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ABSTRACT

Filamentous fungi secrete diverse peptidases with different biochemical properties, which is of
considerable importance for application in various commercial sectors. In this study, we describe the
isolation of two fungal species collected from the soil of decayed organic matter: Aspergillus fischeri and
Penicillium citrinum. In a submerged bioprocess, we observed better peptidase production with the
fungus P. citrinum, which reached a peak production at 168 h with 760 U/mL, in comparison with
the fungus A. fischeri, which reached a peak production at 72 h with 460 U/mL. In both situations, the
fermentative medium contained 0.5% crushed feathers as a source of nitrogen. On performing
biochemical characterization, we detected two alkaline serine peptidases: The one secreted by P. citrinum
had optimal activity at pH 7.0 and at 45°C, while the one secreted by A. fischeri had optimal activity in pH
6.5-8 and at 55-60°C. Metallic ions were effective in modulating these peptidases; in particular, Cu**
promoted negative modulation of both peptidases. The peptidases were stable and functional under
conditions of nonionic surfactants, temperatures up to 45°C for 1 h, and incubation over a wide pH range.
In addition, it was observed that both peptidases had the capacity to hydrolyze collagen and performed
well in removing an egg protein stain when supplemented into a commercial powder detergent; this was
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especially true for the peptidase from P. citrinum.

Introduction

Microorganisms have been used in the production of several
metabolites for a long time. Certain characteristics, including
their biochemical diversity, facility of growth, adaptation to
different environments, and potential for genetic manipu-
lation, make these organisms interesting sources for enzyme
production.

In submerged fermentation, varying the composition of the
culture medium directly affects the level and diversity of
enzyme expression. In this context, filamentous fungi exhibit
a great capacity for the secretion of hydrolytic enzymes and
this production depends on growth conditions such as tem-
perature, pH, carbon and nitrogen sources, and time of
incubation.!?!

Peptidases can be produced by microorganisms, and they
are important enzymes with applications in many industrial
sectors, such as the production of cheese, meat, fish, and wine;
protein hydrolysates; the pharmaceutical industry; the leather
industry; cosmetics; and fine chemicals. In addition, peptidases
are important additives in detergent formulation to remove
protein stains such as those from blood, egg, and food
debris.!>*

The use of peptidases in various industrial sectors is in a
continuous process of growth; biotechnology and basic
research in this field are in line with new research on the

production and application of these enzymes. Thus, in this
study, we propose to evaluate peptidase production using
a submerged fermentation bioprocess to characterize the
peptidases biochemically and to evaluate the washing
performance of these enzymes supplemented into commer-
cial detergent. The collagenolytic activity and the feasibility
in supplementation of these peptidases into a commercial
detergent to remove an egg protein stain are demonstrated
in this study.

Experimental
Isolation and selection of fungal strains

The fungi were isolated from decaying wood found in soil. The
fungal strains were selected based on their ability to produce
and secrete peptidases. Experiments were performed in petri
dishes with a selective medium containing KH,PO, (0.7%);
K,HPO, (0.2%); MgSO, - 7H,0 (0.01%); yeast extract (0.1%);
casein (0.3%); and agar (1.5%). Culture medium was auto-
claved at 121°C for 15 min."”! The fungi were spread onto
the solid agar and incubated at 30 or 40°C, for a period of
approximately, 24-168 h.

To select the best fungal strains for peptidase secretion, the
fungi were spread in potato-dextrose agar (PDA) slants and
incubated at 30°C (Penicillium citrinum) and 40°C (Aspergillus

CONTACT Hamilton Cabral @ hamilton@fcfrp.usp.br @ Av. do Café, s/n° Campus Universitario da USP CEP, Ribeirdo Preto, Sdo Paulo 14040-903, Brazil.

© 2017 Taylor & Francis


http://dx.doi.org/10.1080/10826068.2016.1224247
mailto:hamilton@fcfrp.usp.br

fischeri) for 168 h to allow for complete growth. Stock cultures
were maintained at 4°C.

