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INTRODUCTION

The algae which are primitive, chlorophyll-containing

plants without true leaves, stems or roots are divided into

seven distinct groups (1)# In the course of work described

in this thesis, studies have been carried out on two marine

algae, one from the Khodophyta and the other from the Chlorophyta.

The algae of the Rhodophyta contain chromatophores in which the

photosynthetic pigment is masked by phycoerythrin, a red

pigment. The alga belonging to this group, Ehodymenia

palmata. which is of the class Rhodophyceae, sub-class

Plorideae and order Rhodymeniales, has a dark red, branched

thallus which is parchment-like. The member of the Chlorophyta

studied Cladophora rupestris, of the class Chlorophyceae and

order Cladophorales, is a green alga with cylindrical multi-

nucleate cells joined end to end in branched filaments.

The cells of the algae are essentially similar to those of

the more advanced land plants, there being a distinct cell wall

and the protoplasm within being divided into cytoplasm and

nucleus. The photosynthetic pigments are associated with

chromatophores and are usually situated just within the cell

wall which normally consists of two layers, an outer layer

of peetic material and an inner, firmer layer of cellulose.

A study of the metabolism of any particular living cell

is concerned with the different pathways by which the cell

synthesises, maintains and degrades the complex organic

)
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molecules which form its structure. In such a study a

knowledge of the cell constituents, and their structure, is

of prime importance. Considerable work has been carried

out on the metabolic pathways of the land plants (2) but very

little is known about the metabolism of the marine algae. The

metabolism of several fresh water unicellular green algae has

been studied and the general metabolism appears to be similar

to that of other forms of life, although it is less certain

that the actual enzyrnic steps are the same (3). The multi¬

cellular marine algae have been the subject of considerable

investigation since the description of alginic acid by Stanford

in 1883 (4) and Black (5)»who has reviewed present knowledge

of the chemical constituents of marine algae, points out

that the Rhodophyceae and Chlorophyceae have not been subjected

to such intensive investigation as the marine algae of the

Phaeophyceae.

The polysaccharides present in seaweeds have been

extensively studied and vary greatly in structure (5).
R. palmata contains a xylan in which the D-xylose residues

are united by both 1:4- and 1:3- links (6, 7, 8), as well as

15$ floridoside (9) which is glycerol Ot -D-galactoside (10).
Ross (11) has reported that it contains 2.4$ cellulose and that

the ratio of pentose to hexose is approximately 10:1.

Coulson (12) has reviewed the literature on the free amino

acids in R. palmate and has given the amino acid composition

of protein extracted from it.

C. rupestris has a high protein and cellulose content,



a value of 22having been found for the latter (13

Kylin (14) isolated a water soluble material containing

galactose and indicated that it might be a galactan sulphate.

Later work has shown, however, that it contains arabinose,

galactose, xylose, rhamnose and glucose in the relative

molecular proportions of 16:15:4.2:1 and approximately 2Qtf>

sulphate (15).

Enzymes

The metabolic processes of living organisms are brought

about by enzymes,* which are catalytically active proteins

capable of accelerating a specific reaction. The protein

may be either simple or conjugated, the non-protein portion

in the latter case being termed a prosthetic group. Certain

enzymes require a dialysable group or co-enzyme for activity

and those studied so far have been shown to be vitamins or

derivatives of them. In enzyme catalysis, the activation

energy of the reaction is lowered; this is achieved by the

formation of an enzyme-substrate complex, as first postulated

by Mlchaelis and Menten in 1913 (16).

Enzyme -V- Substrate ^—— Enzyme — Substrate complex—^Enzyme v Produe te

Prom this equation it is possible to derive the laichaelis-Menten

equation in vhioh the michaelis constant, K , » ^2 be

x

The substance which is attacked by an enzyme is tenaed the

substrate of that particular enzyme.
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defined as the substrate concentration at half maximum

velocity. As enzymes are predominantly protein in nature they

exhibit the characteristic properties of proteins, the most

important being sensitivity to extremes of hydrogen ion

concentration and to temperatureshigher than 5o°C.
Nomenclature of enzymes

Unlike chemical catalysts, enzymes are specific for

either a particular reaction (e.g. hydrolysis of fats by lipases)
or a reaction involving a particular substrate (e.g. catalase),
and it is on this specificity that the various systems for the

classification and nomenclature of the enzymes have been based.

Duclaux (17) was the first to introduce a systematic form of

enzyme terminology by naming the enzyme after the substrate

upon which it acted followed by the ending "-ase". This method,

however, is limited since a particular substrate may be acted

upon by two or more different enzymes. Hoffman-Ostenhof (IB),
in a new system for the classification and nomenclature of the

enzymes,has divided the enzymes into five groups, viz.:

I. Hydrolases,

II. Transferases,

III. Oxidoreductases,

IV, Lyases and Syntheases, and

V. Isomerases and Racemases.

Groups I, II and III comprise those enzymes whose reaction may

be symbolized by the equation:-

A + B ^ £ C ]).

Group IV enzymes correspond to the equation

A v ^ B +• C



and Group V to A < * B.

These five groups are further subdivided according to the

c- emical nature of the linkage and substrate attached.

Eight rules are given for the nomenclature of the enzymes

but only the rules which have particular application in this

thesis are summarised*

"The naming of enzymes by adding the suffix M-asew to the name

of the substrate attacked should be strictly reserved for

bydrolyaiag enzymes"*

"transferases are named in the following ways- the first part

of the name should be the name of the donor substrate followed

fay that of the acceptor* Then comes the syllable "trans"

followed by the nam© of the group transferred and eventually the

suffix"-«««"* Thus, "phosphoryl&se* becomes "glucoee-l-

phosphate—> amy lose t raneglucosidase".

"The terae peroxidase end catelase remain unchangedw*

j-ngyae reactions

The progress of an enzyaic reaction aay be followed by

either physical or chemical measurements> in which the rate of

disappearance of the substrate or the appearance of the products

is determined. Por the polyeaecharidaees the physical methods

in most go''}'.' on use are vlsoometry and measurement of optical

rotation whilst chemical methods ore based on estimation of the

reducing power of the reaction mixture or, for oligosaccharides©©

the liberation of a chromcgenic group* Paper chromatography
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is widely used in the qualitative demonstration of many

different types of enzyraic reactions.

Carbohydrate metabolism

The enzymes of carbohydrate metabolism in animals and

higher plants have been extensively studied, and it has been

shown that the complete oxidation of carbohydrates to carbon

dioxide and water may be e fecied by three multi-enzyme systems.

The first of these, the glycolytic system,contains the enzymes

which catalyse the degradation of the polysaccharides to

pyruvic acid via glucose and fructose 6- phosphates and fructose

1:6- diphosphate. The pyruvic acid may then be decarboxylated

to acetaldehyde, reduced to lactic acid or completely oxidised

to carbon dioxide and water by the enzymes of the Krebs or

tricarboxylic acid cycle which are found in many animal tissues

and higher plants. One of the enzymes of the Krebs cycle,

malic dehydrogenase which catalyses the following reaction

(Figure 1), has been reported to be present in UIva lactuca. a

marine alga which is a member of the Chlorophyeoae (19 )t thereby

providing evidence for the possible existence of this enzyme

system in the marine algae.

HO - CH.COOH ±2H 0 ==.C.C00H
i ?—* /H - CH.COOH H - CH.COOH

Malic Acid Oxalacetic acid

Figure 1.

An alternative metabolic pathway to the glycolytic system is

the hexose monophosphate "shunt" (20) by which hexose 6- phosphate
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may be converted to carbon dioxide and triose phosphate.

Enzymes belonging to this cycle have very recently been found

in animals, micro-organisms and plants.

As the monosaccharides may be considered to be the starting

point of these cycles the degradation of polysaccharides and

glycosides to free sugars is of some importance. This may be

effected by the hydrolytic enzymes known collectively as the

glycosidases, the general reaction of which is as in Figure 2,

where R, the aglycon, may be either a sugar, a group of sugar

residues or an alkyl or aryl radical.

Figure 2.

Where R is a chain of sugar residues the enzymes are known as

polysaccharidases,the properties of which have been reviewed

by Manners (21). The glycosidases are classified according

to the type of sugar to which, and the nature of the linkage

by which, the aglycon is attached. The distribution,

properties and specificity of these enzymes are considered in

section two of this thesis.

Enzymes in marine al.-.ao

No comprehensive studies appear to have been made on any

enzyme system connected with a particular metabolic pathway in
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the marine algae although reports have occasionally been made

on the presence of specific enzymes* Bartholomew (22)

reported that "diastase" was present in cell-free extracts of

several red algae, and the existence of catalase has been

observed in many different marine algae (23, 24, 25).
Peroxidase activity has been found in a large number of seaweeds

(26) and Honnerstrand (27) has indicated that there is a true

and pseudo-peroxiaase in many green and red al.ae, C. rupestris

being one of the algae containing both. Two different

polyphenolases have also been reported to be present in the

marine algae (28). Bean and Hassid (29) have very recently

reported ,hat cell-free extracts of a red alga Iridophycus

flacctdum contain an enzyme which will oxidise glucose, galactose

and several reducing aisaccharides to the appropriate aldonic

acid.

The work reported in this thesis was undertaken in order to

investigate more thoroughly the occurrence of enzymes, in

particular the glycoaidases, in marine algae.
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The problems encountered in preparing cell-free extracts

of algae, for enayraic studies, are essentially similar to those

of terrestlal plants, in that a high yield of protein will depend
on the successful disintegration of the cell wall and the use

of a solvent which will disperse the protoplasmic protein.

The extraction can be effected only under mild conditions

since the enzyme-proteins will be readily denatured by heat

or extreraes of pH. Many methods have been evolved for the

preparation of cell-free extracts from animal tissue (30),

bacteria (31) and the unicellular algae (32). Crook (33)

conducted an investigation into the extraction of nitrogenous

material from tobacco leaves and described a method in which,

by mincing and milling in a triple-roller mill, a 90 - 93/"

extraction of the leaf nitrogen could be effected. By the

use of dilute sodium hydroxide he was able to counteract the

"acid-drift" which Holden (34) has shown to be due to the

enzymic dernethy.Lation of pectin. A similar high yield of

nitrogenous material was obtained, on a small scale, by Lugg (35)
who ground the leaf in an end-runner mill in the presence of a

large volume of borate buffer pH 9.2. Ochwimmer and Pardee (36)
have reviewed the several methods by which plant cells may be

disintegrated; these include grinding in a chilled meat mincer

or in a mortar and pestle, with or without the addition of sand.

The Waring blendor has been frequently used (e.g. 37) although
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in certain experiments it has been reported to cause

inactivation of the extract (38, 39).

Many different solvents have been used to disperse the

liberated protoplasmic protein. Maestrini (40) used 0.0003 M

acetic acid and hydrochloric acid to obtain active invertaee

preparations from germinated; barley, whilst Chibn&ll (41),

after p'lasmolysis of the leaf cell with ether to remove the

vacuolar juice, extracted the protein from the minced tissue

with distilled water. Much of the protein, however, is associated

with the particulate matter of the cell and Wildman and Jagendorf

(42) have reviewed the various methods by which the particles

may be isolated end their protein extracted. Water saturated

with butanol has been used to solubilize the enzymes associated

with this particulate matter (43).

Little work has been reported on the extraction of protein

from marine algae and the few results which are available

indicate that the yields are low. From Fucus vesiculosus. a

member of the Phaeophyta, Smith and Young (44) were able to

extract only one half of the total protein, by homogenizing the

algae in a Waring blendor at 55°C in the presence of Q.33S&

sodium hydroxide, whilst Coulson ( 12) obtained approximately 2'/-

yields of protein from K. palmata. after double mincing in the

presence of a large volume of borate buffer. Authors who have

reported the presence of specific enzymes in marine algae (p.7 )
have mainly used aqueous extracts of the minced algae for activity
studies and accordingly, this method of cellular disintegration

has been used in the preparation of the seaweed extracts.
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Methods

• 6-m.gsi
ry!'.

Dialysis. In order to remove inorganic material, sugars, amino

acids and peptides the extracts were dialysed in cellophane

dialysis tubin, against running tap water for the quoted times.

Lyophiligation. The extracts were concentrated and dried to

felt-like solids by freege-drying in an all-glass apparatus which,

when operating at full capacity, removed 110 ml. of water per

hour.

Nitrogen. The Kjeldahl nitrogen of the 1/ophilised extracts

was estimated using the method of Chibnall, Bees and Miliums (46)

and potassium sulphatescopper sulphate: sodium selenate (80:20:1)

catalyst.

Centrifugation. All centrifuging was carried out at 0°C.

Effect of solvent on extraction of protein from D. aalmata.

The wet weed (North Berwick; 24/9/53) was minced with

a small amount of ice in a mechanical meat mincer and portions

(50 giti. ) shaken overnight with the solvents (100 ml.) listed

in Table 1. The weed residues were removed by centrifugation

and the extracts and a sample (100 ml.) of the orange coloured

liquid which settled out of the original minced residue dialysed

for two days. The solutions, on lyophilization, gave reddish-

pink products, except that from solvent B (see Table 1) which

was white.
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Solvent Extract
(gm. )

Percentage Total

Uitrogen Eitrogen
(mg.)

1) Distilled water 0.750 3.0 22.5

2) 0.25'a 0.443 3.7 16.4

3) 3/ KC1. 0.690 2.1 14.5

4) 20/ Ethanol 1.210 1.6 19.3

5) Water saturated with butanol 1.000 1.4 14.0

6) Boric acid buffer pH9.0 0.410 2.3 9.4

7) Phosphate buffer pHS.O 0.474 3.1 14.6

8) Solvent A (i) 0.631 1.0 6.3

9) Solvent B (ii) 1.100 0.9 9.9

10) Expressed fluid 2.134 2.3 49.1

(i) 100 ml. Borax solution (9.5gra./litre) +• 40 ml. ethanol+ 10 ml. ether.

(ii) 50 ml. Boric acid buffer pH9.0 + 50 ml. water+40 ml. ethanol+-

10 ml. n-butanol.

TABLE 1.

extraction and concentration of protein from B. palmate..

First preparation

Fresh weed (2,600 gm., H. Berwick, 21/10/53) was minced

with a small amount of ice and extracted with aqueous sodium

carbonate (3,600 ml., 0.25/) by stirring for 2 hours and allowing

to stand overnight. The minced residue was removed by

centrifugation and the extract (4 i.) dialysed for 4 days.
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The dialysed extract was re-centrifuged ana ammonium

sulphate added to 0.8 saturation; the precipitate, which

formed after standing overnight at 0°C, was separated and

dissolved in water (395 ml.). This solution was dialysed

for 2 days and the precipitate, which formed on addition of

ammonium sulphate to 0.75 saturation, was separated by centri-

fugation, dissolved in water (150 ml.) and dislysed for 2 days.

A precipitate (Fraction A) which formed during dialysis,

was separated from the supernatant solution (Fraction d);

both fractions were then lyophilized.

Fraction Yield (gin.) Kjeldahl nitrogen (/)
A 0.65 6.9

B 1.74 7.4

Total protein extracted « 1.09 gm.

becond preparation

The fresh weed (660 gnu, N. Berwick, 10/3/54) was minced

with a small amount of ice and milled with silver sand (Oa. 2 parts

weed to 1 part sand) and aqueous sodium carbonate (300 ml., 0.25/)
for 45 min. The milled weed was stirred with aqueous sodium

carbonate (1,100 ml., 0.25/) and allowed to stand overnight.

'The residues were separated by filtration, disintegrated cells

removei by centrifugation, and the supernatant solution

dialysed for 4 days.

Insoluble material was removed by centrifugation and

ammonium sulphate added to the supernatant solution to 0.4

saturation. The precipitate (Fraction Y), which formed almost
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immediately was separated by centrifugation, dissolved in

water (400 ml.), dialysed for 2 days and lyophilized. Ammonium

sulphate was added to the above supernatant solution to 0,8

saturation and the precipitate (Fraction 2) separated, dissolved

in water (250 ml.), dialysed for 2 days and lyophilized.

