
;*
uF-'" " ji

cd$,'Val. I ,
t

r-Tffiguy, J.
399.

Pergi l  rnon { r { }31-9422(9. i )00 j { i  I  -7 [ ' ì :v t t>r : i t tn i . r t r .1 , ,  Vol .  J ] ,  No.  . { .  pp.  9 j  j_9.10,  1994
Copyr ighr  e,  I994 Elscv icr  Scicncc Lrd

Pr inred in  Great  l l r i ta in_ Al l  r ights  reservcd
00j l _942?/94 S?.CX) + 0.00?!t

.:.s in Pl,ant
c . l ,  p -  2 1 1 .
')91) in 6io-
's in Plants
p .  57  CRC

19l  )  in  B io-
' ts  in  P lants
: .  1 7 5 .  C R C

'lant 
Phvsiol.

'  I ' l t . t ,s ic t l .  79.

r ze l ,  E .  and
27 .
,4. and l ìeck

P .  P .  ( 1 e 8 5 )

, i n t r  F r , r . ^ or  ( r r t L L ,

nd  Fa ra .  A .

Ih{N{UhJOCENICITY OF' TLIE ,V_CT-Y-CANS OF PEANUT

RoRrHr B.  r ,AN Huys; ice*

Western Ontar io ,  l .ondon.  Ontar io  N6C

l .Race i t : i :d  1  , \ la rch  !994)

Ker '  \À/ord In< ier* l rachus h l ,poqea:  Leguminosac:  inr rnunogenic i ty :  grycans;  perox icrase;  ELISA

i.L'j::::-:Tlt l l j i:,t:veli: sl,tl.9jr.q:ides oicarionic peanut peroxiciase (c. pRX) and the sore one of anionic peanur
pcrox idase (A '  P i ìX)  wcrc  ind iv ic lua l ly  coupled to  bov ine serum a lbunr in  to  ra ise ant isera.  The three categor ies  o fant iboc l ies  d i rec ied tou 'ards three N-g l ,vcan.s  o IC.  PRX (anr j -GLa,  ant i -G] -b  and anr i -cLc)u,ere iso lare<i  f rom ant iserau ' i th  s lycan-cot t , iugated ECH Sepharose 4B af f ì r r i ty  co lurnns unc ' l  the c l is t r ibut ion o iep i topes on the N-g lycans was
invest igatcd.  Thc react iv i ty  o lant i -GLa,  anr i -Gi . -b  anc i  anr i -cL.c  is  inh ib i red 2-5-40 % by I  M fucose,  cornpared wi th  a's l ight  inh ib i t ion by, \ -acct .v lg l .ycosamir rc  anc l  x1, lose.  N ' far rnosc anc l  ga l3ctose shorved no inh ib i t i" " : : " . . i " ' r L r r ! I r / r t  u J v  / r - ( r L \ ' L . Y r r . r - ) ' ( , ( ) s i t r i l l r l u  a n o  x ) ' l O S e .  N ' l A l l I l O S c  a n C l  g a l l t C t O s e  S h O r v e d  n O  i n h i b i t i g n  t O  a n t i - G L a  a n d
on l y  a  shgh t  i n i r i b i t i on  t o  an l i -GLb  anc i  an t i -C iLc .  A l l  o i an r i -GLa ,  an r i -GLb  and  an t i -GLc  recosn i ze  A .  pRX an r lecognize A. PRX and
horserad ish perox idase but  do not  recognize fe tu in .  A lso,  the i r  rcact iv i ty  is  inh ib i ted by bromela in  by more thanT0o/o.
The three cateqories of antibodies present high homogcneity and appear trr be directed rnainly towards the core
st ructure [Xy l ]  (Man) ' ,  [Fuc]  (GlcNAc)r .  An ef fec t ive and s imple * . i r 'oa ro  screen ant ibod ies wi th  carboniarate
spec i f ic i t ies  is  descr ibed here in .
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INTRODUCTION RfSULT'S

Peanut  ce l ls  in  suspens ion cu l ture  secrete  two pcrox idase
isozymes,  a  cat ion ic  (EC l . l  I . l .7 ,4AkD) an,J  an an ion ic  

r Î r r l .s inrT t t f  Abs against  TPCK-t rypt ic  g lyc6pept id$

IEC l ' 11 ' l ' 11 '  12  kD)  one  I l ] .  Genes  encod ing  peanu t  I -PCK t rea tn ren t  e l im ina tes  t he  impu r i t y  o f  chymo-
perox idases have been c loned t2 ]  and the amino ac id  t ryps in  act iv i ty  in  t ryps in  [ l  l ]  so  that  TpCK-t rypsrn
sequence of cationic isozyme (C. PRX) was veri f ied to be clcaves peptide bonds precisely at the carboxyl end of
the same as predicted by the cDNA clone prxPNCl [3, 4].  lysine and arginine as confirmed by amino acid sequence
Of  the f ive potent ia l  N-g lycosy la t ion s i tes  in  C.  PRX,  on ly  analys is  t4 l .  A l l  three TpCK-t rypt ic  g lycopept ides of  C.
threc,  Asn i ;e ,  Asnro. r  and Asnrss,  arc  used [4 ] .  Both PRX,  GPa,  GPb and GPc have one f ree amino group ar
Asn "s ' )  anc i  Asn r7 .  have  a  p ro l i ne  res idue  a t  t he  C -  N - te rm ina l  andonea tC- te rm ina l  l y s i ne  lZ ,  f .Thesecanterminal of the consensus sequence ancl thc asparagines be i inkccl to a carr ier protein by a bifunctional coupling
are '  thcrefore,  not  g lycosy la ted as shown.  Probably  rhe r r i ìsenr .  g lu t : r ra ldehyde.  BSA is  not  a  g lycoprote in
pyrro l ic l ine s jde-chain  o f  pro l ine prcvents  the format ion (66 kD)anc l  has 59 lys ine res idues (30-35 are ava i lab le  for
o f  a  favourab le  conformat ion of  the pcpt ide domain for  coupl ing)  [12] .  T 'herefore,  BSA is  a  good carr ier  for
g l1 'cosv la t ion [5 ] '  The an ion ic  isozyme (A.  PI IX)  has a ra is ing ant ibod ies against  g lycopept ides as haptens.  In
so lc  g lycan of  8000 D t6 ] .  Tunicamycin-supplementecJ order  to  estab l ish the opr imal  coupl ing condi t ion,
cu l t u re  med ium does  no t  i nh ib i t  t he  b iosyn th i s i s  o f  t he  TPCK- t r yp t i cg l ycopep t i deso f  f e tu i nwereused top robe
pept ide moiety  but  dramat ica l ly  decreases the secret ion rhc amount  o f  g t l tu iu ldehyde needed.  Feru in ,  (ca 60 kD)
of  peanut  perox idases [7 ,8 ] '  C lycans apparent ly  protecr  has three N- l inkage and three o- l inkage g lycans [22. ] .aga inst  t rvps in  prot lo lys is  o f  peanut  pcrox idases [8 ] .  An T] rcre  \ \ ,as  a  c lear  separar ion o f  i rs  TpCK- i rypr ic  g ly-
immuno eross-r€action among peanut , 'peroxida.se-, iso- coPcptides from other peptides on a tsio-gel pl0 column

