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Abstract: Considering the krtorl 'n N-rcrminal amino acid scquence of the malor
agPle al lergcn, a polymerase chain rcaction (PCR) primer u,as selected to ampli fy
cDNA encoding this protein. A srngle PCR product rvas obtained, cloned into
Escherichia coli and subseque ntll' sequenced. The missing S'-end of the apple
cDNA sequence was obtained by a 5'-RACE method. The cDNA sequen€
showed 72o/o identity with the coding region of one of the known isoforris of Bet
v 1, the major allergen of birch pollen. The deduced amino acid séli4ence
resulted in a 158-residue protern w' i th a calculated molecular mass of l7ì5 kDa
and 63% amino ac id  sequencc r r lcnt i ty  to  Bet  v  l .  In  adc l i t ion,  fur ther  protc in
al ignmcnts showed a high dcqric of identi ty with al lercens from other tree
pol lens i l r l \ l  some'pathogcncs l \  í . '1 , ì tcd prote ins ' f rom f t , , r t i  p lants .  Accord ing r t r
in tcr t ta t i ' rn . r l  regu la t ions thc- . ì l l , - ) i ! : . . ' r ì  was termed i r {a l  , t  i  fo ,  th is  prote in ,  r r
9-. i"9 thc fìrst major al lerqcn r irs..ovcred and characrcriscd in fruit i  of apple
(Malus domestica).

Key words, B., u 1, birch pol len rerated food al lergy, cDNA sequence, cross-
lg"_.tlu1t], major apple allergen. Mal d r, pathogenèsis related pioteinr, pcn,
s'-RACE. :

INTRODUCTION

Allergy to fresh apples as well as to other fruirs, nuts
and vegetables (for example, cherry, plum, peach, kiwi,
celery, carrot) is highly associated with type I allergy ro
birch pollen (Calkhoven et at IgB:-; Dreborg lggg; Hel-
bling et al 1993). Ingestion of these plant foods causes
mainly oropharyngeal symproms (Dreborg tggg;
Ortolani et al 1988; Helbling et al 1993), mediated by
the patients' allergen specific IgE antibodies. Approx-
imately 70'/o or a[ birch pollen allergic patients suffer

t Author to whom correspondence should be addressed at
Paul-Ehrlich-Institut, Bundesamt fiir Sera und Impfstoffe,
Abteilung fi ir Allergologie, paul-Ehrlich-Str. 5l_59, D_63225
Langen, Germany.

475
J sci Food Agric0022-5t421966a9"00 e 1996 scl. p.nred rn Great Britain

from these so-called 'birch pollen related food allergies'
(Eriksson et al 1982; Dreborg and Foucard t98l;
Dreborg 1988; Móller 1989). The observed clustering of
hypersensitivit ies is due to cross-reactions of specifìc
IgE antibodies with corresponding epitopes on the
allergens of food and pollen (Bjórkstén et al 1980; t{al-
mepuro et al 1984; Halmepuro and Lswenstein 1985;
Calkhoven et al 1987; Ebner et al 1991; Vierhs et al
1992a).

Besides profilins, a family of cross-reacting plant pan-
allergens (Valenta et al L992; Van Ree er al 1992\, and
'cross-reactive 

carbohydrate determinants' (Aalberse et
al l98l; Calkhoven et al 1987; Vieths et al 1994b), most
of the birch pollen related food hypersensitivities are
caused by a family of plant proteins sharing common
epitopes with the major allergen of birch pollen, Ber v I
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(Ebner et al I99l; Vieths et al 1993b, 1994c; Schóning
et al 1995). Studies with patients' sera and monoclonal
antibodies specific to Bet v 1 revealed common struc-
tures of Bet v 1 and an 18 kDa allergen from apple
(Ebner et aI l99I; Vieths et al 1993b, 1994c; Schóning
et al 1995). IgE specific for this protein has been
detected in 65-83Yo of sera from apple allergic patients
(Ebner et aI L99l; Vieths et al 1995a). Ir has rherefore
been concluded that this protein represents the major
allergen of apple.

Recently, we further confirmed the presumed
relationship between Bet v I and the corresponding
allergens in fruits and vegetables by two-dimensional
immunoblotting and N-terminal microsequencing with
allergens of apple, cherry, carrot and celery (Vieths er at
t994c; Schóning et al 1995). Based on the first 15 N-
terminal amino acid residues, the apple allergen, for
example, revealed 53% sequence identity with Bet v I
and cross-reacted with different Bet v I specific mono-
clonal antibodies and Èabbit anrise ra as well as patients'
sera in IgE immunoblot t ing expcnme nts.

