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Simultaneous differential scanning calorimetry, X-ray diffraction and
FTIR spectrometry in studies of ovalbumin denaturation
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The aew asplication of diferenial scanning calortmery (DSC) and she susceptibility of ovilbumm Lo
Z-ShVMOIrVESIn nave o quantiative estimation of prodein denaturution io solid evalbumin Solid ovalbumia
i geandles with 117, of warer wag heated 41 1007 C in closed and nonclosed ampules. In order 1o compare
effects of size ond crvsial structure, two proceins (Bovine albumm and s-plebuling were examinzd st simifar
conditiens for the extent of denawrauon. Ovalbumin and bowvine afbormin showed simular extents of dens:
toraton, ot c-globitling with o very differemt motecelar mass, showed the maxoral conformanonal changes,
The entiqdbpy ol denatracion was measured to eluciaate the conformational changes ot sond proceins. s value
wis used fur calzelation of the degree of densturatmon. The theemedvnomie datg associted winh jransition
waere cifenlnied and the aumber of bonds Froken during donaiuration was deermined. Intrinsic Huorescence
was Ulillized in arder 1o compare these swn methods. Morcover, X-eoyv difftaction and FTIR speetrometry Ware
applied 1o netive and denaured protemns, €8 Munksraasd 1993

Ky vealer deamuraisn: ovalbumin: ceberimeinc solid siae

Orvadbumin is o widespread wateixy for sustamed droa
release, as well as o food product, rich in amino acids
E1=2). Dy heaning 35 0 commenly used method for the
pharmucewtical production of pellets, This step can in-
duce chinges in the mamrx—dme mixure connectad
with protein denatiration; however, thers are very few
data on protem denaturaton ia the dry state (4—6), The
quantification of these changes 15 importan for undar-
standing the mechanisnms which uffeet sustnined drug
reloase,

Ovalhoming a3 4 protein molecule, represents 4 well
ordered macroscopie svitem. Because the stakilin of
diiy structure may Be evaluated by jts discuplon. the
slability of 2 protein can ke determined by studying itz
depatoration. Seanning microcalorimetry, whicl per-
mils direct mezsuroments of the enthalpy dependence
um temperature, became o popular methed in thermao-
dyaamic stadies of the tempersture-induced processes
10 prosain melecules. So farall invesugauens of prowen
thermal denaturation with DS technques were car-
ried ouln prowein solutions (7). Other Snown instru-
mentzl methods for studving procein denauration (8-
103 alse requive splutions. A& widsly gsed method for
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examining prosein denawration is inirinsic fluores-
cence, This mechod reflects unfolding of proteins by
decreased fluoresconce ensity and a shift in zhe max:-
e of ermission (11 [0 permits guantitative estimag-
ten of denauration using Auorescence parameters
which are & linsar measure of denateration in agueous
selutions. This work reperts a new application of DSC
o deterpune the conformanonal changes (percemagme of
denateraiion) in drv-heated selid ovalbumin. To show
the effect of proteins with different melecular masses
bovine dlbumin and bovine globulin were examined by
the sume method, Intrinsic Auorcscence. FTIR spee-
tromelry and Mergy diffraction confirmed the results
obrained by DT,

MATERIAL AMD METHODS

Cwvalbomin (OVA) was received from the Tranz Phar.
maceutcal Todusiey. Al selunons were prepared m
001 a4 phosphiate buffer. pH 7.2 Dawized distilled
water wis used throushoul, Other chemizals of reagsnt
grade, including boving albumm (BA) and -globuiin
{0-0) were purchased from Stema Coemicad oo and
wore used without further purificution,

Salid proteins (OVA, BA anc -G were densured
in hermetically closed ampules and in non-closed con-



ditigns at 100 = C for different periods of time. Pratein
samples in closed conditions contained water which
wits added for preparation of granules (upproximarely
117, ) Same protein samples were mused with 737, af
alvzeral. Protein sumples in non-closed conditons were
dried using speed vacuum. After heat treatment, the
ampule was removed from the ncubazor, cooled o
room temperature. and DSC. Xeruy. Avorescence ond
FTIR aralyses performed.

