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P . Various cxnnrimcnmi procedures for the extraction of protease lrom L
- jawasce powder were adopled to ascertain optimum conditions for ieaching. . l
Peionized distilled water at pll 7.0and 37°C was found to extract maxitum ) !
) enzymc in 24 hours.  The jawasee protease is optimally active at pll 6.0
' with 2.5% cgg albumin as substrate, . Sodium chloride at higher concentra-
Strong inhibitory action was

tion inhibits the enzyme considerably.
namely, para-chloroaneta-cresol,

abserved in ciase ol 4 proservatives,
sodium pentachlorophenate,  phenyl mercuric nitrate and sodiim ri-

chlorephicnate
hen

‘ " ) . . v .
tntroduction L In a recent publication”, jawasee shrub has
T been  described as a pdtent source  of

Y . . : '
Proteolytic enzymes have wide applica-

enzymes which could be successtully used

>
' ‘ tion in the fields of brewery, ‘lcxlilc, in unhairing hides and skins. Studies have
phzlrmzlccuticgl and leather dndustries. In 146 shown that the unhairing of hides and
| “'c.‘ Ica_thcr 1qdustry. c":/‘y_'"es; a‘re “?Cd skins is duc to the proteolytic enzyme
! durpng the process of unhalrmg_iu_ul hating ‘present in the leaves and bark of the |
- of skins and hld(.'S'. Thcsg CNZYRIES can be  (hrub.  Since jrwasce is found to be a ;
derived from animal, nucr(fblfn 4nr plant rich source of a protease, it was thought
sOUrces. Siljcc'lhc process of l»fnmg has «a desirable 1o study the |)|1)'$ico-cllén1ic:\|
detrimental 'e‘ﬂcct on kcrfnm, ;{ lc'znfls to propertics of the enzyme for which extrac-
loss of" quality - wool/hiiv.which forms yion and isolation of enzyme from the
a valuable lzy-produc(. The enzymic process  op oot was made.
v of wnhairing results in the reeovery  of ' : |
& wenl e avithout causing any danee o . The object of the present investigation
| . ,31,,\;- wool or i)cll. .‘ s tostudy various optimum conditions to
: et maximum amounnt ol cnzyme extract i
The shrub jﬂ\\':JS(‘(‘, nl)undnnlly available which can be uscd for the puriﬁc;llion of |
in Rajasthan and  Gujarat, is used as an (his enzyme. - |
' unhairing agent there. Albthough a few . |
i teather manufacturing processes have heen Materials and Methods |
described™*, the exact role of cuzyme in The jawasce along with lzaves was dricd ;
' the unhairing process is not yet known. insbade and powdered. Fresh powder was l'
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obtained from Gujarat | and R.umlmn

sicved and the fine powdu was used for
this investigation.
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Extraction of crude enzyme. i

Weighed = qudnnllu of |
were allowed to be le: m]lcd at 37°C for
various time intervals in water as well as i
bufler with occasional snrrmg The enzyme
extract was  separated hr\l by filtering
through filter cloth and lhu‘n by centrifuging

the filtrate. The supernatint war, used as
the erude enzyme extract. ’

|

[
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Lnzyme assay

For estimating the pro(kolytic activity
of  the  enzyme qu;nuit:n‘livcly.: Anson’s
Colorimetric methed'® of ‘estimating the
liberated tyrosine during proteolysis, as
adopted by Bose et al." was) followed with
slight modification. To stalc briefly, S ml.
aliquot of- epzyme  extract {was added to
1y b of 2 5% cgg albumin So'iluli()n'(pll 6.0)
and the mixture was allowed!to be digested
at 45°C for 30 minutes.  Afier the period,
30 ml. of 5% trichloro acetic . acrd was added
to stop the enzyme acllon+ warmed . on
a boiling water bath, cooled to room

