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ABSTRACT 

Usmg perIodate ouldation, methylatlon analysis, the characterization of 

ohgosacchandes obtained by partial acid hydrolysis, p m r spectroscopy, and 
analytical ultracentnfugation, the structure of the (mildly alkah-treated) Kiebszella 

serotype 11 capsular polysacchande has been elucidated. The tetrasaccharlde 
repealmg-umt comprises the sequence -+3)-B-D-Glcp-(1 +3)-j?-D-GlcUAp-(1 -+3)-a-D- 
Galp-(I -+ with a 4,6- 0-( 1-carboxyethyhdene)-a-D-galactosyl residue hnked to O-4 

of the grucuromc acrd residue The structural basis for some serologczl cross-reac- 
tions of the KZebszeZZa Kll antigen IS dlscussed, and It 1s shown that rabbit antisera 
agamst the Klebszella Kll test-stram predommantly contam K agglutmms specific 
for branch-termmal 4,6-O-(I-carboxyethyhdene)-D-galactose 

INTRODUCTION 

About 80 KZebszeZZa K serotypes have been recogmzed”’ Of the capsular 
polysaccharldes carrying the determmants for these dlfferert speclficlties3, 15 have 
been subjected to a demled structural analysis, and 12 of these structures have been 
publlshed4-1g Another 24 KZebszeZla capsular polysacchandes are under mvestiga- 

tlon20-22 

Although substituted to a varymg degree by pyruvate a&al, O-ace@, O- 
formyl, and, m one case l4 3-deoxy-L-pentulosomc acid residues, these glycans appear , 

to differ by only rather hmlted vanatlons of the polysacchande skeleton Most 
contain either D-glucuromc or, rarely, D-galacturomc acid, as well as 2-4 of the 
following aldohexoses D-gincose, D-galactose, D-mannose, L-rhamnose, and L- 
fucose3. Because of tis basic slmllar@, KIebszeZZa capsular glycans of known 
structure are smtable for a varrety of comparative studies, e g , by pm r spec- 

troscopy4*7~1g, on the substrate specticlty of bactenophage-borne enzymes23-27, 

*Some of the data have been presented at the meeting of Deutsche Gesellschaft fiir Blolo@sche 
Chemte at Bochum, Germany, May 23rd, 1972 
7111 partial fWfilment of the requirements for the degree of Dr rer. nat at Frelburg Umversxty 
%To whom mqmrles should be addressed 
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on the structural basis for the serological cross-reactions amongst dflerent KZebmZZa 
K autigens1*2a and between them and surface antigens of other bacterla2g-34, and, 
probably, on polysacchande conformation 

For these reasons, we have analysed the structure of another KZebszeZZa capsular 
glycan, the serotype-11 polysaccharide This was of special Interest because it is the 
substrate of the bactenophage-borne glycanase described m the folIowIng paper2’, 
and because it has been reported’ ” 34 to exhrbit serological cross-reactions with 
some other bacterial exopolysacchandes of known structure’ 2*3 5V3 6 

MATERIAL AND METHODS 

Media and PBS - D, 5 agar3 ’ was used for plates, and Merck standard I 
broth for fluid cultures Phosphate-buffered physiological sahne (PBS) of pH 7 
was prepared by drssolvmg 8 5 g of NaCI, 1 76 g of Na,HPO, 12H20, and 0 1 g of 
KH2POa m I htre of water, with addition of 0 5 g of NaN, for stenhty 

BacterzaZ strazns - For the Isolation of serotype-1 1 capsular polysaccharrde, 
KZebszeZZa 390 (03-Kll) was used It was isolated by Kauffmannz9 from urme, serves 
as a serological test-strain for the IS11 antigen1 3 38, and IS the host of KZebmZZa 

bacteriophage No 11 (see following paper”) Smce the KZehsreZZa 03 and Escherzcha 

coob 09 antigens are serologically ldentlcalzg, E cob B1316/42~’ (09 K9(L) H12) was 
employed for the preparation of 0 sera For determmation of serological cross- 
reactions with the KZebsleZZa Kll antigen, E colr B1161/42~~ 4o (09 K29(A) H-) 
and E6g41V4’ (09 K30(A) H12) were also used All strains were kmcily supphed by 
Dr Ida 0rskov, WHO International Escherrcha Center, Statens Serummstitut, 
Copenhagen 

IsoZatlon and seroZogrcaZ ~dentrjicatron of Klebsiella serotype II capsuZar poly- 

saccharrde - KZebsreZZa 390 was grown on D, 5 agar (48 h at 37”, and then 48 h 
at room temperature), washed off the plates wrth PBS contammg 2% (w/v) of phenol, 
precipitated with ethanol, and acetone-dned43 The dead and dry organisms were 
extracted with phenol-water, the water phase was ultracentrifuged twice (4 h at 
105,OOO g) to sediment cell-wall hpopolysacchande, and the acidic serotype-1 1 poly- 
sacchande was isolated from the supernatant by fractional (0 25+0 06~ NaCl) 
preciprtation43 54 with Cetavlon (cetyltnmethylammonium bromide) To obtain the 
sodium salt of the polymer, the Cetavlon salt was repeatedly dissolved m M aqueous 
NaCl and precrpltated with ethanol 43 The final product was dlalysed agamst distilled 
water and lyophihzed In thrs manner, 37 g of dry bactena, and thence 2 6 g (7%) of 
type-11 polysaccharxde were obtamed from 100 large (l&m diameter) D, 5 agar- 
plates 

