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A birch gene family encoding pollen allergens
and pathogenesis-related proteins
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Abstract

Bet u l, the ntajor ptll lcn allergen of birch (Betula L:erntcosa), shows high sequencc homology to a family of pathogenesis-rc-
la ted (PR) protc ins that  have recent ly  been ident i f ied in  severa l  o ther  p lant  spcc ies.  We have usecl  a  pol lcn Bcl  l  I  cDNA c lone
rnd ant i -Bet  r r  I  ant ibodies as probes to s tudy the cxpress ion cf  Bet  t ,  I  gencs in  b i rch cel l  suspensiqn cul turcs under  d i f fèrcnt
exper imenta l  condi t ions.  Induct ion c: l '  Bel  L ,  I - rc la ted protc ins was c letectcd in  in tmunoblots  of  cc l l  ext racts  upon cg-cul t ivat ion
r i th  microbia l  pathogens.  Nor thern analys is  revcaler l  the rapid inc luct ion oÌ  Bet  u I  t ranscr ip ts  in  the prescnce of  bacter ia  and
fungi ,  but  not  by s t ress t reatmcnts (hcat  shock,  meta l  ions)  or  by chemical  e l ic i tors .  RNasc protect ion expcr imcnts showed that
the pathogen- inducib lc  RNAs d id not  c<l r responcl  to  the pol len cDNA c lonc but  most  l ike ly  to  the proc lucts  of  t ranscr ip t ion o[
other  membcrs t t Î  the Bet  t '  I  gene fami ly ,  shar ing h igh sequence honro logy wi th the pol lcn-spcci f ic  genc wi th in thc 5 ' -hal f  o f  thc
eoding region.  We conclude that  the Bet  t r  I  genc fami ly  of  po l len a l lergens inc ludes a subset  of  dcfcnsc-rc latec l  gencs lhat  are
transcriptionally activated in the presencc of microbial pathogcns.

Kqwords: Allcrgy; Bet u I; Microbial pathogen; Pollen; Pathogenesis-related proteinl (Betula)

[. Introduction For most PR proteins, however, the biological act ivi ty
is st i l l  unknown.

Reccntly, a new class of ubicluitous, highly con-
served defense-related proteins has been described.
Members of this family of PR-proteins are transcrip-
t ional ly act ivated upon infection with bacterial or fun-
gal pathogens, or by treatment with fungal el ici tors, in
bean [9 ]  and pars ley  [10 ,11 ]  suspens ion  cu l tu res ,  in  pea
pods [12 ,13 ]  and in  po ta to  tuber  d isks  [14 ] .  Homolo-
gous genes are induced by wounding in asparagus [15]
and under dif ferent stress condit ions ( including also
wounding and treatment with fungal el ici tor) in soy-
bean [16]. Similari t ies in amino acid sequence, protein
size (about 17 kDa) and total charge clearly indicate a
common ancestry and most probably an identical or
related, st i l l  unknown function for these proteins.

Interestingly, an al lergcnic birch protein seems also
to belong to this class of defense-related proteins. Bel
l  I ,  a polypeptide of 17 kDa, is the major birch pol len
af lergen, responsible for IgE binding in more than957o

, . i,]
i
l

Pathogenesis-related (PR) proteins are a heteroge-
n€ous group o[ host-encoded, low molecular weight
proteins that are int luced in plant t issues by infect ion
vlth pathogens (fungi, bacteria, viruses or viroids) or by
Ecatment with biot ic or chemical el ici tors. The synthe-
us of specif ic pathogen-inducible proteins can also be
rqrvated uncler dif ferent stress condit ions, including
oeat shock. wounding, anaerobiosis, hormonal shock or
Featment with a large number of chemicals and metal

f f  
( ,s..  I t-+] for reviews). 

