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Abstract

Enzymes have wide applications in detergent industry from early 1900’s. Mostly, clothes are soiled by protein based grime. Most of the
detergents have either amylase / protease. Various sources were scrutinized for potent protease activity and Betel leaves were selected,
the enzyme was then isolated, purified to homogeneity by ammonium sulphate precipitation, DEAE-Cellulose and gel permeation chro-
matographic techniques. The enzyme was monomeric in nature with a molecular mass of 38kDa as determined by native PAGE and
SDS-PAGE. The enzyme shows maximum activity at 60°C and pH 4.0. The Km and Vmax of the enzyme were 4x10°M and
54umol/min/mg respectively. The enzyme was categorically inhibited by PCMB and iodo-acetamide suggesting it to have papain like
nature. The stability of the enzyme is assessed over the stretch of alkaline pH and temperature. This evaluation validates the stability of
the enzyme and its use in detergent formulations. It was evident that after adding the enzyme preparation the stains (tea, chocolate,
blood) were removed much better than that of the controls, which affirms that papain like enzyme from betel leaves, enhances detergent
activity.
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1. Introduction

An ideal cleansing product claims to remove stains faster, easier,
at any temperature and with minimal water usage. Synthetic and
organic surfactants decrease surface tension of water and their use
in detergents facilitates removal of grease and dirt. Earlier,
detergents were manufactured considering grime on clothing as
protein based. Presently, every detergent is fortified with an
amylase or a protease.

The knowledge of using proteases in industry, specifically as
detergents dates back to 1913 where pancreatic extracts were used
by Roehm. Ease of use of bacterial enzymes in 1960s, made their
employability efficient in technical as well as economic sense.
These enzymes were initially produced using Bacillus species,
especially with Bacillus amyloliquefaciens and Bacillus licheni-
formis. Their alkaline proteases represent the lead molecules for
subtilisins [1]. The action of proteases, as implied by the name
itself, hydrolyzes large protein molecules. Owing to the process of
hydrolysis, smaller peptides and amino acids are released due to
the breaking of peptide bonds that hold amino acids together to
form a protein [2]. The family of peptide-bond cleaving hydrolas-
es, the peptidases/ proteases, can be categorized as endopeptidases
and exopeptidases according to the breaking point in the peptide
chain. These enzymes can be classified further, according to the
reactive groups at the active site involved in catalysis, into serine,
cysteine, aspartic and metalloendopeptidases. The proteases of
serine and cysteine groups have been thoroughly studied and are
the best characterized subgroups.

Papain is a cysteine protease on which extensive research was
done and displays stability and activity under a wide range of
conditions. It is highly stable even at higher temperatures [3]. The
sequence and three-dimensional structure of papain [4-7] are
known. The latex of Carica papaya is a rich source of Papain. Its
utility in hydrolyzing tough meat fibers was practiced for thou-
sands of years in South America. Papain as teeth-whitener is a
constituent in some dentifrice or mints [8]. Papacarie a gel with
key ingredient of papain is utilized for chemo-mechanical dental
caries. The diversified use of papain validates it to be an
exceedingly valued enzyme. Betel leaves exhibit high protease
activity. The decoction of the leaves is used to cure indigestion,
constipation and also as a decongestant. Literature reveals it to
interfere with urine drug test for cannabinoids [9]. Its presence is
detected in few drug detoxification products. So in this study the
papain like enzyme was isolated from betel leaves, purified and
characterized. Further its effectiveness as a detergent was studied.

2. Materials & Method

Papaya leaves, papaya ripen fruit, papaya unripe fruit, barley seeds
and betel leaves were collected from local markets of
Visakhapatnam in Andhra Pradesh. Leaves and fruits are used in
fresh condition.

