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Nomenclature

For convenience, the following abbreviations and

terns have been used; others are defined in the course

of the text,

specific optical rotation; all values
recorded were measured at approximately 20° C,

C'.L., average chain length, denotes the number
of monomer residues per non-reducing terminal
residue of a polysaccharide,

D,P., average degree of polymerisation, refers
to the number of monomer residues per molecule
of a polysaccharide,

M and N denote molar and noraal concentrations of

solutions, respectively.

Hp. and Hn« values, refer to the relative distance
travelled by the compound in a given chromatographic
solvent, as compared with the distances travelled
by the solvent and glucose, respectively,

R.P., reducing power, refers to the number of
monomer residues per apparent reducing group,
determined as equivalents of standard sugars,

*

( ), All temperatures recorded were measured on

the centigrade scale.



GENERAL INTRODUCTION

A high degree of understanding exists regarding the

morphology and physiological function of carbohydrates containing

<X-glucosidic linkages. Much of this knowledge has been derived

from long and rewarding studies on starch and its derivatives (1).

However, it is only in recent years that interest in 4-glucosid.ically

linked, carbohydrates, other than cellulose, has been aroused. Such

linkages are found in many of the naturally occurring glycosides

and oligosaccharides (2), but the present work has been primarily

concerned with structural studies on certain ft -linked
glucopolysaccharides. These polymers, which may be termed

ft -glucans, are widely distributed throughout the plant and
microbial kingdom, and like certain «<-glucans, serve as reserve

substances for metabolism and as structural constituents of cells.

A variety of structures are found in the various {& -glucans;
seme appear to be linear polymers whilst others are branched. The

occurrence and main features of the most important members of this

group are given below; this demonstrates the diversity in molecular

dimensions and type of intramolecular linkages.

Cellulose: Because of its widespread occurrence, and past

and present industrial importance, cellulose, the most abundant of

all naturally occurring organic compounds, has been studied more

extensively than any other member of the group (3). It is the

main component of the cell-walls of the higher plants and there is
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evidence that it occurs in the algae; it is also synthesised hy
I

certain micro-organisms, e.g. several types of Acetohacter (h).
Chemical methods of analysis, applicable to all the members

of the group, including periodate oxidation and methylation and

hydrolysis, have been used in structural determinations of cellulose.

It is generally accepted that the polysaccharide is composed of

linear chains, each consisting of several thousand 1:k linked

anhydroglucopyranose residues (5)» and that celluloses from

various sources differ only in chain length and other minor

physical properties. However, the existence of anomalous linkages

or branch points in certain celluloses has been suggested on the

basis of periodate oxidation studies (6) and viscometric

determinations (7)»

Although "cellulases" have been purified to a certain extent (8),
their apolication to structural determinations of cellulose is

somewhat limited owing to the insolubility of the substrate; enzymic

studies are generally confined to either cellodextrins (soluble

products of partial acid hydrolysis of cellulose) or soluble

derivatives (e.g. carboxymethyl cellulose).

Laminarin: Laminarin, a reserve carbohydrate of a number of

species of brown seaweeds (9)» was until recently considered to be

composed essentially of linear chains of some 20 linked

anhydro-D-glucopyranose residues. This structure was thought to

be that of the physical molecule itself (10). However, in the

light of more recent results of structural analysis of the polymer (11),
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this simple structure must "be modified. The necessary

modifications are discussed later, in Section II.

Pachyman and Gallose: Worthy of mention are two rater

insoluble polysaccharides, shown of late to "be structurally

similar to laminarin.

(a) Pachyman: This polysaccharide constitutes over

90; of the fungus Poria cocos Wolf. Partial

acid hydrolysis of the polymer yields, in addition

to glucose and. laminarihiose, the same

laminaridextrins as are produced from laminarin.

The 1:3 linkage is confirmed by the small uptake

of periodate on oxidation, and "by the isolation

of 2;U:6-tri-O-methyl glucose from the hydrolysis

products of the methylated polysaccharide (12).

(*>) Callose: Analyses, similar to those carried out on

pachyman (above), have shown that callose from the

grape vine, is essentially a ^-1:3 linked glucan:
a snail anount of uronic acid (ca. 2%) is found

to be present in the polymer (13).

Lichenin: About 10,- of the lichen Cetraria. islandica

(Iceland moss) is composed of lichenin. This y3-glucan provides
an example of a homopolysaccharide containing more than one type

of polymeric linkage. The molecule, which is considered to be

unbranched, consists of anhydroglucose residues, approximately
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70/j of which are linked J$- 1:1+ and the remainder linked

/S-M3 (1U).

Barley $ -glucan: This -glucan, a water soluble

polysaccharide present in "barley grain, is structurally similar

to lichenin. The polymer appears to "be linear and consists of

approximately 100 anhydroglucose residues, with equal numbers of

-1:3 and /3-t:i+ intramolecular linkages (15). There is evidence

that the different linkages do not occur alternately in the chain,

and it appears that regions exist wherein one type is favoured to

the exclusion of the other (16).

Oat^6-gluean: This polysaccharide, often referred to as
oat lichenin and thought to act as a reserve carbohydrate, provided

the first instance of this type of polymer being isolated from a

higher-plant source (17). As in lichenin, the inter-residue

linkages are ^3 —1:3 and y8-1:i+. The oat glucan is distinguished
from lichenin inasmuch as it has a slightly lower ratio of 1:1+ to

1:3 linkages, and a much higher molecular weight (approximately

63*000 as against 20,000 for lichenin) (18). The high molecular

weight in comparison with the chain length is thought to be due

to a small degree of branching of the chains.

Yeast glucan: A glucan has been isolated from the cell

wall of bakers' yeast. The polymer, which was formerly described

as yeast cellulose, is completely insoluble in water, has a highly
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"branched structure and is presumably of large molecular weight.

The average chain length (i.e. the number of glucose residues

per non-reducing end group) is 9-10 y$-1:3 linked anhydroglucose
residues and the chains are interlinked by ^3-1:2 glucosidic
linkages (19)•

Pustulan: A hot aqueous extract of the lichen Umbillcaria

pustulata. yields on cooling, a polysaccharide which is a polymer

of glucose. Partial acid hydrolysis, with subsequent separation

and characterisation of the resultant oligosaccharides, indicate

that the polymer, now called pustulan, is a linear glucan with

p -1:6 linkages between constituent anhydroglucose residues
(20, 21).

Lutean; Luteic acid, a mucopolysaccharide produced by

Penicillium luteum Zukal. is shown by acid hydrolysis to be a

malonyl ester of a glucan. The malonyl group can be removed by

mild alkaline hydrolysis, leaving the neutral polysaccharide

lutean (luteose), which is insoluble, and is composed entirely of

anhydroglucose residues. Analysis of the hydrolysis products of

the methylated polysaccharide (22), together ivith the negative

optical rotation in sodium hydroxide solution, indicated that the

intramolecular linkage was^ -1:6. Similar studies, recently
carried out on a sample of methylated lutean (23) have shown that

the molecule consists of a very long chain of^ -1:6 linked
anhydroglucose residues, with a high proportion of branch points

involving the 3 and ^4- positions of constituent units.
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Structural Analysis of ft -Glueans:

As in the case of all studies of naturally occurring organic

substances, the first ma^or problem encountered is that of

isolating a pure product. The polysaccharide is, in general,

extracted from homogenates of the natural source; in some cases,

prior treatment to remove readily soluble low molecular weight

constituents may be required. It is desirable that the product

be isolated in the form in which it occurs jLn vivo. and for this,

extraction procedures must be as mild as is practicable: water or

dilute aqueous solutions of acids and alkalis, at as low a

temperature as possible are generally used as solvents. The

polysaccharide is then precipitated from the extract, after

removal of residual solid material, by chilling or by the addition

of a suitable precipitant such as ethanol or some inorganic salt,

e.g. ammonium sulphate. In addition to other carbohydrates,

proteins are the most common contaminants. Pinal purification

is usually effected by making use of the differing solubilities

of the constituents in various solvents.

Having isolated a pure product, the main structural features

of the polysaccharide can then be determined by chemical methods

of analysis which include total and partial acid hydrolysis,

methylation and hydrolysis and periodate oxidation techniques (2).
Further information with respect to molecular size can be obtained

from application of the many physical methods developed for this

purpose.
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These methods, which can he used for "both oC- and ^5-linked
polysaccharides, are not in certain cases completely adequate.

Additional methods have therefore been sought. Of those

discovered, perhaps the most worthy is that developed as a result

of recent progress in the chemistry of the enzymes catalysing the

hydrolysis of polysaccharides (polysaccharases) (2k)* The isolation

of purified amylases and a general understanding of their action

mechanism, in vitro < has proved to he of immense value in the

determination of the fine structure of starch-type polysaccharides.

It is true to say, however, that in general, the analogous

-glucanases have not "been extensively purified and our knowledge

of their mode of action is accordingly limited. Nevertheless,

some advances have been made in this field and the action of

certain enzyme preparations has been studied in attempts to

gain information about structural features hitherto unobtainable

from the normal chemical methods of analysis. For example, the

effect of heat on the different ^-glueanase systems present in
culture filtrates of Ayrothee/umi verrucarla has been studied (16).

In this it was found that the chain-splitting ^-1:3-glucanase

(laminarinase), and cellobiase could be inactivated, whilst under

the same conditions cellulase remained active. Applying such a

system to barley/3 -glucan, it was found that lamin&ribiose was

absent from the products of enzymic action, whereas it is produced

by the untreated system. This result furnishes evidence that the

3 -1:3 and ^3~1:h linkages occur in separate groups in the ^ -glucan
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molecule rather than alternately in the chain.

These -glueanases are widely "but erratically distributed

in Nature (8); they are found in extracts of some higher plants,

e.g. barley (2h), seaweeds (25), invertebrate digestive

secretions (3) and are produced extracellularly by many bacteria

and fungi. Barley proves to be a good general source of

fi -glueanases and extracts of the grain contain "cellulase"
and "lichenase"; these are distinct enzyme systems as shown

by their different conditions for maximum activity. Such

extracts also contain p -glucosidases responsible for the
hydrolysis of gluco-oligosaccharides (e.g. cellobiose)
and A -glucosides such as sallein. Since little progress has

been made in the separation of these different active factors,

they cannot be widely applied to fine structure determinations

of the A -glucans.

The present work has been concerned with stud.ies on the

molecular structure of lichenin and laminarin. Chemical methods

of analysis have been applied and further information has been

sought from the results of enzymic hydrolysis of the polysaccharides.

The p -glueanase systems from barley grain were studied in an
attempt to separate the different active factors present. Under

certain conditions, enzymic synthesis of a-linked

oligosaccharides from cellobiose and salicin has been observed

with preparations from barley and. the products of enzyme action

have been separated and characterised.
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SECTION I

General Methods

The following general methods were employed in the

experimental work carried out in the present investigations.

Numbered methods are referred to, as such, in the course of

the text.

Acid Hydrolysis of Carbohydrates

(a) Complete acid Hydrolysis. It was found that complete

acid hydrolysis of all the ^3-linked glucose ollgo- and
polysaccharides encountered in the course of the work, could

"be effected "by heating the carbohydrate with 1.5N sulphuric

acid (c. approximately 1-10 mg./ml,) for three hours at

100°. Degradation of glucose, determined by means of the

Sornogyi method (26), was found to be negligible during this

treatment.

(b) Partial Acid Hydrolysis. Partial acid hydrolysis of

oligosaccharides ?tfae brought about by heating with 0.25N

sulphuric acid, at 100°, for from 0.5 to 1 hour.

Quantitative Estimation of Reducing Sugars

The Somogyi cuprimetric titration method (26), was used

for quantitative estimations of glucose, laminaribiose and

cellobiose. Calibration graphs for these sugars are shown in

Pig. 1. Glucose contents of carbohydrates were determined,

by examination of complete acid hydrolysates, neutralised

(phenolphthalein indicator) with dilute sodium hydroxide

solution.
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The R.P. values of laminarin samples were calculated

on the hasis of the relative reducing power of laminaribiose.

Method 1. Deproteinisation (27).

When the amount of protein present in samples of

enzyme digests was high, the sample was deproteinised,

prior to reducing power estimations, "by addition of

equivalent quantities of zinc sulphate (ZnSO^. 711^0, 5;.)
and "barium hydroxide (0.3N). The resultant precipitate

was separated "by centrifugation and the supernatant solution

used.

Chromatographic ethod s.

(A) Paper Partition Chromatography.

The following solvents and spray reagents were used for

the chromatographic separation and identification of

carbohydrates. Separation was effected "by the method of

descending flow, on Whatman No.1 paper, at room temperature.

Separation of oligosaccharides.

Solvent C1): ethyl acetate-pyridine-water (l0:h:3 7v).
Solvent (2): propanol-ethyl acetate-water (6:1:3 7v).
The R.$. values of the various carbohydrates in these

solvents are recorded, where necessary, in the text.

Spray (1). The dried paper was passed through silver

nitrate in acetone and after drying, sorayed with sodium

hydroxide in ethanol. Excess reagent was removed "by washing

in ammonia and then water (28).
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Spray (2). Aqueous saturated solution of aniline

oxalate; the paper was then dried at 130° until the spots

appeared (29).
Separation of glucose, mannitol and sorbitol.

Solvent (3): ethyl methyl ketone - glacial acetic acid -

water, saturated with "boric acid (9s i: 1 /v).
The solvent kindly communicated "by Dr. W. R. Rees, and

subsequently published (30), gave an excellent separation of

the above carbohydrates. The R&. values obtained were
mannitol 2.7» sorbitol 3.3.

Spray (3). The dried paper was sprayed with 0.6;

sodium rnetaperiodate solution and after 3 minutes benzidine

in acetone applied (31).

Separation of methylated sugars.

Solvent (b): butanol - ethanol - water (i+:1:5 7v);
the uppermost of two immiscible layers was used.

Spray (2) was employed.

Separation of N-benzylamine derivatives (32).

Solvent (5): butanol - ethanol - water - ammonia

(U0:10:149:1 7r) 9 uppermost phase.

Spray (U). The dried paper was sprayed with an alcoholic

solution of ninhydrin (0,2;,.) and the spots developed by gentle

heating. In order to preserve the spots the paper was sprayed

with an alcoholic solution of copper sulphate.
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(B) Column Chromatography.

iJethod 2.

Large scale quantitative separations of oligosaccharides

were carried out on charcoal-celite columns (33), prepared

as follows:- equal weights of activated B.D.H. charcoal

and celite 5k5 > mixed dry, were poured, in the form of a

slurry (323 ml. water per 100 g. mixture), into a glass

column containing a pad of celite (1 -2") supported on a

glass wool pad on top of a porous disc. The slurry was added

(3 - 1+" at a time), under gentle suction. Tne columns, so

prepared, were washed thoroughly with water, (1 litre per

100 g. charcoal-celite mixture).

Separation of the individual components of mixtures of

oligosaccharides was effected "by elution with aqueous alcohol

solutions, the alcohol concentration "being increased in a

stepwise fashion.

. ethod 3. Slectronhoretic Separation of Sugars.

Separation of oligosaccharides and methylated glucoses, on

Whatman No.1 paper, was carried out on apparatus similar to that

described by Foster (3k) 9 at 730 volts, and final current density

ca. 10 milliamps. The sugars were run in the form of borate

complexes, in 0.1M boric acid - sodium hydroxide buffer, pH10.

Identification spray reagent (5)j a saturated aqueous

solution of aniline oxalate, acidified with acetic acid to

effect the breakdown of the borate complexes, was employed in

a manner similar to that used for spray (2).
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Periodate Oxidations.

Method h. Determination of Uptake of Periodate.

The uptake of periodate, during oxidation of carbohydrates

with sodium metaperiodate, in the dark at room temperature was

determined hy the method described by Jackson (35).

In a control experiment, purified c*.-methyl glucoside

(102 mg,) was oxidised with sodium metaperiodate solution

(k ml.; 0.374M) in a total volume of 100 ml. 10 ml. samples,

analysed at intervals, using 0.100N sodium arsenite and

0.101N iodine solutions gave the following results; corrected

for reagent blanks.

Time of oxidation (hours) 2 5 26
Periodate uptake (moles/mole glucoside) 1.h2 1.80 2.07

The final value is in good agreement with the theoretical

uptake of 2 moles by c*-methyl glucoside.

Method 5. Determination of Formic Acid.

The production of formic acid, during periodate oxidation

of carbohydrates, under various conditions, was determined by

neutralisation of the acid (methyl red indicator), with

approximately 0.0IN standard, carbonate free sodium hydroxide.

Interfering excess periodate was removed by pretreatment of

the sample, in the dark at room temperature, with neutral

ethylene glycol (1-2 ml., depending on the amount of residual

periodate) (36). Samples (10 ml.) of the above oxidation reaction

mixture of o^-methyl glucoside, analysed after 2, 5 and 26 hours,

using 0.0120N - sodium hydroxide solution, gave 0.72, 0.91
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and 0.95 moles formic acid per mole -methyl glucoside

respectively. The final value is in good agreement with the

theoretical value of 1.0 moles of formic acid.

Determination of aldehyde

The colorimetrie method of formaldehyde estimation

"by means of chromotropic acid (37)» was first of all examined,

and a calibration graph prepared. However, when this method

was employed to estimate the production of formaldehyde

on periodate oxidation of polysaccharides, the colour

intensities produced were far in excess of the theoretical

amounts. It was considered that the concentrated sulphuric acid,

which comprised five-sixth of the reagent, caused the production

of interfering furfural; charring of polysaccharide samples

was apparent prior to colour development.

iethod 6.

The micro-method of formaldehyde estimation, in the presence

of periodate, developed by Hough, Powell and hoods (3$) was then

employed:

Reagents: (a) 2 vols, of an aqueous 2> solution of 'A.R.'

potassium ferricyanide plus 5 vols, of concentrated hydrochloric

acid (S.G. 1.16).

0>) A 1 solution of purified phenylhyclrazine

hydrochloride in 0.2M sodium acetate - acetic acid buffer, pH 3.5*

(c) k vols, of saturated aqueous barium chloride

solution and 1 vol. saturated aqueous sodium bicarbonate solution;

the resulting precipitate was then removed by centrifugation.
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Reagents (a) and (c) were prepared as required.

Calibration of reagents.

The reagents were calibrated, under conditions identical

to those encountered in subsequent periodate oxidation studies.

(a) Unbuffered Conditions. To each of 0, 2, 3» k and

3 ml. standard formaldehyde solution /T91 *k <^g«/ml.; concentration

determined, by means of standard iodine and sodium thiosulphate

solutions (39.17 was added, sodium metaperiodate solution

(2 ml.j 0,3M) and the mixture made up to 25 ml. with water* The

solutions were stored in the dark at room temperature for 2k hours.

Aliquots (2 ml.) were withdrawn and mixed with reagent (c) (2 ml.),
and after standing the mixtures were clarified by centrifug&tion.

Aliquots of the supernatants (2 ml.) were mixed with reagent (b)

(2 ml.), in 50 ml, graduated flasks, and set aside in the dark for

30 minutes. Reagent (a) (7 ml.) was then added and, after 3

minutes, the mixtures were diluted to 50 ml. with water. The

solutions v/ere thoroughly mixed, and the absorptions of the

colours nroduced determined against the reagent blank (solution

containing no formaldehyde) in 1 cm. cells in a Unicara at 518 nyu.
(wavelength of maximum absorption). Slight variations were

apparent for different phenylhydrazine hydrochloride reagents;

typical results are recorded in the following table 1 and the

calibration graph, produced from them, represented in Pig 2(A).

(b) Buffered Conditions. Mixtures of formaldehyde and

sodium metaperiodate, similar to those set up for unbuffered

conditions, were prepared; phosphate buffer (12.5 ml.; 0.1M; pH8)
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Fig. 2
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was added to each, in a total volume of 25 ml. and the

reagents calibrated as above. Typical results are recorded

in table 1 and the calibration graph represented in Fig 2 (B).

Table 1.

i

Formaldehyde
(l/25th total)

Unicam reading at 513 my*.
Unbuffered Buffered

15.30 yK g. 0.175 0.155

22.95 jllQ. 0.265 0.240

30.60 jutg. 0.340 0.310

33,25 yt*g. 0 .445 0.400

There is a significant constant difference between the

values for unbuffered and buffered conditions; this must be due

to the effect of phosphate ions. Calibrations were carried out

at intervals and fresh phenylhydrazine hydrochloride reagent

was prepared vHaon significant changes occurred.

Control experiments.

(1) Mannitol and glucose (2.52 and 3.20 rag,, respectively) were

oxidised under the unbuffered conditions in a total volume of

25 ml* and the formaldehyde liberation determined by means of

calibration graph Fig. 2(a). The results obtained amounting to

1.96 and 0.95 moles of formaldehyde per mole mannitol and glucose

oxidised, respectively, are in gpod agreement with the theoretical

values.

(2) Various oligosaccharides were oxidised under the buffered

conditions and the formaldehyde production determined using the
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calibration graph Fig. 2(b). This procedure was carried

out to determine whether the theoretical values for

"overoxidation" (U0), under those conditions,, were obtainable.

The results are given in table 2.
Table 2.

01igo saccharide
examined

Amount
oxidised
in 25 ml.
reaction
mixture

Formaldehyde Release
at pH 8

Experimental Theoretical

Cellobiose 3.8 mg. 1.8 2.0

Maltose km 1 mg. 1.8 2.0

Maitotrlose 5.0 mg. 2.7 3.0

Maltotetrac se 5.0 mg. km 1 u.o
Pano se 10.0 mg. 1.0 1.0

Panosylglucose 6.0 mg. 1.7 2.0

The formaldehyde release is expressed as moles of

formaldehyde per mole oligosaccharide oxidised.

The results justify the use of calibration graph

Fig, 2(b)? and serve as proof that overoxidation is

inhibited whenever 1:6-linkages are encountered in the chain

of hexose residues (kO).

Estimation of Nitrogen.

Method 7.

The *6-amino nitrogen content of the enzyme preparations

was estimated using the semi-micro Kjeldahl method of

Ghlbnall, Rees and Williams (hi) and potassium sulphate :

copper sulphate : sodium selenate (80:20:1) catalyst.
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Fig 3
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Method S.

Protein nitrogen was determined hy the "biuret method

of Rohinson and Hogden (h2); lysozyme "being used as the

standard.