' I 'wo groups of pR-prorerns

;i ' : ,0::n identi f ied as chir inases and 1,3-B-glucanases
ì-o.1. Slnce these hydrolyt ic enzymes can digest the'$n,component 

of the cel l  wal ls of fungi an<J bacterra,
'  B. l ikely that they have a cl irect anti-microbiat ef i 'ect
'  ule defensc reaction of the plant against pathogcns.
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of Plrytoplúltora in.festat$ and to potato virus X [29]. In
similar experiments, we have produced transgcnic to-
bacco plants containing the pol len Bet u I  coding
sequence cloned behind the 35S promoter and also
found no dif ferenccs in the response against compati-
blc and inccrmpatible bacterial pathogens (P. syringae,
ssps. tabaci and pLsl, respectively), as compared to
control wi ld-type plants (I .  Swoboda, E. Stciger, E.
Heberle-Bors, O. Vicente, unpublished results).

From the bacteria and fungi used in our experi-
rnerìts, only Taphrirta betulina is a natural pathogen of
birch. However, al l  microbes tested, including a non-
pathogenic bactcrium such as E. col i .  induced the
rapid activation of Bet rr I  gcnes in cultured birch cel ls.
Since the bands detccted in the Northern blots may
cclrrespond to sevcral related transcripts, the induction
by specif ic fungi or bacteria of dif ferent genes cannot
be excluded. ln addit ion, obviously, the results ob-
tained in the art i f ic ial si tuation of the suspension cul-
ture carìnot l le direct ly cxtrapolated to the natural
interactions of cornpatible and incompatible pathogcns
with thc whole plant. Nevertheless, these data suggest
that Bet u I  genes belong to the group of genes that
are induced unspecif ical ly upon interaction of plant
cells with microbes, irrespective of the final resr,rlt of
such intcraction (hypersensit ive response, systemic in-
fect ion, etc.),  ancl probably are not direct ly involved in
thc defcnse respouse against pathogens. Screening of a
cDNA library preparcd from a Pseudontcnms-infected
cel l  suspension culture is already in progress in onc of
our laboratories, in order t i t  isolate putat ive pathogen-
inducible Bet rt  I  clones which wil l  be used to investi-
gate the expression of individual genes upon interac-
t ion of cultured cel ls and plant t issues with cl i f ferent
compatible and incompatible microbial pathogens.

Acknowledgements

This work was supported by the Austr ian 'Fonds zur
IìÒrderung der wissenschaftlichen Forschung', projects
5ó002 and 5ó003.

References

[1] Carr, J.P. and Klessig, D.F. (19tì9) in Genetic engineering,
principles and methods (Setlow, J.K., ed.),  Vol. 11, pp. 65-100,
Plenum Press, New York.

[2 ]  Lamb, C.J. ,  Lawton,  M.A. ,  Dron,  M.  and l ) ixon,  R.A.  (19g9)
( e l l  5 r r .  2 1 5  - 2 2 4 .

[ 3 ]  V a n  h o n ,  L . C .  ( 1 9 8 5 )  P l a n t  M o l .  B i 0 l . 4 ,  1 1 1 - 1 i 6 .
[4 ]  Bowles.  D.J.  (1990)  Annu.  Rev.  Biochem. 59,  873-9{)7.  ,
[5 ]  Dong,  X. ,  Mindr inos,  M. ,  Davis  K.R.  and Ausubel ,  F.M.  q99l )  .

I ' lant  Cel l  3 ,61-72.

[6] Kauffmann, S., kgrand, M., Geoffroy, P. and Fritig, B. 69g7] ,
EMIIO J.  b .  . r2( ,c) - .1212

[7]  Kombr ink,  E. ,  Schr( ider ,  M.  and I lah lbrock,  K.  (1q88)  proc.  .
Natl. Acad. Sci. USA 85,782,786. .

[8] kgrand, M.. Kauffmann, S., Geoffroy. P. anrl Fritig, B. q9g?) ,;
Proc. Natl. Acad. Sci. USA 84, 6750-6754. i

[9 ]  Wal ter ,  M. l l . ,  L iu .  J . -W.,  Grand,  C. ,  Lamb, C.J.  an<l  Hess,  D.  J
(1990)  Mol .  Gen.  Genet .  222,353-360.  t

[10]  Somssich,  I .E. ,  Schmelzer ,  E. ,  Bol lmann,  J .  and Hahlbrock,  K Í
(1986)  Proc.  Nat l .  Acad.  Sci .  USA 8?,2427-2430.  ì

