
XGH-RHACTXVffi CAffiBOI{YDRATE EPITOPTS A CLASSXFXCATTON,
CK*S5*KHACTIVITY, AN N CTTNTCEL XMPACT

H.  Ma landa in  ( î )

suMMARy:  A g lycan-re la ted lgE-react iv i ty  has been demonst ra ted in  most  a l lergen sources,  espec ia l ly  in  p lant  k ingdom'

Recent  progress in  g lycobio logy has a l lowed a crearer  c lass i f ica t ion o f  these g lycó-ep i topes '  Unl ike c lass ica l  pept ide cha in-

based ep i topes,  g lyco-ep i topes can share s ign i f icant  s t ructura l  homolog ies beyànd the l imi ts  o f  pro te in  fami l ies '  These g lyco-

epitopes are thus prone to extensiv" .rorr lr"uct ivi ty. They have beeÀ cal led cross-reactive carbohydrate Determinants or

ccD.  Many of  these g lyco-ep i topes behave as "  panepi topes " ,  lead ing to  cross- react iv i ty  between products  as d is tant  as po l -

lens and hymenoptera venoms.  But  ccD are not  un iversa l ly  cross- react ive and they ra ther  c lus ter  in to  subgroups such as p lant

ccD or fungal  ccD.  Because a monovalent  lgE-b ind ing is  suf f ic ient  in  serum-based assays,  g lyco-ep i topes and ccD are c las-

s ica l ly  cons idered as a  potent ia l  source of  pos i t ive  in  V i t ro  resu l ts  wi thout  c l in ica l  s ign i f icance '  But  some authors  recent ly

demonst ra ted that  g lyco-epì topes could  induce a response at  the ce l l  leve l  and suggested that they might  p lay a  ro le  in  v ivo '

As long as in  v i t ro  assays inc lude g lycan-  and ccD-re la ted lgE responses,  laborato iy  resu l ts  should  be carefu l ly  in terpreted in

the l ight  o f  ex is t ing knowledge about  the g lycomes of  natu ia l  products .  lgE-react iv i ty  o f  the pat ient 's  serum can a lso be tes-

ted towards a g lycoprote in  model  such as bromela in '

Key-wOrds:  g lycoprote ins,  ep i topes,  cross- react ions,  CCD, spec i f ic  lgE,  a l lergy d iagnos is

IIUTRODUGTION

I  n 1999, Mari  et  a/ .  descr ibed the case of  a 36-years

I  o ld  pa t ien t ,  l i v ing  in  Rome,  who consu l ted  fo r  a

I  s e a s o n a l  r h i n o - c o n j u n c t i v i t i s  t 1 l '  S k i n  t e s t i n g

conf i rmed a  sens i t i za t ion  to  g rass  and jun iper  po l lens ,

In  v i t ro  assays  were  found pos i t i ve  fo r  these po l lens

but,  unexpectedly,  to many other products such as

b i rch ,  mugwor t ,  and o l i ve  po l lens ,  bu t  a lso  ca t '

honeybee, cockroach, and even latex'  These apparent

false resul ts were conf i rmed with di f ferent commer-

c ia l  reagents  and on  o ther  occas ions  dur ing  the

pat ien t ' s  fo l low-uP.
A s s h o w n b y t h e s e a u t h o r s , t h e s e u n e x p e c t e d d a t a
resul ted f rom the simultaneous presence of  cross-reac-

t ive carbohydrate determinants (ccD) in the al lergen

extracts and of  ant i -CCD lgE in the pat ient 's serum'

That  carbohydra te  s t ruc tu res  cou ld  cont r ibu te  to

a l le rg ic  sens i t i za t ions  had been suspec ted  fo r  a  long

t ime,  even be fore  lgE charac ter iza t ion  (2 ) .  Aa lberse

p | a y e d a n i n s t r u m e n t a | r o | e i n u n d e r | i n i n g t h e i m p o r -
t a n c e o f t h e s e g | y c o - e p i t o p e s i n a | | e r g y d i a g n o s i s ,
and he  co ined the  te rm o f  CCD (3) '

( 1 ) [ . b " ' , t ' r e d e B i o c h i m i e - C e n t r e H o s p i t a I i e r C h u b e r t - 5 6 0 1 7

V a n n e s  ( F r a n c e )  -  E - m a i l :  h e n r i . m a l a n d a i n @ c h - b r e t a g n e - a t l a n t i q u e ' f r

Since then,  many po in ts  have been be t te r  unders-

t o o d : o n e k n o w t h a t a n t i - C C D | g E a r e o f t e n f o u n d i n
the  serum o f  po l len  a l le rg ic  pa t ien ts ,  tha t  many p lan t

a l le rgens  are  g lycopro te ins  and,  as  such '  po ten t

sources  o f  ccD,  and tha t  carbohydra te  ep i topes  are

a b I e t o g i v e r i s e t o i n t e r f e r e n c e s i n s p e c i f i c I g E a s s a y s
for  la tex  and fo r  hymenoptera  venoms (4 '  5 )

Th is  a r t i c le  a ims a t  rev iewing  our  p resent  knowledge

about  ccD:  the  b iochemis t ry  and c lass i f i ca t ion  o f  car -

bohydra te  s t ruc tu res  on  g lycopro te ins ,  the  reasons

why they  can g ive  c ross- reac t ions ,  the  occur rence o f

C C D i n a | | e r g e n i c p r o d u c t s , t h e e x t e n t o f t h e c r o s s -
reac t iv i t y  due to  CCD,  and f ina l l y  the  arguments  fo r

a n d  a g a i n s t  a  c l i n i c a l  i m p a c t  o f  C C D '

BIOGHEMISTRY AIIID
ALTERGEIIIIGITY OF

GARBOTIvpRATE STRUGTURES (61

S  l y c o  p  r o t e  i r ì  s

Protein synthesis does not end with mARN transcr ip-

t i o n : a s s o o n a s t h e p e p t i d e c h a i n i s a v a i l a b l e ' c o m p l e x
and f ine ly  regu la ted  mechan isms come in to  p lay  to

g i v e a c o r r e c t f o I d i n g t o t h e f i n a I p r o t e i n : c | e a v a g e o f
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a  p r o - p e p t i d e ,  c o u p l i n g  c y s t e i n e s  i n t o  d i s u l f i d e

br idges ,  add i t ion  o f  carbohydra te  cha ins ,  e tc .  Th is  las t

event gives r ise to a glycoprotein.

