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(i)

SUMMARY.

r'.The structures of the exopolysaccharides from a number of
strains of the bacterial genus Klebsiella have been inveétigated and
compared.>1All'of these polysaccharides have been showﬁ to be composed
of regu;arly'repeated oligosaccharide units containing D-glucuronic acid
énd'three to five heXOSe'reSidueS,.With pyruvic acid ketalvand O-acetyl

groups also present in some of the polysaccharides.

Graded acid hydrolysis, moﬁitored by gel4permeation Chromat6~

graphy,_has been used to étudy the degradation of each poljsaccharide'

to the structurally Significanf oligoséccharides and fragments of higher
molecular weight which are clearly aggregates of thesevunits; In all
cases both acidic and neutral oligosaccharides have been isolated in a
high degree.of purity, whicﬁ has permitted their characterisation by
StandardAteéhniéues, inclﬁding partial acid hydrolysis and methylation
anaiysis,»and the use éf proton magnetié resonance épectroscopy and
measurement of thical rotatory power to determine the nature of anomeric

linkages.

The pOlysaccharidés‘from Klebsiella K4 and X.prnewnoniae
(oxytoca variant) ;.have been shown to have linear tetra- and penta-
saccharide repeating units reépectively, while the structures of those
from serotypes K27 and K64 have been found to be more complex, consist-
ing of branched hexasacchéride'repeating units with pyruvic acid ketal-

linked to one sugar residue. .

In addition, the fungal polysaccharides from two‘strainsiof
Cryptococcus ngofbrmans have been investigated and shown to be chemically
equivalent. The evidence obtained from.partiai acid hydrolysis, methyl-
ation analysis and Shith—degradation-studies performed on one of these
polysaccharides is conéistent with a structure in which a iinear (1+3)-

linked chain of D-mannose residues is substituted at position C-2 by



(Fein,

- (i)

either Q;glucurohic_acid or D-xylose. This represents one of the

few complete characterisations of a Cryptococcus polysaccharide to

be achieved up to the present.

Part of the work reported in this thesis has been published,
viz;
Structural studies on a capsular polysaccharide from

Cryptococcus neoformans - E.H. Merrifield, A.M. Stephen, and

J. van den Ende, S. Afr. J. Sci., 74, 146 (1978).
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INTRODUCTIGOCN



1.1 THE OCCURRENCE AND'NATURE OF KLEBSIZLLA MICRO-CRGANISMS

The light microscope reveals two principalvforms of
eubacteria : more or less spherical organisms known as cocci and
cylindrical ones called bacilli. The genus KlebsZella belongs to the
family Enterobacteriaceae which is part of a large heterogeneous group
of gram-negative bacilli that naturally inhabit the gastrointestinal

tract of man, and are collectively referred to as the enteric bacilli.

In their'vifulence for man, the enteric bacilli fall into
three general categories. Thé first includes:the coliform_bacilli, of
which Klebsiella is a member, the proteus organisms, Pseudomonas
azruginosa, and Alcaligenes faecalis. = These common inhabitants of the
normal human gastrointestinal tract are ordinarily non-pathogenic,
causing disease (most.often of the urinary tract) only under épecial
circumstances. The second group contains the Salmonellae, highly
~invasive pathogens, some of which characteristically give rise to systemic
infections such as typhoid fever. The third is composed of the Shigellae
and Vibrio cholerae, relatively noninvasive microbes, which préduce the
superficial thougﬁ disabling intestinal lesions of bacillary dysentery

and cholera.

None of the enteric bacilli form spores and all are felatively
small gram-negative rods, measuring 2 to 3um in length aﬁd 0.4 tovO.Svm in
breadth. Strains of Klebsiella are characferised by capsule production,
which gives rise to largé mucoid colonies. These bacterial capsules are
loose,gel-like structures-which vary widely among strains in thickness;_
density and adhergnce to the.éell wall.  Capsules are most eésily
demonstrated in India ink suspension, where they are recognised as a

clear zone between the opaque medium and the more refractile cell body.



They can also be rendered visible by exposure to specific anti-capsular
“antibodies which iﬁcrease their refractility, or by special stains.
‘Capsules in pathogenic bacteria offen play a major role in determining
virulence because they protect the cells from phagocytosis. A given
bacterial species may inciude strains of different antigenic types which
produce immunologically distiﬁct capsules. In the caée of Klebsiella,
approximafelvaO different strains have been recogniséd on the basis of
their serological reactions. . The substaﬁces responsible for the‘imﬁuno—
logicai specificity of these capsules are relatively simple acidic poly-
saccharides which contain regular sequences of sugars. Toennissen¥

was the fifst worker to'draﬁ attention to the serological specificity of
Klebsiella capsules and to demonstrate the carbohydrate nature of the
capéularvantigens, while Kauffmann? published the firét antigenic
classification of the Klebsiella groupvbased on the recognition of

somatic (0) and capsular (X) antigens.

KZebsieZZavpnéumoniae (Friedlander's bacillus) is the most
importént human pathogen of the KZebsiéZZa group. Except fér being non-
ﬁotile) it is otherwise morphologically and metabolically indisfinguish-
able from Aerobacter derogenes,which also belongs to the coliform bacilli.
The similarities of all the Aerobacter and Klebsizlla organisms are in
faét so great that Kauffmann suggeéted that they be classified in fhe
same genus, butbthis suggestién has not generaliy been adopted because

of the striking differences in their pathogenicities.’

K. pneumoniae is found in the nose, mouth and intestinal

" tracts of healthy subjects and is frequently present as a secondary invader
in_the lungs of patients with bronchietasis or other chronic pulmonary
disease. Its invasive properties are much like those of Preunococcus

being primarily due to the antiphagocytic effect of its capsule.



Pneumonia caused by K. prnewmoniae 1s characterised by the
producfion of thick, gelatinous sputum and freqﬁently leads to the form- .
ation of lung abscesses. The high population densities of the K.
pneumonide organisms reached in thepedemazbnes of the active lesions
are due to the very large capsules which impede phagocytosis. The
‘ destructive action of the unphégocytized érgaﬁisms on the pulmonary
tissué'inferferes with antimicrobial therapy and often resglts in chronic
lung abscesses requiring surgical re-section. Streptomycin, chlorampheni-
col and tetracycline antibloticsare all comhonly used in the treatment of.

Klebsiella infections.

Like other coliform bacilli Klebsiella organisms cause infect-
ions of the human urinary tract. In addifion,two other Klebsiella species
have been implicated in chronic inflammatory diseases of -the upper res-
piratory tract. -Klebsiella ozaenae has been isolated from the ndses of
patients withozaenaAa.progregsive fetid atrophy of'thé nasal mucosa,
and KZebsieZZa.rhinoscleromatis has'been cultﬁredAfrom patients with
rhinoscleroma, a destructive granuloma of the nose and pharynx. In an
examination of 256 Klebsiella cultures obtained during a study of the -
biochemical and.serological reactions of Klebsiella capsules, Edwards and
Fife3 found that more than half the cultureé were isolated from sputum
 and bronchiéi exudate or from urine and the genito-urinary tract. vOther
sources of Klebsiella éultufes included the lungs and pleura, sfools and

intestinal content, pus, blood, abscesses, bones and joints.

The Klebsiello sfrains used for the investigétions described
in this thesis were isolated from patients at Groote Schuur Hospital,
Cape Town,.or obtained from the National.Collectibn of Type Cultures,v
London. All strains were éerotjped by courtesy of Dr. I; grskov (WHO,

Copenhagen).



1.2 THE STRUCTURES OF KLEBSIELLA CAPSULAR POLYSACCHARIDES

A qualitative study of the.chemical'constituents of tﬁe
polysaccharides from.some 80 different Klebsiella K-serotypes by
Nimmich“s5 has led to thevgrouping of the'capsuiar poiysaccharidéé
according to their'component rmonosaccharides. These different chemo-
types are listed in Table 1, froﬁ which it éan be seen that certain
‘,combinations of sugaré are unique, whereas others may be found in as
many as seventeen strains. In the latter case it is'qlearly of par-
'ticuiar_immunochemical interest to determine the primary structures of
the polysaccharides from different serotypes within the same chemotype.
This is the major objective of thé work described in this thesis.
Several Klebsiella polysaccharideé of différent chemotypes have been
.examined and their étructures compared with those postulated for other

polysaccharides within the appropriate groups.

The majority of Klebsiella capsular polysaccharides owe their
acidity to Q;glucuronic acid, which is found in combination with hexose
and deoxyhexose sugars; Q;Galacturonié acid is foﬁnd in-a limited
number of strains, while the acidity of the polysaccharides from séro-
types K526, K567 and K728 is entirely due to the presence of
pyruvic acid, which supplements the acid content in many other KZebsﬁeZZa
' polysaccharides. The structures.of the keto-acids present in the poly-

saccharides from K372 and 38!0 thave been determined, but that found
~in the K22 polysaccharide is still under examinationll. Hekose»sugars

occurring in Klebsiella polysaccharides include D-glucose, D-galactose,

D-mannose and the deoxy sugars'g;rhamnose and L-fucose.



One of the first Klebsiella polysaccharides tO‘be investigated
was that of K-type 54.. Results of a preliminary study by‘Aspinall and
coworkersl? in 1956 suggested that the slime polysaccharide, composéd
of D-glucuronic acid, Q;glucoée and L-fucose, had a very complex ﬁon—
repeating structure. However, ten years later a re-examination of this
polysaccharide by Sandford and Conradl3’21,using the muéh:improved
methylation methodology of Hakomorilu, showed that the D-glucose,
D-glucuronic acid énd.g;fucose residues were present in a simplé molar
ratio of 2:1:1 respéctively. A sequence analysis, involving radio-
chemical methods, of the oligosaccharides obtained on partial hydrolysis
indicated that the polysaccharide was composed of simple tetrasaccharide
repeating units. The regularity of this repeating unit was later demonstr-
ated in a study of the breakdown of the polysaccharide under varying con-
ditions of mild acid hydrolysisls, in which the structurally siéﬁificant
tetrasaccharide wés detected, by gel-permeation chromatography,.together
with products having higher molecular weights which were clearly aggregates

of this oligosaccharide.

" The polysaccharide from Klebsiella K-type 1l,which belongs to the
same chemotypé as K54, was the subject of a preliminary investigation by
Bérker and coworkers iﬁ 196316, . in which ﬁethylation analysis and perio—
date oxidation studies indicated that most of the sugars were linked
through‘the 3~position. A more recent study by Lindberg et al. 7 has

xrevealed that the polysaccharide has a simple triéaccharide repeating
unit ;onsisting of the aldobiouronic acid.u—gf(B—Q;glucopyranosyluronic
acid)—g;fucosevand a residue of Q;glucbse which 1s linked through 0-3. in
the polysacéharide chain. Pyruvic acid is_linked as a ketal toAthe 2~

and 3-positions of the D-glucuronic acid residue, which is in turn linked

through O-4 in the chain; this provides the first instance of pyruvic acid



TABLE I

Glucuronic

Glucuronic

Glucuronic
Glucuronic
Glucuronic
Glucuronic

. Glucuronic

- Glucuronic

Glucuronic

_Giucuronic
Glucurcnic
Glucuronic
‘Glucuronic

Glucuronic

KLEBSIELLA CAPSULAR POZYSACCHARIDES (K1 - K83) GROUPED

Acid,
Acid,

Acid,
Acid,
Acid,
Acid,
Acid,

Acid,
Acid?

Acid,
Acid,
Acid,
Acid,
Acid,

ACCORDING TO CHEMOTYPE

Galactose, Glucose

Galactose, Mannose

Galactose, Rhamnose
Glucose, Mannose
Glucose, Rhamnose
Glucose, Fucose

Galactose, Glucose, Mannose

Galactose, Glucose, Fucose

Galactose, Glucose, Rhamnose

Galactose, Mannose, Rhamnose
Glucose, Mannose, Fucose

Glucose, Mannose, Rhamnose

Galactose, Glucose, Mannose, Fucose

Galactose, Glucose, Mannose, Rhamnose

Galacturonic Acid, Galactose, Mannose

Galacturonic Acid, Glucose, Rhamnose

Galacturonic Acid, Galactose, Fucose, Rhamnose

Pyruvic Acid, Glucose, Rhamnose

Pyruvic Acid, Galactose, Rhamnose

Pyruvic Acid, Galactose, Glucose, Rhamnose

Keto Acid, Galactose, Glucose

p

- Pyruvic acid present in addition

gP, 11P, 15, 51, 25, 277, 78
20, 212, 20P, w2P, u3, 66,
74P, 76 -

9, 47, 52, 9%, 81, 83
2,4, 5P, oy
17, 44, 71

1, 54
10, 28, 39, 50, 59, 61, 62,
77, 7P, 13P, 2862, 30, 31P,

337, 35P, ueP, 69P

16, 58°
18, 19, 23, 41, 79, 12P,
36P, usP, ssP. 70P, 73P

53, 40, 80P

6P, 60
6uP, 65

e8P

1P, 87

3P, ug, 57, 75
34, u8
63

72
32
56



" being bound to uronic acid iﬁ a KZebéieZZa.polysaccharide. Graded acid
hydrolysis studies monitored by gel—bermeétion chromatography!8 have
again confirméd.fhe size of the repeating unit, the tPisaccharide and“’
oligomers having higher molecular-weights wﬁich were multiples

of this being plainly evident from the chromatograms obtained.

The regularity of oligoéaccharide sequencesAwithin complex
heteropolysaccharides, aithough widely accepted, had received experi-
‘mental confirmation in only a few instances prior to 1966. Since then, -
however; the primary structures of more than thirty Klebszella capsular
polysaccharides have been published, and all.repofts have indicated
structures consisting of regularly repeatéd oligosaccharide sequeﬁces;
the polysaccharidesvare~believed to be biosynthesised from such oligo-
saccharides; The structural patterns of the capsular polysaccﬁapides
from Klebsiella strains which have been elucidated to date are given
in Table 2, from which it is apparent that these glycans differ only
by rathef limitea variations iﬁ the polysacéharide skeleton. Because of
this basic similarify, Klebsiella polysaccharides of known structure
have been used in recent years for a variety‘of comparative studies,
by p.m.r. spéctroscopylg’zg,on the struéfural basis for the serological

22,23

cross-reactions amongst different Klebsiella K-antigens , and between

these and surface antigens of other bacteria2’2“‘28, as well as investig-

ations of the substrate specificity of bacteriophage-borne enzyme329"32.

An examinafion‘of the Klebsiella ﬁolysaccharide structures
detefmined thus far indicateé that in most cases only a few variatioms
-occur wi%hin a particplar chemotype. The group which COntaiﬁs residues
of Q;giucuronic acid, D-glucose and D-mannose includes the polysacchar-

ides from Klebszella serotypes k2%, ku'®, K533 and k243%.  From the



TABLE 2 ,
STRUCTURAL PATTERNS OF KLEBSIFLLA CAPSULAR POLYSACCHARIDES
KEY: ¥ = Uronic acid - 0 = Neutral sugar ; Pyruvate and acetate
o omitted
A. = Uronic acid absent ' ' - (X)
| ]
K32, K72 , 0 0
K56 , K38
R O O o .
| (X) = 3-Deoxy-L-glycero-pentulosonic acid
0
|- (%] = 4-0-[(S)-1l-carboxyethyl J-D-glucuronic acid
[x1 | | |
K37
B Uronic acid in chain
a) linear
—0—0—  ——¥—0—0—O0— ¥ OO OO
K1, K5 . K o ' K9
e Xl OO0
K70, K81

b) branch point on uronic acid

— %00 — 000

]

0 , o)

K11, K51, K57 . K21, K24



TABLE 2 (Contd.)

¢) . branch not on uronic acid

YO0 a—4e~4i—%}—<»—— —X—0—0—0—0—
| | : | |
0 -0 ' 0

K16, K54 : K7, K62 _ K52

d) double branch not on uronic acid

Ke4 .

C. = Uronic acid in side chain

a) single unit side chain

NN | O
K2, K8 K9, K59

b)) two single unit side chains forming a double: branch

o 0

—0—0—0— O O-—0—0—
| | |
X - . X
K33 . | k27

‘¢) " two unit side chain
i) wuronic acid terminal
R

l
0
|
X

K20, K23, K55, K83



o -
| TABLE 2 - (Contd.) |

ii) wuronic acid non-terminal -

o__x_i
- }

Tz Kas
‘_D. '“Thrée unit side chain o

i) uronic acid non-terminal

O———><-—O——$
oox% B

B

K28, K36 -
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- primary structures determined for these four polysaccharides it is
evident that their repeating units are closely related; this will be

discussed in more detail in Section 4.3.

Lindberg and his coworkers have studied, among others, the
capsularvpdlysaccharidés from Klebsiella K-types'gss, 4738, 5237 ang

38

81°"> and also that from Klebsiella strain 6412, for which the sero-

'type K83 has been proposed39- "These polyéaccharides all consist of
residues of Q;glucﬁronic acid, Q;galéctose and ;;rhamnose.. The
structureé of tﬁese polysaccharides will be diécussed more fully ih»
Séctioﬁ 4;4.

.Thé above two chemotypes, together with that which_includes
the polysaccharides from the K1 and K54 serotypes already mentioned,
represent small groups where the structures of all the polysacéharides
within the.particular-éhemotype are known. There are, howéver} a number

of larger groups where the polysaccharide structures of only a few of _

the serotypes included have been reported.

The largest chemotype consists of polysaccharides which

b-galactose, Q;glucdse and

contain residues of D-glucuronic acid,
‘D-mannose. In the structures which have been determined the D-mannose
residues in the polysaccharide chain are linked mainly through the 2-

and 3-positions, and in most cases form branch points.

The polysaccharides from K7“O, and K62%! have single-uﬁit'
éide chains of Q;galéctose and D-mannose, respectively, attached to
a D-mannose residue which is in turn linked through 0-2 in the chain.
The repeating units of K132 and K28%3 each contain a double—unit_.
side chain. In the case of the K28 polysaccharide, the side chéin is

composed of D-glucuronic acid and D-glucose, the latter being found
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in the tgrminal pésition. The side chain in'the K13 polysaccharide
has been characterised as 3,4jg~(l—carboxyethylidené)—Q;galéctopyrén—
osleQ;glucurohic acid and is joined to a 4-linked chain residue bf
Q;ménnose. Pyruvic acid had previously only been fouﬁd'linked to
thev3— and Y4-positions of é;rhamnése, the 2~ and»3—positioﬁs of .
D-glucuronic acid ér the 4- and 6-positions of hexose residues,

as in the case of K7 wheré 4,GﬁQf(l~¢arboxyefhylidene)-Q;éluéose
férms part of the polysaccharide chain®0, “However, recent studies
on the polysaccharide from K33"%"%, another member of this group, have
indicafed a branched pentasaccharide repeating sequence in which
3,4-0-(1-carboxyethylidene)-D-galactose is_pregénf as a side

chain. Within this group the chain.residues of D-glucose have been
found.to be ‘linked through either the 3~ or fhe Y-positions in all
structures so far elucidated. ~ The polysaécharide from K28, however,

contains a chain residue of D-galactose linked through 0-2, a feature

which is yet to be found in other Klebsiella polysaccharides.

Studies on the polysaccharide from K53%°> .have shown the
presence of a branched bentasaccharide rebeating'sequence in which
D-glucuronic acid forms a single-unit éide chain. The repeating unit
;also contains O-acetyl groups (linked at the 6—positidn of some D~
mannose residues). It is of interest to nofe that-g;gluéuronic acid
and D-mannose form the aldobiéuronié acid moiety in all these poly-
saccharides except that ffom K59, for which the aldobiouronic acid
&jgf(B—Q;glucopyranosylﬁronic acid)—g;galactqse has.been identified

as a structural. component.

The capsular polysaccharides of Klebsiella serotypes K18%°
and K36"7 are two of a.fairly lérge group known to contain residues

of D-glucuronic acid, D-galactose, D-glucose and L-rhamnose. The
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polysaccharide from K18 contains é three-unit side chain, a unique
feature not so far encountered among Xlebsiella poiysacchafides.» The
polysaccharides from both serotypés have.hexasaccharide repeating
units which contain the aldobiouronic acid 2-0-(B~D-glucopyranosyl-

uronic acid)-L-rhamnose.

The two-unit side chéin‘of K36 terminates in 4,6-0-(1-
carboxyethylidene)-Q;gluéose, while D-glucose is found in a similar

~position in the K18 polysaccharide.

The capsular polysaccharides from serotypes K8”8, Kllqg,
K27% and K5150, which consist of residues of D-glucuronic acid,

D-galactose and D-glucose will be discussed in Section 4.2.

.Dqtton and Choy have published the structures of the repeat-
ing units in the polysaccharides froﬁ KZebsieZZa serotypes K205! and
K2152, which contain residueé-of D-glucuronic acid, D-galactose and
D-mannose. As feported for other chemotypes, the D-mannose residues .
in these structures were found to be mainly 2- and 3-linked in the’
polysaccharide chains. The. residuesaf Q;galactose.are again linked
throﬁgh 0-3 in both repeating sequences, while H,B—Qj(l-cafboxyethyl—
idsne)D-galactose formé a side chain in the‘branched éentasaccharide
repeating unit of the K21polysaccharide. Klebsiella K20 has a capsular
‘polysaccharide with a branched fetrésaccharide repeating structure in

which D-glucuronic acid terminates a two-unit side chain.

The'cépsular polysacéharides from serotypes K326, K567
and K728, in which acidity is due entirely to the presence of pyfuvié
'acid, all belong to unique chemotypes. Residues of é;rhgmnose are
'chmén to all three serotypes and predominate in the struétpres éf.the
bolysaccharides from K32 and K72. These polysaccharides show a marked

similarity in that they both contain linear tetrasaccharide repeating
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units in which the pyrpvic»acid is attached to the 3- and Y4-~positions
of an L-rhamnose residue which is in turn linked through O-é‘in the
’polysaccharide chain. The essential difference in the structures is
that the K32 pdlysaccharide contains avresiduerf Q;gaiactose linked
through 0—3, while that from-R72'contains a D-glucose residue linked
in the.same position. In the pentasaccharide repeating unit of the
polysacgharide K56, the main chain consists of 3-linked residues of
Qfgalactése and D-glucose, with one of the former carrying a terminal
unit of L-rhamnose at 0-2. The pyruvic acid is present as a 4,6-0-

(1-carboxyethylidene)-D-glucose chain unit.

A limited number of Klebsiella strains contain D-galacturonic
acid in combinétion with hexose and deoxyhexose residues. Thelpdly~
saécharide from serotype K57vbelongs to-a groﬁp of four which consist
of Q;galacturonié acid, D-galactose and D-mannose combined in the form
of a branched tetrasaccharide repeating unit. Thg Q;galactufonic acid
residue is linked to 0-2 of Q;mannose in the chain to form the aldo-
biouronic and carries a further residue of D-mannose at O-u. D-Galact-
uronic acid is itself linked through 0-3 in the polysaccharide chain,

as are the residues of D-galactose present53.

A recent publication by Stirm et al. > describes the repeat-
ing sequence in the poiysaccharide from Klebsiella serotype K16, one of
two strains known to contain residues of D-glucuronic acid, Q;galactose,
- D-glucose and L-fucose. Thevbranched tetrasacchéride»includes the aldo-
biouronic acid 4-0-(B-D-giucopyranosyluronic acid)—;;fucése and a residue
of D-glucose linked at 0-3 in the chain, with a terminal unit of D-galactose

attached to the U4-position of D-glucose. D-Glucuronic acid is linked

through O-4 in the polysaccharide chain.
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In thé'polysaccharides from Klebsiella serotypeé K379 and
k3810 +the acidity is ‘due to componenfs which havé nof previously been
encountered in studies on natural polysaccharides. Both these sero-
types containiresidues of D-galactose and D-glucose, as does the poly-
saccharide from K22 which contains an unknown acidic moietyll. The
acidity of the K37 polysaccharide is due to the presence of 4-0-
[(S)-l?garboxyethyl]—g;glucuronic acid, wﬁich is linked to the 6-
position of Q;élucoée to fofm a tﬁo—unit'side chain, attached to the
polysaccharide chain at 0-4 of Q;galactoée. This Q;galadtosé residue
is linked through 0-3 in the chain, and the repeating unit is completed
5y a H—linked residue of D-glucose. Studies on the K38 polysaccharide
have revealed that the acidic component is 3—de§xy—;;gZycero—pentulosoﬁic_'
~acid, which-forms part of a pentasaccharide repeating unit. This terminal
acid residue is linked to the 3¥positiqn of D-galactose, which is joined
through O-# in the chain and carries a second terminal residue of D-
glucose, at 0-2. The doubly-branched Q;Qalactosé residue is followed
in the repeating sequence by residues of 6-linked Q;glucoée and 3-linked

D-galactose respectively.

From the above consideration of the repeating units which have
been found in capsular polysaccharides from Klebsiella K-sérotypes it is
evident that the structural patterns of the polysaccharides.vary only to
a limited aegree and that ceftain positions or modes of linkages are
Avdefinitelyvpreferred by some of the éonstitueﬁt uronic acid, deoxyhexose
and hexose residues. These observations have been found to hold true
for the repeating units in the polysaccharides from Klebsiella serotypes
K4, K27, K64 and the capsular polysaccharide from a sfréin of KZebsieZZé

pnevmoniae (oxytoca variant), Which are described in this- thesis.
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2. GENERAL EXPERIMENTAL CONDITIONS

2.1 PAPER CHROMATOGRAPHY

 Paper chromatography was performed using Whatman No. 1

 filter paper and the following solvent systems (all v/v):

“(a) '.l—butanol~acetic acid;water (2:1:1).
()  1-butanol-ethanol-water (4:1;5 uppér phase).
(e) l—butanol—ethanol—watef (2:1:1). |
(d) _ éfhyl acetate—pyridine—water.' (5:2:1).
(e) ethyl acetate-acetic acid—férmic acid-water tlS:S:l:u).

