaneous contraction amplitude of 
ileum. Also prebiotics did change neither spontaneous 
contraction frequency of ileum nor spontaneous 
contraction frequency of proximal colon. The difference 
between the effect of pro- and prebiotics on ileum 
spontaneous contraction amplitude may be related to the 
difference in physiology and bacterial colonization 
between ileum and proximal colon. It is clear that a 
complex,  resident   gut  microflora  is  present  in  human 



 
 
 
 

subjects. While the transit of residual foodstuffs through 
the stomach and small intestine is probably too rapid for 
the microbiota to exert a significant impact, this slows 
markedly in the colon. Colonic micro-organisms have 
ample opportunity to degrade available substrates 
(Cherbut, 2003; Gibson et al., 2004; Flint et al., 2008). 
Due to the high residence time of colonic contents, as 
well as a diverse and profuse flora, the colonic microbiota 
plays a more important role in host health and well-being 
than is the case in the small intestine. As a result, it has 
been defined that both prebiotics and probiotics 
increased intestinal motility. While probiotics have effects 
on both ileum and proximal colon, prebiotics seem to be 
effective in colon. The difference possibly related to the 
microbial flora. It is well known that changes in 
gastrointestinal micro flora exhibit an intestinal motility 
response and that such change can be initiated by 
addition of synbiotics to the diet. According to these 
findings it seems that food supplemented with probiotic 
and prebiotics would prevent impared motility seen in lots 
of gastrointestinal diseases. Further work is necessary in 
order to identify the underlying mechanisms responsible 
for diet/bacterial induced changes in gastrointestinal 
motility. 
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The glucose dehydrogenase gene (gdh), cloned from Bacillus sp. G3, was composed of 786 bp 
nucleotide and the deduced protein molecular mass of one subunit was 28.1 kDa. The recombinant 
glucose dehydrogenase (rGDH-G3) was functionally expressed in Escherichia coli. The results revealed 
that expressed rGDH-G3 had a high specific activity of 371.9 U/mg at 25°C and pH 8.0, with oxidized 
nicotinamide adenine dinucleotide (NAD

+
) as the cofactor. The enzyme was optimally active at 40°C and 

pH 9.0. The enzyme displayed broad specificity for other sugars such as D-galactose or maltose. The 
catalytic efficiency of the rGDH-G3 would be improved 4 times when oxidized nicotinamide adenine 
dinucleotide phosphate (NADP

+
) was used as cofactor instead of NAD

+
. 

 
Key words: Bacillus sp. G3, enzymatic property, glucose dehydrogenase, inverse polymerase chain reaction 
(IPCR), optimal pH. 

 
 
INTRODUCTION 
 
Glucose dehydrogenase (GDH, EC 1.1.1.47), a member 
of the short-chain family of alcohol dehydrogenase, 
consists of four identical subunits (30 kDa) (Pauly and 
Pfleiderer, 1975), it catalyzes the oxidation of β-D-
glucose to D-glucono-δ-lactone in the presence of 
cofactor oxidized nicotinamide adenine dinucleotide 
(NAD

+
) or oxidized nicotinamide adenine dinucleotide 

phosphate (NADP
+
), and it  posses  the  property  of  dual  
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cofactor specificity. It has been shown that the GDH 
plays an important role in spore germination, and is a  
marker enzyme synthesized at sporulation stage 
(Nakatani et al., 1989). In recent years, GDH has been  
widely studied and used in many fields including biofuel 
cells (Okuda-Shimazaki et al., 2008), clinical tests (Du et 
al., 2008), and as a catalyst for coenzyme regeneration in 
large-scale chiral synthesis (Lin et al., 1999; Wong and 
Drueckhammer, 1985) . 

In order to meet the increasing demands for the above 
applications, the glucose dehydrogenase gene (gdh) of 
microorganism have been cloned and over-expressed in 
Escherichia coli from sporulating cells of Bacillus 
megaterium (Heilmann et al., 1988; Nagao et al., 1992) 
and Bacillus subtilis (Vasantha et al., 1983). The 
characteristics of GDH from B. megaterium (Makino et 
al., 1989a; Mitamura et al., 1989; Nagao et al., 1992) and 
B. subtilis (Fujita et al., 1977) have been investigated in 
detail. In this paper, we reported the results of a study 
that was aimed at isolating the gdh from Bacillus sp. G3, 
expressing in E. coli BL21 (DE3), as well as purifying and 
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Table 1. Oligonucleotide primers used for gdh isolation, DNA amplification and cloning. 
 

Primer Sequence 

dG3F 5’-GAYRTNATGATHAAYAAYGC-3’ 

dG3R 5’-ATRTANCCCATNGGDATCAT-3’ 

iG3F 5’-AATCGCTTCACGGCTTCC-3’ 

iG3R 5’-AGGGCGGATTGAAACTAA-3’ 

GDH3F 5’-GGAATTCCATATGTATAGTGATTTAGAAGGA-3’ 

GDH3R 5’-CGGGATCCTATTACCCACGCCCAGC-3’ 
 

a
Underlined bases are restriction sites (NdeI in GDH3F and BamHI in GDH3R). 

 
 

 

characterizing this new enzyme. 
 
 
MATERIALS AND METHODS 

 
Bacterial strains, plasmid and chemicals 

 
The strain E. coli DH5α and E. coli BL21 (DE3) were used, 
respectively for cloning and expression. Bacillus sp.G3 used as the 
source of gdh was cloned and identified by our laboratory. Plasmids 
pMD19-T (Takara, Dalian, China) and pET28 (a+) (Invitrogen, 
Shanghai, China) were used as vectors for the cloning and 
expression of the gdh, respectively. Restriction enzymes and other 
modification enzymes, Taq DNA polymerase, and T4 DNA ligase 
were purchased from Takara, Dalian, China. Primers were 

synthesized by Invitrogen, Shanghai, China. Ni-NTA-resin was 
purchased from Invitrogen, Shanghai, China. DNA gel extraction kit 
was purchased from Axygen, Shanghai, China. NAD

+
 and NADP

+
 

were purchased from Alfa Aesar, Tianjin, China. All other chemicals 
and solvents used were of analytical grade and available 
commercially. 
 
 

Enzyme activity assays  

 
The activity of glucose dehydrogenase from Bacillus sp. G3 (GDH-
G3) was assayed by measuring the increase in absorbance of 
nicotinamide adenine dinucleotide (NADH) at 340 nm. The standard 
reaction mixture contained 100 mM sodium phosphate buffer (pH 
8.0), 200 mM glucose, and 1 mM NAD

+
 with a final volume of 1 ml. 

One microlitre (1 μl) diluted enzyme solution was added to the 
assay mixture and incubated at 25°C for 5 min. The apparent 

extinction coefficient of NADH was 6220 M
–1

 cm
–1

. One unit of GDH 
activity was defined as the amount of enzyme required to release 1 
μM of NADH per minute at 25°C and the pH of 8.0. All assays were 
repeated three times. 
 
 
Cloning of the glucose dehydrogenase gene (gdh) 
 

To clone a fragment of gdh from Bacillus sp.G3, a polymerase 

chain reaction (PCR) strategy with degenerate primers were used. 
Primers dG3F and dG3R (Table 1) were designed based on the 
conserved amino acid sequence (D V/I MINNA and M V/I PMGYI) 
of GDHs from different species of Bacillus. The PCR was 
conducted under the following conditions: 94°C for 5 min; 5 cycles 
of 94°C for 30 s, 45°C for 30 s, 72°C for 30 s; followed by 30 cycles 
of 94°C for 30 s, 55°C for 30 s and 72°C for 30 s; and a terminal 
extension at 72°C for 2 min. After separation and purification, a 400 
bp PCR product was sequenced. The complete GDH-G3 gene was 

obtained by using the inverse PCR (IPCR) technique (Ochman et 
al., 1988). The genomic DNA from Bacillus sp.G3 was digested with 
several endonucleases, and then self-ligated by using T4 DNA 

ligase at 16°C overnight. The ligation products were used as 
template for IPCR. A pair of primers iG3F and iG3R (Table 1) used 
were designed based on the above product using Primer Premier 
5.0. And the reaction was conducted for 30 cycles: 94°C for 30 s, 
55°C for 30 s and 72°C for 3 min. The resultant fragment was 
sequenced, and then the complete GDH-G3 gene was assembled 
according to overlapping sequences from the two fragments. 

 
 
Construction of expression plasmid  
 
Recombinant DNA techniques were carried out according to 
standard methods described by Sambrook and Russell (2001). The 
open reading frame (ORF) of GDH-G3 was amplified by PCR with 
the genomic DNA of Bccillus sp. G3 as the template, and GDH3F 

and GDH3R (Table 1) as primers, respectively. The purified PCR 
product was digested with NdeI and BamHI, and ligated with the 
pET-28a (+) that was linearized with the same enzymes, forming a 
new ORF that encoded an N-terminal His6-tag. The recombined 
plasmids were transformed into E. coli DH5α competent cells for 
amplification. 
 
 
Expression and purification of recombinant glucose 

dehydrogenase (rGDH-G3)  
 
To express 6his-tagged gdh, the recombinant vector was 
transformed into E. coli BL21 (DE3) competent cells using CaCl2-
heat shock method (Sambrook and Russell, 2001). The positive 
transformants were cultured at 37°C in Luria–Bertani (LB) medium 
containing 50 μg ml

-1
 kanamycin to an OD600 = 0.6. After induction 

with 0.1 mM IPTG at 25°C for 16 h, the culture was harvested. The 
cell pellet was washed twice with Buffer A (25 mM NaH2PO4, 250 
mM NaCl, pH 8.0) and lysed by the ultrasonic disruption, followed 
by centrifugation at 14000 rpm for 30 min at 4°C. The supernatants 
were loaded onto a Ni-NTA-resin (Invitrogen, Shanghai, China) 
column pre-equilibrated with Buffer A. After washed with the Buffer 
B (25 mM NaH2PO4, 250 mM NaCl, 20 mM imidazole, pH 8.0), the 
rGDH-G3 was eluted with 10 ml Buffer C (50 mM NaH2PO4, 250 
mM NaCl, 250 mM imidazole, pH 8.0), and then supplemented with 
20% (v/v) glycerol. The purified enzyme fractions were dialyzed and 

stored at 4°C. The protein concentration was determined by the 
method of Bradford with BSA as the standard (Bradford, 1976). The 
purity and molecular mass of the enzyme was analyzed by 14% 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) (Laemmli, 1970) and stained with 0.05% Coomassie brilliant 
blue R-250 (Varghese and Diwan, 1983). 
 
 
Characterization of the recombinant glucose dehydrogenase 
(rGDH-G3)  
 

The  optimal  temperature   of   rGDH-G3  was  studied   at   various 
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temperatures between 25 and 65°C under standard conditions. To 
determine the thermostability, the enzyme solution was 
preincubated in sodium phosphate buffer (25 mM, pH 8.0) at 25–
65°C for 60 min, respectively. To investigate the optimum reaction 
pH range for rGDH-G3, four buffers were used and they include 100 
mM citrate buffer (pH 4.0–6.0), 100 mM sodium phosphate buffer 
(pH 6.0–8.0), 100 mM Tris/HCl (pH 7.0–9.0), and 100 mM 
Gly/NaOH (pH 8.5–10.5). The pH stability was determined by pre-
incubating diluted enzyme in the above buffers at 25°C for 60 min. 
For kinetic studies, the reaction rates were measured for a variety 
of substrates concentrations and the kinetic parameters were 
evaluated by Lineweaver–Burk plots method. 

 
 
RESULTS AND DISCUSSION 
 
Isolation and sequence analysis of gdh from Bacillus 
sp.G3 
 
A BLAST search in the GenBank database showed that 
the fragment was highly identical to other gdh in the 
database (Table 1). Based on the conserved DNA 
sequence, a pair of gene-specific primers iG3F and iG3R 
(Table 1) for IPCR were designed. The digested genomic 
DNA from Bacillus sp.G3 was self-ligated, and was used 
as template for IPCR to clone the flanking sequence of 
the GDH-G3 gene. A notable 1500 bp band was amplified 
only from NdeI-digested genomic DNA. It was sequenced 
and then the complete GDH-G3 gene was assembled 
according to overlapping sequences of the two 
fragments. The DNA sequence of GDH-G3 gene showed 
significant homology (97-78% identities) with other gdh 
sequences present in NCBI. 

The nucleotide sequence of the gene and the deduced 
amino acid sequence were deposited in GenBank 
(Accession no. GQ402830). The gene contained a 786 
bp ORF encoding a subunit of 261 residues with a 
predicted molecular mass of 28.1 kDa.  

The deduced amino acid sequence of GDH-G3 showed 
99% (maximum) identity with GDH subunit from B. 
cereus BDRD-ST26 (Accession no. ZP_04269989) and 
B. cereus H3081.97 (Accession no. ZP_03238186). In 
addition, it showed more than 80% sequence homology 
with the GDHs from most species of Bacillus. Sequence 
alignment of the deduced amino acid sequence of the 
GDH-G3 with other GDH sequences in GenBank 
database revealed the presence of highly conserved 
regions (Figure 1). 
 
 
Expression and purification of glucose 
dehydrogenase (GDH) 
 
After transformation and induction, the recombinant 
plasmid was successfully expressed in heterologous host 
strain E. coli BL21 (DE3). The recombinant protein was 
further purified by using Ni

2+
-chelating affinity 

chromatography. With the His6-tag at the N terminus, 
which facilitated strongly binding of the protein to the Ni-  

 
 
 
 
NTA matrix, most unbound proteins were washed away 
by the wash buffer. As shown in Figure 2, portion of the 
enzyme was expressed in a highly soluble form and the 
purified enzyme revealed a single protein band 
corresponding to approximately 28 kDa on SDS-PAGE, 
which was agreed with the predicted 28.1 kDa molecular 
mass. After being purified 20-fold, the specific activity of 
the enzyme was 371.9 U/mg (25°C, pH 8.0, with NAD

+
 as 

the cofactor). 
 
 
Effects of pH and temperature on enzyme activity 
 
The rGDH-G3 had optimal activity at 40°C (Figure 3A) 
and pH 9.0 (100 mM Tris/HCl, Figure 3B), respectively. 
The enzyme had more than 60% of the maximum activity 
in a pH range of 7.5–9.5 and a temperature range of 30-
50°C. The assays of optimal temperature indicated that 
the activity increased in an almost linear fashion from 25-
40°C, but decreased once the temperature was above 
45°C. The activity was hardly detected at temperature 
higher than 70°C. It was observed that the activity of 
rGDH-G3 was affected by the buffers used. The 
recombinant enzyme in Tris/HCl performed much better 
than in Gly/NaOH buffers, while sodium phosphate buffer 
was better than Tris/HCl at the same pH. 

As shown in Figure 3B, the pH/activity profile of GDH-
G3 was similar to GDH-I, GDH-II and GDH-Iwg3 
(Mitamura et al., 1989), with the optimal activity shifted a 
little towards a higher value. Optimal rGDH-G3 activity 
occurred at pH 9.0 while that of others from B. 
megaterium (Mitamura et al., 1989), B. thuringiensis M 15 
(Boontim et al., 2004), B. subtilis (Fujita et al., 1977) 
occurred at pH 8.0, but the optimal pH in this study was 
lower than pH 9.5 for LsGDH from L. sphaericus G10 
(Ding et al., 2010). Figure 1 showed the amino acid 
residues in GDH-G3 that are different from the other 
GDHs. Maybe the surrounding residues near the 
acid/base catalytic center affect the protonation and then 
effect a change in optimal pH (Shibuya et al., 2005).

  

 
 
Effects of pH and temperature on enzyme stability 
 
The assays of enzyme thermostability indicated that the 
enzyme was stable below 40°C. After 60 min incubation, 
there was 72% of enzyme activity remained with 40°C 
treatment, whereas only 29% of the activity remained at 
45°C (Figure 4A). The thermostability of GDH-G3 was 
similar to its homologous counterparts, except GDH-III 
from B. megaterium IAM1030. Nagao et al. (1992) have 
reported that the two alterations, Leu-167 to Gln and Ala-
258 to Thr, weakened the intersubunit interaction of the 
tetramer of GDH-III (Nagao et al., 1992). Therefore, it 
could be presumed that, maybe, the replacement of Gln-
167, Thr-258 of GDH-III with the Leu and Aln could have 
promoted   the  thermostability  of   GDH-G3.  And   it   is  

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Protein&list_uids=229141452&dopt=GenPept&RID=701C13JE012&log$=protalign&blast_rank=1
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Figure 1. Sequence alignment of glucose dehydrogenases of Bacillus sp.G3 and other species of Bacillus. 

Sequences were aligned using Clustalx1.83. Identical residues and conserved substitutions are shaded 
black and gray by BOXSHADE 3.21 (K. Hofmann and M. Baron), respectively. GDH-I (Accession no. 
BAA14098.1), GDH-II (Accession no. BAA14100.1), GDH-III (Accession no. BAA01475.1), and GDH-IV 

(Accession no. BAA01476.1) were cloned from Bacillus megaterium IAM1030. GDH-Iwg3 (Accession no. 
1RWB_A) was cloned from Bacillus megaterium Iwg3. GDH-G3 (Accession no.ACU78107) was cloned 
from Bacillus sp. G3. 

 

 
 

possible that the presence of Leu-252 instead of Lys 
increased the heat resistance of GDH-G3, as described 
in previous reports (Makino et al., 1989b; Mitamura et al., 
1989). 

The pH-stability of GDH was examined by incubation at 
25°C at various pH for 60 min and measurement of 
residual activity taken. The rGDH-G3 preserved its 
activity at the pH range between 4.0 and 9.0 (Figure 4B). 
Almost all of the GDHs from Bacillus, either wide type or 
mutant, were stable in the range of pH 6.0-7.5, 
particularly at 6.0 or 6.5, but the rGDH-G3 was more 
stability at pH 7.0. The GDH-G3 and GDH-Iwg3 are 

similar in the sequence (88% identity), and stable in the 
acidic range although GDH-Iwg3’s stability was 
comparatively higher. The observed stability of the clones 
could be attributed to the effects of replacements as 
earlier reported by Mitamura et al. (1989). 
 
 
Substrate specificity and enzyme kinetics 
 
Table 2 illustrated that the rGDH-G3 possessed broad 
substrate specificity toward aldose sugars and 
disaccharides  than  others,  particularly  for  D-galactose,  

http://dict.cn/stabler.htm
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Figure 2. SDS-PAGE analysis of the rGDH-G3 from E. coli BL21 (DE3). Lane 
1, Uninduced cellular extract; Lane 2, induced protein sample; Lane 3, the 
recombinant GDH (corresponds to 28 kDa) purified by Ni

2+
-NTA; Lane M, 

standard protein molecular weight markers. 
 
 
 

 
 

Figure 3. Effects of pH and temperature on enzyme activity. A, Effect of temperature on enzyme activity of the rGDH-

G3 from 25-65°C in 100 mM sodium phosphate buffer (pH 8.0); B, effect of pH on enzyme activity of the rGDH-G3. pH 

range from 4.0-10.5 was used with the following buffers: ◆, 100 mM citrate buffer (pH 4.0–6.0); △, 100 mM sodium 

phosphate buffer(pH 6.0–8.0); ■, 100 mM Tris/HCl (pH 7.0–9.0); ○, 100 mM Gly/NaOH (pH 8.5–10.5). 
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Figure 4. Effects of pH and temperature on enzyme stability. A, Thermostability of the rGDH-G3. After exposure for 60 min 

to the indicated temperature in sodium phosphate buffer (25 mM, pH 8.0). The activity of untreated rGDH-G3 was defined 
as 100% (319.8 U/mg protein); B, effect of pH on the stability of the rGDH-G3. The diluted enzyme pre-incubated in the 
different buffers (pH 4.0-10.5) at 25°C for 60 min. ■, 100 mM citrate buffer (pH 4.0–6.0); △, 100 mM sodium phosphate 

buffer(pH 6.0–8.0); ◆, 100 mM Tris/HCl (pH 7.0–9.0); ○, 100 mM Gly/NaOH (pH 8.5–10.5). The activity at pH 6.5 was 

defined as 100% (224.9 U/mg protein). 
 
 
 

Table 2. Substrate specificity of rGDH-G3. 
 

Substrate 

(0.2M) 

Relative activity (%)
a
 

GDH-G3 LsGDH GDH-Iwg3 GDH-I GDH-II GDH-IV GDH-III GDH-A GDH-B 

D-Glucose 100 100 100 100 100 100 100 100 100 

D-Mannose 7.1 7.6 13 16 5.4 11 2.6 2 1 

D-Galactose 22 17.3 3 5.8 1.8 3.8 0.9 0 0 

D-Fructose 0.6 0.5 1.5 1.7 0.4 0.6 0.1 0 0 

D-Arabinose 0.2 0 <0.1 <0.1 <0.1 <0.1 <0.1 ND
b
 ND 

D-Xylose 6.4 22.5 9.9 12 3.5 7.1 1.8 ND ND 

Sucrose 6.3 6.3 ND ND ND ND ND ND ND 

Lactose 2.6 4.2 ND ND ND ND ND ND ND 

Maltose 13 22.4 ND ND ND ND ND ND ND 

References This study 
(Ding et al., 

2010) 
(Mitamura et al., 1989) (Nagao et al., 1992) 

(Heilmann et al., 
1988) 

 
a
Initial rates were determined as described in Materials and Methods, except that D-glucose was replaced with various sugars. The activities 

were related to that of D-glucose (347 U/mg protein) as 100%. For comparison, the values of other GDHs were also given, and all used NAD
+
 as 

cofactor. 
b
 None detected. 

 
 
 

the C4 epimer of glucose, which reached 22% of the 
activity with D-glucose. This property broadens the 
application fields of the enzyme. It catalyzed a range of 
saccharide substrates, but almost no activity was 
detected towards fructose and arabinose. As reported by 
Bonete et al. (1996), any configuration change of glucose 
at C2, C3 and C4 positions markedly decrease the 
enzymes affinity for the substrate. 

In order to investigate the kinetic parameters of rGDH- 

G3, the initial rate of enzyme reaction was measured 
under different substrates concentrations. The results in 
Table 3 showed that the Km, and Kcat values for NAD

+
 

were remarkably larger than that for NADP
+
, whereas the 

Kcat / Km values for NADP
+
 was approximately fourfold 

higher than that for NAD
+
. Due to the different affinity for 

NAD
+
 and NADP

+
, the catalytic efficiency of the rGDH-G3 

was higher when NADP
+
 was used as coenzyme, which 

was consistent   with   GDH-I,   GDH-II    and   GDH-Iwg3  
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Table 3. The kinetic analysis of the recombinant GDH. 
 

 Km (mM)
 a
 Vmax(μΜ s

-1
 mg

-1
 ) Kcat (s

-1
)
 b
 Kcat/Km (mM

 -1
 s

-1
) 

D-glucose 31.8±0.4 0.82±0.05 23±1 0.73±0.06 

NAD
+
 0.210±0.001 5.131±0.005 144±0.1 687.5±3.6 

NADP
+
 0.0095±0.0018 1.20±0.02 33.8±0.6 3687±629 

 
a
The kinetic parameters were determined as described in Materials and Methods. The Km of glucose was 

determined in the range of 10-200 mM, with a fixed NAD
+
 1 mM. The Km for NAD

+
 (0.05–1 mM) and 

NADP
+
 (0.005–0.1 mM) was determined with a fixed glucose concentration of 200 mM. 

b
 The values of Kcat were calculated for one subunit. 

 
 
 

(Mitamura et al., 1989). However, the amino acid 
residues involved in the kinetic constants are still 
unknown. Therefore, further studies based on directed 
evolution, site-directed mutagenesis and crystallography 
is necessary to unravel the exact relationship between 
structure and function of GDH-G3. 
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The aims of this study are isolating arsenite-resistant bacteria from arsenic contaminated soil and the 
investigation of arsenite bioremediation efficiency by the most resistant isolates. Isolation of arsenite-
resistant bacteria and the minimum inhibitory concentration (MIC) were conducted by spread plate 
method and the agar dilution method on PHG-II agar plates supplemented with sodium arsenite 
respectively. The results showed that, 69 and 25% of arsenite resistant isolates were geram positive and 
negative bacilli, respectively. Its maximum MIC was 128 mM/L, which is related to such bacteria as 
Bacillus macerans, Bacillus megaterimand Corynebacterium vitarumen. There is a significant difference 
(P< 0.01) between three isolates in arsenite removal potential and arsenite bioaccumulation. The 
maximum percentage of arsenite removal potential (92%) and arsenite bioaccumulation (36%) were 
related to B. macerans. The removal efficiency of arsenite for B. macerans, C. (vitaromen) and B. 
megaterim were 60, 43 and 38% after 48 h of growth, respectively, while after 144 h of Bacillus macerans, 
Corynebacterium (vitaromen) growth  and 120 h of Bacillus megaterimgrowth were 92, 80 and 73% 
respectively. The results also were shown the highest percentage of arsenite in biomass (36%), arsenate 
from oxidation (27%) were related to B. macerans, B. megaterium and B. megaterium. These results 
express the probability of finding more arsenic accumulating bacteria from the contaminated soil 
environment and can be concluded that arsenic resistant and/or accumulating bacteria, such as Bacillus 
sp., are widespread in the polluted soils and are valuable candidates for bioremediation of arsenic 
contaminated ecosystems. 
 
Key words: Arsenite, bacteria, bioremediation, MIC. 

 
 
INTRODUCTION 
 
Human activities over the centuries has contaminated 
many areas of developing and developed countries 
(Evangelou et al., 2007). Soil contamination with heavy 
metals is one of the great problems of modern societies. 
Heavy metals periodically increase in the environment 
due to industrial activities and technology development. 
Increasing of these pollutants in the environment is 
considered as a serious threat to human and 
environmental health (Banaa Araghi et al., 2010). Unlike 
many  organic   contaminants  disintegrated  in   the   soil,  
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heavy metals are kept in the soil storage and according 
to their  nature  a group of pollutants are of most interest 
because of their danger and of course plenty of stability 
in most environments (Garbisu and Alkorta, 2001). 
Arsenic has long been an important environmental 
pollutant and in long term has been as a health risk to 
humans and other living organisms. In the past, arsenic 
compounds have been widely used in pesticides, 
herbicides and soil disinfectors, thus in some soils was in 
high concentrations (Pais and Jons, 1997). Arsenic is 
highly toxic metal element that annually threatens the 
health of millions of people in the world (Chen and Shao, 
2009). Inorganic arsenic forms are more dangerous than 
other forms for human health and in terms of 
classification fall in cancer-causing  ingredient  (Andrews,  

http://en.wikipedia.org/wiki/Corynebacterium_diphtheriae
http://en.wikipedia.org/wiki/Corynebacterium_diphtheriae
http://en.wikipedia.org/wiki/Corynebacterium_diphtheriae
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2001). In recent decades following increasing 
environmental pollution by heavy metals, scientists 
attracted to biological purification methods. In most cases 
of cleaning the contaminated ecosystems with chemical 
methods involves heavy costs and irreparable damages 
(Brooks, 1995; Nwuche and ugoji, 2008). Therefore one 
appropriate method is using biological method. Generally 
population and microbial activities in soil and water 
contaminated with the presence of metal will be reduced 
and modified (Kelly et al., 1998). On the other hand 
resistant microorganisms have evolved mechanisms to 
tolerate the toxicity of heavy metals. Application of 
microorganisms for heavy metals remediation is 
considered as a natural, stable and economical solution. 
Previous researches have described the isolation and 
characterization of arsenic resistant bacteria from 
different environments and have indicated that these 
bacteria are able to grow chemolithotrophically with 
oxygen as an electron acceptor and As(III) as an electron 
donor (Duquesne et al., 2008; Santini et al., 2000). 
Arsenic-resistant bacteria play an important role in 
controlling the speciation and cycling of arsenic in the 
ecosystems (Inskeep et al., 2007). The aims of this study 
are isolating arsenite-resistant bacteria from arsenic 
contaminated soil and the investigation of arsenite 
bioremediation efficiency by high resistant isolates. 
 
 
MATERIALS AND METHODS 
 
Sampling 
 
Soil samples were collected from the three different points of soil 
surface (0-20 cm) of the Research Farm (in Lavark, Najaf Abad) 

located in southwest of Isfahan, Iran. This soil was contaminated 
previously with arsenic through using of urban sewage sludge. The 
samples were mixed, transferred to the laboratory, passed through 
2 mm sieve and used for physical-chemical and microbial analysis  
(Nwuche and ugoji, 2008). 
 
 
Arsenic measurement 
 

In this study to measure arsenic the spectrophotometry method was 
used along with a reagent called Leuco malachite green (LMG). In 
this method arsenic reacts with Potassium iodate (KIO3) in the 
acidic environment and iodine will be released. Released iodine 
oxidizes LMG to MG and changes the color to the color of 
malachite green. Detection range of arsenic concentration in this 
method is 0.09-0.9 micro g/ml. The MG dye shows maximum 
absorption at 617 nm  (Revanasiddappa et al., 2007). 

 
 
Arsenite measurement (As III)   

 
Initially for the preparation of arsenite stock solution (1,000 μg ml), 
amount of  0.1734g NaAsO2 (sodium arsenite) resolved in 100 ml 
deionized distilled water. The standard solutions including 0.9-9.0 
μg of arsenite removed and poured in 10 ml volumetric balloons. 
Then 1 ml of Potassium iodate 1%, 0.5 ml of 1 M hydrochloric acid 
were added and the reaction mixture was shaked for 2 min. Then 
0.5 ml of 0.05 LMG was added with shaking. Finally 2 ml acetat 
buffer (pH =4.5) was added and heated (40°C)  in a water bath for 5  

 
 
 
 
min, cooled and diluted with distilled water. After 5 min, absorbance 
of the dye was measured at 617 nm against the reagent blank. The 
concentration of arsenic (III) content was established by reference 
to the calibration graph (Revanasiddappa et al., 2007). 
 
 
Arsenate measurement (As V)   

 
After filtering of this sample a certain volume will be removed, then 
0.5 ml of 5%  KI and 5 M HCL were added to the samples. All of the 
available arsenate were reduced to arsenite. In order to remove 
yellow to brown color which is due to the high amount of released 
iodine, the droplets of ascorbic acid were added (Pillai et al., 2000) 

then the amount of total arsenic in samples were measured by the 
method of arsenite measurment. 
 
 
Soil arsenic measurement  

 
One gram of soil sample was placed in the nickel plate that already 
covered its bottom with NaOH. Heat the Nickel plate in order to 
NaOH be fully melted and mixed with soil (alkaline digestion). After 

cooling, the nickel plate was immersed in HCL (0.5 N) and waited in 
order to be digested slowly (Almond, 1953) then the amount of 
arsenite was measured. 
 
 
Isolation of arsenite-resistant bacteria  

 
One gram of each soil samples was used to provide series. 0.1 ml 
of each dilution was added to each of PHG-II agar plates  (4 g 

pepton, 1 g yeast extract and 2 g glucose and 15 g agar per liter) 
supplemented with 0.5 mM sodium arsenite (pH=7) by spread-plate 
method. The plates were incubated at 30°C for 3-5 days. This 
experiment was conducted in three replicates. After isolation of 
resistant colonies, their enrichment, purification and identification 
were done by the help of Gram Staining and biochemical tests 
(catalase- Licetinase- citrate – MR- VP -manitol fermentation and 
acid production - fermentation of glucose, sucrose and galactose - 

nitrate reduction test, urease and Esculine Hydrolysis) (Sneat et al., 
1989; Cappuccino and Sherman, 1996). 
 
 
Minimum inhibitory concentration (MIC) determination 

 
The (MIC) of arsenite at which no colony growth occurred was 
determined by the agar dilution method. PHG-II agar plates 
supplemented with different concentration of arsenite the level of 
resistance (0.5, 1, 2, 4, ... and 192 mM /L) were inoculatedas 
aseptically with a culture of bacterial isolates in exponential growth 
phase. The plates were incubated for 48 h at 35°C. Minimum 
concentration of arsenite allowing growth of the isolates was an 
indication of positive tolerance (Hassen et al., 1998). 
 
 
Growth curve and arsenite removal by bacterial strains 

 
The growth curve of the most resistant bacteria at sub MIC 
concentration of arsenite were monitored by measuring the optical 
density (OD) of the cultures at 600 nm using  a spectrophotometer. 
At each intervales a certain volum of medium was removed, after 
measuring OD at 600 nm. It was centrifuged and filtered. Than, the 
arsenite and arsenate concentration were measured by the above 
mentioned method (Chen and Shao, 2008; Revanasiddappa et al., 
2007; Pillai et al., 2000). At the end of growth phase arsenite 

concentration in bacterial cell structure was measured by the 
method of Takeuchi et al., 2007. Briefly, the culture media were 
shake  at  100 rpm,  centrifuged at  5000 ×g at 4°C  for 20  min. The  
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Table 1. Soil chemical and physical properties. 
 

Depth 
Texture 

Clay Silt Sand 
pH 

EC Pava Kava AsTotal As
5+

 As
3+

 

(cm) (%) (dS.m
-1

) ( mg.kg
-1

) 

0-20 SiCL 35.83 48.83 15.34 7.63 2.6 10 203 60.2 40.3 19.7 

 
 
 

Table 2. The bichemical tests and MIC of the greatest arsenite resistant bacteria. 

 

Bacteria test Strain 4 Strain   8 Strain 10 

Spore + - + 

Catalase + + + 

Manitol + ND + 

VP - - - 

MR + + + 

Nitrate + + + 

Citrate - - + 

Glucose + + + 

Sucrose ND + + 

Urea ND + ND 

    

Probable general and species          B. macerans C. (vitaromen) B. (megaterim) 

MIC 128 128 128 

 
 
 
pelletes were washed twice with distilled water and placed in an 
oven with 100°C temperature for drying. The dried sampels were 
weighted and digested with nitric asid. Then the arsenite 
concentration was measured at 617 nm by the spectrophotometric 
method.       
 

 
Statistical analysis  

 
Statistical analysis was conducted using the SPSS System 
software. For comparison of means the Duncan test was used  at 
the 5% probability level.  

 
 
RESULTS 
 
Soil physical and chemical properties 
 
The physical and chemical properties of soil is presented 
in Table 1. 
 

              
Resistance to arsenite  
 
The results showed that, 69 and 25% of arsenite resistant 
isolates were geram positive and negative bacilli, 
respectively and 6% of them were gram positive cocci.  

According to MIC determination results, the greatest 
resistance to arsenite has been related to gram positive 
bacilli. Its maximum MIC and MBC were 128 and 192 
mM/L respectively, which is related to such bacteria as B. 
macerans, B. megaterim and C. vitarumen (Table 2).            

Growth curve and arsenite removal by bacterial 
strains  
 
In Figure 1 growth curves of B. macerans, C. vitaromen, 
B. megaterium were shown in 128 mM  arsenite. 

The removal efficiency of arsenite for Bacillus 
macerans, Corynebacterium (vitaromen) and Bacillus 
megaterimwere 60, 43 and 38% after 48 h of growth, 
respectively. While after 144 h of Bacillus macerans, 
Corynebacterium (vitaromen) growth  and 120 h of 
Bacillus megaterim growth,  the removal efficiency of 
arsenite were 92, 80 and 73% respectively (Figures 2, 3 
and 4). 

Finally, the percentage of arsenite in bacterial mass 
(bioaccumolation), arsenate from oxidation and remained 
arsenite were determined. The results were shown in 
Figure 5. The highest percentage of arsenite in biomass 
(36%), arsenate from oxidation (27%) were related to B. 
macerans, B. megaterium and B. megaterium.  

There is a significant difference (P< 0.01) between 
three isolates in arsenite removal potential and arsenite 
bioaccumulation (Figure 6). The maximum percentage of 
arsenite removal potential (92%) and arsenite 
bioaccumulation (36%) were related to B. macerans. 
 
 
DISCUSSION 

 
The first step in the identification of bacteria with the 
ability of bioremediation is isolation of resistant bacteria 
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Figure 1. Bacterial growth curves of Bacillus macerans, Corynebacterium vitaromen and 

Bacillus megaterium in 128 mM of arsenite. 
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Figure 2. Growth and arsenite removal curvs of Bacillus macerans. 
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Figure 3. Growth and arsenite removal curvs of Corynebacterium vitaromen. 

 
 
 
which tolerate high concentrations of heavy metals 
(Trevors et al., 1985). Most arsenic resistant bacteria are 
separated from arsenic-rich environments. In natural 
environments, the number of arsenite resistant bacteria is 

less than arsenate resistant bacteria. Arsenate is more 
toxic than arsenite (Jackson et al., 2005). Among the 
isolated resistant strains from contaminated soil , three 
strains demonstrated dramatic resistance to arsenite 128  
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Figure 4. Growth and arsenite removal curvs of Bacillus megaterium. 

 
 
           

 
 

        

         

         

         

         

         

         

         

         

          

 
 

Figure 5. Arsenite in biomass (bioaccumulation),  arsenate from oxidation and remaind arsenite 
percentage of A: Bacillus macerans, B: Corynebacterium vitaromen and  C: Bacillus 

megaterium. 
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Figure 6. The comparision of arsenite removal potential in 3 isolates. 

 
 
 
Mm. These arsenite-resistant strains were probably B. 
macerans, C. vitaromen and B. megaterium. 
Concentrations of metals used in this study are also used 
in the similar studies for bacteria that their medium 
contains extracted yeast. Abu-shnab et al. (2003) showed 
that in a contaminated soil the 11.1% of isolated bacteria 

were resistant to As with the MIC of 20 mM/L. High levels 
of  soil metal concentration can lead to achieving such a 
high MIC in resistant strains. Also Chitpirom et al. (2009), 
in Thailand, isolated arsenic-resistant bacteria from 
tannery effluent and agricultural soils that were belonged 
to      Klebsiella,      Pseudomonas,      Comamonas    and  
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Enterobacter genera with the MIC of 40 mM (arsenite) 
and 400 mM (arsenate). Pepi et al. (2007) isolated 3 
arsenic resistant genera (Aeromonas, Bacillus and 
Pseudomonas) from contaminated sediments with the 
MIC of  16.66 mM (arsenite) and 133.47 mM (arsenate). 
They  also concluded that these bacteria are suitable for 
arsenic bioremediation in contaminated sediments. In a 
study by Luis et al. (2006) in Spain with the aim of 
biological removing of arsenic, Corynebacterium 
glutamicum with over 60 mM arsenite resistance 
identified as one of the most tolerant species to arsenic. 
This results are in agreement with our findings but our 
isolates could tolerate the higher concentration of 
arsenite that was related to high level of arsenite in soil. 
In the study after 144 h of B. macerans, C. vitaromen 
growth and 120 h of Bacillus (megaterium) growth, the 
removal efficiency of arsenite were 92, 80 and 73% 
respectively. The highest percentage of arsenite in 
biomass (36%), arsenate from oxidation (27%) were 
related to B. macerans, B. megaterium and  B. 
megaterium. Among resistant isolates, B. macerans was 
able to remove 92% of arsenite in the medium and  also 
store 36% of it in the cell mass which is introduced as 
superior strain in this regard. Studies by Mondal et al. 
(2008) on three strains of Ralstonia eutropha, 
Pseudomonas putida and Bacillus indicus showed that 
these strains were able to remove (67, 60 and 61% 
respectively) arsenic from wastewater. 

Takeuchi et al. (2007) could isolate a non- genetically 
engineered potent arsenic accumulating bacterium, 
Marinomonas communis, from marine and non marine 
environment in Japan which accumulated 2290 μg Asg 
dw

-1
 of arsenic in presence of 5 mg As/ l of arsenat 

(45.8%). Our results are in agree with Takeuchi et al. 
(2007) and although details of such mechanisms are not 
yet clear, accumulation of arsenic into the cell would be a 
result of higher uptake and lower efflux. The high 
effective concentration of As in this study and previous 
study (Takeuchi et al., 2007) could be related to the 
presence of  arsenic resistance systems such as 
regulatory protein of the ars operon that has a specific 
binding site available for arsenite. However, presence of 
ars operon in bacteria is known to extrude arsenate from 
the cell by an efflux system. Consequently, arsenic is not 
accumulated in bacteria. Furthermore, the other known 
arsenic-resistant system, the phosphate-specific 
transport (Pst) system, would also lead to lower uptake of 
arsenat by the cell. Therefore, the present results 
obtained in our isolates and previousley isolated M. 
communis with  its  higher resistance and higher 
accumulation of arsenic contradict the known arsenic- 
resistant systems, suggesting existence of an as yet 
unknown arsenic resistance system for these strains. Cai 
et al. (1998) also could isolate Pseudomonas strains 
without the ars operon with a yet unknown arsenic 
resistance system. 