Among pro te ins ,  many are  g lycopro te ins '  In  add i t ion

to a correct  fo ld ing, glycosylat ion confers them some

impor tan t  fea tures  such as  a  be t te r  hydroph i l i c i t y  and

a  s t r o n g e r  r e s i s t e n c e  t o  t h e r m i c  s h o c k s  ( 7  ,  8 ) .

Carbohydra te  cha ins  borne by  membrane pro te ins

play a protect ive role and part ic ipate into the cel l

s ignature  (eg .  b lood grouPS) .

G l y c a n  c h a i n s  { 9 - 1  1 i

Carbohydra te  cha ins ,  o r  g lycans ,  a re  f i xed  on to  the

pept ide  a t  spec i f i c  s i tes .  One d is t ingu ishes  N- l inked

g l y c a n s  a n d  O - l i n k e d  g l y c a n s ,  d e p e n d i n g  o n  t h e

amino ac id  the  g lycan is  a t tached to :  an  asparag ine

f o r  N - g l y c a n s ,  a n d  a  s e r i n e ,  a  t h r e o n i n e ,  o r  a n

hydroxypro l ine  fo r  O-g lycans .  Most  g lycopro te ins  a re

e i ther  O-g lyca ted  or  N-g lYcated .
A l t h o u g h  f u n c t i o n a l l y  i m p o r t a n t ,  g l y c a n s  o f t e n

account  fo r  a  minor  par t  o f  the  pro te in  we igh t  (eg '

less  than 5%) .  F igure  1  shows an example  o f  N-g lycan

ra ther  common in  p lan t  p ro te ins .  Somet imes,  carbo-

hydrates represent a larger content (eg. 30% in mug-

wor t  a l le rgen 41  u  1 \  (12)  and even a  dominant  par t

o f  the  g lycopro te in  (eg .  mannog lucans  found in  gums

a n d  m o u l d s )  ( 1 3 ,  1 4 t . .

F n c l r n  g l y * a n s  t $  e P i t o P e s

Most  o f ten ,  carbohydra te  s t ruc tu res  are  prominent

and thus  can eas i l y  cons t i tu te  an  immunogen ic  s i te
(T  ep i tope)  and io r  an  lgE b ind ing  s i te  (B  ep i tope)
(see f igure  2) .

Figure 1 :  An example o f  N-g lycan chain '
The  7 -suga r  cha in  i s  l i nked  t o  t he  pep t i de  on  n  aspa rag ine
(A )  and  i s  composed  o f  two  N -ace ty l - g l ucosamines  (G) ,  t h ree
mannose  (M) ,  one  1 ,3 - f ucose  (F )  and  one  1 ,2 -xy lose  (X ) '

Th i s  "MMXF3"  cha in  i s  o f t en  f ound  i s  p l an t  g l ycop ro te ins .
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One  does  no t  know  wha t  i s  t he  n -  n ;n r  a  . ^  t r i '  ' o r  a  g l y -

c a n  t o  a c t  a s  a  B - e p i t o p e ,  b u t  m o s t  c a ' c l ^ ' : ' a t e  e p i -

topes character ized so far  compr ise a t  least  I  Su!3rS.

A re  ca rbohyd ra te  ep i t opes  res t r i c t ed  t o  t he  g l ycan

c h a i n ?  O r  c o u l d  m a c r o m o l e c u l a r  f l e x i b i l i t y  g i v e  r o o m

t o  a  r o l e  o f  a d j a c e n t  a m i n o  a c i d s  i n  l g E  b i n d i n g ?  1 1 6 t .

The  ques t i on  i s  s t i l l  deba ted .  Bu t  r ega rd ing  l gE  mo le -

cu les  t hemse l ves ,  some  f l ex i b i l i t y  i s  i ndeed  poss ib l e

a t  t he  pa ra tope  s i t e  and  t h i s  r esu l t s  i n  an  impe r fec t

spec i f i c i t y  o f  a  g i ven  l gE  mo lecu le  t owards  a  un ique

a l l e rgen  ep i t ope  (17 ) .  I n  t ha t  r espec t ,  ca rbohyd ra te

epi topes do not  d i f fer  f rom pept ide ep i topes:  they are

ab le  t o  b i nd  t o  more  t han  one  " spec i f i c "  l gE  (18 ) ,  and

these cross- react ive ep i topes are thus named CCD.

&lycan  d ive rs i tY

Glycan structures are at least as diverse as peptide

sequences:  each sugar  enables severa l  possib le l in-

kages w i th  the  fo l low ing  sugar .  More  than 1000 spa-

t ia l l y  d i f fe ren t  combina t ions  can be  deduced f rom a

c h a i n  c o m p r i s i n g  o n l Y  3  s u g a r s .

Ce l ls  take  advantage o f  th is  d ivers i ty  to  meet  the i r

p resent  metabo l ic  o r  de fence needs th rough f ine ly

mod i f ied  g lycopro te in  s t ruc tu res .  Indeed,  na tura l  g ly -

copro te ins  most  o f ten  appear  as  a  mix  o f  var ian ts  (eg '

as  many as  16  d i f fe ren t  g lycan combina t ions  on

h o n e y b e e  a l l e r g e n  A P i  m  1 )  ( 1 9 ) .

T h i s  m i c r o h e t e r o g e n e i t y  g i v e s  r i s e  t o  i m p r e c i s e

bands on  immunob lo ts ,  espec ia l l y  when molecu la r

weights exceed 30-40 kDa. Another diversi ty consists

in  the  s imu l taneous presence o f  g lycosy la ted  and

non-g lycosy la ted  iso forms resu l t ing  in  doub le  bands

( e g .  O l e  e  f  - i n  o l i v e  p o l l e n  ( 2 0 )  o r  P l a  |  1  i n  E n g l i s h

p l a n t a i n )  ( 2 1 ) .

Figure 2: An example of glycoprotein'
Th is  mannosidase f rom S.  cerev is iae presents
chains a t  i ts  outer  sur face.  One of  them has 7
could  become an ep i tope.  Prote in  Data Bank lD

three g lycan
suga rs  and

=  1 D L 2  ( 1 5 ) .



