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Affinity partitioning in aqueous two phase extraction is a single step purification process in downstream processing.
Integrating metal ligands to the phase forming polymers in agqueous phase extraction known as ATPi ensures high selectivity
and aso promises good partition. In the present work, the effect of metal ligands in agueous two phase extraction has been
studied. This study has been validated in papain enzyme extraction from the fruit latex of papaya (Carica papaya) and
compared with conventional agueous two phase extraction (ATP). The meta integrated ATPi consisted of 20% wi/v
polyethylene glycol (PEG) and 15% w/v (NH,),SO, aong with ligand composition of 0 to 2% w/v of meta ions
(CoCl,, ZnSO,, CuSO,, CdCOs3). This was compared with ATP extraction, which was composed of 20% w/v PEG and 15%
w/iv (NH,),SO, without ligands. Purification studies were carried out in anion exchange chromatography. Highly pure
papain was obtained from fruit latex of papayausing ATPi extraction. The partition coefficient of papain in ATPi extraction
was found to be 2.56 times higher than conventional ATP extraction.
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Introduction

Aqueous two phase extraction (ATP) is one of the
key separation methods in downstream processing. Its
biocompatibility is one of the advantages in protein
partitioning with good selectivity at minimal protein
loss". The choice of polymers and the salt is another
advantage that provides a wide range of optimization
for various applications’. ATP can be applied as a
selective technique for a particular protein separation
by integrating with affinity ligands®>. Affinity ligands
can be the specific functional group or metal ions or
some other charged compounds®®. Affinity partitioning
has been employed for single or multistep extraction
of proteins in agueous two phase systems from
crude samples’. Usually the ligand is coupled to
polyethylene glycol (PEG) because of the ease of
steering the partition of proteins into the opposite
phase®*®, composed of other compounds (salt). Several
ligands used in affinity partitioning are biospecific,
such as, nucleotides, inhibitors, hormones, hormone
receptors, antibodies and antigens™ %, Alternatively,
pseudo-biospecific (low cost) ligands, such as,
reactive dyes, metal chelating groups and hydrophobic
and hydrophilic ligands have also been often used®.
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The use of conventional polymer-salt ATP system
has many disadvantages, which includes low
partition coefficient, low selectivity and low specific
enzyme activity'*®. These disadvantages with the
conventional ATP system can be overcome with use
of affinity ligands in ATP system'®. These affinity
ligands are mainly coupled with the PEG by
the process known as PEGylation. The introduction
of charged molecules into the system tends to increase
the partition coefficient and the selectivity of the
protein that is to be extracted®. The charge
possessed by the charged polymer plays a key role in
atracting the counter charged proteins which
accounts for the selectivity™.

Papain (EC 3.4.22.2) is an industrial enzyme,
which belongs to cysteine protease family, and exists
in papaya fruit latex as a minor constituent’*®°. This
endopeptidase is widdly used in food industries as
a tenderizer and for severa medicina treatments.
Papain was separated by many bioseparation tools
like precipitation, agueous two phase extraction, spray
drying method and few chromatography techniques™.
In present work, the enzyme separation is achieved by
high selective partitioning so as to become single step
purification.

Integerated aquous two phase system (ATPi)
is a single step purification process in which the
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protein is selectively extracted and also purified;
whereas in conventional ATP system, the extraction is
followed by purification methods like ion-exchange
chromatography, affinity chromatography and so on®**,
In the present study, partition coefficient of papain
extraction by conventional ATP process was
compared with the extraction by metal affinity
ATPi process. Four metal ligands, viz., Cu®*, Cd*,
Zn*" and Co®*, were utilized in the process of ATPi.

Materialsand Methods

Materials

PEG 6000, ammonium sulphate, casein, cadmium
carbonate, cobalt nitrate, zinc sulphate, copper
sulphate and tri-chloro Acetic acid (TCA) (HiMedia
Laboratories, Mumbai, India), hollow fiber membrane
(30 kDa), His Trap Q and FF column 1 mL (GE
Healthcare, Sweden). Papaya (Carica papaya) was
collected from the local garden.

Sample Preparation and Pretreatment

Thin incisions were made on the fresh papaya
fruit and milky latex was collected and 1 g latex was
transferred into a buffer maintained at pH 7.5, and it
was used as the starting material for the present study.
Then the insoluble solid particles were separated by
centrifugation processes and the clear latex was stored
in the same buffer at 10°C.

