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Relationship Between Functional Properties and Structure

of Ovalbumin
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1. INTRODUCTION

Recetved December 2, 1993

The effects of ovalbumin (OVA) denatoration using wrea, geanidinium  chloride
(GdnHCH, sodiom dodecyl sulphate (S[5). cetvlpyridinium  chloride (CPC), 3-[(3-
cholamidopropylidimethylammonin}-1-propanesulfonate (CHADPS), and 3 different can-
wnic detergents with various side chaing, HCL and CH COOR were abserved. Progressive
unfolding in ovalbumin was measured as a tunction of Auorescemt light intensity, peak
response and shift in the maximum of emssion. Kinetic measurements demonstrated that
the rute of denaturation usually followed o double exponential decay pattern, but ar small
concentrations of ureas and acids first-order reaction was indicated. The reversibility of the
unfolding—folding transitions was confirmed from trvptophan Muorescence and circukar
dichrotsm {CEY) measurements. Differences i secondary structure were observed snd
changes of o-helical content were calculated, Polyacrylamide gel electrophoresis (PAGE)
with and without sodium dodecyl sulphate (SDS-PAGE) showed diflerences in the
stracture of native and denatured ovalbumin, Native protein samples in PAGE dem-
onstrated smaller number and larger mobilities of subunits than denatured ones with
different reductants, such as SDS and 2-mercaptoethanol (2 ME), Scanning of SIS protein
pattamns showed the appearance of aggrepated forms in repion of 45 kD,
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quantification of these changes is important for
understanding of the mechanisms which affect the

Owvalbumin s widely used as a matrix for
sustained drug relewse, as well as food product, rich
in amino acids (Stein eral., 1991 Imai er al., 1991;
Tarrado-Daran ef al., 1991).

Changes in the matrix-drug mixture can be
induced by high temperatures and also by the
adidition of different detergents and acids. The
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lformation of three-dimensional profein structures,
This matter has drawn the attention of many
tesearchers (Gruen o al., 1987, Mivazawa ef al.,
1984; Rosato er af., 1990; Walbridge er al., 1987;
Flanagan and Hesketh, 1974).

Ovalbumin has been the object of physicoche-
mical studics for over 40 venrs, In spite of this,
information  about  its  secondary and  tertiury
structures was quantitatively limited till recent
time. Several studies on  the  conformational
changes in ovalbumin induced by certain denatur-
ing agents have been reported (Gorbunoff 1964,
Koseki ef al.. 1990; Batra ef al., 19895 ).

In the present study measurements of Auores-
cence intensity and wavelength of the peak output
response. CD measurements of backbone struc-
ture of the protein. kinetic studies, and electropho-
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resis under denuturing and nondenatuning condi-
tions were wsed 1o monitor the unflolding of
ovalbumin from the native structure o the random
cojl,

2, MATERIALS AND METHODS
2.1. Materials

Crvalbumin (standard). guanidinium  chloride
(GdaHCT), wrea, sodium dodecy] sulphate (SOE),
cetylpyridinium chloride (CPCY, and 3-[(3-chala-
midopropyl]dimethylammonmo] - 1 - propanesulfonate
(CHAPS) were reagent  grade  chemicals from
BDH. Merck, and Sigma Chemical Co, Cationic
deterpents  with  different side  chains, hexude-
cyldimethyl-{N-methylhydroxamic acid)-ammoniom
Promide (cationic [). hexadecyldimethyl-3-carbo-
ethoxypropyl-ammonium bromide (cationic 11}, and
hexudecyldimethyl-2-hydrosyethyl-ammuonium  bro-
mide (cationic 111} were synthesized. Trade OVA
was purchased from the Trima FPharmaceuticn)
Industry.  Deinnized  distilled  water was  used
throughourt.

2.2, Sample Preparation

All solutions were prepared in (.00 M phosph-
ate bulfer, pH 7.2 The denaturant concentrations
(M} were the following: wrea—0. 2, 4. 6. and #;
GdnHCI—), 1, 3. 5, and 6. SDS—0, 0,001, 0.01,
1, 04, oy CPO—L (LD00GT; 000003, (.00005.
D00E, QU001 CHAPS—0, 0.1, 001 {1001
cationics [, [ and TH—, OG0, L0001, and
D.O000L: values of plt 0.1, 10O, 240, 3.0, 4.0, and
7.2 (CH.COO0H und TICI). Protein assays werc
performed by the Lowry method (Lowry er af
1951). Also solid OV A was denatured at LINFC for
12 hr in hermetically closed ampulles. OVA was
prepared inograpules with approximately 200 of
water. Afler denaturation. OVA was dissolved in
phosphate  huffer and filtered from undissolved
material. Protein conceniration was adjusted and
emission wis moeasured.

