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Introduct ion

Grass pol len al lergens tr igger type I  a l lergic symptoms
such as rhini t is ,  conjunct iv i t is  and bronchial  asthma. Al ler-
genic components of  grass pol len can be classi f ied into di f -
fèrent groups accordin_e to their  physicochemical  and im-
munolo_qical  propert ies [ ] .  The most imporlant al lergens in
grass pol len are _qroup I  and 5 al lergens, as judged by both
cr i ter ia of  number of  a l lergic pat ients responding and rela-
t i r ,e arnount of  IgE binding to the al lergens [2] .  Together.
members of these t ',vo allergen groLlps account for most of
the IgE react iv i ty of  crude grass pol len extract  [3] .

GroLrp I and 5 allergens frorn _qrass genera share cross-
react ive IgE epi tope's [4-6] .  Thus. presence of  IgE ant ibod-
ies reactive to group I and 5 allergens fiorn one grass genus
is incl icat ive of  general  hypersensi t iv i ty to pol len al lergens
f iom a large number of  taronornical ly related grasses.
Group I  and 5 al lergens har, 'e been cloned frorn number of
grass senera ancl  their  nucleic acic l  secluences determined
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Abstract
cDNA clones r--ncoding tu,o isofbnls of  an al lergen f iom pol len of  Bermuda
grass (C-rnotlon cluctvlotrl hare been isolated using IgE fiom allergic patients.
Homologous transcr ipts are present in pol len of  l5 other grasses tested. This
al lergen. tentat ively designated as Cy'n d 7.  contains t r ,vo calc ium binding do-
mains  and shows s ien i t - l can t  sequence s imi la r i t y  w i th  o ther  Car  b ind ing  po l len
I t l lergens, namely Bet v J f iom birch and Bra r  I  f ì 'om oi lseed r Í . ìpe.  Appror i rnate-
ly l0%> of al lergic sera tested sho'uved [gE rcact iv i ty to th is al lergen. IgE cross-
react iv i ty was observed betrveen this al lergerr  and Bra r  I  of  o i lseed rape. IgE
react iv i ty of  th is al lersen reqr-r i res protein-bound Car .  Using IgE af , f in i ty-pur i -
f ìed f rom the recombinant al ler-gen to probe Western blots of  pol len extracts
Cyn d 7 has been ident i f ied as a 12 kDA protein.

Grass pol len hypersensi t iv i ty occasional ly predisposes
indiv iduals for  react iv i ty to pol len f rom other plants and for
food al lergy to var ious r ,egetables and f iu i ts [5,  l2] .  Exam-
ples of  grass pol len-associated al lergy have been reported
for ol ive pol len [3] ,  b i rch pol len l l4]  and potato tuber ant i -
gens [5] .  Recent ly,  i t  has been reported that indiv iduals al-
lergic to oi lseed rape are almost always al lergic to _urass pol-

len [6] .  The common explanat ion of  th is observat ion is the
presence of  re lated al lergens rv i th cross-react i r , 'e IgE epi-
topes in pol len of  both plants.  Pol len f iorn the abor, 'e non-
grass genera do not contain ant igens cross-rei . ìct ive r i  i th
group I  and 5 ai lergens of  grass pol len.  Ident i f - icat ion of
indiv idual  a l lergens other thar-r  those cross-react i r , 'e rv i th
group i  and groLrp 5 is of  importance fbr defìning the molec-
ular basis of  the observed concordant react iv i ty.

Al lergens responsible fbr  react iv i ty to diverse plant
soLlrces are l ikely to be def ined as'r-ninor 'by the cr i ter ion of
l ' requency of  react iv ' i ty  in a popLr lat ion.  One such minor al-
lergen is protr l in vvhich rvas f ì rst  sholvn to be art  a l lergen in
birch pol len wi th l0-15' l 'u of  i i l ler-eic subjects shor i . ing reac-
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t ivi ty i l7].  Profi l in is a highly conserved protein presenr in
almost al l  eukaryotic or_eanisnrs. I t  has also been described
as an al lergen f iom grass pol len as well  as in a rvide ranse ol
vesetable fbods such as potaro and celery [5].

In this paper, 'uve describe the identi f  icat ion of ca, 
- 
binci-

ine proteins as a new class of pol len ai lergens from Bermu-
da grass 1C.r'nodon tlucn;lon). we have tentativelv named
these al lerge.s cyn d 7. Three cDNA clones. B l .  Bi and 84.
coding t'or Cyn d 7 were isolatecl by screenin_s of a Bermuda
grass pol len cDNA expression l ibrary with I_sE f iom al ler-
gic patients. A hi-sh level of cyn d 7 transcript was cierected
in mature pol len of Bennuda grass and in a number of grass
senera tested. cyn d 7 shows structural honrologies rvith
car '  b i 'd ine a l lergens.  Ber  v  - l  f iorn b i rch pol len I lg ]  and
Bra r  I  f rom oi lseed rape pol len [19] .  IgE cross-reacr iv i ty  is
observ'ed betrveen cyn d 7 of Bermuda grass and Bra r I of
oi lseed rape pol len al lergens. Recently, a high r 'olecular
rveight allergen fiom timothy grass (phleunt protetr.se) pol-
len rvas fbund to show signifìcant I,eE cross_reactir ity r,vith
ragr,veed allergen Amb a I [20]. The observ.ed cross-reac-
t ivi ty among pol len al lergens from botanical ly u'relatecl
plant genera may explain in par-t generar hypersensit ir ,  i ty to
pol len lrom any source observed in a certain class of atooic
individuals.

Mater ia ls  and Methods

Serunt
Human serunr rvas coi lected by Dr. Krishnas\\,amy lDoncaster,

victoria), l rom patients rvith i ì  case history of ai lergy tó grr* poi len
and a posit ive skin test to ryegrass or Bcrmuda grass pol ler-r e\tract.

