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ABSTRACT

The structure of the repeating oligosaccharide of the pneumococcal capsular
polysaccharide type 18C has been investigated. The repeating oligosaccharide, iso-
lated from an aqueous hydrofluoric acid hydrolyzate of the polysaccharide, was
shown, by fast atom bombardment-mass spectrometry. to have a molecular weight
of 928, and to contain an O-acetyl group and a glycerol residuc. Information about
the sequence in the per-O-methylated oligosaccharide was derived from electron-
impact mass spectrometry. Supporting data were obtained from methylation
analysis, periodate and chromium trioxide oxidations, and enzymic and acid hydro-
lyses of the oligosaccharide. These studies indicated that the polysaccharide con-
sists of the following pentasaccharide repeating unit.

aDGlep(1—-4)aDGalp(1—4) BDGlep(1—3)-aLRhap(1—1)glycerol

INTRODUCTION

Historically, interest in the pneumococcal polysaccharides can be traced to
the discovery of a mucin-like substance on cells of Diplococcus pneumoniae by
Friedlander' in 1883. Since then, chemical and immunochemical investigations
have resulted in mixture formulations of these capsular polysaccharides for
prophylaxis of pneumococcal pneumonia”. The pneumococcal vaccine used at pre-
sent in the U.S.A. is a broad mixture of capsular polysaccharide antigens of 14 dif-
ferent serotypes, including type 18C (Danish nomenclature). Immunochemical
studies of these compounds have led to structural investigations of the capsular
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polysaccharides. If increased protection against discase could be obtained through
modification of the composition of the vaccine, an intimate knowiedge of the chem-
ical structure of these polysaccharides would be of immense importance.

Pneumococcal capsular polysaccharide type 18C was first solated by Brown®
in 1939, Heidelberger and co-workers determined the compostion and relative
mole ratios of the type 18C polysaccharide 1o be three mol of D-glucose, one mol
of D-galactose. one mol ot t-rhamnose, one mol of glveerol. one mol of (-acetvl.
and one mol of phosphate® ”
capsular polysaccharide. and propose o structure for the repeating oligosaccharide
unit thereot,

Herein, we report some structural studies of this

LXEPE RIMENTAL

Reagents. — The various chemicals used in this work were A C.S-certified.
reagent-grade materials, or the equivalent, and were used without purification. Di-
methyl sultoxide (Sigma Chemical Company. St. Louis, MO} was dried by distilla-
tion from calcium hydride. and stored over molecular sieves. Pynidine and acetic
anhvdnide (Fisher Scientific Co.. Fair Lawn. NJ) were redistitled, and stored over
molecular sieves, Hydrotluoric acrd (607 ) was prepared by distillation of 60 ml. of
hydrogen fluoride (Matheson. Dorsey. MD) into a Tetlon vessel (HF-reaction ap-
CIne.. San Carlos. CA) contauning 30 mL of
witer. and the resulting <solution was stored ar -- 20

Isalation af the repeating oligosaccharide unie. — The polysaccharide (74 mg)
was depolymernized by hydrolysis for 3 5 h with hydroftuoric acid (607 ) by the
method previousty described” ™ After neutralization of the acid, the hydrolyzate
was delivered to a column (2 by 200 ami of Bio-gel P-20 400 mesh (Bio-Rad
I.uboratories, Richmond. € A)Y. The column was cluted with water. d.6-ml. trac-
tions were collected., and portions (10 Ly of the fractions were assaved tor the pre-
sence of carbohydrate by using the anthrone—sulfuric acid reagent ™

Periodate oxidution. - Samples (2~ mg) of the oligosacchande were each
dissolved in 1 mL. of 0.02M7 sodium metaperiodate, pH 4.5, and kept in the dark for
IR h at 4°. Ethylene glveol was then added to decompose the excess of pertodate.
and the resulting mixtures were kept in the dark for an addittonal 4 h at 47 diluted
with cthanol (1 mL). filtered. and the filtrates evaporated o dryness under di-
minished pressure. The oxidized carbobydrates were reduced as described later.
After oxidation. reduction. and hydrolysts with 0.5M hydrochlone acid for 18 h at
1007, the samples were analvzed for ncutral sugars by the method of Bovkins and
Liu'' and. 1 a separate experiment. subjected to methylution analbysis.

paratus type 1T, Peninsula Laborator

Methiylation anualvses. -— Potassium methylsuifinvimethide (dimsyl potas-
sium) was prepared as described? L and used for permethylation of samples!? 17,
Methylation analyses of the samples were performed as previously deseribed?® !’

