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ABSTRACT

The main structure of a lipopolysaccharide R-type core oligosaccharide com-
mon to a number of different strains of Neisseria meningitidis has been elucidated.
Methylation analysis, specific degradations, and nuclear magnetic resonance spec-
troscopic analysis of the dephosphorylated cores indicated that they all have the
following structure.
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The determinants responsible for the L3, L7, and L9 meningococcal lipopolysac-
charide serotypes are situated in this oligosaccharide.

INTRODUCTION

Subcapsular antigens of Neisseria meningitidis have been implicated in the
immune response to natural infections!?, and have been the focus of extensive
studies®™>. They have assumed considerable importance in recent years due to
their potential as vaccines, alternative to the poorly immunogenic group B polysac-
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charide®, against group B meningococcal infection. Like the well defined, serotype
protein antigens®. the meningococcal lipopolysaccharides (LPS) are situated in the
outer membrane of the organism. Zollinger and Mandrell®* have shown that the
meningococcal LLPS arc scrotype antigens. independent of protein serotype, and
have identified eleven different. serotype determinants among the groups A. B,
and C organisms. Some of these determinants are shared to a certain extent by all
of the LPS, thus producing a complcx, serological response® .

Recently. it has been demonstrated®™ that these determinants are situated in
the glycose moieties of the LPS that had previously been identified as low-molecu-
lar-weight. core oligosaccharides of the R-type” ™. Structural diversity in the menin-
gococcal core oligosaccharides has been established® which is consistent with the
type-specificity exhibited by their homologous LPS. To complete the antigenic
profile, it was necessary to elucidate the structures of the cores refated to the differ-
ent LPS serotypes. We now describe the structural clucidation of a meningococcal
LPS core oligosaccharide in which the L3, L7, and LY determinants™? predomi-
nate.

RESULTS AND DISCUISSION

The lipopolysaccharides from the different serogroups of N. rmeningitidis
were isolated by a modified. phenol-extraction technique” in which the cells were
disrupted by lysozyme prior to extraction, as previously described®. In this proce-
dure, the LPS were recovered from the aqueous phase of the phenol extraction.
However. it has now becn established that further quantities of the I.PS can be iso-
lated from the phenol phase; this modification of the extraction procedure resulted
in improved overall yields (sometimes as much as double) of the LPS. Presumably
the lack of a hydrophilic O-chain increases the solubility of these R-tvpe
lipopolysaccharides in the phenol phase.

The core oligosaccharides were prepared from the LPS by mild hydrolysis
with acid, and purified by gel filtration®. Sugar analysis indicated that they all con-
taincd residues of D-palactose, D-glucose, 2-acetamido-2-deoxv-D-glucose, 1-glyc-
ero-D-manno-heptose (LD-Hep), and 3-deoxy-D-manno-octulosonic acid (KDO) in

nonstoichiometric but equimolar amounts of 2-aminoethanot and phosphate have
also becn reported in these core oligosaccharides”. A signal at 41.3 p.p.m. (311‘,,‘,;
8.0 Hz) in the "*C-n.m.r. spectra of the oligosaccharides indicated that these com-
ponents exist as 2Z-amino-O-phosphonoethanol substituents, and this was con-
firmed by the detection of a free amino group in these oligosaccharides by means
of 1-fluoro-2 4-dinitrobenzene. As previously described”, the oligosaccharides
were modified by removal of the Z-amino-O-phosphonoethy! groups with 489%
aqueous hydrogen fluoride, followed by reduction of the terminal KDO to 3-
deoxyoctitols (KDOoIs) residues, to yield compound f.
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The 300-MHz, 'H-n.m.r. spectrum of 1 exhibited, inter alia. signals for
anomeric protons at 8 5.39 [3J, , small (not resolved)], 4.97 (3/,; 3.0 Hz), 4.96
[*1; 2 small (not resolved)], 4.67 (°J, 2 6.5 Hz), 4.48 (*J,, 7.5 Hz), 4.39 (*J, 5, 7.5
Hz), and 4.38 (*/, , 7.5 Hz). The chemical shifts and coupling constants of the first
three, lowest-field signals indicated that both of the L-glycero-D-manno-heptosyl
residues in 1 exist as L-a-D-heptopyranosyl residues, and that one a-D-
hexopyranosyl unit is present in 1; those of the remaining four (highest-field) sig-
nals indicated that 1 contains four 8-D-hexopyranosyl units. Two singlets in the 'H-
n.m.r. spectrum, at § 2.06 (3 H) and 2.04 (3 H), indicated that both of the 2-amino-
2-deoxy-D-glucosyl units are N-acetylated.

