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The decapeptide 1-10 of hen's egg ovalbumin (OA). deduced from ihe known ;imino acid
sequence (Gly-Ser-IIe-Gly-Ala-Ala-Scr-Met-Glu-I'hc), was synthesized by Merrifield solid
phase peptide synthesis with a yield of >7()%, The completeness of the insertion of amino acids
during synthesis was monitored hy the amino acid compositions of the peptide-resin. prior to
coupling of the preceding residue. The linearity of the synthesis was supported by dansyl
Ectman degradation and detection of ihree NH: terminal residues 5-dimethylamino-
niiphthclinc-1-suIphonyl (DNS)-Gly. -Ser. -He. respectively. The peptide was purified by gcl
filtration chromatography and analytical reverscd-phase high-performance liquid chromato-
graphy (HPLC). The homogeneity of the preparation was calculated bolh from the amino acid
analysis and by integrating the peaks of HPLC to be >83%, The antigcnicity of the purified
(P2) peptide could be detected by precipitation inhibition with the nephelnmetric technique.
The decapeptide could also specifically react with functional structures on reaginic IgE
molecule from the sera of individuals allergic lu eggs, inhibiting its further binding to
ovalbumin. An in-vivo experiment using direct skin test on two patients allergic to eggs showed
no activity, rendering further testing unnecessary. The results suggest that the decapeptide of
the NH; terminal segment of OA encompasses an Ig-binding haptcnic epitope.

S. Elsayed. Allergy Research Croup. Laboratory of Clinical Biochemistry, Hauketand Sykehus,
University Hospital, N-5021 Bergen. Norway

Previous studies from this laboratory on cod fish
allergen M provided evidence of the antigenic
(IgG-binding sites) and allergenic (IgE-binding
sites) activity of the molecule. Four peptides
located in the calcium- or non-calcium-bincling
domain and the NH^ terminal segment are able
to bind specific antibodies against the intact
molecule. The reactivity of these peptides was
studied by inhibiting the binding of human
reaginic IgE and rabbit IgG against the intact
allergen. The peptide's capacity to bind the Ig
molecule was found to associated with an opti-
mal chain length [6, 7].

Hen's egg and fish muscle proteins are com-
mon causes of atopic hypersensitivity symptoms
particularly in children and young adults [7,
18-20]. Egg is an essential ingredient in human
and animal food and it is very difficult to totally

eliminate it [8]. Ovalbumin (OA) was found to
be the most dominant among the three major
allergens of egg white |20]. The complete amino
acid (AA) sequence of OA has been elucidated
[231. OA is widely used as a model protein in
structural as well as immunologica! studies [4,
13. 16, 17). So far, very few studies on the anti-
genic structure of OA have been reported [8].
The antigenic structures of several proteins have
been elucidated and were extremely useful for
studying their interactions with antibodies [I.
7-12, 21]. The immunological reactivity of OA
was shown to be relatively stable and could
easily be retained in derivatives, or after major
cleavages of the molecule, allowing possible
identification of the fragments. The effect of
enzymic cleavage and perturbation of the con-
formation of allergenic and antigenic determi-
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nants of OA have been examined previously.
The cleavage of OA with cyanogen bromide
resulted in four fractions, all capable of binding
specific IgE. Thermal denaturation of OA
apparently had no direct effect on the antigenic
reactivity as shown by crossed immuno-
electrophoresis (CIE). Carboxymethylation of
OA reduced its allergenicity by 80%. Further-
more, trypsin hydrolysis of the carboxymethyl
OA did not abolish the activity, while limited
pepsin hydrolysis could destroy the allergenic
activity of the molecule [8],

The peptide 1-10 of OA was predicted from its
AA sequence to be mostly helical in structure [5]
and was selected for investigating the immuno-
chemical reactivity of the NH; terminal region.

MATERIALS AND METHODS

Materials. Crude hen's egg white and rabbit anti-
bodies against egg while extract were prepared as pre-
viously described [8-14]. OA, type VII No. A-7641,
was purchased from Sigma (St Louis, Mo., USA) and
further purified by gel filtration chromatography
(GFC) on an ACA-.'i4 column (100x1.5 cm) (LKB,
Bromma. Sweden). Two peaks were obtained and the
larger one (void volume peak) was used for further
experiments.

