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Proteases are important commercial enzymes, and among their numerous sources are the 
Basidiomycetes. The use of proteases in many industrial areas promotes the search for enzymes with 
new properties. The aim of this study is to produce and characterize peptidases of a biocomposite from 
mycelial biomass grown in Amazonic tubers. Lentinus citrinus DPUA 1535 and Pleurotus 
ostreatoroseus DPUA 1720 were cultivated on Dioscorea trifida, Manihot esculenta and Dioscorea alata 
supplemented with rice bran or manioc flour residue in different proportions. The highest proteolytic 
activity was determined in the crude extract from P. ostreatoroseus grown in D. alata (DA) without 
supplementation (142.22 U/mL). The enzymes showed optimum activities at 40°C and pH 7.0; and 
stability at 50°C and pH 8.0. The proteases were classified as cysteine proteases based on the effect of 
inhibitors used.  
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INTRODUCTION  
 
Proteases are enzymes with important biotechnological 
use. They have applications in chemical and biochemical 
reaction on food, beverages, pharmaceutical products 
and cosmetics. Proteases represent one of the biggest 
groups of world industrial enzymes with perspective 
increasing around 7% until 2020 (Singh et al., 2016; 
Geng et al., 2016; Chandrasekaran et al., 2015).  

Peptidases   can   be   obtained   from    microorganism  

(bacteria and fungi), plants or animals. However, the 
microbial sources of these enzymes have preference to 
be used as protease producers due to their physiological 
and biochemical properties, suitability to genetic 
manipulation and short time of fermentation process 
(Sharma et al., 2017; Souza et al., 2016).  

The edible mushrooms, Lentinus crinitus, Lentinus 
citrinus, Pleurotus ostreatoroseus,  Pleurotus  florida  and
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Table 1. Substrates mixtures in solid state fermentation of L. 
citrinus and P. ostreatoroseus. 
 

Substrate  Proportion (tuber : supplement) 

ME 100:0 

ME+RB10 90:10 

ME+RB20 80:20 

ME+MR10 90:10 

ME+MR20 80:20 

DT 100:0 

DT+RB10 90:10 

DT+RB20 80:20 

DT+MR10 90:10 

DT+MR20 80:20 

DA 100:0 

DA+RB10 90:10 

DA+RB20 80:20 

DA+MR10 90:10 

DA+MR20 80:20 
 

Substrates: ME= Manihot esculenta, DT= Dioscorea trifida, DA= 
Dioscorea alata, RB= rice bran, MR= manioc flour residue. 

 
 
 

Pleurotus albidus have been reported as enzymes 
sources, including proteases (Fonseca et al., 2014; 
Kirsch et al., 2011; Martim et al., 2017; Souza et al., 
2016). Edible mushrooms are consumed by many 
civilizations for centuries due to their nutritional and 
dietetic properties. They present high quantities of 
protein, fiber and low levels of fats and produce enzymes, 
vitamins, antimicrobial compounds, antioxidants and 
immune stimulants (Reid et al., 2017).  

Edible mushrooms promote important benefit to health 
due to their nutritional composition. Their protein content 
is similar to the ones from animal and plant sources and 
higher than most of other food. Edible mushrooms 
contain all essential amino acids that are required in 
human diet (Nwoko et al., 2017).  

The cultivation of mushrooms to produce 
biocompounds from the combination of mycelium and 
substrates of different compositions allows one to obtain 
many compounds of biological activity (Haneef et al., 
2017). Pulp of tubers of Dioscorea trifida (cará-roxo), 
Dioscorea alata (inhame roxo) and Manihot esculenta 
(macaxeira) can serve as substrates with nutritional 
properties that can be used to cultivate edible 
mushrooms and also for the production of biocatalysts as 
peptidases. Considering the availability of edible tubers in 
Amazon, this research aims to produce and characterize 
peptidases of a biocomposite from mycelia biomass 
grown in Amazonic tubers.  
 
 
MATERIALS AND METHODS  
 

Edible mushrooms  
 

L. citrinus DPUA 1535 and P. ostreatoroseus DPUA 1720 were  the 
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selected edible mushrooms species for this study (Micoteca DPUA, 
Federal University of Amazonas- UFAM). The mushrooms were 
cultivated on potato dextrose agar (PDA) with 0.5% (w/v) yeast 
extract to obtain the matrix culture.  
 