The 25-MHz, *C-n.m.r. spectrum of 1 is complex, but it exhibits signals, at
176.0, 175.3, 23.5 and 23.2 p.p.m., associated with the two N-acetyl groups, at 56.4
and 55.5 p.p.m. for the carbon atoms linked to acetamido groups, at 36.7 p.p.m.
for the CH, group of the 3-deoxyoctitol residue, and at 104.0 (2 C), 103.5, 102.9,
and 100.8 (2 C) for a total of 6 anomeric carbon atoms.

The methylation analyses of compound 1 obtained from a number of strains
of N. meningitidis [608 (B), 550 (29E), 665 (W-135), 247 (X) , 546 (Y), and 565
(Z)] have been reported®, and the results are in agreement with the conclusion that
all of the original octasaccharides have a terminal (nonreducing) D-galac-
topyranosyl and a 2-acetamido-2-deoxy-D-glucopyranosyl group, and a branching
heptose residue linked through O-3 and O-4. The octasaccharides terminate with
a KDO residue linked through O-5, a linkage common in the corc oligosaccharides
of other Enterobacteriaceae'!'!.

In order to obtain information on the sequences, a number of chemical de-
gradations were performed on 1. Oligosaccharide 1 was N-deacetylated'?, and part
of the product was deaminated'? with nitrite in aqueous acetic acid, and the prod-
uct reduced with sodium borodeuteride. Two fragments containing 2,5-anhydro-D-
mannitol-Id were isolated by gel filtration, and identified as 2,5-anhydro-D-man-
nitol-1d and O-B-D-galactopyranosyl-(1—4)-2,5-anhydro-D-mannitol-{d. The B-D-
configuration of the disaccharide was confirmed from its 'H-n.m.r. spectrum,
which exhibited an anomeric doublet at 8 4.40 (*J, , 7.0 Hz).

Another portion of the N-deacetylated 1 was subjected to acid hydrolysis, in
which all of the glycosidic linkages, cxcept those of the 2-amino-2-deoxy-D-gluco-
pyranosyl (GIcN) residues, were cleaved. Following reduction of the hydrolysis
products with sodium borodeuteride, the GlcN-containing, reduced disaccharides
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were separated from the neutral components (alditols) by ion-exchange chro-
matography. The neutral sugars liberated by the hydrolysis were D-galactose, D-
glucose., 1-giveero-D-manno-heptose .. und reduced KDQO in the ratios of 1-1:1:1, as
identified by g.l.c. of their alditol acctates. After recovery from the ion-exchange
column. the GlcN-containing. reduced disaccharides were N-reacetyvlated, and the
"H-n.m.r. spectrum of the mixture exhibited two anomeric protons. at § 5.12 (1 H.
31,5 3 Hz) and 4.65 (1 H. °/, > 8 Hz). and signals from two A-acetyl groups. at 8
2,10 (3 H) and 2.07 (3 H); these data are consistent with the presence of two disac-
charides. one in the a-b, and the other in the g-D configuration. Equimolar
amounts of D-galactitol-/d and L-giycero-D-manne-heptitol-/d were hiberated (rom
the two disaccharides by acid hydrolysis.

The mixture of GleN-containing reduced disaccharides was acetylated. and
the product subjected to chromic acid oxidation'”, using per-02-acetylated myo-in-
ositol as internal standard. D-Galactitol-7d was released on treatment of the
chromic acid degradation product with methoxide, whereas equimolar amounts of
the heptitol-7d were released only by methanolysis of the reaction products. These
results indicated that galactitol-/d and heptitol-/d were the “aglvcons™ of 2-
acctamido-2-deoxy-8- and -a-D-glucose, respectively. Methylation, acid hydrolysis
of the product, and acetylation of the resulting disaccharides gave 3-O-acetyl-
[.2.4.5.6-penta-O-methyl-D-galactitol-/d =~ and  2-O-acetyl-1.3.4,5.6 . 7-hexa-0-
methyl-1-glycero-D-manno-heptitol-1d. identified by g.1.c.-m.s. All of these results
indicated that the structures of the disaccharides obtained by N-deacetylation of 1
and acid hydrolysis were B-D-GlepN-(1--3)-D-Gal and a-D-GlepN-( 1 =2)-Hep.
The degradation of N-deacetylated 1 gave the followmg partial structures: D-
GlepNAc-(1—. B-D-GlcpNAc-(1-—+3)-8-Galp. B-D-Galp-(1—4)-D-GlepNAc, and
w-B3-GlepNAc-(1—2)-Hepp.

