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Complete primary structures of five allergenically ac-
tive oligosaccharitols (HPG-B2-Nb5a, ~N6, ~N7a,-NT7b,
and -N9) derived from a sea squirt H-antigen were stud-
ied. Structural characterization was carried out by a new
method in which products of limited periodate oxidation,
followed by derivatization with p-aminobenzoic acid
ethyl ester, were analyzed by a combination of HPLC,
fast atom-bombardment mass spectrometry, sequential
glycosidase digestion, methylation analysis, and 500-
MHz 'H NMR. Established structures of GalNAcS1-~
4 ( GalNAcal -~ 2Fucal — 3 ) GIeNAcB1 — 3GalNAc - ol,
GalNAcS1 - 4GleNAcf1 -8 ( GalNAcg1 - 4GIeNAcf1 -
6)GalNAc-o], GuINAc[J’]—4GlcNAcﬁl—3[GalNAc/§'l—
4(Fucal-3) GlecNAcBl1 -6 }GalNAc¢-ol, GalNAcgB1 -
4 (Fucal -3)GleNAcLl -3 [ GalNAcB1 -~ 4 (Fucal —
3 ) GleNAcBl — 6 ] GalNAc - ol, and GalNAcS1 -
4(GalNAcal -2Fucal -3 )GleNAcf1-3] GalNAcgl1 -
4(GalNAcal—.‘ZFuca]—3)GlcNAcB]—G]GaINAc-OI are
represented by HPG-82-N5a, -N6, —N7a, —N7b, and
-N9, respectively. These structures have not been en-
countered previously, Oligosaccharide units GalNAcal-~
2Fucal -, GalNAc¢B1 — 4GlecNAcS1 -, and Fucal —
3GleNAcef1- are considered to be the allergenically spe-
cific epitopes. Partial assignments of 500-MHz 'H NMR
spectra of these novel O-linked oligosaccharitols were
attempted.

£ 1991 Academic Press, Inc.

Sea squirt allergy (11 ic an occupational asthmatic dis-
=ase found in workere on ovster farms of Hiroshima Bay,
Japan. At the time of ovster harvesting, when sea Squirts
Stvela plicatg) growing on the ovster shellg are removed
rom the sea water, a large volume of body fiuid is expelled
hrough the exhalent orifice. The ovster shells become
‘ontaminated by the body Auid. which is spraved in drop-
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lets upon the workers engaged in shucking. By repeated
inhalation of the sprayed particles, some of the workers
become sensitized and develop asthma symptoms. Rhj-
nitis and asthmatic attacks occur only when patients enter
a place where substances from the sea squirt can be in-
haled. However, if they stay away from work for a few
days, their condition improves without special treatment.

Four preparations, namely H (M, 10¢ ~ 2 3 107)-, Gi-
rep (M, 106,000)-, Ei-M (M, 22,800)-, and DIIla (M,
9980)-antigens were isolated from the body fluid of a sea
squirt (2-8). These four antigens were all hexosamine-
rich acidic glvcoproteins, and elicited a markedly positive
reaction on asthmatic patients with sea squirt allergy with
@ concentration as low as 10 ug/ml (2-5) in the specific
allergenicity skin test. Previously, we have shown that
these allergenic preparations contain a certain common
epitope(s) in their carbohydrate units (6) responsible for
the allergenicity. To determine the epitopes specifically
responsible for sea squirt allergy, we have mvestigated
structures of oligosaccharides derived from the allergen-
ically active glycopeptides (6-8). In a previous study (8),
11 neutral oligosaccharitols have been isolated from &
glvcopeptide fraction (HPG) prepared from a pronase di-
gest of H-antigen, and their sugar sequences were deter-
mined. However, complete structural elucidation, includ-
ing the anomeric configurations and patterns of
substitution of the branched residue, remains to be clar-
ified.

A new procedure was established for the modification
of oligosaccharitol (7}, This includes a limited periodate
oxidation of N-acetvlgalactosaminitol (GalNAc-ol)*in the
oligosaccharitol and subsequent labeling of the resulting
aldehvde with an ultraviolet absorbing compound, p-ami-
nobenzoic acid ethyv] ester (ABEE), by reductive amina-

“ Abbreviations used: GalNAc-ol, ;’\'-acer)'lgaiuctosuminiml; AREE,
Feuminobenzoic weid ethy! ester; FAR, fast atom-bombardment; COSY.
'H-"H correlatec shectroscopy: ODS, octadecy] silica.
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STRUCTURES OF ALLERGENICALLY ACTTHE

ion. ABEE derivauization of oligosaccharides has not only
sacilitated their subsequent chromatographic analysis but
slso renders oligosaccharides more susceptible to digestion
with exoglvcosidases.

In our present investigation, structures of five aller-
genically active oligosaccharitols derived from sea squirt
1-antigen were determined using a method whereby

roducte of limited periodate oxidation and ABEE deriv-

atization were analvzed by a combination of HPLC, fast
atom-bombardment (FAB)-MS, exoglvcosidase digestion,
methvlation analysis, and 500-MHz 'H NMR.

