Dt o g :
- ‘Structure of an —Ulergemc Pentasacchdnml Gp-1 /3 b6 Isolated from a’

as a Minimum Structural Unit Responblb
3' Ri 0 Cuwor (’Te"uc.\{m)

Sea Squirt Antigen, Gi- -rep,
fer Its Allergenicity'

Seiko Shlgetd, Masaaki Okamura,* Masahxko Tsutsumi,” hd?uhxsa Ono, Masayva Ohta,"

Fumito Mdtsuura,

“Department:
Hiroshima 724

Received for publication, March 23, 1990

gest of a sea sq

3 4GlcNAcl—~3Gal c-ol. To analyze'
with p-aminobenzoi¢ acid ethyl est
GalNAc-ol of the saccharitol was o;
periodate, and theresultant aldehvd
ABEE-labeleq
8- N-acetyl
digests we‘z‘

ition/GC-MS, and.
substrate, the structure.of Gp-14-b6 wa
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nal o-GalNAc led to inactivation of the allergemc o
possible that the allergenic saccharitol contains two
disaccharide units as the allergy spcuﬁc epltopes, one GalNAcal—»"Fucal—» and the othcr' o

B-GalNAc or the non- -reducing te
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A sea squirt antigen termed Gi- -rep is anacidic glycopt otein

capable of inducing a remarkable ‘erythema in skin of

patients with sea squirt aller gy.on subcutane@us injection at
adose of less than 1 g (1-3) Prev;ously, a Pronase digest
- of Gi-rep was divided into large {Gp-1) and relatlvely small

~ Gp-‘?) size glycopeptide fr.
allergenically active as e\ammed bv means ox" the skm
reaction,

After. /5’ -elimination treatiment,
galactosaminitol - Lontammg saccha 0
- anda relémvel» large size glvcopeptl
- while. Gp 2 still remained as a aly
iGp-2/3). Thus, it was suggested that
- O- and N:

N-linked oligosaccharide (4).
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of patients with Sea sdulrt allergy frot ;
1berated by 3-elimination from a glycopep.

1a5¢ 1irt. anugen Gi-rep. Methylation/GC-MS and FAB -MS
analyses indicate the sugar- sequence of Gp-13-b6 to be GalNALl-—»"Fucl—»(GaH\‘ SUR

he: str’ucture in more detail, Gp-14-b6 was la
A E), i.e., the reducing terminal 3- (Lsubst

2-O-substituted L-ThrNAc with eq

~sequential e\:oglycosxdase digestion -
ctosaminidase, and a-fucosidase, qnd
olumn of TSK gel Amlde 80. From the

were still allergenic as examined by means of/ the sl\m[\
reaction, but allergenicity in all these preparatlons was -
'elxmmated by periodate oxidation (4). -These hndmgsfff'
suggested that these allergenic prepara 'ons contain a -
:certain common epitope(s) responsxble for.th "4:1errfen1c1t\'
in their carbohydrate structures... L.

In the previous study (5), the carbohydrate strucutre of 5
“the aIIergemcally active glycopeptlde zed
in relatxon to the allergemmty, and tw

Q

al—»"Fucl»—* and G’ralNAcasl (3
“were found as possible epitopes spec;ﬁt “to
: llergy i
-Recently, the carbohydrate structure of another sea
squ1rt antigen, H-antigen, of a substantially - Iarge mo ecu-
lar size (M -10Y%) was analyzed, and three types of nion-
reducing terminal disaccharide units, GalNA¢1-—2Fucl—, -
GalNAcl—»(S 4)GalNAcl -, ‘and GaINAclm-(B 4)Gal-
NAcl—, were also charactemed s major components of
“the: allergy-specific epitopes residing in xts 0- aivcomdxcally o
linked carbohydrate chains (6). o
The present study deals with the structure of an a ier-,
genic pentasaccharitol, Gp-143- b6, isolated from the oligo.
saccharitol fraction, Gp-18-b, as a minimum structural
unit responsible for the allergenicity specific to sea squu*L
allergy. » ‘
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solution of 4 saccharivo] or & miethanolic r;blutiuli“v o