2.3, Flunrescence. UY Absorbance, and Circular
Dichroism

Fluorescence measuremoents were  performed
nsing Maodel FP-770,  hasco-Spectrofluoromeier.
The wemperature of the samples was maintained at
AC wsmg a thermostatically controlled circulating
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water bath. A series of fuorescent emission spectra
were recorded for protein solution with coneentra-
tion of approximately 0.013% which corresponds
o the absorbanee less thao (L1 in & Lom path
length to guarantee a linear increase in the vefative
Avorescence intensity. For the temperature studies,
the sample was hrowght o an equilibrium state in
0 min al the desired temperature, Absorbuance
vilues were measured using Uvikaon 930 spectro-
photomerer. Fluorescence emission specira for all
samples were determined at excitation wavelengths
{nm) af 274 and 295 and recorded over the
lrequency range from the excitation wavelength 1o
a wavelength ol 430 nm.

The magnitude of protein depaturation was
calewlated using the following cquation:

Percent denaturation (%0) = [{f, — L) &) = 100

where, 1, and . are the fluorescence intensities of
protein in the absence and in the presence of
denaturants, respectively. The percent of denatura-
tion was determined afier incubation of OV A with
denaturants for | hro Al data were determined in
triphcate for all experimental conditions.

Rate constants for denuturation were caleu-
lated using least-square analysis.

Chircular dichroism (CD) measurements were

ade on a Jasco J-500e spectropolarimeter using a
I cm quarte cell at room temperature,

The absorbances of all solutions were kept
helow [0, CD results are reported in lerms of
mean  residue ellipticity  [@], based upon a
molecular weight of 45,000 and 385 amino acid
residues per molecule of OVAL Helical content of
globular  proteins was  obtuned  from  the
relationship;

(813 = =30300}, — 2340

where [@).,. i residue ellipticity at 222 nm and £ is
fraction of a-helix in protein,

Depaturation of OVA was performed  with
&M GDaHCE, 1% SDS, (L0235.505%, and with
HCL 1o pH 2.0, Guanidinium chloride- and sodium
dodecyl sulphate-denatured samples were rena-
tured by 48 hr dialysis against (.01 M phosphate
huffer (pH 7.2) at 4°C. Samples were diluted 1o the
same concentration of profein (Ward and Bokman,
1982), Following nceutzalization o pH 7.2, acid-
denatured samples became renatured upon storage
for 48 hr a1 4°C.
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2.4. Amino Acid Analysis

Analysis of OVA was done by the procedure
af Spackman ¢t ol (IY38) Freeze-dned samples
were hydrodyzcd with 6N HCL in sealed tubes for
22-44-0d hr at 110°C with and without previous
oxidatiom with performic acid. The vacuum-dried
hydrolysate was analvzed and  applied on a
Beckman 120 C automatic aming acid analyvzer, For
trvptophan determination. samples were hvdrolized
with 4 N LiOH for 20-24-28-36-40 hr at 1UPC
followed by treatment with 6 N HCI for 22 hr al the
sume lemperatiee (Lucas und Sotelo, 198,

2.5. Polyacrylamide Gel Electrophoresis

PAGE was done both in native and in
denatured  forms in 13%  gel. Sodium dodecyl
sulphite polyacrylamide gel electrophoresis (S128-
PAGE] was performed according to the procedure
of Laemmli (1970} Fifty micrograms of protein
was applicd w sample stots. Gels were stained with
1.25% Coomassie  Brlhant  Blue R 250 in
methanol/water/acetic acid and destained in the
same sobvent, Molecular weight standards were
obtained from Sigma Chemical Co,

Mondennturing  gradicnt  polvacrylamide  gel
clectrophoresis.  (ND-PAGE)  was  done  using
8-23% acrvlamide gradients on Phast  System
(Pharmacia). ND-PAGE conditions were applied
according to Pharmacia  lechnical Rle 1200 For
8-25% ND-PAGE running conditions were: prerun
(dlv:  10mA: 23w; 15°C:  10vh), sample
application (400v; 1mA: 2.5w; [5°C; 2vh}, run
(v L0mA: 25w, 15°%C: 27hvh], Molecula
weight (MW) markers (Sigma) ranged between
14,200 D and 545000 5, The sample buffer was of
W0 mM Tris-HC| (pH E.0); | mM ethylenediamine-
tetraacetic acid (EDTA) DL.01%  bromophenal
blue. A prefocusing step of 30 min was carried out
before applving the protein samples of 30 ng/ pl and
ND-MW markers. The twortal clectrophoresis and
stmng time with Coomassie Brilliant Blue B2 50
wias  about 2 he, similar 1o conditions  of
Van-Seuningen and Daveil {1992).

