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ABSTRACT

A new cysteine protease named nivulian was partially characterized from
the latex of Euphorbia nivulia Buch.-Ham., a member of Euphorbiaceae
family. It had good stability in the presence of local detergentsviz., Tide®,
Ujalla®, Nirma®and also Triton X-100 and Tween-80 at 37°C. The protein
stains (blood and egg yolk) were removed within 10— 15 min from the test
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fabric (cotton) cloth by the treatment of this enzyme. Thus this applica-
tion of plant origin ‘nivulian’ demonstrates feasibility for inclusion in laun-

dry detergent formulation.

INTRODUCTION

Proteasesare enzymeswhich potentidly hydrolyze
anything contai ning peptide bond, from adi peptide up
to alarge protein containing thousands of amino ac-
idg¥. It isbeyond question that the results of research
on proteol ytic enzymes, or peptidases, areaready ben-
efiting mankind in many ways, and thereis no doubt
that research inthisareahasthe potentia to contribute
still moreinfuture?. Theseenzymesareusedinindus-
try owingtotheir high stability at variousconditiong?.
Sincelast 50 years, proteases are frequently used in
laundry detergentsfor removing protel naceous materi-
ds(instainform) from fabricsand account for gpproxi-
mately 59% of tota worldwide salesof enzymé“. The
usesof enzymein detergent formulationsdepend onits
compatibility with the detergent’™. Anideal detergent
enzymemust bestableand activeinthedetergent solu-
tionsand have adequate thermal stability to beeffective
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inawide range of washing temperatures®. In 1914,
the Rohm Company in Germany isolated the first en-
zyme preparation for industrial usei.e. the protease
trypsin, whichwas marketed asapowerful detergent!” .

Severa detergents like Tide, Dynamo and EraPlus
(Procter and Gamble Company, USA) contains pro-
teases®. Proteases, used as cleaning agents, stablein
the presenceof chlorineaswater suppliesarechlori-
nated in many partsof world including Indiaand some
detergent compositionsmay includebleaching agents?.
Protease performancein laundry detergentsisevalu-
ated by using soiled test fabricsand the efficiency is
messured elther visualy or by measuring thereflectance
of light under standard conditiong*®. Present paper
reportsthe stability of plant origin cysteine protease
called nivulian of E. nivulia latex in the presence of
detergentsand itswashing performancefor thefirsg time.
Henceitsincorporationin laundry detergent formula
tioniswarranted.
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MATERIALSAND METHODS

Chemicals

All chemicdswereof the highest purity, anaytical
HPL C gradepurchased from SigmaChemicals, USA;
HimediaL aboratories, Mumbai; SRL Chemicals, Ban-
gaore; Qualigen Fine Chemicals, Mumbai; Merck
Chemicds, India Bangalore Genie, India.

Plant material, collection of latex, crude enzyme
preparation and purification of cysteine protease
(nivulian)

Thedetall information about identification, collec-
tion, preservation, preparation of crudeenzymeandits
proteolytic activity of Euphorbia nivulia Buch.-Ham
latex isdescribed in our previous communicationy,
Method of purification of protease wasdoneusing ac-
etone precipitation, DEAE cdllulose chromatography,
dialysisand followed by rechromatography on DEAE
cdllulose column asdescribed in our earlier communi-
cationg!l, The protease activity was expressed as
amount of enzyme required to produce peptide equiva
lent to pg of tyrosine/min/mg protein at 37°C and pro-
tein content was measured according to Lowry’s
method using Bovine serum al bumin asthe standard
proteinity,

Compatibility of nivulian with laundry deter gents

Thecompatihility of nivulianinthepresenceof com-
mercia solid laundry detergentswasexamined by in-
cubating enzymefor 1 h a 37°C with variouscommon
detergent preparations, and theresidua enzymeactiv-
ity wasdetermined as per thediscussed method*Y. The
enzymeactivity of acontrol sample(without detergent),
incubated under the similar conditions, wastaken as
100%. The solid detergents used wereAriel Oxy Blue,
Tide (Procter and Gamble Company, USA), Fena Ul-
tra, New Impact (Fena (P) Ltd., New Delhi, India),
Nirma(Nirmaltd., Ahmedabad, India), Whedl Ac-
tive, Rin, Surf Excel (Hindustan Unilever Ltd., India),
Ghari (Ghari Group of Companies, New Delhi, India),
Sasa(Shri MahilaGrihaUdyog Lijja Papad, Mumbal,
India) and Ujala(Jyothy Laboratories, Mumbai, India).
Thedetergentswerediluted intap water togiveafina
concentration of 7 mg/ml to S mulateeffectivewashing
conditions. The endogenous proteases contained in
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these detergentswereinactivated by incubating thedi-
luted detergentsat 65°C for 1 h prior to theaddition of

enzyme.
Effect of surfactant and oxidizing agent onnivulian

Theeffect of 1% (v/v) fina concentration of differ-
ent surfactant (sodium dodecyl sulphate, Triton X-100
and Tween 80) and oxidizing agent (H,O,) onenzyme
activity wasstudied by preincubating enzymefor L hat
37°Cintheabovechemica surfactantsand oxidizing
agent beforeanaysis. A pardle control waskept with
enzyme and buffer with substrate and the value of the
control activity wasconsidered as 100%.