Gus—liquid chromatographyv-rmass spectronierry. -— Muass spectra were re-
corded with an LKB 2091 gas chromuatograph—mass spectrometer equipped with an
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LKB 2130 data system (DEC PDP 11/34 minicomputer employing the R'T-11 disk-
based, operating system). Electron-impact (e.i.) mass spectra were scanned from
samples introduced vig a 25-m, fused-silica capillary column, wall-coated with SE-
30 as the stationary phase (Hewlett—-Packard). A 2-uL sample was injected onto
the column through a glass-lined splitter at 250°, set at a 1:20 split ratio. The col-
umn temperature was initially set at 80° for a 2-min isothermal period, and then
clevated at 8/min to a final temperature of 250°. The linear velocity of helium
through the column was 40 em/s. The single-stage, jet separator was at 225°, and
the ion-source temperature was 180°; the ionizing potential was 70 eV, and the
ionizing current was 50 pA.

High-field, mass spectrometry. - Mass spectra were recorded with a Kratos
MS-50 mass speetrometer fitted with a high-field magnet'® and equipped with a
Kratos ID8-55 data system {Data General Nova 4X minicomputer, employing the
RDOS operating system). Electron-impact mass spectra were scanned from sam-
ples introduced directly into the ion sourcc on a ceramic-tipped. sample-probe
shaft (Vacumetrics, Inc., Ventura, CA). The ion-source temperature was initially
set at 100°, and then raised to 200°; mass spectra were scanned every 25 s. The ac-
celerating potential was 8 kV, the ionizing potential was 70 eV, and the ionizing
current was 400 uA.

Fast-atom bombardment (f.a.b.), mass spectra were scanned from sam-
ples introduced directly into the ion source as colloidal suspensions in a glycerol
sample-matrix®' (Alfa Products, Danvers, MA) placed on a gold-plated copper.
sample probe-tip; bombardment was with a 40-uA beam of 2 keV xenon (Mathe-
son, Dorsey, MD) fast atoms generated in a Saddle-Field neutral-beam gun?? (Ion
Tech Ltd., Teddington, England). Some mass-spectral feature-cnhancements were
observed by addition to the sample matrix of a sodium chloride~potassium chloride
mixture®*** or of small organic compounds®»3,

Anomeric analysis. — The presence of S-anomeric linkages was determined
by the method of Hoffman et al.?®, followed by analysis for neutral sugars'’.

Individunal samples (1-2 mg) of the oligosaccharide were also subjected to en-
zymic digestion?’ with B-D-glucosidase at pH 4.8, for 3 h at 37°, and the digests
analyzed for the presence of liberated glucose. The samples were then reduced
with sodium borohydride, the products hydrolyzed with M hydrochloric acid, and
the neutral sugar compositions determined!!. Samples of the oligosaccharide were
also treated with methanolic sodium methoxide for 1 h at room temperature to ef-
fect O-deacetylation, and the resulting oligosaccharide was similurly subjected to
enzymic digestion and analysis.

19,20

RESULTS ANT) DISCUSSION

Isolation and composition of the oligosaccharide. — Pneumococcal capsular
polysaccharide type 18C has been shown to contain phosphorus®™®, and this was

confirmed by elemental analysis, the results most probably indicating the presence
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Fig. 1 Fractionaton of the hydrolyzate (60¢c agueous hydrefluoric acid) of pncumococeal capsulas
polysaccharide type 18C ona column (2 < 200 cov) of Bio-Gel P22 A portien (0 01 mE ) ot each fraction
was analyzed by reaction with the anthrone—sultunc aad reagent

of phosphoric diester linkages. Depolymerization of the polysaccharide by treat-
ment with 607 aqueous hvdrofluoric acid” ® was followed by chromatography” on
Bio-Gel P-2. 1o give a single. dephosphorvlated oligosacchuride whose retention
index indicated a molecular weight corresponding to - 5 sugar units (Peak 2 m Fig
1). Absence of carbohydrate from the other peaks. und other fractions along the
baseline. of the P-2 clution protile was confirmed by analysis for neutral sugar{s)''.
G.l.c.—m.s. analysis of the per-O-acetylated, hydrochloric acid hvdroh zate™ of the
oligosaecharide revealed penta-O-acetylhexopyranose. tetra-O-acetyl-6-
deoxyhexopyranose, and tri-(Q-acetylglveerol in the ratios of 4.1:1.6-0.25 The hy-

drochloric acid hydrolyzate of the oligosaccharide was found to contain D-glucose.
D-galactose, and L-rhamnose in the ratios ot 2.8:1.001 20 oy Jdetermined by the
method of Boykins and Liu'".