Densitometry of  Coomassie  Brilliant  Blue
stained spots on the slab gel was carried out with a
Scan Maker 600Z Microtek at sample wavelenzth
of 30nm  (reference wavelength 750 am) by
measuring of (ransmission,

3. RESULTS AND DISCUSSION
3.1, Amino Acid Composition of Ovalbumin

Tuble | contains results of aming seid analvsis
of trade ovalbumin and literature data. Special
trestment was used to preveni the destruction of
iryptophan (Lucas and Sotelo, 1950) in comparison
with others (Smith and Back, 1970, The values
given by Smuth and Back (1Y7) for chicken
ovalbumin are in reasenable agreement with our
results. The main differcnces in the analysis of
ovalbumin  were in the wvalues for  histidioe,
tryplophan, threonine, proling, ind aspartic acid. It
can be explained by different methods, which were
used during hydrolysis of amino acids, Differences
in the amounts of the individoal ovalbumin also
have  been found  berween  vanous  strains of
chickens (Feeney er af , 1960), However, data in
Table | show quite similar amounts of the most
important amino acids such as 2.41 pmol%  for
tyrosine and 2,33 tor tryptophan, which are used in
Muorescence measurements.

3.2, Intrinsic Fluorescence Properties of
Orvalbumin

e could expect to recoive bwo emission
peiks, considering amounts of tvrosine and

tryplophan. However, Khan ef wl. (1980} indicare
that tyrosime has a lower exunciion coefficient than

Table L. Armino Acid Cemposition of Ovalbumim §gemol ™)

Crvalbunun Chyalbamin

Lysine 502 314
Flisticdine 253 1.74
Armining 4.5 388
Tevphophan 233 11,14
Aspartic acid LR HA3
Threonine - A 3.3
Sepine 7.4 Y473
Lalitamie weid L1165 13,38
Praine 287 389
Clyeame 50 4 84
Alunine %.21 b 1t
1 2 Cyatine 248 | A
Valine 7.3 824
Methianine 356 ERL
|sale weme 3.7 flb
| i 7.7 A.02
Tyrosine 4l Tl
Phenylolinine 4.4 505

CLmith ane Back {1970}
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tryptophan. In addition, an energy Irunsfer from
tyrosine (o tryptophan residues may result in the
dominance of the wryptophan fAuorescence resp-
onse. The presence of even one tryptophan residue
in protein gives spectrum with single  peak ot
Iryplophan emission in the interval 331-342 nm ar
both excitation wavelengihs at 293 nm and 274 nm
{Amtficld et al., 1987

In accordance with this postulaticn, excitation
at either 274 nm or 295 nm produced the emission
spectra of native ovalbumin with a single emission
peak with maximum at {nm) 335.0 and 337.5,
respectively  [nod shown}. Replacement of the
excitation wavelength of 274 nm to 295 nm resalted
in decrease of relative fluorescence ntensity that
connected with decrease in trypiophan emission
and almost complete absence of tyrosine Huores-
cence {Khan ef of., 1980). Tryprophan appears Lo
be the only aromatic amino acid that absorhs light
at this radiation wavelength,

It was shown by x-ray crystallographic studies
(Wright er ol 1990) that all three tryptophan
residues in ovalbumin. Trp"™™. Tep'™. and Trp™
are sitvated in the interior of molecule. Trp"™* and
Trp™" are included in helices F and H, Trp'™ is
located in the loop between strand 3 in fi-sheet A
and helix Fy. With the chanpes of tertiary structure
they become accessible to the external guenchers
and display altered Auorescence.

