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Bacillus thuringiensis is a Gram-positive bacterium naturally found in soil, water and grain dust. B. 
thuringiensis has been used for decades as biological control for pests of economical and medical 
importance. The aim of this study was to test different growth media for the optimal production of 
vegetative insecticidal protein (Vip3) by B. thuringiensis recovered from the local environment. The 
local B. thuringiensis was grown under shaker conditions in commercially based media and commonly 
known growth based media to produce Vip3. The optimal C/N ratio for Vip3 production (3.88) was 
achieved with 20 g/l of glucose as carbon source and 15 g/l of soybean as nitrogen source. Different 
combinations of carbon and nitrogen sources were examined. Glucose and soybean were the best 
carbon and nitrogen source, respectively, for maximal Vip3 production. Terrific Broth supplemented 

with 20 g/l glucose was found to yield optimum growth significantly (P 0.01, t-test) after 12, 14, 16, 18 
and 20 h compared to a formulated medium with optimized C/N ratio of 3.88. The highest vegetative cell 
count was achieved after 22 h, thus indicating a higher production of Vip3 protein. The method 
described in this study will facilitate the production of biopesticides in a cost-effective manner.  
 
Key words: Bacillus thuringiensis, bioinsecticides, Vip3, culture media, vegetative protein. 

 
 
INTRODUCTION 
 
Resistance to inorganic insecticides by many insect 
species and the ecological damage caused by the toxic 
effects of insecticides has provided  the  impetus  to  seek 

alternative methods for insect control. This has led to the 
development of bioinsecticides, which are insecticides 
using  living  organisms  or  their  extracts. Bioinsecticides  



 
 
 
 
based on the insecticidal action of Bacillus thuringiensis 

are the most successful and environmental-harmless, 
commercial and natural alternative to inorganic 
insecticides (Osman et al., 2015; Siegwart et al., 2015) 
accounting for 90% of all biopesticides sold worldwide. B. 
thuringiensis is a Gram-positive spore-forming bacterium 
found naturally in soil, water, dead insects, and grain 
dust. This bacterium produces crystalline protein 
inclusions or crystals during sporulation and/or stationary 
growth phase. The insecticidal host range of B. 
thuringiensis includes Lepidoptera, Coleoptera, Diptera, 
Acarina, Hymenoptera, protozoa, trematodes, and 
nematodes (Osman et al., 2015; Nair et al., 2018). 
Intensive screening programs have yielded new genes 
that effectively produce vegetative insecticidal proteins 
(Vip). These are groups of insecticidal proteins that 
represent the second generation of insecticidal trans-
genes, which will complement the novel δ-endotoxins in 
the future (Osman et al., 2015, 2018; Abulreesh et al., 
2012). The Vip3 proteins have been reported to have 
broad-spectrum insecticidal properties (Osman et al., 
2018; Wang et al., 2018).  

Vip3 toxins exhibit broad-spectrum insecticidal activity 
against Lepidoptera despite that some of the insecticidal 
crystal proteins (ICPs) cannot display insecticidal activity 
against certain insects, such as Agrotis ipsilon (Abulreesh 
et al., 2012; Osman et al., 2018; Yu et al., 2012). 
Meanwhile, Vip3A transgenic crops have been 
developed, e.g., “corn MIR162” and cotton “COT102”, 
which should be valuable for resistance management 
(Burkness et al., 2010). It is possible for susceptible pests 
to develop resistance against B. thuringiensis due to its 
long-term use. The Vip3 proteins are suitable candidates 
in B. thuringiensis resistance management as these 
proteins recognize different receptors than those of Cry 
proteins (Osman et al., 2018). The homologs of the vip3A 
gene have been detected in approximately 15% of 
Bacillus strains analyzed (Estruch et al., 1996). The 
Vip3A proteins showed activity against lepidopteran 
insect larvae including black cutworm (A. ipsilon), fall 
armyworm (Spodoptera frugiperda), beet armyworm 
(Spodoptera exigua), tobacco budworm (Heliothis 
virescens) and corn earworm (Helicoverpa zea) (Osman 
et al., 2018, 2019).  

