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ABSTRACT

The capsular polysaccharide from Klebsiella K44 has been investigated by
the techniques of methylation, base-catalyzed elimination, Smith degradation, and
partial hydrolysis. The last-named yielded an oligosaccharide corresponding to one
repeating unit. The anomeric configurations of the sugar residucs were determined
by 'H- and !3C-n.m.r. spectroscopy. The polysaccharidc has a fractional acetyl
content and is the first in this series to be based on a lincar, pentasaccharide repeating
unit.

—3)--D-Glcp-(1 »4)-2-D-Glep-(1 = 4)-F-0-GlepA-(1 - 2)-2-L-Rhap-(1-3)-2-L-Rhap
(1>

INTRODUCTION

The capsular polysaccharides of the genus Klebsiella can be grouped into
several chemotypes, one of which comprises the serologically distinct strains Klebsiella
K17, K23, K44, and K45. The constituent sugars of the chemogroup are D-glucuronic
acid, p-glucose, and L-rhamnose’. The structure of the polysaccharide from K23 has
been published?, that of K17 has been completed®, K45 is being examined®, and
we now report our results on the polysaccharide from Klebsiella K44; a preliminary
account has appeared®. Heidelberger and Nimmich predicted®, on the basis of
serological cross-reactions, that the capsular polysaccharide from K44 would contain
two, or three, consecutive rhamnose residues; this is confirmed by our results.

RESULTS AND DISCUSSION

N.m.r. spectra and composition

Klebsiella K44 bacteria were grown on an agar medium, and the polysaccharide
was purificd by one precipitation with Cetavion?. The material thus obtained, having
a molecular weight of 2.6 x 10° (as determined by gel chromatography), was homo-
gencous by electrophoresis, and had [«], +4.0°.

The anomeric region of both the 'H- and '*C-n.m.r. spectra of the K44 poly-
saccharide, which had to be mildly depolymerized in order to lessen the viscosity,
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showed that the repeating unit was a pentasaccharide’-8. The p.m.r. spectrum in-
dicated that (a) three of the sugar units were x-linked and two f-linked, (b) two 6-
deoxy sugar units were present, and (c) some hydroxyl groups werc acetylated.
Integration showed that the last-named were present to the extent of only one acetate
group to approximately three repeating units; pyruvate was absent. The !*C-n.m.r.
spectrum also demonstrated that there were two hexose units unsubstituted at O-6
(see Table I).

The ratio of rhamnose to glucosc (after reduction of the uronic acid) was
found to be 9:11 and the configurations were determined to be L and D, respectively,
by measurement of the c.d. spectra of the alditol acetates®.

Methylation analysis

Methylation!® of K44 polysaccharide, followed by reduction of the uronic
ester and analysis of the hydrolysis products by glc.—m.s.'''2 gave the results
shown in Table I, columns [ and I1. Despite the low yield of 2,3-di-O-methylglucose,
presumably because of incomplete reduction, the data are consistent with the concept
of a linear, pentasaccharide, repeating unit.

Uronic acid degradation

A portion of the methylated polysaccharide was degraded with base and
the product, which was not polymeric, was directly alkylated with ethyl iodide.
Table 1I, column III, shows the formation of 2-O-ethyl-3,4-di-O-methylrhamnose

13.14
)