Further information on the sequence of sugars in 1 was obtained when it was
subjected to a Smith degradation'S. This degradation should leave the 3-O-8-D-
Galp and 4-0-B-D-GlecpNAc residues intact. convert the 3.4-di-O-substituted a-
Hepp residuc into a 3,4-di-O-substituted a-D-Manp residue, and convert the 3-
deoxyoctitol into a 2-deoxypentitol. In the "H-n.m.r. spectrum of the periodate-
oxidized and reduced, intermediate Smith-degradation products. the signal for the
w-D-ucetamido sugar (8 4.97, 1.1,3 3 Hz) had disappeared. thus proving that, of the
two GlcN units. the onc in the terminal position had the a-D configuration. In a
sugar analysis, with deamination of the Smith-degradation products, the following
components were identified by g.l.c.: glycerol, erythritol, a 2-deoxypentitol, 2.5
anhydromannose, galactose, and glucose. the last four being n the ratios of
0.5:1.2:1.0:0.7. This result is not entirely consistent with the proposed structure
for 1. because the 4-(-substituted B-D-Glep residue should have been completely
oxidized in this procedure. However, underoxidations of potentally oxidizable
sugar residues of polysaccharides have been reported'®. and have been attributed
to hemiacetal formation. That this was also the case in the oxidation of 1 was con-
firmed when no glucose could be detected in the products of i further periodate
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oxidation of the first oxidized and reduced. intermediate Smith-degradation prod-
uct of 1.

The underoxidized intermediate from the first Smith degradation of 1 was re-
duced with sodium borodeuteride, and the product treated with acid under mild
conditions, the hydrolyzate reduced with sodium borohydride, and the alditols sub-
jected to methylation analysis. This analysis indicated the following methylated
components: 2-deoxy-1.3.5-tri-O-methylpentitol-7,5d,.  2,3.4,6-tetra-O-methyl-
mannose-6d, 2.4.6-tri-O-methylgalactose, and 2-deoxy-3.4.6-tri-(J-methyl-2-(N-
methylacetamido)-glucose. As a result of the underoxidation of the glucosyl re-
sidue in the Smith degradation of 1, equimolar amounts of 2,3.6-tri-O-methylglu-
cose and 2,3,6-tri-O-methylmannose-6d were also detected. This indicated that the
partially oxidized 8-nD-glucopyranosyl residue was linked to O-4 of the di-O-substi-
tuted heptopyranosyl residue in 1. The results of the foregoing Smith degradations
arc consistent with the presence in 1 of the following oligosaccharide unit: 8-D-
GlepN Ac-(1—-3)-8-D-Galp-(1—4)-8-D-Glcp-(1—-4)-L-a-D-Hepp-(1—5)-KDOols.

The combined results of all of the different analyses made are consistent only
with structure 1 for the dephosphorylated and reduced oligosaccharide obtained
from the lipopolysaccharides of a number of strains of N. meningitidis. All of the
core oligosaccharides obtained from N. meningitidis 608 (B), 550 (29E). 665 (W-
135). 247 (X). 546 (Y), and 565 (Z) gave 1 on dephosphorylation. and reduction of
their terminal KDO residues. This was indicated by the similar sugar and methyla-
tion analyses given by these maodified oligosaccharides, and was confirmed by their
superposable '*C- and 'H-n.m.r. spectra, respectively. The '*C-n.m.r. spectra of
the oligosaccharides prior to modification were, however, not superposable, thus
indicating differences in their O-substitution with 2-amino-(Q-phosphonoethanol.
LPS serotyping of the aforementioned organisms by the method of Zollinger and
Mandrell** demonstrated the presence of multiple determinants, the 1.3, L7, and
L9 determinants being predominant. However, these serotypes are closely related,
and have more recently all been designated serotype 1, according to the system of
Poolman ef al.'”. Preliminary serological studies® indicated that these determin-
ants are situated in the LPS R-type oligosaccharides; however, the role of the O-(2-
amino-O-phosphonoethanol) substituents, if any. in the aforementioned serotyp-
ing systems has not yct been cstablished.

