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ABSTRACT

The structural thermodynamic and functional aspetts/albumin of chicken egg, unfolding inducedurga and
BME(B-mercaptoethanol) has been studied at pH 7.0. Qwalbbelongs to th&erpin class of protein. We have shown
that the transition from native to denatured indlbg urea an@ME passes through essential unfolding of the pmotei
The phenomenon of denaturation of ovalbumin has lséedied in terms if,,, fluorescence intensity, change in Gibbs
free energy at zero denaturant concentratd®y (H,O) using the LEM (Linear Extrapolation Method). TH&orescence
intensity (specially tryptophan fluorescence inigf\sshould be a minimum (10%) decrease on additibdaM urea and
maximum (97.7%) decrease on addition of AME and 9M urea mixture in ovalbumin. Intensity qokimg due to
environmental change (or substantial conformatiamenge) The chemical deaturation leading to exgosil tyrosine
residues was studied with UV-difference spectrogcap function of concentration of urea gildE. The study showed
that ovalbumin was highly denatured in presencered ang3ME. The UV-difference spectra were evaluated tcuate
Gibbs free energy changeGp(H,0), using the linear extrapolation method, whidters the stability difference between
native and denatured species The study shouldotreibumin was highly denatured in presence of aredBME due to
disruption of hydrogen bonds as well as intra- amdrchain disulfide bonds indicating the flexibiliof ovalbumin

increase on addition $ME, so it becomes susceptible to digestion.

KEYWORDS: Interrelationship, Fluorescence, UV-Difference Spescopy, Denaturation, Ovalbumin, Urea and
B-BME

INTRODUCTION

Fluorescence spectroscopy is one of the most wialsdyl spectroscopic technique because of its aeutstivity
to changes in the structural and dynamic propewuiediomolecules and biomolecular complexes. Th®réscence
measurements in case of macromolecules can gieemation about conformation, binding sites, solvirteractions,
degree of flexibility, intermolecular distances atmé rotational diffusion coefficient of macromaldes. The intrinsic
fluorescence of aromatic amino acids in proteingehbeen used in a number of studies, however, Itlwekcence
unfolding /refolding profiles, because they arisenf structural changes local to particular tryptmptresidues, have
revealed three state behavior [1,2]. Three majoorfiscence parameters can be monitored as indicafoprotein
structure. These three parameters are the inteofiiye emission, and the average wavelength okthission, and the

polarization.

Dynamic quenching of fluorescence results fromekeited state encounter of the tryptophan with enghing
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2 J. P. Singh Haridwari & B. N. Waris

moiety, such as a disulfide, an amine, or othectea-accepting group on a neighbouring amino §8jdThe average
energy of emissiomng or the intensity (Fi) weighted average of the nseewavelengthsv() scanned in a spectrum, is
indicative of the solvent exposure of the tryptapha

Vg = D, PV 3 F

Solvent relaxation around the excited state digfléhe tryptophan leads to a lowering of the eneofiythe
excited state and thus to a less energetic, orshifl emission. The magnitude of the shift to tleel observed on
denaturation depends on the extent to which thptdphan residue is buried in the native protein ardosed on
denaturation [4], whereas observations on the btige can yield an apparent loss in intensity. Tia¢éep fluorescence
spectra are usually dominated by tryptophan absoghand emission, in part because tryptophan hashighest
extinction coefficient of the three and in part &#ese resonance energy transfer from phenylalanidetyosine to
tryptophan frequently occurs. The intrinsic fluaesce of aromatic amino acids in proteins has lme®n used as a means
of monitoring unfolding / refolding transitions iaded by chemical denaturants, temperature, pH &saagd pressure
[5, 6]. The fluorescence properties of tryptophasidues in particular are sensitive to perturbatiohprotein structure.
The intrinsic tryptophan residues in ovalbumin wexeited at 295nm and 280nm and emission spectrasrecorded at a

wavelength range from 320-450nm. All measurememri®warried out at a constant temperature o€ 23].

There are number of denaturants were known foeprste.g. Urea, guanidine hydrochloride, and limpounds
are believed to cause the most complete unfoldiagford 1968). The linear extrapolation method (DEMa frequently
used procedure for obtaining the difference inistatibetween the native (N) and denatured (D)estaif a protein [8-10].
Protein stability is expressed as a Gibss freeggneliangeAGp (H,O), obtained upon linear extrapolation of coopggati
unfolding free energy data at zero denaturant aunagon, AGp(H,0), is said to represent the free energy difference

between N and D species in the absence of denafadat2].

A simple way forAGp to be a linear function of denaturant concentratimuld be for the respective free energies
of the native and denatured stateg @Bd G) to also be linear functions of denaturant coneian and the intersection
point defines @, the denaturant concentration at the mid pointeftl- D transition (Tm). Denaturants most certainly
shift the N- D equilibrium, but they can also change the theynadic behaviour of the individual N and D enserable

non linearly with denaturant concentration.

In present study, we want to compare the stallitpvalbumin in the presence of different denattgan terms
of their unfolding free energy changes, by fluoess® studies. This free energy value obtainedunyrdlscence studies to

be compared b&Gp(H,0) obtained from UV-difference spectral studies.