(f) - butanone-water azeotrope.

Chromatograms were visualized by heating at 120°%¢ for
5-10 min. after'beiﬁg sprayed wifh one of the following reagents:
(1) ?«anisidine hydrochloride in a@ueous i—butanol;
| (iij aqueous ammoniacal silver nitrate;'.

(iii)  o-phenylenediamine in aqueous trichloroacetic acid??.

Chromatograms of methylated sugars were washed with hot

water after heating for 10 min.

Preparative.paper chromatography was carried out using
Whatman No. 3MM filter péper.and the solvent system épecified. The.
relevanf strips were éut out, and eluted with water for 6h. The
aqueous solutions were filtered, concentrated in vacuo and finally

freeze-dried.

Rglc refers to the rate of movement of oligosaccharides relative

to D-glucose on Whatman No. 1 chromatographic paper in the solvent.

system specified.’
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2.2 CAS-LIQUID CHROMATOGRAPHY

The g.l.c. analyéis of trimethylsilylafed sugar‘ss6 and derived
élditols57 was ;onducted with a Beckman GC-4 gas chromatogréph with
flame ionisation detector, and glass célumhs (1.80m # 6.25mm 0.D) packed
ﬁith 3% (w/w) SE-52 on Chromosorb W (80-100 mesh, acid washed), at a
flow rate of heliuﬁ carrier gas of 60ml miﬁ«l,.isothermally at 110°C.
Retention timesv(T-valués)'weré measured relative to (TMS) 2,3,4,6-tetra-
—Qfmethyl—gjgalacfitol (actual retention ca. S min); Methyl‘glycosides58
. were analysed Qith the same instrumeﬁt using glass columns (1.80m x
6.25mm 0.D.) packed with 14% (ﬁ/w) ethylene~glycoi succinate ﬁoiyester
on Chromosérb W (80-100 mesh, acid washed), at a flow rate of helium
carrier gas of 50ml min_l, . isothermally at 150°¢C. _Reteﬁtion times

were measured relative to methyl 2,3,4,6-tetra-0-methyl-3-D-glucoside

(actual retention, eg. 4 minutes).

: Analyses of partially methylated alditél acetate mixtures®? wére
performed with a Pye.lOH gas éhromatograph, ﬁsing glass columns (2m x 4mm
0.D.) of (a) 3% ECNSS-M on Gas-Chrom Q (100-120 mesh), at a flow rate of
nifrdgen qarrier gas of 40ml min—l, isothermally at 175°C; (b) 3% OV-225
on Chromosorbvw (80-100 mesh, acid washed), isothermally at l7OOC; and
(c) 3% OV-17 on Chromosorb W (80-100 ﬁesh, acid washed), progfammed as
indicated. Components were detected by flamé ionisation. The quantitat-
ive analyses of alditol acetate mixtures were obtainéd using column (b),

- isothermally at l9OOCBQ- Molar ratios. of alditol acetates, and hence the
relative molar prdportions of sugérs in mixtures, werevcalculated using
thé detector response'factoré (RS - factors) for each sugar. These
response factors were determined by calibration of fhe flame ionisation
detector, by injecting several alditol acetate mixtures of known com-

position into the chromatograph.
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Preparative.g.l.c. was conduéted'ﬁith the Pye inétrument
using a glaSs column (2m.x 6mva.D.)  fitted with a 10:1 splitter, and.
packgd with 3% ECNSS-M 6n Gas-Chrom Q (100-120 meéh); at a flow rate of
'nitrogen carrier gas bf 60ml min_l, isothermally at iQOOC. _Eacﬁ fraction
collected was examined for purity by re-injection of a sample into

~column (b).

2.3 GEL—PERMEATION CHROMATOGRAPHY

Analytical-scale gel chromatography was carried out on the
agarose gel Sagavac_BF" (60 x 0.9cm column) , and on the two polyacryl-
amide gels Bio-Gel P-300" (100-120 mesh) (90 x l.5cm column) and Bio-Gel

P-10 (100-120 mesh) (55 x 1.5cm column).

Saméles applied to the Sagavac 6F and Bio-Gel P-300 columns
were in the concentration range 3-10 mg/ml,vbut owing to the concentration-
deﬁendence 61 of elution volumes on Bio-Gel P-10, the concentration of
sampleé chromatographed bn this gel was kept within the range ﬁsed in the
calibration of the column, i,é. 2-3mg/ml. Fractions were eluted from the
"colﬁmns using M sodium chloride®2, and were collected using.an Isco
Model 270 fraction coliector. Samples (1ml) of the column effluent were
assayed for carbohydrate by»the phenol-sulphuric écid method©3, _absorbaﬁces

at 490nm being measured on a Unicam SP&600 spectrophotqmeter.

_ Molecular weights corresponding to peaks in the elution diagrams
were fognd ffém calibration plots relating peak elution{vélume to log ﬁ%
(weight-average molecular weight), which were obtained by observing the
elutionvvolumes’of dextrans of known ﬁ% and of éugar standards on the
‘ 6‘+:65_'

. same column

* Seravac Laboratories, Cape Town
+ Bio-Rad.Laboratories, Richmond, California, (UfS.A.).



"'19_

Preparative gel-permeation chromatography was performed on.a
column (112 x lcm) of Bio—Gel’P—2,using water as eluent. Thé hydrolysétes
(ca. 1g in 10 ml of water) were applied to thé coiumn, and fractions (20-50m1)
éf fhe effluent were éollected and scréened for carbohydrate by the phenol-

sulphuric acid method.

2.4  ELECTROPHORESIS

| Electrophoresis was carried out for 45 min at 220VAusing'cellulee
‘acetate stfips (17 .4cm x 2 ,4cm) iﬁ a pyridine : formate buffer (0.1M) at |
pH 3 Aqueous solutions‘(2ﬁg/ml) of the polysaccharides were applied to the
.strips'(previously soaked in buffer‘and partially dried), by means of a
Beckman $ample appliéator. The polysaccharide bands were detected by
immérsion_of the strips inba 10% aqueous solution of Alcian Blue. The
distancevof migration of each polysaccharide was measured, and the valueé
obtained were in agreement with the known equivalent weights of the

polysaccharides®?.

2.5  ULTRACENTRIFUGATION

Ultracentrifugation tests were performed at 60 OOO'r.p.m. with
a Beckman Model L2-65B ultracentrifuge, fitted with a Schlieren analysgr.
Polysaccharide concentrations in water varied between 2 mg/ml and 10 mg/ml,.
with 10 mg of sodium chloride added to each solutién. The differences in
concehtration were necessitated by the high viscosity of some solutions,
which resulted in the immediate sedimentation of the.poiysaccharide.
Solutions were centrifuged for 30-90 min af QOOC, and the polysaécharide
baﬂd was.photographed vhen it was apﬁroximately cce?third of the distance

from the top of the cell.

2.6 . GENERAL CONDITIONS

Circular dichroism spectra were run on a Jasco JA HOA
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speétrppolarimeter;.using a quartz cell of capacity 0,3 ml, with a path
length‘O.lbcm. Compounds weré diséolved in high-purity aéetonifrile-
and their spectra fecorded in the raﬁge 250-205 nm®®.  Optical rotations
weré meésured frém Zqueous solutions (ﬁnleés otherwisé statéd) at‘200i30
on a'Perkin—Elmer Model lﬁl polarimeter. The infra;red spéctra»of
methylated derivatives (in chloroform) were recorded on a Perkin—Blmef
Model’237 spectrophotomgtef. froton magnetic resonaﬁce spectra were run.
on Varian XL lOC or Bruker .WH—9O instruments. Samples were prepared by
dissolving in D,0 after freeze-drying 2-3 timés from ﬁgO solutions.
Spectra were recorded at temperatures rénging from 28° to 90° with tetra-
“methylsilane as'an.exterﬁél standafd. All 1 values are given relative
tothat for internal sodium 4,4-dimethyl-4—silapentanesﬁlphonate,’taken.

as 10.

Mass spectra were recorded on a Varian 311A mass spectrometer
at 70 eV.  The position of methoxyl substitution was determined usiﬁg the
data of Lindberg and co-workers®’, and where possible by comparison of

mass spectra with those of authentic compounds.

Methylations of polysaccharides and oligoséccharides were
carried out by the methods of Hakomoril“®19 and Purdie and Irvine68
Before anélysis the methylated products'wefe passed through columné of -
Sephadex LH-20 with ethanol : chloréform (2:1 v/v) as eluent (mgthylated
poiysaccharides),or MerckdgelvOR—PVA 500 with methanol as eluent (methyl--
» afed_oligosacchafides). vAll solutions were concentrated oﬁ é rotary

evaporator im vacuo at a bath temperature of 40°c.
Hydrolysis of pblysaccharides and oligosaécharides was per-
formed (unless otherwise stated) with 2M trifluoroacetic acid in sealed’

tubes under nitrégen‘at 100°C. ~ After hydrolysis, the acid was removed by
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co-distillation with methanol. Derived alditols were acetylated with

a mixture of pyridine and acetic anhydride (1:1 v/v) in sealed tubes

under nitrogen for 2h at 100°¢.

2.7 . PREPARATION AND»PURIFICATION OF POLYSACCHARIDES

2.7.1  KLEBSIELLA POLYSACCHARIDES

Klebsiella cultures were grown in a medium containing agar

(10g), sucrose (SOg), yeaét extract (Qg); NaCl (2g), KH,PO, (2g),

CaCO3 (O.ég) and Mngq.7H20 (0.25g) per litre. The cells were harvested
-after 48h, treated with 5% aqueous phenol, and poured into absolute
.ethanol. The resuitiﬁgiprecipitate was diséolved in water, centrifuged
for Qb'min at 27 000g and the clear supernatant liquid freéze—dried to
yield the.crude bolysaccharide. This was purified according to the
method of Nimmichqr in the folldﬁing manner. The polysaccharide was
precipitated frpm aqueoué solution with a lO%.solution of cetyl tri-
methylammoniﬁm bromide (Cetavlbn). vAfter centrifugation for 30 min

at 15 000g ,. - the precipitate was dissolved in M sodium chloride,
diluted with water, centrifﬁgéd, and the clear solution poured into

four times its own volume of absolute ethanol. The_precipitated poly~
»séccharide Qas rediséolved.in M sodiﬁm chloride and again precipitated
with absolute ethanol, before béing dissolved in water, dialysed against
ruﬁning faé.wéter for 3 days:and freeze-dried. Before analysis thé
polysaccharides were deionised with IR-120(H") resin. The purified
polysaccharides obtained invthis way were fdund to céntain little or no

nitrogen.
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2.7.2  CRYPTOCOCCUS POLYSACCHARIDES

Two strains of Cryptococcus neoformans were isolated from the

cerebrospinal fluid of proven cases ofbmeningitis and identifiéd by

.(a) the typical-caﬁsules as seen in India ink preparations; (b) the
demonstration of urease.activity;-and (c) their pathogenicity, which was
- confirmed by intracerebral inoculation of mice. Cultures'wére'grown
oﬁvLittman's capsulé ﬁedium69,' the constituents of which are shown in

Table 3, = at 37° for 3~-4 .days depending on the amount of slime produced.

TABLE 3 -
: | LITTMAN'S CRYPTOCOCCUS CAPSULE MEDIUM

Constituent - g/l Constituent g/l
KH, POy : v 2 Thiamine v' 0.001
(NH4)2864 2  Maltose o 5 |
MgCl,.6H,0 0.2 .Sucrose , 5
CaCl,.2H,0 : - 0.02 :Sodium glutamate 2
’FeClzquZO ' '0-04 ' »Washed agar ' _ _ 20
MnCié.HHZO . 0.0615 © Distilled water © 1000
NazMooq.QHZO © 0.0015 pH (adjusted with 7.0
: M NaOH)
Distribute and autoclave at 118°C for 12 min

Cells were removed from the agar with sterile glass slides
and partially suspended in_200'ml of sterile distilled water. The suspension
was then immersed in a water bath, allowed to boil for 30 min., and then

centrifuged at 10 000g until a clear supernatant solution was



_23_

obtained (¢@. 1h). Tﬁe.capsular polysaacharide-was isolated by con-
centrating the aqaéous solution; pburing if into absolute ethanol,
and pﬁrifying'the crude material in the same.mannef as described for
the KZebsieZZa'polysaccharides in 2.7.1.

2.8 ACID HYDROLYSIS OF XLEBSIFLLA POLYSACCHARIDES 5. MOLECULAR-WEIGHT

DISTRIBUTION ANALYSES

.Samples (ea.100mg) of the polyaaqcharides from ku, K27 and
K64 were heated at 100°C in 0.01M trifluoroacetic acid (25m1) for 48Hh.
At interyals; sampiés (2ml) of the hydrolysate were withdrawn and aftér
- the removal of the acid, the residue in each case was dissolved in water
(2m1) "and the optical rotation and reducing power vere determined 79, .Samples
were then concentratad and examined by chromatography on paper and on an
appropriate gells. | The acid concentration in the,bulk solution was
' thenvadjusfed to 0.1M by the ad&ition of molar trifluoroacetic acid and
the heating.was continued,with periodic removal, and analysis of
: samples,for a further 24h. At the end of this period, the remaining

solution was evaporated to dryness and the residue was redissolved in

2M trifluorcacetic acid before being heated at 100°¢ for 18h.

2.9 SUGAR ANALYSES

Polysaccharide samples (100mg). Wwere hydrolysad in 2M fri—‘
fluoroacetic acid (20ml) at 100°C for 18h. The hydrolysates were
reduced with sodium borohydrlde, acetylated and quantitatively analysed

by g.l.c. using column (b).The individual compounds were recovered by
'preparative g.-l.c. and dissolved in acatoaitrile and their circular

dichroism spectra were recorded.
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2.10  METHYLATION ANALYSES

Fully methylated derivatives of poly- and oligosaécharides

(10mg) were hydrdlysed with 2M trifluorcacetic acid (2ml) at lOOOC for
 l8h, aﬁd the.sugars present in the hydrolyéate were reduéed'with sodiﬁm
borohydride. After acidification and removal of the borate, the residue

was dissolyed'in anhydrous pyridine (1ml) and treétéd with HMDS (0.2ml)

and TMSC (0.1lml) for S min. The solution was evaporated to dryness, and the
trimethylsilylatéd derived .alditols werevextracted from the residue with |
n—hgxane, and'quantitatively analysed by g;l.c. with the uée of character-
istic reféntién—timéé and response factors determined for the constituent

methylated neutral sugars>S7,

In some cases, methylafed derivatives were methanolysed.with
lO%.ﬁethanolic hydrogen chloride for 18h atledOC. After neutralisation
with silver carbonate, filtration and evaporation to dryness in vacuo, a.
drép of methanol was added to each reéidue, and the methyl glycosides were

qualitatively analysed by g.l.c.



3.  THE CALCULATION OF THE SPECTFIC ROTATIONS OF -

" KIEBSIELLA CAPSULAR POLYSACCHARIDE USING

HUDSON'S _RULES OF ISOROTATION -
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3. ' THE CALCULATION OF THE SPECIFIC ROTATIONS OF KLEBSIFLLA CAPSULAR'

POLYSACCHARIDES USING HUDSON'S RULES OF ISORCTATION

The.theOretical‘values for the specific rotations of a number
of KZebsieZZa polysaccharides of known structure were calculated using
Hudson's rules of isorotation71,_ and compared.with the values obtained
by‘experiment. These rules were also used to assign configurations to
' »certain glycosidic linkages in cases where these could not be determined
by measurement of optical rotatory power or by proton magnetic resonance
SpeCtPOSCOpy.H Since‘KZebsieZia polysaccharides have been,shown to
' consist of relatively'simple repeating units of hexoses and their
derivatives,vthe tneoretical yalue for the molecular rotation can be

found, to'a first approximation, by adding together the molecular

contributions of each of the component glycosidically bonded sugars

]

in the repeating sequence: 1. - [n ]polysaccharide = component sugars.

In order to avoid calculations involving large numbers, the

molecular rotations of the methyl glycosides (shown in Table 4) were

(o], x M

determined from the formula [M] = D , Wwhere M is the molecular
© 100 '

weight of the glycoside. The specific rotation of the polysaccharide was

Ml

- ‘polysaccharide x 1005 here
D~ Mo .

then calculated from the equation [a]

Mg is-the molecular weight of the poiysaccharide repeating unit. For
H.tne‘purposes of these calculations it was assumed that the O acetyl and

_ pyruv1c acid ketal groupe present in some of the Klebszella polysaccharides,
made but little contribution to the total molecular rotation. Specific
rotations of the methyl glycosides were obtained from the literature or

calculated with the use of Hudson's rules.
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TABLE 4

THE SPECIFIC AND MOLECULAR ROTATIONS OF METHYL
GLYCOPYRANOSIDES
Methyl Glycoside Specific Rotation [a]D Molecular Rotation [M]
(Degrees) (Degrees)
Methyl-a~-D-glucoside "~ +159 ' +308
Methyl-8-D-glucoside a -3y ‘ -66
Methyl-a-D-galactoside . +196 ' +380
Methyl-g-D-galactoside =~ +0.4 C+2
Methyl-o-D-mannoside . 79 ' | : +153
Methyl-B-D-mannoside -78 o _ . -151
Methyl-o-L-rhamnoside . -63 : -103
Methyl—B-;;rhamnoside. +88 ' _ +144
Methyl-a-L-fucoside - -203° ~364
Methyl-B-L-fucoside : —2? _ R Co=y
. Methyl-o-D-xyloside ' +144° o 4236
Methyl-B-D-xyloside -58% -95
Methyl-o-D-glucuronoside = +145° | | +300
'Methyl-B-D-glucuronoside -38° -79
Methyl-a-D-galacturoncside _ +148°¢ '_ _ - 4308
c

 Methyl-g-D-galacturonoside ~~  -23°~ = ‘ : -45

¢ = Calculated from the specific rotation of the corresponding free

sugar anomer by using Hudson's rules of isorotation.

The differences between the calculated and observed values for
the specific rotations of the Klebsiella polysaccharides examined are

. shown in Table 5 .

The effect of temperature on the optical rotation of three
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TRE CALCULATED AND MEASURED VALUES FOR THE SPECIFIC ROTATIONS
OF KIEBSIELLA CAPSULAR POLYSACCHARIDES
Klebsiella K-Type v[a]gal?BiZ;ng) [a]ge?izzizes)_ A Calculated-Found
v (Degrees)
1 -g1 -85 - -6
2 +59 . +79 .. -20
Y +98 ‘ +90  .: +8
5 g o5 -3
7 +60 440 420
9. | -1 | -17 . 418
13 f L s -1
16 . -20 465 -85
20 469 49U | ~25
21 +111 _ 4130 o -19
24 - +47 +79 - -32
27 +9 | 5 4
28 Tu8 w7 o+l
86 . -us 56 | +11
7 T -y 2
5y =30 T -2
56 425 +79 | 5w
57 : , +93 4104 - -11
59 | +20 S +26 -6
e 433 w28 | +5
72 . . -56 o . 45@ ' . ' o =2
81 : ' -53 52 o -1
83 90 488 R

Klebsiella polysaccharides (K1, K7 and K9%) was studied in the range
ca. 4°c - 90°C. The results shown in Figure 1 indicate that changeé

in the conformation of these polysaccharides with varying temperatures

are minimal; " these were therefore not considered in the calculation
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The optical rotation-temperature profiles for three Klebsiella ¢apSulaf ‘

polysaccharides.
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of the theoretical values shown in Table 5.

From the results in Table 5 it is evidént that most of the
theoreticai values are within 20° df those found by experiment, while
for more.than half §f the polysaccharides examined the difference between
the observed and calculated valuéslis léss.than 10°. In'twoiinstances,
however, much larger differences are found, which suggesf either incorrect’
assignment of the glycosidic linkages within the pélysaccharidés or
experimental errors in the determination of the optical rotations. This
 is particularly evident in the case of thé polysaccharide frﬁm Klebsiella
K16°"%, .where the'calculated and observéd values for the specific
rotation differ by as much as 85°. According.to the structure (I)

postulated for this polysaccharide there are two oa-glycosidic and two

g-glycosidic linkages in the repeating unit.

1
a

1
. (1)

-~§-Q;Glcp
4.
B

1
D-Galp

+ Q;Gchp.EE—ﬁ-é;Fucp

Table 4 indicates fhat residues of a-linked L-fucose makévan extremely
large negative contribution to molecular rotation. This value, together
with the contributipn from B—Q;glucuronié acid, gives a negative total
which outweighs the combined-poSitive contribution of the a-D-gluco-
pyranosyl andvB—Q;galaétopyranosyl‘residueé, resulting in a negative
calculated value for the.sbecific rotation of the polysaccharide (-QOO)f
The value found by experiment,'+650, not only differsbconsiderably‘in
magnitﬁde from the calculafed Valuébbut is also of the opposite sign.
The observed specific.rofation of two other Klebsiella polysaccharides,
K1 and K54, which also contain residues‘of'a—g;fucose, differ from their
calculated.vélues'by 6° and 20 respectivély, Suggestiﬁg.that the Valué

used for the contribution of this 6-deoxy hexose to the molecular
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rotation is: correct.

The structure (II) postulated for the pélysaccharide from Klebsiella
K56~  indicates the presence of two &— and three B-glycosidicvlinkages
within the repeating unit. An examination of the molecular contributions
of the indi&idual'sugar residues shows that the poéitive céﬁtribution

_ ; L, .
—— D-Glcp 3 D-Galp ;;—E-Q;Galp é&~§-Q;Galp i
’ 2

_\\/B B’ 8 (1)
v \fe . | ' .

\ _ 1
CH3-C-COCH . L-Rhap

_ made by the a—g;galéctopyrénosyl residues is gréafer than that of the
cémbined negative cbntribution Of.B-Q;glucose and o-L-rhamnose, indicat-
ing a positive (+25°) SPécific rotation for the polysaccharide; The
observed rotation,'although of the same sign, differs from'this value
by as much as 54°. It should be noted'thatiby changing certain of the
anomeric configurations'in the structures postulated for the poly-

: sacchérides from Klebsiella Klé and K56, values can be obtained for the -
épecific rotations which are closer to those found experimentally.
Conversely for those polysaccharides having specific rotations which

are within 25° of the‘théorefical value, changés in postuléted anomeric
configurations resuit in differences which are either of the same'oraer

of magnitude or much higher than those shown in Table 5.

'Hudson's.rules have been uséa in the presént work to assign the
cdﬁfiguration of a glycosidic iinkage involfing a terminal»residue.of
;;rhamnose in the polysaccharide from Klebsiella K64 and to verify the
aSsignment of the anomeric linkages in the K27 polysaccharide. 'Lindberg
et al. 53 used these rules'té determine thé nature of the glycosidic
linkage of the terminal residue of D-mannose found in the polysaccharide

from KZebsieZZq K57.
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This study indicates the\usefulness'of Hudson's rules as a -
' supplement to the technlques of optical rotatory power measurement
“and proton magnetlc resonance spectroscopy used to aSS1gn conflguratlon

of glyc031d1c llnkages



4. STRUCTURAL STUDIES OF KIEBSIELLA _POLYSACCHARIDES



4.l 'THE CAPSULAR POLYSACCHARIDE FROM

KLEBSIELLA SEROTYPE K6k

4.1.1 INTRCDUCTION.

Klebsiella K64 is one of twovstrains which are known to
coﬁtain residues of D-glucuronic acid, Q;glﬁcose, D-mannose aﬁd
L-rhamnose. The structure of an acidic polysaccﬁaride from a strain
of Aerobaétervaerogenes N.C.T.C. 8172 (klebsiella type K64) was
investigated by Barker and'coworkers-in 195872, Periodéte oxidation
_studies showed that large ﬁumbefs of zlucose, maﬁnose and glucuronic
acid residues were eithér.linked (1»3) or were involved in branching,
while the rhamnose.wasipresent either as end groups of linked through
the 2- or 4- position. The aldobiouronicvacid was identified as a
glucuronosyl-mannose; A more recent publication!® has dealt with the

molecular-weight distribution for the hydrolysis products from the K6k

polysaccharide.

The capsular polysaccharide used for the present study was
obtained from a culture (N.C.T.C. 9184), and has the same character-
istics as'thqse previously reported!S. Homogenelity tests carried ouf
by electrophoresis on cellulose acetate strips and by ultracentrifqgation
indicated that the polysaccharide was monodispefse. The proton magnetic
 resonance spectrum of the polysaccharide showed two sharp singlets at
T 7.72 and.8.40,characteristic of 0-acetyl and pyruvic acid ketal
moietieé respectively. Integration of the anomeric, acetate, énd
pyruvate signals indicated one acétyl and one pyruvate group to sixA

sugar units.

The ratios of sugars found by g.l.c. analysis of an hydroly-
sate of the polysaccharide, using their derived alditol acetates,were

rhamnose (1.0), mannose (1.4%) and glucose (2.0), in good agreement with
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those préviogslj reported. The low préportion of mannose obtained is
consi;tent with a substantial amount of the aldobiouronic acid remain-

ing intacf under the conditidns of acid hydrolysis used to réleaée the
neutral'sugars for ahalysi;. Recovefy of the alditol acetates.by g.l.c.
and- measurement of their circular-dichroism spectra allowed the assignment
of the D-configuration to glucosé and mannose,’and the é;configuratidn

. to rhamnose.

