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The work carried out was concerned with an investigation into a possible 
connection between tne sugars present in a mucilagenous polysaccharide from 
bracken rhizomes and the sugars present in the glycolipid fraction from the 
same plant source.

This work wa3 initiated after a survey of the literature concerning 
the role of nucleoside diphosphate sugars in glycosidic bond formation and 
in particular polysaccharide synthesis, revealed a number of unexplained 
observations which suggested a possible involvement of a third group of 
sugar containing compounds. The nature of these observations inferred that 
the compounds involved could well be lipoidal in character,
BRACKEN POLYSACCHARIDE.

Part 1 of the thesis is devoted to a description of the extraction, 
purification and analysis of an acidic mucilagenous polysaccharide present 
in the rhizomes of the bracken plant (Pteridium aquilinum).

The polysaccharide was extracted using a cold 5f° solution of trichloro
acetic acid and subsequently purified by repeated precipitction in alcohol 
followed by titration with a 1 Ofo solution of cetyl trimethyl ammonium brcmide. 

The sugar content of the purified polysaccharide was analysed qualitatively 
by both paper and gas-liquid chromatography. The following sugars were 
detected: D-galactose, D-mannose, L-arabinose, D-xylose, L-fucose and a 
uronic acid.

An investigation into the acidic function present revealed tint it was 
probably entirely due to the uronic acid moiety. Sulphate content was shown 

to be very low and to decrease with purification, suggesting that its presence 
was due to contamination rather than as an integral part of tne structure.



Quantitative analysis of hoxoso, pentose and methyl hcxose was performed 
using the coloi imeoiic me cnoo-s of Disc/ie and Boronfreund. This shoved that 
L-fucose was present; in as much as 20/o weight of the polysaccharide*
GLYCOLIPII) FBACTIOh,

Part 2 of the thesis gives an account of the investigation carried out 
into the glycolipid fraction present in Bracken*

Section A is devoted to a preliminary investigation into different methods 
of extraction and purification. These included the use of methanol and chloroform- 
methanol, 2 si v/v, as extracting reagents. Various Bracken preparations were 
also used: fresh Bracken, Bracken preheated at 110° and freeze-dried Brackca.
These different trials were studied as to their effectiveness in reducing 
enzymic action during the extraction process. The purification processes 
studied included cellulose column chromatography for the removal of non-lip. <i 
contaminants, dialysis, and the diffusion of a chlo^oform-methanol mixture 
of the extract against a large excess of water, as used By Polch.

A preliminary examination of the lipid-Bound sugars present in the lipid 
mixture revealed D-glucose, B-galaetose, D-mannose, L-araBinose, D-xylose and 
two .unknowns, one of which was suspected of Being a sulphonatsd glucose. These 
results were confirmed By Both paper and gas-liquid chromatography.

One of the major problems during this initial series of investigations 
was the difficulty in obtaining reproducible results, with regard to the kind
and amount of sugars found.

Confirmation of the sugars found in the glyoelipxd fraction was obtained 
from the work described in Section B of Part 2. This section is concerned 
with attempts to fractionate the lipid mixture, firstly By removing neutral 
lipids and other nonglycolipid material such as phospholipids, followed By



the fractionation of the individual glycolipids themselves, This was performed 
after preliminary trials, using a combination of silicic acid, magnesium silicate 
and DEAE cellulose column chromatography. The fractions obtained vrere analysed 
for phosphorus and sugar content and they vrere also monitored using two dimensional 
thin-layer chromatography. After column fractionation the groups of purified 
glycolipids were finally separated into individual compounds by preparative thin- 
layer chromatography on silicic acid. The individual glycolipids were then 
analysed for sugar and fatty acid content by gas-liquid chromatography.
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STUDIES ON PLANT METABOLITES

GENERAL INTRODUCTION

This thesis describes investigations carried out on two related aspects 

of the bracken plant (Pteridium. aquilinmn). Part 1, gives an account of 

work performed on the composition, in terms of its component sugars, of a 

mucilagenous polysaccharide present in quantity in this plant. Part 2, 

which comprises the major part of the work, is concerned with studies on 

the nature of the glycolipid components of the plant.

. Various studies, to be referred to later in this introduction, carried 

out in the last few years in several laboratories on the biosynthesis of 

polysaccharides have led to conjectures that glycolipids may conceivably be 

involved in glyuosyl transfer reactions of direct relevance to these processes. 

One such study (l, 1; carried out in this laboratory upoi the biosynthesis of 

starch showed that whole starch grains contained at least one glucose 

containing glycolipid as well as the nucleotide adenOsine diphosphate glucose 

and therefore established that in this rorphologicaj entity the only lipid- 

bound sugar common to both the nucleotide and polysaccharide fractions was 

glucose. V/hilst this did not comprise evidence of a direct connection or an 

involvement of glycolipid in starch grain biosynthesis it encouraged further 

investigations of a more complex system, especially when viewed in the light of 

work done elsewhere.
Such a system was provided by the bracken plant, which as already mentioned 

contains a complex mucilagenous polysaccharide as well as cell wall poly

saccharide and stax'ch grains in the rhizome.



Additionally, earlier results obtained in this laboratory on the nucleotide 
constituents of bracken (76) were available, and some similar connections between 

the component sugars of the various polysaccharides, the glycolipid and the 
nucleotides might thus conceivably emerge here also.

The need for information upon the biosynthetic pathways in the bracken plant 

is in any case urgent on other grounds. This plant has successfully defied 
attempts at eradication by conventional techniques of husbandry, as well as by 

relatively sophisticated methods involving selective herbicides (3» 4> 5» 6, 7) 
and knowledge of the means by which important components of the plants cellular 
material (e.g. the mucilagenous polysaccharide) are synthesized could perhaps 

suggest ways of intervening selectively in these processes.
The first system discovered leading to the synthesis of a polysaccharide 

was that involving muscle phosphorylase (8). It was shown that this enzyme in 
the presence of inorganic phosphate would catalyse the degradation, in part, oh 

glycogen to form glucose - 1 - phosphate (G - 1 - P). This reaction also proceeds 

in a reverse-wise manner, under the appropriate conditions, during which the 
glucose from the G - 1 - P is transferred to a primer molecule resulting in the .
syntheses of an amylose-type polysaccharide, with concomitant release of inorganic

phosphate.
Phosphorylase systems very similar to the muscle one were later shown by 

Hanes to be present in plants as well (9) •
Because of its reversible nature it was not certain what the exact role of

this phosphorylase system in vi»o was. For many .years attempts to synthesise 
polysaccharides other than the amylose type using similar enzyme systems were 

carried out and it was not until ten years later, following the discovery by 
Leloir of UDP glucose (10) that a different system was considered.



UDP-glucose is structurally related to G ~ 1 - P in that it contains the 
latter structure linked by a pyrophosphate bond to the nucleotide uridine-5“ 
phosphate. This connection led many workers to the belief that UDP-glucose 

could be directly involved in the formation of glycosidic bonds. This was later 
borne out by many successful experiments0

From the numerous examples to choose from (ll, 12, 13, 14) the following 

serve to demonstrate this involvement. The synthesis of the disaccharide 
trehalose was demonstrated by Leloir and his co-workers, involving UDP-glucoee 

and an enzyme source from Sacchoromyce3 fragilis (15)* Sucrose was also syn
thesised, by two different routes, both involving UDP-glucose (l6, 17). The 
plant glycoside arbutin was also formed using UDP-glucose and an enzyme from 

wheat germ0
Soon after the discovery of UDP-glucose, Leloir also demonstrated the presence 

of two other nucleotides in yeast: GDP - mannose and UDP - M - acetyl glucosamine 
(19, 20). This was followed by the discovery of many other nucleotides in a 

vide variety of tissue, both plant and animal (21, 22, 23, 24)0
Many researchers with this evidence that nuclecslu0 diphosphate sugars 

are involved in the formation of di and trisaccharides logically argued that 
they may also play an important part in the synthesis of polysaccharides. The 
attention of workers in this field was therefore directed to this problem.

An account is given in the following pages of the various attempts to 

synthesise sugar polyne-i-C using nucleotides as substrates. The experiments 
performed are described briefly and the conclusions drawn from the results 
criticised in an attempt to establish some kind of order in a complex and 

confused situation.



One of the first claims to success was put forward by Glaser in 1057 

(25) who said that synthesis of cellulose had been achieved using radio

active UDP - glucose, a primer cellodextrin and an enzyme preparation 

from Acetobacter xylinun. His sole criterion for the success of the 

experiment was the incorporation of between 1 - 2f= radioactivity into the 

product. As no further proof 10 support his claim was provided and with 

such a low radioactive incorporation it is doubtful if this could be 

accepted as conclusive evidence of cellulose synthesis by this system,

A similer experiment was carried out by Glaser in the same year (26) 

in which he achieved a low incorporation of radioactive N - acetyl 

glucosamine into a primer of chi tin using UDP - 1-7 - acetyl glucosamine 

and an enzyme system from leurosoora crassa. This work can be criticised 

on the same grounds e.s above.

However a series of experiments carried out by Elbe in. Barber and 

Hassid (27) concerning cellulose synthesis in which GIF - glucose was the 

donor and the enzyme was a particulate one from nung beans, enabled 

sufficient of the 010duct to be synthesised to allow bo tb a chemical and an 

enzymic identification♦ He primer was renuired as the low concentration of 

cellulose present in the .enzyme system was sufficient. One interesting point 

from this experiment was that when the enzyme preparation was washed it lost 

its activity which was partly restored by adding a yeast extract. This 

could point to the pa.rticipat.ion of other unknown factors in. the reaction.

The synthesis of two 1:3 linked glucans have been reported. A particulate 

enzyme preparation from mung beans was shown by Hassid (28) to catalyse the 

transfer of glucose to form the £1:3 glucan callose. The other a 1:3 

polymer is paramylon, which is found in .Guy!one, and whose synthesis 

similar to calloshas been claimed (2f).
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Hassid (30) also showed an Increase in chain length "by one unit of the 

primer xylan using Ur? - xylose and a parLiculate enzyme from asparagus shoots.

The synthesis of hyaluronic acid has also been claimed using a particulate 

enzyme from Rons jsarcomâ  cells and radioactive UDP - IT - acetyl glue osamine.

The identification of the product war confirmed both by radioactive incorp

oration experiments and also by the use .of a specific hyaluronidase (31, 32,

33, 3k )-

Studies vie re carried out by Duncan (35.) in which he tried to show a 

direct link between nucleoside diphosphate sugars and polysaccharide synthesis. 

He prepared a large number of these substrates and using enzyme preparations

from wheat scutella, dried peas, and potatoes, a series of experiments using
"i -primers of glucose, maltose, maltotrose, cellobiose, sucrose, G - 6 - P and

P - 6 - P, were performed. After incubation the digests were assayed for an

increase in chain length of the primers. In almost all of the experiments no

significant increase in chain length was detected.

It can be seen from the examples cited, of work done in this and other 

laboratories that nucleoside diphosphate sugars appear to be connected in some 

definite way with the synthesis of polysaccharides. However, many experiments 

to illustrate this have not always been successful, arc .there an increase in 

chain length has been achieved the systems used lacked clear definition in 

that the enzyme preparation involved in the majority of the cases were parti

culate rather than soluble.

It could be suggested from this that because of the very complex structure 

of particulate systems they may contain not only the correct enzyrnu, but also 

other important factors necessary for the reaction. Therefore polysaccharide 

synthesis may be a more complex series of reactions ra.ther than a direct nucleo

tide -poly s ac che r i ele 1 ink.



The synthesis of glycogen was investigated by Leloir in 1957 (5' o)» He 

extracted a,n enzyme from rat liver and shoved that with glycogen as a primer 

it catalysed the further synthesis of the glycogen by transferring glucose from 

UDP - glucose to the priner This enzyme is referred to as glycogen synthetase 

Leloir*s work on glycogen stimulated greater effort into the examination of 

starch synthesis. As a result, during the last ten years, a great deal of 

information has accumulated and many ideas put forward, concerning not only the 

biochemical synthesis of starch but also the physiological processes involved in 

forming the grain. This complex problem is of particular interest in the present 

context and points arising from it will be discussed in the following pages.

Leloir (37), succeeded in incorporating glucose from UDP - glucose into 
starch grains using an enzyme preparation which appeared to be attached to the 

actual starch grain itself, and which could not be removed without loss of 

activity. This possibility that the enzyme was directly at+ached to the starch 

in some way, was v^.ne out by Pottinger and Oliver (39) who, using a modified 

isolation technique increased the activity of the isolated starch grains by 

some two thousand fold.

However in 1964 ixydman and Cardini (TO) suggested that the enzyme might 

not be attached irreversibly to the starch grain and that the starch was only 

necessary as a primer. This assumption was based on an experiment in which the 

transfer of radioactive glucose from ADP - glucose into starch was achieved 
using a soluble enzyme extract from potatoes.

Results of preliminary experiments on starch synthesis in this laboratory 

(4l), when maltodextrins were included in the digest, were contrary to those 

of Leloir in that no higher polymers were detected.

In further investigations (41) in. which digests containing whole starch 

grains as on enzyme source, UDP - glucose, ’primer* starch, G - 6 - P and
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magnesium sulphate were incubated and assayed by the method of Pottinger and 

Oliver (39)* No significant increase in chain length could be found.

The synthesis of starch therefore appears to be a particularly complex 

process end so far the experimental evidence as to how it is carried out is 

contradictory in nature,

Badenhuizen (42) in an attempt to clarify the starch synthesising problem, 

put forward the theory that the ae novo synthesis of starch is carried out by 

the phosphorylase j  G - 1 - P system acting in the presence of sucrose as a 

primer to form amylose. Q enzyme then converts this to amylopectin and there 

is "crystallisation" of the starch from coacervate droplets to form the grain. 

Leloir*s starch synthetase system appears to be responsible only for extending 

starch already formed.

Prom Badenhuizen1s theory that starch grains are built up in layers by 

the continual formation of coacervs/te droplets follov rd by"crystallisation* out 

of solution by the starch (4 2) Nuncan (4 4) has implied that for this to be success 

ful an interface is necessary other-wise it would be impossible for such a droplet 

to form, in a wholly aqueous medium.

Taking this thinking a stage further he suggest a the need for material of 

a lipoidal nature to be present <n the environment.

The extraction and identification of two galactoglycerides from wheat flour 

by Carter ejt al in 1956 (45) (FIG, 1, Nos. (i) and.(ii)), followed by the knowledge 

khnt such compounds, as well as other newly discovered glycolipids, are wide

spread throughout the pj.cnt world, has led various workers to surmise that they 

may play an important, but as yet unknown, role in plant metabolism.

From FIG. 1, Nos. (i) and (ii) it can be seen that the structural properties 

of such compounds would endow them with detergent qualities and hence it could be
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envisaged that they would he most suitable in bridging the interface between 

aqueous and nonaqueous environments. It v/ould not, therefore, be outrageous 

to postulate that such compounds as glycolipids could play an important role 

in the scheme outlined previously concerning starch synthesis, as they could 

span the gap between a lipoidal droplet and the final formation of the starch 

grain in an aqueous medium.

Northcote’s v/'ork on cell wall biosynthesis is also of interest in the 

present context (4-6)*> He states that the endoplasmic reticulum, along v/ith 

other cell organelles, is responsible for the transport and synthesis of 

material for the cell plate. He also shov/ed, by electron mic roscopy, that 

the cell walls of plants are composed of microfibriis of polysaccharide of the 

a-cellulose type set in a continous matrix of hemicellulose and lipoprotein 

(47, 48, 49)• Hassid, Neufeld and Feingold (fO; have stated that the sugars 

of these cell wall polysaccharides are derived from uridine diphosphate compounds 

of the corresponding sugars, ihe mechanism, as yet unknown, by which these cell 

wall polysaccharides are synthesised is therefore of considerable interest.

Benson (51) discovered a compound in plants similar in general to those 

found by Carter. It is a glyccsyl diglyceride : the sugar moiety being 

identified as a 6 - sulphonated glucose (FIG. 1, No. (iii)). Benson also 

realised that in the problem concerning the lipoprotein structure of plant 

cell membranes, glycolipid compounds of the above -types described could act 

as surfactant reagents on the plant membrane, facilitating the transport of 
ions through the memcrane, and thus enhancing the aqueous solubility of hydro- 
phobic substances (52).
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Duncan took this reckoning a stage further (53) within the present context, 

hy saying that the glycolipids themselves may act, under the above conditions, 

as acceptors or donors in glycosyl transfer reactions between the different 

phases. As a result of this reasoning Duncan (54) investigated starch for 
the presence of glycolipid compounds. Small, but distinct, amounts of two glyco
lipids v/ere found. One contained galactose a2id behaved in a similar manner to 
Carter’s galactoglycerides, while the other contained glucose and appeared to be 
resistant to saponification with N. aqueous KOH at 37° for 24 hours.

Further evidence of a possible involvement of glycolipid compounds in the
formation of glycosidic bonds and hence in the synthesis of polysaccharides is 
cited on the following pages.

Of particular interest here is the work of Colvin (55)* He shov/ed that when
80^ alcoholic extracts from ^cetobacter xylinum cells were incubated with an
enzyme preparation obtained from the ultrafiltered supernatant of washed A. xylinum 
cells, cellulose fibrils were rapidly formed. Their presence was confirmed by
physical methods, mainly electron microscopy. When samples of this ethanolic 
extract were dried, hydrolysed with 5H. H2SO4 and +he hydrolysate examined by 
paper chromatography, a spot was detected which ra^ at the same rate as glucose. 
Later he discovered a similar cellulose synthesising system in plants, using Avena 

coleoptiles and Pisum seedlings. Here the enzyme source was again from A. xylinum 

(56).
In 1964 Lennarz discovered the presence of a dimanno lipid together with two 

ether mannose containing lipids in the bacterium M. lysodeckticus (57)* Also 
when uniformly labelled GDP - mannose C14 was incubated v/ith an extract from the 
cells of the above bacteria it resulted in the formation of labelled mannose 
containing lipids. However the nature of the lipid acceptor or acceptors has not

yet been identified.



11
Also of interest is the work done by I Teufel d and Hall (f-8 ) who using 

snina.ch leaf chlorovilssts dcaonstrated tie enzymic synthesis of a series of 

labelled galactolipids from radioactive UDP - galactose. Labelled mono, di, 

tri and tetragalact o syl glycerol were identified as reaction products.

Because of these observations and because of the undefined and contra

dictory nature of the work done on polysaccharide synthesis previously 

mentioned, it was thought that the question of sugar-1ipid involvement 

warranted further investigation. Duncan (f>?) constructed a table (TABLL 1) 

in which he compares the sugar content of both the nucleotide and poly

saccharide fractions from the same source. This table, thought not attemting 

to prove any definate connection between the two fractions, far less proof 

of the involvement of nucleotides in polysaccharide synthesis, cannot but 

convey this line of thought.- It was therefore deemed to be useful if a 

similar table cou’ * be composed in which a comparison is made between the 

sugar content of the nucleotide, polysaccharide and glycolipid fractions 

from the same source.

The rhizomes of the bracken plant were chosen for this work for the 

following reasons,

1. On preliminary investigations it appeared to contain a complex 

polysaccharide composed of several sugars. One of these sugars, L-fucose, 

was present in fairly large quantities. This - is a sugar not normally found 

to any large degree in the polysaccharides of land plants. Hence if it could 

be shown that this sugar was present in the polysacchando, the nucleotide 

and the glycolipid fractions this would indicate a more direct connection 

between them than would finding D-glucose or any other more common sugar

in all three fractions.

2. The nucleotide content of the rhizomes has alreedy been studied by
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Weir {'J 6 ) thus facili fating a comparison be tv/eon the three fractions,

3. It v;ao thought frit because bracken was such an important 

agricultural plant, proving; very difficult to eradicate effectively, an 

investigation in depth of part of its metabolism v/oulrl be useful.

Previous research into the nature of the bracken plant has followed three 

main lines of investigation, all basically non-biochemical. Its composition 

has been intensively examined for elemental, ash, moisture and free sugar 

content (77? 76, 79, 60, 81, 82, Of, 64, Of). The toxicity of bracken to 

domestic animals has stimulated attempts to determine the toxic reagent 

and the precise nature of its effect 021 the animal* Finally, the possibility 

of controlling the weed by chemical herbicid.es has been invest!mated. The 

following’ are a few of the chemicals tested for this purpose,* sodium chlorate, 

dalapon, pichloram and aminotriazole (4 , 5, 6, 7, 86). This work ho’wever. 

has been on the whole empirically based and to dato no expedient method has 

been found which has a lasting effect on the subterranean parts of the plant 

as well as destroying the ariel parts. In consequence, such herbicides may 

be successful in the short term but are unsatisfactory in the long term.
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SCOPE OF THE PRESENT WORK

The work reported in this thesis was performed to ascertain if there was 

any similarity "between the sugar content of the mucilagenous polysaccharide and 

that of the glycolipid fraction of the mature bracken plant.

PART 1.
This part is concerned with the mucilagenous polysaccharide. It gives an 

account of its extraction, purification and analysis. It pays particular attention 
to the certain identification of L - fucose as a component sugar of the poly
saccharide.

PART 2.
This part describes the extraction, purification and resolution of the lipids 

from the rhizomes, firstly into classes, and finally into individual glycolipids. 
Attempts were made to determine what sugars were pjtieut in the glycolipid fraction.
A comparison was then made between the sugars found in the nucleotide, polysaccharide 
and glycolipid fractions of the rhizomes.

A short account of an investigation into the fatty acid content, of the 
lipid extract as a whole, and also of the individual glycolipids is given.



1# General comments on the extract5,on, purificatlon and fractionation of 
plant polysaccharides - 

a) Extraction*

Plant gums and mucilages are polysaccharide materials of high molecular 
weight. Some are completely soluble in water forming viscous solutions, while 
others absorb water and swell, but do not dissolve. Gums can usually be differen
tiated from mucilages, in appearance, in that they are normally plant exudates, 
often produced as a result of infection, while mucilages are obtained by extraction 
with a suitable reagent.

The criterion of a good method of extraction of a plant polysaccharide, as 
is the case in thextraction of all biological material, could be stated as 

follows:- it must extract as much of the designed material as possible, free 
from contamination, and as far as possible in the native state. Any method of 

extraction which is chosen therefore must prevent the chemical and enzyme degration 

of the material being extracted.
The technique used for the isolation of plant mucilages are of necessity 

diverse and their use, though normally of an empirical nature, can be tailored 
to suit certain characteristics of the polymer under investigation.

At the turn of the century the most commonly used methods involved the use 

of alkaline extracting reagents, such as 2fo NasCCh, IQ2CO3 and 17aOH. Use of 
these solutions compensated for the fall in pH during extinction. However it ..'ns 
found that when some of the above reagents were used the yields obtained were 
not very high, and there was still the possibility of enzymic degradation.
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If hot or cold water is used as an extracting; medium, other water soluble 

compounds, such as amino acids and proteins are extracted- Hot ve/cor extraction 
has the added disadvantage of rupturing starch grains present in the plant, 
resulting in contamination of some of the desired polysaccharide.

One of the major changes to he avoided during extracting is degradative 
enzymic action. This can often he avoided by the addition of inhibitors, such 
as mercuric chloride or lead acetate, to the extracting medium.

It was found in the extraction of the mucilagenous polysaccharide from the 
rhizomes, after trials using 2.0^ Ha2 CO3 and hot water, that a cold 5*0^ aqueous 
solution of trichloroacetic acid was not only effective in preventing enzyme 
action hut also avoided the extraction of starch as well, 
h) Purification.

One of the major problem.-* in polysaccharide research is the assessment of 
purity. Purity with respect to inorganic and wrote! • contamination is readily 
established but there is no-general, quickly applied, method for testing purity 
with respect to freedom from contamination by other polysaccharides. Hie effective

ness of a purification step can only be monitored by measuring some property of 
the polysaccharide in question, such as its optical rotation, molecular weight, 

the products of hydrolysis or ash content, until limiting purification is achieved.

Various methods have been used to remove proteins and other non-carbohydrates 

from polysaccharide extracts. One such technique-involves the denaturation of 
the proteinatious material by shaking the extract with a 1:3 v/v mixture of amyl 
alcohol and chloroicrm (87, 88). 40fo trichloroacetic acid has also been used in

a similar manner (89).
Another method used involves the precipitation of cru.de polysaccharide 

extracts by pouring into cold absolute alcohol. Vvhile this effectively removes
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amino acids, sugars and other low molecular weight contaminants, proteins can 
bo oo-precipitatcd with the polysaccharide.

A similar criticism applies to dialysis as a purification step.

Protein absorbents such as Pallor's Earth have also been used (90). However 
here a certain amount of carbohydrate material may also be absorbed by the 
reagent along with the protein contaminants.

Protein contamination can be largely avoided by using solutions of TCA as 
the polysaccharide extracting medium. This precipitates proteins by denaturation 
and consequently they are not extracted in the first place. 

c ) Era c t i on at 1 on.
One technique used for the separation of a mixture of polysaccharides is 

fractional precipitation from alcoholic solutions of varying concentrations in 
the presence of various metal cations (91)• This method depends upon the dehy
dration of the polysa '.charido molecules causing them to precipitate out of 
solution. The concentration of alcohol at which this takes place, varies from 
polysaccharide to polysaccharide enabling a fractionation to be obtained. The 

presence of cations facilitates precipitation by neutralising any charge present. 
However, using this method can often, result in cross contamination of the various 

fractions.
In the case of neutral polysaccharides there are certain cases where 

specific fractionation techniques are applicable. Starch can be precipitated 
from solution in the form of an iodine complex, amylose separated from amylo- 
pectin by the formation of insoluble complexes with a range of compounds (92, 9b) 

and yeast ntannan can be precipitated as its copper complex (94)»
The fractionation of mixtures of neutral polysaccharides has been achieved 

using electrophoresis on supports of filter paper, silk and glass-fibre paper ($6).
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Voltages of tip to 2,000 are used and a charge induced on the polysaccharides by 
the formation of "borato complexes» Mixtures containing mannan, galacian, 

glycogen and inulin have been separated by this method. However if the poly

saccharide to be studied already contains ionisable groups then electrophoretic 

separations can be achieved Y/ithout the formation of a complex (95). Electro

phoretic separations using cellulose columns have also been applied and found to 
give good results (97)'

Ion-exchange chromatography of charged polysaccharides on columns of ECTEOLA 
cellulose has been used by Ringertz and Riechard (98, 99)♦ This ion-exchange 
material is obtained by reacting cellulose with epichlorohydrin and triethanol- 
amine resulting in the introduction of basic groups to the structure. The 
separation is carried out at an acid pH using either a stepwise or gradient 
elution with 0.1 to 3.0M NaCl - HC1, 1:1 v/v.

The fractionation of mixtures of acidic polysncchariujs on columns of DEAE 
cellulose can also be accomplished (204). The column material is used either in 
the basic or phosphate form. The polysaccharides are eluted from the column using 
buffers of increasing strength at a neutral pH or buffers of increasing acidity or 
alkalinity. Using DEAE cellulose,Heri fractionated a mixture of pectic substanvs 

into its individual components (205? 206).
Schmidt (101) obtained a good separation of acidic mucopolysaccharides from 

each other by ion-exchange chromatography on DEAE Sephadex-A-25* Thu3 hyaluronic 
acid, heparin, heparitin sulphate and chondroitin sulphate were completely 

separated by this method.
Resolution by gel filtration techniques is accomplished as a result of 

differences in molecular size. Polysaccharides, structurally identical from 
the standpoint of composition and integrity of repetition of the unit structure, 
may nevertheless exist in a range of molecular sizes.
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Hence gel filtration v/ill not give rise to fractionation into distinct species 

and the method is thus limited, Bingertz (102) hoe/ever separated the poly
saccharide extract from mice tumours, using gel filtration, into fractions 

containing different sulphate content, e,nti«coagulant activity and type of 
amino sugar present. Gel filtration using Sephadex can be used successfully 
for removing low molecular weight material, such as salts, sugars, and amino 

acids from higher polymers (103, 104, 105).
Scott (106, 107) made use of the fact that acidic polysaccharides when 

titrated with a quaternary ammonium detergent, such as cetyl trimethyl ammonium 
bromide, form insoluble complexes which precipitate out of solution (FIG. 2). 
Neutral polymers, under normal circumstances, do not form this complex and hence 
remain in solution. A separation of neutral from acidic polysaccharides can 

therefore be obtained.

Fig.f2

Pn~nM+ + nQN+A~   -> Fn"nQN+ + nM+A~

n -  4- +P nil is the salt of the cation M with the polyanion of valency n.
*4* *• *4*nQN A is the quaternary ammonium salt where QN is the cety • trimethyl ammonium

cation and A** is the anion, e.g., Br~.

By adjusting the pH it is possible to separate polysaccharides by inducing 
varying degrees of dissociation. Thus a polysaccharide which fails to precipitate
at pH 2 may be induced to do so by raising the pH to 4 or 5* These QN+ polyanion
complexes are soluble in varying concentrations of salt solutions e.g. sodium 
chloride or lithium chloride. If lithium chloride is used the polysaccharide ccn
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be reprecipitated as its lithium salt by pouring the salt solution of the corirolcr 
into cold absolute alcohol, the excess lithium chloride remaining in solution (20?)

This last method of fractionation was the one chosen in an attempt to resolve 
the polysaccharide extract from the bracken as it was found to be of an acidic 
nature and hence suitable for this particular technique#

2* The extraction of ^_^ucilagenou3 polysaccharide from bracken rhizomes#
Fresh samples of bracken rhizomes were collected during the dormant season, 

November to February 1963-64, from MiIngavie Moor, on the outskirts of Glasgow.
The rhizomes were washed, and chopped into lengths of approximately one inch.

When 1.0kg. of these rhizomes were extracted by blending with 2.0% Naa CO3 

the yield of polysaccharide obtained was 2.5% of the dry weight of the bracken 
(bracken containing 80% moisture). This method of extraction was abandoned 

because of the low yield and also because of the possibility that enzyme action 

might still be taking place during extraction.
A second trial extraction m s  carried out in which 1.0kg. chopped rhizomes 

were firstly boiled in water to inactivate degradative enzymes. The rhizomes 
rhen extracted by blending with cold water yielded material accounting for 12.5% 
of the dry weight of the bracken. However-this method was also discarded when 

it was found that the increased yield was due to the extraction of starch as 
well as the mucilagenous polysaccharide.

The method finally chosen involved blending 1.0kg. chopped rhizomes with 
5.0% cold trichloroacetic acid in a high speed Waring Blendor (Waring Products, 
Winstead, Conn., U.S.A.) (Exp. l), passing the viscous solution obtained through 

muslin and re-extracting the residue with cold water. The two extracts were 
combined, centrifuged and the supernatant immediately extracted with ether to
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remove the TO A. and prevent the chemical breakdown of the polysaccharide.
3# Purification of crude polysaccharide extract. x

An initial pttrif ication of the crude extract was carried out by repeated 
precipitation in cold 0-13011116 alcohol (Exp. l)« The white fibrous polysaccharide 
was collected by centrifugation, washed twice with alcohol, then twice with ether 
and allowed to dry in vacuo over paraffin wax. The dried polysaccharide obtained 
could be re-dissolved in water by initially wetting the powder with a small amount 
of benzene and then adding small quantities of water and blending until the 
material was in solution. The above alcoholic precipitation step was repeated, 
finally to yield a dry white fibrous material weighing 7*5g« (3«75hof the dry 
weight of the bracken). The absence of starch was established by testing with an Is 
potassium iodide reagent.

Although the yield of polysaccharide was no* very high in terms of dry weight, 

its mucilagenous properties allow it to absorb large quantities of water, many 

times its own weight, resulting in considerable swelling.

4* Attempted fractiona11 on of polysaccharide extract.
In order to ascertain if this extract was composed of a single polysaccharide 

or contained two or more different polymers, it wus decided to attempt its frac
tionation using the quaternary ammonium complex technique of Scott (106, 107)
(Exp. 2). This method was chosen, as it was found after passing a solution of 
the polysaccharide through an Amberlite IR 120 ion-exchange column in the hydrogen 
form (G.M.2) that the polysaccharide solution obtained had a pH of 3 to 3.5* The 
fact therefore that the polysaccharide was acidic made it suitable for this method 

of fractionation.
A 0.25% solution of the polysaccharide ?/as passed through an Amberlite IR 120 

H+ column (G.M.2) and the effluent titrated to a slight excess with a 10% solution
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of cetyl trimethyl ammonium 'bromide. A thick precipitate v/as obtained which 
was collected by centrifugation. The pH of the supernatant was slowly raised 
to 7*5 with N NaOII. Upon the addition of more CE’TAB a second precipitate was 
formed and this was also collected by centrifugation* Both complexes were 

dissolved in a lofo solution of lithium chloride and the presumed lithium salt 

of the polysaccharides re-precipitated by pouring into three volumes of cold 

absolute alcohol. Of the 2.5g« polysaccharide applied to the ion-exchange 
column approximately 4Qo> was present in Fraction A and 6ofo in Fraction B.

Samples from both fractions were hydrolysed with N H2SO4 (G.M.3) and 
examined for monosaccharide content by paper chromatography using a butanol- 
pyridine-water solvent mixture (G.M.4)* The spots were located with alkaline 

silver nitrate (G.M.5)*
The results of the chromatogram showed that, qualitatively, both Fraction A 

and Fraction B were composed of exactly the so,me sugars. At least six spots 
were detected in each case including the characteristic fish tail effect normally 
given by a uronic acid. ho significant degree of purification from other minor 
polysaccharide compexerts was evident from the chromatogram.

In case the exr.net contained not a mixture of acidic end neutral poly
saccharides but a mixture of acidic polymers, e.g. one component polysaccharide 
containing uronic acid residues, the other sulphated sugar residues possibly, 

the experiment was repeated at pH 2.0 instead of pH 3*5* The fact that a 
solution of the free acid of the polysaccharide was only uH 3 - 3*5 was thought 
not sufficient to rule out the possibility of sulphate gro..ps being present. 

However the results from this second experiment were similar to those from the 
first. Two fractions were again obtained: the first precipitating at pH 2.5
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and the second at pH 7*0* No difference in the qualitative sugar content of 
each fraction mas found.

The polysaccharide extract, therefore, could not he fractionated by this 
method and appeared to confiist of a single acidic polysaccharide component
containing several constituent sugars.

