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ABSTRACT
Protease-antiprotease balance is involved in a number of biological and pathological processes and in egg white,
proteases are thought to have role in embryogenesis and antimicrobial defense. Other biological activities associated
with egg white include immunomodulatory, anti- cancer, antioxidant and anti-hypertensive properties. The avian
egg is an important source of nutrients, containing all of the proteins, lipids, vitamins, minerals and growth factors
required by the developing 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.
 2013 Trade Science Inc. - INDIA

Egg proteins are rich source of biologically active peptides. Besides having protease inhibitory activity, sevOvomucoid is a serine proteinase inhibitor in the egg eral other biological activities are associated with egg
whites of all avian species at a concentration of about 10 components, including novel antimicrobial activities, ant
mg/ml which accounts for 10% of the protein produced adhesive properties, immunomodulatory, anticancer,
by the tubular gland cells of the oviduct in laying birds[1- antioxidant, antihypertensive properties.[21-25] Proteases
7]
. The involvement of proteinases in a multitude of con- play key roles in several physiological processes, introl functions in an organism has created an interest in cluding intracellular protein degradation, bone remodtheir physiological inhibitors. Regulation of proteolytic eling, and antigen presentation, and their activities are
activity in tissues is a critical requirement in the mainte- increased in pathophysiological conditions such as cannance of homeostasis[8-13]. Egg white proteins possess cer metastasis and inflammation. They are also required
ACE-inhibitory activity, & also high radical-scavenging for invasion by microorganism. Four protease inhibiactivity. The combined antioxidant and ACE-inhibitory tors have been identified in egg white: cystatin, ovomuproperties of egg white hydrolysates, or the correspond- coid, ovomacroglobulin (also known as ovostatin), and
ing peptides, would make a useful multifunctional prepa- ovoinhibitor[26-28]. Ovomucoid-a serine proteinase inration for the control of cardiovascular diseases[14-20]. hibitor has been found to be useful for oral delivery of
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protein/peptide therapeutics[29-34]. Avian egg whites are
a rich source of protein inhibitors of proteinases belonging to all four mechanistic classes. Ovomucoid and
ovoinhibitor are multidomain Kazal-type inhibitors with
each domain containing an actual or putative reactive
site for a serine proteinase[35].
Laskowski et al[36]. have reviewed the medicinal and
biological aspects of proteinase inhibitors. The possible
use of proteinase inhibitors in the treatment of various
diseases which include cancer and Aids, has led to extensive studies on the structure, specificity and stability
of these inhibitors. To be able to increase the activity
and/or stability of a protein, the knowledge of relationship between structure and stability of the molecule is
necessary. It has been found that globular proteins with
hydrophobic and compact interiors are more stable as
compared to those having polar or charged amino acid
residues in their interior[37].
The third domain of duck ovomucoid (OMDUK
III) is a globular protein with three lysine residues, two
of which have less reactivity and are probably shielded
from the environment by neighboring amino acid residues. In this study, chemical modification of the three
lysine residues present in the third domain of duck ovomucoid was carried out.
The aim was to find out if the chemical modification
of one or more lysine residues affects the stability of the
domain, its interaction with the enzyme in the enzymeinhibitor complex formation, or alters the specificity of
OMDUK III towards any enzyme.
MATERIALS AND METHODS
Isolation of duck ovomucoid
Sephacryl S-100HR column (1.938x1.83.4cm)
was used for the purification and the purity was checked
by gel filtration,SDS-PAGE (sodium dodecyl sulphate
– polyacrylamide gel electrophoresis),and fluorescence
spectroscopy[38].
Isolation and characterization of third domain of
duck ovomucoid
Cleavage of ovomucoid with theremolysin was performed in 0.2 M Tris-Hcl buffer, pH 8.1 according to
the method described by Laskowski et al[39]. The third
domain was separated on a Sephacryl S-100HR column (1.938x1.83.4cm)

