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Hydrolysis ol skin collagen by

tively: anaerobic bacteria has been stu
iydrolysis of skin collagen is found to be

aérobic conditions of growih.

less- when the organisms arc grown anacrobically.
medium, period of incubation, lempe-
cnce the hydrolysis of skin collagen.
aged by mixed bacterial cultures or by.

peptone concentration in the
rature and skin-medium ratio influ
Collagen hydrolysis is not encour

transferring the skin repeatedly (o a {resh culture.

dilTerent proteolytic strains of faculta-
dicd under both acrobic and an-

Various faclors like

Unhairing of skin Ly

different proteolytic strains of bacteria is found to be comparatively rapid
when the organisms are grown aerobically and when they are used in a

mixed culture. _

Introduction

Considerable amount of work has been
done on the different types of micro-orga-

nisms associated with hides and skins and:

the pbssible degradation of raw stock by the
proteolytic bacteria. Bul in most occasions

studies-have been confined to the acrobic or
micre-organisms -

anaerobhic
aerobic

facultatively

grown . under only.

conditions

Tancous' published her work on an obligate -

anacrobe Clostridium capitovale and demon-
strated its deteriorating action on hide and
leather. According to Francis et al* only
certain obligate anaerobes helonging to the
genera Clostridium and Bacteroides posses
truc collagenase activity. '

Venkatesan eral* observed that skins
are rarely associated with obligate anaero-
bes but they pointed out that Facultatively
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anaerobic organisms possibly play a more
important role in deteriorating ‘hide or skin
quality.
most of the pure baclerial cultures isolated
from salted hides were unable’to attack
undenatured collagen, but litfed collagen
was attacked by most of the cultures. They,
however, observed that few combinations of
mixed cultures were able to attack cotlagen.

Our_knowlédgc is very much limited
about the growth of the facultatively
anaerobic ‘organisms and. their hydrolytic
aclion on skin collagen under both aerobic
and anacrobic conditions. In the present
study, the effect of certain factors on the
hydrolysis ‘of skin collagen by differcnt
facultatively anaerobic organisms under
acrobic and - anaerobic conditions of
growth has been studied. Unhairing of
skin by some of the organisms aerobically

4s

Everett and Cordon' showed that




1
investigated.
Materials and methods
Organisms
Bacillus subiilis, p) cereus, B. megaterium,
B."Coagulans and Sl?p/)ylo{'occus aureus were
obtained from V. §. Krishnamachar, Scien-

tist-in-charge, National Collection of Indus-
trial Micro - organisms, Poona - 8., and the

rest of the organisms ‘were isolated in the
Bacteriology Laboratory, Central Leather.

Research Institute, Madras-20.
Estimation of proteolytic aciivity

Proteolytic activity|of different microor—
ganisms was determined using casein, egg
albumin and gelatin as substrales.

(a) Caseinolylic activity was  determined
according to ‘the method of Anson® and
Kunitz® as modified by lilagihziraf 2% aqueous
casein (pure BDH) was prepared in O.IM
Phosphate bufler ‘of pH 74. Il of the
enzyme preparation was added to Iml. of
the substrate in eagl; test tube. The tubes
were kept in g waler [bath maintained at
40°C for 10 min. for |digestion. Enzymeé
reaction was  thep stopped by adding
suflicient quantity of recipitating agent
(composed of 0.1pr tril- chloroacetic acid
(TCA), 0.2z sodium |acetate, and 0 2)\f
acetic acid). The tubes were warmed and
then cooled to room l:emperalurc and the
contents were filtered through  Whatman
No. 1 filter paper. Coutrol experiments
were run in an identical manner excepl that
the precipitating agent was added (o the
substrate before the addition of enzyme
solution. The colour developed by Folin &
Ciocalteu was read in| Klett-Summerson
Photoelectric Colorimeter by using red
filter No. 66. ’
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. | .
as well as anaercirb-lcally has also been

" preparition was - added

Proteolytic aclivity (caseinasc) is expres-
sed in units.
tyrosine liberated per min. per ml. of the
enzyme, '

(b)  Using egg albumin as the substra(c (he
proteolytic activity was determined aceord-
ing to the method of Anson® as modified by
Bose etalt 2.5 egg albumin (E. Merck,
pure) solution was prepared in O.1M phos-
phate buffer of pPH 7.4. 2ml. of the enzyme
to 2ml. of the

substrate in each test tube, ~ The tubes were

kept in incubator maintained at 45°C for

30 min. for” digestion. ~Enzyme reaction
was then stopped by adding 8ml. of 5% TCA

- solution. The following ‘procedure was the
same as indicated in case .of cascinase
aclivity,

Pro'teolytic activity is expressed in units,
the unit being defined .as mg. of tyrosine
liberated for Sinl..of the digestion mixture.

