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The work carricd out was concerncd with an investigation into a possible
connection between the sugars present in s mucilagenous polyséccharide fron
bracken rhizomes and the sugars present in the glycolipid fraction from the
same plant source.

This work was initiated after a survey of the literatﬁre concerning
the role of nucleoside diphosvhate sugérs 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 tha extraction,
purification and enaiysis of an acidic mucilasgenous polyst.ccharide present

in the rhizomes of the bracken plant (Pteridium aguilinum).

The polySaccharide was extracted using a cold 5% solution of trichloro-
acetic acid and sub.-~quently ourified by -cepsated pracipitiction in alcohol
followed by titration with a 10% sclution of cetyl trimethyl ammonivm bremide.
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;xyiose, L-fucose and a
uronic acid.

An investigation into the acidic function present revesled tmat it wes

probably entirely due to the uronic acid moiety. Sulphate content was shown

to be very low and to decrease with purification, suggesting that its presenco

was due to contamination rather than es an integrel part of the structure.



L-fucose was present in as much as 20% weight of the volysaccharide.

GLYCOLIPID FRACTION,

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

Section A is devoied to a preliminary investigation into different mothods

of extraction and purification. These included the use of methanol end chl oroform-

methanol, 2:1 v/v, as extracting reagents. Various bracken preparations were
also used: fresh bracken, bracken preheated at 110° and freeze-dried bracken.
These different trials were studied as to their effectiveness in reducing
enzynic action during the extraction process. The purification processes
studied included cellulose column chromatography for the w<moval of non-lipiu
contaminants, dialysis, and the diffusion of & chlzroform-methanol mixture
of the extract against & large excess of water, as used by Folch.

A preliminary examination of the lipid-bound sugars present in the lipid
mixture revealed D-glucose, I-galactose, D-mannose, L-arabinose, D-xylose and
two wiknowns, one of which wes suspected of being a sulphonated glucose. These
resulfs were confirmed by both peper and gas-ligquid chromatcgraphy.

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

Confirmation of the sugars found in the glye>linrid fraction was obtained

from the work described in Section B of Part 2. This section is concerned

with attempts to fractionate the lipid nixture, firsily by removing neutral

lipids and other nonglycolipid material such ss phospholipids, follovwed by



the {ractionation of the individual glycolipids themselves. This was perfor:

after preliminary trizls, using o combination of silicic acid, magnesiva silicate
and DEAE celluloss column chromatography. The fractions obtained were analysed
for phosphorus and sugar countent and they were also monitored using two dimensioncl
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 thea

analysed for sugar and fatty acid content by gas-liquid chromatography.
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STUDIES O PLATT FOTAROLITES

GENERAL INTRODUCTICIH

This thesis describes investigations carried out on two related aspects

of the bracken plant (Pteridium squilinum)., Part 1, gives en account of

work performed on the composition, in terms of its componeht 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 glycosyl transfer reactions of direct relevance to these processes.
One such study (1, %, caxvied out in this laboratory upo1 the biosynthesis of
starch showed that whole starch'grains contained at least one giucose
containing glycolipid as well as the nucleotide aden®sine diphosphate glucose
and therefore esta“iisned that in this rorphological entity the only lipid-
oound sugar common to both the nucleotide and polysaccharide fractions was
glucose, Vhilst this did not compriée evidence of a direct connection or an
involvement of glycolipid in starch grain biosynthesis it encouraged further
investigations of a moxre complex system, especialiy when viewed in the light of
work done elsewhere, |

Such a system was provided by the bracken plant, which as already mentioneld

contains a complex mucilagenous polysaccharide as well as cell wall poly-

saccharide and starch grains in the rhizome,
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Additionzlly, earlier results obtzined in this laboratory on the nucleotide
constituents of bracken (76) were available, and some similar connsctions betwesan
the component sugars of the Varions polysaccharides,; the glycolipid and the
nucleotides might thus conceivably emerge here also.

The need for information upon the biosynthetic pathweys in the bracken plant
ig 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 hervicides (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 perhzps
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 ir.
tiie presence of inorganic photphate would catalyse the degradation, in part, o
giycogen to form glucose - 1 - phosphate (G - 1 = P), This reacticn also proceeds
in a reverse-wise manner, under the appropriate conditiomns, during which the
glucose from the G -~ 1 - P is transferred to a primer molecule resulting in the
synthesis of an amylose-type polyzaccharide, with concomitant rsle:se of inorganic
phosphate., | |

Phosphorylase systems very similar to the muscle one were later shown by
Hones to be present in plants as well (9).

Because of its reversible natuse it was not certain what the exact role of
this phosphorylase system in v1.0 was. For many 5cérs «ttempts to synthesise
polysaccharides other than the amylose type using similar enzyme systems were
carried out and it was not until ten years later, follewing the discovery by

Leloir of UDP glucose (10) that a different system was considered.
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UDP-glucose is sirvcturally related to G - 1 ~ P in that it contains the
latter structure linked by a pyronhosphate 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 experiments,

From the numerous examples to choose from (11, 12, 13, 14) the following
serve to demonstrate this involvement., The synthesis of the disaccharide
trehaloge was demonstrated by Leloir and his co-workers, involving UDP-glucoce

and an enzyme source from Sacchoromyces fragilis (15). Sucrose was also syn-

thesised, by two different routes, both involving UDP-glucose (16, 17). The
plant glycoside arbutin was also formed using UDP-glucose and an enzyme from
wheat germ,

Soon after the discovery cf UDP-glucouse, Lel»ir also demonstrated the presence
0f two other nucleotides in veast: GDP - mammose and VOP ~ & - acetyl glucosamine
(19, 20). This was followad by the'discovery of many other nucleotideé in a
wide variety of tissue, both plant and enimal (21, 22, 25,-24)°

Meny researchers with this evidence that nuclecside diphosphate suge<:s
are involved in the formation of di and trisaccharides leogically 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'fhé various attempts to
syuthasise sugar polyme.z using nucleotides as substrates., The experiments

pesformed 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,
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cellnloge had been zchieved using radio-

sole crizerion for the success of the

e

experiment was the incorporaticn of between 1 - 2% radioactivity into the

product, As no further proof wvo support his claim was provided and with
such a low radicactive incorporation it is doubtful if this could be
accented as conclusive evidence of cellulese synthesis by this system,

A gimiler experiment was carried out by CGlaser in the same year (25)

in which ha achieved a lov incorporation of redioactive H - acetyl

<

of chitin uvsing UDF - Ii - acetyl glucosanine

ratem from Neurosuora crassa. This work can be criticised

- - Y= 3 -
on the same grounds as above.

However & seri.s of <rmeriments carried out by Zltsin, Barber and

2

T . /5 . - . . . . s o N B

Faszid {(27) concerning cellulose syathesis in which GUP - glucose was ithe

doncr =nd the eazyme was a particulate one from rng bezns, enable
Fad

sufficient of the suoduct %o be gyathe~ised to allew bol. 2 chemicel and an

enzymic identificution., o primern was reauired as the lovw concentration o

o

cellulose prosent in the sazyme system was sufficient. Cne interesting voint

from this expsriment was that when the enzyme preparation was washed it lost
its activity which was partly restored by adding a yeast extirsct., This

could point to the participation of other unknown factovs i the rezction.

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

transfer of glucose to form the 2 1:3 slucan callose. The other a 1:3

Jeoma and vhose synthen

polymer is paramylon, which is found in Iy

similez to collose) has been clrimaed (29),



shoved an increase in chein length by one unit of the

primer xylan uvsing

The synthesis of hyalum

enzyme from Rous sarcona celle and radicactive UDP -~ T - acetyl cosamine.
The identification of the product was confirmed both by radicazctive incorp-

. . P N .. / - p
oration experiments and also by the use .of a spscific hyaturonidase (31, 32,

53, 3h ).
Studies vere carried out by Duncan (55) in vhich he tried to ghow a

B

direct link between nucleoside diphosphate sugars and polysaccharide synthesis.
He prepared a large nunber of these substrates and using enzyme preparations
from wheat scuteila, dried peas, and potatoes, a series of experiments using
primers of glucose, maltose, nalu gpse, ellobiose, sucrose, G - 6 - P and
P~ 6 - P, were performed. After incubztion the dig
increase in chain lengiv ¢f the primers. In alist all of the experiments no
simmificant increase i1 chalin length was deteched

It can be seen from the exampies cited, of work done in this end other
laboratories that nucleoside diphosphate sugars appear to be connected in some
fa2finite way with the synthesis of polysaccharides. However, many exper:aents
to illustrate this have not alviyjys been successful, anu iliere an increase in
chain length has been achieved the systems used lacked clear delnthJoq in
that the enzyme preparation involved in the majority of the cases were parti-
culate rather than soluble, )

It could be sugrested from this that bBecause of the very complex structure
of particulate systems they may contain not only the correct enzyric, but also
other importent factors necessary for the reaction. Therefore polyseccharide

synthesis may be a more complex series of reactions rather than 2 direct nucleo-

tide-polysaccheride link,
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The synthesisz of slycogen was investisated by Leloir in 1957 (36). He
extracted an enuyme frcem rat liver and showed that with glycogen as a primer

of the glycogen by transferring glucose from

O

it catalyased the furiher sy

UDP - glucose to the priner . This engyme is referred to as glycogen synthetase,

Leloir's work on glycogzen 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 btut 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 pagss.