MATERIALS AND METHODS

Oiigosaccharitols.  The five allergenically active oligosaccharitols
'HPG-22-Nba, -N6, -N7a, -N7b, and -N9) examined in this study
were the same materials documented in our preceding study (8). They
were isolated from a neutral oligosaccharitol fraction (HPG-82-N), which
had been obtained previously from a sea squirt H-antigen by pronase
digestion and subsequent alkaline borohydride treatment. Two aller-
genically inactive oligosaccharitols, HPG-£2-N3 (GleNAcg1-3GalNAc-
ol and -N4a (GalNAcB1-4GlcNAcf1-3GalNAc-ol), were used as ref-
erence compounds (8).

Limited periodate oxidation and ABEE derivatization. Limited ox-
idation of oligosaccharitols was performed according to a previously
described method (7) with modifications. Briefly, 0.1 umol oligosac-
charitol was dissolved in 20 ul of 0.1 M sodium acetate buffer (pH 5.6)
containing 0.15 M NaCl. To this solution was added an equimolar amount
of NalO, dissolved in 20 pl of the same butfer, and the mixture was left
to stand for 10 min at 0°C. The reaction was terminated by adding 10
21 of 10 mM ethvleneglycol. The resulting mixture was lvophilized and
subjected to ABEE-derivatization as described previously (9, 10). To 40
ul of NalO,-treated oligosaccharitol solution (limited oxidation product),
160 ul of an ABEE labeling reagent (a mixture of 35 mg of ABEE, 3.5
mg of NaBH,CN, 41 ul of acetic acid, and 350 ul of absolute methanol)
was added prior to heating the mixture at 80°C for 45 min. After adding
1 ml of deionized water, the reaction mixture was extracted with diethyl
ether to remove excessive ABEE, and the aqueous layer was then applied
onto 8 PRE-SEP C,, cartridge (Tessek, CA). After washing with water,
the cartridge was eluted stepwise with water:acetonitrile, 19:1, 9:1, 4:1,
and 11 (v/v) and finally with acetonitrile, monitoring uv-absorption at
304 nm. Fractions with uv-absorbance eluted by water:acetonitrile ratios
of 4:1 and/or 1:1 were pooled and evaporated to dryness.

Exoglveosidase digestion.  The following incubation conditions were
used: 0.5 units of jack bean 8- N-acetylhexosaminidase (Seikagaku kogyo,
Co. Ltd., Tokyo) in 50 ul of 0.1 M citrate phosphate, pH 5.0; 0.5 units
of Acrenonium sp. a-N-acetylgalactosaminidase (Seikagaku kogyo) in
50 pl of 0.1 M citrate phosphate, pH 4.5; and 0.05 units of bovine kidney
a-L-fucosidase (Sigma Chemical Co., St. Louis) in 50 41 of 0.05 M citrate
phosphate, pH 5.0. All incubations were performed at 37°C for 24 b
with a toluene layer placed over the media. Reaction was terminated by
heating the mixture at 100°C for 5 min. The mixture was then subjected
to chromatography with PRE-SEP C,, cartridge in the same manner
as described for purification of ABEE-derivatized limited oxidation
products.

High-performance liguid chromatography. HPLC analysis was per-
formed with 2 Shimadzu Model LC-6A liquid chromatograph (Shimadzu
Co., Kvoto}. Chromatography was carried out on Wakosil 5C18-200 (0.4
% 95 ¢m. Wako Pure Chemical Industries, Tokvo) and TSKgel Amide-
50 (0.46 » 25 e, TOSOH, Tokyo) columns at 40°C. The ODS column
was equilibrated with 11% acetonitrile in 100 mM acetic acid. After
injection of sample, elution was performed by acetonitrile gradient to
15% in 60 min and then to 19% in 30 min at a fiow rate of 0.8 ml/min.
The Amide-80 column was equilibrated with acetonitrile:water (86:14,
vvi. After injection of a sample, elution was carried out by linear gradient

DG OSACTHARITOLS I

Aeeql vev!in 60 min at a flow rate of v mi mun

Lo acetonitrie wit
Elution wis messiored by g uv-detector set at 304 nm (9.

500-MH:z proter. NME. Damples were repeatedly exchanged m “H.0O
with intermediate s ophilization betore finally being redissoived in 0.7
ml *H,0 (99.96 aton.” D+ ‘H NMR spectra at 500 MHz WJEOL FX
5008 FT NMR spectronieter operating in: the Fourier-transform mode
were obtained by using quaarature detection with a spectral width o!
5000 Hz. Data were collected using 8K aata points and were zerc-tilled
twice. The probe temperature was maimntained at 25°C, Chemica. shifts
(ppm), expressed downfield from interna sodium 4. 4-dimethyvi-4-sila-

pentane-1-sulfonate, were actually measured witl. reterence te internal
acetone (6 = 2.225 ppmi.

Other analvtical methods. Carbchydrate composition was determinec
by GC on alditol acetates as described previously (8). Permethyvlation
of oligosaccharides was carried out by the method of Ciucanu and Kerek
(11). Methvlated samples were hydrolyzed, reduced. and acetylated by
the method of Liang et al. (12). Partially methylated alditol acetates
were analyzed by GC-MS (8). Negative FAB-MS analysis of ABEE-
oligosaccharides was carried out on a JEOL HX-100 mass spectrome-
ter {107.

RESULTS

Limited periodate oxidation and ABEE derivatiz-
ation. Each of the five allergenic oligosaccharitols, which
have previously been characterized with respect to their
sugar sequences (8), was subjected to periodate oxidation
under controlled conditions to oxidize exocyclic carbon
atoms of GalNAc-ol residue in the oligosaccharitol.
Methvlation analysis (8) demonstrated oligosaccharitols
1o contain either C-3 monosubstituted GalNAc-ol or C-
9 and C-6 disubstituted 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 or glycolaldehyde (GA)
at the reducing end. Limited oxidation products were la-
beled with ABEE (9, 10) and subsequently subjected to
structural studies.

