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ABSTRACT

The aim of this study was to evaluate peptidaselymtion byAspergillus terreusn solid-state bioprocess and
evaluate its parameters. The best conditions wddegsof wheat bran as substrate, incubation terajpze 30°C,
inoculum 2.0x1dspores/g and 75% saline volume, with producticachéng 677 U/mL (5400 U/g culture medium)
after 72 h of fermentation. Biochemical charactatian of the crude enzymatic extract showed thamph pH and
temperature of 6.5 and 55°C, respectively. Theilfalat different temperatures and pH values shdwieat the
extract could endure different pH. The evaluatidnttee ions influence and inhibitors proved that thiezyme
required an ion for better activity, which was colporated with the inhibition of EDTA and PMSF, cheterizing
serine and/or metallo peptidase. The extract was &sted for specific activities and showed promgisesults for
keratinolytic and collagenolytic activities (0.288d 0.165 OD/mL, respectively).
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INTRODUCTION Hence, this process is a great technology for
obtaining the products and potential use of solid
Fermentation uses a microorganism to obtainesidues (Soccol and Vandenbergh 2003;
biotechnological products, such as enzyme&raminha et al. 2008).
(Pereira et al. 2008). In solid-state fermentatiofenzyme production by solid-state fermentation
processes, there is lack of free water in the mailtuhas been studied extensively. Peptidases are
medium, with only enough amount to maintain theenzymes that have been found in different types of
growth of the microorganism (Pandey et al. 2000)culture medium using agro-industrial waste, such
In these processes, the solid material most ofteas wheat bran (WB) (Tunga et al. 1998; Uyar and
used is agro-industrial waste, which serves both @&aysal 2004), wheat and soybean flours (Wang et
physical support and as a nutrient source (Pand&y. 2005) and rice straw (Chapla et al. 2010).
2003). This type of process has advantages, sudlhese enzymes have applications in different
as better biomass production in a short period adreas of industry, including pharmaceuticals and
time and similarity to the natural habitat. Thecosmetics, food, leather, detergents and
downstream processes are facilitated by the highioremediation and waste treatment (Anwar and
concentration of the product, thereby potentiallySaleemuddin 1997; Rao et al. 1998; Sharma et al.
increasing the earned value to the final produc001; Gupta et al. 2002; Novozymes 2008).
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Microorganisms are interesting sources ofolution as above was added and then autoclaved
peptidases because they have wide biochemicat 121°C for 40 min. The bags after inoculation
diversity, easy cultivation and maintenance, avere incubated at 30°C. Every 24 h, one bag was
reduced cost and the possibility of genetidemoved and 40 mL of distilled water at 4°C was
manipulation for the improvement or modificationadded. The extraction of enzyme was performed
of the final product. Therefore, microbial by soaking and agitation. The material was
peptidases are among the most importarfiltrated and centrifuged at 5,000xg at 4°C for 20
hydrolytic enzymes currently used. There is, thugnin. The supernatant was considered as crude
a constant search for new peptidase producersnzymatic extract and was used for proteolytic
including filamentous fungi and new culture activity tests.

media and conditions for cultivation that canThe composition of the culture medium included
increase the yields and decrease the costs 6f0 g of WB only or supplemented with 5, 10 or
production (Ladeira et al. 2010). 20% casein or albumin or 5.0 g of cottonseed (CS)
The filamentous fungudAspergillus terreusis meal only or supplemented with 5, 10 or 20% soy
known for producing important biotechnological protein, gluten or WB. After determining the best
products, such as lovastatin and itaconic acidgro-industrial waste for peptidase production,
(Benett 2010). There is an interest in generatingther parameters were varied to define the
other products, such as enzymes, includingptimum conditions for the production of enzyme,
peptidases. The goal of this study was tancluding the spore concentration (5.0%10
determine the best parameters for peptidase5x10 or 1.0x168 spores/mL), temperature (30,
production byA. terreus its characterization and 35, 40 and 45°C) and saline volume (65, 75, 85 or

potential applications. 100%, wi/v), which was calculated based on the
grams of the WB and saline (15 g) as 100%.
MATERIALS AND METHODS Proteolytic activity using casein as substrate
) _ _ Proteolytic activity was determined using the
Microorganism and maintenance protocols described by Sarath et al. (2001), with

