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ABSTRACT 

The structure of the Klebszella type 37 capsJar polysaccharide has been 
mvestigated Methylation analysis, various specific degradations, and n m r spectros- 

copy were the prmcipal methods used It 1s concluded that the polysaccharide IS 
composed of tetrasacchande repeating-urnts having the structure {4-O-Lac-o- 
GlcA 3 4-O-[(S)-1-carboxyethyl]-D-glucuromc acid) 
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WTRODUCTION 

We recentIy demonstrated that the acidic sugar component m the KIebslella 

type 37 capsular polysacchande (lS 37) was 4-O-r(S)-1-carboxyethyll-o-glucuromc 

OH 

n 
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acid’ (CO-LX-D-GlcA, l), a sugar not previously found m Nature We now report 
structura1 studies of this polysacchande 

RESULTS AND DISCUSSIONS 

K 37, Isolated as previously descnbed’, had [c&s9 + 14”, and an acid hydrol- 
ysate of K 37 contained D-glucose and D-galactose m the ratlo 1 9 1 0 The sugars m 
an acid hydrolysate of the carboxyl-reduced3 polysacchande were reduced to their 
aldltols, acetylated, and analysed, @vmg the acetates of D-glucltol. D-galactltol, and 
4-0-[(S)-2-II-hydroxy)propyl]-D-glucitol m the propotions 1 8 1 0 1 0 

The ‘H-n m r spectrum of K 37 was not well-resolved, but the spectrum of 
the carboxyl-reduced polysaccharlde showed, zrzter alza, signals at 6 ! 10 (J 7 Hz, 
3 H, CH3 of the hydroxypropyl group), 4 3-4 5 (2 H, overlappmg signals from 
anomenc protons with large couphng-constants), 4 65 (J1,2 8 Hz, 1 H, anomenc 
proton), and 4 94 (J1 2 3 Hz, 1 H, anomerlc proton) In the ’ 3C-n m r spectrum 
of K 37 (sodmm saIt), signals given by the methyl carbon of the lactic acid molet) 
(6 20 7) and by the two carboxylate carbons (6 176 5 and 183 3) were readily ldentlfied 
The signals for the anomenc oarbons were not well-resolved, but three signals, with 
relative ntensltles -1 2 1, uere observed at 6 100 8-106 1 

TABLE I 

hfETHYLATION ANALYSES OF ORIGIWAL AND CHEMICALLY MODIFIED 

Ktebszella TYPE 37 CAPSULAR POLYSACCHAIUDES 

Metlzylated sugara Tb TC Mole OXd 

A B C D E 

2,3,4,6*-Glc 
2,3,6-R 
2,4*,6-Gal 
2,3 6-Glc 
2,3,4-GIc 
2,6-Gal 

1 1 - - 38 - 29 
1 75 2 22 - 24 - - - 
I 94 2 03 - - - - 22 
194 2 32 34 23 31 41 34 
2 00 2 22 31 23 trace 22 - 
2 11 3 14 35 31 31 37 15 

“2,3,4,6-GIc = 2,3,4,6-tetra-O-methyl-D-glucose, etc K = 4-O-I(S)-2-(l-hydroxy)propy&D-&cose, 
* mdxates posmon of CD,-group “Retention time of the correspondmg aldltol acetate relatwe to 
l,S-d~-O-acetyl-2,3,4,6-tetra-O-methyl-~-gluc~tol on an SP-1000 gkss-cap~kry column at 220”. 
‘As m b, but on OV-225 at I70” dPoIysacchande (for dettis, see text), A, ongmal, B, carboxyl- 
reduced, C, uromc acid-degraded, tndeuterlomethylated, D, oxldwzd. E, polysacchmde D, degraded 
and tndeutenomethylated 