:lT-.: . i :- t l_oi-hul.Plant,glya! 'Pfoteins 
of dif ferent sources ( l ì ig l) .  Approximately 0.5 sM glycopeptides (from 5 mg

and lunctions was observed [é; 9] '  $uch cross--reQction feruin) rvere used for coupling ro 3 mg BSA with dif ferent

:_t-t_:, : t : ," f :$a 1i1tr 
anl lbodi.es di leclecl toorheri glyco- rn)ounrs,tf  glutaraldehyde and then separated on a get

prorerns L  lu j  and rs  suggested to  be due to  the carbohy-  (F ' ig .  2) .  Lane 5 shows the least  uncqupled BSA and lane 9
drate  moiety '  As ant ibod ies are wide ly  used as molecu lar  is  sr rongly  s ta ined wi th  pAS reagent ,  which demonst ra tes
probes^ to  ident i fv  ant igens,  cross ' react ion may cause rh i l r  l0  pM g lu tara ldehyde is  suf f ic ient  for  the coupl ing o i
prob lems'  To invest igate  the immurrogenic i t l ,  o f  the 0 .5  , r r lv f  g l .ycopept ides to  3  mg BSA.
cerbr" rhvdrate  moiety  o f  g lycoprote ins,  rve ra ised ant isera 

' f I rCK- t ryps in  
c l igested A.  pRX showed a so le  g ly-

against  t rypt ic  g lycopept ides of  peanut  perox idases,  iso l -  copcpr ide on a B io-ge l  p l0co lumn and HpLC(data not
l ted ant ibod ies d i rected torvards the N-g lycans and shown) ,  which is  cons is tent  wi th  the data obta ined bv
dete rmined thc d is t r ibut ion o f  ep i topes on rhe g lycans.  pur i f ìcat ion on ion-exchange co lumns [6 ] .
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Fig '  2 ,  l? ( r t '  SDS- l 'ACI ì  o f  
' '1 ' l ' }CK- t r1 'p t ic  

g l .vcopcpt ic l t :s  o f  fc tu in  couptcd ro  I ì$A us ipg r l ly i r rg  ar r rpunrs  o f
g l t t t u ru ldchydc .  l anc  l .  s  1 i g  l ì s , { : l anc  3 .5  7 rg  f c ru i n : l a r r cs , ì " - ( r .  r 0  r r g ,  cnun iu "c l  BSA:  l : r r r cs  ?  . l 0 . . i 0  pgcou1 r l c<J  l l sA .
L a n u s l - ( r w c r c s t a i r r e d t ' , i r i r 0 . I ' i i , C r t l t m a s s i c h l u c R , L l r r c s T "  ! 0 r v c r u s t : r i l c r c l u i t l r l , . , \ S r c a * u r , l ì t , ' l ' i r c u r r < r n , s s l r r r g ,
s tunc lard protc i r t  44,  t t tar i . : , , '1 ' l ' ( .  K- t r ' ) 'p t ic  g l rcopcpr i r lus  < ' l '5  nr .g  fc tu i r r  ( r . r r  0 .5  ,pr ì r f  9 f  p lvcppcpr ì t lc l r tc rc  c lup l r : r l  t r r
3  tng I ISA.  F 'o t '  l r t t tc - t  3  ; rnc l  i .  21t tv t  r f l , l  n r l  0 . l i ' i ,  F l r l la t i r ld ( rhrdc) :  I r r r r . :s  d  ur r r f  f r .  4 l r \ l  (0 .1  nr l  n f  { ì . ; ' , r i ,
1 t l u l a r u l c l e | r y c | c } l | i t n c r 5 a t i r | 9 . | t } 7 l l r , f ( ( l . } n r | l . | p l u l ; l l l |

u 'erc urcd, rcspccl i  r ,cl .r , ,

Att  t  iscra r 'uru col  lccteci  i r  f r  r . i  r 'ou : '  i r r rnr  u r t  iza t  iorrs, ' l - r t r .c
dc tc rnr i r ra t io r r  dcmonst r i i tuc r  rh0r  i rn r isur .a  ro  6  [ ru  r r r rcJ
f l  l )  shorvcd  t i t res  r  a  l ( r t l  l j r r r r , , {  lo rvcr . ,  cor r rpu l ,c t l  u  r th
t 'n l l i sc run l  c r l '  c ì  l )b  i r r rc l  (  i l r c  s incc  ( i l )u  l rus  thu  l l rgcsr
g l .vcur r  und the  s l ro r t r :s r  t r r ,p r ic  pcp l i c js  c l ru rn  (1 . ì  nnr i r ro
auicJ '  r ,esidr.rcs) ernrong thc l l r r r . ru gl . rcopepr icJcs of  C, pRX,
Ír ìd Ci ì )  has *  vcr; ,  l * rgc gl1,c,n of  f r ( |0d D t6] , rhe lou,cr
t i t 'cs wgre probirhl l ,  c l r t rsccl  h. '  thu poor bincl ing ot .
g l .vcol l r lpt idus rc,  r l rc l ì l - ls ,a ; ' l . r ru.  ( ip ct , , t red ar highc'
anìounts prc|{cnled i l r ì  c | r ,n l r r \ \ icr ,  rurc l i r tg,  This rr t i r t '  hr :
cAr rs r rc l  l r1 ' r rv r : r lapp i r t l  . f  t l r ( , { } l )un l idc r  ( ) r ì  th r  n l i r t c  s ( ,

