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ABSTRACT 

KIebslella Type 47 capsular polysaccharlde has side chams attached to the mam 
cham uza D-glucuromc acid residues The side chams have been removed to yield an 

essentially Imear polysaccharlde by the followm g sequence of reactions (I) sub- 

stltutlon of hydroxyl and carboxyl groups with methyl vmyl ether, (2) /3-ehmmatlon 

by treatment with base, (3) removal of modified uromc acid residues and protecting 

groups by rmld acrd hydrolysis The posslblhty of modlfymg other uromc acid- 
contammg polysacchandes by this method 1s dIscussed 

INTRODUCTION 

We recently demonstrated that polysacchandes contammg uromc acid residues 

may be speclfically degraded by methylatlon of hydroxyl and carboxyl groups, base- 
catalysed ehmmatIon, and mdd hydrolysis with acrd’ 

Bcse 
i- R400 
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+ degradatmn products 
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I$-R4= Me Or Sugar restdue 

Treatment with base ehmmates the substituent at C-4 m the uromc acid 

residue (1) On subsequent mid hydrolysis with acrd, the substltuent at C-l 1s released 
from the unsaturated uromc acid residue (2) Presumably, R’OH and R30H are also 

released durmg this treatment Thus, the procedure shouId cleave not only the 

urom&c linkage but any other glycosidlc hnkage m any posItion of the uromc acrd 
residue This degradation has been apphed to structural studies of the Kkbszella 

Type 52 capsular polysacchande2 and of other acl&c poIysacchandes3 Methyl ethers 
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are not easrly cleaved, but rf the methoxy1 groups could be replaced by other, more 
easrly removed groups, this method offers posslbllitles for structural motication of 
poiysacchandes wrthout modifying constituent sugars Expenments armed at such 
modrfications are reported m the present commumcatron 

RESULTS AND DlSCUSSION 

Klebsda Type 47 capsular polysaccharrde has a tetrasacchande repeatmg- 
UiXt4’s (3) 

-t3)-~-~-Galp-(l-t4)-a_r_Rhap-(l~ 

t 
3 

/I-o-GA; 

r 
4 
1 

a-r-Rhap 
3 

The hydroxyl groups were protected as rmxed acetals by reaction with methyl 
vmyi ether and a catalytrc amount of toluene-p-sulphomc acrd m methyl sulphoxxde, 
as devrsed by De Belder and Norrman6 Simrlar reactrons with drhydropyran and 
carboxyhc acrds predict that carboxyl groups should react with the vmyl ether, 
yleldmg esters7 The modlfied polysacchande was treated with methylsulphinyl anion 
m methyl sulphoxrde and then wrth aqueous acetic acrd The latter treatment 
hydrolysed the molfied uromc acid residues and the protectmg acetal groups Gel 
filtration yielded the final products, portlons of which were methylated accordmg to 

TABLE I 

METHYLATION ANALYSES OF ORIGINAL AND 

MODIFIED Klebsrella TYPE 47 CAPSULAR POLYSACCHARIDES 

Sugara T* Mole %’ 

