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Apple allergy is very common in areas with birch trees but has a low

prevalence in other regions, tor example the Mediterraneíìn area. It belongs to

the phenomenon'oral  a l lergy syndrome',  and is mainly due to the existence of '

cross-reactive major allergens in both birch pollen and apple fruit. Immunoblot

studies with apple extracts separate{d by SDS-PAGE,, and skin prick test resLllts

with purif ied allergens have shown that between 65 ' lrnd 907o of apple-allergic

patients reveal IgE specific for the major apple allergen which has a molecular

weight of approximately 18 kD tl -31. In the present article, we report the cur-

rent knowledge about the characteristics of this allergen which has been named

Mal d I (allergen I from Malus dttnrcstic'a).

Apple Extract Quality and Source Material

Allergen preparation from apples is ditf icult. Special extraction proce-

clures have to be applied to obtain immunologically active apple extracts.

Extract quality is mainly affected by enclogenoLrs enzymatic activit ies. particu-

larly that of polyphenoloxidases. To circumvent allergen degradation during

the extraction procedure, enzyme inhibitors l ike diethyldithiocarbamate or eth-

ylenediaminetetraacetic acid, or a cold solvent precipitation procedure have to

be applied t4-61. On the contrary, commercial prick test solutions from apples
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Fi,g. I .  Deterntination of spccit ' ic I-sE to l(r apple varict ies by enzyrne al lergosorbcnt test
(EAST) Thc three sera tested were fronr paticnts sensit izcd to birch pol len and apples. The
pool sera werc frorn 7 (Wn l3/32) ancl 4 ( lLCl; patirnts. Al l  apple exrracrs were prepared
f ront ntature frLri t .  and a stanclarcl izcd i ìmount of protein ( I  2 prg/ml) was used for al lcrgen disk
preparation. No IgE bincl ing was deternrinecl with a corìtrol serurn front 6 nonallergic clonors
t  l 2 l .

have recent ly again been tor-rnd to be unrel iable for  the diagnosis of  th is k ind of
f ru i t  a l lergy f2.31. Scratch test ing or the pr ick/pr ick merhod with t iesh frui t
mater ia l  are therefore comnlonly used [1-10|  but these methods cannot be stan-
dardizecl since, for example, they depencl on the rnajor aller-gen content of the
f  ru i t .

In contrast .  i t  has recent ly been shown that stable pr ick test  solut ions c i rn
be prepared frorn high-quality crude extracts by replacing phenol, the common
preservative with. for example, 0.l2c/c cysteine ancl 0.Jo/a sodium citrate in PBS
[l l ] .  F i -eure I  points to the importance of  the select ion of 'source mater i i i l :
extracts f rom 16 apple strains were tested tor their  capabi l i ty  of  b incl ing spe-
cif ic IgE, from birch pollen and apple-aller-eic patients. With a stanclarclizecl
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alÌ loLlnt  of  pr t t te in.  cxtractccl  t ' rorn l latLrre l ' ru i t .  c l rast ic c l i f ' l 'crences of  a l lergcnic

ac t iv i t y  were  c lc tcc tc r l  be twccn app lc  var ie t i cs  no t  t tn ly  by 'an  enzyn ' ìe  a l le r -

gosurberr t  tcst  uncl  i rnrnunoblot t ing.  but also bv r lose-rc latecl  h istatr t ine relel ise

lncl  skin pr ick tcsts [21.  These cl i f fèrences \ \ 'ere c lue to thc rnajor al ler-uen con-

trnt  of  thc f rLr i t .  Furthernrorc.  i t  has been shor,vn that t l ie Mal c l  I  content t t f

Golc len Del ic ioLrs applcs r ises consic lerabl l , '  dur ing nraturat i i tn ancl  storage [13l .
On the basis of  b lncl  intcnsi ty in SDS-PAGE. we have est imatecl  a nreun

r. tn lounloi  l -5 mg VIal  c l  I  per 100g fresh r i 'e ight  in mature Golclen Del ic ious

app les .  There fbre .  one b i te  (approx .  l0  g ) r ,vh ic l i  i s  ab le  to  c l i c i t  sy r t tp ton is  in

applc-al lergic pat ients rc-presents 0.1-0.5 nrg of  the ingested rni t jor  a l lergen

t l i  l .

