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Chapter 4

Isolation of papain from ripe papaya peels using aqueous two-phase extraction and

compare with conventional method

4.1 Introduction

Due to their ubiquitous nature, proteolytic enzymes (EC 3.4) are found in many
organisms, including animals, plants and microorganisms [1]. In spite of the wide
substrate specificity of enzymes from plants, they are also able to function in a wide
range of temperatures and pH conditions as well as in the presence of additives and other
organic compounds [36]. As a result, this kind of enzyme is extensively utilized in
various industrial practices, such as in food, cleansing agent, waste, pharmaceuticals, and
leather [32].

A tropical fruit of great economic importance, papaya (Carica papaya L.) is
widely grown throughout the year and recognised as one of the most significant
commercial fruits among the Caricaceae family [30,40]. Due to non-utilization of
papaya peel for commercial purposes, it is disposed of as waste and contributes to
environmental pollution across the globe. Nevertheless, papaya peel has the ability to be
used as it is a beneficial resource for the manufacture of natural enzymes such as papain
(EC 3.4.22.2) [28].

The enzyme papain is a member of the cysteine protease family and generally
appears as a minor component in papaya fruit latex [23]. The enzyme has been
extensively used in the food industries for meat tenderization and for various medicinal
usages [28]. As a result, cysteine protease must be of high purity in order to fulfil the
varied commercial and scientific requirements. In the traditional method, the purification
process involves many steps, discontinuous operations, and a high labour intensity, all of
which increases the cost and cause yield losses [43]. For the purifying of protein
products, industries are seeking fast and economical downstream processes, including
those that can produce high yield and high purity [15]. The aqueous two-phase system

(ATPS) is a method capable of meeting these criteria. The best reason for this is that it
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operates under mild conditions, is easy to scale up, has a rapid process, uses low-cost

materials, and minimizes protein denaturation [3,10].

The use of ATPS, which comprise either two polymers or one polymer and a salt
solution mixed with water, has demonstrated promise in the downstream processing of
proteins. These systems can consolidate the clarification, concentration, and purification
of the desired product into a single unit operation [16,35]. High output separation and
purification of enzymes have been successfully achieved through the use of ATPS
[18,21,37]. A number of processing parameters can be adjusted to have the desired
partition of proteins while using such systems [2,25]. When compared with polymer—
polymer—water systems or the polymer—salt—water systems prove to be more beneficial
in regards to their low cost and viscosity. The polyethylene glycol (PEG)—phosphate is
the most widely used system among the latter systems [19,37]; however other

multivalent anion salts have also been useful [38].

The aim of this study was to examine the potential of using anaqueous two-phase
system for seperation of cysteine protease from papaya peel. Moreover, the influence
factors such as concentration of PEG, concentration and type of salt, and the analyte

concentration on the partition behaviour of cysteine protease were also studied.

4.2 Material and methods

421 Raw materials

Fresh ripe papaya fruit of 14°Brix was procured from a local market in Tezpur,
Assam, India. Analytical-grade materials were utilized throughout the experiment.
Bovine serum albumin (BSA), polyethylene glycol (PEG) 6000 (g/mol), L-tyrosine,
Coomassie brilliant blue G-250, ethanol and casein were all provided by Zenith India
Pvt. Ltd., India. Trichloroacetic acid (TCA), aluminium sulphate, and sodium sulphate

were procured from Merck, India.

4.2.2 Extraction procedure of papain from papaya peel

Fresh papaya was cleaned with distilled water and peeled to obtain papaya peel.

Using a laboratory grinder (Philips HL 1632, India), the peel was grinded into paste with
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phosphate buffer (1:1) at pH 9. The final paste was passed through a muslin cloth before
being centrifuged (7000 rpm for 15 min at 4 °C) to get the crude enzyme extract.

