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ABSTRACT 

The capsular polysaccharide of Klebsiella K33 was subjected to Smith degra- 

dation, and an oligosaccharide-alditol, R, 0.8. was isolated. The purified oligosac- 

charide-alditol was characterized by sugar and methylation analyses, and by mass 

spectrometry as the permethylated derivative, and found to have the following 

structure. 
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Ge~erni. -~~ The h’/t+.virll~~ IO3 polysaccharidr U;IS prcpxcd’ by U 1. 31 t tic 

Institute of Mt’d1c;11 Microbiology and Epidemiology. Linlverzith l.)f Ro\tock. Rose 

tack, German Democratic Republic. and sent to C’~rlunibi;i l;rii\cr41t\ Struclur21 

studies on KM polysaccharldc h;rvc ht,en &scI-ihed’. 

Solvents were of analytical grade, and all were distilled before ust‘. Optical 

rotations wtxe measured with a Yerkin-Elmer spectrclpolartmctcr klc&l Ill. In- 

frared spectra were recorded with ;I Prrkin~-Elmer Model 511 in\frumcnt. ior K;Rr 

pellets. Descending paper-chromatogmphy wilt conduct4 Lit rcjc)m tcbmpt:r;lturr, 

using Schlelcher and Schurll (Krene, X. H ) 5XY green-ribbon iv p;ipcr Sugarx 

were dfetccted with alkaline silver nitrate”. Alditol acrtatcs were prcp;~xcd in the 

usual way’. Gas-liquid chromatograph>~ (g.1.c.) of ,tRdltc~l ;Icct;ttch :md partiall\ 

methylated alditol acetates W;IS performed with a Flrrncgan Y5tIt lmtrumcnt equrp- 

ptsd with a flame-ionization dt‘tector. Separations uerr petlotmcd on %I g/x+. col- 

umn packed with 3’; of SP-23-H) on Gas i’hrom CJ ( lO~~i.!0 I:W~ 1. (;a\--lquid 

chromatography-mars apcctrometry (g. l.c. -rn.Ir I oi aldilol xctatcs and par~~;Al~ 

methylated aiditol acetat<:\ was, pcrtormcd on 3 C’.G. m~cron~n ^‘IFoF ma\!. spec- 

tromcter connected to a Perkin--Elmer Sigma-f gas- liquid chrom;itog: ,~ph having 

the same column 35 for g.1.c Ci.l.c. --m.4 of pcrm&hylated c~li~o~;~c~ch,~~~dc-:~l~litol~ 

was conducted with ;t Flcwfett--Packard 5OX5H in\trumcnt t’qu~ppcd V. lib ‘t column 

(12 m X 0.3) mm i.d.) of OV-I W.C‘.O ‘6’ on fused VIIC;I All m;tsi %Ixxtr;i \r<src 

recorded at 70 eV. 

~~.Ti&ti~Jll of K 3.3 witlr .sotl~wn nlrtrirJrrrodutt~, und Smillr dc~gr.rrurir~frorix. --- I‘0 

a solution of Klehslelln K33 capsular pol~saccharide (1 g) in wcJtt.r ~hi(t tttl.) was 

added 0.3~ sodiutn mrtapcrlodatt: (It50 mL.). and the \olutic)n MX. GtIrrt‘ci In the 
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dark for 120 h at 4”. The excess of periodate was decomposed with ethylene glycol 

(10 mL), and the solution was dialyzed against distilled water, and lyophilized. To 

the polyaldehyde in water (400 mL) was added sodium borohydride (10 g). After 

10 h at room temperature, the pH was adjusted to 7.0 with 50% acetic acid, and the 

solution was dialyzed against distilled water, and lyophilized, to yield the polyol 

(0.8 g). TO a solution of the isolated polyol in water (50 mL) was added M HCI (50 

mL), hydrolysis was allowed to proceed for 24 h at room temperature, and the hy- 

drolyzate was made neutral with sodium carbonate, and lyophilized, and the mate- 

rial was desalted by passage through a column of Biogel P-2. The Smith-hydrolyzed 

material was subjected to preparative paper-chromatography using 9:2:2 ethyl ace- 

tate-acetic acid-water, and the isolated oligosaccharide (Rr 0.8) also gave a single 

spot in paper chromatography using 10: 1:3 I-butanol-ethanol-water; RL 0.8 had 

[(~]a~~ -17”, [(Y]~~~ -9”. [al546 -4”, [(~]~,a -3”, and [(~]~a~ -3”(c 0.3, water). 
Nydrofysis of RL 0.8 - R, 0.8 (1 mg) was hydrolyzed for 20 h at 100” with 

0.5~ sulfuric acid, the acid neutralized, and the alditol acetates prepared. Pyruvate 

was estimated according to Sloneker and Orentas’. 