Cross-Reactivity and Allergenic Potency of Mal d 1

The cross-react ive ni ì tL l re of  b i rch pol len-related food al lergies has been

knorvn  lo r  many yer ì rs  l l ,4 ,5 .  14 .  l5 l .  S ince  near ly  a l l  s tud ies  on  th is  sub jec t

have been pertorr t red wi th crucle extracts,  the al lergenic propert ies ol 'pure Bet

v I  and Mal d I  have not bccn invest igated in a comparat ive stucly.  Recent ly,

rve have isolatecl both Bet v I ancl Mal d 1 by preparative SDS-PAGE followecl

by electroelut ion and have invest igatecl  their  immunologic propert ies [31.  Fi-u-

ure ? shows SDS-PAGE analyses of  crucle extr i ìcts and the pur i f iecl  major al ler-

gens .
Despi te the c lenatLrr ing concl i t ions which were appl ied for  pur i f icat ion.

both al lergens were highly act ive.  As an example.  tablc I  shows the resr-r l ts ol '

conlpí ì rat ive skirr  pr ick tcsts wi th whole al lergenic extr i tcts ancl  the pur i f iecl

major aller_9ens. The tests were pertornrecl in a -uroup oi 33 patients wlro were

al ler_sic to birch pol len ancl  apples,  ancl  a control  sroup oi  l0 pat ients wi thout

l ' r t r i t  ancl  b i rch pol len hypersensi t iv i ty.  High posi t iv i ty rates (73-L) lVc) werc

obtainccl evt: n with lc-rw iì lrìoLlnts (5 pg/rnl) of the isolated allergens. In the case

of 'Be t  v  l ,  sens i t i v i t y  o f  9JC/o  vv t ts  i c len t ica l  w i th  tha t  o f  who le  b i rch  po l len

extract .  Somewhat lower sensi t iv i t ies were obtainecl  wi th the Mal c l  I  prepara-

t ions when comparecl  to wl-role apple extracts.  In acldi t ion,  the t rvo-sidet- l  1:  test

revcaled that the posi t iv i ty rates wi t l i  NIal  d I  were s igni f icant ly lower when

cc t rnpared to  Bet  v  I  (p=0.01) .  Negat ive  pr ick  tes t  resu l ts  were  ob ta inec l  in  the

control  group. However,  pat ients suf fer in-s f rom birch pol l inosis but wi thout

apple hypersensi t iv i ty have not been studied. One has to expect that  latent sen-

si t izat ion to f ru i t  anlong these pat ients 'uvoulc l  have inf luenced the resul ts.

Further invest igat ions by c lose-relatecl  h istamit te release ancl  speci i ic  IgE

inhibi t ion wi th pat ients '  sera revealed that t l ie al ler-eenic act iv i ty of  Bet v 1 was

at least  l5-  anci  17-fbld,  respect ively.  h igher than that of-  Mal d l .

NIa.yor  AppIc , - \  I  I c rscn  Charac tc ' r i zu t ion 6-5



Fig.2. SDS-PAGE analysis of puri f iecl Mal d I  ancl Bet v l .  Protein bancls were macJe
v is ib le  by s i lver  s ta in ing.  Lane l :Golden Del ic ious rxr ract  (GD):  lane 2:  Nfa l  c l  l .  i so larec l
fronr GD; lane 3: Granny Srnith extract (GS): lane.l :  VIal cl  l ,  iscl l l ted f,rom GS: lane -5: birch
pol len ext ract :  lane 6:  Bet  v  I  (EE) ,  iso la ted by e lect roe lur ion:  lanc 7 :  Bet  v  I  (A) ,  iso la tec l  by
mAb al ' f ini ty chronratography; lane 8: low molecular weight rnarker protcins [3].

