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complete  pr im' r '  s t ructures o f  f ive  a 'ergenicat l -  ac-
t i ve  o l i gosaccha r i r o t s  (HpG_É2_N5a ,  _N6 ,  _N7a ,  _N7b ,
and -N9)  der ived f rom a sea squi r t  H_ant igen \ .vcre s tud_
ied' structural characterization !r 'as carr ied out b1. a ner'
method in  * 'h ich procructs  o f  l imi t .ed per iodat ,e  ox idat ion,
fo l lowed b1 '  der i 'a t iz ' t i 'n  * ' i th  p-aminobenzoic  ac id
eth l ' l  es ter '  \^ 'ere  anaì5 'zed b l '  a  c 'mbinat ion o f  H 'LC,
fast  a tom-bombardment  mass spect rometr l . ,  sequent ia l
g l l ' cos idase d igest ion,  mcth l ' la t ion anarys is ,  and boo-
MHz 'H NMR. Estab l ished s t rucrures o f  GalNAcÉI_
4  (  Ga lNAca t  -  2Fuco t  _  I l  )  G l cNAc  0 t  _  3Ga lNAc  _  o l ,
Ga lNAcd t  -  4G tcNAcÉ l  _  g  (  Ga lNAc  g t  _  4G IcNAcd l  _
6 ) G a ì N A t , - o l ,  G a l N A c d l  - 4 G I c N A c d t _ 3 [ G a l N  A c | t _
4  ( F u c a i  - 3  ) G l c N A c d t  _ 6 l G a t N A c _ o l ,  G a I N A  c 0 t  _
4  (  F u c a I  -  g  )  G l c N A c 0 t  _ B  I  G a I N A  c l t  _ 4  ( F u c r r I  _
3  )  C l c N A c d I  -  6  I  G a l N A c  _  o l ,  a n d  G a l N A c É t  _
a  (  G a l N A c a I  - 2 F u c o l  _ 3  )  G l c N A c f f  _ B  I  G a I N A c d I  _
4  ( G a l N A c a  I  - 2 F u c a  I  - 3 )  G I c N A c 0 I  - 6 r G a r N A c - o r  a r e
represented bf '  HPC-02-N5a,  _N6,  _NZa,  _N7b,  and-N9,  respect ive l l , .  These s t ructures have not  been en_
countered prev ious l r ' .  O l igosacchar ide un i ts  GalNAcrr I  _
2Fuco l  - ,  Ga lNAcÉ l  _  4G lcNAcp l  _ ,  and  Fuca l  _
l lG icNAcÉr -  are  c .ns idered to  be the atergenicaty .  spe-
c i f ic  ep i topes.  parr ia ì  ass ignments  o f  500-NfHz rH NMR
spectra of these no'el O_tinked ol igosaccharitols ! \ ,ere
î t t . e m p t e d .  a  t f ) 9 I  A c a d t n r i c  l , r e s r .  l n c .

Sea squirr  a l lergl '  [  ]  is  an occupat i .nar asthmat. ic dis-..ase f.uni in *'ori:ers on o-\ 'srer íarms of Flirc.rshima 8a1,.lapan.  Ar  the  t i r r re  o l  ( , \ ' s re r  ha^ 'es i ing .  u .hen sea squ i r ts
Sl lc lc pl icatc)gror i ' ing .n rhe (r- \ ,s ler  shel l . .  are rerno'ed
rom the sea \\ 'aler. a ìarge ,.olurrre of Lrocjy fluid is expelled
hrough rhe exhaient or i f ice.  ' fhe 

. r ,ster shei ls becc,r 'e' ( )nraminarecÌ  b1'rne b.d5' f lu id,  * 'h ic i r  i .  .prou", ì  in dr.p-

iets upon the u'orkers engaged in shucii ing. 81, repeated
inhalarion of t i-re spral'ed particles, some of trr" i l ,orkers
become sensi t ized a.d deverop asthma symptoms. Rhi-
nit is and asthmatic att,acks occur on11,11,1r"r, pàtlur,rs enter
a place where subst.ances from the sea squirt, can be in-
haled. Howe'er, if thel' stay away fr.m ivork fbr a feu,
da1's, their condirion improves without special trearment.