Grus.s Pollen
Grass pol len ' ,vas obtained from Greer Laborato.es (N.c.. usA)

and Holl ister Stier (wash., usA) as dry, nondefartecl pol len and srore<i
at -20'c unti l  use. The grasses used in this stut ly r.veie Bermucia grass
(C. dactvlorzl, quack grass (,lgropl:ron u.istcttrrplT, orcharil grass ha,
t1,lis glomerutul, meadorv fèscue (Fe.stucu elcttirtr), ry"g.r"r, (Lolitutt
perenne), Kentuckll bluegrass (pou proten.l.i.i/. cultivatecl oat (.|vertu
;ctt iva). t imothy grass lP pratense). salt  grass (DÌ.st ichl is .stn(.tu).
smooth brome (Bromus inermis), sweet vernal (.lrtth,rurtthunt odor_
uttul l) ,  wheat (Tr ' í t icunt uesti t , tun). Johnson grass /soi.g l tunt l tulepett-
.ii.y/ and maize (Zeu mu.y..s).

C rt ns I ruct io rt u ntl Sc ree n i ng o./' c, D ù.1 Li h ra n,
Total RNA *'as isorated from Berm.da grais poiren es t lescribeci

[21] .  Po ly  A + RNA r ,vas obra ined us ing a 'RNA pur i f ica t ion k i t
(Pharmacia) and a cDNA expression l ibrary rvas constructeci in i ._eti l
Lrsing a Time-Saver cDNA synthesis kit  accorci ing to the manufactur-
er 's  ins t ruct ions (Pharmacia) .  lmmunolog ica l  scréening of  the cDNA
Iibrary was conducted by probing the recombinant protein l i t ìs with
serum of a grass pol len al lereic patient. The posit ir . . . lon., rvere rden-
t i  f ìed us i  ng ' r5  [ -  labc l  lec i  ant i  human IgE ant ibot ty  (  Ka l  les tad.  L  s . {  ) .

,Y u c' I e o t i tl e S e q u e n c' i tt g u n tl S e t1 t rc n c t, .l n u /.t,.s i.t
The cDNA inserts rccoverecr f i .m thc p<lsit ive clones wcre sub-

c loned in to  pBlLrescr ip t  SK (+)  (s t ra tagene)  anc i  Lrsec i  for  scquencrng.
DNA sequencing was perfbrmecl on croubrc-strancred DNA by the ciì-
c lcoxy cha in- terminat ion method us ing a T7 DNA sc.quenc ing k i t
(Pharmacia). Sequences were t letermined on both strands of DNA. Se-
quence analysrs  rvas per tbrmed Lrs ing ANGts (Aust ra l ia  Nat iona l  Ge_
nomrc Information Service) which has access to the major ciatabases
inc lud ing GenBank.  E iv{BL and NBRF nuc le ic  ac ic l  l ib ia 'es ,  NBRF
PIR protein and Srviss-prot l ibraries.

!'htrthent Blot untl Southern .lnuly,srs
Total RNA was exrracted t iom poi len. leaves and roots using the

method descr ibed by chomczynsk i  anc l  Sacchi  [2  r ] .  RNA (  l0  p t_u)was
denatured. size-f iact ionatei l  on 1.29lo clenatured agarose gel and trans-
fèrrcd orìto a F{ybond N- Nylon ntenrbrane (Amcrshaml un.ler vacu_
um Lrs ing the Vacugene ge l  b lo t t ing sysrem lpharmacia) .  Genomic
DNA cxtracted f iom leaf t issues of Bermuda grass was cl igestecl.  scp_
aratcd in a 0.7o/o agarose gel anci transfèrrcd onto a Hybond N' Nylon
membrane under  a lka l ine condi t ions as t lescr ibed by Xu et  a l .  [22] .Northern and SoLrthern blots rvere hvbricl ized with , :p-labc-l led 

cDNA
probes prcparcd us ing a GICApr imc DNA label l ing k i t  (Bresarec.
Austral ia). Hybridizations 'uvere conclucrecl as clcscribeti  by Xu ct al.
122)

I g E B i n tl i ng .-is.sa.r'.r'
Prote in  p laque l i f i s  t io rn  crone Bland Bra r  r  rvere preparcd us in-e

standard methods as descr ibed in  Sambrook et  a l .  [23] .  Thc f ì l tc rs  con_
taining recombinant al lergens rvere cl ivideci into sections and incubat_
ed  w i t h  a l l e r -q i c  pa t i en t s ' se ra  d i l u ted  l : 5  i n  ( l ) pBS  con ta in i ng  0 .5%
BSA. and (2)  PBS conra in ing 0.5% BSA and 5 m,u EGTA.  The bounc l
IgE ant ibod ies were detected us ing ' r i l - labe l lec l  ant ihuman IgE (Kal_
lestad,  USA).

.1 /Ji n i n' P ur(icur i o n r2/' I g E .l n t i hotl ies
Protein plaque l i f ts f iom cDNA crones were incubatecl overnight in

sera of al lergic patients. The l i f is rvere then rvashecl twice in pBS con_
ta in ing 0.5% Tween 20 and twice in  pBS.  The bound IgE ant ibod ies
were eluted lrom the plaque l i f is by two 5-min incubatioÀs (r.vrth shak_
ing) in 5 ml of 0.1 l ,r  glycine-HCr containing ryo BSA. pH 2.6. The
eluted IgE antibodies were pooled and immeJiately neutral ized using
2,fI  Tris-HCl, pH 9.0. The affìnity-puri f ied IgE was used ro probé
Western blots of pol len proteins.