Using a [Jet  v I  encoding ci)NA clone as a probe,
nor thern  b lo t t ing  exper imcnts  \ \  r rh  an  app lc  RNA prcp-
arat ion suggestcd a s igni f ìcanr hornology of  thc t rvo
allergens at thc nucleic acid lci,cl (f:bncr et al l99I).

In ordcr to cor i f i rm thesc rcsuIts.  and becausc apple
hypersensi t iv i ty has been studrcr l  . rs an immunopatho-
logic model represent ing rhe t1 'p ical  s i tuat ion of  the
whole phenomenon (Bjórkstén er c/ 1980; Ebner et al
l99I; Vieths et al |993a,b), cDNA encoding rhe major
part of the 18 kDa apple allcrgen was amplif ied by
means of  polymerase chain rc l ic î ion (PCR), c loncd l rncl
sequcncc( l  Th is  paper  dcscr ib i : .  i l i r  sc lec t ion  o f  sLr i t r r l r l c
PCR pr i rncrs ,  thc  app l i ca t l t r r l  , , t  . i  5 ' -RACE mcthoc i  ro
achievc thc nr issing 5 ' -end tr f  l l i i  rpplc cDNA, ancl  prc-
sents a complete cDNA sequrr ìcc l - rom which the amino
acid sequence of the major appte allergen was deduced.

MATERTALS AND N{ETIIODS

RNA preparation from apple and cDNA synthesis

Apples (Granny Smith) were purchased at the local
market. Total RNA was prepared by grinding iced
apple slices in a guanidium throcyanate buffer followed
by fractional precipitation (MacDonald et al 1987).
Single-stranded cDNA was prepared with rhe
GeneAmp RNA PCR kit (Perkin Elmer Cerus,
Norwalk, CT, USA) using rhe degenerated oligo
dT primer dTdeg; TTTTTTTTTTTTTTTTNN-3'
(purchased from TIB MOLBIOL, Berlin, Germany). All
reactions were carried out with 0-45 pg of total RNA in
a final volume of 20.0 pl. The probes were denatured
for 10 min at 65"C and then pur on ice for 5 min. After
adding reverse transcriptase (2.5 units) and RNase
inhibi tor  (1-0 uni t )  reverse transcr ipt ion was carr ied out
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for 60 min at 42"C followed by an inactivation step for
5 min at 99"C. Controls omitting reverse transcriptase
were included.

Polymerase chain reaction (PCR) primers

The design of a specific 5' primer (upstream) was based
on the N-terminal sequence of the 18 kDa apple aller-
gen (Vieths et al 1994c; Schóning et al 1995) to amplify
and isolate cDNA encoding this protein. Back trans-
lation from peptide sequence to the corresponding
cDNA is diflicult due to the degeneracy of the genetic
code. Therefore the primer was directed against a region
rich in amino acids encoded only by one or two differ-
ent codons. Taking advantage of the high homology
between the known N-terminal amino acid sequences of
the apple allergen and Bet v 1(Ebner et al l99l; Vieths
et al I994c; Schóning et al 1995), the final oligonucleo-
tide sequence was further adaptcd by comparing all
possible codon combinations with the known cDNA
sequence of Bet v I (Breiteneder er ul 1989). The com-
binat ion wi th thc lorvcst  numbcr ol ' l r , isc crchanges was
chosen to bc tcstcd as a spcci l ìc pr imcr for  the apple
a l le rgen cDNA and te rnrcc l  pnn l r r  Ma ld l / l :
CGAAAATCAGTTCACCTCTG.A.-  l '  (purchased from
TIB MOLBIOL, Ber l in,  Gcrmanv).  I ;or  the revcrse
direction the primer dTdeg (see abovc) was used.

