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lgE binding to a new cross-reactiye structure:
a 35 kDa protein in birch pollen, exotic fruit
and other plant foods

react iv i t ies of  speci f ic  IgE
ant ibodies rvhich are directed
against  b i rch pol len al lergens with
related proteins in fruit, nuts and
vegetables.  We ident i f ied a new
cross-reactive structure of 35 kDa
in birch pol len and some plant
food extracts by Enzyme
Allergosorbent Test (EAST) and
immunoblot  inhibi t ion studies.  The
35 kDa birch pol len protein is a
minor allergen to which
approximately l0-15 % of birch
pol len al lergic indiv iduals have
specific IgE. Our data demonstrate
that there is cross-reactivity of this
protein wi th proteins of  comparable
size from lychee, mango, banana,
orange, apple,  pear and carrot .
W h i l e  t h e  3 5  k D a  p r o t c i n  i s
immuno log ica l l y  independcnt  o f
the  major  b i rch  po l len  a l le rgen Bc t
v  l ,  w e  a l s o  o b s e r v e  d  I g E  b i n d i n g
to a 34 kDa structure u,hic l r
appears to be a l let  v I  d imcr.

Z u s a m m e n f a s s u n g  V i e l e  S t u d i e n
be legen,  da f l  das  Phànomen der  b i r -
kenpol lenassozi ier ten Nahrungsrni t -
te la l le rg ie  aLr f  spez i f i sche IgE-Ant i -
kórper zurùckzuf i ihren ist ,  d ie
pr imar  gegen B i rkenpo l lena l l c rgene
ger ichtet  s ind r , rnd mit  verwandten

Proteinen in Obst,  Nússen und Ge-
mùse kreuzreagieren. Wir  haben
ein neues Muster der Kreuzreaktivr-
tàt identif iziert, das auf einem
35 kDa -  Protein aus Birkenpol len
beruht.  Es handel t  s ich um ein
Minoral lergen der Birke,  gegen das
ca. 10-15 % der Birkenpol lenal lergi-
ker spezifische lgE-Antikórper auf-
weisen. Inhibi t ionsstudien mit  dem
Enzymallergosorbens-Test (EAST)
und mit te ls Immunoblot  zeigen die
Kreuzreaktivitàt dieses Proteins zu
Proteinen vergleichbarer GròBe aus
Li tschi ,  Mango, Banane, Orange,
Apfel, Birne und Karotte. Das
35 kDa-Protein ist  immunologisch
unabhàngig von Bet v 1,  dem
Ilauptal lergen der Birke.  Dagegen
haben w i r  auch e in  Pro te in  mi t  e i -
ner  GróBc von 34  kDa beobachte t .
be i  dem es  s ich  vermut l i ch  unr  e in
Bet  v  l -D i rncr  hande l t .

Sch lússe l rvór te r  Po l lena l le rgenc  -
Lebensnt i t te la l le rgene -  exo t ische
Frirchte *  Kreuzreakt iv i tat  -  IsE-
Imrnunob lo t t ing

Kel '  w'ords Food al lergens -
p o l l c n  a l l c r g c n s  -  c r o s s - r e a c t i v i t v
-  exo t ic  f ru i t ,  IgE- immuno-
b l o t t i n g .

Introduction

Immediate type al lergic react ions
stuf fs are becoming increasingly

ons are mediated by IgE ant ibodies speci f ic  for  a l lergens
found in var ious foods. Many combined al lergies to re-
spiratory and food al lergens l iave been shown to be due
to cross-react iv i t ies of  speci f ìc IgE. Hypersensi t iv i ty to
b i rch  po l len ,  fo r  exantp le ,  i s  h igh ly  assoc ia ted  w i th  a l le r -

( type I  a l lergy) to food-
impor tan t .  Thcsc  rcac t i -
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gy to apple and other fresh fruit, hazelnut, carrot and
celery (6,7, 10, 12, l4). Sensitized patients usually suffer
from local symptoms (oral itching, t ingling, angioedema
of the throat) after ingestion of the food in question (24).
Three distinct structures which may be responsible for
the phenomenon of birch pollen related food allergy have
been identif ied. The major birch pollen allergen Bet v l,
a 17 kDa protein, has been shown to share common
epitopes with proteins of similar size from various fruit
and vegetables (8, 9, 18, 27, 35). In addition, the cDNA
of Bet v I revealed significant sequence homology to
some "pathogenesis related proteins" from food plants
(5). A second very important cross-reactive structure is
the plant pan-allergen profi l in (9, 28, 29) rvhich is a
minor pollen allergen. Carbohydrate determinants of gly-
coproteins f rom pol len and food can also be responsible
for IgE cross-react iv i t ies,  but  the c l in ical  s igni f icance of
t l iese  ep i topes  is  in  doubt  (1 .  2 ,6 ,32) .  Horver ,e r ,  th is  i s
also doubtful  in the case of  the data presented in th is
study: As a first step to investigate a new phenomenon
in the field of food allergy, specific IgE from allergic
donors was used to study the immunologic properties of
the probably al lergenic proteins recognised by t l iese
antibodies. Whether these data also reflect the occurrence
of symptoms in sensi t ised pat ients has to be elucidated
by further clinical studies.

