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Proteases are ubiquitously present and are among the largest groups of commercially important enzymes. Here, we 

investigated a wood-rot basidiomycete Trametes versicolor (L.) Lloyd [Syn. Coriolus versicolor (L.) Quél.; Polyporus 

versicolor (L.) Fr.] as a source of the enzyme serine protease, its production, and optimized to obtain a higher yield of the 

enzyme.. The significant variables with optimized values for maximum production of the enzyme were temperature (30C), 

incubation time (120 h) and wheat bran (10 g). The yield increased by 30.76% by statistically optimizing the media. The 

optimized temperature and pH for the maximum protease activity was 50C and pH 7.0, respectively. The enzyme was purified 

through ion exchange (using DEAE cellulose 52 resin) and gel filtration chromatography (using Superdex 200 column). The 

purified enzyme had a retention time of 7 min in RP-HPLC. The enzyme was stable at a broad range of temperature (30-60C) 

and pH (5.0-8.0) with a half-life of 58.72 min, Vmax of 37.17 μM min/ mL and Km of 0.657 mg/mL. Its activity was enhanced by 

Na+, Ca2+, Mg2+ ions and SDS surfactant. These properties make this enzyme a valuable candidate for industrial applications. 

Keywords: Basidiomycetes, Central Composite Design (CCD), Coriolus versicolor, Edible mushrooms, Plackett-Burman 

Design (PBD), Polypore mushroom, Polyporus versicolor, Response Surface Methodology (RSM), Solid-state 
fermentation, Trametes versicolor, Turkey tail 

A protease (peptidase or proteinase) is any enzyme 
that catalyses proteolysis and is involved in a wide 
range of physiological events, from basic protein 
digestion to carefully controlled cascades. They 

perform critical regulatory functions in all organisms 
such as conception, birth, digestion, development, 
maturity, ageing, and even death by managing the 
activation, synthesis, and turnover of proteins. 
Proteases are (physiologically) required for all living 
species. They are widespread and may be found in a 

wide range of environments. According to the 
MEROPS Database, proteases are divided into seven 
classes based on the active sites at which they operate 
during the hydrolysis of peptide bonds: metallo, 
aspartic, asparagine, cysteine, threonine, serine and 
glutamic

1
. Furthermore, they can also be categorized 

as acid, neutral and basic proteases based on the ideal 
pH at which they are active. 

Although proteases are found in all creatures, 

microorganisms are the most abundant source of these 

enzymes. Proteases derived from plants, animals, and 

microorganisms account for over 60% of total enzyme 

sales. Because of their biochemical and physiological 

features, easy culture conditions, and simplicity of 

cell manipulation, microorganisms are the most 

frequent source of commercial enzymes. These 

enzymes are employed in food processing, medicines, 

leather processing, X-ray film industry silver recovery 

from X-ray films, industrial waste treatment, and as 

detergent additives
2
. Fermentative techniques are used 

to produce microbial proteases. The majority of 

commercial proteases are bacterial in origin and have 

undergone substantial research. Fungal enzymes are 

advantageous due to the simplicity with which cells 

may be removed during downstream processing. As a 

result, the potential use of fungal proteases is 

becoming more apparent
3
.  

The studies pertaining to proteases has been limited 

to several fungal genera including Aspergillus, Mucor, 

Cephalosporium, Paecilomyces, Conidiobolus, Rhizopus, 

Fusarium, Tritirachium and Penicillium. Comparatively, 

neutral proteases have been reported from genera such 

as Aspergillus, Penicillium and Fusarium. Proteases 
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have been reported to be produced through submerged 

(SmF) and solid-state fermentations (SSF)
4-6

. 

Filamentous fungi are among the widely exploited 

species in SSF. The reason to this may be attributed to 

their potential to thrive on solid substrates and 

produce diverse extracellular enzymes
6
. The 

production and the activity of extracellular proteases 

isolated from fungi depends upon the composition of 

the media, mainly the carbon and the nitrogen 

sources; the physicochemical factors such as pH, 

incubation time, temperature and agitation
7
.  

Proteases from edible mushrooms (basidiomycetes) 

have been reported from Agaricus bisporus, 

Armillariella mellea, Grifola frondosa, Flammulina 

velutipes, Peniciliium citrilopileatus, Pleurotus 

ostreatus and Pleurotus eryngii
3,8,9

. Trametes 

versicolor (L.) Lloyd [Syn. Coriolus versicolor (L.) 

Quél.; Polyporus versicolor (L.) Fr.], commonly 

called as Turkey tail, is used in traditional medicine in 

China. The bioactive constituents of T. versicolor 

have reported tumor suppressing properties
10

. 

Presence of proteolytic agents has not been reported 

in T. versicolor till date. Therefore, in this study, we 

have made an attempt to identify protease enzyme in 

T. versicolor and report the production as well as

optimization of the media for enzyme production

using Response surface methodology (RSM).