Structures of five allergenic oligosaccharitols estab-
lished on the basis of the following are illustrated in Ta-
ble L.

Structure of HPG-82-Nba. HPG-B2-Nba with a sugar
sequence of GalNAcl-2Fucl-(GalNAc1-)3,4GIlcNAcl-
3GalNAc-ol (8) produced a single ABEE-derivatized oli-
gosaccharide on limited oxidation/ABEE-derivatization
(N5a-A, Fig. 1). In FAB-MS analysis (Table II), the
ABEE-derivative (N5a-A) yielded a pseudomolecular ion
[M-H]™ at m/z 1064 and sequence ions at m/z 861 and
715, characteristics consistent of a pentasaccharide with
GalNAc—(GalNAc-Fuc—)GlcNAc—ThrNAc-ABEE struc-
ture.ThisresultconﬁrmsthattheGalNAc-(GalNAc-Fuc)-
GlcNAc- sequence was linked to the C-3 position of
GalNAc-ol.

To determine anomeric configurations of the constit-
uent monosaccharides, the ABEE derivative was subjected
to the sequential exoglycosidase digestion, and the product
at each step was analyzed by HPLC and FAB-MS. Diges-
tion of the ABEE-derivative with (3-N-acetylhexosamin-




TABLE ]

Structures of & Neutral Allergenically Active Oligosaccharitols
Obtained from a Sea Squirt H-Antigen

Preparation Structure

HPG- f2-Nba GalNAc[il\

éGlcNAc[Sl

e "3GalNAc-o]
GalNAcal—2Fucul

HPG- f2-N6 GaINAcS1 — 4GIcNAcf]

\ 2]
“GalNAc-ol
6
s
GalNAcS1 —4GIeNAcfS1
HPG-p2-N7a GalNAcf1 ——4GICNACBI\

3h ne
GalNAcfS1 N gGalNAc-ol

gGlcNAcﬁl

Fucal

HPG- p2-N7b GalNACB]\

N

4

BGICNAC,BI
Fucal 2GaINAc-o]
GalNAcS1

a cf N

SGIeNAp]
Fucal
HPG- f2-Ny GalI\'Acﬁl\
?GlcNAcﬁ]
ERENEIN
B o e \,%
GalNAcal—2Fucal éGalNAc-ol
GalNAcfS1
SGleNACp]

B /
GalNAcal—2Fucal

idase vielded a single product with a pseudomolecular ion
[M-H]}™ at m/z 861, corresponding to GalNAc-Fuc-
GleNAc-ThrNAc-ABEE (Fig. 2). This indicates that one
of the nonreducing terminal GalNAc residues was in a §-
configuration. The §-N-acetvlhexosaminidase digest was
susceptible to degradation with a-N-acetylgalactosamin-
idase but resistant to a-L-fucosidase (Fig. 2). The «-N-
acetvigalactosaminidase digest showed a pseudomolecular
ion [M-H]™ at m/z 658 corresponding to Fuc-GleNAc-
ThrNAc-ABEE, indicating the other nonreducing ter-
minal GalNAc was linked to Fuc via an a-glycosidic link-
age. The resulting trisaccharide-ABEE was susceptible to
digestion with a-L-fucosidase. The digest was eluted at
the position of GlcNAc1-2ThrNAc-ABEE prepared from
HPG-82-N3 (Fig. 2). Finally, cleavage of the a-L-fucosi-
dase digest with 8-N-acetvlhexosaminidase gave a product
corresponding to ThrNAc-ABEE (Fig. 2).

OHTA ET AL.

Methylation analvses on Nda-A and its L;""N‘a(’er'ylhex'
osaminidase digest (Table 111} demonstrated that C-3 45
disubstituted GleNAc in the substrate was cons i
C-3-monosubstituted GleNAc¢ by 5-GalNAc eliination,
These results indicate the structure of N5a.p w B
GalNAcf1 - 4 ( GalNAcal - 2Fucal - 3 ) GleNAcgy < '
2ThrNAc-ABEE (Table II).

The structure of HPG-32-Nba was thus establisheq
(Table I).

Structure of HPG-B2-N6. HPG-52-N6 with a sugar
sequence of GalNAcl - 4GleNAcl - 3 ( GalNAcl -
4GlcNAc1-6)GalNAc-ol yielded two ABEE-derivatized
limited oxidation products (N6-A and N6-B) in a ratic of
1:1 (Fig. 1). FAB-MS on N6-A and N6-B indicated a
pseudomolecular ion [M-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 with two units of GalNAc-GlcNAc-.

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

Therefore, the structure of HPG-32-N6 was established
as shown in Table 1.

Structure of HPG-$2~N7a. Similarly, HPG-32-N7a
with a sugar sequence of GalNAcl-(Fucl-)3,4GlcNAcl-

ke N7e .

A (1064) A (B6T) (760)
. L ) .

g, sl g .

