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ABSTRACT 

The structure of the capsular polysaccharide of the recently characterized type 
VI Group B Streptococcus (GBS) has been established using one- and two-dimensional 
homo- and heterocorrelated 'H and I3C NMR spectroscopy. The native polysaccharide 
contains D-glucose, D-gdaCtOSe and sialic acid in the molar ratio 2:2: 1. The structure 
of its repeating unit is: 

-4)-P-D-Glcp-( 1+6)-P-D-Glcp-( 1 +3)-@-D-Gdp-( I+ 
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1072 KOGAN ET AL. 

INTRODUCTION 

Group B Streptococcus (GBS) is a major cause of neonatal sepsis and 

meningitis. l v 2  GBS is classified into serotypes on the basis of type-specific capsular 

polysaccharides and strains isolated from infected infants can usually be classified into 

one of four major capsular types Ia, Ib, I1 and 1112 the capsular structures of which have 

been established. Later it was found that many previously isolated non-typable strains 

also have polysaccharide capsules distinct from those of the four major serotypes. 

Additional serotypes IV and V were isolated4 and the structure and immunochemical 

properties of their capsular polysaccharides More recently another serotype 

(VI) was reported and its pathogenicity and immunochemical properties ~haracterized.~ 

The type VI polysaccharide contained terminal sialic acid residues like all other reported 

GBS serotypes whereas it did not contain N-acetylgluc~samine.~ We now report the 

structure of the type VI polysaccharide. 

RESULTS AND DISCUSSION 

It was shown previously that the type VI GBS capsular polysaccharide was 

composed of glucose, galactose and N-acetylneuraminic acid in the molar ratio 2 2 :  l.7 
In support of these findings, the 'H NMR spectrum of the polysaccharide contained four 

signals associated with the anomeric protons of the constituent hexoses at 4.76 ppm 

(J1,z= 7.7 Hz), 4.71 ppm (J,,2= 7.9 Hz), 4.52 ppm (J1.2= 8.1 Hz) and 4.51 ppm (J1,2= 
8.5 Hz), as well as signals at 2.75 and 1.81 ppm characteristic for the equatorial and 

axial H-3 of the a-N-acetylneuraminic acid. These data indicated that type VI GBS 

polysaccharide was composed of pentasaccharide repeating units consisting of four 

hexopyranoses having the /3-glycosidic configuration and a-N-acetylneuraminic acid. 

In order to facilitate structural elucidation, the type VI GBS capsular 

polysaccharide was desialylated by means of mild acidic hydrolysis prior to its analysis 

by high resolution NMR spectroscopy. Sialic acid cleaved upon hydrolysis was separated 

from the core polysaccharide by dialysis. The resulting core polysaccharide contained 

equimolar amounts of D-glucose and D-galactose. Its 'H NMR spectrum contained, in 

agreement with the composition, four signals associated with anomeric protons at 4.72 
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TYPE VI GROUP B STREPTOCOCCUS CAPSULAR POLYSACCHARIDE 1073 

ppm (J,,*= 8.2 Hz), 4.69 ppm (J1,2= 9 Hz), 4.53 ppm (J1,2= 8.3 Hz), and 4.51 ppm 

(J1,*= 9.2 Hz). Large values of the J1,2 coupling constants indicated that all sugar units 

had a P-glycosidic configuration. 

The hexose components of the repeating unit of the core polysaccharide were 

designated a, b, c and d according to the sequence of their anomeric proton signals in 

the 'H NMR spectrum (Table 1). 2D COSY and 2D TOCSY experiments enabled the 

assignment of the other proton signals, thus allowing the identification of the 

corresponding monosaccharide residues. The low-field location of the H-4 resonance of 

units b and d (H-4b and H-4d) at 3.93 and 4.20 ppm, respectively together with small 

values of the respective J3,4 coupling constants (-3 Hz) characterized these units as 

having the P-D-gdaCtOpyranOSyl configuration. Consequently, units a and c should have 

the ~-D-glUCOpyranOSyl configuration, which was confirmed by the character is ti^'^ 
pseudo-triplet shape of their H-3 signals due to the equal J2,3 and J3,4 coupling constants 

(= 9 Hz) located at 3.79 ppm (unit a) and 3.65 ppm (unit c). In order to provide 

unambiguous assignment of signals in the highly overlapped region of the proton 

spectrum between 3.6 - 3.9 ppm, TOCSY and NOESY experiments were carried out. 

NOESY spectra provided additional proof of the 0-glycosidic configuration of the 

monosaccharide units since all anomeric proton signals gave intensive cross-peaks with 

the respective H-3 and H-5 signals. Complete assignment of the signals in the 'H NMR 

spectrum of the core polysaccharide is given in Table 1. 