The mechanism and the identity of protein conforomast involved in a protein folding process can helied by
monitoring UV-spectrophotometer changes in the eqnatry, tertiary and secondary structures. As presydata shows that

ovalbumin contain a single tryptophan residue, fogteine sulfides, and one cysteine disulfide [13]

The spectra of proteins are usually shifted towéwdger wavelength (bath chromic or red shift), witempared
with the corresponding spectra of their constituamino acids mixed in the correct proportions [73-These spectral
shifts provide the basis of employing UV-spectrgscdo study protein structural transitions. The kzearises from
multiple contributions from tryptophan (291-294 nriyrosine (286-288 nm), phenylalanine (245-270 mm)l cysteine
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(264-268 nm), in the 245-294 nm region. The molamoabance of phenylalanine is very much lower tingotophan and
tyrosine and phenylalanine has very little absockabove 275 nm. The hypsochromic shift was regdaedenaturation

of ovalbumin protein [18].

In this work, UV-spectroscopy has been used toysthd proteins unfolding process by chemical demagittn
specially the denaturation of ovalbumin by uredhi@ presence gdME andBME alone to observe the structural changes

from folding to unfolding. The free energies haeeb calculated by using of linear extrapolationhodt(LEM) [19-21].

In the present study, we want to compare the dtaloif ovalbumin in the presence of different demants in
terms of their unfolding free energy changes, lortscence studies. This change in free energye valtained by

fluorescence studies was compared®p(H,O) obtained from UV-difference spectral studies.

EXPERIMENTAL PROCEDURES

Materials

Purified, crystallized and Lyophilized chicken emgplbumin were obtained from Sigma was used wittharther
purification. Sodium phosphate, Urea afdnercaptoethanalBME) were purchased from Merck chemicals. Sodium
phosphate buffer concentration was always 0.1M pHd7.0 was measured by digital pH meter (Elico Rut.
Hyderabad, Model T-10). All other reagents thatevased analytical grade. All solutions were pregpamedoubly distilled
water. Samples for all techniques measurements fivened and the exact concentration of the proteas determined
spectrophotometrically using an extinction coeéfitie, (3.218 x 16 dn? M™* cm?) excitation at 280nm of ovalbumin at
pH 7.0 in a sodium phosphate buffer. pH of all slE®ipvere determined by pH mater before measuremerfiesv pinch

of sodium azide was add to the buffer to preveatgfowing of microbes.
Methods

Fluorescence Spectroscopyluorescence emission spectra were obtained or2B08-FL Spectrophotometer
(Hitachi, Japan with 400001 ROM version) af@%n a 1cm path length quartz cell. The emissios we&orded from 300-
400 mm with 10nm and 5nm slit widths for excitatimnd emission respectively. The excitation wavelerigr both the
tryptophan and tyrosine, of ovalbumin was 282nme Tgrotein concentration was 9 for all fluorescence

measurements.

UV-difference spectroscopy. UV—absorption spectra were carried out on a UV-¥p@ctrophotometer (Model
Cintra-5, G.B.C., Australia) at 26 in a 1cm path length quartz cell. For denaturastudies, absorbance of protein
solutions in the presence and absence of denasuveste recorded at 280 nm against their respedtiseks. The
absorbance spectra were recorded at each wavelentith range of 240-360 nm. The protein sample weepared by

using a fixed protein concentration of 144, and the denaturants were added in varying cdretsons.
Theory

We want to test the data in terms of the fractiofolded () by Fluorescence spectroscopy calculated from the

equation:

(Fos —FN)
Fp = (FU _FN) (1)
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Where fobs is the observed value of the signalgat@n denaturant concentration anddnd F, are the values of
native and unfolded protein, respectively The valaéFR, and i were obtained by linear extrapolation of pre andtp

transition regions by LEM model.

The equilibrium constant () between the native and denatured states at a gieeaturant concentration was

calculated from

FD

Kp=—02
(1_ FD) 2)

The values of KK thus obtained were then used for the calculatio@ibbs free energy chand¥sp, using the

standard relationship.
AGp = -RTin Kp )3

Where R is the gas constant (0.002Kcal/mol), hésabsolute temperature. The Gibbs free energabiiigation
AGp(H,0) was obtained by linear extrapolation of the fletweemMGp and denaturant concentration to zero denaturant

concentration. If a standard two state model israssl, the denaturant transitions were fitted toetipgation:
AGp = AGp (H20) — m [D] (4)

Where AGp(H,0) andAGp are Gibbs free energy of the folding in water amdh denaturant concentration D,
respectively. rg is the slope of the transition (proportional te fincrease in solvent accessible surface area tipgon
transition from the native to denatured state), @ds the denaturant concentration,, {proportional to the increase in

solvent-accessible surface area upon the tranditbom the native to denatured state) [22,23].
RESULTS

The intrinsic fluorescence of ovalbumin in phosehhatffer, pH 7.0 was measured at 25°C temperaatran
excitation wavelength of 280nm. The fluorescencéssion spectral studies were carried out to mordematuration of
ovalbumin in the presence of varying urea concéotrarom 0-9M, as shown in Figure 1.1. The deration profile
showed a prominent red shift in the emission wagtle from 335nm for the native ovalbumin to a wawgjth value of

349.5nm for the maximally denatured protein at 9&lauconcentration.

The denaturation of ovalbumin by urea results gradual decrease in fluorescence intensities. Heweharp
changes in intensity are observed above 5M ureeetdration and a 57% decrease in intensity wasreéd€Figure 1.2).
Similarly denaturation of ovalbumin was monitoreddar varying concentration gME (0-1N) (Figure 1.3). No
significant red or blue shift was observed in tmission wavelength. A sharp decrease was observdldidrescence
intensity of ovalbumin denatured in varying concatibn of BME. About 81.2% decrease in total intensity waseobsd.
Conclusively that fluorescence emission maximunit Sfiowed irregular pattern with a slight change\i,,x during

denaturation and no significant shiftAAE., was observed with gradual decrease in the fluerescintensity.