Polymerase chain reaction (PCR)

After opt i rn is ing,  PCR react ions \ \ r r .c carr ied out in a
f ina l  rcac t ion  vo lume o f  100 i r l  r ì :u r {  i r  Perk in  E l rncr
9600 (Pcrk i r r  I ' . l rnc r  Cetus)  c \c lc r  [ : r rch  reac t ion  mrx
conta ined l '0  x  PCR-buf fc r  I I  t l ' c rk in  E lmer  Cetus) .
1 .0  mu MgCl r ,0 -2  y tmo l  o idN- l - l )  1 [ ) romega,  Mad ison,
WI, USA), 100 pmol of primcr dTdcg (see above),
20.0 pmol of  pr imer Maldl /1 (see above),  2.0 pl  of  the
revelse transcription reaction solution (see above) and
2'5 units of Taq polymerase (Amltl iTaq DNA Poly-
merase, Perkin Elmer Cetus). Thc tubes were init ially
denatured for 40 s at 95'C. then annealed for 40 s at
47"C, and extended for 60 s at  l2 'C. ln the fo l lowing 39
cycles denaturation time was reduced to 20 s. A final
extension react ion of  10 min was added, to ensure that
all of the amplif ied products were full length. Negative
controls, without cDNA template, and controls of
genomic DNA traces in the RNA preparation were
included.

PCR product cloning

Standard protocols were used for DNA manipulations
(Sambrook et al 1989). Fifteen microlitres of the PCR
samples were analysed on a 20 g kg 

- t agarose gel. The
remainder was purif ied using a spin column (Clon Tech)
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[ i g l 'Aga rosege l (20gkg r .05xT l lE )  o t  t he  an rp l i l ì ùd  app le  CDNA a f r c r  I 'CR  us ing  p r ime rs  N t { k l l / l  and  d - l dcg  ( f )  t t  cach ) .
variat ion of lr !8C12 conccntrat ion: lane I,  l  O mrr MgCl, 1beìt results): lanc 2, 1.5 mù MgCl., .  Ianc 3, negative conrrot; tane 4.'  

0.5 rnu MgCl, :  lane 5. marker (100 bp laddcr, Gibco URI_).

to remove primers. One microlitre of purif ied pCR-
product was directly I igated into pGEM-T-vector
(pGEM-T Vector Systcm I ,  Promega, Macl ison, USA)
rrrrd then transfectecl  into competent ccl ls rr f  thc E col i
s t r a r n  D I { 5 a  ( G l R ( ' O  I ì R I - ,  G a i t h e r s b r r r g  t  ì S { ) .  C e l l s
*  c r r -  p la ted  and gr ( ) \ \  n  ovcrn igh t  on  i \ rn I l r : i i l i n .  b lue /
*hr lc select ion dishc:  \ \ 'h i te colonies r , , ,e rc prckcd and
used to prepare srocks and pur i f ìed plasrrr ic l .s.  Minor
parts of the plasmid preparatiols were digestccl sirnulta-
neously wi th Aat I I  (USB, USA) and Sac [  (Boehr inger,
Mannheim, Germany) and analysed on a 20 g kg-t
agarose gel. Positive clones carrying a plasrnid with an
insert of approximatcly 750 basepairs (bp) were selected
for the sequencing procedure.

5 ' -RACE

Rapid Ampl i f icat ion of  cDNA Ends (RA( ' l l )  was used
for the ampl i f icat ion of  the unknown 5'-end of  the
mRNA of the apple al lergen. After DNA sequencing of
the plasmids two different-gene specific antisense primer
were selected for the application in an 'anchored' pCR
method, Mald|l} CCCAAAACACCATAGATACTT-
3' and Maldl/3: GGCCTTCTCTTTTCCAACCTT-3,
(purchased from TIB MOLBIOL, Berlin, Germany).
First strand cDNA synrhesis was primed with Maldl12.
A terminal deoxynucleotidyl transferase was used to
add a homopolymeric dC tai l  ro rhe 3 ' -end of  the
cDNA. Tai led cDNA was ampl i f ied by pCR using a

mixture o[ three primers, thc nested gene spccifìc primìr
Maldl /3 and a combinat ion of  a complementary
homopolymer-containing adapter pr imer and a corre-
sponci ing universal  pr imcr.  A s ingle 5 ' -RA( [ :  product
n' i t l r  rpproximately 5,50 bp was obtaincr l  r . rsrng a
5 ' - i ì . \ ( ' l r  s y s t e m  ( G I I I ( - ( )  I ì R L ,  G a i t h c r s t l r r , l .  i i S A )
accr r r ( i r r ' ìg  to  the  mant r f i t c tu rers '  ins t ruc t r t r r r :  A f te r
rcnroral  of  pr imers the procluct  was direct l l .  scqucnced
trvo times with two different orimers.