The extent of denaturation in soiid proteins was es-
tmizted om g Menler differcotial scanning calorimersr
using GraphWare TA-72, Portons (4—6 mz) of solid
preteins were Iransferred jno preweighed aluminium
pans and sealed, An cmply pan was used as the refer-
ence The pans were healed in the calonmeter al 3 °C7
min aver the ranme 30-120 =C. The denamranion tem-
peratire (Tt ond changes in the enthaipy of
denauration (AM) were compued from Lhe thermo-
s,

Fluorescence meusurewients were carried ot in Lhe
(iguid stace: For this purpose the protein solutions wers
prepared and fliered to remove insoluble materials,
and then the pretein concentration was adjusted spec-
trophotometricaily in accerdance with the absorbance
ol 280 nm or fuorescence anulvsis, Absorbance valoes
were measured using a Uvikon 930 spectrophatometer.
Fluorescence was measured using o mode| FP-T7U
Fasco spectroflugrometer.. The lemperotures of e
spmoles were muntained a3 307 C vsing a thermostat-
cally conteolled cell holder, Fluorescence smission
specira of native and denatured OVA. BA and -G
were measured b excitation wavelengths of 293 mm
and recordad fTom 293 1o 450 nm. The magniude of
protein denmuration based on the date which wers
abiaimed (tony fuoromelry fmeasuremants, was calou-
lated using the following equation;

Pereent denaturation (5 00 = [(f, — L0, ] = 100

where Jy and 4 are the Nuorsseence mtensines of na-
tive und denatured pratein. respecuvely (the hegin of
emission oeaksl.

A Perkin Elmer 2000 FTIR spectrometer was used
vy record TR specira, The samples for measurements
were preparced from granulated protein mised with und
without guanidinium chloride (GdnHCH and with KEBr.
and the pellets wers pressed applyimg 194 Kp/em= for
L3 3,

X-Ray diffrpctowrams of pative and denatured OVA
ond BA were recorded by a Rigaku (MAX-1TA, Rigaku
Keisoku Co) powder Xeray diffraciomeier according
te Hizokuri's method (131% The X-ray, Co &, irradia-
tivn was performed wih-a monochremator, The aper-
atingz condinons were the following: voltage 35 KV, cur-
rent 23 miAd scanning speed 1 7 /min; churt speed 5 mm
nure tme constant | s Samples were densely packad
em o gluss plate wsing aa alumimum frame.

Yalues al intensities were read [temt the curves over
the anoulir range 4-30° which ineludes maose of the

Stndies of ovalbumin denaturation

crestalline peaks. Percent erystallinuy was deternuned
br an iptegral methed. o-Spacings were computed by
Brage's low using 2=2d sin I, where » is the wave-
lenath of the X-rav beam (1.3405 A) o ts the spucing
berween unit-call edzes of the specine esvstal to be stud-
ied, and & is the angle of diffracticn, The guanttative
measurement of crvsiallinmy was underaken uccording
o Nura o ol 1130 Euch pomt of minimiim jintensity on
the X-ray difiractograms of OVA and BA was joined
by 2 smoath curve, The bpper region unde: the most
prominent peaks in native OVA aad BA was the ares
af [00Y, srvstalline fraction.

Protzase digestibility was dewermuned using chymo-
irvpsing The enzvmatic teaction was carred out at
35 °C for 20 min according to the procedure of Ko
eral- (6). The extent of digestion was caloulaled gs the
percentage of absorpunes of 0.053°, unreated sample.

RESULTS AND DISCUSSION

DEC mensaremens af VA dengrured o ciosed
cokaitiy

DSC methods hnve been extensiveiv used to siudy the
peotein uafelding in ligud state (7)) This method is
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DEC hermagrams of gronuataled OVA wih |19, el wules: native [A)
and denargred overnight 2t 100 70 m = Bervescally Sosed umpule
|BY Temerr ! DSC ihesmoprems of mandisted OVA with 7,57, af
islyearal: native fa) and denagored 1l 500 'C oo conselosed con-
ginans Th)
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Effect of temperalure reatmest (100 % O overnight in ampulesion the
fiunrescence smission specirum of granulated OVA, Excnanen or
295 nm. A apd B correspond 1o the intensity of rative and densiurad
DY AL respevely,

highlv sensiive 1o conformational changes. The DSC
seans for nagve OVA and a sample denatured in an

ampule are shown in Fig 1. The native struciure of

maislure-treated ovaloumin wis stable up w0 a critical
semperature, and then disrupted with intense heat ab-
corprion (Fig. 1, curve A) Het pretrestment destabi-
lized the protein conformenon as reflected by the
marked decrease m AH and Ty values [Fra. 1, curve B
This result sugzests changes in malecular conlormanon
of ovalbumin and is consistent with thase af other su-
thors (140,