3.3, Urea-Induced Denaturation

Denaturauon of ovalbumin with wrea was
examined at both excitation wavelengths 295 nm
(Fig 1} and 274 nm (Fig, LA). Increasing levels of
urea showed o gradual decrease in Huorescence
intensity at 274 nm up to urea concentration 3 M, at
which significant decrease in the Auorcscence
intensity and small shift in the wavelength
appeared.  Above copcentration of 6M  urea
shoulder al approximately 307 nm appeared due o
tyrosine  fluorescence.  Simultanecusly. emission
peak (tryptophan  fluorescence)  shifted  from
337.5nm to 3325 nm. These values continued 1o
change up (o the addition of 8 M urea. where they
were maximal (emission maximom shifted trom
337.5nm to 355.0nm). The appearance of shoulder
and shift in the maximum of emission were the
results of protein unfolding.  DHstinet  shoulder
appears as 4 result of ceasing of energy transfer in
albumin from  excited lyrosing 1o iryplophan
residues with unfolding, when the distance between

Zemser ef al.
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Fig. 1. Dependence ol the luorescence emission of OVA on
urei concentrations, Excitation at 295 and 274 nm sre shown on
the graph and inssrl A, respectively, s, byoo,od and @ eorrespond
to the prtensity sl ures concentrations M, 20, 4 M, 68, and
s,

the tryptophan and tyrosine residues inercases
(Khan ef af., 1980). On the other hand. shift of the
tryptophan residues 1o a more polar environment
upon unfolding causes a shift (o the lower energy in
the maximum of emission and gquenching of
fluorescence inlensity.

The changes in tryptophan Huorescence in the
presence of urea were determined by monitoring
emission spectra at  excitation  wavelength
205 nm. At this wavelength. there is no contribu-
tion from tyrosine fluorescence, and fMuorescence
intensity at a fixed wavelength can be used as u
meusure of the extent of denaturation (Permyakov
and Burstein. 1954).

Denaturation of ovalbumin from Trima Phar-
macentical Industry and standuard ovalbumin were
carried out at the same conditions and comparative
results were received (data not shown).

1.4, GdnHCl-Induced Denaturation

The denaturation of ovalbumin in the presence
of GdaHC! was similar to that of urea. but showed
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Fig. 2. Dependence of the Nuorescense emission of OWA on
GdnHC concentrations. Excinanons {nod ot 295 and 274 on the
graph and insert A, respectively, o, booe, o, and ¢ refer 1o the
iniensity s GdnHOL eoncenirations UM, 1M, 3L 5M, amd
aM. Al samples were dissolved jn 001 M phosphate bulfer ar
fH 7.2 The protein cancentration was 1,15 mgdm| af W0°C,

more dramatic changes. The relative flucrescence
intensity decressed with addition of GdonHCI at
both wavelengihs of excitation 295 nm and 274 nm
(Fig. 2 and 2A), Denaturation achieved 49% at
maximal concentration of 4 M GdnHCI and 39% at
8 M urea. At concentrations of GdnHC| above 3 M
further decrease in fluorescence intensity was not
observed, but only difference in the shift was
established. [t may be explained in tenns of the
solvent perturbation effect of GdnHOl on the
Aucrescence. Shiflt in the maximum of emission
achieved 357 nm at 6 M GdnHCL Minimal shift was
observed to 341 am at 2 M GdnHCL demonstrating
the lower stability of the protein toward GdnHCl
than toward urca. Also shoulder corresponding to
fluorescence of 1yrosine at wavelength exeitation
274 nm appeared at 3 M GdnHCI and transformed
in a distinct peak centered at approximately 309 nm
at the highest concentrations of GdaHC (5 M and
6 M.

These changes m the tertiury structure of
ovalbumin with wrea and GdnHC) are consisient
with the results of Takeda e all (1992) on the
reactivity of free sulthydry! grovps in ovalbumin.
Ahove concentrations of 3M GdnHCI all four SH
groups of ovalbumin reacted. (i.e.. the protein was
unfolded to a cross lipked random coil). However.
unfolding of ovalbumin by urea is not sufficient to
expose free SH groups buried in the interior of the
protein, its helices resist the disruption by urea,

3.5. Influence of Oiher Denuturing Reagents on
the Unfolding of Ovalbumin

The effect of sodium dodecyl sulphate (5D5)
an the ovalbumin differed from effects exhibited by
previous denaturants. Addition of detergent also
produced a decrease of the intninsic Auorescence.
But the percentage of denaturation was larger with
SIS than with previous substances and reached
S8% (Fig. 3). Much lower concentrations of

§
=

RAslnlive Fluorescence Inlmnalty

Wavatenglh [nm)