Because Fraction A and Fraction B were, using paper chromatography, similar 
in sugar content, they were combined and this combined sample referred to as 
f,CETAB treated polysaccharide’1, samples of it being used in further experiments. 
Otherwise the polysaccharide samples used were obtained after repeated alcohol 
precipitation only (Exp. l).

Since this experiment showed the polysaccharide to be composed of several 
different sugars it was decided to carry out a detailed examination by paper 
chromatography and gas-liquid chromatography to identify rach one conclusivof.y,

5. Qualitative paper chromatographic analysis of polysaccharide.
(hie dimensional paper chromatography was carried out (G.M.4 ) by hydrolysing 

l.Og of polysaccharide with 217 H2S04 (G.M.3) and analysing the hydrolysate
using the following solvent mixtures (G.M.4 )*
1) Butanol - pyridine - water (108)
2) Phenol - water (109)
3) Ethyl acetate - pyridine - water (109)
4) Formic acid - methyl ethyl ketone - butanol - water (110)

Unknovm spots and stand irds were located by clipping or spraying with the 
following reagents (G.M.5) •

Ammoniacal silver nitrate (ill)
Benzidine trichloroacetic acid (112)
p-anisidine - HC1 in n-butanol (115)
a-naphthol/phosphoric acid (114)
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TABLE 2 summarises the Eg. values obtained for both the unknown sugars and the 
standards. The Eg. values for uronic acid spots are not given due to the 

difficulty of ascertaining the meaningful centre of the spot due to the tailing 
effect. Instead, the presence of a uronic spot is denoted by a + sign.

Prom TABLE 2 it can be seen that D-galactose, D-manno3e, L-arabinose, 

D-xylose, L-fucose, D»glucose and a uronic acid sugar were all present as 
components of the polysaccharide. Glucose was, however, shown by all four chroma
tograms to be present only in trace amounts in the sample used, and may have 

arisen as a result of residual contamination by some other component incompletely 
removed and may not in fact be a structural part of the mucilagenou3 polysac
charide. This result is supported by literature evidence in that glucose has 
been found only in very few plant mucilages (203)* Ketoses were tested for by 
spraying with a-r.aphthol/phosphoric acid reagent (G.M.5).

Traces of slow running sugar components were also noted on the one dimensicr ' 
paper chromatograms. These spots were not unexpected and were probably due to 
incomplete hydrolysis of the polysaccharide leading to the formation of small 

amounts of di and t hsaccharides.
Two dimensional paper chromatography was also performed (G.M#3)« A standard 

chromatogram was run under exactly the same conditions as the unknown sample.
The chromatograms were developed firstly vdth butanol-pyridine-water, followed 

by phenol-water at right angles to the first solvent. The spots were located 

using aniline-oxalate reagent (G.M.5) (115).
Comparison of the spots on the unknown chromatogram vdth those on the 

standard (FIG. 3) confirmed the results obtained from TABLE 2. However here 
no glucose at all was located. lalactose, -mannose, xylose, fucose and 
uronic acid all.gave strong spots whereas the L-arabinose spot was more faint.
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6. Qualitative gas-liquid chrom.atographic analysis _of̂  bracken polysaccharido.
GLC of c&rbohydrates is rapidly becoming a standard technique* However, 

the difficulty in devising volatile derivatives suitable for use in GLC delayed 
the application of this very desirable technique to sugar analysis*

Initially workers made use of the O-methyl ether or acetyl derivatives 

(ll6)* Lisaccharides were resolved as their octoacetates or methylated di

saccharides (117j 116).
The requirement that the sugar derivative be volatile is obvious. However 

it must also be prepared readily and quantitatively, the method must be applicable 

to a wide variety of carbohydrate compounds, and the derivative must be stable 
at the high temperatures likely to be employed during its analysis. Also it 
should not require extensive purification prior to chromatography and it should 
be possible to degrade the derivative to the starting material in order that 
preparative GLC can •:= performed.

The above requirements w;re fulfilled to a great extent when Bentley,
Sweeley, Llakita and Wells (118, 119) demonstrated the use of triraethyl silyl 
ether (TMS) derivatives of polydroxy compounds as suitable volatile compounds 
for use in GLC (FIG. *). They showed that silyl compounds were easily

FIG. 4
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propared in quantitative yields, wore stable at high temperatures and could 

be applied directly from the reaction mixture to the column. The formation of 
the TMS derivatives is quick and the reaction goes to completion at room 

temperature or with gentle warming. As a result multiple peaks are not observed 

as was the case with previous methods, when only partial msthylation and acetyl- 
ation was often achieved.

It was decided therefore to use this technique to confirm the results from 
the paper chromatography analysis of the polysaccharide components.

Previous to an examination of the components present in the polysaccharide 
by this method, a number of preliminary experiments using known sugars were 

performed in order to gain experience in operating a gas-liquid chromatogram, 
to determine suitable conditions for the separation of a mixture of sugars and 
to compare the results obtained with those given in the literature. In this wa
it was possible to gain a degree of familiarity with the technique.

The TMS derivatives of these known sugars were propared by dissolving 
approximately lOmg. of each in dry pyridine (G.M.6) and adding to this a freshly 
prepared 2:1 v/v mixture of hexamethyldie.Llazane and trimethylchlorosilane (119) 
(G.M.15). A mixture of known sugars composed of D-glucose, D~galactose, D-xyloso, 
D-nannose, L-arabinose and .L~fuco.se was also prepared in a similar manner. Initially 
the single sugar derivatives were analysed and their retention times calculated 
relative to cc-glucose. This was followed by ananlysis of the mixture of sugars 

and the various peaks obtained identified by comparison with Aie single runs. 

this way the conditions leading tc the . best separation of the sugars were 
determined. Similar conditions were used in the analysis of the sugar components 
from the polysaccharide (see below). Comparison of the results obtained from
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these initial exploratory studies compared sufficiently well with those from 

the literature (119? 120* 121* 122) that it was thought permissahle to proceed 
with an investigation* using this technique, into the sugar composition of the 
"bracken polysaccharide.

Gas-liquid chromatography of the monosaccharide content of the polysaccharide 

took the following form: 0.5g» polysaccharide were hydrolysed with 2N E2S04 

(G.M.3) and the hydrolysate reduced to dryness using a rotary evaporator at a 

temperature not more than 60°. The residue in the flask was thoroughly dried 
shaking with dry methanol (G.M.6) and reducing again to dryness. This was 

repeated.
The TMS derivatives of the sugars in this mixture were formed "by dissolving 

it in dry pyridine (G.M.6) and adding, with shaking, a 2:1 v/v mixture of hexa- 

methyldisilazane and trimethylchiorosilane (G.M.15)«
A commercial Pye 104. dual flame ionisation detector chromatograph was used 

for the analysis (G.11.16). Samples of the reunion mixture (l - ICJJl) were 
injected into a glass column 152.0 x 0.4cm. in dimension packed with 2,5$ S.E* 30 
(a non-polar silicone gum coated on an inert support) (G.M.7)* The column packing 
v/as prepared using pre-treated material (G.M.13). Ti'.o separation was carried out 
under temperature programmed conditions of 130 - 160C with a linear rise in 

temperature of 2°/minute.
The fractionated components were recorded automatically as peaks using a 

Smiths Servoscribe recorder (Kelvin Electronics Company* Wembley, Middlesex,

England).
The resolution of the TMS derivatives of sugars "by this method is so 

sensitive that the anomers of individual sugars, such as cc and p-D-glucopyranose 

are separated and appear as individual peaks (119). Because of this it was



equilibriated mixtures of their respective anomers, and as a result several 
peaks representing these different anomers of the same sugar would he recorded. 
Because of this the standard sugars used for comparison were also allowed to 
form equilihriated mixtures of the anomers by dissolving them in water and 
standing overnight. Their IMS derivations were then prepared (G.M.15) and run 
under exactly the same conditions as the unknown mixture.

The separation of the THS derivatives of the unknown sugar mixture is 
shown in FIG. 5* The Rt. values of the ten peaks were calculated, relative 
to the a-glucose peak present in the standard, and compared with the values 
found for the standard sugars (TABLE 3)» The various peaks obtained for each 
standard sugar, representing the different anomers, were identified by reference 

to the literature (119, 120, 121, 122) and by comparison with results from the 
preliminary experiments. From TABLE 3 the following conclusions can be drawnr 
peaks one and two are L-arabinose, peak three is L-fucose; peaks four and five 
are D-xylose, peaks six and nine are D-mannose, peaks seven and eight and nine 
are D-galactose and the trace peak ten is p-D-glucose.

These results confirm those already found by paper chromatography, inclua'.3 
the fact that glucose is present only in very small amounts suggesting as 
previously mentioned that it may not be a genuine component of the polysaccharide.

The only sugar not identified by this method was the uronic acid component. 
This was probably due to the fact that a charged sugar such as a uronic acid 
would have a very large Rt. /nlue when run on 0 Purely non-polar S.E. 30 column. 
As a result the uronic acid peak may have been so slow at the temperature used 
for the analysis that it did not have a sufficiently long time to appear. So



35

Fig* 5

10

GLC of sugars (TMS derivatives) obtained from bracken 
polysaccharide after hydrolysis with 2N HgSCv The 
mixture was separated on an SE-30 column using temperat
ure programmed conditions of 150~160° with a rise of 
2°/min« (TABLE 3).
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TABLII 3

Standards Anomers
(Stdso) 
Rt. rel 
to a - 
glucose

(Hyd. )T .Rt* rel. Peak 
to C L  -  j No o
glucose)

Arabinose P 0.42 0.419 1
a 0.46 0.456 2

Pucose a 0.503 0.506 3
Xylose a 0.579 0.574 4

P 0.698 0 6 69 5

Mannose a 0.83 0.823 6
P 1.045 1.05 9

Galactose i T? 0.875 0,U58 7
a 0.943 0.343 8
P 1.05 1.05 9

Glucose a 1.0 / /
P 1.3 *1.3 JO

Rt. values for standard sugars and unknowns from 
bracken polysaccharide after hydrolysis with 2N HgSO^, 
followed by GLC analysis using a column of 2. 5$ SB-30. 
* traoe•
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far there is not a fir eat deal of inform ti on with regard to the GLC analysis 

of uronic acids and time did not allop; for such an investigation to he performed 
here.

The absence of a large glucose peak was further confirmed by rechromato
graphing a sample of the polysaccharide hydrolysate containing an internal 

standard of D«glucose. L-fucose was also confirmed as being present in a similar 
manner.

This GLC analysis has therefore confirmed the paper chromatographic 
investigation in showing that the monosaccharides present in the polysaccharide 
are galactose, ' -mannose, xylose, fucose, a smaller amount of arabinose, 
a uronic acid component and also a trace amount of glucose (which may be an 

artifact).
L-fucose was first shown to be a major corarcnenl of a plant polysaccharide 

in fucoidin, obtainea >om nhe Brown Algae (121, 121)* Fucoidin was later found 
to contain up to 48% L- fucose and up to JCf/o sv. -.gu-be (I2p, 126).

The traganthic acid fraction of gum tragacanth is also reported to contain 
ca lĜ o L-fucose (127) hut apart from these two sources significant amounts of 
this sugar do not appear to be present in any other polysaccharides.

That L-fucose was shown to be present in this polysaccharide from bracken 
and on appearance in large quantities was therefore thought to be of considerable 
interest. Also because of the reasons stated in the introduction (pagell ) 
with regard to the importance of L-fucose as a basis for comparison between 
the polysaccharide ^nd glycolipid fractions, it was decided that its presence 
in the polysaccharide must be confirmed without doubt. The following experiment 

was performed to do this.



sample of the L-fucose from the polysaccharide hydrolysate to enable certain 
identification by means of specific optical rotation measurement, and derivative 

formation.
To this end a pondered cellulose column after Hough, Jones and Wadman 

was employed (128) (Exp* 3)* A column 3'5cm. in diameter was packed uniformly 
to a height of 100cm. with powdered cellulose in a sliirry of water saturated 

n-butanol (G.M.7). l.Og. polysaccharide was hydrolysed with 2N. H2SO4 (G.M.3), 
the hydrolysate reduced to dryness in vacuo using a rotary evaporator, re
dissolved in 3 to 4ml. deionised water and applied to the column which was 
then eluted with water saturated n-butanol. 10ml. fractions were collected 
automatically end ea,ch one analysed for carbohydrate content by the method of 
Sven Gardell t'20) (G.M.il).

A complete separation according to carbohydrate content was not achieved, 
but when the appropriate tubas were bulked and the peaks obtained (FIG. 6) 
analysed by paper-chromatography, using a solvent mixture of phenol-water 
(G.M.4) to determine what sugars were present in each one, it was possible 
to obtain a pure sample (102 mg.) of the suspected L-fucose from Peak 1.

The specific rotation of the compound present in Peak 1. was calculated 
to b e -73.5 + 3.1° (C 5.1 in water) (Exp. 3). The specific rotation of L- 

fucose is cited in the literature as being -75*9 (130).
The constant melting point of the osazone derivative of the compound present; 

in Peak 1. was I74 - 176° (Exp. 3)« The published value for the osazone 

derivative of L-fucose is 178° (131)*
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Fractionation of sugars obtained frora bra-hen pclysacch
aride after hydrolysis with 2N H2SO4, using a column of 
powdered cellulose eluted with water saturated n-butanol. 
(E x p . 5).
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The so results appoar to establish ‘beyond doubt that the sugar in question 
is indeed L-fucose.

8. Investigation into the sxidlc component present^in the polysaccharide.

Further work into the nature of the acidic component present in the poly
saccharide Y/as carried out.

As mentioned earlier the results obtained from the paper chromatographic 
investigation (page 25 ) indicated a uronic acid residue but there still remained 
the possibility that the polysaccharide might also be sulphated to some extent.

An attempted fractionation of the charged groups present was performed 011 
a column of Dov/ex ion-exchange resin in the acetate from (G.M.2). This wa3 
done (Exp. 4) by eluting a sample of the acid hydrolysate (G.M.Ja) of the poly
saccharide with a linear gradient of 0 to 1.0M acetic acid, after the method 
of Khym and Doherty (132). 25ml. fractions were collected and analysed by the

Somogyi/Nelson ?unction (133) (G.M.ll).
A complete separation of the hydrolysate into three fractions was achieved 

(FIG. 7)* The first fraction was eluted without retention and would be expected 
to contain neutral sugars, while the other two fractions would be expected to 

contain acidic components.
Examination of the three fractions by paper chromatography using a solvent 

mixture of phenol - w/ater and benzidine TCA to locate the spots, showed that 
fraction one contained D-galactose, D-mannose, L-arabinose, D-xylose and L-fucoso 
while the other two fractions both gave characteristic uronic acid screaks, 

indistinguishable from each other.
The presence of two differently charged moieties in the polysaccharide 

hydrolysate was confirmed by paper electrophoresis of the hydrolysate (G.M.9)*
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lUbe No..

Fractionation of acidic components from bracken 
polysaccharide after hydrolysis with 2N HgSÔ ., 
using acoluran of Dowex 1, CHgCOO”, eluted with a 
linear gradient of 0-1M acetic acid. (Exp. 4).
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Tii9 electrophoresis was carried out in a citrate "buffer at pH 5* The separated 
hands were located using "benzidine TCA reagent (G.II.5)? showing clearly a large 
stationary "band at the origin and two charged hands, quite separate from each 
other, tov/ards the anode* Y’hen the pH of the buffer v/as lowered to 2*5 and the 
experiment repeated both charged hands were suppressed equally in their migration* 
At pH 5*0 the two charged hands moved 9*5 and 6.5cm* respectively from the origin 

towards the anode* Electrophoresis at pH 2*5 at the same voltage and for the 
same length of time reduced this movement hy^2*5cm* in each case*

Repetition of the electrophoresis at pH 5*0 and elution of all three hands 
from the electrophoretogram with water, followed by paper chromatography of the 

concentrated eluants using a solvent mixture of phenol - water (G*M#4) and 
benzidine TCA to locate the spots, confirmed the results from the ion-exchange 

column. The large stationary hand containing D-galacto?;*.?, D-mannose, L-arailnoce , 
D-xylose, and L-fucose, while the two charged bandc both gave pink colourei 
'fish tail' effects on the paper.

It could reasonably be concluded from these investigations that the two 
acidic groups were botn uronic acids : because of the characteristic fish tail 
effect given on paper chromatography and also because both were equally suppresse?c 
In their migration when the pH was lowered from 5 to 2.5 during electrophoresis*
It may be that one is a monouronic acid while the other is an aldobiuronic acid. 
Both could arise from the conditions used during hydrolysis of the polysaccharide.

This is supported by evidence from the literature* Hulyalkar, Ingle and 
Bhide (154) reported the production of an aldobirrcnic acid, 6-P-B-glucuronosyl- 
B-galactose, upon the hydrolysis of a gum from A. catechu with lOj/o (*v2N) sulphuric 

acid. Also, Falconer and Adams (155) upon the hydrolysis of hemicelluloso B from
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oat hulls with 4$ ) sulphuric acid obtained two aldobiuronic acids, 2-0-

(4-0“methyl~a™D-glucopyTuronosyl)-D~xyloss and 2-0-(a-D-glucopyruronosyl )-])- 
xylose. Aldohiuronic acids have been obtained, on many other occasions by the 

graded hydrolysis of plant gums and mucilages (136, 137* 138, 139, 140).
Therefore since the hydrolysis of the polysaccharide from bracken was 

performed using 1.5-2N (5-10^) sulphuric acid, the formation of an aldobiuronic 
acid would not be too surprising.
9. Quantitative analysis of.the polysaccharide.

A complete analysis was carried out, mainly to determine in what percentage 
L-fucose was present but also to confirm, if possible, whether sulphate wa3 
absent as indicated by the previous experiment.

In the ash and sulphate determinations two polysaccharide samples were 

used: one being the polysaccharide after alcoholic precipitation (Exp. 1, p?ga22 )> 
and the other being fCETAB treated polysaccharide* (Exp. 2, page 24). Otherwise, 

for the remaining analyses only the polysaccharide after alcoholic purification 

was used.
Moisture was determined using a heating pistol under vacuum, at a temperature 

of 85° and containing phosphorus pentoxide (Exp. 5)*
Ashing was performed firstly by charring the sample over a bunsen then 

heating in a muffle furnace at 500° (Exp. 5)*
The method of Treon and Crutchfield was used to determine sulphate content 

(141). This is a turbidimetric method involving the precipitation of sulphate 
as barium sulphate. The turbidity produced is measured using a spectrophotometer 
at 370mn. The percentage sulphate is calculated by reference to a standard graph 

(Exp. 5).



the polysaccharide with 0.01H haOH and taking the molecular weight of a hex- 
uronic acid (anhydro) to he 176 (Exp. 5)*

The estimation of hexose and methyl hexose in the presence of other sugars 
obviously poses problems of accuracy. However the L-cysteine/sulphuric acid 

method of Dische (142, 143) (G.M.ll) claims to be able to determine both hexose 
and methyl hexose separately in solutions also containing pentoses and uronic 
acids.

Dische’s method involves heating a solution of the unknown hexose or methyl 
hexose with sulphuric acid (86$), cooling and adding L-cysteine HC1 and measuring 
the intensity of the colour produced using a spectrophotometer. However the 
intensity i3 not read at the wavelength at v/hich it is at a maximum as this 
would entail and include interference from other sugars present. To eliminate 
this interference what is known as dichrornate read:L"«gs are oaken. For example, 
the absorption maximum for hexoses in this reaction is at 4'Mnti. The interference 
from pentoses, which is small, and methyl hexoses can be eliminated by taking 
advantage of their absorption maxima. As methyl iu.xoces have their maximum at 
400mii, at 380mu the optical density of methyl hexcoos is equal or very nearly 
equal to the optical density at 414k.u. Hence the difference, 414mq/3SOmu is 
proportional to the concentration of hexose in solution. While being zero for 
methyl hexoses. Interference from pentoses and hexuronic acids in these dichromat 
readings is negligible.

The maximum for meihyl hexoses is at 400mu. Pentoses and uronic acids do 
not interfere significantly at this v/avelength but hexoses do. However hexose 
readings can be eliminated by dichromate readings at and 426 - 428mu.
Thus /X O.D. 396mu/426 - 428mu is proportional to the concentration of methyl
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hexose in solution rMle being zero for hexoses.

Using this technique, therefore* the hexose and methyl hexose content of 
the polysaccharide was determined using the same sample (Exp. 5).

Firstly standard graphs were prepared by two methods. Since the qualitative 
analysis showed that glucose was present in trace amounts and that galactose and 
mannose were the major hexose sugars present in the polysaccharides, D-galactose 
was chosen as the standard sugar for the hexose determination. The relative 
extinction coefficients of D-galactose and D-mannose at 4141011 are almost the 

same, 0.5 and0.4 respectively. L-fucose was chosen as the standard for the 
methyl hexose determination. The first standard curve was prepared using known 

concentrations of D-galactose and L-fucose in separate solutions and the second 
was drawn up using them in the same solution (G.M.8) (FIG. 8).

.Comparison of the two differently prepared graphs showed that they were 
both identical in the case of D-galactose and almost identical in the case of 
L-fucose. It was assumed from this that the galactose had not interfered with 
the determination of the fucose and vice versa.

Duplicate samjles of different known concentrations of the unhydrolysed 
polysaccharide were analysed for hexose and methyl hexose content using this 
L-cysteine/sulphuric acid method of Dische (142, 145)* The readings obtained 
were converted to micrograms/millilitre using the data from the standard graph 
(FIG. 8 No. 2). This was then used to calculate the percentage hexose and 
methyl hexose present in the polysaccharide (Table 4)»

Pentose was determined using the colorimetric method of Dische and Borenfrcur" 
(I44, ) (G.M.ll) in which phloroglucinol, acetic acid, D-glucose and HC1 are
the component reagents. The unknown sample is heated in a boiling water bath 

with the above reagents and the colour intensity produced measured using a
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+ L-fucose
o D-galactose

0

O.D.

50 100r/ml.
Determination of hezose and methyl hexose in separate 
solutions by the L-cysteine/HgSO^ method of Dische,.
No, 2
+ L-fucose
o D-galactose

1.0

100
r/ml.

Determination of hexose and methyl hexose in the same 
solution by the L-cysteine/E^SO^. method of Dische0



this reaction is at 552nu. Uronic acids react to give an absorption at this 

wavelength but their extinction coefficient is much lower than pentoses and 
uronic acids produce a different type of absorption curve (145). Hexoses do 
contribute to the absorption at 552mu, but this can be eliminated by dichromate 
readings at 552rnp, and 510mu; ^  O.D. 552mp./510mii being insignificant for
hexoses but a linear function of the pentose concentration. All four aldo- 
pentoses have extinction coefficients at 552mu which are almost exactly the 
same.

A standard graph using' a D-xylose as the standard was prepared using 
concentrations of 0-125^/ml. (G.M.17).

Pentose determination was performed using dunlicate samples from different 
known concentrations of ths unhydrolysed polysaccharide solution (EXP, 6) Th-* 
percentage pentose present in the polysaccharide was calculated in a similar 

manner to that for hexose and methyl hexose (Table 4)*
Tabl*3 4 summarises the results obtained for this complete analysis. The 

most unusual feature of this table is that methyl hexose in the form of L-fuccse 
comprises as much as 20fo of the sugar content of the polysaccharide. The other 
interesting result was the sulphate content. The amount found after alcoholic 

precipitation of the polysaccharide represents~15.0mg/g< or 1.5/& which is very 
low and would be equivalent to only one.sulphate group for every thirty units 
in the polysaccharide chain. After treatment of the polysaccharide with CETAB, 
the value fell to as little as 2.0mg/g. or 0.2̂ o. This is a considerable drop 
on the first result and represent one sulphate every two hundred units. The fact
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1 Percen Percen
Sugars Analysis tage dry 

v/eight
tage v/et 
v/eight

galactose Hexose 36.5 28.5
ramose

fucose l ie thyl 
hexose

25.5 19.5

xylose
— ------------------------- Pentose 20.0 15.5

orabinose

Uronic acid Titration 11.5 9.0

Iloisture 22.0

Ash 
(EtOII pptn. ) 1 .8 1.4

Ash
(CUTA3 pptn.) 0.5 0.4

so; .

(EtOIi pptn. ) 1.9 1.5

s o ;

(CETjtB pptn.) 0.3 0 .2

TOTAL 94.3 95.1

Summary of analysis of mucilagenous polysaccharide 
from bracken rhizomes (Exp. 5)»



CETAB would tend to indicate that it was present as a contaminant rather th 
as an integral part of the structure of the major polysaccharide fraction.

Table 4 also summarises the sugar content of the polysaccharide found 
by qualitative chromatography.
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M 2 1 . .

STDDIEJ OF THF QLYCOLlPiT) FhACfiOU

Introduction« In recent years many comprehensive reviews on glyco-* 

lipids have been written by Law (146), Carter, Johnson and Weber (147)* 

A short review 011 plant lipids, written by Allen and Good, has also 

appeared (148)• In the following pages a brief account of the various

glycolipids so far identified from plant tissue is given.

The importance and widespread distribution of plant galactolipids 

’was first demonstrated by Carter (4b)* he identified, isolated and 

characterised both mono and digalactoglyceride from wheat flour 

(Fig. 1, bos . (i )"• (ii ) ), This discovery was followed by others which 

showed that both these glycolipids were presort in many different plants 

and algae (149> 15C, 151, 152, 155, 154, 155)* It was found that 

their concentration was particularly high m  orJ oroplasts and it is 

now believed that they are probably universal constituents of photo

synthetic tissue.

The discovery of the plant sulpholipid (Fig.l, No(iii))by Benson 

(5l) in 1959 followed closely the discovery of the galactolipids by 

Carter, This sulpholipid was later shown to be composed of a sugar 

moietyj 6-sulpho - 6~deoxy - oh ~ D giucopyranose, a D-glycerol 

configuration and two acyl groups (ipC, 157, 159)* The sulpholipid 

was also shown i -> be present in all photosynthetic tissues examined 

(156).

At about the seme time the presence of phytoglycolipid (Fig. 9 

No.i) in a variety of oil seeds including soybean, corn, wheat, cotton, 

peanut, flax "and sunflov/er, v/as demonstrated by Carter(159)*

Figure 9 Fo.i gives a partial structure for the sphingosine analogue
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of ph.ytoglycolipide The terra 1 phytoglycolipid 1 'is used "by Carter

(159) for a group of inositol sphiugolipids. The point of attachment 

of the hexose -units remains uncertain, cut it appears that the 

oligosaccharide is derived from a common glucosamido - glucuronido - 

inositol structure. Depending on the plant source, fucose may some

times be found. The mannose is thought to be attached through the 

inositol or glucuronic acid. The function of the phytoglycolipid is 

as yet unknown.

Again, it was Carter who confirmed the presence of cerebrosid.es 

in plant tissue (160, l6l). Using v/heat flour he isolated a compound 

shown to be composed of glucose, a-hydroxystearic acid and four long 

chain bases; phytosphingosine, dehydrophyt os phi ngos i ne, dihydro- 

sphingosine and an isomer of sphingosine (Dig, 9> Uo.ii), A glucocerebroside 

has also been isolated from runner beans by oastry and Kates (162),

A less conventional cerebroside which is thought, to be a trimannoside 

has been detected in wheat (153)*

More recently glycolipids of another type have been found in plants. 

The occurence of free steryl glycosides in var:run plants has been 

known'for some time and is described in several repor ts (I6p, 164, 165,

166, 153) • However, in 1964, lepage isolated and characterised an

esterified steryl glucoside from potato tuber lipids and soybean phos- 

phatides (167). It has been identified in peas, alfalfa and wheat

(l68). It was shown to be composed of sterol, glucose and a fatty 

acid in the ration 1:1:1. Four sterol components were detected including 

sitosterol and stiynesterol. The fatty acids identified were

palmitic, stearic, oleic, linoleic, and linolenic. The sterol appears 

to be attached, glycosidically, to carbon one of the glucose, whereas
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the fatty acid is esterified to carton six of tne sugar . From this , 

Lepage assigned a steryl - 6 - aoyl -- I) - glue os ids structure to the 

new glycolipid clase

Notes. _on__tl\e extract:; on, purification and fractionation of plant liuids_.

a) Extract ion. The term 'lipids' refers to a heterogeneous collection 

of biochemical compounds which have in common the property of being 

variably soluble in organic solvents, such as ether, petroleum ether, 

chloroform and methanol. Lipids therefore include compounds not 

necessarily related to each other structurally, and range from nonpolar 

compounds such as hydrocarbons, pigments, sterols, as v/ell as free fatty 

acids, triglycerides, mixed glycerides to the more polar glycolipids 

and pros ph.o 1 i pid s .

Initially lipids were extracted from plant material using solvents 

v/hich were purely organic in nature, such as ether or petroleum, ether. 

However v/iuh the discovery' of lipids contain: ng poi? r groups these 

older extrac ing solvents have been, on the whole, replaced by ones 

designed to extract a wider spectrum of lipoidal substances.

Glycolipids, by nature of the! •• structure jorvfcam not only a lyo- 

philic fatty acid part but also a lyophobic sugar moiety. Vdien under

taking an extraction of such a group of compounds a purely" nonpolar 

solvent would not be the most desirable choice. The introduction of a 

more polar element into the extracting medium, has therefore resulted.

90/t methanol has been used to extract the glycolipidfrom potato starch

(169). Here it is likely that virtually all tyrpes of gly colipids, 

no matter how polar, will be extracted to a greater or lesser extent.

The main disadvantage of methanol is that it probably
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dissolves much nonlipid material, such as free sugars, and amino acids 

from the tissue as 7/811.

The most commonly used golvent mixture for trie extraction of lipids 

is chloroform-methanol, 2 :1 v/v, introdueed by i'olch (3:10) . V/ith 

its use, the risk of nonlipid contamination is greatly reduced. It 

may he argued that since the solvent is less polar than methanol by 

itself some of the more polar lipids mill net he isolated. Ilov/ever 

the fact that the plant material under investigation probably has a 

high moisture content, in the case of bracken rhizomes up to 80yd, means 

that the chloroform-methanol extractant v/i 11 become more aqueous and 

hence more polar during the isolation process, consequently reducing 

the risk of incomplete extraction. This at the same time increases 

the risk of nonlipid contamination but this should still be less than 

using methanol alone.

b ) Purification. It is obvious that in the study of glycolipid 

material from plant tissue all traces of nonlipid carbohydrates must 

be completely removed before analysis can commence. This at first 

sight may appear to be^relative?y simple proceu but it is complicated 

by the difficulty in distinguishing v/hat is lipid bound and v/hat is not 

lipid bound carbohydrate. This complication arises from the following 

situation. If a lipid extract is shaken with water in a separating 

funnel to remove nonlipid material, it is more than likely that an 

emulsion will be formed which cannot easily be broken. Also during' 

the isolation of lipids from the plant source micelle formation can 

take place in the organic extracting medium. kicelles as opposed to 

emulsions are not visible, as the water droplets which they are composed 

of are so small that they can be present in an apparently



homogeneous organic phase. Those Micelles being aqueous can them

selves trap nonlipids such as free sugars and amino acids. . The 

formation of micelles is believed to be duo to a converse detergent 

effect m  which the polar lipids orientate around the surface of the 

micelle offering a. lyophilic chain to the organic medium and a, lyopkobic 

part to the aqueous phase. In this fashion the micelle is stabilised 

(171) for these reasons, therefore, purification by the most obvious 

method of shaking with water in a separating funnel is of little or no 

use. Any successful method adopted must succeed in either preventing 

the formation of both emulsions and micelles or, if they ore formed, 

must be able to break them down.

host workers have concentrated on both these aspects. That is 

to say, during extraction a certain amount 0... micelle formation inevi

tably takes place, cut in the purification of th ? extract, various 

methods have been devised to prevent further formation, while at the 

same time attempting to breakdown those micelles already formed during 

the extraction procedure.

In the Folch technique (17'8), the lipid ext~\rct is treated with 

5 -20 volurn.es of water by a diffusion technique between two beakers.

This is performed by placing a smell beaks?:1 containing the chloroform- 

methanolic lipid extract, inside a larger one. -The larger beaker 

is then slowly filled with water completely covering the small one.

This prevents micelle formation while at the same time allows nonlipid 

contaminants and those micelles already formed to diffuse from the 

organic phase into the aqueous layer in the outside beaker. This 

diffusion takes place, in part, due to the gradual pull 01 the methanol 

as it. moves from the orynnic phase in the small beaker into tne aquooils



in an a n to equxlibr iate between the tv/o phases

In the oeone. method cf Folch(172 which is basically the

amount of water is used in the

washinn sten o nit the aqueous layer eventually contains

a much higher concentration of methanol and chloroform and as a result 

is a fair lipid solvent itself. This can result in the loss of some 

1i pid mat e rial.

In connection with the above technique of Folch, SvennerholirK

loss, during punifica.tion, of some water soluble lipids, such as . 
sulphatides and gangliosides• however no glycolipids of the above 

types have so far been found in lipid extracts from plant tissue and 

as a result it was decided that during the virification of the lipid 

extract from bracken using this technique of -loh, water and not 

salt was quite suitable as the washing medium«
A further modification of the Folch technique is to dialyse the 

chloroform-methanol extract against a large volume of water (175)*

The mechanism of breakdown of the micelles and removal of nonlipid 

contaminants from the organic phase is similar in this modification 

to that of the original Folch technique. The methanol diffusa into 

the aqueous phase taking with it the micelles and other nonlipids.

The main disadvantage of this modification is that high molecular 
weight lipoprotein, soluble in the original chloroform-methanol extract 

but insoluble in either chloroform or water, cannot pass through the 

dialysis sac but remains as a white' oily mass at the interface between 

the chloroform and water inside the bag.

proposed (l?4) that if a salt solution,0.1/° EaCl or Ca-C12 ,vas used

in placetof water as the washing medium, it would help to prevent the



A preliminary treatment prior to dialysis can ease this situation.

Ii the crude ext root is reduced to dryness several times, under vacuum 

and at a lov; temperature , end redi ssolved in increasingly smaller volumes 

of c h 1 or of or m -ms t ha n o 1 , 2 : 1 v/v, this results in the denaturation of a. 

substantial amount of the lipoprotein as v/ell as getting rid of some of 

the nonlipid carbohydrate, If this is then followed by dialysis, lipo

protein precipitation at the interface is greatly reduced.

The other main disadvantage of dialysis, which is common to all the • 

methods based on the Folch technique, is that it is time consuming.