 
Substrates 
 
The tubers D. trifida (cará-roxo), M. esculenta (macaxeira) and D. 
alata (inhame-roxo) were obtained from a local market of Manaus 
(Amazonas/Brazil). They were washed and sanitized in sodium 
hypochlorite (50 ppm) for 10 min. The peel was removed and the 
tubers were cut in cubes of 1 cm, distributed in polyethylene bags 
and sterilized at 121°C for 10 min (Brasil, 2007).  
  
 
Inoculum selection  
 
The inoculum was chosen from selection of culture media. The 
mushrooms were cultivated on potato agar dextrose with 0.5% (w/v) 
yeast extract (PDA) and oat bran agar with 0.1% yeast extract 
(OMYA) distributed in Petri dishes. The cultures were maintained at 
25°C for 8 days in the absence of light. The selected culture 
medium was the one that promoted significant radial growth. The 
radial growth was evaluated by measuring the colony diameter 
every 24 h until there was complete colonization of medium surface 
in the dish.  

The mycelial vigor was classified by a subjective method of 
grades: grade 1 weakly dense, grade 2 moderately dense and 
grade 3 strongly dense (Fonseca et al., 2014). The medium that 
promoted significant radial growth was used for mushroom 
cultivation. From this culture, 10 mycelial discs (Ø = 10 mm) were 
inoculated in 50 mL of glucose, peptone and yeast extract (GYP). 
The fermentation was carried out at 25°C and 150 rpm. After five 
days, the biomass was separated from crude extract by filtration 
using an aluminum sieve (Ø = 75 mm).  
 
 
Solid state fermentation  
 
The recovered biomass of submerged fermentation was inoculated 
in the substrates supplemented with rice bran or manioc flour 
residue (crueira) in different proportions (Table 1). The patterns 
were the substrates without supplementation. The fermentation was 
carried out at 25°C, in the absence of light, 60% humidity, until 
there was complete colonization of the mycelium in the substrates. 
All the experiments were made in triplicate 

After myceliation was completed in the tubers, they were 
dehydrated at 40°C in forced air oven for 24 h. Then, they were 
crushed and the granules were standardized with sieve of 10 mesh 
diameter.  

 
 
Enzymes extraction and determination of proteolytic activity  
 
The enzymes were extracted in distilled water using the proportion 
1:5 (myceliated tuber : water). The mixture was maintained at 25°C, 
and 150 rpm for 1 h. The crude extract was recovered by vacuum 
filtration using Whatman no. 1 filter paper.  
Proteolytic activity was determined according to the methodology 
described by Leighton et al. (1973). A mixture containing 0.15 mL of 
crude extract and 0.25 mL substrate [1% (w/w) azocasein in 0.2 M 
Tris-HCl buffer, pH = 7.2] was incubated for 60 min in the absence 
of light. The reaction was interrupted by addition of 10% (w/w) 
trichloroacetic acid and centrifuged (8000 rpm) for 15 min at 4°C. 
The supernatant (0.8 mL) was added to 1.4 mL of 1 M NaOH. One 
unit of proteolytic activity was defined as the amount of enzyme that 
promotes a 0.01 increase of absorbance in one hour at 440 nm. 
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Table 2. Morphological characteristics and mycelial growth (mm) of L. citrinus and P. ostreatoroseus cultivated in PDA + YE and OMYA 
+ YE (after 6 days). 
 

Mushroom Media  Mycelium color Mycelial vigor Mycelial growth (mm) 

L. citrinus DPUA 1535  PDA + YE 0.5% OMYA + YE 0.1%  
White  2 48.8±0.2

b
 

White  2 65.5±0.3
a
 

P. ostreatoroseus DPUA 
1720  

PDA + YE 0.5% OMYA + YE 0.1%  
White  2 64.0±0.1

b
 

Pinksh  3 67.0±0.2
a
 

  

Means with same letters in a row are not different according to Tukey’s test (p<0.05). PDA = Potato dextrose agar; YE = yeast extract, OMYA = 
oat bran agar. 