(i) Reagents:- 10/ trichloroacetic acid

3% sodium hydroxide

20', copper sulphate (pentahydrate)

(ii) Galibratlon To each of Q.5> 1.0, 1.5s 2,0,

3.0 ml. standard lysozyme solution (0.75 rag. N./ml,; nitrogen

content determined "by method 7)s in graduated centrifuge

tubes was added sodium hydroxide reagent (to give a volume

of about 9 ml.). Copper sulphate solution (0.25 ml.) was

added and the volume made up to 10 ml. with the alkali.

After shaking the contents for 1 minute, the mixtures were

allowed to stand for 15 minutes. The colour, of the supernatant

solutions, after centrifugation, were compared on a Spekker

Photoelectric Absorptiometer in 1 cm. cells at 550 m ll9 against

a water blank. The following results, corrected for a reagent

blank (absorption value O.OhO), were obtained and are

graphically represented in Fig.3.

Protein nitrogen (rng.) 0.38 0.75 1.13 1.50 2.25

Absorption value (A.V.) 0.08(3) 0.16(h) 0.23(5) 0.31(h) 0.h6(5)
A control experiment using a solution of glycyl-glycine

(1.0, 2.0 ml.; 5.0 mg./ral.) gave A.V.'s of 0.115 and 0.230,

which, from the calibration graph correspond to 10.5; nitrogen.

This is in good agreement with the theoretical value of 10.6;.,

for peptide nitrogen in glycyl-glycine.
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Method 9»

The nitrogen content of isoniazid and thiosemicarbazide

derivatives of periodate oxidised polysaccharides was determined

by the micro-Dumas method, as described by Heron (43)»

Preparation of Acetates of Oligosaccharides

Method 10.

Acetates were prepared, as a means of characterising a

number of oligosaccharides, as follows: -

To the oligosaccharide (ca, 50 mg.) was added anhydrous

sodium acetate (80 mg.) and acetic anhydride (1.5 ml.). The

mixture was heated at 135° until solution was effected, and

then for a further 15 minutes. The acetylated product was

separated by pouring the solution into ice-cold water (5 - 10 ml.).

Pinal purification was brought about by dissolving the acetate

in chloroform, filtering off any residual undissolved matter

and recrystallising from methanol, after removal of the

chloroform by evaporation.
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SECTION II

STUDIES ON LA .TNARIN

1. Introduc tion

Laminarin occurs, in varying amounts, in a number of

species of brown seaweed but principally in the Laminarla

where it was first observed. The polysaccharide, which is

found only in the fronds, is considered to be a reserve

carbohydrate, analogous in function to starch in the higher

land-plants and glycogen in animals. Studies (9) on the

seasonal variation of laminarin in certain littoral and

sub-littoral seaweeds show that it is produced during the

Summer, reaching a maximum In late Autumn and is \itilised

during the Winter. This seasonal variation is found to

coincide quite closely with that of the mannitol content of

the weeds (laminarin does not appear until the mannitol

reaches a definite concentration) and it has been suggested

that the polysaccharide is a secondary product of photosynthesis

from mannitol which is probably the primary product.

Laminarin was first described by Schineideberg (4h), who

in 1885 isolated it from Larninaria weeds, but the first accurate

description was given by Krefting and Torup (h5)j who extracted

it from dry L. digitata with cold and then hot water. Their

purified product was soluble in hot water, insoluble in cold

water, laevo-roti^r, did not stain with iodine, was hydrolysed

by acid to give glucose and was not attacked by the enzymes

ptyalin, amylase and diastase.
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Kylin (h6), whilst carrying out the first extensive

chemical study of seaweeds, re-investigated laminarin. He

precipitated the polysaccharide from a hot water extract

"by means of alcohol and obtained a product which was soluble

in cold water but similar in every other respect to that of

Krefting and Torup. On the ground.s that he was able to

fractionate aqueous solutions of laminarin by alcohol

precipitation, giving rise to forms differing in rotatory
power, molecular weight, solubility in water and insolubility

in alcohol, Kylin claimed that the polysaccharide was not

homogeneous and that the components had molecular weights

ranging from 900 to 3,000.

Barry (hi) re-investigated the problem and showed that

two types of laminarin exist; (a) a water insoluble form which

precipitates spontaneously from an aqueous extract of the seaweed

and (b) a so-called soluble form which requires the addition

of a precipitant such as ethanol. He did not confirm Kylin's

assertion that laminarin is a mixture of closely related

polysaccharides with different degrees of polymerisation and

expressed the opinion that the only difference between the

two forms lay in the size of the colloidal particles.

The polysaccharide was shown to have a negative optical

rotation, indicative of ^3-linkages and to consist mainly,
if not entirely, of glyeosidically linked D-glucose residues

(10, kit The isolation and identification of

2,U,6-tri~0-methyl D-glucopyranose from the hydrolysate of
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of methylated laminarin (47)» was evidence that the main

linkage in the polysaccharide was between carbon atoms

1 and 3 of adjacent glucose residues. This has been confirmed

by the detection of laminaribiose in enzyaic and acidic

hydrolysates (49» 50), in conjunction with chemical syntheses

of the disaccharide which have shown it to be

3-0-^3-D-glucopyranosyl D-glucopyranose (49, 51)• The fact
that the glycosidic linkage is of the /3-fozm is established

by the hydrolytic action of certain specific -glucosidases

on laminarin (52, 53, 54)* It is also found that laminarin

is not appreciably attacked by the perlodate ion (55» 56).
This is in agreement with the presence of 1-3 linkages, since

the intermediate-chain residues do not possess the requisite

hydroxy! groupings necessary for Malapradian periodate

oxidation (57); only the terminal residues will be susceptible

to oxidation.

Barry (56) determined the chain length of laminarin by

treating the periodate oxidised polysaccharide with bromine

thus effecting the oxidation of the induced aldehydo-groups to

carboxyl groups. The acid value of the lamlnarinic acid

produced was then determined either by neutralisation or by

gravimetric estimation of the silver in the silver salt. It

was found that between 2,550 and 2,600 gms. of lamlnarinic

acid were either (a) equivalent to two litres of normal sodium

hydroxide or (b) incorporated 216 gms. of silver in the

formation of the silver salt. Prom this it was deduced that
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laminarin contained one non-reducing end-group for every

sixteen glucose residues. This calculation, however, is

"based, on the assumption that only the non-reducing end-groups

of the molecules are oxidised by the periodate under the

experimental conditions used. This is not strictly valid.

The oxidation of reducing end-groups giving rise to aldehydie

groups, which in turn are oxidised to carboxyl groups by the

action of the bromine together with the above analytical

results, will lead to a smaller percentage of terminal

non-reducing end-groups.

In an investigation of insoluble laminarin, with particular

reference to the hydrolysis products of methylated polysaccharide,

Oonnell, Hirst and Percival (10) were able to isolate

2,3,4,6-tetra-O-methyl D-glucopyranose, the yield of which

corresponded to an average chain length of approximately 20

glucose units. The average molecular weight of methylated

laminarin was also determined viscometrieally, giving a value

of between 3,500 and 5,000 indicating that a chain of approximately

20 anhydro-glucose units may represent the physical molecule

itself. Determination of the periodate consumption, formic

acid and formaldehyde release on periodate oxidation of the

polysaccharide gave general support to this. Percival and

Ross (J+8) carried out an analogous study of soluble laminarin

with generally similar results.

Although no satisfactory conclusions can be drawn from

much of the earlier work (46, 47) on the difference between the
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soluble and Insoluble forms of the polysaccharide, the

more recent studies have opened up new and possibly more

satisfactory approaches to the problem. The view, held

for some time, that both forms of the polymer are simple

straight-chain molecules, consisting of some 20 ^3-1-3
linked anhydro-glucose residues must be modified. The

reaction with hypoiodite showed that the soluble and

insoluble forms had approximately one reducing group per

112 (i+8) and l+O (10) anhydroglucose residues respectively.

This, in conjunction with an average degree of polymerisation

of approximately 20 unite, indicated some modification of the

potential reducing end-groups of the molecules and the variation

in the two results must be due to an inherent difference between

the two forms. It has been found (5&) that the soluble form

has a higher weight-average-molecular weight than the insoluble,

but this is not believed to be the sole cause of the difference

in solubilities.

The possibility of a branched structure for laminarin must

be taken into consideration as a result of physical investigations

carried out by Broatch and Greenwood (59), wherein it was found

that a considerable amount of methylated laninarin had a degree

of polymerisation of approximately 60. By methylat ion this

material had an average chain length of 23 glucose residues (63).
The isolation of gentiobiose, together with the two isomeric

trlsaceharides, 6-0-^6-laminaribiosylglucose and
3-0-/3-gentiobiosylglucose, from partial acid hydrolysates of
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"both forms of the polysaccharide (60), suggests that the

inter-chain linkages may involve the ^3-1:6 glucosidlc type.
The suggested modification of the potential reducing

end-groups of laminarin (10, U8) has "been augmented by the

important discovery that mannitol (ca. 2; ) was a constituent

residue (11, 61, 62); Peat, Whelan and Lawley were able to

separate mannitol, 1-0-^5-B-glucosylmannitol and
1-0-^3 -D-laminaribiosylmannitol from much larger amounts
of glucose, laminaribiose and higher laminaridextrins produced

on partial acid hydrolysis of both soluble and insoluble

laminarin. These products are consistent with the presence

of mannitol residues in terminal positions of a considerable

number of the molecules rather than reducing glucose residues;

this being the case, then the low reducing power values can

be reconciled.

The present work has been concerned with further studies

on the fine structure of both forms of laminarin. Chemical

methods of analysis have been applied; in particular those

methods involving periodate oxidation techniques have been

used extensively.

A preliminary report of part of this work has been

published/Chem. and Ind., (1957), 1178/ &nd a detailed account

of the periodate oxidation studies on insoluble laminarin has

been submitted to the Journal of the Chemical Society.
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2. Discussi on

The present investigation has heen carried out on samples

of insoluble and soluble laminarin, prepared by Dr. W. A, P.

Black of the Institute of Seaweed Research, Inveresk. The

experimental results of a structural analysis of insoluble

laminarin and certain of its derivatives are discussed first,

and the results obtained from similar determinations on soluble

forms of the polysaccharide are then considered. An attempt

is made to distinguish between the two forms, on the basis of

these findings, in conjunction with results obtained elsewhere

on the same samples, and from different samples of laminarin.

Insoluble Laminarin.

(a) Isolation and Properties: A sample of laminarin, denoted

B.B.2., was used for the main part of the work carried out on

the insoluble form of the polysaccharide. This sample was

extracted from the fronds of L. cloustoni with dilute

hydrochloric acid solution (pH 3.U)> at 55° for one hour. The

purified product had glucose content 9U/<» ash 0,b5%» a low

specific rotation {Wj> -9° in water; Mp +9° in N-sodiuin

hydroxide) and contained 1 reducing group per hi anhydroglucose

residues, by hypoiodite oxidation; 1 per U2 (Somogyi).
In order to determine wheth'er the method of extraction

resulted in. significant degradation of the polysaccharide,

with consequent production of low molecular weight material,

the purified product was subjected to conditions of pH and
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temperature similar to those encountered in its isolation.

It was found that this treatment did not effect any change in

the R.P. value and small molecular weight fragments could

not he detected chromatographicaliy.

Complete acid hydrolysis of the polysaccharide, with

subsequent examination of the products hy paper chromatography,

showed that glucose and a much smaller amount of mannitol

were the only constituent monomer residues.

(b) Previous work; The following is a summary of the work

carried out on laminarin B.B.2., by Prof. E. L. Hirst and

Drs. D. J". Manners and A. G. Ross (63):- Partial acid hydrolysis

of the polysaccharide yielded, in addition to glucose and

larninarihiose, a series of laminaridextrins.

Hydrolysis of methylated laminarin gave 2:3:4;6-tetra- (4.4><)>

2:4:6-tri- (84.6%), 4:6-di- (1.9%)» unidentified di- (7.2, ), and

rnono-O-methyl-D-glucose (1.9%)» The percentage of

tetra-O-methyl-glueose is equivalent to a C.L. value of 23, and

the detection of 2:4i6-tri-0-methyl-glucose as the sole tri-methyl

glucose indicates that the inter-residue linkage is entirely of

the 1j3-type.

Isothermal distillation determinations of molecular weight

(59)9 shov/ed that the 17TP. of methylated laminarin is much higher

than the average chain length and a small number of branch points

must therefore exist in the molecules. The nature of the

inter-chain linkage was not obtainable from the above methylation

analysis, since the di-O-rnethyl-glucoses, found in the hydrolysate
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of the methylated laminarin may "be partly a result of

undermethylation or hydrolytic demethylation of

2:4:6-tri-0-raethyl-glucose (10, hB),
The degradation of insoluble laminarin B.B.2., with

lime-water has also "been studied. Unattacked polysaccharide,

amounting to some ij.6%, was recovered and did not undergo

appreciable degradation on re-treatment with alkali.

At this point we can consider the sample of Insoluble

larainarin B.B.2. as being a /3-1:3 linked glucan, with a

C.L. of 23, and containing 1 reducing group per 2+7 anhydroglucose

residues. A number of the molecules are thought to contain a low

degree of branching. The presence of mannitol residues has been

confirmed; they are thought to occupy terminal positions of a

number of the molecules (11).

(e) Preparation and Properties of Laminaritol: Potassium boro-

hydride, under the conditions used (see "Experimental), is
considered to bring about the reduction of terminal reducing

glucose residues cf lsminarin (6b)- The purified reduced

polysaccharide, so prepared from insoluble laminarin B.B.2. was

shown to have a negligible reducing power (as compared with

laminarin). It is concluded that the reducing groups have been

converted into the corresponding hexitol residues. This was

confirmed by paper chromatographic identification of sorbitol,

absent in hydrolysates of laminarin, among the hydrolysis products

of laminaritol. The products of periodate oxidation are also

In accord with this reduction being complete. The conditions
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used for the preparation of the reduced polysaccharide are

somewhat different from those employed in other studies (65)»
wherein it was claimed that laminarin did not undergo this

type of reduction under the action of borohydride.

Laminaritol, which was virtually non-reducing, was found

to have glucose content 95/% ash content 0.2/%
Periodate Oxidation studies on Laminarin and Laminaritol

For convenience, chains terminated by glucose or mannitol

will be described as G-chains or M-chains, respectively. The

values quoted for formic acid and formaldehyde release will

represent the number of moles of these products, liberated per

mole of anhydroglucose oxidised.

As a consequence of the 1:3 repeating linkage of laminarin,

the majority of the glucose residues do not possess the requisite

oC -glycol groupings, necessary for Malapradian oxidation (66);
normal oxidation is confined to terminal residues. A study of

the oxidation products, therefore, provides a means of estimating

the end-groups of the molecules. The major part of this

investigation has been concerned with such determinations.

Oxidation of the non-reducing end-groups of laminarin

can be represented as in reaction (i), Fig In this reaction

two moles of periodate are consumed; one mole of formic acid

and a stable dialdehyde (i) are produced.

A consideration of the action of periodate on 3-0-substituted

glucose radicals is essential for an understanding of the

oxidation of the terminal reducing groups present in the G-chains
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of laminar!*!. The reactions involved and the resultant

products may 'be represented diagrammatically as in Pig hb.

These reactions can "be described as (ii) a normal Malapradian

oxidation of oi -glycol groups giving rise to a fcrniyl ester

(II); (iii) a slow hydrolysis of (II) yielding formic acid

and an c<-glycol structure (III); (iv) and (v) Malapradian

oxidation of (ill) in which formaldehyde and in. turn, fonnic

acid are liberated, with the formation of a malondialdehyde

type (V), via structure (IV); (vi) oxidation of the activated

hydrogen atom in (V) giving rise to structure (VI), which is

susceptible to further oxidation by periodate,

Periodate oxidation of the mamltcl residues in M-chains,

in contrast, undergo only normal periodate oxidation; reaction

(vii), Fig he. The stable substituted acetaldehyde (VII) does

not undergo further oxidation.

Oxidation of the borohydride reduced polysaccharide

(laminaritol) has played an important part in the present work.

The terminal reducing groups of the S-chains are reduced to the

corresponding 3-0-substituted sorbitol (VIII), Normal oxidation

yields the malondialdehyde derivative (V), without a formyl

ester intermediate; reaction (viii), Pig, hd,

The relative rates of these reactions can be controlled by

applying different oxidation conditions:-

(&) Initial Primary Oxidation: Using sodium raetaperiodate at

2U, as oxidant, the rate of hydrolysis of formyl esters (67) is

greatly reduced. In this way, oxidation of G-chains of laminarin
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can be confined to reaction (ii), and the oxidation of

non-reducing end-groupss M-chains are oxidised at the non-

reducing glucose end, whilst terminal mannitol residues

undergo reaction (vii). In the case of the reduced polysaccharide,

the hexitol residues are oxidised to the malondialdehyde (V);
reaction (vi) does not proceed.

The formic acid and formaldehyde production from the

different chains present in laminarln and laminaritol is

therefore (A) 1 mole of formic acid from the non-reducing

end of G—, M- and reduced G-chains, (B) no formic acid or

formaldehyde from the reducing end of G-chains; rnannitol

residues yielding 3 and 1, and sorbitol residues yielding

1 and 2, rnoles of formic acid and formaldehyde, respectively.

Any formaldehyde liberated during the initial primary oxidation

of laminarin should arise only from the mannitol residues in the

M-chains; its estimation can therefore be used for the assay of

these chains in the laminarin sample.

(b) Total Primary Oxidation; When sparingly soluble potassium

metaperiodate (68), or a limited excess of sodium metaperiodate

at room temperature (69) are used as oxidants, terminal reducing

glucose residues of G-chains are oxidised as far as structure (V);
i.e. reactions (i) to (v). M-chains and reduced G-chains are

attacked as in the case of initial primary oxidation. The formic

acid and formaldehyde liberated from G-chains are in this case

3 moles and 1 mole, respectively. Since oxidation of either a

G- or M-chain gives rise to 1 mole formaldehyde, its estimation
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provides a measure of the D. P.. On reduction to the

corresponding laminaritol, the reduced G-chains will

each give 2 moles of formaldehyde^M-chains yielding 1 mole
as before. In this way, if x and £ represent the formaldehyde

production from laminarin and laminaritol, respectively,

then lOO^y-x), eqUa2S percentage G-chains in the sample.

(c) Controlled "QveroxLdation": Malondialdehyde derivatives,

such as structure (V), containing oxidisable activated hydrogen

atoms,are susceptible to "overoxidation". The rate of this
reaction is greatly dependent on pH (i+O); sodium metaperiodate

buffered at pH 8, as oxidant provides optimum conditions for

reaction (vi) and further oxidation to take place. Aldohexose

polymers containing 1:2-, 1:3- and 1:h-glycosidic links produce

the necessary active intermediate, and, under the above conditions,

should be completely oxidised; the complete oxidation is a stepwise

process from the reducing end-group. "Overoxidation" of such

polymers therefore results in the production of 1 mole of

foimaldehyde from each monosaccharide residue. In the case

of 1:6-linked aldohexose residues, a malondialdehyde type

structure is not produced; consequently stepwise degradation

of polysaccharides is inhibited whenever such a 1:6-linkage

is encountered in the chain.

Such oxidation conditions have been applied to laminarin (1+0),
\vherein it was found that 0.5 moles of formaldehyde was liberated

per anhydroglucose residue. This result was ascribed to the
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presence of 1:6-linkages in the molecules. However, primary

oxidation of terminal manrxitol residues of M-ehains gives

rise to an acetaldehyde derivative E-O-CHg-CHO, which does
not contain an activated hydrogen atom. It follows that

overoxidation of M-chains will not take place. However

G-chains (or reduced G-chains in laminaritol), will "be degraded

in a stepwise fashion, until any constituent 1:6-linkages

are encountered, producing 1 mole of formaldehyde per

anhydroglucose residue attacked. Measurement of the formaldehyde

production from laminarin and laminaritol, at pH 8, can therefore

"be used as an aoproximate means of determining the relative

number of M- and G-chains in the polysaccharide.

These different oxidation conditions have been applied to

laminarin and laminaritol; the liberation of formic acid and

formaldehyde has been determined and structural features of the

polysaccharide discerned from the analytical results:

1. Production of Formaldehyde.

(a) Total Primary Oxidation: Total primary oxidation was

effected by using a limited excess of sodium metaperiodate at

room temperature. The formaldehyde release was measured using

the phenylhydrazine method (see Analytical Methods, Section I),
and the results obtained used to determine the D.P. of the

polysaccharide and the relative numbers of G— and M-chains.

Laminarin and laminaritol yielded 0,0h1 and O.O63 moles,

respectively. Calculations from this data show that the

laminarin sample has (i) a DTP. of 2k; (ii) percentage G-chains
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calculated as above equals —0 equals 5k%*

Prom this the manrdtol content is approximately 1.9A

and there must he 1 reducing group in U5 anhydroglucose

residues (e.f. 1 in 1+7 obtained by hypoiodite oxidation

and 1 in 1+2 from cuprimetric titration).

(*>) Initial Primary Oxidation} In a control experiment

using mannitol, it was found that sodium metaperiodate, at 2° C.,

brought about complete liberation of formaldehyde within 1 hour.

Laminariobiose and 3-0-methylglucose had previously been examined

under these conditions (63); no formaldehyde could be detected

after 3 days, using a chrornotropic acid reagent.

Laminarin and laminaritol were each subjected to similar

oxidation conditions; the formaldehyde release equalled 0.021

and 0.060 moles, respectively. The value obtained from laminarin

together with that for total primary oxidation, corresponds to

approximately 50', > M-chains in the sample (c.f. U6% obtained above).
Laminaritol gives approximately the same result as that for total

primary oxidation. This serves as evidence that virtually

complete reduction of reducing glucose residues has been brought

about by the borohydride treatment; any remaining reducing glucose

terminal groups would have given a lower result.

(c) Overoxidation: Control experiments on various oligosaccharides

(see Analytical Methods, Section I), were carried out and

approximately theoretical values for formaldehyde production were

obtained.
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Laminar!n, on oxidation at pH 8, gave 0.52 moles

formaldehyde, value similar to that obtained by Hough

and Perry (U0j7» This result is in good agreement with

there being equal numbers of M~ and G~chains in the laminarin

sample; it also indicates that many of the latter must be

linear, since branching, by the postulated 1:6-linkage would

lower this result.

