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A neutral proteinase isolated from goat skin was purified and i(s physico-chiemical propertics were studied,  The
six different trentments when given successively to the original enzyme extract resulted in  a 122-fold purification

retaining 5994 of the original activity.

casein, cgg albumin and haemoglohin although to different degrees.

The purified enzyme was found to he homogencous and capable of hydrolysing

Of the skin proteins studied, albumin, globulin

and mucoid were readily hydrolysed by the proteinasc, whereas collagen and clastin remained unaffected. The enzyine

activity was opltinunn hetween ptl 7.5 and 8.0 in case of almost all protein substrates.
The enzyme was fairly thermolabile and was found to lose its activity when

quite stable at a pli range of 6.5 to 8.5,

The enzyme was found to he

heated at a temperature above 66°C and exposed (o ultraviolet rays. The enzynme was inactivated by thiol group, imctal

chelating agents and heavy wmetal jons.
|
1
‘A critical review! of the literature on skin pro-
A teolytic enzymes reveals  that neutral pro-
i feinases, active in the ncutral or slightly
alkaline pH range, are present in differentskin extracts.

Biit they differ in respect of their properties and acti-

vitics®. Very few attempts have been made toisolate and
purify the neutral proteinases from skins. Lazarus and
Barret®® have recently reported the purification and
propertics of a neutral proteinasc isolated from rabbit
skin.  This cazyme is capable ol degrading  skin
proteins and inducing inflammatory response. The
proteolytic enzyme system in poat skin has not been
sluﬂic(l so far.  Recent studics® have shown that the
proteolytic cozyme in goat skin increnses consider-
ably on incubation for few days in moist condition
after a prior treatment with suitable preservatives,
c.gs sodium pentachlorophenate or zine dimethyl-
dithiocarbamate and results in the unhairing of goat
skin. 1t has also been observed® that unhairing
action is quicker at pH range of 7.0 to 8.0. Thesc
obsérvations apparently suggest that a neutral en-
7omie active at pH orange of 7.0 to 8.0 might be res-
porsible for the unhaiving of skin.  With this view
in l{]ill(l. an attempt has been made to isolate and
purily the necutral proteinase from goat skin and
o study the physico-chemical  properiies ol the
purificd enzymc.

Materials and Methods

Preparation of enzyme extrael from skin — Fresh
goatiskin picees were first washed in plain water and
{reated with a preservative solution (sodium penta-
chiorophenate 2% aid water 4009 both on skin
weight) for a period of 24 hr. The skin pieces were

Abbreviationswsed : BAEE, N-a-benzoyl-L-arginine cthyl
ester (HC);  BAPNA, N-a-benzoyl-pi-arginine-p-nitroanilide
HCl: BAA, N-a-benzoyl-L-arginine amide HCl, ATLTL, N-a-
acetyl-r-tyrosine cthyl ester Monohydrate, DUP, di-isopropyl-
fluorophosphate; DEAE-cellulose, dicthylamingcthyl ccllulose;
TCA. 'trichloroacctic acid; BANA, N-a-benzoyl-pr-arginine-
g-naphthylamide, HCI. ’

then taken out of the preservative bath, cxcess water
was allowed to drain away and they were then incubi-
ted inside a moist chamber maintained at room
temperature (30° = 2°C) for a period of 72 hr. The
proteolytic enzyme was extracted from skin with dis-
tilled water at the time of unhairing when the enzyimic
activity was maximum.

Extimation of protein ——The protein at dillerent

stages of purification of the cnzyme extract was esti-

maled according to the method of Lowry ef al® as
standardised by Dhae and Bose? except that cryvatal-
Jine hovine scrum. atbumin  was used as. relerence
protein in place of crystallised trypsin.

Listimation of proteolptic activity - For the quanti-
ttive estimation of the proteolytic activity of the
cnzyme extract, Anson’s® colorimetric method of
estimating the liberated tyrosine during proteolysis
as adopted by Bosc er al.® was followed. A suilable
aliquot (2 ml) of enzyme solution was added to 2 ml
of 2.5% solution of a protein (wt/vol) taken in
veronal buffer and incubated at 45°C for a period of
30 min.  An aliquot (8 ml) of 5% - TCA was added,
warmed on the water-bath and filtered. The filtrate
wits analysed for tyrosine content. A control experi-
ment was always run in an identical manner except
that TCA was first added to the protein solution and
then the enzyme extract was added to the mixture.

Uinit and specific activity -~ A unit ol proteolytic
aclivity was defined as the amount (mg) of tyresine
liberated from 4 ml reaction mixture vnder experi-
mental conditions mentioned above, and the specilic
activity of the enzyme solution was calculated as the
number of enzyme units per mg of enzyme protein.