2.1. Chemicals Used
Bovine pancreatic trypsin, bovine pancreatic a-chymotrypsin,

pronase, papain, pepsin, thermolysin, a-amylase, DEAE-cellulose,
SephadexG-100, acrylamide, bis-acrylamide, TEMED, Ammoni-
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um persulphate, SDS, protein markers. 18 cloth sections, Choco-
late, tea, blood samples for making stains,1 ml of liquid laundry
detergent containing enzymes (commercial brand name Tide),1ml
liquid laundry detergent without enzymes (commercial brand
name surf), 1ml of liquid laundry detergent containing oxy power
(commercial brand henko). Different normalities of NaCl, citrate-
phosphate buffer (pH 4), phosphate buffer (pH 5-8), Carbonate
buffer (pH 9-10) were used. Chemicals of analytical grade were
used.

2.2. Preparation of Source extract:

10gms of fresh source (papaya fruit, papaya leaves, barley seeds,
betel leaves individually) were taken. They were crushed and
ground using motor and pestle with 100ml of 0.1M phosphate
buffer (pH 7.6). The extract was centrifuged at 10,000rpm for
15mins at 4°C. The precipitate was rejected and supernatant was
taken for estimation of protease activities.

2.3. Estimation of pepsin activity:

All Anson’s method was used for estimation of pepsin activity [10]
using denatured hemoglobin as substrate. One ml of ImM HCL
containing 30ug of pepsin was incubated with 1ml of hemoglobin
solution (20mg per ml in 0.06N HCL) at 37°C for 10mins and
addition of 2ml of 10% TCA arrested the reaction. The solution
was filtered and the surge in the absorbance over the controls at
280nm was considered as an index of the proteolysis.

2.4, Estimation of trypsin activity:

Trypsin activity was estimated using casein as a substrate. Ca-
seinolytic activity of trypsin was determined by the casein diges-
tion method according to Liener and Kakade [11]. To 3ml of tryp-
sin solution (50ug in 100mM sodium phosphate buffer, pH 7.6)
2ml of 1% casein solution in phosphate buffer, pH 7.6 was added.
After incubation at 37°C for 20 min, addition of 5ml of 5% TCA
arrested the reaction. The solution was filtered after standing for
lhr at room temperature and the absorbance of the filtrate was
measured at 280nm in Hitachi spectrophotometer against a blank.
Addition of TCA to the incubation mixture before the addition of
casein is required to prepare a blank.

2.5. Estimation of chymotrypsin activity:

Chymotrypsin activity was estimated using casein as a substrate.
Chymotrypsin was dissolved in 1mM HCI containing 20mM
CaCl, to obtain a concentration of 100 pg per ml. To 3ml of chy-
motrypsin solution (40 pg in 100 mM sodium phosphate buffer),
2ml of 1% casein solution in phosphate buffer, pH 7.6 was added.
After incubation at 37°C for 10min, the reaction was stopped by
addition of 5ml of 5% TCA. The precipitate was filtered after
standing for 1hr at room temperature and the absorbance of the
filtrate was read at 280nm in Hitachi spectrophotometer against a
blank prepared by adding TCA to the incubation mixture prior to
the addition of casein.

2.6. Estimation of Papain Activity:

Papain was assayed for its activity against casein as substrate [12].
The enzyme was activated with 50mM cysteine and 20mM EDTA.
1ml of activated papain (50pg in 100mM Tris-HCL buffer, pH8.0)
was mixed with 1ml of 1% casein solution in Tris-HCL buffer (pH
8.0) and incubated at 37°C for 10min.The reaction was inactivated
by adding 3ml of 5% TCA. The precipitate was filtered after
standing for 1hr at room temperature and the absorbance was read
at 280nm in Hitachi spectrophotometer against a blank. Addition
of TCA to the incubation mixture before the addition of casein is
required to prepare a blank.

2.7. Purification of isolated enzyme:

2.7.1. Ammonium Sulphate Precipitation and Dialysis:

Homogenate was taken and subjected to ammonium sulphate pre-
cipitation at different concentrations (40%-100%). Then the
supernatant and the pellet were assayed for papain activity and the
fraction showing highest activity was further purification was
carried out by dialysis.