AW )
ob M
i

Wavenunber lom'')

FIGLIRE 3

FTIR spestta nf ovalnumin: (A4 nalve granolated, (B)omanoiaoed
heated a1 (0090 in ampaie: overnighi: 100 powdered mized wilh
sramidmiem chicnde (GdaBHC (1; 1)

Disordaring uf the sysiem lakes place upon heaung
A considerable number of ovalbumin molecules shifis
Lo state that contributes much less 1o the untolding
(ransition. thus causing a significam decrease in the
calorimetnc enthalpy. The enthalpy chunges of the ini-
el and remainming DEC endotherm were measured and
used [or calculation of the percent of denatured oval-
bunun  Table 1), The entropy (81 values which are as-
sociated with stule iransition and affirmed disordering

TABLE |

Thermadvegnic dave of sarice and deratered gromwes e closed condipong

Samples Tn AN A5 i LA Yo
T Theatmol &)
{J7e) proeas muslj
Native granulated OV sl |1, ol water 357 1183 13534 740 0.3z
Grapaiated OV beated o1 LM in ampule overniabn 4.8 979 1129 el 1124 v ol
Nauve sranululed BA with £17 of water il bl FH54 Bkl 4423
Granulzted BA heated at 100 °C in ampuede overnighs 2 Jn2.1 IR 382 a 189 &1 L
Salive grantlaied =G with L|*, of varer 382 2373 G224 2T 1382
Granulgted -0 heatzd at 1007 C in ampule averngnt 35k 1340 <8363 14,72 167 5K 36

* 1. Denauation temperature: [ Mugreseence intensity: * L% percent of denaturawon esleulaed from DT eaperiment; “0% percent of

denaturatinn caloulaee front imnnsic fuorescence methisd
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FIIR spectsa of c-miobubp: (Addauve sranuited; (B zranulal=d
heated a0 00T in ampules avernight: [€) pewdered mivxed wath
cugnidiniuem shloride (GdnHCl) (113,

of protem structuee were also calculated (Table ). Be-
sults for bovine albumin and y-globulin were obtuned
and mterpretated to compare proteins with different
melecular weights (OVAL L3000, BAC 6elly, -G,

Studies of ovalbumin denaturation

130000, Table ! demonstrates the relaiion berwesn
enthalpy values and molecular weighos of proteins, The
Jarzestenthaipy value was registered for -globulin, De-
naturation of around 307, was obzerved in sl cases,

Inertngie Suarescence metisod

In cur previous repolt (13) innasie fluoreszence was
bged 1o sudy the unfolding of ovaibumin induced by
different denaworine asents and high teroperature. At
the escliaiion of 293 am, ryptoohan is the onlv uro-
matic amino acid w absoch light, Efects of denaturants
and heatng cause the dispiacement of the tvprophan
residues 1o mare polar envizonoment Upoen enfolding.
Such = displacemant gives 3 shift 1o lgwer energy in the
maximum of emission and guenching of Nuorescence
miensity | 1), The present work emploved fluorescence
mensurements (0 examine changes in dry-heated oval-
bumin with and without 117, water and for compari-
sort with the date of calorimeiric anabysis. Figure 2
shows fluorescence spectra of ovalburain in the native
siate and after 1007 C rentment, and demonstraies i
shift in the wavelength of emussion from 339.5 1w
3635 um and a decrease in the uorescence intensizy of
the denzwred sampie. The percent of denfiurotion was
caleutnted from both methods (DSC and rinsic Quo-
rescenca) and compared saustaeiocily (Table 1) The
fuorescence mtensity was measured [or all proten
samples. but iz the dry stale it did nol indicate dena-
turatioin. Tharelowe these resolis were omured
Tables 4.