4.2.2.1 Experiment design and Preparation of PEG/Salt ATPS

All the experiments for partitioning were done according to full-factorial design.
As per the preliminary experiments, a suitable amount of PEG (6000 g/mol) with various
concentrations (10%, 12%, 14%, and 16%), ammonium sulphate (10%, 12%, 14%, 16%,
and 18%, w/w), sodium sulphate (10%, 12%, 14%, 16%, and 18%, w/w), and 20% (w/w)
crude feedstock were chosen for this study. As per the different combinations, polymer
and salts were weighed to prepare phase systems in 50 mL graduated centrifuge. The
required quantity of distilled water was then added to the mixture, bringing the final
volume to 50 mL. The content was thoroughly homogenized for equilibration, and phase
separation was then accomplished by centrifuging at 7000 rpm for 10 min. Next, the
proteolytic activity and protein concentrations of both the top and bottom phases were

assessed.

4.2.3 Extraction of papain enzyme using ethanol

A modified version of the 70% ethanol extraction method was used to prepare
papain extract from ripe papaya peel [33]. The extraction process was conducted by
mixing 10 g of papaya peel with 100 mL of 70% ethanol in a 250 mL beaker, and the
mixture was blended. The extraction was carried out at room temperature for 72 hours,
with regular stirring every 4 hours. Afterward, the extract was filtered using Whatmann
No. 1 filter paper. The resulting solution was subjected to evaporation in a water bath set
at 50°C, leading to the formation of a greasy substance. This extract was then transferred
to sterile screw-capped bottles, properly labeled, and stored under refrigerated conditions
until further use. Then, cysteine protease activity and protein concentrations were

estimated.

4.24 Analytical Tests
4.2.4.1 Proteolytic activity assays

The protease activity of the enzyme was evaluated by performing the casein
digestion method. A mixture of 0.1 mL of the enzyme solution, 0.8 mL of pH 9.0
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phosphate buffer, and 0.2 mL of 0.03M cysteine-0.006M EDTA was prepared for the
proteolytic reaction. The mixture was then incubated for 10 minutes at 37°C before
adding 1 mL of 1.5% casein solution to initiate the reaction.Exactly 5 minutes later, 3
mL of a 5% TCA solution was added to terminate the reaction. The supernatant was
produced by centrifugation at 7000 rpm for 20 min (Eppendorf, 5804R, Germany), and it
was then filtered through filter paper. The absorbance at 275 nm was measured at UV-
Vis spectrophotometer (Agilent Technologies, USA, Cary 60 UV Vis). The protease
activity of the samples was measured in Units (U) which is the micromoles (uM) of
tyrosine equivalents released from casein per minute, determined from the standard

curve of tyrosine.

4.2.4.2 Protein content assay

Protein content was determined using the Coomassie Brilliant Blue G-250
method [8]. A total of 100 mg of Coomassie Brilliant Blue G 250 was dissolved in 50
mL of 95% ethanol and 100 mL of 85% phosphoric acid to make the Bradford reagent,
and the final volume was adjusted to 1.0 L with distilled water. To estimate protein, 100
uL of enzyme-containing sample was mixed with 2.0 mL of Bradford reagent, and the
volume was made up to 3.0 mL using 0.1 M phosphate buffer. The absorbance of protein
was determined at 595 nm using a UV-Vis spectrophotometer (Agilent Technologies,
USA, Cary 60 UV Vis). A standard curve of bovine serum albumin (10-100 g/mL) was

used to determine the protein concentration.

4.25 Determination of Partition Coefficient, Purification Factor and Yield
The partition coefficient (K.) was calculated by dividing the protease activity in

the top phase (At) by the protease activity in the bottom phase (Ag) (as shown in

Equation 1).
A
K, = — 1

To determine the specific activity of the enzyme, the total activity of protease (U) was

divided by the total protein content (mg) using Equation 2.

Total protease acitivity
Total protein content

Specific Activity = 2
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The purification factor (PF) of cysteine protease was determined by dividing the specific
activity of the enzyme in the top phase by the specific activity of the enzyme in the

bottom phase, as shown in Equation 3.

Specific acitvity of top phase

(3)

Purification Factor (PF) =
urification Factor (PF) Specific activity of bottom phase

The equation 4 was utilized to calculate the yield of cysteine protease in the top phase

(Y):

Y o) = —— *

O+ WRT IR

where K, represents the partition coefficient of cysteine protease and VR represents the
volume ratio of the top phase to the bottom phase.