Leloir (37), wucceeded in incorporating glucose from UDP - glucose into
starch grains using amenzyme preparation which appesred to be attached to the
actusl starch grain iteelf, and which could not be removed without loss of
activity. This pcosibility that the enzyme was directly atteched to the starch
in some way, was no.2 out by Pottinger and Oliver (39) who, using a modified
isolation technique increascsd the sctivity of the isolated starch grains by
some two thousand fold.

However in 1964 {.ydman and Cardini (40) sugrested that the enzyme might
r.ot be attached irreversiivly to the starch grain and that the staxrch wﬁs only

necessary as a primer. ‘his asscumption 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 cn starch synthesis in this laboratory
(41), when malvodextrins were included in the digest, were contrary to those
of Leloir in that no highoer polymers were detected,

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

grains as an enzyme source, UDP - glucose, 'primer' starch, G - 6 - P and
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negnesium sulphute

Oliver (39). No significont incra
Trie synthesis of sterch therafore aspears to be a particularl;
processand so far the experimental evidence as to how it is carried out is
contradictory in nature,
Badenhmizen (42) in an attempt to clarify the sterch synthesising problen,
8

put forward the theory that the de nove syathesis of starch is carried out by

ey

©

the phosphorylase / G =1 -« P system acting in the pressnce of sucrose 2as
primer to form amylose. § enzyme then converts this to amylopectin and there

is "ecrystallisation" of the sterch from coacervate droplets to form the grain.
Leloirt's starch synthetase system appears to be responsible only for extending
starch already formed.

From Badenhuizen's theory *hat sterch grains are tuilt up in layers by
vhe continualkformation o0& coacervate droplets fuilovel by ecrystallisation” out
of solution by the starch (42) funcan (44) has implied thni fco this to be success-
ful an interface is necessary otherwise it would be impossible for such a dropled
te form in a wholly aqueous medium.

Taking this thinking a stage further he sugzest & She need for waterial of
a lipoidal nature to be present “n the environment,

The extraction and identification of two galactoglycerides from wheat flour
by Carter et al in 19556 (45) (¥IG. 1, Nos. (i) and‘(ii), followed by the knowledge
*hat such compounds, a= well as other newly discovered glycolipids, are wide-
sp.orad throughout the nieny world, has led various workers to surmise that they
may play an important, but as yet unknowvn, 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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Monogalactosyl diglyceride, Digalactosyl diglyceride,

(2,3-diacyl-1-(p~D-zalacto~ (2, 3=dicnylel=(a=D~galacto=
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Plant sulpholipid.

(2,3-diacyl-1-(6-sulpho-a~D-quinovo-

.pyranosyl)-D-glycerol.)
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envisaged that they would be most suiteble in bridging the interface between

§

agueous and nonaqueous environnents. It would 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 agueous medium.

Northcotet's work on cell wall biosynthesis is also of interest in the
present context (46). He states that the endoplasmic reticulum, aleng with
other ceil organelles, is responsible for the transport and synthesis of
material for the cell plate. He also showed, 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, L49). Hassid, Neufell and Feingold (50) have stated that the sugars
of these celi wall polysaccharides are derived from .uidine cipnosphate compounds
of the corresponding sugars. 7The mechanisnm, as yet uniknoc.n, oy which thsse cell
wall polysaccharides are synthesised is therefore of considerable interest.

Banson (51) discovered a compound in plants si-ixluc in general to those
fouud by Carter. It is a glycoayl diglyceride : tihe cusar moiety being
identified as a 6 - sulphonated glucose (FIG, 1, Yo. (iii)). Benson also
realised that in the oproblem concerning the lipoprotein structure of plant
cell membranes, glycolipid compounds of the above'tybes described could act

~
I

surfactant reagent, -m the plant membrane, facilitating the transport of

Tis

icns through the memorins, and thus enhancing the aqueous solubility of hydro-

phobic substances (52).



10

Duncan took this reckoning a siage further (53) within the present context,
by saying that the glycolipids thenselves may act, under the above conditions,
as accephors or donors in glycosyl traznsfer rsactions between the different
vhases. As a result of this reasoning Duncan (54) investigated starch for
the presence of glycolipid compounds. Smzll, but distinct, amounts of two glyco-
lipids were found. One contained galactose and behaved in a similar manner to
Carter's galactoglycerides, while the other contained glucose and appeared to be
resistant to saponification with N. aqueous XOH 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 showed that when

80% alcoholic extracts from Acetcbacter xylinun cells were incubated with an

enzyme preparation obtzined from the ultrafiltsred :upernatzint of washed A, xylinunm
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 5N. HzSOs; and the hydrolysate examined by
eper cﬁromatography, a spot was detected which ra» at the same rate as glucose.
Later he disﬁovered a2 gimilar 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

sther monnose cont iniryg lipids in the bacterium M. lysodeckticus (57).  Also

when uniformly labelled GDP - mannose C'* was incubated with 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.



is the work donae by leufeld (53) vho
gpinech leal chlowoplacsts the enzyric synthesis of a series of
labelled galactolinids from racicoscitive ULP -~ galactose, Labslled mono, di,
tri and tetrazalactousyl vere identified as reaction products
Because of these obrervations and because of the undefinad and contra-
dictory nature of the work donz on wolysaccharide synthesis oreviously
mentioned, it was thouaht that the question of sugar-lipid involvenent

warrsnted further investization.
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SOURCE NUCLEOTIDES FOUND INOWN POLYSACCHARIDES AND
COMSTIWULNT SUGARS
Yeast. UDP-glucose(10), GDP-mannos Givcogen (glucose). glucan
(Saccharomyces (20), UDP-N-acetylglucosamine | (glusose), chitin (N-acetyl-
fragills) (19), and GDP-mannohrdtuloss siacosamine) and man an
(60).| (mannose) (6L).

Liver, UDP-glucose, UDP-galactose, Gveogen (glucose), hyaluronic
(mainly UDP-N-acetylglucosamine and acid (N-acebtylglucosamine and

chicken).

UDP-glucuronic acld (62).

glucuronic acld) and heparin
quwooﬁ%HmHSOOmmzwbm and
glucuronic acid) (63).

Henn oviduct.

UDP=glucose, UDP-galactose,
GDP-mannose, UDP-N-acetylgal-
actosamine, UDP-N-acetylgalact
osamine sulphate and UDP-N-
acetylglucosamine~6~phosphoro-
B-galactoside (64) (22),

Egs membrane (galactose, N-
acetylzglucosamine and phosphate
) (22), hyaluronic acid (gluc-
uronic acid and N-acoetvlgluce

ogsamine) and chondroltin sulph-
(glucuronic acid, N-acebtylgal-
actosamine and gulphate (63).

Red Algao.

UDP-glucoge, UDP-galac*tose,
UDP-glucuronic acild, GDP-l=-
gelactoge, GDP-manunnse and
adenosine 3',5° mwwwom@Upﬁm
65)

Starzhr (glucose), cellulose
(lucosoe), mannan (mannose)
(66), galactan sulphate (D and
L-galactose and sulphate (65).

Pneumococcll 1

UDP=-galacturonic acid (67).

Polymer of galacturonic acid
and N-acetylglucosamine (68).




TAFLE 1 (contd.)

KNGIN POLYSACCHARIDES AND

SCURCE. NUCLEOTIDES FOUND, CONSTITUENT SUGARS.
Pneumococccilil UDP-glucose, UDP- glucuronic Polymer of glucose and glucur-
2 and 3. acid and UDP-N-acebtylglucoa- onlc acid (68).

amine (69).
Milk. (cow) UDP-glucose, UDP-galactose, Lactose (glucose and gralactose),

UDP=Nw-acotylglucocamine, UDP-
N-acetylgalactosamine, GDP-
maennose, GDPP-glucose, GDP-Li=~
fucoge, UDP-N-acetyllactos-
amine and UDP-M-acetyllactos-
amine fucoside (70).