Chemical modification of third domain of duck
ovomucoid
The chemical modification of lysine residues of duck
ovomucoid third domain (OMDUK III) was carried
out. Using three different modifying reagents: acetic
ahydride (A) (which neutralizes the positive charge of
lysine), succinic anhydride (S) (which replaces the positive charge by negative), and o-methyl isourea (G)(which
retains the positive charge but increases the size of the
residue).
To determine the extent of modification achieved
by different amounts of modifying reagent used, the percent modification achieved was plotted against the molar excess of modified reagent taken over protein. for
this purpose, identical amounts of OMDUK III were
treated with varying molar excess of acetic anhydride.
the molar excesses giving 33%, 67%, and 100 % modifications were subsequently taken with the three modifying reagents to modify one, two or all three lysine
residues of the protein.
A1, S1 and G1 corresponds to 33% modifications;
A2, S2 and G2 corresponds to 67% modification;A3,
S3 and G3 corresponds to 100% modification.
Acetylation of OMDUK III
This was carried out according to the method described by Riordan and Vallee (1967)[40] using acetic
anhydride as the acetylating agent. The protein was
taken in 0.2 M sodium phosphate buffer, pH 7.5, and
the required amount of acetic anhydride was added
slowly with continuous stirring. The reaction was performed at 4o C and the pH of the reaction was maintained between 7.0 and 7.8 by appropriate additions
of 2 M NaOH (sodium hydroxide). The reaction was
continued until pH changes stopped (about one hour)
Deacetylation of acetylated tyrosine residues: Acetic anhydride is not absolutely specific for lysine residues, tyrosine residues may also be modified. To estimate the number of tyrosine residues modified and their
subsequent deacetylation, the method of Riordan and
Vallee (1967 b)[41] was followed. The acetylated protein was mixed with an equal volume of 0. M hydroxylamine hydrochloride in distilled water (pH adjusted to
7.5 with 2 M NaOH) and the absorbance at at 278 nm
was monitored continuously over a period of one hour.
The initial absorbance was taken to be that for
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deacetylated OMDUK III. The number of O-acetylated tyrosine residues (N) was calculated from the
equation:
N = ( A278 x M) / (1160 x c)

Where  A278 is the difference in absorbance at 278 nm
for the O- acetylated and deacetylated proteins, M is
the molecular weight of the protein, and c is the concentration of the protein.
Succinylation of OMDUK III
The protein was succinylated according to the
method of Klotz using succinic anhydride. Appropriate
amounts of succinic anhydride were added to the protein solutions (in 0. 2 M sodium phosphate buffer, pH
7.5) The reaction was carried out at 4o C and the pH
was maintained between 7.0 and 7.8 by adding suitable aliquots of 2 M NaOH. Reactions were continued
until pH changes stopped (about one hour).

Where m2 is the slope of the modified protein and m is
that of the unmodified protein.
Characterization of the modified derivatives
Size and charge homogeneity of the unmodified and
modified OMDUK III derivatives was checked by size
exclusion chromatography and polyacrylamide gel electrophoresis under native conditions.
The proteins were characterized in terms of their
Stokes’ radii (using Sephadex G 50 column, 1.95 x
73.3 cm), relative mobilities upon native – PAGE, UV
– absorption spectra and emission spectra.
The inhibitory activities of the unmodified and modified derivatives were studied against the serine proteinases chymotrypsin, subtilisin Carlsberg, and SGPB
(S.griseus protease B), as described earlier.
Urea induced transition studies

