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ABSTRACT

Protease-antiprotease balance isinvolved in a number of biological and pathological processes and in egg white,
proteases are thought to haverole in embryogenesisand antimicrobial defense. Other biological activitiesassociated
with egg white include immunomodulatory, anti- cancer, antioxidant and anti-hypertensive properties. The avian
egg isan important source of nutrients, containing all of the proteins, lipids, vitamins, mineralsand growth factors
reguired by the devel oping embryo Ovomucoid, a serine protease inhibitor, is useful in oral delivery of protein/
peptide therapeutics. Co-administration of ovomucoid with calcitonin, is often used in the management of
osteoporosis. Because ovomucoid inhibits digestive enzymes, such as trypsin, a chymotrypsin and elastase, it
has been found to improve the oral delivery of insulin. In view of its various important roles, ovomucoid was
isolated from duck and its third domain was characterized. The present study highlights the characterization of

chemically modified third domain.

INTRODUCTION

Ovomucoidisaserineproteinaseinhibitorintheegg
whitesof al avian speciesa aconcentration of about 10
mg/ml which accountsfor 10% of the protein produced
by thetubular gland cdllsof theoviductinlaying birdg®
. Theinvolvement of proteinasesinamultitudeof con-
trol functionsin an organism hascreated aninterestin
their physiologica inhibitors. Regulation of proteolytic
activity intissuesisacritica requirementinthemainte-
nance of homeostasi %3, Egg white proteins possess
ACE-inhibitory activity, & adsohighradica-scavenging
activity. Thecombined antioxidant and A CE-inhibitory
propertiesof egg whitehydrolysates, or the correspond-
ing peptides, would makeaussful multifunctiond prepa:
ration for the control of cardiovascular diseases'+2%,
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Egg proteinsarerich sourceof biologically active pep-
tides. Besides having proteaseinhibitory activity, sev-
eral other biologicd activitiesare associated with egg
components, including novel antimicrobia activities, ant
adhesive properties, immunomodul atory, anticance,
antioxidant, anti hypertensive properties.?+%! Proteases
play key rolesin several physiological processes, in-
cludingintracel lular protein degradation, boneremod-
eling, and antigen presentation, and their activitiesare
increased in pathophysiologica conditionssuch ascan-
cer metastasi sand inflammation. They area so required
for invasion by microorganism. Four proteaseinhibi-
torshavebeenidentifiedin eggwhite: cystatin, ovomu-
coid, ovomacroglobulin (aso known asovodatin), and
ovoinhibitor?21, Ovomucoid-aserineproteinasein-
hibitor has been found to beuseful for ora delivery of
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protei n/peptidetheragpeutics?>34. Avian egg whitesare
arich source of protein inhibitors of proteinases be-
longingtoal four mechanistic classes. Ovomucoid and
ovoinhibitor aremultidomain Kaza-typeinhibitorswith
each domain containing an actual or putativereactive
sitefor aserine protei nase™!.

Laskowski et d®*. havereviewed themedicind and
biologica aspectsof proteinaseinhibitors. Thepossible
useof proteinaseinhibitorsin thetreatment of various
diseaseswhichinclude cancer and Aids, hasled to ex-
tensive studieson the structure, specificity and stability
of theseinhibitors. To be ableto increasethe activity
and/or stability of aprotein, theknowledge of relation-
ship between structure and stability of themoleculeis
necessary. It has been found that globular proteinswith
hydrophobic and compact interiorsaremorestable as
compared to those having polar or charged amino acid
residuesintheir interiort®”.

Thethird domain of duck ovomucoid (OMDUK
[1l) isaglobular proteinwith threelysineres dues, two
of which havelessreactivity and are probably shielded
from theenvironment by neighboring amino acid resi-
dues. Inthis study, chemical modification of thethree
lysineresiduespresent inthethird domain of duck ovo-
mucoid wascarried out.

Theamwastofind outif thechemica modification
of oneor morelysineresduesaffectsthestability of the
domain, itsinteraction with theenzymein theenzyme-
inhibitor complex formation, or atersthespecificity of
OMDUK Il towards any enzyme.

