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ABSTRACT 

The anomeric configuration of the sugar residues of the capsular polysac- 

charide antigen of Staphylococcus aureus M were established by 13C-n.m.r. spec- 

troscopy, and the linkage positions by g.l.c.-m.s. after methylation, indicating a 

~4)-O-(2-acetamido-2-deoxy-a-D-galactopyranosyluronic acid)-(l-4)-O-(2-acet- 

amido-2-deoxy-cu-D-galactopyranosyluronic acid)-(1+3)-O-(2-acetamido-2-deoxy- 

cY-D-fucopyranosyl)-(I+ repeating unit. A taurine residue is linked by an amide 

bond, on the average, to every fourth 2-acetamido-2-deoxy-D-galac- 

topyranosyluronic acid residue. 

INTRODUCTION 

The isolation and identification of the components of the capsular-polysac- 

charide antigen of Staphylococcus aureus M I,* have been previously reported. This 

polysaccharide is composed of taurine, 2-acetamido-2-deoxy-D-fucose, and 2- 

acetamido-2-deoxy-D-galacturonic acid in the molar ratios of 1:2:4. The present 

report describes the anomeric configurations and linkage positions of the sugar re- 

sidues of the repeating unit of the polysaccharide. 

EXPERIMENTAL 

General. - Unless otherwise indicated, the materials and methods used in 

the isolation and identification of the components of the capsular polysaccharide of 
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S. uureus M are the same as previously described . ’ .’ Other materials used in this 

study were obtained from the following sources: sodium hqdndc and sodium 

borohydride from Metal Hydrides Inc. (Beverly. MA 01015); sodium 
borodeuteride and deuterium oxide from Aldrich Chemical Co.. inc. (Milwaukee. 

WI 53233); dimethyl sulfoxide and 3-(dimethylaminopropyl)-1-eth!lcarbodiimide 

hydrochloride from Pierce Chemical Co. (Rockford. IL 611051: and methy iodide 

from Fisher Scientific Co. (Pittsburgh. PA 15219). 

Prtrification of the cccp.sulur polysaccluwidr. - The isolation of S. uureus hl 

polysaccharidc was modified from that previously described’ as follows. Cultures 

were grown in brain-heart infusion broth ( 1000 mL) (Difco L.aboratorics. Detroit. 

MI 48232) in 2-L flasks. Incubation was at 37” on a rotary shaker for 20 h. Cells 

were harvested by centrifugation at IO OOO~q for 30 min and used without washing. 

The packed cells were resuspended in 10’2 trichloroacrtic acid (3--5( ; of the initial 

culture volume) and heated at 85-90” for 30 mln with magnetic stlrring. Cellular dc- 

bris was sedimented by centrifugation at 75 OOOq for 40 min. The pellet was dl- ‘ 

scarded because additional extractions tailed to improve the yield of capsular 

polysaccharide. The yellowish-brown supernatant was dialyzed for 1s h at 1’ with 

several changes of distilled water. 

The dialyzed material was evaporated to dryness in I’~uc). the residue was 

redissolved in a minimum volume of distilled water, and absolute ethanol (4-S vol.) 

was slowly added at room temperature. The resulting precipitate was collected b) 

centrifugation at c 3 000~. The supcrnatant solution was discarded and the pellet 

was carefully dissolved in a minimum volume of 0.5b1 sodium chloride. Slow addi- 

tion of absolute ethanol (4 vol.) again precipltatrd the capsular polysaccharide. 

which was collected by ccntrifugation as described earlier. It was dissolved in a 

minimum volume of distilled water and the solution Iyophilized. This crude mate- 

rial was slightly brown and served as starting material for the isolation of the pure 

polysaccharide. The polysaccharide had the tendency to form clear. thin films in 
test tubes, and it was important to dissolve precipitates hy xigoroux mixing with a 

Vortex mixer in order to prevent losses. 

Amino acid analqse? of the crude material revealed the presence of taurinc. 

