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A nrc thod is  descr ibed fo r  de termin ing  whether  par t i cu la r  n ronoc lona l  an t ibod ies  are  spec i f i c  fo r

c l rbohydra te  o r  non-carbohydra te  an t igen ic  de terminants .  In  a  mode l  svs tcm cons is t ing  o f  the  Lewis  a

I rL rnr rn  b lood group de terminant  a t tached to  e i ther  p ro te in  o r  l ip id ,  m i ld  per iodate  ox ida t ion  des t roycd

r i rc  carbohydra te  de terminant  w i thout  a l te r ing  pro te in  o r  l ip id  ep i topes .  The techn ique $ 'as  read i l y

. ,pp l rcd  to  an t igens  bound 'c  p las t i c  we l ls  fo r  ELISA.  to  n i t roce l lu lose  sheets  fo r  rWestern  b lo ts .  and tc r

t ì r in  layer  chromatograph l ,  
- - 'LC)  

p la tes  fo r  TLC immunosta in ing .  Mi ld  per iodatc  ox ida t ion  can prove

useful during the early stage: of hybridoma screening in order to selcct for or against anti-carbohydratc

a n t i b o d i e s .

Kev utrrds: ntonoclonal antibodt carboh-y'drate - periodate - g.l_r'coprotcin - gl.1'coltpids

I rr{roduction

Cell surface glycoproteins and glycolipids play important roles in many aspects of
development and immune function. tÀtith the advent of the hybridoma technology
(Kóhler and Milstein, 1975), it becamc, possible to generate monoclonal antibodies
specific for many different epitopes on rhese molecules. A first step in characterizing
monoclonal antibodies directed against cell surface glycoconjugates is to determine
if they are recognizing carbohydrate or protein epitopes.

Mild periodate oxidation at acid pH has been shou'n to cieave carbohydrate
vic inal  h-vdroxvl  groups u' i thout al ter ing the structure of  polypept ide chains (Bob-

bi t t ,  1956).  In th is report  w,e demonstrate that  mi ld per iodate oxidat ion at  acid pH is
a useful tool for detecting anti-carbohydrate monoclonal antibodies when used in
conjunction *' ith the follo'*' ing screening methods: (1) E,LISA for glycoproteins and
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Flg .  ì  S t ruc tu re  o f  thc  por t ion  c l f  t l t c  Lewis  a  hunran b looc l  g roup ( i c tc r r ì ì inen t  recgrn iz ,cd  Lr r  the  CF4C4
n t o n o c l o n a l  a n t i b o d \ ' .  T h e  a r r o * ' s  i n d i c a t e  t h e  p r c s u n r t ' < J  p c r i o c l a t c - s c n s r t i v e  s r t c s .

glycol ip ids:  (2)  immunoblots for  g lycoproteins:  and (3) th in layer chromarography
(TLC) immunoblots for  g lycol ip ids.  For these stu<i ies u,e ur i l ized a rnodel  ant igen,
t l ie Leu' is a human blood group deternr inant at tachec' l  to bovine serunr albumin
(Leu' is a-BSA).  as u 'e l l  as Lewis a act ive glycol ip ids.  The terminal  galacrose and
fucose moiet ies of  the Lewis a determinant contain , , , ic inal  hydroxvl  groups that are
suscept ib le to mi ld per iodate oxidat ion (Fig.  1) .  The use of  rhe Lewis a-BSA
synthet ic glycoprotein al lowed the simultaneous monitor ing of  the ef fect  of  per i -
odate oxidat ion on the binding of  ant i -protein and ant i -carbohydrate ant ibodies to
the same molecule.  The character izat ion of  the per iodate oxidat ion procedure
provided in this report wil l allow this technique ro be uti l ized with confidence to
identify monoclonal antibodies recognizing carbohydrate epiropes on membrane
glycoproteins and glycolipids.

l\{alerials and Methods

A ntihodics
The mouse-mouse hybr idoma ant ibocJy CFaC4 ( lgGr,  K),  which is speci f ic  for  the

Lewis a human blood group determinant,  \À,as character ized previously (Young et  a l . ,
1983)- Antibodies specific for BSA were provided by Dr. David Benjamin and
consisted of rabbit polyclonal antibodies raised against denatured BSA and a
mixture of 22 murine monoclonal antibodies produced against native BSA and
recognizing a variety of protein epitopes. Horseradish peroxidase (HRP) conjugates
of goat anti-rabbit IgG and goat anti-mouse IgC were purchased from Hyclone
Laborator ies,  Logan, ur.  The mouse hybr idonra anr ibody HDp-l  ( lgG,,  r )  u,hich
is speci f ic  for  d in i t rophenol  (DNp) \ \ ,as provided by Dr.  J.  Fleischman.