It is well known that during denaturation the agditof BME disrupts the disulfide bridges in ovalbumin, atni
are responsible for its stability in the fluctuagtiextracellular environment [244nd addition of urea breaks the hydrogen

bonds, which affect the structure and topologyhef protein. In order to study the combined denétiwaeffects of both
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denaturant8ME and urea on ovalbumin is shown in Figure 1.5 Tlhorescence spectra of ovalbumin on the additfon
varying concentration oBME (0-1N) and urea (0-9M) showed a significant stft in the fluorescence emission
maximum from 335nm (native ovalbumin) to 343.5nnig@ife 1.6) showed that sharp change was observetiein
presence of both urea affE (Figure 1.7) and indicates the change in emissi@xima,AAEq., was 14.5nm with
increasing urea concentration. A significant reift sh wavelength was seen at concentration highan 4M. The steep
positive change in emission wavelength was obseabeye 6M urea concentration. As the urea condgrincreases
gradually, about 57% decrease in intensity was rebse(Figure 1.8). About 97.7% of decrease in tat&nsity was

observed in presence of the two denaturants wittriiesponding red shift from 335nm to 343.5nm.

Figure 1.9 shows denaturation of ovalbumin as fonst of changing urea concentrations (1M and 9M) i
constant concentration gfME (0.01N). There is no red shift at 1M urea butlecrease in fluorescence intensity is
observed. When concentration of urea was increagetb 9M, a significant red shift in wavelength fra335nm to

348.5nm was observed with decrease in fluoresceteesity of about 55.5%.

Similarly, Figure 1.10 shows fluorescence spectrdix@ed concentration oBME (1N) with varying urea
concentration (1M and 9M). No red shift in emissianvelength was observed@¥YE (1N) and urea (1M) but decrease in
fluorescence intensity (of about 87.9%) at 9M. arsdgnificant red shift from 335nm to 343.5nm waserved along with
a 97.7% decrease in fluorescence intensity. Thepaoson of Figures 1.7 and 1.10 indicates thairitbeease in emission
wavelength depends on urea concentration only wdelerease in intensity of fluorescence of ovalbudepends upon
concentration both urea as well B8IE, as the increase of urea concentration was rsiigle for the exposure of more
tryptophan residues. Where@BlE concentration was found to have greater infleeincdecreasing fluorescence intensity

is observed in Figures 1.8 and 1.10.

The fluorescence intensity as function of concdiatnaof denaturants (ure8ME and urea #3ME) has been
plotted in Figures 1.2, 1.4 and 1.6 respectivelg. Mive used linear extrapolation method (LEM) faleating the Gibbs
free energy chang&\Gp(H,0O), during transition of native to denatured protepto zero concentration of urea. The
method involves conversion of the observed equilibrconstants evaluated in the transition regiofrée energy data,
AGp. The ratio of fraction of folded to unfolded prioteluring urea denaturation was plotted against gancentration as

shown in Figure 1.11.

The pre-and post denaturation baselines in ureacad denaturation were found to be linear ovemgaifitant
urea concentration range, as shown in Figure 1Knganon-linear least square analysis rather eadyr@sulting in &\Gp
(H,0) (by equation 1.3) value of 4.81 Kcalilals shown in Figure 1.12.

The value of slope giof the curve (equation. 1.4) was obtained as Ok&&8mol*™ (Figure 1.12). This value is an
experimental measure of the dependencé@f on denaturant concentration and it indicates thenber of freshly
exposed groups (of protein) to solvent in the wddl state at 9M urea. The denaturant concentrafiamea at the mid

point of transition, |, was 6.25M (Figure 1.11).

The structure-function relationship and unfoldinghaviour of ovalbumin was studied using difference
spectroscopy. The absorbance spectrum of ovalbunder native and denatured conditions showed signif differences
in either shape or in magnitude of absorbance cBemically induced denaturation of ovalbumin at pd was studied

with UV-difference spectroscopy as functions of @amtration of denaturants.
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Two denaturants, urea aBME have been used for denaturation studies. Thisagaomplished by measuring a
difference spectrum in 9 M urea (Figure 2.1), 9 idauand 0.05 BME (Figure 2.2), 9 M urea and 1 BME (Figure 2.3),
in 0.5 NBME (Figure 2.4) and in 1 BME (Figure 2.5). A deep trough at 286 nm was obesbinm the difference spectrum
of ovalbumin in 9 M urea as shown in Figure 2.1 #metefore, this wavelength was selected for moinigpthe spectral

changes and indicated the exposed tyrosine residues

The UV-difference spectra did not show a trougi2&% nm but instead a peak was observed at 252 ntheon
addition of 0.05 NBME to the ovalbumin in 9 M urea solution and alkowed significant changes in between 244 to 288
nm (Figure 2.2). On increasing concentratiof3fE from 0.05 N to 1 N for the ovalbumin solutiontime presence of 9
M urea, a smaller and less significant peak atr#B4a prominent trough at 266 nm, and a signifigeatk at 282 nm were

obtained as shown in Figure 2.3. Some wiggles wlosvn inAe from 240 to 290 nm.