Fungal identification

Preliminary analyses identified fungal strains using the
morphological characteristics and microscopic reproductive
structures of the colonies. Such morphological markers were
used to identify all isolates up to the genus level. After
morphotyping, all fungal strains were further identified using
molecular markers. DNA extraction, quantification, and
sequencing were performed following the protocols described
in Arcuri et al.'! The strains were sequenced using primer
pairs determined to be the best markers for defining a parti-
cular species: fit2a and ft2b for the f-tubulin gene.m

Forward and reverse sequences were assembled in contigs
using BioEdit v.7.1.3.1®) Contigs were used to query for hom-
ologous sequences in the NCBI GenBank database using the
BLASTn tool (http://blast.ncbi.nlm.nih.gov/). After taxonomic
affiliation, we retrieved sequences of reference strains (mostly
derived from the CBS-KNAW Fungal Biodiversity Centre) for
phylogenetic analysis. The alignment was built using MAFFT
v. 7158.°) The phylogenetic tree was inferred with MEGA
v.5.05!"") using the neighbor-joining algorithm under Kimura
2 parameters as the substitution model, and gaps were
excluded from the analysis. For branch support, we calculated
1,000 bootstrap pseudo-replicates.

Submerged bioprocess

The effect of culture medium composition in the production
of peptidases was examined. To 250-mL Erlenmeyer flasks,
50 mL of culture medium containing the following was added:
KH,PO, (0.7%), K,HPO, (0.2%), MgSO,-7H,O (0.01%),
citrate 2H,0 (0.01%), yeast extract (0.1%), and CaCl, - 2H,0
(0.01%). The fermentative medium was autoclaved at 121°C
for 15 min.["!

The medium was inoculated with fungal spores resus-
pended in sterile distilled water in an aseptic area (5 x 10°
spores/mL). The fermentative bioprocess was conducted from
24 to 168h at 120 rpm; every 24h, one Erlenmeyer flask
was removed, and the material was vacuum filtered using
Whatman filter paper No. 1. The filtrate was used as a crude
enzymatic solution to quantify proteolytic activity.

To determine the effect of culture medium composition for
optimal peptidase production, studies were conducted by
varying nitrogen sources (peptone, casein, and crushed feather,
all at a concentration of 0.5%), time (24-168 h), and the same
concentration of the inoculum, and initial pH of the medium.

Proteolytic activity assay

The effects of different parameters evaluated in the fermen-
tation bioprocess were determined on the basis of proteolytic
activity. The assay of proteolytic activity was assessed accord-
ing to the protocol described by Sarath et al."?! with some
modifications.

Evaluation of the profile of peptidase production was per-
formed using a caseinolytic assay. For determination of
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proteolytic activity, we used a reaction mixture consisting of
100 pL of enzymatic extract, 100 uL of monobasic sodium
phosphate buffer (0.05M, pH 6.5), and 1000 pL of 1% casein
solution. The reaction was performed for 60 min at 40°C. After
the incubation, the enzymatic reaction was stopped with the
addition of 600 uL of 10% trichloroacetic acid (TCA),"! and
the mixture was centrifuged for 10 min at 10,000g at 25°C.
The proteolytic activity of the supernatants was measured
using a spectrophotometer at 280 nm against blank controls.
Caseinolytic activity unit (A.U.) was defined as the amount
of enzyme required to promote the release of 1pmol of
tyrosine/min under defined test conditions.!"?!

Functional biochemical characterization was performed
using azocasein as a substrate, according to the protocol
described by Ducros et al.'"*! The reaction mixture consisted
of 100 pL of enzymatic extract, 100 pL of the appropriate buf-
fer (0.05M), and 200 uL of 1% azocasein. The reaction was
performed for 30 min at different temperatures and stopped
by adding 800 uL of 10% TCA. Reaction and blank control
tubes were centrifuged at 10,000¢ for 10 min at 25°C, and
800 uL of the supernatant was added to 933 uL of 1 M NaOH
in a separate test tube. The absorbance of this mixture was
measured in a spectrophotometer at 440 nm against each
respective blank control.

