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ABSTRACT

Differencesin thermal stabilities of proteinsare very common and determi-
nation of nature of non covalent interactions that contributes such differ-
encesisof immenseimportancein protein science. Thisstudy isan attempt
to identify the intrinsic physicochemical factors that contributes toward
stabilization of protein under various denaturing conditions. a-Amylases
fromBacilluslicheniformis (BLA) and Bacillusamyloliquefaciens(BAA),
significantly differing in their thermal stability, were usein thisinvestiga-
tion. The thermal stabilities of both the enzymes were compared by using
activity measurement, thermal unfolding and determination of transition
temperature (T, ). Formation of salt bridge was found to be an important
factor that confers stability to both the enzymes. The analysis of amino
acid sequences of both the enzymes indicated that BLA has more hydro-
phobic score compared to BAA. Based on this study, it is suggested that
the additional hydrophobicity of BLA intensifieshydrophobicinteractions
inthe coreregion and form rigid and compact molecular structure.

© 2012 Trade ScienceInc. - INDIA

KEYWORDS

Thermal stahility;
a-amylase;
Thermal transition
temperature;
Salt bridge;
Hydrophobic score.

INTRODUCTION

a-Amylases play animportant rolein starch based
indudtries. They havebeenisolated fromvarioussources.
Among all the sources, themicrobia a-amylases have
been utilized maximaly dueto their suitable character-
istics. Amongthemicrobid a-amylases the bacterial a-
amylases, especidly fromthegenusBacillus, arewiddy
used invariousindustries. They have awiderange of
temperature, pH and other phys cochemica conditions
inwhichthey exhibit their optimum activity. Sincema

jority of industria applicationsrequirether useat higher
temperatures (up to 110°C), itisimperativeto havethe
enzymeswith higher therma stability™™. Thereareanum-
ber of enzymesavailablewhich show the optimum ac-
tivity at very high temperature. Such enzymesare gen-
erdly isolated from thermophilic organismsgrowingin
extreme habitat having temperaturein therangeof 90 -
120°C. In addition, anumber of effortshave been made
tomodify themesophilicenzymesto enhancether struc-
turd gtability and functiondity over awiderangeof tem-
perature. Therationd designing of protein/enzymewith
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improved functiondity would require knowl edge about
thenature of interactionsand other factors, which con-
fer sructurd stability and functiondity over awiderange
on temperatureand pH. Theidentification of intrinsic
and extring cfactorsthat contributeto the stabilization
of thermophilic proteins has provided valuableinfor-
mation for stabilizing proteinsunder different conditions,
and for designing more stablemutant proteins. In order
to obtaintheinformation about structura stability, many
efforts have been madeto €lucidatethenature of inter-
actionsthat confer addition stability to aparticular pro-
tein. Thedifferencesin gructura stability of severd pro-
teinsaregenerally assed by severa methodsincluding
thermd inactivation, therma or chemica denaturation
and deductionof T_todefinetheir relativestabilities,
The determination of three-dimensional structureand
characterization of structure stabilizing intramolecular
interactionsare of great interest in enzymol ogy. The
present study isan attempt to discover the structural
attributes, which areresponsiblethe differencesinthe
structural stability of a-amylases from Bacillus
amyloliquefaciens (BAA) and Bacilluslicheniformis
(BLA). Structurewise, both the enzymesare highly
homologous, but they vary intheir thermal stability and
the cata ytic efficiencies?®. Theamino acid sequence
alignmentsof BLA and BAA revealed at |east 80%
homology and thethreedimensional structureof both
theenzymesare expected to be similart®.

Severd explanationsare suggested for difference
inthethermd stability of above mentioned a-amylases.
Although, both the enzymesreved significant level of
structural homologies, it isanticipated that the numbers
of intramolecular ionicinteractionsdiffer between BLA
and BAAR, Inthe present study it wasrevealed that
BLA andBAA both havedructurestabilizing sdt bridges
that can be dissociated in the presence of salt, how-
ever, thepropensity to form non cova ent hydrophobic
interactionswere found to be more prominent in the
primary structureof BLA compareto BAA.

MATERIALSAND METHODS

Chemicalsand reagents

a-Amylases(BLA andBAA), sarch, dinitrosdisylic
acid, bovineserumabumin (BSA), CaCl,, acrylamide,

citric acid and disodium citrate were procured from
Sigmachemicalscompany, . Louis, MO, USA. All
chemicalswereof anaytical grade. Quartztripledis-
tilled water wasused for dl the experiments.