TABLE 11

METHYLATION ANALYSES OF ORIGINAL, AND DEGRADED, Klebsiella K44 CAPSULAR POLYSACCHARIDE

Methylated sugars® T® Mole ° ¢

fas alditol acetates) . T T T T Tt e e
Column B¢ Column Ct IV 1 11 v

2,3,4-Rha 0.48 49.89

2-Et-3,4-Rha* 0.50 26.4

3,4-Rha 0.77 0.89 19.8 19.9

2,4-Rha 0.90 0.95 23.7 224 319

2,4,6-Glc 1.56 1.51 | 464 220 34.0 33.5

2,3,6-Glc 1.56 1.72 | 21.8 7.7

2,3-Glc (from p-GlcA) 2.14 2.41 10.2 13.9

42 3.4-Rha = 1,5-di-O-acetyl-2,3,4-tri-O-methyl-t -rhamnitol, etc. *Retention time relative to that of
1,5-di-O-acetyi-2,3,4,6-tetra-O-methyl-n-glucitol. <Values corrected by use of cffective, carbon
response-factors given by Albersheim er al.3Y. ¢OV-17 column, programmed at 175° for 8 min, and
then 2°/min to 210°. ¢OV-225 column, programmed at 180 - for 4 min, and then at 2 /min to 230".
/1, original polysaccharide, column B; I, original polysaccharide, column C; I, polysaccharide
after uronic acid degradation, column C; IV, polysaccharide after periodate oxidation-Smith
degradation, compound 1, column B. #Remainder of the total is made up of 2-O-acetyl-1,3,4-tri-O-
methyl-p-erythritol, 16.79,. #1,5-Di-O-acetyl-2-O-ethyl-3,4-di-O-methyl-L-rhamnitol.
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and the almost total removal, by peeling, of the 4-linked p-glucose unit. Thus, the
structure of the region surrounding the uronic acid may be written as
—4)-D-Glep-(1-4)-D-GlepA-(1-2)-L-Rhap-(1 —.

Smith degradation

The polysaccharide consumed 3.6 molecules of periodate per repeating unit
(theoretical, 3.0) in 24 h. Smith degradation'?, followed by gel chromatography,
yielded oligomer 1, having [2], —44°. The p.m.r. spectrum (see Table I) demon-
strated the presence of two anomeric protons, one corresponding to a f-linked
glucosyl residue and the other attributable to an «-linked rhamnosyl residue. The
number of signals in the '*C-n.m.r. spectrum, including three in the range 61-63
p.p.m., indicated the existence of a tetritol (erythritol) as the nonreducing aglycon
(see Table I). Methylation analysis of 1 (see Table II, column 1V), in conjunction
with the spectral data, showed that 1 is

x-L-Rhap-(1-3)-B-0-Glcp-(1 - 2)-D-erythritol.

1

The nature of 1, together with the result of the S-elimination experiment, established
the sequence of the sugar units in the polysaccharide, but left unresolved the con-
figuration of certain glycosidic linkages; this was solved by partial hydrolysis.

Partial hydrolysis

The polysaccharide from Klebsiella K44 was partially hydrolyzed under two
sets of conditions, namely, with 0.1 and 0.5M trifluoroacetic acid. Neutral and acidic
oligosaccharides were separated on an ion-exchange resin, and the latter were then
subjected to gel chromatography. Oligosaccharides 2-5 were obtained, of which

TABLE 111

METHYLATION ANALYSES OF ACIDIC OLIGOSACCHARIDES ISOLATED AFTER PARTIAL, ACID HYDROLYSIS OF
Klebsiella K44 CAPSULAR POLYSACCHARIDE

Methylated sugars® T® Mole ° ,¢
(as alditol acetates)

I i 11 v
3,4-Rha 0.77 24.8 27.5 36.2 61.3
2,4-Rha 0.90 19.9 7.5 229
2,3,4,6-Glc 1.00 22.6 28.0 6.7
2,3,6-Glc 1.56 204 18.1
2,3,4-Glc 1.62 270 38.7
2,3-Glc (from p-GlcA) 2.14 12.3 18.9 7.2
a3 4-Rha - 1,2,5-tri-O-acetyl-3,4-di-O-methyl-L-rhamnitol, etc. *Retention time relative to that of

1,5-di-O-acetyl-2,3,4,6-tetra-O-methyl-np-glucitol on an OV-17 column, programmed at 175° for
8 min, and then at 2°/min to 210". <Values corrected by use of effective, carbon response-factors
given by Albersheim er al.30. 1, pentasaccharide, compound 5; II, tetrasaccharide, component 4;
111, trisaccharide, component 3; 1V, aldobiouronic acid, compound 2.