Collagenase activity was performed according to the pro-
tocol described by Mukherjee et al.'"®! The reaction mixture
consisted of 50 pL of enzymatic extract and 500 pL of 1%
Azocoll dissolved in monobasic sodium phosphate buffer
(0.05M, pH 6.5). The reaction was stopped by immersing
the tubes in ice for 5min. For blank control tubes, the
enzyme was primarily inactivated by incubation at 100°C
for 20 min. Hydrolysis of Azocoll was evaluated by measur-
ing the absorbance at 520 nm in a spectrophotometer. One
unit of azocollagenolytic activity was defined as the amount
of enzyme required to increase the absorbance reading at
520 nm by 0.1 in 1 h.[*®

Biochemical characterization

Biochemical characterization of the peptidases was performed
using a 1% azocasein substrate. The effect of pH on enzymatic
activity and stability was evaluated using buffer salts (Good
Buffer) between pH 4.5 and 10.5 at intervals of 0.5 units.

The effect of temperature on the activity and stability of
enzymes was studied using a buffer of predetermined optimal
pH, over a range of temperatures from 30 to 70°C at intervals
of 5°C. The effect of metal ions was also studied (Li*, Nat, K™,
Ba’*", Ca®", Mg®", Mn**, Fe’*, Ni**, Cu®", Co®*", AI’*, and
Zn*"). Each ion had a final concentration of 5 mM.

Enzyme subclasses were also determined based on their
proteolytic activity in the presence of inhibitors: iodoacetic
acid (IAA), ethylenediaminetetraacetic acid (EDTA), and
phenylmethanesulfonyl fluoride (PMSF). Each inhibitor had
a final concentration of 5 mM. All assays were performed in
triplicate using the optimal reaction conditions with respect
to pH and temperature.

We also evaluated the effect of ionic (SDS and CTAB) and
nonionic (Tween 20 and Triton X-100) surfactants on proteo-
Iytic activity at the following concentrations: 0.1, 0.2, 0.5, and
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1%. All assays were performed in triplicate using the optimal
reaction conditions with respect to pH and temperature.

Washing performance of peptidases supplemented in
commercial detergent

We spotted white cotton fabric (size, 2 x 2 cm?) with 25 uL of
homogenized egg. The cotton fabrics were maintained at 25°C
until the stains dried.

To prepare a commercial powder detergent for supplemen-
tation with extracted enzymes, it was autoclaved at 121°C for
40 min to completely denature the enzymes present in the
commercial formulation. An enzymatic assay was performed
to confirm the lack of proteolysis.

The commercial detergent with denatured enzymes was
then supplemented with crude enzymatic extract from P. citri-
num and A. fischeri to obtain the same proteolytic activity as
that present in the commercial detergent (1 A.U./mL of wash-
ing mixture). The proteolytic activity of the commercial
powder detergent was defined using a caseinolytic assay
(1% casein) in monobasic sodium phosphate buffer (0.05 M,
pH 6.5) at 40°C. Using equivalent concentrations of enzymes
in the washing assay, it is possible to compare the washing per-
formance of commercial detergent and that of the detergent
supplemented with our enzymes.

Washing experiments were performed in falcon flasks
(50 mL) containing 25mL of washing mixture (aqueous
solution + detergent + enzyme + spotted cotton) and agitated
at 120 rpm in a shaker for 30 min at 30°C. After that, the
cotton fabric was rinsed and maintained at 45°C until it was
dry. Washing experiments were also performed using com-
mercial detergent (with denatured enzyme), active commercial
detergent, and water under the same test conditions.

Statistical analyses

Statistical analyses were performed with GraphPad Prism
version 5.0 software using ANOVA. Differences were
considered significant at p < 0.05.

