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ABSTRACT

A proteolytic enzyme was purified from the skin of papaya (Carica pa-
payaL.) using gel filtration on Sephadex G-100 followed by ion exchange
chromatography on DEAE-cellul ose to the homogeneous state as confirmed
by dab gd electrophoresis. The molecular weight of the purified enzyme
was estimated to be 25 kDa and 24 kDa by gel filtration chromatography
and SDS-PAGE, respectively. The purified enzyme showed maximum activ-
ity at pH 8.0 and at temperature 44°C. The enzyme was able to hydrolyze
casein, azoa bumin, azocasein, hemoglobin and gelatin with high specific
activity but keratin and collagen was found to be not degraded. Metallic
ions Mg?, Mn?*, Cd?* and Li* have no effect on proteolytic activities but
EDTA, urea, C&* and Zn?* have an activator effect. Fe**, Fe*, Hg?", Cu?*
and Ag" have strong inhibitory effect on proteolytic activities. The K _
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value of the enzyme was found to be 45 pM for casein as substrate.
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INTRODUCTION

The papaya(Caricapapaya) isanimportant fruit of
tropical and subtropical regions of theworld. Itisa
nativetropical fruit of Americaand wasintroducedin
Indiaand Bangladesh in the 16th century. Papayais
one of the cheapest but most nutritiousfruit available
round the year in Bangladesh. It isan excellent source
of vitamin A and Cl%. Nutritionally, papayaisagood
sourceof calcium, iron, potassium, magnesium and so-

diumiZ. It aso containssmall amount of carbohydrate,
proteinandfat. It containsaproteolytic enzymewhich
soothsthestomach and aidsin digestion. The proteases
areuseful invariouswaysand their applicationsare
increasing at afantastic rate. Protease enzymeisvery
important to play some physiological roleduring seed
maturation and renascence of fruitd?. They are capable
of degrading proteins. Some have hydrolytic functions
to degrade polypeptidesand proteinsfor digestiveand
nutrition purpose. Proteasesof subtilisngroup areused
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inthetreatment of burnsand wounds. Ord administra:
tion of proteases produces an anti-inflammatory re-
sponsein burn patients and speeds up the process of
healing®. Thegrowth and devel opment of pulsebettle
insectsrequire very especialy metabolic processes,

whichinvolvethe action of specialized proteasesand
peptides®. The protel oytic enzymes present in these
insectsarerespons blefor the rapid destruction of the
pulses®. It hasalso agreat importancein medicinal

and industria purpose. Proteases are used in the de-
gummingof 1k goods, inthemanufactureof liquid glue,

inthepreparation of cosmetics, detergents, in the mest
tenderization, inthe preparation of cheese, inmedicine
preparation and in agricultureasgrowth promoters”8.,

Extensivestudieshave been performed onthepurifica:
tion and characterization of proteasefrom different ori-
ginssuch asfrom the plant tissues, seedd?, latex of
Ervatamia coronaria®, Ipomoea carnea spp.i?,
Vasconcelleaspp.™*, Euphorbiamilii™ and Wrightia
tinctorid®® and microorganism Chryseobacterium
taeanense TKUO0119,

Till now no detail studiesabout the proteolytic en-
zymefrom papayaskinwasfoundintheliterature. There
isan atempt for purification of protease enzymefrom
the skin of mature papaya. In thisexperiment, we used
oneof thevarieties of papaya (Bari papaya-1) dueto
it. savailability in Rgjshahi Zone, for enzymepurifica:
tion and characterization.

MATERIALSAND METHODS

Materials

Oneof thevarieties of papaya(CaricaPapayal..),
Bari papaya-1 was collected from aloca horticulture
of Rgyshahi and Bangladesh Agricultureresearch Insti-
tute(BARI), Ishwardi, Pabna, Bangladesh. The papa-
yaswere stored in adeep freeze (-100C) for further
experimenta purpose. BSA, SDS/PAGE-chemicals
and Sephadex G-100 were purchased from Sigma
ChemicdsLtd., USA. Standard proteins, DEAE-cel-
lulosewere purchased from PharmaciaFine Chemicas
Ltd., Sweden. All other chemicals used were of ana-
Iytical grade.