Fraction yield (gm. ) K.ieldahl Uitro^en (>)
¥ 5.1 8.0

Z 1.6 3.2

Total protein extracted = 2.90 gm.

Extraction and concentration of protein from C, ruoestris.

First preparation

The fresh, hand-pressed weed (2,900 gm., hunbar 22/1/54)
was minced twice with a little ice and aqueous sodium carbonate

(0.25$) and extracted with aqueous sodium carbonate (3 1., 0.25$)

by stirring for 3-4 hours and allowing to stand overnight.

Cell debris was removed by centrifugation, the solution dialysed

for 3 days and ammonium sulphate added to 0.71 saturation.

The precipitate which settled out overnight was separated by

centrifugation, as a slurry (1.6 1.), and dialysed for 1 day.

The protein was re-precipitated by the addition of ammonium

sulphate to 0.70 saturation, separated as a slurry (1 1.)

and dialysed free of ammonium sulphate (3 days J.

One portion (1,145 ml.; of the extract was 1/ophilized

to give Fraction A (15.8 gm.) and the remainder (2,500 ml.)
fractionated with increasing amounts of ammonium sulphate,



- 16 -

the precipitates being separated, dissolved in water, dialysed

lyophilized after each addition as in Table 2.

Fraction Saturation Yield (&hu ) K.leldahl

A 0.0 _ 0.70 15.8 8.8

I O.o - 0.18 17.7 7.2

II 0.18 - 0.36 5.7 7.1

III 0.36 - 0.54 2.1 8.5

IV 0.54 - 0.75 0.9 8.1

V 0.75 ~ 0.80 0.1 5.8

Total protein extracted (calculated from fraction A) = 27.7 gra.

1ADIE 2.

decond preparation

Fresh, hand-pressed weed (4,000 gm., Dunbar 24/3/55) was

extracted with aqueous sodium carbonate (3.5 1., 0.25/) and

precipitated twice with ammonium sulphate as in the first

preparation. The dialysed extract (9 1.) was divided into

two portions.

To one portion (6 1.) was added ammonium sulphate to 0.70

saturation. The precipitate was separated by centrifugation

and filtration, suspended in water (1,300 ml. ) and dialysed for

3 days. The supernatant solution (Fraction W) and the

insoluble material (Fraction 1) were separated and lyophilized.

The other portion (3 1.) was cooled to 0°C and absolute

ethanol (6 1.), cooled, to -20°C, added slowly, the addition

being carried out at -10°C. The precipitate which settled out
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after standing overnight at 0°C was separated by centrifugation

and dialysed. The supernatant solution (Fraction Y) and the

insoluble material (Fraction 2) were separated and lyophilised.

Fraction Yield (gm, ) K.ieIdahl Mtroaen ($)
w 35.0 8.3

X 4.5 7.8

Y 8.5 9.0

z 2.2 8.2

Total protein extracted (calculated from Fractions W and X)
s 30,5 gm,

evidence as to the protein nature of extract from C. runestris.

1. Precipitation by 4'/ trichloroacetic acid

Fraction W (eg,. 40 nig. ) was suspended in water (8 ml. ) and a

sample (2 ml.) analysed for KgeIdahl nitrogen. Trichloroacetic

acid (0.24 gnu ) was added to the remainder and after standing

for 24 hours, the nitrogen content of the supernatant solution

(2 ml.) was estimated,

Original suspension ■ 0.74 rag. N./2ml.

Precipitated solution supernatant ■ 0.16 rag. isi./2ral.
Thus 4$ trichloroacetic acid, a typical protein precipitant,

precipitates at least 73$ of the nitrogen content of the extract.

2. Acid, hydrolysis

Fraction W (50 rag.) was hydrolysed with hydrochloric acid (3 ml.,

6h.) at 100°c for 43 hours. The hydrolysate was filtered and the
acid removed by repeated distillation in vacuo. The hydrolysate was
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chromatographed using propanol:water (80:20) and developed

with ninhydrin. The chromatogram indicated the presence in

the hydrolysate of leucine, valine, proline, glutamic acid

and several other amino acids.
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DISCUSSION

Extraction of the protoplasm liberated by mechanical

disintegration of plant cells may be effected by a large number

of solvents, and in the first experiments on the extraction of

protein from a marine alga, R» palmata. the effect of different

solvents on the yield of nitrogen has been studied*

All the solvents used, except solvent B, gave reddish-pink

products showing that the red pigment, phycoerythrin, was also

extracted. For the different solvents no correlation was

observed between the amount of material extracted end the

nitrogen content of the extracts. Aqueous sodium carbonate

gave a product with the highest nitrogen content and as this was

obtained in a reasonably high yield, it was decided to use this

solvent in the large scale extractions.

At all stages during the preparation of the extracts every

effort was made to keep the temperature as low as possible to

minimise denaturatlon of the protein and as subsequent work

showed, all the extracts contained enzymie activity.

In the first extraction of K. palmate the yield of crude

protein was low and in the second extraction an attempt was

therefore made to achieve greater cellular disintegration.

This was obtained by milling the minced weed with silver sand

and aqueous sodium carbonate, the relative ratios being such as

to give a mixture which would not overheat on milling. Ihe

total yield of protein from this extraction, allowing for the

weight of weed, used, was a tenfold increase on the first
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extraction, The removal of inorganic ions from the extract

before precipitation with ammonium sulphate was necessary as the

presence of these ions retarded the formation of the protein

precipitate.

Two large scale extractions of the green alga, C, rupestris,

were made using essentially the same method as in the extraction

of h, paIkata. the weed, which is filamentous in structure,

was more readily disintegrated but, as it occasionally caused

a blockage of the mincer, double mincing in the presence of

the solvent was necessary, the yield of protein from C, runestris

was approximately twice that from palmate, the yields being:

8,6 gm. and 4.4 gm. protein per 1,000 gm. weed respectively,

this is due to the higher protein content of 0. rupeetrie and not

to greater cellular disintegration on double mincing, as the

extent of cell rupture of K, pslrnata on mincing followed by

milling appeared to be equally high.

treatment of an extract of C» rupestris with 4% trichloroacetic

acid, a typical protein precipitant, indicated that the

nitrogenous material extracted was protein; at least 78$ of the

nitrogen was precipitated. The same extract on hydrolysis

with hydrochloric acid gave several free amino acids which could

only have originated from protein; any peptides would have been

removed by the dialysis during the preparation.
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SUMMARY

1. The effect of different solvents on the extraction of

nitrogenous material from IU palnata was studied,

2, With R. palmate it was shown that a tenfold greater yield

of protein could be obtained if the cells were disintegrated

by mincing followed by milling with silver sand.

3, Two separate extractions of C, rupestris were made, a

portion of one being fractionated with ammonium sulphate

and a portion of the other precipitated with ethanol.

4. The protein identity of a representative extract from

C, rupestris was established by precipitation with

trichloroacetic eeid and acid hydrolysis.
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imosucTioa

The work reported in this section is concerned mainly with

the hydrolases present in extracts of K. palmata and C. rupestris.

The properties, specificity and distribution of the enzymes

which catalyse the hydrolytic degradation of carbohydrates have

been extensively studied (47). The different types of

glycosidases present in biological extracts may be investigated

by chromatographic examination of digests containing the extract

and carbohydrates of known structure. By this method the

glycosidases may be classified according to the monosaccharide

unit and the configuration of the linkage attacked, or by the

polysaccharide degraded. The mode of action of the poly-

saccharidases may be deduced in certain cases, as random

hydrolysis of the polysaccharide will produce a series of

oligosaccharides whereas step-wise hydrolysis will liberate only

mono- or di-saccharides. The individual glycosidases may then

be further identified by studies on the general properties,

inhibition, purification and substrate specificity of the extract.

Many naturally occurring compounds contain phosphate groups

which may be removed by enzymie hydrolysis; the enzymes catalysing

this reaction belong to the phosph oesterases which are a sub¬

class of the esterases, a class of hydrolases. The phosphoesterases,

the properties of which have been reviewed by Hoche (48), have a .■

wide distribution in the plant and animal kingdoms. ±'here are

four types of group specific phosphomonoesterases, the types being
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differentiated by pH optima and by inhibition and activation

studies. fhe two most widely occurring are types I and II;

the former exhibits maximum activity over the pH range 8.5 -

9.5 and is strongly activated by divalent cations,especially

magnesium,wai1st the other shows maximum activity over the pH

range 5.Q - G.O, is inhibited, by fluoride and molybdate, which

have little effect on type I, and is not activated by divalent

cations. Stein and Koshland (49) using an isotope of oxygen
|g

(0 ) have shown that phosphomonoesterase type I catalyses the

rupture of the oxygen-phosphorous bond as shown in Figure 1.

ihe hydrolysis of phosphate-phosphate bonds,as in

pyrophosphate,is catalysed by ensymes belonging to the class

polyphosphatases whose properties have also been reviewed by

Roche (48).

O 0

/ I
OH OH

Figure!.
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EXPERIMENTAL

lie thod s

Digests. All digests were incubated at 35°C, unless otherwise

stated, and sufficient toluene was added to maintain a surface

layer.

De-proteinisation (50). Where the amount of protein present

in a digest sample was high, the sample was de-proteinised

using equivalent quantities of sine sulphate ( 5/-)

and "barium hydroxide (Q.3N), After the addition of the reagents,

the precipitate was separated by centrifugation and the super¬

natant solution used for reducing sugar estimations.

Estimation of reducing sugars.

1) Iodometric reagents

(A) In this method of Shaffer and Somogyi (51) as modified by

Iianes and Cattle (52), the reagent is stored as four separate

solutions. ^eduction is achieved by heating the copper-

tartrate-bicarbonate reagent and the digest sample at 100°C for

15 minutes and the excess reagent is then titrated with sodium

thiosulphate (0.01N). Calibration curves were prepared using

glucose, xylose and maltose.

(B) The Soruogyi reagent (53) containing a phosphate buffer

has been used, the potassium iodete being incorporated externally.

Calibration curves were prepared using glucose (heated for 10

minutes) and maltose (heated for 20 minutes).
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In the estimation of reducing sugars in the presence of the

algal extracts a small correction has been applied, for the small

but constant reducing power of the extracts. The effect of the

different anions used throughout this work on the reducing power

of glucose and maltose, as determined by these reagents, was

found to be negligible. I'he two reagents were found to give

comparable results, sodium sulphate, however, precipitated from

the more recent reagent unless it was stored at a temperature

greater than 20°C; it was therefore advantageous to use the

earlier reagent which could be manipulated with equal ease.

2) Colorizetrie reagents v

(C) The copper reagent prepared by Soraogyi (54) was used

in conjunction with the chromogenic arsenomolybdate reagent of

Nelson (55). The copper reagent (5 ml.) and sample (5 ml.) were

heated in a boiling water bath for 10 minutes, cooled and the

chromogenic reagent (5 ml.) added. After 10 minutes the

solution was diluted to 50 ml. and the colour measured in a 1 cm.

cell using filter 603 with the Opekker absorptiometer against a

reagent blank. A calibration curve was prepared using glucose.

Paper partition chromatography

Chromatographic identification of mono- and oligo¬

saccharides and uronides was carried out by spotting the unknown

digest, or solution and standards, on Whatman No. 1 paper and

irrigating the paper with one of the following irrigants.

After a suitable period, the papers were dried at 120°C and treated

with one of the following sprays.
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Irritants

With irrigants which formed more than one phase the organic

phase was the irrigent and the aqueous layer was placed in a

beaker at the bottom of the chromatographic tank.

1. Benzene / n-butanol / pyridine / water - 1:5:3:5, V (56).

2. Ethyl acetate / pyridine / water - 10 : 4 : 3, %. (57).

3. n-Butanol / glacial acetic acid / water -4 : 1 : 5, V/v (53).

4. Ethyl acetate / glacial acetic acid / formic acid / water -

18 i 3 : 1 « 4, V/v.
5. n-Butanol / ethanol / water / ammonia - 40 : 10 : 49 : 1, V/v. (59).

With 5, the spot of sugar solution was dried, a spot of

benzylamine in methanol (10$, w/v) superimposed, and the paper

heated at 85°G for 5 minutes before irrigation.

Sprays

1. Aqueous saturated solution of aniline oxalate; the paper

was then dried at 130°C until the spots appeared (60).
2. The dried paper was passed through silver nitrate in acetone

and after drying sprayed with sodium hydroxide in ethanol, and

the excess reagent removed by washing in ammonia and then water (61),

3. Alcoholic solution of naphtharesorcinol (10 ml., 1$) in

hydrochloric acid (90 ml., 2M). Phe paper was developed by

drying at 85 ~95°C for 10 minutes (62).
Chromatographic identification of phosphate and phosphate

esters was achieved using the method of Banes and Isherwood (633:—
Irrigant 6. n-Bropanol / water / ammonia - 6 : 1 : 3 7v.
Spray 4. Perchloric acid ( 5ml., 60$, w/w), hydrochloric acid
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(10 ml., 1,011) and ammonium molybdate (25 ml,, 4$, %") diluted to

100 ml. with water, The paper was dried and heated at 87°^
for 7 minutes and then suspended in an atmosphere of hydrogen

sulphide until the characteristic blue spots appeared,

For the separation and identification of amino acids on

paper chromatograms the following irrigant and spray was used:-

Irrigant 1, n-Propanol / water - 80 : 20,v/v.
Spray 5# Alcoholic solution of ninhydrin (0,2'/), the paper

being developed by gentle heating# The spots could be preserved

indefinitely by spraying with a saturated, alcoholic solution of

cupric sulphate.

pH measurements. All pH values were checked using a glass-

electrode pH meter.

Phosphate and Phosphate ester estimation. The methods of

Hanes (64) and Cori (65) were used with the reagent of Piske and

Subbarow (66) which had been slightly modified, sodium meta-

bisulphite (14$) being used in place of sodium bisulphite (15$)
and the colour intensity being measured in a 1 cm. cell using

filter 608 with the Spekker absorptiometer (67), A

calibration curve was prepared using potassium dihydrogen

phosphate.

Preparation of substrates

Gentiobiose. This was prepared by the synthetic action of

almond emulsion on a concentrated solution of glucose, as

described by Peat, Whelan and Hinson (68). Separation of the

gentiobiose from the other sugars was effected by the use of a
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charcoal-celite column (69).

Isomaltose and isomaltotriose. Bextran (55 gm.) w®s partially

hydrolysed by treatment with sulphuric acid (2,750 ml., 1.0M) at

100°C for 100 minutes. The hydrolysate after neutralisation,

filtration and concentration in vacuo was fractionated on a

charcoal-celite column (69). The products were obtained

chroinatographically pure.

Maltose. 'The maltose used was purified, by three re-crystallisations

from ethanol (SOJfe) and fractionation on a charcoal-celite column (69).

Phenyl- Ot-^iueoside. Shis was prepared from pentaacetyl-^ -
glucose as described by Helferich and Smitz-Hiilebrecht (70).
A chromatographically pure product was obtained (a.p. 172 - 173°C).
Phenyl- /3 -r'lucos 1 cie. This was pre pared from pentaacetyl- f* -glucose
by the method of Hath and Rydon (71). The product (m.p. 173°C)
was chromatographically pure.

0.01-. Phenolphthalein f$ -glucuronide. Phenolphthalein ft -glucuronide
cinchonidine salt (395.4mg.) was suspended in water (16 ml.) and

ethyl acetate (10 ml. ), and concentrated hydrochloric acid (0.6 ml.)

added. The solution was quantitatively transferred to a

separating funnel by washing with water (2 x 1.5 ml.) and the

phenoljhtha1ein -glucuronide extracted with ethyl^acetate (4x5 ml. ).
The ethy^acetate solution was r: pidly concentrated to dryness
to prevent hydrolysis by traces of acid, the dried product

dissolved in water (5 ml.) and sodium hydroxide (2.5 ml., G.1H),

transferred to a beaker with water (3x5 ml.) and the pM

adjusted to 5.2. The solution was diluted to 50 ml. with

distilled water and stored at 1°C.
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fc. palraata xylan. This was prepared by extraction of the

seaweed residue,from the enzyme extraction,with dilute hydrochloric
acid according to the method of Barry and Billon (6), The

product which was reprecipitated several times with alcohol was

further purified by precipitation with Felling's solution.