FTIR spagirometry

Kaden et sl [ 16) applied mirared spectroscopy for the
siudy of the secondary struzture of o iving prowin, On
the basis of therr mvestgation, imfrared spectra of oval-
bumin were abtzined 1 analvze the prolein conforma-
tion (Fig. 3). These changes induced by heat treatment
resulted in the alterations of amide 111 and T bands
(Fig. 3. spectra A and B As s sean from Fig. 3, the
ntensities of the muide | and 17 bands decreased 1o the
denaiuired samples in comparison with those of the

TABLE?

Amudde £, 08 and I hoad pevirlong tin cme™ T and refarive frensine saiiay o T30 cen T fona

Sarpiz Amge § Amee T1 Amids 1]
Buand positiun R Rand 2aogison R Band pesrian &
Maliwve avatbumin (=3} 14.2 [ £ b 4 (EN 1
b3 7
Denwtured avalbumin |6%nh 7 JEi0 3 1313 -
12 4
Mative bavine alburme |36 1 AL 2H 122 2
Dicaaigred boving albamn LARD 9 1531 33 1233 |
MNauve y-globulin 1844 11 |53 4.5 3% 3
Drenanured ~-ghitbulin 1935 A 535 4 1235 =5
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5. Gorinstem ef o,

TABLE:

V=Ranw sitirmeion spnerumes o ot pond denetoned (VA

M Samphes frverplandr spacings, 0 1AL vers stromz (st striznm {5k
msdivm (ko weak (wld and e Lbey catensiizs

A wative OVA (powder] WA ), AR |

i MNative sranuiated 0VA G521 ) 50 gl L3 {w)

C ONA [powidery deswured overnging ap 100 € 4alk fm). dad [esh i

[N Crronulaned VA denmwred overmizht al [ TE Gaien) 407 s s

L Drranuiated OV A e gl 10 |k 4 RS poe). =8 v

I isranubated DVA Biered i LI0T 5 dass TEE b AL v

G OV A deasured with wred (1:0) HUE R T 1]

pative OVAL Alsa the intensity cana of the amide I
bard 1o the 2mide | band inereased in both denatured
samples relative to the native ane In the denatured
arotain amide [ and 11 bands are almost of the same
mmensity | Fig. 3, speetra B und C). Sueh spectral be-

nasios is purportedly associated with the disruption off

fvdrogen bonds trough heat denaturation and reflecs
adecrease in z-helix content of the denatured proten.
according 1o the findings of Kuw etal, (17), They
showed the dependence of the intansity razio of the
amide 1T band to the wmde | band on the 2-heiix con-
tent. The influence of disruption of hydregen bonds an
enthalov chasges in DSC was also reported by seme
authors (183, As can be seen from curve C in Fiz. 3,
GdnHC| also induced alterauons in protain conforma-
dion; These samples show that the intensily of the amide
11 hend 15 the same as that of the amide T band. indi-
cating that the =-helis. conten of the treared ovalbumin
decreasss in comparison with the native one,

Table 2 indicates differences in the peak position and
peak imensice ralios (R) of native and denatured
samples. R-Vaiues were obtained as the ratio of the
band’s miensiy o the CH: defermauon visrauon
(1430 em- 1) by the bpseline methed (Fig 3, dored
limeh. As may be seen, the frequency of the amide T band
vourve B) shifted 3 em~—! more on the high-freguency

side than curve A Owalbumin spectra showed alter-
atiems o the 13301200 cm— ! region (e the armide TT
band): namely, the difference in intensity miio hetween
the 1359 and 1430 ¢m - ! bands decreased, und the dis-
timction betwesn the 1311 and 1238 em- ' peaks in-
creased inihe B spectrum. The peak at 12400 em - T was
cenverted from a sharp inwnsive band 1o a bread one
and the imensity af 1311 cm-" band decrensed, sug-
gesting that the 2-helix and F-structure were disordered
upon heul reatment. These results correspond Lo those
of Kuden er ol {1&L who assigned the broad band m
the 1300- | 250 cm ~ ' remion to an z-helix: the relatively
shurp band in she [240-1230 cm ! reaon 1o a {-sheet
and & broad. medivm jnrensity band o the 1270-
1240y e~ - region 1o 4 disordered struciure,