Preparation of gel — Calcium phosphate gel was
prepared according to the mcthod of Keilin and
Hartree!?.

DEAE-cellulose column chromatography — DEAL-
celtulose was packed into a column of 80x4:5 cm.
The column was cquilibrated with 0.01 A7 phosphate
buffer (pH 6.5). JXnzyme powder (900 mg) was
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dissolved in 50 ml of 0.01 aM phospl;mtc buffer and

applicd to the column.  Onc hundred fractions were
collected by straight elution with (). ()I‘ M phosphate
butfer (pH 6.5) and 60 fractions by gradicnt clution
with 0.01 M to 1.0 M phosphatc ‘bulh,r Alter-
wards, 1.0 M phosphate bufler was p(mc(l through
the column.  Fractions of 10 mi wdre coblected at
the flow rate of 120 mi/hr.

Agar gel electrophoresis — Agar bcliclcclmplmrem
was carricd out according to ‘the m?thod of Giritt
in order (o ascertain - the protein hamogencity., A
thin layer of agar gel was allowed to be formed on
glass slide (7.5 cm x 2.5¢m x 0.1 un‘\ and a sample
of protein was subjected to clectrophoresis at 2
constant voltage of 150 volts and 12§"(" for 3 hr
using the buffer of pH 8.6. - i

Starch gel electrophoresis — Starch gel  clectro-
phoresis was-done by the method of Smithics!23 in
order to find out protein homo;_,cncuy The protein
sample applied at the centre of the gel (6 ecm x 20
cm X 1 em) was subjected to duumphmcxm at o
constant voltage of 200 volts for I,() hr using the
buffer of pl{ 8.6.

Preparation of skin protcins — (ollchn WS pre-
pared by amodilied method Ul Bowes and Kenten',
Elastin was prepared by the "method of  Lansing
et al'5. Albumin,.globulin and mucoids were pupmcd
by (hc method of Bose er al.'%,

Ultraviolet irradiation — A Towers ' UV limp was
used for ultraviolet icradiation. The chzyme solutions
(7 mg/100.ml) were taken in uncovered petri dishes and
placcd at a distance of 10 cm from ithe source - of
irradiation in an air-conditioned (7‘3°(‘) dark room:
After different periods of cxposure, the volume of the
enzyme solution was brought'te the ariginal fevel by
adding bi-distilled water and the plolu)lync activity
of the enzyme was estimated as described carlier,

Inhibition studies —— Five millilitre nonlmns of puri-
fied enzyme solution (14 mg/100 ml)- were mixed witl
5 ml portiobs of inhibitor solution (0:05 A7) wherchy
the concentration of the inhibitor inl pre-incubation
system becomes 0.025 M. The cpzyme-inhibitor
mixturc was incubated at 37°C for 3 ‘hl at the end of
which the proteolytic activity of the mixture was
determined as described beforc. /\‘5 p-chloromer-
curibenzoic actd was not fully sofuble in water, it
was dissolved in 0.1 N NaOH solution and  then

made to the required volume.

Results and Discussion ‘
Purification of the cnzyme——Thc following purifi-

" cation procedure was worked out as a result of the

1
preliminary experiinents. All steps were carried out

at room temperature (about’ 30°C); cxeept acetone
precipitation.  The preliminary experiments sho\\cd
that the enzyme was active at pH 7. 5 8.0.

Step | centrifugation — Crude ulnul was centri-
fused at 4000 rpm for 30 min aind the ‘LCMI‘HUE.HL was
collected. .

Step 2 - ammonium sulphate precipimrion ------ Ammo-
nium sulphate which was required for half saturation
of enzyme extract was gradually dddcd to the centri-
fugate which had been adjusted lo pll 7.5 under
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stirring. When the requisitc amount of sult wus
added. the mixture was stirred well and centrifused
few min. The precipitate was collected,
reconstituted and dialysed against bi-distilled water
at refrigerator temperature for 48 hr.,

Step 3 : acetone precipitation — The dindysed ci-
zyme solution (pH 7.5) was precipitated using two
redistitled acclone (atter
107
and +-4°C respectively). The cnzyme snlulmn wits
added drop by drop to the acctone under constant
stirring. The precipitated enzyme was removed by
centrifugation, dried under vacuum and reconstitunted
to a suitable volume with bi-distilled  watcr.

Step 4 adsorption of impuritics on calcium phos-
phate ee/——- To the extract obtained after acctone
precipitation was added dilute calcium phosphate gel.
The mixture was adjusted to pFl 10.5. shaken 1or 10
min in a mechanical shaker and centrifuged, and the
centrifugate wis collected.

