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ABSTRACT

This study attempts to assess the level of dertaiaraf ovalbumin in a chicken egg. The intensity o

denaturation induced by urea apidE(B-mercaptoethanol) was measured at pH 7.0. Ovalbisriglentified as &erpin
class of protein. The denaturation by “ultrasoniastl “densitometry” in terms of partial specifidwme, UO, and patrtial

specific adiabatic compressibilityﬁs, of ovalbumin molecule in buffer solution and noise¢ of denaturant-buffer
solution. The average hydration contributiond@S and ES was determined as functions of temperature usiegsored

and calculated parameters by application of limegression analysis. The negative value®SF were obtained due to the
low concentration of ovalbumin and high value ofitation effect, while positive value o,gs showed a significant

contribution of the cavity effect in case of comgsmibility of protein molecule. The maxima obtainfed the partial
specific volume of ovalbumin in buffer versus temgiere was shifted from 315 K to 323 K on additiohpME in

ovalbumin-buffer solution, which reflects conformeatal changes due to breakage of disulfide bridgas. magnitude of
,ES of ovalbumin increase with increase of concentratb protein and on addition $ME. These changes support the

idea of conformational change of denatured prof€he partial specific adiabatic compressibilityayalbumin decrease
with increase of temperature upto 323 K and theremses, the extent of decrease is higher in pres#igME indicating
the flexibility of ovalbumin increases on additioh BME, so it becomes more susceptible to digestiorgdneral, our
results emphasize the conformational fluctuatidranges in free energy of denaturation and the tipdrgroperties of
ovalbumin in presence of denaturants ureaf@ill. The partial specific adiabatic compressibitifyovalbumin decrease
with increase of temperature upto323K and there@mse, the extent of decrease is high in presen@gielBfindicating the

flexibility of ovalbumin increase on addition PME, so it becomes susceptible to digestion.

KEYWORDS: Ultrasonic Interferometer, Interrelationship, Demation, Ovalbumin, Urea-BME, Partial Specific
Adiabatic Compressibility

INTRODUCTION

Numerous studies have been made to investigatedimaensions of chemical science with biological eyss.
The positive results of the investigations in theddf of physico-chemical studies of protein havieagted the interests of
many researchers globally. In view of the fundarakmtterest in the studies of structural dynami€pmteins, efforts
were made to reveal the molecular mechanism obgichl activity related to a “structure-functiorélationship and in

understanding protein recognition.
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Numerous indirect techniques helped to examinertéthod of protein folding, which enabled the untirding
of thermal stability of proteins. Some of the teigues employed were amino acid determination andssociation with
structure, using denaturants to understand the adstlof protein unfolding, and thermodynamic analysf the
conformations that were part of the unfolding psscél'he thermodynamic properties of proteins dudieigaturation were
reviewed with better precision by Huntingteial. (1995) and Anfinsesmt al. (1975)[1-3]. Contradictory and complicated

outcomes were obtained on conducting thermal uirfgldxperiments by chemical denaturation.

Ultrasonic velocity of solutions has been provedb® a significant physical property that provideseful
informations regarding the nature and the extenbtefmolecular-interionic interactions occurringdolutions. Different
workers have proposed different theories for thieutation of ultrasonic velocity [7-14]. The ult@sc velocities of
aqueous solution of electrolytes and non-electeslytave also been studied [14-17]. The ultrasogliacities of proteins
have also been measured experimentally in aqueduglhas mixed aqueous solvents [18-22]. The sdin& velocity, u,
and densityp, of the solutions [1-3] facilitated the calculatiof various ultrasonic parameters. Some of theutated

parameters were specific acoustic impedance, Zadrbatic compressibilit.