Protein estimation

Protein concentration was determined by record-
ing absorbance of the enzyme sample at 280nm on
shimadzu UV- spectrophotometer modd UV-1601 and
using extinction coefficient of a-amylase as 14.46/1.
Alternatively the protein concentrati on was determined
by Lowry method using standard of BSA™2,

a-Amylase assay

a-Amylase activity was measured by using
Bernfeld method™*® for estimation of reducing sugar.
Theenzymesolution (1 pg/ml) containing 1 mM of
CaCl2 wasprepared in 0.02M buffer, having differ-
ent pH ranging from 1.5-10.0. Reaction mixture, con-
taining 1 ml of 1%(w/v) starch solution and 1 ml of
enzymesolutionin buffer, incubated for 5minat 37°C.
The reaction wasterminated by addition of 2 ml of
1% (w/v) dkalinedinitrosalicylic acid solution. The
whole solution wasthen subjected to heat in boiling
water bath for 10 min. After cooling the solution was
diluted fivetimesusing tripledistilled water, mixed
properly and absorbance was recorded at 540 nm.
Theactivity was cal cul ated by using maltose standard.
Oneunit of a-amylase was defined as amount of en-
zymerequired to hydrolyze starch to produce 1pumol
of maltose under given condition.

Thermal denaturation of a-amylases

Thermal denaturation of the enzymes was per-
formed by recording the absorbance spectrainaCary
Varian 100-bio UV-Visspectrophotometer (Mulgrave
Victoria, Australia) at 287 nmin quartz cuvets, path
length of 1 cm using scan rate of 1°C per min in the
temperature range of 40 - 90°C. The concentration of
protein solution wastaken as 8.5uM, throughout the
experiment. Thefractionsunfolded (F ) of theenzymes
at each temperature were cal cul ated using equation4;

AL -Ay
oAy ®
whereA  andA  aretheabsorbance of nativeand
denatured state of protein and A, isthe absorbance of
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protein at agiventemperature T (°C). The T, of the
enzymeswas obtaned after normalizing theabsorbance
of native and denatured state (between O and 1.0) and
thefraction unfolded was plotted against temperature.

Intrinsicfluor escenceand acrylamidequenching

Fluorescence measurement was performed on a
Shimadzu spectroflurophotometer model RF- 5000
equi pped with temperature-control device. Intringcfluo-
rescence spectraof theenzymewererecorded at 25°C.
For intring c fluorescence excitation was set at 280 nm
and emissionwasrecorded intherange of 300—400nm
using dit width of 10 and 5nmfor excitationand emis-
sion respectively. Protein concentration for al fluores-
cence experiment was 50ug/ml. Fluorescence quench-
ing was performed by sequential addition of 10 ul
acryamide stock solution (2M) to 2 ml of a-amylase
solutionsand recording of emission spectra. Excitation
was set at 280 nm and emi ssion spectrawere recorded
in the range of 300-500 nm after each addition of
acrylamidestock. Theacrylamidefluorescence quench-
ing of protein sampleswereanayzed by Stern-Volmer
equation(®,
F/F=1+Ksv[Q] 2

wheretheF, and F arethefluorescenceintensity at
340nm (for BAA) and 337nm (for BLA), in the ab-
sence and presence of quencher (acrylamide) respec-
tively. Ksv is Stern-Volmer constant, which can be ob-
tained from the slope of the curve of F/ F versus
guencher concentrations.

RESULTS

In spite of enormous stability difference between
BAA andBLA, they shareanumber of commondlities
with respect to activitiespH and mechanism of cataly-
ss. Theactivitiesof both the enzymeswere measured
at different pH in the acidic and alkalinerange. The
optimum pH range of both the enzymewasfoundto be
intherangeof pH 5.0-8.0. AsshowninFigurel, with
increasing or decreasing the pH and beyond the opti-
mum range, resultsininhibition of enzyme. Intheacidic
region theenzyme activity sharply dropsbel ow pH 5,
whereasinadkainerangethemargind lossintheactiv-
ity was observed above pH 9.