PNA sequence analysis

DNA sequence analysis of the plasmids was performed
on a Vistra 725 automat ic f luorescent DNA sequencer
(Molecular Dynamics,  Amersham lnternat ional ,  L i t t le
Chalfont,  UK) using a cycle sequencing kir  (ATaq f luo-
rcscent clye-primer cycle sequencing kit, Arnersham
Internat ional)  for  d ideoxy scquencing. Thc pr intcrs used
for sequencing, M13 forward (  _21) and M13 reverse
(-26),  were 5 '  Texas Red label led lSmers.  Thc insert
was sequenced four times from both directions.

DNA sequence analysis of the 5'-RACE product was
performed with an ABI 373A automatic fluorescent
DNA sequencer (Applied Biosystems Inc) using
a dye-terminator cycle sequencing kit (PRISMTM
Ready Reaction Dye DeoxyrM Terminator Cycle
Sequencing Kit, Applied Biosyss tnc). Bascd on the
DNA sequence obtained previously, rwo different
prime rs were selected for sequencing,



478

Mald I 14 : CGATGGTGTCTGTCAAAG-3' and Matdt/
5: GGATTTCAGCTTGCTTGATTG-3' (purchased
from TIB MOLBIOL, Berlin, Germany).

RESULTS

The yield of RNA prepared from Granny Smith apples
was very low (approximately 3-0 pg total RNA per
1.0 g fresh apple), but total RNA could be used to syn-
thesise single stranded cDNA with rhe poly-(A)-tail
primer dTdeg. The primers Maldl lL and dTdeg used in
PCR reactions with apple cDNA produced one single
band approximately 750 basepairs (bp) in length (see
Fig 1). No bands were found in the controls.

After removal of primers a small amount of the crude
PCR-product was ligated into pGEM-T-vector and
transferred into E coli. Clones containing an insert of
approximately 750 bp were found and selected for DNA
sequencing. The application o[ a 5'-RAcE-system to the
apple mRNA resulted in one single product of approx-
imatcly 550 bp. After removal of primers this product
was sequcnced dircctly.

B Schóning et al

DNA sequen@ analysis of both the cloned pCR
product and the 5'-RACE product resulted in an
overlap of 219 bases, which matched completely. The
entire sequence of the cDNA is presented in Fig 2
together with the deduced amino acid sequence. The
cDNA sequenft showed 72o/o identity with the coding
region of BVISC3 (unpublished, EMBL AC X77601),
one of the known isoforms of Bet v 1. The overall infor-
mation results in a l58-residue protein with a calculated
molecular mass of 17.5 kDa and no N-glycosylation
site. Prediction of the amino acid sequence from the
cDNA data and the protein sequence achieved earlier
by N-terminal microsequencing showed an overlap of
26 amino acids with 25 of them being identical (see Fig
2). The nucleotide sequen€ was submitted to the
EMBL Nucleotide Sequence Database (Accession No:
x83672 MDMALDl).

A comparison of the cDNA sequenc€ presented here
to all sequences in the EMBL Nucleotide Sequence
Database revealed homologies with many different
nucleotide sequences, all of thcm encoding trce pollcn
al lcrgens or proteins belonging to a iami ly of  p lant
'pathogencsis-rc latcd protc ins '  ( lJrc i tcncdcr er rul  1989:

AA, / Ng

ACAATAC T C T CA.ACCCTCAATAAÀ,ACCATCATCC TTCCTTGC TC ATTTTCCAACCTTT TT TT AA,TCATC - 1

ATG GGT GTC TAC ACA TTT GAG A.AC GAG TTC ACC TCÎ GAG ATT CCA CCA TCA AGA TTG TTC 60

L Het  W Ya l  Ty  Thr  Phe p lu  Asn G- tu  Phe ! ry  Ser  G- lu  I le  Pro  Pro  Ser 'Asg Leu Phe

A.AG GCC TTT GTC C*TT GAT GCT GAC A.AC CTC ATC CCC A,q,G ATT GCA CCC CAG GCA ATC A.AG LzO
2 0  L 1 s  A l a  P h e  v a )  L e 1  a s p  4 ] _ 4  A s p  A s n  L e u  I 7 e  P r o  L y s  I l e  A i a  P r o  G l n  A ì  a  I l e  L y s