Cellulose column chromatography has been used by both Rouser and 

Bvennerholm { Y ( 6 , 177) as a means of purifying; lipid extracts. The 

procedures trey employ are different, and both appear to be difficult to 

operate in a reproducible manner. In the method used by Houser involving 

elution of uhe column with chloroform-methanol,7:1 v/v, to remove the major 

lipid clear es, followed by netnano.Vvater, 9 : 1 v/ v, to elute nonlipids, a 

good separation between the lipid material and the nonlipid, material was 

not obtained when this procedure was tried'(Fxp. 10, page OS )• because 

of the diffieri. t y of reproducibility, the use of cellulose column chrom

atography in tue oresent context was not pursued.

Fore recently hells and iJittrner (ifS) have suggested that the cross- 

linked dextran gel, Sephadex, could be a useful col uran c nr ora at ogre.phi c 

technique for the separation of lipids from nonlipid contaminants. Follow 

ing this in 19&5 Siakotos and Rouser (179) described a procedure for the 

analytical separation of nonlipid water soluble compounds from other lipids 

by dextran gel chromatography. Lipids, other than gangliosides, are

eluted with chloroforrn-methanol sat.ura.ted with water, gangliosides are 

eluted with a mixture of chloroform, methanol, -water, containing; acetic
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acid, and finally water soluble nonlipids are removed with a mixture of 

methanol and water.

The folci: tecfrnisue finally oho.an; for the purification of the

lipid extract from bracken, after other methods had been tried and found 

unsucessful# However the more recent procedure employing- Sephadex 

column chromatography would appear to be very promising. This method 

was not used as the major portion of the work had been performed before 

the method was published,

c) Frac t. i on at ion. Originally the technio_n.es employed in the fractio

nation of lipid extracts depended on the partition of the different 

classes between immiscible solvents. Phospholipids were originally 

thought to be insoluble in acetone and hence if a lipid mixture was 

shaken up with hot acetone then all the lipids except the phospholipids 

would be extracted. This was, however, later shown not to be the case, 

in that certain puospholipids are in fact dicu olved»

Carter in his experiments concerned with the isolation of galacto- 

lipids from wheat flour employed this system of liquid partition (45 )•

He used methanol and heptane in the belief that polar lipids would -prefer

entially dissolve in the methanol while less polar lipids would prefer 

the heptane. Y/hile this system does work it has the disadvantage that 

the phases take some timo in separating and also that lipoprotein material 

collects at the interface making a clean separation more difficult.

Liquid partition techniques have now almost been completely replaced 

by the discovery or several solid materials, which can effect the frac
tionation of lipid mixtures into their various classes by means of column 

chromatography based on the principles of adsorption and ionexchange•

These more novel techniques can be used by themselves but are more effec

tive when used in conjunction vitu other analytical tools suc.i as t.*in~
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layer and gas-liquid chromatography• In combining all three techniques 

the frectionation of lipid mixtures can be ached.ved not only into diffeier.t 

classes but also jnto individual lipid compounds • Thin-layer and. gas- 

liquid chromato.graphy can be further employed in the investigation of the 

structure of the individual lipid compounds obtained•

The following pages give an account of the three main column chroma

tographic media used to effect a separation of lipid mixtures. They are:-

1. Silicic acid

2 . I '.agne s i uni silicate

3 . DJ1AE cellulose

1 . Silicic acid, sometimes called silica gel, has been the most widely 

used material for the column fractionation of lipids (153» ISO ), Its 

main use has been in its effectiveness in separating neutral from acidic 

and other polar lipids• However» commercial preparations of silicic 

acid from different sources vary considerably in their ability to perf~>Tm 

this separation. The most important variation is the presence of 

contaminants such as sodium silicate and water. Houser states (l80) • 

that the ionic state of the lipids, fatty acids in particular, on a 

silicic acid column depends to a great extent on the amount of silicate 

and other salts present in the preparation. The more silicate or salt 

present, the less acidic is the column and as a result the fatty acids 

applied to it become more ionised, and as .there is also an ion-exchange 

effect as well as an adsorption one.(181, ifc) these fatty acids become 

more difficult to remove from the column. Th^ converse is also true 

the less silicate there is present. Silicic acid preparations, therefore, 

were always pretreated (G.Ii.lp) to remove any sodium silicate present, 

ensuring that fatty acids were not retained by the column.



In is protreat mont also ensured tnat the Dr©parat i 011 v.ras couplet01 v 

cry "before being u;iecl, as tne presence of small amounts of rater in the 

column is also associated with increased binding of the lipids (181, YJo, 

182).

Although it is possible to separate neutral from acidic and other 

polar lipids on silicic acid columns, it is also possible to fractionate 

the polar lipids into classes by eluting stepwise with increasing con

centrations of methanol in chloroform (Fig.10) or mixtures of hexane, 

ether and chloroform (167)*

The degree of unsaturation of tne fatty acids of lipids from the 

same class has been shown to have little effect upon their order of 

elution from silicic acid columns (I83).

During the present investigation it was found that the silicic acid 

preparation supplied by the iiallinckrodt Chemical V/orks was quite suitable 

and is in any case generally used by others - It is a uniform nesli size 

with a low content of sodium silicate.

2. Magnesium silicate columns (Florisil) have also been used in the 

fractionation of lipids. It was first user, for this purpose by hadin 

(I84). It has been employed in the fractionat.J on of neutral lipids, the 

resolution of individual neutral lipid classes (lQ5) and the fractionation 

of individual polar lipid classes (181, I76). Magnesium silicate is a 

much stronger adsorbant of lipids than silicic acid and must be heat 

activated and kept in a thoroughly dry state before and during use.

Benson (186) employed Florisil with increasing concentration of 

methanol in chloroform to fractionate a lipid extract from alfafa leaves 

into neutral lipids, followed by- glycolipids and finally acidic lipids 

composed mainly of phospholipids. He found that the plant sulpholipid 

(fie-.l, No.il) was eluted mainly in the second fraction. This is contrary
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to the results found in a similar separation performed on the lipid 

extract iron bracken which snored that the majority of the sulpholipid 

was retained, by the column along with the phospholipids (Exp.14).

3. The third material extensively used is diethylaminoethyl (DEAL1) 

cellulose. It was first used for the fractionation of lipids by Rouser 

in I96I (I87). It can bo employed either on a complex unfractionated 

mixture or on a partially fractionated one. It is mainly used to sepa

rate acidic lipids as a group from nonacidic lipids.

Both Rouser (181, 176) and Svennerholm (188) have used L.llh cellulose, 

however their procedures differ somewhat although both are based on the 

principle of ion-exchange. In Houser’s method the BEAL* cellulose is 

firstly washed with acid and alkali then converted into the acetate form 

with glacial acetic acid before being packed into the column. The lipid 

mixture applied to the column is washed with a series of up to seven 

eluting agents, rar.gi tig from chlorof orm-methanol, 9 -'I v/ v, to remove 
neutral lipids, to chlorof orm-methanol, 4 ; 1 v/v, containing aqueous ammonia 

and ammonium acetate to remove acidic lipids. (181, 176). more recently 

(180) Rouser has °lso devised a system whereby the column is washed with 

a series of soxve its prior to the lipid mixture being applied, to prevent 

the formation of channels in the column due to a sudden change of solvent 

from a nonpolar to a. polar one.

In contrast to this rather complex system, Svennerholm’s method is 

relatively simple in that the PEAE cellulose is used in the hydroxyl form 

in which it is provided. Also conveniently, only throe eluting steps &±\. 

used. Chloroform-methanol, 2 :1 v/v, is used to remove neutral lipids and 

zwitter-ions such as phosphatidyl ethanolamine, chloroform-methanol,

2:1 v/v,plus 5/v glacial acetic acid to remove any altered lipid material 

and nonlipid contaminants, and finally ch 1 or of c r;n -me t hano 1 , 2:1 ’// v plus
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57° 0 • •  aqueous lithium chloride is used to remove acidic lipids.

DrjiOj cellulose does not have a very large capacity and as a result 

must not be overloaded v/ith sample. Houser (181, 180) recommends that 

no more than 200 mgs. of lipid mixture should be applied to a column 

containing 15g» cellulose.

It was found after several trials that the procedure of Svennerholm 

gave the best results in the present work. The procedure was much 

simpler, the cellulose not requiring any elaborate pretreatment, and 

the results obtained were as satisfactory as those obtained by the method 

of Houser.

•'Thus to summarise; the results of preliminary trials with these 

various techniques led finally to the following procedures being adopted.

a) When it was desired to separate neutral lipids from acidic and glyco

lipids, silicic acid was used.

b) Magnesium silicate was used to fractionate glycolipids from phospho

lipids e

c) DdAE cellulose was used to separate acidic glycolipids from neutral 

glycolipids.

In all of the above column separations, thin-layer chromatography on 

silicic acid (189) .(d*h»4 ) was used to monitor the fractions obtained. 

TLC was also used ir preparative analysis of the various fractions from 

the columns.

SECTION A

The extraction of the lipid fraction from bracken rhizomes

Because of the possibility of oxidative degradation of certain lipids 

the following precautions were takens-

a) Lipid -samples were handled as much as possible in solution, e.g., 

chloroform-methanol, 2:1 v/v.
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b) High temperatures were avoided.

c) Samples were stored in solution, in the dark, in a deep—freeze when

not being used.

d) There possible samples were kept in an atmosphere of nitrogen.

Solvents used in the extraction of the lipid fraction were

not redistilled but in the purification or fractionation of the extract 

all solvents were redistilled or dried and stored over a suitable drying 

agent before being used (G.M. 6).

In the initial work done on the glycolipids from the bracken various 

methods of extraction, purification and fractionation were tried to 

determine which were the most effective and practical. The work at this 

stage was mainly of a qualitative nature.

Throughout the whole investigation, alkaline silver nitrate was the 

detecting reagent used, g o locate sugars on paper chromatograms.

In these preliminary studies the following bracken preparations 

used:-

1. Freshly dug rhizomes which were washed and chopped into lengths 

of approximately one inch.

2 . Freshly dug rhizomes which were washed, dried in an air blown oven 

at 110° for twenty four hours, then reduced to a fine powder in a hammer 

mill.

3 . Freshly dug rhizomes which were washed, chopped into lengths of one 

inch, then immediately ^reeze-dried.

4. Freshly dug bracken, washed, chopped, freeze-dried, then powdered 

finely in a hammer mill.

1 • First method of extraction.

This"was carried out by blending 3kg. freshly dug rhizomes, which 

were chop red into lengths of one inch, witn metnanol at loom te ripe is. tin. e
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(G . h. la) . It was assi.unecl t' at degradative enzymes relea.seG diirir~
the blending would be inacd.ivr.ted by the me t ha tip 1. Cn reducing the

volume of m e  filtered extract to dryness using a large scale vacuum

di j.filiation apparatus followed by a rotary evaporator, it was obvious

that a large quantity of nonlipid material, mainly carbohydrate, had also

been extracted. This crude lipid extract was purified (G.Ii.la.) by

refluxir.g it with chlorofom-methanol, 2:1 v/v, leaving, the majority of the

nonlipid material undissolved. This was filtered and t. e filtrate purified 
against

by cliffusior^npproximately t w e n t y  volumes of water (G.h.la), according to

the method of Folch (IfO)• Any interfacial lipoprotein which appeared was 

filtered off leaving 4.7 g. of lipid-mixture•

The presence of nonlipid carbohydrate was tested for by thin-layer 

chromatography on powdered cellulose using a. solvent mixture of ethyl acetate 

- pyridine - uiter (G.h. L ) , .It was exrjected that any lipid material preset 

would be carried with the solvent front while free sugars would be left 

further behind. A special alkaline silver nitrate din was used to locate 

the spots (G.h". 5)• Using this monitoring system no free sugars could be 

detected in the lipid mixture.

This extraction and purification procedure appeared to be quite satis

factory. however there was a risk of extracting a very high proportion

of non-lipid contaminant using a polar solvent such as met: anol as the

extracting agent• This situation was aggravated by the fact that fresh

bracken rhizomes contain up to 00,.. moisture. Thus ii 0 kg. are e? .meted

with 8 litres methanol, the final extracting solution eventually contains 

as much as 30/ water. This would also result in the methanol being too 

aqueous to dissolve the more hydrophobic lipids from t:ie brucnen.

To determine if a.rv lipid-bound sugars were present in the lipid
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:nixture, an initial qualit-ive study was carried out.

A sample, 1.5g, of the lipid mixture was submitted to a procedure 

designed to separate the saponifiable and nonsaponifiable fractions.

Thus after refluxing with 10y methanolic KOE (G.M.10), the resultant 

reaction mixture was acidified with sulphuric acid and the nonsaponi

fiable fraction removed by extraction with ether. The water soluble

products of the saoonification step were hydrolysed with 2IT H SO" 2 4
(G.M. 3)> the hydrolysate filtered and the filtrate examined for the

presence of sugars by both thin-layer chromatography and paper chroma

tography, using a solvent mixture of ethyl acetate - pyridine - water 

(G.M. 4 ). Using standard sugars as a reference and alkaline silver 

nitrate to locate the spots (G.M. 5) the presence of glycerol, galactose 

and a slow running spot was confirmed. A fourth very faint spot with an 

Rg. value similar to that of glucose was also observed. These results 

are cons is rant with the possibility that the galactose was present in 

the form of the mono and digalactoglycerides first discovered by Carter 

in wheat flour (45) (Fig. 1, Nos. i and ii). On the basis of comparisons 

with information from the literature (5I» 106, 1901 the unidentified 

slow running spot could possibly be in the form of a sulpholipid similar 

to that discovered by. Bens on (51) (Fig. 1, No.iii). The origin of the 

faint spot corresponding to glucose is, however, more obscure.

It therefore appeared certain that at'least three, and possibly more- 

lipid-bound sugars were present in the mixture.

To investigate the possibility of other lipid-bound sugars being 

present, the lipid mixture was further purified by column chromatography

(Exp.6 ). Neutral lipids, including fatty acids, were removed with the

aid of a silicic acid column, which was prepared (G.Jh. 7) using pretreated 

material (G.M. 13). To the column was applied 3.5b* lipid mixture,



followed by the elution of neutral lipids with chloroform, the remaining 

polar lipids being eluted directly v/ith methanol• The first fraction was 

discarded. The second weighing 1.5g. after solvent removal, should now 

contain all the glycolipids present in the lipid mixture, together v/ith 

phospholipids and other polar compounds.

To separate this mixture further (Exp.6) a DEAE cellulose column 

with effective dimensions 20.0 x 5,2 cm. was prepared (G.M. 7 ), The 

elution pattern used was that of Svennerholin (138). The mixture was 

applied to the DEAE column in a solution of chloroform-methanol, 2: 1 v/v. 

Three separate fractions were then eluted off, using chloroform-methanol^

2: 1 v/v, chloroform-methanol, 2: 1 v/v, containing 5M glacial acetic acid, 

and finally chioroform-methanol, 2: 1 v/v, containing 0,5N aqueous 

lithium chloride.

All three fractions were examined by thin-layer chromatography on- 

silicic acid (C- M. 4 *̂ The lipid spots were located using iodine vapour 

(G.M. 5 )* This analysis confirmed the belief that a good separation of 

the mixture had not been achieved.

Half of each of the three fractions were saponified with 10/s metha- 

nolic KOH (G.M 10) and the reaction mixtures extracted v/ith ether after 

acidification with sulphuric acid. The three aqueous soluble fractions 

from the saponification were hydrolysed v/ith sulphuric acid (G.M. 5a) and 

the hydrolysates examined for sugar content by thin-layer chromatography 

on powdered cellulose using a solvent mixture of ethyl acetate - pyridine 

- water (G.M. 4)• The Rg. values of the unknown spo ;s were compared 

with those from standard sugars (Table 5)*

All three fractions v/ere found to contain glycerol, D - galactose 

and D - glucose as expected, as a result of the poor separation on the 

DEAE cellulose column earlier referred to. On Ly the slow running spot



Standards Rg 
(stds)

Rg
(Rr 1)

Re-ALo
(Pr 2)

Rp-
(Pr 3)

Glycerol 144 144 144 144

D-glucose 100 100 100 97

D-galactose 88 83 36 87

33

Rg values for standards and imknov/n sugar., obtained from th 
aqueous extracts of inactions 1, 2 and 3 from the DEAE 
cellulose column (Exp. 6) after saponification v/ith 10 " KOH. 
Solvent: ethyl acetate-pyri’dine-v/ater, 120:50:40 v/v.
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(Rg. 38) was confined to one fraction, namely the third* Its presence 

in the acidic fraction supports the view that it is a charged su jar, 

probably derived from a sulpholipid. (186) Also when it was run on a paper 

chromatogram a round concise spot was obtained unlike the characteristic 

fish tail appearance given by a uronic acid* Similarly, hydrolysis with 

sulphuric acid of this charged glycolipid did not appear to remove the 

acidic group present on the sugar (if it had the sugar would have run much 

faster on the chromatogram). This is also characteristic of an acid 

resistant sulphonate group, as in sulpholipid- (190).

The fact that the other three compounds were present in all the 

fractions from the DEAE cellulose column was probably due mainly to gross 

overloading of trie column v/ith sample. However it may be that the sep- 

aration is dependent to some extent upon polarity, as well as ion-exchange. 

For example fatty acid constituents which have polar side chains, may have 

some effect. Similarly glycolipids containing two or more sugar units 

may be more strongly held than those containing only one sugar molecule.

The overloading of the DEAE cellulose column was not thought to be 

of prime importance in these initial investigations, as the main purpose 

was to remove nonglycolipid material and not effect an accurate or quan

titative fractionation .of the glycolipids themselves.

This experiment confirmed the results from the previous paper chroma

tographic investigation. No more lipid-bound sugars were detected.

So far the results obtained with the glycolipius from the saponifiable 

fraction of the lipid mixture only have been described. The nonsaponif- 

able lipids present, in the three fractions from the D-vAvj cellulose column 

(hep.6) were therefore examined for the presence of combined sugars (.oxp.

?'). The remaining halves of Fractions 1 and 2 were combined, as it was 
thought that no useful purpose would be gained by treating them separately.
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This combined fraction and the remaining' half of Fraction $ were both 

saponified with methenolic KOH (G.K.lO), After acidification, the two 

mixtures were extracted with ether. The residues of both ether extracts 

after removal of the ether, were further purified by passage through a 

small silicic acid column, washing it firstly with chloroform to remove 

any neutral lipids, followed by methanol to remove the remaining lipids 

(183). A fresh column was used for each extract (G.M. 7). The first 

fraction in each case was discarded as these consisted of nonglycolipid 

material. The two second fractions were retained, reduced to dryness, 

and hydrolysed with 2N SO (G.M. 3). The hydrolysates were examined 

for the presence of sugars by paper chromatography using the solvent 

systems, ethyl acetate - pyridine - water and phenol - water (G.M. 4)•

Both fractions contained a similar sugar pattern (Fig.11, Tables 

6 and 7)? each curtaining four possible sugars, two of which were in 

fairly large amounts and behaved identically with the I) - glucose and 

D - mannose standards, in both solvent systems. 'The other two spots 

were present in trace amounts, one of which chromatographed as L - ara- 

biriose, but the other faster running one, was unidentified.

This experiment demonstrated the presence of lipid-bound sugars in 

the nonaponifiable fraction of the lipid mixture from bracken rhizomes. 

Although no useful fractionation of the glycolipids was achieved using 

this combination of silicic acid and DEAE cellulose column chromatography, 

their combined use served to rid the lipid mixture of the vast majority 

of the other lipids which could have masked any small amounts of glyco

lipid material present in the nonsaponifiable fraction of the mixture.

2 , Second mettiod of extraction.

The second method of extraction of the lipid material from hrac’-er

1 • „r n-teriol dried at a temperature of 110 for twentyrhizomes made use oi muiei-utx oncu
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Fig. 11

•In, fru- ara. Fr.1+2man.

Paper chromatography of standard sugars and unknowns 
obtained from the etherial extracts of Fractions 1+2 and 3 
from DEif.l cellulose column, after saponification with 3.Op 
methanolic Kull (Exp.7)* Solvent: phenol-water, 160:40 w/v.
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TABLE 6

D-glucose 100

Glycerol

112
111 111

D-fructose 110

120 120

131 131

Rg values for standards and unknown sugars obtained from the etherial 
extracts of Fractions 1+2 and 3 from DEAE cell’1 Lose column, after 
saponification with 10+ methanolic KOH. Solvent, ethyl scetate- 
pyridine-water, 120:SO:40 v/v.

TABLE 7

r ~ ~
Standards hg 

(stds)
Rn-

(Fr.2+3)
RS

(Fr.3)

D-glucose ' 100 99 99

scrbose 107

D-mannose 118 117 . 117

D~fructose 133

L-arabinose 138 139 139

Rg values for standard sugars and unknowns obtained from the etherial 
extracts of. Fractions 1+2 and 3 from DEAE cellulose column, after 
saponification v/ith IO4 methanolic KOH. Solvent: pnenol-wauer, 
l60:40 w/v.
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four hours. 5«0 Kg. of fresnly dug bracken thus treated had a moisture 

content of 77/-. I'he dry rhizomes were reduced to a powder in a hammer 

mill and the lipids extracted by elution of this powder, packed in a 

large glass column, 16 cm. wide and 60 cm. long, with hot chloroform- 

methanol, 2: 1 v/v (G.LI. lb)® The yellow coloured extract was reduced 

to an oil under vacuum. This crude extract was purified (G.H. lb) by 

re-extraction of the oil with chloroform-methanol, 2: Iv/v, followed by 

dialysis of the chloroform-methanol solution against a large volume (35- 

40 litres) of water for sixty hours (175)• After this period of time 

the water was ad istinct yellow-brown colour. The two phases inside the.; sac 

were filtered to remove lipoprotein, and the biphasial filtrate made homo

geneous by the addition of methanol. This process yielded a purified 

lipid mixture of total weight 10.Og,

This extracting process has certain advantages and disadvantages 

over the previous one in which the rhizomes were blended with methanol.

One of the main reasons for trying out different methods of extraction 

was the necessity to prevent enzymic activity as much as possible.

However it cou?i be argued that, in the first method, not all enzymes 

involved in lipid metabolism would be denatured with methanol; their 

substrates being of a fatty nature implies that they must be able to 

function, to some extent, within a nonpolar environment. Similarly in 

the second extraction the heat treatment may initially promote enzymic 

action prior to suppressing it.

An advantage in the use of chloroform-methanol, 2:1 v/v, instead of 

methanol only as the extracting agent is that less nonlipid material will 

be extracted along with the lipids.

2.Og. of lipid mixture from this second extraction were subjected 

to a similar preliminary examination as was bhe first. ihe sample was
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9a l fu c  x y l 3  2 1 m an a ra b  g lu
J ____ y__ I____ f f T T T T

Photograph showing the paper chromatographic separation of the 
components of the aqueous extracts from Fractions 1, 2 and 3 from 
the DEAE cellulose column after saponification with IQ methanolic

KOH, (Exp. 8) cf TABLE 8.
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tandards Bg
(stds) (Fr.2)
100

112
110 111 111

L-araMnose

L-fucos 122

D-xylos 131129

160160

Rg values for standard sugars and unknowns obtained from the 
aqueous extracts of fractions 1, 2 and 3 from DEAE cellulose 
column, after saponification with 10/> methanolic hOH.
Solvent: ethyl acetate-pyridine-water, 120:50:40 v/v. (Exp. b).
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applied to a silicic acid column (Exp. 8) which was then eluted with 
chloroform to remove neutral lipids followed by chloroform—methanol,

4:1 v/v, to remove the remaining lipids held by the column. The first 

fraction was discarded and the second, after solvent removal was applied 

to a DEaE cellulose column (hxp.S). Three fractions were eluted off 

using chloroform-methanol, 2:1 v/v, chloroform-methanol, 2:1 v/v^ containing 

rf/o glacial acetic acid and finally chloroform-methanol, 2:1 v/v, plus 5/J 
O.5N aqueous lithium chloride (188).

All three fractions were saponified with 10/ methanolic KOI! (G.M.10), 

acidified to p-18, water (50ml.) added to each and this extracted with 
chloroform to remove the nonsaponifiable fractions.

The three aqueous extracts were hydrolysed with sulphuric acid (G-.M. 

3a) and examined for sugar content by paper chromatography (O.'.i. 4) (Big. 
12, Table 8).

The three chloroform extracts were also hydrolysed with a mixture of 

ethanol, chloroform and 5N if Cl (191) (G.N. 3c). This system was employed 

to obtain a homogeneous mixture. Hie three hydrolysates obtained were 

also examined for the presence of sugars by paper chromatography (Fig.13, 

Table 9).

The results confirmed previous conclusions concerning the lipid-bound 

sugars present in the lirdd mixture. In the water extracts a total of 

six spots were located, five of them corresponded to glycerol, D - glucose, 

D - galactose, D - xylose, ’3 - maunose and / or T« - arahinose and were 

spread throughout all three fractions from, uhe DEAE cellulose column, 

but the sixth (Rg.38) was almost totally confined to Fraction 3. The 

chloroform extracts contained the same five spots in all three fractions

but did not contain spot Bg.38.
No fucose was detected in either the water or chloroform extracts.
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Fig. 13

Photograph showing the paper chromatographic separation of the 
components of the chloroform extracts from Fractions 1, 2 and 3 
from the DEAE cellulose column after saponification with 10^ 
methanolic KOH, (Exp. 8) cf TABLE 9. Solvent: ethyl acetate- 
pyridine-water, 120:50:40 v/v.



Standards %
(stds)

D-glucose 100
80 82 80

113
TITTKF

L-arabinose 115

L-fucose 122

128 130 131

160 160

Jtg values for standard sugars and unknowns obtained from the 
chloroform extracts of Fractions 1, 2 and 3 DEAF cellulose
column, after saponification .nth 10/ me than ;.lic KOH.
Solvent: ethyl acetate-pyridine-v/ater, 120:50:40 v/v. (Exp. 8).
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Again no useful fractionation, apart from the slow runninr sugar 

(Kgcid), was coocj.nec.« Overloading of the DEAD cellulose column was 

again thought to he the main reason for this, even though only 0 .7g. 

were applied this tine compared with 1.5g* in Exp.6 . However as prev

iously stated, these were preliminary experiments to judge techniques 

and to remove nong’lycolipid material from the mixture. To get a, complete 

fractionation of the glycolipids themselves was not of vital importance 

at this stage.

The fact that the three chloroform extracts, after saponification, 

contained a very small amount of glycerol (Table 9 , Pig. lj), was thought 

to he due to incomplete saponification and/or incomplete extraction of 

the saponification reaction with water. This must, therefore, also cast 

some doubt as to the effectiveness of the saponification methods used in 

separating the glycolipids in the saponifiable fraction from those in the 

nonsaponifiahle fraction of the lipid mixturs . It was thought, therefore, 

that with regard to the distribution of the glycolipids between the sapon

ifiable and nonsaponifiahle fractions, the results were not, so far, 

reproducible enough to iraw any definite conclusions. Particular care 

was taken when performing any future saponification reactions to try and 

ensure that a complete separation was achieved.

Finally this second extraction procedure appeared to have produced 

the two fast running trace spots, identified here as xylose and mannose 

and/or arabinose, which were first observed in F-;:p.7 > in much greater 

amounts. This may have been due to an improved extraction technique 

or to enzymic action promoted by the heat treatment prior to extraction.

5 * Third method of extraction.

The difficulty of. finding reliable means of preventing possible 

enzymic action before and during the extraction process is obvious.



78
One further technique employed was the use of freeze-dried starting 

material.

Approximately 16 Kg. of freshly dug rhizomes were washed and 

chopped into lengths of one inch. They were then immediately frozen 

and loaded onto a. large industrial freeze-drier. After drying the 

weight obtained was 3-2 lug. The dry down ratio, i.e., the weight loaded 

onto the drier divided by the weight after drying, was thus 4.9 :1.

Aron this the moisture content of the bracken was calculated to be almost 

80/6, The vacuum in the drying cabinet was released by feeding nitrogen in 

and the dried rhizomes were packed, under nitrogen, in sealed cans. The 

bracken was stored in this fashion until required. (I would like to 

.thank Unilever Ltd., who kindly performed the freeze-drying process),

1.5 Kg. of this freeze-dried material ( 7%. wet weight) were 

reduced to a powder in a hammer mill. The powder was then eluted in o 

glass column with hot chloroform-methanol, 2: 1 v/v (G.It. lb), the eluent 

being reduced to an oily residue under vacuum. This crude extract was 

purified by re-extraction with chloroform-methanol, 2: 1 v/v, followed 

by dialysis of the extract against a large volume of water (G.M. lb).

The total weight of purified lipid was 17.Og.

Examination of this mixture for lipid-bound sugar was carried out 

by the saponification of a 2.0g, sample with lOy methanolic KOH 

(G.M.10), followed by the extraction of the acidified mixture with water 

(30 ml.) and chloroform (50 ml.). ■ Hydrolysis of the residue from trie

water extract with 80^ (G.M. 3&) and the residue from tne chloroform 

extract with ethanol-chloroform - 5^ ^01 (G.M. 3c)j followed by tne exam

ination for the presence of sugars in each hydrolysate using paper chroma

tography (G.M. 4 ), showed the same sugars- to be present in this lipid 

mixture as were detected in the lipid sample obtaineci iron rhizomes hence-.,..
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- 0 / - i \  - -at- 110 (î xp• b ) i  riov/ever the amount in which they were present

differed considerably from that found in Exp. 8 . The two pentoses, 

arabinose and xylose, were located only in trace amounts while in Exp.8 , 

they v/ere present in some cases in amounts almost as great as galactose 

and glucose.

The difficulty in reproducing a pattern of sugars not only similar 

in content but also similar in the relative proportion of each sugar, was 

a continual problem throughout these initial investigations. The main 

difficulty in this respect lay with the faster running pentose spots which 

did not always appear. Y/hen they did appear they often varied in their 

relative amounts compared with the other sugars present. As explained, 

this variability was largely dependent upon the way in which the starting 

material was treated prior to extraction and the actual extraction proce

dure itself.

Became of these varying results further experiments were carried 

out in an attempt to define more clearly their cause.

4 c ’ Comparison of the liold-bound sugars present in lipid

mixtures from different brackeu prenaratioos

The follo./lng bracken rhizome preparations were extracted:-

1. 2 Kg. fresh bracken rhizomes were heated to 110° for twenty-four

hours, then ground to a powder and extracted in a large glass column by 

eluting with hot chloroform-methanol, 2: 1-v/v, (G.M. lb). The effluent 

was concentrated under vacuum and the oily residue ro-ex;racted with 

chloroform-methanol, 2 : 1 v/v. and then dialysed against water for forty- 

eight hours (G.M. lb). The weight of the lipid mixture obtained was 6.5g.

2. 0 .5 Kg. of freeze-dried rhizomes (2.2 kg. wet weight) were extracted 

(G.M, lb), after heating at 110° for twenty-four hours, in the same manner 

as the heated fresh bracken above. The weight of lipid mixture obtained 

was 4 .0  g.
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3* 0.5 Kg. Of freeze-dried rhizomes v/ere milled and extracted (G.M.lb)

without prior heating at 110° in the same way as the previous two 

preparations. The weight of the lipid extract was 5*3g.

Samples from the above three lipid mixtures were saponified v/ith 10cf<j 

methanolic KOH (G.M. 10). Sther extraction, after acidification, enabled 

the isolation of the respective three unsaponifiable fractions, the aqueous 

phases containing the products of saponification. All six fractions 

were then hydrolysed. Because of their aqueous insolubility the three 

unsaponifiable fractions were refluxed with ethanol-chloroform - 5^ HC1 

(G.M, 3), while the aqueous fractions v/ere hydrolysed with 2N SO (G.M. 

3). The six hydrolysates were examined for sugar content by paper chro

matography using a solvent mixture of ethyl acetate - pyridine - water

(g .i:. 4).

From the chromatogram showing the sugarsf^om tne three saponifiab_e 

fractions a marked difference was observed (H g.14). Glycerol, g l , 

galactose and the slov/ running spot (Eg.38) v/ere present in all three 

samples, but the three faster running spots, while clearly visible in the 

sample from the fresh ivizomes heated to 110 , were fainter in the sample 

from the freeze-dried sample heated to 110°, and in the rhizomes which were 

not heated, they v/ere only visible on very close inspection.

In the chromatograms containing the sugars from the three nonsaponi- 

fiable extracts, such a clear distinction'was not so evident; all three 

having a somewhat simixar pattern showing glucose and galactose and faint 

traces of faster running spots.

If the results from the heated rhizomes are compared v/ith the results 

from the sample which was not heated, then two effects can be considered.

1. .The effect of the heating on the extraction process used.

2. The effect of the heating on producing more sugars in the sample
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Fie. V 'r

Glvcerol

Xylose

Man/arab.

Glucose

Galactose

♦ • 6-sulpho-a-D- 
quiiovose ?

V,
■’K ___  .

1 2 3 . " ,

A comparison of the sugars found in the aqueous extracts 
from lioid mixtures obtained from three differently treated 
bracken rhizome samples, after saponification with 10/ 
methanolic KOIT.
1 fresh bracken heated to 110°,
2 freeze-dried, bracken heated to 110°,
3 freeze-dried bracken unseated.
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?±a\ ik

Glvcerol

Xylose

Man/arab.

Glucose

Galactose

♦ • 6-sulpho-c.-b- 
qufiovose ?

%

■ -  w d ,

r.l /„t
W r  .

1 2 3 . " ,

A comparison of the sugars found in the aqueous extracts 
from lipid mixtures obtained from three differently treated 
bracken rhizome samples, after saponification v/ith IQ y  

methanolic KOII.
1 fresh bracken heated to 13,0°,
2 freeze-dried bracken heated to 110°,
3 freeze-dried bracken unheated.
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during the actual heating procedure*

ire first effect was considered to he less important as if this 

happened the sugar patterns obtained from the two heated hiackensamples 

would he expected to be the same* As can be seen from Fig.14 this was 

not S0j while the slower moving sugars v/ere similar the faster ones varied 

in quantity. It was thought .that the second effect was predomiant and 

that the heat accelerated some enzymic process prior to suppressing it0 

The appearance of a third fast running spot (Fig.14), which, by its 

chromatographic behaviour in the solvent used, might be another pentose 

sugar, was observed during this investigation.