Ge/ Electrophoresis untl Immunoblot Analvsis
Soluble proteins were extracteci from pol len by shaking 100 mg of

pol len in lml of extract ion buffer (15 mr!1 phosphate bLiffer sal ine.
pH7.2, lm,l l  phenylmerhyl-sulfonyl f luoride) for at least I  h on ice.
The proteins (10 pg) were separated under denaturing condit ions, on
0.1% sDS-12% PAGE gers using the buffer system described by
Laemmli [24]. Protein gels were either stained rvith coomassre bri l-
l iant blue to visual ize proteins or transfbrred to nitrocel lulose as de_
scribed by Towbin et al.  [2,5].  For immunoblot analysis, western blots
rvere incubated in sera lrom ai lergic indivicjuals or in at l ìni ty puri f ìeci
IgE overnight at room te-mperarure. IgE bincring ,uvas cretccted by in-
cubat ion o f  the b lo ts  in  ' t5 l - labe l lec i  ant ihuman igE rKal lcs tac l .  USA)
overnight at r0om temperature.

266 l r t r . \ r c h  . - \ l l c r _ g l  l n r n r u n O l  l t ) 9 7 .  I  l - 1 . l f i :  l - l
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Resul ts

Isolut ion ol t :Dùr.1 Clones untl  Seqttettc.es ,,1nult. .si .s

A cDNA erpression l ibrary constructcd f iom mature
Berrnuda grass pol len rnRNA was screened rv i th serLrm IgE
f iom an al lergic indiv ' idual  (K.  R.) .  The serum f iorn th is in-
d iv idua l  con ta ins  IgE an t ibod ies  d i rec ted  aga ins t  ep i topes
present on a large number of  proteins in Bernruda grass pol-
len as shor,vn by Western immunoblot t ing analysis 126l
Tirree clones, Bl ,  83 and 84. sho'uving strong IgE react iv i ty
\\, 'ere isolated fiom this l ibrary.

The complete nucleot ide seqLtenccs of  these clones were
determined (GenBank access ion  number  U75585) .  A l l
three clones encode the same protein.  However.  c lone 84
sho'uvs di f fbrences in the 3 'nontranslated region, indicat in_e
that i t  mav be encoded by a separate.  c loseiy related gene of
the same gene fami ly as Bl  and 83. we ha'u 'e tentat ivelv des-
ignatecl these aller_sens Cyn d 7.

The lon_qest cDNA. 83. encodes an 85-arnino acid pro-
te in  rv i th  a  ca lcu la ted  molecu la r  mass  o f  8 .7  kDA.  Sequenc-
es s in i i lar i t ies w'ere f -ound rv i th cahnodLr l ins f iom a number
of sotrrces including spinach, human and ,4rubic lop' is,  as
' , 'u 'e l l  as  th ree  Car -  b ind ing  po l len  a l le r ,eens ,  Betv3  an i l
Be t ' , ' -1  o f  b i rch .  and Bra  r  I  o f  o i l seed rape.  Sequence s imi -
lar i t ies rv i th calrrrodul ins and Bet v 3 are pr imari ly dr-re to
the prcsence of  a conserr , ,ed Car binding si te in these clones
and no signi f ìcant seqLlence simi lar i t ies rvere observed out-
s ide  Car  b rnd in f Ì  dorna ins .  Sequence s imi la r i t y  rv i th
Bet r , ' -+ (ót) ' l í  ident i t , " - )and Bra r  |  (61), t , , ,  ident i ty)are fbunci
a t  thc  Car  b ind ing  domains  anc l  cx tenc l  bevond thc  Car -

Fig.2 .  Southern b lo t  ana lys is  o f 'gcnrr r l ic
DNA of  Bcrmuda _grass.  Bgl i l l  ( l ) - .  f ic ' ( / l l l
(2) -  and HindI I I  ( i ) -d igestcd _qcnonr ic  DN, \
w 'as probed rv i th  a  ' rP- labe l lc r i  B l  cDNA
fiaLrment.

:i[i-llffiiffi
c nle Nl d_C-di

Fig.  1 .  Contpar ison ofc leduccd amino ac ic l  sequences of83.  Bra r  I  and Bet  r , ' -1 .  Ic lent ica l  amino ac ic ls  arc  borcc i  and
thc t * 'o  Car-  brnd ins i lo rna ins arc  inc l icated.

r 1

binding regions ( t ìg l ) .  Sequence analysis shorved that the
81.  83  and 84  c lones  are  s imi la r  to  Bra  r  I  and Bet  v  4 .  con-
ta in tng  two Car '  b ind ing  domains .  rvh i le  Bet  v  3  has  been
reported to have three such domains [27].

Southern blot  analysis incl icated that the c lone Bl  corre-
sponds to a mult isene f ì r rnr ly in Bermuda srass ( f ig.  2 ) .

Pre.sence of Homo/ogou.\ Trurt.sc't'ipts irt
Otlrcr Grctsses
Transcr ipts corresponding to the cDNA clone Bl  w,ere

detected by Northern blot  analysis of  BermLrda grass.
The Bl  cDNA hybr id ized to a t ranscr ipr  of  appror i rnarelv
900 nuc leo t ides  in  po l len  RN, {  bu t  no  t ranscr ip t  was  de tec t -
ed  in  RNA f io rn  leaves  and roors  ( t ìg .3 ) .  Homologo l rs
t ranscr ip ts  o f  a  s imi la r  s rze  rvere  de tec ted  in  po l len  RNAs
f iom the  l -s  o thergrasses  tes tcc i  ( f ìg .  3b) .  S t rong hvbr id iza-

. \  ( ' a  [ ] i nd ins  I ) r r t t c in  as  u  \ c rv  l l c rn t i r t l a
(  ì rass  [ )o l  I cn  . \ I  l c r r l cn
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Fig. 3. Nor-thcrn blot analvsis of RN..\  transcriprs corresponding to
the clone Bl. Total RN,\ rvas separatc'ci  on denaturing agarosc gels.
transtèrrc'c1 to nylon nrcrnbranes and probed rvith a ,rp-labcl lcci 

Bl
cDNA tìaqnrerrt.  , \  rranscript of lpprorimately'900 bp w.as pr.! ,scr"ìt  i r l
pol len. but urtt  in rt tot lrncl leaiof Berntr_rcla grass (a). Tr.anscripts ho_
rno logous to  BI  rvcrc  dctcc ted in  po l len o t 'c l i t te rent  srasscs (b t .