Step 5 0 second acetone precipitation - - The above
centrifugate was adjusted o pH 7.5, treated with
23 volumes of cold acctone as  mentioned in
Step 3. centrifuged and the precipitate was dried in g
vacuum desiccator.

Step 6 chromatography  on - DIEAE-cellulose
Acctance precipitated powder was dissolved i phos-
phatc buflfer (pH 6.5) and  subjected 10 DIAL-
cellulose column chromatography in four instalments,
The protein concentration in cach  fraction  was
measured using Beekman spectrophotometer (1D1) at
280 myeand proteolytic activily was estimated accord-
ing Lo the method mentioned carlier. T he
obtained are presented in i g b Fractions collected
m tubes 16-38 (which n,]‘»u,\l,n(ul the protein peak)
were pooled and dindysed against distilled-water for
A% hr. They were then concentrated by vacuum
distillation.  Fin: dlv the enzyme was precipitated with
cold acetone, centrifused and dricd in vacuum desic-
citor.
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FFig. 1.— Elution pattern of the cnzyme on DIEAL-ccllulose
column chromatography with 1.OM phosphatc buffer (pil 6.5)
[1, optical dcnsi}y at 280 my; 2, proteolytic activily],
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[ After every step of purification, profeolytic activity
and the cnzyme- protein contents were cstimated.
It is apparent front the results presented in Table |
fhat after final purification a 122-fold purity ol the
cnsvme s achicved with 3900 enzyme Tecovery.
The dricd enzyme powder obtained alter final puri-
fication wis collected and stored in refrigerator for
further studies. The purificd enzyme was found to
e iomogencous by both agar el clectrophoresis
dnd seirch pel clectrophoresis,

‘; Effect af substrate eoncentration ot enzyiie activity. -
Alignots (2 ml) of cgg albumin solution containing
varving amounts of protein (10-110 mg) in veronal
Nuller (pI11 7.5) were incubated with 2 ml portions of

chzyme solution (7 mg/100 ml) for 30 min at 45°C.:

The proteolytic activity in cach case was cstimated
as helore, 11 was observed that a lincar relationship
edisted between the substrate concentration and the
ploteolytic activity when et
the concentration of 12,5
misture,
et of plloon the enzyme activity wsing different
- Proteolytic activity of the enzyme
wis determined by using cuscin, hacmoglobin and
cgg albumin (all 2. Merck quality) as substrates at
diffierent plt levels.  Haemoglobin and cgg atbumin
were dissolved in veronal buller whereas  casein
wis first dissolved in 0N NaOTl solution  and
then adjusted to various pH values with veronal
bufler.  Proteolvtic activity was estimaled as des-
cribed carlier. The results obfained are recorded in

prorein subsirates -

Fig. 2.

Parificd enzyme shows a broad pH dependence with
g albumin and
cadein and ptET7.9 against hacmoglobin. Lazaris
and Barrett .
proteinase from rabbit skin showed maxiinum acti-
\-'il&f at pit 7.5 when tested on casein.

Proteolytic aclivity of the cnzyme on ditferent skin
and hide proteins, c.g. albumin, globuling mucoid,
clastin and collagen, was also studicd ac different ptt
(5.0). 7.5 and 9.0y for a period of M) min al 457C.
Enzymatic  hydvolysis — of albumin, globulin and
mucoid was carried out with Anson’s coloriietric

method as described carlier.  Due to low content of
‘ :

eg albumin was used uptor
mg per ml ool digestion

5 opeported that partially purificd neutral

T

ool . -
I/‘\nua e PURIFICATION OF THE NEUTRAL PROTEINASE

i
! Volume ‘Total  Total Sp. Yield
Step enzyme protein activity %
: activity  (mg)

(units)

!
Crude cnzyme after 3500ml - 336 28700 0.012 100
Ceentrifugation ..

Ammonium sulphate 950mb - 330 6270 0.052 v%
precipitation _
Acctone precipitation 230ml - 328 S740  0.057 98

Adsorption of im- 48 ml 265 4240  0.062 79

puniticsoncalcium
phasphate gel :
Sccplid acctone pre- 3445¢ 260 2239 0116 77
cipitation '
DEAL-Cellutose 201 137 L1467 59
!

!
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g, 2o l:lydroly}ic action of the enzyme on different protein
substrates at various pH levels [i, casein: 2, Intemoglobin:
cpy albumin].

tyrosine and  tryptophane in collagen and clastin,
ihe extent of hydrolysis of these proteins was deter-
mined by estimating the non-profein nitrogen. using
micro-kjeldahl method under the assay condition
deseribed carlier.