Laminaritol, under the same conditions, yielded 0.55

moles formaldehyde, a slightly higher result than that from

larninarin, (each sorbitol group gives 2 moles of formaldehyde

in place of the 1 from each reducing glucose group). This

is in accord with the above conclusions.

2. Production of Formic -Acid.

Control experiments using mannitol and lsminaribiose

were carried out. In these, the carbohydrates were dissolved

in potassium chloride solution and sodium metaperiodate solution

added. The formic acid production from mannitol was found to

be complete within k hours, and within the limits of experimental

error, represented the theoretical yield from complete oxidation

of the hexitol. A study of a time curve of the formic acid

release from laminaribiose (Pig. 5) showed that the initial

oxidation (i.e. the rapid release of one mole of formic acid)

required ca. 6 hours. The total primary oxidation (i.e. release

of three moles of formic acid, the last two moles being liberated

at a slower rate than the first mole, as a result of the slow
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hydrolysis of a formyl ester) required ca. 130 hours.

Overoxidation after this time is very slight. From this

it is seen that mannitol is completely oxidised during the

time taken for the initial primary oxidation of laminariblose.

In this way, the initial rapid release of formic acid from

laminarin should serve as a measure of the terminal non-reducing

glucose and manrtifcol residues. The difference between this

value and that obtained for total primary oxidation provides

a means of determining the proportion of reducing glucose

residues.

Laxiiin&rin was oxidised under these conditions (Fig. 6a)j
the initial primary oxidation yielded 0,10 moles formic acid,

and the total primary oxidation yielded 0.15 moles, i.e. the

reducing glucose residues of G-chains have given rise to 0.05

moles. Such residues theoretically give 2 moles each; this

corresponds to 1 reducing group in 40 (c.f. other determinations

of 1 in 47> 1 in 42 and 1 In 45)*
From the time curve of formic acid production from laminarin,

overoxidation was apparent after ca.150 hours, and had to be

taken into account in the evaluation of the total primary

oxidation.

The value of 0.15 moles formic acid was confirmed in an

experiment in which three different weights of laminarin were

oxidised. In this the polysaccharide was suspended rather than

dissolved in the potassium chloride solution, and sodium

metaperiodate solution then added. Duplicate samples, analysed
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after 10, 12 and 1h days respectively showed that oxidation

was complete within 10 days; 0.15 moles of formic acid were

liberated and the acidity did not increase op to 1b days.

Prom this it appears that overoxid&tion with potassium

metaperiodate at room temperature, can be reduced, during

long treatment, by using polysaccharide in suspension. This

method necessitates separate experiments for individual

sampling#

Laminar!tol gave approximately 0.13 moles formic acid

during total primary oxidation (Pig. 6b). Here overoxidation

was apparent after ca, 100 hours, but the release of formic

acid was, as expected, significantly faster than in the case

of lamin&rin.

3. Correlation of Formaldehyde and Formic Acid
Release Results.

Prom studies of the formaldehyde release from lamlnarin

and laminaritol, it appears that the polysaccharide has a

D.P. of 2b and approximately equal numbers of M~ and G-ehains.

Assuming this to be the case, and, for the moment, considering

the polymer to be uhbranched, the following theoretical values

for formic acid release may be calculated:-

Laminarin: Initial primary oxidation of 100 molecules (2,1+00

anhydroglucose residues), will yield 250 moles formic acid

(100 from terminal non-reducing glucose residues, plus 3 x 50

from mannitol end groups) i.e. formic acid release = = 0.10b.
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Total primary oxidation, in addition, yields a further

100 moles formic acid from the reducing end groups, i.e.

formic acid release = 0.1i+6.

Laminar!tol; Total primary oxidation of 100 molecules

will give 100 moles fomic acid from non-reducing terminal

glucose residues, 150 mole3 from mannitol, and 50 moles from

sorbitol residues of reduced 0—chains, i.e. formic acid

release = 0.126.

The observed and theoretical values, being very similar,

would, at first sight, indicate that the assumption of a

linear molecule, was correct. However, if only a small

percentage of the molecules have a low degree of branching,

a very slight increase in the theoretical values results.

For example, if 10% of the molecules contain 2 branch points

the initial and total primary oxidation of laminarin would

give 0.112 and 0.15h moles formic acid, respectively.

The results obtained from formic acid release confirm the

conclusions already drawn from formaldehyde estimations that

laminarin has an average degree of polymerisation of 2k units

and that approximately equal numbers of M- and G- chains

exist. No conclusions can be made as to the existence of

branching, although this cannot be extensive.

k» Isoniazid Derivative of Oxy-laminarin.

Complete primary oxidation of insoluble laminarin B.B. 2.,

was brought about with sodium metaperiodate at room temperature.
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The oxidised polysaccharide was isolated and an isoniazid

derivative prepared (70)*
The oxidised polysaccharide and possible structures

of the Isoniazid derivative can he represented as in (Pig.7).

Assuming that the numbers of M- and G-chains are equal,

the nitrogen content of the isoniazid derivative may be used

to determine the chain length of lsminarin:-

«: Nitromm - Wt, of nitroggn/ iM-rogen _ wt. Qf terminal residues" 2n (Wt. of
intermediate-chain residues)

The number of intermediate chain residues, n, and

hence the chain length n + 2 can therefore be determined.

The nitrogen content of the isoniazid of oxidised laminarin

was 1.7>~ fc. f. 1,5^ obtained by Barry (70j7»
It is uncertain whether or not isoniazid will react

with the acetaldehyde derivative of oxidised M-chainsj

structures (a) and (b), Pig. 7, are both possible. If structure

(a) is correct then n, calculated as above is ca, 21, i.e. the

chain length is approximately 23 units. Should, however,

structure (b) be produced, then n is ca. 1_7_, i.e. the chain

length is approximately 1_2 units.

These determinations do not take into account possible

branching of the molecules* the agreement between the chain

length and degree of polymerisation, as derived from

formaldehyde release studies, may be fortuitous, and not an

indication of a linear structure.
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5. Periodate Oxidation Studies on Lime-treated
Laninarin and Laminarltol.

The degradative action of aqueous alkali on reducing

glucosaccharides, and in particular larainarin, is well

known (48). Incomplete degradation of laminarin "by lime-

water, ascribed to "some inhibitive variation in chain

structure", and thought to be due to constituent 1s6-linkages

(71), may now be considered in the light of the presence of

M-chains in the polysaccharide. It is clear that conversion

of the glucose residues into D-glucometasaccharinic acid,

by a stepwise process from the reducing end, must be confined

to G-ehains. Insoluble laminarin B.B.2., was subjected to

lime-water treatment; the unattacked polysaccharide amounted

to cya. 46% (63). This Is in agreement with there being

approximately equal numbers of M- and G-chains. The forcnaldehyde

release from the residual polysaccharide, shown to contain

mannitol residues, was studied in an attempt to show that only

M-chain@ remained. Total primary oxidation and overoxidation

gave 0.041 and 0.270 moles of formaldehyde, respectively; the

former result indicates a D.P. of 24 (similar to that of

untreated polysaccharide). The value for overoxidation, though

significantly lower than that of untreated polysaccharide, is

far in excess of the value expected from mannitol terminated

molecules; the high value may be due to unattacked G-chains

(ca. 20%).

If the previous conclusions that laminaritol consists of

a mixture of M-chains and sorbltol-terminated chains are correct,
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the reduced polysaccharide should "be resistant to lime-water.

This has been verified experimentallyj treatment of laminar!tol

with lime-water gave over 90resistant polysaccharide (63).
The unattacked polymer on primary oxidation and overoxidation

yielded 0,061 and 0.570 moles formaldehyde, respectively, as

compared with 0.063 and 0.550 obtained from untreated laminarltol.

This indicates that lime-water treatment has not extensively

degraded the reduced polysaccharide! maximum degradation of

laminarin should therefore leave only M-chains.

6. Si-methyl glucose from Methylated Lime-treated

On the grounds that lime-water degradation of laminarin

is confined to G-chains, and the earlier suggestion that

M-chains be considered as the main source of possible branching,

the lime-treated polysaccharide would be expected to provide

the best starting material for investigations of branch points.

Methylation analysis of lime-treated laminarin was studied by

Dr. A. G. Ross, as part of the programme of the Institute of

Seaweed Research, Inveresk. In the course of this work, a

fraction of the hydrolysis products of the methylated

polysaccharide was shown to contain a mixture of two

di-O-methyl glucoses. ReeryBtalllsation of part of this fraction

from ethyl acetate yielded crystals (^a. 27>. of the total) which

were subsequently characterised as 1++6 dimethyl glucose.

Chromatographic examination of the residual syrup, showed the

presence of a second methylated sugar which gave a pink spot

with aniline oxalate.
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In the present Investigation a sample of the above

mixed dimethyl glucose fraction was studied:-

(i) Chromatographic examination yielded a spot which

corresponded to either 2:h-or h:6-dimethyl glucose, or a

mixture of the two; there was little or no separation of

authentic samples of these two methylated sugars with solvent (h).
(ii) The sample was treated with ethyl acetate and the soluble

portion examined eleetrophoretieally. One component, which

had the same mobility as an authentic sample of 2:iA-di-0-methyl

glucose, was present# This mobility was quite distinct from

those of authentic samples of 2:6- and i+: 6-di-O-methyl glucose.

(iii) Oxidation of the sample with sodium metaperlodate,

at pH 8 and room temperature, yielded formaldehyde in quantity

(unestimated). This cannot have arisen from 2:6-diraethyl

glucose, but it has been shown (72) that 2:h-d1-O-methyl

glucose, acting in the open chain form, CHO.CHOMe.CH0H.CH0Me.CH0H£H20H,
produces formaldehyde on perlodate oxidation.

Prom the above, it is concluded that 2:h-di-0~methyl

glucose is a component of the mixed fraction. Its presence may

therefore be taken as evidence in accord with, but not necessarily

proof of, 1:6 linked glucose residues in the laminarin sample.

If this sugar had been 2:6-di-0-methyl glucose, then the

possibility of 1:6 branch points in laminarin would have been

eliminated.
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Soluble Laminarin

Soluble laminarin, Isolated by alcohol precipitation,

from aqueous acid extracts of L. digitata fronds, was used

in the present investigations. Two samples, designated S.L.5

and S.L.X formed the basis of the work, which consisted

essentially of periodate oxidation studies, similar to

those carried out on insoluble laminarin.

Soluble Laminarln S.L.5

Properties of Laminarin and Laminar!tol.

The polysaccharide was found to have glucose content

9k%f R.P. value of 1 reducing per 70 glucose residues (Somogyi)
and a low specific optical rotation -ll*0 (C.1.25 in water)).

The reduced polysaccharide which was virtually non-reducing,

had glucose content

Mannitol, apparently in greater proportion than in

insoluble laminarin, was shown to be present in acid hydrolysates

of the polysaccharide, by chromatographic methods.

Periodate Oxidation Studies on Laminarin and
Laminaritol S.L.5

1. Production of Formaldehyde

(a) Total Primary Oxidation: Total primary oxidation of

laminarin and laminar!tol, using sodium metaperiodate at room

temperature, gave 0.050 and 0.068 moles of formaldehyde,

respectively. This corresponds to a polymer of P.P. 20, with

approximately 6k% of the molecules terminated by mannitol

residues, i.e. oa 1 reducing group in 60 anhydroglucose residues

(c.f, 1 in 70 above, by cuprimetric titration).



FORMIC ACID RELEASE ON PERIODATE OXIDATION
OF SOLUBLE LAMINARIN (S.L.5) AND LAM1NARITOL

Time of oxidation (hours)

Fig.8
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(b) Initial and Total Primary Oxidation: Initial primary

oxidation of S.L.5» using sodium metaperiodate at 2°, yielded
0.030 moles of formaldehyde. On allowing the reaction mixture

to attain room temperature, a final value of 0.01+5 moles was

obtained. The difference between the two values, which is

a measure of the formaldehyde produced from G-chains is in

agreement with there being approximately 33% of such chains

in the sample. These results indicate that the I).P. is

approximately 22, in good agreement with the value 20 obtained

above.

(c) Overoxidation: Sodium metaperiodate, buffered at pH 8,
as oxidant gave 0.1+10 moles of formaldehyde from S.L.5 and

0.1+50 moles of formaldehyde from the derived laminar!tol.

Assuming a linear polysaccharide of D.P, 20, with 61+% M-chains,

the theoretical formaldehyde releases on overoxidation of

laminarin and laminaritol are 0.392 and 0.1+10, respectively,

1.e. the results obtained are consistent with the D.P. and

mannitol content, as derived from total primary oxidation. As

in the case of insoluble laminarin, the above agreement is

indicative of any branching being confined mainly to M-chains.

2* Production of Formic Acid

A study of a time curve of formic acid production from

laminarin and laminaritol, using potassium metaperiodate at

room temperature, as oxidant (Pig. 8) gave total primary

oxidation values of 0.185 and 0.171+ moles, respectively. The

rate of formic acid release from the laminaritol was slower
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than expected, whilst that from the laminarin was faster than
from insoluble laminarin; the latter has a greater proportion

of G-chains. The value after 6 hours oxidation of the

polysaccharide, which may he taken as a measure of the initial

release, is 0.11+1 moles.

3* Correlation of Formic Acid Release and Values obtained
from Formaldehyde Studies.

The following table 3 gives the theoretical values for

formic acid production from a linear polymer of D.P. 21, with

65% M-chains (the average of the values obtained from fornialdehyde

estimations), together with the experimentally obtained, results:-

Table 3.

Polysaccharide Conditions
Formic acid release

Theoretical Observed

Laminarin
Initial Primary Oxidation 0.11+0 0.11+1

Total Primary Oxidation 0.175 0.185

Laminaritol Total Primary Oxidation 0.160 0.171+

There is quite good agreement between the observed and

calculated values. This indicates that branching of the molecules,

if at all, must be very slight; the difference between the two

sets of values is not sufficiently significant to provide an

assessment of branching.

Soluble Laminarip S.LfX.

Properties. Soluble laminarin S.L.X, was found to have glucose

content 95/^* and 1 reducing group per 127 anhydroglucose residues.
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Chromatographic examination of acid hydrolysates of the

polysaccharide, showed that mannitol was a constituent residue.
A quantitative estimation of one such hydrolysate gave a value

of 1 mole mannitol per 21 moles glucose (i.e. the mannitol

content is ca. h*5%)*

Periodate Oxidation Studies on Laminarin and
Laminar! to1

1. Production of Formaldehyde

Total primary oxidation (using sodium metaperiodate at

room temperature) of S.L.X. and the derived laminaritol

yielded 0.053 and 0,066 moles formaldehyde, respectively.

This corresponds to a polymer of D.P. oa, 19, containing

approximately 75% M-chains and 25% G-ehains; the mannitol

content of such a polymer is approximately i+%, which is in

good agreement with the value obtained above.

2. Production of Formic Acid

Oxidation with potassium metaperiodate at room temperature

gave 0,195 moles formic acid from the polysaccharide; this was

complete within 8 days. Little or no overoxidation was

apparent up to 12 days oxidation; any overoxidation will be

confined to G-chains, whieh are in the minority. Total

primary oxidation of a linear polymer of 19 /3-1:3-linked units,
75% of the chains being terminated by mannitol residues

should yield 0.197 moles of formic acid. In this way, the

formic acid release is in agreement with the D.P. and proportion
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of M-chains, as derived from formaldehyde estimations,

providing that the molecules are either linear or have

a very low degree of branching.

Further examination of the sample was prevented "by

a lack of material.

Cone^uqipqq.

The above analyses of insoluble larninarln B.B. 2.

indicate thatj

(i) The polysaccharide has an average degree

of polymerisation of spproximately 21+ anhydroglucose

residues. The close agreement between this value and

the average chain length, obtained from methylation

analysis (63), shows that the polysaccharide is not

extensively branched. This is confirmed by experiments,

wherein the non-reducing terminal residues are assayed.

(ii) Mannitol is a constituent monomer residue.

About 50% of the chains are terminated by mannitol.

The hexitol content (ca. 2%) is consistent with values

obtained from other samples by different methods of

analysis (11). This proportion of M-chains together

with the D.P., can account for the reducing power value,

as obtained by hypoiodite oxidation (63).

(lli) If a low degree of branching does occur, it

is most probably confined to a small number of the M-chains.
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Analyses of two samples of soluble larainarin indicates
0*

(i) Soluble laminarin S.L.5 and S.L.X. have^D.P.
of cja.21 and 19 respectively.

(ii) Mannitol is present in "both samples and

approximately 65% of the chains in soluble laminarin S.L.5

are terminated by the hexitol residue, as compared with

about 75% M-chains present in soluble laminarin S.L.X.

(iii) Positive evidence of branching has not been

obtained. However, the results for formaldehyde production

on overoxldation of both samples are in accord with the

branching, if any, being mainly confined to the M-chains.

Difference Between the Two Forms of Laminarin

The main differences between the insoluble and soluble

forms of laminarin, apparent from the above chemical

analysis are:-

1. The insoluble laminarin investigated has a slightly higher

degree of polymerisation than either of the soluble forms

examined. This is contrary to the results of molecular

weight determinations carried out on samples of both forms

of the polysaccharide (58).

2. The mannitol content of both of the soluble forms

examined is appreciably higher than that of the insoluble

forraj this provides an explanation of the lower reducing

powers of the soluble forms of the polysaccharide as compared

with that of the insoluble form. This is in agreement with
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studies on the alkaline degradation of soluble larninarin

carried out "by Corbett and Kenner (71), wherein it was

found that the extent of degradation was ea. 19!£>; a much

higher value (ca. hO%) having been obtained for the degradation

of insoluble laminarln.

These results are not in themselves sufficient to

explain the difference in solubilities between the two

forms of laminarin.

It was, however, observed that laminaritol prepared from

insoluble laminarin was readily soluble in cold water and

that spontaneous precipitation from solution did not occur

until after prolonged standing at room temperature. Prom

this it would appear that the induced hexitol residues have a

solubilising effect. The higher mannitol content of the

"soluble" forms as compared with that of the insoluble form,

may, in the same way, be responsible for the greater solubility.

Spontaneous precipitation from aqueous solution cannot

be explained on the basis of molecular size; both forms of

laminarin have approximately the same degree of polymerisation.

It is known, however, in the field of starch chemistry, that

highly branched components although of much greater molecular

weight, are more soluble than the lower molecular weight,

essentially linear components. If one considers that

precipitation is a result of molecular aggregation then this

phenomenon can be attributed to an alignment of the molecules,
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essential for aggregation, "being hindered "by "branching. It

was observed that possible branching of laminarin would be

mainly confined to M-chains. In this way, if the above hypothesis

is correct, the foim of laminarin with the highest mannitol

content, and possibly a greater degree of branching would be

expected to be more soluble than those containing a larger

proportion of G-chains.
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3* Experimental

Insoluble Laminarin B,B, 2,

1. Preparation and Properties

The laxninarin was prepared "by Br, W. A. P. Black,

as follows: fresh L, Oloustoni fronds, collected at

Campbeltown (November 1951+), were minced (i" mesh) and

extracted at 55 - 60° for 1 hour, with ten parts by weight

of dilute hydrochloric acid solution (pH 3»k)» The weed

residue, after centrifugation, was thoroughly washed with

water and the extract and washings combined. The polysaccharide,
y

which precipitated out on standing for hours, was filtered

off and washed with alcohol and ether. The laminarin was

purified by recrystallisation from hot water and the yield

represented 1+3% of the total in the fronds.

The purified product was found to have glucose content

9k% (euprimetric titration); -9° (c. 1,5 in water);
+9° (c. 2,7 in N-sodium hydroxide solution); ash

content 0,1+5%; 1 reducing group per 1+2 anhydroglucose

residues (Somogyi). Mannitol was identified, chromatograohically

/""solvent (3); spray reagent (3j7 in a neutralised acid

hydrolysate.
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2. Stability at pH 5.h and 55°.
Insoluble laminarin B.B.2. (approximately 1 g.) was

heated at 55° with dilute hydrochloric acid solution

(pH 3.2+; 100 ml,). Samples were withdrawn after 0, 30 and

60 min,9 cooled, neutralised and the R.P, of 5 ml, portions

determined. There was no apparent increase in the reducing

power. The remainder of the solution was cooled, neutralised

and evaporated to dryness. Oligosaccharides could not be

detected chromatographically /"solvent (1); spray reagent (lJ7«
3. Preparation and Properties of Laminar!tol.

Potassium borohydride (5 g«) was added to an aqueous

solution of insoluble laminarin B.B.2. (10 gj 500 ml.) and

the mixture kept at room temperature for b days with occasional

shaking. The solution was then acidified with acetic acid and

the polysaccharide precipitated by the addition of 2 litres

of absolute alcohol, centrifuged off, dissolved in water and

reprecipitated twice with alcohol. The purified material was

dissolved in water, evaporated to small bulk (under reduced

pressure at 1+0°) in order to remove the last traces of

alcohol, and finally freeze-dried.

Yield = 3g.j glucose content 955*? ash Q.2^j virtually

no reducing power (Somogyi).
A neutralised acid hydrolysate was examined chromatographically

/solvent (3); spray reagent (3)7: comparison with authentic

samples showed the presence of glucose, mannitol and sorbitol.
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1+. Periodate Oxidation Studies*

All oxidations were carried out in the dark.

(a) Formaldehyde Release

(i) Total Primary Oxidation: Dry insoluble laminarin B.B.2,

(50.2 mg,) and dry laminaritol {hi*9 mg.) were each dissolved

in water and treated, at roan temperature, with sodium

metaperiodate solution (2 ml.; 0.3M) in a total volume of

25 ml.. A blank consisting of sodium metaperiodate solution

(2 ml.j Q.3M), plus water to 25 ml*, was prepared Samples

(2 ml.) of the reaction mixtures and blank, were withdrawn

at intervals and the formaldehyde production determined

(method 6). The following results were obtained:-

Formaldehyde production (moles)

Time of oxidation Laminarin Laminaritol

(hours)

6 0.032 0.061+
23 0.01+0 0.061+
48 0,01+2 0.061+

A duplicate analysis using insoluble laminarin B.B.2.

(63.1 mg.) and laminaritol (1+5.5 mg.) gave 0.01+0 and 0.061

moles of formaldehyde, respectively. Samples were withdrawn from

each reaction mixture after 16 and 36 hours oxidation.