4.1.2 GRADED ACID HYDROLYSIS STUDIES

Gradéd acid hydrblysis studies monitored by papér chromato-
graphy have demonstrated that rhamﬁose and pyruviciacid are.the first
residues to be feleased from the polysaccharide stfucture, followed more
slbwly by glucose and mannése. Glucuronic acid and several other acidic'_-
producfs of higher molecular weight were detected after prolonged
hydroiysis, together with a neutral éomponent héving {he‘mobility on

paper chromatography of a disaccharide.

The course of mild acid hydrdlysis was foliowed by gel-permeation
chromatography 2264 of samples removed at‘intervals, and showed a slow
decreaée in ﬁ; dufing hydrolysis with 0.01M trifluorocacetic acid,as shown
in Table 6 . The molecular weights of the hydrolysis products were
~largely within the fractionation range of the agarose gel, even after
treatment with 0.01M acid fof Hh, and thereafter fractionatioh on Bio-.

Gel P-300 Qas necessary thfoughout the rest of this phase of hydrolysis

(Figure 2).

No significant product became appafent until the hydrolysis was
continued in 0.1M trifluorocacetic acid (Table 7); after further hydrolysis under
‘these conditions for 2h a structurally significant product having molecular

weight 1100 daltons was present in the hydrolysate to the extent of 53%
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TABLE 6 B -
PARTIAL HYDROLYSIS OF XLEBSIELLA K64 CAPSULAR POLYSACCHARIDE
IN 0.01M TRIFLUOROACETIC ACID
Time M ' - _ a
_ M - [l
(h) (Daltons) (Degrees) -
0 1 700 000 P +28
1 520 000 S +29
4 140 000 . 430
7 20 000 ~ 432
10 - 17 000 435
24 6 900 - 436
48 4 100 - +38
Concentration ¢, 0.40 b Single peak (Sagavac 6F)
TABLE 7 , :
' " FURTHER HYDROLYSIS OF DEGRADED XLEBSIELLA K64 CAPSULAR
POLYSACCHARIDE IN 0.1M TRIFLUOROACETIC ACID
Time [a]Da
(h) (Degrees)
0 +38
+48
7 +49
2 +50

Concentration ¢, 0.36
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by weight (Figure'B ). Several neutral and acidic oligosaccharides
appeared when the hydrolysis was continued in'Q.lM acid. The gradual.
degradation of the comﬁpnent havihg molecular Weight llbO daltons to
lower-oligoséccharides as this step'proceeded was.démonstrated both by
the elution patterns oﬁ Bio-Gel P-10 (Figure 3 ) and by paper chromato-
graphy. An aldotridufonic acid showing some résistance to furfhér
hydrolysis, and an aldobiouronic acid that survived treatment even with

2M trifluoroacetic acid, were the main'breakdown products detected

during the final stages of hydrolysis with 0,1M acid.

4.1.3 PARTIAL ACID HYDROLYSIS; ISOLATION AND IDENTIFICATION OF

OLTIGOSACCHARIDES

Partial acid hydrolysis was used to generate these structurally
vsignificant_oligosaccharides on a préparative scale. The fractions |
séparated by gelrpermeation chromatography were purified by preparative
paper cﬁromatography to yield components which gave éingle.peaks at
‘molecular weights 1100, 930, 520 and 350 daltons when examinéd by gel;
perméation chromatography oﬁ Bio-Gel P-10. The main physical and
chemiéél'properties of.these components are shown in Table 8 . The com-
ponent having molecular weight 356 daltons was found to contain the aido—

- biouronic acid 3—9f(u~Q;glucopyranosylur§nic acid)-D-mannose(II), andAa
mixture (I) of 4-0-B-D-glucopyranosyl-D-mannose and Q—QfB—Q;glucopyranosyl—
Q:mannése in the ratio 3:1. The neutral disaccharide mixture was separated
into.its componenté by g.1l.c. of the trimethylsilyl derivatives and the

positions of linkage were determined by mass spectrometry acéording to

the method of Haverkamp et al.’3. These results were confirmed by

methylation analysis of the mixture.
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TABLE 8

THE MAIN PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE OLIGOSACCHARIDES FROM
- KLEBSIELLA K64 CAPSULAR POLYSACCHARIDE '

FRACTION OLIGOMER [a]D(in H»0) Rglc Mol.wt. Equivalent|{ Neutral sugarsa VMethylated sugarsb
: (Degrees) (solvent a) Weight (Molar ratios) (Alditol acetates)
I Neutral disaccharide -6 0.74 340 - Glc (1.0) 2,3,4,6-Glc
mixture Man (l.Q) 2,3,6-Man
: 3,4,6-Man
I1 Aldobiouronic acid +40 0.74 360 n.d, Man 2,4,6-Man
111 Aldotriouronic acid +68 042" 520 n.d. Glc (1.0) 2,4,6-Glc
' ‘ ' Man (0.7) 2,4 ,6-Man
Iv Acidic oligosacchar-] +6U4 0.15 930 440 Gle (2.0) 2,3,4,6-Glc (tr)
' ide ‘ ' Man (2.2) 2,4,6-Glc
: 2,4 ,6-Man
2,3,6-Man
3,6-Man (tr)
v Acidic oligosacchard +59 0.04 1100 530 | Glec (2.0) 2,3,4,6-Gle
ide ' Man (2.7) 2,4,6-Glc
- 2,4,6-Man
| 2,3,6-Man (tr)
3,6-Man

By g.l.c. of their derived alditol acetates on column (b).

Column @).
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The aldotriogronic’acid (iII), identified as [0-(a-D-glucopyranosyl-
uronic acid) - (i+3)“Qja—g;mennopyfanosyl - (1+3)-D-glucose, yielded

the aldobiouronic acid (II) and D-glucose when subjected to mild acid
hydrolysis, thle the acidic.higher'oiigosaccharides of molecular weights
1100 and 930 daltons were found to contain the saﬁe three types of sugar

residues.

The essignment of structures.(iV) and (V) to these higher
eligosaccharides was based primarily on the evidence obtained from
equivalent weight determinations and methylation analyses. That
Q;glucuronic.aeid residues are located at the non-reducing end of each
oligosaccharide was supported by methaﬁelysis.studies performed on
their respective methylated derivatives, which gave methyl 2,3,4;tri—9j
methyl -D-glucuronate in addition to the methylated sugars in Table 8

when analysed by g.l.c.

Q;Gchpiaég;Manplasg;GlcplBHQ;Manpg;;Q;Gchpiainganp (IV)
Q;Gchplaég;Manpiaig;Glcp;B”Q;Manpl' Q;Gchpiaég;Manp ' (V)
2 .
BT
1
D-Glcp

- The low proportion of 2,3,6—tri-9;methyl—g;mannese found in the hydroiy-
sate of (V) is attributed to the presence of a small amount‘of (IV).in

this fraction, due to incomplete separation of these oligosaccharides

by the gel—perﬁeation and paper chromatographic methods used in their
isolation. Identification of 2,3,4,6—tetra—gjmethyl—g;glucoée and
3,6-di-0-methyl-D-mannose in the hydrolysate of the fraction of molecular
weight 1100 indicates the branched nature of this oligosaccharide;

the presence of traces of these two methylated sugars in the hydfelysate of
IV 1is probably the result of contamination with-the oligosaccharide V.

Since no residues of L-rhamnose were detected in the hydrolysates of
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thesevoligosaccﬁarides, it is reasonable to assume that they are
pfesent as terﬁinal grbups in the polysaccharide structure. Com-
parison vathe méthylafion analyéis of the oligosaccharide (V) with
that of the original polysaccharide (Aj indicates thatvthesevterminal
residues are attached fo.0-3 of.Q;ménnose. Loss of the terminal
‘Q;glucose residue from this structure (V) then gives rise to the lower
oligosaccharide (IV). An examination of the lower Qligosacéharides

(I - I11) isélated from Klebsiella K64 polysaccharide supports the

assignment of these structures to the components having molecular

weights 1100 and 930.

4.1.4  AUTOHYDROLYSIS OF THE ORIGINAL POLYSACCHARIDE (A)

Autohydrolysis of the originai polysaccﬁéride (A) jielded
pyruvic acid and traces of rhamnose. ‘Protoh magnetié resonance spectro-
‘scoby of the residual polysaccharide (obtained by dialysis aﬁd freeze-
'drying of the aqueous hydrolysate) showed the absence of pyruvate ketal,
while gel-permeation chromatography indicated a high degree of polymer—
:isationv(ﬁ% 1.5x10% daltons). A éample of the autohydrolysed poly—.
.sacchéride (B) was methylated and'the product used for the methylation.

analysis described in Section 4.1.6. .

:4.1.5' METHYLATION ANALYSIS OF POLYSACCHARIDE (A)

Fullyvmethylated Kok polysacchafide was hydrolysed for_éh and
18h, and a portion of-each hydrolysate was analysed by paper chromato-
graphy and by g.l.c. of the trimethylsilylated derived alditols to yield
the mblar proportions listed in.Table 9. The gas chromatogram is shown

~in Figure 4.

It is evident that the number of branch points in the structure

is higher than can be accounted for in terms of the terminal residues of
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L-rhamnose found in the hydrolysate, and that the low proportion of
2,4,6-tri-O-methyl-D-mannose in the hydrolysate after 6h is again due to
the incomplete hydrolysis of the aldobiouronic acid linkages involving

residues of this sugar.

TABLE 9 : g -
' METHYL ETHERS FROM THE HYDROLYSATES OF METHYLATED
KLEBSIELLA K64 CAPSULAR POLYSACCHARIDES
a b ' X :
Sugar ‘ T Molar Proportions (%)
A 'Ad | Bd
2,3,4-Rha 0.59 21.4 19.5 17,8
2,3,4,6-Glc 1.0 | - - 18,7
2,4,6-Man 1.19 C11.5 O 18.2 . 16.6.
2,4,6-Glc 1.34 20.8 ©20.4 20.8
3,6-Man 1.63 - _ S 6.8
2,3-Glc 2.12 24,0 21.0 -
6-Man 2.33 20.8 20.8 19.3
a

2,3,4-Rha = 2,3,4-tri-0 —methyl L-rhamnose etc.

b Retention time of the correspondlng (TMS) aldltol relative to that

of 2,3,4,Gftetra—O—methyl—Drgalactose on an SE—52 column at 140°C.

¢»d Hydrolysates examined aftev 6h and 18h hydroly31s respectlvely

ORIGINAL POLYSACCHARIDE
B  AUTOHYDROLYSED POLYSACCHARIDE

Isolation of 2,4,6—trij9fmethyl—g;glucose and 2,4,6-tri-0-methyl-D-mannose
indicates that these units represent 3-substituted sugars in the chain,

while 2,3-di-O-methyl-D-glucose cannot represent a branch point in the
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polysaccharide chain, since no equivalent number of terminal units was
found. However, an examination of the structure‘of the éligosaccharide
(V) shows that terminal units of Q}glucose are also present in the Ké4
polysaccharide. The pyruvic acid must fherefore be linked to these
D-glucose residues as a 4,64ketal in order to account for the proportionv
of 2,3-di-0-methyl-D-glucose found in thé.hydrolysate of (A). Identific-
ation of B—Qfmefhyl—g;mannose indicates that this residue forms a dbﬁble-
branéh,point in the polysaccharide chain.v Since the L-rhamnose residues
have been sﬁown to occupy one branch poinf at 0-3 (cf.stpuctures IV and
V), the Y4,6-0-(l-carboxyethylidene)-D-glucose unit must be attached to
either 0-2 or O-4 of this samevg;mannose residue. The‘identification of
vu—linked chain residues of Q;ménnose in the higher oligcsaccharides,

- however, shows that the second branch point is at 0-2.

A large-scale hydrolysate of the methylated K64 polysaccharide
was separated into its neutral and acidic components-by means of ion-
exchangers; The methylated neutral-sugar mixture waé separated into its
component sugars by cellulose-column chromatograéhy and in some cases |
these were purified by pfeparative paper chromatography. ‘2,3,4—Tri—gj
methyl—;;rhamnose, a mixture of'2,4,6—tri~9jmethyl—2;glucose and
2,4,6—triﬁgjmethyl—g;mannose (separated by means of preparative g.l.c.
as their trimethylsilylated, dérivéd aldifols), 2,3—di-gfﬁethyl~g;
glucose and 6—9;mefhyl—2;mannose were isolated in this mannér.. All the
“above sugars were characterised by standard techniques, including paper
and gas-liquid chromatography, mass spectrometry and proton magnetic

resonance spectroscopy.

Methylated acidic sugars were converted into a mixture of the:
methyl ester methyl glycosides,which were ester-reduced with lithium

aluminium hydride7” and the products hydrolysed. Analysis of the
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v‘hydrolysate by paper chromatography and by g.l.c; as their deri;ed
alditol acetates showed only 2,4,6-tri-O-methyl-D-mannose and 2,3-di-
'Qjméthylglucoseto be present in the mixture. Recovery of the glucose
derivative followed by de-O-methylation gave glucitol,which Qas'éhown'to
be of the Q;qonfiguration_by measufement 6f the c;d. spectrum.of its

. hexaacetate. Since no residues of 2,3<dij9fmethyl—g;gluc05e were fouhd
in.the methylated acidic sugars before reduction_ their abpearance here
must be due to the reduction of the glucuronic acid residues which were
prgsent in the original polysaccharide, and which ﬁust therefore also
be of the Q;cénfiguratibn. These results confirm tﬂat the aldobiouronic
~ acid obtained on hydrolysis of thevpolysaccharide (A) is 3-0-(D-gluco-
pyranosyluronic acid)-D-mannose and that the gsglucuronic acid is not

in a terminal position or involved in branching.

4.1.6 ~ METHYLATION ANALYSIS OF DEGRADED POLYSACCHARIDE (B)

Methylation analysis of the polysaccharide (B) obtained in tﬁe:'
‘autéhydrolysis experiment in Section_4.1.4 (see Table 9 and Figure 5).-_
showed the complete disappeafance of 2;S—di—gjmethyl—gfglucose, which was’
replaced by 2,3,4,6—tetra—gjmetﬁyl—g;glucose in sigﬁifiéant molar.pro—
portions; this confibms that the pyruvic acid group must be linked to
:the.u— and é—positioné of‘a ferminal Q;QluCOse resi&ue in the original
polysaccharide (A). The small quantity of 3,6—&i~9fmethyl-g;mannose |
found in the hydrolysate arises from the loss of terminal residues of
L-rhamnose during the autohydrolysis of the polysacéharide and again
showsvthat these are linked to the 3-position ofvg;mannése. Since only
the 6-position of this D-mannose residue is unsubstitﬁted; the residues
of D-glucose in the polysaccharide must be linked to 0-2 and O-4 of this

same residue in order to produce the neutral disaccharides mentioned

in Section 4.1.3.
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4.1.7  REDUCTION OF THE METHYLATED DERIVATIVES OF POLYSACCHARIDES

(A) AND (B)

Reduction of the fully methylated K64 capsular polysaccbarlde
gave a product (c), whose i.r. spectrum showed no absorption at 1740 cm,l'A
(which would indicate the presence of methyl estef groups). Hydrolysis
. of a Sample, followed by paper chromatogréphic analyéis of the hydrolysates
failed to reveal ény new neutral sugars 'resulting from the reduction of
the Q;glucﬁronic acid residues in the chain. G.l.q; analysis, however,
indicated a substantial rise in‘the proportion of 2,3-di-O-methyl-D~
glucosé in the hydrolysate, as can be seen from the results given in

Table 10 and shown in Figure 6.

TABLE 10

METHYL, ETHERS FROM THE HYDROLYSATES OF THE REDUCED
METHYLATED DERIVATIVES OF POLYSACCHARIDES (A) AND (B)

A | _ .

Sugara Tb o ﬁolar Propo?t}qgs Fo)

¢ - ¢

2,3,4-Rha 0.59 17.0 1 13.6 -
2,3,4,6-Glc 1.01 - | 18,5
2,4,6-Man 1.19 | 17.8 - 16.9
2,4,6-Glc 1.3y . 16.8 17.3
3,6-Man 1.63 . | - | 6.8
2,3-Gle 2.12 | 838 | . 1L5
6-Man . | 2,33 .6 15.4

a,b

As for Table 9.

¢ ‘Hydrolysates examined after .6h hydrolysis.

C - REDUCED METHYLATED ORIGINAL POLYSACCHARIDE
D REDUCED METHYLATED AUTOHYDROLYSED POLYSACCHARIDE
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This increase must therefore be due to the reductionrof 4-linked
D-glucuronic acid residues within the repeating ﬁﬁit of tﬁe pbly—
sacéharide " In order. to confirm thls result, the fully methylated
autohydrolysed polysaccharide was reduced with llthlum aluminium
hydrlde. The methylation analysis of an hydrolysate of this reduced
‘vproduct.(D) shown in Table 10 and Figure 7 , again,indicated the
presence of‘a substantial amount of 2,3—di—9jﬁethyl-2;glucose. Since
the.autohydrolysed polysaccﬁaride (B) contained no such D-glucose
residues, their identification here could only ha&é resulted from the
reduction of Uu- llnkéd D-glucuronic acid residues in the polysaccharlde

chain.

.h.1.8 SMITH DEGRADATION STUDIES ON ORIGINAL POLYSACCHARIDE (A)

The capsular polysaccharide (A) was oxidised with periodate,
0.u9 moivper hexose residue being.consumed. ‘The polyol obtained by
.reductipn of the periodate—oxidiséd material with sodium borohydride
was hydrolysed at room temperature to givevglycolaldehyde and an acidic
oligdsaccharide which Had E& 560 daltons (by gel-permeation chromato-
graphy). The ﬁ.m.r. spectrum of this oligosaccharide in D0 showed the
presence of one B-D-glycosidic linkage per three anomeric protons, the
coupling constant of which allowed its a881gnment to a residue of
Q;glucose. Hydroly81s of a sanple followed by g.l.c. analy31s-of the
sugars present in the hydrolysate,as their derlved alditol acetates, gave
D-mannose and D-glucose in the ratio 1.9:1. Thé’i;r. spectrum of the
fully methylated ollgosaccharlde showed absorption at‘i720 cm~l indicat-
ing the presence of a methyl ester grouping, which disappéared on
reduction of the methylated pfoduct with lithium aluminium hydride. The
reduced methylated oligosacchéride was hydrolysed, and the hydrolysate

was analysed by paper chromatography and by g.l.c. of the derived alditol
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aoetates of the component sugars; 2,3,4 6-tetra—0-methyl—b—mannose
(1.0), 2,4,6- tr1~O methyl-D~glucose (0.8) and 2,3,6-tri-O-methyl-D-
'mannose (l 0) were found to. be present in the molar ratios shown. The
identification of a Y4-linked residue of Q;mannose in the product
obtained by Smith degradation of the.KBH polysaccharide fufther proves
tnat the 4—0-B—Drglucopyranosyl—D~mannose‘forme part of the chain within
the repeating unit, whlle 2-0-B-D; glucopyranosyl D—mannose is obtained
as a result of the attachment of a terminal unit of D-glucose to the
2-position of the same D-mannose residue. The higher proportion of the
(1»4)-1linked isomer obtained on mild acid hydrolysis of the polysaccharide
is to be'enpected since the glycosidic bond between‘the terminal D-
glucose unit .and Q;mannose should be relatively more acid-labile than
the bond netween the same two sugar residues in the chain of the

repeating unit.

. 4.1.9  ANOMERIC CONFIGURATIONS OF CONSTITUENT SUGARS.

The modes of linkage of the D-glucuronic aoid, D-glucose
and D-mannose residues in the polysaccharide were determined by p.m.r.
spectroscopy and the measurement of optical rotatory power of the |
oligosaccharides mentioned in.4.1f3. The terminal residue of L-rhamnose
in the repeating unit does.not appear in any of these structures.
.HoWever, the calculated values for the optical rotation of the poly--
" saccharide (A), using Hudson's rules of isorotation71 and assuming
this L-rhamnose residue to be o or B-linked, are [a]589.+ 33° and [q]589 + 57O>
-vrespectively. The actual value, +28°, agrees much better with the
former, which suggests strongly that this residue is a-linked. Further-
- more, the increase in optical rotation accompanying the release of L~
rhamnose during the initial stages of mild acid'hydrolysis indicates

also that these residues are a-linked.
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4.1.10  POSTULATED STRUCTURE OF THE REPEATING UNIT IN KLEBSIELLA K6u

CAPSULAR POLYSACCHARIDE

The results of periodate oxidation, methylation analyses and
- partial acid hydrolysis, together with the identification of a number of
structurallylsignificant oligosaccharides, are thus coﬁsistent with a
doubly;branched hexasaccharide repeating unit (VI) being present in the

capsular polysaccharide from Klebsiella sérotype K6k .

L~Rhap

1
L

3 .
4 3 o
—~—Q;Gchpia—g;Manpia§g;Glcpigﬁg;Manpia— (VD)
| . | 2 |

B

1
D-Glcp

s

CH3~C-COOH

It is hopéd that the X-ray crystallographic méthéds recently ‘
used on other KZebsieZZa‘polyéacchérides75 | can be used to locate the.
position of‘the O-acetyl group present in the above unit. However, the
ldw consumption of periodate (the theoretical value for such.a repeating
unif.is 0.58 mol per hexose residue) by the polysacéharide (A) suggests
- that this group may be in a pésition where it can pre&ent attack by
'beriodate which might otherwise occur. - Of the periodate-vulnerable
residues in the repeating unit (VI), attachment of the O-acetyl group to
D-glucuronic acid, the terminal Q;glucoée or the 3-position of L-rhamnose,
would result in a Smith-degraded product different froﬁ that obtained in
the periodéte oxidatioh studies described in 4.1.8. If the assumption
that the O-acetyl group is preventing attack by periodéte is; in fact,
correct, the location would have to be at 0-2 or 0-4 of the terminal
;;rhamnose residue. Attachment to the chain units of D-glucose or D-

mannose would not affect the periodate uptake.
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4.1.11  COMPARISON WITH OTHER XLEBSIELLA CAPSULAR POLYSACCHARIDES

A number of the structural features found in the capéular poly-
saccharide from K64 have been fepofted iﬁ other Klebsiella polysaccharides.
Recent studies“% have ;howh that thé K33 polysaccharide has a doubly-
branched hexasaccharide repeating unit iﬁ which a residue of D-mannose
is linked through O~4-in the polysaccharide chain, and carries terminal
‘units at 0-3 ahd C—G. Branched hexaéaccharide units have also been
found in the K1846, K27, K2843 K3647 and K5237, polysaccharides;
of‘these, only K36 has 4,6jgf(l?cafboxyethylidene)—Q;glucose as a side
chain. Pyruvic acid has also'been found attached to 3-linked residues
of Q;giucose in thé polysaccharide chains of K740, K27 and K567,
while the aldobiouronic aéid Sij(a—g;glucopyfanosylufonic acid)-D-
mannose. forms part of the polysaccharides.of k2l9 KHIS,‘ K134%2
k2152, K2u3% and K38, and is the most common aldobiouronic acid
_f¢und iﬁ the Klebsiella polysaccharides examined thus far.‘ The neutral
fragment 3-de—g;mannopyranpsyi-g;glucose ié found in the polysaccha-
rides of K7, K24, K28 and K53%5, but not in combination with D-glucuronic
acid‘to form the aldotriouponic acid moiety found in K64. Results obtain-
ed from studiés on the polysaccharide from Klebsiella K4 however, indicate
' that the same aldotriouronic.acid structure occurs here in a linear
fepeating‘unit. Klebsiella K2'9 contains both the aldobiouronic acid
and the neutral disaccharide ngfB—Q;glucopyréndsyl—g;mannosevunits |
found in K64, in a tetfasaccharide repeating unit in.which the D-glucuronic
acid residue occupies a terminal pdsition. Résidues of.gfglucuronic acid
linked througﬁ the 4-position have been reported in a nuﬁber of poly-
saccharides, bﬁt not preceded in the chain by an a-linked residue of

D-mannose as found in that from K6i.

A . preliminary investigation has been performed on the capsular

pblysaccharide from Klebsiella serotype K65, which is the only other strain®
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known to contain pyruvic acid and glucuronic acid in combination with the
neutral sugars found in K6k4. »There are indications.that giucose forms
part of the aldobiouronic aéid moiety, while thé-equivalent weight

(610 by cellulose acétate electrophoresis)  is consistent with that

of a hexasaccharide,repeéting unit in which both glucuronic acid and

pyruvic acid are present.

Thevreéuits of the present study on KZebsieZia K64 are in
'agreemenf with the earlier work of Barkér et al. except for.the fact
that D-glucuronic acid is neither 3~linked nor is itrinvolvéd in branch-
ing. It is'poésible, however, that the acid identified in the hydroly-
sate of the poiysaccharide after periddaté oxidation in the earlier
study by Barker waé not in fact glucuronic acid,‘but the degradation
product resulting from periodate oxidation of the 4~linked chain residue

of glucuronic acid.
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4.1.12 EXPERIMENTAL

4.1.12.1  PROPERTIES OF KLEBSIFLLA X6u CAPSULARVPOLYSACCHARIDE

Purified cabsular polysaccharide (A) had [a]éo +28° (¢ 0.1),
N 0.4% and moved as é singie component on ultracentfifugation and
electrophofesis. The weight-average moleéular weight was'ca..l.7 x 106
as determined by gel permeatior chromatography.aﬁd'the equivaient
weight ~ 570 (és acid by titration), in agreement with the values

previously Peportedl5.

