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ABSTRACT

Thermal denaturation of f-lactoglobulin tvpe B in the absency and Fresengy

af variuus copcentrubions of

trehalose, suciose and sorbiiol as sugar nsmulvtes and polyols wery measared hy momitoring changes in the

absorption coefficients at pH 2.0. These measurements guve

{cnthalpy change at T}, and ACp {conskant-pressure heal

Using these values of AH,,
of Ty and AG,®

were enthalpy change of demabration,

o and AC, , AGR" (Gibbs eneres chaneet, was determined
coneewtrution of each sugar, It has heen observed that each seigEar seahelices the

vatues ol I, imindpoint of denaturation), AH,,
cupacily chunger under a given solvent condition
at a piven
f-lacroglobulin B 10 terms

- The temperature that comesponds Lo maximenm prodein stabeliy. frois mereased i the
presence of these osmoiytes. The same trend was also ohsened for fi e

lenperanute corresponiding to
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INTRODUCTION

B-Lactoglobulin (B-1z). the major protem of hovine
whey, 15 2 362-amino acid - containing globular
protein with a molar mass (MW) of 18362 g.mol™. and
well-established primary, secondary, teruary,  and
quiternary  structures.  Although the physivlogical
tunction of B-lg is nou clear. f-ly helongs to the
bpoecalin superfamily sharing the common p-hareci
calyx structural feature arranged us an ideal site for
hydrophohic hgands [1-3]. B-Lg is composed of anti-
pardlici p-sheets formed by pine strands lybeled A o I
and  one  ohelix  as  determined by X-ray
crystallography [4] The wertiary structure of B-lg 1s
strongly stabiliced by two disultide bonds (Cyu66—
Cysiol and Cysl06-Cys] 19, which scem to play an
impertant role in the reversitnlity of B-lg denaturation
[5]. In 1953, it was tound that bnvine [Hlg cxisted in
two genetic forms that differed shghtly in their
electrophoretic behavieur on paper at pH 8.6. These
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forms are called B-lactoglobulin A (P-lgAy aad
P-lactoglobelin B (B-1¢B} [6]. Although, scveral
other B-br wenctic variants cxist, A apd B arc
predonunant. Vudant A differs in ymino acid
scquence  from varlant B at position 64
{AspA—GlyB) and 118 {ValA—AlaB). These
differences result in distinet biophysical and
biochemica! propertes of the varianss, such as
beat stability. sclf ussociation propertics and
selubility [7].

Considerable nme in nearly all Gelds of
biochemical sciences is devoted to improving
prodein stability, which is the result of a balunce
between  the  inramoleculsr  intcractions  of
protein functional groups and their intcraction
wilk solvent environment [8-10]. Naturally
oceurning asmolytes are co-solvents that are uscd
1o prolect organtsms frm denaturation by harsh




7. Saadati ct al. / T Phys. Theot Chem, LAU Tran, 6(2). 79-86, Summer 2009

envionmental  stresscs.  These  molecules
stabilise proleins, mot by imteracting with them
dircetly but by alferimg the splvent propertics of
the surroundmg water and hence the protein-
snlvent interactions[10]. Their effect scems to be
general for all protems. They have no inhibitory
or enhancing cffects on hiolngical activity under
phvsiological conditons hence are called
compatihle  osmolyte  [9,11].  Stahilizing
osmulytes are chemically diverse and include
such chemical classes as polyols, centain aming
acids and their denvatives, and metbvlaminc
conmpuunds [11]. There arc vanous mechamsms
that have been used to explain the chservation on
the effect of osmolytes on  the protein
denaturation equilihtium, native (N} state
denatured (D) state [12-15]. The most widely
used mechanism 15 duc to Timasheff [i4].
According w  this mechanism  osmolytes
stabiiiseNstale becanse they are preferentially
cxcluded from the protcin surface, for the
preferential cxclusion increases the chemical
potential of the protein proportionately (o suivent
exposed surface area. Thus, by Le Chatelier's
principle, osmolytes favour the more compact
state, i.e, the N statc over the strucwrally
cxpanded state, 1.2, D state. Heneo according to
this mechamsm AGp. the Gihbs frec cnergy
change associated wilh the denaturation process,
N state + D[ state, should incrcase in the
presence of osmolyics. for AGp= —RTI([D][N] )
where square brackel represents conceniration.
The most recent mechanism of stabilisation of
proicins by osmolylcs is due to Bolen aod co-
workers [15]. According to this mechanism
osmolyies stabilisc N state because of their
overwhelming unfavourahle interaction with the
pepude  backbone. Thus. this “‘osmophohic
effect’ fuvours the N state over the D statc of
proteins, Hence, aecyrding to this mechamsm
AGp should increase in  the presence of
osmolytes,