The fbl lowing conclusions may be drawn from our studies wi th pur i f ied
major al lergens: ( l )  Bet v I  has al l  a l lergenic epi topes of  Mal d l ,  bur Mal d I
is only a weak inhibitor of the IgE reactivity with the major birch pollen aller-
gen, probably due to the absence of some Bet v I epitopes on the fruit allergen.
An additional explanation for the latter observation may be a lower association
constant of  Bet v l -speci f ic  IgE to Mal d I  epi topes. (2) Mal d I  represenrs
most of  the al lergenic i ty of  apple f ru i t .  (3)  The high labi l i ty  of  a l ler_qens dur ing
extract ion or processing of  apples is probably not due to c lestruct ion of  d iscon-
tinuous epitopes. but to interactions with compouncls from the fruit t issue, ancl
most of these reactions are catalyzed bv enzvmes.
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' l ' u l t l t ' 1 .  
[ ì c s r r l t  ,  o l ' t l t e  s k i n  p r i c k  l c s t s  i n  p u t i c n r :  l r l l e  r , ] i c

r r . ' ho l c  a i l c rgcn ic  cx t rac ts  and  thc  rnu  j t l r  a l l c rgcns  i so lu tc r l  l t v

t i ons .  scc  t ' i t : .  I  t

t o  b i r c l r  l t o l l c n  l r r r l u p p l c s .  r r s i n u

c lcc t roc lu t i on  [3  |  (  f o r  abbrcv iu -

P r i c k  t e  s t  s o l u t i o r r P r o t c i n .  P u t i c t r t s .  F r c r l u e n c \ , o l ' p o s i t i v e  ( r i o t ' p o s i t i v c

p rg / rn l  n  p r i ck  t cs ts .  n  p r i ck  tes ts

[ ì  i rc l t  po l lcn cx tnrc t
R c t  v  I  ( E E )

Cìolr lcn Dcl ic ioLrs c\tntct
\ l a l  r t  I  (CD)

Grunnv Srn i th  extnrc t
N fa l  r l  I  (GS)

Molecular Character ist ics of  Mal d 1 and Other Homologous Al lergens
from Plant Foods

The f i rst  step in í rnalyzins the propert ies of  Nzlal  d I  at  the molecular level
wl ìs to apply t r ,vo-cl intensional  immunoblot t ing and N-ternl inal  amino acic l
n ì i c roseqL lenc ing  [61 .  The resLr l ts  po in tec l  to  a  mo lecu la r  we igh t  o f  approx i -
rna te lv  l8  kD an( l  a  p l  c l f  5 .5 .  On ly  Bet  v  l -spec i f  i c  immLrnodetec t i t - l - r  sys tems
\\'cre appliccl. Thc reactions of' t l tese r.r, ' i th N{al cl I again clearlv shor,vecl t ltat
both al lergcns shurt-  c() f f ìn lon t 'p i topcs.  As an c 'xrrnplc.  f igurc 3a arrc l  b preserr ts
trvo-cl i rnensional  i t t r tnurroblots of  Golc len Dcl ic ioLrs extracts whic l r  wL' l 'e testccl
w i th  the  Bet  v  l -spcc i f i c  n rAb BIP I  (a  g i f ì  f ro rn  Pro f ' .  Kra f t .  V icnna)  anc l
* ' i th serut tn of  an al lers ic pat icnt  r ,v i th speci f ic  IgE cxclLrsively c l i rectet l  against
B e t  v  l .