These results express  the  probability  of  finding  more 

 
 
 
 
arsenic accumulation bacteria from the contaminated soil 
environment. It can be concluded that arsenic resistant 
and/or accumulating bacteria are widespread in the 
polluted soil environment,and that arsenic-accumulating 
bacteria such as Bacillus sp. are valuable candidates for 
arsenic contaminated ecosystems bioremediation.  
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Effects of temperature on phytoplankton recruitment and variations in phytoplankton community were 
studied by using hiemal sediment from Taihu Lake and performing a simulation experiment. Sediment 
samples were cultured in filtered lake water with elevated temperatures. Recruitment patterns and 
photosynthetic capacity of cyanobacteria, chlorophytes and diatoms were recorded, respectively. 
Results showed that recruitment of chlorophytes and diatoms was observed above 9°C, but recruitment 
of cyanobacteria was not evidently detected until 12.5°C. Chlorophytes dominated the phytoplankton 

community at 12.5 and 16C, subsequently cyanobacteria established dominance above 19.5C. In this 
study, algal cells remained weak photochemical vitality at lower temperatures before recruitment, which 
reactivated and increased gradually with elevated temperatures. 
 
Key words: Recruitment, temperature threshold, cyanobacteria, blooms, Taihu Lake, phytoplankton community. 

 
 
INTRODUCTION 
 
In winter, some species of phytoplankton are capable of 
dormancy on lake sediment after autumnal sedimentation 
(Tsujimura et al., 2000; Brunberg and Blomqvist, 2002). 
These benthic portions are able to renew growth and 
return to the pelagic phase with increased temperature in 
spring (Ståhl-Delbanco and Hansson, 2002; 
Karlsson-Elfgren and Brunberg, 2004; Verspagen et al., 
2005). Especially, in some eutrophic lakes, recruitment is 
a key process in cyanobacteria life cycle and blooms 
formation (Oliver and Ganf, 2000; Kong and Gao, 2005). 
Various versions of migration traps had been designed to 
study cyanobacteria recruitment in lakes (Hansson et al., 
1994; Brunberg and Blomqvist, 2003; Cao et al., 2005). In 
labs, some simulation experiments were performed to 
investigate influences of environmental factors on 
cyanobacteria recruitment (Ståhl-Delbanco and Hansson, 
2002; Li et al., 2004; Tao et al., 2005). According to these 
field studies and simulation experiment, temperature had 
been confirmed to play an important role in driving 
cyanobacteria recruitment (Latour et al., 2004a; Li et al., 
2004; Tao et al., 2005). However, previous studies mainly 
focused on the recruitment of some species of 
cyanobacteria and did not adequately analyze the 
variations in phytoplankton community composition 

synchronously. Furthermore, cyanobacteria undergo a 
series of biomass accumulation and population 
competitive processes with other algae from recruitment 
to dominance establishment before blooms formation 
(Cao et al., 2005).  

These processes remained to be further understood. 
Variable chlorophyll a fluorescence yield has become an 
important tool for studying phytoplankton photosynthesis 
(Schreiber, 1994; Oliver and Whittington, 1998), because 
it is sensitive to photon flux density and is reliable as a 
parameter to offer insight into the immediate past light 
history of phytoplankton (Zhang et al., 2008). The ratio of 
maximum variable fluorescence to the maximum yield 
(Fv/Fm) has been used to estimate changes in the 
proportion of functional reaction centers and as an 
indicator of the photosynthetic capacity of phytoplankton 
(Falkowski and Kolber, 1995). Moreover, PHYTO-PAM 
fluorometer allows a separate measurement of the 
fluorescence signal of each algal group in mixed 
phytoplankton populations. Accordingly, effects of 
temperature on photosynthetic capacity of different algal 
groups could be detected synchronously, which is an 
important physiological index to analyze recruitment and 
competitive processes (Latour et  al.,  2004a).  In  this  
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Figure 1. Location of the sampling site. 

 
 
 
paper, a simulation experiment was performed by using 
hiemal sediment samples from Taihu Lake, which were 
static cultured in light incubator, so as to study the 
temperature threshold for algae recruitment and effects of 
temperature changes on algal community composition. 
Additionally, variations of algal fluorescence were also 
analyzed to investigate responses of different algal 
groups to temperature changes.  
 
 
MATERIALS AND METHODS 

 
Lake and sampling site description 

 
Taihu Lake is a large eutrophic lake in China (with an area of 2, 338 
km

2
 and the annual average water depth of 1.9 m and maximum of 

2.6 m) (Hu et al., 2006). Major cyanobacteria blooms composed of 
Microcystis spp. had appeared annually for decades in this lake 
(Chen et al., 2003). Meiliang Bay lies in the northern part of Taihu 
Lake, where serious blooms frequently occurred in summer (Chen 
et al., 2003; Tan et al., 2009). In the present study, the sampling site 
(31°28´46´´N, 120°11´34´´E) is located between Meiliang Bay and 
offshore regions (Figure 1). 

 
 
Sample collection and treatment 

 
On January 9, 2008, about 300 g of surface sediment (0 to 3 cm) 
was collected at the sampling site by a columnar sampler 
(KC-Denmark). During the sampling period, underwater 
environmental parameters (such as depth, water temperature, 

density of cyanobacteria cells and chlorophyll a concentration) were 
real-time recorded by using a multi-parameter water quality sonde 
(YSI 6600V2, USA). Sediment samples were transferred to 

laboratory immediately and were divided into three equal aliquots 
approximately. Each portion was laid on the bottom of a beaker. 
Subsequently, sterilized in situ lake water (5 L of 0.22 µm filtrate by 
Whatman GF/C membrane) were gently added. The three beakers 
were then incubated under an illumination intensity of 40 μmol 
photons m

–2
 s

–1
, provided by cool white fluorescent lamps (36W 

FSL, China), with a light-dark period of 12/12 h . The incubation 
temperature increased along eight levels (5.5, 9, 12.5, 16, 19.5, 23, 

26.5 and 30C), with each temperature being maintained for three 
days. 

 
 
Microscopic analysis of phytoplankton 

 
At the beginning and the end of each temperature level, 110 mL of 

the culture liquid were obtained gently from each beaker by a plastic 
tube (length=20 cm, diameter=2 cm). 10 ml of the culture liquid were 
used for algal fluorescence analysis immediately; the residual 100 
ml were fixed with Lugol’s iodine and sedimented for 48 h prior to 
microscopic analysis. Phytoplankton cell densities were enumerated 
by using a haemocytometer. And then, their specific growth rates 
(SGRs) were calculated according to the following equation: 

 

SGR = ln(Ct/C0)/t 
 

 
Where C0 is the initial cell density at the beginning of each 
temperature level, Ct is the cell density at the end and t is the 
duration of incubation period under each temperature level in days. 
Moreover, unicells, dividing cells (two connected cells), and colonies 
were enumerated. Colonies were grouped into consecutive groups: 
small colonies (cell number per colony between 2 and with a 

maximum of 10 cells), middle colonies (cell number per colony was 
up to 10 and maximum of 100 cells), and large colonies (cell number 
per colony with more than 100). 
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Table 1. Mean and ranges of real-time recorded environmental parameters at the sampling site. 
 

Environmental parameter Mean and ranges 

Depth (m) 1.95 (1.93 to 1.97) 

Water temperature (C) 5.2 (5.1 to 5.3) 

Chlorophyll a (µg L
-1

) 0.09 (0.07 to 0.11) 

Cyanobacteria cell density (cells mL
-1

) 129 (118 to 139) 
 
 
 

 

0 

2 

4 

6 

8 

10 

12 

14 

5.5 9 12.5 16 19.5 23 26.5 30 

Temperature ( ℃ ) 

Cyanobacteria 

Chlorophytes 

Diatom 

C
e
ll
 d

e
n

s
it

y
 (

1
0

8
 c

e
ll

s
 m

L
-1

 

 
 

Figure 2. Phytoplankton dynamics during the experiment. 

 
 
 
PHYTO-PAM fluorometer analysis 

 

Algal fluorescence was measured by using a multiwavelength 
phytoplankton pulse-amplitude-modulated fluorometer (Phyto-PAM 
Walz, Germany) after dark adaption for 15 min. The Phyto-PAM 
fluorometer equipped with a special emitter-detector unit (Phyto-ED) 
for distinguishing cyanobacteria, chlorophytes and 
diatoms/dinoflagellates by means of four excitation wavelengths 
(665, 645, 520 and 470 nm). For instance, in chorophytes 
chlorophyll fluorescence is much more effectively excited by blue 
and red light (470, 645 and 665 nm) than by green light (520 nm). In 
the case of cyanobacteria, almost no chlorophyll fluorescence is 
excited by blue light (470 nm), while excitation at 645 nm is 
particular strong due to phycocyanin and allophycocyanin 
absorption. As for diatoms and dinoflagellates, excitation by blue 
(470 nm) and green (520 nm) is relatively high resulted from strong 
absorption by fucoxanthin, chlorophyll c and carotenoids. The 
fluorescence signals from the four wavelengths excitation were 
assigned to the three algal groups by using the Phyto-WIN software 

(version 1.47) and the reference spectra (Zhang et al., 2008). The 
maximal efficiency of photosystem II photochemistry was 
determined as Fv/Fm, which was used for an indicator of the 
photosynthetic capacity of phytoplankton (Falkowski and Kolber, 
1995). Fv/Fm was calculated by the following equation: 

 

Fv/Fm = (Fm - F0)/Fm  
 
Where F0 is the fluorescence of dark-adapted algal cells stimulated 
by a weak probe light immediately after 15 min of darkness and Fm 

is the maximum fluorescence signal after the closure of all reaction 
centers by 600 ms pulse of saturating irradiance (Schreiber et al., 

2002). 

 
 
RESULTS 
 
Environmental parameters at the sampling site 
 
Sediment samples were collected in a sunny and 
windless day. Environmental parameters at the sampling 
site are displayed in Table 1. During the sampling period, 
water depth of the sampling site fluctuated between 1.93 
and 1.97 m. This range was near to the average depth of 

Taihu Lake. Water temperature was about 5.2C, which 

was very close to the initial culture temperature (5.5C) 
and was easier for hiemal algae to accommodate. At the 
sampling site, chlorophyll a concentration and the density 
of cyanobacteria cells were fairly low in water. 
 
 
Phytoplankton dynamics  
 
According to the algae growth curves (Figure 2) and the 
calculated SGRs, recruitment of chlorophytes and 

diatoms was observed at 9C, but  the  recruitment  of  
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cyanobacteria was not evidently detected until 12.5C. 

SGR of cyanobacteria peaked at 19.5C (about 0.256 
D

-1
). As for chlorophytes and diatoms, the maximum of 

SGRs simultaneously appeared at 12.5C, reaching to 
0.231 D

-1
 and 0.175 D

-1
, respectively. Particularly, 

Microcystis spp. (such as Microcystis aeruginosa, 
Microcystis wesenbergii, and Microcystis flos-aquae) 
constituted the dominant species of cyanobacteria. After 
recruitment, pelagic Microcystis colonies experienced an 
enlargement process, but unicells and dividing cells 
occupied the highest proportion all along (Figure 3).  
 
 
Variations in phytoplankton community composition 
 
Phytoplankton community structure at different 
temperatures was displayed in Figure 4. At the lower 

temperatures (5.5 and 9C), cyanobacteria, chlorophytes, 
diatoms and some species of euglenophyta or 
chrysophyta were found in the culture media. However, 
concentration of euglenophyta and chrysophyta cells did 
not markedly increase with elevated temperatures. Above 

12.5C, phytoplankton community was overwhelmingly 
composed of cyanobacteria, chlorophytes, and diatoms. 
Specifically to say, chlorophytes established dominance 

at 12.5 and 16C. Subsequently, cyanobacteria 

maintained dominant position above 19.5C. 
 
 

Algal photosynthetic capacity 
  
The maximal efficiency of photosystem II photochemistry 
was measured at different temperature levels, and was 
demonstrated in Figure 5. Algae cells remained weak 
photochemical vitality before recruitment, their 
photosynthetic capacity increased gradually after 
recruitment. As for chlorophytes and diatoms, 

photosynthetic capacity peaked at 23C, while that of 

cyanobacteria reached its peak value at 26.5C.  
 
 

DISCUSSION 
 
Influences of environmental factors on algae recruitment 
had been investigated previously (Barbiero and Kann, 
1994; Ståhl-Delbanco and Hansson, 2002; Cao et al., 
2005; Tao et al., 2005). Based on most of the literature, 
temperature, light and sediment resuspension were 
recognized to be the most important driving factors (Tan 
et al., 2008). In this paper, a simulation experiment was 
performed by static culture in light incubator, aiming to 
study effects of temperature on algae recruitment and 
populations succession. According to the results, we 
inferred that the temperature threshold for cyanobacteria 

recruitment would be between 9 and 12.5C, which was 
higher than that for chlorophytes and diatoms. This 
threshold range was in agreement with field  studies  in  
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Taihu Lake made by other persons, who reported that 
benthic cyanobacteria started to grow in March when 

average temperature was about 10C (Cao et al., 2005; 
Zhang et al., 2005). Previous studies indicated the protein 
synthesis of Microcystis aeruginosa accelerated when the 

temperature rose above 7C, if below this threshold 
physiological metabolism of benthic cyanobacteria was 
bogged down (Càceres and Reynolds, 1984).  

It suggested that temperature plays an important role in 
the recovery of the active form of M. aeruginosa in spring 
(Latour et al., 2004b). Considering facilitated action of 
resuspension and bioturbation in lakes, migration of 
overwintering phytoplankton in sediment might be initiated 
at lower temperature than static incubation 
(Karlsson-elfgren et al., 2004; Verspagen et al., 2004). In 
the experiment, sterilized lake water from sampling site 
was used as culture medium. Therefore, at the beginning 
of recruitment pelagic algae all originated from sediments. 
Thereafter, increases in abundances of the pelagic algae 
could result from two sources: growth of the 
phytoplankton already present in water and the amounts 
of recruitment from sediments. These two portions both 
contributed to the development of phytoplankton in water. 
Thus, recruitment of phytoplankton played two roles: 
either as a source of initial pelagic growth or as a 
supplement to further pelagic development (Cao et al., 
2005). In the present study, recruitment of cyanobacteria 
initiated later than chlorophytes and diatoms, but higher 
SGR helped cyanobacteria establish and keep dominant 
position shortly after recruitment. Additionally, colony 
enlargement phenomena of Microcystis were also 
observed in the absence of zooplankton. Pelagic 
Microcystis mainly existed as unicells or small colonies 
comprising a couple of cells at lower temperatures and 
gradually formed large colonies after warming up.  

Two mechanisms are involved in the enlarging pattern: 
one is that colonies are formed when daughter cells of a 
recently divided cell remain in a regular arrangement 
during the reproductive process and the other is that 
formation of colonies is adhesion of already existing 
single cells (Lürling, 2003). Large colonies consisted of 
dozens or hundreds of cells, which could be conglutinated 
together by sheath to form blooms and effectively defend 
against grazing by zooplankton (Yang et al., 2006). Many 
Microcystis unicells and dividing cells coexisted with 
colonies after recruitment, the proportion of dividing cells 
showed a significant correlation to the frequency of 
dividing cells, which was mainly responsible for algae 
growth rate and cell viability (Latour et al., 2004b). Thus, 
rapid proliferation and colony enlargement strategy 
provided Microcystis with an effective competitive power. 
In contrast, chlorophytes and diatoms, did not maintain 
high growth rates for occupying ecological space, whose 
predominance was exceeded by cyanobacteria easily. 
Previous studies had successfully detected esterase 
activities of overwintering M. aeruginosa as an indicator 
for cell viability (Latour et al., 2004a).  
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Figure 3. Percentages of Microcystis spp. unicells, dividing cells, and colonies. Colonies were 

grouped into consecutive groups: small colonies (cell number per colony from 3 to 10), middle colonies 
(cell number per colony between 10 and 100), and large colonies (cell number per colony more than 
100). 
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Figure 4. Phytoplankton community composition at different temperature levels. 
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Figure 5. Photosynthetic capacities of cyanobacteria, chlorophytes and diatoms at 
different temperature levels. 



 
 
 
 

While, esterase activities of different algal groups hardly 
could be measured separately in mixed samples. In the 
present study, photosynthetic capacities of cyanobacteria, 
chlorophytes and diatoms were analyzed by using 
Phyto-PAM (Walz, Germany) and displayed by Fv/Fm 
index, respectively, owing to the absence of 
dinoflagellates all along. Before recruitment, 
phytoplankton remained weak photochemical vitality, 
these dormant algae cells could be referred to as 
‘physiologically resting cells’ (Sicko-goad, 1986). They 
could be reactivated and increased gradually with 
elevated temperature (Li et al., 2004). Their maximum of 
photosynthetic capacity usually occurred at the optimum 
temperature for physiological metabolism (Blanchard et 
al., 1996). Interestingly, the maximal efficiency of 
photosystem II photochemistry did not change with growth 
rate synchronously. Frequency of algal dividing cells 
might be under the control of an endogenous component 
(Latour et al., 2004b), which merits further studies. 
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Escherichia coli and Salmonella species occur as normal flora in the gastrointestinal tract of animals 
and humans. However, pathogenic strains exist that cause disease in humans. Infections may result 
from the consumption of water and food contaminated with faeces of human and animal origin. In 
South Africa, residents of most rural communities rely on untreated ground water for survival. This 
practice results to the transfer of pathogenic micro-organism to humans and thus amplifies the need to 
identify contaminated water systems. Results obtained may adequately address water quality problems 
and hence protect public health. The study was conducted to isolate and determine the antibiotic 
resistance profiles of E. coli and Salmonella species from the groundwater obtained from two rural 
communities in the North-West province, S.A. Nineteen ground water samples were analyzed for 
characters of E. coli and Salmonella species. Only those isolates that satisfied all the primary (oxidase 
and the triple sugar iron) and secondary identification criteria (API 20E and rapid slide agglutination 
test) for E. coli and Salmonella species were used. A total of 63 E. coli and 64 Salmonella isolates were 
identified. The antibiotic susceptibilities of these isolates were evaluated against a panel of 10 
antibiotics. A large proportion (56.7 to 57.6%) of the E. coli isolated from both Dibate and Verdwall were 
resistant to vancomycin. Similarly, large proportions (51.5 to 78.8%) of the E. coli isolated from Verdwall 
were resistant to ampicilin and erythromycin when compared to those isolated from Dibate. 
Furthermore, a higher percentage (90.0 to 100%) of Salmonella isolated from both Dibate and Verdwall 
were resistant to ampicillin, erythromycin and vancomycin. AP-E-VA was the predominant phenotype 
for E. coli isolated from both Dibate and Verdwall in 40 and 20%, respectively, while the phenotypes AP-
E-T-VA and AP-E-VA were dominant among the Salmonella species isolated in this study. The results 
indicated that E. coli and Salmonella could serve as indicator organisms necessary to assess the 
quality of ground water and their levels are critical parameters that could help to drive management 
strategies. This will limit the effect of these pathogens on consumers, as some water samples were 
visibly identified to be contaminated.   
 
Key words: Salmonella, E. coli, multiple antibiotic resistant (MAR), phenotype. 

 
 
INTRODUCTION 
 
Access to drinking water is a fundamental human need 
and therefore a basic right of every individual, since 
contaminated  water  jeopardizes  both  the  physical  and  
 
 
 
*Corresponding author. E-mail: atebacollins1@hotmail.com. 

social health to consumers (WHO, 2003). In South Africa, 
residents of most rural communities use untreated 
groundwater for drinking and household activities. 
Generally, ground water from boreholes in these rural 
communities is usually of poor quality that results from 
chemical and microbial contamination hence considered 
to be unsafe (Momba et al., 2003, 2005, 2006; Obi et  al.,  



 
 
 
 
2006). Despite this, it is still used for drinking by residents 
in many communities who do not usually have access to 
portable water. Residents of Dibate and Verdwall in the 
Mafikeng area face these same problems. Although the 
infections such as diarrhoea that are caused by 
pathogens in water can be self-limiting in some patients, 
they may also be life-threatening in infants, the elderly 
and immune-compromised individuals (Momba et al., 
2008). The high prevalence of Human immunodeficiency 
virus/ acquired immune deficiency syndrome (HIV/AIDS) 
in South Africa amplifies the risks associated with 
drinking water from these sources (Bessong et al., 2009). 
Antibiotic resistant faecal coliforms have been isolated 
from different water sources in the area (Mulamattathil et 
al., 2000). Multiple antibiotic resistant E. coli O157strains, 
enterococci species and Staphylococcus aureus have 
also been isolated from animal faeces, human stool 
samples and milk in the area (Ateba et al., 2008; Ateba 
and Bezuidenhout, 2008; Moneoang and Bezuidenhout, 
2009; Ateba et al., 2010).  

These isolates could be deposited in water bodies if 
proper hygiene standards are not implemented and later 
contaminate ground water (Sorum and L’Abee-Lund, 
2002). Consequently, this could contribute in the pool of 
antibiotic resistant genes among bacteria species in the 
area and hence negatively affect the treatment of 
infections caused by these pathogens. Under these cir-
cumstances, it is important to determine the prevalence 
of faecal bacterial contaminants in drinking water so as to 
reduce mortality caused by these pathogens. Prior to 
1994, between 14 to 18 million South Africans were not 
receiving adequate water supply (Momba et al., 2006). 
However, as of 2004 about 4 million inhabitants in South 
Africa still rely on untreated water sources which include 
rivers, ponds and springs (Kasrils, 2004). Recently, 3.3 
million inhabitants of South Africa were identified to be 
living without access to portable water while about 15.3 
million did not have access to adequate sanitation 
(Council for Scientific and Industrial Research, 2008). 
Although the government is continually setting up 
strategies to ensure that residents in rural communities 
have access to portable water, these facilities are usually 
faced with maintenance problems. Residents are often 
left with no option but to revert to use the unprotected 
water sources like boreholes (WRC, 1993).  

These unprotected water sources easily get conta-
minated with faecal matter of both human and animal 
origin through rainfall runoffs and human defecations 
(Ahmed et al., 2005). Bacteria that belong to the family of 
Enterobacteriaceae are a major threat to humans as they 
frequently contaminate drinking water and hence have 
the potential of causing water-borne diseases (Young, 
1996). However, it is difficult to determine the effect of 
these pathogens in rural societies due to the fact that 
individuals that encounter diarrhoea related infections 
rarely report cases to hospitals (Pascal et al., 2009). This 
amplifies the need to identify contaminated water systems 
so as to adequately address water quality  
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problems and hence protect human health. Furthermore, 
there is a need to regularly determine the bacterial load in 
these water systems. This might reduce water borne 
infections in humans that live in these poverty driven 
communities. This could reduce the health risks 
associated with the pathogens that are found in ground 
water. The study was aimed at isolating and determining 
the antibiotic resistance profiles of E. coli and Salmonella 
species from ground water obtained from two rural 
communities in the North-West province of South Africa. 
 
 
MATERIALS AND METHODS  
 
Area of the study 
 
This research was conducted in the North-West University, 
Mafikeng Campus, North-West Province, South Africa. 19 ground 
water samples were collected from two rural communities in the 
Mafikeng area. This consisted of 10 from Dibate and 9 from 
Verdwall. Verdwall is situated approximately 5 km to Itsoseng and 
Dibate is on the west of Megacity shopping complex in Mmabatho. 
The samples were collected from both storage tanks and borehole 
taps. Prior to collecting the samples, the taps were made to run for 
about 1 min. Water samples were collected into sterile 500 ml 
Duran Schott bottles and were immediately transported on ice to 
the laboratory for analysis.   
 
 
Laboratory analysis 
 
Media utilized in the study 
 
To determine the bacterial load from water samples m-Fc, m-ENDO 
and plate count agar obtained from Biolab (UK) and supplied by 
Merck, South Africa were utilized. Plate count agar was used to 
determine the heterotrophic bacterial count while m-ENDO and m-
Fc media were used to determine the total and faecal coliform 
counts, respectively. Salmonella-shigella agar (SSA) and eosin 
methylene blue agar (EMBA) were used to selectively isolate 
Salmonella species and E. coli, respectively.   
 
 
Determination of bacterial load 

 
Water samples were analyzed within 2 h upon arrival in the 
laboratory according to standard methods (APHA, 1998). Each 
sample was analyzed in triplicates. An aliquot of 100 ml from each 
sample was filtered using 0.45 µm filter paper (Whatman®Glass 
Microfiber GS Filterpaper) on a water pump machine (model 
Sartorius 16824). A sterile forcep was used to remove the 
membrane filters from the machine. These filter papers were placed 
on m-FC and m-ENDO agar, respectively. Aliquots of 50 µl of the 
samples were spread-plated on plate count agar. Plate count agar 
and m-ENDO agar plates were incubated at 37°C for 24 h  while m-
FC plates were incubated at 45°C for 48 h.  

After incubation typical blue colonies on the m-FC plates were 
regarded as potential faecal coliforms. However, on m-ENDO agar 
plates, characteristic metallic-sheen colonies were considered 
potential total coliform bacteria. These isolates were counted using 
a colony counter. The results were recorded and averages 
computed. The colonies on the agar were also counted and the 
results were reported as colony forming units (CFU) per 100 ml of 
sample plated. 
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Selective isolation of E. coli and Salmonella species 
 
Aliquots of 50 µl from each water sample was spread-plated onto 
eosin methylene blue agar (EMBA) and salmonella-shigella agar 
(SSA) plates for selective isolation of E. coli and Salmonella 
species, respectively. The plates were incubated at 37°C for 24 h. 
After incubation, characteristic metallic-sheen colonies on EMBA 
and pale yellow colonies with black spots on their centres on SSA 
were considered to be presumptive E. coli and Salmonella species, 
respectively. These isolates were sub-cultured on EMBA and SSA 
plates for E. coli and Salmonella species, respectively and the 
plates were incubated at 37°C for 24 h. Pure isolates  for E. coli and 
Salmonella, respectively were retained for identification using 
specific biochemical tests. 
 
 
Control strains 
 
E. coli (ATCC 25922), Salmonella arizonae (ATCC 13314) and 
Salmonella paratyphi (ATCC 1950) were used as positive control 
strains in all experiments. 
 
 
Bacterial identification 
 
Presumptive isolates were identified using the following criteria. 
 
 
Cellular morphology 
 
Isolates were gram stained using the method of Cruikshank et al. 
(1975). All gram-negative isolates from EMBA and SSA plates were 
subjected to primary and secondary biochemical identification tests. 
 
 
Preliminary biochemical identification tests for E. coli and 
Salmonella spp  
 
Triple sugar iron agar test: Triple sugar iron (TSI) agar (Biolab) 
obtained from Merck, S.A. was used to determine the potential of E. 
coli and Salmonella isolates in utilizing three sugars, (glucose, 
sucrose and lactose) at final concentrations of 0.1, 1.0 and 1.0%, 
respectively. The test was performed as previously recommended 
by (United States Pharmacopeial Convention; Incorporated 2001). 
The results were recorded and data interpreted as previously 
determined by (Forbes and Weissfeld, 1998).  
 
Oxidase test: The oxidase test was performed using the oxidase 
test reagent from Pro-Lab Diagnostics, United Kingdom and the test 
was performed as instructed by the manufacturer (Whatman 
International Limited, Maidstone, England). All isolates that satisfied 
the preliminary identification criteria for E. coli and Salmonella, 
respectively were subjected to confirmatory biochemical 
identification test. 
 
 
Confirmatory identification tests for E. coli and Salmonella spp  
 
Analytical profile index (API) API 20E 
 
All the presumptive E. coli and Salmonella spp. were confirmed 
using the API 20E test which is a standardized test kit designed to 
facilitate the identification of bacteria that belong to the family 
Enterobacteriaceae. The test was performed as instructed by the 
manufacturer (BioMerieux®, France). The indices obtained after 
reading the results were interpreted using the API web software 
(BioMerieux® S.A). 

 
 
 
 
Antibiotic susceptibility test 
 
Antibiotic susceptibility tests were performed on all E. coli and 
Salmonella species to determine their antibiotic resistant profiles 
using the Kirby-Bauer disc diffusion technique (Kirby et al., 1966). 
Before antibiotic sensitivity testing, the isolates were revived by 
culturing onto EMBA and SSA plates for E. coli and Salmonella, 
respectively. The plates were incubated aerobically at 37°C for 24 
h. Bacterial suspensions were prepared using these pure isolates 
and aliquots of 100 µl from these suspensions were spread-plated 
on Mueller Hinton agar (Biolab, Merck, South Africa). The 
susceptibilities of the isolates against a panel of ten different 
antibiotic discs obtained from Mast Diagnostics, United Kingdom 
were determined. The antibiotic discs were gently pressed onto the 
inoculated Mueller Hinton agar to ensure intimate contact with the 
surface and plates were incubated aerobically at 37°C  for 24 h 
(CLSI,1999) formerly (NCCLS, 1999). The antibiotic inhibition zone 
diameters were measured and results obtained were used to 
classify isolates as being resistant, intermediate resistant or 
susceptible to a particular antibiotic based on standard reference 
values (CLSI,1999) formerly (NCCLS, 1999). Table 1 indicates the 
details of antibiotics that were used in the study. The antibiotics 
tested are those to which resistance have been reported in the area 
(Ateba and Bezuidenhout, 2008; Bezuidenhout and Moneoang, 
2009). Moreover, some antibiotics that are used to treat human 
infections were also included.  
 
 
Multiple antibiotic resistant (MAR) phenotypes  
 
MAR phenotypes were generated for isolates that were resistant to 
3 and more antibiotics (Rota et al., 1996). Phenotypes were 
generated using the abbreviations that appear on the antibiotic 
discs. 
 
 
Statistical analysis 
 
Statistical analysis was done using SPSS software (version 14.0). 
Pearson’s moment correlation product (P<0.05) was used to 
determine whether the antibiotics tested exhibited similar reactions 
against the E. coli and Salmonella spp. isolated from the different 
sampling stations. Cluster analysis was performed using the 
Statistica software (version 9.0). 
 
 
RESULTS  
 
Bacterial load in ground water samples 
 
A total of 19 ground water samples were analyzed to 
determine the faecal coliform, total coliform and 
heterotrophic bacterial counts. Results obtained were 
recorded as number of colony forming units (cfu) per 100 
ml of water sample for m-FC and m-ENDO while for 
heterotrophic counts the results were recorded as 
number of cfu per 1 ml of water sample. Results obtained 
are shown in Tables 2 and 3 for samples obtained from 
Dibate and Vredwall, respectively. The results in Table 2 
indicate that a large number (9 of 10) of the water 
samples obtained from Dibate village were contaminated 
with microbial pathogens. Generally, the number of 
colonies per sample was higher for the heterotrophic 
bacterial count than the total coliform and the faecal 
coliform count (Table 2). Although one of the samples did 
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Table 1. Details of antibiotics that were used in the study. 
 

Group Antibiotic Disc  conc R I S 

Aminoglycosides 

S 300 µgd ≤11 12 to 14 ≥15 
Ne 30 µgc ≤12 13  to 16 ≥17 

K 30 µgc ≤13 14 to 17 ≥18 
      

Beta –Lactams 
Ap 10 µga ≤11 12 to 14 ≥15 

GM 10 µga ≤12 - ≥13 
      

Glycopeptides VA 30 µgc ≤9 10 to 11 ≥12 
Tetracyclines T 30 µgc ≤14 15 to 18 ≥19 

Quinolones Nor 10 µga ≤12 13 to 16 ≥17 

Phenols C 30 µgc ≤12 13 to 17 ≥18 

Marcrolides E 15 µgb ≤13 14 to 22 ≥23 
 

The superscripts a to d indicate the generally accepted concentrations of the discs according to the standard method 
stipulated by the manufacturer, Mast Diagnostics, Merseyside, United Kingdom (mention the abbreviation here). 

 
 
 
Table 2. The total number of bacterial counts from the ground water samples obtained from Dibate and Verdwall villages, respectively.  
 

Sample no /source FCC TCC HPC Sample no /source FCC TCC HPC 
DW1  (Storage tank) 4 16 224 VW1  (Storage tank) 10 20 40 
DW2  (Pump) 8 30 374 VW2  (Storage tank) 1 4 15 
DW3  (Pump) 4 10 314 VW3  (Storage tank) 3 12 20 
DW4  (Pump) 6 28 172 VW4  (Pump) 5 10 32 
DW5  (Storage tank) 2 4 125 VW5  (Pump) 7 19 116 
DW6  (Pump) 8 170 250 VW6  (Pump) 4 16 286 
DW7  (Storage tank) 0 2 0 VW7  (Pump) 0 22 90 
DW8  (Pump) 0 2 28 VW8  (Pump) 1 1 6 
DW9  (Pump) 9 12 40 VW9  (Pump) 0 5 100 
DW10 (Storage tank) 1 1 4     

 

DW = Dibate water; VW = Verdwall water; FCC = Faecal coliform count (cfu/100 ml); TCC = Total coliform count (cfu/100 ml); HPC = 
Heterotrophic plate count (cfu/1ml). 

 
 
 

Table 3. The percentages of E. coli and Salmonella spp isolated from the two sampling sites. 
 

Bacterial species Sample area No isolated Percentage of E. coli and Salmonella isolated 

E. coli 
Dibate 30 47.6 
Verdwall 33 52.4 

    

Salmonella spp 
Dibate 
Verdwall 

14 
50 

21.9 
78.1 

 
 
 
not reveal any contamination, it was observed that most 
water were contaminated with bacteria of faecal origin. 
However, an interesting observation was that the counts 
were higher in samples obtained from borehole pumps 
than in tanks. Table 2 also indicates that faecal coliform 
bacteria were identified in all but 1 water sample obtained 
from Vredwall. Despite this, total coliform bacteria and 
very high levels of heterotrophic bacteria were identified 
in these samples. It was identified that the number of 

colony forming units were generally higher for water 
samples obtained from borehole pumps than those in 
taps that are linked to storage tanks. 
 
 
Occurrence of E. coli and Salmonella spp. in ground 
water samples 
 
19 ground water  samples  that  comprised  of  10  and  9 
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Table 4. Percentage antibiotic resistance of E. coli and Salmonella isolated from the different sampling stations. 
 

Antibiotics 

E. coli (N=63) Salmonella spp (N=64) 
Sampling site Sampling site 

Dibate (N=30) Verdwall  (N=33) Dibate (N=14) Verdwall  (N=50) 
Ap 33.0 78.8 100 100 
E 20.0 51.5 92.9 90.0 
T 23.3 12.1 14.3 64.0 

GM 0 24.2 0 2.0 
VA 56.7 57.6 100 100 
Ne 0 30.0 0 4.0 
C 3.3 27.3 7.1 26.0 
K 0 27.3 0 30.0 
S 0 15.2 0 6.0 

Nor 0 9.1 0 16.0 
 

Ap (ampicillin), E (erythromycin), T (tetracycline),GM (gentamicin), VA (vancomycin), Ne (neomycin), C (chloramphenicol), K 
(kanamycin), S (streptomycin),  Nor (norfloxacin). 

 
 
 
from Dibate and Verdwall villages respectively were 
collected directly from the pumps and storage tanks. 
These samples were analyzed for the presence of 
Salmonella spp. and E. coli, respectively. Isolates that 
satisfied both the preliminary and confirmatory identi-
fication tests for these pathogens were retained. A total of 
63 E. coli isolates and 64 Salmonella arizonae were 
positively identified as shown in Table 3. The proportion 
of both E. coli and Salmonella spp. isolated were higher 
(33) and 50, respectively in water samples obtained from 
Verdwall. Moreover, the proportion of Salmonella isolated 
from Verdwal (50) was higher when compared to those 
isolated from water obtained in Dibate (14).  
 
 
Antibiotic resistance of E. coli and Salmonella spp. in 
ground water samples 
 
All the E. coli and Salmonella isolated were tested to 
evaluate their susceptibilities to 10 different antibiotics. 
Results obtained are depicted in Table 4. A large 
proportion (51.5 to 78.8%) of the E. coli isolated from 
Verdwall was resistant to ampicillin and erythromycin 
when compared to those isolated from Dibate. Similarly, 
a large proportion (56.7 to 57.6%) of the E. coli isolates 
from both Dibate and Verdwall were resistant to 
vancomycin. Despite the fact that a small proportion (9.1 
to 30.3%) of the E. coli isolates from Verdwall were 
resistant to gentamicin, neomycin, kanamycin, 
streptomycin and norfloxacin, none of those isolated from 
Dibate were resistant to these antimicrobial agents. Small 
proportions (12.1 to 23.3%) of the E. coli isolates from 
both sample sites were resistant to tetracycline. A very 
large proportion (90.0 to 100%) of the Salmonella isolates 
from both Dibate and Verdwall were resistant to 
ampicillin, erythromycin and vancomycin. Despite the fact 
that only a small proportion (14.3%) of the Salmonella 

isolates from Dibate were resistant to tetracycline, a 
relatively larger proportion (64.0%) of those isolated from 
Verdwall were resistant to this drug. Salmonella isolates 
from Verdwall showed little resistance (2.0 to 30.0%) to 
gentamycin, neomycin, kanamycin, streptomycin and 
norfloxacin. However, none of those isolated from Dibate 
were resistant to these antimicrobial agents (Table 4).   
 
 
MAR phenotypes of E. coli isolated  
 
The predominant antibiotic resistant phenotypes that 
were determined for E. coli isolated from ground water 
were obtained from Dibate and Verdwall, respectively are 
shown in Table 5. The MAR phenotype AP-E-VA was 
dominant among 40.0 and 20.0% of the E. coli isolates 
from Dibate and Verdwall, respectively. Furthermore, the 
phenotype AP-T-VA was also identified in 40.0% of the 
isolates from Dibate (Table 5). Although none of the E. 
coli isolated from Dibate was resistant to more than four 
antibiotics, an isolate from Verdwall was resistant to nine 
of the ten antibiotics tested. However, all of the E. coli 
isolated from both sites sampled was resistant to three or 
more antibiotics.  
 
 
MAR phenotypes of Salmonella species isolated  
 
The dominant MAR phenotypes amongst Salmonella 
isolated from ground water in the sampled sites were AP-
E-VA and AP-E-T-VA in 85.7 and 22% for those isolated 
from Dibate and Verdwall, respectively. Phenotypes AP-
E-VA and AP-E-T-VA-K-C were also identified in 20 and 
14%, respectively for the Salmonella isolates obtained 
from Verdwall (Table 5). Salmonella species from Dibate 
were not resistant to more than four of the ten antibiotics 
tested. An isolate from Verdwall was resistant to  eight  of  



Phokela et al.         5907 
 
 
 

Table 5. The predominant multiple antibiotic resistant (MAR) phenotypes for E. coli and Salmonella arizonae isolated from 
the different sampling sites.   
 

Specie Sampling site Phenotype No observed % 

E. coli 

Dibate (N=10) 
AP-E-VA 4 40.0 
AP-T-VA 4 40.0 

    

Verdwall (N=20) 
AP-E-VA 4 20.0 
AP-GM-E-VA 2 10.0 

     

Salmonella spp 

Dibate (N=14) AP-E-VA 12 85.7 
Verdwall AP-E-T-VA 11 22.0 
    

(N=50) 

AP-E-VA 10  
AP-E-T-VA-K-C 7  
AP-VA-Nor 3  
E-T-VA 3  

 

Ap (ampicillin), E (erythromycin), T (tetracycline),GM (gentamicin), VA (vancomycin),  Ne (neomycin), C 
(chloramphenicol), K (kanamycin), S (streptomycin),  Nor (norfloxacin). 

 
 
 
the antibiotics tested. All the Salmonella species isolated 
from Dibate and a large proportion of those from Verdwall 
were resistant to three or more antibiotics MAR. 
 
 
DISCUSSION  
 
The primary objective of this study was to isolate E. coli 
and Salmonella species from ground water that is used 
for drinking by residents of two rural communities in the 
North-West Province, of South Africa. An analysis of the 
bacterial load in water samples was also investigated. E. 
coli and Salmonella species were successfully isolated 
and their identities were confirmed. Results indicated that 
a greater proportion (7 out 9) of the water samples from 
each site was contaminated with bacteria of faecal origin. 
Moreover, the levels of total coliforms and heterotrophic 
bacteria were high (Table 2). Similar studies have been 
conducted to evaluate the quality of drinking water, by 
means of determining the bacterial load in water samples 
(Nevondo and Cloete, 1999; Potgieter, 2007). In these 
studies it was reported that the proportion of indicator 
microorganisms was far beyond the standards recom-
mended for potable water in South Africa (Nevondo and 
Cloete, 1999; Potgieter, 2007). However, the results 
obtained in the latter studies were higher than those 
reported herein although both E. coli and Salmonella 
species were the predominant coliform bacterial species 
that were most frequently isolated (Nevondo and Cloete, 
1999). E. coli isolated in the present study was not iden-
tified at strain level. Some of these isolates may belong to 
the serotype E. coli O157:H7 that is highly pathogenic to 
humans. Thus their presence in drinking water may have 
severe health implications on consumers. 

Another objective of the study was to determine the 
extent to which E. coli and Salmonella species isolated 
from ground water in these two rural communities are 
resistant to antibiotics. A motivation to this is the fact that 
previous studies conducted in the area involving E. coli 
and E. coli O157 strains from humans, cattle and pigs 
revealed that a large proportion of the isolates (50 to 
100%) were resistant to some antibiotics (Ateba and 
Bezuidenhout, 2008; Moneoang and Bezuidenhout, 
2009). The emergence of multidrug resistant Salmonella 
species in the developing countries has been attributed to 
the misuse of antibiotics in animals (Threlfall, 2002). This 
indicates the need to regulate the usage of antimicrobial 
agents as this may have severe implication on both the 
veterinary and health care profession (Mulamattathil et 
al., 2000). Results obtained in the present study revealed 
that MAR, defined as resistance to three or more 
antibiotics was observed in 30 (47.6%) and 64 (100%) of 
E. coli and Salmonella species, respectively. Several 
studies have shown that E. coli and Salmonella species 
isolated from ground water are resistant to multiple 
antibiotics (Armstrong et al., 1981; Harakeh et al., 2006). 
However, in the present study a greater proportion of 
Salmonella species were resistant to most of the 
antibiotics tested. 

