
Carbohvdrate Xesearch. 121(1983) 247-257 
Elsevier Saence Puhlishcrs B.V , Amsterdam Pnnted I” The Netherlands 

Klehsieila K82: CHEMICAL PROOF OF A NEW STRAIN* 

GUY G. S DII WON AN,, ANIIK~W V S. LIM 

Department of Chemi~rry, Thp IJnn~~rs~ty of Bri/i.sh Colwnhru. Vuncouvur. B C.. V6T I Y6 (Canada) 

(Received May 24th. lYX3; accepted for publication. June 20th. 1983) 

ABSTRACT 

A strain of Klebsieffa isolated during an epidemiological survey in the U.S.A. 
was classified as a new strain of Klebsiellu pneumoniae on the grounds that it did 
not react with any antiserum against the K antigens already known. The new strain 
did, however, exhibit capsular quellung with Klebsiella K8 and K20. 

The structure of the capsular polysaccharide (K antigen) of Klrbsielh K82 
has been established as having the tetrasaccharide repeating-unit shown (“three 

plus one” type). This is a novel structure among the Klebsiellu K antigens, thus pro- 
viding chemical contirmation that K82 is indeed a new strain. The presence of a lat- 
eral (D-ghtcosyluronic acid)-D-galactosyl unit common to K8, K20, and K82 ex- 

plains the capsular quellung reaction observed. 

-+3)-P-Glc-( l-3)-Lu-Gal-(l-3)-P-Gal-(l+ 
4 

P-GlcA 

INTRODUCTION 

Qualitative analyses of the capsular antigens of Kkbsielia have been reported 
for strains Kl-72 (ref. l), K73-80 (ref. 2), and KS1 (ref. 3). In 1977, 0rskov and 

Fife-Asbury proposed4 the deletion of certain K numbers on the grounds that 
either (a) the strains were identical, or closely related, to already known strains, or 

(b) the bacteria had been incorrectly identified as Klebsidla. In the same paper, 
they reported the isolation of a new Klebsieh pneumonias, to which they assigned 
the number K82, and the biochemical reactions of which were described4. The de- 
signation of K82 as a new strain was based on the observation that it does not react 

with any antiserum against previously known K antigens. A K82 antiserum, how- 
ever, does give capsular quellung with KX and K20. but at very low titer levels4. 

“Presented, in part, at the Xlth lnlernatmnal Carbohydrate Symposium, Vancouver, August. 1982 

0008.621.5/83/$03.00 0 1983 Elscwcr Science Publishers B.V. 



In cnnttnuation of our chemical examination of this genus. we now report lhe 

primary structure of the capsular polysnocharide of Kirb,siel/a KX2 

RFSUI.TS ANU I~IS~‘LlSSION 

Composition and n.m.r. .sppectra. - Klrhsdla K87 bacteria were grown on an 

agar medium. and the acidic polysaccharide was purified by one precrpitation wtth 
cetyltrimethylammonium hromidc’? The product u’as monodisperse by gcl- 
permeation chromatography (A, = 7 X I#‘) and had [cY],, +.%I“. whicft comnarcs 

well with the value of +X0 calculated by uzing Hudson’s rules of ixorotation’. 

Analysis of the acidic polysaccharide gave galactose and glucose in the ratio of 

1.5: 1 (see Table I. column I). When the uranic acid was rcduccd (foilowing 

mcthanolysiss, or in the intact polysacch:irirlr”). galactose and glucose were ob- 

tained in equimolar proportions (xc Table I. columns II and III). The composition 

of the K87 polysaccharidr i\ thus galactose:~lucose:glucurnnic acid in the ratios of 
2: 1: I. The three sufiars were shown to be of the L) contiguration by the crrcular dr- 
chroism curves of the tieribcd alditol acetates and of a mcthylated derivative”‘. 

The lIT-n.m.r-. spectrum contirmcd the presence of :I trtr;rsircL.haridr repeat- 

ing-unit and showed that tht-cc units are /3- and one is cu-linked. ‘l’hese results were 

confirmed by the “C-n.m.r spectrum. which also inclicatcd that the O-h atoms of 
the hexoscs are unsubstituted (see ‘Table II) 

Merhylalwr~ annl~sr~“~~‘. --- Analyses were conducted (~1) on the original 
polysaccharide. (h) with reduction of the uranic esler iollcrwinp rnrthylation (c) 

with remethylation of product h, and (d) on the neutral polysaccharide. obtained 

by carbodiimide” reduction The results. presented in Table III. columns 1 t<) V, 
confirm the concept of a tetrasaccharidc repeating-unit. and show that the branch 
point is a galactosyl residue linked at O-3 and 0.3, and that the glucuronic acid is 
a terminal. nonreducing gr~rup. A /J-elimination cxpcrimcnt” dcm~>nstrated that 

the uranic acid is dir-ectly linked to the galactosc at 0-J (see Table TIT. column V). 