Four preparat ions,  namely H (M,Igo- -  2 ) i  10t)_.  Gi_
rep (M, 106,000)- ,  Ei-M ( I [ ,  22,900)- ,  and DII Ia (Àí ' ,
9980)-antigen-s \^,ere isolat,ed from the bod1, fluid of a sea
squirr  (2-8).  These four ant igens were al ì  hexosamine_
rich acidic gì1'coprot,eins, and elicit,ed a markeclly posil ive
reaction on ast.Ìrmatic patients q'ith sea squirt aliergl,*,irh
a (;oncentrarion as lou' as 10 pg/ml (2_S) in the spercif ic
allergenicit l '  skin test. previously, we ha'e shown that
these ai lergenic preparat ions contain a certain common
epit,ope(s) in their carbohl,drate units (6) responsible foi
the alìergenicit l ' .  To determine the epitopes specificali i ,
responsible for sea squirt. allergl', we have investigated
strucrures of oìigosaccharides derived from the allergen_
icall l '  acri 'e gl1'copeprides (6-8). in a previous srud-v (g),
11 neutral oligosaccharitols have been is' lated fr.m a
gì1'copepticie fraction (FIPG) prepared Írom a pronase d.i_
gest of H-antigen. and rheir sugar sequences were det,er-
mined. Hou'e'er. compiete structural eluciciation, includ-
irg ihe an.rneric configurations and parterns of
subst i tur ion of  the branched residue, remains to be clar_
ified.

A neq' procedure r'as established for t.he nrodification
. f  o l igr . . rsacchar i r .o l  (7) .  This includes a l imi ted per iodat.e
oxidation of À'-acetvigalacrosaminitol (GalNAc-àl), in the
ol igosacchar i t . l  and subsequent labei ing of  the resul t ing
aldeh'cie r.r ' i th an ultra'iolet absorbi.rg .u-pounci. p-ami_
nobenzoic acid eihvj  est ,er  (ABEE),  by reducr iye amina_
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i rù l l .  ÀBEE cìer ivat . tzat ion o Í 'o ì rgosa6: ( :har ides has not  onì1 '

i 'aci i i tated t ireir sulrsequeÌìt  chromat.ofraphic analysis but

aisc, renders oi igosac'charicies more susceptibìe to digestion

u'it h e xo glvcc-rsi ciases"

ln 6ur preseni investigation, st,ructures of f ive al ler-

genical l-r,  acrive oì igosaccharitols derived from sea squirt ,

i1-antigen \^ 'ere cietermined using a method whereb5'

,rociucts ol i rmrted periodate oxidation and ABEE derir ' -

rr irzai ion were anail 'zed b1' a combination of F{PLC, fast

atom-bombardnent (FAB)-MS, exogll 'cosidase digestion'

1rie-lhviat ion analysis. and 500-MHz 1H NMR'

\, IATERIALS AND METHODS

Origr.tsaccharitoLs. The f ive ai lergenical l l '  act ive ol igosaccharitols

, i lpc-,t :-Nira, -N6, -N?a, -N?b. and -N9) examined in this studl '

s.ere the sanlg maLer ia ls c iocumented in our preceding stud,v (8) '  Thel '

ri.ere isolat.eo from a neutral oiigosaccharitol iraction (HPG-ij2-N), r'r 'hich

r ]ac been oi t t .a ined previousl l ' f rom a sea squir t  H-ant igen b} 'pronase

i igest ion and str l tsequent a lkai ine boroh-v-c i r ic le t reatment.  T$'o a l ler-

genical lv  int rc i ive ol igosacchar i to ls,  HPG-l j2-Ni ì  t  G lcNAcdi  *3GalNAc -

o l i  and  -N . ta  tGa lNAcp l -4G lcNAcp l -3Ga lNAc-o l ) ,  were  used  as  re f  -

e rence  comPounds  (E ) .

Limited perictdott, oxidation and ABEE deriuatization. Limited ox-

idat ion of  o l igosacchar i to ls u,as performed according to a previousl l '

descr ibed method (?)  wi th modi f icat ions.  Br ief l ; - .  0.1 pmol o l igosac-

char i to l  was dissolved in 20 pl  of  0.1 M sodium aceLate buf fer  (pH 5 '6)

contain ing 0.15 l r l  NaCl. ' I 'o  th is solgt . ion * 'as added an equinrgìar  amount

of  Naloo dissolved in 20 pl  of  the same buf fer ,  and the mixture ' * ' l rs  Ief t

î o  s tand  fo r  l 0  m in  a f  0 "C .  The  reac t ion  was  te rm ina ted  h1 'adc ì ing  i ( t

p l  o i  10 m\t  erhvlenegìycol .  The resul t ing mixture was lyophi l iz .ecl  and

subjected to ABEE-der i r ,at izat ion as descr ibecì  previously (9,  10) '  To 40

pl  of  NalOr- t reated ol igosacchar i to l  solut ion ( l imi ted oxid:r t iorr  pr t iduct i '