A. terreuswas obtained from the culture bank of y,qqifications. The assay used was performed in
the enzyme technology laboratory of the Facultyrpjicate using 1% casein dissolved in monobasic
of Pharmaceutical Sciences of Ribeirdo Preto. Theygium phosphate buffer (50 Mmol/L, pH 6.5).
fungus was isolated from a feather found in therpe assay was carried out using 150 pL of crude
soil in Miguelépolis, Sado Paulo state, Brazil. Theenzymatic extract, 100 pL of monobasic sodium
strain was identified by Dr Cristina Maria S MOttaphosphate buffer (50 Mmol/L, pH 6.5) and 1000
at the Mycology Department of the Federal,| of 19 casein, incubating the mixture at 40°C
University of Pernambuco — UFPE and was growior at least 60 min, after which the reaction was
on potato dextrose agar (PDA) in culture tubes b¥topped using 600 pL of 10% trichloroacetic acid
incubating at 30°C for 168 h. (TCA). TCA was added to blank tubes before
casein to precipitate the enzyme. The tubes were

An inoculum was prepared by adding sterile salin entrl_fuged at 10,000xg at room temperature fpr
solution (0.1% wh (NH):SOQ, 0.1% wiv 5 min. The supernatants were measured against

NH.NOs and 0.1% wh MgS@7H,0) and b:canks in quartz c_:uvdett;ss at ZE?tO nm. _The amourllct
scraping the surface to form a spore solution. Thé‘ enzyme required to resuit an increase o

Inoculum preparation

spore concentration was determined by countin .001Ag€0n?under asssay ct?]ndtltl?ngov(\;is defined as
in a Neubauer chamber. The volume added wa&'® Y™ © enzyme (Sarath et al. )

variable and the total volume of the solution wagotein precipitation

10 mL (Merheb-Dini et al. 2007). The crude enzymatic extract was subjected to
Soid-Sat Fermerton (SSF) R A L
Adapted from the techniques of Lotong and.: u zymatl X

Suwanarit (1985) and Merheb-Dini et al. (2007), 2.6°GL. The materia| was kept at -20°C for 24 h

the method for peptidase production in SSF use%ir.]OI then centrifuged at 103000xg at 4°C for 30
autoclavable polypropylene bags of 12x20 cm tgnin- The supernatant was dlsca_rded an_d t_he pe_IIet
which 5.0 g of the substrate and 8.0 mL of salind'@s resuspended under mild agitation in
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monobasic sodium phosphate buffer (50 Mmol/Lenzyme, the effects of inhibitors were determined
pH 6.5) at 4°C. This new extract was used foaccording to the protocol of Dunn (1989), with
proteolytic activity assay using azo-casein asnodification. The inhibitors used were iodoacetic

substrate. acid (IAA), phenylmethylsulfonyl fluoride
(PMSF) and ethylene-diaminetetraacetic acid
Biochemical Enzyme Characterization (EDTA), each at a final concentration of 10

. . . . mM/L. The effect of ions was determined using
Proteolytic  Activity using Azo-casein as NaCl, MnCh, KCI, LiCl. ZnSQ, CoCl. CuCl,

Substrate .
. . ... CaCh, MgCl,, BaChL and AICkL, each at a final
The protocol for assessing the proteolytic activity centration of 10 MMI/L.

using azo-casein as a substrate was based on Eul
assay reported by Sarath et al. (2001) witlgygyation of collagenase activity

modifications. The reaction was performed usin(collagenolytic activity was based on a protocol
100 uL of precipitate extract, 100 uL of indicatejescriped by Jianget al. (2007), with
buffer and 200 pL of 1% azo-casein. This mixturémqgifications. In brief, 20QL of crude enzymatic
was incubated for 10 min at indicated temperaturgyiract was added to a suspension of 1.5

The reaction was stopped by adding 800 pL 1099”_ azocoll in 1.0 mL of HEPES buffer (100
TCA. TCA was added to blank tubes before azom|_. pH 7.0) and incubated at 45°C for 70 min,
casein to precipitate the enzyme. The tubes wejn triplicate. Samples of this mixture were
centrifuged at 10,000 xg at room temperature fCyransferred into tubes and centrifuged at 10,000
15 min. Then, 800 pL of supernatant was added 1xg at room temperature for 10 min. The
933 pL of 1M sodium hydroxide. This mixture gypernatants were measured against the blanks at
was measured against blank in plastic cuvettes 550 nm, The blanks were prepared similarly to the
440 nm. All the experiments were performed isample tubes, but the crude enzymatic extract was
triplicate. The amount of enzyme required tOpgjled for 10 min to inactivate the enzyme. The
result an increase of 0.003n» under the assay results were expressed as optical density (OD) per
conditions was defined as one unit of enzym, . of crude enzymatic extract at 550 nm

(Sarath et al. 2001). according to Jiang et al. (2007).