Native type-l 1 polysaccharrde was mildly alkah-treated as follows A 0 25% 

(w/v) solution of the native material in 0 25~ aqueous NaOH was kept at 56” for 2 h 
The mixture was then cooled with ice, neutralized with M HCl, dlalysed, and lyophlhzed 

Agar-gel double delusion was carried out accordmg to 0uchterlony43*45, 
usmg 0 5% (w/v) solrltrons of type-11 polysacchande (native or alkah-treated) m 
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PBS and undiluted Klebszella 03 Kll (K agglutmation titre = 1 1280) and E cob 

09 (0 titre = 1 5120) rabbit antisera obtained by standard procedures38 with NebsreIZa 
390 (formahn-lulied) and E colz Bi316/42 (boded) as antigens 

Homogenerry controls and physrcai parameters - The sedimentatron analyses 
were carrred out m a Spmco model E analytical ultracentnfuge using the An-H-T1 

rotor and Schheren optics For the determination of the sedimentation coefficient 

(SO 20,w) of alkah-treated type-l 1 polymer, solutrons contammg 0 3% (w/v) and less m 

PBS were sedimented, and the values obtamed were extrapolated to miimte dilution 

and standard condrtions46 

For the determmatron of the weight-average molecular werght (m,), solutrons 

of the alkah-treated glycan (0 25% w/v or less of the sodium salt m PBS) were 

eqmhbrated [I7 h at 8,000 r p m (4650 g), or 24 h at 10,000 r p m (7270 g)], and the 

apparent molecular weights were calculated from the partial specific volume and the 

sedimentation eqmhbrmm according to Yphantrs47, and then extrapolated to 

mfimte dllutlon The densrty of solvent and sohrhons, and thence the partral specriic 

volume (V,,) were determined by the method of Stabmger et al 48 usmg the equipment 
manufactured by Parr (Graz, Austrra) 

The hmitmg-viscosity number, [?I] = hm l;l--)70 (ml/g) of native and alkah- 
c-to ?I0 xc 

treated type-l I polysacchande (sodmm salts) was deteimmed at 37” (+O I”), usmg 
an Ostwaid viscosrmeter4g and onuttmg the extrapolation of the shear gradient (G) 

to zero” With PBS as a solvent, these poiyelectrolytes did not show an increase m 

the viscosity number at low concentrations” 

Derwatrves of type-11 polysaccharrde - For autohydrolysis, a 1% aqueous 

solutron of alkali-treated material was passed over a Dowex-50(Hf) column The 

solution then had pH 2 9 It was heated to 100” for 2 h, cooled, neutrahzed with 

dilute NaOH, dralysed against distrlled water, and lyophihzed Yreld 80% of a 

matenal having 55% of the original pyruvate content For reduction of the carboxyl 

groups, the acrdrc form of alkali-treated polymer (60 mg) was esterified with drazo- 

methane and reduced with sodmm borohydnde, essentially as descrrbed by Aspmall’ ’ 

for Type VIII Pneumococcus polysaccharide Yield 76% of a material m which 92% 
of the glucuronrc acid, but onIy 23% of the pyruvate carboxyl-groups were reduced to 

primary hydroxyls (see Table I) 

Conststrtuent analyses of type-11 polysaccharrde, Its de] u,atltts, and degradatron 

products - The quahtative, constituent analysis of the native glycan was carried out 

as follows A 1% solution in 0 5~ H2S04 was hydrolyzed for 8 h at loo”, and the 

hydrolysate was neutrahzed with Ba(OH)2 Glucose, galactose, and mannose were 

identified by descendmg p c , using Whatman No 1 paper, l-butanol-pyridme- 

water (6 4 3), and the staining method of Trevelyan et al 52 D-Glucose and D- 

galactose were also identnied enzymically (see below) Using high-voltage paper 

electrophoresis’ 3 (45 V/cm for 2-3 h) on Schleicher & Schull (Dassel, Germany) 

paper No 2043a, m pyndme-gIacla1 acetic acid-water (10 4 86, pH 5 3), and stammg 
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as above, a hexuromc acid and pyruvate were recogmzed For further idenhfication, 
larger amounts were separated on No 2043b paper and the two compounds were 
Isolated Followmg the details Bven by Jann et al 43, the hexuromc acid was sequen- 
tlally refluxed with methanohc HCI, reduced with NaBH,, and hydrolysed The 
hexose thus obtained was Identified as D-glucose by p c and enzymlcally (see below) 
The pyruvate was ldentrfied as Its 2,4-dnutrophenylhydrazone54, m p 216”. After 

hydroxylammolysls 5 5 of native type-l 1 polysacchande under the conltlons sven by 
Jann et al 43, acetyl hydroxamate could be identified by p c , usmg water-saturated 
I-butanol as an irrigant, and FeCl, m the same solvent for detectlon 