 
 
 

Effect of pH and temperature on enzyme activity and stability  
 
To assay optimum pH, proteolytic activity was determined at 25°C, 
with azocasein in different pH ranges using the following 0.1 M 
buffer solutions: citrate (5.0 and 6.0), phosphate (7.0 and 8.0) and 
carbonate-bicarbonate (9.0 and 10.0). Optimum temperature was 
determined by incubating the enzyme extract with azocasein at 
temperatures ranging from 25 to 80°C and assaying the activity at 
the pH determined as optimum.  

For the pH stability, the crude extract was dispersed (1:1), for 
one hour, in the following 0.1 M buffer solutions: citrate (5.0 and 
6.0), phosphate (7.0 and 8.0) and carbonate-bicarbonate (9.0 and 
10.0); it was incubated in azocasein and maintained at optimum 
temperature for 1 h. For thermal stability study, the enzyme extracts 
were incubated in azocasein at different temperatures ranging from 
25 to 80°C for 1 h. All samples were prepared in triplicate.  
 
 
Effect of protease inhibitors and metal ions on enzyme activity  
 
The effect of inhibitors and metal ions on enzyme activity was 
investigated by using 10 mM of calcium chloride (CaCl2), potassium 
chloride (KCl), sodium chloride (NaCl), copper sulphate (CuSO4), 
ferrous sulphate (FeSO4), zinc sulphate (ZnSO4) and protease 
inhibitor compounds such as phenyl-methylsulfonyl fluoride 
(PMSF), ethylene-diaminetetraacetic acid (EDTA), iodoacetic acid 
and pepstatin A (10 mM). The crude extracts were incubated with 
the solutions of ions and inhibitors at 50°C for 1 h. After this time, 
they were incubated in 1% (w/v) azocasein at 40°C for 60 min, in 
the absence of light. Residual enzyme activities were determined 
and compared with the control which was incubated without the 
inhibitors (0% inhibition) and metal ions and corresponds to 100% 
of enzyme activity. All samples were prepared in triplicate (Alecrim 
et al., 2015).  
 
 
RESULTS AND DISCUSSION  
 
Inoculum selection  
 
Table 2 shows the results of radial growth of L. citrinus 
and P. ostreatoroseus in solid medium, for six days. The 
significant value of growth and higher mycelial density in 
both cultures was observed in oat bran agar and yeast 
extract (OMYA+YE) medium (67.0 and 65.5 mm, 
respectively).  

L. citrinus presented moderately dense white mycelium 
in OMYA+YE and in potato dextrose agar and yeast 
extract (PDA+YE), while P. ostreatoroseus presented 
moderately dense white mycelium in PDA+YE and 

strongly dense pinkish mycelium in OMYA+YE. 
According to these results, OMYA+YE medium was 
considered appropriate for the growth of both cultures in 
the analyzed conditions. The results are similar to other 
studies that presented mushroom growth and 
morphology in pure culture using different culture media. 
This proves that this condition influences fungi growth 
(Sastre-Ahuatzi et al., 2007; Wiriya et al., 2014; Masoumi 
et al., 2015).  

The effect of different media cultures on the mycelial 
growth of basidiomycetes was reported in the study of 
Okwulehie and Okwujiako (2008). They observed that 
OMYA stimulated the growth of P. ostreatus var. florida 
Eger. Lentinula edodes presented a dense mycelium 
when cultivated on OMYA in the study of Escobar et al. 
(2007). The oat is considered a food with high nutritional 
value containing carbohydrates, amino acids, minerals 
and vitamins (Rasane et al., 2015). The in vitro cultivation 
aims to clarify the optimum conditions of fungi species 
growth related to availability of nutrients in the medium 
culture, temperature and time of incubation. This 
knowledge is an important prerequisite to possible 
cultivation in large scale (Andrade et al., 2010).  
 