Previous studies showed that osmolytes such as
sugar and polvols effect on denaturanon and have
found that sugar and poivols have a stabilizing
effget, increasing  thermal denaturating
temperaiure of P-lg and other globular proteins
[16-25] The main cynclusion of these studies 13
ihat all osmolytes act ndcpendently on the
proicin, Lo, myne of the osmolylcs alters the
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efficacy of the other in forcing the protein to fold
or unfold.

In the present work, the mles nf trehainse,
sucrose and sorbitol as sugar osmolytes on the
thermodynamic stahility of P-lactoglobulins B
during heat stress have been extensively smdied al
VATIOUS SUgar concentrations.

EXPERIMENTAL SECTION

Chemicals _
Commerciafly lyophilized bovine B-ig B was
purchased frum Sigma Chemical Co. Glycine
was froom Merek. D-surbitol. Dlmannityl, D-
(rebalose and D-suerose were aiso ubained from
Sigma. Al ot the used Chnl‘mn:a\s wene
analytical-grade reagents  and uscd without
further purification. Prytein stock snlutmns were
filtered using 0.45 um milipore filter paper. The
concentraion  of  P-lgB wﬂsl dﬁtﬁrmmed
experimentally vsing a value of 1?6[}{] M em?
for the molar absorption coeff cn:nt {g) ai 2R0 nm
and pH 2.0. For optical measuremenis  all
solutings were prepared io 0,05 M glyeine butfer

atpti 2.0 and 25 °C . i
Thermal Denaturation of B-1gB
Thermal denaturation studies were carricd out in
a Cary 300 UV-vis spectrophotometer with a
heating rate of 0.5 °C/min. The requircmeot for
cquilibrium conditions was achieved by (his scan
rate. Each sample was heated from 2 to 93 °C.
The change 1n absorbance of B-lg A at a fixed
concentration uf cach osmoivte with increasing
temperature was follpwed at 293 nm.. The basic
obscrvatioo was a heat-induced traosition curve,
ie. a plot of an opucal pmpﬁrty. agalost
temperature. Ty obtain  values of T (the
midpoint of the ransigon I:lll"'-'t.‘.) and AH,, (the
cithalpy change upon depamration at Ty) a
noniinear least-squares analysis was used to it
all the data pypints of the - transition curve
according to this relation [26]:

v\{mhmm&%{]—,—;ﬂ
AR,

Sy

R T T,

W= (1}

l+expf-
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Where y(T) s the optical property at temperature
Tk ), Vi (T) and y,,(T)are  the optical

s}

properties of the native and denatured protein

molecules at T, respectively. and R is the gas ¢ WW A
constant. In the analysis of the transition curve, it 2 1 .

wag assumed that a parabolic function deseribes T ] o

the dependcnce of the optical propertics of the &, "o
nafive and denatured protein molecules {Le., s -
FalT)= ay + byl + enT and yoi )= ap + BT + epT’, & ‘ot
whete ay, by, ¢y, 8p. bp, and ¢ are temperatire- = o 'j:.‘.
independent cocfficients) [27, 28]. A plot of AL, T4 Ve
versus Ty, gave the value of AC, the temperature- L4 | A
indcpendent heat capacity chanpe ar canstant Lt —, ,
pressure. AGp(T). the value of AGp at any L Rl L W
temperature T was estmated using  Gibbs- Temprature, K

Hclmhiodtz equation with values of T, AH,, and
T
ACy AG=AH,(-7)-AG,(0, D+ Tin 1] ()