A B C D E F G H 

2,3,4-Rhad 0 49 25 26 8 5 3 <1 12 21 
2,3-Rha 094 

38 26 
29 36 42 35 28 

2-Rha 124 18 12 5 10 18 3: 
2,4,6-Gal’ 
2,3,6-Glc’ 3 

L 
2 01 

37 26 45 41 50 55 42 41 
- 22 - 6 - <l - - 

“2,3,4-Rha = 2,3,4-tn-O-me& I-r-rhamnose, etc *Retentron trme of the correspondmg aldrtol 
acetate, relatrve to that of 1,5-d1-O-acetyl-2,3,4,6-tetra-O-methyI-~-gluc1tol on an SP-1000 glass 
capdlary column at 220” cMatenaI- A, ongmal polysacchande, B, ongrnal poIysacchande, reduced 
before methylatlon, C, poIysacchande degraded once, D, as C but reduced before methylatron, 
E, polysacchande degraded twrce, F, as E but reduced before methylation, G, polysacchande 
acatalated twrce and degraded, H, polysacchande degraded wnh methnxrde dPart of this volatlk 
ether and denvatrves was lost durmg concentratrons ‘These components were separated on an OV-225 
S C 0 T column at 190° 
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Hakomor18-‘o Hydrolyses yielded methylated sugars which were analysed, as their 
aldrtol acetates, by g I c -m s as prevrously descnbedg lo (Table I) In some 
expenments, carboxyl groups m the polysacchandes were subJected to carboxyl- 
reduction, as described by Taylor and Conrad”, before methylatron 

A lmear polysacchande, composed of drsaccharrde repeating-units (4) was 
predicted 

~3)-8-D-Galp-(l~)~-r-L-Rhap-(l~ 
4 

The percentages of 2,3,4-tn-0-methyl-L-rhamnose grven III Table I are not very 
accurate due to the volatrhty of this ether and rts derivatrves The completeness of the 
ehmmation is best estimated from the percentages of 2-0-methyl-~rhamnose, m the 
native polysaccharide, and 2,3-dr-0-methyl-L-rhamnose m the degraded poly- 
sacchande Only -70% of the srde chams were ehmmated by one treatment (Table I, 
columns C and 0). The reason only - 70% of the side chains were removed could not 
be mcomplete esterrficatron, as repetrtion of the treatment with methyl vmyl ether was 
without effect (Table I, column G’) Incomplete ehmmatron 1s most probabljr caused 
by small quantities of water m the reaction nuxture when sapomficatron of the ester 
competes with elumnatron However, after two consecutrve ehmmatrons, most of the 
srde chains were removed, yreldmg an essentially lmear polysacchande (Table I, 
columns E and F) The p m r spectrum of this matenal contamed two signals in the 
anomenc region m the ratro 1 1 When the elmunatron was performed usmg sodmm 
methoxlde at room temperature m place of methylsulphmyl amon, the reactron was 
less complete (Table I, column N). However, when the strong, uncharged base 
1,8-bls(&methylammo)naphthalene r ’ was tried, no ehmmation occurred 

Thus, by the procedure descrrbed, uromc acrd-contarmng side chains in 
polysaccharrdes may be shortened or removed, dependmg on the positron of the 
uromc acid residue Polysaccharrdes contammg uromc acid residues m the main cham 
may be spectically degraded mto ohgosacchandes for further study Isolatron of a 
single ohgosacchande, for example, will furmsh evidence for the existence of a 
repeating umt 

EXF’EFSMENTAL 

The general methods49 lo, and methods for methylatron analys&‘O and 
carboxyl-reductron 2 I1 have been described prevrously G 1 c of patially methylated 
aldltol acetates was performed on SP-1000 glass caprllary columns (25 m x 0 25 mm) 
at 220” or OV-225 SC 0 T. columns ‘3(15mx05mm)at1900 Forglc-ms,an 
OV-225 S C 0 T column was used P m r was performed on a D,O-solutron (80’), 
usmg a Varran HA-100 mstrument operated in the PFT-mode at 100 MHz with 
Internal sodmm 2,2,3,3-tetradeuteno-3-(tnmethylslIyl)propplonate as reference. 

