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Bromelain is a major proteinase, isolated from pineapple (Ananas
comosus). In the plant, bromelain is accumulated in the entire plant to
different extent and properties depending on its source. The objective of
present study wasto compare the extraction of bromelain present in stem
juice of the plant using lonic liquid (IL) based aqueous two phase (ATP)
and Reverse micellar(RM) system. Separation and purification of high
value bio-molecules using IL based ATP extraction is an emerging green
separation process. Here the Phosponium based | L ATP system was used
and it isthe best alternative for the conventional organic solvent extraction
and polymer based ATP systems. The current study is to compare the
partition coefficient of bromelian from the stem juice of Ananas comosus
and the same was compared with reverse micellar system. The resulting
protein was purified on gdl filtration chromatography column and it is
confirmed with SDS page analysis. From the resultsit was found that IL
based ATP system is highly selective and yield higher than the reverse
micellar system. © 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION

Aqueoustwo phaseextraction sysemisemployed
for theisolation and extraction of target enzymeina
restricted single step!¥. The aqueous two phases are
formed by polymer/ polymer, polymer/sdt, sdt/sdt com-
binationg?. Polyethylene Glycol (PEG) isoneof the
phaseforming component involved intheAquoeustwo
phaseformationt®. It isselected because of itsbiode-
gradability, lessmelting points, maximum solubility in
aqueous medium, economic,etc. Thesequalitiesmade
PEG usagein different processes, especidly inAque-

oustwo phase systems. When compared to polymer-
polymer ATPsystem, polymer/sdt ATPsystemismore
advantageousasit exhibit better biocompatibility and
phase separations, fast process and profitablewhich
sati sfiesthe expectations of downstream processing™.
Thelimitationsof PEG inATPsystemisin theextrac-
tion of hydrophobicmolecules, becauseitshydrophilic
nature restricts the protein extractiont®. Thiscan be
overcome by applying lonicliquids asphaseforming
component instead of PEG inATPsystem!®. Thisionic
liquid based ATPsystem provideshigh chemica stabil-
ity and possess negligible vapour pressureasit iscon-
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sidered asthe green solvent™.

Bromeain (EC 3.4.22.5) isnoticed inthetissue of
the Bromiliaceae family of which pineapple (Ananas
comosus) isthewel | identified source of the proteolytic
enzyme®. The pineapple (Ananas comosus) isfound
intropicregion having ripefruit cons sting of combined
berries. Bromelain hasbeen widdy usedinfood, medi-
cal, pharmaceutical and cosmeticindustries?. Inthe
present study, Bromeain from pinegpple temjuicewas
extracted by different bioseparation methodsand com-
pared with high selectivebio extraction method using
ionicliquidg??,

Assessment of purity tools devel opsthe specific
activity and functional usage of bromelain enzyme. It
also requires apreci se separation meanswith cost ef-
fectiveoperations. Thisionicliquid based ATPsystem
provesnot only for high selectivity but al so economic
aswd ™, Fromthepurity factor, theionic liquid based
ATPsystem shows not only high resolving power for
bromeanenzymeseparationanditisdsoamuchsam-
pler singlestep purification processin bioseparationin
comparison to other methodg2*3,

Thedesign of anionicliquid based agueoustwo
phase extraction for the enzyme purificationfromits
crude sourceisthe main objective of thiswork. The
resulting fractionsundergo gel filtration chromatogra:
phy techniquefor purity range. Thisstudy moreover
investigates the specific activity of the aqueoustwo
phaseextraction of bromelain enzyme, conventiond vs
ionicliquid based ATPsystem.

MATERIALS

Ripened pineapplefruitswere purchased from a
local supermarket. lonicliquids- 1-Butyl phosphonium
bromide, KH,Po,, AOT, Iso octane, casein and bo-
vineserumdbumin (BSA), trichloroaceticacid (TCA)
werepurchased from SigmaAldrich. All chemica sused
inthiswork were of AR grade.

METHODOLOGY

Crudeextract preparation

Thejuicewascollected by peding,dicingand crush-
ing the pineapple and stored in aclean tube. The col-

lected latex was centrifuged at 15,000 rpmfor 10 min-
utesat 4°C. The supernatant finally collected was re-
ferred ascrude extract.