Similarly, under same experimental conditions, thédifference spectrum of ovalbumin in the preseat6.5 N
BME denaturant (Figure 2.4) showed a significankpga266 nm. The increaseMa values occurred from 250 to 266 nm.
The maximum obtained was observed quite close &k peported for phenylalanine and cysteine residWdsen the
concentration ofME was increased further from 0.5 N to 1 N, a digant trough at 266 nm was observed as shown in

Figure 2.5

The denaturation curves (Figure 2.6) can be divitéal three regions on the basis of change in thgsipal

parameters. These three regions are:

Pre-transition region in which the physical paramnef¢, of folded protein changes slowly with significant

changes with denaturant concentration.
Transition region showing major variation of theypical parameter)e, shows as unfolding proceeds

Post-transition region, which shows slow changeth@nphysical parametehg, of the protein during unfolding
Denaturation curve shows that denaturation of avalb started at 3 M urea and was complete at 8.5urkh
concentration.

The comparison of Figures 2.7 and 2.8 shows thaatdeation of ovalbumin in presence of 0.08ME started
at 2 M urea and was complete at 6 M urea concémrathile in the presence of 0.5BME it commenced at 1 M urea

and was complete at 6 M urea concentration (passition region is gradual in this case than irspnee of 0.05 SME).

The magnitudes of chemically induced denaturatierewcompared in Figure 2.9, which shows highestes&br
urea and 0.5 MME mixtures. The fraction of denatured ovalbumirumea (0-9 M) derived from UV-difference spectral
measurement is shown in Figure 2.10 and the rdtidraction of folded-denatured of protein as funatiof urea
concentration is shown Figure 2.11. This gave dication of the fraction of molecules present ia tative and denatured

state at a particular urea concentration in bidfdution. A least-square fit of data gave the fellg equation:
AGp = AGp (H0) —ms [D]

The value ofAGp (H,0) was also calculated from the intercept of theegiplot and found to be 4.05 k.cal.fhol
(Figure 2.12) the denaturant concentration of atethe midpoint of transition ¢J) is 5.25 M (Figure 2.11) The slopegm
of the plot is 0.669 kcal.mdIM™ which is used for the measuring the steepnesseafuhve.
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The physico-chemical characteristics of ovalbunamehbeen elucidated to gain insight into the stmgefunction
relationship in view of its stability towards demants. A physical description consists of deteartine protein’s size,
shape and related parameters. A biological desmnifgtf a protein may entail pinpointing the variatentral mechanisms

regulating its function.

As we know the spectrum is determined by the ptylaof the environment of the tryptophan, tyrosime a
phenylalanine residues and by their specific imtiivas. Therefore, the changes in the micro- emwitent around these
residues affect intrinsic fluorescence of differémims of the ovalbumin molecules. Basically, theofescence emission
maximum suffers a red shift when the chromophoresolme more exposed to solvent and the quantum weld
fluorescence decreases when the chromophoresantgith quenching agents either in a solvent othia protein itself
[25-28]. The maxima of fluorescence emission speofrnative ovalbumin, excited at 280nm was foumthé 33%1nm,
indicating that the excitable chromophore (s) isigubstantially hydrophilic environment and adigonformation as in
the case of some other proteins—Tray [29] and amit [30]. Our data for the fluorescence spectruimumfolded
ovalbumin in 9M urea, showed a shiftAk,,,, from 335nm to 349.5nm along with a decrease ioréiacence intensity of
about 42-44% are shown in Figure (1.1, 1.8) andeTablt is observed that urea did not cause amygttral perturbations,
and the red shift in the wavelength maximum wasrésalt of more tryptophan residues of the probeimg exposed to a
polar environment which is characteristic of unfoffl Besides this, the decrease in fluorescen@mnsity could be the
result of a decreased distance between tryptopharspecific quenching groups, such as protonatdabggl, protonated
imidazole, deprotonate¢-amino groups and tyrosine, which consequently lreduin quenching of tryptophan
fluorescence [28]. Each of the three amino acideifglalanine, tyrosine and tryptophan) have quitfergnt emission
spectra, phenylalanine showed maxima emission 20r28tyrosine at 303nm, and tryptophan at 348nrthodigh most
proteins contain all three types of residues, [imoleorescence spectra are usually dominated yptdphan absorbance
and emission, in part because tryptophan has titeehi extinction coefficient of the three, and artfhecause resonance
energy transfer from phenylalanine and tyrosingryptophan frequently occurs [30]. In Figure 1.% ftfirst transition
(2-4M urea) was characterized by a small shift amssion maximum from 335nm to 337nm in the interiatd state,
indicative of less solvent-exposed tryptophan tessgl while in the second transition (4-9M ureaydhs a large shift in

emission maximum from 337 nm to 349.5nm, indicattogiplete solvation of the exposed tryptophan tessd

The fluorescence spectra of ovalbumin inBMNE did not show any effective red or blue shiftifrahe AEax
value for native protein 3356 1nm, while a 81.29% decrease in fluorescence sittewas achieved (Figure 1.8), Table 2,
indicating that no tryptophan residues of ovalbumare exposed to polar environment and so ovalbwimirws irregular
changes in emission wavelength . Ovalbumin an esliidar proteins of known sequence contains oadsedge and four
cysteins. The disulfide bridges can perform a warié functions, although their major role appe@arbe to add stability in
the fluctuating extracellular environment. When ritaning the extent of denaturation of ovalbumirhath concentration
of BME, it must be noted that in IME, leads to the partial denaturation of ovalbudhire to disruption of intermolecular

and in tramolecular disulfide bonds [31]

It was reported earlier that the denaturation dadllowmin by sulfhydryl compound3-mercapto ethanolBME)
results in changes in the structure, by cleavagéififide bonds (S-S) of cysteine amino acids 332- The ease with
which SH-group containing compour@ME can reversibly oxidize disulfide structures has experimental applications.

