Allergy 1983, 38, 131-139

A Clinical and Immunological Study of
Allergy to Hen’s Egg White

V. Purification and Identification of a Major Allergen (Antigen 22)

in Hen’s Egg White
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Antigen 22 (ag-22) in hen's egg white, previously shown to be one of the major allergens in
the egg white, was partially purified by combining biochemical separation techniques and
quantitative immunoelectrophoretic methods. The molecular weight of ag-22 was found to
be approximately 78,000 using analytical ultracentrifugation and pl was determined to be
6.1, which is appropriate with the values of ovotransferrin. It was concluded that ag-22 is
identical with ovotransferrin. The ability of ovotransferrin to react in the human Igk-
system was demonstrated in vivo and in vitro, by means of skin prick tests and crossed

radioimmunoelectrophoresis.
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Previously, 68 single sera from egg allergic
individuals were analysed with respect to spe-
cific IgE-antibodies to individual proteins in the
hen’s egg white. This was done by means of
crossed (CRIE)
(9). In this study there were found three major
allergens in the egg white. The major allergens
were shown to be ovalbumin, ovomucoid and
antigen 22 (ag-22), denoted in order of most
frequent causation of reactions in CRIE.
Thirty-six of the 68 allergic sera gave rise to
radiostaining of precipitate No. 22, the re-
actions being strong (CRIE-classes A-D) in 20 of
these cases.

It is not known which protein ag-22 repre-
sents among the approximately 40 proteins
present in egg white (17). The aim of the
present study was to purify ag-22 in order to
perform an identification of this protein.

radioimmunoelectrophoresis

MATERIAL AND METHODS

Reference antigen solution and antisera

A hen’s egg white reference antigen solution
was prepared by stirring fresh egg white gently
for 4 h in an equal volume of 0.15 mol/l NaCl,
followed by centrifugation (2500 rpm, 30 min)
as previously described in detail (8).

A polyvalent rabbit antiserum against hen’s
egg white, shown to contain precipitating anti-
bodies to 24 antigens in hen’s egg white (8) was
used. The production of this reference anti-
serum is described elsewhere (8).

A monospecific antiserum against ag-22 was
prepared by immunizing four rabbits with im-
munoprecipitated ag-22, obtained from CIE-
slides. The immunoprecipitated ag-22 was re-
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Fig. 1. CIE-reference pattern for hen'’s egg white.
a): Stained with Coomassie Brilliant Blue.

b): Drawing of a. (dotted lines: precipitates only visible in CRIE with selected patient sera).

Electrophoresis performed at 10 V em~1 for 85 min (first dimensional) and 2 V em=1 for 19 h (second dimensional), both at
20°C, in 1% (w/v) agarose gel (HSB, Litex, Glostrup, Denmark) containing 0.073 mol/l TRIS, 0.024 mol/l barbital, 0.006 mol/l
calciumlactate and 0.003 mol/l sodium azide (pH 8.6 at 25°C). Gels I and V: Primary gels (0.16 x 1 x 5 cm3). Gels IT and 1V:
Intermediate gels (0.15 x 1 x 5 cm3). Gel I1I: Antibody-containing gel (0.13 x 3 x 5 cm3, containing 13 pl reference
antiserum/cm? gel). Antigens: a) well of gel I: 10 ul of the reference antigen solution, diluted to 20 mg/ml TP. b) well of gel V:
as in well of gel 1 with addition of 70 pg lysozyme. Poles in first dimensional electrophoresis designated (+) and (-),

respectively, in second dimensional electrophoresis, anode at top.

moved from the most cathodically localized
part of precipitate No. 22 (Fig. 1), where no
other interfering precipitates could be seen.
The isolated gel was washed four times for 15
min in 0.15 mol/l NaCl, and then sonicated in
0.2 ml 0.15 mol/NaCl and 0.2 ml complete
Freund’s adjuvant, using a Virsonic Cell dis-
rupter, mod. 16-820 (Gardiner, N.Y., U.S.A.).
The mixture was used for one injection. The
immunization schedule and bleedings were car-
ried out according to Harboe & Ingild (7). A
monospecific anti-ovalbumin antiserum was pre-
pared essentially as described above, injecting

immunoprecipitated ovalbumin in two rabbits

(11).