We observed that IgE from some patients' sera also
bound to a 35 kDa component on birch pollen and apple
immunoblots (30).  A protein of  that  s ize has already been
ident i f ied as one of  the mrnor birch pol len al lergens (15,
16, 20), and our observation suggests that it may be a
new cross-reactive structure. Here we show by EAST and
immunoblot  inhibi t ion exper iments that  the 35 kDa
protein,  to which about 10-15 oA of  b i rch pol len al lergic
pat ients show igE binding, is immunological ly
independent  o f  Bet  v  I  and is  c ross- reac t ive  to  p ro te ins
of the same size f rom var ious f ru i t  and vecetables.

Mater ia ls and methods

P a t i e n t s ' s e r a

The 76  ind iv idua l  sera  used * ,e re  co l lec ted  a t  the  Hosp i ta l
Borkum Rif f ,  Department of  Derrnatology and
Al le rgo logy ,  Borkum,  Gern tany  (Dr .  H .  Au lepp) .  The
cr i te r ion  fo r  se lec t ion  was a  c l in ica l l y  re levant  b i rch
po l len  a l le rgy  as  de termined by  pos i t i ve  h is to ry ,  sk in
pr ick  tes ts  and Rad io  A l le rgosorbent  Tesrs  ( I ìAST) .  Due
to  the  l im i ted  amount  o f  serum,  these samples  cou ld  no t
be used for the prcparat ion of  large pools.  Addi t ional  sera
were purchased from Al lergopharma (Reinbek,
Germany),  including the fol lowing pool  sera:  b i rch pol len
pool  Wn 13132 (n :  J,  f rom birch pol len al lergic pat ients,
fur t l rer  c l in ical  data not avai lable),  t ree pol len pool  Zie
391132 (n  :  12 ,  f rom pat ien ts  a l le rg ic  to  b i rch  po l len  and

other kinds of tree pollen) and grass pollen pool l8/100
(n :11) .  In  add i t ion  to  the  poo led  sera ,  sera  f rom the
patients Bo 95, Bo 160 and A 5433 were used for
extended immunoblot studies. A serum of a non-allereic
individual was taken as a negative control.

Immunochemicals

Rabbit polyclonal anti-human IgE and goat polyclonal
affinity-purif ied biotinylated anti-rabbit IgG were pur-
chased from DAKO (Copenhagen, Denmark), strep-
tavidin-horseradish peroxidase conjugate from Medac
(Hamburg, Germany). The rabbit polyclonal antiserum
rb-anti-Bet v I raised against Bet v I was kindly supplied
by Al lergopharma (Dr.  B.  Weber,  Dr.  R. Wahl,  Reinbek,
Gennany).  The Bet v I  speci f ic  monoclonal  ant ibody BIP
I rvas a gift from Prof. Dr. D. Kraft (Vienna, Austria).
Test k i ts for  the determinat ion of  speci f ic  I ,eE were
obtained from Al lergopl ìarn ' ìa (Reinbek, Germany).

Allergenic extracts

Commercial  b i rch,  mugwort  and t imothy pol len extract
were purchased from Allergopharma (Reinbek,
Germany). All other extracts used were prepared from
fresh material by a low temperature extraction procedure
as  descr ibed e lsewhere  (33 ,  35) .

Two-dimensional  (2-D) electrophoresis

2-D electrophoresis was performed as descr ibed (27,34),
the isoelectr ic focusing step ( f i rst  d imension) under
nat ive condi t ions in polyacrylamide rod gels,  using 9.4 %
(v/v)  amphol ine-carr ier  (Servalyt  T 5-9,  Serva, Heidel-
berg,  Germany),  the second dimension (SDS-PAGE)
under non-reducing condi t ions wi th 5 % (wlr , )  acrylanr ide
s tack ing  _ce  ls  and l3  % (w/v )  reso lv ing  ge ls .
Approx i rna tc ly  35  Fg o f  p ro te in  were  z ìpp l ied  lb r  cach
separa t ion .  For  imnrunodetec t ion ,  the  separa ted  pro tc ins
wcre  t rans fèr rcd  on to  n i t roce l lu losc  by  sern i -d r ,v  b lo t t ing
(21)  io r  45  min  a t  0 .8  r r rA  cnr2 .  In i r lunodc tec t ion  n , i th
pat ients '  sera was pcrfornred as descr ibed (27),  u ' i th t l ic
sera  d i lu ted  l :25  in  0 .01  Ì \ ,1  po tass iunr  phosphate  bu f fe r
conta in ing  0 .15  M NaCl ,  0 .05  o l ,  (v lv )  Tu ,een 20  and
0 . 1  % o  b o v i n c  s e r u m  a l b u r n i n  ( B S A ) ,  p H  7 . 1 .