Fig.4. Identi f ìcat ion of Bermuda grass pol len al lergens encocled
by the clone B l .  Soluble pol len protcins were separated b,v- sDS-pAGE
and rvere either stained rvith coomassie blue or transfèrreci to nitrocel-
lulose. \\' 'estern blots r,vere probed 'vith tgE af fìnitv-purifieci frorn non_
recombinant  ig t l l  ( lgE- i ) .  IgE af f in i ty -pur i f ìec i  f iom c lone Bl  f i rs ion
prote in  ( l -sE-B l ) ,  semm prc incubared wi th  B I  pro te in  p laque l i f ts  ( t ]e_
pleted serum) and total serl tm. I_eE affìnity-puri f ieci t iom clone Bl f i r_
sion protein showecl specif ic binding to a protein of l l  kDa (arrorv-
head) .  Pre incLrbat ion o f  serum rv i th  p laqLrc  l i f i s  conta in ins B l  pro tc in
deple ted IgE ant ibod ic 's  ro  th is  prore in .

t ion was observc-d in sorne grasses such as qLlack grass.  or-
chard grass. meadolv tèscue. ryegrass. Kentr-rcky blLregrass.
cul t ivated oat.  t imothv anci  sal t  _qrass.  In other grasses
such as snlooth brome. srveet vernar.  wheat.  Johrrson greìss
and maize. hybridization 'uvas dctectecl at a rnuch lower
leve l .

I d e nt í/i c a t i o rt o.f' B e nn tt tl u G rus s po I I e n,r I I e rga rt.s
Encodecl bv the cDÌ\'.1 Clortes
ln order to rdent i fy the pol len proteins encocler l  by the

clones Bl .  83 and 84. IgE anr ibodies r ,vere af f ìn i ty pur i f ìeci
us ing  the  recombinant  fus ion  pro te in  o f  c lone B i .  pur i f iec l
IgE had speci f ìc i ty ro a l2 kDa prorein of  Bcr ' r r . rc la grass
pol len,  as incl icated by'  \ \ 'esrern blot  analysis ( f ìg.  - l  ) .  prc in-
cubat ion  o f  the  B l  p ro te in  p laque l i f t s  ' v i th  a l le rg ic  pa t ien t
sera resul ted in select ive deplet ion of  IgE ant iboc- l ies asainst
th is  l2  kDa po lypept ide  ( f ìg .  . t ; .

C o nc' o r tl u n t Re a c' t i, i r.t' t f',l l l e rg i c I n d i v i d t t u l.s,S a t r.s. i t i t, e
to Cvn cl 7 uttd oil.seetl Rupe pollen,illergen. Bru r I
To cleterrnine the IsE re.activity of Cyn cl 7 ancl Bra r I

proteins,  r .v 'e tested 30 grass pol len al lergic scra r .v i th rccor.n-
binant protein expressed by c lone B I  ancj  that  by Bra r  l .  the
homolo-qous  o i l seed rape po l len  a l le rgen.  Three pa t ien ts .
representrng 109ó of  the rested ,qrass pol len al lergic sera.
showed IgE ant ibodies rr , 'h ich recognizecl  the recornbinant
protein expressed by c lone B l .  The same indiv ic lLrals
shorved IgE reactivity ton'ards recornbinant Bra r l.

we further invest igated rvhether cross-react ive IgE epi-
topes are present rn cyn d 7.  Bra r  I  and calmodul ins of  h ' -
man or spinach. our resul ts showed that preincubat ion of
the al lergic sera rv i th the recombinant cyn d 7 protein de-
pleted the sera of  the IsE react iv i ty to oi lseed rape pol len
al lergen, Bra r  t  ( f ig.  5a).  Simi lar ly.  preincubar ion of  sera
with recombinant Bra r I depleted IgE, reactivity to recoffr-
binant cyn d 7 protein ( f i ,e 5a).  In contrast .  preincubat ion
of sera wi th pur i f ied spinach or human calmod' l in had no
effect  on IgE react iv i tv torvards Bl  and Brar I  protein.
Preincubat ion of  a l ler_eic sera r ,v i th Birch pol len al lergen
Bet v 3 had no effect on IgE reactivity torvarcls either
Cyn d 7 or Bra r  I  (data not shown).

E/Jèct o./'Cu:' on IgE Reuctiv,itv o/'C1,n cl 7
uncl Bra r I
I t  rvas reported that IgE binding of  Bet v 3.  a birch pol len

al lergen. depended on nat i 'e protein confbnnat ion ancl  re-
quired protein-bound ca: yzl1.  Simi lar  exper inrents ursing
the recombinant Bl  and Bra r  I  proteins sho,uvccl  that  deple-
t ion of  car-  usin-g EGTA lecl  to a reversible loss of  I_qE reac-
t iv i t ies of  both recontbinant proteins ( f ig.  6 ) .