(ii) Initial Primary Oxidation:

(A) Control Experiment Using Mannitol. Mannitol

solution (5 ml. j 1.021+ mg./ml.), cooled to 2°, was

treated at 2° with sodium metaperiodate solution (2 ml.; 8%),
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in a total volume of 25 mis.. The reagent "blank

consisted of periodate solution (2 ml.; 8/«) and

water (23 ml.). Samples (2 ml.) of the reaction

mixture were analysed for formaldehyde production

(method 6 ), after 1, 2> 2k and kk hours oxidation.

The production of formaldehyde was complete within

1 hour, A constant value of 1.8 moles formaldehyde

per mole mannitol oxidised, was obtained up to

Uk hours. Complete oxidation of raannitol should

yield 2 moles formaldehyde; the result (10% low),

may be due to impurities in the sample.

(c.f. value low for formic acid release from

the same raannitol sample p. S6 ).

(B) Oxidation of Laminar in and Larninaritol. Dry

insoluble laminarln B.B. 2 (90.0 mg.) and dry

larainaritol (7^.9 mg.) were oxidised as above at

2°, giving the following results:-

Laminarin

Time of oxidn# (hours) 1 3 5 12 k5

Formaldehyde prod11' (moles) 0.022 0.023 0.023 0.023 0.025

This is equivalent to an initial release of

approximately 0.021 moles formaldehyde,

haminarltol

Time of oxidn* (hours) 22 kk 88

Formaldehyde prod11' (moles) 0.057 0.058 0.060

Duplicate analysis gave similar results.
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(iii) Overoxidatloni Laminarin solution (2 ml.; 3.95 mg./ml.j
concentration determined lay aeid hydrolysis), and dry laminsritol

(8.90 mg.) dissolved in water, were treated, at room temperature,

with sodium metaperiodate solution (2 ml.} 0.3M) and phosphate

"buffer (12.5 ml.} 0.1M; pH 8) in a total volume of 25 ml. The

reagent hlank consisted of sodium metaperiodate solution

(2 ml.} Q.3M), phosphate buffer (12.5 ml.} 0.1M} pH 8), and

water to 25 ml. Samples (2 ml.) analysed at intervals showed

that the production of formaldehyde (estimated "by method 6),
was constant after oxidation for 18 hours and amounted to

0.52 moles for laminarin and 0,55 moles for laminaritol. The

residual polysaccharide was stable, even after 9 days oxidation,

under these conditions.

(b) Formic Acid Release

(*) Control Experiment dsing Lamlnaribiose and iannitol:

Dry laminariblose (35«5 mg.) and dry mannitol (17»8 mg,) were

each dissolved in potassium chloride solution (25 ml.} 3%)
and sodium raetaperiodate solution (25 ml.} O.25M) added. A

blank consisting of equal volumes of potassium chloride

solution (3%) ®nd sodium metaperiodate solution (O.25I) was

set up. The reaction mixtures and blank were kept in the

dark at room temperature. Samples (5 ml,) were withdrawn

at intervals and the formic acid production determined

(method 5), using O.OIOON-sodiura hydroxide solution for

neutralisation.
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The liberation of formic acid from mannitol was

complete after 1+ hours oxidation and corresponded to 3,7
moles per mole, as compared with the theoretical value of

4 moles for total oxidation,

(c.f. value, 10% low, for formaldehyde release from the

same sample of mannitol, p. ^4 ),
Laminarihlose gave the following results: -

Time of oxidn* (hours) 2 4 6 2k 48 96 144 168

Formic acid prod31* (moles) 0,33 0,65 0,96 1,33 1,81 2,60 3,08 3,13

(These results are represented diagrammatically in Fig 5),
Under these conditions, the initial and total primary

oxidations require ca. 6 and 130 hours, respectively,

(li) Dry insoluble laminarin B.B, 2. (235,9 mg.) was oxidised

as above with the following results: -

Time of oxidn* (hours) 3 6 18 42 168 240

Formic acid prod11' (moles) 0,088 0.096 0,114 0,126 0,156 O.163

(These results are represented, dlagrammatically, in Fig,6(a)),
i.e, approximately 0,10 moles foraic acid per anhydroglucose

residue has been rapidly released (after 6 hours oxidation) and

ca. 0.15 moles formic acid has resulted from total primary

oxidation ( after .ca, 130 hours). After this time, overoxidation

commenced.

(iii) Dry laminaritol (244,9 mg,) was similarly oxidised

giving the following results:-

Time of oxidn* (hours) 2 13 20 38 144 240

Formic acid prod11* (moles) 0,081 0.113 0.122 0.131 0,153 0.168

(These results are represented diagrammatically in Fig.6(b)).
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The total primary oxidation corresponds to approximately

0.13 moles and the formic acid release is significantly

faster than from laminarin. Overoxidation appears to take

place after approximately 100 hours (e.f. laminarin wherein

overoxidation occurs after approximately 130 hours).

(iv) Samples of dry insoluble laminarin B.B.2. /"(a) 105.5 mg.,

(b) 100.7 mg. and (c) 101.5 mg.7 were each shaken in the

dark, at room temperature, as suspensions, with sodium

rnetaperiodate solution (30 mis.} 0.25M) and potassium chloride

solution (30 mls.j 3- )♦ A blank was set up as before.

Samples (2 x 20 ml.) of the blank and reaction mixtures

(a), (b) and (c) after 10, 12 and 14 days, respectively

were analysed for formic acid production, using Q.0l38N-sodium

hydroxide solution.

The following results were obtained:-

Time of oxldn# (days) 10 12 14

Formic acid prodn* (moles) 0.152 0.150 0*154

These results show that total primary oxidation is complete

within 10 days and very little overoxidation takes place

thereafter. The value of 0.150 moles is in agreement with

that already obtained.

5. Isoniazid Derivative

Insoluble laminarin B.B.2. (approximately 200 mg.) was

dissolved in warm water (10 ml.), cooled and sodium metaperiodate

solution (5 ml.j 8%) added. The solution was kept in the dark

at room temperature for 72 hours, then cooled at 0° for 30 minutes.
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The resultant precipitate was thoroughly washed with water,

and dried with alcohol, acetone and ether. The oxidised

material (50 mg.) was dissolved in water (2.5 ml.),
isoniazid solution (5 ml.} 17 mg./ral.) was added and the

mixture kept at room temperature for 2 days. The resultant

off-white precipitate was recovered hy centrifugation,

washed with water, alcohol, acetone and ether and finally

dried in vacuo at ifO°.
Yield es 30 mg.; Nitrogen content * 1.7%

(Determined "by Dumas, method 9} this result was confirmed

hy an analysis carried out "by Drs, Weiler and Strauss.)

6. Periodate Oxidation Studies on
Lime-treated haminarln and Laminaritol

Lime-treated laminarin was oxidised at room temperature

with sodium metaperiodate and the formaldehyde release

determined (method 6), Results were obtained which were

far in excess of those theoretically possible from a polymer

with molecular dimensions of the sample, as obtained from

other studies (63). The glucose content was 73%» The most

likely source of contamination was thought to be associated

glucometasaccharinic acid. This could not be detected

chromatographically.

The polysaccharide was found to be neutral. However,

calcium was shown to be present, by flame and spectrometric

tests, indicating that the acid was probably present in the

form of the calcium salt. This was confirmed by passing a
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neutral, aqueous solution (10/5) of lime-treated laminarin

through a cation exchange resin column /~Amberllte IS - 120(HJ7
whereupon the eluate was strongly acid. Examination of

concentrated column eluates showed the presence of (a) free

acid hy a starch/potassium iodate spray (h) a lactonisahle

acid by a hydroxylamine spray (73)..
The removal of saccharinic acid was effected by

repeated precipitation of the polysaccharide with alcohol.

The glucose content then Increased to

Formaldehyde Release

(l) Total Primary Oxidation: Purified lime-treated

laminarin (M*1 mg*) and lime-treated laminaritol (JjB.h rag.)
were oxidised with sodium metaperiodate at room temperature,

in reaction mixtures similar to those prepared for insoluble

laminarin. The formaldehyde release, during total primary

oxidation, equalled O.Oiil and 0.061 moles, respectively,

(ii) Overoxidation: Using sodium metaperiodate, buffered

at pH 8, as in the case of insoluble laminarin, overoxidation

values of O.270 and 0.570 moles formaldehyde from purified

lime-treated laminarin (8.02 mg»), and lime-treated

laminaritol (10.10 mg.), respectively# were obtained.

Studies on the Dimethyl glucose Fraction from
Methylated Lime-treated Laminarin

The fraction produced on hydrolysis of methylated

lime-treated laminarin, known to contain 2:6-di-0-raethyl glucose,
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in addition to a second component, possibly another

di-methyl glucose, was examined*

(i) Chromatographic examination of the mixture gave a

diffuse pink spot average value 0,50 (solvent (l+)j

spray reagent (2)), Authentic samples of 2:1+-, 2:6-,

1+: 6-di-0-methyl and 2s 3s U; 6-tetra-O-methyi glucose had

R^ values of 0,52, 0.1+8, 0.1+6 and 0,81, respectively.
(il) The mixture (.ca. 20 mg.) was treated with ethyl

acetate (2 ml.) and the resultant precipitate removed

by centrifugation. Evaporation of the supernatant left

a syrup, which on electrophoretic examination (Method 3)
showed only one component travelling 35 from the

starting position. Authentic samples of 2:1+-, 2:6- and

1+:6-dl-0-methyl glucose travelled 35, 23 and 10 mm.

respectively.

(iii) Oxidation of the mixture (ca. 10 mg.) with sodium

metaperiodate (2 ml.j 0.3M) buffered at pH 8 yielded

formaldehyde (Method 6)* a quantitative estimation was not

carried out.

Soluble Laminarin

Soluble Laminarin 3.L.5

1. Preparation and Properties

The laminarin was prepared by Dr. W, A, P. Black, from

the fronds of fresh L. digitata. by extraction with aqueous

hydrochloric acid (pH 3.1+), at 55 - 60°, as in the preparation
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of insoluble laminarin B.B,2. The polysaccharide was

precipitated from solution, after removal of the weed

residue, by addition of alcohol. Final purification was

effected by repeated precipitation with alcohol.

The purified product had a glucose content of 9h%

(Somogyi); Hp -11)° (o« 1.25 in water); 1 reducing

group per JO anhydroglucose residues.

Mannitol, in apparently greater amount than in insoluble

laminarln B.B. 2., ?/as identified, chromatographically, in

neutralised acid hydrolysates of the polysaccharide

/solvent (3); spray reagent (3j7*
2. Laminaritol

As in the preparation of laminaritol from insoluble

laminarin B.B.2., the reduced polysaccharide from

soluble laminarin S.L.5., was prepared by treatment of

the polysaccharide solution (2 g.; 100 ml.) with potassium

borohydride (1 g.) at room temperature for k days. The

reduced polysaccharide was isolated and purified, as before

(P. 5-2- ).

Yield of freeze-dried material = 1.65 g.? glucose

content 9k%} ash 0.1$; virtually no reducing power (Somogyi).
3• Periodate Oxidation Studies

The reaction mixtures and methods of analysis were identical

with those employed in corresponding studies on insoluble

laminarin B.B.2. and laminaritol.
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(a) Formaldehyde Release

(i) Total Primary Oxidation? Dry soluble laminarin

S.L.5 (65*U mg.) and dry laminar!tol (61,3 mg,), were

oxidised at room temperature with sodium metaperiodate

solution (2 ml,} 0.3M).
The constant values, up to h8 hours oxidation, at room

temperature, were 0,050 and 0.068 moles formaldehyde, from

laminarin and laminaritol, respectively,

(ii) Initial and Total Primary Oxidation} Dry soluble

larainarin S.L.5 (75*7 mg,) was oxidised with sodium

metaperiodate solution (2 ml.} 0.3M) at 2° , The formaldehyde

release, constant between 1 and L8 hours oxidation, was 0.030

moles. The reaction mixture and blank were then allowed to

attain room temperature. A constant value of O.OUh moles

formaldehyde was obtained after a farther 2k and UQ hours

oxidation at room temperature, i.e. the initial and total

primary oxidations have liberated 0,030 and 0»0kk moles of

formaldehyde, respectively.

(iii) Overoxidetion; Dry soluble laminarin (8.70 mg.)

and dry larainaritol (9.3€>mg.) were oxidised, at pH 8, with

sodium metaperiodate at room temperature, The values obtained,

constant up to 3 days oxidation, were 0.2+10 and 0.2+50 moles

formaldehyde from laminarin and leminaritol, respectively.

(b) Formic Acid Release

Dry soluble laminarin S.L.5 (239*7 mg,) and dry

laminaritol (236,7 mg.) were each dissolved In potassium
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chloride solution (25 mis. 3>0 and sodium metaperiodate

solution (25 mis.j 0.25M) added. The solutions were kept

in the dark, at room temperaturej 5 ml. samples analysed,

at intervals for formic acid production, as "before.

Laminarin gave the following results, which are

represented diagrammatically in Fig. 8a:-

Tirae of oxidn* (hours) 3 6 18 42 168 240

Formic acid prodn* (moles) 0.126 0.141 0.172 0.193 0,210 0,222

i.e. approximately 0.141 moles formic acid per anhydroglucose

residue, has "been rapidly released (after 6 hours oxidation)
and ca. 0,185 moles has resulted from total primary oxidation

(after ca. 40 hours); this liberation of formic acid is

significantly faster than that from insoluble laminarin, under

identical oxidation conditions.

Laminaritol gave the following results (Fig. 8b):-

Time of oxidn* (hours) 2 13 20 38 m 240

Formic acid prod11* (moles) 0.096 0.147 0.160 0.170 0,194 0.205

corresponding to a total primary oxidation value of approximately

0,174 moles formic acid (after ca. 50 hours). The liberation

of the acid was here slower than expected.

Soluble hamlnarin S. L.X.

Preparation and Properties

The polysaccharide isolated from the fronds of L. digitata

(unspecified) and purified in the same way as soluble laminarin

S.L.5* had glucose content 95% (Somogyi) and 1 reducing group
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per 127 anhydroglucose residues (Somogyi). Mannitol was

shown, chromatographically, to "be present in acid hydrolysates

of the sample /solvent (3); spray reagent (3J7* The relative

proportions of glucose and raannitoi present in the polysaccharide

were determined as follows:- Soluble larainarin S.L.X. (ca. 15 mg.)

was completely hydrolysed with sulphuric acid solution

(2 ml.j 1.5N) at 100° for 3 hours. The hydrolysate was

neutralised with solid "barium carbonate and the supernatant,

after centrifugatlon, shown to contain only glucose and

mannitol, chromatographically /solvent (3); spray reagent (3/A
The neutralised hydrolysate was run on a quantitative

chromatogram /solvent (3)7 and the glucose and mannitol estimated

separately as fbllows:- The glucose was determined by the

Somogyi method and amounted to 0.15 mg./ml..

Mannitol: The mannitol eluate was evaporated, sodium

raetaperiodate solution (0.2 ml.; 0.3M) and water to 2 ml.

added and oxidation allowed to take place for 2h hours at room

temperature. The formaldehyde production was determined

(method 6) and amounted to 72yMg./ml., i.e. the relative
amounts of glucose and mannitol in the polysaccharide are 21

and 1, respectively.

Perlodate Oxidation Studies.

(a) Formaldehyde Release

(Total primary oxidation),

Dry soluble laminarin (M>.2 rag, ) and dry laminaritol

(k7»k mg.) were oxidised, at room temperature with sodium
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metaperiodate solution (2ml#j G.3M).
The fbrmaldehyde production from the polysaccharide and

reduced polysaccharide was 0.05^ and 0.06? moles, respectively.

In a duplicate analysis laminarin (50.0 mg.) and laminaritol

(U8.2 mg.) gave 0.052 and O.O65 moles of formaldehyde respectively.

(b) Formic Acid Release

(Total primary oxidation).

Dry soluble laminarin (2i+h.O mg. ) was oxidised, at room

temperature, with sodium metaperiodate solution (50 ml.; 0.25M)
and potassium chloride solution (50 ml,; 3%). Samples (2 x 20 ml.)
analysed after 8, 10 and 12 days, as before, showed that oxidation

was complete within 8 days, overoxidation was not apparent

after 12 days oxidation and the formic acid release amounted

to 0.195 moles.
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SECTION III

STUDIES ON LICHENIN

1. Introduction

As early as 1808, Berzelius (74) discovered that a number

of species of the symbiotic organisms of the phylum Thallophyta.

known as lichens, yielded on hot water extraction a

gelatinous substance which he named "Flechten st&rke". This

substance has subsequently proved to be a mixture of related

carbohydrates of which the polysaccharide llchenin is a

prominent member. Lichenin occurs as an important cell-wall

constituent of the lichens, comprising about 50% of the dry

weight, and is considered to be a modified form of cellulose.

The present investigation has been concerned with lichenin

obtained from Iceland moss (Cetraria islandica). where it

occurs in addition to isolichenln and hemicelluloses.
/

The natural occurrence of the polysaccharide was a strong

indication that lichenin should, in some way, be related to

cellulose. This possible relationship has been the factor

responsible for promoting the main part of the investigations

on the structure of lichenin during the past 30 yearsj it was

hoped that a clarification of lichenin structure would provide

a better understanding of the nature of the cellulose molecule

and those of other allied polysaccharides. The first real

evidence that lichenin is structurally similar to cellulose
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resulted from the studies of Karrer and his co-workers

(75» 76, 77) who isolated cellobiose octa-acetate on

acetolysis of the polysaccharides and 2:3:6-trl-0-methyl

glucose on methyiation and hydrolysis; in "both cases, the

yields from lichenin were smaller than those from cellulose#

They also claimed that the acetates of "both polysaccharides

had the same optical rotation in chloroform /this was later

shown to he incorrect (7827 an& that they produced sodium

hydroxide addition compounds of the same composition. X-ray

analysis of both modified cellulose (oxycellulose and

hydro cellulose) and lichenin (79) showed structural

similarities between these substances. The reasons for the

difference in solubility of the two polysaccharides (lichenin

readily forms colloidal solutions in hot water, whereas

cellulose is completely insoluble), the difference in x-ray

diagrams (80) and the differing susceptibilities to hydrolytic

degradation (lichenin is more readily degraded by acidic and

enzymic attack) were yet to be explained.

At that time, polysaccharides were considered as being

molecular aggregations of small units of definite constitution,

joined together by "residual" or "auxiliary" valencies; the

polymer could revert to the original units when subjected to

a variety of external conditions. As a result of this

conception, the bulk of the work carried out on the difference

between cellulose and lichenin over the next 10 or so years,
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for example that of Pringsheim and co-workers (81), and

Hess and Schultze (82), is, in general, only of historical

interest.

The advent of the macro-molecular theory of polysaccharide

structure, developed mainly "by the Haworth school and

accepted today, was essential "before further progress on

structural deteminatlons of lichenin, and in fact all

polysaccharides, could "be achieved. Staudinger (S3, 81+)
carried out molecular weight determinations "by viseometric

and osmoraetric methods. He estimated that the minimum

molecular weight of lichenin was ahout 10,000 and concluded

that lichenin is a polymerised molecule, shorter than

cellulose, with differences in the orientation of the

monomeric units. This molecular weight is in agreement

with results obtained from other studies (85). Methylation

analysis (78) indicated, "by the absence of a dimethyl glucose

fraction in the hydrolysate of the methylated polysaccharide,

that lichenin is essentially linearj this investigation gave

results corresponding to a C.L. of ca. 11h, which is about

double the values obtained above.

Althou^i these analyses showed that lichenin and cellulose

differ in molecular dimensions, positive evidence of chemical

differences in the polysaccharides was not obtained until

19U7, when Meyer and Gltrtler (1U) investigated the structure of

lichenin. Hydrolysis of the methylated polysaccharide gave

tetra-O-methyl glucose in amount equivalent to an average
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chain length of ca. 170 glucose residues, and a mixture of

2:3:6and 2:k:6~tri~0-raethyl glucose. The presence of

the latter tri-O-methyl glucose, indicative of 1:3-linkages

in the polysaccharide, provided the first evidence that

linkages other than the 1:h-type existed in the lichenin

molecule. By a study of the oxidation of the polymer with

periodate, these workers established that ca. 2J% of

1:3~linkages were present. Boissannas (86) confirmed the

relative proportions of 1:3- and 1: it-linkages. The presence

of mixed linkages in the lichenin molecule is one of the

main points in which the structure of the polymer differs

from that of cellulose. It is essential that the mode of

arrangement of the different intramolecular linkages be

known before an accurate description of the lichenin molecule

can be given.

The present investigation was undertaken to determine

further aspects of the fine structure of lichenin from

Iceland moss. Techniques involving periodate oxidation and

enzymic hydrolysis of the polysaccharide were employed. Some

of the experimental results are incorporated in a publication

"by Prof, E, L. Hirst and Drs. B. J. Manners and N, B. Ghanda (87).



2. Discussion

The present investigation was carried out on

lichenin obtained from Iceland moss (Cetrarla Islandica)

where it occurs as an important cell-wall constituent. The

analytical procedures employed and the derivation of the

results obtained from them are discussed. Conclusions

are drawn regarding the chemical structure of the lichenin

sample| these include molecular dimensions and the nature

ana distribution of the inter-residue linkages of the polymer.

1. Preparation and Properties of Lichenin

After the removal of waxy and colouring materials, and

lichen acids, the polysaccharide was extracted from the

neutral moss with boiling water for 3 hours. Isolichenin,

which forms the main impurity was eliminated and the

purified product, in the form of a white powder, soluble in

hot water or alkali and insoluble in cold water had the

following properties: glucose content 96^, ash 0.23^» a

low specific optical rotation ( s +10° in M-sodium

hydroxide), and a slight reducing action towards the Somogyi

reagent (26). Complete acid hydrolysis of the polysaccharide

with subsequent examination of the products by paper

chromatography showed that glucose was the only constituent

monomer residue. Partial acid hydrolysis yielded glucose,

laminaribiose, cellobiose and higher oligosaccharides; this
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shows that "both fi -1s3- and 3-1:^-linkages are present

in the sample. The low specific optical rotation is in

agreement with the repeating linkages being of the

3 -configuration.