3-amino-3-deoxygalacturonic acid. 2-amino-2-deoxyfucose. large proportlons of 

alanine and 2-amino-2-deoxyglucobe, and traces of amino acids dcrivcd from pro- 

tein?. The presence of alanine and 3-amino-2-deoxyglucosr Indicated :t contamina- 

tion by teichoic acid. The yield of crude, lyophilized material WA> appr~>ximatcl) 50 

mg/L. In addition to methods previously used to remove tcicholc acltl’. Including 

depolymerization of the teichoic acid with hot 10% trichloroacetlc acid. various 

chromatographic procedures were tried. The method that conhlstentlq gave the 

best results for the quantitative removal of’teichoic acid from the capsular pol>sac- 

charide was chromatography on QAE-Sephadex A-SO ( Pharmacia Inc.. Piscata- 

way. NJ (18854). A typical puritication is as follows. Dry QAE-Szphades A-50 was 

soaked in 0.01~ hydrochloric acid overnight and a column (1.4 i 26 cm. packed do- 

mensions) was prepared. The lvophilized, crude polysaccharide (100 mg) wax 2 
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dissolved in 0.01~ hydrochloric acid (Wl mL) and any insoluble material removed 

by centrifugation. After loading the sample onto the column, it was eluted stepwise 

with 34 column-volumes each of O.OlM hydrochloric acid, and 0.25M and 0.5~ 

sodium chloride. The QAE-Sephadex A-50 shrank considerably during the sodium 

chloride elution-steps, precluding the use of a concentration gradient. Amino acid 

analysis of the fractions indicated that small proportions of contaminating proteins 

were eluted with 0.01~ hydrochloric acid, teichoic acid was quantitatively reco- 

vered in the 0.25M sodium chloride eluate, and the capsular polysaccharide was re- 

covered in the 0.5M sodium chloride eluate. Salt was removed by dialysis against di- 

stilled water at 4”, and the sample was lyophilized. The final product was a white, 

fluffy product, with a yield of about 20% of the starting, crude material. Complete 

hydrolysis of the polysaccharide was obtained with a mixture of sulfuric acid and 

acetic acid4; amino acid analysis showed the presence of taurine, 2-amino-2- 

deoxygalacturonic acid, and 2-amino-2-deoxyfucose. In the hydrolyzate with hy- 

drochloric acid, some oligosaccharide intermediates were observed, owing to in- 

complete hydrolysis. All other amino acids were absent, and this pure material was 

used in all subsequent studies. 

Chromatographic procedures. - Amino acid analyses were performed with 

a Beckman 121 C automated amino acid analyzer as previously described’, except 

that it was equipped with a Spectra Physics 4000 integrator. T.1.c. was performed 

on Eastman thin-layer chromatograms (13254 cellulose). In addition to the previ- 

ous solvent systems’, 5: 1:3 (v/v) pyridine-butyric acid-water was used. This sys- 

tem was especially good for separating the components of the hydrolyzed polysac- 

charide. G.1.c. of alditol acetates was performed with a Perkin-Elmer Sigma I gas- 

liquid chromatograph equipped with a 10-m OV-225 capillary column; the initial 

column temperature of 180” was held for 5 min after sample injection, and then in- 

creased l”/min to 210” where it was held constant. 

Chemical procedures. - Carbodiimide reduction of 2-amino-2-deoxygalac- 

turonic acid into 2-amino-2-deoxygalactose residues was performed with the car- 

bodiimide procedure of Taylor and Conrad’ using sodium borodeuteride. The 

reaction was monitored by both t.1.c. and amino acid analysis of hydrolyzed sam- 

ples. In both systems, 2-amino-2-deoxygalactose was resolved from other compo- 

nents. 

Removal of taurine residues from the polysaccharide, prior to methylation 

analysis, was carried out as follows. Carbodiimide-reduced (2 cycles) polysac- 

charide (30 mg) was treated with M sodium hydroxide-M sodium borodeuteride’. 

After completion of the reaction, the sample was acidified at 4” with acetic acid to 

neutralize sodium hydroxide and to decompose the excess of sodium 

borodeuteride. After evaporation of the sample to dryness in wcuo, several addi- 

tions and evaporations of methanol removed boric acid. The residue was dissolved 

in water by sonication and the solution passed through a Sephadex G-25 column (1 

x 50 cm) with water as eluent. Fractions (2 mL) were monitored with a spec- 

tropolarimeter ( Autopol III, Rudolph Research, Fairfield, NJ 07006). Optically ac- 



tive fractions emerged before the salt fractions were pooled and I!ophilizcd. The 

ciution pattern of the dctaurlnated polvsaccharidr from the Scphadcx G-3 column 

indicated that considerable ~izpolvmerization had occurred during the rcmo\,al of 

taurinc. Amino acid analvas \howrd the quantltatkc removal 01 taurine. ‘I‘he car- 

bodiimidc-rcduccd. dctaurinated poiysaccharidc wax aelectl\ci> .V-,rcet!,lrrted uith 

acetic anhvdride and sodium h~drugencarhonate~ at room trmpcraturr. After- rc- 

movai of sodium ion\ by passage through a Dowes .SO(H + ) cc~1un111 ((I.3 x 10 cm). 