Iso la t ion  o f -  a l l c rgens  by  c lec t roe  lL r t ion

The iso la t ion  o f  a l le rgens  by  c lcc t roe lu t ion  has  been
descr ibed c lsewhe rc  (3  I  )  Br ie f l y ,  b i rch  po l len  ex t rac t
was separa ted  by  d iscont inuous  SDS-PAGE under
reduc ing  cond i t ions  accord ing  to  thc  rnc thod o f  Làmml i
(22) ,  us ing  a  5  o /o  (w lv )  acry lamide s tack ing  ge l  and a
l3  % (w/v )  reso lv ing  ge l  Bands were  exc ised a f te r
s ta in ing  w i th  CuClz  and the  pro te in  rvas  e lu ted  us ing  a
Cent r i lu to r  c lec t roe lu t ion  dev ice  (Amicon.  Wi t ten .
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Germany). Fractions were tested for purity by SDS-PAGE
followed by silver staining. Fractions containing only the
desired protein were pooled and the protein content
determined according to Bradford (4), with some
modifications (33).

EAST and EAST inhibit ion experiments

Specific IgE was determined by a commercially available
Enzyme Allergosorbent Test (EAST). EAST classes
correspond to RAST classes of Phadezym RAST
(Pharmacia, Freiburg, Germany). For EAST and EAST
inhibit ion experiments, allergen extracts were coupled to
cyanogen bromide activated paper disks as described
(33). The EAST was performed according to the
manufacturers instructions (Allergopharma, Reinbek,
Germany).  To dist inguish more precisely,  EAST classes
were calculated with one decimal place. For EAST
inhibi t ions the sera were di luted 1:2.5 wi t l i  incubat ion
buffer (0.05 M Tr is-hydroxymethyl-aminotnethane,
0 . 1 5  M  N a C l ,  1 . 0  %  T w e e n  2 0 , 0 . 3  %  B S A ,  p H  7 . 4 )  a n d
for each disk 50 pl serum dilution u'ere incubated with
50 pl  inhibi tor  solut ion (birch pol len extract ,  ovalbumin:
250 pglml,  35 kDa protein,  Bet v 1:  25 pglml di luted in
incubation buffer). The detection was performed as for
EAST but wi th a colour react ion t ime of  2 h instead of
t h .

Immunoblotting and immunoblot inhibit ion experiments

Immunoblot studies weie performed as described (34).
Briefly, extracts were separated by SDS-PAGE under
reducing condi t ions,  apply ing 100 pg of  protein per s lot
(55 mm). The separated proteins were transferred onto
nitrocellulose by semi-dry blotting. The membrane was
b locked w i th  0 .01  M potass ium phosphate ,  0 .15  M NaCl ,
0.3 % Tween 20, pH 7 .4.  One str ip of  the blot  was stained
for total  protein using 0.1 % (v/v)  India Ink (Pel ikan,
Hannover,  Germany),  1 % (v/v)  acet ic acid,  0.05 o/o (v lv)
Tu 'een 20  in  PBS (13) .  The re rna in ins  par r  o f  the  b lo t
rvas cut into 0.3 cm str ips and incubated overnight wi t l r
pa t ien ts '  sera  d i lu ted  l :6  in  incubat ion  bu f fe r  (0 .01  M
potass ium phosphate ,  0 .15  M NaCl ,  0 .05  % (v /v )  Trveen
20,  0 .1  % BSA,  pH 14) .  Immunodetec t ion  o f  bound
speci f ic  IgE was performed as descr ibcd (3a).  For blot
inhibi t ions,  sera were di luted I  : i  0 in incubat ion buffer
and preincubated with 100 pg protein of  b i rch pol len
extract  or  ovalbumin or 5 i rg of  35 kDa protein or l let
v  I  per  inh ib i t ion  fo r  I  h .  Incubat ion  o f  the  b lo t  s r r ips
and detect ion were performed as above.

Microsequencing

For N-terminal  sequencing proteins wer.  separated by
SDS-PAGE (13 % (wlv) resolv ing gel)  and transferred
onto polyvinyl idene di f luor ide (PVDF) membrane
(TransBlot t ,  Bio-Rad, Munich, Germany) using a Pegasus
blot ter  (Phase, Lùbeck, Germany) for  45 rnin at

0.8 mA/cm2. The transfer buffer was l0 mM
3-(cyclohexylamino)-1-propane-sulphonic acid with l0 %
(v/v) methanol, pH I 1.0 (23). The membrane was stained
with Coomassie Bril l iant Blue (Merck, Darmstadt,
Germany) as described (25). Protein bands were excised
and used for microsequencing by Edman degradation with
a 473 A pulsed liquid protein sequencer with an on l ine
phenylthiohydantoin amino acid analyzer (Applied
Biosystems, Weiterstadt, Germany). Prior to sequencing,
three on-membrane deblocking methods were applied for
the 35 kDa protein according to Hirano et al. (17) to
remove N-terminal acetylserine or acetylthreonine,
formyl groups, and pyroglutamic acid.

Results

In a f i rst  screening, 7 6 sera of  b i rch pol len al lergic
indiv iduals \ \ 'ere tested for IgE binding to the 35 kDa
protein on one-dimensional  b i rch pol len immunoblots.
Nine sera (12 %) gave posi t ive resul ts.  The two pool  sera
Wn 13132 and Zie 391132 also showed strong IgE binding
to the 35 kDa band. Two indiv idual  sera (A 5433 and
Bo 160) and the birch pol len pool  serum Wn 13132 were
selected for further studies on the cross-reactivity pattern
of the 35 kDa al lergen (see below).  Al l  three sera also
reacted to some degree with the major birch pollen
al lergen Bet v I ,  but  none showed IgE react iv i ty to
prof i l in.  Almost al l  sera of  b i rch pol len al lergic pat ients
tested exhibi ted IgE binding to a di f fuse band at  34 kDa
on birch pol len immunoblots.  This band was not
detectable by india ink staining or in s i lver stained gels.