2.7.2. lon-Exchange Chromatography:

lon-Exchange chromatography was used to purify the dialyzed
sample. 2ml fractions were collected into different test tubes using
0.1IN -1.0N NaCl ionic gradient. The absorbance of the collected
fractions was measured by spectrophotometer at 280nm. The frac-
tions were assayed for papain like activity and further purified by
gel permeation.

2.7.3. Gel permeation Chromatography:

The selected fractions from ion exchange chromatography were
purified by gel permeation chromatography using Sephadex
G-100. Homogeneity of the selected fractions were visualised by
PAGE. Para Chloro Mercuric Benzomate (PCMB) was used as an
inhibitor of papain enzyme. 1ml of PCMB was mixed with frac-
tions and incubated for 1min then 2ml of substrate i.e. 1% casein
was mixed and incubated for 10min at 37°C. Then treated with
5ml of TCA and denatured reaction mixture was filtered. Now the
activity was read in a spectrophotometer at 280nm. The fractions
exhibiting no activity were selected and further characterized.

2.7.4. SDS-PAGE:

SDS-Polyacrylamide gel electrophoresis was performed by the
method of Laemmli [13] in 12% slab gels. Phosphorylase-b (97.4
KDa), serum albumin (66K Da), ovalbumin (43kDa), carbonic
anhydrase (29K Da), lysozyme (14.3K Da) and commercial papa-
in were used as protein markers. A standard curve was plotted
with the distance travelled by the standard proteins against their
log molecular weights. The molecular weight of unknown protein
was read from calibration curve.

2.8. Enzyme Kinetics of Isolated Enzyme:

The purified enzyme obtained was used for analysing Time course,
Enzyme concentration, Temperature, pH and Substrate
concentration.

2.8.1. Effect of Time Course on Enzyme Activity:

1ml of casein substrate was incubated with 1ml of enzyme. The
reaction was arrested with the addition of 5ml of 10% TCA at
regular intervalsi.e., 0, 5, 10, 15, 20, 25, 30, 60min and the filtrate
was checked for papain activity using spectrophotometer.

2.8.2. Effect of pH on Enzyme Activity:

1ml each of buffered casein and enzyme were taken in a series of
test tubes at pH ranging from 4-10. Then it was incubated for
10min at 37°C. Then the reaction was terminated with addition of
5ml of 10% TCA. The filtrate was checked for enzyme activity
using spectrophotometer.

2.8.3. Effect of Temperature on Enzyme Activity:

1ml of 2% casein substrate was pre-incubated at 25°C, 30°C, 40°C,
50°C and 60°C. 1ml of enzyme was mixed and incubated for
10min at respective temperatures. 5ml of 10% TCA was added to
arrest the reaction. The filtrate was checked for enzyme activity
using spectrophotometer.

2.8.4. Effect of Enzyme Concentration on Enzyme activity:
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1ml of 2%casein solution was taken as substrate and enzyme con-
centrations as 0.1, 0.2, 0.3, 0.4, 0.5ug/ml respectively. 5ml of 10%
TCA was added to arrest the reaction after 10min of incubation.
The filtrate was checked for enzyme activity using
spectrophotometer.

2.8.5. Effect of substrate concentration on enzyme activity:

0.1, 0.2, 0.3, 0.4 and 0.5 ml of 2% casein was taken in different
test tubes and the final volume was made up to 1ml using phos-
phate buffer for papaya leaves and carbonate-phosphate buffer for
betel leaves. 5ml of 10% TCA was added to arrest the reaction
after 10min of incubation. The filtrate was checked for papain
activity using spectrophotometer.

2.8.6. Michaelis-Menten Kinetics:

Varying concentrations of buffered substrate (0.005 to 0.02umoles)
were incubated for 10mins at 37°C. After incubation 0.5ml of
enzyme was added and incubated at identical temperature for
30min. Then the papain activity was arrested using TCA. The
absorbance of the filtrate from each test tube was measured at
280nm against a blank prepared without the enzyme. The enzyme
activity at each substrate concentration was estimated and M-M
constant was resolved by plotting 1/v vs. 1/[s].

