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ABSTRACT

ATPi- A concept of process integration which is meant for single step
purification processin Bioseparation industry isdesigned for the Industrial
enzyme extraction. Integrating protein affinity groupsi.e., ligandsto one
of the phase forming polymer in ATP system is termed as integrated
agueous two phase system (ATPi) in this work. The ATPi system is
composed of PEG+ 1-butyl phosponium bromide asligand and Ammonium
sulphate. RSM through CCD analysiswas used to identify optimal values
of extraction parameters for papain separation from carica papaya fruit
latex. The optimized parametersfromlaboratory scalewasappliedina3L
pilot scale, Laboratory designed ENZextractor with aworking volume of
2L. It was proved that 96% accuracy of model and 92% recovery was
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achieved through the ENZextractor.
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INTRODUCTION

Aqueoustwo phase extraction (ATP) isthe poten-
tial tool for separation of enzymeand highly activebio
molecules. It’s less energy consumption and ease of
maintenance gives cons stent platform for bioprocess
industryt®. Biologica molecules, particularly enzymekind
of macro-molecul esneed high biocompatibleenviron-
ment whenitisinisolated formg?. Recent trendshave
devel oped processintegration which engages aqueous
two phaseextraction syssemsfor thesingle step purifi-
cation protocol§¥. Inthisaspect, many workshasbeen
reported for enzyme purification. ATPsystem has many
attractions|like bio compatibility, economic, ease of
maintenance, scal ability and good selectivity!“®l. Be-

cause of these sdlient features, ATPhasbeenidentified
asapotentia and promising tool in proteinindustry.
Integrated aqueoustwo phase (ATPi) extraction sys-
temisoneof therecently reported tool s, based on pro-
cessintegration aspect®’8. The design step that con-
vertstheconventional ATPextraction sysemintohighly
selectiveATPi systemisby integrating protein affinity
groupsto oneof its phaseforming polymer. Theoreti-
calytheligandsare protein affinity groupsusedinlig-
uid chromatography (FPLC) techniques, a so applied
INATPsystem for thisintegration. Very few protocols
have been reported in thisaspect and many in pipdine.
By integrating thesekindsof protein affinity ligandsto
ATPsystem the number of stepsin thisprotocol canbe
reduced appreciably and economic too®.
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Papain (EC 3.4.4.10) isoneof thefrequently used
proteolytic enzymes, industrially and medicinally, hav-
ing random gpplicationintextile, food and medical in-
dustryi?¥, Origindly papain can bepurifiedin many ways
like spray dried crude papain, two step precipitation,
ATPsystem and liquid chromatographic methods™. It
belongsto cysteine-proteinasefamily, originatedinla
tex of Carica Papayafruit™. Inthose protocols, atleast
fiveto six downstream process ng stepshave been fol -
lowed to purify the high pure papainwith good yiel d*2,

Sudiesof pgpain extraction usngATPsystem based
on ionic liquid has been emerging technique in
Bioseparation. The present work is about to develop
snglesteppurification of pgpanusingionicliquidligand
INATPI system for high scale. Response surface meth-
odology by centrad compositedesigntool hasbeen used
to optimize the extraction parameterd*®4, Theoptima
parametersfromthesmal scalehavebeenimplemented
inthelaboratory customized design extractor named as
ENZextractor. The ENZextractor facilitatesthemixing
and temperature monitoring through onlinemode. The
effect of parametersfor the papain extraction wasa so
studied for thehigh scale by varying the process condi-
tions.

MATERIALS

Poly ethyleneglycol (PEG), Ammonium sulphate,
Casain, Tri-ChloroAceticacid (TCA), lonicliquid 1-
Butyl Phosponium chloride were purchased from
Sigma,India. ENZextractor & Sensorsarelocally de-
signed. All thechemicalsinvolved inthiswork were of
Anaytica grade.

METHODOLOGY

Crudesamplepreparation

Crude samplewas prepared by collecting thefresh
latex of papaya. Latex wasgathered inacold container
by makingthinlongitudina incisonsonthepapanfruit.
The collected latex was mixed in phosphate buffer with
pH 7till the concentrationswereoptimized. Clear latex
wascollected through centrifugation at 6000 rpmat 20°C.