Il.cagents
Periodic acid \\ 'as obtained from Sigma chemical co., St. Louis. Mo and

N{acAlaster Bicknell Co., Mil lvi l le, NJ; sodium nr-periodate u,as obtained from
Sigma and Fisher Scient i f ic ,  Pi t tsburgh. PA. Tween 20, bovine serum albumin
(fraction \/), o-phenylenediamine, Tris-base. sodium dodecyl sulfate. 2,2'-azino-di-
(3-eth-vlbenzthiazoi ine sul fonic acid) diammonium sal t  (ABTS),  sodium borohydr ide,
Amido Biack (Naphthol  Biue Black) and glycine wcre obtained from Sigma.
3.3 ' -Diaminobenzidine tetrahydrochlor ide (DAB) u,as obtained from Aldr ich Chem-
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.  ; r ;  ( 'onrpant .  N ' { i l r i ' aukee.  \ \ ' 1 .  Pro te in  A  \ \ ' : ì s  ob ta ined f  ron t  P i ra rn tac ia  F j i l t t '

'  i r r -n r i i ' l r l s .  P isca tarva l .  NJ-  and iod ina ted  h , i  t l te  ioc logcn n le  t i rod  (  F r l t kc r  l r r rc i

) r - r r - :ck .  
- l978) .  D in i t rophenv l  anr ino  caproy l  phosphat idv le  th : . tno lunr i t re  (DNI ) -CapPl i i

r , , r i :  oh t : . r i r teC f ron t  .Avant i  Po lu r -L ip ids .  ts i rn r ingh l r r t t .  AL .

I,tr ' ' i .r u'85.4
l -hc  svn the t ic  Leu ' i s  a  hapten  (Ga l  { i l  -  3 (Fuc  n l  - '4 )G lcNAc)  cova lcn t l r

r r r r : rc i rec i  to  bov inc  serun l  a l f rumin  (Lenr ieux  e t  a l . .  1975)  u 'as  p rov ided bv  Dr .  R .U.

I -c r r i cur .  The degrec  o i  incorpora t ion  u 'as  1 -5  i rap tcn  res iduesr ' '  1116 lccu le  BSA.

I . L I . S A
(u) Glrcoprotern.s.  Leu' is a- l lSA or BSA. each:r t  1 pg/nt l  in i50 mM NaCl.  l i )

r1N4 NaPOo.pH 7 .4  (PBS) .  were  permi t ted  to  a t tach  to  the  u 'e l l s  o f  In rnru lon  1

plare.s (D;-natech, Alexandr ia.  \ /A) fc l r  i  h at  roclr ì l  tenlperature.  Plates rvcre t l ter t

f l t roded with PBS-Tu,een 20 (0.05%) and incubated an addi t ional  30 min at  roonr

tcrìlperature after u,hich thet' were u'ashed 5 times u'ith PBS-Tu'een 20. Plates \À'ete 1
rhcn r insed with 50 mM sodium acetate buffer (pH 4.5) pr ior  to exposure to

i rcr iodate.  Sets of  wel ls were then exposed to varying concentrat ions of  per iodatc