Although the three different bracken samples used in this study v/ere 

extracted and the extracts obtained purified in exactly the same manner, 

there, v/ere other variables which could, have had an effect. These included 

the moisture content of the samples, the time of year when the samples were 

collected (the freeze-dried bracken was •"■c Elected in mid-December, while 

the fresh rhizomes were collected at the beginning of February), and also 

the location where the samples were collected (the freeze-dried near 

Aberdeen, the fresh bracken on the outskirts of Glasgow).

A further experiment was performed, in an attempt to eliminate 

some of these variables, such as water content, etc.

A comparison was made between the lipid-bound sugars found in the 

lipid mixtures extracted from:-

1. freeze-dried bracken soaked in water, then heated to 110°,
2. freeze-dcied bracken soaked in 0*5> mercuric chloride, then

heated to 110°,

5. freeze-dried bracken soaked in 1.0$ mercuric chloride, then 

heated to 110c,
31 was re as one a that if The sugars present in the ex tract from t/.e 

water socked rhizomes varied considerably from those present in the other



two, this would suggest an effect caused by enzymic activity taking place 

in the rater soaked bracken prior to extraction*

The investigation took the following form (Exp*9). 0 .5 Kg.

freeze-dried.rhizomes were divided into three equal amounts. One portion 

was soaked in water, another in 0 .5/ Hg Cl and the third in 1*0^ Hg Cl
2 ?

for a total of twelve hours. Each sample was then pressed through muslin, 

end the residue dried at 110° for'twenty-four hours* The samples of 

dried rhizomes v/ere extracted by blending with chloroform-methanol, 2: 1 v/v 

(G-.Ii. 1 c), filtering and re-extracting the residue v/ith chloroform-meth

anol, 2 : 1 v/v (G.iu 1 c). The two extracts in each case were combined 

and reduced to an oily residue under vacuum. This crude lipid mixture 

was purified by extraction with chloroform-methanol, 2: 1 v/v, followed 

by dialysis against water (G.LI* 1 c)• The weight of each lipid mixture 

was 1.6g., l*3g., and 1 -4g., from the water, C -5/;> Eg CT and 1,0/1 Hg CJ,,
C.

treated rhizomes respectively.

Each sample was hydrolysed directly with 211 1L 30, (G,?.:. 3) and
c 4

equivalent amounts of the hydrolysates analysed for sugar content by- 

paper chromatography using a solvent mixture of ethyl acetate - pyridine 

- water (Q.Ii. 4) •

From the chromatogram (Fig.15) it can be seen that the lipid mixtures 

from the bracken samples soaked in mercuric chloride contain a much 

greater quantity of sugars than was found'in the lipid mixture from the 

rhizomes soaked in water.*

These results indicate enzymic activity oi some kind taking place 

in the bracken soaked in water,' pi-ior to extraction. however, despite 

the presence of Hg Cl the lipid-bound sugars in 2 and 3 have increased.

Tais ..is in contradiction to what was previously believed to nap pen 

(page 80 ) which was teat any enzymic activity present in the m i zom.es
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Fig. IS

Glycerol

Xylose 

? (Rg 123)

’-an/arab.

Glucose

Galactose

b-sclpho-a-D- 
cminovose ?

1 2  3
A comparison of the sugars found in the lipid extracts from 
freeze-dried bracken rhizomes after hydrolysis with N KoS04-
1 freeze-dried rhizomes soaked in water,
2 freeze-dried rhizomes soaked in 0.54 -IpCl

3 freeze-dried rhizomes soaked in l.Q HgCl
2,

2.



increased the amount of lipid-bound sugars.

An exp]/ nation to reconcile tnis contradiction may be that the enzymes 

involved are hydrolytic in nature and also that heating at 110° does in 

fact suppress enzymic activity completely. If this is correct then the 

enzymic processes in the previous investigation, in which the bracken 

was heated at 110°, would be stopped before becoming active, while in the 

bracken rhizomes soaked in water, enzymic activity would have more than 

sufficient time to become effective, thus reducing the amount of the sugars 

found in the lipid mixture.

The results from Exp. 9 do not support the idea that the heat treat

ment had purely chemical effect on the sugar content of the lipid extracts. 

If this was true, all three samples would have been expected to contain 

a similar pattern. This, however, was not indicated by the results.

It must be remembered that the above suggestions are put forward 

only to tr> and explain the observations noted durir.g the different extrac

tion procedures and subsequent investigations, in particular the results 

from the previous two studies. Before they could be verified, more work 

would have to he carried out into the various factors involved. Lack of 

time, however, prevented this work being pursued.

The appearance of a third fast running spot (Kg.123) was again detected 

during Experiment 9 (Fig.15)® It ran between the xylose and the arabinose 

s po t s •

It was concluded from these preliminary extract'on procedures that 

the methods involving the use of methanol as an extracting reagent, and 

heating as a method of suppressing enzymic activity, v/ere not suitable.

The results described in this section make it clear that tnese procedures 

cannot be well controlled and. may lead to tne production oi spurious 

products or alternatively to tne breakdown and disappearance ox natui1 ly



occurring' metabolities.

It was decided that the procedure likely to give rise to the least 

amount of such undesirable changes was the freeze-drying technique and 

in the work that follows, this material was used exclusively where stored 

material was required. Otherwise during favourable seasons freshly dug 

rhizomes, immediately chopped and extracted with chloroform-methanol,

2: 1 v/v, were used. It was thought that using the above materials 

and. procedures, a glycolipid extract more representative of that found 

in the plant, in its natural state would be obtained.

5. A quantitative comparison of the carbohydrate and phoschorus

content of lipid extracts from freeze-dried arid fresh rhizomes,..

In order to obtain results for this comparison 0.5 Kg. freeze-dried 

rhizomes ( 2.2 Kg. wet weight) were blended with chloroform-methanol

2: 1 v/v, (O.K. 1 c), and the crude extract, after reduction to an oily 

residue under vacuum, was purified by extracti on with chloroform-methanol 

2: 1 v/v, followed by dialysis against water (G.II. 1 c). The weight of 

lipid mixture obtained was 7

l.Og of this mixture was hydrolysed with 2K IÎ  SO (G.I1. 3) and the 

hydro lysate analysed by paper chromatography for sugar content (G.IJ. 4). 

The following sugars were detected; D - glucose, D - galactose, slow 

running spot (Eg-. 38), D - xylose, L - arabinose and/or D ~ manno.se, and 

the fast running spot (Eg,128). Glycerol was also present.

Carbohydrate and .-•hosphorus analysis was carried out by hydrolysing 

0,25g. of the lipid mixture with ethanol-chloro*'orm - HC1 (G.It. 3:’C)*

The hydrolysate was reduced to dryness under vacuum and the residue tr.en 

extracted with a water-chloroform mixture. Total carbohydrate v/as esti

mated on suitable aliquots of the aqueous phase by the phenol /Hg SO^



method ox Dubois^(l92) (G.i . 11 c) and phosphofusby the method of King 

(193) (G.K. 11 c)0 The results are shown in Table 100

In order to 00'.-.pare tne aoove results with those from fresh bracken 

2.0kg* iresnlv dug rnizomes were washed, chopped into lengths of one inch 

and extracted v/ith chloroform-methanol, 2: 1 v/v, in a blender (G.II. lc). 

The crude extract, after removal of the solvent by vacuum distillation, 

was purified by extraction with chloroform-methanol, 2: 1 v/v, and dia

lysis against water (G.i.'. 1 c) • The weight of lipid mixture was 9»4g* 

0,4bg. of this mixture were hydrolysed (G.I.'. 3c) in the same manner 

as the freeze-dried extract. The water phase was removed and made up to 

a known volume. Samples of this were then taken and used for the carbo-
1

hydrate and phosphorus analysis (G.I11c, 12c) (Table 10) «,

It can be seen from Table 10 that the sugar content of both extracts 

were approximately equivalent. However then'1 was a wider variation :• 

the phosphorus content, in that the lipid mixture from the fresh rhiz'xu's 

contained almost four times that of the freeze-dried material.

Qualitative analysis of the sugar content of the lipid mixtures by 

paper chromatogrc.uhy shewed chat both had the same sugars present.

The yields of lipid mixture obtained by the two extractions were 

3*4g/kg. and 4.7g/kg. from the freeze-dried rhizomes and fresh rhizomes 

respectively. These yields could possibly explain the much higher phos

phorus content in the lipid mixture from the fresh rhizomes. As indicated, 

earlier in this account, tne moisture content; of a tissue contributes, as 

the extraction proceeds, to making the extracting solvent (chloroform- 

methanol) more polar. hence the most polar entities in a lipid fraction, 

such as the phospholipids will be extracted more efficiently as the polari in 

of the extracting medium inevitably increases with Liras. mis o .l course 

cannot occur to tne same degree with the freeze-dried material and nence
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TABLE 10

Sample
Carbohydrate 
content, 
mg/g extract

Phosphorus 
content, 
mg/g extract

V7eight of 
extract, 
g/kg bracken

Pre e s e-dri e d 50.2 p. 1 3.4

Pr e sh 54.4 12.0

1 i

I*’"’ •

A comparison of the carbohydrate and phosphorus content of the 
lipid extracts from freeze-dried and. fresh bracken rhizomes. 
Column 4 gives the weights of lipid mixtures obtained.



39
this may account for the much di mi shed amount of phosphorus compounds 

extracted. This explanation may not "he entirely valid however since 

there was no great difference in the amount of glycolipids extracted in 

each case.

From this analysis the glycolipid content of the two lipid extracts 

from the different "bracken preparations appear similar. However because 

of the difference in phosphorus content it was thought that a more detailed 

comparison of the contents of the two lipid extracts was required.

6. Two dimensional thin-layer chromatper aph i c analysi s of

the lipid extracts from fresh and freese-dried rhizomes_j_

This analysis was performed using the lipid extracts from freeze-dried 

rhizomes and. fresh rhizomes. The two dimensional technique employed was 

that derived by Lepage (I89) (G.M, 4). This enables the complete or almost 

complete resolution of the lipid mixture into individual compounds as .ell 

as into classes such as neutral lipids etc.

The silicic acid stationary phase (Lerck, Dermstadt, Ger.) was pre

treated before being used, to remove impurities and fines (u-.L. 13).

The 20 x 20 ?m. glass plates were also thoroughly washed to ensure 

the removal of all grease and dirt from the surface, Lais facilitating the 

uniform deposition oftne silicic acid layer (G.L. 4).

The silicic acid was spread onto the plates to a uniform thickness 

of 0 .25mm. in a. slurry of v/ater and reactivated by a heat treatment, as 

described (G.M. 4 )*

All the organic solvents used in the development of the plates were 

redistilled or dried and stored over a suitable drying agent (potassium 

alumino - silicate) before being used (G.m. 6);

■The .plates were developed initially in chloroform-methanol-water, 

allowed to dry and developed subsequently, at right-angles to the first
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development, in diisobutyl ketone - water - acetic acid (G.M. 4 ).

Trie spots were located using both general and specific spray reagents 

(O.K. 5).

Iodine vapour

20jo perchloric acid

0.001/v rhodamine 6 C- 0

0.2/0 ni nhydri n

Modified Dragendorff reagent

Schiff's reagent

Molybdenum / H' SO

0.5/̂  pL -  naphthol

General (194)

(189)

" (visible in u.v. light) (195) 

Aminoiipids (189)

Choline containing lipids (196)

Phospholipids/Glycolipids (197)

Fnospholipids (l98)

Glycolipids (199)

Occasionally each plate was sprayed with only one particular reagent. 

But once the iodine vapour, perchloric acid and Schiff's reagent had- been 

used separately to locate the majority of the a pots present, it was then- 

leasable to spray each plate with a series 01 reagents in sequence, Thus 

the plate could initially be sprayed with ninhydrin to detect aminoiipids 

and this could be followed by a treatment with the molybdem m f SC^ reagent 

to show up any phospholipids. Finally it was possible to s pray the plait e

with 20)3 perchloric acid to locate all the spots pressnt for confirmation 

purposes. Alternately the plate could be sprayed with Brage'ndorff reagent, . 

followed with the molybdenum /h^ 30̂  spray and finally once again with 

perchloric acid. Another sequence used was 0.5a cL ~ naphthol to locate 

glycolipids, followed bv perchloric acid.

In this way it was possible to determine which of the spots present 

in the 'total lipid map' prepared using general detecting reagents such 

as perchloric a.cid, were aminoiipids, glycolipids and pnospholipids.

This procedure was carried out on bo uh liuil mixture-.’.

Fig 16, No♦1, is a photograph of the resolution obtained of a sample
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of the lipid extract from fresh rhizomes, using this method. The 

plate was sprayed with 20)1 perchloric acid to locate all the lipid 

spots present« Figure 16, Ho.2 is a diagram of the same plate in which 

the spots have been numbered to give a 'total lipid map’. This map 

was used as a reference for the identification of spots detected using 

specific spray reagents. The lipid mixture from the fresh rhizomes 

was resolved into a total of at least twenty spots.

Figure 17, Ho.l is an example of the use of a more specific spray 

on the resolved lipid mixture. In this case phospholipids were located 

using a specific molybdenum./30^ reagent. With this reagent the 

phospholipids show as bright blue spots. Figure 17, No.2 is a diagram 

of the same photograph with the spots numbers in accordance with the 

'total lipid map' in Fig. 16, No.2.

Figure 17? Nos 3 and 4 diagrams of the spots detected on thin- 

layer plates which were sprayed with 0.2/* ni nhydr in and 0.5 oL - naphthol 

respectively. The spots in No.3 were therefore aminoiipids and those 

in No.4 glycolipids. The amino lipids show up as a purple colour while 

the glycolipids are blue.

These specific detecting reagents have been used by many workers 

involved in lipid research. Lepage used nihhydrin, Dragendorff reagent, 

and Schiff's reagent in the TLC analysis of phospholipids and glycolipids 

from alfalfa leaves, potatoe leaves and tubers (189). Siakotos and 

Houser used ninhydrin, the molybdenum/H^ SO spray of bit truer and festc.r 

(l98) and oC-naphthol reagent for the detection 01 specific lipids in 

fractions obtained from a Sephadex column (199) • Fomerans, Cnung and 

Robinson also used molybdenum, ninhydrin, Dragendorff and pb-naphohox

. „• ,. . ,r n -1 r.-i -> ("T 1 in-ids from various classes and varietiesreagents m  the iff analysis Oj. lipias 11 u—
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of wneat (200). These reagents are, therefore, generally recognised 

as a valid means of identification of different lipid classes by TLC 

analysis.

All the results illustrated in Figure 17 were obtained with the 

lipid extract from fresh rhizomes.

Y/hen the analysis was also performed using the lipid mixture from 

the freeze-dried preparation and the results compared with those from 

the fresh material (Tables 11 and 12) it was seen that both extracts 

contained almost exactly the same components. The only significant 

difference to be found was the absence in the extract from the freeze- 

dried rhizomes of phospholipid spot No.13.

Neither Sciff's reagent nor the Dragendorff reagent proved to be 

particularly useful with regards to the classification of the spots.

The former, after a prolonged reaction time, located all the spots present 

unspecificially, while the latter detected tae choline containing lipius 

as a pale orange/yellow colour which as a result were often difficult to 

locate.

The bottom horizontal column in Tables 11 and 12 summarises the 

conclusions made regarding the classes to which the resolved lipids from 

both extracts belong.

Comparison of Tables 11 and 12 show that., the lipids corresponding 

to spot Nos. 4, 9 , 11, 14, 15, 17 and 18, and possibly 1 and 2 are common 

to both extracts and - .at these lipids, or. the basis of the specific spray 

reagent ,cX-naphthol, are glycolipids. Spots near the origin were much 

more difficult to locate, so Nos. 1 and 2 were only tentatively classed 

as glycolipids.

This "two dimensional thin-laver chromatographic resolution of the
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lipid mixtures was proved to "bs ’doth, successful and reproducible«

It was decided therefore to adopt it as a general diamostic technique 

for following the separation of lipid mixtures by column chromatography.

7* Investigation into the use of powdered cellulose 

columns as means of purifying lipid mixtures.

At this stage in the work a final experiment was carried, out into 

suitable purification techniques. Rouser has stated (176, IGO) that 

powdered cellulose columns can be used in the purification of total lipid 

extracts from animal tissue, by separating nonlipids from the remainder

of the lipid mixture. An experiment (Exp.10) was performed to ascertain
c ,if this method was appliable to lipid extracts from plant (bracken) as

well as animal tissue, and in particular to test its effectiveness in 

removing free sugars from the crude extracts.

A column with effective dimensions £7.0 x f.2cm. was prepared using 

powdered cellulose ( 7/hat man) (G.H. 7)* The column ,r.as washed, according 

to Rouser!s recommendations, to prevent the formation of channels caused 

by a sudden change from a polar to a nonpolar eluting agent (180).

A crude lipid mixture obtained by the extraction of fresh brccken in 

a blender with chloroform-methanol, 2 :1 v/v, i G .11. 1c) v/as partially 

purified by re-extraction, -after removal of the solvent, with cliloroform- 

methanol, 2 :1 v/v, (G.b. 1c). 2 .Sg. of this partially purified mixture

was applied to the cellulose column and eluted with water saturated cnloro 

form-methanol; v/v, in order to recover all the major lipid classes in 

one fraction. idcthanol-water, 9 ; 1 v/v, v/as then applied with the aim of 

recovering nonlipid material. The weights of the two fractions obtained 

we re 2 .Og.. and 0.29 g. re s pe c t i vely.

Both fractions were examined, by two dimensional thin -lager enro^afco- 

graphy on silicic acid (G.Id. 4), 20), perchloric acid being used to locate
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the spots (G-.i.:. o)» Tne result showed that cross contamination between 

the two fractions, v?i tn regard to the lipid content was Quite considerable 

(Table 13)= teutral lipids were mainly in the first fraction while the 

polar ones were confined mainly to the second fraction.

Eoth fractions were, nevertheless, analysed for sugar and phosphorus 

(G.T1. 11c, 12c) after hydrolysis with ethyl .alcohol-chloroform - 5 N IIC1 

(G.If. 3 c). The results (Table 14)bear out the TLC analysis in that the 

polar lipids, phospholipids and glycolipids, were present mainly in Fraction 

2.
in conclusion, therefore, a rough separation was achieved between the 

neutral and polar fractions of trie lipid mixture. However, the results 

did not show a fractionation into lipid and non-lipid material and therefore 

this technique of purification was not pursued.

8. Analysis of surars present in the lipid mixture

from brack:1 n by gas -lie ul d c. r oma t o yraph .

The GLG analysis of sugars as previously stated (page 29 ) is rapidly

becoming standard laboratory procedure. It was thought, therefore, that 

confirmatory proof of the lipid-bound sugars so far identified by paper 

chromatography, using this technique, would oe useful.

Since this method of analysis resolves the sugar anomers as well as 

the sugar isomers, it was decided, prior to an investigation of the actual 

lipid-bound sugars, that a trial experiment using known sugars should be

carried out to determine the best conditions for the analysis.

This was done by preparing the trimethlysilyl (TiiS) derivatives of
* - r . the following sugars D - glucose, f - glactose, u - mannose, u - xylose,O O A

L - arabinose and L -- fucose. This was achieved by dissolving 10 mgs. 

of each sugar in dry pyridine (0 . . . . .  6 )  and adding to this, wj »h vigoiouo 

shaking, a freshly prepared 2: 1 v/v mixture of hexametnyldisilazane and
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Fig. IS

810
V

GLC of standard sugars (TMS derivatives). Peak 1 gly
cerol, peak 4 a-arabinose, peak 5 a-xylose, j^eak 6 a- 
mannose, peak 7 a-galactose, peak 8 a-glucose, peak 10 
(3-glucose. The separation was performed on an SE-30 col- 
ufnn with temperature programmed conditions of 150-160°.

(TABLE 15) .
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and trimsthlychlorosilane (C-.i.'c 15). A mixture of the TLIo derivatives of

the above sugars was also prepared in a similar manner (G.k.15),

The analysis was performed (G.ii. 16) using a commercial Pye 104 flame 

ionisation detector chromatograph and. the resolution carried out using 

glass columns lf2 x 0.4cm. in dimension containing 2.lf/o  S.H. 30 (G.h. 7) 

(Applied Science Labs., Penn., U.S.A.), The temperature was programmed 

between 130 and 160° with a linear increase of 2° /min. At the start of

the analysis therefore the temperature is at 130° but rises at 2° /nin. 

until it reaches 160 . This enables a better separation of the faster

running components without the slower ones spreading themselves out and 

coning off the column as flat peaks.

Trials were then conducted by injecting, separately, 1 to 10yl.samples 

of both the individual sugars and the standard sugar mixture. The fract

ionated ccrrnonents were recorded automatically as peaks using a Smiths 

Servoscribr recorder.

Using the above condition it was possible to obtain an almost complete 

separation of the sugars in the standard mixture (Fig.i s ) .  Only small 

peaks representing minor anonieric components were net identifiable, when 

a separation ô  tie mixture was compared with the resolutions obtained for 

individual sugars. The major 1anoneric peaks’ of the various sugars in 

the mixture were resolved. The retention times of the separated components 

were calculated (fable Id) and the various peaks identified by comparison 

with those found in the resolutions obtained for the individual standard 

sugars and by comparison with the results obtained by other workers (Ilf, 

120, 121, 122).
Having decided on the best conditions, an analysis of the lipid bound 

sugars from bracken was subsequently carried out (C-.h. 16), the lipid mixture 

used was that obtained from freeue-dried rhinomes. Approximate! • lg. of
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TA RLE 15

Standards Anomerj
(stds. 

Rtc rel£ 
i to a- 
glucose

(Hyde') 
Rtc rel 
to co- 

glucose
Peak 
No *

G-lycerol 0.63 0.68 1

0.155 2

0.245 3
Arabinose a 0.42 0.42 4

Xylose 0, 0.58 0.58 5

Mann ose 0, 0 .83 0 CD

!
6

3 l e i 9

Galactose a 0.94 0 .955 7
Glucose CO 1.0 1 © 0 8

3 1.54 1*32 10

GLC analysis of standard sugars and unknowns 
from the glycolipid fraction 03? the lipid mixb- 
ure from bracken* Rt0 values .are relative oo 
a-glucose (std.). The separation was performed 
on a 2 « 5/o SE-30 column using temperature prog
rammed conditions of I0O—I6O0 with, a linear rise 
of 2°/min0



104
this mixture v/as hydrolysed with ethanol-chloroform- 5^ HC1 (G .It. 3) , the 

solution then reduced to dryness and the residue extracted in turn with 

chloroform and water. The aqueous phase v/as reduced to dryness under 

vacuum and the residue obtained thoroughly dried by washing with dry 

methanol (G.h. 6) •

TM3 derivatives of the unknown sugar mixture were prepared using the 

method of Sveeley, Bentley, Ilakita and Wells (118, 119)• The mixture was 

dissolved in dry pyridine by shaking and the reaction carried out as with 

t he s t andards (G . I... 15).

1 to 10 samples of this mixture were injected onto the 0 .E.3O 

column and the separation performed (G.L. 16) under exactly the same 

conditions as for :he standard sugars. The retention times of the peaks 

recorded were calculated (fable 15) and compared with'those for the 

standards.

Figure 19, Fos. ] and 2 are separations obtained for the unknown 

sugar mixture and the unknown sugar mixture containing internal standards 

of D - glucose, D - galactose, P - mannose, D - xylose and L - arabinose.

The results obtained confirmed previous conclusions and showed that 

the lipid .extract contained glucose, galactose, mannose, arabinose and 

xylose. Two unidentified peaks., 2 and 3, were also noted. Either one

or both of these peaks could correspond to the anomers of the unknown sugar 

(He.128) previously found (Exp.9).

L-fucose v/as not /'cund to be present in the lipid-bound sugar mixture.

To determine if thex-e were any slow running sugar components in the

mixture which did not appear when the chromatograph was programmed at lpO-
O <  ̂o160 , a sample was analysed with the instrument programmed at 160-200

(G.II. 16), The separation obtained (Fig.20) showed one extia peak (no.ll)
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GLC analysis of the unknown sugars from the glycolipid 
fraction of the lipid mixture from bracken. (TABLE 15).

v_ J
GLC analysis of tho sugars from the glycolipid fraction 
of the lipid mixture from bracken, plus internal standards 
of arabinose, xylose, mannose, galactose and glucose.
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Fig e 20

11

GLC analysis of the unhnown sugars from the glycolipid 
fraction of the lipid mixture from bx-d.cl:en, plus an 
internal standard of^-glucoso (8)0 fho separation v/as 
performed on an SE-30 column under tempo nature programmed 
conditions of 150-200° with a linear rise of 2°/min0



which had a retention time of 2,85, This slow running component could no 

he identified and did not correspond to any of the known standards. It i 

possible that it may he the charged sugar previously found in the glycoli 

fraction by paper chromatography.. A charged sugar would he expected to 

run more slowly than a neutral one on a purely non-polar stationary phase 

such as S.E. 30 due to its decreased solubility. It v/as not thought to 

he a disaccharide as its retention time did not correspond to any cited 

in the literature (119, 120).
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SB.CTICt-1 B.

The studies so far described have shovm trat lipid extracts from 

bracken contain glycolipid components and that the entities in this 

subfraction contain bound glucose, galactose, mannose, arabinose, xylose 

and two unknown sugars; one of which is charged and has characteristics 

inmany ways similar to that derived from plant sulpholipid and the other 

chromatographs in a manner similar to a pentose.

At this stage it was clear that more definite information could be 

obtained if methods could be derived for the isolation, in a pure state, 

of each of the original glycolipids. The sugar bound into each could 

then be identified with certainty and some other observations concerning 

the non-sugar portion of the compounds could perhaps be made.

To this end quantitative studies into the effectiveness of various 

column tecrrlques were carried out. These included the use of silicic 

acid and magnesium silicate as column media. Decisions as to the effec

tiveness of the columns used were based on the analysis of the various 

fractions obtained for carbohydrate and phosphorus content and also upon 

their analysis by thin-layer chromatography.

I, The evaluetl on of silicic acid column chromatoruyyhy as

a technique for fractionating lipid mixtures.

This experiment was carried out to find out how efficient silicic acid 

was in separating neutral lipids from polar lipids 'including glycolipids). 

The system chosen was basically the same -as that described in the intro

duction (page D7 ) in which chloroform and methanol are the only two 

eluting agents used. This is the simplest system and was thought a suit

able one To start with.

The lipid mixture used was t -at obtained from fresh rhizomes blended
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TABLE 16

Fraction Weight
(g)

Recovery
( 0

Analysis Weight
(mg)

Recovery 
ef CHOciP 

( 0

1 1.22 •70 .0
Phosphorus 2 .0 13.5

Carbohydrate 2.9 3*0

2 O .42 23.5 Phosphorus 15.6 75*0

Carbohydrate 86.0 90.0

Phosphorus and carbohydrate analysis of Fractions 1 and 2 iron 
silicic acid column (Exp, ll).

TABLE 17

Weight
applied
(mg.1

Weight
recovered
(mg)

Weight
recovered

(5*)

1750 lipid I64O 93.5

21 P 18 .4

C\J0COCO

95*4 OHO 88.9 93.0

Percentage recovery of lipid, phosphorus and carbohydrate from silicic 
acid column (Exp. ll).
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with chloroform-methanol, 2 :1 v/v and subsequently purified (page 87 ) •

The silicic acid was pretreated to remove impurities and fines (0.11.

Ij) and t ten used to prepare a column with effective demansions 1 0 .0 x 2 .5cm. 

(G.1.1. 7 ). To this was applied 1.75g« lipid mixture in a solution of 

chloroform and the column was then eluted with chloroform followed "by 

methanol (Exp.ll).

Both fractions were analysed for carbohydrate and phosphorus content, 

after hydrolysis with ethanol-chloroform-5^ TCI (G.h. 3c ), by the phenol 

/H 80^ method (G.1.1. 11 c) and ling's method (O.K. 12 c) respectively.

Both fractions were also analysed by two dimensional T L C on silicic 

acid (G ,h. 4 ). 20;;.- perchloric acid reagent was used to detect the spots

(G • LI. 5) (Table 18). This analysis showed that an almost complete sep~ 

aration was achieved between the neutral and polar lipids applied to the 

column in the mixture, spot ho.18 being the only ore which appeared in botu 

fractions.

The results of the TLC analysis were supported by the carbohydrate 

and phosphorus determinations (Table 16) which showed that Fraction 2 

contained by far the majority of the oarbohydme and phosphorus applied 

to the column.

Bata concerning the recoveries of lipid, carbohydrate and phosphorus 

are given in Table 17.

This system proved, therefore, to be very efficient. However, it may 

be worth investigating a more complex elution syste;. in which the neutral 

and polar lipids are not only separated but in which the polar lipids them

selves, the glycolipids in particular, undergo further fractionation.
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2 o The, evaluation of maonesiurn silicaj■ e ea r oma t o graphy ag 

a tec m i m ic for frac 1;iona ting lipid mixtures.

The ability of magnesium silicate to fractionate the lipid mixture 

from bracken into a neutral fraction, a glycolipid fraction and acidic 

fraction v/as studied (Exp. 12).

The lipid mixture used was that obtained by the elution in a glass 

column of 1.5 kg. freeze-dried rhizomes, ground to a powder in a hammer 

mill, v/ith hot chloroform-methanol, 2: 1 v/v (G.H. To), and purified by 

re-extraction and dialysis (G-.IvI. lb).

A preliminary analysis of the lipid mixture for total phosphorus and 

carbohydrate content was performed. The phosphorus analysis (G •1.1. 12c) 

was performed on the aqueous extracts of three differently prepared samples.

1 • 0.9g. lipid mixture ssponTied with 10y methanolic KOK (G.M.10).
A

2. 1.02g. lipid mixture hydroysed with ethanol-ciloroform--5^ HOI. (G.h,-5~).A
5. 0,88g. ?ipid mixture ashed at 5^0 in a furnace for twenty four hours

(Exp.12).

The carbohydrate content of the mixture was determined (G.E.11c) only 

on the water n:. tract from the lipid sample after hydrolysis i.e.- No.2.

Only after this treatment would all the sugars be expected to be in the free 

form, saponification would not release them all, and ashing would destroy 

them.

The results of these analyses are given in Table 19* T'rom this table 

it appears that the ashing technique results in the loss of some phosphorus 

from the sample.

200g. of magnesium silicate (Florisil, -SDH) were pretreated to remove 

impurities and fines (G.H. If) and used to prepare a column with effective

dimensions 16.0 x f.5cm. (G .i;. 7) •

A lipid mixture of 1.22g. was applied to the column in a solution



113

TABLE 19

Sample
Inorganic
phosphorus
(mg/g)

Total
phosphorus
(mg/g)

Carbohydrate
(mg/g)

Alkaline
saponified 0 6.2

Acid
hydrolysed 0 6.3 57.3

Ashed 
„ ............ . .

3.1
'

5.1

Phosphorus analysis of lipid mixture from freeze-dim.ed rhizomes 
after alkaline saponification, acid hydrolysis and ashing.
Column 4 gives the carbohydrate analysis alter only acid hydrolysis.
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TABLE 20

Fraction Weight
(g)

Recovery(*) Analysis Weight
(mg)

Recovery 
CEO a P(*)

1
C-M 9:1 0 .8 4 69.0 Phosphorus 0 0

Carbohydrate 9.7 1 4 .0 •

2
C~M 2:1

0 .2 1 17.2
Phosphorus 0 0

Carbohydrate 28.0 40 .0

3
Me OH 0 .3 1 25.5

Phosphorus 2.3 33.0

Carbohydrate 22.7 35.0

Phosphorus arn carbohydrate analysis of fractions 1, 2 and 3 
from Plorisil column (Exp. 12).

TABLE 21

Weight 
applied (mg)

Weight
recovered (mg

We; gii h 
) recovered (f)

1220 lipid 1360 110

7 P 2.3 53.0

69 CEO 60.4 87.5

Percentage recovery of lipid, phosphorus and carbohydrate from 
Plorisil column ^Exp. 12).
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of chloroform-methanol, 9:1 v/v, and eluted using the system of Benson 

and O'Brien (186) (3xp.ll). This employed chloroform-methanol, 9;! v/v 

to remove neutral lipids, followed by chloroform-methanol, 2 :1 v/v, to 

elute glycolipids. A third fraction was eluted off the column with 

methanol.

All three fractions were hydrolysed with ethanol-chloroform~5N HOI 

(Goil. 3c) and their aqueous extracts analysed for phosphorus (G.h. 12c) a: 

carbohydrate (G.il. 11c ) (Table 20).

It is apparent from Table 20, column 6 , that a complete separation 

of the phospholipids in the mixture was achieved; all the phosphorus eluted 

(33»0y) being confined to Fraction 3 as desired. However it is equally 

apparent that glycolipids were not confined to Fraction 2 as was hoped, but 

were spread throughout all three fractions. Fraction 2 did, however, 

contain mo:,a of the carbohydrate elutedfrom the colnu than Fractions 1 

or 3 (4-Ob nr compared to 14/- and 33/-) • It was difficult to compare the 

results with those found by Benson and O'Brien (186), as they do not give 

any analytical figures for either carbohydrate or phosphorus in their 

account of the fractionation of a lipid mixture from ulfafa leaves on 

Plorisil.

In Table 21 showing the percentage of total lipid, carbohydrate and 

phosphorus, the Illy recovery, by weight of the total lipid applied to the 

column is thought to have been caused by contamination of all three fraction 

by silicone fluid from the rotary evaporators used I n  reducing their vet ime. 

As a result in further experiments requiring the process, a Buchi rotary 

evaporator, requiring no silicone fluid, was used in place of the Towers 

apparatus hitherto used.

The majority of the sugar (OSy) applied to the column was recovered.

No specific reasons can be put forward for the remaining 12y lost, but
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TABLE 22

Fraction Weight
(g)

Recovery
w

Analysis Weight
(mg)

Recovery 
CI-IO a P

09

1
G-M 19:1 0 .63 59*5

Phosphorus 0 0

Carbohydrate

i _voo 7.7

2
C-M 1:1 o .22 20 .7

Phosphorus 0 0

Carbohydrate 37.6 62.6

3
MeOII 0 .2 0 19.1

Phosphorus 3.0 48.5

Carbohydrate 12.4 20.6

Phosphorus and carbohydrate analysis of Fractions 1, 2 and 3 from 
Florisil column (Exp, Ip)*

TABLE 23

Wei get 
applied 
(mg)

Weight
recovered

(mg)

Weight
recovered

W)

lOoO lipid 1050 99.2

6 .2 P 3.0 48.5

60.0 CHO 54*6 91 .0 !

Percentage recovery of lipid, phosphorus and carbohydrate from 
Florisil column (Exp. 13) •
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some of this v/as probably due to experimental error.