(c) Gelatinolytic activity was delermined
qualitatively. 10 ml. of the nutrient gelatin
(12% BDH gelation) was taken in each test
tube, sterilized and inoculated with 24 hrs,
old bacterial cultures The tubes along
with control uninoculated tubes were then
incubated at 37°C. . At regular intervals
(24, 48, 72 & 96 hrs.) the tubes were
examined for proteoiytic activity until
gelatin was completely liquified. Proteo-
lytic activity (gelatinase) is cxpressed as
the time (days) taken for (he complete
liquefaction of gclatin by the dillerent
micro-organisms,

Hydrolysis of skin collagen

Fresh goat-skin was colleeted from sfaugh -
ter house, cleaned, washed, leshed and the
hairs were shaved ofl with the help ol a
safty razor. Small skin pieces weighing
exactly lg. cach were cut oul and then
sterilized by fumigating them with ethylene
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A unit is defined as mg. of
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oxide.® After exposing to cthylene .oxide
for a period of 18-20 hrs. and subsequently
incubating outside for | day, the skin
picces were ascplicatly transferred 1o the
tubes containing 10 ml. of “thioglycollate

“broth. If no growlh ocenred within @

period of § days, the tuhes containing the
medium and skin pieces were taken for
inoculation.

24 hrs. old cultures of different organisms
were used as the inoculum and the tubes
were maintained in acrobic and anaerobic
conditions of growth. The tubes were
generally put to a shaker (r. p. m. 120) for the
first two days at 30°C ahd then incubated
at 37°C for a period of I8 days. The
contents in the tube were then centrifuged
and Smi. of the supernatent was taken for
hydroxyproline estimation. The bydroxy-
proline present in (he uninoculated tube
containing the media and skin incubated
for the same period served as control.
Hydroxyproline was estimated by following
the Newman & Logan's' method.  The
incrcase in hydroxyproline in the media gave
a measure of the liydrolysis of collagen. The
hydroxyproline values have been presented
after correcting them by deducting the values
obtained in case of control tubes and are
expressed as mg. of hydroxyproline present
in Sml. of the culture media.

Anacrobiasis was maintained with the

‘help of Mclntosh and Fildes Anaerobic

jar using methylene bluc as indicator.

Unhairing index

Unhairing of skin was cxamined cither by
plucking out the hairs or by unhairing the
skin with a blunt knife as reported earlier.
The values for unbairing index indicate the
extent of unhairing and was determined on

the basis of the following criteria: no

unhairing-0, very slight unhairing-1, slight
unhairing-2, slight to moderate unhairing-
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3, moderate unhairing-4, moderatc to casy
unhairing-5, casy unhairing-6.

Results

Proteolytic activity of different facultatively

anacrobic organisms

Different strains of facullatively anaero-
bic bacteria were cultured to 10 ml. . of

- sterilized sodium thioglycollate broth using

a 24 hrs. old culture as inoculum. The orga-
nisms were grown as shake culture (30°C)

for 48 hrs. under aerobic and anaerobic con- -

ditions. The tubes were then centrifuged
al 6000 r.p.m. and the supernatent media
were used for proteolytic activity estima-
tion. Results obtained on the hydrolysis
of casein and egg albumin are presented in
Table 1. Data on the liguefaction of gela-
tion by dillerent organisms have been in-
corporated in the same Table.

Itis evident from Table 1 that when tested

“on cascin, Pseudomonas aeruginosa Bacillus

species (strain No. 102), Proteus vulgaris and.
Bucillus laterosporus are found to exhibit
more proteolylic activity both aerobically
and anaerobically. Ps. Aeruginosa, Bacillus
sp. (102), Bacillus sp. (105) and P. vulgaris are
most active when cgg albumin is used as the
substrate.  Gelatin is more rcadily hydro-
lysed by Ps. aeruginosa, Bacillus sp. (102),
Bacillus sp. (105) and B. brevis both in
acrobic and anaerobic conditions. Tt may
further be noted that when grown in
anacrobic condition the proteolylic aclivity
of the organisms is comparatively  less
practically in all the cases. o