Every enzymehasan optimumtemperatureat which

—=> Regulor Paper

4 T T T T T T
ey a
o T O
b =
W f/ - O— T
= 3t d B™0—0g 5
o i S
o / . / et
I= / '
- /-*’ /
X 2t // .
= ,f'f /
= o
® [
@ 1 L VII."J},'f" -
E _."::,—’{
8t/
c
w |/
s] ]
1 1 1 1 1 |
3 4 5 8 7 a 9 10

pH
Figurel: Activity profileof a-amylasesasafunction of pH.
Thecurves(a) and (b) represent theactivity profileof BLA
and BAA, respectively.
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Figure2: Theactivity profileof a-amylasesactivity asafunc-
tion of temperatureat pH 5.9, in 0.02M citratebuffer. The
curves(a) and (b) represent theactivity of BLA and BAA,
respectively.

theactivity isfoundto bemaximum. Deviationfromthe
optimum temperatureleadsto lossof enzymeactivity
and subsequently denaturation. The activitiesof both
theenzymesweredetermined at different temperature
andthey werefound to differ significantly at eachtem-
perature. As shown in Figure 4, BLA was shown to
havethe optimum temperature approximately at 75+
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Figure3: Thermal denaturation profileof BLA and BAA.
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Figure4: Effect of K Cl onthethermal denatur ation pr ofileof
BLA and BAA. Theprotein solutionswereincubated in the
presenceof different concentration of KCl for 4 hrsbefore
measurements. (o) Controal (theenzymein buffer only), (A)in
200mM and (V) in400mM KCI.

5°C, whereasBAA displayed theoptimum activity in
thetemperaturerange of 45+ 5°C. At lower tempera-
tures, both the enzymes display ssimilar behaviour, as
their cata ytic activity continued toincreasewithincrease

intemperature, at least up to 50°C. Upon further in-
creasing thetemperature, asignificant differencewas
observed in the catal ytic efficiency between two the
enzymes. Quantitatively, BLA wasshown to have opti-
mum activity approximately 1.5 fold higher than the
optimum activity of BAA.

Thedifferenceintheoptimumtemperaturefor maxi-
mum activity wasfound to be significant for both the
enzymes. Thisindicatesthat thesetwo enzymeshave
different structurd and thermodynamic characteridtics,
which enable BLA to be more active at higher tem-
peratures. Therateof thermd inactivationwasfound to
besignificantly lower for BLA comparedto BAA. The
study wasfurther expanded to eva uate the differences
inthetherma stability by carryingout therma unfolding
assay monitored by UV-visible spectrophotometry. This
experiment facilitated the determination of T_ of both
theenzymes. T_isanimportant parameter whichisusu-
aly defined asthetemperatureat which nativeand un-
folded populationsof agiven proteinremaininequilib-
rium. Asdepicted in Figure 3, both the enzymes have
significant differenceintheir ability toresist heet treat-
ment. For BLA and BAA the T_vaueswere deter-
mined to be61.5 and 84°C.

After having established thedifferencesin tempera
tureoptimaand therma stability, investigationwasfur-
ther extended to € ucidate the nature of intramolecul ar
interactionsthat confer structura stability. Itisreported
that the higher thermal stability of BLA isessentially
dueto the presence of additional salt bridges? 3. The
additional sat bridgesrigidify theenzymestructureand
thereby shifting thethermal unfolding curvetowards
higher temperatures®. It is understandabl e that the
presence of appropriate salts, such as NaCl or KCl
may interferewith sdt bridgeson the protein surfacg®l.
Inthelight of thisfact therma unfolding assay was car-
ried out in presence of different concentrationsof KCl.
It is expected that if the presence of additional salt
bridgesisthemg or respons blefactor for higher stabil-
ity of BLA, thedisruption of salt bridges may reduce
thegtability. Asevident from Figure 4, addition of KCl
resultedindecreaseinT_of boththeenzymesinacon-
centration dependent manner. In presence of 400 mM
KCltheT _of BLA and BAA wasfoundto bereduced
by 5°C and 4°C, respectively. However, the decrease



RRBS, 6(2) 2012

Jay Kant Yadav 63

Hydrophobic score
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Figure5: Hydrophobicity distribution of BLA (—) and BAA
(=) intheir primary structure.
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Figure6: Intrinsic fluor escenceemission spectraof a-amy-
lasefrom (a) BLA and (b) BAA in 0.02M citratebuffer at pH
5.9. Thefluor escence emission maximum isfound to be 337
nm for BLA and 340 nmfor BAA.

inT_ valuesinthe presence of KCl was evident for
both the enzymesand not selectivefor BLA. Thisfind-
ing establishesthat both the enzymes have equivaent
amount of salt bridgesand their disruption resultsre-
ductioningtability.