[11]  Somssich,  I . f : . ,  Schmelzer ,  E, ,  Kawal leck,  P.  and l lah lbrock,  K {
( l98t l )  Mol .  Gen.  Genet .  213,93-98.  4

[12] Daniels. C.I{., Fristensky, I}., Wagoner, W. and lìarlwiger, L.A. }
(  l9 t ì7)  Plant  Moì .  B io l .  8 ,  30s-316.  ]

[13] F'ristensky, 8., I{orovitz, D. and Hadwiger, L.A. (1988) plant {
Mol .  tJ io l .  11,713-715.  f i

[14]  Mat ton,  D.P.  and Br isson,  N.  ( l9 t ì9)  Mol .  P lant-Microbe Int .  |  $
. 1 t 5 - . ì ì t .  ,

[15]  Warner ,  S.A.J. ,  Scot t ,  R.  and Draper ,  J .  (1992)  Plant  Mol .  B io l .  i
I  9 .  555-5b |  .

[16]  C]owel l ,  D.N. ,  John,  M.8. ,  Russel l ,  D.  and Amasino,  R.M. ,
(1992)  Plant  Mol .  B io l .  l t t ,  459-466.

[17] tsreiteneder, H., Pettenburger, K., Il ito, A., Valenta, R., Kraft,t
D. ,  Rumpold,  [ I . ,  Scheiner ,  O.  and Bre i tenbach,  M.  (19891

EMBO J.  8,  193s 1938.  I
[18]  Murashige,  T.  ancl  Skoog,  F.  (1962)  Physio l -  P lant .  15,473-49i l

[19]  Laemml i ,  t l .K.  (1970)  Nature 227.6 l ì0-685.  . : j
[20]  Jaro l im.  E. ,  Tejk l ,  M. ,  Rohac.  M. ,  Schlerka,  G. ,  Scheiner ,  O. ,

Kraf t ,  D.  Bre i tenbach,  M.  and Rumpold,  I I .  ( l9Sg)  In t .  tucb
Al lergy Appl .  Immunol .  90,  -54-60.  :

[2 l l  Bradford,  M.M. (1976)  Anal .  ts iochem. 72,248-254.  '1

[22] Maniatis, T., Fritsch, E,.F. and Sambrook, J. (1982) MolecuQ
cloning: a laboratory manual, Cold Spring lJarbor Laborato!
Press, Cold SPring llarbor. i

[23]  Mel ton,  D.A. ,  Kr ieg,  P.A. ,  Rebagl ia t t i ,  M.R. ,  Maniat is ,  T, ,  Z int

K.  and Green,  M.R.  (1984)  Nucle ic  Acids Res.  12,  7Lì35-70f

[24] Gootlall, G.J., Wiebauer, K. anil Filipowicz, W. (1990) Method

Enzymol .  I  lJ  l ,  148-  lh  I  .

[25] Chomczynski, P. and Sacchi, N. (1987) Anal. Biochem. l4

1 5 6 - 1 5 9 .  l

[26] Fourney, R.M., Miyakoshi, J., Day III, R.S. and Paterson, lffi

( l9 t ì8)  Fucus lU.  -s-7.

[27] Myers, R.M., Larin, Z. and Maniatis, T. (1985) Sciencc I

| 242- I24tr.

[28] Constabel. C.P. antl Brisson, N. (1992) Planta 188,289-295'l

[29] Constabel, C.P., Bertrancl, C. and Brisson, N. (1993) Planl I

Bro l .22 ,775-782

I

T

'Diuit

n Molecu

'  I n o n
, rnín, tr
; gfomote
' &loraml
i pomotet

tu -25!

: úted fo'. 
drorio-dt

' hchorio
hthe co

, lúivity ir
0b cell t

, h huma

, pword:

h---

i i r
tr 

'..ì,ll

. ,ltntroa
j  j ' ì
l j  Àcnin
i'11 please

ki -Yme
1.{ otcnsin
;:; ffrea p
ii Dhic a
q hrhtir' 

iihelir
SlVo
huma
H n
I

i!**

Frpt&.or

' 
lbclracl

Nt/n
l6  7 .