Degradatran of polysaceharide - Carefully dned polysaccharrde (130 mg) was 
dissolved m Me,SO (20 ,ml), methyl vmyl ether (condensed at -35”, 10 ml) and 
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toluene-p-sulphoruc acrd (5 mg) were added, and the nnxture was kept at 15” for 4 h 
m a sealed serum-vral The reactron was quenched by add&on of pyndme (0 5 ml), 
and excess methyl vmyl ether was flushed away wrth a gentle stream of nitrogen The 
reaction rmxture was chromatographed using a column (40x4 cm) of Sephadex 
LH-20 developed with anhydrous acetone The eluate was momtored polanmetncally, 
and the acetalated polysacchande recovered as a light-yellow syrup (194 mg, 73%) 
The product, after drymg at reduced pressure over phosphorus pentaoxlde, was 
drssolved m Me,SO (10 ml) contamed m a sealed serum-vial flushed with mtrogen 
Methylsulphmyl amon m Me,SO (2h1, 20 ml) was added, and the reactron mixture 
was placed m an ultrasonic bath for 30 mm and then kept overmght at room temper- 

atme Aqueous acetic acid (50%, 5 ml) was added, and the reaction mixture was 
placed m an ubrasomc bath for 15 mm, then dialysed overnight, and freeze-dned 
The resultmg product was suspended m aqueous acetlc acid (25%, 10 ml) and kept 
at 100” for 1 h The solution nas evaporated to dryness, and the residue was dissolved 
m water (2 ml) and chromatographed on a column (90 x 2 5 cm) of Sephadex G-25 
developed with water The eluate was contmuously monitored by dlfferentlal re- 
fractometry, and the modified polysacchande, contained m the void volume, was 
collected and freeze-dried Yield 58 mg, 71% The analyses of the modified poly- 
sacchande, [cx]& -36” (c 0 10, water), are shown m Table I, columns C and D 

SequentraI degradatron - The polysacchande (46 mg) which had been degraded 
as described above was treated agam with the same reagents, m appropriate quantities 
The yield of the polysacchande (25 mg) recelvmg two treatments was 43% (calculated 
on the amount of orlgmal polysacchande) The product showed [x]:$, -27” (c 0 15, 
water) The p m r spectrum (- 10 mg/ml of D,O at 80”) of this matenal contamed, 
znter aha, signals at 5 5 08 (J1 2 N 1 5 Hz, 1 H), 4 72 (J1 2. -7 0 Hz, 1 H), and 1 24 

P P m & 6 -6 0 Hz, 3 H) The wgnals were attnbuted to the anomerlc protons of 
the L-rhamnose and D-galactose residues and to the methyl group of the L-rhamnose 
residue, respectively The methylated product contamed the sugars reported In 
Table I, columns E and F 

Degradatron of tJle polysaccllar lde sequentrally treated wltJz metllyl vrnyl etlzer - 

Carefully dried polysaccharlde (25 mg) was acetalated as described above, usmg 
appropriate amounts of reagents The acetalated material was chromatographed usmg 
a column of Sephadex LH-20 and then lmmedlately subjected to a second acetalatlon 
procedure The product was recovered, and degraded by P-elnnmation and hydrolysis 
The degraded matenal was recovered and a portion was subjected to methylation 
ana!ysls (Table I, column G’) 

Degradatron usrng sodnrm metlzomde as base - A sample of acetalated poly- 
sacchande (from 25 mg of ongmal material) was dissolved m Me,SO (2 ml), 
methanohc sodmm methoxlde (1 5~, 2 ml) was added, and the reaction mucture was 
kept overmght An excess of aqueous acettc acid (50%) was added and the mixture 
dralysed The product was recovered by freeze-drymg and further treated as described 

for the other degradattons, and part of the product was subjected to methylation 
analysrs (Table I, column H) 
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Treatment ruIth 1,8-bls(dlntet/lyllno~naphtltaiene as base - A sample of 
acetalated polysacchande (from 25 mg of ongmal material) was dissolved m dlchloro- 
methane (5 ml), and 1 &bls(&methylammo)naphthalene (50 mg) bvas added The 
reaction nxxture was placed m an ultrasomc bath for 30 mm and then kept at room 
temperature overmght After neutrahsatlon, the reaction nurture was dlalysed over- 
mght and the freeze-dned product further treated as described previously Part of the 
product was used for methylatlon analysis 
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