It is believed that the higher production costs of 
commercial bioinsecticidal products of B. thuringiensis 
may, in part, hinder these products from being readily 
available for consumers at a cheaper price. Researchers 
worldwide have been developing culture media from 
cheap source material and optimizing growth conditions 
for cost-effective large scale growth of B. thuringiensis 
that    subsequently    yields    large   scale   quantities  of  
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insecticidal proteins. The use of coconut cake with 
mineral salt showed higher production of Cry toxin by B. 
thuringiensis subsp. israelensis (Poopathi and Archana, 
2012a). The use of corn steep liquor and glucose gave 
higher spore production of B. thuringiensis, thus higher 
delta endotoxin production (Ernandes et al., 2013).  Zou 
et al. (2016), found that the use of food waste in 75% 
water content, 2% salt content, less than 5% oil content 
and pH 7, increased the production of delta endotoxin by 
B. thuringiensis chicken feather with coconut cake 
(Poopathi and Archana, 2012b), cactus extract in 
seawater (Hasanain, 2017) and wheat bran (Marzban, 
2012) gave promising results in higher delta endotoxin 
production. Other researcher optimized currently 
available culture media such as Luria-Bertani broth for 
increased production of B. thuringiensis delta endotoxin 
(Valicente et al., 2010). Other studies evaluated specific 
nutrient sources such as soybean (Zribi et al., 2018; 
Navarro-Mtz et al., 2018) and common sugars (Poopathi 
and Kumar, 2003) as potential nitrogen and carbon 
sources for optimal growth of B. thuringiensis and 
subsequently maximal production of insecticidal proteins. 
The majority of the studies of developing an optimizing 
growth media for B. thuringiensis production were tested 
by examining the delta endotoxin production. However, 
studies concerning the optimization of culture media for 
the production of Vip toxins are sparse.    

In this study, we attempted to evaluate the best carbon 
and nitrogen sources for optimal growth of B. 
thuringiensis, as well as the optimal C/N ratio for maximal 
production of insecticidal Vip3 protein. An attempt was 
also made to evaluate and optimize different culture 
media and growth conditions for the optimal growth and 
subsequent maximal production of Vip3 toxin. Thus the 
aim of this study was to evaluate different growth media 
and condition for the cost-effective, optimal production of 
vegetative insecticidal protein (Vip3) by B. thuringiensis 
recovered from the local environment.  
 
 
MATERIALS AND METHODS 
 
Isolation of B. thuringiensis from soil and dead larvae 
 
A total of 25 soil samples were collected from different geographical 
locations of Egypt; Al-Ayat at Giza province, Assiut and Tanta cities. 
Soil samples were collected from 2 to 5 cm below the ground 
surface using a shovel. Each soil sample was placed in a plastic 
bag at ambient temperature. A total of 5 dead larvae of the Egyptian 
cotton leaf worm Spodoptera littoralis (Boisd.) (Lepidoptera: 
Noctuidae) was collected from the Giza province. Each dead larva 
was picked using sterile forceps and placed in a sterile plastic 
screw-cap bottle. All samples were transferred to the laboratory in 
an  ice    box    and    away    from   direct   sunlight,  microbiological 
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Table 1. Media composition for optimum C.N ratio for Vip3 maximal production. 
 

Media composition 
(g/l) 

Media number 

I II III IV V 

Soybean meal 15 15 15 10 10 

Glucose 10 15 20 5 3 

K2HPO4 1 1 1 1 1 

MgSO4.7H2O 0.05 0.05 0.05 0.05 0.05 

MnSO4.4H2O 0.04 0.04 0.04 0.04 0.04 

FeSO4.7H2O 0.001 0.001 0.001 0.001 0.001 

CaCL2.9H2O 0.2 0.2 0.2 0.2 0.2 

CaCO3 1 1 1 1 1 

C/N ratio 3.16 4.75 3.8 2.4 1.45 

pH adjusted to 7.2 

 
 
 
examinations begun on the same day of sampling. B. thuringiensis 
isolates were recovered from soil and insect samples following the 
method described by Assaeedi et al. (2011).  
 
 
Identification of B. thuringiensis isolates 
 
B. thuringiensis presumptive isolates were preserved at the 
Department of Microbial Molecular Biology, Agricultural and Genetic 
Engineering Research Institute (AGERI), Egypt. The isolates were 
identified using biochemical methods and 16S rRNA gene 
sequencing as previously described (EL-Ghareeb et al., 2012; 
Osman et al., 2013). One isolate was used throughout this study 
which is registered in the GenBank as B. thuringiensis entomocidus 
HD110 (accession number JF811911). 

 
 
Inoculum preparation  
 
Inocula were prepared by growing B. thuringiensis in Luria-Bertani 
Broth (LB) medium at 28 to 30°C for 24 h. The growth was 
measured at OD600 and the absorbance was adjusted to a value of 
0.9. 
 
 
Vegetative cell count 
 
Briefly, 100 μl of an overnight grown culture of B. thuringiensis was 
added to 900 μl of sterile water and mixed thoroughly. Then, l00 μl 
of this suspension was transferred to 900 μl of sterile water and mix 
thoroughly. The serial dilution was repeated until a dilution of 1010 
was obtained. This is called the dilution factor. Each dilution was 
plated on LB agar medium and all the plates were incubated at 
30°C for 48 h. The plates that showed 30 to 300 colonies are ideal 
for counting. Five plates were selected and the average CFUs per 
plate were counted. The number of viable cells per milliliter of the 
sample was calculated by multiplying the average number of 
colonies counted per plate by the reciprocal of the dilution factor 
(Bapat et al., 2006). 