ATP Extraction: Forward Extraction

Aqueous two-phase system without ligands was
prepared with PEG 6000 and ammonium sulphate.
Defined amount of PEG 6000 was taken in the
range of 10 to 50% w/v with a constant amount
of ammonium sulphate. Total system volume was
made up to 10 mL with buffer solution and the
concentrations were optimized. These compounds
were mixed together with fruit latex and the mixture
was dlowed to get distributed completely, aided
by gentle mixing. The mixture was centrifuged at
6000 rpm for 10 min. The phases were separated
carefully and then the estimation was carried out in
both the top and bottom phases. The maximum
enzyme activity was found at 20% PEG and 15%
ammonium sulphate. Top PEG rich phase was used
for further analysis after carrying backward extraction
for PEG recovery.

Integrated Aqueous Two Phase Extraction (ATPi): Forward
Extraction

The ATPi system was prepared by adding metal
ions as free ligands to the origina ATP system

optimized in the above step. The stock solutions of
metal ions, viz,, cadmium carbonate, cobalt nitrate,
zinc sulphate and copper sulphate, were prepared
separately in the range of 0 to 2% wi/v. Solution
of each metal ion was added to the 20% PEG 6000
solution. The system was maintained at pH 6 using
buffer solutions. Then, 15% ammonium sulphate
was added to each of the above metal ligand+PEG
solution and this mixture was incubated at room
temperature for about 4 h for saturation. The fruit
latex was added to metal ion integrated ATP system.
Gentle mixing and stirring at regular intervas
facilitates uniform distribution and ligand interaction.
The phase separation was achieved by centrifugation
at 6000 rpm for 10 min. The metal liganded PEG rich
top phase was separated carefully and was utilized for
further estimation.

Backward Extraction: ATP and ATPi

Thetop phase of both systems was added with 20%
sodium chloride and then centrifuged at 10000 rpm
for 10 min at 10°C. Without any interaction, both
the phases were separated carefully for recovering
PEG and the bottom phase was used for further
purity analysis.

Estimation of Total Protein by Lowry’s M ethod

Aliquots of the phases from the ATP and ATPI
systems were taken for estimation of total protein
content by Lowry’s method® using Bovine Serum
Albumin (BSA) as a standard.

Enzyme Assay by Casein Digestion Test

The papain activity was determined by casein
digestion assay®. 100 pL of sample was taken from
the phases and analyzed for proteolytic activity.
The sample was transferred to citrate buffer
maintained at pH 7.2. 1 mL of 0.635% casein
solution, maintained at pH 7.2, was added and
incubated at 37°C for 10 min. The reaction was
arrested with addition of 5 mL of 5% TCA and the
mixture was alowed to incubate for 45 min. The
reaction mixture was then centrifuged at 9000 rpm for
5 min. The supernatant from the above mixture was
measured at 280 nm against TCA buffer solution as
blank. The resulting amount of enzyme involved in
this reaction at 280 nm was equivalent to 1 pmol
tyrosine under assay conditions.

Partition Coefficient Studies

The selectivity and efficiency of the method can be
validated by partition coefficient of the enzyme. This
can be done by measuring the specific enzyme
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activity of samples from both the phases of the
system. Partition coefficient can be defined as the
ratio of enzyme activity in top to the enzyme activity
in bottom phase.

Enzymeactivity of top phase

Partition coefficient (K)= Enzymeactivity of bottom phase

Effect of pH in ATPi System

The effect of pH was studied by maintaining
different pH conditions (pH 4-8) during the extraction
step. The study was repeated and the enzyme activity
of both the phases was studied at varying pH
conditions. The maximum value attained by the
partition coefficient was an indicator of the optimum
pH of the system.

Purification Analysis. Protein Desalting and Anion Exchange
Chromatography

The bottom phase from the backward extraction of
respective systems was taken for purity anaysis. The
excess amount of ions present in the enzyme extract
should be removed prior to performing liquid
chromatography. This can be done by diafiltration
using ultrafilter. The enzyme extract was washed
with 6x volume of deionized water in diafiltration
mode using 30 kDa MidGee Ultrafiltration Cross
Flow Cartridge (GE Healthcare). The conductivity of
retentate was measured for ensuring the removal of
ions. These ion-free enzyme extracts were used for
further chromatography studies.