Optimum pH and temperature Evaluation of keratinase activity

To optimize the pH of the precipitated extractThe assay for keratinase activity was performed in
following buffers were used: acetate (pH 4.5 andfiplicate using keratin-azure prepared in aqueous
5.0), 2-N-morpholino)ethanesulfonic acid (MES) solution at 4 mg/mL according to Bressollier et al.
(pH 5.5, 6.0 and 6.5), 4-(2-hydroxyethyl)-1-(1999), with modification. The tests were
piperazineethanesulfonic acid (HEPES) (pH 7.0performed using 200 upL of crude enzymatic
7.5 and 8.0), bicine (pH 8.5 and 9.0) and CAP&xtract, 250 pL of substrate suspension and 750
(pH 9.5, 10.0 and 10.5), all at 50 mM/L. After the#“_ of HEPES buffer (100 mM/L, pH 7.0). This
determination of the optimum pH, the influence ofmixture was incubated at 45°C for 24 h. The tubes
temperature was examined for a range of 30 t@ere centrifuged at 10,000 xg at room temperature
75°C, with increments of 5°C. for 10 min and measured against the blanks at 595
nm. The blanks were prepared similarly to the
sample tubes, but the crude enzymatic extract was
boiled for 10 min to inactivate the enzyme. The

(o]
thg enzyme at 30 to 65°C for 5 10, .1.5 and 6\"esults were expressed as OD per mL of crude
minutes, after which proteolytic activity was enzymatic extract at 595 nm (Foroughi et al
assayed at 55°C and pH 6.5. pH stability WaﬁPOG) '

assessed by pre-incubating the precipitate extrac
at 25°C for 1 h in different buffers ranging from
pH 4.5 to 10.5, with increments of 0.5. ProteolyticRESULTS AND DISCUSSION
activity was then assayed at 55°C and pH 6.5.

Enzymatic extract stability
Thermal stability was determined by incubating

Figure 1 shows the production of peptidase#\by
Effect of inhibitors and ions terreususing agro-industrial residues, WB and CS
To determine the mechanism of action of themeal, combined with certain other protein sources
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(casein, albumin, gluten and soy protein). Undesupplementation, resulting in the production of
the conditions tested, the best medium foapproximately 400 U/mL after 72 h.
peptidase  production was WB  without
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Figure 1 - Influence of different media on the productiorpefptidase byspergillus terreus(A) WB
and supplementation with casein; (B) WB and supplaation with albumin; (C) WB and
CS and supplementation with WB; (D) WB and CS amgbfementation with soy protein;
(E) WB and CS and supplementation with gluten. €hests were performed at 30°C,
65% of saline volume and 5x18pores/g.

The results showed that the use of protein sourcesudy, the supplementation with casein (Fig. 1A)
other than WB was not efficient for the productionor albumin (Fig. 1B) decreased peptidase
of peptidase. According to Abidi et al. (2008), theproduction when used along with WB, except in
presence of protein sources as inducers in th#8 h production where 5% of casein, 10 and 20%
culture medium affects the production andof albumin showed better results than the use of
secretion of peptidases Bptrytis cinerealn this WB only. In comparison of supplemental albumin
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or casein, albumin showed better result thamesults were obtained at all the sampling periods
casein. However, the production by WB alone wagith maximum being 500 U/mL. At 35°C, only
the highest. one peak of approximately 420 U/mL and a
In the bioprocess using CS meal, the production afecrease in activity beginning at 96 hs was
peptidase was lower than with WB (10-timesobserved. The results indicated that the fungus was
difference). The protein composition of thesensitive to temperature. An increase in
substrates was not the best explanation for thesemperature promotes the higher evaporation of
results because WB had approximately 16.58%vater from the fermentation, which causes cell
protein and CS had 30.76% (Filho et al. 2000)death or an absence of spore germination. Thus,
This could be due to a difference between théhere was a decrease in peptidase production and
particle sizes of the two residues, which mighsecretion, with low levels at 40 and 45°C.

reduce the accessibility of the substrate or the

voids occupied by oxygen (Krishna 2005). 600 = 30°C —=- 35°C -w- 40°C -+ 45°C

Spore concentration is important in the
fermentation process because it can modulate th
production of enzyme in the culture medium due
to the availability of material to be degraded.
Based on production profiles, concentrations of
5.0x10 and 2.0x10 spores/g resulted significant
increase in the production compared with 1.6x10
spores/g (Fig. 2). Thus, the spore concentratior , S
selected for further experiments was 2.0x10 0 24 48 72 96 120 144 168 19
spores/g because this condition combined the bes Time (hours)

peptidase production after 72 h.