2* fferjlodate Oxidation ~ tad^es on Licfrenip

Periodate oxidation of the polysaccharide was carried

out under different conditions, and the consumption of

pariodate and the liberation of formic acid and formaldehyde

during oxidation determined. The results have been used

to elucidate structural features of the polysaccharide.

The reactions Involved and the resultant products are

represented in Pig. 9*

(a) Consumption of Periodate

The determination of the periodate uptake on normal

oxidation of liehenin should serve as a measure of the

1 i4-linkages present in the sample, since 1s3-linked

residues will not be attacked; Pig. 9a. The oxidation of

terminal groups may be neglected, to a first approximation.

Total primary oxidation of lichenln was effected by

shaking each of three different weights of the sample, in

the form of a suspension, with sodium metaperiodate

solution, in the dark at room temperature. Samples

analysed after 24, 48 and 72 hours, respectively, showed

that oxidation was complete within 72 hours, with a

consumption of 0.73 moles of periodate. This result

corresponds to ca. 73% of the residues being linked 1s4-,
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which is in good agreement with values obtained for the

relative proportions of 1:3- and 1:l+-linkages in other

lichenin samples (11+, 86),

(h) Release of Formic Acid

Considering lichenin to "be a linear polymer, then

total primary oxidation should yield 3 moles of formic

acid per molecule (1 mole and 2 moles from the non-

reducing and reducing ends, respectively); Rig# 9b#

In this way estimation of the formic acid release should

give a measure of the average degree of polymerisation of

the molecule.

Three different weights of dry lichenin were oxidised,

in the dark at room temperature with potassium metaperiod&te

solution, /These oxidation conditions eliminate overoxidation

during long treatment (68J7* Duplicate samples analysed after

10, 12 and 11+ days, respectively, showed that, under these

conditions, total primary oxidation was complete within 10

days and overoxidation was not apparent up to 12 days. The

formic acid release was 0.01+7(5) moles. This corresponds to

3 moles of fonnic acid per 63 anhydroglucose residues, i.e.

if the lichenin molecule is linear, the D.P. is £a. 63.
This result is in good agreement with those obtained from

raethylation analysis (87) and molecular weight determinations

(83, 81+, 85) carried out on other sables of lichenin. Since

the calculation from formic acid release Is based on a linear
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structure for lichenin, the concordance with molecular

weight determinations by physical methods may serve as

evidence that the polymer is unbranched.

(c) Release of Formaldehyde on Overoxiaation

Controlled overoxi&ation of polysaccharides containing

1:3- and 1:i+-linkages with the consequent production of one

mole of formaldehyde from each constituent monomer residue

can be effected with sodium metaperlodate buffered at

pH 8, as oxidant. This overoxidation, which is a stepwise

process from the reducing end of the molecule, is inhibited

whenever a 1:6-linkage is encountered in the polymer chain

(1+0) Isee p.

Lichenin was oxidised with sodium metaperiodate buffered

at pH 8 and the liberation of formaldehyde determined;

approximately 1.0 mole of formaldehyde was obtained. This

result is indicative of the absence of 1:6-linkagee in the

lichenin sample, and may be taken as evidence that the

polysaccharide is a linear polymer.

A similar investigation was carried out on samples of

barley -gluean (15) and isolichenin (8?)« The former which

is structurally similar to lichenin yielded 0.70 moles of

formaldehyde in duplicate analyses and this result may

serve as evidence of 1:6-llnkages being present and possible

branching of the molecule. Isolichenin gave approximately

0,9 moles of formaldehyde. This result may be taken as

being in agreement with the linear structure of the polymer (87);
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the value is, within the limits of experimental error,

equivalent to that expected from a polymer containing only

1:h- and 1:3- glucosidic linkages.

3. Isoniazld■and Thiosemicarbazide Derivatives of
Feriodate-oxidised Lichenin

Total primary oxidation of lichenin was "brought about

with sodium metaperiodate solution at room temperature. The

oxidised polysaccharide was isolated and isonlazld and

thiosemicarbaside derivatives prepared (70)j the constitution

of the oxy-polysaceharides and derivatives is shown in Pig.10.

Terminal residues are considered to be present in negligible

amount as compared with intermediate-chain residues. In

this way, estimation of the nitrogen content of those

derivatives serves as a measure of the dialdehyde structures

produced on oxidation of internal residues, i.e. a measure

of the 1:h-linkages present in the polysaccharide molecule.

The isoniazid and thiosemicarbazide derivatives, so prepared,

were found to have nitrogen contents of 11.6% and 12.6%,

respectively. These results correspond to 66% and 67% of

o<-glycol groups present in the lichenin molecule, which is

in accord with the proportion of l:h-linkages (^a. 73%)
determined by periodate oxidation studies above. The values

obtained from derivative formation may be taken as evidence

that the lichenin sample does not consist of a mixture of a

1:3- and a 1:h-glucan: in the case of a heterogeneous sample,

complexes of the periodate oxidised 1:U-glucan would be fozroed
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with nitrogen contents corresponding to a polymer with

1QQyi o(-glycol groupings, vis. isoniazld derivative 1h. 1/

nitrogen, thiosemicarbazi&e 16.7/- nitrogen (these are

significantly higher than the values obtained from periodate-

oxidised lichenin derivatives).

*+• Partial Hydrolysis of the Polyalcohol.

A sample of purified periodate oxidised lichenin was

reduced to the corresponding polyalcohol with potassium

borohydride. This was carried out to prevent interference

of induced aldehydie structures in subsequent chromatographic

analysis. The polyalcohol was partially hydrolysed with

acid and the neutralised hydrolysate examined chromatographically;

glucose was shown to be the only reducing sugar present.

Under the some conditions a partial acid hydrolysate of

lichenin contained glucose, laminaribiose, cellobiose and

higher oligosaccharides. Periodate oxidation does not

degrade 1s3-linked constituent residues and sequences of

two or more 1:3-linkages should give rise to laminaribiose

on partial acid hydrolysis of the polyalcohol. Prom the

absence of the disaccharide in this hydrolysate, it may be

concluded that few, if any, 1:3-linkages occur in adjacent

positions in the lichenin molecule.

5• Enzvmic Hydrolysis of Lichenin

The hydrolysis of lichenin is readily catalysed by the

so-called "lichenases" which are widely distributed in

Nature (8). Attempts have been made to study the action of
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these enzyme systems on lichenin and deduce from the

results structural features of the polysaccharide (88, 89)•

However, owing to the difficulty of separating and purifying

the different active factors present in the systems and the

consequential limitations of understanding of their action

mechanism, very little progress has as yet "been made in this

field.

In the present investigation the action of two enzyme

preparations (exo- and endo-,3-glucanases) was studied and

the results obtained used to confirm structural characteristics

of lichenin previously obtained from chemical methods of

analysis. Exo-^/3-glucanases cause a stepwise hydrolysis of
successive linkages in a ^5-glucan, in contrast with
endo-3-glucanases, which catalyse random hydrolysis.

(a) The polysaccharide was treated with an exo-^-glucanase
preparation from almond emulsin (90) and the hydrolysis products

examined chromatographically; glucose was the only reducing

sugar produced, (b) Similar treatment with an endo-J-glucanase

preparation from Cladoohora runestris (25) yielded a series

of sugars including glucose, laminaribiose, cellobiose and

higher oligosaccharides. From these results it may be

concluded that (a) the lichenin sample is composed of

anhydroglucose residues with inter-residue linkages of the

-configuration, and (b) the polymer is a 3-glucan containing

both 1:3- and 1:h-linkages,
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In a further experiment llchenin was treated with

almond emulsin -glueanaee and the conversion to glucose

determined quantitatively. After 3 days 12% conversion was

observed. A control experiment, using larainarin as substrate

gave 15% conversion into glucose. The lower conversion

in the case of liehenin may be due to the difference in

susceptibility to hydrolysis between 1j3- and 1:h-linkagesj

1:3-linkages may be more readily bydrolysed than 1sh-l inkages.

Conclusions.

It is concluded, from the above investigations, that

the lichenin sample obtained from Iceland moss is a homo-

polysaccharide consisting of glycos idleally -linked

anhydroglucose unite. Evidence has been provided that the

polymer is essentially linear and has an average degree of

polymerisation of 63 anhydroglucose residues.

The presence of both 4-1:3- and ft -1:h-linkage s in the

sample has been confirmed. It has been shown that these

different linkages do not arise as a result of a heterogeneous

sample consisting of a mixture of /3-1:3- and ^-liU-glucans.
Lichenin may be differentiated from cellulose on account of

the 113-linkages in the molecule. Estimation of the

relative proportions of the two linkages has given results

corresponding to ^ga. 70% and 30% of 1:h~ and 1i3-linkages,

respectively. It is concluded that few, if any, sequences of two

or more of the latter type of linkage are present in the polymer

chain.
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The lichenin sample is therefore structurally similar

to other /3-glucans, recently isolated from "barley (15)
and oats (18), see table hj there are differences in degree

of polymerisation and relative proportions of ^5-1s3— and
^-I.U-llnkages present.

Table U

Sample 2).P.
Proportion of
linkages %

ft ~1:b~ /$ — 1 i 3—

Lichenin 63 70 30

Barley gluean 100 67 33

Oat glucan 180 50 5°
,
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3. Experimental

1. Isolation and Properties of Lichenin

Iceland moss (500 g.) previously well cleaned and

cut into pieces, was extracted with "benzene and in turn

methanol, in a Soxhlet apparatus, to remove waxy and

colouring materials. The moss was then powdered in a

hammer-mill, treated overnight with cold sodium carbonate

solution (1.5 l.J 2^), to remove lichen acids, and washed
free from alkali. The neutral moss was then extracted with

"boiling water (31.) for 3 hours, the whole mixture "being

continuously stirred. The moss residue was removed by

filtration through muslin and the hot "brown liquor

containing lichenin and isolichenin allowed to cool

slowly.

The lichenin separated as a flocculent gelatinous

precipitate, leaving the "bulk of the isolichenin in

solution, and was recovered "by centrifugation. The main

impurity of the crude lichenin at this stage is isolichenin,

the presence of which can "be detected "by the development

of a "blue colour with iodine solution. This contaminant,

unlike lichenin, is soluble in cold water; a property which

was of service in the purification of the polysaccharide.

The crude lichenin was dissolved in hot water (1 1.) and

allowed to precipitate out on cooling. This procedure

was repeated until the mother-liquor gave no blue colour with

iodine solution, indicating that all the isolichenin haa removed.
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Pinal petrification of the lichenin was effected by treating

a hot aqueous solution with decolourising charcoal and

precipitating the polysaccharide from the filtrate, after

removal of the charcoal, with acetone. The product was

washed with acetone, alcohol and ether and dried over

phosphorous pentoxlde in a vacuum desicator.

The purified lichenin (yield 23 g. from 500 g. dry

moss), in the form of a white powder insoluble in cold water

and soluble in hot water or alkali had the following

properties: glucose content 96%; ash 0.23%;

£Op= +10° (c« 1.0 in N-sodium hydroxide); slight

reducing action towards Somogyi reagent (26).

Chromatographic analysis /solvent (1); spray reagent (1J7
of a neutralised acid hydrolysate of lichenin showed glucose

as the only reducing sugar present.

Similar examination of a partial acid hydrolysate

yielded glucose, l&minaribiose, cellobiose and higher

oligosaccharides, by comparison of B,, values with authentic

samples.

2. Periodate Oxidation Studies

(a) Consumption of Periodate.

Samples of dry lichenin (66.5 mg., 66.h mg. and 63.2 mg. )
were each shaken in the dark at room temperature with sodium

metaperiodate solution (15 ml.j 0.22M) for 2k t h& and 72

hours, respectively. Aliquots (10 ml.) of the supernatants

after centrifugation were analysed and the periodate consumption,
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determined "by Method h using O.lH-sodium arsenite and

0.1N-iodine solutions. The following results corrected

for a reagent "blank, were obtained:

Time of oxid11* (hours) 2k k& 72

Consumption of periodate (moles) 0,67 0.72 0.73

1.e. the periodate uptake during total primary oxidation

of llchenin is 0.73 moles per mole anhydroglucose oxidised.

Approximately 27% of the glucose residues in the sample are

therefore resistant to periodate oxidation.

(b) Release of Formic Acid*

Samples of dry lichenin (97-3 mg., 105.2 mg. and 10U.2 mg.)
were each shaken in the dark at room temperature with sodium

metaperiodate solution (30 ml.j 0.25M) and potassium chloride

solution (30 ml.j 3h) for 10,12, and 1h days, respectively.

A reagent blank consisting of equal volumes of sodium metaperiodate

and potassium chloride solutions was also set up. Duplicate

samples (20 ml.) of the supernatants after centrifugation were

analysed for formic acid production; Method 5, using 0.0133N

sodium hydroxide for neutralisation. The following results,

corrected for the reagent blank, were obtained.

Time of oxidn* (days) 10 12 11+

Formic acid prod11' (moles) 0.0U7(0) 0.0U7(5) 0.0i+7(6)

i.e. total primary oxidation of the lichenin sample has resulted

in a production of formic acid corresponding to ca. O.OU7(5) moles

per mole anhydroglucose oxidised. Three moles of formic acid

have therefore been released from approximately 63 anhydroglucose

residues.
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(c) Production of Formaldehyde on Overoxidation.

Lichenln solution (5 ml.; 1.056 mg./ml. concentration

"by acid hydrolysis) was treated in the dark at room

temperature with sodium metaperiodate solution (2 ml.; G.3M)
and phosphate buffer (12.5 ml.; 0.1M; pH 8) in a total volume

of 25 ml.. A reagent blank containing sodium metaperiodate

solution (2 ml.; 0.3M), phosphate buffer (12.5 ml.; 0.1M; pH 8)
and water to 25 ml. was also prepared. Samples (2 ml.) of the
reaction mixture analysed for formaldehyde production /Method 6;

calibration graph Pig 2{bJ7 gave a constant result, after 2k
hours oxidation, of "UQ2 moles, i.e. under these conditions,

approximately 1 mole of formaldehyde is liberated per mole

anhydroglucose oxidised. Similar analyses were carried out

In duplicate on barley ^/3-glucan (6.5 mg.) (15) and isolichenin
(5.8 mg. ) (87); 0.70 and 0,91 moles of formaldehyde respectively,

were produced,

3. Isoniazid and Thiosemicarbazide Derivatives
of Periodate-oxidisecl Lichenln

Lichenin (^a, 200 mg,) was shaken in the dark at room

temperature with sodium metaperiodate solution (30 ml,; 0.25M)
for 72 hours, The oxidised polysaccharide was recovered by

centrifugatlon, washed thoroughly with water, alcohol and

ether, and dried in vacuo. Portions of the purified product

(50 mg.) dissolved in hot water (2.5 ml.) were cooled and mixed with

Isoniazid solution (5 ml.; 17 mg./ral.) or thiosemicarbazide
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solution (5 ml.; 11 mg./ml.). Precipitation occurred within

an hour, the precipitates were allowed to flocculate overnight,

washed thoroughly with water, alcohol and ether and dried in

vacuo. Yields of purified derivatives were ca. 50 mg..

Samples of the isoniazid, in the form of a pale yellow powder,

and the thiosemicarbazide, in the form of a brownish-white

powder were analysed for nitrogen content by Method 9.

The results are tabulated in Table 5.

Table 5

Wt. of
Vol. N2 at C-;

j*
Derivative sample N.T.P. % N ot-glycol

Xsoniazid 7.3 mg. 0.675 ml. 11.6 66

Thiosemicarbazide 5.7 mg. 0.560 ml. 12.3 64

1 ml. N2 at N.T.P. = 1.251 mg.
Analysis of the thiosemicarbazide by Drs. Weiler and

Strauss yielded nitrogen content = 12,8% = 69% "^-glycol

groupings.

4. Partial Hydrolysis of the Polyalcohol.

Purified periodate-oxidised lichenin (40 mg.), prepared

as above, was shaken with potassium borohydride (25 mg.) in
water (2 ml.) for 5 hours at room temperature. The resultant

polyalcohol was precipitated from solution by the addition of

alcohol, recovered by centrifugation and dried with alcohol.

Partial acid hydrolysis of the product was brought about by

heating it (ca. 20 mg.) with sulphuric acid (4 ml.; 0.5N) at

100° for 1.5 hours. The hydrolysate was neutralised with solid
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■barium carbonate and the supernatant solution after the

removal of insoluble barium sulphate by centrifugation,

was concentrated by distillation at h0° under reduced

pressure. Chromatographic examination of the concentrated

neutralised hydrolysate /solvent (1); spray reagents (1) and

(2/7 showed the presence of glucose, in addition to a small

amount of unhydrolysed material; no laminaribiose could be

detected. A neutral partial acid hydrolysate of lichenin

prepared under the same conditions, on chromatographic

examination /solvent (1)$ spray reagents (1) and (2/7 was

found to contain glucose, laminaribiose, cellobiose and

higher oligosaccharides.

5. Enz.ymic Hydrolysis of Lichenin

(1) Qualitative Experiments

Substrate? A solution of liehenin (90 mg.) was prepared in

sodium hydroxide (2 ml.; 0.2N) followed by neutralisation

(phenolphthalein) with hydrochloric acid (0.5$) and the addition

of water (to 5 ml.).

Snz.vmes? (a) almond eraulsin (50 mg*) shaken with sodium

acetate-acetic acid buffer (5 ml.; 0.2M, pH 5) and the insoluble

matter removed, and (b) Cladophora rupestris preparation (100 mg.)
shaken with acetate buffer (5 ml.; 0.2M; pH 5) and the Insoluble

matter removed by centrifugation.

Digests? (i) substrate (2 ml.) and enzyme solution (a) (2 ml.);
(ii) substrate (2 ml.) and enzyme solution (b) (2 ml.);
together with samples of the enzyme solutions were incubated

at 35°.
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Samples were withdrawn at intervals and examined

chromatographically Solvent (1); spray reagent (1J7 using

authentic samples of glucose, laminarihiose and cellohiose

as reference compounds. Wo sugars were apparent in the

enzyme solutionsj only glucose was produced in digest (i);
glucose, laminarihiose, cellohiose and higher oligosaccharides

were produced in digest (ii).

(2) Quantitative Experiments

Substrates: Llchenin (ca. 100 mg.) was dissolved in sodium

hydroxide (20 ml.; 0.2W) and the insoluble matter removed by

centrifugation. The solution was neutralised (phenolphthalein)
with hydrochloric acid (0.5N) and water added to 50 ml.. The

concentration of the solution (1.66 mg./ml.) was determined in

duplicate, by estimation of the glucose content (Soraogyi method)
of a complete acid hydrolysate (1 ml.).

Laminarin. An aqueous solution of insoluble lsrninarin

B.B.2. (c. 2.h mg./ml., by acid hydrolysis) was prepared.

Enzyme. Almond emulsin (50 mg.) dissolved in water (5 ml.)

and the insoluble matter removed by centrifugation.

Digests. Each of the substrates (5 ml.), acetate buffer

(2 ml.; 0.2M; pH 5) and enzyme solution (1 ml.) were incubated

at 35°.
A control consisting of buffer (2 ml.) enzyme solution

(1 ml.) and water (5 ml.) was also prepared. Samples (2 ml.)
were withdrawn at intervals and the percentage hydrolysis to
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glucose determined (Somogyl method). After 3 days Incubation

the llchenin had undergone 11,6% conversion to glucosej the

laminarin digest showed 15#3% conversion.
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SECTION IV

EXAMINATION OF THE & -GLUCOSIDASES AND $ -GLUCANASBS

IN UNGERMINATED BARLEY

Introduction

In spite of the importance of their suhstrates and of

the hiological processes in which they are involved, our

understanding of the mode of action of the enzymes responsible

for the catalytic hydrolysis of carbohydrates containing

yd -glucosidic linkages is limited. This lack of knowledge
arises mainly as a result of the difficulty of purification

of the many and varied active factors present in these enzyme

systems. Such systems are widely but erratically distributed

in the microbial, plant and animal kingdoms, as are their

substrates, and they are in general produced extracellularly.

The enzymes may be divided into two general groupsj (a) the

-glucosidases, which catalyse the hydrolysis of ^ -linked
glucosides and oligosaccharides, and (b) the yd-glucanases
which bring about the hydrolytic degradation of the yd-linked
glucopolysaccharides.

There is a considerable degree of confusion in the

nomenclature of the individual enzymes or enzyme systems.

Perhaps the most satisfactory method is that of naming the
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enzyme according to the substrate which it attacksj for

examples "cellobiase" catalyses the hydrolysis of cellobiose.

In the same way, the enzyme systems bringing about degradation

of the polysaccharides cellulose and lichenin may be referred

to as "cellxilases" and "lichenases", respectively. The

examples quoted below are the most extensively studied members

of this group and a brief account of their occurrence and

certain studies on their mode of action is given.

"Cellulases". The enzyme systems exhibiting hydrolytic action

towards cellulose and its derivatives are to be found in certain

of the higher plants, for example barley, invertebrate digestive

secretions and are produced extracellularly by many bacteria

and fungi (8, 21+).
Native cellulose (for example, cotton fibres) exhibits

a great deal of resistance to enzymic degradation. This may

be ascribed to the degree of crystallinity of the polymer;

there is evidence (91) that eellul&se activity is confined

to the amorphous regions of the fibre which are more readily

accessible and as such provide suitable sites for the formation

of the necessary enzyme-substrate complexes. Treated cellulose

(e.g. cellophane) shows an increased sensitivity and is

commonly employed in eellulase activity determinations. In

general, studies on eellulase action have been somewhat

restricted by the general insolubility of the natural substrate,

although soluble cellulose derivatives (e.g. carboxymethyl

cellulose), have also been used as substrates.
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A multienzyrae mechanism for cellulase action has "been

postulated on the "basis of variations in the relative rates of

hydrolysis of cellulose and its soluble derivatives on

treatment with various enzyme preparations (92). Two active

factors are considered to "be present in cellulasesj which

alters the physical state of the cellulose fibres, and C which
A

catalyses the hydrolysis of the polymeric chains liberated

by Cj. Factor Cy acting alone can degrade soluble derivatives
but not native cellulose (93).

The end products of cellulase action have been investigated

by several workers. Whistler end Smart (9k) showed that

only glucose and cellobiose were produced on treatment of

cellulose with enzyme preparations from Aspergillus nlger.