Chromatographic analysis of a hydrolysate of the product showed

the presence of xylose and a very faint trace of galactose.
Preparation of reference glycosidases

Preparation of emulsjn. - B.B.h. emulsin (lG.5gm.) was suspended

in 0.025 M acetate buffer pH 5*0 (200 ml.) and diaiysed, to

lower the sugar content, for 4 days. After centrifugation,

the supernatant solution was lyophilized to yield a powder (5.0 gm.)

containing 11.8$ nitrogen.

Preparation of barle.y extract. Spratt Archer barley flour (100 gm)

was extracted with potassium chloride (350 ml., 3$) by stirring

for 2 hours. After removal of insoluble material, ammonium

sulphate was adced to the solution to 0.75 saturation and the

precipitate which settled out after standing overnight at 0°C
separated by centrifugation. The precipitate was dissolved in

water, and dialysed for 4 days. Insoluble material was

separated by centrifugation and the supernatant solution lyophilized

to yield a soluble powder (1.8 gm.) containing 10.1$ nitrogen.

The other substrates used in the course of this work were

either commercial products or gifts from other workers. In

addition to the members of the Chemistry Department, University

of Edinburgh, who supplied many of the samples, the author is
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indebted to Dr D.J. Bell for butyl and phenyl p -galactosides
and levan, Professor C.3. Hanes, P.R.S. for the cellodextrin,

Dr L. Hough for the gluco- end galacto-toannans, Dr B. Lindberg

for the pustulan, Dr D.H. Dorthcote for the yeast glucan and iaannan

and Professor I.A. Preeee, P.H.3.E. for the barley p -glucosan.
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Studies on the .'Xycosidase activity of extracts of B. palmata
and C. rapestria

ay ihe specificity of Klycosiflase activity

In order to investigate the kydrolytic activity of the

extracts towards various carbohydrates, the following digests

were set up and incubated at 35°C - carbohydrate (ca. 30 mg.)#

0,1 M acetate buffer pH 5*0 (3 - 4 ml.) and extract fraction

(ca. 30 nig. ), She digests were examined chroraatographically at

intervals using irrigants 1 and 2, and sprays 1 and. 2, Controls,

in which the extract fraction and buffer had been heated to

o
100 C for 10 - 15 min., were set up, and for each different

extract fraction a control, without substrate, was used to test

for reducing sugars. Wo reducing sugars were liberated in any

control.

In the following tables the appearance of reducing sugars

on the paper chromatograms is indicated in the following keyj-

t represents a very weak 'spot',

i represents a weak 'spot',

4- represents a moderate 'spot',

■f -f- represents a strong 'spot',

■f-f 4- represents an intense 'spot',

M.S. not examined.

Spots due to the original material are not noted.

The reducing sugars liberated by enzymic hydrolysis were

identified by comparison of their chromatographic mobility with

standards on the same paper chromatografj, Where appropriate



- 33 -

standards were not available, the position of the unknown

sugar on the chromatograra is referred to using one of the following

standards:-

K - Distance travelled by sugar
Distance travelled by glucose under identical conditions

or

s Distance travelled by su.car

Distance travelled by xylose under identical conditions

or

• Distance travelled by su&ar

Distance travelled by Hiannoee under identical conditions

The values quoted in the Tables refer to irrigant 1.

In the abbreviations for the structures of the carbohydrates

Fu., Eh., G., F., Ga., M., X. and E represent fucose, rhamnose,

glucose, fructose, galactose, mannose, xylose and non-carbohydrate

aglycon respectively. H.p. and C.r. represent E. palmate and

C. rupestris respectively.
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Action of the ; ■ .1 extracts on OL-.-rlucosides

TABLE 1

Substrata linkage Algae £ 4 days 7 ~ 9 days

Methyl0&glucoside
C-,1: Ot ;H

Phenyl06-B-glucoside
G*1:QL :R

Isomaltose

G.lsOC :6.G

Isomaltotrlose

G.l: CL J6.G1: OC :6.G

Maltose

G.1:0C:4.G

bucrose

G.l:0Cp:2.P

Trehalose

G.l :CLOt jl.G

R.p. B
C.r. A -

R.p. 2 glucose 4
C.r. A glucose+4

glucose t

glucose4
glucose +4+

C.r. A glucose4+ glucose 4-44

C r A Slucose +* * ieoiualtoset

R.p. B glucose444
G.r. A glucose 444

H.p. B

C.r, A glucose

R. p. 3 glucose 4
C.r. A glucoset

glucose tC.r.* A

glucose 4-4 ,

ieoaaltoset

glucose444
glucose444

glucose4,
fruetose4

glucose 4 ,

fructose 4

glucose 44
glucose 4
glucose t

14 days

glucose t

glucose 4-

glucose 4+4

glucose44+

glucose +44 ,

isoraaltose t

glucose 4+4
glucose 444

glucose 44 ,

fructose44

glucose 44 ,

fructose44

glucose 4-44
glucose 4

glucose t

st In this digest the extract fraction and buffer were heated

to 65°C for 10 min, before the addition of the substrate.
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Action of the algal extracts ony9 -glucosides
TABLE 2

Substrate & linkage Algae 4 days 7-9 days 14 days

...ethylp -D glucoside R.p. B glucose t glucose + glucose * *
G.l: ji :R C.r. A glucose t glucose t glucose +

Phenyl~D glucoside R.p. Z glucose t glucose * glucose +*

G.l:p :H C.r. A glucose** glucose ** H.E.

Aesculin R.p. Z glucose * glucose * glucose *
(1,1: P :R C. r. A glucose fit glucose *** glucose ***

Amygdalin R.p. £ glucose £ glucose * glucose *+

a,Hp :R C.r. A glucose * glucose ** glucose **+

Arbutin R.p. Z glucose t glucose * glucose **
G.l: p :K C.r. A glucose -H+ glucose *i+ glucose v**

Cellobiose R.p. B glucose + glucose ** glucose ** +
G.l: ^:4.G C. r. A glucose *** glucose *** glucose +4 *

Gentiobiose

G.l: p :6.G C.r. A glucose** glucose *+* glucose *+*

Helicin R.p. Z glucose t glucose * glucose *

G.l:^:R C.r. A glucose*** glucose *** glucose ***

Phioridsin R. p • Z - - -

Or,Itp :R C. r. A glucose t glucose — glucose 1
Salicin R. p. B glucose 1 glucose ■#-+ glucose +*
G.l:/3 :R C.r. A glucose * glucose + t glucose +*■
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Action of the al-al extracts on other ;:l.ycjsides and oligo¬
saccharides

IAJBLK 3

Substrate & linkage
F

Algae 4 days 7-9 days 14 days

Bu tyl ft ~D galactoside
Ga.l: /i:R
Lactose

Ga.li p :4.G

Phenyl ft-B galactoside
Ga.l; p :R
Methyl^-D galactoside
Ga.ls OC jii

Melibiose

Ga, 1 i O^iGiG

Raffinoee
Ga.li i6.Gl:*/3:2.F
Hesperidin
Bh.l; p sR
Quercitrin

Bh.l:p SB
Rutin

Kh.ls p :6.G
Gethyl<*~D mannoside

<* :r

Xylobiose
X.lJ p:4.X
Xylotriose

R.p. Z
G. r. A

R.p. B
C.r. A

R.p. Z
C.r. A

R.p. B
C.r. A

R.p. Z

C.r. A

R.p. B
C.r. A

R.p. Z
C.r. A

R.p. Z
C.r. A

R.p. Z
C.r. A

R.p. B
C.r, A

C.r. A
C.r* A

R.p. B

galactose! fa?^0\U
glucose £ glucose 4,

galactose 4

xylose b
xylose b
xylose b ,

glucose t

glucose t,
galactose t

xylose 44
xylose 4-4
xylose 4 ,

xylobioseb xylobioseb

glucose 44 f

galactose44
glucose+4 ,

galactoses

glucose t ,

galactose 1
glucose - ,

galactose t

galactose t

xylose 4b4
xylose 444
xylose b,
xylobiose b

X.l:p:4.X.1:p:4.X
* In this digest the extract fraction and buffer were heated to 60°C

for 10 rain, before addition of the substrate.
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Action of the al^al extra,cts on -polysaccharides

Substrate & repeating
unit

Algae

1

4 days 7-9 days 14 days

Ploridean Starch R.p. Z glucose glucose tt- glucose -HA
-G.l: <*:4.G- C.r. A glucose glucose glucose +M
Glycogen R.p. Z glucose 4-4- glucose glucose AA*
-G.l: <X:4.G- C.r. A glucose +"t- glucose H-t glucosea a*
Starch R.p. Z glucoset+t glucose -H+ glucose aav
-G.ls oL :4.G- C, r. A glucose +-H glucose AM glucose MV
Barley- B-glucosan R.p. Z - glucose t glucose -
-G.l: |i :3.G- &
-G.l: p:4.G- C.r. A glucose + glucose m glucose + v
Cellodextrin R»p. B glucose+, glucose++,

cellobiose+t- cellobiose +
glucose-iH-,
cellobiose -

-G.l!p:4.G- C.r. A glucose glucose mv glucose av*

Laminarin R.p. B glucose H-+ glucose A-VA glucose AM
—G.l: p:3«G- C.r. A glucose H-+ glucose aa+ glucose H+
Lichenin H.p. Z glucose t glucose t glucose -

• G.l: p:3.G- &
-G.l:p :4.G- C.r. A glucose + glucose -v-v glucose a a
Pustulan R.p. Z - - -

-G.l:p:6.G- C.r. A — -
, -

Yeaet glucan R.p. Z glucose t glucose — glucose +■

—16#1: J3:3•G— C.r. A glucose + glucose •+-
R&0.34t

glucose aa
RG0.36t

Ivory nut Mannan R.p. B m* s^o.ost R|V„0,05 ±iia

—M. 1: p :4.M- C.r. A raannose - mannose +,
R 0.42 t

******* i

riianno se aa.

V.°'4Xt.
>«,«•»1

C.r.^" A mannose + ,

R^O.26
mannose+V,
RMa0#28'
0.11

mannose AAt,
RMa°*31»
0.11

TABLE 4



(TABLE 4 contd.)

Substrate & repeating
unit

Yeast Mannan

M.l:

Fucoidin

-Pu.l: <X: 2. Fu-

Inulin

F.l: pi2.F~
Levan

-c.2: ji:6, F~
Esparto Xylan
-a. 1: Z3:4. X-

Rhodynienia Xylan
-X.ls /3:3. A- k
-X.l: /3:4.X-

£. Galactan
-Ga.l: s?Ge.-
Arabinose

Glucojuannau ex.

Li 1 i uia <': an d 1dun

G1u cow © tin©n ex.

Liliua urn be II©turn

Carob guta

• 1 • |^ • 4 •
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Algae
F
r

6
4 d ay s 7 ~9days 14 days

K.p. 9ij mm m.

C. r. A - _ -

A. p. L - ~ -

Cr. A - - -

R.p. B ~ - -

C.r. A - - —

R.p. r?
a - - -

C. r. A - - -

R.p. B - xylose t xylose +-
C.r. A xylose

soote
RvO.53,
0.39,0.16
0.03

xylose spots
Bv.0.56, 0.40,
9716, 0.06-

xylose !+",
spots Ry0.56,
0.37,0.17,
f) r\cz• K-t ^

H. p. i3 - - xylose t
Or. A xylose^ xylose^ spots xylose *■+•,

spots K 0.56, O.34 spots E-uO.57,
R..0.58, 0. it, 0.06 0.39, 0.17,
0.40,0.17, 0.06
0.06

C. r. A

*
_

r. A mannoee- mannose +

C.r. A mannoce + iaaainoBe + +
glucose+ glucoee + +•

man.no set4,
glttQOee++

R. p.

C. r. A mannose-, marmose^,
g: lactose t galactose!
HMa°.31t 46!,

V'12 1

K„ O.J8t
sii&L

(i. .nnose*4,
galactose4",
EMaOU01'

W1
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Substrate & repeating Algae
unit

4 days 7-9 days 14 days

Galactoraannan ex.

Croto 1 ari ;■ in bemedia

Galactorasnnan ex.

Caesalpina a-oiivosa

Galactomannan ex.

Cassia leutolarpa

Galaotornanaan ex.

Lesmanthus, il linoi sensis

Galactotsannan ex.

Gynmoc ladue dioiea

Galactoiflannan ex.

ieIonia re,-.iia

Galaetomannan ex.

Lucerne seal

Gal a c tomanilan ex.

Honey locust bean

n v»V • t. •

C.r. A

C.r, A

„ *
c.r.

• ^ Irf?

c.r.

A

A

galaetoee- galactose-
marmoset

mannose -

C.r. a mannose- inannus a -

C A

C.r^ A it, 0.16- marmoset
w'a K '0.15+

A.a

rennose-

mannaset

uiannose -

. jnnose -

marmose -

KMa0#13t

T Substrate dissolved in sodium hydroxide (1.3 ml., 1.0 K),
neutralised with hydrochloric acid and water added to 3 ml.,
then 0.2 M acetate buffer pH 5.0 (1 ml.) and fraction added.

)tC "~r
Substrate dissolved in sodium hydroxide (u.5 ml., ?. X)f e^rbralised
with acetic acid (0.5 ml., 2 N) and 0.2 M acetate buffer pll 5*0
(1 ml.) and water (2 ml.) added before addition of fraction.
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b) Studies on the oC-glucosidase activity.

For convenience, hydrolytic activity towards maltose will be

referred to as maltase activity.

Qualitative determination of the solubility of the maltase

A digest was set up consisting of maltose (10 mg.), C.rupestris

fraction A (10 mg.) and 0.04 M acetate buffer pH 5.1 (25 ml.). An

aqueous extract of fraction A was prepared by suspending 50 mg. in

water (25 ml.)} after frequent stirring, it was allowed to stand

overnight at 0°C, the insoluble material being seperated by

centrifugation and the clear, colourless supernatant solution used

in the following digest, which contained maltose (10 mg.), soluble

extract (5 ml.) and 0.05 M acetate buffer pH 5«1 (20 ml.)*

The reducing powers of samples (5 ml.) of both digests were

estimated at intervals using reagent B. The results are quoted as

percentage hydrolysis and were calculated from a curve based on the

reducing powers of maltose and glucose.

Time (days) 0 1 3 13

Whole fraction A - 34.0 47.0 71.0

Aqueous extract - 0.1 21.0 47.0
. r • ci H 2 h

An appreciable amount of the maltase is therefore insoluble

in water.
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Degradation of maltose

To determine whether phosphorolysis was the mode of

degradation of maltose, the following digests were set up and

incubated at 35°C.
i) Maltose (70 mg.), 0.5 M phosphate buffer pxi 6.6 (4 ml.),

water (10 ml.), sodium fluoride (2 ml., 0.1 M), ammonium

molybdate (4 ml., 1%) and C« rupestris fraction A (95 mg.).

ii) Maltose (30 mg.), 0,5 M phosphate buffer pH 5.3 (1 ml.),

water (1,6 ml#), sodiun oiuOride (0.4 ml., 0.1 M), ammonium

molybdate (1 ml., !',*•) and R» palmata fraction B (25 rag. ).

Sodium fluoride is an inhibitor for phosphoglucose mutase,

and ammonium molybdate an inhibitor for glueose-i-phosphstase.

Samples_(2 ml.) of digest i) were analysed at intervals

for glucose-1- and 6~ phosphates using Pishe and 3ubbarow*s

reagent whilst digest ii) was examined qualitatively for

phosphate esters using irrigant 6, and spray 4.

In digest i) there was no decrease in the amount of inorganic
or

phosphate over 7 days nor was any glueose-17 6-phosphate

detected. Only inorganic phosphate was observed on the

chromatograas of digest ii;.