Methods and Materials 

Microbial Strain and growth 

Trametes versicolor (MTCC 138) was procured 

from MTCC, Chandigarh. It was grown using Potato 

Dextrose Agar (PDA) comprising (g/L): potato 200, 

dextrose 20, and agar 20. The pH of the medium was 

adjusted to 6.5 using 1N HCl. The medium was 

inoculated using a loopful of cells and incubated at 

30C for seven days.  

Bioassay using agar plate assay method 

Tramets versicolor was grown on skim milk agar 

for protease assay by inoculating the culture on the 

skim milk agar plates and incubating at 30 
o
C for 96 

h. The composition of the skim milk agar
11

 was as

follows (g/L): skim milk powder 28, agar 15, dextrose

1.0, yeast extract 2.5 and casein enzymatic

hydrolysate 5. The pH of medium was adjusted to 6.5

using 1N HCl.

Production of protease 

Solid-state fermentation was carried out for the 

production of protease by T. versicolor. For this, 

fungal spores were obtained from the revived strain of 

T. versicolor by extracting spores from the agar plate 
and suspending them in 10 mL of autoclaved distilled 
water. Wheat bran (15 g) was taken as the substrate 
and was added to a 250 mL Erlenmeyer flask, and 
20 mL of minimal media was added. The pH was 
adjusted to 6.0 and autoclaved at 121C for 15 min. 
Spore suspension (2×10

4
 spores/mL), 2 mL was 

added to the flask and was incubated at 30C for 7 d. 
The glucosamine content was estimated to determine 
the cell biomass produced during fermentation

12
.

Extraction of crude enzyme 

To extract the enzyme from the fermented solid-

state substrate, it was mixed with distilled water 

(100 mL) containing 0.1% Tween 20 at 37C on a 

rotary shaker for 2 h. The solution was filtered using a 

muslin cloth leading to the filtration of the fine 

particles along with the liquid content. The filtrate 

obtained was centrifuged at 8000×g for 15 min at 

4C. The clear supernatant obtained was preserved as 

crude extract at 4C for the assay
13

. 

Protease assay 

Folin and Ciocalteau method was used to estimate 

the activity of the protease enzyme. About 5 mL of 

0.65% casein solution was added to each test tube and 

equilibrated in a water bath for 5 min at 37°C
14,15

. This 

was followed by addition of 2 mL enzyme containing 

crude extract to the test tube (trypsin as positive 

control and water as negative control). The protease 

activity and tyrosine liberation were measured and 

compared between the test samples. Further, 5 mL 

trichloroacetic acid, 5 mL sodium carbonate, and 1 mL 

Folin's reagent were added sequentially to the test 

tubes and incubated for 30 min at 37°C. The 

absorbance was taken at 660 nm. The amount of 

enzyme that liberated 1 µM of tyrosine from the 

substrate per min under the standard assay conditions 

was termed as one unit of enzyme. The activity of the 

enzyme was calculated in U/mL (μM of tyrosine 

released/min/mL). 

Optimization of physicochemical parameters using Plackett-

Burman (PB) and Central Composite (CC) Design 

The production of the protease enzyme was 

statistically optimized by Plackett-Burman design 

(PBD)
16

. For carbon source (10%), wheat bran, 

pigeon pea bran, Bengal gram bran, rice bran and 

potato peel were taken while for the nitrogen source 

(2%), yeast extract, soybean meal, peptone, casein, 

ammonium sulphate, ammonium nitrate, sodium 

nitrate and casein and soybean (1:1) were added to the 

media. 
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Six variables were screened and through PBD each 

given a high (+) and low level (-) respectively, which 

were wheat bran (g), peptone (g), initial pH, moisture 

content (%v/w), temperature (°C), incubation time 

(h). The 12-run Plackett-Burman design providing 

significant variables were optimized using Response 

Surface Methodology (RSM) through 20-run Central 

Composite design (CCD) and the variables were 

represented at five different levels (+1.682, +1, 0, 1, 

1.682). Following equation is employed to study the 

variable's effect: 

E= (∑M+  ∑M-)/N 

where E represent effect of the parameter; M+ and M, 

Protease inhibitor activity response; and N, number of 

trials. The second order polynomial equation was 

employed for the statistical optimization: 

Y= β0 + ∑βi Xi + ∑ βii Xi 
2 
+ ∑ij βij XiXj 

 

Extraction and purification of protease 

The ammonium sulphate precipitation was 

employed to isolate the enzyme from crude extract
17

. 

The recovered pellets after the process were dialyzed 

against phosphate buffer 0.1 M, pH 7.0 (ratio 1:100) 

for 3 h, 6 h and overnight, respectively. The dialysate 

was recovered through centrifugation and purified 

using ion-exchange chromatography. The DEAE 

Cellulose-52 ion exchange column was equilibrated 

with phosphate buffer. The fractions were eluted out 

though application of 1M NaCl gradient using 0.2, 0.4, 

0.6, 0.8, 1.0 M NaCl solution at 1 mL/min flow rate. 

