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Abstract
C r . t ' i l . a n t a . j o r t l l c r g c r r i c u i r c o p r o t c i r t o f  (  r . r T r r o n t t , t . r t t  l t t l t t t l l j r , r i { . f  . ì r . r : . ì r ì r \ r e r r l : u . .
S t rg i l .  i s  t hc  t t - t t l s t  co t l . ì t l l o l t ì  po l l e -n  a l l c rgc r r  i r r  Japan .  C 'a r ' [ 16 l t v t l l i r t c ; . r r r u l r s l s  l ì , 6
I cc t i r r  s t a i n i r t g  i n t l i ea t cc l  t h . r t  ( ) ' r ' 7  [  po : : c : : cs  r I c  t ì r e , r : c  y r l t r : r ' - e t ) p t r . r i p i r r _s

l / - l inked o l igosacchar ide which prev ioLrs ly  has been found in  sonre p lanr  g lv-
coproteins. Rabbit polyclonal anti-Cr,v7l IgG antibodies were fbund to be hig6ly
cross-reactive with two other plant glycoproteins which have the same type of
oligosaccharides, and the cross-reactivities were completely abolished on chenr-
ical deglycosylation of the glycoproteins. Enzyme-linked immunosorbent assay
inhibition showed that the majority (up to 70%) of the anri-Cn'7 I rabbit IgG
antibodics rcco-gnizc-d thc ol isosaccharidL. nroiet l ,  of Ci-r.7 L Thc carhohvclrate
epitopes were found to be only part ial ly inrolved in the binding of specif ic I_eE
antibodies from a pool of hurnan patient sera.

Cr-r '  j  I  is a nonprofì l in al lergen of the Jap.nesc cedar
(crvptomeriu japoni<:u) and was f,rrst isolated and charac-
terized by Yasueda et al. Il]. The lgE-binding sites on Cn, j I
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 lz4l. The importance of
the carbohydrate moiety to the allergenicity/cross-reactiv-
ity has been proposed for many allergens [5-8, see ref. l3].
Howeveq whether the carbohydrate moieties are directly in-
volved in the B cell and/or T cell tropic epitopes rernains
unclear for pollen allergens. tn this study, we focused on the
oligosaccharide chains of cryt j I and studied their antigen-
icities as to IgG and IgE and those of two other plant gly-
coproteins/glycopeptides with the ol i gosaccharide structure
already determined.

('r.t '.i I r,vas purifìed fiorn Japanese cedar pollen coilected
in Nikko, Japan. according to the method of yasueda et al.
[], with a slight modification. Subfractions of Cr1, j I rvere
separated by polyacrylamide gelelectrophoresis in the pres-
ence of 0. l% sodium dodecyl sulfate [9],  using 9.5% acryla-
mide separation gels, and then blotted onto nitrocellulose
membranes.

The lectin reactivities of C,yj I were studied using
horseradish peroxidase (HRP) labeled lectins (Honen, Ja-
pan) according to the method of Kitagaki-Ogawa et al.  [10].
Solanum tuberosunr agglutinin 1EY Laboratories, USA), a
glycoprotein which contains 44o/o (wlw) carbohydrate, 89Zo
of which is arabinose I l l ] ,  was used as a conrrol for ai l  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 l, the
doublet bands of Cn, j I were equally stained with concana_
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valin A, Lens culinctris agglutinin, and Lllex eltropeus ag-
glutinin [, which are known to recognize D-mannose or L-
fucose on N-linked oligosaccharides, suggesting that Cryi Í
possesses N-linked oligosaccharides with a trimannosyl
core substituted with L-fucose at the innermost l/-acetyl-
glucosamine. as was revealed for Cleroclenelron trichoto-
n'tum agglut inin (CTA) f l01. The posit ivc staining with Gri-