It was concluded that although this experiment achieved only a partial 

separation of the glycolipids from the charged phospholipids, fchis fraction

ation could be improved upon by varying the proportions of the eluting 

agents. The objective, as previously stated, was to increase the percentage 

sugar in fraction two while retaining all the neutral lipids in fraction 

one and all the phospholipids in fraction three.

To tuis end a second Florisil column, similar to the previous one, 

was prepared (G.I • " ] ) l«06g. of lipid mixture was applied and it was this

time eluted with chloroform-methanol, 19: 1 v/v, chloroform-methanol, 1:

1 v/v and finally with methanol (Exp.13).

All three fractions were analysed for carbohydrate (G.It. 11c) and 

phosphorus (G.j.l. 12c) after hydrolysis with ethanol-chloroform- 5̂1 dCl 

(G.M. 3c) (Table 22 and 23).

As can be seen fzom Table 22 an improved reparation was achieved;; 

Fraction 2 containing 62'y carbohydrate as apposed to 4Gy previously obtained, 

while Fraction 3 still contained all the phosphorus eluted from the column 

(4870). Some carbohydrate was still present in Fractions 1 and 3 but this 

had been reduced considerably. The two previous experiments confirm that 

magnesium silicate is'a stronger absorbent than silicic acid. The elution 

of the silicic acid column removed 38.5'A of the phosphorus (Table 16), 

whereas elution of the Florisil column removed only 4 8»5/J of the phosphorus.

According to Router (16O) free' fatty acids which' pass straight through 

a silicic acid column are retained to some degree by magnesium silicate.

If this is the case any free fatty acids present in this lipid mixture, 

after chromatography on Florisil, may be present in Fraction 2 as well as 

in Fracti-on 1.

From t.iese two magnesium silicate experiments it v/as concluded that,
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although not quantitative, it could be a very useful technique in helping 

to fractionate the components present in the lipid mixture from bracken.

5 • Successive colurin chromatography of the lirrld. mixture 

from bracken.

As stated in the introduction to Part of this thesis, and as can 

be seen from the results of previous experiments (Exps.11,12, & 13 ) no 

one column technique is sufficient to separate a lipid mixture to its 

individual components. Therefore, using the information gathered from 

these preliminary studj.es it was decided, at this stage in the investigation, 

to try and combine these column procedures in such a way that a more complete 

fractionation of the glycolipids from bracken could be achieved.

A flow-sheet of the scheme used is shown-in Pig.21. It was reasoned 

that if the lipid mixture is initially fractionated on a magnesium silicate 

column, as pre'rI'Uisly described (Exp.13)„ a sample of the glycolipids, free 

from contamination by neutral lipids and chospholipids, would be obtained. 

Previous experiments (Sxps, 6 and 8) and published evidence (186) have shown 

that if this glycolipid mixture is further resolved on a DPAE cellulose 

column, any acidic glycolipids present, such as sulpholipid, 'would be 

retained by the column, while neutral glycolipids would pass through.

Finally a separation of the neutral glycolipids could be achieved using a 

silicic acid column and a gradient of metha.no1 in chloroform, as was previou

sly suggested in Exp.11 (page ill ).

The initial part of this plan (Sxp.14) involved the preparation of a

magnesium silicate column with effective dimensions of 18.0 x 3.5cm. (G.E.7 ). 

1 .124g. of lipid mixture from freeze-dried rhizomes were applied to the

column and three separate fractions eluted using the same system as was

employed i-n Exp. 13 (pageliy)*

All three fractions were analysed for carbohydrate (G.I... 11c) and
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C-M 19 :X 
Neutral lipids

C-M 2:1
Neutral glyce. 
lipids

Figo 21
LIPID MIXTURE

Magnesium silicate 
column

■M 1:C-M 1:1 
Glycolipids

Me OH ‘ 
Phospholipids

DEAE cellulose 
c olum

C-M 2:1 + b% HAo
N onl ip id c on ta v- > 
inants

1C-M 2:1 + h% LiCl
Acidic glyco
lipids.
(sulpholipid ?)

Silicic acid 
c olum

Gradient elution, chloroform to 
chi o rof orm-me thanol 1 :1.

Fr. 1
Fr0 2

Individual
glycolipids Fr. 5

Flow sheet of scheme used in Exp* 15, for the fract
ionation of the lipid mixture from bracken into 
individual glycolipids.



120
phosphorus (G.H. 12c), after hydrolysis with ethanol-chloroform* - 5*- 

HCl' (G.T7. 3c).

The results (fables 24 and 25) show that the second fraction did, 

as was expected, contain the majority of the glycolipids (61/-)• It did 

however also contain a small smount of phosphorus (4•5/0» this slight 

contamination by phosphorus was, 'however, considered not to be serious, as 

expressed in actual weight it only amounted to 0#3mg. P.

The three fractions were also analysed by unidimensional thin-layer 

chromatography on silicic acid using a solvent mixture of chloroform- 

methanol-acetic acid (G.h. 4 )* Iodine vapour was used to detect the spots 

(G.IvT. 5 ) (Pis 22). This, while confirming the carbohydrate and phosphorus 

analysis in that it showed an almost complete separation between Fraction 2 

and 3, also confirmed that the vast majority of the neutral lipids were 

confined tc Fraction 1. Fraction 3 did contain, other than the very slow 

running spots, one component which was also present in Fraction 2 and ran 

quite close to the solvent front. No attempt was made to identify this 

or any other spots at this stage.

Paper ch;. one t ogra phy using ethyl-acetate - pyridine ■ water (G.h. 4 ) 

of the aqueous hyirolysate (G.h. 3c) of the three fractions was inconclusive 

in that all the fractions gave a similar sugar pattern. Fraction 3 did, 

however, contain a much greater amount of the charged sugar (Kg.3$) than 

did Fraction 2. This fact appears to contradict the findings of O’Brien 

and Benson to some extent (186) who found that the riant sulpholipid, 6 - 

sulpho - ~ b  "  quinovo - pyranosyl - (l- l1) - diglyceride, was eluted

mainly in the second fraction from Florisil columns.

Fraction 2, 0.26g., from the Florisil column was further resolved on 

a DFAE cellulose column with effective dimensions 22.0 x 2.2 cm. (O.K. 7).

It will be recalled, from the introduction (page 60 ) and from,previous
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TABLE 24

Fraction V/eight
( g )

Recovery
(/6)

Analysis V/eight
(mg)

Recovery 
CH0 a P
(tf)

1 0.58 51.0
Phosphorus 0 0

C-M 19:1
Carbohydrate 1.5 2.3

2
0 .29 25.0 Phosphorus 0.3 4.5

C-M 1:1
Carbohydrate 40.5 61.0

3 0 .15 13.0
Phosphorus 0.62 9.4

MeOH
Carbohydrate 4.5 6.8

Phosphorus and carbohydrate analysis of Fracxions 1, 2 and 3 from 
Florisil column (Exp. 14).

TABLE 25

V/eight Weight V/eight
applied recovered recovered
(mg) (mg)

1124 lipid 1020 90.5

6.6 P 0.9 '14.8

64.I CEO 1 46.5 72.5

Percentage recovery of lipid, phosphorus and carbohydrate from 
Florisil column (Exp. 14).
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Pig. 22

1 * 2
Unidimensional TLC of Fractions 1, 2 and 3 from 
magnesium silicate column (Exp. If.).
Solvent: chloroform-methanol-acetic acid (85:25:1 v/v).
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experiments (Exps. 6 and 8) that the elution scheme used for this 

separation was that of Svennerholm (188). This v/as adhered to here and 

the three fractions obtained analysed, after hydrolysis (G.T.i. 3c), for 

carbohydrate content (G.L. 11c) (Tables 26 and 27).

It can be seen from Table 26 that, as required, the vast majority 

of the glycolipids had passed straight through the column arid were present 

in Fraction 1.

Unidimensional thin-layer chromatography on silicic acid (G-.M. 4) of 

the three fractions, showed that the first and third were composed of 

basically the same components, but that Fraction 3 v/as much less distinct 

(Fig.23). This would tend to support the idea previously expressed (Exp.

6) that a polar effect as well as an ion-exchange one may have some influence 

on the elution of lipids from DEAE cellulose columns. Fraction 2 showed 

up on the ‘i hi n-layer plates as a streak indicating in at, as expected (188), 

it v/as mainly composed of nonlipid material or modified, lipids.

Paper c iromatography (G.I;. 4 ) of the aqueous hydro lysates (G.L". 3c) 

of the three fractions confirmed previous results from DEAE columns (Exps.

6 & 8) in that it showed the acidic sugar- (Hg.dU) confined to Fraction 3• 

Also while Fraction 1 contained the majority of the neutral sugars (Table 26) 

these were also present to a much lesser extent in the other fractions.

To summarise, therefore, the scheme proposed in Fig.21 had, so far, been 

mainly successful. A sample of glycolipid mixture from bracken, free from 

neutral lipids and almost free from phospholipids, was obtained using t! 0 

Florisil column. This mixture was further fractionated on a DEAE cellulose 

column to give a sample containing neutral glycolipids (Fraction l) and a 

sample containing an acidic glycolipid plus a small amount of neutral

glycolipids (Fraction 3)«

The final stage of Exp.14 v/as the resolution of the neutral glycolipid
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m  ' T5“ 7? O''*r A .djj a  2 o

Fraction V/eight
(g)

Recovery
(£)

Analysis Weight
' (^g)

Recovery
CHO

w

1
C-M 2:1 0.23 88.5 Carbohydrate 24.0 66.0

2
C-M 2:1
+ 33’: HAc

0.02 5.4 Carbohydrate 3.0 8.2

3
C-M 2:1 
f j f> Li Cl

0.01 4.2 C arbohydrat e 1.2 3.2

Carbohydrate analysis of Fractions 1, 2 arv’ 3 from. DEAE cellulose 
column (Exp. 14).

TABLE 27

Weight
applied

(mg)

'Weight
recovered

(nig)

Weight
recovered

(4)

260 lipid 255 98.0

36.5 CKO 28.2 78.0

Percentage recovery of lipid and carbohydrate from DEAE cellulose 
column (Exp. 14).
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Fig. 23

t

ft

1 2 3 .
,tfnidioeusioual TLC of Fractions 1, 2 and 3 from 
DSAS cellulose column (Exp. lit-).
Solvent: chloroform-methanol-acetic acid (05:25:1 v/v).
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mixture from the DEAE cellulose column into its individual components 

using a silicic acid column,

A column, 42.0 x 3,2 era. in dimension was uniformly packed (G.LI.7) 

with pretreated silicic acid (G.h. 13), The fractionation was performed 

in a sealed system under pressure as shown in Fig. 24. The water reservoir 

had a large diameter thus ensuring an almost uniform pressure throughout 

the separation. Neither rubier nor polythene was used, all connections 

where necessary being of glass tubing. This was to avoid the possible 

extraction of contaminants from rubber or polythene by the chloroform- 

methanol eluting mixture.

130 mg. of neutral glycolipid mixture from Fraction 1 of the DEAE 

cellulose column were applied to the column and eluted with a linear grad

ient of chlorof on m to chloroform-methanol. The small bulb, x, between 

the mixing chamber and the methanol reservoir was tc ensure -that the gradi°e:- 

started at o.vo, by preventing the methanol in the reservoir from overflow • 

ing too soon into the mixing chamber, when the pressure was applied at the 

water reservoir.

10.Oral, fractions were collected automatically using a Towers fraction
acid

collector and everv other fraction analysed by unidimensional TLC on silicic.,  1. 1/

using a solvent mixture of chloroform-methanol-acetic acid (G.h. 4 ).

The spots were located using iodine vapour (G.h. 5 ) * On the basis of the 

TLC analysis the appropriate tubes were bulked and the five bulked samples 

analysed for sugar content (O.K. 11c), after hydrolysis with ethanol-cbJ oro- 

form - 5N KOI (G.H. 3c) (Tables 28 and 29).

However, more information regarding the success of the fractionation 

was obtained from the TLC analysis (G.H. 4 ) of the five bulked fractions 

(Fig.25).'" This showed that there was considerable cross contamination 

between the fractions and that only in the first bulked sample was a single



Pressure 
vessel. 
(water)

Glass
-Rubber

Air tank

Reservoir 
(methanol)

Magnetic stirrer

Column

Pressurised system used for the fractionation of the 
glycolipid mixture on a silicic acid column using a 
gradient elution of chloroform to C-M 1:1. (Expo 14).
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Fraction 
(tube No,

!
itFb 

bo
■H 

E 
j 

i-------— Recovery
(?')

Analysis V/eight
(nig)

:.....Recovery
CH0
(£)

1
(13-29) 30 .0 23.5 Carbohy

drate
0 0

2
(32-45) 31.0 23.8 Carbohy

drate
2.9 21.5

3
(46-49) 36.0 27.7 Carbohy

drate
3.1 23.5

vn CO l 
f

C\ ro 14 .0 > 10.8 Carbohy
drate

0.7 7.9

5
(79-107)

<
12 .0 9.2

i
Carbohy
drate

2.3 17 .0

Carbohydrate analysis of bulked fractions from silicic acid 
column (Exp. 14).

TABLE 29

V/eight
applied
(mg)

V/eight
recovered

(mg)

i /eight 
recovered 
'‘(Vo)

130 ripid 123 94.5

13.5 CEO 9.0 66.6

Percentage recovery of lipid and carbohydrate from silicic 
acid column. (Exp. 14).
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component detected and. as' can be seen from Table 28 this sample contained 

no carbohydrate and, as a result, v/as.'suspected of containing, not glycolipid, 

but free fatty acids. An investigation into v/hat sugars were present in 

the bulked samples, after hydrolysis (G.h. 3c), v/as carried out using paper 

chromatography (G.h. 4 ). This showed(Fig.26) that, as expected, no sugars 

v/ere present in the first bulked fraction. It also showed t.-.st in the 

second and third samples glucose v/as predominant with only a trace of galac

tose, v/hile in the fourth and fifth samples galactose v/as dominant vlth only 

a trace of glucose. Samples 1 and 2 did not contain glycerol, v/hereas in 

samples 3, 4 ar.d 5? the amount of glycerol detected increased successively.

A connection between the glycerol and galatose v/as therefore apparent, 

possibly in the form of galactoglyceride as v/as previously suggested• however 

the glucose containing lipid, did not appear to contain glycerol and the fact 

that it v/as eluted off the column v/ell ahead of the glycolipid containing 

glycerol and gc vaotose would suggest that the glucose v/as associated vlth a 

more ly ophidic moiety than glycerol. Only' one glucose containing plant 

glycolipid so far known fits this requirement; the esterified steryl glucoside 

discovered by I-e x.me (17 o).

As expected no emerged sugar was detected in the bulked samples using 

paper chromatography, as any present in the lipid extract would be completely 

retained by the lmi-h cellulose column. Only in Fraction 4 and 5 were faint 

spots detected, running similar to the pentose sugars previously mentioned 

(page 85 )» There did not appear io be any significant degree of fraction

ation between them; three faint spots being located in both, fractions.

It appeared, therefore, that this particular sequence of columns, and 

the silicic acid one in particular, ras not of any significant value in 

coping with.’this exacting fractionation. It was also apparent from this 

experiment that even the combined powers of resolution of the various



130

Fig. 250 0 

8O  0  0
A

1 2  5 4 5
TLC of the five bulked fractions from silicic acid 
column (Sxpe 14). Solvent: chloroform-methanol-HAc

Fift. 26

0

9  Q

0 G
0 0
0

V*o0
0 0

Glycerol

Xylose
___ fi\ ra bi-nos e/ 

(mannose 
~ Glucose 
—  Galactose

1 2 3 4 5
Paper chromatography of sugars present in the five 
bulked fractions from silicic acid column (Expo 14)
Solvent: ethyl acetate-pyridine-water ( 120:50:40 v/v).



column chromatographic techniques were not sufficient to effect a complete 

fractionation of the glycolipid components of the lipid mixture from 

bracken.

Following from this therefore it was decided to carry out a further 

preliminary experiment ir. which a new combination of silicic acid and 

magnesium silicate would be tried, and if this v/as found to be successful, 

to combine it with a DEAE cellulose column and also preparative thin-layer 

chromatography in yet another attempt to separate the components in the 

glycolipid mixture.

4* The evaluation of silicic acid combined with magnesium. 

silicate as a technique for separating lipid mixtures.

It was decided to carry out an initial fractionation of the lipid 

mixture using a silicic acid column as in Exp.13* This would remove all 

the neutral lipids, including fatty acid-, leaving a mixture of phospho

lipids and glycolipids . Further fract: .;»-ation c-f this polar mixture on 

a Florisil column would remove the phospholipids leaving an uncontaminated 

mixture of glycolipids (Fig. 27).

O.pkg. frees©-dried rhizomes were extracted by blending with chioro- 

form-methanol, 2: 1 v/v (G.h. lc). This crude extract, after removal of 

the solvent, was purified by ro-extraction with chloroform-methanol, 2:1 

v/v, and dialysis against water (G.h. lc). The weight of lipid mixture 

obtained was 4*9g«

Samples of this mixture were analysed for carbohydrate end phosphorus 

content (G.h. 11c. 12c). after hydrolysis with ethanol chloroform-5^ HCl 

(G.ti. 3c) (Table 30). The amount of carbohydrate and phosphorus found in 

this preliminary analysis showed a slight variation compared to that found in 

previous 'lipid extracts from freeze-dried rhizomes (Tables 10 and 1?).

However it was thought that this variation was not sufficient to cause any



Silicic acid 
column

CHC1 MeOH
5

Neutral lipids Polar andacidic lipids

Magnesium
silicate
column

r r i
C-M 19:1 C-M 1:1 MeoH
Remaining neutral Glycolipids Phospholipids
lipids

Flow sheet of scheme used in Exp« 1e*

Q]ABhE. 50

Analysis
Mg./gemixture

Sugar 46o7
1 Phosphorus 5o7

Sugar and phosphorus analysis of lipid mixture from 
freeze-dried bracken rhisomes.
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TABLE 31

Fraction Height
i s)

Kecovery 
(*)

Analysis V/eight
(mg)

pLecovery 
CHO a P
w

1
CEC1 _ 5

0.8 68.0
Phosphorus 1.0 14.9

Carbohydrate 1.5 2.9

2
He OH

0.355 29.8
Phosphorus 4.8 71.6

Carbohydrate 46.4 84.5

Phosphorus and carbohydrate analysis of Fractions 1 and 2 from 
silicic acid column (Exp. 15;•

TABLE 32

f ..... 1

•V/eight
applied
(mg)

Height
recovered
(mg)

V/eight
recovered
(£)

'’.175 lipid 1156 98,0

6.7 P 5.9 86.5

54.9 CHO 47.9 87.0

Percentage recovery of lipid and carbohydrate from silicic acid 
column (Exp. 15).
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anxiety.

1.175g. of the lipid mixture were applied to a silicic acid column 

(Exp.15) prepared (G.M. 7 ) using pretreated material (G.M. 13) and 

separated into two fractions eluting with chloroform followed by methanol.

Both fractions were analysed for carbonydrate and phosphorus (G.M.

11c, 12c), after hydrolysis (G.M. 3c) (Tables 31 and 32). This showed

that a good separation was achieved; Fraction 2 containing the majority 

of the glycolipids and phospholipids present in the mixture.

Analysis of the two fractions by two dimensional thin-layer chroma

tography (G.M. 4 ), using 20/> perchloric acid to detect the spots (G.M. 5) 

(Table 33)» confirmed the carbohydrate and phosphorus results. It showed 

that an almost complete fractionation v/as achieved, spot Bo. 19 being the 

only component visible in both fractions. The spots in Table 33 were 

numbered according to the ’total lipid map’ in Fig.16. Spot Bo.20 (Table 

33)' which represents neutral lipid material present in the mixture, v/as 

confined entirely to Fraction 1, while the remaining polar lipids , v/ere 

confined to Fraction 2.

345 mgs. of polar lipid mixture from Fraction 2 were further fraction

ated on a Florisil column (Exp.15) prepared (G.M. 7) with pretreated 

material (G.M. 13)« The mixture was separated into three fractions using 

the following elution sequence, chloroform-methanol, 19: 1 v/v, chloroform- 

methanol, 1: 1 v/v and finally methanol. As will be recalled this was the

sequence used for this fractionation in Exp.13 (pagell7 )•

All three fractions were analysed for carbohydrate and phosphorus

content (G.M. 11c and 12c), after hydrolysis (G.M. 3c). The results (Tables 
34 and 35) showed that Fraction 1 did not contain any carbohydrate or

phosphorus and was consequently discarded.

The contents of Fractions 2 and 3 were further investigated by the 

two dimensional TLC technique of Lepage (G.M. 4 ) as was previously used to
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TABLE 34

Fraction Height
(mg)

Recovery
■ w Analysis Height

(mg)

Recovery 
CHO a P(tf)

1
C-H 19:1 17 .0 V. 8

Phosphorus 0 ' 0

Carbohydrate 0 0

2
C-M 1:1 107.0 55.0

Phosphorus 0.8 1 7 .4

Carbohydrate 27.3 61.4

3
Me Oil 102.0 30.0

Phosphorus 1.7 37.0

Carbohydrate 11.0 24.8

Phosphorus and carbohydrate analysis of Prt ‘lions ]. 2 and 3 from 
Plorisil column (Exp. If).

TABLE 33

V/eight
applied
(mg)

Height 
: recovered 

(mg)

V/eigho
recovered
(>■)

340 lipid 306 90.0

4.6 P 2.5 54.4

4’-w3 CHO • 38.3 86.3

Percentage recovery of lipid, phosphorus and carbohydrate from 
Plorisil column (Exp. 15).
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identify the components of the total lipid mixture (Tables 11 and 1?). .

20/i- perchloric acid v;as used as a general detecting reagent, molybdenum

A l s o , spray to locate phospholipids and cM - na.pth.ol reagent to locate 2 4 "
glycolipids (Table 36, Nos. 1, 2 and 3)®

Table 34 shows, that Fraction 2 contained the majority of the carbohy

drate (61.5/0 applied to the column. Two dimensional TLC analysis (Table 

36, No.3) confirmed, that this carbohydrate material was in the form of all 

the glycolipids so far identified to be present in the lipid mixture (Table 

ll). Apart from a small amount of phosphorus (0.8mgs.) also present in 

Fraction 2, this separation had succeeded in providing a sample of glycolipid 

mixture free from phospholipid contamination.

The most significant aspect of Fraction 3 was that the lipid compound 

represented by spot No.9• was present in this fraction in greater quantities 

than in Fraction 2 (Table 3 6, 1-0.3)• This spot, being identified as i 

glycolipid on the basis of its positive react'.on with oC - naphthol r-e-::n"t 

and on the results of previous fractionations using Florisil (Exp.Id)-, was 

suspected of being an acidic glycolipid, possibly a sulpholipid.

This belie f was supported by paper chromatographic analysis of the 

sugars present in the two fractions, after hydrolysis with 2N H, SO, (G.l.I. 5 '»
’ 2 4

using a solvent mixture of ethyl acetate - pyridine - water (G.H. 4 )• This 

showed that Fraction 3 contained a greater amount of slow running acidic 

sugar (Kg.38) than did Fraction 2. It was, therefore, thought not unreason

able to assume a connection between the acidic sugar predominant in Fraction 

3 and the glycolipid, represented by spot No.9 also predominant in Fraction

3.

To summarise, this sequence of columns successfully performed the 

fractionation required. The silicic acid effectively rid the mixture
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of all the neutral lipids, including free fatty acids, and the second 

fraction from the Florisil column contained a mixture of glycolipids

almost completely free from phospholipids. Following from this it was'

reasoned tr.at the mixture of glycolipids could he further resolved into

neutral and acidic glycolipids with the aid of DEAE cellulose column and

finally, a separation of the neutral sugar lipids effected using preparative

thin-layer chromatography, as was previously suggested (page 131 )•

5• Fractionation of the lipid mixture from bracken

using “both column and thin-layer chromatoaranhy.

A flow-sheet of the column sequence used to achieve the complete

fractionation of the glycolipids present in bracken is given in Fig.28.

From this it can be seen that instead of the normal elution system of

chloroform and methanol being used for the initial silicic acid column

it was decided to substitute the hexane--ther-chlorcform-methanol system

used by Lepage >,0 fractionate esterifiec st^ryl gluccside from potatoes(1673

In doing this it was hoped that if s similar glycolipid were present in
cbracken it too would be frationated.

A

The lipid mixture used for tis ex peri -a nt was extracted from freeze- 

dried bracken by blending with chloroform-methanol, 2: 1 v/v (G-.Ii. 1c).

This crude extract was purified, after solvent removal, by re-extract!.on 

with chloroform-methanol and dialysis against water (G.H. 1c). The weight 

of the lipid mixture obtained was 4*5g«

As was customary with all fresh lipid mixtures a preliminary carbohy

drate and phosphorus analysis was performed (G.k. 11c, 12c) (Table 37)
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Fig. 28
LIPID MIXFHHE (2 * 9 7g)

Is° silicic acid 
col m m

I---------
Hexane- 
ether 1:1 

2 015g 
P 0
CHO 0.15mg 
DISCARDED

T— —  
Hexane- 
ether 3:7

T
CHCI,

33mg 
P 0 
CHO 1o 2mg
DISCARDED

i iHexane- Hexane- 
ether 1:1 ether 3:7 

20mg
DISCARDED P 0

CHO O.lmg

0-M 19:1 
2 55mg 

P 0 o 7mg
CHO 9.4mp;

-gncl Q̂ xicic 
acid colum
i

MeOH
39 Orng 

P 4 oImgCHO 49 c 4rng

Spot 19 PE 1A 3-E ED

1
CHCI-z C-M 19:1 MeOH

35rng 14 Orng 20mg
P 0 P 0.4mg P 0.29mg
CHO 0o2rng CHO 8»3mg CHO 0.3rr

DISCARDED

Florisil
colurn

116mg
Spots 16+17 Spot 18 r ~

9 Omg
C-M 19:1
DISCARDED

C-M 2:1
13 Omg 

P 0. -Drug 
CHC 82«5rnjp;

MeOH
210mg 

P 2 © 8rag 
CHO 20ns:

DEAE cellulose 
column

DISCARDED

'C-M 2:1 C-M 2:1 -i1 5% HAc C-M 2: 1 + 5/o m  Cl
42ing 34mg 12mg

P 0 P 0 P 0
CHO 7*4mg CHO 4 9 3mg CHO 3* Orng

DISCARDED TLC

1 T f i r~
4m& 14mg 2mg 8mg 2 mg 10mg
Spot 4 Spot 11 Spot 14 Spot 1.6 Spot 2 Spot 9

Flow sheet for the fractionation of the lipid mixture from 
bracken using column and thin-layer chromatography. (Exp. 16)
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TABLE] 37

Analysis Mg/g

Carbohydrate 21}-. 0

Phosphorus 3.0

As can "be seen, the values obtained for this analysis were approximately

half that normally found for a lipid extract from freeze-dried rhizomes.

However two dimensional TLC of the mixture (G.M. 4) showed that all the

spots normally present were loca,ted (Fig.16). As this last fact was

considered to he most important it was decided to continue using this fresh

lipid mix t ire in the present investigation. No explanation can he submitted

as to why the carbohydrate and phosphorus values were so lo w in this case.

An initial fractional ion of 2.97g* lipid mixture was carried out

using a silicic arid column (G.ih. 7 ) (Exp. 16). The column was eluted with
, neutral

hexane-ether, 1: 1 v/v, to remove^lipids, followed lu h.exane-ether, 3; 7 v/v, 

to remove esterified steryl gluc.oside if present, next with chloroform to 

remove any remaining esterified steryl glucoside, followed by chloroform- 

methanol, 19: 1 v/v, to remove galactolipids and finally the column was 

eluted with methanol to strip off any remaining lipids still 'held by it. 

Fractions 2 and 3 were combined and subsequently reiwrred to as Fraction ? .

Samples of all four fractions were hydrolysed' (G.II. 3c) and analysed 

for carbohydrate and phosphorus content (G.M. 11c, 12c) (Tables 3Q and 39 )• 

The components of all four fractions were further investigated by 

two dimensional TLC on silicic acid (G.M. 4 ). The detecting reagents were 

those previously used; 2 0 perchloric acid, molybdenum/^ GO a.nci
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-naphthol (G.h. s) (Table No. 1, 2 and 3)*

From the above analyses Fraction 1 and 2 were shown to be composed 

almost entirely of neutral lipids and consequently were discarded.

Fraction 4 (253 mgs.) contained only a small amount, of carbohydrate 

(13.2/t) as well as less than one milligram (?•8/t) of phosphorus. TLC 

analysis of this fraction however did not detect any phospholipids and only 

spot Los. 1.6, 17, 18 and 1 9? all representing glycolipid components, plus 

a trace of spot No.20 (neutral lipid) were located. Spot No.19 gave here, 

for the first time, a positive reaction with bC -naphthol and as a result 

was considered to be a. glycolipid. This spot was not previously thought 

to be a sugar lipid, but perhaps being freed from contamination by neutral 

lipid had allowed it to be more positively identified with oC -naphthol 

in the present investigation. Figure 29 is a photograph of the separ&ti mi 

obtained for Fraction 4 using TLC. The spots were located with 2Cy 

perchloric acid. Fraction 4 was retained.

Fraction, 9 (39 Qmgs.) as can be seen from the results, was more complex. 

It contained the remaining glycolipid compounds (spot li'os. 4? 9 > 11/14 and 

16) as well as the ph.osphol.’ aids shown (Table 4-0 No.2) . 'lie majority of tlx 

carbohydrate (69.5/ ) was in this fraction but this was contaminated with 

phosphorus(4 6.0>,) . T.LLs fraction was also retained for further fractiona

tion.

This column had suceeded in removing all but a trace of neutral lipid 

from the mixture. A co ^"ete fiv ctior.ation was achieved between the 

glycolipid compounds in Fraction 4 and those in Fraction 5; Fraction A 

being almost exclusively glycolipid while Fraction 5 al-io contained a certain 

amount of phospholipid material.

Previous information (Exp.14 page 129 ) showed that a glucose contain

ing lipid not attached to glycerol was eluted ouf a silicic acid coin r
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TABLE 35

Fraction Weight'
(g)

Recovery
(?9

Analysis Weight
(mg)

Recovery 
CHO a P

1
Hexane- 
ether 1:1

2.13 72.2
Phosphorus 0 0

Carbohydrate 0.15 0.2

2+3
Hexane-
ether 3:7 
+ CHClx

0.033 1.1
Phosphorus 0 0

Carb ohydra te 1.2 1.7

4
C-M 19:1

0.253 8.5 Phosphorus 0.7 i -0 03

Carbohydrate 9.4 13.2

ex fcrj O 0) 0.39 13.1
Phosphorus 4.1 46.0

}
CarbohyO i.n j 49*4 69.5

Phosphorus and carbohydrate analysis of Fractions 1, 2 + 3> 4 and .5 
from first silicic acid column (Exp. lb).

TABLE 39

Weight
applied
(mg)

Weight
recovered
(mg)

Weight
recovered

(&

2970 lipid 2Q30 ’ 93.0

8.7 P 4.8 5-7.0

71.0 CIIO 60.2 84.5

Percentage recovery of lipid, phosphorus and carbohydrate from 
first silicic acid column (ExP. lb).
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Fig. 29

A

1

< 2 ~

Photograph of the two dimensional TLC analysis of 
Fraction 1 from the first silicic aci'd column (Exp. 16) 
showing spot Nos. 16, 17, IB and 19. The spots were 
located using 20/ perchloric acid,
Solvonts: 1 cnloroforra-methanol-.vater (65:25:1*. v/v),

2 diisohutyl ketone-acetic acid-water (80:50:10 v/v)
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near the start. It was decided therefore to rachromatograph Fraction 4 

on a similar silicic acid column as the previous one, in an attempt to 

fractionate further the four glycolipids present.

A fresh silicic acid column, 14. x 0 x 2.5cm. in dimension was prepared,. 

(G.M, 7 )* 25O mgs. from Fraction 4 were rechromatographed (Exp.16) using 

the same elution sequence as in the first silicic acid column.

Fraction 1 (ll.O mgs.) was discarded, being presumably all neutral 

lipid. The four remaining fractions were analysed for carbohydrate and 

phosphorus content in the usual manner (G.M. 11c, 12c), after hydrolysis 

(G.M. 5c) (Tables 41 and 4 2).

The four fractions were further analysed by the normal two dimensional 

TLC method (G.;l. 4). Again three reagents were used to detect the spots;

20/0 perchloric acid, molybdenum, and CX -naphthol (Table 43 ho. 1, 2 and 5 j  * 

From the results it can be seen that there was a significant degrra 

of success in separating one of the glycolipid components (spot bo,13; Tr-.m 

the other three (spot Nos. 16, 17 and IQ.). Fraction 2 and 3 were 

composed entirely of this single sugar-lipid, while the remaining three were 

confined, almost entirely, to Fraction 4 * A trace of phosphorus was still 

present in Fraction 4* However it was so small (0.23/- of the total fraction ) 

as to be considered negligible. It was in fact so small that no phospho

lipid compounds were detected by thin-layer chromatography (Table 43> bo.2).

Fractions 2 and 3 were combined, labelled Fraction 2 + 5  and retained. 

Fraction 4 was also -stained.

Fraction 5 contained a very small amount of carbohydrate but this was 

insignificant (3.5/0 and this fraction was discarded.

Figures 30 and 31 are photographs of the separations obtained by TbC 

analysis "of Fraction 2 + 3 and Fraction 4 respectively. The spots were
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TABLE 41

Recovery 
CHO a P’eight

(mg)
Recovery .n a lysisF racci on

20,0Hexane- 
ether 1 Carbohydrate 0.1

Phosphorus
35.0CI7C1

Carbohydrate

60.0
61.0

0.20
20.0

Phosphorus and carbohydrate analysis of Fractions 2, 3, 4 and 5 
from second silicic acid column (Sxp. 16).