P (715) (614) (1064) (963)
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F1G. 1. Reverse-phase HPLC analvsis of the ABEE-derivatized lim-
ited periodate oxidation products of oligosaccharitols, HPG-52-Nba.
-N6, -N7a, -N7b, and -N9. A Wakosil 5C18-200 column was used and
the elution was performed as described under Materials and Methods.
Numbers in parentheses indicate the m/z values of [M=H]™ ion in neg-
ative FAB-MS.
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TABLE 1

TETUCTUTes Gy sy alues of Pseudomolecyiar [M-H| . Seduence fone gy Negative FAR Mx
Analvsis of ABEE—Deri\'mized Limited Periaig, - Nraation Prodyere

—— ‘ﬁﬁxﬁx\“ .

Preparation, ZENNIHERS I & & Sequence jon.
- ——\—\\\
CHPGL B N

T-

Dl Nhga 1064 a6l T1A

\ v N B
GuiNAcwl—op SIes!
z H}’(inu’;’—f\'r‘}-:\ 715 512,300 Gul.\}\c,’,’j T ON A T
HPG- 52 NGB 614 411 Galf\'r\v/}} TAHGIEN Aes g
HPG- B2=NTu-A 715 512,308 (,;alf\}\.cb”. —HGIeN Ac -‘_’T‘n.v*)\';\v-fx}‘liilj
HPG-f2-N7uB TA 614,557 GalNAcs1

,,Gm\:xc/;]-:t:;yﬁ:’:.‘;:,
3
Fucerl

< HPG-B52-N7Th-4 861

715,65~ G;ilf\':\c/ﬂ N

o . . -
,g(}lc‘\ ACBI-2ThrNAC- ABEE

Fucer]
HPG-B2-N7h.13 760 614,557 GalNAcep1
;iGIcN.»\c/j 1-2GA-ABEF
Fuceal
SOHPG-B2oNgA 1064 861 TS GalNA¢s1 N
\;GICI\':\C B1-2ThrNAc-ABEE
GalNAcal—2Fucl -
HPG-f2-No.p 963 760, 61 GalNAcp1 N

fGlcNAc/)‘]-zGA-ABEE
/

GalNAcal—2Fuen)”

(G&ENACI—4GICNAC]~)3,6Ga1NAC-01 (8) vielded two elimination, indicating that the nonreducing termina] B-
ABEE-derivatized limited oxidation products (N7a-A and GalNAc¢ was linked to the C.4 position of the internal
N7a-B, Fig. 1), Results of FAB-MS analysis and 3-N. GlcNAc, Thus, the structure of N7a-B was concluded to
acetylhexosaminidase digestion of one of the ABEE-de- be GalNAcgil—ci(Fucal—S)GICNAC/31—2GA-ABEE (Ta-
rivativeg (N7a-A) were consistent to those for GalNAcjs1- ble 1I).
4GlcNAc/31-2ThrNAc—ABEE. Hence, the GalNAcg]- On the basis of these results, the structure of HPG-32-
4GleNAcg) - unit was probably linked to the C-3 position N7a in Table | was established.
of GalNAc-ol. Structure of HPG-82-N7b. HPG-32-N7h with a sugar
The other remaining ABEE-derivatized limited oxj- sequence of[GalNAcl—(Fucl—)3,4GlcNAc1-]23,6GaINAc-
dation product (N7a-B) provided a pseudomolecular on ol (8) similarly vielded two ABEE-derivaLized limited
[M~H}" and fragment iong (Table II) consistent with the periodate oxidation products (N7b-A and N7b-B, Fig. 1).
Structyre ofGalNAc-(Fuc-)GlcNAc—GA~ABEE. When the FAB-MS on N7b-A and N7b-B produced [M-H]" ion and
A -derivative was sequentially digested with B-N- fragment jons corresponding to GalNAc-(Fuc-)GlcNAc-
f‘CEt.\'lhexosaminidase, @-L-fucosidase and B-N-acetvl- ThrNAc-ABER and GalNAc-(Fuc~)GICNAC—GA»ABEE
neX()saminidase, a product coeluting with GA-ABEE was (Table II), respectively.
90tained (Fig. 2: N7a-B). Methylation analyses on N7a- N7b-A was converted to a product coeluting with
and irg .[)’-‘\'-acetylhexosaminidase digest showed that Fucal—SGlcNAcﬂl—ZThrNAC—ABEE when subjected 1o
3*4‘O’<fisubstimted GleNAc in the substrate was con- b’«]\’-acet_\'lhexosaminidase digestion {compare N7h-A

e g monosubstituted GleNAc by 5-GalNAc  with N5a-A in Fig. 9). Sequential digestion of the resulting
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FIG. 2. HPLC analvsic of the products obtained from ABEE-oliga-
saccharides by sequential exoglyveosidase digestion. HPG-32-Nhu-AL
“NG-AU-N6-B. -N7a-B. -N7h-A. and -NY-B indicate the peak numbers
i Fig. 1 ABEE-oligosaccharides were sequentially digested with @ Gack
bean 5-Noacetvihexosaminidase ), @ tAcrenoniun sp.a-N-acetvigaluc-
tosaminidaser. 3 (hovine kidney a-L-fucosidase), and @ Gack bean -
N-acetvThexosaminidase . Huydrolvsates were analvzed by ODS-HPLC
under simifar conditions 1o those described in the legend 10 Fig 1o Arrows
- 1indicate the elution positions of 1 (GaINACHT-1GIENACHT -2 Thr N Ac-
ABEEL 2 (GleNAcs#1-2ThrNAc-ABEE), 3 (ThrNAC-ABEE). and 4 (GA-
ABEE. These standurd ABEE-oligosaccharides were prepared by ABEE
derivatization of limited oxidation products of HPG-32-N3 and -Niu
(51, Opern arrows indicate the elution positions of native ABEE-oligo-
saccharides. The internal small figures show the elution profile of the
ABEE-oligoszccharides by Amide-80 HPLC. These products had not
been etficient!y separated by previous ODS-HPLC. The Amide-&0 col-
umn was eluted with z linear acetonitnile:water gradient (86:14 up to
D8IV v in 60 ming at 40°C,