MATERIALS ANT) METHODS e permethyvlated sample wag mixec} With ¢
e A thioglyveerol- 1 x HCl on 4 stdinless stee]
Allergenic ()Zigosacchaﬂtid/ Fraction, Gp-15:b = The sample was bomberded with ‘axenon atom- A
oligosaccharitg) Araction; Gp-14-b, was brepared in the oq at a potential of 7 keV for analysic ip ‘the |
previous study (4) as a fraey 1 containing various oligosac. hegative ion mode (73). ‘ SR
B charitols that had been ¢ gl sidically linked 1, EA?()é’(\'COSZd(J.SCS’*"EXOgJL\\;CO“SidaSGS (Seikagak
© liberated from a ] rge glye peptide. Gp-1, in 5 Tokyo) used were ﬁ-A’-acetylhexosamin‘d se
“digest of a seq squirt antigen ed Gi ase) from jack bea,. ar~Néaéetylga‘lagét‘d,sami id
nation. Gp-14-b was still ¢os ; NAcase) from 4 crenonium $p.. and a-fy
allergeniicity ag examined by ‘the skin r action’ Fucase) from Charonia lampas. : ‘
on patients with sex Squirt a 1. Chemically, Gp1p: "H-Nuclear Magnetic Resonance PPECtromety
b.contained 271 ,m) g of galdct aminitol, 333 umoligaf - - NMR analysis was carried out on an kx-500
lactosamine. 499 #mol gof samine, 21 2 pmolig of apparatus (500 MHz, JEOL, ;é,quﬁipped witha
cose. 186 xmol g of galac nd:.sxﬁallerfaniguh s of, ¢ -Operating in the Foum’éi‘ftrahsform mode at 20 C. ‘ :
' se and xylose (45 Lo NEE ‘were repeatedly freezeldrie;dﬁfromna solution in 99
‘ 1All¢’£’§’15C1'1.?""AHG" genicities of say nples were eval " D.0to exchange hydrogen in the samples with deuterium
- by the skin teg method in pjy, nst patients w; ¢4 before analysis (14). ‘ G B
-~ squirt allergy ag previously dese ibed (1-5).. ISR S Other Materials— Dextran (Nakaraj, Kyopd) was hydro-
Liquid  Chromg tography—Gel chromatographie frac-  lyzedin0.1 & HClat 100 C for 4 hand used as cealibration
~ tionation of 4 mixture of saccharitols wag carried out on 3 standard in ge] chromaLographyOn a BiO‘G:@] P-4 column, A
-8et of two columng (2.() . 100 cm'each) packed with Bio-Gel mixture of N-acetylga]actosamine,olig’oiners (GalNAca1—
P-4 400 mesh, Bio-Rad. Richmond )‘conne’ct‘edii'nf series 4),GalNAc {(rn=0-4) wag kindly given by Higétﬂ*So_\‘f‘Sauic,e
'ith dejonized water at a flow réte’of? ml“hat 55 C.under (Choshi) and a mixture of chitoo]igosaccharide‘s was pur.
Jmonitoring with 4 ] -8 differentia) refractometer (Toso). A - chased from Hayashibara (Okayama). These oligosac-
sdccharito) fraction wag ;fu[rtherx purified on an HPLC charides were reduced to the corresponding alcohols with
‘C(:‘Imnn of YMC-Pac AL-312 ODS {0.65 15 em, YMC, NaBH, as reference saccharimls. ‘p—AminQbén‘ZOi({ acid:
Kyoto) with deionized watey at a flow rate of 1 ml min ethyl ester (Katavama Kagaku, "Osaka),ahd other reagents
