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lntroouction

Despi tc the f inding of  cross-re act ions Lrctu 'een vegcte-

ble foods. pollen, and insect venom due tt-r lgE aeainst a

ubiqui tous cross-rerct ive carbohl" t i rate determinant i l .  i l .

the involven'ìent of the carbclhvdrate moie tv of glvcopro-

teins in ai lergic react ions has receivcd minimal al tcnt i t 'n.

Sea squirt O-gl1'cans as well as N-glvcans irttrn a honcvbcc

venorn gl."-coprotein have been reported to Lrind lgE from

allereic individuals [3. -tJ.

Abstract
The rcac t i r  i t v  o f  scnr  f rom hr rncvbcc  vL-n( ìm l r l l c rs ic  p i r t i cn ts  w ' i th  thc  N-s l rc l rn

o l 'phospho l ipasc  A-  rv : rs  rnvcs t ig t i t c r i  us inc  nu t lg i rco i ' t ro tu ins  u ' i th  an  unz \mn-

l inked lmmun( )sorbent  assa \ ' .  Of  l l l  sc ra  \ \ i tn  apprec iab ic  le ' " 'e ls  o f  I sE a l l î r -

hocircs dir ' :c l ,et l  against  hee re nom as mcasurct i  hv r l rd i t 'a i icrgt lst l r t rcnt  t r - ' : ,1
jJ st : r l  crhlni te i l  s igni l icant rnìr)ur1lS of  g ivcln-rc i rct i r " - -  igE. 

' l -he.e \e r i . i

cross-reactecl  rv i th the N-gi1 'can from thc planî r lvcoprotuin br lmeiain.  
- I 'hc

intcract ion of  iqE 'n l ' l th the N-glvcan from sir i r5pnol ip lse couic l  bc inhi i - ' ' i t ' : . . j

u ' i th  g lvcopept ic les  in rm bromela in  wh ich  shares  thc  c1 .3- rucosv la t ion  ù l ' tnc

asparar: inc-t ' rpund N-acctvlgluct ls l . rminc ' , r ' i th hcc tcn(ìrn phosnht l l iPasc. Sln" 'c
' ì , ' f11g i r t r ' l l îe i l  h : ' r tmc l ; r in  i l l l ( -0p t . r t idcs  ( ì r  r lVc t t l - t : t t i c i cs  c1 ìn t i l i n rng  l t

N l t rn . ( ì l c \ . {c "  o l r losacchar idc  \ \ t rc  n ( ì t  rcc ( ìg r t i zcc i  h r  most  o l ' thcse  scr l t .  \ \u

c(r l . ìc luLlc t i r . i i  cr i . i - tucosr, iut ion of  the lof ie t I i l t )st  N-; . tcctv lg luct ls. l rn inc r ' : : ' i t l l . -

o i  N-g l r  c t l i r ro te ins  to rms an  IgE- reac t ive  ou t t rn ì lnant .  Tn is  s t ruc tu ra l  e lcme n t

is f rcqur.nt  in girct iprotc ins f rom rr iants.  anrt  i t  occurs aiso in in.cct . .  I t  is  sur-

pcctet i  to be one of  the mairrr  c: ìusss of  tnc hrt laci  a i ie rsenic cross-re act i r  t t r

tmong. \" , . i , ì ì lS al l , : rgcns l ' r r )m in:cct-r  and r l i r .nts.

Hclne 'br -c  venonì  a i rur l r ,  is  pr  : ia i - i i t  ,1 i  {qF-nre Ci . r ' , , . , .1

t1 'pe o f  hypersens i t rv i t r . I ) i te  t , l  ppt r i i - r lc  l rn l i rhv iact i t  r . ' -

ac t ions to  honevbrcc ven() l ì1 .  i :c ;  : t l l l * t  ' ì rc  a  le tha l  thrc ' l i t

to  a l lerg ic  p( ] rsons [c .g . .  j . i r i . . r i ì - ìo f lg  i i le  Var l ( )us  to I Î I - "  -

nents  t l f  hee venom. phcspi ; r r i i i l . t ' .1  A '  I  PL"{1  is  the o l i l l r  i l -

a l l e rgen  [ 7 i .  a l t h t t ugh  t i i i ì c :  c ( ' i : ì i " r  , I l c l i . j  s ' j c ; l  í ì s .  c . g ' "  h r l -

lu ron i i iasc may l iker i ' i :c  p : : t i ' ; ,1 - ,  j r r i r r t r : ; , in l  ro le  18.  ! ì i "  P l  . \

a c c ( ì u n [ s  l t r t ' i ] ' i  t ' î ' l Ì l ' . '  l r  
' , i g : i h i  , t i  f  i - '  \ d i l t l m  ; , i n Ú  i '

thuS ihe nt . r j t t l  p r r ) tc ln  eo i l lOt : r l ; ' - ,1  ;  l i ) i .  I i  i .  a  g lvCOlr ( r i ' -  ì ; ^

composed of 13-l  aminn -,cir is ; , . i i i  i :  sinelc carbohvdraic

.  - : : s ; i r i . i l l : t , : ,  i ì '  r ' f l t 1 1 i

i n s l i i r . l i  r u r  C  i i m l :

L int r  urs t î . - l  t i r l  i  r ldcniu l tur

G r : u t l r - \ ! c n J r  i -  j r r : l s : .  3 l

A - l l S l i  W i e  n  t À u s i i : r  r

' ' '  ' \  i r ; i , l c f r í . -  r i :

11 i  5* j1 .1f .  9 l  l r ) l : ' r : -5 .

S l ; 5 i ,
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side chain l inked to asparagine 13 [111. About l2(ìb of PLA
occur as a non-glycosylated isoform [-1. 12]. [3y soclium cio-
decyl  sul fate-polyacrylamide gel  e lectrophoresis (SDS-

PAGE). the glycosvlatecJ fraction is separat,:ú into nvo

Mancl-ó
,/ \./ , \

Manal*3
/

+ lv{ancl- j

Mancl-ó \ \

bands: PI. .A- l t '1.  thc main glvcoform. and P[A-]( i ,  contain-
ing  N-acc tv lga lac t , i s i ,m ine .  [ ]1 .  The s t ruc tu rcs  o f  thc  hc t -
c rogcnu( )us  N-g l rcun o f  thc  g lvcosv la ted  f rac t ion  o f  PL, {
h a r c  n o u  b c ù n  c l u t ' r r i l t c d  [ l j ]  l f r l r m u l a  l :  F u c :  f u c o s c i .

