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SUMMARY

Mote lhan 75n" of llrass I-)Òlien allergrc pitltents prooLtl::e
spectfrc lgE artÍrbodies agatnst groLtp_4 altet.gens. purifrcation
and characlenzatiotl of different grass gt.oup-1 allergens should
help to further understand thetr allergenicity. ln this suoy, an
attempt was nade to isotate and characterize Fes p 4 ailer_
gen by several biochemical and immunochemical methods.
Fes p 4 was purifred by a combination of chromatographic
lechniques (gel permeation and ron exchange chromatogra-
phy). lsolated protein revealed four main spots al a motecuar
weight af 60 kDa and a pl ranging from 8.7 to g.t. Eight sera
were selected from patrents with positive resulî of skin prick
test to the mixture of grass polten extracts. ELTSA I,ttltbition
technique was used to stu(ty Fes p 4_speciÍic tgE in the pa-
tients' sera. ELISA to Festuca pratensis was inhrbited up to
80?/" by F. pratcnsis pollen extract and up to 489,. by Fes p 4.
2D-PAGE-immunobtot was used to identify altergenic and antt-
genic components of Fes p 4 with patients' lgE and mono-
clonal antibodies (MABs). Three contponents of puritad pro-
tein expressed IgE binding ability. Two MABs which recoo-
nized unrelated regions on pht p 4, bound three componerlts
of Fes p 4. The rote oÍ the carbohydrate moiety in aliergenic_
ity was examined with individual patient sera by using perro_
date-treated Fes p 4. Stx out of eight patients reduced tgE
binding to periodate-treated ailergen. Isolated Fes p 4 glyco_
protein consisted of four components, three of which were auer-
qenic, and share common epitopes specific for grass group_4
homologs. The results of periodate oxidation of Fes p 4 sug,
qest that the carbohydrate moiety is involved in IgE binding,
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INTRODUCTION

Wi th in  some communi t res ,  a l le rgy  to  g rass  po l lens
is nrore prevalent than to other aerclal lergens (1). The al_
le rgen ex t rac ts  used in  c l in ica l  work  on  a l le rgy  conta in ,
bes ide  a l le rgens ,  a  number  o f  p ro te in  an t igens  w i thout
al lergenic activi ty (2). The identi f icat ion and character-
i za t ion  o f  g rass  po l len  a l le rgens  is  o f  subs lan t ia r  rmpor -
tance in diagnosis, treatmenl and basic research of orass
po l len  a t te rgy  (3 ) .

Lit t le is known about group-4 grass pol len al lergens,
although more than 75% ol grass pol len-al lergic patients
produce spec i f i c  lgE an t ibod ies  aga ins t  g roup_4 a l le r_
gens (4). These high molecular weighî (50_65 kDa) al ler_
gens are basic (pl 9-10) and glycosylated (approx. 10-
20% wlw) (5) and represented in various species (6).

Compared to natural al lergen extracts, recombinant
al lergens have a clearly defined primary structure, which
enables easy quanti f icat ion (7). Beside being applica_
b le  in  d iagnos t ics  and immunotherapy  (g ,  9 ) ,  the  ex-
pression of recombinant al lergens in Escherichia col i
lacks post-translat ional modif icat ions e.g., glycosyra_
tion. According to van Ree et at.  recombinant al lergens
produced in E. col i  did not equal the lgE-binding capac-
ity of their natural counterparls (-10), while petersen et a/.
found that rPhl p 1 lrom phicia pasteuris is hyperglyco-
sylated compared to nPhl p 1 (7). Therefore, the rsota-
t ion and characterization of natural al lergens, such as
grass group-4 glycoproteins, is imporlant for creating
and compar ing  poss ib le  recombinant  homologs  w i th  a l l
the relevant lgE-binding epitopes. The existence of dif-
ferent isoforms of al lergens musl also be considered
when recombinant proteins are used in immunothera-
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py since al l  al lergenic isoforms may need to be present

in  the  eva lua t ron  and t rea tment  o f  pa t ien ts  (11) .

