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Ftrneellolar acid proteinaces of manva pecies of Aspeegitios and Peni-
Asperizilius fumigatny wns faund 1o

! citlinm were comparatively  sfwdied,
viehd ahe hished cnzyme actieit Ehe influence ol severad calturald
Conditrons vz, feenbation period and tespesatare, plb ol the medinm, aceation
and depth of the mediun, on the production of extracellular acid profeinase :

B AL famiigeas vwos systematioally investigated, The maximum coneen-
when the culinre moediom ol pll oS

fratpon ol e cnavime o obiain
nuteitional

wan incubaied b WPC Tara period of Udavs, The importaat
fnctors which attect (he prodoction ol aod proteinase viz, the effeets of
different carbohydrates, ditferent forms of organic and inorganic nitrogen,
different} metallic salts in the culture medium wers critically investigated.
Based on the results obtained, the composition of a medium for the
maximum production of extracclufar acid proteinase by A. fumigatus has

been suggested.

The, acid protcinases, which have been

In general protcinascs of both molds and
purified and studicd fully are of fungal origin

bacteria have wide applications in the
fields of brewery,' textile,? dairy,® pharma- and are cxtracclular in nature. The extra- j

ceutical* and leather industries.® Tn lcather cellular acid protcinases that have been
industry the enzymes are used mainly during  studied so far are: (a) the trypsinogen activa-
the process of dehairing and bating of skins  ting enzymes ( Penicillopepsin) from Penici-
and hides. The chemical process of dehair-  lium janthenellum,® (b) Penicillocarboxype-

’ ing skins and hides using limc and sodium  ptidase® from the same organism (c) (rypsino- ’

’ - sulphide has not only the detrimental effect genkinase (Takadiastasc) from A. oryzae

: . on the wool/hair, but also creatcs a major (d) Candida albicans acid proteinase,” (c)
pollution problem in the forms of tanncry - Paecilomyces  varioti acid proteinase,  (F)

process, however,  Rhizopus chinensis acid proteinase'’, aspergillo-
peptidase A from A. saitoi,'* the milk clott-
from FEndothia parasitica,'*:**

- cfMucnts. The cnzymic
saves the quality of the fvaluable by-product,
reduces the cfMuent as much as possible and  ing enzymes

avoids the use of toxic and sludge forming and thejmucor rennin, from Mucor pusitlus'®'*. ]
i T H . 1118 Se
chemicals. have also been reported. The acid proteinasc. v
. . . iy : icillium noratum'' has- been_isolated”™™ = "~
- # Presented at the .Industrial Fermentation Sympo- fr O‘m Pe",wl ‘/lu ! " L ‘f
sium, held in the Regional Research ..Laboratory, and purified.  The acid protemase lrom
JYammu, during March 4-6, 1978. Trametes sanguinca'® has been purificd and
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vt fieed, [y well known that ool

nevtral o alkaline pratemaes eane be
ehtained from the culture nedinm. o awy
strain of mold  andfthe vield  of cosvime
depends on the vorions culturat conditions

maintained for the growth of maold,

N e deat o wark hoas o boeen ddone
o etoes nlleeneme e produciion ol
proefeoiytic enzyme by molds and actino
mycetes. Dion' s adied the influence of
scveral factors on :he production of pro-
teinies in some selecied cudtures. Maxwell®
also stadied the same in AL oryzae. Bose el
al *ctndiced the influence of vindone cultnral
and ntritiona ] conditions on the production
of  prosemase o AL /?('II'(ISI-I‘I'('II.\‘.. ATl these
investiestions have been Scontined 1o cither
neutral or alkaline proteinases.  However,
very little work has been reported in the
literature on the formation of acid pro-
teinases in certain species of molds.  In the
present paper, a systematic investigation has,
therefore, been directed towardsclucidating
the various nutritional factors and cultural
conditions, which influence the production
of acid proteinases, especially by Aspergillus
Sumigatus.

Materials and methods

About 40 strains of Aspergillus and Peni-
cillium were obtained from the Centre for
Advanced Studies in Botany, University of
Madras and other Microbiology Depart-
ments. A few wild strains were also isolated
from the soil. The chemicals and reagents
used in this work arc of analytical grade.
The Bactopeptone and Agar powdcr were
supplicd by Difo Laboratorics, U. S. A.
The egg albumin flakes from E. Merck
(Germany) and the Folin-Phenol reagent
from Centron, Bombay.