Synthesis of the peptide. Solid phase synthesis (SPS)
of the decapeptidc (shown in Fig. 1) was performed
manually by Mcrrifield SPS. with chloromethylated
2% divinylbenzene cross-linked polystyrene resin [2.
3, 9-12, 22]. Approximately 2.5 molar excess of the
appropriate terl-butyl oxycarbonyl amino acid (Boc-
AA) was coupled twice to the resin. The synthesized
peptide was cleaved from the resin by hydrogen bro-
mide (HBr) gas in iritluoroacetic acid (TFA), which
also removed all protecting groups.

Purification of the peptide. The crude peptide was
purified by GFC. on a P2 column (."̂ OOx 10 mm)
(Biorad Laboratories. Richmond. Calif., USA). Two
peaks were obtained, and the larger one, eluted in the
void volume of the column, was used for further
purification. High-performance liquid chromatogra-
phy (HPLC), using Lich. 5RP 8 reversed phase
column (150x4.6 mm), supplied by Chrompack (Mid-
delburg. The Netherlands), was used for the purifica-
tion of the P2 preparation. A Spectra-Physics delivery
system connected to a Spectro Monitor D. LCD/
Milton Roy (Fla.. USA) was used. HPLC-grade
reagents were used for the preparation of the solvents.
A 10 min linear gradient of 70'"'? of 0.1% TFA:30%
aeetonitrile (MeCN) was used; the absorbance was
monitored at 210 nm.

Both tbe homogeneous and the crude products were
used at initial concentraiions of I.S5 umol. A dilution
series of the following concenlrations: l.3y.0.y3, 0.46,
0.2.1, 0.12//mot, was used for testing both the
allergcnic and antigenic activity.

NHi terminal determination and AA analysis. To

check the sequence linearity, NH^ terminal analysis
was performed by stepwise degradation of ihe first
three AA by dansyl Fdman degradation and the
DNS-AA were detected as previously described [S-11,
15). AA analysis was performed using 50-//I aliquots of
the peptide resin removed from the reactor at the end
of each coupling to screen the completeness of the
insertion of AA. The samples were hydrolysed in a
vacuum in 6 M NCI at HOT. for 24 h. A biotronic
amino acid analyser model LC 7000 (Wissen-
schaftliche Geriite. Munich. FRG), connected to a
Spectra-Physics SP 4200 Computing Integrator
(Calif., USA) was used. The results were given in
fjmo\/\ and used for the calculation of the homogeneity
of the peptide on the basis of an M, value of 1097.2
daltons. The AA concentrations were converted to
nmol/nmol Lys (the Lys esterificd resin particle).

The allergenic and antigenic reactivity. Specific IgE
antibodies against egg were obtained from 14 palients
with clinical histories of food allergy including egg and
sometimes fish, with radioallergosorbent test (RAST)
class 2-^. Informed consent was obtained from the
patients before blood samples were taken. None of
them has been treaicd with systemic corticosteroids or
desensitization therapy.

Total and egg white-specific IgE from the sera were
analysed by RAST and by inhibiting the binding of
specific IgF lo OA discs, respectively. A serum pool or
individual sera from egg-allergic individuals were
diluted one-fold, 100-/(1 aliquots were incubated for
4 h at room temperature with equal volumes of serial
dilutions of the peptide. The inhibited sera were
allowed to react with OA bound to paper discs [8, 24).
For all the peptide batches four different runs includ-
ing triplicate samples of the series of dilutions and
controls were performed. Control samples with no
peptide (non-inhibited), with crude or purified
unrelated peptide, and wtth the intact antigen (total
inhibition), were always included under identical
experimental conditions.

The peptide was also preliminarily tested in vivo by
a direct skin prick test (SPT) on iwo cod-allergic volun-
teers (SPT was kindly done by DrHogneVik from our
group). No reactivity could be found to justify a more
elaborate performance of SP1\

The anttgcnicity of tbe peptide was detected by
immunoprecipitation inhibition test using rabbit
anti-OA at a 10-fold dilution and a series of peptide
dilutions. One hundred-microlitrc aliquots of P2 pep-
tide at the following concentrations: I, 0.5. 0.25.
0.125, 0.0625. 0.03125 //mol. were incubated with the
rabbit antibodies for I h al room icmperature. This
was followed by the addition of equal aliquots from
1.25//g/ml OA solution (equivalence concentration
pre-estimaied by the quantitative immunoprecipita-
tion curve for the intact anligen and rabbit antibodies).
The second incubalion was done for 1 h at room temp-
erature. The light scatter was read in a Laser
Nephelomctcr (Behring Institue. Marburg. FRG).

