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A B S T R A C T

Structural studies on the extracellular polysaccharides elab­
orated by Bei.jerinckia mobilis, a tropical soil species of the group 
Azotobacteriacae, have been made and the component monosaccharides 
characterised. Fractionation of the total extracellular mucilage, 
after removal of contaminating protein, was effected by the precipi­
tation of an acid fraction with quaternary ammonium salts. The 
uncomplexed neutral fraction (Mw = 2,000) was further subdivided into 
a neutral polysaccharide (N^) and a low molecular weight fraction (N^) 
consisting of glucose, mannose and related oligosaccharides. The origin 
of this fraction is unknown but it is thought to arise either from in­
complete metabolism by the organism at the time of harvesting, or from 
the presence of an enzyme in the medium which breaks down the polysac­
charide

The neutral polysaccharide (N^) is composed of glucose, mannose, 
and arabinose (l:l:l), and was found to have a low molecular weight and 
to be highly branched.

The acid fraction is a high molecular weight polymer (Mw = 20x10^) 
composed of L-guluronic acid (55^)» D-glucose (l5^) and D-glycero-D-manno- 
heptose (20^), together with acetic and pyruvic acids. From the results 
of méthylation, periodate oxidation and partial hydrolysis experiments 
the following repeating unit is proposed as a backbone for the polysaccharide: 

— >3)L-Gu 1UA( 1— >3)L-Gu 1UA( 1-9 2 ) D-gly-D-Manhe pt ( 1- 
The remaining glucose and uronic acid residues were also found to be 
1,3-linked and are thought to form separate side chains linked to C-3fOf the 
uronic acid residues in the backbone. Combined pyruvic acid was found to 
be in ketal linkage to 0-4 and C-7 of about 25^ of the B-glycero-D-manno- 
heptose units.

The similarities between this polysaccharide and thcit from the 
related species Azobacter indicum are discussed.

In order to establish the linkages of the guluronic acid units 
it was necessary to prepare and characterise the methylated derivatives of 
gulose. These experiments are detailed in a reprint to be found at the 
end of the thesis. t
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Also included are reports on two six week projects carried 
out at Alginate Industries, Girvan:

Appendix IV. Studies on gel formation with Alginates. 
Appendix V . Studies on the viscosity of solutions of the 

extracellular polysaccharide of B. mobilis under different conditions,
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GEIŒRAL INTRODUCTION

Bacteria

Bacteria are unicellular organisms which generally multiply by 

e'j.ongation and transverse binary fission. Some bacteria can also form 

an ’endospore* or resting cell in its own vegetative cell.^ After 

germination a new vegetative cell is formed and liberated by lysis of 

the surrounding mother cell. Endospores are resistant to heat and 

other treatments lethal to vegetative cells and can remain dom&nt for 

IC'ng periods. Members of he genus Azotobacter can form a different
t 2tjHpe of resting cell known a^ a ’cyst’. This is formed by the 

shortening of a normal cell accompanied by the secretion of a thick 

enclosing wall. Cysts, unlike endospores, are not significantly more 

resistant to heat than the cells from which they are derived.

Only a minority of bacteria can form endospores or cysts. Generally 

survival is essentially dependent on the presence of unmodified vegetative 

cells. Bacteria occur as spheres of about 1 ^  in diameter,or rods or 

helices which are 1 to 10 ^ long and 0.2 to 1 p in width.

The majority of bacteria are divided into Gram-negative and 

Gram-positive organisms according to their behaviour in the ’Gram staining 

test’.8 The cells are treated with methyl violet and then with dilute 

iodine solution. Gram-positive bacteria retain the stain after washing 

with alcohol, but Gram-negative bacteria do not. This results from 

consistent and major differences in composition of the cell walls (see 

later).4* 5 is essential to perform the stain on cells derived

from a young culture since certain bacteria, particularly spore-formers, 

are Gram-positive only during the course of active growth, and older 

cultures, become Gram-variable or Gram-negative. After the major



division into Gram—negative and Gram—positive bacteria, classification 

is based to a large extent on functional attributes. The main 

divisions are:—

photosynthetic or non-photosynthetic

aerobic or anaerobic

spore forming or non-spore forming.

The largest single group is the ’enteric group’ these are 

nonphotosynthetic Gram-negative bacteria which'can grow anaerobically on 

carbohydrates, but also possess a respiratory electron transport system, 

which enables them to grow aerobically using a wide range of organic 

substrates.

Organisation of the bacterial cell

The main features are:- 

(i) The nucleus

The cells of bacteria are termed ’Procaryotic’ while those of most 

higher plants and animals are ’Eucaryotic’. The difference between these 

two types is that the Eucaryotic cell has a membrane bound nucleus whereas 

the nuclear material of the Procaryotic cell is not bound by a membrane 

and is a single circular molecule of double—stranded DNA which replicates 

by the unwinding of the DNA double helix and synthesis of each complimentary 

strand.

(li) The Cytoplasm

An aqueous solution of soluble protein and low molecular weight 

metabolites lying inside the cell membrane. Also present are small 

deposits of lipids, energy reserve materials,ribosomes,and high energy 

inorg;anic polyphosphates. No structures resembling mitochondria have been 

detected.



/ \ 6 (ni) The cell membrane

A mosaic of proteins and lipids, the cell membrane is a thin 

barrier 75-8oX thick through which all materials from the external 

environment must pass. In some bacteria the membrane is simple in 

shape, but often the shape is complex as a result of intrusions into 

the cytoplasm. One common intrusion is a ’mesosome*, a deep invagination 

of the cytoplasm whose function is not known. In the genus Azotobacter 

which has the highest known respiratory rate of any bacteria, vesicular 

membrane intrusions are abundant and are thought to have a respiratory 

function.

The cell membrane consists of a continuous lipid layer with polar 

groups at the outer edge and non-polar groups directed inwards. There 

may be protein sub-units floating in this pool of lipids. The synthesising 

enzymes, which are found in other organisms in mitochondria, have been 

isolated from bacterial cells and are thought to be a part of the cell 

membrane.

7 fi(iv) The Cell Wall *

This is a rigid structure consisting partly of polysaccharides which 

differ from the polysaccharides found in multicellular organisms. A 

universal component of the cell wall is murein, a glycoprotein which 

comprises about $0^ of the cell wall of a Gram-positive bacteria but less
g

than 10^ of a Gram-negative wall. The murein layer of a Gram-positive
Qbacteria is covalently linked to teichoic acids, carbohydrates which 

will be described later. The only Gram-negative bacteria found to 

cont.ain a teichoic acid is Escherichia coli.^^

The outer layers of the Gram-negative wall,which may account for up 

to 80^ of the dry weight of the cell, consist of lipopolysaccharides and



and lipoprotein. In contrast the cell walls of Gram-positive "bacteria 

do not contain smy discrete layers of lipopolysaccharide or lipoprotein. 

Differences also occur in the amino acid composition, all amino acids 

found in proteins have been found in the cell walls of Gram-negative 

bacterial^ but the Gram-positive wall is characterised by the simplicity 

of its amino acid composition.

The polysaccharides found in the wall will be dealt with in a 

later section.

(v) The capsule

This consists generally of a polysaccharide or protein. Most of 

the capsules of Gram—negative bacteria are polysaccharides and protein- 

containing capsules are rare, Pasturella pest is for example

has a protein capsule, whereas protein capsules are frequently encountered 

with Gram-positive bacteria. Occasionally capsules may be found to be a 

mixture of the two types of polymer, for example Bacillus megatherium.

Bacterial Polysaccharides

These can be divided into three main classes according to their 

position in the cell.

(i) Intracellular polysaccharides,inside the cytoplasmic membrane, 

(li) Cell wall polysaccharides.

(lii) Extracellular surface polysaccharides often called capsules, 

slimes or microcapsules.

i
(i) Intracellular Polysaccharides

These are energy reserve materials of the starch-type or 

glycogen-type]^ Generally a bacterium can synthesise only one type 

of storage material which is not necessarily carbohydrate. In active 

growing cells, the amount of such reserve material is small, but when



nitrogen supply is limited and carbon is still freely available, large 

q-iantities can b'e quickly accumulated. Glycogen and Starch can be 

extracted frcfi the cells, which have first been ruptured by grinding 

or by ultrasonic disintegration, by extraction with aqueous chloral 

hO'd rat e.^^

(ii) Cell Wall Polysaccharides

Murein, a peptidoglycan,is a universal component of bacterial cell

walls. It consists of linear chains of amino sugars with amino acid

side chains which are cross-linked by peptide bridges. The linear

chains are composed of alternating units of 3-1,4-linked N-acetyl-D-

glucosamine and 3-C-(2-^carboxy ethyl)-N-acetyl-^glucosamine

(muramic acid)linked through the carboxyl group of the muramic acid

to the amino group of an amino acid. Other constant components are

^  and L-alanine, ^glutamic acid and L-lysine or D,L-diaJnino pimelic

aciii. But additional amino acids have been isolated from different

gensra. The structure of the peptide chains varies considerably in

different species. Fig. 1 shows a typical example from Staphylococcus 
18aureus. Here the amino acid side chains are linked by a penta-glycine

bridge. In some mureins the L-alanine may provide the bridge between 
19the peptide chains and in others large sections of the linear 

polysaccharide may be devoid of amino acid side chains.^  The murein

can 21 22be isolated from the disintegrated cells * by extracting the

insoluble fraction of the cell walls with a phosphate-ethylene glycol 
23two phase system. It can be further purified by extracting the lipids

with chloroform and removing other proteins with enzymes which do not 

attack the peptidoglycan.
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Pig. 1 Murein from Staphylococcus aureus

Teichoic Acids are linear polymers composed of alternating 

polyalcohol - either ribitol or glycerol-and phosphate groups. Both 

tyî es of polymer contain adjacent polyol residues linked through 

phospodiester linkages and carry D-alanine residues in ester linkages 

to some of the hydroxyl groups. Glycosidically linked sugar residues 

are present in all the ribitol teichoic acids but in only some glycerol



teichoic acids. Pig. 2 shows a typical example of a ribitol teichoic 

acid.

HOPQ-CHv

OH 1CV\0-P-0-CH^-
OH
I

C #

b 0  

c = o

CH--NHa
C H

Pig. 2 Teichoic Acid from Cell Wall of| Bacillus subtilis

The teichoic acids may be isolated from the cells by treatment

with cold 10^ trichloroacetic acid from which they are then precipitated
25 'iwith alcohol. The lipid portion of the wall must first be removed.

26Lipopolysaccharides of Gram-negative walls

This fraction of the cell wall is responsible for the somatic *0* 

antigenicity of Gram-negative bacteria, that is the ability to react 

with antibodies and to induce antibody formation. The lipopolysaccharide 

is also responsible for the symptoms that occur when Gram-negative 

bacteria are introduced into the blood-stream - called the endotoxic 

activity* The lipopolysaccharide can be hydrolysed and separated into 

a lipid moiety called 'Lipid A' and a polysaccharide moiety. Weither
I

part alone is responsible for the endotoxic activity but the polysaccharide



noiety carries the antigenic determinant or the site of reaction with 

the antibody.
- 27 28The lipopolysaccharides characteristic of the enteric bacteria *

nay contain as many as twelve different sugars. The structure appears

to comprise a backbone with up to five different sugars which is common

to a given species - see Fig. 3* The side chains known as 'O' side

chains vary in different strains of the same species and give the

serological specificity.

D-galactose

abequose 
I

mannose—rhamnose—galactose f D-glucose

B—glucosamine

phosphate 
I

heptose
I

3-Deoxy-D—manno-

octulosonic acid^-lipid A 
I

ethanolamine

Fig. 3

General structure for the lipopolysaccharide from Salmonella typhimurium 

this can be further generalised to

27

LIPID A POLYSACCHARIDE CORE POLYSACCHARIDE SIDE CHAIRS 

(TYPE SPECIFIC SUGARS)

This type of structure is a common feature of all Gram-negative 

wa^ls.The lipopolysaccharides are not indispensable structural 

constituents and their structure can be modified by mutation without 

affecting the viability of the cell. The loss of side chains is 

accompanied by the loss of antigenic specificity. This often leads to



chstnge in appearance of the culture and the concept of 'Rough' and

'Smooth' forms of the colony. The 'rough' and 'smooth' forms are

designated 'R' and 'O' antigens respectively. A species of bacteria

may be classified into different strains depending on the serological

specificity. In this way the genus Salmonella has been subdivided

into over 1000 strains. ^

The lipopolysaccharides may be isolated from the cells by

extraction with phenol-water. This extract contains the ribonucleic

acids as contaminants. These react preferentially with cetyltrimethylr

ammonium bromide (Cetavlon') and precipitate^leaving the purified
32lipopolysaccharide in solution. The polysaccharide moiety is then 

obtained by hydrolysingwith aqueous acetic acid and the lipii/^extracted 

from solution with hexane.

(iii) Extracellular or Capsular Polysaccharides

A capsule is a layer outside the cell wall which is visible under 

the light m i c r o s c o p e . H o w e v e r  some bacteria release their capsules 

into the culture medium and the enzymes which synthesise them may be 

isolated from the medium in the form of highly pure proteins.

The presence of a capsule may often be reflected in the moist,glistening, 

gelatinous appearance of the bacterial colony and can be demonstrated 

by special staining techniques'^’ and also by a specific 

immunochemical reaction]^ The capsular polysaccharide is often termed 

the 'K-antigen*. If this is present it will interfere with the 

reactions of the '0'-antigen with 'O' antibody.Capsulated cells 

agglutinate in homologous 'OKlaerum but not in'OLserum. Where the 

capsule is easy to remove, the 'O'-antigen is revealed and will react



10

with the '0*-antibody. However if the capsule is hard to remove,as 

in the genus Klebsiella.serological classification is based on the
- 38reactions of the'K*-Antigen.

Functions of the capsular polysaccharide

The capsule has no apparent structural function but, unless it is 

solely an excretory product, it must in some way help to maintain a 

bacterium in its environment, and a number of uses have been suggested.^^ 

(1) Resistance to phagocytosis (engulfment by leucocytes)

This hcLS been shown to be an important factor with species of 

Salmonella, E. coli^  ̂ and Pasturella p e s t i s 43, A4 is 

thought that resistance to phagocytosis is due to the negative surface 

charge on the capsule.
■5 o

(li) Resistance to bacteriophage (bacterial virus).

(lii) Protection against amoeba

(iv) Protection against desiccation.^^ ^

Soil bacteria in particular are often exposed to prolonged periods 

of exposure to water followed by periods of drought. A too rapid gain 

or loss of water by the cell might result in cell death.

(v) A storage material.

(vi) In special cases eg. Azotobacter capsular polysaccharides play a 

role in formation of the cyst

Cultivation

A variety of liquid media are used for cultivation, usually 

consisting of a meat broth to which sugars and certain salts are added.
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For convenience of storage the liquid medium can be set to a gel 

by the use of such materials as agar or gelatine. The cultivation 

of colonies "on a gel is the normal means of isolating pure strains 

of bacteria since each colony grows from a single cell. A mixture 

of bacteria can thus be separated by selecting individual colonies.

Conditions for growing the bacteria vary and should be chosen 

to suit the particular genus. For example, bubbling in sterile air
48for an aerobic bacterium such as Bacillus subtilis or B . megatherium. 

Hie medium in which the bacteria are grown frequently influences the 

composition of the polysaccharide produced and polysaccharides grown 

in different media should be regarded as potentially different. 

Azoixracterindicum produces a polysaccharide containing 30^ uronic acid 

and 70^ glucose when grown on glucose as carbon source but when grown
49on sucrose produces a fructose containing polymer. The period of 

growth IS also an important factor, the optimum time for producing 

polysaccharide in large quantities may differ from that required for 

producing polysaccharide of high molecular wei^t. It has been found

that it is essential to maintain a high ratio of carbohydrate to
34 50 ^nitrogen ’ and that the optimum temperature is frequently between

15^ and 20°C.^^’ Also the presence of sulphate in the medium has

a stimulating or depressing effect on polysaccharide production

depending on the genus i n v o l v e d . O p t i m u m  conditions for the

production of polysaccharide can thus be established experimentally.

The bacteria are separated from the medium by centrifugation and the

capsular polysaccharide is frequently left in the medium from which it

can be removed by precipitation.^^* In some cases it is necessary

to solubilize the polysaccharide or remove it from the cell surface,

so that on centrifugation the polysaccharide will be separated from the

cells,this is effected by stirring with alkali^^* or physical
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methods cay be employed, such as forcing suspensions of encapsulated 

bacteria through chromatogram sprayers^^ or through a hypodermic needle.^ 

Using more than one of the above methods it is possible to compare the 

extracellular polysaccharide produced in the medium with that more closely 

attached to the cell wall

Purification

The most likely contaminants are residual medium, - especially the 

sugars - whole bacterial cells, protein and lipopolysaccharides. All 

these may be trapped in the polysaccharide which frequently has a viscous 

and gelatinous consistency. Purification is mainly effected by repeated 

dissolution, centrifugation and reprecipitation. There are chemical
62methods of removing proteins such as the Sevag method, which consists 

of shaking an aqueous solution with chloroform. This denatures the 

protein which is then separated, after centrifugation, at the chloroform- 

water interface. Lipopolysaccharides would dissolve in the chloroform 

and would be removed by this method.

Structure of Extracellular polysaccharides

Extracellular polysaccharides have complex and varied structures 

and the following brief introduction is confined to those polysaccharides 

derived from bacteria isolated from the soil, the original environment 

of the genus Azotobacter. However reviews and articles given in 

references 26, 34» 63 were found to be of interest concerning the 

polysaccharides of other bacteria.

In the soil the genera Arthrobacter and Cor:/nebacterium (both of 

the Coryneform family) account for more than 5 ^  of the bacterial 

inhabitants.^^ The genera Bacillus and Clostridium (family Ehcillacae) 

account for 25^ of the bacterial flora^^ whereas genera accounting for no
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more than 10^ are Achromobacter, Ritrosomonas, Proteus, Ritrobacter,

Arrobacterium, Azobacter, Aerobacter (or Klebsiella), Pseudomonas,

Rhizcbium and some species of Serrâtla. Of these genera, there is little 

reported detailed work on the extracellular polysaccharides of the soil 

species of Achromobacter, Nitrosomonas, Proteus, Arthrobacter. Kitrobacter 

and Clostridium. The genus Azotobacter will be dealt with more fully 

in a later section.

Agrobacterium and Bacillus

A summary of the constituents and types of linkage, where determined, 

founi in the polysaccharides of Agrobacteria and Bacilli species will be 

fo'ini in tables A and B in Appendix 1. Those of the Agrobacteria 

comprise mainly 0-1,2-linked glucans^^ whereas the Baci111 species

metabolise 0-2,6-linked fructans^^ ~ and glucomannans.
80In contrast B. macerans synthesises Schardinger dextrins. These are

cycloamyloses in which 6-8 glucose units are joined by a -1,4-linkages in 

a continuous loop.

Coryr.ebacterium

Nearly all the members of this genus are pathogenic or phytopathogenio. 

They seen to fall into two groups, uronic acid containing species and those 

which contain acids vdiich are not uronic acid (probably pyruvic acid) their 

constituents are summarised in Appendix 1 table The major sugars

are glucose, galactose, mannose, fucose and rhamnose. The only one to have
82been analysed structurally is that from Corynebacterium insidiosum which 

contains the following structural units.
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4nq pyruvic acid
pyruvic ̂  a-gal p(l— >- 3) L-fuc /  \
acid “ 4 6

4 )  o '
a-gal p

3Î
gal = galactose 0—^ g l c  p  C 1 *“♦ 4) L—fuc
fuc = fucose
glc =r glucose

Aerobacter or Klebsiella

These two names are thought to be synonymous for the same genus.
38According to Kauffman Aerobacter should not be used. However this 

name is preferred in general microbiological texts. Members of this 

genus produce large capsules and slimes. These were investigated as
83 — 86early as 19OO and found to be carbohydrate in nature and the first

87 88chemical studies appeared in 1925» It has been shown that the

optimum production of capsules and slime polysaccharide occurs with a low

entica!
51, 61

50nitrogen level in the medium amd that capsules and slime are identical

in composition,so that slime can be regarded as excreted capsule

Klebsiella are differentiated into serotypes on the basis of their

capsular polysaccharides.  ̂ The major sugars are glucose,galactose,

mannose and rhamnose with fewer types containing fucose. 78 of the 80

types known contain uronic acid which is usually glucuronic although some

contain galacturonic. In addition many contain acetyl groups and

pyruvic acid ketals. The composition of the polysaccharides of the 80

types and some additional untyped species is given in Appendix 1 table D

and structures or structural units, where these have been determined,are
87-126given in table E (also in Appendix 1)• Klebsiella K-type 1 on partial 

hydrolysis gave an aldobiouronic acid which was found to contain 

glucuronic acid and lyxose. The origin of the lyxose was not determined
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since it was not present in a total hydrolysate.
127After further purification it has been shown that the acid 

polysaccharides of types 1 - 5  &re contaminated with a neutral galactose 

containing polysaccharide. On more detailed examination the neutral 

polysaccharide fraction was found to consist of more than one antigen.

All were different from the type—specific polysaccharides and seemed to 

be the same for all the strains of a given species investigated. Thus 

K. pneumoniae types 1, 2 and 3 shared an identical neutral antigen which 

was different from the antigen shared by K. ozaenae types 3, 4 and 5*

Pseudomonas

Members of this genus are normally found in soil and water but 

may be phytopathogenic and one (Ps. aeruginosa) is phytopathogenic . Many 

of the species produce le vans, 0-2,6-linked fructsins. Some of them 

are linear but others contain branching linkages of the inulin type 

(3-2,1-), the details of these and the composition of some of the other 

polysaccharides is listed in Appendix 1 table F.

Serrâtia

Of the polysaccharides produced by the genus Serrâtia the capsule 

polysaccharides of S. marcescens have been most widely studied. They 

consist of a spectrum of similar polymers (see table G, Appendix 

A prominent feature is the presence of heptose units, which were 

characterised sis ]^glycero-D-mannoheptose and L—glycero-B-mannoheptose. 

The only structural features reported were 1,3-linked mannose in strain 1 

capsule "a” and predominantly 1,4-linked glucose in strain 1 capsule "b". 

Capsule **a" was the major component of strain 1.
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Rhizobium

Members of the genus Rhizobium are found in the 'root region'

or rhizosphere of the soil. They are nitrogen-fixing organisms

which infect plant roots causing nodule formation. A species is often

named according to its host e.g. R. trlfclii from clover. Table H

(Appendix l)gives a summary of the composition of extracellular

polysaccharides of Rhizobium. The subject is confused due to lack of

correlation between the various workers concerning the taxonomy of the

genus and its differentiation into strains. However the results

can be summarised in that R. trifolii polysaccharides contains galactose,

glucose, pyruvic acid, acetic acid, and glucuronic acid or its

4-0-methy/-1 derivative and R. meliloti polysaccharides contain mainly

glucose, with traces of galactose and glucuronic acid (or 4-0-methyl

glucuronic acid) and probably pyruvic and acetic acids. Other species

are more variable in composition but nearly all contain glucose and

glucuronic acid (or its 4-0-methyl derivative). Also galactose,

mannose, fucose and rhamnose may be present. Fructose was also reported
147in one strain of R. leguminosarum, however since fructose has not been 

found previously in a hetero acid polysaccharide, it is thought that it 

arises here as an artefact.
140,150,143

Structural studies have been carried out on some of the strains.

However only in one case has a repeating unit been proposed

VIZ. for R. trifolii T.A1 and this, anoctasaccharide, is shown below.
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The Azotobacteriacae

The members of this group are the principal sigents of aerobic 

nitrogen fixation in soil and water. They are plump rods or cocci

and occur characteristically in pairs. Most Azotobacter organisms
Iproduce gummy extracellular polysaccharides giving the colonies a mucoid

appearance. As previously mentioned,members of this group can form

cystsi. During the formation of the cyst^^ the vegetative cell changes

from a rod to an oval or spherical shape and a loose envelope is deposited

ro'wUid the periphery of the cell which thickens as the cyst matures.

Between the envelope or 'exine* and the cell is an area called the

'intine^^^ In the mature cyst this is very large and is composed of

multiple layers differing in electron density. In a suitable environment

the cyst will germinate. During this period the overall size of the cyst

remains the same but the cell body becomes larger at the expense of the

intine. A new vegetative cell is liberated by rupture of the exine

frequently leaving the latter in a characteristic horseshoe shape. It is

thought that the intine and exine are polysaccharides containing the same

sugar units : glucose and rhamnose in the case of Azotobacter vlnelandii,

and that the intine is used as a reserve storage material to facilitate

germination. It has been shown that Azotobacter vlnelandii can utilise
46extracellular polysaccharide as a carbon and energy source.

The group Azotobacteriacae consists of two principal genera 

Azotobacter and Beiierinckia. Azotobacter species grow under neutral or 

alkaline conditions (above pH 6.5) in both soil and water. Beiierinckia 

species have a much wider range (pH 3-9) and occur principally in 

tropical soils. In general Azotobacter species form much the larger 

cells which form cysts which are resistant to desiccation ,
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whereas Beijerinckia species are smaller and contain large polar fat

inclusions. Growth of Beijerinckia colonies is slower although there

is copious production of thick slime. They are generally motile by
154means of lateral flagella but form no cysts.

Bergey’s Manual of Determinative Bacteriology (l957 edition)

describes only three species of Azotobacter (a . chroococcum, A. agilis

and _A. mil cum) . However the latter is often^^^ ~ placed in the genus

;erinckia with B. mobi 1 is . In the literature, the names Azotobacter

and Bei:erinckia are used interchangeably. Also A. vlnelandii, according

to Bergey,synonymous with A. agilis.is thought by some to be a distinguishable 
158species.

Extracellular polysaccharides of Azotobacter and Beijerinckia Species

Azotobacter vinelandii under most cultural conditions synthesises

large quantities of extracellular polysaccharide which occurs morphologically

in two distinct forms (i) discrete capsules adhering to the cell walls

(ii) an amorphous slime found loosely attached to the capsules and in the

culture medium free from the cells.

Early reports indicated that the chemical composition of A. vinelandii
159capsules consisted of glucose and rhamnose whereas the slime consisted 

of glucose and a trace of uronic acidl^ Subsequent workers^^’ 

found that the slime and the capsule had the same constituent sugars, 

namely galacturonic acid, glucose and rhamnose in the ratio 43:2:1 and in 

addition small amounts of mannuronolactone. Of the three strains 

investigated, only slight differences in composition were found to occur, 

only two strains contained 0-acetyl groups, and one of these strains also 

contained a component thought to be sialic acid. Further work on the
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capsular polysaccharide by Claus^^ of A. vinelandii indicated that this 

acid component was 2-keto-3-deoxygalactonic acid. However in this study 

the sugar composition of the polysaccharide was different, rhamnose was 

the main constituent (64^  and no uronic acids were detected. When 

Azotobacter vinelandii was grown on Burks nitrogen free m e d i u m ^ t h e  

extracellular material was found to consist of large amounts of hexuronic 

acid and smaller amounts of glucose, arabinose, ribose and rhamnose, 

detected after hydrolysis, by paper c h r o m a t o g r a p h y . T h e  authors 

considered that this probably comprised a polysaccharide consisting 

entirely of uronic acid residues together with another polysaccharide 

containing the neutral sugars. They succeeded in separating the 

pclyuronide by acidifying the culture medium with hydrochloric acid when 

it precipitated out. The uronic acid was shown to be a mixture of 

L-gu].uronic and D-mannuronic acidB, linked through positions 4 or 5» thus 

making the poljmier similar structurally to the alginic acid found in brown 

algae. A similar extracellular polysaccharide has been isolated from 

Pseudomonas aeruginosa, a bacterium causing respiratory diseases.

