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SUMMARY

More than 75°% of grass pollen-allergic patients produce
specilic IgE antibodies against group-4 allergens. Purification
and characterization of different grass group-4 allergens should
help to further understand their allergenicity. In this study, an
attempt was made to isolate and characterize Fes p 4 aller-
gen by several biochemical and immunochemical methods.
Fes p 4 was purified by a combination of chromatographic
techniques (gel permeation and ion exchange chromatogra-
phy). Isolated protein reveaied four main Spots at a molecular
weight of 60 kDa and a pl ranging from 8.7 to 9.1. Eight sera
were selected from patients with positive result of skin prick
test to the mixture of grass pollen extracts. ELISA inhibition
technique was used to study Fes p 4-specific IgE in the pa-
tients' sera. ELISA to Festuca pratensis was inhibited up to
80% by F. pratensis pollen extract and up 10 48% by Fes p 4.
2D-PAGE-immunoblot was used to identify aflergenic and anti-
genic components of Fes p 4 with patients’ IgE and mono-
clonal antibodlies (MABs). Three components of purified pro-
tein expressed IgE binding ability. Two MABs which recog-
nized unrelated regions on Phl p 4, bound three components
of Fes p 4. The role of the carbohydrate moiety in allergenic-
ity was examined with individual patient sera by using perio-
dale-treated Fes p 4. Six out of eight patients reduced IgE
binding to periodate-treated allergen. Isolated Fes p 4 glyco-
protein consisted of four components, three of which were aller-
genic, and share common epitopes specific for grass group-4
homologs. The results of periodate oxidation of Fes p 4 sug-
gest that the carbohydrate moiety is involved in IgE binding.
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INTRODUCTION

Within some communities, allergy to grass pollens
is more prevalent than to other aeroallergens (1). The al-
lergen extracts used in clinical work on allergy contain,
beside allergens, a number of protein antigens without
allergenic activity (2). The identification and character-
ization of grass pollen allergens is of substantial impor-
tance in diagnosis, treatment and basic research of grass
polien allergy (3).

Little is known about group-4 grass pollen allergens,
although more than 75% of grass pollen-allergic patients
produce specific IgE antibodies against group-4 aller-
gens (4). These high molecular weight (50-65 kDay) aller-
gens are basic (pl 9-10) and glycosylated (approx. 10-
20% w/w) (5) and represented in various species (6).

Compared to natural allergen extracts, recombinant
allergens have a clearly defined primary structure, which
enables easy quantification (7). Beside being applica-
ble in diagnostics and immunotherapy (8, 9), the ex-
pression of recombinant allergens in Escherichia coli
lacks post-translational modifications e.g., glycosyla-
tion. According to van Ree et al. recombinant allergens
produced in E. coli did not equal the IgE-binding capac-
ity of their natural counterparts (10), while Petersen et al.
found that rPhl p 1 from Phicia pasteuris is hyperglyco-
sylated compared to nPhi p 1 (7). Therefore, the isola-
tion and characterization of natural aliergens, such as
grass group-4 glycoproteins, is important for creating
and comparing possible recombinant homologs with all
the relevant IgE-binding epitopes. The existence of dif-
ferent isoforms of allergens must also be considered
when recombinant proteins are used in immunothera-
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py since all allergenic isoforms may need to be present
in the evaluation and treatment of patients (11).

The aim of this study was to isolate and biochemi-
cally characterize Fes p 4 from Festuca pratensis pol-
len and determine its prevalence in eight patients with
positive clinical history to grass pollen allergy. The role
of the carbohydrate moiety in allergenicity was exam-
ined with individual allergic patients’ sera by using peri-
odate-treated Fes p 4.

MATERIALS AND METHODS
Pollen extract

F. pratensis pollen was obtained from the Institute
for Immunology and Virology, Torlak, Yugoslavia. The
extract was prepared from pollen grains as 10% (w/v)
suspension by stirring raw material at 4 "C in distilled
water and 0.015 M NaN, for 4 h. After extraction, the
sample was centrifuged and defatted with carbon tetra-
chloride 1:1 (v/v). The sample was stored at 20 "C be-
fore analysis.

A solution of the extract was always freshly pre-
pared in distiled water without NaN, for immunization
of rabbits.