CA.A GCT Gfuì àTC CTT GAA GGA A.AC GGT GGC CCC GGA ACC ATC AAG A.AG ATC ACl'  TTT GGT 180
' { 0  G l n  A l a  C L r . '  i l e  L e u  G l u  G l y  A s n  G l y  G l y  P r o  G L y  T h r  I } e  L y s  L y s  f l e  l - . r r r  P h e  G l y

GA.A GGC AGC CAG TAC GGC TAC GTG AAG CAC AGG ATT GAC TCG ATT GAC GA.A GCA AGC TAC 24O
6 0  G l u  G l y  S e r  G . l n  T y r  G 1 y  T y r  v a l  L y s  H i s  A r q  I l e  A s p  S e r  I I e  A s p  G I u  A I a  S e r  T y r

TCA TAC TCC TAC ACT TTG ATT GA.A GGA GAT GCT TTG ACA GAC ACC ATC GAG A.AA ATA TCT 3OO
8 0  S e r  T y r  S e r  T y r  T h r  L e u  î I e  G l u  G l y  A s p  A t a  L e u - ' î h r  A s p  î h r  I l e  G l u  L y s  r . t e  S e r

TAC GAG ACC AAG TTG GTG GCA TGT GGA AGT GGT TCC ACC ATC AAG AGC ATC AGT CAT TAC 360
100 Tyr  G lu  Thr  Lys  Leu va l  A Ia  Cys  Gly  Ser  G ly  Ser  îh r  I le  Lys  Ser  f le  Ser  H is  Tyr

CAC ACC AAG GGA A.AC ATT GAA ATC A.AG GAA GAG CAC GTC A.AG GTT GGA AJU\ GAG A-AG GCC I2O
1 2 0  H i s  T h r  L y s  G l y  A s n  I I e  G l u  I l - e  L y s  G l u  G f u  H i s  V a l  L y s  V a )  G l y  L y s  G l u  L y s  A t a

CAT GGT TTG TTC AAG CTT ATT GAG AGC TAC CTT A.AG GAC CAC CCC GAC GCA TAC A.AC TAA {80
1 { 0  H i s  G J y  L e u  P h e  L y s  L e u  I 7 e  G l u  S e r  T y r  L e u  L y s  A s p  H i s  P r o  A s p  A l a  T y r  A s n

ATTAATCATA.AGTAÎCTATGGTGTTTTGGGTGTTACCGTTACTATATGGTCAGTCGA.AGGTTGÎGTGGCTTTTCTTTGTA 560

TGTTTTTTTCACGTCAGCCNUqJ{GTN\TAACCATGGTTTGGGCAGTTTGGGCTTGN{J{J\ATN\GTGTTATGGTTGTGATG 6'O

ATCTTCTTGTTGCGATGTCTTTGTTTGGAAAAAAGÎTGrcAGACTGAACGGAGTGTATTATCTTCTATAA.ATATAATGA.A ?20

ATTACTTTTTAJqTCN\.IU\.1\IU\I\I4J{ 7I'

* a proline residuc has [gss detected by N-terminal microsequencing

Fig 2. Ovcrall nucleotide sequence ofthe cDNA and predicted amino acid sequence ofthe major apple allergen. Numbers indicate
amino acid residues (lcft) and nucleotide positions (right) of the sequence. The three-lcttcr codc for amino acids is used. Amino

acids identified by N-terminal microscquencing (Vieths er ol t994c; Schóning et al 1995) are uoderlined.
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GVYTF?NEFT SEIPPSRLFX AFVLDADNLI PKIAPQAIKQ AEILEGNGGP CTTKKITFGE
CVFNYEDEAT SVIAPARLFX SFVLDADNLI PTVAPENVSS AENIEETGCP CTIKKITFPE
CVFNYETETT SVIPAARLFX AFILDGDNLF PXVAPQAISS VENIEGSICGP TIKKISFPE
GVFNYEAETP SVIPAA,RLFK AFILDGDKLL PXVAPEAVSS VENIE@|GCP CIIKKITFPE
GVFNYEVETP SVIPAARLFX SYVLDGDKLI PKVAPQAITS VENVEOIGGP CrIKNITFGE
GIFTEEDETT SPVAPATLYX ALVTDADNVI PXAV-EAFRS VINLEGNGCP GTIIKKITN/E
CVFNYEAETT SVIPAA,RI.FK AFILDGNKLI PK/SPQAVSS VEN\TEGOTGCP CTIKKITFSE
CVFNV-EDEIT SWAPAILYX ALVTDADTLT PXVI-DAIKS IEIVE@|GCA GTTIXKLÎWE

