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ABSTRACT 

The capsular polysaccharide from Aerococcus viridans var. homari has been investigated, using 
n.m.r. spectroscopy, methylation analysis, and specific degradations as the main methods. The polysaccha- 
ride is composed of tetrasaccharide repeating-units having the following structure. 
+ 3)-p-D-QuipNAc-( 1 + 3)-/?-~-GkpA-( 1-t 3)-cr-L-AltpA-( I+ 

4 

4-O-L(S)-l-carboxyethyl]-P-D-Glcp 

In this structure, D-QuiN stands for 2-amino-2,6-dideoxy-D-glucose (quinovosamine). Two of the three 
acidic sugars found, namely, L-altruronic acid and 4-O-[(a-1-carboxyethyll-D-glucose, have not been found 
in any other natural source. As evident from the n.m.r. spectra, the L-altruronic acid is not present in the ‘C, 
conformation, but flips to a conformation close to this on carboxyl reduction. 

INTRODUCTION 

The Gram-positive bacterium Aerococcus uiriduns var. homari (formerly GU#JCJPU 
homuri) is highly pathogenic to lobsters. It causes a disease that is commercially costly 
with a high fatality rate when the lobsters are kept in corfs. It has been found that 
virulent strains are heavily encapsuled, whereas avirulent strains have minimal capsular 
material’. We have previously demonstrated that the capsular material is an acidic 
polysaccharide, and have isolated and identified one of its sugar components as 
4-O-[(S)-1-carboxyethyll-D-glucose2. This sugar has not been found elsewhere in Na- 
ture, but the corresponding 4-O-[(R)-1 -carboxyethyl]-n-glucose is a component of the 
O-antigen from Shigellu dysenteriae type 3 (ref. 3) and the Klebsiella type 66 capsular 
polysaccharide“. We now report on further structural studies of the capsular poly- 
saccharide from A. viriduns var. homuri. 
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RESULTS AND DISCUSSION 

The crude capsular material was prepared as described2, treated with DNAse and 

RNAse, followed by proteinase K, and then further fractionated by anion-exchange 
chromatography to yield the pure polysaccharide (PS). 

The 13C-n.m.r. spectrum (Fig. 1) of the PS contained, inter alia, signals for four 
anomeric carbons (Table I), indicating a tetrasaccharide repeating-unit. The spectrum 
also contained four signals for carbonyl carbons at 6 175-180, indicating the possible 

presence of uranic acids, and three signals for methyl groups, one of which could be 
assigned to an N-acetyl group. 

The ‘H-n.m.r. spectrum (Fig. 2) contained, inter alia, signals for four anomeric 
protons (Table I). The spectrum also contained signals for one N-acetyl group and two 
methyl groups at 6 1.38 and 1.36. The former methyl signal was coupled to a proton 
signal at 6 4.04. This spin system could be assigned to 
4-0-[(S)-1-carboxyethyll-B_D-glucopyranosyl residue. 

the carboxyethyl group of the 

I I 1 I 1 
200 l!iO lb0 i0 p.p.m. 

Fig. 1. 67.8-MHz “C-n.m.r. spectrum of the capsular polysaccharide from A. viriduns. 

0 

I”“““‘,“““~,,,““““,,““““‘,““,““, 
6 5 4 3 2 p.p.m. 1 

Fig. 2. 400-MHz ‘H-n.m.r. spectrum of the capsular polysaccharide from A. uiridms. 
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The signals from all protons and carbons (Table I), except those given by the 

carboxyl acid carbons, could be assigned by 2D-n.m.r. methods. The spin system 
containing an H-l signal at 6 4.99 showed large coupling constants for all ring proton 

signals, and coupling between H-5 and a methyl group. These data, together with the 
C-2 signal at 6 55.98, demonstrate that the signals are derived from a 2-acetamido-2,6- 
dideoxy+glucopyranosyl residue. Another spin system, containing an H-l signal at 6 

