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AIXTRACT 

The structure of the capsular polysacchande from KIebszelIa Type 47 has been 
mvestlgated Methylatlon analysis and charactenzatlon of ohgosacchandes obtamed 
on acid hydrolysis were the prmclpal methods used The polysacchande 1s composed 
of tetrasacchande repeating-umts, and a structure for these umts 1s proposed 

INlRODUCTION 

Klebszella have been dlfferentlated mto a large number of serologxally dlstmct 
types, determmed by their capsular polysacchandes or K-antigens Nlmmlch’ ’ has 
determined the sugar composltlons of the K-antigens elaborated by the types l-80 
Full or partial structures have been reported for only a few of these antigens We 
recently reported structural studies of the K9 polysacchande3, which 1s composed of 
L-rhamnose, D-galactose, and D-glUCUrOBlC acid residues In the present commum- 
catlon, structural studies of the K47 polysacchande, which 1s composed of the same 
sugar residues, are reported 

RESULTS AND DISCUSSION 

The polysacchande, isolated as previously descnbed’, had [c&s -46” It did 
not show any slgmficant 1 r absorption m the 1735 cm-’ reson, demonstratmg the 
absence of 0-acetyl or other 0-acyl groups Glucose, galactose, and rhamnose were 
obtained from a hydrolysate of the polysacchande vza hthmm alumlmum deutende 
reduction of the tnmethylsllyl ethers The relative propotions 0 7 1 0 1 7 of the three 
sugars and the presence of two deutenum atoms at C-6 m the glucose were demon- 
strated by g 1 c 4-m s ’ of the derived aldltol acetates D-Galactose and L-rhamnose 
were isolated from a hydrolysate and their configurations were demonstrated by their 
optlcal rotations The D con@uratlon of the glucuromc acid was demonstrated by 
the action of P-D-glucurorudase on the aldoblouromc acid obtained on hydrolysis 
of the polysaccharlde 
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The polysacchande was methylated by the Hakomon procedure6 and part of 
the product was reduced with hthmm alummmm deutende The two samples were 
hydrolysed and the sugars m the hydrolysates were analysed, as then aldltol acetates, 
by g 1 c -m s ’ The results are summanzed m Table I The components were readdy 
Identtied from their retention times and mass spectra 2,3-DALmethyl-D-glucose, 
whch was obtamed only from the carboxyl-reduced product, was ldeuterated at 
C-6 and thus denved from the D-glucuromc acid residue 

TABLE I 

hlElHYL.ETHERS FROhfTHEHYDROLYSATEOFTHEhlETXYLATED(~)AND METHYLATED, 

CARBOXYL-REDUCED (B) CAPS~LARPOLYSACCHARIDEFROH KIebslella TYPE 47 

Sugars0 T* Mole % 

A’ B’ 

2,3+Rha 046 21 23 
2-Rha 1 52 39 29 
2,4,6Gal 2 28 41 26 
2,3-G 539 - 22 

“2,3,4-Rha = 2,3,4-tn-0-methyl-L-rhamnose, etc “Retention time of the corresponding aldltol 
acetate, relatwe to that of 1,5-d~-O-acetyI-2,3,4,6-tetra-O-methyI-~-glucltol on an ECNSS-M column 
at 170” =Average vaIues from three deterrmnatlons 

The results of the sugar and methylatlon analyses suggest that the polysacchande 
contams a tetrasacchande repeatmg-umt composed of one D-galactose residue, two 
L-rhamnose resrdues, and one D-glucuromc acid residue The analysis also gwes 

mformatlon on the posItIons through which the sugar residues are hnked The carboxyl 
reductxon IS often not quantitative, which accounts for the low estimate of D-glucose 
and 2,3-dl-O-methyl-D-glucose 111 the sugar and methylatlon analyses, respectively 
2,3,4-Tn-O-methyl-L-rhamnose and denvatlves are volatde, and part of this sugar 
was probably lost durmg concentration of solutlons 

The polysacchande was subjected to partial, acid hydrolysis and four fractions, 
A,, A,, A,, and A,, contammg acldlc ohgosacchandes were Isolated and Investigated 
(Table It) Each appeared to be homogeneous on paper chromatography The 
fractions were reduced mth sodmm borodeutende and methylated, and the per- 
methylated ohgosacchande aldltol esters of A,, A,, and A, were mvestlgated by 
glc-ms 3*11*12 Systematic studies by Kochetkov*, Bauerg lo, and KWckiimerzll 12, 
and then co-workers, facatated the mterpretatlon of the spectra Portlons of the 
permethylated ohgosacchande aldltol esters were reduced \nth hthmm alummmm 
deuterxde and hydrolysed, the products were reduced with borohycinde and acetylated, 
and the mxxtures of aldltol acetates were analysed by g I c -m s ’ (Table II) 

G I c of compounds obtamed after reduction and methylation of the fractions 
A, and A, showed that each contamed a maJor component (90% or more) There 
was complete agreement between the structures of these components determined by 
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TABLE II 

ACIDIC OLIGOSACCHARIDES OBTAINED ON PARTIAL HYDROLYSIS WlTH ACID OF THE CAPSULAR 

POLYSACCHARIDEFROM KIebsIelIa TYPE 47 

Fraction Yzeld [a]gtg Paper-chromatographlc T,=et MethyIatron anaiyses 
(m,o> (degrees) rnobdrty” 

Al 33 -25 097 

A, 7 -21 0 55 

046 
(at 190”) 