MATERIALSAND METHODS

| solation of duck ovomucoid

Sephacryl S-100HR column (1.938x1.83.4cm)
wasused for the purification and the purity was checked
by gel filtration,SDS-PAGE (sodium dodecyl sulphate
—polyacrylamide gel electrophoresis),and fluorescence
spectroscopy=8.

| solation and char acterization of third domain of
duck ovomucoid

Cleavage of ovomucoid with theremolysin was per-
formedin0.2M Tris-Hcl buffer, pH 8.1 according to
themethod described by Laskowski et d®*. Thethird
domain was separated on a Sephacryl S-100HR col-
umn (1.938x1.83.4cm)
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Chemical modification of third domain of duck
ovomucoid

Thechemica modification of lysneresiduesof duck
ovomucoid third domain (OMDUK 1) wascarried
out. Using three different modifying reagents: acetic
ahydride (A) (which neutraizesthe positive charge of
lysine), succinicanhydride (S) (which replacesthe posi-
tivechargeby negative), and o-methyl isourea(G)(which
retainsthe positivecharge but increasesthe size of the
resdue).

To determine the extent of modification achieved
by different amountsof modifying reagent used, the per-
cent modification achieved was plotted against themo-
lar excess of modified reagent taken over protein. for
thispurpose, identical amountsof OMDUK |11 were
treated with varying molar excess of acetic anhydride.
themolar excessesgiving 33%, 67%, and 100 % modi-
ficationswere subsequently taken with thethreemodi-
fying reagentsto modify one, two or all threelysine
residuesof theprotein.

A1, S1 and G1 correspondsto 33% modifications;
A2, S2 and G2 correspondsto 67% modification;A3,
S3 and G3 correspondsto 100% modification.

Acetylation of OMDUK |11

Thiswas carried out according to the method de-
scribed by Riordan and Vallee (1967)1 using acetic
anhydride as the acetylating agent. The protein was
takenin 0.2 M sodium phosphate buffer, pH 7.5, and
the required amount of acetic anhydride was added
dowly with continuousstirring. Thereaction was per-
formed at 4° C and the pH of the reaction was main-
tained between 7.0 and 7.8 by appropriate additions
of 2M NaOH (sodium hydroxide). Thereactionwas
continued until pH changes stopped (about one hour)

Deacetylation of acetylated tyrosneresidues. Ace-
ticanhydrideisnot absol utely specificfor lysineresi-
dues, tyrosineresidues may a so bemodified. To esti-
matethenumber of tyrosineresiduesmodified and their
subsequent deacetyl ation, the method of Riordan and
Vallee (1967 b)“Y wasfollowed. The acetylated pro-
teinwasmixed with anequa volumeof 0. M hydroxy-
laminehydrochloridein digtilled water (pH adjusted to
7.5with2 M NaOH) and the absorbance at at 278 nm
wasmonitored continuoudy over aperiod of onehour.
The initial absorbance was taken to be that for
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deacetylated OMDUK I111. The number of O-acety-
lated tyrosine residues (N) was calculated from the
equation:

N=(AA,xM)/(1160xc)

WhereAA, isthedifferencein absorbanceat 278 nm
for the O- acetylated and deacetylated proteins, M is
the molecular weight of the protein, and cisthe con-
centration of the protein.

Succinylation of OMDUK |11

The protein was succinylated according to the
method of Klotz using succinic anhydride. Appropriate
amounts of succinic anhydridewere added to the pro-
teinsolutions (in 0. 2 M sodium phosphate buffer, pH
7.5) Thereaction was carried out at 4° C and the pH
was maintai ned between 7.0 and 7.8 by adding suit-
ablediquotsof 2M NaOH. Reactionswere continued
until pH changes stopped (about one hour).