Preparation of crude:extract
The mold along with the. culture medium

‘of each flask was triturated in a mortar with

500

acidd washed  sand,  centrifuged  and  the
apernzatant was collected. Fhe vesidue was
cepbnpated again with distilled water, centrie-
feced and the superaatani was mixed with
the cinlier extract, The total Yiguid collected
virs arnde upto o known volume and analysed

Por proteolviie activity,
Drenie assay and enzvme init -

I r estimating the proteoiytic activity of
the :nzyvme quantitatively, Anson’s: Colori-
mer e method® of estimating the liherated
tvrasine during protenlysis as adopted “hy
Yeshodha e ol owas followed except thay
Ambaliquot of cnzyvme extract was added
to S ml ol 2.5 per cent cge album’n solution
which was  adjusted 10 ptb 60,00 ptl 205
or pht 2.1 as the case may be, and  the
mixture was allowed to be digested at 45°C
for 30 miautes.  After this period, the diges:
tion mixture was analysed for the extent
of hydrotysis by the usual method and the
cenzyme unit was calculated as the amount
of enzyme that liberated onc microgram of
tyrosine from 2.5 per cent cgg albumin under
the normal experimental conditions.

Resulls

Effect of incubation period

in order to study and compare the

influcnce of incubation period on the pro-
duction of the enzyme of.thec mold strains, a

number of conical flasks (100 ml) containing

15 ml of the basal liquid medium (4 parts
glucosce, 4 parts peptone and. [00 parls watcr)
which had been sterilized and cooled carlier,
were inoculated with spore suspensions of
5 days old culture of the mold and incubated
at room temperature (30-32°C) for diflerent
periods. R
“Everyday the mold along with the. culture
mecdium of cach flask of each scrics was
triturated in a mortar with acid washed sand

“in ‘the same manner as described earlicr,
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Fhe crnde enzvine extract collected was
analysed Tor proteolviie aciivay . Hhe e uhie

obtained are presented e Tioo )

UNIT ¢ w1, -

PROTEOLYTIC AC™iv:~ *

tAacnntina poriod n doys

Fig. 1. Incubation pcriod vs. proteolytic activity
of the molds.

Of the seven mold strains compared for
the proteolytic  activity at pH 6.0, A.
Sumigatus was found o show the highest
activity after 3 days of incubation. In order
to find out, whether any other mold could
show higher enzymic activity, if the csti-

mation of enzymic activity has been carried .

“tout at highly acidic conditions, the experi-
ment was repcated with A. fumigarus and
P. notatum. The proteolytic activity for both
the molds was cstimated, by maintaining
the pH of the substrate as 2.5. The results
obtained are presented in Fig. 2.
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Fig. 2. Effect of incubation period on the production of
acid-proteinase by A. fumigatus (xx) and P. notatum (°°)
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Determination  of  extracellular  proteinase

claborated by A. fumizatus

b order to estinite the extraccelular acid
profeinase pvoduced by AL fumigatus, the mat
and the enlonre medium were separated alter
Vdavs of incubation, by passing throngh the
Ruchuer funncl, The mat was  triturated

with acid washed sand and the extract was.

collected by centrifugation and made upto
a known volume with distilicd water. Both
the enzyme cxtracts werc analysed for the
proteolytic activity  scparately. Tt was
however observed that the maximum activity
was found to bc present in  the culture
medium alonc and very insignificant activity
was obtitined in the mat formed by the mold.
Hence, in all our future work, only the culturc
medium of A. fumigatus after 3 days of incu-
bation was used as the crude cnzyme extract.

Determination of 1he optimum pH and rem-

perature for the proteolytic activity of the

crude enzyme extract " -

In order (o find out the cffect of various
pH values on the cnzyme activity, the cpg
albumin solution (2.5%,) was adjusted to
different pH values with acid or alkali as the
case may be. 5 ml aliquots of egg albumin
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IFig 3. Effect of pH on the crude cnzyme
activity of A. fumigatus.
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solutions were mixed with 2 ml of cazyme
extract in the 50 mi conical flasks and incu—
bated at 45°C for 30 minutes. The proteolytic
activity in cach flask was dctermined as
before.  The results are shown in Fig, 3.