TAB1.r: I 
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TABLE 11 

Compound0 ‘H-N.m.r. data “C-N.m. r. data 

Ab J12‘ Integral A.wignmen~ p.p,m.’ Assignment 

(Hz) proron 

GlcA+l-OH 

A2 

Glc~-OH 

I P 
1 
GlcA 

A3 

G,+Gal+l-OH 

I 

P 
1 
FICA 

A4 

GlcA 

A4 (reduced) 

5.29 3 

4.75 8 

4.61 8 

4.50 b 

5.30 3 

4.97 8 

4.69 8 

4.65 8 

4.45 b 

5.31 3 

4.95 8 

4.77 8 

4.66 8 

4.55 b 

5.50 b 

4.73 8 

4.54 8 

4.50 b 

5.40 s 

4.75 8 

4.71 8 

0.3 

1.0 

0.7 

1.0 

0.6 

1.0 

n.4 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.” 

1.0 

1 .o 

1.0 

1.0 

1.0 

I.0 

1.0 

4-Gal$H 103.54 
GlcAB 

GlcAB 93.40 4.Gak$H 

4.Gal&H 
P 

H-S (GlcA) 

172.29 C=O (GlcA) 
3.4.Gal-$H 105.46 

G’cB 

G’cAT 
103.32 

G’cAB 

3,4-GalSOH 91.47 3-Gal-gOH 

GICT 93.44 3-Gal-$H 

H-S (GlcA) 

3,4-Gal; 

G1cAp 

3-GalyH 

Gkp 

H-5 (CilcA) 

3,4-c&& 

G’cAB 

GICa 

H-S (GlcA) 

3.Gal; 

3-GaCg 

3-Glcij 

105.29 
3-G’cT 

105.15 
3-GaCg 

loo.35 3.Gal; 

62.00 C-6 of hexoses 
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Smith degradation’4~‘5. - Carboxyl-reduced K82 polysaccharide’ consumed 
two mol of periodate per repeating unit, in agreement with theory, and analysis” 
showed that only the glucuronic acid was oxidized. The recovered material (SD) 
was polymeric, confirming that the uranic acid is laterally attached, and the p.m.r. 
spectrum showed the disappearance of a P-signal at 6 4.96 (J1 ,2 8 Hz), in addition 
to a peak, at S 4.50, attributed to H-5 of the acid. Other examples are known where 
H-5 of glucuronic acid may give a signal in the region normally associated with 
anomeric protons”. Methylation of the Smith-degraded product gave results iden- 
tical to those obtained by @elimination (see Table III, column VI). Two possible 
structures were consistent with the results obtained so far, but a choice between 
them could be made on the basis of the fragments obtained by partial hydrolysis. 

Partial hydrolysis. - Preliminary experiments revealed that optimal produc- 
tion of oligosaccharides occurred on treatment of KS2 polysaccharide with M tri- 
tluoroacetic acid for 1.5 h on a steam bath. Separation on an ion-exchange column 
of the products in the hydrolyzate gave a neutral and an acidic fraction. The former 
contained glucose, galactose, and a trace of an oligosaccharide. The latter fraction 
was separated by gel-permeation chromatography into two portions. One was 
shown to be polymeric, and was not further examined. The other was separated by 
paper chromatography, and gave three pure oligosaccharides, designated AZ, A3, 
and A4. The structures of these compounds, presented in Table II, were estab- 
lishcd by analysis (see Table I), n.m.r. spectroscopy (see Table II), and methyla- 
tion (see Table III, columns VII and VIII). In addition, the aldobiouronic acid A2 
was found to be hydrolyzed by P-D-glucosiduronase, and the p.m.r. spectrum of 
the alditol derived from A4 was also recorded, in order to determine the anomeric 
configuration of the internal galactosyl unit. It appeared from the p.m.r. speclrum 
of A4 that the terminal (reducing) galactose residue existed essentially in the /? con- 
figuration. 