On prolonged incubation of glucose with the enzyme, cellobiose

was not produced and must therefore have been preformed in the

substrate. Since the cellulase contained traces of cellobia.se,

it could not be determined whether glucose was a primary

product of enzyme action or originated solely from preformed

cellobiose. That enzyme action of certain cellulase

preparations results in random hydrolysis of :h-linkages

has been demonstrated by (a) Enebo (95); using Clostridium

Thermoce1lu1aseum cellulase, glucose (as a primary product),
cellobiose and probably cellotriose were produced: (b) Whitaker

(96)j roughly equimolecular proportions of glucose and

cellobiose were produced from both a soluble and an insoluble
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cellulose on treatment with Myrothecium verrucaria cellulase.

In contrast, the degradation of hydrocellulose by a purified
\ \

cellulase from Irnex lacteus apparently involves the liberation

of cellohiose from the ends of long polymer chains* Prom this,

it may "be concluded that the term "cellulase" covers a large

group of closely related enzymes and that eellulases from

different sources may have different modes of action.

"Lichenases"* The hydrolytic degradation of lichenin can

"be effected by enzyme systems present in extracts of a number

of organisms. The natural sources of lichenases include a

number of the higher plants /e.g. barley (97j7# snail secretions

(75) and seaweeds (25) and in general it is found that their

occurrence coincides with that of cellulsses, Lichenase

and cellulase are distinct enzymes. The two activities have

been separated by fractional precipitation from extracts of

Helix pomatia and Aspergillus or.vzae with ether and alcohol, and

have different pH optima (98).
It was not until the presence of both {&-1:3- and

^-lid-linkages in lichenin was established (11+) that the
mode of action of lichenases could be appreciated to any extent;

the subject is at present still in a state of infancy.

Most of the work on lichenase has been carried out using

lichenin obtained from Iceland moss (Getraria islandicaj as

substrate. As in the case of cellulases, the end-products of

lichenase aetion vary depending on the enzyme source. Enzyme
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preparations from snail juice (89) have produced a

quantitative hydrolysis of lichenin to glucose. Pringsheim

and co-workers (88, 99) found that on ageing malt solutions

cellobiase activity was lost whereas lichenase activity

remained and cellobiose was produced. The activity of enzyme

preparations from different sources have been examined (87);

glucose was the sole product using almond emulsin and Helix

asnersa and glucose, laminaribiose, cellobiose and higher

oligosaccharides resulted from the action of extracts of

malted barley and Cladonhora runestrlB.

It is evident that a number of active factors are

responsible for the hydrolytie degradation of lichenin; in

view of the two different glucosidic linkages present in the

polysaccharide it is to be expected that both a jA-1:h-
and a y3-1:3-glucanase are necessary. Further, the polymer
can be attacked either in a stepwise manner or by a random

process.

"Laminarinase". The enzyme systems responsible for the catalytic

hydrolysis of laminarin, are found in extracts of a number of

organisms, which are, in general, also sources of eellulases

and llchenases.

Again it is found that the end-products of enzyme action

vary depending on the source of laminarinase. GHucose has

been reported as the Initial and sole product from laminarin

on treatment with almond emulsin (5h). In contrast, /3-glucanase
preparations from cereal (53, 5h, 100) and algal (25) extracts



yield glucose, laminaribiose and higher ^ -1i3-glucosaccharides.
In marine algae, at least two enzymes are involved in the

laminarin degradation; one, an endo-y#-glucanase, hydrolyses
in a randcan manner yielding a series of oligosaccharides,

whilst the second, apparently an exo-y£-glucanase, hydrolyses
terminal ^6-1:3-linkages giving glucose.

In view of the concurrence of the systems, it may he

considered that laminarinases are responsible for the hydrolysis

of the^-1:3-linkages in lichenin. However, it is probable
that the active factors are different; this is augmented by the

absence of sequences of such linkages in the lichenin molecule

(see Section III).

"Cellobiase". Many of the cellulase and lichenase preparations

exhibit cellobiase activity. Since cellobiose is often an

end-product of^-glucanase action this enzyme, if present, can
lead to the production of glucose as a secondary product. The

enzyme has been effectively separated from cellulase activity

in an Aspergillus oryzae preparation by fractional adsorption

on aluminium hydroxide (101) and from cellulases and lichenases

in extracts of Helix poroatia and Aspergillus oryzae by fractional

precipitation with ether and alcohol (98).

Cellobiase may be considered as a general yS-glucosidase
since preparations have been found to attack salicin, arnygdalin

and other y3-glneosides.
The action mechanism of the y5~glucosidases and

—glucanases cannot be fully appreciated until a complete
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separation of the different activities has heen achieved. In

this way, little progress can "be made in structural determinations

of /3-glucans by enzymic methods. Barley has proved to be
a good source of these enzymes ( 8, 2h ) and the present

investigation was undertaken to farther the knowledge of the

^6-glucosidaseB and ^-glucanases present in extracts of the
ungeiroinated grain.
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2. Discussion

In the present investigation, the hydrolytic action of

enzyme preparations obtained from extracts of ungerminated

"barley on carbohydrates containing ^-glucosidle linkages
was studied. Various aspects of activity were determined by

examination of the enzymic attack on the following substrates,

(a) Salicln: This ^-glucoside was subjected to treatment
with the various enzyme preparations and the degree of

hydrolysis taken as a measure of the general ^ -glucosidase
activity.

(t>) Laminarin: The ^-1:3-glucanase ("laminarinase" ) activity
was determined by measurement of the increase in reducing power

during hydrolytic action on insoluble laminarln B.B.2. (see

Section II),

(c) Cellodextrin B: A soluble dextrin, of dTp. ea, 10, produced

by acid hydrolysis of cellulose was similarly employed in

determinations of the/3-1 s h-glueanase activity. This material
was kindly provided by Professor C, S. Hanes, F.R.S. ,

(a) Cellofas B. (sodium earboxymethylcellulose)j Cellulase

activity was determined by measuring the decrease in specific

viscosity of solutions of Cellofas B. on treatment with various

enzyme preparations. This can be taken as a measure of the

endo-$-glucanase activity (a random hydrolysis of the polymer

chains).

Unless otherwise stated the digests were incubated at 35°
and at pH 5 at which the activities are at an optimum.
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1. Optimum Conditions of Extraction

Experiments were carried out using potassium chloride

solution (3%) 9 acetate "buffer (0.2M; pH 5) ej&d acetate "buffer

(0.02M; pH 5) as solvents for extraction of the enzyme

systems present in the "barley flour. It was found that,

although potassixmi chloride extraction gave products with

higher nitrogen contents than those obtained from buffer

extraction, the latter exhibited greater activity towards

salicin, laminarin and cellodextrin. There was no apparent

difference on application of the two different buffer

concentrations. The effect of using acetone as a precipitant

was examined; a certain amount of enzyme deactivation was

observed on comparison with freeze-dried materials.

The effect of time and temperature was examined by

extracting samples of barley flour with acetate buffer

(0.2M; pH 5) at 0° and room temperature for various times.

Activity determinations, using the above substrates, showed

that in every case room temperature extraction gave more

active products than those obtained at 0°. Prom the results,

it was observed that 2 hours extraction was most convenient;

increasing the time to 8 hours led to very little increase in

activity.

It was concluded that room temperature extraction with

acetate buffer (0.2M; pH 5) for 2 hours gave the most active

enzyme preparations and that freeze-drying, wherever possible,

was preferable to precipitation with acetone.



- 96 -

2. Fractionation of Barley Extracts.

The fractionation and subsequent purification of many

enzymes has been reported using inorganic salts and organic

solvents as precipitants. In a number of enzyme purifications

ammonium sulphate has been used whilst acetone is one of

the most widely used organic solvents (102). Both of these

substances have been employed in the present work in attempts

to effect some fractionation of the different activities

present in barley extracts*

Ammonium Sulphate Fraction!"1' An extract of barley

flour, prepared under optimum conditions, was treated with

solid ammonium sulphate at room temperature to give three

fractions 0 - 20%, 20 - hQ% and kO - 60% (Wyv. ). The resultant

precipitates were dialysed and isolated, and the nitrogen

contents deteraiined. Examination of the activities of the

fractions towards the various substrates gave results recorded

in Table

Table 6.

Substrate

Activity of Ammon,
fraction

sulphate

0-20% 20-h0% U0-60a

Salicin 1.0 2.9 2.8

Laminarin 1.0 3.1 2.8

Cellodextrin 1.0 3.2 2.1

The lowest activity is taken as unity and the
higher activities expressed accordingly.
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Prom this, it is seen that there is no significant

separation of the different activities by the above

fractionation. There was the possibility that preferential

inactivation of one or more of the active factors resulted

from the temperature of precipitation; it was therefore

decided to carry out subsequent fractionations at 0°.
Since the fractions produced by ammonium sulphate

concentrations greater than 20% had approximately the same

activities, a more extensive fractionation was effected in

this region. Solid ammonium sulphate was added to a barley

extract at 0° and the fractions precipitating between

concentrations of 0 - 20%t 20 - 30%9 30 - k0%, 1+0 - 50'/,

and 50 - 60% (W/v. ) recovered. It was found that this

fractionation gave no separation of the activities towards

salicin, lamina rin, cellodextrin and Cello fas B.; the

1|0 - 30% ammonium sulphate fraction exhibited the highest

activity towards all the substrates.

A third ammonium sulphate fractionation of a barley

extract was executed. Solid ammonium sulphate was added to

give 0 - 35%t 35 - 50%, 50 - 65%, 65 - 60% and 30 - 90%
saturation at 0°. (These fractions were chosen since they

gave comparable yields of precipitate.) There was no

separation between the salicinase and laminarinase activities;

the latter fractions had highest activity.

The results of the above experiments may serve as evidence
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that effective separation of certain of the yfl-glucosidases
and ^-glucanases present in "barley extracts cannot be brought
about by precipitation with aramonium sulphate. However,

several of the preparations obtained were of a suitable

activity for subsequent study.

Acetone Fractionation. The results obtained from an

acetone fractionation of a barley extract at -12° are

recorded in table 7»

Table 7.

Substrate
Activity of Acetone Fraction

0-20% 20-25% 25-30% 30-55% 35-bO% h0-50%

Salicin 1.9 h»7 3.2 1.6 1.0 1.0

Laminarin 2.0 h.3 3.7 1.2 1J+ 1.0

There is no separation of the different activities

examined; the 20-25% acetone fraction is the most active.

3. Effect of Concentration of Extract on Enzymic
Activities.

Salicin, laminarin and cellodextrin were treated with

varying concentrations of an active ammonium sulphate fraction

of barley extract for 2 hours at 35° and the degree of hydrolysis

determined. With salicin and laminarin as substrates, activity

during this period was directly proportional to enzymic

concentration (Pig. 11a), In the case of cellodextrin, this

proportionality was not observed; the incubation period was

varied and 0.5 hour at 35° gave the desired relationship between
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activity and enzyme concentration (Fig. 11b), The

difference may "be taken as evidence that different systems

are responsible for the hydrolysis of larainarin and

cellodextrin. It is considered that optimum conditions for

activity determinations are those in which the above

proportionality is observedj such conditions were applied

in subsequent examination of salicinase, laminarinase and

cellodextrinase activities of enzyme preparations.

h. Effect of Heat on Enz.vmic Activities.

It is known that different enzymes or enzyme systems

can be inactivated by subjection to varying degrees of

temperature. Samples of a solution of an active ammonium

sulphate fraction of barley extract in acetate buffer

(0.2M; pH 5) were heated to temperatures up to 65° for
15 min.. It was observed that an increasing amount of

protein was precipitated with increasing temperature. The

activity of the dispersed fractions (soluble and insoluble

material) and the untreated preparation, was determined

using salicin, laminarin and cellodextrin as substrates. The

results are recorded in Table 8 and are represented

diagrammatically in Fig. 12.

Table 8.

Temp, of
treatment ( )

% Activity of unheated oreoaration
Salicinase Laminarinase Cellodextrinase

U5 63 70 88
50 k7 55 7k
55 31 k3 k6
60 9 31 13
65 5 0 5
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Prom the above, it is aoparent that laminarinase

activity is completely destroyed by heating to 65° for
15 min., and whilst cellodextrinase and salicinase

activities are not completely inactivated they are greatly

diminished. The cellodextrinase activity appears to he

more heat-stable than the others and salicinase more thermo-

labile at the lower temperatures. The results may be taken

as evidence for different enzymes being responsible for the

catalytic hydrolysis of the various substrates.

5. Removal of Amylases from Barley Extract.

Both and ^-amylase activities can be destroyed by
application of suitable controls of pH and temperature (103).
In the present work, barley extract was subjected to different

conditions of pH and temperature and the effect on amylase,

3 -glueosidase and ^S-glucanase activities determined.
An extract of barley flour was divided into four equal

portions which were treated individually as follows}-

Portion (1). The solution, pH 5, after standing at roan

temperature for 1 day was dialysed against distilled water.

Portion (2). The pH of the solution was adjusted to 3»k and

after standing overnight at 0°, readjusted to pH 5.0. The

supernatant solution, after removal of the resultant precipitate

by centrifugation, was dialysed against distilled water.

Portion (3). The pH was adjusted to 3.0, and the solution

kept at 37° for 90 mlns,, whereupon it was cooled to room

temperature and the pH increased to 5.0. The resultant precipitate
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was removed "by eentrifugation and the supernatant solution

dlalysed as above.

Portion (U). The solution was treated as in the case of

portion (2), followed by treatment at 37° and pH 3.0 as

in the case of portion (3). The supernatant, after

clarification by centrifugation, was dialysed against distilled

water.

After dialysis, the enzyme systems were recovered from

solution.

The /3-amylase activity of the above preparations was
determined by the method of Hobson, Whelan and Peat (I0h)» and

the y3-glucosldase and y3-glucanase activities, as measured by
the degradation of salicin, laminarin, cellodextrin and

Cellofas B. It was found that amylase activity was only

appreciably removed by treatment as in procedure (h). However,

such treatment led to considerable reduction of salicinase,

laminarinase, cellodextrinase and cellulase (as measured by the

action towards Cellofas) activities as compared with the activity

of portion (1), The results are recorded in Table 9.

Table 9.

Activity Portion (1) Portion (h)
Amylase 9.58 0.08

Salicinase 1,0 0.25
Laminarinase 1*0 o.ho
Cellodextrinase 1.0 0,21

Cellulase 1.0 0.33

The amylase activity is expressed in units defined in (lOh).
Other activities are taken as unity for portion (1) and those
of portion (k) are expressed accordingly.
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Laminarinase activity appears to "be the most staple under

the above conditions; the results show that the above treatment

causes greater inaetlvation of the enzymes hydrolysing the

1; 4-1 inkage (both oL- and j& ~) than the :3-linkage.
Further work is essential before this postulation can be

generally accepted.

6. Attempted Adsorption of Enzymes on Cellulose
and laminarin

y6-Glucosidase and ^3-glucanase activities have been
separated by fractional adsorption on cellulose (9h). In

the present investigation an attempt was made to fractionate

the different activities of barley extract by adsorption on

both cellulose and insoluble laminarln.

(1) Solutions of an active ammonium sulphate fraction of

barley extract in acetate buffer (0.2M; pH 5) were stirred

at 0° for varying times with different weights of (a) cellulose

powder and (b) insoluble laminarin B.B.2. The temperature was

maintained at 0° whilst the enzyme preparation was in contact

with the adsorbents to keep degradation of the latter at a

minimum. The solutions were recovered by centrifugation (at 0°)
and the nitrogen content of the supernatant solutions determined.

In every case the nitrogen content was the same as that of the

untreated preparation. This indicated that no protein had been

adsorbed on either the cellulose or the laminarin.

(2) The above procedure was repeated using a solution of the

same preparation. In this case the concentration of the enzyme
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was tv/ice that used ahove. Again, examination of the nitrogen

content of the solutions after treatment indicated that protein

had not he en adsorbed. This was found on extending the duration

of "adsorption" to 21+ hours using laminarin, in addition to

no significant difference in the l6minarina.se activity of

the treated and untreated preparation.

It was therefore concluded that the applied conditions

were ineffective in "bringing about a separation of the active

factors present in barley extract,

7* Effect of Inhibitors.

Selective Inhibition; It is known that mercury salts can effect

inhibition of a number of enzyme activities (105), mercuric
chloride being commonly used for this purpose. The effect of

different concentrations of this compound on the salicinase,

laminarinase and eellodextrinase activities present in barley

extract was examined and the results are recorded in Tahle 10.

Table 10.

Cone31* of HgCl0
m 2

Inhibition (Jfr)
Salicinase Laminar inase Cellodextrinase

10"*6 2 8 k
10-5 57 U8 21

10~U 68 69 28

o Ln 86 01 60

The fo inhibition is recorded as the difference between
the activities of the untreated, and inhibited preparations
expressed as a percentage of the former.
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Cellodextrinase activity is apparently the least inhibited

by the higher concentrations of mercuric chloride. This

method of inhibition does not appear to give a satisfactory

means hereby the activity of one factor can be maintained

to the exclusion of the others.

Recently, Conchle and his co-workers (106, 107) have

observed selective inhibition of certain ^-glycosidases
by the corresponding aldonolactones, for example cellobiase

by glucono-1:h-lactone. Salicin, laminarin and cellodextrin

were therefore incubated with an active ammonium sulphate

fraction of barley extract in the presence of glucono-1:h-lactone.

The hydrolysis products were examined chromatographically and

there was no significant difference in the laminarin and

cellodextrin digests on comparison with the products from

uninhibited reactions. However, it was observed that in the

case of salicin the production of glucose was reduced. A

quantitative estimation of the degree of hydrolysis of salicin

by barley extract, in the presence of gLuconolactone was carried

out; the following results, Table 11, were obtained from

comparison with the uninhibited reaction.

Table 11.

Incubation
Inhibition (%)time

(hours)
1 100
2 96

22 86

k2 77
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From this it is concluded that glucono-1:h-lactone has

a powerful selective inhibitory effect on salicinase activity

from barley extract. Since this activity may be the factor

responsible for the hydrolysis of cellobiose, laminaribiose

and several other ^ -cQigosaccharides, application of such
inhibition may prove to be of service in structural studies

of the y3-glucans.

Conclusions.

Using salicin, laminarin, cellodextrin and, in part,

Cellofas B as substrates for enzyrnic attack, the following

observations have been made on the ^-glucosidase and
y3 -gLucanaee systems present in whole extracts of ungeminated
barley grain.

The most active preparations were obtained by extraction

of the barley with acetate buffer (0.2Mj pH 5) at room

temperature. Attempted separation of the different active

factors present in extracts, so prepared, by means of (a)
fractional precipitation with both solid ammonium sulphate

and acetone, and (b) by selective adsorption on both cellulose

and insoluble laminarin, was not very effective. The extracts

were shown to have amylase activity, which could be removed

by control of pH and temperature. However, the conditions

necessary for complete destruction also cause extensive

inactivation of the ^/3-glucosidase and -glueanase activities
examined.
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The investigation has shown that different factors are

responsible for the hydrolytie degradation of individual

substrates examined: in particular, endo-yS-1:l+- and
endo-y3-1:3- activities are distinct. This is demonstrated
by (a) their different distribution in ammonium sulphate

fraction, (b) the difference in thermolability, (c) the

effect on the different activities on subjection to similar

conditions of pH and (d) the powerful and possibly selective

inhibitory effect of glueono-1:h-lactone on the /3 -glucosidase

activity.
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3. Experimental

Enz.vme Source

In the present investigation, ungerminated barley grain

(Spratt-Areher variety, 1954 harvest) provided the source of

the -gLueosidase and -glueanase systems examined. The

enzymes were extracted from a flour which was produced "by

hammer-mil ling the whole grain.

Method^

In addition to the general methods given in Section I,

the following procedures were adopted in the present work.

Standard Digests. The digests containing salicin, larainarin

and cellodextrin consisted, unless otherwise stated, of

substrate solution (5 ml.; 3 mg,/ml.), sodium acetate-acetic acid

buffer (2 ml.; 0.2M; pH 5) and enzyme solution (1 ml.; various

concentrations). The digests were incubated at 35° end

contained sufficient toluene to maintain a surface layer

thus ensuring aseptic conditions.

Cellofas B. digests consisted of equal volumes of the

substrate solution (0.25/i W/v ) and acetate buffer (0.2M; pH 5)
in which the enzyme preparation had been dissolved; they were

incubated at 25°.
Quantitative Estimation of Enzvmlc Activity. After

deproteinisation, wherever necessary (Method 1), the reducing

power as glucose of samples (2 ml.) of the digests containing
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salicin, lamlnarin and cellodextrin, was determined (Somogyi
method). The activities are measured in tems of the glucose

production expressed as a percentage of that produced on

complete hydrolysis of the substrate. In some cases they

are expressed as percentage hydrolysis per mg. nitrogen

present in the enzyme solution which leads to results greater

than 100Results were corrected for R.P, of enzyme

preparations,

Enzymic action towards Cellofas B, was determined by

measuring the decrease in viscosity of digest samples (20 ml,)
with an Ostwald viscometer at 25°, Results are expressed

in terms of specific viscosity, sp,, (i.e. the relative

viscosity -1).

The flow time of samples (20 ml.) of the solvent (equal
volumes of acetate buffer and water) and substrate control

(equal volumes of Cellofas solution and acetate buffer) at

25° were 2h6 and 3&9 sees., respectively! i.e. the control

has a specific viscosity of 0.500.

Dialysis. In order to remove inorganic materials, sugars,

anino acids and peptides, the extracts were dialysed against

running tap-water for the quoted times, in cellophane dialysis

tubing. Dialysis of purified preparations was carried out

against distilled water.

1, Optimum Conditions of Extraction

(a) Samples of barley flour (150 g.) were extracted with

aqueous potassium chloride solution (500 ml.; 3%) or acetate

buffer (500 ml.j 0.2M and 0.02M; pH 5) at room temperature
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with constant stirring. The grain residue was removed and the

solutions dlalysed against running tap-water for 3 days; this

allows autolysis of any extracted barley polysaccharides to

take place with subsequent removal of the reducing sugars

produced. To the solutions (ca« U50 ml.) solid ammonium

sulphate was added to give a 60% W/v. solution. The resultant

precipitates were allowed to flocculate, recovered by

centrlfugation, dissolved in water (200 ml,) and dialysed

against distilled water. Any insoluble matter was removed

and the solutions (jca. 250 ml.) divided into two equal portions.