Patient sera

Sera were obtained from three patients allergic
to egg white according to criteria outlined pre-
viously (10). These sera, previously analysed
with respect to their contents of specific IgE-
antibodies against individual allergens in the
hen’s egg white (9), were known to have their
predominant reactions in CRIE confined to pre-
cipitate 22. Control serum was obtained from a



patient  with atopic dermatitis and  total

1gG>4000 U/ml.

Quantitative immunoelectrophoresis

CIE was performed on glass slides (5 X 7 cm?)
with equipment and reagents as described in
detail previously (8). CIE with intermediate gel
(CIEWIG) and crossed line immunoelectropho-
resis (CLIE) were performed according to Lg-
wenstein (12). In these experiments, cathodic-
ally moving proteins were excluded from the
patterns. In the CLIE-experiments an addition-
al intermediate gel was used (1.5 X 5 X 0.13
cm?) to separate the ag-22 containing gel from
the antibody-containing gel. Otherwise the con-
ditions in CIEWIG and CLIE were as described
for the CIE-reference pattern.

Rocket per-
formed at 2 V c¢cm~! for 19 h, according to
Weeke (18), with equipment and reagents as
described for CIE. In order to estimate the
amounts of ag-22 in various fractions of the egg

immunoelectrophoresis  was

white, samples were run against the mono-
specific anti-ag-22-antiserum (1.4 mm thick gel,
containing 14 pl antiserum/cm?). Rocket im-
munoelectrophoresis was also used to determine
the amount of ovalbumin in skin prick test
solutions b and c¢. In these experiments the
monospecific anti-ovalbumin antiserum  was
used (1.4 mm thick gel, containing 7 ul anti-
serum/cm?),

Following electrophoresis, the slides were
washed, pressed and dried before staining with
Coomassie Brilliant Blue (12).

CRIE was performed as previously described
(9), incubating four CIE-slides (ag-22 against
hen’s egg white reference antiserum) with
single sera from egg allergic patients and con-
trols (400 ul serum in a total volume of 7 ml).
Subsequently, the slides were incubated with
125-anti IgE (Pharmacia, Uppsala, Sweden)
(250,000 cpm in a total volume of 7 ml), and
finally placed face-down on an X-ray film for

autoradiography for 7 days.

Skin prick test (SPT) was performed prefer-
entially on the volar surface of the forearm
(10). The results were recorded according to
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the Scandinavian allergy reference system,
using histamine HCl 1 mg/ml as the positive
control (+++) and physiological saline as the
negative control (—) (2). The allergen solutions
used in SPT were as follows: a) the hen’s egg
white reference antigen solution, undiluted,
b) ag-22 dissolved in 0.15 mol/l NaCl (5 mg/ml,
determined according to Lowry (13)), c) oval-
bumin, dialysed against physiological saline,
freeze-dried and dissolved in 0.15 mol/l NaCl
to 0.05 mg/ml protein concentration. SPT with
b and ¢ was performed in 15 individuals with
suspected egg allergy based on history and
positive SPT (++ or more) with the hen’s egg
white reference antigen solution. Twenty-five
subsequent patients with atopic dermatitis and
egg tolerance and negative SPT with allergen
solution a, were tested with allergen solution b
as a control.