GSQYGYVKHR IDSIDEASYS YSYTLIECDA LTDTIEtrISY ETKLVA-CGS CSTIKSISHY
GSHFKYMKHR VDEIDHANFK YCYSIIEGGP LGDTLEXISY EIXIVAAPGG OSILXITSKY
GFPFKYVKDR VDEVDHTNFK INYSVIEGGP IGDTLEKISN EIXIVATPDG CSILKISNKY
GSPFKYVKER VDE\TDRVNFK ISFSVIEGGA VGDALEXVCN EIXIVAAPDG GSILKISNKF
GSRYKYVKER VDEVDNTNFT ÍSYTVIECDV LGDKLEXVCH ELKIVTAPGG GSILTISSKF
DGESKFVLHK IESVDEANLG YSYSWGCVG LPDTVEKITF ECKLAIGANG GSAGKLTVKY
GSPVKYVKER VEEIDHTNFK ÍNYTVIEGDV LGDKLEKVSH ELXIVT.APGG GSIVT(ISSKF
DGETKHVLHK VEL\DVANLA TNYSIVGCVG FPDT'gEKISF EAXLSTGPNG GSIN(LSVKY

Walter et al 1990; Moiseyev et al 1994). Seven examples
out of  the highly homologous sequcnccs were choscrr
for an amino acicl alignment. T'hc prtrrcins encodctl tr i
the di f ferent c l )NA sequences i ì rc oi  ncrrr ly ident ical  srz, :
between l -58 lnr l  160 amino acids.

TABLE I
Degree of identity with the major apple allergen Mal d I '

479

Figure 3 shows the alignment of the deduced amino
acid sequence (scc l r ig 2) wi th BVISCi (unpubl ishcd,
L , M B L  A C  X 7 7 6 0 1 ) a n d  B e t  v  1 ( B r c r t c n c c l c r  e ú  n /  1 9 8 9 ) "
two isoforms oi  th:  major al lergcn t ' r , r r r  b i rch pol len.
Aln g 1,  thc rrr . r jor  a l lergen fror i r  a lder pol lcn
(Breiteneder et ul 1992), Cor a 1(5), an allcrgen of hazci
pollen (Breiteneder et al 1993), GMH4, a srress-induced
protein from soya bean (Crowell et al 1992).
PEADRRA, a disease resistance response protein from
pèa (Fristensky et al 1988), and Car b I(2), a pollen
allergen from hornbeam (Larsen et al I99Z).

In addition to Fig 3, Table 1 presenrs rhe high degree
of sequence ide ntity of the deduced amino acid
sequence (see Fig 2) with the seven proteins chosen for
sequence alignment.

DISCUSSION

Strong evidence exist lor the sequence data shown in
Fig 2 representing the cDNA sequence of the major
apple allergen. First, the total length of the deduced
amino acid sequence of the putative major allergen of
apple and its calculated molecular mass (MM) of
17'5 kDa correlates well with the apparent MM of
18'0 kDa observed in Disc-SDS-PAGE (Vieths et al
1992b, L994a,c, 1995b; Schóning et al 1995). Secondly,
the first 26 amino acid residues of the sequence of the

t . f e l  d 1
B1/1SC3
B o t v l
A,ln g 1
C o r  e  1 ( 5 )
GMEÀ
C a r  b  1 ( 2 )
PE.TDRRÀ

M r l d l
Brflsc3
B e t v l
l,ln g 1
C o r  a  1 ( 5 )
GMET,
ce r  b  1 (2 )
PETDRRT,

X.l d 1 HÎXCNI-EIK EEHVXVGKEK AHGI,FKLIES TLXDHPDAIN
AT'î[SC3 HÎI@DI-SLNEEEIXAGXEKGAGLFKAVENTLVAJIPNATN
8.t v 1 HTÍCDH-EVK AEQVIG,SXEM GETLLRAVES rI,LAHSDAttl
À,In g 1 HTXCDH_EIN AEQIXIEXEK AVGLIKA,VES YLI,AHSDAIN
COT a I(5) HAfiGDH_EIN ÀEEMXGAXEM AEKLLRAIV'ET TTLAHSAETN
G}'XA OTXGDA-QPN PDDLKIGI(VK SDALEK,AVEA YLLANPH-IN
Crl b 1(2} HAXGIYH-E!î': AEEMKGNTEM AEKLLRAVES III,AHTAEIN
PE.ÀDRRA, YTXCDA-AAPT EEQLKSDTAK GDGLFKALER TCI,AHPD-TN