The p.m.r. spectrum of a 2% solution of polysaccharide (A)
in D,0 showed sharp singlets at1'7.72.(aéetate CH3) and Tt 8.46 (pyruvate
CH3), a doublet at T 8.62 (L-rhamnose CH3) and three éignals in the
anomeric_regioﬁ. Integration of the épectrum'indiéated a ratio of

1:1:1 for the CHj3 groups and the presence of six anomeric protons.

4.1.12.2  HYDROLYSIS OF_POLYSACCHARIDE‘(A) 5 SUGAR ANALYSIS

 After hydrolysis of polysacchafide (A), followed by neutral-
isation of the hydrolysate, paper chromatography (éol&ents a and d),'
showed L-rhamnose, D-mannose, D-glucose, D-glucuronic acid énd pyruvic.
acid (characteristic blue fluorescence under ultraviolet light when
sprayed with p-aﬁisidine). Analysis of the neutral sugars by g.l.c.
of the alditol acetates gave L-rhamnose, Q;manhbse‘and Qﬁglucoée in
the ratio‘l.0:1.4:2.0. Preparative g;l.c. of the acetates allowed the
recovery of é;rhamnitol pentaacetate as a syrup,'and tﬁe héxaacetates of
Q;mannitoi and Q;glucifol as grystalline‘compounds. Comparison of the
circular dichroism spectfa of these derivatives with those of standard
samples coﬁfirmed the.assignmént-of the D-configuration to glucose and

mannose and the L-configuration to rhamnose 6,
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4,1.12.3 ACID HYDROLYSIS OF POLYSACCHARIDE (A)'; MOLECULAR-WEIGHT

DISTRIBUTION ANALYSIS

- The molecular-weight distribution patterns from-the graded
acid hydrolysis of polysaccharide (A) were obtained by the methods

outlined in Section 2.8 and as described in the literature!®.

4.,1.12.4 PARTIAL ACID HYDROLYSIS OF POLYSACCHARIDE (A) 3 SEPARATION

OF OLIGOSACCHARIDES

Polysaccharide (A) (lé) was. hydrolysed with 0.01M trifluoro-
acetic acid (120 ml) at 100° for 48h, and thevﬁydrolysis products were
separated by preparative gel-permeation chromatography into four com-
ponents which gave single peaks at moleculér weigﬁts 1100, 930, 520 and
350 daltons when examiﬁed by gel-permeation chromatography on Bio-Gel
P-10. The structures of these oligomers were proved by standard tech-
niques including partial-hydrolysis studies and methylationAanalysis,
as weli as the use»of'p.ﬁ.r. épegtroscopy and measurement éf optical-
rotatory power.to determine the'coﬁfigurations of anomeric linkages.

The results obtained are summafised in Table 8; Proportions of neutral
sugars were determined by g-1l.c. (aldifol acetate méthod) after hydrolysis

of the oligosaccharides with 2M trifluorocacetic acid at 100°C for 8h.

The component having molecular weight 350 daltons was shown
by paéer chromatography (solvent ¢) to be a mixture of an aldobiourcnic
acid énd a neutral fragment having the mobility of a disaccharide.
Separation of the mixture by preparative paper chromatograﬁhy (solvent )
gave the compounds I and II.. Oligosaccharides I - V were further
' characteriéed as follows.
(I) A sample of the disaccharide (20mg) was dissolved,ih water (2ml)

and reduéed with sodium borohydride (20mg) for 24h. After acidification



wifh Amberlite IR-120 (H') resin and removal of borate (by distillation
with methanol), the product was dissolved in DéO (2ml) and freeze—dried.
The p.m.r. spectrum of this compound (in D,0) showed e dqublet at T 5.36
(6Hz), indicating a B—Q;linkage;v Hydrolysis of the reduced product

. followed by papervchromatography (solvent d) gave only D-glucose.
Analysisvof the neutral compound (by eoufteSy of Dr{ J.‘P. Kamerling,
Utrecht)_ by g.l.c.-mass spectrometry of the trimethylsilyl derivative
~indicated thet neutral disaccharides with (1+2) and (1-4) type linkages
were present, in the ratio 1:3 respectively. Methylation of the mixture
followed by hydrolysis and g.l.c. analysis, as the derived alditol
acetates (column (a)), of the methylated sugars preseﬁt in the hydroly-
sate gave 2,3,4,6-tetra—9;methyl—g;glucose, 2,3,Gftri-gjmefhyl-g;mannose'

and 3,4,6-tri-0-methyl-D-mannose.

(II) bMethYlated aldobiouronic acid on methanolysis and g.l.c. gave
methyi glycosides of 253,u—fri—gjmethyl~2;glucuronate (removed by
saponificetion) and 2,&,6—tri*gjmethyl-g;manﬁose. The identity of the
2,4,6-tri-0-methyl-D-mannose was confirmed by hydrolysis of the .
methylated aldobieuronic acid and analysis of the hydrolyeate by paper
chromatography (solvents b and f), and by the g.l.e. retention time =
of the trimethylsilylated derived alditol. The p'm.f. spectrum of thek
aldobiourenic acid in D,0 ga?e'ahomeric signals at T 4.73 (3.5Hz), 4.82
(2Hz) and:5.08 (2sz, which are in goed agreeﬁent with those published

in the literature for 3-0-(o-D-glucopyranosyluronic acid)-D-mannose"2,.

(111) The aldotriouronic acid on reduction with sodium borohydride
follewed by hydrolysis (2M trifluoroacetic acid, lOOoC, 6h) and treat-
ment for 4h with hot molar sodium hydroxide under oxygen yielded

D-glucitol (identified by g.l.c. of its hexaacetate). Hydrolysis:-of
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the aldotriouronic acid followed by paper chromatography df the hydroly-
sate (solvent a) gave D-glucose, D-mannose and the aldobiouronic acid
II. Methylated aldotriouronic acid on methanolysis and g.l.c. gave
methyl glycosides of 2,3,u—trifgfmethyl~£;gluéurbnate,v2,4,6-tri—9j
methyl—g;mannose and 2,4,G;tri-gjmefhyl—g;glucose; The identity of -
2,4,6—triﬁ9fmethyl~2;glucose and 2;4,6—triﬁgfmethyl-2;mannose was

- confirmed by hydfolysis (2M trifluorocacetic acid, 100°C, 8h) of'fhé
methyiatéd aldotriouronic acid and‘g.l.c. of the:trimethylsilyl
derivatives of the anomers of the tri-O-methyl sugars. The p.m.r.
spectrum in D0 of the borohydride-reduced aldotriouronic acid showed
anomeric signals at T 4.69 (3Hz)‘and 4.80 (1.5Hz), consistent with

those ekpected from D-glucuronic acid (a) and D-mannose (a) moieties.

(IV)  Hydrolysis of fhe component having molecular weight 930; 
followed by paper chromatography of the hydrolysate (solvent a), gave
D-mannose, D-glucose and the aldobiouronic acid II.  The fully
methylated derivative of the oligomer was'hydrolyééd (2M trifluoro-
acetic acid,.lOOOC, 18h) and tﬁe sugars’presentvin the.hydrolysate
‘were anélysed by paper chromatography (solvents b and f) and by g.l.c.
of the derived alditol acetates to give 2,S,H,Gftetra-gjmethyl—g;
glucose, 2,4,6—tri~gfmethyl~2;mannose, 2,4,6—tri-9fmethyl-2;gluco$e,_

2,3,6-tri-O-methyl-D-mannose and 3,6-di-0-methyl~-D-mannose.

(V) Paper chromatogréphy (solveqt‘a) of én hydrolysate of.the oligomer
-having molecular weight 1100 revealed the same components as found on
hydrolysis of oligosaccharide IV. Méthylation, followed by hydrolysis.
(24 trifluoroacetic acid, lOOoC, 18h) and analysis of the sugars present
in the hydrolysate by paper chromatography (solvents b and f) and byv
g.l.c. of the derived alditol acetates, gave 2,3,4,6-tetra-0-methyl-D-

glucose, 2,4,6—tri—9fmethyl-2fmannose, 2,4 ,6-tri-0-methyl-D-glucose,



3,6-di-O-methyl-D-mannose and a small amount of 2,3,6—trijgfmethyl*

D-mannose.

Methanolysis -and g.l.c. of the fully methylated derivatives
of the oligomers having molecular weights 1100 and 930 gave methyl
2,3,4~tri~0-methyl~D-glucuronate in addition to the sugaré identified

as methylated alditol acetates.

4.1.12.5  AUTOHYDROLYSIS OF POLYSACCHARIDE (A)

Polysaccharide (a) (O;lg):wasrdiésolvedvin water (initial ﬁH
~ca. 3) and heatéd at 100°¢C for 3h. Paper chfomatography (solvent e)

of the concentrated autohydrolysate showed a fast moving spot, chromato--
graﬁhically identicél with pyruvic acid and having the same character-
istic white fluorescence as the authentic material when sprayed with

.. 0-phenylenediamine and examined undervu.v.ss. A similar chroﬁato‘
gram, sprayed with p—aﬁisidine, showed the presencebof L-rhamnose and
and a lafgé amount of material at the origin. The autohydrolySate was
diluted with water‘and diaiysed against distilled water (1 1) for 2uh.
Thé non-dialysable material (17mg) was recovered by fréeze-drying of
the aqueous solution. ' The autohydrolyséd polysaccharide (B)? which

had [a]éz +2501(c 0.1), E@ 1.5 x 10% daltons (by gel-permeation
chromatography on agafose gel) and was fOund to contain no pyruvic acid
(as indicated by its p.m.r. Spectrum),.waé used for the methylation

studies described in Section 4.1.12.7.

4.1.12.6 METHYLATION ANALYSIS OF POLYSACCHARIDE (A)

A sample (1.26g) of capsular polysaccharide (A) in the acid

form was methylated once by Hakomori's method!* and twice by the method

_. 20 o
of Purdie and Irvine®® +to give an amorphous product (1.17g), [a]D +20
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(¢ 1.1, chloroform), which sﬁowed no abéorption at 3760—3206 em T (OH)

and strong absorption at 1740 cm_l (mefhyl ester CO); pyfuvic acid |

ketal singlet at t 8.60 (deuteriochloroform solution). The methylated

polysaccharide (0.72g) was hydrolysed with 2M triflourcacetic acid

at lCOOC for 18h, and'the neutral sugars (0.36g) produced were separated
.Ifrom the acidic.sugars (O.l2g)vby ion—exchange chrbmatograﬁhy on avf

column of Amberlite IR-45 (OH ) resin.-

- The neutral-sugar mixture was applied to a column (65 cm x
4 cm) of cellulose, watef—jacketed at 280, and separated into its com-
ponepts by elufion with butanone-water azeotrope. In some cases
mixtures were resolved'by preparative paper éhromatography (solvent b).

The'fractions obtained were characferised as follows: .

FRACTION I (19mg), was chromatographically identical with 2,3,4;tri—gj
methyl-L-rhamnose.. The trimethylsilylated alditol and alditol acetate
derivatives were identical in their retention characteristics on g.l.c.

‘with an authentic sample of this methylated sugar.

FRACTION II (90mg), on reducfion and trimethylsilylation, gave derivatives
Of>2,4;6~trij9jmethyl-g;mannose and 2,4,6—tri—9jmeth&l—g;glucbse-in the
ratio 0.7:1.0. The mixture was sepafated into its pure éomponents by
g.l.c. usiﬁg a preparative column ( 2m x Smm O,D;) ‘packed with 15%

SE-52 on Chromosorb W (80-100 mesh), isothermally at 140°¢.

FRACTION IIIX (SSﬁg);‘[ajgo +39° (e 0.3), was indistinguishable from
2,3~difgjmethyl~g;gluéose by péﬁer chromatography and by p.m.r. spectro-
sScopy. The g.l.c. refention times of both the trimethylsilylated and
alditol acefate derivatives were identical with those of the authentic

" material.

20 o . - ] '
FRACTION IV (35mg), [a]D +8° (e 0.1), was characterised as 6-0-methyl-

D-mannose by (a) its paper—chbomatographic colour and mobility,
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(b) its p.m.r. spectrum in Dy0, which showed signals at T 4.78
(1.5Hz), 5.07 (2Hz) and 6.54, in good agreement with those given in
the literature’® for this compound, and (c) the retention time of

its derived alditol acetate in g.l.c.’7.

The identity of each of the above methylated sugars was

confirmed by mass spectrometry of the derived alditol acetate.

>v A sample (20mg) of fhe fully methylated polysaccharide was
_hydrolysed with 2M trifluoroacetic acid at lOOOC for 18h. Samples.
were removed after 6h and 18h hydrolysis, reduced, trimethylsilylated

- and analysed by g.l.c. to give the results shown in Table 9,

‘The methylated acidic sugars weré éonverted to fheir methyl
ester methyl glycosides by heating with 1% methanolic hydrogen chloride
at 100° C for 6h in a sealed tube under nitrogen. After neutralisation
with silver carbonate the residue was dissolved in tetrahydrofuran (10ml)
and reduced with lithium aluminium hydride'(700mg). A sample (30mg) of
the reduced product waé hydrolysed with 2M trifluoroaceticbacid at 100°¢
for 5h énd the sugars present .in the hydrolysate were analysedvby paper
chromatography (solvents b and f) to give 2,4,6-tri-0O-methyl-D-mannose
and 2,3—di—9fmethylglucose. Quantitativé aﬂalysis of theée sugarsv by
g.l.é; of the trimethylsilYlated derived éiditols gave 2,4,6-tri-0-
methyl-D-mannose and.2,3-di—gjmethylglpcose in the ratio 1.0:1.6.
Reduction; acetylatioh and preparétive.g.l.c; gave the individual
methylated aiditél acetates which were furthervgharacterised by mass
spectrometry. A sample of the 2,3fdi-9fmethy1glucitol tetraacetate
was demethylated (BC13)78 and re-acetylated to give glucitol hexa-

' acetaté, which was shown to have the D-configuration by comparison of
its circular'dichroism spectrumuwith that of a standard sample. It

appears certain that the origin of the 2,3-di-O-methyl-D-glucose found-



_61_

as the major component in the hydrolyvsate of the reduced acidic sugars
must be the glucuronic acid present in the originél polysaccharide;

this acid must accordingly also be of the D-configuration.

4.1.12.7 METHYLATION ANALYSIS OF DEGRADED POLYSACCHARIDE (B)

Polysaccharide (B) (15mg), produced on autohydrolysis'of'(A),
was methylated by_Hakomori‘s method to give a derivative (18mg) which
showed no hydroxyl absorption in the i.r. Hydrolysis of the methylated
product_with'2M‘trifluoroacetic acid at 100°¢ for 18h, followed by
paper chromatography of the hydrolysate (solvents b and f) showed the
absence of 2,3-di-O-methyl-D-glucose and the appearance of a new spét
having the same pink colour and mobility as 2,3,4,6—tetra—9jmethyl“

' D-glucose when sprayed with p—anisidine. The hydrolysate was reduced,
trimethylsilylatéd and énalysed by g.l.c. tb givé the results shown in

Table 9.

4.1.12.8  REDUCTION OF THE METHYLATED DERIVATIVES OF POLYSACCHARIDES

(A) AND (B)

The fully methylated polyséccharide (A) (122mg) was reduced with
lithium aluminiumihYdride (700mg) in.tetrahydrofuran (lOmi) to give a ”
product‘having [a];o +14° (é 0.1, chloroform) whose i.r. spectrum showed
no absorption at 1740 Cm—l (methyl estef CO0). Hydrolysis of a sampie
with 2M trifluoroacetic acid at 100°C for 8h, followéd by paper chromato-
graphy (solvent b) and g-l.c. analysis of the sugars present in the
hydrolyéate (as the trimethylsilylated derived alditols), shoﬁed a
marked increase in the pfoportion of 2,3-di-0-methyl-D-glucose, as can

~ be seen from Table 10 and Figure 6.

The methylated derivative of polysaccharide (B) (6mg) was
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reduced, hydrolysed, and analysed in the same manner to give the

results shown in Table 10.

4.1.12.9 . SMITH DEGRADATION OF POLYSACCHARIDE (A)

Capsular polysa;chafide (A) (0.25g) was dissolved in agueous
sodium metaperiodéte (50ml, 0.113M) and allowed to stand in the dark
for uldayé, the consumption of periodate (0.43 mol per hexose) béing
ﬁonitored by the arsenite'method79 After this time the reaction
was.terminatéd by the addition of ethylene glyéol.(l.Sml) and the
solutiqn was stirred for 2h and then dialysed against running tap
water for 3 dayé. Reduétion with sodium borohydrider(2g)5 deionisation
with Amberlife IR-l2O h resin, freeze~drying and removal of borate
by distillation with methanol yielded theApolyalcohOl (106mg). This
product was dissolved in M trifluorocacetic acid (20ml) and stirred at
room temperature for 110h. Gel—pebmeation chromatography on Bio-Gel
P-2 was used to monitor the change in molecular weighf_during the
.~ hydrolysis; this showed that after 2uh a single product with ﬁ%’

560 daltons was generated, and no change in the molecular weightfwas
apparent for samples removed after 48h and 110h. The trifluoroacetic
acid waé removed by freeze-drying and the residue was diséolved in
—methanoi and e%amined by paper chromatography (solvent b). When
sprayedlwith silver nitrate the ﬁaper chromatogram showed the presence

" of glycolaldehyde and a large amount of slow—mo&ing materiél nearjthe
origin. In order to obtain the pufe'oligosaccharide, the hethanol was
removed and the residue extracted with absolute ethanol. The ethanol-
insoluble méterial was dissolved in water and freeze-dried to yield the
Smith~degfaded product (67mg), which had [a];O %240 (¢ 0.1) and mol. wt.

560 daltons.



This.éligosaccharide (5mg) was hydrolysed with 2M trifluoro-
acetic gcid (Iml) at 100°C for Sh. Reduction of the hydrolysate
followed by acefylation and g.l.c; analysis of the acetates gave
D-glucose and D-mannose in the fatio 1:1.8. The p.m.r. spectrum of the
oligosaccharide in D,0 showed éignals in the aﬁomeric region at
T 4.78 (;Hz) and 5.14 (6Hz). The integratidnvand‘coupliﬁg constants
of fhevsignals allowed their unambiguous assignment +*o twd D-mannose

(a) residues and one D-glucose (B) residue.

jThe Smith—degraded oiigosaccharide (18mg) was methylated to
give'a product (15mg) whose i.r. spectrum showed no absorption in the
hydroxyl region and strdng‘absorption at 172.O'cm—l dﬁe to a methyl
ester grouping; Re-examination of the 1.r. spectrum of the methylated
product aftér reduction with lithium aluminium hydfide (100mg) in
tetréhydrofuranv(éml) showed no absorption at 1720 cm—;. The_reduced
méthylated‘oligosaccharide was hydrolysed with 2M trifluoroacetic acid
. at lOOOC for 8h and the sugars present in the hydrolysate Qere analysed
.by paper chromatography (solventé b and f) and by g.l.c. of the derived
alditol‘ééetatés to give 2,3,4,G—fetra-gjmethyl—g;mannose, 2,4,6-tri-0-
methyl—g;glucose and 2?3,6—tri-97methyl—2;mannose in approximately equal
proportions. Préparative g-l.c. permifted the recovery of the acetates

which were further characterised by mass spectrometry.
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4,2 THE CAPSULAR POLYSACCHARIDE FROM XLEBSIELLA SEROTYPE K27

4.2.1 INTRODUCTION

The group of Klebsiella K—serotypes which produces capsular
polysaccharides. consisting of residues of Q;glﬁcuronic écid; Q;galactose
and D-glucose is known to include Klebsiella K-type 27 and six other
strains. Branched tetrasaccharide'repeating units have been found in
the'polysaccharides>from‘K8“8, K11%% and K51°0,  while the primary
structures of those from the rémaining sérotypes are ét present being
investigatedll. - In addition to the three types 6f sugar‘fesidue, the
Klebsiella K27 polysaccharide contains a pyruvic abid moiety, as does

the polysaccharide from K11.

'Purifiéd_KZebsieZZa K27 capsular polysaccharide (A), obtained
froﬁ a culture (N.C.T.CL 9i47), had [a]D +50, E& 9.4 x 10°, and was A
monodisperse according to gel-permeation chromatography and ultra-
cenfrifugation. The proton magnetic resonaﬁce‘spectrum of a solution
" of the polysaccharide showedva‘sharp singlet at 1.8.48, indicative of
pyru&ic acid ketal. Integration of the signals due to the éhomeric
protoné and thét of the ﬁethyi group at t8.48 showed the pfesence of
one_pyruvic acid ketal to six sugar residues; no O-acetyl groups were
detected. | | |

The molar proportibns of sugars foundvby g.i.c. analysis (alditol
acetate method) of an hydrélysate of the polysaccharide (A) were galactose

(2.0) and glucose (3.0). These sugars were shown to be ia the D-configur-

ation by the procedures outlined in Section 4.2.9.2.

4.2.2 GRADED ACID HYDROLYSIS

Graded acid hydrolysis, monitored by paper chromatography of the
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hydrolysates, showed that glucose'and pyruvic acid were the first residues
to be released from the polysaccharide structure, followed more slowly by
galactose and‘two neutral disaccharides. Glucufonic acid and seyeral
other acidic products of higher molecular‘wéight were thén detécted,vin--
cluding‘an aldobiouronié acid chromatographically indistinguishable from

6-0-(g-D-glucopyranosyluronic acid)-D-galactose.

Mild acid hydrolyéis,‘monitored.by gel-permeation chromatography
of sampleé removéd ét intervals; shoﬁéd thaf the_breakdown of the poly-
saccharide was slow in comparison with that of most of the other Klebsiella
polysaccharides tﬁat have been examined by this method, the rate being
' cbmparable.witﬁ‘that for the K§415_ polysaqcharide. Gel-permeation
chromatography on égafose revéa;gd a slow decrease in ﬁ% ffom 940 .000 to
450 000 during the first 4h of hydrolysis in 0.01H acid at 100°; from
24h:onward, Bio-Gel P-10 chromatograms-(see Tables 11 and 12 and Figures 8
and 9 ) Shéwéd multiple.peaks at molecular ﬁeight 1000 and:integral
multiples thereof (up to 10 OOO),suggesting a repeating unit of about
 this size (i.e. a hexasaccharide).. After h&droiysis for 48h in 0.01M
acid, fhe component having molecular wéight 1000 was presénf in the-
hydrolysate to the extént of 30%'by weight, but 54% of the mixture con-
sisted of material of molecular weigﬁt 2000 - 6000.(ﬁ; 2700). ‘The
products having molecular Qeights abové>lOOO.disappeafed bnly after
further hydrolysis in 0.1M acid for'Sh,_af which stage muéh of the hexa-
'saccharide had broken down to lower oligosaccharides - (Figure 10 ), so
thét its pboportion remained at only eca. 30%vby.ﬁeight ﬁnder these

conditions.

'4.2.3°  AUTOHYDROLYSIS OF POLYSACCHARIDE (A)

Autohydrolysis of the polysaccharide (A) yielded pyruvic acid

‘and traces of glucose, which were separated by dialysis from the
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TABLE 11 _
'PARTIAL HYDROLYSIS OF KLEBSIELLA X27 CAPSULAR POLYSACCHARIDE
IN 0.01M TRIFLUOROACETIC ACID
. by : a
T ‘ v
ime . M | _ [a]D
(h) = (Daltons) _ (Degrees)
b
0 940 000 , ‘ + 5
1 720 000 +8
. 450 000 410
7 n.d. ' 12
TR 4 900 | 417
ug8 | 2 700 422
Concentration ¢, 0.48 b Single peak (Sagavac BF)
TABLE 12 A
FURTHER HYDROLYSIS OF DEGRADED KLEBSIELLA K27 CAPSULAR
POLYSACCHARIDE IN 0.1M TRIFLUOROACETIC ACID
Time - [a]D 2
(h) : (Degrees)
0 +22
1 +25
3 +28
5 +29

24 ‘ +40

Concentration ¢, 0.46
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Bio-Gel P-10 elution patterns of hydrolysates (0.01M trifluoro-
acetic acid, lOOO, 24-48h) of Klebsiella K27 capsular poly-

saccharide.
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Bio-Gel P-10 elution patterns on furfher hydrolysis (O.lM trifluoro-
acetic acid, lOOo, 3-5h) of Klebsiella K27 capsular polysaccharide.
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polysaccharide product (B), [a]D +2°, ﬁ; 8.4 x 105 (by gel-permeation
chromatography), the p.m.r. spectrum of which showed the abserice of
pyruvic acid ketal. A sample of polysaccharide (B) was methylated and

used for the methylation analysis discussed in Section 4.2.5.

4.2.4  METHYLATION ANALYSIS OF POLYSACCHARIDE (A)

Capsular polysaccharide (A) was methylated and a portion
hydfolysed, and the sugars present in the hydrolysate were analysed by
paper chromatography and by g.l.c. of the trimethylsilylated, derived

alditols. The results obtained are shown in Table 13 and Figure 1l.

It is evident_that the number.df branch-points in the structure
cannot bé accqunted for_solely by the terminal residues of D-glucose
found in this analysis.. The identification of 2,4,6—tri49fmethyl~2;
galactose and 2,3,Hftrifgfmethyl—g;glucqse shows that these residues
repfesent 3~ and 6-linked sﬁgars in the chain, while the presence of the
2-0-methyl derivatives of both D-galactose and Q;glﬁcose indicates a

high degree of branching in the polysaccharide (A).