K 37 and carboxyl-reduced I( 37 were subJected to methylatlon analysesd6, 
mcludmg g 1 c-m s analysis of partmlly methylated aldltol acetates (Table I, 
coIumns A and B) The ldentlfication of 1,5-d~-O-acetyl-2,3,6-tn-O-methyl-4-0-[(S)- 
2-(l-methoxy)propyl]-D-glucltol m the analysis of carboxyl-reduced K 37 has been 
prevlousIy reported’ The results of the methylatlon analyses, m conJunctIon with the 
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sugar analyses and the n m r evidence, mdlcate that K 37 1s composed of tetra- 
sacchande repeatmg-umts Assuming that all sugar residues are pyranosldlc, m 
agreement with the resistance of K 37 to mild hydrolysis with aad, the repeatrng unit 
should contam one termmal CO-Lac-D-GlcA group, one D-glucopyranosyl residue 
hnked through O-4, one D-glucopyranosyl residue hnked through O-6, and one 
D-galactopyranosyl residue linked through O-3 and O-4 

Methylated K 37 was subjected to a uromc acid degradation’ by treatment 
with strong base (when the substltuent m the /3-posltlon to the ester group was 
ehmmated), followed by acid hydrolysis under mild condltlons During this treatment, 
the termmal uromc acid group (m 2) was eliminated, and a free hydroxyl group m 
the resulting polymer (3) was exposed On methylatlon of 3 (usmg trldeuterlomethyl 
lo&de), acid hydrolysis, and analysis of the product (Table I, column C), 2,3,4,6- 
tetra-O-methyl-D-glucose havmg a tndeuterlomethyl group at O-6 was obtamed 
The termmal uromc acid group 1s consequently linked to O-6 of a D-glucopyranosyl 
residue 

The uromc acid-degraded polymer was further degraded by a method mvolvmg 
oxldatlon and subsequent /3-ehmmatlon, by treatment with base and mild hydrolysis 
with acid* ’ In the present example, with an aldehyde group at C-6 (as m 4), the 
reactlon was analogous to the uromc acid degradation, and the termmal, oxldlsed 
sugar residue was ehmmated A hydrolysate of the oxldlsed material (4) showed that 
only about half of the hydroxymethyl groups m 3 had been oxldlsed (Table I, 
column D) The degraded product (5) was methylated (usmg trldeuterlomethyl 

Iodide), and hydrolysed, and the products were analysed (Table I, column E) The 

appearance of 2,4,6-tn-O-methyl-D-galactose, with a tndeutenomethyl group at 
O-4, demonstrated that the second sugar residue which had been ehmmated was 
hnked to O-4 of the branchmg D-galactopyranosyl residue As there are only four 
sugar residues m the repeating umt, their sequence (6) 1s consequently determined 

CHO 

OMe OMe 

4 5 
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-r3)-~-GaIp-(l-t4)-~-Gi~-(I~ 

I 
2 
f 

K 37 was subjected to a modrfied Smrth-degradatron” r z, mvolvmg periodate 
oxrdatlon, borohydnde reductron, methylatton, and hydrolyses under mrld condrttons 
Analyses of hydrolysates of the polyalcohol, before and after methylanon, yzelded 
D-galactose and 2,6-dl-O-methyl-D-galactose, respectrvely, as the monosacchande 
components, mdrcatmg complete oxldatzon of susceptrble residues The product 
after the mlId hydrolyses wrth acrd was remethylated, and fractionated by htgh-speed 
hquid chromatography The main component, [a15,s - 1 l”, gave a mass spectrum 
m agreement with that expected ’ for fully methylated 2-O-n-galactopyranosyl-D- 
etythrrtol (7) The ongms of some pertment fragments are mdrcated m the formula 
The ‘H-n m r spectrum of 7 showed, znzer alza, a srgnal at S 4 32 (J1 2 7 Hz) attnbuted 
to the anomenc proton Hydrolysis of the product yzelded 2,3,4,6-tetra-O-methyl-D- 
galactose, which was Identified by g 1 c -m s after borohydrrde reductron and acetyla- 
tzon The Smrth degradatton thus demonstrated that the D-galactopyranosyl residue 
was &lurked and confirmed the sequence 8 m K 37 