ATPi Extraction
An agueoustwo phase system wasformed by the

addition of different concentrations(10,15,20%w/v) of
PEG at various mol ecular mass (4000,6000, 8000) to
10,12, 14%w/v of ammonium sul phatein agueousme-
dium. Based on freeliganding mechanism, anintegrated
aqueoustwo phase system wasformed. lonicliquid-
(4-10 mg/ml) 1-Butyl phosphonium bromideloniclig-
uid wasapplied asligand totheATPi system. Thecrude
enzymesamplewasadded to theATPi system and cen-
trifuged at 9000 rpm for 5 minutesto separate thetwo
phases.

Experimental design by central compositedesign:

Response surface methodol ogy isan effectivea -
ternate mathematical approach applied for the optimi-
zation of various parametersin papain extraction. Cen-
tral compositedesigninvolvesthe processmodel de-
velopment in this challenging separation procedure
through selectiverunsfor the optimization of process
conditions. PEG molecular mass, PEG concentration,
lonic liquid concentration, and pH of the system are
considered asthefour factorsfor theresponse of par-
tition coefficient of papain that helpindeterminingthe
optimum extraction valueswereshownin TABLE 1.

CCD anaysestheprocessparameter interrel ation-

TABLE 1: Design table Central compositedesign.

Range Level
Variable Factors )
Studied -1 0 1
A PEGmMmM 4000-6000 4000 6000 8000
PEG
B ) 10-20%w/v 10 15 20
concentration
IL
C 4-10mg/ml 4 7 10

concentration

D pH 4-10 4 7 10

ship that influencesthe responses using the graphical
approach. Design expert 8.0.7.1 software was used
for thisoptimization work through afour factor Centra
compositedesign. This CCD approachisselected for
itsprocess step reduction that directly helpsto decrease
theoverdl cost. Through random basis, 30 experimen-
td valueswerearranged for acompletedesign.

Regression analysis: statistical

CCD approach equation from response surface
methodol ogy examinesthe statistical valuesof theex-
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perimenta designgiven below.

Yi:ﬂo+ZBiXi +ZBiiXi2+ZBinin (1)
i ii ij

WhereY', indicatesthe predicted output, B, B, B,
and B, arethe coefficients of regressionfor theinter-
cept, linear, quadratic and interaction coefficientsre-
spectively, X, and X, arethe coded autonomousvari-
ables.

Design expert 8.0.7.1 isasoftware packagewhere
theANNOVA (Andysisof Variance) anaysethesatisti-
cd parameters. Theexperimentd datagiveasecond or-
der polynomid equation and athreedimensiond plot was
visudized throughtheparameter interrd ationshipand the
responses. Inorder to get maximized response, anumber
of optimization sepswerecarried out for every factor.

ENZextractor (Enzyme —extractor) studies and
purification

The scale up studies was carried out in
ENZextractor ina 3L vessel with view glass. It was
connected to alead plate equi pped with amotor shaft
impeller. Thetemperatureand pH val uesinfluencethe
phase separation. The ENZextractor should beinagter-
ileenvironment at 150°C for 10 minutes. Compressed
ar wasblowninto thevessd to ensurethe sterility. All
parameterslike pH, temperature, enzyme separation
were supervised periodically through amicrocontroller.
A working volumeof 2L wasused inthe ENZextractor
to provide much spacefor the bi oseparation process
whichinturngiveshighyield. Theresulting fractions
from the both scales were anlaysed for purity in
Sephadex G 100,Gd Filtration chromatography (GFC)
columninAKTA PrimePlussystem, GE.