t  h i t  t  i r  l rs< r  rbcr l  i r  r t t  i  gcrr  ntolr :culss becl l r rc ( lct i tc l ] r r ( j  r i  ur i  r rp
thc  tcs t  i rnc i  i l r r rs  ru r Íucrcc l  lhc  scns i r i v i t l  1 ' l r c  o l t in r ; r l
iu ' ì ìoun t  o l 'uu t i l r c r r  co i r toc l  r . r r r  h i i , l f iA  p la tc  $ ,ns  choser t  í rs :
( ìPu .  I  7 rp  o f  r ;c l r r i rn lu r i t  ( ' ' ,  l ) l lX l \ \ , c l l :  CPh i r r rc l  C I ' r : .
( 1 , 5  1 r g  o f  c c ; r . r i \ , i r l c r ì t  ( i  f ) l { X , , u , c l } l r n c l  C F "  2 1 r g  o f  e q u í v r r l "
c n t  A .  P l { X  r v c l l ,

( ompt't i t in, l ' , '  l , l ,\ ' , ,1

I l t  o re , l c r  I t ' '  i r t vus t ip r r tg  th r , tJ is r r ihu t io r r  o l  ep i topcs  on
i r t d i r i t l t r l r )  g l r r ' í n l s .  t l r r . ' i r r r r i h r t r i i t : : ,  s p c c i f ì c , t ( ,  i r  c i r r h u h v .

rig, :.
rzscl ut
Furifled
f,nîount
QIt, 0,
rlnd unr
lit"lnr in
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Clycan  in r rn t rnogen ic i t - v  o f  peanu t  pc rox idase

drate domain werc  pur i f ìed by pa5s ing rgGs prec ip i ta ted
at  50Yo ammonium su!phate througrr  , ,  .o i r " rpàncr i 'g
conjugated ECH Scpharose 4B i l f ì i ' i ry  corunrn.  r -hc
bouncl antibodies are speci 'r ìc to carboh,vcirate ancl trre
r r ; rmed anr i -Gi -a ,  ant i -GLb anc l  ant r -cLc.  respcct ive lv .
fr igurc 3 sho*'s the sigmoìri tr l  responsc curvcs oi isol ir tccJ
i inr ibod ies spec i i ìc  ro  thc  c i r rbc lhyc l ra te  r ì lo ier ,y  l - i te  tJ i l r r -
t i on . s  t ha t  g i ì ve ; r  l j nea r  r ùsponse  (when  l *0 .  i s  l ) r r . . c re
tuscd as i 'o rk ing concent ra t ions lbr  cornpcr i r iVc EI - . lsA
l f o r -  a l r t i - C ì L a , 5  n g ! ì -  r ; r i n t i - C L b , 0 . 3  

n g ; . r l  r  a ' < i  i t n r r _
C  L . c ,  1 .5  ng  f  l -  '  I .  S ,ea r  co rnpos i t i o '  and  l i nkage  a r , a_
lyses c lemonst ra ted rhat  the u lycans o i  (1 .  p l lX  are
contposed of  A-acetv lg lucosarn inc.  mannose.  ga l i tc tose,
xv losc  i Lnc i  f uc r . r se  e r ' d  t ha t  a l l  t he  g l vcans  sha rc  a
cor . rn ì0r ì  core sr ruct r re  IX 'y l ]  (Man) . ,  IFuc]  (GlcNAct ,_
As r  l ' l l .  comper i t i v ' :  EL ISA  shou ,ec  r i r ^ t  r he  r t : uc r i v i r v
o f  i r . t i bod ies , r r r i - c i L . ,  an r i -GLb  an t i  ' ' r i - uLc  i : ;  i ' l r i b_
i t cd  b i '  ca  15 -40% b1 '  I  M  i ucose  lF . i g .4 ) .  As  f uc , r sc
occu rs  on l v  i r r  t l r e  c ,_ r r c  s t r uc tu r c  o f  g l yca r r s  I  l : i l ,  t i r i s
s . rgscs t s  t ha t  u l l  t hc  u l vcans  rnav  huvc  i i n  c l l r t r pc  o r r  r l r e
fuc.sc-c l i rec ted ec) rc  s t 'L lc turc .  A-Acetyrgruc. .s . ln i l re
and  x1 ' l o . sc  s l i c i r r l , r , i nh íb i t  t i r e  r eac t i v i t y  o f  a i l  t h r ce
ca tego r i es  . f ' ; r n r i bod i cs ,  hu t  r n ' nnose  ancJ  ga r ^c rosc  r ro
no t  i nh ib r i r  r hc  r . ac t i i  i t '  o i  , n t i -GL .  i n  . , r , r t r r r ,  w i t h  l
s l i gh t  i r r h i b i r i o r  o f  . n t r - ( i Lb  ancJ  an t i -G l_c .  c ìpa  a , . , d
G I ) c  i r r h i b i t  t r l n r . . s r  c . i np re re ry  t he  r cac t i v i t v . f  a r r r i - ( ì I _h ,
r v l r i l c  r r ' t i - ( i ì - r r  r r n r l  an t i -GLc  a re  i nh ib i t ec i  r .  r r  l essc r
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hed  du r i ng
re opt imal
chosen as:
and  GPc ,
o i  equ i va l -