The urea induced transition produced in the unmodified and modified derivatives of the third domain was
A 0.5 M solution of O – methyl isourea was pre- studied as a function of inhibitory activity of the inhibipared in distilled water and its pH was adjusted to 10.5 tor molecule against chymotrypsin. Enzyme activity of
with 2 M NaOH. Appropriate volumes of this solution chymotrypsin at increasing urea concentrations was obwere taken for 33%, 67% and 100% guanidination of tained by incubation 0.05 mg of chymotrypsin and 0.05
the protein The pH was maintained at 10.5 during the mg of SGGPNA (succinyl-glycyl-glycyl-phenylalanylreaction which was carried out for for 24 hours at room p-nitroanilide) at 36 0 C for 20 minutes in presence of 8
temperature (Kimmel, 1967)[42].
µg of unmodified third domain at the different urea conAll modified preparations were dialyzed extensively centrations to determine the decrease in inhibitory acagainst 0.06 M sodium phosphate buffer pH 7.0 and tivity occurring upon addition of inhibitor.
stored at - 4o C.
Eight µg of the different derivatives of duck ovomucoid third domain (unmodified and modified) were
Quantification of modification
separately preincubated for 24 hours at room tempera2, 4, 6 – trinitrobenzene sulfonic acid (TNBS) was
ture in buffer containing increasing amounts of urea. To
used for the quantification of lysine residues modified.
these solutions, enzyme and substrate were added folThe method described by Habeeb (1966)[43] was followed by incubation at 36 0 C for 20 mins as per the
lowed for this purpose.
To 1 ml of protein solution (containing 0.05 to 0.5 usual protocol. Results were interpreted in terms of
mg of protein), 1 ml of 4% NaHCO3 and 1 ml of 0.1% enzyme activity and decrease in percent inhibition at
solution of TNBS in distilled water were added. After increasing urea concentrations.
an incubation of two hours ast 40 o C, the reaction was
RESULTS
stopped using 1 ml of each of 10% SDS and 1N HCl
(hydrochloric acid). Absorbance was read at at 335
nm against reagent blank prepared similarly but with Isolation and characterization of third domain of
1ml distilled water instead of protein solution. The per- duck ovomucoid
cent modification achieved at a particular molar excess
Duck ovomucoid third domain was isolated by
nm vs. the amount of protein using the equation:
treating pure ovomucoid with thermolysin and fractionating the reaction mixture on Sephacryl S-I00 HR col% Modification = 100 [1 – (m2 / m)]
Guanidination of OMDUK III
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Figure 1

TABLE 1

umn. The elution profile showed three distinct peaks
(Figure 1) Fractions under each peak was monitored
for antitryptic and antichymotryptic activities. Peak III
showed the highest amount of antichymotryptic activity. (TABLE 1).
Chemical modification of third domain of duck
ovomucoid
In order to find out the percent modification obtained by using different molar excesses of the modifying reagent, duck ovomucoid third domain was subjected to chemical modification with varying concen-

trations of acetic anhydride. The extent of modification
was determined by trinitrobenzene sulfonic acid (TNBS)
as described in Materials and Methods section. The
linear plots between the amount of protein and absorbance at 335 nm are shown in Figure 2(a). The extent
of modification was determined from the slopes of these
plots. Figure 2(b) shows a plot of percent modification
versus molar excess of acetic anhydride. the presence
of two types of residues can be seen from this plot: fast
reacting and slow reacting. After about 50 molar excess of the modifying reagent at which about 35% modi-
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fication is achieved, the increase in the percent modification with increase in the concentration of the modifying reagent is small, suggesting that presumably all the
exposed lysine residues have been modified at this reagent concentration. Since OMDUK III contains only
three lysine residues, it was treated with 50, 500. 1000
molar excesses of the modifying reagents (acetic anhydride, o-methyl isourea and succinic anhydride) to obtain the modification of one, two or all three lysine residues respectively.
Estimation of percent modification of OMDUK
III by TNBS method. Plots of absorbance at 335 nm
vs. protein concentrations for the calculation of the
slope values for the different acetylated derivatives.

Plot of percent modification achieved at increasing molar access of acetic anhydride
Both guanidination and succinylation performed
under the conditions used in this study have been reported to be highly specific for the amino groups of
the proteins. However, acetylation is not that specific
and may result in the modification of tyrosine residues
also. The acetylated derivative was therefore treated
with hydroxylamine hydrochloride (as in Materials &
Methods) and two of the three lysine residues present
in the third domain were found to be acetylated. Consequently, this preparation was first treated with hydroxylamine hydrochloride for one hour to remove
the acetyl groups from the tyrosine residues and then
extensively dialyzed against 0.06 M sodium phosphate
buffer pH 7.0
The purity of the modified derivatives of OMDUK
III was checked by gel filtration on Sephadex G-50 column and polyacrylamide gel electrophoresis under native conditions. Figure 3 (a,b,c) shows the elution pro-

Figure 2 (a)

Figure 2 (b)

Figure 3 (a)
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Figure 3 (b)