Preparation of crudeenzymeextract

The skin of green papaya (300 gm) wasweighted,
%z’ogecétzo/oyy C—

cutinto small piecesand ground inapre-cooled mortar
with apestle and homogenized with 50 ml of cold 5
mM phosphate buffer (pH 7.0) using ahomogenizer.
The suspensionwasthen filtered through few layersof
cheesecloth inacold room. Thefiltrate was collected
and clarified further by centrifugation in arefrigerated
centrifuge a 6000 rpm for 15 minutesat 4°C. Theclear
supernatant was collected and saturated to 100% by
adding solidammonium sulfatewith gentlestirring. The
precipitate was collected by centrifugation at 6000 rpm
for 10 minutes at 4°C. Then the precipitate was dis-
solved inminimum volume of pre-cooled distilled wa-
ter, and dialyzed against distilled water for 12 hours
and against 5mM phosphate buffer, pH 7.0 for over-
night at 4°C. It wasagain centrifuged at 6000 rpm for
10 minutesto remove any insoluble material and the
clear supernatant was used as crude enzyme extract.

M easur ement of protease activity

The protease activity was measured following the
method of Kunitz*1. Themilk protein caseinwasused
asasubstrate. The activity isdetermined by detecting
the release of amino acid, tyrosine by protease. The
amount of tyrosinereleased was cal culated from the
standard curve constructed with tyrosine. Theactivity
was expressed astheamount of tyrosinein yumolepro-
duced per minute at 450C. The specific activity was
expressed asthenumber of enzyme unit per mg of pro-
teinper unittime.

Purification of enzyme
Gé filtration column chromatogr aphy

The crude extract after dialysiswith 5mM phos-
phate buffer at pH 7.0, 4°C was loaded onto a
Sephadex G-100 column (2.5x120 cm) previously
equilibrated withthe samebuffer. Thecolumnwasd uted
with 5mM phosphate buffer, pH 7.0, at aflow rate of
1.0ml min. Absorbance of each fraction at 280 nm,
protease activitiesand protein concentration weremea:
sured and the activefractionswere collected.

DEAE-cdllulosecolumn chromatogr aphy

Theenzymaticaly activeprotein fractionsafter gel
filtrationwerecollected and didyzed againg 5mM phos-
phate buffer, pH 7.8 for overnight and then appliedtoa
DEAE-cdlulosecolumn (32x1.0 cm, flow rate 25 m
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h-1) previoudy equilibrated with 5mM phosphate buffer,
pH 7.8 and el uted with the same buffer containing a
linear gradient of NaCl (100-500 mM). Absorbanceat
280 nm, protein concentration and protease activities
weredetermined and theactivefractionswerecollected.

Molecular weight deter mination of protease

(a) Themolecular weight of the purified proteasewas
determined by ge filtration on Sephadex G-100 col-
umn (150x3.0 cm) equilibrated with 5mM phos-
phate buffer, pH 7.0, following theestablished pro-
cedurd®®, Trypsininhibitor (12 kDa), carbonic an-
hydrase (29 kDa), ova bumin (43 kDa), bovine se-
rum abumin (67 kDa), phosphorylase-b (97 kDa)
and 3-galactosi dase(116 kDa) were used as marker
proteing’,

(b) Electrophoresis: SDS-PAGE wasperformed ac-
cording to the method of Laemmli®® onaBio-rad
mini electrophoresissystem. The standard proteins
used were 3-lactoglobulin (18.4 kDa), carbonic an-
hydrase (29.0 kDa), ovalbumin (43.0kDa), bovine
serumabumin (67.0kDa) and phosphorylase-b(97.4
kDa). PAGE was performed with 7% gelsand the
electrophoresiswasrunat 2000V and 50A.

Optimum pH of theenzyme

To study the effect of pH on enzyme activity, the
enzyme solutions (0.6%) were diayzed against 5mM
buffer of different pH (pH 2.0-3.0, CH,COONa-HCI;
pH 4.0 - 5.0, CH,COONa-CH,COOH; pH 5.5-8.0,
NaH_PO,-Na,HPO,; pH 8.5-9.0,Na,B,0O, - HCI; pH
9.5, Na,B,07 Na,CO,) for 24 hours with frequent
changeof buffers. After necessary adjustment of pH by
adding 0.1N HCI or 0.1N NaOH, the enzyme activi-
tieswereassayed using caseln as substrate.