 
 
Determination of the optimum C/N ratio for the vegetative 
insecticidal protein (Vip3) production by B. thuringiensis 
 
Five different media containing glucose (carbon source) and 
soybean meal (nitrogen source) were tested to select  the  optimum 

C/N ratio for Vip3 production media composition (Table 1). Other 
components such as K2HPO4, MgSO4.7H2O, MnSO4.4H2O, 
FeSO4.7H2O, CaCl2.9 H2O and CaCO3 were added to the growth 
media and finally, the pH was adjusted to 7.2 before sterilization. 
Flasks with 50 ml of each medium were inoculated with 1.0 ml of 
inoculum, incubated at 30°C, and agitated at 200 rpm for 12, 14, 
18, and 24 h. 

 
 
Determination of the optimum carbon source for the vegetative 
insecticidal protein (Vip3) production by Bt 
 
Five different media containing different carbon sources (glucose, 
fructose, sucrose, lactose, and corn starch) were examined for the 
optimum carbon source for Vip3 production (Table 2). Soybean 
meal was used as the nitrogen source and other components such 
as K2HPO4, MgSO4.7H2O, MnSO4.4H2O, FeSO4.7H2O, CaCl2.9 
H2O and CaCO3 were added to the medium. Finally, the pH of the 
medium was adjusted to 7.2 before sterilization. Flasks with 50 ml 
of each medium were inoculated with 1.0 ml of inoculum, incubated 
at 30°C, and agitated at 200 rpm for 12, 14, 18 and 24 h. 

 
 
Determination of the optimum nitrogen source for the 
vegetative insecticidal protein (Vip3) production by B. 
thuringiensis 
 
Three different media with different nitrogen sources (soybean 
meal, ammonium sulfate, and urea) were evaluated for the optimum 
nitrogen source for Vip3 production (Table 3). Glucose was used as 
the carbon source and other components such as K2HPO4, 
MgSO4.7H2O, MnSO4.4H2O, FeSO4.7H2O, CaCl2.9H2O, and CaCO3 
were added to the growth media and finally, the pH was adjusted to 
7.2 before sterilization. Flasks with 50 ml of each medium were 
inoculated with 1.0 ml of inoculum, incubated at 30°C, and agitated 
at 200 rpm for 12, 14, 18 and 24 h. 
 
 
Evaluation of common growth media for optimal production of 
(Vip3) protein 
 
Luria-Bertani Broth 
 
Luria-Bertani (LB) medium (Estruch et al., 1996) was prepared by 
dissolving tryptone 10.0 g, yeast extract 5.0 g, sodium chloride 5.0 
g  in  1 L   of  deionized  water.  The  final  pH  of  the  medium  was  
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Table 2. Media composition for optimal carbon source for the maximal production of Vip3 protein. 
 

Media composition 
(g/l) 

Media number 

VI VII VIII IX X 

Soybean meal 15 15 15 15 15 

Glucose 20 - - - - 

Fructose - 20 - - - 

Sucrose - - 20 - - 

Lactose - - - 20 - 

Cornstarch - - - - 20 

K2HPO4 1 1 1 1 1 

MgSO4.7H2O 0.05 0.05 0.05 0.05 0.05 

MnSO4.4H2O 0.04 0.04 0.04 0.04 0.04 

FeSO4.7H2O 0.001 0.001 0.001 0.001 0.001 

CaCL2.9H2O 0.2 0.2 0.2 0.2 0.2 

CaCO3 1 1 1 1 1 

C/N ratio 3.16 4.75 3.8 2.4 1.45 

pH adjusted to 7.2 

 
 
 

Table 3. Media composition for optimum nitrogen source for maximal production of 
Vip3 protein. 
 

Media composition (g/l) 
Media number 

XI XII XIII 

Soybean meal 15 - - 

Ammonium sulfate - 15 - 

Urea - - 15 

Glucose 20 20 20 

K2HPO4 1 1 1 

MgSO4.7H2O 0.05 0.05 0.05 

MnSO4.4H2O 0.04 0.04 0.04 

FeSO4.7H2O 0.001 0.001 0.001 

CaCL2.9H2O 0.2 0.2 0.2 

CaCO3 1 1 1 

C/N ratio 3.16 4.75 3.8 

pH adjusted to 7.2 

 
 
 
adjusted to 7.0. Flasks with 50 ml of the medium were inoculated 
with 1.0 ml of inoculum, incubated at 30°C, and agitated at 200 rpm 
for 12, 14, 18 and 24 h. 

 
 
Terrific Broth  

 
Terrific Broth (TB) medium (Estruch et al., 1996), was prepared by 
dissolving tryptone (12.0 g), yeast extract (24.0 g) and glycerol (4 
ml) in 1 L of deionized water. After autoclaving, 100 ml of the filter-
sterilized solution of 0.17 M KH2PO4 and 0.72 M K2HPO4 was 
added. Flasks with 50 ml of the medium were inoculated with 1.0 ml 
of inoculum, incubated at 30°C, and agitated at 200 rpm for 12, 14, 
18 and 24 h. 