400

200

Enzymatic Activity (U/mL)

Figure 3 - Influence of the bioprocess temperature on
peptidase production by the fungus
-*- 1,0x10°spores/g  ~®* 5,0x10° spores/g Aspergillus terreus in  culture medium
600 —— 2,0x10’ spores/g containing 5 g of WB and 2.0xi®pores/g
and at 65% saline volume.

400+

The variation of saline volume presented in solid
medium is proportional to the content of free water
and may also affect the levels of peptidase
production byA. terreus As shown in Figure 4,
: : : : : , 75% of saline volume provided the best
0 24 48 72 9 120 144 168 19 performance, but 65% showed similar levels in
Time (hours) certain periods of the bioprocess. Increase in the
Figure 2 - Influence of spore concentration on S&lin€ volume to 85 or 100% affected peptidase
peptidase production by the fungus Production, which was decreased to nearly half of
Aspergillus terreus,n culture medium the production under the best condition (75%)
with 5 g of WB incubated at 30°C and The above results could be related to the fact that
65% of saline volume. humidity affected the porosity of the culture
medium, and therefore, compromised oxygenation,
_ _ ) fungal growth and consequently peptidase or other
An increase of spore concentration might havg,.iapolite production (Pandey 1992). The peak of
caused a faster depletion of essential nutrlents ?féptidase production was 677 U/mL (5400 U/g
that there was no need for more peptidasgediym) after 72 h of fermentation, using 5 g of
production, whereas with a decrease in the SPOKRB 4t 30°C, a spore concentration of 2 %10
concentration, enzyme production was enhanced'spores/g and 75% of saline volume. The first
The cultivation temperature interferes with the, o4 ction obtained a peak around 370 U/mL after

growth and metabolism of the fungus, antgg p, of fermentation and the optimization led to an
consequently, peptidase production may vary. Thigcrease of 1.8 times of activity and shifted the

best temperature was 30°C (Fig. 3), at which begfoay for 72 h of the bioprocess. Different species

200+

Enzymatic Activity (U/mL)
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of Aspergillus sp in similar culture medium acid residues, or a structural modification that
showed peptidase production similar to theromoted the inactivation, or denaturation of the
production in this work, with peaks of 400 to 800peptidase (Fig. 5).

U/mL, as reported by Macchione et al. (2008).

In a study using the same culture medium (5 g of
WB) with supplementation with egg albumin and
casein, the production of peptidaseRgnicillium
corylophilumreached a peak of 520 U/mL after
96 h using only WB, and the production by
Penicillium waksmanii was slightly increased
using supplementation, with peak of 545 U/mL
after 72 h. However, the supplementation could be
removed to generate cheaper medium because the 4 5 6 7 8 9 10 1

peak with 5 g of WB alone was approximately 500 pH

U/mL (Silva et al. 2013a). Similar to this, theFigure 5 - Influence of pH (range of 4.5 to 10.5) on
present work showed thaA. terreus did not enzymatic activity. Assays with azo-casein
require an external source of nitrogen for the at 45°C.

production of peptidase and possessed the

potential as a peptidase producer.
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The effect of temperature on the proteolytic
o 65% —m T5% -k- 85% -2 100% activity was determined based on the hydrolysis of
azo-casein incubated at different temperatures and
at an optimum pH. The optimum temperature for
the reaction was determined at 55°C (Fig. 6).
Above 55°C, there was a decrease in proteolytic
activity, possibly by denaturation of the enzyme
by breaking the chemical bonds with thermal
energy. Below 55°C, with increasing temperature,
proteolytic activity also increased, which was

B , , , , , related to the increased agitation of the molecules
0 24 48 72 96 120 144 168 19 colliding with the substrate, promoting the better
Time (hours) formation of products.
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Figure 4 - Influence of the saline volume on peptidase

—~ 160
production by the funguaspergillus terreus ~;_ 1404
in culture medium containing5gof WBand 3= 1204
2.0x10 spores/g and incubated at 30°C. £ 1004
=
S 80
< 60
Biochemical characterization — optimum pH £ 40
and temperature g ol
Enzymes exhibit structural effects following pH & . . . . . .
variation. Changes in pH may modify the chemical 20 30 40 50 60 70 80
structure of an enzyme due to protonation and Temperature (°C)

deprotonation of the amino acid residues. Thg
effects of the protonation and deprotonation of the
catalytic site reflect the optimum pH of an enzyme
(Tipton et al. 2009). In this study, azo-casein was
used as a substrate in a pH range of 4.5 to 10.5.