Results and discussion
Isolation, selection, and strain identification

Soil samples were inoculated in petri plates containing PDA
medium. Replicate plates were incubated at 30 and 40°C for
168 h. After growth, fungi were subcultured, from which 12
fungal strains were isolated. These 12 fungal strains were pla-
ted in selective medium as described above to check for the
secretion of peptidases. From the 12 morphotypes, two fungal
strains (F7 and F8) were isolated that showed good peptidase
production, indicated by the presence of a halo around the
mycelium (data not shown). After sequencing the f-tubulin
gene of strains F7 and F8, BLAST results indicated that the
closest relatives to these strains were A. fischeri (also known
as  Neosartorya spinosa) KACC 41647 (accession #:
AY870760) at 100% similarity and P. citrinum (accession #:
KJ413333) at 99% similarity. Subsequently, phylogenetic

analysis was performed, demonstrating the taxonomic affili-
ation of the F8 (Figure la) and F7 (Figure 1b) strains.

Peptidase production profile in the submerged
bioprocess

Preliminary studies in petri plates with PDA media showed
that the best temperature for growth of P. citrinum and
A. fischeri was 30 and 40°C, respectively (data not shown).

Enzymatic reaction profiles of peptidase production were
evaluated over a period of 24-168 h. In submerged bioprocess
(SmB) with P. citrinum, media supplemented with 0.5%
crushed feathers reached the highest peptidase production
in 168 h with 780 U/mL (Figure 2a). Media supplemented
with casein or peptone, both of which were used at 0.5%,
reached the next highest level of peptidase production, at
303 and 216 U/mL, respectively. These results highlight the
importance of these sources for the production of peptidases
since fungi cultured in medium deprived of such components
(i.e., standard medium) produced low amounts of these
enzymes.

Aspergillus fischeri demonstrated peak peptidase production
at 72h with 420 U/mL in fermentative medium containing
0.5% crushed feathers (Figure 2b). In medium supplemented
with 0.5% casein, A. fischeri exhibited the best production at
96 h with 97.7 U/mL.

Aspergillus and Penicillium are fungal genera with recog-
nized capacity for peptidase secretion.™!”] Comparatively, it
is notable that peptidase production by P. citrinum was
approximately twofold higher than that of A. fischeri. Animal
residues, specifically crushed feathers, enhance peptidase pro-
duction; use of such products in fermentative bioprocesses
may decrease the cost of production and possibly add
economic value to animal wastes.

Moreover, it was interesting to note the ability of crushed
feathers, a complex substrate, to enhance peptidase production
in this study. Similar results in studies by Pandey"®! and Silva
et al.'”! also reported that complex substrates (e.g., wheat bran)
were better inducers of peptidase secretion than synthetic
proteins like casein and peptone in filamentous fungi.

Effect of pH and temperature on the activity and
stability of peptidases

In Figure 3a, we noted optimal activity over pH 6.5-8 for
A. fischeri, although this did not reach statistical significance
(p = 0.49), and an optimum activity at pH 7.0 for P. citrinum.
Another activity peak at pH 8.5 (for P. citrinum) and pH 9
(for A. fischeri) may be explained by the possible presence
of more than one peptidase in both crude extracts; slight
pH variations are known to influence different peptidases
under different reaction conditions. In addition, a progressive
loss of proteolytic activity occurred at higher pH values. For
example, enzyme activity decreased by 50% at pH 8.5 for
the enzymatic extract from A. fischeri and approximately
60% for the enzymatic extract from P. citrinum at pH 8.
The ability to secrete alkaline peptidases by various species
from Aspergillus and Penicillium has been described, for
example, studies by Tunga et al." on Aspergillus parasiticus,
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Figure 1.

Talaromyces trachyspermus (FJ515300)

Neighbor-joining phylogenetic tree analysis based on B-tubulin sequences of Penicillium (a), Aspergillus (b), and allied species. The tree was inferred under

the Kimura 2-parameters substitution model. Numbers on branches indicate bootstrap values from 1000 pseudo-replicates (values lower than 50% are not shown). The
scale bar indicates 0.1 (a) and 0.01 (b) substitutions per site. All sequences were retrieved from GenBank (accessions are shown in parentheses). CBS (Centraalbureau
voor Schimmelcultures Fungal Biodiversity Centre); NRRL (Agricultural Research Service Culture Collection) voucher accessions are also shown. : type strain.