the sample was iyophiiizcd. and then subjected to an additional cycle of reduction 

by the carbodiimide proccdurc. this time with sc>dlum borcJh!;dridc. to rc,ducc the 

carboxvl groups lihcratcd by the rerno\4 ot taurlnc. Salts and carhociiimidc rcac- 

tion products were r-cmovcd by passage through the Do~veu-5(t(IJ ’ ) column. I’he 

lyophilized product is slightly brownish. and the amino acid ;rnal!si\ showed the 

presence of 2-amino-I!-deoxygaiactose. Il-amino-l-dcoxyfucose. and a small 

proportion (5% ) of unrcduccci I- amino-2-deoxygalacturonic acid. 

~Welt~~irrfiorz ati(l!\‘st’5. -- Reduced, drtaurinatcd matef-ial ( l-5 mg) was sub- 

jected to methylation with sodium incthvlsuitinclniethvlide and mcthvl iodidcs.“. 

The methylated material was purified by partition rn chl~trc~forfn--.~~atcr. followed 

by gel filtration on Sephadcx LH-20 (Pharmacia) m acetone. On the basis of optical 

rotation. individual fractions were pooled and evaporated to dryne\\. Each snmplc 

was hydrolyzed” with giac~al acetic acid (2.60 ml.) and 711 5uifuric acid’ (0.40 mL) 

for 10 h at 100”. Acetic acid ~a> removed by repeated codistiliati~~n wlth uater. not 

allowing the sample volume to fall below 0.4 mL. Attcr neutr:~lizltlc~n with \oild 

barium carbonate, the monomers were reduced with xodium ix~rodeutcridc and 

acetylated with acetic anh~dnde--pvridine” to form the mrthqiatcd aidltoi acetate\. 

C‘rrrhowI.7 t1.m. r. ~I~I~I~~~.sIS 01. cups~d~rr r”!\‘\N(.‘.1lllrrrl(’ I he proton-de- 

coupled ‘3C-n.m.r. spectrum of the capsular poiysaccharide U’II\ irecorded at 22.5 

MH7 with ;I JELL_ FS-4OO Fourier-transiorm NMR q!ctromcter. quipped with 

a 5-mm insert. The <pectrum was obtained fol- ;I solution of the poi\~~charide in 

deuterium oxide (60 mgimL_) at 90”. I,, use of ;I 57” pulse, 5OOO-f17 spectral-width, 

1.0-s repetition rate. S193 data points. 181 000 scans. and heteronuclear noisr-de- 

coupling. Similar condition\ were cmpioycd for the proton-coupicci qxctrurn. cx- 

cept that the repetJtion I-ate &;I\ 0.6 5 (0.4-s acquisition and O..?-\ &la> ). 13X 000 

scans were taken. and the decoupicr was gated-off during data xquixltion. I‘he 

spectra were standardized against the signal of the methyl goup (8 1 .h) of aceto- 

nitrile in deutrrium oxide, in ;I separate run. 

Comhitzcd g.l.c.--tn s.-- Analysis of nlditoi acetates WI\ carned out with an 

LKB model, 9000 gas chromatograph-mass spectrometer. equipped with ;I 3“; 

OV-25 column (2 mm x IX0 cm). and with helium as carrier gar. The initial trm- 

perature of 180” was held for 5 mln after Injection, then incrrascci b! Ymln IO 220”. 

and thereafter held constant. The temperature of both the moiecul? separator and 

ion source *as 750”. The energy of the bombarding electrons ~a\ 70 t%V and the 

ionizing current was 60 PA. Mass spectra were recorded ulth ;I xxn \pced of 4-6 

s (rniz W-450). All data were acquired and reduced with a PDP.“I? computrr. 
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RESULTS AND DISCUSSION 

Identification of anomeric configuration of the sugars residues of the polysac- 
charide by 13C-n.m.r. spectroscopy. - Previous studies’-3 established that the S. 

aureus M capsular polysaccharide contains 2-acetamido-2-deoxy-D-galacturonic 

acid, 2-acetamido-2-deoxy-D-fucose, and taurine in the molar ratios of 4:2: 1. A di- 

saccharide was isolated and characterized by g.l.c.-m.s. as O-(Zacetamido-2- 

deoxy-D-galactopyranosyluronic acid)-(l-+3)-2-acetamido-2-deoxy-D-fucose. The 

anomeric configuration of the linkage could not be established with the g.l.c.-m.s. 

technique. 