Fig 3. Sequence comparison of the major apple al lergen Nlir l  d ì  rvirh BVISC3 (unpublishcd, tsMBL AC X776t)t) l lnd tset v I
(B(eiteleder et al 1989), two isoforms o[ thc major allergen from birch pollen, Aln g I, the major allergen ftom aldcr pollen
(Breiteneder et.r l  1992), Cor a l(5), an al lèrgcn of hazcl pol lcr) ( l ìrci tcncder er {21 tss:),  Óì\tr tq, a st-ress-inariea prorein from soya
bear (Crowell et al 1992\, PEADRRA, a orseasc resrstance rcsponsc protein from pea ([r stcnsky er dl 1988), and Car b l(2), a
pollen allergen from hornbeam (Larsen dr al 1992). The one lclrer code lor amino aciàs is usect. oveiatl identiry is indicared by bold

letters-

BV lSC3
B e t v l
A l n g l
Cor  a  l (5)
Car  b  1(2)
GMH4
PEADRRA

63%
560h
54%
54%
52o/o
490A
48%

" Degree of identity of the amino acid sequences of the major
apple al lergen with BVlSC3 (unpublished, EMBL AC
X77601) and Bet v I (Breiteneder et al 1989), rwo isoforms of
the major allergen from birch pollen, Aln g l, the major aller-
gen from alder pollen (Breiteneder et al 1992), Cor a l(5), an
allergen of hazel pollen (Breiteneder et al 1993), GMH4, a
stress-induced protein from soya bean (Crowell et al 1992),
PEADRRA, a disease-resistance response protein from pea
(Fristensky er c/ 1988), and Car b l(2), a pol len al lergen from
hornbeam (Larsen et at 1,992\.
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major apple allergen as obtained by N-terminal micro-
sequencing (Vieths et al 1994c) are identical with the
deduced amino acid sequence given in Fig 2 with the
exception of pos 16. A serine is encoded by the cDNA
sequen€ in comparison to proline analysed by micro-
sequencing. This mismatch may be due to slightly differ-
ent isoforms of the allergen in preparations of different
apple sources or to an O-glycosylation site at serine pos
16. Since the major allergen of apple is Con A-reactive
(own unpublished results), and has no N-glycosylation
site, it may carry some O-linked sugar residues. In this
case the serine residue would not be detectable by N-
terminal sequencing, due probably to a glycosylation,
while the proline signal could result from a memory
peak from proline in pos 14 and 15.

The sequence data of the major apple allergen pre-
sented here (Fig 2) have to be evaluared in context with
the results of Ebneî et al (1991) and our own group
(Vieths et al 1995a), documenring a frequency of tgE
response in apple allergic patients of Bi"/, and 65o ,
respectively, as well as the immunochemical character-
isat ion data of  th is al lergen (Bjòrksren er a/  1980; I {a l -
mepuro et  a l  1984; Halmepuro and L-ou,cnsrcin 1985;
Ca lkhoven e t  a l  1987;  Ebner  e r  o l  l99 l :  \ / i c ths  e t  a l
1992a,b,  1993a,b,  1994a,c,  t995a,b;  Schónin g t t  a l  1995).
lìurthermore, we have purif ied the allcrgcn to a degrcc
>95o/o,  and studicd thc al lergcnic potcncl  rn cornpar i -
son to Bet v I  quant i tat ively (Vieths et  u l  1995b).  The
data obtained by all these invesrigarions clearly furfi l  the
requirements of the WHO/IUIS allergen nomenclature
regulations (King et at 1994). We proposc to term this
protein, being the first major allcrgen discovercd and
character ised in f ru i ts of  applc ( f r la lus t l t ,ntr , : r ica),  Mal d
I  accord ing  to  thc  rcv ised a l l c rgcn  r ì ( )n ì i Ì i c la t r r rc  (K ing
et al 1994\.