Fig. 3. Dependence of the funreseence crmssion of OVA on
SOV concenteations.. Exciemion at 2S5 am. a, b,oooal, e, wnd T
refer [o the piensity al D3 conventrations O, 006 M, 114 8L
O B UL 8, and 0] B (AD Effect of different detergents
on the Avorescence smission of VAL a. b, o, and d carrespond
i the imensity of native OVA and T A reated with CHAPS,
S05. and CPC. respectively,
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detergenl were necessary too initiate decrcasc in
intensity, On the other hand. ot concentrations of
S5 above 1M an morense of fiuorescence
intensity  was  noted.  Such  behavior may  be
attributed 1w decrease in SDS-monomers. because
formatton  of SDS-protein compleses  does not
comnected  with  micellar  form,  Shift in the
maximum  of  wavelength corresponding 1o
tryptophan Anotescence was only 1o 338 5 nm und
338 nm at concentrlions of S5 LA M and 0.4 M.
There was no shilt at coneentraton of 0.2 M 505,
but at concentrations of 0.1 M and 0,01 M. the peak
moved  in the opposite side 1o 336om. At
wivelength of excitation 274 nm significant blue-
shift in the emission peak was observed o 220 nm
it the concentration of (.| M S5,

Guamdine and wrea induce  rransition by
interfering with the hydrophobic regions in the
interior as well as in the hydrogen-bonding patiern
involved in the polar regions of the peptide chain in
a protein motecale. In contrast. 808 interacts with
the hydrophobic side chains of & protein, distupts
hydrophobic  bonds, and  therefore  permits an
increased  development  of  helix  (Meyer  and
Kaurmann, 1962). These different mechansms are
reflected also in Auorescence behavior,

Small concentrations of cetylpyridinium chlo-
rde (CPCY bring momentary full lrreversible
denaturation. Therefore,  coneentrations of
o000 B UL THHRES B D000 M, 0000005 W, and
AN M were checked, Decresse in the relative
Auorescence inlensity consisted with increasing in
the concentratinn of CPC, Excitation at 274 nm and
295 nm exhibited shift in the maximum wavelength
tir the higher cnergy, similar to that observed with
S5 (3285 nm oand 33135 nm, respectively,  at
maximal CPC concentration of (.01 M, Shoulder
did nat appear. lis hehavior was similar to the case
of SDS-demturation, bur the effect was stronger
(data nol shown].

Catiomic detergents with various side chains
feationie [, cotiomic [ and cationie 111} did not
differ in their fluorescence spectrum (not shown}. It
may be suggested, that carboxy and alcohol
functicnal groups have not sufficient influence on
the denaturating properties of detergents. The
length of  the main  hydrocarbon chain and
halogenic substituent were the same m all three
cases,  Concentrations  of  cationic  detergents—
UAO00T M. 000005 M. LOG0E M. 0.0005 M., and
0.001 M—were checked. Concentraton of deter-
gents OLINHN1 M did not cause changes of emission

Lemser e al.

spectrum.  Concentration  of (L0001 M showed
decrease in Auoreseence mtensity and small shifl to
the longer wavelength (to 338.5 nm), Concentration
of 00018 produced increase of fluorescence
intensity and muaximal shift 10 342 nm. Percent of
denaturation achieved maximally [7%. Apparently,
these detergents don’t propagate helical structurs
and chinge omly tertiary conformation of oval-
bumin moleculs.

Effects of different tvpes of surfactants
[amphoteric (CHAPS), anionic (SD5), and cationic
(CPC)] on the emission spectrum of OVA were
compared (Fig. 3A). Even maximal concentrations
of CHAPS show no essentiul changes in the
flucrescence intensity and only a small shilt to the
wavelength of 338 nm. Such different cffects of
detergents can be explained on the basis of the
sarlier work of Nakamurs (1972 Sinee interaction
between protein and deterzent arises from  the
clectrostatic interaction between oppositely charged
greups and hydrophobic interactions, basic amino
acid residues of protein interact with SDS and
carbaxylic amino acid residues with CPC. These
interactions  bring on  the change of  protein
conformation. From  this point of view, slight
influence of CHAPS became clear.

Cwalbumin treated with HO and CH.COOH
showed similur behavior which differed only in the
extent of denaturation. Intensity decreased with
increasing concentration of HCL, but shift to the
lower wavelength was observed only at pH 10 (not
shown), 1 might be reluted 1o the fact that the
globular conformation of avalbumin at acidic pI is
similur to that at neutral pH, bur that molecules
become more fexible as the pH s lowered. CD
study also supports the conclusion that unfolding
does not take place in the cuse of ycid denaturation
and agrees with the concept of the molten-globule
state (Koseki er of., 1988). The alterations in the
fuorescence emission are the result of direct proton
quenching of tryptophan fluorescence induced by
low pH and coanected with prolonation  of
a-carhoxyl group in amino acids. that are in close
to tryprophan residues (Uchara e al,, 1976),

Also, viscosity measurements indicared that
the globular confermation of OWA did not chunge
at acid pH (Bull, 1940).