) l topes on
ca rbohy -

dcg 'uc b i '  thc  o ihc '  t r 'o  r ivar  grycopepr ic ics  ( l ; ig .  5) .  
' t ' l r is

c r ( ) : ; s - r cec t i v i t - r '  r c r i c c r s  t l r c  s i r n i l a r i t y  o f  r hc  t h r . ee  g l ycuns
ln  corc  s t ructurc  r i .d  sugar  c t rnrpos i t ion.  *nc l  thc  c l ivers i ry
rn  per iy rhe ' r i  .s t r  Lrc turc .  \ \ i  hen any of  thc  t l r rcc  grycu l r -
spcc i f ìc  c i r rc r {or i rs  o f ' ; rn t ibod ies was passed thror rgh rhc
othcr  two conJrrqaru<J ECI{  Sepharose 4B af l ì r r i ty
co lurnns,  no 1 l .w- thr .ugh ant ibod ies were founcr  (1 'abrc
l ) .  Th i . s  i nd i c , r cc i  t ha t  . one  o f  t he  rh ree  c ra . sses  o f
ant ib .d ics  hus r r : r '  spcc i f ìc  ant ibo<iy  that  i .s  not  recoq-

u  i  I  I  4  5  6  7  g  9  l 0  l l  l ?  t 3  1 4  1 5

An t i bod i cs  (0 .óa  Pg  P l - r  x  l * r 1

lt is '  3 Typic' l  respc)nsc curves {br rhe reaction Lrcrwecn optim-
ized anrount.r of t : trate<J antrgens and rwo-fokJ <i irut ions or-pur i f ied anr ibod ies ugainst  ind iv idua l  g lycans o l  C.  pRX.  The
amounts  o f  courcc i  i rn t rgens were:  Gpa,  I  gg wel l - r ;  Cpb ancJ
GPc ,  0 .5  pg  u ' e l t '  r .  An t i -CLa  (C  -  _  -  O ) ,  an t i -C lb  (g  -  -  -  O ) ,
and anr i 'cLc ( ;  - - -  v ) .  The . \  represenrs  the number  o f  d i ru-
t ions ind ic ' recr  .n  rhe r  ax is .  Each po in t  represents  the mean of

tnree assavs.

i
t  OO !  r -€- i?- ; -+-? 'q-r*r t - r
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I n h i b i t o r  ( l  M  x  5 - ' )

F ig .  - l  l r rh ib i t i . n  o f ' t i r c  b in r r r ' g  o f  rn r ib . c r i cs  (A ,  an r i - cLa ;  I l ,
an t i - c ì l . h  ,n t i  c ' ,  a r r r i - c r - c l  r .  imnr r r r i r i zcc r  i rn r ige r rs  {A .  cpa ;  B .( ' i  J ' h  l r r c l  c . .  ( ì l ' c1  i . r '  r r re incubu t i , r r  r i , i t h  ' a rc lus  m.n .sacchar i .
r l c s .  T h c  i l ' r ( ) r . r l t s . i ' c o l r c d , r r t i g c n s  u r c  a s  i .  i r i g . . 1 .  M a r ' r o s e
! ' - - - i i ,  i V - i r c c t v l  q l u c o s l n r j n c  O _ - - S .  c a l a c t o s e  O _ _ _ f ) ,
x y l r s c  i - - ì - - - :  i ,  f u c . s e  v  - - -  y .  r ' h e . x  r c p r c s c n t s  t h c  n u n r b e r  o f
c l i l u t i ons  i ' c l i c ' t cd  < r r r  t hc .x  ax i s .  [ , i r ch  p . i n r  r cp rcsen ts  thc  rnean

ol '  thrce a.ssi lys.

nrzcrJ  b1 r ìpr toprs  on the othcr  lwo r i ' i r l  g lycans.  A l l  three
categor ies  o f '  g lvcan-spec i f ic  ant ibod ies recognize ep i -
t opes  on  bo rh  A .  pRX and  HRp  (F ig .6 , t .  A I so ,  t he i r
r enc t i v i r y  i s  i r r h i b i r ed  more  t han  70% by  b rome la in  a t
4  pzp l - I .  I n  con t ras t ,  a t  t he  sa rne  concen t ra t i on ,  f e tu i n
d .es  no r  compr rc  w i rh  an t i - c i La  and  an r i -GLc  and  on ry
s l i gh t l y  w i rh  an t i -GLb  (F ig .6 ) .  Thc  de ta i l ec l  s r ruc ru re  o f
g lyc 'ns  o f  brorne la in ,  horserad ish perox idase (HRp)  and
ie tu in  arc  * 'c l i  es tabr ished.  B lprne ia in  has a shor t  N-
l inkage glycan [X.vl]  (Man), [Fuc](CtcNAc)r-Asn It5, ló]
wh i ch  i s  on l y ' one  mannose  r css  t han  t he . . r r a  r t . u . t u re  o f
g lycans of  Cì .  pRX.  The malor  N_l inkec j  g l .vcan of  HR.p
has the sanre core sr rucrure [Xy l - ]  (Man) ,  IFuc]
(G l cNAc ) . -Asn  [ 10 , , . 1? , ] .  Fe tu in  has  t h ree  O_ l i nkage  and
th ree  N ' l i nkage  g r1 ' ca . s ,  whose  s t ruc tu re  i s  much l i r . . -
ent  l ì 'om rhe s t ructure o f  g lycans of  C.  pRX.  Nei ther
fucose r ror  xy ' l ' se  are a t tachec l  to  the core s t ructure o f  N-
g lycans,  and rhe per iphera l  s t ructure o f  a l l  s i , r  g lycans has
a  t e rm ina l  N -ace ty l neu ram in i c  ac id  t f  3 ] .  i he  po ten r
i nh ib i t i on  by  h romera in  p roved  t ha t  an r i -G la ,  an t ì -GLb
and ant r -CLc are s t rongl .y  d i rected towarc l  the common
core sr ructure.  In  the case of  ant i -GLa and ant i -Glc
brorne la in  exh ib i tecr  an even sr ronger  inh ib i t ion than c .
PRX (F ig ,  6) ,  probabry  because of  the eas icr  acccss of  the
shor ter  g l ; ' can of  bromera in  to  the anr ibod ies.  The spec i f i -

a - a < a
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F ig .  5 .  i nh jb i r i on  
" l , l :  

b ìnd ing  o f  an t ibod ies  (A ,  an r i -CLa ;  B ,ant i -GLb and C, anr i -GLc) to inrmobi l jzed anr igens (A,  Gpa; l ì ,GPb and C, Cpc) by preincubar iorr  wjrh g lycopepr ides f ronrC .  PRX.  The  an rounr .s ,o f  coa rcc j  an t igen .s  a re  as  in  Ì : - i g .3 .  CpaO - - - C ,  C P b  O - - - e  ,  C i p c  i / - - - \ r ,  J . h c . r  r c p r c s c n t s  r h cnumbcr  o f  d i l u t i ons  ind ica rcd  on  thc .x  ax i s .  E : rch  po in t  , . p r " -
se l r t s  thc  n rcan  o f  th ree  assavs .