Antibodies

Antibodies against Fesp extract were raised in rab-
bits essentially according to Harboe and Ingild (12). An
immunoglobulin fraction was prepared by ammonium
sulfate fractionation (45% saturation).

Human sera were collected from eight adult pa-
tients with seasonal allergic rhinitis and positive results
of skin prick test for grass pollens. These patients did
not receive immunotherapy before the collection of their
serum samples. For some experiments, a pool was
made by mixing equal amount from each serum. A pool
of three normal sera (nonatopic) was used as a nega-
tive control.

Murine monoclonal antibodies were produced after
immunization with timothy grass pollen extract (13) or
enriched Phl p 4 (14).

Isolation of Fes p 4 allergen

F. pratensis pollen extract was fractionated by am-
monium sulfate to reach 50% saturation. The peliet was
collected by centrifugation and dissolved in a minimal
volume of 0.15 M NaCl. The protein solution was frac-
tionated on a Sephadex G-100 Superfine (1.8 x 90 cm)
column, preequilibrated with 0.15 M NaCl, 0.015 M
NaN,. Collected fractions were analyzed by fused rocket
immunoelectrophoresis (15). The fractions containing
cathodic antigen were pooled and concentrated by ul-
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trafiltration. The protein solution was dialyzed against
30 mM Tris-HCI pH 8.6, and rechromatographed on a
QAE-Sephadex A-50 (0.8 x 5.0 cm) column preequili-
brated with 30 mM Tris-HC! pH 8.6.

Gel electrophoresis
SDS-PAGE

Protein analysis was performed under reducing con-
ditions in a vertical slab gel (4/10%), according to
Laemmli (16), in the Bio-Rad Mini-Protean I appara-
tus. A low molecular weight electrophoresis calibration
kit (Pharmacia) was used for molecular weight deter-
mination. After electrophoresis proteins were either sil-
ver stained or transferred to a nitrocellulose membrane
(Serva) for immunodetection according to Harlow and
Lane (17).

Isoelectric focusing

Isoelectric focusing (IEF) was performed in the
model 2117 Multiphor cell (LKB Pharmacia) according
to the manufacturer's instructions. The samples ap-
plied on a polyacrylamide gel (80 ~ 83 - 7.5 mm?), con-
taining 2% (pH 3-10) Pharmalyte® and 0.4% (pH 9-
11) Servalyte™ carrier ampholytes, were focused at
2000 Vh at 65 mA, 5 W at 10 C. The Pharmacia broad
pl calibration kit (pH 3.5-9.3) was used for pl deter-
mination.

Two-dimensional PAGE

In the first dimension, isoelectric focusing was per-
formed as described above, then the gel was sliced in
strips. After incubation for 10 min in a SDS-containing
sample buffer, in the second dimension SDS-PAGE was
carried out in discontinuous gel (4/10%) as mentioned
above.

Western blot

After separation by SDS-PAGE or 2D-PAGE, the pro-
teins were subsequently transferred on a nitrocellulose
membrane by semi-dry blotting for an hour at 0.8 mA/
cm?. For further immunological examinations the blots
were incubated with antibodies (human serum or murine
monocional antibodies) and visualized with appropriate
secondary antibodies, according to Harlow and Lane (17).

IEF-immunoelectrophoresis

IEF-immunoelectrophoresis was performed Iaccord-
ing to Smyth et al. (18). After IEF. the gel slice was
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positioned by placing it on the antibody-free agarose
gel. The gel was run 17 h at 2 V/cm.

Periodate oxidation of Fes p 4

Periodate oxidation of carbohydrate structures was
performed after blotting Fes p 4 onto a nitrocellulose
membrane by incubation in 10 mM NalQ, in 10 mM
sodium acetate buffer pH 5.0. The reaction was per-
formed in the dark at 4 -C for an hour. The control nitro-
cellulose was incubated in the same buffer without
NalO,. The efficiency of oxidation was examined by
incubation of control and periodate-treated nitrocellu-
lose with concanavaln A (conA) (20 pg/mb) in 50 mM
Tris-HCI pH 7.6, 0.15 M NaCl. 1 mM MnCl,, 1 mM
CaCl,, 1 mM MgCl . for an hour. The binding of conA
lectin to the nitrocellulose was detected by using horse-
radish peroxidase (25 pgm' and diaminobenzidine
according to Harlow and Lane «(17)