Evaluating the effect of Terrific Broth supplemented with 
various concentrations of glucose on the production of Vip3 
protein  
 

This medium was prepared by adding different concentrations of 
glucose (5, 10, 20, 25 and 30 g/l) to the earlier-described formula of 
terrific broth. Flasks with 50 ml of each medium were inoculated 
with 1.0 ml of inoculum, incubated at 30°C, and agitated at 200 rpm 
for 12, 14, 18 and 24 h. 
 
 

Comparison between formulated and common growth media 
for the Vip3 production by B. thuringiensis 
 

Terrific  Broth  supplemented  with  20 g/l  glucose  as  the  common 
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growth medium (medium 3) and the formulated medium (No. III) 
were compared to select the optimum medium for Vip3 production 
by B. thuringiensis. Flasks were filled with 50 ml of each medium 
and sterilized by autoclaving at 120°C for 20 min. Each flask was 
inoculated with 1.0 ml of inoculum, incubated at 30°C, and agitated 
at 200 rpm for 24 h. 

 
 
Glucose analysis 

 
Glucose was analyzed using the Glucose (GOD-PAP) Vitro Scient 
kit (Vitro Scient, Cairo, Egypt). Each sample was mixed with the R2 

buffer (phosphate buffer 100 mmol l-1, phenol 10 mmol l-1, 4-
aminoantipyrine 0.3 mmol l-1, glucose oxidase 1000 U l-1 and 
peroxidase 700 U l-1) incubation was at 37°C for 10 min or 15 min at 
20 to 25°C. The absorption spectrum was measured from 500 to 
550 nm. 

 
 
Bioassay 

 
The bioassay was performed by growing the bacteria overnight in 
LB broth at 30°C, the growth was measured at OD600 and the 
absorbance was adjusted to a value of 0.9, to ensure that the 
bacteria do not enter the sporulation phase whereby delta 
endotoxin is produced, an OD equal to 0.9 ensures that the bacteria 
are in the vegetative growth stage by which Vip proteins are 
produced (Osman et al., 2015). The bioassay was performed by 
applying each inoculated medium samples on the top of a semi-
artificial insect diet. Ten larvae (3 replicates) of the first instars of A. 
ipsilon were placed on each cup (5.5 cm in diameter and 3.3 cm in 
height), and a 100-µl aliquot of the toxin was tested. Incubation was 
performed at 26°C for 3 days as described earlier by Levinson and 
Navon (1969) and mortality was scored daily. 

 
 
Statistical analysis 

 
A nonparametric t-test was used to compare the vegetative cell 
counts between Luria-Bertani Broth and Terrific Broth, the same test 
was used to compare the vegetative cell counts between formulated 
medium no. III and Terrific Broth. 

 
 
RESULTS  
 
Determination of the optimum C/N ratio for the 
vegetative insecticidal protein (Vip3) production by B. 
thuringiensis 
 
The final pH values of all 5-tested media ranged from 5.9 
up to 6.6 after 18 h. After 24 h, the pH was decreased to 
5.4 in medium II, 5.9 in medium I, and to 5.7 in medium III 
(Figure 1A). The highest vegetative cell count was 
observed in medium III (9.5 ×10

10
 CFU) and it became 

decreased to 4 × 10
10

 CFU in medium V after 24 h 
(Figure 1B). The highest mortality (100%) was recorded 
after 24 h in medium III, while medium V gave the lowest 
mortality (40%) and the lowest vegetative cell count 4 × 
10

10
 CFU after 24 h (Figure 1C). In this respect, medium 

III that contained 20 g/l glucose and 15 g/l soybean (C/N 
ratio = 3.88) seemed to be the choice for optimum 
production of Vip3 proteins. 

 
 
 
 
Determination of the optimum carbon source for the 
vegetative insecticidal protein (Vip3) production by B. 
thuringiensis 
 

The pH values ranged from 5.4 to 6.5 for all 5 tested 
media after 24 h (Figure 2A). Medium VI (containing 
glucose) gave the highest vegetative cell count of 
9.2×10

10
 CFU after 24 h, while medium X, which 

contained corn starch as a carbon source, gave the 
lowest vegetative cell count 5.1×10

10 
CFU after 24 h 

(Figure 2B). Medium VI containing glucose as a carbon 
source gave the highest mortality rate (100%) after 24 h. 
While medium VII, which contained fructose, gave a 
mortality rate of 85% after 14 up to 24 h. Medium VIII and 
IX, which contained sucrose and lactose, gave 70% 
mortality rate after 24 h, while medium X, which contained 
cornstarch, gave 50% mortality rate after 24 h (Figure 
2C). The results indicated that glucose is the optimum 
carbon source for maximal production of Vip3 proteins.  
 
