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Purification procedures for the four egg-white proteins ovomucoid,
ovotransferrin, ovalbumin, and lysozyme are presented with reference to
mechanistic studies at epitope levels of allergic reactions to these proteins.
The applied procedures resulted in four preparations containing less
than 0.I\ contaminating proteins each. The purified protein preparations
were characterrzed by SDS-PAGE and by crossed immunoelectrophoresis
with polyclonal antibodies raised against an egg-white extract or the
purified proteins. The necessity of these well-characterized proteins in
studies on allergic reactions was shown by testing human sera in immunoblots
of lysozyme, and by immunoblots of ovomucoid probing with antìbodies
against the proteins.
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tion of these preparations is required. Similar impu-
rities were also found by Hoffman (15), who, in ad-
dition, purified the proteins, but without presenting
data from the purification steps.

The aim of the present work was, through rela-
tively simple purification procedures, to obtain highly
purified protein preparations of the four main egg-
white proteins ovomucoid, ovotransferrin, ovalbu-
min, and lysozyme. This is necessary for studies on
the immune response at the protein level and at the
epitope level, taking into consideration both T-cell
and B-cell receptors. Moreover, for characterrzatron
of the purified proteins, antibodies against the puri-
fied proteins and egg-white extract were raised and
characterrzed.

Material and methods
Reagents

Antiserum raised against Kunitz soybean trypsin in-
hibitor (u-KSTI pAb) (9) and monoclonal antibodies
(mAbs) against ovomucoid (u-OM mAb 3E5) raised
according to procedures described by Ebbehaj et al.
(12) were used. The latter has been characterized as
an IgM antibody that reacts with both native ovo-
mucoid and reduced and alkylated ovomucoid.
Alkaline phosphatase-conjugated swine antirabbit

Copyright @ Munksgaard 1995

ALLERGY
rssN 0105-4538

Purification of egg-white allergens

Hen's egg is one of the foods most frequently re-
ported to elicit allergic reactions (7, 8, 25,26,28, 30).
Most studies have focused on egg-white proteins,
which are reported to elicit allergic reactions more
frequently than egg yolk (2, 4, 2l). Egg white is a
complex mixture of more than 20 proteins, among
which the four proteins ovomucoid, ovotransferrin,
ovalbumin, and lysozyme have been claimed to be
the main allergens (2, 15,20,22). Detailed studies of
the immunologic response require highly purified
proteins and antibodies against these proteins, as
shown in recent studies of IgE binding of the indi-
vidual proteins (1). It has been shown that egg white
generally retains much ability to bind specific IgE
even upon harsh heat treatment (29). Because widely
different heat stability and resistance to both chemi-
cal and enzymattc cleavage are found in different
egg-white proteins, the purity becomes even more
important when investigating how such treatments
as heating or fragmentation of proteins affect aller-
gens and thereby allergic reactions. A minor protein
impurity resistant to cleavage could lead to errone-
ous interpretation of studies of easily degradable
proteins. The commercial protein preparations have
been shown to contain large amounts of cross-
contaminating proteins (varying from less than 11"
to more than 5\; unpublished data); thus, purifica-
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immunoglobulins (D306) and rabbit antimouse im-
munoglobulins (D314) were purchased from Dako
(Glostrup, Denmark). r2sI-labeled rabbit anti-
human-IgE and M, marker (80-1129-85) were ob-
tained from Pharmacia (Uppsala, Sweden). Agarose
(HSA, batch 6281)was purchased from Litex (Glos-
trup, Denmark), Tris (trizma-base, T1503) was pur-
chased from Sigma Chemical Co. (St Louis, MO,
USA), and, acrylamide (10675) was purchased from
Serva Feinbiochemica (Heidelberg, Germany). The
purity of these three chemicals has been found to be
crucial for the respective methods.

Human sera

Sera were obtained from patients who had been
characterized by double-blind, placebo-controlled
food challenges, as previously described (26). For
the present study, sera were selected on the basis of
a positive response (class 3 + ) when tested for spe-
cific IgE against egg-white extract (Phadebas RAST,
Pharmacia) and positive IgE response to lysozyme
(L-6816, Sigma Chemical Co) in dot-blot immuno-
assays. The IgE, binding in these sera to individual
egg-white proteins has previously been described (1).

