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ABSTRACT

Aggregation of proteins and enzymesplaysacrucia roleintheformulation
of protein based products. Sugar based cosolventswereimplicated to reduce
the thermal aggregation of a-amylase enzyme. A linear correlation was
observed between concentration of cosolvents and inhibition of thermal
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aggregation. Based on this current study and previously published data it
appears that addition of cosolvents enhance preferential hydration of
enzyme which resist thermal unfolding and therefore reduce the

intermol ecular interaction that form visible aggregates.
© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Under certain conditions proteins undergo non
specificinteractionsthat resultsinlossof function or
gain of toxicfunction. The uncontrolled aggregation
of protein is known to be associated with various
diseases, such as, Alzheimer’s disease, Parkinson’s
disease, and Huntington’s diseasel* 2. Protein
aggregation is considered as most problematic in
protein formulation asit can occur at amost any stage
of production, processing, storage and shipping of
protein-based drugs. It can severely influence the
pharmacokinetics as well as the safety of the such
mol ecules, asthe aggregation of proteinisalsorelated
with unwanted immunogenicity®®. Under in vitro
condition protein aggregation can be induced by
several factors, such as, changein temperature, pH
andionicstrength of the protein solution. Animportant
factor that compromises conformational stability of

proteinsand therefore accel erates aggregation in bulk
solution istemperature. High temperature unfoldsthe
native protein conformation to a degree that
accel erates aggregation(,

Sugarsand polyolsform agroup of additivesthat is
oftenreferredtoas“cosolvents” or “cosolutes”, have been
used to stabilize proteinsunder variousconditions®. In
agueoussolution preferentia exduson of cosolventsfrom
theproteinsurfaceand preferentid hydrationof proteinis
consderedto bethemgor driving forceresponsiblefor
structure stabilizing effect’® 7, It isanticipated that inthe
presence of such cosolventsthe population of partialy
unfol ded aggregati on-pronemol ecul esisdecreased and
aggregation becomeslesslikey. The present sudy isan
attempt toexpl orethemechaniam of temperatureinduced
aggregation of acarbohydrate cleaving enzyme(i.e., a-
amylase) withintentiontoreduceaggregaion of theenzyme
by usngsuitablecosolvents Inthisstudy a-amylse enzyme
wasused asamode protein.
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MATERIALS

a-Amylase (from Bacillus amylolequifaciens),
sucrose, sorbital, trena ose, glycerol, 3,5- dinitrosdicylic
acidandstarchwerecommercidly procured from Sgma
Chemica company St. Louis, MO, USA. Quartztriple
distilled water was used for the preparation of all the
solutionsand 2mM of CaCl, wasused throughout the
experiment.

METHODS

Deter mination of protein concentration

The absorbance of the enzyme solution was
recorded at 280 nminaShimadzu UV-1601 UV Visble
spectrophotometer (Japan) and the concentration of o-
amylasewas cal culated using theequation;

A,,=¢tcl

Wheree is the extinction coefficient (for a-amylse
14.46)1¥, cistheconcentration of proteininmg/ml and |
isthepathlengthin cm. Alternatively, the concentration

of a-amylase solution was also estimated by the Lowry
method® usngbovineserumabumin (BSA) asstandard.

a-Amylse activity assay

Theenzymesolutionwaspreparedin0.02 M dcitrate
buffer, pH 5.9, containing2mM of CaCl,. Theenzyme
and garch solutionswere preincubated for 5minat 37°C.
Thereactionmixture(2ml), containing1 ml of 1%<tarch
solutionand 1 ml of enzymesolution, wasincubated for
5mininatemperature-controlled shaking water bath at
37°C. The enzymatic reaction was terminated by the
additionof 2ml of 1% (w/v) dkdinedinitrosdicylicacid
solution. Thereaction mixturewassubjectedfor 10min
to aboiling water bath for colour development. After
codling, itwasdilutedfivetimesusngtripledidtilledwater,
mixed thoroughly, and the absorbancewasrecorded at
540 nm in a Shimadzu UV-1601 UV-Visible
spectrophotometer (Japan). Theactivity of a-amylase
was determined by using the standard plot of matose.
Oneunit of a-amylase activity was defined astheamount
of enzymerequired to produce 1.0 umol equivalence of
maltoseat pH 5.9 a 37°C in 5 min from 1 ml of 1% (w/
V) corn starch solution*,

Deter mination of thermal aggr egation of a-amylse
Light scattering method was used to determinethe
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protein aggregation. The stock solution of the enzyme
was prepared in 0.02 M citrate buffer, pH 5.9,
containing2mM of CaCl, Theabsorbanceof theprotein
sampleswasmonitored at 330 nm and 360 nm which
arise mainly due to scattering of light by protein
aggregates and the soluble proteinsusudly do not have
any absorption at thesewavel engths* 12, Theprotein
samples were prepared in the presence of different
concentrations of cosolvents, incubated at 20°C for 12
hrs before absorption was recorded at 330 nm and
360 nm after the baseline correction. Alternatively the
degree of aggregation was determined by separating
theinsoluble aggregate by centrifuging at 10000 rpm
and measuring the protein concentration in the
supernatant.