In present study, we want to compare the stabilitgvalbumin in the presence of different denattgam terms
of their unfolding free energy changes, with théptaf partial specific adaiabatic compressibilityhich was determined
by partial specific volume ultrasonic studies. Cadictory and complicated outcomes were obtainedcamducting
thermal unfolding experiments by chemical denatonaf23, 24, and 25]. The secondary, tertiary aondternary protein
structures were denatured by heat and chemicaltalamss, such as urea, sodium dodecyl sulphate YSg&nidium
hydrochloride (GdnHCI) anfi-mercaptoethanoPME). These denaturing elements targeted the bohttegroteins and
broke them. The ultrasonic velocity, u, and dengityf the solutions [1-3] facilitated the calculatiof various ultrasonic
parameters. Some of the calculated parameters wpeeific acoustic impedance, Z, adiabatic complodigi3,
and compressibility loweringAB [23, 25, 26]. The effects of the hydrophobic iatgion, hydrogen bonding [27],
electrostriction [28], ionization [29], and zwittens formation on the partial molal volumes of tbelutes can be
estimated. Recently, many researchers have ina¢stigzolumetric properties of aqueous solutionrotgin constituents’

viz. the amino acids and peptides [27, 30].

Protein-chains of amino acids fold into functiorstituctures in water. Although, those folded streguare
relatively compact, they invariably contain packigfects or cavities. The role of internal cavifieprotein stability and
function has been highlighted through several arpantal studies. More recently, molecular modekmgl simulations of
proteins in solution have allowed for systematiedis of the presence of cavities in different paftthe heterogeneous
protein interior [31]. These studies suggest timatlysis of cavity formation provides an excellentlpe of the properties

(e.g. stiffness and compressibility) of the proteierior [32].

This study aims to identify the stability of ovafbin in the presence of various denaturants. lirgite to do so
by studying the pattern of unfolding. The values adiabatic compressibility, relative lowering of iashtic
compressibility, partial specific volume, and palrSpecific adiabatic compressibility of ovalbuniinphosphate buffer at
pH 7, the change in magnitude of above parametsisgithermal denaturation and the change in madeiof above

parameters for chemical denaturation in presen@®/&f.
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EXPERIMENTAL PROCEDURES

Materials

Ovalbumin, from chicken egg, was obtained from Sigim a purified, crystal form. Chemicals, Urea, and
B-mercaptethanolpME) of analytical grade were obtained from Merclegticals. Double distilled water was used to
prepare all solutions. The solutions’ concentratiarere determined spectrophotometrically in sodanmsphate buffer of

pH 7. Sodium azide was added to the buffer to inktie growth of microbes.
Ultrasonic Interferometry

The ultrasonic velocities of liquids were measupgdiltrasonic interferometer. The multiple frequgnidtrasonic
interferometers (M-82 by Mittals and Co.) were ufmdthe measurement of the ultrasonic velocityhef test solutions of
protein in the temperature range (30 2®5 Measuring cell is a double-walled cell. It [esially designed to maintain a
steady temperature of the liquid with the help ¢h@rmostat water bath. For all measurements, itbieip concentration
of all solutions was between (3.6 and19.7) d.enl*. The working principle is based on the accuratasneement of
wavelengthy, of the medium. The ultrasonic waves of known fiexacyy, are produced by a quartz plate fixed at the

bottom of the cell filled with test solution anceaeflected by a movable metallic plate.
Ultrasonic velocity can be obtained from the eqati
u=v XA

THEORY

According to the Laplace equation, the coefficiehtadiabatic compressibility3§ was found to be associated

with the sound velocity (u), and the density ofusioin ().

B=1/(u) 1)

The level of compressibility lowering is estimatiey the difference in the compressibility betweea solvent
and solution.

AB=P°-P (2)

wherep andp®are the coefficients of adiabatic compressibilityhe solution and solvent, respectively.

Equation [3] determines the relative change inlzatia compressibility.

= OBIR° 3)
The experimental technique of Gekkal. (1986), and Tauliet al. (2002) was applied to find the partial specific

volumeU °. The partial specific volume of a protein is definas follows:

7o = lim

= - ol Vo)/Cl 4)

where \, = (p - C)/ p, ()
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The following equation estimates the partial specitliabatic compressibility of ovalbumin:

lim

Be=(p,10°)

(B15,-V,)IC 6)

wherel ° is the partial specific volume of soluf@;and, are the coefficients of the adiabatic compresgjilf
the solution and solvent, respectively, 6 the apparent volume fraction of the solventsoiution; and C is the

concentration of the solute.