trisaccharide-ABEE with a-L-fucosidase and 5-N-ace-
tylhexosaminidase produced a derivative corresponding
to ThiNAc-ABEE (Fig. 2). Methylation analvses of N7h-
A and its 5-N-acetvlhexosaminidase digest (Table 111)
showed that C-3.4-disubstituted GleNAc in the substrate
was converied to C-3-substituted GleNAc by such treat-
ment. These results indicate that a GulNAcp1-4(Fucal-
AGIeNACs1- unit was linked 10 the C-3 position of
GaiNAc-ol.

The other ABEE-oligosaccharide (N7h-R) derived from
HPG-32-N7b coincided with N7a-B not only in FAR-
Ms (Tavle 11t but also in response 10 exoglveosiduases
tdata not showni. Furthermore. it 'H NMR specirum
was 1dentical 1o that of N7a-B (see below ). Thus, HPPG-
CO-NTH wes considered 10 have o GaINACsI-4(Fu o

SalNe-o.

CIORCNACTT S un ar the O DOSIT LG8

OHTA FT AL

From the above. the structure of HPPG-30o T

’jd!;]‘_.
I was established.

Structure of HPG-52-N9.  In the present study Sugar
composition analvsis showed the previousiv Purified
HPG-22-N9 (81 1o contain monosaccharides Fuce

GalNAc. GleNAc. and GalNAc-ol in the molar ratio of 9.
4:2:1. Negative FAB-MS showed a pseudomolecuiar lon
[(M-H]" at m/z 1732 and fragment ions corresn mding
to M-HexNAc. M-HexNAc-Fuc. and M-Hex N - Fue-
HexNAc, at m/z 1529, 1383, and 977, respective;. iyr.
thermore. methvlation analvsis indicated that HPG- 592
N9 contained nonreducing terminal GalNAc¢ (four resi-
dues). C-2-substituted Fuc (two residues). C-3,4-disub-
stituted GleNAc (two residues) and C-3.6-disubstituted
GalNAc-ol (one residue) (Table 111). These findings sug-
gest that the nonasaccharitol probably corresponded
to a structure of [GalNAcl-2Fucl-(GalNAcl-)g,
4GleNAc1-].3.6GalNAc-ol.

Limited periodate oxidation and subsequent ABEF je.
rivatization of HPG-32-N9 provided two peaks on ODS-
HPLC (N9-A and N9-B, Fig. 1). One of the ABEE-de-
rivatives (N9-A) showed chromatographic behavior in
HPLC on ODS column (Fig. 1), negative FAB-MS (Table
I1). 'TH NMR spectrum (see below), and response to ex-
oglveosidases similar 10 that of GalNA¢S1-4(GalNAcal-
2Fucal-3)GleNAcS1-2ThrNAc-ABEE (see Nba-A).

As regards the other remaining ABEE-derivatized lin:-
1ed periodate oxidation product (N9-B). a pseudomor.
cular 1on [M-H] and fragment ions corresponding ¢
GalNAc-Fuc-(GalNAc-)1GleNAc-GA-ABEE  were  ob-
tained (Table I1). Digestion of the derivative with 5-N-
acetvlhexosaminidase vielded a product (Fig. 2) which had
a pseudomolecular ion [M-H]" and fragment ions con-
sistent with GalNAc-Fuc-GleNAc-GA-ABEE (data not
shown). Subsequent digestion of the resulting tetrasac-
charide-ABEE with a-N-acetvlgalactosaminidase pro-
duced a compound that eluted at the position of Fucal-
3GleNAcH1-2GA-ABEE (compare N9-B with N74-B in
Fig. 2). Sequential digestions of the compound corre-
sponding 10 Fucl-3GlcNAc1-2GA-ABEE with a-1.-fu-
cosidase and p-N-acetylhexosaminidase provided a prod-
uct coeluting with GA-ABEE (Fig. 2). Comparison of the
results of the methyvlation analvses of N9-B and jts 5-N-
acetvlhexosaminidase digest demonstrate that C-3.4-dj-
substituted GleNAc in the substrate was converted 10 C-
A-substtuted GleNAc by enzyvmatic elimination of a o~
GalNAc residue (Table 1111, Therefore. N9-B probably
corresponded 1o GalNAcg1-4(GalNAcal-2Fucal-
31GIcNACI1-2GA-ABEE (Table I1).