The temperature dependence of the Huores-
cence of OVA was investigated at 295 nm and
274 nm excitation wavelengths. Effecis similar w
those resulting from denaturants but less marked
were observed [Fia. 4, solid curve), The shift of the
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Fig. 4. Temperawee dependence of the Muorescenee emission of
OVA. Breitition at 295 om. a. bo and ¢ correspond 1 e
mienzity of protein salution o 40°C. 60°C. and 95°C. Dangd
cerves L and @ corrcspond 1o the ineonsny of protem heated in
the solid stare m hermetically sealed conditions and in nop-
sealed ones. respoctively

response was smaller (1o wavelength of 340 nm ar
temperature 93°C), and the fuorescence was
reduced by 27% . The shoulder. which corresponds
to breaking of energy transfer f{rom exciting
tvrosine 1o trvptophun residues was not abserved.
The shift in the wavelengeh of maximum emission
wias @ result of unfelding  of protein  with
temperature and exposing of aming acids residues
from the hvdrophobic interior w0 collisional
guenching by the solvent (Arntfield e af., 1987).

OVA, wtreated in hermetically closed condi-
tions. showed large shift of the maximum of
emission o the longer wavelength of 364 nm and
denaturation achieved TRE (Fig. 4, dotted curve).
OVA, treated in opened pans, gave small shift 1o
338.5nm and decrease in fluorescence intensity Lo
T

3.6, Kinetiv Studies of Denaturation

A number of researchers emploved kinetic
studics for examination of changes in protein
structure during denaturation {Gryczynski of af.,
1958; Flangman and Hesketh. 1974} In the present
work, rate constants [or OVA denaturation with

different substances were measured fluorimerri-
cally, following the decrease o Auortescence
tntensity at fxed wavelength of muximal shift, theo
caleulated and necluded in Table II. These data
demonstrule dependence of relative Auorescence
mtensities in OVA upon conformational  state.
Increase of urea concentration up 1o H M results in
a monotonic decrense in intensity (Table IT). Also,
ermission maxima indicate a nonpolar environment
for the tryprophan Tesidues. Above 6 M concentra-
tion, the emission maximum shifts o 335 nm, which
characterizes ryplophan in an agueous environ-
ment,  This crease in cmission  maximum i3
accompanied by a rapid decrease in the fduores-
cence [ntensity (Fig. 5), (i.c., strictly first-order
intensity - decay  of the native OVA  became
obviously second-order in conditions which result in
pritein  unfolding). The same transitions weres
observed for HOL and CH.COQH. The progressive
decrease of fluorescence intensity which is consis-
went with wpfoldmg  was more  intensive  with
guamdine hydrochloride and detergents than with
previcus substances (Figo 6), Even at minumal
cancentrations of the last ones. transition trom the
native to the depatured state occurred mo two
separate stages, corresponding to the three-state
mechanism of unfolding. Stuilar biphasic features
were observed earlier (Uchara er all. 1953 and
confirmed the cxistence of the stable intermediate
conformation. According fo the two-state model,
through which small globular proteins undergo
(Chmelik, 198Y9), after the rapid disappearance of
ordered structures (mostly a-helical), there soll
remuin large parts of folded protemn molecule.
These molecules hecome unfolded during  the
subsequent denaturation (Gryczynski er al.. 1988),

Figures & and 6 demonstrate different velocity
of the fluorescence transitions of egg alhumin with
different  surfactants.  High concentrations  of
GdnHCI, SO5, CPC. HC!, and CH.COOH which
were used for denaturation show a very rapid and
significant decrease n the rate of their fuorescence
transition.. For CPC, the first stuge contribuoted
abowl 87% of the total fluorescence change and was
completed in 2 min. Rate constants confiom the
stronger effect of detergents than of denaturants
{urea and GdnHCI) (Table 117,

3.7. CD Studies

The fur-UY CD spectra for different states of
VA (the native, denmatured and renatured) are
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‘Table 1. Floorcscont Properties” of Cvalbumin® in Different Denaturants