Figure 3 (c)

files of the modified preparations. A single sharp peak
in each case was indicative of size homogeneity of these
preparations All the modified preparations gave a single
band on polycrylamide gel electrophoresis indicating
charge homogeneity of the modified derivatives.
CHARACTERIZATION
The different chemically modified preparations were
characterized in terms of their Stokes’ radii, relative
mobility on 12% gel under native conditions, wavelength

of maximum absorbance, emission wavelength, and inhibitory activity against different serine proteinases.
(a) Determination of Stokes’ radius: A calibrated
Sephadex G-5- column, equilibrated with 0.06 M
sodium phosphate buffer, pH 7.0, was used for the
determination of the Stokes’ radii of the modified
derivatives (TABLE 2). The chromatographic profiles of the different modified derivatives are shown
in Figure 3 and Figure 4 and TABLE 3 show the
treatment of the gel filtration data according to
Laurent and Killander (1964)[44] and Ackers
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(1967)[45].
(b) Native polycrylamide gel electrophoresis: The Rm
values of unmodified and modified OMDUK III
preparations, obtained on 12.5% polycrylamide gel
under native conditions are listed in TABLE 4.
(c) Spectral properties: ultraviolet absorption spectra
and fluorescence emission spectra of the unmodified and modified OMDUK III derivatives were
taken in 0.06 M sodium phosphate buffer pH 7.0
(Since the spectra were similar in shape to the absorption and emission spectra for unmodified duck
ovomucoid third domain, they have been omitted
for brevity). The wavelength of maximum absorbance of the derivatives and the emission maxima
are listed in TABLE 4.
(d) Specific inhibition: Specific inhibition of the serine
proteinases chymotrypsin, subtilisin Carlsberg, and
SGPB by unmodified and modified derivatives of
OMDUK III was determined by taking 0.05 mg
enzyme, 8µg inhibitor and 0.05 mg SGGPNA (substrate for chymotrypsin) or 7.5 mg casein (substrate
for subtilisin Carlsberg and SGPB)
Analysis of gel filtration data according to the methods of Laurent and Killander[44] and Ackers[45] for the
estimation of Stokes’ radii of the unmodified and modified derivatives of OMDUK III. (Figure 4a & 4b)
Urea-induced transition studies
urea induced conformational transition was studied

between 0 to 9 M urea concentrations by following the
decrease in specific inhibition of chymotrypsin. The loss
in the activity of chymotrypsin occurring as a result of
urea-induced conformational alterations was monitored
by measuring the enzyme activity between 0 to 9 M
urea concentrations (Figure 5). To find out if the addition of unmodified inhibitor affects the enzyme activity,
the enzyme activity was also measured in the presence
of 8 µg of OMDUK III at the different urea concentrations. (Figure 5).
For studying the effects of urea on the inhibitory
activity of unmodified and modified OMDUK III, 8 µg
each of the different derivatives were separately
preincubated for 24 hours at room temperature in 1.5
ml of working buffer solution containing varying amounts
of urea. These were subsequently added to the enzymes
and the usual protocol was followed. To determine the
enzyme activity (Figure 6). The percent decrease in
specific inhibition was plotted against urea concentration to check the increase or decrease in stability occurring upon chemical modification (Figure 7). TABLE
5 lists the difference in enzyme activity between unmodified and modified OMDUK III derivatives in the
absence of urea, and the difference in percent decrease
in inhibition for each derivative at 0 and 9 M urea concentrations.
Enzyme activity in the presence of unmodified and
modified OMDUK III derivatives preincubated in in-

TABLE 2
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creasing urea concentrations for 24 hours at room
temperature.(Figure 6(a), (b) and (c))
DISCUSSIONS
Chemical modification of OMDUK III
In order to find if the reactivity of the three lysine
residues of OMDUK III is different, the peptide was

subjected to chemical modification with increasing acetic
anhydride concentrations (Figure 2). Figure 2 b clearly
shows the presence of two types of lysine residues, fast
reacting and slow reacting. It is apparent from the Figure that of the three lysine residues present in the
OMDUK III fragment, one is exposed while the other
two are relatively inaccessible. This is also supported
by the crystal structures and ribbon drawings of the

Figure 4 (a)

Figure 4 (b)
TABLE 3
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TABLE 4

Figure 6 (a)

Figure 6 (b)
Figure 5

third domain fragment[45]. Wright and Scarsdale[46] have
also shown that the reactive loop is protruded outside
the nucleus of the molecule. In view of this, it is probable that the lysine residue present near the reactive site
peptide bond is in an exposed position in the reactive
site loop. The other two lysine residues are present in
the nucleus of the molecule, relatively shielded from the
environment by the neighboring amino acid residues.
This experiment was a prerequisite for determining the
molar excesses of modifying reagent required for obtaining 33%,67% and 100% modified derivatives
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TABLE 5 (b)

Figure 7

TABLE 5 (a)

(acetylated, succinylated and guanidinated) of the third
domain.
Size and charge homogeneity of the modified derivatives were confirmed by size exclusion chromatography (Figure 3) and polycrylamide gel electrophoresis
under native conditions. All the derivatives gave a single
peak on gel filtration and only one band upon electrophoresis, excluding the possibility of any major size or
charge heterogeneity in the chemically modified preparations.