CONCLUSION 

The sum of these experiments demonstrates that the structure of the capsular 
polysaccharide from Klebsiella KS2 is based on the tetrasaccharide repeating unit 
shown 

-t3)-~-Glc-(1~3)-rY-Gal-(l-t3)-~-~al-(l--t 
4 

1 
P-GlcA 

KS2 

This structure resembles lhat of K8 (ref. 18) and, in common with K20 (ref. 
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19). it has a lateral, p-n-glucosyluronic acid group as a terminal unit. Fl‘hcse 

similarities in chemical structure thus explain the capsular qucllung reaction ob- 

served between these three strains. Despite the similarity between the K8 and K82 

antigens, the structure of the K82 polysaccharide is nuvcl in this series. thus cor- 

roborating the observation by (drskov and Fife-Ashury’ that KX7 does not react 

with any of the antisera from the other K-!ypes. Furthermore. the p.m.r. apeclr~lrn 

of a sample of K8 polysaccharide was shown to drffcr from thal of KXI. 

+3)-p-c&-( 1~3)-P-C;al-(l-j3)-a-Oal-( I+ --t2)-n-Man--( I---II)-P-Gal-(I&- 

4 3 

T T 
1 t 

IX-GlCA 0-Gal 

T 
1 

P-GlcA 

K8 K20 

EXPERIMENTAL 

Gerteralmethods. --~ Solutions were evaporated at bath temperatures not ex- 

ceeding 40”. Frozen solutions were obtained by using LL Dry Ice-acetone mixture. 

and lyophilized in a Unitrap II freeze-dryer. De-ionizations were performed on a 

column of Amberlite JR-120 (H+) resin. Optical rotations were measured on aque- 

ous solutions at 23-25” in a IO-cm cell with a Perkin-tlmcr model l-11 polarimeter. 

Circular dichrnism (c.d.) spectra were recorded with a .Iasco J20 automatic record- 

ing spectropolarimeter for solutions in a quartz cell of 0.3 ml capacity and 3 path 

length of 0.1 cm. Compounds were dissolved in ~pecrroscopic-gradr acetonitrile, 

and the spectra were recorded in the range of 21(&240 run .J‘hc infrared (i-r.) 

spectra of methylated derivatives were recorded with a J’erktn~ Elmer model 557 
spectrophotometer for- solutions rn spcctroscoptc-grade carbon tctrachloridc. 

Analytical paper-chromatography was prrforrned by the descending method. 

using Whatman No. 1 paper- and the following solvent systems: (I) lR:.i: I:4 ethyl 

acetate-acetic acid- formic acid-water, (2) freshly prepared 2: I : I I-butanolPacetic 
acidwater, (3) 812: 1 ethyl acetate-pyridinr-watrl-. and (3) the upper phase of 
4: 1 :S I-hutanol-ethanol-water. Preparative paper-chromatography wa\ conducted 

by using Whatman No 3 paper and either solvent system I or .T Annlytical paper- 

electrophoresis was conducted on a Savant high-voltage (5 kVj system (model I_‘I.- 

48A). Kerosene was the coolant, and the buffer system used was 5:_?:73;.3 pyridine-- 

acetic acid-water. pH 5.3. Whatman No. 1 paper (77 cm x20 cm) was used for all 

such experiments, with an applied curter11 of 2.%-X) mA. Chromatoprams were dr- 
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veloped either with alkaline silver nitrate or hy heating at 110” for 10 min after 
being sprayed with a solution of p-anisidine hydrochloride in aqueous 1-butanol. 

Preparative gel-permeation chromatography was performed in columns (2.5 
X 100 cm) of Bio-Gel P-2 (400 mesh). The void volume of the column, and the efti- 
ciency of packing, were determined by using Blue Dextran (0.2%). 

The concentration of the samples applied to the column ranged from 4OlOO 
mg/mL. The eluant used was 500:5:2 water-pyridineeacetic acid at a flow-rate of 
10 mL/h. Fractions (2.5 mL) were collected, freeze-dried, and weighed, and the 
elution profile was obtained. Sephadex LH-20 was used to purify carbohydrate ma- 
terial soluble in organic solvents, e.g., permethylated oligo- and poly-saccharides. 