The quantltatlve constrtuent analyses were performed In the following manner 

On hydrolysis of type-11 polysacchande with 0 5M H2S04 at 100” [neutrahzatlon 
with dry Amberhte IR-41qHCO;) resmj, the maximum of free glucose was attamed 
after 4 h, and the maximum of galactose after 15 h, 4 h m 0 5~ HCI were sufficient 
to liberate all of the pyruvate After add&on of xylose as an Internal standard, the 

hydrolysates thus obtained (from the native polymer, Its denvatlves, or its degrada- 
tion products, see below) were reduced with NaBH,, acetylated, and the al&to1 
acetates were analysed by g 1 c 56, usmg a Varlan Aerograph (model 1502, eqmpped 
with a flame-loruzatlon detector and d dlgltal Integrator, model 477), glass columns 

(80 x 0 125 m ) filled with 3% (w/w) ECNSS-M on Chromosorb G (SO-100 mesh), a 
starting temperature of 165” and a temperature increment of 0 5”/mm, and mtrogen 
(30 ml/mm) as a carrier gas In the hydrolysates, D-ghCOSe was also determmed 

enzyrmcally with fungal D-glucose oxldase (EC 1 1 3 4)57 58, usmg the Boehrmger 

(Mannhelm, Germany) No 159P2 test combmatlon, and D-galactose with D-galactose 
dehydrogenase (EC I 1 1 48) from Pseudomonasfluorescens5’ (Boehrmger, No 15095) 
LDH (lactate dehydrogenase, EC 1 1 1 27) from hog muscle (Boehrmger, No 15373) 
served for the eshmahon58P60 f y o p ruvate Both 0-acetyl and hexuromc acid were 
determmed m unhydrolysed material by the technique of Ludowleg and Dorfman6’, 
and the carbazole-sulfunc acid method62, respectively 

Pzrzodate oxzdatzon - The perIodate consumption of type-l 1 polysacchande 
(nahve or alkah-treated) was determined by the method of Avlgad63 The poly- 

aldehyde (100 mg) obtained upon complete oxldatlon of alkali-treated polymer 
(1% plus 11 5mM aqueous NaIO,, kept for 24 h at room temperature m the dark) 

was reduced wth NaBH, (40 mg In 0 01~ NaOH, 18 h at 4”), and 50 mg of thp 

polyalcohol thus produced were subJected to mild, acid hydrolysis (0 125~ H2SO4, 
24 h, 37”) (Smith degradatlon64) Neutrabzatlon, dlalysls against distilled water, 
and lyophlhzatlon yielded 36 mg (72%, from the polyalcohol) of product Amongst 
the alclltol acetares obtamed from the polyalcohol, threltol acetate was Idenhfied by 

g 1 c , usmg threitol, erythntol, and glycerol acetate as standards 
MethyZation analyszs - Alkah-treated type-l 1 polysacchande was estenfied 

with dlazomethane and reduced with NaBD4 m DzO as described above Both the 
reduced and the partially depyruvylated (autohydrolysed, see above) polymer 
(IO-20-mg portlons) were methylated by the method of Hakomor165 followmg the 
experimental details sven by Hellerqvlst et al. 66 The dry products were taken up m 
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chloroform (5 ml), and the solution was washed with water and passed over a 

Sephadex LH-20 column6’ (50 cm x 1 75 cm’, elutlon at 6 ml/h with ethanol- 
chloroform, 2 1) The carbohydrate-contammg fractions appeanng m the void volume 
were located with phenol-sulfunc acld6*, combmed, and concentrated to dryness The 
compIeteness of methylation was checked by SubJecting a solution m dry chloroform 
(- 10%) to I r spectroscopy w&h a Perkm-Elmer model 137 instrument (no absorp- 

tion at 3400-3600 cm-‘) The methylated products were hydrolysed (3 h with 90% 
formic acid, and then 14 h with 0 125~ H,SO, at 100°)66, reduced wth NaBH,, 

acetylated, and subJected to g 1 c -m s 6g-72 The determmatlon of retention times 
was performed \wth a Varian Aerograph instrument and ECNSS-M columns (see 
above) at a constant temperature of 170”, using 1,5-dl-O-acetyl-2,3,4,6-tetra-O- 

methyl- (T= 1 00) and 1,4,5,6-tetra-O-acetyl-2,3-di-O-methyl-D-glucitol (T= 5 39) 
as Internal standards The mass spectrometry was carned out with a Perkm-Elmer 
ModeL270B combined g 1 c-m s mstrument equipped with a Honeywell vlslcorder 

(model 3508)) ECNSS-M columns were used (starting temperature 165”, temperature 
Increment. lo/mm). Hehum was used as a earner gas The ionization potential was 