Hajji et al.”®) on A spergillus clavatus ES1, Silva et al.® on

Aspergillus fumigatus; and Silva et al."”! on Penicillium waks-
manii and Penicillium corylophilum.

The effect of temperature on enzyme activity was studied
using the predetermined optimal pH for each enzymatic
extract. The optimal temperature for peptidase activity in the
crude enzyme extract of P. citrinum was 45°C. This peptidase
is sensitive to temperatures above 45°C, as there is a notable

40% decrease in enzymatic activity at 50°C and a total loss
of activity at 55°C (Figure 3b).

For peptidases of the enzymatic extract from A. fischeri, we
noted higher proteolytic activity at 55-60°C, although there
were no statistically significant differences between these
temperatures (p =0.09). We observed an intense loss of
proteolytic activity above the optimal temperature, similar to
that noted in the enzymatic extract from P. citrinum. Other
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Figure 1. Continued.

researchers'?”! have reported similar results with peptidases
exhibiting optimal temperatures of 45-55°C.

In terms of stability, the peptidases secreted by both fila-
mentous fungi remained stable over pH 4.5-10.5, as shown
in Figure 3c; a relative activity higher than 70% at all pH values
was maintained by peptidase(s) from A. fischeri and an activity
of approximately 90% was maintained by peptidase(s) from
P. citrinum. Peptidases that can tolerate exposure to different
pH ranges, especially alkaline conditions, are important as
they have potential to be used as additives in detergents. The
use of these enzymes in detergent formulations is required
to remove protein stains on clothes or other dirty surfaces,
and stability at alkaline pH is a fundamental and relevant
biochemical property of these peptidases. Similar reports
showing that fungal peptidases retain high stability over a wide
pH range include those by Angelo et al.'*!! with Fusarium
oxysporum, Silva et al.'”! with A. fumigatus, and Silva et al.'”]
in serine peptidases secreted by P. corylophilum and
P. waksmanii.

As shown in Figure 4a, we observed that peptidase secreted
by P. citrinum remained stable over a temperature of 30-45°C,
maintaining a residual activity of 70% at 45°C for 60 min of
incubation and approximately 50% of its enzymatic perfor-
mance after 15 min at 50°C.

Aspergillus duricaulis NRRL 40217 (EF669827)

Aspergillus brevipes NRRL 2439 (EF669812)

Additionally, the peptidases of the crude enzyme extract of
A. fischeri exhibited thermal stability in 30-50°C, maintaining
a residual activity of 80% for 60 min at 50°C and approxi-
mately 60% at 55°C when incubated for 30 min (Figure 4b).
These results are similar to those reported by Wang et al.’*?!
in A. fumigatus peptidases, in which a residual activity of
approximately 90% after incubation at 50°C for 30 min was
reported. The thermal stability of peptidases from A. fischeri
is superior to those demonstrated by serine peptidases from
A. fumigatus®® and A. clavatus ES 1.1°%

In comparison, the peptidases secreted by A. fischeri
demonstrated greater thermal stability than those from P. citri-
num, as the former showed activity and stability at higher
temperatures.

Effect of inhibitors and metal ions on peptidase activity

In this study, proteolytic assays were performed in the pres-
ence of enzyme inhibitors (PMSF, IAA, and EDTA) and metal
ions.

For crude enzymatic extracts from P. citrinum and A.
fischeri, considerable inhibition of proteolytic activity was
observed in incubation with PMSF. In the presence of this
inhibitor (final concentration, 5 mM), the enzymatic activity
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Figure 2. Profile of peptidase production by P. citrinum (a) and A. fischeri (b).
SmB was performed at 120 rpm and 30°C.

of peptidases from P. citrinum and A. fischeri was reduced to 2
and 3%, respectively. This reduction to a value close to zero
suggests the presence of serine peptidases in the crude extracts
of these fungi. The production of serine peptidases in biopro-
cesses using fungi has also been reported by other
researchers.>??!