/onio ^sinrltl ici/blia agglutinin II and Phu.sektus t'ttigttri.r
agglut in in  E sLrggcsted thc presence of  branching
, \ ' -acetylgl r tct ls l t tn inr '  at  th,- ' t r imi i r lnost ' l  corc.  . \ .  t t t l 'erut . : ' tnt t

agglut in in rv i ìs not staincd at  a l l  by '  these lect i r rs.  strggest i l ìg

tl iat t lrc specitic carhrohr,'clrate structttrc vv'as csse ntiel lbr thc

h i r r d i r t g  u i t h  t l R P  l c c t i t t : .  r . t r t t l  t l r c  s t l t i t i i t t g  w l t :  t t t r t  b v ' t t o t t -

spcci t ìc bir lc i ing.  1 i l t rur-ul t  S- t t t l te rostr t r r  agglrr t in in is i . l

.V-acet1'glucosaminc-speci f ic  lect in:  i t  w'rs no longer act ive

a f ie r  b r lo t t ing  on t r r  a  inc rnhrane u t t r i c r  rc t luc ing  c t ' r t td i t i t r t t .  l ìS

s l to rvn  bv  nes l t i rc  s ta i t r i t tg  \ \  i th  P t ' t t lgu t ' i . s  agu l t t t i r t i t t  anc l
( ' .  e t u ' r , 1 , c i i s  . r g u l L r t i r r i r i  I  t i i g .  i L ) .  F  ) .  b o t h  o f  u l t i c l t  c o t t -

ta inecl  . \ -acetvlglucosart t i t ' rc i ts i ì  col ' l lpol ìc l ì t  sLtgi . ì r .  Cr. t '  I  I

r , r  as ntr t  st i r i r rc-r l  ' , i  i th Ric i r t r r r  t 'ontnt tut i .s auglut i t t i t l .  s t l r ' t rc l t t t

agg lu t in in .  o r  Do l i t ' l t r t s  h i l lon ts  agg lu t in in  (da ta  no t

shoil.n,;.
The carbohydrate composition of C,)'i I w'as analyzed

by employing the method of Kitagaki-Ogawa et al. [10].
Cry j I 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 Cryi I
possesses ,\Ll inked ol igosaccharides u i th a tr iruattnosy' l
chitobiose core substituted r,t' ith fucose and xylose which
has been reported for various plant glycoproteins. The pres-
ence of galactose and excess herosamine ancl t ì tcose rnay'
suggcst a f ìrcosr, ' Iatccl, \-acety' I lactosatninc branch.

The ant igenic i ty  of  the o l igosacchar ide t t to ie ty '  o f  Cn'1 1
as to IgG and IgE r.vas studied in comparison rvit l i  thosc of
two plant glycoproteins: a galactose/N-acetylgalactos-
amine-specific lectin (CTA) and a mannose/glucose-specif-
ic Sophora japonica bark agglutinin ll (B-SJA-ll). The two
lectins were purified as previously described [0, l2] and
deglycosylated with trifluoromethanesulfonic acid [3].
Rabbit normal or anti-Cry7 [ 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).

lmmunoblotting of Cry j I and the two plant glycopro-
teins was performed, using rabbit anti-Cry j t IgG. C,y j I
was subjected to sodium dodecyl sulfate-polyacrylamide
gel electrophoresis in parallel with CTA and B-SJA-il, and
then the glycoproteins were blotted onto PVDF membranes.
After blocking with 2o/o bovine semm albumin in 0.01 M

1 1 6  k D  >

6 6 k D >

4 2 k D >  &  d

3 C k D >

Fig.1. Lectin reactivi ty of Cryj [ .  A Coomassie bri l l iant blue

staining; lane a: Cry j | (4 pg/lane), lane b: STA (4 pg/lane). B HRP-

concanavalin A staining; lane a: Cn'j I (0.6pg/lane), lane b: STA
(0.6 ptg/ lane)in al lpanels B-F. C HRP-L. cul inaris agglut inin staining.

D HRP-t/.  etrrol)au.\ agglut irr in I  staining. E HRP-C. simpli t ' i l i t l i rr  ag-

g lu t i r r r r t  I t .  F  t {RP-Pl r r l .gr r l ' r \  agg lL l t in in  [ :  s ta in ing.  Thc pt rs i t io t t  o f

nro lccu lar  weight  markers  arc  ind icated on the lc t i .