Analytical, g.1.c. separations were performed with a Hewlett-Packard 5700 
instrument, fitted with dual flame-ionization detectors, on alditol acetate deriva- 
tives. An Infotronics CRS-100 electronic integrator was used to quantify the peak 
areas. Stainless-steel columns (1.S m x 3 mm) were used with a nitrogen carrier- 
gas flow-rate of 20 mL/min. The columns used were: (A) 3% of SP-2340 on Supel- 
coport (lOO-120 mesh), programmed from 195” for 4 min, and then at 2”/min to 
260”, (B) 5% of ECNSS-M on Gas Chrom Q (100-120 mesh), isothermal at 170”. 
or programmed from 180” for 4 min, and then at Z”/min to 190”, (C) 3% of OV-225 
on Gas Chrom Q (lo&120 mesh), isothermal at 170”. or programmed from 180” for 
4 min, and then at 2”/min to 190”, and (D) 5% of SP-1000 on Gas Cbrom Q (lo& 
120 mesh), isothermal at 220”. Preparative g.1.c. was conducted with an F and M 
model 720 dual-column instrument fitted with thermal conductivity detectors, and 
a helium carrier-gas How-rate of 60 mL/min. Stainless-steel columns (1.8 m X 6.3 
mm) used were: (E) 3% of SP-2340 on Supelcoport (IOf& mesh), programmed 
from ZOO-260” at 4”/min, and (b) 5% of QV-225 on Supelcoport (lOOI mesh), 
programmed from 19O-260” at l”/min. G.l.c.-m.s. was performed with a Micro- 
mass 12 instrument fitted with a Watson-Biemann separator, and a helium carrier- 
gas flow-rate of 25 mL/min. Spectra were recorded at 70 eV with an ionization cur- 
rent of 100 ,uA and an ion-source temperature of ZOO”. The columns used for sep- 
arations were B, C, and D. 

‘H-N.m.r. spectra were recorded with a Bruker WH-400 instrument. Spectra 
were recorded either at ambient or elevated temperatures (95 +5”) and acctonc 
(2.23 p,p,m.) was used as an internal standard. All values are given relative to that 
of external sodium 4,4-dimethyl-4-silapentane-1-sulfonate. Samples were prepared 
by dissolving them in DZO and freeze-drying (three times). Carbohydrate samples 
(l&20 mg) dissolved in D20 were examined in S-mm diameter, n.m.r. tubes. “C- 
N.m.r. experiments were conducted with a Bruker WH-400, a Bruker WP-80, or 
a Varian CFT-20 instrument. All spectra were recorded at ambient temperature, 
and acetone was used as the internal standard (at 31.07 p.p.m.). Samples were 
dissolved in the minimum volume of DzO, and examined in n.m.r. tubes of 5 or IO 
mm diameter. 

Preparation and properties of K82 capsular polysaccharide. - A culture of 
Klebsiella K82, obtained from Dr. Ida 0rskov, Copenhagen, was grown as previ- 
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finylmethanide (2M, 15 mL) was added, and the mixture was stirred for 18 h at 
room temperature. The mixture was frozen, methy! iodide was added, the mixture 
melted, and stirred for 1.5 h at I-oom temperature, and the methyl iodide evapo- 
rated. The mcthylated, degraded product was isolated by partition between chloro- 
form and water (3 x 15 mL1. the product dried, and hydrolyzed with 2M TFA. and 
the sugars released were analyzed as described previously for the methylation 
analysis (see Table III, column V). 

Periodate oxidation’” and Smitft degradatmrt’J~‘5 of neutral h’82 polysac- 

charide. - To a solution of the carbodiimide-reduced K82 polysaccharide (26 mg) 
in water (5 mL) was added u.03M sodium metaperiodatc solution (5 mL). The reac- 
tion was conducted al room temperature and in the dark. Aliquots (0.1 mL) were 
withdrawn periodically, and diluted 2SO times with water. The absorbances’h at 223 
nm of the resulting solutions were measured in a Gilford spectrophotometer, 
model 240. The periodate consumption reached a plateau after -100 h, when 
-0.08 mmol of IO; had been consumed, equivalent to 2 mu1 of 10, per mol of re- 
peating unit. Ethylene glycol (0.1 mL) was added. to decompose the excess of 
periodate, the polyaldehyde was reduced with sodium borohydride, the base was 
neutralized with 50% acetic acid, and the solution dialyzed, and lyophilized, to 
yield the polyalcohol (13.5 mg). Analysis by g.1.c. gave the results shown in Table 
I, column IV. 