temperature and filtered through whatman.
To 2.5 ml.l of the filtrate -

No. 3 filter paper.
were added 5 ml. of 0.5 N mdfum hydroxide
and 1.5 ml. of twice diluted plunol rcagent.
The mixture was whirled fnr cxactly o
minutes and the hlue colour | |50 developed
was  measured in the  Klelt-Summerson
photo-clectric colorimeter at] 660 nm. A
control was always run in'lan identical
manner except that the trichloroacetic.
acid solution was first added to the egg
albumin solution and then ithe enzyme
extract was added to the niixture. The
proteolytic activity is expressed as unit of
enzyme activity which is dcﬁned as the
amount of enzyme that liberates onc
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jawasec pow. Jer

veronal buffer.

nncrogeam of tyrosine from epg albunin
At pll 6.0 and 45°C in 30 minutes.

Results

“1In order to ebtain maximum amount of

enzyme in the crude enzyme extract from
the jawasee powder, various alternative
‘conditions were tricd for leaching out the
crizyme from the powder.

Effect of different bufJers on the lcaching
characteristics of jowasee enzyme

0.5 g portions of jawasee powder were
“added to 50 ml. cach of veronal or phos-
phate bullers (pll 6.0) in 4 glass stoppered
bottles.  One bottle containing veronal
and one bottle containing phosphate buflers
were incubated for 2 hirs. and the other two
bottles were incubated for 24 hrs at 37°C
with occasional shaking. After the periods,
the insotubles were removed by filtration

and the filtrates were analysed for pro-

“teolytic activity as described carlier. The

is calculated as cnzyme
results are presented in

cnzyme aclivily
unit and the

Table 1.
TABLE 1
Effect of buffers
Proteolvtic aclin;;vw

Buffer ' : in enzyme umlw

. ’ 2 /wurs 24 /lollrf
Veronal 28,8 11 .2
I'hosphate 80 . 2 298 . 8

Results indicate that phosphate buffer
gives a better leaching of the enzyme than

;x

Effect of different periods of leaching in buffer
on the protealytic activity

Since phosphate buffer was found to
produce cffective leaching of the enzyme,

LBATHER SCIENCE, vOL. 23, 1970.
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it was desired 1o study diilerent periods of

lcaching in phosphate  buff:r (o effect
maximum leaching of the proteolytic
cuzyme. To 1007l of phosphate buffer
(pH 60).1g. of jawasee was added in glass
stoppered bottles and incubated at 37°C for
48 hours with ‘occasional shaking. At
rvgular intervals, the solutions were taken
out, filtcred and the filtrates werc analysed
for proteolytic aclivity. Results  are
presented in Fig. 1A. e

.

It can be scen from Fig. 1A that maxi-
mum leaching of the proteoiytic enzyme
occurred on 24 hours incubation and further
incubation led to minor increase in enzymic

activity,
A
B

LEACHING IN BUFFER

LEACHING IN WATER

.

—oB

30 3% 42 48

PERIOD OF LEACHING IN HOURS

Fig. 1 1 Leaching of enzyme in buller and water

Effect of different periods of leacting in wairer
on the proteolytic activity

In order to find out the eficiency of

leaching enzymes in deionized distilled
waler, | g. portions of jawasee powder were

LEATHER SCIENCE, vOL. 23, 1976.

* distilled

mixed with cach of 100 ml.  deionize !
distilled water (pH 6.0) and the activity
of enzyme extract was studied in-the sine
“manner as deseribed in the case ol phos
phate buffer.  The results are presented in

FFig- 1B,

As can be scen from I"'ig: I3, deaching
for diffcrent periods in deionized distilled
water resulted in a gradual increase in
proteolytic activity upto a period  of 24
hours when maximum leaching of the pro-
teolytic enzyme from the jawasce powder
was observed. There is however a slight
increase in activity when kept for 48 hours.
It was, therelore, decided to maintain a
leaching period of 24 hours in deionized
water in coursc of subscquent

cxperiments,

" Lffect of pll on the leaching characteristics of

“the protease

In order to find out the pH at which
maximum leaching of the enzyme occurred,
the effict of pH on the leachiog. charac-
teristics of the enzyme was studied. | g.
portions of jawasec powder was mixcd
with 100 ml. portions of dcionized distilied
water of different pH values in glass
stoppercd bottles and kept at 37°C for 24
hours.  After the period, enzyme extracts
were collected by filtration and  filtrates
were analysed for proteolytic activity as
described carlicr. The results are presented
in Fig. 2A. )