The higher activities were reached at pH 5.5 t@&nzymatic extract stability

8.0, and optimal activity was at pH 6.5. TheThe effects of temperature and pH on the stability

decrease in activity started at pH 8.5 indicatingf the enzymatic extract were determined based on
better tolerance to alkaline pH. This decreasehe hydrolysis of azo-casein incubated at different

might be due to the protonation of several amingemperatures and pH values. These assays are

igure 6 - Influence of temperature (range of 30°C to
75°C) on enzymatic activity. Assays with
azo-casein on pH 6.5.
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important for the certification of enzyme stability extract in a pH range of 4.5 to 10.5. This showed
for a subsequent application. The enzymatibetter stability at an acidic pH (4.5 to 6.0). Diesp
extract was only partially purified, therefore, didthe decrease in the activity with an increase in pH
not contain just the enzyme. The presence dhe decrease was not under 50%.

different other proteins, carbohydrates, or otheSBtability is an important parameter given the
particles could affect the enzyme activity anddifferent applications of enzymes and extracts in
stability, interfing positively, or negatively. The industrial processes. From these tests, it was
temperature stability of the enzymatic extract wasbvious that an extract could be used in complex
30°C, maintaining activity close to 50% for 1 hprocesses, or be preserved by stabilization
(Fig. 7A). Figure 7B shows the performance of theechniques (Ameri and Maa 2006; Namaldi et al.

2006).
120+ A % 30°C - 35°C -~ 40°C 100+ B

2 004 T 45°C e 50°C - 55°C -
< 100 & 60°C -~ 65°C ~¥- 70°C £ 804
2z 2
jg g 60
2 2
e
5 =

S 0l
z g ¥

0 T T T T T T

4 5 6 7 8 9 10 11
Time (minutes) pH

Figure 7 - (A) Temperature stability at exposure times of 5, A& @0 min;(B) pH stability (range of
4.5 to 10.5) and enzymatic activity over 1 h.

Effect of inhibitors and ions the enzyme was exposed to lithium and copper,
The classification of the peptidase based on the&hich possibly bonded to the serine residue in the
nature of the catalytic site was determined by anatalytic site of the peptidase, causing a loss of
inhibitor assay. This assay showed that there miglaictivity (Fig. 9). Hajji et al. (2008) observed
be more than one peptidase in the extract or onjyositive modulation when a serine peptidase
one metal-dependent peptidase because EDTA apdbduced byA. clavatus was incubated with
PMSF were inhibitory. These inhibitors indicatedcalcium (124%), with performance similar to the
serine and metallo peptidases, respectively (Figrresent study.

8). 150+
The modulation of enzymatic activity in the
presence of ions may be positive when there is an
increase in proteolytic activity compared with a
control, or negative when this activity decreases.
lons can interact with the enzyme through residues
in the catalytic site, modifying the residues’
disposal promotes the activation or inactivation of
the enzyme. Another explanation for the 0-
modulation by ions is interaction with amino acids

outside of the -catalytic site, promoting the

100~

th
=
L

Relative Activity (%)

modification of tertiary structure and improving or Inhibitors

not improving proteolytic activity. As noted, the Figyre 8 - Influence of the addition of inhibitors on the
peptidase in the precipitate extract presented proteolytic activity of the peptidase
positive modulation, with increases of 120 and produced byA. terreus Proteolytic activity
110% in the presence of €aand AF, was determined using azo-casein at 55°C in
respectively. There was negative modulation when MES buffer at pH 6.5 and a final

concentration of 10 mM/L.
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media, adding value to the product. The
biochemical characterization of the precipitate
extract showed the presence of two different
peptidases (serine and metallo peptidases), or the
existence of only one metal-dependent serine
peptidase and a favorable behavior in a wide pH
range. Thus, it could be possible the use of this
enzyme in detergent industry, as it tolerated
different pH. It also could be used in residues
treatment, as the ions did not have a negative

Relative Activity (%)

- L Ty A S e oD D D . . . i
_é‘é“ LS T4 VSt influence in the enzymatic activity, except for
C lithium and cooper. The keratinolytic and
lons collagenolytic potential proved to be important for

Figure 9 - Influence of the addition of ions on the the possible application of this extract, showing

proteolytic activity of the peptidase promise for others applications.
produced by Aspergillus terreus

Proteolytic activity was determined using

azo-casein at 55°C in MES buffer at pH
6.5 and a final concentration of 10 mM/L. ACKNOWLEDGMENTS
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