N-acebtyllactosamine fucoside

Ne~acetyllachosamine (galactose
and J-acotylglucosamine) and

(l-acetylglucogamine, galactose
and fucose (71).

13

UDP-glucose, UDP-N~-acetylglu-
coganine, UDP-galactose and
GDP~mannose (72).

Dextran (glucose), mennan (man-

nose), galactan (galactose)

wﬁg chitin (N-acetylgiucozamine)
61),

Salmonella,

UDP~glucose, UDP-galactosae,
TDP=-rhammosge, CDP-tyvelose;
and CDP-abequose (73).

Polymer of mHQQOmoggpﬁsomou
rhamocza, galactose and dldeoxy-
hexoses (68),

Mung bsand.

UDP-glucosge, UDP-galaci.ae,
UDP-xylose, UDP-L-cvrabincss
and UDP-glucuronic ac’d 21).

Callae (glucose), cellulose
(glucose)and hemicsellulose
(galactose, xylose, arabinose,
and glucurcnic acid) (74).

taphylococcu

aursus,

UDP-N-acetylglucosamine,
UDP-N-gcetylmramlc acld and
CDP-ribitol (75).

Chitin (N-acetylglucosamine),
toichoic acid (ribltol and
phosphate) and a mramlc acld .
polymsr (68, 74),
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SCOPE OF THE PRESENT WORK

The work reporited in this thesis was performed to ascertein 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
eccount of its extraction, purification and analysis. It pays particular attention
to the certain identification of L - fucose eas a component sugar of the poly-
saccharide.

This part describes the extraction, purification anc resolution of the liplds
from the rhizomes, firstly into classes, and finally into individual glycolipids.
Lfttempts were made to determine what sugars were preeut in the glycolipzd fraction.
A comparison was then made betw2en the sugars found in *hz nucleotide, polysaccharide
and glyoolipid-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.



16
PART 1.

e T s

LYSTS OF BRACE POL{SACCHARTDE

s AR Sl |

n, porification and fractionation of

a)

Plant gums and mucilages are polysaccharide materials of high molecular
welght. 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, 7
often produced as a result of infection, while mucilages are obtained by extraction
with & suitable reagent.

The cfiterion of a good method of extraction of a plant polysaccharide, as

is the case in th. extraction of all biological material, could be stated as

1

follows:~ it must extract as much of the designed materisl as possible, free
from contaminatic., snd 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 belng extracted.

The technique 2ed for the isolation of plant muoilages‘are of necessity
diverse and their use, though norimally of an empirical nature, can be tailored
to suit certain characterisfics 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 2% NagéCb, K2CO; and NaOH. Use of
these solutions compensated for the fzll in pH during ext.~~tion. Howzver it .ms
found that when some of thé 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 ussd as en exitracting mediuvm, other water soluble

-

compounds, such as amino acids and proteins arve extracted. Hot water extraciion
has the added disadvoentage of rupluring starch grains present in the plant,
resulting in contaminetion of scme of the desired polysaccharide

One of the major changzg to be avolded during extracting iz degradative
enzymic action. This can often be 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 froa the
rhizones, after trials using 2.0% Wa, COs and hot water, that a cold 5.0% aqusous
solution of trichlorcacetic acid vas not only effective in preventing enzyne

action but also avoided the exiracition of starch as well.

b) Purification.

One of the major problers in polysaccharide research is the asseasment of
purity. Purity with respect to inorganic and 1rotel~ contamination is readily
established but there is no-geaneral, quickly applied, metvhod for testing purity
with respoct to freedom from contamination by other polysaccharides. The effectiva-
ness of a purification step can only be monitored YT, msasuring some property of
ths polysaccharide in question, such as its optical rctation, 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-carbohydzaics
from polysaccharide extracts. One such teohnique~inﬁolves the denaturation of
the proteinantious matsrial by shaking the exﬁract with é 1:3 v/v mixture of anmyl

alcohol and chlorotcrm (57, 88). 40% trichloroacetic acid has also been used in

& similar manner (89).
Another method used involves the precipitation of crude polysaccharide

extracts by pouring into cold absolute alcohol. Vhile this effectively removes
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amino acids, surers and othser low meleculse waiy

A similer crdticisw epplica $o dialysis ag a purification step.
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Protein absorbents suc Earth have also been uszd (90). However
here a certain amount of carbohydrate material may also be absorbed by the

reagent along with the protein contaminants.

Protein contanination can be largely avoided by .ng solutiong of TCA as
the polysaccharide extracting mediun., This yprecipitates proteins by denaturation

and conscquently they are not extracted in the first place.

¢) Fractionntion.

Ore technique used for the separation of a nixture 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 »nlysa-charids molecules causing them to precipitate out of
solution. The concentration of alcochol 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 chaf ze present.
Mewever, using this aethod can often result in cross contamwration of the various
fractions.

In the case of neutral polysacc) vrides there are certain cases vhere
specific fractionation techniques are applicable. Starch can be precipitated
from solution in the form of an iodine complex, amylose sszrarsied from emylo-
pectin by the formation of insoluble complexes with a range of compounds (92, @3)
and yeast mannar can be precipitated as its copper complex (94).

The fractionation of mixtures of neutral polysaccharides has been achieved

using eleotrophore81a on supporis of filter paper, Sllk and glass-fibre paper (96



Voltaeges of up to 2,000 are used and o charge induced on the polysoccharicdes by

¢s IHuxtures containing monnen, galactan,
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the forumation of Torats comples
glycogen and inmilin have bsen scparvatsd by this method. However if the poly-
saccharide to be studied already containa icnisable groups then elsctrophoretic
separations can be achieved without the formation of a complex (95). Electro-
phoretic separations using cellulose colwms have also been applied and found to
give good results (97).

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

The fractionation of mixtures of acidic polysascchariics on columas of DUAE
cellulose can also be acconrlished (204). The colirm material is used eithe 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,Weri fractionated a mixture of pectic substan¢o
into its individual components (205, 206).

Schmidt (101) obtained a good separation of acidic mucupolysaccharides from
each other by ion-exchange chromatography on DEAE Sephadex-A-25. Thus hyaluronic
acid, heparin, heparitin sulphate and chondroitin sﬁlphate were completely
separated by this method.

Resolution by gel filtration techniques is &ccowplished as a result of
differences in molecular size. Poly;acoharides, structurally idéntical 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 filtravion will not give rise to frectionation into dictinet specics
and the wethod is thus limlied. Ringerts (102) hovever separated the poly-
saccharide extract from mice tunours, usinz gel filtration, into fractions
containiné different sulphate content, snti-coagulant activity and type of
emino sugar present. Gel filtration weing 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
romide, form insoluble complexes vhich precipitate out of solution (FIG. 2).
Yeutral polymers, under normal circumstences, do unot form this complex and hence

remain in solution. A separation of neutral from acidic polysaccharides can

therefore be obtained.

Fig. 2

e £ S ey

Pt + nQitA” ——— 3 PP’ + o onMAT

PP il is the salt of the cation M' with the polyanion of valency n.
+ - -
nQN A is the quaternary ammonium salt where QN+ is the cety’ trimethyl ammoniunm

cation end A~ is the anion, e.g., Br .

By adjusting the pH it is possible to separé%e polysaccharides by inducing
varying Jegrees of dissociation. Thus a pblysanchari&e'which falls to pwecipitate
at pH 2 may be induced to do so by raising the pH to 4 or 5. Thece 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 cmn
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be reprecipitated ag its lithivm salt by pouring the sali solution of the comnler
into cold absolute alconol, the excess lithiun chloride remaining in solution (207).

This last method of fracticazilon was the one chosen in an attenpt to rezolve
the polyscaccharide extract from the bracken os it was found to be of an acidic

nature and hence suitable for this particular techniqua.

2. The extraction of a mucllﬂg 1noug pOljvaCCh“Tldﬁ frem bracken rhizomes

Fresh semples of bracken rhizomes were collected during the dormaant season,
November to February 1963-64, from Milngavie Moor, on the ouiskirts of Glasgow.
Tne rhizones were washed, and chopped into lengths of approximately one inch.

Then 1.0kg. of these rhizomes were extracted by blending with 2.0% Moy COs
the yleld of polysaccharide obtained was 2.5% of the dry weight of the bracken
(bracken containing 80% méisture). This method of extraction was abandoned
because of the low yield and =lso because of th2 possibility that enzyme action
might still be tsking jlace Qurlng extraction.