The fraction (20 µL, 0.1 mg/mL) exhibiting maximum 

activity at 280 nm was subjected to gel filtration 

chromatography using HiLoad Superdex 200 (16/600 

pg) column on AKTAPure 25M (Amershem 

Pharmacia Biotech, Sweden). Detection was performed 

at 280 nm. The fraction with maximum protease 

activity (%) was concentrated through centrifugation at 

5000×g for 40 min at 4°C using Amicon Ultra-15 

Centrifugal Filter Unit (Millipore, USA). 

The purity of the concentrated gel filtration 

chromatography fraction was studied through 

reversed-phase HPLC. The fraction with maximum 

protease activity (20 µL, 0.1 mg/mL) was subjected to 

Sunfire C18 5.0 µm column and gradient elution was 

performed for 40 min
18

. The absorbance of the sample 

was detected through photodiode array (PDA) 

detector at 220 nm.  
 

Characterization of protease 
 

Effect of pH and Temperature on protease activity and stability 

The effect of pH ranging from 4.0 to 10.5 on the 

protease activity was determined. To check the effect 

of pH on the stability, the enzyme was treated with 

buffer solution of respective pH for one hour after 

which the proteolytic activity was recorded.  

Similarly, the effect of temperature from 30-80°C, 

at pH 7.5 was evaluated on enzyme activity using 

casein as substrate. The protease thermal stability was 

determined by 30 min incubation in sodium phosphate 

buffer. Furthermore, the supernatant was used to 

perform the protease activity assay. The experiment 

was done in triplicate. 
 

Effect of metal ions, surfactant, and inhibitors  

The protease at concentration of 1 mg/mL and 

metal ions (50 µL each), Ca
2+

, Mo
2+

, Cu
2+

, Mg
2+

, Na
+
, 

Fe
3+

, Mn
2+

, Ba
2+

, Zn
2+

, and Al
3+ 

at concentrations of  

1 and 10 mM were incubated at 37°C for 60 min  

and residual protease activity was determined (%)  

in triplicates. The effect of different surfactants,  

Tween-20, Sodium dodecyl sulfate (SDS), Tween-80, 

and Triton X-100 was studied on the protease by 

incubating the enzyme (50 µL, 1 mg/mL) and the 

surfactant (50 µL) for 60 min at 37°C. The inhibitors, 

ethylenediaminetetraacetic acid (EDTA), 

phenylmethylsulfonyl fluoride (PMSF), pepstatin, and 

E-64 (1 mM each) were pre-incubated for 1 h with 

Tris-HCl buffer. The control did not contain any 

inhibitor. 
 

Study of kinetic parameters and Half-life of the purified protease  

To study the kinetic parameters, the kinetic 

measurements were studied on enzyme-substrate 

reaction. It includes measurement of the enzyme-

catalysed reactions rates at different enzyme and 

substrate concentrations using Michaelis–Menten 

kinetics.  
 

To characterize an enzyme-catalysed reaction, Km 

and Vmax 
are required to be determined. The enzyme 

sample (1 mg/mL) was incubated with different 

concentrations of casein substrate and incubated at 

30C for 10 min. Following incubation, the reaction 

was stopped using 2.5 mL TCA and activity assay 

was carried out. The rate of catalysis (reaction 

velocity) was measured by determining V at various 

[S] values. Then plotting 1/V vs. 1/[S], a straight line 

was obtained called Double-Reciprocal Plot (also 

known as a Lineweaver-Burke plot). Michaelis –

Menten constants Km 
and Vmax were determined from 

the slope and y-intercept.  
 

For determination of half-life of the protease 

enzyme obtained from T. versicolor, 1 mL of the 

enzyme sample was taken in test tubes and incubated 

http://en.wikipedia.org/wiki/Michaelis%E2%80%93Menten_kinetics
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at 50C. Furthermore, at a time interval of 15 min 

1 mL of substrate casein was added to the tube and 

incubated at 30C for 10 min. The reaction was 

stopped using 2.5 mL TCA and activity assay was 

conducted.  

Statistical analysis 

The experiments performed in triplicates, and 

analyzed and expressed as mean±SD using GraphPad 

prism version 8.0.2 (263). The data were analyzed 

statistically by one way ANOVA with statistically 

significant p value of <0.05.  

Results and Discussion 

Bioassay and Biomass determination 

Zone of inhibition was obtained in plates 

prepared of skim milk agar medium when the 

culture of T. versicolor and the crude extract 

were inoculated and poured into the assay wells. 

The protease produced led the degradation of 

the casein in the medium to give a clear zone 

indicating the production of protease. The bioassay 

using casein as a component of the assay plates 

confirmed the presence of a serine protease enzyme 

whose activity was calculated by using casein as 

substrate.  

Glucosamine content determination for the biomass 

of the fungi led to the observation that T. versicolor 

entered the stationary phase after six days (144 h) of 

growth, and maximum activity of the protease 

enzyme was seen at 120 h (Fig. 1).  