Guanidination of OMDUK 111

A 0.5M solution of O —methyl isourea was pre-
paredindigtilled water and its pH wasadjusted to 10.5
with2M NaOH. Appropriate volumesof thissolution
weretaken for 33%, 67% and 100% guanidination of
the protein ThepH wasmaintained at 10.5 during the
reactionwhichwascarried out for for 24 hoursat room
temperature (Kimmel, 1967)“2.

All modified preparationsweredidyzed extensvely
against 0.06 M sodium phosphate buffer pH 7.0 and
stored at - 4° C.

Quantification of modification

2,4, 6—trinitrobenzene sulfonic acid (TNBS) was
used for the quantification of lysineresiduesmodified.
The method described by Habeeb (1966)“s wasfol -
lowed for thispurpose.

To 1 ml of protein solution (containing 0.05t0 0.5
mg of protein), 1 ml of 4% NaHCO3and 1 ml of 0.1%
solution of TNBSindistilled water wereadded. After
anincubation of two hoursast 40°C, thereactionwas
stopped using 1 ml of each of 10% SDSand 1N HCI
(hydrochloric acid). Absorbance was read at at 335
nm against reagent blank prepared similarly but with
1ml distilled water instead of protein solution. The per-
cent modification achieved at aparticular molar excess
nmvs. theamount of protein using the equation:

% Modification=100[1- (m2 / m)]

BIOCHEMISTRY (mm—

Wherem2 isthedopeof themodified proteinand mis
that of theunmodified protein.

Characterization of themodified derivatives

Sizeand chargehomogeneity of theunmodified and
modified OMDUK Il derivativeswas checked by size
exclusion chromatography and polyacrylamidegel dec-
trophoresisunder native conditions.

The proteinswere characterized intermsof their
Stokes’ radii (using Sephadex G 50 column, 1.95 x
73.3cm), relative mobilitiesupon native— PAGE, UV
— absorption spectra and emission spectra.

Theinhibitory activitiesof theunmodified and modi-
fied derivativeswere studied against the serine protein-
ases chymotrypsin, subtilisin Carlsberg, and SGPB
(SgriseusproteaseB), asdescribed earlier.

Ureainduced transition studies

Theureainduced trangition produced intheunmodi-
fied and modified derivatives of thethird domain was
studied asafunction of inhibitory activity of theinhibi-
tor molecule against chymotrypsin. Enzymeactivity of
chymotrypsin at increas ng ureaconcentrationswas ob-
tained by incubation 0.05 mg of chymotrypsinand 0.05
mg of SGGPNA (succinyl-glycyl-glycyl-phenyld anyl-
p-nitroanilide) at 36 ° C for 20 minutesin presenceof 8
ng of unmodified third domain at the different urea con-
centrationsto determinethe decreaseininhibitory ac-
tivity occurring upon addition of inhibitor.

Eight pug of the different derivatives of duck ovo-
mucoid third domain (unmodified and modified) were
separately preincubated for 24 hoursat room tempera-
tureinbuffer containing increasing amountsof urea. To
these solutions, enzyme and substrate were added fol -
lowed by incubation at 36 ° C for 20 minsas per the
usual protocol. Results were interpreted in terms of
enzyme activity and decreasein percent inhibition at
increas ng ureaconcentrations.

RESULTS

| solation and char acterization of third domain of
duck ovomucoid

Duck ovomucoid third domain was isolated by
treating pureovomucoidwith thermolysinand fraction-
ating thereaction mixture on Sephacryl S-I00HR col-
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Sephacryl 5-100 HR column
2 ml were collected

and momtored at 2800nm (e—ea)

Fractions of
From each

fraction, ahgquots of 001 ml were taken and separately momtored for

antitryptic (OA—48) and

antichymotrypric

=) activihies which

L -

were interpreted ain termms of ®e tnhibition
TABLE1

Characierization of ovomucoid and different pcak proteins (obtained by passing
reaction mixture of ovomucord with thermolysin on Sephacryl §-100 HR
column) Only peak fractions were taken

Property Ovomucoid Peak | Peak 11a Peak IIb Peak I
Y% Carbohvdrate 22 X0 td4 05 20 01 26 BO 1773
conten!
Specific inhibition
««Trypsin 30 76 48 54 5 0% 60 04 | 89
--Chvmotrypsin 24014 15 12 2.00 2. 25 T 06

umn. Theelution profile showed threedistinct peaks
(Figure 1) Fractions under each peak was monitored
for antitryptic and antichymotryptic activities. Peak |11
showed the highest amount of antichymotryptic activ-
ity. (TABLE ).