Time nl
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shown in Fig. 7. Opucal activity of a-helix in
far-UY  permits the wse of O stwdies  for
investigations of conformational changes in protein
solutions (Chen e af,, 1972), Received values of
helical content for different states of ovalbumim are
reparted (Table 1T}

The CD of native ovalbumin spectrum {Fig, 7,
curve b) shows @ larpe neguative pesk centered
around 222nm. This band demonstrates o sig-

nificant  a-helical content of protein.  Another
smaller band at 213 nm s characienistic for proweins
with significant quantities of § structure. Takeda
and Moriyama (1990) reported for intact ovalbumin
33% a-helical, 7% S-structure, and 60% random
coil content. Influence of GdnHCl on the secondary
structure of OVA is shown hy curve @ on Fig. 7.
Megative maximurm around 202 nm is typical for a
protein with a disordercd random coil structure,
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GdnHC1  causes  the protein to  undergo a
disorganization of its secondary structure involving
a complete helix-to-coil transition. These data
dgree with others, such as contents of a-helix,
fA-structure, and random coil in ovalbumin with
6.4 M GdnHCI as 6%, 13%, and 819, respectively
(Batra o al., 198%9). SDS-denaturation ol the
protein (0,1% 5135) leads (o mcrease in a-helical
content (0¥ compared o 36% in the native state)
(Fig 7, curve a). The spectrum does not closely
resemble that of the native state and demonstrates
the much mare pronounced negative maxima al 222

and 208 am tvpical of a-helix, However, at low
concentrations of SDS (0L0239), a decrease in
a-helical content in comparison o pative state was
olserved (Table 1), Al the same time, specirum
shape was similar to the high-binding protein state.
It is abvious that SDS does not unfald the protein
maolecule at concentrations of UKL M. Random
corll undergoes transition in a-helix and f-form.
These data apree with results of Takeda and
Morivama (1990) who described an increase in
helicity for ovalbumin-sodium  dodecyl sulfate
complexes: 33% of a-helix (increase from 33%).
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Table 1T, a-Helis Gatimation of Vanous States of OV A

Trool
Famples ar-helix
Matree prodean (0001 M phosphate baffer, pH 7.2] -3
Depatuicd protes
| Randomcoiled preedein (6 0 GdnBCD) -7
20 Acid-denatured ((LOL M phosphate bulfer, ptH 21 ~36
3 Detergentdenatared (015 51 20
4 Detergentdenatered (00255 515) —33
Foenatired proteins:
1 Froun 0,17 SDS -
Fram remdam-coiled stae:
20 Adter | hr of incubation -13
FooAdlter 24 e of incubation 32

13 of ff-structure {increase fram 7%), and 52%
of random coil (decrease from 60%). [n contrast

with this. Batra ef af, (19394 pointed ow that S5,
even ut g conceniration of 10 mM. has no effect on
the conformation of ovilbumin,

The far-UV spectrum ol the acid denatured
protein (not shown) shows spectrum similar to the
native protein.

3.8. Repeneration of the Native State

Renaturation of denatured egg albumin from
the random-coiled stale by dialysis showed partial
recovery of CD o structure ol pative ovalbumin
(curve ¢) with clear expressed features of a-helical
proteins (presence of two large negative hands
veptered around 208 nmoand 2200 nm). Caleulations
indicate 33% of a helix {(Table 1)

Renaturation of ovalbumin also showed partial
recovery of fluorescence properties. Maximum of
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emission spectrum shifred from 357 nm in dena-
tured protein 10 339 nm in repatured one. Shoulder
ar wavelength exeitation of 274 nm alse disap-
peared. Fluorescence intensity returned up to 31%
of the original lluorescence.

The protein is fully unfolded by the action of
60 GdnHCI to yreld a random coil and refolds
upon removal of the denaturing conditions 1o
reform the native structure. However. differences
in far-UV CID and Auorescence specira indicate
that the renatured protein has not fully regained its
native sceondary structure.

Since  SDS-binding i5 very strone, direct
rematuration by dialysis does net Jead 10 the
complete temoving of the detergent. However,
significant influcnce cven of minimal amounts of
bound SIS on the conformational changes has
previously  been reported by Tanford (1968}
Therelare, decrease o w-hefical content similarly
too the  low-binding state  was  observed  after
renaturation of high-binding protein form (Table
111}).

Flunrescence spectral renaturation up to 309
can be possible following the lreatment with
(1% 5D5.