310 G. G. S. DUTTON, T. E. FOLKMAN

2 and § were single compounds, and 3 and 4 were mixtures. Oligosaccharide § was
the main component isolated under each set of conditions.

The fractions were cxamined by n.m.r. spectroscopy and by methylation
analyses; details are given in the Experimental section and in Tables [ and I11. Oligo-
saccharide 2 was shown to be f-D-GlepA-(1—2)-L-Rha, thus confirming the result
obtained by f-elimination; this is the aldobiouronic acid found in the polysaccharides
from K18 (ref. 16), K36 (ref. 17), and K81 (ref. 18). Oligosaccharide 5 was a penta-
saccharide corresponding to one repeating unit having the structure

B-D-Glcp- (1 -+4)-2-D-Glep-(1—-4)--D-GlepA-(1 - 2)-2-1.-Rhap-(1 - 3)-L-Rha.
Establishment of the structure of §, taken in conjunction with the results of the
previous experiments, made it unnccessary to cxamine the ncutral ohigosaccharides.

The structures shown in Table I for the major components 3a and 4a in the
mixed fractions may be readily rationalized when the nature of 5 is known. The tri-
saccharide 3a, which amounted to ~80°, of the fraction, had been isolated in studies
on the capsular polysaccharides from Klebsicllu K36 (ref. 17) and K81 (ref. 18).

It thercfore follows that the structurc of the capsular polysaccharide from
Klebsiellu K44 is based on the following pentasaccharide repeating unit,
—3)-f-D-Glep-(1-4)-2-D-Glep-(1 - 4)--D-GlepA-(1 - 2)-z-L-Rhap-(1 - 3)-2-L-Rhap

-(I=,
to which must be added, on average, one O-acetyl group for each three repeating
units. The presence of a non-integral proportion of acetate is not uncommon in these
capsular polysaccharides, and has been found, for example, in those of strains K20
(ref. 19) and K59 (ref. 20).

Other Klebsiella capsular polysaccharides containing uronic acid have been
shown to have lincar structures, but these have been based on a trisaccharide repeating
unit [K1 (ref. 21), K5 (ref. 22), and K63 (ref. 23)], a tetrasaccharide [K4 (ref. 24)
and K6 (ref. 25)], or a hexasaccharide [K70 (ref. 26) and K81 (ref. 18)]. The poly-
saccharide from K44 appears to be the first example of such a pentasaccharidic
structural pattern.

EXPERIMENTAL

General methods. — Instrumentation used has been described?, and photocopies
of the n.m.r. spectra recorded in Table I arc available®. For descending paper-
chromatography, the following solvent systems (v/v) were used: (/) 18:3:1:4 cthyl
acetate-acetic acid-formic acid-water, and (2) &:2:1 ethyl acetate-pyridine-water.
Analytical, g.l.c. scparations were performed in stainless-steel columns (1.8 m x
3 mm), with a carrier-gas flow-rate of 20 mL/min. Columns used were (4) 39, of
SP-2340 on Supelcoport (100-120 mesh), (B) 3¢, of OV-17 on Gas Chrom Q (100 -
120 mesh), and (C) 39, of OV-225 on Supelcoport (100-120 mesh). Preparative g.l.c.
separations were performed in a column (1.8 m x 6.3 mm) of (D) 59 of Silar
10C on Gas Chrom Q (100120 mesh).