Purification of Bromelain by ammonium sulphate
precipitation

Englard and Seifter (1990) described the perfor-
mance of Ammonium sul phate preci pitation method,
wheretheNH, (SO,), sol ution was added drop by drop
with the crude extract maintained at 0°C until the de-
sred saturation wasreached. The saturation rangewas
ffrom 30 to 80%. The preci pitation wasfound to occur
a 40% of the salt solution. After reaching the saturation
point, the solution was centrifuged at 2000 rpm for 10
minutesat 4°C. Then the resulted precipitation was dis-
solvedinabuffer maintained at pH 7.2.

Purification of Bromelain by extraction inreverse
micellar system

The gationary phaseof thereversemicdllar system
was formed by suspending the surfactant in organic
solvent, and the movabl e phase wasthe sodium phos-
phate buffer maintained at suitable pH valueswherethe
Kcl adjuststheionic strength. For equilibration, the
mobile phase used was 0.150 mM of Kcl. The prepa
ration of aReversemicellar system wasby dissolving
60mM AQT in Iso-octane mixture.. Theinjection of
trangportable phaseinto the Reversemicdlar phasegives
equilibration and the constant and clear reverse micel-
lar phasewere obtained.

Purification of bromelain by ATPsystem

PEG-4000 polymer and NH, (SO,), weretakento
form the Agueous Two Phase system. Crude extract
was added to the polymer salt mixtureand mixed gen-
tly and centrifuged at 6,000 rpm for 30 minutesat 4°C.
Two phasesformed were separated carefully. Thetop
phase separated was added with 150mM salt and cen-
trifuged at 4000 rpm and the bottom phasewas care-
fully separated to carry out further estimations.

Purification of bromedain by ionicliquid based ATP
system

Anionicliquid based ATPsystem wasformed by
applyingthreedifferentionicliquid asoneof the phase
forming componentswiththe KH,PO, sdlt. loniclig-
uidsof preferred volume mixed with KH,PO, salt was
added to the equal amount of diluted sample solution.
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In order to attain equilibrium, themixturewasrefriger-
ated at 25°C for 20 minutes. Addition of 0.5M Nacl
aterstheionic strength of theATPand themixturewas
centrifuged for phase separation. The upper and bot-
tom phaseswere gathered separately for further analy-
gs

Determination of total protein assay, Enzymeas-
say and partition coefficient

Total protein wasdetermined based on Lowry pro-
tein assay method™ with BSA as standard. Enzyme
assay activity wasresolved by enzymatic hydrolysis of
2%(w/v) caseinat pH 7.5, with temperature of 37°C.

Partition coefficient isdefined astheratio of con-
centration of proteinin extract phaseto the concentra-
tion of proteinin the bottom phase,

K=Y/X
WhereY = concentration of proteinin extract phase
X=concentration of proteinin bottom phase.

Gd filtration chromatography

Thegd filtration chromatography was carried out
for the conventiond andionicliquid based ATPsystem.
The purity analysisfor the bromel ain enzymewas per-
formed on Sephadex G 100 (Aktaprimeplus, GE life
sciences, Sweden). Thecolumnwasequilibrated usng
abuffer maintained at pH 7 and theresulted bromelain
extractsfrom the conventiona andionicliquid based
systemswereintroduced into the column. Theresulted
fractionswere considered for tota proteinand specific
adtivity.

RESULT AND DISCUSSION

Theextraction of bromeain from crudesamplewas
carried out through conventiona methodslikeammo-
nium sulphate precipitation, reversemicdlar extraction
and agueoustwo phase system and compared with the
ionic liquid based aqueoustwo phase system. There-
sults show that the maximum extraction wasfound at
ionicliquid based ATPsystem. The parameterslikepH,
temperature and ionic liquid concentration were
anadysed againg specificactivity.

Conventional method vsionicliquid extraction for
extraction of bromeain:

The specific activity wasfound to be 520 U/mgin

Ammonium sul phate preci pitation method whereague-
oustwo phase extraction gives548 U/mg and reverse
micellar extraction shows 960 U/mg were shownin
TABLE 1, 2and 3. Of all theconventiona methods, a
maximumyield of 32% wasfoundinreversemicellar
extraction method. Theionicliquid based ATPsystem
givesmaximum specificactivity andyied. Threeionic
liquidswere proposed for bromelain extraction. From
TABLE 4, IL3 showsmaximum extractionvaues. The
gel filtration chromatography resultsgive 11445 U/mg
specific activity and 87%vyield from IL3 based ATP
system. Theeffect of various parameterson specific
activity of IL based ATPsystemwere analysed.