Alginic acid is composed of linear chains with sections comprising 

alternating guluronic and mannuronic acid residues, interspersed by blocks 

composed of a single acid]^^' The proportions of the two monomers

may vary from 25-75^ of mannuronic acid.^^^'

Results obtained by Haug and Larsen^^^' indicated that the

alginate produced by A. vinelandii is of a similar nature to the algal 

alginic acid. It has also been shown that the variation of the calcium 

level in the initial growth medium leads to differences in the ratio of 

mannuronic to guluronic acids. With a low calcium content only a small 

amount of guluronic acid is produced, and maximum guluronic acid is



21

produced at intermediate calcium concentration. High calcium 

concentrations again lead to a predominantly mannuronic acid polymer.

Even after the cells have been removed hy centrifugation, an increase 

in the calcium concentration of the medium leads to a change in the 

composition of the alginate. This suggested the presence of an enzyme 

in the culture medium capable of epimerising D-mannuronic residues into 

L-guluronic residues in the alginate molecule, and this enzyme has indeed
174been isolated.

173It was thought by Haug and Larsen that the methods used by 
56Cohen and Johnstone for identification of the galacturonic acid would 

not exclude the possibility of both mannuronic and guluronic acids being 

present. It is also possible that the positive thiobarbituric aoid 

reaction found.by C l a u s m a y  be due to degradation products of uronic 

acids. However, the possibility that different polysaccharides are 

produced by different strains of Azotobacter vinelandii cannot be ruled 

out.
A. agilis forms a well-defined capsule and no slime in the medium 

The polymer contains galactose and rhamnose in the ratio 1.0:0.7. An

175

acid ccmponent similar to the acid found in A. vinelandii v:as also found. 

This gave the positive thiobarbituric acid test^^^ similar to that given

by the acid found in A. vinelandii; 56
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The polysaccharide of A. chroococcum when first investigated by 
177Stacey was found to contain 87^ glucose and 4^ uronic acid. Further

17Sinvestigation revealed in addition the presence of galactose and a 

trace of mannose, together with an unidentified component thought to be 

a dideoiy sugar. Méthylation analysis indicated the presence of 1,3- 

and 1,4-linked glucose, 1,3-linked galactose and 1,4-linked glucuronic 

acid. Glucose in significant yield was also found linked at positions 

1,4 and 6. The authors interpreted this as evidence that the polymer 

was a highly branched molecule, however no corresponding fully methylated 

end group residues were detected.
49Azotobacter indicum was investigated by Martin in 1945 and found

to produce a fructan containing small amounts of uronic acid when grown

on sucrose and a glucan containing 30^  uronic acid when grown on glucose
179An early study on *A. indicum* indicated that it was a *levan*-

180forming organism and this was in agreement with later work by Fuchs 

who also found that the polysaccharide was broken down after a few days. 

These results were obtained when the species was grown on Agar slopes 

containing sucrose, but no *levan* could be detected when it waus grown in 

a liquid medium. It is thought that the organism possesses a levan 

degrading enzyme system. This has been found previously to occur with 

chroococcum. B .  mobilis was grown under the same conditions (both 

on liquid and on slopes) and no slime formation wats detected. Work by 

Lopez and Backing^^^* indicated the presence of glucose, galactose, 

marrose, auid glucuronic and galacturonic acids in both the slime and 

capsular polysaccharides of A. indicum.

Quinnell and c o - w o r k e r s f o u n d  that A. indicum when grown on 

glucose cLS carbon source produced a polysaccharide containing glucose
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uronic acid and an aldoheptose in the ratio of 3:2:1. The aldoheptose
182was characterised by Sowa, Perry, Jones as D-glycero-D-caannoheptose.

In contrast to Quinnell however the uronic acid content was found to be 

19^ and in addition there was 25^ mannose and 7^ of other unidentified 

components (see Table 1,p2é)Also the presence of a second neutral 

polysaccharide was reported. This was a minor fraction, about 12^ of 

the total and consisted of glucose, mannose, rhamnose and arabinose. 

Previo'os workers had not reported this second polysaccharide or even the 

presence of trace amounts of its component sugars in the hydrolysates.

The uronic acid was identified as glucuronic acid with traces of 

galacturonic and guluronic acids, by estérification, reduction, hydrolysis, 

and paper chromatography of the neutral sugars. The uronic acid content 

was found by the carbazole colorimetric method and by titration to

give the equivalent weight. Results from both methods put the uronic

acid content at 17-19^.

A Further study of this polysaccharide was undertaken by Parikh and
184Jones. " However, the results did not agree with those of the previous 

work in that only a trace of mannose was found and the other constituents 

(glucose, heptose and uronic acid) were present in equal amounts. The 

only uronic acid found was glucuronic and the unfractionated polysaccharide
182was obtained in higher yield,25% compared to 4.5% by Sowa and Jones^ 

both based on the quantity of glucose in the culture medium. These 

fundamental differences were ascribed to the absence of buffer from an 

otherwise similar growth medium. Also there were differences in the 

procedure for harvesting and purifying the polysaccharide. After 

centrifuging off the cells, Sowa obtained the polysaccharide by repeated 

precipitation with acetone whereas Parikh and Jones filtered the
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supernatant after centrifuging through a Celite bed and then precipitated 

the polysaccharide with 0 .5% ethanolic hydrogen chloride and this might 

well account for the differences. Jones and Parikh found partial 

hydrolysis of the polysaccharide difficult and resorted to partial 

degradation of the methylated polymer to obtain oligosaccharides.

The polysaccharide was methylated three times by the Haworth method 

and then by the Kuhn m e t h o d . T h e  polysaccharide was considerably 

degraded on hydrolysis (?0% recovery) . Two methylated oligosaccharides 

were obtained and 3 methylated monosaccharides. Two additional 

fractions thought to contain mannose were lost during chromatography.

Uptaice of sodium metaperiodate by the polysaccharide was equivalent to 

1 mole per mole of anhydroaldose unit and 0.95 moles of formaldehyde 

were released per anhydro heptose unit indicating two free hydroxyls on 

and Cj of 95% of the heptose units. Smith-type degradation gave 

glycolaldéhyde, D-glucose, glycerol amd glycerose. A trace of arabinose, 

wai3 also reported which the authors were unable to account for. The 

absence of tetronic acid in the degradation products required for the 

proposed structure was thought to be due to loss by absorption on 

1on-exchange resin. On the basis of these results the polymer was 

thought to be a linear molecule having the following trisaccharide as 

repeating unit;-

— * 4) D-glucuronic acid (1— ♦ 3) D-glucose (l— # 2)D-glycero-D-mannoheptose( 1-

1 ft7Norwegiain workers subsequently examining the same organism did 

not find suiy neutral polysaccharide. They found the pol̂ m̂ner to contain 

glucose, an aldoheptose thought to be D-glycero-D-mannoheptose and a 

uronic acid. Also present were acetyl groups. These workers
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characterised the uronic acid as guluronic (with no trace of other

^uronic acids) by comparison of the carbazole reaction at different
* 188 temperatures, with and without borate ions and also by its nobility

189on lonophoresis in a special buffer and by comparing the 

chromatographic mobility of the lactones. Its optical rotation was

[a]^ = +36.3° c.f. L-guluronic acid from alginic acid [a]^ = +37°.

This evidence, repeated on several batches of polysaccharide produced 

by using different media seems to indicate that the uronic acid in 

A. milcum is indeed L-guluronic acid. Table 1 gives a summary of 

these results and those of the previous workers.
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Table 1. Composition of polysaccharides produced by A. indicum

181Quinnell Jones,
Perry182&Sowa

Jones & 
Parikh’’®^

Haug &
187Larsen

Teutral
polysaccharide 12 12

Acid polysaccharide

glucose 33^ 30^ + n.d.

heptose 15^ 16^ 3055 + n.d.

mannose - 2% tr. tr.

glucuronic acid 30^

galacturonic acid - )+ 17^ - -

guluronic acid - L - 30^

acetyl groups n.d. n.d. n.d. 20%
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8e-i-erlnckia mobilis (NCIB 9879)

f. mobilis 4s a species of Bai.ierinckia which is not officially 

recognised by Bergey’s Man'oal of Determinative Bacteriology.

It is considered by some to be a variant of Bei.jerinckia indica or 

Azotobacter indicum. It is however a very actively motile species
190which produces an amber-yellow pigment. It appears to be confined

191to tropical regions and has so far been found only in India and Burma
192 193 194Java tropical Africa, ,Northern Australia and South America.

Quite special soil conditions seem to be required for the establishment 

of a population in the soil. In common with the other members of the 

group, it produces poly-(3-hydroxybutyrate (P.H.B. ) as an intracellular
195carbon and energy reserve material. It was noted during attempts to

195measure the amount of P.H.B. produced that B. mobilis produced an 

extracellular slime which gave rise to a turbid solution.

F u c h s r e p o r t e d  that B. mobilis was not a slime producing organism 

and did not produce an emulsion when grown on agar slopes. Emulsion 

formation is considered to be indicative of a polysaccharide—containing 

capsule. However, when this organism was grown by Alginate Industries Ltd.,
196on Burks nitrogen-free medium supplemented with sucrose and potassium 

nitrate, copious slime production was noted.

Cult'ure Conditions

The culture was obtained from the National Collection of Industrial 

Bacteria, Aberdeen, as a lyophilised sample [strain number NCIB 9879]»

After hydration with distilled water, the sample, in suspension was 

transferred to Burk's agar slopes. Large scale growth was then achieved 

in a liquid medium, details of which can be found in Appendix II, table 1.
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After 1 — 7 days growth at 26 C ajid 220 rpm on a shaker the medium 

was centrifuged using an MSE continuous head centrifuge and the crude 

polysaccharide*” was obtained by precipitation with acetone.

We were supplied with the following batches.

Sample No. Q-oantity Experiment No. Additional purification 
before precipitation.

S11A lOg 1 l/l5~or 'Saepit. 
111/4

SI IB 5s 11/15 centrifuged twice.

SI 1C 3g 11/15 protein coagulated by 
autoclaving.

SI ID 15g 11/21

SI'E 20g 11/22

Slip 10g 11/23

S110 40g 11/24

S11H - 11/15 dehydrated cell debris.

S11J - 11/15 dehydrated cell debris.

The average properties of the crude off-white polysaccharides as a 

mil],ed dried powder were:-

Yield, 15 g/litre of culture medium.

% yield 30%  based on quantity of sucrose used.

10% protein 

12-20% moisture.

The viscosity of a 1% solution at pH 4.5 was 850 cps and at pH 2.6 

was l600 cps.

The individual properties of the different batches are given in 

Appendix II table 2.

This thesis describes the structural investigation of this 

polysaccharide.
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G.L.C. Mass Spectrometry in the Identification 

of methylated sugar derivatives

G.L.C. can be used to identify mixtures of partially methylated sugar 

derivatives from hydrolysates of methylated polysaccharides. This is 

generally achieved by comparison of retention times with those of standard 

compc'^mds both as the methyl glycosides and as alditol acetates. However 

these relative retention times are not completely conclusive, due to the 

overlapping of peaks and the frequent presence of peaks in the G.L.C. 

chromatogram originating from the methylating reagents. Thus once the 

components of the hydrolysate of a methylated polysaccharide have been 

identified by G.L.C. confirmation of their identity can be effected by mass 

spectrometry of the methylated alditol acetates. The eluent from the 

G.L.C. machine passes directly into the mass spectrometer where it is 

bombarded with high energy electrons. These remove electrons from the 

molecules leaving positively charged ions. The largest ion usually produced 

is the molecular ion, M^. This ion may be broken down, either due to 

bombardment by electrons, or because the excess energy resulting from 

bombardment is lost resulting in rearrangement and fragmentation. The ions 

produced are separated by an electric field according to their mass/charge 

(m/e) ratio. Ions of charge greater than one are rare. With partially 

methylated alditol acetates the molecular ion (M^ is too unstable to be 

detected and it has been found that the fragmentation occurs by two major 

pathways•

a) Primary fragmentation

This usually occurs once in each ion and is due to fragmentation 

between the carbon - carbon bonds of the sugar chain. The fragment bearing 

the positive charge is the only one to be detected. According to the
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?deductions of Lindberg ^  primary fragmentation is most likely 

between two carbon atoms bearing methoxyl groups (figure 4) and the 

probability decreases with a decrease in the number of methoxyl groups in 

the carbon chain

’ I I ^ 0
C - OCH^ - C - OCH- - C - OC ̂  - CK,
• • ^ 0  I ^ 0C - OCÊ  - C - OC - CH^ - C - OC ̂  - CH^

Figure 4 Probability of fragmentation occuring 1 > 2 > 3

In general after fragmentation has occurred, the positive charge resides 

on the oxygen of the methoxyl group. In addition fragmentation between two 

methoxyl bearing carbons seems to produce ions of high abundance.

b) Secondary fragmentation

This can occur once or more than once from either the molecular ion or

a primary fragment and is due to rearrangement and loss of methanol (32),

ketene (40) , formic acid (42), and acetic acid (60) . Usually the most

abundant peak present in the mass spectrum of a partially methylated alditol
»

acetate is m/e 43 and is the acetylium ion CH^C = 0 .

It has been found that alditols with different distribution of methoxyl 

and acetyl derivatives can be easily distinguished with the following 

exceptions :

1. The mass spectrum will not differentiate between two partially methylated 

hexitols which differ only in the spatial arrangement of hydroxyl groups,

i.e. the same methylated derivative of glucitol and mannitol will give the

same mass spectrum. Here the G.L.C. retention time is vital in the 

identification.
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2. Since no information about spatial arrangement can be gained, any 

derivative will "^ve the same mass spectrum as a derivative which has the 

acetyl and methoxyl groups in the reverse order.

^ 0 ,01 ^ 2 - o c - C « 3 1 r- D C -  C H ^
2 H  - —  O C R 2 H  — -  C H ^
3 ÏÏ - -  D C -  C H ^ 3 H  - -  O C H ^  

,0H  - -  O C H ^ 4 H  - -  D C —  C H ^
5 H  - —  O C ^ ^ -  C H ^ 5 H  - -  O C R
6 He.- - C H ^ 6 L o o ' ' » -  C H ^

2,4-di-O-cethyl hocitol acetate

These two molecules will give identical mass spectra.

Differentiation between these two can however be achieved by the use 

of sodium borodeuteride to reduce the sugar to the alcohol. This would 

result in an alditol acetate containing D^ at position and thus 

of the 2,4-di-O-methyl hexitol could be distinguished from of the

3,5-^i-^-aethyl derivative.
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GENERAL lŒTHODS

I. Physical Technicrues

(i) Lh/aporat ions were carried out under reduced pressure between 30 

and 45°C.

(ii) The water used in all experiments was distilled or deionised.

(ill) Melting points were determined on a Gallenkamp micro melting 

po1nt apparat us•

(iv) Dialysis of solutions was performed in Visking cellophane tubing

against distilled water with toluene added as a bacteriostat.

(v) Specific rotations were measured in a 1 dm polarimeter tube using

a Perkin-Elmer 141 polarimeter. All measurements were made in

aqueous solution using the sodium ^line.
(vi) Unless otherwise stated all resin used was Amberlite

II. Acid Hydrolysis

(i) Formic Acid method

The sample was dissolved in 90% formic acid and solid carbon dioxide 

added to give an inert atmosphere. The tube was sealed and heated for 

6 hours at 100°C. The hydrolysate was diluted with water (5 vol.) and 

heated at 100°C for a further two hours, to hydrolyse the formyl esters.

The solution was evaporated to dryness and residual formic acid removed by 

codistillation with methanol.

(li) Sulphuric acid (1N or 0.5N) method

The sample was heated in the acid solution with stirring for 

? to 8 hours at 100°C. After cooling, the acid was neutralised with

solid barium carbonate.
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(lii) 72% Sulphuric Acid^^^

Cold 72% sulphuric acid was added to the sample and the mixture 

left at room temperature for one hour. Water (lO vols) was added with

cooling and the solution heated at 100°C for 4 hours. After cooling the

acid itfas neutralised with barium carbonate.

HI. Chromât o gr a phy

(i) Paper Chromatography using the following solvent systems for 

descending chromatography (v/v) .

(a) Ethyl Acetate : acetic acid : formic acid : water (l8:3:1:4).

(b) n-butanol : pyridine : water (6:4:3).

(c) n-butanol : ethanol : water (40:11:19).

(d) ethyl acetate : pyridine : acetic acid : water (5 :5 :1:3) •

(e) n-butanol : ethanol : water (3:1:1).^^^

(f) methylethylketone : acetic acid : water (9:1:l) saturated
with boric acid.

Whatman No. 1 paper was used for qualitative work. For preparative
paper chromatography Whatman No. 3 MM or No. 17 paper was used.

(ii) Electrophoresis. The Shandon high voltage electrophoresis 

apparatijs L24 was used with Whatman No. 3 MM paper and the following 

elect:rolytes.

(a) Bo rat e*̂ ^̂
0.2M-Sodium borate in water adjusted to pH 10 with sodium

hydroxide. Electrophoresis was carried out for I.5 h. at 2.5 kv.

The non-migrating marker was 2,3,4,6-tetra-O-methyl-D-glucose.

(b) Molybdate^^^

O.IM-Sodium molybdate dihydrate in water, adjusted to 

pH 5»0 with concentrated sulphuric acid. Electrophoresis was 

carried out at I.5 kv for 2.5 h. The non-migrating marker 

was glycerol.
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(c) Pyridine/Acetic acid

Pyridine ( 1-litre) adjusted to pH (i) 4*0^^

(ii) 6.8

with 5% acetic acid in water. The electrophoresis was

carried out for 2.0 h at 3*0 kv. Glucose was the non-migrating

marker.

(d) Ammonium carbonate^^^

0. 1M-Amraonium carbonate (pH 8 .9). Electrophoresis wan 

carried out for 2 h at 3»0 kv.

(e) Borate with Calcium ions^^^

O.OIM-Sodium tetraborate (borax) in water containing 

O.OO^M-calcium chloride (pH 9*2). Electrophoresis was 

carried out for 2.0 h at O .5 mA/cm.

(lii) Thin Layer Chromatography was carried out on pre-coated 

Kodak cellulose plates in

(a) Ethyl acetate,acetic acid,formic acid,water (18:3:1:4).

(b) Ethyl acetate.

All qualitative chromatography papers and TLC plates were 

dried for 5 mins at 100°C before location of spots.

IV. Staining Reagents

(i) Silver nitrate dip.^^

Three solutions through which the paper was sequentially 

dipped.

(a) Saturated aqueous silver nitrate solution (2.5 ml) and

water (10 ml) in acetone 5OO ml.

(b) Sodium hydroxide (20 g) in water (40 ml) and ethanol

(960 ml).

(c) 10% aqueous sodium thiosulphate.
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(ii) (a) Aniline oxalate spray.

Aniline oxalate (25 g) in 50% aqueous ethanol (1 L).

(b) Aniline oxalate spray.

Aniline oxalate (25 g) in glacial acetic acid (l L).

(iii) £-Anisidine hydrochloride spray.

£-Anisidine hydrochloride (O.5 g) in ethanol (10 ml) with 

n-butanol (4O ml). After spraying with reagents (ii) and (iii) the papers 

were heated for 5 min at 100° to develop the colour.

(iv) Glucose oxidase.

'Glucostat* kit (Worthington Biochemical Company) made 

up as directed. A pirlc colour indicating 3-D-glucose develops after 5 min 

at room temperature.

(v ) Heptose Spray.

The paper is sprayed successively with the following 

a O.O3M sodium periodate in pH 3 «6 0.2M acetate buffer.

I b after 1 min,T% aqueous inositol.

£  ammonium acetate (15 g) acetic acid (0.2 ml) 

acetylacetone (l ml) 

in methanol (50 ml).

A yellow colour develops after 30 minutes at room temperature.

(vi ) Bromophenol Blue Spray.

0.1% Bromophenol blue in 96%  aqueous ethanol saturated

with sodium carbonate. A blue colour on a yellow background develops in 
5-30 min. This fades on further standing.
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(vii) 0-phenyltneTiiamine spray for keto acids.

0.2% ethanolic ^phenylfcne^iamine (5 mis) and 20%. 

aqueous trichlofoacetic acid (5 mis).

A white fluorescent spot visible under ultra violet light develops after 

10 minutes at room temperature.

(viii) Galactose oxidase Spray.

Galactose oxidase (2-3 mg) + horse radish peroxidase 

(2-3 mg) + 0-dianisidine (10 mg) in 0.1M-phosphate buffer pH 6.9 (lO ml). 

Ccloiur develops at room temperature.

(ix) Urea hydrochloride.^^

Urea (10 g) in ethanol (200 ml) and concentrated 

hydrochloric acid (8 ml) in water (32 ml) . A blue colour specific for

ketoses develops after 5 minutes at 100°C.
I

V . Gas Liquid Chromatography (G.L.C.)

A. Instrumentation

(i) A Pye Argon gas chromatograph with an Argon ionisation 

detector, and dry argon as carrier gas was used for the methylated 

methylglycosides. Glass columns ( 1 mi 5 mm) (1) and (2).

(ii) A Pye IO4 gas chromatograph with nitrogen carrier gas and 

flame ionisation detector with glass columns (3 m x 5 mm). Column (3) for

the ITIS ̂ derivatives of the sugars and alditols. Column (4) for the methylated

alditol acetates.

(iii) A Perkin-Elmer F11 gas chromatograph with flame ionisation 

detector and helium gas with a glass column (4 m x 1.6 mm) (Column 5)•

S Ibe columns were packed with the following materials

(1) Butane 1,4 diolsuccinate polyester, 15% on silane treated Celite.

(2) Polyphenyl ether (P.P.E.) m-bis-(m-phenoxy)-benzene 10% on silane- 

treated Celite.

(3) Apiezon K, 7*5% on silane treated chromosorb W.
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(dj OV 225» 3% on Gaschrom Q.

(5j OV 225t 3% on Gaschrom Q.

C. Gas Chromatography linked to Mass spectrometry.

The P11 gas chromatograph was coupled via an all glass system 

thrc’ogh a Watson-B 1 emann separator to a Hitachi RMS-4 mass spectrometer, 

y^ss spectra of partially methylated alditol acetates were obtained by 

operating the hon source* at 230°C, 50 eV and 80yua target current.

VI. Assays and Analyses

(i) Carbohydrate Content was assayed by the phenol sulphuric acid 

methodt~^ Water (l ml) containing 10-100 /ig sugar was added to 4% 

phenol (1 ml) and concentrated sulphuric acid (5 ml ) added rapidly.

The colour developed was read at 487 on a Unicam 2P500. Standard 

graphs were prepared for different sugars and mixtures of sugars in the 

ratios corresponding to those of the particular polysaccharide.

(ii) Uronic acid estimation was by the modified carbazole
209reaction. A saturated aqueous solution (l ml) of benzoic acid, ^

containing 4-40 îg uronic acid was layered onto concentrated sulphuric 

acid (5 ml ) containing 0.025 M-sodiurn tetraborate in an ice bath.

Keeping the temperature below 4°C the two layers were mixed. The mixture 

was warmed to room temperature and then heated in a boiling water bath 

for 20 minutes. After cooling 0.125% carbazole in anal a r methar.ol 

(200 was added aid the tubes heated at 100°C for a further 15 minutes. 

The colour which developed was read at 530 mpi on Unicam SP5OO. Standard 

grap)hs for different acids were prepared.

(iii) Glucose Content was estimated using 6. Boehringer Blood 

Sugar kit. The polysaccharide (IO mg) was hydrolysed with 2N-HC1 (3 ml)
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for ® hours at 100°C. After neutralisation with 2N-NaOH (3 ml) the
210solution was made up to 100 ml. This solution (l ml)(containing

0-50 ̂ /ig glucose) was added to the enzyme solution (5 ml) and left to 

stand for 1 h in the dark. The absorbance was read at 430 râ  on the

Uni cam SP500. A standard graph for glucose was used.

(iv) Degree of polymerisation of oligosaccharides was measured
211 2 1 2  by the Timell modification, of the Peat method. Two tubes are

required for each sample.

A 2% (0.5 ml) + water (O.5 ml) containing 60-80 ug

oligosaccharide.

B 2% KBH^ (0.5 ml) + 2N-H2S0^ (0.5 ml) containing same amount of 

oligosaccharide as tube A.

The tubes are left overnight and then 4% phenol (1 ml) and concentrated 

sulphuric acid (5 ml) added. The colours formed are read at 487 091.

Absorbance BFor a homo oligosaccharide D.P.
Absorbance B - Absorbance A

The equation is modified for hetero oligosaccharides to allow for the 

difference in response to the phenol-sulphuric acid test of the 

respective sugars.

(v) Nitrogen and Protein content. Nitrogen content was

meatsured by A.Bernhardt (w. Germany) and the protein content calculated
213by multiplying by 6 .25»

(vi) Molar proportions of sugars were estimated from the peak 

areas on G.L.C. of the T.M.S. derivatives of derived alditols or 

methylated alditol acetates. Standard graphs were prepared to check 

the response of different sugars to the G.L.C. detection system.
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VII. General'React ions and Preparations

(i) Preparation of IR 120H^ dry form in methanol. The resin 

washed with water until free of colour. It was then stirred with 

methanol for 18 h and then filtered. This was repeated three times, 

the third time with dry methanol. The resin was then stored under dry 

methanol.

(ii) Preparation of methanolic hydrogen chloride. Hydrogen 

chloride gas was passed into dry methanol until saturation was reached.

The solution was titrated with N-NaOH and diluted with dry methanol as 

required.

(iii) Preparation of dimethyl sulphinyl carbanion^^^ Sodium 

hydride (1.5 g , 55% coated with mineral oil) was washed three times with 

£-pentane (30 ml) which was removed by successive evacuations of the 

vessel. After each evacuation, dry nitrogen was passed into the vessel. 

Dry distilled D.M.S.O. (15 ml) was added and the contents of the vessel 

heated at 55°C until evolution of hydrogen ceased. The carbanion was 

transferred to serum bottles and stored at 0°C under an atmosphere of 

nitrogen. Its normality (^ 2N) was determined by titration with 0.1N-HC1

(iv) Preparation of diazomethane. Potassium hydroxide (6 g) 

in water (10 ml) was added to methyl digol (35 ml) and dichloromethane 

(10 ml). This solution was heated to 70°C. A solution of O.IM-^-tolyl 

sulphonyl methyl nitrosamide in dichloromethane (l25 ml) was added 

dropwise. The diazomethane in dichloromethane distilled over as a 

yellow solution. When all the nitrosamide had been added, further 

dichloromethane was added until the distillate was colourless. The 

diazomethane was stored at -5°C.

*methyl digol = diethylene glycol monomethyl ether
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216(v) Preparation of chromotropic acid reagent.

Di-sodiiim—4,5-<iihydroxy-2, 7-naphthalene disulphonate (chromotropic 

acid) (2g) in water (200 ml ) was diluted to 1 L with 66% sulphuric 

acid.

(vi.) Methyl glycosides of sugars. The sugar was dried in a

desiccator over concentrated sulphuric acid and then dissolved in dryresin
methanol and a small amount of IR 120H^/(dry form) added as catalyst.

The mixture was refluxed for l8 h, the resin filtered off and the

methanol removed by evaporation

(vii) Estérification and glycosidation of uronic acid. The

dried acid oligo- or polysaccharide was refluxed with 2% methanolic

hydrogen chloride for 18 h. The solution was neutralised with silver

carbonate, filtered and the silver salts washed with dry methanol. /

The filtrate and washings were evaporated to dryness.

(viii) Reduction of Sugar to Alditol. The sugar was dissolved

in aqueous O.OIM-boric acid (5 ml) and potassium borohydride added to

give a 2% solution. After l8 hours, if the solution was alkaline, the

residual borohydride was neutralised with glacial acetic acid and the
 ̂ respectively

potassium removed with IR 120(H )resin. Acetic cind boriq acids were /

removed by evaporation and codistillation with methanol. If the

solution was not alkaline, more borohydride was added and left for 2 h.