70 eV, the Ionization current SO PA, and the temperature of the ion-source was 180” 
Ohgosacclzande anaZyszs - Type-11 polysacchmde was p~rt-tlally hydrolysed 

with 0 5nr H2S04 at 100” (4 h to obtam the aldoblouronic acid N3. I h for the other 
ohgosacchandes, see Frg 1) After neutralization with Ba(OH),, the acldlc ohgo- 
saccharides were separated by paper electrophoresls m pyrichne-glacial acetic acid- 
water (see above), and then sub-fractionated by p c with I-butanol-glacial acetic 
acid-water (5 2 1) as Irngant, using Schlelcher & Schull No 2043b or Whatman 
3mf paper, respectively The oligosacchandes thus purified were eiuted from the 

paper (for yleIds, see Fig 1) and analysed as follows 

The quahtatlve and quantitative constituent analyses, before or after reduction 
with NaBH4 or penodate oxldatlon, were carned out as described above Portlons 
(1-3 mg) of the free ohgosacchandes were methylated directly (without loss of 
reducing-end sugar equivalents), essentially as described above, taking care, however, 
to expose them for not more than 60 mm to the methylsulphmyl sodium reagent 

(before addltlon of methyl lodlde)66 The dry, methylated methyl glycosldes obtained 
were punfied by passage over a column (30 cm x 0 8 cm’) of Merckogel OR PVA 500 
(Merck), with elutlon by 3 ml of methanol/h6’ 

The followmg procedures were used for the hydrolysis of ohgosacchandes by 
exo-glycoadases Incubations with a-D-glucosldase from yeast (maltase, EC 3 2 1 20, 
Boehnnger, No 15018) were carried out for 7 h X-I a pH 7 phosphate buffer73, and 
those urlth fl-D-glucosldase from sweet almonds (EC 3 2 1 21, Boehrmger, No 15399) 
for 2 h 111 a pH 5 sodium acetate buffer 58*74 The D-glucose liberated was then 
determined tvlth D-glucose oxldase (see above), usmg maltose and cellobxose for 
controllmg anomenc speclficlty and completeness of hydrolysis In the same manner, 
a-D-galactosIdase from green coffee-beans (EC 3 2 1 22, Boehrmger, No 15236), 
and @-D-galactosidase from E colz (EC 3 2 1 23, Boehrmger, No 15079) were applied 
under appropriate comhtions’ 5 76, and the galactose liberated was estimated with 
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amounts of mannose, m agreement wrth the results reported by Nrmmich3 The 
quantrtatrve composrtron of the material 1s gtven m Table I; it approaches molar 
ratros of Gal Glc GlcUA pyruvate acetate of 2 1 I 1.0 5, rf the trace amounts of 
mannose are consldered to be due to a small contammatron wrth KZebszeZIa 03 cell- 
wall hpopolysacchande, winch IS known to contain large proportrons of thrs 
sugar 2o ” The analysis of type-l I polysacchande after estenficatron with drazo- 
methane and subsequent reductron wrth sodmm borohydnde IS also included 111 
Table I, 92% of the glucuromc acrd, but only 23% of the pyruvrc acrd carboxyl- 
groups were reduced by thus procedure (possrbly due to more successful competrtron 
of hydrolyses durmg reductron of the latter) 

Perzodate oxzdatzon - Both the native and the alkah-treated polymer consumed 
0 8 mole of penodate per mole of glucose Penodate-oxrdrzed matenal was quan- 
tnatrvely analysed for loss of ongmal constituents before and after reduction urlth 
sodrum borohydnde and “Smith hydrolysrs”64 (Table I) The results show that 
approxrmately one mole of galactose per mole of glucose was destroyed by penodate 
The matenal obtamed after “Smrth hydrolyses”, which was essentmlly non-dralysable 
(72% yreld from the polyalcohol), had also lost most of the pyruvate By g I c of 
the alditol acetates obtamed from oxnhzed and then reduced type-l 1 polysacchande, 
threose could be identrfied as one of the products formed by perrodate treatment. 

TABLE I 

QUAN~~ATI~ECO~POS~-ION(PER~E~AI~~~IR~R~~~~~A~~ 

THEIRMOLARIZATIOSBASEDONGLUCOSE)OF 

KIebsleIZa SEROTYPE 11 CAP~ULARPOLY~ACC~RWB.~NDITSDERIVA'INES 

D-Ghcose 17 4 &O 5(1 00) 17 9(1 00) 34 2(2 00) 17 3(1 00) 17 2(1 00) 24 4(1 00) 
D-Galactose 31 8 f I 2(1 83) 32 4(1 81) 33 O(1 93) 19 4(1 12) 18 l(1 05) 24 9(1 02) 
D-Glucuronlc acid 20 6 f0 8(1 09) 20 5(1 06) 1.7(009) 200(1 07) 207(1 11) 268(1 02) 
Pyruvateb 69 f0 3(093) 6 8(0 89) 5 3(0 72) 6 7(0 90) 69(0 94) 1 3’0 13) 
Acetyl* 21 ztO2(045) 0 0 nd 0 0 
Total= 96 5 