Chemical modification of third domain of duck
ovomucoid

In order to find out the percent modification ob-
tained by using different molar excessesof themodify-
ing reagent, duck ovomucoid third domain was sub-
jected to chemical modification with varying concen-

trations of acetic anhydride. The extent of modification
wasdetermined by trinitrobenzenesulfonicacid (TNBS)
asdescribed in Materials and M ethods section. The
linear plotsbetween theamount of protein and absor-
bance at 335 nm are shown in Figure 2(a). Theextent
of modification wasdetermined fromthed opesof these
plots. Figure2(b) showsapl ot of percent modification
versus molar excess of acetic anhydride. the presence
of twotypesof residues can be seenfromthisplot: fast
reacting and slow reacting. After about 50 molar ex-
cessof themodifying reagent at which about 35% modi-
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ficationisachieved, theincreaseinthe percent modifi-
cationwithincreasein the concentration of the modify-
ing reagent issmall, suggesting that presumably all the
exposed lysineresidues have been modified at thisre-
agent concentration. Since OMDUK |11 containsonly
threelysineresidues, it wastreated with 50, 500. 1000
molar excessesof themodifying reagents (acetic anhy-
dride, o-methyl isoureaand succinic anhydride) to ob-
tainthemodification of one, twoor dl threelysineresi-
duesrespectively.

Estimation of percent modification of OMDUK
[11 by TNBS method. Plots of absorbanceat 335 nm
VS. protein concentrations for the calculation of the
slopevaluesfor the different acetylated derivatives.

e —

Plot of percent modification achieved at increas-
ing molar access of acetic anhydride

Both guanidination and succinylation performed
under the conditionsused in this study have beenre-
ported to be highly specific for the amino groups of
the proteins. However, acetylation isnot that specific
and may result in the modification of tyrosineresidues
also. Theacetylated derivative wastherefore treated
with hydroxylamine hydrochloride (asinMaterias &
Methods) and two of thethreelysineresidues present
inthethird domain werefound to be acetylated. Con-
sequently, this preparation wasfirst treated with hy-
droxylamine hydrochloridefor one hour to remove
the acetyl groupsfrom thetyrosineresiduesand then
extensvely dialyzed against 0.06 M sodium phosphate

10O a [} 1
buffer pH 7.0
Hal. z Thepurity of themodified derivativesof OMDUK
= : 1l was checked by ge filtration on Sephadex G-50 col-
- i i umn and polyacrylamidegel eectrophoresisunder na
= i 6 tive conditions. Figure 3 (a,b,c) showstheelution pro-
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filesof themodified preparations. A singlesharp peak  of maximum absorbance, emissonwavdength, andin-

ineach casewasindicativeof Szehomogenety of these  hibitory activity againgt different serine proteinases.
preparationsAll themodified preparationsgaveasingle  (a) Determination of Stokes’ radius: A calibrated

band on polycrylamidegel eectrophoresisindicating
chargehomogeneity of themodified derivatives.

CHARACTERIZATION
Thedifferent chemicaly modified preparationswere

characterized interms of their Stokes’ radii, relative
mohbility on12%ge under nativeconditions, wavelength

Sephadex G-5- column, equilibrated with 0.06 M
sodium phosphate buffer, pH 7.0, wasused for the
determination of the Stokes’ radii of the modified
derivatives(TABLE 2). Thechromatographic pro-
filesof thedifferent modified derivativesareshown
inFigure 3 and Figure4 and TABLE 3 show the
treatment of the gel filtration data according to
Laurent and Killander (1964)“4 and Ackers
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(1967)11,

(b) Nativepolycrylamidegd electrophoresis. TheR
values of unmodified and modified OMDUK III
preparations, obtained on 12.5% polycrylamidegel
under nativeconditionsarelisted inTABLE 4.