This was repeated until the solution remained alkaline.

(ix) Reduction of uronic acid to sugar. The acid was first 

esterified by method Vll(vii) and then reduced by method VII (viii) 

the methyl ester of the acid being reduced to a sugar while the 

aldehydo group was not reduced since C-1 was protected as the

methyl glycoside. The free sugar was then recovered by hydrolysis with 

formic acid.
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(x) Trimethyl silyl derivatives. T h e  material 

(lO-l5 eg), dried by co-distillation with methanol and dry benzene, was 

dissolved in dry pyridine (l ml) and trimethyl chlorosilane (O.l ml) 

added followed by heiamethyldisilazane (0.2 ml). After shaking for 

5 mins, the precipitate of ammonium chloride was removed by 

centrifugation and the sample evaporated to dryness. The residue was 

dissolved in dry hexane and analysed on G.L.C. (column l).

218(xi) Alditol acetates. A sample of mixed, partially

methylated alditols, dried in a desiccator, was dissolved in a pyridine; 

acetic anhydride (l;1 v/v) mixture and heated for 10 mins at 100°C.

After dilution with water the sample was evaporated to dryness. The 

residue was dissolved in chloroform and analysed by G.L.C. or GLC-MS 

[col^umns ( 4 ) and (5)1 . /

(xii) Méthylation

(a) Hakomori Method^^^ (modified by Bjomdal and 

Lindberg^^) : The polysaccharide (50-35 mg) was dissolved in dry M S O

(1 ml) in a serum bottle under an atmosphere of nitrogen. Dimethylsulphinyl 

carbanion (1 ml) was injected into the serum bottle and the mixture shaken 

for S h. Freshly distilled methyl iodide (0.2 ml) was added with cooling 

and the mixture again shaken for 8 h. This procedure was repeated, 

except an excess of methyl iodide (1.O ml) was added. After the final 

period of shaking the solution was poured into water (25 ml) and the total 

vol'ime dialysed for three days. For méthylation of oligosaccharides, after 

pouring the solution into water, the methylated derivatives were extracted 

from aqueous solution with chloroform.
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(b) M o d i f K u h n  M e t h o d . The oligo- or 

polj-saccharide was dissolved in methyl iodide (5 ml) to which was added 

silver oxide (20 mg). After shaking in ice for 30 minutes, the 

mixture was refluxed for 1 - 18 h. The silver oxide was filtered off 

(the silver salts washed with methanol) and the methyl iodide and 

methanol removed by evaporation.

(c) Diazomethane?^^ The oligosaccharide was

suspended in methanol to which was added 1,2 dimethoxy ethane (2 ml)

containing 0.1% boron trifluoride etherate at -5°C. To this was

aided aliquots of diazomethane until the yellow colour was stable.

The mixture was kept at 0° for l8 h after which the white precipitate

(pol^-methylene) was filtered off and the filtrate evaporated to dryness.
/

(xiii) Periodate Oxidation. Estimation of the extent of

oxidation was measured by the spectrophotometric method of Aspinall 
223and Perrier. An aqueous solution of polysaccharide was added to

an ecpual volume of 0.03N-sodium metaperiodate. Aliquots (O.l - 1 ml) 

were withdrawn at intervals and diluted 250 times and the absorbance 

read at 223 The initial absorbance of the periodate before the

addition of polysaccharide and the absorbance of an equimolar solution 

of sodium iodate were measured and thus the number of moles of periodate 

reduced at any time was measured. After 24 h the reaction was 

terminated by the addition of ethylene glycol.

(xiv) Determination of moles of formaldehyde liberated 

during periodate oxidation.^^^

The periodate oxidation mixture (1 ml) vdiich should liberate 0-100 ;ig 

formaldehyde was added to 26.5% sodium sulphite (1 ml). An aliquot (1 ml)
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was mixed with chronotropic acid (lO ml). The mixture was heated for 

30 min at 100°C^ On cooling the absorbance was read at 570 np on the 

Unicam SP 5^0. A standard graph was prepared using erythritol.

(xv) Hinton*s Indicator 

The indicator is prepared by mixing solution 1, (l vol.)^ solution 2 (3 vol.) 

and solution 3 (l vol.) with water (l vol.).

Solution 1

Solution 2

Solution 3

Bromothymol blue

Ethanol

Water

0.5X-%a0H

Phenol red 

Ethanol 

Water 

0.5M-%a0H

Cresol red 

Ethanol 

Water 

0.5M-Ra0H

0.25 g

300 ml 

198 ml 

0.75 ml

0.25 g

300 ml 

198 ml 

0.75 ml

0.25 g
100 ml 

398 ml

0.75 ml
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Experiment I Routine Analysis of polysaccharide samples

Each polysaccharide sample was hydrolysed with formic acid [GW II (i)]

and the hydrolysate analysed by paper chromatography in solvent systems
[G!( V (3)]

(1), a, b and c, and by G.L.C./of the T.K.S. derivatives [GK VII ( %)] 

prepared from the hydrolysate and from a sample of the hydrolysate which 

had teen reduced with sodium borohydride [GM VII (viii^.

Experiment II Quantitative Analysis of the polysaccharide samples

The polysaccharides were dried in a vacuum desiccator at 60^C for 

1S hours and then analysed for nitrogen [OM VI (v ) ] and the

carbohydrate content determined VI (i)] from a glucose graph. (Table 1̂ 3-
p.86 )

Experiment III Purif1 cat ion

The polysaccharide as 0,1^ solution was suspended in water using a 

Stilson high speed stirrer and then centrifuged in a Beckman J .21 

centrifuge with a JA 10 rotor at 10,CXX) r.p.m. for 60 minutes. The 

centrif’igate was freeze-dried (product A) the supernatant was found to be 

too dilute to precipitate with either ethanol or acetone and it was 

therefore necessary to concentrate it. However, it was found to froth 

when evaporated under reduced pressure, and was therefore concentrated by 

partial freeze-drying, which proved to be an effective method. To the 

concentrated aqueous solution was added acetone or ethanol (5 vol) and the 

precipitate (product C) was recovered by centrifugation^the acetone and 

ethanol were removed from the supernatant by evaporation,and the aqueous 

solution freeze-dried (product b).
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Crude Polysaccharide
O.T# Soln

Centrifuge <- 
freeze dry 
product A

Carbohydrate 
content of a ̂  
sample 
(Table 12)

Centrifuge

Supernatant

Concentrate 
by freeze drying

Precipitate with ethanol or acetone

Precipitate 
product C 
CA or CE

Evaporate
solvent Product B 

BA or BE

reprecipitate 
w'. th acetone

Evaporate 
solvent B1

Precipitate
Cl
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Product (a ).after freeze-drying was a light flocculent creaLm to pink 

solid,(B) was jL sticky yellow substance and (c) was a light white solid.
It liras found that acetone gave a higher yield of precipitate (product C^)

with a higher carbohydrate content when compared to the ethanolic

precipitate (product Cg).

For the first batch (SIIA) of polysaccharide, the dissolution and 

precipitation with acetone was repeated producing products B^ and which

proved to be no purer than C. Each of the products A, B and C were

ara.lysed for nitrogen, and carbohydrate as in Experiment II (see 

results table 1% p.8 b,

Experiment IV Ph:/sical properties of purified polysaccharide

(a) Specific Rotation

The polysaccharide (lO mg) was dissolved in water (10 ml) and the 

cloudy solution filtered through a millipore filter (mesh size 0.45 )•

The resulting solution was assayed for carbohydrate [04 VI (i)3, The 

rotation of this solution was measured [GM I (v)] and the specific rotation 

calculated from the relation

r 1 d X 100[a]j5 .--------
d X c

d = length of cell in decimeter 

c = concentration in g/100 ml

polysaccharide *= +69°

(b) Infra red of the polysaccharide

The polysaccharide was dissolved in water to form a smooth paste, 

which was spread on a microscope slide and allowed to dry. The thin 

film was peeled from the slide and mounted in a cardboard photographic 

slide mount. An infra red spectrum was taken using the Perkin Elmer 257 

grating spectrometer. See R  (09
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Expienment V Monosaccharide composition

The polysaccharide (product C) (lOO mg) was hydrolysed with formic 

acid [C2»î II (i) ] and analysed by paper chromatography [solvents (i) 

a, b and c, and spray resigents 17 (i), (ii) a, (iv) ]. Hydrolysis was 

accompanied by considerable degradation and charring and the production 

of large quantities of slow-moving acidic oligosaccharides which held 

back the monosaccharide spots on paper chromatograms. Attempts were 

thus made to remove the acid oligosaccharides from the neutral components.

Experiment VI Fractionation into acidic and neutral constituents

1. Preparative paper chromatography.

(a) The hydrolysate (from 1 g polysaccharide) was applied to 4 washed 

Whatman No. 3MM preparative papers which were eluted for 60 hours with 

solvent system III (i) c. The stained side strips indicated the presence 

of BIX components. The portions of the paper thus indicated were eluted 

with water and the eluent concentrated and analysed by paper chromatography,

(b) The hydrolysate (from 1 g of polysaccharide) was applied to 4 

washed preparative Whatman No. 3NM papers and eluted for 48 hours [solvent 

syEitem III (i) b]. This solvent was found to give a very good separation 

between the acid fraction (very slow moving) and the neutral mono­

saccharides, but the individual components of each fraction were not well 

resolved. Accordingly two fractions, acid and neutral, were obtained by 

this method.

2242. Resin column

A column containing Permutit DeaciditeFFIP(SRA67)(chloride form, 

200 g) was prepared; the resin was washed with 2N-sodium hydroxide (-^3L) 

until no further chloride ions were detected and then excess alkali removed
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by washing with'water until a neutral pH was obtained. The resin was 

converted into the formate form by elution with 2N formic acid $L) 

and then with water until the eluent was neutral.

The hydrolysate, obtained as above (from 1 g in water 10 ml), was 

applied to the column. The neutral components were eluted with water 

until no further carbohydrate was present («w 2L). The acid components 

were obtained by gradient elution of 0-211-formic acid (2L) . Fractions 

(2 ml) were collected and monitored by the phenol sulphuric acid method 

[G?C VI (i)]. The neutral components were obtained free from acid by 

this method.

1 ftp3• Partial hydrolysis

The polysaccharide (10 g)vrâ  hydrolysed by GM II (ii) (O.^N-H^SO^ 

for 8 hours) . The neutralised hydrolysate (BaCO^) was concentrated to 

a small volume and ethanol added (10 vol). The uronic acid components, 

precipitated as their barium salts, were removed by centrifugation.

The supematent (neutral fraction) was deionised by passage down. columns 

of IH 120 (H^ and IR45B(0H^ resins. The uronic acids were converted 

into their ammonium salts by removing the barium ions with IR120(H^ 

resin and then neutralising with ammonium hydroxide solution.

Experiment VII Characterisation of the uronic acid

The acid fraction from experiment VI1b was applied to a 3%M 

preparative paper and eluted in solvent system IIl(i)a and was found to 

consist of four components, the fastest of which was separated and found 

to be monouronic acid. Only trace amounts of other components were 

obtained and these were not investigated further*
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The monouronic acid component was treated as follows

1. Thin layer chromatography in solvent system III (iii)a.

The plates were double developed and stained with spray IV (iii)

?. Paper electrophoresis in buffer III (ii)e, stained with spray IV (ii)b.

Beth these techniques give a good separation of the four common uronic 

acids, and, when the ionophoretogram was run with authentic standards, the 

mobility of the uronic acid was identical with that of guluronic acid. 

However due to the streaking effect often observed with electrophoresis, 

the presence of a small amount of glucuronic acid could not be ruled out.

3. Reduction of the uronic acid to a neutral sugar [04 VII ( ix)]

An aliquot was reduced and the derived neutral sugar was analysed by

(a) Paper electrophoresis in molybdate buffer IIl(ii)b.

Mobile and stationary components were observed, the former indicates

the presence of gulose. However gulose is very easily partly converted
199into the 1,6-anhydrosugar which does not have the correct conformation 

for mobility in molybdate buffer and like galactose and glucose remains 

cn the starting line and this could account for the stationary component.

(b) Paper chromatography [solvent systems IIl(i)a-c,e and spray reagents 

IV(i), (iv) and (viii].

The enzymic sprays [(iv and ( vii)] eliminated the possible presence of

glucose and galactose and solvent IIl(i)e gives a good separation between 

gulose and mannose. The mobility of the unknown sugar was identical with 

that of the gulose standard. A T.M.S. derivative was prepared

[C2*l VII (x)] and this proved to have the same retention time as an authentic

sample of 1-gulose lî̂'S and there was no further resolution of peaks when the 

two samples were mixed and injected onto G.L.C. [GM V, (ü)^.
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Experiment VIII Dronic acid content of the polysaccharide

1. Carbazole determination [GM Vl(ii)]

The uronic acid content when calculated from a guluronic standard 

graph was 58^ and from a glucuronic standard graph was 29^.

2. IbLtration of the polysaccharide

The polysaccharide (O.I g) in water (50 ml) was converted into the 

free acid form by passage three times down a column of IR 120(h*^ resin.

The resin was washed to remove any residual polysaccharide and the solution 

and washings combined. The solution was divided into 4 parts ( a-d) and the 

volume adjusted to 100 ml. The amount of carbohydrate was assayed 

[GM Vl(i)]. Excess O.IN-sodium hydroxide was added and the 4 parts 

titrated against 0.1HHC1 in the following ways:-

(a) titrated immediately using phenolphthalein indicator.

(b) titrated immediately using Hintons indicator, see GM Vil (xv) .

(c) titrated after 2 hours using phenolphthalein indicator.

(i) titrated after 2 hours using Hintons indicator.

The equivalent weight of the polysaccharide was then calculated; 

and from this the uronic acid content and also the amount of low molecular 

weight acids present as esters, which would be liberated by the sodium 

hydroxide on standing - see table 2. The uronic acid content was found 

to be about 5̂ *
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Tabl.e 2 Calculation of Equivalent weight

Methods of titration

Amount 0 .OIN-NaOH(inl) 11
titre 0.01N-HC1 (ml) 5 .O5
.. \nol. NaOH used (ml) 5 * 9 5

Normality polysaccharide 
Amount of polysaccharide used

Equivalent 3 5 9
^ uronic acid 49

10

4.35
5.65

10

2.91
7 . 0 9

5.95x10“'* 5.65x10"'* 7 .09x 10“'*
21.5 mg in 100 ml 
3 7 8  
47

Normality of polysaccharide due to low molecular weight acids 
Normality = c-a or d-b 1.14%10"^ I.O^xlO"^
If acids are acetic acid Equil wt. I885 2047

% acetic acid 3.2 ■ 2.9

10

3.3
6 . 7
6.7x10“ '*

Experiment IX Measurement of the degree of degradation caused by hydrolysis

The polysaccharide (lOO rag) of known carbohydrate content and uronic 

acid content was hydrolysed by formic acid (10 ml)[CM Il(i)] and the 

hydrolysate freeze-dried and weighed. A sample of the hydrolysate was 

assayed for carbohydrate content and uronic acid content. This indicated 

a loss of 11^ of neutral components (read as glucose) and 30^ uronic acid 

(read as guluronic acid).

Experiment X Identification of the Neutral Monosaccharides

The neutral fraction from the resin column hydrolysate [Expt. Vl(2)] 

was analysed by paper chromatograpl\y[solvents IIl(i)a-c and sprays IV(i) ,

(ii)a, (iii), (iv), (viii), (ix)] and found to consist of glucose, mannose, 

arabinose.rhamnose and an unknown with a similar mobility to galactose.



52

Galactose was not present, this was confirmed by the enzymic galactose 

oxidase spray.

The neutral fraction from the partial hydrolysis [Expt. Vl^] was 

applied to a cellulose column (Whatman CFll^ 500 g) and eluted with
182n-propanol; ethyl acetate; water (?:2:l). Fractions (5 ml) were

collected and analysed by paper chromatography [solvent III (i)a] after 

partial evaporation. This method is less sensitive than the phenol- 

sulphuric acid method [GM VI (i)] but propanol was found to interfere with 

the colour reaction of the latter method. The fractions were combined as 

appropriate into 10 components and analysed by paper chromatography 

[solvent III (i) a-c].

oligosaccharide (trace, mixture) 

oligosaccharide (trace, mixture) 

oligosaccharide (trace, mi.xture) 

glucose + unknown 

glucose

glucose + mannose 

mannose + arabinose 

arabinose 

rhamnose 

glycerol•

5
6

7

5

9
10

Experiment XI Characterisation of the neutral components

The impure components were reseparated by preparative paper 

chromatography [solvent system III (i)a]. By this method, four 

monosaccharides auid glycerol were obtained pure* The solutions of the
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mor.csaccharides were filtered through a millipore (mesh size 0 . 4 5 *

The vol'jme was adjusted to 10 ml and the carbohydrate content measured 

and calculateur from an appropriate standard graph. The specific rotation 

of each sugar was measured. An aliquot of each solution was converted into 

the T.M.S. derivative [CM VII ( x) ] and analysed by G.L.C. A second 

aliquot was reduced with sodium borohydride and similarly examined.[GMV^ li (3)], 

A crystalline derivative was prepared from each of the monosaccharides, 

and from an authentic sample. Melting points and mixed melting points 

were taken.

2251. Glycerol nitrobenzoate.

Glycerol (10 mg) was dissolved in pyridine (0.5 ml) and a 10^ molar 

excess of £-nitrobenzoyl chloride added* The mixture was heated at ?0°C 

for 40 minutes. The crystals formed were recrystallised from petroleum 

ether (6O/4O)/ethyl acetate (l:l) and dried in a desiccator. Melting 

point and mixed melting point ** l87°C. Standard glycerol-g—nitrobenzoate =

iw°.

2262. Rhamnose 2,4-4initrophenylhydrazone.

Rhamnose (5 mg) was dissolved in water (O.I ml) and 2,4-dinitro- 

phenylhydrazine (10 mg) in glacial acetic acid (0.5 ml) added. The mixture 

'was heated at 50^C for twenty minutes and then kept at 5°C for 18 hours.

The deep yellow crystals were washed with cold alcohol and dried in a 

desiccator. Melting point and mixed melting point 170°. Literature 

value = 179°C.

2273. Arabinose benzoylhydrazone.

Eenzoylhydrazine (10 mg) in 95^ alcohol (l ml) was added to arabinose 

(5 mg) in water (O.I ml). The mixture was kept at 20°C for 24 hours and

at -5°C for 48 hours. The white crystals were washed with ice cold
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ethanol and dried in a vacuum desiccator for 48 hours. Melting point and 

nixed melting point = 184° (d). Literature value = 186°.

4. Mannose phenylhydrazone

5 A' phenyl hydrazine in 95^ ethanol (0.5 ml) was added to mannose

(10 mg). The mixture was warmed in a heaker of hot water for 30 minutes

and then kept at -5°C for I8 hours. The vdiite crystals after filtration 

were washed successively with a few drops of water, ethanol and ether. 

Melting point and mixed melting point 199°* Literature value 199°.

The Bjrrup, when kept for I8 hours at 5°C,crystallised as the p anomer. 

The yellowy crystals were washed with ice cold ethanol until colourless. 

Melting point 147°. Literature value 148-150°. A single crystal was 

weighed and dissolved in water and the optical rotation followed until 

equilibrium was reached. [a]^ = +22° — ^ +53°. Literature value

+ 1 9  ► +53.

Experiment XII Identification of the unknown monosaccharide

The fourth monosaccharide fraction (Expt. X) was found to consist 

cf glucose and a monosaccharide thought to be galactose. When this mixture 

was anal^'sed by paper chromatography [solvent systems III (i) a-c.

Sprays IV (i),(ii)a, (iv) , (v) , (viii) ] (see table 3). The presence of

galactose was ruled out and a heptose was indicated. An aliquot of the

mixture was converted inQto the derivative [GM VII (x)] and a further 

aliquot was reduced [GM VII (viii)], and the IMS derivative made.

Comparison of the G.L.C. chromatograms with that of the T.M.S. derivative 

of the authentic sample of D-glycero-D-mannoheptose indicated that the 

latter was the same as the unknown.
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A sample of D-glycero-D-mannoheptose was kindly supplied by 

Dr K.B. Perry. The values in column 4 are taken from the paper by
182Jones Perry and Sowa.

Table 3» of unknown monosaccharide
1 ft ?Solvent system R^^^ galactose D-Glycero-D- unknown J.P. & S

mannoheptose

(1) a 0.97 0.875 0.875 0.90

(0 b 0.88 0.94 0.94

(1) c 0.93 0.94 0 .9?

(:) fi 0.82 0.82 0.82

The mixture was applied to a preparative 3,MM paper chromatogram and 

eluted in solvent system ^11 (i) a]for 48 hours, and the two components 

separated. This was repeated three times, the heptose eventually being 

obtained chromâtographically pure. Its carbohydrate content was measured 

and a specific rotation taken. [a]^ = + 17°. Literature value + 21°.^^^ 

Insufficient material was obtained to prepare a crystalline derivative.

To obtain more of the heptose, the neutral eluent from the resin 

COlimn (experimentVT2) was applied to a 3MM preparative paper chromatogram 

and eluted in solvent system IIl(i)a, for 24 hours. The fraction 

corresponding to the glucose/heptose mixture was eluted. The glucose was 

converted into gluconic acid by the enzyme glucose oxidase, and the gluconic 

acid, removed by ’Biodemin:;: relit ’ resin (carbonate form). The enzyme was
f

removed by boiling for 5 minutes with methanol, when the protein coagulated 

and precipitated)and was then removed by filtration. The solution of the 

heptose was filtered through millipore and concentrated. Paper
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chromatographic'examinâtion of the syrup indicated that it was 

chromâtographically pure.

Three attempts were made to make crystalline derivatives:

229
1. A c e t a t e ~

Tne heptose (5 mg) was dissolved in acetic anhydride (O.5 ml) 

containing concentrated sulphuric acid (l drop) and the solution kept 

at room temperature for 48 hours. The mixture was then poured onto ice.

A creamy syrup was produced, which did not crystallise.

2. Diethyl dithio acetal.^^^

The heptose (5 mg) was dissolved in ice cold concentrated hydrochloric 

acid and shaken with ethanethiol (0.2 ml) at 0°C for 30 minutes and then 

set aside at -5°C for I8 hours. The reaction mixture was neutralised 

with lead carbonate and concentrated. The deep yellow syrup was kept 

at 0°C for 24 hours. No crystals appeared.

2293. £-nitro phenylhydrazone.

The heptose (10 mg) was dissolved in methanol (0.2 ml) and refluxed 

for 2 hours with £-nitrophenylhydrazine (10 mg). The solution was 

concentrated and dissolved in ethyl acetate. On cooling no crystals 

appeared.

The dark yellow syrup was spotted onto thin layer chromatograms 

[solvent III (iii)b]. The starting material (^-nitrophenylhydrazine) 

moved with the solvent front but there appeared to be no starting material 

left in the reaction mixture. The syrup was diluted with water and 

filtered through a millipore and concentrated. The syrup still failed to 

crystallise.
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Experiment XIII' Molar proportions of neutral sugars in the hydrol.yrate 

The neutral fraction from the resin column (Expt. 712] was used to 

determine the molar proportions. The following experiments did not take 

into account the neutral sugars still present as oligosaccharides. No 

result was obtained for the heptose from method 1 as no standard graph of 

the T.M.S. derivative was available. The result for the heptose for 

method 2 was obtained by reading from a standard graph of ^glycero-D- 

mannoheptose. See table 4*

These were calculated by two methods:

1. as (3( 71 (vi) .
2. micro gram quantities of the sugars were eluted from preparative 

paper chromatograms developed in solventlll(i)c. Where these resulted in 

mixtures, the carbohydrate content of the total was determined and the 

mixture reseparated by preparative paper chromatography in solvent IIl(i)a. 

The individual carbohydrate contents of each of the fractions was determined 

by the phenol sulphuric acid method [GM Vl(i)] and calculated from 

individ'iial standard graphs.

Table 4. Molar proportions of neutral sugars in polysaccharide 

Sugar Proportions

Method 1 Method

mannos e 1.0 1.0

glucose 5.6 4.9
arabinose 1.05 1.1

rhamnose 0.9 0.95
heptose — 1.25



Eriieriaent XIY - Identification of Neutral Oligosaccharides

The neulrral oligosaccharides obtained in experiment X (fractions 1-3) 

ve;re combined and separated on 2 preparative paper chromatograms in 

solventlll(i)a. Unfortunately the separation appeared to be different 

on the two papers and so two series of oligosaccharide fractions A and B 

were obtained called A1-7 and B1-8. Each fraction was analysed by 

paper chromatography [solvents IIl(i)a and b and sprays IV(i),(ii) a, and 

b, [iv)]. The carbohydrate content [gM Vl(i)] and the degree of 

polymerisation [C3( VT (iv) ] were measured. The remainder of each 

fnkction was hydrolysed and analysed by G.L.C. of the T.M.S. derivatives 

[Gb< V(3)tVTl(x) ].The ^/alues for degree of polymerisation were corrected 

according to the composition found on G.L.C. It appeared that many 

cf the fractions were still mixtures, however insufficient material was 

available for reseparation. Table 5 gives a summary of the results 

obtained.

Table 5* Neutral oligosaccharides

“raction mg Dp heptose glucose mannose' arabinose

0A1 0.175 15 + +
0A2 0.135 11.3 + +
0A3 0.162 8.5 + + +
0A4 0.198 6.6 +
0A5 0.198 6 + + + +
0A6 0.518 5 + +
0A7 0.346 3 +
OBI 1.1 3.2 + +
0B2 . 3.8 5 +
0B3 1.14 3.7 + + +
0B4 0.86 3.5 + + +
0B5 0.52 4 + +
0B6 0.42 3.4 + + +
0B7 0.76 4.3 + +
0B8 0.46 2 +
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Experiment XV, Separation of Acidic oligosaccharides

The aci3. fraction from experimentVI,3 WtkS applied to 4 preparative 

papers which were eluted in solvent IIl(i)a. Side strips indicated 

the presence of 7 components. After separation, the solutions were 

filtered through a millipore filter (mesh size 0 .45/ĵ ) and the total 

volume of water adjusted to 50 ml. The fractions were assayed for 

carbohydrate [CM Vl(i)] and the degree of polymerisation measured 

[GM Vl(iv)]. The mobilities of the fractions were measured on paper 

chromatography [solvents Ill(i) a, b, c, d] and on paper electrophoresis 

[buffers III(11) c and e]. Samples of each were hydrolysed with formic 

acid [GM IIl(i)] and analysed by paper chromatography [solvents Ill(i) 

a, b and d]. A further aliquot was esterified, reduced, and hydrolysed 

[GM VTI (ix)] and analysed by paper chromatography [solvents IIl(i) a, 

b and e] and by G.L.C. of the T.M.S. derivatives [GM V(3) ,VII(x) ]. The

results obtained are summarised in table 6 .

Table 6 Acid oligosaccharides

fraction mg D.P. heptose
Composition

glucose uronic
1 10.0 15 + + +
2 5.2 5 +
3 12 3 + +
4 7 2 +
5 1.65 1.22* + +
6 5.8 *1.24 + +
7 4.8 1 +

Chromatographic analysis of hydrolysates indicated that these two 

fractions were identical, but still contained mixtures of oligo­

saccharides •
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No glucose was found in the sm H e r  oligos ccharides, either after 

hjrirolysis or after reduction and hydrolysis indicating that neither 

gl.ucose nor glucuronic acid were present. Fraction 1 was thought to be 

p^irtially degraded polysaccharide.