c i t i e ' s  o f  an t ibod ies  tow i ì r c j  r  r r c  c 'n rn ron  co re  s t ruc tu rc\À,ere rccognized bi ,Tlp bur nor bl , fetuin.  Al though ihcsugar composir ion of  thc gl l ,can of  A.  pRX i ,  inu,un' f f  + j .the derai led srrucrure is c i i f i lcurr  to csrabr ish because of  i tslarge size'  According to l r re comperi t ior ' ì  test .  the gr-vcan oiA .  PRX probab l -y  i ias  a  s imi la r  core  s l rucrurc .
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of gl.yco-
shovved

thal oligosaccharides are rhe major anugens of glycopro_
teins [6, 10. l8-261. ln tt. pr.r*r study. ir is directlydemonstrated thar glycans oigty.ofroreins are importantimmunogenic componenrs. Antjbodies with carbohydrate
specifrcity are easy ro raise and iroiui. using the merhodsenrployed here.

Monosaccharides presented weaker inhibition on thebinding of antibodies to anrigen at much higher concenrra-
tion compared wjth glycopiptides or glycoproteins. Forexarnple, anil-Gl-bjs inhibited 42%by t V iucose (Fig. aB),in contrasr u'irh g5% inhibition by G"pa ar a concentration
9f t_O_49ll- I lequal,to 250 pM,fig. Snt and 92o/oinhibition
by HRP at 4 pg'pr- ' (equar to I00 pM, Fig. 68). This is due to
the small size of the monosaccharides and that mono_
saccharides may be a part of an epitope recognized by anantibody directed towards carbohydrate. Despite rhe dis-advantage, monosaccharides are sti, usefur competitors foreytope mapping of carbohydrate [22], especiallybecause ofthe diflìculr1, of obtaining specific'olilosaccharides.

_ 
The.three caregories of poì-vcloni antibodies directedlowards the three ind iv iduar  N-gìycans of  c .  pRX exhib i r

high homogeneiry as proved by competit ive ELISA, Obvj_ously, the sinrirar immun.genicity of the three N-grycans ofC. PRX is due ro the sinriariry t l rrg* composit iorr .rrdcore structure. It was reporiecj that antiserurn against C.PI{X recognizes A, nnx fzzl and thar monocronalanribod_
ies directed ro A. pRX .ecognize C. pRX 

[9]. The darashown here revear that the antìgcnic cross-reaction between
C.PRX and A.plìX is caused ùy rne carbohydrate moiet_v.
Although al l  t l rc carlrohydr^r. , .qr.nces of glycoproteins
are potential arrr igens, rhe anrigenic epitopes lúaractenzed
so far involve nrainl l ,  thc cori  backbone and peripheral
sugar  res idues l?2,21,2tJ .  291.

^Jhr  
react i ' i r1 ' ,  . f ^  t l i c  th 'ce c* tegones of  anr ibod ies,  ant r -

CLa anti-Glb and anri-Gl-c is inhibite d 2S-10;/o byfucose,.which srrggcsred rhar the antjbodies are mainl l ,
directed t.  the fucose-contai ' ing core backbone. This isfu.rther supporreci b, '  the inhibi i lon rest with brornerain.
Pineapple stem bromcrain is a r lr ior prótease ancr contains
one N- l inkage g l .vcan 1xr  nro lecu le  i iS l .  l r  was rhe l i rs r .  _
l inkage glyc.n in highcr pla'rs *hori  prinrar,v srruclure \\ ,as
u 'e l l  e .s tab l ishet i  !15.  l6 l .  As brorne larn inh ib i rs  bv nrorethan 70"/n the lcr ic: l i ' i t , , ,  . , i .  thc. three . iorr. . ,  ìr i r , ì i iU"i i . ,
d i r ec ted  t o  t ì \  cans  c l f  C .  pRX.  t hc  co re  s t ruc tu re
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DISCLISSION

In  thc  lasr  c iccac ic ,  anr iboc j jcs  against  var ie t ics
proterns have Lrcen raisecJ alrt . l  ani igenrc analvses

l 'a  b lc I  .  C'onrpr,  r isr l r r  of rn : rnunog ,s r ì r c r t . y  c l l  g l r , ca r r , ,  t r f .  ( . .  pRX r

A n t ibod ies Af l i r r i r r  co lun l r s l ; ' l o r r '  l l l  t , r r g l r  p r t l l c i l t s

Ant  j -C l . - : r
(3 i n:g,1
An ti-C I-hr
(3 . t )  rng t
A r r r r - C L c
(3.9  mgt

CLb-EC]}.J
G I-c-ÈC.' l i
CI .a-F.CÌ l
r \ r
U  1 - C - l : L  l J

\ r L i l - t ; ( - l i

ci t-h.[(']"t

Scpharosc 4l l  ancJ
Sey l l ra rosc  4 l ì
ScJr l rarosc 4l l  anr j
Scph l r rosc  4 l l
Sc;rharosc 4B ancl
Sepharosc  4 l l

4 e  / r i , ( 1 . . ì , l i )

I  ; r , -  l ( )  05r1, , ,  )

3 l  T r i l  ( ( ) , 8 " 4 , I

Irnrucsd":
ceù{$
thl { alf0fr

Fig. 6.
ant i -Gl
GPb ar
The alr
{ î - - - f

PRX I
catcd  < l

[Xi, l ]  ( l
antigen
ture is
plant gl

[30], p;