The aim of this study was to isolate and biochemi-

cal ly characterize Fes p 4 from Festuca pratensts pol-

len and determine i ts prevalence in eight patients with

posit ive cl inical history to grass pol len al lergy. The role

of the carbohydrate moiety in al lergenicity was exam-

ined w i th  ind iv idua l  a l le rg ic  pa t ien ts '  sera  by  us ing  per i -

odate-treated Fes p 4.

MATEHIALS AND METHODS

Pollen extract

F. pratensis pol len was obtained from the Inst l tule

fo r  lmmuno logy  and V i ro logy ,  Tor lak ,  Yugos lav ia .  The

ext rac t  was  prepared f rom po l len  gra lns  as  10% (w/v )

suspens ion  by  s l i r r ing  raw rna ter ia l  a t  4  C in  d is t i l l ed

water  and 0 .015 M NaN.  fo r  4  h .  A f te r  ex t rac t ion ,  the

sample  was cent r i fuged and de fa t ted  w i th  carbon te t ra -

ch lo r ide  1 : "1  (v /v ) .  T l re  sample  was s to red  a t  -20 'C be-

fo re  ana lys is .
A  so lu t ion  o f  the  ex t rac t  was  a lways  f resh ly  p re-

pared in  d is t i l l ed  water  w i thout  NaN"  fo r  immuniza t ion

of  rabb i ts .

Ant ibod ies

Antibodies against Fesp extracl were raised in rab-

b i ts  essen l ta l l y  accord ing  to  Harboe and Ing i ld  (12) .  An

immunog lobu l tn  f rac t ion  was prepared by  ammonium

sulfate fract ionation (45% saturation).

Human sera  were  co l lec ted  f rom e igh t  adu l t  pa-

t ients with seasonal al lergic rhinit is and posit ive results

of skin prick test for grass pol lens. These patients did

not receive immunotherapy before the col lect ion of their

serum samples .  For  some exper iments ,  a  poo l  was

made by  mix ing  equa l  amount  f rom each serum.  A  poo l

of three normal sera (nonatopic) was used as a nega-

t i ve  cont ro l .
Mur ine  monoc lona l  an t ibod ies  were  produced a f te r

immuniza t ion  w i th  t imothy  grass  po l len  ex t rac t  (13)  o r

e n r i c h e d  P h l p  a  ( 1 a ) .

lsolat ion of Fes p 4 al lergen

F. pratensis pol len extract was fract ionated by am-

monium sulfate to reach 50% saturation. The pel let was

col lected by centr i fugation and dissolved in a minimal

vo lume o f  0 .15  M NaCl .  The oro te in  so lu t ion  was f rac-

t iona ted  on  a  Sephadex G-100 Super f  ine  (1  .8  x  90  cm)

co lumn,  p reequ i l ib ra ted  w i th  0 .15  M NaCl ,  0 .015 M

NaN.. Collected fract ions were analyzed by fused rocket

immunoe lec t rophores is  (15) .  The f rac t ions  conta in ing

cathodic antigen were pooled and concentrated by ul-
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traf i l t rat ion. The protein solut ion was dialyzed against

30  mM Tr is -HCl  pH 8 .6 ,  and rechromatographed on  a

QAE-Sephadex A-50 (0 .8  x  5 .0  cm)  co lumn preequ i l i -

brated with 30 mM Tris-HCl pH 8.6.