The spectral ¢hangss i bovine whumin were similar
W e alerotons in ovalbumin spectrze { Toble 2). The
spectra of J-slobuhn differsd from ovalbumin spectra
{Fig, 4). A cleer sharp band a0 1235 cm - ', correspond-
ing to a f-shest, became broader and smaller after de-
nuturation compared 1o natve -olobalin (Fio 450 L
supposes @ decrease n the f-conformaten of y-glubulin.
Also. the intensity ratc of the peak at 430 em - 1o
that at 1200 ¢m -~ ¢ increased after denaturation, How-
ever, the imiensity racie of the mmide 1 1o amide 1 bands
did not chanee drasticalh. Such o differeace can be

THELE L
Thermndvanted drad o) e oo givaleaded svalfme
Samples r AN AS G
[ (kzal-mal K
i) ikeai moll

Mativz gramuiated OVA [En ) fE.3 -5 [245.7 370
Gronubned O¥A Seaed o 00T H i e s x 501 ¥
Cronlaied OV zeated at S0 Coovernight B3 gt 2943 257 i
Granghaed VA szalee oL 1007 1 h biF 9 IR L5 ]
Ciraneied OVA newes ab 1002 overmegni fafn. 2 LKL s X2 L3
Gronchied OV peated at 10052 3 days 532 601 LET ) Ay
Mative sranulutee O% A wilh gleceral Tna 103.1 [Lglh 143
Cromulated OV aath gheersl neated st 00 °C L h a3 4,3 4334 il il

Ta. wemperaure of the deoaturation: L0, pereent of denasuravon calewizen trom DSC eapenent,
st P

252



INTENSITY

DIFFRACTION

FIGLRE 3

=R diffrazuan parterns of natve and denaured avalbomin: AL B,
000 I F and G raspactivaly £ ) paove povece ) B inograns
ples, (o der ufier Bemerosion ap L0050 evemizhl m clased
concitione., (Do pranulased praein after denatosaton an (00 S0 G ers
sk in cioses condors, TE o grenulaed protem afidr denatoration
at 0T Far | b opencd pondmions, (F | granluted prolge dller
doraluration 5 100 - durpsa 5 days in opesed concitions, (G pow-
dermmixed wainore {11 Inser B Xoray difvaguognen: of wrea. Insery
I Xeray oifiracnon pauerns of petree and Jateraesl 3ac L aatne
inogeaniles, thdgramuinted B heated of 00075 | b sranulated
B heaied 40 1007 C avgppache, () grenaloned B heated ap 100 72
Soqlovs, del nowdered mixed wityures 4 [T

strpibuted o the fuct that the @-sheet (5 the main ar-
dered steucture of v-globuling compared 10 ovalbumin.
All results on peak positon ure mcluded m Table 2,

X-Rayv diffractomery
The treavment of OVA ot 100 =C slightly changed the
erystal patterns (Fig. 4. 4 and ©). Nutive powder and

Siudies af avalbumin denaturziien
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5 chermoarramms of sranclared OVA tredted 10 nonac sl sonde
Dons: (AT native OV AL B OV A emued al 307 Coverment, (07 OV A
hagesd ar 100 T aversighn, (028 heiied at (005 5.

native yranulated OVA showed very strong peaks at
3,38 and 4. 35 A and medivm peaks at 9.35 and Y31 A,

In wranuiated OVA 3 wesk peak also appears at
415 AL The number of spucimzs changed very shghtly
in heat-denatured samples. Upen denattradon with
urea, the peaks were present around 167 A, showinz a
drastic changs from (he native samples,

The relative crvstallinity was measured 12king inte
considerizion two prominent peaks around 4.30 and
.30 A, The crystallimizes of samples A~G (see dowails
in Table 3) were, respecuveiy, 100, 100, 82, 38, 86, 73
and 72¥, (Tabte 33 Shizhuly different results of relative
ervstallinity were received for bovine aibumin. The
crystallinities samples ol a—e [Fig. 5, insert I) were.
respecuvely, 100, 73 a6, 34 and 28Y,. The spacing
values of these samples were similar e OVA and were
shown 1o be in the range %.60-9.85 and 3 80—.67 A
Fram the results which wre shown it may be concluded
that the crvstallinity 18 connected with the degree of