Egg-white proteins

The preparations of ovomucoid (T-2011, lot
20H8170), ovotransferrin (C-0880, lot 104F8065,
ovalbumin (A-7641, lot 43F8050), and lysozyme (L-
6876, lot 39F8212) were purchased from Sigma
Chemical Co. The preparations designated crude
throughout this paper were of the highest obtainable
degree of purity and hence very often used in stud-
ies of allergic reactions. Egg-white extract (EW) was
prepared as described by Langeland (19).

Purification of proteins

Commercial preparations of the four proteins ovo-
mucoid (OM), ovotransferrin (OT), ovalbumin (OA),
and lysozyme (LY) were subjected to a two-step
purification comprising ion-exchange chromato-
graphy done on fast performance liquid chromato-
graphy (FPLC) (Pharmacia, Uppsala, Sweden), fol-
lowed by gel filtration.

Ovomucoid, ovalbumin, and ovotransferrin. Anionic-
exchange chromatography was done on a a-
Sepharose FF column (XKl6l20, Pharmacia) for
OM and OA, whereas, for OT, a Mono Q HR 5/5
column (Pharmacia) was used. For all three pro-
teins, 20 mM triethanolamine, pH 7.3, was used as
eluent, and desorption was done by a salt gradient
from 0 to I M NaCl, 20 mM triethanolamine, pH
7.3. OT was, before ion-exchange chromatography,
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depleted of Fe' * by extensive dialysis of the protein
(20 mg/ml) dissolved in 50 mM EDTA, pH 4.5,
against 50 mM EDTA, pH 4.5.

Lysozyme. LY was purified by cationic-exchange
chromatography on a Mono S HR 5/5 (Pharmacia)
with 20 mM Bicine-HCl, pH 8.7, as eluent. Desorp-
tion was done by a salt gradient from 0 to 1 M NaCl,
20 mM Bicine, pH 8.7.

Pooled fractions from each protein were freeze-
dried, dissolved in 50 mM NH.UCOT, pH 7.8, and
purified by gel filtration in 50 mM NH4HCO3, pH
7.8, on a Sephacryl 5-200 HR column (XK16/100,
Pharmacia).

Preparation of antisera

Polyclonal antibodies (pAb) were obtained by im-
munizing Black Russian rabbits. Each immuniza-
tion consisted of a total of I ml emulsion of 200 pg
protein in Freund's incomplete adjuvant given in
four simultaneous injections. Antisera were raised
against purified OM (u-OM pAb), purified OA
(u-OA pAb), partially purified OT (u-OT pAb), pu-
rified LY (u-LY pAb), and egg-white extract (u-EW
pAb), respectively. Immunizations were given at
5-week intervals, and blood was taken 8 days after
each immunization. One serum against each protein
was chosen on the basis of antibody titer evaluated
by crossed immunoelectrophoresis (CIE). In a simi-
lar way, the purity of the pAbs against the specific
proteins was determined by CIE against egg-white
extract. The sera were aliquoted, stored at -20" C,
and used without purification.

Cros se d immunoelectrophore sis (C I E )

CIE was done on glass slides (5 x 10 cmt) accord-
ing to Clarke & Freeman (10), with equipment, as
described by Weeke (32), using I/, agarose gel (*/u)
rn J3.5 mM Tris and 24 mM 5,5-diethylbarbituric
acid, pH 8.6. The first and second dimensional elec-
trophoresis procedures were run at 13"C, at 20Y I
cm t for t  h and 2Ylcm-t for 16h, respectively.
OA was applied in amounts of 30 pg/well, OT in
amounts of 40 pgiwell, and OM and LY were ap-
plied in amounts of 50 prg/well, all in volumes of
5-20 pl. The second dimensional gels contained
s-EW pAb 5 plf  cm2,u-LY pAb 3 plf  cm2,and u-OM
pAb 3 pllcm2.