4.2.6 Sodium dodecyl-sulfate polyacrylamide gel electrophoresis (SDS-PAGE)

SDS-PAGE was utilized to determine the distribution of MW of the extracted
materials following the Laemmli method [22]. A buffer solution comprising 0.5 M Tris-
HCI (pH 6.8), 4% SDS, and 20% glycerol was combined with the sample in a 1:1 ratio.
For the reducing condition, 10% [-mercaptoethanol was added to the sample buffer.
Subsequently, 20 pg of protein samples were loaded onto polyacrylamide gels,
consisting of 12% running gels and 4% stacking gels. Electrophoresis was carried out at
a constant current of 15 mA/gel. Following separation, the protein bands were stained
using a 0.02% Coomassie Brilliant Blue R-250 solution, and subsequently de-stained

using a mixture of acetic acid and methanol.

4.2.7 GEL permeation chromatography

The molecular weight (MW) of the extracted papain from best selected method
was assessed using gel permeation chromatography (GPC) employing an HSP gel RT 5.0
THF 3 pm column. Tetrahydrofuran was used as the mobile phase, flowing at a rate of
0.5 ml/minute, while the temperature was maintained at 25°C. The GPC system utilized
for the analysis was sourced from Waters Corporation, USA, following the methodology

outlined by Huang et al. [17]. The extracted papain was dissolved in tetrahydrofuran at a
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concentration of 1 mg/ml, and a 20 pl volume of this solution was injected in triplicate.
The relative MW was calculated by comparing the results to a calibration curve prepared

using serial concentrations of polystyrene with a MW range of 162-22,000 Da.

4.2.8 Statistical analysis

The obtained triplicated results of the samples were analyzed through analysis of
variance (ANOVA) test using IBM SPSS 24.0 software followed by Duncan test
considering with a 5% significance level (p < 0.05).

4.3 Result and Discussion

4.3.1 Aqueous two-phase extraction

The behavior of biomolecules in ATPS during partitioning is a critical parameter
for the characterization, purification, and separation of these molecules. The partitioning
of the enzyme is influenced by a large number of interdependent characteristics, such as
the kind of phase-forming components, the pH of the system, the MW of the phase-

forming polymers, and the phase composition [14].

Based on the isoelectric point of the papain enzyme, the pH range was chosen.
According to reports, papain's isoelectric point (pl) is 8.75 [31]. If the pH measured is
higher than its pl for that particular enzyme, the enzyme gets negatively charged and
repels from the bottom salt-rich phase to the top polymer-rich phase [16]. The partition
coefficient rises and its interaction with PEG gets greater. Proteins with positive charges
tend to distribute to the salt-dense bottom phase, whereas those with negative charges
have a preference for the upper phase enriched with polymers [6]. However, some
findings indicated that when the protein charge switched from positive to neutral, there

was a significant rise in K¢ [24].

Tables 4.1 and 4.2 display the partition coefficients for enzyme (Ke¢), protein (Kp),
purification fold (PF), and yield (Y%) of papain enzyme, which highlights the ideal
phase system for enzyme recovery. The system's volume ratio (VR) varied from 0.2 to
1.7. Papain preferred to partition to the top phase, as shown by the K. values that were

obtained from all systems being higher than 1.
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4.3.1.1 Effect of salt concentration on extraction

One of the important components of the ATPS approach is the selection of phase-
forming salt. Two PEG/salt systems were investigated in this study to find out how
phase-forming salts affected the partition of papain. Due to the ability to encourage
hydrophobic interactions between proteins, sulphate salts (ammonium sulphate and
sodium sulphate) were employed [12]. Sulphate salts were also selectively removed from
protein surfaces, which may be exploited to achieve the highest degree of selectivity
while proteins were purified using hydrophobic interaction chromatography [4,5]. This
system was chosen for further study because papain partitions more well in the

PEG/sulphate system.