A larger proportion of E. coli and Salmonella species 
isolated were resistant to ampicillin, erythromycin and 
vancomycin. Resistance to ampicillin may have resulted 
from the fact that the drug is frequently used in both 
veterinary and human medicine in the area. However, 
resistance to erythromycin and vancomycin was a course 
for concern since these antibiotics are not used on 
animals and humans in the study area. Similar 
observations have  been reported  (Oguttu,  2007;  Ateba  
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and Bezuidenhout, 2008). E. coli and Salmonella species 
from both sites showed little or no resistance to 
gentamycin, neomycin, kanamycin, streptomycin and 
norfloxacin. However, both E. coli and Salmonella 
species from Verdwall showed high levels of resistant to 
these drugs as compared to those from Dibate (Table 4). 
This indicates the difficulty that may arise in treating 
water-borne infections in humans that are resident in 
Verdwall if caused by these multiple antibiotic resistant 
strains. A small proportion (3.3 to 27.3%) of the E. coli 
and Salmonella isolates showed resistance to 
chloramphenicol (Table 4). Chloramphenicol had been 
banned for inclusion as additives in feeds for animals 
(Bischoff et al., 2002). Moreover, it is not used in 
veterinary medicine in the area. The predominant MAR 
phenotypes for Salmonella and E. coli isolated was AP-E-
VA, AP-E-VA and AP-GM-E-VA. Resistance phenotypes 
arise from different genetic determinants that present 
specific epidemiological features (Lanz et al., 2003). 
Consequently, an assessment of the resistance situation 
at genetic level would be of great importance in 
controlling antimicrobial resistance. Although a large 
proportion of these isolates were resistant to most of the 
antibiotics that were tested, high levels of resistance were 
observed against ampicillin. Although nothing is known 
about the distribution and contribution of antibiotic 
resistance genes in Salmonella species in the area, little 
has been documented for E. coli (Ateba and 
Bezuidenhout, 2008). This is therefore an aspect that 
needs further investigation. 
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Hepatitis C is one of the most common causes of the liver failure and cancer and represents a major 
public health problem. Recent studies have focused on whether different hepatitis C virus (HCV) 
genotypes, are associated with different profiles of pathogenicity, infectivity and response to antiviral 
therapy. Genotyping system based on polymerase chain reaction (PCR) of the core region with 
genotype-specific PCR primers for the determination of HCV genotypes 1a, 1b, 2a, 2b, 3a, 3b, 4, 5a, and 
6a was developed. Different genotypes have been reported in different parts of the world. Genotype 1 is 
difficult to treat, while genotypes 2 and 3 are easy to treat. Therefore, identification of HCV genotype in 
patients is necessary to begin and follow up the treatment. In this study, viral genomic of 94 patients 
extracted from sera were detected by nested-real time (RT) PCR. PCR products were digested with 
proper enzymes and studied by restriction fragment length polymorphism (RFLP). The results of PCR-
RFLP were as follows: 1a (54.26%), 1b (11.71%), 3a (27.66%), 2a (2.12%) and 4 (4.25%). This indicates 
that a high percentage of HCV infected patients. 
 
Key words: Genotyping, Hepatitis C Virus, PCR, RFLP, Iran. 

 
 
INTRODUCTION   
 
Hepatitis C virus (HCV) is a single stranded ribonucleic 
acid (RNA) virus; approximately 9.5 kb which belongs to 
the Flaviviridae family, HCV demonstrates a high degree 
of sequence variation throughout its genome (Choo et al., 
1989). HCV is a causative agent for chronic, acute and 
fulminant hepatitis (Alavian et al., 2002). The association 
of  HCV   among   patients   with   cirrhosis   of   liver  and 
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Abbreviations; HCV, Hepatitis C virus; RT PCR, reverse 
transcriptation polymerase chain reaction; 5'-UTR, 5' 
untranslated region; DNA, deoxyribonucleic acid; RIBA, 
recombinant immunoblot assay. 

hepatocellular carcinoma has been reported (Alavian et 
al., 2006). HCV infection is a global health problem and it 
is estimated that 200 million people of the world 
population are infected with HCV (Lee et al., 2008). 
Serological tests detecting antibody to HCV have shown 
that HCV is the major etiological agent for both 
transfusion acquired and sporadic non-A, non-B hepatitis 
(Alter et al., 1989; Kuo et al., 1989; Mosley et al., 1990). 
Chronic hepatitis occurs in more than 50% of HCV 
infected patients and can lead to cirrhosis and liver 
cancer. HCV causes 20% of acute hepatitis cases, 70% 
of all chronic hepatitis cases, 40% of all cases of cirrhosis 
of the liver, 60% of hepatocellular carcinomas, and 30% 
of liver transplants in Europe.  

The study of genetic variability of HCV strains has led 
the consensus classification into six major genotypes. 
Some studies suggest  that  the  clinical  features  of  liver 



 
 
 
 
disease depend on HCV genotypes (Farshad et al., 
2010). Classification of HCV is based on the diversity of 
the genome, and the criterion for HCV classification was 
proposed by Simmonds and colleagues (Simmonds et 
al., 1993).  

The HCV genotypes have been determined primarily 
based on analysis of partial genome sequences. The 
most extensive database exists for the 5'-UTR, core, E1, 
and NS5B (Bukh et al., 1992a; Furione et al., 1999). 
Whereas the 5'-UTR is highly conserved and therefore 
preferred for diagnosis, the core, envelope, and NS5B 
regions are less conserved and therefore highly 
discriminative and may be preferred for subtyping 
(Prescott et al., 1997). 

Sequence analysis of multiple strains of HCV has 
demonstrated that the nucleotide sequence can differ by 
as much as 30%. However, the levels of heterogeneity 
differ considerably among various regions of the virus. 
For example, sequence variation ranges from as little as 
10% in the 5' untranslated region (5'-UTR) to as much as 
50% or more within the E1 region. HCV isolates from 
around the world can be divided into distinct major 
groups or genotypes with about 66 to 69% nucleotide 
similarity, which can in turn be divided further into 
subtypes with about 77 to 80% nucleotide similarity 
(Chan et al., 1992; Bukh et al., 1993). 

Since the first report of the HCV genome by the Chiron 
research group numerous complete or partial nucleotide 
sequences of HCV isolates have been reported 
worldwide. Comparison of these sequences revealed 
marked genetic heterogeneity of the HCV genome 
(Okamato et al., 1990; 1992; Choo et al., 1991; 
Inchauspe et al., 1991).  

Investigators of HCV genotyping have used sequence 
analysis of HCV NS5, core, E1, and 5'-UTRs. HCV 
genotyping by Okamoto et al. using type-specific primers 
was first introduced by using primers specific for the core 
region. (Okamoto et al., 1996) This method lacked 
acceptable sensitivity and specificity (McOmish et al., 
1993). Several deoxyribonucleic acid (DNA) hybridization 
assays for HCV genotyping have been described.  

A commercial kit for HCV genotyping has been 
introduced in Europe by Innogenetics (InnoLipa, Belgium) 
and is based on hybridization of 5'- UTR amplification 
products with genotype specific probes. Others have 
used restriction enzymes to determine viral genotype by 
restriction fragment length polymorphism (RFLP).  

In this method, a PCR-amplified DNA fragment is 
digested into fragments with different lengths by enzymes 
(restriction endonucleases) that recognize cleavage sites 
specific for each genotype (Stuyver et al., 1993). 
Although all these methods are able to identify the major 
genotypic groups, only direct nucleotide sequencing is 
efficient in discriminating subtypes (Bukh et al., 1995).  

In the current study, we have typed HCV strains with 
RFLP rapidly and reliably by digesting the amplified DNA 
from  the   primary   specimens   by   selected   restriction 
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enzymes and some by sequencing. 
 
 
MATERIALS AND METHODS 
 
Serological data 
 

The sera were collected from 94 HCV infected patients, referred to 
Al Mahdi Laboratory (Shahrekord, Iran) during 2009-2010. All 
patients had elevated serum aminotransferases for at least 6 
months, a positive test for anti-HCV antibodies (third generation 
ELISA [ORTHO HCV 3.0 ELISA Test system; Ortho Diagnostics, 
Raritan, New Jersey, USA], the confirmatory recombinant 
immunoblot assay (RIBA) test (Inno-LIA TM HCV Score) and HCV 
RNA in serum by reverse transcription nested PCR for the 5'-UTR 
of the HCV genome (Simmonds et al., 1993). The average age was 
varying from 18 to 64 year. while the mean age was 41.  
 
 
HCV RNA extraction and cDNA synthesis 
 

For detection of HCV RNA in serum and for genotyping studies, 

RNA was extracted from 50 μl of serum by using STRP
TM

 HCV 
detection kit (Cinna Gen Inc Company). For extraction of HCV RNA, 
add 50 μl serum to 450 μl cold RNX

TM
 plus solution and vortex 

sample to dissolve clamps, then add 100 μl of chloroform and 
centrifuged at 12000 g and transfer the aqueous phase to a new 
tube then add equal volume of isopropanol, and stored at -20°C for 
at least 20 min, and centrifuged at 12000 g. Then discard aqueous 
phase and to the pellet 200 μl 70% ethanol and centrifuged at 
12000 g, and discard aqueous phase and dry the pellet (RNA). At 

least dissolve RNA in 30 μl DEPC treated water and stored in -
70°C

.
 According to the kit protocol, cDNA was synthesis and by use 

specific primers RT-PCR was done. 
 
 
PCR genotyping primers 
 

For specific and nested PCR, four oligonucleotide primers form 5'-
UTR of HCV were designed using generunr (Hastings software) 

and synthesized at the Cinna Gene Company (Iran). In the first 
round of PCR, the primers corresponded to HCV-1 sense oriented 
nucleotides -268 to -251 F1 (AGCGTCTAGCCATGGCGT), 
numbered according to Bukh et al., (1992b) and antisense 
nucleotides -4 to -22 R1 (GCACGGTCTACGAGACCT). For the 
second round, the primer F2 (GTGGTCTGCGGAACCGG) 
corresponded to sense-oriented nucleotides -199 to -183 and R2 
(GGGCACTCGCAAGCACCC) corresponded to antisense 

nucleotides -26 to -43.  
 

 
PCR 
 

The first round was carried out for 30 cycles which consisted of 
initial denaturation at 94°C for 5 min, denaturation at 94°C for 35 s, 
annealing at 58°C for 40 s, extension at 72°C for 45 s and, the final 
extension at 72°C for 5 min. The second round was followed for 25 

cycles which consisted of initial denaturation at 94°C for 5 min, 
denaturation at 94°C for 35 s, annealing at 64°C for 40 s, extension 
at 72°C for 45 s, and the final extension at 72°C for 5 min. The 174-
bp second PCR product was submitted to electrophoresis by using 
a 1.5% agarose gel in 0.5X TBE buffer, and was visualized by 
ethidium bromide staining under ultraviolet light (Han et al., 1991). 
 

 
Genotyping by RFLP 

 

Total volumes of each nested-PCR product (25 μl) were divided into
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Figure 1. Ethidium bromide stained gel of PCR products amplified 
with HCV primers. DNA 100 bp markers (lane M), samples positive 
(lanes 1, 2 and 3). 

 
 
 

Table 1. Demonstrates cutting sites of Hinf I, Apa I, EcoR II and Bsh1236 I restriction 
enzymes for different strains of HCV as published by Bukh et al. (1992).  
 

Genotype 
Segment (bp) 

Tube A Tube B Tube C 

1a 97 97 129 

1b 97 97 99 

2a 97 174 174 

2b 174 174 174 

3a 129 145 99 

3b 97 145 99 

4 97 145 129 

5 97 174 99 

6 97 97 174 
 
 

 

three tubes containing appropriate buffers. Restriction enzymes, 
Apa I, Hinf I, EcoR II and Bsh1236 (Fermentas, Co.) used as the 
following combinations: 1.Apa I / Hinf I; 2. EcoR II/Hinf I; 3. 
Bsh1236 I. The other enzymes were similar to McOmish et al 
(1994) method. 

The tubes were incubated with 1 U of the enzyme mixture for 3 h 
at 37°C. The digestion temperature was 37°C. If the samples could 
not be analyzed immediately after digestion, they were stored at -
20°C before the analysis vertical 12% polyacrylamide gel 
electrophoresis and the digested products were heated for 5 min. 
After ethidium bromide staining, the DNA fragments were identified 

under ultraviolet light. Molecular weight 100 bp plus marker 
(Fermentas, Co.) and undigested PCR products was included in 
each   analysis.   The   genotypes     were     deduced     from     the  

fragmentation patterns of the amplified DNA. 
 
 
RESULTS 
 
The 5'- UTR of 94 HCV positive serum samples were 
amplified and digested by appropriate restriction 
enzymes for genotype determination. The RFLP results 
revealed: 1a (54.26%), 1b (11.71%), 3a (27.66%), 2a 
(2.12%), 4 (4.25%). Figure 1 shows the 174 bp nested 
RT-PCR amplification of HCV RNA extracted from blood 
samples. Table 1 show fragments yielded upon restriction 
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Figure 2. 12% polyacrylamide gel electrophoresis of the digestion products 

of the amplified DNA from different genotypes. Marker; DNA 100 bp  (lane 
M), A : Genotype 1a (129. 97 and 97 bp). B: Genotype 1b (99, 97 and 97 
bp), C: Genotype 2a (97, 174 and 174 bp), D:  Genotype 3a (129, 145 and 
99 bp) E: Genotype 4 (97, 145 and 129 bp). 

 
 
 

enzyme digestion of 5'-UTR region. The cutting sites of 
restriction enzymes are shown (Tube A) Apa I/Hinf I; 
(Tube B) EcoR II /Hinf I; (Tube C) Bsh1236 I.  

Figure 2 demonstrates the analytical polyacrylamide 
gel electrophoresis of HCV types 1a, 1b, 2a, 3a and 4 
after digestion of the amplified DNA with the selected 
restriction enzymes. 

Genotyping of 94 sera from patients who were either 
recently infected by HCV or with history of previous HCV 
infection and positive PCR results were performed. The 
results of PCR-RFLP were as follows: 1a (54.26%), 1b 
(11.71%), 3a (27.66%), 2a (2.12%) and 4 (4.25%). This 

indicates that a high percentage of HCV infected patients 
in Iran are infected with 1a or 3a genotypes (Table 2).  

Out of 94 patients, 63 patients were male and 32 were 
female. Analysis of population previously infected with 
HCV showed that 26 patients (27 %) were less than 30 
years of age, 43 patients (45.74%) between 30-50 and 25 
patients (26.5%) were above 50 yr of age. The most 
frequent genotype in patients above 50 was 3a, while 1a 
genotype was more prevalent in patients under 50 years 
old. Hemodialysis patients and cases by known history of 
transfusion were known to be infected by only subtypes 
1a and 3a. Also the patients fewer than 30 year old  were 
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Table 2. Hepatitis C virus genotypes in 94 Iranian patients with 
RFLP method. 
 

Genotype Number % 

1a 51 54/26 

1b 11 11/71 

2a 2 2/12 

3a 26 27/66 

4 4 4/25 

Total 94 100 

 
 
 
infected by only subtypes 1a and 3a. 
 
 
DISCUSSION 
 
The study of viral diversity provides a better under-
standing of the origin and dynamics of viral infections. 
Genetics variants of HCV are known to be widely spread 
around the world. Genotypes 1, 2 and 3 are found on all 
countries, but in some geographical areas, such as Africa 
and Southeast Asia, viral isolates are highly divergent 
and particular genotypes or subtypes are predominant 
(Moller et al., 1995). These data suggest the existence of 
a long term endemic infection in these areas and some 
researchers have hypothesized that HCV have originated 
in such places (Simmonds et al., 1993). 

Epidemiological studies in different regions of the world 
show the virus is distributed worldwide with prevalence 
varying between different countries from 0.2 up to 40%. It 
is clearly revealed that the incidence of HCV is higher 
among less developed nations. In Iran, HCV prevalence 
in general population is less than 1%.   

In our study HCV genotypes were found, 1a (54.26%), 
1b (11.73%), 3a (27.66%), 2a (2.12%), 4 (4.25%). HCV is 
highly variable, leading to the classification of at least six 
genotypes, each with several subtypes. This 
heterogeneity is, at least partly, responsible for lack of 
availability of an effective vaccine (Samimi-Rad et al., 
2004). Investigators of HCV genotyping have used 
sequence analysis of HCV NS5, Core, E1 and 5'-UTRs. 
However, direct sequencing is not practical on a large 
scale. RFLP has been used widely for this aim, especially 
for screening of large number of specimens.  

The use of 5'-UTR assay designed for the detection of 
HCV in clinical specimens provides a sensitive, 
standardized amplification protocol specifically designed 
for large-volume testing and rapid turnaround time and is 
also used widely for HCV genotyping by different 
investigators. In this report, we have focused on 
chronically infected group of patients, to determine the 
most prevalent genotypes in Iran (Ahmadi et al., 2006). 

RFLP of HCV PCR positive sera and sequencing of 
174 bp fragment of 5'-UTR region was used to achieve 
this purpose. In  our  study,  HCV  genotype  1a  was  the  

 
 
 
 
most frequent (%54/26), followed by genotype 3a 
(%27/66) and genotype 1b (%11/71). This is compatible 
with the findings of Zali et al. (2000), Samimi-Rad et al. 
(2004) and Ahmadi et al. (2006) in Iranian patient. 

Ahmad et al. (2006) reported 1a (%52.88), 3a (%27.57) 
and 1b (14%) genotypes HCV among Iranian patients by 
RFLP method. Samimi-Rad et al. (2004) found 1a (47%), 
3a (36%) and 1b (8%) genotypes HCV among Iranian 
patients, and revealed that genotype 1a is frequent in the 
South of Iran (70%), while 3a is more prevalent in the 
North-West of Iran (83%).  

In the present study, our data showed the same result 
as those demonstrated by Zali et al. (2000), Samimi-Rad 
et al. (2004) and Ahmadi et al. (2006). Although the 
frequency of genotype 1a was slightly higher in theses 
study. Patients infected by blood products more 
frequently had genotype 1a (57%), while younger drug 
users had genotype 3a (54%) more frequently (Farshad 
et al., 2010).

 
 

Keyvani et al. (2007), reported HCV genotypes in Iran. 
In their study, genotype 1a with 39.7% had the highest 
frequency. Genotype 3a (27.5%) and 1b (12.1%) were 
the other frequent genotypes (Farshad et al., 2010). The 
prevalence of HCV among blood donors is less than 1% 
in Northern European countries (Choo et al., 1989). 
Higher rates have been reported in South East Asian 
countries, including India (1.5%), Malaysia (2.3%), and 
the Philippines (2.3%) (Farshad et al., 2010). 

The incidence in Japan is 1.2% (Kato et al., 1990). 
Alarming rates of 14.5% are reported in Egypt (Farshad 
et al., 2010). HCV genotype 4 is common in countries 
such as Yemen, Kuwait, Iraq, and Saudi Arabia (Samimi-
Rad et al., 2004). 

However, in Turkey genotype 1b, in Pakistan 
genotypes 3a and 3b, in Uzbekistan 1a, 1b, 2a, 2k and 
3a, in Lebanon 1g are reported to be the dominant 
genotypes (Pavio and Lai, 2003). 

Genotype 4 is the main genotype circulating in most 
Arabic countries. In Bahrein 4a and in Saudi Arabia HCV 
genotype 4 were detected in 50% of patients and 
genotype 1b was found in nearly 40% of patients (Elahi et 
al., 2003).  

Genotype information is important when HCV treatment 
is being considered, since some genotypes respond 
more favorably to the medications. Genotype also deter-
mines the length of therapy, for example, treatment for 
genotypes 2 and 3 requires only 24 weeks while 
genotypes 1 and 4 require 48 weeks (44).  

In addition to treatment purposes, detection of HCV 
genotypes in different regions can be used for the 
purpose of molecular epidemiology (Pavio and Lai, 
2003).  
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This study is to analyze the temporal and spatial variation of the agricultural input-output and the 
relation between agricultural output and input factors in Hebei Province by Cobb-Douglas production 
function in which cultivated area, effective irrigation area, chemical fertilizer usage, agricultural 
machinery power, rural electricity consumption and manpower are taken as independent variables. It 
proves that the agricultural output, effective irrigation area, chemical fertilizer usage, agricultural 
machinery power and rural electricity consumption have an upward trend from 1999 to 2008, but the 
cultivated area and agricultural manpower have a downward trend. In terms of spatial distribution, the 
agricultural input and output in the southeastern part of the province are higher than those in northwest. 
In the 6 input factors, the effective irrigation area has the biggest influence on agricultural output, 
chemical fertilizer and agricultural machinery power of the second, and other factors have relatively 
small influence. Therefore, Hebei should pay attention to effective use of water resources and accelerate 
investment in technology and mechanization to promote agriculture sustainable development. 
 
Key words: Agricultural input-output, temporal and spatial variation, Cobb-Douglas production function. 

 
 
INTRODUCTION 
 
Agriculture is the human activity in which solar energy is 
utilized for the production of sugars that are used in the 
plant to construct carbohydrates, proteins, lipids and other 
compounds (Van and Rabbinge, 1997). Agricultural 
activity results in outputs, such as grain, potatoes, nutrient 
emissions and so on. Thus, agricultural production 
systems can be characterized by their inputs and outputs, 
that is, input-output combinations. Agriculture is a 
significant component of China’s economy constitution, 
accounting for 11.3% it of gross domestic product (GDP) 
and 23.1% of it employment rate (2008). China now 
accounts for over 18% of global agricultural production, 
substantially, more than traditional agricultural production 
and trade heavyweights such as the European Union, the 
United States, India and Brazil (Huang et al., 2009).  

Some research has been done on the input-output of 
China’s agriculture: Wu et al. (2008) constructed an 
input-output model for Changde City of Hunan Province 
using EViews software by choosing the production of 

agriculture as output factor and labor, fertilizer inputs, 
dynamic mechanical total, arable land area and the area 
of effective irrigation as input factor. Dong (2009) 
analyzed the relationship between input and output of 
agriculture in China by the partial least squares regression 
method, and the result showed that: the agricultural 
output is mainly affected by the expenditure for household 
management, the financial expenditure for supporting 
agriculture and the fertilizer input, and is less affected by 
the input of cultivated area. Jiang and Zhang (2010) 
established an input-output model about regional 
agriculture of the southern Xinjiang Province by principal 
component analysis according to the input and output 
data in the years 2002 to 2007. Unfortunately, previous 
studies were based on a single spatial scale (for example, 
one county, one province or the whole country) in short 
time series, and less attention has focused on the 

agricultural input-out of different temporal and spatial 
scales in China’s agriculture. 



 
 
 
 

The main purpose of this paper is to analyze the 
agricultural input and output in the last 10 years. The 
objectives of this study are: 
 
1. To analyze temporal and spatial variation of agricultural 
input-output in Hebei Province; 
2. To construct an agricultural input-output potential model 
based on Cobb-Douglas production function;  
3. To analyze the main influence factors to affect the 

agricultural output in Hebei. 
 
 
MATERIALS AND METHODS 

 
Hebei Province 

 
Hebei Province (Figure 1) is 190,000 km

2
 area with a population of 

69 million (2009), and is divided into 11 prefecture level cities 
(including 138 counties). The topography consists of mountains, hills, 

and plateaus in the northwest, and a broad plain in the central and 
southeastern region. A total of 34% of the area is cropland with 
mainly winter wheat and summer maize double cropping system 
(winter wheat is cultivated from early October to early June, summer 
maize is grown from mid-June to late September). 

The study area is located in a temperate and continental monsoon 
climate zone with a mean annual precipitation of 498 mm, 69% of 
which occurs between June and September (1999 to 2008). Mean 
annual temperature is 11°C (1999 to 2008). Precipitation and 

temperature decrease from southeast to northwest. 

 
 
Data  

 
The economic statistics data for each county from 1999 to 2008, 
including grain yield, grain price, cultivated area and effective 
irrigation area, chemical fertilizer usage, agricultural machinery 

power, rural electricity consumption, and rural manpower, were 
obtained from Hebei economic statistical yearbooks (2000 to 2009). 

 
 
Agricultural input-output potential model  

 
Agricultural input factors mainly include labor, irrigation, cultivated 
land, fertilizer, machinery power and electricity. Accordingly, the 
agricultural input-output potential model is focused on seven 
variables: output (Y, 10

4 
Yuan), cultivated land area (Ac, ha), 

effective irrigation area (Ai, ha), rural electricity consumption (Ce, 
10

4
 kWh), agricultural machinery power (Pm, KW), chemical 

fertilizer usage (Fc, T) and rural manpower (Mr, person). The 
relation of agricultural output and input can be expressed as, 

 

))(),(),(),(),(),(()( tMrtFctPmtCetAitAcftY       (1) 

 
In economics, the Cobb-Douglas functional form of production 
functions is widely used to represent the relationship of an output to 
inputs, and it appears to be a good approximation to actual 
production (Romer, 2001). So Cobb-Douglas production function is 
used and it is shown as below: 

 

)()()()()()()( tMrtFctPmtCetAitAcAtY


       (2) 

 
where α, β, γ, δ, λ, and ψ are the output elasticities of cultivated land  
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area, effective irrigation area, rural electricity consumption, 
agricultural machinery power, chemical fertilizer usage and rural 
manpower respectively, and 0<α, β, γ, δ, λ, ψ<1. 

 
If  
 

1 A                             (3) 

 
The reduction function has constant returns to scale in its six 
arguments. 
 
However, if 

 

1 A                             (4) 

 
returns to scale are decreasing, and if 
 

1 A                             (5)  

 
returns to scale are increasing. 
 
Equation 2 can be changed as below: 

 
)(ln)(ln)(ln)(ln)(ln)(lnln)(ln tMrtFctPmtCetAitAcAtY     

                                                         (6) 

 
 
RESULTS  
 
Temporal variability of agricultural input-output  
 
Trend analysis shows that the agricultural output of Hebei 
Province has an upward trend in the last ten years, 
especially after 2003 the output increased rapidly (Figure 
2a); in the six input factors, except cultivated land area 
(Figure 2b) and rural manpower (Figure 2g) are 
decreasing, the other five factors are increasing (Figure 
2c, d, e and f). 
 
 
Spatial distribution of agricultural input-output  
 
Based on prefecture level city spatial scale, the 
distribution of agricultural input and output was analyzed 
(Figure 3) and the results showed that: in 11 cities of 
Hebei, Baoding City's agricultural output value is the 
greatest, followed by Shijiazhuang and the least is 
Zhangjiakou (Figure 3a); Baoding City’s cultivated land 
area is the biggest, followed by Zhangjiakou and the least 
is Qinhuangdao (Figure 3b); Baoding City’s effective 
irrigation area is the biggest too, followed by Cangzhou 
and the least is Chengde (Figure 3c); Tangshan City’s 
rural electricity consumption is the most, followed by 
Shijiazhuang and Zhangjiakou is the least (Figure 3d); 
Shijiazhuang City’ agricultural machinery power is the 
greatest, followed by Handan and Chengde is the least 
(Figure 3e); Shijiazhuang City’ chemical fertilizer usage is 
the most, followed by Handan and Baoding and 
Zhangjiakou is the least (Figure 3f);  Baoding  City’ rural
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Figure 1. Geographical position of Hebei Province. The contour lines and the points indicate average precipitation 

(1984 to 2008) and locations of weather stations respectively. 

 
 
 
manpower is the most, followed by Handan and 
Qinhuangdao is the least. 

 
 
Spatial variability of agricultural input-output  
 
In order to discuss the spatial variability of agricultural 
input-output, we analyzed the change of agricultural 
output and the six input factors from the periods of 1999 
and 2003 to 2004 and 2008 for 11 cities in Hebei and the 
results showed that: the agricultural output is increased in 
all cities and the value of Cangzhou is the largest and with 
Qinhuangdao is the smallest (Figure 4a); the cultivated 
land area is decreased except Langfang (Figure 4b); the 
effective irrigation area is increased except Shijiazhuang, 
Baoding and Qinhuangdao (Figure 4c); the rural electricity 
consumption is increased in all cities and the value of 
Tangshan is the largest (Figure 4d); the agricultural 

machinery power is increased in all cities and the value of 
Handan is the largest (Figure 4e); the chemical fertilizer 
usage is increased except Shijiazhuang and Langfang 
(Figure 4f); and the rural manpower is decreased except 
Qinhuangdao and Zhangjiakou (Figure 4g). 
 
 

Main influence factors to affect the agricultural output  
 
According to Equation 3, an agricultural input-output 
potential model was constructed by regression analysis 
based on county spatial scale, and it is shown as follows, 
 

)7()138(85.079.122)(ln03.0

)(ln09.0)(ln01.0)(ln07.0)(ln64.0)(ln14.087.7)(ln

2 



nRFtMr

tFctPmtCetAitActY

 

The elasticity coefficient of effective irrigation area 
(with0.64) is the highest which indicates that the effective 
irrigation area is the  biggest  influent  factor  on  the  
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Figure 2. Annual agricultural output (a), cultivated land area (b), effective irrigation area (c), rural electricity consumption 

(d), agricultural machinery power (e), chemical fertilizer usage (f), and rural manpower (g) from 1999 to 2008 of Hebei 
Province. 

 
 

 

agricultural output in the 6 input factors; followed by 
chemical fertilizer usage (with 0.09) and rural manpower 
(with 0.03), while cultivated land area (with -0.14), rural 
electricity consumption (with -0.07) and agricultural 
machinery power (with 0.01) have relative small influence 
on the agricultural output. The sum of elasticity of the six 
input factors is 0.56 (<1) which showed that the returns to 
scale is decreasing. 
 
 
DISCUSSION AND CONCLUSIONS 
 
From 1999 to 2008, the 138 counties in Hebei Province 
produced a total of 0.26 billion tons of grain which 

conversed to agricultural output value is 37.84 billion 
Yuan, and consumed 28.31 million tons chemical fertilizer, 
247.76 billion kWh electricity and 0.77 billion KW 
machinery power. Annual use of cultivated land area is 
5.86 million ha with 4.33 million ha is irrigated, and annual 
human input is 15.28 million persons. In the last ten years, 
the agricultural output, effective irrigation area, rural 
electricity consumption, agricultural machinery power and 
chemical fertilizer usage of Hebei Province have an 
upward trend, while cultivated land area and rural 
manpower are decreasing. In terms of spatial distribution, 
the agricultural input and output in the southeastern part 
of the province are significantly higher than those in 
northwest. 
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Figure 3. Annual mean agricultural output (a), cultivated land area (b), effective irrigation area (c), rural electricity 

consumption (d), agricultural machinery power (e), chemical fertilizer usage (f), and rural manpower (g) from 1999 
to 2008 of 11 cities in Hebei Province. 
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Figure 4. Change of agricultural output (a), cultivated land area (b), effective irrigation area (c), rural electricity consumption (d), 

agricultural machinery power (e), chemical fertilizer (f) and rural manpower (g) from the periods of 1999 to 2003 and 2004 to 2008 in 
Hebei Province. 

 
 
 
At present, one of the greatest challenges in Hebei is 
severe water shortage, driven by strong water demands 
from the huge population, and rapidly expanding 
irrigated-agriculture, commercial and domestic sectors. 
Agriculture has been specifically identified as the major 
water user, accounting for about 70% total water use here. 
Water-saving especially in agriculture should be promoted 
by decision makers, irrigation planners and 
agro-scientists. Water-saving measures such as the 

adoption of drought-resistant crop varieties, the 
readjustment of planting patterns, and the use of deficit 
irrigation and advanced tillage and mulching techniques 
could reduce water use by limiting soil evaporation and 
plant transpiration (Zhang et al., 2008). Agricultural 
water-saving in combination with the long-distance water 
transfer and optimized water reallocation, are necessary 
prerequisites for comprehensively redressing the 
worsening water shortage problems in Hebei. 
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There are many factors that affect agricultural output 
except the above six factors, such as temperature, 
precipitation and crop breed. In this study, we only 
analyzed the relation of agricultural output and six main 
input factors and found in the six factors, the effective 
irrigation area has the biggest influence on agricultural 
output. This study has provided scientific information for 
developing efficient irrigation practices to improve crop 
water productivity and help to maintain sustainable 
development of agriculture in Hebei. 
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Viruses are major limitations to cultivation. These viruses were detected by double antibody sandwich 
enzyme-linked immunosorbent assay (DAS-ELISA) using specific polyclonal antibodies for Banana 
bunchy top virus (BBTV) and Cauliflower mosaic virus (CMV). Polymerase chain reaction, (PCR) based 
detection of a 500 bp amplicon from BBTV infected tissues and or a 600 bp amplicon from infection 
Brome mosaic virus (BMV) infected tissues confirmed the presence of the viruses in these plants. As 
well as the major deoxyribonucleic acid (DNA) fragments of expected size, 500 bp was amplified from 
BBTV infected tissues and the size of the major amplified product in BMV infected tissues was 600 bp. 
The application of banana meristem tip (0.3 mm) is more effective for BBTV and or BMV eradication in 
vitro. Chitosan (0.12%), treatment for infected plants was more effective for BBTV and BMV eradication 
in vivo. The results proved that there is five important precautions for success of the rouging program 
of banana viral control included: (1) To ensure that the nursery stock is clean and free from latent virus 
infection via starting tissue culture seedlings virus tested or suckers treated with 0.12% chitosan, (2) 
Detecting infected plants periodically every month by fortnightly inspection via external symptoms and 
every season by a DAS-ELISA test for the presence viral diseases (3) Rouging the infected plants after 
two inspections. The rouged plants were destroyed by burning at the end of growing season, (4) 
Spraying the plants and weeds with malathion and cilecron every two weeks alternatively to kill the 
aphid vectors from the first April to end of growing season is December, (5) Eradication of woods and 
grasses from plantations (secondary virus hosts) by digging up and inherbicide. Dealing with this 
problem as a community. 
 
Key words:Banana, nursery, orchard, banana bunchy top virus (BBTV), Brome mosaic virus (BMV) in vitro, in 
vivo, eradication, PCR, ELISA. 

 
 
INTRODUCTION 
 
Banana is one of the most important fruit in Egypt and 
cultivated in wide areas. Banana production increased to 
512.5 thousand metric tons and the average crop was 
11.27 to 13.71 feddan (Ministry of Agriculture, ARE, 
1996) as a result of cultivation of new varieties high in 
production. Two viruses, Banana bunchy top virus 
(BBTV) and banana Cauliflower mosaic virus Bean 
common mosaic virus (BCMV) are considered able as 
one of the  limiting  factors  in  the  production  of  banana 
 
 
 
*Corresponding author. E-mail: magdyelshamy@yahoo.com. 

crop. The virus causes serious losses in many countries 
(about 20 to 30% and occasionally reaching 50 to 80%). 
They are usually spread from plant to plant in nature by 
insect vectors, but often are also transmitted over long 
distances and from one crop cycle to another in 
vegetative planting material. The use of healthy planting 
materials and destruction of infected or diseased plants 
are essential for the control of viruses. The control 
strategy using pathogen-free stocks is to dilute the effects 
of disease through the supply of large quantities of 
healthy planting material. An important feature of this 
approach is the maintenance of pathogen-free foundation 
materials, which are protected from re-infection (Ang  and 
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Ong, 1998). 

Four factors influenced the success of a rouging 
program for the control of BBTV. These are incubation 
period of the virus, relative infection rate, detection 
efficiency and eradication efficiency (Allen, 1978). The 
control measures of BBTV consist of: (a) Early disease 
recognition and prompt eradication of infected plants, (b) 
Control of its insect vector, Pentalonia nigronervasa, (c) 
use of virus-free planting materials and (d) Quarantine for 
areas that are free from disease (Nakahara, 2000).  

This study aims to eradicate the banana viruses via 
detection of the virus from naturally infected banana 
plants and produced virus-free banana plants by applying 
two programs: Establishment of adeptic culture in vitro 
and continuation of banana plants growth and control the 
vectors and weeds in open field orchards and nursery.   
 
 
MATERIALS AND METHODS 

 
Source of plant materials 
 
The banana seedlings and suckers (200 samples with 20 to 30 cm) 
were collected from mother plants Musa spp. cv. Williams, 
Cavendish subgroup cultivated in Meet El-Attar, Benha, Qualubia 
Governorate. The mother plants exhibited BBTV and Brome mosaic 
virus (BMV) distinct external symptoms. The selected plants were 

investigated depending on serological and molecular detection. 
 
 
Virus detection 
 
The viruses were detected in naturally infected and treated banana 
plants, in this study, by their external symptoms. This was also by 
double antibody sandwich enzyme-linked immunosorbent assay 
(DAS-ELISA) and polymerase chain reaction (PCR). The virus 

isolates (BBTV and BMV) were detected in banana plants by DAS-
ELISA according to Clark and Adam (1977) using specific poly 
clonal IgG BBTV and BMV. Enzyme-Linked Immunosorbent Assays 
(ELISA) Kits were provided by Sanofi Sante Animal Paris, France. 
PCR and reverse transcriptase PCR (RT-PCR) techniques were 
used to detect BBTV and BMV nucleic acids in banana plants. Total 
DNA of infected banana leaves was extracted using a version of 
CTAB (Cetyl trimethyl ammonium bromide) according to Dellaporta 
et al. (1983). Total Ribonucleic acids (RNA) of infected banana 

leaves were extracted according to Gibbs and Mackenzie (1997).  
 
 
PCR amplification of BBTV  
 
Oligonucleotide primers (Table 1) for PCR were derived from the 
published sequences of BBTV- DNA N (Harding et al., 1993). The 
PCR reactions were performed according to condition and 
parameters described by Harding et al. (1993).  The complementary 
DNA (cDNA) of BMV-RNA was done using the CMV/CP 
complementary primer (Table 1) of the conserved ultimate of CMV-
RNA-3 and Avion Myeloblastosis virus reverse transcriptase (AMV-
RS). The PCR reaction was performed according to conditions and 
cycling parameters described by Quenmada et al. (1991).  
 
 
Preparation of chitosan 

 

Chitosan with a degree of deacetylation 72% was obtained from 
Aldrish Chemical Company. Chitosan was dissolved in 0.05% (W/V)  

 
 
 
 
acetic acid and pH was adjusted to 5.5 with NaOH (Mahmoud et al., 
2003).  

Two programs of virus controlling in banana plants were carried 
out.  

 
 
Establishment of an aseptic culture of banana 

 
Micropropagtion of banana in vitro 

 
The infected banana plants cv. Williams confirmed by PCR 
technique was used as source of meristems for tissue culture. 

 
 
Meristems tip  

 
The meristems were excised from shoot apices with rhizomatous 
base (about 2.5 cm² × 5 cm length). Individual meristem (the dome 
with 2 to 4 leaf primordial with rhizomatous base) were then excised 
with 0.3 mm under the binocular using fragments of a razor blade 
attached to a scalpel handles. The meristem tip was soaked in 

ethanol 76% for sec. before transferred to the culture medium. 
Individual meristem tip was cultured on MS starting medium. The 
cultured jars were incubated in growth room under incubation 
conditions at 3 weeks. The meristems were transferred on MS 
multiplication medium. Monthly subcultured of the plantlets to a 
fresh multiplication medium was carried on at subculture fourth. 
After that, the plantlets were transferred on MS rooting medium 
(Table 2). 

 
 
Virus indexing 
 
To be sure of virus free banana plantlets resulted by meristem tip 
culture confirmed using DAS-ELISA. 

 
                                                 No. of virus free plantlets  
Percentage of virus-free plantlets =                           × 100 
           Total No. of survived plantlets  

 
 
Acclimatization 
 

Healthy plantlets that showed negative results by DAS-ELISA were 
removed from the culture jars. The roots were rinsed with tap water 
and shortened to 3 cm. The roots of plantlets were immersed in 

penlate solution (1 gL
-1

) and transferred into steam sterilized soil 
(peat: sand: vermiculite mixture by 2:1:1 ratio) in pots (12 cm Q) 
and covered with wet polyethylene for 10 days under greenhouse 
conditions. The air humidity exceeds 90% during the first days and 
decrease gradually. 

 
 
Production of banana seedlings under nursery  

 
Naturally infected banana plants cv. Williams exhibited typical 
bunchy top and stunting or mosaic symptoms (+ve results with 
DAS-ELISA) as well as healthy one was used to produce virus free 
banana seedlings. The corm of these plants was subjected to 
treatment with 0.5 to 1.0 ml of 0.12% chitosan. The treated 
seedlings were planted in clay soil at farm (30 × 20 m²³) in Meet El-
Attar contains 200 lots and designed to produce virus-free banana 
seedlings. The distance between lots was 1 m². The seedlings were 
fixed to a 25 cm depth in the lots at the first march. 