SDS-PAGE

Sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) was done in l0% acryla-
mide gels, as described by Schàgger & von Jagow
(31), on a dual cooled vertical slab electrophoresis



unit (SE 600, Hoefer Scientific, CA, USA). Protein
samples dissolved in Tris/SDS sample buffer con-
taining 40 mM dithiothreitol were boiled for 5 min
before electrophoresis at24 mA constant current for
19 h at 15 " C. Protein samples of 5 and 1 pg, respec-
tively, were loaded onto the gels. The gels were
stained with 0.025% Serva Blue G (31) or were
silver stained (5).

Immunoblots of SD S- PA GE

Preparative SDS-PAGE of crude and purified pro-
teins, respectively, were electrotransferred to nitro-
cellulose by semidry blotting (18) modified with
methanol in the blotting buffer (23). The membranes
were soaked in 2\ Tween 20, 50 mM Tris, and
150 mM NaCl, pH 10.3, to prevent nonspecific bind-
ing. Then they were cut into lanes of 5 ffir, dried,
and stored refrigerated or processed immediately.

Specific IgE against EW-proteins was determined
in immunoblot analysis, as described by Jarolim
et al. (16), with serum from patients RAST-positive
for one or more egg-white proteins. Strips of LY
blots were soaked in 50 mM Tris, 150 mM NaCl,
0.5% (w/v) Tween 20, and 0.01% NaNr, pH 7.4
(TBS/Tween 20), with addition of 3/. (w/v) skim-
milk powder to prevent nonspecific binding. Specific
IgE was then detected by incubation with the human
serum diluted 1:10 in TBS/Tween 20, followed by
incubation with tttl-labeled rabbit antihuman IgE
(100000 cpm/strip) and, finally, development by au-
toradiography at -80'C with Amersham Hyper-MP
film and intensifying screens.

Reactions with rabbit or mouse antibodies were
done as described by Ramlau (27), the strips being
incubated overnight with pAbs or mAbs diluted
1:100 in 1.5 ml incubation buffer (05% Tween 20,
50 mM Tris, and 150 mM NaCl, pH 10.3). The de-
tector antibodies were alkaline phosphatase-con-
jugated swine antirabbit immunoglobulins for the
pAbs and rabbit antimouse immunoglobulins for the
murine s-OM mAb, respectively. The blots were de-
veloped with nitroblue tetrazolium chloride and
5-bromo-4-chloro-3-indolyl phosphate as color sub-
strate. From each gel, one strip including à M,
marker was stained with gold colloid solution (24).

Results
Characterization of the crude protein preparatíons

Testing the purity of the crude protein preparations
revealed that they contained several components.
Immunoblots with human sera showed IgE, binding
to several proteins different from LY, but present in
very small amounts as contaminants in the LY
preparation; only one serum (no. 3) showed binding
to LY at M, 14400 (Fig. l). When LY was purified
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Fig. 1. Binding of human IgE to protein blots of LY. Lanes 2-7:
crude LY; 9-14: purified LY. 1) and 8): M,-marker;2) and 9):
serum no.  1 ;  3)  and l0) :  serum no.2;4)  and 11) :  serum no.  3 ;
5) and 12): serum no.4;5) and 13): serum no. 5; 6) and l4): serum
no.  6 .

(see below) and retested in immunoblot, the only IgE
reaction remaining was from serum no. 3, although
the sera used in the study were initially selected on
the basis of positive IgE reactions in nonseparating
dot-blot immunoassays.

Investigating the crude OM preparation by im-
munoblotting with pAb revealed the same pattern
(Fig. 2). Immunodetection with pAb against the four
individual proteins or u-EW pAb revealed several
protein bands. Staining of the blot by colloid gold
gave exactly the same protein bands seen from the
u-EW pAb incubation of the blot. With u-OM pAb,