Experiment XVI Periodate oxidation of the polysaccharide

The polysaccharide (1.5 g) was dissolved in water (25O ml) O.O3M

sodi'om metaperiodate (250 ml) was added and the reaction followed

spectrophctometrically [G3*Î VIl( iii)]. After 24 hours ' the reaction was

stepped by the addition of ethylene glycol (5 ml ) and the mixture

allowed to stand for 1 hour. It was then reduced with potassium

borohydride [ G M V H ,  (viii)]. After neutralisation of the excess

borohydride, the solution was dialysed against distilled water for 3 days

and the solution freeze-dried.

Recovery of polyalcohol; 0.8 g at 65^ carbohydrate. Mo les of periodate

ccns'imed per anhydroaldose unit = 0.825.

The freeze—dried polyalcohol (20 mg) was hydrolysed with formic acid

[G?*̂ Il(i)] and analysed by paper chromatography [solvent systems IIl(i)

a, b, c and sprays IV(i),(ii) a^iv)]. In addition to oxidised fragments
glucose

which were not identified, only guluronic acid/knd a trace of heptose 

were present.

Experiment XVII Autohydrolysis

The polysaccharide (2 g) dissolved in water (5OO ml) was shaken with 

IR 120(H^ resin to give pH 2.6 and the mixture placed in a dialysis sac 

and heated with stirring in a water bath at 80°C. The water surrounding 

the dialysis sac was changed every 12 hours and concentrated. The resin 

was renewed every 24 hours. Although it was washed thoroughly each time,
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this resulted in some loss of polysaccharide adhering to the resin.

Each concentrated sample of dialysate constituted a separate fraction and 

the experiment was continued until 11 fractions had been obtained. The 

resid’oal polysaccharide inside the dialysis sac was freeze-dried (lOO mg). 

An aliquot (20 mg) was hydrolysed with formic acid [CM II (i)]. Each of 

the eleven dialysate fractions and the hydrolysate of the residual polymer 

were examined by paper chromatography [solvents Ill(i) a-c and spra^-s 

IV (i), (ii)a,(iv)]. A summary of the chromatographic results on the 

fractions is given below.

Table 7 Composition of fractions from Autohydrolysis 

fraction composition
oligosaccharides heptose glucose mannose arabinose acid

1 tr. + +
2 tr. + +
3 tr. + +
4 tr. + + +
5 tr. + + + tr.
6 tr. + tr.
7 tr. + + + +
8 tr. + + tr. tr.
9 tr. + + tr. tr.

10 + + + tr. tr.
11 + + +

The hydrolysate of the polymer contained only uronic acid and heptose.

The degraded polymer in aqueous solution would not precipitate from 

solution with ethanol (5 vol.).
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The degraded polymer (5 mg) in sodium chloride (0.5 ml) was 

applied to a “Vhatman column of Sephadex 0.100 and the column eluted with 

sodium chloride. 3 Mg were eluted with the void volume, indicating a 

cha.ir. length of greater than 750.

A further sample (5 mg) in 1^ sodium chloride (0.5 ml) was applied 

to a Vihatman column of Sephadex G.200. About 2 mg were eluted with the 

void vol^ime indicating a chain length of greater than 1000.

Experiment X7III" Periodate oxidation of the degraded polymer

The degraded polymer (60 mg at 75=̂  carbohydrate) in water (lO ml) was 

aiied to 0 .03K sodium metaperiodate (10 ml) and the reaction followed 

spectrophctometrically [C2( VII (xiii)]. After 24 hours the reaction was 

stopped by the addition of ethylene glycol (1 ml). After 1 hour the 

solution was reduced with potassium borohj-dride [C3< VII (viii) ]. After 

24 hours the solution gave a negative reaction to Fehling’s solution and, 

after neutralisation of the excess borohydride*was dialysed for 3 days, and 

freeze-dried (yield 36 mg; 72^ carbohydrate). Moles of periodate consumed 

per ardtydroaldose unit = 0 .90.

The freeze-dried polyalcohol (10 mg) was hydrolysed with formic 

acid [GK Il(i)] and analysed by paper chromatography [solvent systems 

Ill(i) a, b, c and sprays IV (i), (ii)a,(iv)]. In addition to oxidised 

fragments which were not identified, the only monosaccharide was guluronic 

acid. \

Experiment XIX Fractionation of the Initial Polysaccharide 

Three methods of fractionation were attempted:

1. Resin column.

The column was prepared as in experiment VI,2. A very dilute 

solution of polysaccharide was prepared (IOO mg in ILH^O) . The
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polysaccharide solution was applied to the column under the influence of 

a peristal+c pump. The column was washed with water until no further 

carbohydrate was eluted (2 L). The column was washed with 2N-formic 

acid until no further carbohydrate was eluted. Examination of the two 

fractions by paper chromatography after hydrolysis with formic acid 

[GM II (i)] indicated that both fractions contained uronic acid.

2. Diethyl Amino Ethyl (P.E.A.E.) Cellulose.

The cellulose used was Whatman grade D.E.50 (preswollen, containing 

75^ water). The cellulose (15O g) was stirred in O.^N-hydrochloric 

acid (2 L) and deaerated for 20 minutes under reduced pressure with 

stirring. The acid was removed by filtration and the cellulose vra.shed 

with water until the filtrate was neutral. The cellulose was then 

suspended in O.^N-potassium hydroxide (2L) and treated as above. This 

procedure was repeated twice. The cellulose slurry was then transferred 

to a column and eluted with 216-potassium chloride (3 T.) and then with 

water until the eluant was free from chloride ions.

The polysaccharide (500rag at 85^ carbohydrate content) in water 

(250 ml) was applied to the column and eluted with water until no further 

carbohydrate was obtained. It was then eluted sequentially with 0.3M-,

0.5K-and 1.0M— potassium chloride and then with 2M-^potassium acetate and 

finally with 1M-sodium carbonate. Each fraction was concentrated, and 

in the case of salt solutions dialysed against distilled water for 3 days, 

and freeze-dried. The carbohydrate content was measured [Gî6 Vl(i)] and 

8i sample hydrolysed with formic acid [ Œ  Il(i)] and analysed by paper 

chromatography [solvents III (i) a, b, c].
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Table 8 Fractions obtained from DEAE-Cellulose column.

Eluent * Quantity used (l) freeze-dried wt. wt. as carbohydrate
(mg) (mg)

H,0 4 77 21.5
O.3I6 KCl 3 135.7 96

0.5K KCl 2 28 6

1.0X KCl 2.5 23.3 8

2% K.AC 2.5 806* 40

iV Na^CO^ 2 88 37.6

209 mg
♦ incompletely dialysed.

(Total recovery of carbohydrate 209 mg from 425 mg).

Analysis of hydrolysates of fractions indicated that the aq^aeous 

fraction was devoid of uronic acid, but the other fractions wtiich 

contained uronic acid appeared to be identical auid still contained all 

the other sugars.

2303. Precipitation with quaternary ammonium salts. '

(a) the polysaccharide (1 g as a aqueous solution) was treated with 

<̂y% w/v cetyltrimethylammonium bromide (Cetavlon British Drug Houses)
8 ml. A complex was formed which was removed by centrifugation.

The complex wais stirred with acetic acid (50 ml) as indicated by
182Jones, Perry and Sowa. The complex did not dissolve,the supernal ant

wa.3 found to be devoid of carbohydrate (phenol-sulphuric acid)method 

[cm VI(i)].
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(b) The polysaccharide (l g m IL H^O) was treated with 10^ w/v 

Cetavlon (20 ml; supplied by British Drug Houses). The complex formed 

was removed by filtration through nylon cloth and washed with water to 

remove excess Cetavlon. The complex was then stirred with 2M-sodium 

chloride (l L) for about 48 hours. About 50^ of the complex dissolved 

(fraction Al), the undissolved complex was removed by centrifugation 

(complex A2). The fraction (Al) was precipitated from solution with 

ethanol. To remove the final traces of Cetavlon the polysaccharide was 

dissolved in water and reprecipitated with ethanol several times.

Complex (a 2) was dissolved with stirring in 60^ ethanol at 30 - 37°C.

The polysaccharide (a2) was precipitated from solution by the addition of 

5M-sodium acetate and removed by centrifugation, and purified by repeated 

dissolution in water and reprecipitation with ethanol.

To the supernatant from the Cetavlon precipitation was added Cetavlon 

(5 mis, 10^ w/v). No further precipitation occurred. The solution was 

tested for carbohydrate [CM VI (i)] and was found to contain 100 mg.

It was concentrated by partial freeze-drying (lOO ml). The carbohydrate 

was precipitated with ethanol (5 vol). This fraction (N^) was freeze-dried, 

It w'as found that not all the carbohydrate was precipitated with ethanol.

The supemat b (N^) was dialysed to remove the Cetavlon^ but the 

carbohydrate (N^) also passed through the dialysis sac. The Cetavlon was 

then removed with Biodemin-CTolit (carbonate form) resin.

(c) The polysaccharide (l g IL H^O) was treated with 10^ w/v Cetavlon 

B.D.H. (20 ml ). The complex was filtered through nylon cloth and washed 

with water to remove the excess Cetavlon. The complex was dissolved in 60^
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Flow Diagram
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Fig. i Fractionation with Quaternary Ammonium Salts
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isopropylalcohol (200 ml) with stirring. The polysaccharide was 

precipitated with sodium acetate (25 g) and purified by repeated 

dissolution in water and reprecipitation with isopropyl alcohol. The

polysaccharide was hardened by washing with acetone.

(d) The polysaccharide (20 g in 4L HgO) was treated with 10^ w/v 

Cetavlon (hexadecyltrimethylanimonium bromide, Eastman Kodak) (lOO ml) 

and the complex removed by filtration through a nylon cloth and the excess 

Cetavlon removed by washing with water. The complex was stirred with 

2M-sodium chloride (2 L) for 48 hours. All the precipitate dissolved 

and the polysaccharide was recovered from solution by precipitation with ^

ethanol. Purification was effected by repeated dissolution in water and 

reprecipitation with ethanol. |

The supernatant from the Cetavlon precipitation in experiments (c) and

(d) was retreated with Cetavlon. No further complex formation occurred.

The Cetavlon was remoyed from the solution with Biodeminrolit resinI
(carbonate form) and the solution was freeze-dried; the yellow freeze-dried

material was treated Ls in experiment 3b (see flow diagram fig. 5)»
I

Experiment XX Physical properties of the neutral polysaccharide

(a) Specific rotation

The neutral polysaccharide (IO mg) was dissolved in water (10 ml),
I

The solution was assayed for carbohydrate [ G.M. VI (i) as glucose] and then 

used for taking a rotation as in experiment IV.

[a]jj = +16°
(b) Infrared

The polysaccharide was dried in a vacuum desiccator for I8 hours at 

60°C. The polysaccharide was ground with potassium bromide and a potassium 

bromide disc made. The infrared spectrum was obtained using a Perkin Elmer 

257 grating spectrometer.



E x p e r im e n t X X I N e u t r a l  'P o ly s a c c h a r id e *  A n a ly s is

The polysaccharide from the fractionation, not divided into fractions 

(N^) and (Ng) was assayed for carbohydrate content [gM Vl(i)], uronic acid 

content [gM VI (ii)], nitrogen content [gM VI (v)] and glucose content 

[GM VI (iii)]. It v/as found to contain no nitrogen,- (and thus no protein) 

and no uronic acid. Of the total carbohydrate (63^ read as glucose), 

glucose constituted 55^» The proportions of the other constituents, 

mannose, arabinose, and rhamnose were obtained by method [Vl (vi)].

As indicated by the flow chart the neutral fraction could be 

separated into two parts, (N^), which precipitated with ethanol and (N^) 

which would not precipitate. Paper chromatographic analysis [solvents 111 

(i), a, b and c, sprays (i), (ii)a, and (iv)] indicated that the latter 

consisted mainly of free glucose with smaller amounts of mannose and 

oligosaccharides. No arabinose was detected. Fraction (N^), the neutral 

polysaccharide, was analysed as above and found to contain 33^ of glucose.
I

Experiment XXll Méthylation Analysis of the Neutral Polysaccharide (N )̂

The polysaccharide (50 mg) was methylated by the Hakomori method 

[GM VII (xii)a]. After freeze-drying the methylated polysaccharide (38 mg) 

was hydrolysed with formic acid [GM II (i)]. The hydrolysate was divided 

into two parts. One part was converted into the methyl glycosides; the j 

other part was reduced with sodium borohydride [GM Vll (viii)] and |i 

acetylated [gM VII (xi)], G.L.G. of the methyl glycosides were performed
' j !

on columns (1) and (2) (GMV). The alditol acetates were analysed byi 

G.L.G. on column (4 ) and by G.L.G, linked to Mass Spectrometry [GMY$] and 

the results are summarised in Table 16, p.104. - r

I
- ' ii

i .  I
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Experiment XXIII Periodate Oxidation of the Neutral Polysaccharide

The polysaccharide mg carbohydrate) was dissolved in

water (50 ml)T and added to O.lM-sodium metaperiodate (50 ml) and the 

reaction followed epectrophotometrically [GM VII ( iii)]. Aliquots 

(1 ml) were removed after 3 hours amd 18 hours and used for formaldehyde 

determination [CM VII (xiv)]. After 24 hours the reaction was stopped 

by the addition of ethylene glycol (l ml) and the mixture stirred for 

1 ho'iT. The solution was reduced with potassium borohydride VII(viii') ] 

and the derived polyalcohol was freeze-dried.

Moles of periodate consumed per anh}"droaldo8e unit = 1.8.

Moles of formaldehyde released per mole carbohydrate after 3 and after 

18 hr = 0 .26. Recovery of polyalcohol = O.OlH-g at '̂0»2fo carbohydrate 
as glucose.

The polyalcohol (20 mg) was hydrolysed with formic acid [ Œ  II (i)] 

and analysed by paper chromatography [solvents III (i), a, b and c].

In addition the glucose content was measured quantitatively [GM VI (iii)] 

and found to be 2 .25^.

Experiment XXIV Acid polysaccharide anal^/sis

The acid polysaccharide from Experiment XIX 30 was assayed for 

carbohydrate content [GM Vl(i)], uronic acid content [GM VI (ii)], 

nitrogen content [GM VI (v)] and glucose content [GM VI (iii)]. The 

proportion of heptose was obtained by method [GM VT (vi) . The results are 

shown below;

nitrogen 0

uronic acid 65

glucose 15

heptose 20
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Experiment XXV Physical properties of the acid polysaccharide

(a) Specific rotation.

The polysaccharide (10 mg) was dissolved in water (10 ml) and 

after filtration through millipore assayed for carbohydrate and the 

rotation measured. It had = 25.6

(b) Inf ra-red.

The polysaccharide was prepared as a thin film as in Experiment 

Hib and the infra-red spectrum obtained as before.

Experiment XXVI Periodate oxidation of the &cid polysaccharide

The polysaccharide (2.Q., 1.54 carbohydrate) was dissolved in waterr
(250 ml) and O^OoM-Godium metaperiodate added (250 ml). The reaction 

was followed spectrophotometrically [GM VII (xiii)]. After 3 hours and 

after I8 hours, aliquots were withdrawn and used to determine the amount 

of formaldehyde liberated [GM VII (xiv)]. After 24 hours the reaction 

was stopped by the addition of ethylene glycol (5 ml). After a further 

1 hour the solution was reduced with potassium borohydride [G?< VII (viii)] 

24 hours later the solut on was found to be non-reducing to Pehling's 

reagent amd after neutralisation of the excess borohydride was dialysed 

for 3 days. The polyalcohol was freeze-dried. (Yield 1.3903 g 
corresponding to O .8467 g carbohydrate, (Std. Graph 6).

Koles of periodate consumed per anhydroaldose unit = 0.59 

Moles of formaldehyde released per mole of carbohydrate after 3 hours 

and after I8 hours = O.15.
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Experiment XXVII Analysis of the derived polyalcohol

An aliquo't of the polyalcohol was assayed for glucose VI (iii)] 

and found t5 contain 16.9^. A second sample (20 mg) was hydrol;>'sed 

with formic acid [GM II (i)] and the hydrolysate analysed by paper 

chromatography [solvents III (i) a, b and c; sprays IV (i), (ii)a, (iv) 

and (v)]. This indicated that the polyalcohol contained, in addition 

to small fragments uncleaved glucose, heptose and guluronic acid.

Experiment XXVIII Partial hydrolysis of the derived polyalcchol

The polyalcohol (100 mg) was dissolved in O.^N-sulphuric acid (5O ml) 

and allowed to stand at room temperature. Aliquots (5 ml) were withdrawn 

after 1, 2, 4, 6 and 24 hours. The residual material was set aside at 0°. 

The aliquots were neutralised (Ba CO^), concentrated, and analysed by 

paper chromatography [solvent system III (i)c, sprays TV (1) and (ii)a].

No hydrolysis had apparently occurred. The residual solution was 

warm.ed at 50° for 1 hour, an aliquot withdrawn and neutralised and 

aral^rsed as above. In addition to some small fragments glucose was 

present•

A second sstmple of polyalcohol ( 100 mg) was dissolved in 1N-

sulph'iric acid and allowed to stand at room temperature. Aliquots (5 ml)

were withdrawn after 1, 2, 4 and 8 hours. The residual solution was 
» oset aside at 0 C to arrest the hydrolysis. The aliquots were neutralised 

(raCO^) and analysed by paper chromatography [solvent III (i)c and spray 

17 (1)]. Hydrolysis for 1 hour had no effect but the other three 

aliquots contained some small fragments but no monosaccharides. The 

residual hydrolysis solution was neutralised and the small fragments 

separated by preparative paper chromatography on a Whatman No.3 KM paper



[solvent III (i)c]. Three fractions were obtained:

(a) material which remained on the starting line

(b) ^ycerol

(c) glyceric acid.

Fraction (a) was then applied to paper chromatograms and eluted 

in solvents Ilia, and c for several days. No oligosaccharide fractions 

were present indicating that the polyalcohol wan still present as one 

long chain.

Fractions b and c were identified by their chromatographic mobility 

in several solvents, and comparison with standard materials.

Experiment XXIX N.M.H. Anal}-sis of the polysaccharide

This was carried out on the following polysaccharide samples on

a Varian 0(360. The polysaccharides were dissolved in the solvent by

shaking for l8 hours to form a 2^ solution. The solvent was removed 

by the method indicated and the polysaccharide redissolved. The process 

was repeated 3 or 4 times. The solution was transferred to an N.M.R. 

tube and the spectrum taken.

1. Acid polysaccharide [Expt. XIX 3d] in D^O, dried by freeze-drying.

2. Acid polyalcohol [Expt. XXVl] in DgO, dried by freeze-drying.

3. Methylated acid polysaccharide [Expt. XXXIX 3] in D^-IMSO, dried
by evaporation under high vacuum.

4. Methylated reduced polysaccharide [Expt. XXXIX 2] in CDCl^, dried 
by evaporation.

5. Acid polysaccharide; methylated, reduced, remethylated 
[Expt. XXXIX ] in CDCl^, dried by evaporation.
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In addition, the following samples of standards were used:

6. Sodium acetate in D^O

7. Glucose pentaacetate in CDCl^ 

fi. Sodium pyruvate in D^O

9' Pyruvic acid (freshly distilled) in D^O

10. Methyl ester of pyruvic acid in CDCl^.

These results indicated the presence of -GR^ at 2.1 relative to 

TMS in the polysaccharide. This is similar to the of pyruvic

acid. The peak was still present after treatment with alkali, 

indicating a ketal linkage rather than an ester.

Experiment XXX Removal of pin-uvic acid from the acid polysaccharide 

The acid polysaccharide (l*5 g) was dissolved in water (500 ml) 

and shaken with IR120(h'^ three times. The resin was removed by 

filtration and washed. The solution and washings (at pH 2.5) were 

refluxed for 6 hours. After cooling, the solution was extracted 

3 times with ether in a liquid-liquid extractor. The aqueous layer 

was freeze-dried and weighed (0.8 g) .

Experiment XXXI Analysis of the denvruwlated polysaccharide

The polysaccharide was assayed for carbohydrate (82^ [ Œ  VI (i)] 

uronic acid [GM VI (ii)] (65^, glucose content 16^ [GM VI (iii)] and 

nitrogen (O^ .

The polysaccharide was hydrolysed with formic acid [C3( Il(i)] and 

analysed by paper chromatography [solvents III (i)a, b and c, and 

sprays IV (i) , (ii)a, (iv) and (v) ]. The only other component was 

,heptose.
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Exî^eriment XZXII Periodate oxidation of the de-nvrrv/btel polysaccharide 

The polysaccharide (l31 mg* 102 mg of carbohydrate) was dissolved 

in water (50 ml) and the solution oxidised and the polyalcohol recovered 

as in Expt. XXVI. Yield of freeze-dried polyalcohol 36.2 mg « 30.8 mg. 

of carbohydrate.

Moles of periodate consumed per anhydroaldose unit = O .61 

Moles of formaldehyde released per anhydroaldose unit after 3 hours 

and 18 hours = 0 .19.

Experiment XXXIII Analysis of polyalcohol from deo^mv-yp-tpd nol:>’̂ accharide 

The poljralcohol was anal^-sed for carbohydrate^ (82^ [C2( VI (i)] 

uronic acid (60^ [GM VI (li)] and glucose content (l9^ [GM VI (iii)].

The polyalcohol was hydrolysed with formic acid [GM II (1)] and analysed 

as in Expt. XXVII. In addition to small fragments, the only uncleaved 

sugars were glucose and uronic acid.

The polyalcohol was partially hydrolysed under the same conditions ao 

the polyalcohol from the acid polysaccharide (Expt. XXVIIl). The 

results indicated the formation of glycerol and glyceric acid and no 

other fragments.

231Experiment XXXIV Acetyl content of the acid polysaccharide

The acetate,to be determined,is dissolved in sodium acetate 

buffer (5 ml) at pH 4*5 to give a 0 .OOlM-solution. The following are 

then added:
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(a) 2M-hydroxylamine hydrochloride (5 ml)

(b) 3.5N-NaOH,5 ml.
After 1 minute the pH is adjusted to 1.2 + 0.2 with

(c) concentrated hydrochloric acid diluted with 2 parts by volume 
of water.

(d) 0.37M-FeCl^ in 0.1N-HCl (5 ml) is then added.

The absorbance of the resulting solution is then read at 540 nra.

A standard graph using glucose pentaacetate was prepared. The acetyl 

content of the polysaccharide was found to be about 12^. This 

corresponds to a degree of acétylation of O .3 or one acetate ester 

group for every three monosaccharide units.

Experiment XXXV Identification of p:vruvic acid

The ethereal extract from Expt. XXX was concentrated to dryness 

and dissolved in water. This solution was analysed by paper 

chromatography [solvent III (i)c, sprays IV (vii) and (viii)] and 

paper electrophoresis [bluffers IIl(i)c and d and sprays IV (vii) and 

(’/iii)]. An aliquot was extracted and dried by evaporation with 

methanol and benzene. It was then refluxed with methanolic hydrogen 

chloride to prepare the methyl ester [GM VII (vii)]. After 

neutralisation (Ag^CO^), and washing the silver salts,the filtered 

solution was evaporated, dissolved in ether and analysed by G.L.G.

[VB (iv) and (v)]. The results indicated that pyruvic acid was 

present in the polysaccharide.

Experiment XXXVI Preparation of a crystalline derivative of pyruvic

acid.

An aliquot of the aqueous syrup from the ether extract was added 

to an ethanolic solution (O.5 ml) of 2,4-dinitrophenylhydrazine.
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The solution was heated at 100°C for a few minutes and then set aside 

at for 18 hours. The yellow orange crystals (dried in a desiccator) 

had m.p, 216°C. A derivative was prepared in the same way from a 

sample of authentic freshly distilled pyruvic acid. This had melting 

point 2lS°C and mixed melting point with the extracted sample 2l6°C.

The orange yellow crystals were dissolved in nethar.ol and 

examined by thin layer chromatography [solvent system III (lii)b].

No starting material remained in the crystals. The crystals were 

also exaimined by I.R. as potassium bromide discs. The spectra of the 

derivative of the authentic pyruvic acid and that of the derivative of 

the ether extract were found to be identical and quite dissimilar from 

that of the starting material, 2,4 dinitrophenylhydrazine.

Experiment XXXVII Attempted isolation of a disaccharide unit carrying
233the pyruvic acid ketal.

The polysaccharide (5 g) was suspended in 0.5^ methanolic hydrogen

chloride (50 ml) aoid heated under reflux for 2 hours. The undissolved

polysaccharide was removed by filtration (^ 1 g). The filtrate was

neutralised with silver carbonate. The silver salts were removed by

filtration and washed thoroughly with methanol. The filtrate and

washings were combined and concentrated by evaporation. The resulting

syrup was saponified by heating in 0.2N-barium hydroxide solution

(50 ml) for 2 hours at 60°. Excess barium hydroxide was removed by

neutralisation with solid carbon dioxide and the precipitate removed

by filtration. The filtrate was passed successively down columns of
resins

IH120(Hj  and IR45 B(0H"1/. The columns were washed thoroughly with



77

water and the neutral effluent was concentrated to a syrup. (53 mg\
resin '

consisting of“heptose and glucose. The IR-45B(0H"1 /was stirred with IN- 

sulphuric acid (30 ml) at 0°C for 10 minutes. The resin was filtered 

and washed with additional aliquots (lO ml) of ice cold IN sulphuric acid 

and then with water (200 ml). All solutions were immediately neutralised 

by filtration into a suspension of barium carbonate. The barium sulphate 

and residual barium carbonate were removed by filtration and the filtrate 

concentrated. The syrup was dissolved in methanol (1 ml) under reflux.

No crj/stals formed on cooling. The syrup was examined chromatographically 

[solvents III (i) a, b and c and sprays IV (1) and (ii)a] and by N.M.R. 

spectroscopy in CBCl^. The results indicate that although pyruvic acid 

was present in the mixture it was not attached to the sugar components.

Experiment XXXVIII Quantitative estimation of pyruvic acid

Two methods were attempted:

1. complexing of pyruvic acid with 2,4-dinitrophenylhydrazine^after
2 34hydrolysis from the polysaccharide."

The pyruvate containing polysaccharide (100 mg) was dissolved in 

2’êiCl (40 mis). The solution was set aside at room temperature for 3 hours 

An aliquot (2 ml) was removed and to it the 2,4-dinitrophenylhydrazine 

reagent (0.5^ in 2N-HC1 1 ml) was added. After 5 minutes the solution was 

extracted with ethyl acetate (5 mis) . The aqueous phase was discarded.

The ethyl acetate layer was then extracted successively with aliquots of 

0̂̂ sodium carbonate ( 3 x 5  ml). The sodium carbonate extracts were 

combined and the volume adjusted to 250 ml. The colour developed was 

read at 375 nm. A standard graph was prepared using sodium pyruvate.
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This indicated a pyruvic acid content of 3%, equivalent to 0.55 moles per 

mole carbohydrate, or 1 unit in 20 carrying pyruvic acid.

20 62. ]i>iz:nnic method (Duckworth and Taphe , modification of the Hadjivassilou 

and Rieder method^^^).

Tĥ e polysaccharide ( 10 mg) was hydrolysed for 4 hours at 100°C with

0 .OlN-Oxal1C acid (3 ml). After cooling the hydrolysate was neutralised 

(CaCO^) and filtered. The filtrate was diluted to 10 ml. An aliquot 

(2 ml) was added to IM-triethanolaraine ( 1 ml), 1^ KADH in 0.1% sodiijun 

bicarbonate (O.5 ml) was added and the absorbance read at 340 nm. Lactic 

dehydrogenase ( *S 1 grra* type II from rabbit muscle, 0.1 ml) was then added, 

ar.d the absorbance noted until a constant value was obtained.

When the above was attempted on the polysaccharide and on a freshly 

distilled sample of pyruvic acid, no change in absorbance occurred on the 

addition of lactic dehydrogenase.

The following variations were attempted:

a) The triethanolamine was made 0.1M and adjusted to pH 6.7 with 0.1N-HC1. 