RESULTS AND DISCUSSION

Studies on the allergenic and antigenic activity
can be approached either by using purified
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FIG. 1. The primary structure of peptide 1-10 as
deduced from the amino acid sequence of hen's egg
ovalbumin [23]. Lysine was esterified to the resin and
replaced Cys-11 of' the original sequence.

enzymic fragments from the intact native
molecule or by using synthetic peptides of par-
ticular sites of the molecule [I, 6-121.

The tnanual SPS introduced by Merrifieid was
successfully used for the synthesis of the amino
terminal peptide of OA, resulting in an overall
yield of >70%. The covalent structure of this
synthetic decapeptide is illustrated in Fig. 1.

Because of the toxicity and corrosiveness of
hydrogen fluoride (HF) gas, anhydrous HBr/
TFA was used for cleavage. Since this peptide
has no arginines, the less noxious HBr/TFA
cleavage should likewise allow optimal cleavage.
The first 10 residues of the synthetic peptide
were identical to those of the NH; terminal seg-
ment of OA. Lys-11 esterified to the solid sup-
port replaced Cys-ll ofthe OA sequence [23|.
This replacement of Cys by Lys in this peptide
remains to be examined in connection with pre-
ceding ones.

The crude peptide was easily soluble in O.OI M
ammonium bicarbonate or 0.1% TFA buffers,
which makes its purification convenient. No
racemization was experienced during the coup-
ling stages. The peptide was first purified with
P2-GFC. The void volume peak was applied on a
reversed-phase HPLC column (Fig. 2), which
generated a satisfactory degree of purity. The
calculated mean area of peak II from seven semi-
preparative HPLC runs was >83%.

Elution lime (mm)

FIG. 2. HPLC diagram of the partially purified pep-
tide. The mobile phase gradient: 0.1% aq, TFA 70%
and 30%i McCN; lime 10 min; flow rate 0.5 ml/min;
chart speed 0.5 cm/min; ahsorbance at 210 nm. The
composition of the two peaks were assigned from the
AA analysis. Peak I was small deletion fragments
while peak II contained the major portion of the pep-
tide in question and also the biological activity.

To check that the residues were incorporated
in a linear fashion, the NHj terminal sequence as
well as the quantitative AA composition after
each coupling was noted. Three stages of NHi
terminal degradation resulted in 5-dimethyl-
aminonaphtheline-1-sulphonyl (DNS)-G!y, -Ser
and -He with satisfactory yields. The mean
values of the AA composition were calculated
on the basis of M, 1097.2 daltons. The single
lysine value was used for the ealculation of the
total number of residues. The results of the AA
analysis are given in Table I. The table presents
the peptide resin composition status at the end of
each coupling stage. In addition it shows the
composition of the crude and HPLC-purified
peptide and the theoretical number of residues.

E I. The atnino acid analysis of the peptide resin after the end of each stage of SPPS. Lys-P (stage XI) was used to
calculate the numberof rcsidues/molof the growing peptide. The amino acid monitoring was used to indicate the status of
the peptide P and for the estimation of its completeness.

Amino
acid

Serine
Glutamic acid
Glycine
Alanine
Methioninc
Iso leucine
Phenyl alanine
Lysine

R-XI
Lys

l.rt)

X IX
Phe GIu

1.54

0.78 1.09
l.(X) 1.00

nmol AA

VIII
Met

1.51

0.78

0.72
1,00

VII
Ser

I.lO
0.86

0.35

0.87
l.(X)

per nmol Lys

VI
Ala

0.94
0.81

1.85
0.44

0.90
1.00

V
Ala

0.93
1.11

3.81
0.40

0.84
1.00

IV
Gly

1.14
1.22
2.74
4.15
0.57

1.36
1.00

III
lie

0.89
1.{K)
1.34
2.87
0.44
1.18
1.03
1.00

II
Ser

2.04
1.26
1.59
2.46
0.55
1.04
0.92
LOO

I
Gly

1.96
1.09
3.05
3.00
0.55
0.88
0.90
l.(K)