& r s s s * r e a e t l v i t y  ; n  s p i t c  o *  d l v * r e i t y

one should expect that such a strucutral diversity would

limit cross-reactivity between glycan chains' In fact' lgE-

reactivity is greatly driven by the presence of some

sugars at  speci f ic  posi t ions along the chain '  And certain

basic sugar patterns are indeed found among lgE-react i -

ve glycan chains,  especial ly N-glycan ones ( f igure 3) '

For all eukaryotes, N-glycan synthesis starts with the

a d d i t i o n o f t h e S a m e T - s u g a r c h a i n ' T h e n , t h i s b a s i c
chain is elongated and/or t r immed. Xylose is a characte-

ristic sugar of lgE-reactive plant N-glycans' A fucose is

often found too, but a 1,3 spatial setting seems crit ical to

its lgE-reactivity 16,221. such 1,3-fucoses are a frequent

f inding in plant and some invertebrate N-glycan chains

and this feature leads to potential cross-reactivity (eg'

between pol len and hymenoptera al lergens) '  Mammal

N-glycans are 1,6-fucosylated and thus do not cross-

react with 1,3-fucose N-glycans (see figure 3)'

one could expect a similar tendency to cross-reactivity

among O-glycan chains.  But,  except for  some al lergens

such as mugwott  pol len Art  v 11231, th is k ind of  g lycans

h a s b e e n | e s s w e | | s t u d i e d t h a n N - g l y c a n S a n d t h e f r e -
quency of  O-glycan-based CCD is largely unknown'

& l y c o n n * s :  t h s  c o r n P l e x i t Y

o f  n a t u r a l  P r o d e r c t s

Natura l  p roduc ts ,  a l le rgen ic  o r  no t ,  con ta in  a  la rge

number  o f  d i f fe ren t  p ro te ins '  Among these pro te ins '

some are  g lycopro te ins '  Among g lycopro te ins '  some
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Figure 3: Diversif icat ion of N-glycans among eukaryotes

The process s tar ts  wi th  the aàdi t ion o f  a  7-sugar  cha ins a t

the î i  g lvcosy la t ion s i te  (an asparag ine) .  Th is  o l igosacchar i -

à t ,  .o i - t .on to  a l l  eukaryotes,  is  then modi f ied by t r imming

and adding , rgur r '  These modi f icat ions lead to  a  d ivers i f i -

cat ion o f  N-g lycans a long the phy logenet ic  branches of

eukaryotes.  Ànotat ion is  used to  descr ibe the g lycans,  espe-

c ia l ly  the presence and the pos i t ion o f  mannose (M) '  xy lose

i i -1 ,  i r l " tà  (F) ,  and N-acety l  g lucosamine + mannose (Gn) '
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are  known a l le rgens .  Among the  ep i topes  o f  these

a l le rgens ,  some cons is t  in  carbohydra te  cha ins '  And

utong these g lyco-ep i topes ,  cer ta in  a re  p rone to

cross- reac t  w i th  g lycan cha ins  present  in  o ther  a l le r -

gens ,  ie .  to  behave as  CCD'

Any nu , r ra l  a l le rgen ic  p roduc t  i s  thus  suscept ib le  to

conta in  a l le rgens  and non-a l le rgens '  pept ide-  and/or

g lyco-ep i topes  on  each a l le rgen molecu le '  and c ross-

react ive or not cross-react ive epi topes. The response

observed dur ing  in  v i t ro  assays ,  as  we l l  as  in  c l in ica l

r e a c t i o n s ,  i s  t h u s  g l o b a l '

Fac ing  to  such complex i ty ,  some he lp  can however  be

found in  "g lycomes" '  A  g lycome cor responds to  the

percentage o f  a l l  t ypes  o f  g lycan cha ins  present  in  the

ex t rac t .  For  example ,  g rass  po l lens  are  r i ch  in  M0XF3

g lycans  (see f ig .  3 ) ,  and peanuts  conta in  a  no t iceab le

o r o p o r t i o n  o f  h i g h - m a n n o s e  c h a i n s  Q 4 ' 2 5 1 '  T h i s  k i n d

of  in fo rmat ion  can g ive  a  use fu l  c lue  in  some s i tua-

t ions of  suspected cross-react iv i ty '

HOW GAN GGD
BE DEMO*51RATED?

Fi rs t  o f  a l l ,  one  need to  p rove the  ex is tence o f  g lycan

cha ins  on to  the  pro te in '  To  th is  end '  one can use the

proper ty  o f  na tura l  lec t ins ,  (eg '  concanava l in  A)  to

b ind  to  spec i f i c  sugars  Q5,26\ '  More  prec ise  methods

cons is t  in  monoc lona l  an t ibod ies  (25 '  2 l l  o r  mass

spect romet ry  (eg .  MALDI-MS-MS)  (28) '

Then one must  demonst ra te  tha t  these g lycans  are

a b | e t o b i n d t o | g E ' P a t i e n t s s e r a a r e t h e r e f o r e u s e d .
To di f ferenciate what is related to pept ide epi topes

f  ro  m wh a t  co  ncerns  g  l yco-ep i topes '  d  i f f  e ren t

m e t h o d s  a r e  a v a i l a b l e :
.  one can cu t  up  the  a l le rgen w i th  a  p ro te inase K:  any

remain ing  lgE reac t iv i t y  s igns  the  presence o f  car -

bohydra te  eP i toPes;
.  one can cu t  ou t  g lycans  f rom the  pept ide  backbone

wi th  a  PGNase:  any  loss  o f  lgE reac t iv i t y  means tha t

g lyco-ep i topes  d id  p lay  a  ro le  be fore ;

.  the  same reason ing  app l ies  to  per iodate  t rea tment

o f  the  ex t rac t ,  as  th is  chemica l  ox id iza t ion  mod i f ies

g lycan s t ruc tu res ;
.  f inal ly,  one can compare the response of  a natural

al lergen with that  of  i ts  non-glycosylated recombinant

version (eg. a recombinant expressed in E'  col i )  (29) '

The next step consists in checking that the newly

demonstrateo glycan shows cross-reactivity with other

glycoproteins,  ie.  i t  can be label led as a CCD' As for pep-

tide epitopes, cross-reactivity between glyco-epitopes

is  commonly  s tud ied  by  us ing  inh ib i t ion  methods '

Two main  sources  o f  inh ib i to rs  a re  cur ren t ly  app l ied :

.  b romela in ,  a  g lycosy la ted  a l le rgen ex t rac ted  f rom

pineapp le ;  th is  inh ib i to r  i s  w ide ly  used because i t s

M0XF3 carbohydra te  cha in  i s  a lso  found in  many



p lan t  p ro te ins  and because a  t rue  a l le rgy  to  b rome-
la in  i s  very  ra re  (30 ,  31) ;

.  g lycopept ides obtained af ter  a pept ide c leavage
deep enough to  ensure  tha t  pept ide  ep i topes  are  no
longer present (32-34).