N-ternt inul  nt icroseqLlencing of  26 anr ino acir ls ol 'Nlal  c l  I  rcvealct l  62(1.
s t r lL lcnce ic ien t i t y  r ,v i th  the  cor responc l ing  ser luence o f  Bet  v  I  [6 .  l7 l .  N I ic ro -
scclLlcncing ar"ralysis of  NIal  c l  I  f ronr thrcc 'c l i f fcrent apple var iet ics (Golclcn
Del ic ious .  Grannv  Sr l i t l i .  Braeburn)  lec l  to  i c len t ica l  N- te rminu l  scquc- r - rces  I l f ì1 .
Onc except ic ln r ,v i is  posi t ion 9 ol 'Golc len Del ic ious.  'u l 'here pherry la lunine ancl
tvrosine were s imultaneously detectecl .  probably inci icat ing the existence of
t r . r 'o c losely related isoal ler- t rens.  Wit l r  Bet v l -speci f ic  imntLrnocletect ion svs-
tc ' tns ancl  inhibi t ion r 'xper in lents wi th pur i f iecl  Bet v l .  aclc l i t ional  cross-relct ivc
: i l l t ' t 'gct ts l ì 'ont  t l t t t  fer l i ly 'have bccn i r lc ' r r t i l ' icc l  in chcrr \ .  pear.  celcrr ' .  ur . r r rot
r t t r t l  l l t z r , ' l n t r t  { 1 3 - l l ] .  O n  t l t c  h l s i s  o f  l - 5  u m i n o  u c i c l  r c s i t l r r c s .  t h c  s c c l i r c n c e
i t lent i ty of  the al lergens fronr cher-ry.  celery ancl  carrot  lv i th Bet v I  we re 67. 40
ancl  l8?i .  respect ivelr , .  Conrpar ison with NIal  c l  I  revealecl  ic lent i t ies of  80,  33
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F iq .  j .  Tuo-c l i n l cns iona l  i n tn runob lo t  an l l ys i s  o t 'Go lc l cn  De l i c ious  ex t r . c t .  11  l r ì ì r - ì - ì . no -
c le tec t i on  w i th  n rAb  B IP  l .  r l t i scd  r ì sa ins t  Be t  v  l .  cu l tu re  s l rpe rna tan t  c l i l L r t cc l  l : 17 -5 .  ó  Reac-
t i v i t y  o f  I gE  an t ibo t l i es  f ì ' o rn  p r t i en t  B ra .  On  one-c l imcns iona l  SDS-pAGE i rnmunob lo ts .  I sE
cl f  the pat ient  re i , ìc ts exclLts ivc lv u, ' i th Ber v I  f ronr b i rch pol lcn extract  uncl  N4al  c l  I  f rorn
Go lc len  Dc l i c ious  app l t :  cx t r i ì c t .  s rn r r Ì ì  r l i l u t c -c l  I  :  2 -5  f  l 6 l .
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ACÀ.ATACTCT(lAÀ(ICCTC AAmr-i\\ÀrlCÀT'1.\TCC'iTCîTTC ITCATTTT'IaèÀCCTTTTTTTAATCÀ lC - 1

A T ;  ' ; C T  L ì T . l  l A ' ì  A , . À  T T - t  , l r \ ( ;  A , ' 1 .  a è . ;  T T I  A ì C  i  - T  : A C  A T T  C C A  ' l : À  T C A  A G A  T T G  T T ' ì  6 0
M  E  v  Y  I  q  E  N  E  E  T  è  E  !  q  !  5 , ' P  R  L  E

A , I G  î - - . , f T T  ; T î  J T T  G A T  G C T  G A C , \ \ ' -  C T ' J  À T î  ' C - - . I , À G  A , : T  ( - ; C A  C - . ]  I - . A G  T ; C A  A T J  A A Ù  T 2 O
2 0 (  À  E  \ i  L  D  è  D  N  L  I  P  K  I  A  P  Q  A  I  K