From Fig. 2A, 1t can be secen that
maximum leaching of the enzyme occurred

at pH 7.0.

Effect of leaching temperature on the activity..,.
of the protease L

I g. portions ol jawasce powder  were
mixed with 100 ml. portions of deionized

distilled water (pl 7.0) in different glass
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stoppered bottles and incubated at ditlerent
temperatures for 24 hours !wi:h occasional
shaking. After the pcrio(‘}l, the enzyme
extracts were collected by filtration and the
filtrates  were  analyscd fdlwr proteolytic
activity.  Results are presented in Table 2.

E
Tasre 2 ‘
: \
i

Temperature - Activity relationship’

i
! S
. Proteolyiic activity

Temperature
in °C iin enzrme units
SR
10 6.0
25 | 2268
32 | 306.0
3 | 597.6
35 , 568 . 8

ENIYME UNITS

4 A /' H-LEAGHING RELATION SHIP
H N !
100! B B H-ALTIVITY RELATION Shi
o
i i
1: RV AU S | .L__...._..__J--.
D) i/ [ 8
pr L
) . : |
Fig. 2: Effects of pH on lvaching and
L enzyme activity

i \

I'rom Table 2, it can be seen that feach-
ing of the enzyme was maximum at 37°C
and hencee, this temperature was maintained
for the cxtraction of the enzyme in all
subscquent experiments,

fxtraction of protease as influenced -by the
concentration of jawasee powder

In order to sce whether addition of higher
pc'rccnlngc of jawasce powder in  walter
would in any way ailect the extraction of
enzyme, increasing concentrations (0.5-
4.0 of jawasce powder were used in the
same manner as in the case of 1% powder.
The proteolytic activity for cach concen-
tration was studicd and presented in Fig. 3.

It can be secen from Fig. 3 that 1%
concentration of jawiasee powdcer was most
suitable for maximum leaching of the
proteolytic enzyme at pH 7.0 and 37°C for

" a period of 24 hours, .

[ ¢] g
»
5 400
-
3
%
z
w 200"

1 ! P AL A
[ o 2 3y 4 L3

JAWASEE POWDER q[nooml. WATER D

Fig. 3: Concentration of jawasee powder
—activily relationship

Lffect  of substrate coacentration on  the
activity of the protease

The effect of different concentrations of
the substrate on the proteolytic activity of
the jawasee cnzyme was studicd in order
to find out the optimum concentration of

" the substrate required for maximum activity

of the enzyme. 1 g. of jawasce powder in
100 ml. of deionized distilled water at pli

LEATHER SCIENCE, vorL 23, 1976.
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solution formed

7.0 was incubated at-37°C for 24 hours.
The solution was filtcred after incubation
and the filtrate was added to the different
concentrations of substrate. The enzymec
activity for each substrate concentration

was determined as described  earlicr,
Results are presented in Fig. 4.
800,
700|.
(o] ! 2 3 4 5 G

SUBSTRATE CONCENTRATION (%

Fig. 4: Substr_alc concentration
- —activity relationship

Results indicate that 2.5% -epg albumin
the optimum substrate
concentration for maximum hydrolysis by

the proteolytic enzyme of juswassce.  Henee,

this substrate concentration was followed

throughout the present investigation,

Effect of pH on the activity of the protease

After establishing the optimum condi-
tions for the cxtraction” of.cnzyme [rom
jawasee powder, it was thought essential to
study the tffect of pH on the activity of