The enzymes were precipitated from one portion by the addition

of 'A.R.* acetone (3 vols.) and dried in vacuo) the second

portion was freeze-dried, The fractions, which were all in the

form of brown powders, can be designated A, B and C from

potassium chloride, buffer (0.2M) and buffer (0.02M) extractions

respectively, with suffixes 1 and 2 for acetone precipitation

and freeze-drylng respectively (i.e. 0.2M buffer extraction

followed by acetone precipitation gives a preparation denoted by

B.j )* The yields and nitrogen contents (micro-Kjeldahl, Method 7)
were as follows:-

Fractlon Yield (mg, ) Nitrogen content (%)

A1 125 1U.1

A2 230 13.0

B1 130 13.2

B2 300 11.5

C1 120 13.0

°2 250 11.6
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Enzyme
preparation Substrate

Hydrolysis of
substrate/mg, K )

A1 Lsmln&rln 32.5

*8 » 39.2

B1 8 33.3

B2 H 40.3
it 32.3

°2 «« 39.0

H Sallcin 20. S

B2 « 22,4

°2 w 21.5

*2 CelXodextrin 32.0

®2 if 45.1

°2 <« 45.0

Faoing p. 110.
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The salicinase, laminarinase and cellodextrinase activities

of a number of the fractions (3 mg.) were determined, using

standard digests, and the results obtained after 2 hours

incubation at 35° are recorded in Table 12 (see page opposite).

(b) Samples of barley flour (200 g.) were each extracted with

acetate btiffer (700 ml.; 0.2M; pH 5) at room temperature and

at 0°. Homogeneous samples (ca. 100 ml. ) were withdrawn

after 1, 2, 4 and 8 hours. The grain residue was removed and

the solutions dialysed overnight against distilled water. The

enzyraic activities of the supernatant solutions after removal

of Insoluble matter, towards salicin, laminarin and cellodextrin

were determined (standard digests). Table 13 gives the results

obtained after 2 hours incubation at 35°; the digest samples

were deproteinised, method 1*

Table 13.

Time of
extraction
(hours)

Hydro].ysis of substrate {%)
Sal].cin Laminarin Gellodextrin

R.T. 0° R.T. 0° R.T. 0°
1 7.6 6.3 27.7 25.7 31. 4 29.8
2 7.4 5.6 30.8 27.7 34.1 31.8
4 11.1 7.1 32.2 30.3 34.4 32.1
8 11.9 11.0 37.7 33.6 39.0 37.7

R. T. and 0° denote preparations extracted at room

temperature and 0°.
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2. Fractionation of Barley Extracts*

Samples of barley flour (1 kg.) were each extracted with

acetate "buffer (3.5 l.J 0.2M; pH 5) for 2 hours at room

temperature with constant stirring. The insoluble matter

was removed by centrifugation and the supernatants dialysed

for 2 days against running tap-water. The pH?s of the

solutions after clarification were adjusted to 4.5 and

fractionations of individual extracts effected by precipitation

with either solid ammonium sulphate or acetone as follows,

(a) Ammonium Sulphate Fractionation.

(1) To the prepared extract was added solid ammonium

sulphate, at room temperature with constant stirring to give

fractions 0-20%, 20-40% and 40-60% W/v. Each precipitate

was recovered, dissolved in water (300 ml.) and dialysed for

2 days against distilled water. After removal of any insoluble

matter, the enzymes were precipitated from solution by the

addition of 'A.R. * acetone (3 vols,), washed v/ith acetone

and dried in vacuo.

Ammon. sulphate fraction Yield (mg.) Nitrogen content (%)

(Method 7)
0-20% 260 15.4
20-40% 250 15.9

40-60% 680 15.6

The salicinase, laminarinase and cellodextrinase activities

of the different fractions (5 mg.) were determined. Table 14

gives results obtained after 2 hours incubation at 35°.
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TaTfle ,l2j.

Amnion* sulphate
fraction (% W/v)

Hydrolysis of substrate/mg. N (%)
Salicln Larainarin Cellodextrin

0-20 7.8 15.3 11.6

20-ho 22*h 2+7.0 37.3

i-j-0—60 21.8 2+2.5 22i.O

(2) Solid ammonium sulphate was added, at 0° C. with

constant stirring to give fractions 0-20%, 20-30%, 30-2+0%,

14.0-50% and 50-60% w/v. | purification and isolation of the

fractions was effected as above. Solutions (5 mg./ml.)
were prepared in acetate buffer (0.2Mj pH 5),
Ammon. sulphate fraction Yield (mg.) Nitrogen content of

j solution
{% W/v) (mg./ml.)(Method 8)
0-20 180 0.53

20-30 750 0.53
30 -i+o 62+0 0,38
2+0-50 730 0.38
50-60 1U0 0.31

Activity determinations of the above solutions were carried

outj results obtained after 2 hours incubation of salicin, laminarin

and cellodextrln, at 35°9 after deproteinisation of the digests

(Method 1), are recorded in Table 15(a), and the decrease in

viscosity of standard Cellofas B, digests at 25° is given in

Table 15(b)*
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Table 13(a).

Ammon. sulphate Hydrolysis of substrate/mg, N (%)
fraction (% v) Salicin Laminarin Cellodextrin

0*20 5.3 9.5 4.4

20-30 8.3 20.8 5.6
30-40 35.3 54.2 13.3

40-50 80.0 12*6.6 32.6
50-60 50.0 106. k 30.7

Table 15(b).

Ammon. sulphate
fraction (% W/y)

1 sp. of digests after corresponding
incubation time (mins.)

5 15 30 60 120 1,200
0-20 0.492 0.480 0.471 0.463 0.455 0.320

20-30 0.492 0.480 0.471 0.459 0.431 0.285
30-40 0.492 0.475 0.467 0.450 - m

240-50 0.463 0.431 0.393 0,349 0.292 0.065
50-60 0.431 0.390 0.341 0.301 0.236 0.065

Substrate control sp. Zero time 0.500j 0.490 after
24 hr. at 25°.

(3) Solid ammonium sulphate was added with constant stirring

at 0° to give fractions 0-35%, 35-30%, 50-65%, 65-80% and

80-90^ saturation at 0°. Each precipitate was dissolved in

acetate buffer (150 ml.j 0,2Mj pH 5), dialysed for 2 days

against distilled water and the solutions freeze-dried.

Solutions of each fraction (jga. 100 mg.) were prepared in

acetate buffer (10 ml.* 0.2M* pH 5) and the nitrogen contents

determined (Method 8).
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Ammon. sulphate fraction Yield (mg« ) flitrogen content of

solns* (rag./ml, )

0-35% 2,600 0.28

35-50% 2,300 0.58
50-65% 2,300 0.45
65-80% 2,000 0.17

80-90% 500 0.07

The above solutions were diluted to give approximately

equal protein nitrogen concentrations (ea, 0.07 mg./ml.)
and the salicinase and laminarinase activities determined.

The results obtained after 2 hours incubation at 35° are

recorded in Table 16.

Table 16.

Ammon. sulphate
fraction (% W/v)

Hydrolysis of
substrate/mg. N (%)
Sallcin Laminarin

Or35 4.5 74.3
35-50 11.9 176.5
50-65 68.0 273.3

65-80 64.6 203.5

80-90 64.7 193.8

(b) Acetone Fractionation.

To a prepared barley extract was added 'A.R.f acetone,

at -12° with constant stirring, to give fractions 0-20%,

20-25#, 25-30%, 30-35%, 35-40% and 40-50% v/v. The fractions

were recovered, washed with acetone and dried in vacuo.

Solutions were prepared (ca. 5 mg./ml. in 0.2M acetate buffer,

pH 5); the concentrations were too low to estimate the protein
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nitrogen content "by the biuret method and the relative

amounts of protein present were determined "by measurement

of the adsorption value (A.V.) of the solutions in a

Unicam Spectrophotometer at 280 § using acetate "buffer

as a "blank.

Acetone fraction (% V//v.) A«V. (at 280 mf)
0-20 1.20

20-25 0.814-
25-30 1.45
30-35 1.29
35-40 1.85
40-50 1.50

Activity determinations of the various acetone precipitated

fractions were carried out using the above solutions. The

results obtained with salicin and laminarin as substrates

are recorded in Table 17. These are expressed as percentage

hydrolysis of substrate per unit adsorption value at 280 n\jx
of the preparation.

Table 17.

Acetone fraction

Hydrolysis of
substrate/unit protein

(%)
Salicin Laminarin

0-20% 6.0 8.8

20-25% 14.9 18.5
25-30% 10.4 15.7

30-35% 5.0 5.0
35-40% 3.2 6.2

40-50% 3.2 4.3
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3. Effect of Concentration of Extract on Snzymic
Activity.

Salicin, larainarin and cellodextrin were treated at 35°
In standard digests with varying amounts of a solution of

an active 20-hO^a ammonium sulphate fraction of "barley extract;

the solution contained 0.3U nig. nitrogen/ml. (Method 8). The

degree of hydrolysis of the substrates (after deproteinisation
of the digests, Method 1) was determined after 2 hours incubation

and the results are recorded in Table 18(a).

Table 18(a).

Nitrogen content
of digests (me.)

Hydrolysis of substrate (£>)
Salicin Laminarin Cellodextrin

0.068 10.0 9.5

0,170 7.8 16.5 17.6
Q.3kQ th.4 29.6 2k. 5

0.510 21.0 U2.7 31.7
0.680 27.3 53.9 37.3

On plotting the degree of hydrolysis of the substrate

against enzyme concentration (Pig.11a) a linear relationship

is observed in the case of salicin and laminarin; this is

not so for cellodextrinase activity. The above experiment

was repeated using cellodextrin as substrate and the degree

of hydrolysis of the various digests determined after 0.5

and 1 hour incubation. The results are recorded in Table

18(b) and are represented diagranraatically in Pig. 11b. A

linear relationship between activity and enzyme concentration

is observed after 0.5 hour incubation.
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Table 18(b)

Nitrogen content
of digests
(m£.)

Hydrolysis of cellodextrin {%)
0.5 hr. incub11* 1 hr. incub31*

0.068 2.9 5.0

0.170 6.1 11.1

O.3I4O 11.8 19.0

0.510 16.8 23.9
0.680 21.3 28.1

1+. Effect of Heat on Enz.vmic Activities

An active 20-l+0>b ammonium sulphate fraction of "barley-

extract (250 mg.) was shaken in acetate buffer (5G ml.j 0.2M;

pH 5) and the insoluble matter removed by centrifugation. The

supernatant was divided into six equal portions» five of which

were heated for 15 min. at 45°9 50°9 55°> 60° and 65°s respectively;

the sixth portion was untreated. Any precipitated material was

dispersed in the solutions and the activities of samples of the

suspensions (1 ml.) towards salicin 9 end laminarin (after 2 hours

incubation) and cellodextrin (after 0.5 hour incubation) were

determined, using standard digests. The results obtained were

as are recorded in Table 19.

Table 19.

Enzyme
orenaratton

Hydrolysis of substrate (%)
Salicin Laminarin Cellodextrin

Untreated
Heated at 1+5°

» « 50o
« it 55O
« « 60o
" » 65°

12.8
8.1
6.0
1+. 0
1.2
0.6

33.7
23.h
18.6
11+.6
10.1+
0

12.3
10.8
9.1
5.6
1.6
0.6
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5. Removal of Amylases from Barle.y Extract.

Barley flour (200 g.) was extracted at room temperature

with acetate "buffer (700 ml.j Q.2Mj pH 5) ft>r 2 hours with

constant stirring. The insoluble matter was removed and

the solution dlalysed for 2 days against running tap-water.

Insoluble matter was removed by centrifugation and the supernatant

(600 ml.) was divided into four equal portions which were

treated individually as follows:-

(1) Kept at room temperature for 1 day then

dlalysed against distilled water.

(2) The pH of the solution was adjusted to 3«U»

stored overnight at 0° and the pH readjusted

to 5*0 on heating to room temperature.

Precipitated material was removed by centrifugation

and the supernatant solution dialysed against

distilled water.

(3) After adjusting the pH of the solution to 3.0,

it was kept at 37° 90 min., cooled to room

temperature and the pH readjusted to 5.0. The

precipitated material was removed and the solution

dialysed against distilled water.

(h) The fourth portion was treated as in procedure

(2) followed by procedure (3).
The solutions obtained after dialysis were treated with

'A.R.' acetone (3 vols.) and the resultant precipitates

recovered, washed with acetone and dried in vacuo. The amylase
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activities of the preparations (5 rag. , in 0.5 ml. acetate

huffers 0.2M, pH 5) were determined by incubation with an

*A,R.' soluble starch solution (25 ml.j 0,6% W/V.) and

acetate buffer (5 ml.j 0.2Mj pH 5) for 30 rain, at 35° J

aliquots were removed and the R.P. as maltose determined

(Somogyi method). The results, expressed in units described

by HobsGn, Whelan and Peat (101*) are recorded in Table 20,

together with salicinase, laminarinase and cellodextrinase

activity determinations (2 hours incubation at 35°) and

activity towards Cellofas B. (2 hours incubation at 25°)
results, simultaneously carried out using standard digests.

Table 20.

Enzyme
preparation

Amylase
activity
in units

(101.)

Hydrolysis of substrate (';.)
1 sp. of
Cellofas
digests

Salicin Laminarin Ceilodextrin

(1) 9.58 10.7 25.0 23.5 0.290

(2) 7.80 6.8 19.2 19.6 0.290

(3) 6,10 3.9 13.9 10.1+ 0.326
(k) 0.08 2.7 9*9 U.9 0.1*30

6. Attempted Fractionation of Barley Extract by
Adsorption on Cellulose and Laminar!n

(1) An active 1*0-50;- anmonium sulphate fraction of barley

extract (500 rag.) was shaken with acetate buffer (50 ml,; 0.2Mj

pH 5) and the insoluble matter removed by centrifugation.

Sanples of the supernatant (10 ml.) were each treated with two

different weights (150 rag. and 300 trig.) of both cellulose powder
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and insoluble laminarin B.B. 2. by stirring at 0° C. Aliquots

(2 ml.) were removed after 10, 20 and 30 min* respectively and

the adsorbent removed by centrifugation at 0°. The nitrogen

contents of the supernatants (1 ml.) were determined (Method 8).
In every case the nitrogen content was the same as that of the

untreated preparation (0.60 mg. N/ml.)»

(2) The above procedure was repeated using a solution of the

same barley preparation (1.33 mg. N/rnl. in acetate buffer). There

was no change in the protein nitrogen content of the solutions

after treatment with both cellulose powder and insoluble

laminarin B.B. 2. The duration of adsorption was extended to 2k

hours using enzyme solution (5 ml.) and insoluble laminarin

B.B. 2 (500 rag.); again, there was no change in the protein

nitrogen content during attempted adsorption. The laminarinase

activity of both the untreated and treated preparations (0.25 ml.)
was determined giving results corresponding to k2,0% and 32.0^

hydrolysis respectively after 2 hours incubation (standard digests).

7* Inhibitor Studies.

(1) Effect of Mercuric Chloride on Enzymic Activities.

Mercuric chloride solution was incorporated in standard

digests containing salioin, laminarin and cellodextrin and an

active 2O-i40> armionium sulphate fraction of barley protein

(10 mg.) such that each substrate was incubated in the presence
—6 —5 —h

of 0, 10 , 10 , 10 T and 10 M concentrations of the mercury

salt. The degree of hydrolysis of the substrates was determined
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and the results obtained after 2 hours incubation at 35°

(talcing into account the effect of the inhibitor on the

Somogyi reagent) are recorded in Table 21.

Table 21,

Cone11' of
HgCl2 (M)

Hydrolysis of substrate (%)
Salicin Laminarin Cellodextrin

0 23.9 49.3 36.1

10"6 23.4 45.6 34.6

10-5 10.3 25.4 28.4

10^ 7.8 15.5 26.1

10-5 3.3 9.3 14.5

(2) Effect of Glueono--1:4-lac tone on Enzyme Activities.

Digests were prepared consisting a solution of an active

hO-50!» ammonium sulphate fraction of barley extract (1 ml#;

3 mg./ml. in 0.04M acetate buffer pH 5)p glueono-1:h-lactone

solution (0.3 ml.; 0.1M) and each of salicln, leminarin

and cello&extrin (40 mg. in 1.7 ml# water). The digests

and a control consisting of enzyme preparation and glueonolaetone,

were incubated at 35° and samples were analysed chromatographically

/solvent (2); spray reagents (1) and (2/7 at intervals. Glucose

was the sole reducing sugar present in the salicin digest.

Glucose, Isminariblose and. higher oligosaccharides and glucose,

cellobiose and higher oligosaccharides were shown to be present

in the laminarin and cellobiose digests, on comparison with

authentic samples; no reducing sugars were present in the control.
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On comparison of these results with those obtained on incubation

of the substrates with the same enzyme preparation, in the absence

of gluconolactone, little or no difference was observed in the

products from lamlnarin and cellodextrinj the glucose production

from salicin was apparently diminished by the presence of the

lactone.

Standard salicin digests were prepared, using a solution

of the above enzyme preparation (1 ml.; 1.33 mg. N/ml., method

8) (a) in the absence of glucono-1ih-lactone and (b) with the

lactone present (c. 0.05M). A control consisting of acetate

buffer, enzyme solution, water and lactone was also prepared.

The digests and control were incubated at 35°J samples were

analysed at intervals and the degree of hydrolysis of the

substrate, corrected fbr the control, was determined. The

results were as are recorded in Table 22.

Table 22.

Time of incubn#
(hours)

Hydrolysis of salicin {%)
Lactone absent Lactone present

1 18. h 0

2 29.7 1.3
22 100 14.3
U2 100 23.5



- 123 -

SECTION V.

STUDIES ON THE TRANSGLYCOSYLASE ACTIVITY OF EXTRACTS

OF UNGERMINATED BARLEY

1• Introduction

It has "been established of late that a number of enzymes

which normally catalyse the hydrolytic or phosphorolytic

degradation of carbohydrates can, under certain conditions,

catalyse reactions in which a monosaccharide residue is

transferred from a carbohydrate molecule to an acceptor.

These enzymes can be described by the collective term "transferases"

and individual members of the group can be named according to

the reaction which they catalyse. For example, the enzyme, or

enzyme system, which effects the transfer of a glucosyl radical

can be called a "transglucosylase". In the original work on

this subject It was believed that a glycosidic group was

transferred; hence the term "transglycosidatlon" appears in

the literature. However, more recent work (108, 109, 110)
Indicates that a glycosyl group Is, in fact, transferred so that

"transglycosylation" gives a more accurate description of the

process. It is significant that this transfer occurs with

retention of configuration; in the case of "glycoside" reactions

a Walden inversion is possible.

The transglycosylase action of a hydrolase was first

recognised by Rabate (111) and such action can be represented

by -

R-M + R'-OH s R'-M + R-OH

where M is the monosaccharide residue and R and R* are alkyl



«•» 12k •"

or aryl radicals or chains of one or more monosaccharide

residues.

The enzymic synthesis of polysaccharides has "been reviewed

"by Barker and Bourne (112); in this review the synthesis of

<<-glueans "by two types of transferase action are discussed?-

(1) linear o<-1si|.-glucans are produced "by the action of

amylose phosphorylases, glucose "being repeatedly transferred

from glucose-»1 -phosphate to an acceptor glucosaccharide

containing <?<-1?h-linkages? (2) transglucosylic reactions,

completely independent of phosphate, producing the polysaccharides

from disaccharide primary substrates. For example, maltose

can act as the primary substrate of linear aC -gluean formation

with the enzyme amylomaltase, whilst under the action of

Leuconostoc mesenteroides (112) sucrose is the precursor in

dextran synthesis.

The syntheses of oligosaccharides by the transglucosylation

action of a number of enzyme preparations with maltose (113s 11U,

115), isomaltose (116), sucrose (117) and cellobiose (118, 119)
as substrates have been reported. From studies of such action on

maltose (120), it has been concluded that transglucosylation

occurs in two steps

(i) transfer of a glucose residue from maltose to the enzyme

with the formation of a glucosyl-enzyme complex and

(ii) the transfer of the glucose residue from the complex to

the acceptor substrate.
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Such reaction may he generally represented in the form

of equations (121), viz.:

(i) Glucosyl-A + enzyme-H Y glucosyl-enzyme + A-H
(donor substrate)

(ii) Glucosyl-enzyme + R-OH > glucosyl-O-R + enzyme-H
(acceptor (product)
substrate)

In the case of the formation of maltotriose from maltose,

the latter acts as both the donor and acceptor substrates

(A, above, is a glucose residue).
The enzymic synthesis of alkyl glucosides from glucose and

alkyl alcohols (122, 123) and the transfer of glucosyl residue

from an aryl glucoside to an alcohol (121+, 125) have been

studied by different workers. In the latter, it was shown that

the enzymes responsible for the hydrolase and transferase

activities were the same. In a study of the enzymic hydrolysis

of p-nitrophenyl-y3 -glucoside (126) by an extract from Aspergillus
or.yzae it was observed that glucose and p-nitrophenol were not

produced in equivalent amounts. It was then shown that glucose

production was greatly reduced whilst the p-nitrophenol was

virtually unaltered when methanol and butanol were present (127).
This Indicated that, under these conditions, glucose was being

transferred to the appropriate alcohol by enzymic action.

Similar reactions have been observed using other glycosides as

donor substrates (128),

The present investigation has been concerned with the

transglucosylase activity of extracts of ungerminated barley grain.
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A number of oligosaccharides synthesiBed enzymically from

eellobiose have been separated and characterised, and a

qualitative examination of transglucosylase activity with

celloblose and sallcin as donor substrates and various

pentoses as acceptors has been undertaken*
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2. Discussion.

Since "barley extracts were known to contain considerable

|6-glucanase activity (Section IV), it was considered that
the enzymes present would catalyse the transfer of glucose

from jS-linked glucosides and oligosaccharides to various
acceptor substrates. Initial experiments using glucose itself

as the donor substrate failed to produce transglucosylation

to other glucose molecules, i.e. the enzymic polymerisation

of glucose was not observed. In this respect the barley

enzymes differ from those of almond emulsin (129) which are

capable of catalysing transglucosylation with glucose as

both the donor substrate and acceptor molecule, resulting in

the production of ^-linked disaccharides. The barley enzymes are

therefore similar to enzyme preparations obtained from seaweeds

(130). Prom this it would appear that any transferase activity

present in the barley extract does not result in the addition

of glucose molecules to the acceptor via a glucose-enzyme

complex intermediate but rather that the latter will be of the

glucosyl-enzyme type.