Optimization of physicochemical parameters using Plackett-

Burman Design and Central Composite Design 

Carbon and nitrogen sources used for optimization 

through PBD were chosen by screening different 

sources. For carbon source (10%), wheat bran gave 

the best results for protease production and for the 

nitrogen source (2%), peptone was found to be the 

most suitable for the growth of the mycelia and the 

production of the enzyme. 

These two nutrient sources were used as variables 

for further screening of the physicochemical parameters. 

The Plackett-Burman Design (PBD) showed that three 

variables including temperature (
o
C), incubation period 

(h) and wheat bran (g) had significant affect (P <0.05)

(Table 1). The most significant of them was incubation

time. The values were put in linear equation to

determine the effect through ANOVA: Final equation in

terms of coded factors:

Protease activity = +41.25+5.25* A+2.75* B+22.08*

C+2.25* D-3.58* E-21.75* F

where A,wheat bran (g); B, peptone (g); C, incubation 

time (h); D, initial pH; E, moisture content (%v/w); 

and F, temperature (°C). 

The central composite design (CCD) was used to 

optimize the screened significant variables. The 20-

run design response was summarized ANOVA 

(Table 2) in the polynomial equation as follows: 

Final equation in terms of coded factors: 

Protease activity = +96.80+1.89* A-12.40* B+22.61* 

C-0.25* AB+0.000* AC-10.25* BC-10.15* A
2
-

29.95* B
2
-21.11* C

2
  

where A, wheat bran (g); B, temperature (°C); and C, 

incubation time (h).  

The three-dimensional response surface plots 

(Fig. 2 A-C) of the three significant variables were 

generated by keeping one of them at zero level and 

studying the interaction between the other two 

variables. These plots gave the maximum production 

of the protease (102 U/mL) with the optimal growth 

factors. The model was validated using 10 g of wheat 

bran to produce the fungi at 30°C and incubated for 

120 h (5 d). This increased the production of the 

enzyme from 78 U/mL (initial conditions provided for 

Fig. 1 — The graph representing the glucosamine content (mg/g) 

and protease activity (U/mL) 

Table 1 — Analysis of variance for Plackett–Burman design 

Source Sum of 

squares 

df Mean 

Square 

F Value p-value 

Prob >F 

Model 12165.17 6 2027.53 46.70 0.0003* 

A-Wheat bran 330.75 1 330.75 7.62 0.0398 

B-Peptone 90.75 1 90.75 2.09 0.2079 

C-Incubation time 5852.08 1 5852.08 134.79 <0.0001 

D-Initial pH 60.75 1 60.75 1.40 0.2900 

E-Moisture content 154.08 1 154.08 3.55 0.1183 

F-Temp. 5676.75 1 5676.75 130.75 <0.0001 

Residual 217.08 5 43.42 

Cor Total 12382.25 11 

[*Significant. Level of significance P <0.05, S.D., 6.59; CV, 

15.97%; R2, 98.25%; Adjusted R2, 96.14%; Predicted R2, 89.90%] 
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T. versicolor growth) to 102 U/mL (statistically 

optimized media). 
 

The significant variables: wheat bran (g), 

incubation time (h) showed a positive effect on the 

production of the enzyme while temperature had a 

negative effect. Protease enzyme is mostly produced 

in the early stationary phase, or late logarithmic phase 

and the growth is associated with mycelial growth
19,20

. 

This was validated through optimization, where it was 

seen that on the fifth day (120 h) of the fungal growth 

the production was maximum. In a previous study, 

Aspergillus oryzae MTCC 5341 showed maximum 

protease production at 120 h incubation time using 

wheat bran as substrate
21

. Moisture content has a 

substantial impact on the growth as solid state 

fermentation is defined by the amount of moisture 

retained by the media. In excess as well as in 

limitation, it eschews the growth of mycelia. In this 

case, it was kept at 50% v/w. Most SSFs have 40-70% 

moisture content depending upon the microorganism 

and the substrate
3
. The production of the protease 

enzyme was arrested above a temperature of  

30°C. Temperature plays a crucial role in the  

growth of the fungus, and since the production  

of extracellular enzymes from white rot fungi is 

directly proportional to the mycelial expansion on the 

media, it gets affected by altering the temperature. 

Also, at higher temperature, the protease also tends to 

lose its catalytic activity due to breaking of the 

hydrogen bonds
22

. Aspergillus sp. has reported 

production of protease enzyme at 28°C
23

. Similarly, 

Lentinus sajor-caju (formerly called as Pleurotus 

sajor-caju) gave maximum production of the protease 

at 30°C.  