LJr,J, Ir
Clerodr
lec t in  I  I
kl)a nr,
laccitse
hor:rogc
obscn,e r
prote ins

lxpride
An t i l r

an ttseri l
biocherr '
embryo;
genesis,
localizar

[ 1 9 , 2 8 . .
bod ies  i r
reacti0nr
core strr
rnirre lr,l

J

*E i t ch  o f  an t i ' cL l ,  a t t t i ' c l -h  and  an t i ' cLc  u , . l s  P . , ss ( rJ  r l r r ' 11 ; i l 1  rhe  two  r i l , a lg l ; ' can 'Asn"ECl {  seph i t r r r se  4 l ì  a f ì ì n i t - v  c , l u rnns  c . r i l i g r r ' r r r ì r  r r r rLcc r  and  r i r ca rnounr  o f  f i ou ' - rh r r r rugh  I l ro t c i r ) s  u , r ,  u ' . , , r r r c t r  i l r t c l  . , , r , , ,  * ,  , . . i  r ( )  t l l c  pc rccn t i rg ,c  o1app l ie t J  l n t íbod ius  Thc  co lumr r  runn ìng  co r rc j j l r r - r l r  \ \ , i t \  t l r c  s r rn rc  l r s  fo r  l l r cp t r r i f ì c i r t i r n  o f  a , t i b r rd i0s  cJcsc r ibcd  in  r l r c  Hx 'u r in rc r r r ; r l
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Glycan immunogenic i ty  of  peanut peroxidase 937

to el iminare the immunogenicity of the carbohydrate
moiety of glycoproteins, var,ious mcthodologies have
been c icve loped.  Deglycosy la t ion o [ant igens of  g lycopro-
tc i r r .s  are * ' ide l .v  used.  For  example,  enzymat ic  deglycosy, l -
r i t ion bv exo- or endo-glycosidases, chenrical deglycosyl-
ation *,ith trifluo-romethane s.ulphonic acid {:fptr,1'S), itncl
biosynthesis of proteins in îhe presence of glycosylnt ion
inh ib i ror .  such as tun icarnyc in  may be used.  But  complete
deglycros l , ia t ion rv i th  c i ther  g lycos idases or  chemica l
t re i i tme nt  nray bc d i f l ìcu l t  to  ach ieve and chemica l  deg ly-
cos l , l a r i on  n ;ay  mod i f v  t he  pep t i de  mo ie t v  [ 40 ,4 i ] .  Tun i -
carnycin trcÍ,rt .rnent may decrease the secretion of proteins

[7 ,  8 ]  and causc degradat ion o f  pro te ins before they are
sor ted [a2] .  ln  our  work  we have dev ised an ef fec t ive u ,ay
to derermine or rule out the carbohydrate speci l ìcir ies oi
ant ibo iJ ies .  The ant igen o i  g lycoprote in  is  d igested wi th
proní {sc  ar r i i  then the produced g lycan-Asn f ragnrents  ( in

some cases two or more amino acid residues may remain
at tached u ' i th  the g lycan depending on the access ib i i i ty  o i
pronase to the peptide) are coupled to ECll  Sepharose
4IJ  Th is  g ì -vcan-conjugated af ì ìn i ty  co lumn coLr ld  be
valuablc  lor  dc termin ing or  iso la t ing ant ibod ies wi th
carbohydrare specif ici ty. Conversely the antibodies with
al l ìni t i  to a well-definecl glycan may be used as probes to
e luc idate the s t ructures o f  o ther  carbohydrate  cha ins.

EXPERIMRNTAI,

Cell culnre and peroxidase purifrcaúotr, Peanut cells,
dcrivcd frorn cotyiedon slices (Arachis hy-poeaeo l,. var.
Virginia 56R), were routinely subculturcd for l4 days [a3].
Tlre C. PRX and A. PRX in the spent growth rnedium werc
purified as described in refs 144,45).' fPCK-trvptic 

digestion. The heme oi C. PRX or A,
PI ìX was removed wi th  ac id ic  MerCO [a6] .  The apopro-
te ins o i  C.  PRX and A.  PRX,  and fe tu in  (S igma)  were
incubated wi th  I -1- tosy lamido-2-pheny le thy lch lorome-
t l ry l  ketone- t reated t ryps in  (TPCK-t ryps in ,  Wor th ington
Biochemica l  Corporat ion)  in  0 .1  M ammonium b icar -
bonate,  pH 8 a t  37"  for  40 min (C.  PRX and A.  FRX) or
l5  hr  ( fc tu in) .  The ra t io  o f  subst ra te :  TPCK-t ryps in  was
30: l  (w/w) .  The t ryps in  was inact ivated by bo i l ing for
3 rnin.

Purj icat ion of TPCK-tryptic glv*copepti t les. The
TPCK-trypsin digested proteins were applied to either
Biogel  P6 (C.  PRX) or  P10 (A.  PRX and fe tu in)  co lumns
(1.5 cm x 90 cm,  200-400 mesh,  B io-Rad) .  The co lumn
was equi l ib ra ted and e lu ted wi th  0 .1  M ammonium acer-
ate, pl- l  7, containing0.02o/o sodium azide at roorn temp.
a t  a  { l ow  ra te  o f  8  m lh r - r .  F r s  o f  2  m l  we re  co l l ec ted .
Glycopept ide i rs  were ident i f ied by e i ther  dot -b lo t t ing on
NC membrane [47]  or  the pHOH- l { rSOo method [48. l
TPCK-t rypt ic  g lycopept ide f rs  o i  A,  PRX f rom Biogel
P l0  co lumn were subsequent ly  pur i f ìed by reversed-
phase HPLC us ing a 7 . r -Bondapakr"  C,6 co lumn (3 .9
x 300 mm, Waters) .  HPLC was carr ied out  a t  a  f fow ra te
of  1 .2  ml  min 

-  r .  The mobi le  phase was 0.  I  % aq.  TFA and
the mobi le  phase modi f ier  was MeCN conta in ing 0.1%
TFA. The concn of MeCN was raised from zero to 30%
in 30 min.  The e luent  was moni tored at  ?30 nm.  The so le
g lycopept ide was ident i f ied us ing rhe pHOH-H2SO.

9 8 7 6 5 4 3 ? 1 0
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F ig .  6 .  l nh ib i t i on  o f  the  b ind ing  o f  an t ibod ies  (A ,  an r i -GLa ;  B ,
ant i -GLb arrd C. ant i -GLc) to immobi l izcd t rnr igcns (A,  CPa; IJ .
CPb  and  C ,  C l ) c )  by  p re incuba t ion  u , i t h  va r ious  g l ycopro re  ins
' l ' he  

amour l t s  o f  co i ì t ed  an r igcns  u re  : . Ì s  i n  F ig .3 .  B ro rnc la in
O - - - O ,  f c t u i n  e - - - O ,  A .  P R X  V - - - V ,  H I ì P  Y - - - Y ,  C .
PRX f l -  -  -  n .  The  x  rep resen ts  the  number  o l ^  <J i l u t i ons  ind i -
ca ted  on  the . r  ax i s .  Each  po in t  rep resen ts  thc  mcan  o f  th rec

assa ys.