A two-phase system made of PEG and ammonium sulphate was investigated for
partitioning papain because ammonium sulphate is frequently used to separate proteases.
The extraction setup was maintained at a steady pH of 9.0 and a temperature of 35°C,
and the optimal condition for the selective separation of proteins with protease activity
was attained by utilizing 10% PEG 6000 and 18% (NH,).SO,. This resulted in a partition
coefficient (Ke) of 1.43, a purification factor of 4.08, and a yield of 26.40% for papain,
as outlined in Table 1.The next most effective condition was found to be 12% PEG with
18% (NH,4),SO,4. Table 1 illustrates that because ATPS didn't reach its saturation point in
10% PEG 6000 + 12% (NH4).SO4 and 10% PEG 6000 + 14% (NH4),SO4, ATPS

partition didn't take place.

According to Salabat's phase diagram for the PEG/(NH,4),SO4 system, a system
containing 12% (w/w) PEG 6000 and 15% (w/w) (NH4).SO, resulted in two distinct
phases. This was found to be the highest concentration of the phase-forming components
that could be used for purifying papain from papaya peel. Adding (NH,4),SO, salt, that
creates water structures, can lower the concentration of "free water" in the upper phase,

which in turn lowers the volume of the upper phase [42].

Here, the impact of Na,SO,4 concentration on papain extraction efficiency was
also studied. The partition coefficient (1.20) of the PEG 6000/Na,SO, ATPS phase
formation was highest at 10% PEG + 18% Na,SO, system, followed by 10% PEG + 16%
Na,SO, (Table 4.2). With a partition coefficient (K.) of 1.20, the protease enzyme

extraction was more noticeable in top phase. Additionally, positively charged proteins
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typically partitioned predominantly to the bottom phase in PEG/salt systems, whereas
negatively charged proteins preferred the top phase. Papain may be an anion, which
would cause the enzyme to partition to the upper phase. Additionally, Tables 4.1 and 4.2
showed that the salting out effect caused the partitioning coefficient (K¢) with increase in

salt concentration.

Sulfate salts have the capacity to induce protein-protein hydrophobic interactions
[12]. The PEG/(NH4)>SO4 system had the highest purification fold and extracted the
highest proportion of papain to the top phase, indicating that hydrophobicity had an
impact on the enzyme's extraction in ATPS (Table 4.2). The intensity of the hydrophobic
contact between the protein and PEG molecules would rise as the hydrophobicity
difference between the two phases increased, and facilitating extraction. The
PEG/(NH4)2SO4 system may be a superior approach for partitioning papain. The use of
PEG/sulfate aqueous two-phase systems has thus enabled the partitioning and

purification of numerous enzymes and/or proteins [20,29,41].
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Table 4.1: Effect of PEG 6000 and ammonium sulphate salt on partitioning of papain enzyme

Specific Activity
Phase Composition VR Ko Ke PF  Yield (%)
Polymer Salt

10%PEG6000/12%(NH:)-S0+ _ 0.42 0.421%0.033° 1.036+0.015% 3.450 £ 0.110° 1.558%0.091° 2.21 _ 30.31
10%PEG6000/14%(NH:):SOs  0.35 0.468+0.019° 1.071+0.035" 3.584 +0.159° 1.688 + 0.058° 2.12  27.26
10%PEG6000/16%(NH:),SOs  0.28 0.505 + 0.030° 1.177 +0.086™ 4.066 + 0.048°" 1.456 + 0.086°" 2.79  24.78
10%PEG6000/18%(NH:),SOs  0.25 0.527 +0.042° 1.434 +0.006* 4.916 + 0.159° 1.203+0.087° 4.08  26.38
12%PEG6000/10%(NHz)>SO4 - - - - -

12%PEG6000/14%(NH)>SOs ~ 0.51 0.333+ 0.052° 1.045+0.003*® 3.498 + 0.304° 1.705+0.200° 2.05  34.76
12%PEG6000/16%(NH:)>SOs  0.38 0.338 +0.041° 1.216 + 0.021° 4.642 +0.621°° 1.628 +0.066° 3.62  31.60
12%PEG6000/18%(NH:),SOs ~ 0.28 0.511 +0.067° 1.374 +0.059*° 5.907 +0.689* 1.111+0.069° 4.17  27.78
14%PEG6000/10%(NHi)>SO4 - - - - -