OGGURRENGE OF GARBOHYIDRATE
EPITOPES AND GGID

IN NATURAT PROI'UCTS

Knowing which g lycan chains are present  on which a l ler -
gens is important to better assess the possible impact of
glyco-epitopes and CCD on diagnostic test results

P f ;  m  n * - d e r i v e d  x l r c r d u c t s

Many  p lan t  p ro te i ns  a re  g l ycosy la ted .  F igu re  4  shows
t h e  m a i n  f a m i l i e s  o f  a l l e r g e n s  f o u n d  i n  p l a n t  n a t u r a l
p roduc t s .  G l ycop ro te ins  a re  obv ious l y  more  f r equen t
among  p ro te ins  whose  mo lecu la r  mass  i s  30  kDa  o r
heav ie r .  A  g l ycan - re la ted  l gE - reac t i v i t y  has  been
demonst ra ted for  most  o f  these g lycosy la ted a l ler -
gens .  Bu t  such  l gE - reac t i v i t y  does  no t  imp l y  an  eve r -
present  cross- react iv i ty  between p lant  g lycoprote ins.

Figure 4:  Glycosylat ion of  main plant  a l lergens and al lergen
fami l ies
G l y c o s y l a t e d  a l l e r g e n s  ( i n  i t a l i c s )  a n d  g l y c o s y l a t e d  3 l i g r g s n
f a m i l i e s  a r e  s h o w n  i n  a  b o x .  F o r  s o m e  f a m i l i e s ,  t h e s e  p r o -
p e r t i e s  a r e  n o t  s y s t e m a t i c  :  f o r  e x a m p l e ,  a  f e w  2 S - a l b u m i n s
a n d  t h a u m a t i n - l i k e  p r o t e i n s  a r e  g l y c o s y l a t e d  a n d  s o m e
c y s t e i n e  p r o t e a s e s  C 1  a r e  n o t .  A v e r a g e  m o l e c u l a r  w e i g h t s
( M W )  a r e  g i v e n  a l o n g  a n  a r t i f i c i a l  i m m u n o b l o t .

A m in ima l  homo logy  be tween  g l ycan  cha ins  i s  r equ i -

r ed  t o  make  a  ca rbohyd ra te  ep i t ope  a  CCD.

G lycosy la ted  a l l e rgens  ( i n  i t a l i c s )  and  g l ycosy la ted

a l l e r g e n  f a m i l i e s  a r e  s h o w n  i n  a  b o x .  F o r  s o m e  f a m i -

l i es ,  t hese  p rope r t i es  a re  no t  sys tema t i c  :  f o r  examp le ,

a  f e w  2 S - a l b u m i n s  a n d  t h a u m a t i n - l i k e  p r o t e i n s  a r e
g l ycosy la ted  and  some  cys te ine  p ro teases  C1  a re  no t .

A v e r a g e  m o l e c u l a r  w e i g h t s  ( M W )  a r e  g i v e n  a l o n g  a n

a r t i f i c i a l  i m m u  n o b l o t .

Fqrfr lem s

Pol lens represent  the best  s tudied case of  lgE-react i -
v i t y  t o  g l yco -ep i t opes .  The  p reva lence  o f  an t i - g l ycan

l g E  i n  t h e  s e r u m  o f  p o l l e n  a l l e r g i c  p a t i e n t s  h a s  b e e n

es t ima ted  w i t h  two  i nd i rec t  i n  v i t r o  me thods :  t he  pos i -

t i v i t y  t o  CAP Pha rmac ia  b rome la in  t es t  and  t he  res i -

dua l  r esponse  t o  p ro te inase -K - t rea ted  po l l en  ex t rac t s .

B rome la in  pos i t i v i t y  r a tes  as  h igh  as  23 -42Yo  we re

o b s e r v e d  i n  l t a l i a n  p o l l e n  a l l e r g i c  p a t i e n t s  ( 1 , 3 1 ) .

S i m i l a r  r a t e s  w e r e  f o u n d  i n  B e l g i u m  ( 2 3 % l  ( 3 5 ) ,  i n

G e r m a n y  ( 2 9 " : t  r G t  o r  i n  S p a i n  ( 5 2 % l  ( 3 6 ) .  H i g h e s t

ra tes  o f  g l ycan - re la ted  l gE - reac t i v i t y  we re  f ound  i n
pa t i en t s  sens i t i zed  t o  seve ra l  po l l ens  (22 ,  31 ) .  Th i s

was  con f i rmed  by  Ebo  (37 )  who  found  pos i t i ve  b ro -

m e l a i n  t e s t s  i n  b i r c h  a l l e r g i c  p a t i e n t s  o n l y  i f  t h e s e
p a t i e n t s  w e r e  a l s o  a l l e r g i c  t o  a n o t h e r  p o l l e n .

F u r t h e r m o r e ,  2 1  o u t  o f  t h e  2 3  p o l l e n s  t e s t e d  b y  M a r i

c r o s s - r e a c t e d  w i t h  b r o m e l a i n  ( 3 8 ) .

W i th  p ro te inase -K - t rea ted  ex t rac t s ,  an t i -CCD lgE  we re

found  to  be  p resen t  i n  Du tch  po l l i n i c  pa t i en t s  a t  r a tes

a s  h i g h  a s  5 1 ' .  f o r  m u g w o r t ,  5 6 o k  f o r  o r c h a r d  g r a s s ,

a n d  8 3 9 ' o  f o r  b i r c h  , 3 9 r .  T h e  s a m e  t e a m  o b s e r v e d  t h a t

m o s t  S p a n i s h  p o l l i n i c  p a t i e n t s  l i v i n g  i n  a  b i r c h - f r e e

a rea  we re  none the less  pos i t i ve  t o  a  p ro te inase -K - t rea -

t e d  b i r c h  e x t r a c t  a n d  t h u s  h a d  a n t i - C C D  l g E  ( a 0 ) .

T h e  e x i s t e n c e  o f  a n t i - C C D  l g E  a m o n g  p o l l e n  a l l e r g i c
pa t i en t s  seems  es tab l i shed ,  bu t  one  does  no t  c l ea r l y

know i f  some  po l l ens  a re  espec ia l l y  e f f i c i en t  f o r  sens i -

t i z i n g  t h e  p a t i e n t  t o  g l y c a n  c h a i n s .  S o l v i n g  t h i s  q u e s -

t i on  i s  comp l i ca ted  by  t he  sca rc i t y  o f  mono -po l l i n i c

pa t i en t s :  f o r  examp le ,  mos t  sub jec t s  sens i t i zed  t o  o l i ve

p o l l e n  a r e  a l s o  s e n s i t i z e d  t o  g r a s s  p o l l e n s ;  a n d  t h e

same  app l i es  t o  mugwor t  and  b i r ch  and /o r  g rass  po l -

l ens  , 4 ' 1  r ,  l 14e r "ove r ,  t he  p resence  o f  g l yco -ep i t opes  i n

some  impo r l an t  po l l ens  has  been  poo r l y  s tud ied :  f o r

examp le ,  CCD a re  on l y  sugges ted  i n  ragweed  (42 ) .