The seedling (healthy and infected) were treated with chitosan by 
two ways. a- Injected by syringe in the corms and with paraffin  wax  
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Table 1. Oligonucleotide primers for BBTV and CMV.  
 

Virus Nucleotide sequence 

BBTV Reverse 5`GCTAGGTATCCGAAGAATC-3` 

Forward 5`-TCAAACATGATATGTAATTC-3` 

CMV Reverse 5`-CCCCGGATCCTGGTCTCCTT-3 

Forward 5`-CCCCGGATCCACATCAYAGTTTTRAGRTTCAATTC-3 

 
 
 

Table 2. Chemical constituents of MS media for different growth stages of banana production in vitro.  

 

Constituents 
Medium of growth stages 

Starting Multiplication Rooting 
*
 Stock salts gL

-1 
4.5 4.5 4.5 

Sucrose gL
-1 

30 30 30 

6-benzyl amino purine mgL
-1 

3 5 - 

Nphthalene acetic acid mgL
-1 

- - 2 

pH 5.8 5.8 5.8 

Phytagel gL
-1 

2.2 2.2 - 

Agar gL
-1 

- - 7 

Muo-inositol gL
-1 

0.1 0.1 0.1 

Culture’s containers 250 ml 500 ml 500 ml 

Size of media/container 30 ml³
 

40 ml³
 

40 ml³
 

 

* Stock salts 

 
 
 
days for 2 months). After 6 months data were recorded on survival 
before planting. B- Sprayed with chitosen periodically (each 15 
percentage, average of shoot length or pant; number and leaf area, 
diameter of pseudostem, number and thickness of roots. Leaves 
tissues were obtained from the plants and tested by DAS-ELISA for 

the presence of BBTV and BMV. 

 
 
Eradication of banana virus in orchards 
 
The second content program was done in banana groves (about-
five feddan including 200 lots) in banana groves, Meet Attar Benha, 
Qualubia Governorate. Mother banana plants were grown under 

natural conditions. The control program was based on: 
Detecting infected plants periodically every month by fortnightly 

inspection via external symptoms and DAS-ELISA test for the 
presence viral diseases. BBTV and BMV rouging the infected plants 
after two inspections. The rogued plants were destroyed by burning 
at the end of growing season. The plants and weeds were sprayed 
with malathion cilecron with 1.5% alternatively to the end of growing 
season in December. Eradication of woods and grasses from 
plantations (secondary virus hosts) by digging up and insecticide. 

The percentage of virus infection was determined four times by 
DAS-ELISA through this a program.  

 
 
RESULTS 
 
Virus detection 
 
It is easy to detect the viral infection on banana plants in 
the nursery and orchards because the external symptoms  

are clear and distinctive. 
 
 
Symptoms of BBTV 

 
The symptoms of infected banana with BBTV were dark 
green streaks on the midrib, reduced size, brittle of the 
leaves and gather at the top of plant making a resetting 
shape. Some leaves, veins are dark green colored and 
form a “hook” shape, as the midrib is approached 
(Figures 1a and b). 

 
 
Symptoms of CMV 

 
The symptoms of infected banana with Cauliflower 
mosaic virus (CMV) are characterized by a conspicuous 
molting and mosaic of the leaves, green streaks on 
midrib of leaves and are wavy (Figure 1c). Common 
observation of infected pants is stunted growth. In severe 
cases this is accompanied by rotting of the heart and 
central cylinder. 

Using DAS-ELISA, indicate the presence and the 
percentage of BBTV, BMV and mixing of them naturally 
infected banana cv. Williams was 73.6; 46.6 and 20%, 
respectively. It also noticed that banana plants infected 
with BBTV or and BMV gave less number of suckers 
compared with corresponding healthy  ones.  As  well  as,  
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Figure 1. Naturally infected banana plants exhibited different viral symptoms. Leaves are bunched up, narrow, stiff, 

upright and with yellow and irregular or wavy leaf margin (A, B and E). Petioles & leaf sheaths are mottled, streaked 
(A, D, and F). Healthy plant (C). 

 
 
 
the percentage of healthy suckers 26.5% resulted from 
infected banana plants. 
 
 
Molecular detection 
 
The total DNA of BBTV infected banana leaves was 
determined spectrophotometrically as 240 µg/0.02 g of 
tissues. The total RNA of infected banana leaves was 
measured spectrophotometrically as 150 ng/0.02 g of 
tissues as well as the purity of total DNA and Ribonucleic 
acid (RNA) as indicated by A260/A280 ratio was 1.72 and 
1.52, respectively. 

PCR as an enzymatic procedure was used successfully 
to detect very low amounts of nucleic acid belonging to 
several plant viruses with high sensitivity and specificity. 
The results showed that BBTV was detected in naturally 
infected leaves (Figure 2A) as amplicons of expected 
size, 500 bp were seen in only the infected tissues (Lane 
1 and 2). No amplification was obtained with uninfected 
banana leaves samples (Lane 3). 

The CMV-RNA was reverse transcriptased by Moloney 
Murine Leukemia Virus (MMLV) using the oligo-dt (5`-
CCCCGGATCCTGGTCTCCTT-3`)    as     minus    sense  

primers.  
The resulting complementary DNA (cDNA) was 

amplified by PCR using primers (CM1 and CM2) for coat 
protein gene. The PCR product was investigated using 
agarose gel electrophoresis analysis (Figure 2b). The 
size of the major amplified product in all samples was600 
bp (Lane 3 and 4). This product was not detected in 
uninfected leaves (Lane 3)  
 
 
Establishment of virus-free banana plants 
 
Production of virus-free banana seedlings in vitro 
 
This experiment aimed to study the meristem tip size 
related to virus elimination from BBTV and BMV infected 
banana plants. 

Meristem tip sizes of 0.3, 0.5 and 1.0 mm was excised 
from diseased banana plants BBTV or BMV under 
steromicroscope. They were cultured on starting MS 
medium and incubated under convenient conditions. 
After 6 weeks post-cultivation the meristems were 
developed to the shoot (Figure 3) and tested against 
BBTV   and   CMV   virus-using   with   DAS-ELISA.   The  
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Figure 2. Agrose gel (0.7%) showing PCR products (CP gene amplified) of BBTV and BMV. 

(A)BBTV-PCR products Lanes 1,2 infected banana plants and Lane 3 healthy ones, (B) BMV-
PCR products, Lanes 1,2 infected banana plants and Lane 3 healthy ones. M: DNA Molecular 
weight marker (XVI, Roche). The arrow indicates the correct size of amplified PCR products. 

 
 

 

 
 
Figure 3. Different stages of healthy banana production in vitro 

from infected plants using (0.3 min) meristem tip culture.    
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Table 3. Production of virus-free banana seedlings using meristem tip culture in vitro. 

 

Parameter 

Size of  

Meristem (mm) 

 BBTV BMV 

Survival (%) Virus free No. Virus infected No. Virus free (%) Virus free No. Virus infected No. Virus free (%) 

0.3 mm 75 65 10 86.66 70 5 93.33 

0.5 mm 85 45 40 52.94 50 35 58.82 

1.0 mm 100 10 90 10 12 88 12.00 
 

 
 

smallest size (0.3 mm) gave 75% survival with 
86.66 and 93.33% virus free (BBTV and BMV, 
respectively) plants. But using the size of 0.5 mm, 
gave 85% survival with 52.94 and 58.82 virus free 
plants (BBTV and BMV respectively). While using 
the size 1.0 mm gave 100% survival with 10 and 
12% of virus free plants (BBTV and BMV, 
respectively; Table 3).  

The explants (subculture 1) virus tested were 
transplanted on multiplication medium and incu-
bated under convenient conditions. The explants 
(sub culture 2) were generated at subculture 6 on 
multiplication medium. The explants (subculture 6) 
were transplanted on rooting medium and 
incubated under convenient conditions at about 3 
to 4 weeks until formation of roots. 
 
 
Acclimatization 
 
The plantlets were adapted into steam-sterilized 
soil in pots and grown under greenhouse 
conditions (Figure 3).  
 
 
Production of virus-free banana seedling in 
nursery 
 
All banana suckers (200 samples) were tested 
against BBTV and BMV in nursery through two 
seasons via external symptoms and confirmed 

with DAS-ELISA test. The results revealed that, 
BBTV and BMV were detected in about 75 and 
45% (about 200 plants), respectively. The suckers 
treated by injection and spraying with 0.12% 
chitosan solution did not have any external viral 
symptoms. While, the percentage of BBTV 
infected plants in 1st and 2nd seasons were 9 and 
5% as well as BMV infected plants were 5 and 2% 
respectively by using DAS-ELISA test. So, 
chitosan showed actively against viral infection 
and induction of the plants growth: Whereas, the 
chitosan treatment due to increasing in survival of 
suckers with 14.5 and 10% compared with BBTV 
and BMV infected plants respectively. As 
investigation results of suckers excised from 
infected banana mother plants, it was found that 
the BBTV or BMV infection due to reduction in 
suckers growth whereas reduction in morpholo-
gical characters (Table 4) compared with suckers 
excised from healthy mother plants. Data in Table 
4 show the effect of chitosan an morphological 
characters of infected banana plants after 6 
months post-chitosan treatment in vivo, data 
revealed that, the increasing of shoot length/plant; 
no. of leaves/plant, leaf area; diameter of 
pseudostem; corm diameter; No. of roots and root 
diameter of infected banana suckers with BBTV or 
BMV compared with pre-chitosan treatment 
(Table 4). As well as, increasing in chlorophyll a 
and b and carotenoids contents of infected 
banana plants treated with  0.12%  chitosan,  than  

un-treated banana ones. 
 
 
Continuation of growth of banana plants and 
virus control in orchards 
 
The application of the procedures as described in 
materials and methods very effective in controlling 
banana viruses and producing virus free suckers. 
The viruses were detected via external symptoms 
and confirmed by DAS-ELISA test. The data in 
Table 5 showed that, the previous procedures due 
to reduction of BBTV and BMV infected banana 
plants were 73.66, 29.2 and 15.5% in the first year 
to 4.25 and 1.75% in the second year, 
respectively. 

The present investigation also clearly indicated 
that, BBTV or BMV naturally infected banana 
mother plants gave lowest number of suckers 
compared with corresponding healthy plants. It 
also be noticed the lowest number of healthy 
suckers (1 and 3 suckers, respectively) compared 
with 6 sucker per healthy plant based on DAS-
ELISA test. The percentage of virus in infection in 
cv. Williams was decreased season after season. 
It was 73.3 and 46.6% in first season(start 
experiment), 10.75 and 2.5% second season and 
3.50 and zero% in third season for BBTV and 
BMV, respectively. In addition, the number of 
healthy suckers per plant was increased 1, 4, 5 
(BBTV); 2, 5, 6 (BMV) and 3.5.6 (BBTV + BMV) at  
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Table 4. Effect of chitosan solution in growth of banana plants infected with BBTV and BMV
*
.  

 

Treatments 

Morphological 

parameters 

 BBTV BMV 

Healthy Without chitosan Post chitosan treatment Without chitosan Post chitosan treatment 

Survival (%)  100 85.5 100 90 100 

Shoot length/plant (cm) 75 34 65 52 70 

No. of leaves/plant 5 7 8 5 6 

Leaf area (cm) 450 200 350 300 400 

Pseudostem diameter (cm) 20 9 15 12 17 

No. of roots/plant 10 8 9 8 10 

Thickness of roots 0.7 0.3 0.5 0.4 0.6 

Corm diameter (cm) 22 15 18 17 19 

Chlorophyll a 3.75 1.50 3.15 1.25 3.25 

Chlorophyll b 2.25 0.91 2.10 0.75 1.95 

Carotenoids 3.25 1.85 2.95 1.65 2.50 
 

* First season. 

 
 
 

Table 5. Percentage of BBTV and BMV infection in banana plants and their suckers growing under 
environmental conditions in orchards.  

 

Parameters 

Growing 

seasons 

Percentage of infection 

Mother plants Suckers per plant 

BBTV BMV BBTV BMV BBTV + BMV 

1
st
 season 

2
nd

 season  

3
rd

 season 

73.66* 

10.75*
  

3.50* 

46.6 

2.5 

0.0 

5/6** 

2/6 

1/6 

4/6** 1/6  

0/6 

3/6**  

1/6  

0/6 
 

* Average of sucker plant
-1

 calculated from 100 mother plants. ** No. of infected suckers/No. of total sucker plat, 
calculated from 100 plants based on DAS-ELISA test.  

 
 
 
1st, 2nd season respectively, (Table 5).  

On the other hand, the suckers associated of 
mother plants not appeared viral like symptoms as 
those of healthy ones in the field. The rate of 
infection was higher in the winter season than in 

the summer season. Young plants that were virus 
infected early after planting showed severe 
symptoms and never grow more than one meter 
at the end of growth season. Old plants that were 
virus infected showed no significant change in the 

growth. It was also observed that the suckers in 
the same lot may exhibit infection. But if one of 
the suckers is in one lot, the lot became infected 
after 3 month of planting. The mother plant rarely 
exhibited   any  symptoms  by  the  end  of  growth  
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season. 

The eradication of viruses in banana groves in this 
experiment was based on: 1) periodically detection of 
BBTV and BMV via external symptoms and yearly by 
random method using ELISA test. 2) Rouging and 
destruction of the infected plants outside in the groves 
and +ve ELISA tested. The rouged plants destroyed by 
burning at the end of growing season. 3) At the same 
time control of aphid vectors by spraying with (0.2%) an 
effective insecticide. 4) Eradication of weeds and grasses 
by using glyphosate. 
 
 
DISCUSSION 
 
BBTV and BMV are of the most widespread banana 
viruses in different countries of the world (Smith et al., 
1990) which are concerned with banana cultivation in 
Egypt (Allam et al., 1988). In Egypt, the most threatening 
viral diseases are those caused by BBTV and BMV, 
these viruses are considered as limiting factors in banana 
production (Allam et al., 1988; El-Dougdoug et al., 2002). 
Banana plantations are propagated asexually by suckers 
since almost all of their cultivars are seedless or seed 
sterile. Banana diseases subjected to many natural 
caliseases constitute a major problem, virus diseases are 
serious as insect vectors are abundant and there are 
many alternate hosts. 

We noticed that, the first symptoms of banana infected 
with BBTV were dark green streaks on the lower portions 
of the midrib of the leaf; the fresh infected leaves were 
brittle, reduced in the size and gather at the top of plant 
making a resetting shape. These symptoms reported also 
by Allam et al. (1988), El-Sayed (1994), Othman et al. 
1996) and El-Dougdoug et al. (2006). The symptoms of 
BMV are characterized by a conspicuous interveinal 
chlorosis of the leaves. Common observation of infected 
(plants stunted growth. In severe cases this is 
accompanied by rotting of the heart leaf and central 
cylinder as stated by Nurhadi and Setyobudi (1998), 
Allam et al. (2000) and El-Dougdoug et al. (2006).  

All banana plants used for starting this work were found 
to be infected with either BBTV or BMV and were 
detected in leaf samples by different methods as the 
biological, serological and molecular. DAS-ELISA was 
used to detect BBTV and BMV because of their 
sensitivity, specificity and speed (Clark and Adam, 1977; 
El-Dougdoug et al., 2002, 2006). We obtained the same 
conclusion. 

A polymerase chain reaction (PCR) assay was 
developed for detection of BBTV and BMV of banana 
plants as well as single aphid (Xie and Hu, 1995). They 
added that, dot blot hybridization assay were as sensitive 
as ELISA, while PCR was 1.000 times more sensitive 
than dot blot immunoassay and ELISA. Furthermore El-
Sayed (1994) found that PCR and dot blot hybridization 
were more sensitive than other traditional methods for the  

 
 
 
 
detection of BBTV and BMV.   

The smallest size of meristem tip 0.3 mm more 
effective for elimination of banana viruses than 0.5 and 
1.0 cm meristem size, whereas  gave largest number of 
virus-free plants. 

The active growing points of the plant shoot are 
meristem and nodel cuttings. They contain the truly 
meristemic cells, which surrounded by leaf primordial and 
primary leaves. Since more differentiated vascular 
tissues are found in meristem from a distance. Vascular 
elements of the leaf primordial are still incipient, and have 
not yet made contact with main strand system in the 
stem. Therefore, virus particles can reach the 
meristematic region of the apex only through cell to cell 
movement slowly. For this reason, virus concentration 
decreases in both apical axillary buds of infected plants 
(Perez et al., 1999). 

Recent investigations of tissue culture methods proved 
that the number of virus free plants produced is inversely 
proportional to the size of the explants cultured. Thus, in 
some instances it is possible to excise a meristem tip free 
of the virus present in the infected parent and regenerate 
them into a healthy plant (Zilkah et al., 1992). Moreover, 
they indicated the importance of explants size in the 
successful elimination of some viruses and the role of 
certain host virus combination in determining the success 
of virus elimination (George, 1993). Virus eradication 
procedure depends partly on the nature of viruses; some 
of these viruses are more readily eliminated than others. 
The mechanism of such in vitro virus inactivation remains 
unknown, but whatever the explantation it seems 
probable that this type of virus eradication is more likely 
to occur if low, rather than high concentrations of virus 
particles are present in the tip (Walkey, 1991). 

Four factors influence the success of a rouging 
program for the control of BBTV. These are incubation 
period of the virus, relative infection rates, detection 
efficiency and eradication efficiency (Allen, 1978). The 
virus activity might be prevented by alternation of the 
charge on the virus particles caused by polybasic 
substances. Such effects could be produced by chitosan 
(Mahmoud et al., 2003). Usually chitosan is obtained 
from decaylation of chitin crusts in crustacea. The 
chitosan possess a wide biological activity including 
induction of many plant defense responses such as 
accumulation of chitinases, production of phytoalexin 
(Walter-Simmons et al., 1983); synthesis of proteinase 
inhibitors (Walter-Simmons et al., 1989), lignification 
(Barber et al., 1984) and callose synthesis (Lienart et al., 
1993). Chitosan was found to inhibit plant viral infections 
such as alfalfa mosaic virus, tobacco mosaic virus; potato 
virus X, peaut stunt virus, tobacco necrosis virus; 
cucumber mosaic virus and BBTV and BMV 
(Posppieszny et al., 1991 and Mahmoud et al., 2003). In 
addition, it was exhibited antiviroid action (Posppieszny, 
1997). Mahmoud et al. (2003) postulated that, chitosan 
may be substitute for the virus particles when attached  to  



 
 
 
 
cell receptors. Compared to suckers, the use of plantlets 
grown by tissue culture has many advantages. Tissue 
culture plantlets are cheaper and easier to propagate and 
transport. They have a higher survival rate in the field. 
They reduce the cost of controlling foliar diseases by 
50%. Their uniformity of growth makes it possible to 
control the time of flowering and harvesting and give a 
significant increase in yield and fruit quality (Hwang et al., 
1984). 

Tissue culture is now standard practice in banana 
propagation to ensure that the nursery stock is clean and 
free from latent infection of BBTV and BMV (Magnaye 
and Valnayor, 1995). For banana which is propagated 
vegetative, production of virus-free starting material 
(seedling and rhizomes) is very important to reduce yield 
loss due to over viral infection in field. Espino et al. 
(1998) reported that a control measure of BBTV consists 
of a) early disease recognition and prompt eradication of 
infected plants, b) Control of insect vector Pentalonia 
nigonervosa, c) use of virus-free planting materials and d) 
quarantine for areas that are free from the disease. 

Quarantine laws should be revised and enforced on the 
import of new suckers and on the movement of infected 
suckers within the country. With the use of tissue culture 
techniques disease free planting material (suckers) can 
be produced and used for new plantation (Leghari, 2002). 
To control banana viruses removing the infected plants, 
control woods and aphid vectors during the growing 
period, use virus-free planting materials and continuous 
monitoring and inspection of banana plants (Calo, 2005). 

It was noticed that for established plantings, effective 
control of the diseases requires early detection and 
immediate eradication of infected plants followed by 
replanting with disease free planting materials. As most 
banana virus produces character symptoms on the 
eaves, eradication was commonly done under 
symptomatology basis as stated by Nurhadi and 
Steyobudi (1998).  

 The control program can be summarized as follows: 
Detecting infected mother plants periodically every month 
by fortnightly inspection via external symptoms and 
ELISA test for the presence of viral diseases. Rouging 
the infected plants after two inspections the rouge plants 
were destroyed by burning at the end of growing season. 
Spraying the plants and weeds with malathion to kill the 
aphid vectors every two weeks from first of April to the 
end of growing season in December), eradication of 
weeds and grasses from plantations (secondary virus 
hosts) by insecticide. Quarantie regulation must be 
implemented. This control program is similar to that done 
by Allam et al. (1988).  
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In this study, the radical scavenging properties and the anti-fatigue activity of Wu-Wei-Zi aqueous 
extracts (WAE) were evaluated, respectively. Forced swimming exercise of mice was carried out after 4 
weeks of WAE administration and biochemical parameters related to fatigue, such as blood lactic acid 
(BLA), blood urea nitrogen (BUN), hepatic glycogen (HG), superoxide dismutase (SOD) and glutathione 
peroxidase (GPX) contents were determined. Results showed that WAE had strong scavenging activity to 
superoxide anion and 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical. And it had significant anti-fatigue 
activity, which could not only increase the hepatic glycogen, SOD and GPX contents but also extend the 
swimming time of the mice. It indicated that WAE is worthy of further study. 
 
Key words: Scavenging, anti-fatigue, Wu-Wei-Zi, mice. 

 
 
INTRODUCTION 
 
Schisandra chinensis (Turcz.) Baill, a perennial lignifying 
liana, is mainly distributed in northeastern China. Fruits 
from S. chinensis (Turcz.) Baill, is called Wu-Wei-Zi in 
Chinese and is a traditional Chinese herb originally 
recorded in Shen Nong Ben Cao Jing (over 2000 year old 
Herbal Pharmacopoeia in China) (Xu et al., 2008; Kim et 
al., 2010). The main effective constituents of Wu-Wei-Zi 
are essentially oil and lignans (schisandrin A, 
deoxyschizandrin, schisandrin B and schisandrin C) (Gao 
et al., 2003; Ma et al., 2007). Wu-Wei-Zi has been used for 
nourishing heart and stomach and strengthening immune 
function in traditional Chinese medicine (Huang et al., 
2005; Ma et al., 2007). It is also used as a tonic for the 
treatment of chronic fatigue, night sweats, wasting 
disorders, irritability, palpitations and insomnia (Siwicki et 
al., 2004). Fatigue can be defined as the reversible decline 
in skeletal muscle contractile performance due to intense 
muscle activity (Mach et al., 2010). Fatigue can be divided 
into two categories: physical and mental fatigue. Physical 
fatigue     is      caused      by      such      things      as     forced  
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exercise or swimming, while mental fatigue is caused by 
sleep deprivation, etc (Chen et al., 2009).  

There are several theories about the mechanisms of 
physical fatigue: ‘‘exhaustion theory”, ‘‘clogging theory”, 
‘‘radical theory”, ‘‘homeostasis disturbance theory”, 
‘‘protective inhibition theory” and ‘‘mutation theory” (Wang 
et al., 2008; You et al., 2011). The ‘‘radical theory” 
suggests that intense exercise can produce an imbalance 
between the body’s oxidation system and its anti-oxidation 
system. The accumulation of reactive free radicals will put 
the body in a state of oxidative stress and bring injury to 
the body by attacking large molecules and cell organs 
(Wang et al., 2008). Muscle cells contain several anti- 
oxidant defense mechanisms to protect themselves from 
free radical injury, including endogenous antioxidants and 
antioxidant enzymes. Moreover, many studies have 
indicated that exogenous dietary antioxidants can 
decrease the contribution of exercise-induced oxidative 
stress and improve the animal’s physiological condition. 
The reason may be that exogenous antioxidants can 
promote or interact with endogenous antioxidants to form 
a cooperative network of cellular antioxidants 
(Morillas-Ruiz et al., 2006; Mizuno et al., 2008; Muñoz et 
al., 2010). Reports from recent studies demonstrated that 
a large number of traditional Chinese herbs have been 
found    to    act    as     antioxidants      by    scavenging   free 
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radicals/reactive oxygen species (ROS) and some of them 
have anti-fatigue activity (Yang et al., 2000; Morihara et al., 
2006; Yu et al., 2010). In traditional Chinese medicine, 
Wu-Wei-Zi has been widely used for the treatment of 
chronic fatigue (Saito et al., 1974). However, this has not 
been validated by scientific approach. Therefore, the 
present study was designed to determine the radical 
scavenging properties of WAE and Further the anti-fatigue 
activity of WAE was investigated through forced swimming 
exercise of mice. 
 
 
MATERIALS AND METHODS 
 
Plant materials 

 
Wu-Wei-Zi was purchased from Dongfeng Medicinal Materials 
Factory, Wenzhou, China and judged by Chinese Traditional 
Medicine Research Institute in Zhejiang and fitted for Chinese 
Pharmacopoeia. The voucher specimen (Number: WU-KO 0231) 
was deposited in the Herbarium of Wenzhou University. 
 
 
Chemicals and reagents 
 
Butylated hydroxytoluene (BHT), DPPH and nitro blue tetrazolium 
(NBT) were purchased from Sigma Chemicals Company (St. Louis, 
MO). Methionine was purchased from Sangon Biotech Company 

Limited (Shanghai, China). Riboflavin was purchased from Huamei 
Biochemical Company (Shanghai, China). BUN reagent kit was 
purchased from Biosino Biotechnology and Science Incoporated. 
(Beijing, China). BLA, HG, SOD and GPX reagent kits were 
purchased from Jianchen Biological Engineering Institute (Nanjing, 
China). All other chemicals were of analytical grade and were 
purchased from Zhejiang Chemical Reagent Company Limited 
(Hang Zhou, China). 
 

 
Experiment animal 

 
Male Kunming mice (3 month old, weighing 18 to 22 g) were obtained 
from the Animal Center of the Wenzhou Medical College, Wenzhou, 
China. To avoid possible individual’s differences, only male mice 
were studied in this study. Because male animals have small 
individuals differences and there is no obvious physical 
characteristics when compared with female animals. The study was 
carried out according to the ‘‘Principles of Laboratory Animal Care’’ 
World Health Organization (WHO) (Chronicle, 1985). The mice were 
acclimatized for 1 week before being used for the experiment. Before 
and during the experiment the mice were housed under controlled 
environmental conditions of temperature (22 ± 2°C) and a 12 h light 
and dark cycle and maintained on (unless otherwise stated) standard 
food pellets and tap water ad libitum. 
 

 
Preparation of Wu-Wei-Zi aqueous extracts  

 
WAE was prepared by boiling the dried Wu-Wei-Zi with distilled water 
for 5 h. The extract was filtered, freeze-dried and kept at 4°C. The 
yield of extraction was approximately 11.62% (w/w). The direct 
extract was dissolved in distilled water before being used. 
 
 
Superoxide anion radical scavenging assay 

 
Superoxide    anion     radical    scavenging     activity    of    WAE    was  

 
 
 
 
determined according to the method described by Prasad et al. 
(2010) with slight modifications. Briefly, all solutions were prepared in 
0.2 M phosphate buffer (pH 7.4). The test samples at different 
concentrations (12.5, 25, 37.5 and 50 ug/ml) were mixed with 3 ml of 
reaction buffer solution (pH 7.4) containing 1.3 uM riboflavin, 0.02 M 
methionine and 5.1 uM NBT. The reaction solution was illuminated by 
exposing them to two 30 W fluorescent lamps for 20 min and the 
absorbance was measured at 560 nm. BHT was used as positive 
control. Superoxide anion radical scavenging activity (SRSA) was 
calculated by the following equation: 
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Where Acontrol and Asample represent the absorbance of blank control 
group and sample group under 560 nm. 
 
 
DPPH radical scavenging assay 

 

DPPH radical scavenging activity of WAE was determined according 
to the method described by Schlesier et al. (2002) with slight 
modifications. Briefly, 0.1 ml of the samples at different concen- 
trations (25, 50, 75 and 100 ug/ml) was mixed with 1 ml of 0.2 mM 
DPPH (dissolved in methanol). The reaction mixture was incubated 
for 20 min at 28°C under dark. The control contained all reagents 
without the sample while methanol was used as blank. The DPPH 
radical scavenging activity was determined by measuring the 
absorbance at 517 nm. BHT was used as positive control. DPPH 
radical scavenging activity (DRSA) was calculated by the following 
equation: 
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Where Acontrol and Asample represent the absorbance of blank control 

group and sample group under 510 nm. In this study, scavenging 
activity of the sample was expressed as 50% effective concentration 
(EC50), which represented the sample concentration (μg/ml) 
inhibiting 50% of the DPPH radical activity. 
 
 
Acute toxicity assay  

 
Acute toxicity test of WAE was carried out on Kunming mice 

(weighing 18 to 22 g) of the either sex. Animal were randomly divided 
into five equal groups (n = 10) and were orally administered with the 
WAE at 12.5, 25, 50, 100 and 200 g/kg body weight, respectively. 
The following profiles of animals were observed continuously for 2 h 
(Li et al., 2009). Behavioral profile: Alertness, restlessness, irritability 
and fearfulness; Neurological profile: Spontaneous activity, reactivity, 
touch response, pain response and gait; Autonomic profile: 
Defecation and urination. After a period of 24 and 72 h lethality or 

death was observed. 
 

 
Anti-fatigue activity assay 

 
Anti-fatigue activity of WAE was investigated through forced 
swimming exercise of mice. The model was a reliable measure of 
anti-fatigue treatment as established in both laboratory animals and 
humans (Tang et al., 2007; Zhang et al., 2009). WAE was given to 

mice at concentrations of 0, 5, 10 and 20 g/kg body weight, named as 
negative control dose group (CD group), low dose treatment group 
(LD   group),     middle-dose     treatment    group    (MD    group)    and 
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Figure 1. Superoxide anion radical scavenging activity of WAE and BHT. 

 
 
 
high-dose treatment group (HD group), respectively. Distilled water 
was given to mice in CD group. Samples were orally administered 
into mice using a feeding atraumatic needle, once per day for 4 
weeks. The doses of these treatments were chosen from literature 
references and pilot studies. After the final treatment with WAE, 
forced swimming exercise of mice was performed in acrylic plastic 

pool (50 × 50 × 40 cm) filled with water (25 ± 2°C) to a depth of 30 cm 
(Matsumoto et al., 1996).  

The mice were loaded with a steel washer weighing approximately 
5% of their body weight attached to the tail, which forced the mice to 
maintain continuous rapid leg movement (Misra et al., 2009). The 
mice were determined to be exhausted when they failed to rise to the 
surface to breathe after 10 s (Jung et al., 2007). This 10 s criterion 
was considered to correlate with exhaustion and was used as an 
indication of the maximum swimming capacity of the animal. Mice 

were removed at this point, before drowning. The exhaustive 
swimming time were observed. After the forced swimming exercise, 
the mice were allowed to rest for 30 min. Then they were 
anesthetized with ether and whole blood samples were collected in 
tubes by heart puncture to determine BLA, BUN, SOD and GPX 
contents using commercial kits. In addition, immediately after the 
blood had been collected, the liver was dissected out quickly from the 
mice, washed with physiological saline and dried with absorbent 

paper. Then the contents of HG were analyzed with commercial kits. 
 
 
Statistical analysis  
 
All experiments were carried out in triplicate and all the data were 
expressed as means ± SD (standard deviation). The significance of 
statistics was evaluated using Student’s t-test and P < 0.05 was 
taken as being significant.  

 
 
RESULTS AND DISCUSSION 
 
Superoxide anion radical scavenging activity of WAE  
 

Among different ROS, 


2O
 is generated first. Although 



2O
 

is a relatively weak oxidant, it may decompose to form 
stronger ROS, such as singlet oxygen and hydroxyl radical 

(
OH ), which initiates peroxidation of lipids. 



2O
 is also 

known to initiate indirectly the lipid peroxidation as a result 

of the formation of H2O2, creating precursors of
OH  

(Qiao et al., 2009). Therefore, 


2O
scavenging is extremely 

important to antioxidant work. Superoxide anion radical 
scavenging activity of WAE was presented in Figure 1. In 
this study, WAE exhibited an excellent superoxide anion 
scavenging activity, and the scavenging effects of WAE 
were significant stronger than that of BHT (P < 0.05). The 
maximum DPPH radical scavenging activity of WAE was 
46.67±1.53%. 
 
 
DPPH radical scavenging activity of WAE 
 
DPPH free radical is a stable free radical, which has been 
widely accepted as a tool for estimating the free-radical 
scavenging activities of antioxidants (Hu et al., 2004). 
DPPH radical scavenging activity of WAE was presented 
in Figure 2, the EC50 of WAE and BHT were 21.29 and 
23.23 ug/ml, respectively. In this study, WAE showed 
moderate DPPH radical scavenging activity. The 
maximum DPPH radical scavenging activity of WAE was 
88.13±2.97%. Compared with the BHT, WAE performed 
higher activity on DPPH. In humans, muscular exercise 
promotes the production of ROS in the working muscle. 
Growing evidence indicates that ROS are responsible for 
exercise-induced protein oxidation and contribute highly to 
physical fatigue (Tharakan et al., 2005). Thus, treatments 
that reverse muscle fatigue may be acting through 
mechanisms that scavenge ROS. The present study 
established that WAE possessed superoxide anion and 
DPPH radical scavenging activity, which suggested that 
WAE may be beneficial to the alleviation of physical 
fatigue, so the WAE was used for the in vivo experiment  in  
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Figure 2. DPPH radical scavenging activity of WAE and BHT. 
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Figure 3. Effect of WAE on the exhaustive swimming time of mice. 

 
 
 
mice to estimate the anti-fatigue activity. 
 
 
Acute toxicity test 
 
Acute toxicity test revealed the non-toxic nature of the 
WAE. There was no lethality or any toxic reactions found 
at any of the doses selected until the end of the study 
period.  

Effect of WAE on the exhaustive swimming time of 
mice 
 
Swimming to exhaustion is an experimental exercise 
model to evaluate anti-fatigue activity; it works well for 
evaluating the endurance capacity of mice and gives a 
high reproducibility (Zhang et al., 2006; Yao and Li, 2010; 
You et al., 2011). Effects of WAE on the exhaustive 
swimming time of mice were presented in Figure  3.  There  
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Figure 4. Effect of WAE on the blood lactic acid and blood urea nitrogen contents of mice. 

 
 
 
are significant differences in the exhaustive swimming 
time between the negative control group and each 
treatment group. The swimming time to exhaustion of the 
CD, LD, MD and HD groups were 7.4 ± 0.8, 11.7 ± 1.1, 
14.9 ± 1.0 and 16.8 ± 1.4 min, respectively. Thus, the 
exhaustive swimming time of the LD, MD and HD groups 
were significantly longer than that of the CD group (P < 
0.05). This result suggested that WAE had significant 
anti-fatigue activity. Fatigue is one of the most frequent 
physiological reactions. It often occurred in aging, cancer, 
depression, Human immunodeficiency virus (HIV) 
infection, multiple sclerosis and Parkinson’s disease 
(Tharakan et al., 2006). However, there were very few 
pharmacological drugs or therapies available for the 
treatment of fatigue (Uthayathas et al., 2007). Natural 
products not only could improve athletic ability, postpone 
fatigue and accelerate the elimination of fatigue in human 
beings, but also had few side effects (Kim et al., 2001). 
Data from previous investigations indicated that some 
traditional Chinese herbs extracts have anti-fatigue activity, 
including Radix Rehmanniae Preparata (Tan et al., 2011), 
Ganoderma lucidum (Guo et al., 2011), Cordyceps 
sinensis (Kumar et al., 2011), Acanthopanax senticosus 
(Zhang et al., 2010; Huang et al., 2011), Ginseng (Wang et 
al., 1983; Zhao et al., 2009; Wang et al., 2010), Eucommia 
(Deyama et al., 2001), Rhodiola rosea (Panossian et al., 
2007; Olsson et al., 2009), Cynomorium songaricum (Yu et 
al., 2010), Morinda officinalis (Zhang et al., 2009), etc. In 
the present study, it has also been shown that WAE 
enhanced the swimming capacity by lessening of fatigue in 
mice. To explore the mechanism of anti-fatigue activity, 
some biochemical parameters such as BLA, BUN, HG, 
SOD and GPX contents in the mice were determined after 
they have swam for 30 min.  

Effect of WAE on the BLA and BUN contents of mice  
 
BLA and BUN are important blood biochemical parameters 
related to fatigue (Xu and Luo, 2001). BLA is the glycolysis 
product of carbohydrate under an anaerobic condition and 
glycolysis is the main energy source for intense exercise in 
a short time (Ding et al., 2011). According to the study of 
Wilber (1959), violent swimming to exhaustion results in a 
significantly elevated BLA contents and the rate at which 
BLA accumulates in the blood showed an inverse relation 
to swimming time. Therefore, blood lactate acid represents 
the degree of fatigue after exercise and the condition of 
recovery (Wang et al., 2006). As shown in Figure 4, the 
BLA contents in the CD, LD, MD and HD groups were 
12.48 ± 0.86, 10.13 ± 0.79, 9.47 ± 0.96 and 8.56 ± 0.84 
mmol/l, respectively. Thus, the BLA contents in all treat- 
ment groups (LD, MD and HD groups) were lower than 
that in the CD group (P <0.05). This result suggests that 
WAE can effectively retard and lower the BLA produced 
and postpone the appearance of fatigue. BUN, which is 
the metabolism outcome of protein and amino acid, is a 
sensitive index to evaluate the bearing capability when 
human bodies suffer from a physical load (Huang et al., 
2011). Wu (1999) pointed out that the BUN in the blood 
rises significantly for a long-run athlete after exercise. In 
other words, the worse the body is adapted to exercise 
tolerance, the more significantly the BUN contents 
increase. Therefore, BUN is another index of fatigue status. 
As shown in Figure 4, the BUN contents in the CD, LD, MD 
and HD groups were 10.34 ± 0.71, 9.06 ± 0.86, 8.57 ± 0.85 
and 8.25 ± 0.93 mmol/l, respectively. Thus, the BUN 
contents of the LD, MD and HD groups were significantly 
lower than that of the CD group (P < 0.05). This result 
suggests that WAE  may  reduce  catabolic  decomposition  
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Figure 5. Effect of WAE on the hepatic glycogen contents of mice. 

 
 
 
of protein for energy. 
 
 
Effect of WAE on the hepatic glycogen contents of 
mice 
 
The liver converts lactate back to glycogen and releases 
glycogen into the blood. Energy for exercise is derived 
initially from the breakdown of glycogen and later from 
circulation glycogen released by the liver and from 
non-esterified fatty acids (Dorchy, 2002). So increasing the 
HG storage conduces to enhancing the endurance 
capacity and locomotory capacity (Tang et al., 2008). HG 
is a sensitive parameters related to fatigue. Effects of WAE 
on the HG contents of mice were presented in Figure 5. 
There are significant differences in the HG contents 
between the negative control group and each treatment 
group. The HG contents of the CD, LD, MD and HD groups 
were 7.35 ± 1.21, 10.48 ±2.17, 15.69±3.19 and 
16.74±2.82 mg/g, respectively. Thus, the HG contents of 
the LD, MD and HD groups were significantly higher than 
that of the CD group (P < 0.05). This result suggests that 
the anti-fatigue activity of WAE may be related to the 
improvement in the metabolic control of exercise and the 
activation of energy metabolism (Wang et al., 2006). 
 
 
Effect of WAE on the SOD and GPX contents of mice 
 
It has been demonstrated that ROS are responsible for 
exercise-induced protein oxidation and contribute strongly 

to muscle fatigue (You et al., 2009). To protect against 
exercise-induced oxidative injury, muscle cells contain 
complex endogenous cellular defense mechanisms 
(enzymatic and non-enzymatic antioxidants) to eliminate 
ROS (Powers et al., 2004). Antioxidant agents such as 
reduced glutathione (GSH), vitamin C, E and enzymes 
such as SOD, catalase (CAT) and GPX, are important 
factors (Hassan and Schellhorn, 1988). SOD reduces 
superoxide to hydrogen peroxide; and GPX reduces 
hydrogen peroxide from the SOD reaction to water. In 
addition, GPX can reduce lipid peroxides directly (Finaud 
et al., 2006). Growing evidence indicates that the 
improvement in the activities of antioxidant enzymes can 
help to fight against fatigue (You et al., 2011). As shown in 
Figure 6, the SOD contents of the CD, LD, MD and HD 
groups were 96.54 ± 7.84, 146.81 ± 8.93, 163.48 ± 11.26 
and 171.29 ± 13.21 U/mg.pro, respectively. And the GPX 
contents of the CD, LD, MD, and HD groups were 4.68 ± 
0.94, 8.37 ± 1.23, 10.45 ± 1.17 and 12.67 ± 1.36 U/mg.pro, 
respectively. Thus, SOD and GPX contents of the LD, MD 
and HD groups were significantly higher than that of the 
CD group (P < 0.05). This result suggests that WAE can 
promote increase in the activities of these antioxidant 
enzymes and again supporting that WAE has anti-fatigue 
activity. 
 
 
Conclusions 
 
WAE had strong scavenging activity to superoxide anion 
and   DPPH  radical.   And    it   had   significant  anti-fatigue  
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Figure 6. Effect of WAE on the superoxide dismutase and glutathione peroxidase contents of mice.  