Preparation and properties of Klebsiclla K44 capsular polysaccharide. — A
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culture of Klebsiella K44 (7730), obtained by courtesy of Dr. I. Orskov, was grown
and isolated as described previously for Klebsiella K23 (ref. 2). The isolated poly-
saccharide, in the sodium salt form, had [«], +4.0° (¢ 1.1, water). The purity of
the polysaccharide was checked by electrophoresis, using a 1% solution on cellulose
acetate strips (Sepraphore III; 15 x 2.5 cm) in veronal buffer, pH 8.6 (LK B-Produkter
AB, Stockholm 12, Sweden) at 300 V for 90 min and then development in either
Alcian Blue in citrate-buffered ethanol (pH 4) or periodate-Schiff reagent. Homo-
geneity was also confirmed by gel chromatography, by courtesy of Dr. S. C. Churms,
University of Cape Town, South Africa, who determined the molecular weight of K44
polysaccharide to be 2.6 x 10°,

The 'H-n.m.r. spectrum of partially depolymerized K44 polysaccharide (0.4m
trifluoroacetic acetic acid for 15 min at 95°), in D,0 at 90°, revealed signals corre-
sponding to five anomeric protons at 6 5.41 (1 H, J, , 4.5 Hz), 5.28 (1 H, J, , ~ | Hz),
5105(1H,J, , 1.5Hz),4.71 (1 H,J, , 8 Hz),and 4.54 (1 H, J, , 8 Hz). Two unrcsolved
doublets, centered at 0 1.28 (6 H, J5 4 6.5 Hz), were signals attributable to the methyl
groups of two 6-deoxyhexose residues (see Table I). A sharp singlet at § 2.17 integrated
to approximately one proton (by comparison with the methyl signal of rhamnose),
and was assigned to the methyl group of an acetate. Migration of this signal to & 1.91
upon addition of sodium hydroxide to the contents of the sample tube confirmed
this assignment.

The '3C-n.m.r. spectrum of partially depolymerized K44 polysaccharide
showed four signals in the anomeric region, at 105.2, 103.2, 101.8, and 99.8 p.p.m.,
with the signal at 101.8 p.p.m. being approximately twice the height of the other
three signals. Signals at 61.6 and 60.2 p.p.m. due to C-6 of two hexose units, and at
17.4 p.p.m., due to C-6 of 6-deoxyhexose units also appeared. No signal from the
CH, of acetate was distinguishable (see Table 1).

Analysis of sugar constituents. — Sugar analysis was performed as previously
described?. The alditol acetates of rhamnose and glucose were identificd by g.l.c.
(column A4; programmed at 195° for 4 min, and then at 2°/min to 260°) and found
to be present in the ratio of 9:11. Preparative g.l.c. (column D; programmed at 210°,
and then at 4°/min to 250°) to isolate the derivatives, and then c¢.d. measurement,
showed 4e¥f$N —1.8 for the rhamnitol pentaacctate, and AeM¢SN +0.30 for the
glucitol hexaacetate.

Methylation analysis of native polysaccharide. — A sample of K44 polysaccha-
ride was passed through a column of Amberlite IR-120 (H*) resin, and then methyl-
ated by the Hakomori'® procedure. Methylation was incomplete, and treatment
with the Purdie reagents®” was nceded in order to give a product that showed negligible
absorption in the hydroxyl-group region (~3500 cm™') of the infrared spectrum.
Carboxyl reduction of the methylated polysaccharide with sodium borohydride in
1:1 oxolane-ethanol, hydrolysis with 2M trifluoroacetic acid, and reduction with
sodium borohydride were followed by acetylation with 1:1 acetic anhydride—pyridine.
The mixture of acetates of partially methylated alditols was analyzed by g.l.c.-m.s.''-'2.
The alditol acetates of 3,4-di-O-methylrhamnose, 2,4-di-O-methylrhamnose, 2.4,6-
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tri-O-methylglucose, 2,3,6,-tri-O-methylglucose, and 2,3-di-O-methylglucose were
identified (see Table II, columns I and 11).