First, we frequently ad@ME to reaction mixtures to prevent oxidation ofergfal SH-group of ovalbumin protein. In
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these instances, the added SH-compound acts anaoxidant”, and prevents ovalbumin from undergoaxidation [36].
The second application involves the intentionabedge of disulfide bonds in ovalbumin by treatmesth BME. In
ovalbumin protein, we reduce disulfide bonds toftsudryl groups, reduction of each disulfide bondcsupled to

oxidation of an added SH-compoufdd/IE to its corresponding disulfide (Scheme 1) [38], 3

It is known that the cleavage of disulfide bonde apssible in two ways i.e. (a) by cleavage ofrattain
disulfide bond forms between two cystine residaeested in the different polypeptide chains andotber by cleavage of
intrachain disulfide bonds forms in the same pabyjsle chain. Both types of disulfide bonds brokenreduction to
sulfhydryl groups Breaking of intra or interchaiisufide bonds by reduction produces a compoundh wéw ionizable
group (-SH) [36].

As a matter of fact, when ovalbumin was denature@M urea in the presence of BME, the fluorescence
emission spectrum showed red shift from 335nm t8.84m with a 97.7% decrease in fluorescence irtignaidicating
that greater exposure of tryptophan in presenceed &BME and lesser with 9M urea alone after disruptibdisulfide
bonds of ovalbumin. A few tryptophans are quendmgdew groups in the solvent formed in the presedd@ME. The
presence of urea (5-9M) afiME (0.08-1N) indicating complete solvation of thepesed of tryptophan residues with a
decrease in fluorescence intensity of 50.22% amdpiete reduction of disulfide bonds as shown iruFeég(1.5, 1.7 and
1.10).

It was observed that (a) 54% decrease in fluorescémensity takes place when concentration of wvea
increased from 1M to 9M in the presence of 0.pM& (Figure 1.9), (b) while 79% decrease in fluoms® intensity
takes place when concentration of Urea was inccedsen 1M to 9M in the presence BNIE (Figure 1.10). The
comparison of figure 1.9 and 1.10 shows that cotapdxposure of tryptophan occurred due to the afiédigh urea
concentration and disruption of disulfide bonds34E in the former case and the higif|E concentration in the latter

case caused quenching of tryptophan in additidgheaupture of disulfide bonds.

In the presence of urea, ovalbumin has a strudase random coil with maximum flexibility and théyee
minimum polarization. Hence, a fully denatured reale containing S-S bonds will not have minimumapiaation until
the S-S bonds are broken. On the additioBME not only S-S bonds are broken but decrease larigation also takes
place. However, it is believed that a completelyatared state occurs at 9M urea and in the presehdd\NBME

(Figure 1.10) and Table 3 whak,,was shifted from 335nm to 349.5nm.

In this respect it is noteworththat we provide solely the values of the denatucamntcentration at the mid point
of the transition curve. When applying the lineairgpolation model, LEM is a well established metho describe the
equilibrium stability of globular proteins, mid piof the transition curve could be the correctapagter to characterize
the stability, the unfolding Gibbs free energy daamwhich depends linearly on denaturant conceatrd®8, 39]. The
sigmoidal change of the unfolded/folded fractiomsviidicative of a two-state unfolding of ovalbunffigure 1.11) and
the concentration of urea at which the protein helé folded,termed as transition mid point, Tm, was found ¢d6t25M.

In case of the denaturant urea, non-linear leasireg analysis was applied to give the free-ené@y(H,0) value of
unfolding of ovalbumin as 4.81Kcal mb{Figure 1.12). The ovalbumin sensitivity paramétenrea, g was calculated to
be 0.776 Kcal ma!M™ and found to be low in comparison to the valuewated from the Myers equation [40]. A linear

positive relationship exists betweer and the surface area exposed to solvent upondindgplAASA, Accessible Surface
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area). TheAASA of ovalbumin in the unfolded form was lower thaxpected, suggesting that ovalbumin is not fully
unfolded but retains at least local hydrophobistuupto 8M urea. Aune and Tanford have shownrtiags proportional

to the numbers and types of groups that are frestppsed to solvent when the protein unfolds [41].

Finally we conclude that red shift was maximumhia presence of 9Murea alone and minimum in theepiesof
1INBME, which indicate that maximum exposure of trygtap residues to polar environment occurred in presef 9M
urea and minimum exposure in case of3MiE.(Table 1) in presence $ME no tryptophan residues were exposed to polar
environment instead specific quenching takes plaweng rupture of disulfide bridge[42]. Decrease fimorescence
intensity was highest in presence offME and 9Murea, which indicate that maximum charigedistance (or structure)

occurred in presence of both BME and 9Murea.