Gel electrophoresis

SDS.PAGE

Protein analysis was performed under reductng con-

dit ions in a vert ical slab gel (4110%), according to

Laemml i  (16) ,  in  the  B io -F lad  Min i -Pro tean l l  appara-

tus. A low molecular weight electrophoresis cal ibrat ion

k i t  (Pharmac ia)  was  used fo r  mo lecu la r  we igh t  de ter -

mrnat ion .  A f te r  e lec t rophores is  p ro te ins  were  e i ther  s i l -

ver stained or transferred to a nitrocel lulose membrane

(Serva)  lo r lmmunodetec t ion  accord ing  to  Har low and

L a n e  ( 1 7 ) .

lsoelectric focusing

lsoe lec t r i c  focus tng  ( lEF)  was per fo rmed in  the

rnode l  2117 Mul t iphor  ce l l  (LKB Pharmac ia)  accord ing

to  the  manufac turer ' s  ins t ruc t ions .  The samples  ap-

p l iec l  on  a  po lyacry la r l ide  ge l  (80  '  83  '  7 .5  tnm' r ) ,  con-

te r in ing  2"k  $H 3-10)  Pharmaly le" '  and 0  4 !1 ,  (pH f ' )

11)  Serva ly te ' t '  car r ie r  anrpho ly tes .  were  focused a l t

2000 Vh a t  65  mA,  5  W a t  10  '  C .  The Pharmac ia  b road

p l  ca l ib ra t ion  k i t  (pH 3 .5-9 .3)  was  used fo r  p l  de ter -

mina t ion .

Two-drmensional PAGE

l r r  the  f i rs t  d imens ion ,  i soe lec t r i c  focus ing  was per -

formed as described above, then the gel was sl iced tn

s t r ips .  A f te r  incubat ion  fo r  10  min  in  a  SDS-conta in ing

sample butfer, in the second dimension SDS-PAGE was

car r ied  ou t  in  d iscont inuous  ge l  (a /10%)  as  ment ioneo

above.

Western blot

After separation by SDS-PAGE or 2D-PAGE' the pro-

teins were subsequently transferred on a nitrocel lulose

membrane by semi-dry blott ing for an hour at 0.8 mAi

cm2. For further immunological examinations the blots

were incubated with antibodies (human serum or murine

monoclonal antibodies) and visual ized with appropnate

secondary antibodies, according to Harlow and Lane (17)

I E F - i m m u n oe lect rop h o re s i s

I  EF- immunoe lec t rophores is  was per f  o rmed accord-

ing  to  Smyth  e t  a l .  (18) .  A f le r  lEF.  the  ge l  s l i ce  was
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posit ioned by placing i t  on the anl ibody-free agarose

ge l .  The ge l  was  run  17  h  a t  2  V icm.

Periodate oxidation of Fes P 4

Periodate oxidation of carbohydrate structul.es was

performed after blott ing Fes p 4 onto a nitrocel lulose

membrane by  incuba l ion  in  10  rnM Na lOo in  10  mM

sod ium aceta te  bu f fe r  pH 5 .0 .  The reac l ion  was per -

formed in the dark at 4 C for an hour. The control nitro-

ce l lu lose  was incubated  in  the  same buf {e r  w i thout

Na lOo.  The e f f i c iency  o f  ox ida t ion  was exanr ined by

incubat ion  o f  con l ro l  and per iodate- t rea ted  n i t roce l lu -

lose  w i th  concanava l tn  A  (conA)  t20  pg /ml )  in  50  mM

Tr is -HCl  pH 7  6  0  15  1"4  NaCl  1  mlv l  MnCl r ,  1  mM

CaCl r ,  1  mM MgCl . .  fo r  a ' '  h fL t t -  The b ind ing  o f  conA

lec t in  to  the  n i t roce l lu lose ' / 'as  c le tec tec l  l l y  us ing  horse-

rad is l r  perox idasc  (25  ! rc  î r - r : r  i ì t r rJ  c l tan l inobenz id ine

accord ing  to  Har lo r l  anc j  La t re  r17 i

ELISA-inhibrt ion

ELISAs were  per fo r i le  ' i  b ;  t le  r r re ' ihod  o f  Vo l l c r  e l

a / .  (19)  Inh ib i t ion  assavs  ' . ' ,e re  Der fo rnred  rn  t r ip l t ca Îe

by  pre incr rba t ing  .1  0  i l l  pc , . , ieC pat re r r i  sera  w i t l t  40  p l

