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ABSTRACT

Separation and purification of high value bio-moleculesusing lonic liquid
(IL) based aqueous two phase (ATP) extraction is an emerging green
separation process. IL based ATP system is the best alternative for the
conventional organic solvent extraction and polymer based ATP systems.
The current study isto compare the partition coefficient of calotrpin from
the latex of medicinal plant Calotropis procera (Family-Asclepiadaceae;
The molecular mass and iso-electric point of the enzyme are 28.8 kDaand
9.32, respectively) and the same was compared with conventional ATP
system. The resulting protein was purified on Gel filtration
chromatography column and it is confirmed with SDS page analysis. From
the results it was found that 1L based ATP system is highly selective and
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yield higher than the conventional ATP system.
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INTRODUCTION

Theagueoustwo phaseextraction (ATP) isaprom-
ising bi oseparation technique, widely used in foodstuff
processing industries. Simplein preparation, lessen-
ergy requirement, ease of scale up and simple process
stepsarethe major featuresthat paysway for the se-
lection of aqueoustwo phase extraction asafeasible
methodol ogy for the protein purification™. A polymer-
polymer system or apolymer salt system isgenerally
used for the preparation of an ATP. The phaseswere
separated based on the existence of incompatibility
between the two phases?. The separation of protein
towardsthetop phaseisinfluenced by variousfactors

like polymer molecular weight, polymer concentration
and system pH™. Ligands areapplied for affinity parti-
tioning in agueoustwo phase extractionin most of the
biologica applications?. Sdectivity and consistency of
ATP system in Bioseparation process is enhanced
throughionicliquidligandsand henceforth the name
Integrated Aqueous Two phase extraction. Similar pro-
ng stepswereemployed inthe partition of papain
fromitscrudelatex with meta ligagnd ATPi system.,
Thedrawback faced inthe ATPsystemisthere-
covery of polymersinvolved inthe phaseformationthat
affectsthepapain purity. Anionicliquidisemployed as
ligand to overcomethe problemsin ATPusing 1-butyl
phosphonium bromide®. The partition coefficient sud-
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ieswere carried on both the polymer/salt ATPsystem
andtheintegrated ATPsystem!™. lonicliquidscomposed
of large nitrogen content cations (organic) and small
amount of anion (inorganic), & norma temperaturehave
the propertiesof hydrosolubility, stability in atmospheric
condition and also possessinherent tunability®. lonic
liquids also known as clean solventsare environmen-
tally friendly with negligiblevapour pressure. Anionic
liquid can besynthes zed for particul ar gpplication pos-
sessing expected properties?.

Calotropis procera, isaplant seenin thetropic
and sub-tropicregions. It produceslatex fromitsbro-
ken plant partsand wasutilizedin traditiona medicines
and ayurveda'®. Caloptropaine, acysteine protease
obtained fromthelatex of Calotropisprocerahasbeen
widely used in medicinal and pharmaceutical indus-
tried™. In the present study, Caloptropaine from
Calotropisproceralatex was extracted by two differ-
ent bioseparation methods like Aqueous two phase
extraction and integrated aqueous two phase extrac-
tionwith lonicliquidsasligand™. Thesemethodswere
compared for maximumyield. Purity tool evaluation
improvestheactivity and functiond applicationsof pro-
tease enzyme. Thisrequiresahigh precise separation
means a ong with economic operations. Thisioniclig-
uid based ATPsystem confirm not only the high selec-
tivity but for low cost aswe ™. Fromthe purity factor,
theATP showsgood resolving power for protease sepa-
ration and itisamuch smpler single step purification
processin bioseparation in comparison to other meth-
odg*9,

Thedesignof anintegrated aqueoustwo phaseex-
traction (ATP) for theenzymepurificationfromitscrude
sourceisthemain objectiveof thiswork. Theresulting
fractionsundergo gdl filtration chromatography tech-
niquefor purity rangeand SDS pageanaysisfor pro-
tein conformation. Thispresent work aso verifiesthe
specific activity of the aqueoustwo phaseextraction of
protease enzyme, both with and without ionic liquid

ligands.
MATERIALS

Latex of Calotropisprocerawas collected within
the SASTRA university campus. lonicliquid-1-butyl
phosphonium bromide, Polyethylene glycol (PEG-
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1000), Sodium dodecyl sulfate (SDS), casein and bo-
vineserumabumin (BSA), trichloroacetic acid (TCA)
were purchased from SigmaAldrichand dl chemicals
were of AR grade.