The chemically-induced unfolding of ovalbumin wasmitored in the presence of denaturants-urea [hH
using UV-absorption spectroscopy. In the presenkwihe maximum absorbance of native ovalbumin alaserved near
280 nm. The UV-difference spectra of ovalbumin iMQrea, pH 7.0 in the range of 240-360 nm is shawhigure 2.1.
In this case urea induced difference spectra shdhatdarger changes around the aromatic resiguebably reflect the
unfolding of globular proteins. Two minima were ebgd: one at 246 nm and other at 286 nm. A demglr was
observed at 286 nm and therefore, this wavelengthselected for monitoring the difference spectnahge and indicated
the change in environment of tyrosine residue uptolding of ovalbumin. A small and broad peakhie tegion 260-266
nm was assigned to phenylalanine [43]. The conidba of each aromatic side chain to the differegpectrum of a
protein were quite characteristic. The contributafreach may be gained from the difference spestnpahenylalanine,
tyrosine and tryptophan. In ovalbumin, the moldioraf phenylalanine: tyrosine: tryptophan is 28:944]. The absence
of a trough in the 292-294 nm region indicated #ititer tryptophans were exposed or their contidloutvas quenched by
tyrosines and phenylalanine’s. Because ovalbumimtains three folds more tyrosine residues and seéweas more
phenylalanine residues as compared to nearly ymophan's [44]. In the present data the peaksioddadue to
tryptophans were found in the region 292-294 nrat tf tyrosine in the region 285-288 nm [45, 46% ahose found
below 270 nm were due to phenylalanine [43].

As we know that thé\e values are proportional to number of aromaticdss affected under a given set of
contributions, the magnitude df is a quantitative indication of the fraction ofvgh type of aromatic residues. The
denaturation by urea, which occurs as a consequefnaktered solvent properties rather than by debinding of urea
with the protein, serves to preserve the solubiiftythe denatured protein. Urea interacts with gir# in two ways, by
hydrogen bonding to the protein backbone, and lefepred solvation of hydrophobic groups. The backbimteraction
was thought to be caused by one urea moleculediaglathus freeing and increasing the entropy af tvater molecules

in the immediate solvation sphere around the seittite still providing hydrogen bonds to both saivand solute [47].

The effect of urea (9 M) in the presence3dfE (0.05 N on the UV-difference spectra of ovalbord shown in
Figure 2.2. A prominent peak was obtained in thé-256 nm region while no peak or trough was seeharregion from
270 to 294 nm. It was observed that high the ptaagine content of ovalbumin were responsible lier appearance of
more prominent changes in the 254-270 nm regioth tlie disruption of disulfide bonds (i.e. reduntmf S—S bonds) and
thus exposure of cysteine residues, while tyrosiaed tryptophans were quenched by the larger ptiopsr of

phenylalanine residues and reduced residues dfidstonds formed in the presenceME.
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A significant “wiggles” were observed in the 25002@m region during denaturation of ovalbumin byau(@ M)
in the presence of higher concentratiopble (1 N) (Figure 2.3), indicating the high conterfiphenylalanine on exposure
of solvent to tyrosine, tryptophan and phenylalaniasidues [48]. There was no peak near 291 tonX4indicating
guenching of tryptophan's by phenylalanine, tyresend reduced residues formed after breaking afifitie bonds,

contribution of cystine peptide residues and cysteesidues.

The BME denatured ovalbumin (Figure 2.4) showed a cheristic peak at 266 nm indicating exposure of
reduced cysteine residues by cleavage of cystiitlgds in between intrapeptide chains and S-S bonfdisterpeptide
chains of protein. These results showed partiahtlgation of ovalbumin ifME (1 N) took place. At higher concentration
a prominent changes were obtained in the 250-266egmn with a trough at 266 nm (Figure 2.5) intiitg. exposure of
cysteine residues to a larger extent. In other waml increasing the concentrationE from 0.5 to 1 N, the cysteine

residues were increased in comparison to cystipédeeresidues.

Denaturation effect at different concentrationsumda (0-9 M) has been studied as function of camnagon of
urea (Figure 2.6) indicating an intermediate foioratand it was observed that urea initiate the tieation of ovalbumin
at calcium loaded positions at the low concentratid urea (1 M). As indicated in Figure 2.9 the akemation of
ovalbumin in phosphate buffer at pH 7.0 starte@ kst in case of pure urea and was complete at 8.&wiile denaturation
started at 2 M in case of urea and 0.0BN\E and at 1 M in case of urea and 0.BME, which indicates that the disulfide
bridges play a major role in denaturation of ovalimuin comparison to hydrogen bonds. The comparafahe different
curves (Figure 2.9) indicates the magnitude of dea#ion was highest in case of urea and highestexttration oBME

as shown by curve 3.

In the present study, special importance was gigevbserve the distribution and correlations ofilide bonds
during denaturation of ovalbumin BME in the presence of urea apME alone. Our data is in accordance with the
general pattern. It was reported earlier that fickeilbonds were the strongest interactions in mas&ructures [49], and
their number negatively correlated with the contehtaliphatic hydrophobic residues in the protehaia [50]. These

finding suggest that the stability of ovalbumin mgidepends on disulfide bonds in the native state.

It is reported in the previous literature that leggy ovalbumin had four thiol groups and one didalfbond [51],
and a single polypeptide chain of 385 amino acitiiees and six cysteine residues. Only two cystaailues (Cys and
Cys?®) form a disulfide bond in the native state [52].5Batsumiet al. (1994) reported that the egg white protein
undergoes extensive sulfhydryl/disulfide exchangeslucing all the 15 possible disulfide isomershvahe disulfide and

four sulfhydryl under highly denaturing conditiomsd near neutral pH conditions [54].