160  p i  o f  an  ABEE labe l i ng  reagen t  (a  m ix tu re  o f  35  mg o f  ABEE.3 .5

mg o f  NaBH.CN,  4 i  p l  o f  ace t i c  ac id ,  and  350  p l  o l ' abso iu te  me thano l )

u.as adr ied pr ior  to heat ing the mixture at  80"C for '15 ni in.  Af ter  adding

1 ml of  cìe ionized , , \ ,ater ,  the react ion rn ixture \À'as extracted wi th d ieth l ' l

ether to remove excessive ABEE, and the aqueous layer was then applied

onro a PRE-SEP C16 cart r idge (Tessek,  cA).  Af ter  $ 'ashing wi th water,

the  ca r t r i dge  was  e luLed  s tepu ' i se  w i th  wa te r :ace ton i t r i ì e ,  19 :1 ,9 :1 ,4 :1 '

and  i : l  r , , . , r . )  anc ì  f i nu l ) r 'w i th  ace ton i t r i l e .  mon i to r ing  u r ' -absorp t i< tn  a1

30.i nm. Fractions with uv-absorbance elut.ed br"*'ater:acelonitri le ratios

of  1:1 andior  i :1 were pooied and evaporated to dr1 'ness'

Exoglyc,níduse díy:cst íon.  The fo l lou ' ing incubat ion condi t ions were

used: 0.5 units of jack bean 0-N-acetylhexosaminidase (Seikagaku kogv'o'

co.  Ltd. .  Tokyo) in 50 pl  of  0.1 M ci t rate phosphate,  pH 5.0;  0.5 unrts

of  Acrenctnium sp.  cr-N-acety lgalactosaminidase (Seikagaku kogvol  in

50 pl  of  0.1 M ci r rate phosphate,  pH 4.5;and 0.05 uni ts of  bovine k idnev

o-L-fucosidase (Sigma chemical  co. ,  St .  l ,ouis)  in 50 p ' l  of  0.05 Nl  c i t rate

phosphare,  pH 5.0.  AI I  incubat ions $ 'ere performed at  37"c fbr  2 '1 h

1r,ith a toiuene la1'er placed over the media. Reaction r*'as terminated b.'-

hear ing the mixture at  100'C for  5 min.  The mixture * 'as then subjected

ro chromatographl ,  wi th PRE-SEP Crn cart r idge in lhe same manner

as descr ibed for  pur i f icat ion of  ABEE-der ivat izecl  l imi ted oxidat ion

prociucts.

ITigh-oeriorntance liouid chrontatographl . HPLIì analysis !\ 'as i)ei-

formed *'ith a Shimadzu Model LC-6A liquid chrontatograph lShimadzu

Co. . l i 1 ' o to ) .  Chromatography 'was  ca r r i ed  ou t  on  \ \ I akos i l  5C18-200  (0 . {

,  15 cm. \ \ 'ako Pure Chemical  Incìustr ies,  Tokyoi  and TSKgel  Anr ide-

sc )  (0 .46  X  2 i r  cn i ,  TOSOH,  Tokyo)  co lumns  a t  40 ' c .  Thc  oDS co lumn

$.as equi l ibrated x ' i th 1 l% acetoni t r i le  in 1()( )  mNl acet ic  acid '  Al ter

in, iect ion oi  sample,  e lut ign was performed i r1 '  acetonir r i le  gradient  tcr

l 5c i  u t  6 ( r  n r in  ano  t i ren  ro  19% in  30  m in  a t  a  f j o *  ra te  o { ' 0 .E  m l /m in '

The  Anr i c ie -60  co lumn was  equ i l i b ra ted  w i rh  ace ton i t r i l e :wa t ' e r  (86 : l { '

r .  , r ' r .  AÍ ìer  in-rect ion of  a santpìe,  e lut ic in was carr iec i  out  b1' ì inear gradienl

Ac ] ' l ' .  I

[ì;,',:';T;,:";,,',,"','.:.;,.',i-,ì,ì ;:;"1;Ji'l::;'il;'"J':J]' 
5 I'r n)rr'

500-ùlH: p:.) i( , t .  
' r . \ í i .  