Two-dimensional  e lectrophoresis

To character ise the 35 kDa al lergen and the 34 kDa
component,  b i rch pol len extract  was separated by 2-D
electrophoresis and blot ted for i rnrnunodetect ion wi th
sr i i tab le  sera  (Z ie  391132 and Bo 95) .  T r i ,o  b lo ts  showing
the  respec t ive  pro te in  spots  a re  p resented  in  F- igurc  l .
The isoe lec t r i c  po in t  o f  thc  main  spot  o f  the  35  kDa
a l le rgen u 'as  de tc rnr incd  as  7 .4 ,  rv i th  i soa l le rgens  be ing
found bet* 'een pl  6.2 and pl  7.5 (Figure 1A).  The di f fuse
spot of  the 34 kDa protein,  however,  was detected at  an
rsoe lec t r i c  po in t  o f  about  5 .7 ,  s im i la r  as  fo r  the  rna jo r
b i rch  po l len  a l le rgen Bet  v  I  a t  l7  kDa (F igure  lB) .

Iso la t ion  o f  a l le reens  by  e lec t roe lu t ion  and tes t in f r  fb r
pur i ty

For  spec i f i c  inh ib i t ion  s tud ies ,  the  35  kDa pro te in  as  we l l
as Bet v I  rvere isolated. We chose the technique of
electroelut ion f rom excised protein bands af ter  separat ion
by  SDS-PAGE.  Th is  rne thod a l lows the  iso la t ion  o f
proteins in a s ingle step when ant ibodies for  af f in i ty
pur i f icat ion are not avai lable.  Because the 35 kDa
a l le rgen and the  34  kDa component  (on ly  p resent  in  smal l
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F i g .  1  I s E  r e a c t i v i t y  o f  s e r a  Z i e  3 9 1 1 3 2  t r e e  p o l l c n  p o o l  ( A )  a n d
I l o  9 5  ( B )  ( s e r u n r  d i l u t i o n  1 : 2 5 )  t o  b i r c h  p o l l e n  e x r r a c t  a t ì c r  2 - I )
P A G E  a n d  s e n t i - d r y  e l e c t r o b l o t t i n g  o n t o  n i r r o c e l l u l o s c  n t c n t b r a n e s
s h o * i n q  t h e  3 5  k D a  p r o t e i n  ( A )  a s  w e l l  a s  B e t ' , ' I  a r  l 7  k D a  ( A  a n d
B) .  Thc  d i f f ì r sc  spo t  a t  approx in ta te l y  p l  5 .7  r cp . . sen ts  thc  34  kDa
s t r u c t u r e  ( B ) .

amounts) are s i tuated closely toget l icr  on SDS-PAGE,
gels.  con.ìplete separat ion was probler lat ic.  To test  for
pur i ty.  the isolated proteins were run on a gel  and
si lverstained (Figure 2 A) as wel l  as blorrc-d again to be
detec ted  w i th  a  serum recogn is ing  the  34  kDa
component.  Whi le immunodetect ion revealed a s l ight
impuri ty of  the 34 kDa protein in the 35 kDa prorein
solut ion,  we were surpr ised to f ind the 3,1 kDa band in
the blot  of  isolated Bet v l ,  too.  When detected I ' r , i th the
polyclonal  serum rb-ant i -Bet v I  or  t l ie monoclonal  Bet
v  I  spec i f i c  an t ibody  BIPI ,  the  34  kDa band was
recognised in addi t ion to Bet v I  (Figure 2 B),  suggest ing
that i t  may represent a Bet v I  d imer.

F i g .  2  A :  s i l v e r  s t a i n e d  S D S - P A G E  g e l  o f  t h e  i s o l a t e d  p r o t e i n s :  i :
35  kDa  p ro te in ;  2 :  mo lecu la r  r ve igh t  marke r ,  3 :  b i r ch  po l l en  ex t rac t ;
4 :  B e t  r  l .
B :  b i n d i n g  o f  t h e  p o l y c l o n a l  s e r u m  r b - a n t i - B e t  v  1  ( l )  a n d  t h e
m o n o c l o n a l  a n t i b o d y  B I P  I  ( 2 )  t o  t h e  i s o l a t e d  B e t  v  I  p r o t e i n
e lec t rob lo t ted  on to  n i t roce l l u lose  a f te r  SDS-PAGE.  3 :  bu f fe r  con -
t r o l .