 
Determination of the optimum nitrogen source for the 
vegetative insecticidal protein (Vip3) production by B. 
thuringiensis 
 
The pH values ranged from 5 to 6.6 at all the 3 media 
after 24h (Figure 3A). Medium XI which contained 
soybean meal as the nitrogen source gave the highest 
vegetative cell count of 9.4 ×10

10
 CFU after 24 h, while 

medium XIII containing urea as the nitrogen source gave 
the lowest vegetative cell count of 6.5 ×10

10 
CFU after 24 

h (Figure 3B). Medium XI gave the highest mortality rate 
(100%) after 24 h at the medium containing soybean 
meal as the nitrogen source; whereas medium XII, which 
contained ammonium sulfate as the nitrogen source, 
gave the mortality rate of 70% after 18 h and decreased 
to 60% after 24 h. The medium XIII gave 70% mortality 
after 24 h (Figure 3C). In general, soybean gave optimum 
results for the production of Vip3 proteins.  
 
 

Evaluation of common growth media for optimal 
production of (Vip3) protein 

 
The effect of using Luria-Bertani Broth and Terrific Broth 
for the growth of B. thuringiensis was expressed by 
changes in pH, vegetative count, and mortality. Obtained 
results showed that the pH of the 2 media was within the 
range and showed no bacterial mortality (Figure 4A and B 
and Table 4). However, the vegetative cell count reached 
its maximum only after 14 h in Terrific Broth with a 100% 
mortality rate (Figure 4B and Table 4). While in LB, the 
vegetative cell count reached the maximum after 24 h 
with an 80% mortality rate (Figure 4A and Table 4). Figure 
4A and B and Table 4 show that the Terrific Broth was 

significantly (P 0.01, t-test) better than the LB medium, 
which may be due to the presence of a higher amount of 
glucose (5, 10, 20, 25 and 30 g/l) in the Terrific Broth. 
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Figure 1. Determination of the optimum C/N ratio for maximal production of Vip3 protein, 
expressed in (A) pH changes; (B) vegetative count (x 1010) and (C) mortality %, measured after 
12, 14, 18 and 24 h of shaking incubation. 

 
 
 
Effect of using terrific broth supplemented with 
different glucose concentrations on the growth of 
Vip3 toxin production by B. thuringiensis 
 

The results showed that the vegetative cell count and 
mortality rate were increased and reached 8.0 ×10

10
 CFU 

and 100% mortality after 14 h in Terrific Broth 
supplemented with 20 g/l of glucose. It is interesting to 
note that when glucose was increased to more than 20 
g/l in medium 4 and 5, the vegetative cell count 
decreased  to   5.4×10

4   
CFU   with   50%   mortality   rate 

(Figure 5A, B and C). 
 
 

Comparison between the best formulated medium 
and common growth medium on the growth of Vip3 
toxin production by B. thuringiensis 
 
Obtained results showed that medium III (20 g/l glucose + 
15 g/l soybean) was the best formulated medium; 
whereas medium 3 (Terrific Broth supplemented with 20 
g/l glucose)  was  the  best  common  growth  medium.  A   
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Figure 2. Determination of the optimum carbon source for maximal production of Vip3 protein, 
expressed in (A) pH changes; (B) vegetative count (x 1010) and (C) mortality %, measured 
after 12, 14, 18 and 24 h of shaking incubation. 

 
 
 
comparison between the 2 media was important to select 
the optimum growth media for Vip3 production expressed 
by changes in pH (Figure 6A and Table 5), vegetative cell 
count, residual glucose, and mortality rate. The highest 
vegetative cell count of 8.4 ×10

10
 CFU in medium III was 

only reached after 24 h; however, medium 3 gave its 
highest vegetative cell count of 10 ×10

10
 after 22 h 

(Figure 6B and Table 5). Overall, significant differences 

(P  0.01, t-test) were noted in terms of vegetative cell 
count between the 2 media, where medium 3 was 
superior in yielding 10-folds higher vegetative cell count 
after 12, 14, 16, 18 and 20 h (Table 5). Bacterial mortality 
rate of 100% was reached in medium III after  24 h,  while 

in medium 3, the mortality rated reached 100% after 14 h 
(Figure 6C and Table 5). The residual glucose decreased 
from 20 to 12 g/l in medium III. However, medium 3, 
residual glucose reduced to 1.833 after 24 h (Figure 6D 
and Table 5). Therefore, Terrific Broth supplemented with 
20 g/l glucose showed more superiority than the 
formulated medium III (20 g/l glucose + 15 g/l soybean) 
for the maximal production of Vip3 proteins. 
 
 
DISCUSSION 
 
Recently  the  B.  thuringiensis  has  been selected as the  



Alshehrei et al.           223 
 
 
 

0	

1	

2	

3	

4	

5	

6	

7	

XI	 XII	 XIII	

p
H
	v
al
u
e	

Medium	No.	

(A)	

12	

14	

18	

24	

 

0	

2	

4	

6	

8	

10	

12	

XI	 XII	 XIII	

M
o
rt
al
it
y	
%
	

Medium	No.	