9, Native, II, all&i-treated, III, alkah-treated, este&ed with dlazomethane, and reduced ~th 
sodxum borohydnde, lV, native, oxldlzed with penodate, V, alkah-treated, and oxldlzed mth 
penodate, VI, alkah-treated, oxldlzed urltb penodate, reduced with sodrum borohydnde, subJected 
to “Smith hydrolysis”, and dxalysed. *Calculated as CHs-CO-COO- and CH,COOH mmus Hz0 
lncludmg 2 5% mannose, 10 0% water (loss of we&t after 24 h at 50” rn vamu over phosphorus 
pentaoxlde), 0 2% nucleic acid (estunated from the absorption at 260 nm with yeast RNA as a 
standard), and 5 0% sodnun (calculated on the basis of the glucuromc and pyruv~ acid values) 

Methylatzon anaZysz.s - Alkah-treated type-l 1 polysaccharrde, estenfied wrth 
drazomethane and then reduced with sodium borodeutende m deutermm oxrde, 
as well as partrally autohydrolysed polymer (seiectrve removal of 45% of the pyruvate 
substrtuents) were permethylated, and the methylated sugars obtamed upon hydrolyses 
were analysed by g 1 c -m s (Table II) The results showed that the glycan contamed 
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approximately equal amounts of 3-substituted glucose and galactose, 4,6_substltuted 
galactose, and 3,PsubsMuted glucuromc acid residues Thus latter inference followed 
from the appearance of fragment m/e 47 (Instead of m/e 45) 1x1 rhe mass spectrum of 
2,6_Glc The results with the partxally autohydrolysed polymer confirmed the substitu- 
tion pattern of the glucuromc acid residues (disappearance of 25Glc) and mdlcated 
that the pyruvate was linked to positions 4 and 6 of a branch, termmal galactose 
(pamal hsappearance of 2,3-Gal, and appearance of 2,3,4,6-Gal) The occurrence 
of 2,6-Gal in thy chromatogram is discussed below 

TABLE II 

IDENTE:~ATIONANDRA~IOSOF 0-ACETYL-0-METHYLALDITOLSOBTAINEDFROM 

P~YLATED Klebsrelh SEROTYPE 11 POLYSACCHARIDEDERZVATIVES AND 

OLIGOSACCHARIDES 

Aldrtol P Pnmary fragments found (m/e) I’ zz zzz IV 
denoatw? - 

L1t Found 45 I17 I6I 205 233 261 Ratro of peak Integrals 

2,3,4,6_Gal 1 25 123 + ++i- - 030 - - 
2,4,6-Glc 1 95 195 -I- + f + load IO& - - 

2,4,6-Gal 2 28 2 37 + ++ f 095 083 1Ood - 
2 6-GaI 3 65 3 62 + + - 018 - 0 28 
2,6-Glc 3 83 3 78 ;7-)= + 110 - - - 

2,3-Gal 5 68 5 63 + t- + 095 048 - 1ood 

‘2,3,4&i-Gal = 1,5-dr-O-acetyl-2,3,4,6-tetra-O-methylglucltol, etc bRetentton time, relative to that of 
2,3,4,6Glc (T= 1 (Xi) and 2,3-Glc (T= 5 39) on an ECNSS-M column at 170”6g-72 ‘I, A&ah-treated 
type-11 plysacchande, estenfied wzth lazomethane, and reduced with sodmm borodeutende; 
II, alkah-treated type-11 polysacchande, pa&ally autohydrolysed (selective hydrolysis of 4.5% of the 
pyruvate residues), III, ohgosacchande H3, IV, ohgosacchande H5 3 “Ratlo of peak Integrals 
based on these peaks 'Doubly deuterated fragment found msread of the normal one 

Olzgosaccharzde anaIysis - Klebszella type-l 1 capsular polysacchande was 
SubJected to partral, acid hydrolyws, and the ohgosacchandes obtamed were separated 
bjr preparaave paper electrophoresls Subsequent p c of the electrophoretlc fractions 
@g 1) ylelded sufficient amounts of some acldlc ohgosaccharides, whx;h were 
analysed as foJ.lows 

T’he aldoblouromc acid H3 contamed the most acid-reslstant glycosldrc hnkage, 
and comprised glucuromc acid and galactose m the molar ratlo 1 0 0 95 All of the 
galactose could be reduced ~th so&urn borohydride, and /3-u-glucuromdase spht 
H3 mto the constituents G 1 c -m s of the al&to1 acetates obtamed from permethyl- 
ated H3 Ied to the identication of 2,4_6Gal (Table II) The structure of H3 1s thus 
j%D-Glcu&-(l+3)-~-Gal. 