The sequence of the sugar residues in the repeating unit of the core polysaccharide 
was established on the basis of the observed interresidual cross-signals in the NOESY 

spectrum. It was observed that H-la gave an intense interresidual cross-peak with H-3d 

and a low intensity cross-peak with H-4d. H-lb gave a cross-peak with H-3a while H-lc 

gave cross-peaks with both H-6 and H-6' of unit a, and finally H-ld gave a cross-peak 

with H-4c. On the basis of these results, the following structure of the repeating unit of 

the core polysaccharide was proposed 

C a d 
-4)-P-D-Glcp-( 146)-P-D-Glcp-( 1+3)-P-D-Galp-( 1- 

3 
t 

b 1  
P-D-Galp 
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1074 KOGAN ET AL. 

TABLE 1. ‘H NMR chemical shift data for the type VI GBS polysaccharide (PS) and 
desialylated core polysaccharide (Core) 

Unit H- 1 H-2 H-3 H-4 H-5 H-6 

PS a’ 
Core a 

PS b’ 
Core b 

PS c’ 
Core c 

PS d’ 
Core d 

PS e’ 

4.71 
4.72 

4.76 
4.69 

4.52 
4.53 

4.51 
4.51 

3.59 
3.59 

3.62 
3.59 

3.34 
3.35 

3.69 
3.71 

3.81 3.64 
3.79 3.65 

4.12 3.95 
3.69 3.92 

3.64 3.65 
3.65 3.67 

3.83 4.19 
3.84 4.20 

1.81(ax) 3.68 
2.75(ea) 

3.64 4.21, 3.88 
3.65 4.21, 3.89 

3.70 3.74, 3.71 
3.72 3.79, 3.76 

3.59 3.97, 3.81 
3.60 3.99, 3.81 

3.73 3.79, 3.74 
3.74 3.79, 3.76 

3.85 3.62 

Additional Neu5Ac signals: NAc 2.05, H-7 3.60, H8 3.88, H9 3.87, and H9’ 3.64 ppm. 

The 13C NMR spectrum of the core polysaccharide contained four signals in the 

anomenc region confirming that it was composed of tetrasaccharide repeating units. 

Complete assignment of the 13C NMR signals was carried out using HMQC and HMQC- 

TOCSY techniques and the observed chemical shifts are listed in Table 2. The 

interglycosidic connectivities suggested by the NOESY experiment have been fully 

confirmed by an independent HMBC experiment that provided correlations between H-la 

and C-3d, H-lb and C-3a7 H-lc and C-6a, and H-ld and C-4c. 

The ‘H Nh4R spectrum of the native sialylated type VI GBS polysaccharide 

showed in addition to the signals observed in the spectrum of the core polysaccharide, 

the signals at 1.81 and 2.75 ppm due to the axial and equatorial H-3 protons of sialic 

acid as well as the signal at 2.05 ppm integrating for three protons due to its N-acetyl 

group. Complete assignment of ‘H NMR signals of the native type VI GBS 

polysaccharide was performed using the above mentioned standard two-dimensional 

methods as well as one-dimensional analogs of the 3D NOESY-TOCSY, 3D TOCSY- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
9
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



TYPE VI GROUP B SZREPTOCOCCUS CAPSULAR POLYSACCHARIDE 1075 

TABLE 2. 13C NMR chemical shift data for the type VI GBS (PS) and its 
desialvlated derivative (Core) 

Sugar residue c- 1 c-2 C-3 C-4 C-5 C-6 

PS a’ 
Core a 

PS b’ 
Core b 

PS c’ 
Core c 

PS d’ 
Core d 

104.30 73.70 84.74 68.70 75.13 69.52 
104.37 73.84 84.82 68.78 75.18 69.62 

103.80 70.53 76.37 68.35 75.88 61.85 
104.16 72.10 73.43 69.45 76.18 61.94 

103.70 73.70 75.13 79.04 75.60 60.87 
103.73 73.66 75.18 79.07 75.62 60.92 

103.40 70.90 82.98 69.10 75.88 61.85 
103.43 70.99 82.92 69.08 75.88 61.94 

PS e’ 174.70 100.70 40.42 69.10 52.53 73.70 

NOESY, and 4D TOCSY-NOESY-TOCSY experiments as described by Uhnn et a1.” 

Assignment of I3C NMR signals was carried out using HMQC and HMBC techniques. 

‘H and 13C NMR chemical shifts of the type VI GBS polysaccharide are presented in 

Tables 1 and 2. 