(B)	

12	

14	

18	

24	

 

0	

20	

40	

60	

80	

100	

120	

XI	 XII	 XIII	

M
o
rt
al
it
y	
%
	

Medium	No.	

(C)	

12	

14	

18	

24	

  
 

Figure 3. Determination of the optimum nitrogen source for maximal production of Vip3 protein, 
expressed in (A) pH changes; (B) vegetative count (x 1010) and (C) mortality %, measured after 12, 14, 
18 and 24 h of shaking incubation. 

 
 
 
most successful commercial biopesticide used worldwide. 
It has been applied to protect crops and plants, and it is 
also expected to replace inorganic insecticides in several 
areas of application (Jouzani et al., 2017). Vip3A is a 
novel toxin with a broad spectrum of insecticidal activity 
and with a mode of action different from Cry1A toxins 
(Osman et al., 2015, 2018; Wang et al., 2018). Vip3 
promises to be a new measure to kill insect pests.  

Optimization of a cost-effective process of Vip3A 
production from B. thuringiensis necessitates the 
development of a fermentation method that allows the 
production of high amounts of  Vip3a  protein   toxin.  The 

aim of this study was to investigate the possibilities of 
supplying adequate amounts of glucose and other 
nutrients to maximize cell growth and Vip3 production 
using B. thuringiensis. 

Previous studies (Dulmage, 1971; Gopinathan et al., 
2016) showed that the C/N ratio was the key for B. 
thuringiensis vegetative toxins production. Thus, we 
optimized the C/N ratio to optimum level for maximal 
production of Vip3 proteins. The following ratios (1.45-
4.75) were tested and the selection of the medium 
components was carried out based on the following 
considerations:  (i)   soybean   meal   was   used   as   the  
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Figure 4. Comparison between LB (A) and Terrific broth (B) for the maximal production of Vip3 proteins 
expressed in pH changes, vegetative counts (x 1010) and mortality percentage measured after 12, 14, 18 and 24 h 
of shaking incubation. 

 
 
 

Table 4. Comparison between LB and TB for maximal production of Vip3 protein. 
 

Incubation 
time (h) 

pH  Vegetative cell count  Mortality % 

LB TB  LB TB  LB TB 

12 5.68 6.82  2.2 × 10
4 

3.2 × 10
9 

 44 60 

14 5.67 6.5  2.8 × 10
4 

4.6 × 10
10 

 56 100 

18 5.58 6.2  3.5 × 10
4 

4.1 × 10
10 

 72 100 

24 5.2 5.9  4.6 × 10
4 

3.5 × 10
10 

 80 95 

P   0.01   
 

LB = Luria-Bertani, TB = Terrific Broth. P = is the t- test, for testing the null hypothesis that the vegetative cell count of Bt is similar when 
using LB or TB. Significant difference is observed in the vegetative cell count at 0.01 level, thus rejecting the null hypothesis, and terrific broth 
proved to be a better medium for maximal growth of Bt, and subsequently, maximal production of Vip3 protein. 

 
 
 
nitrogen source as it was cheap and locally available; (ii) 
glucose was used as the carbon source as it is easily 
metabolized and easily available; (iii) potassium 
phosphate was used as the phosphate source; (iv) 
calcium carbonate was used  as  the  buffering  agent; (v) 

magnesium sulfate, manganese sulfate, ferrous sulfate, 
and calcium chloride were used as sources of trace 
elements. By increasing time, the vegetative cell count 
was increased in medium III (that is, from 7.4 × 10

10 
CFU 

after  12 h  to  9.5  ×  10
10

  CFU  after  24 h);  whereas, in
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Figure 5. Evaluation of Terrific broth supplanted with various concentrations of glucose; 1 (5 g/l); 2 (10 
g/l), 3 (20 g/l); 4 (25 g/l) and 5 (30 g/l) for the maximal production of Vip3 proteins, expressed in (A) pH 
changes, (B) vegetative counts (x 1010) and (C) mortality percentages, measured after 12, 14, 18 and 
24 h in shaking incubation. 

 
 
 
medium II, the vegetative cell count increased from 7.2 × 
10

10
 CFU after 12 h to 8.5× 10

10
 CFU after 24 h (Figure 

1B). In medium I, IV, and V, the total cell count was 
constant during the growth period (Figure 1B), which 
means that the C/N ratios are not suitable for Vip3 
production. These were also reflected in the results of 
mortality assay as these media (I, IV, and V) showed the 
lowest mortalities (Figure 1C). Based on the results 
obtained, we suggest that the C/N ratio of 3.88 was the 
best ratio for vegetative protein production. These results 
were also in agreement with the results reported by 
Dubois et al. (2019) who  stated  that  the  carbon content 

should be higher than the nitrogen content to obtain a 
higher vegetative count, delay sporulation, and crystal 
formation in B. thuringiensis cultures. 