i r rh ib i to r  (Fesp ex t ra r : t  . t t r t i  Fes  p  l r  r r r  1u- fo lc l  d i l t r ted

concent ra t ions  ( rang ing  f rc rn  10  !g  ml  to  0 .001 pg i t t l l )

fo r  30  min  a I  4  C.  The mix tu re  u ' ,as  then addedto  F .  p ra-

lens ls -coated  p la te .  Human serum f ronr  subJec ts  w i Îh

negat ive  sk in  tes ts  to  g rass  po l len  ex t rac îs  was used

as a  negat ive  cont ro l .  A f te r  overn igh t  incubat ion  a t  4  C.

spec i f i c  lgE bound to  the  p la te  was de tec led  w i îh  a lka-

l ine  phosphatase labe l led  an î r - lgE (S tgnra)  and w i t l t  4 -

NPP as  a  subs t ra te .  Absorbance measurements  were

done a t  405 nm a f te r  ad lus t rng  the  background w i th

negat ive  cont ro l .  Percent  o f  inh ib i t ion  was ca lcu la ted  as

%inh ib i t ion  =  OD o f  t l re  tes t  sarnp le  (OD o f  the  inh ib -

i ted  sample /OD o f  the  tes t  sample)  100.  lC .o  va lue

was de tenn ined as  a  concent ra t ion  o f  inh ib i to r  a t  50 i i ,

o f  inh ib i t ion .

BESULTS

Purif icat ion of Fes P 4

Glycoprotein Fes p 4 was isolated from a pol len ex-

tract of F. pratensis by the combination ot ammonium

sulfate precipìtat ion (50%), gel permeation chromato-

graphy and ion exchange chromatography. Purif icat ion

s teps  were  fo l lowed by  reduc t ive  SDS-PAGE (F ig .  1 ) ,

and a  s ing le  b road pro te in  band w i th  a  molecu la r  we igh t

about 60 kDa was obtained for Fes p 4. According to

c lens i tomet r ic  ana lys is  o f  the  s i l ver  s ta ined ge l ,  i so la ted

Fes p 4 revealed more than 97"/" of puri ty. Fes p 4 also

showed one band in  Western  immunob lo t  w i th  an t i -Ph l

lsotal ian an(l patttal cl latactet i lat io!t  of Fes p I al letgetì 3t '3

l :p t .  SDS-PAGL ttrnlysts t l  Fes p'J putt[n:. t l iott  [ l i t t l r :nts \ / t€' t t '  ! t i \ ' ; t

stt l inecl.  1) nl: . lecl l lar h,eight matkets. 2) Fesl e\ lract 3) prt l t i r ts lrac

l iùlateí l  l )v 50"o arnntoniunt sLl l{ale '1) ett t tcl ted Fes p'1 af lor Selhe' l t ' \ '

G 100.5) Fes L) 4 aftet QAf:-sephttcter" (;)  Fes L) '1 teÒot)t] tz" l  l )v:Jt !

monoclÒnal anlbody: and 7) Fes p 1 tecÒ(tntzeci by 2L)B MAi-l
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p 4  MABs,  wh ich  bound Ph l  p  4  homologs  in  var io t ts

grass pol len extracts (4). In order to inrprove the resolu-

t ion of Fes p 4 components, besides the broad range

Pharmaly te"n  (pH 3-10) ,  bas ic  Serva ly te@ (pH 9-11)

were  added to  the  IEF ge l .  In  IEF Fes  p  4  revea led  four

iso forms w i th  p l  rang ing  f rom 8 .7-9  1  (F ig '  2 )  Mic ro-

he terogene i ty  o f  Fes  p  4 .  concern ing  p l ,  can  De see l r

as  four  spots  in  2D-PAGE o f  Fesp ex t rac t  (F ig  3 ) '
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waìs  ob î i ì i r ìed  fo r  e ig l r î  [ )a l ien îs  l )y  Weste fn  nn t r ìunobto t
(F ig .  5 )  A l l  pa t ien ts  were  a l le rg ic  rnos t ly  to  the  pro te in
l ta r ids  in  t l re  rno lecu la r  we ig l r t  fange o l  S5-60 kDa
(B/8)  30-40  kDa l8 /B) ,  anc l  15-18  kDa (6 /8 ) .