5arnples were repeat.edi l '  exchange<ì rr l  tH^fi

R , i t h  i n t e r m e d i a r r  i \ i ) i ) l ì i i l z a t l o n  i r e l o r t  h n a l i r  b e i n g  r e d r s s g ì r ' e C  t t - '  ( r ' i

m l  ? H 1 O  ( g g . g f _ ì  a r o n ' , ,  I ) ,  ' H  N M F  s p e c t r a  B t  s t x )  N l H z  r , l E O l -  F \

5 0 0 S  F T  N \ l R  s l ) e c i r ( r Ì ; . e i t  -  ( ) J ) e r a l I I ' ì f  l I :  t h e  F o u r r e r - i r a n s f o r m  n t o d t

w e r e  o b t a i n e d  b r . u s i n g  - Q , ] i , o r r l Î u r (  c i e t e c t r o n  w i t l ,  a  s p e c l r a l  w i d t n  t l i

5 L t 0 U  H z .  f ) a L u  w e r e  C o l l t . C r e c  u s r r r E  6 l '  o l t l b  l ) ( ) l n i :  a n c i  w e r t  z e r t ' - l i i t e i

t \À ' iCe.  The probe Lemper i ì tu re  \ \ 'a :  n I& l r ) Î i t tned  a :  l i r "C.  ( ' i renr ica '  sh i f t s

i p p n r t .  e x p r e s s t ' c i  d o ' * ' n t i e l d  f r o m  i n t r : : ' ' '  : ' ' r c : u n  ì " i - t j r n r e t h r  i - ì - s t t t ' -

p e n 1 a n e - 1 - s u l l ì l n a t e ,  w e r e  a C t U a l i l  m e a s r - r r e i  u ' . r ' i '  r t ' t e r e n ( - €  1 ( ' 1 n t ' e l " n i l ì

s c e t o n e  1 l  =  3 . 1 ! 5  P P m r .

() t  hr r analt ' t  icol methtt&s. Carbchycirnt t  <'ompt.tsi t ion wa: delernrtneC

br  GC on a ld i to l  ace ta tes  as  descr ibed prevrous l : '  (8 ) .  Permethv la t ion

of  o l igosacchar ides  was car r ied  ou t  by  the  nre thqc i  o f  c iucanu and Kere i :

{11) .  Methv la t .ec ì  samples  were  hydro lyzed,  rec ìucec i .  an i  ace tv ia tec ì  b r

the nrethcrcl of Liang et oL. (I2). Part ial l l '  methvlateci aìditol acetates

were  anaì1 ,zed b1 '  Gc- \ , f s  (E) .  Negat ive  FAB- l \ {S  ana i l ' s i s  o f  ABEE'

o l igosacchar ides  r , r 'as  car r ied  ou t  on  a  JEOL H\ -10( )  mass  spec l . rc ln ìe -

t e r  í  i 0 ) .

RESLJLTS

Limit.ed periodate oxidation and ABEE deriuati: '

otion. Each of the five allergenic oiigosaccharitols, which

have previously been characterized with respect to their

sugar sequences (8), was subjected to periodate oxidation

unàer controlled conditions to oxidize exocyclic carbon

aroms of GalNAc-ol lesidue in the oligosaccharitoi.

Methy,lat.ion analyéis (8) demonstrated oligosaccharitols

t,o contain either C-3 monosubstituted GalNAc-ol oI C-

3 and C-6 d.isubst,ituted GalNAc-ol. Therefore, the former

would be cleaved by periodate to give an oligosaccharide

having 3-acetamido-3-deoxythreose (ThrNAc) at the re-

ducing end, whereas the latter would yield two oligosac-

charides having either ThrNAc oI glycolaldehyde (GA)

ar the reducing end. Limited oxidation products were la-

beled ,*,ith ABEE (9, 10) and subsequently subjected to

structural studies.
Structures of f ive allergenic oligosaccharitols estab-

Iished on the basis of the following are i i lustrated in Ta-

b le  I .

structure of HPG-92-N5a. HPG-p2-N5a with a sugar

sequence of  GaiNAcl-2Fuc1-(GatNAcl-)3,4GlcNAc1-
3GaiNAc-ol (B) produced a single ABEE-derivatized oli-

gosaccharide on l imited oxidation/ABEE-derivatization

ÌNsu-A, Fig.  1) .  In FAB-MS analvsis (Tabie I I ) '  the

ABEE-der iva t ive(N5a-A)y ie ldedapseudomolecu la r ion

lM-Hl 
- 

at mf z 1064 and sequence ions at m/z 861 and

715 'charac ter is t i cscons is ten to fapentasacchar idewi th
GalNAc-(GalNAc-Fuc-)GIcNAc-ThrNAc-ABEE 

struc-

rure. This result confi rms thatthe GalNAc- (GalNAc-Fuc) -

GlcNAc- sequence was l inked to the c-3 posi t ion of

Ga lNAc-o l .
To determine anomeric configurations of the constit-

uent monosaccharides, the ABBE derivative was subjected

ro r,he sequential exogiycosidase digestion, and the product

at each srep \À,as analyzed bv HPLC and FAB-MS. Diges-

t ion of  the ABEE-der ivat ive wi th B-Àr-acetylhexosamin-
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TABLE I