! f  anl i l - - lG lcN Acl Ì  i  - -1( ì  lcN.^\ct ì  i  -  \ ' \ \ n ( n t ; l t l t l C  )

+ Fucr;-l-{r

CialN Aclll-1G lc'5,iAcp I - I \{ lnrr I -3

Fuccl-3

Thc  occur rcnce o f  Fuc  c l . i - l i nkcc l  to  thc  inncrnros t
GlcNAc is a remarkabie analoqv to the N-glvcans of  p lanrs

u'hich of ten addi t ional lv displav a .x\ , . io-re l lnked to rhe

[ i -mannosvl  rcsicìue. Tvpical  c\amDies qrr  th is struct ,ur ' " r l
t ) 'pe are the N-glvcans of  p ineapple ste m brtrmciain (r \ !o
mannoscs) and of  hrrrs€r ld ish peroxidrìse ( Ihrcr  man-
noses) [14,  l5ì  ( fornrula 3).

ìr 'f irnrtl-{i
\.

NI . rn f l l JG ic \ ' \ c { ì l - J f ì l c \ . . \ c i i l - \ ' - . \ \ n (  nenr i r l ' - '  r  r  I  I

* \{an*l-.i " 

t4.. ,./
Fuca i - j

X1lii1_-l

Such N-g i rc lns  a re  immunoqen ic .  iead inq  to  h igh lv
c r ( rss - rcac t i re  an t isera  f16  17 ] .  l ' he  n l r r t i c in l t ion  o t '  .he
Fuctr i . i  and lv l . rnrr i . t l  resiOues in thc iùrnlat t r ) f i  r i l  lhr ;  i rn-
munogenic t ic te rminani  i ias been revealed in ihe case of  a
rabtr i t  tnt iscrum U5. 181. al though other structurai  fca-
turc: , .  e.g. .  Ihc s ' iosc residue. mav i ikcrv ise const i turÈ tne
heart  of  an epi to i lc  reqion [7.  19] .  I rnmunizat ion wi th ] ' lA
has been shown to el ic i t  an immune response u'hich was
partiailv directcd aqainst rire carfronydrate moiefv of PL{

fr l l .  Aslain.  th is serum cross-treacted with a number af
plant gl ', 'copr"oteins. In analoo-\' to antisc.ra raised against
plant ulvcoprrr t ; ins.  the react ion of  ant i -PL{ serum u, i th
the N-tlvcun wiìs shor,r'n tcr involve thc Fucg.l-3(i lcNAc-
Asn grt-rup [ìt]1.

r i )

1  I -  r . , . i J r

ì l c \  . \ c i i i  - \  r - . \ . s r l  
I  pc  pnde  I

+  F u . r r i - - ì

! \ehcr  c t  a l .  [ - l ]  rccoun izcd  th l t  thc  scra  u l ' son tu  i rcc
vcnom a l l c rs ic  ind i r rc iua ls  contarncd IgE an t i l - r t rd ics  d i -
i 'e c lccl  usainst  thc c l i rhrrhvcinrte port io i i  of  PL,{ .  , \ r  ihut

t rn lc  n ( )  ru i iah lc  in lo r -mat ion  ( - )n  the  s t ru r : tu r ts  t r1  ihcse  \ -
g ivcans  w 'as  a l 'a i lab le .  S ince  thc  s t ruc tu rcs  o t ' thc  PLA N-
g l rcan now have becn r ' iuc ic ia tcd  t i -11 .  wc  re inve  - : i i l . l t c rJ
these c l r l v  t in i i inqs  and tned to  ident i t v  the  s t ruc tu ra l  fee-

tu r r ì {  S  }  l 'C- \ I rons ih lc  fo r  t  hc  igE-c l t rhohr  c j r î l c  I r i  i r r ; . t c t ion .
I n  t h i r  r j î  : 1 ' l  \ \ ' c  ' n r e  i y r r . g s l i i l : r t c r - l  t h c  i n t J r i ì c l i ( ) n ; r l - [ r ' t ]
; r r i i i i r r r , r i t ' '  o f  i l l  i n d i v i d u l t l  s c r : r  f r r i m  h c c  v c r ' Ì t , i i 1  l : l ì l r g r c

i l i r t i tnt \  r l  i th inc c; i : .LtrLhr t i i  atc nìotc i rcs c i  hunevbcu PLr '
and o f  p lan t  U i rcopro te ins  us ing .  am(rns  r l tner ì .  nu . ,g ! ) -
cor l ro le ins as c()at  ant igcns 

"r i th 
an , :nzrmc-i inkeci  i inmu-

nos{.)rircnI assav f E["IS,{t.

Ma:er ia is and Methods

.1 i !cryt t '  P, i t ier t t . i  - \ 'c . r t ,  t : : i l  ( - ) t l t i ' r  . ' , !c t t ' r l i i ls

L)nc r , i t  ( r1 s i ' l - i r  l . - \  rnd [J scr : r  )  f : ' , ,1 '1 i  - i1 i rce vcf i r ic l  . , i icrg ic i r ; r t i r : , iS
* l : c  l l  k i n , i t : i l t . r l ' l l r t .  H .  E i , n t r  - i n J  D .  K r : r r t  ( A m b u l i i i o n u : l l : : ; r . - { l -

l c rg i c  ' . : ; . , ,  r , ì i r i sch -  i n i *nun t l i t - rg i ' J .  " " " i cnn , r .  Aus t r ra  ) .  l i l  se r r  , '  s€ t t )

l r r - ' ; - , . r  i : , r l l r l r ' . 1  i r r ,  [ ) ' -  J1 ,  r - i - . l r i ( n r r  {Ph . t imac i : , .  I ' n r . sa la .  S . rede ,

an r i l h t l '  ' e  n ì  ( i i '  . , i r t  I  \ re rc  i ; i ndh  p . ; . r i dec i  h r  Dr .  J  l { l n . :  ,D .

i -n l l î ( r i ,  '  .  [ - i rv is i t ln  r r i  t  hr '  [ - rn lvc ' r . i t : i lsx lunkenh; iu.r  Hant i ' 'u i ' : -Hn-

DcnCí. ! f i .  i . l " i l ' .  r r l r i  r ' rnt  S. :JLl  i ' Ì l  t iJ l  lua:  ' r t r t ; . i inr :  ,1 i r ( ] rn :  : ìú ' - ' \ . tno! : l

i t ! ì t - ' r { : i c  c i r i l l r 'D r r r ; ] i . r . r  r r t  : : r  L 'n i ' . , : r s r t : l t  l l - i i  i J ( ) cu r ihu l l u r .  The  : -  t ' . ì  t r I

. i ( )up , \  h l r . i ; - : i t i i o ; l i . : I g  ) r r i ' hs :11  i i : , i  i i .A> i  ,  \ c r ' / rus  c ia - r * - :  - c " r i n r i

b c . J  v c n ,  .  , ; i  r i l  l i , ' r ì r '  : Ì ì -  o t : . . ' t ' \ t t . r . \ i ' . . r r  h i , - : ; : - - r . . { : ;  r a r . , .  t h : :

R . \ST  c l l : : - ,  i l -  j i ! ùn "  r t  \ \ : i ' : . i e t c i - i : t r i , t i  w t th :he  L .AP svs tem lP í ra r -

m3c:r l  | .