EAST and EAST inhibi t ion studies

For c l iaracter isat ion of  the 35 kDa birch pol len al lergen's
cross-reactivity pattern, three sera strongly reacting with
the protein band (Wn 13132 birch pollen pool serum and
the indiv idual  sera A 5433 and Bo 160) were invest igated
for speci f ic  IgE in EAST and EAST inhibi t ion ex-
periments with extracts of various fruit and vegetables
coupled to self-prepared allergen disks. Extracts of two
other pol len species (mugwort  and t imothy) were
included in the study. After determinat ion of  the EAST
class,  EAST inhibi t ions were perfbrrncd u' i th rvhole birch
po l lcn  ex t rac t ,  the  iso la tcd  35  kDa and Bet  v  I  p ro tc ins
and ova lburn in  as  a  negat ive  cont ro l .  The resu l ts  a rc
summar ised in  Tab le  l .  The 35  kDa pro te in  s ign i f i can t ly
inhibi ted IgE binding of  the tested sera to extracts f ronr
var ious  f ru i t  and vegetab les ,  e  .g .  app le ,  l ychee and car ro t ,
but  not to mugwort  pol len cxtract .  Binding to t i r r rothy
po l len  ex t rac t  rvas  no t  inh ib i ted  by  b i rch  po l len  ex t rac t
a t  a l l .  Be t  v  I  a lso  inh ib i ted  IgE b ind ing  to  sorne  bu t
no t  a l l  o f  the  ex t rac ts  wh ich  showed inh ib i t ion  by  the  35
kDa pro tc in .

l m m u n o b l o t  s t u d i e s

To ident i fy the proteins cross-react ing wi t l i  the 35 kDa
birch pol len al lergen in var ious extracts,  the three
selected sera were used for immunoblot  studies.  Blot
inhibi t ions were performed wit l i  t l ie 35 kDa protein as
wel l  as wi th Bet v I  to test  wl iether the two structures
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F i g . 3  A - C :  I n h i b i t i o n  o f  I g E  b i n d i n g  o f  s e r u m  W n  i 3 l 3 2  r o  a p p l e
(A) ,  l ychee  (B )  and  o range  (C)  ex t rac t  separa ted  by  SDS-pAGE and
t r a n s f e r r e d  t o  n i t r o c e l l u l o s e  w i t h  t h e  i s o l a t e d  3 5  k D a  a n d  B c t ' l
p r o t c i n s  ( 5  p g / i n h i b i t i o n ) .  l :  u n i n h i b i t e d ;  2 :  i n h i b i t e d  r v i t h  t h c  j - 5
k D a  p r o t e i n ;  3 :  i n h i b i t c d  r v i t h  B e t  r '  1 : , 1 :  b u f t è r  c o n r r o l .  D :  I n h i b i _
t i o n  o f  I g E  b i n d i n g  o f  s c r u r n  g r a s s  p o l l e n  p o o l  l 8 / r 0 0  t o  t i r r o r h l ,
g rass  po l l en  ex t rac t  separa ted  bV  SDS-PAGE and  t rans fe r rc t i  t o
n i t r o c c l l u l o s e  r v i r h  r h e  i s o l a t e d  3 - i  k D a  p r o r e i n  ( 5  p g t .  1 : L r n i n h i b i -
t c d ;  2 :  i n h i b i t e d  r v i t h  t h c  3 5  k D a  p r o t e i n .  3 :  b u f f e r  c o n t r o l .

are  i rnmuno log ica l l y  independent .  Bands inh ib i tab lc  b1 ,
the  35  kDa pro te in  cou ld  be  ident i f ied  in  app le ,  pcar .
l ychee,  mango,  car ro t ,  o range and banana,  bu t  no t  in
cher ry  o r  cor iander .  Inh ib i t ion  o f  the  IgE b ind ing  o f  b i rch
po l len  poo l  serum Wn 13132 by  the  35  kDa pro te in  and
Bet v I  is  shown in Figure 3 for  apple,  lychee and orange
blots.  Figure 4 shows the detect ion of  the 35 kDa
cross-react ive bands in apple,  lychee, orange, pear,
mango, carrot ,  and banana as rvel l  as the cherry blots
with the three sera tested. The cross-react ive proteins are
a l l  o f  un i fo rm s ize  (34-35  kDa)  bu t  no t  ve  ry  abundant  in

most extracts, i.e. hardly or not at all detectable by india
ink staining, while the birch pollen protein is one of the
major bands on india ink stained blots. IgE binding to
the 35 kDa birch pollen protein (not shown) or to the
35 kDa food proteins was not inhibitable by Bet v l,
showing that they are immunologically independent of
Bet v 1, or by ovalbumin, which was used as an inhibit ion
control. A nonallergic control serum did not bind to any
of the proteins in the range of 34 - 35 kDa (Figure 4,
lanes number 4). However, weak nonspecific staining of
some bands occurred with the control serum. The serum
recognised a high molecular weight band in lychee
(Figure 4 B) and mango (Figure 4 E). Some other bands
of the control semm were also present in the buffer
control (Figure 4, lanes 5), for example a very abundant
protein in cherry (Figure 4 H). These bands were there-
fore regarded as i r re levant.  The isolated 35 kDa protein
d id  no t  inh ib i t  b ind ing  o f  the  grass  po l len  poo l  serum
l8 /100 to  a  t imothy  grass  po l len  b lo t  (F igure  3  D) .