[Xyl ]  (Man),  [Fuc]  (GlcNac),  is  conf ì rmed to bc rhe major
antigenic determinant. This fucose-containing corc srruc-
ture is widely distributed in complex-rype N-glycans of
plant glycoproteins, such as ricin D from castor piant seecls
[30], phaseolin from bean [3l), Sophora japonica lectin
[32], protease inhibitor from barbados pnde seeds [33],
C lerodend.r o n t r ichotomum lectin 134), E r y t hrina cr ist ag alli
lectin [7], S-glycoproteins from B. cantpesrrís [35], 52154-
kDa medium protein and p-frucrosidase from carror [36],
laccase from sycamore cells [37] and HRP [10, l7], The
homogeneity of the carbohydrate may be the basis of often
observed antigenic cross-reacrions among diflerent glyco-
proteins that are distinct in both function and structure of
f ieptide moiety [6,9, l0].

Antibodies, including monoclonal antibodies and
antlsera to glycoproteins are increasingly used as probes in
biochemical and biologrcal studies, such as investigating
embryonic development, cell differentiation and onco-
genesis, and monitoring the biosynthesis and subcellular
localization of spccifrc gJycoproteins of enzymes or receptors
ft8,28,38,39]. Crit ical for the proper appl icat ion of anti-
bodies in such studies is the awareness of potential cross-
reactíons bascd on the carbohydrate moiety, especially the
core structure of oligosaccharide chains. In order to deter-
rnine whether antibodies have carbohydrate specificity, or



technique [48] and named Gp. The rhree TpCK-trypric
glycopeptjdes'of C. PRX, GPa. Gpb and Gpc were
identi f ied on HPLC as described previously [4].  Gpa
contains glycosylat ion sites Asn165l Gpb, Asnuo and
GPc, Asn, oo l4).

Coupling of glycopeptides to bouine serum albumin
(BSA). To raise anîisera againsr individual trypric gly_
copeptides of C. PRX and A. PRX. a modif ied coupling
procedure [12] was employed. For one inject ion. each
glycopeptide from 20 mg (0.5 aM) C, pRX (ca 2 mg
glycopeptide) or 8 mg (0.2 tM) A pRX (ca 2 mg gly_
copeptide) and 3 mg BSA (Sigma) rvere dissolved in 1 ml
0.01 M NaPi buffer, pH 7.2. containing 0.15 M NaCl, and
vortexed for 5 min. Then 0.1 ml 1,, /o (vlv) glutaraldehyde
(Eastman Kodak Company) was added dropwise with
constant agitat ion. The mixt. was incubated with shaking
a1 4o overnight. The coupling reaction was stopped by
addit ion of 250 pl of i  M grycine. Afrer incubation with
con t i nuous  shak ing  f o r  3  h r  a t  r oom temp . ,  t he
glycopeptide-BSA conjugate u,as sepd from excess gìu_
taraldehyde by dialysis against 0.01 M Napi buffer, pH
7.2 us ing Spect ro /Por  membrane rub ing (Spect rum
N{edical Industr ies Inc.) overnighr ancl lyophil ized. In
order  to  opt imize the coupl ing condi t ion,  the g lycopept i_
des of TPCK-tryptic fetuin was used for a tr ial  assay.

I ntmunizatiorr.  Lyophil ized glycopeptide-BSA conjug_
ate was d isso lved in  0 .6  ml  double-d is t i l led HrO and
homogenized in 0.6 ml comprcte (for ini t ial  inject ion) or
incomplete (for subsequent boosting) Freund,i  adjuvanr
using a Kontes Pellet Pesrle Moror (Baxter Healthcare
Ccrrp.). The emulsion wils in.iccrerj inro New Zealand
rabbits subcutaneou.sly. The rabbit$ were boosted every 3
wccks unt i l  the t i t re  was suf i ìc ient lv  h igh.

Aff ini ty puri l icat ion o/ '  unrihodius speci.f ic to carbo-
hv,1ro,o rnoietyt of C. pRX. Llach of the TpCK-tryptic
g lycopept ides,  GPa.  GPb and Gpc of  40 mg C.  pRX
iso la ted by I {PLC u,as extcns ive l l ,  c i igesred u, i th  0 .5  mg
pronase ( l ìoehringer lr , lannhcim) in I  nrl  50 n:M
Tr is-HCl  buf fer ,  pH 8 conra in in t  20 rnM CaCl ,  anc l
0 .02% sodium az ide at  . i7o ior  72 hr  u , i th  addi t ions o f
0 .2  nrg pronase every  24 hr .  To c- j iminate any poss ib le
i rnpur i t ; ,  o f  endoglycos idase : rc t rv i r1 , .  pronase u,as d is-
r^o lved in  Tr is -HCl  buf lc r  and prerncubared ar  37.  for
30 r r i in  [49]  Thc g lycan-Asn i ragments  produced,
r tamely  CLa.  CLb and Cl -c ,  u ,ere sepd f rom amino ac ids
on  B io -Ce l  P4  co lu rnn  ( J .5  > r  90  cm,  B io -Rad )  an< j  cou -
p led to  ECI{  Sepharose 4B (Pharnrac ia)  accord ing ro  the
manufacturer 's  ins t ruct ion,  Br ie f ì1 , .  GLa.  CLb,  or  CLc or
40 nrg C. PRX rvas dissolved in I  nrl  double-disri l led H,O
and  m ixed  w i t h  2  m l  EC I ì  Sepha rose  4B  ge l  suspens ion ,
N " E t h v l - N ' - ( 3 - d i m e t h 1 , 1 - a m i n o p r o p v l )  c a r b o c J i i n r j c l e
hydroch lo r ide  (EDC,  S igma)  0  n r l .  0 .4  m)  rvas  ac lc led
c l ropu, ise  to  t i ìe  n r ix r .  u , i rh  ag i ra t ion .  A f re r  lh r .  thc  p l - l
u,as adjusted to 5 using 0.2 M NaOH and lef t  to agi tatc ar
4" overnight,  To block the rcrnaining carboxyl  groups,
200 pr l  ethanolamine (Sigrna) u,as acided and incubateci  ar
room temp. for  5 hr,  The gcl  r i ,as packed (-S x 40 mnr) and
washed al ternat ively x 3 r i , i r l r  l rcerarc buf l 'cr  (0.1 M, plJ 4t
and Tr is- l " lCl  bul tbr  (0.1 N{ .  pH g)crrch conraining 0.5 l \ ,4
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NaCl to remove any uncoupled l igand. The columns were
equi l ib ra ted wi th  10 mM Tr is -HCl ,  pH 7.5 .  Under  the
above condit ions, the coupling eff iciency was ca 20o/o
based on the measurernent of the amount of uncoupled
ligand recovered in the washings. Antiserum against
GPa, GPb or GPc was mixed with an equal vol.  of satd
(NHo)r SOo and left at 4' overnight. After centrifugarion,
the pptd lgGs were dissolved in and dialysed against
10 mM Tris-HCl, pH 7.5 ar 4" overnight. Then, the IgGs
were passed twice through a corresponding conjugated
ECH Sepharose 48 aff ini ty coiuntn ar a f fow rare of
6  m lh r - r .  A f t e r  wash ing  t he  co lumn  w i t h  l 0  mM
Tris*HCl pH 7.5 unri l  AzBo returned ro the basel ine,
bound antibodies against individual glycans, designated
anti-Gì-a, anti-Glb and anti-Glc, respecrively, were
eluted with 3 M MgCl, and dialysed against HrO to
remove salt .  The columns were washed immediately with
l0 rnM Tris-HCl, pH 7.5 to be regenerared.