Peptone (2%) was found to be the suitable nitrogen 

source for T. versicolor growth and enzyme 

production. Several reports have substantiated the use 

of peptone as one of the best nitrogen source for 

protease production from different fungi
24,25

. The 

carbon substrate for the production used here was an 

inexpensive agro-industrial raw material, wheat bran, 

which is readily available and its feasibility in usage 

as an anchorage for the mycelia of the fungus. It 

showed higher protease production owing to higher 

fungal biomass generation as compared to other raw 

materials. Solid state fermentation using wheat bran 

as the primary substrate has been extensively used for 

extracellular enzyme production from other fungal 

sources such as Aspergillus niger, A. oryzae, 

Penicillium sp., Rhizopus oryzae and Thermoascus 

aurantiacus
3
. The statistical optimization not only 

validated the production but also enhanced the 

production in statistically optimized media. It was 

observed that production of the protease enzyme 

Table 2 — Analysis of variance for central composite design 

Source Sum of  

squares 

df Mean  

square 

F  

value 

p-value 

Prob >F 

Model 28138.38 9 3126.49 122.31 <0.0001* 

A-Wheat bran 48.64 1 48.64 1.90 0.1978 

B-Temp. 2101.45 1 2101.45 82.21 <0.0001 

C-Incubation time 6981.07 1 6981.07 273.10 <0.0001 

AB 0.50 1 0.50 0.020 0.8915 

AC 0.000 1 0.000 0.000 1.0000 

BC 840.50 1 840.50 32.88 0.0002 

A2 1485.20 1 1485.20 58.10 <0.0001 

B2 12927.60 1 12927.60 505.73 <0.0001 

C2 6423.29 1 6423.29 251.28 <0.0001 

Residual 255.62 10 25.56   

Lack of Fit 196.79 5 39.36 3.34 0.1056** 

Pure Error 58.83 5 11.77   

Cor Total 28394.00 19    

[*Significant, ** not significant. Level of significance P <0.05, 

S.D., 5.06; CV, 9.19%; R2, 99.10%; Adjusted R2, 98.29%; 
Predicted R2, 94.44%] 

 
 

Fig. 2 — Three-dimensional surface response plots to study the effect of (A) wheat bran and temperature; (B) temperature and incubation 

time; and (C) wheat bran and incubation time, on the protease production 



VISHVAKARMA et al.: THERMOSTABLE SERINE PROTEASE FROM TRAMETES VERSICOLOR 

 

 

677 

increased by 30.76% in optimized media formulation 

in comparison to control. 
 

Purification of protease 

The protease enzyme fraction of 60-80% 

ammonium sulphate exhibited highest protease 

activity. The highest protease activity fraction  

(Fig. 3A) was further purified using Superdex 200 

(16/600 pg) column on AKTA PURE25 FPLC 

system. The unbound proteins eluted with sodium 

phosphate buffer and the linear gradient of 1 M NaCl 

eluted protease enzyme at 0.4 M. In gel filtration 

chromatography, the purified enzyme eluted at 102 

min (Fig. 3B). Reversed Phase-HPLC was then 

performed to determine the purity and characteristic 

of the enzyme. The peak at 7 min confirmed the 

purity of the protease enzyme (Fig. 3C). 

In the precipitation stage, the protease activity was 

observed in 60-80% ammonium sulphate saturation 

indicating the presence of more hydrophilic residues 

in the protease enzyme. More amount of salt is 

required to overcome the hydrophilic association 

between surrounding water molecules and protein if 

more hydrophilic entities are present in protein. 

Higher percentage of ammonium sulphate confirmed 

the same. The protease enzyme was eluted in ion 

exchange chromatography through DEAE cellulose 

52 column at 0.4 M NaCl concentration during the 

linear NaCl gradient. The eluted enzyme was passed 

through Sephadex 200 column. The late elution at  

102 min confirmed the low molecular weight of the 

protease enzyme establishing the similarity with other 

fungal proteases, as fungal proteases are generally of 

low molecular weight
26

. RP-HPLC of the enzyme 

fraction from gel filtration column confimed the 

purity with a peak at 7 min. The early elution of the 

enzyme from the column reiterated the observation of 

precpitation stage that the protease enzyme had more 

hydrophilic residues in proportion to the hydrophobic 

residues. 
 

Characterization of protease 
 

Effect of pH and temperature on protease activity and stability  

The maximum activity of protease obtained from  

T. versicolor was observed at pH 7.0 and was stable 

over a wide pH range of 5.0 to 8.0. Maximum activity 

of the enzyme was observed at 50°C for protease and 

was stable from 30-60°C. The results indicated that 

the produced protease was a neutral and thermophilic 

enzyme. Similar results were obtained for protease 

produced from other fungal sources. A study on 

Graphium putredinis and Trichoderma harzianum 

fungi reported similar observations where the 

proteases isolated from these fungi exhibited 

maximum protease activity at pH 7.0 and temperature 

50°C
27

. Proteases isolated from the basidiomycete 

Pleurotus sp. have an optimum pH and temperature 

range substantiating results of the pH and temperature 

from T. versicolor
26

. Protease from T. versicolor was 

stable at a range of pH 5.0-8.0 and high temperature 

30-60°C. This is in corroboration with the study on 

the proteases from Grifola frandosa (ProGF) that 

showed highest activity at temperature 55°C and  

pH 7.0, and were stable within 4.5-8.5 pH range  

and 50-70°C temperature range using casein as 

substrate
28

. Proteases from basidiomycetes are known 

for their broad pH and temperature working range, 

most of which exhibit thermostablity
23,26,28-31

. 