RESULTSAND DISCUSSION

AsshowninFigurel, a-amylase display optimum
activity over therange of temperaturefrom 45-50°C.
Increasing the temperature above 50°C leads to
decrease in enzyme activity. It was shown previoudly
that addition of cosolvents, specificaly sucrose, sorbital,
glycerol and trehalose, prevents heat induced
inactivation and hel psin retaining theenzymeactivity at
higher temperatures®®. Thetherma inactivation of the
enzyme accompanied with non specific aggregation of
unfolded enzyme. The unspecific protein aggregation
makesthe heat denaturation processthermodynamicaly
irreversble. Asshownin Figure 2, heating theenzyme
at 60°C for 30 min results in precipitation of
approximately 80% of the enzymefrom bulk solution.
After heat treatment, neither the aggregate nor the
supernatant could show any enzymeactivity. Thermal
aggregation of the enzyme was observed as amajor
event that concurrently occurred with enzyme
inactivation. Conddering thefact that in agqueoussolution
sugar based cosolvents behave as potential protein
stabilisers, investigation was madeto assessthe effect
of cosolvents, i.e. sucrose, sorbitol, glycerol and
trehal ose, on thermal aggregation of theenzyme. The
enzymewasdissolved in buffer (0.5 mg/ml), containing
different concentrations of each cosolvent, and
incubated for 1 hr at 10°C for equilibration. Latter on
theenzyme sampl escontai ning different concentrations
of each cosolvent were incubated simultaneoudly at
60°C for 30 min. After cooling and centrifugation the

An udéan Journal



BCAIJ, 6(1) 2012

Jay Kant Yadav 19

100 |

§ 80|

14}

=

i b}

=

7

o 60f

=

=

=

s 40|

o

[=

=

$

< B

2

i

Before After
heat heat
treatement treatment

Figurel: Thermal aggregation of a-amylase in buffer. The
aggr egation of theenzymewas quantified by centrifugation
and light scattering method.
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Figure2: Activity profile of a-amylase enzyme as a function
of temper atur e. Enzymesolutionswer eincubated at different
temperaturesfor 5min and after coolingtheenzymeactivity
weremeasured at 37°C using 1% starch solution as substrate.
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Figure3: Thermal aggregation of a-amylase (from Bacillus
amyloliquefaciens) in the presenceof different concentrations
of cosolvent. The enzyme solutions were prepared in the
presence different concentrations of each cosolvent and
subjected for heat treatment (30minat 60°C). The aggregation
of the enzyme was quantified by centrifugation and light
scattering method. The enzyme solution in buffer was
considered ascontrol. Theamount of protein present assoluble
fraction in untr eated enzyme samplewasconsider ed as100%
and therdativeinhibition of aggr egation wascalculated based
onit. Thegraphsarerepresented; (a) trehalose(b) glyceral (c)
sorbitol and (d) sucrose.
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protein concentrationinthesupernatantswasdetermined
according tothemethod described. Asshownin Figure
3addition of cosolvents, Sgnificantly reducedthedegree
of enzyme aggregation compared to in the absence of
cosolvents. A completeinhibition of enzymeaggregation
was observed in the presence of 40% (w/v) sucrose.
Theability of cosolventstoinhibit the aggregation was
found be concentration dependent. Although all the
cosolvents displayed inhibitory effect on thermal
aggregetion of theenzyme, thedegreeof inhibitionvaried
between cosol vents. Such differences could arisedueto
thevariationin the preferentia interaction of cosolvents
with protein and weter. Itisstated in variousfindingstha
cosolventsusudly sahilizetheenzymeagain denaturation
by aphenomenaknown aspreferential interaction4 19,
Presence of cosolventsresultsin preferentia hydration
of enzyme®*19, |n other words, the protein surfacewill
have morewater concentration compared to the bulk
solution. Inaglobular, soluble proteintheamino acid
residuesof different hydrophobicindex areorganizedin
such a fashion that the hydrophobic residues are
sequestered inside and constitute the core, to avoid
thermodynamicaly unfavourableinteraction withweter,
whereasthe hydrophilic residuesaremostly distributed
onproteinsurface. Suchraiond arrangementisnecessary
to provide stability and functional characteristicsof a
protein. Unfolding of the proteinsusualy accompanies
with exposure of corehydrophobic resduesto agueous
environments. Since, such interactions are
thermodynamically unfavourable, the exposed
hydrophobic clusterstend to minimizethe r contact with
water. In agueous sol ution, when such hydrophobic
clustersapproach closer they interact with each other.
Suchinteractionsperpetuate over timeandresultsinthe
formation of largesizevisible aggregates. It wasfound
that these aggregateswere completely solutioninlow
concentration of sodium dodecyl sulphatesolution, which
establishes that the aggregates formed from thermal
denaturation of a-amylase are hydrophobic in nature.
As, it was mentioned previously that the presence of
cosolventshelpsin preferentia hydration of proteins
and thedenatured proteinsarere atively morehydrated
compared to the nativeone®, it could be possiblethat
additional layersof water on protein surface shield the
hydrophobi ¢ face of the unfolded proteinsand inhibit
the hydrophobic intermolecular interactions. At this

juncturetherecould betwo possibilitieswhich might be
responsible for cosolvent induced inhibition of
aggregation of a-amylase. Either, the added cosolvents
may resist the protein unfolding due to preferential
hydration of enzyme or these cosol vents may shift the
folding-unfol ding equilibrium towardstothendive sate
of the enzyme. It was noticed that the addition of
cosolventshad noinfluence once the aggregation was
initiated. Thisshowsthat cosolvent can not reversethe
preformed aggregatesinto native conformation and
closeto nativestate. Thereforeit isclear from above
observation that enzymeisthermodynamically more
stableinthe presence of cosolvents. Neverthelessthe
roleof cosolventsbecomeslimited oncetheenzymeis
denatured or aggregated.
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