A second trial extraction was cerried out in which 1.0kg. chopped rhizomes
were firstly boiled in water to inactivate degradative enzymes. The rhizomes
raen extracted by blending with cold water yielded mwaterial sccounting fer 12,56

of the dry weight of the bracken. However -this methHd was also discarded winen
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_l.okg. chopped rhizomes with
5.0/ cold trichloroscatic acid in a high speed Waring Blendor (Waring Products,
winstead, Conn., U.5.A.) (Exp. 1), passing the viscous solution cbtained through
muslin and re-extracting the residue with cold water. The two extracts were

. combined, centrifuged and the supernatant immediately extracted with ether to



al breal:dovm of the polysaccharide.
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rude extract was carried oul by repeated

I,

precipitation in cold absolute aleohol (Exp. 1). The white fibrous polysaccharide
was collected by centrifugation, washed twice with aleochol, 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 2 small amount

Fal

of benzene and then adding small quantities of water and blending until the
material was in solution. The above alccholic precipitation step was repeated,
finally to yield a dry white fibrous material weighing 7.5g. (BOinof the dry
weight of the bracken). The absence of starch was established by testing with an I,
potassium iodide reagent.

L)

Although the yield of polysaccharide was n~t very high in terms of dry weicht,
its mucilagenous properties allow it to absord larss quantities of water, many

tinmes its own weight, i1¢sulting in considerable sw=lling.

4. Attennted fractionation of po ;qacchzrﬂde extract.

In order to ascertain if this extract was composed of a single polysaccharide
er contained two or more different polymers, it w.s decided to atbempt its frac-
tionation using the quaternary emmonium complex technigue of Scott (106, 107)
(BExp. 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.11,2) that the polysaccharide solution oﬁtained had a pH of 3 to 5.5. The

fact therefore tha. the polysaccharide was acidic made it suitable for this method

of fractionation.

A 0.25% solution of the polysaccharide was passed through an Amberlite IR 120

g column (G.11.2) and the effluent titrated to a slight excess with a 1055 solution



of cetyl trimethyl ammoaiuvn broalde., A thick precipitate was obitoined vhich

Slon.  Taa piH of the surernatent was sleowly raised

was collected by cantrifugat
to 7.5 with ¥ NaQl. Upont the addition of more CETAB a second precipitate was
formed and this was also collected by centvifugation. Both complexes were
dissolved in a 10% solution of lithium chloride and the presumed lithium é 1%

of the polysaccharides re-precipitated by pouring into three volumecs of cold
absolute alcohol. 0f the 2.5g. polysaccharide apoplied to the icn~exchange
column approximately 40% was present in Fraction A and 60% in Fraction B.

Samples from both fractions were hydrolysed with N HyS0; (G.11.3) and
examined for monosaccharide content by paper chromatography using & butanol-
pyridine-water solvent mixture (G.M.4). The spots were located with alkaline
silver nitrate (G.}.5).

The results of the chromatogram showed that, qualitatively, both Fraction A
and Fraction B vere :ouaposnd of exactly the some sugars. At least six spots
were detected in each case including the characteristic fish tail effect norazlly
given by a uronic acid. No significant degree of purification from other minor
poiysaocharide compcrents was evident from the chromatogram.

In case the ex..act contained not a mixture of asidic ¢nrd neutral poly-

saccharides but a mixture of acidic polymsra, e.g. one component polysaccharide
containing uronic ecid residues, the other sulphated sugar residues possibly,
the experiment vas repeated at pH 2.0 instead o{ pH 3.5. The fact that a
solution of the free acid of the polysacqharide vas only oH % - 3.5 was thought
not sufficient to rule out the possibility of sulphate gro.ps beinyg 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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end the sccond ot i 7.0, Yo differcnce in the qualitative suger content of
each fraction Tis fouad,

The polysaccharide exiwvact, thervefore, could not be fractionated by this
method and appeared to consist of a single acidic polysaccharide component
containing several congstituent sugars,

Because Fraction A and Fraction B were, using paper chromatography, similar
in sugar content, they were combined and thig combiner sanple reforred to as
"CETAB trected polysaccheride”, somples of it being used in further experiments.
Otherwise the polysaccharide samples used were obtained after repzated alcohol
precipitation only (Exp. 1).

Since this experiment showed the polysaccharide to be composed of several
different sugars it was decided to carry out a deteiled examination by paper

chromatography and gas-liquid chromatography to identify <«ch one conclusively.
o

5. Qualitative paper chreratogravhic analysis of »wlynaccharide.

One dimensional paper chromatography was carried out (G.}M.4) by hydrolysing
1.0z of polysaccharide with 2N H;SO: (G.M.3) and analysing the hydrolysate

using the following solvent mixtures (G.M.4).

1) Butanol - pyridine =~ water {108)
2)  FPhenol - water (109)
3) Ethyl acetate -~ pyridine - water (2109)

4) Formic acid - methyl ethyl ketone - butanol - water (110)

Unknown spots and stand:rds were located by dipping or spraying with the

follewing reagents (G.M.5)

Amnoniacal silver nitrate (111)
Benzidine trichloroacetic acid (112)
p-anisidine - HCl in n-butanol (113)

a~naphthol/phosphoric ecid » (114)
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VTABLL 2

tandard Solvents
suzars
1 2 3 L
std. {Rg hyd. |Rg std. [Is hyd. |Rg std. |Rg hyd. | Rg std. |Rg hyd.
D-plucose 100 101+ 100 100* 10C Gy 100
T
I-arabinose | 117 L3 '3 115 ] 143 11
116 -t S 11L v
N
D-mpannos 115 ﬂ 112 ) 112 w 128 129
: N 115
D-palact 91 114 87 86 93 5%
Yyl 127 V 130 120 121 142 1, 158 156
| L-Tucose 130 m 170 167 135 157 182 181
m
MUmeSOdomm 138
m|
se 179 218 i
\I—.i
Uronic acid + + | + * +
Ry values Tor standard sugars and unknowns from brecken poclysaccharide after hydrolysis

.)

with 217

wow<m5am. w.

4+ denotes pre

ethyl acetate-pyridine-water (120:50:40) 3. formic acid-methyl ethyl ketone-butancl-

ES

nce of w

onic acid.

tanol-pyridine-water Awuwuw.m v/v)

~
e

* denotes a ftrace.

vhonol-vater (160:40 £\<v

uater (15:30:40:15 v/v .




TABLE 2 summnrises the Rz. valuss obindined for both the valmomn susers and tho

joli

P
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standards. The Rg. vealuoss for vrenic agid 8 are not given due to the
difficulty of escertaining the neoningful centre of the epot due to the tailing
effect. Instead, the presence of a uronic spot is denoted by & + sign.

From TABLE 2 it can be seen that D-galaciose, D-mannose, L-arabinose,
anylosc, L-fucose, D-glucose end a uronic acid sugar were all present as
conponents of the polysaccharide. Glucose was, however, shown by all four chroma-
tograms tb 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 mucilagenous polysac-
charide. This result is supporited by literature evidence in that glucose has
been found only in very few plant mucilages (203). Keloses were tested for by
spraying with a-r~phthol/phosphoric acid reagent (G.1L.5).

Traces of s.ow sunniug sugar components were also nosed on the one dimensicr -l

pots vere rot unexpscted and were probably due to

62}

paper chromatograms. Thoese
incomplete hydrolysis of the polysaccharide leading to the formation of simall
anounts of di and t.7wseschaviles.

Two dimensional panuy chrowatosraphy was also parformed (G.1M.3). A standawd
chromatogran was run under exactly the same conditions as the wimown sample.
The chromatograms were developed firstly with butanol- pyrldlrn—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 wiia those on the
standard (FIG. 3) confirmed the results obtained frdm TABLE 2. However here

no glucose at all was located. =~ Jalactose, pannose,  xylose, fucose and

uronic acid all gave strong spots whereas the L-arabinose spot was mor e faint.
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of bracken polysacchoride.

6, Qualitative gos-licuid chro
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GLC of czrbonydrates is repidly beconing 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.

Iritially workers made use of the O-methyl ether or acetyl derivatives
(116). Disaccharides were resolved as their octoacetates or methylated di-
saccharides (117, 116).

The reguirvement that the sugar derivative he volatile is obvious. However

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

to a wide variety of carbohydrate compounds, and the derivative rmust be stable
at the high temperatures ]1hely to be employed during its analysis. Also it
should not require extensive purification prior to chromatography and it should
be possible to daograde the derivative to the starting material in order that

T

preparative GLC can = perforaed.
The above requirements wire fulfilled to a great extent when Bentley,
Sweeley, liakita and Wells (118, 119) demonstrated the use of trimethyl silyl

ether (TMS) derivatives of polydroxy compounds as suitable volatile compouvnds

for wse in GLC (FIG. 4). They showed that silyl comprunds were easily

/
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prepared in quantitotive yields, wore stable at high tenpsratures and could
be applied direcltly from the wenclion sixture o the column., The formation of
the TS derivatives ig quick and the reaction goes to completion at room
temperature or with gentle varming. As a result multiple peaks are not observed
as was the case with previous methods, when only partial methylation and acetyl-
ation was often achieved.