Uronic acid degradation'®*'*.  Methylated K44 polysaccharide (37 mg) was
carefully dried and then, together with a trace of p-toluenesulfonic acid, dissolved
in 19:1 dimethyl sulfoxide-2,2-dimethoxypropane (20 mL) under nitrogen in a
sealed flask; dimethylsulfinyl anion (10 mL) was now added. and allowed to react
at room temperature. After 18 h, the degraded material was alkylated dircctly'*
with ethyl iodide. Following neutralization of the base with 509/ acetic acid, and
addition of water, the cthylated, degraded product was isolated by partition between
chloroform and the aqueous solution. Hydrolysis of the isolated product was per-
formed with 2w trifluoroacetic acid: g.l.c.-m.s. analysis of the alditol acetate deriva-
tives yielded peaks corresponding to 2-O-cthyl-3,4-di-O-methylrhamnose, 2.4-di-O-
methylrhamnose, 2,4,6-tri-O-methylglucose, and a minor peak due to 2,3,6-tri-O-
methylglucose (see Table II, column III).

Periodate oxidation of K44 polvsaccharide'®. - - A solution of K44 polysaccha-
ride (300 mg) in water (50 mL) was mixed with 0.1M sodium periodate (50 mL). The
reaction was allowed to proceed at 4° in the dark, and the periodate consumption
was monitored by analyzing 1-mL aliquots by the Fleury-Lange method?®. Periodate
consumption was rapid, and reached a level of 3.6 molecules per repeating unit of
Klebsiella K44 (theoretical, 3 molecules) within 24 h. Following the addition of
cthylene glycol, dialysis, reduction with sodium borohydride, and re-dialysis, ihe
polyalcohol (192 mg) was obtained by freeze-drying.

Smith degradation'> of the polyol (105 mg) with 0.5v trifluoroacetic acid
during 17 h at room temperature yiclded a mixture of products which was separated
by gel-filtration chromatography in a column (100 x 3 ¢m) of Bio-Gel P-2. Several
fractions (total weight 82 mg) were obtained, but only one was found to be a pure
compound, as judged by 'H-n.m.r. spectroscopy.

Compound 1 (Rg;, 0.44, solvent 2) had [2], -447 (¢ 0.87, water). In the
TH-n.m.r. spectrum, signals attributable to anomeric protons were observed at & 5.18
(s, ] H)yand 4.60 (1 H, J, ; 8 Hz), as wellas 6 1.28 (3 H, J5 , 6 Hz) duc to the methyl
group of rhamnose (see Table 1). The '*C-n.m.r. spectrum showed signals at 103.3
and 101.9 p.p.m. due to anomeric carbon atoms, at 63.2, 62.0, and 61.6 p.p.m. duc
to C-6 of glucose and C-1 and C-4 of erythritol, and at 17.3 p.p.m. from C-6 of
rhamnose (see Table 1). Hakomori methylation of 1, followed by hydrolysis, re-
duction, and acetylation, yielded the alditol acetates from 2,3,4-tri-O-methylrhamnose
and 2,4,6-tri-O-methylglucose, as analyzed by gl.c.-m.s. Only a minor proportion
of 2-O-acetyl-1,3,4-tri-O-methylerythritol was detected, because of its volatility
(see Table III, column 1V).

Partial hydrolysis of K44 polysaccharide with acid. — A portion of K44 poly-
saccharide (666 mg) was partially hydrolyzed in 0.1n trifluoroacetic acid at 95° in
an apparatus similar to that described by Galanos and co-workers?”. After 38 h,
most of the material had been dialyzed, and only a small amount (40 mg) of poly-
saccharide remained in the dialysis sac. All of the dialyzed material in as small a
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volume as possible (5-10 mL) was then applied to a column (30 x 1.5 ¢cm) of Bio-Rad
AG1-X2(Cl7) resin. Neutral compounds were cluted with water (1.600 L) and the
eluate was freeze-dried (yield 340 mg), but the residue was not further cxamined.
Acidic compounds were eluted with 10°; formic acid (200 mL), and the eluate was
several times evaporated to dryness under diminished pressure with water, in order
to eliminate formic acid, and then freeze-dried (yield 220 mg).