 
Proteolytic activity  
 
The proteolytic activity of the extracts obtained from L. 
citrinus and P. ostreatoroseus solid fermentation in 
different mixtures of tubers and supplements is shown in 
Table 3. In all studied conditions of solid fermentation, 
proteases were produced, but the protease activity was 
different according to the type of supplementation and 
fungi species. The highest proteolytic activity was 
determined from P. ostreatoroseus grown in D. alata (DA) 
without supplementation (142.22 U/mL), while the lowest 
proteolytic activity (24.88 U/mL) was determined in M. 
esculenta supplemented with 10% of manioc residue 
(ME+MR 10). L. citrinus presented high proteolytic 
activity in DF+RB 20 (52.40 U/mL) and low in DA+RB 10 
(10.73 U/mL). The results of this study with P. 
ostreatoroseus were higher than the ones reported by 
Fonseca et al. (2014), who observed significant proteolytic 
activity (7.89 U/mL) from P. ostreatoroseus using 
cupuaçu exocarp supplemented  with  20%  rice  bran  as 
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Table 3. Proteolytic activity of L. citrinus and P. ostreatoroseus cultivated in tropical tubers 
supplemented with rice bran or manioc flour residue. 
 

Treatment  L. citrinus (U/mL) P. ostreatoroseus (U/mL) 

ME  23.11±1.9
l
 31.26±0.6

ij
 

ME+RB20  51.11±0.7
cd

 43.11±3.1
fg
 

ME+RB10  41.33±2.3
g
 22.46±0.4

l
 

ME+MR20  43.55±1.5
fg
 37.33±2.6

h
 

ME+MR10  32.66±0.6
i
 18.00±0.6

m
 

DA  29.97±0.21
ij
 142.22±0.8

a
 

DA+RB20  28.37±0.7
jk
 48.89±2.3

cd
 

DA+RB10  10.73±0.2
n
 24.88±0.3

kl
 

DA+MR20  30.11±0.3
ij
 45.15±0.5

ef
 

DA+MR10  30.40±0.1
ij
 44.31±0.1

efg
 

DT  42.47±0.1
fg
 51.04±0.2

cd
 

DT+RB20  52.40±0.11
bc

 54.82±0.7
b
 

DT+RB10  23.97±0.23
l
 49.04±0.1

cd
 

DT+MR20  47.80±0.1
de

 32.26±0.3
i
 

DT+MR10  44.37±0.2
efg

 44.66±0.5
efg

 
 

Substrates: ME = (1) Manihot esculenta, DT = Dioscorea trifida, DA= Dioscorea alata, RB = rice bran, 
MR= manioc flour residue.  Means with same letters in the line are not different according to Tukey’s test 
(p<0.05). 

 
 
 

substrate. Similar results were reported by Machado et 
al. (2016) and Souza et al. (2016) that cultivated L. 
citrinus on cupuaçu exocarp supplemented with litter and 
pineapple bark without supplementation, respectively. 
The results of this investigation revealed that the use of 
the tubers, especially D. alata, as substrates promoted 
the production of proteases by P. ostreatoroseus and L. 
citrinus. 
 
 
Effect of pH and temperature on enzyme activity and 
stability 
 
The proteolytic enzymes presented activity in all pH 
ranges analyzed. However, the optimum activity was 
observed at pH 7.0, maintaining around 88% of activity at 
pH 6.0. These results are in agreement with the ones 
reported by Fonseca et al. (2014) who cultivated P. 
ostreatoroseus on amazonic substrates (sawdust, açai 
seeds, cupuaçu exocarp, pineapple peel and pineapple 
pulp) and observed optimum activity of the enzymes at  
pH 6.0 to 7.0. 

The production of extracellular proteases from P. 
ostreatorouseus cultivated on DA is probably associated 
with the mushroom that needs to be hydrolyzed in 
different types of substrates as nutritional source of 
protein. Nirma et al. (2011) reported that fungi can 
produce acid, neutral and alkaline proteases. One single 
species is capable to produce more than one kind of 
these enzymes with optimum activity in a wide range of  
pH (4.0 to 11.0).  