S r  ruc i  ì . r res  o l  i  Neru t  ra i  A l l e rgen ica l i v  Ac t i ve  O l igosacchar i t  c . , l s
O l r t : r i r - red  f rom a  Sea  Squ i r t  H -An t igen

P l r ' n l r  r : r  f  i r  ' r , Structure

F IPG -  p2 -N7a

G a l N A c B i . ,

l G ì c N l c B t . .

t ì i r ìNAcel  -2Fucrx7'  
lJGalNAc-ol

GaìNAc[ i  I  -  -1GìcNAcfì  1 . .
t . J

OGa lNAc - r i ì

GaìNAcp1 -4GìcNAcpt  /

GalNAcBi  -  4GìcNAcpi ,
t ' ì

GaìNAcP1, .  
_  [C ]a lNAc-o ì

'A  
. , "

jGìcNAcPl

.,/
r u c a l

Ga lNAcp l . .

,/
Fu c crl

Ga lNAc [ ì1 .. r . . ,  . r - t " , , r . ,  
\ r .1  

/

,clcNAcp1
,/

Fuca l

Ga lNAcÉ1 . .

The structure of HPG-82-N5a was t.hus established
( T a b l e  I ) .

Structure of HPG-02-N6. HPG-/32-N6 with a sugar
sequence of  GalNAcl 4GIcNAcl -  3 (  GalNAcf -
4GlcNAcl-6)GalNAc-ol  5 ' ie lded two ABEE-der ivar ized
l imited oxidat ion products (N6-A and N6-B) in a rat io of
1:1 (Fig.  1) .  FAB-MS on N6-A and N6-B indicared a
pseudomolecular ion IM-H]- and fragment ions consis-
tent with GalNAc-GlcNAc-ThrNAc-ABEE and GalNAc-
GlcNAc-GA-ABEE (Table II), respectively. These results
confirm that GalNAc-ol was disubstituted at C-3 and C-
6 positions u'ith two units of GalNAc-GlcNAc-.

0-N-Acetylhexosaminidase digestion converfed the N6-
A and -B to products corresponding to ThrNAc-ABEE
and GA-ABEE, respectively (Fig. 2).

Therefore, the stn:cture of HPG-82-N6 was estabiished
as shown in Table I.

Structure of HPG-02-N7o. Similarly, HPG-P2-N7a
with a sugar sequence of  GalNAcl-(Fuc1-)3,4GicNAc1-

2

U)

l i 5u

(  1 0 6 4  )
l i 7 t .

B
A  { 8 6 1 )  ( 7 6 0 )

I

N 6 A B

( 7 1 5 )  ( 6 1 4 )
N 9 A B

( 1 0 6 4 )  ( 9 6 3 )

l t ft \ / a  
B

A  (  7 1 5 )  i l o o  r

20 40

t 2 0 4 0 6 0
RtTt l l l  l0N T l f ' ,1[  (  m1n )

F ' IG. f  .  Reverse-phase HPLC anal l 's is  of  tbe ABEE-der ivat izecì  l im-

i ted per iodate oxidat ion products of  o l igosacchar i to ls,  HPG-É2-N5a.
-N6 ,  -N?a ,  -N7b ,  and  -N9 .  A  \ \ / akos i l  5C18-200  co lumn was  used  and
the elut ion u 'as performed as descr i l red under Mater ia ls and l r {ethods.
Nunrbers in parentheses indicate the m/z values of  [ t4-H]-  ion rn neg-
a t i ve  FAB-N1S.