3.9 Electrophoretic Analysis

Electrophoresis under native conditions does
not revesl sharp bands (Fig. 8A); therefore. its
schematic presentation was done  for visuality.
There was no difference i distribution of protein
bands in denastured samples with SDS and with
2ME. Samples 1. 2. and 5 (native and boiled
ovalbuomin in SDS buffer and boiled ovalbumin in
native buffer) showed sitmbar distribution of bands.
Chnly protein in native sample huffer (line &)
formed smaller quantitics of bands (2 insteud of 6
and illegible stur in the top) and their mobility was
larger than mobility of denatured ones. Under
denaturing conditions, when unfolding takes place,
the proteins differ in shape and size. Folded
proteins are remarkably compact in comparison
with a random polypeptide. and the shape of a
protein affects the rate at which it migrates in
polyvacrylamide pels.

Phast Svstem gradient electrophoresis in native
conditions showed better resolution than homoge-
neous electrophoresis (Fig. 8B}, Owalbumin in
native and SDS sample hutfer differs in distribution
of electrophoretic bands. Lane 1 is similar 1o lane 3
on pel €. Five bands cun be distinguished in this

sample. Bands in the native samples (3, 4) have
furger maobilities than in 1, bt the band at the top
of the lane became resoluted in 4 thin bands,
Gronulated OVA after heating in ampule shows
very illegible hehavior, but twe bands in the region
of MW 43 and 55 can be distinguished.

FAGE was perfarmed in SDS-conditions (Fig.
8C). However, ovalbumin in sample bulfer without
reducing agent differed from others. [t had larger
quantity of subunits (5 stead of 3) than protein,
denatured by boiling in 5DS and ME. All these
results are cansistent with data appeanng in the
hiterature (Chmelic e af,, 1988; Henkens e ai.,
1982: Chang and Hosey. 1990).

A scan ol 5D5S protein patterns demonstrates
the differcrces between lines 2, 3, 3, and 6 (Fig, 9).
After treatment with ME, which breaks disulphide
bonds, new interchain  disulphide bonds  arc
formed. As a result, aggregated forms  were
received in the bands at a position corresponding to
modecular mass of 43 kD. These results are
consistent with the data of Graighton [(1979), whao
described the tendency ol the wunfolded hen
ovalbumin to pgpresate. Smaller quantities of spots
but braader ones with larger molecular weight of
patterns than in nomreduced protein are shown.
Apgrepation was approximately as much s twice in
major bunds than in minor ones (Fig. 9). Minor
fractions (Fie. Y9 were not discussed, because the
remarkable changes were observed only for major
protemn bands,

4. CONCLUSIONS

Conformational changes in ovalbumin resulted
from the addition of anionic (SDS}, cationic (CPC),
cattonic [, cationic 11, and cationie IT] with different
side chains, and amphoteric (CHAPS) detergents,
denputorants (urea and GdaHCl), organic and
ingreanic  acids (CH;COOH  und  HCI) were
examined using the fluorescence of the tryptophan
résidues at 295 nm. The relative order in which the
detergents affected the extent of conformational
changes followed the sequence:

SDS = CPC = cationies 1. 1, 111 = CHAPS

Rate of denaturation followed double ex-
ponential decay in most cases. At small concenira-
ticns of wrea, HOD and CHLCOOH  rate of
denaturation followed single phase  first-order
reaction.

Decreasing in fluorescence intensity and shift
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in the maximum of emission which were the result
of unfolding ol the coiled polvpeptide chain were
observed.

CDr spectra for native, denatured, and
renatured  ovalbumin  showed  changes in s

secondary structure under denaturation.

Dialysis  of  denatured  ovalbumin  with
f M GdnHCI agzainst (.01 M phosphate buffer pave
partial recovery of CD spectra and fluorescence
properties,
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Fig. 9. Densitometric guantitation of protein bands of OVA on
palyacrytamide stabe gets, (A) Boiled OVA in sample buller {5.8.)
with 505, coresponding te Fig. 115, band 20 |B} native OV A in
5 B.owith 505, corresponding to Fig, 1B, band 3; () boiled OV A
in 5.8, with ME, corresponding 1o Figo 11B, band 30 (D) patie
OV A in 5.8, with ME, vorrespomding 1o Fig, LB, bonil 6,

The unfolding of ovalbumin was shown by
clectrophoresis, Denaturation was marked by
reduction of mobility and differences in molecolar
weights of subunits. Effects of ME resulted in
formation of aggrecated subunits as it is seen from
densitometric quantitation.
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