S r r r i t i r  \ r r  S r i o h o t l u  S i r r s h
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Fig.5 .  . \na ly ,s is  o f  c ross- react i rc  IsE cp i topes in  a l lc rgcns cncod-
cd by c lone Bl  o f  BcnnLrc la  grass unc l  Br t  r  I  o f  o i lsced rape.  p laque
l i t is  o f  c lonc B l  (a)  and Bra r  [  (b)  r i ,e rc  probcd rv i th  a l lerg ic  se- re
(scct ions l ) ,  scra prc incubated u, ' i th  huntan ca ln to t iu l in  lsect ions 3)
ln t i  scra prc incubatcc l rv i th  sp inach cr l r t rodLr l in  (scct ions - { ) .  Scct ion 2
ot 'a  u , 'as  probed rv i th  scra prc incubatcc i  r i i th  c lonc Bra r  I  anc iscct ion
I  o t 'b  rv i th  sera prc incLrbatcc l  r , i , i t l t  c lonc B l .

Discuss ion

In  th is  paper  we repor t  the  rno lecu la r  c lon ing  o f  cDNA
clones. Bl .  83 and 84, encoding Bennucia _srass pol len al-
lergens. Al l  three clones encode the same protei l l  a l though
one amino acid subst i tut ion was f-ound in the protein encod-
ed by the c lone B. l .  The 3'nontranslat ion seqLlences of  the B I
and B3 clone cl i f lèr  t iom that of  c lone 84, indicar ing that
these clones may represent di f fbrent mernbers of  a mult i -
gene fami ly.  We have tentar iv 'e ly designated the al lergens
encoded by these cDNA clones as Cyn d 7.

These cDNA clones encode a protein of  ,35 arnino acids
and the protein conrains t rvo EF-hand Car- binding do-
mains.  I t  has s isni f ìcant seqLlence simi lar i ty rv i th calmodu-
l ins f ronr a number of  sources as wel l  as c i i r  

-  
b indin_q pol len

a l le rgens .  Bra  r  I  o f  o i l seed rape [19 ] .  and Bet  v  3  [27 ]  and
Bet v . l  of  b i rch.  The seqLrence simi lar i ty bet-uveen Cyn d Z
calrr-rodul ins and Bet v 3 occurs in the Ca:-  b inding dornains
but not elsewhere in their  seqlrences. SLrbseqLrent analysis
has revealed that s i rn i lar  car bindins and other regions or-r t -
s ide the Car binding domains occur in Bra r  I  ancl  Bet v -1.
In addi t ron. Bet r '  3 and calrnodr.r l ins are larger proteins rv i th
three or fbur Car binding clomains.  respect ively.  This sLrs-
gests that  the Bermuda grass C'ar binding al lersen Cyn cl  7
r , lh ich rve huve cloncd belongs to a di f - fcrent c lass of  Cal

Fig.6.  EfÈct of  calc iunr on IgE react iv i ty of  the c lone Bl  (a,  b)
and Bra r  I  1c,  d) .  Plaque l i f ìs  of  the c lone Bl  and Bra r  I  were in-
cubated * ' i th al lergic sera (a,  c)and sera containing 5 m.L1 EGTA (b,
d )  shor i  rng that dcplct ion of 'Car Lrsing EGTA abol ishcs IgE re-ae t i r  i tv
to both Bl  and Bra r  I  r r .conlbinant protr ins.

binding proteins.  Further analysis revealed that Cyn d 7 dis-
plays a much hi ,qher level  of  sequence simi lar i ty wi th nr, .o
o ther  po l len  a l le rgens .  Bra  r  I  o f  o i l seed rape and Bet  r ' - l  o f
birch.  Furthennore.  a l l  three al lergens, Cyn d 7 of  Bennuda
grass. Bra r I of oilseed rape and Bet v i l  of birch. shor,'u'ed it
s in r i la r  p ro te in  p ro f ì ie  inc lud ing  a  s imi la r  number  o f  an t ino
acid residues and rr , i 'o Car binding domains.  These resul ts
stronglv suggest that  Cyn d 7 may represent a hornolog of
Br i i  r  I  and Bet v 4.  represent ing a new class of  Car '  b inding
a l le rgens  o f  g rass  po l len .

The IgE binding capaci ty of  Cyn d7 al lergen and i ts
cross-reactivity r,vith Bra r I was tested using sera fì 'om grass
pol len al ler_qic indiv iduals.  I t 'uvas fbund that approximately
l0%r  o f  the  grass  po l len  a l le rg ic  ind iv idua ls  conta in  IgE to
this al lergen. The same pat ients shou'ecl  IgE binding to the
oilseed rape allergen. Bra r l. Our further str-rdies shorved
that preincubat ion of  Bra r  I  recombinant protein wi th al-
lergic ser l rm is able to completely deplete the IgE binding to
the recombinant Cyn d 7 protein.  Simi lar ly,  preincubar ion
of the Cy'n d 7 recombinant protein abol ishes IgE binding to
the Bra r  I  protein.  These resul ts sus_qest that  Cyn d 7 and
Bra r  I  a l lergen have shared IgE epi topes w'hich may be
par l ly  responsible fbr  the associated hypersensi t iv i ty to oi l -
seed rape and grass pol len.  I t  has been repofted that approxi-
rrrately 109/o of  grass pol len al lergic pat ients tested sho'uved
IgE react i r , ' i ty  to Bet r ,  1 |  8]  .  The presence of  a Be t  v - l  ho-
rrrolo_9 in Bermucia and l5 othe r grasses. as eviclent from our
str-rdies.  may par l ly  explain surch cross-react iv i ty.  The pres-
ence o f  th is  new c lass  o f  Car  b ind ing  a l le rgens  in  a  number
o f  p lan ts  inc lud ine  a  c rop  p lan t  (o i l secd  rape) ,  a  t ree  (b i rch ,y
and srasses (  Bcrmuda and I  5 other srasses testccl  )  indicates
that th is al lergen rnav have thc potent ia l  to be an important
p o l l e n  a l l e r g e n .