For the determingtion of the optimum
tlemperature for enzyme activity, 5 ml por-
tions of egg albumin solution, which was
adjusted to pH 2.1 were mixed with 2 ml
portions of enzyme extract in. S0-ml conical
flasks and incubated at diflerent temperatures
for 30 minutes. After .i_ue period the pro-
teolytic activity in each Nlask was determined
as before and the results ate presented in
Fig. 4, '
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Fie 10 Phect of femperatine on the eprte cazne
aenity of AL fumigatin,

Hiceeof pll of the medium

Todetermine the influence of plt of the
cultare medinm on the production of acid
proteinases, 1S mi portions of sterile mediun
havine dilferent pil o values were taken in
severab conical lasks (100, mly and inoculated
with the spore  suspension of S v Gl
cnbinre slant S A fumieatus, T he sk s
incubated o room temperature (3023277

for 3 days. The culture filtrate was collected

Clrom cach flask and analvsed Tor the pros

teolvtic activity.  The results are presented
sraphicoily in Fig. 5,

o
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bl a s L 7 [] Q n "
pH' OF THE CULTURE MEDIUM

Fig. 5. pH of the culture medium vs. proteolytic
activity of A. fumigatus.

Effect of temperature of incubation

15 ml portions of sterile culture medium

which  had  been adjusted o pll 9.5 was
taken in several  sterile conical
inoculated with A, fumigatus and the flasks
were incubated at different temperitures for
3days. AL the end of the period.  the
proteolviic activity of the culture filtrate in
cach fask was determined.  The temperature

flasks,

ol ncubation vs proteinase aciivity curve is
presented in Fig. 6,
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g 6 tncubation temperature vs. protcolytic
activily ol A, fumiratus.

Fieet of aeration and depth of the culture
i

To determine the influence of the depth of
culture medium on the production of extra-
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cellntar acid  proteinises, varving valumes

of the sterile medium (pHE 9.5y were put in
flasks (230 mly and
five davs old cultdre

ceveral “sterile conical
were inoculated with the
ol .-1"_])//;1/\:(1111.\: Alter the incubation for
3odavs ot MOC, the profeady e sty iy ool the

colinee heate in cach thedo e Jdetermined.
Five pestilin e prasented Pable bl

poetion of culonee nediene i S gal comeal

il was found o b anlicient orthe

aatvmum productien ol the proteinase,
et of acrafion

fn arder to study the
200 il

cn the production ol (he  proteinase,

portions of - the denle culiure medinm ol

in 250 ml o conical fasis

pH 0.8 were taked
Cme  Tlask was

and inocubuted s [efore,
Hehtly stoppered with cotton phuz, another
wits evicuated and wenlod and the thivd one
was connected with one outlet of Seite-biter,

1 he outlet o Seita-filter was connected vith
aowater suction

huhbling of the  stenlk

primp. o1 e copligols
air, Fhe resobis
Ahiained are presentoad in dabie I

TAREE ]

and doepth of cuiture medinm an
acid proteivase by

Eilect of acration
the production of extracetinlyg
1. fumigitis

~ Proteolytic activity
me i)

]
medinnr gml?

[y

{0 RN
IB) 1120
20 1356
30 86V
45 ouyY
60 375
Normal 1338
Acrated 0620
Vacuum 150

Effect of different carbohydrates in the medium

- In this case, the composition of the
medium used was the same as before, except
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that ghrcose wats, replaced by other suzars oF
ctarch,  As the colution of the starch would’
be alfected by heat  sterilization, 4g. of
soluble starch powder and 100 ml of 49
peplond solution were scparately autoclaved

Cand mixed under asceptic conditions. The

results obtained are given in Table 2.