Methanolysis of another portion of thé fully methylated
polysaccharide followed by g.l.c. analysis of'the resulting methyl
glycosides. showed the presence of 2,3,4—tri—gjmethylglucﬁrénate,
in.addition to methyl glycosides of the neutral sugars given in Table 13,
indicating that the glucﬁronic écid residues in the polysaccharide (A)
occupy a terminal pdsition.v Thesé acid residues were shown to have the

D-configuration by the procedures outlined in Section 4.2.9.7.
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TABLE 13

METHYL ETHERS FROM THE HYDROLYSATES OF THE ORIGINAL (A)
AND DEGRADED (B) POLYSACCHARIDES FROM XLEBSIELLA X27
a : b .
Sugar T v Molar Proportions (%)
A® B
2,3,4,6-Glc 1.0 19.7 ' 19.3
2,4,6-Cal 1.19 | 22.5 19.0
2,4,6-Glc |  1.34 - | ©18.3
2,3,4-Glc . 1.82 : 18.7 - 18.4
2,4-Gal . 1.80 - 6.5
2-Gal : 2.48 19.4 . 18.3
2-Glc 2.76 19.7 -
a 2,3,4,6-Glc. = 2,3,u,6—tetraﬁgfmefhyl~2;glucose, ete.

:b Retention time of the corresponding (TMS) alditol relative to
that of 2,3,4,6—tetra—gjmethyl—g;galactose on an SE-52 column
at 10°¢. | |

C

Hydrolysates examined after 18h hydrolysis.

4.2.5 ~ METHYLATION ANALYSIS OF DEGRADED POLYSACCHARIDE (B)

The fully methylated derivétive of polysacchéride-(B) was
hydrolysed, and a portion of thg hydrolysate. was analysed by paper
chromatography and by g.l.c. of the trimethylsilylated derived alditols
to give the results shown in Table 13 and.Figure 12, The remainder of
the hydrolysate was reduced, the alditols were acetylated,.and the
acetate mixture wasiseparéted into the component methylated alditol

acetates>? by preparativeAg.l.c.. ‘Mass spectrometry was used to
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FIGURE 11 G.l.c. trace of the partially me'thylated (TMS) alditols from fully methylated Klebsiella K27

capsular polysaccharide (A).
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FIGURE 12 o¢.1.c. trace of the partially methylated (TMS) alditols from fully me'thylated degraded
polysaccharide (B) from Klebsiella K27.
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confirm the substitution pattern of each methylated alditol acetate.

Identification of 2,4,6-tri-0-methyl-D-glucose in the hydroly-
éate, and the absence of é—gjméthyl~gjglucose, indicate the reﬁoval,
during autohydrolysis, of pyruvic'acid'from the 4- gnd 6-positions of
a D-glucose residue which must be linked through 043 in the pélysacchar—
ide chain.'jThe_smail amount of 2,4—di—gjmethyl-gfgalactose in the
hydrolysate may be-accdﬁnted for by the loss of some terminal D-glucose
: residuesvduring the autohydrolysié, thus affording evidence that these
are linked to the 4—position of D-galactose. This same D-galactose
residue must also.be substituted at 0-6 and 0-3, in view of the high
proportion of QﬁQfmethyl—Q;galactose_foﬁnd in the hydrolysates of both
polysaccharideé,(A) and (B). As indicated by the products of partial
hyarolysis (Sectibﬁ 4.2.2), it is probably the terminal unit of
D-glucuronic acid which ié attached at 0-6 of D-galactose to form the

aldobiouronic acid moiety.

4.2.6  PARTIAL HYDROLYSIS OF POLYSACCHARIDE (B) 3 ISOLATION AND

CHARACTERISATION OF OLIGOSACCHARIDES

Hydrolysis of a éample of polysaccharide (B) with 0.1M

" trifluorcacetic acid at 100°C for 3h yielded a number of oligosaccharidés,
I~ VIiI, which Qere separated by preparative paper chromatography and
examined by gel-permeation chromatography on Bio-Gel P-10. Of the acidic
oligoSaccharidésvisolated, one fraction contained two components, having
molecular weights 3000 (30% by weight) and 2000 respectively; the others
each gave a single peak;.at moleculér weights iOOO (i.e. the structurally
significant hexasaccharide), 850, 660, 520 and 360 daltons. The two
neutral components were disaccharides (molecular weightBMO daltons), as
indicated also by their mobilities on paper chromatography. Where
possible fhe strﬁctures of oligosaccharides I - VIII were determined,

using standard techniques as described in Section 4.2.9.7; see Table 14.
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TABLE 14

ANALYSIS OF THE OLIGOSACCHARIDES FROM KLEBSIELLA K27 AUTOHYDROLYSED POLYSACCHARIDE (B)

Fraction Oligomer LCal . (in H,0) R Mol.wt. Neutral Sugars Methylated
' : (g )' .(s iic . d) : (Dalt - ) (Molar ratios) (TMS) Alditols
eg?ees - olven . a ons olar ratios) | (Molar ’ratios)
I Neutral _ + 16 0.73 340 Gle 2,3,4,6-Glc (1.0)
disaccharide 2,4,6=Glc (1.0)
I Neutral 4 22 0.59 340 Gle (1.0) 2,3,4,6-Gle (1.0)
disaccharide ' - Gal (1.0) 2,4,6-Gal (1.0)
III Aldobiouronic -7 0.40 360 Gal 2,3,4-Gal
acid ’
v Aldotriouronic + 5 0.23 520 Glec (1.0) Indicated that
acid fraction was a
' Gal (0.8) mixture
\Y Aldotetraouronic] + U 0.13 660 Gle (2.0) Indicated that
acid : ‘ fraction was a
_ Gal (1.3) mixture
VI Acidic + 16 0.07 850 Glc (2.0) 2,3,4,6=Glc (1.0)
pentasaccharide . Gal (1.8) 2,4,6-Gal (0.8)
2,3,4-Glc (0.7)
2,4-Gal (0.7)
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TABLE 14  (CONTD.)’

Fraction | Oligomer : [cx:_lD (in H,0) Rglc _ Mol.wt. | Neutral Sugars Methylated
' (Degrees) (Solvent a) (Daltons) | (Molar ratios)| (TMS) Alditols

(Molar ratios)

VII | Acidic 46 0.03 1000 Gle (3.0) 2,3,4,6-Glc (1.0)
‘hexasaccharide - | Gal (2.5) 2,4,6-Gal (1.1)

| | 2,1,6-Glc (0.5)
2,3,4-Glc (0.7)
2,4-Gal (0.4)

VIII Acidic ' ' + 18 0.00 2000 (71%) Glc (3.0) 2,3,4,6-Glc (1.0)

oligosaccharide : - o + | a1 (2.6) | 2,4,6-Gal (1.1).
3000 (29%) 2,4,6-Glc (0.6)

2,3,4-Glc (0.8)
2,4-Gal (0.4)
2-Gal (0.6)




- 75 -

fNeﬁtral disaccharide I.was indistinguishable on paper
chromatography from 3-0-B-D-glucopyranosyl-D-glucose, in three
different solvent systems (a, b and d), while the optical rptation
and paper-chromatographic mobility of neutral disaccharide II were in
good agreément with thosé given in the literature for 3—Qj8-2;gluco—
pyranosyl-g;gaiaétose8o, The optical rotations of the aldobiouronié
acid and of its barium salt ([a]D —30) were in accordance with thése
reported for 6—9f(B—Q;gluéopyranosyluronic acid)—g;galactoseso;'this
struqtural unit is common in plant gums, but has not been reported

previously in work on Klebsiella polysaccharides.

The non-integral value obtained fof the molar,pfoportion of
D-galactose in'the hydrolysates of the acidic oligosacéharides after
8h tréatment with 2M frifluoroacetic acid at lOO?_is consistent with
this hexose being parf‘of fhe aldobiouronic acid. _The more vigorous
conditions (2M trifluoroacetic acid at 100° for 18h) used in acid
hydrolysis of the originai K27 poiysaccharide (A) gave the neutral

sugar ratios reported in Section 4.2.1.

The methylation.analyses of the fractions IV and V, of
molecular weight 520“and 660 daltons respectively, indicated that
these were mixtures of linear and branched oligosaccharides, which
were inseparable and could nét be fuliy characterised. Analysis of the
“acidic pentasaccharide VI shows that it has the structure given beiow;
it is derived from the acidic hexasacchafide VII through- the losé of a

terminal chain residue of D-glucose.

D-Glcp r 3 D-Galp ;;—E-Q;Galp ———E'Q;Glcp vI

5]

1
D-GlcAp
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An examination of the methylated sugars obtained on hydrolysis
of the fully methylated hexaséccharide VII indicates that there are two
possible structures for the oligosaccharide. It is evident that the loss
.of.a D-glucose residue from either of tﬁese>stfuétures VII(a) or VII(b)
woﬁld give rise to the acidic pentasaccharide VI._.In both cases the
Q;glucosevresidue'whiéh isvlost would have to be linked through.0-3 in

the original polysaccharide chain.

D-Glcp D-Glep =2 p-galp -2 D-Galp +-2 D-Glcp .~ VII(a)
L 6 :
1
D-GlcAp -

D-Glcp D-Galp l——g-Q;Galp ;¥+§-Q;Glcp l;—g-Q;Glcp : VII(b)

‘ 6

1

D-GlcAp

Methylatioﬁ analysis of the biigosacéharide VIII shows that
a large nﬁmber of the terminal fesidﬁes'of D-glucose, linked to the
: 4—position of.g;galactose in the polysaccharide éhain, are not removed
- under the.conditions.of acid hydrolysis used to generate the ébove
oligosaccharidés. The lowAproportion of 2,H—dijgfmethyl—gjgalactose
found in the hydrolysateé of mefhylated derivatives of the higher oligo-
saccharides further confirms that this‘g;galactose residue is linked to

D-glucuronic acid, through 0—6, to form the aldobiouronic acid III.

4.2.7 THE REPEATING UNIT IN KLEBSIELLA K27 CAPSULAR POLYSACCHARIDE

_The methylation analyses show that the repeating unit in the
K27 capsular polysaccharide consists éf chain residues of 3- and
6-linked Q;glucoée and of 3-linked D-galactose,to which are attached
terminal units of Q;élucuronic acid, pyruvié acid ana Q;glucose;

Consideration of these results, together with the cligosaccharides
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mentioned in 4.2.6, particularly 3-0-B-D-glucopyranosyl-D-glucose, shows
that in order to obtain this neutral disaccharide and 3-0-B-D-gluco-
pyranosyl-D-galactose, the polysaccharide chain must contain the sequence

of sugar residues »3)—Bfg;Glcp~(l+3)—Q;Galp*(l+3)~Q;Galp4(l+6)—Q;Glcp‘(l*-

The pyfuvic acid moiety has been shown to be attache& to the
only 3—linkéd D-glucose residue, but the terminal units of D-glucuronic .
acid and D-glucose could be linked to éither one of the D-galactose
residues in-the.chain. However, since neutral disaccharides were
obtained with (1+3) linkages between giucose and glucose and between
glucOSe-and galactése, but ﬁot between galactose and galactose, it would
appear that the D-galactose residue'carrying the terminal groups occurs
directly before the 6-linked glucose residue in the ﬁolysaccharide chain. .
. On the basis of fhe foregoing argument, IX represents the repeating unit

for Klebsiella K27 polysaccharide:

D-Glep
1
3 1 3 1.3 4 1 6 1
— D-Glep === D-Galp =—> D-Galp = D-Glep “z— IX
| 6
4w l/6 8

: 1
CH3-C-COOH ’ D-GlcAp

The nature of certéin anomeric linkages in the above repeating
unit could not be.determined by considepation bfAthe oligosaccharides
isolated.- Thé increase in optical rotation accompanying the release of
Q;glucése.during the early stages of mild acid hydrolysis, however,
suggests thét this terminal unit is g-linked. Proton maghetic resonance
SpéCtPOSCOpy.Of both the origiﬁal (A) and degraded (B) polysaccharides
pevealed only one anomeric signalvcdrresponding to an a-Q;;inkage, the
remainder being indicatiﬁe of_B—Q;linkages. This a-linkage, therefore,

must involve one of the‘g;galactbse residues in the chain, the other being
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B-linked. The optical rotation of the polysaccharide (+50) is close
to the value (+9°) calculated by application of Hudson's rules of
71

isorotation”’ to the structure as a whole on the basis of the above

~assignment of the anomeric linkages.

4.2.8 COMPARISON WITH OTHER KLEBSIELLA CAPSULAR POLYSACCHARIDES

A number of'the structural features found in the éapsulaf
polySaccharide.from K27 occur aiso in the branéhed tetrasaccharide
repeating units of the polysaccharides from Xlebsiella serotypes K848,
K11%% and K5150, ,.which belong:to the same chemotype as K27.

Thé aldobioﬁronic acids from three strains, K8, K11 and K27, contain
D-glucuronic acid linked to Qfgalactosé, buf the positions and modes
of linkage differ, while D-glucose formsrbart of the aldobiouronic
acid in the polysaccharide from K51. The ﬁeutfal disaccharide 3-9;.
B—Q;glﬁcopyranosyl—g;galactose has been isolétedvfrom a partial hydroly—
sate of the K8 polysaccharide, and pyruvié acid ketai (liﬁked to |
D-galactose in this case) is found in the repeating unit of the poly-
sacéharide from K11. Chain units of 3-linked Q;galactose and Q}glucbse
“are common fo all féur structures aﬁd afevalso found in.a large numbér
Qf other serotypes. The Klebsiella K51 polysaccharide shows the unusual
feature of a chain D-galactose residue linked tﬁrough O—ﬁ, while fesidues
of Q;glgéose linked through 0-6 héve.beén reported in the polysaccharide

chains from K23%6, k3810, k418l and K5ul3,

Of the Klebsiella polysaccharide structures known, however, that
of K64, which has a hexasaccharide repeating unit with a double branch on
a residue of D-mannose, is the closest analogue,to that of K27, although
recent studies have shown that the pentasaccharide repeating unit of
the polysaccharidé from K33*4 véontains a residue of D-mannose which is

substituted at 0-3, O-4 and 0-6. The rate of degradation of both the K27
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polysaccharide and that from K64 uﬁder conditions of mild acid hydroly-
sis is comparatively slow; = acidic oligosaccharides of fairly high '
'moleculaf weight (from K27, lOOO and 850 daltons; from KSH, 1100 and
930 daltons) are tﬁereby released, tégether with fwo neutral di-
sacchérides which have proved crucial invférmulatiﬁg.the repeating
units.. Both polysacchafides contain the structural unit 4,6-97
.(lfcarboxyethylidene)-Q;glucose, thch in fhe case of the K64 poly-
saccﬁaride‘forms a side chain. Autohydrolysis of both polysaccharides
yields pyruvate-free products having high.degree of polymerisation.
The only major differences in the structurél patterns of the K27 and
Kel4 polysaccharides are the positions of the pyruvic acid and

D-glucuronic acid moieties.
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4.2.9 EXPERIMENTAL

. H.2.9.1 PROPERTIES OF KLEBSIELLA K27 CAPSULAR POLYSACCHARIDE

Pgrified capsular polysaccharide (A) had [a];O'+50 (e 0.7),
N 0.4%, and moved as a single component on ultraéentrifugatiou and gel-
permeation chromatography on agarose (ﬁ; 9.4 x 10°). The p.m.r.
spectfﬁm of a 2%.éolﬁtion of the polysaccharide in D,0 showed a sharp
singlet at 't 8.48, due to the CH3 of the pyruvic acid ketal grduﬁ, and
signals for .6 anpmeric protons?0,  corresponding to one a-linkage
at 1 5.0 (3sz and five B—linkages_ét 1 5.14% - t 5,62. The chemical
shifts and coupling'coﬁstantsof the B-linkages could not be aésigned to

specific residues due to the close proximity of the signals.

Integration of the spectrum showed a ratio of one pyruvic

acid ketal group to six anomeric protons.

4.2.9.2 HYDROL_YSIS OF POLYSACICHARIDE (A) ; SUGAR ANALYSIS

Polysacchéride (A) was hydrolysed with acid for 18h.
Aftef neutraliéation, paper chromatography (solvents.a and d) of the
hydrolysate showed Q;galactose,vg;glucose, D-glucuronic acid, and an
aldobiouronic acid. .Analysis of thé.neutral sﬁgars present by g.l.c. of
the derivéd alditol acétates gave the molar -ratio of D-galactose to
D-glucose as 2.0:3.0. Preparative.g.l.c. of the acetates allowed re-
-covery of the individual compounds and identification of D-glucitol
hexaacetate by comparison of its circular.dichroism spectrum with that
of a standard sample. The D-galactose derivative waé shown to'Be
achiral by this method. Isolation of.Q;galactose from the hydrolysate
-by preparative paper chromatography (solvent d), followed by méthyl—
ation, hydrolysis and reduction with sodium borohydride gave 2,3,4,6-tetra—

O-methyl-D-galactitol, (identified by the g.l.c. retention time of the
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trimethylsilyl derivative); » Acetylation.of fhe methylated aiditol
gave l,S—di—Qjacetyl—Q,3;&56—tefra-gymethyl—g;galactitol, thch'was'
purified by preparative g.l.c. and dissolved in acetonitrile..:A
positive circular dichroism curve, identical to thét given by>the

authentic compound, confirmed the D-configuration of galactose66-

4.2.9.3" ACID HYDROLYSIS OF POLYSACCHARIDE (4) ; MOLECULAR-WEIGHT

DISTRIBUTION ANALYSIS

- Graded acid hydrolysis of polyséccharide ‘(A) was performed as

described in Section 2. 8.

4.2.9.4  AUTOHYDROLYSIS OE.POLYSACCHARIDE (A)

Capsular polysaccharide (A) (l8bmg) was dissolved in

distilléd water (3&1) and heated in a sealed tube»under‘nitrogen for
3h at 100°C. ‘Paper chromatography (solvent e) 6f'fhe éonceﬁtrated'
'solutioﬁIShowed‘a fast-moving spot, chromatograpﬁically identical with
byruvié acid and having the same characteristic fluofescenée as the
authentié material when sprayed with ofphenylenediamine and examined
under uitraviolet lighf. Ekamination of a similar chromatogram
sprayea with p*anisidine showed the preseﬁce of D-glucose and a large
amount of material at the origin. The autohydrolysate was diluted with
.water and dialysed against disfilled water (3Z)vfof 24h. * The non-
dialysable material (132mg) was recovered by freeze-drying of the
aqueous solution. The polyséccharide (B) obtained by this précess had

00 4
Lady

graphy) and was found to contain no pyruvic acid (as indicated by its

+2° (¢ 0.5), ﬁ% 8.4 x 10° daltons (by gel-permeation chromato-

' p;m.r.'spectrum).‘ A sample of the polysaccharide (B) was methylated
(Hakomori method) and used for the methylation studies described in

Section #.2;9.6 below.
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4.2.9.5 METHYLATION ANALYSIS OF POLYSACCHARIDE (A)

Polysaccharidé'(A) (50mg) was methylated once by.Hakomofi's
method and twice by the methéd of Purdie and Ir&ine to yield a colour-
- less, amorﬁhous‘product (48mg) which shoWéd no hydfoxyl absorption
in the i.r.; the continued ﬁresence of‘pyruvic acid.ketal in this
product was evident from the characteristic singlet at T 8.60 in the
© DPem.D. speétrum of a saﬁple dissolved in deuteriochloroform. _Aftér'
hydrolysis of the methylated product in 2M trifluéroacetic acid, paper
chromatography of the hydrolyéate (solvents b and f) showed the presence.
~of 2,3,4,6—tetrajgfmethyl—g;glucose, 2,3,H—triﬁgfmethyl—g;glucése5
2,4;6~tri—gfmethyl*g;galacfose, and a slow-moving component having a
- colour similar to that of a 2-O-methyl sugar when sprayed with
p-anisidine. A portion of the hydrolysate was reduced, and the.
derived alditols were analysed by g.l.c. of the trimethylsilyl
derivatives to give the molar proportions shown in Table 13 . The
slow—ﬁoving component was showﬁ by this method to contain both 2-0-

methyl-D-galactose and 2-0-methyl-D-glucose.

A sémple of the fully methylated polysécchafide.(smg) was
heafed with 10% methanolic hydrogen chloride to yield a mixture of
ﬁethyl glycosides which was analysed by g.l.c. The gas chfomatogram
showéd peéks corresponding to methyl—2,3,4—tri-gfmethleQ;glucurénate
(removed by saponification) and the methyl glycosides of 2,3,4,6-tetra-

O-methyl-D-glucose, 2,3,4-tri-0-methyl-D-glucose and 2,4,6-tri-0-methyl-~

- D-galactose.

4.2.9.6 METHYLATION ANALYSIS OF DEGRADED POLYSACCHARIDE (B)

A sample (20mg) of the fully methylated derivative of poly-

saccharide (B) was hydrolysed in 2M trifluoroacetic acid. Paper
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chromatography.of the hydrolysate (éolvents b and f) indicated the

presence of the same methylated sugars as were found in thé hydrolysate

of the mefhylated derivative of pdlysaécharide (A), together with a new
component, the paperfchromatographic_coloﬁr and mobility of. which were
identical with authentic 2,4,6-tri-O-methyl-D-glucose. The mixture of
methylated sugars in the hydrolysate was-analySed by g.l.c. of thé tri-

" methylsilylated derived'alditols to give the proporfions listed in

Table 13 . A further portion of the hydrolysate was reduced and'acefylated
and the methylated alditol acetates were recovered by preparative g;l.c.

The identity of each acetate was confirmed by mass spectrometry.

4.2.9.7  PARTIAL HYDROLYSIS OF POLYSACCHARIDE (B)

Polysaccharide (B) (lOOmg) was heated in 0.1M trifluoroacetic
_ acid (5ml) for 3h at 100°C. Paper chromatography of the hydrolysate
(solvent a) showed that a large number of neutréi and acidic oligo-
saccharides weré'present. The fractions I - VIII were isolated by
preparatiVe paper chromatography, and Qhere possible the structures of
theée oligosaccharides were determinéd using the techniques of'partial
acid hydrolysis, methylation analysis, and the measurement of optical
rotatory power to assign the configurations of anomeric linkages. The

results obtained are shown'in Table 1h4.

The acidic higher oligosaccharides IV - VIII were hydrolysed
wifh oM trifluorcacetic acid for 8h at 100°C. Papér chromatography of
the hydrolysates (solvents a and d) in each case showed the presence of
Q;galactose,-gjglucose, D-glucuronic acid, and a component having the
same mobility as 6-0-(B-D-glucopyranosyluronic acid)-D-galactose. The
proportions of the neutral sugars present iﬁ.the hydrolysates were ‘

determined by g.l.c. (alditol acetate method). The lower oligosaccharides

I - III were further characterised as'follows:v
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NEUTRAL_DISACCHARIDE I. - Methanolysis and g.l.c. analysis of the
fully methylated disaccharide gave the methyl -glycosides of 2,3,4-6-
tefrajg—methyl—g;glucose and 2,4,6-tri-0-methyl-D-glucose. The identity
of these sugars was confirmed by hydrolysis of the methylated di-
sacéﬁaride5 and‘g.l.c. of the trimethylsilyl derivativés of the anomers

* of the tetra- and tri-O-methyl sugars.

NEUTRAL DISACCHARIDE II. - Reduction of the disaccharide with sodium
borohydride, followed by hydrolysis for S5h, and paper chromatography of
the hydrolysate (solvent d) gave only D-glucose. The fully methylated

disaccharide on methanolysis and g.l.c. gave methyl glycosides of

2,3,4-6-tetra-0-methyl-D-glucose and 2,4,6-tri-O-methyl-D-galactose.

ALDOBIOURONIC ACID III. - Methanolysis, followed by g.l.c.,of the

‘fully methylated aldobiouronic acid III gave methyl glycosides of

methyl 2,3,u-tri-Q;methjl—Q;glucuronafe (removed by saponification)

and 2,3;H—tri-gfmethyl—g;galactose. Methylated aldobiouronic acid (6mg)
was réduced Qith lithium alumiﬁium hydridev(QOmg) in tetrahydrofuran (5ml)
for_l8h75. ~ After the addition of aqueous ethanol and evaporation fo
dryﬁéss the reéidﬁe was extracted with chloroform (3 x 5ml); the extracts
were combined and tﬁe chloroform was removed to yield a product which was
hydrolysed for 4h, after which the sugars presenf in the hydrdlysate
were converted to their derived alditol acetafeSa Analysis by g.l.c.
(column (a)) showed approximétely equal proportionquf 2,3,4-tri-0~
methyl—g;glucdse and 2,3,u—frijgfméthyl—grgalactose.' Recovery of the
glucose.deriQative.by preparative g.l.é. followéd by demethylation

gave giucitol, which was shown to.be in the D-configuration by the
circular dichroism spectrum of its hexaacetate. Since the 2,3,4-tri-

0 - methyl-D-glucose was derived from 2,3,4-tri-O-methyl glucuronic



‘acid, these residues must accordingly be in the Q;eonfigurationAin ;
'--thevmethylated alddhiouronic acid.