Iydrolysis of skin collagen by different
proteolytic faculiatively anaerobic hacleria

Hydrolysing activily of various strains on
skin collagen was next studied. Tubes
containing thioglycollate broth and sterili~
7ed skin pieces were cullured with 13
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Profeolytic activity

——— :

Tawa 1

ol different micro-orpanisms=in acrohic nnd nanceobic conditions,

Vigg Albuming

:,," Bacterial strains e ——(“—I—n“g'- - Casein@

. B 'l . {t'mhi(‘ Anuv:a/:' . Acrobic  Anaecrobic Aerabic  Anaerabic /v
[ Psendomonas acruginosa i 2 162 L075 01687 . 0045

2. Racillus cereus 1 ' . 078 . 048 . 00478 . 00325

Lo Bacillus subtilis 2 1 L8 . 045 .S . 003

4. Bacillus sp. 102, i 2 BT 12 L0i6 L0105 -

5. Hacillus sp.- 105 i 2 222 . 082 . 01565 L0038 ¢

O Staphylococons nurens 3 4 . 078 , 052 , (034 L0428

7. H.megaterivm 2 4 RO L OIR L 00325 L 0n3 )
s, B.coagulans 4 4 018 .08 . 00325 e 00275 '
S Protens vulgaris N 4 T LO7R * 084 . 00675
0. Riatcrosporns 2 3 088§ L0x L0068 L0028

It Mhrevis s [ 2 iy Lo N L0034
12, Balvei 2 4 .43 L0 . O047S . 00425
1 B.opumilus 2 4 L 108 LM77 . (HMLS L0028

* Gelatin: complete liquefac

ion in days.

’ ‘f'. Ulli(S; Unit is expressed as{mg. of ():rnsinc liberated for 5 mi, of the.digestion mixture,
(8 Units : . Unit is expressed as mg. of tyrosine liberated per min. per ml, of enzyme solution.

strains possessing proteoly(ficaclivity. After

20 days of incubation,!
present in Sml: of the cen
“was estimated and the resu
given in Table 2.

T s cvident from Tab
for hydroxyproline liberate
are - coniparitively

higher

hydroxyproline
rifuged medium
s obtained are
|

¢ 2 that values

d in the medium
in cases  of

Ps. aeruginosa, B. cercus, Racillus sp. (10.2)

and Baeillus sp. (105) und
and angerabic conditions.
though hvdrolyses cascin .
to-anappreciable extent (s

very litte  hydrolytic actidgn

et both acrabic
P, vulearis strivin
nd ege albumin
bl ), possesses

on collagen.

Collagen hydralysis by ditlerent organisms

also appears (o be compara
anacrobic condition,

4R

ively less under

Tufluence of -peptone  concentration on  the

hydrolypsis of skin collugen

Peptone (Difco) was added in the propor-
tion of 0.5, 1.0 & 2.0% to a stock phos-
phate buller solution ol plt 7.4 (10ml. in
ach tube). As beldre, steritized skin pieces
were  transferred aseptically to the tubes
and after an observation period of 5 days
dilterent strains were cultured to the tubes
and incubated under aerobic and anaerobic
condition at 37°C for 20 days. Observa-
tions are recorded in Table 3.

Results. obtained clearly point out that,
hydrolysis of skin collagen inereases as the
peplone concentration in the bufer incre-
upto 2% concenlration

uses {(maxinum
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Hydrolysis of skin collagen¥ by dilferent micro-
serohic and wancrobic conditiony