4.60, also showed large coupling constants for the ring proton signals and also coupling 
between H-5 and two H-6 protons. The chemical shifts of the proton and carbon signals 
agreed well with those given by a 4-substituted /l-glucopyranosyl residue, and, conse- 
quently, the signals could be assigned to a4-0-I(S)-l-carboxyethyll-j?-D-glucopyranosyl 
group. The two remaining sugar residues gave no H-6 signals and were tentatively 

identified as uranic acid residues. 
In order to facilitate the sugar and methylation analysis, the PS was carboxyl- 

reduced. Hydrolysis of the product, reduction with sodium borohydride, and acetyla- 
tion yielded the acetates of a 1,6-anhydrohexopyranose, glucitol, another hexitol, 
2-amino-2,6-dideoxyglucitol, and 4-O-[(s)-2-( 1 -hydroxy)propyl]-D-glucitol in the rela- 

tive proportions 0.36: 1:0.47:0.41:0.92, as revealed by g.l.c-m.s. The retention times for 
the acetylated 1,6-anhydrohexopyranose and the hexitol agreed with those given by 
1,6-anhydroaltropyranose triacetate and altritol hexa-acetate. An equilibrium between 

altrose and its 1,6_anhydropyranose derivative was established in dilute aqueous acid, 
which yielded - 57% of the latter sugar’. 

The absolute configurations of the sugars were determined by the method of 
Gerwig et aL6, and were D-glucose, L-altrose, and 2-amino-2,6-dideoxy-D-glucose. The 
fourth sugar had already been identified as 4-O-[(S)-2-(l-hydroxy)propyl]-D-glucose*. 

On hydrolysis of the native PS and analysis as above, 2-amino-2,6-dideoxygluci- 
to1 and glucitol were present in the ratio 1.8: 1. Glucitol was formed from glucofuranuro- 

no-6,3-lactone by reduction with sodium borohydride. Because altruronic acid does not 
lactonise, no altritol was formed. 

Methylation analysis of the carboxyl-reduced PS demonstrated that, in the native 

PS, one of the hexuronic acids was linked through O-3 and the other through O-3 and 
O-4, and the quinovosamine through O-3, and that the 4-0-[(S)-l-carboxyethyll-p- 
glucose was terminal. 

The 13C-n.m.r. spectrum of carboxyl-reduced material showed, inter alia, signals 
for four anomeric carbons (Table I). Three of these had ‘,Tc,n values between 161 and 165 
Hz, and the fourth had ‘JC,” 169 Hz. The only carboxyl signal, 6 175.01, was assigned to 
the N-acetyl group of the QuiNAc residue. The ‘H-n.m.r. spectrum of the carboxyl- 
reduced PS contained, inter ah, signals for four anomeric protons, three with large 
coupling constants, 3JH,H 7.9-8.4 Hz, and one with ‘JH,” 4.0 Hz. The three former signals 
could be assigned to the 2-acetamido-2-deoxy$-D-glucopyranosyl residue, the /I-D- 
glucopyranosyl residue, and the 4-O-[(q-2-( l-hydroxy)propyl]+-D-glucopyranosyl 
group. The fourth could consequently be assigned to the L-altropyranosyl residue, and 
analysis of the spin system showed that it was a-linked and present in a conformation 
close to ‘C, (1). 



POLYSACCHARIDE FROM ~erOCoCCus UiridUm 149 

HO 

The sequence of the sugars was determined by NOESY spectra of the native PS 
(Table II) and of the carboxyl-reduced PS. Cross-peaks were observed between the H-l 
signal of a-L-AltpA and the H-3 signal of /3+QuipNAc, and between the H- 1 signal of 
/?-D-GlcpA and the H-3 signal of cl-L-AltpA. A cross-peak of low intensity was observed 
between the H-l signal of B-D-QuipNAc and the H-3 signal of /3-D-GlcpA. That 
P-D-G~c~A is linked to O-3 of ct+AltpA was further confirmed by a corresponding 
weak signal in the NOESY spectrum of the carboxyl-reduced PS. These results establish 
the partial structure 2, which represents the linear part of the PS. 