3
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5. Gorinstein et of,

TABLESZ

Thevmodvramic. dut of derve ged dev-heared afbionine

Samples T A LY Nald
A (hoalimol K
1= ixeul mah)

Mulve gronudated BA idry) B, 16, = rE iR 45
Granuiarad BA heaed 51 50°C 1 h a7, 1N [n7k4 40
Cirenulared A beated a1 80 °C overnizln 5.3 159 67035 4.8
Grentthaed BA heated Al 1050 |y B34 L L 1454, 3= 11
Granulited BA heated a1 W) ° O overnishy $2.) 798 12358 LFF. 3 *
Granulazed BA metad 20 [D0 72 5 davs 6l 35.% ¥ 5 4o
Matve aranulated BA with glveers) B3l Ji5y L7 i3
Oramalated Ba with miveenal hearad al 10070 1 h &3z 183 BELT 198 E ]

* Tu Tempernture of the depauraion: ® D, pereant af denatwravon calsulated from DSC expesiment.

denaturation, as well as with the moigcular weight of
these proteins. The larger percent denuturation corme-
sponds to the smailer crvstaliinity,

Drr-heqred OV A

Dry cvalbumin was lieated for different periods of time
i non-closed condiions and compared with the dota
obtained after denageration of OVA in ampules. Fig-
tre & and Table 4 demonsteate DS thermograns and
thermodynamic data. These results indicale @ signifi-
cunt jmerease of percent denauration of ovalbumin with
increasing heating time. A decrease in AH und Ty and
breadening of the peak were noted upon OV A heating.
A peak broadening, os well as a decrease in AH, ndi-
cates denyiuraucgy (19), As is seen from Table 4 an
increasain the temperature and ume of heat rearment
caused a decrease in embalpy and o slighe shifi in Ta
to the lower value, Afier incubavon durtog 3 dayvs at
1900 depawrmiion reached 287, However, in the
presence of 1%, of waer {Table 1) denaturation
reached 37", after 12 hincuebation av 100 °C, Addition
of glveeral (7.3%,) reduced the enthalpy by 63%, after
Fhincubation at (00 °C, These resulis are m agres-
ment with the conciusions of Nose eral, (4) which
ravealed that thermal denaturation of solid ovalbumin
was sensitive to the water and alveerol content. How-
ever, Mase gf o, (4] did not observe thermal denajur-
ation in dry solid ovalbumin even alter 3 b heating al
(007 C. Frgures & and 7 represent thermaograms of Sil-
feremt proteins before and afier denaturation at various
conditions. Al sample proteins show 3 mradual de-
crease 1n the extent of denaturation with increase
temperainre { Tables 4—0), However, the percentage of
denaturation was maximal in the case of y-globulin.
Diznmwration it bovine atbunin was ot abserved dpon
heatmp at 80 °C overnight, This resul may Be attrib-
uied o the different denacuraton iemperatuses of the
tesied proteins, However, the extent of denanzration in
the presence of watar or glveerol was guite similar o all
vases. Probably different melecular weights of prateins
did not influenee the degree of thermal denaturation in

254
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FIGLURE 7

DSC thermmograms of granulsted BA trested in non-clesed condi-
uomns: (A pave BAL B BA hearee at 107 C ovespasihi, 10 OV A
agated ol 0070 5 days. Insery §: DEL mermograms of granolied
<03 creajed 8 nop-clased candiuums: (adnave -G b -G heseed
At 800 5 avermght, et =0 eated al 00 Covermehl. (4} -0 heared
at 100 " CF dzys

the presence of addicives, such as water and givearol,

which increase the extent of thermal denawration,
According 1o Wagner and Anon {18} thermal pro-

tein denntucation inveldves the rupluce of one disulfide



TaBLE 5

Thermuetinmee dute of naove and deybeared --plubalip?