Foab.—m.s. of the repeating oligosaccharido. Although o few reparts of
fast atom bombardment-mass spectrometry of carbohvdrates have recently ap-
peared'”™" 7 the technique has not vet sufficiently matured to permit routine.
structural analysis of carbohydrates with a high degrec of confidence The major is-
sucs of concern have been (/) the quantity of material required for oblidning mean-
ingtul mass-spectral data, and (2) the changes in the mass spectium atter addition
of inorganic salts and small organic molecules to the glveerol sample-matriv, To ad-
dress these problems, we briefly investigated the ta.b.-m.s of celiobose,
raffinose, and stachyose. three oligosaccharides that confain onis neutral sugars. as
in the oligosaccharide ol 1ype 18C.

The fab.—mass spectra of the di-. tn-, and tetra-saccharele were obtained
from glyccrol suspensions oi these compounds that were deposited on u copper
sample-probe tip supplied by the manufacturer. Imtially. a tust-atom beam of
argon neutrals (8 keV) was used for bombardment. The change to using a fast-
atom beam of xcnon neutrals (9 keV) for bombardment greatly lessened the unde-
sirably high fevels of {fragmentation observed with argon®. Protonated molecular
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Fig. 2. F.a.b.—mass spectrum of (A) raffinose, {B) raffinose with an cquimoelar mixture of sodium
chloride and potassium chloride (0.05% by weight) added to the sample matrix; and (C) raffinose with
an equimolar mixture of sodium chloride and potassium chloride (5% by weight) added to the sample
matrix.

ions (M + H)", were observed for each oligosaccharide. However, attempts to de-
termine a standard dilution-curve revealed linearity in a very narrow range of con-
centrations, generally between 0.2 and 1.0 mM, in the glycerol sample-matrix. Ions
attributable to the samples were not discernible from background at concentrations
lower than this.
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The addition of such small organic molecules as l-thioglycerol™, oxalic
acid™, or mercaptoacetic acid*? allowed this curve to be extended 1o about U. fuM
in the glycerol matrix; however, these additives contributed to an mcreased back-
ground in the mass spectra. The addition of small amounts of such inorganic salts
as sodium chloride or potassium chloride gave rise to (M + Nay' and (M + K)'
ions. but also began to suppress the mtensities of ions belonging to the samples (see
Figs. 2A and 2B). Even at modest concentrations of the salt. complete suppression
of the molecular-ion species. as well as of the alkali metal-attachment species. was
observed (see Fig. 2C). Similar results were obtained on using a silver sample
probe-tip**. However, the addition of certain inorganic salts to the sample matrix
should not be ignored, as important information can be extracted from the mass
spectrum under carefully controlled circumstances. For example, a protonated
molecular ion (M + H)*' was obscrved for raffinose at m/z 505 (see Fig. 2A). An
ion of lesser intensity appears at //z 527, corresponding to the sodum-attachment.
molccular ion of raffinose. 1ts presence indicates residual sodium in either the sam-
ple, or the water used to dissolve the sample. or both. It i« quickly perceved that
the quality of the f.a.b.—mass-spectral data will be dependent upon carcful exclu-
sion of such unwanted impuritics. as sodium salts, in order that interpretation of
the data procceds unhindered.

Conversely. controlled inclusion of such impuritics may. under ceriain cir-
cumstances, serve to aid in the interpretation of the data. The addition of a small
proportion (0.05% . by weight) of an equimolar mixture of sodium chloride and
potassium chloride to the sample matrix gave rise to 1ons corresponding to sodium-
and potassium-attachment. molecular ions of raffinosc at m/z 527 and 543 (sec Fig.
2B}. The feature to note is that the protonated molecular-ion. although still pre-
sent, is substantially lower in intensity in the presence of the added salts. Further-
more, the appearance of jons at m/z 527 and 543, which are 22 and 38 amu greater
than the protonated molecular-ion, would indicate the attachment of sodium and
potassium, respectively, to a single, molecular species. If approached as an un-
known, the molecular weight of raffinose could be inferred. as the two ions, sepa-
rated by 16 amu, would most probably carrespond to sodium- and potassium-at-
tachment ons of a single species.