" I

i B
RESULTS . %ﬂ_
All depaturation curves were measured at least - o] -‘"ﬂ.n',
three umes. Fig. 1 shows the representative LI * o
denaturation curves of f-lg B in the presenceand g £
absence af trchalose. sucrose and sothiwl. To F ™ '“;'.
convert the reversible heat-induced optical <9 ] oot
transition data into thermodynamic parametcrs, HH 1 P
the foluwing assumptions werc made, First, the L 4 5%
transition between N and D states follows a two- i L— . . .
state  mechanism.  Sccond, the femperamre w = o b
dependeocies of Yy and ¥y, are parabolic Third, Temrature. K

esmolytes have no effeet on the conformational

ACp of  B-lgB. Making use of the first two o
fssumptions, the thermal wansition curves were UL-—“"_'——%’ €
analysed according to eqn (1), and the anulysis _ Fogll
yiclded walwes of T, and AH, with their T | o
uncerlainties. Data fitting was done using Sigma e . ‘:':J.
Plot 10 software [29]. F ta

The dematuration results in 075 and 10 M 5 i
trchalose eould not be analysed o estimate fitting -+ fu";
paramcters  due to high  dispersion of  the 1w ] '{i‘:;:#
experimentul points. It scems the assumptions that 40 | "'y
have been made for analysing the ransition curve e . . .
failed under these conditions. The values of T, e 0 un w0

AT, AF, and AAH,, { the dufference betwoen A,

in he precence and absence of osmolytes) for f-lg Fits, 1, Thermal denaturation curves of -
B i the presence of dﬂfer&_:m Conceniramamns (.;-f lactoglobulin B in the absence and presence of
irchalose, sucrose and sorbitl are collected in Trehalose (A). Sucrose (B) aud Sorhitol (). buffer

Tablc 1. (#). .25 M (0), 0.5 M {4, 0.75 M {Ayand 1M (w).
g1

Temprature, K
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Making use of the third assumption

{independence of AC, from osmolyte
concentration), we plotted A, as a function
of Tm at each fixed concentrabion of an
gsmolyte. The value of 5.30 kJ.mol” X!
obtained for ACp of B-lg B. Thermal stability
curve, i.e., the vanation of AGo{T) versus T,
was censtructed for B-lg B in the presence of
varous concentrations of osmolytes and
shown in Fig. 2. Tables 1. present the values
of AGg® {Gibbs free encrgy change at 25 °C)
at different enncentrations of trebalose,
sucrose and sorbitol for B-lg B. This table also
shows %AAGe, the percent change i AGg”
of the ptotein due the presence of sugars{s);
%AAGD® =100 [AGo® {in the presence of
sugar(s)) - AGp” (in the absence of sugar)]
/AGq” {in the absenee of sugar).
The value of T was obtained cxactly from
Fig. 2 {temperature of the maximum point 10
plot of AG® against T). The values of T and
AHs were used 1n eqn {3) to estimate Ty, the
tempcrature at which the enthalpy changes of
denaturation cquals zero [30].

Tn = Ts~ (AHs/ AC;) {3)
Since AH at T (AHg ) is equal to AG at
{AGs: the maximum of AG) according w0 AG

Ts = AH - TAS with AS = 0 at Ts, eqn (3)
may be simplified to
Ty = Ts~ (AGs/ AC;) (4)
Another  important  thermodynamic
paramcter that can be determined from
thermal  stability profiles 150 Tg', the
temperature at which the Gibbs energy
change of deoaturation 15 zero but the
entropy change of denaturation is negative.
Ty’ charactcrizes the cold denatration of a
protein and can be derved from cootinuing
the left side of the thermal stability curve.
This paramcter was estimated from the
following equation[31]: !