A
. C l c N A c p l ,

,"' 
' \\

GalNAca l -2Fuc r r l  
' 3  

-

G a l N A c P l .  , 6 G a l N A c - o l\ /  /
lc tcxecBr '

GaiNAccl- 2FucrA/

idase f  ie lded a s ingle product wi th a pseudomolecular ion
[ \ { -H]-  at  m/z 861, corresponding to GalNAc-Fuc-
GlcNAc-ThrNAc-ABEE (Fig.  2) .  This indicates rhar one
of the nonreducing terminal  GalNAc residues was in a B-
confi ESlration. The É -.n/- acetylhexosaminidase digesr \À,as
susceptible to degradation with o-l/-acetylgalactosamin-
idase but resistanr, r,o a-L-fucosidase (Fig. 2). The a-l{-
acetl ' lgalactosaminidase digest showed a pseudomolecuiar
ion [N4-H]-  at  m/z 658 corresponding to Fuc-GlcNAc-
ThrNAc-ABEE, indicat ing rhe other nonreducing ter-
minal  GalNAc u'as l inked to Fuc via an a-gl l ,cosidic i ink-
age. The resul t ing t r isacchar ide-ABEE was suscept ibre to
digestion '* ' i th o-L-fucosidase. The digest was eluted at
the posi t ion of  GIcNAcl-2ThrNAc-ABEE prepared from
HPG-62-N3 (F ig .  2 ) .  F ina l ì -v ,  c leavage o f  the  o-L- fucos i -
dase digest with B-N-acetr'Ìhexosaminidase ga'e a product
( :o r respond ing  to  ThrNAc-ABEE (F ic .  2 ) .
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I'u c r.r l

G i r lNAcp  I

G r r l \ A c a l -  2 F u c r r l

l ì . , 1 \ ' , r - . o 'v ( r r - \ 1 1 L f _ )  I

lct .xa.p r-2cì i \_ABEE
( ì ; t l \ A c r r l - f F . u c r r l

( C r l - \ A c t - 4 G l c N 1 . r - l S , 6 G a l N A c _ o l  
( s )  l , i e l d e d  r w oABEE-derivarized IimiteJ orìjrr,o,r producrs (N7a_A andN7a-B '  F ig '  1 ) '  Resur ts ; i ;AB r \ {S  anar l ,s is  and d- r - -acer ' lhexosaminidase 

dig; i ""  
" t  

one of  the ABEE_de_

;iÉii:!ì:;#.ilî: *Î#,-,o,hose ro, iui.a c 0 1 -
iFà:ìff : i;, : 1 " * o' n' o-u ;u;''f ilTi " lî: òÎ ;'X,Ti;
'  Thi '  . rher remaining ABEE-der i 'at ized r imited oxi-dat i u :r prc' 'ducr r N za - B i t."t:ta1'o a pseu dom or ecura r i onl i \ I -p i ;  and fragment ions (Tabre I I )  consistent wi th theì ffiT::i,îllÌ^. ( F;;- ;i 

"^To. c o AB É;';,h e n r h e
ll:,'ri' ".;ffi ;-':,t :,Till:,i;.t -::Torl+:.f;i.
nexosarninidase. 

a producr .uotu. . ing u. i rh GA-ABEE , iasuotained (Fig.  r ;  \ - -?:  ÈJ. 'n; ; ; ; ; r , ion anar l ,se.s on N7a_,',uld irs ;J- \-_acerl, lhs*..;;; i ;"se 
digesr shoried that

"" l l '  
r : isubsr i rurecÌ  Grci i . ' l - ' ì r re subsrrare was con_- ' : r t ( '  ' ( )  ( '  , r r  nr 'n,subst i tuted GrcNAc bl ,  i j_GarNAc

e l im ina t ion .  ind icar ing  tha t  thGarNAc *,u. li.,r,*a rJ,r,.- òf; ryH::;.:?-rl:.iliiÍ;GlcNAc'  Thus, the structure of  N7a-B was concruded to
n ff l 

t^ c i3 \ - 4(Fuca 1 -sjCr.xa.Br -zCa -ÀeBp (ra _
On the basis of  these resulrs, .  the structure of .HpG_d2_N7a jn Table I  was establ ished.
Structure of HpG_ts2_^rlb. HpG_rg2_N7b rvirh a sugarsequence of' I GalNAc 1 - (Fuc 1 _) B_.aGlcNAc 1 _ ] 23, 6GalNAc_ol (s) sinrirarrr' f ielded ,ouo ABEE-d;.i;uií lui t i- iruaper iodate oxic jar ion products tx iu-a ; ; ;  N;;- -e,  r r* .  , ) .FAB-\{-S on N7b_A;"dii l_àoTay.ed 

[M_H]_ ion andf ragmenr ions correspondins to GalNA"j iFr;_j" , .X^.