The present investigation has established the anomeric configuration of the 

sugar residues in the polymer, and the position of the linkages. When a sufficient 

amount of material is available, optical rotation is a suitable method for deducing 

the anomeric configuration of sugars. Optical rotation was used for the characteri- 

zation of 2-amino-2-deoxy-D-galacturonic acid and 2-amino-2-deoxy-L-fucose ob- 

tained from the polysaccharide’. 

In recent years, ‘H- and 13C-n.m.r. spectra have been used extensively to de- 

termine the anomeric configuration of carbohydrates. ‘H-N.m.r. spectra of car- 

bohydrates’“-‘* are often complex due to the many protons in the structures. As- 

signment of configurations is complicated by the fact that whereas the anomeric re- 

sonances are well separated from the signals of the other protons, they fall within 

a narrow range with some overlap between the values observed for LY and p con- 

figurations. In cases where both H-l and -2 are axial, e.g., for the P-D-glucosyl re- 

sidue, secure assignments can be made from vicinal coupling constants. In the pre- 

sent case, no useful information could be obtained from the ‘H-n.m.r. spectrum 

(90 MHz) of the intact capsular polysaccharide. Instrumental advances, especially 

Fourier-transform techniques, have improved sensitivity to such a degree that nat- 

ural abundance, 13C-n.m.r. spectra can be obtained. 13C-N.m.r. spectra of car- 

bohydrates have been used successfully by several investigators’3-‘7. The reso- 

nances for the various carbon atoms are well separated, and the signals for the 

anomeric carbon atoms appear in an area not occupied by those of other carbon 

atoms. Anomeric carbon atoms of pyranoseslh with an (Y configuration exhibit reso- 

nances in the 6 95-103 region, and those with the p configuration at 6 103-108. A 

major advantage of 13C-n.m.r. spectroscopy is that the intact polysaccharide can be 

used without the necessity of isolating intermediate oligosaccharides where the 

composition of the polysaccharide is not too complex. In a test trial with soluble 

starch, six sharp resonances were observed, one for each carbon atom of the re- 

peating D-glucose unit. A single resonance was present at 6 95-103, namely, at 6 

96.04, which was assigned to the known a-D anomeric carbon atom. If both anom- 

ers are present in a polysaccharide, it may still be necessary to isolate intermediate 

oligosaccharides to obtain positive identification. 

Solutions of highly purified samples of S. aureus M capsular polysaccharide 

(60 mg/mL) in deuterium oxide were analyzed by 13C-n.m.r. spectroscopy at 90”. 
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A proton-decoupled spectrum is shown in Fig. 1. The spectrum is complex and 

specific assignments cannot be made for all the individual carbon atoms. The most 

significant signals are the two at 6 95-103. namely, 95.95 and 99.96, which can be 

assigned to anomeric carbon atoms of pyranoses having the u configuration. No re- 

sonances were present in the region for p anomers at S 103-10X. Confirmation of 

the LY anomer assignment was obtained from a proton-coupled spectrum. which re- 

vealed that the one-bond coupling constants ( ‘JC,H) for the two signals were 171 

and 173 Hz, respectively, values that are consistent with structures having equato- 

rial anomeric protons; that is. cy configuration. The coupling constant\ for struc- 

tures in which these protons are in axial position are - IO HL ies> ‘*. The ratio of 

the areas of the peaks at 6 99.96 and 95.Y5 is -2: 1. in agreement wifh the analytical 

data for a ratio of 3-acetamido-2-deouy-D-galacturonic acid to 7-acetamido-2- 

deoxy-D-fucose of 9: I. Therefore. the resonance at 6 99.96 WRS assigned to (.‘- 1 of 
the 2-acetamido-2-deoxy-D-galacturonic acid residues and the resonance at 6 95.95 

to C-l of 2-acetamido-2-deoxy-D-fucose residues. The ‘“C-n.m.r. data thus clearlq 

indicate that all glycosidic linkages in Strain M capsular polvsaccharide arc in the 

cu-D configuration. 