>  Grass po l lens:  Most  o f  our  knowledge about  CCD

i n  p o l l e n s  c o m e s  f r o m  w o r k s  o n  g r a s s  a l l e r g e n s .

T h e s e  p l a n t  p o l l e n s  a r e  e s p e c i a l l y  r i c h  i n  g l y c o p r o -

t e i n s :  g r o u p  1  ( b e t a  e x p a n s i n s  s u c h  a s . - P h l  p  1 ,  l o l -
p  1 , . . ) ,  g r o u p  4  ( P h l  p  - 4 ,  F _ e _ q  p _ _ + , . . ' ) ,  g r o u p  1 1  ( L o l  p  1 1 .

a n d  o t h e r  O l e  e  1 - h o m o l o g u e s ) ,  g r o u p  1 3  ( p o l y g a l a c -

t u ronases ) ,  and  BG-60 ,  a  Be rmúda  g rass  a l l e rgen

c lose to  Phl  p  4 ,  a l l  a re  g lycosy la ted (43) .  And a g ly-
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can- re la ted  lgE- reac t iv i t y  cou ld  be  conf i rmed fo r

g r o u p  1  a l l e r g e n s  ( 4 4 , 4 5 ) ,  f o r  g r o u p  4  ( 4 6 , 4 7 ) ,  f o r  L o l

p  11  (39) ,  fo r .Ph l  p  13  (45) ,  and fo r  BG-60 (48) .

Glass pol lens thus seem an especial ly powerful  sour-

ce  o f  an t i -g lycan lgE.

h o m o l o g  t o  O l e  e  1 ,  t h e  m a i n  o l i v e  p o l l e n  a l l e r g e n :

l i k e  O l e  e  1 , l i l a c  S y r v  1 ,  a s h  F r a  e  1 ,  a n d  p r i v e t  L i g  v

1 are glycosylated. A glycan-related lgE-react iv i ty has

been demonstrated for Ole e 1 (33, 39),  for  Fra e 1 (49),

and fo r  O le  e  9 ,  an  o l i ve  be ta-1 ,3  g lucanase a l le rgen
(50)  ;  i t  was  suspec ted  in  h igh  molecu la r  we igh t
(HMW) pro te ins  o f  ash  t ree  po l len  (51) .

Main al lergens from Cupressaceae pol lens are glyco-

proteins:  they belong to the pectate lyase fami ly
(Japanese cedar  9 ry  j  1 ,  Ar izona cypress  Cup a  1 , ' .  '  )  and

to the polygalacturonase fami ly (Cry j  2,  juniper Jun a

2 , . . . \  (521. l t  has  been shown tha t  Cup a  1  cou ld  behave
'?s 

a glycan-react ive al lergen (53).  And the cross-reactt-

vity between tomato and Japanese cedar is affected by

per iodate (54).  On the other hand, the contr ibut ion of

glycans in Cry j  1 lgE-react iv i ty seems low (55, 56) '

Another  po lyga lac turonase,  P la  a  2 ,  has  been recent -

l y  charac ter ized  as  a  major  a l le rgen in  the  po l len  o f

p lane t ree  (57) .  The lgE- reac t iv i t y  o f  P la  a  2  g lycans  is

unknown,  as  we l l  as  tha t  o f  g rass  or  Cupressaceae
polygalactu ronases.
In  b i rch  po l len ,  the  main  a l le rgens  Bet  v  1  and Bet  v  2

are  no t  g lycosy la ted .  One thus  cou ld  expec t  no 'an t i -

CCD lgE in  the  serum o f  pa t ien ts  su f fe r ing  f rom b i rch

po l l inos is  (and maybe f rom Faga les  po l l inos is  a t

la rge) .  lndeed,  Ebo e f  a l '  found pos i t i ve  b romela in

tes ts  in  b i rch  a l le rg ic  pa t ien ts  on ly  i f  these pa t ien ts

were  a lso  sens i t i zed  to  g rass  po l lens  (37) .

A relat ion between birch pol len and CCD is probable,

however. Birch lgE-reactivity is affected by periodate

(58).  And a birch extract  could inhibi t  30-80 kDa bands

on immunoblots of  many plant foods (59-66).  Owing to

the frequency of  g lycoproteins among HMW proteins,

these resul ts give credi t  to the presence of  CCD-bea-

r ing  pro te ins  in  b i rch  po l len .  Poss ib le  cand ida tes  cou ld

be a Phl  p 4- l ike al lergen recent ly character ized in birch
(67) and/or Bgt y 8, a 65 kDa pectinesterase (68).

At least  two mugwort  pol len al lergens are glycosylated:
.  Art  v 1 (27-29 kDa) presents a long O-glycan chain

made o f  ga lac tose  and arab inose (23) .  Th is  k ind  o f

O - g l y c a n  i s  a l s o  f o u n d  i n  P a r  h  1 ,  a n  a l l e r g e n  o f  t h e

t rop ica l  weed Par then ium' ( f f i ) ,  and  is  s l igh t ly  d i f fe -

r e n t  f r o m  g l y c a n s  f o u n d  i n  g u m s  t 1 3 l  o r  i n

So lanaceae lec t ins  and ex tens ins  (70) .  The O-g lycan

chain of  Art  v 1 was shown to be lgE-react ive (23).
'  Art . - . t1 2 is also unusual :  i t  bears a N-glycan chain

devo id  o f  xy lose  and fucose (71) .

Therefore,  nei ther Art  v 1 nor Art  v 2 seem able to wide-

ly cross-react wi th c lassical  g lycan chains such as
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those found in grass or ol ive pol lens'  Recent ly,  a cross-

reactivity has been observed between Art v 1 and the

t imothy  grass  po l len  a l le rgen Ph l  p  1 : th is  cou ld  be  re la -

ted to the defensin- l ike domains shared by these pro-

teins rather than to their  respect ive glycans (72) '

Mugwor t  po l len  was never the less  shown to  take  par t

in  g lycan- re la ted  c ross- reac t ions  (59)  and i t s  HMW

proteins (40-80 kDa) are highly suspected to be glyco-

sy la ted  @2,  61 ,  64 ,73) -  But  mugwor t  po l l inos is  be ing

most of ten associated with other pol len sensi t iza-

t ions,  the quant i tat ive ef fect  of  mugwort  in promot ing

the  syn thes is  o f  an t i -CCD lgE is  no t  c lear .