14%PEG6000/12%(NH:),SOs ~ 0.78 0.294 +0.040° 1.052 + 0.029° 6.030 + 0.692* 1.668+0.093° 3.61  45.07
14%PEG6000/16%(NH)>S0s  0.47 0.355+0.063% 1.043+0.037% 4.495+0.193"° 1.525+0.196% 2.94  32.89
14%PEG6000/18%(NH:):SOs  0.38 0.488+0.047% 1.241 +0.067° 4.541 + 0.277°° 1.785+0.168° 2.54  32.04
16%PEG6000/10%(NH:)>SOs 177 0.410 £ 0.018° 1.023 + 0.025° 3.452 +0.132° 1.384+0.032°" 2.49  64.42
16%PEG6000/12%(NHi)>SO4 1  0.516+0.036° 1.075+0.101° 3.901 + 0.345% 1.873+0.112* 2.08  51.80
16%PEG6000/14%(NH)>SOs ~ 0.61 0.404+0.016® 1.179+0.040™ 4.389+0.208°® 1.503+0.050° 2.92  41.83

16%PEG6000/18%(NH:)2S0:  0.47 0.400+0.008% 1.177 +0.058* 3.918 +0.248% 1.331+0.23" 294 3561

where, VR = volume ratio; K, = partition coefficient of protein; K, = partition coefficient of cysteine protease; PF = Purification factor. Values are
reported as mean + standard deviation of threereplications. Means followed by the different superscript small letters within a column are significantly
different (p>0.05).
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Table 4.2: Effect of PEG 6000 and sodium sulphate salt on partitioning of papain e nzyme

Specific Activity
Phase Composition VR Ko Ke PF  Yield (%)
Polymer Salt

10%PEG6000/12%NaxSO4 0.35 0.544+0.003° 1.081+0.014™ 6.845+0.167°° 5.171 +0.144* 1.32 24.45
10%PEG6000/14%Na2SO4 0.31 0.692+0.039" 1.064 + 0.009° 5.832+0.176° 3.516+2.606" 1.65 22.56
10%PEG6000/16%Na>SO4 0.25 0.817 £0.014° 1.132+0.033° 7.808 + 0.300° 4.772+0.231* 1.63 18.08
10%PEG6000/18%Na.SO4 0.21 0.921 +0.427* 1.204 +0.038* 8.338 + 0.197° 2.772+0.100“ 3.01 14.85
12%PEG6000/10%NaxSO4 0.56 0.675+0.046° 1.081+0.020° 11.331+2.589* 4.946+0.449® 2.29 34.12
12%PEG6000/14%Na>SO4 0.28 0.490+ 0.125°" 1.065 + 0.009° 5.977+0.895° 4.411+0.387° 1.35 20.81
12%PEG6000/16%Na.SO4 0.25 0.576 + 0.085° 1.037 +0.026® 4.866+0.374° 2.687 +0.226° 1.81 19.42
12%PEG6000/18%Na2SO4 0.21 0.804 +0.187° 1.042 + 0.032% 3.942 + 0.199" 2.550+ 0.094*" 1.54 16.77
14%PEG6000/10%Na2SO4 0.66 0.506 + 0.054° 1.054+0.036™ 6.828+0.302°° 3.273+0.315° 2.08 38.5
14%PEG6000/12%Na.SO4 0.51 0.577 £0.023° 1.066 + 0.019° 4.720+0.174% 2555+ 0.141°" 1.84 32.36
14%PEG6000/16%Na2SO4 0.42 0.341+0.066" 1.048 + 0.025" 4.671+0.276"™ 2.458+0.037" 1.9 28.61
14%PEG6000/18%Na2SO4 0.35 0.552+0.029% 1.126 + 0.043° 8.233 +1.083° 2.452 + 0.127" 3.35 23.71
16%PEG6000/10%Na.SO4 0.78 0.465+ 0.068°" 0.983 + 0.036° 6.195+1.420° 2.821 +0.279° 2.19 44.24
16%PEG6000/12%Na.SO4 0.56 0.672+0.096™ 1.025+0.027*® 5.186+0.371% 3.374+0.211° 1.53 35.33
16%PEG6000/14%Na2SO4 0.51 0.853+0.153® 1.081+0.051° 4.614+0.584% 3.589+0.256" 1.28 32.05
16%PEG6000/18%Na>SO4 0.42 0.764 +0.062° 1.035+0.025% 4.387 +0.287¢ 3.229+0.100° 1.35 28.86