The method then gave reasonable results with standard pyruvic acid, but not 

wuth the polysaccharide saumple.

b) Hydrolysis of the polysaccharide was carried out with 0.1N-HC1 and the 

triethanolamine used as in (a).

c) After hydrolysis the pyruvic acid was extracted from the hydrolysate 

with ether, the ether evaporated and the extract diluted to 10 ml and the 

assay performed on this solution, using the triethanolamine as in variation 

(a). This modification gave a value of less than 1% for the pyruvic acid 

content, probably due to incomplete extraction with ether.
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^ pyi-avic acid . ni11al~ f̂-.r.a: ^ ^f:na9
"polys(mg) = 6.2, % 1000

Experiment XXXIX Méthylation Analysis of the Acid polysaccharide 

The polysaccharide was methylated in the following ways:

1. The polysaccharide (20 mg) was methylated by the Hakomori method 

[CJM l/II (lii)a]. After dialysis and freeze-drying, the polysaccharide

was dissolved in water and reduced with potassium borohydride [CM Vll(viii)].

The solution was again freeze-dried and then remethylated by the Hakomori

method. An aliquot of the derived methylated neutral polysaccharide was 
with

hj-drolysedy form: c acid [GM II (i)J and the derived sugars reduced to the 

alditols ['GK VII (viii)] and acetylated [CM VII (xi)].

2. The polysaccharide (20 mg) was methylated by the Hakomori method 

[GM VII (xii)a]. After dialysis and freeze-drying the polysaccharide

was dissolved in water and reduced with potassium borohydride [G3( VII (viii)]. 

The solution was again freeze-dried. A sample was hydrolysed with formic 

acid [G?( III (i)] and the hydrolysate was reduced to the alditols 

[C3( VII (viii)] and acetylated [GM VII (xi)].

3. The polysaccharide (20 mg) was methylated by the Hakomori method

[G?( VII (xii)a]. After dialysis and freeze-drying a sample of the methylated 

polysaccharide was hydrolysed with formic acid [CM II (i)] and the 

hydrolysate reduced with potassium borohydride [C3< VII (viii)] and the 

alditol acetates prepared [C3( VII (xi)].
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4. The polysaccharide (20 mg) was methylated as in Experiment XXXIX(2) , but 

the potassium borohydride was replaced by potassium borodeuteride for the 

polysaccharide reduction. Reduction of the hydrolysate was carried out

VItil potassium borohydride as before.

5. The polysaccharide (5O mg) was methylated by the Hakcmcri method 

(double quantities) [C3< VII (xii)a]. After dialysis and freeze—drying 

the polysaccharide was dissolved in D^O and reduced with potassium 

bcrodeuteride [C3( VII (viii)]. The solution was again freeze—dried and 

then remethylated by the diazomethane method [GK VII (xii)c]. An aliquot 

cf the methylated polysaccharide was hydrolysed reduced and acetylated as 

in the previous experiments.

6. Three samples of the polysaccharide (20 mg each) were treated as 

in method 1 but the reduction of the three methylated polysaccharides 

was carried out as follows:

1. dissolved in reduced with potassium borohydride

2. dissolved in H^O, reduced with potassium borodeuteride

3. dissolved in DpO, reduced with potassium borodeuteride

Each of the three samples was treated as in method 1 * All of the

methylated alditol acetates were analysed separately by G.L.G. linked to 

mass spectrometry.

Experiment XL Méthylation Analysis of a) Acid polyalcohol

b) Depyruvated polysaccharide

c) Depyruvated polyalcohol.

The 3 polysaccharides (20 mg) were methylated as in Experiment XXXIX(l) .

The results are shown in Table 10.
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Experiment XL a Acid polyalcchol; methylated, reduced, remethylated

b Depyruvylated polysaccharide; methylated, reduced, 
remethylated

c Depyruvylated polyalcohol; methylated, reduced, 
remethylated

Peak No. corresponding to mixtures present in

4 3.1 heptose 3,4,6,7-tetra-O- methyl XL(a), XL(b) (tr.)

3 1.75 glucose 2,4,6-tetra-0-methyl All three samples.

1 1.00 guluronic acid 2,3,4,6-tetra-O- All three samples.
methyl

2 1.68 2,4,6-tri-O-methyl All three samples.

5 3.8 2,6-di-O-methyl All three samples.

T 16 relative to 2,3,4,6-tetra-O-methylglucitol 1,5 acetate.

Experiment XLI Isolation of oligosaccharides from the acid polysaccharide

The polysaccharide (lO g) was hydrolysed with 0.5 N-sulphuric acid for 

4 hours [GM II (ii^.]. After neutralisation (BaCO^) the filtered solution 

was concentrated .and poured into ethanol (5 vol.). The precipitate 

(barium salts of uronic acids) was removed by centrifugation. The 

solution was shaken with IR120(H*^ resin to remove the barium ions 

and the resin removed by filtration. The solution was neutralised with 

dilute ammonium hydroxide solution and the solution concentrated.

The resulting syrup was applied to 8 preparative papers (Whatman No. 3MM) 

and eluted with solvent III (i)a for 48 hours. The fractions, denoted by 

stained side strips, were eluted with water and concentrated. Five 

fractions were obtained. Each fraction was filtered through a millipore(O .4^ '
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Experiment XLlT Analysis of the oligosaccharides

Each oligosaccharide fraction was assayed for carbohydrate 

[G3( VI (i)] uronic acid [GM VI (iii)] and glucose [gM  VI (iii)] and the 

degree of polymerisation measured [GM VI (iv)]. An aliquot of each 

solution was hydrolysed with formic acid [GK II (i)] and anal}-sed hy 

paper chromatography [solvents III (i)a and b, sprays IV (i) , (ii)a,

(iv) and (v)]. A second aliquot was glyccsided reduced and hydrolysed 

[C3̂  VII (ii)] and analysed by paper chromatography as above. A th^rd 

aliquot of oligosaccharide (l), (2) and (/) was reduced [GM VII (v:ii)] 

followed by hydrol^rsis with formic acid and analysis by paper 

chromatography as above. Heptitol was detected in each of the hydrclysates. 

The results are summarised in table 11.

Experiment XII Méthylation of oligosaccharides from acid polysaccharide 

The oligosaccharide fractions ( 1-d) were thoroughly dried ar>d then 

moistened with dry methanol and methylated by the diazomethane method 

[Qr VII (xii)c]. The methylating reagents were removed by distillation 

and the yellow syrup was dissolved in a methanol land a water mixture, 

ard the solution reduced with potassium borohydride [GM VII (viii) ]. The 

potassium ions were removed with IR120(H^ resin and the solutions 

concentrated by evaporation. The partially methylated reduced oligo­

saccharides were remethylated by the modified Kuhn method [GM VII (xii)b]. 

Each oligosaccharide fraction was then hydrolysed with formic acid 

[GK II (i)] and the hydrolysate reduced [GM VII (viii)] and acetylated 

[GM VII (xi)]. The alditol acetates were ar^lysed by G.L.G. linked to 

rr̂ LSS spectrometry. The results are summarised in table 12.
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Experiment XLIV Partial Hydrolysis of Hexasaccharide(l)
kT.i aliqict of oligosaccharide (l) was hydrolysed with N-sulphuricQ ' I

acid fcr 4 hours-at 100 . After neutralisation (BaCO^), the hydrolysate 
was ana.lysed by paper chromatography. [solvents Ilia, b and c, and 
sprajr IV (i)]. In addition to guluronic acid and heptose there were 
two spots, one corresponding to unhydrolysed hexasaccharide and the other 
to the trisaccharide (2).
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Results and Discussion

Attempted Fractionation

Initial investigation of the total extracellular material indicated

a very complex mixture of carbohydrate and protein, the former comprised

uronic acid and at least 5 neutral sugars, and it seemed probable that it

was a mixture of more than one polysaccharide. Accordingly, the first

attempts were directed towards fractionation. However this proved to be

a difficult and initially unsuccessful procedure. This was largely due

to the high viscosity of the solution (1000 cps for a 1% solution) and the

fact that the solution gelled when salt was added. For this latter reason,

gel filtration was not attempted as a means of fractionation, but other

columns of^for example H.E.A.Eo-oellulose, and resin [see Expt. XIX 1 and 2,

p.62] were used. The resin retained much of the carbohydrate (Yield

0,32 g from 1.0 g carbohydrate, as glucose) and did not produce any

fractionation as both the 'acid* and *neutral* fractions contained both

neutral sugars and uronic acid. The D.E.A.Eo-cellulose column also gave

a very low recovery of about 50% of the carbohydrate applied, although a

small fraction (ca. 10% of that recovered) containing no uronic was obtained

by this method, the other fractions contained mixtures of all the neutral

monosaccharides and uronic acid. In addition, fractionation with barium

hydroxidJ^^^ ̂ and precipitation with e t h a n e \ias attempted but both

procedures resulted in all the carbohydrate being removed from solution,
(p̂dwhereas addition of Fehling*s solutioi\ caused no precipitation.

Following the work by Jones et 1̂* , précipitât ion with quaternary

ammonium salts (Cetavlon) was attempted. Again it appeared that all the

polysaccharide complexe! with the Cetavlon, and the supernatant v/as devoid

of carbohydrate. Furthermore the complex did not dissolve in 5^% acetic-

acid, although it was reported to do so by the above authors. In spite

of these unsuccessful attempts, the fractionation experiments were continued 
*cps = centipoises
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alongside examination of the total polysaccharide material. Consequently 

the first eighteen experiments were on the total polysaccharides. 

Thereafter a neutral and an acidic polysaccharide were separated and 

examined.

Purification and Examination of the Partially Purified Polysaccharide

The crude polysaccharide, as supplied hy Arginate Industries Ltd., 

was an off-white, milled powder with a slightly fishy smell. Individual 

hatches varied in their carbohydrate and protein contents (see Table 10 

below), depending upon the effectiveness of the initial centrifugation of 

the gelatinous medium to remove the bacterial cells. This is probably 

because different batches came from media which differed in viscosity and

Table 10

Sample % Protein % Carbohydrate (as glucose)

811 A 20 38

811 B 7.0 63.5

811 C 7.0 58

811 T> 9.36 69

811 E 20 57

811 F 21 58

811 G 19 58

811 H 43 4.5 (cell debris , p

811 J 50 6 (cell debris, p.

thus some of the more viscous broths would centrifuge less effectively. 

However when a 0 .1% solution was centrifuged (Expt. Ill p.44), it was 

found that all the nitrogen, and thus all the protein in the centrifugate (a ) 

(Plow diagram p.45) had been removed.
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The carbohydrate content of the extracellular material (Table 10) 

and of the different fractions of polysaccharide (Table 1l) was determined 

by the phenol-sulphuric acid method, which is dependent on the standard 

graph from which the absorbance is read. Initially the standard graph 

used was glucose, as the exact composition of the polysaccharide was 

unknown. However these carbohydrate contents were corrected as a more 

accurate graph became available and an average value of 70% was obtained. 

The residues from the purification were also analysed for carbohydrate, 

(see Flow diagram p.45 and Table 11 below).

Table 11

Yield and Carbohydrate Contents of Purification 
for 811 A

Product
From 1 g sample
Yield (g) Carbohydrate content % as glucose

811 A 1 S 38

Product (a ) .3 g 11.2

A sample of freeze- 
dried supernatant

- 49

Product BA .2 g 18

Product CA .46 g 64

Product BE .225 g 60

Product CE .42 g 24

Product B1 .05 g 25

Product Cl .4 g 65

Paper chromatography of a hydrolysate of the partially purified 

polysaccharide (c) (Expt. V, p.47) indicated that the uronic acid was 

hindering the mobility of the n-eutral sugars. However the use of colour 

spray reagents such as aniline oxalate showed that at least one pentose 

was present (pink colour) and probably 4 hexoses, one of which vjas confirmed
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as glucose by the enzymic glucose oxidase spray. In order to get accurate

R values, the uronic acid was removed, glc
The first attempt at paper chromatographic separation of the total 

hydrolysate (Expt. VI 1a, p.47) into individual sugars and acids was not 

entirely successful. The solvent used did not completely separate the 

monosaccharides from each other or from the uronic acid. However with a 

basic solvent (Expt. VI 1b p.47) separation of the acid and neutral 

fractions was achieved, although further separation of the two fractions 

into their individual components was then necessary.

The acid and neutral fractions were also separated by the application 

of a hydrolysate to a resin column (Expt. VI 2 p.47). A mixture of the

neutral components was separated by elution with water and the individual 

components of the acid fraction by gradient elution with increasing acid 

concentration. (see Pig. 6 overleaf). However although quite large 

quantities of the neutral fraction (yield 0.175 g) free from uronic acid 

were obtained by this method, the acid components which should have been 

separated into individual acids, were found to be mixtures (total yield 

0.25 g) the low recovery yield about 40% is possibly due to degradation 

during hydrolysis. The lack of resolution is probably due to different 

oligouronic acids having the same ratio of uronic acid to neutral sugar. 

These would be removed from the resin by the same concentration of acid.

In contrast such oligo uronic acids separate on paper chromatography 

according to molecular size.

Separation of a partial hydrolysate v/as also effected by precipitation 

of the barium salts of uronic acids with ethanol (Expt. VI 3, p.48). This 

produced 2.2 g of neutral sugars and about 2.5 g of oligo uronic acids as 

ammonium salts from 10 g of polysaccharide.
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I d e n t i f i c a t i o n  o f  t h e  u r o n i c  a c i d

The identification of the uronic acid tjas of great interest, because
182 187of the conflict between Jones et ^  in Canada and Haug and Larsen 

in Norway, as to the identity of the uronic acid present in the 

extracellular polysaccharide from Azotobacter indicum. According to Jones, 

paper chromatography of the uronic acid fraction showed three spots 

corresponding to glucuronic acid (major) and galacturonic acid (minor) 

and also a large spot corresponding to glucurono lactone. No solvent 

system or were given for this separation. Reduction of the

uronic acid, after estérification, gave three neutral sugars corresponding 

in mobility to glucose (major) galactose and gulose. The latter two 

were present in only minor amounts.

Measurement of uronic acid content by these workers by both the 

carbazole^^^ (read off a glucuronic acid graph) and the titration method 

gave values of 17^ and 19^ respectively. The former is higher if read off 

a guluronic acid standard graph (see Appendix 111) in fact this doubles 

the uronic acid content, compared with the value from a glucuronic acid 

graph. Although good agreement was obtained by these workers between the 

two methods, the neutralisation equivalent may be very high (giving too 

low an acid content) due to incomplete conversion into the free acid form 

of the polysaccharide, particularly where the polysaccharide forms a 

viscous solution. For these reasons it is possible that both methods 

have given too low a result.
187Haug and Larsen titrated the polysacoharide with cetyl pyridinium

chloride and obtained an equivalent weight of $60, - or 30% uronic acid. 

Although they studied the uronic acid content with and without borate^^^ 

and they state that the results confirmed that guluronic acid was present, 

no figures were given for the uronic acid content by this method. In 

addition these workers separated the uronic acid from the neutral sugars

and examined it by paper chromatography, paper electrophoresis and
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lactonisation and concluded that only guluronic acid was present.

It can he seen from the above summaries that the two sets of workers 

used different methods of characterisation and achieved conflicting 

results. Thus it was decided that the acid present in B. mobilis should 

be examined by the methods used by both groups of workers. The acid form 

of the polysaccharide was titrated with sodium hydroxide under nitrogen 

and was found to contain about 50^ uronic acid (Expt. VIII (2) p. 50) c 

When assayed by the modified carbazole reaction and read from a guluronic 

acid graph, the uronic acid content was found to be 98^, but from a 

glucuronic acid graph This was thought to indicate a polysaccharide

containing predominantly guluronic acid, as the equivalent is likely to 

give a somewhat lower figure because of the afore mentioned difficulties 

of complete conversion into the free acid form.

The monouronic acid in the hydrolysate, after separation (Expt. VII 

p.48) was examined chromatographically in many solvents, but it was not 

possible to clearly differentiate all 4 common uronic acids (glucuronic, 

galacturonic, mannuronic and guluronic) and the possibility of more than 

guluronic acid being present could not be eliminated. The only 

chromatographic method found to give a clear separation of the uronic acids
189 'was paper electrophoresis in borate buffer oontaining calcium ions, 

but the technique of paper electrophoresis often leads to streaking and 

although guluronic acid was clearly indicated (see table 12 below). The 

presence of a second uronic acid again could not be eliminated.

189Table 12. Mobilities of Uronic acids in borate with calcium
189Acid Reported M . Found M ,^ glc glc

mannuronic acid 0.88 0.86
glucuronic 1.26 1.22
galacturonic 1.03 0.99
guluronic 0.75 0.71
Unknown acid (from , s , . ,

polysaccharide) 0'70 ("V slight streak
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Lactonisation of the unJcnovm acid was attempted using the methods of 

Blake and Richards^^^ hut no lactone was detected. This was also the 

case for authentic guluronic acid.

After conversion of the uronic acid into the corresponding sugar, 

analysis hy paper chromatography indicated a major component with the 

mobility of gulose and a fast moving component (Table 13 below).

Table 13 Mobilities of gulose and mannose

Solvents G.M, Ill(i) a ^glc f
b

gulose 1.2; 3.7 1.15; 2.9 1.84; 2.5

mannose 1.3 1.12 1.33

galactose 0.95 0.84 1.13

gulose-1,6-anhydride 3.7 2.9 2.5

It is well known that gulose readily forms a 1,6-anhydro sugar on 

evaporation and comparison with authentic gulose, which had been similarly 

treated,confirmed that the fast spot had the same mobility as the 

1,6-anhydride. The reduced uronic acid was also examined by paper

Table 14 Mobilities in Molybdate Buffer

sorbitol
glucose 0

mannose 0.99

gulose 1.l8; 0

unknown sugar 1.l8; 0

electrophoresis in molybdate buffer (Table 14 above). A sugar will 

complex with molybdate only if it possesses the configuration 1,2,3 cis,cis 

of its hydroxyl groups (see fig. 7 overleaf). Of the sugars derived from

the common uronic acids, gulose and mannose possess this configuration
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but glucose, galactose and 1,6-anhydrogulose do not. Ability to complex 

leads to mobility under the influence of a potential. It was found that 

the unknown sugar was mobile under these conditions, but a smaller non- 

mobile fraction was also present. While this might be due to glucose 

and/or galactose, it it more likely to be the gulose-1,6-anhydride. 

Differentiation between gulose and rnannose is best achieved chromâtographicall.} 

in a solvent saturated with borate ions (see Table 13f.). This confirmed 

the absence of mannose.

G.l.c. of the T.M.S. derivatives of the reduced acid and standard 

gulose gave identical chromatograms which were easily distinguished from 

that of glucose. The absence of the latter and hence of glucuronic acid 

was also confirmed with glucose oxidase spray on a paper chromatogram of 

the reduced acid.

In addition the rotation of a dilute solution of the uronic acid was 

found to be [a]^ = 42° c.f. L-guluronic acid from alginate [oc]̂  = 37°.

The small difference is probably due to the low concentration of the 

solution and.the fact that the quantity present was measured by the phenol- 

sulphuric acid method.

Thus it appears that the uronic acid present in B. mobilis is l_ 

guluronic acid and is the same as that found by the Norwegian workers in 

A. indicum.

Characterisation of the neutral components

The neutral components from the resin column (Expt. X p.$l) were 

tentatively identified as galactose, glucose, mannose, arabinose, and 

rharanose. These components were then separated on a large scale and 

purified. Each sample, with the exception of galactose, was shovm to be 

chromâtographically pure and its rotation was measured (see table 15 overleaf)

Crystalline derivatives of these sugars were prepared (Expt. XI p.52)

_cn.nf 1 rmi ng t b pJ r» identity_____________________________  ________________
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Table 15 Identification of the monosaccharides

Sugar Amount
separated

mg

[a]„ Literature
value
[ a f a

GMIIl(l)
R ,glc

b c

a-D-glucose 200 98 5ÿ 111 -> 53° 1.00 1.00 1.00

D-mannose 20 14 14-4* 1.21 1.12 1.17

L-arabinose 15 -105* -105 * 1.59 1.12 1.17

L-rhamnose 8 a '’ 8.5* 2.86 1.49 1.83

’galactose * 100 42 81 "

It was noted that the fgalactose* rotation was not in agreement with

the literature value. When the sample was examined further 

chromâtographically it was found to be contaminated with glucose 

(expt, XII p.54)' It was extremely difficult to remove all the glucose.

However after repeated chromatographic separation a small amount . 2 mg) 

of pure material was obtained. This had the same chromatographic mobility, 

both on paper chromatographs (see Experimental Table 3, p.55) on 

GLC with that of a sample of D-glycero-D-mannoheptose, kindly supplied 

by Dr M.B. Perry and in addition the rotation [cc]̂  17*̂ , was found to be 

the same for both materials. The dif ference of 4° from that of the 

literature value [a]^ 21° is probably due to the fact that the above 

rotations were taken on syrups. These results provide strong evidence

that the unknown sugar is D-glycero-D-mannoheptose (Pig. 8 overleaf) .
102Jones, Perry and Sowa also found this heptose in the acid 

polysaccharide from A. indicum and they developed a spray specific for 

heptoses. This spray, which is dependent upon the rapid release of 

formaldehyde from a heptose, by the action of sodium metaperiodate, was 

used and proved positive. Other compounds, such as ketoses and alcohols,
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and, if the periodate is left on the paper too long, all the other 

sugars present in the hydrolysate, dlso give formaldehyde. However it 

was found that if the periodate was destroyed quickly enough, (in less 

than the one minute indicated hy the original authors) the spray 

reagents could he used effectively.

Insufficient heptose was obtained initially to prepare a 

crystalline derivative, and as it seemed that chromatographic removal of 

the glucose would produce only small amounts of pure heptose, the glucose 

in a large scale hydrolysate was removed with glucose oxidase. This 

enzyme converts the glucose into gluconic acid, which was subsequently 

removed with resin. The enzyme v;as then removed from solution by 

coagulation. However, in spite of repeated attempts to prepare a 

crystalline derivative (Expt. XII p.56) and preparative purification of 

the derivative mixture, the syrups failed to crystallise. It is 

thought that this is due to traces of residual protein, left after the 

removal of the glucose, which would not be detected by paper chromatography. 

Another difficulty was that of obtaining any quantity of the free heptose. 

This was mainly due to the strength of the glycosidic bonds linking the 

heptose, since it vjas found that complete hydrolysis of the polysaccharide 

required very strong acid conditions and this resulted in considerable 

degradation (Expt. IX, p.5l). This suggests that the heptose is linked 

to uronic acid residues and this indeed was found to be the case on partial 

hydrolysis (see Table 6 p. 59)• Although the preparation of a 

crystalline derivative would have been conclusive proof, it seems reasonable 

to conclude that the heptose is D-glycero-D-mannoheptose (Pig. 8, p.95) 

because of the identical chromatographic mobilities and rotations, and 

since the same heptose has been found in a polysaccharide from a bacterium 

of the same genus.
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C o m p o s i t io n  o f  th e  E x t r a c e l l u l a r  P o ly s a c c h a r id e

The proportions of sugars in the neutral fraction were calculated 

using two methods (Expt. XIII, p.57) and were in reasonable agreement 

(see Table z], p.57). Taking into account the uronic acid content,

the approximate composition of the total extracellular polysaccharide 

(measured on a hydrolysate) is guluronic acid 58^, glucose 22^, 

heptose 6^, arabinose 5^, mannose 4 .5^ and rhamnose 4.25^. These 

figures do not take into account any uronic acid or neutral sugars 

present as oligouronic acids or of tliose lost by degradation during 

hydrolysis and for reasons it is thought that the percentage of heptose 

is probably higher.

When the neutral sugars were separated, some glycerol (1OO mg by 

weight) was obtained. The origin of this glycerol is unknovjn as it %vas 

not found in subsequent hydrolysates of the polysaccharide.

Feutrai Oligosaccharides from a Partial Hydrolysate

A small quantity of neutral oligosaccharides was obtained 

(Expt. XIV; p.58) (see table 5» p.58). These were found to be mixtures, 

even after reseparation by paper chromatography. The quantities were 

not sufficient to enable further purification, but the high incidence 

(OAI, 0A2, 0A4 and 0B1 Table 5) of oligosaccharides containing solely 

mannose and arabinose is strong presumptive evidence that these two 

sugars are mutually linked in the macromolecule, similarly with glucose 

and mannose (0A3, 0B5, 0B7).

The oligouronic acids (Expt. XV, p.59) wh.ich were obtained in 

higher yield were examined more fully. However it will be more 

appropriate to discuss these at a later stage, except to note that 

they did not contain any mannose, arabinose or rhamnose.
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P e r io d a t e  O x id a t i o n  S t u d ie s

The total polysaccharide reduced 0.825 moles of sodium metaperiodate 

per anhydroaldose unit (Expt. XVI, p,60) (see fig. 9 overleaf) and gave a 

polyalcohol (yield 55^) containing only guluronic acid and much reduced 

proportions of glucose and heptose. It would seem that the uronic acid is 

not vulnerable to attack by periodate and that some of the glucose and heptose 

is also resistant. Since the ui'onic uronic acid constitutes about 58^ of 

the molecule, the uptake of periodate by the remainder of the constituents is 

about 2 moles per sugar unit. The oxidised sugar fragments were a complex 

mixture and were not identified.

The polysaccharide was autohydrolysed (Expt. XVII, p.60) giving a degraded 

polymer and eleven dialysed fractions (table 7, p.6l). Examination of the 

fractions revealed that some of the glucose is removed very easily, but glucose 

continued to be liberated during the 132 hr of the experiment. Mannose and 

arabinose were also released by the hydrolysis, but very little heptose and 

uronic acid were liberated. On examination of the degraded polymer, it was 

found to comprise only the latter two sugars. This is in agreement with 

earlier evidence that the heptose and uronic acid are mutually linked. When 

the degraded polymer was applied to columns of Sephadex gel, it vjas partly 

excluded from both G.100 and 0.200 and therefore at least some of it retained 

a highayerage degree of polymerisation.

Periodate oxidation of the degraded polymer gave a polyalcohol (yield 48^) 

containing only uncleaved guluronic acid. The uptake of periodate was 

0.9 moles per sugar unit (see fig. 10, p. IOO). This is a high figure 

considering that most of the susceptible units were removed by autohydrolysis 

and corresponds to more than 2 moles/anhydroheptose unit. It is however 

thought to be due to the presence of additional end group due to cleavage 

of the chains. Another important point is that autohydrolysis rendered all 

the heptose units susceptible to attack by periodate. This evidence indicates
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a polysaccharide with long chains of heptose and uronic acid, possibly as 

a backbone with the other sugar components present in side chains, or as a 

separate polysaccharide, linked, to the other sugar units only by the gel 

structure. For this reason the fractionation experiments were continued.

Fractionation into Ifeutral and Acidic Polysaccharides

It was found that addition of 'Cetavlon* to a very dilute solution of 

the polysaccharide only completed with about 85^ of the carbohydrate present 

and left some carbohydrate (Expt. XIX, 3b, p.65) in solution. The complex 

was only partly broken down by dissolution in sodium chloride, and the 

remainder was dissolved in ethanol. At first it was thought that this 

represented fractionation into two acidic components, (a^) and (a^) but on 

examination of the two fractions, they were found to have the same 

composition and it was concluded that the fractionation was due solely to 

molecular weight differences. After consultation with Dr. J. Scott, the 

experiment was repeated using a purified form of 'Cetavlon* 

^Hexadecyltrimethylammonium bromide* (Eastman Kodak). Only a single acid 

fraction was obtained by this method. A further addition of 'Cetavlon* to- 

the supernatant failed to yield a precipitate.

The supernatant from the initial complex ivas dialysed to remove the 

excess *Cetavlon*, and it was found that some of the carbohydrate passed 

through the dialysis sac. The neutral polysaccharide was thus separated 

into two fractions 11̂ , which vjas dialysable, and Fg, which was of higher 

molecular weight. In subsequent experiments the *Cetavlon* was removed from 

the supernatant by Biodeminrolit resin.