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

Previous to an examination of the couponents present in the polysaccharide
by this method, a number of preliminary expsriments using known sugars were
performed in order to gain experience in operating a gas-~liquid chromatogram,
to determine sultable conditions for the separation of a mixture of sugars and
to compare the results obtained with those given in the literature. In this way
it was possible to guin a degree of familiarity with the technique.

The TMS derivatives of these known sugars were prepared by dissolvix
approximately 1Omg. of each in dry pyridine (G.M.6) and adding to this a freshly
prepared 2:1 v/v mfvbture of hexamethyldiclilazane and trim:’hylchlorosilane (119)
(¢.1.15). A mixture of knovs sugzrs composed of D-glucose, D-galactose, D-iyloce,
D-marnose, L-arabinose and L-fucose was also prepared in a similar monner. Ini tiall;
the single sugar derivatives were analysed and their retention times calenlated
relative to o=-glucose. This was followed by an‘aﬁiysis of the mixture of sugars
and the various peaks obtained identified by comperison with Jae single runs. In
this way the conditions leading tc the . best separation of the sugars we

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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vae aqusous hydrolysate would have fornmed

equilibriated nixtures of thelr respzotive anomsrs, and as a result several

peeks representing these diffcerent anonsrs of the same sugar would be recorded.

Because of this the standard sugars used for comparison were also allowed to
form equilibriated mixtures of the anomers by dissolving theﬁ in wate% and
standing overnight. Their TMSiderivations were then prepared (G.M.15) and run
under exactly the same conditions es the unknovm mixture.

The separation of the TS derivatives of the unknown sugar mixture is
shown in FIG. 5. The Rt. values of the ten peaks were calculated, relative
to the oa-glucose pezk present in the sfandard, and compared with the values
found for the standard svgars (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 comparisor with results from %he
preliminary experiments. From TABLE 3 the folloviag conclusions can be drawms
peaks one and itwo are L-arabinose, peak three is L-fucose; peaks four and five
are ‘D=-xylose, peaks six and nine are D-mahnose, peaks seven and eight and nine
are D-galactose and thz trace pesk ten is P-D-glucose.

These results contivm trLose already found by paper chrecratsgrephy, inclua’. 3
the fact that élucose is present only in very small amounvc sugéesting as
previously mentioned that it may not be a genuine compouent of the polysaccharide.

The only sugar not identified by this method was the uronic acid component.
This was probably due to the fact that atcharged sugar such as a uronic acid
would have a very large R%. ralue vhen run on > varely non-polar S.E. 30 columi.
As a result the uronic acid peak may have been so slow at the temperature used

for thevanalysis that it did not have a sufficiently; long time to appear. So
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GLC of sugars (TS derivatives) obtéined from bracken
polysaccharide after hydrolysié with 2N HoSC, The
mixture was separated on an SE-30 columm using temporat-
ure programmed conditions of 130-160° wlth a rise of

2°/min, (TABLE 3).
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(Stds.)| (Hyd,)
Rt, rol,Bt., wel, Psak
Standards [Anomsrs; to a- to a- Noe

glucose] glucogs

Arabinose B 0.42 0.419 1
a 0.46 0.456 2
Fucosge a 0.503 0.506 3
Xylose a 0.579 0,574 4
B 0.6298 0.6¢ 5]
Mennose a 0.83 0.823 6
B 1,045 1,05 9
Galactose { Y? | 0.875 | 0.v36| 7
a 0.943 0.543 8
B 1,05 1.05 9
Glucogo G 1.0 /
*

B 1.3 1.3 10

Rt. values for standard sugars and uninowms from
bracken polysaccharide after hydrolysls with 21 HpS0,,
followed by GLC analysis using a colurm of 2.5% SE-30.

*  frace.
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far there is not a great denl of inforustion wiith rezard to the GLC analysis
of uronic acids and time did not allow for such an investigation to be performzd
hera.

The absence of a large glucosa peak was further confirmed by rechromato-

graphing a ssmple 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 paﬁmr chromatograrhic

investigation in showing that the monosaccharides present in the polysaccharide
are galactose, = -mannose, xylose, fucose, a smaller amouni of  arabinose,
s uronic acid component and aiso a trac: amount of glucose (which may be an
artifact).

L-fucose was first shown to be a major comrrment of a plant polysaccharide
in fucoidin, obtained ~om vhe Browm Algae (120, 124). Fucoidin was later found
to contain up to 48% I ‘ucoss and up to }O% st.rn-te (125, 126).

The -traganthic acid fraction of gum tragacanth is also reported to contain
ca 10% L-fucose (127) but apart from these two sources °1gn1flcunt anounts of
vhis suger do not appear to be presernt in any oth.z polysaccharides.

That L-fucose was shown to be present in this polysaccharide from bracken
and on eppszarance in large Quantities was therefore thought to be of considera
interest. Also because of the reasons stated in the introduction (pagell )
with regard to the importance of L-fucose as a béals for comparison between
the polysaccharids »nd glycolipid fraCuxons, it was decided that ite presence

in the polysaccharide must be confirmed without doubt. The following experiment

was performed to do this.



%6

T Cellulose coluni cheorstoziavhy of the coupeonents of the polysaccharide.

L)
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Thig expovimant was porformed to isolate an adequate amount of a pure
sample of the L~fucoze from the polysaccharide hydrolyséte to enablé certain
identification by means of spscific optical rotation measurement, and derivative
formation.

To thie end a powdered cellulose column after Hough, Jones and Wadman
wag employed (128) (Exp. 3). A column 3.5cm. in diameter wvas packed uniforaly
to a height of 100cm., with powdered cellulcose in a slurry of water saturated
n-butenol (G.M.7). 1.0g. polysaccharide was hydrolysed with 2N. H;SO04 (G.1.3),
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 elﬁted with water saturated n-butanol. 10ml. fractions were collected
antomatically and each one analysed for carbohydrate content by the method of
Sven Gardell ('29) (G.M.11).

A complete sepnration according to carbohydrate content was not achieved,
but when the appropriate tubes were bulked and the peaks obtained (FIG. 6)
analysed by paper chrumatography, using a solvent nixture of prenol-water
(G.M.4) to determine what sugers were present in each one, it was possible
to obtain a puve sample (102 mg.) of the suspected L-fucose from Pcak 1.

The specific rotation of the compound present in Peak 1. was caleculated
to be 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 presens

in Peak 1. was 174 -~ 176° (Exp. 3). The published value for the osazone

derivative of IL-fucose is 178° (131).
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Fractionation of sugars obbained from bri-'ten pclysaccche
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aride after hydrolysis with 2N HgS04, using a colum of

powdered cellulose eluted wlth water saturated n-butanol.
(Exp. 3).
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These resulis ayprar to establich boyond doubt that the sugar ia quesiion

is indeed L~fucossz.

8. Taveatigation into tho esent in the polysaccharide.

Fursher work into the nature of the acidic component present in the poly-
saccharide was carried out.
As mentioned earlier the results obtained from the papsr chiomatographic

investigation (page 25) indicated & uronic acid residue but there still reizincd

.

the possibility that the polysaccharide might also be sulphated to some extent

An attempied fractionatioan of the charged groups present was pexformed on
8 column of Dowex ion-exchange resin in the ascetate from (G.}.2). This vwas
done (Exv. 4) by eluting a sample of the acid hydrolysate (G.}M.3a) of the poly-
saccharide with a lincar gradient of O to 1.0 acetic acid, after the method
of ¥Xhym and Dohe.%y (132).  25ml. fractions were collected and analysed by the
Somogyi/Nelson »awction (133) (G.1.11).

A compleic separaticn of the hydrolysate into three fractions was achieved
(PI6. 7). The first fraction was eluted without retention and would be expecieod
to contain neutral sugars, while the other two fracilons vimld be expected to
contain acidic conmponesss.
| Examination of the three fractions by paper chromatography using a solveny
mixture of phenol -~ water and benzidine TCA to lobate the spots, showed that
fraction one contained D-galactose, D~mannose,'i-arabinose, D-xylose and L-fuccos
while the other two fractions both gave characteristic urcnic acid sireaks,
indistinguishable from each other.