METHODOLOGY

Crudeextract preparation

Thelatex wascollected by breaking thestem of the
plant and stored in aclean tube. The collected latex
wasmixed with distilled water at 1:1 ratio and centri-
fuged at 6000 rpm for 10 minutesat 4°C. The super-
natant finally collected wasreferred ascrudeextract.

Aqueoustwo phase Extraction

PEG-6000 (8,10,12% w/w) at different concen-
trationsand ammonium sulphateweretaken for theATP
system formation. The concentrationswere optimized
by making thetotal system volumeto 10 ml with buffer
solution. The crude extract was added to the polymer
salt mixture of the ATP system and mixed gently and
centrifuged at 6,000 rpm for 6 minutes. Two phases
formed were separated carefully to carry out estima-
tions in both the top phase and bottom phases. The
upper phasewastaken for futureandysisto carry back-
ward extractions.

I ntegrated aqueoustwo phase system (ATPi)

Anintegrated ATP system wasformed by applying
ionicliquid asligand totheoptimized ATPsystem formed
intheaboveprocess. lonicliquid stock solutionwith 1-
butyl phosphonium bromidewas prepared separately
with particular volume. Stock solution prepared was
added with 22%w/v of PEG 6000 maintained a pH 6
using buffer and 18% wi/v of saltincubated at 25°C for
saturation. Thecrudelatex wasadded with ATPi sys-
tem. The phases were separated by centrifuging the
mixture at 6000rpm for 10 minutes. The upper phase
richinionicliquid and PEG 6000 were separated and
used for further estimations.

Backward extraction

The backward extraction was carried out by add-
ing 20% sodium chlorideto thetop phase of both the
systems and centrifuged at 4000 rpm for 10 minutes.
The two phases were formed and the bottom phase
carefully separated wastaken for further cal culations.
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Thetop phase wastaken for PEG recovery.
Estimation of total protein analysis

Tota protein was determined based on Lowry
method*4, with BSA as standard for boththeATPand
ATPi systems.

Enzyme activity assay and partition coefficient
studies

Enzymeadtivity wasverified by enzymatichydrolyss
of casein 2% (w/v) maintained at pH 7.5 with 37 C
temperature.

The partition coefficient tudiesvdidatethe selec-
tivity and efficiency of theATPmethod. Partition coef-
ficient can be defined astheratio of concentration of
protein in top phaseto the concentration of proteinin
bottom phase.

Partition coefficient

Concentration of protein intop phase

(K)=

Concentration of protein in bottom phase

Gd filtration chromatography

The bottom phase of the backward extraction for
theATPand ATPi systemsweretakenfor purity stud-
ies. Hi Trgp QFF(1ml) Chromatographic column (Akta
Prime plus GE, Sweden) was used for the purification
andyss

RESULT AND DISCUSSION

The present work aims on the devel opment of en-
zymeafinity towardstheionicliquidligandtoimprove
the protease extraction from the crude source. The spe-
cificactivity wasandysed by taking aqueoustwo phase
system asreference. In the ATP system, the specific
activity wasfound to be 3240 U/mgwith 42%isyield
shownin Tab.1. Theionic liquid concentration was
optimized inthe ATP system for utmost enzyme sepa-
rationisshowninTab.2. Theintegrated ATP system
givesan enhanced vaue of specific activity at 9642 U/
mg and 82% yield. Theresultsdepict that ATPi system
withionicliquid asligand was superior when compared
to ATP system. The effect of various parameters on
specificactivity for ATPi systemwasstudied.