Analytical methods

By theLowry’s method, with BSA as standard, the
total protein estimation was estimated*®. Casein Di-
gestive assay validatesthe papain activity of thecrude
sample. Liberation of 1pug of tyrosine from papain en-
zymeafter completingoneminuteof digestionat 37°C,
pH 7 from casel n substrate sol ution as standard main-
tained at pH 7.0. GFC column was used for both puri-
fication and desalting purposes. Thefractionfromthe
forward extraction of ATPi step then proceededto PEG
recovery inbackward extraction. Theresultingfraction
highly sated with NaCl by desdting. The GFC column
previoudy buffered withpH 7 phogphatesolutionsandthen

BioTechnology — o

thesamplewasl cededfor desdlting. Thesmultaneousdesdlting
andenzymepurnificationoocours Thepatitioncodfiaent (K)is
termed astheratio of enzymeconcentraioninthePEGrich
upper phasetoenzymeconcentrationinthel ower phese

RESULT AND DISCUSSION

Optimization of ATPi parameters

Thedesign matrix valueof theATPi system from
CCD approachwas presented in TABLE 2. Fisher’s
F-test was applied for the analysis of the RSM using
CCD approach, where F-value of 10.54 assuresthe
significancesof the system. PEG molecular mass, PEG
concentration, lonicliquid concentration and salt pH of
the system arethefour factorsnotated asA, B, C and
D respectively. PEG molecular mass
(4000,6000,8000), PEG concentration
(10%,15%,20%), lonicliquid concentration (4-10 mg/
ml), Ammonium sulphatesalt (10,12,14%) concentra-
tion aretheranges selected for the optimization studies
of thefactorsinvolved in the CCD analysis. The R?
(Coefficient of determination) valuewasfoundto be
0.9078, that assures an ambient variance of the qua-
draticmodd.

Theinteraction between thefactorsand maximum
enzyme production was highlighted through the three
dimens ond response surfaceplots. They were plotted
toensuretheoptimized va ueof factorscongdered from
theexperimenta values. Themodd termsB, A2, B2, C?
and D>weresignificant asthe prob>Fislessthan 0.0500.

Theresultsof thethree dimensional plot through
abundant number of experimenta dataclearly assures
that the optimized value of thefactorsinvolved inthe
ATPi formation were found to be at PEG molecular
mass of 6000, 15% w/v of PEG concentration, lonic
liquid concentration 7 mg/ml and pH 7.

Regression andysiswasused for devel oping model
equationsfor theresponse. Theresponseswere ana
lyzed from the design and the results were tabul ated.
The partition coefficient equation that is assessed for

theATPi systemistermed below.

Partition Coefficient, K =+11.33+0.34* A+0.88 * B+0.22*
C+0.61* D+0.32* A* B-0.063* A* C+0.45* A* D+0.093 *
B* C+0.28* B* D-.19* C* D-258* A"2-1.11* B"2-2.27
* C12-3.06% D2 @
where ‘K’ represents the partition coefficient of the ATPi
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TABLE 2: Design Matrix: ATPi experimental design

Run Factor 1 Factor 2 Factor 3 Factor 4 Response 1 Partition
A:PEGmm B:C PEG C:Me2+ D:pH Coefficient
1 6000 15 7 7 11.32
2 4000 10 10 4 0.96
3 6000 15 7 7 11.34
4 6000 15 7 7 11.33
5 6000 25 7 7 12.42
6 6000 5 7 7 3.24
7 4000 20 10 10 114
8 6000 15 1 7 1.22
9 8000 10 10 10 145
10 6000 15 13 7 51
11 4000 20 4 10 1.98
12 6000 15 7 7 11.32
13 2000 15 7 7 1.66
14 8000 10 4 10 3.46
15 8000 10 4 4 1.17
16 8000 20 4 4 0.55
17 4000 20 10 4 0.96
18 6000 15 7 1 0.01
19 4000 20 4 4 0.94
20 4000 10 4 10 2.14
21 4000 10 10 10 221
22 10000 15 7 7 2.23
23 6000 15 7 7 11.33
24 6000 15 7 13 0.03
25 8000 20 10 4 0.86
26 8000 20 4 10 4.84
27 6000 15 7 7 11.325
28 8000 10 10 4 111
29 4000 10 4 4 0.94
30 8000 20 10 10 4.86
sysem. derived through thethree dimensiond plot.