TABLE L2

Weight
applied
(mg)

[
Weight
recovered
(mg)

Weight
recovered
W )

230 lipid 226 98.2

0.67 P O .69 101,5

8.6 8.9 105.7

Percentage recovery of lipid,- phosphorus and carbohydrate from 
second silicic acid column (.Exp. 16).
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Photograph of the two dimensional TLC analysis of 
Fraction 2+3 from the second silicic acid column (Exp. 16) 
showing; spot No. 19. The spots were located using 20/ 
perchloric acid,
Solvents: 1 cnioroform-methanol-./^ter (of:2.5:4- v/v),

2 diisobutyl ketone-acetic acid-water (80:50:10 v/v).
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FiC. 31

Photograph of the two dimensional TLC analysis of Fraction 
from second silicic acid column (Exp* 16) showing spot 
Nos. 16, 17 and 18. The spots were located using 20/ 
perchloric acid.
Solvents! i chloroform-methanol-water (68:25:4 v/v),

2 diisobutyl ketone-acetic acid-water (80:50:10

4

v/v).
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located with 204 perchloric acid.

It will he recalled from the first silicic acid column in this 

fractionation (fable 58) that Fraction 5? while containing the majority of 

the carbohydrate (o9*5/'J) in the form of the remaining glycolipids (repres

ented by spot bos. 4? 9j 11, 14 and 16) also contained a quantity of 

phosphorus (4*lmg. or 464). it was decided therefore to attempt the 

removal of this phosphorus contamination with the aid of a magnesium 

silicate column.

348E3gs. of Fraction 5 From the first silicic acid column (page 142 ) 

were fractionated on a column of Florisil (O.K. 7) using the following 

stepwise elution .sequence (Exp.16) chioroform-methanol, 19: 1 v/v, 

chloroform-methanol, 2: 1 v/v and finally the column was eluted with 

methanol. CJhlcrof orm-methanol, 2: 1 v/v, was substituted for chlorof orm- 

methanol, 1 ’ 1 v/v, normally used to elute the second fraction, to ensure 

that as 1? o.-le phosphorus as possible was washed from the column.

The amount of material in Fraction 1 was so small (less than 24) that 

it was discarded. The remaining two were subjected to the usual carbohy

drate and phosphorus analysis (G-.4. 11c, 12c) (Tables 44 and 45). The 

results showed that most of the phosphorus (2.Smg. or 78/-') was eluted in 

Fraction 3> which was* subsequently discarded. Fraction. 2 was also subject 

to analysis by two dimensional TLC (G.h. 4 ) (Table 46).

The results indicated that this column was largely successful in 

removing the phosphorus from the lipid sample applied to it. Fraction 

2 while containing only half (5I.C4 ) of the carbohydrate applied to the 

column, contained next to no phosphorus(0.Smg. or 13*9/)* T]X analysis 

also showed that only two phospholipid spots were weakly located, while 

all the mlycolipid spots (11 os .4 ? 9» llj 14 and 16) were- easily detected.
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TABLE U l

■

Fraction
i

3 
ro c+ Recoverv 

f “\ /-V

Analysis V/ eight 
( m g)

Recovery 
CHO ct P

(hO

2
C-M 2:1 130 37.5 Phosphorus 0.5 13 .9

C arbohydrat e 22.5 51.0

3
MeOH 210 60.0

Phosphorus • 2.8 78.0

G arbohydrate 20.0 45.0

Phosphorus and carbohydrate analysis of Fractions 2 and 3 from 
magnesium silicate column (Exp. 16).

TABLE 45

Y/eight 
applied 
(mg)

Weight
recovered

(mg)

Weight
recovered
(4)

• 3h.Q lipid o 97.5

3.6 P 3.3 91.9

44.1 CHO 42.5 .96.0

Percentage recovery cf lipid, phosphorus and carbohydrate from 
magnesium silicate column (Exp. 16).
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Also present in Fraction 2 were severs! spots near the origin of the 

TLC plate which gave a positive reaction vrith cL -naphthol. These spots

were, however, only very faintly detectable.

It was decided therefore that as Fraction 2 was composed almost 

entirely of the glycolipid compounds under investigation and as only a 

very small amount of phosphorus contamination was present, no further 

attempts at removing the 0.5mgs. phosphorus left would be carried out.

This fraction was retained. Figure J2 is a photograph of the separation 

obtained, of Fraction 2 using two dimensional TLC and 2Gy perchloric acid 

to detect the spots.

Fraction 2 from the Florisil column as previously stated contained 

five glycolipid compounds (represented by Nos. 4» 9» 14 and 16).

From the results of previous experiments ;Exp.15) the glycolipid represented 

by the spot No.9 was believed to be acidic, and possibly a sulpholipid.

It was decided therefore to try and separate it from the others with the 

aid of a DEAF cellulose column. 93*Lmgs. of Fraction 2 from the Florisil 

column (page 15l) v/ere fractionated on a DEAF cellulose column, 20,0 x 2.5cm. 

in dimension (G.E. 7) using the stepwise eluuion sequence of Svennerholm 

as described in the introduction (page 60 ).

The three fractions obtained were analysed in the usual manner for 

carbohydrate and phosphorus (G.LI. 11c, 12c) (Tables 47 acd 42) and also 

their composition was investigated by two dimensional TLC (G.I1. 4 ) (Table 

49 j Nos. 1, 2 and 5).

The results indicated an almost complete separation, of the charged 

glycolipid from the rest, the former being the only compound definitely • 

located in Fraction 5? while the latter were wholly confined to Fraction 1.

A very fa'int trace of spot No.9 was located in Fraction 1 by the li.C
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2

Photograph of the two dimensional TLC analysis of Fraction 2 
from the Florisil column (Exp, 16) showing the glycolipid 
spots, Nos. 4, 9, 11, 14 and 16. All the spots were located 
using 20/ perchloric acid.
Solvents: 1 cu-.oroform-methanol-v'otyr- (65:25:4 v/v),

2 diisohutyl ketone-acetic acid-water (80:50:10 v/v).
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TABLE 47

Fraction V/ei !Vht11 -  O
(mg)

Recovery
(W

Analysis Weight
(mg)

Recovery 
CHO a P

(50

1
C-M 2:1 42.0 45.0

Phosphorus 0 0

Carbohydrate 7.4 46.0

2
C-M 2:1
+ 5,:i  HA c

34.0 56.5 Phosphorus 0 0

Carbohydrate 4.3 26.0

3
C-M 2:1 
+54 LiCl

12.0 12.9 Phosphorus 0 0

Garb ohydra t e 3.0 18.0

Phosphorus an0 carbohydrate analysis of Fractions 1, 2 and 3 
from DSAE cellulose column (Exp. 16).

TABLE 48

Weight
applied

(mg)

Weight
recovered
.(mg)

Weight 
rec nered

(50

93*0 lipid 88.0 94.5

0.34 P 0 0

16.1 CHO 14.7 91.2

Percentage recovery of lipid, phosphorus and carbohydrate from 
DEAE cellulose column (Exp. 16).
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analysis (Table 49)* Fractions 1 and 5 were retained.

Fraction 2, while containing a considerable quantity of sugar (over 

25/6) did not reveal any worthwhile information as to its composition 

from the 'TLC analysis and was, as a result, discarded.

No phosphorus v/as detected in Fraction 1 or 3 Ly either King’s method 

or by TLC analysis using the molybdenum/ reagent specific for phos

pholipids .

Figures 53 and 34 are photographs of the separations obtained by 

TLC of Fractions 1 and 3 from the DEAS column. It can be seen from these 

photographs that the charged glycolipid(spot No.9) was present almost 

entirely in Fraction 3 «

The fact that this LEAF cellulose column fractionation was successful, 

while previous ones (Exp. 6 and 8) resulted in a degree of cross-conturin

ation of the fractions, may be due to the very small load (93*Cmgs. to 20g, 

DSAB cellulose) used, and also to the fact that it had. been extensively 

purified beforehand by previous column techniques. This therefore supports 

Houser's view that this medium has a very low capacity (160, 161)«.

The purpose of the successive column chromatography performed was 

twofoldj firstly to rid the total lipid mixture of eunuch non-glycolipid 

material as possible ( piospholipids and neutral lipids) while still retain!r.. 

all the sugar-lipids intact, and secondly to'attempt a fractionation of the 

glycolipids into individual compounds or groups of compounds as free from 

cross-contamination as possible.

In summarising, therefore, as far as the first goal v/as concerned the 

two silicic acid columns removed all the neutral lipids, while the magnesium 

silicate column removed t ,e majority of the phospholipid material, the 

amount left falling continually with subsequent chromatographic experimen-
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Fig. 35

/

Photograph of the two dimensional TLC analysis of Fraction 1 from the 
LEAF cellulose column (Exp. 16) showing spot Eos, 9 (faint trace) , 11, 
14 and 16. The spot* were located using 20/ perchloric acid.
Solvents: 1 chlorof omi-methanol-water (of; 25:4 v/^),

2 diisobutyl ketone-acetic ^nid-water (80:50:10).

Fig. 34

Photograph of the two dimensional TLC analysis of Fraction 3 from the 
LEAS cellulose column (Exp. 1.6) showing spot Los. 4 (trace), and 9* 
Solvents: 1 chioroform-methanol-water (65:25:4 v/v),

2 diisobutyl ketone-acetic acid-water (90:50:10).
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TABLE 51 •

Fraction
Weight 
(mgo)

2+3, 2nd 
silicic 
acid column

30

4, 2nd 
silicic 
acid column

130

1, DEAE 
cellulose 
c olumn

40

5, DEAE 
cellulose 
column

10

Summary of the weights of the fractionate 
glyc d i p -1’ A sample s c (Exp * 15).
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tat ion until no noticeable amount v/as detected*

A summary as to how far the second goal v/as achieved is given- in Tables 

50 and 5 1® It can he seen (Table ) that the suspected glycolipids

v/ere resolved either completely or into smaller groups, thus facilitating 

attempts to obtain pure samples of each.

The three fractions retained from the column fractionation which 

contained more than one glycolipid compound, v/ere further resolved by 

preparative thin-layer chromatography (G- .It. A) . The bands of separated 

compounds v/ere located using a Hhode.mine 60 spray and observation in U.V. 

light (Han0via Chromatolite) (G.NC. 5)® Seen band v/as collected and eluted 

off the silicic acid using the apparatus shown in Tig.35 which, operating 

under suction, removed the coating of silicic acid from the glass plate.

In each case a preliminary test was carried out using a 10 x 20 cm. plate 

in which the bands v/ere located visibly with 20/c perchloric acid (C-.m. 5 )® 

This was to determine the correct quantities to apply to the plates in each 

case for optimum resolution of the mixture. Figure yj6  is a photograph of 

such a test performed cn a sample of Fraction 4 from the second silicic aci< 

column. This sample contained three glycolipid compounds, represented by 

Nos. 16, 17 and 18. The top band in Figure J>6 is No. 18 and the lower, 

larger band is Nos. 16 and 17 combined.

This preparative TLC separation v/as performed on the following samples; 

Fraction 4 from the second silicic acid column, Fraction 1 from the IA1AE 

cellulose column and Fraction ? also from the BFA2 cellulose column. r'he 

separation of Fraction 4 from the second silicic acid column (Fig. 37? No.l) 

produced two separate bands as previously mentioned; the topmost contained 

the glycolipid represented as No.18 and the lower was composed of a mixture 

of the other two glycolipids, Nos. 16 and 17. Fraction 3 From the DEAF
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Fig. 35

Ground gla 
j oint Capillary

Sintered glass 
filter

V acuum

10ml. R.B. flask

Apparatus used for removing spots from preparative 
thin- layer platese



Preparative TLC. Photograph of a trial run carried out using 
Fraction 4 obtained from the second silicic acid column 
(Exp. 16). The bauds vere located using 20.' perchloric acid.
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Fig* 37

18
16+
17

•..1 S  S  S S *

Fraction 4 from second Fraction 3 from DEAE
silicic acid column. cellulose column©

No, 3
Fraction 1 from DEAE-' 
cellulose column.•

Preparative TLC of partially fractionated glycolipids 
after successive column chromatography. The glycolipid 
bands are numbered as in n TOTAL LIPID MAP” (Fig.16, No« 2).
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TABLE 52

Spots numbered 
as in "TOTAL 
LIPID MAP11, 
(Fig0l6 No.2).

Weight 
(mg*)

2 ? 2

4 11

9 10

11 14

14 2
16 8

16 + 17 116

18
" ' r " ' 4 !

90
19 34

Weights of fractionated glycolipid.s after successive 
column chromatography and preparative thin-layer 
chromatography. (Exp. 16).



U 7cellulose column was completely resolved (Fig. 37 > No.2) and a pure 

sample of the changed glycolipid (No.9 ) v/as obtained. Fraction 1 from 

the DHAH cellulose column was not so simple. Four separate bands were 

obtained (Fig. 37? bo.3) but the top two, Nos. 16 and 14 were not completely 

separated from each other. However, No.11 and No . 4 were* and pure samples 

of each were collected. Bands 16 and 14 were collected as one and rechroma

tographed to obtain a better separation. They were then collected 

separately.

Table 52 summarises the g’lycolipid compounds so far obtained in a 

pure form from this experiment.

6 . GLC Analysis of the surar content of the glvcolinid compounds 

obtained fron t'~ e ureviors coin?n_ and TLC fractior.ation.

As was previously stated at the beginning of Section B, the intention 

of this set of experiments was to obtain a pure sample of each suspected 

glycolipid compound, followed by the ccvh 1 mat ion of the presence of 

carbohydrate in each sample. Since some of the samples obtained were very 

small it v/as decided to use gas-liquid chromatography as the preferred method 

for sugar analysis because of its greater sensitivity.

Each glycolipid sample was dissolved in chi oroform-metHanoi, 2: 1 v/v. 

Half of each v/as taken and the residues, after solvent removal, were hydr- 

lysed with ethanol-chloroform - 5b HC1 (G.it. 3c). The remaining halves 

were retained for fatty acid analysis. The hydrolysates were extracted 

with n - hexane and water successively. Tne aqueous phases, containing 

any water soluble compounds sucu as sugars, were reduced to dryness under 

vacuum, and the residues thoroughly dried by washing with dry methanol 

(G.M. 6). The sugar residues were then converted, in the usual manner, 

into their trimsthylsilyl derivatives with a 2: 1 v/v mixture of hexanethy1- 

disilazane and trimethylchlorosilane (G.N. 15).

Standard sugars were converted into their TINS derivatives in a
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Sugar An omers
Rt0 rol 
to cl 
g l u c o s e  
( s t d )

Glycerol 0 . 0 6 9

Ara binose' P 0 . 4 2

U Co

I|i

O
Fucose a 0 . 5 2

Xylose a 0 . 5 9

i t P 0 . 7 0

Manrose a 0 . 8 3

i i P 1 . 0 6

Galactose a 0 e9 4

fi
P /

Glucose a 1 . 0

1* P 1 03 3

Rt. values for standard sugars obtained by 
GLC analysis on an SF-30 column.
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TABLE 54

Sample, 
as in 
nLIPID 
MAP”

Peak
Rt. relativ 
to o, glue os 
(std.,
TABLE 53)

1■e
Q Main
peaks

Possible 
identif A cat3

1 0.07 Glycerol
No, 4 2 0.255 + ?

5 0.60 + a xylose
1 0.069 + Glycerol
2 0.256 9

3 0.43 (3 arabinose
BN o'. 9 4 0.60 r a xylose

5 0.82 o, mannose
6 0.95 + a galactose

7 1 c40 9

1 0,071 + | Glycerol
2 0.26

!
9

3 0.43 (3 arabinose
No. 11 4 0.59 + a xylose

5 0.82 + a mannose
.....  I

6 0.89 9

GLG analysis of sugars obtained from fractionated 
glycolipids in Exp* 16* The Rt* values obtained 
were compared with standard sugars (TABLE 55).
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TABLE 54 ( c o n t d j

-No 0-11-
7 0.93 + a galactose

8 10 4- C 9

1 0.26 ?
NOo 14"

2 0 c 60 a xylose

1 0.255 + 9

2 0.59 + a xylose
3 0.95 + 0, galactose

NOo 16 4 1.0 + a glucose
5 1 o21 9

6 1 o 33 (3 glucose

7 1.60 9

1 0.257 + 9

No0 16 0.59 + a xylose
+17

o 0.93 + a galactose

4 1.0 + a glucose

1 0.257 + 9

Nn 18
2 0.59 + a xylose

5 0.93 a galactose
4 1.32 P glucose

PTO
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TABLE 54 (contdj

1 0.072 + Glycerol
2 0.26 9

3 0.60 + a xylose
NOc 19

4 0.93 + a galactose
5 1.0 a glucose

6 1 o 32 (3 glucose
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similar manner (G.Ivl. 15 )♦

A commercial Pye IO4 dual flame ionisation chromatograph was used 

for the analysis (G.L. 16). The separations were performed using glass 

columns, 152.0 x 0.4cm. in dimension, containing 2.5cp  S.E. fO (Applied 

Science Lab, Penn., U.S.A.). The columns were packed using freshly 

pre pare d mate ri a1 (G.M , 15).

1 to 10 y  1, samples of the TSSderivatives of the unknown mixtures

were injected into the top of the column. The separations ’were carried 

out using temperature programmed conditions of 130-160° with a linear rise 

in temperature of 2 /min. The separated compounds were recorded automatic

ally as peaks using a Smiths Servoscribe recorder.

Samples of the standard derivatives were also run under exactly

similar conditions as the unknowns.

The retention 'times of the unknown t oaks and the known peaks were 

calculated relative tocA-glucose (Tables fx and 5'A) •

The chromatographic separation of the unknown sugar mixtures was 

repeated but included this time in each case was an internal standard of 

pC - glucose.

Figure 38 shows the separation obtained for the sugars present in the 

glycolipid sample from spot Po.ll.

The results ('Table 54) indicated that no single sugar could be assigned 

to each glycolipid sample. Several sugars were identified for each sample 

analysed, indicating even yet, a degree of crosscontamination between the 

samples.

As many of the sugars were detected only in trace amounts, column 

three in Table 54 was compiled to show the main peaks obtained from each 

sample analysed. Although this helped to clarify the rather complex 

results obtained, before any definite conclusion as to the identity of the



GLC 
analysis 

of 
the 

sugar 
content 

of 
fractionated 

glycolipid 
spot 

No. 
11. 

The 
separation 

was 
performed 

on 
an 

SE-30 
column 

using 
temperature 

programmed 
conditions 

of 
130-160° 

with 
a 

linear 
rise 

of 
2°/min« 

(TLBLE 
54).
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glycolipid samples could be made and also before any of the sugars found 

could be said definitely to be part of the structure of the various

glycolipid compounds, further confirmatory studies would be necessary. 

Unfortunately lack of time did not permit these to be performed.

This series of investigations, however, did confirm the results 

'obtained from the GLC analysis of the total sugars present in. the lipid 

mixture. All the sugars found then were also detected, to a greater or 

lesser extent, in this investigation. The following differences were 

however noted. In the present investigation only one fast running , 

component (Rt.0.255) was found, whereas previously (page 103 ) two fast

running unknowns were detected (Rt.0.155 and 0.245 respectively). Since 

the retention times.0.255 and 0.245 are very similar, it may be that it is 

the same sugar in each case, but in the present investigation only one 

anorner was found while in the analysis of tra total sugars two were found.

Peak 7 (At. 1.4^) In the sugar analysis of the acidic glycolipid 

(spot No.9) v/as not thought to be the charged sugar under investigation.

The component represented by peak 7 v/as found only in small amounts whereas 

previously conducted paper chromatographic studies has indicated that thi , 

sugar was' a major component in the mixture. The total sugars present in 

the lipid mixture were separated on an 0.8. 30 column under programmed 

conditions of 160-120° (page l o o  ). This produced a much slower (At. 2.85) 

and larger peak (No.ll). It was considered that this component fitted the 

requirements of a charged sugar present j n substantial quantities, more than 

peak No.7 in Table 54• Unfortunately there v/as not sufficient quantities 

of this particular glycolipid left, to enable further studies into this 

aspect of the work to be carried out.

The*"fact that the unknown fast running peak (At. 0.255) and also 

ck -xylose (Rt.O.56’) were nearly always present, in every sample
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cannot be. explained.

In conclusion, although the' column and TLC studies previously 

conducted indicated that each sample was relatively pure, the GLC analysis 

appeared to indicate otherwise and that there was still some degree of 

cross-contamination. As a consequence the results obtained were complex. 

This fact and some unexplained observations imply that much more work is
i

required before definite conclusions can be made concerning the sugar 

content of each glycolipid compound,

7 • Investigation, into the fatty acid content of the total ’

lipid mixture and, also the individual glycolipid mixtures.

A preliminary qualitative analysis into the fatty acid content of 

the total lipid extract v/as carried out. This was followed by an exam

ination of the fatty acids present in the glycolipid samples obtained from 

the column end preparative thin-layer chromatography experiment. (2xp.l6).

A lipiu mixture of 500 mgs, from freeze-dried rhizomes wore 

with dry methanolic HC1. (20l) (CJ.ii. 15b), The methyl esters of the fatty 

acids formed were extracted from the mixture with n - hexane, which was 

reduced in volume on a steam bath and samples uvocl. for the analysis,

A commercial bye 104 dual flame ionisation detector chromatograph 

was used for the analysis (G-.'.i. 16). The separation was performed using 

glass columns, 152.0 x 0,4cm. in dimension, ..packed with a. polar phase 

of l O y  ethylene glycol adipate, TGA ( 2 0 2 ) .  The columns were packed using 

freshly prepared material (G.jf. 15),

•1 to 10̂ -1 samples of the unknown fatty acid mixture were injected 

onto the column and the separation carried out at an isothermal temperature 

of 180° (202). The separated components were recorded automatically as 

peaks on a Smiths Servoscribe recorder.
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TABLE 55

Possibl
ident«
iflcat?1

Rt® relat 
ive to 
methyl 
pa Imitate.

Peaks Main
peaks

12:0 0.27
14:0 0.516 14:00.52

0.71 15:0
16:0 16:0

17:0

17:1
18:0

18:1

18:22 o 6618:2 2 o b9

18:51018:5 5.48
11

~ ~r12

14

15

GLG of fatty acids (methyl esters) on IOMEGA at 180°. 
Rtc values of standards and unknowns obtained after the 
transesterification of lipid mixture from bracken with 
0.5N dry methanolic H01o
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The methyl esters of standard fatty acids were prepared using 

ethereal solution of freshly prepared diazomethane at 0°c. (202) (G.h.ISb), •

and run under exactly similar conditions as the unknown mixture.

figure 19 is the separation obtained of the total fatty acid content 

of the lipid mixture.

The retention times of the unknown peaks and the standard peaks 

were calculated relative to methyl palmitate, and compared (Table 55).

As the results indicate, a whole series of acids were detected but 

the major ones were easily identified as palmitic, linoleic, oleic, lino- 

lenic and stearic acid. Any others detected were present only in trace 

amounts.

The remaining half of the individual glycolipid samples obtained 

from the column and preparative TLC (pagel67) were hydrolysed, after solvent 

removal, wi+h dry methanolic HCl (G.I.I. 4c), and the methyl esters of the 

fatty acids extracted with n - hexane as before, and used for the analysis

(e.u. 16).
1 to 10^-1. samples were used for the separation using again a column 

of 1G> EGA and t: i isothermal temperature of 180° (202).

A comparison of the retention times of the unknown components with 

those for standard fatty acids (Table 56) showed that several fatty acids 

were detected for each glycolipid sample analysed, however, a great many 

of the acids detected were present only in'trace amounts. when only

the major fatty acid components were'taken into account a much clearer 

picture was obtained (Table 56, Col 3). In doing this it was possible 

to assign to each glycolipid sample definite major fatty acid components.

V/ith one exception no fatty acid v/as detected in the analysis of the 

individual.-glycolipid samples (Table 56) which was not also detected in trie
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TABLE 56
Samples 
as in “LIPID 
MAP11

Peak
Kt* relativ 
to methyl 
paImitate 
(TABLE 55)

t
3
Main
peaks

Possible 
identificatn •

1 0,265 12:0

No. 4 2 0,515 14:0
3 0,713 15:0

4 1.0 + 16:0

1 1.0 + 16:0
No. 9 2 2.17 -f 18:1

5 2 © 66 18:2

1 1,0 16:0

No, 11 -
2 1© 37 17:0

3 2.14 + 18:1

4.....  i 2,62 18:2

1 0.71 15:0
2 1,0 + 16:0

No© 14 3 1,35 17:0

4 l o8g  . 18:0
GLC analysis of fatty acids (methyl ^sters) ooLained 
after the transesterification of the glycolipid samples 
obtained from Exp, 16, with 10# dry methanolic HOI,
Rt0 values obtained were compared with standards*

PTO
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TA Buh; 5 6 (c on td •)
18:2w o © 14

12:00.265
14:0
15:00.71

16:01*0
17:0

18:0
18:1

18:2
20:0 ?

14:00.51

15:00.71
16:0
17:0

NOe 16 
+ 17 18:0

18:12 o 16
18:2

4.58

14:00.507

PTO
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TABLE 56 (contd.)
2 0.705 ] 14:0

3 1.0 + 16:0
4 1.37 17:0

5 1 *92 18:0
No 3 18 6 2.15 + 18:1

7 2 c 65 + 18:2

8 , 3.45 + 18:3
9 9 ?
10 9 9

11 ? 9

1 0.26 12:0

2 0.385 9

5 0.508 14:0
4■. i

0.715 15:0
No# 19 i

5 1.0 + 16:0
6 1.38 17:0
7 1.92 + 18:0

i | 8 2.15 + 18:1
9 2.64 4* 18:2
10 3.46 18:3
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fatty acid analysis of the whole glycolipid extract (fable 5 5 )« The 

one exception to this being a twenty carbon fatty acid, which appeared to 

be present in sample ho.16 (identified by comparison of the results with 

published da.ta (202) ). This acid was not detected in the analysis of

the whole glycolipid extract.

As can be seen from Table ^6 the number and proportion of the major 

fatty acids in each sample varied considerably. However, because of the 

purely preliminary nature of this experiment no attempt was made to ascertain 

any structural characteristics of the glycolipids involved.

As well as the twenty carbon acid observed in ho.16, several other 

long* chain acids were detected in other glycolipid samples and in the whole 

lipid sample. Unfortunately time did not permit any further work to 

identify these acids.

8. A comparison of

polys as if- erlde . and colipid fractions .extrac bed from 

bra eke n rhiz ome s.

At this terminal stage therefore a comparison was made between sugar 

content of the bove three biochemical fractions from bracken as v/as sugg

ested in the introduction to this thesis. T-iis is done in Table 57 •

Column one gives the sugar content of the nucleotide fraction (3), column 

two the sugar content of the polysaccharide fraction as reported in Part 1 

and column three the-sugar content of the glycolipid fraction as reported 

in Part II of this thesis.

All three fractions did not contain the same sugars. however in 

attempting* to demonstrate a connection between the nucleotide, polysaccharide 

and glycolipid fractions it is not essential that all three have a compile tel;,

similar sugar content. hence in the present context the nucleotides contain

ing N. - acetyl glucosamine and rhamnose and the glycolipid containing G -
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TABLE 57

Sugars found 
in nucleotide 
fraction

Sugars found in 
polysaccharide 
fraction

Sugars found 
in glycolipid 
fraction

D-galactose D-galactose D-galactose

L-arahinose L-arabinose L-arabinose

D-xylose D-xylose D-xylose

L-fucose ? L-fucose

D-mannose D-mannose

D-glucose D-glucose * D—glucose

TJronic acid

■ 6-sulpho-a-B- 
quinovo-r’ ranose

N-acetyl- 
glucosamine

L-rhamnose
.......  ' |

i
Unknown

A comparison of the sugars found in the nucleotide, 
polysaccharide and glycolipid fractions from Bracken rhizomes. 
* trace.
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- sulpho D - quinovo pyrs.no3e are irrelevant, as these sugars do not

appear as structural units of the mucilagenous polysaccharide.

If however, certain glycolipids, along v/ith nucleoside diphosphate 

sugars do play a role in the biosynthesis of polysaccharides, then it 

would he important to show that the sugars found in the polysaccharide were 

also present in the other two fractions. This is the case v/ith D - galacto 

D - xylose and L - arabinose• 'The uronic acid component of the polysaccari 

was not present in either of the two other fractions. However its presence 

in the polysaccaride could result from enzyme oxidation of eituer glucose 

or galactose, depending on whether it v/as a glucuronic or galacturoric acid.. 

Marnose was present in the polysaccharide and glycolipid fractions but not 

in the nucleotide fraction, while fucose was found in the polysaccharide awl 

nucleotide fractions but not in the glycolipid. As stated in the intru no

tion to this thesis it v/as thought that if L - fucose could be shown 1 c be 

present in all three fractions this would be strong evidence of a link bet..ve- 

them. That it was not found in the glycolipid extract was therefore disapp 

ointing, but this, on the other hand, was not considered proof that there is 

no connection between the three fractions. It may well be present as part 

of a glycolipid but v/as not extracted or was extracted in such small amounts 

as to remain undetected.

A certain similarity therefore does exist between trie sugar content of 

tie polysaccharide and that of the nucleotide and glycolipid fractions. 

However it is certainly not close enough to enable a definite statement to 

be made concerning a possible connection between them. Further research 

into this particular aspect of polysaccharide synthesis would be worthwhile. 

This work could involve the isolation of glycolipid fractionsard their use 

in enzymic experiments in an attempt to synthesis polysaccharides in vitro,
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Because of the objectives set out in the introduction of this thesis, 

the work performed v/as of necessity general in nature. Consequently 

more specific topics of interest which arose during the work were unable 

to be pursued fully, because time did not permit,. Such topics included: 

in Part 1, the more detailed structure of the mucilagervus polysaccaride; 

in Part II, the problems associated with the extraction of the lipid material 

from bracken and also a study in depth of the individual glycolipids in turn 

as opposed to en masse, in particular the more unusual sugar-lipids suspected 

of being present such as sulpholipid and steryl glycoside. However, 

interesting as they were, it v/as decided that the pursuit of such studies 

could only be minimal if the main aims stated were to be realised.
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GSMtAL lAThCUG 

1, EXTRACTIOU HfThODO (LIPIDS)

a) 3.0kg* washed "bracken rhizomes were chopped into lengths of 

one inch. These v/ere "blended ir. four separate lots v/ith a total 

of 12.0 litres methanol using a high speed Waring "blender (Waring 

Products Corporation, Winstead, Conn., U.S.A.). The resultant 

mixture was filtered under suction and the filtrate reduced to 

2.0 litres using a large scale vacuum distillation apparatus 

and finally this was reduced to dryness "by rotary vacuum 

distillation at a temperature not more than 45°. The syrupy resi

due v/as then extracted by refluxing v/ith 2p0 ml. chloroform-methanol,

2: 1 v/v. This v/as filtered under suction and the filtrate placed 

in a 400 ml . beaker which v/as subsequently placed, inside a 1 5 .0 litre 

container. The outside container was slowly filled with deionised 

water, and the system left for twenty-four hours. The small beaker 

was removed and the chloroform layer collected after filtration, 

with the aid o4- a separating funnel. The lipid mix4'ire was recovered 

by rotary vacuum cistillation, redissolved in 100 ml. water, filtered 

and the purification step repeated v/ith a further 10 litres water.

The weight of the lipid mixture obtained v/as 4»7g*

b) The powdered bracken preparation (freeze-dried or heated at 110°)

was packed into a glass column, 16.0_x 60.0 cm. in dimension, with a

fat free cotton wool plug at the bottom. The powdered bracken was

eluted with a total of 40 litres hot chloroform-methanol. 2: 1 v/v.

The eluant was reduced to dryness by large scale vacuum distillation
ofollowed by rotary vacuum distillation at 45 . The crude lipid residue 

was extracted with chloroform-methanol, 2: 1 v/v (200 mb) by shaking in
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a flask* This v/as filtered, reduced to dryness by rotary vacuum 

distillation, and the residue re-extracted by shaking it with lOQm.l 

chloroform-methanol, 2:1 v/v, in a flask. This was filtered, the 

filtrate placed in a dialysis sac and immersed in *10 litres deionised 

water with continuous stirring by a magnetic stirrer. The water was 

changed four times over a period of sixty hours. After this time the 

contents of the sac were filtered under suction and the filterate made 

homogeneous by the addition of methanol, with stirring. This v/as 

reduced to dryness by rotary vacuum distillation at 45° to yield the 

purified lipid mixture.

c) The chopped bracken rhizome preparation (fresh or freeze-dried) 

was blended with chloroform-methanol, 2:1 v/v (2 - 1 0  litres), in a 

high speed haring blender. The mixture v/as filtered and the filtrate 

reduced to dryness by 3orge scale vacuum distillation followed by 

rotary vacuum distillation (occasionally the msidue from the filtration 

was re-extracted by blending with chloroform-methanol, 2:1 v/v (5 !•), 

filtered again and the filtrates combined.) The crude residue was 

dissolved in 200m3. chloroform-methanol, 2 :1 v/v, by shaking in a flask, 

filtered, and tie filtrates taken to dryness by rotary distillation at 

45°. The residue v/as ‘-..again dissolved in chlorof orm-methanol 2:1 v/v 

(100ml.), filtered and the filtrate dialysed against 10.0 litres deionised 

water, v/ith constant stirring. The water' was changed four times over 

a period of approximately 46-60 hours. The contents of the dialysis 

sac were filtered and the filtrate made homogeneous by the addition of 

methanol with stirring. This solution was reduced to dryness by rotary 

vacuum distillation at 45°, to yield t.ie purified lipid mixture.
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G . In ♦ 2 . RTOl CLloIi.G Oc' IQn-H CH-vi GH R . 131 RE.

a) Amberlite lit. 120. !.**, 2C0g. of this resin v/ere recycle to 

give the hydrogen form by washing successively v/ith 3*0 litres N la OH, 

distilled water to neutrality, IT HC1 and finally with distilled water 

again until the supernatant had a pH of 7.0.

b) Dowex 1 , 1-4/h 200 - 4.OO mesh, CH C00a200g. of the resin were

prepared by washing successively v/ith 3.0 litres N Ha OH, distilled

water to neutrality. IT CH ;C00H and distilled water to neutrality.
, j

c) Biodeminrolite Hixed Bed Resin. This resin v/as used as obtained 

from the bottle, after it was thoroughly washed with distilled water 

to ensure the removal of all water soluble impurities•

G.I.I. 3  HFTHODo OF HYDROLYoIS____

a) 1.5-211 sulphuric acid. Up to 2g. o" the material was refluxed 

for two hours vrl.it. 50ml. 1,5-211 II SO., /'he cooled hydro lysate was
2 4

neutralised by she addition of fine mesh fa '-O... Filtration and2
centrifugation, to remove the barium sulphate and excess barium carbonate, 

followed.

b) ] . .5 - 2N sulrhurlc acid- 2g. of the racerial were refluxed for 

two hours with 50ml. 1.5 - 2N II 30^ . The cooled hydrolysate v/as then 

neutralised by the addition of a slight excess of barium hydroxide.