L,

=" . 5
3T, -2, ®)

e

The estimated values of Ty, and Ty were
uscd tp determine Tg' with the help of egns
(5). The values of Tg', ATg' { tﬂe difference
hetween Tg” In he precenee and abscnce of
osmolytes), Ty, ATy{ the difference between
Ta in hc precence and absence of
psmolytes). Ts and ATg thus obtained at
various concentrations pf msmolytes are
given in Tables 2. for -1g B. HF

Tahie 1. Stability parameters of B-figB in the presence of various concentrations of sugar osmolytes

and polyols al pH 2.0

Osmuly fes M Tk ATJK AR R me")  AAH.{k)mol) AGHLmor ) YAAL
Control .00 3482412 B0 411.242.3 000 0.9£06 . 0.00
Trchaloge 025 90217 20 416,924 5,70 40 4206 136
G50 3520413 38 4247423 14.0 41.930.7 500

025 349713 15 414 823 3.60 40306 100

Sucrope | O-S0 3515815 1.3 477424 11.6 415406 400
075 3526412 44 427 7421 17.0 42 5405 6.50

LG 3546113 6.4 443, 1£2.6 3210 45.310.4 14.0

0,25 3406412 14 4142225 3.00 30.1£0.6 050

, 0.50 3314416 32 4219523 Ty 41,4407 1.80
Sorbilol o5 3527414 45 478052 4 17.0 474405 6.30
100 354.0£13 58 435.542.6 240 43040 4 Y
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Fig. 1. Thermal stabinty curves for f-lacteglobulin B in
the Trehalose (A), i the presence of Sucrosc (B}, and
Sorhitol {C). The points joined by contiuuous Knes
correspond i the exporimental measuretnents and the
dashed lines bave been caloulated usihg eqn(2).

DISCUSSION

All thermodynamic quantities, given in Table |
were obtained from the analysis of heat
denaturation curves of B-lg B in the presence
and absence of different sugars {c.g., see Vigs.
13. This analysis according to eq. (1) assumes
that the transition between (he native and
denatured states is a iwo-state process, Most
authors statc that the p-lg unfolding ean be
represented by a two state reversible transition
between native and unfolded states N—U in
the presence of osmolytes, polyols and cte. [21.
32-37]. T can be seen in Fig. 1 that yp has a
stronger dependency on  teriperaturc  and
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osmolyte concentration than yy, suggesting that
osmolytes are more effective on the denatured
stale of B-lg B. In other words, osmolytes affact
the denatured state of the protein more ihao its
native state, leading to a change in prolein
stability. This case is more obvious for sorbitoi
and sucrose than for trehalosc. [t seems that the
eftect of trehalose follows another mechanisr.

Moreover, our curves in Fig. 1 shows that at
the conditions of this study, the transition can
be assumed as a change between two states and
an intermediate state is not clear 1n this case.

Calculated denaturation temperatures show
thal Ty for B-lg B in buffer are 348.2 K
Recently, Chanasattru[38] showed the T,
value of the p -lg solutions withoul co solvent
was 347.15 K and shifled to 349.15 and 359.15
K with the presence of 30 wt.% glycerol and 50
wi.% sorbitol, respeetively. This resull is also
n good agreement with the data reported by
Apenten and Galani [39,40] who gave value
81.2 <C for p-lg in 0.05M glycine =HC] buffer
pH 2.6, Lapanje [41] found T,, to be 83.2°C,
AHm (414 kJmol™), and AGp"(41 kJmol™) for
p-ig- The values of AGp” have been delermined
by substitution of corresponding values of AHm,
T and ACy into eq. (3).

It 1s seem In Fig. 1 {also sec Tables 1) that
T of B-lg B at pH 2.0 increase linearly with
an increase in the concentration of individual
sugar. The AHn, values of many proteins
remain unchanged in the preseace of varous
osmolytes [22, 23, 42-47]. We have also
observed that the AH, of f-lg B in the
presence ol different  sugars  shows
msignificant  depeadence on  type  and
concentration ol the sugar. This und eariier
observations suggest that sugar osmolytes
have no significant affinity on the protein.

We have detcrmined ACy= (CAH/ET ) )p
from the linear plot of AH, and T., values at
PH 2.0. The valuc of ACp in the presence of
different concentrations of sugars is 5.3 kJ
mol'K" for B-lg B. A DSC { differential
scanning caiominetry) study of thermal and
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cold denaturation of B-1g was reported that in
agueous solutions at pH 2.0 (0.1 A KCITHC)
ACp=5.58 + 0.7 k] mol K" [48].