 

Fig. 3 — (A) DEAE cellulose column chromatography elution 

profile of the sample showing the gradient elution; (B) Gel 

filtration chromatography with Superdex 200; (C) Reversed phase 

HPLC profile of the protease enzyme isolated from T. versicolor 

after gel filtration chromatography 
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Effect of metal ions, surfactants and inhibitors on protease activity  

Ca
2+

, Mg
2+

, and Na
+ 

(1 and 10 mM) enhanced the 

activity o the protease enzyme while Zn
2+

, Cu
2+

, Fe
3+

, 

Ba
2+

, Mo
2+

 and Al
3+

 decreased the activity of the 

enzyme. The activity was enhanced in the presence of 

1 mM and 10 mM of Ca
2+

, Mg
2+

 and Na
+
 ions to 105 

and 111%, 102.333 & 109.67% and 110 & 114.66%, 

respectively comparised to control (100%) while all 

other metal ions significantly inhibited the activity of 

the enzyme (Fig. 4).  

The protease from T. versicolor is a serine protease 

and this feature can be attributed to the increased activity 

in the presence of Ca
2+

 ions. Serine proteases have two 

calcium binding sites and the presence of Ca
2+ 

ions aids 

in the maintenance and enhancement in the stability of 

the three dimensional conformation of the protein. 

Divalent metal ions are reported to stabilize the tertiary 

and quaternary protein structures
24

. Serine proteases 

from basidiomycetes such as Lentinus sajor-caju and 

Flammulina velutipes have reported enhancement in 

activity in presence of Ca
2+30,31

. The activity of the 

protease in the present study also increased in presence 

of Na
+
 and Mg

2+
 ions. These metal ions have previously 

been reported to enhance the catalytic functioning of 

fungal serine proteases
28,30-33

.  
 

Protease activity increased in the presence of 

anionic surfactant SDS (1%) to 122% in comparison 

to control (100%) whereas the non-ionic surfactants 

Tween-80, Tween-20, and even Triton X-100 had a 

slight detrimental effect on the activity by reducing it 

to 87, 83 and 93%, respectively. The increase in the 

activity of the protease enzyme in the presence of 

SDS (1%) signifies that SDS functioned as a stabilizer 

to the three dimensional structure of the enzyme and 

rearranged it to interact with the hydrophilic amino 

acids of the polypeptide chain, enhancing the 

solubility of the enzyme in solution. On the contrary, 

the non-ionic surfactants may have exploited the 

structure in such a way that the hydrophobic amino 

acids were exposed and interacted with them, 

reducing the activity and stability of the enzyme
34

. 

Similar trend in increase in activity in presence of 

SDS has been previously reported in bacterial 

proteases from Bacillus sp.
35

, and in fungal protease 

from Aspergillus foetidus
24

. 

The enzyme was completely inhibited by PMSF  

(a serine protease inhibitor). Other inhibitors: EDTA, 

Pepstatin, and E-64 had no detrimental effect on the 

activity of the enzyme. The result indicated that the 

protease enzyme isolated from T. versicolor was a 

serine protease. The serine proteases are found mostly 

in all fungi, accounting for 77% of fungal proteases, 

and are generally extracellular.  The molecular weight 

of the fungal proteases ranges from 18-35 kDa and 

these are mostly alkaline and thermostable
3,26,36

. 
 

 

Kinetic parameters Km and Vmax and half-life of the protease 

The values of Michaelis-Menten constants, Vmax 

and Km were 37.17 μM/min/
 
mL and 0.657 mg/ mL

 

respectively, for the protease enzyme produced from 

T. versicolor (Fig. 5A). The half-life of the protease 

enzyme was 58.72 min at 50°C (Fig. 5B). The kinetic 

parameter values obtained indicated the protease’s 

dynamic binding to the substrate. Previously, the 

purified proteases SPPS from Lentinus sajor-caju 

CTM10057, SPTC from Trametes cingulata, 

 
 

Fig. 4 — Effect of metal ions on the protease activity. 

 
 

Fig. 5 — Kinetic parameters of the protease enzyme from  

T. versicolor: (A) Lineweaver Burk Plot to determine Km and Vmax 

of the protease produced from T. versicolor; and (B) 

Determination of half-life of protease enzyme at 50°C 
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CTM10101, Thermolysin type X from Geobacillus 

stearothermophillus, and Flavourzyme 500 L from 

Aspergillus oryzae reported Km values of 0.275, 

0.475, 0.613 and 0.546 mg/mL, respectively
31

. These 

values suggest that the protease in the present study 

exhibited similar affinity towards casein as did the 

other fungal proteases. 

Conclusion 

The present study utilized low cost raw materials 

for the production of a serine protease from wood-rot 

fungi Coriolus versicolor. The protease production 

media was optimized statistically through Response 

Surface Methodology, thus aiding its enhanced output 

(102 U/mL) by providing the precise formulation. The 

enzyme appeared to be a low weight molecule 

exhibiting a broad range pH and temperature activity 

(30-60°C). The results of the present study can be 

substantiated with further research on the amino acid 

sequence deciphering its structure. Being a neutral 

and thermostable protease, this enzyme may be 

utilized in detergent formulations, food and 

therapeutics. 