ELISA-inhibition

ELISAs were performed by the method of Voller et
al. (19). inhibition assays were performed in triphcate
by preincubating 10 ui pcoied patient sera with 40 il
inhibitor (Fesp extract and Fes p 4 in 10-fold diluted
concentrations (ranging from 10 ug ml to 0.001 pg/ml)
for 30 minat4 C. The mixture was then added to F. pra-
tensis-coated plate. Human serum from subjects with
negative skin tests to grass pollen extracts was used
as a negative control. After overnight incubation at4 " C.
specific IgE bound to the plate was detected with alka-
line phosphatase labelled anti-IgE (Sigma) and with 4-
NPP as a substrate. Absorbance measurements were
done at 405 nm after adjusting the background with
negative control. Percent of inhibition was calculated as
%inhibition = OD of the test sample - (OD of the inhib-
ited sample/OD of the test sample) - 100. IC,; value
was determined as a concentration of inhibitor at 50%
of inhibition.

RESULTS
Purification of Fes p 4

Glycoprotein Fes p 4 was isolated from a pollen ex-
tract of F. pratensis by the combination of ammonium
sulfate precipitation (50%), gel permeation chromato-
graphy and ion exchange chromatography. Purification
steps were followed by reductive SDS-PAGE (Fig. 1),
and a single broad protein band with a molecular weight
about 60 kDa was obtained for Fes p 4. According to
densitometric analysis of the silver stained gel. isolated
Fes p 4 revealed more than 97% of purity. Fes p 4 also
showed one band in Western immunoblot with anti-Phl

Isolation and partial characterization of Fes p 4 aliergen 363

ka
94.0
67.0 e
43.0

30.0

0.1

Fig. 1. SDS-PAGE analysis of Fes p o punification. Pioteins were silves
stained: 1) molecular weight markers: 2) Fesp extract. 3) proteins frac
tionated by 50° ammaonium sulfate: 4) enriched Fes p 4 after Sephadior
G 100 5) Fes p 4 after QAE-Sephadex; 6) Fes p 4 recogmzed by 304
monoclonal antibody: and 7) Fes p 4 recogmized by 208 MAB
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Fig. 2. Isoelectnc focusing analysis of 1) pl matkers: 2} Fesp extract;
and 3) Fes p 4. Proteins were silver-stained.

p 4 MABs, which bound Phl p 4 homologs in various
grass pollen extracts (4). In order to improve the resolu-
tion of Fes p 4 components, besides the broad range
Pharmalyte® (pH 3-10), basic Servalyte® (pH 9-11)
were added to the IEF gel. In IEF Fes p 4 revealed four
isoforms with pl ranging from 8.7-9.1 (Fig. 2). Micro-
heterogeneity of Fes p 4, conceming pl, can be seen
as four spots in 2D-PAGE of Fesp extract (Fig. 3).
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Fig. 8. 2D-PAGE apalysis of Fesp extract. Proteins were silver-
stuned
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Fig. 4. IEF-immunoeleciophoress of: a) Fesp extract; b) Fes p 4.

Antigenic identity as well as pl microheterogeneity of
isolated Fes p 4 was shown by IEF-immunoelectro-
phoresis (Fig. 4).

Immunological detection

Human sera were collected from patients with pos-
itive skin prick test results for grass pollen extracts
(SPT classes 3+ to 5+, with histamine used as a refer-
ence). The allergenic pattern of Fesp protein extract

Fig. 5. Westem immunoblot of Fesp extract with individual sera (1-8);
Kj control. P) mtrocellulose stained with Ponceau S.

was obtained for eight patients by Western immunoblot
(Fig. 5). All patients were allergic mostly to the protein
bands in the molecular weight range of 55-60 kDa
(8/8). 30-40 kDa (8/8), and 15-18 kDa (6/8).