Tris-but'l i 'rccl salirrc (trtll 7.-i ). tltc ttre mbrtìtlcs \\'crt-- inctrL'rat-
c-d n' i th rabbit nonnal or anti-(-ry' i  I  tgG prcdi luted l :500
for I h at room temperature. After ftrrther washing and
blocking with l% bovine serum albumin. the bound IgG was
detected with HRP-labeled goat antirabbit tgG (l :1,000,
I pg/ml; KPL, USA). The color was developed with 4-chlo-
ro-l-naphthol/H2O2. All three subunits of CTA were glyco-
sylated and the structure of the predominant oligosaccha-
ride of CTA was previously determined to be XylBl---2
(Mancrl ---6) (Manal ---3) ManBl --4GlcNAcpl --4 (Fuccrl
---3)GlcNAc [0]. The carbohydrate contents of the B-SJA-
II subunits are in the order of a-l>a-2>b-1, but b-2 was not
glycosylated, while all four subunits of B-SJA-ll exhibit
carbohydrate-binding activity [2]. Eighty percent of the to-
tal oligosaccharides of B-SJA-tl 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-

r99



Fig.2. Immunostaining of CTA and B-
SJA-ll with rabbit anti-Cry j I IgG before and
after deglycosylat ion. A Coomassie bri l l iant
blue staining: lane a: Cn, j  [  (-s ptg/ lane). lane
b:  CTA (8 pg ' lanc) .  lane c :  dc .g lycosy la ted
C'T, \  (6 l tgr lane) ,  lane c l :  B-SJA- t l  r - i t tg i
l anc ) .  B  I n r rnunos ta in i ng  u i t h  rabb i t  a r r t r -
(  t ' . r ' l l  lg ( i ;  lancs a-d:  ser r rc  r . r :  in  A.  Lr i r r  t i i c
amount loadec' l  in each lAne u,lrs I  40 of thlt  in
A.  Thc pos i t ions o f  rno lccu lar  \ \  L . ig l i r  r l . r rkcrs
arc  ind icatcc l  on thc lc i i  ant l  I l -S.1 , \ - [ [  :ub-
ru t t i t :  o t ' t  l l re  r r r l l t t .
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Ltrc  ?b,  t tn l l  u l ;cosv latc t l  lonns ( ) t ' thc lc 'c- t in  subuni ts  ucrc
stainecl r,vi th rabbit arrt i-Cn'r I  IgG. and thc- intensit t ,  of the
stainins \\as dr-pcndcnt on rhe cl ibolr l ' r l ratc cL)ntci i ts. but
not  on thc carbohycl rate-b indine lcr iv i t ic 's  of  thc lcct ins.
These results suggested that oligosaccharides of CTA and
B-SJA-tt contribute to the cross-reactivity with rabbit anti-
Cry j I IgG.

An enzyme-linked immunosorbent assay was perfbrmed
to study the cross-reactivity of Cry j l-specific human IgE to
these glycoproteins. Microtiter plates ([mmulon 200, Grei-
ner) were coated with Cn,.7 I or CTA by incubation at 4"C
overnight, fbl lowed by washing and blocking with 2% bo-
vine serum albumin in tris-buffered saline. 100 pl of rabbit
anti-Cru j  I  IgG (l :500) or 50 pl of human al lergic sera ( l :4)
was added to the r.vel ls. fbl low'ed br, incubation fbr I  h at
roonì tempu-rature. Afier fur-ther u ashing and blocking r,vith
l9,b bovine semm albumin, the bound antibodies were de-
tected by incubation with HRP-labeled goat antirabbit tgG
(l : 1,000) or alkaline-phosphatase-labeled horse anti-human
IgE (l:1,000, EAST kit; Shionogi Seiyaku, Japan), respec-
tively. The plates were washed again and developed with
150 pl of o-phenylenediamine/H2O2, and then 50 pl 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 IsE svstem.

Fig.3. Cross-reactivities of rabbit anti-Cn, j I IgG antibodies (A)
and human allergic sera (B) to CTA on enzyme-linked immunosor-
bent assay. CTA (a) or Cryj 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 reactivi t ies with normalrabbit IeG.