Effect of dialysis on the laaltase activity

Digests were set up using i) a suspension of C, rupestris

fraction A (0,3%) which had been dialysed for 2 days and ii) fraction

A at the same concentration as follows maltose (3 ml., 0.2^),

0.1 M acetate buffer pH 5.6 (6 ml.) and extract (3 ml.). Samples

(5 ml.) were used to estimate the increase in reducing power using

method A. Both digests gave identical values.



Graph 1 - Etydrolysis of maltose
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The hydrolysis of maltose by extracts of R. paluata and C , rupestris

Progress curves for the hydrolysis of maltose by R. palmate

fraction B and C. rupestris fractions A and W were obtained by

preparing the following digests, and determining the increase in

reducing power of samples (5 ml.) at intervals using reagent B -

maltose (19 - 21 rag.), appropriate fraction (20 mg.) and 0.04

M acetate buffer pH 5.1 (50 ml.).

The results are quoted as percentage hydrolysis which were

calculated as before.

Time (days) 0 1 2 3 4 5 7 10 11 12 15 16

R. palmata ♦B1 0 53 72 - 83 - 88 91 - - 91

C. rupestris •A* 0 34 - 47 57 - 63 - - 70 72

C. ruoestris 0 27 32 - - 57 62 - 69 - - 77

The progress curves are represented in Graph 1.

A similar digest with 0. rupestris fraction III gave 100$

hydrolysis of maltose within 24 hours. The hydrolysis of

maltose by the extracts is thus essentially complete.

Determination of the effect of pH on maltase activity

a) Using acetate and phosphate buffers

R. palmata fraction JB and v. rupestris fraction A were used

used in this study.

Digests were set up as follows and the increase in

reducing power of samples ( 5ml.) determined, after 48 hours,

using reagent B - maltose (10 mg. ) appropriate fraction (10 mg.),

appropriate buffer (4 ral. ) and water (16 ml.). The pH values

4.1 - 5.1 were obtained using 0.2 M acetate buffer and the others
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using Mellvaine phosphate buffers. The results, which were

calculated ns relative activity, on the basis of the highest

activity being 100, ere represented in Graph 2 and indicate

maximum activity over the pH range 5.4 ~ 5.6.

b) Using B.D.H. Universal buffer

R. palmate fraction Z and C, runestris fraction W were used

in this study. Digests were set up and the increase in reducing

power of samples (5 ml, ) determined, after 46 hours, using

method A, the buffers being prepared from B.D.H. Universal

buffer mixture*- maltose (10 asg.), appropriate fraction (12 mg.),

appropriate buffer (10 ml.) and water (10 ml.). The results

were calculated as relative activity, the highest activity being

100, and ere represented in Graph 3.

In both algae, the maltase activity is greatest at pH 5.8.

The ffiaiiase activity of the al; al fractions

The following digests were set up and the increase in

reducing power of samples (5 ml.) estimated after 24 hours
'•fit

using method A} maltose (ca. 10 mg,), appropriate fraction

(ca. 10 rag.) and 0.04 M acetate buffer pH 5.1 (25 ml.).
The percentage hydrolysis was calculated as before.

R. palmata

Saturation ?/ith amm. sulphate

Fraction

Percentage hydrolysis / mg. N.

0 - 0.75 0 - 0.40 0.40 - 0.80

b y z

76 10 59
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C« rupestris

1st extraction

SatsulphateWlth °""0'75 0-0,18 0,18-0.36 0.36-0.54 0.34-0.75 0,75-0.80
Fraction A I II III IV V

Percentage hydrolysis/
rag. N. 19 11 24 59 76 65

2nd extraction

Fraction W 1 Y Z

.ercentage hydrolysis / 1{- .

rag. N. lb 4 2

c) studies on the specificity of^-/-:lucosidase activity
The hydrolytic activity towards larainarin will be referred to as

laminarinase.

qualitative determination of the solubility of the larainarinese

A digest was set up consisting of larainarin (12 rag.),

C. rurestrio fraction A (10 rag.) and 0,04 M acetate buffer pH 5.1

(25 ml* ). A second digest was set up using an aqueous extract

of fraction A prepared as before (p.40 ) - larainarin (12 rag.),
soluble extract (5 ml*) and 0,05 M acetate buffer pH 5.1 (20 ml.).
The reducing powers of samples (5 ml.) of both digests were

estimated at intervals using reagent B. The results are quoted

as percentage hydrolysis to glucose.

Time (days) 0

Whole fraction A -

Aqueous extract -

Approximately one-half of the laminarinase is insoluble in water.

1 2 3

49 68 75

20 38 57
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.Degradation of lar.nl3ia.rin

To determine whether phosphorolyais was the mode of degradation

of laminarin the following digests were set up and samples (2 ml,)

analysed at intervals for gluoose-l- and 6-phosphates using i'iske

and Subbarow's reagent. Controls using fraction A and buffer

heated to 100°C for 10 minutes were also examined,

(i)

100 iag,

100 rug,

4.0 ml,

11,8 ml,

4*0 ml,

0,2 ml.

nammarin

0, runestris fraction A

0,5 M phosphate buffer pH 6,6

Distilled water

Ammonium molybdate (1$)
Mercuric chloride (0,0014 M)

Sodium fluoride (0,1 M)

(ii)

70 nig.

95 mg.

4,0 ml,

10,0 ml,

4.0 ml,

2,0 ml,

ammonium molybdate is an inhibitor of glucose 1- phosphatase,

mercuric chloride and sodium fluoride of phosphoglucose mutase.

In neither case was any glueose-l- or 6- phosphate detected,

indicating that phosphorolysis was not the mode of degradation.

h'ffect- of dialysis on the^-glucosidase activity
Digests were set up as follows using i) a suspension of

C, rupestris fraction A (0.3y<>) which had been dialysed. for 2 days

and ii) fraction A at the same concentration* -

a) Laminarin (3 ml., 0,2$), 0,1 M acetate buffer pii 5,6 (6 ml,)
and extract (3 ml,),

b) Salicin (3 ml., 0.5$), 0.2 M acetate buffer pH 5,6 (3 ml.) and

extract (6 ml,).
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The reducing powers of samples (5 ml.) were estimated at zero

time and after 24 hours using method A. The increases in

reducing power were the same with the dialysed and undialysed

extracts.

The hydrolysis of .laminarin by extracts of K. palmata and C. rupestris

Progress curves for the hydrolysis of laminarin by R. palaata

fraction B and 0. rupeatris fractionsA and W were obtained by

setting up the following digests and determining the increase in

reducing power of samples (5 ml,) at intervals using method'A*-

larainarin (10 mg.), R. pal-mat a fraction 3 (5 mg. ) and 0.02 M

acetate buffer pH 5.1 (50 ml.), and laminarin (20 - 23 trig,),

appropriate C. runes*r:is fraction (20 mg,) and 0,04 M acetate

buffer pH 5.1 (50 ml.).
The results are quoted as percentage hydrolysis to glucose.

Time (days) 1 2 3 4 5 7 10 11 12 15 16

R, palaata 'B' 25 49 - 79 - 37 91 91

C, rupeetrie 'A' 49 68 75 - - 84 - - 90 ~ -

C. ruoestris fW' 43 64 - — 83 86 - 86 - - 89

i'he progress curves are represented in Uraph 4 and indicate

almost complete hydrolysis of laminarin. A sample of laminarin,

kindly supplied by Dr W.J. Whelan, was used in the following

digests, samples (5 ml.) of which were withdrawn at intervals,

boiled and de-proteinised using barium hydroxide (1.0 ml., 0,3 R)
and zinc sulphate (1.0 ml., 5.0$). The reducing power of the

supernatant solution (5 ml.) was estimated using method 'A',
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i) Laminarin (31.5 tng. ), C« rupe3tris fraction A (30.0 nig.) and

0.04 M. acetate buffer pH 5.1 (50 ml.),

il) Laminarin (28.0 mg.), emulsin (150 rag.) and 0.04 M acetate

buffer pH 5.1 (50 ml.).

The results are quoted as percentage hydrolysis to glucose

and are represented in Graph 5.

Time (days) 1,25 3 5 7 9 11 19

Fraction A 38 63 74 79 7& 79* 79

Sou1sin 30 73 80 88 90 90 91

* After this determination a further quantity (10 mg.) of
fraction A was added to the digest.

Determination of the effect of rhi on 'laroinarinase' activity

a) O'sln, • acetate and phosphate buffers

h, vaimata fraction B and C, rupestr.i. fraction A were used

in this study. digests were set up and the increase in reducing

power of samples (5 ml.) determined, after 48 hours, using method

'A", as follows - i) laminarin (22 rag.), K. naloata fraction B

(15 mg.)» appropriate buffer (4 ml.) and water (16 ml.),

ii) lfjoinarin (11 rag.), C. rupestrls fraction A (12 mg.),

appropriate buffer (4 ml.) and water (16 ml.).
The pH values 4.1 - 5.1 were obtained using 0.2 M acetate buffer

and the others using Mcllvaine phosphate buffers. The results

y/ere calculated as relative activity, on the basis of the highest

activity being 100, and are represented in Graph 6. Maximum

activity is thus obtained over the ph range 4.8 - 5.2.
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b) Using- B.D.H. Universal buffer

ix* palraata fraction Z and C. ruoertris fraction W were used in

this experiment. Digests were set up as follows and the increase

in reducing power of samples (5 ml.) estimated, after 24 hours,

using method 'A*, as follows - laminarin (10 rag.), appropriate

fraction (12 rag.), appropriate buffer (10 ml.) and water (10 ml.),
the buffers were prepared from B.D.ii. Universal buffer mixture,

ine results, calculated as relative activity, on trie basis of the

highest activity being 100, are represented in Graph 7. In

both extracts activity was greatest over pH range 5#7 - 5,3.

Determination of the effect of ml on oalicinase activity using

"h.l'.il. Universal buffer.

fiie following digests were set up and the increase in

reducing power of samples (5 ml.) estimated, after 24 hours,

using method 'A' - salicin (15 rag.), appropriate algal fraction

(30 rag,), appropriate buffer (5 ml.) and water (7 ml.). file

buffers were prepared from B.D.H. Universal "buffer mixture.

She results,calculated as relative activity on the basis of the

highest activity being 100, are represented in Graph 8, and indicate
maximum activity over the pii range 6.3 - 6.3.

xhe lahnamaae activity of the al;-,al fractions

ihe following digests were set up and the increase in

reducing power of samples ( 5ml. ) estimated after 24 hours using

method 'A* - larainarin {ca. 10 rag.), appropriate fraction (ca. 10 rag.)
ana 0.04 M acetate buffer pia 5.0 (25 ml.).
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R. palraata

Fraction B y z

Percentage hydrolysis / ag. N. 68 6 20

C. rupestris

1st extraction

Fraction A I II hi IV V

Percentage hydrolysis / mg. N. 24 15 77 44 38 30

2nd extraction

Fraction W X Y Z

Percentage hydrolysis / mg. N. 26 5 5 4

Comparison of the laminarinase activi tv with that of a barley extract

The laminarinase activity of Cf rupestris fraction A was

compared with that of a laminarinase preparation from barley (p.30).
Digests were set up as follows and samples (6 ml.) withdrawn at

intervals* heated to 100°C, filtered and the reducing power of the

filtrate estimated using method 'A1.

(i) (ii)

Larainarirx 16 mg* 16 rng.

0*15 M acetate buffer pH 5*1 55 ml. 35 ml.

Fraction A 20 mg. -

Barley preparation - 5 rag.

Results
Time (days)

1 Kg, glucose liberated / rag. I* 0.30 3.50

2 mg* glucose liberated / mg, H. 1.13 4.36

5 mg. glucose liberated / mg. h. 1.38 -

4 mg. glucose liberated / mg. H. - 4.61
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The barley preparation had no reducing power. The laminarinase

activity is therefore ea. 0.25 that of the barley preparation.

Hie ai-'lieinase activity of C« rupeatris fraction A

The ^-glucosidase activity of the extract was measured by
comparing its action on salicin with that of an emulsin

preparation (p.30). Digests were set up as follows and samples

(5 ml.) analysed for glucose using the eo Lo rimetrie method of

Somogyi and Nelson.
(i) (ii) (iii)

Salicin "52 mg. 32 mg. 32 mg.

Fraction A 32 mg. - -
.

hmulsin - iC\i 16^tgm.
0.1 M acetate buffer pH 5.0 20 ml. 2u ml. 20 ml.

$> hydrolysis after 22 hours 3.1 4.5 1.5

io hydrolysis after 46 hours 5.8 8.1 3.0

Control digests of salicin and buffer, and extract/emulsin in

water were also set up.

The salicinase activity of the extract is therefore £a. 6 x 10"^
that of the emulsin preparation.

The presence of more than one -glucoeidase in 0. rupestris

Digests were set up as follows;- carbohydrate (200 rag.),

C. ruoestris fraction A (15 mg.), Mcllvaine phosphate buffer of

various pH values (2 ml.) and water (2 ml.). With digests (5)
and (10) the buffer, water and fraction a were heated at 60°C for

15 minutes before addition of carbohydrate. The digests were

examined chromatographically at intervals using irrigant 1 and

spray 2.
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Larainarin

Time (days) 1

(1) pH 2,9 glucose t

(2) pH 5.1

(5) pH 7.0

(4) pH 9.0

(5) pH 5.1

glucose

glucose t

glucose t

glucose *
RqO.65 &
0.53 t

glucose +
RqO, 65 &
0.33 i

glucose 4-
Rr0.65 &
0.34 +-

glucose H-
R,Q.65 + ,

0134 £
glucose! glucose+•
RqO.63 t Rp0.65»

+
0.34 -

glucose t

glucose

glueose -
R«G, 65 &

0.34 ±

glucose 4-

14

glucose 4-+
RqO, 55 4- » 0.20 ~h

glucose ++•
Bp0,564-, 0.20!",
0.40 t

glucose +-+■
RqO,56 & 0.20t ,
0.40 t

glucose + +
RqO.56 & 0.20~t

glucose 4+-
Rg0.56 & 0.20 t

Celloflextrin

Time (days)

(6) pH 2.9

(7) pH 5.1

glucose -
Rr, 0. 46 &
J

X.
0.08 ±

glucose -

RqO. 46 &
0.08 t

glucose 4"
EG0.46 &
0.08 +

glucose ++-
R , 0.46 &

0.08! +

glucose+, RqO.50 & 0.15
RqO.71 t

glucose + * , R-,0,50 & 0.15++.
R,0,7x i

(3) pH 7.0

(9) pH 9.0

(10) pH 5.1

glucose -
Rp0.46 &
«

+
0.03 -

glucose -
R.,0.46 &

0.08 -

glucose —

(j0,46 &
0.08 +

glucose 4
RqO.46 &
0.08 +"

glucose -
RqO,46 &
0.08 t

glucose 4-
Rq0.46 &
0.053 +"

glucose 4-, RqO,50 & 0,15 +,
RqO.71 t

glucose ±, R 0.50 & 0.15

RqO. 71 t

lucose + , R 0.50 & 0.15 ,

GRp.0.71 t



Graph 9 - Sffect of temperature
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Digests were set up with lichenin or barley p> -glucosan (30 rag),
C. rupestris fraction A (15 mg.) and 0*1 M acetate buffer pH 5.0

(4 ml. ). similar digests were set up in which the buffer and

fraction a were heated to 60°C for 10 minutes before addition of the

substrate.

Chromatographic analysis, at intervals, indicated that

glucose was the only degradation product in erch digest and that

heating to 60°C did not diminish the activity appreciably.

Quantitative determination of the effect of temperature on the
hydrolysis of laroinarin

C, rupestris fraction W (300 mg.) was suspended in water (25 ml.)

and the insoluble material removed by centrifugation. Portions

of the soluble extract were heated at the required temperature for

15 minutes, cooled to room temperature and centrifuged. Digests

were set up using the supernatant solutions (2 ml.), laminarin

(4 ml., 0.3$) and 0,2 M acetate buffer pH 5.6 (4 ml.).