. - \  C  r r  B in t l rng  Pro tc in  us  a  \ cw  l ] c rn rud l
(  i n r s s  P t r l l c n  \ l l c r q e  n

1 6 9
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I t  has  been repor tcd  tha t  IgE b ind ing  o f  Bet . , ' -1 .  a  b i rch
pol len al ler-qen. depended on nat ive protein confìrrmat ion
and requ i red  pro te in  bound Car -  l2T l .Remova l  o f  Car '
f iom Betv i  L rs inq  EGTA led  to  a  revers ib le  loss  o f  the  ar -
lergens' IgE binding capacity r,vhich coulcl be restorecr by
subsequent addi t ion of  car- .  we have perfbrmecr s i rn i lar  ex-
periments r,vith Cyn d 7 and Bra r I allergens and fbund that
deplet ion of  car-  f iom these proteins resul ts in great ly re-
duced IgE react iv i ty.  I t  is  unl ikely,  however.  that  the arnino
acid sequences lvhich const i tute car-  domain are exact ly
the sarne as those required fbr tgE recogni t ion.  s ince prein-
cubat ion of  sera r .v i th pur i f ied human and spinach calmodu-
l ins did not deplete I -qE react iv i tv towards ei ther cyn d 7 or
Bra r  I  a l lersens. I t  appears that  IgE epi topes of  t r rcse al-
le rsens  are  loca l i zed  in  amino ac id  sequenccs  f lank ins  the
car '  b inding donrain.  I t  is  r rotable that  these f larrk ing re-
gions arre alrnost ident ical  in cyn d z Bra r  r  and Bet v 1 [ l  g,
l9] .  The absence of  cross-react iv i ty betr ,veen cyn cl  7 ancl
Bet  v  3  i s  p robab ly  due to  lack  o f  iden t ica l  sequences  rn
these f ìanking resions. The ef fècr on car-  rernoval  on Is l i
react iv i tv impl ies that  the local  confbrmat ional  changes clue
to car '  b inding are important on [gE react iv i ty.  FLrr ther
r ,vork on si te-directed mutagenesis studies is nc-ecled to c lar-
i fy structure t i rnct ion relat ionship of  thesc'  a l ler-gens. The
avai labi l i ty  of  recombinant cyn d 7 has rhe ootent ia l  to inr-

prove the prccisc dcterminat ion of  the al lergens to which
indiv iduals are sensi t ized. The presence of  cyn cl  7-speci f ìc
an t ibod ies  in  a top ic  semm poss ib ly  ind ica tes  sens i t i za t ion
to pol len al lergens f iom a wide number of  p lant genera.  l09zó
of the pat ients who had anr i -cyn d 7 tgE ant ibodies com-
p la ined o f  a  'nonspec i f i c  

hyper reac t iv i t y '  dur ing  the  po l len
season. [n case of  such pat ients.  desensi t izat ion therapy
r,r , ' i th only major al lergens (group I  and 5) may nor be ef--
tèct ive.

As reqards the biological  s igni t ìcance of  cyn rJ 7 ai ler-
gen in  po l len .  i t  i s  known tha t  the  car .  leve l  in  po l len  is
regulated by a number of  d i f fèrent car.  b inding proteins
and Car '  i s  essent ia l  fo r  po l len  germinat ion  [28 ,  29 ] .  The
fact that transcripts homoloqoLrs to Cyn d 7 have been fbuncl
in al l  other,qrasses examined and also in birch ani l  o i lscccl
rape pol len suggests that  the protein may have an imporlant
ro le  in  cont ro l  o f  ca : '  b ind ing  r re tabo l i s r r  in  po l len  c iu r ing
ge rrninat ion and ear ly pol le n tube _gror,vth.

Acknowledgments

w'c thank Dr. K îrrivama and Dr. R. valcnta fbr kin<1ry pror,, idrnu
thc Bra r  I  and Bet r ,3 c loncs. wc would also l ike to thrnk Bnrcc Krror
fbr his encouragement iìnd help rvhilc thc r,vork fbr this papcr rv,as be-
i r rg donc and the NHMRC f 'or  thc f ìnancial  supporr .

References

t  \ {arsh DG: Al lergcns ancl  thc -ucnct ic  of  a l lergy:
rn Scla ! l  (cd) :  Thc Ant iecns.  Ner i .  york.  , - \ca-
demic  P ress .  197 ,s .  vo l3 .  pp  271- i59 .

2 Sineh \ lB.  Hough T,  Theerakulpisut  p.  Ar l ioglu
A, Davies S,  Smith Pìv l , l ì rv lor  pE,.  Sirnpson RJ.
Ward L.  Nf  cClLrskel ,J.  Puy,  R.  Knt t r  RB: lsola-
t ion of  cornplemenrar) '  DNA encoci ing a n*v ly
identr f ìe d ma- jor  a l lergenic protein of  rv-e-srass
pol len:  Intracel lu lar  target ing to the anrv loplast .
P roc  Na t l  Acad  Sc i  USA l99 l  : 88 :  t i 8 -+ - l i 88 .

3 Bond JF.  Scgal  DB. Yu XB. Ther iaul  K, \ .  pol-
Iock \ lS.  Y'cung I - l :  Human IqE react i r , i tv  to pu-
r i t ' icd |ecr tmbinant  and nat iVc gf t rss a l l ! . rgens.
. l  . \  l le  rg l  C l in Imm uno I  i  99 3 :9 I  :3 j  t ) .

-1 \ farsh DG. Haddad ZH. Campbel l  pH: A new
rnethod tbr  detcrmining thc c l is t r ibut ion of  a l -
lcrgenic t iact ions rn b io logical  lnater ia ls:  I rs  ap-
p l i ca t i on  ro ,s rass  po l l cn  cx t r i ì c t s .  J  . . \ l l umr
I  970 : - l ó :  I  07 -  l l  I  .

