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Abstract

CrvjLoamajorallergenic glycoprotein of Crvpromeria faponica Chnanese cedar,
Sugi). 1s the most commom pollen allergen in Japan. Carbohvdrate analysis and
lectin staining indicated that Crvj T possesses the fucose v lose-contaimimg
N-linked oligosaccharide which previously has been found in some plant gly-
coproteins. Rabbit polyclonal anti-Crv j [ 1gG antibodies were found to be highly
cross-reactive with two other plant glycoproteins which have the same type of
oligosaccharides, and the cross-reactivities were completely abolished on chem-
ical deglycosylation of the glycoproteins. Enzyme-linked immunosorbent assay
inhibition showed that the majority (up to 70%) of the anti-Crvj | rabbit IgG
antibodies recognized the oligosaccharide moiety of Cryj 1. The carbohydrate
epitopes were found to be only partially involved in the binding of specific [gE

anttbodies from a pool of human patient sera.

.....................

Cry j 1is a nonprofilin allergen of the Japanese cedar
(Cryvptomeria japonica) and was first isolated and charac-
terized by Yasueda etal. [1]. The IgE-binding sites on Crvjl
were considered to be conformational, and efforts at map-
ping of antigenic epitopes using monoclonal antibodies
suggested the presence of several peptide epitopes and a
glycopeptide, the glycosylation of which might be required
for the IgE binding of the peptide [2—4]. The importance of
the carbohydrate moiety to the allergenicity/cross-reactiv-
ity has been proposed for many allergens [5-8, see ref. 13].
However, whether the carbohydrate moieties are directly in-
volved in the B cell and/or T cell tropic epitopes remains
unclear for pollen allergens. In this study, we focused on the
oligosaccharide chains of Cry,j [ and studied their antigen-
icities as to [gG and IgE and those of two other plant gly-
coproteins/glycopeptides with the oligosaccharide structure
already determined.

Crvjlwas purified from Japanese cedar pollen collected
in Nikko, Japan, according to the method of Yasueda et al.
[1], with a slight modification. Subfractions of Crv'j [ were
separated by polyacrylamide gel electrophoresis in the pres-
ence of 0.1% sodium dodecyl sulfate [9], using 9.5% acryla-
mide separation gels, and then blotted onto nitrocellulose
membranes.

The lectin reactivities of Cry; 1 were studied using
horseradish peroxidase (HRP) labeled lectins (Honen, Ja-
pan) according to the method of Kitagaki-Ogawa et al. [10].
Solanum tuberosum agglutinin (EY Laboratories, USA), a
glycoprotein which contains 44% (w/w) carbohydrate, 89%
of which is arabinose [11], was used as a control for all HRP
lectins. The preservation of the activity of all the HRP lec-
tins was confirmed by the reactivity toward fetuin, porcine
submaxillary mucin, or ovalbumin. As shown in figure 1, the
doublet bands of Crv,j | were equally stained with concana-
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valin A, Lens culinaris agglutinin, and Ulex europeus ag-
glutinin [, which are known to recognize D-mannose or L-
fucose on N-linked oligosaccharides, suggesting that Crv j |
possesses N-linked oligosaccharides with a trimannosyl
core substituted with L-fucose at the innermost N-acetyl-
glucosamine, as was revealed for Clerodendron trichoto-
mum agglutinin (CTA) [10]. The positive staining with Gri-
Jfonia simplicifolia agglutininll and Phaselous vulgaris
agglutinin  E suggested the presence of  branching
N-acetylglucosamine at the trimannosyl core. S.ruberosum
agglutinin was not stained at all by these lectins, suggesting
that the specific carbohydrate structure was essential for the
binding with HRP lectins. and the staining was not by non-
specific binding. Though S ruberosum agglutinin is a
N-acetvglucosamine-specific lectin: it was no longer active
after blotting onto a membrane under reducing condition. as
shown by negative staining with Pvulearis agglutinin and
U ewropens agglutinin b (fig 1D By, both of which con-
tained N-acetviglucosamine as a component sugar. Crvj |
was not stained with Ricinies communis agglutining soybean
agglutinin. or Dolichos biflorus agglutinin (data not
shown).