Ohgosacchande H2 I contained glucose, glucuromc acid, and galactose m the 
moIar ratios IO IO 0 8, all of the galactose being reducible by sodium borohydride 
As deterxmneci t~rlth D-glucose oxldase, 0 8 mole of D-glucose could be cleaved from 
H2 I by the action of j?-D-glucosldase, whereas U-D-glucosldase had no effect Paal, 
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Paper chromatography 

+M3b”GkUA Roof 

9 H5 (091) 
fi51 H52 H53 

2 
(0 34) (0 67) (107) 

2 H4 (076) 
H41 H42 

2 
022) (0 42) 

$ H3 (065) 
H3 

: (052) 

= HZ (048) 
HZ1 HZ2 -- 

ii (029) (032) 

E HlY 
~1 Hl (0401 - H12- H13 

(011) (014) (cl211 

Fig 1 Separation of acldlc ohgosaccharldes obtamed from KIebsleZZa serotype II capsular poly- 
saccharlde by partial, acid hydrolysis Moblhttes m relation to glncuromc acid, and p c values m 
relation to galactose Pyrldme-gIaclaI acetx acid-water was used for paper electrophoresls, and 
I-butanol-glacial acetic acid-water as an lrngant for p c The yields were H3, 13, H2 I, 5, H.5 3, 4, 
H4 I, 2, H5 I, 1-2, H2 2, below 1% (w/w) from dry serotype-11 polysacchande The residual acldlc 
ohgosacchandes, as well as the neutral ones, were obtamed m trace amounts only 

acid hydrolysis of HZ I gave a fraction having the same eiectrophoretic moblhty as 
H3 Comparative determmatlon of glucuromc acid m H2 I before and after perlodate 
oxidation showed this constituent to carry no free vlcmal hydroxyl groups. These 
results are m agreement with the following structure for HZ I. /3-~-Gkp-(l+3)-fi-D- 
GlcUAp-(I -+3)-D-Gal 

Ohgosaccharlde HJ 3 contamed galactose and pyruvate m the molar ratlo 
1 0 0 8 Sodmm borohydrxde reduced all of the galactose Methylation analysis 
yielded 2,3- and 2,6-Gal m the ratlo of -3.5 1 0 (Table II) H.5 3 thus consisted of a 
mixture of 4,6- and 3,4-O-(I-carboxyethyhdene)-D-galactose (see DIscussIon) 

Ohgosaccharrde H.5 I contamed galactose, gIucuromc acid, and pyruvate in 
the molar ratios 2 0 1 0 0 8, with one equivalent of gaIactose bemg reducible by 
sodium borohydrlde To establish whether the termmal, reducmg galactose residue 
was substituted by pyruvate (as in H.5 3) or by gIucuromc acid (as in H3), H5 I was 
labelled by treatment mth NaBHJNaBT,, partially hydrolysed, and subJected to 
paper e1ectrophoresl.s It was found that reduced H5.I thus lost a fragment having 
the same mob&y as reduced H3 From these results, and from the facts that the 
ghicuromc acid residue was doubly substituted m posltlons 3 and 4 (see methylatlon 
analysis of the reduced polymer), position 3 being occupied by glucose (see ohgo- 
saschande H2 I), it was concluded that H.5 I had the followmg structure 

Pyiuvate 

Ohgosacchande H2 2 was obtained 111 very small amounts Quahtauve 
analysis showed that It contamed galactose and glucuromc acid On mcubatlon w&h a-, 
but not with p-, D-galactowdase, galactose and an ohgosacchande having the same 
moblhty as H3 were hberated This suggested the following structure 
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Ohgosaccharrde H4 I contamed glucose, galactose, glucuromc acrd, and 
pyruvate in the molar ratros 1 0 1 85 0 9 1 1 Half of the galactose could be reduced 
with sodmm borohydride H4 I thus constituted a tetrasacchande repeatmg-unit 
of the polymer, the structure of which IS discussed below 

Ohgosacchandes H5 2 and H4 2, obtamed in very small amounts, contamed 
the same constituents as H5.2 and H4 I, respectively Posslbiy the former drffered 
from the latter only m the hnkage of the pyruvate (see oligosacchande H5 3 and 
Drscussron) Qualitatrve analysrs of HI I, HI 2, and HI 3 yielded galactose, glucuromc 
acid, and glucose m all cases 

Pm r spectroscopy - The results w&h native type-l 1 polysacchande are 
recorded m Table III. It can be seen’ that the polymer contamed two equatorial 
(a-lmkages, x5, Jl 2 4 HZ) and two amal (j3-hnkages, 7’) 5, J, 2 8-9 Hz) anomenc 
protons, acetate (7 7 86), and pyruvate methyl protons (z 8 57) m the rrltros of 
-1-I-1.1 1 6 3. The signals of one of the equatorral ancmenc protons (at r 4 S), as 

well as those of the acetyl and pyruvate methyl protons, were largely drmmlshed or 
absent in the spectrum of Srmth-degraded matenal 

TABLE III 

P M R DATA ON NATiVE Klebsrella SEROTYPE 11 CAPSULAR POLYSACCHARXDE 

7 Valc& Approxmme ratlo Proton assl~nment7 
~Co~rpImg constant, J1 2 HZ) of rnregrals 

4 5 (4) 1 
4 65 (4) 1 
5 08 (8-9) 1 

5 35 (R-9) 1 
7 86 16 
s 57 3 

equatorial, 
anomenc 

1 

aXI& 

anomenc 
CHB of O-acetyl 
CH, of pyruvate 

Spectra run 111 aeutenum oxide at 90 to 95” with an Internal standard 

Serologrcal cross-reactrom - As the capsular polysacchandes carrymg the 
E cob K2940~7g*80 and K3042 determmants are known to contam the same aldo- 
brouromc aad (H3) as Klebszella type 11 glycan (for E colz K29, the two poly- 
saccharides even have the tnsacchande H2 I m common), the serologrcal K cross- 
reactrons between the corresponding E co11 test-strams and KlebszeZla 390 were 
determmed by shde and tube agglutmatron 1 38 The results are given m Table IV. 
It can be seen that only exceedmgly weak cross-reactrons were observed 