Consequently,ﬁS of a protein, which was estimated experimentallyuld be primarily because of involvement

of cavity and hydration.
Bs =-(L/T°)@V,,, /9P +3AV,, /0P) @

Thermal Unfolding

Temperature-induced denaturation of protein, ugilen conditions was performed as an increasingégature.
The actual temperature of the sample in the cedl @#ained with a thermostat. Occasionally, sampka® also checked

by any possible aggregation due to heat, by lighttering measurement.
RESULTS

The Laplace equatiorB(= 1/pU? was employed to determine the rate of adiabaiimpressibility, B, of the
solutions and solvent, for protein-buffer and pi{ME-buffer systems, respectively. This equation edlf analyze the
thermal stability by ultrasonic studies, using agwnic velocity, u, as shown in Figure 1 and Figui@and density of the
solution, p. Adiabatic compressibilitf3, is shown to decline with increasing temperaturé @oncentration of ovalbumin
and ovalbumiBME, respectively. The decline in adiabatic compiglty in represented in Figure 3 and Figure 4yl

5 and Figure 6.
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Figure 1: U Itrasonic Velocity, U, vs. Concentratia, C, of Ovalbumin in
Sodium Phosphate Buffer at pH 7.0
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Figure 3: Adiabatic Compressibility, B vs, Concentration, C, of
Ovalbumin in Sodium Phosphate Buffer at pH 7.0
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Figure 4: Adiabatic Compressibility, B, vs. Concentration, C, of
Ovalbumin in -BME in Sodium Phosphate Buffer at pH 7.0
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Figure 6: Adiabatic Compressibility,, vs Temprature of Ovabumin in
-BME in Sodium Phosphate Buffer at pH 7.0

The values of partial specific vqumE’,o, of ovalbumin and ovalbumifME system were determined by linear
extrapolation of the apparent specific volume, (¥ to infinite dilution of protein (i.e. zero cosmetration of ovalbumin)
obtained from equation 4. The apparent volumeifsactf solvent of ovalbumin solution, Vthe apparent specific volume

(1-V,)/C and the partial specific volume of ovalbumirdavalbuminBME are listed in Tables 1 and 2 respectively. On

analyzing the data, the difference betwdél of native and that of the thermally denatured bwalin is —2.965 ml.g
and the value obtained after both thermal and oteni®.01 NBME) denaturation of the protein was found to be216.
mig®. As shown in Figure 7 in case of thermal denaimmathe partial specific volume increases with penature steadily
upto 323 K and then decreases while for proteiretgming both thermal as well as chemical denatumapartial specific
volume increases upto 313 K and then decreasd<368tK.
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Figure 7: Partial Specific Volumev® of Ovaibumin and Ovalbumin-BME vs
Temperature in Phosphate Buffer at pH 7.0
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Figure 8: Partial Specific Adiabatic Compressibility, Bs of Ovaibumin and
Ovalbumin-BME vs. Temperature in Phosphate Buffer at pH 7.0

The linear extrapolation ofp(B°-V,)/C to zero protein concentration was employed stineate the partial
specific adiabatic compressibilitﬁs, for ovalbumin and ovalbumiAME systems, respectively, as is represented by the
Figures. Equation 6 generated the valuespif,V,) and,gs, which are listed in Table 3 and 4, respectivélyring

thermal denaturation, there is regular reductioth@ partial specific adiabatic compressibilityosfalbumin up to 323 K;

this reduction is observed till 338 K. However, whthermal and chemical denaturation are employleeI,BSof

ovalbumin reduced till 323 K; beyond 323 ES reported further increases. Nevertheless, the asee beyond 323 K

were not significant. This observation is showrrigure 8.
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Figure 10: Change in Partial Specific Volume, 8° ,;Ovalbumin-BME and
Ovalbumin vs Temperature in Sodium Phosphate Buffeat pH 7.0

For the ovalbumiBMEin buffer and ovalbumin in buffer systems, regp@ty, there was reduction in the change
in partial specific volumeAv®, and partial specific adiabatic compressibility'ﬁs. The decrease with increase in

temperature shows a slightly sigmoidal curve. Taduction is represented in Figures (9 and 10peetsvely.