3D responseplot of ATPi extraction of papain in
lab scale:

Thethreedimensiond plot investigatethe process
parameterswith the dependent values. Figure2aand b
show therel ationship of PEG molecular massand PEG
concentration over the partition coefficient vaues. PEG
molecular mass of 6000 wasfound to bethemaximised
vauethat giveshigh partition coefficient of 12.42 Fig-
ure2 c depictstheinterrel ationship exist between PEG
concentration, lonic liquid concentration and partition
coefficent. The3-D grgph highlightstheoptimized vdue
of 15% w/v PEG concentration giving 11.34 partition
coefficient values. Figure2 d plotsthelL concentra-
tion, PEG molecular masstowardsthe partition coeffi-
cient vauethat reved sthe 7 mg/ml vaueof IL concen-
tration asan optimized oneat 11.325 partition coeffi-
cient. Theoptimal conditionsfor al thefactorswere

ATPi in ENZextractor 3L scale

The optimized value of PEG 6000 (15% w/v) at 7
mg/ml lonicliquid concentration were gpplied for the
ATPi system formation and theforward and backward
extractionswerecarried out for the partition coefficient
and purity analysis. The partition coefficient valuein-
creasestill the 15% wi/v of PEG 6000 and start to de-
clinefurther. InthelL concentrationrangingfrom4to
10 mg/ml, till 7 mg/ml the partition coefficient value
showsaprogressiveresult and beyond that it startsto
decrease. Theoptimized vauesshownin TABLE 3de-
rived fromthelab scdewereused to carry out the stud-
ieson the ENZextractor isshownin Figurel. A 2L of
classified enzyme sol ution with 15% w/v PEG 6000, 7
mg/ml of lonicliquid concentration and defined amount
of ammonium sulphate was loaded within the
ENZextractor vessel having aworking volumeof 3L
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Figure2c,d: 3D surfaceplot for ATPi extraction- PEG concentration, pH and I L concentration

and centrifuged at 150 rpm for 90 minutesin order to
activate the phase separations. The papain extracted
about 15400U/ml in lab scale, purity factor of 22.62
with 68% recovery shown in TABLE 4. But in

ENZextractor papain wasextracted about 18440U/ml
with 78% recoveryisshownin TABLE 5. Thisiscom-
paratively higher than thelab scalewhere adequate mix-
ing and largeextraction areaprovideshigh enzyme par-
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TABLE 3: Optimal parameter sby RSM from 5ml lab scale

RANGE OF OPTIMUM
PARAMETERS VALUES VALUE
Molecular weight of 4000, 6000,
PEG 8000 6000
Concentration of 10%, 15%,
15%
PEG(W/V) 20%
IL ligand
concentration 3-10 mg/mL 7mg/L
pH 2-12 6.5
Temperature 20-80°C 30°C
Agitator speed 50-200rpm 150rpm
TABLE 4: ATPi extraction of Papain in 5ml scale
Specific
Enzyme % Purity
Stages activity,  Yield factor
U/mg

Crude 680 100 1
PEG6000_IL+AmS(5ml) 11440 74.5 16.8
GFC 15400 68.2 2265

TABLE5: ATPi extraction of Papainin ENZEXTRACTOR
3L scale

Specific
Enzyme %  Purity
Steges activity,  Yield factor
U/mg

Crude 680 100 1
PEG6000_IL+AmS
(2L ENZextractor) 12442 81 18.3
GFC 18440 78 27

tition. Regular monitoring of pH and mixing speed
favours papai n recovery and the accommodating com-
pounds settled in the bottom phase. Thefreeliganding
mechanism also improvesthe purity factor, the high
purity fold possible here.

CONCLUSION

The papain purification wasfound to be 78%re-
covery with 18440 U in lab scale and 68% recovery
with 15440U inthe ENZextractor. Thehighmixingarea
and moreinteraction of phase separation compounds
increases the protein separation appreciably in
ENZextractor. Themain driving forcefor extractionis
influenced highly by thetemperatureand pH. By con-
tinuous monitoring and regul ation of these extraction
parametersin high volumeextractors, it ispossibleto

achievehigh output. Sincetheextractionsconditionwas
mai ntai ned as such developed in lab scale papain was
purified dmost 83% of lab results. With littlemodifica
tion and additional arrangements, the same extractor
can a so be used for ATP conversion based process.
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