The denaturation of ovalbumin in the presence edwas shown in Figure 2.6. By using the linearagxtlation
method, the stability of the folded form of a pinteelative to unfolded form in the limit of zermmcentration of
denaturant was evaluated. The sigmoidal curve ef uhfolded fraction was indicative of a two-statefalding of
ovalbumin (Figure 2.10), and the concentration kdauat which the protein was half folded was fotmde 5.25 M
(Figure 2.11). In case of denaturant urea nonitesst squares analysis was used to calculates@ibb energy change,
AGp (H,0) value of unfolding of ovalbumin was 4.05 k.cadlth (Figure 2.12), which is comparable to the valu@l4.

k.cal.mol* found by fluorescence spectral studies.

The parameter showing sensitivity of ovalbumin ehdturant (urea), gnwas calculated and found to be 0.669
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k.cal.mol*.M™, close to the value found by fluorescence spectaivalue rather low compared with the value expected
from the Myers equation [55]. Myees al. [55] had indicated that a linear positive relatibip exist between grand the
surface area exposed to solvent upon unfoldXdSA, Accessible surface area). Thus, th&SA of ovalbumin in the
unfolded form is lower than expected value sugggsthat ovalbumin was not fully unfolded but retam least local
hydrophobic clusters and disulfide bonds even @k urea concentration and complete unfolding waseoved at 9 M
urea. Similar results were also reported for sotheroproteins, which retain residual structure8 il urea at neutral pH
[56-58]. For globular proteins, the two requirengemay act in opposite directions. Bastadtaal. (2004) reported that
stability against misfolded states found by lattisinulations has been indicated as the upper lionit protein
hydrophobicity [59].

Finally, we can conclude that difference absorbaspeectra were able to show the internal interastiminprotein
with solvent and denaturant, and that such spewtre the results of (i) changes in the environnmaound a given
chromophore induced as a result of some pertursmtiguch as ligand binding due to exposure to stl¥&) and changes

due to breaking hydrogen bondsand disulfide bridges

The present study shows that ovalbumin was higlelyatured in presence of urea g8idE, which lead to
disruption of hydrogen bonds as well as intra- ardrchain disulfide bonds. The urea-denatured bwain had been

partially folded with the presence of disulfide dsnbut after addition §ME, complete denaturation takes place due to

rupture of both hydrogen and disulfide bonds.
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APPENDICES
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Figure (1.2): Intrinsic fluorescence spectra of ovalbumin in sodium phosphate
buffer at pH 7.0,under the effect of urea(0-9M). Excitation wavelength was
280nm.

www.iaset.us anti@iaset.us



14 J. P. Singh Haridwari & B. N. Waris

400+
350
300
250
200
150

100+

Fluorescence intensity (arbitrary units)

50

0.0 0.2 0.4 0.6 0.8 1.0
BME(N)

Figure (1.4): Intrinsic fluorescence spectra of ovalbumin in sodium phosphate
buffer at pH 7.0,under the effect of BME(0-1N). Excitation wavelength was
280nm.
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Figure (1.7): Intrinsic fluorescence spectra of ovalbumin in sodium phosphate
buffer at pH 7.0, under the effect of urea(0-9M), urea+BME(0-9M+0-1N)and
BME(0-1N) respectively. Excitation wavelength was 280nm.
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Figure (1.8): Intrinsic fluorescence spectra of ovalbumin in sodium phosphate
buffer at pH 7.0, under the effect of urea(0-9M), urea+pME(0-9M+0-1N) and
BME(0-1N) respectively.Excitation wavelength was 280nm.
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Figure (1.11): Intrinsic fluorescence spectra of ovalbumin in sodium phosphate
buffer at pH 7.0, under the effect of urea(0-9M). Excitation wavelength was
280nm.
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Figure (1.12): Intrinsic fluorescence spectra of ovalbumin in sodium phosphate
buffer at pH 7.0, under the effect of urea(0-9M).Excitation wavelength was

[e]

280nm.
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Figure (1.3): Intrinsic fluorescence spectra of native and

denatured ovalbumin (0.425 mgml )'in sodium phosphate buffer

at pH 7.0 under the effect of zero (curve 1), 0.01N (curve 2), 0.02N
(curve 3), 0.04N (curve 4), 0.06N (curve 5), 0.08N (curve 6), O.1N

(curve 7), 0.3N (curve 8), 0.5N (curve 9), 0.8N (curve 10), 1N
(curve 11), concentration of BME. Excitation wavelength was
280Nnm.

15

anti@iaset.us



16

FAuoescarceIntersity (abitrary units)

a

o

(=1
|

400

300

200

100

Fluorescence Intensity (arbitrary units)

I 1
300 350 400
Emission Wavelength (nm)