Methylation studies on RL 0.8. - Methylation of RL 0.8 was effected by both 

the Kuhn”‘~” and Hakomori” methods. To a solution of oligosaccharide RL 0.8 (2 
mg) in N,N-dimethylformamide (0.5 mL) were added silver oxide (300 mg), methyl 

iodide (100 PL), and Drierite (0.5 g), and the mixture was shaken in a sealed tube 

for 16 h at room temperature, centrifuged, the residue washed with chloroform, 

and the supernatant liquor evaporated to dryness. A suspension of the residue in 

chloroform was washed several times with water, and the organic layer was evapo- 

rated to dryness. The methylation procedure was carried out three times, after 

which, no hydroxyl groups were detected by i.r. spectroscopy. 
In another experiment. to RL~ 0.8 (2 mg) dissolved in dimethyl sulfoxide (2 

mL) was added (externally prepared) 2M dimsylsodium (1 mL), and the mixture 

was kept overnight at room temperature, and cooled; methyl iodide (1 mL) was 

added, and the mixture was stirred for 3 h, suspended in chloroform, washed with 

water, and the organic layer evaporated to dryness. 

RESULTS AND DISCUSSION 

Analysis of the oligosaccharide-alditol (R,. 0.8). isolated after Smith degrada- 

tion of K33 capsular polysaccharide, gave a monosaccharide composition of D-ghr- 

case. D-galactose. D-mannose, and erythritol in the ratios of 1.0: 1.1: 1.0:0.7 (see 

Fig. 1); the content of pyruvate was 12.7% (theoretical value, 13.6%). 

R, 0.8 was methylated by both the Kuhn”‘,” and the Hakomorir’ methods. 

and the product, as the partially methylated alditol acetates and as the permethyl- 

ated oligosaccharide-alditol, was analyzed by g.l.c.-m.s. The partially methylated 

alditol acetates of R,* 0.8 corresponded to 2,3,4,6-tetra-O-methylglucose, 2,6-di-O- 

methylgalactose, and 2.3-di-0-methylmannose in approximately equimolar 
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from m/z 275 and 243 by elimination of methyl pyruvate, to give m/z 173 and 141, 

respectively. The fragment m/z 651, originating from m/z 683 (not seen), combined 

with the previous A-series of ions show a di-O-substituted hexose. Further elimina- 

tion from mlz 683 gives secondary fragments of mlz 391,359,447. and 415. The al- 

ditol-containing ions. the J-series’“, m/z 147 and 207, show a tetritol. The next J- 

series, m/z 611, 671 contain the alditol, the di-O-substituted hexose, and the 

pyruvic acetalated hexose. Secondary fragments, formed by elimination of 

methanol from m/z 611. are m/z 579 and 547. Another J-fragment, m/z 555, and a 

secondary fragment, m/z 523, include 2 hexose residues and the tetritol residue. 

The absence of the J-fragment m/z 615 supports the inference that O-3 of the termi- 

nal D-galactosyl group is blocked by engagement in the 3,4-pyruvic acetal. 

The mass spectrum gives no information concerning the relative positions of 

substitution of the branched D-ITIannOSyl residue. However, in other studies’. it 

was found that the D-glucosyl and the pyruvic acetalated D-galactosyl group are re- 

spectively (l&4)- and (l&6)-linked to the D-mannosyl residue. 

The anomeric configuration was shown to be p. in agreement with the nega- 

tive value of the optical rotation ([cy]: -3”). It was demonstrated by Garegg et af.3 
that the pyruvic acetal has the (S) configuration. 

Treatment with strong base during Hakomori methylation did not degrade 

the 3,4-pyruvic acetalated D-galaCtOSy\ unit. This was confirmed both by methyla- 

tion analysis and by g.l.c.-m.s. of the permethylated oligosaccharide-alditol. 

Lindberg et al.’ also found this to be so, when intact K33 polysaccharide was sub- 

jected to methylation analysis. 
Periodate oxidation of the K33 polysaccharide unexpectedly did not decom- 

pose the 4-O-substituted D-glucosyl residue, and the subsequent, mild hydrolysis 

with acid did not hydrolyze the pyruvic acetal group. The reason why the D- 

glucosyl residue is resistant to periodate oxidation could be steric hindrance. or in- 

teraction with the carboxylic acid group of the acetal. Lindberg ef al.’ found that 

this D-glucosyl residue is completely lost when the K33 polysaccharide is carboxyl- 

reduced prior to the Smith degradation. Mild hydrolysis with 0.5~ HCI for 24 h at 

room temperature did not hydrolyze the pyruvic acetal. Previous structural studies” 

had shown that the acetal is hydrolyzed by 0.13M sulfuric acid during 1.5 h at 100”. 

The present data strongly suggest that the oligosaccharide-alditol obtained 

after Smith degradation of the capsular polysaccharide from Klebsiella K33 has the 

following structure. 

P-D-Glcp-( l--+4)-P-D-Manp-(1+2)-Eryol 

r” 3 CO,H 
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