Animal material - blood sample

Fresh blood samplesof domestic animasviz., goat
(Capra hircus), buffalo (Bubalus bubalis) and ox
(Ovibos moschatus) of either sexes were collected
under thesupervision of Dr. N. M. Pawar, Veterinary
Practitioner of Paldhi Unit, Jalgaon District,
Maharashtra, India. Blood sampleof healthy hen was
collected fromlocal chicken shopsof Jalgaon city.

Evaluation of washing performanceof nivulian

Application of Nivulian (5U mg protein®) in 0.02
mol L phosphate buffer pH 7.4 asadetergent addi-
tive was studied on white cotton cloth pieces (1.5" x
1.5") stained with blood samplesof different animals
(ox, buffao, goat, hen and human being). Thestained
cloth piecesweretaken in separatetrays. Thefollow-
ing groupsweresetup: (A) Tray with 50 ml of 0.02 mol
L-* phosphate buffer pH 7.4 and blood stained cloth.
(B) Tray with50 ml Nivulian protease (5U mg proteinm
1in 0.02 mol L phosphate buffer pH 7.4 and blood
stained cloth. (C) Tray with 50 ml detergent (7 mg/ml)
and blood stained cloth. (D) Tray with 50 ml mixture of
detergent (7 mg/ml) and Nivulian protease (5U mg
protein’t) and blood stained clothi. Thesetrayswere
incubated at 30°C for 25 min. The cloth pieceswere
taken out from each set at regular intervalsof 5min,
rinsed with water, dried and visually examined. Un-
treated cloth pieces stained with blood were taken as
control. Additionaly, after washing performance, dried
cotton pieceswere subjected for cutting. Theresulting
little piecesof individual destained cotton cloth piece
were suspended in saline at 30°C and centrifuged at
10000 rpmfor 20 min. The progress of destaining of
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blood stain was monitored by measuring the absorbance
of resulting supernatant at 420 nm. Thetest cotton fab-
ric pieces stained with egg yolk were al so treated un-
der similar conditions at 30°C. Stain remova was
checked qudlitatively by visudization.

RESULTSAND DISCUSSION

Euphorbia nivulia Buch.-Ham. belongs to the
Euphorbiaceaefamily, whosemembersusudly develop
secretory tissues (laticifers) which frequently include
proteolytic and milk clotting enzymes. Theyoung stem
latex of E. nivulia possesses proteolyticand milk clot-
ting cystei ne protease enzyme with optimum pH and
temperatureis pH 6.6 and 45°C respectivelyl*3.

Theeffect of surfactant and oxidizingagent at 1 %
concentration ontheproteolytic activity at 37°Cissum-
marized in TABLE 1. In presence of SDSand H,0,
protease activity wasinhibited upto 48.49 % and 31.82
% respectively and activity was unaffected by expo-
sureto Triton X-100 and Tween-80, indi cating that the
purified protease could not belipoprotein. Our results
arein accordancewith the earlier observationsreported
by Patil and Chaudhari, 2009™4 in the purification of
metall oprotease of Pseudomonasaeruginosa. Asseen
from TABLE 2 nivulian was considerably stablewith
al commercial detergentstested. After onehour, 80to
90% activity wasretained with Surf Excel, Fena, Rin
and Ghari detergent, more than 92% with Wheel and
Arid, 78% with Sasaand 67% with Impact. Surpris-
ingly proteaseactivity of nivulianwasincreased by 1to
A% with Tide, Ujdaand Nirma A smilar sability profile
was observed in protease of Bacillus circulans
BM 1519,

TABLE 1: Sability of proteasein surfactants(Sur) / oxidizing
agent (OA) at 1% concentration.

Sr. No. Sur / OA Residual activity (%)
1 SDS™ 51.51+0.18
2 H,O,™ 68.18 £ 0.35
3 Tween 80" 243.03 £ 0.69
4 Triton X-100™ 190.39 + 1.04

Data represented in average values + SD of n=6 experiment;

Theresults(Figure 1) of evaluation of enzymefor
washing performance pointed out that the blood stains
on the cloth piecesremained asthey were even after
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15minof ringnginthe caseof controlsand commercia
detergents. Blood stain was completely removed from
theclothsafter rinsing them with acombination of de-
tergent and Nivulianfor aperiod of 15min, wheressit
wasremoved after 25 min when rinsed with Nivulian
individualy. Theseresultsclearly indicate that theen-
zymeisfairly stable asan ingredient in the presence of
detergents. Our results of washing performance of
Nivulian aregood in accordance with the earlier obser-
vationsreported inwashing performance of protease
of Pseudomonas aeruginosal*® and Sreptomyces
gulbergensig*?,

CONTROL

5 MIN TREATED

--W

10 MIN TREATED

15 MIN TREATED

..