DISCUSSIONS

This study reports the presence of a complex chaniiteraction on the ovalbumin-water interface.sTh
interaction is the cause for the compressibilitglabular protein hydration shell chemical as veslithermal denaturation.
There is variation in the compressibility valuesween water around the atomic groups in proteirts auik water. The
compressibility value for water surrounding thergea atomic groups in proteins is lower than buliker; however, the
order of magnitude is similar as protein intringiompressibility. This observation is in spite oktlact that the

compressibility of water surrounding non-polar aiwgroups is higher than that of the bulk water-§53.

A decrease in compressibility values was noticedhas concentration of solution increased; in additia

subsequent increase in the number of incompressdiige molecules was also noticed [36]. As memiibim theory, in

equation (7), the tern®Y .,/0P) has a positive contribution and the tedA\{(s,/0P) has a negative contribution Eg;
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Thus, the values are indicative of the fact that ¢avity effect incapacitates the solvation eftectesult inﬁS positive

[37]. Reported value ol %at 3%C, pH 7.0 was 0.740 ml'g[38]. In this study,UOof ovalbumin was —7.281 milgas

shown in Table 3 and Figure 7. WIBME was addedUOof ovalbumin was —7.54 mifg as shown in Table 4 and Figure

9. Values of B¢ were reported in the range of 23 X Qo 28X10%cn?.dyne" [37]. The range ofBfor globular

proteins was from —2.5 X 6 to 11X10%cn?.dyne’ [37, 39]. However, in this study, the values B for ovalbumin

were in the range of —4.4X1bto 15.1X10"cn?.dyne’. This result is shown in Figure 9. On additiorME, the values
of [ for ovalbumin ranged from 1.1 X 1bto 17 X 10"'cn?.dyne’, as shown in Table 5.

Upto 323 K, there was decrease in the partial fipeadliabatic compressibilityﬁs. Beyond 323 K, the partial

specific adiabatic compressibility increases shargto 338 K. However, when denatured PME, there was rapid

decrease in,[?S upto 323K, with a slow increase beyond this terapge in comparison to denaturation in the previous

case (Figure 8). The disulfide bridges of interd &tra-peptide chains are broken because of thatdeanf3ME. This led
to reduced number of disulfide bonds. Furthermovalbumin underwent a partial denaturation. Thisaderation resulted

in formation of a transition state, which had exgmbsysteine residues that are usually buried im#tee state [40, 41].

As per statistical analysis, irregular packing loé atoms and the dynamic—domain qualityadfelix were the
predominant cause for the volume fluctuations. Tiservation has been reported by Geklab. (1986) [35, 42, 37, and
43]. In this study as well, the value of conceldratof ovalbumin is noticed to be 0.03-0.2% ledban reported value
(0.5-1.0%) because of this reason. The factgy, Ve., volume as a result of cavity effect hagaeased efficiency than
electrostriction in the ionic groups, hydrogen-bedidydration of polar groups and hydrophobic hydratand volume

change due to solvatiol\Ys,) (equation 8). Therefore, to makgs positive, cavity contribution played a greatererol

when compared to the reported value [35, 37-39, 43]

These results indicate the breakdown of the reyuleided segments ai-helix andp-sheet, which results in loss
of their specific configurations. As a result oésle changes, the polypeptide chain forms a rana@dmadich is a flexible
chain that is folded in a disordered pattern. Thelsenges in the structure cause some noticealdeatidins in the

molecular properties of protein. The molecular prvips that are impacted are partial specific vaarf, and partial

specific adiabatic compressibilitﬁ_s. Upto 310 K, with the addition gME, the trend in the curve denotes increase in

u°. Further, a decreases till 335 K was noticed, tinee more increases at 338 K to a small exteril€T2). Therefore,
the curve in Figure 10 represents the followingéhstates: natured, intermediate, and completaiatdeed. Figure 9
shows a slightly S-shaped curve. The initial deseda compressibility difference is caused by tiditton of BME, which
directs the conformational changes that causedh@tion effect. The addition ME also causes the slight increase at
312 K (dominance of cavity effect) and further dase at 327 K (dominance of solvation effect). &foee, it is

concluded that compressibility reduces on ad@ling in the protein—buffer solution.