The results prescnted in Fig. 3 show that the pro-
teinase is most active on albumin at pH 8.0 and on
mucoid at pH 7.6. In the case of globulin, no
optimum  pl value has been noted, but enzyme
activity is found to be comparatively higher at pll
ranring from 7.5 t0 9.0, The proteinase is unable (o
hydrolyse collapen or elasting - Lazarus and Barregd®
Al aheerved that partially purificd rabbit skin pro-
feiiee v able o hydrolyse cascin, alhumin and
hacmoglobin but not collagen. 1t is thus apparent
from the above observations that goat skin neuteal
profeinasc is able to hydrolyse various natural pro-
teins and the cnzyme is most active at the pH range of
7.5 to &0. 1t has been recognised carlier™™ "
(hat removal or breakdown of interfibrillary proteins
in skin, c.g. albumin, globulin and mucoid. helps
unhaiving action. It is thus  possible thai neutral
proteinase present in goat skin s responsible for
unhairing under suitable environmental conditions,

Hydrolytic action of the enzyme on synthetic sih-

strates - Hydrolytic action of goat skin neutral pro-

teinase was studicd on BAILE, BAA, BANA, BAPNA
and ATEL, following the paper chromitogiaplic
method of Tsurw and  Yamamoto®, The peplide

(1 mg) was dissolved in 0.1 ml of veronmii bufler

(pH 7.5 containing 50 pg of the enzyme and the
mixture was incubated for 24 hrat37°C undcer toluene.
Afller incubation, the misture was subjected to paper
chromatogtaphy.

BALEL and BAA  were hydrolysed readily and
ATFEL stowly by goat skin neutral proteinasc while
BANA and BAPNA were notattacked by the enzyme.
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Fig., 3 — ll,):",lmiysis of skin proteins. by cnzymic at different
pU devels (1, albumin; 2, mucoid; 3, globulin).

. 1
It has been reported that BALE is) hydrolysed by
human skin extracts from epidermis?. P BAA s found
to be unalfected by rat®® and rabbit skin extracts.
Skin extracts from different animals? dre also able to
hydrolyse ATEE, BAPNA remains unaflected by
rabbit  skin  ncutral proteinasc®, but BANA is
llly'gli‘ol)ISC(l by variqus skin extracts® except hog
skin, ’ :

Effect of pli and l(’mpér(/liur(' on cn:‘);'nu.’ stahiliry -~

“In order (o study -the pH stability of (he enzyme,

S ml portions of the enzyme solution (14 mg/100 ml)
were mixed with . § ml portions of veional buller of
dillerent 2 (4.3 (o 8.5). The chzyme huller mix-
tares were then kept at 18°C' for 24 hee To deter-
mine  the  thermal stability of the ienzyme, 5 mi
Portions of the proteinase solution (7 mgj100 mi,
PHCT.8) were heated in glass stoppered  bottles ot
different temperatures for I hr and ! then rapidly
cooled to room temperature. In both' the cases, the
residual enzyme activity was caleulated 'with reference
to initial activity, The enzyme was morc stable at
PH range of 6.5 to 8.5 and at temperatures below
60°C.  About 84 % of enzyme activity was lost at
75°C. ‘ S

Lffect of ultraviolet ra ys - The enzyme solution was
exposed to UV rays for different periods, c.g. 1, S,
10, 20 and 30 min. . Results obtained indicated that
the cnzyme  was rapidly inactivated: by UV rays
within one min (9%) and 507 of (he cnzyme acli-

vity was lost after 30 min of cxposure,

324

- group reagent, parachloromercuri-benzoic acid ghow

1007 inhibition of the enzvme at 0.025 A concen-
tration.  Reducing agents show cither na or skiyin
inhibitory cllect. Ovomucoid, a trypsin inhibitor,
has no action, and D FP, aserine proteinase uhibitor,
possesses slight inhibitory  action. The inhibitors
causing 100% inhibition have also bheen tricd at

a lower concentration (0.005 M) and all of them -

showed considerably. strong inhibitory action.

According to Lazarus and Barrett®, rabbit skii’

neutral proteinase was not inhibited by EDTA and
thiol group blocking reagents.  These obscrvations
tend to show that possibly partially purificd rabbit
skin protcinasc and the purified goat skin ncutral
proteinase arc not identical. Duc to the paucity of

~dati on parified skin proteinases, it is difficult to

compare their properties and o find out whether the
neutral proteinases isolated from different animals
arc the same or differ from onc an other,
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