Different carbon sources, including complex sugars 
such as cornstarch and disaccharides (e.g. lactose and 
sucrose) were examined for optimum growth of B. 
thuringiensis. The highest vegetation cell count was 
obtained by glucose 7.8 × 10

10
 CFU with the highest 

mortality rate of 100%, while cornstarch showed the 
lowest vegetative count of 5.1 ×10

10 
CFU and a mortality 

rate of 50%. This may be due to the fact that glucose is 
rapidly metabolized and is known to repress the formation  
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Figure 6. Comparison between formulated medium III (20 g/l glucose + 15 g/l soybean) and Terrific Broth 
supplemented with 20 g/l glucose (medium 3) for the maximal production of Vip3 proteins, expressed in 
(A) pH changes, (B) vegetative counts (x 1010), (C) residual glucose and (D) mortality percentages, 
measured at different incubation hours in shaking cultures. 

 
 
 
of proteolytic and Tri Carboxylic Acid (TCA) cycle 
enzymes in Bacillus (Doi, 1989), which supply precursor 
metabolites   for    the    formation   of  sporulation-phase-

associated protein (Berbert et al., 2008). 
Different nitrogen sources were also examined including 

soybean,  organic  soluble source like urea, and inorganic 
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Table 5. Comparison between formulated media and TB with 20 g/l glucose for maximal production of Vip3 protein. 
 

Media type Formulated media (III)  Terrific Broth with 20 g/l glucose (3) 

Incubation 
time (h) 

pH Veg. count 
Residual 
glucose 

(g/l) 

Mortality 
% 

 
pH Veg. count 

Residual 
glucose 

(g/l) 

Mortality 
% 

0 7.2 5.2 × 10
2 

20 0  7.2 6.1 × 10
2 

20 0 

2 6.9 2.2 × 10
3 

19.5 0  6.9 2.1 × 10
3 

18.23 0 

4 6.8 3.2 × 10
4 

19 0  6.9 3.5 × 10
4
 15.22 0 

6 6.8 4.2 × 10
5 

18.2 0  6.9 4.3 × 10
5 

10.86 0 

8 6.7 5.1 × 10
6 

18 0  6.8 5.4 × 10
6 

8.2 0 

10 6.7 5.8 × 10
7 

17 15  6.8 6.2 × 10
7
 7.1 15 

12 6.6 6.2 × 10
8
 15 80  6.72 8.2 × 10

9 
6.66 90 

14 6.5 7.2 × 10
9 

14.5 90  6.5 9.2 × 10
10 

5.1 100 

16 6.4 7.4 × 10
9 

14 90  6.5 9.4 × 10
10 

4.2 100 

18 6.4 7.6 × 10
9
 13.5 90  6.2 9.6 × 10

10 
3.1 100 

20 6.0 7.8 × 10
9 

13 95  6.0 9.8 × 10
10 

3.3 100 

22 5.9 8.2 × 10
10 

12.4 95  6.0 10 × 10
10 

2.1 100 

24 5.7 8.4 × 10
10 

12 100  5.9 9 × 10
9 

1.83 95 

P  0.01     0.01   
 

P = is the t- test, for testing the null hypothesis that the vegetative cell count of Bt is similar when using formulated medium (III) or Terrific Broth 
supplemented with 20 g/l glucose (3). Significant difference is observed in the vegetative cell count at 0.01 level, thus rejecting the null 
hypothesis, and Terrific Broth supplemented with 20 g/l glucose (medium 3) proved to be a better medium for maximal growth of Bt, and 
subsequently, maximal production of Vip3 protein. 

 
 
 
source (ammonium sulfate). The soybean meal gave the 
highest vegetative count when used as the nitrogen 
source; similar observation was made by Sadek (2000) 
and Smitha et al. (2019). The vegetative cell count was 
increased in medium I (that is from 7.4 × 10

10 
CFU after 

12 h to 9.5 × 10
10

 CFU after 24 h). On the other hand, the 
vegetative cell counts in medium number XI and XII 
(Table 3) were very poor with high mortalities (Figure 3A, 
B and C). Morris et al. (1997) stated that among the 
legumes, soybean meal showed the highest relative 
economic yield of biomass and relative potency against 
bertha armyworm larvae.  

The experimental pH was within 5 to 6.6 and did not 
show any negative effect on the growth, which is in 
agreement with the results by Morris et al. (1997) who 
suggested that the pH within 5 to 6 did not produce any 
recoverable spore-crystal complex. Also, Bernhard (1993) 
concluded that Bt was not particularly sensitive to pH and 
growth will occur between pH 5.5 and 8.5 with optimum 
growth between pH 6.5 and 7.5.  