Effect of pH on specific activity:
Figurel depictsthat theinterrel ationship between
the pH and specific activity of theionicliquid based

TABLE 1 : Bromelian extraction- Ammonium sulphate
precipitation

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

Crude 145 100 1
40%Ammonium
sulphate 340 32 2.34
Precipitation
Gd-Filtration
chromatography 520 24 3.58

TABLE 2: Bromdian extraction-ATPs

Specific
Enzyme % Purity
Stages activity, Yield factor
U/mg
Crude 145 100 1
PEGA4000+(NH,),S0, 396 42 2.73
Gel-Filtration
chromatography 548 30 3.8
TABLE 3: Bromélian extraction-RME
Specific
Enzyme % Purity
Stages activity, Yield factor
U/mg
Crude 145 100 1
Reverse micellar 670 46 46
extraction
Gel Filtration
chromatography 960 32 6.6
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TABLE 4: Bromelian extraction-1L based ATPsystem

Specific
Enzyme % Purit
Stages acti\)//ity, Yield facto?/
U/mg

Crude 145 100 1
IL1+KH2Po4 4240 84 29.24
IL2+KH2Po4 3620 79 24.9
IL3+KH2Po4 5465 91 37.68
Gel-Filtration 11445 87 78.93
chromatography

ATPsystem. Asthepl of the protease enzymeisinthe
rangeof 7109, the highest specific enzymeactivity of
the protease was observed at pH of 8.0. At higher and
lower pH conditionsthereistremendousdecreasein
the specific enzyme activity and there was no appre-
ciable specific activity observed at pH below 4.0. The
specific enzyme activity shows sharp decrease which
depictstheacidic or akalinestrength which denatures

theenzyme property.
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Figurel: Effect of pH onIL system

Effect of temper atur eon specific enzymeactivity:

Inanionicliquid based ATPsystem, Figure2 shows
that theeffect of temperature towardsthe specific en-
zyme activity. The specific enzymeactivity wasfound
to increase asthe temperature of the ATP systemin-
creases. Thespecific activity of proteasewasfound to
behigher at 35t045°C where the maximum extraction
was at 40°C which reveals the high extraction of en-
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zyme at high temperature showsthe endothermic na-
ture of the process. Further, temperatureincrease &f -
fectsthespecificenzymeactivity which underwent irre-
versbledenaturation of the enzyme property. Thestudy
depictsthe unfavour phaseformation at low tempera-
turerange and protein denaturation at higher ranges of
temperaturewhich reducesthe proteininteractionsto-
wardsionicliquid.
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Figure?2: Effect of Temperatureon IL system

Effect of ionicliquid concentration on specificen-
zymeactivity:

Theinfluencing factor of enzymeextractiontowards
thetop phaseof ATPsystemistheionicliquid concen-
tration. Theaffinity of enzymetowardstop phaseim-
provesthe specific enzyme activity. The charge based
interactionswith theenzymesare carried out with the
long chain cationicmoietiesinthelonicliquids. Thein-
creasein IL concentration increasesthe enzyme bond-
ingtowards|L throughwhichthehighextraction of pro-
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Figure3: Effect of lonicliquid concentration
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teaseenzymeisfavoured. AsthelL concentration ex-
ceedsthe optimal level, the amount of anionsin the
sampleincreaseswhichrepd stheenzymebinding. Fig-
ure 3 showsthat the maximum specific enzymeactivity
at 11445U/mg. The specific activity was observed to
be declining after the optimal concentration dueto the
lower hydrophobic interactions between the protease
enzymegroupsandionic moietiesof thelL.
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Purity study on gd filtration chr omatogr aphy

Theresulting fractionswereundergone purification
on G filtration chromatography column. Based onthe
molecular weight thetarget proteinswereeluted. The
resulting peek from the GFC chromatogram confirmsthe
purity range of the systemsisshownin Figure4. From
the GFCfractions, ionicliquid based ATPsystem achieved
high sdlective separationfor bromelain extraction.
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Figure4: G filtration chromatography of thefraction fromIL systems.

CONCLUSON

Thiswork depictstheresolving power of IL based
ATPsystemfor the separation of Bromelainfrom pine-
apple crude extract. This method provides aconve-
nient method for pure enzyme extraction. Theextrac-
tion of bromelainthroughionicliquid based ATPsys-
tem provessimpler and faster process compared with
other conventiond gpplications. lonicliquidsbased ATP
system showshigh selectivity and easy scdability of the
systemwhichfavoursthelarge sca egpplication of bro-
melan purificationinindustries.
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