EXPERIMENTAL

General methods. — Solutions were evaporated under diminished pressure
below 40°. Gas-liquid chromatography (g.l.c.) was performed with a Hewlett—
Packard 5830 A instrument, using columns and conditions as previously described®
and an SP-1000 glass capillary-column (25 m X 0.25 mm). Combined gas-liquid
chromatography—mass spectrometry (g.l.c.—m.s.) was conducted with a Finnegan
3100 D or a Varian MA'T 311-8S100 instrument, using the same columns. N.m.r.
spectra were recorded with a Varian CFT20, a JEOL FX-100, and a Bruker WM-
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300 spectrometer in the pulsed, Fourier-transform modc, using. a~ reference stan-
dards, external tetramethylsilane for '"C-n.m.r., and internal sodiam 4.4-dimethyl-
d-silapentane-1-sulfonate for "H-n.m.r.. spectroscopy

Sugar and methylation analyses were conducted as previously described™
Following their deamination'?. and conversion into aldital acctates. the sugars
were identified. and quantified, by g.l.c.'®. Methylations were performed by the
method of Hakomori'®, iind the individual methylated components were identified.
and quantified. by? g.l.c.-m.s. The absolute configuranons ot the sugars obtamed
by hydrolysis of oligosaccharide 1 were determined by using the method of Gerwig
et al 277 The retention times of their (trimethylsilyDated ¢ — 3-2-buty { glycosides
inan SE-30 W.C.(O.T.. glass capillary-column at 175 were compared 10 the reten-
tion times of the same derivatives of the corresponding reference sugars of known
absolute configuration. Authentic 1 -g/lycero-D-manno-heptose was obtamed by by
drolysis of the Lscherichiia ool 15 core oligosaccharide.

Growth of organismy. -— The strains of the different groups (listed in
parentheses) of V. meningitidis used in this study were 608 (B}, serotype L3 (d). LY
{m): 550 (29-¢). serotype L3.9 {d). L7 {m): 247 (X)), serotype L4 id). L6.7.9 (m):
546 (Y). serotype L399 {(d). L7 (m); and 5635 (7). serotvpe 179 (d) The LPS
serotyping was kindly performed by Dr. Wendell ID. Zollinger of the Walter Reed
Army Institute of Research. Washington., [D.C. 20012, according i his proce-
dures T where (d) is a dominant and (m) is a minor determinant. Inocula were pre-
parcd from lyophilized cultures which were grown overnight at 37° on sheep blood-
agar plates (BAP) in candle jars. Cellular proceeds from 56 BAP were dispersed
in I L. ol Neisseria Chemically Detfined Medium(NCDM: General Biochemicals
Inc.. Chagrin Falls, OH}), prestertlized by passage through O 27-um Blters (Milli-
pore). and agitated 1 a d-L. baffled flask for 7 h at 377 The moculum was then
transferred to a 25-L. Now Brunswick Microferm containing NCDNM ¢ 20 Ly Acra-
tion at 25 L.min 7' and agitation at 200 r.p.m. were maintamed. Atter growth for
18 b at 377, cells were killed by the addition o 177 formabn. and harvested by cen-
trifugation.

Isolation of the 1.PS. — The I.PS from the diffecrent serogroups were nolated
by a maodificd phenol-extraction technique” previously described™  In this
techmque. the LPS was obtained from the aqueous extract in vields ot ~ 177 (de-
pending on the serogroup), based on the dry weight of the orgamsms, Further
quantities of the LLPS, in some cases equal to the amount obtained from the aque-
ous extract, were recovered from the phenol fayer. To recover the LPS. the phenol
phase was dialyzed extensively against water. thus removing the pheool and pro-
ducing another aqueous phase. Filtration. and lyophilization ol the filtrate. yielded
the crude LPS, which wus punfied. as described for the firsd agqueous phase. by
dissolution in water and centrifugation of the solution for 12 -16 h at 103 000,

Isolation and modification of the LPS core oligosaccharides. -~ The core
oligosaccharides were obtained by heating the 1.PS 1n 17/ acetic acid for 2 h at 1007,
and puarified by gel filtration™. The core oligosacchande used m all of the degrada-
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tion studies was obtained from the LPS of the group-29E organisms, and gave an
elemental analysis:C, 41.28; H, 6.02; N, 2.61; and ash, 6.0%. Free amino groups
were detected in the cores by reacting with 1-fluoro-2,4-dinitrobenzene and
measuring®® the optical absorbance of the reaction mixture at 420 nm. Dephos-
phorylation of the cores, and reduction of their terminal KDO residues®, yielded
the modified oligosaccharide 1. Elemental analysis of 1 obtained from the LPS of
the group-29E organisms gave: C, 43.18; H, 6.48;, N, 1.51; and ash, 0.09%. The
oligosaccharide had [a]#* +51°(c 1.0, water).