5  ran  Rce  R .  Dr i cssen  N INB\ , t .  , , an  Lccu*cn
\ \ , . \ .  Stapel  SO. Aalbcrse I ìC:  \ar i lbr l i t r  ot '
cross-react i ' ,  r t rv  of  lgE untrbodies to uroup I  lnc l
V  a l l e rgens  in  c igh t  { rass  po l l e  n  spcc ies .  L ' l i n
I - x p  A l l c r u l  l 9 9 l : l l : 6 1  l - 6 l r ' .

6 Snr i th P\ l .  . \ r  j ioglLr  A.  Ward LR. Simpson RJ.
Knox RB. Singh \1ts:  Isolat ion and charactcr-
rzat ion of  r . l roLrp-[  is<la l lcrgens t iom BermLrda
grass pol lcn.  Int  Arch Al lcr , ry Imrnunol  199"1;
104:-57-6-{ .

7  Gr i t f  r t h  I J ,  S rn i th  P lV l .  Po l l ock  J .  Theeraku lp i -
sut  P,  Ar i joglu . \ .  Dav, ics S,  Housh T.  Singh
ìv1B. Simpson RJ.  Ward LD. Knox RB: Cloning
and sequencing of  1-r . r /7. ,  I .  the major  a l ler_*cnlc
p ro te in  o f  r ye -g rass  po l l cn .  FEBS Le t t  l 99 l :
279  210- l  15 .

, \  Ong EK. Gr i f l i th I . l .  Knox RB. Singh NIB:
C lon ing  o f  a  cDNA cncoc l i ng  a  u roL rp -V  a l l c r -
gen isotonr f iom rvc-grass pol len that  demon-
stratcs speci f ìc  anr igr 'n ic imrnunorelct iv i ty .
Gerrc I  991:  I  i - l : l l5-2-10.

9  S rn i th  P \1 .  Suphrog lu  C .  C j r i t f ì t h  I J .  Ther iau l t
K.  Knox RB. Singh \ , f  B:  C' loning ancl  cxprcs-
s ion in r .east  Prc. / l rc  pustor i . \  of  a b io logical l rv
act i re tbrm of  C'r , ,n d l .  thc ma3tt r  a l lerucn of
Bernrr"rda urass pol len.  J AI lcrg; , .  Cl in I rnrnunol
199( r :98 :3 i  l - - l l l .

l 0  Asnrood  JD.  \ l oh rpa t ra  SS.  N i  H .  H i l l  RD:
Pol len al lerge n honrologucs in bar lcv und othcr
crop spccrcs.  CI in Exp Al lcr_uy.  199_5; l_5 I  :60-
, -2.

I  I  Si l ranovich , \ .  Astw'ood .1.  Zhang L.  Olsen E.
K is i l  F .  Schon  A .  N lohapa t ra  S .  Hr l l  R :  \uc l co -
t rde sequence analysis of  thrce cDNAs cocl ing
for  Pou p IX isoal lergens of  Kcntuckv blucsrass
po l l cn .  J  B io l  Chem [99 ]  ;266 i2 :  120 ' l - l ]  t ( ) .

l l  F ischcr S.  Grote \ ' I .  Fahlbusch U. Mul le r  WD.
Kr l t i  D.  V' i r lenta R: Charactsr izar ion oiphl  p - { .
a major  t imothy,grass 1Pl1cí  i l t  l ) t - ( t tet r . \e)p() l lcn
al lcrscn.  J , , \ l lerg l '  C l in lnt r r runol  l t ) t )6; t )8 l :
r  89- I  98.

l3 r , 'an Ree R. Aalbersr .  RC: Pol lcn vcsetablc f ì rocl
cross-react i ' "  i tv :  Seroloqical  and c l in ical  rc lc-
vancs of  cross-react iv i t r , .  J  C.  I i r r  I rnmLrncl l  l (193:
r  6.  I  2- l -  1 i0.

l l  tsaldo BA. Panzani  RC, Bass D. Zcrboni  R:  Ol-
rvc (Olut  et t ropeu) and pr ivet  (L i .qLt .st r t tu t . t r l -
,galc l  pol len al lcrgcns.  Idcnt i t ìcat ic ln and cross-
react iv i ty  rv i th grass pt t l len protc ins.  Vlo l  I r r r -
muno l  1992 ;29 :  1209- l  I  I  8 .

l 5  Ebner  C .  B r rknc r  T .  \ ' i r l cn ta  R .  t ì umpo lc l  I I .
Brc i tenbach \ , f  .  Sche iner O. Kr.af i  D:  Common
epi tc lpes of  b i rch pol lcn ancl  applcs -  StLrdics b1,
\ \ 'cstcnr and Northcrn blot .  . l  Al lcrs l  Cl in l rn_
munol  l t ) t )  I  : f ì8: - i88-59.{ .

270
Snri th '  \  Lr , ,  Srvoboda S i  n Lrh



I ( )

l l

l ' )

( - r lkhovcn P(ì .  . - \a lbcrs !1.  Koshte VL. Pos O.
Ocr t lD.  . ' \aalbcrsc RC: Cross-rcact iv i ty '  anl( )nq
birch pol le n.  rcgetablcs ancl  l iu i ts  us t lc tcctcd
bv IgE ant ibodics is  duc to at  lL 'ast  threc dist inct
cross-fcact iVc stn lcturcs.  . . \ l lcrUy 1987.-11:
-132 -_ìtX)