where, VR = volume ratio; K, = partition coefficient of protein; K. = partition coefficient of cysteine protease; PF = Purification factor. Values are
reported as mean £ standard deviation of threereplications. Means followed by the different superscript small letters within a column are significantly
different (p>0.05)
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4.3.1.2 Effect of polymer concentration on extraction

The partitioning of papain was significantly affected by the PEG 6000
concentration (10%, 12%, 14%, and 16%, w/w), as demonstrated in Tables 4.1 and 4.2.
It was evident from Tables 4.1 and 4.2 that when the quantity of salt increased, papain's
enzyme activity increased in the polymer phase. Because volume exclusion has a
stronger impact than salting out, papain concentration has increased. The steric exclusion
effect of polymer and the hydrophobic bond between polymer and proteins both play a
significant role in determining the maximal protein concentration in the top phase.
Among all ATPS tested, the treatment with 10% PEG 6000 and 18% (NH,4),SO4 was the
most effective at partitioning papain into the top PEG-rich phase and unwanted proteins
and contaminates into the bottom salt phase, followed by 12% PEG 6000 and 18%
(NH4)2SO4. Under these circumstances, 26.38% of the enzyme was obtained in the top
phase, giving an approximate PF of 4.08. When compared to other proteins, papain
partitioning to the bottom phase was substantially reduced, which led to an increase in
PF. However, it has been shown that systems with a substantial amount of polymer or
high molecular weight polymers and high salt concentrations led to the partitioning of
biomolecules at the interphase because of the combined effects of salting out and volume

exclusion [27].

Two significant aspects that have a direct influence on the extraction efficacy of
the biomolecules in ATPS were hydrophobic interactions and hydrogen bonding.
According to the results, papain extraction with PEG/(NH4),SO, ATPS may rely mostly

on hydrophobic contact between papain and the polymer.

According to Tapadar et al. [34], the optimal condition for partitioning xylanase
activity was achieved using a combination of 12% PEG-6000 and 15% (NH,),SO, in an
extraction system at 40°C and pH 6. Under these conditions, the maximum purification
fold of 4.94 was obtained with a yield of 69.68% for xylanase. Similar to this, de HC
Maciel et al. [11] stated that when a large PEG molar mass (6000g/mol) was utilized, the
enzyme partitioning to the top phase was seen. Additionally, Fakhari et al. [13]
demonstrated the activation of PEG 6000 with epichlorohydrin, which was covalently

linked to aminodiacetic acid to partition A.Niger.

Because the partition effect was more prominent with PEG molecular weights
between 4000 and 6000 g/mol than with lower molecular weights of PEG [26]. However,
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all of the studies in the current work used just PEG-6000 molecular weight, making it
difficult to comment on the influence of MW on papain's partitioning behavior. It should
be noted that the complex relationship between the size of the biomolecule, its surface
characteristics, its net charge, the system pH, the system temperature, and the MW of the
polymer determines how the biomolecule partitions in ATPS [7]. The tendency for
partitioning into one phase also tends to rise when the size of the biomolecule increases,
while the partition coefficient typically decreases as the PEG chain length increases. The
net charge of the protein has an impact on the partitioning behavior as well. Because of
this, the enzyme might be accommodated in the top phase when utilizing PEG with a
high MW (6000 g/mol).