25 MIN TREATED

BUFFER  DETERGENT ENZYME DET +ENZ
Figurel: Evaluation of nivulian for washing of goat’s blood
stainsfrom cloth.

In order to evaluate the performance of Nivulian
with respect to itscapability of removing stains, differ-
ent blood sampleswere used viz., human being, ox,
buffa o and hen and dso egg yolk stain. Onincubating
several piecesof stained cloth at 30°C for 25 minre-
aultsof thisfindingsareinteresting, the use of enzyme
(Nivulian) doneshowed moreeffectiveremova of blood
and egg yolk stains(Figure2). Infact, Nivulianfacili-
tatetherelease of proteinaceous materialsinamuch
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Figure2: Removingblood and egg yolk stainsfrom cloth by
theapplication of nivulian and deter gent after 25 min; First
column: Untreated blood stained cloth. (Control); Second
column: Blood stained cloth washed (BSCW) by buffer; Third
column: BSCW by enzyme (nivulian); Fourth column BSCW
by deter gent; Fifth column: BSCW by deter gent with nivulian.
First, second, third and fourth row: Cloth stained by blood
sampleof human being, ox, buffalo and hen respectively. Fifth
row: Cloth stained by egg yolk.

Detergent

TABLE 2: Sability of protease enzymepreparation of E.
nivulialatexin variouslocal detergents.

Sr. No.

Deter gent

Residual activity (%)

7 mg/ml 10 mg/ml

1 Control 100 100

2 Tide 101.4+£0.20  90.38+0.57
3 Ujala 104.2+0.16 107.8+1.38
4 Whedl 98.85+0.22  98.65+0.52
5 Impact 67.25+0.69  65.08+2.56
6 Rin 87.87+£0.04 85.03+0.17
7 Nirma 101.2+0.44 103.1+0.72
8 Surf Excd 89.36 + 0.31 83.66+ 1.47
9 Arid 92.49+0.78  83.24+0.57
10 Fena 82.54 +0.65 74.55+0.83
11 Ghari 80.33+0.11 72.48+0.48
12 Sasa 78.43+0.07 61.21+1.26

Data represented in average values = SD of n=3 experiment
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ead er way than the commercidly available detergent.
Furthermore, the combination of Nivulian with deter-
gent resulted in complete stain removal (Figure 1 and
2).A similar study reported on the usefulness of alka-
line proteases from Bacillus brevis and Bacillus
pumilug®™.
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Figure3: Destaining profileof human blood stain by nivulian.
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Figure4: Destaining profileof ox blood stain by nivulian.
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Figure5: Degtaining pr ofileof buffalo blood stain by nivulian.
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TheFgure3to7illustratesthedestaining profile of
human, ox, buffalo, goat and hen blood samplesre-
Spectively. Thesedestaining profilesclear theideaabout
removal of blood stainswith minimum useof commer-
cia detergent within 25 min. Rapid blood stainremova
wasnoti ced with supplementation of commerddly avail-
abledetergents(TABLE 3). Smilar resultsof destain-
ing of blood with combination of protease and deter-
gent wasnoticed by Rao et al., 20091,

TABLE 3: Destaining profileof different blood stain after 25
min of treatment.

Destaining efficacy (%)*

Sr.No. Treatment
A B C D E
01 Control 11.89 8.69 1591 15.66 8.74
02 Nivulian 062 080 074 097 071
03 Detergent 118 151 1.09 116 0.79
04 Niv.+Det. 024 012 026 010 0.24

*Theintensity if blood stain at 0 min treatment wastaken as
100% for all blood samples; (A): Human; (B): Ox; (C):
Buffalo; (D): Goat and (E): Hen blood stained spot.
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Figure6: Destaining profileof goat blood stain by nivulian.
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Figure7: Destaining profileof hen blood stain by nivulian.
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CONCLUSION

A new cysteine protease, named nivulianis par-
tidly characterized for thefirst timefromthelatex of E.
nivulia, using s mplepurification procedure. Easy avail-
ability of E. nivulialatex, with simpleand economic
purification process of nivulian, providesgreat possi-
bility for itslarge scale preparation. In thelight of all
theseexperimental observationsitisenvisaged that the
present protease has propertiesthat it render suitable
for (i) asadetergent ingredient and (ii) removal of re-
calcitrant proteinous stainsfrom fabrics. It could be
subjected to many useful gpplicationsin biotechnol ogi-
ca industriesi.e. enzyme based detergent industry.
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