TABLLE 2

lffect of different carbohydrates in the cullure ~

medium

on the production of acid protcinase by
A. fumigatus :

Proteolviic activity
(cnzyme unit)

Cathohydrate
used (pereent )

Sucrosc 4.0 800
Cilucose 4.0 1336
Soluble stareh 4.0 416
Maltose 4.0 1410
Lactose 4.0 100
I ructose 4.0 1120
CGlucose 2.0 _
4
Iructose 2.0 P85

Fifvet of different nitrogen  sources in the

medium

o order (o study the influence of differcut
forms of arganic mitrogen on the acid pro-
tcinase production by A. fumigatus, & number
of culture media prepared replacing  peptonc
with cither a protcin or with an amino acid
were . used.  To determine  the eflect  of
inorganic source of nitrogen, insteadd of using
A protein or an amino acid, certain nitrogen
containing inorganic salls were uscd, The
concentration of the amino acid or an
inorganic salt in the medium was selected
as to provide approximately the same level
of nitrogen as would be derived from 19
concentration - of a protein. As the solution
of casein would be affected by heat steriliza-
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PEar s cosein powder was seperately auwtoclaved
arcbahen mixed with the sterile st solution
under asceptic condition, Sincc'cg’g alhumin
wenld he denatured by autockiving and henee
wonld he insoluble. the sterile mediom with
Hin protcin wis prepaved  byowashing with
I cthyl aleahol aad ahen dissalving o
heribe G Ladution, Aiguots of the
medium thus prepared’ were (ested for steri-
lity and were found to be microbiologically
sterile. The ammonium  salt solution and
the sugar solution were autoclved separately
and then mixed under asceptic  condition.,
The results  obtained are presented in
Table 3,
TABLE 3

Effect of orpanic and inorganic sources of nitrogen
in the medium on (he production of acid protcinase
by A. fumigatus.

Nitrogen source and
concentration (%, )
St

Protealviic activity
(enzyme unit)

Proteins : :
Lgg albumin 2.0 68§

Soluble casein 2.0 468
Peptone (2.0) 1005
Gelatin . - (2.0) 102

Amino acids ;
Glycine (0.385) 322
Valine (l.33) 358
Leucine (1.49) 727
Methionine . 7 714
Arginine® 0. 5) 179
Histidine* o0 59) 4w
Lysine (0. 84) 286
Aspartic acid Lol s) 179
Cysteine* (L. 0) N'n growth
Tryptophan - - (L.14) 506

Inorganic nitrogen sources e

" Ammonium chloride .'(""'."“6) 32§
Ammonium sulphate (0 .-76) 286
Ammoniom nitrage (0. 92) 215
Sodium nitrate | (07 9g) | - 452
l.!r(_’.g.. . o (0. 4j -

No growth

* asa mono hydrochloride.

504

Lliects of mincrals in the medium

Lastly_the influenee of o number of minerals
ithe medium on ihe production of aeid
proteinases by A, fumiégatus was stndicd. ) e
medum used wag composed of A peptone.
47 rhicose and suitable concentration of i
metitfic <altin (607 distilicd water, The
resulls obtained are presented in Tablc 4.

TABLE 4

Lffect of metalHe salts in the medivm on the produc-
tion of acid proteinace by A fumigatus

Froteolytic activity
( Enzyme unit)

Metallic salt
concentration (%)

Basal medium 158
(without metallic salt)
A Calcium sulphate (0. 01) 1262
B l’olassirum dihydrogen-
phosphate 0. 01) 1208
" Potassium chloride 0. 0. - 1180
C Sodium sulphate - {0, ¢Sy . 1290
D Magnesium shlphnlc (0. 0s) 1210
Nickel chloride 0. 05) 1050
E Manganese sulphate (0 . 005) 1275
F Zinc sulphate (0. 005) 1175
A+B+C+D+E+F 1450

Discussion

From Fig. 1, it is quite clear that ‘dilferent
molds would neced different -periods  of
incubation, for the maximum production of
‘the acid proteinase. The proteinase produc-
tion by A. fumigatus was maximum after three
days of incubation, whereas A, Japonicus
showed the maximum activity after an incu-
bation period of five days. 4. arvzae, A, flavus
and AL terens produced  iheir maximuom
production of acid proteinase in about four
days. A, parasiticus and P, notatum showed
the maximum after six days. Jtcan be ween
from Fig. 2 thai A, fumigatus produced

Leather Science, Vol. 25, 1973
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Jhrom Figs. 3 and . itis cevident that
“maximum activity of the crude enzyme extract

maximum acid proteinasc after three days of
incubation, comparcd to that produced by
P. notatum when cnzyme activity was csti-
mated at pH 2.5. "