The p.m.r. spectrum of the barlum salt oF the aldoblouronlc o
a01d showed anomeric 81gnals at ER 78 (3Hz) 5-u6 (8Hz) aﬁd 5. 55

z(8Hz), con81stent w1th those expected from D—galactose (a and B) andv

h Q;glucuronlc a01d.(8) moieties.
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4.3‘_” THE CAPSULAR POLYSACCHARIDE FROM KLEBSIELLA SEROTYPE Ku

4.3.1  INTRODUCTION

The capsuiar polysaccharidé from Klebsiella K4, which containé
residues of D-glucuronic acid, D-glucose and D-mannose, was the subject
of a note®? publishéd in 1962.  Originally known as K.Ze‘bvsieZZa ozaeﬁae
type D, the polysaccharide was reported to contain comparable amounts of
galactose-and mannose. 'Niﬁmich has.also noted the presence of%
galactose in é strain of KZebsiéZZa K4. However, subsequent studies have

shownl!S

that the §f0portion of galactose varies coﬁsiderably in the
hydrolysafes from'differént preparétions of fhisbpolysaccharide; this
sugar does not, therefore, form part of the repeating unit. KXlebsiella
ézaenae type D wés used in a number of inhibition experimentssz'with the
individual monosécchafides believed to be present as units in the
capsular polysaccharide (the natﬁre of the uronic acid residues in the
polysaccharide was unknown at this stage), to investigate.the role of the
constituent sugars in determining the antigenic specificity of the
polysaccharide, but the experiments wére inconclusive since none of the
sugéfé caused any inhibition of antibody precipitation. Mild oxidation
with periodic acid was found toimodify some of the grdupings responsible
for fhe antigenic specificity of the polysaccharide, but no qualitative
or quantitétive differences in—compositibn between the native and

oxidised polysaccharides were detected.

In the presént investigation the acidic polysaccharide,
produced by a strain isolated from a patient having a chronic lung
. . O — 5 : .
infection, had [a]D_+ 07, Mw 2.1 x 10° daltons, and was monodisperse
according to gel-permeation chromatography, ultracentrifugation and
electrophoresis. The proton magnetic resonance spectrum of the poly—

saccharide indicated that one O-acetyl group was present to four sugar
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residues; no pyruvic acid ketal groups were detected. The chemical
shifts of the signals in the anomeric region of the spectrum suggested
that three of the sugar residues were linked by a-D- and one by

B-D-glycosidic bonds.

Tﬁe ratios of neutralvsugars found by.gdl.c; analysis
(alditol acetate method®0) of an hydroiysate of the polysaécharide
were glucoée (2.0) and ﬁannose (0.6), in agreement with those
published!5,  The low proportion of mannose is consistent with the
ihcomblete hydrolysis of the aldobiouronic acid linkages under ﬁhe»
conditions of acid hydrolysis (2M trifluoroacetic acid, 100°%, léh)
gsed to release the neutral sugars for analysis. Thése sugars were
shown;to have the D-configuration by measﬁrementv 6f the circular dichro-
ism spectra of their respective alditol acetates.  Glucuronic acid was
shown to have the same configuration by the procedure outliﬁed'in

Section 4.2.9.7.

4.3.2  GRADED ACID HYDROLYSIS STUDIES

The results of a study!® of the acid hydrolysis of Klebsiella -
K4 exopolysaccharide are shown in TableslS>and 16 and Figures 13 and 4.
Paper Chromatography ofvthe hydrblysate obtained after treatment of.the
polysaccharide with 0.01M trifluoroacetic acid at 100° for only 3h showed
the release of glucose and traces of oligoséccharides having mobilities
comparaﬁle with those of di- and trisaccharides. The_elution pattefns
obtained on gel—permeatién chromatography on Bio-Gel P-300 (for samplés'
‘removed after 3h and 6h) and Bio-Gel P-10, which showed multiple peaks,
most.of which océurred at molecular weights approximating closely to

integral'multiplesbof 700, and the appearance of a major peak at molecular
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TABLE 15
PARTIAL HYDROLYSIS OF KLEBSIELLA X4 CAPSULAR POLYSACCHARIDE
IN 0.01M TRIFLUOROACETIC ACID
. s : - a
_Tlmev | M | [a]D
(h) (Daltons) (Degrees)
b _
-0 210 000 +90
1 140 000 _ +87
3 20 000 . . 480
6 | 4 800 L 372
10 1 600 o ' +63
24 : , 1 200 ' - +55
48 - 640 , C 447
‘Concentration e, 0.42 . _ b Single peak (Sagavac 6F)
TABLE 16
FURTHER H'YDRQLYSIS OF DEGRADED KLEBSJ'E’LLA K4 CAPSULAR
POLYSACCHARIDE IN 0.1M TRIFLUOROACETIC ACID
. r a
Time _ ;a]D
. (h) v (Degrees)
0 o ' +47
+41
7 +31
21 - +32

@ Concentration e. 0.35
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FIGURE 13 Bio~Gel P~300 elution patterns of hydrolysates
(0.01M trifluorcacetic acid, lOOO, 3-6h) of Klebsiella Ku

- capsular polysaccharide.
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Klebsiella K4 capsular polysaccharide.
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weighf 720 (36% by weigﬁt) invthe Bio-Gel P-10 chfomatogram of the
products of 10h hydrolysis in 0.01M acid (Figure 14) strongly
suggested theApresence of a tetrasaccharide repeéting unit within the
pélysacchéride.. Gel-permeation and paper chromatography indicated that
the proportioﬁ.of the component haviﬁg moiécular weigﬁt 720 daltons
gradually diminished when the hydrolysié was continued in 0,1M tfi-
fluoroacetic acid. After 2ih fﬁfther hydrolysis under these more
vigorous éonditions,.an'aldotpiouronic acid, showing some resistance

to further hydrolysis, and an aldobiouronic acid were the only signifi-
cant products other . than moﬁosaCcﬁarides'that could be.detected in the
hydrolysate. A fairly high proportion of the aldoblouronic acid
survived‘further hydrolysis with 2M acid fof lBh? as has been reﬁorted

in similar studies on other Klebsiella polysaccharides!S,

4.3.3  METHYLATION ANALYSIS OF THE K4 POLYSACCHARIDE

After methylafioﬁ of a sémple of the capsular polysaccharide
and hydrolysis of a portion éf the product, the.sugars present in the
hydrolysate were analysed by paper chromatography; and by g.l.c._as
‘their trimethylsilylated derived alditols.v'The results, shown in
Table 17(A), indicated fhat residues of D-glucose and D-mannose,
linked throﬁgh 0-3 in the polysaccharide chain, were the only neutral

sugar components.
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TABLE 17
METHYL ETHERS FROM THE HYDROLYSATES OF THE METHYLATED
ORIGINAL (A) AND REDUCED METHYLATED (B) POLYSACCHARIDES
FROM KLEBSIELLA Ku
a b v . o
Sugar T Molar Proportions (%)
A° . ¢
2,4 ,6-Man o118 30.7  26.1
2,4,6-Glc | 1.34 69.3 - 52.6
3,4-Glc - 2.13 o - 21.3

¢ '2,4,6-Man = 2,4,6-tri-O-methyl-D-mannose etec.

b Retention .time of the corresponding (TMS) alditol relative to
thatof 2,3,4,6-tetra-0-methyl-D-galactose on an SE-52
column at 140°C. '

c,d

Hydrolysates examined after 18h and 6h hydrolysis respectively.

Methanolysis of another portion of the fully methylated poly~
Sacchafide gave,according.to g.l.c. analysis;'the ﬁethyl gljcosides of
2,4;é—trifgjmethyl—g;glucose, 2,4,6-tri-0-methyl-D-mannose and two peéks
corresponding to either 2,4~ or_3,4—di—gjmethyl—g;gluéuronate. The
neutral sugaf cbmponents were furthef characterised by g.1l.c. as the
trimethylsilyl derivatives of the free methylated sugars (Figure.ls).
From the above methylation analyses it is evident that no branching
exists in the polysaccharide structure and that the D-glucuronic acid

residues therefore also form part of a linear repeating sequence.

4.3.4  REDUCTION OF METHYLATED KU POLYSACCHARIDE'

Reduction of the methylated polysaccharide with lithium

aluminium hydride, followed by hydrolysis and analysis of the sugars
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present in the hydrolysate'by paper chromatography and by g.l.c. as -
their trimefhylsilylated derived alditols gave the results shown in
(Table 17(B)). The presence of 3,4-di-0-methyl-D-glucose was confirﬁed
by g.i.c. analysis of the methylated sugars in the hydrolysate as their
derived alditql écetatés. Since no di-O-methyl derivatives of D-glucose
were found in "the hydrolysate Qf the ﬁethylated pblysaccharide, the |
appearance of 3,4-di-O-methyl-D-glucose in the Hydrolysafe of the féduéed -
derivative must result from the reduction of D-glucuronic acid residueé

that are linked through 0-2 in the polysaccharide chain.

The abéve results indicate that the K polysaccharide consists
- of a linear chain of Q;glucéée aﬁd'Q:mannose residﬁes linked through 0-3
and Qfglucuronié.acid residues iinked through 0—2{ The actual sequence
of’sugars.in the polysaccharide chain was determined by characterisafion
'of_the oligosaccharides obtained from a partial hydrolysate of the poly-~

saccharide, as described below.

4.3.5 PARTIAL HYDROLYSIS OF THE POLYSACCHARIDE, ISOLATION OF

* OLIGOSACCHARIDES

' Mild acid hydroiysis.of the polysaccharide with 0.01M tpri-
fiuoroacetic aéid‘at lOOoC‘for‘48h yielded oligosaccharides I - IV,
which were sepérated by gel-permeation chromatography and in some‘céses
purified by preparative paper,chromatogfaphy.v The structure of each
oligomer, shown in Table 18, was determined using standard techniques

as outlined in Section 4.3.7.
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TABLE 18
THE OLIGOSACCHARIDES ISOLATED FROM A PARTIAL HYDROLYSATE
OF KLEBSIELLA X4 CAPSULAR POLYSACCHARIDE
Oligomer EGJD (in H,0) Mol. wt. | Neutral Sugarsa Methylated Sugarsb
(Degrees) (Daltons)| (Molar ratios) | (Molar ratios)
Neutral +19 340 Glc 2,3,4,6-Gle (1.0)
disaccharide I . :
2,4,6-Glc  (1.0)
Aldobiouronic +27 360 Man o 12,4,6-Man
acid 1I o 1
Aldotriouronic | +48 520 Gle (1.0) |2,3,4,6-Glc (1.0)
acid mixture : N
I1I Man (0.7) |2,4,6-Man  (0.6)
2,4,6-Glc  (0.8)
Aldotetraouronic| +98 720 Gle (2.0) |2,3,4,6~Glc (0.6)
acid IV . .
o Man (0.8) | 2,4,6-Man  (0.6)
2,4,6-Glc (1.0)

Analysed as

Analysed as

alditol acetates on cdlumn (b).

(TMS) alditols on an SE-52 column at 140°C.

The optical rotation of neutral disaccharide I is in agréement

with that given in the literature

80

for 3-0-B-D-glucopyranosyl-D-glucose,

i.e. laminaribiose.Oligomer II was indistinguishable on paper chromato-

graphy, and also in its optical rotatory disperéion (ORD) and proton

magnetic resonance, from the aldobiourcnic acid 3-0-(o-D-glucopyranosyl-

uronic acid)-D-mannose isolated from a partial hydrolysate of the poly-

saccharide from Klebsiella K6l

Fraction III was found to contain a

mixture of two aldotriouronic acids, III(a) and I1I(b),which are clearly
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derived from the aldotetraouronic acid IV through the loss of one or other

of the D-glucose residues:

1

D-Glcp o 2 D-GlcAp ia—g D-Manp iII(a)
1 3 :
D-GlcAp —a——-Q;Manp la 3 D-Glcp : III(b)
1 2 o a -
D-Glcp - D-GlchAp ;a—é-Q;Manp la 3 D-Glcp IV

Howevef, the higher proportion’(64%) of. the aldotriburonic écid III(a)
found in the hydrolysate suggésts that the (l+3)‘glycosidic linkage
between D-mannose and D-glucose at the reduciﬁg end of the tetraouronic
acid is more labile to acid>than the (l+2> linkage between D-glucose
and D-glucuronic acid at the non-reducing end of the‘structuré. This
"observation may also be used to explain why a tetrasaccharide having
the structure V has not been isolated from the paptial hydrolysafe of

- the K4 polysaccharide:

13 gy 23
o T a

13

" D-GlcAp D-Glecp D-Glcp . v

o4

4.3.6 THE REPEATING UNIT IN THE Ku POLYSACCHARIDE; COMPARISON WITH

 OTHER KIEBSIELLA POLYSACCHARIDES

| The evidence ﬁresented ahove shows that the polyséccharide

| chain must contain the sequence of sugar residues +3)-a-D-Glcp-(1+2)-
a-D-GlcAp-(1»3)-a-D-Manp-(1+3)-B-D-Glcp-(1> . Since no branching
exists in the polysaccharide structure, this Sequenée of sugar residges
must also represeﬁt the tetrasaccharide repeating unit.in the Ki

capsulaf polysaccharide. Insufficient material was available to locate

the position of the O-acetyl group in the above structure.

The structure of the Ki polysaccharide provides the first
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instance encountered in work on Klebsiella polysaccharides of a linear
tetrasaccharide repeating unit without pyruvic acid attached to it.

(as in the polysaccharides from K326  and K728), although it does
have a number‘of features in common with polysaccharides from other
serotypes. - The aldobiouronic acid 3-0-(a-D-glucopyranosyluronic acid)-
D-mannose forﬁs pért of the repeating ﬁnit in the polysaccharides of
both K219_ and K243“, which belqﬁg to the same chemotype as K4, and also
those of K13%2, K2152 and K334, .In.addition the K24 polysaccharide
contains chain residues of_Q;gluéose linked through 0-3, D-glucuronic
acid linked throﬁgh 0-2 and D-mannose residues linked through the 2- and
3-positions; here the pentasaccharide repeating unit is completed by the
attachment éf a terminai residue of Q;mahnose to the Y-position of -
D-glucuronic acid. The fourth ﬁember of this chemotype, KSQ has a
capsular polysaccharide consisting of a linear chain of D-glucuronic
acid and D-glucose residues linked through O-4 and Q;mannoée linked
.through 0-3, combined in the form of a trisaccharide fepeating uhit;
pyrﬁvic acia ketal and O-acetyl groups are attached to D-mannose and
D-glucose, re8pecfively. The tetrasaccharide repeating unit of the

K2 polysaccharide, which consists éf chain residues of D-glucose linked
through 0-3 and O-4%, and D-mannose linked through O-4, differs from the
above structures iﬁ that theig;gluéuronic acid residues occupy terminal
ﬁositions (at.O—S of D-mannose). Laminaribiose, previousiy isolated
only from a number of plant sources, is also.found in the repeating unit
of the K27 polysaccharide? while the neutrai disaccharide 3-0-a-D-
mahhopyranosyl—g;glucose has beeﬁ_reported in the structures of the
K740 K28Y43, K59%5 and K64 | polysaccharides. Residues of
D-glucuronic acid linked tﬁrough 0-2 have also been found in_the poly-

saccharide from K62%l. = In this structure, as in the case of the Ki
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‘and K24 repeating units, the D-glucuronic acid is preceded in the

polysaccharide chain by a residue of D-glucose.

As mentioned earlier, Joner8?2 ‘reported that mild oxidation
of the KQ polysaccharide withvberiodic aéid Qas found to modify some
of.the groﬁpings responsible for fhe antigeﬁic specificity of the poly-
saccharide,-but ﬁo significant differences_were detecfed between the
native and oxidised polysaécharides. However, the‘uronic écid content
of fhe oxidised polysaccharide was not determined owing to lack of
material; although uronic acid was reported to be presenf_in the
hydrolysate.‘.From the presentistudy it is eVident‘that periodate
oxidation will‘indeed alter.the composition of the K4 polysaccharide
by cleavage of the bond between C-3 and C—ﬁ of Q;glucuronic aéid, tﬁus
destroyingléne of the groups reponsible for the antigenic specificity
;of the polysaccharide. This ébserVation would explain the marked
reduction in the ability of the oxidised polysaccharide to precipitate

antibody from homologous immune serum.
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4.3.7 EXPERIMENTAL

4.3.7.1  PROPERTIES OF KLEBSIELLA K4 CAPSULAR POLYSACCHARIDE

Purified K4 polysaccharide had [a];O + 90°, (e, 0.25,
‘N 0.2%, and moved as a single cdmponent on ultracentrifugation and eléctro—
‘phdrésis. .The weight;average&ﬁolebular weight was ca. 2.1 x 10° accord-
ing to ge;-permeatién chromatography and the’eqﬁivalent weight?\f710

(as acid by titration), in agreement with the values previously reportedlS.

The p.m.r. spectrum of a 2% solution of the polysaccharidé in
D,0 showed‘a sharp singlet at t 7.70 (acetate CH3) and signals_in the
anomeric region at t 4.60 (3Hz), 4.76 (3Hz§, 4.82 (2Hz) and 5.35 (7Hz).
Integratioﬁ of the‘spectrum indicated a ratio of one Qfacetyl:group to-.

four anomeric protons.

4.3.7.2 HYDROLYSIS OF THE POLYSACCHARIDE 5 SUGAR ANALYSIS

After hydrolysis of the KW polysaccharide, followed by
neutralisation of the hydrolysate, paper chromatography (solvents é and
d), showed the presence of D-glucose, D-mannose and Q;gldcuronic.agid.
Anai&sis of the neutral‘sugars by g.l.c; of the alditol acetates gave
1thevmolar ratio of D-glucose aﬁd D-mannose as 2?0.6. Preparative g.l.c.
permitted the recovery of thevacefates; which were dissolved in acéto-
nitrile and_tﬁeir circulér-dichroism spectra fechded. Comparison of"thé

c.d. spectra with those of authentic samples confirmed the assignment of

the D-configuration to glucose and mannose.

4.3.7.3 ACID HYDROLYSIS OF THE POLYSACCHARIDE ; MOLECULAR—WEIGHT

DISTRIBUTION ANALYSIS

The molecular-weight distribution patterns of samples removed

dufing the graded acid hydrolysis of the K4 capsular polysaccharide were
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obtained using the methods outlined in Sectibn 2.8 and as described

in the literaturelS.

4.3.7.4  METHYLATION ANALYSIS OF K4 POLYSACCHARIDE

' Capsular polysaccharide (0.25g) was methylated once by
_ Hakomori's method and twice by the method of Purdie and Trvine to give

. 20
an amorphous product (0.23g), [a]D + 72°

(e i.20, chlorofgrm), which
'éhowéd no hydroxyl absorption in the i.r. . The fully methylated poly-
saccﬁaride (0.15g) was_hydrolysed with 2M trifluoroacetic acid af 100°¢C
for l8h; Paper chromatography of the hydrolysate (solvents b and b
showed the presence of 2,4,6—tri—9fmethyl—2;mannose and 2,4,6;tri—9; »
methyl-D-glucose. 'A.portion of the hydrolysate was triﬁethylsilylated
and the derivatives of the methylated sugars weré separated by g.l.c.

as shown in Figﬁre 15.. A second poftion of the hydrolysate was reduced,
tfimethysilylated and analysed by g.l.c. to giye the proportions of
sugars shown ianable l7(A).'.Theée sugars‘were further characterised by ;

mass spectrometry of their derived alditol acetates.

Methylated polysaccharide (5mg) was heated with lO%.methanolic
hydrogen.chloride“atVlOOOC for 18h. After neutralisation with silver
carbonate.and evaporation to dryness, the résidﬁe was dissolved in
methanol and analysed.by g.l.c. to give 2,4,6-trijgfmethyl—2;ménn03e-

.o (T = 4.305, 2,4,6—tri-9jmethyljg—glucose (T = 3.70 énd T = 5.55) and

either 2,4~ or 3,4—di~9jmethyl~g;glucuronate (T = 8.90 and T = 11.80).

4.3.7.5 REDUCTION OF METHYLATED K4 POLYSACCHARIDE

Fully methylatéd Ku.polysaccharide (100mg) was dissolved in
- tetrahydrofuran (10ml) and stirred with lithium aluminium hydride (700mg)
for 18h. After the addition of aqueous ethanol, the solution was

evaporated to dryness and the residue was extracted with chloroform
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(3 x 20ml). The extracts were.combined and the chloroform was removed
to give a product which showed no absorption at 1740 cm—l (methyl ester
CO) in the i.r. spectrum. The reduced product (20mg) was hydrolysed with
2M frifluoroacetic acid at 100°C for 6h. Paper chromatography of the
hydrolysate (solvents b and f) showed thé presence of two components.
The'faéter—moving 3pot'had a pink colour, qharacteristic of a'2,4,6~trif
O-methyl sugar, when sprayed with p-anisidiné. The slower—ﬁo&ing
component had a brownish-yellow colour and a mobility similar to that

of 3,4-di-O-methyl-D-glucose. A portion of the hydrolysate was

reduced, trimethylsilylated and analysed by g.l.c. to give the proport-
- ions of sugars shown in Table 17(B). A furthef portion was réduced,

acetylated and analysed by g.l.c. using column (a).

4.3.7.6 PARTIAL ACID HYDROLYSIS OF K4 POLYSACCHARIDE ; ISOLATION OF

OLIGOSACCHARIDES

| A sample of the polysaccharidé‘(l.Og) was hydrolysed with
_0.0lM trifluorocacetic acid (200ml) at 100°¢. for 48h, and the hydrolysis
produéts were separated by preparative gelfpermeation chromatography
and in soﬁe éases.further purified by preparative paper chrdmatography
(solvent a). TFour components were isolated; fhese gave single peaks,
at molecular Weights 720, 520, 360 and 340 daltons, when examined by
gel-permeation chromatography on Bio-Gel P-10 and P;Q.' The strucfubesv
of these oligomers.were proved by the standard teéhniques.including
partialfhydrolysis studies aﬁd methylation analysis, as well as the use
of p.m.r. spectroscopy and measuremént of optical rotatory power to
détermine‘the.configurationé of anomeric linkages. " The proportions of
neutral sﬁgars were determined by g.l.c. of the derived alditol acetates
after hydrolysis of‘fhe oligosaccharides with 2M trifluoroacetic acid

at 100°C for 8h. The main characteristics of each oligosaccharide are



- 102 -

shown in Table 18. These oligomers were further characterised as
follows.
I. The neutral disaccharide was indistinguishable on paper chromato-

., graphy (solvents a, b and d) from authentic 3-9fB—Q;glucopyrahosyl—g;
glucose. Methanolysis of the fully methylated disaccharide (lmg)
followed by g.l.c.vanalysis of the methyl glycosides gave 2,3,4,6-tetra-
O-methyl-D-glucose (T = 1.00 and>T = l.uZ)Iand 2,4,6-tri-0-methyl-D-
| ‘glucose (T = 3.70 and 5.5?). The fully méthylated disaccharide (3mg)
was hydrolysed with 24 trifluoroaceticvacid at 100°C for uh. Papér '
chromatography of the hydrolysate (solvents b and f) showed two com;
-ponenfs,vboth of which had the.same pinklcolour when sprayed with
p-anisidine. The mobility of thé faster-moving spot was identical with
that of 2,3,4,6—tetra—gfmethyl—2;gluéose, while in solvent_f the slower-
moving coﬁponent separated into two spots, characteristic of 2,4,6~tri—

O-methyl-D-glucose.

II. When the fully methylated aldoﬁiouronic acid was methanolysed
with 10% methanolic hydrogen chloride for 18h, g.l.c. analysis showed
the presence of methyl glycosides Qf 2,3,4—tri—gfméthyl—g;glucuronate
and 2,4,6-tri-0-methyl-D-mannose. The_identity of 2?4,6-tri~9jmethyl—
D-mannose was confirmed‘bj hydrolysis of the methylated aldobiouronic
.acid and g.l.c. of the trimethylsilyl derivatives of the.anomers of

the tfijgfmethyl sugar. The p.m.r. spectrum of the aldobiouronic acid
in D,0 gave anomeric signals af‘r ﬁ.78 (3.5Hz), 4.88 (2Hz) and 5.12

(2Hz); consistent with the values given in the literature for 3-0-

(a~D~glucopyranosyluronic acid)-D-mannose.
III. Hydrolysis (2M trifluorocacetic acid, lOOOC, 8h) of a sample

(2mg) of the aldotriouronic acid mixture, followed by paper chromato-

" graphy of the hydrolysate'(solvehts a and d), gave D-glucose, D-mannose,
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nglucuronic acid and the aldobiouronic acid II. A sample of tﬁe aldo-
triouronic acid fraction (10mg) was reduced with sodium borohydride for
16h. After acidification with Amberlite IR-120 (H") resin and the
removal of borate by distillation with methancl, the residue was
hydrolysed with 2M trifluoroaéetic acidvat lOOOCvfor 5h. The hydrolysate
was dissolved in molar sodium hydroxide (3ml) and boiled forvuhvunder‘
o#ygen. After deionisatién with Amberlite IR-45 (OHf) aﬁd Amberlite
IR-120 (H') resins, the solution was concentrated, acetylated and
analysed by‘g.l.c.; a molar ratid of 1.0:1.8 was found for D-glucose

and D-mannose.

The fﬁlly methylated derivative of the aldotriouronic acid
mixturg was hydrolysed with 2M trifluoroacetié acid at 100°C for 8h.
Paper chromatography of the hydrolysate (solvents- b and f) showed the
presence of 2,3,4,6~tetra—9jmethyi—g;glucose, 2,4,6-tri-0-methyl-D-
mannose and 2,4,6-tri;97methyl-2;glucose.' G.l.c. analysis of these
’ sugafs as the trimethylsilylated derivéd alditols gave the proportions

shown in Table 18.