--+ 3)-8-D-QuipNAc-( 1 + 3)-p-~-GlcpA-( 1 +3)-a-L-AltpA( 1 + 
2 

That the 4-0-[(s)- 1 -carboxyethyl]-/3-D-glucopyranosyl group is linked to O-4 of 
one of the hexuronic acids was established by results from NOESY experiments in 

conjunction with the methylation analysis. A weak n.0.e. between the H-l of this group 
and the H-4 of p-D-GlcpA indicated linkage to O-4 of the latter residue, and this 
inference was confirmed by a corresponding n.0.e. observed for the carboxyl-reduced 
PS. The considerable downfield shift (6 75.09) of the C-4 signal for the B-D-GlcpA 
residue, compared to the chemical shift of the corresponding signal’ (6 72.3) for methyl 
@-o-glucopyranosiduronic acid, is also in agreement with this conclusion. It is conclud- 
ed from the combined results presented above that the capsular polysaccharide elab- 

orated by A. uiridans var. homari is composed of tetrasaccharide repeating-units having 
the structure 3. 
-+3)-/3+QuipNAc-(1 +3)-/3-D-GlcpA-( 1+3)-cr-L-AltpA-( 1 + 

4 

t 
1 

4-0-[(s)- 1 -carboxyethyl]-P-D-Glcp 

3 
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TABLE II 

Observed inter-residue n.0.e. contacts for anomeric protons in the native polysaccharide 

Anomeric proton N.0.e. contact 

4.99 (8-n-QuipNAc) 3.86 (8-D-GlcpA, H-3, weak”) 
4.89 (a-L-AltpA) 3.84 @-D-QuipNAc, H-3) 
4.65 @-D-GlcpA) 3.74 (a-L-AhpA, H-3) 
4.60 (4-O-[(S)-I-Carboxyethyll-/I-o-Glcp) 4.01 (B-D-GkpA, H-4, weak”) 

’ N.0.e. contacts were also observed for the carboxyl-reduced material. 

TABLE III 

‘H-N.m.r. data of carboxyl-reduced and Smith-degraded polysaccharide from A. uiridans 

H-I H-2 H-3 H-4 H-5 H-4 H-6 

-+3)-P-n-QuipNAc( 1 + 4.76 3.90 3.73 3.25 3.57 1.35 
+3)-a-L-Altp( 1 + 4.91 3.94 4.09 4.03 4.19 3.79 3.79 
+3)-/%~-Glc~(l+ 4.43 3.44 3.67 3.68 3.49 3.73 3.90 

This structure was further established by subjecting the carboxyl-reduced PS to a 
Smith degradation, by which the terminal 4-O-[(q-2-( l-hydroxy)propyl]-/?-D-glucopy- 
ranosyl group should be removed. The signals in the ‘H-n.m.r. spectrum were assigned 
by H,H-COSY (Table III). Comparison ofthis spectrum with the ‘H-n.m.r. spectrum of 

the carboxyl-reduced PS (Table I) shows that the signals given by the fl-D-QuipNAc 
(except for H-l) and the cr+Altp residues are essentially unchanged, but that those 
given by H-3 and H-4 of the /3-~-Gl~p residue have shifted by 0.3 and 0.2 p.p.m., 
respectively, on removal of the terminal group. 

As discussed before, a-L-Altp in the carboxyl-reduced PS occurs in a ring confor- 
mation close to ‘C,. In the spectrum of the native PS, however, the H-l signal of 
a-LAltpA at 6 4.89 has a 3JH,H value of 7.5 Hz, indicating a conformation in which H-l 
and H-2 are antiparallel. A similar conformational change was observed on carboxyl- 
reduction of the 2-acetamido-2-deoxy+altruronic acid residue in the Shigellu sonnei 
O-antigen polysaccharide8. 