S()utrìr .\. I iarkcr C. Sclton .\. i lrooke Ì\f . Vlarr
t :  ( ) i lsccr i  rape unt l  scusonal  svnlptornsi  cpidc-
miolor l ical  r r r td cn 'u ' i ronntcntal  s tucl ics.  Thorax
I g9-l : -tr) : j _i l, l -i 6.
\ ' 'a lcnta R. Duchene N{.  Pet tcnbrrrgcr  K.  Si l laber
C. \a lcnt  P.  Bct tc lhci r l  P.  Brc i tcnbach Nl .  Rum-
polc l  H.  Kraf i  D.  Schciner O: I i lcnt i f rcutron ot
prot i l in  ls  n novcl  pol lcn ul lcrge rr :  a l l torcoct i \ ' -
i t y  i r r  scns i t i zc - t l  i nc l i r  i dua ls .  Sc icncc  I  99  I  ; 251 :
5- i7 _ i60.
l :crrc i ra F.  Engcl  E, .  StcqbLrchncr B.  Krarncr B.
Brci tcnbach \1.  l ì rc l r t . ' r  K.  iLhcinbcrqcr HJ:
( .hunrctcr izatron oiBct  r  -1. . r  [ r i rch pol lcn al lcr-

Scn  l rou ro logous  t ( )  l :F -hand  c l l c iu rn - t r i nd ing
protc ius.  I  - l t l t  I  ntcrrrat i ( )nal  t ' ( ) r ' r  gfcss o Ì '  Scx Lral
Plant  Rcprcl t luct ior t .  Lrrrnc.  I  ( )9(r .

\  ( ' l t  l l r n t l i ng  P r ( ) t c i l t  i t s  i , ì  \ cw  [ ] cn r r r r t l u
(  i r u : s  l ) o l l e n  \ l l e r g c r r

Tirrtvatna K. Okatla T. Watanabe \1. Ide T. Ashr-
t la f .  Xu H. Singh NIB: . \  cDN.{  c lonc cncr l t l i r rg
en IgE-bincl inu protc in t iorn Blr r .s .s icLt  t t t t t l t ( r
has s isni f ìcant  sccluencc s i rn i lar i tv  to ( 'ar  -

b r r rd ing  p ro tc ins .  P lan t  \ l o l  B ro l  l ( ) ( )6 : : ( ) :
l l 5 7  - l 1 6 - r .

Cl totnczvnski  P.  Sacchi  N:  Sinr Ì le-step rnctho( l
of  RNA isol i r t ion by acid guanidin iurn th iocl , ' l -
nate-phcnol-chlorot ì rnn extr tct ion.  Anal  I l io-
chcm l987;  162.  Lr(r -  l - i9.
Xu F{L.  Davies SP. Kwan B. O'Br ien AP. Srngh
! lB.  Knox RIì :  Haplord and dip lo i t i  crprcssiorr
of rt Brrr.i.rir 'Lt ( 'untpestri.s tnttlter specitic gcnc
pron.ìotcr in ..lt 'ohidoltrr.i end tobtrcco. \lol
Ccne Genct  1 993 : l i9 : -58-6- j .
Sumbrook J.  Fr i tsch EF. \ lanratrs T:  \ lo leculr t r
Cloning.  r \  L lboratory ! [anual .  ] .  ( 'o id Spr inu
I larbor.  Cold Spr ing [ - larbor Lrbonrton Prcss.
I  e89 .
L . t cmnr l i  [ - ;K :  C lca rage  o f  s tn rc tun r l  n ro tc i r r s
t lunng thc usscrnblr  o1- the held of '  bt rctcno-
phauc T-1.  Naturc 197() . l l7 : ( r l ; ( )  68- i .
Tor i 'b in [ ' [ .  Stachl in T.  Gordon. l :  Electrophorct-
ic  t ransfcr  t l f 'protc ins t ionr poiracry larr ic lc  gcis
to r t i t roccl l t r losc '  shc-cts:  Proct t lurc rnt l  sor t . tc
ruppl ìcat ions Proc \at l  Acad Scr [ - iS. \  l9 l ( ) :76:
-l j j0 -t_.ì-5-1.

S rn i th  P \1 .  S i r rgh  \ l I ì .  Knor  RB:  C l l i amc tcnza-
t ion ar td c loning of  the rna. jor  a l lergcn rr f  l lcr -
nruda grass.  ( - . t 'n  I  f ;  in  Kraf i  D (cd):  \ lo lccular
t l i o logy  anc l  Imrnuno logy  o f  . \ l l c rgcns .  Bocu
Ruton.  CIRC Prcss.  1993.
Sciber lcr  S.  Sche incr  O. Kraf i  D.  Londsdalc D.
V'a lcnta I l :  Charactcr izat ion of  a b i rch pol len l l -
lcrgcn.  Bet  r , 'J .  rcpresent inq . ì  novc- l  c lass of
Car  b inc l i ng  p ro tc ins :  Spec i t r c  e  rp rcss ion  in
nìaturs pol len and dcpcndcrrcc t t f  pat ic 'nts '  lgE
bincl ing on protc in-bouncl  Car ' .  Eì \ lBO 199.{ :
l i : i - l 8 l - i 4 8 6 .
Rt lberts DNl.  Harrnon AC: ( 'aIc iunr-rnot luIatcd

protc ins.  Targets ot '  in t raccl lu lar  calc ium sig-
n r l s  i n  h ighc r  p lan ts .  , \ nnu  Rev  P lan t  Phrs i r l l
P lun t  iV lo l  B io l  1992 : . l l : 175  - -111 .

Flc lper PK. ì 'v ' l i l lcr  DD. Pisrson ES. Chal l lhanr
D.\ .  C--alc ium ant l  pol lcrr  tu l rc gror i th:  in Stc-
p l t c -nson  AG.  Kao  TH (c r l s ) :  Po l l cn -P is t i l  I n t c r -
act ions and Pol lcn fLrbc ( ì rou t l r .  I ì t rckr  i l ic .
. . \ u t c r i can  Soc ic t y '  o f  [ ) l un t  P I r r  s io log is t s .  l i ) 9J .
p p  l l l - l ) - ì .

_ ol0

) r -

l 8

l 9

I

22

- J

I t

t.\

l 7 l