For the identification. quantification, and modificauon of carbohydrates.
there are many chemical reactions that use copper or silver, or their oxides, as rea-
gents. In view of these circumstances, it would then be most approprate to use a
sample probe-tip that would present an inert surface to the sample matrix. We
therefore chose to plate the sample probe-tip with gold. On re-examination of the
oligosaccharides. it was found that the standard-dilution curve could be obtained
with excellent linearity to a concentration of <10uM n the glycerol. without the ad-
dition of small organic compounds or inorganic salts.

The underivatized oligosaccharide isolated from the hydrofluoric acid hvdro-
lyzate of the pneumacoccal capsulat polysaccharide type 18C was then examined
by f.a.b—m.s.'. It had already been determined that the composition of the
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oligosaccharide was (Glc: Gal:Rha in the ratios of 3:1:1. Also, it was found that the
oligosaccharide was only partially glycerated (~25%). reflecting. perhaps, an acid-
sensitive linkage in the original compound. It could then be expected that a simple
mixture of various forms of the oligosaccharide would be examined. A reasonable
cxpectation would be the observation of a protonated molecular-ion corresponding
to the oligosaccharide (without covalently bonded glycerol) at m/z 813, and of a
protonated molecular-ion. corresponding to the oligosaccharide with covalently
bonded glycerol, at m/z 887. However, on the basis of observations regarding the
f.a.b.—mass spectra of raffinose, it was decided to add, to the sample matrix con-
taining the oligosaccharide, a small proportion (0.05% by weight) of an equimolar
mixture of sadium chloride and potassium chloride, in order to aid in the interpre-
tation of the resulting f.a.b.—mass spectrum. It was therefore predicted that, in ad-
dition to observation of a small jon at m/z 813, corresponding to the oligosac-

85§ (M-glycerol+DH-+H)"
877 (M-giyceral+OH+Na)
893 {M-glycerol+OH+K)*

813 (M-glyceral ~0Ac+2 OH+H)*
835 (M-glycerol—0Ac+2 OH+Na)"
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CH,0H  CH,OH  CH,OH

Q, O/—Q 0, HO 0
H OH OH +
Ny ) @AHOCHE
HO |
OM o QH O OH Il cHoH
CH,0H :
° | CHOH
i
HO
e PR ]
OAG .
929 (M+H)
951 {(M+Na}
267 (M+kyT

877

-
=
L=

©
=]

@
=

n
S

o

Reiative intensity
8

BOO 820 840 860 880 900 920 940 360 980 1000
miz

Fig. 3. F.a.b.~mass spectrum of the oligosaccharide 1solated from the hydrolyzate (60% aqueous hy-
drofluoric acid) of pneumococcal capsular polysaccharide type 18C.



250 L R PHILLIPS, (3 NISHIMURA. B A TRASIR

charide without covalently bonded glycerol. the sodium- and potassium-attach-
ment ions, at mm/z 835 and 851, should also be present. Similarls . it was predicted
that jons at #1727 909 and 925, corresponding to the sodium- and potassiume-attach-
ment fons of the oligosaccharide with covalently bonded ghveerol. should alsa be
present.

Therefore. an aqueous solution of the oligosacchande (20 gyp) was added to
glycerol that contained sodium chlonde and potassium chloride (0.0577 by weight).
The sample mixture was placed on a gold-plated copper sample-stage, mtroduced
into the mass spectrometer. and bombarded with 9 keV xenon stoms. Fig. 3 dis-
plays the mass range corresponding to the region of the molecutar on expected tor
a pentasaccharide. The sample was scanned to sdz 3000; however, there were no
ions farger than sz o 1000 that possessed o signal-to-noise rato =201 The provious
predictions of particular wns were, indeed. found to be valid Howeser, attention
was immediately drawn to the intense ions at sz 877 and 823, The mass differencge
of 16 amu between these mtense ions would ndicate the presence of a single
species that contains an added sodium atom (o2 877), or an added potassium atom
{7’z BO3). The metal-free specics would, therefore, be 854 wmu. and this most
probably  represents a pontisacchande composed of  four Bexoses. one
deoxyhexose, and one (J-acewyt group. Similarly. the jons ot pez 9350 and m 2 967
imply @ sigle species of YR amu that contains an added sodium atom (s 951,
or an added potassaum atom (m/z 967) and most probably represenis o pentasac-
charide composed of onc glyeerol, one deoxyheresyl. four hewost and residues,
and one O-ucetyv] group.