Deamination of 1. — Prior to deamination of the modified oligosaccharide,
it was N-deacetylated by the method of Kenne and Lindberg'?. The modified
oligosaccharide (40 mg) was treated with sodium hydroxide (80 mg) in a mixture of
benzenethiol (20 p1.), water (0.4 mL). and dimethyl sulfoxide (3.0 mL) for 16 h at
80°, with stirring. The solution was cooled, made neutral with M HCI, and evapo-
rated to dryness in vacuo. The product was purified by gel filtration on a column
(50 x 1 cm) of Sephadex G-25, using 0.1% aqueous pyridine, and yielded 32 mg
of N-deacetylated product. Complete N-deacetylation was confirmed by the failure
to detect the characteristic N-acetyl methyl proton signals at 8 ~2.

The deamination of the N-deacetylated core was achieved essentially by the
method of Dmitriev e al.'*. The N-deacetylated core (16 mg) in water (0.6 mL)
was treated with acetic acid (1.0 mL) and 5% aqueous sodium nitrite (1.0 m[.) for
40 min at room temperature, water (10 ml.) was added. and the mixture was
lyophilized. The product was redissolved in water (2 mL), and sodium
borodeuteride (30 mg) was added. After 2 h, the pH was adjusted to 4 with acetic
acid, and the solution was evaporated to dryness, and codistilled with methanol (3
% 2 mL). The product was treated with acetic anhydride (1.0 mL) in pyridine (1.0
mL) for 30 min at 100°, the solution evaporated to dryness, and the residue par-
titioned betwecen chloroform and water. The chloroform phasc was concentrated to
~1 mL. the concentrate applicd to a column of Secphadex 1.H-20, and the column
eluted with 1:1 acetone—chloroform. The fractions were examined by tl.c., 'H-
n.m.r. spectroscopy. and g.l.c.. and the fractions of lower molecular weight were
O-deacetylated; the product was studied by 'H-n.m.r. spectroscopy and mcthyla-
ton analysis.

Hydrolysis of N-deacetyluted 1. — N-Deacetylated 1 (16 mg) was hydrolyzed
with 0.5M trifluoroacetic acid (3 mL) for 16 h at 100°. and the solution cooled, and
evaporated to dryness. The residue was dissolved in water (2 mL), and the solution
was treated with sodium borodeuteride (20 mg) for 4 h. added to a column (1 x
10 em) of Dowex-30 (H™) ion-exchange resin. and the column eluted first with
water (to remove the neutral alditols), and then with 0.5M HCI (to remove
hexosamine-containing disaccharides). The aqueous eluate was evaporated to dry-
ness, codistilled with methanol (3 X 2 mL), the residue acetylated, and the acetates
examined by g.l.c.—m.s. The acidic eluate was evaporated to dryness, and investi-
gated by 'H-n.m.r. spectroscopy; this showed two anomeric protons of approxi-
mately equal intensity, indicative of the presence of two different, hexosamine-
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containing disaccharides. Portions of this mixture were subjected to sugar and
methylation analyses. and to oxidation with chromic acid.

Chromic acid oxidution. — The foregomg mixture of disaccharides was acety-
lated. and the products were treated with chromic acid (20 mg) in acetic anhydride
(0.2 mL) for 30 min at S0° as previously described ', per-(J-acetylated iy o-inositol
being used as the internal standard. The reaction mixture was partitioned between
chloroform and water. and the chloroform layer was evaporated to dryness The
residue was treated with sodium methoxide in methanol, to release aglyconic™ al-
ditols of oxidized sugars, the product acetylated. and the acetates investigated by
g.l.c. The reacetylated muxturc was then treated n o sealed tube with 3¢/
methanolic hydrogen chloride for 16 h at RO°. to release ~aglyconie™ alditols of un-
oxidized sugars. The methanol solution was evaporated to dryness. the residue
acetvlated. and the contents of alditol acetates were determined by gll.e.