(c) Spectrd properties: ultraviol et absorption spectra
and fluorescence emission spectraof the unmodi-
fied and modified OMDUK Il derivativeswere
takenin 0.06 M sodium phosphate buffer pH 7.0
(Sincethe spectraweresimilar in shapeto the ab-
sorption and emiss on spectrafor unmodified duck
ovomucoid third domain, they have been omitted
for brevity). Thewave ength of maximum absor-
bance of the derivativesand theemission maxima
arelistedinTABLE 4.

(d) Specificinhibition: Specificinhibition of theserine
prote nases chymotrypsin, subtilisn Carlsberg, and
SGPB by unmodified and modified derivatives of
OMDUK 11 was determined by taking 0.05 mg
enzyme, 8ug inhibitor and 0.05 mg SGGPNA (sub-
gratefor chymotrypsin) or 7.5 mg casein (substrate
for subtilisn Carlsberg and SGPB)

Andyssof gd filtration dataaccordingtothemeth-
odsof Laurent and Killander® and Ackerg* for the
estimation of Stokes’ radii of the unmodified and modi-
fied derivativesof OMDUK IlI. (Figure4a& 4b)

Urea-induced transition studies
ureainduced conformationd trangtion wasstudied

between 0to 9 M ureaconcentrationsby following the
decreaseinspedificinhibition of chymotrypsin. Theloss
intheactivity of chymotrypsin occurring asaresult of
uresrinduced conformeationd aterationswasmonitored
by measuring the enzyme activity between 0to 9 M
ureaconcentrations (Figure5). Tofind out if the addi-
tion of unmodifiedinhibitor affectstheenzymeactivity,
theenzymeactivity wasa so measured in the presence
of 8 ug of OMDUK 11 at the different urea concentra-
tions. (Figure5).

For studying the effects of ureaon theinhibitory
activity of unmodified and modified OMDUK 111, 8 ug
each of the different derivatives were separately
preincubated for 24 hours at room temperaturein 1.5
ml of working buffer solution containingvaryingamounts
of urea. Thesewere subsequently added to the enzymes
andtheusua protocol wasfollowed. To determinethe
enzyme activity (Figure 6). The percent decreasein
specificinhibitionwas plotted against ureaconcentra-
tion to check theincrease or decreasein stability oc-
curring upon chemica modification (Figure7). TABLE
5liststhe differencein enzyme activity between un-
modified and modified OMDUK Il derivativesinthe
absenceof urea, and thedifferencein percent decrease
ininhibitionfor each derivativeat 0 and 9 M ureacon-
centrations.

Enzymeactivity inthe presence of unmodified and
modified OMDUK Il derivatives preincubated inin-

TABLE?2

Ireatment of gel filtration date according 1o the methods of Laurent and Killander
(1964) and Ackers (1967) for the estimation of Stokes' radins of duck
ovomucosd third domain Sephadex G-50 column (1.95 x 733 em®)
equilibrated with 0 06 M sodium phosphate buffer, pH 7 0, and operated at a
flow rate of 30 ml'h was used

Protein Stokes’ v, K.. {(-log K.,)' ' Ky erfe’ K,

radius {nm)} {(ml) L = T

Carbonic anhyvdrase > &7 91 b f | 204 { n42 445
Trypsinaogen ! 34 | 06 § IET 927 (0 166 0 ugy
Ribonuclease | 92 118 5 i * 0 790 0 186 1 748
Cytochrome I 64 2§ 0 0280 O 744 0.336 .679
OMDUK I11 . 220 e 0 76K {0 3040 i b
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creasing urea concentrations for 24 hours at room  subjectedto chemicd modificationwithincreesngacetic

temperature.(Figure 6(a), (b) and (c)) anhydride concentrations(Figure 2). Figure2b clearly
showsthe presenceof two typesof lysineresidues, fast