TABLE 2

organisms in

et —_ s

Incubation pevied=-20 days

Si. , Acrobic Anaerobic
Nao. Bacterial Strains e e e
'”-';'//’:;‘I-;;':” Removal of “";‘II“_’/."‘-’;“‘ Removal of
‘_'””‘am'" epidermis l;l!”:l;!t'll cepidermis
! Ps. aernginosa RINE A CR 2.R2 CR
2 . cereus 2. 8% . 1,098 .
A B. subtilis P02 - 0.5 NR
4. Bacillus sp. 102 2,88 - 2.7 ) CR
5. Bacillus sp. 103 3118 - 2. "
6. S aureus ’ . 0.8 SR 0. 35 NR
7. P vulgaris ) 1. 48 NR 0.46 - »
8. B.megaterinm 2.58 CR O, a4 .
Y. D.coagulans . 0.6 NR 0.3 - "
10.  B. laterosparus 0.3 “ 0. 24 . ,
11, B. brevis . 0. 08 SR 0,38 "
12.  B.alvei 0.1 “ 0.2 "
1. B pumilus 1,81 CR 0.2 "
+ mg. of hydcoxyproline liherated in § ml. of the media.
CR = Complete removat of epidermis. :
SR = Slight removal of epidermis.
NR = Not removed,
TanLE 3
inltuence of peplone coficentration on the hydrolysis of skin vollagen®,
PEPTONIE %
2/70 Bacterial Strains | - PR o ar e e e e
: Nil 0.5% 1% 2%
I Ps. acrugenosa A 0. 204 0. 576 1.212° 1.704
An 0,12 0,466 7 0. 84 | IR
2, Pacerens A 0.1 O, K4 0. 696 1.2
o . An 0. 108 0.6 UL 450 L
K
3. .I!. subtilis A 0.24 1.092 1,452 2. 444
. ) An Q. 168 0. 444 . 804 1.416
4 Bactllus sp. 102 A 0.24 - 0. 504 0. 763 1.812
) AN 0.18 0. 384 0. 456 1,416,
5. Bacillus &p. 103 A .36 0.72 P04 1. 728
‘ ‘ ‘ An 0.156 0.668 0.712 1,224
* mg. of hvdroxyproline liberated in § mb. of the media.
A = Acrobic condition of growth. ’
An=Anactobic condition.nf growth.
49
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N N . 1
studied). This is lrue\for all the S organisms
examined and for both acrobie and anaero-
bic conditions of growth. . Even in this
occasion, skin hydrolysis appears to be less
in anaerobic conditioh of growth. 1t wuas
further observed that hyd'rqusis of skin
¢ollagen -by different Organisms was com-
" paratively higher in |thioglycollate hroth
than in nutrient broth,

Lfleer of incubation petiod on the hydrolysix
of skin collagen

-Tulics'conl;lining 10 ml. of thioglycollate
broth and  sterilized| skin picces  were
inoculated with 24 hrs. old culture of Bacillus
sp. 102 and then incublted at 37°C aerobi-
cally as well as anacro vically for a period
of 30 days, - At inlervals, tubes were taken
out- and the amount {of hydroxyproline
liberated in cach tube die tothe hydrolysis
of skin  collagen was estimited.  Data
abtained are presented ih Fig. 1.

~
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\EJ
é
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>

> SN

4 L i s 1
(] s 10 s 20 25 30
INCUBATION  PERIOD (Davs)
Fig, 1: Efect ofincuba(ioln periodion the
hydrolysis of skin collagen.
OO0 = Hydiolysis in acrobic condition.
D~——/ = Hydrolysis in an rerobic condition.

It is cvident from Fig. | that hydrolysis
of skin collagen due to Bacillus sp. (102)

50

S concentrations

increases progressively with the period of
incubation both under acrobic and anaero-
bic conditions of growth, the rate of hydro-
lysis being comparatively less in anacrobic
condition,
Filfect of temperature on the hvdrolvsis of
skin collagen

-

Sodiwm thioglycollate broth tubes con-
laining skin pieces were inoculaled with
3 bacterial strains, incubaled acrobically at
dilferent (emperatutes for a period of 20

days without Subjecting them to the shaker

for the first two days.. Hydroxyproline
liberated in each  case was  estimated
and the  results obtained arc given in,
Table 4. : '

Dita obtained indicate that the organisms
prefer optimally a temperature of about
37°C for the hydrolysis of skii collagen.
fiect of NaCl on the hydrolysis of  skin
collagen

Sodium: chloride was added to hiogly-
collate broth in increasing concentrations
(apto 10%) and the pH of the broth was
readjusted to the same level. The media
were then distributed in tubes (10 ml. cach) -
and sterilized skin pieces were added (o thie
sterile tubes.  Two strains viz. Ps. aeru-
ginosa and  Bacilus sp. (102) were then
cultured and the tubes were incubated under
acrobic and anaerobic conditions as hefore.
Hydroxyproline present in each medium
was estimated after 20 days and the results
are presented in Table S,

As expected, the growth as well " as
collagen hydrolysis by the two organisms
arc appreciably retarded by increasing NaCl
(above 5.0%) both aero-
bically and anacrobically.