The carbohydrate composition of Crvj | was analyzed
by employing the method of Kitagaki-Ogawa et al. [10].
Cryj 1 contained hexosamine:mannose:fucose:galactose:
xylose at 4.5:3.0:2.8:1.6:0.8; the value of D-mannose being
taken as 3.0 for the molar ratio calculated. This composition
together with the lectin reactivities indicated that Cryj |
possesses N-linked oligosaccharides with a trimannosyl
chitobiose core substituted with fucose and xylose which
has been reported for various plant glycoproteins. The pres-
ence of galactose and excess hexosamine and fucose may
suggest a fucosylated N-acetyilactosamine branch.

The antigenicity of the oligosaccharide moiety of Crvj 1
as to IgG and IgE was studied in comparison with those of
two plant glycoproteins: a galactose/N-acetylgalactos-
amine-specific lectin (CTA) and a mannose/glucose-specif-
ic Sophora japonica bark agglutinin I (B-SJA-II). The two
lectins were purified as previously described [10, 12] and
deglycosylated with trifluoromethanesulfonic acid [13].
Rabbit normal or anti-Cryj [ sera and human allergic sera
(radioallergosorbent test class 4) were kindly supplied by
Torii Yakuhin Co., (Japan). The rabbit sera were further pu-
rified to IgG using an Ampure PA kit (Amersham, UK).

Immunoblotting of Cryj I and the two plant glycopro-
teins was performed, using rabbit anti-Cryj I IgG. Cryj |
was subjected to sodium dodecy! sulfate-polyacrylamide
gel electrophoresis in parallel with CTA and B-SJA-II, and
then the glycoproteins were blotted onto PVDF membranes.
After blocking with 2% bovine serum albumin in 0.01 M
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Fig.1. Lectin reactivity of Cryj [. A Coomassie brilliant blue
staining; lane a: Crvj I (4 ng/lane), lane b: STA (4 pg/lane). B HRP-
concanavalin A staining; lane a: Crvj 1 (0.6 ug/lane), lane b: STA
(0.6 ug/lane) in all panels B-F. C HRP-L. culinaris agglutinin staining.
D HRP-U/. europens agglutinin [ staining. E HRP-G. simplicifoliu ag-
glutinm 11, F HRP-Prvudgaris agglutinin £ staimng. The position of
molecular weight markers are indicated on the left.

Tris-buffered saline (pH 7.3). the membranes were incubat-
ed with rabbit normal or anti-Cryj | [gG prediluted 1:500
for 1h at room temperature. After further washing and
blocking with 1% bovine serum albumin, the bound IgG was
detected with HRP-labeled goat antirabbit 1gG (1:1,000,
1 ug/ml; KPL, USA). The color was developed with 4-chlo-
ro-1-naphthol/H,0,. All three subunits of CTA were glyco-
sylated and the structure of the predominant oligosaccha-
ride of CTA was previously determined to be Xylfj1—2
(Manal—6) (Manal—3) Manpl—4GlcNAcf1 -4 (Fucal
—3)GlcNAc [10]. The carbohydrate contents of the B-SJA-
I subunits are in the order of a~1>a-2>b~1, but b-2 was not
glycosylated, while all four subunits of B-SJA-II exhibit
carbohydrate-binding activity [12]. Eighty percent of the to-
tal oligosaccharides of B-SJA-II had the same structure as
those of CTA, and the rest of the oligosaccharides had the
same structure trimmed [unpubl. data]. As shown in fig-
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116 kD »
Fig. 2. Immunostaining of CTA and B- 66 kD >
SJA-II with rabbit anti-Cry j 1 IgG before and
after deglycosylation. A Coomassie brilliant 42 kD »
blue staining: lane a: Cryj [ (5 pg/lane), lane
b: CTA (8 uglanc). lane c¢: deglycosvlated 30 kD » -

CTA (6 ug/lane), lane d: B-SJIA-Il (S uy/
lane). B Imumunostaining with rabbit anti-
Crvj HgGs lanes a-d: same as in AL but the 17 kD »
amount loaded in each lane was 1 40 of that in
A. The positions of molecular weight markers

are indicated on the leit and B-SJA-IT sub- A

units on the right.
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ure 2b, only glycosylated forms of the lectin subunits were
stained with rabbit anti-Crj [ 1gG. and the intensity of the
statning was dependent on the carbohydrate contents, but
not on the carbohydrate-binding activities of the lectins.
These results suggested that oligosaccharides of CTA and
B-SJA-II contribute to the cross-reactivity with rabbit anti-
CryjlIgG.