N' tanI i l {Ci  lcNAcí} l  -+(  i  lcN Àcl  i  i  -  ̂ i ' - . \sr ]  i  i ìc  I  I  r  i  I  ;  I- / ,/ /'
+ Manu l - j t  Fuc r r l - l

NlanrulJr

\

_ i ) t l L . - ,  ' .  
. r ì - . i  r

L : i t r . ; p -s

A l tmann  Kubc i . ta  \ t . . i . :



Fre e rrn i l  a lkal ine phosphatase conjugated mouse ant ihuman IgE

mono, i t inai  : rnt ihodv (Pharminr:en l  anci  goat  ant imouse IgG (  FI  + I - )

coupicr i  to a lkai inc phosphatase were ohtained f rom Dianova (  Ham-

burgl . . rnú a hurnan lgE standard r \ rs dei i r ,ercd f rom l ìchr ing lNlar-
burg. FRG).

Lyophi l izc-d Lree venom $' : rs [ ìur \hased i ' ror , r  Nectarcorp (Solra.

Bulgar ia ) .  Pineapple ste m bromelain.  horserai ; ish pcror idasc.  pr() -

nase E frorn Streptomvce.s giseus- l l-l 'J-acetvlhcrosaminrtlasc from
jack beans,  and rabbi t  ant ihorseradish serum rvcre f rom Sigma. l l -Ga-
lactosidase fnrm-{speryil lus or1'zae was purifie d as descrihed [131. Ch'-

coamidase A f r , rm almonds \À'as pi t rchascd l iom Seikaeìku K,rqvrr
(Tokvo.  Jat tn) .

e' para ti ctn o{' .1 rt tige n s. N t ogh't' t s pro t t i rt.t. u nd I n h t b i t o rs

PLA was pur i f ied f1s1r [1 i l  . , 'bc 'e vcnom ht 'q. !  i i l t rat i r ln and i r rn

exchanqe  i l 2 l .  Thc  uns r \ .  , r ' l a t cc i  l t r i an i .  t e rmed  PL \ - i b  re fe r r i ns

to the mrl r iJuiar  mass I i -  : r  PLA-I)  accorc j in i  ro i ts  af f inrr \  t ( ) \ \  i ì rds

concanav l ! i n  ,A  [+1 .  was  p rep3rc r l  ny  l cc t rn  r t t i n i r r  ch r , ]ma t ( )q raph_v . .

[1] .  I ts  pur i tv  r r ' i r5 asccrta ined i - ry 5DS-PA{ÌE

P ineapnrc  s tcm b rome la in  and  ho rse rad ish  pc rox id l se  wcrc  pu r i -

f i ed  as  c iùse r ihcd  I l l ] .  C i l c t l pc i r t l dcs  \ \ c rc  n Íc l i r r cc l  f r r : i l r  un t ' r : r c t i on -
ated PLA. î  , .n bromclain.  and f rom l  , .  inc i ihr in hv tuo cvcle s t r f  d i -
gest ion wi th pronase fo l lorrcd hv gel  i i i t r l t i<)n r . ) \ 'cr  Scphader G-3-:

us ing  . ' ì 2  ( r ' v ' j  : r cc t i c  ac id  as  thc  c lucn t .  Fu i thc r  ; , u r i f i ca t i on  was

ach ie rcd  hv  an ion -cxchangc  ch r r rma tog raphr  on  Scphu t l cx  I )E  \E -
A25  u : inq  0 .01 { ) .uÀ l  sod ium bora te  ( l i nea r  {n id i cn t .  pH  t3 . . r ) .  I ' hu
main producîs \ \ 'erc . , \sn(CF{O)-L} 's , , ,  ín thc casc of  PiA ancl  . , \sn, ,  , -
Asn{ i  I l { )  r - i j l u -Se  r -Ser  r r f  b ro . .  - ' l a in  l s  dcduccc l  f r t l i n  amin t l  ; ; c rd
COmn( )S i l  ì r  r r ì  I  1 i , . .  : l t l t  Sh , ' r i  O) .

br i ; . - ; rc l : . t i t - t  g lvc l rpept idL's werc dc! 'ucosr i - l tcc l  r . 'ur th t r i l lur tn ' : rcctrc
ac i t i  i r ì l ! i ì 1 .  , t t  room Idmper i ì t u ì ' , - '  . rnd  \u , , \ cc tu t ì i t i l  suh ie  . i i i  t , r
ge l  |  - r i on  [5 .  2 ( ì1 .  . \ s  sh ( ì \ vn  b r  m, ' : ] r . r s l i i ch . i r i i l c  ana l r s t s  us ing
GLt  ,S  [ ] l l ,  t hc  r csu l t i ng  g l vcop .  r t i de  h r t i n^ ie  l u r i ' -Fuc  con t : r i ned
less  t i ran  i r i  t l f  t he  tue  . , ' c  o r i i : na l l .  : . t ' r - sL -n [ .