CAÀ GCT (]i\A ÀTC (]TT GA.A GGA AAC GGT GGC I]CC GGA Àt--C ATC AAG A,ÀG ATC ACT TTT GGT 180
óO Q A E I L E G T.J C G P G T I K K I T F G

riÀú'\ lJ.' ÀLìC --ÀC TAi ccc TAC GTG AAG C.lC ÀlG ÀTT IAC T:C ÀTT CÀC CAA G iA AGC TÀù 24O
60 E G S Q 

'{ G Y V K H R. i D S I D E A S Y

TCÀ T;\C TCC TAC ACT TTG ATT GA.A. GGÀ GAT GCT ,fTG ACA GAC ACC ATC GAG fuqj\ ATA TCT 3OO
8 O S  Y  S  

- '  
T  L  I  E  G  D  A  L  T  D  T  i  E  K  I  S

TAC GAG ACC AJ\G TTG GTG GCA TGT CGA AGT GCT TCC ACC ATC AAG ÀGC ATC ACT C.\T TAC 350

1 O O Y  E  T  K  L  V  A  C  G  S  G  S  T  I  K  S  I  S  H  Y

CAÙ AC^ AA; , ]JA èN . \TT GA.A ATC ÀÀù CAA GÀC' ]ÀJ GT- ÀÀC CTT CGA ài \ i \  GÀC AAG CCI {20

120 TJ T K G Ii I E I ii E E I] '.,/ K ''] (: K T K A

CAT GGT TTG TTC Atr\G CTT ATT GAG AGC TAC CTT A,AG GAC CAC CCC GAC GCA TAC AAC TAA {80

140 H G L F K L I  E S Y L K D ! í  P D A Y T]

ATTAATCATAAGTATC TATGGTGTTTTGGGTGTTACCGTTAC TATATGG T A  5 6 0

TGTTTTTTTCACGTCAGCCfu\i\\GTAÀTAÀCCATGGTTTGGGCAGTTTGGCCTTGfu\'\ '\\TN\GTGTTATCGTTGTGATC 5 { O

ATCTTCTTGTTGCGATGTCTTTGTTTGGAi\i\,\/\ '\GTTGGCAGACTGAÀ,CGGAGTGTATTATCTTCTATfu\\TATAATGAA 7 2O

ATTAC TTTTT AÀTî fu\\\\A.À"\AA 7 r 4

t ; i q .1 .  Ovc ru l l  r ì uc l co t i r l e  scqucncc  o l ' t he  cDNA an( l  ( l cc lucc r l  un r ino  ac i r l  sc r lucncc  ( ) l

t hc  n t r r j o r  l ì l r p l c  u l l c rgc r t  ì \ l u l  r l  l .  Nur lbc rs  i n r l i cu tc  i . t r ì i i n ( )  uc i r l  r cs i t l ucs  ( l e  l i ) and  nuc lco t i r . l c

p o s i t i o r ì  { r i g h t t ( ) l  t h r  s c r p l c r ì c c . ' l - h c  s i n g l e  l c t t c r  c o t l c  l ì r t ' i u n i n t t  l t c i t l s  i s  u s c c l .  A t t t i n o  i t c i ( l s

i r l cn t i l ' i c t l  b r . '  N - t c r rn inu l  l ì r i c rosc r lue  r ' ì c ing  u rc  u t t r l c t ' l i nc t l  l l l  l .

l rnr l  l lc , l  .  Al l  the cross-reuct ivc f rLr i t  a l lcrgcrts hacl  r t to lccLr lar  weir t l i ts  betrvccn

l-5 ancl  18 kD.
' f  

hc N-tenninal  secìLrcncc inf ì r rnrat ion has l rcen uscr l  to c lesign a IVIaI  c l  l -

speci f  ic  nLrcleot ic lc pr inìer.  The Mal t l  IcDNA \ \ 'as ar. ì lp l i l ' icr l  l ì 'onl  revcrscly

tr i . ì r ìscr ibccl  rnRNA by a polymeri ìse chain react ior- ì  (PCR) 1221. The cDNA