4.3.2 Ethanol extraction

The papain enzyme was extracted from ripe papaya peel using 70% ethanol. The
protease activity of the crude papain enzyme was determined using the casein digestion
method, and it was found to be 0.315 U. The protein content of the extract was measured
to be 83.14 pg/mL. In a study by Chaiwut et al. [9], proteases were obtained from papaya
peel extract and papaya latex using different extractants, including methanol (75%),
ethanol (70%), and 2-propanol (67%). The highest proteolytic yield (57.6%) was
achieved using ethanol (70%) as the extractant compared to other precipitation agents.
The specific activity of the unripe latex extract was found to be higher than that of other
extracts. The specific activity of the papaya peel extract was determined to be 3.79
U/mg. These results were then compared to the optimized ATPS method using 10% PEG
6000 + 18% (NH,4),SO,4. From Table 4.3, it was observed that the papain extracted by

ATPS exhibited superior results compared to the enzyme extracted using ethanol.

Table 4.3: Properties of extracted papain enzyme

Protease Activity Protein Content

Specific Activity
(V) (ng/mL) (U/mg)
Ethanol 0.315 +0.027" 83.14 + 1.75° 3.79 + 0.097°
ATPS 0.476 +0.042° 97.13 +2.43° 4.91 + 0.148

values are presented as mean + standard deviations. Means in a same column with different
superscripts indicate significant difference (p < 0.05).
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4.33 SDS-PAGE

Electrophoretic patterns of the extracted papain, partitioned from the 10% PEG
6000 + 18% (NH,),SO, ATPS fraction, the 10% PEG 6000 + 18% Na,SO, ATPS
fraction, and the ethanol extract, were displayed in Figure 4.1. The migration of proteins
from the crude protein sample into the top and bottom phases of the ATPS and ethanol
extract was clearly distinguishable. The molecular weights of the isolated enzymes
ranged from 20 to 25 kDa, facilitating comparison with protein markers (Ladder). In the
10% PEG 6000 + 18% (NH,).SO, ATPS, a prominent band corresponding to the papain
enzyme was observed in the top phase (L1), while no band was present in the bottom
phase (L2) as shown in Figure 4.1. Comparable results were obtained with the 10% PEG
6000 + 18% Na,SO, ATPS, although with lower concentrations compared to the
(NH4)2SO4 ATPS. In the composition of the bottom phase, no noticeable zones of a
specific enzyme were observed, most likely due to the relatively low papain content,
resulting in undetectable proteolytic activity. The different amounts of interfering
proteins and other enzymes in each phase likely contributed to the variation in protein
bands between the polymer and salt phases. In the case of ethanol extraction, a band
appeared between 20-25 kDa, indicating the presence of papain, but it also exhibited
impurities  (L5). However, it is crucial to accurately quantify which protein band
corresponds to papain. Notably, previous studies by Vernet et al. [39] reported that a
SDS-PAGE examination revealed the purified papain isolated from papaya to have a
molecular weight of approximately 23.4 kDa, which aligns with the obtained result.
From the SDS-PAGE analysis, it is evident that the polymer phase of the 10% PEG 6000
+ 18% (NH,4),SO4 ATPS fraction yielded the most favorable result.
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where, L1 is 10% PEG 6000, L2 is 18% (NH,),SO,, L3 is 10% PEG 6000, L4 is 18%
Na,SO4 and L5 is ethanol extract
Figure 4.1: SDS-PAGE patterns of cysteine protease from papaya peel partitioned

4.34 Gel permeation chromatography

The results indicated that the polymer phase obtained from the 10% PEG 6000 +
18% (NH4),SO,4 aqueous two-phase system (ATPS) fraction demonstrated the best
overall performance. To further confirm the extraction and purification of papain, gel
permeation chromatography analysis was conducted on the enzyme extracted from the
polymer phase. The results, as depicted in Figure 4.2, revealed a molecular weight of
23.6 kDa for the extracted enzyme. This finding aligns with the work of Vernet et al.
[39], who reported that purified papain isolated from papaya typically has a molecular
weight of approximately 23.4 kDa. Therefore, the obtained result further supports the
successful extraction and purification of papain from papaya peel using the ATPS

method and can be used in various food applications.
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