LEATHER SCIENCE, vot. 23, 1976,
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TabLe 4

Influcnce of temperature on the hydrolysi

s of skin collagen* in acrobic condition

Bacterial Strains "
34

Temperature °C

37

1. . P:c.,‘g(ru;,'irm.m
2. Bacillus sp. (102)

3. Racillus sp. (105)

2,64

% mg.of hydroxyproline liberated in 5 ml. of the ¢éulture media.

TAabLE 5

. Effect of NaCl on the hydrolysis of skin collagen™

NaCl Conceniration (%)

S

No. Bacterial Strains

0

2.5 S

2.952
.46

A
An

1. Ps. aeruginosa

1.92

Bacillus sp. (102) A
’ 0.96

An

P

3.24
.32

.32
0.84

" # mg. of hydroxyproline liberated in 5 mi. of the culture mcdia.

© Influence of skin and medium ratio on the
hydrolysis of skin collagen

Conical flasks (100 ml. capacily) contain-
ing thioglycollate broth and skin pieces in
different proportions were incubated with 3
bacterial strains. The skin-thioglyeollate
broth ratio (W/V) was adjusted to 1:5,
1:10 and 1:20.  After 20 days of incuba-
tion in acrobic and anacrobic conditions,
the hydroxyproline liberated duce to collagen
hydrolysis — was determined  in  cach
flask.  Data obtained arc presented i
Table 6. i

It is cvident from the above Table that
collagen hydroivsis by all the 3 organisms

LEATHER SCIENCE, voL. 23, 1976.

i& comparatively higher whei 1 g. of skin is
taken in 20'ml. of the medium. This trend
of variation occurs under both aerobic and
anacrobic conditions of growlth.

Effect of mixed bacterial ciliures on  the
hydrolysis of skin collagen

Four bacillus, onc pscudomonas and one
profeus strains were arranged in different
combinations and thioglycollate broth tubes
containing skin pieces were inoculated with
such combinations of mixed cultures and
incubated acrobically for a period of 20
days at 37°C. Hydroxyproline present in
the medium was estimated in each case and
results obtained are presented in Table 7.

51




e e

TAnt: 6

e . Medium-skin ealio (V/W) oni the hydrolysis of skin collngen®
St. ' . ' ! Medium : Skin (V/[Iv)
No. Bacterial Strains - e Ui e
S ———— 20 02 _ 04
1. I’.rlorru_einu.ra A 4,90 4.138 4.52
' . An s 2.4 1.68
2, B.cerens A 5.22 4. 98 4.5
An I.n 2.52 2. 484
KX ’ Bacillus sp. 10, A 4. 6d 4,44 4.128
An R 2. 304

L0624 2.184

* my. of hydroxypidtine liberated S b of the calture media,

TaAnee 7

[alluence of mixed cultures ¢
of skin collupen s uniler ne

\WH

Series Mixed culture

nthe hyidralysis
‘obic condition
:;_M__
Hydroxe-

proline

—_— e prrelee

NNN‘N(Q

€,
f.
Il a.
b,
¢ s

!
1
1
i
1
1
2
2
2
d. 2
2
3
3
3;
3

a
A
[

wwuw
FNBN

¢,

HI a,
b,

> oA A

T
=

K
c. K]
vV oa, 3 6
b, PR

VI a. 6

g, of hydrox)';;;;lrm‘ﬁl;

3. n
[ I
2. 8%
2.78
3.12
KINRZ ]
2.1
2.8%
2.16
2,22
3.12
2
2
2
2

42
.82
L 64
.74
1.98
2,28
2,04
1. 92
3.1

1.48

crated in § ml

of the culture media

Iy aecrupinasa 9,
2. Bacillus spe(102) s.
3. B.subtilis 6
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Bicercus
Bacillus sp. ( 105)
Plrulgaris

It may be noted that collagen hydrolysis
by five individual “strains (Ps. acruginosa,
Bacillus  sp. (102),  Bacillus sp. (10S),
B. subiilis and B. cereus.) are practically
uncllected when other 4 strains arc mixed
with each of them. Collagen hydrolysis by
Povulgaris s considerably low and it may
be possible that hydrotytic action of some
of the individual or mixed culturs -is very
slightly affected when 2. vulgaris is mixed
with them,

Lflect of repeated bacterial inocilation on
the hydrolysis of skin collagen

How the rate of collagen hydrolysis is
affected by subjecting the skin piecc repea-
tedly to a fresh culture of the same organism
was  next studied. Thioglycollate broth
tubes containing skin picces’ were cultured
with Ps. aeruginosa and Bacillus sp.. (102)
and afler 5 days of incubation (including 2
days of shaking) the skin pieces were
transferred  to  fresh  (ubes containing
thioglycollate broth only and reinoculated
with the same organism. Hydroxyproline
liberated in the medium afier cach transfer
was estimated.  In thesame way skin pieces
were Aransferred to the fresh cultures after
every 5 days of incubation and hydroxy-
proline fibarated in cach tube was determi-
ntd.  Observations are recorded in Table 8.