2.9. Detergent Activity of Papain like Enzyme:

The detergent activity of papain like enzyme isolated from the
betel leaves was found by the following procedure:

A white populine cloth was taken and scissored into 18 equal
squares one day before the experiment. All 18 squares were scis-
sored from the same cloth to avoid variables like brand and fiber
content. The cut cloth pieces were tainted with chocolate, tea, and
blood stains. Clothes were allowed to sit overnight. On second day,
enzyme solution was prepared by dissolving 1gm of papain like
enzyme in 100ml of water. 300ml of ordinary tap water was
measured and poured into 18 clean 500ml glass beakers each.
Beakers were marked conferring to the respective stain. 6 beakers
were employed for cleaning each stain. Tide, Henko, Surf were
considered for cleaning the respective stain in the absence or pres-
ence of the enzyme. The stained cloths in each beaker were mixed
well using a glass rod for every 10minutes up to a time period of 2
hours. After 2 hours each stained cloth soaked in the respective
detergent was washed with water, and observed for the presence
or absence of stains.

3. Results and Discussion

In The papain like enzyme from Betel leaves was partially charac-
terized and assessed for its compatibility with powder detergents.

3.1. Screening of Various Sources for Protease Activity:

Papain, pepsin, chymotrypsin, trypsin and amylase activities were
determined in four different sources namely Papaya ripen fruit,
Papaya unripe fruit, Papaya leaves, Barley seeds and Betel leaves
as mentioned in table 1.

Table 1: Determination of proteases activities in different sources

Sources Pepsin activity | Trypsinactivity | Papain activity Chymotrypsin

mg/ml mg/ml mg/ml activity mg/ml
Standard 0.072 0.045 0.197 1.112
Papaya ripen fruit 0.109 0.034 0.104 0.034
Papaya unripe fruit 0.018 0.028 0.058 0.016
Papaya leaves 0.0170 0.025 0.020 0413
Bareley seeds 0.115 0.012 0.015 0.025
Betel leaves 0.076 0.030 0.109 0.052

Among these betel leaves, exhibited highest papain activity.
According to literature papaya was documented for its papain
activity [14]. But in our present study betel leaves exhibited more
papain activity. So, further studies were carried out using purified
papain like enzyme from betel leaves.

3.2. Isolation of papain like enzyme from betel Leaves:

The betel leaf homogenate subjected to ammonium sulphate frac-
tionation exhibited highest activity at 40%precipitation. The pellet
was suspended in carbonate—phosphate buffer and was dialyzed
against the buffer for several times. lon exchange chromatography
was employed after dialysis and the results are depicted in figure 1.
Fractions showing maximum absorption were further assayed for
papain activity. Fractions 66-68 and 70-72 exhibited papain
activity.
NET OD

[
ke, r
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Fig. 1: lon exchange chromatography of papain like protease from betel
leaves on DEAE-Cellulose

Ammonium sulphate fractionated sample (0-50%) was applied on to the column (1.8x30cm) in 0.2
M carbonate-phosphate buffer (pH 4) and the adsorbed proteins were eluted with stepwise gradient
in the buffer. 60ml per hour flow rate was employed with collection of 2ml fractions. The protein

was examined by measuring the absorbance at 280nm.

These fractions were pooled and further purified by gel permea-
tion chromatography. A single peak was visualized in figure 2 a
single peak which was further checked for papain activity. The
activity of the purified enzyme was confirmed by inhibitory bind-
ing studies using PCMB (Para Chloro Mercuric Benzoate) a spe-
cific inhibitor of papain. When the isolated enzyme was treated
with PCMB, activity was not identified showing that the isolated
enzyme has papain activity.

NET OD

M

Fraction Number

Fig. 2: Gel permeation chromatogram
Elution profile of Papain like protease on a calibrated column of Sephadex
G-150. 10gm of purified Papain like Protease was loaded on the column in
Carbonate- Phosphate buffer pH 4 containing 20mM Nacl and eluted with
same buffer. Fractions of 2ml each were collected at flow rate of 12ml per
hour. Protein was monitered at 280nm.