 
 
 
activity, which could not only extend the swimming time of 
the mice, increase the hepatic glycogen and antioxidant 
enzymes (SOD and GPX) contents, but also decrease the 
BLA and BUN contents. However, further research needs 
to be carried out to evaluate its antioxidant and anti-fatigue 
activity at cellular and molecular levels. 
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A proteomic approach was taken to compare the proteomes of Enteroinvasive Escherichia coli (EIEC) 
infection alone, Lactobacillus plantarun pre-treatment and control group. Two-dimensional gel 
electrophoresis (2-DE), coupled with mass spectroscopy and protein database searching, 8 
differentially expressed proteins was identified. Of them, Glutathione Transferase (down-regulated), 
Peroxisomal enoyl-coenzyme (up-regulated) and Peroxiredoxin (up-regulated) in EIEC infection group 
were compared with control group which are all associated with antioxidant-related proteins. 
Glyceraldehyde-3-phosphate dehydrogenase (up-regulated) and Triosephosphate Isomerase (up-
regulated) were identified related with carbohydrate metabolism in EIEC infection group compared with 
control group. Keratin 8 (up-regulated) and hnRNP C1/C2 (down-regulated) were linked to antagonize 
cytoskeleton reorganization and apoptosis in L. plantarun pre-treatment group. Identification of these 
proteins provides insights that may lead to a better understanding of the molecular basis for EIEC 
infection process and L. plantarun protection function. 
 
Key words: Lactobacillus plantarun, Enteroinvasive Escherichia coli, tight junction. 

 
 
INTRODUCTION 
 
Enteroinvasive Escherichia coli (EIEC) is a human 
intestinal pathogen responsible for the majority of cases 
of endemic bacillary dysentery prevalent in developing 
country (Song et al., 2005). The underlying pathogenesis 
is proposed as follows (Parsot, 2005; Croxen and Finlay, 
2009). In the colonic mucosa, bacteria are supposed to 
cross the epithelial layer by invading M cells overlaying 
lymphoid follicles. Entry into epithelial cells involves 
rearrangements of the cell cytoskeleton (Cossart and 
Sansonetti,   2004).   Bacteria  released  from  M  cells  or  
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Abbreviations: EIEC, enteroinvasive Escherichia coli; EPEC, 
enteropathogenic Escherichia coli. 

epithelial cells interact with macrophages, escape from 
the phagocytic vacuole and induce apoptosis of infected 
cells. Apoptotic macrophages release pro-inflammatory 
cytokines facilitates further invasion by luminal bacteria 
(Steiner et al., 2000; Lahouassa et al., 2007). Recently, 
there are also evident that probiotic bacteria protect and 
enhance human intestinal epithelial barrier function. For 
example, enteropathogenic E. coli (EPEC)-induced 
neutrophil migration and EPEC binding to monolayers 
were inhibited by viable Lactobacillus plantarum but only 
when added to the monolayers before EPEC (Michail and 
Abernathy, 2003). 

Identically, live Streptococcus thermophilus 
(ST)/Lactobacillus acidophilus (LA) interact with intestinal 
epithelial cells to protect them from the deleterious effect 
of EIEC via mechanisms that include interference with 
pathogen adhesion and invasion (Resta-Lenert and 
Barrett,    2003;   Resta-Lenert   and   Barrett,   2006).   In 
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addition, L. plantarum have also been demonstrated 
reduce EIEC adhesion to Caco-2 by reducing intestinal 
permeability and increasing tight junction proteins (such 
as ZO-1, occludin and claudin-1 protein) in our previous 
reports (Qin et al., 2009). However, the detail mechanism 
was not very clear. Therefore, it is valuable to explore the 
regulation mechanism between L. plantarun, EIEC and 
intestinal epidermal-barrier function. In this study, we 
have, for the first time, taken a proteomic approach to 
identify differential proteins in EIEC infection alone, L. 
plantarun pre-treatment and control group. We anticipate 
these proteins may provide initial insights into the role of 
EIEC infection process and L. plantarun protection 
function. 
 
 
MATERIALS AND METHODS 

 
Preparation of bacteria 

 
L. plantarum strain CGMCC No.1258 collected from Institute of 
Science Life of Onlly, Shanghai Jiao Tong University, Shanghai, 
China, a gift from Dr. Hang Xiaomin (Institute of Science Life of 
Onlly, Shanghai Jiao Tong University, Shanghai, China) was 
maintained on MRS agar (Difco Laboratories, Detroit, MI, U.S.A.). 
Enteroinvasive Escherichia coli EIEC strain 0124:NM (ATCC 43893, 
serotype O124:NM) was obtained from the Center of Diseases 
Prevention and Control of Shanghai, China and maintained in LB 

medium (Difco Laboratories, Detroit, MI, U.S.A). They were 
cultivated at 37°C for 16 h to reach stationary phase. The L. 

plantarun and EIEC suspensions were centrifuged for 5 min at 1500 
× g. After removing the supernatant, the pellet was re-suspended in 
sterile PBS buffer to determine the bacterial concentration. 
Quantification of bacterial suspension was determined using a 
standard curve for visible absorbance (600 nm; Beckman DU-50 
spectrophotometer) and adjusted the final concentration to 1 × 
10

8
/ml. 

 
 
Preparation of monolayer 

 
DMEM supplemented with 10% fetal bovine serum, 1 × 10

5
 U/L of 

penicillin and 100 mg/L streptomycin was used as a standard 
medium to cultivate Caco-2 cells (human colonic epithelial-like 

cancer cell line obtained from the Cell Institute Affiliated China 
Science Research Institute, Shanghai, China). When cell growing to 
80 to 90% fusion cells under 5% CO2 saturated humidity and 37°C 
conditions, 0.25% pancreatic enzyme with 0.03% EDTA was 
performed to digest cells to subculture (1:3). Then, the cells were 
inoculated to glass slide in six-well culture plate (gelatin treatment) 
and cell concentration was 5 × 104 cells/cm

2
. After 7 to 10 days, 

monolayer cells were collected and used in later experiment. 

 
 
Infection of intestinal epithelial monolayer 

 
Caco-2 cells were washed three times in Hank's balanced salt 
solution (Life Technologies) to remove the antibiotic media. For 
rapid infection of the monolayer, 100 μl EIEC at 1.0 × 10

8 
/ml was 

added to the apical side of the cell culture insert, and the insert was 
placed in a 50 ml tube and centrifuged at 200 g for 4 min. L. 

plantarum (100 μl of 1.0 × 10
8
/ml) was added to the monolayers in 

different groups for 24 h. Caco-2 cells monolayers were cultured 
and served as the control group, Caco-2 cells were infected EIEC  

 
 
 
 
as the EIEC group, Caco-2 cells infected EIEC were co-incultured 
with L. plantarum as the L. plantarum group. The average number 
of Caco-2 cells in each monolayer was approximately 1 × 10

6
. The 

inoculation ratio of EIEC to Caco-2 cells was 100:1. The ratio of 
lactobacillus to EIEC was 10:1. 
 
 
Protein sample preparation 
 
The Caco-2 cells monolayer cells in each group were harvested by 
centrifugation, rinsed in phosphate-buffered saline and re-
suspended in 300 µl lysis buffer (9.5 M urea, 4% CHAPS, 65 mM 
DTT, 2% carrier ampholyte and protease inhibitor cocktail). Then, 

the Caco-2 cells were removed from the surface with a cell scraper 
and collected to a 1.5 Eppendorf tube. The crude extract solution 
was obtained by ultrasonic disruption (80 W, 2 min, with a 15 s 
interval every 10 s) and centrifugation (14000 rpm, 60 min). The 
resulting supernatant was concentrated on Biomax-5 K ultra-
filtration membrane. The protein concentration was determined by a 
standard Bradford protein assay and stored at -80°C until use for 2-
DE analysis. 
 

 
Gel electrophoresis and analysis 

 
First-dimensional electrophoresis was carried out using an IPGphor 
II (Amersham Biosciences) isoelectric focusing system. 100 g of 
total extract were loaded. IPG dry strips (pH 3-10, linear) were 
rehydrated at 30 V for 12 h. After rehydration, isoelectric focusing 
was performed under the following conditions: 500 V for 1 h, 1000 
V for 1 h, 8000 V for 6 h and 500 V for 4 h. After equilibration of the 

isoelectric focusing strips, SDS electrophoresis was performed on 
12.5% gels. SDS-PAGE was performed using a Hofer SE 600 
System (Amersham Biosciences): 15 mA for 30 min and 30 mA 
until the Bromophenol Blue front reached 0.5 cm of the gel. After 
two-dimensional gel electrophoresis, proteins were stained with 
silver for subsequent mass spectrometry. To ensure data reliability, 
sample preparation and 2-DE were performed in triplicate. Silver-
stained gels were scanned with Bio-Rad GS710 scanner. Images 

were analyzed using the specialized software program Image 
Master 2D Elite software (Amersham Biosciences). 
 
 
MALDI-TOF mass spectrometry and protein identification 

 
Proteins of interest were excised and digested in gel using trypsin 
for 20 h (sequencing grade, Promega, Charbonnie`res, France). 
Digest products were completely dehydrated in a vacuum 
centrifuge and resuspended in 10 ul of formic acid (2%), desalted 
using Zip Tips C18 (Millipore, Bedford, MA), eluted with acidα-
cyano-4-hydroxy-trans-cinnamic acid (Sigma, 5 mg/ml in 0.1% TFA) 
and loaded on the target of a Bruker-Daltonics AutoFlex TOF−TOF 
LIFT mass spectrometer (Bruker Daltonics, Bremen, Germany). 
Analysis was performed in reflectron mode with an accelerating 
voltage of 20 kV. Identification of proteins was performed using 
both Mascot and PeptIdent software (available at 
www.matrixscience.com and www.expasy.org/tools/peptident.html, 
respectively). Search parameters were as follows: database: 
NCBInr (release date: 20070326); taxonomy: homo sapiens 
(human); type of search: peptide mass fingerprint; enzyme: trypsin; 
fixed modifications: carbamidomethyl (C); mass values: 
monoisotopic; protein mass: unrestricted; peptide mass tolerance: ± 
100 ppm; peptide charge state: 1+; and max missed cleavages: 1. 
 
 
Statistics analysis 

 
All data  were   analyzed   by    SPSS13.0   and   the   results   were  
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Table 1. Differentially expressed proteins between EIEC and normal group. 
 

Group ID Normal group EIEC infection group Group ID Normal group EIEC infection group 

3780 -6.46544 6.46544 4399 1.94149 -1.94149 

4075 -3.90939 3.90939 3676 -1.93011 1.93011 

3959 -3.35281 3.35281 4388 1.87136 -1.87136 

3969 -3.03349 3.03349 4118 -1.75635 1.75635 

4364 3.00393 -3.00393 4448 1.74678 -1.74678 

3863 -2.66937 2.66937 4106 -1.74489 1.74489 

3792 -2.48479 2.48479 3096 -1.6833 1.6833 

4435 2.46231 -2.46231 3410 -1.6324 1.6324 

4241 2.37954 -2.37954 3368 1.6012 -1.6012 

4445 2.30779 -2.30779 3392 1.56976 -1.56976 

4250 -2.30228 2.30228 3777 -1.56414 1.56414 

4110 -2.27937 2.27937 3597 -1.56405 1.56405 

4070 2.19601 -2.19601 3380 -1.51271 1.51271 

3299 -2.05878 2.05878 4050 -1.51244 1.51244 

4337 1.96883 -1.96883 2930 -1.50543 1.50543 

 
 
 
measured by average ± standard deviation. One-way ANOVA was 
performed on all experiments with Tukey Kramer post-hoc 
comparison. P < 0.05 was considered as statistically significant. 
 

 

RESULTS 
 
Differentially expressed proteins analysis 
 
The differentially expressed proteins between different 
groups were analyzed based on image master software 
(class report ratio > = 1.5). The results showed that there 
were 30 spots identified as differentially expressed 
between normal group and EIEC group. Of this, 19 genes 
were up-regulated and 11 genes were down-regulated 
expression compared with normal group (Table 1, Figures 
1 and 2). When comparison betweennormal group and L. 
plantarum group, the results indicated 25 differentially 
expressed proteins (14 genes up-regulated and 11 genes 
down-regulated) (Table 2, Figures 3 and 4). 15 
differentially expressed proteins were identified between 
L. plantarum group and EIEC group. Among them, 5 
genes were down-regulated expression, and 10 genes 
were up-regulated expression compared with EIEC group 
(Table 3, Figures 5 and 6). 
 
 
MALDI-TOF mass spectrometry and protein 
identification 
 
Total of 16 differentially expressed proteins were excised 
from 2-DE gels, in-gel digested by trypsin and subjected 
to MALDI-TOF-TOF/MS analysis. Of them, 8 differentially 
expressed proteins have been identified by NCBInr 
database searching (Table 4). 

DISCUSSION 

 
In this study, we have used 2-DE and MS to establish the 
proteomic profiles of intestinal epithelial cell in response 
to EIEC infection and L. plantarun pre-treatment. 2-DE 
was employed as it permits the identification of the 
alteration of protein isoforms and determination of protein 
expression levels and post translational modifications. 
The 2-DE gel in each group was analyzed to screen 
differentially expressed proteins by Image Master 2D Elite 
software. Based on this analysis, 16 significantly 
differential proteins was chosen to identify by MALDI-
TOF-TOF/MS, of them, 8 differentially expressed proteins 
have been identified by NCBInr database searching. 
Literature searches were conducted for all the proteins 
identified in the up- and down-expressed lists to find 
possible links of the change in expression and their 
implications in intestinal epithelial cell in general. Most 
proteins identified show homology with antioxidant-
related proteins, such as glutathione transferase, 
peroxisomal enoyl-coenzyme A hydratase-like protein 
and peroxiredoxin. Glutathione-S-transferases (GSTs) 
are a family of Phase II detoxification enzymes that 
catalyse the conjugation of glutathione (GSH) to a wide 
variety of endogenous and exogenous electrophilic 
compounds (Townsend and Tew, 2003; Wu et al., 2004). 
GST was down-regulated expression in EIEC group, 
indicating decrease in detoxification function. This result 
led to EIEC invasion and damage intestinal epithelial cell. 
Peroxiredoxin 1 (PRDX1) is a ubiquitously expressed 
antioxidant with vital roles in basal metabolic functions. In 
addition, PRDX1 is involved in cell differentiation and 
proliferation, apoptosis and innate immunity (Daly et al., 
2008).      In       addition,      glyceraldehyde-3-phosphate  
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Figure 1. Differently expression spots in EIEC and normal group. 

 
 

 

dehydrogenase (GAPDH) and triosephosphate 
isomerase (Tim) were also identified, which all play an 
important role in carbohydrate metabolism. 

Of them, GAPDH catalyzes the conversion of 
glyceraldehyde-3-phosphate to 1,3-bisphosphoglycerate 
in the glycolytic pathway. As part of the conversion, 
GAPDH converts NAD

+
 to the high-energy electron 

carrier NADH. GAPDH has been referred to as a 
"housekeeping" protein based on the view that GAPDH 
gene expression remains constant under changing 
cellular conditions. Triosephosphate isomerase (TIM) is 
also an enzyme with a role in glycolysis and gluco-
neogenesis by catalyzing the interconversion between 
glyceraldehyde 3-phosphate and dihydroxyacetone 
phosphate (Moraes et al., 2011). Carbohydrate 
metabolism has been implicated in pathogenesis of 
enteroinva-sive E. coli (EIEC). In a cell culture model, an 
EIEC mutant defective in both glucose and mannose 
transport was significantly impaired in adherence and 
invasion (Gore and Payne, 2010). And Egea et al. (2007) 

found that GAPDH could be present in the surface of 
enteropathogenic (EHEC) and enterohaemorrhagic 
(EPEC) E. coli (all as Gram-negative bacteria) and 
GAPDH could adhere to the cell surface after co-
cultivation with Caco-2 cells. This may partially explain 
the pathogenesis of EHEC and EPEC infection. 
Therefore, in our study, we found GAPDH and TIM were 
up-regulated expression in EIEC group contrast to normal 
group, suggesting EIEC also express the GAPDH and 
increase its ability of adherence and invasion to Caco-2 
cells. 

Recently, GAPDH has also been known to contribute to 
a number of diverse cellular functions unrelated to 
glycolysis such as cytoskeletal organization, apoptosis 
and viral pathogenesis (Tatton et al., 2000). These may 
also be associated with Caco-2 cells damage and 
apoptosis upon EIEC infection. The clinical study found 
probiotics can restrain the damage effect of intestinal 
pathogenic bacteria, and can be used to treat acute 
diarrhea   (Sazawal   et   al., 2006)   and   intestinal   flora  
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Figure 2. Relative expression profile of differently expression spots in EIEC and normal group. 

 
 
 
Table 2. Differentially expressed proteins between L. plantarum and normal group. 

 

Group ID Normal group L. plantarum group Group ID Normal group L. plantarum group 

1122 -3.01255 3.01255 1118 -1.85844 1.85844 

1615 -2.79918 2.79918 1804 -1.78829 1.78829 

2007 -2.67766 2.67766 1955 1.75013 -1.75013 

900 -2.58965 2.58965 1698 1.72375 -1.72375 

1746 -2.56488 2.56488 639 -1.59668 1.59668 

1656 2.51169 -2.51169 925 -1.59597 1.59597 

1558 -2.49958 2.49958 1842 -1.5682 1.5682 

1944 2.46618 -2.46618 641 -1.55929 1.55929 

390 -2.04106 2.04106 1684 1.54977 -1.54977 

1917 1.99593 -1.99593 1754 1.53794 -1.53794 

1914 1.9928 -1.9928 638 -1.52214 1.52214 

1883 1.90046 -1.90046 2159 1.51294 -1.51294 

1886 1.89765 -1.89765    

 
 
 
(Kuehbacher et al., 2006). Keratin 8 was induced up-
regulated expression upon L. plantarum treatment. 
Keratins 8 and 18 belong to the keratin family of 
intermediate filament proteins and they can be covalently 
conjugated to constitute a hallmark for all simple epithelia 

(Gilbert et al., 2001; Magin et al., 2007). Phosphorylation 
in some sites may affect the structure and function of this 
protein and even cells signal transduction (Feng et al., 
1999; Ridge et al., 2005). Phosphorylation facilitates 
formation of Keratin 8/18 aggregates,  but  is  not  crucial.  
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Figure 3. Differently expression spots in L. plantarum and normal group. 

 
 

 

 
 

Figure 4. Relative expression profile of differently expression spots in L. plantarum and normal group. 
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Table 3. Differentially expressed proteins between L. plantarum and EIEC group. 
 

Group ID L. plantarum group EIEC group Group ID L. plantarum group EIEC group 

1313 -3.59685 3.59685 1829 1.90584 -1.90584 

1403 -3.56569 3.56569 1549 -1.79476 1.79476 

1043 -3.33972 3.33972 613 1.61932 -1.61932 

1217 -2.51966 2.51966 680 -1.57435 1.57435 

1792 -2.32483 2.32483 1341 1.55353 -1.55353 

1710 -2.29915 2.29915 927 -1.5412 1.5412 

1664 1.95007 -1.95007 1851 1.50677 -1.50677 

1413 -1.93483 1.93483    

 
 
 

 
 
Figure 5. Differently expression spots in L. plantarum and normal group. 

 
 
 
Keratin 8/18 would breakdown and reorganize during 
apoptosis. And at later stages of the apoptotic process, 
that is, when the integrity of the cytoplasmic membrane 

becomes compromised, keratin aggregates are shed 
from the cells (Schutte et al., 2004). Our study discovered 
the   keratin-dependent  protection  of  Caco-2  cells  from  
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Figure 6. Relative expression profile of differently expression spots in L. plantarum and normal group. 
 
 
 

Table 4. Identification of differentially expressed proteins by NCBInr database searching. 

 

Spot No Protein ID Protein name 

1403 Gi|31645 Glyceraldehyde-3-phosphate dehydrogenase. 

   

   

1313 Gi|109082737 Predicted: heterogeneous nuclear ribonucleoprotein C (C1/C2) isoform 2 (Macaca mulatta). 

   

1217 Gi|62913980 KRT8 protein. 

   

1615 Gi|70995211 Peroxisomal enoyl-coenzyme A hydratase-like protein. 

   

2007 Gi|55959887 Peroxiredoxin 1. 

   

4445 Gi|20664358 
Chain A, crystal structure of a recombinant glutathione transferase, created by replacing the last 
seven residues of each subunit of the human class Pi isoenzyme with the additional C-terminal 
helix of human class alpha isoenzyme. 

   

4337 Gi|999892 Chain A, triosephosphate isomerase (Tim) (E.C.5.3.1.1) complexed with 2-phosphoglycolic acid. 

   

4435 Gi|20664358 
Chain A, crystal structure of a recombinant glutathione transferase, created by replacing the last 
seven residues of each subunit of the human class Pi isoenzyme with the additional C-terminal 
helix of human class alpha isoenzyme. 

 
 
 
EIEC induced apoptotic challenge may be a key function 
of simple epithelial keratins (Jaquemar et al., 2003). And 
intermediate filament proteins might be induced over-
expression by L. plantarum to antagonize the apoptosis 
and destructive effect on cytoskeleton by EIEC 
(Nishizawa et al., 2005). 

The heterogeneous nuclear ribonucleoprotein C1/C2 
(hnRNP-C1/C2) is one of the most abundant proteins in 
the nucleus, and shown to have roles in cellular 
differentiation and proliferation through post-transcrip-
tional regulations of certain mRNA species (Williamson et 

al., 2000). Many hnRNP-C1/C2 have been found to be 
phosphorylated in response to extracellular stimulations. 
These changes have been proposed to regulate splice 
site selection in pre-mRNA alternative splicing, which is 
recognized as the cause or the consequence of 
numerous human diseases such as tumors and 
inflammatory injuries (Zhu et al., 2003). Translocation of 
hnRNP C1/C2 from nuclei to cytoplasm in PMA-induced 
pro-apoptotic cells have been identified dependent on 
ROCK-mediated cytoskeleton rearrangement (Lee et al., 
2004).  In  our  study,  down-regulation  of  hnRNP-C1/C2 

l%20
l%20


 
 
 
 
upon L. plantarum treatment might be as a novel 
mechanism to enhance the resistance of Caco-2 cells to 
apoptosis, inflammatory and indirectly decrease the 
hnRNP C1/C2 translocation. 
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Salmonellosis is an important public health problem and food of poultry origin is one of the most 
common sources of human salmonellosis. The aim of this study was detection of Salmonella spp and 
determination of the prevalence of Salmonellosis in broiler poultry farms of Ardebil province, Iran. 
Salmonella detection by both conventional culture and multiplex PCR methods were performed on 400 
samples obtained from poultry. The samples were obtained from poultry farms of five different 
geographic zones (North, South, West, East and Central zone) of Ardebil province and were examined 
by standard microbiological tests. m-PCR technique was carried out with four and three pairs of 
specific primers for Salmonella typhimurium and Salmonella enteritidis respectively. Out of a total of 
400 samples, 37(9.25%) were positive for Salmonella by bacteriological tests. The highest prevalence of 
Salmonella was recorded in Central zone (10.43%) while the lowest prevalence was in South zone of 
Ardebil province (8%). Based on the m-PCR results among 37 isolated Salmonella, 11 serovars were S. 
typhimurium and 21 serovars were identified as S. enteritidis. Also, there was no significant difference 
between the prevalence rate of Salmonella in five different selected areas (P>0.05). For control and 
prevention programs of salmonellosis, the results of this study can be used by agriculture and health 
organizations in Iran. 
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INTRODUCTION 
 
Salmonella species are gram negative, flagellated, 
facultatively anaerobic bacilli which are considered as 
major zoonotic pathogens for both animals and humans 
(Giannella et al., 1973). Salmonellosis is common 
throughout the world. The disease in humans usually 
takes the form of a self-limiting food poisoning but 
occasionally manifested as a serious systemic infection 
or enteric fever. Contaminated food is the major mode of 
transmission for non typhoidal Salmonella because 
salmonellosis is a zoonosis and has an enormous animal 
reservoir (Doyle and Beuchat, 2007). The most common 
animal reservoirs are chickens, turkeys, pigs and cows. 
Other domestic and wild animals also harbor these 
organisms. Salmonella enterica serovar enteritidis is a 
major cause of food borne disease and during last 
decade it has been isolated worldwide in increasing 
numbers. Furthermore S. enterica serovar Typhimurium 

is the most frequently isolated serovar worldwide 
(Madadgar et al., 2008). Dairy products, vegetables, 
fruits, shellfish, beef, poultry and eggs are the most 
common sources of human salmonellosis (Doyle and 
Beuchat, 2007). Poultry are commonly infected with a 
wide variety of S. enterica serovars. The two serovars 
that have been of most concern in recent years are S. 
enteritidis and Salmonella typhimurium (Madadgar et al., 
2008). Since 1987, Salmonella enteritidis has been the 
main cause of Salmonella poisoning in humans from 
poultry products (Doyle and Beuchat, 2007). In order to 
minimize the risk of human salmonellosis, 
epidemiological studies and microbiological control of the 
food chain is being increasingly applied. In recent years 
various molecular techniques have been used to improve 
the identification and differentiation of Salmonella 
serovars    including:    PCR-single-strand    conformation  
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Table 1. Sequences of oligonucleotides used as primers in m- PCR for S. typhimurium (a) and S. enteritidis (b) (Rahn et al., 1992). 
 

Primer Sequence Target gene Amplicon fragment(bp) 

RfbJ-s 5'-CCAJCACCAGTTCCAACTTGATAC 
rfbJ 663 

RfbJ-as (a) 5'-GGCTTCCGGCTTTATTGGTAAGCA 

    

FliC-s 5'-ATAGCCATCTTTACCAGTTCCCCC 
fjlC 183 

FliC –as (a) 5'-GCTGCAACTGTTACAGGATATGCC 
    

FljB-s 5'-ACGAATGGTACGGCTTCTGTAACC 
fljB 526 

FljB -as (a) 5'-TACCGTCGATAGTAACGACTTCGG 
    

ST 139-s 5'-GTGAAATTATCGCCACGTTCGGGCAA 
invA 284 

ST141-as (a) 5'-TCATCGCACCGTCAAAGGAACC 
    

ST11 5'-GCCAACCATTGCTAAATTGGCGCA 
Random sequence 429 

ST14 (b) 5'-GGTAGAAATTCCCAGCGGGTACTGG 

    

S1 5'-GCCGTACACGAGCTTATAGA 
spv 250 

S4 (b) 5'-ACCTACAGGGGCACAATAAC 

    

SEFA2 5'-GCAGCGGTTACTATTGCAGC 
sefA 310 

SEFA4 (b) 5'-TGTGACAGGGACATTTAGCG 
 
 
 

polymorphism analysis (Satheesh et al., 2002), genomic 
and phenotyping evaluation (Madadgar et al., 2008), 
pulsed field gel electrophoresis (Mhand et al., 1999; 
Thong, 1998), PCR assay (Hoorfar and Ahrens, 2000; 
Feeder et al., 2001; Kongmuang et al., 1994; Lin and 
Tsen, 1999; Malorny et al., 2003), RFLP (Aarts et al., 
1998). One of the most important used techniques for 
identification of Salmonella serovars is PCR technique 
using Salmonella genes (Kisiela and Kuczkowki, 2005). 

In 2004, Alvarez et al. (2004) have desecribed m- PCR 
as a method for Salmonella diagnosis that is simple, 
inexpensive and sensitive and enables the quick and 
precise detection of the most prevalent serotypes of 
Salmonella in human clinical samples. In recent years 
several studies were carried out by different authors in 
order to determine the prevalence of poultry 
salmonellosis in Iran. Based on these studies the 
prevalence of Salmonella in poultry were reported in 
different areas in Iran (Zahraei et al., 2005; Madadgar et 
al., 2008; Jamshidi et al., 2008; Akbarmehr, 2010). But 
until now epidemiological study about poultry 
salmonellosis in Ardebil province which is located in 
Northwest of Iran has not been widely studied. Therefore 
in the present study we investigated the poultry 
salmonellosis in broiler chicken farms of Ardebil province 
using conventional culture and mPCR assay. 
 
 
MATERIALS AND METHODS 

 
Sampling and microbiological tests 

 
This study was carried out in Ardebil  province,  Iran.  The  province  

was divided into five different geographic areas as follows: North, 
South, west, East and Central zone. A total of 400 samples were 
collected from broiler poultry farms in the aforementioned areas 
from January 2010 to June 2011(60, 50, 85, 90, 115 samples were 
obtained from North, South, west, East and Central zone 
respectively). The samples were harvested from yolk sac, spleen, 
intestine and liver of chickens and examined by standard 
procedures (enrichment 24 h in selenite F (Merk) at 37°C, plated on 
XLD agar and incubated at 37°C for 24 h, confirmation of suspected 

colonies by biochemical tests) as described by Quinn et al. (1994). 
 
 
PCR amplification 
 

The Salmonella isolates were grown overnight at 37°C in brain 
heart infusion broth. 2 ml of the bacteria culture were centrifuged for 
10 min at 16000 rpm. Purified DNA was used as a templet for the 
PCR assay. For the m- PCR, seven primer pairs were used. Four 
pairs of primers were used for S. typhimurium and three pairs of 
them for S. enteritidis (Table 1). PCR was carried out in a 25 µl 
amplification mixture consisting of 200 mM dNTPs, 1 µm of each 
primer, 40 ng of genomic DNA, 1.5 mM MgCl2 and 1U of Taq DNA 
polymerase (fermentase). Amplification was performed in a thermal 
cycler (Biosystem). The cycling condition was as follows: initial 
denaturation at 95°C for 5 min, followed by 35 cycles of 
denaturation at 94°C for 60 s, annealing at 65°C for 30 s, 

elongation at 72°C for 30 s and final extenstion period for 7 min 
(Zahraei et al., 2005). Amplified products were subjected to 
electrophresis at 100 V on a 1.2% agarose gel for 1 h and a 100 bp 
DNA ladder was used as a size reference. After staining with 
ethidium bromide, the gel was documented and photographed 
under ultra violet light. S. typhimurium with ATCC- 14025 and S. 
enteritidis with RTCC-1624 were used as positive control. 
 

 

RESULTS 
 

The  prevalence  of  salmonellosis  in  poultry  in  the  five 
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Table 2. Prevalence of salmonellosis in the broiler farms of five selected zones of Ardebil province, Iran.  
 

Zone No. of examined samples No. positive samples Prevalence rate (%) 

North 60 5 8.33 

South 50 4 8 

West 85 8 9.4 

East 90 8 8.88 

Central 115 12 10.43 

Total 400 37 9.25 

 
 
 

 
 

Figure 1. Multiplex PCR with four pairs of primers for S .typhimurium isolated from poultry. The 183 bp bands 
produced by fliC gene (specific for S .typhimurium) and the 284 bp bands produced by invA gene (specific for 
the genus Salmonella). The 526 and 663 bp bands produced by fljB and rfbJ genes respectively. M: marker 
)100 bp). PC: positive control (S. typhimurium with ATCC- 14025). Lanes 1, 3 and 4 are positive samples for 
S. typhimurium. Lanes 2, 5, 6 and 7 are positive samples for genus of Salmonella. 

 
 
 
selected zones of Ardebil province are shown in Table 1. 
Out of a total 400 samples, 37(9.25%) were positive for 
Salmonella by bacteriological tests. As Table 2 shows the 
highest, prevalence was recorded in Central zone 
(10.43%) while the lowest prevalence was in south zone 
of Ardebil province (8%). MPCR technique which was 
carried out with specific primers for S. typhimurium and 
S. enteritidis (Table1). Among 37 isolated Salmonella, 11 
serovars of S. typhimurium and 21 serovars of S. 
enteritidis were confirmed by MPCR technique. Distri-
bution of S. typhimurium and S. enteritidis in different 
geographic area of Ardebil province is shown in Table 2. 
Also, Figures 1 and 2 shows the MPCR results (Table 3) 
of S. typhimurium and S. enteritidis respectively. 
 
 
DISCUSSION 
 
Salmonella is an important cause of food-borne 
infections. Most of these infections are caused by 
Salmonella originated from poultry (Doyle and  Beuchat, 

2007). As Table 1 shows out of 400 samples which was 
examined by bacteriological tests 37(9.25%) of them had 
positive results for Salmonella strains. This finding is 
comparable to the reports of previous works from other 
cities and provinces in Iran. While some previous authors 
reported higher prevalences of Salmonella in poultry, the 
others reported lower prevalence compared to this study.  
In a study which was conducted in Fars province, Iran the 
prevalence of poultry salmonellosis was determined 
15.62% (Zahraei et al., 2005). Another survey which was 
conducted in Mashhad city, Iran; the prevalence of 
Salmonella in poultry carcasses was determined by 8.3% 
(Jamshidi et al., 2008). In 2010, Akbarmehr et al. (2010) 
reported the prevalence of poultry salmonellosis in Sarab 
city, Iran as 7.25%. According to Table 1 although the 
prevalence of Salmonella is widely distributed in all over 
the five selected geographic area in Ardebil province but 
the prevalence rates were varied from 8% (South zone) 
to 10.43% (Central zone). This may be due to 
confirement system of poultry farms in central zone of 
Ardebil province which provides the easily  distribution  of 

                                M            PC         1            2            3           4            5          6           7  

    



Akbarmehr         5953 
 
 
 

 
 
Figure 2. m-PCR with three pairs of primers for S. enteritidis isolated from poultry: the 250 bp bands 

produced by Salmonella plasmid virulent gene. The 310 bp bands produced by S.enteritidis fimbrial antigen 
gene and the 429 bp bands produced by randomly cloned sequence which is specific for the genus 
Salmonella. M: marker (100 bp). PC: positive control (S. enteritidis with RTCC-1624). Lanes 2, 3 and 5 are 
positive samples for S. enteritidis. Lanes 1, 4 and 6 are positive samples for genus of Salmonella. 

 
 
 

Table 3. Distribution of S. typhimurium and S. enteritidis in different geographic area of Ardebil province based on MPCR results. 

 

Zone No. of positive samples 
S. typhimurium S. enteritidis 

No % No % 

North 5 1 20 3 60 

South 4 1 25 3 75 

West 8 2 25 5 62.5 

East 8 3 37.5 4 50 

Central 12 4 33.33 6 50 

Total 37 11 29.72 21 56.75 

 
 
 
Salmonella between poultry farms. Although there were 
no significant differences between different prevalence 
rates (P>0.05). According to Figure 1, S. typhimurium 
serovars confirmed with four pairs of primers by m-PCR 
method. As Figure 1 shows the 284 bp bands produced 
by invA genes which were found in all of the S. 
typhimurium serovars. Primers targeting the rfbJ, fliC and 
fljB genes were used for specific identification of S. 
typhimurium which produced 663, 183 and 526 bp bands 
respectively. Olivera reported that the m-PCR technique 
using invA gene for detection of Salmonella and fliC gene 
for identification of S. typhimurium from poultry- related 
samples was 100% specific (Oliveira et al., 2002). Also, 
S. enteritidis serovars comfirmed with three pairs of 
primers in this study (Figure 2). 

The 429 bp bands were found in all of the Salmonella 
serovars produced by randomly cloned sequenced which 
were specific for the genus Salmonella. Salmonella 
plasmid virulent gene (Spv) and S. enteritidis fimbrial 

antigen gene (sefA) (which produced 250 and 310 bp 
bands respectively) were used for specific identification of 
S. enteritidis serovars (Madadgar et al., 2008). Based on 
m-PCR results, S. enteritidis with 56.75% frequency and 
S. typhimurium with 29.72% frequency were the most 
common serovars in five different zones of poultry farms 
in Ardebil province. Out of 37 Salmonella isolates, 5 
(13.51%) were other seovars which were not identified in 
this study. It should be considered that the predominant 
Salmonella serovars differ in different countries. But in 
Iran many authors showed that S. enteritidis and S. 
typhimurium are the most prevalent serotypes of 
Salmonella (Zahraei et al., 2005; Akbarmehr et al., 2010; 
Madadgar et al., 2008). Because of the ability of 
Salmonella in poultry meat and egg that are not 
thoroughly cooked, poultry originated products are the 
main vehicle of transmission (Gianella, 1973). Finally the 
present research is the first precise study about 
epidemiology of salmonellosis in poultry farms  of  Ardebil  
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province, Iran using conventional culture and m-PCR 
Assay and our results revealed an important public health 
and veterinary problem which must be considered by 
agriculture and public health organizations in Iran. 
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In the present research work, soil samples were col lected from different hospitals of District Peshawa r, 
Khyber Pakhtunkhwa, Pakistan, contaminated with hos pital disposable materials. Aspergillus 
ochraceus was isolated from the soil through serial dilution  followed by morphological identification. 
Furthermore, different strains of human pathogenic bacteria were isolated from hospitalized patient’s 
blood, urine and pus samples. The isolated A. ochraceus was tested against the isolated pathogenic 
bacterial strains for antimicrobial activities. Ant ibacterial results were observed against multi drug s 
resistant (MDR) human pathogenic bacteria.  
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INTRODUCTION 
 
Multi drugs resistant bacteria such as methiciline-
resistant Staphylococcus aureus (MRSA) emerged during 
the last decade and clinically are the cause of serious 
problems (Levin and Andreasen, 1999). The last choice 
for the treatment of MDR is vancomycin. Due to 
vancomycin-resistant Enterococci (VRE) and 
vancomycin-intermediate resistant S. aureusarises a 
global health concerns (Gilmore and Hoch, 1999). 
Accordingly it is the cry of the day to exploit antibiotic 
producing microorganisms for the extraction of novel 
antimicrobial compounds against MDR, VRE and VISA 
(Levy, 1998). 

Although very important compounds have been 
extracted from microorganisms but antibiotics have 
prominent importance due to therapeutic value (McCarthy 
and Williams, 1990; Ouhdouch et al., 2001; Saadoun and 
Gharaibeh, 2003). It has been found that emergence of 
high antibacterial resistance is the alarming problem 
throughout the world. It is obvious from the  irrational  use  
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of antibiotics that the efficacies of present antibiotics are 
decreasing slowly and steadily due to antibiotic 
resistance. In the perspective of documented reports it is 
the need of the hour to search for novel compounds 
(Barbara and Clewes, 2003; Shahghasi et al., 2004). 
Search for microorganisms producing novel antimicro-
bials, is still have prime importance due to the continuous 
emergence of antibiotic resistance (Zrimec et al., 2004). 

It has been found that the divers medium of soil has 
essential macro and micronutrients, playing a vital role in 
the metabolic pathways of microorganisms (Luzhetskyy 
et al., 2007; Thomashow et al., 2008). Since micro 
biologist believed that only a minute fraction of soil micro- 
flora has been identified (Thomashow et al., 2008). 

After the discovery of magic bullet penicillin, a lot of 
different antibiotics have been investigated and searched 
out largely from soil inhabiting microbes. During the last 
20-30 years, researchers interest in the soil inhabiting 
microorganism have been enhanced, due to the 
increased possibility of searching novel bioactive com-
pounds, like antibiotics and enzymes, active in diverse 
environmental parameters (Nedialkova and Naidenova, 
2004). 

A large numbers of antimicrobial secondary metabolites 
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Table 1. Fungal strains isolated from soil samples collected from various hospitals of Peshawar. 
 

Name of Hospital  No of soil samples fungi isolated  

Khyber teaching hospital 9 RM 75, RM76, RM77 
Lady Reading hospital 13 RM 78, RM79, RM80, RM81 
Hayatabad Medical complex  11 RM 82 (Selected), RM83, 

 

RM: specific code for isolated fungi RM82: Selected Aspergillusochraceus. 
 
 
 
extracted from microbe rich soil environment, including 
bacteria, actinomycetes and molds (Luzhetskyy et al., 
2007; Thomashow et al., 2008). Although some new 
bioactive compounds are under evaluation, however 
there is an emergency demand for the investigation and 
evaluation of novel bioactive compounds against 
bacterial and fungal pathogens and the bioactive product 
against these pathogens is the important key source to 
control them (Luzhetsky et al., 2007). In the light of above 
facts the objectives of the present research study were to 
isolate soil inhabiting fungi and then evaluate 
antimicrobial activities of isolated fungi against human 
pathogenic bacteria isolated from patient samples.  

Due to the world wide problem of antibiotic resistance 
our research work have profound importance to isolate 
and screen out such types of microorganisms which 
produce novel types of compounds against multi drugs 
resistant MDR bacteria.  
 
 
MATERIALS AND METHODS  
 
Collection of soil samples 
 
A total of 33 soil samples were collected from different hospitals of 
District Peshawar, Khyber Pakhtunkhwa, contaminated with 
hospitals disposable materials like disposable cottons, syringes and 
plastics. Soil samples were taken from surface to 10 cm depth from 
the selected sites in the sterilized polystyrene bags using sterilized 
gloves. All samples were immediately transferred to the laboratory 
and stored at 4°C till further use. 
 
 
Isolation of fungi 
 
Soil samples were serially diluted up to 10-5 in distilled water and 
spread 1 ml sample on the Potato dextrose agar (PDA) and 
Sabroud dextrose agar (PDA) media and incubated for 3-5 days at 
28°C. Isolated fungi were further sub cultured and pu rified on PDA 
and SDA media (Table 1). 
 