LEATHLER SCIBNCE, voL 23, 1970,

" activity.

the proteasc in order to find out the pH at
which the jawasce exhibited maximum
proteolytic activity. 1 g. of juwasee powder
in deionized distilled water at pH 7.0 was
tncubated at 37°C for 24 hours and the
cnzyme cxtract was collected by filtration.
The filtrate was used as the crude enzyme
extract. Equal volumes of 5% cgg albumin
solution were mixed with cqual volumes of
phosphate buffer of diflerent pll valucs.
Thc solutions thus obtained werc mixed

. with crude enzyme extract and incubated

at 45°C for 30 minutes. The enzyme
activity in cach case was determined as
described earlier. The results are presented
in Fig. 28.

From Fig. 2B, it can be seen that
the proteolytic activity of jawasce was
maximum at pH 6.0, when egg atbumin
was used as the substrate.

Effect of various concentrations of sodium .

chloride on 1he proteolytic activity of

Jawasee

Since sodium chioride-is normally uscd
in the jawasce process of ~unhairing, it was
thought nccessary to study the cflect of
various concentrations of sodium chloride
on the leaching and proteolytic activity
of the jawascc cnzyme. 1 g. portions of
jawasee powder. were taken in - 100 ml. of
deionized distilled water at pH 7.0 in
different glass stoppered botties and were

“incubated at 37°C for 24 hours with various

concentrations of sodium chloride.  After

“the period, the enzyme extracts from each

bottle were separated by filtration and the
filtrates were analysed for the ecnzyme
Results arce presented in Fig. 5.

From Fig. 5, it can be scen that sodium

‘Ehloride in all concentrations has inhibitory

effect on the cnzyme although in different

Cdegrees.
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CONCENTRATION OF TODlUM C HLORIDE l%

Fig. 5: Effect of sodium chloride on

enzymeac(ivitiy
. |
FEffect of sodium pentachlorophenate on the

proteolytic activity of jau'['u.vee

In order to study lheieﬂ'cct of sodium
pentachlorophenate ‘on the activity of the
proteolytic enzyvme, various concentrations
of _ sodium pentachlorophena(c (0.002-
0.02%) were mixed with!l g. portions of
jawasce powder in 100 ml. portions of
deionized . distilled water (pH 7.0) and
incubated at 37°C for 24 THours. At the
end of the ‘incubation penod the solutions
were collected by ﬁltrallon and the activity
of the filtrates were tcstcd By the usunl
procedure. Results are pre%enled in Table 3.

TABLE. 3|
Lﬂ'ec( uf sudnum pentachlorophcnnle on the activity

of jawasee enryme
\

i
Sedium pcnluchloro- '

l !’rolmlync activity
p/zenalc (%)

in GMZ)'IH(‘ llllll\'

e e e e i
Control ; 597 .6
0. 002 l LRy L
0 006 ‘l s80..9
0,01 1 1575 .1
0.014 1 574 . 4
0.02 { 564 . 1
~ |
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From Table 3, it can be seen that small
concentrations of sodium pcnln‘chlorb‘—
phenate do not causc any significant
reduction in the leaching and proteolytic
activity of the jawasce enzyme.

Effect of preservatives

During the course of unhairing of hides
and skins by enzyme, certain preservatives
are used to prevent bacterial damage of
skin protein; it was, thercfore,
worthwhile to study the cffect of these
prescrvatives on the proteolytic activity
of the jawasce enzyme. In order to study
the effectiveness  of  the  preservatives,

dilferent  concentrations  of  preservitives
and diffcrent periods of incubation were
investigated. 1 g.  portions  of  jawasce

powder were mixed with 100 ml. portiops

of deionized distilled water (pH 7.0) in
glass stoppered  bottles  and ™ different
concentrations of preservatives in solid

form were added to the bottles which- were
then incubated for 2 hours and 24 hours a1
37°C. The enzyme extract from cach bottle
was collected by filtration and estimatcd
for the proteolytic activity as described
carlicr. The results are presented in Table
4 and Fig. 6, '

s Discussion

In order to extract the enzyme from
jawasee powder, 2 buffer systems, namely,

"vcronal and phosphate buffers (pH 6.0)

hours.
hours

hours and 24
cases, 24

were tried for 2
Although in both the

leaching period showed higher cnzymic
activity, phosphate buffer was found 10 be

more efficient than veronal buffer (Table ).