under monitoring with the refracpbnﬁéigr. ' ' were of analvtical grade. : B ‘
- P-Aminobenzoic acid ethy] ester derivatives of saccha. o
\ ritols were purified on 4 Se_p-szikn?UC,,'~,cartridge (Waters, RESULTS AND DISCUSSION
iford) with water acetonitrile (4 @ 1 volume), and the TR ,,
purified derivatives were analyzed on an"HPL(C column of Isolation of Oligosaccharitols from Gp-1p-b -4 240'mg
TSK gel Amide 80 (0.4 . o5 cm, 'I?Qsi»)fi‘\&fit;hface!;onitfrilc'~ portion of the previously iso‘lated;ohgosat:‘charit:o]'f'f'a,ctj_o‘n;
water (7 3 by volume) at a flow rate 0£0.5ml min undey Gp-18-b, from the saccharidesj‘,VLQfgI‘_V(:OSidicalJ;v linke d to -
monitoring with 4 Uy -8 Spectrometer (Tos). \ Girrep (4) was chrommographed?in‘to 15 subf!‘actiions,.;, :
Sugar Composition.. Sugar compositions were deter. ‘ : o T
~ mined by the aldito] acetate GLC method op 4 20K gas
chromatbgmph apparatus (JEOL, Tokyo). Oligosaccha.
ritols (~ 50 H“E) were hydrolyzed in a sealed tube wit) 0.5
m]of 4N TFA a1 100 Clor4h. The hydrolyzate was evapg. y
rated, reduced with NaBH and acetylated aceording 1 g
the procedure of Sawardeker ¢f al. (7). Alditol acetates of &
neutral sugars Were analyzed op 3 glass column (0.2 . 200
emi packed with 3% ECNSS.M on Gaschrom Q (80- 100 g
meshi at 180 C. Aldiro) acetates of amino sugars were
analyzed on g glass colump ¢ 0.2 - 100 em) packed with 29 ]
OV-17 on Gaschyom Q (80-100 mesh) g1 200 C. & ‘
: Jt{c’th_w'latz'on Analvsis-- Samples were Permethylated by & 2 ‘ SN . 2 J |
-the method of Hakomoys el al (8 9. The permethylateq SRR " - Ny \\\ 1
" samples were hvdrolyzed in 4N TFA ap 100°C for 4 . , e N ’ ’ z
reduced with NaBH and acetvlated ag described previoys. . T iy Ty
o6, The permethylateqd samples wepe analyzed by ‘ e 8 o 20 Moo
GLC - mugs spectmmetr_\'«1GC¢MSJ0ﬁn an DX.300 Mmass- Fraction number (~3ml/f».t‘a’,ct'icm),
8 eCtrumetric analyzep (JEOL) using 4 glass column (1.6 Fig. 1, Gel chromatographic fractionution o Gp-14-b, A240
m - 1()(,"‘~Cm"pﬂ€‘k€':d with 29, V.17 on Gaschrom Q (80 ME purtion of an oligosaccharitol prepart n. Gpr18.h - whith g
0 mesh)-ar inm'easing (2.C min) temperature from.150 been diberated from Pronase digest of Gi-rep l);\"jﬁ»‘qlimixuui,u:nAm;,f S -
(10, 111, Mass SPectra were recorded avaun  owas chromatugraphed on o seq of 1o column (R0 100 em euchiof o
ization 'pﬁttén*litlyil of 70 e\ (19 s ¢ Hmj-'(:“t'Jl"-{* 4‘4«!‘1‘55‘(' ;‘-”}, 1(?,?“?}“?’11 \mi.,‘rr(’:l‘(” i i}u\««y:‘:n{i«:(»‘(,{ |:¢::Ll‘ h : !
o, :,," VS St o e e 4 L A9 undey n‘mnuu’r’:_f_ig WL g vren L e aelometer g 7;: yaattenun. o ; i
aéé\lgg:m.xfﬁﬂ\?u {2::*"1(&“(()2’! (:Jiﬂ.,zm.}i’\’lr‘fh?;\tll]3(1)‘\ Hon Mirisshow e CIUNON pissitions of. meoligomiers jn g e