The increase in reducing power of samples (4 ml.) was

estimated after 24 hours using method 'A', and the results

calculated as relative activitvj on the basis of the highest activity
being 100,

Temperature (°C) 39.0 40.0 44.0 48.0 53.5 59.0 68.0 78.0 86.6

Activity 100 100 95 86 30 12 4 0 0

Prom Craph 9 it can be seen that the laminarinase is decreased at

temperatures greater than 41°G.
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Hydrolysis of yeast glucan by o. rupestris fraction A

She following digest was set up and samples (3 rnl.), withdrawn

at intervals, heated to 100°C and de-proteinised using barium

hydroxide (2.5 ml., 0,3 N) and zinc sulphate (2.5 ml., 5#)-

yeast glucan (28 mg.), fraction A (280 mg,) and 0,1 M acetate buffer

pH 5.0 (21 ml.). The reducing power of the supernatant solution

( 5ml.) was determined using method 'A'. The results are quoted

as percentage hydrolysis to glucose.

Time (days) 01368

Percentage hydrolysis - 51.1 73.1 76.0 76.1

hydrolysis of Cellofas 'B' by 0. rupestria fraction A

This demonstrates the hydrolysis of p, glucosidic linkages.
Enzyme: fraction A (75 mg.) in buffer (30 ml.) and filtered.

Substrate: cellofas B - sodium carboxymethyl cellulose - (250 mg.)
in water (100 ml,) and filtered.

Buffer: 0,2 M acetate pH 5.05.

digest was set up using substrate (20 ml.) and enzyme (20 ml.),
and a control using substrate (20 ml.) and buffer (20 ml,).

The degradation of the substrate was followed viscometrically

at 20°C using an Ostwald viscometer with a flow time for the

solvent, water (10 ml.) and buffer (10 ml.), of 226 seconds.

18 hr.

0.55

0.03

Relative viscosity «

Specific viscosity =

Time (rains. ) 0 5

Control Spec."^ 0.57 -

Digest Spec.iQ - 0.38

flow time for solution
flow time for solvent

Ael. 1^-1
10 15 20 25 30

0.33 0.29 0.26 0.25 0.23
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At 18 hour samples (5 ml.) were withdrawn and the reducing

power estimated using method 'A'. difference of 2.06 ml. of

0.01 M thiosulphate in re ucing power between the control and

digest at 18 hour was obtained indicating approximately 8$ hydrolysis

(as glucose). Chromatographic analysis using irrigant 1 and spray 1

showed a streak extending from the position of glucose to the

starting line.

d) Studies on the specificity of other -lycosidase activity

Degradation of x.ylan from n. palmata

To determine whether phoophorolysis was the mode of degradation

of the xylan extracted from fl. palroata the following digest was set

up and chromatographed at intervals - xylan (30 mg. ), R. palmata

fraction A (130 mg.), Mcllvaine phosphate buffer pii 5.3 (2 ml.)

and water (2 ml.).

The presence of xylose and a series of oligosaccharides in

the digest was indicated^after 12 days incubation^using irrigant 1
and spray 1.

To detect the possible presence of phosphate esters the digest

was chromatographed using irrigant 6, and a control strip from the

paper on development with spray 4 indicated the presence of only

inorganic phosphate. j-he unsprayed part of the paper was, however,

cut into three strips corresponding to (a) the spot, which appeared

to be inorganic phosphate, (b) the portion from the spot to the

starting line, and (c) the starting line. The strips were eluted

with cold water and the eluates concentrated and hydrolysed with
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hydrochloric acid (1.0 N) at 100°C for 2 hours. The hydrolysates

were neutralised, concentrated and chromatographed using irrigant

1 and spray 1. Only the hydrolysed eluate from strip (c)
contained xylose indicating that no xylose-phosphates were present

in the digest.

The hydrolysis of xylan by extracts of 0. ruoestris

She following digests were set up and the increase in reducing

power of samples (5 ml. ) estimated after 20 hours using method 'A' -

K. palmata xylan (12.5 mg.}, appropriate C. runestris fraction (20 mg.)

and 0.04 M acetate buffer pH 5.0 (30 ml,). 'Ihe results were

calculated as percentage hydrolysis to xylose, although all digests

on chromatographic analysis indicated the presence of xylose and

xylose-oligosaccharides.

Fraction A I II III IV V

Percentage hydrolysis / mg. N 3.4 0.7 3.5 9.2 7.0 3.7

The digests containing fractions A and III were further analysed,
the results being quoted as percentage hydrolysis.

Time (days) 0.8 3 5 11

Fraction A 6 12 18 29

Fraction III 15 35 43 58

Demonstration of L3 -glucuronidase activity

Enzymes: Nutritional Biochemical Co-operation glucuronidase (6 mg. )
in water (1 ml,)

C. rupestris fraction W (78 mg.) in water (2.5 ml.) and

filtered.
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Substrate: 0.01 M phenolphthalein -glucuronide (p. 29).
Buffer: 0.1 M acetate buffer pH 5.2.

Digests were set up containing substrate (1 ml.), appropriate

enzyme (1 ml.) and buffer (8 ml.). Controls were set up using

enzyme heated to 100°C for 10 minutes. Camples (1 ml.) were

withdrawn at intervals, trichloroacetic acid (1 ml., added

and the solution eentrifuged. The supernatant solution (1.5 ml.)

was withdrawn and the residue washed with water (2x1 ml.),

the washings (2 ml.) being added to the original supernatant

solution, To this solution (3.5 ml.) was added glycine buffer

pH 10.4 (2 ml.) and sodium hydroxide (0.5 ml., 0.5 B) and the

absorption measured in a 1 cm. cell, using filter 605 on the Spekker

absorptiometer, against water.

In the results the Speaker absorptiometer readings for the

controls have been subtracted from the readings for the digests.

Time (days) 0.05 1 3 4 11 18

Glucuronidase 0.568 0.935

0. rupestris - 0 0 0.202 0.246

The extract of C. rupestris thus contains weak j?> -glucuronidase
activity.

The hydrolysis of sodium alginate

Enzyme: C. rupestris fraction A (75 mg.) in buffer (30 ml.)
and filtered.

Substrate: sodium alginate (200 mg. ) in water (80 ml.,) and filtered.

Buffer: 0.2 M acetate pH 5.05.
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A digest was set up using substrate (20 ml.) and enzyme

(20 ml.^and a control using substrate (20 ml.) and buffer (20 ml,).
The degradation of the substrate was followed viscometrically, at

o
20 C, using the same Ostwald viscometer as before.

lime (days) 0 2 3 4 5 7

Control, spec.0,86 0.83 0.80 0.78 0.82 0.78

Digest, spec.0.84 0.28 0.22 0.18 0.16 0.13

At 7 days samples (5 ml.) were withdrawn and the reducing

power estimated using method 'A'. %e reducing powers of the

digest and control differed by 0.82 ml. of 0,01 N thiosulphate

indicating a low degree of hydrolysis. On chromatographic

analysis, using irrigant 3 and spray 1, no low molecular weight

oligouronides were detected.

Ihe extract of 0. rupestris therefore contains very weak

alginase activity.

.Detection of pectic enzymes

Enzyme: C» rupestris fraction A (125 mg.) in water (25ml.) and

filtered.

Substrate: apple pectin (2 ga.) dissolved in water (100 ml.) and

buffer (100 ml.) added.

Buffer: 0.2 M acetate pH 4.6.

A digest was set up consisting of substrate (20 ml.) and

enzyme (20 ml.), and a control consisting of substrate (20 ml.)
and water (20 ml.), the digest and control were each divided

into two portions, one of which, in each case, was heated at 100°C
for 5 minutes.
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The degradation was followed viscoznetricallyt at 20°C,
using an Qstwald viscometer with a flow time of 224 seconds for

solvent, buffer (15 ml.) and water (5 ml.).

lime (days) 0 1 7

Digest, spec. ^ 1.85 1.41 0.82

Heated digest, spec.7^ 1.67 1.58 1.57

Control, spec. 7^ 1.85 1.75 1.48

Heated control, spec.7^_ 1.65 1.56 1.54

Chromatographic analysis using irrigant 5 and spray 1

failed to show any degradation products.

A similar digest and control were set up using takadiastasi

(Parke, Davis & Co. Ltd., 0,025$) as enzyme.

Time (days) 0 1 2

Digest, spec.l]^ 1.68 1.25 1.00

Control, spec.^ 1.75 1.65 1.56

The extract of 0, rupestris thus contains a pectic enzyme

the activity of which is ca. 5 x 10'~2 that of takaiiaotase.

Studies on the esterase activity of extracts of C. rupestris

Detection of phosphomonoesterase activity

Enzymet 0, rupestris fraction a (619,8 iag, ) in water (150 ml,).
Substrate: sodium^-gl; aerophosphate (>25.2 Big.) in water (80 ml,).
Buffers: 0.2 M acetate pH 4.1 ; 0,2 I acetate pH 6,0 ; borate

pH 7.4 ; borate pH 9.2.

Digests were set up as follows and the free orthophosphate

in samples (5 ml.) determined, at intervals using Piske and



- 59 -

Bubbarow's reagent - substrate (10 ml,), enzyme (10 ral, ), buffer
(10 ml, ) and water (40 ml, ). An enzyme blank was set up using

enzyme (10 ml.), buffer (10 ml.) and water (50 ml.). Controls

were set up using enzyme which had been heated to 100°C for 20

minutes, The results are quoted as percentage hydrolysis to

o rthophosphate.

Time (days) 1 2 8

pH 4.1 0.0 0.0 3.0

fart»TL, ON • o 15.2 26.3 32.4

pH 7.4 18.7 28.3 35.4

pH 9.2 12.6 19.7 28.3

After 12 days a further quantity of enzyme (10 ml,) was

added to the digest at pH 7,4 and after a further two days

incubation, the percentage hydrolysis had increased to 81.8.

these results indicate the presence of a phosphomonoesterase type I.

Detection of ^lucose-6-phosphatase activity

Enzyme: C, rupestris fraction A (125 mg,) in water (30 ml.)

Substrate: potassium salt of glucose-6-phosphate (101.2 mg,) in
water (25 ml#)•

Buffer: 0,2 M citrate pH 6,8.

A digest was set up containing substrate (8 ml.), enzyme

(10 ml.), buffer (10 ml.) and water (42 ml.). A control was

set up in a similar fashion using enzyme which had been heated to

100°C for 20 minutes. Free phosphate was determined in samples

(5 ml.) as before. The results are quoted as percentage hydrolysis

to phosphate. No phosphate was liberated in the control.
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Time (days) 1 5 8

Digest 21.6 18.8 20,2

The extract of 0. runestria thus contains hydrolytic activity

towards glucose-6-phosphate.

Detection of glucose-l-phosphatase activity

Enzyme: C. ruoestris fraction A (413 mg.) in water (100 ml.).
Substrate: potassium salt of glucose-l-phosphate (158,2 mg.)

in water (50 ml,).

Buffer: 0.2 M citrate pH 6.8.

A digest, and a control using enzyme heated to 100°C for

20 minutes, were set up as follows:- substrate (7 ml.),

enzyme (10 ml.), buffer (10 ml.) and water (43 ml.). Samples

(5 ml.) were withdrawn at intervals and free phosphate estimated

as before. The results are quoted as percentage hydrolysis to

phosphate. Ho phosphate was liberated in the control.

Time (hours) 5 18 42

Digest 37.7 48.6 65.2

The digest was chromatographed using irrigant 2 and spray 1

and the presence of free glucose observed. This indicates the

presence of either a glucose-l-phosphatase or phosphoglucose mutase

and glucose-6-phosphatase; the following digest was therefore

set up with sodium fluoride as an inhibitor of phosphoglucose mutase -

potassium salt of glucose-1-phosphate (100 Eg.), 0. rupestris

fraction A (260 rag, ), sodium fluoride (2,0 ml., 0,1 M), 0,2 M

citrate buffer pH 6,8 (10,0 ml.) and water (8,0 ml.).
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Qrthophosphate in samples (1 ml.) was determined as before, as

well as glucose-l-phosphate ( G-1- P 5 and total ester phosphate

(G - 1 - P +• G - 6 - P), the latter being a. control on the

inhibitor. She results are quoted as mg. estimated phosphorous.
'lime (hours; Orthophosphate G-l-P G - 1 - P+G- 6-P

0 mg. P. 0 0.445 0.440

26 mg. P. 0.197 0.235 0.235

Percentage hydrolysis 44.8

50 mg. P. 0.241 0.170 0.170

Percentage hydrolysis 55.2

These results indicate hydrolytic activity in the extract of

C« rupestris towards glucose-l-phosphate.

Attempted demonstration of sulphatase activity

Enzyme: 0. rupestris fraction W (150 mg.) in water (10 ml.)
and filtered.

Substrate: potassium salt of p-nitrophenyl sulphate (13.6 mg.)
in water (10 ml.).

Buffer: 0.5 N acetate pH 5»6.

The following digest and controls were set up:-

Digest: substrate (4 ml.), enzyme (4 ml.) and buffer (12 ml.).
Controls 1. substrate (4 ml.), water (4 ml.) and buffer (12 ml.).

2, enzyme (4 ml.), water (4 ml.) and buffer (12 ml.).

Samples (ca. 4 ml.) were withdrawn at intervals, heated to 100°C
(to inactivate the enzymes) and centrifuged. To the supernatant

(3 ml.) was added sodium hydroxide (3 ml., 1.0 N) and the absorption
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measured in a 1 cm. cell using filter 601, against control 2,

on the Spekker absorptiometer.

The amount of p~nitrophenol liberated, calculated from a

calibration curve, after 20 days incubation corresponded to less

than 2$ hydrolysis.

Studies on the other enzyaic activity of extracts

of C, ru'pestrie

-Detection of proteolytic activity

Digests were set up as fallows

substrate (30 mg.), 0. rupestrls fraction A (30 mg. ) and 0,15 M

citrate buffer pH 6.8 (3 ml.). An enzyme control was set up in a

similar fashion but without substrate. The digests were

chromatographed on Whatman Wo. 1 paper which had been pre-washed

with 8-hydroxy-quinoline in acetone, using irrigant 7 and spray 5.

In the results allowance is made for intensity of the spots due

to autolysis of the extract.

Time (days)
Fraction A

Gelatin

Casein

glutamic acid

In a similar digest containing ovalbumin, no free amino acids were

observed within 20 days.

10

glycine

13

glycine, alanine,,
i valine, leucine '
(
j

glycine, hydroxy-}glycine +,
proline, alanine,}hydroxyproline,
proline, valine jalanine, valine

}leucine

valine t,
leucine t

{glycine t,
{valine t,
!leucine t

20

glycine,
alanine, valine
leucine

glycine + ,

histidine,
leucine,
hydroxyproline,
alanine, valine
glutamic acid

glycine,
proline, valine
t, leucine t,
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Detection of pyrophosphatase activity

The enzymes catalysing the hydrolysis of pyrophosphate are

not classified with the esterases because the linkage hydrolysed is

not an ester bond.

Enzyme: C. ruoestris fraction A (413 mg, ) in water (100 ml.).
Substrates sodium pyrophosphate (445.1 mg. ) in water (100 ml*).
Buffers: 0.2 M acetate pH 6,0 $ borate pH 7*5.

Activator: 0.1 M magnesium chloride*

Digests were set up as follows and the free phosphate in

samples (5 ml.) determined, as before -

(a) substrate (4 ml*), enzyme (10 ml.), buffer (10 ml.) and water

(46 ml* ).

(b) substrate (4 ml,), enzyme (10 ml.), buffer (10 ml.),
activator (2 ml.) and water (44 ml.).

Controls containing activator and enzyme heated to 1QG°C for 20

minutes were also prepared. The results are quoted as percentage

hydrolysis to phosphate.

tio phosphate was liberated in the controls.