Effect of pH on specificactivity:
Figure 1 describesthe rel ationship between the ef -

fect of pH and specific activity of theATPi system. The
pl of the protease enzymeliesin therangeof 7to 9,
wherethe highest specific enzyme activity of the pro-
tease was found at pH of 7.0. The phase formation
wasnot observedin pH valuelessthan 4. Theincrease
inpH vauesimprovesthe specific activity of protease
whichinfluencesthe partition coefficient. The specific
enzyme activity showsdender declinevauesat higher
and lower pH vaueswhichindicatethat the C.procera
iIsaneutral protease. A sharp decreasein the specific
enzymeactivity valueson pH illustratesthe acidic or
akaline strength which affectsthe enzyme property.
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Figurel: Effect of pH on ATPi system
Effect of temperatureon specificenzymeactivity:

Figure 2 showstheeffect of temperature towards
thespecificenzymeactivityinanionicliquidligand ATP
system. Asthetemperature of the ATPi systemisin-
creased, the specific enzymeactivity wasa sofound to
increase which expose the endothermic nature of the
processwherehigher valuesof temperatureinfluences
the protease separation. The specific activity of pro-
tease shows the maximum extraction at 55°C which
giveshigh enzymeextraction at high temperature. Fur-
ther increasein temperature abovetheoptimized value
affectsthe specific enzyme activity which undergoes
denaturation of the enzyme property. There was no
appreciable phaseformationsat lower temperatureand
at temperatures crossing the optimized values, protein
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Figure?2: Effect of Temperaturein ATPi system
denaturation occur which spoilsthe protein extraction.

Effect of ionicliquid concentration on specificen-
zymeactivity

Theenzymeextraction of anATP systemishighly
controlled by theionic liquid concentration. Theaffinity
charge of the protease enzymeimprovesasthelL con-
centrationincreaseswhich positively directsthe parti-
tion coefficient of thesystemisshowninFigure3. The
addition of ionicliquid concentration improvestheen-
zyme bonding towardstheIL rich top phaseand in-
creasestheenzymeextraction. Thefurther addition of
IL concentration abovethe optimized valueincreases
the anion content and resi ststhe protease separation
towardsthetop phase. The maximum specific enzyme
activity wasfound at 6 mg/ml. Dueto lower hydropho-
bic interactions between the protease enzyme groups
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Figure 3: Effect of Ligand concentration in ATPi system

TABLE 1: Caloptropaineextraction by ATP
Specific

Partition

. L % Purity
Stage Activity  coefficient, :
(U/mg) K Yield Factor
Crude 420 100 1
ATP
extraction 1615 0.82 54 3.85
GFC 3240 42 7.7

TABLE 2: Caloptropaineextraction by AT Pi
Specific

Partition

Cl| H % Purity
Stage  Activity  coeffident, . Foor
(U/mg) K
Crude 420 100 1
ATPI
extraction 2020 03 o1
GFC 9642 -—-- 82 22.95

and lessionic moieties of theIL, the specific activity
valuewas observed to be decreasing after reaching the
optimal concentration.

Gé filtration chromatogr aphy

The purity studieswere carried out on the back-
ward extraction of the ATP and ATPi systems were
shown in Figure 4 and Figure 5. Depending on the
molecular weight the proteinswere separated and the
peak length of the GFC showsthe purity level of the
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resulting fraction. High pure peak was observed inthe
ATPi system than the conventional ATPsystem from
the resulting GFC peaks. It shows that the selective
extraction wasefficientintheATR systemonly.

CONCLUSION

Thedevelopment of anATPI syslemwithioniclig-
uid asligand was proposed for maximum enzyme ex-
traction compared with conventiona system. Theef-
fect of various parameterswas anal ysed for the effec-
tive extraction of the protein. Hydrophobic and elec-
trostatic interactions, endothermic natureare someim-
portant driving factorsthat yiel ds high pure protease
enzyme. Theresults confirm the efficient extraction
(82% yield) of the protease enzymethrough the ATPi
system than thetraditional ATPextraction method.
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