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ABSTRACT 

The structure of the capsular polysacchande from KZebszeZZa Type 52 has been 
mvestigated Meihylation analysis, charactenzation by gas-hquld chromatography- 
mass spectrolnetry of ohgosaccharide denvatlves obtamed on part& hydrolysis of the 
metbylated polysacchande urlth acid, and spectic degradation of the methylated 
polysacchande by successive treatments wvlth base and acid followed by characten- 
zahon of the product, were the prmclpal methods used The polysacchande IS 
composed of hexasacchande repeatmg-umts contammg D-glucuromc acid, D-galactose, 
and L-rhamnose, m the ratios 1 3 2 A structure for these umts, drsregardmg the 
anomenc natures of the sugar residues, 1s proposed 

INTRODUCTION 

We have previously reported structural studies of capsular polysacchandes 
from Klebszella Type 9’ and Type 47’ Both these polysacchandes are composed of 
D-glucuromc acid, D-galactose, and r-rhamnose residues The Type 52 polysacchande 
contains the same sugars3, and structural studies of thus polysacchande are now 

reported 

RESUL.TS AND DISCUSSION 

The polysacchande, Isolated as previously descnbed3, had [ali, +42” It did not 
show any sign&ant I r absorphon m the 1735 cm- ’ reDon, demonstratmg the 
absence of O-ace@ or other O-acyl groups Glucose, galactose, and rhamnose, m the 
relahve propofions 1.0 3 0 2 0, were obtamed from a hydrolysate of the poly- 

sacchande UZG reduction of the tnmethyls~lyl ethers1e4 with hthium alumimum 

hydnde Snmlar propomons (1 0 3 1-2 2) were obtamed on analysis of the carboxyl- 
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reduced poIysacchande prepared by the method of Taylor and Conrad’ Glucose 
derived from the glucuromc acid, as this sugar was not obtamed on hydrolysis of the 
origmal polysaccharide Rhamnose and galactose were Isolated from a hydrolysate 
and proved to belong to the L- and D series, respectively. It seems reasonable to assume 
that the glucuromc acid belongs to the D senes 

The polysacchande was methylated by the Hakomori procedure’ 6, and part of 
the product was reduced with hthmm alumimum deutende’ The two samples were 
hydrolysed and the sugars in the hydrolysates were analysed, as therr aldltol acetates, 
by g I c-m s ‘. The carboxyl-reduced matenal was also subJected to methylatlon 
analysis The results of the three analyses (Table I, columns A, B, and C) are consistent. 
The L-rhamnose and D-galactose derivatives are the same in the three analyses. The 
uromc acid residue appears as 2,3-&-O-methyl-D-ducose, dldeuterated at C-6, m the 
analysrs of the methylated, reduced sample, and as 2,3,6-tn-O-methyl-D-glucose m 
the analysis of the reduced, methylated sample 

TABLE I 
hfETHYI.Al-lON ANALYSES OF ORIGINAL AND MODIFIED Klebstella TYPE 52 POLYSACCHARIDES 

Methyloted sup& -P Moie %’ 

A B C D E 

12456Gal 9 s 3 I @42 
3&Rha 092 
53-Rha 098 
2,3,4,6Gal 125 
2,4,6-G& 228 
3,4,6-Gal 2 50 
2,3,6-G 2 50 
4,6-Gal 3 65 
2,3-G 5 39 

Sd = - - - 
17 16 

17 
1W 10 

23 19 16 23 23 
22 16 15 18 26 
26 18 17 21@ 9 
- - - - 19* 
- - 16 - - 
13 17 19 27 5 
- 14‘ - - - 

‘1 2 4 5 6-Gal= 1 2 4 5 6-penta-O-methyl-D-galactitol, 3&Rha = 3,4-d-0-methyl-r-rhamnose, etc , 9 3 , 3 > , 2 
‘Retention tune of the correspondmg al&to1 acetate relative to 1.5-dl-O-acetyl-2,3,4,6-tet-O- 
methyl-D-@ucltol on an ECNSS-M column at 170” ‘Polysacchazlde A, ongmal, B, carboxyl- 
reduced after methylahon, C, carooxyl-reduced before methylation, D, degraded polysacchande 
(see Text). E, degraded, tndeutenomethylated polysacchande (see Text) dMonodeuterated at C-1, 
and tndeutenomethylated at C-l and C-5 =Part of Uus volatde ether and denvatives was probably 
lost dunng work-up *About 10% monodeuteratlon at C-l OAbout 45% monodeuteration at C-l 
‘Tndeutenomethylated at posItIon 3 ‘Dldeuterated at C-6 

The results of the sugar and methylation analyses suggest that the poly- 
sacchande contams a hexasacchande repeatmg-umt composed of two L-rhamnose 
residues, three D-galactose residues, and one D-glucuronic acid residue The results 
&o give information on the positions through which the sugar residues are hnked 