A. fumigatus was, therclore, selected for all
subscquent studigs. Tt was also observed
that the maximum production ol acid pro-

teinase by A, fumigatns was found in the
cnzvme:

culture  medium  as  oxtraccHubar
the

wis found when the enzymc -estimation was
carried out at pH 21 amd 43°C temperature

for a period 30 minuten,

Fie. 5 shows that the formation of acid
profeinase by A, fumigatus was possibie
within the pH range of 410 11 - the maximum
pH Jor the production of acid proteinase
being in the neighbourhood of 9.5, 1t was
therelfore essentinl to adjust the pH ol the
culiure medinm at abont Q.5 fap the maximum
production of - profeinases. o the majority
Sl experiments Grrricd outin the present
investication. the pHof the media after the
erencth of L fumizatis tor 2ol was found

(o e within the ranee 15 10 5.0,

From Fie. 6. itappears that the acid pro-
teingse formation by A, funigarus alter an
rcubation period of three davs was maxinum
at e

Table 1 shows that there appears fo bea
ot of variations in the production of actd
proteinase, when the volume of the culture
medium was altered. There wasa aradul
increase of proteshaic octivity . when tae
colume- of the caltire medinme was, mon
fained rom 1020 mb Tlowever the achvity
in the Basks laving 20 mi madinm was found
(o be Tower than those abtaid in 10 1020
ml. This deerease in ensvime activity might he
die to the use of a thick laver of enltare
medinm with fess surfaee arca. From the

teather Science Val 25 1978

“duction of the

aspartic acid

experiment on acration it- can bc seen that

A. fumigatus nccded a normal amount of

oxygen for its growth and maximum produc-
tion of acid proteinase. Excess sterilc.oxygen

when bubbled - through the culture meditm, .
considerable  reduction in proteinase pro-_

duction was observed.  The flask which was
evacuated and scaled. might have  some
dissolved oxygen in the medium.

Among the dilferent, carbohvdrates {Table
2) which were used o the culture  media.
maltose gave the highest and lactose the
lowest activity. 1t appears (hat these carbo
hydrates when arranged in the descondinge
order on  the production  of extraceliular
acid profepses were s
fructose, sucrose, starch and lactose. It

can also be abscrved from the Tahle that .

A. fumigatus can assimilate glucose  and
fructose individually in a much better manner
than sucrosc. which on hydrolysis produccs
glucose and fructose.

I is evident from Table 3 that the pro-
acid proteinase by inorganic
much less than  that

pitrogen was  very
medium. The

hy organic nitrogen in the
presence of nrea in the medium was found
1o inhibit the growth of the mold. Amonyg
differcat forms of organic  nitrogen

the
the peptone was the hest one for

SOUFCeS,
the maximum
and the gelatin was the least. Among the
several amino acids, the cysteine was found
1o inhibit the growth of the mold completcly.
of amino acids like arginine,
and lysine the production of
the enzvmc was very poor. The protecinase
observed  moderately in
viz,  plycine. valine
trypto -

production of acid proteinase

in cuasce

production  Was
ceptnin amino - acids
feucine, methionie, histidine as=d
phan.

Table 4 shows  that most of the metallic
tested  had the benelicial inlluence

salts
on the formation of acid

proteinase. The

A
&
A

maltose, elucose,
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Stion,

adidition of 010 calcium sulphate or potas- -

stuny dibydrogen phosphate in the medium
wis found o inerease the proteinase produc-—
a5 of sodium sulphate and potas.-
stum chloride were benelicial for the produc -
tion of the enzyme.  Nickel chloride in the
moedinm reduces the enzyme activity €0 an
extent. Among all (he salis tested sodium
found hahest
nroteolytic activity.,

sulphare  was o give the

The final medium selected Tor the maximum
production of acid proteinase by A. furiicaius
therefore contained 4 g, of maltose, & o of
peptene, €4 uo of caleium sulphate, 0.1 g of
petiasim dibhvdrosen phosphate, 0,05 o, of
almeencsiem sulphate and .03 o) of sodium
solphate. 0,605 go cach of zine sulphate and
manganese salphate/ 100 ml distilled  water.
The presence ef all salts in that particular
concentration  was  found to enhance the
proteolvie aetivity to o much areater extent,
than wny ol these salts,
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