i 1 
t CH OMe 

I I 2 

Although the optical rotation of K 37, together with ‘H-n m r studies, suggested 
the presence m the repeatmg unit of one a-lmked and three /I-linked pyranosidtc 
residues, more conclusive and detailed evidence concernmg the mdrvrdual assrgn- 
ments of anomenc linkages was desned Carboxyl-reduced K 37 was therefore 
acetylated, and treated wnh chrommm tnoxrde m acettc acid During this treatment, 
hexopyranosldes m which the aglycon group occupres an equatonal posrtlon m the 
most-stable charr form are oxrdtsed to 5hexulosonates” I3 The correspondmg 
anomer wrth an axrally attached aglycon group are oxrdrsed only slowly The oxtda- 
tron was performed in the presence of an internal standard (myo-mosttol hexa- 
acetate), and sugar analysts of the product revealed that one D-glucopyranosyl 
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residue had survived In order to decide which of the two D-gh.ICOpyraUOSy~ residues 
was a-linked, the oxldlzed material was treated with borodeutende, durmg which 
both the ketone group at the 5-posltlon and the aldonate ester group should be 
reduced The deacetylated material was fractionated on a Sephadex column, yleldmg a 
main fraction eluted m the disaccharide region Hydrolysis of tins matenal gave 
D-glucose, D-galactltol, and L-altntol (1 0 54 0 09) G 1 c -m s of the aldltol acetates 
showed that the D-galactltol and L-altntol derivatives were, as expected, dldeuterated 
at C-l and monodeuterated at C-5 The a-linkage m the dlsacchande aldltol(s) has 
evident from the optical rotation, [c&s -t-70”, and the signal from the anomerlc 
proton at 6 5 06 (.I1 Z 3 5 Hz) m the ‘H-n m r spectrum (separate signals from the 
D-galacfitol and L-altntol analogues were not detected) The disaccharide aldltol(s) 
after methylation gave a smgle peak on g 1 c The mass spectrum of this material 
agreed with structure 9, and some pertinent fragments are indicated m the formula 
(the isomer havmg the D-gahCt0 configuration IS gven) On hydrolysis, 2,3,4,6-tetra- 
Q-methyl-D-glucose and 4-0-acetyl-1,2,3,5,6-penta-U-methylhexltol-Z,Z,5-~~ were 
obtained The cr-linked D-glucosyl residue IS therefore linked through O-4 of the 
branching D-galactosyl residue 

CO,OMe 
I - 

f I 
I I I 

C H7_0Me 
I 

I I 
107-219 ’ : 238 

9 

From the combined evidence, structure 10 1s proposed for the repeatmg unit 
of the capsular polysacchande from Klebszda type 37 Tlus structure 1s closely 
analogous to that l4 of the capsular po 1 y sacchande from Klebszella type 22 The marn 
difference seems to be that the terminal unit m the latter IS a 4-deoxyhex-4-enuromc 
acid group The two polysaccharldes are also hydrolysed, at the /I-D-galactopyra- 
nosldlc linkage, by the same bacteriophage enzyme14 

--t3)-B-D-Galp-(l~)-B-D-Glcp-(l--t 

I 
4^ 
f 
1 

r 
4-O-LaC-~-D-GlCAp-(l~u-D-Glcp 

10 
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EXPERIMENTAL 

General methods - Equipment and columns for g I c , g 1 c -m s , and high- 

speed hquld chromatography were essentially the same as m the mvestlgatlons of 

Klebs,sreila type 59 (Ref 15) and type 81 (Ref 16) capsular polysacchandes N m r 
spectra were recorded on a Vanan XL-100 Instrument 

lsoiatlon of the polysaccharrde from Klebslella K-type 37 (stram 8238) - This 
was performed as described earher’ The polysaccharlde had [cz]::, + 14” (c 0 5, 
water) The ‘H-n m r spectra of polysacchandes were run on solutions contammg 

10 mg/ml of I?,0 at 85” The I 3C-n m r spectrum was recorded on a solution 

contammg 50 mg/ml of DzO at 85” ChemlcaI shifts are Bven relative to Me,& No 
absorptlons from 0-acetyl groups or pyruvlc acid residues were observed K 37 

contained mtrogen (0 14%), but no phosphorus 

Carboxy/-redzrctlon of the nawe pol_ssacchande - This was performed by the 

procedure of Taylor and Conrad3, and rn order to achieve complete reduction, the 
procedure was performed three times 

