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lntroduction

Patients with type I allergy to pollens (in particular birch- and mugwort

pollen-allergic individuals) frequently suffer from hypersensitivity to a variety

of fruits and vegetable additionally [1]. The aim of this work was to identify

potentially dangerous foodstuffs by demonstrating the presence of pollen-related

proteins in these sources. Protein extracts from apple, pear, celery. carrot and

potato (all known to elicit allergic symptoms in poll inosis patients) were investi-

gated. Bet v I and Bet v 2 (profi l in), important birch pollen allergens, were

cloned, sequenced and expressed as recombinant proteins in our laboratory.

These recombinant proteins and specific antibodies were used to study cross-

reactivit ies. IgE-binding, pollen (birch, mugwort)-related, cross-reactive pro-

teins (allergens) could be observed in all vegetable foods investigated.

Materials and Methods

Protein extro('ts:Birch and mugwort pollen were obtained fiom Allergon AB (Engel-

holm. Sweden). The tollowing plant sources were investigated: applc (Golden Delicious).

pear, celery, carrot ancl potato. Pollens and vegetable fbods were extracted as described [2]'

Expression ancl purification of recontbittctrtt Bet v I and reconùinant birc'h proJ'ilin (rBet

v,2): Escherichia c'oti JM 105 harboring the recombinant pKK 223-3 plasmids, were grown

and harvested as describecl [3]. Bet v 1 was purified by chromatofbcusin-e and HPLC on
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Cl l - r cvc rse r [  ph l r sc  co lun ]ns  us  dcsc r ibcd  in  c l c ta i l  [ ] 1 .  Pu r i l ' i c l t i o t t  o f ' rBc t  l ' l  r vus  pe r fo rn rc r l

by  l l ' f  i n i t v  c l r ron ra tog r lph l '  t o  po l l  (L -p ro l i nc )  as  c l csc r ibcc l  p rcv ious ly  [ - l l .

. \ ( , / ' ( / . 'Sùnr  I ' r o rn  p l t i en ts  su l ' f t r i ng  l i l r n  po l l i r ros i s  ( t yp i ca l  cusc  l t i s t t l r l ' .  pos i t i ve  sk i r t

p r i ck  t cs ts .  r r r r t i  I ì , , \ST  c l l ss  -1 .5 -5 .0  t r l  po l l cns )  \ \ ' r ' r ' c  co l l cc ted . ' f l t csc  Iu t i c t t t s  wc rc  sc l cc l c t l

hecuusc  thcv  ha t i  cxper i cncec l  udverse  rcuc t ions  to  u t  l eus t  t r vo  o f ' t l r c  l ì r l l ov l ' i ng  p lan t -dc r i vc r l

l ì ro t l s tu l ' f ' s :  app lc .  pca r .  cc l c r l , ' .  ca r ro t .  po ta t r ) .  Sen t  l ' r . o r i rn t tnu l l e rg i c  i r r t f  i v i dL r t l s  ( t t cg l t t i r c  c l t sc

h is to ry .  ncga t i . " , c  sk in  p r i ck  t cs ts .  nega t i vc  t ree  po l l en  RAST)  were  poo lc t l  tNHS)a r rc l  usec l  f ì r r

c ( ) r ì t t ' ( ) l  exper i rncn ts .

. \DS-PAGE,1t t 'ot t , i t t  t r i ln . \ Í ' ( t ' t r t td I .gL,  i r t t t t t tuto l t lot t r r r ,q. '  SDS-PAGE ( l2c/(

gc l s .  l 40x  l l - 5x  I  n r rn .  . 59 Í  s tack ing  -uc l s )  r vas  pc r f ì r rmcd  in  i l  vc r t i ca l  s lab

(Hoe f l ' r .  S rn  F ranc isco .  Ca l i f . .  USA) l s  p t ' cv ious lv  c l csc r ibc t l  [ -51 .  A l l se ra  wcre

birrc l ing to b i rch al tc l  mugr,r ' t ' r r t  pol lcns.  applc.  pcar,  cc lcry.  c i ì r rot  ancl  pot l . r to.