Conflict of interest 

Authors declare no competing interests. 

References 
1 Rawlings ND, Barrett AJ & Finn R, Twenty years of the 

MEROPS database of proteolytic enzymes, their substrates 

and inhibitors. Nucleic Acids Res, 4 (2016) 44. 

2 Razzaq A, Shamsi S, Ali A, Ali Q, Sajjad M, Malik A & 

Ashraf M, Microbial proteases applications. Front Bioeng 

Biotechnol, 12 (2019) 110. 

3 da Silva Delabona P, Pirota RD, Codima CA, Tremacoldi CR, 

Rodrigues A & Farinas CS, Effect of initial moisture 

content on two Amazon rainforest Aspergillus strains 

cultivated on agro-industrial residues: Biomass-degrading 

enzymes production and characterization. Ind Crops Prod, 

42 (2013) 236. 

4 Hernández-Domínguez EM, Rios-Latorre RA, Álvarez-

Cervantes J, Loera-Corral O, Román-Gutiérrez AD, Díaz-

Godínez G & Mercado-Flores Y, Xylanases, cellulases, and 

acid protease produced by Stenocarpella maydis grown in 

solid-state and submerged fermentation. BioResources, 

9 (2014) 2341. 

5 Nurullah A, High level production of extracellular protease 

from Bacillus licheniformis ATCC 12759 in submerged 

fermentation. Res J Biotechnol, 7 (2012) 46. 

6 Radha S, Babu RH, Sridevi A, Prasad NB & Narasimha G, 

Development of mutant fungal strains of Aspergillus niger 

for enhanced production of acid protease in submerged and 

solid state fermentation. Eur J Exp Biol, 2 (2012) 1517. 

7 Belmessikh A, Boukhalfa H, Mechakra-Maza A, Gheribi-

Aoulmi Z & Amrane A, Statistical optimization of culture 

medium for neutral protease production by Aspergillus 

oryzae. Comparative study between solid and submerged 

fermentations on tomato pomace. J Taiwan Inst Chem Eng, 

44 (2013) 377. 

8 Bezerra VH, Cardoso SL, Fonseca-Bazzo Y, Silveira D, 

Magalhães PO & Souza PM, Protease Produced by 

Endophytic Fungi: A Systematic Review. Molecules, 22 

(2021) 7062. 

9 Inácio FD, Ferreira RO, Araujo CA, Brugnari T, Castoldi R, 

Peralta RM & Souza CG, Proteases of wood rot fungi 

with emphasis on the genus Pleurotus. BioMed Res Int, 

9 (2015). DOI:10.1155/2015/290161 

10 Habtemariam S, Trametes versicolor (Synn. Coriolus 

versicolor) polysaccharides in cancer therapy: Targets and 

efficacy. Biomedicines, 8 (2020)135. 

11 Zhao Y, Kumar M, Caspers MP, Groot MN, van der Vossen JM 

& Abee T, Growth of dairy isolates of Geobacillus thermo-

glucosidans in skim milk depends on lactose degradation 

products supplied by Anoxybacillus flavithermus as 

secondary species. J Dairy Sci, 101 (2018) 1013. 

12 Sakurai Y Lee TH & Shiota H, On the convenient method 

for glucosamine estimation in koji. Agric Biol Chem, 41 

(1977) 619. 

13 Raj A, Khess N, Pujari N, Bhattacharya S, Das A & 

Rajan SS, Enhancement of protease production by 

Pseudomonas aeruginosa isolated from dairy effluent 

sludge and determination of its fibrinolytic potential. Asian 

Pac J Trop Biomed, 2 (2012) 1845. 

14 Anson ML, The estimation of pepsin, trypsin, papain, and 

cathepsin with hemoglobin. J Gen Physiol, 22 (1938) 79. 

15 Folin O Ciocalteu V. On tyrosine and tryptophane 

determinations in proteins. J Biol Chem, 73 (1927) 627. 

16 Plackett RL & Burman JP, The design of optimum 

multifactorial experiments. Biometrika, 33 (1946) 305. 

17 Wingfield P, Protein precipitation using ammonium sulfate. 
Curr Protoc Protein Sci, 13 (1998). doi: 
10.1002/0471140864.psa03fs13. 

18 Jemil I, Abdelhedi O, Nasri R, Mora L Jridi M, Aristoy MC, 

Toldrá F & Nasri M, Novel bioactive peptides from 

enzymatic hydrolysate of Sardinelle (Sardinella aurita) 

muscle proteins hydrolysed by Bacillus subtilis A26 

proteases. Food Res Int, 100 (2017) 121. 

19 Bhatnagar D, Imelda J & Paulraj R, Amylase and acid 

protease production by solid state fermentation using 

Aspergillus niger from mangrove swamp. Indian J Fish, 57 

(2010) 45. 
20 Chandrasekaran S, Kumaresan SS & Manavalan M, 

Production and optimization of protease by filamentous 
fungus isolated from paddy soil in Thiruvarur District 
Tamilnadu. J Appl Biol Biotechnol, 3 (2015) 6. 