Isolation of antigen 22

Fresh egg white was stirred gently for 4 h at
+4°C in an equal volume of 0.15 mol/l NaCl
and centrifuged at 10,000 rpm for 30 min.
(JA-14 rotor, Beckman J21 centrifuge). The
supernatant was stored frozen at —40°C. A 50
ml sample was thawed at +4°C and dialysed
for 24 h against 2 X 11 0.1 mol/l NaH,PO,/
Na, HPO,-buffer, pH 4.9. The sample was cen-
trifuged at 10,000 rpm for 30 min at +4°C and
the supernatant fractionated on a CM-Sepha-
rose CL-6B (Pharmacia Fine Chemicals) ion
exchange chromatography column (5.0 X 12.5
cm?). The column was eluted stepwise with 0.1
mol/l NaH,PO,/NagHPO-buffers: pH 4.9, pH
6.0 and pH 6.7, respectively, and finally with 0.1
mol/l glycine/NaOH-buffer, pH 11.0 containing
1.0 mol/l Na,SO, (16). The fraction containing
antigen 22 (identified using rocket immuno-
electrophoresis) was eluted with the buffer at
pH 6.7. This fraction was dialysed against 2 X 1
1 0.15 mol/l NaCl for 24 h at +4°C, and there-
after an equal amount of a saturated solution of
(NH,)sSO, (+4°C) was added (50 % saturation).
The solution was centrifuged at 10,000 rpm for
30 min, the sediment was discarded while the
saturated to 73% with

supernalant was

(NH,),S0,.
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The sediment was isolated by centrifugation
dissolved in 0.15 mol/l NaCl and shown to con-
tain antigen 22. The sample was dialysed against
2 x 11 0.15 mol/l NaCl for 24 h at +4°C,
concentrated on a PMI10 Diaflo ultrafilter
(Amicon) and finally gel filtrated on a Sephacryl
S-300 column (2.6 X 82 c¢cm?) (Pharmacia Fine
Chemicals) eluted with 0.15 mol/l NaCl. The
column was calibrated with solutions of ribo-
nucelase, ovalbumin, albumin, aldolase, catalase,
ferritin and thyroglobulin.

Llectrophoresis

Sodium dodecyl sulfate (SDS) — electrophoresis
was carried out as described by Porzio & Pear-
son (15) with modifications as described earlier

Fig. 2. Examination of antiserum against ag-22,
a) CIE with the hen's egg white reference antigen solution against the antiserum against ag-22. Cathodically moving proteins
were excluded, otherwise conditions as described for the CIE reference pattern fro hen’s egg white.
b) CIEWIG with the antiserum against ag-22 added to the intermediate gel. Cathodically moving proteins were excluded,
otherwise conditions as described for the CIE-reference pattern for hen's egg white.

(6). Aliquots (50 pl) containing approx. 40 pg of
antigen 22 were layered on the gel. The method
was calibrated using the molecular weight stan-
dards from Bio Rad.

Isoelectric focusing

The isoelectric focusing was performed ina 110
ml Ampholine electrofocusing column (LKB) in
a pH 3.5—10 ampholyte gradient. 3 ml ampho-
lyte solution (LKB Cat. 1809-001) and approx.
15 mg of purified antigen 22 were added to the
entire volume of the column and the experi-
ment was run at 2.5 W for 44 h. ODyy,,, and
pH were determined in 2 ml fractions after
elution of the column.
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Fig. 3. Examination of the purified ag-22 preparation.
g I g-az preg

a) CIE with ag-22 preparation as antigen against the hen'’s egg white reference antiserum. Cathodically moving proteins were

excluded, otherwise conditions as described for the CI1E-reference pattern for hen's egg white.
b) CLIE with the ag-22 preparation added to the intermediate gel next to the first dimensional gel. Cathodocally moving
proteins were excluded, and an additional intermediate gel was used. Otherwise, conditions as described for the ClE-reference

pattern for hen’s egg white.

Analytical ultracentrifugation. The purified ag-22
preparation was analysed using a Beckman,
Mod E ultracentrifuge with double beam pho-
toelectric scanner at 280 nm for optical regi-
stration. The concentration of the protein
sample was 0.5 mg/ml, dissolved in 0.1 mol/l
phosphate buffer, pH 7.0. The partial specific
volume was taken to be 0.72 ml/g. The mole-
cular weight was determined at sedimentation
equilibrium in two experiments, at 8,000 and
12,000 rpm, respectively.

The affinity of antigen 22 for ferrous ions

The affinity of ag-22 for ferrous ions was in-
vestigated according to Donovan & Ross (5).