Microsequencing

SDS-PAGE separated birch pol len extract  was blot ted
onto a PVDF membrane. the 35 kDa band and the 34
kDa region excised (al though, in case of  the lat ter ,  there
was not enough protein to be vis ib le in Coomassie
staining) and submit ted to N-terminal  microsequencing.
For the 34 kDa component only the f i rst  s ix amino acids
could be determined due to the lon' amount of protein,
but these (G V F N Y E) were completely ident ical  to
the publ ished sequence of  Bet v I  (5,  19) and to previous
or,vn microsequencing resul ts.  Direct  sequencing of  the
35 kDa protein fa i led,  probably due ro the protein being
blocked at  the N-terminus. Attempts to deblock the
protein by ( i )  t reatment rv i th t r i f luoracet ic acid vapor to
renlove N-terminal  acetylser ine or acetyl threonine, ( i i )
t reatment wi th 0.6 N4 HCI to remove formyl groups, and
( i i i )  t rea tment  rv i th  pvrog lu ta rny l  pept idase to  ren tove
pvrog lu tamic  ac id  \ \ / c re  cqua l ly  unsuccess fu l .

Discussion

Thc f requency  o f  IgE b ind ing  to  the  35  kDa pro tc in  wc
obscrved in  our  serun l  sc reen ing  (12%)  is  in  agreenten t
r i ' i th  p rev ious  s tud ies  o f  o ther  g roups  who de tec tcd  a
r n i n o r  b i r c h  p o l l e n  a l l c r e c n  o f  t h e  s a m c  s i z e  ( 1 5 ,  1 6 ,  2 0 ) .
In  EAST inh ib i t ion  s t r " rd ies  * , i th  the  iso la ted  35  kDa b i rch
po l lcn  pro te in  we shou,ed  tha t  i t  i s  c ross- reac t ivc  to
pro te ins  in  var ious  p lan t  foods ,  bu t  no t  to  mugwor t  o r
t imothy  po l len  ex t rac t ,  b ind ing  to  rvh ich  was no t
inh ib i tab le  by  e i ther  t l i c  35  kDa pro te in  o r  Bet  v  l ,  o r
by birch pol len extrerct ,  respect ively.  This resul t  shows
tha t  the  35  kDa pro tc in  i s  no t  a  p lan t  pan-a l le rgen s i rn i la r
to  p ro f i l i n  (28)  wh ich  is  p resent  in  a lmost  a l l  k ind  o f
po l len  and p lan t  food.  Imnrunob lo t  inh ib i t ions  c lcar ly
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Table I EAST and EAST
and two pol len species

inhib i t ion wi th b i rch pol len extract  and isolated al lergens for  three di f ferent  sera and var ious f ru i t ,  vegetables

Wn l3 l32 A 5433 Bo 160

Allergen
Disk

EAST
class birch

% inhib i t ion
35 kDa

by
B e t v l

EAST
class

% inhibit ion by
birch 35 kDa Bet

% inhibit ion by
birch 35 kDa Bet v lv l

EAST
class

apple
pear
lychee
mango
peach
orange
cherry
canot
coriander
parsley
bas i l
hazelnut
celery
potato
banana
pea
sunf lower
on ion
zucchini
kirvi
strawberry
grape
tomato
Brussels
sprouts
mugwort
t imothy

J . J

3.4
3 .5
a a
J . J

3.0
3 .0
3 . 8
J . l

3.0
. Az . +

2.2
2 . 9
2 . 7
2 .0
2 . 8
2 .5
2 .7
3 . 0
3 . 0
2 .2
2 . 8
2 .8
2 . 8

2 .5
2 .5
A 'r+.  J

93
93
96
96
86
97
93
92
94
8 8
8 8
89
16
80
95
80
97
+ J

5 9
45
45
^ a

5 3

l ( )

40

56
79
90
9 l
68
82
67
85
64
56
60
56
+o
3 7
6 8
50
40
1 7

l 9
2 l

2 5

4 l

n . t .

64
L J

22

64

44
32

44
47
2 8

1 À

28

26

n . t .

3 . 1
3 .0
2 .5
1 . 9
2 .4
2 .0
2 .5
2 . 1
2 .3
1 . 9
l a
I . J

1 ^

2 .0
0 .2
" t A

1 . 8
1 . 8
n . t .
n . t .
n . t .
n . t .
n . t .
n . t .

n . t .
3 . 1
1 . 1

I J

7 7
8 t
79
67
86
70
79
8 9
n . t .
n . t .
5-1
n . t .
n . t .
n . t .
n . t .
n . t .
n . t .
n . t .
n . t .
n . t .
n . t .
n . t .

n . t .
20

34
55
7 l
69
58
59
46
64
55
n. t .
n . t .

n . t .
n . t .
n . t .
n . t .
l l - t -

n . t .
n . t .
n . t .
n . t .
n . t .
n . t .

n . l .
n . t .
n . t .

50
l 6

20

48

5 8
n . t .
n . t .

n . t .
n . t .

n . t .
n . t .
n . t .
n . t .
n . t .
n . t .
n . t .
n . t .

n . t .
n . t .
n . t .

2.4
3 .0
3.2
2 .9
1 . 3
2 . 1
2.4
2 .5
1 . 7
0 .3
0.7
3 . 1
0.4
0.4
2 . 0
0 .5
0 .6
n . t .
l l - t .

n . t .
n . t .
n . t .
n . t .

n . t .
0 . 1
0 . 2

98
97
95
97
n . t .
1 0 0
97
1 0 0
95
n . t .
n . t .
9 3
n . t .
n . t .
1 0 0
n . t .
n . t .
h t

n . t .
n . t .
n . t .
n . t .
n . t .

n . t .
n . t .
n . t .