DI!XUSSION 

As Isolated by the phenol-Water-Cetavlon procedure43 44, the Kiebsrelfa 

type 11 capsular polysacchande shows a double peak m the analytical uitracentnfuge, 
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TABLE IV 

SEROLOGICAL CROTS-REAmONs OF Klebstella 390 

OK yerum agamst str.un Agglurmatrorf with sxtam 

Klebslella 390 
(03 XIZ) 

E co11 B1161f42 
(09 KZ9(A) ff-) 

E co11 E69 
(09 K3O(A) H12) 

Klebsrella 390 

E cob B1161/42 

E colt E69 

128 <4 
+-i-t- ct”, - 

8 2.56 <4 
t-l- +++ - 

4 4 256 
f-l- + +++ 

The (reciprocal) titers m tube agglutmatron (1 2 ddwon series),, and the results of shde agglutination 
(+, aggl In undliuted serum, + -I- +, agd m serum diluted 1 10) are gwen 

after rmid aikah-treatment, however, the matenai sediments umformly This behavlour 
1s typIca for Enterobacterraceae capsular poiysaccharides, the smgie giycan strands of 
which have repeatedly been postulated to be cross-linked by uromc acid ester- 
bonds 4o 42*43181 Although, m one mstance4” 82, this view could be substantiated 
by the detectlon of tntlated hexose on reduction of the native (but not of the aikah- 
treated) polymer with NaBH,/NaBT,, alternatlve explanations for the ultracent& 
ugatlonal behavlour of these poiysaccharrdes, such as some cleavage by /?-ehmmatlon, 
or aggregatmnal and/or conformatlonal alterations caused by the alkah-treatment, 
have not been ngorousiy excluded and necessitate further investigation 

The constituent analyses of the native type-l 1 polymer (Table I) show that the 
matenal consists of D-gaiactose, D-glucose, D-glucuromc acid, pyruvate, and O- 
acetyl rn the molar ratios 2-l-l 1 0 5, d It IS accepted that the small amount of mannose 
is due to a contammation with cell-wall l~popclysacchande20~78 The absence of 
mannose m pure type-i 1 poIysacchande was confirmed by the anaiysls of the ohgo- 
saccharides obtamed from It by bacteriophage degradation (see followmg paperz7) 

As shown by the results of methyiatlon analysis (Table II, four different 
methyiated monomers m about equlmoiar amounts) and of p m r spectroscopy 
(Table III, four &fferent anomenc protons m equal amounts), type-l 1 poiysacchande 
consists of tetrasacchande repeating-umts Tius was directly confirmed by quantitative 
lsoiatlon of the repeatmg-unit tetrasacchande and double repeatmg-unit octa- 
sacchande after phage depoiymenzatlon of aikah-treated material (see foliowmg 
paper2’) In agreement urlth the results of penodate ox&&on (one patr of free, 
vlcinal hydroxyl groups at C-2 and C-3 of a galactose residue), the methylation 
analyses further show that the tetrasacchande repeating-unit consists of 3-substituted 
glucose and gaiactose, 4,6-substituted galactose, and 3&subsWuted glucuromc acid 

Its aikah-stab&y (Table I) already mdlcates that the pyruvate 1s hnked as an 
a&al, as m many smniar cases 11g12*30*35136S7g So The results nf the methylation 
analyses Fable II, disappearance of 4,6X&l and concomitant appearance of 2,3,4,6 



252 H THURJW, Y -M CHOY, N FRANK, H NIEMANN, S STIRM 

Gal upon parttal depyruvylatron (autohydrolyas)] and of Srmth degradation Fable I, 
conconutant loss of one branch galactose and of pyruvate (the product of Snuth 
degradatron IS non-dialysable)], as well as the direct isolation and identification of 
4,6-O-( I-carboxyethyhdene)-D-galactose (ohgosaccharide H5 3), confirm this assump- 
tion and show that at least the major part of the pyruvate IS linked to posrhons 4 and 
6 of branch, terrmnal D-galactose residues The detectton of some 2,6-Gal upon 
methylatron of partrally autohydrolysed matenal and ohgosacchande H5 3 (Table II), 
as well as the mcomplete periodate-oxidation of the branch galactose (Table I), 
seem, however, to indicate that some of the pyruvate acetal residues are lmked to 
posmons 3 and 4 of galactoses also3’ But since 2,6-Gal was obtained only from 
products whrch had been SubJected to acidic condmons before methylatton (see 
Table II and followmg paper”), rt IS considered more hkely that, under acidic 
conditions (by analogy with similar cases2’* 83 ““) some of the pyruvate acetal 
residues migrate from 4,6 to the (thermodynamically more stable85) 3,4 position 
This view IS also strengtnened by the findmg cgossibly due to the Increased rigidity 
of the double-chair structure) that periodate oxidation of 4,6-O-(l-carboxy- 
ethylidene)hexosrde residues generally appears to proceed comparatively slowly “. 