An enzyme-linked immunosorbent assay was performed
to study the cross-reactivity of Cry j I-specific human IgE to
these glycoproteins. Microtiter plates (Immulon 200, Grei-
ner) were coated with Crvj I or CTA by incubation at 4°C
overnight, followed by washing and blocking with 2% bo-
vine serum albumin in tris-buffered saline. 100 ul of rabbit
anti-Cryj 11gG (1:500) or 50 pl of human allergic sera (1:4)
was added to the wells. followed by incubation for 1h at
room temperature. After further washing and blocking with
1% bovine serum albumin, the bound antibodies were de-
tected by incubation with HRP-labeled goat antirabbit [gG
(1:1,000) or alkaline-phosphatase-labeled horse anti-human
IgE (1:1,000, EAST kit; Shionogi Seiyaku, Japan), respec-
tively. The plates were washed again and developed with
150 ul of o-phenylenediamine/H,0,, and then 50 ul of 4 N
sulfuric acid was added to stop the reaction, followed by
reading at 490 nm for the rabbit IgG system or according to
the manufacturer’s instructions for the human IgE system.

Fig. 3. Cross-reactivities of rabbit anti-Cryj [ IgG antibodies (A)
and human allergic sera (B) to CTA on enzyme-linked immunosor-
bent assay. CTA (@) or Cry; I (O) was coated onto a well and then
subjected to the assay as described in text. The dashed line in A in-
dicates the reactivities with normal rabbit 1gG.
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As shown in figure 3, rabbit anti-Cry;j [ IgG recognized
CTA as well as Cryj [; in contrast, human IgE bound very
little CTA as compared with Cryj [ (fig. 3b).

Enzyme-linked immunosorbent assay inhibition was
performed to evaluate the content of oligosaccharide-spe-
cific antibodies in rabbit anti-Cryj [ IgG. The inhibitors
used were intact CTA and CTA glycopeptides/peptides pro-
duced by extensive digestion of intact or trifluoromethane-
sulfonic acid treated CTA with actinase E (Kaken Seiyaku,
Japan). followed by heat denaturation at 100°C for 5 min.
The extensive actinase E digestion of CTA destroyed its lec-
tin activity and most of the peptide epitopes. if any, cross-
reactive to the anti-Crvj Lantibody. The diluted rabbit 1gG
antibodies were pretncubated tfor 2 hat room temperature
with four-fold serial dilutions of the inhibitors. After prein-
cubation. the lgG-inhibitor mixturcs were transferred to
plates precoated with Crvj Tand then subjected to enzyme-
linked immunosorbent assay as described above. As shown
in figure 4, intact CTA and CTA glycopeptides equally n-
hibited the binding of rabbit anti-Cra-j 11gG to Cry j 1, while
the CTA peptides obtained from deglycosylated CTA did
not show any inhibitory activity. showing that the peptide
portions do not contribute to the cross-reactivity. The results
suggested that up to 70% of rabbit anti-Cry j 1 [gG antibod-
ies recognize carbohydrate epitopes which accounts for the
cross-reactivities toward CTA and B-SJA-IL. In contrast,
CTA exhibited low cross-reactivities toward human anti-
Cry j 11gE (fig. 3). The results suggest that the oligosaccha-
rides of Crvj I contribute little to the direct reactivity with
IgE, and the oligosaccharides may only participate in the
modification of conformational epitopes in peptide por-
tions.

These results show that the majority of rabbit anti-Cry j
IgG antibodies recognize oligosaccharides typical of plant
glycoproteins. Since this type of oligosaccharides has been
reported to be highly allergenic [14] and immunogenic [14-
17] to several glycoproteins, antibodies against these gly-
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Fig. 4. Ensvme-iinked immunosorbent sty inhibition. The hind-
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coproteins probably cross-react with Cryj 1. Since I8G s
considered to be a potential blocking antibody as to desensi-
tization, various plant glycoproteins might be effectively
used as desensitizers as to pollen allergies, substituting for
crude polien extracts. The determination of oligosaccharide
structures and identification of 1gG epitopes of Crvj I are
now in progress in our laboratory.
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