Time (days) 1 2 4

(a) pH 6.0 96.2 96.2 101.9

(b) pH 6.0 78.7 90.5 88.3

(a) pH 7.5 44.7 52.1 65.6

(b) pH 7.5 100.0 99.6 93.9

The magnesium chloride was shown to have no effect on the pH

of the digests. These results indicate the probable presence of

two pyrophosphatases.
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Detection of catalase activity

Digests were set up in Warburg manometer cups using
i
0. rupestris fraction *» and minced tissue which had been stored at

-10°C, under toluene, for 9 months since collection of the fresh

seaweed (24/3/55). Sodium aside is a catalase inhibitor,

1 2 3 4 5

Mcllvaine phosphate buffer pH 7*0 (ml.) 1.0 1.0 1.0 1,0 1.0

0.1 M sodium azide (ml.) - 1.0 - 1,0

C. rupestris fraction W (mg.) 10 10 - - -

C. rupestris minced tissue (ml.) - - 0.5 0.5 -

Water (ml} 1.8 0.8 1.3 0,3 1.8

The side arm of each manometer flask contained hydrogen

peroxide (0.2 ml., 20 vol.). these digests were duplicated, one

set being incubated at 35°0. and the other at 13°C.
No oxygen evolution was observed in manometers 2, 4 and 5.

the oxygen output from manometer 1 was ea. 0,17 that of manometer 3,

the values for those incubated at 35°C being ca. 0.5 the output of

those incubated at 13°G,

these results indicate the presence of weak catalase activity

in the extract of 0. rupestris.
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DISCUSSIOM

Evidence has been obtained for the presence of several

glycosidases and various other hydralytic enzymes in the algal

extracts.

Toluene has been used as a germicide in all the enzyraic

digests and no evidence has been obtained of the contamination of

any digest containing a surface layer of toluene.

ot-r lucosidase activity

The enzyme hydrolysis of methyl and phenyl cC -glueosldes

and maltose has been attributed to a group specifieot-

glucosidase (7?), the chemical identity of which appears to

depend on the source of the enzyme (73)# It has been shown

that 06-glucosidases from yeasts and moulds differ in their

substrate specificity, pH optima and ability to synthesise

glucosides froir. a mixture of glucose and an alcohol. The

degradation of maltose by the algal extracts is due to enzymie

hydrolysis and not phosphorolysis since no glucose phosphates

could be detected in a maltose digest buffered by phosphate.

The enzyme responsible for the hydrolysis of maltose contains no

dialysable co-factor since the activity before and after dialysis

v/es constant. The algal extracts possess an ot-glucosidase which

shows decreasing activity towards maltose, phenyl oC-glueoslde and

methylot- glucoside, activity towards the latter being detected

only with c. ru. :estris (Table 1). Whole extracts of C. rupestris

hydrolysed maltose to an extent of 70 - 30^ whilst that of
R. palmata caused 90;» hydrolysis. A more active preparation

of C, rupestris however was able to hyurolyse maltose completely;
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it thus seems likely that the lower values were due to slow

inactivation of the enzyme on prolonged incubation at 25°G.
The oL-glueosidase pH - activity curves, using Mcllvaiae phosphate

buffer and B.D.H. Universal buffer are very similar for both algae

and show maximum activity over the pH range 5.5 - 5.8. Considerable

increase in the Od-glucosidase activity of the algal extracts can

be obtained by precipitation of other material with increasing

concentration of ammonium sulphate whilst the use of alcohol as a

precipitant x-esults in considerable inactivation, a property which

has been observed by other authors (e.g. Gottschalk, 72) using

yeast od-glucosidase.

The algal cX-glucosida.se, although having the same substrate

specificity as that of Aspergillus oryzae resembles that from

yeast in the characteristics of optimum pH, inactivation by

alcohol and, as will be shown in section III, the inability to

synthesise glucosides from glucose.

Sucrose is the biological substrate for two different

glycoeidases, one of which, sucrose oC-glucosidase, attacks the

molecule through the glucose moiety while the other, |3-h-
fructouidase establishes contact with the fructose part of the

molecule. Ishizawa and Miwa (74) separated these enzymes by

adsorption on an alumina gel and differentiated between them by

transglycosylation to methanol and identification of the products.

They may also be identified by the observation that only j3 -h-
fructosidase will degrade raffinose to yield fructose, and it is

by this test that the absence of p> -h-fructosidase in the algal
extracts has been confirmed (Table 3). Gottschalk (72) has
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discussed the theory that sucrose -glucosidase and oi -

glucosidase are identical and corciudes that the available

evidence is insufficient to prove their identity; in the light

of present knowledge both algal extracts contain sucrose oL-

glucosidase#

The enzymic hydrolysis of the non-reducing -glueoside,

trehalose, may be catalysed by a specific enzyme, trehalase, which

occurs mainly in fungi and has been differentiated from 06 -

glucosidase by its greater thermolability (72). Uo quantitative

estimation has been made of the thermolability of the algal

trehalase but it has been observed that heating the extract to

65°C for 10 minutes results in an appreciable decrease in activity.

i'he ability of cell-free extracts to hydrolyse Is6-

glucosidic linkages has been reported in only a limited number of

cases e.g. hog intestinal mucosa (75, 76), Clostridium aeeto-

butylicum (77) and brevier's yeast (70)» the ability of the extract

of C. rupestris to cause appreciable hydrolysis of isomaltose and

to a lesser extent, of isomaltotriose, is therefore of some interest.

She three & -glucosans used as substrates (Table 4) were

hydrolysed by the algal extracts indicating the presence of

an enzyme, or enzymes, with amylolytic activity; this observation

has been further investigated using the preparationsfrom C. ruoestris

and the results are presented and considered in section IV.

^3-glucosidase activity
Qualitative exam nation of the algal extraots has indicated

the presence of /3 -glucosidase activity with a wide range of
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specificity (Table 2) and the ability to hydrolyse 1:3- and 1:4-

glucosidic linkages in jZ> -glueosans (Table 4).
From the results of this investigation it is not yet possible

to state whether the hydrolysis of the aromatic jb -glucosides
and disaccharides is due to a group specific jb -glucosidase or
several closely related enzymes with a more limited specificity,

cf. Zechmeister and his co-workers (79) who have reported the

separation of a p -glucosidase preparation into fractions which
are each active towards only one jb -glucoside. ihe activity of
the whole extract of 0. rupestris has been found to be approximately

6 x 10~4 that of an emulain preparation under identical conditions#

The p-glucosidase pH - activity curves, using saliein as substrate
and B.D.H. Universal buffer, for both algal extracts were similar

in shape^with maximum activity over the pH range 6-7.

jft-M'lucosanase activity
The enzymie hydrolysis of cellulose and other p -glucosans

has been reviewed by Manners (21) who has considered the

literature published since the review of Pigman (80).

The degradation of glucosans containing 1:3- linkages has

been attributed to a hydrolytic mechanism since the presence of

glucose phosphates could not be detected when laminarin, a seaweed

polysaccharide containing p,1:3- linkages (81), was degraded in
the presence of phosphate buffer and phosphoesterase inhibitors.

It has also been s own that the algal extracts undergo no loos of

activity on dialysis indicating the absence of any dialysable

co-factor.
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Insoluble laminarin, fro® Laainaria cloustoni. on hydrolysis

with whole extracts of both algae gave a ca, 90$ yield of glucose

whereas soluble laminarin, from the same seaweed, was hydrolysed

by the extract of C, runestris to 80$; using emulsin, a 90$
conversion was obtained, 'The difference in the results must be

attributed to different structural features in the two laminarin

samples. The latter results are considerably higher than those

reported by Dillon and O'Colla (82, 83) who, using cell-free

extracts of cereals obtained only a 70$ hydrolysis of soluble

laminarin, and Peat, Thomas and "helan (84) who found that the same

sample of laminarin had an apparent hydrolysis lirait of 73$ using

emulsin. It has been observed that emulsin, unless removed by

de~proteinisation, interferes with the estimation of glucose by

the Soraogyi reagents and this may account for the value of 73$ using

emulsin where no de-proteinisation was effected,

A study of the effect of pH on the hydrolysis of laminarin

indicated that the pH at which maximum activity was obtained

depended on the buffer used; the optimum pH in acetate buffer was

ca. 5#0 whilst in Universal buffer it was ca. 5.8. Different

shaped pH - activity curves were obtained for the extracts of the

two algae indicating the possible non-identity of the laminarinase

systems in the two algae. In general the extract of u., jalmata

exhibited greater sensitivity to pH values more acid and alkaline

tba n the optimum pH.

By heating the extract of u. runestria to 60°C it has been,

shown that the degradation of laminarin may be attributed to two

enzymes, one of which is heat labile. Using the normal extract,
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glucose and a series of oligosaccharides are the degradation

products of laminarin whilst the heated extract produces only

glucose, thus indicating that the two enzymes not only differ in

heat stability but also in their mode of attack. The heat stable

enzyme exerts a step-wise or exo-rction by removing single glucose

units from the molecule, possibly from the non-reducing end of the

chains, whilst the heat labile enzyme degrades the laminarin by

random or endo-hydrolysis.

Cellodextrin, a 1:4- linked glucosan, is degrade.! by random

hydrolysis of lichenin and barley R>-glucosan must be due to an exo-

jb-glucosidase which is heat stable as both the normal and heated
extracts of C. rupeetris degrades these polysaccharides to glucose.

Quantitative estimation of the thermolability of the enzymes

hydrolysing laminarin has shown that at temperatures greater than

41^0 the activity is diminished, so that at 53°Cf 70% of the

original activity is destroyed. This observation confirms that

of Dillon and G'Colla (83) who reported that undried wheat was

three times more active towards laminarin than wheat which had been

air-dried at 50°G.
The activity of the extract of 0, rupeetris towards laminarin

has been found to be ca. 0.25 that of a barley preparation.

Fractional precipitation has shorn that the most active preparation

is that precipitated between 0.18 and 0.36 saturation with

ammonium sulphate; precipitation with ethanol results in loss of

activity.

hydrolysis, the endo glucosidase being heat stable. The
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least flucan, a branched. . lucosan containing ^ 1; 3- and
approximately 11/' R}h2- linkages (85), gave a 76/ yield of

glucose on incubation with a whole extract of <C. rupestris; a

similar high value was obtained "by Manners (86) using a barley

preparation whilst Dillon and O'Colla (83) were unable to detect

any degradation using a wheat extract, which however gave 20P

hydrolysis of an oxidised preparation of the polysaccharide*

i'he presence of an endo j&, l:4-glucosidase has been confirmed
by following the degradation of sodium carboxymethyl cellulose

viscometrically and by reducing power estimations. A'he viscosity

of the solution decreased rapidly and reached a minimum value in

18 hours at which time reducing power estimations indicated only

Q% hydrolysis; results of this type can only be attributed to

random hydrolysis. ihis enzyme appears to be similar to thecx

enzyme which has been described by hevinson and Reese (87).
Xhe algal extracts therefore contain a heat labile endo

glucosidase, an endo :4~glucosidase and an #X®jt>*•
glucosidasc-. which may be responsible for the group specific p> -
glucosidase activity. Ihis complement of enzymes is very similar

to that of cereals, in particular barley, and confirms the separate

identity of the enzymes responsible for the hydrolysis of lichenin

and cellulose (88).

Estimations of the activity of the whole extract of

C, rupestris towards maltose and laminarin has shown that on

lyophilization part of the activity becomes insoluble. Aqueous

extracts of the lyophilized product were found to have lower

activity, although the fb -glucosidase was more readily re-extracted
then the oc-glucosidase.
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Xylanase activity

The present investigation has shown that the algal extracts

contain hydrolytic activity towards y2> -xylosidic linkages. This
activity could he concentrated by fractional precipitation, the

precipitate collected between 0.56 - 0.54 saturation with

ammonium sulphate being the most active. The xylan extracted

from it. pa Ikat-a (with jZ,1:4— sad linkages p. 2 ) on
degradation with a whole extract of C. rupestris gave the same

series of oligosaccharides as was obtained using esparto xylan

(Hp*1:4 xylan (89) ) indicating that the ^1:3- xylosidic linkages
%

were more readily hydrolysed and that the degradation was random.

The algal extract of C, runestris effected only a 29?- hydrolysis

of the xylen from It, Palmate, whilst a more active preparation

gave 58% hydrolysis, these low values are similar to the value of 56%

reported of Holden and Tracy using a snail extract (90). Sprensen

using cell-free extracts of the mould Chaetomium ^lobosum (91)
and species of streptomyces (92) and kicroiaonospora (92) has

indicated that two enzymes are responsible for the degradation

of xylan by these oranisms, one acting in a random fashion and the

other which is heat labile (being destroyed at 68°G) hydrolysing

xylobiose. ho decrease in activity towards xylobiose was

detected when the extract of 0. ru -estris was heated to 60°C.

Xylanase activity has been reported in extracts from many different

sources (21) and it is significant that it has been reported in

barley.

Other plycosidase activity

The algal extracts show weak activity towards lactose, a
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&-^alactoside, an activity which is frequently found in

association withyB-glucosidase preparations from plant sources (93).
Hie apparent inability to iiydrolyse aromatic 3-galactodides may be

attributed to the low order of yS-galaetosidase activity. Melibiose,
which has been described as the typical substrate for°^~

galactosidase (93), is hydrolysed by the algal extracts, although

no activity coulcl be detected using: methyl oC-galactoside and only

very weak activity towards raffinose. The presence of a very

weak 06-gctlaetosidsse in the algal extracts is however indicated.

No activity has been detected towards any rhanmoside or methyl

Oi-mannoside.

Hydrolytic activity towards mannans, containing y9}li4-
mannosidic linkages, has been found in the extracts of d. rupestris

and, to a lesser extent, *■, palmata. No explanation can be

advanced for the production of different oligosaccharides from ivory

nut mannan when it is dispersed by treatment with alkali. The

inability to hydrolyse yeast mannan is attributed to the absence

of Qd<-»aimanase activity as this mp.nnan has recently been shown to

be composed of branched Ok.®annosidie linkag es (94). The

occux-rence of xannanases in biological extracts has not been widely

investigated, but no plant source of this enzyme has been reported

although it has been observed to occur in many moulds (21, 95).
Few reports are available on the enzymic degradation of

fructosans other than inulin, the hydrolysis of which has been mainly

studied using extracts from moulds (21.). The algal extracts are

inactive towards inulin and levan, the two fructosans studied, and

also towards fucoidin, a polyfucose, the enzymic hydrolysis of which

does not appear to have been reported.
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The hydrolysis of galacto- and glucomannaaB by biological

extracts has not been studied to any extent (21). Qualitative

examination of a whole extract of C, runestris (Table 4) has

indicated that it contains weak hydrolytic activity towards the

galactomannan from csrob bean, which is mainly composed of 1:4-

linked msnnose units, one-fifth of which have a single galactose

residue attached at (21), and to a lesser extent towards two

glucomannans and several other galactomannans from varied sources.

Two oligosaccharides were produced by the degradation of the carob

gum and a comparison of their chromatographic mobilities with

those obtained from ivory nut mannan indicates that they are
%

possibly 1 *4** linked mannosaccharides. As galactose was

detected within four days it seems highly probable that the galactose

is attached to the IftBAOM by a jb;-linkage as the extract contains
a more active ji -galactoaidant than an C*-galactosidaee even
although no activity could be detected towards "£ -galaetan"from

larch which appears to be a ^-galaetan (96).
Variousy^-glucosidase preparations have been found to contain

activity towards -glucuronides and similar activity has been found

in an extract of C. rupestris. The activity was estimated, by

an agluconometric method described by Tishman (97) and compared

with a commercial preparation, the activity of which was very

considerably greater.

Several reports have been made on the enzymic hydrolysis of

alglnic acid which consists essentially of ^>,1:4- linked mannuronic
acid radicals with a chain length of ca. 100 (98). The first

observation of an alginase was by Oshima (99) who found it in
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aqueous extracts of the intestines of flaliotus giganteus (a Marine

Gastropoda) and orhaerechinus pulcherrimus (an ^chinoderc) hut not

Aspergillus nryzae. Since then it has been reported to he

present in various gram negative soil and Marine bacteria (100,

101, 102), the liver of shipworm (103) and the mollusc Golabella

scapula (103). She degradation products have been reported, to

be mannuronic acid and oligomannuronides (102). Waksmsn and Allen

(104) however had found that, using a marine bacterium, very little

mannuronlc acid was formed. Very weak algins.se activity has been

observed in C. rupestris using the viscosity technique as no

degradation products could be detected by partition chromatography.