Fibr in g ivcopcpt ides werc desir , r : i l ; t l  rv i th sr . r l f r , rnc acid f  . i l i  m.t1.
8 0 " C .  i l i  m r n ) l n d  d e s i i l t e d  h v  g e i  l i l l r : r r i o n .  i  i . r u s t i v c  d r s r , , : i c n
r v i t h  ì - c ; r i . ,  ' ' i ' J a s e  a n t l  ! ì - \ - . r c g ( 1 . 1 [ g 1 1 i . : 1 n r j r l  ' , s c  r i c l t l e , J  I  g ! r : i l -

pep {  .  \ \ '  r : r ,  , ' \ ) r c  p r  , . - iS l ìCCf ìa r i t l e  \ f  t i n .L ;  ) .  \ c .  pcp t i Jc  I l - ; 1 .
( ' i e r i p ' . - i , 1 , - t c s  \ \ c r c  c o t t p i c d  i  ì . r 1 1 r ; i p  - r : . i n ì : r l b u m i n  r r r , i :  i -

ethr ' ì - - ì - (  j - . i ime thviaminoprorrv l  )caroqtdi i r  i r  r  p l r  osph:r tc -buf-

fe re i l  sa l i r : c  us ing  a  15 - fo ld  mt t l a r  cx , .  o t  ghsopepr i , l e  [1 . { ; .
Ther- 'hr ' .  - i * i  i i , r t l  r l l igosacchal i r i i -  was i ì t taei i .  :  pcr  mtt le ( r i  t - ì1 ' {  } tc ln 3S
detc:-  : red hi  { i rs  chromal l iqraphr ' -n lass sp, . ' romctry and hígh-pcr-
fo r rn  ; i r l i r i d  ch ron ta t r rg r i i  l hv  an r ,  r s j5 ,  ( i r  . , : . ' ; ; r osL rga rs  í l l l .

F .  t , i : ios l icchar idcs \ icre ( ìL ' ) t i ì l r . - ' t ' l  i : * r '  :n ' : l , t in  g i ' ,cr 'ncp-
t ides '  r i igcstrUr:  *  i th g lvcoamidasu A i ' r  r  r i r . r , '  .  . .  i  n i i -  . i tgc L) \  er  f )0-
wex:  ' -Xl  i r i  ì .592 acetrc acid.  Pan t l l  thrs .  iu i - i r f3{ . r  ,n \À ' i . ts  rc 'duceú
to oi r -  :ecchrr i to l  u j th sodiurr  h i r :  ) l ' ! \ ' i i r i . r i .  ̂ - \ ; r t r ther t r  t i t  was : -e-
uuct i , ,  -  ì ìmìn:r ted rr - i th ' - i161i11, , ; r -1:nut i ie 

I i3.  ] - l ì .  Thc. .  samf.r les
were  iau r r  , ' r l  hv  ge l  i i l t r : l i i on .

F i"lS.4 nui Immunohiol
(  'neral ìv  ar Ì  ìmount of  0.1 mi of  the rc. 'nL-c i ive st l lu l r t ln \ r 'as 1r ì -

cub l '  i t  ro { ì r ' r i  i f  mpcra tu re  i 1 'no t  t l t hcnv ise  r ta teL l .  An t iqcns  ( ( j i } l

mg i  n l t r  ' . ! t ! ' e  coa te  d  on ' ]6 - l ve l l  m ic ro t l t c r  o l l i : s  tNL tNC)  l t  37 ' ( ,  t i r r
2 h using 0 i  i /  sodium carhonl i te buf tcr  l tH \ / . t ) ) .  Thc wel ls  rvc ' ÍÈ Sat-
unì t . : rJ  * l t i r  ht , r ' ine serum r t i i - rumin.  I ) l t t ient  s i i ' i . t  vv 'crc d i luted ; lpprrr -
pr iate lv i - i - i i t - ;s i ; [ l  u i th Tr i .  lv lS-htr f f ' ; r td sr l ì rc  1TI ìS:  i i . l  '11 Tr i r
HCi.0.1 . t /  N:rCl"  1.5 rnt f  N{gCl, .  pH 7.-1t  conrain ins í } .5%' (wrv)  i - ro-
v ine serum aibuin in and were alkrwed t r l  rcxci  overnight .  The wcl ls

were  then  incuba tcd  w i th  the  a l ka l i ne  phospha tase  con ju {a tcd  an r r -

human IgE  an t ihody '  f o r  i  h .  Soc l i um- - l -n i t rophcnr lphospha tc  i l
mp/ml in ( l . i  ,11Tr is ' 'HCI.  0.1 . Ì /  NaCl.  1.5 ,4/  \ {gCl . .  pH 9.b)  was ar ldcd.

and  the  rcac t ion  was  s toppcd  a f t c r  I  h  h l  add i t i on  r r f  50  u l  o f  . i . 0  . l f

Na( )H .  . " \ l Ì  mcasurcments  a rc  r c f c renc id  t t l  an  IgE  s tend l rd  *  h rch

was  suh jcc tcd  to  E I - lSA  us ing  an t ihun lan  IqE ,  as  l hc  cou t .  S incc  n t r

c i ) t r cc l ì t ) r ìS  f r l r  d i f f ' e renccs  in  Jn t rgcn  dcns i t l '  and  b rnd inq  i r f l ' i n r t i cs

* ' c rc  n t l r " j c .  t hc  r csu l t s .  t housh  exp ressed  in  n ln r rq r l rn l s  f ì c r  n r i i l i l r t c r .

mus t  bc  r cga rdcd  as  apparcn t  c ( )nccn t r i r t r ( )ns .
.  EL ISA inh ib i t i on  i : ' : avS  were  pe r f t r rmc t j  acco rd ingh ' .  c \ c rp t  t l . ì l t

t hc  se ra  wcrc  p rc incuoa ted  w i th  i nh íb r to r  f ' o r  - l  h  u t  r ( ) r )m tún ìpc r -

a tu re .  Fo r  i nh ib i t i on  assavs .  the  sc ra  w 'c rc  d i l u te  t l  t o  g i r  c  l i 0 r  . '  r  , i  r l ax -

imum b ind in r l  o f  I eE  to  the  coa ted  an t igen .  Thc  inh ib i to r  co r ì . -  n t ra -

t i r ; i r .  r vc rs  c ie  te rm incd  b t '  h igh  pc r f ì l rmancc  t i qu i t j  ch romat ru r lph r

o f  N- . r ccn  iq lucosamin r  [ ] l l .
F t i r  immunopr in t : , .  t hc  i s , r fo rms  o f  PL \  \ \ c re  sepr ì ra tc t i  h i  S i )S -

PAGE us ins  r  l . l { ?  gc l  [ ] 1 .  a r td  thc  p ro tc rn  hands  wr rc  t :  , . r t e  r r cc l  l t ,

n l t rocc l l u l ' ,  i ì k r t s  r r ' e  re  i ncuba tccJ  t r vc rn igh r  u  i t h  d i i u r  c ra  (  l  :  l { )

r n  T B S  c ( i '  . . i r r n g  0 . 1 ' i  T r r c c n  l 0 ) .  .  r i t e r  r r l t s h i n g .  t h c  s i ; , i r \  \ ' c r d  r r l -

cuh : r t cd  \ r ' nn  m( ìuse  : rn t i - l eE  ( l : 1 . ( ) { l i )  i n  l ' I lS -Tur tn )  t ( ) i l ( ) \ \ c t i  i ' r l
g ' r  ! t  l r n t l n r r t u s c  l { G  e ( r n l u g i r t t ( i  t , l  l l i k a l i n c  i r r r ( ) s p i l i t î i r \ c  { :  5  i ) ( Í i  r n

T l lS -Tween  | .  i Jound  I sE  uas  now r  i sua l i zc t j  us inS  thc  \ l JT '  l J ( ' l [ )  . i r

i r r s  \ ( r i u t i ( ) n  [ ] J l .  A  r c i c r e n c c  s l r i p  r r u s : t a i n c d  w i t h  i n d i a  i n k .