Enzymes tend to act more easily on denatured pofdi4, 45]. During the hydrolysis of peptide bandsdom
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coil structures were found to be easily hydrolyzBeénaturation by cooking (e.g. chicken egg ovalbynmesults in
proteins that could be easily digested by the pigtie enzymes. Essentially, denaturation causfesvanon-polar groups
that were hitherto buried inside the protein todme exposed. After the proteins were exposed bwtdeation, the

proteins reported reduced or no biological activity
CONCLUSIONS

Ovalbumin in buffer solution had an elevation ire tpartial specific volume up to 328 K; however,tlfier
increase in temperature led to a decrease of papicific volume. Nevertheless, after the additafnBME, partial
specific volume increased only until 313 K; beyahis temperature, there was a similar decreaseaitiap specific
volume as aforementioned. These observations ggestive of a dominant cavity effect primarily u@d3 K; beyond
this temperature, a dominant solvation effect vegmrted. The shift of maxima from 313 K to 323 Kamdition offME
reveals that conformational changes that were altreEbreakage of disulfide bonds result in impgdwsolvation at even
low temperatures. With increase in concentratioprotein, the magnitude of partial specific adiababmpressibility of

ovalbumin increases.

With the addition of denaturarBME, there was increase in the magnitude of pamigécific adiabatic
compressibility. This alteration in compressibiliof protein corroborates the concept of conformmiochange in
denatured protein. Upto 323 K, the partial spediittabatic compressibility of ovalbumin decreaséth wemperature;
beyond this temperature, there was increase imapapecific adiabatic compressibility. Howeverthvihe addition of the
denaturanME, partial specific adiabatic compressibility degsed till 325 K. The degree of decrease is higlherBME
was added. This indicates that flexibility of ouathin increases in the latter case, and therebgsitiecome more prone to

digestion.
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APPENDICES

Table 1: (i) (1-V,)/C, and (ii) Partial Specific Volume, U° (ml.g™) as Functions of

Concentration and Temperature of Ovalbumin in Phospate Buffer pH 7.0 System

Temp. (K) Concentration of Ovalbumin 1 X 10 g. mI* vl Specific_}/olume e
3.6 6.7 9.8 13.1 15.8 19.7 (ml.g?)
303.15 -8.7222 -5.8358 -3.9388 -3.0840 -2.4810 6&5 -8.6924
308.15 -71.2222 -5.0597 -3.4490 -2.7176 -2.1835 aB31 -7.2806
313.15 -8.8333 -4.4925 -3.122b -2.4657 -1.9937 4221 -8.0809
318.15 -5.1667 -4.1194 -2.9790 -2.3359 -1.9051 5880 -5.4154
323.15 -4.6667 -3.9702 -2.9388 -2.3282 -1.9177 5@80 -5.0039
328.15 -4.4722 -4.0149 -3.1020 -2.4504 -2.0317 201 -4.9045
333.15 -4.6111 -4.2836 -3.428b -2.6947 -2.2532 71922 -5.1482
338.15 -5.0833 -4.7612 -3.928b6 -3.0611 -2.5760 1285 -5.7275
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Table 2: (i) (1-V,)/C, and (ii) Partial Specific Volume, U° (ml.g") as Functions of

Concentration and Temperature of OvalbuminfsME in Phosphate Buffer pH 7.0 System

Concentration of Ovalbumin 1 X 10 g. mI* Partial Specific Volume

Temp (K) =0 -1
3.6 6.7 9.8 19,41 15.8 19.7 7°(ml.g?