Several enzymes are responsible for the degradation of the

pectic su stances, which, are polymers of galacturonic acid. The

distribution and specificity of these enzymes has been recently

reviewed by Manners (21) who has considered the advances

made since the review by Kertesz (105).
The decrease in viscosity of apple pectin produced by the

extract of G. runestrie over a given period of time was found to

be equivalent to that produced by approximately one-twentieth

the concentration of takadiastase, no small weight oligouronides

being detected after 7 days. Thus it seems probable that the

algal extract contains a pectic enzyme.

Other hydrolytlc •ctivlty

Four different types of phoaphomonoesterases have been

described, the types being differentiated by pH optima and behaviour

in presence of certain inorganic ions especially magnesium and mang¬

anese (48). -'•'he action of a whole extract of 0, rucestris on
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raonoesterases, at different pH values has indicated an activity

optimum at a. pH greater than 7. Although further study is

required, it appears that this activity must be due to a type I

enzyme, i.e., an alkaline phosphatase, which rarely occurs in

plants.

In addition to the phosphomonesterases, described by fioehe

(48), which have a wide substrate specificity, enzymes have been

reported which are specific for the hydrolysis of glucc>3e-l-

phosphate and glucose -b-phosphate. i'fae blood of silkworm has

been found to contain an enzyme which will hydrolyse only glucose -

and galaotoee-l-phosphates and p-nitrophenyl phosphate to any

appreciable extent (106), whilst Swanson has described the

preparation of an extract from liver which will hydrolyse glucose-6-

phosphate but not glucose-l-phosphate (10?). xhe extract of 0,

rucestz-ia shows hydrolytic activity towards glueose-6-phosphate

but from the results of this preliminary investigation it is not

possible to determine whether this is due to a specific enzyme or

to the phosphoraonoesteraee type I which has been shown to be

resent. Incubation of glucose-l-phosphate with 0. raoestris

extract in the presence and absence of fluoride (a phosphoglucose

mutase inhibitor) resulted in the liberation of inorganic phosphate

in both experiments indicating that the extract contained an

enzyme which could hydrolyse glucose-l-phosphate without the
mediation of phosphoglucose rautase and glucose-6-phosphatase.

If this activity is due to a specific glucose-l-phosphatase, the

enzyme is not chemically identical with that from the silkworm which
is strongly inactivated by fluoride.
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Nagaima and ^ripathi (108) have reported the presence in

potato and wheat extracts of both an acid and an alkaline pyro¬

phosphatase* The pyrophosphatases which have been described so

far are apparently dependent upon the presence of magnesium for

their ability to catalyse the hydrolysis of pyrophosphate. It

has been suggested that the function of the magnesium Is to combine

with the pyrophosphate so that the actual substrate is not

Na^I>207 but the complex ion £ (109). The activity of
C._ rupestrls extract towards pyrophosphate was estimated at
pH 6.0 and 7.5 in the absence of, and presence of, magnesium ions;

in the former case activity was found to be greater at pH 6.0 and

in the latter at pH 7.5- These results indicated the probable

presence of an alkaline pyrophosphatase which is activated by

magnesium ions and an acid pyrophosphatase, the activity of which

appears to fee diminished slightly be magnesium ions.

Many different extracts, from a variety of biological sources

have been described which show hydrolytic activity towards

proteins (110). The extract of C. runestrie shows appreciable

proteolytic activity towards gelatin and, to a lesser extent,
±i

towards casein and the protein/the extract; no activity was
detected towards ovalbumin.

An attempt to demonstrate phenol sulphatase activity was

unsuccessful*

Hydrogen peroxide is catalytically decomposed to water and

oxygen by catalase which has an extremely wide distribution in

living organisms. The in vivo function of catalase is as a

catalyst for coupled oxidations in which hydrogen peroxide is
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one of the reactants rather than the destruction of toxic

hydrogen peroxide (ill). ilie biochemistry of catalase, which is

a aietalloprotein, has been reviewed by Burris and Little (112).
Catalase activity which has been reported in many marine algae

(p. 8 )was detected in ruoestris but the results using

minced tissue indicated that the activity had been considerably

decreased during the preparation of the lyophilized extract.

In this preliminary investigation into the enzymic activity

of extracts of R. palmata and 0. rupestris the results 1 ave

indicated that both of these seaweeds contain essentially the

same complement of giycosidases.
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SUMkuiRY

1. Whole extracts of the marine algae R. palm at,a and C, maestri a

have been shown to contain hydrolytic activity towards

glucosides (maltose, isomaltose, sucrose, trehalose),

many different yS-glucosides, lactose, welibiose, xylobiose,
oc,l :4-glucosans, ^1:3- and l:4-glucosans, y6 -mannans, and
1:3 and yB.,1:4-xylans.

2. Further investigation of the fb -glucosidase activity of
C. runestris has indicated the presence of at least three

j3 -glucosidases viz., a group specific [5 -glucosidase,
and endo B^l-3 and an endo 1-4 glucosidase.

• v?. '
.

3. The extract of *■>, rupestxdLs also contains a ^-glucuronidase,
an alginase and a pectic enzyme.

4. A study of the esterase activity has indicated hydrolytic

activity towards glucose-1- and 6- phosphates as well as the

presence of a phosphomonoesterase type I.

3. Proteolytic, pyrophosphatase and catalase activities have

also been observed in 0. ruoestris.
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IETRQDUCTI ON

Recent investigations have shown that a number of enzymes

which normally catalyse a hydrolytic or phosphorolytic breakdown of

earbohy rates can, in certain conditions, catalyse the transfer of

a monosaccharide residue from a carbohydrate molecule to an acceptor.

Rebate(113) was the first to recognise that hydrolases can catalyse

reactions of the type -

R - M +- Ft' - 0E< N R» - tf+fi - OH

where M is the monosaccharide residue and R and R* are alkyl or

aryl radicals, or a chain of one or more sugar residues. These

enzymes have been described as "transferases", "tranaglycosidases"

or "transglyeosylases". It was originally believed that enzyme

action involved the transfer of a glycosidie radical. However,

in the case of sucrose—>phosphate transglucosidase (sucrose
32

phoaphorylase}, by the use of Inorganic phosphate containing P

the transfer of glucosyl rather than a glucosidic radical has been

eetablishedf the term transglucosylation rather than trans-

glucosidation has therefore been used (114-). In the present

discussion the more widely accepted terms transglycosidation and

transglucoeidation will be used, since the detailed mechanism of

action of the algal enzymes is unknown.

Barker and Bourne (115), in reviewing the ensymic synthesis of

polysaccharides, have discussed two types of transglucosidase

acti vity which are responsible for the synthesis of oC -glucosans of

the starch and dextran classes. The first, glucose-l-phoaphate—4

amylose transglucosiaase (phosphorylase), catalyses the transfer of a
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glucose residue from glucose-l-phosphste to an acceptor

glucosaccharide, containing Ot,l:4- links, thus forming a linear

oGl:4~glucosan. In the second, the polysaccharides are formed

by transglucosidic reactions, which are completely independent of

phosphate, from disaceharides. for example, linear 01,1:4-

glucosans may be syntheeised from maltose,whilst sucrose is the

primary substrate in dextran synthesis by Leuconostoc mesenter-

oides

Ihe synthesis of oligosaccharides has been reported from

maltose (116, 117, 118), sucrose (119), isomaltose (120) and

cellobiose (121, 122) the reaction mechanism being apparently

transglucosldation. Pezur and. French (123), from studies on

transglucosidation from maltose, have represented the reaction as

occurring in two steps, the first being the transfer of a glucosyl

residue from maltose to the enzyme, and the second, from the

glucosyl-enzyme complex to the acceptor substrate. Reactions of

this type may be summarised in the form of an equation (124) -

Glycosyl derivative A-h enzyme - H—>glycosyl~enzyme+ residue A -H

Glycosyl-ensyme+BQH * glyeosyl-QR + enzyme - H
acceptor product

In one case of transglucosidation from maltose, residue A is

glucose, maltose the acceptor and maltotriose the product.

isourquelot and his co-workers (125, 126) prepared various

alkyl glucosidea by enzyiaic synthesis from glucose and alkyl

alcohols. Aiwa and lakano (127, 128) using cell-free extracts

from green leaves, were able to effect the transfer of a glucose

residue from an aryl glueoaide to an alcohol; in the course of
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purification studies, they observed that the hydrolase and trans-

glucoeidase activities appeared to be due to the same enzyme.

During the enaymic hydrolysis of p-nitrophenyl-&-giucoside,

Jerroyn (129) observed the non-equivalence of the glucose and p-

nitrophenol produced. Later, Jermyn and Thomas (130) estimated the

liberation of glucose and p-nitrophenol using an extract of

Aspergillus oryzae in the presence of methanol and butanol, and

found that the amount of glucose was greatly reduced, whilst the p-

nitrophenol was scarcely affected, Shis indicated that trans-

glucosidation to the appropriate alcohol was taking place.

Similar activity has been observed by the Japanese workers (131)

using aryl g&lactosides.

fills section contains an account of the qualitative

demonstration of transglycosidase activity in algal extracts and

of the separation, on a large scale, of the oligosaccharides

synthesised from maltose by an extract from G, rupestrls.
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EX i-KRIMill?) IAL

Methods

The methods used in this section are identical with those

used in section II (p. 25).
Etudlec on the trano^lvcosirlase activity of extr, cts of E. palmata

and C. rupestris

The algal extracts were examined qualitatively for trans-

glycosidase activity using two types of digests? in the first,

the donor and acceptor substrates were the same; in the second,

they were different.

One substrate

'The following digests were set up and examined at intervals

for the presence of oligosaccharides using irrigant 1 and spray 2:-

Pigest number Weight of substrate height of appropriate
algal fraction

(me*} (mg.)
1 and 2 30 15

3 - 8 220 - 260 10 - 20

9 50 3

10 300 10

In addition each digest contained 0.07 M acetate buffer pH 5.1

(4 ml.) except digest 10 which contained 0.1 M acetate buffer pM 5.6

(1 ml.).

The results in Tables 1 and 2 are reported using the key

detailed in section II (p.32); degradation products are not noted.
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Action on one substrate

TABLE 1

Substrate

X) Glucose

2} Glucose

3) Maltose

4) Glucose

5) Xylose

6) Isoiaaltose

7) Maltose

8) Sucrose

9) Maltose

10) Cellobiose

Alrae Fraction 4 days 7-9 days 14 days

R.p.

C.r.

n.p,

C.r.

C.r.

C.r.

C.r.

C. r.

C.r.

C.r.

B

A

B

A

A

A

A

A

W

Rg0.27^ Rg0.47,0.39,0.18,t RG0.49,
0.44,
0.21,+

RGQ.14ft B^O.15, t
R^O.49,0.26,—

RG0.75t, 0.35,
0.23, 0.13,—

RqQ, 14, i-
R(.0.49,
0.26,+

RG0.75t,
0.35,0.22,
0.12,0.08
0.06; +

Two substrates

Digests were set up consisting of a glucose donor and suitable

acceptor, C. rupestris fraction A or W (see Table 2) and sufficient

0.1 M acetate buffer pH 5.6 to make the total volume 2 ml.

Irrigant 1 and sprays 1 and 2 were used for the chromatographic

analysis. Although the digests were examined at intervals, only

one typical result is reported.
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Action on two substrates

TABLE 2

Donor

Maltose,
32 rag.

Maltose,
32 rag.

Maltose,
32 tag.

Maltose,
400 rag.

Glucose,
25 rag.

Glucose,
25 rag.

Glucose,
25 rag.

Phenyl _
glycoside,
25 rag.

Phenyl -

glueoside,
25 rag.

Cellobiose,
300 rag.

Acceptor

Fructose,
10 rag.

Galactose
10 Eg.

Methanol,
2 ml.

bucrose,
40 rag.

Methanol,
0,5 ral.

Methanol,
0.5 ral.

Methanol,
2 ral.

Methanol,
0.5 ral.

Methanol,
0.5 #*.

D-iylose,
300 rag.

Fraction, rag,

Cellobiose,
300 rag.

Oellobiose, K-acet. glue.,3
^flfi m>r. ^00 mt'.

L-Aylose,
300 rag.

300 rag,

Cellobiose,
300 rag.

300 rag.

L-Oorbose,
300 rag.

A,

A,

W,

W,

W,

w,

w,

W,

w,

w,

w»

25

25

25

20

10

30

20

10

W, 10

20

20

20

20

Incubation
(days)
16

16

16

15

19

19

19

19

Results

10

7

15

15

Rc,0.38

Rg0.38

JhG. 50,0.41,0.35,
0.24,0.20,0.13,
0.07

spot with sarae
mobility as a
raethyl-glucoside

R^l.02,0.70

EgG.72,0.37

» ft-acetyl glucosamine
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Evidence for transglucosidation from cellobiose to D- and L-xylose

The digests containing eellobiose and D- and l-xylose (Table 2)

were chromatographed using irrigant 4 and the positions of the two

oligosaccharides, in each case, determined by development of

control strips with spray 1. The unsprayed parts of the papers

were cut into strips corresponding to the oligosaccharides, which

were then eluted with cold water. The eluates were concentrated

in vacuo, hydrolysed with sulphuric acid (0.5 ml,, 21) for 2 hours

at 100°C, neutralised and concentrated. The hydrolysates of the

more mobile oligosaccharide in each digest contained glucose and

xylose in apparently equivalent quantities as determined by qualitative

paper chromatography using irrigant 2 and spray 1, The hydrolysates

of the less mobile oligosaccharides also contained xylose.

These results indicate that B- and L-xylose can act as acceptors

for the glucose liberated by hydrolysis of cellobiose, with the

formation of glucose-xylose saccharides.

Attempted demonstration of glucose-l-phosphate —» amylose trans-
glucosidase (phosphorylase) activity

a) Synthetic activity

Enzyme: C, rupestris fraction A (413 mg«) in water (50 ml.)
Substrate: potassium salt of glucose-l-phosphate (158 mg. ) in

water (50 ml.)

Buffer: 0.2 M citrate pH 6.8.

Inhibitors: for glucose-l-phosphatase -1$ ammonium molybdate,

and phosphoglucose mutase -0.0014 M mercuric chloride.

Primers: starch (5 mg.) in water (10 ml.),

laminarin (5 mg.) in water (10 ml.).



Digests,and controls using enzyme heated to 100°G for 10

minutes, were set up as follows:- substrate (7 inl.)» enzyme

(5 ml.), buffer (10 ml.)? primer (3 ml.}, molybdate (14 ml.),

mercuric chloride (0.7 ml.) and water (30.3 ml.). A digest and

control were also set up without primer.

Inorganic phosphate (P) was determined in samples (5 ml.),
as before. Iodine staining power was determined by adding 0.02$
iodine in 2y'- potassium iodide (5 ml.) to a sample (2 ml.) and

estimating the absorption in a 1 cm. cell against water using

filter 603 on the Spekker absorptiometer. fhe iodine stains

are quoted as the Spekker absorptiometer readings after subtraction

of the appropriate control.
Control

lime of Starch hasrlnarin (without primer)
i?days)i°n Iodine f P Iodine t P Iodine*" ° liberated Stain, liberated Stain libera ted Stain

1 6.8 0.044 8.4 0.030 8.4 0.039

3* 7.6 0.035 8.4 0.034 9.2 0.039

4 6.1 - 13.7 -

»

After this period a further portion of substrate (11.7 mg.)

was added to the starch digest and a further portion of enzyme

(21.8 rag.) to the Israinarin digest.

b) Degradative activity

Enzyme: C. ru^estris fraction A (400 rag.) in water (20 ml.)

Substrate: soluble starch (300 mg.) in water (15 ml.)