Lamb's  quar te r ,  p lan ta in ,  and pe l l i to ry  po l lens  conta in

g lycosy la ted  major  a l le rgens  (Che a  1 ,  P la  |  1 ,  and Par

j  1 ,  Par  j  2 ,  and Par  o  1 ,  respec t ive ly ) ,  and a  po lyga-

lac tu ronase is  found in  o i l seed po l len .  The g lycan-

related lgE-react iv i ty of  these al lergens seems weak

Q 2 , 7  4 - 7 7 ) .

I  Plant foods: CCD-related cross-react ions between

po l lens  and p lan t  foods ,  o r  among p lan t  foods ,  a re

frequent ly observed. Van Ree pointed that ant i -CCD

lgE are  ra re ly  p resent  in  p lan t  food a l le rg ic  pa t ien ts

wi thout  an  assoc ia ted  po l l inos is  (4 ) .

For  example ,  among 11 pa t ien ts  non exposed to

Nanga i  nu t  bu t  pos i t i ve  in  v i t ro  to  tha t  nu t ,  9  were

a l le rg ic  to  b i rch ,  g rass  and/or  mugwor t  (78) :  in  these

oat ien ts  b romela in  was ab le  to  inh ib i t  the  lgE- reac t i -

v i t y  t o  N a n g a i  n u t .
> ln which plant foods CCD have been characterized?

Severa l  p ro te in  fami l ies  a re  g lycosy la ted  in  p lan t

foods  (see f ig ,  3 ) .  Legume seeds,  fo r  example ,  con ta in

v r c i l i n s  7 S  g l o b u l i n s  ( p e a n u t  A r a * h  1 ,  l e n t i l f .  
" l  

t  : t ' 0 t . -

e tc . , ,  perox idases  and cys te ine  pro teases :  CCD-dr iven

reac t ions  are  to  be  expec ted  w i th  these produc ts '

CCD rvere  demonst ra ted  in  tomato  (34 ,79 l ' ,  in  ce le ry

( 5 9 , 8 0 , ,  i n  z u c c h i n i  a n d  o t h e r  c u c u r t i t a c e a e  p l a n t s  [ 8 1 ,

821. Tomato peroxidase and Lyg 
" 

2, cherry P-r;14.ar1.-2,

haze lnu t  cor  a  11 ,  cerea l  amy lase / t ryps in  inh ib i to rs ,

gar l i c  a l l i i n  l yase ,  and soybean Gly  m Bd 30K conta in

cross-react ive glycans (83-89) '  Cereól  germins and ger-

min- l i ke  p ro te ins  a re  per iodate-sens i t i ve  (90) .  c ross

react ions between pol lens and 30-80 kDa food proteins

s t rong ly  suggest  the  presence o f  CCD in  app le  (42 ,73 l , ,

k iwi  (42,  62, J3),  cherry (65),  mango (60),  celery (66),

car ro t  (64) ,  poppy  seed (61)  and sharon f ru i t  (63) '

One shou ld  no t ice  tha t  heat  does  no t  abo l i sh  g lycan-

related lgE-react iv i ty (91) and that potato patat in,  as

we l l  as  many o ther  tuber  s to rage pro te ins ,  a re  g lyco-

sy la ted  (92) .

case of plant foods?
Few data  are  ava i lab le :
'An t i -CCD lgE were  demonst ra tab le  in  10  to  50%

pat ients sensi t ized to tomato,  carrot ,  celery,  or

zucch in i  (5 ,  93) ;



.  Ebo ef  a/ .  studied 82 pol len al lergic pat ients who had
a posi t ive CAP resul t  for  bromelain (37):  a posi t ive
CAP resul t  for  apple was 3.5 more frequent in pat ients
non-a l le rg ic  to  app le  than in  t rue  a l le rg ic  ones ;

.  Van der Veen et  a l .  îound 29 CcD-posi t ive sera in 32
pat ien ts  who were  a l le rg ic  to  g rass  po l lens  and RAST
posi t ive (but skin test  negat ive) to peanuts (94).

.  More  s tud ies  are  thus  needed to  be t te r  de f ine  how
f requent  a re  CCD-re la ted  reac t ions  in  the  case o f
p lan t  foods .

I  Latex:  CCD-based react ions between hevea latex
and o ther  p lan t -der ived  produc ts ,  such as  po l lens ,
were  to  be  expec ted .  Indeed,  the  preva lence o f  la tex
s e n s i t i z a t i o n  i n  u n s e l e c t e d  p o p u l a t i o n s  i s  h i g h e r  w i t h
in  v i t ro  tes ts  than w i th  sk in  tes t ing  (95) :  Mer re t t  e t  a l .
found a  RAST-pos i t i ve  ra te  as  h igh  as  73% in  b lood
d o n o r s  ( 9 6 ) .  I n  a d d i t i o n ,  t h i s  r a t e  w a s  c l e a r l y  i n f l u e n -
c e d  b y  t h e  e x p o s u r e  t o  p o l l e n s  ( 7 3 %  d u r i n g  s u m m e r
v s  3 . 9 %  d u r i n g  w i n t e r )  ( 9 6 ) .  A  s i g n i f i c a n t  c o r r e l a t i o n
was a lso  no ted  be tween la tex  and ryegrass  quant i ta -
tive results in vitro (r=0.71 (97]'.
A  CCD in te r fe rence in  po l len  a l le rg ic  pa t ien ts  i s  s t ron-
gly suggested by some data :
.  ryegrass,  mugwort ,  and ragweed pol lens were able

to  inh ib i t  la tex  in  pa t ien ts  w i th  an  unexpected  sens i -
t izat ion to latex but not in already known latex al lergic
pat ients (98);

.  a  b romela in  RAST was pos i t i ve  in  17  ou t  o f  21
pat ien ts  RAST-pos i t i ve  bu t  no t  a l le rg ic  to  la tex ;
c o n v e r s e l y ,  n o n e  o f  l a t e x - a l l e r g i c  b u t  n o n  p o l l i n i c
p a t i e n t s  h a d  a  p o s i t i v e  b r o m e l a i n  R A S T  r e s u l t  ( 3 7 ) .