303.15 -9.1667 -4.7761] -3.510P -3.1221 -2.7025 1124 -8.4071
308.15 -8.0833| -4.3284 -3.2756 -2.8779 -2.38§61 940 -7.5381
313.15 -7.3611 -4.000 -3.153L  -2.7099 -2.1772 2885 -6.2987
318.15 -7.000 -3.7910 -3.142p  -2.6412 -2.0760 Q1469 -6.6842
323.15 -7.000 -3.7015 -3.255[L -2.6641 -2.0823 49361 -6.6992
328.15 -7.3611| -3.7313 -3.4898 -2.7786 -2.2025 2446 -7.0126
333.15 -8.0833| -3.8951 -3.836)7 -2.9771 -2.4367 2407 -7.6227
338.15 -9.1667| -4.1642 -4.306[L -3.2748 -2.77185 9858 -8.6227

Table 3: (i) (B/B°-V.)/C, and (ii) Partial Specific Adiabatic Compressilility ( ,[_35 X 10" em?.dyn™)

as Functions of Concentration and Temperature of Calbumin in Phosphate Buffer pH 7.0 System

Temp. Concentration of ovalbumin 1 X 1d g. mI* Partial spec_ific adiabatic
(K) 36 6.7 9.8 131 | 158 | 19.7 | compressibility (Bsx10" cnr.dyn™)

303.15 -22.809 -22.738 -17.337 -14.981 -14.294 583. 12.5139

308.15 -21.887| -15.741 -14989 -12.386 -11.192 094. 12.6731

313.15 -20.8 -10.745 -8.15 -7.099 -7.010 -7.1y73 4385

318.15 -8.829 -8.484 -7.156 -6.36pP -5.941 -6.4[73 1340

323.15 -3.929 -6.997 -7.126 -6.76P -5.309 -6.5111 .4040

328.15 -11.310 -11.29 -9.135% -8.990 -8.264 -8.068 0.2332

333.15 -15.553 -14.67 -10.974 -8.504 -8.554 -8.25 2.8128

338.15 -19.589 -16.921 -13.105 -10.203 -9.186 8.21 15.1709

Table 4: (i) (B/B°~V.)/C and (ii) Partial Specific Adiabatic Compressiblity ( B5 X 10 cm.dyn’™®)

as Functions of Concentration and Temperature of Calbuminin-BME in Phosphate Buffer pH 7.0 system

Concentration of Ovalbumin 1 X 1d g. mI* Partial Specific Adiabatic
Compressibility
Temp.(K) | 3 6.7 9.8 131 | 158 | 197 B
(7S X 10" enf.dyn™)
303.15 -35.605| -20.053 -21.238 -17.795 -16.348 145. 16.9416
308.15 -23.269| -18.546 -16.755  -16.2%7 -15.335 0d4Z. 13.0910
313.15 1.895 -11.31§ -11.750  -11.104 -10.523 -9.815 3.8039
318.15 -3.205 -8.585 -6.885 -9.88Y -9.025  -10.184 448
323.15 -2.172 -3.233 -5.423 -8.358 -6.528 -8.224 7445
328.15 -3.205 -4.812 -5.878 -7.513 -7.243 -7.774 6593
333.15 -2.982 -2.669 -5.809 -6.666 -8.035 -6.627 0326
338.15 2.719 -1.494 -4.652 -5.120 -5.899 -5.691 1186
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Table 5: Change in Partial Specific Volume AU ° (ml.g™) and Partial Specific Adiabatic Compressibility,

A,ES (cm?.dyn™) as a Function of Temperature of OvalbuminBME and Ovalbumin in

Phosphate Buffer at pH 7.0 Systems

303.15 0.2853 4.4277
308.15 -0.2575 0.4179
313.15 1.7822 -5.7399
318.15 -1.2688 -4.6860
323.15 -1.6953 -3.6595
328.18 -2.1081 -8.5739
333.15 -2.4745 -11.7802
338.15 -2.8952 -16.2865