I)r 'o( lLrct  was clor lecl  into E,scl tcr ic l t iu col i  uncl  sLlbseqLrcnt l i /  scqLrence(I .  Thc

nl issing -5 ' -encl  of  the îpple cDNA secluence was analvzecl  bv a -5 ' -RACE

nle t l ì (x l .
FigLrre - l  shows the conrpletc cDNA sc'c l l rcncc r ,vhich has been obtaincci  by,

t l i . i , : t ) \ \  i \ c lc  sc r i r i cnc ing  ur r t l  thc  r l c t lucc( l  lu l r ino  ac ic l  s tqLrcncc  o f ' thc  l l l e r -

gc :1 .  T l r r rs .  \ la l  t l  I  i s  thc  f i rs t  b i rch  po l l cn- r ' c l l l c r l  l ì ' L r i t  e l l c rg r - r r  r . v i th  u  con l -

plr t r - i \  knor,rn seqLrence. Fronr thesc resul ts i t  can be t leclucecl  that  i t  is  a 158

resic lLre pr 'otr i r l  rv i th a calculatecl  rnole-cul î r  \ \ 'e ight  of  17.-5 kD. NIal  c l  I  has no



N-g lycosv la t ion  s i te .  S ince  NIa l  d  I  b inds  to  sorne  lcc t i r rs  (c .g .  ConA.  L rnpub l .
rcs r - r l t s ) .  i t  rnay  car rv  O- l inked sL lgar  res ic lucs .  Th is  wou l r l  a lso  exp la in  the  c l i f -
fe ren t  mis ra t ion  charac ter is t i cs  o f  NIa l  d  I  i i nc l  Be t  v  I  in  SDS-PAGE ( f ig .2 t .

Al thougir  the rnolecular r ,v 'e ig i r ts ol 'both al lergcns culculater l  f rorn the c leducecl
anr ino  ac id  secprence i ì re  near ly  ident ica l  (17 .4117.5  kD)  11  .221.  the  apparent
molecular weisht  of  Mal c l  I  observed in SDS-PAGE is c lear ly hi- ther (see
f i g . 2 ) .

The cledLrced amino acid seqlrence of  Mal c l  I  is  63% ident ical  wi th one
isoform of Bet v I  (BV SC3) [23] ,  ancl  the ic lent i ty r ,v i th Api  g I  l ' rom celery is
39% (see C. Ebner,  th is issue).  Our lv la l  c l  I  sequence cl i f fers in three amino
acid resic lues f rom the sequence recent lv analvzed by Brei teneder et  a l .  f2- l l
(98% ic lent i ty) .  point ing to a low microheteroeenei ty of  the f ru i t  a l lergen. In
accordance with the observat ion macle wi th Bet v l .  Api  _s I  ancl  the part ia l
seqLrences of  t l - re cherry ut tc l  carrot  a l lercens. a l i ieh scqLlence ident i ty of
approximately 50c/(  w. i th sol 'ne intracel l t r lar 'pathoqencsis-r 'e lated proteins '
f rom foocl  p lants.  for  exarnple pea or sol ,bei tn.  has been found [8.221. The
exact physiolo-r ical  funct iorrs of  thesc protei l ts l t re unknown.