The structure of HPG-82-N9 was hence established
(Table 1)

H NMI of oligosaccharitols. Features of 1he HOU-NTH

H NMER spectra of the novel oligosaccharitols of the

HPG-22-N series were examined in order 1o extend 1he
ftabase o chemien! shifts of oligosaceharitols, BN
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TABLF i

Merh, I Anuvgge of Native (,)Iigos:u*('imrimls New g "ﬂ}‘if':[‘xIJQ‘TJ\'HUZPG Limited Pen’udaxe
Oxidation Produets and Thejy Aj—_\'-:\wr\gi:«xmmmmd:ise Diges;

_,,,\‘w\\\
A HEBdem\'mized limited Periodae 3

N Acer VIhexosar, inidagse

oxidation products, HPG. 300 digest of HP¢ oo
Fartiagis methyigred- - - \‘\
alditg] dacetate NY Nda-A N7a-E N7h-A NY-B NG NTak N7l 4R

-'I‘m—’/«nwrh,\'! 11,5-(1’1~(/—;icer_\'ls — — Lo 1.0

.‘IA»I)J'-O-:ﬂUIh)‘J' i1 .,’»-Lri—(l-aceyyl; 1.8 1.0 — —_ 1.0 1.0 — — iR¢
;’—A\.l,\imh}'lixcet,amido»?—deoxyglucitr).‘

‘I.:;?-Di-(/—mel,hyl {Z,»l,:’)—trifﬁace:_\'h — — — — — — - - -

«;.t'f--DN,ﬂl-melhyl (},,'J,;?-Lri-/)~mter_\'l; — — — — — L1 L.i ‘ z

(».\Iuno»()-merhyi (],.'},~1,5»L(~lru~/)-

acety]) 0.0 (19 i1 0.9 1.2 — — - —~

;’«.\'»Xlelhykx('etzlmido»;’~dt4(1xygalumEt(u‘

‘7‘4,G»Tri»(l»lm‘l,h_\’l Q.-’ldi»O—u(‘&:\'h 4.0 2] 1.0 0.9 R 1.2 —

l,4.5-Tri-U»rnethyJ {ii,G-di—()-acerj;.'/ 16 — - -
—_—

B E’;:r:iully methylated ABEE—m(mo.succhande at the reducing end could not he detected by the present method.

“Nolar contents «)I'pz:rriuli_\' methvlated aldit) acetare were calculated by assuming 1\'—acer}'igulactosaminitoi or fucito] gg 1.0.

spectra of HPG-,SQ-NSa. ~N6, and -N7h are shown ip Fuc®™ ang a-GalNA ¢33, respectively, by 2D-COSy NMR
Fig. 3. Chemica) shifts of Some strucryrg) réporter-groyp analvsis (datg not shown). It should be noted that the
protons of five aHergenicaHy active oligosaccharimls are  sioenalg ofH-2 and H.5 of GalNAc-o] showed large upfielq
summarized jp Table 1V ' shifts with the attachment of the GalNAcal—QFucal-~
In the NMR Spectrum of HP(}/i;’—NSa (Fig. 3 and Ta-  unjt to GlcNAc”, as compared with N4a, Similar upfield
e IV two and two J-anomerie Proton signalg were i 5
observed a ¢ = 5.3-5.4 and 0=44-4¢ ppm, Tespectively. step from HPG-g2-Ng to HPG-g2-N
Assignmentg of these anomeric protop signals were dif- Spectra of HPG—/'J’Q»NG, -N7a, and -N7b contained the
ficult due 10 the lack of appropriate reference oligosac- multiplets for H-2 (5 = 4.28 ppm) and H-5 (§ = 4.23 ppm)
Charitols. Thus, to establish some general rules for defin-  of GalNAc-o]. The presence of GICNAC[)’I—B(GICNAC/)’l—
Ing the Influences ofintroducing Fuca1-3 and GalNAcq] - 61GalNAc-o) core structure in these oligosaccharitols was
2Fuca]-j on the chemicaj shifts of the GalNAcﬂL therefore indicated (13). The signals at § = 4.599 ppm
1GleNAcsy.- unit, NMR Spectra of the ABEE-derivatives and 6 = 4,508 ~ 9 ppm in the spectra ofHPG—B.?—NG and
0! limited periodate oxidation products of oligosacchar. -N7a (Table IV, Fig. 3) could be assigned to H-1 of
U3 were examined (Fig. 4 ang Table V). When al-3- GleNAe? and GalNAc“’“, respectively (ag Compared with
linked Fyc Was attached ¢ GleNAe? (steps from HPG. HPG-SQ—N%). The other two B-anomerjc doublet signals
92-Nda-A o - I"b-A and from HPG-,32~N6-B 0 -N7a-  coyiq be assigned 1o H-10f GleNAcS and GalNA¢+6 (Table
B), H-1 of GleNAc? showed 4 slight upfield shift (A6 V) based on the aforementioned shift effects by the at.-
~ —0.005 PPm), wheregg that of GalNAc#? indicated g tachment of al-3 Fuc to GleNAc. A Similar upfield shift
relatively large upfie)qg shift (A5 ~ =0.05 ~_0.06 Ppm).  wye observed for H-1of GalNAc*3 jp, the step from HPG.
When al-2-linked GalNAc was attached to the Fucai- 92-N7a to ~-N7b (Table IV)
residue (steps HPG-"’2~N7b»A~>—N53-A and HPG-g9- In the NMR spectrum of HPG-b’?,—NQ, characteristic
Ne-B—~_N9-B, TabLe VI H-Tof GleN A2 shifted upfield  gjop a4 OfH-2 (6 = 4.240 ppm) apg H-5 (6 = 4.189 ppm)
(37 o —0.04 ~ 0.05 bPm), whereas H.1 of both GalN A2 indicated the Presence of g GalNAcal—.‘BFucal— unit in
(40 « ~0.01 ~ 0.03 PPm) and Fyeie (A6 =~ 400 pPpm)  the saccharito], Ag mentioned before (steps for HPG-g9o-
shifieq downfield. N7b-A to -Nb5a-A and HPG-32-N7a.R to -N9-B) an up-
D the basig of these findings, anomeric prorop signals  fie]d shift ofapproximately 0.05 ppm wag €xpected on the
Wi =457 ppm (J = 8 55 yy,) and § = 4 47~ bpm (J  chemjcya) shifts of H-1 of GleNAc? ang GicNAcS by the
“8.24 Hy in the Spectrum of HPG»,)’B—N:Sa could be z5- éxtension of HPG-,82~NTb with GalNAc in a]-9 linkage
gned Tespectively to H.q Of 5-GleN A and p’-GaINAc"“, to Fue residuyes, Therefore, signals at § = 4.544 ppm ang
S Compareq with HPG-,J?‘I\'J,a. The other anomeric  j = 4 4q pPPm could be assigned to H-] of GleNAc? and
Toton Signals ar 4 = 5.333 ppm J = 336 Hz) and 5 GlcNAc“‘, respectively, Similarly, based on the aforemen.
IR ppm (J = 344 Hz) were assigned tq H-1 of - tioned downfield shift of H-1 of Fuc by the attachment
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from H-antigen in ‘H,0
T part of the spectrum as indicated.
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“C. The relative
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TABLE 13