Hîl;;l i.l,?fl;,î ; ̂ i.. ie; ;.' ó ;il; ; lC^ o " u u
N7b-A was conver ied to a product.  coelut ing wi thFuca l  - : jGlcNAcCl _2Thrf  e. leEE when sul lemed torJ-A'-acetr . lhexosaminidase 

aigu.r ,or ,  (compare N7b_Awit '  N5a-A in Fig.  2t-  Sequent i l ia ig". t iun, , f . ' the 
resui t ing
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From t ì re  a l tove.
I  q 'as  estab l ishecì .

' \ t ruc ' turc  c t / '  IJPG- iJ2- I '9 .  In  rhe preser l  s ruc i r
- - - - ^ - . ^ : . : - - -  ^ - - , . r  -  r  ì  ì  s t l l ] a l

r :ornpos i t io r . r  ana lvs is  shoq,ed the pr rev ious i r -  Ì lu l) ' ì r u r r f j e d
I JF ,G- i i 2 - \ f l  ( s  r  1o  con ta in  r r ( ) nosa ìccha r i c Ìes  Fuc .
G a l \ A c .  G i c N - A c .  a n d  G a l N A c ' - o l  i n  r h e  r r r r , l Í ' r a i r ( )  ( ) 1  : :
I : l : l .  \ ega t i ' e  FA ts -N4S  sho* ' ec ì  e r  y . r s t - r r c ì . r r r r i ec ,u i i r r  r r , r ;
[ \ 1 - H J  a i  n t ' :  t  l í j ]  a n d  I r a g n r e , r r l  i r , n s  c r ) r r ( , : : r , . , 1 , 1 1 ,
i r ,  \ ' 1 -F le> r \Ac .  \ 1 -HexNAc , -Fuc .  and  \ { -He> : l r .  ' . . , ; ; '

He>:NAc, ,  a t  /7? , , :  1529.  13S3.  and S lT lr  ' .  I e  S p C C l t v e t  j . ' U r _
ther rnore .  meth ' la r ion  ana l ' s is  ind ic ;a red  t i ra t  H  r ' ( ,_ t j z_
N9 cont.ained nonreducing terminal  GalNAc (rour resi_
dues) .  C-2-subs t i tu ted  Fuc  (nvo  res idues) .  C- :1 ,4 -c l i sub-
s t i tu red  GlcNAc ( two res idues)  and c - i ] .G-d isubs t i ru ted
c ìa lNAc-o l  (one res idue)  (Tab le  I I i ) .  These f ind ings  sug-
gesr  thar  the  nonasacc i - ra r i to l  p ro i ;ab lv  c :o r responded
t .  a  s t r u c r u r e  o 1 '  I G a l N A c ' r r 2 F u c i - ( G a l N A c , ] - ) : ì .
1  G l c N A c l  -  l , , 3 . 6 G a l N A c - o l .

L imited per iodare oxidar ion and subsequent ABtr i . -  i , . -
r i ' a r i za t ion  . l 'HPG-d2-Nsr  p ro ' ided  tu ,o  peaks  on  oDS-
HPLC (N9-A and Ng-B,  F is .  I  ) .  One o f  rhe  ABEE_de-
r i 'at i 'es (N9-A) shclu 'ed chromar,ographic beha' ic i r  in
HI)LC on ODS column (Fig.  I  ) ,  pegar. iye I ìAB-l t4S (T'able
I l ) .  rH  N l \ {R specr rum (see be i< lu ' ) ,  and response to  ex-
og ì r ' cos idases  s imi ia r  r .o  thar  o f  Ga lNAc:p I -4  (Ga lNAccL l -
l l i uc .n  I  -3  rG lcNAcSl  -2ThrNAc_AI ì I IE  (sere  N5a_A ) .