Methaﬂolysis and g.l.c. analysis of the methyléted aldotfio—
uronic acid mixturel(ng) gave the methyl giycosides of 2,3,4-tri-0-
methyl-D-glucuronate, 2;3,4,6—tetra—gfmethyl—g;glucose, 2,4,6-tri-0-
methyl—gjmannose, 2,4,6-tri~O-methyl-D-glucose and the same two peaks

(T = 8.90 and T = 11.80) as were found in the gas chromatogram of the

fully methylated K4 polysaccharide.

The p.m.r. spectrum of the aldotriouronic acid mixture in
D5>0 showed signals in the anomeric region at t 4.60 (3Hz), 4.76 (3Hz),
4.84 (2Hz), 5.12 (2Hz) and 5.34 (7Hz), consistent with the mixture of

aldotriouronic acids III(a) and III(b).



- 104 -

iv. When a.samplé (3mg) of‘fractién IV was hydrolysed with 2M tri-
fluorocacetic acid atleOOC for 8h, the sugars detected in the hydroly-
sate by paper chromatography (solvents d.and d) were D-glucose,
Q;mannose, D-glucuronic acid and the aldobiouronié acid iI. The aldo-
tetraoﬁrqnic acid (5mg) on reduction with sodium borohydride, followed
by.hydrolysis (2M trifluoroacetic acid, lOOOC, 6h) and treatment for

4th with hot molar sodium hydroxide under oxygen, yielded D-glucitol

(identified by g.l.c. of its hexaacetate).

When the fully methylated aldotetraouronic acid (Smg) was .
hydrolysed with 2MAtrifluoroacetic acidxat-lOOOC for 18h, the sugars
present in the hydrolysate were identified by paper chromatography
(solvents b and f) and Ey g.l.cp of the trimethylsilylated derived
alditols as 2,3,4,6-tetra-O-methyl-D-glucose, z,u,eetri-gfmefhyl—g;

'mannose'and'2,4,6-tri~9fmethyl—2;glucoée. Methanélysis and g.1l.c. of
the mefhylated aldétetraouronic écid gave ﬁethyl 2,4;_or 3,4-di-0-
methyl-D-glucuronate in addition to fhe above neutral sugars.

The p.m.r. spectrum of the aldotetraouronic acid in D0

) gaveianomeric signals at 1t 4.60 (3Hz), 4.68 (3Hz), 4.78 (2Hz) and .

5.32 (7Hz), consistent with the structure IV.
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4.4  CAPSULAR POLYSACCHARIDE FROM A STRATN OF KLEBSIELLA ENEUMONIAE

(OXYTOCA VARIANT)

L.4.1 INTRODUCTION

The primary strugture‘of the polysaccharide elaborated by‘the
K-antigen from é strain of Klebsiella K9, consisting of residues of
Q;glucuroﬁic acid, D-galactose and L-rhamnose in the ratio i:l:S, has been
determined by Lindberg andbcoworkers35. The present studies were |
performed on tﬁe-acidic polysaccharide obtained from a culture of
Klebsiella pneumoniae (oxytoca variant) and serotyped as capsuie
' typé 9. Although this polyéaccharide was found to céntain the same
sugar residues as that studied by Lindberg, evidence was obtained which
showed that a number of structural differences existed between the
polysaccharides from the two strains. In order to avoid cqnfusion; the

polysaccharide examined in the present study will be referred to as K9%.

Purified K9% polysaccharide had [aJD -5°, equivalent weight
(as acid) 770, and moved as é single band on ;iectrophoresis on cellulose
~acetate. Gél—permeatioﬁ chromatography on agarose gel ga&e a single peak
at E@ l.2vx lOé daltons. Proton integration of the p.m.r. spectrum of the
polysaccharide indicated a ratio.of three 6-deoxy residues to five ..
anomeric protons, suggesting a pentasaccharide repeating unit containing
three residues of a deoxy sugar; no pyruvic écid ketal or O-acetyl -~
groups were detected. Paper chromatography of an hydfolysate (2M tri-
fluoroacetic acid, lOOoC, 8h) of . the polysaccharide showed the presence
of glﬁcurénié acid, galactose and rhamnose. Quantitative g.l.c. analysis
of the neutral sugars,as alditol acetates, gave the molar proportions of
galactose and rhamnose as 1:2.8. The circular dichroism spectrum of |

. the rhamnose derivative indicated that these sugar residues were in the



L-configuration. The D-configuration was assigned to galactose by
-measurement of the c.d. spectrum of a methylated derivative isolated.

subsequently.

b.4.2 METHYLATION ANALYSIS OF K9* POLYSACCHARIDE

When a sample of the purified capsular polysaccharide was
methylated; hydrolysis of the product gave 3,4-di-O-methyl-L-rhamnose
and 2,u,6—tri-9jmethyl-2;galéétose in the proportions shown in Table 19.
These sugars were‘qualitatiVely analysed by paper chromatography apd
by g.l;c. of their derived alditol acetates on columns of OV¥l7,'
0V-225 and ECNSS-M. The relative molar propbrtions of the methylated -

" sugars were determined by g.l.c. analysis of their trimethylsilylatéd

derived alditols.

TABLE 19

METHYL‘ETHERS FROM THE HYDROLYSATESVOF THE METHYLATED (A)
AND REDUCED‘METHYLATED (B) POLYSACCHARIDES FROM KLEBSIELLA
K9#
a R R : . o
Sugar T .~ Molar Proportions (%)
N Bd
‘3,4~Rha 0.84 : : Th.2 63.2
2,4,6~Gal 1.19 : 25.8 . 20.6
2,3-Glc 2.13 - | 17.2
a .3,4—Rha'=_3,4¥di~95methyl-L—rhamnose ete. .
b Retention time of the corresponding (TMS) alditol relative to that
of 2,3,4,6-tetra~-0-methyl-D-galactose on an SE-52 column at lHOOC.
c,d

Hydrolysate examined after 18h and 6h hydrolysis respectively. .

From the results in Column A it is évident that the
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polysaccharide chain consists of residues of'g;rhamnose linked through
0-2 and D-galactose linked through 0-3; no evidence of branching was
detected, which indicates that the glucuronic acid residues must also

form part of the linear chain.

4.4.3  REDUCTION OF THE METHYLATED K9* POLYSACCHARIDE

Reduétion of the fﬁlly methylated K9= polysaccharideAwith
lithium aluminium hydridg followed by hydrolysis with 2M tPifiuoPO*
acetic acid at 100°C for 6h, and paper‘chromatography of thevhydroly—

- sate, showed thé presence of 3,4~di—97methyl;é;rhamnoée, 2,3-di-0-
methyl—g;glucose and 2,4,S—trijgfmethyl~g;galactose. Quantitative
analysis of the mixture as the trimethylsilylated derived alditols
gave.the molar proportions listed in Column B of Table 13. Tﬁe
'presencé of these methylated sugars in the hydrolysate was confirmed by -
g.l.c. analysis of their derived alditol acetates (Figufe 16).
Preparétive g.l.c; permitfed the recovery of the ﬁethylated acetates

" which were further characterised by mass.spectrometry. The glucose
derivative was de-Qjmethylated78 to give glucitol, which was shown tov
have the Q;cbnfiguratién by comparison of the c.d. spectrum of its
hexaacetate.with thaf of a sténdard sample. Since the original poly-
saccharide did ﬁot contain any residues of D-glucose, the appearance in
significant molar proportions of 2,3~diﬁ9fmethjlvg;glucose in'the.hydroly—
sate of the reduced methylated derivative must result from the reduction
of glucuronic acid residues linked through O-4 in the polysagcharidé
chain. These glucuronic écid residﬁes must accordinglj also have the

D-configuration.
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FlGU RE 16 c.1.c. trace of the partially methylated alditol

_ acetates from the reduced methylated derivative of Klebsiella K9%

polysaccharide.
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h.u.y PARTIAL HYDROLYSIS OF Kg# POLYSACCHARIDE

Mild acid hydrolysis of the K9% polysaccharide with 0.01M
trifluoroacetic acid at lOOOC for 5h yielded a componeht having

. .
[a]D +6°, mol.wt. 800 daltons (by gel-permeation chromatography), and

containing‘fesidues of D-galactose and'L;rhamnose‘in the same molar
proportions as the original polysaceharide. On reduction of the oligo-
saccharide with sodium berohydride, followed by hydrolysis, paper |
chromatography of the hydrolysate showed the presence of both
'Q;galaetose and L-rhamnose, indicating that a residue of L-rhamnose
forms the reducing end of the structure. After methylation of a sample,
followed by hydrolysie, the sugars present ih the hydrolysate were
found by paper chromategraphyvand by g.l.c. as their trimethylsilylated
derived alditols to be 2,4,6ftriﬁ9fmethyl—2;galactose and 3,4-di~0-
methyl-L-rhamnose in the molar ratio 1:3. On methanolysis of the fully
methylated oligosaccharide, g.l.c. analysis showed the methyl glycosides
of 2;3?u—tri—gfmethyl—g;glucuronate, 3,4~di-0-methyl-L-rhamnose and
2,4,6-tri~-O-methyl-D-galactose. These results are consistent with a
linear pentasaccharide structure in which L-rhamnose and D-glucuronic

acid form the reducing and non-reducing ends‘respectively.

Hydrelysie with O0.1M trifluorocacetic acid at lOOQ for 18h
resulted ih the complete degradation of the polysaccharide chain into
its componeht sugars. From preﬁious hydrolysis studiee performed on
Klebsiella polysaccharides15 it wOuld'appear that L-rhamnose must

form part of the aldobiouronic acid linkage in the K9% polysaccharide,

since aldobiouronic acids containing D-mannose and D-galactose have been
"shown to survive these, and even stronger, conditions of acid

hydrolysis. It is suggested that the methyl group of the 6-deoxy sugar

may render the glycosidic bond between that sugar and D-glucuronic
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acid more susceptible to acid hydrolysis, resulting in the observed
total breakdown of the polysaccharide under relatively mild conditions
éf hydrolysis. Similar behaviour hés been observed in the case of the
polysaccharide from Klebsiella K118, in which L-fucose is linked to’

' Q;glﬁcuropic aéid. Since methylétion analyses havé shown that all the
L-rhamnose residues in the K9*.poiysaccharide are linked‘thrbugh.0—2, it
is reasonable to assume thaf the aldobiouronic‘aéid portién must be

_eithef o or B 2-0-(D-glucopyranosyluronic acid)-L-rhamnose.

b.u4.5 THE REPEATING UNIT IN THE K9% POLYSACCHARIDE

. Tﬁe above studies provide sufficient evidence to suggest fhe
presence of a.linear pentasaccharide repeating unit in.the polysaccharide
from KZebsieZZd K9%. TFrom the assumption that the aldobiouronic acid .
contains é;fhamnose, together with the charactefisation of the penta-
saccharide isolated from a partial hydrolysate of the polysaccharide, it
follows that the D-galactose residue is either one or two é;fhamnose.
résidues femo§ed.from D-glucuronic acid in the fepeating sequence of
sugars. Proton magnetic resonance épectroscopy of the polysaccharide
shows the absence of any pyruvic acid ketal or O-acetyl groups. It
may be céncluded that the capsulér polysaécharide from K9% is composed

of one of the linear pentasaccharide units given below:

Y pGleap 22 L-Rhap 22 p-calp 22 L-Rhap 12 L-Rhap + (1)

1 3 Q‘_Galp i—._..2_ Q—Rhap .J:.—.

N

L (11)

—_— D-GlcAp .2 L-Rhap L-Rhap
~Lindberg's structure for the repeating unit of the K3 poly-

saccharide is shown as (III):

3 D-Galp 1 3 L-Rhap 1.3 L—Rhap_—];—-——Q— L-Rhap 1 , _ (111)
. e o o. ) a
B -
1

D-GlcAp



- 110 -

It is evident that neither of the structures (I) and (II) bears a really
close resemblance to the branched repeating unit (III) found for the
K—antigeﬁ from Klebsiella type K. The essential differences between the
two poiysaécharides (KQ and K9%) can be seen from Table 20. )

TABLE 20
THE MAIN PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE

 KLEBSIELLA K9 AND K9% CAPSULAR POLYSACCHARIDES

Polysaccharide [“]578 Mol. wt.! Neutral Glucuronic|{ Methylated
(Degrees)| (Daltons) Sugars acid Sugars»
(Molar (Position)| (Folar
ratios) ratios)
K9 (Stockholm) -17 - Rha (2.9)|{Terminal { 3,4-Rha (1.0)
Gal (1.0) _ 2,4-Rha (1.0)

2-Rha  (1.2)

2,4,6-Gal (1.1)

K9% (Cape Town) -7 1.2x10® | Rha (2.8){Chain, 3,4-Rha (3.0)

Gal (1.0){ 4-linked- 2,4,6-Gal (1.0)

4.4.6  COMPARISON WITH OTHER KLEBSIELLA POLYSACCHARIDES

A consideration of the results obtained in the present study shows

that the polyséccharide from Klebsiella K9% belongs to the same chemotype

as those of K9, Ku736, k5237, k8138 and a Klebsiella strain 6412, for
which the serotype K83.39 has been proposed. Thé primary strucfures of

the polysaccharides from these serctypes have been determined, and~differ
from that found for K9%. The polysacaharide from K81 resembles that of

K9% in that it contains a linear (exasaccharide)repeating unit in which

the residues of D-glucuronic acid and D-galactose are also linked through

0-4 and 0-3 respectively, but differs in that the residues of L-rhamnose
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are linked through both the 2- and 3-positions. Branching exists in

the polysaccharides of the remaining sebotypes, in‘which both single-
(as in‘KQ and K52) and double-unit side chains (in K47 and K83) have

been reported. In all the above serotypes, the chéin residues of
D-galactose are linked exclusively through 0-3, while the hexa-
saccharide repeating unit of K52 also carries a terminal residue Qf

this sugar. The position of linkagé'of the é;rhaﬁnose residues appears
to vary with each sfrain, but the mode of linkage ié of the a?;;type

in all cases. The low optical rotation, together with the chemical
shifts of the anomeric signals in the p.m.r. spectfum,suggests that these

residues are linked in a similar manner in K9%.

'The results obtained in the present study provide the first
instanée where a single Klebsiella serotype has been found to produce
two different capsular polysaccharides. The possibility exists, however,
that oﬁe or other of the strains of X9 examined has been incorréctly

serotyped and thus represents a new Klebsiello K-type.

A similar case has recently been reported for Aeromcnas
salmonicida, where the lipopolysaccharide endotoxins from two strains
were found to be of different chemotypes in spite of the fact that

serological differences were minimal83.
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b.u.7 EXPERIMENTAL

' b.4.7.1 PROPERTIES OF KLEBSIELLA K9% CAPSULAR POLYSACCHARIDE

A culture of Klebsiella prneumoniae (oxytoca variant)
isolated at Groote Schuur Hospital, from a patient -suffering
from a bronchialinfection, was grown. - The purified capsular

18
polysaccharide had [a]D -5°

(¢ 0.2), N 9.3%, and equivalent
weight « 770 (as acid, by titration). Gel-permeation éhromatography‘

gave ﬁg’l.Q x 10% (single peak on agarose gel), while electrophoresis

- showed that the polysaccharide moved as a single component.

The p.m.r. spectrum of a 2% solution of the polysaccharide
in D0 showed a doublet at t 8.72 (2Hz) and three signals in the range
T 4.60 - 4.90. Integration of the spectrum gave a ratio of three

6-~deoxy residues to five anomeric protons.

B,4.7.2 - HYDROLYSIS OF THE POLYSACCHARIDE : SUGAR ANALYSIS

.Hydrolysis of the polysaccharide, féliowed by neutralisation
and paper chromatography of the hydrolyéate (solvents a and d), showed
the presence of L-rhamnose, D-galactose and D-glucuronic acid. Molar
proportions of neutral sugars, és fouﬁd by g.l.c. analysis of the
~ derived alditol.acetates, Qere Q;gélactose (l.O) and L-rhamnose (2.8).
Pfeparative g.l.c. of the acetates permitted the recovery of ;;fhamnitol
pentaacetate'(as a syrup) and Q;galéctitol hexaacetate.. Comparison of
the circular dichrbism spectrum of the gjrhamnitol pentaacetate with
that of é standard.sample confirmed the assignment of the L-configuration.

The Q;galactitolvhexaacetate was found to be achiral.
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4.4.7.3 METHYLATION ANALYSIS_OF.THE POLYSACCHARIDE

Capsulér polysapcharide (136mg) was methylated oﬁce by the
method of Hakomori to give a coiourless, amorphous product (119mg)
which showed no hydroxyl absorption in the i.r. and had [a]io ~19°
(¢ 0.5, chloroform). The fully methylated polysaccharide (30ﬁg) was
'hydrolysed with 2M trifluoroacetic acid af 100°C for 18h. Paper

chromafography of the hydrolysate (solventé b and:f) showed fhe presence
of two components. The faster-moving.oﬁe gave a pink colour whenb
éprayed with p—anisidine and was indistinguishable from 2,4 ,6-tri-0~
'methylfQ;galactoée; while the slower gave a brownish—yellow spot.
Reductioﬁ of a portion cf the hydrolysafe with sodium boroﬁydride,
followed by acetylation andbg.l.g._analysis of the methylated alditol
acetates using columns (a), (b) and (c),.éhowed the presence of
2,4,6-triﬁgjmethyl~23galactosevand 3;u—dijgfmethyl—é;rhamnése."
Column (c) was programmed at l&SOC‘for 8 min and then at 20.per min

-, to 210°C. A furfher portion of the hydrolysate was reduced with
.sodium borohydride‘énd the products were_trimethylsiiylated;

" quantitative analysis by g.l.c. gave the molar prpportions listed

in column A of Table 19.

B,o4.,7.4 REDUCTION OF METHYLATED K9% POLYSACCHARIDE

Fully methylated polysaccharide (60mg) was dissolved in
tetrahydréfuran (5ml) and stirred with lithium aluﬁiﬁium hydride
(BSOmg) for 18h. After‘thevaddition éf aqueous éthanol.aﬁd evapor-
afion‘to dryness the residue was extrécted with chloroform (3 x 20ml);
the extfacts were concentrated and passed thfough a column of Sephadex
LH-Qb, using ethanol : chloroform (2:1 v/v) as eluent, to give a
product (22ng), [a]iz “15° (e 0.3, chloroform), which showed no

absorption at l7LLO\cm_l in the i.r. spectrum (methyl ester CO).

\



- 114 -

Hydrolysis of the reduced methylated polysaccharide with 2M tri-
fluorcacetic acid at '1o‘O°c ‘for 6h» féllowed by paper chromatography

of thé hydrolysate (solvents b and f), géve 2,4,6—tri~9;methyl—2;
gaiactose, 3,4-di-O~methyl-L-rhamnose and 2,3-di-0-methyl-D-glucose.

A portion of the hydrolysate was redﬁced and acetylated and thelmethyl~
ated alditol acetates were analysed by g.l.c. using columns (a) and

(b). The-identity of each acetate was confirmed by mass spectrometry,
after recovery by prepérative g.l.c. Demethylation (BCl3), and
reacetylatibn of fhe_2,3—di—gjmeth§l—g;glucitbl hexaacétate‘gave D-glucitol
“hexaacetate, which was dissolved in acetonitrile‘and the circular dichro-
ism spectrum recorded. A positive circular dichroism.curve, identical
with that given by the authentic compound, confirmed the Q;configuration
of glucose.: Since the origiﬁal K9* polysaccharide did not contain
glucose, the origin of the 2,3-di-O-methyl-D-glucose in the reduced
methylated polysaccharide must be the glucuronic acid present in the
-original polysaccharide; this acid must accordingly be in.the D-
éonfiguration. The c.d. spectrum of 2,4,6-tri~-0-methyl-D-galactitol
acetate was idénfical to that of a standard sample, thus confirming the

configuration of D-galactose.

The‘remainder of the hydrolysate was reduced, trimethylsilylated
and analysed by'g.l.c. to give the proportions of sugars shown in column B

of Table 19.

4;4.7.5 PARTIAL HYDROLYSIS OF THE POLYSACCHARIDE

“A sample (100mg) of the polysaccharide was hydrolysed with
0.01M trifluoroacetic acid (20ml) at.lOOOC for Sh. Paper chromatography
of the hydrolysate (solvent a) showed the presence of a major oligo-
saccharide component‘(Rgzc 0.27) together with L-rhamnose, D-galactose

and traces of other oligosaccharides.
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vThe oligosaccharide, isolated by preparatiQe paper chromato-
graphy (solvent a); had [u];O +6° (¢ 0.2) and mol. wt. 800 daltons (by gel-
permeation chromatography on Bié—Gel'P—2); Hydrolysis.with 2M tri- |
fluorocacetic acid at 100°C for 8h gave D-galactose and é;rhamnoéé in
the molar ratio 1.0:3.0 (according to g.l.c. analysis as the derived

dlditol acetates).

A sample of the oligoéaccharide (2mg).was reduced with sodium
borohydride to give é ﬁroduct which on hydrolysis (2M trifluoroacetic
“acid, 100°C, 4h) and paper chromatogfaphy of the hydrolysate (solvent d)
gave D-galactose aﬁd L-rhamnose. The oligosaccharide (4mg) was
methyléted and a pdrtion of fhe product was hydrélyséd with 2M tri—
‘fluoroacetic acid at 100°C for 8h. Paper chrométography (solvents b and
fj, and g.l.c. analysis,as the trimethylsilylated derived alditols, of the
: sugérs present in theAhydrolysate gave 2,4,6—tri;gjmethyl—g;galactose
aﬁd 3;&—di—gjmethyl—é;rhamnose in the molar ratio 1.0:2.7. Another
portion of the fully methylated oligosaccharide was heated with iO%
mefhanolic hydfogen chloride at 100°C for 10h; g.l.c; analysis of the
methyl glycosides produced showed the presence of methyl 2,3,4-tri-O0-
.methyl—g;giucuronate, and glycosides of 2,4,6—tri~9fﬁethyl—2;gélactose

and 2,4-di-O-methyl-L-rhamnose.

‘Hydrolysis of the K9% polysaccharide with 0.1M trifluoro-
acetic acid at lOOoC for 18h, followed by paper chromatography of the
hydrolysate (solvents a and d), gave L-rhamnose, D-galactose, and

D-glucuronic acid.
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- 5. . STUDIES OF THE CAPSULAR POLYSACCHARIDES FROM CRYPTQCOCCUS

NEOFORMANS

5.1 INTRODUCTION

Fqngal strains of the genus Crypfoéoccus all produce capsules;r-
some of which are much thicker than the enclosed cell. Approximateiy
12 sbeciesrhave been identified on the baéis of antigenic and morpho-
logical-characteristics, but only one species, Cryptococcus neoformans,
is pafhogenic in man. Cryptococcus neofbpmdns hés been found to possess
an unusual affinity for the central nervoﬁs systeﬁ,‘presumabiy due to the
presence of vitamins and metabolites in this system that satisfy the
nutritional requirements of the organism. These include,thiamiﬁe,
glutamic acid»and glutamine, a number of spinal fluid. carbohydrates, and
essential minerals. Once the yeast has_pierced.the‘bl¢0d~brain barrier
‘ana has seeded the cerebrosPinallfluid, it is distributed by the cerebral
circulation to all surfaces of the brain and spinal cord. There the
organism grows rapidly and forms huge capsules thét render it relatively
immune to the nofﬁal defence mechanisms of the hos£. >As the diseéseA
progressés, pressure of the spinal fluidsteadilyrdses,Vprotein content
increases, the cells multipiy,vand the sugar content”steadily declines
as the yeasts consume the carbohydrates andvcarbohydrate derivatives of
the sbinal fluid.

An extensive study éf the charaéterisfics of C. ﬁeofbrmans has "
reveaied a ﬁumber of interesting biological phenomena ©9. One already
mentioned ié the affinity which the organism has for the ceﬁtral nervous
system, and in particular the spinal flpid and meninges. . Another is that
there is a consideréble loss of capsular sﬁbstance sufferéd'by therrganism

upon transfer from the host body to an artificial culture medium. On. the
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other hand; intracerebral injection of_éxpérimental animaié‘with weakly -
encapsulated labbratory‘stfains resulté in the production of huge

capsules within the animal brain. A comparison of the capsules prodﬁced_b
by C. neofbrmqns on artifiéial culture media with'thosé formed within the
bddy indicates a iarge difference in sizé. It appears,thergfore,that this
organism has found some essential metabolites or éptimal conditions in the
braiﬁ and spinal fluid that provide the stimulus for growth énd the
synthesis'of large capsules. The capsulé of C. neofbrmaﬁs, its most
distinctive feature, is easily visualizea in Indian ink suspensionslbf the
cells and is composed of a polysaccharide containing glucuronic acid,

mannose and xylose residues.

5.2 "COMPARISON OF TWO POLYSACCHARIDES FROM CRYPTOCOCCUS NEOFORMANS

In the present study two strains (R énd H) of (. neoformans
were.isolated at Groote Schuur Hospital, Cape.Town, from the cerebro-
spinal'fiuid of patients sufferingjfrom culture—prbven cases of meningitis.
- They wefe identifisd by the fypical capsules produced, éé éeen in Indian
ink preparations on microscopy, their demonstration of urease éctivity,
and théir'pathogenicity, which was confirmed by intragerebral inoculation

69 and

of mice. The two strains were grown on Littman's capsule medium
the acidic polysaccharides produced were purified by cetavlon bromide
precipitation according to the method of Nimmichu- The physical and

chemical characteristics of the purified R and H polysaccharides are shown

in Table 21.
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- TABLE 21

PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE R AND H POLYSACCHARIDES FROM
’ CRYPTOCOCCUS NEOFORMANS '

Polysaccharide [a]D (in H,0) ‘ﬁw . Neutral Sugars % Acid @ Methylation Analysis P
(Degrees) (Daltons)- (Mol %) (Molar ratios)
" +5° 1.4x106 ‘Man (61) Ca. 15 2,3,4-Xyl (1.8) ©
Xyl (39) 2,3,4=GlcA (1.0)
4,6-Man  (2.9)
R +7 1.ux106 Man (58) Ca. 14 2,3,4-%Xyl (1.8)
' Xyl (42) 2,3,4-GleA (1.0)

4,6-Man (2.8)

xBy i.r. spectroscopy.