90
94
88
93
n. t .
97
t 6
95
84
n. t .
n . t .
72
n t

n . t .
8 7
n . t .
n . t .
n . t .
n . t .
n . t .
n . t .
n . t .
n . t .

n . t .
n . t .
n . t .

43
l 6

n. t .

5 6

n. t .
n . t .
76
n . t .
n . t .

n . t .
n . t .
n . t .
n . t .
n . t .
n . t .
n . t .
n . t .

n . t .
n . t .
n . t .

Serum di lut ion: t  :2.5. Inhibitor concentrat ions: birch pol len, ovalbumin: 2 50 Fg of protein/m l,  puri f ied al lergen fract ions: 25 pg/ml.
Non_specif ic binding and inhibit ion with ovalbumin were taken as negarive controls. Inhibit ion values of less thin l5 7o rvere consìdered
as negative (-).  n.t .  = not tested.

revealed that the 35 kDa protein is immunological ly
independent of  Bet v l .  The 35 kDa cross-react ive bands
in var ious f ru i t  and vegetable extracrs were inhibi table
by  t l ie  b i rch  po l len  35  kDa pro te in  bur  nor  by  Bet  v  L

The fac t  tha t ,  in  the  EAST inh ib i t ion  s tud ies .  the  35
kDa pro te in  and Bet  v  1  inh ib i tab le  por t ions  take  n
together  somet imes ,v ie ld  va lues  h ieher  than 100 9ó  is
probably due to an impurin,  of  the Bet v I  d imer in t l rc
iso la te  d  3  5  kDa pro te in  u 'h ich  n lav  be  re levant  to r
inh ib i t ion  o f  ex t rac ts  conta in ing  pro te ins  h igh ly
c ross- reac t ive  to  Bet  v  L  \ \ /h i l c  the  lgE b ind ing  o f  the
testecl  sera to solne frui t  and vegctable extracts was fbund
to  be  inh ib i tab le  to  a  s ign i t ì can t  degree by  bo th  Bet  v  1
and the  35  kDa pro te in  in  EAST inh ib i t ion  exper in ren ts
(e .g .  app le .  pear ,  peach,  cher ry ) .  on ly  the  35  kDa pro te in
seemed to be of  re levance for t l ie cross-react iv i ty wi th
lychee, mango, orange, carrot  and banana. In the case of
carrot ,  th is resul t  is  surpr is ing becausc carrot  has been
slrown to contain a Bet v I  re lated protein (9,  14,  Zl) .
However,  the carrot  protein is not ahvays recognised by
sera f rom pat ients sensi t ised to Bet v I  and ls not
recognised by the Bet v I  -speci f ic  monoclonal  ant ibocly

BIP  |  ( 9 ,21  and  o rvn  obse rva t i ons ) ,  sugges t i ng  t ha t  i t
may  be  immuno log i ca l l y  l ess  re l a ted  t o  Be t  v  I  due  t o
sequence  va r i a t i ons  a r ' ì t ong  t he  a l l e rgens .  I gE  b ind ing  t o
sr rn le  o ther  p lant  food ext racts  (e .g .  cor iander ,  pars ley,
pea )  u ' as  i nh ib i t ab le  by  t hc  35  kDa  p ro te in  t o  a  l esse r
deg ree .  These  cx t rac t s  may  con ta in  s r l a l l  a rnoun ts  o f
p ro te ins  c ross - reac t i vc  t o  t he  35  kDa  p ro te in .  Che r r y
revea led  no  35  kDa  b  and  on  i r nmunob lo t s  (F igu re  4  H ) ,
bu t  sho rvec l  a  h i gh  de  g rec  o f  c ross - reac t i v i t y  i n  t he  EAST .
This  e f fcc t  n . ìay  bc c lue to  in tens ive IgE b i r rd ing to  the
Be t  v  I  d i r t ne r  o r  t o  t he  l i n r i t ed  de tec t i on  t r esho ld  o f
i m m u n o b l o t t i n g .

In tercst inu ly ,  the 3-5 kDa prot r - i t . t  c rc lss- reacts  wi th
prote ins f iont  son ic  p lant  fooc ls  u 'h ich are not  enc losed
in  t he  con r r ì on  b i r ch  po l l en  re l a ted  f ood  a l l e rgy  c l us te r .
A l l e rey  t o  exo t i c  f r u i t  l i ke  l y chee ,  n l ango  and  banana
co -occu r i ng  r v i t h  a l l e rgy  t o  b i r ch  po l l en  may  now  i n  some
cases  be  exp la i nab le  by  sens i t i sa t i on  t o  t he  3  5  kDa
cross- react ive s t ructurc .  A l lergy to  lychee,  horvever ,  has
in  one  case  been  shown  to  be  caused  by  a  sens i t i sa t i on
t o  p r o f i l i n  ( l  l ) .
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F ig .  4  Immunob lo t  ana lvses  fo r  de tec t ion  o t '  t he  l -5  kDr r  c ross -
r e a c t i v e  p r o t e i n s  i n  a p p l e  ( A ) ,  l y c h e e  ( B ) ,  o r a n g e  ( C ) ,  p c a r  ( D ) .
m a n g o  ( E ) ,  c a r r o t  ( F ) ,  b a n a n a  ( G )  a n d  c h e r r y  ( H ) .  S e r a :  l : W n
1 3 1 3 2 ; 2 :  A  5 4 3 3 ;  3 :  B o  1 6 0 ;  4 :  c o n t r o l  s e r u n r  f r o m  a  n . n - a l l e r s i c
i n d i v i d u a l ;  5 :  b u f f e r  c o n t r o l .  T h e  p o s i t i o n  o f  t h e  b a n d s  i n h i b i t a ù l e
rv i th  the  i so la ted  35  kDa  p ro te in  i s  markec l .