Since, bacterial a-amylases are devoid of
disul phide bridges, the next possible contributing fac-
tor for enhanced stability of BLA might be the addi-
tiona hydrophobicinteractions. Itiswell evident that
thethermal stability for anumber of proteinsiscon-
tributed by hydrophobic interactiong” 8, Therefore,
it wasimperativeto have acomparativelook at the
primary structures and average hydrophobicities of
BLA and BAA. The amino acid sequences of both
the enzymeswere withdrawn from protein databank
and hydrophobicity scorewas estimated usingacom-
putationd agorithm “ProtScale”. This algorithm com-
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putes hydrophobic profile of an amino acid sequence
of aselected protein. Asshown inthe Figure 5, the
hydrophobic score and number of residueinthegiven
amino acid sequences were plotted on they and x
axes, respectively. From Figure 5 it isevident that
the average hydrophobicity along theamino acid se-
guenceis variable between two enzymes, however
BLA has more hydrophobic region compared to
BAA. The additional hydrophobic residues might
enhancethe non covalent hydrophobic interactions
in the core region and also the packing density of
BLA. Theintring cfluorescenceand quenching studies
suggested that the differencein the thermodynamic
stability of both the enzymesaread soreflected intheir
degree of molecular compactness. Asshown inthe
Figure 6 thewavel ength of maximum intrinsic fluo-
rescence emission (A __) was found to be 337 nm
and 340 nmfor BLA and BAA, respectively. This
indicatesthat the aromatic amino acidresiduesin BLA
arelocated in relatively more hydrophobic environ-
ment compared to BAA. The acrylamide quenching
study reproduce that BLA ismorerigid and com-
pact compared to BAA. Asshownin Figure 7, the
slope of Stern - Volmer plot ishigher for BAA com-
paredto BLA, probably dueto the high penetration
of acrylamideand quenching of intrinsic fluorescence.
The findings from intrinsic fluorescence and

b “% ? i
;

0.00 0.04 0.08 0.12 0.16 0.20
Acrylamide (M)
Figure7: Stern-Volmer plot for acrylamidequenching of a-
amylasesfrom (a) BLA and (b) BAA in 0.02M citratebuffer at
pH 5.9. F, and F arethefluorescenceintensitiesin the ab-
senceand presenceof acrylamide, respectively.
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acrylamide quenching studies suggest that BLA has
more hydrophobic and compact core structure com-
pared to BAA.

DISCUSSION

From the above experimentd datait isevident that
BLA ismore stable and resistant against the thermal
denaturation and inactivation compared to BAA.
TABLE 1 summarizesthe comparativedifferencesin
the biophysical parameters of both theenzymes. The
reduction in activity asafunction of pH dependsonthe
variousfactorssuch asacid induced unfolding dueto
alterationintheionization of active siteresidues, al-
tered stability, changesin the molecular compactness
and exposureof hydrophobic clusters.

Although both the enzymes catalyze the samere-
action, they differ intherate of reaction and thermal
gtability. Thetherma denaturation profileindicated that
BLA structureismorestable. Thedecreaseinthe T
of both the a-amylases in presence of KCI might be
dueto disruption of salt bridgesunder highionic con-
centration. Although thereductioninT_ of both the
enzymesinthepresence of sdlt, it isnot very signifi-
cant. Therefore presence of salt bridgesalone cannot
explainthedifferencesin thermal stabilitiesof boththe
enzymes. Thesefindings suggest apossibility of in-
volvement of additiona non covalent interactions,
which might be operating synergisticaly, withthefor-
mation of salt bridges, to enhancestability of BLA.

The hydrophobic score obtained from the amino
acid sequence of both the enzymes showed that BLA
has more hydrophobiclocaizing domain compared to
BAA. Intrins c fluorescenceand acrylamide quenching
studiesindicated that the BLA hasmore nonpolar envi-

TABLE 1: Comparison of biophysical parameter sof a-amy-
lasesfrom BLA and BAA

a-Amylases
Parameters

BLA BAA
Optimum temperature (°C) 60 - 70°C 45-55°C
Tm 61- 62°C 84°C
Optimum pH 55-9.0 55-90
Emission maxima (Amax) 337nm 340 nm
Absorption maxima 280nm 280 nm

Optimum concentration of CaCl, 1-2mM 1-2mM

ronment compared to BAA. However, apreviousstudy
hasshownthat thethermd stability determinantsin BLA
are concentrated in aparticular regionthat dependson
thepattern of protein folding and triadic metal binding
site’®l. Based on the aboveresultsand previoudy pub-
lished data, it can be concluded that additional salt
bridges and hydrophobi c interactions simultaneousy
confer higher therma stability to BLA.
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