1  2  3  4  5  6  7  B  I  1 0 1 1  1 2 1 3

46
30

94

67

43

30 il
w * j

fin - rffitw ?ry

2A

14.4 - w

M,x10-3

Fig. 2. Protein blots of crude OM probed with lane 1) gold colloid
reagent; 2) o-EW pAb; 3) u-OM pAb; 4) u-OM mAb 3E5; 5)
u-OT pAb; 6) a-OA pAb; 7) a-LY pAb; 8) a-KSTI pAb. Puri-
f ied OM probed with 9) u-EW pAb; 10) a-OM pAb; 11) u-OM
mAb 3E5; 12) a-OA pAb; 13) a-LY pAb.
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a wide, strong band at M,32000-46 000 and a weak
band at M,68000-70000 developed. The former
band has been identified by amino acid analysis as
OM (1). Incubation with u-OM mAb 3E5 elicited
bands identical to the reactions with u-OM pAb. A
strong supplementary band at the M, of LY (14400)
developed with u-LY pAb and a weaker one at the
M, of OA (37000-45000), confounding with OM
developed by incubation with u-OA pAb. Incuba-
tions with s-OT pAb and u-KSTI pAb (negative
control) revealed no visible bands.

Testing the three other protein preparations in the
same manner gave similar results (data not shown).
In particular, LY contained several contaminating
proteins, including both OA and OT, as well as some
protein bands smaller than LY. OT contained less
contaminating proteins, among which OA was iden-
tified. OA appeared to be the most purified of all four
proteins.

P urifrc a ti o n of p r o t e in s

OT, OA, and OM were purified under identical con-
ditions but with different NaCl gradients eluting the
three proteins (Fig. 3). Beside the expected peaks
from the particular proteins seen on the chromato-
grams, a few additional peaks were found in all four
preparations. OM exists in at least two homologous
variants, var a and v(tr b, varying in ,n/-glycosylation
of the third domain (17). This protein was eluted in

two broad peaks over an interval of the gradient
from 0.085 to 0.18 M NaCl. The two peaks were
identified as OM by u-OM pAb and amino acid
analyses. The two peaks were distinguished by the
l/-glucosylamine content determined by amino acid
analyses, which identified the first eluting peak as
OM var a and the later eluting peak as OM var b
(data not shown). Iron-depleted OT was eluted at
0.05 M NaCl, a residue of Fe3 * -associated OT elut-
ing as a peak at about 0.06 M NaCl. OA was eluted
between 0.16 and 0.22M. LY purif ied on a Mono
S column was eluted at 0.16 M NaCl, in which im-
purities of the other more acidic proteins eluted even
before the gradient started. For all four proteins, the
gel filtration contributed to the purification of the
proteins, in addition to serving as desalting steps.

Antibodíe s against purifte d proteins

Testing the pAbs raised on purified proteins in CIE
of egg-white extract revealed immunoprecipitates
containing specific antibodies against OM, OT, OA,
and LY, respectively (trig. 4). No supplementary im-
munoprecipitates were seen for u-OM, s-OA, and
u-LY, indicating that highly specific antisera of these
three proteins had been produced. One minor pre-
cipitate, apart from the characteristic OT precipita-
tion peak, appeared on the CIE of u-OT pAb, indi-
cating that this antiserum was not monospecific and
would need purification if used for detailed studies.
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Fig. 3. Chromatograms from purification of A) ovomucoid on Q-Sepharose, B) ovotransferrin on Mono Q, C) ovalbumin on Q-Sepharose,
and D) lysozyme on Mono S. Inserted chromatograms originate from respective gel fi ltrations on Sephacryl 5-200 HR.
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Fíg. 4. Crossed immunoelectrophoreses of egg-white extract against pAbs raised
in application well; II) second dimension antibody-containing gel with A) e-OM

Fig .4C F ig .4D

on purified proteins. I and III) f irst dimension gel cut
pAb, B) a-OT pAb, C) cr-OA pAb, or  D) a-LY pAb.

Purity of purfud proteins

CIE of the protein preparations with monospecific
antibodies made it possible to test the purity of the
proteins (Fig. 5). The differences between immuno-
precipitation patterns on CIE of the crude and pu-
rified preparations of the individual proteins showed
that the applied methods of purification had resulted
in highly purified proteins. For OM, only one pre-
cipitate identified as OM was seen. The purified OA
preparation showed one precipitate which was par-
tially divided into two parts that coprecipitated along
the edges and at the base lines. CIE of purified OT
also yielded a precipitate internally divided into two
areas, and a more blurred precipitate at the level of
the well. Though several impurities in the LY prepa-
rations had been removed, CIE of purified LY re-
vealed one major precipitate and one smaller distinct
precipitate situated symmetrically under the main
precipitate.