The sequence of the constituents wrthm the type-l 1 repeating umt, as well as 
the anomenc configurations, follow from the structure of the ohgosacchandes 
obtained by partral, acid hydrolyses and from the results of p m r spectroscopy 
(Table III) The fact that the cham glucose is lmked to position 3 and the branch 
pyruvate-galactose to positron 4 of the glucuromc acid was confirmed by the results 
of phage degradatlon27 

In summary, the results presented are m agreement with the followmg structure 
for alkah-treated Klebsrella type 11 polysacchande, calculating the d p from the 
werght-average molecular weight of the sodrum salt 

HsGUG-C@O- 

41\6 
a-D-Galp 2Na+ 

‘44 
[~3)-~-~-Glcp-(1~3)-8_~-GlcUAp-(l~3)-a-D-G~~~-(l--t]_,,, 

The configuratton at C-2 of the pyruvate acetal residue IS not known The 
native polymer addnronally carries one 0-acetyl restdue on every second repeatmg- 
umt, which, from the results of periodate oxidation, and if it IS not randomly distn- 
buted, cannot be located on the branch galactose 

The p m r data allow a partial assignment of the signals of the anomenc 
protons (see Table III and Results) The signal at z 4 5 must or&mate from the 
equatorial anomenc protons of the branch galactose residues, It IS largely drmlmshed 
(to - 17%) m the spectrum of Smith-degraded polymer, and therefore the signal at 
7 4 65 IS from the anomenc protons (which are also equatorial) of the chain galactose 
residues The results presented do not show, however, which of the signals at z 5 08 
and 5 35 ongmates from the axial anomenc protons of the cham glucose and glucuromc 
acid residues, respectively 
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TABLE V 

CHEMICAL BASIS OF SEROLOGICAL CROSS-REACTIONS OF THE KlebsteIZa K11 CAPSULAR ANTIGEN 

Capsule (shme) 
antrgen 

Ohgosaccharrde region m common wrth 
the IUebs~ella serotype 11 capsular 
polysacchartde repeatrng taut 

SerologlcaI 
cross-reactron wrth 
KIebslelld KII 

Enterobacterzaceae 
M (colamc acld)35 36 
Klebstella K21 I2 

Klebslella K722 a6 
KZebsrelIa K20 lo I1 
Ktebsrella K52’O 
E cob K304= 

E colt K2940,7g*80 

Branch 

Pyruvate 2: ~&alp +++= 
Pyruvate 2: a-D-Galp-(l-+4)-D-GkUAp +++a 

Cham 
D-G~c~-(I~~)-~-D-GIcUA~~ -Cd 

-Cd 

b-D-GlcUAp-(l-3)-a-D-Galp’ -c 

(+)I 
Branch and cham 

Pyruvate 

4/\6 
X 

4 

I:4 
&D-Gkp-(143)-~-r&kUAp-(l+3)-z--D-Galpff (+)f 

%trong cross-reactlons repeatedly reported 1 ‘a 34 *No data avadable on the anomenc configurauon 
of the glucose residues, which also carry pyruvate acetal resldues22 86 =No cross-reactlons gwen by 
Edwards and Ewmg’ dNo cross-reactions observed m own control experiments ‘In the case of 
Kkbsrella K20, the anomenc configuratxons have been cstabhshed”’ 11, m the case of Kiebsleila K52, 
as yet not totally conclusive obsenafions suggest that they are the samezO, In the case of E cob K30, 
the uromc acid residues were found to be m the F-D ConEguratlon, but no data on the anomenc 
configuration of the galactose residues were 4t given ‘See Table IV The structure of the E cob 
serotype 29 capsular polysacchande .x0 82 has recertIy been remvestlgated7g *O, It IS 

Pyruvate 

4l\6 

8D-Yp z 
a-D-Manp 

‘$4 

In Table V, the serologcal cross-reactions of the Klebszella IS11 with some 
other Enterobacterzaceae K and M antigens of pamally homologous structure are 
compiled It can be seen that the maJonty of the capsule antlbolcs (K agglutmms) 
produced by rabbits upon injectIon with KZebszeZZa 390 are specific for termmal 
4,6-U-(1-carboxyethyhdene)-D-galactose Only a very small fraction of the K- 
antibody population 1s &rected agamst cham determmants (no, or very weak, cross- 
reactions with KZebszeZIa K7, K20, K52, and E COIL K29 and K30), or, on the other 
hand, agamst pyruvate acetal alone (very weak cross-reactlon with E colz IS29) 
Obviously, K autibodles totally specific for pyruvate-galactose should be obtamed 
by absorption of a KZebszeZZa 390 OK-serum with E colz Bi161/42 (09 K29CA) H-) 
cells 
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