The methylated polysacchande was treated with 90% fonmc acid at 100” for 
45 mm, and the product was reduced \~t.h hthmm almmmum deuteride, remetbylated 
using tndeuteriomethyl lo&de, and analysed by g 1-c-m s.1*2*8-12. The smgle 
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component (l), eluted in the disaccharide region, was shown by m s to be denved 
from an aldobiouromc acrd Thus, the Ion of the Al-type from a fully methyIated 
hexopyranosrde should have m/e 219 *-l 2_ The observed shift to m/e 227 demonstrates 
the presence of e&t deutermm atoms, two at C-6 and SIX in the trideutenomethyl 
groups, known to be located at C-4 and C-6 The m s. further demonstrates, as 
mdrcated m the structure 1 below, that the galactrtol part is substituted at C-3, and 
derives from the branchmg D-galactose resrdue as it contains a trideuteriomethyl 
group at C-2. 

This expenment was repeated, usmg rmlder condrhons of hydrolysis In 
addrbon to 1, another disacchande denvatrve (2) and a tnsacchande denvatrve (3) 
were obtained m the product The drsacchande derrvative 2 derived from D-Galp- 

(1+2)-L-Rhap, and the presence of one trideutenomethyl group m the D-galactose 
residue demonstrated that It had been a chain residue in the origmal polysaccharide 
The trisaccharide derivatrve 3 denved from D-GAP-(1 +3)-D-Galp-(1 +4)-r_-Rhap 
That the D-galactose had been a branchmg residue in the ongmal polysacchande was 
corroborated by the A,-type fragment of m/e 434, obtained by fissron of the galacto- 
sidic hnkage The assignment of substrtution m the L-rhammtol parts of 2 and 3 from 
analyses of the m s was drfficult, as some pertment peaks were weak and appeared in 
regions containing stronger peaks from other parts of the molecules It was, however, 
supported by the degradation experiment drscussed below. 

The course of the partial hydrolyses of the second expenment above was 
followed by complete hydrolyses of the trideutenomethylated products and analyses 
of the mrxtures, as the aldrtol acetates, by g 1 c -m s ‘. Three sugars were tndeuteno- 
methylated to a considerable extent. 2,3,4,6tetra-O-methyl-D-glucose (27%) to 100% 
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at C-4 and C-6, 2,3,4,6-tetra-O-methyl-D-galactose (35%) to -80% at C-3, and 
2,4,6-D-i-O-methyl-D-galactose (12%) to -70% at C-2 This demonstrates that three 
types of glycosrdrc Imkages were more really hydrolysed than the others. Two of 
these are the L-rhamnosldic lmkages, as mdrcated by the decrease in 3,4- and 2,3-dr- 
O-methyl-L-rhamnose (to 11 and 6%, respectrvely) The thud lmkage should be that 
of the terminal D-galactose resrdue, as most of the 2,3,4,6-tetra-O-methyl-D-galactose 
IS labelled and thus derives from other D-galactose denvattves In addrhon to these 
ethers, 2,3,6-tn-O-methyl-D-glucose (8%) 100% tndeuteriomethylated at C-6) and 
small proportions of 4,6-dt-O-methyl-D-galactose, 1,2,4,5,6-penta- O-methyl-D- 
galactttol (100% tndeutenomethylated at posrtrons 1, 2, and 5), and 2,3,4-trr-0- 
methyl-r;-rhamnoses (tndeutenomethylated at posrtrons 2 or 4) were observed The 
tetra-O-methyl-r=rhammtols and the hexa-O-methylgalactitols formed from the 
reducing sugars hberated durmg the graded hydrolysrs are consrderably more volatie 
than the other derivatives and are not accounted for m the analyses -> 

In order to gam further mformatton on sequences, the fully methylated poIy- 
saccharide was subJected to a degradatron that has been applied recently to other 
poIysacchandes contammg uromc acrd resrdues’ 3 Tlus degradation mvolves treat- 
ment wnh base under anhydrous condrtrons, followed by a rmld hydrolysis with acid 
Durmg the treatment with base, the hnkage to C-4 of a uranic actd residue IS broken 
by B-elunmatron The methoxyl group at C-3 in a reducmg sugar thus liberated is 
elmunated m a second p-elnninatron 1 3 l l4_ The unsaturated sugars formed are acid 
labile and new end-groups are formed dunng the mild hydrolysis with acrd. 