The acidic fraction, free from neutral compounds as judged by paper chromato-
graphy (solvent 2), was separated by gel-filtration chromatography on a column
(100 x 3 cm) of Bio-Gel P-2, using 500:5:2 water—pyridine-acetic acid for irrigation
at a flow rate of 10 mL/h. No material was present in the void volume (160 mL;
blue dextran) after collection and freeze-drying. Fractions (2-2.5 mL) were collected
in tared tubes, freeze-dried, and weighed. Every third tube was analyzed by paper
chromatography (solvent /).

A major component (5, 32 mg) having Rg,. 0.14 (solvent /) and [«]p +25°
(¢ 1.95, water) was obtained. The ' H-n.m.r. spectrum of 5 showed signals attributable
to anomeric protons at é 541 (1 H, J, , 3 Hz), 5.29 (b, I H), 5.09 (b, 0.5 H), 4.86
(s, 0.5 H), 4.69 (1 H, J, ;, 8 Hz), and 4.53 (1 H, J, , 7 Hz). A doublet (J; , 6 Hz)
at 8 1.27 (6 H) was also apparent (see Table I). In the '*C-n.m.r. spcctrum, four
signals for nonreducing, anomeric atoms, at 105.2, 103.2, 101.7, and 99.4 p.p.m.,
and two signals for reducing, anomeric atoms, at 94.8 and 94.2 p.p.m., were observed.
Two signals at 61.5 and 60.2 p.p.m. due to C-6 of two glucosyl residues, and a large
one at 17.4 p.p.m. due to C-6 of two rhamnosyl residues, were also evident (see
Table 1). A portion (16 mg) of compound 5§ was methylated under Hakomori condi-
tions. The permethylated product was then reduced with lithium aluminum hydride
in refluxing oxolane overnight, the product hydrolyzed with 2M trifluoroacetic acid,
the hydrolyzate reduced with sodium borohydride, and the product acetylated with
1:1 acetic anhydride-pyridine. G.l.c.-m.s. analysis indicated the presence of 3,4-di-
O-methylrhamnose, 2,4-di-O-methylrhamnose, 2,3,4,6-tetra-O-methylglucose, 2,3,6-
tri-O-methylglucose, and 2,3-di-O-methylglucose as their alditol acetate derivatives
(see Table 11, column I).

A minor fraction (3, 15 mg), a mixture inseparable by the gel chromatography
described, having R, 0.77 (solvent /) and [«], 197 (¢ 1.44, water), was also
obtained. The major signals in the 'H-n.m.r. spectrum occurred at § 5.32, 5.11, 4.88,
and 4.69 in the anomeric region, and at ¢ 1.29 due to CH; of rhamnose (see Table I).
A small signal at § 5.43 that integrated to ~0.2 proton indicated the presence of an
1-D-glucosyl component also. In the '*C-n.m.r. spectrum, two signals for non-
reducing, anomeric atoms, at 105.1 and 101.6 p.p.m., and two signals for reducing,
anomeric atoms, at 94.8 and 94.2 p.p.m., as well as a signal at 17.5 p.p.m. for a
rhamnose methyl group, were observed (see Table I). Other, less intense signals were
present at 99.6 (nonreducing 2-D-glucose), 93.7 (reducing rhamnose), and 60.9 p.p.m.
(C-6 of glucose). Hakomori methylation of 3, followed by carboxyl-reduction,
hydrolysis, and derivatization were conducted under the same conditions as for
compound 5. G.l.c.-m.s. analysis identified a mixture of alditol acetates corre-
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sponding to 3,4-di-O-methylrhamnose, 2,4-di-O-methylrhamnose, 2,3.4,6-tctra-0O-
methylglucose, 2,3,4-tri-O-methylglucose, and 2,3-di-O-methylglucose in the approxi-
mate ratios of 5:3:1:4:1 (see Table I, column III).