T o  e x p l a i n  t h i s  C C D  i n t e r f e r e n c e  s o m e  g l y c o p r o t e i n s
shou ld  be  present  in  la tex .  Among la tex  pro te ins ,  Hev
b 2  has  been the  on ly  known g lycosy la ted  a l le rgen fo r
a  long t ime.  The lgE- reac t iv i t y  o f  th is  be ta  1 ,3 -g luca-
nase was demonstrated to be per iodate-sensi t ive
(99) .  Recent ly ,  a  nove l  g lycopro te in ,  named Hev b  13 ,
was charac ter ized  in  la tex  and found as  a  major  a l le r -
gen (100) .  Hev  b  13  cou ld  have a  s ign i f i can t  impact  on
in v i t ro resul ts because i ts react iv i ty seems restr icted
t o  i t s  g l y c a n  c h a i n s  ( 1 0 1 ) .

I  Non-plant products:  Apart  f rom hymenoptera
venoms/  scarce  da ta  a re  ava i lab le  fo r  non-p lan t  p ro-
duc ts .  Th is  i s  par t l y  due to  the  lack  o f  a  g lycopro te in
mode l  as  adequate  as  bromela in  i s  fo r  p lan t -der ived
produc ts .  There fore ,  negat ive  resu l ts  observed dur ing
inh ib i t ion  assays  o f  a  non-p lan t  p roduc t  by  b romela in
cannot  de f in i te ly  p rove  the  absence o f  g lycan- re la ted
react iv i ty in the tested product.
È Mammals;  L ipocal ins are potent al lergens in hair ,
îur ,  dander andlor ur ine of  several  animals f i02\ .
Some o f  them are  g lycosy la ted ,  such as  dog Qan f  1 ,
m o u s e  M u s  m  2 ,  h o r s e  E q u  c  1 ,  o r  r a b b i t  O r y  c  1  ( 1 0 3 ) .
B u t  m o u s e  M u s  m  1 ,  g u i n e a  p i g  C a v  p  1  a n d  C a v  p 2 ,
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and cow Bos d  2  a re  no t  g lycosy la ted  (103,  i04) .  Data
are  lack ing  about  newly  charac ter ized  ca t  l ipoca l in  Fe l
d  4  (105) .  When s tud ied  (106) ,  the  g lycan- re la ted  lgE-
reac t iv i t y  o f  g lycosy la ted  l ipoca l ins  has  been found
low.  bu t  more  s tud ies  are  needed.
Non- l ipoca l in  a l le rgens ,  such as  ca t .  Fe l  d  1  o r  horse
Equ c 4 are also glycosylated. Fel  d 1 lgE-react iv i ty
was found per iodate-sensi t ive,  but  th is resul t  has
been ques t ioned on  the  grounds o f  a  poss ib le  e f fec t
on  the  secondary  s t ruc tu re  o f  the  pro te in  (107) .

In  cow mi lk ,  g lycan cha ins  have been demonst ra ted
o n  a l p h a - l a c t a l b u m i n ,  l a c t o f e r r i n ,  a n d  i m m u n o g l o b u -
l ins .  Some case ins  show an O-g lycosy la t ion  (108) .

These a l le rgens  seem devo id  o f  g lycan- re la ted  lgE-
reactivity.
> Birds:  In whi te of  hen's egg two main al lergens are
g lycosy la ted :  ovomuco id  G.a l  d  1  and ova lbumin  Ga l
d  2  (109) .  The eggs  o f  duck ,  qua i l ,  e tc .  con ta in  s imi la r
a l le rgens .  Ovomuco id  g lycans  were  found unreac t ive
w i t h  l g E  ( 1 1 0 ) .  E g g  y o l k  m a i n  a l l e r g e n s ,  a n d  t h e i r
counterpar t  in  fea ther  dus t ,  a re  a lbumin- l i ke  l i ve t ins :
these pro te ins  a re  no t  g lycosy la ted  (111) .
>  F ish :  F ish  parva lbumins  conta in  an  a typ ica l  g lyco-
sy la t ion  (112)  ,  unab le  to  c ross- reac t  w i th  p lan t  g ly -
cans  (70) .

myos ins  and arg in ine  k inases .  These pro te in  fami l ies
are  a lso  found in  o ther  inver tebra tes ,  such as  mi tes
and insec ts  (113,  114) .  Conf l i c t ing  resu l ts  were  ob ta i -
ned regard ing  the  g lycosy la t ion  o f  t ropomyos ins
( 1 1 5 ,  1 1 6 ) .  A n  N - g l y c o s y l a t i o n  s i t e  w a s  n o t e d  i n  a r g i -
n ine  k inases .  But  any  g lycan- induced lgE reac t iv i t y  o f
these pro te ins  has  no t  been observed up  to  now.
>  Mol lusks ;  Some g lycopro te ins  in  mo l lusks  migh t
cross-react wi th plant CCD (70, 71l , :  For example,  Hel ix
pomat ia  hemocyan in  i s  xy losy la ted  (117 l '  and  squ id
rhodops in  i s  1 ,3 - fucosy la ted  (118) .  A  c ross- reac t iv i t y
between mussel  and some plant foods was reported
i n  a  p a t i e n t  ( 1 1 9 ) .
> Mites;  Mites are important sources of  a l lergens.
Among mi te  fami l ies  o f  a l le rgens ,  some are  g lycosy-
la ted :  g roup 7  (Der  p  7  and Der  f  7  1120,  12111,  g roup
1 1  ( D e r  f  1 1 )  ( 1 2 2 ,  1 2 3 ) ,  g r o u p  1 3  ( A c a  s  1 3 )  ( 1 2 4 l , ,  a n d
g r o u p  1 8  ( D e r  f  1 8 )  ( 1 2 5 ) .  B u t  t h i s  g l y c a t i o n  i s  v a r i a b l e ,
depend ing  on  mi te  spec ies :  Lep d  7  (126) ,  Lep d  13
(1261 and B lo  t  13  (1271 are  no t  g lycosy la ted .
The case o f  mi te  g roup 1  a l le rgens  has  been espec ia l -
l y  s t u d i e d .  T h e s e  m a j o r  a l l e r g e n s  ( D e r  p  1 ,  D e r  f  1 , . . . )
be long to  the  same pro te in  fami ly  as  b romela in ,  the
p a p a i n - l i k e  f a m i l y  o f  c y s t e i n e  p r o t e a s e s  ( 1 2 8 1 .