Stokes’ radii of the modified derivatives were determined from chromatographic data. The largest increase
in stokes radius was seen in 100% succinylated
OMDUK III (from 1.83 nm to 1.93 nm) This is understandable since succinylation of each lysine residues increases the net negative charge on the protein by two
units[47]. On the other hand, 33% acetylated derivative
had the same value of stokes radius as unmodified
OMDUK III. All the other modified derivatives had the
stoke’s radius ranging between 1.83 nm and 1.93 nm.
The electrophoretic mobility of the different preparations varied with the extent of negative charge imposed upon modification. Thus, the 100% succinylated
derivative had maximum mobility while the 100%
guanidinated had the least mobility. The guanidinated
derivatives had relative nobilities approaching that for
the unmodified OMDUK III since all these derivatives
had identical net charges.
Slight red shifts in the  max of the ultraviolet spectra
(maximum shift of 1.58 nm occurring upon succinylation
of OMDUK III)as well as in the emission maxima of
fluorescence spectra (maximum shift of 2.0 nm occurring upon 100% modification) are a consequence of
conformational changes that accompany chemical
modification.
Although the changes occurring upon modification
for an individual parameter (Stoke’s radius/  max/ emission maximum) are too small to be of importance, these
results when considered conjointly, support each other
and suggest that a conformational change occurs upon
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67% and 100% modification. The maximum conformational change occurs upon 100% succinylation. The
index of conformational change was:
S3 > A3 > G3 = S2 > A2 >G2 > S1 = G1 >A1 = OMDUK III

Specific inhibition of the serine proteinases chymotrypsin,
subtilisin Carlsberg, and SGPB by the unmodified and
modified derivatives showed interesting results Loss in
inhibitory activity occurred upon chemical modification
in all cases except the inhibition of chymotrypsin by 33%
succinylated OMDUK III. Further, the percent loss in
activity occurring upon acertain degree of modification
was almost equal for the three enzymes, except the inhibition of chymotrypsin by 33% succinylated derivative.
A comparison of the inhibitory activities of the 33% acetylated and guanidinated derivatives showeed that the percent loss in inhibitory activity was almost 4% for the acetylated derivative and 7 % for the guanidinated derivative.
It is important to note that in both these preparations
only one lysine residue, which is present in exposed position near the reactive site peptide bond, was modified..
Taken together, these results suggest that the positive
charge of lysine residue at this position is not absolutely
necessary for the inhibitory activity of OMDUK III. The
small decrease in inhibitory activity occurring upon neutralization of this charge by acetylation is probably due to
the steric hindrance created by the acetyl group.
A further loss in inhibitory activity occurred upon
67 and 100 % acetylation and guanidination. However,
in these preparations, the percent decrease in inhibitory
activity was greater upon acetylation (10 and 14% for
67 and 100% modified derivatives respectively). In
these preparations, the two remaining lysine residues
modified are far away from the reactive site and should
not affect the approach of the enzyme in any way. Probably, the modifications of these lysine residues affected
the conformation of the inhibitor molecule, thereby reducing its inhibitory activity. This result is also supported
by the alterations in Stokes’ radii max, and emission
maxima for these derivatives. A slightly higher decrease
(11 and 15% in 67% and 100% succinylated derivatives, respectively) can be explained in terms of maximum conformational alteration in these preparations. In
contrast, the 33% succinylated derivative showed a
6.5% increased inhibitory activity against chymotrypsin.
Inhibitory activities against subtilisin Carlsberg and
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SGPB decreased by 7% upon 33% succinylation of
OMDUK III (as also in case of 33% guanidination). A
study of the structure of the chymotrypsin active showed
the presence of a positive charge contributed by histidine-57 near the active site. Favorable interactions between this residue of the enzyme with the negative charge
introduced by succinylation of OMDUK III are probably responsible for the increased inhibitory activity of
the 33% succinylated preparations.
Urea - induced transition
Urea induced decrease in the chymotrypsin inhibitory activity of the OMDUK III was used as a parameter for studying the stability of this fragment. In the presence of urea, the activity of chymotrypsin was found to
decrease with increasing urea concentrations. Addition
of a fixed amount of unmodified inhibitor produced a
further decrease in the enzyme activity. These results suggested that the effect of urea on the inhibitor molecule
could be monitored as afunction of enzyme activity.
Unmodified and modified OMDUK III derivatives,
preincubated for 24 hours at varying urea concentrations, were used to inhibit the activity of chymotrypsin.
The percent decrease in the inhibitory activities of these
derivatives showed that the maximum decrease in inhibition occurred upon 100% succinylation and the least
upon 100% guanidination. If the percent decrease in
inhibitory activity is assumed to be directly related to
the stability of the peptide in urea, it would appear that
stability decreases in the following order:
G3 > G2 > OMDUK III > G1 = A1 > S1 > A2 > A3 = S2 > S3