(()  2()  nrM) in 50 mM sodium acetate buffer.  pH 4.5.  tor  t  h at  room temperature i r r

rhe dark.  Fol lowing a br ief  r inse with 50 mM sodium'acetate the plates were then

incubated u' i th 50 mM sodium borohvdr ide in PBS for 30 min at  23'C. This

rreatmcnt reduces the aldehyde groups generated by periodate oxidation to alcohols

and prevents non-specific cross-linking of antibodl, to antigen. Alternativel-\ ' , the

aldehvde groups can be blocked u,ith I % glycine.-.P_o,! !h_e p_qligdq!9-a!4lqfglt:ilqg

jj1U,iqn..:_wgre preparS:-{;.qst p-1!or to= u.se. Follou'ing 5 u,ashes u,ith PBS-Tween 20 thc

plates were exposed to pr imary ant ibody for t  h at  room temperature,  then washed 5

l inres u ' i th PBS-Tween 20. and subsequent ly incubated for t  h '* ' i th the appropr iate

secondarv ant ibody (ei ther HRP-conjugated goat ant i -mouse IgG or HRP-con-

. jugated goat ant i - rabbi t  IgG) Unbound secondarv ant ibodv was removed b) '  5

u'ashes u,ith PBS-Tween 20, and the extent of binding was monitored colorimetri-
call-r ' using 1 mM 2,2'-azrnodi-(3-ethylbenzthiazoline sulfonic acid) diammonium salt
(AIìTS) or o-phenylenediamine (OPD) in the presence of 0.03% HtOr as the
peroxidase substrate. The reaction was allowed to proceed for 30 min after which the
plates u'ere read at a wave length of 405 nm for ABTS and 495 nm for OPD using a
- f i te r " tek  

Mul t i scan (F lou 'Labs ,  Mc l -ean,  VA) . \À /hen us ing  a  non-BSA ant igen,0 .1 i
I ISA can be subst i tuted for Tween 20 to block non-speci f ic  adsorpt ion.

(bi Gl.t 'cr. ' l tpids. The ELISA procedure using Le*'is a active glycolipids partiall-r
pur i f ied f rom human meconiunl  \À'as performed in a manner analogous to that  used
for thc Leu'is a-BSA u'ith the follou'ing nrodificarions. Piates were coated u'ith
DNP-CapPE or Lewis a act ive glycol ip ids ( i0 pg/ml in ' * 'ater containing 0.02%
sociiunr azide) bv overnight incubaî.ion at 37"C (\ 'oung et al.. 1979). Plates were
blockcd u, i th 5% BSA in PBS and stored frozen. Thawed plates u,ere u,ashed 5 t imes
u' i th PIIS-O.1% BSA pr ior  to incubat ion u ' i th per iodate.  Al l  incubat ions pr ior  tcr
substrate acidi t ion u 'ere performed in the presencc of  I ) l ]S containing0J% BSA.



A I  :  r  mixture of  Lewis a-BSA and BSA \ \ ,ere separated .n a 7.5gr,  poryacryr_anr ic ie gel  using the method of  Laemnrl i  (  lg l0)* , i thour a stackingger.  The runningbuf fe r  con ta ined 0 ' l% sDS,  unJ .o-p le .s  were  denatured  by  heat ing  a t  r00oc  îo r  2nr in in sample buffer (Laemmri  ,  r970).  Foi lou, ing erectrophoresis arthc gel u'as placed in contact with a nitroceuurolse .sheer (Schreich..t"",iot'ii,ljJ,ilt"T.BA 83) and the proteins electroblot ted (90 r , in ar r50 mA in a Bio-Rad rrans-Blotappara tus)  fo l low ing  the  procedure  o f  rowb in  e r  a r .  ( rg19) . rù l . , r ing  bu f fe r  was0.19 M glycine, 0.05 N4 Tr is_base, pH g.3,  l0% nrethanol ;  in some cases, thentethanol  u 'as deleted with l i t t le apparent ef fect .  Foi lowing brot t ing the ni t rocel lu-fose sheet was stained with 0.1vo Amido Black (Naphthol  Blue Black) in 50vonrethanol-70vo acet ic acid and the acrylamide ger stained using the si rver procedure
::,,Y;.J;,,,:,r;;,llllll":,.,,î* ,î .onl1or the degree of rransfer Brors were

1 4 6

I ntntunoblots

ffi#Ti::l"iKX::!1".:1on^'J,,,;tn';..",;,;;.,.il;_XIil'fjr'j"":,",1,Tj,

Thin layer chromatographl, immunoblotting ., I ,i

Ti ", Hffl:"tr llr^.fp : l; I " yi: i, j . * wa s p e r f o rm ed u s i n g a m od i fi ca,, ;;: l