Ferrous ammonium sulfate (Fe[NH,],[SO,], -
6 H,O) was dissolved in distilled water (0.02
mol/l). 10 wl aliquots of this solution were
added to a 3 ml sample of ag-22 (5.0 mg/ml) in
0.15 mol/l NaCl. Absorbance at 470 nm (indi-
cating the degree of binding of ferric ions to
the protein) was determined after 30 s, 1 min,
2 min, 3 min, 5 min and 10 min.

RESULTS

The ClE-reference pattern for hen’s egg white
is shown in Fig. 1. This pattern has been dis-
cussed in detail elsewhere (8).

CIE with the hen’s egg white reference anti-
gen solution against the anti-ag-22 antiserum,
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Fig. 4. CIE/CRIE experiments with ag-22.

&

a) CIE with the ag-22 preparation against the hen's egg white reference antiserum stained with Coomassie Brilliant Blue.
b) CRIE X-ray film with radio-staining corresponding to the CIE-precipitate of ag-22.

demonstrated one precipitate only (Fig. 2a).
CIEWIG with anti-ag-22 antiserum added to
the intermediate gel, demonstrated the pre-
sence of precipitating antibodies against ag-22
in this antiserum (Fig. 2b).

Fresh egg white was fractionated following a
procedure in three steps (as described), to give
a sample of antigen 22 of high purity, as de-
monstrated by SDS-electrophoresis and gel-fil-
tration (not shown). From the two latter
methods the molecular weight of ag-22 was
estimated to be 61,000 and 63,000, respectively.
By means of analytical ultracentrifugation the
molecular weight of ag-22 was, however, de-
termined to be 78,000 and 77,400 at 8,000 and
12,000 rpm, respectively. The small difference
between the two values obtained indicates a high

degree of homogeneity of the ag-22 prepara-
tion.

Isoelectric focusing of the protein (2 experi-
ments) gave a mean pl = 6.1.

CIE with the purified ag-22 preparation
against the hen’s egg white reference antiserum,
demonstrated one precipitate only, localized in
the area where ag-22 was expected to be (Fig.
3a). CLIE-experiments demonstrated an im-
munological identity reaction between the puri-
fied ag-22 preparation and precipitate No. 22 in
the CIE-reference pattern for hen’s egg white
(Fig. 3b). Precipitate No. 13 was constantly
found to disappear in these experiments. Fur-
thermore, a slight elevation of precipitate No. 6
(corresponding to ovalbumin) could be seen in
some experiments, adding high amounts (ap-



Table 1

Skin prick test results

Hen's egg white

ref. antigen Ag-22 Ovalbumin
; 5 mg/ml 0.05 mg/m)
solution

K.H. > 444+ g i
T.G. >4+ 4+ F 44 g
H.P. >+ 4+ 4+ +++ 4
V.S, >+ +++ ++ "
G.R. h o 4+ -
N L. ++++ + i
S.H. >4+ + i N
K.S. +++ 4t N
K.H. +4+++ et )
C.D. FH++ b N
O.B. ++++ 4 _
D.S. +++ _ _
G.9. +++ _ N
A.S. +++ _ _
T.S. ++++ _ L

prox. 100 ug protein) of the ag-22 preparation
to the intermediate gel.

CRIE experiments with sera from egg allergic
patients all demonstrated strong radio-staining
of the precipitate obtained in CIE with the
ag-22 preparation (Fig. 4). Eleven out of 15
patients with positive reactions in SPT with the
hen’s egg white reference solution (a), were
positive in SPT with the solution of ag-22 (b) as
well (Table 1). The controls (25 patients) were
all negative in SPT with the ag-22-solution. By
means of CIE, the allergen solutions a and b
were found to be equally concentrated in ag-22.
Only six of the patients were positive in SPT
with the dilute solution of ovalbumin (c). The
positive reactions with the ag-22-solution can
therefore not result from only a minor cont-
amination of ovalbumin in this solution. In
rocket immunoelectrophoresis the concentra-
tion of ovalbumin in solution b was shown to be
only approx. half of the concentration of oval-
bumin in solution ¢, which means that the
contamination only represents 0.5% of the
protein in the ag-22-solution (b).