Enzynte-l ínked immunosorbent assa) (ELISA\. Modi-
fied procedures for ELISA [9] were employed. Brieffy,
each well  of a round-bottom polysryrene plate (Corning)
was coared with 50 pl ol HPLC purif ied TpCK-tryptic
g lycopept ide.  GPa,  GPb,  Gpc or  Gp,  in  0 .05 M NarCO..
buffer pH 9.6 containing 0.02% sodium azid.e at 37. for
t  hr  and then at  4o overn ight .  The amount  o f  coated
glycopeptides was given either as indicatecl in the case of
t i tre determination of antisera or optimized as Gpa , I  pg
of  equiva lenr  C.  PRX/wel l ,  Cpb and Gpc,  0 .5  pg af
equiva lent  C.  PRX/wei i  in  comper i t ive  ELISA.  The un-
bound gl.ycope ptir jes were washed offwirh washing buffer
(0 .01 M Pi  buf fer  pH 7.4  conta in ing 0.15 M NaCl ,  0 .1%,
gelat in. (\ .020tí,  NaN. and 0.05,% Tu,een-20). Then, 50 pl
o f  ant ibod ies i rppropr ia te ly  d i lu ted * , i th  rvas i r ing buf fer
was addcd ro  eac i r  wel l .  Af ter  incubat ion a t  37,  lo r  I  hr .
the plate was r i 'ashed wjth washing buffer and incubated
rv i th  50 p l  o f  a lka l ine phospl larase conjugared goat  ant i -
rabb i t  IgG (S igma,  l :5000 c i i lu rec j  in  washing buf fer )  ar
37"  lor  I  hr .  Fo l lowing rvash ing,  the p la te  was incubated
w i th  50  p l  p -n i t r ophenS , l phospha te  (S igma ,  0 .5  mgnr l * l
i n  9 . ' 7o /o  d i e thano lam ine  pH  9 .8 )  a t  37 "  f o r  l h r .  Thc
reac l i on  w i ì s  s ropped  by  add i r i on  o f  50  l l  o f  3  M  NaOI { .
Thc A u,as read at  405 nn l  on an EIA ELISA rcader
(B io rad ) .

F"or  cornpcr i t ive  ELISA,  rhe pur i f ied ant ibod ies c i i rec-
t ed  t ou ,a rds  rhe  i nd i v rdua l  g l ycans  o f  C .  pRX were
p rc i ncuba ted  * ' i t h  va r i ous  compe t i t o r s  a t  37 . , f o r  I  h r  ancJ
then at  4 '  overn ight .  l r4 ix tures (50 p l )  wer€ t ransfer red to
each q,e l l  coatcd wi th  ant igen and ELISA u,as processcd
us above.  Thc corrcn o i  ant ibod ies emplo l ,ec l  \ \ ,as  ant i -
C L a ,  - 5  r t g t l  

- ' ;  
a n t i - G L b .  0 . 3  n g , r u l - '  a n d  a n t i - C ì L c ,

2 , 5  n g p l - t p r e p d  i n  u , l s h i n g  b u f f e r .  T h e  i n i t i a l  c o n c n  o f
t he  com; re r r t o r s  was  g l ycopep r i des  (Gpa .  C jpb .  Gpc ]
l 0  1 rg  l l  

*  ' .  g l vcop ro re  i ns  (b rome la in  i r om ; l i nc i l pp le

; tgnL_Sltmu: feruin;  A.  pRX; C, pRXl HRp, Sigma)
(fuEpartti mottosaccharides (mannose, galactose, fu-
{cose, xvlo.se.  Ar-acetylglucosamine, Sigma).  I  M, Each
lcompet i ror  rcsred was di lutecJ f rom the jnr t iaì i f f icn as
iei t l re r  5- l 'o lc l  [or  r r ronosacchar ides or 2-fold for  g l l ,copro.
:  te in arrc j  g lvcopcpr ic je scr ies.
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SDS-elecrrophoresis. In order to probe the suitable
amount of glutaraldehyde, TPCK-trypric glycopeptides
o i  5  mg fe tu in  iso la ted on Bio-ge l  p l0  co lurnn were
coupled ro  3  nrg BSA wi th  increas ing amounts  o f  g lurar_
aldehyde and then sepd on t2% SDS-gel [50]. Aiter
cìectrophoresis. the gel rvas stained with either periodic
ac id-Schi f f ' s  (PAS) reagenr  l47f  to  show carbohydrare or
Coomassie BIue R b show protein.

Protein tLetennination. The techniqr_re of '  ref .  [ ,51] rvas
ernp loyed for  prote i '  derenninat ion wi th  I ISA as s tanc l -
ard.
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