0s5%*rween: 20dori30 : rn i n. s t o r s w e re c u r' ", " " " ;T.::f;ffi;" Tl.tfi ,H,Tff:of str ips were used for exper imentar and contror condi t ions.  AII  st  
.brieflv with 50 mM sodiu. u".,u,. burrer (pH a.s) arrer which Jff,llllr:tllil:incubated in  the same buf fer  for  I  h .  Exper imentar  s t r ips  were exn. ìceÀ r^ . ,^ - . . . -^  .;:::":ffi :i;jr::;ff Jili33,;.T*[:h jjT#: jT,':':I""i:;:"il:x

"' i ;il : rìfl :'** :* T JiT[3'1i ili iji, "; ' I i'jiT" 9:" "' o " 1';:
ffi*l{* jili,,".:;"t:,#',i.,,h,j;,;,J:î;.J:.f :::;.,,",,#ffi jwi th PBS-rween 20 ar ter wh i ch Hln-coni,*;; #;?J-il':ìE iJ,i#Î*: *
i1-ffi:ffi::ffi:::T*f,:: :r:.:{Jt;:il; J h a, 23" c Fo,,owing,emouu, i;i: : ól;', '; :t"J,U -,::ffÉi l
il,l;h:ln:,î:"f I';î,,:"t"":.::: :*::f;;. the HRp reacrion when usingproteins orher than Bs,q,, unuou'J J;";;';;#:"-,ffi:;:ti:t,I5 ffiÉ,0'1% BsA in PBS; periodate oxidation can be p.rior-.d before or afrer the brocking istep.

or the rechnique or Brockhuu, ., ar. (llsr;I;"ril:t#::;::;ntrffi:E
Glycolipid samples were applied to an aluminum-backed high performance TLCsheet (E' Merck' F'R'G')' and developeJ *i,r-, chrorofor m/ methanor/warer(55:40:71 t ' / t ' / r ' ) '  Af ter  d iy ing,  the sheei  u,as dipped in hexane containin g0.05%polyisobutylmethacrylate 

1eótyJi .nces,.  warr ingron, pA).  The sheet was cut intolanes which were incubatea íith varying conrentrations (0-20 mM) of sodiummeraperiodare in 0.i M sodium acerare (pH 6) for l h in the dark. In preriminaryexperiments sodium borohydride disrup,.a ,rr. , i i i .u ger on the sheet; f.herefore, toblock the aldehyde groups iotmed by periodo,. ,r.u,.nent, the ranes were washed inPBS and then incubated in z0 mM grycine in r00 m\f  sol ium phosphate buffer(pH7 '4)  Îor  I  h '  Af ter  u 'ashing'  the lanes were blocked wi th 5%BSA in pBS for 2 h.  Thep la te  * 'a 's  then incubated  fo r  i  h  * ' i th  an t ibod, r ,ópoco ( r : i000  d i ru t ion  o f  asc i tes
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l l L r i c l  i n  I ) l lS )  f o l l o r i , ed  bv  u ,ash ing  and  i ncuba t i on  u ' i t h  d i l u ted ' r 5 l - p ro te i n  A  í o r  I

l r .  .A f r c r  uash ins  and  d ry i ng .  t he  shee t  was  exposed  a t  *7 [ ) "C  l o r  l - 2  h  t o  Kodak

\ ,A I ì - 5  i i l r n  u t i l i z i ng  an  i n tens i f v i ng  sc reen .

Rcsu l t s

T6e ef fecr  o f  increas ing concent ra t ions o f  per iodate on the b ind ing of  the

: r r t i - Leu , i s  a  an r i bod l , (CF4F4)  t o  Lew is  a -BSA a t t ac l r ed  t o  EL ISA  p la tes  i s  sho* ' n

rn  l . ig .  2  (open bars) .  Complete  loss o f  ant ibody b ind ing occurred at  a  conccnt ra t ion

, . r f  -5  nrN{  per iodate and greater  than 90% inh ib i t ion u ,as seen at  1 .0  mM. ln  cont rast .

the b ind ing of  rabb i t  ant i -BSA to  Lewis  a-BSA and to  under ivat ized BSA was not

s igp i f icant ly  a f fec ted (hatched and so l id  bars .  F ig .  2) .  ln  fac t ,  the b ind ing of  rabb i t

rn t i -BSA to  Lewis  a  der ivat ized BSA appeared to  be enhanced by exposure to

per iodate (hatched bars .  F ig .  2) .  The CF4F4 monoclonal  ant ibody d id  not  b ind to

unt reated or  per iodate t reated under ivat ized BSA.