The immunological characterization of isolated Fes
p 4 was carried out by 2D-PAGE followed by immu-
noblot. Figure 6 shows the binding patterns of 2D8 anti-
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Fly. 6. 20-PAGE-nnmunublot of Fes p 4. a) nitrocellulose incubated
with 2D8 monoclonal antibody: bj nitroceliufose incubated with pool
of patients' sera
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Phl p 4 MAB (a) and pooled patients’ sera (b). On both
figures, three spots of Fes p 4 revealed antigenicity and
allergenicity, respectively. The detection of the fourth
component of Fes p 4 was more difficult, either as aller-
gen or antigen. due to its small amount. as well as pos-
sible loss in the electrotransfer.

Periodate oxidation

The possibility of a carbohydrate moiety involve-
ment in the IgE binding to Fes p 4 was investigated by
periodate oxidation. The efficiency of periodate treat-
ment of the carbohydrate moiety was confirmed by the
disappearing of conA binding to the oxidized Fes p 4,
compared to the control (Fig. 7). From eight patients
with specific IgE for the allergen. only two retain almost
the same ability to bind for periodate-treated Fes p 4.
These results proved. in qualitative terms. the involve-
ment of the carbohydrate moiety of Fes p 4 in aller-
genicity in six patients. and conA binding ability of the

glycoprotein.
i ! -
_ g -
] t ’5« =
' 2 1 < I A

Fig. 7. Western blot of Fes p 4. (-) nitroceliulose incubated in 10 mM
sodium acetate buffer pH 5.0: (+) nitroceilulose incubated in 10 miM
NaJO /10 mM sodium acetate buffer pH 5.0. 1-8 nitrocellulose incu-
bated with individual patient's sera. K} nitroceliulose incubated with
concanavalin A,

ELISA inhibition

The inhibition capacity of Fes p 4 was compared with
inhibition capacity of the Fesp extract. Inhibition curve
for Fesp extract achieved a plateau at about 80% of in-
hibition, and 50% of inhibition was attained at the con-
centration of 0.03 pg/ml. Inhibition curve for Fes p 4 as
an inhibitor has a moderate slope. and at the concen-
tration of 10 ug/ml there was a 48% of inhibition of IgE
binding from a pool of allergic patient sera. By applying
interpolation 1C,, value was determined for Fes p 4 to
be 15 pg/mh.

DISCUSSION

Up to 75% of patients allergic to grass pollen were
found to exhibit IgE reactivity to group-4 allergens, hence
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they are classified as the major grass pollen allergens
(20). Several grass group-4 allergen have been char-
acterized thus far: Phi p 4 (20-26), Dac g 4 (6). Lolp 4
(27, 28), BG60O (29, 30).

The rapid progress made in the field of molecular
allergen characterization appears likely to considerably
improve the use of recombinant allergens in diagnosis
and specific immunotherapy (31). it is well known that
E. coli-derived recombinant allergens lack post-transla-
tional modifications (glycosylation) and sometimes are
improperly folded (disulfide bonding), which could be ex-
pected for the expression of proteins with higher mole-
cular weight. Although eukaryotic systems are pre-
ferred, Petersen et al. (7) gained hyperglycosylated
rPhi p 1 compared to nPhi p 1 using Pichia pasteuris
for expression. The same group of authors indicated that
a single post-transiational modification can alter the
IgE reactivity of allergens or short peptides and should
be taken into account when recombinant allergens are
used for diagnostics and immunotherapy (32). There-
fore, the isolation and characterization of natural ailer-
gens is indispensable to create their structural as well
as functional recombinant counterparts.

Fes p 4 allergen, isolated by classical biochemical
methods, consists of four components with pl ranging
from 8.7-9.1, and the same molecular weight of about 60
kDa. according to SDS- and 2D-PAGE. Densitometiic
analysis of Fes p 4 showed that the components are
not represented in equal amounts. Three allergenic com-
ponents were identified by 2D-PAGE-immunoblot, with
a pl from 8.8-9.1. This microheterogeneity was first
observed by Su et al. (29, 30). Namely, they indicated
that antigen BG60 contains four isoallergens, with an
apparent molecular weight of 55-60 kDa as determined
in SDS-PAGE. The lack of immunological detection of
a Fes p 4 component with pl 8.7 may be due to its
lower amount compared to the other three, or possible
loss in the electrotransfer.