As methyl glycosides.

C

2,3,4-Xyl = 2,3,4-tri-O-methyl-D-xylose etc.
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Polysactharidé‘R,as isolated initially, contained appreéiable
_ quantities of bound galactoée, énd was found to be polymolecuiar'

{Mol wts 1.u4x10® (70% by wt).and‘lS 000 (50%)} when examined by gel-
permeation chromatography bnvagarose and Bio-Gel P—lO.t Further purific-
ation with cetaVlon bromide yielded galactose-free polysaccharide R
which Qés found td be monomolecular. "R and H pdlysaccharides were
also found to be monodisperse by the metﬁods of ultracentrifﬁgation and

electrophoresis on cellulose acetate.

vMild acid.hydrdlysis with 0.1M trifluoroacétic acid at 100°C for
24h, monitored bybpapef chromatography,showed‘that xylose was the first
éugar to be released from the polysaccharidés, mannose and glucuronic
acid being produced more slowly. More vigofOus acid hydrolysis of the
polysaécharides with 2M triflueroacetic acid at 100°C for 18h, followed
by g.l.c; analysis as the derived alditol acetates of the sugars present
in the hydrolysates, gave the neutral sugar proportions shown in Table 21.
Mannose waé:shown to have the Q;confiéuration by measurément of the c.d.

- spectrum of mannitol hexaacetate. Glucuronic acid and xylosevwere found

to be of the same configuration by the procedures outlined in Section 5.5.

When samples of the fully.methylated'poiysacchariaes were hydro-
lysea and the sugars present in the hydrolysates‘analysed by paper chromato-
graphy and by g.l.é; of the trimethylsilylated derived alditols, 2,3,4-tri-
0- meth]l D- XJlose and 4,6-di-0- methyl D-mannose were the only  components
detected in both hydrolysates. Mechanolys1s of the methylated polysacchar-

‘idés and g.l.c. of the methyl glycosides produced_showed the presence of
methyl 2,3,4-tri-O-methyl-D-glucuronate in addition to the two neutral.

sugars (See Table 21 ).

On the basis of the above analyses the polysaccharides were

considered to be identical. Polysaccharide H was subsequently examined
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-in more detail by the methods of partial acid hydrolysis, methylation

analysis and Smith—degradétion.

~ 5.3 THE STRUCTURE OF THE POLYSACCHARIDE H

5.3.1 REDUCTION OF THE METHYLATED POLYSACCHARIDE H

Reduction of the fully methylated polysaccharide with lithium
aluminium hydride, folioked by methanolysis and g.l.c. analyéis of the
methyl glycosides produced, showed the presencé of 2,3,4-tri~§ymethyl~
Q;glucose? 2,3,4—tri—9;methyl~gfxylose and 4;6-dif9fmetﬁyl—g;mannose
but hov2,3,4;tri—Qfmethyl—Q;glucuronate. Hydrolysis of the methylated
polysacchéride, and analyéis of the sugérs present in the hydrolysafe
by paper chromatograﬁhy and by g.l.c. as their derived alditol acetates,
also gave 2,3,4-tri-O-methyl-D-glucose, 2,3,H-tri-gfmethyle;XYlose and
4,6-di%9fmethyl—g;mannosei The individuzl coﬁpounds.were recovered by
preparative g.l.é. and their identitieé confirmed by mass spectrometry.
'Since the original pélysaccharide H did not contain any residues of
D-glucose, the éppearance of 2,3,4-tri-0-methyl-D-glucose in the
hydrolysate of the reduced methylated polysaccharide.H must result from

the reduction of terminal residues of D-glucuronic acid.

5.8.2 PARTIAL HYDROLYSIS OF THE POLYSACCHARIDE; CHARACTERISATION OF

. OLIGOSACCHARIDES

Parfial acid hydrolyéis of the polysaccharide with 2M tri-
Fluorocacetic acid at 100°C for 3h yielded oligoséccharides i-1v,
which were separated by preparative Paper chromatography. The structure
of each oligomer was determined using standard techniques, including
partial-hydfolysis studies and mathylation analysis, and the méasurement
of optical fotatory péwer to determine the configurationsvof.anomeric

linkages. The results obtained are summarised in Table 22.
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TABLE 22

ANALYSIS OF THE OLIGOSACCHARIDES FROM CRYPTOCOCCUS NEOFORMANS CAPSULAR

"POLYSACCHARIDE H

Oligomer Ea]D (in H,0) RgZc &} Neutral Sugars b Methylated Sugars ©
(TMS) Alditols Methyl
(Degrees) (Molar ratios) Glycosides
Neutral disaccharide I -8 0.72 Man 2,3,4,6-Man (1.0) 2,3,4,6-Man
2,4,6-Man (1.0) 2,4,6-Man
Aldobiouronic acid II | -24 0.60 Man 3,4 ,6-Man 3,4,6-Man
2,3,4-GlcA
Aldotriouronic acid III -5 0.36 Man 3,4,6-Man (0.9) 3,4,6-Man
’ 2,4,6-Man (1.0) 2,4 ,6-Man
' 2,3,4-GlcA
Aldotetraouronic acid IV|  +8 0.24 Man 3,4,6-Man (0.9) 3,4,6-Man
2,4,6-Man (2.0) 2,4,6-Man
‘ 2,3,4-GlcA
@ Solvent a.

As alditol acetates on column (b).

2,3,4,6-Man = 233,4,G'tetraﬁg-methyl—g;mannose ete.
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 Heutral diéaccharide I was identified as 3-0-g-D-manno-
pyranosyl-D-mannose from the methylation.analysis,vandvby comparison
of its opfiéal rotation with the values obtéined for other neutral
mannose disaccharides®0. bThe aldobiouronic acid;II was indistinguish-
able on paper chromatography (solvents d, b and d) from 2-0-(B-D-
glucopyranosyluronic acid)-D-mannose, and its optical rotatory dis-
persion curVéI(ORD).was identical with that of the authenfic material®0
as shown in Figure 17. Hydrolysis of. the oligosaccharides III and IV
yielded the aldobiouronic acid II éﬁd Q;manﬁose, and the mobilities of
these tﬁo oligomers on paper chromatography (solvent a), suggested that
they were aldotriouronic and aldotetraouronic écids, respectively.
Methylation analysis of bligosaccharides 11T and IV'showed that they
contained both 2- and 3-linked residues of D-mannose. Methylation
studies indicated that D-glucuronic acid was located at the non-reduc-

ing end of both structures as shown below:

D-Gleh #--2 plfanp -

Z 3 D-Manp (I11)

1a_3 Dtanp

2 D-Manp

D-GlcA + 2 p-tanp (v)

a
The optical rotations of the.aldotriouronic (III) and aldbtetraouronic
acids (IV) are conéistent with the addition of one and two a-(1~3)-
linked residues of Q;mannose,fespectively,to.thé_aldobiouronic acid

moiety (II).

5.3.3.' SMITH—ﬁEGRADATION STUDIES QF THE CAPSULAR POLYSACCHARIDE H

The polysaccharide H consumed approximately one mole of
periddate per sugar residue. Reduction of the oxidised polysaccharide
with sodium borohydride, followed by mild acid hydrolysis in molar

trifluoroacetic acid at room temperature for 72h, yielded a water-
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iﬁsoluble product which was shown by more vigorous acid hydrolysis
with QM trifluorcacetic acid at 100°C for 8h to coﬁsist of D-mannose
residues only. When.the fuily methylated derivatives of the Smith-
degraded proddct waé hydrolysed and the hydrolysate was analysed by
paper chromatography and by g-l.c. (alditol acetate method), énly '
2,4,6-tri-0-methyl-D-mannose Waé found to be pfesént. _The identityv
-of this sugar was confirmed by mass spectrometry of its alditol acetate,
and'by g;i.é..of the trimefhylsilyl derivatives of the anomers of
the trijgjmethyl_sugar}‘ These resulfs indicate that éll the D-gluc-
~urenic acid andlgfxylésevresidueé are present as end grqupé and that
the polysaccharide chéin is composed of (l+3)—linked'residues of

D-mannose.

V5.8.4 - STRUCTURE OF THE REPEATING SEQUENCE IN THE POLYSACCHARIDE H

All the evidence:obtainedAfrom partial-hydrdlysié, methylation
analysis and Smith-degradation studies is consistent with a polysaccharide
struéture (V) in which each.of the (l+3)—linked residues of Q;mannbse.in
the chain is substituted at 0—2 by either Q;giucuronic acid or Q;xyloée.

A cdnside?ation of the acid content of the polysaccharide H (~v15%),
fogether with the proportions of the néutral sugar constituents, indicates
that two terminal units of D-xylose are pfesent for every terminal.residue

of Q;glucuronic acid.

--§-Q;Manp la D-Manp la D-Manp 18 :
. 2 2 o
B ' (V)
1 ' 1 1 o

D-GleAp  D-Xylp D-Xylp

The modes of linkage of the D-glucuronic acid and D-mannose

‘residues in the polysaccharide H were determined by measurement of the
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optical rofatory power of the Qligosaécharides mentioned earlier. The
terminal residues of D-xylose in the repeating sequence do not‘appear

in any of these'structures. However? the valﬁesbcélculated for the‘
optical rotation of the polysaccharide H by means of Hudson's rules

of isorotation’! on the aséumption that the D-xylose residues are all
a-linked or all B-liﬁked, are [alsgg +'57ovand [a]5§9 -12°, respectively.
The actual value,+50, is much closer té thé lattef; which seems to

suggest that these-residﬁes are B-linked.

The R straiﬁ from Cryptococcus neoformans described earlier
has been serotypéd by Dr.E.Bennet, USA, as Type A,.while the H strain was
damgged in transit and coﬁld not be typed. However, since the two
polysaccharides are chemically identical, tbey are presumably of the

same serotype.

5.4 COMPARISON WITH OTHER POLYSACCHARIDES FROM CRYPTOCOCCUS NEOFORMANS

Littlé has been published concerning fhe polysaccharides from
C. neoformans. The only detailed structure has been reported by
Miyazéki8L+ for an untyped Cryptococcus polysaccharide, whiéh differs from
polysaccharide H in that it consists of chain residues.of Q;ménnose
linked through 0-2, each of which is alternately substituted at O-4% by
D-xylose or thé aldobiouronic acid 4-0-(glucopyranosyluronic acid)-D-
mannose. Blandamer and Danishefsky®S reported that the polysaccharide
from Type.B consists of a mannan backbone with branches of xylose and
-glucuronic acid, but the positions of the linkages in the polysaccharide
structure have not been determinedf The type-specific polysaccharide
from Cryptococéus neoformans A contaiﬁs xyiose, galactése, mannose and
.glucuronic acid86, and has been shown by Rebers et al.87. to consist of -
a mixture of at least th acidic polysaccharides. Since thévpoly—

saccharide H examined in the present study is chemically identical with
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the polysaccharide R (serotyped as Type A),:aﬁd is presumably of the same "
'serotype, it is‘possible_that the mixturé,examihed by Rebers et al. = = =
” ihciudeS‘the pOlysacchéride H and one or more polysaccharides:containing =

_rgsidues‘of galactose.
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5.5  EXPERIMENTAL

5.5.1 CHARACTERISTICS OF THE POLYSACCHARIDES R AND H
) ' '

The two strainsr(R and H) were grown and the cépsular poly-
saccharides purified as described in Section 2.7 to yield the acidic
pclysaccharides,having the characteristics shown in Table 21.° The
polvsaccharide R, which was found by gel-permeation chromatography
on agarose and Bio-Gel P-10 to contain two components, was pre-
cipitated a second time with ceta&lon bromide. The twice-precipitated
material gave a single peak on gel—permeafion chromatography on
agarose gel; as did the polysaccharide H. Each of the two poly-
saccharides R and H moved as a single component on ultracentrifugation

and on electrophoresis.

5.5.2 MILD ACID HYDROLYSIS OF THE POLYSACCHARIDES R AND H

Samples (40mg) of each polysaccharide were hydrolysed with
0.1M trifluorocacetic acid (20ml) at 100°C for 2uh. Samples (2ml) of
the hydrolysates werevwithdfawn at intervals and the acid was removed
by distiliafion with methanol. Each residue was dissolved in a few

drops of water and analysed by paper chromatography in solvents a and d.

5.5.3 - HYDROLYSIS OF THE POLYSACCHARIDES R AND H 5 SUGAR ANALYSES

Each of the polysaccharides (50mg) werevhydrolyscd with
2M trifluoroacetic acid at 100°C for 18h. Paper chromatography of the
hydrolysates (solvents a and d) showed the presence of D-xylose,
D-mannose, Q;glucuronic dcid and an aldobiouronic acid having the same
colour (when sprayed with p-anisidine) and mobility as 2-0-(B8-D-
glucopyranosyluronic acid)-D-mannose. The ratios of neutral sugars in

each hydrolysate were determined by g.l.c. analysis of the derived
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alditol ecetates to give the results shcwn in Table. 21. Preparative
g.i.c. of the'ecetates in each case gave D-mannitol hexaacetate; the
circular dichoism‘spectrum of which was identical with that of a‘

standard sample, and D-xylitol pentaacetate.which was found to be 

achiral by this method. Isolation of samples of xylose from the
hydrolysates of the polysaccharides R and H by preparative pepef chremato-
graphy (solvent a) and measurement of their optical rotatory dispersion

curves confirmed that these residues were also in the D-configuration.

5.5.4 | METHYLATION ANALYSES®

Samplesv(2obmg) of the polysaccharides R and H in the acid
form were methylated once by Hakomori's method!* and three times by.
the method of Purdie and Irvine®8 to give in each case a colourless,
amorphous product which showed no hydroxyl absorptioﬁ in.the i.r.
spectrum. An esfimate of the uronic aeid coﬁtent of each polysaccharide
was obtained by measuring the intensities of the absorptioﬁs due to
the methyl ester carbonyl (1740 cﬁ—l) and methoxyl (1100 cmal)groups.in.

the methylated derivatives The ratio'ICO/I can be plotted against

OCHjz
the known uronic acid contents of a number of methylated polysaccharides

to give a linear graph, from which unknown amounts of uronic acid may

be estimated®8.

The fully methylated polysaccharides (20mg) were hydrolysed
Qith éM_tfifluoroacetic acid at 100°C for 18h. .Paper chromatography
(solvents b and f) and g.l.c. analysis, as the triﬁethylsilylated derived
alditols, of the sugars present in the hydrolysates gave 2,3,4-tri-0- -
methjl—@jxylose and 4,6-di-0-methyl-D-mannose. Methanolysis, followedA
vby g.l.c. of the mixtures of methylated glycbsides produced; gave methyl

2,3,4—tfijgfmethyl~2;gluquronate (removed by saponification) and the
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methyl glycosides of 2,3,4-tri-O-methyl-D-xylose and u,6—di—9jmethyl?

D-mannose. The proportions of each sugar are shown in Table 21,

5.5.5 " FURTHER CHARACTERISATION OF POLYSACCHARIDE H

5.5.5.1 REDUCTION OF METHYLATED POLYSACCHARIDE H

E Fully methylated polysaccharide H (110mg) was reduced with
‘litﬁium aiuminium hydride.(700mg) in tetrahydrofuran (10ml) fof 18h.
After the addition of aqueous ethanol the_solution was evaporated.to
dryness and ektracted with chroloform (3 x 30ml). The extracts were
combinéd.and the chloroform was removed td give a product (60mg) which
showed no absorption at 1740 em (methyl estef co). Methanolysis and
g.l.c. of the reduced methylated derivati&e (iOmg) gave the.methyl
glycosidés of 2,3,u-trijgjmethyl—g;xylose, 4,6-di-0-methyl-D-mannose
and 2,3,4;tri—9}metﬁyl—g;glucose.‘.No peaks corresponding to methyl
2,3,4—trifgfmethyl—gfglﬁcuronate were detected. The reducea methylated.
polysaccharide (30mg)>was hydrolysed with Qﬁ trifluoréacetié acid at
100°C for 8h. Paper chr§matography of the hydrolysate (solvents b and
D) showed the pfesence of a component giving the same colour with -
p-anisidine and having the.same mobility as 2,3,u;triﬁgfmethyl—g;glucose.
A portion of the hydrolysate was reduced, acetylated and analysed by
g.l.c., using column (a), to give derivatives of 2,3,4~tri-0-methyl-D-
xylose, 2,3,4-tri-O-methyl Q;glﬁcose and.426—di—9fmethyl—2;mannose.
. Preparative g.l.c. allowed the recovery of the'individual methylated
alditol acetates, which were further chéracterised_by mass spectromefry.
The 2,3,#—tri—gfmethyl—g;glucitol triacetate was demethylafed (BC13)
and reacetylated to give D-glucitel hexaacetate, which was dissolved in
acetonitrile and the circular dichroism spectrum recorded. Comparison

of the c.d. spectrum with that of a standard sample confirmed the
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D-configuration of glucose. It appears certain that the origin of

the 2,3,4-tri-O-methyl-D-glucose found in the hydrolysate of the re-
duced.methylated polysaccharide‘muet be the terminal residdes of gluc-
urohic acid present in the original polysaccharide H; this acid must,

accordingly, also be in the D-configuration.

5.5.5.2 PARTIAL HYDROLYSIS OF THE POLYSACCHARIDE H ; ISOLATION OF

OLIGOSACCHARIDES

Polysaccharide H (100mg) was hydrolysed with 2M trifluoro-
~acetic acid at 100° C for 3h,.and the products were separated by
'preparativebpaper ohromatography (solvent a) into four comﬁonents,
each of which was homogeneous on.paper chromatography in solvents a, b
and‘d. The characteristics of each component are shown in Table 22.

Oligosaccharides I - IV were further characterised as follows:

I. Methylated neutral disaccharide I was hydrolysed with 2M tri-
fluoroacetic acid at lOOOC for 4h. Paper chromatography of the
hydrolysate (solvents b and f) showed 2,3,4-6-tetra= O—methyl D-mannose
and 2 s4,6-tri-0- methyl -mannose. The presence of these sugars in the
hydrolysate was confirmed by g.l.c. analysis of the trimethylsilyl

derivatives of the anomers of the methylated sugars.

lI. Fully methylated aldobiouronic acid II on methanolysis and g.l.c.
oave methyl glycosides of 2‘3 H—tri-O—methyl—Q;glucuronate (removed by
saponitication) and 3,4,6- tri O-methyl-D-mannose in the same proportions
as were given upon methanolysis of methylated 2-0- (B glucopyranosyl—
uronic acid)-p-mannose. . The identity of'3,4,6—tri—9jmethyl—2;mannose
was confirmed by.hydrolysis of the methylated aldobiouronic acid
| followed by g.l.c. of the trimethylsilyl derivatives of the anomers of‘
the tri-0- methjl sugar, and also by paper chromatocraphy in solvents

b and f.
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III. :Hydfolysis of tﬁe aldotrioufonic_acid IIT with 2M trifluoro—:
acetic acid at 100°C for 8h,.folioWed by paper ehromatography of the
hydfolysate (solvents & and d), gave Q;mannose; the aldobiourcnic acid
viI and a.trace'of Q;glucufonic acid. Fully methylated aidotriouroﬂic'
acid was hydrolysed with 2M trifluoroacetic acid at iOOOC for 18h.
Paper chromatography of the hydrolysete.(eolvents b and f) showed the
vpresence.of 2,4,6-tri-9jmethyl—2;mannose and 3,4,6—tri—9jmethyl*2;..
mannose. The identities of these sugars were confirmed by:g.l.c. of
the tfimethylsilyl derivatives of'the anomers of the tri—O;methyl
sugars. Reduction of the hydrolysate followed by trimethyleilylation

and g.l.c. analysis gave the proportions of sugars shown in Table 22.

Iv. Resdlts obteined froﬁ hydfolysis, paper chbomatography and
methylationvanalysie of the aldotetraourcnic acid IV, were identieai
with those for III above, except for the-proportioh of‘Q,H,6—tri—Qf
methyl—g;mannose found on methylation analysis of IV,bwhich showed a
marked increase_from that yielded by methylated III. Methanolysis.
and g.i.e. of the methylated derivatives of both III and IV gave
methyl 2,3,4-tri-O-methyl-D-glucuronate in addition to the methyl

glycosides of the neutral sugars as shown in Table 22.

5.5.5.3 .SMITH—DBGRADATION OF POLYSACCEARIDE H

Capsular polysaceharide H (300mg) was dissolved in aqueous
sodium metaperiodate (SOml,.O.llBM) and allowed.to stand in the darkv'
for 3 days, the consumption of.periodate (l.l2moi per hexose) being
monitored by the arsenite method’9. After this time the reaction was
terminated by the addition of ethylene glycol (1ml) and the solution
was etirred for 3h and then dialysed against running tap water for-?-daye.
The solutionvwas concentrated and‘then reduced with sodium borohydride

' .. + .
(1g) for 4 days. After acidification with Amberlite IR-120 (H") resin,
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“the solutibn was distilled with.méthanol but was not taken to dryneés.vv
The final traces of boraté were femoved by'dialysing the solution

against running tap water for 3 days.before freéze—drying, which yieided'-
the polyaléohol (200mg).‘ This product was dissolvéd in M trifluoro— |
acetic acid and étirred at fboﬁ temperature for 6 days.. The trifluéro—
acetic acid was removed by freeze-drying, thevresidue was extracted

with mefhanol (3 % 20mi) and thebmefhanol~soluble material was examined
by paber chrométography (solvent b). Wheﬁ sprayed with silver nitrate
the paper chromatogram showed'the preseﬁcevof glycolaldehyde and ethylene

glycol.

Thé methanolQinsélﬁble materiél, whigh was found to be almost
totally insoluble in water also, was freeze-dried to yield the Smith-
degraded product (71lmg). After hydrolysis of this product ﬁith 2M .
trifluoroacetic acid at lOOOC‘for 8h, paper_chromatography of the
hydroljsate (solvents a and d)‘showed bnly D-mannose. A portion of
thevhydrolysate was reduced, acetylated:and analysed by g.l.c. on

column (b); only D-mannitol hexaacetate was found.

Owing to the inéolubility of the Smith~dégraded préduct the
Hakomori mefhylation procedure was modified'as.follows. Smith—&egraded. .
broduct (35mg) wés‘suspended in dry dimethyl sulphoxide and heated in
-an Qil bath ét 60°¢C fof 90 min. Affer_cooling to room temperature the’
solution was treated‘with methylsulphinylvaﬁion (3ml, l;GM) and stirred
for 48h before being cooled in ice waﬁer, while methyl iodide (5ml)
was slowly aaded. The sélufion was diluted-with_water'(lOml) and
dialysed‘against running tap wéfer for 2 déys before being éxtfaéted
with Chlorofbrm (3 x QOmlj. The extracfs were combined and fhe solvént was
removed to give.a'productv(24mg), [ajgo + 29° (¢ 0.2, chloroform),

which showed mno hydrokyl absorption ‘in the i.r. Hydrolysis of a
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samplg (10mg) of the methyiated product, followed by paper chromatography
(solvénts b and f) and g.l.c. apalysis, as the trimethylsilyl derivat-
ives, of the sugars present in the hydrolysate, gave only.2,4,6-tri—9j
'methyl—gjmanﬁose. Reduction and acetylation of the hydrolysate gave

2,4 ,6-tri-0O-methyl-D-mannitol triacetate, which was isolated by

preparative g.l.c. and further characterised by mass spectrometry.
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SR CONCLUSION

The polysaccharides from Klebsiella serotypes Kui, K9%, K27
“and Keéu have all béen shown to consist of.regularly repeating oligo-
Sacéharidevsequeﬁces, consistent with the types of structure found in -
‘polysaccharides from other Klebsiella strains. Each of the four studied
belongs to a diffepent chemotype and shows a sfrugtural pattern which
has not been'previously repo?ted in work on Klebsiella polysaccharides.
‘Comparison of the primafy structures of the polysaécharides from Ky,
K9% and K27 with the repéating units found in other serofypes within.
_ théir,respective chemotypes shows only limited variations of the
pol&saccharide skeletonvwithin each group. The sfructure of the only
other polysaécharide known to contain the same sugar residues as the

Klebsiella K64 polysaccharide (i.e. K65) has not yet been determined.

A ﬁumber of methods uSed for the étructural'investigation
of the Klebsiella polysaécharides have been successfully applied to the
capsuiar polysacéharides from two sfrains of Cryptococcus neoformans.
These polysaccharidesihave been shown to be chemically equivalent and
afe_presumably'of thersame serotypé. The elucidation of fhe structure
of the polysaccharide H represents Qné of the few complete structures

which have been reported in work on the polysaccharides from C. neoformans.

.Hudson's.fulés have been applied to the calculation of fhe
theoréticél Vaiues for the optical rotationvéf a number of Klebsiella
polysaécharides of known structure. In most cases differences between
these values and those obtained by experiﬁent have been found to be

minimal.
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