The in rnr l r r r r : log ica l  char i . rc te r iza t ion  o f  i so la ted  Fes
p 4  was car r ied  oLr t  by  2D-PAGE lo l lowed by  in rmu-
t ro [ - i lo t .  F igure  6  s i tows t l re  b i r rd rng  pa t te rns  o f  2D8 an l r -

s:r*l*o.*
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I
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Ant igen ic  ident i t y  as  we l l  as  p l  m ic ro l re te rogene i ty  o f
i so la ted  Fes  p  4  was shown by  IEF- immunoe lec t ro -
p h o r e s i s  ( F ì 9 .  4 ) .
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Ph l  p  4  MAB (a)  and poo led  pa t ien ts '  sera  (b ) .  On bo i l r
f igures ,  th ree  spoîs  o f  Fes  p  4  revea led  an t igen ic i ty  and
allergenicity, respectively. The detection of i l re fourth
component  o f  Fes  p  4  was more  d i f f  i cu l t ,  e i t i re r  as  a l le r -
gen oran t igen.  due to  i t s  smal l  amount .  as  we l l  as  pos-
s ib le  loss  in  the  e lec t ro t rans fer ,

Per iodate  ox ida l ion

The poss ib i l i t y  o f  a  carbohydra te  moie ty  invo lve-
ment  in  the  lgE b ind ing  to  Fes  p  4  was inves t iga ted  by
per iodate  ox ida t ion .  The e i f i c iency  o f  per iodate  t rea t -
ment  o f  the  carbohydra te  n ro ie ty  was conf  i rmed by  the
d isappear ing  o f  conA b indrng  to  the  ox id ized  Fes  p  4 ,
compared to  the  cont ro l  1F ig .  7 )  Fronr  e igh t  pa t ien ts
wi th  spec i f rc  lgE f  o r  îhe  a l l c i 'gen .  on ly  tu , ro  re ta in  a ln ros t
the  same ab i l i t y  to  b rnd  fo r  per iodate- t rea lec j  Fes  p  4 .
These resLr l ts  p roved.  rn  qua l i ta t tve  te r rns .  îhe  invo l r re -
ment  o f  the  carbohydra te  n ro ie ly  o f  Fes  p  4  in  a l le r -
gen ic i ty  in  s ix  pa t ien ts  and conA b ind ing  ab i l i t y  o f  the
g lycopro le in .

Fig. 7. Western blol ol Fes p,4: ( )  nitrccel lLt lÒse tncuL)ated ít  10 nM

sodiLtrn acetate buffer pH 5.0, (+) ntrt tcel lLt lose tnctbated in 10 nt lví

NaJO/10 tnM sodiuùt acetate bLrffet pH l i .0. l-8 t) i l roc-Òllult tse tnr:U-

haled wit l i  iudtvidual pal ienl s scta. K) nitrccel lLt lÒle i trctrbatc(l  tytf t t

corìcanavali t l  A.

ELISA inh ib i t ion

The inhibit ion capacity of Fes p 4 was compared with
inh ib i t io r r  capac i ty  o f  the  Fesp ex t rac t .  lnh ib i t ion  curve
for Fesp extract achieved a plateau at about B0% of irr-
h ib i t ion ,  and 50% of  inh ib r t ion  was a t la ined a t  the  con-
cent ra t ion  o f  0 .03  pg /ml .  lnh ib i t ron  curve  fo r  Fes  p  4  as
an inh ib i to r  has  a  modera te  s lope,  and a t  the  concen-
t ra t ion  o f  10  pg /ml  there  was a  4B"A o f  inh ib i t ion  o f  lgE
b ind ing  f rom a  poo l  o f  a l le rg ic  pa t ien t  sera .  By  app ly ing
in te rpo la t ion  lCuo va lue  was de termined fo r  Fes  p  4  to
be l5  pg /ml .