dextran hydtivinn, o calibratan stiidards; oy, Wonumbers oyt
Mt COrrUspONEG Yo 1 Bearees ol Belviniiigi ot Of tiye PURPR-CL A
TR TUIEIN. ‘ :

4‘*53“("11?;&‘% SPCTrOmet oy WJEOLY under 1he R
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Adierzoni Pentasacciarizo jrom Sea Squirt Antigen ) 1
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© TABLE 1 Yields, molecular weights. and sugar compositions  Gp-13-bl bl5, on a column of Bio-Gel P-4 with deionized

of subfractions from Gp-13-b. water under monitoring with a differential refractometer
” Subfraction  Yi¢ld  Molecular __ Sugar content {amol g (Fig. 1) Table I shows the sugar compositions of the
’ R Welht! | Fuc.  Gal GleNAc GalNAc subfractions and the molecular weights estimated from the
Gp-15-b1 Y18 223 298 md. nd 166 m. 2 values of their pseudomolecular ions detected in

39 U FAB-MS analysis.

- -223 036 0.67 248 0.42 . S . ) : . =

426 079 253 043 0.86 Qut of ithe 15 subfractions, 10, Gp-18-b6-b15, were
: 531 ‘ found to be allergenically active. while the other 5. Gp-15.
Gp-1-b4 10.1 629 0.98  1.56 1.06 0.97 bl-b5, were Inactive as examined bv means of the skin
734 reaction test (Table II). As Gp-14-b6 was the smallest in
Gp-18-b5 LT 775 074 132 116  0.98 molecular size among the 10 allergenic subfractions, this
Gp-14-b6 80 9% 092 012 144 200 subfraction was expected to e 2 minimum structure
Gp-14-b7 56 1237 048 0.54 127 0.75 responsible for the skin reaction specific to-the-allergy.
Gp-18-b8 " 10.0 ‘1085 063 ng. 2.96  1.34 Thus, Gp-143-b6 was chromatographi an HPLC column

- 1181 : o of YMC-Pack AL-312 ODS with deionized water for
‘ oo 1397 PR : further purification, and the carbohydrate was mostly
Gp-18-b9 68 1369 036 059 162 1.16 recovered in the fractions covering an asymmetric eluticn
ggigg;é 8;2 B igg? g:;é 8}23 i:i’g é_’éé - Since all of the standard’ chitpolig¢’§accha§itol,s glso gave
Gp-15-b13 06 nd 0.95 062 084 047 essentially the same asymmetric elution peaks (Fig. 2B) as
Gp-18-b14 - 8§ 465", L:11 051 096 1.30 thatin Fig. 24, the HPLC-purified Gp-15- was suggested
611~ : to be substantially pure. Composition analysis showed that
709° el the purified Gp-13-b6 was composed of Fuc, GalNAc,
855? oy A ? ’
- 1017+ ‘ o o :
Gp-18-bl5 143 1058‘ 0.93 079 086 054 100 s
'lllsu . .
1261
. li64*
1611°
1814"

“Molecular weights were estimated from the m. z values of pseudo-
molecular ions detected in FAB-MS analysis of the respective
subfractions. The m+z values for Gp-158-b6-b12 were measured by
FAB-MS analysis in the positive ion mode, while those forGp-14-b14
and Gp-13-b15 were measured in the negative ion mode (*). No
pseudomolecular ion from Gp-148-b13 was detected (n.d.) in either
positive or negative ‘FAB-MS analyses. .

Refractive index

TABLE 1L Allergenicity of subfractions from Gp-13-b. Aller-
genicity was examined by direct skin ‘test against three.of twelve
. patients (a-1) with sea squirt allergy by injecting 2 g each of three or
four saccharide samples in 20 41 of 0.9% NaCl, and 1 xg of Gi-rep as
areference. When erythema, appearing after 15 min, was 0 to 10, 10
to 20, 20 to 30, 30 to 40; or >40mm in diameter, the symbol

Refractive index

0 5 10 s 70
=, I, +, 4, or # was:assigned, respectively; no symbol means no Retention time {min)

skin test was done:

Fig. 2. Purification of Gp-18-b6. (A) Gp-13-b6 in Fig. 1 was

Hkin vesgtion dgtacied on rechromatographed on an HPLC column (0.6 15 ¢m) of YMC-Pack

Subfraction q : patient S AL-312 ODS with deionized water at a fiow rate of 1 ml, min under
~boc d e fgh ik monitoring with a-differential refractometer at 16 attenuation. (B) A

Gp-15-b1 -z : mixture of 50 xg each of standard chitooligosaccharitols; (GleNA¢g1

Cp-16-b2 - - -+4),GleNAc-ol (n=0-4), was also chromatographed under the same

ggigﬁi : : : conditions as for (A).

Gp-14-b5 T - -

Gp-18-b6 4 e ‘ » ‘ '

Gp-18-b7 - TABLE 111, Contribut:on§ of non-reducing ;etm;nal a- a.nd )

Gp-18-b8 - - B-GalNAc to the all,ergen"i?lty of Gp-.’L A-b6. Me.thods: of gvaluamon

Gp-143-b9 P and expression of allergenicity were the same asin Table 1.