The PCR strategy dcscr ibed hcrc in conrtr inar ion wi th
a 5 ' -RACE method provided us wi th rhe cnr i re cDNA
sequence of the major apple allergcn and its deduced
amino acid sequence (see Fig 2). The procedure to select
a primer from the known N-terminal amino acid
sequence of Mal d I by comparing the possible nucleo-
tide primer sequences with the presumed homologous
cDNA sequence of  Bet v I  (Brei tenedcr er al  1989)
proved to be successful, f irstly by resulting in only one
PCR product.  Secondly,  the sequencing analysis of  the
5'-RACE product revealed only three mismatches out of
2l bases between the cDNA sequence determined and
the deduced sequence of the primer Mald l/ l .

According to previous results (Vieths et al L994c:
Schóning et al 1995) a high sequence identity between
the cDNA sequence of Mal d I and Ber v I was
expected. The determination of the cDNA sequence pre-
sented here and the protein alignment of the deduced
amino acid sequence to Bet v I confirmed this hypothe-
sis (see Fig 3), and it further explains the known cross-
reactivity of the patients' IgE antibodies, rabbit
polyclonal  ant isera and some monoclonal  ant ibodies

B Schóníng et al

directed against epitopes on Bet v I (Ebner et al l99l;
Vieths et al 1993b, 1994c; Schóning et al 1995). Ber v I
represents a gene family (Swoboda et al 1995) with some
members showing a higher degree of identity with our
sequence shown in Fig 2 than the Bet v I protein
sequence published first (Breiteneder et al 19g9). For
example, BV1SC3 (unpublished, EMBL AC X776Ol)
revealed 63% sequence identity with the major apple
allergen compared to 57oÀ with Bet v 1 according to
Breiteneder et al (1989) (see Table l). Individual sensiri-
sation and cross-reactivity patterns of different allergic
patients may be due to these sequence variations.

The protein alignments (see Fig 3) further suggest a
possible cross-reactivity of patients' IgE antibodies
directed against the major allergens of hazel, alder and
hornbeam pollen and apple. This contingent enlarged
cross-reactivity needs further investigations. The
sequence of Mal d I shows a high degree of identity
with many different proteins (see Table l), all of them
being tree pollen allergens or members of a family of
plant 'pathogenesis-related proteins' (PRP). The latter
have been discovered af ter  t reat ing plants and plant cel l
cul tures wi th di f fercnt  c l ic i tors (Fr istcnskv et  o l  1988;
Walter et  u l  1990).  Thc high degrec of  arnrno acid
sequencc ident i ty of  Mal d I ,  49oh i r , r rh a [ ,Rp frorn
pca for example,  and thc pol len al lcrgcns i is tcd in
Table I  to these PRP is str ik ing becausc l i t r le is knorvn
about the funct ion of  Mal d I  in apple f ru i ts or Bet v I
in birch pollen. According to Breireneder er a/ (1989) it
is not unlikely that Bet v I fulf i ls a pathogen defence
function in birch. The detailed function, in parricular an
enzymatic act iv i ty,  has remained unkno\\ 'n.  but  latest
f ind ings  suggest  tha t  thcsc  pro te ins  mal  ha i ' c  r ibonu-
clcase act iv i ty ( l r , [o iscl ,cr '  et  a l  1994. IJuf  u '  , \ ,  [ lorstc l
[ ìcscarch lnst i tute,  pcrs comm).

The deduced amino acid scquencc of  Mal d I  now
avai lable helps to increase the understanding of  the phe-
nomenon of birch pollen related food hypersensitivity.
Epitope mapping could be carried out by resting the
reactivity of short synthetic peptides derived from the
sequence. The whole cDNA of Mal d I may be cloned
and expressed in Escherichia coli. Large amounts of this
recombinant allergen would be helpful in T and B cell
experiments, which may clarify the pathomechanism of
cross-allergenicity between birch pollen and fruits.
Further work on this fìeld is in progress.

Since the degree of expression of Mal d I seems to be
dependent on the apple strain (Vieths et al 1994a), the
knowledge of the nucleic acid sequence might lead to
the development of a PCR-based method of screening
old and new apple strains and to the preparation of a
phylogenetic tree for the expression of the major apple
allergen. That might help food growers cultivating apple
strains with low contents of Mal d 1, which may be ' low

allergenic'(Vieths et al 1994a), and therefore may help
to prevent the development of the birch pollen related
apple allergy in birch pollen sensitised patients.

, i
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