Thus, the methylated polysacchande was first treated wrth methylsulphmyl 
sodium in methyl sulphoxlde and subsequently wrth aqueous acetic acid. The product 
then was reduced W&I sodium borodeutende, whereby reducmg sugars generated 
durmg the degradation became labelled at C-l, and ertber hydrolysed (Table I, 
column 0) or trrdeutenomethylated and hydrolysed (Table I, column E), the sugars 
m the hydrolysates were analysed, as theta aldttol acetates, by g I c -m s ’ Part of the 
tndeutenomethylated material was not hydrolysed but mvestrgated by g 1 c “. No 
peak was observed in the disaccharxde regton The rmphcabon of tlus wrll be discussed 
belou The degadatton products obtamed m the ehmmatrons are not accounted for 
111 these analyses Parallel experiments, usmg sodmm methoxlde m anhydrous 
methanol as base13, gave essentmlly the same results From the results of these 
experiments, the p-al structure 4 depicted below (together with its mode of 
degradatron) is mdrcated for the polysacchande 
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OCH3 

HOH 

H3 OCH3 
? 

H C6 

_ ‘$flHoH +H3coo_ + f.l.l;rap:fon 

i)CH3 
4 

The drsappearance of the maJor part of the 3,4-dr-0-methyl-L-rhamnose 
(Table I, columns D and E) demonstrates that the 2-subsututed L-rhamnose resrdue 
IS hnked to C-4 In the uromc acid residue m the ongmal polymer The appearance of 
3,4,6-tn-0-methyl-D-galactose, trrdeuterlomethylated at C-3, and the concomitant 
decrease m the amount of 4,6-dl-0-methyl-D-galactose demonstrates that the uromc 
acid residue IS hnked to posltion 3 in the branclung D-galactose restdue (Table I, 
column E) The for-matron of 2,4,6-trr-0-methyl-D-galactose, deuterated at C-l 
(Table I, column D), or 1,2,4,5,6-penta-0-methyl-D-galactitol, trrdeutenomethylated 
at posrtrons 1 and 5 (Table I, column E), demonstrates that the 3-lmked D-galactose 
residue 1s linked to posrtron 2 of the L-rhamnose residue whxh was decomposed 
during the degradation It IS evident from the analyses that neither the first nor the 
second ,B-ehmmation reaction 1s complete The results nevertheless demonstrate 
partial structure 5 m the polysaccharlde 

--t3)-~-Gaip(l-t2)-L-Rhap-(l~)-D-G~p-(l-t3)-D-G~p-(l~ 

I 
2 
t 

5 
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Ths, and the partial structures 6 and 7, indicated by the pa.rtiaI hydrolysis 
studies, contam a.U the structural elements demonstrated by the methylation analyses, 
except the terminal D-galactose residue That all residues are pyranosidic IS evldent 
from the methylation analysis and the mvestigation of the methylated ohgosacchande 
aIditoIs 

6 7 

Assummg that the polysacchande is composed of hexasacchande repeatmg- 
muts, these part~al structures, wkch III part are overlappmg, can be combmed to two 
possible structures 8 and 9. Of these, 8 should grve a tetrasaccharzde demvative, and 9 
a disaccharide denvative, m the degradation dlscussed above No dlsacchande 
denvative was observed, wkch lends strong support to structure 8 

D-G& 
8 

t 

t 
~Gdp-(l+3)-b-Gdp-(l~2)-L-Rhap-(l~)-~-G&-(l-s3)-D-GaIp 

#L 
2 

F 
L-Rhap 

I 

9 

The methods for sequence analysis used in thus study reqme only small amounts 
of material but Bve no information on the anomenc nature of the sugar residues, 
winch must be determmed by other methods. 

EXPERIMENTAL 

The general methods were essentially the same as III previous mvestigafions’ l 2 
In adchtion to the XE-60 columns, glass columns (200 x 0 15 cm) wntainmg 3 % 
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Deal 300 on Gas Chrom Q (loo/120 mesh) were used for g 1 c and g 1 c-m s of 
permethylated ohgosaccbande aidxtols 

Isolatron of the polysaccharide from KlebsreZIa Type 52 (stram 5759/50) was 
performed as prevrously descnbed3. In the i r spectrum (KBr), no srgn&ant 
absorptron around 1735 cm-’ was observed. The polysacchande showed [or];’ +42” 
(c 0 I, water) 

Sugar and metbylatron analyses were performed by methods prevrously 
described’‘‘’ 4*7*15p16 The locatron of tndeuteriomethyl groups m partially metbyl- 
ated aldrtol acetates by m s was unambiguous and wrll not be drscussed L-Rhamnose, 
C0r1~~ +5O (c 0 1, water), and D-galactose, [a]*’ n -I- 70” (c 0 1, water), were isolated from 
a hydrolysate by paper chromatography_ 