Gp-18-b10 - - ) Skin reaction detected on

Gp-14-b11 . Sumple ‘ patient

Gp-153-b12 R S m n o p oq r

Gp-13-b13 . EEE Intact Gp-14-b6 , -z - '

Gp-18-h14 : - A-HexNAcase digest of Gp-18-b6 -~ - . _  _

Gp-143-b13 ’ - @ -GulNAcase digest of Gp-148-b6 e - e e

Gi-repusreference ~ & = . o . | e e e Gi-rep us reference - T -
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TABLE 1V, 'Me@h‘y;]a}ign/GC-MS anélxse‘sgof,Gp'-lB-bﬁ and 8-N-acethylhexosaminidase ~digest of ‘th¢ "ABEE derivative of
equimolar’peripdaté‘-éoxidized Gp-14-b6: Molar contents of partially methylated sugar components were caleulated by assuming that each
sample contdined l»n”m'l,o’f.l.2,S»tri-‘O»acetyixB,é-di}‘O‘methyIfuciLo]. f ¥

» Molarcontenyin”

Component.

St : C B case digest of :

ol o Cprpps ;AB% rivatized Gp.1 2.6 4

l,5-DiAk,,OI-"écétsy’lri&,4,6'-;tri'-~0-’methyl-12:‘1\‘,7-me"thy‘lacetamido-2-deoxyga]actitol 93 ' ' R Y - o
1,2,5-Tri- O-acéty] 3,4-di- O-methylfucitol  ~ - ‘ 1.0 - 1.0
1,3,4.5-TetrasO-gcetyl;6'O‘methyl;251\’-méfh3*'IaCELam‘idofZdeoxyglucitol 1.0 0
3-0-Acetyl-1, étra- O-~methyl~'2:N-4m‘e&\th\’){laéetaih’1ido‘{2~deoxygalacti’tol 1.1 nid.
-di- O-methyl-2- N:me ylacetami‘do-2-dekoxyglucitol n.d. -0:8

@i@'n; : .
g T L . o Hac :
< : k ca::~NAc;o—Fuc-6~$1cNAcg‘o‘f{u o
5 . T ! N . .
z o o . 0. ‘C}{g\uNH—@CO;Can
2 g U Gammae
= MiNa* , "
= b # M4iH :
& . oY z : :Zm M4 No+
J - TOMaRe = 1088
I 979 & i
» N .‘_l‘u”i all . - . HJJ" F
: - een . B8O 108 jZam raep " e )
. 260 434 7186 924 . 278 T ee Toon P
208 - ‘ R R B et - . "
" GBINAC—-0~Fuc—-0-+-G1 ENAC-0-Ga 1NAC-0) . : ‘
By ¢ C [lJ o Fig. 5. Positive ion FAB-MS of the ABEE derivative of Gp-
g‘ 150 ’ "l‘""r’ 260 lB-bG. : E
= GalNac ) : . . )
< o 924, ol or GalNAcl—(GalNAc1—)3,4GlcNAcl —2Fucl —3Gal.
z ’ NAc-ol. , L
T s uyh: In FAB-MS analysis, intact Gp-18-b6 gave two pseudo-
o 766 i | molecular ions at m. 9and 1,001 corresponding to [ M +
P S N I bl alttslliy H]" and [M+ N he pentasaccharitol, respectively
on 40 G T 200" g ) ks i e e el s
e o Goa il ,teme s tazen " we (Fig. 3A). The pseu lecular jon at m/z 1,217 from the

ig. 3. Positive ion FAR. ihtact Goola.te  permethylated Gp-14 b6 is consistent with the [M+H]" of
e it Gretp-ba gy o intact Gp18-b6 (4) and m 2 979 from the intact sample (Fig. 3B). Thé fragment
o lons at m/z ‘260, 434, and 924 from the permethylated

sample are ascribe 4ngn-reﬂu‘cing~terminal}‘ GalNAc-,
, GalNAc1-+2Fuc-, and GalNAcl—2Fucl—(GalNAcl—)3 4.
HexNAc GleNAc-, respectively. The ions at m 'z 276, and 766 are
Ke ascribed to the reducing terminal -GalNAc-ol, and -(Gal-
NAc1-)3,4GlcNAcl —3GalNAc-ol, respectively. From these
results, the sugar sequence of Gp-14-b6 is identified to be
GalNAc1 - 2Fucl —(GalNAcl —)3,4GlcNAcI — 3GalNAc-
GalNAc-o) ol. :
N Fue NMR Analysis—In NMR analysis of Gp-14-b6 (Fig. 4),
R o the signals at 5.315 ppm (J = 3.66 Hz) and 5.251 ppm (J =
I