Results

i,,/ccfir.,1 tf'Seru : :urtlter f;pi','ttitt,nî.s

i - '  -ser . r  ( ) f  inL i iv t r j r , l r is  c lass i i ie t j  . r .  l - rgg 1 '1 'J11r ' r ' ì  a l l ' J rg ic

\ \ ' . ' i ù  t l t : r ' t i  f O r  i h c i r  I -  i e  . : "  l l l .  i i '  : . 1 n ( t  t l r :  r a c i i r r i ì  : :  . , . l  h t ' ,

e | lee vcnon ' l  PLA u: r lng an ELISA t t \ t  svs iùn l .  j l  ( ) i  thes, -

s t ; - . i  exh i i ' r i tec l  t in  apparent  con icnt  '  :  in l ) rL Ì  tnan I  I  mi  t - r f

I gE  a ta ins t  PLA  { ' : t t r i e  1 ) .  Se ra  cop121 t ' i ns  ap i ) l . J ' . l i ì b l e

i e  ve l s  o f  I r i -  an t i h t r d i cs  d i r e  c t ' ; . - l  ag l r i ns t  t he  Ja rboh \ ' ( l : ' a t e

f l r r r l i r r i ' ;  . ' t f  P [ - , ' \  \ \ i :  -  ' ' ' -  f t . L i n  ; ì  l ì i '  g l ' i " l ' .  Th , : ' ;  \ i j .

t h e  s t t u c i f i c i t r  l i  i i i t : r  - 1 7  s .  Ì \  i  , l L '  i l l v t \ l i : - ' . ,  - . . i .

l h g  0 t h u I  S C t i - l  l l l i . t i l i l \  -  t ( ) l ì L . r .  : r t r  t : ì  r t  i ' i  l 0 \ \  i . ,  -  r  ( r l

Pl-A-sp-. : i f ic  IeE. Ti , : : , :  is  s, ìmt '  r . .k In: l t  i i )n io; ' i ; ì i ì t i . )n. l l

eprtopr. , r t  PI  A mtì \  hc disrr-rptec br thc . r t i : t ) rpt i i )n Of the

ant iqen to  tne  su i :ace  o f  the  mic ro t i te r  p la le .  IeL .  an t ib t ) r l -

ì  ; rec tcd  agat : : - [  s i t ch  en i t t lpc r  " '  " l  no t  be  r - ' - ' i r i l n l rac t
j  ap l l i td  tes t  ' r5 [c i ]1 .  Aod l

i , * - - , , ro r r ì  thc  75  {e r i ì  \ t ' h ich  d iO n i '  ) i  ln r ,  : . . ' r t i v  r ' : . , c1  u i t l

PLA in  ELISA:  'h tve  been c i i r ; c l -  - . rqa ins t  h , - :c  
"c , t1 r ) i " t '

con ì i )0nents  o th t '  ,han  PI I '

IeE Bin(tiil'.' t{) tlie L,irboln'drtirc Pot'!:('n ',{ PL4 anti ot

Plunt G l ', 'c'r,; ' , ) l( i  tIS

The ungt \cosv i . : r f td  f rac t i t ln  PL\ - l ( r  ; ,  ' LA ner t , : t t -

coDrotein (Pl l  u i rcr-rpi 'nt idcs counic-d to t ' ,  ,ne serur-  ; l -

bumin)  \ \ ' e re ' i i r s 'd  coat  a r i lge  -  ln  I r :E  :  ,  ISA 1r , , - " - r  -

mate the amOi.i; l l t 'r t- iIE direCtCct r\rí irdl thc 3t. ' i l 'p':rt 1i

and the ;arLrr :h. ,  - r i :  -  moien' .  resDl ' - t i r . r i t ,  i :J t ) ie I  ) .  T, ,  ;

sera thus fell tni: j  three grtìups c:;i i ibit irt f ireliSUr rr, .



Table 1. AJlergen-specif ic IgE content of
sera from 47 honeybee venom ailergic
individuals

Serum RAST class
code agalnst

bee venonr

Coat  an l rgcn

PLA PLA-16 PLA bromelain brontelain, f ibr in
gl1'copeptide gly'copcptidc -Fuc (core )
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! ' n lues  rcp rcsÈn î  the  ano . l r cn i  c ( )n tcn t  o f  an t igcn -sDec i f i c  IUE {ng  rn l i .

From l l l  scr l  invest ig l ted einh thosc are l is ted which rercted wìth Pl- . {  in î ,h! -  : ipnl lcr i

EL IS . \  t es t  \ vs rc :n .  L )ue  î ( ì  t n r  spcc r . r r  c t l ns t ra in ts  O f  EL ISA n leasurc rncn ls .  t h r ' r  i r ' t cS  91 i -
e i r  h:rve to bc intcrprc i r - 'd as i1f ì l i i rcnt  c( \nccnîrat i i rns.  \ . : îurai  prr t tc ins \4ùr i - l  . ( r . t ic  ,  ln  c i : \ . :

of  unfruct iLìn i . l tcd PL{ l : rd n i ' ; l i ivct is} l l !cd r :ot t r r rn { )L{-1b.  l ' icr rs l icr tpíú la,ns \ \  - iJ  L l '  : . i

. t s  c ( ) J t  an t igcn r  i n  c . i sc  i l i  i ' i . - \  g l i copcn t i t l r .  a r r i rn ì i i : r t n  g i i " : t , pcp i : i -1 , - ' .  l r r . ' l : ì v ) . :  í i  i - , c  i f r i -

c l rpco t idc -1 .  l nd  f i b r i n  ( s l r c , rnc r^ , i rd r : ) .  F lb r ì i  - ' on ta ined  the  \ {an  G i . \4 .  c ( } r ' i  nc " ' ^ . , . i lC : - l ' ; . i '

r ide.  -  :  r i - - lSA readinc:  i re lo iv tnc lc \er  oî  srcnrf icancù:  n.d.  :  n() t  t le lcrn, inc. l .