Clinical data from patient Bo 160, whose serum \ryas
investigated in this study, suggest that there may be a
cl in ical  re levance for the 35 kDa protein:  This pat ient
suffers from symptoms to birch pollen, apple, banana,
carrot, hazelnut and walnut. Our immunoblot studies
indicate that at least in the case of banana the 35 kDa
protein may be responsible for an allergic reaction
(compare figure 4, lane 3). In skin prick tests, the patient
Bo 160 also shows a positive reaction to lychee, but
nothing is known about possible symptoms to this fruit.
Further work on the clinical relevance of the 35 kDa
cross-reactive structure is in progress.

Because direct  N-terminal  sequencing of  the 35 kDa
protein was not possible,  we bel ieve that i t  is
N-terminal ly blocked. The blocking group appears to be
neíther acetylser ine or - threonine nor a formyl  group or
pvroglutamic acid,  because deblocking react ions to
remove these groups did not i ' ie ld products which courd
be sequenced successful ly.  Further rvork to elucidate the
molecular structure of  t l ie 35 kDa birch pol len al lergen
and the corresponding food proteins is in progress.

Dur ing our studies on the 35 kDa cross-react ive
protein we ident i f ied a 34 kDa component in birch pol ien
extract, rvhich was present in 'ery lorv amounts and not
detectable by s i lver or india ink staining bur only by
immunodetect ion.  we conclude that th is component is a
Bet v I  d imer.  because ( i )  i t  is  recognised by al l  pat ient
sera strongly react ing rv i th Bet v I  but  not by sera which
do not contain Bet '  I  speci f ic  IgE, ( i i )  the isoelectr ic
point  is  the same as for Bet v l ,  ( i i i )  i t  was found in
isolated Bet v I  pur i f ied f rom the 17 kDa region of
SDS-PAGE _eels,  ( iu)  the 34 kDa component is
recognised in addi t ion to Bet r '  1 by the rabbi t  poryclonal
semm rb-ant i -Bet v I  and the Bet v I  speci f ic  monoclonal
ant ibody BIP l ,  (v)  the s ix N-terminal  amino acids are
ident ica l  to  the  pub l rshed sequence o f  Bet  v  I  (5 ,  l9 ) .
We propose tha t  a  s rna l l  p ropor t ion  o f  Bet  v  I  i s  p rescnt
as a dimer and the di ' rer  rnav also be fbrmccl  dur ing
storage and samplc preparat ion of  the pur i f iccr  a l ler_een.
Recent ly ,  a  d imer  o f  the  t imothy  grass  po l len  a l le rgcn
Ph l  p  I  has  becn observed (26) .  In  th is  case rhe  c l i r re r
\ \ 'as onl ;"  present u,hen electrophoresis was perf  ormed
under  non- reduc in - i r  cond i t ions .  inc l i ca t ing  tha t
d i rncr isa t ion  occured v ia  d isu lph ide  bonc l  fo r rna t ion .
Because . ,1 'e detected thc same amount of  the Bct v I
d in rer  under  reduc inc  (onc-d in rens iona l  e lcc t rop l io resrs )
and non- reduc ing  ( t rvo-d in rens iona l  e rcc t rophores is )
cond i t ions ,  the  d imer isa t ion  o f  Bet  v  l  i s  un l i ke ly  to  bc
due to  d isu lph ide  bond fo r rna t ion .  The mechan ism o f
d i rner isa t ion  remains  unc lear .

Acknorv ledgements  we  a rc  g ra te fu l  t o  Dr  I l .  Au lepp  fo r  the
pa t ien t  se ra ,  to  P ro f  Dr  D .  K ra f t ,  D r  B .  weber  anc l  D r  R .  wah l  to r
s u p p l y i n g  t h e  B e t  v  I  s p c c i f i c  a n t i b o d i c s ,  a n d  t o  M r  R .  F { a t t o n  l b r
h i s  h e l p  ' n ' i t h  t h e  p r c p a r a r i o n  o f ' t h i s  m a n u s c r i p t .  T h i s  * , o r k  * , a s
s u p p o r t e d  b v  t h e  D c u t s c h e  F o r s c h u n g s g e m e i n s c h a f t  ( D F G ) .  B a
4 t 2 / 2 0 - 2 .

Since the detect ion of  speci f ic  IgE to fbod proteins

loes not always correspond to al lergic symproms (3),
fur ther studies to highl ight  the c l in ical  importance of
sensi t isat ion to the 3 5 kDa al lergen are necessary.
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