Determination of the monosaccharide Iinkages — Methylation analysis'™ "’
of the uligosaccharide showed four different. partially methylated alditol acetares,
and further supported the conclusion that the sugar residues are pyranosidie. Di-
rect comparison by ghe-mass of authentic 1.5-dis@acetvi-2 3 4 o-tetra-€)-
mathylglucitol o the 1. 5-di-Oacetyl-2 3 46-tetra-t)-methythesiiol found m the
methylation-analysis muivture showed tham to be wdentieal. The prosence of o
1.2.4.5-tetra-O-acetyl-3.6-di-?-methylhexitol indicated o branch point in the
oligosaccharide. The other two alditols were identified as a 1.3 5 tri-Cacetyl-2 4
di-O-methyl-6-deoxyhexitol und a 1 4.5-tri-0-acetyl-2.3.0-tr1-(-methvihexitol.

Determination of the monosuccharide sequence — Phe oligosaccharide was
permethyiated, and analyzed directly by clectron-rmpact mass spectrometry 0 7L
The symbols™ A-K. with lower-case letters a. b, ¢. and d 1o designate the
monosaccharide units {counting from the reducing cnd), are uscd to denote the
fragment ions™ . The portion of the mass spectrum o the mnge at o . > 125 is dis-
played in Fig. 4. The largest jon-infonsity m that region was #e> 187, the aA- o0
of a hexitol at a nonreducing terminus, and was assigned an arbitrary valae of
10077 _ agaionst which. all other ion-intensitics were pormalhiecd  Bascd on the data
from the compositional analysis and f.a.b.~mus L1t was expected that - 1123 and
1036 could be present, representative of the per-flmethylared ohiposaccharide
with and without covalently bonded glveerol. However, wons corresponding
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Fig. 4 Electron-impact, mass spectrum of the per-Q-methylated oligosaccharide isolated from the hy-
drolyzate {60% aqueous hydrofluoric acid) of pneumococcal capsular polysaccharide type 18C. (A
schematic representation of simple cleavage-fragmentations is indicated on the structural formula.)

either the molecular ions (M ™), or to simple losses from a molecular ion such as M
— MeOH or M — CH,0OMe, were of such low intensity as to be indistinguishable
from the background.

Consistent with the results of the methylation analysis, a nonreducing,
hexosyl terminus was confirmed by the presence of the ions corresponding to the
“A” series derived from fission of the glycosidic bond (aA ;. m/z 219; aAl}, aA%, and
aA}, m/z 187; and aAlk, m/z 155). Compositional data for the reduced oligosac-
charide had previously shown an L-rhamnosyl residue to be at the “reducing” ter-
minus, and this was further supported by observation of the ions of the “D” serics,
which subsequently fragment to “J” and “A™ ions (cdDy, »/z 323; cdl}, m/z 249;
and dA,. m/z 189).
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The results of the mcethylation analysis had shown the presence of a branch-
point monosaccharide unit and a L. 4-disubstituted monosaccharide unit. The oc-
currence of the branch-point hexose necessarily indicates that two monosac-
charides be present as nonreducing termini. Because the i-rhamnaose residue had
been established as the penultimate “reducing” end ot the oligosaccharide. the only
remaining monosaccharide te be assigned in the structure of the ohgosaccharide
was the 1 4-disubstituted monosacchande unit. Thus. the fragment series A-K for
the three possible arrangements were first predicted, and then intercompared.

Although some ambiguity exists between the three lists, the presence of cer-
tain ions, and the absence of others. allows an unequivocal determination of the re-
maining sugar units in the oligosaccharide. Cleavage of the glveosidic bond of sugar
b gave rise to a set of intense “AT series ions (baaA, . s 6270 baiA,, m/z 395,
baAl, baAl .z 391 and baA . 2z 359). Additionally, the origsm ot other 1ons in
the mass spectrum may he cxplained by =J7 and “F7 ions dernved from the “B”
series of ions evolving from the monosaccharide residue ~h™ (haali. prz 483 and
19).
Evidence that the branch-point residue and the reducing terminus were separated

baakF!, #1/2 509). and by “F7 jons derived from the molecular ion (h:mF{, (2220
i Y

by a hexose unil was provided by ions corresponding to =§7 and A" jons derived
from the “D” series (bedDd . sr/z S27: bedT), iz 453 and cd ALz 3U3Y,