The pH v/as then brought back to neutrality by. bubbling gaseus 00 

through the solution. This v/as then filtered and centrifuged.

c) A sample of the material, up to 2g., was refluxed with 50ml. ethanol- 

chloform - 5N HC1 , 7 ,4 : 6: 3, for two hours. The hydrolysate was 

reduced to drynessv by rotary vacuum distillation at a temperature not 

more than 50°. The residue v/as then extracted with water and/or 

chloroforA and filtered. For the quantitative determination of
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carbohydrate and phosphorus in lipid samples a known weight of the 

sample v/as hydrolysed with ethanol-chloroform - 5^ hCl, 7 */t 6 :3 v/v,

(5 —50ml.) for 2 .0 hours. The hydrolysate was reduced to dryness by 

rotary vacuum distillation at a temperature not more than 50°. The 

residue was extracted with a known volume of deionised water (lO-^Qml.), 

and chloroform (30ml.). The aqueous phase was collected after standing 

for several hours, with the aid of separating funnel. A known volume 

(l-lOmls.) of the aqueous extract was diluted to a standard volume in a 

volumetric flask (100 -f00 ml.) and 1 .0ml. samples pipetted from this 

for the carbohydrate or phosphorus analysis (G.1I. 11c and 12c).- 

Occasionally where the phosphorus concentration was low, samples were 

taken directly from the aqueous extract for the determination.

G .II. 4 I-APiJR Aid) THIk-LAYdR Ch'RO7 ATQC11A.P.-IT

a) One dinensiu:?.! rarer chrom.atograph?.-. Paper chromatography was 

carried out using ’.Thatnan Ho.l paper. 11:° papers, 56 x 2 5.5cm. were 

marked off 9cm. from one end. Using a capillary, spots of the unknown 

compounds and the standards were placed along this line 3 cm. apart.

The opposite end of the papers were serrated no prevent glutting with 

solvent as it dripped off the end. The papers were then developed in 

a descending manner in glass tanks 53 x 5U x 19cm. which had been pre- 

equilibriated with the solvent for twelve hours. The tanks were kept 

in a constant temperature free from draughts. After development the papers 

were dried thoroughly at rocm-temperature before the spots were located.

The following solvents were used:-

1. Butanol-pyridine-water' (3: 1: 1.5 by vol., top layer plus 1 vol

pyridine.
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2 . Phenol-water (l60 : 40 w/v).

3. Ethyl acetate-pyridine-water (120: ^ 0 : 40 by veil.).

4 . Formic•acid-methylethyl ketone - butanol - water 

(15: 30: 4 0: 15 by vol).

b) Two dimensional uaner chrometonraphy. This was also done on 

Whatman Po.l paper. The papers, 54 x A6cm. v/ere spotted apprcximately 

lOcra. from one corner. The end of the papers were serrated and then 

developed in a tank 58 x 53 x 22 cm. in dimension, which v/as pre-equili- 

briated with the solvent and kept at a constant temperature. After 

the first development, the papers were thoroughly dried and developed

in the second solvent at right angles to the first, again in a descending 

fashion. The papers were then finally dried once again and the spots 

located.

The follow: rg solvents v/ere used:-

1. Butanol-pyridire-v/ater (j>: 1; 1.5 by vol., top layer 

plus 1 vol. pyridine).

2 . Phene1-water (loO: 40 v/v.)

c) Uni dime r.s^nal thin-layer cb.roma co.vranhy. Class plates of the 

following sizes v/ere used for this purpose, 5 x 20 cm., 10 x 20 cm. and 

20 x 20 cm. All traces of grease and dirt were removed from the plates 

by soaking them in chromic acid for several hours and then washing then 

with deionised water.

Sugars v/ere resolved on powdered cellulose plate- (Chromedia CC 41, 

whatman). The cellulose was spread to a thickness of 0.3mm. using a 

slurry of 30g. Chromedia in 63ml. distilled water. A Shannon thin-layer 

spreader was employed for this purpose. The plates were allowed to dry 

at room-temperature, before being used.
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Lipids v/ere resolved on silicic acid plates (kierselgel,G. Nach 

Stahl, S. Kerch, Darmstadt). 'The silicic acid was coated onto the plates 

to a depth of 0 .25mm. using a suspension of 25g. silicic acid in 55*41* 

distilled water. The plates were activated by a final heating at 100° 

for thirty minutes.

Using a template and a micro capillary, spots were placed 3. cm. from 

the bottom of the stationary phase and no less them 1cm. apart. The 

plates were developed in' pre-equilibrated TLC tanks. (Shandon lab., 

Equipment) at a constant temperature. To ensure that the atmosphere 

inside the tanks v/as totally saturated, the tanks were lined with filter 

paper soaked in solvent. The plates v/ere allowed to develop until the 

solvent v/as 2-3cm. from the top. They v/ere then removed dried at room 

temperature and Ihe spots detected.

The following solvents were used for the resolution of lipids:-

1 . Cnlorofcrm-meihanol-acetic acid (8 5: 2 5: 1 oy vol.)

2 . Chloroform-methanol--water (65: 2 5: 4 by vol.)

8-) Two dinensione 1 thin- 1 aver chromato~Taphy. This was used only 

for the resolution of lipids. The silicic acid plates were 20 x 20cm. 

in dimension. They v/ere prepared in a similar manner to the plates 

used for one dimensional TIC. A single spot of lipid material v/as 

applied 2cm. from one corner of the plate. The plate was then developed 

in the first solvent, removed, allowed to dry and developed in the second 

solvent at right angles to the first. The plate was finally removed, 

dried and the spots located.

The following solvents were used:-

1. Chloroform-methanol-water (65: 2 5: 4' by vol.).

2. "'Disobutyl ketone-acetic acid-vnter (80: 5 : 10 by vol.).
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e) I'reparative thin-layer chromatography. This was performed only 

on lipid mixtures. The silicic acid plates were spread to a, thickness 

of 0.4mm,. in a similar fashion as "before. A narrow hand of the lipid 

mixture to he separated was applied along the bottom of the plates about 

lcm. from the edge of the•stationary phase. This was done using a micro 

capillary. The plates were developed unidimensionally, as before, 

removed, dried and the separated bands located.

The following solvent was used:-

1. Chlorof orm-methanol-’water (of: 2f: 4 by vol.),

G.ii. f TilS hBTZC-lON OF CGI.TOUhPo 01 PAP.1R AND •

Tr.ili L'vi'fit FIAT OS.

a) The following reagents v/ere used to detect sugar spots on paper 

chromatograms: --

1. ALKALI'. t LILYAR I-IIi'fiATS 

Re a we s

a) 1 ml. of a saturated aqueous solution of silver nitrate made 

up to 100 ml. v/ith acetone and water added dropvh.se, v/ith stirring, 

until the precipitate just•redissolved.

b) 4g. NaCh dissolved in 10ml. water and made up to 200 ml. 

with alcohol to give a O.fN solution.

c) 200 ml. fN aqueous ammonia.

Procedure:-

The pa.per v/as first dipped in the silver nitrate, allowed to dry, 

then dipped in the alcoholic NaOII and left until the spots had 

developed sufficiently. The excess reagent was then removed by 

dipping the paper in the aqueous ammonia and washing it in. running 

water"for several hours.
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2. BRBZIDlhE •

Reagent: -

0,5£ "benzidine v/as dissolved in 10ml. glacial acetic acid and 

this made'up to 100ml• v/ith absolute alcohol.

Procedure1 ~

The paper could "be clipped through the reagent or the reagent sprayed 

onto the paper. Both procedures v/ere performed in a fine cupboard 

The spots v/ere then developed by heating the paper at 100° for five 

minutes.

3 » p-AKIdIDlF2~:ICl

Be a re nt: ~

3y. R~anisidine-HCl dissolved in n. -butanol and the solution diluted 

to 100mlr 

y y* o  -"c*tit' ̂

The reagent ./as sprayed onto the paper v/hicfe v/as then heated at 100° 

for three minutes.

4 • ANIL-II OXRL.TE

Reagent!—

100ml. 0.II.; oxalic acid plus 0.9ml. redistilled aniline v/ere shaken 

until the precipitate redissolved.

Procedure -

The paper v/as sprayed vrith the reagent then heated at 100 for 5-10 

minutes.

9* —Ii--vF h'ifOL F'fOOPHOBIO ,iCID

Reagent:-

An 0.2;; solution of OL -naphthol in ethanol v/as nixed v/ith 0.1 vol. 

orthophosphoric acid.



198
Procedure:-

olhe paper v/as sprayed with the reagent and heated at 9 0' for ten minutes.

b ) Thin "Layer Plates. The following reagents v/ere used to detect sugars 

on cellulose thin-layer plates

1. mODJPXED ALkALIhE SILVER PITiUIJ 

Henrents‘-

a) lml. of a saturated water solution of silver nitrate v/as made up to 

100ml. with acetone and water added, dropwise with stirring, until the 

precipitate just redissolved.

h) 4g. PaOH dissolved in 10ml. water followed by the addition of ethanol 

and acetone alternatively, keeping the precipitate in solution, until 

the volume was 200ml.

c) 100ml. concentrated ammonia dissolved in 300ml. acetone.

Procedure’ ~

The plate v/as im.crsed gently into the si hor nitrate making sure that 

the cellulose surface did not ccme away from the plate. It was removed, 

allowed to dry end amain immersed in the ilaOH solution until the spots 

v/ere developed sufficiently and then removed , art finally dipped in the 

acet one-ammonia solution to remove excess re a go r t • The plate v;e s not 

washed with water.

2. BEIihlDlhE 

Reagent: -

0 .5g. benzidine dissolved in 10ml. glacial acetic acid and made up to 

100ml. v/ith absolute alcohol.

Procedure i -

The plate was lightly sprayed with reagent and heated at 100° for two to 

three minutes.
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c) Thin- layer Pistes . The following reagents v/ere used to

detect lipid spots on silicic acid coated thin-layer plates.

1 . IQUIRE VAPQi.R - General.

Reagenti-

Iodine crystals enclosed in a suitable vessel.

Procedure:-

The plate was placed in the glass vessel containing the crystals 

until the lipid spots developed sufficiently.

R ER Cri LOR IG ACID Genera],.

Rearert:~
A 20y aqueous, solution of perchloric acid.

Procedure:-

The reagent was sprayed very finely onto the plate which v/as 

then hooted at 100° until the spots cad charred sufficiently 

(5-10 minutes) to he visible.

5 • RnGlWvlRE 60 General.

Reagent:-

A O.OGly solution of Rhodamine 6G,

Procedurei-

The plate was finely sprayed, v/ith the rhodamine until damp, 

then viewed under a suitable source of ultra violet light.

/\« NIIlhT.'ORIR Ami no linids .

Reagent:-

0 .2g. ninhydrin dissolved in 99^1* n - butanol and made up to 

100ml. v/ith pyridine.

Procedure:-

The reagent was sprayed onto the plate which was heated for
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five minutes at 100°,

5 • ?..0L;IcT.dL* ')OKPE. Cho 1 ine 1 iuids/glycolipids »

Reagents:~

a) Stock solution. 8.0g. bismuth subnitrate dissolved in 

25ml. 30/J nitric acid. This v/as then added, slowly with stirring, 

to a solution containing 28g. KI, lml. 5^ HCl. and 5ml. water.

The solution was cooled, filtered and made up to 100ml. with water. 

Stored in a dark bottle in ’fridge.

b) Developing solution. 20ml. water, 5ml. 5R h-01 > 20ml. stock

solution and 5ml. 5^ R'aOH in that order. A few drops of 5*' HCl
1

can be added if precipitate v/as not v/holv redissolved. Stored in
A "

'fridge.

Procedure:-

The plate v/as sprayed with the developing solution upon which

choline containing lipids appear as orange, yellow spots, followed
• \

by glycolipids and possibly aminolipids• Do heating required.

6 • SCHIRP10 IL: j2'lCX :_h*J.JL Fnos pholi nids/glycollpids.

Rea rents: -

a) 100ml. 1/0 aqueous sodium periodate

b) Gaseous S0^.'

c) 100ml. 0 .5°/° p-rosaniline in water which was freshly decolourised 

by bubbling S0  ̂gas through it.

Procedure:-

The plate v/as sprayed with If- sodium periodate until damp. The 

■ excess periodate on the plate v/as.then destroyed by exposure to 

SO gas. The plate was then sprayed with 0.5/- p-ro.aniline.

The spots appear gradually as a blue colour without heating.
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7 • I..0L1 BDENUM Pho3 ph. oil pi d s

Reagentst —

a) 40.11g. L'o 0_ plus 1.01 25N ILSO4 boiled till all theU 2
Ivlo 0V was di s 3 o 1 ve d .

b) 500ml. of solution a) plus 1 .78g. powdered molybdenum 

metal gently boiled for fifteen minutes. The solution then 

cooled and decanted.

c) Equal volumes of a) and b) mixed and diluted with 2 volumes 

of water.

Procedure:-

■ The plate was sprayed with reagent c) upon which phospholipids 

showed up as blue spots. ho heating required.

0* <?7 ~ITAPIill 101 01 vpolipids .

Reaments:-

a) 0 .5b' solution of -naphthol in methanol water, 1 :1 v/v.

b) 9 b  H2 S04-

Procedure:-

The plate was sprayed with 0.5/- -napLchcl, air drieds then 

finely sprayed with 957° ana Heated at 120° for a few

minutes. G-lycolipids appear as blue/purple spots. Do not 

overheat.

G.It. 6 DRYING 0? 8OLVEKT0

A ) Pyridine;

Apparatus:-

Five litre flask, fitted with a two-necked adaptor. To one neck was 

attached a reflux condenser and in the other v/as inserted a thermometer 

Procedupe:-

250g. of barium oxide and 2.5 litres pyridine v/ere placed in the flask
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and reflnxed for eight hours* If, at the end of this time, the

refiuxing temperature v/as not in the range 113-115° then a further

25 Og* barium oxide v/ere added and re fluxing continued until the

temperature v/as within the above limits. The pyridine v/as then

distilled off, collecting the fraction boiling at 113-115° in a flask

fitted with a drying tube. It was stored over a suitable drying

agent such as molecular sieve or ha SO .2 4

B) 1 JUT; (AiTOL
Apparatus:-

A three-necked five litre flask fitted with an efficient stirrer, 

reflux condenser and dropping funnel. All the apparatus was thoroughly 

dry. The magnesium turnings used in this reaction v/ere worked with 

dry ether in a current of air. It is also advisable to suspend the 

apparatus over a bath of ice-water, so that it may be cooled if the 

reaction becomes too vigorous.

Procedure:-

Approximately lfg. of dry magnesium turnings v/ere placed in .the flask 

plus a crystal of resublimed iodine. 100ml, 01 dry movhanol were run 

in slowly, through the dropping funnel. Once the reaction was going 

the mixture was stirred and 9^Oral. methanol added slowly.

After completion of the reaction the mixture was refluxed for two 

hours v/ith stirring then the methanol v/as distilled off and collected, 

discarding the first 25ml.,in a flask.

C) CHLOROTOKIl 

Apparatus •* -

A five litre flask and fractionating column  ̂ condenser and three litre 

receivi ng f 1 a.sk.
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Procedure:-

Three litres of chloroform v/ere redistilled by collecting’ the fraction 

boiling at 61°, The first 100-200 mis. were discarded. The redistilled

chloroform v/as stored over molecular sieve or i!a0 30 -2 4
D) ACETOKB 

Apparatus■-

Shaking apparatus and a V/inchester*

Procedure:-

Two-three litres acetone v/ere shaken over anhydrous sodium sulphate for 

eighteen hours and stored over this de.iyd.ra ting agent until required.

E ) PI-130-BUTYL- KETOriE 

Apparatus:~

Three litre flask, fractionating column, condenser, and a two litre 

recei ving f 1 ask.

Procedure •’ -

The di-iso-butyl ketone v/as redistilled using a fractionating column, 

discarding the first fO-lCOmls. It v/as stored over molecular sieve 

until required.

P) STKER'

British Drug Houses' anhydrous ether v/as used as supplied•

G) HEXA11E 

Apparatus:-

Two-litre flask, frac+n onating column, condenser, and a two-litre 

receiving flask.

Procedure:-

The hexane was redistilled, collecting the fraction boiling at 

69°. It "was stored over molecular sieve.
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G.E. 7 CQLIOI KtEPAEATION

a ) I on-Sxch a nge Colinnr s

Ion-exchange columns v/ere prepared by pouring a slurry of the ion- 

exchange material in deionised water into the column which was previously 

half-filled with water. The particles were allowed to settle to the 

desired height by draining1 the water from the bottom of the column,

b) CeIlulose Columns

1. In the preparation of powdered cellulose columns for accurate and 

quantitative fractionations of sugars the stationary phase v/as packed 

into the column in a. more uniform manner. This, was done by firstly 

filling the column, the top of which v/as connected to a large filter 

funnel, v/ith solvent. Into the funnel was poured a slurry of the 

stationary phase in the same solvent as v/as in the column (water saturated 

n-butanol). This slurry was stirred cor4'j nually in the funnel v/ith an 

electric motor and the cellulose v/as all-rum to sediment and pack into 

the column uniformly by slowly draining the solvent from the bottom of 

the column. This v/as continued until the desired height v/as obtained.

2. Powdered cellulose columns for the fracb oration of lipid mixtures 

v/ere prepared by making a slurry of cellulose \u.ct previously treated) 

in methanol-v/ater, 9: 1 v/v, and pouring this slurry into the column, 

which was half filled v/ith the same solvent mixture, and allowing the 

cellulose to settle by draining the solumn*slov/lv. After the cellulose 

had reached the desired height it was washed in the following order v/ith 

5 bed volumes each of, methanol-v/ater, 1:1 v/v, methanol-v/ater, 9 : 1 v/v, 

chloroform-methanol, 1: 1 v/v and finally chloroform-methanol, 9 : 1 v/v 

saturated with water was passed through the columns until only one phase 

came out the bottom. This v/as to prevent the formation of channels
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caused by a sudden change in polarity of the solvent.

c ) SIIjIU1C ACID C0J..U; 103

For fractionations involving the use of a gradient elution of chloroform 

to methanol, the silicic acid (Mallinckrodt) v/as packed into the column 

in a similar manner as the cellulose in b). However the pretreated 

silicic acid v/as packed in a slurry of dry methanol (G.1J. f) and once 

the column was at the desired height, it was replaced v/ith chloroform 

by washing through one litre redistilled chloroform.

Otherwise the pretreated silicic acid (G.If. 12) v/as poured in a 

slurry with dry methanol(G.r!.* 5) into the column which v/as half filled 

with methanol and. the silicic acid allowed to settle by draining the 

methanol from trie bottom of the column. The methanol in the- column 

v/as then replaced v/ith chloroform or hexane.

d) IILICaTE colitis

A slurry oi p:-treated magnesium silicate (Plorisil, Dili) (0. .12) in 

dry methanol (G.h. 3 ) was poured into the column, half filled with 

methanol and v/ith a glass wool plug. The Florisil was packed by slowly 

runnina the mec.uanol out the bottom of the column. The column was then 

washed with pGOml. methanol and finally v/ith one litre dry chloroform 

(G.H. 3) to replace the methanol.

e) DEAE CFLLULOol COIbl-HS

Pretreated TEAS cellulose (Thatman) (G.E. 12) was poured as a slurry 

in chloroform-methanol, 2:1, into the column, again half filled with the 

same solvent mixture and with a glass wool plug. The cellulose particles 

were allowed' to settle by draining the solvent mixture from the bottom. 

Before being used the column v/as washed v/ith one litre chlorof orm-methanol,

2:1.
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f ) GAS-.LIQUID C_. i iQf ATOGRxFiY COLffiftS_

The circular glass columns, 152.5 -< O.Acni. in dimension, v/ere filled ' 

with stationary phase in the following manner* The prepared stationary 

phase (G.il.12) was placed on a watch glass, five or six inches in 

diameter. The outlet of the column was plugged with glass wool and 

connected to a water pump, applying gentle pressure. The inlet to the 

column was then used to scoop up about lg« of the stationary phase at a 

time. This was sucked to the bottom of .the column where even packing v/as 

ensured by holding the column at different angles and tapping the sides 

with a spatula. This was repeated until the column was completely filled. 

Before the columns were used for the separation of sugar or fatty acid 

mixtures they were pre-conditioned at a temperature 20-30° higher than that 

which they were likely to be used. This v/as done with a stream of 

nitrogen flowing through the column to wash c*G , into the atmosphere, any 

volatile compounds present in the stationary phase. The L.Y.30 columns 

v/ere heated at 23O-24O0 and the EGA columns 200° for twentyfour hours 

before being used.

G .If. S. DILTYICL f EChhh.UE EC A STAIDuRDS

The method used for the preparation of standard solutions of known con

centration involved the initial preparation of a'.stock solution'.

Freni this stock solution was taken the required volume which v/as subsequently 

diluted appropriately to give the desired volume of known concentration.

This v/as repeated for J*he other concentrations within the range. These 

final standards were then used for the preparation of standard graphs.

G.M.9 5 LECTKOPhORESiS OF SUGARS

Electro rh o re sis of monosaccnarides v/as carried out on stiipo of <uici man 

No.l paper-, 1C x 45cm. in dimension. A line 10 cm. from one end v/as
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drawn, along which the sugar band v/as placed. The ends of the paper 

v/ere then dipped in buffer solution which was allowed to run up to tee 

line, by capillary action, taking care to avoid diffusion of the spots. 

The paper was blotted and the centre portion immersed in dry carbon 

tetrachloride while the end of the strip were placed in separate -buffer

solution on either .ride of the CC1 .4
The two electrodes were placed each in the correct buffer solution 

and a constant voltage run across the paper for a set period of time. 

The paper was removed, dried and the spots located.

Buffer solutions used were:~

0 .025H. citrate pli5.0

0 .025K . ci t rat e pH 2.5
800 volts for b  to u hour,

G.I.;. 10 >SA P0I-; IF I CAT I ON OF LIPID EXTRACTS. _

l~3g. lipid extrast were saponified by refluxirg with 50ml. lOy 

met ha no lie KOH for two hours. The reaction mixture v/as then taken 

to pH 4-5 By carefully adding diluted (5*0 sulphuric acid with constant 

stirring. The mixture was filtered and the ^iltrate extracted with 

either chloroform or ether tc- remove non sapvifiable lipids and free 

fatty acids, while saponifiable material remained in the aqueous phase.

For the quantitative determination of phosphorus in lipid mixtures 

after saponification the following procedure was used. A known weight 

of the lipid mixture was saponified v/ith 10)1- methanolic KOH (25mls.) for 

2.0 hours. Ti.e saponified mixture was made slightly acidic (pH 4 ) with 

the addition of 2if . This was then extracted with 40-60° petroleum

ether (30ml. x 2). The aqueous phase v/as removed with the aid of a 

separating funnel, pipetted into a volumetric flask (250ml.) and made up 

to the mark with deionised water. 1.0ml. samples from this were used
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for the phosphorus determination (G.h,12c).

G .H. 11 3UGAR AliAhi'SlS •

a) TAM DKTEREIiAurlOi; OF ulGuRo Ih Ah ALCOHOLIC SOLUTION USING THE

METHOD 0? GARDELL (129)

Reagent:-

50ml. cold ethanol added to 64ml. 8 .5R TCA in a flask immersed in 

an ice hath. 'To this v/as added 4ml. redistilled aniline and the solution 

diluted to 220ml. with cold ethanol. The reagent v/a.s stored in the 

refrigerator.

Procedure:-

0 ,5ml. sugar samples v/ere placed in test tubes immersed in an ice

hath. lml, of the reagent was added to each sample which v/as shaken

for three minutes and then placed in a boiling water bath for fifteen 

minutes, tb-„ tubes being loosely stoppered with marb-2.es, The tubes 

were then removed, cooled for five minutes and to each tube was added 

2ml. 95/0 ethanol. The colour1 intensity of each tube was then read at 

37c^£'^ing an SP .500 spectrophotometer (UKECALi), /he values found 

for unknown samp] e 1 v/ere then referred to a standard graph.

b ) REDUCING POPISH. BY THE dOlIQGYI (1952 ) NSLuCH IBT-fOD (153)

Reagent:-

1 * Courier solution. 12g. rochelle salt'and 24g. anhydrous sodium 

carbonate v/ere dissolved in 25O ml water. A solution of 4g* copper 

sulphate in water v/as added, followed by l6g. sodium carbonate. A

solution of 180g. anhydrous sodium sulphate in 5COral. water v/as boiled

to expel air. The two solutions v/ere combined and diluted to 1 litre. 

After standing for one week the clear supernatant v/as used. The solution 

v/as stored at 37".
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2* ARSENOYQLYBDiTE SOLUTION. 25g* ammonium molybdate were dissolved 

in 450ml. distilled water and 21ml. concentrated H2 S04 added. 3»0g, 

didsodium hydrogen arsenate in 25ml. water v/ere added and the solution 

kept at 37° for forty-eight hours. The solution was stored in a brown 

bottle.

Procedure:-

lml, samples of the unknown sugar solutions plus lml. of the 

copper reagent were mixed and heated in a boiling water bath for twenty 

minutes, the tubes being loosely stoppered with marbles. After cooling 

for five minutes in tap-water, lml, arsenomolybdate was added with shaking. 

The solution was then made up to 10ml. with water and after ten minutes 

the colour was measured with an EEL colorimeter at 660 mu the results

determined after adjustment for the blank reading.

c) PHENOL SULPHURIC ACID TJSTEOD (192)

Pie aments: -

1. 5r> aqueous phenol

2, Concentrated H2 SO,. (98p Analar).

Procedure ?-

lml. of the sugar solution (lO-lOOy) was mixed with lml. 5y aqueous

phenol and 5ml. concentrated H2 S04 added quickly with continual shaking.

After ten minutes the tube was cooled in tap_water for five minutes and 

then the colour intensity measured with EEL colorimeter at 490 mu.

d) HEX03ES IN THE PREFACE OF OTHER 3UG1Y3 - ynIT.LA.RY REACTION

V/ITH L-CYSTEINE SULPHURIC ACID (lR2)

Rea,rents: -

1. 86cy sulphuric acid (Analar)

2. y/o aqueous L - cysteine HCl monohydrate
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Procedure:-

To lml. of the hexose sample in a test tube (lO-lOOy) was added 

5ml. Q&p sulphuric acid, with cooling in an ice bath. After two minuter 

the mixture was gently shaken in the ice bath, placed in the tap water 

for one minute and vigorously boiled for three minutes, the tubes being 

loosely stoppered with marbles. After cooling in tap v/ater 0.1ml. 3/3 

L-cysteine-HCl monohydrate was added and the sample vigorously shaken. 

After a few minutes the yellow colour produced was read using an SP.500 

spectrophotometer (milCAM) at 414 rn;i and 380 my, the difference taken 

and used for the determination.

e) 6 -DEOXYIIEKQSES 121 THE PRESENCE 0? OTHER SUGARS - PRIEARY 

L-CY3TEIITE SULPHURIC ACID REACTION (14?)

Rearents:-

1, 86c/o sulphuric acid (Analar)

20 y p aqueous L-cysteine - HCl monohydra fcs«

Procedure:-

As for hexoses, except that the colour intensity was read after 

standing for two hours and at dichrornate ret dings, 396 my and 426-428 my 

the difference being used to determine the amount of 6-deoxyhexo s e.

f) PENTOSES IN THE PRESENCE OF OTHER SUGARS (lid*.. 145)

Reagent:-

Freshly prepared reagent containing 110ml. glacial acetic acid,

2ml. concentrated HCl, 4.5ml. of a freshly prepared 5y solution of 

phloroglucinol in ethanol and lml. of an 0,8)( solution of D-glucose. 

Procedure:-

To 0,4 ml. of sugar sample (l0-50y) was added 5ml. reagent. The 

reaction mixture v/as heated in a boiling water bath for fifteen minutes
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with the test tube loosely stoppered with a marble. The intensity of 

the purple colour produced was immediately read, after cooling, at 522 n y i*  

and flG nytA using an ox.pOO spectrophotometer (UTilC-am.). The difference 

in optical density was then used to determine the amount of pentose 

present.

G.Ivl. 12 PHOSPHORUS ANALYSIS - KING (195)

Reaments' -

1 . 72)-' perchloric acid

2 . 5/° ammonium molybdate

5. Amidol. 0 .5g. 1 - amino - 2 ~ naphtho-sulphonic acid, 3 .Cg. sodium 

metabisulphite and 6 .0g. sodium sulphite were dissolved in 250ml. water 

and the solution filtered and stored in a brown bottle. This solution 

was. stable for about two weeks.

Procedure: --

a ) In o r n i  c Pho.j u 1a t

To lml. of the sample 'was added 1 ml. perchloric acid, 1 ml. 

ammonium molybdate and 0.5ml. amidol. The solution was then made up 

to 10ml. with water. The contents were mixed and stood at room 

temperature for fifteen ninutes upon which the colour intensity was read 

using an EEL colorimeter at 660 rrytA . The phosphorus content was then 

calculated by reference to a .standard graph.

b) Acid Tabile Phoschate.

Acid labile phosphate was determined as inorganic phosphate after 

heating the sample v/ith N HCl, in a boiling water bath for seven minutes.

c) Organic Phosphate

Organic phosphate was determined as inorganic phosphate after digestion
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with 724 perchloric acid. The digestion was performed by heating 

1 ml. of the sample with -1 ,2ml. perchloric acid until the charred 

material had vanished to leave a clear solution. The solution was then 

cooled and. 1 ml. ammonium molybdate added, plus O.^ml. amidol and the 

solution diluted to 10ml. and the colour intensity read as in the 

inorganic phosphate.

G.M. 13 . HiElkEAFi.EE T OF C:LK0I ATCGFAINIC I. AT TRIAL

a ) C0I,n I; M l  .:IkIu I,

1• Ion-Bxcharme Resins,

All ion-excharge resins were recyclised before being used (G.E. l). 

Fixed bed resins which were not recyclised were thoroughly washed with 

distilled water several times before being used as column material.

2 . ' Powde :• * ad Cel mil ose (Eh a t ma n)

Cellulose 1 or the column fractionation of mono iaccharides was pre- 

v/ashed with water saturated n-butar.ol several times, decanting trie fines 

v/ith the supernatant eacn time. Finally it was filtered and then made 

into a slurry with water saturated n-butanol in readiness for column 

preparation.

3. Silicic Acid (Eallinckrodt Chemical Works, U.S.-,.)

200g. silicic acid, ICO mesh, were washed with 3 litres K ECl, v/ith 

stirring, filtered and the silicic acid repeatedly washed with distilled 

water, decanting any fines formed after about 10-lp minutes, until the 

pH of the supernatant was neutral. The washed material v/as spread, on 

aluminium foil and dried overnight at 12/ , cooled and stored in a well 

stoppered bottle.
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4 • I':a-~Tiea 1 un Sj.licate (Flori jil B .!• .H.)

200g. Flori si 1, 60-100 mesa, 7/ere repeatedly washed with 7 litres 

deionised, water, allowing- it to stand for 10-15 minutes then decanting 

the supernatant. Finally the water was removed "by filtration, the 

Florisil spread on aluminium foil and dried at 120° for twenty-four hours, 

cooled, in a stoppered bottle and stored under dry methanol until required. 

5* DFA5 CELLULOSE (wHATMAh)

This v/as washed several times with chloroforra-methanol, 2:1.

•Finally it was filtered before being made into a slurry with chloroform- 

methanol. 2 :1 , in readiness for column preparation, 

b ) THIII-L^YFR C:foC:j>TGG}LAPAY KIT TRIAL

1. Powdered cellulose (Chromedia. ’diatrnan)

Powdered cellulose used for the preparation of thin-layer elates 

was washed twice with deionised water, filtered and dried in a desicccrjr 

under vacuum and at room temperature.

2 . Silicic Acid (i-erck, Darmstadt, Germany)

300g. of silicic acid were initially washed several times with 3 -4  

litres chloroform-nethand 2 :1. Finally it was filtered, and the silici 

acid spread on aluminium foil and dried at ICO for t w e n t y  four hours.

It was cooled and stored in a well stoppered bottle,

c) GAS-hlfUlD ChPChfd'OGilAPHY iRTdklAL 

1• Gas-Chrom 1S’ (Applied Sciences Lab., Penn, U.S.A.)

This supporting material v/as used in the preparation of both S.d.pO 

columns and EGA columns. 200-3OOg. of Gas-chrom 'S’ were washed with 

N KCl, filtered c I PiLc A V cL S hed with deionised water until the supernatant 

was neutral. This washed material was then dried in an oven at 60-80^ 

for twenty-four hours. After drying it was passed through an 85-100 mesh 

sieve to grade the particles.
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2® 2.5/1 S.5. 30 (Applied Sciences Lab*, Penn., U.S.A.)

This column pac-kinp: was used in the GLC of TIiS derivatives of 

monosaccharides. It was prepared as follows: 0*375g* S.L. JO were

dissolved in fOml. methylene chloride* To this was added 14*625g. 

pretreated Gas-chrom 'S' with continual GAhTLIii shaking. This mixture 

v/as placed on a st iam bath and Go! I IT] .Y shaken (not stirred) until almost

all of the solvent has been removed. The packing was left on the steam

bath for forty-five'minutes, stirring occasionally, to drive off the 

remainder of the methylene chloride. This 2.5/' S.A. JO preparation was 

then removed and stored until required, in an air tight flask.

J. 10f- TGA (Applied Science Lab., Penn., U.S.A.)

This was prepared by dissolving 1.5g« ethylene glycol adipate in 

50ml. methylene chloride. To this v/as adJed IJ.fg* pretreated Gas-Chrom 

’O’. The flask was placed on a steam bath ard G.TUTLY shaken until almost 

all the methylene chloride was removed. The flask was then left on the 

steam bath for forty-five minutes to drive off the remainder of the solvent, 

occasionally shaking or stirring the packing. The lOy PGA preparation 

was stored in a well stoppered flask, before being used to prepare a column. 

G.H. H  Pk'TPAR&TIQiI OP.j-RY lilTlIAUOLIG-HCl.