Carboxyl reduction of the polysaccharide’, - I-Cyclohexyl-3-(2-morphohno- 
ethyl)-carbodmrnde-metho-p-toluenesulphonate (1 35 g) was added with sturing to a 
solution of polysacchande (54 mg) m water (50 ml) Three drops of 1-octanol were 
added as an&foam agent and the pH was kept at 4 75 by addttron of 0 01~ hydro- 
chlonc acid. After 2 h, aqueous 2~ sodmm borohydride (25 ml) was added durmg 1 h, 
and the pH was kept at -7 by smmltaneous addition of 4M hydrocblonc acid. The 
solutron was dtalysed for 24 h agamst tap water and freeze-dried_ Sugar analysis 
revealed that -70% of the D-glucuromc acid resrdues had been reduced. The 
procedure described above was therefore repeated. In the twrce-reduced product, 
obtamed m almost quantltatrve yield, essentrally all of the n-glucuroxus acrd resrdues 
had been reduced 

Partzal, acid hydroIy.szs of the methyIated polysacchande - Methylated poly- 
sacchande (20 mg) was treated with 90% formic actd (6 ml) at 100” for 45 mm or at 
70” for 2 h The solutron was concentrated to dryness, and the resrdue was suspended 
in water and freeze-dned A solutron of the product and lrtbium alummmm deutende 
(75 mg) m drcbloromethane (4 ml) and ethyl ether (16 ml) was refluxed for 4 h. The 
product was worked up m the usual manner, dned, and methylated by the Hakomon 
procedure6, using tndeutenomethyl lodlde The methylated material was recovered 
by partrtron between chloroform and water The product was analysed by g 1 c.- 
m s 1*2*8-12 Component 1 had Tme,,b,,tol 0.61 (XE-60 at 200”) and 0 67 (Dexstl 

3OO at 200”) (~melIbi2iol= retentron trme relative to permethylated mebbntol) The 
m s showed, enter alza, the followmg peaks (relatrve mtensrties m brackets) 45(55), 
49(17), SS(lOO), 91(30), 92(21), 96(30), 101(40), 104(43), 136(10), 160(15), 192(12), 
195(79), 227(10), 245(30), and 3050. Component 2 had Tm&bIIIOr 0 55 (XE-60 at 
200°) and 0 57 (Dexsrl3OO at 200”) The m s showed, enter alza, the following peaks 
49(18), 62(36-J, 88(18), 91(77), 101(65), 104(29), 106(23), 187(35), 190(12), 212(100), 
and 222(17) Component 3 had Tmcllblltol 5 5 (XE-60 at 230’) and TECuoCrlltol 0 58 
(Dexsrl300 at 250”). The m s showed, mter alza, the following peaks 49(15), 62(45), 
88(70), 91(5), 93(13), 101(40), 104(55), 137(15), 195(100), 212(42), 227(16), and 434(6) 
Part of the reduced and tndeutenometbylated product from the hydrolysis performed 
at 70” was hydrolysed, and the sugars were analysed, as their aldrtol acetates, by 
glc-ms ‘(seeText) 
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Degradation of methylatedpolysaccharrde wrth base - A solutron of carefully 
dned, methylated polysacchande (25 mg) and toluene-p-sulphomc acid (trace) m a 
mixture (4 ml) of methyl sulphoxrde and 2,2drmethoxypropane (19 1) was prepared 
m a serum vral whtch was sealed wxth a rubber cap The v1a.l was flushed wrth mtrogen 
and kept m an ultrasomc bath for 30 mm before addttron of 2M methylsulphmyl 
sodmm (2 ml) added by means of a syrmge The solutron was agitated m the ultrasonic 
bath for a further 30 mm and kept at room temperature overmght It was then poured 
into water (10 ml) and an excess of 50% aqueous acetic acid was added The solutron 
was extracted witi chloroform (4 x 15 ml), and the extract was washed wrth water 
(5 x 15 ml) and concentrated The product, after treatment with 10% aqueous acetrc 
acid (20 ml) at 100” for 1 h, was recovered by freeze-drymg, and drssolved in a mtxture 
of p-dxoxane (8 ml) and ethanol (3 ml) Sodmm borodeutende (40 mg) was added 
and the solution was kept overmght The nuxture was then treated wrth Dowex-50 
(H+), and bone acrd was removed by repeated drstrllatrons wrth methanol. Half of 
the product was hydrolysed, and the resultmg sugars were analysed, as the aldrtol 
acetates, by g 1 c -m s (Table I, column 0) The other half was trrdeutenomethylated, 
and recovered by partrtron between chloroform and water Part of thus product was 
hydrolysed and analysed as above (Table I, column E), another part was analysed by 
g 1 c. using an XE-60 column at 200” 

The methylated polysacchande was also degraded by treatment wrth sodmm 
methoxrde m methanol, as prevrously described 13, hydrolysed with 10% acetrc acid, 
and analysed as above Essentrally the same results were obtamed m each case 
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