: i

d , |

'
i

o

Anoneric proton (a)
! Anomeric proten (B)

: " ; | J 4.03 Hz) indicate that the saccharitol contained 2 mol of
'\A-UV W J;’" sugars in «-form, while the signals at 4.482 ppm (J =7.33

\ K Hz) and 4.388 ppm (J = 8.42 Hz) indicate that the saccha-

ST T T _m ritol also contains 2 mol of sugars in A-form (15). Three
singlet proton signals at 2.005, 1.991, and 1.954 are
ascribed to the acety] protons in 2 mol of terminal GalNAc,
‘ « I'mol of 3,4-di- O:substituted GleNAc, and 1 mol of 3.0-
GleNAc, and GalNAc:ol at a molar ratioof 1.1:2.8: 1.1 : substituted GalNAc-ol (15, 16). The signal at 1.181 ppm is
. 1.0. The purified Gp-18-b6 was confirmed to be allergenic ascribed to the methyl roton of 2. 0-substituted Fu (15,
- by means of the skin reaction test (Table III). 17). The signals at 4.112 and 4.017 ppm are ascribed to
- Methylation GC-MS and FAB-MS Analyses— Methyla-  H-2 and H-5 of 3.0-s stituted- GalNAc-ol, respectively
+ tion GC-MS analy ‘ 2d that Gp-148-b6 was composed  ( ’ oY .
- of 2mol of non-reducing terminal GalNAc 1 mol of 2.0. Zst
o mol of 3,4-di-O-substituted GleNAg,
wnd 3 mol of 3-Q-substituted GalNAc-o] (Table IV), Thus,
the sugar sequence of {Gp-15-b6 was expected 10 be

Fig. 4. 'H-NMR spectrum of Gp-14-b6.

e ‘GuiNA}‘] - 2F ucl —(GalNAcl - )3,4(31(:.'\‘,&(‘]‘w«BGuINA‘c-
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S T T
, Ret’enti,bn time (min)
: Fig. b .Seq”qentiél‘ éxdgly:cpsid};é‘e’" digestion of the ABEE

dérivative of Gp-18-b6. After each step of the sequential glycosid-

1, the digest was heated «
Cis cartridge. The purified digests were chromatographed
C column of Amid 0:4 - 25 cm) with. acetonitrile.
in volkumey,‘at‘djﬁow rate of 0.5 ml min under monitoring

(B) A-HexNAcas
6; (€l 4-GalNAcase digest.
ucase digest- of ‘the A-HexNA z

HexNAcase digest of the 4:H NAcise a-GalNAcase «-Fucase
digest.. Marks, v, show “the “elution’ volumes of ABEE-labeled
{GalNAcal -+4),GalNAc-ol {n=0-4)ascalibration standards, which
were prepared from the. corresponding saccharitols by the same
method as for the ABEE derivatization of Gp-1743-b6.

e 3-HexNAcase digest; (D) &-

equimolar NalO, oxidation to.convert its GalNAc-ol termi.
nal to an aldehyde. ,

- According to the method of Lenten and Ashwell (18) for
preferential oxidation of sialic acid in some conjugate

saccharides, Gp-18-b6 was first oxidized with equimolar
NalO,. In a brown glass vial (1% 10cm), 100 xg of Gp-18-
b6 (0.1 xmol) was reacted with 0.1 #mol of NalO, in 10 gl
of 0.1 M acetate buffer, pH 5.6, containing 0,15 M NaC] at
0°C for 10 min, and the reaction mixture was freeze-dried
with 10 u}of 10.mM ethyleneglycol. At this stage, it was
expected that the"3-‘0f-s_ubstift‘u‘ted GalNAc-ol in Gp-14:b6
would be converted to 3-O-substituted 4-acetamido-4-
deoxy-L-lyxose (‘LLJLnyAc) o,rf2-O-S'ubéti‘tutedS-acetamido»
3-deoxy-L-threose (L-ThrNAc) by preferential oxidation at
the C;-C; or C,-C; glycol, respectively.® *