The effect of the metal ions Li", Na™, K", Ba®’", Ca’™,
Mg**, Mn**, Ni**, Cu®*, Co*", AI’*, and Zn*" on peptidase
activity was studied. According to the data shown in Table 1,
positive modulation in enzymatic activity was detected when
the peptidases from P. citrinum were incubated in the presence
of Mn®*" (31%), Ba>"(24%), Ca*'(22%), AI’*(21%), Na*
(20%), LiT(18%), Mg>"(16%), K (16%); the differences were
statistically significant in all cases (p=0.0001). Negative
modulation was seen with the addition of Zn®", Co®", and
Ni*", and especially with Cu®*, which resulted in a residual
activity of 47%.

A similar profile of modulation for proteolytic performance
was displayed by peptidases from A. fischeri. As shown in
Table 1, we observed a slight positive modulation in activity
after incubation with Ba**, Ca®*, Mg*", and Na™; statistically
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Figure 3. Effect of pH (a) and temperature (b) on proteolytic activity, and pH

stability (c) of the crude enzyme extract of P. citrinum and A. fischeri.

significant differences were seen with Li* (p=0.002) and
Mn*" (p=10.053). Additionally, reduction in enzymatic
activity was noted in the presence of Ni*" and Zn*", and
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Figure 4. Effect of temperature on stability of the peptidases secreted by

P. citrinum (a) and A. fischeri (b).

especially with Cu®*, wherein a notable residual activity of
36% was detected.

Metallic ions can promote chemical bonding with a side
chain of the protein or active site of the enzyme and conse-
quently influence enzymatic catalysis. In the active site of these
peptidases, serine residues are crucial reactive components

Table 1.
A. fischeri.

Effect of metallic ions on peptidase activity from P. citrinum and

Relative activity (%) Relative activity (%)

Metallic ions (5 mM)  Peptidase from P. citrinum Peptidase from A. fischeri

None 100.0 & 4.7 100.0 & 2.0
APt 1220470 91.0+25
Ba2* 1240 +£0.8 118.0 +3.0
Ca’" 121.0£2.0 116.0 & 4.0
Co** 82.0+ 8.0 77.0 £ 2.0
cu*t 47.0+£0.5 36.0+0.5
K* 116.0 £ 3.5 99.0+25
Lit 118.0 £ 5.0 108.0 & 2.0
Mg** 116.0 £ 2.5 113.0 + 4.0
Mn?*+ 1310+ 3.0 104.0 + 4.0
Na® 120.0 + 2.0 111.0+3.0
NiZ*+ 760+ 1.0 63.0+ 1.5
n*t 88.0 + 2.0 520+ 1.0

Values are the average of three independent experiments + standard deviations.

that can interact chemically with metallic ions and promote
considerable reductions in enzymatic catalysis. In studies on
fungal serine peptidases, Da Silva et al.'**! showed slight
improvement in proteolysis in the presence of potassium,
and Hajji et al.?”! described positive modulation in activity
by magnesium and calcium and negative modulation by zinc
and copper II. Graminho et al.'*! also reported increases in
the activity of a serine peptidase from P. waksmanii in the
presence of calcium, barium, and potassium ions.

Additionally, in studies with crude extract, it is necessary to
point out that a slight or insignificant change on enzymatic
activity can be derived from nonspecific binding of metal
ion with protein.

Effect of surfactants, collagenase activity, and washing
performance in commercial detergent

Using ionic (SDS and CTAB) and nonionic (Tween 20 and
Triton X-100) surfactants, we performed a study to determine
the influence of these chemical agents on the denaturation of
the fungal peptidases.
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Figure 5. Effect of surfactants on peptidase activity from P. citrinum (a) and

A. fischeri (b).
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Figure 6. Washing performance with water (a), with commercial detergent without proteolytic activity (thermally denatured enzyme) (b), with active commercial
detergent (c), with commercial detergent (denatured enzyme) plus peptidase from P. citrinum (d), and with commercial detergent (denatured enzyme) plus peptidase

from A. fischeri (e).