Three fractions were thus obtained: (a ) a white fluffy freeze-dried

material; (iT̂ ) a sticky yellow substance which would not freeze-dry properly,

and (K^), a crisp yellow freeze-dried material. In the following discussion,
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t h e  f r a c t i o n s  (N^) and  (F ^ )  w i l l  he c o n s id e r e d  as t h e  n e u t r a l  p o ly s a c c h a r id e

Examination of the ITeutral Polysaccharide

T}le material recovered from the 'Cetavlon* supernatant + IT̂ ) has 

C«]j) = 16° and comprises about 14^ of the total extracellular material.

It was found to be devoid of protein and uronic acid and to contain 55^ 

glucose (Fig, 11 below).

The dialysable fraction (iT̂ ) was examined chromât ographically and found 

to consist mainly of glucose, mannose and oligosaccharides. After hydrolysis 

arabinose vas also found to be present. No heptose was detected. The amount 

of free glucose present in this fraction (N^) was measured before hydrolysis 

and found to be SOfo of the total and after hydrolysis to be about 80^.

Fig. 11 Neutral fractions and proportions of glucose 

Neutral fraction 2.2 g 55^ glucose

N

0.75 g 80^ glucose
(60fo glucose present 
as free sugar)

1 N,

1.5 g 33^ glucose

It was thought at first that these small fragments resulted from the 

presence of an enzyme v/hich caused cleavage of these sugars, while the 

polysaccharide vjas in solution, during purification and fractionation. A

sample of the crude polysaccharide in the dried milled form ims therefore 

taken and suspended in boiling vzater for 20 minutes to denature any enzymes, 

but the same small cligo- and mono- saccharides were removed on dialysis.
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A parallel dialysis experiment carried out on polysaccharide which had not 

been boiled, contained the same amount of small fragments (judged visually 

from paper chromatograms) thus it would appear that these low molecular 

weight fragments are present in the medium during the grovrfch of the bacteria, 

and are produced, either because the polysaccharide is incompletely 

metabolised, or are due to the presence of an enzyme in the medium which 

partially hydrolyses the polysaccharide leaving the mono- and oligo­

saccharides trapped inside the gel.

The neutral polysaccharide fraction (iTg) consisted of glucose, mannose 

and arabinose in approximately equal proportions.

The very large number of methyl glycosides derived from the methylated

neutral polysaccharide (N^) gave an extremely complex pattern of peaks on

G.L.C, It was therefore decided to rely on characterisation of the
(Table 16 overleaf) 

methylated alditol acetates. Analysis of the latter/revealed a large

amount of end group, mainly arabinofuranose, but with some mannopyranose

indicating a highly branched polymer, probably with fairly short chains.

The remainder of the arabinose was 1,2- and 1,3-linked furanose and 1,4

and/or 1,6-linked. In addition it occurred at branch points linked 1,2,4

and/or 1,2,5» The latter two derivatives give no information as to the

ring size of the units, (see fig. 12, P.IO5). However since the majority

of the arabinose was furanose, it seems safe to assume that this is also

furanose.

The mannose in addition to end group, was 1,3-1inked and 1,3,6-1indeed.

The glucose was 1,6- or 1,4-linked in the chains and a very small proportion 

also occurred at branch points, 1,2,4- and'1,2,6-linked. It is possible that 

these latter derivatives result from undermethylation, but the periodate 

oxidation studies do not support this conclusion. Further discussion of the 

techniques and general results of méthylation analysis can be found in the

discussion on the acid polysaccharide.
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Table 16

Méthylation Analysis of the Ndutral polysaccharide

b) P.11 linked to Mass spectrometer (OV.2
¥r

Arabinose

Peak No. Relention li:

1 0 .42(m)
2 0.66
3 0.8
5 1.09(tr.)
6 1.83
4 0.95(ln.)
7 1.91
12 4.6
8 2.3(m)
9 2.4
10 3.69
11 4.5

a) Pye 104 0V.225
Peak No. Retenlion ti

1 0.45(m)
2 0.70
3 0.85
5 1.07(lr.)
6 1.85
4 o.99(tr.)
6 1.85
11 4.5
7 2.2(m)
8 2.3
9 3.7
10 4.2

Mannose

Glucose

Corresponding to

2.3.5-tri-0-methyl 
3,5“d1-0-methyl
2.5-di-O-methyl
2.3-di-O-methyl 
3-mo no-0-m e t hyl
2.3.4.6-tetra-0-methyl
2.4.6-tri-O-methyl
2.4-di-O-methyl
2.3.4-1ni-0-methyl 
2, 3,6-tri-O-methyl
3.6-di-0-methyl
3.4-di-O-methyl

Arabinose

Corresponding to-

2.3.5-1ni-0-methyl
3.5-di-O-methyl
2.5-di-O-methyl
2.3-di-O-methyl 
3-mono-O-methy1
2.3.4.6-tetra-0-methyl
2.4.6-tri-O-methyl
2.4-di-O-methyl
2.3.4-1ni-0-methyl
2.3.6-lri-O-methyl
3.6-di-O-methyl
3.4-di-O-melhyl

relalive lo 1,5-di-O-acetyl, 2,3,4,6-lelra-O-methyl glucitol 

m = major tr. = Irace

Mannose

Glucose
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F i g u r e  12

2,3 di-O-methylL'AralDini-tol could arise from
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0

2,3 di-O-methyl a-Arabinofuranose 
linked 1-5

H
(

1
ome
1

H

H
H

0 %
2,3 di-O-methyl 
a-Arabino pyranose 
linked 1-4

Peak 6

3 Mono methyl Arabinitol could arise from

3 Mono methyl a-Arabinofuranose 

linked 1-2-5

--0

I H

3 Mono methyl a-Arabinopyranose 

linked 1-2-4
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P e r  i .o d a t g Ox i d a t  i  on S t u d ic s

Periodate oxidation of the polymer [Expt. XXXIII, p.69] with a

periodate uptake of 1 .3 moles of periodate per anhydro unit, yielded a 

polyalcohol which contained mannose (major) and arabinose and some 

glucose (2̂ ). This is in agreement with the méthylation results, since the 

only mannose units which are vulnerable to attack are those present as 

non-reducing end units. In contrast the only glucose units which would 

not be attacked are those at branch points - this seems to rule out the 

possibility of under méthylation.

The yield of polyalcohol (29.4^) v/as very low, possibly due to the 

lability of the arabinofuranose units. Although fraction was used

for the periodate oxidation experiments, even this appeared to consist 

of fairly low molecular weight material. When spotted, unhydrolysed, onto 

paper chromatograms oligosaccharides of P.P. about 8-15 were found. It 

would seem probable, therefore, that after periodate oxidation and reduction, 

some of these were lost during dialysis.

The neutral polysaccharide vjas subjected to gel permeation

chromatography by Pharmacea Ltd., using columns of Sephadex G50/G75» and 

this indicated that the molecular weight was = 5>400

1,900

An attempt was made to determine the molecular weight of the total 

polysaccharide by ultracentrifugation, but the large difference in molecular 

weight between the neutral and acid polysaccharides (see p. 133 discussion on 

acid polysaccharide) resulted in the neutral polysaccharide remaining 

immmobile, when the acid polysaccharide had sedimented, and so no 

photographic plates of the neutral polysaccharide were obtained.

All the results on this neutral polysaccharide indicate a highly 

branched molecule with fairly short chains, little more than oligosaccharides 

in nature. It is concluded that it is held in the matrix of the gel 

possibly by hydrogen bonding to the acid polysaccharide.



107

The Acid Polysaccharide

The acid polysaccharide, [a]^ = 25.6°, comprises about 85^ of the total

extracellular carbohydrate and consists of guluronic acid (65^) heptose (20^)

and glucose (l5^). Infra red analysis (Pig. 13) on a thin tilra gave a

spectrum which was very similar to that of the total polysaccharide (Pig. 14)

and quite distinct from that of the neutral polysaccharide which was

in general broad and featureless (Pig. 15). The absorption bands at

1420 cm  ̂ (carboxylate) and at 1735 (C stretching) found in the

spectra of the acid and total, but not in the neutral is indicative of

uronic acid. The latter is relatively smaller (cf. the band at I6OO cm"^)

in the total than in the spectrum of the acid polysaccharide. Also shovm

(Pig. 16) is the infra red of 'Cetavlon* as a KBr disc. The complex

spectrum shows no similarity with either the acid or neutral spectra,

indicating the freedom of the two polysaccharides from contamination with
“ 1this reagent. The absorption band at 1550-1650 cm in the total 

polysaccharide, reduced to a smaller band at l620 cm in the acid poly­

saccharide, is thought to be due to secondary amide and could be explained 

by the presence- of protein.

Occurrence of Pyruvic acid

Although Jones _et al"*^^ and Haug'^^^ in their studies on A. indicum had 

not reported the presence of pyruvic acid in this polysaccharide, its 

frequent occurrence in extracellular bacterial polysaccharides [not only in 

the Klebsiella species (Appendix I table D) and corynebacterium species^^^
242 24-*̂(Appendix I table C) but also in Xanthamonus species. Pseudomonas species

and in Microscorum quinckeanum^^^ a yeast, and in addition in the seaweed

polysaccharides agaropectin^^^ and -carrageenan^^^] led us to look for it
247in this polysaccharide. Following the work of Choy and Dutton the 

polysaccharide was analysed by N.M.R. in solution in D^O (see fig. 17).



108S o

C D

o

o-

oo

o

O



oooO O O g  ^- . - p -
(P
3.

PPPP

rr

cfp
r
5/p

o
8

o

8O

8

'£o

■r
O'

NOO

oOo

04oo

109

6
po
F

CS

7'
\3



o
%-

8 £ S 8f 110

L 5

J

-tfr-;
?p
P

.-Po
0 5 ;PcfD

#
Ooo

go

f
oôOc>

zo

so

ooo

go

cr*oo



o

rr

Cd

o

o

<ro

ooC3O

cr



112

f

OQ

JD

0



113

The h.M.Re spectrum can be used to show the presence of uncoupled methyl 

protons. The above authors state, that the -CH^ in the IT.Il.R. spectrum of 

Klebsiella polysaccharide at 8.5 relative to T.M.S. arises from a pyruvic 

acid ketal linked to positions /| and 6 of a D-galactose residue [see fig. 20a], 

Other authors (Gorin and Spencer^^^) found a similar peak in the R.M.R. 

spectrum corresponding to uncoupled methyl protons at positions relative to 

T.M.S. from 8.35 to 8.45» However Gorin and Ishikavra,̂ ^̂  synthesised the

4,6-carboxyethylidene-l)-galactose (pyruvic acid linked to positions 4 and 

6 of D-galactose) and found that it existed in two conformations.

H.M.R. spectra of the two anomers had peaks corresponding to uncoupled 

methyl protons at 8 .O9 and 8 .I8. These anomers correspond to the -CH^

being equatorial or axial to the sugar ring.
247Although Choy and Dutton state that the M.M.R. peak at 8.5 relative 

to T.M.S. is proof of pyruvic acid ketals, results obtained by us (spectra 

fig. 17, p. 112) show that while the H.M.R. peak at 8.5 - 7.8 relative to 

TMS indicates the presence of pyruvic acid linlced to the molecule, it does 

not conclusively prove whether the pyruvic acid is linked as a ketal or as an 

ester. This is due to the imprecise nature of the H.M.R. measurements, and 

also to the variation of the position of the peak depending on conditions, 

such as the pH of the solution, nature of solvent and temperature. The 

2^ ’solution’ of polysaccharide, necessary for these measurements, was 

very viscous and almost opaque, thus it seems likely that it was not a true 

solution. However it was considered that the introduction of other solvents 

or alkali to assist the solubilisation of the polysaccharide would lead to 

a shift in the position of the peak, and thus were not attempted, except 

with the methylated polysaccharide which was insoluble in vjater (fig. I8, 

overleaf). In addition the fact that the solution was so dilute increased 

the complication due to the HOD peak ( = 5  relative TT4S) which was very

large in comparison to the -CH^ peak.
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?49In a latoi' paper Bebault _ot a4 .'se trifluoroacetic acid to move 

the HOD peak down field, however because of the lability of the pyruvic 

acid to acid conditions (see later) this was not attempted. Nevertheless 

since the N,M.R, of the acid polysaccharide did show the presence of 

uncoupled methyl groups, it was investigated for the presence of 

pyruvic acid.

Removal of Pyruvic Acid from the Polysaccharide and its Quantitative 

Estimâtion

De-pyruvylation (Expt, XXX, p.73) and ether extraction yielded a 

syrup which was characterised as pyruvic acid. Measurement of the 

quantity of pyruvic acid (found to be 2.6^ by weight, equivalent to 1 unit 

in 20 carrying pyruvic acid) was effected by the large scale method of
234Sloneker and Orentas ' by coupling the liberated pyruvic acid with

2,4“dinitrophenylhydrazine and measuring the intensity of colour of the

resulting solution of hydrazine (Expt. XXXVIII(l) p.77]. This method

requires relatively large quantities of material and involves a number of

extractions. Consequently it had to be performed several times before

repeatable results and straight line graphs were obtained. Thus another
206more accurate method vzas sought. The Duckworth and Yaphe modification

239of the enzymic method of determining the pyruvic acid in blood appeared 

to be ideal. However after much experimentation and variation of the 

stated experimental technique (Expt. XXXVIII (2), p.78] it appeared only 

to be feasible for the ether extract of the polysaccharide containing 

pyruvic acid and not for solutions which also contained the polysaccharide, 

The result obtained by this method (less than 1̂ ) was considered to be 

too low, when compared with the amount obtained quantitatively from 1 g of 

polysaccharide (20-30 mg) and used for the preparation of the derivative. 

Later results, which inferred the presence of pyruvic acid on one sugar 

unit in twenty of the polysaccharide were consistent with the results
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from method 1. These later results, together with the linkage of the 

pyruvic acid to the polysaccharide chain will he discussed with the 

méthylation studies.

The Occurrence of Acetic Acid

Although the W R  results did not indicate the presence of acetate 

esters, these have often been found attached to polysaccharides which 

also contained pyruvic acid. Also acetate had been found on the
187polysaccharide of A. indicum and was found to correspond to one 

acetate group to every two sugar units.

Accordingly the degree of acétylation was measured (Expt. XXXIV, p.74) 

using a method which did not involve steam distillation as it v/as thought 

that this would also remove the pyruvic acid and lead to a high result.

The degree of acétylation was found to be 8 .5^ which corresponds to 

1 unit in 4 carrying the acetate group. A parallel experiment carried 

out on A. indicum indicated an acetate content of 15^ (l6^ acetate would 

correspond to 1 unit in 2 carrying acetate groups). The very low 

acetic acid content found from the titration results (p.5l) is probably 

due to the difficulty of converting the polysaccharide completely to 

the free acid form.
187Only the Norwegian workers reported the presence of acetate in
182 184A. indicum, the Canadian workers ’ reported no experiments to 

ascertain the presence of either pyruvate or acetate. An experiment to 

locate the position of the acetate groups on the molecule was attempted
290using the method of DeBelder and Norrman. This method involves

condensing methyl vinyl ether onto the polysaccharide followed by 

méthylation which replaces the acetate groups with methoxyl, and thus in 

the G.L.C. analysis of the hydrolysate (converted to alditol acetates) the
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positions of the methoxyl groups mark the position of the acetate groups 

in the original polymer. However due to the insolubility of the 

polysaccharide in p-toluenesulphonic acid in dimethylsulphoxide the 

method was not successful. In addition no evidence of or the location 

of the acetate groups could be obtained from the periodate oxidation 

results because of the resistance of the most of the units in the chain 

to periodate oxidation either before or after déacylation.

Analysis of the Acid Polysaccharide and Depyruvylated Acid Polysaccharide

These two polysaccharides should have identical composition and 

primary structure except for the absence of acetate and pyruvate in the 

latter. (The acetate would also be removed from the polysaccharide under 

the conditions of depyruvylation, but would be lost by evaporation).

The compositions are given in table 17 below. However it is probable that 

some degradation of the chains has occurred during the depyruvylation 

process.

Table 17 Composition of Acid and Depyruvylated Acid Polysaccharides

Acid Polysaccharide^ Depyruvylated Acid
Polysaccharide %

Nitrogen 0 0

Carbohydrate 85 82

consisting of

Uronic acid 65 65

heptose 20 19

glucose 15 16
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M é th y l a t i o n  S t u d ie s  on t h e  A c id  Pol y s a c c h a r i d e

The linkages occurring in the acid polysaccharide were determined
2pOby méthylation analysis. The standard procedure used vas the Lindberg

219modification of the Hakomori method. It was found [Expt. XXXIX(j),

p.79] that when the methylated polysaccharide was hydrolysed much 

degradation occurred and the resulting G.L.C. trace had a broad 

solvent peak containing degraded material, and the base line was also 

high and not smooth. Ho uronic acid derivatives were identified 

(Tables I8, 19 p.ll9,12l] but since the G.L«C. retention times are not 

known and the fragmentation of acetates of methylated uronic acids has not 

been fully established, it is possible that complete degradation had not 

occurred, but that the peaks were not recognisable by mass spectrometry.

In view of this, uronic acid units in the partially methylated poly­

saccharide were reduced to the corresponding sugar. Since the 

retention times of methylated guloses had not been established it was 

necessary to determine these. Gulose was therefore partially 

methylated and the retention times of the resulting methylated guloses 

were determined (see reprint attached).

The different methylated sugars characterised from the hydrolysates 

of the variously methylated polysaccharide are given overleaf in 

Tables I8 and 19. It can be seen that the glucose is mainly

1,3-1 inked. The presence of 2, 3,4,6-tetra-O-methyl glucose shoves 

that glucopyranose is also present as end group. Although no methylated 

heptoses were available for comparable experiments, tvjo peaks were 

identified from their mass spectra as 3j4?o,7-tetra-O-methyl and

3,6-di-O-methyl heptose (their respective retention times are given 

in Tables I8, 19) showing 1,2- and 1,2,4,7-linked or substituted
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Table l8. Methylated methyl glycosides from acid polysaccharide

(l) Acid polysaccharide, methylated, reduced, re-methylated and

hydrolysed [Expt. XXXIX(l)]

Column (l) -x-T . . Column (2) Corresponding to :

4.3; 4.7 3.3 Heptose 2,4,6,7-tetra-O-methyl
1.0; 1.36 1.0; 1.32 Glucose 2,3,4,6-tetra-O-methyl
3.0; 3.7 1.65; 2.3 2,4,6-tri-O-methyl

1.0; 1.36 1.0; 1.32 Guluronic acid 2,3,4,6-tetra-O-methyl
2.1; 3.7 1.65; 2.0 2,4,6-tri-O-methyl
4.7; 6.3 2.3; 3.3 2,6-di-O-methyl

(2) Acid polysaccharide, methylated, reduced and hydrolysed
[Expt . XXXIX (2)]

Column (1) Column (2) Corresponding tp:

4.4; 4.7 - Heptose 3,4,6,7-tetra-O-methyl
I.O(tr); 1.38 1.0 ; 1.3 Glucose 2,3,4,6-tetra-O-methyl
3.0; 3.7 1.65; 2.3 2,4,6-tri-O-methyl

3.2; 4.5 1.3; 1.85 Guluronic acid 2,3,4-tri-0-methyl
2.3; 3.3 2,4-d.i-O-methyl

*T is the retention time relative to that of methyl 2,3,4,6-tetra-O- 

methyl-^3-D-glucopyranos ide.

heptose. (see fig. 19 page 120 for the mass spectra breakdown 

pattern).

In view of the impossibility, as mentioned in the introduction, 

of distinguishing different hexitols, with methoxyl groups in the 

same positions, by their mass spectra, it was not possible in the 

hydrolysates of the methylated reduced polysaccharide, to be certain 

which arose from glucose and vjhich from reduced uronic acid. The 

incorporation of deuterium at C-6 of the uronic acid by reduction with 

potassium borodeuteride [Expt, XXXIX ($)] made this distinction possible,
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Table 19 Analysis of the Methylated Alditol acetates from the 
Acid Polysaccharide

1. Acid Polysaccharide; methylated, reduced and remethylated.

Peak Ho. T corresponding to :
4 3*1 hept 08e 3,4,6,(—t etra—0—methyl
3 1.75 glucose 2,4,6-tri-O-methyl
1 1.03 guluronic acid 2,3,4,6-tetra-O-methyl ^
2 1.68(m ) 2,4,6-t ri-0-methyl
5 3.8 2,6-di-O-methyl

may contain 2,3,4,6-tetra-O-methyl glucose

2. Acid Polysaccharide; methylated and reduced.

4 3.1 heptose 3,4,6,7-tetra-O-methyl
7 7.5 3,6-di-O-methyl
1 1.0 glucose 2,3,4,6-tetra-O-methyl
2 1.75 2,4,6-tri-O-methyl
3 1.89 guluronic acid 2,3,4-tri-0-methyl
5 4.0 (m) 2,4—di—O—methyl
6 6.0 2-mono-O-methyl

3 . Acid Polysaccharide; methylated.

1 ’ 1.0 glucose 2,3,4,6-tetra-O-methyl
2 1.75 2,4,6-tri-O-methyl
3 3.1 heptose 3,4,6,7-tetra-O-methyl
4 7.3(tr) 3,6-di-O-methyl

T is relative to 2,3,4,6-tetra-O-methylglucitol 1,5-diacetate =1.0 

m = major tr = trace

4 and 5 Incorporation of deuterium occurred only in the methylated
derivatives of guluronic acid, not in glucose; indicating that 
no glucuronic acid was present. The results were otherwise 
identical to those obtained from methods (2) and (1) respectively.

6 All results were identical to those obtained from method(l).

Ho incorooration of dueterium v/as observed.
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However once the deuterium is introduced njo alkaline conditions can he 

used, since exchange would then occur. Thus Experiment XXXIX (6) showed 

no incorporation of deuterium, and only confirmed the results obtained 

previously. However méthylation with dia|zomethane, which is slightly acidic, 

enables méthylation at C-6 of the reduced 'uronic acid, without loss of 

deuterium.
251Garegg e^ ^  give fragmentation patterns for partially 

methylated alditol acetates containing deuterium. This enabled the 

characterisation of 2,3,4,6-tetra-O-methyl, 2,4,6-tri-O-methyl and

2,6-di-O-methyl guloses as their glycosides and alditol acetates confirmingf
that the guluronic acid is mainly 1,3-linked (see Tables 18, 19) with some 

end group, and some 1,3,4-1inked units.

Since no deuterium was found in the 2,4,6-tri-O-methyl glucose (1,3,5- 

tri-0-acetyl 2,4,6-tri-O-methyl hexitol) peak after reduction with 

borodeuteride and remethylation [Expt. XXXIX (5)] it was concluded that no 

glucuronic acid is present in the polysaccharide.

The Site of the Pyruvic Acid

The presence of 1,2,4,7-linked or substituted heptose suggests that it 

is these units which carry the pyruvic acid in 0-4 and 0-7 linkage

(see fig. 20 below).

Figi. 20 4,7 Oarboxyethylidene-D-
I glycero-D-mannoheptose

Oarbon.



123

The p y r u v i c  a c i d  i n  o t h e r  p o ly s a c c h a r id e s  i s  l i n k e d  as a k e t a l  t o

posi t;'! ons C-4 and C-6 of either glucose, galactose or mannose, thus

forming a 6-membered ring [Fig. 21(a)]. However it is thought to he

linked to positions 3 and 4 of galactose [fig. 21(h)] in the
251polysaccharide, colonic acid forming a ^-^emhered ring. However, a 

model of the heptose with pyruvic acid linked in ketal linkage to C-4 

and C-7, as shown in fig. 21 (c) was found to he free from strain.

The ketal linkage should be acid labile and base stable. Thus the 

pyi'uvic acid should not be removed from the polysaccharide by méthylation 

or periodate oxidation. Nevertheless the di-O-methyl heptose derivative 

disappears during reduction and remethylation, indicating that the pyruvic 

acid is lost during these experiments. In order to establish when this 

occurred an NoM.R. analysis was carried out after each stage of the 

procedure. It was found that it was lost during dialysis, after the 

reduction of the methylated polysaccharide. It was concluded that the 

pyruvic acid was cleaved when shaking with IR120(h '̂) resin to remove the 

inorganic cations.

The total amount of end group was found to be about 12^. This ivas 

calculated by measuring the total area of guluronic acid from the G«L,C; 

and the area of the end groups and taking the amount of uronic acid as 6$^.

Periodate Oxidation of the Acid Polysaccharide

Periodate oxidation of the acid polysaccharide yielded a polyalcohol 

(yield 73^) and 0.15 moles of formaldehyde per anhydre unit. (Expt. XXVI, 

p.70). The low uptake of periodate (0.59 moles per anhydro sugar unit) 

(see fig. 22, p. 125) can be explained by the high proportion of the

1,3-linked units in the molecule. Formaldehyde is only released by 

oxidation of the heptose and thus release of formaldehyde mole for mole
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a

4,6-0~Carboxyethylidene-D- 
galactopyranose^^”̂

3,4-0-Carbozyethylidene-D-
1  ̂ 2517253ga1actopyranose

V y ^ O

H o o r \ OH

HO 0 4t T-O-Carboxyethylidene-D-
glycero-D-mannoheptopyranose

Figure 21
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gives an assay of 15^ of heptose. However this did not quite agree 

with the figure (20^) obtained by previous methods (see p. ) and 

indeed, on hydrolysis of the derived polyalcohol, it was found that 

not all the heptose had been oxidised. This could be due to those units 

which carried the pyruvic acid and was further confirmation that it was 

indeed the heptose which carried these units.

Periodate oxidation of the depyruvylated polysaccharide yielded a 

polyalcohol (yield 63^) and 0.19 moles of formaldehyde. The latter 

results give an assay of heptose of 19^ which is in good agreement with 

the 20^ estimated from G,L»C, when this polyalcohol was hydrolysed no 

heptose was found. These results also confirm that the pyruvic acid 

is liriked to the heptose.

Each available unit of heptose consumes tv/o moles of periodate, 

and thus in the acid polysaccharide accounts for the reduction of

0.30 moles of periodate. Thus the remaining 0.29 moles of periodate 

were presumably consumed by end group units, each of which takes up 

2 moles of periodate. This corresponds to a degree of branching of 14%. 

This is in reasonable agreement with the proportion of end group (12%) 

found from méthylation studies. Measurement of the quantity of uronic 

acid and glucose uncleaved in the polyalcohol indicated a loss of 11% 

of uronic acid and 3% of glucose, confirming a 14% degree of branching. 

Thus the acid polysaccharide would appear to be a branched polymer with 

L-guluronic acid at branch points and D-glucose and L-guluronic acid 

at the non-reducing ends of the chains. The remainder of the D-glucose, 

L-guluronic acid and D-heptose form the chains with the heptose and 

uronic acid mutually linked.
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Similar measurements of amount of glucose uncleaved in the 

polyalcohol derived from the depyruvylated polysaccharide indicated a 

loss oi glucose of /]%, compared to 3% from the original polysaccharide.

This might indicate that the polysaccharide had been degraded by the 

depyruvylation leaving more of the glucose available for attack by 
periodate.

In contrast the heptose in the depyruvylated polysaccharide accounts 

for the reduction of O .38 moles of periodate and thus the remaining 0.27 

moles of periodate is presumably used to oxidise the non—reducing end groups 

corresponding to 13-5% branching. Thus it would appear that very little 

degradation has occurred during the depyruvylation.