DISCUSSION

The purification of ag-22 was performed by
combining quantitative immunoelectrophoretic
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methods and biochemical separation techni-
ques. The monospecific anti-ag-22 antiserum
was crucial in these experiments, making this
work much easier. The monospecificity of the
antiserum was documented in CIE and its spe-
cificity to ag-22 in CIEWIG.

The immunization of rabbits with ag-22,
present as immunoprecipitates in gels, proved
to be successful. Ag-22 seems to be a potent
antigen, as the four rabbits all responded well
with production of precipitating antibodies to
this immunization, although the amount of
ag-22 injected on each occasion was estimated
to be less than 1 ug.

CIE and CRIE experiments with the purified
ag-22 preparation demonstrated a high degree
of purity of this protein. This was confirmed by
means of SDS-electrophoresis, gel filtration,
isoelectric focusing and ultracentrifugation.

In CLIE, there was constantly found an in-
teraction between the purified ag-22 prepara-
tion and ag-13, being an intermediate allergen
in hen’s egg white (9). Retrospective examina-
tion of the hen’s egg white CIE-reference pat-
tern revealed a partial identity-reaction be-
tween these two proteins. This is probably the
explanation for the disappearing of ag-13 in
CLIE, adding ag-22 to the intermediate gel,
although ag-13 itself could not be detected in
the purified ag-22-preparation.

The common antigenic determinants, being
the basis for the partial immunological identity
between ag-22 and ag-13, are probably not
dominating in the human IgE-system. This is
because simultaneous radio-staining of ag-22
and ag-13 has been an inconstant finding in
previous CRIE-experiments with hen’s egg
white (9).

The characterization of the purified protein
in CIE and CLIE, and the CRIE-experiments
clearly demonstrate that the purified protein
really is ag-22. A comparison of the molecular
weight determined by analytical ultracentrifuga-
tion (78,000) and the isoelectric point (pI = 6.1)
of ag-22 found in this study, with those of
ovotransferrin found in the literature (14),
strongly suggests that ag-22 is identical with
ovotransferrin. Further evidence for this con-
clusion is the ratio between the amount of ag-22
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obtained and the amount of egg white used in
the separation, indicating that ag-22 is one of
the quantitatively dominating proteins in hen’s
egg white. The identity of ag-22 was finally
verified by adding ferrous ammonium sulfate to
the protein solution in accordance with Dono-
van & Ross (5) and measuring a dramatic in-
crease in absorbance at 470 nm resulting from
the characteristic ability of ovotransferrin to
bind iron atoms.

The extraordinary low values for molecular
weight resulting from SDS-electrophoresis and
gel filtration may result from the tightly bound
tertiary structure of this protein, stabilized with
14 disulfide bonds (19).

Previous literature on allergens in hen’s egg
white has paid little attention to ovotransferrin
(3). Bleumink & Young did not find this protein
to be of importance when investigating the skin
reactivity of various fractions of the egg white
(4). An explanation for this may be that their
opportunities to identify and characterize the
test preparations were limited, in the absence of
today’s immunoelectrophoretic techniques. In
the present study the ability of ovotransferrin to
react in the human IgE-system has been docu-
mented, in vivo and in vitro, by means of SPT
and CRIE, respectively.

Ovotransferrin has a molecular weight which
is higher than most other allergens character-
ized in the human IgE-system (1). The size of
this protein is large with respect to its ability to
penetrate the intestinal mucosa. It remains to be
known whether fragments of the protein as-
sumed to be formed during digestion, could act
as allergens in egg allergic individuals.

The three major allergens in hen’s egg white,
ovalbumin, ovomucoid and ovotransferrin,
have all been thoroughly studied from a bio-
chemical point of view (17).

Which properties of these proteins make
them the most important allergens in hen’s egg
white is so far an open question. It should be
emphasized that the major allergens are also
the three most quantitatively dominant pro-
teins in the egg white, together constituting
approx. 75% of the total protein amount in
hen’s egg white (17).

This fact, probably not coincidental, may at
least be one important reason why these par-
ticular proteins give rise to the highest IgE titre
among egg allergic patients.
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