The presence of two differently charged moieties in the polysaccharide

hydrolysate was confirmed by paper electrophoresis of the hydrolysate (G.}.9).
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FracuLonotion of acidic components from braclken
polysaccharide after hydrolysls with 2N H2S04,
uslng acolunm of Dowex 1, CHSCOO", eluted with a

linear gradient of O0-~1i acetic acid. (Bxp. 4).
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The electrophoresis was carried ont in 2 citrate buffer at pH 5. The separated
bands were located using benzidime TCA rezgent (G.1.5), showing clearly a larze
stationsry bend et the origin and two charged bands, quite separste from each
other? tovards the anode. Vhen the pH of the buffer was lowered to 2.5 and the
experiment repeated both charged bands were suppressed equally in their migration.
At pH 5.0 the two charged bands moved 9.5 and 6.5cm. respectively from the oxrigin
tovards the anode. Electrophoresis at pH 2,5 at the same voltage and for the
pame Jength of time reduced this movement by~2.5cm. in each case.

Repetition of the electrophoresis at pH 5.0 and elution of all three bands
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
colum. The large stationary band containing D-gnlactos:s, D-mannose, L-arzlinogs,
D-xylose, and L-fucose, while the two charged banic both gave pink coloured
'fish tail!' effects on the paper.

It could reasonably be concluded from these investigations that the two
acidic groups were botn urouic acids : because of the characteristic fish tail
effect given on paper chromatography and also because both were equally suppre. s
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 h&drolysis of the polysaccharide.

This is supported by evidence from the liter=ature. Hulyalkar, Ingle and
Bhide (134) reported the production of an aldoblozenic acid, 6-P-D-glucuronosyl-
D-galactose, upon the hydrolysis of a gum from %. catechu with 1055 QyQN) sulphuric

acid. Also, Falconer and Adams (135) vpon the hydrclysis of hemicellulosc B from
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oat hulls with 4% («IT) sulphuric acid obteinod 4wo cldobiuronic acids, 2-0-
(4-0-nzthylec=D-glucopyruronosyl )-D-xylose and 2~On(a-Daglucopyruronosyl)nD-
xylose. Aldobiuronic acids haove been obitained on many other occasions by the
graded hydrolysis of plant guus end 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 aldobiurcnic
acid would not be too surprising.

9. Quantitative agg}ysis 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 sulphaté was
absent as indicated by the previous experiment.

In the ash and sulphate determinations two volysaccharide samples were
used: one being the polysaccharide after alcoholic precipitation (Bxp. 1, pre222 J,
and the other being 'CETAF ireated polysaccharide: (%xp. 2, paze 24)., Otharuise,
for the remaining analyses only the polysaccharide elfter nlcoholic purificatio..
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 charrinz the sample crer 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 involviﬁg the precipitation of sulphate
as barium sulphate. The Hu-hidity prodvéed i¢ o-asured using a spectrophotoneter

at 370mp. The percentage sulphate is calculated by reference to a standard graph

(Exp. 5).
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P

Uronic acid vas determined by titrating a soluiion of the free ascid of

snd taking the molecular weight of a hex-

;,‘

the polyss wwide with 0.01 HaOH ¢
uronic acid (anhydro) to be 176 (Exp. 5).

The estimation of hexose and methyl hexose in the presence of other sugars
obvioﬁsly poses problems of accuracy. However the Lecysteine/sulpauric acid
method of Dische (142, 143) (G.M.11) 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 KECl and measuring
the intensity of the colour produced using a specirophotometer. However the
intensity is not read at the wavelength at which it is at a maximum as this
would entail and include in*zrference from othe: sugars present. To eliminate
this interference wha’ is knowm as dichromate readigs are taken. For example,
the absorption maximum for hexoses in this reaction is =t 414nu. The interference
from pentoses, which is emall, and methyl hexoses can be eliminated by taking
advantage of their absorption maxima. As methyl k.xcces have their mexinum at
400mu, at 380mp the optical density of methyl hexc.cs is equal or very neurly
equal to the optical density at 414my. Hence the difference, 414mu/380mu is
proportional to the concentration of hexose in solution. While being zero for
methyl hexoses. Interference from pentoses and hexuronic acids in these dichromte
readings is negligible.

The maximmm o wmechyl hexoses is at 400mu. Pentoses and uronic acids do
not interfere significantly at this wavelength but hexoses do. However hexose
readings can be eliminzted by dlchromate readings at 396mu and 426 - 428mu.

Thus ¢% 0.D. 396mu/426 - 428my is proportional to the concentration of methyl



hexose in golution vhile being zero for hexoses.

Using thercfors, the hexose and methyl hexose content of
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the polysaccharide was determined using the same sample (Fxp. 5).

Firstly standard graphs were prepared by two methods. Since the gqualitative
analysis showed that glucose was present in tface amounts and that galactose and
mannose were the major hexose sugars present in the polysaccharides, D-galactose
wag chosen as the standard sugar for the hexose determinztion. The relative
extinction coefficients of D-galactose and D-mannose at 414mu 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 kmom
- concentrations of D-galactose and L-fucose in separate solutions and the second
was dravn up using them in the same solution (G.1.8) (FIG. 8).

.Comparison of the two differently prepared graphs showed that they were
both identical in tlLe case o 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 samyles of different known concentrations o9 the unhydrolysed
polysaccharide were anlysed for hexose and methyl hexose content using this
L-cysteine/sulphuric acid method of Dische (142, 143). The rcadings obtained
were converted to micrograms/millilitre using the data from the standard graph
(FIG. 8 No. 2). This was then used to calculate %he percentage hexose and
methyl hexose present in the po}ysaccharide (Table 4).

Pentosé was determined using thé colorimetric method of Dische and Borensicurn
(144, ) (G.M.11) in which phloroglucinol, acetic acid, D-gluéose 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 measuresd using a
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Determination of hexose and methyl hexose in separate
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Determination of hexose and methyl hexose in ths same

solution by the L-cysteine/HgS0, method of Dische,
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spectrophotoneter. Thls method also depands on dichyvomate readings to ¥id onv
& ~ - Ny

interference frou other cugavs rresent. The sbsorpiion maxiwmum for pentoces in

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

e

vavelength but their extinction coefficient is much lowver 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 elimirated by dichromate
readings at 552mp and 510mu; 2 0.D. 552mu/510mp being insignificant for
hexoses but a linear fuvaction of the pentose concentration. All four aldo-
pentoses have extinction coefficients at 552mu which are almost exactly the
sanme.

A standard graph using a D-xylose a3 the standard was prepared using
concentrations of 0-125y/ml. (G.M.17).

Pentose determination was performed using dvolicate samples from different
known concentrations of tiar unhydrolysed polysacchairide solution (EX?. 6) Tho
percentage pentose present in the polysaccharide was calculated in a similar
manner to that for hexose and methyl hexose (Table 4).

Table 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-fuccs:
comprises as nuch as ZQ% of the sugar content of the polycacchasride. 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 equivalen* to vnly onz sulphate zroup for every thirty units
in the polysaccharide chalin. After treatment ¢ the polysaccharide with CETAB,
the value fell to as little as 2.0mg/g. or 0.2%. This is a coﬁsiderable drop

on the first result and represent one sulphate every two hundred unite. The fact
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. Fercen- |Percen-
Sugars Analyvsis tage dry|tage wet
veight  |welght
alactose -
T b 22 4 Haxose 36.5 28,5
1anmose
Jucose h+HVl 25.5 19.5
' hexose
zylose
pos et Pontose 20.0 15,5
ar2binose
L.
Uronic acid Tzf:nbl on 11.° 2.0
Lioiature 22,0
Ash
rg e 1.8 1.
(B0 pptn, ) ) b
Ash
0.5 Oole
3‘3‘ AB potn, ) .7 e
so, -
1_ 1.9 1
(2-01 potn. ) -9 +2
S0y -
b 0 0,2
(cuTiB potn.) .2 ’
TOTAL MWpe3 25.1

Sumnary of analysis of mucilagenous polysaccharide

from bracken rhizomes (Zxp. 5).
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that the sulphate contan

CETAB would tend to indilcate that it waa present as & conitaminanit rather than

as an integral part of the structure of the major polysaccharide fraction.
Teble 4 also summarices the sugar content of the polysaccharide found

by qualitative chromatography.
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Introduction, In recent years many comprehensive reviews on glyco-
lipide have been written by Law (146), Carter, Jonnson and Veber (147).
A short review on plant lipids, written ty Allen and Good, has als
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 (45). He identified, isclated and
characteriged both mono and digalactoglyceride from wvheat flour
(Fig. 1, YNos.(i):(i1i)). This discovery was followed by others which
showed that both these glycolipids were prescvrt in many different plants
and algee (149, 152, 151, 152, 153, 154, 154, It was found that
their concentration was particularly high in cnioroplasts and it is
now believed that they are protably universal constituents of photo-
synthetic tissue, ’

The discovery of the plant sulpnolipid (Fz.1, Nofiii))by Benson
(51) in 1959 followed closgaly the discovery of the galactolipids by
Carter. This sulpholipi& was later shown to he composed of a sugar
moiety; 6-sulpho - 6-deoxy - ot - D glucopyranose, a D-glycerocl
configuration and two acyl groups (156, 157, 1585. ”he'sulpholipid
vas also shown t> be present in all phdtosynthetic tissues examinad
(156).

