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THE STRUCTURE OF THE REPEATING OLIGOSACCHARIDE LJNI-I‘ OF 
THE PNEUMOCOCCAL CAPSULAR POLYSACCHARIDE TYPE 18C 

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, waq 
shown, by fast atom bombardment-mass spectrometry. to have a molecular weight 
of 928, and to contain an O-acetyl group and a glycerol residue. Information about 
the sequence in the per-O-methylated oligosaccharide was derived from electron- 
impact mass spectrometry. Supporting data were obtained from methyl&ion 
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 pentasaccharidc repeating unit. 

aDGlcp(l~4)~DGal~(l~4)/3DGlcp(l-t3)-~LRha~(~~~)glycerol 
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INTRODUCTION 

Historically, interest in the pneumococcal polysaccharides can be traced to 
the discovery of a mu&n-like substance on cells of Diplococcus pneumoniur by 
Friedltinder’ in 1883. Since then, chemical and immunqchemical investigations 
have resulted in mixture formulations of these capsular polysaccharides for 
prophylaxis of pneumococcal pneumoma ‘. 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 investigatiom of the capsular 
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LKR 213(1 data system (DEC PDP 1104 minicomputer employing the RI‘-11 disk- 
based, operating system). Electron-impact (e.i.) mass spectra were scanned from 
samples introduced vice a 25-m, fused-silica capillary column, wall-coated with SE- 
30 as the stationary phase (Hewlett-Packard). A 2-PL 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 isothermat period, and then 
elevated at X”/min to a final temperature of 250”. The linear velocity of helium 
through the column was 40 cm/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, muss spectrometry. --.-- Mass spectra were recorded with a Kratos 
MS-50 mass spectrometer fitted with a high-field magnetI and equipped with a 
Kratos DS-55 data system (Data General Nova 4X minicomputer, employing the 
RD0S operating system). Electron-impact mass spectra wcrc scanned from sam- 
ples introduced directly into the ion source 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 &A. 

Fast-atom bombardment (f.u. b.), mass spectra’y~2” were scanned from sam- 
ples introduced directly into the ion source as colloidal suspensions in a glycerol 
sample-matrix” (Aha Products, Danvers, MA) placed on a gold-plated copper. 
sample probe-tip; bombardment was with a 40-PA beam of 9 keV xenon (Mathc- 
son, Dorsey, MD) fast atoms generated in a Saddle-Field neutral-beam gun** (Ion 
Tech Ltd., Teddington, England). Some mass-spectral feature-enhancements were 
observed by addition to the sample matrix af a sodium chl~~de-potassium chloride 
mixture22*24 or of small organic compounds2”,t5. 

Anomeric analysis. - The presence of /3-anomeric linkages was determined 
by the method of Hoffman et al. a followed by analysis for neulral sugars”. , 

Individual samples (1-2 mg) of the oligosaccharide were also subjected to en- 
zymic digestionz7 with p-D-glucosidase at pH 4.8, for 3 h at 37”, and the digests 
analyzed for the presence of tiberated 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 mcthanohc sodium methoxide for 1 h at room temperature to ef- 
feet O-deacetylation, and the resulting oli~osacchar~de was similarly subjected to 
cnzymic digestion and analysis. 

RESULTS AND DTSCIJS.SION 

Isolndon and rampo,sitinn of the oligosaccharide. - Pneumococcal capsular 
polysaccharide type 1% has been shown to contain phosphorusiW6, and this was 
confirmed by elemental analysis, the results most pi-obably indicating the presence 
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Fig. 2. F.a.b.-mass spcc~trum of (A) raffino~, (ES) raffinosc with an cquimolar mixture 01 w&urn 
chloride and potassrum chlonde (0.05% by weight) added to the sample matrix: and (C) raffinose wth 
an equimolar mixture nf sodium chloride and potascium chlorldc (5% by wclght) 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 .O mM, in the glycerol sample-matrix. Ions 
attrihulable to the samples were not discernible from background at concentrations 
lower than this. 
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ohgosaccharide was Glc:Gal: Rha in the ratios of 3: 1: 1. Also, it was found that the 
oligosaccharidc 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 
cxpectntion would be the observation of a protonated molecular-ion corresponding 
to the oligosaccharide (without covalently bonded glycerol) at m/z X13, 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 sodium 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 ion at m/z 813, corresponding to the oligosac- 
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Fig. 3. F.a.b.-mass spa%wn of the oligosaccharidf noleted from the hydrolyzate (hfl% aqueuus hy- 
drolkoric acid) of pneumococcal capsular polysaccharide type IKC. 





PNEUMOCOCCAL POLYSACCIIARIDE TYPE 18C 

Fig. 4 Electron-Impact, mass spectrum of the per-O-methylated oligosacchandc isolated from the hy- 
drolyzate (6096 aqueous hydrofluoric acid) 01 pnrumococcal capsular polysaccharide type 18C (A 
rchcmattc rcprruentation of simple cleavage-trapmentations is mdicatrd on the structural formula.) 

either the molecular ions (M+), or to simple losses from a molecular ion such as M 
- MeOH or M - CH,OMe, 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;, WI/Z 187; and aA:, 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” series, 
which subsequently fragment to “J” and “A” ions (cdD,, m/z 323; cdJ\, m/z 249; 
and dA,. m/z 189). 
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Both methods showed 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 rhamnosc was the pcnul- 
timate residue at the “reducing” terminus, as previously proposed by mass-spectral 
analysis of the per-O-methylated 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 synthetically prepared mix- 
tures of partially methylated, partially acetylated glycerol revealed that the 
oligosaccharide contained a I-O-substituted glycerol residue. 

Determination of the anomeric co&pratinns. - The per-O-acetylated 
oligosaccharide was treated with chromium(V1) oxideZh, and the product was hy- 

drolyzed with dilute hydrochloric acid. Analysisi] of the hydrolyzate showed that 
one glucose residue had been oxidized, indicating the presence of one P-linked 
glucose unit in the original oligosaccharide. Treatment of the oligosaccharide with 
P-D-glucosidase did not result in liberation of glucose. indicating that the “non-re- 
ducing” terminus was cu-linked. When the oligosaccharide was treated with 
methanolic sodium methoxide, to effect O-deacetylatinn, end the product treated 
with P-D-glucosidase, liberation of glucose was not observed. Thcsc results suggest 
that the P-linked glucosyl unit found by chromium(V1) oxide oxidation of the 
oligosaccharide is the 1,4-disubstituted glucosyl residue situated between the 

branch-point galactosc and the penultimate “reducing” rhamnosyl group. 
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