: :  , ; . r r ' '  i . r l v i i  i : ; r . ; ; i  \ - G i i  ù a n \  . \ :  .  .  { r -

i l  . . . t  r n . , cL l_  ,  r (  F ,L  J
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binding: (1) to the polypeptide only (13 sera). (2) to both
peptide and carbohydrate (19 sera), and (3) to rhe PtA
glycopeptide only (15 sera ). The carbohvdrate specificitv
of  these IgEs is also evidcnt on immunoblots (  f ig.  I  ) .  s ince
the ungiycosylated fraction PtA-16 and the sh'cosvlated
main fraction PtA-18 (and PtA-20) separate on SDS-
PAGE. al though they have ident ical  pol l 'pept ide chains

Ir2l.
In i t ia l  exper iments revealcd a cross-react iv i tv of  the

ant ibee venom sera wi th bromciuin and horseradish per-
oxidase which both share the ol.3-fucosvlation of their N-
linked oligosaccharides u'ith P[A. In order to avoid anv
polypept ide-based cros:-react ion,  bromelain elvcopep-
tides coupled to bovine serum alhumin were uscd as c()at
antigún for IgE ELISA. 33 cf the 34 sera which reactecì
wi t"h PIA glycopept ides aiso bound to the bromelain
neoeivcoprotein.  and in manv cases the binding \ \ 'as even
stronser ( table 1).  One factor contr ibut ing to th is di f fcr-
ence r ìav be the heteroqenei ty of  the PLA glvcopept idcs.
of wnich only 207o ar,, i11.3-fucos-vlated at thc- inncrmost
GlcNAc [3] .  This fucosy' l  residue is pr imari lv re sponsiblu
for the ant ibodv binding, as is impressivelv de monstrated
by the fact  that  defucosvlatcd bromelain elvcopcpr ides
were no longer recognizci br, 30 (se rum D20 rvas alrcuclrt
exhausted) of the 3-l patient sera which bountj ro PLA
3nG, , , '  h romela in  g lvcopept ic t rs  ( tah ie  l ) .  Thc  samc '  p ic -
ture emerged when Man,qGlcN \c. peptide. deril 'ed fnrnt a
mammal ian glycoprotein,  wàs r , : f 'erecl  as the napren l ta l r ic
1).  Apart  f rom serum B ló which has not becn ar ai iable for
th is exper iment,  the se ra whicn recognizcd dcfucosy' lated
bromelain also bound to thc c{ l r î  n ' int ; rsacchlr i . Ìc.  Th,:
th rec  sera  appcar  [ t r  r . r ìn i i ì . in  un t ibod ics  w i ih  l r  s ; rcc i f i c i l r
differing from that

h.lihition t{ rht: C t; r:', ti: "r'tlruie,- Bast'd IgE B tntiutg
Since the IgE ant ib( ]L i i . rs ot  ih.r  p l r ient  ssra have to be

considured poly 'c lonal  ù rJactr , . i f i '  to I )LA . ,nd to bro-
nlc la i i r  g l1 ' 'copept ide.  r r t  f l€c€SSlr i i l 'causcrì  nr  ihe same
subset of  ani ibodic: : .  i  . ; . - - refr , re .  the binding oi  IgE io PLA
neorlvcoprotein wi ìs measured in rhe Fr€S€nCir  t r f  brome-
, ; in t i - ' . 'copept ide.  Civcope or i r lcS werLÌ c i rose n l i . :  the inhib-
: -rry substance despite the particular advantases of tri i{:o-

saccharides or p1'ridvlaminated oligosacch;rrides ivith re-
gar'. i to their purif icarrofl í!f l t l  homogene it1 ;i5,f .

The reason for this decision shall be briefiv subsran-
tiated: Preceding expt-'r imc-nts with a connicrcial anti-
horseradish peroxidase scrum revealed laree,: i f ferences
in the F)otenc,v of various givcan derivatives to inhibit the
reactron with PL\. ln detail.50% inhibit ion rviis achieved
wi:h 0.3 ull bromelain giycopeptide, rvhereas bromelain

F i g . l . l g E  i m m u n o b i o l  o t  n e l i c n t  5 c r : i  \ c r s u ì .  P L . \  f r e c t i o n s .  P L - \

\ r i r s  \ cpa r : r ted  by  SDS-PAC; [ : .  l r n t . i  n l r i t s ' r r * r c  i ncu f r l r t e  d  w i th  d i l u t cd

p . r t i e  n t  se  l r  l ì ound  Ig f -  * . t r  r  i ' uu l i z .  I  f r , .  ' r 11 r11 te  r tn t i human IgE  l ì r l -

I t * i  cd  b r  goa t  an t im t lusc  lgC i  cnz lmc  L lnJu ! . { t c .  
- I -h t  

l r ro *s  i nd i ca tc

t h c  p o s i t i t l n s  o f  t h c  t h r c c  g i r c u i t r r n t .  
" i  i ) l - ' , - .  i . e  . .  t h c  u n s i r , c o s v l l t t r i

vu r ian t  P t l -16 .  thc  g l vcos r i : i l e  d  n r t t t t  I r ; r c l r ( )n  PL . \ - lE .  and  the  scc -

t rnd  s l reo l ì ' rm  PL- \ - l ( ) [ i l l  i ] t r l n  g l ' . c r ' t ì ' r n t s  e rh i i ' , .  i i . i c  s : tn t c  p : i t t t ' i ' n

( ì t  t uc . ) sv ia t ron .  hu l  t he  g  , . J t ì  r . r i  P l - f , . - - ,  I  c l l n ta in '  t , i - r i \Ac - l  F i r c -  i

C l c \ .  \ c  r r ; t : n n a  [ i - ì i .

o I  i  goslrccnar ide.  rc duce'  i  h.gr" t ' t  c  i .  i  r  n r t i i  gt .sacchar i  r le.  a r . : l

prrrdvlaminatct i  o i is lsÍ iccnarrr ie h; . r t i  to t 'e appl ic i l  aî  con-

ccntrat i ( )ns r l f  3.  10.  ar^, i l  l5 i I  uì / .  l 'cspcct i ' " 'c i t ' .  f )efucls) ' -

l r  t , - 'd ' '  '  ,  'nreiain 9i \  f  ,  " '
h . , . . ,  l ,  u l c d  a t  l t  C i  ,  -  i , . . . i r ' t i  o i  i l '  l r - l /  r i n i c h  n l t i r

t r c i l  r c i i . - :  t h e  i m i i i l  ; ' ; ,  . , ; : : i  - i  n : i n l  t r .  i t i ; t r s e .  I l  t "  ; : -

sumed  th^ , i  t ; t he r  an t i h t r t i i c '  r c  ac t i l ì  g  u ' i t  l ' t i . - ì - f ucc i sv i a : : i !