Hi Trap QFF (1 mL) chromatographic column
(Akta Prime Plus GE, Sweden) was utilized for the
purification study. All the buffers and samples were
prefiltered with 0.45 um ultra filtration cartridge and
then equilibrated with binding buffer. The column
was pre-equilibrated with 20 mM Glycine buffer of
pH 10.5, for about 10 column volumes (CV) in order
to attain zero baselines in the chromatogram. 0.5 mL
of the enzyme sample was injected in to the column.
The column was washed with the same buffer, about
5 CV was used. The bound protein was eluted using
0.5 M NaCl buffer pH 10.5 in gradient mode, which
was followed by fraction collection. Chromatographic
peaks of the protein were observed a 280 nm
followed by peak integration.

FTIR Spectroscopy Analysis
The purity of the papain purified was confirmed
by FTIR (Perkin EImer Spectrum 100) analysis.

Results and Discussion
The present study focuses the progression of
enzyme affinity towards the metal ligand to enhance

the extraction of papain from its crude latex. The
agueous two phase system has been taken as the
reference where the partition coefficient studies were
analysed. The phase formation of polymer-salt ATP
system gave maximum papain extraction a 20%
PEG+15% (NH,),SO, (Table 1). The protease enzyme
extraction was observed higher in top phase with a
partition coefficient of 1.25 and 33% yield. In the
metal integrated ATPi system, the concentrations of
the metal ions were optimized for maximum enzyme
separation (Fig. 1). The results show that ATPI
system with metal ions was superior in comparison to
ATP system in terms of partitioning coefficient and
enzyme yield (Tables 2-4). Moreover, 0.2% (w/v)
CuS0O, and ZnSO; as free ligands in 20% PEG+15%
(NH4)2SO, system exhibited the maximum partition
coefficient (3.20), followed by 0.16% (w/v) CoCl2
(3.14) and 0.08% (w/v) CdCO3 (2.73). The enzyme
yield was 53.33% in case of CuSO, and ZnSO,; while
in case of CoCl, and CdCO;, it was 73.29 and 74.54%,
respectively (Table 2). Nitswang et al*® reported 87%
of papain extraction using extraction in comparison
with the conventional two step precipitation method.
In the present study, the aqueous two phase (ATP)
extraction system was further optimized with the use
of metal as free ligands (ATPi) (Tables 3-4). In metal
liganded ATPi system, the coupling of metal ion with
linear polymer enhanced the partitioning of papain
towards the polymer rich phase and resulted in better

Table 1—Partition coefficient of ATP extraction

Total Protease Specific Partition Yield
protein enzyme enzyme coefficient (%)
ATP* conc. (U/mL) activity Ky
(mg/mL) (U/mg)
Top phase 0.0923 0.0666 0.7222 125 33.33
Bottom phase 0.0615 0.0488 0.5772
*20% PEG + 15% (NH,4) SO,
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Fig. 1—Effect of metal ligand concentration on ATPi extraction.
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Table 2—Effect of metal ligandsin ATPi extraction

ATPi system Enzyme activity Specific enzyme activity Partition coefficient Yield
(U/mL) (U/mg) (Ko) (%)
20% PEG+15% (NH,),SO4+
CdCO;(0.08% wiv) 0.1822 2962.00 273 74.54
20% PEG+15% (NH,),SO4+
CoCl, (0.16%w/v) 0.0977 907.9 314 73.29
20% PEG+15% (NH,),SO4+
CuS0, (0.2% wiv) 0.0711 690.29 3.20 53.33
20% PEG+15% (NH,),SO,+
ZnS0, (0.2 % wiv) 0.0711 770.3 3.20 53.33
Table 3—Overall process tabulation using ATP extraction
Steps Protein conc. Proteaseenzyme  Specific enzyme activity  Partition coefficient Yield
(mg\mL) (U\mL) (Ulg) (Ky) (%)
Crude papaya latex 0.2000 0.1333 666.5 - 100
ATP 0.0923 0.0666 722.2 1.25 33.33
Dialysis - 0.0266 - 20
Anion exchange .00136 0.0044 3221.22 333
chromatography
Table 4—Overall process tabulation using ATPi extraction
Step Protein conc. Proteaseenzyme  Specific enzyme activity ~ Partition coefficient Yield
(mg/mL) (U/mL) (Ulg) (Kyy (%)
Crude papaya latex 0.2000 0.1333 666.5 - 100
ATPI 0.1030 0.0711 690.29 32 53.33
Dialysis - 0.0400 30.00
Anion exchange 0.0029 0.0177 6084.34 13.33
chromatography

yield. As copper and zinc exhibited the yield of
53.33%, consistent values were observed in the
copper and it was selected for the further purification
process. Since much work has not been reported
so far for the papain extraction using metal ligands in
agueous two phase system, a preferable improvement
in partition coefficient of metal ligand ATPi over
conventional ATP system at least resolves the
lower selectivity, interface deposition and backward
extraction complication problems.