SDS-PAGE of the crude and purified proteins
was done to identify any possible contaminants in
the purified proteins (trig. 6). OM was seen as a wide
diffuse band from M.32000-46 000, OT as a sharp
narrow band aI M,70 000, OA as a sharp but wider
band at M,43 000, and LY as a sharp band al M,
14400; traces of the dimer were seen at M, 28000
(only visible on the original gels). In addition to the
expected bands from the respective proteins, con-
taminating proteins were seen as weak bands in the
crude preparation when the gel was stained with
Coomassie brill iant blue. These bands were en-

hanced by silver staining of the gel, in which a few
extra bands also appeared. In the purified prepara-
tions, very few traces of the contaminating proteins
remained and visuahzation could be achieved only
by the very sensitive silver-staining method.

Discussion

For detailed studies of the immune response to egg-
white proteins, highly purified preparations are
needed. Contamination of the LY preparation was
evident in the initial studies with human sera on
immunoblots (Fig. 1). However, human serum de-
pending on specific antibody titers to the proteins
would often fail to detect impurities. Moreover, con-
taminating proteins in the crude OM preparation
have been detected by the reactions of proteins from
the blot with antibodies specific for proteins other
than OM (trig.2). Thus, specific antibodies against
the individual proteins, as well as the entire egg-
white extract, aÍe a useful tool for determination of
protein identify and purity.

OM variants consist primarily of var a glycosy-
lated at five amino acids and var ó missing one gly-
cosylation at the third domain of the protein. Var a
and var ó eluted as the two major peaks in ion-
exchange chromatography, as verified by amino acid
analysis of .A/-glucosylamine content. In addition,,
variation in sialic acid content has been reported
Qa); this probably explains the tailing of the second
peak in the chromatography, as evidenced by un-
changed amino acid composition throughout the tail,

t
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unlike OM var af var b. CIE of the purified OM in-
dicated a high degree of purity, as evidenced by only
one precipitate. It is possible that small levels of
contaminants are not detected by CIE; accordingly,
electrophoresis was done in SDS/polyacrylamide,
which was subsequently stained with Coomassie
brilliant blue and silver, respectively. Extensively
glycosylated proteins such as OM are known to stain
poorly with Coomassie (14), indicating that the rela-
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tive impurity of the protein might have been even
smaller than shown on the CIE and the Coomassie-
stained gel. The silver-staining method is more sen-
sitive; in particular, OM is more efficiently stained
by this method. But still no bands could be seen at
M, L4400, 30 000, or 43 000, in contrast to the crude
OM preparation. This crude OM preparation has
been shown to contain LY and OA (Figs. 5 and 6),
as verified by u-LY pAb and u-OA pAb, respectively

Fig.5E ovALBUMtN Fig.5F F ig .5G LYSOZYME Fis. 5H

Fig. 5 . Crossed immunoelectrophoreses of egg-white proteins before and after purification against u-EW pAb. Design as for Fig. 2. First
dimension gels contained A) OM Sigma T-2011; B) purified OM; C) OT Sigma C-0880; D) purified OT; E) OA Sigma A-7641;
F) purified OA; G) LY Sigma L-6876; H) purified LY.
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Fig.6. SDS-PAGE of crude and purified proteins: A) stained
with Coomassie brilliant blue, B) silver-stained. Lane l) M,
marker; 2) OM Sigma T-2011; 3) purified OM; 4) OT Sigma
C-0880; 5) purified OT; 6) OA Sigma A-7641; 7) purified OA;
8) LY Sigma L-6876;9) puri f ied LY.

(Fig. 2), and for LY also by amino acid analysis of
this particular band (data not shown).

The CIE pattern of purified OA and OT indicated
the presence of isoforms of the protein itself rather
than remaining impurities. The partial identity of
proteins possessing identical pI but slightly different
precipitate patterns from those seen on CIE of OA
and OT has been determined by rocket immunoelec-
trophoresis of mixtures of partially identical proteins
(6). For OA, this identification is supported by the
fact that the protein shows some heterogeneity in
both serine phosphorylation (13) and glycosylation
(11). In conclusion, the preparations of both OA and
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OM attained a high degree of purity, while other
proteins could no longer be detected by the applied
methods.