Reagents °-

1. Concentrated sulphuric acid

2. Solid sodium chloride 

J. Dry methanol- 

Procedure:-

O.5N dry methanolic - ilCl was prepared by dripping concentrated 

th SO, onto solid NaO’l. The HCl gas given, off was bubbled throunh
2 4

concentrated dpSO to remove any braces of moisture. It was then passed
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into 20Qml. dry methanol (G.E. 5) 10ml. samples of methanol were removed

every 30 often and titrated with N ITaCE until the normality of the HC1

was 0.50 It was stored in a well stoppered hottie.

Q r.lu 15 . ERZIARATION Oh D3TUYErIYir,S FOR GLC AKALYbIS

a) Sugars (Trimethyl silyl derivatives (118, 119)

Re a ve nt s : ~

1. Dry pyridine

2 . He xaraethy1di s i1a z ane

5. Trimethyl clilorosi lane 

Trocodnre:-

Approximately lOmgs. carhohydrate were dissolved in dry pyridine 

(G.M. 5). Dissolution of the sugar samples in the pyridine was aided 

hy shaking or gently heating in a warm water bath. To this was added 

0.2ml. hexam01hyldisilazane and 0.1ml. trimethychloros ilane• This mixture 

was shaken v:gorously for thirty seconds and allowed to stand at room 

temperature for ten minutes before samples were removed for chromatography.

b) Fatty Acids (I ethyl ester derivatives)

Reaaent:-

An ethereal solution of diazomethane• This was prepared by setting 

up a distillation apparatus* In the distillation flask was put 550ml. 

ether, 55ml. diethylene glycol mono-methyl ether and 70ml 40E haOK.

22.5g. hitrosan v/ere added to the mixture.' The flask was well shaken 

and warmed gently in a warm water hath to distil off one ether diazome- 

thane mixture which was collected in the receiving flask which also 

contained ether. The receiving flask v/as cooled in an ice-salt bath.

The ether layer in the distillation flask was taken off until only 0.5 

inches remained when the distillation was stopped. The ether/diaz onethe ne
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mixture was dried by the addition of KOFI pellets to the flask which v/as 

left for ten minutes and then the supernatant transferred to another 

flask or container. It v/as stored in the deep-freeze. This whole 

preparation was performed in a fume cupboard taking all essential 

precautions against accidental leakage of this poi/onous gas and also 

against any possible explosion of the gas. The residue in the distillation 

flask v/as destroyed by the addition of acetic acid.

Procedure•-

l-3ml. of an ether solution containing l~5mgs. fatty acid mixture 

were placed in a conical centrifuge tube immersed in an ice bath. To 

this v/as added a three-fold excess of a freshly distilled ethereal solution 

of diasomethane at 0". The reaction mixture was allowed to stand for 

thirty minutes at room temperature and then the excess diazomethane was 

removed by ..arming on a water bath until the yellow colour had vanished.

The fatty e.-y d methyl esters were not stored in ether but in a solution 

of light petroleum and kept in the deep-freeze over anhydrous sodium sulphate

2 . Reagent:-
HC/1O.5II dry m e t h a n o l i c u v h 14 )

Procedure: (201;

The lipid mixture\ free from solvent, was hydrolysed with the reagent 

(20- Told excess) by reflux!ng for two hours. After this time the methanol 

v/as removed by heating the mixture over a. steam bath. The residue v/as then 

extracted by the addition of n -hexane (5^-1). This v/as filtered and the 

/k -hexane containing the fatty acid methyl esters v/as thoroughly dried 

by storage over anhydrous sodium sulphate.
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G.IM 6  G---S-.L1' ’I'll) QliRGi ATQGIUKiY ‘

a) Sugars

Procedure:~

1. A commercial Pye series 104 dual flame ionisa/tion chromatograph was

used for the analysis (V/.G. Pye d: Co. Ltd., Cambridge, England) • 5 PL.

blank and sample glass columns containing 2«5/J S.A. ~jQ were employed

(G .I:. 7 ). 1-10 yd. samples (containing 5“l00*y-of Lhe TJ/IS derivatives)

were injected, onto the column. The mixtures were separated using a linear

temperature programme. The column has an initial temperature of IfO0.

After injection of the mixture this was held for two minutes then the

temperature rose linearly at a rate of 2°/min., holding under isothermal

conditions when 160° was attained. The rate of flow of the carrier gas

(oxygen free nitrogen) was 75^1./min. The amplifier attenuation setting 
3 3varied from 1 x 10 tc 3 x 10 . The separatee components in the mixture 

were detected as they left the column by the flame ionisation detector, 

the current amplified and the sugars recorded automatically as peaks using 

a Smiths Servoscribe potentiometrie recorder (Kelvin Electronics Company, 

Wembley, Middlesex.) The sensitivity of the recorder wan 2 mV. and the 

chart speed 600mm/hour.

2. For slower running sugars (charged sugars and disaccharides) the 

conditions and settings were the same as above- except that a different 

temperature programme was employed. That was, an initial temperature 

of 160° holding for two minutes after injection of the sample, then rising 

linearly at a rate of 2°/rnin., holding isothermally when 200° was attained,

b) Fatty Ac-ids 

Procedure:-

Fatty acid methyl esters (G.H.15) were separated using a single 5 ft.



218
glass column packed vrith 10y FGa (G.m.y). 1—10 yi of the ethereal

solutions (containing up to 100 y  fatty acid methyl esters) were injected 

onto the column. The separation was effected at an isothermal temperature 

of 180 . The flow rate of the nitrogen carrier gas was 45ml»/î in.
y  v

The amplified attenuation settings varied from 1 x 10J to 5 x 10''’. The 

separated fatty acids were detected as they left the column and recorded 

as peaks. The sensitivity of the recorder was set at 2nV. and the chart 

speed was 60Qm.m./hour.

• FXPmMShTS (Exp.)

PART I

Exp.l P R  EXTRA C/I OH OF a LOJCIIAGhhOUS POLYSACChxiRIDE

FRCi.i BRAGKEh

dkg. freshly dug bracken rhizomes were washed and chopped into one 

inch lengths. They wore extracted for one minute with a total of l.fl. 

chilled TCA (5O. in four separate batches using a high speed waring 

Blender (Waring Products, trusted, Conn., U.S.A.). The mixture was 

pressed through muslin and the residue re-extracted with 2.01.water, 

filtered through muslin and the two extracts combined. The residue was 

discarded. The brown viscous extract was centrifuged.at l,60Gg. for 

twenty mins.. at 2°. .The supernatant in each centrifuge tube (25Cm!.) 

was extracted in a separating funnel twice with two volumes of ether, 

to remove the TCA. The combined supernatants were poured, with stirring, 

into three volumes chilled absolute alcohol, and left for twenty-four 

hours to allow one precipitate to settle. The supernatant was then poured 

off and the polysaccaride collected by centrifugation at fOOg. for ten 

minutes. The polpsaccharide in each centrifuge tube was washed with 100ml.
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alcoholj followed hy 100ml. ether. The combined polysaccharide was 

then allowed to dry ini vacuo over paraffin wax. The poi.ysaccharide was 

redissolved by firstly moistening it with benzene then adding small amounts 

od water and blending the mixture in a small V/aring blender until it was 

all in solution. The alcoholic purification step was then repeated to 

yield 7»5g« of dry polysaccharide.

Ex n.2 Pi. id IE I CAT 1011 BY CETYLTRII ETHYL Alf DNIUli BRQ.TDE

2 . 5 s -  polysaccharide were dissolved in 1 litre deionised water. This 

was centrifuged and passed through a column (20 x 3.0cm.) containing 

Amberlite 1R 12OH (G.M. 2). The effluent at pH 3*5 was titrated with 

an excess of a lOy solution of CHTA3. The precipitate formed v/as centrifuged 

off and the pH of the supernatant raised to 7*5 by slowly adding L La OH

with continual stirring. A second precipitate formed at pH 7*5 was also

collected by ce?iIrifugat ion• Both fractions were dissolved in 500ml.

10/-' LiCl« These two solutions were then enured into two separate lots 

ox 3 volumes chilled absolute alcohol, with continual stirring. The two 

polysaccharide fractions were collected by decantation and centrifugation 

and then dried. Samples of both fractions wx re hydrolysed with 2H E SO 

(G.M. 3) and analysed by paper chromatography for their sugar content 

(G.M. 4 and 5)*

This purification step was repeated but this time with a 500ml. 

solution containing G.ly. polysaccharide. 'The pH was lowered, to 2 by the 

addition of N i-I with stirring. 'It was then titrated with an excess 

of lQy CETAB. No precipitate appeared initially. The pH of the solution 

was then raised slowly by the addition, with stirring, of drops of O.5N 

NaOH. Two precipitates were then obtained, one at pH 3-5 and another at 

pH 7-7 .5 . ... Both were collected and .dissolved in 500ml. 10y. LiCl., and the
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two polysaccharide fractions obtained hy alcoholic precipitation. The 

two fractions were collected and dried. Samples of both fractions were 

hydrolysed with nyhf (G.U. 3) and examined by paper chromatography for 

'their constituent monosaccharides (G.IJ. 4 and 5) •

Exp. 3 CELLULOSE 003,011! CuROI.ATOGHAElY OF 1OLYSACCHAP.IDE

COI'STITiiEhTS

Pretreated powdered cellulose (G.E. 3) was packed into a column lCfj.0 x

3.fen. in dimension, (G.U. 7) to a height of 100 cm. The column was 

then washed with 2 litres water saturated n-butanol•

2g. of polysaccharide were hydrolysed with L^oO^ (G.E. 5) and tine

hydrolysate placed on top of the column in 4ml. water. The top of the

column was attached to e reservoir containing 5 litres water saturated 

n -butanol. The flow rote of the column wa3 1ml,/minute. 10ml.

fraction: vere collected automatically. Alternate fractions were analysed 

for sugar content by the method of Garde11 (G.If. 11a) using lml. samples.

The appropriate peaks were bulked, reduced to dryness in vacuo and examined 

by paper chromatography (G.M. 4 and 5).

Pels, rime try. Leak one, shown to be L -fucose by paper chromatography, 

v/as reduced to dryness and dissolved in 2ml. water to give a concentration 

of 5.1/% Its optical rotation v/as then measured using one decimeter cells 

with an inte rnal diameter of 3nun. against a blank of water and using a 

Kilger and 7/ait3 standard polarimeter. From the reading, the specific 

rotation of peak one v/as calculated.

Os a a ore Leri, va t i ve . The 2 mis. water containing approximately lOOrngs.

of peak one were placed in a conical centrifuge tube. To this was added

0.4ml. phenyIhydrazine and 0 .4ml. glacial acetic acid. This mixture was

heated in a water bath for 1.5 hours, removed and allowed to cool in a 

refrigerator for thirty minutes. The yellow crystals formed were collected
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by filtration and v/ashed with water then ether. i'he crystals were 

recrystallised from absolute alcohol until a constant melting point 

v/as obta ir.ed (174-176°) »

Exp.4 IGK-EhGhhi.GT y-t.CJIOIfATIO;; Off POLYSACCHAKIT),:' SUGAR COIiPCKtKTd

Dowex 1, 200-480 mesh, in the acetate form (C-.I1. 2) was used to

prepare a. column with effective dimensions of 15 x 1.5cm. (G.K. 7)* lg«

polysaccharide was hydrolvsed with H SO (O.k. 5) and the syrup dissolved2 4

in 4ml. 0.02 N ITaCH to prevent lactone formation.

This v/as applied to the top of the column which was eluted with a 

linear gradient of 1 litre water to 1 litre Id. acetic acid. 25ml. 

fractions were collected automatically and each was analysed for sugar 

content, using 1 ml. samples by the Somogyi reaction (G.L. 11b). The 

appropriate tubes were bulked to give there separate peaks (Tig. 7 ) which 

were then exnmired by paper chromatography for their sugar content (G.L . 4 

and 5)•

Ex p . 5 QUANTITATIVE All, LYSIS Ok TO LYG AC Cl IAI. IDE

hoisture. 0.267g. polysaccharide were placed in a drying pistol under

Po0 , the syste 1 v/as evacuated and the temper at 1 re raised to 85° for 

twenty-eight hours. The sample was cooled in the pistol, removed and 

weighed immediately. ' This was repeated until a constant weight v/as 

obtained.

ASK. 0.35g. polysaccharide, obtained after alcoholic precipitation,

were heated in 0 silica crucible over a bunsen until completely charred.

It was then transferred to a muffle furnace at 500° for twenty-four 

hours. The sample was removed, cooled in a desiccator over pellets 

of KOH and weighed. This analysis v/as repeated using 0.475g« of poly

saccharide-, obtained after cetyl trimethyl ammonium bromide precipitation.
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Sulphate« 'The method used here was that'of freon and Crutchfield (141)• 

2,14g. of polysaccharide, after alcoholic precipitation, were charred 

over a bunsen then placed in a muffle furnace at fOO0 for twelve hours.

The ash was cooled in a desiccator and digested on a sand hath for ten 

minutes with 5^1• ^ hCl, This was filtered into a 500ml. volumetric 

flask, washing thoroughly both the beaker .-and filter paper with water 

(deionised). The volume was made up to the mark with'deionised water.

Ig. fine mesh BaCO was then added, the mixture well shaken for five 

minutes and the turbidity read immediately at 370 M j a  using an SP.5OO 

spectrophotometer (IJTlIC-iLi) against a blank of water. The reading obtained 

was referred to a standard graph of 0~120mgs. 304~/m!L* which v/as prepared 

using 2*0N H 30^ as the source of sulphate ions. From this graph the 

mgs'. SO / g . polysaccharide v/as calculated. This experiment was repeated, 

using 1.05 ?, of polysaccharide, obtained after precipitation with CFTAB. 

Uronic acid. 0.25g. polysaccharide were dissolved in 4C0nl. water.

This was performed by moistening the sample with benzene then adding small 

amounts of water r I. a time, and blending the mixture I n  a small Taring
-fblender. This r 3 then poured through an Amberlite 111 12011 column 

(G.M. 2 and 7 ) 15 x 3.0cm. in dimension , The effluent was freeze-dried 

and the freeze-dried sample left for forty-eight hours to equilibrate with 

atmospheric moisture. The weight of this sample was 1 .6g. This v/as 

dissolved in 400ml. water and the solution made up to ^oorl. ■ 100ml. 

portions of this were titrated with 0.01 h I.aOK using phenylphthalein as 

an indicator. The acidity found was presumed to be due solely to uronic 

acid groups and from the value found the percentage uronic acid present 

v/as calculated taking the molecular weight of a hexuronic acid to be 176. 

Hexcje and Methyl Hexose» 0.265g. poly sac chan Xe v/as dissolved in 580ml.
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water, firstly by damping it with benzene then adding small amounts of 

water at a time with blending in a small Taring blender (Solution Y),

10, 20 and 38ml, samples were taken from Solution Y and made up to 100ml. 

in volumetric flasks with water. 1ml. samples from each were then used 

for the determination using L-cysteine and: sulphuric acid. The hexose 

readings were taken after ten minutes and the methyl hexose after two 

hours (G.M. lid and e). A blank of water v/as also run with the samples.

The readings obtained were referred to a standard graph made up of 0-100 ̂ 7 .ml. 

of D-galacto ;e and L-fucose (G.Lh 8).

Pentose. 10, 20 and 30ml. samples were taken from Solution Y and made

up to 100ml. with water in volumetric flasks. 0 ,4ml. samples were used 

for the determination using the method of Diache and Borenfreund (G.L. Ilf).

A blank of water was also run at the sane time. The readings were referred 

to a standard graph made up using samples of C- SC^/ml. of D-xylose (G. .8 ), 

FART II SECTION A

Exp. 6 ’ PRELILhilARY SILICIC ^CID xND DEAE CELLULOSE 0011117

CliROIlATOGRAP. ~.Y Or FIRST LIPID J.IXTlddl 

3.5g. lipid extract were dissolved in 10ml. chloroform (G.il. 6 ) and 

applied to-a silicic acid column, 13.0 x 4 *0 cm. in dimension (G<L. 7 ).

The column was -eluted with 1 .01. chloroform followed by 1 .01* methanol.

The first fraction was discarded while the second v/as reduced to dryness 

using a rotary evaporator at a temperature of 45°. The residue was 

dissolved in 20ml. chloroform-metharol, 2' 1 v/v, and applied to a DEAE 

cellulose column, 20 .0 x 3«2cm. in dimension (G.M. 7). The column v/as 

eluted with 1 .0 1. chloroform-methanol, 2 : 1 v/v, 1 .5 1. chioroform-methanol,

2 : 1 v/v plus 570 glacial acetic acid and finally with chlorof orm-met h a n d ,

2: 1 v/v, -plus 5/h O.5H aqueous LiCl (2.01.). Fractions one and two wore
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reduced to dryness using a rotary evaporator and each redisoolved 

in 10ml. chloroform-methanol, 2: 1 v/v. Fraction three was also reduced 

to dryness and dissolved in lQOnl. c hi or of'or m-rne tha.no!, 2: 1 v/v. To this, 

in a separating funnel, was added 50ml. water with shaking. After standing 

overnight the lower chloroform layer v/as run off, taken to dryness and 

redissolved in 10ml. chloroform-metharol, 2: 1 v/v.

Exp. 7. PREJili.ilMAIIY SILICIC ACID ilk IhfVf CELLULOSE COLUMN

CHROlhTOGRAPiY OF FIRST LIPID MIXTURE 

The remaining halves of the three fractions from the LEAF cellulose- 

column in Exp.6 were taken and fractions one and two combined. The 

combined fractions and fraction three were reduced to dryness and 

saponified (G.M'.IO). The tv/o ether extracts were taken to dryness 

using a rotary evaporator and the residues redissolved in 8.0ml. chloroform* 

Each cnloroforn iolut? cu was applied to a sep°-ate silicic acid column-

5.0 x 1.5cm. in dimension (G.li. 7) and eluted "Mth 200ml. chloroform, 

followed by 200ml. methanol. The chloroform fractions were discarded 

while the methanol fractions were hydrolysed (G.M. 3) and examined for 

sugar content (G.M, 4 and 5 ).

Exp.8 PRELB.1IMRY 811,1 CIO ACID ALL DEAE CELi.bLCGE _XLUM-IT 

- ' CriAO:ATQGhAFiiY. OF. SECOID LIPID EXTPM.CT 

2g. lipid mixture were dissolved in 10ml. chloroform (G.M. 6) and 

applied to a silicic acid column, 20.0 x 2.5cm. in dimension (G.M. 7 ).

The column was eluted with 1.01. c-h2 or of orm followed by 1.01. chlorof orm- 

methanol, 4: 1 v/v. The first fraction, v/as discarded while the second 

was reduced to dryness and the residue (0.7g) redissolved in 4ml. 

chloroform-methanol, 2: 1 v/v. This was put onto a DEAD cellulose column,

22.0 x 3 .5-cm. in dimension (G.M. 7 ) snc'l eluted with 1.51. chloroform- 

rnethanol, 2: 1 v/v, 1.51. chloroform-methanol, 2: 1 v/v plus 5M glacial
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acetic acid and finally with 1 .5 1* chlorof orm-methanol, 2: 1 v/v plus 5/v- 

O.fh aqueous LiCl. Fractions one and two were reduced to dryness. 

Fraction three was also reduced and the residue dissolved in lOCrnl. 

chloroform-methanol, 2: 1 v/v. This was shaken in a separating funnel 

with 50 ml. water, left overnight and the chloroform layer collected and 

reduced to dryness using a rotary evaporator.

.Exp, 9 CCMPARIhU! OF SUGARS QLTa B B i.) FRcH LIPID MIXTURES

FROL: FliFFLF-LRIFI) BRACKEN

a) Soaked in water

b) ,! " 0.5/. HgCl^

c) " " l.oJ-'HeCl2
0.5Kg. freeze-dried rhizomes were divided into three equal amounts. 

The first was soaked in 4 litres water, the second in 4 litres O.S/NgOl,, 

and the third in 4 litres 1.0/j HgCl . After -•reive hours each was 

pressed through muslin and the residues dried in an oven at 110° for 

twenty-four hours. Each sample was then extracted by blending with 

ch 1 or of orm-me th e.nol, 2: ] v/v (G.M. lc ) .

Exp. 10 REM0V: L OF FOUL!PIUS USING PQVffERED CELLULOSE COJXf.N

2.5g. partially purified lipid mixture (G J.I . lc) were dissolved in 10ml. 

water saturated chlorof orm-methanol, 9: 1 v/v, and applied to 5. powdered 

cellulose column, 2 7.0 x 3*?cm. in dimension .(G.LM 7 ). The column was 

eluted with seven bed volumes (A/ 60Cml.) water saturated chloroform- 

methanol, 9s 1 v/v, f0 '1 owed by seven bed volumes methanol-water, 9: 1 v/v. 

The two fractions were reduced to dryness and the residues redissolved in 

10ml. chloroform-methanol, 2: 1 v/v.
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SECTION B

Exp.11 EYAIfATIOl; 0/' 81II-JIG uCIT; Ci[KOIATOGrff-. T 0? LIPID

LII x t u k e s

l«75g* lipid mixture were dissolved in 10ml. chloroform 6)

and applied to a silicic acid column, 18.0 x 2.fern, in dimension (G.H. 7 ) 

The column v/as eluted with 500ml. chloroform followed by 500ml. methanol, 

the rate of flow being 3-5^1«/min. Both fractions were reduced to 

dryness using a rotary evaptorator, at a temperature of not more than 

50°. The residues were each redissolved in 15ml. chloroform-methanol,

hiPIT IIXTUhES

Phosphorus analysis of the lipid mixture ((I.I'i. 12c) was carried out 

after saponifies Ion (0.II. 10) , after hydrolysis with et’• mnol-chloroforn- 

5N HC1. (G.it, 3c) and after charring. The latter method v/as carried out 

by heating 0.875S'» of the lipid mixture in a silica crucible over a burden 

until completely charred. This was then tre sferred to a muffle furnace 

at 500° and left for twerty-four hours,. The sample was then cooled, and 

the ash digested with 5ml. N HC1 on a sand bath for fifteen mimvtes•

This was filtered into a 25Cml. volumetric flaps, washing the crucible 

and filter paper thoroughly with deionised*water. The flask was made 

up to the mark with deionised water and 1.0ml. samples used for the phos

phorus analysis (G.K. 12c). 1.22g. of the lipid mixture was then dissolved

in 10ml. chloroform-methanol, 9: 1 v/v, and put onto a magnesium silicate 

(Florisil, Bill) column, 16.0 x 5 .5cm. in dimension (G.m. 7). The column 

was eluted-* with 800ml. chlorof orm-methanol, 9 : 1 v/v, 1 .0 1. c.hlorot orm-
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methanol, 2: 1 v/v and finally with 1.01, methanol. All throe fractions 

were reduced to dryness usina a rotary evaporator at a. temperature not 

more than 00° and the residues hydrolysed (Cr.Ii. 3c)«

Exp. 15 REPEAT OF RiGr-dtll: dihiCATE COLUTd! C-IKOI-ATOGIUR1Y

l.Oog. of lipid mixture were dissolved in fml. chloroform-methanol, 

19** 1 v/v, and applied to a magnesium silicate column, 16.0 x 35cm, in 

dimension (G.m. 7). The column v/as eluted with 1.01. chloroform-methanol 

19J 1 v/v, 1 .5 1. chloroform-methanol, 1: 1 v/v, and finally with l.fl. 

methanol. All three fractions were reduced to dryness as before and the 

residues hydrolysed (G.I:. 3c).

Exp.Id FP-ACTIOIv-VTIOi; Of LIPI13 lATtjh BY SUCCESSIVE CCLUI-IT

G1 IRCt AT COR.-tPf Y

I-agnesium silicate Column. 1.12/g. of lipid mixture were dissolved in 

5ml. chloroform-methanol, 1 $ : 1 v/v, and applies to a magnesium silicate 

column, 18.0 x 3*5 cm. in dimension (G.If. 7). The column v/as eluted 

with 800ml. chloroform-methanol, 19: 1 v/v, 2.01. chloroform-methanol,

1: 1 v/v, and finally with 1.01. methanol. The flow rate of the column 

was 5-7ml,/min. The three fractions were reduced to dryness using a 

rotary evaporator at a temperature of 45-50°. The residues were rediss

olved in 10ml. chloroform-methar.ol, 2: 1 v/v, and examined by 1 ‘LC (G.M.4). 

Tne remainder of each fraction was made up to -250ml. in a volumetric flask 

with chloroform-methanol, 2: 1 v/v. 10ml. from each flask were reduced 

to dryness and the residues hydrolysed with cthenol-chloroform- 5^ HCl 

(G.II. 3c) and analysed for carbohydrate and phosphorus content (G.Il. lie 

and 12c).

DEAE CELIA LOhE GO LIT h'. The remaining 240ml. chlorof orm-methanol, 2:

1 v/v, solution containing fraction two from the magnesium silicate column
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was reduced to dryness by rotary vacuum distillation to give a residue 

0,2 6g, in weight. This v/as redissolved in 5^1. chlorof orm-methanol,

2: 1 v/v, and applied to the top of a TEAE cellulose column, 22,0 2.2cm,

in dimension (G.I1. /)• The column was eluted with 1,01, chlorof orm- 

methanol, 2: 1 v/v, 700ml. chloroform-methanol, 2: 1 v/v plus 5A glacial 

acetic acid and finally with 600ml. chlorof orm-methanol, 2: 1 v/v plus 57-'

0.5tb aqueous LiCl. The flow rate of the column was 5-7ml/min. All 

three fractions were reduced to dryness using a rotary evaporator. The 

residues from fractions one and two were dissolved in 10ml. chloroform- 

methanol, 2: 1 v/v. The residue from fraction three was redissolved in 

100ml. chloroform-methanol, 2: 1 v/v and shaken with fGml. water-in a 

separating funnel. After standing overnight, the chloroform layer was 

collected, reduced to dryness and the residue redissolved in 10ml. chloroform- 

methanol, 2: 1 v/v. AjI three fractions were then examined by TLC (G.. . 4 ) 

The remainder of each fraction was then made ’■p to 250ml. in a volume Luc 

flask with chloroform-methanol, 2: 1 v/v. 25ml. samples were removed from 

each, reduced to dryness using a rotary evaporator and the residues 

hydrolysed with e t han.ol.-ch 1 or of orm - 5^ “01 (G.L. 3c) and examined for 

carbohydrate and phosphorus content (G.L;. 11c and 12c).

SILICIC ACID CCbTil:. ’225ml. chioroform-methanol, 2: 1 v/v, containing 

fraction one from the DiEAE cellulose column v/as reduced to dryness to .give 

a residue weighing IpGmgs. This v/as dissolved in 3•0ml. chloroform and 

applied to a silicic acid column, 48.0 x 5,2cm. in dimension, which was 

packed uniformly (G.ri. 7 ) • The column v/as eluted with a linear gradient 

of chloroform to chloroform-methanol, 1:1 v/v. (21. chloroform in mixing 

chamber and 21. methanol in reservoir). The flow rate of the column v/as 

approximately 4ml/min. 10m. fractions'were collected automatically using 

a Towers fraction collector, and every alternate fraction v/as analysed by
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TJjC (G.i'.u 4)» The appropriate fractions were bulked (fable 28), reduced 

to dryness and each residue redissolved in 10ml. chloroform-methanol,

2;1 v/v, Each bulked fraction was analysed by TLC (G.M. 4 ) (Fig.24),

1.0ml. from each bulked solution was also reduced to dryness, hydrolysed 

with ethanol-chlorofcrin-^L 4Cl (G.L;. Jo) and analysed for carbohydrate 

and phosphorus content (G.L. H e  and 12c).

Exp. 15 EVAII;ATI01: pp SIhlGIC ĈIZJ COLMlhEI) wITH IMGBEoIUI:

SILICATE AS A CODA II TECtlLtyuE IN LIPID ERnCTIuiIATION 

Silicic Acid. 1.175g. of lipid mixture were dissolved in 7-8ml. 

chloroform-methanol, 9*1 v/v and. applied to a silicic acid column, 22.0 x 

2.5cm. in dimension (G.M. 7)* The column was eluted 600ml. chloroform, 

followed by 5OGml. methanol at a rate of 4ml/min. Both fractions were 

reduced to dryness by rotary distillation and the residues rediesolved in 

10ml• chloroform-methanol, 2:1 v/v and examined by two dimensional TLC 

(G.Li. 4 ). The ’"S.Tiainder of fraction one was reduced to dryness and 

hydrolysed with ethanol-chi or of orm-5H HC1 (G.L:. 30) • The remainder 

of fraction two was made up to- 50ml. with chloroform-methanol, 2: 1 v/v , 

in a volumetric flask, and 2ml. of this taken to dryness and hydrolysed 

(G.M. 3c). Both were examined for carbohydrate and phosphorus content 

(G.M. 11c and 12c).

Magnesium Gilicate. The 48ml. solution of chloroform-methanol, 2:1 v/v 

containing the remainder of fraction two from the silicic acid column was 

reduced to dryness to give a residue 34^mg. in weight. This was dissolved in 

4-5ml. chioroform-methanol, 19; 1 v/v, and applied to a magnesium column

20.0 x 3 ,5cm. in dimension (G.I1. 7 ). The column was eluted with fOOml. 

chloroform-methanol, 19s 1 v/v, 1.01. chloroform-methanol, 1: 1 v/v, and
1

finally l.Ol, methanol. All three fractions were reduced to dryness,
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redissolved in 5-10ml♦ chloroform-methanol. 2: 1 v/v and examined hy 

tvo dimensional TIC (G.n. 4) • The remainder of fraction one was reduced 

to dryness and the residue hydrolysed (G.M. 3c). Fractions two. and three 

were diluted to 50ml. in a volumetric flask with chloroform-methanol,

2: 1 v/v. 2.0ml. from each were teen reduced to dryness and the residues 

hydrolysed with et hand -ch lor oform- 5^ HC1 (G.M. 3c). All three hydro

lysate were examined for carbohydrate and phosphorus content (G.TL 11c and 

12c).

Exp. 16 COMBINED USE OF SILICIC ACID, ItlGiiEdllCZ SILICATE n.uD DEAE

CE1 IjULQoE CIIROIATOGIjIPHY FPL THE FRACTIOIIATiOh OF LIP1H IIXTU-LId 

1st hiliclc acid Column. 2*97-.27• lipid mixture were dissolved in 5ml. 

hexane-ether, 1:1 v/v. This was applied to a silicic acid column 2 5 .0 z 

2.5cm. in dimension and eluted as follows: with 1.01. hexane-ether, 1:1 

v/v, 500ml . hox°re-ether 3; 7v/v, 500ml. chloroform, 700ml. chloroform-methanol 

19: I v/v ana finally with 500ml. methanol. Fractions two and three were 

combined and called fraction two. All four fractions were taken down to 

dryness and the residues redissolved in 5-10ml. chloroform-methanol, 2: 1 v/v, 

and analysed by two dimensional TLC (G.M. 4 ). The remainder of fraction 

one was reduced to dryness and the residue hydrolysed vri tli ethanol-chlorof orm- 

5K ilGl (G.L. 3c). All four hydrolysate were analysed for carbohydrate 

and phosphorus content (G.L; 11c and 12c).

2nd Silicic Acid Column. The remainder of fraction four from the above 

column (230mg) was dissolved in 5«Gml. chloroform and applied to a silicic 

acid column, 14*0 x 2.5cm. in dimension(G.Ii. 7) • The column was eluted 

as in the first silicic acid column. Fraction one v/as discarded and the 

remaining four reduced to dryness and the residues redissolved in 5ml. 

chloroform-methanol, 2: 1 v/v. All four were examined by two dimensional



231
TLC (G.L. 4 ), A H  four fractions were then diluted to fCanl. in a 

volumetric flask, with chloroform-methanol, 2: 1 v/v. 4 »Gml. were 

removed from each, reduced to drvnejs and the residues hydrolysed (G.L.3c). 

The hydrolysates were then examined for carbohydrate and phosphorus content 

(G.M. 11c and 12c).

Magnesium Silicate Column. Fraction five (348mgs) from the first silicic 

acid column was dissolved in 3 *0)ml. chloroform-methanol, 19: 1 v/v, and 

applied to a magnesium silicate column, 20.0 x 3»5cm. in dimension (G.M. 7 ). 

The column was eluted with 500ml. chloroform-methanol, 19: 1 v/v, followed 

by 800ml. chloroform-methanol, 2 : 1 v/v, and finally with 500ml. methanol. 

Fraction one was discarded. Fractions two and three were reduced to 

dryness using & rotary evaporator at a temperature of 58°. The residues 

were redissolved in 5 »0ml. chloroform-methanol, 2 : 1 v/v, and fraction two 

only, analysed by two dimensional TLC (G.L. 4 ). The emainder of fraction^ 

two and t h s w e r e  diluted to 58ml. in a volumetric flask with chlorof orm- 

methanol, 2: ]. v/v. 4 *Gml. were taken from each, reduced to dryness and 

hydrolysed with ethanol-chloroform-5h MCI (G.L:. 3c). Both hydrolysates 

were examined for carbohydrate and phosphorus content (G.L. 11c and 12c). 

ihm.d Ctd-aJI. Fraction two (9 3»Gmg.) from the magnesium silicat*

column was dissolved in 3«0nl. chloroform-methanol, 2: 1 v/v, and Put on a 

DEAF cellulose column, 20.0 x 2.5cm. in dimension. The column was eluted 

with 600ml. chloroform-methanol, 2 : 1 v/v, followed by 700ml. chloroform- 

methanol, 2: 1 v/v plus 5/G glacial acetic acid, and finally with 700ml. 

chloroform-methanol, 2: 1 v/v, plus 5/° O.5F aqueous LiCl. .Fractions one 

and two were reduced to dryness and the residues redissolved in 4-5ml. 

chloroform-methanol, 2 : 1 v/v. Fraction three was also reduced to dryness 

and the residue redissolved in ICOnl. chloroform-methanol, 2: 1 v/v.



232
This was shaken with 58ml. water in a separating funnel, and after standing 

overnight, the chloroform layer v/as collected. This v/as reduced to

dryness and the residue redissolved in 5^1. chloroform-methanol, 2: iv/v.

All three fractions were then analysed hy two dimensional TLC (G.L. 4 )*

The three fractions were then made up to 25ml. in a volumetric flask with
/chloroform-methanol, 2: 1 v/v, and 1.0ml. from each taken and hydrolysed 

(G.M. 3c). All three hydrolysates were examined for carbohydrate and 

phosphorus content (G .II. 11c and 12c).
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