DISCUSSION

Up Io 75'/" of patients al lergic to grass pol len were
found to exhibit  lgE reactivi ty to groLrp-4 al lergens, hence

lsolattotl and partial characterizatión oÍ Fes p 4 allergen 365

they  are  c lass i l ied  as  the  major  g rass  po l len  a l le rgens
(20) .  Severa l  g rass  group-4  a l le rgen have been char -
ac ter ized  thus  fa r :  Ph lp  4  (20-26) ,  Dac  g  4  (6 ) ,  Lo lp  a
(27 . 28). BG60 (2e. 30).

The rap id  p rogress  made in  the  f ie ld  o f  rno lecu la r
al lergen characterization appears l ikely to considerably
improve the  use  o f  recombinant  a l le rgens  in  d iagnos is
and spec i f i c  immunotherapy  (31)  l t  i s  we l l  known t l ra î
E. cof-derived recombinant al lergens lack post-transla-

t iona l  mod i f i ca t ions  (g lycosy la t ion)  and somel imes are
improperly folded (disulf ide bonding), which could be ex-
pec ted  fo r  the  express ion  o f  p ro te ins  w i th  h igher  mo le-
cu la r  we igh t .  A l though eukaryo t ic  sys tems are  pre-

fe r red ,  Petersen e f  a / .  (7 )  ga ined hyperg lycosy la ted
rPhl p 1 compared to nPhl p 1 using Pichra pasteuris

fo r  express io r r .  The same grcup o l  au lhors  ind ica ted  t l ra t
a  s rng le  pos t - t rans la t iona l  moc j i f rca l ion  can a l te r  t l re
lgE reac t iv i t y  o f  a l le rgens  or  shor l  pept ides  and shor r lc l
be  taken in to  accoLnt  when recombinant  a l le rgens  are
used fo r  d iagnos t ics  and immunotherapy  (32) .  There-
fo re ,  the  iso la t ion  and charac ter iza t ion  o f  na tLr ra l  a l le r -
gens  is  in r l i spensab le  to  c rea te  the i r  s t ruc tu ra l  as  we l l
as  func t iona l  reconrb i r ran t  counterpar ls .

Fes  p  4  a l le rgen,  i so la ted  by  c lass ica l  b iochern ic ; i l
methods ,  cons is ts  o f  lour  components  wr lh  p l  rang inq
f  ro r r  8 .7 -9 .1  .  and the  sarne  molecr r la r  werc lh t  o f  abor r l  { ì0

kDa.  accorc i i r - rq  lo  SDS-  ar r r l  2D-PAGE Dens i îonre l r i c
ana lysrs  o f  Fes  p  4  shr . iwed t f rn t  the  conrpor ie l ts  . i re
not  represented  in  equa l  amounts .  Three a l le rger r rc  conr
ponents  were  ident i f ied  by  2D PAGE- imrnunob lo t .  w i th
a  p l  f rom 8 .8-9 .1 .  Th is  mic rohe lerogene i ty  was f i rs l
observed by  Su e l  a l .  (29 ,30) .  Namely ,  they  rnd ica tec l
tha t  an t igen BG60 conta ins  four  i soa l le rgens ,  w i th  an
apparent  mo lecu la r  we igh t  o f  55-60  kDa as  de termined
in  SDS-PAGE.  The lack  o f  imnruno log ica l  de tec t ion  o l
a  Fes  p  4  con lponent  w i th  p l  8 .7  may be  due îo  i t s

lower  amount  compared to  the  o ther  th ree ,  o r  poss ib le

loss  in  the  e lec t ro t rans fer .
The deve lopment  o f  r ronoc lona l  an t ibod ies  has  l rad