In the ATPi system, the partition coefficient value
increased with the increase in metal ion concentration
(Fig. 1) because of affinity of enzyme towards
the metal-polymer bonding. As the metal ion
concentration increased, the hydrophobicity was aso
increased, leading to more papain entry towards the
metal ion rich top phase. The pH of the system was
maintained at 5 using phosphate buffer. Each ligand
has a specific saturation concentration, up to which
increase in ligand concentration leads to an increase
in the partition co-efficient values. The cadmium

(0.08% wiv), cobalt (0.16 wi/v), copper (0.2% wi/v)
and zinc (0.2% wl/v) exhibited their peak values
at 2.73, 3.14, 3.20 and 3.20, respectively. After the
saturation point, the spatial resistance increases which
affects the partition coefficient. The better preference
for the metal ligand ATP system was CuSO,
(0.2 % wi/v) which showed highest partition coefficient
value constantly and also have maximum enzyme
activity (Table 1).

The partition behaviour of papain with different
pH values ranging from 4 to 8 was anayzed in
(0.2% wi/v) copper ligand ATPi system containing
20% PEG+15% (NH,),SO, (Fig. 2). The pH range
was selected based on the isoelectric point of the
papain enzyme. pH 5 was recorded to be the optimal
pH and further increase in pH decreased the recovery
of papain. This occurs due to the influence of pH on
the papain and the ateration of protein surface
charges by the ionizable groups, which in turn reduces
the affinity of proteins towards the metal ion rich
top phase. The metal ion partition proportion was
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Fig. 3—Chromatogram for ATP extraction. [Hi Trap QFF (1mL)
(Acta Prime Plus GE, Sweden)]

changed in the ligand ATPi system, which varied the
potential difference between the phases.

Enzyme samples from ATP and copper integrated
ATPi system were analyzed for purification and
chromatograms of papain extracted from both
systems are shown in Figs 3 and 4. A perusal of
both the chromatograms shows that the amount of
undesired proteins was drastically reduced in ATRi in
comparison with ATP system without ligands. Thisis
yet another evidence of the purity level present in
ATPi system, where no traces of metal ions were
found in the final sample. The papain fraction from
the ATPi system was found to have both purity and
partition coefficient, ensuring high enzyme selectivity
of the system. Purity analysis from the chromatogram
shows that fractions from ATP system had low
activity and contains high amount of impurities
present as unbound. The FTIR analysis confirmed
the presence of papain in both the conventional ATP
and affinity based ATPi systems (Fig. 5).
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Fig. 4—Chromatogram for ATPi extraction. [Hi Trap QFF (1mL)
(Acta Prime Plus GE, Sweden)]
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Fig. 5—FTIR spectrum of ATPi system.

References

1 Andersson E & Hahn-H&gerda B, Bioconversions in
aqueous two-phase systems, Enzyme Microb Technol, 12
(1990) 242-254.

2 ChenJ, Shi X, LiY, UlrichJ & Wu Q, Selective partition of
potassium chloride and ammonium chloride by aqueous
two-phase systems, Sep Purif Technol, 108 (2013) 1-5.

3 Roque ACA, SlvaC SO & TaipaM A, Affinity-based
methodologies and ligands for antibody purification:
Advances and perspectives, J Chromatogr A, 1160 (2007)
44-55,

4 Rosa P A J Azevedo A M & Fereira | F, Affinity
partitioning of human antibodies in agueous two-phase
systems, J Chromatogr A, 1162(2007) 103-113.

5 XuY, Vitolo M, Northfleet Albuquerque C & Pessoa A Jr,
Affinity partitioning of glucose-6-phosphate dehydrogenase
and hexokinase in agueous two-phase systems with free
triazine dye ligands, J Chromatogr (B) Analyt Technol
Biomed Life Sci, 780 (2002) 53-60.

6 Flanagan S D & Barondes S H, Affinity partitioning.
A method for purification of proteins using specific polymer-
ligands in aqueous polymer two-phase systems, J Biol Chem,
250 (1975) 1484-1489.