21 Vishwanatha KS, Rao AA & Singh SA, Acid protease 

production by solid-state fermentation using Aspergillus 

oryzae MTCC 5341: optimization of process parameters. 

J Ind Microbiol Biotechnol, 37 (2010) 129. 

22 Ortiz GE, Noseda DG, Ponce Mora MC, Recupero MN, 

Blasco M & Albertó E, A comparative study of new 

Aspergillus strains for proteolytic enzymes production by 

solid state fermentation. Enzyme Res, (2016). 

https://doi.org/10.1155/2016/3016149. 

23  Ravikumar G, Gomathi D, Kalaiselvi M & Uma C, A 

protease from the medicinal mushroom Pleurotus sajor-caju; 

production, purification and partial characterization. Asian 

Pac J Trop Biomed, 2 (2012) 411. 



INDIAN J EXP BIOL, SEPTEMBER 2022 

 

 

680 

24 Muñoz O, Zamorano P, Garcia O & Bastías JM, Arsenic, 

cadmium, mercury, sodium, and potassium concentrations 

in common foods and estimated daily intake of the 

population in Valdivia (Chile) using a total diet study. Food 

Chem Toxicol, 109 (2017) 1125. 

25 Siala R, Frikha F, Mhamdi S, Nasri M & Sellami KA, 

Optimization of acid protease production by Aspergillus 

niger I1 on shrimp peptone using statistical experimental 

design. Sci World J, 2012 (2012). https://doi.org/10.1100/ 

2012/564932. 

26 Inácio FD, Ferreira RO, De Araujo CA, Peralta RM & De 

Souza CG, Production of Enzymes and Biotransformation 

of Orange Waste by Oyster Mushroom, Pleurotus 

pulmonarius (Fr.) Quél. Adv Microbiol, 5 (2015) 1. 

27 Savitha S, Sadhasivam S, Swaminathan K & Lin FH, 

Fungal protease: production, purification and compatibility 

with laundry detergents and their wash performance.  

J Taiwan Inst Chem Eng, 42 (2011) 298. 

28 Nishiwaki T, Asano S & Ohyama T, Properties and 

substrate specificities of proteolytic enzymes from the 

edible basidiomycete Grifola frondosa. J Biosci Bioeng,  

107 (2009) 605. 

29 Goud MJ, Suryam A, Lakshmipathi V & Charya MS, 

Extracellular hydrolytic enzyme profiles of certain South 

Indian basidiomycetes. Afr J Biotechnol, 4 (2009) 354. 

30 Iketani A, Nakamura M, Suzuki Y, Awai K & Shioi Y, 

A novel serine protease with caspase- and legumain-like 

activities from edible basidiomycete Flammulina velutipes. 

Fungal Boil, 11 (2013) 173. 

31 Omrane Benmrad M, Mechri S, Zaraî Jaouadi N, Ben 

Elhoul M, Rekik H, Sayadi S, Bejar S, Kechaou N & 

Jaouadi B, Purification and biochemical characterization of 

a novel thermostable protease from the oyster mushroom 

Pleurotus sajor-caju strain CTM10057 with industrial 

interest. BMC Biotechnol, 19 (2019) 8. 

32 Benito MJ, Rodríguez M, Núnez F, Asensio MA,  

Bermúdez ME & Córdoba JJ, Purification and characterization 

of an extracellular protease from Penicillium chrysogenum 

Pg222 active against meat proteins. Appl Environ 

Microbiol, 68 (2002) 3532. 

33 Zanphorlin LM, Cabral H, Arantes E, Assis D, Juliano L, 

Juliano MA, Da-Silva R, Gomes E & Bonilla-Rodriguez GO, 

Purification and characterization of a new alkaline serine 

protease from the thermophilic fungus Myceliophthora sp. 

Process Biochem, 46 (2011) 2137. 

34 Choi NS, Hahm JH, Maeng PJ & Kim SH, Comparative 

study of enzyme activity and stability of bovine and human 

plasmins in electrophoretic reagents, β-mercaptoethanol, 

DTT, SDS, Triton X-100, and urea. BMB Rep, 38 (2005) 

177. 

35 Priya J, Divakar K, Prabha MS, Selvam GP Gautam P. 

Isolation, purification and characterisation of an organic 

solvent-tolerant Ca2+-dependent protease from Bacillus 

megaterium AU02. Appl Biochem Biotechnol, 172 (2014) 

910. 

36 Bezerra CO, Carneiro LL, Carvalho EA, das Chagas TP, de 

Carvalho LR, Uetanabaro AP, da Silva GP, da Silva EG da 

Costa AM. Artificial intelligence as a combinatorial 

optimization strategy for cellulase production by 

Trichoderma stromaticum AM7 using peach-palm waste 

under solid-state fermentation. BioEnergy Res, 14 (2021) 

1161. 

 