Optimum temper atur eof theenzyme

In order to determine the optimum temperature,
theenzyme ol utions (0.5%) in 5mM phosphate buffer,
pH 7.0, wereincubated at varioustemperaturesrang-
ing from 100C -90°C for 15 minutesin atemperature
controlled water bath and the enzyme activitieswere
assayed.

Substrate specificity

To determinethesubstrate specificity of theenzyme
caseln, azoalbumin, azocasein and hemoglobin were
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used as substrate during the assay and the proteol ytic
activities were measured following the method of
Kunitz*.

I nfluence of metal ionsand chemical reagents

Theeffectsof metal ionsand chemica reagentson
the enzymeactivity were examined by incubating the
enzyme sol ution at room temperaturein the presence
of differention or compound for 5 minutesand diquots
werewithdrawn and assayed under standard reaction
conditions (pH 7.0, Temperature 37°C).

M easurement of Km of enzyme

Michaelis constant (Km) was determined by the
assay of enzyme activity for various concentration of
thesubstrate (casein) a definiteinterval. Initial veloci-
tiesof respective substrate concentration were cal cu-
lated. Km was calculated from Lineweaver-Burk
doublereciproca plot.

Protein assay

Protein concentration of each fraction was deter-
mined by UV-visble spectrophotometer at 280 nm. The
amount of protein wasestimated by the published
method of Lowry et a.l?Z, using BSA as astandard
substrate.
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Figurel: Gd-filtration pattern of crudeextract of theskin
of matur epapaya on Shephadex G-100column chromatog-
raphy (2.5x120cm). The column was pre-equilibrated
with5mM sodium phogphate buffer, pH 7.0and thecolumn
waseluted with samebuffer. Theflow rate of the column
was 1ml/min. Symboals. (e) absorbance at 280nm, (a)
enzymeactivity
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RESULTSAND DISCUSSION

Purification of protease

In gel filtration column, the crude protein extract
from the skin of papayawas e uted astwo main peaks
namely F-1 and F-2 (figure 1). It wasfound that only
F-2 fraction showed the proteol ytic activity whilethe
F-1 peak showed no activity. Hence F-1 fraction was
not used for further investigation. Thefraction 2 con-
taining the proteolytic activity was pool ed separately
and the purity was checked by the slab gel electro-
phoresis. Asshowninthefigure (figure3), F-2fraction
gave morethan one band indicating that F-2 fraction
contained morethan oneprotein.

Theactivefraction F-2fromgd filtration when gp-
plied to DEAE-cdllulose column, were separated into
three peaks F-2a, F-2b and F-2c (figure 2). Theenzy-
matic activity of all thesefractionswereinvestigated
and it wasfound that the fraction F-2acontained pro-
teolytic activity whilethefraction F-2b and F-2c pos-
sessed no proteol ytic activity. Thefraction contained
protease activity pooled separately and wasfound ho-
mogenousondab gd dectrophoressand showedsingle
protein band (figure 3) indicating that the enzymewas
inpureform.

Thedataon purification of proteasefromtheskin
of papayaare presented in TABLE 1. The purity of the
enzymefrom papayaincreased 39.71 foldwith an over-
al yiddof 16.17% with specific activity of 87.75 unit/
mg. Thedecreaseinyield may bedueto denaturation
of theenzymeduring purification or to some other un-
known reasons.