LEATHER SCIENCE, vOL. 23, 1976.
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Itis apparent fram Table & that the vate
~of collagen bydrolysis increases only slightly
(particularly “arter yhe Ird transfer) by
repeated exposure of (he skin picces to
fresh  cultures  hou acrobically  and
anaerobically,

Unhairing action of cerrain proteolytic straing

Fresh goat- skin pieces of about 5 cm.
Square each were taken in petridishes, steri-
lized by cxposing them (o ethylenc oxide

and then inoculated on the flesh side with
the suspensions of 3 bicterial strains.  The
petridishes were ircubated at room tem-
perature (about 30°C) inside a closed moist
desiccator. The ~extent of unhairing was
determined under aseptical  conditions
after 3,5 and 7 days and (e observations
are recorded in Table 9,

Data presented in Table 9 indicate that
all the 3 organisms are capable of unhairing

TABLE 8
Eflect of repented bacterial inoculation on the hydrolysis of skin collagen*
_—
ﬁllo Bacterial Strain Nriginal I transfer ! transfer 111 transfer
N — N \
1. Ps.acruginocn A 1.92 1.92 2.16 2.52
An 1.44 1.56 1.56 Z.28
2, Racillus sp. (102) A 1.32 2.16 2.16 2.4
An 1.32 1.42 1.56 1.56

——

¥ mg. of hydroxyprolige liberated in § ml. of the cylture media.

A = Aecrobic condition of growth,
An=Anacrobic condition of growth,

TABLE 9

¥Unhairing of goat skin by certain micro-organisms

) }‘S\Z; I?aclarin/ Strains
T e e

1. Ps.acruginosa A
An

2 Bacillus sp. (102) A
An

3. Bacillus sp.(105) A
) An

4. Mixed culture (14 2+3) A
' An

5. " Control A
An

Period of incubation (days)
—————

3 35 7
2 5 6
i 2 k}
2 S 6
[ 2 3
5 6 6
3 S 5
6’ 6 6
5 0 6
2 2 ) 2
! 1 1

* Unbairing ipdex. o

LEATHER SCIENCS, vor. 23, 1976.




the ski
aerobig condi;(ion, but when wll the 3
strains are mixed-together camplete unhair-
ing rcqx‘xircs only about 3 days. When the
organisms are! alfowed (0 grow anacrobi-
cally they take much longer period for
complete unhairing (7 days and more) bul
the "period_isreduced to 5 days when a
mixed culture is used. Stight unhairing
may be |nnlcd cven in case ol control skin
prohul)l;' dl‘lc'llo the autolytic enzymic
action. | It was further noted that skin
pieces were not putrefied by the orpanisms
even after 15 days of incubition,

Discussion N

Facultatively anaerobic organisms show-
ing pro(enlyliciac(ivny under aerobic s
well as |anaerobic conditions have been
selected |after preliminary investigations.
CAll these organiisms other than the strains
isolated in this laboratory from raw skins
(e. g. Bacillus r}) (102), Bacillus sp. (105),
B. laterosporus, |B. brevis and B. alvei), are
reported carlierio be associatcd with hides
and skins Whe.',n‘lcslcd on substrates like
casein, egg albumin, and gelatin, Ps. aerugi-
nosa, P. yulgaris . and t(wo isolated strains
Bacillus. sp. (102y and Bacillus sp. (105)
exhibit comparatively higher proteolytic
activity both!'in aerobic and anacrohic
conditions. 7!