Simi lar  resu l ts  were observed when Lewis  a  conta in ing g lyco l ip ids  were assaYed

hy ELISA (F ig .  3) .  There was an 88% inh ib i t ion o f  b ind ing of  the ant i -Lewis  a

r lonoc lonal  ant ibody af ter  t reatment  o f  the ant igen wi th  0 .5  mM per iod ic  ac id  and a

9t ì% inh ib i t ion observed at  I  mM per iod ic  ac id .  In  order  to  determine i f  any o f  the

Ioss of antibody binding after periodic acid treatment was due to release of the l ipids

from the Immulon 1 microt i ter plate, a control experiment was performed on plates

coated with DNP-CapPE. Table I shows that treatment of these plates for t  h with

concenrrat ions of periodic acid up to 20 mM did not result in any signif icant loss of

b ind ing of  an anr i -DNP monoclonal  ant ibody.  Th is  demonst ra tes that  the loss o f

h , ipd inr  o f  ant i -Lewis  a  monoclonal  ant ibod ies sho ' * 'n  in  F ig .  3  was due to  ox idat ion

D Lew is  o :BSA,  An f i -Lew is  o

I  B S A ,  A n t i - B S A

N  L e w i s  o - B S A ,  A n t i - B S A

^ îu.o

^ ^  0 4
U U

495
/^\ r)
v . a

f r rg l .  Ef fect  of  perrodate oxidat ion of  Lewis a-BSA and I ISA on t l te b inding of  ant i -Lewis a or  ant i -BSA

a.t ibodies.  The ELISA u,as performed as descr ibed in Mater ia ls and Methods using O-phenylenediamine

rs a subsrrare.  Open bars represenr b inding of  the CF4C4 nroncxlonal  ant ibody to Lewis a ant igen

eoupled ro BSA, sol id bars represent b inding of  rabbi t  ant i - I ISA ant ibodies to under ivat ized BSA. and

Sarchcd bars represent b inding of  rabbi t  ant i -BSA ant i t rodies to t l ic  Leu' is  a- l lSA conjugate '  No bindrng

t , i  ( ' f r4C4 ant ibodv to under ivatrzed BSA u'as observcd.
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TABLE I

i::fStKltfiî,TJ"llIDArIoN oF DNp-cappE oN rHE BrNDrNc oF AN ANrr-DNp

r.u 2.5 5.o to.o
Periodic Acid (m M )

Fig '  3 '  Ef fect  of  per iodate oxidat ion of  Lewis a acr ive grycol ip ids on the binding of  an ant i -Lewis amonoclonal  ant ibody'  The ELISA was performed as desciúed in Marer ia ls and Merhods using ABTS asthe substrate.  Error  bars indicate the standard deviat ion for  quadrupr icate samples.

of the vicinal hydroxyl groups in the sugars and not due ro release of the l ipids fromthe surface of the microtitei plate.
Measuremttt '-?f.the binding of the anri-Lewis a monoclonal antibody to Lewis acontaining glycolipids by gltsa was utilized ro ask if rhe source of the periodatereagent had any significant effect^on the dose dependence of inhibit ion of antibodybinding' Periodic acid obtained from 2 different commerciar sources and sodiumz-periodate obtained from 2 different commercial sources were compared quantita-tively on the same microtiter plate for their effect on antibody binding. In each case,a very similar dose-dependent inhibit ion of binding was observed (70-74% inhibi-t ion at 0'125 mM and g0-g4% inhibit ion at 0.25 mM) suggesring thar rhe source ofthe reagent is not a crit icar variabre when using thi. t..hnique.In order to assess the effect of periodic acid oxidation on the binding ofantibodies recognizing carbohydrate versus protein epitopes on lhe same grycopro-

Treatmenf
oD*r '

Control b

0.5 mM
i .0  mM
5.0 mM

10.0 mM
20.0 mM

0.3_57
0.344
0.339
0.353
0.373
0 .3 i0

, iltl*: îf 
2 t:i1i"gs from each of 2 separare dererminarions.