Crude

after
cleavage

2.06
1.40
2.43
2.49
0.50
0.94
0.96
1.00

HPLC 11-

peptide
(mean)

L47
L15
1.75
1.81
0.80
0.73
1.09
LOO

Theoretical
value

2.00
LOO
2.00
2.00
LOO
1.00
1.00
1.00
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TABLE II. Specific IgE binding inhibition perceniage ol
the crude peptide 1-10 of OA before and after GFC
purification. Two eonlrols, OA I and crude egg white
extraclll.wereusedat a concentration of 100//g each,
OA and crude egg white extract were able to inhibit
the serum poo! at mean values of 61.8% and 67.75%
respectively.

Peptide
concentration
ijimoX used)

1.85
0.93
0.46
0,23
0,12

IgE-binding inhibition
percentagt

Crude
peptide

34.9
20.7
18.4
18.0
10.2

: {mean value)

After P2
purification

16
12
12
8
3

The AA cotnposition of the peptide resin prior
to each insertion was generally in good agree-
ment with the expected values. The tnethionine
residue was reduced in all the analyses, probably
because of incomplete coupling of this residue or
6 M HCl hydrolysis. The low valties for
methionine from the crude analyses were
improved by HPLC purification of the peptide.
Generally, the AA composition after each step,
for the crude preparation, and the HPLC-
purified peptide confirmed that the synthesis
had been successful.

The allergenic activity of the peptide was
tested by the inhibition of specific IgE from a
serum pool and individual sera from patients
allergic to egg. The data shown in Table 11 were
representative of four different runs. The pep-
tide was tested with 16 individual sera. Two sera

1000

PepMde concentration fnmol)

FIG. 3. Precipitation inhibition diagram using F2 pre-
paration at the concentrations indicated. Control sys-
tem including non-inhibited, inhibited by an unrelated
crude or purified peptide. and by the whole antigen
under identical experimental conditions.

gave no inhibition, one showed a very weak
inhibition (<5%), and another serum gave
moderate inhibition (>10%). The other 12 sera
could be inhibited by the deeapeptide as shown
by the results of the serum pool illustrated in
Table II. Assuming an M, of 42,699 daltons for
OA [23], the peptide inhibited IgE binding at
approximately 800, 4(X), 200, or 50 times higher
concentrations than the concentrations used to
obtain maximum inhibition by OA control. This
was previously experienced with other synthetic
peptides when they were allowed to inhibit large
native protein molecules [9]

Higher IgE binding inhibition for the crude
rather than for the purified peptide was found
with the serum pool. Some of the individual sera
from the pool could be inhibited at a higher ratio
by the purified than by the crude form and vice
versa. The reason for these individual reactions
may be the different affinities of the various
specific IgE to this epitope. Furthermore, the
presence of shorter contaminating peptides with
higher affinity for some specific IgE, contribut-
ing to the higher activity of the crude prepara-
tion, could not be excluded.

The antigenicity of the peptide was examined
with rabbit precipitating antibodies against OA.
The purified P2 peptide was able to inhibit the
complex precipitation. The precipitation inhibi-
tion diagram presented in Fig. 3 seemed to
follow the general pattern of quantitative pre-
cipitation inhibition curves. The high percentage
of inhibition obtained at extremely high concen-
trations of the peptide obviously does not imply
that rabbit antibodies are exclusively directed
against this epitope. No inhibition was obtained
at peptide concentrations of 1.95, 3.90, 7.80,
15.65, 31.50, or 62,50 nmol. At 125 nmol. the
inhibition was 24%, while at extremely high con-
centrations (1000 nmol), it was 90%. The later
high value could be due to the concentration
differences between the inhibiting epitope and
the inhibited OA molecule or to the accumula-
tion of interfering contaminants.

The above tentative results with both reaginic
and rabbit antibodies suggested that the NH^
terminal segment of OA encompassed an
Ig-binding haptenic epitope.

This peptide will be used in studies on the
regulation of IgE antibody response in mono-
nuclear cell cultures from patients with atopic
dermatitis, high IgE titres, and egg allergy (work
in progress).
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