Smith Degradation of the Acid Polysaccharide

Mild acid hydrolysis of the polyalcohol revealed the expected fragments

of glycerol and glyceric acid. It m s  found that the degraded

h polya-lcohol retained a high average degree of polymerisation as no _

oligosaccharides were detected by paper chromatography. This indicates ^
that the partial hydrolysis was only cleaving the acyclic acetal ^
linkages at end groups and not those of degraded heptose* probably 
due- to a steric effect. Stronger hydrolysis conditions resulted in 
thve liberation of free monosaccharides (see Fig 23,p.128). This

■m Iwas also found to be the case for the depyruvylated polyalcohol, - J

The méthylation results from the acid polyalcohol (Expt. XL p.80 )

Mere substantially identical to those obtained from the acid 

polysaccharide (Expt. XXXIX1, p.79) except that the proportion of 

3,4,6,7-tetra-O-methyl heptose was much reduced.
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The results from the méthylation of the depyruvylated polysaccharide 

confirmed the theory that very little degradation of the polysaccharide 

had occurred; the measui'ement of peak areas gave a degree of branching 

of 13^, a value which is not significantly different from the value (12^)

obtained from méthylation of the original polysaccharide.

The depyruvylated polyalochol gave a similar méthylation pattern, 

but no methylated heptose was detected as expected.

Oligouronic acids from the Acid Polysaccharide

252Several workers ' have reported the isolation of a monosaccharide 

or dr saccharide carrying the pyruvic acid ketal by partial hydrolys s,

or méthylation and partial hydrolys s, of the polysaccharide. The work
233of Hi rase was followed to isolate such a disaccharide, but this proved

unsuccessful (Expt. XXXVII, p. 76). It is thought that the acid 

conditions used hydrolysed the ketal. Most of the ketal bearing 

residues isolated by the various workers have been isolated from 

neutral polysaccharides, where hyrolysis conditions would be lessgevere.
247Choy and Dutton considered that the close proximity of the pyruvic acid 

to a glucuronic acid residue in Klebsiella K.21 polysaccharide was 

responsible for tie inability to isolate such a disaccharide. However
252Suthei'land ' isolated several oligosaccharides, still bearing the 

pyruvic acid moiety, from the colonic acid polysaccharide in which the 

sugar carrying the pyruvic acid is directly linked to a uronic acid 

residue (see fig. 24 (overleaf). However both the galactose residues 

in the polysaccharides shoivn form pseudoaldobiuronic acid residues. If, 

however, in the B. mobilis polysaccharide the pyruvate bearing moiety,

i.e. the heptose, is 'sandwiched* between uronic acid residues, it seems 

likely that the weak ketal links would be broken in less strong acid 

conditions than those of the glycosidic linkages.
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pyruvat e I

P-gal ------> P-G1oUA(i  » 3)P-Gaï

a~Fuc   ̂ pGlc —  > Puc ■ ■> PuoÎacetyl
(2̂2)Colanic acid structure

3oD-glcUAp ( 1— ^ 3) oD-mannp ( 1— 9 3) (3D-gal 1 
4
Î
1

a-Bgalp

pyruvate

Klebsiella K.21 247

Fig. 24 Repeating units of two polysaccharides showing

justaposition of uronic acid and pyruvate residues
I

Returning to the oligouronic acidsjisolated by partial hydrolysis
!

of the total unfractionated polysaccharide (Expt. XV, p.59) these must

arise solely from the acid polysaccharide.

Only one oligosaccharide was found ! which contained all three

constituents of the acid polysaccharide,(see Table 6, p.59) and this had

a degree of polymerisation greater than 15»

It is thought that this was simply degraded polysaccharide.Of the

remaining oligouronic acids, one, a disaccharide, was found to contain

only guluronic acid and the remainder contained both guluronic acid and

heptose. The quantities obtained were relatively small and thus the

experiment was repeated using the acid polysaccharide (Expt. XLI, p.8l) 
(Table 20) . These oligosaccharides appear to be basically similar to
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Table 20 Analysis of oligosaccharides from Acid polysaccharide

Wo. Wt. obtained 
as

D.r. ^ uronicacid %glucose Others
const its. reducing end rotation

[a]°
1 167 6 63^ 0 heptose heptose 50
2 107 3 67^ 0 heptose heptose 47
3 116 2 98% 0 - uronic acid 64

4 165 2 50% 0 heptose heptose 75

5'' 25 1.1 50% 0 heptose - -

this fraction was thought to be a mixture of heptose and raonouronic
acid which were not separated.

those obtained previously, except that no glucose was found. In addition,
no oligosaccharide containing only neutral sugars, either mixtures, or
singly was obtained, indicating that the heptose is not mutually linked
but only to uronic acid residues.

Where the oligouronic acids contained heptose (iTos. 1, 2 and 4)
this was found as follovjs to be the reducing unit. A sample of hydrolysed
oligouronic acid was applied to a paper chromatogram, together with a
sample of reduced hydrolysed oligouronic acid. Thus it is discovered
which component is no longer present. In S.ai*iHthe heptose spot
disappeared and a non-reducing spot of different mobility appeared.

. n (to \ KcoVoiÆ- uSKx^ S>^oV u n > ^Méthylation analysis of the oligouronic acids (xable 21, overleaf)
confirmed that uronic acid formed the non-reducing end group in all cases, 
and that all the oligouronic acids were straight chains with no branch­
points .
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Table 21. Méthylation Analysis of reduced oligosaccharides from 

Acid polysaccharide

oligosaccharide Components

3,4 ) 6, 7~ t/et ra—0— <̂ >3 
methyl heptitol mot

1 +
2 +

3

4 +

m = major

6-tetra-O- 2,4, 6-tri-O-
, gulitol gulitol

+ (m)h

+ +

+ 4

+

In addition partial hydrolysis of the hexasaccharide (Expt. XLIV, p.83) 

produced heptose, uronic acid and a component with the same chromatographic 

mobility as the trisaccharide (Wo. 2) guluronosyl ( 1— '■ 3) gnluronosyl ( 1— -2) 

heptose.

These results thus lead us to postulate a repeating unit structure of 

two uronic acid units linked to a heptose (see fig. 25 below).

 > 3)guluronic acid(l— >• 3)guluronic acid(l— 2)heptose(l-— ^

Pig. 25 Repeating unit occurring in Acid Polysaccharide.

The structural position of the glucose is as yet undetermined.

Wo glucose units linked to uronic acid units were obtained, neither were 

any mutually linked glucose units. However since these are probably

1,3-linked, they may be sufficiently acid labile to be hydrolysed even 

under the conditions of partial hydrolysis. It therefore seems likely
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that the glucose forms chains of 1,3-linked units which are attached to 

the main polysaccharide through uronic acid residues, since this is the 

only unit which occurs at branch points and méthylation analysis shows 

that some end group glucose is present. However it is possible that the 

glucose is not covalently linked to the uronic acid containing chain but 

is merely connected by such forces as hydrogen bonding, but is 

sufficiently interwoven with the acid polysaccharide not to be separated 

on fractionation.

Molecular Weight Determination of the Acid Polysaccharide

This was found to be very difficult due to the high viscos'ty of the 

aqueous solution. However very dilute solutions of the polysaccharides 

were examined under the influence of the ultracentr^fuge. Both the total 

and the acid polysaccharide were found to separate into two peaks and these 

could possibly be the two materials fractionated '.n Expt. XIX3 (b) p.65.

Dr A.W. deBelder (Pharmacia) kindly applied both the total and acid 

polysaccharides to columns of Sepharose 2B and 6B (see figs. 26, 27 and 28). 

The total polysaccharides on Sepharose 2B (fig. 26) gave an elution pattern 

with (1) a high molecular weight fraction comprising mainly uronic ac'd, 

and (2) a very low molecular weight fraction which contained a trace of 

uronic acid. This latter peak probably represents the neutral 

polysaccharide. On this column it is impossible to different ate this 

from monosaccharides.

The acid polysaccharide was totally excluded from the Sepharose 6B 

column (fig. 27) indicating a molecular weight greater than five million.

The same polysaccharide on Sepharose 2B (fig. 28) gave a broader 

distribution, however a considerable amount was still excluded from the gel. 

This indicates a very high molecular we'.ght, probably greater than 20 million.
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Nevertheless these figures cannot be taken as exact due to the possibility 

of molecular aggregation under gel-like conditions. Thus the 'apparent* 

molecular weight could be a multiple of the actual molecular weight. 

However the results still indicate a very large polymer.
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APPENDIX 1

Composition of Extracellular Polysaccharides of 

Soil Bacteria

TABLE A . Arrobacterium

Species Constituents Structure Ref.

glucose galactose uronic others 
acid

A. tumiefaciens + - - - P-1,2-chains 66

+ - - - 3-1,2-chains 67

+ - — - 3-1,2-chains 68

+ + + pyruvate, 69
acetate

A . radichacter + - - - 3-1,2-chains 66

+ — — _ _ 67

A. rhizoger.es + - - - 3-1» 2-chains 66

A . rjb i + - - - 3-1» 2-chains 66

A. gi-Tsophilae + - - - 3-1 »2 -chains 66

A. pgeudotsurae + + — - 3-1»2-and 66
3-1,6“chains
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TABLE B. Bacillus 

Species Constituents
glucose fructose uronic others 

acid

Structure Ref.

B. cereus - + - — — 70
B. subtilis — + — - P-2,6 chains

3-2,1 branches

70-72

B. pumilis - + - — — 77
B. mesentericus - + - - 3-2,6 chains 71,

73-75
B. megatherium - + - - 3-2,6 chains 76
B. megatherium 697 + + 70

1B. polymyxa 354 + - + mannose 70

354^ + + - mannose 70

354 - + - - 70

B. polymyxa + - - - a-1,6 chains 77
B. polymyxa + - - f'joose 78

(S-33 var. Lactoviscosis)

B. polymyxa - - - mannose a-1,6 chains 79
(03 NRG 4901)
B. brevis 799^ + - + - 70

B. alvei 683^ + + 70
1B. circulars 294 + + mannose 70'

396^ + + mannose 70

295 + - + mannose
xylose

70

760 + + mannose 70
B. marcerans + Schardinger

dextrin.
80

Note 1 • The levans produced by the genus Bacillus are generally produced in 
a liquid sucrose medium. Those polysaccharides marked 1 have been 
grown in a solid medium.
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TABLE C. Co r:rr. ebact e r 1 um

Species Constituents

glucose mannose acid galactose fucose rhamnose

C. flaccumfaciens uronic

C . tritici uronic

C . rathay1 uronic

C. ins:dicr%r: pyruvic

C . michiranense low mole­
cular 
weight

C . sereionicum low mole­
cular 
weight

C . faciens not tested trace
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TABLE E* Structural features of Capsular Polysaccharides of Klebsiella

Type Bo. Structure Ref.

2  > 3)glc(l— 4 4)glcUA(l 4 3)man(l h 4)glcUA(l— H 98,99

3 mannose, non-reducing end group. galUA(l > 4)man 100,101

1
 f 3(gal) (1-- » 3)man(l-H

/COOW

5 A
gl cUA ( 1-- > 4) gl c ( 1— > 3) man (j— 4

2t
OAc

8 aglcUA 109
1
i
4

 > 3)3gal(l— > 3)agal(l— > 3)3glc(l— ^

9 0glcUA(l—  ̂4) rha 111

 ) 3) agal ( 1— > 3) arha( 1-  ̂3) arha( 1—> 2) rha
4
r
1

glcUA

20 —  man - gal - man - gal 113
I

glcUA
I

gal
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TABLE E. (continued)

Tjnpe Bo. Structure Ref

3) gl CÜA ( 1— t 3) man ( 1---i 2) man ( 1---  ̂3) gal ( 1---f 3) 114
4
r
1

gal 
4 6
r f
0 0 \ /

7\
H^C COOH

2) d-D-glcUA( 1— 3) c-D-man( 1— 4 2)a-D-man(l y 3)P-D-glc(l-
4
f
1

P-D-man

115

3) Pgal ( 1 i 4) arha ( 1 f 116
3
t
1

BglcUA
1

arha

54 — t 6) gglc(l— 4 4)a-glcUA(l-- 1 3)fuc(l— y 115,118
4
1
1

PglcUA

rhanroose non-reducing end group, 1,2-1 inked and 1,4-linked 122 

glucose, mannose, glucuronic acid, 1,3—linked or at 

branch points.



(S'?

TABLE E. (continued)

Type No «

unt;rped a. ~  ̂3) gal ( 1-

Structure

) 3) gal ( 1-3)man(l—
2
f
1
glcUA

Ref,

124

unt:rpei b. glcUA(l— > 3)man, 1,3-1 inked gal.

1,2-linked man.
125

Key

gal galactose

glc glucose

man mannose

fuc fucose

rha rhamnose

gl cUA glucuronic acid

galUA galacturonic acid
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TASLIC G. Serrât:a marcescens

Strain Constituents

rharm ose glucose heptoses mannose glucuronic acid Pef.

1st strain

Capsule a + + + 134

b + + 134

c 4- + 134

d 4-- 4- 4- 134

medi'im a 4- + + 135,136

b 4" 4- 4 - 4 "  135, 136

2nd strain

Capsule a 4- 4- 137

b 4- + 137
C 4- 4 - 4 -  137
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APPETIDIX II

Culture conditione and properties of individual batches of 

polysaccharides.

The lypophilised sample was suspended in 5 “ 6 drops of sterile water 

and the ŝ us pens ion transferred to 10 ml of sterile water in a test tube. 

Samples of the solution were plated out on Burks agar slopes for 5 ~ 7 days 

at 25’C.

Individual colonies were then transferred to fresh agar slopes and 

grown for 3 - 4 daj'S at 25^C.

Sterile water ($ ml) was added to each slope and the cult^nre suspended

in water by agitation. This organism produces a tenacious slime which is

difficult to resuspend. This suspension (l«5 ml) was then transferred to 

coniosil flasks containing Burks citrate medium (200 ml) . These seed stage 

flasks were incubated at 26^C for 2 - 3  days.

This seed stage culture (20 ml) was then inoculated into conical flasks 

containing Burks nitrate medium (200 ml) and the flasks were incubated for 

1 - 7  ia;rs at 26°C and 220 rpm on the shaker.

Table I. Media

basic medium

dipotassium hydrogen phosphate O .64 g/L
dihydrogen potassium phosphate 0.16 g/L
magnesium sulphate heptahydrate 0.2 g/L
sodium chloride 0.2 g/L
calcium sulphate dihydrate 0.05 g/L
sodium molybdate 0.0025 g/L
ferrous sulphate 0.015 g/L
sucrose' 40 g/L



Table I (continued)

Additional ingredients

a) agar slopes

diammonium hydrogen citrate 0.8 g/L 
agar 20 g/L

b) liquid seed stage

diammonium hydrogen citrate 0.8 g/L

c) final stage

potassium nitrate 0.?2 g/L

172
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Table II. Properties of Individual Batches

Sample ^ yield based 
on sTicrose 
provided in 
medium

milled powder 
protein moisture

Properties
1̂  solut

viscosity 
in cps

ion
pH

S11A 26 20.6 14.6 570 4.6

SI IB 26 7.0 12.9 470 4.6
SI 1C 26 7.0 21.6 47 6.7

31 ID 19 9.36 19.6 1247 5.18

S H E 33.25 20.3 13.2 994 4.6

S11F 32 21.30 22.5 649 4.21

3113 30 19.29 17.9 903 Z.47

SI in 2.8 g/L 43 - - -

S11J 6.82 g/L 50.6 _ — _
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Appendix III 

Standard graphs

1. Phenol-Sulphuric Acid graph Glucose

2. Phenol-Sulphuric Acid D-glycero-D-mannoheptose

3. Phenol-Sulphuric Acid L-guluronic Acid

4. Phenol-Sulphuric Acid Mannuronic

5* Phenol-Sulphuric Acid Total Polysaccharide

6. Phenol-Sulphuric Acid Acid Polysaccharide

7. Garbazole -a-guluronic acid

8. Garbazole L-glucuronic acid
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APFEZTDIX IV

Project at Product Development Department, Girvan 

September - October 1971

Ir.t roluct ion

A characteristic property of alginates is their ability to form gels.

It IS well known that an essential of alginate gel formation m  the 

conversion of a dissolved alginate to an insoluble form. Gel formation 

by conversion of sodium to calcium alginate is one of the important 

practical uses of alginates, but very little quantitative information is 

available on the effect of variables such as the nature of the alginate, 

its concentration, and the extent of conversion of sodium to calcium 

alginate, on the properties of the resulting gel. This work was therefore 

done in order to provide more informât ion,which could be used to give a 

quantitative basis for the preparation of gels with required properties.

S'-inmary of Experimental work

The experiments carried out were:

(1) The alginate was converted into alginic acid and a pH titration 

curve was prepared.

(2) The standard gel was prepared using acid conditions for gelation, 

and then the acid content, alginate content and calcium content were varied. 

The acid used was gluconic acid. Attempts were made to study gelation with 

adipic acid, but without success.

(3) Gels were prepared with different additions of

(a) (i) Sugar. A percentage of the water was replaced by sugar. A range

of calcium levels was studied.

(ii) Gels containing the same proportion of alginate to water as in
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3a (i) but without sugar. In some cases the formulation was scaled up 

in order to fill the moulds.

(b) (i) Gels were made containing varying amounts of calgon (sodium

hexametaphosphate).

(ii) Calgon (0.2 g) was dissolved in the 4OO ml of water to make a

standard gel,and amounts of hard water added.

(ill) Other séquestrants were added to the standard gels.

Materials used

A 1 nr.at es : Tvi'o samples of sodium alginate made commercially by

Alginate Industries Ltd., were used. Origin and analysis (using AIL

standard methods) were as follows:

TABLE 1

Sample Weed origin ^ dry solids ^ sodium viscosity ^ Calciui
alginate cps

A Ascophyl1 urn nodosum 89*5 86.5 6l7^ 0.13

5 Laminaria hyperborea 88.3 50^ 0.23

(a) 0 ,895^ solution as dry solids

(b) 0 .80^ solution as dry solids

Dicalcium Phosphate Dihydrate: This was Albright and Wilson grade 0.

Other Chemicals Standard laboratory chemicals were used.

1. Conversion of Sodium Alginate to Alginic Acid 

Methpd

45 g Sodium alginate were dissolved in water (c. 2L) and 50 mis 20%

CaCl2 solution and 12 ml glacial acetic acid were added with vigorous
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stirring, the precipitated calcium alginate was left to harden, filtered 

through a nylon cloth, sqpaeezed dry and transferred to a sintered glass 

f'lrjiel.
The Calcium Alginate was washed with 10% hydrochloric acid until 

the eluent gave no precipitate with ammonium oxalate on standing for 

3 minutes; the Alginic acid was washed free of hydrochloric acid with 

dish 1lied water until neutral to tropeolin 0.0.

The Alginic acid was then washed several times with acetone and 

air dried.

A suspension of Alginic acid was prepared in O.IN-sodium chloride to 

approximately 0 .025& and this was titrated against 0.1N*sodium hydroxide. 

The pH was read after each 5 ml aliquot had been added.

Results

pKa A » 3.35 (see graph)

B « 3.65 (see graph)

The pKa of the alginic acid was taken to be the pH at which it was half 

neutralised. This follows from the Henderson Hasselbalch equation.

pH = pKa 4- n log where . degree of neutralisation.
1-a

pKa mannuronic acid « 3*38 guluronic acid = 3#65* The pKa value of the 

p>olyacid is expected to be higher than that of the monomer in water because 

the ionisation of a second carboxyl is repressed by the negative charge on 

the first ionised group. However in salt solution the effect of this

negative charge is suppressed, thus the pKa value approaches the value for 

the monomer. The pKa value is dependent on the proportion of mannuronic 

to guluronic acid.
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Alginate from «/g pKa (HjO) pKa (O.IH-BaCl)

L. digitat a 1.65 3.87 3.42

L . hyperborea .45 4.41 3.74

A. nodosum 1.6 3.77 —

.'alues given in this paper were slightly higher than the values

obtained in the described experiment.

2. Preparation and testing of gels with the variation in concentration

of ingredients

Methods :

A standard gel was considered to consist of 3.2 g Alginate as dry 

solids, equiv’alent to 3.08 g sodium alginate by titration.

0.74 g dicalcium orthophosphate dihydrate (DCP 2H2O)

2.3 g glucono delta lactone (C.D.L.)

Distilled water(456.8 g)including moisture content of alginate.

A solution was made of 3.2 g dry sodium alginate in 350 mis H^O. The 

weight was then made up to 400 g with water.

A sl’orry was made of 0.74 g DCP 2H2O and 2.3 g G.D.L. in 60 mis water.

This was added quickly to a briskly stirred solution of alginate and the 

stirring continued for 30 seconds, the solution was then poured into 

moulds. After 15 minutes the moulds were covered and then left for 

18 hours.

After 18 hours the rupture strength, gel strength, sunount of syneresis 

and pH were measured. (Table 2)•
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Purture Strength

The method'made use of equipment built in A.I.L. Laboratories.

A piston is pressed on to the surface of the gel and the rupture strength 

is the force which is required to cause the piston to penetrate the gel.

el Strength

A standard P.I.R.A. jelly tester is used. A paddle is inserted 

into the gel and the paddle is made to turn by an increasing load. The 

load IS measured for every 10^ through which the paddle moves. The gel 

strength is the load required to rotate the paddle through 35°.

S’.T.eres is

Drainage of free water from the gelled mass, this was measured by 

weighing the gel and container, the gel was then demoulded, dried with a 

tissue and reweighed. The container was dried and weighed. The syneresis

was calculated as the proportion of water to gel by weight.

This was measured on a pH meter which was calibrated with a standard 

buffer at pH 4.0.

The gel was first chopped up with a counter-rotating stirrer at high 

speed until most of the gel structure was destroyed.

Results

(a) Variation of DCP.2H^0

Values taken were 1.0, 0.9, 0.8, 0.7, 0.74, 0.6, 0.5, 0.4, 0.3 g.
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TABLE ?

DCP.22^0

iT •

Equiv. C a ^  (%) 
Equiv. Alginate

Gel strength Rupture strength Syneresis 
g* g- ^

1.0 81.5 55 847 7.4
0.9 73.35 48 772 2.1
0.8 65.2 39.5 654 1.7
0.74 60.3 34 524 1.35
0.7 . 57.05 31 448 0.89
0.6 48.9 24 410 0.85
0.5 40.75 21.5 365 0.73
0.4 32.6 18 265 0.57
0.3 24.4 7.5 201 0.14

AlfTmate B

1.0 81.5 115 929 6.9
0.9 73.35 91 769 5.3
0.8 65.2 71 486 2.3
0.74 60.3 58 440 1.4
0.7 57.05 50 318 0.9
0.6 48.9 39 283 0.5
0.5 40.75 27 224 0.1
0.4 32.6 21 164
0.3 24.4 1 134

Gels containing 0.4 and lower g. DCP. OH^O were not demouldable

ami so no syneresis effect could be tneaisured.

The pH of the gels did not differ much from 4.1 for the standard

gel
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(b) Variation of G.D.L. content

Values of I.15 g., 2.3 g. and 4 .6 g were ■taken. Alginate content
vas 3.03 g. D.C.P. content 0.74 g.

TABLE 3 
Alnnate A

G.D.L.
(g)

Equivalents as % Calcium % of 
pH of alginate As total % of

acid (unionised ionised gps. 
from pH)

Gel Rupture Syneresis 
stre ngSi strength %
(f i r a) g

1.15 4.7 8.25 66.4 34 518 0
2.3 4.1 13.0 73.5 41 545 1.05
4.6 3.9 24.25

Alginate B

80.3 46.5 560 1.4

1.15 4.7 9.0 66.2 38 397 0
2.3 4.1 25.0 . 80.4 52.5 460 2.5
4.6 3.9 34.0 91.3 77 663 4.5

(c) Variation in A&linate content

The amounts chosen were 3.2 and 2.24 g dry solids. corresponding to

standard value and 70% of standard.

TABLE 4 
Alginate A

Alginate
g-

pH Equiv. C a ^  (%) 
Equiv. Alginate

Gel
Strength

g.

Rupture Syneresis 
Strength % 

g.

3.2 4.1 60.3 35 509 1.1
2.24 3.95 82.97

Alginate B

41 545 4

3.2 4.1 60.3 61 460 2.5
2.24 3.95 82.97 91 679 10
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Gelation with_Adipic Acid

Gels were attempted using adipic acid instead of glucono-lactone.
I

Sut^ whereas the lactone gives a slow relesise of calcium as it is hydrolysed 

to gluconic acid, with adipic acid the calcium ions were released too fast 

from the dicalcium orthophosphate. Thus the gel started to form as soon 

as the acid was added and stirring to give a uniform solution broke up 

the gel structure. It was not possible to measure gel strength as the mix 

cculi not be poured into the moulds.

The effect was much more pronounced with alginate A than alginate B. 

Algirate A formed a gel structure round the stirrer immediately on the 

addition of the acid and calcium.

With low calcium content it was possible to prepare gels with 

alginate B without pre-gelation. However as a complete series could not 

be made gel strengths were not measured.

Discussion

It will be seen that alginate B. (l.. h.yperborea) gave gels of higher 

strength than those from alginate A. (Ascophyllum) for equal ratios of 

calcium to alginate when they are measured by the FIRA method. On the 

other hand the rupture strength of the gels from A were in a number of 

instances higher than the corresponding gels from B.

While the FIRA instrument gives results which to a fair approximation 

are proportional to the rigidity modules of the gel the rupture strength 

IS a function of both the rigidity and the extent to which the gel can be 

deformed before it breaks (in non-ecientific language the **elasticity” of 

the gel) and the higher rupture strength of the gels from A is due to their
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much greater defohaabi1ity without breaking. Although this is a general 

property of gefS from Ascophyllum, in the present series of experiments 

the effect is probably accentuated by the very much higher degree of 

polymerisation of A compared with B (as shown by the viscosity in solution).

It 18 well-known that alginates from L. h.yperborea stipes have a much 

higher proportion of guluronic acid units than do those from Ascophyllum and 

that in the base equilibrium of calcium and sodium with an alginate the 

proportion of calcium combined with alginate is higher for high guluronic 

acid than for high mannuronic acid alingates.

Althc'ogh equilibria in presence of acid have not been studied 

quantitatively it can be expected that the alginate B will still be combined 

with more calcium than alginate A in equilibrium conditions. The figures 

given in tables 2, 3 and 4 are for the available calcium as percentage 

equi'/alents of the alginate and although the greater part can be expected 

to be combined with both of the alginates, this amount may be slightly 

higher for alginate B than for alginate A. It is probable, however, that 

other factors are also involved in the gel strength differences, as while 

algirutte B has a rigidity of 58 g. in a standard jelly (60 g equivalents 

calcium), the rraximum amount of calcium used with alginate A (approx. 81.5 

equivalents calcium) gave a rigidity of 55 g*

3. Gels with different additions 

a (i) Sugar

A proportion of the water in the weight of the gel was replaced by 

sugar.. The proportions chosen were 10%, 20%, 45%, 65%. The amount of 

alginsite was kept constant at 3*08 g and the G.D.L. level at 2.3 g*

The amount of D.C.P.2H^3 was taken at 3 levels, O .5 g, 0.74 g, O .85 g.
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TABLE 5 

Alginate A

S'i/ar

DCP 2H.0c pH Equiv. Ca'*~̂ (%) 
Equiv. Alginate

Gel strength
. . . .  g

Rupture strength Syneresis
g ^

0.5 4.2 40.75 28.25 353 0.69
0.74 4.05 60.3 41 609 - 0.93

?:<

0.S5

Surar

3.95 69.3 51.25 705 1.35

0.5 4.19 40.75 25.2 385 0.675
0.74 4.0 60.3 45.2 653 0.78
0.55

S"u-ar

3.97 69.3 50.7 1029 1.05

0.5 4.15 40.75 43 916 1.3
0.74 4.25 60.3 92.5 1125 2.1

6
0.55

Svu~ r

4.31 69.3 110.5 1409 2.7

r:<

0.5
0.74
0.85

S'igar

4.15
4.05
3.89

40.75
60.3
69.3

Alginat

80
118
164

e B

1700
2100
2400

undetectable

0.5 4.07 40.75 30 300 0.85
0.74 3.97 60.3 65.5 600 1.8
0.85

Sugar

3.89 69.3 92.5 947 3.7

0.5 4.1 40.75 32 390 0.27
0.74 4.0 60.3 84 788 0.9
0.85 3.9 69.3 103 1150 1.3
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TABLE 5 (continued)

gT3s. DCP ZH^O pH Equiv.
Equiv,

Alginate B

• G«1 
. Alginate

strength
_ g .