["rff:ft:J:d 
but treated r'r'ith the buirer (aceric acid-sodium acerare ar pH 4.5) foilowed by sodirumborohydridc reduction
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f r rg.  4.  Ef fects of  increasing per iodate concentrat ion on the binding of  ant i -Lrwis a and ant i -BSA

ant ibodies to e lectroblots of  Lewis a-BSA and BSA. A;  separat ion of  Le* ' is  a-BSA and BSA. The blot  u 'as

prcpared as descr ibed in Mater ia ls and Methods and sta ined u, i th Amido Black.  B:  b inding of  CF4C4

ant i -Lewis a monoclonal  ant ibody or  rabbi t  ant i -BSA polyclonal  ant ibcxJl '  to thc blot  shown in A.  Lanes

l .  t ì .  and  10  were  t rea ted  w i th  rabb i t  an t i -BSA an t ibod ies  ( l : 1000  d i l u t i on ) .  Lanes  2 ,3 ,4 ,5 ,6 ,7 .  and  9

were trealed with anti-lrwis a antibody (12.5 pg/ml). Lanes 1 and 2: control; lane 3: 0.1 mM periodic

acid:  lane 4:  0.5 mM per iodic acid;  lane 5:  1.0 mM per iodic acid;  lane 6:  5.0 mM pcr iodic acid:  lanes 7

and 8.  10.0 mM per iodic acid;  lanes 9 and 10:  20.0 mNf pcr iodic acid.  C:  b inding of  CF4C4 ant i -Lewis a

nronoclonal  ant ibody and mouse ant i -BSA monoclonal  ant ibodies to the blot  shown in 4A. [ :nes I  I  L.

l5L.  and lóL were t rcatcd wi th pooled supernatants f rom mouse ant i -BSA monoclonal  ant ibodies.  Lanes

l lR.  12,  13.  14,  l5R, and l6R were t reated wi th the ant i -Lewis a monoclonal  ant ibody (12.5 pg/ml) .

Lanc  l l L  and  R :  con t ro l ;  l anes  12 :  0 .5  mM per i cd i c  ac id ;  l anc  t3 :  1 .0  mM per iod ic  ac id ;  l anc  l4 :  5 .0

n rM per iod ic  ac id ;  l ane  l5L  anC R:  10 .0  mM per iod ic  ac id :  l ane  l6L  and  R :  20 .0  mM per iod ic  ac id .
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t e i n  mo lecu ìe  b1 '  t he  Wes te rn  ( imn runo - )b lo t  p rocedu re .  t he  svn the t r c  g l vcop ro te in .
Lewis  a- l lSA.  u 'as  u t i l i zed.  Equal  anìounts  o f  BSA and Leuis  a-BSA u,ere e iecr ro-
phoresed and b lo t ted as descr ibed in  Mater ia ls  and Methoc is .  Tu,o d is t incr  bands
R'ere observed u 'hen the n i t roce l lu lose b lo t  u ,as s ta ined u, i th  Amido Biack (Naptho l
B lue ts lack l  (F ig .  4 .A) .  Gl .ycosy la terJ  BSA n i igra ted nror r '  s lou, lv  than BSA and
resu l ted in  a  sonrewhat  broader  band.  In  addi t ion.  the an lounr  o f  Leu, is  a-BSA that
t ransfer red f ronr  the acry lamide ge l  to  the n i t roce l lu lose sheer  r , r ,as  less than for  the
BSA a lone (data not  shou 'n) .  Fo l lou, ing t rearmenr  u , i th  0 .5  mM per iodare a
s ign i f icant  decrease in  CF4F4 b ind ing u,as observed (F ig .  4B) .  Ar  concenrrar ions
greÍ ì ter  than 5 mM per iodate.  b ind ing of  the ant i -Leu, is  a  monoclonal  ant ibod l ,u ,as
comp le te l y  e l im ina ted .  By  con t ras t ,  t he  b ind ing  o f  e i t he r  r abb i t  an t i -BSA (F ig .  aB )
or  a  pooled group of  mouse monoclonal  ant i -BSA ant ibod ies ( recogniz ing mul t ip le
ep i topes)  (F ig .  4C)  was unaf fected.  S imi lar  resu l ts  were obra ined for  both the
nronomeric and dimeric forms of Lewis a-BSA (Fig. aB). The dimeric species along
w'i th larger BSA aggregates were present in verv lou, amounts and were not visible
on the Amido Black-s ta ined n i t roce l lu lose b lo t  (F ig .  4A) .