Characterization of protease
Deter mination of molecular weight

Themolecular weight of purified protease (F-2a)
as determined by comparing their elution volumeon
TABLE 1: Summary of papayaproteasepurification

Steps of Tota.J Tgtgl Spgqflc Yield Purificatior
purification protein activity activity (%) folds
(mg) (unit/mg) (unit/mg}

Crude extract 460 1015 2.21 100 1
Ammonium

sulfate saturated 370 890 241 87.68 1.09

Gafilration 1615 29419 2007 2898 1346

chromatography

DEAfE'C‘?””'OSG 187 16409 8775 1617 3971
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&
=

¢ —i— Erzyme fckiviiy —
= ey | c
E k . A 3R E
= I|j i
540 I 2
> I S e <
E a0 1! F-Th 1 g
g . " Y |8
o " 1| I, I N

I o & e $ 1 =g
= i PR 1 ®
N aw- i _;.' e T '. )
w 2 il e . S o

7 = ,
0 P . : B a2 g
0 iID Z0 3 40 S0 60 T 80

Fraction no. (3ml/tube)

Figure2: DEAE-cellulosecolumn chromatography of pa-
paya proteasefrom F-2 fraction obtained from gel filtra-
tion. Thecolumn (32x1.0 cm) waspr e-equilibrated with
5mM phosphatebuffer, pH 7.8 and waseuted withthesame
buffer. Thecolumn wasthen eluted with alinear gradient
of NaCl (0.1t0 0.5M) in thesamebuffer. Theflow rate of
the column was25 ml/h. Symbols: (e) absor banceat 280
nm, (&) enzymeactivity and ( » ) NaCl gradient
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Figure3: Sodium dodecyl sulfatepolyacrylamidegel elec-
trophoresisof purified proteaseand marker proteinsfor
the determination of purity and molecular weight of the
enzyme, Lane-A: After gd filtration column, Lane-B: Af-
ter DEAE-cdlulosecolumn, Lane-M: Marker protein so-
[ution containing Phosphorylase B (97.4 kDa), Bovin Se-

rumAlbumin (67.0kDa), Ovalbumin (43.0kDa), Carbonic
anhydrase(29.0kDa), [B-lactoglobulin (18.4kDa).

Sephadex G-100 werefound to be 25 kDa. The mo-
lecular weight of the papaya protease obtained in this
investigationisin reasonabl e agreement with the mo-
lecular weight estimated for proteasefrom other sources.
Maet a.,'® purified aproteasefrom marine yeast with
molecular weight of 32kDa, Turkiewicz et d .1, puri-
fied aserine protease from Euphausiasuperba Dana
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Figure4: Effect of pH on theactivity of proteasefromthe
skin of matur e papaya
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Figureb5: Effect of temper atureon theactivity of protease
from theskin of mature papaya

TABLE 2: Substrate specificity of protease

Substrate Relative activity (%)
Casein 100
Azoalbumin 97
Azocasein 92
Hemoglobin 65
Gelatin 55
Keratin 00
Collagen 00

The activity for casein was taken as 100%

(Antarctic krill) of molecular weight of 33 kDaand
Wang et d.[®!, purified aprotease from Bacillus cereus
with molecular weight of 35 kDaby gd filtration. The
mol ecular weight of the purified proteasewasa so de-
termined by SDS-polyacrylamidedab g €ectrophore-
sisand was found to be 24 kDa (figure 3). The mo-
lecular weight of papayaproteaseissimilar to that of
proteases from Trichodermaatroviride (24 kDa)!?9,
latex of Ervatamiacoronaria(27.6 kDa)!*¥ and latex of

Cdotropisprocera(28.8 kDa)?". Themolecular weight
of the enzymewas found to be unchanged in the pres-
enceor intheabsenceof B-mercaptoethanol indicating
that the protease contai ned no subunit.

Effect of pH on the activities of protease

Thepurified protease gave maximum activity at pH
8.0 (figure4). From theresult it might be concluded
that the proteaseisolated from the skin of mature pa-
payabe ongto the category of akaline protease. Very
similar pattern of pH profile have beenreported for the
proteasesfrom thelatex of Euphorbiamilli®™, latex of
Ervatamiacoronarid*® and Chryseobacterium taeanense
(18, The activity wasfound to decreasegradually in the
acidic pH, butintheakaline pH it decreased rapidly.
Very negligible enzyme activity was observed bel ow
pH 3.0 and above pH 10.0. Anwar and Saleemuddin
observed the optimum pH 11.0 for proteasefrom lar-
vae of Spilosomaoblique®!, whichishigher thanthe
present finding. Patel et al.*, reported the optimum
pH 6.5 for protease from Ipomoea carnea, which is
lower than the present finding.