A l though g lycosy la ted  (1  29 ,  130 l , ,  the i r  g lycan- re la ted
lgE reac t iv i t y  i s  p robab ly  neg l ig ib le  (71) ,  as  shown by
resu l ts  ob ta ined w i th  recombinant  Der  p  1  o r  Der  f  1
( 1 2 9 , 1 3 1 - 1 3 3 ) .  I n  a d d i t i o n ,  m o s t  p a t i e n t s  s e n s i t i z e d  t o
mi tes  bu t  no t  to  po l lens  had negat ive  bromela in
RAST resu l ts  (1 ,  134) .



venom a l le rgens  are  g lycosy la ted  (hya lu ron idases ,

p h o s p h o l i p a s e s A l a n d A 2 l \ 1 3 5 ) . W h e r e a s h y a l u r o n i -
dases  are  found in  Ap idae and Vesp idae (Ap i  m 2 ,  Ves

v 2,  etc. \ ,  phosphoi ipases A2 {P_LAZ) are only present

i n  h o n e y b e e  ( A p i  m  1 )  a n d  b u m b l e b e e  v e n o m s '

These a l le rgens  have no  xy lose  bu t  the i r  1 ,3 - fucosy la -

t ion makes them suscept ib le to some cross-react iv i ty

w i th  p lan t  CCD (39 ,  136) .

Such a  poss ib i l i t y  i s  suggested  by  severa l  f ind ings '
.  h igh prevalence rates of  posi t ive RAST resul ts were

found in  unse lec ted  popu la t ions :  24 '8% fo r  honey-

bee and 8o /o  fo r  wasp (137) .  And among honeybee

pos i t i ve  pa t ien ts ,  28o/owere  a lso  bromela in  pos i t i ve

( 1 3 6 ) ;
.  an in v i t ro double posi t iv i ty for  honeybee and for

wasp was observed in  30-50% cases  (138,  139) '  a

ra te  obv ious ly  h igher  than doub ly  s tung pa t ien ts ;

.  b romela in  was ab le  to  inh ib i t  honeybee and wasp

RASTs (138)  and a lso  PLA2 (136) ;

.  per iodate  cou ld  inh ib i t  honeybee bands on  immu-

nob lo ts  o f  pa t ien ts  s tung on ly  by  a  wasp (139) '

B e c a u s e  t h e y  a r e  p r e s e n t  i n  b o t h  A p i d a e  a n d

Vesp idae,  hya lu ron idases  are  suspec ted  to  cause

most  o f  these g lycan- induced c ross- reac t iv i t ies  (135,

139.  140) .  For  example ,  deg lycosy la t ion  a f fec ted  lgE-

react iv i ty of  honeybee hyaluronidase Api  m 2 but not

tha t  o f  PLA2 (135) .

what  i s  the  or ig in  o f  the  an t i -g lycan lgE observed in

pat ien ts  pos i t i ve  fo r  hymenoptera  venoms? Th is

impor tan t  Po in t  i s  s t i l l  debated :
.  some authors  th ink  tha t  the  sens i t i za t ion  to  hyme-

noptera  venoms is  ab le  by  i t se l f  to  induce a  CCD-

r e a c t i v i t y . F o r e x a m p l e , M a i r e s s e e f a / ' n o t e d a p o s i -
t i ve  b romela in  RAST on ly  in  pa t ien ts  w i th  doub le

posi t ive hymenoptera skin tests f i41) ' ;
.  o thers  au thors  th ink  tha t  the  ccD- reac t iv i t y  i s  ma in-

Iy  d r iven  by  a  concur ren t  po I len  sens i t i za t ion  [3 ,  37 ]

espec ia l l y  a  sens i t i za t ion  to  g rass  po l lens  \131) '

Data  are  lack ing  regard ing  g lyco-ep i topes  in  an t

Venoms,  bu t  one shou ld  no t ice  tha t  they  conta in

phospho l ipases  A1 a l le rgens  l i ke  wasp venoms (1421 '

È lnsects;  The presence of  xylose-bear ing glycopro-

t e i n s w a s d e m o n s t r a t e d w i t h a s p e c i f i c l g G a n t i b o d y
i n  s e v e r a l  i n s e c t  e x t r a c t s :  A m e r i c a n  c o c k r o a c h '

Tr ia toma,  f l ies ,  e tc '  (  13 ,70 ,  143) '  The lgE- reac t iv i t y  o f

a s i lverf ish extract  was found per iodate-sensi t ive

1144\ .  A  1 ,3 - fucosy la t ion  was somet imes found and

cou ld  exp la in  some cross- reac t iv i t y  w i th  p lan t  CCD

(71) .  One cou ld  expec t  a  g lycan- re la ted  lgE- reac t iv i t y

i n m o s q u i t o s a l i v a w h i c h c o n t a i n s h y a | u r o n i d a s e s .
Th is  has  no t  been s tud ied  so  fa r '

re la ted  lgE- reac t iv i t y  o f  he lmin ths  (145) .  Some he lmin-

t h p r o t e i n s b e a r g l y c a n c h a i n s w i t h l , 3 - f u c o s e a n d / o r
1 , 2 - x y l o s e ( 1 1 , 1 4 6 - 1 5 0 ) ' A n l g E r e a c t i v i t y , p o s s i b l y O -
glycan-related, was observed with Anisakis (51'  152\ '

cross-react iv i ty wi th plant ccD has not been studied.

> Fungi: Moulds and yeasts are rich in glycoproteins

w h i c h a r e m a i n | y m a n n o s y | a t e d a n d d e v o i d o f x y | o s e
[14]. Most fungi exhibit a glycan-related lgE-reactivity (1 4).

Major allergens such as baker's yeast alpha amylase Asp

o2l ,Aspergi l lusAspf2,Cladospor iumClah2'Al ternar ia
Alt a 1 or Penicil l iumPen ch 20 are glycosylated (153).

Ep icoccum Ep i  p  1  and funga l  a lka l ine  ser ine  pro-

teases (Penic i t t ium and Aspergi t tus group 13 al ler-

g e n s , C u r v u l a r i a C u r | 1 ) s h o w e d p e r i o d a t e - s e n s i t i v e
l g E - b i n d i n g  (  1  5 4 - 1  5 7 ) '

M a n n o p r o t e i n s w e r e s h o w n r e s p o n s i b I e f o r c r o s s -
r e a c t i o n s  b e t w e e n  n u m e r o u s  f u n g i ,  e s p e c i a l l y  w i t h

Candida albicans and Malassezia sympodialis (158'

159) .  However ,  these funga l  CCD d id  no t  c ross- reac t

w l t h  p l a n t  g l Y c a n s  ( 7 0 ) .

The re ferences wi l l  be publ ished in  the next  issue of  the

European Annals  o f  A l lergy and Cl in ica l  lmmunology '  together

wi th  the second par t  o f  th ìs  ar t ic le .  Data for  and against  any c l i -

n ica l  impact  o f  carbohydrate  ep i topes,  and pract ica l  issues in

a l lergy d iagnos is  wi l l  be d iscussed in  th is  second par t '
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