N-s i \ . ' can r r  i l l  l i kewis . '  i - 'e  .  : is i l l vc  to  s t r : , .  :  ura i  ch i inr€s t : i

tnc  inner6 l r . rs i  GicNA.  i  c . . . . :ue.

T rven t ' .  *  r t i cn t  se  r ; " '  l ; '  : t i ch  . i n t i c i r '  '  í :E  t l l t r s  \ "  - r r e

s c ; e c î L ' J  l o r  . n h i h i t i o r  - ' t * : ; r . i l ì i ' ,  i r l -  : t l s l r ù r ; n r  , ; i n

\ 1 i : ' used  l ì s  t he  c t i ; t t .  L . - .  i r . - l  \ \ ' e  t €  l ' - -  - i l : ' : - i  u i t h  ' ' : r r - l i n : :

concr-n t ra t i  ìns  o f  L ' ro ; -  . : l : in  e lvcopeni tc ics .  
-he 

h inc i inc

o f  I gE  i r om mos t  u f  i n -  s j ; a  cou l i i  r - , :  i l h j i t ' : t d  t o  a  ru -

rnar i : lb ly  h ich perceni í ì11e eyen 1r ' i th  m' r ' ie r l l t  . ' i 'ncen l i l ì -

t i r lns  o f  nr , ' te ro iogous hanten i t ic .  l ) .  i t  i lo t ,  r  oe adoer j

tnat .  for  unknown re i i . { ) t ; } .  Cì ì i ì lp i3 te  i r r , , ' i : r i t i t  .  ;Out i  nu;

be achie'.  sd in everv (- :ven u' i th l( l ()  ul/  PLA {ìvcopep-

t ides.  though th is  homir i l rgo ' . lS  har- r t ' - .n  r rc ice i  ger ìer1 l r i '

s r - r Í Ì rerVh-r  h ieher  inh i l - ,  , l  rs t t ' ì  (dara ' '  r l  ) lownl .  T .

r 's \cncr l  o1 ' these resu l ts  is  th l r t .  o l j : i le  i rh t  , r : .  l l ' ì c  same . r r i -

t rnc ' 'd ies  appear  to  be 1 ' ; ' -p i , i i ' i l le  r , l r  Lr t l , - i in t  i i l  PL+ as

wel l  as  to  bromela in  s ivcan.
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Fig.2. Inhibit ion of IgE bindine to ptA
glycopeptides. Glycopeptides from honey-
bee PL\ coupled to bovine serum albumrn
were used as coat antigen. Antigen was in-
cubated with properly di iuted parient IgE in
the presence of three dif ferent concentra-
t ions of bromelain glvcopeptides as is incl i-
cated at the bottom of the f igure. In this pre-
sentation. sera are arran-eed according to
their reactivitv with the unglvcosylateci frac-
t ion PIA-16, in other words. accordine to rhe
absence or presence of IgE antiLrodies di-
rected against the polvpepride moiery of
PIA as measured by ELISA. Horizontaibars
mark the mean values of inhibit ion achieved
with each inhrbitor concentrat ion wiirr in rhe
two groups of sera. Despite the large raria-
t ion of inhibit ion achieved with indìvidual
sera, the mean '"alue s of thc rw't l  eroLrps cl i l -
fer stat ist ical lv sisntÍìcanr in al l  threc con-
centrat ion serics (a :  0.(X)5).
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Discussion

Glycoprotein N- and O-,glvcens are.  bv the nature of
the i r  b iosvn thcs is .  var ia t ions  o i  a  c .mmon thenru .  and.
therefore.  thev rei)rcsent a sourcù r l f  immunoitrgrcal  cr( iss-
react iv i ty beru'een cvoiut ionarr '  re iatcd as wci i  l ìs  unre-
lated spccies.  N-givcans trom plant glvcoprorcins ha'c rc-
peatedly been shrx!n to he imrnunugcrì ic in marnnìals
[15-19. 25].  This is cxplainecl  br ,  d i f fcrcnt  srrucrural  rn.r i fs.
s ince. e.g. ,  n ' losr ' lar ion or al .3- fuc, .sJ ' lat i t in of  ihc i ìst i ì ra-
eine-bound N-ace tv lc lucosamlnu nus n(ì t  vct  : rc i ' r r  f r runt i
in  h ighcr  l in ima ls .  \ -u l rcanr  o i  g l - r ' c r rp r r i i c in :  i r r )n l  hone , ,  -
bee venom anJ most probablv also f r t lnr  orhcr insect marc-
r ia is [26]  exhibrt  the n1.b-Iucos,v- lat ion n ' r r icar of  mamnrr-
l ian cel ls and the n1. i - fucosviat ion I13J hi th:nr,  hci ic," ,eú tù
occur in plants oi t i r ' .

ln ih is re port  wc ha'e shrt* 'n that  thc cart- . 'h. ,  dratc
chein of  PLA const i iufes an important tarset  for  IgF f ' rom
honevbee venom allergic patients. -l; l  out of [2 sera reacr-
ed with the asoaraqine- i inked glvcans from both pL{ anci
plant protease l r romeiain.  only three of  these sera rcacted
ar leasl weaki-v n'irh detucosylated brclnrerain gryctrocp-
tides, indicating a ditferent specificirv of these sera. l-hc
other sera exhibi tcd nc measurable rcact ion.  nei t i r r - r  wi th
defucosylated bromclain nor *' i th the pentasaccharicie
core ìúan3GlcNAc" pept ide.  This aemc)nsrraies thar ihe
al.3-l inkcd fucrrs-l ' l  rcsiduc is the sist frlr rhc imrnuncllc,I-
icai cross-reacrivitv betwecn .insect anc piant gh'coorur-
teins.