Sialylation caused a downfield shift of the anomeric proton signal of the galactosyl 

residue b of the core polysaccharide. Thus, for the native polysaccharide, the H-1 
resonance of the side-chain galactose (unit b’) precedes the H- 1 signal of the branching- 

point glucose (unit a’). The positions of the anomeric signals of the backbone glucose 

and galactose were not affected by sialylation and they were designated c’ and d’, 

respectively. The N-acetylneuraminic acid residue was designated e’ . 
Sialylation caused a strong downfield shift of the resonance of H-3b’ from 3.68 

ppm in the core polysaccharide to 4.12 ppm in the native polysaccharide. A similar 

effect was observed also on the C-3b’ resonance (73.43 versus 76.37 ppm). On the basis 

of these observations, it was concluded that in type VI GBS polysaccharide, sialic acid 
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1076 KOGAN ET AL. 

is linked at position 0-3 of the side-chain galactose. Thus, the structure of the repeating 

unit of the native type VI GBS polysaccharide is: 

C’ a’ d’ 
-4)-P-D-Glcp-( 1+6)-P-D-Glcp-( 1+3)-P-~-Galp-( 1- 

3 
t 

b’ 1 

3 
t 

e’ 2 
cr-NeuSAc 

0-D-Galp 

The position of sialylation was independently confirmed by observation of the 

NOE cross-peak between H-3ax of the sialic acid and H-3b’ as well as by a cross-peak 

between C-2e’ and H-3b’ in the HMBC spectrum. The structure of the native type VI 

GBS polysaccharide closely resembles that of the type 111 GBS capsular pol y~accharide,~ 

the only difference being that the a-NeuSAc-(2+3)-P-D-Gal side-chain in type 111 GBS 

polysaccharide is linked to 0 - 4  of 0-D-GIcNAc. 

Despite this high degree of structural similarity, the type VI GBS polysaccharide 

did not cross-react with the serum prepared against type I11 GBS,’ thus demonstrating 

that terminal sialic acid is non-immunodominant. However, further immunological 

experiments in which the desialylated type VI polysaccharide was shown to bind very 

poorly to native type VI pol ysaccharide-specific antibody: indicated that even though 

non-immunodominant in the classical sense, sialic acid is important to the formation of 

the native type VI epitope. This has also been reported for other type-specific GBS 

polysaccharides and has been attributed to the presence of sialic acid-controlled 

conformational epitopes. l4-I6 

MATERIALS AND TVIETHODS 

Materials: The origin of the type VI GBS strain as well as the procedures for 

extraction and purification of its capsular polysaccharide have been previously described 

together with the physico-chemical characterization and monosaccharide composition of 

the poly~accharide.~ 
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TYPE VI GROUP B STREPTOCOCCUS CAPSULAR POLYSACCHARIDE 1077 

Methods: Determination of the absolute configuration of the constituent glycoses 

was performed by a modification of a method described by Leontein et al. ,* in which the 

(-)-2-butyl glycosides of the glycoses were trimethylsilylated and analysed by capillary 

GLC using a Varian Saturn I1 GC-MS instrument equipped with a DB-17 capillary 

column (0.25 mm x 30 m, film thickness 0.25 pm) in the temperature program 150 "C 

to 210 "C at 2 "Chin.  

The desialylated core polysaccharide was prepared by 1 % acetic acid hydrolysis 

of the native polysaccharide for 1 h at 80 "C followed by dialysis and lyophilization. 

Instrumental: The NMR experiments were performed on a Bruker AMX 600 

spectrometer at 600 MHz ('H NMR) and 150 MHz (13C NMR). A 5 mm broad-band 

probe with 'H coil nearest to the sample was used. The native and desialylated 

polysaccharides were run as DzO solutions at concentrations of Smg/mL and all spectra 

were recorded at 295 K in D,O at pH 7.0. The methyl resonance of internal acetone was 

used as reference (31.07 ppm for 13C and 2.225 ppm for 'H). The experiments were 

carried out without sample spinning. Two-dimensional homo- and heterocorrelated 

experiments (COSY, TOCSY, NOESY, HMQC) were carried out as described 

previ~usly.~ In NOESY experiments, a 100 ms mixing time was used. HMQC-TOCSY 

was performed according to Lerner and Bax" and 'H-detected multiple-bond correlation 

(HMBC) experiments were performed essentially by the method of Bax and Summers," 

as previously de~ribed.~ One-dimensional analogs of 3D NOESY-TOCSY, 3D TOCSY- 

NOESY, and 4D TOCSY-NOESY-TOCSY experiments were performed as described by 

Uhrin et al." 
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