The results show the importance of positively charged
lysine residues in the stability of the third domain nucleus.
Also, since the introduction of a bulky, positively charged
modifier is increasing the stability of the molecule (as in
67% and 100% guanidinated preparation) it would
appear that the interior of the third domain is not sufficiently compact in the unmodified form.
Chemical modification studies of the ovomucoid
third domain lead to the following conclusions:
1. Acetylation of duck ovomucoid third domain with
increasing molar excesses of the modifying reagent
showed that of the three lysine residues present in
the third domain, the one near the reactive site is in
an exposed position while the other two are relatively buried.
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2. 33% acetylated and succinylated derivatives of the
third domain showed a very slight decrease in inhibitory activity against the serine proteinases
chymotrypsin,subtilisin Carlsberg and SGPB indicating that the positive charge of the exposed lysine
residue is not crucial for the inhibitory activity of the
domain. However, the presence of modifying group
interferes with the approach of the enzyme in the
enzyme – inhibitor complex formation.
3. Positive charges of the two buried lysine residues
are not directly required for the inhibitory activity.
The conformational changes occurring upon modification alter the structure of the reactive site sufficiently to produce loss in inhibitory activity.
4. Although a conformational alteration is produced
upon guanidination of the third domain which reduces the inhibitory activity of the molecule, the stability of the altered conformation is much higher than
that of the original.
REFERENCES
[1] H.Lineweaver, C.H.Murray; Identification of the
trypsin inhibitor of egg white with ovomucoid,
J.Biol.Chem., 171, 565-581 (1947).
[2] R.D.Palmiter; Regulation of protein synthesis in
chick oviduct.I.Independent regulation of ovalbumin, covalbumin, ovomucoid and lysozyme induction, J.Biol.Chem., 247, 6450-61 (1972).
[3] J.G.Davis, C.J.Mapes, J.W.Donovan; Batch purification of ovomucoid and characterization of the
purified product, Biochemistry, 10, 39-42 (1971).
[4] B.S.Leach, J.F.Collawn, Jr., W.W.Fish; Behaviour
of glycopeptides with empirical molecular weight
estimation methods, 1, In sodium dodecyl sulfate,
Biochemistry, 19, 5734-5741 (1980).
[5] M.D.Melamed; Electrophoretic properties of ovomucoid, Biochem.J., 103, 805-810 (1967).
[6] J.G.Beeley; The isolation of ovomucoid variants differing in carbohydrate composition, Biochem.J.,
123, 399-405 (1971).
[7] I.Kato, J.Schrode, W.J.Kohr, M.Laskowski;
JrChicken ovomucoid determination of its amino
acid sequence,determination of the trypsin reactive site and preparation of all three of its domains,
Biochemistry, 26, 193-201 (1987).
[8] R.W.Burley, D.V.Vadehra; The Avian Egg, Chemistry and Biology, Wiley, New York, (1989).
[9] E.C.Y.Li-Chan, W.D.Powrie, S.Nakai; The chem-