A gradual increase in proteolylic activity
in the enzyme extract was observed when
feaching in phosphate buffer (pH 6.0) was
extended upto 48 hours (Fig. 1A). The same
trend of result was also observed when

LBATHBR SCIENCE, voL 23, 1976.
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I-me(-i of preservatives on enzyme actlivity during leaching

Period of leaching
I.

i

. . - 2 hours 24 hours
No. - Pf(?s‘("\'a”i"(l‘" o . e i e [,
: ' I Concentration of preservatives
we | ' C0Lsw 1% M 0.5% 1% 2%
i. Control 2 hours : 2‘.th .

24 hours : 597 .6

2. Cetrimide (BP) (Ce) 299.8 299.8 285.2 04 08 62,2 5547
3. Boric acid (BA) ly ; 298 .1 299.6 271.8% 600.1 576.8 491.2
4. Toluene (T) ) | 300.2 300.1 292 .6 6U0.3 571.9 590.9
5. Sodium chieorite (SC) ‘ 270 254 .7 254,06 S80. 2 586.8 S79.8
6. Chloteform {Ch)y o 285.7 280 .4 S M0 K S83.1 s83.1 515.8
7. "Potassium fluoride (Pf7) : 285.6 ZSS S 215.2 S71.3 550.2 S524.4
&, Benzalkonium chloride (BC) ) 295.2 295 .4 300.1 509.8 507.3 490.1
o, Zinc chloride (Z.C) l ! 294.9 249.9 268 .8 500.2 474.8 485.3
10. Sodium silico fluoride ({SSP) 1 256.1 216.8 234.2  398.2 374.7 346.3
. Mercuric chloride (Mdl) : 250.0 250.0 239.2 355.9 310.1 286.9
12. Nickel chloride (NC) ~ ' 297.8 242.2 220.4 3.3 300.2 247.7
13. Para-chloro-meta-cresol® |
(in water) (p-CMCY) | _ 257.1 202.4 183.8 20,1 128.4 120.3
14, Sodium tricht.orophcnat\e (srP:‘). - 177.8 152.2 100.3 150.4 100.2 75 4
1S.  Phenyl mercuric nitrate (PMN) 188.4 132.7 S8.4  164.7 82.7 23.3
16. Para-chloro-meta-cresol* ! 207.8 130.1 2.7 20.4 9.8 0.0
(in alcohol & watcr? (pCMCT) )
17.  Sodium pen‘ta'chlomphc:?ulc (sPP) 133.4  86.2  56.9 0.3 9.8 0.0

|

o | | _ - ,
- *§ince para-chloro-meta-cresol was found to be not fully soluble in water, it was first tested in aqueoug

medium. [o subsequent experiment, however, para-chloro-mera-ctesol was first dissolved in minimum
quantity of alcohol, made up the volume with water and then uscd.

«
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leaching was carried out with deionized
distilled water at pH 6.0 (Fig. 1B). Lcaching
with water, howcver, was found (o exlract
more enzyme than phosphate buffer under
the same expcrimental conditions.

It can be 'scen from Fig. 2A that the
“maximum enzyme is extracted at pH 7.0
and 37°C for 24 hours.

At lower temperature of leaching, enzyme
wis not found to be cxtracted optinaliy.
At higher temperature  (45°C), loss in
enzyme activity: was observed, optimum
temperature  of leaching  being  37°C
(Table 2j.
= Pig. 3 indicates that 1 g. of jawasce
powder in 100 ml. deionized distilled water
at pH 7.0 gave maximuni cnzyme activity
in the extracted liquor. High concentra-
.lion of jawasee powder did not give higher
yield of enzyme activity.