Cry i l  or CTA (mg/ml)

g 1

U

200 H ij i kata/Matsumoto/Koj ima/Ogawa Antigenicity of Cry j  I  Ol igosaccharide



As shown in figure 3, rabbít anti-Cry7 I IgG recognized

CTA as well as Cry j I; in contrast, human [gE bound very

little CTA as compared with Cryi t (fig. 3b).
Enzyme-tinked immunosorbent assay inhibition was

performed to evaluate the content of oligosaccharide-spe-
cific antibodies in rabbit anti-Crvi I IgG. The inhibitors
used were intact CTA and CTA glycopeptides/peptides pro-

duced by extensive digestion of intact or tr i f luoromethane-

sulfonic acid treated CTA rvith act inase E (Kakctr SciyakLr,

Japan). fbl low'ecl by heat clenaturation at 100'C' tor 5 rr in.

Thc cxtcr ts ivc act i t rasc E d igest ion of 'CTA dcstroyct i  i ts  lcc-

t in act ivi tv and tnost c'r f  thc peptide epitopes. i f  anl ' .  cross-

react ivc to  the i tn t i - ( i r '1  I  ant ibodr , ' .  The d i l t r ted rebbi t  IgG

ant ibod ie  )  \ \c rc  prc i r te  t r t l l t tc t l  l ì l r '  2  l l  a t  r ( r ( ì l ì ' l  tc t t tpcr : . t t i , t rc

with four-fold serial dilutions of the inhibitors. After prein-

cubat ion.  the IgG-inhibi tor  n l i . r t t t rcs vv 'ere t ransf-erred t t - r

p lates prccoated r . r  i th Crr ' - t  I  and thcn strbjected to e I ìzyl t - lc-

l inkecl intntutttrsrit.Lrct'tt aSSlì\. '  ls t icscribcd above. .\s slto' ' i  tr

in t ìgurc -1.  intact  C'TA and CTA glycopept idcs cclul l lv  in-

h ib i ted  the  b ind ing  o t ' rabb i t  an t i -C i r  7 l  IgG to  C i r '1  I .  u  h i l c

the CTA pcptidc's obtainctl tì 'orn dcgly'cosylatcd C'T,\ did

not  show an1,  inh ib i to ry  ec t i r  i t r ' .  shor i  i r rs  tha t  t l t c  l l cp t idc
portions do not contribute to the cross-reactivity. The results

suggested that up to70o/o of rabbit anti-Cry j I IgG antibod-

ies recognize carbohydrate epitopes which accounts for the

cross-reactivities toward CTA and B-SJA-ll. [n contrast,

CTA exhibited low cross-reactivities toward human anti-

Cry j I IgE (fig. 3). The results suggest that the oligosaccha-

rides of Cn,.j I contribute l itt le to the direct reactivity with

IgE, and the oligosaccharides may only participate in the

modification of conformational epitopes in peptide por-

t ions.
These resul ts s l ì t . ' . i  th l t  the rnajor i ty" t l f  rabbi t  ant i -Cn'7 I

IgG ant ibodies recognize ol igosacchar i t les t ,vpical  of  p lant

glycoproteins.  Since this type of  o l igosacchar ides has been

reported to be highly allergenic [14] and immunogenic [14-
17] to several glycoproteins, antibodies against these gly-

l nn ib i to rs  ( l rg ,mr i

F i g .  4 .  [ :  n z r  t r t c - i  i  n k c t i  I  I t l  t l t  L t l l o s ' ( r i h t l l t  r l  \ \ ' l \

t t ì u  i ' t ' , i f r [ t r t  t l l i t - (  I  I  i  I  l ' : ( ;  - t t i t i l . r t r t l i e :  l r r  ( ; ' l

i n t a c t  ( ' [ . ' \  g l y c , - ' p r t r t c l l l s  (  .  t .  : l r c t r P c p t r J ' : >  r e i

coproteins probably cross-react with C,yi I .  Since tgG is

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 pollen extracts. The determination of oligosaccharide

structures and identification of IgG epitopes nf f71:7 I are

nolv in progress in our laboratory.
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