Another partial-hydrolysis experiment was performed on K44 polysaccharide
(240 mg) with 0.5M trifluoroacetic acid for 1 h at 95°. After removal of the acid by
several successive e¢vaporations with water, and ncutralization with 0.1m sodium
hydroxide, the hydrolyzed material was separated into neutral and acidic fractions
by use of Amberlite AG-1X-2(Cl17) ion-exchange resin. When scparated by gel
chromatography as alrcady described, the acidic components (200 mg) provided an
aldobiouronic acid (2, 7 mg), a trisaccharide mixture (3, 17 mg), a tetrasaccharide
mixture (4, 17 mg), and an acidic pentamer (5, 39 mg).

The aldobiouronic acid 2 (refs. 16 and 17) had [2]p —7.0° (c 0.46, water). The
'"H-n.m.r. spectrum contained signals at § 5.34 (b, 0.6 H), 4.85 (s, 0.4 H), and 4.70
(1 H, J, ; 6 Hz) in the anomeric region, as well as at § 1.28 (3 H, J5 , 6 Hz) due to
the methyl group of rhamnose (see Table I). In the '>C-n.m.r. spectrum, signals
occurred in the anomeric region at 105.0 (nonreducing) and 93.8 p.p.m. (reducing),
and at 17.6 p.p.m. for C-6 of rhamnose (see Table I). Hakomori methylation of 2,
followed by carboxyl-reduction, hydrolysis, and derivatization in the usual way,
produced the alditol acetates of 3,4-di-O-methylrhamnose and 2,3,4-tri-O-methyl-
glucose (g.l.c.-m.s.; Table III, column IV).

Fraction 3 was the same mixture as that obtained from the first partial hydrolysis,
as judged by the identical, respective 'H- and '*C-n.m.r. spectra.

Fraction 4, a tetrasaccharide mixture not completely separated by gel chromato-
graphy, had [2], +41° (¢ 1.53, water). The 'H-n.m.r. spectrum contained major,
anomeric signals at § 5.42, 5.30, 4.83, 4.69, and 4.53, and two sets of unresolved
doublets (J5 , 6 Hz) centered at & 1.28 (see Table I). An additional signal (~0.2 H)
was apparent at J 5.10, suggesting the presence of a minor, x-L-rhamnosyl component
as an impurity. Four major, anomeric signals were present in the 13C-n.m.r. spectrum
at 105.1, 103.3, 99.3, and 93.8 p.p.m., along with signals at 61.4 (C-6 of glucose),
60.2 (C-6 of glucose), and 17.6 p.p.m. (C-6 of rhamnose) as listed in Table 1. A signal
at 101.7 p.p.m. confirmed the presence of an a-L-rhamnosyl residue. Derivatization
of 4 to afford partially methylated alditol acetates (in the usual way) produced a
mixture, identified by g.l.c.—m.s., corresponding to 3,4-di-O-methylrhamnose, 2.4-
di-O-methylrhamnose, 2,3,4,6-tetra-O-methylglucose, 2,3,6-tri-O-methylglucose, and
2,3-di-O-methylglucose (see Table IIl, column II).

Compound 5, the acidic pentasaccharide, gave a "H-n.m.r. spectrum identical
to that from the pentamer isolated after the first, partial-hydrolysis experiment.

ACKNOWLEDGMENTS

We thank Dr. I. Orskov for a culture of Klebsiella K44 (7730), Dr. P. J.
Salisbury for help with growing the bacteria, and Dr. A. A. Grey and A. Lee for
recording the 220-MHz, n.m.r. spectra. We are indebted to Merck Sharp & Dohme
and to NSERC for financial support.