Figure (1.9): Intrinsic fluorescence spectra of native and
denatured ovalbumin (0.425 mgml )'in sodium phosphate buffer
at pH 7.0 under the effect of zero (curve 1), 0.01N+1M (curve 2),
0.01N+9M (curve 3), concentration of ME & urea respectively.
Excitation wavelength was 280nm.
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Figure (1.1): Intrinsic fluorescence spectra of native and
denatured ovalbumin (0.425 mgml )'in sodium phosphate buffer
at pH 7.0 under the effect of zero (curve 1), 1M (curve 2), 2M
(curve 3), 3M (curve 4), 4M (curve 5), 5M (curve 6),6M (curve 7),
7M (curve 8), 8M (curve 9), 9M (curve 10), concentration of Urea.
Excitation wavelength was 280nm.
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Figure (1.5): Intrinsic fluorescence spectra of native and
denatured ovalbumin (0.425 mgml )'in sodium phosphate buffer
at pH 7.0 under the effect of zero (curve 1), 0.01N+1M (curve 2),
0.02N+2M (curve 3), 0.04N+3M (curve 4), 0.06N+4M (curve 5),
0.08N+5M (curve 6), 0.1N+6M (curve 7), 0.3N+7M (curve 8),
0.5N+8M (curve 9), 1IN+9M (curve 10), concentration of ME &
urea respectively. Excitation wavelength was 280nm.
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Figure (1.10): Intrinsic fluorescence spectra of native and
denatured ovalbumin (0.425 mgml ¥ in sodium phosphate buffer
at pH 7.0 under the effect of zero (curve 1), IN+1M (curve 2),
IN+9M (curve 3), concentration of BME & urea respectively.

Excitation wavelength was 280nm.
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Figure (2.12): Linear extrapolation of free energy (*& G,) of denaturation
of ovalbumin in sodium phosphate buffer at pH 7.0 as a function of
urea concentration.
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Figure (2.11): Fraction of denatured and natured, F /F, of ovalbumin in
sodium phosphte buffer at pH 7.0 as a function of urea concentration.
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Figure (2.10): Fraction of denatured, F, of ovalbumin in sodium
phosphate buffer at pH 7.0 as a function of urea concentration.

—m—Urea
—®—Urea and BME (0.05 N)
—4a—Urea and BME (0.5 N)

Figure (2.9): Denaturation effect of urea (0-9 M) curve 1, urea (0-9 M)
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and BME(0.05 N) curve 2, urea (0-9 M) and BME (0.5 N) curve 3 on
ovalbumin in sodium phosphate buffer atpH 7.0.
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Figure (2.6): Denaturation effect of urea(0-9 M) on ovalbumin in sodium
phosphate buffer atpH 7.0.
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Figure (2.1): Effect of urea(9 M) on ovalbumin in sodium phosphate
buffer at pH 7.0.
4
24
//
04 /
/
/
s
e -2 /“‘
S /
. /
e / 4
-4 4 ;
/
61
/
-8 T T T T T T T
240 260 280 300 320 340 360

W avelength (nm)

Figure (2.3): Effect of urea(9 M) and BME(1 N) on ovalbumin in sodium
phosphate buffer at pH 7.0.
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Table 1: The Values of Wavelength Maxima of Fluorescence Esgion SpectraAE, .« Fluorescence Intensity,

Change in Fluorescence Emission MaximunAAE., and % of Fluorescence Denatured
Fraction of Ovalbumin in Presence of Urea

Conc. of Fluorescence

Urea (M) in | AEmax (Nm) Intensity A(},‘\IEr:l’)a" Yol Ilzlr:c(;:%snci?(;am?;gatured

Ovalbumin (Arbitrary Units)
0 335.0 387.5 - 0.00
1 335.0 374.9 0.0 3.25
2 335.0 370.5 0.0 4.39
3 335.5 366.2 0.5 5.5
4 337.0 362.5 2.0 6.45
5 338.5 348.9 3.5 9.96
6 340.0 303.2 5.0 21.75
7 345.0 248.1 10.0 35.97
8 347.5 220.0 12.5 43.23
9 349.5 222.1 14.5 42.68

Table 2: The Values of Wavelength Maxima of Fluoresnce Emission Spectra\E,.x, Fluorescence Intensity,

Change in Fluorescence Emission MaximumAE,.,, and % of Fluorescence Denatured
Fraction of Ovalbumin in Presence oBME

Conc. of AE Fluorescence ANE % of Fluorescence
BME (N) in (Nr";;*)" Intensity (NnT)aX Denatured Fraction
Ovalbumin (Arbitrary Units) of Protein

0.01 335.0 317.0 0.0 18.19
0.02 334.5 313.9 -0.5 19.0
0.04 334.0 302.8 -1.0 21.86
0.06 334.5 295.2 -0.5 23.82
0.08 335.5 281.4 0.5 27.38
0.1 334.0 272.1 -1.0 29.78
0.3 335.0 212.8 0.0 45.08
0.5 334.0 166.6 -1.0 57.01
0.8 335.0 103.0 0.0 73.42
1.0 334.0 72.5 -1.0 81.29

Table 3: The Values of Wavelength Maxima of Fluoresnce Emission Spectra\E,.x, Fluorescence Intensity,

Change in Fluorescence Emission MaximumAE,.,, and % of Fluorescence Denatured

Fraction of Ovalbumin in Presence of Urea an@@ME

Conc. of Urea (M) and AE Fluorescence ANE % of Fluorescence
BME (N) in (NI'T"Ia)X Intensity (Arbitrary (NnT)aX Denatured Fraction
Ovalbumin Units) of Protein

0+0 335.0 387.5 0.0 0.0
1+0.01 335.0 324.5 0.0 16.26
2+0.02 335.0 309.5 0.0 20.13
3+0.04 335.0 271.8 0.0 29.86
4+0.06 337.0 248.2 2.0 35.95
5+0.08 338.0 203.5 3.0 47.48

6+0.1 340.5 172.2 5.0 55.56
7+0.3 339.5 100.4 4.5 74.09
8+0.5 342.0 59.75 7.0 84.58
9+1.0 343.5 8.9 8.5 97.7
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