Bnzymic Synthesis of Oligosaccharides by Transglueosvlat ion
from Cellobiose

Oligosaccharides containing y3-, 1:2-, 1:3~> 1:h~ and 1:6-
glucosidic linkages have been produced by transglucosylation

using cellobiose as donor substrate and an extract from
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Aspergillus niger (119). Similar products have heen observed

during the action of enzyme preparations from "both Helix pomatia

and fungi (118) and Chaetomium globosum (13*0 on cellobiose.

In the present investigation, a purified "barley extract was

examined qualitatively for transglucosylase activity using

cellobiose as "both the donor and acceptor substrate. The

disaecharide (as a saturated solution) was incubated with the

enzyme preparation at 35° and pH 5.0j samples were removed at

intervals, and the reducing sugars present examined by paper

chromatography. After days incubation, in addition to glucose

and cellobiose (in large amount) other carbohydrates, two of

which had chromatographic mobilities corresponding to

laminaribiose and gentlobiose were observed; the mobilities

of the other components indicated that they were higher

oligosaccharides. It was found that enzymie synthesis was at

a maximum after ca. 18 days incubation, after which time enzymic

hydrolysis to glucose appeared to be the dominant factor.

The oligosaccharides were not synthe Bleed by purely chemical

means since th^r were not produced in control digests in which

glucose and cellobiose were individually and simultaneously

treated with a heat-inactivated enzyme preparation, under

conditions identical vyith the above.

In order to identify the products of enzymic action and in

turn postulate a possible reaction mechanism, a large scale

digest (containing ca.27 g. of cellobiosej 5»k% solution) was

prepared. The enzymic action was terminated after 18 days incubation,
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during which time the production of oligosaccharides was

identical with that observed in the corresponding small

scale digest. The sugars were then separated by use of a

charcoal-Celite column (method 2); total recovery was

approximately 90*.. Table 23 gives the approximate yield and

possible identity of the mono-, di- and trisaccharides recovered.

Table 23.

Sugar Approx. yield (%)
Glucose 87.O

Gentiobiose + 6.5

Cellobiose + 1*5

Laminaribiose + 1.5

Gentiotriose"1* 1*5

62~y3 -Glucoayl cellobiose 1*5

0
Cellotriose ^ 0.5

Other oligosaccharides traces

+ Characterised by chemical methods.
0
Tentative characterisation from paper chromatography
studies*

X
Nomenclature as recommended by the Biochem. Journal;
systematic name, 0-y3 -D-glucopyranosyl-( 1 —* 6)—0-/3 -D
glucopyranosyl-(l —* i+)-I)-glueopyranose, '

From the products, a possible action mechanism may be as

is represented in Fig* 13* This can be described as follows: -

(1) under the action of the enzyme, the cellobiose acting as

the donor substrate gives glucose and. a /3-glucosyl-enzyme complex;



POSSIBLE MECHANISM FOR TRANS-p-GLUCOSYLATION
FROM CELLOBIOSE

^O+Eni.-H > •—Enz.-f O—H

B l: 3 B;:4 Bi:6
O—H + •—Enz. > •I O, •—O & •—O + Enz.-H

P 1-4
_ B 1:4 P 1:4 Pl:6 Pi:4

V—O + •—Enz. ► •' • O & •-—•-—O + Enz.-H

Pl'-f' PI 6 Pi.6
O + •—Enz. > —•- O + Enz-H

►—•—O + •— Enz. > higher oligosaccharides

&O represent a glucosyi group & a reducing glucose residue^
respectively

P 1:6
O—H represents glucose;#—O represents gentiobiose, etc.

Fig. 13
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(2) the gLucose produced then may act as an acceptor molecule,
with active acceptor sites at carbon atoms 3 and 6 and possibly

h (it cannot be decided whether the final cellobiose content

is unattacked primary substrate or if it has been re-formed by

transglucosylation to of a glucose molecule), thus giving

rise to disaecharides; (3) the dieaccharides, in turn, act as

acceptor molecules with active positions in the non-reducing

terminal residues. This leads to the formation of the

trisaccharides; (i+) acting as glucose acceptors, the

trisaccharides may give rise to the production of higher

oligosaccharides.

From the relative amounts of the di- and trisaccharides

produced, it appears that carbon atom 6 in a glucose molecule

or anhydroglucose residue furnishes a favourable site at which

transposition of a glucose residue can take place; positions

2 and l+ are the least favoured. The latter phenomenon may be

a result of the high susceptibility of ^3-1: h-linkages to
enzymic hydrolysis; this could account for the rapid decrease

in cellobiose content and the small amount of cellotriose

pressnt in the final digest.

An alternative mechanism fbr transglucosylation is one

in which the cellobiose acts as the initial acceptor molecule;

trisaccharides are produced and some of the disaccharides arise

as a result of subsequent enzymic hydrolysis. In the present

investigation, there was no evidence that trisaccharides were

produced prior to the formation of other disaccharides. However,
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in view of the fact that a considerable amount of

6 -yS-glucosylcellobiose was formed, together with the
apparent susceptibility of ^6-Ij^-linkages to hydrolysis, it
is not unlikely that such a mechanism exists to a certain

extent.

The products of enzyme action of the barley extract are

similar to a number of those produced by the action of extracts

of Aspergillus niger on cellobiose (119)| these workers conclude

that both reaction mechanisms indicated above occur. In the

present work there is no evidence of the synthesis of

-1:2-linkages as observed by Barker and co-workers.

Trans->6 -glucoaylation with Oelloblose and Salicln as
Donor Substrates and Various Pentoses as Acceptor Molecules.

It has been shown that transglueosy la tion may be effected

from cellobiose to pentose acceptor molecules (119, 132),

using enzyme preparations from moulds and seaweeds.

In the present work, a paper chromatographic examination

of the action of barley extract on a mixture of cellobiose

and a second sugar was carried out. Using D-xylose, D-lyxose,

D-ribose and L-arabinose, as potential acceptor molecules,

with the exception of ribose,transglucosylation was apparent.
When xylose was employed as the glucose acceptor two products,

presumably glucosyl-xyloses, with different RQ. values were
produced; one of then corresponded in chromatographic mobility

to 3-0-/3 -glucosylxylose. This disaccharide has been synthesised
by the action of algal extracts on a mixture of cellobiose and

xylose (132).
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A similar investigation in which salicln was employed

in place of eellobiose as the donor substrate, showed that

transglucosylation occurred with D-xylose, D-lyxoee and L-arabinose

as acceptor molecules. Again It was observed that D-ribose

failed to exhibit speclfity acceptor requirements and that

xylose led to the production of two presumed glucosylxyloses

identical with those produced when celloblose acted as the

donor substrate. In view of the fact that a possible

glucosylxylose had been produced other than that observed by

other workers (132) using different enzyme preparations, a large

scale digest containing salicin, B-xylose and barley extract was

prepared and the two disaccharides produced were partially

separated by charcoal-Gelite chromatography (method 2). Both

products on acid hydrolysis yielded glucose and xylose; the

production of pink spots, observed when the disaccharides were

treated with aniline oxalate, indicates that the xylose residue

constitutes the reducing part of the molecules. Further work is

essential before the structure of the two sugars can he obtained.

Conclusions.

From the present series of experiments, it is concluded

that barley contains enzymes which catalyse the transfer of a

yS-glucosyl residue from cellobiose to glucose, xylose,
arabinose, lyxose, cellobiose and gentlobiose but not to ribose.

a.

This same, or/closely * related system, will also function with

salicin as a donor substrate.
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3« Experimental,

Preparation and unification of Enzyme Source.

Barley flour, as used in the investigations described

in Section IV, provided the enzyme source. The flour (300 g.)
was extracted with acetate buffer (1 l,j Q.02M; pH 5) for
2 hours at room temperature with constant stirringj the grain

residue was removed and the solution (730 ml.) was

dialysed for 2 days against running tap-water. To the solution

(780 ml.) cooled to 0°, absolute alcohol (3 vol.) was slowly

added at 0° with constant stirring. The resultant precipitate

was recovered and in order to remove amylase activity it was

suspended in sodium acetates hydrochloric acid buffer (250 ml.j

1.0M; pH 3) for 90 min. at 35°, whereupon the pH was adjusted

to 5«0 with the addition of dilute sodium hydroxide solution,

(a) the insoluble matter was recovered by centrifugation,

suspended in water and freeze-dried (yield 1.1 g.) and (B) the

supernatant solution was freeze-dried (yield 6.6 g.),
Enzymlc Action with Glucose as the Sole Substrate

Digests consisting of glucose (200 mg.), each of the

above barley extract fractions (A) and (B) (20 mg.) and acetate

buffer (1 ml.; O.OhM; pH 5) were incubated at 35°» Samples

were examined chromatographically/solvent (2); spray reagent (1J7
at intervals. Glucose was the only reducing sugar present up to

10 days incubation.
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Enzymic Synthesis of Oligosaccharides "by Transglucosylation
from Cellobiose.

O) Small Scale Digests.

Digests containing cellobiose (200 mg.), each of the

enzyme preparations (20 rag.) and acetate buffer (1 ml.; 0.04M;

pH 5) were prepared.; toluene was added to maintain aseptic
conditions. These were incubated at 35° together with controls

consisting of (i) glucose (200 rag.), (ii) cellobiose (200 mg.)
and (iii) glucose (100 mg.) and cellobiose (100 mg.); to each

of the controls enzyme preparation (B) (1 ml,; 20 mg./ml. in
0,01(15 acetate buffer, pH 5) which had been heated at 100° for
10 min., and toluene were added. Samples of the digests and

controls were examined at intervals by paper chromatographic

methods /solvent (1); spray reagent (l/7. Ho reducing sugars,

other than glucose and cellobiose (as initially) were observed

in the controls. Digests containing either enzyme preparation (A)

or (B) gave identical results which are recorded in Table 24.
Table 24

Incubation
time
(days)

Rg. values (solvent 1) and
reducing sugars

relative amounts of

present
0
2
4
9
14
18

0.53(+++
0»53(+++

); 0.73!
); 0.73!> + )
); 0.73![ + )
; 0.73!> + )
J 0»73<

0.39
0.39

others
others
others0.39

0.39 (+); others
0.39(++); 0.30 (+

t)
t,
t,
t.

)

Rg. values of authentic samples of laminariblose,
cellobiose and gentiobiose (solvent 1) were
0.73# 0.53 and 0.40, respectively.

+++, ++, 4- and t indicate intense, strong, moderate and
weak "spots", respectively.
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(2) Large Scale Digest.

Substrate: The cellobiose was freed from a small amount of

contaminating glucose by means of a charcoal-Celite column

(method 2).

Enzyme: A solution of barley extract fraction (33) (20 mg./ml.)

in sodium acetate-acetic acid buffer (O.Oi+M, pH 5) was used.

Digest: The digest consisted of substrate (27 g.) in water

(350 ml.) and enzyme solution (150 ml.); toluene and a drop of

chloroform were added to maintain aseptic conditions.

The digest was incubated at 35°l samples were examined

chromatographieally /solvent (1); spray reagent (1±/ at intervals

giving results identical with those obtained froni the small scale

digest (see Table 2k)• Termination of the reaction was effected

after 18 days incubation by heating the digest at 100° for
20 min, and the resultant coalgulated protein precipitate was

removed by filtration; there was no apparent difference in the

reducing sugar content of the filtrate as compared with that of

the unheated digest.

(a) Fractionation of the Products of Enzyme Action.

The individual reducing sugars present in the filtered digest

solution (ca« 500 ml.) were separated on a charcoal-Celite column
#

(method 2); the column employed (150 x 5 cm.) contained

charcoal-Celite mixture (1.2 kg.) and the flow rate with water

was ca, 180 ml./hour. After the sugar solution had been run into

the column, mercuric iodide (£a. 500 mg,) was added to ensure

aseptic conditions and a stepwise elution of the component sugars



Table 25.

Eluant used

Vol. of

eluant

(litres)

Rg. values of
component sugars

(solvent 1)

Yield

(mg,)
Fraction

No.

Water 12.5 1,0 20,000 1

10.0 1.0 + mixture traces

8,0 -

Ethanol ( 5%) 3.k - *

( 5%) U.O 1,0 + mixture traces

( 5%) 11,0 o.ko 1,500 2

( 5%) 5.0 Q.i+0, 0.55 traces

( 5%) 7.0 0.55 320 3

( 5%) 6,0 - -

C 7#) 12.0 0.75 280

( 7%) 6.0 0.75 trace

( 7%) 5.0 .

(1<#) 10.0 mixture traces

(15%) 8.0 0.15 300 5

(1550 10.0 0.25 + mixture 50 6

(15%) 6,0

(155$) 20.0 0.30 350 7

(20c) 10,0 mixture traces

Pacing p. 136.
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was effected with water and, in turn, increasing concentrations

of aqueous alcohol. The eluates (ea. 1 1* portions), which

were all found to "be neutral, were evaporated to small volume

(pa. 5 ml.) at U0° under reduced pressure; traces of charcoal

and Celite were removed and the reducing sugar content determined

chroraatographlcally /solvent (1); spray reagent (lJ7» Fractions

containing like components were combined and the sugars isolated

as syrups or wherever possible as crystalline products. Table 25

(see page opposite) gives the nature and volume of the eluant used,

the Hq. values and approximate yields of the fractions and indicates
those fractions which were subsequently characterised,

(b) Characterisation of Oligosaccharides.

Paper Partition Chromatography

The R0. values of the sugars were obtained using solvent (1)
and spray reagent (1),

Bg. values of the Fractions
Fraction No,: 1 2 3 k 5 6 7

Rq. values 1,0 0.U0 0.55 0.75 0.15 0.25 0.30

Bq, values of reference sugars

Sugar: Glucose Laminaribiose Cellobiose Gentiobiose Cellotriose

Rq. values 1.0 0,73 0,53 O.i+Q 0,25
Estimation of Degree of Polymerisation

The reducing powers of the sugars (1 ml.; ca. 2 mg./ml.,
concentration by acid hydrolysis) was estimated by the Somogyi

method and calculated as equivalents of either laminaribiose or

cellobiose /calibration graphs Fig.1(B) and (c/7»
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Fraction 1 (glucose)* This fraction, which had the same

chromatographic mobility as glucose, had the same R.P.

value and specific optical rotation.

Fraction 2 (gentiobiose). Complete acid hydrolysis of this

fraction, which had the same R«. value as gentiohiose, yielded

glucose as the sole product (chromatography)? only glucose

was obtained on treatment with almond emulsin, indicating the

presence of -glucosidie linkages. The R.P. value was

approximately the same as that of cellobiose indicating

that the sugar was a disaccharide.

A £ -octa-acetate was prepared (150 rag.), method 10;

yield 160 mg«, m.p. 192° and Wd-5° (c. 10 in chloroform).
These values are in good agreement with those obtained from

gentiobiose y3 -octa-acetate (11).
Fraction 5 (cellobiose). This fraction had the same Rq.
and R.P. values as cellobiose.

A /} -octa-acetate was prepared (50 mg.), method 10;
yield 60 mg., m.p. 192-193°j C'oCJ£)~12-30 (c. 3.3 in chloroform).
These values are in good agreement with those obtained from

the ft -octa-acetate prepared from an authentic sample of

cellobiose (m.p. 192°, -1h«5° in chloroform) and values

recorded in the literature.

The fraction (5 mg.) was oxidised with sodium metaperiodate

solution buffered at pH 8 and the formaldehyde release determined

^method 6, calibration graph Fig.2(Bj7» 2,05 moles per mole

disaecharide oxidised were obtained, which is in good agreement
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with the calculated formaldehyde production from a

1 jh-linked disaccharide (I4O),
Fraction h (laminar ib lose), This fraction had the same

Rq, and R.P. values as laminarihiose and yielded 100^.
glucose on treatment with almond emulsin (Somogyl).

The sugar was recrystalllsed from ethanol and had

m.p. 160-163°, 28,1° —*-21.5° (- 2) (c. 1.5 in water).
These values are in accord with those obtained from

laminarihiose recrystallised from efiianol (10)•

The sugar, in the form of the H-benzylsmine derivative

(32) had the same chromatographic mobility as that of the

derivative of an authentic sample of laminaribiose

/solvent (3)J spray reagent (hJ7»
An osazone was prepared by treating the sugar (10 mg.)

in water (0.05 ml.) and glacial acetic acid (0,01 ml.)

with freshly distilled phenylhyarazine and a trace of

sodium bisulphite at 100° for 30 min. The resultant precipitate

was washed with water, recrystallised from water (10 ml.) and

dried in vacuo at i+0°; yield 3 rag., m.p. 19h-196°, mixed m.p.

with an authentic sample of laminaribiosazone (m.p. 19h-197°)
was 193-19h°.
Fraction 5 (gentiotriose). Determination of the degree of

polymerisation by reducing power, calculated as equivalents

of cellobiose indicated that this fraction was a trisaccharide.

Partial acid hydrolysis of a sample (1 ml.j 1%) was

effected by treatment with sulphuric acid (1 ral.r 0.1N) at
«
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100° for 1 hour. After neutralisation with "barium carbonate,

it was examined chromatographically /solvent (1); spray-

reagent (1J7 an<a- in addition to a email amount of unhydrolysed

starting material, only glucose and gentiobiose were observed

on comparison with standard reference sugars. This indicates

that both linkages in the molecule are y3-ls6~, i.e. the sugar
is gentiotriose.

A sample of the fraction (5 ml.; 1%), iodine (30 mg.)
and potassium hydroxide (0,2 ml.; 1.0N) were shaken together

and allowed to stand for 30 min. before the addition of a

further portion of alkali (0.1 ml.). After standing overnight

a sample (1 ml.) was partially hydrolysed as above.

Chromatographic analysis of the neutralised hydrolysate indicated

the presence of gentiobiose and glucose. Since the

pretreatment with alkaline hypoiodlte modifies the reducing

residue, the presence of gentiobiose in the subsequent

hydrolysate is evidence that the non-reducing terminal residue

linkage is /S — 1 s 6.

Periodate oxidation studies on the fraction were carried

out, (1) A solution (10 ml.j 1 rag./ml.) was oxidised at

room temperature with sodium metaperiodate solution

(2 ml.; 0.15M). The formic acid release was determined

(method 5) using sodium hydroxide (0.Q138N) for neutralisation.
The results showed that 4.0 moles of formic acid were rapidly

released (within 2 hours) and the final value was 5.4 moles

formic acid per mole trisaccharide. These results are in good
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agreement with theoretical values of h.O and 6.0 for the

initial and total primary oxidation of gentiotriose.

(2) The solution (10 ml.j 1 mg./ml.) was oxidised with

sodium metaperiodate solution (2 ml.; 0.3M) "buffered at

pH 8. No formaldehyde could "be detected (method 6) after
2 days oxidation. This is in accord with the reducing

residue linkage being of the 1:6- configuration (1+0).
Fraction 6 (cellotriose). The major component of this

mixed fraction had the same chromatographic mobility as

cellotriose /solvents (1) and (2); spray reagent (1Jf7.
Further examination was not attempted.

Fraction 7 (6 -glucosylcellobiose). Partial acid

hydrolysis of a sample (1 ml.; 1%) was effected as in the

case of Fraction 5* The neutralised hydrolysate on

chromatographic examination/solvent (1); spray reagent (1/7
yielded celloblose and gentiobiose in addition to glucose

and a snail amount of unhydrolysed starting material. This
2

indicated that the sugar was either 6 -glueosylcelloblose

or 1+ -^-glueosylgentiobiose.
Iiypoiodite oxidation followed by partial acid hydrolysis

of the product was effected as in the case of Fraction 5. The

neutralised hydrolysate on chromatographic analysis was found

to contain only glucose and gentiobiose. This result together

with that from partial acid hydrolysis, above, is consistent

with the sugar being 6 -yS-glucosylcellobiose,
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Transglucosylatlon with Cellobiose as Donor Substrate
and Various Pentoses as Acceptor Molecules.

Digests were prepared containing cellobiose (100 rag.) and
,2>-xy iose-t

each ofAD-lyxose, D-ribose and L-arabinose (100 rag. in 2 ml.

water) together with barley extract fraction (B) (1 ml.;

20 rag./ml* in acetate buffer, 0.01+M; pH 5)« The digests

and controls (above digests less enzyme) were incubated at

35° and samples were examined at intervals by paper chromatography

/solvent (1); spray reagent (2/7* After 3 days incubation,

in addition to glucose, cellobiose and pentose (as in controls),
the digests showed the presence of components as indicated

in Table 26.

Table 26.

Acceptor
molecule

R&. values of sugars
in solvent (1)

B-xylose 0.86

D-lyxose 0.90

D-ribose -

L-arabinose 0.75

The syntheslsed sugars all exhibited pink "spots" with

spray reagent (2).

After 5 days incubation a further component was observed

in the xylose digest with RQ. value 0.68 in solvent (1).
Transglucosylation with Salicin as Donor Substrate

and Various Pentoses as Accentor Molecules

Digests and controls were prepared, as above, with

salicin (200 rag.) in place of cellobiose. Chromatographic

examination gave results identical with those obtained when

cellobiose acted as the donor substrate (Table 26).
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A large scale digest containing salicin (16 g.),

D-xylose (8 g») and "barley fraction (B) (500 mg.) in

acetate "buffer (UO ml.; O.OijMj pH 5) was incubated at 35°»
Chromatographic examination of samples showed that, in

addition to other sugars, the two "glueosylxyloses" formed

in the corresponding small scale digest were present after

5 days incubation. The reaction was terminated after 1 week

by heating the digest at 100° for 20 min., coalgulated

protein and saligenin were removed by filtration and the

component sugars separated on a charcoal-Celite column

(method 2). After glucose and xylose had been recovered by

elution with water, ethanol (5%) gave Fraction 1 (ca. 300 mg. )
which had components R^, values 0.68 and 0.86 (solvent 1) and
Fraction 2 (ca. i|QQ mg.) which had one component (Rq. 0.68),
An authentic sample of 3-0-/3-glueosylxylose was shown to have
RG. value 0.86 in solvent 1. Further examination of Fraction 2
is being undertaken in order to establish its structure.
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