Hydrolysis of skin collagen also appears

to be igher by (hie above organisms excepl
L Povulgarisl On the other hand, B. cereus
hydrolyses| skin collugen to a considerable
extent. It may be noted in general (hat
proteolytic activity and. hydrolysis of skin
collagen are coniparatively less when the
.organisms | are grown anacrobically., The
present observations point out that all .(he
proteolytic facultatively anaerobic bacteria
are  not \capable of hydrolysing skin
. collagen and particularly so under anacrobic
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yveompleicly within 5 1o 7 days under

condition. 1t may be noted that (Table 2)
epidermis has  been completely removed
from the corium by & strains in acrobic
condition, but by 4 strains only in anscrabic
condition within the period of observation.
The extent of collagen hydrotysis is however
limited, the maximum being about 144
on fresh  skin collagen in case of
Ps. aeruginnsa  when grown in serobic
condition,

1tis evident from Table 3 that (he
amount of peptone present in the medium
considerably influences  the. hydrolysis of
skin collagen by the organisms grown hoth
acrobically and anacrobically.  Coliagen
hydrolysis by different  organisms is also
allected by the culiure media.

Period of incubation hus considerable
influence on the hydrolysis of skin collagen
although the extent of hydrvolysis is found
to be comparatively less when Bacillus sy,
(102) is grown in anacrobic condition.
About 17% of the skin collagen ‘is found to
be liberated into the mediam after 30 days
of incubation in werobic condition. This
observation suggests that the rate of coll-
agen  hydrolysis  increases  progressively
with the time inspite of the fact that (he
aorganism has  attained  maximum growih
after 3 days of incubation.

Hydrolysis of skin collagen by different
micro-organisms is found to be the maximum
at about 37°C. NaCl inhibits the growth of
many of the organisms duc to its bicteri-
ostatic property. The extent of collagen
hydrolysis is also found to be restricted as
the NaCl concentration in the medium
increases upto 7.5%. Most of the organisms
used by Everett and Cordon' in their study
were salt resistant and so they could
hydrolyse collagen even in 15% salt-broth.
The organisms used in the present study
are not adapted to higher salt concentra-
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tions and so they are incapable of growing
readily and hydrolysing collagen at higher
salt. concentrations. Hydrolysis  of skin
collagen is also found to vary depending on
the proportion of skin present  in the
medium,

It has been pointed oul by different
investigators''* (ha( mined  cultures can
cause greater damage to hides and skins
than single strains. Using various group
combinations Everett and Cordon' observed
that only suitable combinations of orga -

nisms were able to solubilise more hide

collagen but unsuitable combinations nright
even retard  colfagen hvdrolysis. Tn (he
presenl study  no  increase  in collagen
hydrolysis has been noted by using diflerent
mixed cultures over (hat of individual
strains.  This, once again suggests that only
tyrical combinations miy possibly do more
harm o hides and skins, Subjecting the
skin picce repeatedly to fresh culture of
the same organism, the rate of collagen
hydrolysis increases anly stightly after the
third transfer. This observation indicates

that the proteolytic enzyme sccreted by

these organisms into (he medium possibly
reacts slowly with the skin proteins and
with time collagen hydrolysis increases
progressively. Transferring the skin 1o
fresh culture afier every 5 days does nal
enhance collugen hydrolysis hecause in cach
occasion 2 to 3 days are required by the
organisms for enzyme production.

Unhairing action of different proteolytic

_strains are well recognised.  Fhe present

study reveals  that proteolytic  c¢nzymes
secreled by Ps. aeruginosa. hacillus sp. (102)
and Bacillus.sp, (105) are cipade of unhair-
ing goat skin  both  under acrobie and
anacrobic conditions, the unhairing action
being much quicker” in acrobic condition,
A combivation of the above 3 organisms
appears o quicken the unhairing action
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than  the individual sirains. Although
collagen hydrolysis is not affected, unhair
ing action is found 1o be enhanced by the
mixed culture. Possibly a rapid hydrolysis
of the inter fibrillary proteins, e.g. albumin,
globulin, mucoids clc. by the mixed
cullure is responsible for quicker unharing

_action.  Such an approach may possibly be

made while preparing enzyme depilants.

It has been observed that a skin picce
ests completely  putrefied cven in  (he
ahsence of collagenase producing obligate
anacrobes when it is allowed (o be staled
or soaked in water for 3 or 4 days.  But
when the same skin (steritiscd) is subjected
o asingle proteolytic strain or cven o a

‘mixed culture it is not putrefied to that

extent, This points out that possibly certain
additional  factors are involved in the
putrefaction of hides and skins by orga-

nisms having little or moderate collagen .

hydrolysing property. A better understan-
ding of the mechanism of such putrefactive
changes will be of considerable Aassistance
in controlling microbial degradation of
hides and skins and thereby developing
improved methods of curing.
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