 
Morphological identification of Aspergillusochraceus 
 
The isolated fungus was preliminary identified on the basis of fungal 
colony, color, growth pattern, diffusible pigments, hyphae, conidia 
and sporulation. 
 
 
Isolation of multi drug resistant human pathogenic bacte ria 
 
Human   pathogenic  bacteria  were  isolated  from  patient’s  blood, 

urine and pus samples. Blood and urine were collected from 
hospitalized patient in sterilized vials and bottles. Immediately 
brought to the pathology laboratory of Lady Reading Hospital 
Peshawar and were streaked on the selective media such as 
McConkey agar, Eosine Methylene Blue Agar, ManitolSalt Agar, 
Cysteine Lactose Electrolyte Deficient Agar, Bismith Sulphite Agar 
and Blood Agar. All petri plates were incubated at 37°C for 24 h. 
 
 
Identification of pathogenic bacteria  
 
All isolated pathogenic bacteria were identified on the basis of 
morphological and biochemical characteristics on selective media. 
After Gram staining, biochemical tests were carried out to identify 
the pathogenic bacteria up to species level. The following 
biochemical tests were performed for identification, DNase test, 
coagulase test, catalase test, haemolysis, Motility test, Urease test, 
Indole production test, Hydrogen sulphide (H2S) production 
fermentation test, Mannitol and Sucrose Triple Sugar Iron test for 
lactose/glucose fermentation, Oxidase test, Citrate utilization test, 
Nitrate reduction test, Methyl Red Voges Proskauer (MR-VP)Test 
(Monica, 2005). 
 
 
Sensitivity assay 
 
Disc diffusion assay was performed according to the procedure of 
Kirby bauer (CLSI, 2006), for all isolated pathogenic strains using 
10 different antibiotic discs. The turbidity of the indicator pathogenic 
bacteria was adjusted with McFarland solution and then dipped a 
sterilized cotton bud in the adjusted culture and prepared a uniform 
lawn on nutrient agar media for every isolated pathogen. Selected 
antibiotic discs were gently placed on the prepared lawn with equal 
distance using forcep. Then the nutrient agar plates were incubated 
at 37°C for 24 h. After 24 h the results for sensitivi ty were observed 
(Table 3). 
 
 
Preliminary tests for bioactive compounds production , by 
Aspergillusochraceus against human pathogenic bacteria 
 
Aspegillusochraceous was cultured in the PDA media and 
incubated for 5 days at 28°C. Human pathogenic strai ns were 
inoculated in 50 ml nutrient broth media and incubated in orbital 
shaker (150 rpm) at 37°C for 24 h. After 24 h 5 ml of broth culture 
was taken in sterilized test tubes and the turbidity of culture was 
adjusted with McFarland solution, normal saline was added for 
turbidity adjustment. Sterilized cotton bud was dipped in the 
adjusted indicator strains and prepares lawn of each pathogenic 
strain on the nutrient agar media. 

Pustules of 8 mm diameter was taken from already incubated 
culture on PDA media using cork borer of the same diameter and 
gently placed on each prepared lawn using sterilized forcep. All 
Petri dishes were incubated for 24 h at 37°C. After 24  h zone of 
inhibition around the pustule was observed (Table 2). 
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Table 2. Antimicrobial activity of Aspergillusochraceus against human pathogenic bacteria. 
 

Pathogenic bacteria  Antimicrobial activity 
Staphylococcus aureus /15 + 
Klebsiela spp /6  + 
Streptococcus spp /4 + 
Escherichia Coli/10 + 
Pseudomonas aureginosa /6 + 
Salmonella typhi/4  + 

 

+= positive. /15, 6, 4, 10, 6, 4=number antibiotic resistant bacteria isolated from patient samples. 
 
 
 
RESULTS 
 
Isolation and identification of fungi  
 
Nine Fungal strains were isolated from 33 soil samples 
collected from different hospitals of Peshawar. Primarily 
one strain of fungi was selected for antimicrobial activity 
and identification. All other isolated fungi showed no 
activity against pathogenic strains and were not pro-
cessed further. The selected strain was identified using 
variety of manuals and monographs based upon the 
morphology and colony characteristics, like growth 
pattern of colony, colorand exudates produced and 
sporulating structure like conidial head, types of 
conidiogenous cells, arrangement of conidia, sporangial 
head, types of spores, pycnidia, accervuli, sporodochia 
and ascocarps (Domsch et al., 1980; Salar and Aneja, 
2007). The fungus was identified as A. ochraceus.   
 
 
Determination of antimicrobial spectra of isolated 
fungi 
 
Isolated fungal strain was tested against 45 human 
pathogenic bacteria. Antimicrobial results were observed 
against both Gram positive and Gram negative 
pathogenic bacteria around 8 mm pustules. Significant 
results were observed against Gram positive bacteria 
which were15-20 mm zone of inhibition around the 
pustules. Good results were observed against Gram 
negative pathogenic bacteria, which were 10-15 mm 
zone of inhibition around 8 mm pustules except E. coli 
which were less than 10 mm (Table 2).  
 
 
Identification, sensitivity assay of pathogenic 
bacterial strains and antimicrobial activity of 
Aspergillusochraceus 
 
The bacterial isolates were identified on the basis of 
morphological and biochemical characteristics these 
includes, S. aureus, P. aeruginosa, S. typhi, 
streptococcus spp, klebsiella spp and E. coli. Majority of 
the isolated bacterial strains were resistant to two or 

more than two antibiotics. That is why these all isolated 
pathogens were considered multi drugs resistant for 
those antibiotics A. ochraceus showed activity against all 
MDR bacterial strains (Table 3). 
 
 
DISCUSSION 
 
Diverse groups of fungi exits in soil because of its natural 
habitat. Fungi are the second largest fraction of soil micro 
flora. Due to its nutritional requirements they survive as 
saprophytes in their natural habitat. Physical and 
chemical conditions of soil increases or decreases the 
population of fungi (Tariq et al., 2008). Many bioactive 
compounds have been isolated from soil fungi having 
structural novelty which become the important source for 
antibiotics developments. Six prescribed medicines out of 
20 recommended medications are from fungal source 
(Tangjang and Arunachalam, 2009). 

We isolated A. ochraceus which produced bioactive 
secondary metabolites against multi drugs resistant 
bacteria. 

Multi drugs resistant bacteria were isolated from 
patients samples and sensitivity assay was conducted. 
Isolated A. ochraceus showed significant results against 
both Gram positive and Gram negative MDR bacteria.  

In the previous studies A. ochraceus CL41582 was 
isolated which inhibited the growth of MDR S.  aureus, S. 
pyogenes and E. faecalis (Yutaka et al., 2001). 

In this study we used 10 different antibiotics for 
sensitivity tests against isolated pathogenic bacteria 
(Cefotaxime, Cephradine, Levofloxacin, Sparfloxacin, 
Linezolid, Vancomycin, Teicoplanin, Fusidic acid, 
Cotrimaxazole, Chloramphenicol) to confirm antibiotic 
resistance. Pustules of 8 mm disc having diffused 
secondary metabolites of A. ochraceus were used 
against all isolated pathogens. 10-15 mm zone of 
inhibition was observed against Gram negative bacteria 
except E. coli which showed minimum activity. While 15-
20 mm zone of inhibition was observed against Gram 
positive bacteria. 

Our results correlates with the previous study con-
ducted on A. cohraceus a new compound was extracted 
from A.  ochraceus   which   was   active   against   MDR,  
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Table 3. Disc diffusion assay for all isolated pathogenic strains and anti-pathogenic activity of Aspergillus ochraceus. 
 

Pathogens used Anti-biotic discs 
CEF CEPH LEVO SPAR LINE VANCO TEICO FUS COT CHLO RM 82 

Klebsiella spp R R R R S S S S R S + 
Klebsiella spp R R S S S S S S R S + 
Klebsiella spp R S S R S S S S S S + 
Klebsiella spp R S S S S S S S R S + 
Klebsiella spp S R S S S S S S S S + 
Klebsiella spp S R S S S S S S R S + 
Streptococcus R S S S S S S S R S + 
Streptococcus S S S S S S S S R S ++ 
Streptococcus R S S S R S S S S S + 
Streptococcus S R S S S S S S R S + 
P. aeruginosa R R R R S S S S S S + 
P. aeruginosa R R R S S S S S S S + 
P. aeruginosa S R I R S S S S S S + 
P. aeruginosa S S S S S S S S S S + 
P. aeruginosa S R R R S S S S S S + 
P. aeruginosa R R I S S S S R S S + 

S. aureus S S S S S S S R R S ++ 
S. aureus R S S R S S S S R S ++ 
S. aureus S S S S S S S S S S ++ 
S. aureus R S R R R S R S S S + 
S. aureus R R R R S S S R R R + 
S. aureus R S R R S S S R R R ++ 
S. aureus R R R R S S S S R R + 
S. aureus S R S S S S S S R S ++ 
S. aureus R S S R R S S S S S ++ 
S. aureus R S S R S S S S R S ++ 
S. aureus S R S S S S S S R S ++ 
S. aureus R R S S R S S S R S ++ 
S. aureus R S S S S S S S R R ++ 
S. aureus R S S S R S S S S S ++ 
S. aureus R S S S R S S S S R ++ 

E. coli R R S S S S R S S S -- 
E. coli R R R R S S S S S S -- 
E. coli R S S S S I S S R S -- 
E. coli R R S S S S S S R S -- 
E. coli R R S S S S S S R S -- 
E. coli S R S S S S S S S S -- 
E. coli R S R R S S S S S S -- 
E. coli S R R R S S S S S S -- 
E. coli S R S S S S S S S S -- 
E. coli S R S R S S S S S S -- 

S. typhi S R S S S S S R S R + 
S. typhi R R S S S S S S S S + 
S. typhi S R S S S S S S S S + 
S. typhi S R S S S S S S S S + 

 
 
 
S. aureus (cefr, genf, methr, MLSBr, penr, tetr, cipr and 
vans) were MDR clinical strain. S. pyogenes was MLSBr, 
kanr and str1". E. faecalis were also an MDR clinical 

strain (cefr, eryr, genf, chlr, kanr, tets and van1). 
Extracted compound from A. ochraceus showed no 
activity against E. coli (Yutaka et al., 2001). 



 
 
 
 

In another study carried out on molds bioactive 
compounds seven fungal species were isolated and 
evaluated against clinical isolates, the results revealed 
the presence of bioactive compounds with antimicrobial 
activity against 22 clinical bacterial isolates including 
eleven isolates of Gram positive and remaining were 
Gram negative. The fractions extracted from molds were 
thoroughly more active on Gram positive bacteria than 
Gram negative (Amal and Mekawey, 2010).  

We used forty five clinical isolates and isolate nine 
fungal species, A. ochraceus have antibacterial activity. 
Significant antimicrobial activity was observed against 
Gram positive bacteria while good and minimum results 
were observed against Gram negative bacteria. In 
conclusion we need further evaluation and purification of 
bioactive fractions produced by A. ochraceus, so as to 
minimize resistance associated with MDR bacteria. 
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Canine influenza virus (CIV) is an emerging pathogen that causes severe and acute respiratory disease 
in dogs. Canine influenza is caused by two subtypes of influenza. A virus: H3N2 and H3N8. In recent 
years, surveys of avian origin CIV infection in dogs have been reported worldwide. However, little is 
known about the prevalence of CIV in pet dogs in China. In the present study, the prevalence of avian 
origin CIV H3N2 in pet dogs in Shenzhen, Southern China was investigated using the enzyme-linked 
immunosorbent assay (ELISA) and hemagglutination inhibition (HI) assay. Thirty-one (6.71%) of the 462 
serum samples tested were seropositive for avian origin CIV by ELISA. Use of the HI test revealed the 
presence of anti-H3 antibodies in 28 (6.06%) of 462 serum samples. The prevalence ranged from 4.87% 
(HI) or 6.19% (ELISA) to 7.41% among dogs of different ages, with high prevalence in pet dogs of 1 to 3 
years old, but low prevalence in pet dogs ≤1 year. The seroprevalence in female dogs was 5.21%, and in 
male dogs it was 7.78% (ELISA) or 6.67% (HI). These findings demonstrated that avian origin canine 
influenza virus infection is prevalent in pet dogs and can spread rapidly through local dog populations, 
which indicates its potential for becoming established in pet dogs throughout China. 
 
Key words: Canine influenza virus, seropervalence, pet dog, enzyme-linked immunosorbent assay (ELISA), 
hemagglutination inhibition (HI) assay. 

 
 
INTRODUCTION 
 
Canine influenza virus (CIV) is a member of the influenza 
virus A genus in the family Orthomyxoviridae and an 
emerging pathogen that causes severe and acute 
respiratory disease in dogs (Jirjis et al., 2010; Lee et al., 
2010). CIV was first identified in racing  greyhounds  in  
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Florida in January 2004 (Payungporn et al., 2008). Canine 
influenza is caused by 2 subtypes of influenza A virus: 
H3N2 and H3N8. In 2005, the H3N8 CIV is known to be 
an equine-derived H3N8 influenza virus and was first 
identified in dogs in the United States, and in 2007, the 
H3N2 CIVs are of avian origin and detected in dogs in 
Korea and China (Crawford et al., 2005; Payungporn et al., 
2008; Song et al., 2011b; Lee et al., 2010; Li et al., 2010).  

Regardless of subtype, avian origin H3N8 or H3N2 CIV 
could infect nascent individuals and causes clinical signs. 
The most common sign of canine influenza  is  a  mild  



 

 
 
 
 
respiratory disease that resembles infectious 
tracheobronchitis. The experimental reproduction of the 
disease caused by H3N2 CIV induced clinical signs 
including coughing, sneezing, nasal discharge, fever, and 
shedding of the virus in nasal discharge (Song et al., 
2011a, 2009; Lee et al., 2010). In previous pathological 
findings, the infection produced a distinctively severe and 
persistent bronchopneumonia with neutrophil infiltration 
and apoptosis in the tracheal epithelium (Jung et al., 
2010). 

Epidemics of avian origin H3N2 CIV among dogs have 
been observed in Korea, specifically in contaminated 
kennels in veterinary clinics. Serologic and virological 
survey of the avian-origin H3N2 CIV in dogs in South 
Korea suggest that the epidemiological situation 
resembles that of equine origin H3N8 CIV currently 
circulating in the dog populations of the United States 
(Payungporn et al., 2008; Song et al., 2008; Lee et al., 
2009). However, no such serological or etiological studies 
have been carried out in pet dogs in Shenzhen, Southern 
China. 

The objectives of the present investigation were to 
examine avian origin H3N2 CIV in pet dogs in five pet 
hospitals in Shenzhen, Southern China under the present 
husbandry practice and animal welfare, and to evaluate 
the risk factors for CIV infection in different ages and 
genders of pet dogs. 
 
 
MATERIALS AND METHODS 
 
Study area 
 
Shenzhen is located in the very South of Guangdong province, 
overlooking HongKong to the South and bordering kowloon. It has 
an area of 1984.69 square meters, it is east to the Daya and Dapeng 
Bays, west to Pearl River, North to Dongguan and Huizhou and 
south to Hong Kong Special Administrative Regions of the People’s 
Republic of China. It consists of 6 districts: Luohu, Futian, Nanshan, 
Yantian, Bao’an and Longgang which the first two are mainly urban 
areas. It has a mild subtropical oceanic climate with an annual 

average temperature of 22.3°C. 
 
 
Serum preparation 
 
A total of 462 blood samples were collected from 5 different pet 
hospitals which are distributed in Futian and Luohu districts of 
Shenzhen city between May and July 2009. 82, 114, 127, 101 and 
38 blood samples were obtained from pet dogs in Cuizhu, Futian, 
Honggui, Meilin and Shangbu pet hospitals, respectively. These 
samples were put aside for solidification followed by centrifugation 
at 1,000 × g for 10 min, and supernatants were transferred to new 
centrifuge tubes and saved at -20℃ until use. 
 
 
Serological tests 
 
ELISA test 
 
The 462 serum samples described above were analyzed for 
CIV-specific antibodies by using a commercial  ELISA Kit  (Animal  
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Genetics Inc., South Korea) that can detect anti-nucleoprotein (NP) 
antibodies based on competition principles. The use of this ELISA kit 
for CIV detection has been previously reported (Lee et al., 2009; An 
et al., 2010). Briefly, ELISA plates coated with the antigen 
(nucleoprotein) are incubated with an equal mixture of 50 µl serum 
and 50 µl anti AIV antibody-HRP (Horseradish Peroxidase, 1:100 
dilution in the conjugate diluent) for 30 min at 37°C. Then, the wells 
were washed 6 times with 350 µl of diluted washing solution. Then, 
100 µl substrate was added to each well and incubated for 10 
minutes at room temperature. Finally, 100 µl of stopping solution 
was added to each well. The absorbance of the wells was read with 
a bichromatic spectrophotometer at 450 nm with reference 
wavelength at 620 nm. Reading must be completed within 1 hour 
from the end of an assay. Positive and negative control sera were 
provided by the kit with 2 wells for each. 

The mean absorbance of the negative controls was calculated, 
and then the PI (Percent inhibition) value of each serum was 
calculated, using the following formula: 
 
PI value = [1-(OD sample/mean OD negative)] × 100 
 
Based on PI value, classification of each sample was as follows: 
PI<50, negative (-); PI ≥ 50, positive (+). 
 
 
Hemagglutination inhibition (HI) assay 
 
In the present study, the A/canine/Guangdong/01/2007(H3N2) avian 
origin canine influenza virus strain was used in the serological tests. 
Genetically, this strain is highly similar to the avian influenza H3N2 
virus and was isolated at the Animal Clinics of South China 
Agricultural University in 2007 (Li et al., 2010). The HI assay was 
performed according to procedures recommended by the World 
Organization of Animal Health (OIE). These samples were also 
analyzed by the HI test, which measures the ability of the sera to 
inhibit the hemagglutinating activity of the reference virus. The 
following antigens were also used for HI tested: H1N2 influenza 
virus (A/swine/Guang dong/06/2009/GH5) for H1, H3N2 influenza 
virus (A/Swine/Guangdong/01/2005) for H3, H5N1 influenza virus 
(A/Swan/Guangdong/197/2004) for H5, H9N2 influenza virus 
(A/Chicken/Guangdong/HL/2006) for H9. These viruses were 
isolated by the College of Veterinary Medicine, South China 
Agricultural University. All serum samples were treated with 
receptor-destroying enzyme (RDE) before testing in HI assays. 
Briefly, 25 µl of serial two-fold dilutions of the treated serum samples 
were mixed with 4 HA units of virus in V-shaped microtiter plates and 
incubated at room temperature for 30 min. Then, 25 µl of 0.5% (v/v) 
chicken red blood cells (RBCs) was added to each well and 
incubated at room temperature for 40 min. The HI titer was 
expressed as the reciprocal of highest serum dilution that 
completely inhibited hemagglutination of 4 HA units of the virus. 
 
 
RESULTS 
 
In this investigation, a total of 462 pet dogs (219 females 
and 243 males) from Shenzhen, Southern China were 
examined by ELISA and HI for avian origin CIV antibodies. 
All serum was subjected to NP-specific ELISAs, 
anti-influenza virus antibodies were detected in 31 
samples (6.71%). Use of the HI test revealed the 
presence of anti-H3 antibodies in 28 of the 462 samples 
(6.06%). Five samples were seropositive for avian origin 
H3N2 CIV by ELISA and HI test. Different levels of 
seropositivity were detected in  different  pet  hospitals,  
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Table 1. Seroprevalence of canine influenza virus (CIV) in pet dogs in different pet hospitals in Shenzhen, 
southern China. 
 

Pet hospitals Examined number 
Seroprevalence (%) 

ELISA HI 
Cuizhu 82 17.07 (14/82) 14.63 (12/82) 
Futian 114 2.63 (3/114) 2.63 (3/114) 
Honggui 127 6.30 (8/127) 5.51 (7/127) 
Meilin 101 5.94 (6/101) 5.94 (6/101) 
Shangbu 38 0 (0/38) 0 (0/38) 
Total 462 6.71 (31/462) 6.06 (28/462) 

 
 
 

Table 2. Seroprevalence of canine influenza virus (CIV) in pet dogs of different ages and genders in Shenzhen, 
Southern China using ELISA and HI test. 
 

Variable Class 
Prevalence (%) 

ELISA HI 
Age (years) ≤1 6.19 (14/226) 4.87 (11/226) 
 1-3 7.41 (10/135) 7.41 (10/135) 
 > 3 6.93 (7/101) 6.93 (7/101) 
Gender Male 7.78 (21/270) 6.67 (18/270) 
 Female 5.21 (10/192) 5.21 (10/192) 

 
 
 
namely 0, 2.63, 5.94, 6.30 and 17.07% of the samples 
from Shangbu, Futian, Meilin, Honggui and Cuizhu were 
CIV antibody-positive, respectively (Table 1). Among 
these positive pet dogs, seroprevalence varied in different 
age groups, ranging from 4.87% (HI) or 6.19% (ELISA) to 
7.41% (Table 2). The investigation also showed that the 
seroprevalence in female animals was 5.21%, and 7.78% 
(ELISA) or 6.67% (HI) in male animals using ELISA or HI 
(Table 2). All samples were also tested with other 
antigens (H1, H3, H5, H9) for HI test, and they  were all 
negative. 
 
 
DISCUSSION 
 
Canine H3N2 influenza viruses of avian origin were 
recently isolated and found to induce disease in dogs in 
Korea (Song et al., 2008). Recently, four genetically 
similar canine influenza H3N2 viruses of avian origin were 
isolated in South China with severe respiratory disease (Li 
et al., 2010). The emergence of these canine influenza 
cases in China could result also from the ecological 
changes in China, especially as the changing of 
socio-economic circumstances, particularly in urban areas 
where dogs are continuing to be raised for food, in some 
circumstances. CIV replicates efficiently in the respiratory 
system of dogs and causes severe respiratory disease. 
Active replication of CIV in the canine respiratory system 
results in intense inflammatory responses central to the 
pathogenesis of H3N2 CIV (Lee et al., 2011). Most natural 

cases of H3N2 CIV died from associated respiratory 
diseases and the carcasses were generally quickly 
discarded by veterinarians for quarantine purposes. 

Here, we report for the first time the seroprevalence of 
avian origin CIV H3N2 infection in dogs in Shenzhen city, 
southern China. 31 of the 462 tested pet dogs were 
seropositive for CIV by Ab ELISA (6.71%), which is higher 
than that in Korea, New Zealand and Japan. The 
seroprevalence of avian H3N2 influenza in Korean pet 
dogs in 2007 was 0.48% (2/419) by ELISA (Lee et al., 
2009). In 2010, 16 (5.59%) of the 286 serum samples 
collected from pet dogs were CIV seropositive by ELISA 
in Korea (An et al., 2010). In New Zealand, the 251 dogs 
serum samples tested was not positive for CIV antibodies 
by indirect fluorescent antibody (IFA) (Knesl et al., 2009). 
In Japan, 12 (2.1%) of the 582 serum samples collected 
from dogs were HI-positive against human H3 virus, only 
one serum each from dogs was NI-positive against N2 
virus (Said et al, 2011). By comparison, 31 of 74 (42%) 
dogs were seropositive for antibodies against CIV H3N8 
in a metropolitan animal shelter (Holt et al., 2010). In 
Colorado, CIV H3N8 seroprevalence was 2.9% (4/140) for 
dogs seen by the Community Practice service and 4.5% 
(5/110) for dogs seen by other hospital services (P = 0.48) 
(Barrell et al., 2010). In Italy, CIV H1N1 seroprevalence 
was 0.7% (7/1061) for canine serum specimens in 2009 
(Dundon et al., 2010). 

In the present study, the seropositivity rates of avian 
origin H3N2 CIV in pet dogs differed depending on 
whether an ELISA or HI  assay  was  performed.  For  



 

 
 
 
 
example, while ELISA text found that 6.30 and 17.07% of 
the pet dogs from Honggui and Cuizhu were exposed to 
avian origin CIV, the HI test detected seropositivity rates 
of 5.51 and 14.63%, respectively. While the HI assay is 
often used to detect antibodies against viral hemagglutinin 
(HA) in human and animal serum, it is not very reliable in 
detecting antibodies to avian influenza viruses in 
mammalian serum because nonspecific hemagglutination 
inhibitors in the sera can result in false positives (Lu et al., 
1982). In addition, Lee et al. (2009) found that the HI 
assay detected anti-influenza H3N2 virus antibodies 2 
days later than the NP-based ELISA test. These results 
suggest that the NP-based ELISA is a better method for 
the serological survey of CIV infections in pet dogs. 
 
 
Conclusions 
 
In summary, the present survey revealed a relatively low 
seropositivity of CIVs in pet dogs in Shenzhen, Southern 
China, which raises the concerns regarding the rapid 
spread of avian origin CIV in pet dogs in animal hospitals 
in China. These findings suggest that commercial 
vaccines against canine influenza virus must be 
developed and used in pet dog population. 
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Cytokines are endogenous inflammatory mediators, which play a central role in the pathophysiology of 
sepsis and in the expression of the adhesion molecules. The aims of this study are to analyze the levels 
of cytokines and the soluble adhesion in serum of infected (N = 68) and non-infected (N = 41) patients 
with systemic inflammatory response molecules (SIRS). 109 patients in the intensive care unit (ICU) of a 
tertiary hospital were included. IL-6, TNF-α, IL-10, IL-13, sICAM-1 and VCAM-1 were measured using 
enzyme-linked immunosorbent assay (ELISA). Patients with infectious SIRS, the levels of IL-6 varied 
between 27.65 to 39.6 pg/L(mean = 33.4 pg/L); the levels of sVCAM-1 varied between 543 and 1079 ng/ml 
(mean = 782 ng/ml) and the levels of sICAM-1 varied between 320 and 664 ng/ml (mean = 458 ng/ml).  In 
patients with non-infectious SIRS the levels of IL-6 varied between 18.2 to 20.3 pg/L(mean 19.2 pg/L); 
the levels of sVCAM-1 varied between 251 and 635 ng/ml (mean = 286 ng/ml) and the levels of sICAM-1 
varied between 98 and 351 ng/ml (mean = 168 ng/ml). The levels of IL-6, sVCAM-1 and s ICAM-1 were 
significantly higher in septic patients than in non-septic patients (p = 0.002; p = 0.003 and p = 0.0002, 
respectively). There was no statistically significant difference in the levels of TNF-α, IL-10 and IL-13 
between infectious and non-infectious SIRS patients. Measurement of pro-and anti- inflammatory 
cytokines and soluble adhesion molecules may be useful in the follow up of ICU patients and in 
providing a point of care tests that will help in decision making and in management of ICU patients. 
 
Key words: Cytokines, adhesion molecules, enzyme-linked immunosorbent assay (ELISA), intensive care unit 
(ICU) patients. 

 
 
INTRODUCTION 
 
Systemic inflammation is a highly organized response to 
infectious and noninfectious threats to homeostasis 
(Shubin et al., 2011). The main effectors of systemic 
inflammation are inflammatory cytokines, such as tumor 
necrosis factor (TNF)-α, interleukin (IL)-1β, and IL-6; 
chemokines and other mediators of inflammation (Shubin  
et al., 2011; Kibe et al., 2011). 

Cytokines   (including   chemokines)   are   endogenous 
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inflammatory mediators, which play a central role in the 
pathophysiology of sepsis (Nagai et al, 2011). TNF-α is a 
principal pro-inflammatory cytokine that induces systemic 
inflammatory response against the infectious insult 
(Nagai et al., 2011). Other pro-inflammatory cytokines 
include IL-1β, IL6, IL-8, interferon (IFN) γ, and 
macrophage migration inhibitory factor (MIF) (Eggimann 
and Pittet, 2001; Martin et al., 1994; Goldie et al., 1995; 
Pinsky et al., 1993). Excessive production of pro-
inflammatory cytokines by immunocompetent cells may 
induce systemic inflammatory response syndrome (SIRS) 
(Damas et al., 1992; Oda et al., 2005). 

Sepsis  also  activates  the  production  and  release  of 
 



 
 
 
specific anti-inflammatory substances, including the 
cytokine receptor antagonists, the soluble cytokine 
receptors and the anti-inflammatory cytokines (Makhija, 
2005; Delsesto and Opal, 2011; Tamayo et al., 2011). IL-
10, IL-13 and transforming growth factor β (TGF- β) are 
anti-inflammatory cytokine, which probably have an 
important down-regulatory function in decreasing the 
production of various pro-inflammatory cytokines, such as 
TNF-α and IL-6 (Marchant et al., 1994; Martin et al., 
1997).  

Nosocomial infections (NIs) are today by far the 
commonest complications affecting hospitalised patients. 
Currently, 5 to 10% of patients admitted to acute care 
hospitals acquire one or more infections, and the risks 
have steadily increased during recent decades (Esposito 
and Leone, 2007; Jarvis, 2001). Although representing 
only 5 to 15% of hospital beds, intensive care units 
(ICUs) account for 10 to 25% of healthcare costs, 
corresponding to 1 to 2% of the gross national product of 
the United States (Esposito and Leone, 2007).  

Vascular cell adhesion molecule-1 (VCAM-1) and 
intercellular adhesion molecule-1 (ICAM-1) are mediators 

of endothelial-leukocyte adhesion in inflammatory states 
(Shapiro et al., 2010; Gando et al., 2005; Figueras-Aloy 
et al., 2007). They mediate tight binding and 
extravasation of leukocytes through endothelial cell 
junctions (Brenner et al., 2010). Low levels of adhesion 
molecules are detected in serum of normal individuals 
and several investigators have recently documented 
increased levels in patients with sepsis and other critical 
illnesses (Brenner et al., 2010; Cumming et al., 1997). 
There is interest in examining serum levels of adhesion 
molecules in sepsis and other inflammatory conditions 
and relating their measurement to outcome from critical 
illness (Newman et al., 1993). Up-regulation of 
membrane-bound and soluble forms of adhesion 
molecules and their corresponding ligands on endothelial 
cells is induced by inflammatory mediators, such as TNF-
α and IL-6. Soluble isoforms of adhesion molecules are 
critical for the early events of leukocyte recruitment 
(Jaber et al., 2009). 

The published data on the relationship between the 
serum levels of soluble adhesion molecules and SIRS is 
sparse. Serum levels of cytokines and adhesion 
molecules could be different in different groups of SIRS 
patients because of the differences in the underlying 
cause. The purpose of this study was to assess the level 
of cytokines and soluble adhesion molecules in different 
groups of SIRS patients in the ICU of a tertiary hospital. 
 
 
MATERIALS AND METHODS 
 
Study population 
 
 All patients admitted to the ICU with SIRS over a period of 12 
months (2007 to 2008) were included (N = 109). The study was 
conducted in a tertiary hospital in Eastern Saudi Arabia (Alzahrani  
et al., 2009). Patients were  categorized into  the  following  groups: 
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patients with sepsis (N = 68) and those with SIRS without infection 
(N = 41). Clinically suspected infection was defined by the attending 
physician including the suspicion of an ongoing infection, combined 
with the initiation of a diagnostic work-up. Patients with SIRS were 
defined as having two or more of the following criteria (Rosengart, 
2006): fever (body temperature >38°C) or hypothermia (body 
temperature <35.5°C), tachycardia (heart rate >90 beat s min 1), 
tachypnea (>20 breaths min 1) and leukocytosis or leukopenia 
(white blood cell count >12 000 or <4000/mm3 . The infection was 
confirmed if the patient has an identifiable site of infection which is 
confirmed by positive microbiological cultures. Bacterial cultures 
were obtained from trachea, urine, abdominal or mediastinal drains 
or from perioperative or percutaneous bacteriological samples. A 
written consent was obtained. 
 
 
Measurements 
 
For cytokine assays, peripheral blood samples were collected from 
the subjects by venepuncture in plain tube, left to coagulate and 
fresh serum samples were separated and aliquots and stored  at 
−70°C prior to analysis. Aliquots were frozen within 8 of collection. 
The samples were taken within 24 h of admission to the ICU (day 
1). Cytokine and soluble adhesion (IL-4, IL-6, IL-10, IL-13, TNF-α, 
sVCAM-1 and sICAM-1) analyses were performed with 
commercially available enzyme-linked immunosorbent assays 
(Quantikine®, R and D Systems, Minneapolis, Minn., USA; 
Biosource International, Camarillo; Pelikine CompactTM, Central 
Laboratory of the Netherlands Red Cross Transfusion Service, 
Amsterdam, the Netherlands) according to the manufacturer’s 
recommendations. In addition, complete blood counts were 
obtained on all patients including a full white blood cell (WBC) 
differential. Bacterial, viral and candida cultures/molecular detection 
of cytomegalovirus, respiratory syncytial virus and adenovirus  were 
done using established assays. 
 
 
Statistical analysis 
 
Data was entered in a personal computer and statistical analyses 
were performed using the statistical package for social sciences 
(SPSS-PC version 16). The descriptive statistics were reported as 
mean and range values. The patient groups were compared using 
the unpaired Student's t-test, the chi-squared test and the 
Friedman's test as indicated. P-values below 0.05 was considered 
significant in the SPSS software. 
 
 
RESULTS 
 
The present study used the same study population of ICU 
patients that we used in previous study (Alzahrani et al., 
2009). We evaluated a total of 109 SIRS patients 
admitted to ICUs in a tertiary hospital over the period of 
the study. Out of 109 patients, 68 fulfilled the criteria of 
infectious SIRS. The remaining 41 patients were 
classified as non-infectious SIRS, with no defined source 
of infection as proved by negative bacterial cultures. The 
mean age of the study population (45 males and 64 
females) was 49.8 ± 20.9 years. The clinical diagnosis 
included infection with varying degrees of sepsis (68), 
trauma (12), respiratory failure (10), post surgical (7), non 
infective complications requiring ICU (5), heart failure (3), 
sickle cell with crisis (3) and seizure disorder  (1).  Among 
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Table 1. Cytokines levels in infectious and non-infectious SIRS patients. 
 

Cytokine  Level in infectious SIRS Level in non-infectious SIRS 

IL-6 27.65-39.6 pg/L(mean=33.4 pg/L) 18.2-20.3 pg/L(mean 19.2 pg/L) 
TNFα 2.5-5.6 pg/ml (mean 2.8 pg/ml) 2.3-4.2 pg/ml (mean 2.6 pg/ml) 
IL-10 11.2-14.2 pg/L(mean=13.4 pg/L) 10.7-14.8 pg/L(mean 12.7 pg/L) 
IL-13 22.5-39.2 pg/L(mean 31.5 pg/ml) 28.3-41.1 pg/L(mean=32.2 pg/ml) 

 
 
 

Table 2. levels of soluble adhesion molecules (SAM) in infectious and non-infectious SIRS patients. 
 

SAM  Level in infectious SIRS Level in non- infectious SIRS 
 sVCAM-1 543-1079 ng/ml (mean=782 ng/ml) 251-635 ng/ml (mean=286 ng/ml) 
sICAM 320-664 ng/ml (mean=458 ng/ml) 98-351 ng/ml (mean=168 ng/ml) 

 
 
 
patients with defined source of infection, blood stream 
infection, lower respiratory tract infection, soft tissue 
infection and urinary tract infection constituted the most 
common infections. 

The levels of proinflammatory cytokines were 
measures using enzyme-linked immunosorbent assay 
(ELISA) (Table 1). In patients with infectious SIRS, the 
levels of IL-6 varied between 27.65 to 39.6 pg/L(mean = 
33.4 pg/l) and in patients with non-infectious SIRS the 
levels varied between 18.2 to 20.3 pg/L(mean 19.2 pg/L). 
In patients with infectious SIRS, the levels of TNF-α 
varied between 2.5 to 5.6 pg/ml (mean 2.8 pg/ml) and in 
patients with non-infectious SIRS the levels varied 
between 2.3 to 4.2 pg/ml (mean = 2.6 pg/ml). The levels 
of IL-6 was significantly higher in septic patients than in 
non-septic patients (p = 0.002). There was no statistically 
significant difference in TNF-α levels between infectious 
and non-infectious SIRS patients. 

The levels of anti-inflammatory cytokines were 
measures using ELISA (Table 1). In patients with 
infectious SIRS, the levels of IL-10 varied between 11.2 
to 14.2 pg/L(mean = 13.4 pg/l) and in patients with non-
infectious SIRS the levels varied between 10.7 to 14.8 
pg/L(mean 12.7 pg/l). In patients infectious SIRS, the 
levels of IL-13  varied between 22.5 to 39.2 pg/L(mean 
31.5 pg/ml) and in patients with non- infectious SIRS the 
levels varied between 28.3 to 41.1 pg/L(mean = 32.2 
pg/ml). There was no statistically significant difference in 
IL-10 and IL-13 levels between infectious and non-
infectious SIRS patients. 

The levels of sICAM-1 and sVCAM-1 were measured 
using ELISA (Table 2). The levels of sVCAM-1 in patients 
with infectious varied between 543 and 1079 ng/ml 
(mean = 782 ng/ml) and in non-infectious SIRS the levels 
varied between 251 and 635 ng/ml (mean = 286 ng/ml). 
The levels of sICAM in infectious SIRS varied between 
320 and 664 ng/ml (mean = 458 ng/ml) and the levels in 
non-infectious SIRS varied between 98 and 351 ng/ml 
(mean = 168 ng/ml). The levels of sVCAM and sICAM 

were significantly higher in the infectious SIRS than non-
infectious SIRS patients (p = 0.003 and = 0.0002 
respectively). 
 
 
DISCUSSION 
 
Excessive production of pro-inflammatory cytokines by 
immunocompetent cells can induce SIRS and that these 
cytokines may play an important role in the development 
of acute respiratory distress syndrome (ARDS) or 
multiple organ dysfunction syndromes (MODS) (Oda et 
al., 2005; Delsesto and Opal, 2011). It has been reported 
that blood levels of these pro-inflammatory cytokines are 
elevated in patients with ARDS and septic shock, and 
that measurement of blood levels of these cytokines is 
useful in evaluating the severity and in predicting the 
outcome of the patients with these pathophysiological 
conditions (Delsesto and Opal, 2011). Among these pro-
inflammatory cytokines, IL-6 has a longer half-life than 
TNF-α and IL-1β and its blood level remains consistently 
elevated in the presence of various diseases (Tamayo et 
al., 2011). For these reasons, the measurement of 
cytokines such as IL-6 blood levels is potentially useful in 
severity assessment and outcome prediction in patients 
with septic shock, trauma, severe acute pancreatitis, and 
cardiogenic shock (Martin et al., 1997). The rapid 
measurement system that allows blood IL-6 levels to be 
measured within about 30 min using chemiluminescent 
enzyme immunoassay (CLEIA) has recently been 
reported. This system can yield results of IL-6 
measurement on approximately real-time basis when 
incorporated into the clinical laboratory test menu. The 
longer half-life of IL-6 in comparison with TNF-αmay 
explains why we can demonstrate a difference in the 
level of IL-6 and not in the level of TNF-α. 

IL-6 levels are significantly elevated in the majority of 
patients with sepsis and the circulating IL-6 levels have 
correlated  with  the  severity  of  sepsis  in  most  studies 



 
 
 
 
(Damas et al., 1992; Oda et al., 2005). The persistently 
high levels of IL-6 have been associated with the 
development of multiple organ failure (MOF) and poor 
prognosis (Tamayo et al., 2011). It has been suggested 
that elevated IL-6 levels reflect the activation of 
inflammatory response in sepsis, although the exact role 
of IL-6 in the pathogenesis of sepsis is not clear.  

There was no statistically significant difference in IL-10 
and IL-13 levels between infectious and non-infectious 
SIRS patients. This could be explained by the short half-
life that leads to transient increase in their level in the 
plasma which makes their measurement in the plasma 
more difficult. Although many cell types express IL-10 
mRNA, not all make detectable amounts of protein, and 
this variation can be accounted for by posttranscriptional 
mechanisms (Powell et al., 2000). Intra-cellular 
measurement of cytokines may provide more sensitive 
mean of cytokine analysis. 
Theoretically, these anti-inflammatory substances may 
have an important regulatory function in controlling and 
attenuating the systemic inflammatory response in sepsis 
(Delsesto and Opal 2011). However, patients with an 
excessive compensatory anti-inflammatory response 
syndrome may be immunosuppressed and at increased 
risk of infection or death. 

The published data on the relationship between the 
serum levels of soluble adhesion molecules and SIRS is 
sparse (Brenner et al., 2010). To assess the serum 
soluble adhesion molecules in the SIRS ICU patients, the 
levels of, soluble Inter-cellular adhesion molecule-1 
(sICAM-1) and Soluble Form of Vascular Cell Adhesion 
Molecule 1(sVCAM-1) were measured using ELISA. The 
levels of sVCAM and sICAM were significantly higher in 
the infectious SIRS than non-infectious SIRS patients. 
This could be due to the vital role of adhesion molecules 
in the process of leukocyte adhesion and migration that 
occur during inflammation. ICAM-1 participates in the 
adhesion of leukocytes to the endothelium and may be 
crucial in regulating leukocyte activation at a very early 
inflammatory response. Expression of adhesion 
molecules is regulated by cytokine activation and recent 
studies examined the role of sICAM-1 in neonatal 
infections, but with controversial results. 