Klebsiella POLYSACCHARIDE K44 315

REFERENCES

1
2

28
29
30

W. NIMMICH, Z. Med. Mikrobiol. Immunol., 154 (1968) 117-131.

G. G. 5. DurToN, K. L. MACKIE, A. V. SAVAGE, AND M. D. STEPHENSON, Carbohydr. Res.
66 (1978) 125-131.

T. E. FoLkMAN, M.Sc. Thesis, University of British Columbia (1979).

A. ZANLUNGO, unpublished results.

G. G. S. Durtron, T. E. FOLKMAN, A. V. SAVAGE, AND M. VIGNON, Proc. Int. Symp. Glyco-
conjugates, 5th, Georg Thieme, Stuttgart, 1979, pp. 126-127.

M. HEIDELBERGER AND W. NIMMICH, Immunochemistry, 13 (1976) 67-80.

Y. M. CHov, G. G. S. DUTTON, A. M. STEPHEN, AND M.-T. YANG, Anal. Lett., 5 (1972) 675-681.
G. M. BesauLT, Y. M. CHoy, G. G. S. DurToN, N. FUNNELL, A. M. STEPHEN, AND M.-T. YANG,
J. Bacteriol., 113 (1973) 1345-1347.

G. M. BEBAULT, J. M. BerrY, Y. M. CHov, G. G. S. DuTtTOoN, N. FUNNELL, L. D. HAYWARD,
AND A. M. StePHEN, Can. J. Chem., 51 (1973) 324-326.

S. HAKOMORI, J. Biochem. (Tokyo), 55 (1964) 205-208.

H. BJORNDAL, B. LINDBERG, AND S. SVENSSON, Carbohydr. Res., 5 (1967) 433-440.

H. BjorRNDAL, C. G. HELLERQVIST, B. LINDBERG, AND S. SVENSSON, Angew. Chem. Int. Ed. Engl.,
9 (1979) 610-619.

B. LINDBERG, J. LONNGREN, AND J. L. THOMPSON, Carbohydr. Res., 28 (1973) 351-357.

G. O. AspiNALL AND K. G. RoskLL, Carbohydr. Res., 57 (1977) c23-c26.

G. W. Hay, B. A. Lewis, aND F. SMITH, Methods Carbohydr. Chem., 5 (1965) 357-361.

G. G. S. DutToN, K. L. MACKIE, AND M.-T. YANG, Carbohydr. Res., 65 (1978) 251-263.

G. G. S. DuttoN aND K. L. Mackig, Carbohydr. Res., 55 (1977) 49-63.

M. CuRrvaLL, B. LINDBERG, J. LONNGREN, AND W. NIMMICH, Carbohydr. Res., 42 (1975) 73-82.
Y. M. CHoy aND G. G. S. DutTtoN, Can. J. Chem., 51 (1973) 3015-3020.

B. LINDBERG, J. LONNGREN, U. RUDEN, AND W. NIMMICH, Carbohydr. Res., 42 (1975) 83-93.

C. ERBING, L. KENNE, B. LINDBERG, J. LONNGREN, AND 1. W. SUTHERLAND, Carbohydr. Res.,
50 (1976) 115-120.

G. G. S. DutTON AND M.-T. YANG, Can. J. Chem., 51 (1973) 1826-1832.

J.-P. JostLEAU, unpublished results.

E. H. MERRIFIELD AND A. M. STEPHEN, personal communication.

U. ErsAssFr-BrILE, H. FRIEBOLIN, AND S. STIRM, Carbohydr. Res., 65 (1978) 245-249.

G. G. S. DurtoN anD K. L. Mackir, Carbohydr. Res., 62 (1978) 321-335.

E. L. HirsT AND E. PERCIVAL, Methods Carbohydr. Chem., 5 (1965) 287-296.

R. D. GuTHRIE, Methods Carbohydr. Chem., 1 (1962) 435-44].

C. GaLanos, O. LUDERITZ, AND K. HIMMELSPACH, Eur. J. Biochem., 8 (1969) 332-336.

D. P. SweeT, R. H. SHAPIRO, AND P. ALBERSHEIM, Carbohyvdr. Res., 40 (1975) 217-225.

3