DISCUSSIONS reacting and dow reacting. It isapparent fromtheFig-

ure that of the three lysine residues present in the

Chemical modification of OMDUK 111 OMDUK Il fragment, oneisexposed whilethe other

two arerdlatively inaccessible. Thisisal so supported

Inorder tofindif thereactivity of thethreelysine _ _
by the crystal structures and ribbon drawings of the

residuesof OMDUK Il isdifferent, the peptide was

8
A 192 -
0B84 -
190}
082
~ < 188}
2 £
3 3
o 0BO E 186
2 <
- <
078 | & reef
OMDUK 1L, A1 182
076
. OMDUK 111, A1
T_Jd_ 1 1 1 | L i 180
1.80 182 184 1.86 188 180 152 T.n " ; 1
JiL 1 l 1
Stokes'radius (nm) ‘068 ©OT0 072 0% 076 078 080
Figure4(a) | ertenne
. Figure4 (b)
Gel filtraton dots analvsis according 10 the method of Lawent and Killander ——
(1964) Gel filtration dita analysis sccording to the method of Ackers (19671

TABLE3

Treatment of gel filtration data obtained on Sephadex G-50 column (|1 95x73 1 ¢m?) according to the
methods of Lavrent 2nd Killander {1964) and Ackers (1967) for estimation of Stokes” radii of OMDUK
111 derivatives Delails same as in Table:

Frotein v, K.. i-log Bal K. Erl':n'll;.'..* 'h}‘.“ﬁ"m
radius (nm)
OMDUK 1] |22 0257 (1 Tt¥ 0 1049 07117 1 81
AlOMDUK III 122 0 257 T8 0 3049 07y 1.8
A20MDUK III 118 0226 80O b 271 0765 | 88
AJOMDUK 11 1164 0211 0822 0253 0 749) | 43
GIOMDUK 111 2 fh 254 0775 1296 0. 722 | 84
GIOMDUK LI (20 0242 n.TRS ) 290 0 741 | &6
G3IOMDUK Il 117 5 0222 N oang 0267 0,772 | B9
SIOMDUEK [ 121 254 0 T75 0 296 0772 1 84
SZOMDILUK [[] 1175 0223 0O BN%{ 0267 0772 | 89
SIOMDUK 111 115 0203 0832 0 240 0 T4 | 23
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TABLE4
Summary of charactenzation parameters of unmodified and modified
derivatives of duck ovomucoid third domam

Derivative R, y S Em jun
OMDUK 111 0.088 27917 303
Al OMDUK 111 0.147 279.17 303
A2 OMDUK 11 0.225 279.17 304
A3 OMDUK 11 0314 280.30 305
G1 OMDUK 11 0.078 279.17 303
G2 OMDUK 111 0.069 279.75 304
G3 OMDUK 11l 0039 280,30 305
S1 OMDUK 111 0216 279.75 304
S2 OMDUK I 0,355 280.30 308
53 OMDUK 111 0,392 280.75 305
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third domain fragment™®. Wright and Scarsdal € have
also shown that thereactiveloopisprotruded outside
the nucleusof themolecule. Inview of this, itisprob-
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siteloop. Theother two lysineresduesare present in
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molar excesses of modifying reagent required for ob-
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TABLES5(a)

Percenm decrease wn the enavime mhibitory actnany obtamed apon the

chenmeal modification of OMDUE [

Percent decrease in inhii‘]iﬁnn of

Modified
derivative Chymotrypsin Suhti]i;i n SGPB
Carlsherg

Al 42 4.0 35
Al 102 10.0 99
A 4.2 R I8
Gl 69 70 69
0l B w3 b
Ga Q7 96 92
sl -0.3 74 09
52 112 11.0 1240
53 |52 151 158

(acetylated, succinylated and guanidinated) of thethird
domain.

Size and charge homogeneity of themodified de-
rivativeswere confirmed by size exclus on chromatog-
raphy (Figure 3) and polycrylamidegel electrophoresis
under nativeconditions. All thederivativesgaveasingle
peak on gel filtration and only one band upon el ectro-
phoresis, excluding thepossibility of any mgjor sizeor
charge heterogeneity inthe chemicaly modified prepa-
rations.