istry of eggs and egg products, In Egg Science and
Technology, 4th edition; W.J.Stadelman,
O.J.Cotterill; (Eds); Haworth Press, New York,
105-175 (1995).
[10] H.Sugino, T.Nitoda, L.R.Juneja; General chemical
composition of hen eggs. In Hen Eggs, Their Basic and Applied Science; T.Yamamoto, L.R.Juneja,
H.Hatta, M.Kim, (Eds); CRC Press, New York,
13-24 (1997).
[11] Y.Mine; Recent advances in egg protein functionality in the food system, World’s Poult.Sci.J.; 58,
31-39 (2002).
[12] D.Brady, N.Lowe, S.Gaines, L.Fenelon, J.McPartlin,
O’Farrelly; C.Inhibition of Streptococcus
mutans growth by hen egg-derived fatty
acids, J.Food Sci., 68, 1433-1437 (2003).
[13] E.Li-Chan, S.Nakai; Biochemical basis for the properties of egg white, Crit.Rev.Poult.Biol., 2, 21-58
(1989).
[14] A.Davalos, M.Miguel, B.Bartolome, R.LopezFandino; Antioxidant activity of peptides derived
from egg white proteins by enzymatic
hydrolysis, J.Food Prot., 67, 1939-1944 (2004).
[15] H.Fujita, H.Usui, K.Kurahashi, M.Yoshikawa; Isolation and characterization of ovokinin, a bradykinin B1 agonist peptide derived from ovalbumin,
Peptides, 16, 785-790 (1995).
[16] N.Matoba, H.Usui, H.Fujita, M.Yoshikawa; A novel
anti-hypertensive peptide derived from ovalbumin
induces nitric oxide-mediated vasorelaxation in an
isolated SHR mesenteric artery, FEBS Lett., 452,
181-184 (1999).
[17] H.Fujita, R.Sasaki, M.Yoshikawa; Potentiation of
the antihypertensive activity of orally administered
ovokinin, a vasorelaxing peptide derived from ovalbumin,
by
emulsification
in
egg
phosphatidylcholine, Biosci.Biotechnol.Biochem.,
59, 2344-2345 (1995).
[18] N.Matoba, Y.Yamada, H.Usui, R.Nakagiri,
M.Yoshikawa; Designing potent derivatives of
ovokinin (2-7), an anti-hypertensive peptide derived
from ovalbumin, Biosci.Biotechnol.Biochem, 65,
736-739 (2001).
[19] Y.Yamada, N.Matoba, H.Usui, K.Onishi,
M.Yoshikawa; Design of a highly potent anti-hypertensive peptide based on ovokinin (27), Biosci.Biotechnol.Biochem., 66, 1213-1217
(2002).
[20] M.Yoshikawa, H.Fujita; Studies on the optimum
conditions to utilize biologically active peptides derived from food proteins, In Developments in Food

BioCHEMISTRY
An Indian Journal

Characterization of chemically modified avian ovomucoid III domain

70

BCAIJ, 7(2) 2013

Regular Paper
Engineering; T.Yano, R.Matsuno, K.Nakamura,
(Eds); Blackie Academic and Professional, New
York, 1053-1055 (1994).
[21] A.Davalos, M.Miguel, B.Bartolome, R.LopezFandino; Antioxidant activity of peptide derived from
egg white proteins by enzymatic hydrolysis, J.Food
Prot 67, 1939-1944 (2004).
[22] B.N.Ames, M.K.Shigenaga, T.M.Hagen; Oxidants,
antioxidants, and the Degenerative diseases of
aging, Proc.Natl.Acad.Sci., U.S.A., 90, 7915-7922
(1993).
[23] Kaustav Majumder, Jianping Wu; Angiotensin I
Converting Enzyme Inhibitory Peptides from
Simulated in Vitro Gastrointestinal Digestion of
Cooked Eggs, Journal of Agricultural and Food
Chemistry, 57, 471-477 (2009).
[24] Yoshinori Mine, Marie Yang Recent Advances in
the Understanding of Egg Allergens, Basic, Industrial, and Clinical Perspectives, Journal of
Agricultura and Food Chemistry, 56(13), 4874-4900
(2008).
[25] Marie Yang, Chengbo Yang, Fran oise Nau,
Maryvonne Pasco, Lekh R.Juneja, Tutomu Okubo,
Yoshinori Mine; Immunomodulatory Effects of Egg
White Enzymatic Hydrolysates Containing
Immunodominant Epitopes in a BALB/c Mouse
Model of Egg Allergy, Journal of Agricultural and
Food Chemistry, 57(6), 2241-2248 (2009).
[26] Jennifer Kovacs-Nolan, Marshall Phillips, Yoshinori
Mine; Advances in the Value of Eggs and Egg Components for Human Health, J.Agric.Food
Chem., 53(22), 8421-8431 (2005).
[27] E.Li-Chan, S.Nakai; Biochemical basis for the properties of egg white, Crit.Rev.Poult.Biol., 2, 21-58
(1989).
[28] M.Abrahamson,
M.Alvarez-Fernandez,
C.M.Nathanson; Cystatins, Biochem.Soc.Symp.,
70, 179-199 (2003).
[29] I.Kato, J.Schrode, W.J.Kohr, M.Laskowski;
Jr.Chicken ovomucoid, determination of its amino
acid sequence, determination of the trypsin reactive site, and preparation of all three
domains, Biochemistry, 2, 193-201 (1987).
[30] R.B.Shah, M.A.Khan; Protection of salmon calcitonin breakdown with serine proteases by various
ovomucoid
species
for
oral
drug
delivery, J.Pharm.Sci., 93, 392-406 (2004).
[31] V.Agarwal, I.K.Reddy, M.A.Khan; Oral delivery
of proteins, effect of chicken and duck ovomucoid
on the stability of insulin in the presence of á-chymotrypsin and trypsin, Pharm.Pharmacol.Commun.,