Sugar and methj latlon analyses - These were performed as described 

before e6 I’ ” From a hydrolysate of the carboxyl-reduced K 37, D-glucose, 
[z]$j, + 49”, D-galactose, [xl],‘& + 83”, and 4-0-r(S)-2-(1-hydroxy)propyl]-D-glucose, 

kl::, + 57” (all rotations m water, c 0 2)) were Isolated by paper chromatography m 

ethyl acetate--acetIc acid-water (3 I I) and I-butanol-pyndme-water (6 4 3) 

Uronrc acid-degradatron of methylated K 37 - Native K 37 (100 mg) was 
methylated, and recovered 5y partltlon between water and chloroform The matenal 
was dried, and dissolved (together with a trace ofp-toluenesulfomc acid) m methanol- 
2,2-dlmethoxypropane-dlchloromethane (18 1 2, 21 ml), and the solution was bolled 

under reffux for 30 mm Sodmm (250 mg) was dlssoIved m the cooled solution, which 

was then bolled under reflux for 2 h After cooling, the pH was adjusted to 6 using 
50% aqueous acetlc acid, and water (150 ml) was added The mixture was extracted 
uith chloroform (3 x 25 ml), and the orgamc phase was washed with water (25 ml) 

and evaporated The residue uas treated with 50% aqueous ace& acid at 100” for 

1 5 h, the soIutlon was evaporated, and the degraded polysacchande was suspended 

m water and freeee-dned Part (3 mg) of this matenal was subjected to methylatlon 

analysis with tndeutenomethyl Iodide (Table I, column C) 

Oxrdatron and degradation of tlronlc acrd-degraded K 37 - The oxldlsmg 
agent lg was prepared, under anhydrous condltlons, at -45” by dropwlse addition 
of methy sulfoxlde (9 ml) to a stu-red solution of chlonne in dlchloromethane (M, 

25 ml) Uromc acid-degraded K 37 (see above) m methyl sulfoxlde (10 ml) was added 
dropwlse with a syrmge to the stirred oxldatlon mixture The reactlon mixture was 
kept at -45” with stlrrmg for 5 h, and then trlethylamme (7 ml) was added dropwlse 

wrth continued stlrrmg After 5 mm, the reactlon mixture was allowed to attam room 
temperature and the product was recovered after dlalysls by freeze-drying The oxlda- 
tlon procedure was repeated twice Part (l/10) of the final product was hydrolysed, 

and the resulting sugars were analysed (Table I, column 0) Another part (l/5) was 
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dissolved m dlchloromethane (10 ml), and sodium ethoxide m ethanol (M, 10 ml) 
was added The reaction mixture was kept at room temperature for 1 h, neutrahsed 
with 90% aqueous acetic acid, and evaporated to dryness The product was treated 
with 50% aqueous ace& acid (20 ml) at 100’ overmght, evaporated to dryness, and 

partltloned between chloroform and water The product was remethylated with 
tndeuterlomethy1 iodide, and hydrolysed, and the resultmg sugars were analysed 
(Table I, column E) 

Smith degradatro~r of K 37 - K 37 (250 mg) was dissolved m 0 lhf sodmm 
acetate buffer (pH 3 9, 250 ml), and 0 2br sodmm metaperlodate (63 ml) was added 
the solution was kept m the dark at 4” for 120 h Excess of sodmm metaperlodate 

was reduced by addltlon of ethylene glycol (1 ml), and the solution was dlalysed and 
concentrated to 50 ml before addition of sodium borohydrlde (3 g) After stlrrmg 
for 9 h, excess of borohydrlde was destroyed by addition of 50% aqueotis acetlc 
acid, and the solution was dlalysed In order to ensure complete reaction, the oxlda- 
bon-reduction cycle was repeated Part (l/100) of the product was hydrolysed and 
analysed, only galactose was obtamed The remalmng material was methylated, and 
recovered by dialysis Part of the methylated material (l/100) was hydrolysed, and 
analysis showed the presence of 2,6-di-U-methyl-D-galactose The remammg methyl- 
ated material was treated with 90% aqueous formic acid (100 ml) for 1 h at 40” The 
solution was evaporated to dryness, and the residue was suspended m water and 