—== Regular Paper
TABLES5(b)

Percent decrease m specific mhibition occurnng between 0 and 9 M urea

concentration for the unmodified modified denvatives of OMDUK 111

Derivative Specific I‘Illlibi';illll at Yo decrease
0.0 M 9.0M

OMDUK 111 57.21 5492 4.0
Al 54 82 47.97 125
A2 51.35 3B.25 25.5
A3 4907 31.89 350
Gl §3.29 46,90 120
G2 52,25 5147 1.5
G3 51.63 51.63 0.0
51 60.79 50.46 17.0
52 50.78 331 EER.
83 18 50 2546 47.5

Stokes’ radii of the modified derivatives were de-
termined from chromatogrgphicdata Thelargestincrease
in stokes radius was seen in 100% succinylated
OMDUK Il (from 1.83nmto 1.93 nm) Thisisunder-
standablesincesuccinylation of eachlysineresduesin-
creasesthe net negative charge on the protein by two
units*. Ontheother hand, 33% acetylated derivative
had the same value of stokes radius as unmodified
OMDUK II.All the other modified derivativeshad the
stoke’s radius ranging between 1.83 nm and 1.93 nm.

Thee ectrophoretic mobility of thedifferent prepa
rations varied with the extent of negative chargeim-
posed upon modification. Thus, the 100% succinylated
derivative had maximum mobility while the 100%
guanidinated had theleast mobility. The guanidinated
derivatives had rel ative nobilities approaching that for
theunmodified OMDUK 11l sinced|l thesederivatives
had identica net charges.

Sightredshiftsinthe  of theultraviolet spectra
(maximum shift of 1.58 nm occurringupon succinylation
of OMDUK Ill)aswell asin the emission maximaof
fluorescence spectra (maximum shift of 2.0 nm occur-
ring upon 100% modification) are aconsequence of
conformational changes that accompany chemical
modification.

Although the changes occurring upon modification
foranindividua parameter (Stoke’s radius/ A/ emis-
sonmaximum) aretoo smal to beof importance, these
resultswhen considered conjointly, support each other
and suggest that aconformational change occursupon
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67% and 100% modification. The maximum confor-
mational change occursupon 100% succinylation. The
index of conformational changewas:
B>A3>G3=S2>A2>G2>S1=G1>A1=0OMDUK IlI
Specificinhibition of theserine proteinaseschymotrypsin,
subtilisin Carlsberg, and SGPB by the unmodified and
modified derivatives showed interesting resultsLossin
inhibitory activity occurred upon chemica modification
inal casesexcept theinhibition of chymotrypsinby 33%
succinylated OMDUK I11. Further, the percent lossin
activity occurring upon acertain degree of modification
wasamost equd for thethreeenzymes, except theinhi-
bition of chymotrypsin by 33% succinylated derivative.
A comparison of theinhibitory activitiesof the 33% acety-
lated and guanidinated derivatives showeed that the per-
centlossininhibitory activity wasamost 4% for theacety-
lated derivativeand 7 % for theguanidinated derivative.
It isimportant to note that in both these preparations
only onelysineresidue, whichispresent in exposed po-
gtion near thereactivesite peptidebond, wasmodified..
Taken together, these results suggest that the positive
chargeof lysneresidueat thispositionisnot absolutely
necessary for theinhibitory activity of OMDUK III. The
small decreaseininhibitory activity occurring upon neu-
traization of thischargeby acetylaionisprobably dueto
the steric hindrance created by the acetyl group.