A solution of carbodiimide-reduced K82 polysaccharide (270 mg) in water 
(150 mL) was mixed with 0.2M sodium metaperiodate solution (150 mL), and kept 
in the dark at room temperature. After 125 h, the excess of periodate was decom- 

posed by the addition of ethylene glycol (5 ml.). After dialysis for 2 d, the 
lyophilized polyaldehyde in water (50 mL) was reduced to the polyol with sodium 
borohydride. the base was neutralized with SO% acetic acid. and the solution dia- 
lyzed, and frcczc-died. A second treatment was conducted, and, after similar pro- 
cessing. the polyalcohol was recovered (yield 205 mg). A sample of the polyalcohol 
(150 mg) was subjected to Smith hydrolysis with ().sM TFA for 28 h at room tem- 
perature. The freeze-dried product (105 mg,). recovered after dialysis, was a 
polysaccharide whose n.m.r. spectrum contained three anomeric signals (see Table 
IT). A sample of the Smith-hydrolyzed polysaccharide (30 &g) was subjected to 
methylation analysis, and it gave 2,4.6-tri-O-methylgalactose and 2.4,6-tri-O- 
methylglucose in the ratio of 2: 1 (see Table III, column VI). 

Partial hydrolysis. - The KS2 polysaccharide (530 mg) was hydrolyzed with 
M TFA on a steam-bath for 1.5 h. After removal of the TFA by successive evapora- 
tions with water, the mixture was separated on a column of Rio-Rad AGI-X2 (for- 
mate) ion-exchange resin, to give a neutral (670 mg) and an acidic fraction (330 
mg). The neutral fraction was eluted with distilled water. and the acidic fraction 
with formic acid (10%). The acidic fraction was applied to a column of Bio-Gel P-2 
and the rffluent was collected in 2.5mL fractions. These were freeze-dried and 
weighed; the elution profile obtained showed two main fractions, 1 and 2. Fraction 
1, which was eluted immediately after the void volume (320 mL, Blue Dextran) 



was shown by paper chromatography to he polymeric. Further separation of frac- 

tion 2 by paper chromatography (solvenl I). gave an aldohiouronic acid A2 (15 mg. 

R,,, 0.44), an aldotriouronic acid A3 (32 mg. RG,, 11.33). and an aldo~etraouronic 

acid A4 (34 mg, RG,, 0.1). Paper chromatography of the neutral ft-action showed 

mainly galactose and glucose, and an insignificant amount of R neutral disaccharide 
(R,,, 0.43). 

The analyses performed nn each oligosaccharide were as tallows. (a) ,S’USU~ 

onnlysis. Acidic oligosacchnrides were treated with 3’:; methanolic hydrogen 

chloride for 8 h on a steam bath. The methyl ester oblained wa> rrduced with 

sodium borohydridc in anhydrous methanol *, followed by hydrolysis with 7~ TFTA. 

sodium borohydride reduction to the alditols. and acetylatir~n with I: 1 acetic 

anhydride-pyridine Data for the g.1.c. analysca (column A) are given in .l’ahle III 
(b) Methylarir~n aiznlycis. All methyl&ions were conducted h> the method c>f 

Hakomori”,” (the acidic oligosacchartdes being reduced with lithium aluminum 

hydride in anhydrous oxolane after methylation); hydrolysis with Z&t TFX. sodium 
borohydridc reduction. and acetylation gave the partially mrthylateri aldital ace- 

tates. which were analyzed by g.1.c. and g.l.c.-m.s. (vx Table III) 3‘he n.m.r. data 
for each <Jigosaccharide are given in Tnblc II. 

G~ymic h_~&of~si.s. - ((I) /3-D-Giucosrdase. Compound A4 (3 mg) was 

dissolved in acetate buffer (2 mL. pH 7.0). P-D-glucosidasc (Sigma. I mg) was 
added, and the solution was incubated for 2 d at 37”. No glucose wah tlrtccred by 

paper chromatography (solvent I): however. the enzym 5 wa5 active on ccllobiosv. 
(b) P-D-C;a/UCt~~.~idff.~e. Compound A4 (3 mg) U-HS used, and ihc p~o~xdu~c followrd 
was as for (a). No galactox was detected by paper chromatography : the cnzymc 

was active on lactose. (c) P-u-Clucosltilcrorlusc. Compound A2 (I? mg) was di- 
ssolved in acelate buffer (3 mL. pH 7.0)> p-0-glucoslduron;r~~ (Sigmx 1 mg) was 
added. and the solution was Incubated for I d at 37”. Glucur-onic acid and galaclose 

were dctcctcd 1~ paper chromatography (solvent I), the erl~mc wa\ act~vc an 
phenylphthalein mono-P-r,-pluccl~iilurr,nic acid. 
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