Part ial ly puri f ied Lewis a-active glycol ipid u,as chromarographed on mult iple
lanes of an HPTLC sheet and treated with varying .on..ntrut ions of sodium
ni -per iodate pr ior  to  incubat ion wi th  the CF4F4 ant ibody and r25 l -prore in  A.  In  the
absence of periodate, the Leu' is a glycol ipid was readi l_t,  r , isuai ized as a band
co-migrating with authentic Lewis a-active ceramide pentasaccharide (Fig. 5, lane
A), no band was present when the specif ic antibody \r,as omitted. Treatment with l0

Fig '  5 '  Per iodate sensi t iv i ty  of  Lewis a-act ive glycol ip id as detecred by,auroradiographl .  Mulr ip le lanes of
an HPTLC sheet were chromatographed with Lewis a-active glycolipicl followed bl,sequential lrearmenr
*'ith penodate, glycine, anti-lrwis a antibodl', and r25 I-prorein A as described in Matenals and Methods.
Lane A: the periodate step consisted of pH ó-0 buffer in the absence ol" perio.date; lanes ts, C, D: I mM,
l '5 mM. and l0 mM per iodate respect ively.  Glycol ip id standards:  l ,  ceramrde dihexoside;  2.  Le*, is  a
pcntasacchar ide f rom human smal l  intest inc (Smith er  a l . ,  I  97s).  O, or ig in.  The dark area at  the f ronr of
the auroradiogram represents nonspcci f ic  sta in ing.
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nrN4 per iodate completel l ,  abol ished the stained band (Fig.  5.  lane D) n 'h i le ìou'er

( . ( )pceprrat ions part ia l l l , 'destroyed the react ive glycol ip id (Fig.  5.  lanes I l  and Ci.

[ ) iscussion

This paper reporrs a general  method that permits the ident i l icat ion o[  nronoclonai

anr ibrocl ies recogniz ing carbohydrate-containing epi topes associated u ' i th glvcopro-

teips and glvcol ip ids.  This method involves per iodate oxidat ion of  v ic inal  hydroxvl

sroups on sugars to dialdehydes at  acid pH and is appl icable to Western blots and

ELISA in the case of  g lycoproteins and ELTSA and thin layer chromatograms in the

case of glycolipids. We characterized this method uti l izing the Lewis a blood group

clererminant at tached both to l ip id and to protein.  Use of  the Lewis a-BSA al lowed

us to demonstrate that  per iodate oxidat ion of  th is molecule abol ished binding of  a

mqn6clonal antibody (CFaCa) specific for a Lewis a trisaccharide without altering

the binding of mouse moncrclonal or rabbit polyclonal antibodies recognizing a

number of protein epitopes on the BSA molecule.
The conditions used for periodate oxidation determine the extent and types of

cleavage achieved. Treatment at 0"C for 10 min with up to 5 mM periodate at acidic

pl-l results in cleavage only between the exocyclic 7-. 8-. and 9-hydroxyl positions of

terminal, unsubstituted sialic acid residues (Van Lenten and Ashwell, 1971). Such

rreatment has been uti l ized to distinguish between monoclonal antibodies specific

for either O-acetylated or nonacetylated sialic acid residues in disialoganglioside

GD3 (Clheresh er al., 1984). Oxidation for a slightly longer time at 25"C results in

cleavage of terminal, non-reducing sugars as well as pyranosidically l inked hexoses

u,ithin the oligosaccharide chain in which carbon 3 is unsubstituted. Based on our

presenr study, optimal conditions for this type of reaction consist of 10 mM

periodate, pH 4.5, for t h at 25"C. Prolonged oxidation at higher oxidant concentra-

tions {destroyed amino acids, including those within polypeptides; the rate of

oxidation varied for each amino acid but generally proceeded more rapidly at

alkaline pH (Clamp and Hough, 1965). Periodate has been used to determine thè

parriciparion of the carbohydrate moiety in the serologic reactivity of glycoproteins;

the antibody binding characteristics of orosomucoid were unaffected by mild

oxidation (Barker and Whitehead, 1963) but destroyed by harsh conditions which

also degraded the peptide moiety (Krotoski and Weimer. 1966). In contrast, the

serologic reactivity of the major egg glycoprotein of Schistosonta mansoni was

reduced by both mi ld and drast ic per iodate oxidat ion,  suggest ing involvement of

carbohydrate in at  least  some ant igenic determinants (Hamburger et  a l . ,  19E2).

