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ABSTRACT

Assessment of thermodynamic stability of a protein is an essential step
toward its characterization. The present study elucidates the significance
of incubation conditions, such asretention time, on the accurate determina-
tion of thermal denaturation temperature (T ) of protein. A reciprocal rela-
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tionship was evident between scan rate and value of calculated T of two
a-amylases differing in their thermal stability. Based on this observation it
is suggested that the scan rate should be considered as a vital parameter
while performing thermal denaturation and calculating the T and further

analysis of data.

INTRODUCTION

Themeasurement of thermodynamic sability of pro-
teinsisan essential practicevery often used to examine
theaffect of variousmutationsand avariety of extrinsc
factord!. The simplest way to detect the stability of a
proteinistodetectitshiologicd activity asafunction of
denaturing conditions. However, such gpplicationsare
limited only with biologically active proteinsand they
do not provide enough information about the structural
aterationsinresponseto dtered stability. Therefore, a
parale anaytica approachisawaysnecessary to as-
sessthethermodynamic stability of proteins. To date
thereareseverd methodsavailable. Many physicd tech-
nigues can be used to monitor an unfolding event, in-
cluding circular dichroism (CD), fluorescence, optical
rotation, or UV-visible spectrophotometry4. Thesig-
na of hydrogen exchange (HX) in proteins, asmoni-
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tored by nuclear magnetic resonance spectroscopy
(NMR), can aso be used in these studies® ©. These
techniques are based on signal differences between
native and unfolded states. Traditionally protein dena-
turationismonitored either by involving chemical dena-
turantsor temperatureto obtain two useful parameters,
suchas, C_,, (or T ), theconcentration of adenaturant
(temperature) caus ng unfolding of 50% protein mol-
ecules, and 6G— , thefree energy change of unfold-
ing. Thesetwo parametersare of vital importancein
defining the thermodynamic stability of protein under
given conditions. Particularly, withtemperatureinduced
unfolding of an enzyme/proteinit isimportant to con-
sider thesignificance of retention timeof at each tem-
perature, and its effect on accurateestimationof T _.
Congderingthispoint of view aninvestigationwascon-
ducted to evaluate the effect of scan rate ontempera
tureinduced unfolding of twomicrobia a-amylases and
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on accurate ca cul ation and extraction of T.

MATERIALSAND METHOD

Materials

a-Amylases (BLA and BAA), starch, dinitrosalisylic
acid, bovineserumabumin (BSA), CaCl2, acrylamide,
citric acid and disodium citrate were procured from
Sigmachemicascompany, St. Louis, MO, USA. All
chemicalswereof analytical 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
usingextinction coefficient of a-amylase as 14.4611. Al-
ternatively the protein concentration was determined
by Lowery method using standard of BSA®.

Thermal denatur ation

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
temperaturerangeof 40 - 90°C. The concentration of
protein solution wastaken as 8.5uM, throughout the
experiment. Thefractionsunfolded (F ) of theenzymes
at eachtemperaturewere cal culated using equationt¥;

A -Ay
v @

WhereA  and A are the absorbances of native
and denatured states of protein and A _ isthe absor-
bance of protein at temperature T (°C). The Tm of the
enzymeswas obtai ned after normalizing theabsorbance
of native and denatured state (between O and 1.0) and
the plotting thefraction unfol ded against temperature.

RESULTS

Thermd denaurationtemperatureisusualy defined
asthetemperature at which the nativefolded and un-
folded population of aprotein remainin equilibrium.
When aprotein subjected to higher temperature, it be-

o

-

L

T T T T T T T T
100 A AT *'*CL}“:"IZZ‘QZEI:QJ
: - (-:(,

S5
:_?) M _';_
a

0.75 E’j{

-

b

o

4 ci

! Jf i
{

_Z" o
I 7 7

Fraction unfolded {Fu)

1.00
0.75

025

Fraction unfolded {Fu}

Temperature (°C)

Figurel: Effect of scan rateon thermal denaturation profile
of (A) BLA and (B) BAA. Theenzymesolutionswer edialyzed
againg 0.02M citratebuffer pH 5.9 containing4.0mM CaCl.,
TheThermal unfolding pr ofilesboth the enzymeswer e ob-
tained by usingthreedifferent scan rates; (a) 0.5°C/min (b)
1.0°C/min and (c) 2.0 °C/min.

ginstoloseitsnative structure dueto disruption of in-
tramol ecular noncovaent interactiong®. Inthe present
investigation two a-amylases (from Bacillus
amylolequifaciens (BAA) and Bacilluslicheniformis
(BLA)), differinginther therma stability, wereusedto
assesstheeffect of scan rate onthe cal culated val ue of
T_. Thetherma denaturation profilesof boththeenzymes
were obtained in the temperature range of 40— 90°C.
AsshowninFigure 1, the calculated value of T_ of
BAA and BLA were found to be 65.5 and 82.6°C,
respectively, using scan rate of 1°C/min. Increasing or
decreasing the scan rate was shown to have significant
effect ontheobserved vaueof T . For exampleat scan
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rate 0.5°C /min, the T, was found to be 62.4°C for
BAA and 79°C for BLA. Furthermore the observed
T, a 2°C /min scan rate was found to be 69.8°C for
BAA and 86.4°C for BLA. From these data it is obvi-
ousthat thedteration of scan ratehassignificant effect
onestimationof T _. Insolution, thefolded state of any
proteinisnot infinitely stabl€'?. It may unfold/ dena-
tureinto an inactive form through avarioustypes of
conformational changes. Although, at higher tempera-
turetherateof unfolding or inactivation of proteinisuse
toberapid, it also dependson theretention timeof the
given protein at aparticular temperature. At partialy
denaturing temperature aprotein or enzymemay un-
dergo unfolding abeit dowly, however, quantitavely it
can be enhanced by increasing theretention time (or
decreasingthe scanrate) at that temperature. Itisworth
discussing theimportance of temperature range pre-
cedingthetrangition zone. Basically themajor confor-
mationa preparednessof aprotein moleculeto undergo
denaturation occursinthisrange. Thereforethereten-
tiontimeat thetemperature prior tothetransitionrange
truly influencesthetransition zone and therefore the
evauationof T_. Theanalysiscan becomplexin case
of irreversibleunfolding and aggregation. Based onthe
above observationit would beworth saying that ther-
modynamic stability can bemonitored by using therma

denaturation curve, however, thecalculated T_isnota
concrete val ue and subject to change depending upon
thevariationin theretention timeat temperature par-
ticularly inthe pre-sigmoidal regions. Thedatawould
be comparableonly whentheretentiontimeisidentica

indl thermd transitions.
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