Srith degradation'”. —- Oligosaccharide 1 (15 mg) was dissolved n water
(5.3 mL). Sodium mectaperiodate (47 mg) was added. and the solution was kept in
the Jdark for 40 h at 4°. The excess of periodate was reduced with ethylene glyeol
(0.1 mL), and the product was reduced with sodium borodeutenide (20 mg) for 16
h. The pH was adjusted to 5 with 2M hydrochloric acid. the solution Ivophihzed,
and boric acid removed by addition of methanol (3 x 3 ml.) to. and evaporation
trom, the residue. Part of the material (1715th) was used for sugar analysis. and
another part (1/10th) was treated once more with sodium metapenodate as already
described, and the products of the oxidation were investigated by gd.c.-m.s. The
rest ot the material was hydrolyzed with 0.5M (rifluoroacetic acid (5 ml.) for 18 h
at 257, diluted with water (15 ml.). and lyophilized, and the products werce sub-
jected to methylation analysis,

ACKNOWI EDGMENTS

We thank Marianne Kenne for technical assistance. and Fred Cooper for re-
cording some of the mass spectra; onc of us (L.K.) thanks the Swedish Medical Re-
search Council (03X-2322) for tinancial support.

REFERFNCL:S

Il Gipse HNEIDER, B C GOISMHITICH AWD M S, ARIENSIEIN, Iy Med | 129 (1969) 1307-
1348

2 DT Kaserro ] I WienkIFHsrE. B LD Brasnr AaND M S AxrenNstrin 7 fufecr Do, 127

(1973) 378-387

W D Zortinvai R aNn R B MaNDRELL. Iafect Trmmun | IR (1977) 424433

W oD ZOTiINGFR ANDR T ManpRrEIT . Infect Irrmmun | 28 (19R0) 451158

C E Frosor,m |l WeNSTHIN AND BN Friibs (Fds ). Sezrenars fnrections Dinease. Vol 10,

Stratton Intercontmental, Medical Book Corp . New York, 1979 pp 303 337

6 F Witr .M 5 ARIFNSIFIN. B L BRaNDIL L. C TRwWONT. DL Kaspik. P [ Arrare S T
BirvaN anDp) P oLoweNitag f Infeer Dhas |, 126(1972) 514 522

fa BT TesiNos unpublished resalts

TRV TENNNGE G B Haws s GO ADS AN COP KENNY Cun o Braclion ST OE9T3) 1347
1354

I



R-TYPE OLIGOSACCHARIDE CORE 241

8

9
10

11
12
13

14
15

16
17
18
19
20
21

22
23

H. J. JENNINGS, A. K. BHATTACHARIEE, T.. KENNE, C. P. KENNY, anD G, CALVER, Can. J.
Biochem., 58 (1980) 128-136.

K. G. JoHNsoN aND B. S. PERRY, Can. J. Microbiol . 22 (1976) 29-34.

C. GaLanos, O. LupkRrtz. BE. T. REITSCHEL, AND O WESTPHAL, in W. T GoobpwiN (Ed.),
Biochermustry of Lipids, University Park Press, Baltimore, 1977, pp 239-335,

P. PREHM, S. S11rRM, B. JANN, AND K. JANN, Eur. J. Biochen., 56 (1975) 41 45.

L. KENNE AND B. LINDBERG. Methods Carbohydr. Chem., 8 (1980) 295-296.

B. A. DMITRIEV, L. V. BACKINOWSKY, V. L.. L.vov, N. K. KocHrTKOV, AND [. L. HOFrMAN, Fur.
J. Biochem , 50 (1975) 539-547.

J. HOFFMAN AND B. LINDBERG, Methods Carbohydr. Chem., 8 (1980) 117-122.

1. J. GOLDSTEIN, G. W. HAaYy, B. A. LEwis, AND F. SMITH, Methods Carbohydr. Chem , 5 (1965)
361-370.

M. F. Jsuak ANDT. J. PAINTER, Acta Chem. Scand., 27 (1973) 1268-1276.

J. T. PooLmAN, C. T. P. HoPMAN. AND H. C ZANEN, FEMS Microbiol. Lett.. 13 (1982) 339-348.
J.S. SAWARDEKER, J. H SLONEKER, AND A. R. JEANES. Anul. Cherm., 37 (1965) 1602-1604.

S. HAKOMORL, J. Biochem. (Tokyo), 55 (1964) 205-20%.

B. LINDBERG. Methods Enzymol., 28 (1972) 178-195.

G. J. GERWIG, J. P. KAMERLING, AND J. F (G VLIRGENTHART, Carhohydr Res., 62 (1978) 349~
357.

G.J. GERWIG. J. P. KAMERLING, AND J. F. G. VLIEGENTHART, Carbohydr. Res., 77 (1979) 1-7.
J.-M. GHUYSEN AND I. L. STROMINGER . Brochemistry. 2 (1963) 1110-1119.