Other assignments that can be made include C-6 of the 7-acotamido-2-deoxy- 

D-fucose residue at 6 16.43 and COCH-, at 6 23.14. The signals of thr two carbon 

atoms of taurine are at 6 36.14 and in the 6 50 region. those of the acctamido-sub- 

stituted C-2 atoms are also in the 6 50 region, and those of the carbon atoms of the 

carboxamide and carboxyhc acid groups are in the 6 175 region The exceptionally 

complex region between 6 60 and X0 is of httle diagnostic valut‘. esccpt that the 

most downfield signals represent carbon atoms bearing glycosvloxy suhstituents. 

Identification of position of linkuges by combirled g. 1. c.--rn.s. umll~sis. - 
Methylation analysis of the reduced and detaurinated polysaccharide gave rise to 
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Fig. 2. G l.c. of methylated aldltol acetates from S~uphylococccts aurcu~ M capsular polysaccharide. 
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Scheme 1. Primary fragmentation patterns from m.s. of methylated alditol acetates: (A)1,3,5-two- 

acetyl-2,6-dideoxy-4-O-methyl-2-(N-methylacetamido)-o-[ l-2H]galactitol, and (B) 1,4.5-tri-0-acetyl-Z 
deoxy-3,6-di-0-methyl-2-(N-methylacetamido)-o- [l ,6,6-‘H3jgalactltol. 



two major peaks in g.1.c. (Fig. 2). The mass spectrum of the first major chromatog- 

raphic peak (A) showed fragments at m/z 43. 75.85. X9.99, 117. 131, 159.275. and 

302. The signals at m/z 131, 159. and 375 (Scheme I) correspond to the primary 

fragments expected”‘.“’ from the derivative of a ;?-acetamido-‘.h-tiideoxyhcxosr 

residue methylated at O-4. The signal at ITI/: 302 corroborates this conclusion be- 
cause it corresponds to M - 60 (acetic acid). Because _ 3-aminc~-3-denx~~D-fucose is 

the only aminodeoxy sugar in the polysaccharide. it can be deduced that the 2- 

amino-2-deoxy-D-fucosyl residues arc linhed l-+3, in agreement with previous 

studies in which a disaccharide containing a 1 -3 linkage was Isolated’ The m.s. of 

the second major chromatographic peak (B) showed primar\, fragments at rnlz 33, 

35, 47, 75. 87, 99. 117, 179, 159, 175. 233. 735, 333. and 33-l. The original 2- 

acetamido-2-deoxy-r>-galacturonic acid residues in the polymer were reduced with 

sodium borodeuteride. whereas those residues that had been detaurinnted were re- 

duced with sodium borohydride. The signals at UZ!Z 332 and 334 thus represent hq 

- 60 (acetic acid) of 3-acrtamido-3-deoxy-di-O-methylhe~ose deri\;rtives not Jeut- 

erated and deuterated at C-6. respectively (Scheme 1 ). The prrscnce 01 signals at 

m/z 45 and 47 demonstrates that O-6 is methylated. and at rni,- 333 and 335 that the 

second methyl group is present at O-3. From these results. it can be deduced that 

the 2-acetamido-2-deoxy-t>-galacturonic acid residues are linked at O-3 in the origi- 

nal polysaccharide. The ratio of the signals at m/z 733 to 1135 was --I :.:. indicating 

that one out of four of the 7-acetamido-2-dcox,-D-gal~ciur~mic acid residues was 

substituted with a taurinc residue. This conclusron is corroborated hq evaminmg 

the ratio of the signals at m/z 173-175, which arose from those at VI/; 2.13 and 1135? 

respectively, by elimination of acetic acicl”‘. agaln -12. There findings arc in ag- 

reement with the analytical data for the polysaccharide’. 

In the area of fully methylated amino sugars &as a small peak having a retcn- 

tion time of 17.69 min (Fig. 7). hlajor fnjz signal\ were at -1.7, 45. 47, 75. X9. 99, 117. 

119. 117. 159. 161, 16.3, 103. 205, X17. 304, and 306. These tragmrnts art‘ consistent 

with a 3,4,6-tri-O-methvl alditol acetate of a 7-acrtamido-‘-de~)x~ heuosr. These 

data indicate that the nonreducing end of the polysaccharidc chain is a 7- 

acctamido-?-deoxy-D-galacturonic acid residue. which 14 in agrrcment v,lth the iso- 

lation of a disaccharide having a _ ‘-acet;rmido-3-de[~x~-c,-fuco~e rcsidutx at the re- 

ducing end and a I?-acctamido-2-deoxy-D-galacturonic acid residue at the non- 

reducing end ‘. 