Conc lus ions

The invcst igat ions of  N' l l l  d I  ancl  Api  - t  I  may se rvc as a moclel  for  typical
birch pol len-relatccl  foocl  hvpersensi t iv i t ies.  Together wi th t l re stucl ies of  other
f ru i t  anc l  vesc tab les .  the  resu l ts  c lcar ly  h igh l ieh t  the  molecu la r  bas is  o f  the
abovc phe'nonrenon: t l le rnl . jor i ty of  these foocl  a l lergics is caused b1, 'a fami ly
o f  lo r ,v  n ro lecu la r  we igh t  a l le rgc-ns  r , ' v 'h ich  a l l .  l i kc  Bet  v  l .  rnav  be long to  a
groLlp of  pathorenesis-relatet l  proteins.  bein_q involvecl  in plant c letense mecha-
nisms. Incl iv ic lLral  sc 'nsi t izr , r t ion pi t t te rns of  c l i f tere nt  pat ients to vur i t - rus k incls of
f rLr i t  rnay be clue to thc se QLlc ' rce var iat ions anlong the Bet v l - re latecl  tood
al lergens. Al l  presc'nt  r r -sul ts of  str-rc l ies rv i th Bct r , '  l / iVIal  c l  I  crr- iphasize that
scns i t i za t ion  is  c lue  to  b i rch  po l l cn  inha la t ion .  Wl - ren  Bet  v  l -spec i f i c  IgE has
been raisct l  ancl  the cortcentrat ion exceecls an incl iv i t lual  thresholc ' l  level .  apple
al lerey occLrrs.  For pat ients sensi t ized to the nujor al lergens. there is no evi-
c lence that apple ingest ion r lav be the reasc-rn for  sensi t izat ion.  Hor.r , 'ever,  the
si tuat ion rr"ray be cl i f fèrent in ureas withor-r t  b i rch t rees. In Spain,  for  exarnple.
t l - re pan-al lergcn prof i l in has recent l l , ,bcen ic lcrr t i f icc l  as an i r lportant cross-
react ive al ler- ten in grass pol lcn.  tpplc ancl  peacl t  [251. bLrt  the potencv of  apple
prof i l in to orel lv serts i t ize etopic pat ients is also Lrnknclv 'u,n.  Clear ans\\ , 'ers to the
r lL lc-st ions in the contcxt  of  oral  scnsi t izat ion agninst  the plant foot l  l r l lersens
c i l r . ì  o t t l v  b e  g i r ' e n  a t  t h e ' f - c c l l  l e v e l .  N l L r l t i p l e ' f  c c i l  e p i t o p e s  i n c l u c i n g
enhancecl  IL-- l  procluct iorr  have recent ly been foLrnr l  on Bet v I  [26-]81. Tl"rree
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highl l '  cross- l 'cLìct ivc cpi topcs t ' rorrr  thc rna. j t r r  u l lcrgcns ot '  haz-cl  und alc ler
pol lcrr  cotr ta inct l  bet ' , 'ueen l / l l  urrc l  l i  l2 anr i r ro acir l  changcs. One of  thc t rv 'o
pcpt ides.  r , r , 'h ich di l ' f 'crccl  in thrcc anr ino acir ls l i 'om Bct v l .  incluced a l0- fo lc l
Iowcr  p ro l i tè ra t io t t  ra tc  r .v i th  thc  T-cc l l  c lone f ro rn  a  Bc t  v  l -a l le rg ic  pa t ien t
whcn corì lparccl  to the corrcsponding seqLrrnce of  Bct  v l .  On t l re contrutry.  a
n t in in ru tn  o1 ' i /12  c l tangcs  occurs  w i th  l -1  c l i s t inc t  cp i topcs  o f  Bet  v  I  anc l  the
corrcsponcl ing Mal c l  I  seqLrcnces. Onc e pi tope that has bccn clescr ibccl  as bcing
inrtnLtnociotninal t t  (Bct  v |  7 l -92) container l  l0 l l ( r  exchanges. These l ' incl ings
n- ì îy  sL lppor t  the  v ic r ,v  o f  a  lower  sens i t i za t i ( ) r ì  p ( ) tencv  o l ' the  app le  a l l c r_uen.
S ince  T-ce l l  s t i r r iL r la t ion  expcr i rnents  w i th  pur i f iec l  o r  reconrb inant  NIa l  d  I  a re
being pertorntecl  l rv several  researchers.  we can expect c lcar resul ts on this sub-
ject  in the near future .  FLrr ther work is also neecled to invest i .gate t l te strurcture
o f  the  c ross- reac t ivc  B-ce l l  ep i topes .
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