2,3,4-G= = (2 49)d 
1,2,4,5-Rha/ (--) 

2,3,4-G= (2 49) 
2,3,4,6-GaS (1 25) 
1,2,5-Rhd (0 35) 

A3 38 - 0 55 7 0,7 9 
(at 230”) 

2,3,4-G= (2 49) 
2,3,4,6-Gal (1 25) 
2,4-Rha (0 99) 
1,2,4,5,6_GaIf (0 42) 
1,2,5-Rha= (0 3.5) 

A.. 11 - 0 35 - 2,3,4-G= (2 49) 
2-Rha (1 52) 
2,3,4,6-Gal(1 25) 
1 2 4 5 6-Gal/ (0 42) f , , 9 

‘Relatwe to D-glucose bRetentlon time of the permethylated aldltols, relatwe to permethylated 
mehbutol on the XE-60 coIumn =See Table I note a ‘See Table I, note b =Deutenum Iabelhng m the 
6-posltlon ‘Deutenum labellmg m the I-posItIon 

the two methods As the m s of ohgosacchande derrvatlves were analogous to those 
obtamed m a prevrous study3, there IS no need to comment on them Fraction A, 
contamed an aldobrouromc acrd (l), and A, an aIdotnouromc acrd (2) The anomenc 
natures of the glycosrdrc lmkages are evrdent from the low optrcal rotattons of the 
products and from the fact that the aldobrouromc actd was hydrolysed by the actlon 
of a /?-D-glucuromdase 

Fractron A, contained comparable amounts of two components, as demonstrated 
by g 1 c of the reduced and methylated product One of these was chromatographr- 
tally and mass-spectrometrrcally mdrstmgurshable from the aldotnouromc acid (2) 
m A, The m s of the other component, whrch has a higher retention time on g 1 c , 

proved It to be a linear aldotnouromc acrd (3) In agreement wrth thus assignment, 
the aldrtol acetates derived from 2,Pdr-0-methyl-L-rhamnose and 1,2,4,5,6-penta-O- 
methyl-D-galactitol, monodeuterated at C-l, were obtamed in add&on to those 
obtamed from AZ on methyl&on analysrs of borodeutende-reduced A, Fmally, 
methylatron analysis of borodeutende-reduced A, proved rt to contam the aldo- 
tetraouromc acrd 4 as the mam component 

All sugar residues m the polysacchande are pyranosrdrc as demonstrated by 
methylatron analyses of the polysaccharlde (2,3,4-trr-0-Me-L-Rha, 2,4,6-trr-O-Me- 
~-Gal) and the acrdtc ohgosacchandes (2,3,4-D-r-O-Me-D-G, 1,2,5-trr-0-Me-L-Rha) 
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fi-o-GAp-Cl-3)-L-Rha /3-D-GAP-(I---3)-L-Rhap ~-D-GAP-(l-3)-a-L-Rhap<l-3~-o-Gal 

4 

~-o-GAp-(1-3)-a-L-Rhap-(l-3~-o-Gal 
4 
t 

8-O -t,lp 

4 

-3)-p-o-Galp-Cl-4)-a-L-Rhap-(l- 
3 
t 

/9-2Ap 
4 
t 

a-r--Rhap 
5 

The /3-hnkages of the D-glucuromc acid and the D-galactose residues are 
discussed above From the low optlcal rotation of the poIysacchande, It IS Inferred 
that the L-rhamnosldlc residues are a-hnked The change m optIcal rotation of the 
polysacchande durrng acid hydrolysis was followed polanmetncally A steady Increase 
from [cY]~,~ -55+ -4” was notlced during 5 h The mam contnbutlon to this Increase 
can be attnbuted to cleavage of the L-rhamnoadx I&ages, smce these should be the 
most readlIy hydrolysed Imks m the polysacchande The observed Increase m optIca 
rotation therefore supports the assumption that the L-rhamnose residues m the poly- 
sacchande are cc-Imked 

Only a single structure :5) of a tetrasacchande repeatmg-urut IS compatible 
with the combmed evidence presented above 

EXPERIMENTAL 

General methods. - Concentratmns were carned out under dImunshed pressure 
at bath temperatures whxh did not exceed 40” For g 1 c , Perkm-Elmer 900 or 990 
Instruments fitted with flame-lomsatron detectors were used Separations were 
performed on glass columns (180 x 0 15 cm) contamIng (a) 3% ECNSS-M on Gas 
Chrom Q (100/120 mesh) at 170” (for partially methylated aIdlto1 acetates) or 190” 
(for aIdIt acetates) and (6) 3% XE-60 on the same support (for permethylated 
ohgosacchande aIdIt derivatives) For quantltatlve evaluation of the g 1 c , a 
Hewlett-Packard 3370B Integrator was used For mass spectrometry, a Perkm- 
Elmer 270 g I c-m s Instrument fitted with OV-225 S C 0 T columns (for aIdIt 
acetates and partially methylated aldltol acetates) or XE-60 columns was used Mass 
spectra were recorded at an lomsatlon potential of 70 eV, an lomsatlon current of 
80 pamp, and an Ion-source temperature of 80” Paper chromatography was performed 
on Whatman No 1 paper m the solvent system ethyl acetate-acetlc acid-water 
(3 1 1) The compounds were detected with 3% p-amadme hydrochlonde m ethanol 
at 120” OptIcal rotations were recorded usmg a IO-cm micro-cell with a Perkm- 
Elmer 141 mstrnment, and 1 r spectra were recorded with a Perkm-Elmer 257 
Instrument 
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