A further lossininhibitory activity occurred upon
67 and 100 % acetylation and guanidination. However,
inthese preparations, the percent decreaseininhibitory
activity wasgreater upon acetylation (10 and 14% for
67 and 100% modified derivativesrespectively). In
these preparations, thetwo remaining lysineresidues
modified arefar away from thereactivesiteand should
not affect the gpproach of theenzymein any way. Prob-
ably, themodificationsof theselys neresiduesaffected
the conformation of theinhibitor molecule, thereby re-
ducingitsinhibitory activity. Thisresultisa so supported
by the alterationsin Stokes’ radii A and emission
maximafor these derivatives. A dightly higher decrease
(11 and 15% in 67% and 100% succinylated deriva-
tives, respectively) can be explained in termsof maxi-
mum conformationd dterationinthesepreparations. In
contrast, the 33% succinylated derivative showed a
6.5% increased inhibitory activity against chymotrypsin.
Inhibitory activities against subtilisin Carlsberg and

BIOCHEMISTRY (mm—

SGPB decreased by 7% upon 33% succinylation of
OMDUK 1l (asdsoin caseof 33% guanidination). A
study of thestructure of thechymotryps n active showed
the presence of apositive charge contributed by histi-
dine-57 near theactive site. Favorableinteractionsbe-
tweenthisresdueof theenzymewiththenegativecharge
introduced by succinylation of OMDUK Il1 are prob-
ably responsiblefor theincreased inhibitory activity of
the 33% succinylated preparations.

Urea-induced transition

Ureainduced decreasein the chymotrypsininhibi-
tory activity of the OMDUK 1l was used asaparam-
eter for sudyingthegability of thisfragment. Inthepres-
enceof urea, theactivity of chymotrypsinwasfoundto
decreasewith increasing ureaconcentrations. Addition
of afixed amount of unmodifiedinhibitor produced a
further decreaseintheenzymeactivity. Theseresultssug-
gested that the effect of ureaontheinhibitor molecule
could bemonitored asafunction of enzymeactivity.

Unmodified and modified OMDUK 11 derivatives,
preincubated for 24 hours at varying ureaconcentra-
tions, wereused to inhibit theactivity of chymotrypsin.
Thepercent decreaseintheinhibitory activitiesof these
derivatives showed that the maximum decreaseininhi-
bition occurred upon 100% succinylation and theleast
upon 100% guanidination. If the percent decreasein
inhibitory activity isassumed to bedirectly related to
the stability of the peptidein urea, it would appear that
stability decreasesinthefollowing order:

G3>G2>0OMDUK 111 >G1=A1>S1>A2>A3=S2>S3

Theresultsshow theimportance of postively charged

lysineresiduesinthegtahility of thethird domain nucleus.

Also, sncetheintroduction of abulky, positively charged

modifier isincreasing thestability of themolecule(asin

67% and 100% guanidinated preparation) it would

appear that theinterior of thethird domainisnot suffi-

ciently compact intheunmodified form.
Chemical modification studiesof the ovomucoid
thirddomainleadtothefollowing conclusions:

1. Acetylationof duck ovomucoidthird domainwith
increasing molar excessesof the modifying reagent
showed that of thethreelysineresiduespresentin
thethird domain, theonenear thereactivesiteisin
an exposed position whilethe other two arerda
tively buried.

An udéan Journal



BCAIJ, 7(2) 2013

[1]

[2]

[3]

[4]

[5]

(6]

[7]

(8]
[9]

Khushtar Anwar Salman et al. 69

33% acetylated and succinylated derivativesof the
third domain showed avery slight decreaseinin-
hibitory activity against the serine proteinases
chymotrypsin,subtilisin Carlshergand SGPB indi-
cating that the positive charge of theexposed lysine
resdueisnot crucid for theinhibitory activity of the
domain. However, the presence of modifying group
interfereswith the approach of theenzymeinthe
enzyme-— inhibitor complex formation.

Positive chargesof thetwo buried lysineresidues
arenot directly required for theinhibitory activity.
The conformational changesoccurring upon modi-
fication dter the structure of thereactive site suffi-
ciently to producelossininhibitory activity.
Although aconformational ateration isproduced
upon guanidination of thethird domainwhichre-
ducestheinhibitory activity of themolecule, thesta:
bility of thedtered conformationismuch higher than
that of theoriginal.
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