Periodate oxidation. —- The ohgosacchande was oxidized with periodate.
Methylation analysis of the reduced oxidation-product showed the presence of a
1.5-di-O-acetyl-2.3 .4 6-tctra-(-methvlhexitol and. not uncxpectediy, a 1.2.4.5-
tetra-O-acetyl-3.6-di-O-methvlhexitol. The former suggested that the Q-acetyl
group found by f.a.b.—m.~. would most probably be situated on ()-3 ot the non-
reducing terminal. or the 1.5-di-O-acetyl-2 3 3 6-tetra-Or-methaythevitol residue.
The e.i. mass spectrum of the reduced. permethylated oxidation product of the
oligosaccharide containcd ions of fragments indicative of an intact. 2.3 4 6-tetra-(2-
mecthythexopyranosyl unit. as well as the periodate-derived remmunts of a former
hexopyranosyl unit. Additionally, ions were observed that corresponded 1o the
“ETL G and KT series evolving from the monoszccharide residue b7 0 suggest-
ing that the 2.3.4.6-tetra--methylhexopyranosvl unit (originally contaming an
acetyl group on O-3} is (1—->2)-linked to monosaccharide unit b [baF [ 'z 273
baG (from baaE7), mi/z 305 and bak, . m. = 264,

The acid hydrolyzate of the reduced. oxidized oligosacchande contamed an
equimoelar mixture of D-galactose and L-glucose. When the ohigosaccharide was
pretreated with aqueous tricthvlamine. to effect O-deacetylation, the acid hydroly-
zatc of the reduced. oxidized oligosaccharide contained D-galactose as the prepon-

derant component, indicating that the 1.2 4-tri-Q-substituted hexitol discovered by
the methylation analysis was derived from D-galactose. and that the t4-di- and 1-
substituted hexitols were derived from D-glucose.

Location and substitution of glycerol. — The presence ot glveerol in the de-
phosphorylated oligosaccharide had been demonstrated by fLab. m.s. and by
g.l.c.—m s, analysis of the per-O-acetylated hydrolvzate of the ohgosaccharide.
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Both methods showcd that the oligosaccharide was ~25% glycerolylated, perhaps
reflecting partial hydrolysis of the glycerol during depolymerization of the polysac-
charide. Analysis of the reduced. hydrolyzed oligosaccharide revealed removal of
~80% of the L-rhamnose. This served to confirm that the rhamnose was the penul-
timate residue at the “reducing” terminus, as previously proposed by mass-spectral
analysis of the per-O-mecthylated oligosaccharide. as well as to suggest that the
rhamnosyl residue was glycosidically linked to the glycerol. The oligosaccharide
was per-O-methylated, the product hydrolyzed, the sugars acetylated, and the re-
sulting mixture examined by g.l.c.—m.s. Comparison to synthctically prepared mix-
turcs of partially methylated, partially acetylated glycerol revealed that the
oligosaccharide contained a 1-O-substituted glycerol residue.

Determination of the anomeric cornfigurations. — The per-O-acetylated
oligosaccharide was treated with chromium(VT) oxide®, and the product was hy-
drolyzed with dilute hydrochloric acid. Analysis'' of the hydrolyzate showed that
one glucose residue had been oxidized, indicating the presence of one B-linked
glucose unit in the original oligosaccharide. Treatment of the oligosaccharide with
B-D-glucosidase did not result in liberation of glucosc, indicating that the “non-re-
ducing” terminus was «-linked. When the oligosaccharide was treated with
methanolic sodium methoxide, to effect (-deacetylation, and the product treated
with -D-glucosidase, liberation of glucose was not observed. These results suggest
that the B-linked glucosyl unit found by chromium(VI) oxide oxidation of the
oligosaccharide is the 1.4-disubstituted glucosyl residue situated between the
branch-point galactosc and the penultimate “reducing” rhamnosyl group.

CH,OH CH»OH CH,OH
(e} -0 0O, (=} HO O,
OH OH OH CHa OCH;
HO © CHOH
OM [o] OH (el OH
CH;OH CH,0OH
O,
OAC
HO
OH
1
a-b-Glep-(1—mm 4)-a-D-Galp-( 1--am 4)-4-D-Glcp- (1—=3)-a-L-Rhap- (1—=1}-giycerol
2
1
a-p-Glcp
3

OAC
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The results ot these studies are summarized in 1. the structure tentatively

proposed tor the repeating oligosaccharide of the pneumococcal capsular polysac-
charide type 18C. A complete structure for the repeating ohigosaccharide can only
be suggested from the data thus far available.
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