Homogeneity of the isolated enzyme was further confirmed by
single broad protein band on native PAGE as depicted in figure 3.
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Fig. 3: Polyacrylamide Gel Electrophoresis
Direction of migration is from top(cathode) to bottom (anode)
1. Papain standard; 2. Isolated Papain like enzyme from Betel leaves.

The papain like enzyme treated with SDS showed a single
coommassie blue stained, protein band corresponding to a molecu-
lar weight of 38 kDa as depicted in figure 4. The relative mobility
of papain like enzyme to that of standard marker proteins i.e.,
Phosphorylase-b (97.4 kDa), serum albumin (66 kDa), ovalbumin
(43 kDa), Carbonic anhydrase (29 kDa), and lysozyme (14.3 kDa)
was used to identify the protein.

Fig. 4: Detection of Papain like Protease using SDS -PAGE
Direction of migration is from top(cathode) to bottom (anode)

1. Papain standard; 2. Isolated Papain like enzyme from Betel leaves;
3.Molecular weight markers: Phosphorylaseb(97.4kDa), BSA(66kDa),
Ovalabumin(43kDa), Carbonic Anhydrase —(29kDa), Lysozyme(14.3 kDa)

A standard curve was constructed by plotting the distance trav-
elled by the standard proteins against their log molecular weights
(figure 5). Papain was described as a single band with molecular
weight of 38.9 kDa [15]. The purified enzyme band is 38.5 kDa as
against that shown in the literature. This also validates that the
purified enzyme is probably papain.
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Fig. 5: Molecular weight determination of the isolated papain like
protease from Betel leaves by SDS-PAGE on 12% slab gel

Plot of distance migrated against log molecular weight of standard proteins
Phosphorylase-b - 97.4kDa; BSA - 66kDa; Ovalabumin - 43kDa; Carbonic
Anhydrase - 29kDa; Lysozyme - 14.3 kDa

3.3. Effect of Time Course on Enzyme Activity:

The papain-like enzyme from betel leaves showed maximum ac-
tivity at 45minutes as depicted in figure 6.
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Fig. 6: Effect of Time on enzyme activity

Effect of Time on the papain like protease purified from betel leaves was
done at different time intervals 5,10,15,20,25,30,45,60 minutes. Maximum
activity was found at 45mins.

3.4, Effect of pH and Temperature on Enzyme Activity:

The pH and temperature maxima for betel leaves were 10 and
60°C (figure 7& 8). According to literature, pH and temperature
optima are reported to be species specific and vary between 4-10
and 25-60°C respectively for proteases from other sources [16].
The alkaline nature of the purified enzyme finds good application
in detergent formulations as it matches with the basicity of water.

ENZYME ACTIVITY (mg/ml)

p

Fig. 7: Effect of pH on enzyme activity

Effect of pH on the papain like protease purified from betel leaves was
done using buffers at different pH ranging from 4-10. Maximum activity
was found with carbonate-phosphate buffer at pH
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Fig. 8: Effect of Temperature on enzyme activity
Effect of temperature on the papain like protease purified from betel leaves
was done at 25, 30, 40, 50, 60°C. Maximum activity was at 60°C.

3.5. Effect of Enzyme and Substrate Concentration on Enzyme
Activity:

Among the different enzyme concentrations (0.1-0.5 mg/ml) stud-
ied highest papain activity was identified at an enzyme concentra-
tion of 0.4mg/ml for betel leaves (figure 9). By using different
casein concentrations (0.5-2.5 mg/ml) in the reaction mixture,
maximum papain activity was determined to be 2.5mg/ ml (figure
10).
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Fig. 9: Effect of Enzyme concentration on enzyme activity

Effect of Enzyme concentration on the papain like protease purified from
betel leaves was done at different enzyme concentrations 0.1, 0.2, 0.3, 0.4,
0.5 mg per ml. Maximum activity was at 0.4mg/ml.
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Fig. 10: Effect of Substrate concentration on enzyme activity
Effect of Substrate concentration on the papain like protease purified from

betel leaves was done at 0.1, 0.2, 0.3, 0.4 and 0.5 ml volumes of 2% casein.