The periodate oxidation techniques described here have been uti l ized to char-

acterize a group of monoclonal antibodies recognizing a variety oÎ Chlantt 'domonas

flagellar membrane surface-exposed epitopes (Woodward et al.. 1984). Periodic acid

oxidat ion of  f lagel lar  g lycoproteins abol ishes the binding of  a group of  putat ive

ant i -carbohydrate monoclonal  ant ibodies;  a s imi lar  dose-dependent inhibi t ion is

observed using enzyme-l inked immunoassays, Western blot  analysis of  SDS-

acrvlamide gels,  and u'hole cel l  immunof luorescent local izat ion procedures.  The
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binding of  a group of  IgG3 monoclonal  ant ibodies recogniz ing a negar ivelv charged
f lagel lar  g lycol ip id is inhibi ted by per iodate oxidar ion of  the glvcol ip id.  as assave<ì
by enzynle- l inked immunoassays on microt i ter  p lates.  by inrmuno-local izat ion on
thin layer chromatograms, and by whole cel l  immunof luorescenr locai izat ion proce-
d u res.

Not al l  carbohydrate ant igenic determinants are sensi t ive to per iodate c leavage.
Based on u'ork wi th mouse ant i -dextrans, ant i -carbohycirate ant ibodies can be
div ided roughly into 2 categor ies (Kabat.  1916):  those having a groove type of
b ind ing  s i te  wh ich  b ind  a t  non- te rmina l  loca t ions  a long l inear  cha ins  and those
l iaving a pocket or cavi ty type of  b inding si te t l iat  react  at  the non-reducing termini
of  chains.  Determinants consist ing of  l inear sugar chains wi th l inkages at  carbon 3
should not be periodate sensitive and, in fact. the l inear repeating structure of the i
b lood group ant igen was only part ia l ly  destroyed by per iodate oxidat ion (Niemann
et al., 1978). Determinants located at branch points. such as those recognized by
some of the anti-l antibodies (Feizi et al., 1979), might also be periodate resisranl..
Interest ingly,  determinants containing part ia l ly  O-acetylated sial ic acids are also
periodate resistant (Cheresh et al., 1984). Aside from the examples cited above, most
anti-carbohydrate monoclonal antibodies are directed against non-reducing terminal
carbohydrate structures (for a partial review see Hakomori and Kannagi, 1983).
Since such structures are generally susceptible to periodate cleavage, mild periodate
oxidation should alter these determinants enough to prevent antibody binding.

The method described in this paper is particularly useful with Western (immu-
no-)blots because modification of epitopes occurs after electrophoretic separation of
proteins eliminating the problems associated with changes in electrophoretic mobil-
ity which result from enzymatic and chemical deglycosylation procedures. Electro-
phoretic separation of membrane components prior to periodate oxidation permits
direct identif ication of glycoproteins possessing periodate sensitive epitopes.

Periodate oxidation is especially attractive as a tool to be used in screening for or
against anti-carbohydrate monoclonal antibodies during the early srages following
hybridoma fusion. The simplicity of the method makes it preferable ro orher
deglycosylation techniques such as anhydrous hydrogen fluoride (Mort and Lam-
port, 1977) or alkaline borohydride treatment (Ogata and Lloyd, 1982). Such
screening can be most easily accomplished by coating a pair of ELISA plates with
antigen and then treating one of the plates with periodate. Antibodies binding only
to the untreated plate would be classified as having anti-carbohydrate reactivity
u'hile those that bind to both plates would be considered to be directed against
non-carbohydrate determinants, such as peptide epitopes, or against periodate-re-
sistant carbohydrate moieties.
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