When same concentration of enzyme
was added to different concentrations of

the substrate (cgg nlhumln), it was observed

that enzyme-substrate lincarship is main-s
tained uplo a concentration of 2.5% egg
albumin solution (Fig. 4).

The results presented in FFig. 2B - indicate -

that maximum cozyme activity was found
when the digestion was carricd out au pll
0.0. This obscrvation is in full agreement
with that of Madhavakrishna and George,*
who found pH 6.0 as the optimum pH for
unhairing by jawasee proccss.

Results presented  in Fig. 5 indicate
that as there is gradual incrcase in the
concentration of sodium  chloride, there
is gradual decrease in enzymic activity.
This is quite evident from the fact that
in the actual process of unhairing, loosen-
ing of hair is very -much delayed duc to
the presence of sodium chloride in the
cnzyme bath. In the actual unhairing

LEATHER SCIBENCB, VOL. 23, i976.

process salt is used to avoid the risk of
damages due to bactcrial action, but the
unhairing period is prolonged from 6 to 20

days, depending on the amount of salt and.

quantity of jawasee powder used.* Normally
unhairing with jawasec and salt was found
fo take 15 to 20 days, whercas it was
possible to unhair within 43 hours with
Jawasec alone.?

In actual praclice  jawasce process of
unhairing takes considerably Jong period
resulting in foul smcll duc to bacterial
action. In order to avoid the hbacteriul
damage, sodium chloride as high as 107,
is used. It was  observed  that  sodinm
chiloride  at higher  concentrations  was
found to inhibit the cnzyme 1o a larer
extent (Fig. 5). Hence, use of  sodium
chloride as preservative is not recom-
mended. A large number of preservatives
in  various concentrations were  tried.

Sodium pentachlorophcnate, which is a

strong preservative for hides and skins was <.

found to have no effect on the activity of
the enzyme at low coaocentrations upto
0.02% (Table 3.) "Out of the 16 preservatives
tried, only 4 preservatives, namely, para-
chloro - meta - cresol, sodium pentachloro-
phenate, phenyl mercuric nitrate and sodium
trichlorophenate showed strong inhibitory
iction on enzymic activity. It was observed
that 2 hours™ of {caching in the presence
of cetrimide,  benzalkonium  chloride,
toluene, sodium chlorite, chloroform,
potassium fluoride, boric acid, zinc chloride,
nickel chloride, 'sodium silicofluoride and
mercuric chloride did not result in signifi-
cant reduction in enzyme activily upto 2%
concentration of the preservative. Para-
chloro - meta - cresol, sodium trichloro-
phenate, phényl mercuric nitrate and
sodium pentachlorophenate were found to
considerably reduce the proteolytic activity
of jawasee, even in 0.5% copcentiration on
leaching for as short a period as 2 hours.

411




.

Leaching for a period uf 124 hours in the
presence of celiiiliiidb, boric acid, (BTUGHE,
sodium chIl@nifQ‘,:*;@ln\wrol‘orm and potassium
fluoride did nnt. ilffrect ‘the proteolytic
activity appreciably.| Waiicacid and zinc
chloride were found to produce lhiggligible

- meduction im’ activity] while sodium silico-

fluoride, mercuric Mikeride and nickel
chloride were found ﬂ_@cagsc considerable
inhibition ; para-ehloro-nreta-cresol, sodiwii
trichlorophenate, phenyl mercuric nilrate
and sodium  pentachlorophenate  wene
found to he inhibm!)ry, b EU bl HO- i@~
cresol (in alcohol add W:ii(r) anid slidikibi
pentachlorophcnate ciyusing ‘alayost com plete
inhibition' ‘of proteulytic activity. (fable 4
and Fig:.6). - r.
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