an imporlant irrpact on characterization, puri f icat ion and
quant i f i ca t ion  o f  an t igen ic  mo lecu les .  A l le rgen-spec i l i c
MABs have been used in  t l re  deve lopnrent  o f  sens i t i ve
and spec i f i c  immunoassays  fo r  a l le rgens  and in  the
s tudy  o f  c ross- reac t iv r ty  and immune s t ruc tu re  o f  a l le r -
gens  (4 ,  6 ) .  Two MABs,  2D8 and 3C4 (produced on
unre la ted  reg ions  o f  Ph l  p  4 )  wh ich  recogn ized grass
group-4 homologs were used in characterization of puri-
f ied  Fes  p  4 .  Western  immunob lo t  showed tha t  the
cross-reactive determinants of Fes p 4 were preserved

dur ing  the  pur i f i ca t ion .  Accord ing  to  2D-PAGE- immuno-
b lo t  a l l  th ree  componenîs  o f  Fes  p  4  share  the  same or
related epitopes specif ic for grass group-  hornologs.

In  add i t ion  to  genet ic  var ian ts  expressed in  the i r  po-

lypept ide  cha ins ,  a lmost  a l l  g lycopro te ins  revea l  anoth-
er  fo rm o f  po lymorphrsm assoc ia ted  w i th  the i r  carbohy-
dra te  res idues  (33) .  Expressed mic roheterogene i ty  o f

' t
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Fes  1 :  4  concern ing  p l  cor r ld  be  e i ther  a  consequence
of a dif fererrt degree of glycosylat ion of the protein core,
r , r r  spo t ted  nru ta t ions  i r r  amino-ac id  sequence or  bo th .
A  fL r r t l re r  s t ruc tu ra l  charac ter iza t ion  shou ld  c la r i f y  the
or i0 in  o f  p l  m ic roheterogene i ty .  We observed p l  m ic ro-
hr : te roger re i ty  fo r  some o t l re r  g rass  group-4  g lycopro-
te i r rs ,  suc l ' r  as  Ph l  p  4 ,  Dac  g  4 ,  Ar r t  o  4 ,  a r rd  Sec  c  4
(unpuir i lshed results), whi le Haavik etal.  reported micro-
l ie te ro f1ene i ty  o f  Ph l  p  4  concernrng  the  carbohydra te
grart r,r f  the glycoprotein (25).

The a l le rgen ic  ac t iv i t y  o f  the  pur i f ied  a l le rgen was
inves t iga ted  in  an  ELISA inh ib i t ion  exper iment  per lo r -
mecl with the pal ienl sera pool. Fes p 4 achieved 50?à
in l r ib i t io r r  i l t  an  arnour ì î  o l  015 pg ,  wh i le  Fesp ex t rac t
r i r ;h revceJ  50 ' l ;  i r th ib i t ion  a t  0 .03  pg .  Th is  resu l t  i s  i r r
, : Jq t i r j ( jn re l t t  w i t l r  f i r rd i r rqs  tha t  g roup-4  a l le rqer rs  seenr  tc r
l  re r  i r  c r : l r r r : r  r t l y  r  ec r - rq r r i zed  in  le  E  - i rnnrLrnob lo t t ing t  s tuc l ies
{B 23) ,  a l îhoLrq f r  the  leve ls  o f  spec i f i c - lqE are  re la t i ve-
ly  low cor lpared  w i th  g roup . l  a r rd  5  (4 ,  34) .