According to the method of Wang et al. (19) and
Matsuura and Imaoka (20), the partial oxidation product
was; reacted with 120 4] of the ABEE-labeling reagent [a
mixture of 35 mg (210 wmol) of ABEE, 3.5 mg (55 zmol)
of NaBH;CN, 40 41 of glacial acetic acid, and 350 ul of
absolute methanol] at 80°C for 1 h in a vial tightly sealed
with a screw cap. After addition of 1 ml of deionized water,
the reaction mixture was extracted five times with 1 ml
each of diethyl ether, and the aqueous layer was freeze.
dried. The reaction product, dissolved in 2 ml of deionized
water, was applied onto a Sep-Pak C,, cartridge. After
‘vashing with deionized water, and cartridge was eluted
fepwise with water acetonitrile, 19: 1,9 : l,and 4: 1 by
‘olume, under monitoring of the UV absorption at 304 nm.
A UV.absorbing substance recovered in the eluate with
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“Fig. 7. Po‘sitive,i‘on«FAB-‘MS ‘of ‘the permethylated sample of

B-HexNAcase digest of th¢ ABEE-labeled Gp-1 2-b6.

water acetonitrile, 9:1, were evaporated as the ABEE
derivative of the partially oxidized Gp-14-b6. The recov-
ery of the ABEE derivative was 80% as estimated from the
UV-absorption at 304 nm based on the molecular absorp.-
| | ‘the ABEE derivative from the equi-
ized chitobiitol. |

ABEE derivative, the pseudo-
M~H]"and 1,088 {M ~ Na|-
he structure of GalNAcl—
NAcl — 2-L-ThrNAc-ABEE
e GalNAc-ol terminal was

InFAB-MS analy

T
were both consistent Wi

2Fuel —(GalNAcl —)3,4

Exoglycosidase Digestion of the ABEE Derivative —The
ABEE derivative of Gp-15-b6(0.25 umol) was sequential.
ly treated with #-HexNAcase (0.5 unit, pH 5.0), «-Fucase
(0.1 unit, pH 4.0), a-GalNAcase (0.5 unit, pH 4.5), o-
Fucase (0.1 unit, pH 4.0), and #-HexNAcase (0.5 unit, pH
) in 0.1 M citrate buffer at 37°C for 72 h. After every
step of the glycosidase digestion, the digest was heated at

- 100°C for 5 min and purified on a Sep-Pak C,, in the same

way as in the purification of the ABEE derivative of
Gp-1/3-b6. Each of the purified digests was analyzed on an

‘HPLC column of TSK gel Amide 80 under monitoring with

UV.-absorption measurement at 304 nm. The ABEE deriv-
ative of Gp-143-b6 gave a single.peak at a retention time of
36 min (Fig. 64), suggesting that the allergenic saccharitol
in Fig. 2A was substantially pure. ‘

~After the treatment of the ABEE derivative with 4-
HexNAcase, the B-HexNAcase digest gave an elution peak
at 17 min in the HPLC analysis, showing that at least I mol
of non-reducing terminal 4-GalNAc was eliminated from

the substrate (Fig. 6B). Methylation/GC-MS analysis also

showed that the 5-HexNAcase digest contained 1 mol each
of terminal GalNAc, 2-O-substituted Fuc, and 3-0-sub-
stituted GlcNAc, indicating that the 4-0-hydroxyl on

3,4-di- O-substituted GleNAc in the substrate has been
‘substituted with 1 mol of terminal B-GalNAc (TableIV). In

FAB-MS analysis of the permethylated -HexNAcase
digest, the pseudomolecular ions detected at m 21,031 and
1,053 are asigned to be (M +H]" and [M+Naj~ from the
permethylated derivative of GalNAcl—2Fucl—3GIcN Acl
—2-L-ThrNAc-ABEE, respectively. Furthermore, the
series of ions detected at m/z 260, 434, and 679 indicates
the presence of a linear sequence, GalNAcl—2Fuc] -
3GlcNAc- (Fig, 7).

Subsequently, the 3-HexNAcase digest was treated with
a-Fucase, but no shift was detected in the retention time of
the peak (data not shown), suggesting that 2- O-substituted

Fuc would not be substituted with terminal B-GalNAc. This
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