Luria-Bertani (LB) and Terrific Broth (TB) media are 
nutrient-rich media primarily used for the growth of 
bacteria. They are composed of the following ingredients: 
(i) peptides and casein peptones; (ii) vitamin (including B 
vitamin); (iii) trace elements (e.g., nitrogen, sulfur, 
magnesium); and (iv) minerals. Peptides and proteins are 
provided by tryptone. Vitamin and certain trace elements 
are provided by yeast extract. Sodium ions responsible 
for transport and osmotic balance are provided by sodium 
chloride.  In  addition,   Terrific   Broth   contains  glycerol, 

which is a cheap carbon source (Estruch et al., 1996). 
A comparison between LB and TB media for the growth 

of B. thuringiensis was expressed by changes in pH, 
vegetative count, and mortality rates were included in this 
study. Obtained results showed that the pH of the two 
media was within the range and showed no bacterial 
mortality, this in agreement with the results of Bernhard 
(1993). However, the vegetative count reached its 
maximum only after 14 h in Terrific Broth with a 100% 
mortality rate. While in the LB, vegetative cell count 
reached the maximum after 24 h with 80% mortality rate. 
This is, probably, because the TB contained a higher 
amount of glucose than the LB medium, which helped TB 
to reach a high vegetative count within 14 h. Thus, B. 
thuringiensis growing in TB may produce Vip3 proteins 
faster than growing in LB medium.  

Exploring the supplementation of TB with varied 
concentrations of glucose, showed that the vegetative cell 
count and mortality rates were increased and reached 
8.0×10

10
 CFU and 100% mortality rate after 14 h in TB 

containing 20 g/l of glucose. It is interesting to note that 
when glucose was increased to more than 20 g/l in media 
4 and 5 the vegetative cell count decreased to 5.4×10

4 

CFU with 50% mortality rate. A similar result was also 
noted by Holmberg et al. (1980) who reported that a high 
concentration of nutrients inhibits the growth of B. 
thuringiensis var. thuringiensis by reducing sporulation 
and releasing of toxins. However, the opposite results 
were observed by Berbert-Molina et al. (2008) who stated 
that  for  the  growth  of  B.  thuringiensis  var.  kurstaki,  a  

http://en.wikipedia.org/wiki/Peptides
http://en.wikipedia.org/wiki/Casein
http://en.wikipedia.org/wiki/Peptide
http://en.wikipedia.org/wiki/Vitamins
http://en.wikipedia.org/wiki/Tryptone
http://en.wikipedia.org/wiki/Sodium_chloride
http://en.wikipedia.org/wiki/Sodium_chloride
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maximum glucose concentration (56 g/l) can be utilized. 
Most of the studies state that the substrate concentration 
should not exceed 23 g/l. The main problem of adding 
higher glucose concentrations in the medium, however, is 
the formation of acetate, which in un-buffered media 
causes a substantial drop in pH. Phosphate buffer helps 
control the growth rate by gradual glucose feeding rather 
than just putting in all the glucose at once. 

As Terrific Broth supplemented with 20 g/l glucose 
(medium 3) showed a promising optimum growth of B. 
thuringiensis; and C/N ratio for Vip3 production was 
shown to achieve increased growth of the bacteria 
(medium III), thus, a comparison between the two media 
on the basis of pH, vegetative cell count, residual glucose 
and mortality rates was performed every 2 h for 24 h. In 
medium III, the vegetative cell count increased from 2.2 
×10

3
 CFU (after 2 h) to 8.4 ×10

10
 CFU (after 24 h), while 

in medium 3 (terrific broth + 20 g/l glucose) vegetative 
cell counts were 2.1 ×10

3
 CFU initially but reached 10 

×10
10

 CFU within 22 h. Bacterial mortality rate was 
(100%) in medium III after 14 h. An interesting thing to 
note was the residual glucose in both the medium after 
24 h. Medium III consumed only 6.5 g of glucose, while 
medium 3 consumed 18.2 g of glucose. Although both the 
media (medium 3 and medium III) exhibited similar 
bacterial growth, medium 3 showed 100% bacterial 
mortality rate after 14 h and consumed a high amount of 
glucose. Therefore, medium 3 (TB with 20 g/l glucose) 
was better than the formulated medium III (20 g/l glucose 
and 15 g/l soybean) and thus we suggest to consider it as 
the low-cost medium of choice for maximal production of 
Vip3.   

 
 
Conclusion 

 
An optimized C/N ratio of 3.88 as glucose and soybean 
that served as carbon and nitrogen source, respectively, 
was shown to provide optimum growth conditions for 
increased growth of B. thuringiensis and subsequently 
higher yield of Vip3 protein production. However, Terrific 
Broth supplemented with 20 g/l glucose yielded optimum 

growth significantly (P 0.01, t-test) after 12, 14, 16, 18 
and 20 h than the formulated medium with optimized C/N 
ratio of 3.8. Highest vegetative cell counts of B. 
thuringiensis in medium no. 3 was noted after 22 h; thus, 
indicating a higher production of Vip3 protein. The 
findings reported in this study should contribute to the 
low-cost production of Bt Vip3 proteins and encourage 
large scale production of the toxin. This is perhaps the 
first study to optimize the growth conditions of B. 
thuringiensis for the maximal production of Vip3A toxin.  
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