I t  w;rs lound lhal F. pratensls grass pol len is a very
l rcquen l  cause o f  a r l le rg ic  reac t ions  rn  Yugos lav ia ,  a l -
nrost irs frequent as Plt leunt pratense (35, 36) and
L)ttclr lyrs glonterata (36). The t la;or Fesp al lergens be-
l r r n q  t o  g r o u p  1 / 5 ,  4 , 2 1 3  o f  g r a s s  p o l l e n  a l l e r g e r r s .  T h i s
resu l t  i s  in  agreernent  w i th  f ind ings  fo r  n ra jo r  a l le rgen
r l r {  ) i r i i s  i l l  r ) thc r  r ; rass  po l len  spec ies .  a rnc l  lhus  suppor ts
l l l r :  r ronc . . j l l î  < t f  de f in i r rq  a  l rn r i ted  par re l  o f  reconì l l inar ì l
i ì l l e rcJens  lo r  ear :h  pa t len î  and us ing  t l rem in  imrnuno-
l l r e r a p y  ( B ) .

I  l re ir lportarrce c_rf Fes p 4 was exhibited by t lre
f inc l ing  tha t  a l l  sera  f ronr  g rass  po l len-a l le rg ic  pa t ien ts
inc luded in  the  s tudy  conta ined lgE an t ibod ies  to  th is
a l le rgen.  The a l le rgen ic i ty  o f  carbohydra te  moie ty  was
exarn ined by  per iodate  t rea tment  o f  b lo t ted  Fes  p  4 .
The lack  o f  cc lnA b ind ing  to  per ioda le - t rea tec i  n t t roce l -
I r r lose .  1he oppos i te  to  the  cont ro l ,  con f i rm tha t  the  car -
bohydra te  n ro ie t ies  were  des t royed.  Bes ides  ox ida t ion
ol carbr:hydrate structures, perioclate lrealment may
a lso  a l te r  anr ino  ac ids  i r r  the  po lypept ide  cha in  (37)
A l though we chose rn i lder  cond i t ions  ( .1  0  mM NalO. / l  r )
rnM sorJ iu rn  ace ta te  pH 5  0 ,  t  h ,  4  C)  i r r  compar ison  to
optrmized reaction condil ions determined in comparable
Western  b lo t t ing  s lud ies  on  grasses  (50  mM NalO" /10
nrM sodiurn acetate pH 5.0, 2 h al room ternperature)
(38 ,39) .  the  per rodate  ox ida t ion  o f  Fes  p  4  reduced lgE
reac t jv r ty  o f  s ix  pa t ien ts '  sera .  A  s imi la r  resu l t ,  bu t  in
quant i ta t i ve  va lues ,  was  ga ined fo r  the  b ind ing  o f  a l le r -
g rc  sera  to  ox id ized  BG60 wh ich  was reduced about
30-409';  compared to the unoxidized 8G60, suggesting
tha t  t l re  ca i rbohydra te  o f  BG60 is  invo lved in  the  numan
lgE b inc l ing  domain  (30) .  l t  shoutd  be  rnent ioned tha t
Haav ik  e t  a l .  (24)  found tha t  most  o f  the  b ind ing  s i tes
fo r  hunran lgE and lgG on the  Ph l  p  4  a l le rgen d ic l  no t
conta i r r  carbohydra te  des t royed by  per iodate  ox ic la t ion
or  re r loved by  the  g lycos ic lases  used in  lhe i r  s luc ly .
Fr r lher  s t ru rc tu ra l  charac ter iza t ion  o f  thc  lgE-b ind ing

J  INVES T  A t  LFF l coL  C r  r r , t  l v vu ruo r

ep i topes  shou ld  he lp  in  unders tand ing  a l le rgen ic i ty  o f
g roup-4  a l le rgens  and c rea t ing  poss ib le  recombinant
homologs .

Our  s tudy  c lear ly  showed îha t  i so la ted  Fes  p  4  a l le r_
gen is not a homogenous glycoprotein. l t  consists of
four cornpor.rents dif fering in pl with similar molecular
we igh t .  th ree  o f  thern  bound lgE f rom poo l  o f  pa t ien ts '
sera .  A l l  th ree  cor îponents  share  a t  leas î  two common
ep i topes  spec i f  i c  fo r  g rass  group-4  homologs .  l t  seems
that carbohydrate structure takes part in al lergenicity of
Fes  p  4  a l le rgen.
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