Studies of ovalbumin denaturation

Sammoles i AS 4
P fhoal ol Ky
1gi fkealimal)

Mative sranalated -G adry) T3,7 (36 SUEES| 133
Granuiated -3 heated 21 $0°C | h &7.7 LR T34 &2 33
Gramulgted -« Reyed at 80°C avernisht g2z 0 i3 LR ]
Geanulaied =« heated at 1070 [ h 6Ly T2 25306 ib 14
Granuiated -0 heaved o 100 ° ) overnighl B4 6313 o) A <L
Granmated -G heated a1 [T S days 353 3.3 15336 53 4l
MNanuve granulited -G with glveersl 4.5 ER E116.5 g4
Graputated 0 with stvceenl heated o [00°0C Lk 6.3 693 244%0.8 1.3 il

1 T, Temperswars of the deraturavon; 7, £, percent of dinaturston caleolusd from D5C expeniment

bond (which contributes o AA of 13 keal/mol and a
negligible AS), and the rupture of # hydrogen bunds
{AH =4 keal/mol and AS =0.012 keai/mol/per protein
molecule). 5o, the pumber of broken hyvdrogen bonds
can be calculated as:

n=AS0.012 and it = (H — 23)4

where i the number of broken hvdrogen bonds and
AS s the enteopy and AH the enthalpy of denatiuration,

With A of nagive ovalbumin and of the hegr-treazed
pme [248.7 and 6462 kealimol, respectively, we can
approsimately evafuate thut 308 and 1535 hydrogz
honds were broken during the conformational transi-
tion of native protein and of previousts heated avalbu-
min, respectively, Conseguently, 49%, of huvdrogen
bonds were ruptured duning heat pretrgstment in aon-
closed conditions, These results are in harmony with
recznl work of Murphy and Gill (20}, whe demon-
strated that hydrogen bording is the mam stabilizing
ferce in protein stabilicv. In the case of howvine albumm
und -globulin 35 and 41", of hvdrogen bonds, respac-
tively, were ruptured during heat presoeatment (3 days
at 100 -Ch

Table 7 represents the suscepubility o x-chymo-
trvpsin of ovalbumin hasted in the dry siare during
various periods of tme. Suscepripility 1o proteclysis

TABLET
Serceginlity o Creaiiipaan reguneal of orafhiei inschie d
wirediriain g

Samples Extent of digesusn
Vil
Matve graoulaed VA fil
Crenolated QYA heated W 84 °C L h &2
Gronuwlated €1%A feated wl 83 7 C overmeit nt
Creanulaved O VA feated at 100 0 | ) g
Coramulmed OVA hoated 31 J0H) O overmgist K
Granalared OVA hrested a1 J0U 4T 5 dave Th

vradudlly increases with wme of heat treatment and
indicates the changes in pratein conformation wwards
a less stable structure during the heating [Table 7)h
These results correspond Lo the conclusions of lmoto
eral. (200 who suggested thar susceplibility lo pro-
teases s proportional 1o the fiexibiliny of protein struc-
tire and (s very sensitive o chanzes in protein confor-
marion. For visuality, the rate curves of pretem
hydralyars with chymotrypsin are shown n Fig, 3.
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Pratealydis af OVA with r-chymoteypsin: netnee OVA (AL OVA
heamed a1 80T TR B DVA heated 26 100 Cravermiging (23, OV A
Seared ag L0 3 days,



S, Corinsiein of ol
CONCLUSIONS

We developed wonew application previously unknown
in the lierature, based on DSC und Xeray studies. oy
andlozy with garlier investipalions of starches and pro-
teins (22, 213). DSC has proved to be wselul for the
analysis of soild-state ovalbumm and can give oguan-
malve estumation of protein denaturancn, Campanson
of OVAL BA and +-G demonstirated the possible ap-
plication of D5C Lo the analysis af differenl proteing.
OV and BA showed similar estents of denaturntion:
howwever, o= which significandy differed in moiecular
weight, revenied the maximal conformatonal changes.
In the presence of witer or glveerol different molecular
masses did 1o influence the degree of deaaturation. A
aood correlation between DSC, X-ray diffraction. flue-
rescence. [R spectra and suscepubilily o 2-chymo-
Irvpsin of naiive and beated gronulaled protoins wis
obtuned. Al ubovemenuencd methods eonfirmed the
castence ol alteration Iy protein strdcture upon heat-

ing.
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