At about the seme time the preszence of phytoglycolipid (Fig.9
No.i) in a variety or oil seeds includiny soybean, corn, wheat, cobtton,
peanut, flax and sunflower, was demonstrated by Cartcr(159).

Pigure 9 Yo.i egives s partial structure for the sphingosine analosue
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of phytozlycolipid. The ternm 'ruyltoslycolipid! is used by Certer

ivzolipids. Ghe point of attachument

(159) for a group of inositol

of the hexose unils
oligosaccharide is derived from a comnon glucosamido - glucvronido -
inositol structure. Depending on the plant source, fucose may some-

-

tires be found. The mannose is thought to be ettzched throuvgh the
inositol or glucuronic acid. The function of the phytoglycolipid is
as yet unknovm.

Again, it was Certer who confirmed the presence of cerebrosides

in plant tissuve (160, 161). Using wheat flour he isolated a compound

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

ngosine, dihydro-

chain bases; puytosphingosine, dehydrorhyhostt

4

sphingosine end an isomer of sphingosine (Firs. 9, Ho.ii),A glucocerebroside
has also been isolared from runner beens by Sasiry and Hotes (162).

A less conventional cerebroside which is thoug.: to e a trimannoside

has been detected in wheat (153).

1

Hore recently glycolipids of enother type have been found in plants.
The occurence of free steryl zlycosides in varievs plants has been
knovm for some time end is described in several reports (163, 164, 165,
166, 15%). However, in‘l964, Ilepase isolated and characterised an
esterified steryl glucoside from potato tuber lipids and soybesan phos-
phatides (167). It hes been identified in ﬁeas, alfalfa and vheat

g

(168). It wea showa to be composed of sterol, glucose and a faitty:

2

acid in the ration 1:1:1, Tour stersl components were detected including

sitesterol and stigmasterol. The fatty acids identified were

palmitic, stearic, oleic, linolelc, and linolenic. The sterol apypears

to e attachéd, slycosidically, to carbon one of the glucose, vhersas
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the fatty acid is esterified to carbor szix of the susar. From this,
lepage cesisned a steryl - 6 « ooyl « D e glucoside struciirs o
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ew glveolipid

fractionztion of plant liwnids,

a) Bxtrectior, The term 'lipids' refers to a heterogzensous collsction
of biocchemical compounds which have in comrion the yproperty of heing
variably solnble in organic solvenis, such as etier, petrolevm ether,
chloroform and methanol, lipids therefore include compounds not
necéssarily related 1o eacn other struvcturally, and range from nonpolar

as free Lottty

(4]
t
Ul

H
Q
f‘.l
0
-
o
[
o)
1+
f.—l
n#

compounds such as hydrocarhons, pirments,

acids, triglycerides, mixed glycerides to the morz polar zlycolipids

and phospholipids.

J"{"

Iritially lipids vere extracted from plant material wsing solvants
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which were murely organic in nature, such a

dowever wi~ the discovery of lipids contairing polsr oroups these

older extrac .ing solvsnts have besn,; con the whole, rsvlzced by ones
legsigned to extract a wider spectrum of lipoidal substances.,

Glycolipids, by rature of thei. structure contzin not oniy a lyo-
philic fatty acid =zvt tut also a lyophobic sugar moiety. Viaen under-
taking an extraction of such a group of compounds a pursly noura
solvent would not be the most desirable ciicice. The introduction of a
more polar element into tie extracting medium has therefore resulted.
907 methanol has been used to exiract the glycolipids from potato starch
(169). Here it is likely that virtually all types ol glycolipids,
Lracted to a greater or lesser extent.

no matter how polar, will be ex

The mein disadvantage of methanol is that it probably
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dissolves much ronlipid naterial, such as {ree sugars, and smino ecids

s

colvent mixtvre for the extraction of lipids

The most cormonly

is chloroform-nethanol, 2:1 / oduced by Folch (170). With
ite usey the risk of nonlipid cont is greatly reducsd. It

nay te argued that since the solvent is less polar than methanol by

d Hoviever
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itsell some of the more polar lipids will noct be
the fact that the plant material under investigation probably has &
high moisture content, in the case of bracken rhizemes up to 80, mesns
that the chloroform-mathenol exiractant will become more sgueous and
hence more polar during the isolation process, consequently reducing
the risk of incomplebe extraction. This alt the same time increases
the risk of nonlipid contemina’ion but this «hould still be less than
using methanol alore.

t is ~bvious that in the suudy of glivcolipid

=1

b) Purification.

material from plant tissue all traces of nonlipid carbonydrates must
be completely removed bafore znalysis can commerce. This at first

slght may appewr to befrelativelr simple procec: Tut it is complicated

.

by the difficuliy in distiazuishing what is lipid bound and vhet is not
lipid bound carbohydrate; This complication arises from the following
situation, If a lipid extract is shaken w1tn water in & sepzrating
funnel to remove nonlipid materialy; it is more than likely that an

emulsion will Ye orred which cannot easily be broker. Also duzing

o

the isolation of lipids from the plant source micelle formation can

take place in the orsfanic extracting medium., Iicelles as onvnosed to

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

of are so small that they can e present in an zpvarently
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homosensons being agueous can Lnene

selves trap nonlipids sveh asn fres ¢ end emino acids, . The
formstion of micelles is relicved fo bz due to a converse detersent

effect in which the polar lipids orientate around the surface of the
nicelle offering a lyophilic chain to the organic madivm and a lyoprobic
part to the agusous phase. In this fashion the micelle is stabilised
(l?l) © For these reasons, thersfore, purification by the most ohvious
method of shakiné with water in a separating funnel is of 1little or no
use. Any successful method adopted must succeed in either preventing
the formation of boith emulsions and micelles or, if they are formed,
must bhe able to break them down.

Iiost worksrs have concentrated on both these aspects. That is
to say, during exiraction & certain amount o. micelle formation inevi-
tably takes vlace, ouvt in the purification c. th» sxtract, various
methods have teen devised to prevent further rormation, ~Mile at the
same time astempting to breakdovm those micelles already fommed during
the extraction procedure.

In the Folch technique (170), the lipid e:~sct is treated with

20 volumes of water by a 4iffusion technique between two beskers,

~

This is performed by plecing & smoll be

methanolic lipid extiract, inside a larger one. -The larger beaker
ie then slowly filled with water completely covering the smzll one.

Thie prevents rdcell=s formation while at thm sane time allows nonlipid

KRy

contaminants and those micelles already formed to diffuse from the

e

organic phase into the asgueous layer in the oubside bealker. This

diffusion takes place, in part, due to the gradual pull of the melhanol

as it moves from the ovoanic phase in the small bezker into the azueous
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same as tue {ired,; o moch ond veter i used in the
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wasning aten,. A & res vln the anuneous layer eventually contains

a much hicher concentration of methanol and chloroforn and 2 a result

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

lipid material,;
In connection with the above tecihnigue of Folch, Svennerholin
proposed (174) that if a salt solution,0.1% I'aCl or CaCl2 was used

~
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in place of water as the washing medium, it would help t
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loss, during purification; of some water scluble lipids, such as.
sulphatides and gangliosides.  owever no glycolipids of the ebove

types have so far been found in livpid extracts [rum plant tissue and

as a result it was ircided thet during the rrification of the lipid

0
ie)

extract from tracker using this technique o .lch, water znd not
salt was guite suitable as the washing medium,.

A further modification of the Folch technigue is to dialyse tae
chloroform~methanol extract against a large voiine of waier (175).

onlipid

C
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The mecharnisnm of breakdowm of the micelles and renowv
contaminants fron the OT”“PIC puase s sinilar in this modificetion

am
to that of the original Folch technique. The methanol difiu.s:s into
the agueous phasze taking with it the micelleé‘and other nenlipids,
The main disadvntege of this modification is that high moleculer
weight lipoprotein, soluble in the original chloroform-methanol extre
but insoluble in either chloroform or water, ccunot pass throvgh the

dialysis sac but remeins as a vhite olly masz at the interface betiee

the chlorofora and water inside the bage

L
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ad in incrsasinsly smaller volws

substantial amount of the lipovrotein as well as getiing rid of scme of

the ronlipid carbohylrate, If this is then followed by dislysis, 1lipo=-

12N

protein precipitation at the interface is grestly reduced.

~

The other mzin dicadvantage of dilalysis, which is cormon to all the
metnods based on the Folch technigua, is that it is time consuming.