The development of monoclonal antibodies has had
an important impact on characterization, purification and
quantification of antigenic molecules. Allergen-specific
MABs have been used in the development of sensitive
and specific immunoassays for allergens and in the
study of cross-reactivity and immune structure of aller-
gens (4, 6). Two MABs, 2D8 and 3C4 (produced on
unrelated regions of Phi p 4) which recognized grass
group-4 homologs were used in characterization of puri-
fied Fes p 4. Westem immunoblot showed that the
cross-reactive determinants of Fes p 4 were preserved
during the purification. According to 2D-PAGE-immuno-
blot all three components of Fes p 4 share the same or
related epitopes specific for grass group-4 homologs.

In addition to genetic variants expressed in their po-
lypeptide chains, almost all glycoproteins reveal anoth-
er form of polymorphism associated with their carbohy-
drate residues (33). Expressed microheterogeneity of
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Fes p 4 concerning pl could be either a consequence
of a different degree of glycosylation of the protein core,
or spotted mutations in amino-acid sequence or both.
A further structural characterization shouid clarify the
origin of pl microheterogeneity. We observed pl micro-
heterogeneity for some other grass group-4 glycopro-
teins, such as Phl p 4, Dac g 4, Ant 0 4, and Sec ¢ 4
(unpublished results), while Haavik et al. reported micro-
heterogeneity of Phi p 4 concerning the carbohydrate
part of the glycoprotein (25).

The allergenic activity of the purified allergen was
investigated in an ELISA inhibition experiment perfor-
med with the patient sera pool. Fes p 4 achieved 50%
nhibition at an amount of 0.15 pg, while Fesp extract
achieved 50% inhibition at 0.03 pg. This result is in
Agreement with findings that group-4 allergens seem to
be frequently recognized in IgE-immunoblotting studies
(8. 23). although the levels of specific-IgE are relative-
Iy low compared with group 1 and 5 (4, 34).

It was found that £ pratensis grass pollen is a very
frequent cause of allergic reactions in Yugoslavia, al-
most as frequent as Phleum pratense (35, 36) and
Dactilys glomerata (36). The major Fesp allergens be-
fong to group 1/5, 4, 2/3 of grass polien allergens. This
result is in agreement with findings for major allergen
groups in other grass pollen species. and thus supports
the concept of defining a limited panel of recombinant
allergens for each patient and using them in immuno-
therapy (8).

The importance of Fes p 4 was exhibited by the
finding that all sera from grass pollen-allergic patients
included in the study contained IgE antibodies to this
allergen. The allergenicity of carbohydrate moiety was
examined by periodate treatment of blotted Fes p 4.
The lack of conA binding to periodate-treated nitrocel-
lulose, the opposite to the control, confirm that the car-
bohydrate moieties were destroyed. Besides oxidation
of carbohydrate structures, periodate treatment may
also alter amino acids in the polypeptide chain (37).
Although we chose milder conditions (10 mM NalO,/10
MM sodium acetate pH 5.0, 1 h, 4 “C) in comparison to
oplimized reaction conditions determined in comparable
Western blotting studies on grasses (50 mM NalO,/10
mM sodium acetate pH 5.0, 2 h at room temperature)
(38, 39), the periodate oxidation of Fes p 4 reduced IgE
reactivity of six patients’ sera. A similar result, but in
quantitative values, was gained for the binding of aller-
gic sera to oxidized BG60 which was reduced about
30-40% compared to the unoxidized BG60, suggesting
that the carbohydrate of BG60 is involved in the human
IgE binding domain (30). It should be mentioned that
Haavik et al. (24) found that most of the binding sites
for human IgE and IgG on the Phl p 4 allergen did not
contain carbohydrate destroyed by periodate oxidation
or removed by the glycosidases used in their study.
Further stiuctural characterization of the 1gE-binding
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epitopes should help in understanding allergenicity of
group-4 ailergens and creating possible recombinant
homologs.

Our study clearly showed that isolated Fes p 4 aller-
gen is not a homogenous glycoprotein. It consists of
four components differing in pl with similar molecular
weight. three of them bound IgE from pool of patients’
sera. All three components share at least two common
epitopes specific for grass group-4 homologs. It seems
that carbohydrate structure takes part in allergenicity of
Fes p 4 allergen.
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