Our previous calculated parameters of p-lg
A showed that AGn” values of native B-lgA
are grealer than those of native p-lgB [49].
Thus, it can be concluded that native B-lgA
has a higher thermal stability relative lo native
B-lgB. These data are in a pood agrecment
with previous reports which suggest thal the
difference in the thermal behavior of B-lgA
and P-lgB can be explained by the
destabiitzation nf the core of the B-1gB relative
to f-ig -A. leaving a cavity formed by the lnss
of the two methy! groups as a result of the
substitution ValA— AlaB [34, 50, 51].

The effeet of sugars on protetn stahility
have been explained in terms of preferential
more favourable than the corresponding
interaction with non-polar groups [535, 36)
Thus stabilizing/destabilizing osmolytes will he
preferentially excluded/zceumulaied  around
protein backbone. This prediction is consistent
with the thermodynamics of preferential
intcraction of stabilizing and destamlizing
osmolytes [54, 57 and 58)]. This new molccular
mechanistn  for  psmolyle-induced  protetn
stability also predicts that psmplytes having the

|

i
same fraction of the polar conlact surface area
will have the same effect on the protein
denaturatinn equilibrium [55].

T increases with  rising  sugars
concentration. It means that the cold resistance
of B-lg B decresse with nsing  sugars
concentratinn. Changes in Ty show an increase
al all concentratinns of sugar osmolytes.
Following Baldwin's suggestion bmnding and
preferential exclusion of these coselutes [10,
14, 52]. which is supported by recemt
observatinns on Lhe transfer-free energy of
protein groups from he snlvent waler (o the
co-sclvent agueous solutions [33]. Both
Timasheffs and Bolen's group have argucd
that the source of stabilization of protein by
sugars 5 the shifting of denaturation
equilibrium towards the N siatc [53, 54]. Thus,
what effects eo-solvepls will have on the
denaturation cquilibnum. N state « D state
under the native condition will be known only
by measuring AGp” . It is seen from Tables 1
that the effect of sugars on AGn” of protein
increases wilh incrcasing sugar coneentrations
at pH 2.0. It is seen that the %AAGY
increases willi the molar concentratinn of the
additive.

Tabte 2. The values of Te'. AT, Tr, AT, Ts and ATg associaled wuth thermal denaturation of f-IgB in the absence
and presence of various concentrations of sugar osmolyles and potyols

Cramolvtes b TeE ATa"K Ty/K ATg'K T, /K AT /K
Lomtrod 000 2404411 00 270,110 FEY; 2749418 0.0
025 2409415 03 2708513 0.7 275.8+1.3 09
I'tehalose
053 M13E\6 0.9 2713412 1.2 R4 i3
025  241.0%1 2 0.6 270.8¢).4 0.7 275.6+17 0.7
0.50  M15+1.4 11 271.4£1.2 1.3 276.3+1.3 1.4 |
Suerose 075 2416414 1.2 771 5£1.3 14 276.5+1.3 L6 |
100 2411£16 0.7 2711213 1.0 276,513 1.6 |
025 240.9:13 0.3 270,741 3 0.6 775 6+1.4 0.7
050 2414511 1.0 270341 3 12 2762517 13
Sorbitot 75 2415513 1.1 771 414 1.3 276.4+1.% L5
100 241 i+1.4 .7 27101 3 1.0 776 31,3 14 i
34 !
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Although, there is no universal molecular
theory that ean explain the mechanism by
which these stabilizing osmolytes interact with
proteins to affect their stability. However, a
new mechanism based on the observation of
transfer-free energy of the protein backbone
from water {0 aquecus psmolyte splution
predicts that the interaction betwcen Lhe protein
backbpne and osmolytes polar group is that a
protein has the least solubility at Ty [59], i
seems that sugar osmolvtes increases the
solubility of P-lactoglobulins B at  all
concentrations. The temperature at which p-lg
B have the most stability, Ty, follows the same
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