P.    ostreatoroseus    also    showed    activity    in     all  

temperatures tested. But, the optimum activity was 
observed at 40°C. From this temperature, there was an 
increased activity (Figure 1B). At high temperatures, the 
enzymes suffer protein denaturation because the 
intramolecular bonds are affected (Ahmed et al., 2011). 
In the studies of Fonseca et al. (2014), Guan et al. (2011) 
and Machado et al. (2016), the optimum temperature 
activity of the mushrooms P. ostreatoroseus, Pholiota 
nameko and L. citrinus was also determined at 40 and 
50°C, respectively.  

The stability of pH and temperature is an important 
parameter in the enzymes application due to their 
determination of economic availability in the industrial 
processes (Moretti et al., 2012). The proteases of P. 
ostreatoroseus maintained stability at pH 7.0 and 8.0 with 
relative activity of 95 and 100%, respectively, for 60 min. 
The reduction of pH stability was observed at pH 9.0 
(Figure 2A). At 40 and 50°C, the stability was maintained 
in 94 and 100% during 60 min. The inactivation of the 
enzymes was determined at 70°C (Figure 2B). According 
to Cheng et al. (2012), the thermostability of mushrooms 
proteolytic enzymes can be variable. Proteases from L. 
citrinus cultivated on cupuaçu exocarp and litter were 
active in all the temperatures tested. However, at 30°C 
they exhibited high activity for 60 min (Machado et al., 
2016).  
 
 
Effect of protease inhibitors and metal ions on 
enzyme activity  
 
The enzymes of P. ostreatoroseus were  inhibited  at  95, 
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Figure 1. Effect of pH (A) and temperature (B) on proteolytic activity of P. ostreatoroseus cultivated on Dioscorea alata. 

 
 
 

 
 

Figure 2. Effect of pH (A) and temperature (B) on stability of proteolytic activity of P. ostreatoroseus cultivated on D. alata.  

 
 
 
94 and 87% by iodine acetic acid, PMSF and EDTA, 
respectively. These results suggest that the proteases be 
classified as cysteine, metalo and serine proteases. 
Some studies report the production of different types of 
proteases by mushrooms. Lebedeva and Proskuryakov 
(2009) and Zhang et al. (2010) observed inhibition in the 
proteases activity of P. ostreatus (Fr.) Kumm and 
Hypsizigus marmoreus, respectively using PMSF. This 
suggests the presence of serine proteases.  

Based on the effect of metallic ions on the activity of P. 
ostreatoroseus enzymes, the ions Cu

2+ 
and Zn

2+
 caused 

a  reduction  of   95%   (Table  4).   However,   at   similar 

conditions, the ions K
+
,
 
Mg

2+ 
and Ca

2+ 
did not have high 

influence on the proteases activity. Martim et al. (2017) 
showed that Zn

2+ 
increased the activity of P. albidus 

enzymes at 78%. Ahmed and Helmy (2012) also 
observed the influence of Zn

2+
 at 67.7% with Bacillus 

licheniformis 5A5 enzymes. Couto and Sanromán (2006) 
showed that the interaction of metallic ions with fungi  
enzymes white rot is particularly important to the 
comprehension of biotechnology processes regulation of 
fungi degradation. The metallic ions can bond to amino 
acid residues and modify the protein structure that can 
have positive or negative proteolytic activity (Merheb-Dini  

  

A B 

  

A B 



 
 
 
 

Table 4. Effect of metallic ions and inhibitors on the activity of 
proteases from P. ostreatoroseus. 
 

Metallic ion and inhibitor Inhibition (%) 

Control 0 

Cu
2+

 95±0.7 

Zn
2+

 95±0.3 

Fe
2+

 34±0.6 

Mg
2+

 11±0.7 

Mn
2+

 52±0.3 

Ca
2+

 17±0.1 

K
+
 11±0.7 

Na
+
 21±0.6 

Iodoacetic acid 95±0.2 

EDTA 87±0.1 

PMSF 94±0.8 

Pepstatin A 36±0.1 

 
 
 
et al., 2010).  
 
 
Conclusion 
 
The significant values of proteolytic activity were 
determined in the bioproduct from P. ostreatoroseus 
myceliation in D. alata tuber. In the experimental 
conditions, the data suggested the predominant presence 
of cysteine ande serine proteases. The protease 
expressed optimum activity at 40 °C and pH 7.0 with 
highest stability at 50 °C and pH 8.0. 
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