hornoge ncotts
gel apparatus
tested for IgE

I ,qE i i l l r ih i t i t t t t  a. rper int t , t r ts  wi t l r  put ' i . f ' icd t 'cctsr t rb i r r tut t  d l l ( r .q(n. \ .  Scrunr pool  fbr  inhib i -

t i on  expc r imen ts :  Sera  fn ln r  pa t i cn ts  r v i t h  r cuc t i v i t ) ' t o  Bc t  v  I  und  Bc t  v  2  i n  thc  b i r ch  po l l en

cx t rac t  anc l  d i sp lay ing  re l c t i v i t v  t ( r  p ro l c ins  i n  thc  sa tnc  t t t o l ccu la r  we  igh t  ran -ge  (13 -  l 8  kD)

in muqworl .  f r r - r i t  ancl  vcgct : . tb le r ' \ t racì ts i r tvcst isatct l .  we rc l toolcd.  This serunr pool  was usecl

i n  l : 10  d i l u t i on  t ì t r  a l l  i nh ib i t i on  expc r in ten ts .  Thc  senn l l  poo l  was  p re incL rba te t l  ove rn i sh t  a t

- loC r ,v i th l0 nrg pLrr i l ' icr l  rccon-rbinunt  Bct  v I  of  Bct  v l .  r 'espect ivc l r ' .  Thcreal ' ter .  NC-blot tcd

fbocl  proteins wcre incubatcd wi th thc scrut ì l  samplcs ( l  rn l /NC str ip)  ancl  bouncl  IgE was

detectecl  as descr ibed l ( r l .

Resu l t s  and  D iscuss ion

Tree pol len al lergy is a comnron cl isease in countr ies of  the Northern hemi-

sphere.  In th is rcspect,  the pol lens ol ' t rees of  the order Fu.qulcs (e.g.  b i rch.  hazel .

alcler, hornbeant) repre'sent art intportitnt source of allergens. The major aller-uens

of these pol lens are highly hornologoLts on the nLrclc ic acid ancl  protc in level .  ancl

therefbre ct 'oss-rei ìct .  so that  v i r tual ly al l  t ree pol len-al lergic pat ients suf fer  f ' ronr

type I  react ions c lur i r rg the f lor ,ver ing seuson of  a l l  the t rees of  th is part icular

order  in  spr in_u t7 ,81 .  The c l in ica l  obscrva t ion  tha t  b i rch  po l len-a l le rg ic  pa t ien ts

t ì 'ecluent ly develop synlptonrs at ier  i r rgest ion of  part icular f ru i ts ancl  vesetable s

is  we l l  es tab l i shcd [ ,2 ,6 .9 .  l0 ] .  N Iu-uwor t -sens i t i ve  sub jec ts  f recprent ly  d isp lay

al lers ic syrnptonls to celery I  l  -  l3 l .  The symptoms have most ly local  chi t r i tc ter,
bLrt  in several  c i . tsL 's s) ,stL-r j l ic  s) 'nrptonls I ike r-rr t icar i i i . ; ingioedema or anaphy-
laxis have been reportecl .  For part icular ' lbocl  sources ( i .e.  apples.  hazelnr-r ts)  the
presence o f  a l le rgens .  c ross- reuc t ing  w i th  a l le rgen Bet  v  I  t l4 l ,  the  major  b i rch
pol len al lergen ancl  for  Bet v 2 (proi i l in [5])  have been cler-nonstrated [ .  2,  6.  13.

16l .  Moreover,  the pan-al lergen prof i l in has been shown to be present in the
mu-gwort  pol len extract  i l71.  This str , rdy adclressecl  the quest ion whether cross-

react ing proteins to these tw'o molecules coLl ld be clctectecl  in al l  those plant-

c ler ivecl  foods, r .vhich are f requent ly not wel l  to lcrated by pol len-al ler_sic indiv ic l -
ruais.  lgE imrnuuroblot  unalr t is  rerealccl  IgE binr l in-g to c\ tmcts pnrcluccd t i 'orrr
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KD

6 9 . 0  -

4 6 . 0  -

3 0 . 0  -

1 2 3 N C KD

6 9 . 0  -

4 6 . 0  -

3 0 . 0  -

21 .5  -

1 4 . 3  -

1 2 3 N C k D  1 2  3

.r,.lII
3 0 . 0  -

N C

2 1 . 5  -

14.3 -  I  -  | t I

Apple

21.5 -

14.3 - l l

Birch Pear

k D  1 2  3 N

6 9 . 0  -

4 6 . 0  -

3 0 . 0  -

2 1 . 5  -

14.3  .  
11  .