BioCHEMISTRY
An Indian Journal

6, 223-227 (2000).
[32] V.Agarwal, S.Nazzal, I.K.Reddy, M.A.Khan;
Transport studies of insulin across rat jejunum in
the presence of chicken and duck
ovomucoids, J.Pharm.Pharmacol., 53, 1131-1138
(2001).
[33] V.Agarwal,
I.K.Reddy,
M.A.Khan;
Polymethylacrylate based microparticulates of insulin for oral delivery, preparation and in vitro dissolution stability in the presence of enzyme
inhibitors, Int.J.Pharm., 225, 31-39 (2001).
[34] K.Hilpert, H.Wessner, J.Schneider Mergener,
K.Welfle, R.Misselwitz, H.Welfle, A.C.Hocke,
S.Hippenstiel, W.Hohne; Design and characterization of a hybrid miniprotein that specifically inhibits
porcine pancreatic elastase, J.Biol.Chem., 278,
24986-24993 (2003).
[35] I.Saxenaa, S.Tayyabb Protein proteinase inhibitors
from avian egg whites CMLS, Cell.mol.life sci., 53,
13-23 (1997).
[36] M.Laskowski, Jr., M.Tashiro, M.W.Empire,
S.J.Park, I.Kato, W.Ardelt, M.Wieczorek, In Proteinase Inhibitors, Medical & Biological Aspects,
(edt, M.Katanuma, H.Umezawa, H.Holtzer) Japan
Scientific Societies Press, Tokyo/Springer Verlag,
Berlin, (1983).
[37] S.E.Bresler, D.L.Talmund; Dokl.Acad.Nauk.SSSR,
43, 326 (1944).
[38] K.A.Salman, S.Ahmed, I.Saxena; International J
of Biochem Research & Review (Science Domain
Interntl), 1(3), 56-68 (2011).
[39] M.Laskowski, I.Kato, W.Ardelt, J.Cook, A.Denton,
M.W.Empire, W.J.M.Kohr, S.J.Park, K.Parks,
B.I.Sshatzley, O.L.Schoenberger, M.Tashiro,
G.Vichot, H.E.Whatley, A.Wieczorek, M.Wieczrok;
Biochemistry, 26, 202-221 (1987).
[40] J.F.Riordan, B.L.Vallee; Methods Enzymol, 11,
565-570 (1967).
[41] J.F.Riordan, B.L.Vallee; Methods Enzymol, 11,
570-576 (1967).
[42] J.R.Kimmel; Methods Enzymol, 11, 584-589 (1967).
[43] A.F.S.A.Habeeb; Anal.Biochem, 14, 328-336
(1966).
[44] T.C.Z.Laurent, J.Killander; J.Chromatography, 14,
317-330 (1964).
[45] W.Bode, R.Huber; Eur.J.Biochem., 204, 433-451
(1992).
[46] H.T.Wright, J.N.Scarsdale; Proteins, 22, 210-225
(1995).