Rupture strength
g

Syneres is 
<

Surar

0.5 4.05 40.75 44 700 0.11
0.74 4.02 60.3 128 1038 1.35
0.35 4.0 69.3 220 1459 2.3

6"̂ - Sugar

0.5 4.01 40.75 113 1436 UTidetectabl'
0.74 4.0 60.3 170 1646
0.55 3.95 69.3 200 2200

The pH of the gels containing sugar were insufficiently different from those 

containing the same amount of D.C.P. 2H2O to consider that the degree of 

conversion was different.

The gels containing 65^ sugar were not true solutions, in fact were 

saturated solutions of sugars with the remaining sugar suspended in the 

VISCOUS alginate solution. These gels were very sticky and crystals of 

sugar were visible in them. Possibly therefore the very h i ^  results, 

particularly the rupture strengrth,is due to suspended sugar. The gels were 

much more rubbery, and on demoulding the surface was sticky, possibly due to 

syneresis containing sugar. However this could not be measured.

(li) Gels with same proportion of alginate to water but no sugar

These gels were prepared for comparison purposes to investigate 

whether the sugar strengthened, the gel,or whether an increase in gel 

strength came from the increased proportion of alginate to water.
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y.ost of these gels had to be scaled up in order to fill the measuring 

cubes to the correct level. All the ingredients were scaled up in 

proportion, and the DCP 2H2O level was kept as in gels containing sugar.

TABLE 6 

Alginate A 

Equivalent to sugar content

Proportion of Alginate to water increased by 11.5^

gms. DCP 2B pH Gel strength Rupture Strength
. E. . _ K

Syneresis
_ ..

0.5 3.8 27.75 360 0.69
0.74 4.15 39 674 1.1
0.55 4.2 54.75 832 1.S5

Equivalent to 20^ sugar content

Proportion of Alginate to water increased by 26^

0.5 4.02 58.5 443 0.55
0.74 3.99 48.7 746 0.78

,  0.55 3.80 65.5 877 1.27

E tui valent to 45^ sugar' content

Proportion of Alginate to water increased by 82^

0.5 3.85 59.5 V 9 8 0.56
0.74 3.84 107.5 \834 0.72
0.85 3.83 138 3P44 1.0

Equivalent to 65^ sugar■ content

Proportion of Alginate to water increased by l88^

0.5 3.87 147 3550 0.3
0.74 3.84 226 3042 0.3
0.85 3.82 Too strong to 3/146 0.3

measure
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TABLE 6 (continued)

Alginate B

g"Z3 IXZP 2HpO pH Gel strength Rupture Strength Syneresis
_________________________________ 2__________________ g_________________^ -

Equivalent to 10^ S'lgar content

Proportion of Alginate to water increased hy 11.5^

0.5 3.71 52 285 1.3
0.74 3.75 81 477 2.0
0.65 3.62 111 775 4.8

Equivalent to 20»̂  sugar content

Proportion of Alginate to water increased by 26%
0.5 3.78 37 316 l.i
0.74 3.8 92.5 645 2.5
0.65 3.81 127 1,035 5.1

Equivalent to 45^ sugar content

Proportion of Alginate to water increased by 82%
0.5 3.75 83 626 0.63
0.74 3.88 198 ';332 1.0
0.95 3.9 219 %928 0.38

Equivalent to 65^ sugar content

Proportion of Alginate to water increased by 8̂̂%
0.5 3.75 Too strong to 2,163
0.74 3.77 measure ^530
0.85 3.78 4392

Discussion

A standard gel is about a 0.8^ solution, but with 65^ of the water 

removed the gel is a 3*3^ solution and so a large increase in the strength 

of the gel is expected. If gels with the same proportion of alginate to
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water are ccmpared those without sugar are stronger than the gels 

containing sugar. The available figures would enable comparisons to be 

na4e between gels with and without sugar, with an equal amount of alginate 

per unit volume. This would indicate whether other factors, such as 

availability of calcium,or the binding force between alginate chains,is 

affected by the sugar.

b (i) The addition of sequestering agents 

Materials used 

There are three inain types :

(a) Phosphates e.g. Calgon (glassy sodium meta phosphate)
Sodium tripolyphosphate

(b) Organic amine derivatives e.g. KDTA

(c) Salts of organic acids e.g. Sodium Citrate

(1i) Calgon in distilled water

Gels in practice will often be made up with tap water which contains 

va.rying degrees of hardness. However for comparison purposes a calcium 

sequesterant was included in distilled water as well as water of different 

degrees of hardness. The amounts of Calgon given were dissolved in

400 g water. Gels were otherwise made to standard method.
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TABLE 7 

Alginate A

Calgcn - pH Gel strength Rupture strength Syneresis
  - ■ -- g____________________ g__________________ g

0.05 3.8 30.0 540 1.Z
0.1 3.82 33 598 1.4
0.2 3.81 24.2 510 1.4
0.3 3.9 23.5 480 1.4

Alginate B

0.05 3.69 67 433 5.5
0.1 3.72 75 450 5.5
0.2 3.71 54 470 5.5
0.3 3.78 47.5 387 5.5

These figures appear to be slightly anomalous. O.O5 g gives very 

little difference in strength of gel. The strength then increases slightly 

and reaches a peak, after which the level falls.

A large increase in syneresis is noted.

(ill) Calgon in hard water

I 0.2 g of Calgon were dissolved in the 400 g of water together with 

varying ajiounts of water containing ( 100 - 600 ) ppm Ca CO^. Other

components of the gels were kept standard.

TABLE 8 

Alginate A

pree of hardness pH Gel strength 
g

Rupture strength
g-

Syneresii
%

100 ppm 3.9 42 476 0
200 ppm 3.9 53 649 0
300 ppm 3.85 59 704 0.86
400 ppm 3*8 58.7 817 1.67
500 ppm 3.8 75 980 1.57

*600 ppm 3.8 76 741 0.77
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TABLE 8 (continued) 

Alginate B

Degree of hardness pH Gel strength Rupture strength Syneresis 
g ....... . g %

100 ppm 2.95 26.5 420 0
200 ppm 3.90 25.7 487 1.17
300 ppm 3.05 28.5 584 2.09
400 ppm 3.80 29.0 983 6.32
500 ppm 3.75 30.5 837 7.11
600 ppm 3.70 46 1,131 7.2

♦ for 600 ppm 0.3 g calgon were used but the gels were very grainy and it

IS thought th^t some presetting had taken place especially with Alginate A. 

These results do not seem to make much sense.

A large increase in syneresis was noted.

(iv) Other seguesterants
j |0.05 and 1 g of other sequestering agents were added to 400 g water.

The gels were then made up by the standard method.

Agents used Tetron, Puron, EDTA, Sodiumtripolyphosphate, Sodium Citrate,,

Agent

TABLE 9 
Alginate A

pH Gel strength Rupture strength Syneresis 
g g______________ %

0.05 g Puron 3.95 34.5 555 0.7
0.1 g Puron 3.90 45 575 0.9
0.05 g Tetron 3.97 44 463 0.6$
0.1 g Tetron 3.98 41 535 0.8$
0.0$ g EDTA 3.9 41 430 0.82
1 g EDTA 3.89 45 475 0
0.05 g S.T.P.P. 3.82 45 524 0.8$
0.1 g S.T.P.P. 3.9 40.5 530 0.79
0.0$ g KaCitrate 4.05 36 422 .9
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TABLE 9 (continued)
Alginate B

Agent PH Gel strength
.. . .. . K

Rupture strength
. g

Syneresis
%

0.05 g Purcn 3.84 57 2S5 2.7
0.1 g Puron 3.83 60 400 3.3
0.05 g Tetron 3.90 72.5 320 3.0
0.1 g Tetron 3.89 83 275 3.5
0.05 g EDTA 3.85 86 424 2.5
0.1 g EDTA 3.82 61 412 2.7
0.05 6 S.T.P.P. 3.8 88 270 3.0
0*1 g S.T.P.P. 3.9 73 264 1.8
0.05 6 la Citrate 3.9 61 432 1.45
0.1 g lia Citrate 3.95 56 426 1.85

Addition of these small quantities gave a very large increase in 

syneresis, a moderate increase in gel strength and little or no increase 

in rupture strength.

4. Conversion of Alginic Acid to salts

Td.e alginic acid previously prepared was divided into 3 parts and 

weighed. The amount taken was to give a weight equivalent to 3«2 g of the 

dry salt.

The acid was wetted to about 2$^ moisture content and then ground up 

in a pestle and mortar with the carbonate salt of sodium,potassium or 

magnesium until the pH was about 6.0 - tested with Universal indicator.

The soft dough was then dissolved in water to make the total weight 

400 g auid gels were made in the standard way.
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TABLE 10 
Alginate A

pH Gel strength Rupture strength
___________________________________ g_______________________£________
Sodi^im alginate 3.86 19 IO5
Potassium alginate 4.0 14.5 1I6
Magnesium alginate 4.4 8 29

Alginate B

Sod 11m  alginate  ̂ 3*95 39 76
Potassium alginate 4*9 26 62
Magnesium alginate 4.6 15«4 33

lione of the gels were demouldable so no syneresis effect could be 

measured. There appeared to have been a considerable amount of degradation 

of the alginic acid resulting in loss of gel strength.

However, it would seen from the figures that sodium alginate gives a 

higher gel strength than the potassium or magnesium salts.
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APFEimiX V

Report on.work carried out in Girvan, September - October 1972

Physical properties of Strain 11 (Extracellular polysaccharide of 

Pe: ;*rinck:a mobilis).

Introduction

The extracellular polysaccharide of B. mobilis forms a highly viscous 

aqueous solution. The polysaccharide can be fractionated into acid and 

neutral constituents. The physical properties of the acid polysaccharide 

were compared with those of the unfractionated material.

Polysaccharide Samples

The crude material (SIIE) had a nitrogen content of 3^. Centrifugation 

of the aqueous solution removed some protein and the nitrogen content was 

then fo’und to be 0.5^. This material was used in the tests and called 

* original polysaccharide*.

Fractionation

a) The material S11 E was fractionated as in Experiment XIX 3b (yield 

9 g from 23 g). Only the fraction (a1) was used.

b) The material from batch S H E  was also purified by Experiment XIX 3c 

(yield l6 g from 25 g) and used only in the viscosity/speed of spindle 

test. This polysaccharide appeared to have a higher viscosity than the 

acid polysaccharide obtained from the fractionation (a). This could be 

due either to higher grade material or to the different method of 

purification as few results are available of viscosities on the ’original* 

material of this batch.
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This fractionated acid polysaccharide is referred to in the tests as 

*Acid* material.

To eliminate differences in properties caused by varying calcium 

contents, the sodium salts of both the original and acid forms were 

prepared.

The mixed salt form was converted to the acid form by leaching acetone- 

precipitated material with a hydrochloric acid/acetone mix the excess acid 

was removed with an acetone/water mix. A portion of the acid form was 

ret lined,but the remainder was dissolved and the pH adjusted with either 

soii’um hydroxide or calcium hydroxide to produce the pure sodium or calcium 

f ores.

The pure form was then precipitated with acetone and left to dehydrate. 

Dry matter anal^'Sis was carried out on all forms of the original material, 

but only on the sodium form of the acid material due to lack of material,

the calcium and acid forms of the acid material were assumed to be similar

to those of the sodium form and were set at 80^. A rough check was

carried out on the solids content of the calcium and acid forms by evaporating

to dryness 10 mis, solution weighed accurately and then drying in an oven 

for an hour in the usual way* These confirmed that the dry matter was 

about 80^.

The following tests were then performed on the samples:

1. Variation of viscosity with concentration.

2. Variation of viscosity with salt concentration. Both sodium and

calcium chloride were added at constant polymer concentration.

3. Effect on viscosity of lowering the pH to 2.0 with hydrochloric acid.

This was not carried out on the acid form.
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Charge in viscosity of selected samples from sections 1-3 after 

heating and cooling.

Attempted gelation using a method analogous to that used with alginates,
I

Variation of viscosity of a solution using different speeds of rotation 

on the Brookfield L.V.T.

Ha^ form (i) refers to acid Strain 11 in the sodium form 

Na*̂  form (ii) refers to original Strain 11 in the sodium form

RESULT

Original material Acid material

^2 2 .61# .63^

DM 62.2 79.55® (sodium form)

85.25 80^ calcium form

84.73 50^ acid form

.TS

Viscosity concentration

Brookfield L.V.L measurements,? = 20°C , speed 60

No's in brackets are spindle numbers.

Table 1 m  0.75^ DM 0 .5# DM o.23i m
Na^ form (i) 123(2) 57.5(2) 32.5(2) 21.5(2)

'̂ â  form (ii) 960(3) 510(3) 150(3) 69(2)

form (i) 1560(4) 274(3) 27(2)

H"*’ form (li) ^ ( 4) 1,250(4) 50(2)

Ca"*"̂  form (i) ^190(4) 778(3) 130(3) 18.5(2)

C a ^  form(ii) >iqpoo 1 ^ ) 50(2)
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2. of Addition of salt on 0.5# Df*. Solution

The salt was added to 25 g of 1# DM solution in the form of aliquots 

of 10# w/v salt solution and the weight made up to 5^ g.

Hrco<field L.V.T. measurements Viscosity T = 20^0 Speed 60

nil" 2 BaCl CaCl 2

0.25% 0.5% 1% 2% 0 .25% 0 .5# 1# 2#

Na^ f o m (i) 33(2) 191.5(2) 1,120 3250 
(3) (4)

650(3) 1,350(4) 5500(4) ^ 00(4)

Na^ form (li) 130(2) 610(3) 3470 
(4)

600*
(4)

980(3) 1,430(3) 750*(3) 520*(3)

R* fora 

R* fora 

Ca**̂  foro

(i) 

(ii) 

: (i)

1,500
(4)^

1100'
(4)

1,160*
(4)

5800(4) 

500*(4) 

1,160 (4)

C a ^  fora (ii) 1,280*
(3)

300* (3)

denotes broken or soft gel. 

Effect of varying the pH
%ble 3

Brookfield L .V.T. measurements T = 20°C Speed . 60 rpm

Na^ form (i) 0 .5# DM Ra* form (ii) 0 .25# DM so
pH Viscosity pH Viscosity
6.0 32,.5 (2) 5.7 57.5 (2)
4.6 30 (2) 3.5 294.0 (2)
3.9 36.•5 (2) 3.2 720 (3)
3.45 430 (3) 1 3.0 %800 (3)
3.3 690 (3) 2.6 V 5 0 (4)
3.1 1430 (4) / 2.4 450* (4)
3.0 \350 (4)
2.85 1,190 (4)
2.55 1120 (4)
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Table 3 (contd)

Ca"^ form j[i) O.5# DM Ca”*~̂ form (ii) 0 .25# DK

pH . Viscosity pH Viscosity

6.7 118 (3) 6.6 44 (2)
4.5 122 (3) 4.0 60 (2)
3.3 164 (3) 3.8 87.5 (2)
3.3 280 (3) 3.4 162.5 (2)
3.0 740 (3) 3.1 440 (3)
2.9 532 (3) 2.9 610 (3)

2.5 508 (3) 2.65 500 (3)
2.0 494 (3) 2.4 190 (3)

2.25 155 (2)

4. Change in Viscosity on heating

The samples were placed in a waterbath at 95^C for 10 minutes.

The maximum temperature reached was 90°C. The solutions were cooled to 

20^C in water.

The samples selected were:

0.5# DM solution

0 .5# DM solution containing 2# NaCl.

0 .5# DM solution containing 2# CaCl2*

0 .5# DM solution at pH 2.0. With the crude samples the solution 

was 0 .25# at pH 2.5.

A.

B.

C.

D.
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Table 4

Brookfield L.V.T. Xeasurements T » 20^C Speed « 60 rpm

Viscosities
A B C D

before after before after before after before after

Ra* fora 32.5(2) 30(2) 3250(4) 2150*(4) 560*(4) 3150(4) 1350(4) 950(4)(i)
R g  form 150 ( 3) 45*(2) 600*(4) 10,000 520*(3) 10,000 450*(2) 165*(2)
(:i)

form(i) 274 (3) 1,060(3) 1^00 (4) 3560(4)2000(4) 4.630(4) ------

H form 1,250 (4) 1310(3) 1,100*(4) 350(4) 500*(4) 9600(4) --------
(11)

Ca** form 130 (3) 450(3) 1.160 (4) 3,250(4)1,160 (4) ÿ 30(4)509(3) 930(4)(0
Ca** form1200 (4)1090(3) 1,280(4) 10,000 300*(3) 10,000 155(2) 850(3)
(ii)

5. Attempted Gelation

The method used was standard alginate method based on the formula:

0 .665# S11 DM Purified form 

0.160% DCP ZRgO
0.49# G.D.L.

The gel was made in a beaker as there was unsufficient material to use a cube 

A gel was formed but it was very soft and not demouldable. No (Quantitative 

measurements were taken but the gel was of a similar consistency to those 

produced simply on the addition of calcium chloride to a solution of the 

polymer.
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6. Variation of Viscosity with speed of Brookfield L.V.T. at 20°. 

Table 5 ” Spindle speed Viscosity

.6 (2) 3̂ 650

1.5 (2) 3^00

3 (3) Ï600

6 (3) 3fOO

12 (3)

30 (3) ^ 3 6

60 (3) ^844

I Numbers in brackets refer to Spindle numbers. The reading obtained 

cn the Viscometer at Speed 0.3 was too low to be accurate.

This experiment was carried out on an acid form of S11 which was 

;»urifled in Girvan by a variation of the method used at R.H.C.

In order to minimise the degree of degradation to the available purifiée 

pcljcner no tests were carried out which involved autoclaving or sterilizing 

soluiicns of the material by making the pH alkaline, as both of these have 

previously been found to lead to degradation.

Comment s

In general the viscosity of sodium forms were the lowest in all the 

tests and that of the acid form highest. However the viscosity of the 

acid form is the same order of magnitude as that of the calcium form and 

these are lOi viscosity of sodium form. This does not hold at very low 

concentrations when all viscosities are below $0 cps.

Viscosities of the original material were much higher than those of 

the acid form.
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Effect of increasing salt on sodium form

with the original material viscosity reaches a peak; and gel formation 

occurs. Gel formation does not occur up to a level of 2# salt, hut it is 

possible that gelling might occur at higher salt concentration. The 

characteristics of the curve of viscosity v. salt content are however 

different. With the original material the viscosity rises sharply on 

addition of a small amount of salt and falls rapidly on formation of 

broken gel. The curve for the acid material is a more gradual increase 

up to 2# salt.

The maximum viscosity obtained before gel formation of the original 

material is similar whether sodium chloride or calcium chloride is used, 

but less calcium chloride is required to give the same effect.

Mechanical stirrers were used for dissolving the polymers in salt 

solution and formation of soft gel was prevented by stirring. However 

gel structure could be seen in the solution and this was generally indicated 

by a marked drop in viscosity.

Dae to lack of material the only salt levels investigated for the

calcium and acid forms were the 2# levels.

Addition of sodium chloride or calcium chloride to acid material 

caused a large increase in viscosity of the order of 10i the original 

viscosity.

With the original material a broken gel was formed, and it is thought 

that similar characteristics would be obtained if the complete range of salt

contents was carried out for the calcium and acid forms to those obtained

for sodium form.



It is possible thatP&rt of the salt effect on the original material 

could be due*to the high percentage of protein present.

This could have to effects;

a) effect of salt on protein itself

b) relatively higher proportion of salt to polysaccharide because there

IS effectively less polysaccharide present.

Effect of reducing pH by adding acid

This was carried out on sodium and calcium forms only.

It was found that viscosities became too high to measure with the original 

form of 0 .5# DM so the test was carried out at 0 .25# D?< on the original 

material in order to get the same range of pH.

For both calcium and sodium forms a viscosity maximum is reached at 

pH 3 which I S  the normal pH of the acid form. The solution then forms a

broken gel with resulting loss in viscosity.

The effect on the sodium for, both original and acid, was much more

pronounced than that on the calcium form.

Increase in viscosity at maximum for sodium form was about 5^% original 

viscosity but for calcium form increase was between 5 &:̂ d IO1 original 

viscosity.

These trends were followed by both original and acid materials.

Effects of heating

Heating the sodium form causes a drop in viscosity unless salt is 

present in which case a gel is formed which is quite strong. The 

solutions were not stirred after heating so the gel structure was not broken 

down at all and gave a reading on the viscometer of greater than 10,000.
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"he rel was r.c: demouldable. Heating the acid and calci'in forms with and 

:nUh'.q :alt lauroc an increase in viscosity. However these containing 

fa..*. I'cnr, qi.^te a stable gel, timiiar to that obtained with scii’im form.

A. i.ff-rente between sodium and calcium forms was noted here.

C;. h - a t i : i g  the acidified form of both sodium and calcium, the viscos.ty of 

'he so v ’im form decreased,but that of the calcium form increased. It is 

th u.r*ht to be due to the formation of an unbroken gel of the lalr'um form, 

-j observations were the same for both crude and purified material.

fc — o  m  O y.-*

Attempted gelling of acid form on the same formulation as elginate gels. 

As 1 (P'urifiedyhas a high proportion of guluronic acid, it was thc'igh: that

.t may nave gelling properties similar to thos of the G blocks cf alginate.

However the gel formed was not very strong. It was not demouldable 

&V1 tnere was: n: evidence of syneresis.

Ib.t gel was no stronger than those obtained by adding salt to the

c-'l.it • of polymer and not as strong as those obtained after heating salt 

ctnta.. ...rg solutions.

Ine fficient 18 known of the detailed structure of S11 but the pr-cerce 

tf pyr-uvic acid, possibly acetyl groups and a neutral sugar -unit could 

interfere with the gelling properties particularly if the guluronic . id 

un.vs are not mutually linked,as in the G blocks of alginates.

Measurement of Viscosity with different speeds

The viscosity as measured does vary with speed of viscometer spindle. 

Tnerever possible speed 60 was used so that the results would be fairly 

consistent.
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Conclusions

The original and acid materials show a good many similarities, 

although in general the viscosities of the original materials were much 

higher.

The effect on lowering the pH was the same as was the effect of heating 

the solution.

A difference was noted in the effect of salt on the solutions.

Addition of salt causes gelling with the original material,hut did not 

occur at the concentrations of salt used with the acid form.
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M ethyl ethers of L-guiose
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Complete méthylation of uronic acid-containing polysaccharides is difficult, 
and it is frequent practice to reduce the uronic acid to the corresponding sugar and to 
methylate the derived, neutral polysaccharide. The occurrence o f L-guluronic acid in 
alginic acid' and in a number o f bacterial extracellular polysaccharides^ has made it 
important to prepare and characterise the methyl ethers o f gulose. In the present note, 
L-gulose was partly methylated and the derived mixture o f methylated methyl 
L-gulosides was analysed by g.l.c. (Table I). The peaks corresponding to the respective 
methyl ethers were identified by comparison with those o f the methyl ethers of 
D-glucose. An aliquot was also converted into a mixture o f the corresponding alditol 
acetates which was analysed and characterised by g.l.c.-mass spectrometry. The 
relative size o f the individual peaks of the alditol acetates was used to confirm the 
identity of the methyl L-gulosides. The retention times are given in Table I. No 
evidence for the formation o f methyl gulofuranosides could be found. Although 2,4-

TA B LE  I

M ETHYL ETHERS OF L-GULOSE (RETENTION TIMES)

M ethyl L-gulosides Gulitol acetates Corresponding L-gulose ether

Column 1 Column 2

1.53 1.37 0.96 2,3,4,6-tetra- 0-methyl
2.1, 3.5 1.5, 2.1 1.48 2,4,6- +  3,4,6-tri-O-methyl
2.9, 4.0 1.7, 1.93 1.65 2,3,6-tri-O-methyl
3.2, 4.5 1.37, 1.93 1.74 2,3,4-tri-0-m ethyl

3.1 2.26 2,6- -f- 4,6-di- 0-methyl
3.63, 3.2 2.66 3,6-di-O-methyl

2,3-di-O-methyl
3.2, 2.46 Z82 2,4-di-O-methyl

3.1 6-0-monomethyl
4.0 2-O-monomethyl
4.24 4-O-monomethyl
5.5 Hexa-acetate
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and 3,5-di-O-methyIguIitol acetates, 3- and 4-, and 2- and 5-mono-0-inethyl-gulitoI 
acetates would be expected to give the same fragmentation pattern^ in mass spectro­
metry and therefore the alditols derived from furanosides would not be detected, the
5.6-di-0-methylgulitol acetate should give a strong primary fragment with mje 89. 
This fragment was not given by any o f the products. Furthermore, it is unlikely that 
the sugars in each o f the above pairs would have identical retention times on g.l.c., 
or that methyl furanosides, i f  present as di- and mono-0-methyl sugars, would have 
been completely missing in the tri-0-m ethyl series. I t  is concluded that, under the 
conditions o f glycosidation, the amount o f furanosides formed was extremely small.

Whereas partial méthylation o f methyl /^-D-xylopyranosides"^ by the Purdie 
method gave mainly the 2,4-dimethyl ether and the reactivity sequence was 
H O -2> H O -4> HO-3, w ith methyl L-guloside the 6-0-monomethyl sugar was 
present in much the largest proportion, with roughly equal amounts o f the 2-, 3-, and 
4-monomethyl ethers. Due to partial overlap o f peaks, it was difficult to assay the di- 
0-methyl derivatives accurately, but the 2,3- and 3,6-isomers were present in least 
amount and the 2,4-di-O-methyl derivative was equal in quantity to the combined
2.6- and 4,6-di-0-methyl derivatives. The main tri-O-methyl derivative was the
2.3.6-isomer, corresponding to the combined amount o f 2,4,6- and 3,4,6-compounds 
which, as the alditol acetates, gave an overlapping peak. The 2,3,4-tri-methyl ether 
was present in least amount.

EXPERIMENTAL

G.l.c.^ o f the methyl glycosides was performed on columns o f acid-washed 
Celite coated with 15% by weight o f poly(butane-1,4-diol succinate) (column 1), and 
10% polyphenol ether [w-bis(m-phenoxyphenoxy)benzene] (column 2) at an operating 
temperature o f 175°. The methylated alditol acetates were injected into a glass 
column (12 ft) packed with 3% OV225 on Gas Chrom Q (column 3) and fitted in a 
Perkin-Elmer FI 1 combined gas-chromatograph RMS4 mass spectrometer at 195°. 
The mass spectra were recorded at an inlet temperature o f 200°, ionising potential o f 
80 eV, ionising current o f 50 //amp, and a temperature o f the ion source o f 240°.

Chromatographically and ionophoretically pure L-gulose (50 mg from 
Cambrian Chemicals) was treated with 0.5% methanolic hydrogen chloride (20 ml) 
fo r 18 h under reflux; these are conditions expected to give the highest yield o f methyl 
pyranosides. The recovered syrup was non-reducing to Fehling’s solution and the 
Nelson reagent. Partial méthylation o f the derived methyl gulopyranosides was 
effected by the Purdie^ procedure, using refluxing methyl iodide and silver oxide for 
1 h. The derived mixture o f methylated L-gulosides was analysed by g.l.c., and an 
aliquot was converted into the corresponding alditol acetates^, which were analysed 
by g.l.c.-m.s.
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