As  regards  the  orher  remain ing  Ar ìE t r -c le r i 'a l i zec i  l i r : ; -
i ted  per iodate  ox ic ia r ion  proc ì r rc t  (Ng- IJ ) .  a  pseuc l ( )m( ) r .
c 'u la r  ion  [ \4 -H]  and I ragnre ' r  ions  c .o r res l ronc l ing  i t ,
G a l N A c - F u c - ( G a l N A c -  t G ì c N A c . - G A - A B E E  w e r e  o b _
ta ined (Tab le  I I ) .  D iges t io '  o l  the  c le r i 'a r i ' e  u , i th  ,y_A:_
acet l ' ì i rexosaminidase vieìded a product (Fig.  2)  u,hich had
a ; ;seudomolecular ion [ \ { -H]-  and l ragn'renl  ions con-
-q is renr  u ' i rh  Ga lNAc-Fuc ' -G lcNAc-GA-ABt rE (da ta  nor
shou'n).  SuLrsequent digesr ion ol '  the resul t ing t ,etrasa(,-
char ide-ABEE u' i rh . ' -A'-acetvlgalact ,osaminidase pr()-
duced a  compound tha t  e lu t .ed  a t  the  pos i t ion  c l l 'Fuc :^ l -
3Glc \Acd l -2GA-ABt r t r  (compare  Ng-B n , i th  N7a-B in
F is .  2 ) .  Sec luent ia l  d iges t i .ns  o f ' the  compounc i  cor re -
s ; rond ing  rc ,  Fuc l -3GlcNAc l -2GA-ABEE u . i th  ^_ t ._ tu_
cosic iase and p-À'-acett ' lhexosaminidase provided a prod-
uc t  c 'oe lu t ing  w i rh  GA-ABEE (F ig .  2 ) .  compar ison  o l  the
resuì rs  o l  t i re  merh ' la r ion  ana lvses  o l 'Ng-B a 'd  i rs  d -^ -
ac 'e r r . ' l hexosamin idase d iges t  demonsr ra le  tha t  C- l ì . - i -d i -
su i rs i i tu tec i  G icNAc in  the  subs t ra t .e  \ \ , r ì s  convened 1o  c -
i ì -subsr i ru red  Gic ' \Ac '  bv  enzvrna t ic  e l im ina t ion  o l  a  t j -
( ìa Ì \Ac '  res idue (Tab le  I I I  r .  f ' here lo re .  Ng-B oro i rab l '
( . ( ) r r e { } r ( , r r d e d  1 ( r  G a l \ A c . ; i 1 - d ( ( ì a l } i A ( : t r J  _  2 F u c . , , l l
i i  t [ ì ì c \ A c r ] - t G A - A B E E  ( T a b l e  I I  ] .

f ' he  s r rucrure  . f  H I 'G- i j2 -Ng q ,as  r renc :e  c ,s ta i r l i shec i
t l ' a l r ì t ,  I  ) .
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| lPG-82 -N9-B

squirt antigen. The smaliest alrergenically active oiigo-
saccharitol, HPG-82-N5a, has also been found in another
sea squir t  ant igen, Gi-rep (?).

In our present study, oligosaccharitols were subjected
to l imited periodate oxidation, a process where the c4-
c5 and/or c5-c6 glycols of  the GarNAc-ol  residue in ol i -
gosaccharitols are selectively oxidized, and the resulting
aldeh.r,cie(s) is labeled r', ' i th an urtraviolet absorbing com-
;r .upd, ABEE, b) ' reduct i 'e aminat ion.  This method gen-
er i i ied ABEE-ol igosacchar ides '* ' i th ThrNAc at  their  re-
ducing end f  rom ol igosacchar i tors ha' ing the GlcNAct i l  -

",,un.,",:iìlli[ll--j]cr"r*e.-o-1,'r-^",, il^:r: lj'^j
ca',Àcz Fuc, I  o'r^lr '  i l  '  ,  l l  I  ÀBEE

Ìr-,  H.1 I "-"1 l l  |  |  l l  |  " '

li I rl,r'iir"l,"^"1 'l I li I li,"$dMMM
Flc.4. 500-MHz'H NÀ4R spectra o
andmerhl.)pror.onreg*"0".,,"i"-li""lJliii:,"""Y'"'r',î"j:Jffj::Ì:ÎlTJIlr"-nproducts rh€r€ìariv€in!€nsirvscareortbeN-ac€t\,1

2Fuca1-3)GlcNAcpl-  or igosacchar ides cont,aining in-
ternal l '  l inked Fuc residues ha'e been reported in gry_
cosphingolipids from the fresh \4,ar.er bir,Àrve H'riopsls
sc'hlegcll i (22.23), but not in gr'coproteins. Ail structures
described in our present stud1, have not been pre'iousr1,
report  ed.

As rhe al lergenic react i .n in skin depends on the cross-
Ìinkage of igE antibocì1, .,*, ith each ailergenically actiyr,
.ligosaccharitol, the disaccharide unit^s GalNAcri i -2Fr.rc.r_.
Ga lNAc^11-aGlcNAcíJ l -  and Fucr r l_ l l ( ì i c .N.a .  ,  -_  ( : í ìn  i , ,
i l on1 j1s1ed as  the  a l le rg r ,_sy tec i f i r  r  i  . ì  , r . : . :  .  .  r : s  s (
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