Both mononuclear cells and endothelial cells secrete 
ICAM-1, and ICAM-l expression on endothelial cells is 
up-regulated by cytokines such as IL-6. ICAM-1 is a 
ligand for lymphocyte function-associated antigen-i (LFA-
1) and is one of the receptors responsible for adhesion of 
T lymphocytes, monocytes and granulocytes to 
endothelium. VCAM-I is expressed on dendritic cells and 
vascular endothelium activated by TNF, IL-I and IL-4. It 
plays a major role in the adhesion of leucocytes to the 
endothelium by interaction with its ligand very late 
activation antigen-4 (VLA-4), which is expressed by 
lymphocytes and monocytes (Jaber et al., 2009). 

In conclusion, measurement of IL-6, sVCAM-1 and 
sICAM-1  appear  to  correlate  with  the  development  of  
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infection and sepsis in SIRS patients. Measurement of 
pro-and anti-inflammatory cytokines and soluble 
adhesion molecules may be useful in the follow up of ICU 
patients and in providing a point of care tests that will 
help in decision making and in management of ICU 
patients. There is a need for more studies to establish a 
clear strategy for a diagnostic algorithm for cytokine and 
adhesion molecules measurements before such tests are 
eventually used in practice. 
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This study aims to determine the seroprevalence of hepatitis A among children aged 1-16 years in 
eastern region of Turkey. The study was conducted a t Tunceli State Hospital in Eastern Anatolia, 
Turkey. Anti-HAV IgM and Anti-HAV IgG antibodies we re evaluated among 351 patients admitted to our 
pediatric policlinic. Anti-HAV IgM and Anti-HAV IgG  serologic markers were determined using the ELISA 
method. The mean age of 351 pediatric patients was 7.5±4.2; of these, 198 (56.4%) were male and 153 
(43.6%) were female. A total of 305 (86.9%) cases i n this study were seronegative against hepatitis A.  
Anti-HAV IgG was positive among 46 (13.1%) patients , of these 22 (47.8%) were male and 24 (52.2%) 
were female. The mean age of seropositive cases was  8.4±4.8. Anti-HAV IgM seropositivity was not 
detected in the study. The application of a routine  hepatitis A vaccine among children will reduce the  
potential for the development of severe complicatio ns. 
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INTRODUCTION 
 
Viral hepatitis is a major public health problem in 
developing and developed countries worldwide (Ustun et 
al., 2009). Hepatitis A infections spread predominantly by 
fecal-oral route and occur throughout the world. However 
the disease is seen most commonly in developing 
countries, where the prevalence rate approaches 100% 
in children by 5 years of age (Yazigi, 2007). The pre-
valence rate of hepatitis A has been reported as 64.4% 
overall in Turkey. The prevalence rate for western and 
central regions has been reported as 80% and it was 
more than 90% for south-eastern and eastern regions of 
Turkey (Ceyhan et al., 2008). 

The clinical spectrum of hepatitis A virus infection 
ranges from asymptomatic infection to fulminant hepatitis. 
Clinical manifestations depend on the age of the host: 
less    than    30%    of    infected    young    children    are  
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symptomatic, while about 80% of infected adults manifest 
severe hepatitis with remarkably elevated serum 
aminotransferases (Jeong and Lee, 2010). Hepatitis A 
may lead to severe clinical manifestations, including 
fulminant hepatitis, in about 10-15% of adults. Thus, the 
outbreaks of hepatitis A can cause the severe economic 
and work force lost (Richardus et al., 2004). 

This study aims to determine the seroprevalence of 
hepatitis A virus among children aged 1-16 years and to 
observe the changes in the seroprevalence of hepatitis A 
and, whether the hepatitis A vaccination is necessary in 
Tunceli Province of Eastern Anatolia of Turkey or not. 
 
 
MATERIALS AND METHODS  
 
This retrospective study was conducted in Tunceli State Hospital, 
which is a general hospital that contains 150-beds and is located in 
Eastern Anatolia of Turkey, between August and December 2010. 
A total of 351 patients admitted to pediatric policlinic with any 
reason were included into the study. Patients aged between 1-16 
years, who have not any chronic liver disease were  screened.  The  
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Table 1.  The demographic characteristics of 351 patients. 
 

 Patient count (%) Mean Age ± Sd* Male (%) Female ( %) 

All cases 351 (100) 7.5 ±4.2 198 (56.4) 153 (43.6) 
Seropositive cases 46 (13.1) 8.4 ±4.8 22 (47.8) 24 (52.2) 
Seronegative cases 305 (86.9) 7.4 ±4.0 176 (57.7) 129 (42.3) 

 

*Sd: Standard deviation. 
 
 
 

Table 2.  The studies of hepatitis A seroprevalence conducted in Turkey. 
 

Researcher  Location of Turkey Date Age Case number  Seropositivity rate (%)  
Kanra et al. (2002)                 General    2002 1-4 years 727 42.7 
Alabaz et al. (2005) Southern    2005 12 months 147 36.1 
Ozen et al. (2006) Eastern  2006 3-6 years 286 17.5 
Ceyhan et al. (2008) Southeastern    2006 0-14  years 701 90 
Aslan et al. (2001) Southeastern  1999 2-64 years 400 66.5 
Tekay (2006) Eastern  2004 0-14 years 416 63 
Present study Eastern 2010 1-16 years 351 13.1 

 
 
 
data of hepatitis A serological markers were retrospectively 
collected from patients’ files. Anti-HAV IgM and Anti-HAV IgG 
serological markers were tested by using the ELISA method (Abbott 
Architect I 2000 SR).   

Statistical analysis of the data was done by SPSS for Windows 
16.0 software (SPSS Inc, Chicago, USA). Student’s t-test was used 
to compare the data of patients. 
 
 
RESULTS 
 
The demographic characteristics of 351 patients are 
shown in Table 1. Anti-HAV IgG seropositivity was found 
among 46 (13.1%) patients. Anti-HAV IgM seropositivity 
was not detected in any case during study period. There 
were no statistical significant differences between 
seropositive and seronagative cases in terms of the 
mean age of cases (p=0.7). 
 
 
DISCUSSION 
 
To our knowledge, this is the first study to investigate the 
seroprevalence of hepatitis A virus in Tunceli Province in 
Eastern of Turkey. The seroprevalence rates of hepatitis 
A virus in previous studies conducted in the eastern and 
south-eastern region of our country is presented in Table 
2. According to these results, the seroprevalence rate of 
hepatitis A virus in our study was lower than the other 
studies presented in Table 2. This discordance has been 
considered probably due to the high socioeconomic level 
of population admitted to our hospital. Also, improved 
sanitary and hygienic condition of the population included 
to present study because of the fact that the present 
government has increased the investment for  sewerage, 

and sanitary and hygienic condition in our region in the 
last 8 years. In Turkey, socio-economic improvements 
and drinking water quality have been followed by a 
decrease in HAV infection. [http://www.saglik.gov.tr]. Our 
lowest rate of hepatitis A virus seropositivity among 
children indicates the requirement of vaccination against 
hepatitis A virus; because hepatitis A leads to severe 
complication as the child gets older. Nowadays, age of 
exposure to hepatitis A virus infection is increasing 
towards puberty worldwide. This is probably because of 
the epidemiological changes of hepatitis A virus (Jeong 
and Lee, 2010). Similarly, nowadays, hepatitis A virus is 
the most common detected cause of fulminant hepatitis 
among children in our country as well as worldwide 
(Santos et al., 2009; Aydogdu et al., 2003). In this study, 
being the 8.4±4.8 years of the mean age of hepatitis A 
seropositivity may be due to the exposure to hepatitis A 
during school and nursery school age. Improved sanitary 
conditions and hygienic practices have reduced the 
incidence of HAV infection, especially in developed 
countries. Reduction in the number of new cases is 
generally accompanied by a shift in the age of first 
contact with HAV towards older age groups. As a 
consequence, both the severity of the reported cases and 
the risk of outbreaks of disease would increase (Ceyhan 
et al., 2008). In the present study, the reason for not 
detecting anti HAV IgM seropositivity may be due to the 
population including to the study and the time of study 
which was made between August and December 2010. 

In our country, Topal et al. (2011) have reported that 
the seropositivity rate of hepatitis A virus among children 
aged between 1-6 years is 9.4% in western region. Ince 
et al. (2011) have reported that the seroprevalence rate 
of hepatitis A virus among infants  aged  12-month  old  is 



 
 
 
 
23.5% in central region. It is noticed that Turkey has 
intermediate endemicity of hepatitis A infections, and 
endemicity may be change by the geographical and 
socio-economic conditions (Ceyhan et al., 2008). The 
results of present study have confirmed this condition as 
the reported previous studies. The lower results from this 
study have shown that the age of exposure to hepatitis A 
has increased toward puberty. Thus, the vaccination is 
necessary for children older than 2 years in order to 
prevent the severe complications of the disease among 
adults. 

Routine vaccination of young children can prevent 
infection at a later age which likely would be more 
serious. Universal vaccination of young children in Israel 
and Catalonia has resulted in significant reductions in the 
incidence of hepatitis A disease in these countries 
(Dagan et al., 2005; Dominguez et al., 2004). 

The limitation of this study is that its results do not 
indicate the general population of our region, because 
this study is limited with patients admitted to pediatric 
policlinic. 
 
 
Conclusion  
 
The present study demonstrated that the age of exposure 
to hepatitis A infection has been increasing towards 
puberty in our region. The immunization against hepatitis 
A is necessary. The application of a routine hepatitis A 
vaccine among children will reduce the potential for the 
development of severe complications. 
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In order to contribute to knowledge about structure of marine diazotrophic communities in the 
sediments of South China Sea, the molecular diversity of the nifH gene, which encodes the Fe protein 
of the nitrogenase complex, was assessed by polymerase chain reaction (PCR) amplification using 
PolF/R primers, followed by cloning and sequencing. Sequences of nifH genes were amplified from 
environmental deoxyribonucleic acid (DNA) samples collected during three stations including shallow 
sea (75 m, station L10), shelf (450 m, station L2) and deep sea (1000 m, station L21), and covering an 
area between 17 to 19°N and 111 to 119°E. Samples from shallow sea contained β-, and δ- 
proteobacteria; the shelf contained α-, β-, δ- proteobacteria; the deep sea contained α-, δ-, γ-
proteobacteria, firmicutes, and green nonsulfur (GNS) bacterium. These results suggested that 
diazotroph was significant component potentially contributing to nitrogen fixation in South China Sea.   
 
Key words: nifH, diversity, sediment, the South China Sea.  

 
 
INTRODUCTION 
 
The diazotroph, which is a fundamental component of 
ecosystems, catalyses the reduction of atmospheric N2 
gas to biologically available ammonium, providing an 
important source of fixed nitrogen for the biosphere (Moir, 
2011). Most microorganisms that perform biological N2 
fixation with the nitrogen fixation (nif) gene cluster (Rees 
et al., 2005). The nifH gene, which encodes the iron 
protein of nitrogenase, is a highly conserved functional 
gene useful in phylogenetic studies (Zehr et al., 2003). 
Culture-independent and molecular methods were 
developed and applied in assessment of diazotroph 
diversity by amplifying, cloning and sequencing of the 
nifH gene from environmental  DNA  samples  (Falcon  et  
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al., 2002; Jenkins et al., 2004; Moisander et al., 2007, 
2008; Langlois et al., 2008). The diversity of diazotrophs 
was accessed in many different habitats by this 
approach, including soils, freshwater and saltwater lakes, 
salt marshes, deep-sea vents and so on (Falcon et al., 
2002; Jenkins et al., 2004; Moisander et al., 2007, 2008; 
Langlois et al., 2008).  

The South China Sea (SCS) is one of the largest 
marginal seas in the tropical Pacific that potentially 
shares microbial community components from coastal 
and open ocean ecosystems (Moisander et al., 2008). 
The SCS has a deep basin with a maximum depth of 
5000 m and a shelf less than 100 m deep, the conditions 
such as warm, permanently stratified, oligotrophic, and 
dust rich. The environment is favorable for nitrogen 
fixation (Karl et al., 2002; Moisander et al., 2008; Zhang 
et al., 2011).   

In the present study, diazotrophic bacteria associated 
with sediments were investigated by the diversity analysis 
of sequences amplified by polymerase chain reaction 
(PCR) from deoxyribonucleic acid  (DNA)  extracted  from 



 
 
 
 
different depths of the SCS. The amplified nifH products 
were characterized by DNA sequencing and were 
compared with the sequences of nitrogenase genes 
available in database from different environment. 
Investigations of nifH diversity and phylogenetic analysis 
in the SCS sediments may help to understand the 
distribution of diazotrophic bacteria. 
 
 
MATERIALS AND METHODS 

 
Sampling and DNA extraction 

 
Samples were collected from the subsurface sediment of the SCS 
of different depths of water column in the range of 70-1,000 m. 
Samples from shallow sea (75 m, station L10), shelf (450 m, station 
L2) and deep sea (1000 m, station L21). Three sediment samples 
were collected during the month of July 2007; collection was three 
times in one sample. Undisturbed surface sediments down to 1-5 m 
depth were sampled using sterile techniques and stored in liquid 

nitrogen during the cruise and at -80°C after returning to the 
laboratory. Sediment DNA was extracted by a previously 
established procedure (Zhou et al., 1997).  
 
 
Polymerase chain reaction (PCR), cloning and restriction 
fragment length polymorphism (RFLP) analysis 

 
Bacterial nitrogenase reductase genes were amplified with primers 
PolF (5'-TGCGAYCCSAARGCBGAC TC-3') and PolR (5'-ATS 
GCCATCATYTCRCCGGA-3') (Poly et al., 2001). Thermal cycling 
conditions were 95°C for 5 min, followed by 30 cycles of 94°C for 
30 s, 53°C for 1 min, 72°C for 40 s, and a final extension step of 
72°C for 5 min. The PCR products were then cloned using a 
TAKARA TA cloning kit (TOYOBO Shanghai, Shanghai, China). 
PCR amplification products containing the right-size (402 bp) insert 
were digested with 1 U of restriction enzymes Mbo Ι, Rsa Ι, Msp Ι 
(MBI) for 4 to 8 h at 37°C. The restriction profiles were evaluated by 

electrophoresis in 3% agarose gel. Clones that produced the same 
RFLP pattern were grouped together and considered 
representatives of the same operational taxonomic unit (OTU). The 
PCR products showing different RFLP patterns were randomly 
selected for sequencing. Plasmid DNA was prepared and 
sequenced, at least twice in both directions, by using an ABI 
PRISM 377 DNA sequencer (Perkin-Elmer Cetus Instruments, 
Norwalk, CT).  

 
 
Sequence alignment and phylogenetic analysis 

 
The product of about 402 bp fragment was obtained by PCR 
reaction. The sequences of nifH gene from the NCBI GenBank 
database were selected on the basis of sequence similarity to one 
or more of the marine sequences. These diazotrophs sequences 
were utilized for phylogenetic reconstructions. Protein sequences 
for each major sequence cluster were aligned in Clustal W 
(Thompson et al., 1994). Maximum likelihood phylogenies were 
constructed in MEGA (ver. 5.0) by the Bootstrap method using pair 
wise deletion of gaps and missing data with 1000 bootstrap 
resamplings (Tamura et al., 2011).  
 
 
Nucleotide sequence accession numbers 

 
The nifH sequences determined in this study are available in the 
GenBank database, accession numbers HM063747-HM063831. 
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RESULTS AND DISCUSSION 
 
Analysis of all nifH clones in three stations 
 
The nifH gene has been one of the most important 
functional genes used when studying diversity in 
numerous habitats in last few years. In this study, the 
nifH gene was used as a molecular marker for studying 
the diazotrophic diversity and abundance in the SCS 
sediments in three stations. A total of 203 nifH clones 
from three sediment samples were obtained (station L10, 
43 clones; station L2, 91 clones; station L21, 69 clones). 
The diversity of nifH sequences was analyzed by 
restriction fragment length polymorphism (RFLP), and 48 
restriction profiles were obtained in this study. The 
deduced amino acid sequences shared 39% to 99% 
similarity to the closest match GenBank nifH and nifH-like 
sequences. Phylogenetic analysis indicated that most 
nifH protein sequences might be obtained from currently 
uncultured or uncharacterized bacteria, and covered 
diverse environments. The similarity of sequenced nifH 
genes ranged from 73 to 100% between each other.  

 
 
nifH diversity in station L10 
 
In shallow sea (75 m, station L10), 9 protein sequences 
(43 clones) clustered into three major groups, including β-
δ- subdivisions of proteobacteria (Figure 1). The most 
sequences were belonging to δ-proteobacteria, including 
L10-H10, L10-H66, L10-H134, L10-H192, L10-H244, 
L10-H290 and L10-H297. These sequences were very 
similar to sequences previously recovered from various 
environments, including rhizosphere of plant, soil, corals, 
oligotrophic tropical sea grass bed communities, salt 
marsh, beach, marine sediment, and bay (Zhang et al., 
2006; Musat et al., 2006; Coelho et al., 2008; Lovell et 
al., 2008; Teng et al., 2009). These sequences showed 
high homology with nifH genes of the Desulfovibrio sp. 
(Desulfovibrio magneticus, Desulfovibrio aespoeenisis), 
Desulfonatronospira thiodism, Sinorhizobium sp., and 
Bradyrhizobium japonicum. The sequences L10-H134 
and L10-H290 had high identity with sequences 
previously recovered from northern South China Sea 
(ADT90055.1), Chesapeake Bay (AAZ06761.1), Jiaozhou 
Bay (ACN77086.1), eastern Mediterranean Sea 
(ABQ50774.1, Man-Aharonovich et al., 2007). The L10-
H10, L10-H244, and L10-H297 showed a high homology 
with the nifH gene of Sinorhizobium sp. TJ170 and 
Methylococcus capsulatus str.  

The β-proteobacteria cluster contains L10-H200 and 
L10-H243. The protein sequence L10-H200 had a high 
identity with with the nifH genes of Dechloromonas sp. 
SIUL and Zoogloea oryzae. The latter bacterium was 
isolated from rice paddy soil (Xie and Yokota, 2006). The  
protein sequence L10-H243 showed a high homology 
with the nifH  gene  of  uncultured  bacterium  which  was 
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Figure 1. Phylogenetic trees for nifH of the station L10 constructed in MEGA (ver. 5.0) based on amino acid 

sequences using the Bootstrap method. Phylogenetic relationships were bootstrapped 1000 times, and 

bootstrap values are shown. 
 
 
 

found in the eastern Mediterranean Sea (Man-
Aharonovich et al., 2007).  
 
 
nifH diversity in station L2 
 
In shelf site (450 m, station L2), 20 protein sequences (91 
clones) clustered into four major groups, including α-, β-, 
δ- subdivisions of proteobacteria (Figure 2). The α-
proteobacteria cluster contained a distinct sequence L2-
H81. It had a 98% protein sequence similarity with the 
nifH sequences affiliated with Azospirillum brasilense, an 
aerobic, plant growth-promoting rhizobacteria (PGPR) 
isolated from cereal root (Umali-Garcia et al., 1980; 
Steenhoudt and Vanderleyden, 2000; Bashan et al., 
2004; Cui et al., 2006).  

Among the β-proteobacteria, Dechloromonas sp. SIUL 
was the dominant diazotroph covering 50.5% (46/91) of 
the clone library. These protein sequences showed high 
similarity to sequences previously obtained from various 
environments, including rhizospheres, soil, corals, coast, 
salt marsh, eastern Mediterranean Sea, and wastewater 
(Man-Aharonovich et al., 2007; Bowers et al., 2008). The 
protein sequences L2-H1, L2-H9 and L2-H10 showed 
high identity with Dechloromonas sp. SIUL. The protein 
sequences L2-H39 and L2-H111 had 92.9% similarity of 
uncultured marine bacteria (ADT89967 and ADT89983) 
which were found in the northern SCS (Kong et al., 
2011).  

The most sequences belonging to δ-proteobacteria, 
including L2-H3, L2-H4, L2-H6, L2-H15, L2-H18, L2-H19, 
L2-H22, L2-H37, L2-H66, L2-H75, L2-H90, L2-H95, L2-
H106 and L2-H142. The protein sequences of L2-H3, L2-
H75, L2-H90 and L2-H106 showed 89%-91% similarity 
with nifH sequences of uncultured bacterium (AAT48890, 
AAT48897) which were found in the Tibetan plateau 
(Zhang et al., 2006). L2-H4 and L2-H22 had high protein 
sequence identity with the nifH sequences of B. 
japonicum which is a species of legume-root nodulating, 
microsymbiotic nitrogen-fixing bacterium species (Dashti 
et al., 1997). L2-H6, L2-H15, L2-H18, L2-H37, L2-H66 
and L2-H142 had high identity of protein sequences with 
nifH sequences of Desulfuromonas acetoxidans DSM 
684 and Desulfovibrio dechloracetivorans (Ju et al., 
2007).  
 
 
nifH diversity in station L21  
 
In deep sea (1000 m, station L21), 19 protein sequences 
(69 clones) clustered into seven major groups, including 
α-, δ-, γ-proteobacteria, firmicutes, and green nonsulfur 
(GNS) bacterium (Figure 3).  

The α-proteobacteria cluster contained a single protein 
sequence L21-H146. It had a 91% protein sequence 
similarity with the nifH sequences of A. brasilense which 
is an important diazotroph isolated from cereal root 
(Umali-Garcia      et      al.,      1980;     Steenhoudt     and 
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Figure 2. Phylogenetic trees for nifH of the station L2 constructed in MEGA (ver. 5.0) based 
on amino acid sequences using the Bootstrap method. Phylogenetic relationships were 
bootstrapped 1000 times, and bootstrap values are shown.  

 
 
 
Vanderleyden, 2000; Bashan et al., 2004; Cui et al., 
2006).  

The most sequences belonging to δ-proteobacteria, 
formed the dominant diazotrophic group, including L21-
H23, L21-H45, L21-H89, L21-H151, L21-H187, L21-
H209, L21-H212 and L21-H408. The L21-H212 had 90% 
similarity with nifH sequence of uncultured bacterium 

(ADT89832.1) which was isolated from the northern SCS 
(Kong et al., 2011). The L21-H151 had high identity with 
nifH sequence of uncultured bacterium (ADT89817.1) 
which was also isolated from the northern SCS (Kong et 
al., 2011). The sequence L21-H408 showed 90% 
similarity with nifH sequence of Pelobacter carbinolicus 
DSM 2380.  The  sequences   L21-23,  L21-H45,  L21-89,  
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Figure 3. Phylogenetic trees for nifH of the station L21 constructed in MEGA (ver. 5.0) based 

on amino acid sequences using the Bootstrap method. Phylogenetic relationships were 
bootstrapped 1000 times, and bootstrap values are shown. 

 
 
 
L21-H187, and L21-H209 showed high identity with nifH 
sequence of B. japonicum, Methylocella tundra and 
Sinorhizobium sp. TJ170. 

The protein sequences L21-H267, L21-H345 and L21-
H391 belong to the γ-proteobacteria cluster. L21-H267 
had 90% similarity of uncultured marine bacterium 
(ADT89806) which was found in the northern SCS (Kong 
et al., 2011). L21-H345 showed 90% protein similarity 

with Klebsiella pneumoniae which was isolated from the 
root surface of rice (Liu et al., 2011). The L21-H391 had a 
90% protein sequence similarity with different 
environmental sequences, including African sweet potato 
(AAN78189.1; Reiter et al., 2003), Italian white truffle 
Tuber magnatum (Barbieri et al., 2010), rhizosphere of 
mangrove, coastal microbial mats.  

The   L21-H27   and   L21-H417   belong   to  firmicutes 



 
 
 
 
cluster, which had high identity with nifH sequences of 
firmicutes Paenibacillus sp. The GNS bacterium cluster 
contained L21-H1, L21-H35, L21-H37, H21-H234 and 
L21-H326. These protein sequences showed high 
similarity with Dehalococcoides ethenogenes 195 
(Seshadri et al., 2005).   

In this study, we examined the phylogenetic diversity 
and abundance of diazotrophs in the SCS by analysis of 
nifH gene from three different stations. The results 
indicated that deep sea sediment had higher diversity of 
diazotrophic bacteria than those of shelf site and shallow 
sea.  
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The differences in chloroplast pigments, gas exchange and photosystemII (PSII) photochemistry as well 
as xanthophyll in seeding and sapling leaves of Taxus cuspidata grown in full sunlight were examined. 
Compared with the sapling leaves, the chlorophyll content, photosynthetic capacity and light intensity 
for saturation of photosynthesis were lower in seeding leaves. The response curves of PSII 
photochemistry demonstrated that both seeding and sapling leaves occurred a down-regulation of PSII 
photochemistry at high irradiance, more serious down-regulation being examined in seeding leaves. 
And the down-regulation of PSII photochemistry occurred significantly when measured at midday, 
indicating that photoinhibition occurred heavily in seeding leaves when exposed to high light. The 
actual PSII efficiency (ΦPSII) and the efficiency of excitation capture by open PSII centers drastically 
decreased with the increase of non-photochemical quenching (NPQ) at midday. The photorespiration 
rate in seeding leaves was lower than that in sapling leaves under high irradiance. The results indicated 
that the xanthophlly cycle was activated in both the seeding and sapling leaves at midday and an 
increase of de-epoxidation were observed, but a little higher level of de-epoxidation was measured in 
seeding leaves. The xanthophyll cycle may play an important role in the dissipation of excess light 
energy associated with NPQ to avoid photodamage. Our results suggested that photoinhibition 
occurred in seeding leaves significantly due to lower capacity of CO2 assimilation, photorespiration and 
the light intensity for saturation of photosynthesis, as well as the lower PSII photochemistry at high 
irradiance; therefore the T. cuspidata seeding could not adapt to growing at high irradiance. 
 
Key words: Japanese yew (Taxus cuspidata Sieb, et Zucc.), photosynthesis, chlorophyll fluorescence, 
photorespiration, xanthophyll cycle. 

 
 
INTRODUCTION 
 
Japanese yew (Taxus cuspidata Sieb, et Zucc.) is a rare 
relic plant of the ‘tertiary period’, which has a wide 
geographical distribution (Potenko, 2001). It grows in 
vegetated mixed forests in mountainous regions. Taxol, 
an effective anticancer drug extracted from the bark of 
Japanese yew, receives attention (Kobayashi et al., 
1994). Japanese yew is a declining species, but 
conservation strategies have been developed (Potenko, 
2001). As we known, high light may decrease the  rate  of  
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photosynthesis in plant which may cause the 
photoinhibition (Müller et al., 2001; Huang et al., 2006). 
Japanese yew is a shade-tolerant species (Iszkulo and 
Boratynski, 2006). The saplings can survive in both shady 
and sunny environments, but the seedlings are always 
observed under the canopy of mature trees (Iszkulo and 
Boratynski, 2006). Therefore, when the Japanese yew 
seedings are exposed to the high light, photoinhibition 
could occur in Japanese yew seeding leaves. However, 
plants have developed some photoprotective 
mechanisms to protect the photosynthesis apparatus 
against photodamage (Lu et al., 2003; Chow, 1994; 
Anderson et al., 1997).  Dissipation  of  excess  excitation  



 
 
 
 
energy as heat in order to minimize photodamage to PSII 
reaction centers is well known to be one of the 
mechanisms for the protection of the photosynthetic 
apparatus, which involves the xanthophyll cycle (Guo et 
al., 2009). 

In the xanthophyll cycle, excess light energy absorbed 
by antennae complexes of photosystem II is converted to 
heat, which prevent the formation of reactive oxygen. In 
this process, violaxanthin (V) is converted to zeaxanthin 
(Z) and antheraxanthin (A) under conditions of excess 
excitation energy (Demmig-Adams and Adams, 1992; 
Gilmore, 1997; Horton et al., 1996). And photorespiration 
pathway is reported as a very important photoprotection 
mechanism against photooxidation and photoinhibition 
(Kozaki and Takeba, 1996; Jiang et al., 2006; Niyogi, 
1999). Photorespiration could act as a sink for excess 
excitation energy in photosynthetic apparatus when CO2 
assimilation is reduced (Niyogi, 1999). In this study, we 
conducted an experiment to determine the differences 
between T. cuspidata seeding and sapling leaves in the 
CO2 assimilation capacity, photorespiration capacity and 
xanthophyll cycle-dependent energy dissipation under 
high irradiance and whether the T. cuspidata seeding 
could adapt to full sun light. 
 
 
MATERIALS AND METHODS 

 
Plant material 

 
The research was carried out from March to August, 2010 in the 
Botanical Garden of North East Forestry University. The 30 T. 

cuspidata seedings of 4 years and the 16 ones of 15 years which 
grew in plastic pots (25 cm in diameter and 20 cm in height; 80 cm 
in diameter and 70 cm in height, respectively) were transplanted 

from 70% PPFD (photosynthetic photon flux density) of full sunlight 
to 90% PPFD of full sunlight. After 4 weeks under 90% PPFD of full 
sunlight, they were moved to the full sunlight. Six weeks later when 
the T. cuspidata seedlings and saplings were acclimated to full sun 
light, the current-year leaves from the mid-crown on the south side 
of each tree were studied as the experimental materials. 
 
 
Gas change measurements 
 
Photosynthetic rate-photosynthetic photon flux density (Pn-PFD) 
response curves were made at leaf chamber temperature of 30° 
and at 350 μmolmol

-1
CO2 with an open gas exchange system (Li-

6400). PFDs were fixed in a sequence of 1800, 1600, 1200, 800, 
600, 400, 200, 100, 500 μmolmolm

-2
s

-1
. Photosynthetic rate was 

monitored at two O2 concentrations: 21% O2 + 350 μmolmol
-1

CO2 
and 2% O2 + 350 μmolmol

-1
CO2 under 1400 μmolmolm

-2
s

-1
PFD and 

this was used to calculate photorespiration. 
 
 
Chlorophyll fluorescence measurements 

 
Chlorophyll fluorescence was measured with a pulse-modulated 
fluoremeter (FMS-2, Hansatech, UK). Before each measurement, 
the sample leaf was dark-adapted for 35 min with dark leaf clips. To 

determine the Fo (initial fluorescence), the low modulated 
measuring light (<0.1 m

-2
s

-1
) was turned on and Fo was recorded. 

Then the sample leaf was exposed to a 0.7 s saturating  white  light  
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(>3000 m

-2
s

-1
) to obtain the Fm (maximal chl fluorescence). Fv/Fm 

(the maximum quantum yield of photosystemII; Fv, the variable Chl 
fluorescence yield is defined as Fm - Fo) was calculated 
automatically. Fs (the steady-state fluorescence) and Fm’ (the 
maximum Chl fluorescence level) during exposure to illumination 
were also measured. The actual PSII efficiency (ΦPSII) was 
calculated as (Fm’-Fs)/Fm’ (Genty et al., 1989). Non-photochemical 
quenching (NPQ) was calculated as (Fm/Fm’)

-1
 according to Bilger 

and Björkman (1990). 
To examine the light response curves for the fluorescence 

parameters of T. cuspidata sapling leaves and seeding leaves, the 
Fo was measured at first and then a saturating pulse was applied to 
determine the Fv/Fm. The actinic light was increased in a sequence 

of 100, 200, 400, 600, 800, 1000 and 1400 in steps. Each PFD was 
maintained at least 10 min. 
 
 
Pigment determination 

 
The content of chlorophyll in leaf were extracted with 80% acetone, 
being analyzed with a UV-2800 system (Hitachi, Japan) according 
to Lichtenthaler (1987). Leaf samples were taken at morning. The 

content of carotenoid components of xanthophyll was extracted with 
100% acetone under the ice-cold condition. Then the extracts were 
filtered through a 0.45 μm filter. Leaf samples were taken at 
predawn and midday. Afterwards, they were immediately frozen into 
liquid nitrogen. The content of the carotenoid components of 
xanthophyll were analyzed in the method described by Thayer and 
Björkman (1990) for 5 times. 
 
 
Statistical analyses 

 
Data of measurements were analyzed by using SPSS 10.0. The 
least significant differences between the means were calculated at 
95% confidence level. Plots and fit curves were performed by using 
Sigmaplot10.0. Unless otherwise indicated, the significant 
differences between seedings and saplings were given at P<0.05. 

 
 
RESULTS 
 
Differences in chlorophyll content 
 
The Chl a, Chl b and total a + b content in saplings 
leaves were significantly higher than those in seedings 
leaves. The ratios Chl a/Chl b did not show significant 
differences between saplings leaves and seedings 
leaves. The result demonstrated that the content of Chl a 
was higher than that of Chl b under the high light (Table 
1). 
 
 
Differences in photosynthesis and photorespiration 

 
There were significant differences between T. cuspidata 
seeding and sapling in CO2 assimilation capacity and 
photorespiration. Measurements of light response curves 
for photosynthesis of T. cuspidata seeding and sapling 
leaves show that the maximum photosynthetic rates were 
7.22 ± 0.33 and 9.6 ± 0.21 μmolm

-2
s

-1
 in seedlings and 

saplings leaves, respectively (Figure 1). Sapling leaves 
exhibited  higher  saturation  light  of  photosynthetic  rate  
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Table 1. Differences in chlorophll pigments between T. cuspidata seeding and sapling leaves. Each 
value is means of ± S.E. n = 5. 
 

Variable Chl a (mg g
-2

 FW) Chl b (mg g
-2

 FW) Chl a+b (mg g
-2

 FW) Chl a/b (mg m
-2

) 

Seeding 314 ± 10
a
 88 ± 2

a
 443 ± 7

a
 3.56 ± 0.06

a
 

Sapling 362 ± 7
b
 98 ± 1

b
 487 ± 4

b
 3.62 ± 0.09

a
 

 
 
 

 
 
Figure 1. Light response curves for photosynthesis of T. cuspidata seedings and saplings leaves 

measured at 26°C and the 350 μmolmol
-1

CO2 in the chamber. (△) and (▲) represent sapling leaves 

and seeding leaves, respectively. Values are means ± S.E., n = 3 – 5. 

 
 
 
than that of seeding leaves. Sapling leaves had higher 
CO2 assimilation capacity under high irradiance. Similarly, 
photorespiratory in sapling leaves also showed higher 
than that in seeding leaves (Figure 2). 
 
 
Response of Chl fluorescence parameters to 
changes in irradiance 
 
With the irradiance increasing, the decrease in ΦPSII and 
Fv’/Fm’ and an increase in NPQ were observed in 
seeding and sapling leaves, but the sapling leaves had 
higher ΦPSII and Fv’/Fm’ than the seeding ones. 
However, NPQ in seeding leaves was significantly higher 
than sapling ones. The results showed that a greater 
down-regulation of PSII efficiency in seeding leaves in 
high light (Figure 3). 

Fluorescence parameters at predawn and midday 
 
A significant decline in Fv/Fm, ΦPSII and Fv’/Fm’ were 
observed at midday in the seeding and sapling leaves, 
but a considerable increase in NPQ. Compared with 
seeding leaves, sapling leaves showed higher values for 
Fv/Fm, ΦPSII and Fv’/Fm’ and lower values for NPQ at 
midday (Table 2). 
 
 
The xanthophyll cycle under high irradiance 
 
There were significant differences between Japanese 
yew in the content of xanthophyll. We observed that the 
relative xanthophyll pool size (A + V + Z)/Chl in seeding 
leaves was higher than that in sapling leaves (Figure 4A, 
B  and  C).   Compared   with   sapling   leaves,   the   de- 
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Figure 2. Light response curves for photorespiratory of T. cuspidata seedings and saplings 

leaves measured at 26°C. (△) and (▲) represent sapling leaves and seeding leaves, 

respectively. Values are means ± S.E., n = 3 – 5. 

 
 
 
epoxidation components of the xanthophyll cycle 
pigments were more increased in seeding leaves at 
midday. And the results showed an increase in (A + Z)/(A 
+ Z + V) ratio in seeding and sapling leaves at midday. 
 
 
DISCUSSION 
 
The data that sapling leaves had higher chlorophyll 
content, Chla/Chlb ratio (Table 1) and photosynthetic 
capacity (Figure 1) indicated that sapling leaves had a 
more developed photosynthetic apparatus, which more 
excited energy would be used in CO2 assimilation rather 
than dissipated. The long exposure to high irradiance 
levels is a major source of stress to the photosynthetic 
apparatus (Genty et al., 1989). When CO2 assimilation is 
restricted, photorespiration also acts as a key role in the 
protection of leaves against high irradiation and uses 
energy. Sapling leaves had more capacity to allocate 
excited energy to photorespiration than seeding ones at 
high irradiance (Figure 2). Increased allocation of excited 
energy of photorespiration can maintain the utilization of 
excited energy by allowing metabolism to continue using 
the products of photosynthetic electron transport. This 
can mitigate the deleterious effects such as 
photodamage. The maximal efficiency of PSII 
photochemistry (Fv/Fm) showed only a slight decrease in 

seeding leaves when measured at predawn, indicating 
that seeding leaves had almost the same primary 
photochemistry as sapling leaves (Table 2), so the activity 
of PSII may not be the limiting step of photosynthesis in 
seeding leaves. 

With an increasing series of irradiances, the values of 
ΦPSII and Fv’/Fm’ decreased gradually (Figure 3A, B and 
C). However, decrease in PSII efficiency (ΦPSII) and the 
efficiency of excitation energy captured by open PSII 
centers (Fv’/Fm’) in seeding leaves revealed a down-
regulation of PSII in the light-response curves. The 
changes in the light response curves of PSII 
photochemistry in seeding leaves also showed higher 
stepwise increases in NPQ at high PFDs. This 
demonstrated that seeding leaves had to dissipate 
excess excitation energy as more heat when exposed to 
high light. It has been reported that xanthophyll cycle is 
an important photoprotection mechanism correlated to 
energy dissipation in plants to avoid photodamage. The 
data demonstrated that a ‘little more’ de-epoxidation 
components (A + Z) were observed in seeding leaves 
than that in sapling leaves when measured at midday, 
which was associated with NPQ. The results showed that 
an increase in NPQ in both seeding and sapling leaves at 
midday was associated with an increase in content of (A 
+ Z) and increase in (A + Z)/(V + A + Z) ration. The higher 
content of (A + Z) and the higher (A + Z)/(V + A + Z) ration  
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Figure 3. Responses of actual PSII efficiency (ΦPSII, A), the efficiency of excitation capture by open PSII reaction centers 

(Fv’/Fm’, B) and non-photochemical quenching (NPQ, C) to PFDs in T. cuspidata seeding (▲) and sapling (△) leaves. Values 

are means ± S.E., n = 3. 

 
 
 

Table 2. Differential changes of chlorophyll fluorescence ratios in the maximal efficiency of PSII 
photochemistry (Fv/Fm), actual PSII efficiency (ΦPSII), the efficiency of excitation energy capture by 

open PSII centers (Fv’/Fm’) and non-photochemical quenching (NPQ) in T. cuspidata seeding and 

sapling leaves at predawn and midday with PFD 1500 μmolm-
2
s

-1
. Values are means ± S.E., n = 4. 

 

Variables 
Seeding  Sapling  

Predawn Midday Predawn Midday 

Fv/Fm 0.80.01 0.6550.02 0.8410.04 0.7980.01 

ΦPSII 0.5870.01 0.3440.02 0.6160.01 0.4760.02 

Fv’/Fm’ 0.6950.01 0.4830.02 0.8160.154 0.710.01 

NPQ 1.370.04 2.7020.133 1.1470.02 2.2270.07 

 
 
 
at high irradiance might act as a strengthened 
acclimation to cope with excess irradiance. 

In conclusion, seeding leaves can dissipate the excess 
energy by xanthophyll cycle, but photoinhibition occurred 

in seeding leaves due to lower capacity of CO2 
assimilation and photorespiration and the light intensity 
for saturation of photosynthesis as well as the lower PSII 
photochemistry at high irradiance. 
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Figure 4. Changes of xanthophyll cycle pigment pool size, the de-epoxidation components per Chl, and conversion state 

of the xanthophyll cycle (A + Z)/(A + Z + V) in T. cuspidata seeding and sapling leaves. Samples were taken at predawn 
(■black bars) and at midday (□empty bars). Values are means ± S.E., n = 3. 
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Cercospora leaf spot (CLS) caused by Cercospora beticola is one of the most destructive foliar disease 
of sugar beets in all sugar beet-growing areas worl dwide. In this study, field trials were carried out  to 
determine the effect of CLS at different cultivars and fertilization level. The result showed that lev el of 
resistance against C. beticola from 20 variables were differed significantly (P<0 .05) and sorted 
KWS0149>BETA356>Hi0940>KWS6167>KWS8138>KWS4121>Hi01 66>DVA02234>BETA807> KWS0142> 
Ma096> KWS9522> IS0436> BSTO2431> Ma097> BETA464> B ETA812> KWS9145> Hi0474> Hi0732. But, 
Strong and weak of same varieties resistance from t hree locations apart from 100 km away of this trial  
series were significantly different. Levels of resi stance against C. beticola from optimized fertilization 
were significant different (P<0.05). Low nitrogen r educed sugar beet resistant against C. beticola. And 
level of resistance from 20 variables were differd significantly (P<0.05) and were sorted N 2P1K1> N2P2K1> 
N2P2K0 > N2P2K2> N2P1K2> N1P2K1> N2P3K2> N2P2K3 > N2P0K2> N1P2K2> N3P2K2> N1P1K2> N0P0K0> N0P2K2. 
So, resistance against C. beticola improved after balance fertilizing. It is possible  to reduce the 
pathogen appearance by using varieties resistance a nd balance fertilizing, which enhanced host 
resistance to soft rot disease in a way. 
 