The structure of the A. uiriduns var. homari capsular polysaccharide contains 
some unusual features. Its tetrasaccharide repeating-unit has three different acidic 
sugars and two of these, namely, 4-0-[(s)- 1 -carboxyethyl]-o-glucose and L-altruronic 
acid, have not been found hitherto as components of any other naturally occurring 
material. Most hexuronic and aminodeoxyhexuronic acids are pairs of 5-epimers, e.g., 
o-gluronic and L-iduronic acid or o-mannuronic and L-guluronic acid, indicating that 
epimerisation at C-5 takes place during biosynthesis. The finding of L-altruronic acid, 
which is the 5-epimer of o-galacturonic acid, is therefore not unexpected. 
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EXPERIMENTAL 

General methodr. - Concentrations were performed under diminished pressure 

at 40” (bath) or at room temperature by flushing with air. For g.l.c., a Hewlett-Packard 
5830A instrument fitted with a flame-ionisation detector was used. Separations of 
alditol acetates were performed on an HP-54 fused-silica capillary column, using a 
temperature program from 210” (3 min) to 250” at 3”.min-‘. Partially methylated alditol 

acetates were analysed on the same column, using a temperature program from 190” (3 
min) to 250” at 3’.min-i, and on a DB 225 fused-silica capillary column, using a 
temperature program from 170” (2 min) to 200” at 2’.min-‘, G.l.c.-m.s. was performed 
on a Hewlett-Packard 5970 MSD instrument, using the columns described above. 
Absolute configurations were determined according to the procedure of Gerwig et ~1.~. 

Carboxyl-reduction of the native polysaccharide, by the method of Taylor et aL9, 

was performed twice in order to effect complete reduction. 
Methylation analysis was performed as described”, except that the mixture 

containing the base was stirred for 5 min before the methyl iodide was added. The 

methylated products were purified by reversed phase chromatography on Sep-Pak 

C,,-cartridges”. 
N.m.r. spectroscopy. - N.m.r. spectra of solutions in deuterium oxide were 

recorded at 70”, using a JEOL GSX-270 or JEOL GX-400 instrument. Chemical shifts 

are reported in p.p.m., using sodium 3-trimethylsilylpropanoate-d, (6,O.OO) and 1,4- 
dioxane (6, 67.40) as internal references. COSY, relayed COSY, NOESY, phase- 
sensitive COSY, and C,H-COSY experiments were performed according to standard 

pulse sequences. In these correlation experiments, a 90” mixing pulse was used and, in 
the NOESY experiment, a mixing time of 250 ms. 

Pur@cation of the native polysaccharide. - Following enzymic treatment to 

remove contaminating nucleic acid and protein, a solution of the crude polysaccharide 
in 0.02~ acetate buffer (pH 6.5) was chromatographed on a column of Sephacel-DEAE. 
The column was irrigated with the same buffer and then with a gradient (031~) of 

sodium chloride. Further purification was achieved by chromatography on DEAE 
Trisacryl. The polysaccharide (147 mg) in 0.01~ phosphate buffer pH 6.0 (1 mL) was 
added to the top of a column (1 x 20 cm) of DEAE Trisacryl. Irrigation with the same 
buffer gave a small amount of neutral material, and elution with M sodium chloride gave 
the PS which was recovered by dialysis and freeze-drying (114 mg). 

Smith degradation. - Sodium metaperiodate (215 mg) was added to a solution of 
carboxyl-reduced polysaccharide (45 mg) in 0.1~ sodium acetate buffer (pH 3.9, 25 
mL). The solution was kept for 5 days at 6”, after which ethylene glycol was added and 
the polymeric product was recovered by dialysis and freeze-drying (37 mg). The 
polyalcohol(23 mg) was obtained by reduction with sodium borohydride and conven- 
tional work-up. It was dissolved in 0.5~ trifluoroacetic acid and the solution kept at 
room temperature (N 22”). The hydrolysis of the modified residues was followed by 
‘H-n.m.r. spectroscopy and had proceeded to -90% after 18 h. The solution was then 
diluted with water and lyophilised. The product was fractionated by chromatography 
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on a column of Bio-Gel P-2, to yield two fractions, one polymeric (17 mg) and one of low 

molecular weight (5 mg). 
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