H Chenuca, Shitt of Magor Structural Reporter-(‘}rrnu;; Protons o Constitueny ."\1<m<>sa(‘('hundea
tor Neutral Oligosaccharitols Obtasnied trom H-Antigen

T - - - ———— T ————

Chemical shift 1 COMprotinia: B, g
— T

o e, e e L
Residue Reporter group A 4 ' ¥
- — = T
ppm

GalNAc-of H-» 1.29 4.29] 4237 4.283 1.283 4280 5240
H-5 4,146 4.140 1.103 4.239 4.231 1237 1159
GleNAc H-1 1.60R 4612 1.570 1.599 1.599 1.599 4544
GalNAc¢! H-1 — 14511 1477 4,508 4.509 1.439 446
Fue™ H-1 — — 5.334 — — 5106 RERTN
H-2 — — 3.96 — — ND” ND
H.5 - _ 1.837 — — 1.566 4537
Me — — 1.268 — — 1.268 1.261
GulNAc” H-1 — — 5.401 — — — 5.394
H-2 — — 1.216 — — — 4.219
GleNA¢! H-1 — — — 1.537 4.529 1.527 4.490
GalNAc¢*H H-1 — — — 4.524 4462 1,458 4.439
Fuc?*" H-1 — — — — 5.126 5.126 5.328
H-2 — — — — ND' ND ND'
H-5 — — — — 1.867 4.866 4.837
Me — — — — 1.268 1.268 1.261
AdNACT H-1 — — — — — — 5.394
H-» — — — — — — 4.212

NAcs 2.040 17" 20381, 2,043 (2) 2.043 1) 2.047 (1) 2.042 (1, 2.039 13,

2.087 1, 20711, 2.08011) 2.059 (1) 2.049 (1) 2.053 (2) 2.073 12

2.081 (D 2.092 1) 2.075 3 2.076 (3) 2.071 1) 2.082 (2

208011,

Note. Chemical shifts are Ziven relative 1o internal sodium 4.4~dimeth_\'l-kl-silupcnLunc-l—sulfonatc fusing internal acetone at o = 2,995

ppmuin *H,0 at 25°C. For complete structures of tompounds, see Table |, I the heading, the Structures are represented as follows: <
GalNAc-ol: @, GleNAe m, GalNAcf1-4. 3. GalNAcal—2; A Fucel-3.
NMR characteristics matched those documented previously (13-15) for this structure.
Signals were assigned by comparison with the spectrum of HPG-2-N3.
This signal was connected to the signal 4y ¢ = 3.96 ppm that is assignable to H-2 of Fuc (16-19) Ina 2D-COSY NMR.
* This signal was connected to the signy} of H-2 of 0-GalNAc ats = 4.216 ppm ¢ 18-20).
" Assignments are intcr‘changeablu
Value could not be determined.
¥ Acetyl methyl protons could not be assigned due to lack of reference oligosaccharitols.
i Numbers in parentheses indicate the number ofmonosaccharidc residues.

of GalNAc in a1-2 linkage to Fuc (A6 = +0.2 ppm}, two  jtive reaction on the skin of patients with asthma from
signals at § = 5.328 ppm and 0 = 5.338 ppm could be geg squirt allergy. The structures of allergenicall; active
assicned to H-1 of Fuc™® and Fuc?s, respectively (as com- oligosaccharitols derjved from H-antigen depicted two
bared with HPG-82-N7b). The signal at § = 5.394 PPm  types of core-region structure commonly found in mucus
Corresponding 1o two Protons was assigned to H-] of o. glvcoproteins (Table I): namely, GleNAcB1-3GalNAc-o]
GalNAc at the nonreducing terminaj as compared with and GICNAC/31—3(GICNACﬂl—G)GaINAC-ol (13-15, 21).