In the region of the chromatogram corresponding to undermethylated com- 

pounds were two other small. fused peaks having retention times of 21.88 and 

32.52 min. Mass spectra recorded through this double peak shobved fragments that 

suggested the presence of both 3- and h-0-methvl derivatives of ;I -?-dcouv-2-(,V- 

methylacetamido)hexitol acetate. Therefore. the\e two peak\ moat likely represent 

small amounts of I!-acetamido-?-deoxy-r,-galacturonic acid in the polvsaccharide 

that were not fully methylated. 

Data obtained from the two major peaks permit the conclusion that. in the 

polysaccharide. the 2-acetamido-2-deoxv-D-fucose residues are linked ( l-3) and 2 
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2-acetamido-2-deoxy-D-galacturonic acid residues (1+4), and, on the average, one 

taurine residue is linked to every fourth 2-acetamido-2-deoxy-D-galacturonic acid 

residue. No other amino sugar derivative having the distinguishing m/z ion 1.59 was 
detected in the mass spectrogram. 

The results from the 13C-n.m.r. analysis of the intact capsular polysaccharide 

and the g.l.c.-m.s. analysis of methylated alditol acetates of the hydrolyzed 

polysaccharide permit the conclusion that the repeating unit is a trisaccharide hav- 

ing the structure ~4)-0-(2-acetamido-2-deoxy-c-D-galactopyranosyluronic acid)- 

(1~4)-0-(2-acetamido-2-deoxy-ar-D-galactopyranosyluronic acid)-(l-4), 0-(2- 

acetamido-2-deoxy-cY-D-fucopyranosyl)-( lL+ (1). The smallest unit that will accom- 

modate one taurine residue is a hexasaccharide, and its exact location is unknown. 

COZH 

1 I 

CONH (CH&SOjH 
I 

Hi4Ac 

The 13C-n.m.r. spectrum of the polysaccharide was complex and further 

study is required to make specific assignments for all the individual carbon atoms. 

Fortunately, the resonances for the anomeric carbon atoms could be assigned un- 

ambiguously to the C-l atoms of the 2-acetamido-2-deoxy-D-galacto- 

pyranosyluronic acid and 2-acetamido-2-deoxy-D-fucopyranosyl residues, both 

having clearly the a-D configuration, This finding eliminated the necessity of isolat- 

ing intermediate oligosaccharides for determination of the anomeric configura- 

tions . 

Alkaline instability of the carboxyl-reduced polysaccharide, with attendant 

sample losses, was observed in both the detaurination and methylation steps. Also, 

low yields of methylated amino sugars were experienced on g.l.c.-m.s., a finding in 

common with those of other investigators -21~23 In spite of the low yields, the mass- 



spectral data were unambiguous and, combined with the anomeric configuration 

data from “C-n.m.r. spectrometry. permit the assignment of the repeating se- 

quence as 1. 

Several staphylococcal, capsular polysaccharides have been described. Jn ad- 

dition to Strain M used in this study. other strains and their compositions include 

the Smith Diffuse containing I.-alanine and 2-amino-2-deoxy-D-glucuronic acid”. 

the T containing 2-amino-2-deoxy-[I-fucose and 2-ammo-2-deoxy-D-mannuronic 

acid2”, the 7007 containing 2-amino-2-deoxy-D-fucose and 2-amino-2-deoxy-D- 

mannuronic acid2’. and the 11 containing mamly 2-ammo-2-deoxygalacturonic 

acidZ7. There are other reports of encapsulated staphylococci scattered in the liter- 

ature, but capsular materials of these organisms have not been rigorously charac- 

terized. Hanessian and Haskell” methylated the Smith Diffuse. carboxyl-reduced, 

capsular polysaccharide and established that the linkages were (l-4). On the basis 

of the high-negative. optical rotation of the intact polysaccharide. they proposed 

that the anomeric configurations of the residue was P-D. These results have not 

been confirmed by other methods and are in contrast to the O-D linkages found for 

the Strain M polysaccharide. However. the results appear to indicate that 

staphylococci are capable of synthesizing capsular polysaccharides containing both 

(Y- and P-D-linked residues. 
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