Maximum activity was at 2.5mg/ml.
3.6. Kinetic parameters:

The activity of papain like enzyme from betel leaves at optimum
pH and temperature was determined employing different concen-
trations of casein and the reciprocal of the enzyme activity was
plotted versus reciprocal of substrate concentration. The Vmax
and Km values of purified enzyme at pH 10 and 60°C were deter-
mined as 4x10°M and 54pmol/min/mg respectively (figure 11a &
b). The low km value ensures high affinity to the substrate ena-
bling proper cleansing activity.

Detergent Activity of Papain-Like Enzyme: A single, versatile
and universally applicable enzyme is the endeavour by various
researchers for the past 20 years and also improving the known
detergents [17, 1]. As proteases have cleansing property the deter-
gent activity of papain like enzyme was analysed.

Michaelis-Menten Plot Lineweaver Burk Plot
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Fig. 11: Michaelis-Menten and Lineweaver Burk Plot for the papain like
enzyme

M-M plot and line weaver Burk plot for papain-like enzyme from betel
leaves using different concentration of casein as substrate. The reciprocals
of velocity were plotted against variable substrate concentrations.

Note: LB plot was plotted using Graph pad Prism software.

The stained cloth pieces were left overnight and the subsequent
day were soaked with enzyme isolated from betel leaves along
with detergents. Then the clothes were observed for presence or
absence of stains (table 2).

Table 2: Detergent activity of papain

Test samples. Controls were kept with only commercial liquid
detergents; test was prepared with addition of papain like protease
isolated from Betel leaves to the commercial liquid detergent.
Stained cloths washed with test showed effective destaining when
compared with control, so test where marked as +ve and controls
as —ve.

It was identified that after adding the papain like enzyme solution
the stains were removed much better than that of those samples
where papain like enzyme was not added hence it is affirmed that
papain enhances detergent activity (figures 12).

TEA STAINS CHOCOLATE STAINS

L H

Fig. 12: Removal of tea, chocolate and blood stains using papain like
enzyme from betel leaves

Pieces of populine cloth were overnight stained with tea, chocolate and
blood stains. They were washed with three different detergents TIDE,
HENKO, SURF EXCEL. Three controls were set without papain like
protease. For the test samples Papain like protease was added. Test sam-
ples showed effective destaining when compared with controls.

3.7. Compatibility with detergents and de-staining property:

For the possible commercial exploitation of papain in detergent
industry, the isolated papain like enzyme was tried for its compat-
ibility with detergents of common use. The enzyme in the pres-
ence of detergent solution (called as buffered detergent) revealed
that when used in water, Tide, Henko and Surf showed lesser
compatibility when compared with the buffered detergent solution
as depicted in figure 13.
O DETERGENT El BUFFERe PAPAIN

100 q
80 A
60 1

40 A

Relative activity (%)

201

o+

S.Excel Tide Henko

Fig. 13: Compatibility of papain like enzyme isolated from betel leaves
with commercial detergents.

For the possible commercial exploitation of papain in detergent industry,
the isolated papain like enzyme was verified for its compatibility with 3
detergents of common use. The enzyme incubated with detergent solution
(called as buffered detergent) has shown that when used in water, Tide,
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Henko and Surf showed less compatibility as against buffered detergent
solution.

Among the three detergents used to determine the detergent activi-
ty of papain two of them i.e. Tide and Henko already contained
the enzyme as quoted by their manufacturers. The detergent ca-
pacity of the controls was found to be inferior to that supplement-
ed with papain like enzyme. This shows that the enzyme fortifies
the action of the detergents. Chocolate, tea and blood stains were
not completely removed with the detergent solutions but the de-
tergent solution supplemented with enzyme was completely re-
moves the stains. This is a valid result suggesting the use of en-
zyme in detergent industry.

The present study thus reveals that papain like enzyme isolated
from Betel leaves is compatible with local detergents suggesting
its potential as a detergent supplement for improved washing.
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