Cellulose column curomatography hes bsen uvsed by both Rouser and
Svennérholm (176, 177) as a mezns of purifying lipid extrects. The

procedures t:iey employ are different, and both appsar to be difficult to

operate in 2 reproducible mannar. In the rethod uwsed by XHouser involving

h

elution of the column with chloroform-methanol, i v/v, to remove the major

R , . : ; / .
lipid clesres, Jollewd by methanolkiater, 9t 1 v/v, to elute nonlipide, a

good separation betwesen the lipid material and the nonlipid meterisl was
not obtained wien this procsdure wes tried (&xp.1C, paze 98 ). Because

of the difficrity of renroducibilit:-y, the use 7 celiulose column chrom-
atography in tue oresent contzxt was not pursued.

thet the crosse

ilore recently Vells and Dittmer (178) heve sur
linked dextiran gel, S3phadex, could be a useful column chrommtographic
technique for the seperation of lipids frem nonlipid contamirants.  Foll

ing this in 1965 Siakotos and Rouser (179) descrited a procedure for the

=
Fe-

analytical separation of nonlipid water soluble conpoiads from other 1i
by dexiran zel chromatography. Lipids, other than gangliosides, are
eluted with chloroform-methancl saturated with water, gangliosides are

eluted with a mixture of chloroform, methanol, water, containing acetic

Q-

IR



acid, and nonlivids ere removed with a nixture o

methanol and

[$]
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The oleh toonnious ves {doally oh

other nethods nad ween tried and fownd

lipid extract {rom brac!
vnsucessinl, However the more recent procedure employirng Sephadex
column chromatography would appzar to te very promising. This method

d as the major portion of tne work had been performed before

vas not u

classes betveen immiscible solvents.  Fhosp
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—
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in acetorze and hence if

[

tirought to e insolubl
shaken up with hot acetone then all the lipids except tre phospholipids
would te extracted. This wes, heowever, tater shown not to be the czse,
in that certain wuosvholipids are in fact diswolved.

Carter in his experiments concerred with tne isolation of galacto-
lipids from wheat flour employed this system of liquid partition (45 ).
e used methanol and heptane ih the teliel th:wt oolar lipids would prefer-
entially dissolve in the methanol while less polar lipids wenld prefer
the heptene. Vhile thir system does work it has the disadvan uuve that
the phages tale gsome time in sevaratinzg arnd also that lipoprotein matcerial
collects at the interface making a clean sepafation more difficult.

Liguid partition techniques nave now almost been completely replaced
by the discovery or several solid materials, which cen effect the frac-
tionation of lipid mixtures into their variouvs classes byvmeans of column
chromatesraphy baved on the prinpiples of adsorption ard ionexchange.

These more novel techniques can be used by themszelves but are more effac

. L) ] - — 1 cy Ty 7 -~
tive when used in conjunction witi other analytical tools suca as thin
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layer and ras-~liguid chrenmatorrasiy,.
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the freoctioration of lipid miztwrcs cen he acheived not oﬂly into 2iileraet
classes but also into Yhin-layer and gag-
liguid chromatography can be furtuer employed in the investicgation of the
siructure of tne individual livid compounds obtained
The following pages give an account of the three main column chrora-
tograpinic medisa used to effect a separation of lipid mixtvres. They arss-
1. Silicic acid
2. lagnesium éilicate
3. DBEAT cellulose
1. éilicio acid, sonetimes called silica gel, has been the most widely

used meterial for the colunn fractionation of livids (153, 180 ), Its
main use has been in its effectivemess in separating veuvtral from acidic
and other polar lipids. Iowever, commarcizl preparutions of silicic
acid from different scurces vary consideratl;s in their ability to peri~mm
this Separationf The most impertant veriation is the presence of
contamirants such as sodium silicate and vater. Rouser ststes (180)
that the donic stete of the lipids, fatty acids in particular, on &

gilicic acid column depends

to a great extent on the cmount of

silicate

and other salts present in the preraration., 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 adsoryiion one (181, 175)
more difficult to remove from the column. The

the less silicate there is present.

vere alvays pretreated (G.NQlB) to remove any

ensuring that fatty acids were not

3ilicic acid prevarations, there

sodiwn silicate

these fatty acids becoumn

converse is also truve
fore

7

present,

retained by tie column.
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this pretreatuont olso easured that the preparation wes conmpletely
R S oy £ [T - - Lt ~ . o : v
dry btefore beirg used, as the presence of small amounts of water in the

colvmn ig also associs
182).

Althougn it is possible to separate rneutral from acidic and other
polar lipids on. silicic acid columns, it is also possible to fractionate
the polar lipids infto classes by eluting stepwise with increasing con-
centrations of methanol in chloroform ( fig .lU) or mlxtxreb of hexane,
ether and chloroform (167)

The degree of unsaturation of the fatty acids of lipids from the
ame class nhas been shown to have little effect upon their order of

elution from silicic acid columns (183).

During the present investigstion it was found that the silicic acid

preparation supylied by the Lallinckrodt Themical Vorks was guite suitable
and is in any cas? gererally used by oth~rs. It Is a uniform mesh size

with a low content of sodium silicszte.
2. Hagnesium silicate columns (Florisil) have also been used in the
fractiénation of lipids. It was first usec for this pirpose by ~adin
(184). It has been emuloyed in the fractionst)on of neutral lipids, the
resolution of individuval neutral lipid classes (185) and the fractionation
of individual polar lipid classes (181, 176). Maznesium silicate is &
ruch stronger aasorbant of lipids than silicic acid and must te heat
activated ard xept in a thoroughly dry state before and during use.
Benson (186) employed Florisil with increzsing concentration of
methanol in chloroform to fractionate a lipid extract from alfafa leaves
into neutral lipias, followed by glycolipids and finally acidic lipids
composed mainly of phospholipids. He found that the plant sulpholipid

(fi@.l, No.t ) was eluted mainly in the second fraction. This is contrary
<O



Figs 10
Fage chloroform
100 po—— Triglycorides -
N —— - ‘atb;\f acids ldenarnid e
f———Diglvceerlidss o bb?lOld”
o . Monoglycerides
9 ¢———o Glycollpids Coramides
a0 — PHoaphatidlic acild
o - -l J.. . I B .y
Phosphatidy L Phosphatidyl inoaitols
ethanolamine
70 .
<.-_.—.....____._____ Kd T
TLiecithins
60 | Sphingoryelins
] e Gangliosides
50...
40
30
20 1
10 1

Y ¥ g -
T ¥ T ©

o 10 20 30 40 50 60 70 80 90 100
“%age methanol
The order of elutiocn of lipids from silicilc acld

colurms with chloro.orm-methanol mirtuecs (103),



to the results found in a sirmilar sspsretion performed on the lipid

exbract from tracken which showad
weg retained by the column alons with the vhosprolipids (Exp.14).
3. The third material extensively used is diethyleminosthyl (DEAN)

T

cellulose, It was first used for the fractionation of lipids by Rouser
in 1961 (187). It cen be employed either on a complex unfractionated
mixtﬁre or on & partially fractionated one. It is mainly used to sepa-
rate acidic lipids as a group from nonacidic lipids.

Both Rous er (381 170) and Svennerholm (188) have used DLl cellulosc.
However thelr procedures differ somewhat althouzh both are bhased on the

principle of ion-sxkchange. In Rouser's method the DZAN cellulose is

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

©
[
=
o]
=
o

vith glacial acetic acid before being packed into the column., o
mixture apriied to the colurn is washed with a series of up to seven

. By 1 /
eluting asnts, ranging from chloroform-ingthanol, 9:1 v/v, to remove

1

neutral lipids, to chloroform-nethanol, 4:1 V/v, contzining anueous ammonisa

and ammonium acetate to remové acidic lipid (181 17 () Lore recertly
(180) Rouser l'3s =iso dcvised a sysiem whereby “he coluvmn is wash
a series of sowsverls prior to the lipid mixturs being applied, to prevenut
the formation of channels in the colwnn due to a sudden change of solvent
from a nonpolar to a polar one,

In contrast to this rather complex sys iem Svennaernolm's method is
relativelylsimple in thet the DEAN cellulose is used in vhe hydrowyl form
in which it is provided. Also convenieﬁtly, only throe eluting steps asw
used. Chloroformenethanol, 2:1 v/v, is used to remove rcﬁtrﬂl lipids and
zwitter-ions such as phOGpactLdyl ethanolamine, chloroform-nmethanol,

2:1 V/v,plps Hoe glacial acetic acid to remove ary altored lipid material

wthanol, 2:1 m/v’plus

and nonlipid contaminants, and finally chlorofcr:
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