Effect of temper atureson theactivitiesof protease

Theeffect of temperature on theactivity of the pro-
teasefrom the skin of mature papayawasexaminedin
therangeof 10-90°C. Theoptimum activity of the pro-
tease was observed at 44°C (figure 5). Therewas a
sharpincreasein activity with gradud increasein tem-
perature up to 44°C while the activity gradually de-
creased with further risein temperatureindicating the
lossin active conformation of theenzyme. Very little
activity was found at or above 90°C and at or below
10°C. Theseresultsarein accordancewith those pre-
viously published for protease from Candida
Pulcherrima® and protease from Ustilago maydis®.
Tomar et d .9, observed optimum temperature of 70°C
for protessefromthelatex of theplant Wrightiatinctoria
(Roxb.) whichishigher than our result.

Substrate specificity

Thesubstrate specificity of the proteasewas stud-
ied using someproteinsassubstrateand theresultsare
summarized in TABLE 2. Theenzymewasableto hy-
drolyze casain, azod bumin, azocasain, hemoglobin and
gelatin with high specific activity but keratin and col-
lagen werenot degraded. Thisfindingisingood agree-
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TABLE 3: Effect of variousmetallic saltsand chemicalson
theactivity of protease

Relative activity (%)

Reagent — v 3mM 5mM
None 100 100 100
FeCl, 05 04 01
MgCl, 93 85 78
AgCl 07 06 05

LiCl 85 78 55
MnCl, 100 98 o1
cucl, 10 05 03
ZnCl, 101 102 105
HgCl, 01 00 00
cdcl, 64 59 42
FeCl, 09 08 07
CaCl, 110 115 120
EDTA 104 112 116

Urea 102 105 106

ment with those reported by Gotoh et al.l*® and
Mercado-Floreset al.=,

Effect of metal ionsand or ganic compounds

Theeffect of variousmetallic saltsand chemicals
on the activity of purified protease from the skin of
mature papayais presented in TABLE 3. The activity
of theenzymegradually increased with theincreasein
concentration of calcium. From theresult it may besug-
gested that cal cium isneeded for maintaining the en-
zymemoleculeinthe optimum configurationfor maxi-
mum activity and sability.

MetdlicionslikeM g, Mn?*, Cd?*and Li* showed
no effect on proteolytic activitieswhile EDTA, urea,
Ca?* and Zn?* showed an activator effect. Fe2+, Fe3+,
Hg?, Cu?*andAg" had stronginhibitory effect on pro-
teolytic activities. The enzyme present in the skin of
papayamay thus be acharacteristic of cysteinetype
proteolytic enzyme, specificaly for theenhancement of
activity by EDTA. Ahmed et d .*Y, reported that pro-
teasesfromthelarval gut of Spodopteralitura, which
were not inhibited by Mg? and Mn?* whilethe pres-
enceof Fe** and Hg?* completely inhibited the three
enzymes. Maet a.[ 23], reported that an alkaline pro-
teasefromthemarineyeast, wasinhibited by Hg?, Fe**,
Fe**, Zn?*and Co?*. Cazzulo et al .[ 32], reported that
the protease from Trypansoma cruz, was activated
by urea. Darby et a.*'and Abeet al ., also reported
that theproteolytic activity isincreased inthe presence
of EDTA and C&*. Thesereportsarein support of the
present results. Theincrease of enzymeactivity inthe

presenceof ureaand EDTA isdifficult toexplainat this
stage. The enhancement of enzyme activity observed
with different concentrations of ureaand EDTA may
probably be dueto the unfolding effect on casein (sub-
strate) thusmaking it abetter substrate.

Km valuesof protease

TheKmvaueof protease using casein assubstrate
wascal culated from Lineweaver-Burk plot and found
tobe45 uM. TheKm vaueof proteasefromthelatex
of the plant Wrightiatinctoria(Roxb.)*, hasbeen re-
ported to be 50 uM which isvery closeto our result
and fromthelatex of Cryptolepisbuchanani reported
to be 10 uM™ whichislower than the present finding.
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