Celery

k D  1 2  3 N C

6 9 . 0  -

4 6 . 0  -

3 0 . 0  -

k D 1 2 3 N

6 9 . 0  -

d A n -

l l r
3 0 . 0  -

2 1 . 5 - :  
:  :

' t o ' t  -  

_  _

Potato

21.5 -

14 3.1l '

Canot

F ig .  l .  I r t h ib i t i on  expc r imcn t .  A  se rum poo l  o f  pa t ien ts  d i sp lav ing  I_sE  b ind in_q  to  Ber  v  I
ancl  Bet  v r  was teste( l  for  IeE rcuct iv i ty  wi th b i rch.  applc,  pcar,  cc lery and potato cxtract .
Lane  l : no  p re inc l rba t ion  o f  the  se run l  poo l ;  l ane  2 :  p re incuba t ion  w i th  r  Bc t  v  l ;  l ane  3 :  p re  i n -
cuhat ion rv i th rBet  v 2:  N.C: normal  hunran se rurm pool  and bul ' f 'er  contro ls.



the  p lan t  sources  in  a lmost  everv  b i rch  po l len-a l le rg ic  pa t ien t .  p ro te ins  o f  s im i la r
molecu la r  we ieh t  \ ! ' e re  reco-gn ized by  pa t ien ts ' IgE in  a l l  ex t ru tc ts  (no t  shown) .
Cross-react iv i ty of  honrolosous proteins wi th Bct v I  rvas provecl  by inhibi t ion
exper intents.  Bv preinctrbat ion wi th recombinant Bct v i  i t  was possible to block
or mitrkedly reduce IgE binding to homolo-qous proteins in apple,  pear,  celery
and carrot .  no s i -eni f icant inhibi t ion coulc l  be c lemonstrateci  in potaro ( i ig.  I  ) .
B IP I  [18 ] ,  a  monoc lona l  an t ibody  ra isec l  to  Bet  v  l .  c l i sp layed a  pos i t i ve  s igna l
in birch apple.  celery ancl  pear but did not bincl  to proteins present in carrot  or
potato extracts.  incl icat in-s shared epi topes, but al .so provic l ing evic lence fbr di f -
f 'erences in the epi tope cornposi t ion of  the di f terent al lerg ens. 25o/o of  the sera
from our food-al lergic pat ients col lect ive displayecl  I ,qE binding to Bet v 2 in rhe
birch pol len extract  and to the mugwort  prof i l in in the respect ive preparat ion.  In
al l  cases. react iv i tv of  pat ients sera proved the pre se.nce of  a prof i l in homologLre
in al l  p lant  extracts tested. Also in th is case. cross-reuct iv i ty was proven b.v
cross- inhibi t ion (posi t ive for  a l l  extract .s inclucl ing por i t to;  f ig.  l )  and by cross-
react iv i ty of  a prof i l in-speci f ic  ant ibod) '  t l6 l ;  posi t ive s i_snal  in every exrracr
tested).

I t  can be concluded that cross-react iv i ty between ve_eetable foocls and birch
pol len is due to Bet v l -homologous al lergens (Bet v l - re lated al ler_rens from
apple,  VIal  d I ,  and celery.  Api  g l .  have recent ly been clonecl  ancl  sequenced
[19-2 l l )  and b i rch  pro f i l i n  (Bet  v  2 ) .  Mugwor t  po l len  c ross- reac ts  v ia  p ro f i l i n
witl 'r those tbocls. N{oreover. a -t0- to 60-kD aller_sen, shared by birch. musworr.
celery and other vesetables seems to play an in iportant role in pol len-relatecl
food al ler-uies IL.  Bauer.  unpubl .  resul ts] .  NIany frui ts and vegetables conrain
pol len-related al lergens which can lead to synrptoms in atopic pat ients.  We con-
sider these foods as potent ia l lv  harmful  for  pol len-al lergic indiv ic lLrals r , ,u ' i th ele-
vated levels of  speci f ic  IgE to ei ther Bet v I  or  to the pan-al lersen prof i l in.
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