230

10

11

12

13

14

15

16

INDIAN JBIOTECHNOL, APRIL 2013

Cheng L, Joelsson M & Johansson G, Combination of
polymer-bound charged groups and affinity ligands for
extraction of enzymes by partitioning in aqueous two-phase
systems, J Chromatogr A, 523 (1990) 119-130.

Chen JP, Novel affinity-based processes for protein
purification, J Ferment Bioeng, 70 (1990) 199-2009.

XuY, SouzaM A, PontesM Z R, Vitolo M & Jinior A P,
Liquid-liquid extraction of enzymes by affinity agueous two-
phase systems, Braz Arch Bio Technol, 46 (2003) 741-750.
Johansson G & Joelsson M, Protein-ligand interactions
studied on bovine serum albumin with free and polymer-
bound Cibacron Blue F3G-A as ligand with reference to
affinity partitioning, J Chromatogr A, 537 (1991) 219-233.
TeotiaS, LataR & GuptaM N, Free polymeric bioligandsin
agueous two-phase affinity extractions of microbia
xylanases and pullulanase, Protein Expr Purif, 22 (2001)
484-488.

Giuliano K A, Aqueous two-phase protein partitioning using
textile dyes as affinity ligands, Anal Biochem, 197 (1991)
333-339.

Fernandes S, Kim H-S & Hatti-Kaul R, Affinity extraction of
dye- and metal ion-binding proteins in polyvinylpyrrolidone-
based aqueous two-phase system, Protein Expr Purif,
24 (2002) 460-469.

Anandharamakrishnan C, Raghavendra S N, Barhate R S,
Hanumesh U & Raghavarao K S M S, Aqueous two-phase
extraction for recovery of proteins from cheese whey, Food
Bioprod Process, 83 (2005) 191-197.

Azevedo A M, Gomes A G, Rosa P A J, Ferreiral F, Pisco
A M M O et al, Patitioning of human antibodies in
polyethylene glycol-sodium citrate agqueous two-phase
systems, Sep Purif Technol, 65 (2009) 14-21.

Mehrnoush A, Mustafa S, Sarker M Z & Yazid A M,
Optimization of serine protease purification from mango
(Mangifera indica cv. Chokanan) peel in polyethylene

17

18

19

20

21

22

23

24
25

glycol/dextran aqueous two phase system, Int J Mol <ci, 13
(2012) 3636-3649.

Mokhtarani B, Karimzadeh R, Amini M H & Manesh S D,
Partitioning of Ciprofloxacin in aqueous two-phase system of
poly(ethylene glycol) and sodium sulphate, Biochem Eng J,
38 (2008) 241-247.

Ling Y-Q, Nie H-L, Su SN, Branford-White C & Zhu L-M,
Optimization of affinity partitioning conditions of papain in
agueous two-phase system using response surface
methodology, Sep Purif Technol, 73 (2010) 343-348.
Nitsawang S, Hatti-Kaul R & Kanasawud P, Purification of
papain from Carica papaya latex: Aqueous two-phase
extraction versus two-step salt precipitation, Enzyme Microb
Technol, 39 (2006) 1103-1107.

Su SN, Nie H-L, Zhu L-M & Chen T-X, Optimization of
adsorption conditions of papain on dye affinity membrane
using response surface methodology, Bioresour Technol,
100 (2009) 2336-2340.

Azarkan M, El Moussaoui A, van Wuytswinkel D, Dehon
G & Looze Y, Fractionation and purification of the enzymes
stored in the latex of Carica papaya, J Chromatogr (B)
Analyt Technol Biomed Life ci, 790 (2003) 229-238.
Gautam S & Simon L, Partitioning of p-glucosidase from
Trichoderma reesel in poly(ethylene glycol) and potassium
phosphate agueous two-phase systems: Influence of pH and
temperature, Biochem Eng J, 30 (2006) 104-108.

Klomklao S, Benjakul S, Visessanguan W, Simpson B K &
Kishimura H, Partitioning and recovery of proteinase from
tuna spleen by agqueous two-phase systems, Process
Biochem, 40 (2005) 3061-3067.

Arnon R, Papain, Methods enzymol, 19 (1970) 226-242.
Lowry O H, Rosebrough N J, Farr A L & Randal R J,
Protein measurement with the Folin phenol reagent, J Biol
Chem, 193 (1951) 265-275.