Key word: Sugar beet, cercospora leaf spot, varieties, resistance, fertilization level. 

 
 
INTRODUCTION  
 
Cercospora leaf spot (CLS) caused by Cercospora 
beticola is one of the most destructive foliar disease of 
sugar beets in all sugar beet-growing areas worldwide 
(Malandrakis et al., 2006). Control of CLS in Greece and 
other areas in a warm climate and irrigation is based 
mainly on frequent fungicide applications (Karaoglanidis 
and Ioannidis, 2010). However, serious problems have 
resulted from the extensive appearance of fungicide 
resistant C. beticola isolates to the intensively used 
benzimidazoles, organotin fungicides and sterol 
biosynthesis inhibiting triazoles.  

Agricultural scientists are becoming aware of the 
potential contribution of farmers in developing integrated  
management of crop  diseases  in  general  (Bentley  and 
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Thiele, 1999). Much disease management practices such 
as the applications of fungicides and fumigant; focus on 
controlling pathogens is often too late to be effective, 
when disease symptoms are apparent. A more reliable 
approach is to concentrate on the period before infection 
occurs and encourage conditions that are unfavorable to 
the pathogen and favorable to the plant (Wolf and 
Verreet, 2002; Ghorbani et al., 2008). 

Various control strategies, including host-plant 
resistance, resistant cultivars, integrated control and 
biological control have been developed. Breeding efforts 
to generate Cercospora resistance in sugar beet started 
in the 1920s by Munerati (1920). Historically, resistance 
was introgressed from the wild sea beet, Beet vulgaris L. 
spp. Maritima (Hecker and Helmerick, 1985). Additional 
resistant accessions were also found in other subspecies 
of B. vulgaris and in other sections of the genus Beta, 
namely Corollinae, Nanae and  Procumbentes  (Asher  et  
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al., 2001). Resistant against C. beticola is a quantitative 
trait based on the additive effects of at least four to five 
major resistance genes (Smith and Gaskill, 1970). 
Therefore, sugar beet lines are selected for resistant 
against C. beticola in the greenhouse using artificial 
inoculation or in regions where natural infection occurs 
annually, namely Italy and Greece in southern Europe 
(Byford, 1996). As the climatic conditions in these 
countries are different from Germany, resistance of sugar 
beet varieties is influenced by environmental and 
cultivation factors (Märländer et al., 2003). 

However, the exact number of host genes involved is 
unknown (Weiland and Koch, 2004). Due to highly 
variable climatic conditions on a single location, resistant 
cultivars adapted to the different sugar beet-growing 
areas worldwide where C. beticola occurs regularly are 
available (Byford, 1996; Mechelke, 2000; Pfleiderer and 
Schäufele, 2000). Host resistance is not efficient to 
prevent infection by C. beticola entirely but reduces the 
pathogen’s development (Rossi et al., 2000). Therefore, 
sugar beet lines selected for resistant against C. beticola 
are unreliable in different regions and variable climatic 
conditions in commercial breeding. 

Soil conditions for plant growth can influence the 
occurrence and severity of plant diseases. Managing and 
exploiting the suppressive effects of the soil environment 
as part of an integrated control strategy could make a 
significant contribution to agricultural sustainability and 
environmental quality (Quimby et al., 2002). 
 In this study, the impact of different cultivars and 
fertilization levels on CLS disease severity under natural 
infection in Heilongjiang, China in 2010. In this study, 
field trials were carried out to determine the effect of CLS 
at different cultivars and fertilization level. Secondly, 
resistant against C. beticola in different geographic 
regions were determined. 
 
 
MATERIALS AND METHODS 
 
Detection of disease resistant against C. beticola for sugar 
beet varieties 
 
Sugar beet cultivars (KWS0142, KWS0149, KWS9145, KWS8138, 
KWS6167, KWS9522, KWS4121, BETA807, BETA356, BETA464, 
BETA812, BSTO2431, Ma096, Ma097, Hi0940, Hi0166, Hi0732, 
Hi0474, DVA02234, IS0436) differing in the level of resistant 
against C. beticola were used in this study. One location with 
severe disease occurrence in 2009 was selected to determine 
cultivars resistant against C. beticola under natural infection in 
Heilongjiang, China in 2010. Three locations apart from 100 km 
away with severe disease occurrence were selected to determine 
KWS1049 and KWS4121 cultivars resistant against C. beticola of 
different geographic area. 

Field trials were sown between mid and end of April with 70 cm 
distance between rows. The distances between plants within rows 
in the natural infection trial was 40 cm, and the trials were manually 
thinned to a density of 49,500 to 52,500 plants ha−1 in seedling trays 
filled with a standard soil. Weed control were carried out according 
to local standards.  

 
 
 
 
Response of sugar beet against C. beticola at different 
fertilization level 
 
Field experiments with Sugar beet cultivars KWS0149 were 
conducted in a location of Heilongjiang province in 2010. Soil 
nutrients of tested field were obtained under large of 0～15 cm. 
Organic matter was measured, including the contents of organic 
matter, available nitrogen, available phosphorus and available 
potassium etc. for the pre-test. The results showed that the organic 
matter content is medium rate (20.18～50.20 g·kg-1) in tested field 
soils, ranging from (118.12～204.20 mg N·kg-1, 7.18～14.32 mg 
P·kg-1, 44.75～139.57 mg K·kg-1). Field trials were sown with 70 cm 
distance between rows. A 140 cm wide protective belt is left without 
fertilization by using randomized group (every group mean 5.6 m2) 
design with 4 replications. 

Traditional fertilization and optimized fertilization were using to 
analyze effect of sugar beet against C. beticola at different 
fertilization level in this study. Nitrogen (N), phosphors (P) and 
potassium (K) were replaced respectively by using carbamide (N), 
diammonium phosphate (P), kalium sulfuricum (K).  

Fertilizer application rates of traditional fertilization were designed 
as the treatments of 600 kg·ha-1 (240 kg N·ha-1,195 kg P·ha-1,165 
kg K·ha-1), 675 kg·ha-1 (270 kg N·ha-1, 210 kg P·ha-1,195 kg K·ha-1), 
750 kg·ha-1 (300 kg N·ha-1,255 kg P·ha-1,195 kg K·ha-1), 825 kg·ha-1 
(375 kg N·ha-1, 270 kg P·ha-1,180 kg K·ha-1), and 900 kg·ha-1 (420 
kg N·ha-1, 255 kg P·ha-1, 225 kg K·ha-1). 

Fertilizer application rates of optimized fertilization were N0P0K0, 
N0P2K2, N1P2K2, N2P0K2, N2P1K2, N2P2K2, N2P3K2, N2P2K0, N2P2K1, 
N2P2K3, N3P2K2, N1P1K2, N1P2K1, and N2P1K1 (Detailed data refer to 
Table 4). 
 
 
Disease assessment  
 
Disease index severity of all individual sugar beet plants per 
treatment was assessed according to the modified agronomica 
disease index severity (Vereijssen et al., 2003; Battilani et al., 
1990), which covers a scale from 0 (healthy) to 9 (totally destroyed 
foliage). Disease index severity in each treatment group was 
estimated in the middle of August, 2010 using a scale of 0 to 9: 0 = 
no symptoms on fully leaves; 1= few disease spots of most leaves; 
3 = most disease spots of most leaves; 5 =most disease spots of 
most leaves, dead lateral 1 to 3 leaves; 7 = most disease spots of 
most leaves, dead lateral 3 to 5 leaves; 9 = most disease spots of 
most leaves, all leaves and leafstalk dead or whole plant dead. 
 
 
Statistics   
 
Analysis of variance was carried out with the programme SPSS 
version 13.0 (SPSS Inc., Chicago, IL, USA). Significant differences 
were indicated with different letters for probabilities (P＜0.05).  
 
 
RESULTS 
 
Detection of disease resistant against C. beticola for 
sugar beet varieties 
 
Disease index investigation was carried out in the middle 
of August. Univariate comparisons showed that level of 
resistance of 20 cultivars had been differed significantly 
(P<0.05) and were sorted KWS0149> BETA356> Hi0940 
>KWS6167> KWS8138>KWS4121> Hi0166> DVA0-2234 
> BETA807>  KWS0142>  Ma096>  KWS9522>  IS0436> 



Li et al.         5987 
 
 
 

Table 1.  The resistance determination of sugar beet varieties against C. beticola. 
 

Cultivars Disease index Cultivars Disease index 

KWS0142 17.36±0.54abcde Ma096 19.01±0.89bcdef 
KWS0149 13.08±0.49a Ma097 20.86±1.01cdefg 
KWS9145 23.95±2.85fgh Hi0940 15.31±0.25abc 
KWS8138 16.30±0.86abcd Hi0166 16.79±0.25abcd 
KWS6167 15.81±0.25ab Hi0732 27.61±1.39h 
KWS9522 19.14±0.81bcdef DVA0-2234 16.79±1.31abcd 
BETA807 17.04±1.13abcd BSTO-2431 19.38±1.60bcdef 
BETA356 14.62±4.40ab IS0436 19.26±1.86bcdef 
BETA464 21.73±2.51cdef Hi0474 25.80±2.50gh 
BETA812 22.84±1.39efgh KWS4121 16.54±1.38abcd 

 

Data are treatment means of pooled data ± standard errors. Values of each column followed by different 

letters are significantly different at P＜0.05 according to Duncan’s multiple range tests. 
 
 
 

Table 2.  The determination of sugar beet resistant against 
C. beticola from different geographic area. 
 

Breeds Different regions Disease index 
KWS1049 1 13.08±0.49a 
 2 27.66±0.25c 
 3 17.12±1.72b 
   
KWS4121 1 16.54±1.38a 
 2 29.14±1.37b 
 3 19.35±3.74a 

 

The distance among the three zones (1,2,3) is 100 km; Data are 
treatment means of pooled data ± standard errors. Different 
letters for the same assessment date indicate significant 

different at P＜0.05 according to Duncan’s multiple range 
tests.1, 2, 3 for three locations apart from 100 km away. 

 
 
 
BSTO-2431> Ma097> BETA464> BETA812> KWS9145> 
Hi0474> Hi0732 (Table 1). 

Three locations apart from 100 km away with severe 
disease were selected to analyze relationship between 
KWS1049, KWS4121 cultivars resistant against C. 
beticola and different geographic area. The result showed 
that level of same varieties resistance from different 
geographic area were significant different (Table 2). 
 
 
Response of sugar beet against C. beticola at 
different fertilization level 
 
Traditional fertilization was designed to analyze cultivars 
resistant against C. beticola. The results showed that 
level of resistant against C. beticola from traditional 
fertilization were not significant different (Table 3). 

Optimized fertilization was designed to analyze 
cultivars resistant against C. beticola from different 

fertilization level. The results showed that level of 
resistant against C. beticola from optimized fertilization 
were significant different (Table 4). The results showed 
low nitrogen reduced sugar beet resistant against C. 
beticola and level of resistance from optimized 
fertilization were sorted N2P1K1> N2P2K1> N2P2K0 > 
N2P2K2> N2P1K2> N1P2K1> N2P3K2> N2P2K3 > N2P0K2> 
N1P2K2> N3P2K2> N1P1K2> N0P0K0> N0P2K2. 
 
 
DISCUSSION 
 
In this study, we aimed to estimate effect of different 
cultivars and fertilization level under natural infection 
against C. beticola in Heilongjiang, China. The 20 
cultivars resistant against C. beticola were evaluated 
under natural infection in cultivar trial series. The result 
showed that KWS series varieties had the character of 
high  resistance  to  disease   in   Heilongjiang,   such   as 
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Table 3.  The determination of resistant against C. beticola from traditional fertilization. 
 

Sum (kg·ha -1) Carbamide (kg·ha -1) Diammonium phosphate (kg·ha -1) Potassium sulfate (kg·ha -1) Disease index 

600 240 195 165 20.99±1.37a 
675 270 210 195 22.47±1.73a 
750 300 255 195 21.97±0.99a 
825 375 270 180 23.21±1.73a 
900 420 255 225 21.48±1.96a 

 

Data are treatment means of pooled data ± standard errors. Different letters for the same assessment date indicate significant different at P＜0.05 
according to Duncan’s multiple range tests. 

 
 
 

Table 4.  The determination of resistant against C. beticola from optimized fertilization. 
 

NPK content Disease index NPK content Disease index  
N0P0K0 22.48±2.52bc N2P2K0 14.79±1.72a 
N0P2K2 24.68±2.76c N2P2K1 13.16±1.08a 
N1P2K2 17.69±2.58ab N2P2K3 16.30±1.47a 
N2P0K2 17.08±2.22ab N3P2K2 18.43±0.40ab 
N2P1K2 15.55±0.85a N1P1K2 18.56±0.74ab 
N2P2K2 15.22±1.24a N1P2K1 15.86±1.33a 
N2P3K2 16.18±2.04a N2P1K1 13.01±1.30a 

 

Data are treatment means of pooled data ± standard errors. Different letters for the same assessment 

date indicate significant different at P＜0.05 according to Duncan’s multiple range tests; Carbamide g/ 
5.6m2: N0 mean 0.0, N1 mean 51.6, N2 mean 103.2, N3 mean 154.8; Diammonium phosphate g/ 5.6 m2: 
P0 mean 0.0; P1 mean 54.8; P2 mean 109.6; P3 mean 164.3; Kalium sulfuricum g/ 5.6m2: K0 mean 0.0; 
K1 mean 50.4; K2 mean 100.8; K3 mean 151.2. 

 
 
 
KWS0149, KWS6167, KWS8138, KWS0142 and 
KWS4121. In addition, others varieties had strong 
resistance to CLS, such as Hi0166, Hi0940, DVA0-2234, 
BETA356 and BETA807 to offer basis in preventing CLS 
and in selecting scientific distribution of resistant variety 
in Heilongjiang. 

In three locations apart from 100 km away, relationship 
between KWS1049, KWS4121 cultivars resistant against 
C. beticola and different geographic area was analyzed. 
Same varieties resistance from different geographic 
areas was significantly different (Table 2). Sugar beet 
resistant cultivars adapted to the different sugar beet-
growing areas worldwide where C. beticola regularly 
occurs were available (Byford, 1996; Mechelke, 2000). 
But, the suppression of plant defence reactions plays a 
crucial role in causing plant diseases (Bouarab et al., 
2002; Hauck et al., 2003). Schmidt et al. (2004) have 
shown that inducible plant defences are repressed during 
the development of CLS. Therefore, host resistance is 
not efficient to prevent infection by C. beticola (Rossi et 
al., 1999, 2000). So, Field identification of sugar beet 
resistant from different geographic area cultivars against 
C. beticola needs to further strengthen and expands the 
area. 

As Walters et al. (2005) pointed out; we need to pay 
attention  to  factors   that   are   likely   to   influence   the 

effectiveness of bio-controls in the field. There are 
evidences which show both a positive and a negative 
relationship between available plant nutrients and 
incidence of certain diseases (Ghorbani et al., 2008). 
Fertilizer application rates of traditional fertilization and 
optimized fertilization were designed to analyze cultivars 
resistant against C. beticola. The result showed that 
strong and weak of resistant against C. beticola from 
different fertilization level of traditional fertilization were 
not significantly different (P <0. 05) (Table 3). 

However, the results showed significant differences 
among different fertilization level of optimized fertilization 
(P <0.05) (Table 4). The results showed low nitrogen 
could reduce host resistant against C. beticola. And 
balance fertilizing could enhance host resistance to CLS. 
Fertilizer application rates were designed for enhance 
sugar beet resistant against C. beticola as the treatments 
of adaptive rate (N:P:K=2:1:1).  

Abundant nitrogen encourages succulent growth, a 
prolonged vegetative period, and delayed maturity of the 
plant, which increases the period of susceptibility to 
pathogens. Deficient plants are weaker and slower 
growing, which are also more susceptible to pathogens 
(Agrios, 1997). The effect of soil nitrogen level on disease 
development in different agricultural crops has been 
shown.   For    example,    Sharma    and    Kolte    (1994) 



 
 
 
 
suggested that the plants in pots or field plots which 
received NK (N 90 kg ha -1) + (K 40 kg ha-1) were more 
resistant to infection than plants which received N (alone) 
or P (alone) or NP and PK combinations. Such results 
provide interesting evidence to support the view that 
balanced soil fertility could lead to better sugar beet 
resistant against C. beticola. 

All in all, a comparative study of resistance 
determination of sugar beet varieties against C. beticola 
is needed to understand better from different geographic 
area in order to design comprehensive control on CLS. 
Accumulation of more knowledge regarding control of 
CLS should stimulate further conversion of conventional 
systems of sugar beet production, which incorporate 
agro-ecological strategies to optimize soil fertilization, 
sugar beet varieties diversity management and more 
natural systems of disease regulation without incurring 
much yield. 
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Three polysaccharides, namely exopolysaccharide (EP S), water-extracted mycelial polysaccharide 
(WPS) and sodium hydroxide-extracted mycelial polys accharide (SPS), from the endophytic fungus 
Fusarium oxysporum Dzf17 were investigated for their in vitro antioxidant activities. Among them, SPS 
was the most active antioxidant component, and WPS exhibited moderate antioxidant activity. The 
median effective concentration (EC 50) values of the polysaccharides were 162.38 µg/ml (for WPS), 63.37 
µg/ml (for SPS) by DPPH radical scavenging activity assay, and 54.54 µg/ml (for WPS) and 44.91 µg/ml 
(for SPS) by using ferrous ions chelating activity assay. The polysaccharides from F. oxysporum Dzf17 
could be an alternative source as the antioxidant c omponents. 
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INTRODUCTION 
 
Fungi have been regarded as important resources of 
natural bioactive compounds with a variety of 
bioactivities, and have been widely applied in agriculture, 
medicine and food industry (Greve et al., 2010; Zhong 
and Xiao, 2009; Zhou et al, 2010). Plant endophytic fungi 
are a special group of fungi that reside within plant 
tissues intercellularly or intracellularly without causing 
any apparent symptoms of disease (Wilson, 1995). In the 
past two decades, many valuable bioactive compounds 
with antimicrobial, insecticidal, cytotoxic and anticancer 
activities have been successfully obtained from the 
endophytic fungi (Kharwar et al., 2011; Verma et al., 
2009; Zhao et al., 2011). These bioactive compounds 
could be mainly classified as alkaloids, terpenoids, 
steroids, quinones, isocoumarins, lignans, 
phenylpropanoids, phenols and polysaccharides (Aly et 
al., 2010; Yu et al., 2010; Zhang et al., 2006). To the best 
of our knowledge, the antioxidant activities of the 
polysaccharides from endophytic fungi have been rarely 
reported, though there were some reports from other 
fungi (Liu et al., 1997; Ooi and Liu, 1999). 

Fusarium oxysporum  Dzf17  is  an  endophytic  fungus 
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isolated from the rhizomes of Dioscorea zingiberensis, 
a well known traditional Chinese medicinal herb 
indigenous to the south of China (Li and Ni, 2011; Zhang 
et al., 2009). Three polysaccharides, namely 
exopolysaccharide (EPS), water-extracted mycelial 
polysaccharide (WPS) and sodium hydroxide-extracted 
mycelial polysaccharide (SPS), prepared from F. 
oxysporum Dzf17 were observed in our previous study to 
have enhancement effects on cell growth and diosgenin 
accumulation in D. zingiberensis cell cultures (Li et al., 
2011). The purpose of this study was to investigate the 
antioxidant activities of three kinds of polysaccharides 
from the endophytic fungus F. oxysporum Dzf17 in order 
to provide fundamental data for the research and 
application of the polysaccharides from this fungus. 
 
 
MATERIALS AND METHODS 
 
General 
 
The microplate spectrophotometer (PowerWave HT, BioTek 
Instruments, USA) was employed to measure the light absorption 
value. 1, 1-Diphenyl-2-picrylhydrazyl (DPPH) was purchased from 
Sigma-Aldrich (USA) in Beijing. 3-(2-Pyridyl)-5,6-bis (4-phenyl-
sulfonic acid)-1,2,4-triazine (ferrozine) was obtained  from  Johnson 
Matthey (UK) in Beijing. Butylated hydroxytoluene (BHT), ferrous 
chloride (FeCl2), and ethylene diamine tetraacetic acid (EDTA) were 



 
 
 
 
bought from Beijing Chemical Company. All other chemicals and 
reagents were of analytical grade. 
 
 
Endophytic fungus and culture conditions 
 
The endophytic fungus F. oxysporum Dzf17 (GenBank accession 
number EU543260) was isolated from the healthy rhizomes of the 
medicinal plant D. zingiberensis C. H. Wright (Dioscoreaceae) in 
our previous study (Zhang et al., 2009). The living culture has been 
deposited in China General Microbiological Culture Collection 
Center (CGMCC) under the number CGMCC 2472. It was also 
maintained on potato dextrose agar (PDA) slants at 25°C, and in 
40% glycerol at -70°C at the Herbarium of the College o f Agronomy 
and Biotechnology, China Agricultural University. The mycelia were 
grown in a 1000 ml Erlenmeryer flask containing 300 ml of liquid 
medium consisting of glucose (50 g/L), peptone (13 g/L), NaCl (0.6 
g/L), K2HPO4 (0.6 g/L), and MgSO4•7H2O (0.2 g/L). About 500 
flasks were used. All flasks were maintained at 25°C on a rotary 
shaker at 150 rpm for 14 days. A total of 150 L of fermentation broth 
was harvested. The mycelia were separated from the supernatant 
by centrifugation at 7,741 ×g for 20 min. Mycelia were washed twice 
with deionized water, then lyophilized. About 600 g of mycelia in dry 
weight (dw) was obtained. 
 
 
Preparation of polysaccharides 
 
The preparation process of exopolysaccharide (EPS) has described 
in our previous study (Li et al., 2011). Briefly, the supernatant was 
concentrated under vacuum at 60°C by a rotary evaporat or to a 
proper volume and mixed with three volumes of 95% ethanol, then 
kept at 4ºC for 48 h. After that, the solution was centrifuged at 
17,418 × g for 15 min, and the precipitate from ethanol dispersion 
was collected as crude EPS which was further subjected to 
deproteination with Sevag reagent (chloroform-n-butanol at 4:1, 
v/v), decolorization with H2O2, and re-movement of small molecular 
impurities by dialysis. Polysaccharide mixture with molecular weight 
greater than 8,000 to 14,000 Da was kept in dialysis tube. The 
carbohydrate content of EPS was measured by the method of 
anthrone-sulfuric acid spectrophotography (Wang et al., 2007), 
which involved sulfuric acid hydrolysis of the sample in the 
presence of anthrone agent at 100°C. The absorbance a t 620 nm 
was measured and calibrated to carbohydrate content using 
glucose as a reference. After lyophilization, the purified EPS (31.98 
g) was stored in a desiccator at room temperature. 

Water-extracted mycelial polysaccharide (WPS) and sodium 
hydroxide-extracted mycelial polysaccharide (SPS) were also 
prepared according to our previous research (Li et al., 2011). 
Briefly, the lyophilized mycelia (600 g) were powdered in a high 
disintegrator, and then subjected to heat circumfluence extraction at 
50°C by 95% ethanol-petroleum ether at 1:1 (v/v) as t he refluxing 
solvent to remove monosaccharide, disaccharide and lipid. The 
ratio of mycelia powder (g) to refluxing solvent (ml) was 1:5 (w/v). 
Defatted mycelial powder was obtained by centrifugation (7,741 × g, 
20 min) and drying in an oven at 40°C for 2 h, and t hen immersed 
in hot water at 90°C for 2 h with the ratio of water (ml) to the 
material (g) as 30:1 (v/w). After that, centrifugation was carried out 
at 7,741 × g for 20 min to separate the residue and the supernatant. 
The supernatant was condensed to a certain volume under vacuum 
at 60°C, and then mixed with three volumes of 95% et hanol, then 
kept at 4°C for 48 h. The following procedure for poly saccharide 
preparation and purification was the same as the treatments of 
exopolysaccharide (EPS). The gained polysaccharide (33.24 g) was 
named as water-extracted mycelial polysaccharide (WPS). The 
residue not containing WPS was further extracted with 10% sodium 
hydroxide (NaOH) solution at room temperature for 24 h. The 
remaining steps  were  the  same  as  the  treatments  of  EPS.  The  
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obtained polysaccharide (35.89 g) was designated as sodium 
hydroxide-extracted mycelial polysaccharide (SPS). 
 
 
In vitro antioxidant activity assay 
 
The polysaccharides were subjected to a screening for antioxidant 
activity by two complementary tests, namely the DPPH radical 
scavenging assay and ferrous ions chelating assay, The free radical 
scavenging activity of different antioxidants was measured in terms 
of hydrogen donating or radical scavenging ability of the stable free 
radical DPPH (1,1-diphenyl-2-picryhydrazyl) (Ono et al., 2008). The 
scavenging activity of DPPH was measured according to the 
method reported by Qiao et al. (2009) with some modifications. 
Briefly, DPPH dehydrated alcohol solution (0.2 mg/ml, 100 µl) and 
polysaccharide water solution (100 µl) were added to each well of 
the microplate and mixed. The mixture was shaken vigorously and 
allowed to stand at room temperature in the dark for 30 min. The 
absorbance was measured at 517 nm against a blank. Butylated 
hydroxy toluene (BHT) was used as the positive control. Lower 
absorbance of the reaction mixture indicates higher free-radical 
scavenging activity. All the tests were performed in triplicate and the 
graph was plotted with the mean values and standard deviations. 
The scavenging activity was calculated by the following equation: 
 
Scavenging activity (%) = [A0-(A1-A2)]×100/A0.  
 
Where A0 is the absorbance of DPPH solution without tested 
samples, A1 is the absorbance of the sample, and A2 is the 
absorbance of the sample under identical conditions as A1 with 
water instead of DPPH solution. 

The median effective concentration (EC50) value was calculated 
using the linear relation between the effective probability and 
concentration logarithm according to the method of Sakuma (1998). 

Metal ions chelating activity was determined according to the 
method of Wang et al. (2010) with some modifications. Briefly, 
polysaccharide solution (50 µl) was mixed with FeCl2 solution (0.2 
mg/ml, 30 µl), and shaken vigorously. The ferrozine solution (2 
mg/ml, 70 µl) was then added to the reaction solution. The reaction 
mixture was shaken vigorously and left standing at room 
temperature for 10 min. After the mixture reached equilibrium, the 
absorbance of the solution was then measured at wavelength 560 
nm using a microplate spectrophotometer. EDTA was used as the 
positive control. Lower absorbance of the reaction mixture indicates 
higher chelating activity. All the tests were performed in triplicate 
and the graph was plotted with the mean values and standard 
deviations. The ferrous ions chelating effect was calculated as the 
percentage (%) of inhibition of ferrozine-Fe2+ complex formation 
determined as: 

 
Chelating activity (%) = [B0-(B1-B2)]×100/B0. 
 
Where B0 is the absorbance of reaction solution without tested 
samples, B1 is the absorbance of the sample and B2 is the 
absorbance of the sample under identical conditions as B1 with 
water instead of ferrozine solution.  

The EC50 value calculation for ferrous ions chelating activity was 
the same as that for DPPH radical scavenging activity. 
 
 
RESULTS AND DISCUSSION 
 
DPPH radical scavenging activity 
 
DPPH has been widely adopted as a reference for 
evaluating the  free  radical  scavenging  activities  of  the 



5992          Afr. J. Microbiol. Res. 
 
 
 

 
 
Figure 1.  DPPH radical scavenging activity of the polysaccharides. 
 
 
 
Table 1. EC50 values of the polysaccharides for antioxidant activity. 
 

Assay 
EC50 (µg/ml) 

EPS WPS SPS CK+ 

DPPH scavenging activity - 162.38a 63.37c 74.94b 

Ferrous ions chelating activity - 54.54a 44.91b 28.86c 
 

The positive controls (CK+) for DPPH scavenging and ferrous ions 
chelating assays are BHT and EDTA, respectively. '-' means that EC50 
values cannot be obtained at the test concentrations. Different letters 
in each row indicate significant differences of the antioxidant activity for 
each assay at p = 0.0.5. 
 
 
 
concentrations of 7 to 200 µg/ml, the chelating activity of 
natural compounds (Amarowicz et al., 2004). The DPPH 
radical scavenging effects of the polysaccharides EPS, 
WPS and SPS from F. oxysporum Dzf17 were presented 
in Figure 1. Among them, SPS exhibited the strongest 
scavenging DPPH activity at concentrations of 5 to 100 
µg/ml, showing a good linear dependence between SPS 
concentration and DPPH scavenging activity. In contrast, 
WPS showed moderate, and EPS showed non-
antioxidant activity. When WPS was at concentration of 
300 µg/ml, the scavenging activity was 84.27%. The EC50 
values (shown in Table 1) of WPS and SPS for 
antioxidant activity were 162.38 µg/ml and 63.37 µg/ml, 
respectively. 
 
 
Ferrous ions chelating activity 
 
Ferrous ions chelating activity was employed as another 
indicator to assess the quantity of the antioxidants 
(Lianhe et al., 2011; Xiao et al., 2011). In this research, 
the chelating activities of the polysaccharides from F. 
oxysporum Dzf17 on ferrous ions (Fe2+) were 
investigated, which were presented in Figure 2. All the 
tested samples showed evident Fe2+ chelating activity in 
a   concentration-dependent   manner   except   EPS.   At  

 
 
 
 

 
 
Figure 2.  Ferrous ions chelating activity of the polysaccharides. 

 
 
 
EPS varied only from 3.36 to 9.09%, which did not show 
its antioxidant activity. WPS or SPS showed stronger 
chelating activity than that of EPS, but slightly weaker 
than that of the positive control (EDTA). When the 
concentration of WPS was changed from 7 to 100 µg/ml, 
the chelating activity was rapidly increased from 5.59 to 
84.07% showing a good linearity. With the concentration 
of WPS varied from 100 to 200 µg/ml, the chelating 
activity showed a gently increase with the value of 84.07 
to 94.59%. The chelating activity of SPS exhibited the 
same trend but slightly stronger than that of WPS. The 
EC50 values (shown in Table 1) of WPS and SPS for 
antioxidant activity were 54.54 and 44.91 µg/ml, 
respectively. 

In summary, this is the first report on the antioxidant 
activities of the polysaccharides from the endophytic 
fungus F. oxysporum Dzf17. Among three 
polysaccharides, SPS was the most active antioxidant 
component, WPS showed moderate, and EPS showed 
non-antioxidant activity. The antioxidant activity results of 
the polysaccharides obtained by two complementary 
assays were similar which indicated that they should 
have similar antioxidant mechanisms. DPPH is a stable 
free radical with a maximum absorption at 517 nm and 
can be readily scavenged by the antioxidants (e.g., 
phenolics, flavonoids, carotenoids and polysaccharides) 
which have hydrogen donating groups (Muller et al., 
2011; Paixao et al., 2007; Qiao et al., 2009). Ferrozine 
quantitatively forms complexes with Fe2+. In the presence 
of other chelating agents (e.g., polysaccharide), the 
complex formation is disrupted with the result that the red 
color of the complex was decreased (Yamaguchi et al., 
2000). As the antioxidant mechanisms of polysaccharides 
are very complicated, other methods such as OH free 
radical scavenging and reducing powder assays should 
be employed in our further investigation (Huang et al., 
2005). In our previous study, WPS was found to be the 
most effective polysaccharide to have enhancement 
effects on cell growth and diosgenin accumulation in D. 
zingiberensis cell cultures (Li et al., 2011).  WPS  showed  
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moderate antioxidant activity in this investigation which 
means that WPS should be studied in detail for its 
enhancing effect on secondary metabolite biosynthesis 
and antioxidant activity. The present study will provide 
additional data for supporting the utilization and develop-
ment of the polysaccharides from F. oxysporum Dzf17 as 
the antioxidant components. Further studies to clarify 
other biological activities (e.g. immunoregulatory and 
antitumor activities) of the polysaccharides, their prepara-
tion on a large scale, composition including protein and 
carbohydrate percentage, antioxidant mechanisms, as 
well as the physiological and ecological roles of the 
polysaccharides on host plant cells are now in progress. 
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The feasibility of using cassava powder as the main  material for production of calcium gluconate by 
Penicillium citrinum SCG-112 was evaluated in this study. The effect of incubati on temperature, initial 
pH of the medium and inoculum size on production of  calcium gluconate was investigated. The 
maximum yield of calcium gluconate (155 g/L) was ob tained after 36 h incubation. The result was both 
technically competitive and economically attractive . 
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INTRODUCTION 
  
Calcium gluconate (C12H22CaO14·H2O) finds extensive 
applications in the pharmaceutical and food industry. 
Research is ongoing to increase the production of this 
salt to meet its commercial demand (Bayraktar and 
Mehmetoglu, 2001). Most studies on calcium gluconate 
production have focused on the use of pure or easily 
fermentable substrates such as glucose or sucrose 
(Mariam et al., 2010; Liang et al., 2010). Due to the high 
costs of these pure materials, the process is less 
economic for industrial applications. The production cost 
of calcium gluconate might be significantly reduced if 
cheap raw materials could be used, such as starchy and 
cellulosic materials. Cassava is one of the most efficient 
crops in terms of carbohydrate production. It is a tropical 
perennial plant that grows on poor or depleted soils in 
which the yields of other crops are very low (Peters, 
2007). Cassava is very rich in starch. Starch content of 
cassava root and dry cassava powder reached about 30 
and 70%, respectively (Shen et al., 2009). Therefore, 
cassava has been successfully used as the main material 
for   production   of  ethanol,  lactic  acid  and   sugar  etc. 
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(Shanavas et al., 2011; Kostinek et al., 2007; Abdul et al., 
2005; Gaouar et al., 1998). Production of calcium 
gluconate from cassava is a promising strategy, for it will 
decrease the production cost. However, till now there is 
still no report regarding adoption of cassava as the 
substrate for production of calcium gluconate. 

In the present study, the starch in cassava was 
enzymatically hydrolyzed (liquefaction with α-amylase 
and saccharification with glucoamylase) into glucose, 
which acted as the main material for production of 
calcium gluconate by a high-producing calcium gluconate 
strain, Penicillium citrinum SCG-112.  
 
 
MATERIALS AND METHODS 
 
Strain 
 
P. citrinum SCG-112, a newly isolated calcium gluconate producer, 
was used in this study for its high yield of calcium gluconate. It  was 
maintained on slants of potato dextrose agar and subcultured every 
month. The conidial suspension with the  spores   concentration   of 
108/ml was prepared form 3-4 day old slant of the strain. 
 
  
Medium and fermentation 
 
Cassava powder with the starch content of about 70% was 
purchased   from   local   market  in  China.  All  other  material  and 
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Table 1.   Effect of temperature on production of calcium gluconate from cassava by Penicillium 
citrinum SCG-112. 
 

Temperature (°C) Maximum  yield of 
calcium gluconate (g/L) 

Time consumed to reach the 
maximum yield (h) 

30 100±1.2 64 
31 105±1.3 64 
32 106±2.0 60 
33 108±0.8 60 
34 108±0.6 56 
35 106±1.5 48 
36 108±1.1 44 
37 110±0.7 40 
38 91±3.4 40 
39 82±2.0 36 
40 65±1.2 36 

 
 
 
chemicals were also commercially available. Cassava powder was 
mixed with water to prepared cassava slurry with the concentration 
of 300 g/L. Thermo-stable α-amylase was added into the slurry 
according to 15 U per g cassava powder. Then the slurry was 
liquefied by heating it to 110°C and keeping at 110 °C for 5 min, 
then cooling it to 90°C and keep at 90°C for 2 h. Th e liquefied 
cassava was centrifugated and squeezed to remove cassava 
residues. The pH of obtained clarifying solution was adjusted to 4.6-
4.8, added gulucoamylase at the ratio of 200 U per g cassava 
powder. After saccharification at 60°C for 24 h, the s tarch in 
cassava powder was converted to glucose thoroughly. The final 
glucose solution diluted to the concentration of 150 g/L with water 
was used for preparing medium for production of calcium 
gluconate. The basal medium containing (g/L): glucose 150, 
(NH4)2SO4 0.5, K2HPO4 0.05, CaCO3 42, natural pH (about pH 5.0). 
50 ml medium in 500-ml flasks were autoclaved at 121°C for 15 
min. One flask was inoculated with 1 ml spore suspension (108 

spores/ml) and incubated on a rotary shake with the speed of 250 
rpm. When the glucose in the medium reached less than 1 g/L, 
fermentation was terminated. During the process the sample was 
withdrawn at regular intervals to determine calcium gluconate yield 
and glucose concentration. The optimal levels of incubation 
temperature, initial pH of the medium, inoculum size were 
determined by varying them in the basal medium. 
 
 
Analytical methods 
 
Calcium gluconate present in the supernatant sample was 
determined by disodium ethylene diamine tetra acetic acid (dEDTA) 
titration. The glucose in the medium was measured by SBA-80C 
biosensor analyzer (Institute of Biology, Shandong Academy of 
Sciences, China), which could provide quick measurements of 
glucose based on technology of the immobilized oxidases. All the 
experiments were run parallel in a set of triplicates. All values given 
are means of three determinations ± standard deviation. 
 
 
RESULTS AND DISCUSSION 
 
Effect of incubation temperature on production of 
calcium gluconate from cassava by P. citrinum SCG-
112 
 
As shown in Table   1,   37°C   proved   to   be   the   best 

temperature for calcium gluconate in the present study. 
Incubation at lower temperature resulted in longer time to 
reach the maximum yield, though the maximum yield was 
near to the yield at 37°C. Meantime, temperature hi gher 
37°C is not conducive to the production of calcium 
gluconate, neither. The possible reason for the observa-
tion is that higher temperature affected the fungus 
harmfully, and then decreased the calcium gluconate 
production. 
 
 
Effect of initial pH on production of calcium 
gluconate from cassava by P. citrinum SCG-112 
 
Table 2 indicated that the optimum pH of calcium 
gluconate production from cassava by P. citrinum was pH 
6.5. pH less or more than 6.5 both decreased calcium 
gluconate synthesis. The possible reason may be that at 
pH 6.5, the strain grown best and its mycelia produced 
maximal enzyme glucose oxidase, then brought highest 
yield of calcium gluconate. These results are in agree-
ment with the result reported previously by Sheu et al. 
(2002), Munk and Hanus (2005) and Mariam et al. 
(2010).  
 
 
Effect of inoculum size on production of calcium 
gluconate from cassava by P. citrinum SCG-112 
 
The inoculum size also plays a significant role in the 
fermentation process. As shown in Table 3, maximum 
yield was obtained when the inoculum size was 2 ml 
spore suspension (with the count of 108/ ml) per flask. A 
lower level of inoculum size may not be sufficient for 
initiating growth and enzyme synthesis. An increase in 
inoculum size ensures a rapid proliferation of biomass 
and enzyme synthesis. After a certain limit, production 
could decrease because of depletion of nutrients due to 
the enhanced biomass, which would result in a  decrease  
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Table 2.   Effect of initial pH on production of calcium gluconate from cassava by Penicillium 
citrinum SCG-112. 
 

Initial pH Maximum  yield of calcium 
gluconate (g/L) 

Time consumed to reach 
the maximum yield (h) 

4.0 60±0.3 48 
4.5 86±1.5 44 
5.0 94±1.1 44 
5.5 110±3.1 40 
6.0 120±2.0 40 
6.5 133±1.3 40 
7.0 121±1.2 40 
7.5 112±0.9 44 
8.0 105±1.0 44 

 
 
 

Table 3.  Effect of inoculum size on production of calcium gluconate from cassava by Penicillium 
citrinum SCG-112. 
 

Inoculum size (10 8 
spores/mL) 

Maximum  yield of 
calcium gluconate (g/L) 

Time consumed to reach 
the maximum yield (h) 

0.5 126±0.4 60 
1.0 133±0.7 40 
1.5 141±1.9 40 
2.0 155±2.3 36 
2.5 132±1.4 36 
3.0 128±1.0 32 
3.5 113±0.3 32 
4.0 102±1.3 32 
4.5 100±0.2 32 
5.0 96±0.9 32 

 
 
 
in metabolic activity (Kashyap et al., 2002). A balance 
between the proliferating biomass and available substrate 
material would yield maximum enzyme. 
 
 
Conclusion 
 
Based on optimization, the fermentation conditions for 
production of calcium gluconate from cassava by P. 
citrinum SCG-112 and the maximum yield of calcium 
gluconate (155 g/L) was obtained after 36 h. This result is 
significantly competitive compared with the recent 
relevant report, in which the maximum yield was 110.35 
g/L after 72 h incubation. The other advantage of our 
study is: we used a kind of relatively cheaper material 
(cassava) while other researchers adopted expensive 
pure chemicals (such as glucose). Therefore, the study 
not only brings technical advantage, but also it is 
economically attractive. 
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