G-B2-N3a. Two other B-anomeric Proton signals could However, it is remarkable that a]] oligosaccharitols from

be ascribeq to either GalNAc* of GalNAc*Hs, H-antigen contained the GalNAcﬁl-4G]cNAC/31— back-
bone sequence, since most of oligosaccharitols from mucus
DISCUSSIOI\' glycoproteins contain the GalB1-3 or -4GlecNAcB1- ge-

quence (13-15). The more striking structural feature is
““& squirt H-antigen s 4 large (M, 105 ~ 2 107)  the bresence of the oligosaccharide sequernce containing
Ivcoprotein capable of inducing 4 remarkable pog- internally linked Fuc residue, GalNAc/ﬂ—‘i(GalNAcal—

Th.
aCidi(' =
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FIG. 4. 500-MHz 'H NMR spectra of the ABEE-derivatized limited periodate oxidation products. The relative intensity scale of the N-acetyl
and methyl

2Fucal-3)GleNAcS1-. Oligosaccharides containing in-
ternally linked Fuc residues have been reported in gly-
cosphingolipids from the fresh water bivalve Hyvriopsis
schlegelli (22, 23), but not in glvcoproteins. All structures
described in our present study have not been previously
reported.

Ag the allergenic reaction in skin depends on the cross-
linkage of IgE antibody with each allergenically active
oligosaccharitol, the disaccharide units GalNAca1-2Fucal- .
GalNAcS1-4GleNAcH1- and Fucal-3GicNA = can b

nominated as the allergv-specific ¢ e il o

proton region deviates from the other part of the spectrum

as indicated.

squirt antigen. The smallest allergenically active oligo-
saccharito]l, HPG-32-N5a, has also been found in another
sea squirt antigen, Gi-rep (7).

In our present study, oligosaccharitols were subjected
to limited periodate oxidation, a process where the C4-
C5 and/or C5-C6 glycols of the GalNAc-ol residue in oli-
gosaccharitols are selectively oxidized, and the resulting
aldehyde(s) is labeled with an ultraviolet absorbing com-
pound, ABEE, by reductive amination. This method gen-
erated ABEE-oligosaccharides with ThrNAc at their re-
ducing end from oligosaccharitols having the GleNAcg1 -
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TABLE

H-Chemey) Shift of Major Structura] Reporter- euk Protons of the :\HHI‘}I)e'rn';mzv(:’
Limited Periodate Oxidation Froge.

— - ‘%,-v,m*&;&g\ﬂ‘\_‘_\‘_ﬂ._ —_—
”n Comihoanids P,

N3-A Nefa-A N7b-A Nda-A Neek NTa-F NGB
i m e e me: geo. B-o-i e
Residue Reporter group A Y Y
ThrNAc NAc 2.013 2.011 2.000 2.002 s -
GleNAe- H-1 4.595 4.596 4.592 4,540 4.527 BIREN
NAc 2.073 2.074 2.055 2,076 1.832 N6
GalNA¢*- H-1 — 4.536 4.483 4516 4.511 BETS
NAc — 2.065 2.035 2.076 2.065 2065
Fue*- H-1 — — 5.114 5.315 — 2495
Me — — 1.264 1.258 — L2 REEN
GalNAcH - H-1 — — — 5.402 — — AaeT
H-2 — — — 4,144 — — SN
NAc¢ — — 2.023 —

Note. For complete structure of compounds. see Table []. Details are as in Tabie IV
‘ Data were obtained at 500 MHz in “H.0 solution at 25°C,

"R= ThrNAc-ABEE, R’ - GA-ABEE.

" Assignments are interchangeable.

ThrNAc and glycola]dehyde were derived from oligosac- 10 Wang, W LcDuAnne. N.C, Jr. Ackerman, B, ang Sweelev,
~haritols ha\'ing a branched GlCNAC,O’l—S(GlCNAC,Iﬂ- C.Co1984) Anat Biochem. 1471, 366-381.
HGalNAC-OI core. The Present method was a very con- 11. Ciucanu, 1., and Kerek, F. (1984) Carbohvdr. Res 131, 209-217.
venient and highly sensitive technique for the analysis of 12 Liang, C..J, Yamashita, K., Muellenberg, C. G., Shichi, H.. ang
O-ﬂlvcosidicallv linked oligosaccharides Kobata, A. (1979) . Biol. Chem. 254, 6414-6418,

I;e;rtial a?sig-nmem;s of ’300-MHZ 'H NMR s ectra of 13 Van Halbeek, H., Dorland, L., \"liegenlhart, J.F. G, Hull, W. g
the above r;ew types Aof oi'gos ccharito] h L% ' N Lamblin, G_, Lhermitte, M., Boersma, AL, and Roussel, p. (1982)

3 1 a ritois ave been at-

. . Eur .J. Biochem, 127, 7-20.
tempted in our bresent study. Follow-up studies on com- 14 Feeneyv. J., Frenkiel, T. A., ang Hounsell, E. F. (1986) Carbohvdr.,

3GalNAc-o] core, whereag ABEE—oligosaccharides with 9. Matsuura, F.. and Imaoka, A (1988) Glhcoconjupate ) 3, 13-26,

plete assignments of the Spectra are now in Progress using Res. 152, 6379,
@ combination of 1D and 9 NMR techniques in our Jap. 15 Strecker, G, Wieruszeski, .M. Michalski, J.-C.. and Montreuil,
oratories. J. (1989 Glyeoconjugate J. 6, 271-284,

16. Dua, V. K., Rao, B. N. N., Wy, S.-S,, Dube, V. E., and Bush, C. A.
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