freeze-dried This product was remethylated, and recovered by partltlon between 
chloroform and water The material was purified by high-speed hquld chromato- 
graphy on two Waters Mlcroporasll columns connected In series and eluted with 
ethyl acetate, to give fully methylated &D-Gal&l +2)-D-erythritol (7, 30 mg), 

kG9 - 11” (c 0 3, chloroform), RF 0 17 (t 1 c , slhca gel, ethyl acetate), TkIE,_ 0 29 
(g 1 c , OV-1 column at 190”, retention time relative to permethylated mehbrltol) 

N m r data (CDCl,) 6 4 32 (J, Z 7 Hz) The mass spectrum showed, rrlter alla, the 

followmg fragments (relative mtensltles m brackets, and some asslgnments5 m 
square brackets) nz/e 45(46), 88(100), 89(26), 101(45), 111(12), 115(42), 147(16)mA,], 
187(5)[aA,], 207( 17)[abJ,], and 219(0 6)[aA,] On hydrolysis, 2,3,4,6-tetra-O-methyl- 
D-galactose was obtained 

Oxrdatlon of carbox>I-reduced K 37 wrth chronzmn trlowde - Carboxyl- 
reduced K 37 (50 mg) was dissolved m formamide (30 ml), and treated with acetlc 
anhydride (15 ml) and pyrldme (15 ml) overmght at room temperature The acetyl- 
ated polysaccharlde was recovered by dialysis and freeze-drying 

Part (l/5) of this material was dissolved m glacial acetlc acid (3 ml), and nz>o- 

mosltol hexa-acetate was added as an Internal standard Part (2/3) of the acetlc acid 
solution was treated with chromium trloxlde (200 mg) on an ultrasomc bath at 50” 
for 1 h The material was recovered by partltlon between chloroform and water, and 

evaporation of the chloroform phase The remammg portlon (l/3) was used as refer- 
ence Sugar analysis of the oxldlsed material showed 1 4 units of D-glucose and 
0 1 unit of D-galactose (no 4-0-r(S)-2-(I-hydroxy)propyl]-Dglucose was detected: 
per umt of myo-mosltol hexa-acetate The reference showed 2 8 units of D-glucose, 
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1 6 umts of D-galactose, and 1 5 umts of 4-U-r(S)-2-(I-hydroxy)propyl]-D-glucose per 
umt of nryo-mositol hexa-acetate 

The remammg acetylated polysacchande (4/5) was oxrdrsed III the same way, 
wrth proponronal Increases of solvents and reagents After work-up, the carefully 
drred materral was dissolved m dry 1 &droxane-ethanol (1 I,20 ml) and treated with 
sodmm borodeutende (~100 mg) with strrrmg overmght Water was added and the 
soluuon was kept at room temperature for 3 h The solutron was acrdrfied to pH -4 
wrth Dowex 50 @I+) resm After work-up, the resrdue was purified on a column 
(50 x 1 5 cm) of Sephadex G-25 The materral m the major fraction (3 mg) had 

I%, + 70” (c 0 3, water), ‘H-n m r data (D,O) 6 5 06 (JI z 3 5 Hz) Part of the 
matenal (l/3) was hydrolysed and analysed; D-gmcose, n-galactrtol, and L-altntol 
(1 0 54 0 09) were obtamed The remammg matenal was methylated, and the product 
gave a smgle peak m g 1 c (OV-17 column at 210”) havmg TLAC (retentron trme 
relatrve to permethylated lactrtol) 0 86 The mass spectrum showed, znrer alra m/e 
45(50), SS(lOO), 101(55), 135(6), 187(72)[aA,], 219(1 l)[aA,], 238(25)bA,], and 
298(8)[abJ, J Hydrolysis, reductron, and acetylatron gave 2,3,4,6-tetra-O-methyl-u- 
glucltol daacetate and 1,2,3,5,6-penta-U-methyihexttol monoacetate drdeuterated at 
C-l and monodeuterated at C-5 
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