The data displayed in Figure 5a and b show that the pres-
ence of nonionic surfactants did not interfere with enzymatic
activity, as enzymatic activity was maintained by peptidases
from both extracts. However, when peptidases were incubated
with ionic surfactants, considerable negative modulation in
enzymatic catalysis was noted.

The highest reduction in proteolysis for both fungal pep-
tidase extracts was observed in the presence of 0.2% SDS, as
a total loss of catalysis was seen for peptidases from P. citri-
num (Figure 5a) and a residual activity of approximately
40% was seen for peptidases from A. fischeri (Figure 5b).
Residual activity of 45% for peptidases from P. citrinum
and 88% for peptidases from A. fischeri was observed in
the presence of 0.5% CTAB. Additionally, at 1% CTAB, we
observed 25% residual activity in peptidases from P. citri-
num and 45% in peptidases secreted by A. fischeri. Interest-
ingly, an increase in the enzymatic activity of peptidases
secreted by A. fischeri was seen with CTAB at concentra-
tions of 0.1-0.2%, demonstrating a possible improvement
in the molecular arrangement of these peptidases or an
effect on the substrate that favors access of the enzyme to
the substrate azocasein.

We noted more interference in the presence of ionic surfac-
tants (CTAB and SDS) than that with nonionic surfactants
(Tween 20 and Triton X-100); thus, hydrophobic forces are
critical to protein arrangement, and surfactants (especially
SDS) particularly influence the denaturation of the enzymes.
Intense decreases in proteolytic activity in response to surfac-
tants have also been reported by other studies, especially those
involving SDS, in fungal serine peptidases from Penicillium
species'"?*) and Aspergillus species.*"

To check the capacity of the crude enzymatic extract for
collagenolytic hydrolysis, we performed a proteolytic assay
using an Azocoll substrate. The results showed that crude
enzymatic extracts from P. citrinum and A. fischeri both had
collagenolytic activity, with 126 A.U. for the enzymatic extract
isolated from P. citrinum and 116 A.U. for those from

A. fischeri. Fungal collagenolytic peptidase production has also
been described by other researchers.**?”! Collagenolytic
activity of peptidases is an important characteristic for a
variety of industrial applications of these enzymes, including
notable uses in leather processing, in moisturizers for
cosmetics, and in medicine to treat burns and ulcers.>?*2*!

We evaluated the washing performance of water, a
commercial detergent without proteolytic activity (thermal
denaturation), and an active commercial detergent to remove
an egg protein stain (Figure 6). The results show that all
three solutions were not active in removing the egg stain
(Figure 6a-c).

However, we observed that the detergent supplemented
with peptidases from P. citrinum exhibited a notably higher
capacity to remove egg stain compared to that seen on using
active detergent; the supplemented detergent promoted
slight cleaning of the fabric (Figure 6d). These results pro-
vide important information about these enzymes and their
potential applications and suggest that washing performance
can be optimized with appropriate conditions of enzyme
concentration, time, and heating during the washing process
to maintain enzymatic stability. It is worth noting that the
production and application processes performed in this
study were with relatively simple methods, involved low
production cost, and used a crude enzyme extract. Haddar
et al.”*®! and Jellouli et al.**! reported similar washing per-
formance using microbial enzymes to remove blood stains.
Abidi et al."* also showed the effective removal of an egg
stain by washing with a commercial detergent supplemented
with a fungal peptidase.

Conclusion

We observed that, in SmB, the fungus P. citrinum was a better
producer of peptidases than A. fischeri. We also demonstrate
the great potential of an animal residue, crushed feathers, for
use as an optimal inducer of peptidase production in this
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fermentation process. We intend to use the information
obtained from the studies on biochemical characterization,
collagen hydrolysis capacity, and compatibility with commer-
cial detergents to improve the washing performance and the
application perspectives of these enzymes in future studies.
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