[ {o rvevcr .  i t  shou ld  hc  cnrnhas izcd  tha t  wh i lc  ihc  c l .3 -
fuco: ' , ' l  rcsir iuc rs the bie c l i f fe rcncc bct*ue n manrnral i i ,n
ant l  i r tsect  or  p ianr ul , rcoprc-r tc in glvcans. i t  n la\ '  ov i t r ,_. i i
no t  bc  su l ' l ' i c ie  n t  to  c l i c i t  an  immur)e  resp( )nse  ( r r  i ( )  con l r  r
an t iL rodv  brnc j ing .  Othe  r  par ts  o f  the  mole  cu ie  nxr r .  con-
tr ibrute to thc brrnding af f inr tv ot  ant ibocl ie s.  as i t  inav t rc
thc  c : rs t  n i th  thc  c r l .ó -mannosv l  res idue I l : ] .  {c ! t i i t i ona ì lv .
ant iboci ics mzì\ ,be directed againsr other parîs t ' r t  t l 'e  mol-
ccule.  ls  is  incl icutcd i r r , '  the relcî ion ol  at  lc ist  tw'o scrt
u" i th  'he  n lkcc i  pcn tas l rc i l r i r r idc  co i -c .

l r  i ' i sp ic t i v t  ( ) i  - . i r ch  e t ' rns ic le  r l t i t )ns .  lhc  p rcsc l r t  s t r id r ,
dcnrons t ra rus  u l . i - ; . rcosv ia t ion  o l  thc  i r inc rmos i  L r  i cN. ' . ;
rcs rduc  to  be  a  s i ruc tu ra l  de ta i l  canab le  o f  c rear ing  an  IgE
cp i rope.  The 'c ross- re i . ì c t i vc  carbohvdntc  c ie te rnr inaat '
pn;posed in car i icr  studies t i .  l l  car ' ì  norv bc associatcd
r ' i th  rne  ac i ion  o f  onc  i ra r t i cu la rg lvcosv i  r rans fer rse  ac t i \ -
i  l r  .  i . ; . .  i  C D Fì- i  i icu:s :  f ì ic \ , {c-N- +sn t-rr i . j , - fuco\r  i t r i - ins-
terasc l7 l .  I lue rr-r  i ts  i ro\ ! 'D.- ì rcepr ib ic u, lc c ist i - rbut iu i r  r , .
naturc.  i t  nrust  i - .e cr .nsidered an imprrr tunt  : i ( rurce t f
ct 'osq-r i -act iv i tv in : r  * ' i t je var ie fv of  t l ie rse ns.  Suc:.  j rc i \s-
rcac t i r  i t i cs  ac tua l l v  navc  ncen impress i r ,e l 'n '  c ic rnn l . :  ra ie i i
[ .  ] .  io.  lSl .  Lrxe rrosr oiher in. . , i t ro tesr svstems. ELIS . ,

measures monovaicni  reaci i t tns.  Thcret t l re.  thc:  d: :nn.  ,
rct lecl  ihe c l in ic l I  s i rn i f i , : . : lnce , : f  the caihtrhvdraIc-has; ' . , i
I r i :  rc lc t i r i t v .  Tn is  i i i t l  h tvs  in  f rg  jnvc- t r , Ì : , t c r Ì  i l ' r . ) . le  ì  - -

e.t.. ce l luiar - le'st si rlr l i ' ' ts. f ln.,r, 'c., er. (ìnÉ tninc cii,, ' .,,,r ri.,-
duc: , . . |  f r -om thc nrÈscni  r l 'sui ts lv i tn cunsiJ. . : ra l . ,  ce i
ia in t r ' :  l i  a  sc r l rm c { ) Í r ta ln in t  an i iboú ics  asa ins t  iucù : ' -
lateu N-sl t 'cans is subjecred ro diaqnosi ic tests suclr  as
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RAST, CAP, or ELISA. a positirre result wil l be obtained

whenever the al lergen contains ol igosacchar ides with al .3-

fucose linked to the Asn-hound GlcNAc residue. The tlc-

currence of  th is immunogcnic and obviouslv also al lcr-

genic . ieterminant in plant and inse ct  g ivct lpr t l te ins is wcl l

estabi ished and most probabiv i t  is  not  restr ictcd to thest

organisms. From a posi t ive in v i t ro react ion a ct lnclusi t ln

on thr '  a l lergenic st imulus can. therefore.  not  be cn draw'n

unle\-  i t  is  estab' l ishecl  that  the react i ( )n in 'u 'o i rcs pcpt ic ic

determinants which in general  are more specics specrf ic.

The i : rh ib i t ion exper iment ( f ig.  l )  actualh '  tetnpts us to

spcc.. iate that  for  some cl f  the pat ients bee venr- im ma\;  not

havu 0ecn the strmulus.  The rei tsoning for th is ' , ' icw lakes

into considerat ion that brrrmelain and PIA qivcans are

structurai l r , 's imi lar  but ncrt  ident icai .  An ant i i roclv popula-

t ion r ; r iset i  against  honcvbee N-glvcans mlv ct)nt l tn i tn-

munoslobul in species r i ' i th lorv af f in i tv to thc plant N-gl l ' -

can o: .  an anr ibodv subpopulat ion reacr ing u, i th a di l fcrcnt

deterrr inant such as the GaiN;\c antcnna of  PLA [ ] ( )1.

The react ign 6l  th is serum with PI-A neoglycoprotein can

conscquent lv  n t t t  bc  fu l l v  inh ib i rcd .  In  cont r i i s t .  i f  the  reac-

t ion rv i th PL\ neoglvct lprotein is onlv a cross-react ion of

an t i i l l c j i cs  t t r ig ina l l v  u l i c i i c t l  bv  a  p lan t  an t isen .  thcn  i t

shou lc j  i r c  cas i l v  inh ib r i t cd  hv  thc  b romc la in  g ivcan.  Such

scra woul t j  of  coursc not rL-3ct  wi th PLA poiypcpt ide'

Thc  molccu la r  idcn t i f i c l i t ion  o f  a  ma jor  immunogcn ic

c ic te rminant  mav hc lp  to  f ind  ra t iona l  so lu t i ( rns  io  thc '  i s -

sue of  cr()ss-rcact ivt tv eui t te d hv th is Carbtrhlc i r i ì i t  StruC-

ture .  Final ly.  thc caf latc i t r  of  insecl  ccl ls to furnts i l  rccom-

binlrnt  g l l 'cc lproteins wi th a ptr tent ia l lv  immurtoqenic

ancl  or  a i ie rqcnic tJcternlnant ntust  nt l t  be ignt l ret Ì .
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