As for OT, the purified preparation contained the
major characteristic precipitation pattern from OT
plus one minor precipitate below the OT peak. This
could have been caused by trace amounts of the
Fe-associated protein, which, although seen as a dis-
tinct peak in the ion-exchange chromatogram, never
achieved base-line separation from the Fe-depleted
OT peak. The Fe-depletion increased the pI of the
protein from 5.78 to 6.13 (33), this probably would
be reflected in a slowly running major precipitate
and a faster running minor precipitate in the CIE
pattern, as was, in fact, the case. Another possibil-
ity is that the precipitate derived from degraded OT.
This is quite possible, because the crude OT prepa-
ration was observed to degrade spontaneously upon
prolonged storage with repe ated freezing and thaw-
ing (unpublished data). We conclude that in spite of
possible OT-derived peptides remainingin the prepa-
ration, a high degree of purification was achieved.

As for LY, it seems impossible to decide by CIE
whether the minor precipitate situated below the
main precipitate originated from LY. Enlargement of
the area near the well by prolongation of the elec-
trophoresis in the first dimension was done (data not
shown). This indicated similarity of the antigens in
the two precipitates, because crossed precipitation
lines did not occur between these two precipitates.
In that case, the two precipitates could have been
caused by dimerization of the protein, a phenom-
enon which is known to occur spontaneously (3). On
the stained gels (Fig. 6) in lane 9 of LY, a trace of
protein is seen at about M,28000 (the size of the LY
dimer), suggesting that the minor precipitate actually
originated from LY. Identification of the minor pre-
cipitate could be achieved by amino acid analyses
from blots of the solubilized antigen-antibody com-
plexes on PVDF membrane.

Figs. 1 and 2 show the need of extensively puri-
fied proteins for studies of allergic reactions. The
SDS-PAGE method partly solves the problem of
contaminating proteins in the preparations, as ex-
emplified by the fact that LY was well separated
from the three other allergens tested. Yet protein
bands can overlap because of slight or no difference
rn M,, as exemplified by the bands of OM and OA
so overlapping that distinction between these two
proteins was impossible. The presence of contami-
nating proteins therefore adds great uncertainty to
any variable measured even on SDS-PAGE blots.
Evidently, such problems are increased whenever
methods that do not separate the proteins are ap-
plied, e.g., dot blots, RAST, and ELISA. Further-
more, a large interbatch variation (quantitative as
well as qualitative) between OM products of this
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particular catalog number has been observed (un-
published data).

Our long-term project with OM, OT, OA, and LY
is to describe the immune response not only on the
protein level (cf. Ref. 1), but also on the epitope level
for both T- and B-cell receptors. Since the develop-
ment of the purification procedures described in the
present paper, we have conducted several experi-
ments in which the purified proteins were cleaved
into mixtures of smaller peptides. It quickly became
evident that even a \% contamination with a protein
resistant to digestion may cause severe bias in the
interpretation of results from such digestions. In view
of all these facts, it seems evident that great care
should be taken to ensure the purity of egg-white
proteins when they are used for studies of allergic
reactions.

In conclusion, we have shown that it is possible
in a few steps to purify all of the four proteins to an
extent that impurities cannot be detected by the
methods applied. From silver staining and CIE, we
conclude that the proteins were so highly purified
that, according to the highest minimum detection
limits reported by the applied methods, the remain-
ing impurities could be estimated to be less than
0.5-5 ng in the sample of 5 pg, i .e.,  less than
1  /10  000-  1  /1000 .

Moreover, the immunoblots of crude and purified
OM against rabbit pAbs and cr-OM mAbs and the
IgE immunoblots of crude and purified LY probed
with patient serum show that signals from all bahds
except OM and LY, respectively, had vanished. This
fact indicates that problems with fragments originat-
ing from contaminating proteins are unlikely to occur
even when fragmented or boiled proteins are tested.
We therefore consider the purifications and charac-
terizations satisfactory for future studies on the im-
munologic response of the fragmented proteins.
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