Buffer: 0,5 M phosphate pH 6.7

Inhibitors: for glucose-l-phosphatase - 1$ ammonium molybdate,
and phoaphoglucose mutase - 0.0014 M mercuric chloride.
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A digest, and control using enzyme heated to 100°C for
10 minutes, were set up as follows:- substrate (5 ml*),

enzyme (5 ml#), buffer (4 ml#), molybdate (4 ml#), mercuric

chloride (0.2 ml.) and water (1.8 ml.). Samples (2 ml.) were

withdrawn at intervals and analysed for glucose-l-phoephate.

After 4 days no significant amount of glucose-l-phosphate was

detected.

It was concluded that the extract was devoid of gluoose-1-

phosphete —^aaiylose tranBlugosidev.e activity.

Separation and identification of the oligosaccharides produced by
the action of 0.' rueestris fraction A "on fiaitose""

a} Separation

The following large scale digest and control were set up$«•

maltose (32.5 £*'•}» fraction A (1.25 gs.) and 0*1 M acetate

buffer pi: 5*0 (250 ml.); maltose (8.1 gm. ) end 0,1 M acetate

buffer pi.- 5.0 (63 ml.). They were incubated at 35°C for 16 days
o ^

before being heated to 100 C to inactivate the enzyme; the digests

were then concentrated in vacuo.

The control digest was applied to a charcoal:celite column

(21 x 4.5 cm.) and the sugars eluted in the normal fashion with

aqueous ethanol (69). Ho significant amount of sugar other

than maltose was obtained.

The digest on chromatographic analysis using irrigant 1 and

spray 2 wan shown to contain several oligosaccharides with the

following Hr values:- 0,38, 0.27, Q#?l, 0.15, 0,10 and 0,07, in
xX

addition to glucose and maltose. To facilitate the separation

of the oligosaccharides, the digest was initially chromatographed
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on a charcoalicelite column (79 x 4.5 cm.) and the glucose and

maltose eluted with water and aqueous ethanol (4'/)• The oligo¬

saccharides were then eluted with aqueous ethanol (30$>) and the

eluate concentrated in vacuo* She syrup wee applied to a

charcoal jeelite column (70 x 4.5 car.) and the oligosaccharides

eluted with increasing concentration of aqueous ethane1 as in the

following table. The fractions collected were approximately

700 ml* er.cb#

The oligosaccharides are referred to as Mq, Mg etc. in
order of elution from the columnj in the preliminary published

account of this work (132j, the sugars were originally named

in oider of paper chromatographic mobility so that i«i-t and Mg
referred to in ref. 132 are re-designated and respectively.

Separation of oligosaccharides from maltose and glucose

TABLE 3

Solvent fractions Sugars

Water 1 - 5 Glucose

Water 6 - 11 Maltose t

Water 12 - 15 Maltose

5; Ethanol 16 - 19 Maltose

5/ Ethanol 20 - 21 Maltose and M-,"
5p Ethanol 22 26 (1*38 gn j

5/ Ethanol 27 - 31 f •M, , Mg and traces maltose
10/ Ethanol • 32 mm 34 &,, Mg and traces maltose
10/ Ethanol 35 - 45 M0 and maltose

<

20/ Ethanol 47 - 53 Mixed higher oligosaccharides
50/ Ethanol 55 - 57 Mixed higher oligosaccharides

3s faint trace
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Fractions 35 - 45 were recolumned and chroraatographically
pure M« (1.5 gm.) obtained. Fractions 47 - 57 were combined

and concentrated to a syrup (3.6 gnu). 'i'his syrup was applied

to a water—washed cliarcoal-celite column (67 x 3 era,) prepared

from B.D.H. activated charcoal (90 gau ) and celite ,:545" (90 gin.)

according to a method communicated to Dr D.J. Manners by Dr J.S.D.

Bacon. Flution, in a thermostatically controlled room (20°C),
was effected in the usual manner. Fraction* of ca. 700 ml. each

were collected until the concentration of the alcohol was 6$, from

which point onwards fractions of ca. 7 ml. each were collected

on an automatic fraction collector. The results are presented

in fable 4.

Separation of oilF,ooacch^rides

TABLE 4

Solvent

Water, li and 2fi
ethanol

Fractions Sugars (mg. )

1 4 Glucose

5/- Ethanol 7 Mq (25)
Tube numbers

6y Ethanol

?'/- Ethanol

7/ Ethanol

Si Sthanol

91 Ethanol

9i Sthanol

10>- Ethanol

71 - 360
132

361 - 460 Maltose)

550 - 819

430 - 549 M-, )1 ) .

M-j ) 683
320 - 970

1.031 - 1329

1330 - 1560
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Table 4 continued.

10>c Ethane1 1561 - 1880 Mg S P
110

1155 Ethano'l 1901 - 1990 iii-f, I M .
<. 4

40

110

12> ■

Ethanol

Ethanol

1991 -

2450 -

2429

2610

u+
K4

)
)
)
300

12, Bthanol 2611 - 2729 M4 » M5 28

122 Ethanol 2750 - 299S M5 )
\

452

130 Ethanol 30Qu *■» 3869 Mr-
5

)
)

140 Ethanol 3870 - 4099 Mr5
/
\
J

150 Ethanol 4100 - 4410 Mr
0
1
/

150 Ethanol 4411 - 4459 M )
6)
j.160 Ethsnol 4460 - 4680

5 * 75

170 Ethanol 4681 - 4749 Mr
5 » M6)

170

180

Sfchanol

Ethanol

4750 -

4891 -

4890

4960

«6
U6

J
}
)

15

Pure (10 mg«) was obtained by separation on a paper chromato-

gram (3MM.)«

b) Characterisation of oliM-osaca'naridea

(I) Paper Partition chromatography

Eree sugars# The P.& values of the sugars were obtained
usings irrigante 1 and 2, ana spray 2.

values of oligosaccharides

Irrig^a■t Mq Ml
MMg m3 flL

4
Mr-
5 M6

1 0.38 0.18 C.35 0.07 0,11 0.19 0.03

2 0.50 0.28 0.41 0.14 0.17 0.26 0.09
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Eg values of reference sugars

Irriyant Maltose Maltotriose Isomaltose Isomaltotriose

1 0.55 0.53 0.38 0.12

2 0.60 0.41 0.48 0.20

The values of these sugars were obtained using separate

chromatograms; authentic maltotriose was kindly supplied by

Dr W.J, Whelan. MQ and thus have the same values as
authentic isoraaltose and maltotriose respectively.

i.-benzyl ;lycosylamine derivatives

The chromatographic mobilities of and were compared

with those of authentic samples of maltose and maltotriose

using the method,of Bayly and Bourne (p.27),

values of N-benzyl glycosylamine derivatives

Maltose Maltotriose Mg

0.57 0.31 0.29 0.31

(ii) Estimation of degree of -polymerisation

The sugars (ca. 5 mg.) were dissolved in water (10 ml.)
and the reducing power of samples (2 ml.) estimated using

reagent A; was heated for 20 minutes and the other sugars

for 60 minutes. The reducing powers were calculated as

equivalents of maltose. Samples (2 ml. ) wei-e hydrolysed

with sulphuric acid (0.12 ml., 36 N) at 100°C for 2 hours,

neutralised with sodium hydroxide using phenolphthalein as

indicator, diluted to 5 ml. and the glucose estimated using

reagent A. The degrees of polymerisation were calculated

as follows:-
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Weight of oligosaccharide / 2 ml. » weight of £lu£°f|2in hydrolysate
180

Degree of polymerisation = weight of o1igo aa c cb arid e x: 342
equivalent weight of maltose x 162

mq ^2 &3 "A ^5 '"6
Degree of polymerisation 1.94 3.04 2.63 2.86 3.95 3.69

t>2» and would appear to he trisaccharides and and Mg
tetrasaccharides.

(iii; Chracterisation of 1% as panose

Partial acid hydrolysis. (lml., If) and sulphuric acid

(0.6 ml., 0,5 W) were heated at 100°C for 1 hour, neutralised and

concentrated. Paper chromatography using irrigant 2 and spray 2,

indie ted the presence of isoraaltose, maltose and glucose.

Oxidation followed by partial acid hydrolysis (133).

(5 ml., 1/ ), iodine (30 rag.) and potassium hydroxide (0.2 ml.,

1,0 Lil) were shaken together and allowed to stand for 30 minutes

before the addition of a further portion of alkali (0.1 ml.).

After standing overnight, a sample (1 ml.) was partially

bydrolysed as above. Chromatographic analysis indicated the

presence of isomaltose and glucose.

Reduction and acetylation (134). To (150 nig.) in
water (3 ml.) was added potassium borohydride (1 ml., 4.57°)
and after 2 hours at room temperature, the excess reagent was

destroyed by acidification with acetic acid. The solution was

neutralised with sodium hydroxide and concentrated to dryness.

The product was acetylated using sodium acetate (162 rag.)
and acetic anhydride (3 ml.) by heating to 135°C for

20 minutes. The product (120 mg.), after separation by



souring Into ice-water, and recrystallisation from ethanol

bad pi.p. 148° - 148.5°G : mixed ro.p. (with authentic sample

of paaitol dodecaacetate kindly supplied by Dr . J. Whelan)

148° - 148.5®C and [ocj1^ + 1190 (o. 1.0 in chloroform), in
-moment with the value of

p 1-120° (c. 4.0 in chloroform)
reported by Wo 1 from, Thompson and. Gaikowski {135) for

panitol dodecaacetate.

Optical rotation

had +-148.3° (c. 3.7 in water); Pasur and French

(123) give £oC| , +150° for panose.
■) Characterisation of as ma.l tot.riose
————— - — <

Partial acid hydrolysis. Mg ( 1 ml., I/O and sulphuric
' i. A

acid (0.6 ml., 0.1 N) were heated at 100 C for 1 hour, and

the hydrolysate treated in the same way as that of (p«94).

Chromatographic analysis indicated the presence of tu0, maltose
and glucose in the hydrolysate.

Nidation followed by partial acid hydrolysis. The

oxidation was effected using the same method as for and

rhe hydrolysis as above. Maltose and glucose were the

degradation products.

Ot -A/cyloly si3♦ k digest was set up consisting of ML (20 mg. ),

unpurified salivary amylase (0.2 ml.), sodium chloride (4 mg.)
and 0.1 M acetate buffer pH 5.0 (0.2 ml.). Chromatographic

analysis using irrigant 1 and spray 1 after 1.5 hours showed

the presence of Ko,, maltose and glucose and after 2 days of

maltose and glucose.

j0-Amylolysis. A digest was set up as follows, using a
barley 13-amylase preparation from the Wallerstein Laboratories
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(New York) - Mg (13 ®g.)» jb ~ amylase (0,5 ml., 50 units) ,
0,2 M acetate buffer pH 5,0 (1,5 ml.) and water (9*5 ml,).

After 2 bourn incubation, a portion (7 ml.) was withdrawn

and added to fresh^-amylase (6 rati,, fUft units;. bampies (1 bU)
were withdravm at; intervals and the reducing power estimated

using method A by heating for 20 minutes. The results are

quoted as ml. of o.oi N thiosulphate.

Time (hr.) 0 0.5 1.0 2.0 4.0 25.0 48.0 123.0

Reducing power 0.91 0.96 1,05 1.04 *1.08 1.08 1.16 1.19

-dp is therefore slowly hydrolysed by the fb -amylase preparation;
It is possible that this activity is due to the presence of

maltotriase, rather than the jb "amylase itself (see p.100).
Optical rotation

The concentration of a solution of was determined by

acid hydrolysis and estimation of the glucose produced by

method A. had

[oij1^ +-164° (c. 2.8 in water), Sut ihsra and Wolfrom
(136) and Whelan, Bailey and Roberts (137) have reported that

maltotclose has +160° (c. 2.36 in water).
D

(y) Action of oC-end (b -amylases on Ji. and fid_

digests were prepared consisting of Ai^ or (6 mg, ) sodium
chloride (0.Q5 ml., 0.6 M), phosphate-citrate buffer pa 7.0

(u.05 ml.) and unpurified salivary amylase (0.1 ml.), and or

(6 mg. ), water (0,15 ml.), 0,2 & acetate buffer pii 5.0 (0.05 ml.)
and barley B-amylase preparation (3 fflg., 300 units).
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Chromatographic analysis after 1.5 hours incubation indicated

that M had not been degraded; on treatment with ot-amylase

was completely hydrolysed to maltose end glucose, and with

p> -amylase to nialtose. This indicates the presence of
0(1 ;4-£:luoo8idic linkages in
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JISCuool Oli

The algal extracts, which contain considerable 0£- and ^>-
glucosidase activity, have now been shown to catalyse the transfer

of glucose from phenyl jh-glueoside, maltose, isomaltose and
eellobiose to various acceptor substrates.

oynthesis fro monosaccharides

The use of glucose as the donor substrate failed to produce

transglucosidation to either other glucose molecules or to

methanol; similar absence of synthetic activity was observed using

xylose as the donor and acceptor substrate. These results thus

confirm the conclusion that the algal lucosidase differs

from those of almond evulsin and yeast, which are capable of

catalysing transglucosidation with glucose as the donor substrate

end glucose or methanol as the acceptor molecule, resulting in

the production of P> -linked disaceharides or methyl -glucoside

respectively (68, 73).

i:r.---ns. .lucosidation from - Incosides

Several reports have been made of transglucosidation reactions

from substrates containing <X -glucosidie links (114 - 120). Pazur

(138) using labelled glucose and an extract from A. oryzae

has demonstrated the reversibility of the reaction -

isomaltose > glucose + isomaltotriose.

The extract of C. rupestris was unable to catalyse transglucosidation

using sucrose and phenyl -glucoside as donor substrates although

with isomaltose as donor, an oligosaccharide with the same

chromatographic mobility as isomaltotriose was formed thus

indicating the ability of the extract to catalyse the synthesis of



o(;l:6-glucosidic linkages. She results in Table 2 indicate

that transglucosidation from maltose to fructose, galactose or

sucrose has not taken place, since the values of the oligo¬

saccharides produced were similar to those obtained when maltose

served as both donor and acceptor substrate. This is further

substantiated by the observation that on spraying the chromatograiris

of the sucrose-maltose digest with spray 3, a ketose reagent, sucrose

was the only ketose present. Both the algal extracts show strong

transglucosidase activity with maltose as both donor and acceptor

substrate. In this reaction water acts as a competitive acceptor

since a digest (fable 1, digest 9) containing the same ratio of

maltose : extract as another (fable 1, digest 7), but in a more

dilute solution, failed to show any transglucosidase activity.

fo identify some of the oligosaccharides produced, a large

scale igest and control were set up and the sugars partially

separated by use of charcoal : celite columns following the method

of Whistler and Durso (69), The oligosaccharides were then

further separated using a charcoal : celite column in which the

charcoal and celite had not been pre-wasbed. Estimation of the

degrees of polymerisation of the oligosaccharides thus obtained

indicated that one disaccharide, four trisaccharides and two

tetrasaceharides had been formed; no oligosaccharides were found

in the control experiment showing that non-enzymic oligosaccharide

synthesis did not occur. The disaccharide, Mq, of which only 25 mg.
was obtained, has been tentatively identified as isomaltose since

it exhibited the same chromatographic mobility as authentic isomaltose

The oligosaccharides M, and Mg which were obtained in the highest
yields (2.06 gm. and 2.11 gra. respectively) have been identified



Graph 1

Glucose units per molecule

Correlation of carbohydrate structure with chromatographic

mobility using the method of French and Wild ( 45 )•
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as panose and maltotriose.

Pan, Andreasen and Xolachov (116) isolated a trisaccharide,

later called panose, which was produced by the action of A. ni^er

on maltose. This sugar was later characterised (133, 135) as

4- QC-isomaltosyl-D-^lucose. In the characterisation of 1L as

panose the degradation products obtained by partial acid hydrolysis

of the free sugar and corresponding aldotrionic acid were identical

with those obtained by French (133) from panose. The optical

rotation of and the physical constants of the corresponding

acetylated alcohol confirm the identity of as panose.

The chromatographic mobility of M^, in three different solvents,
was found to be identical with that of authentic maltotriose

(136, 137) for maltotriose. Partial acid hydrolysis and

oxidation followed by partial acid hydrolysis, gave products

identical with those obtained, from maltotriose. Incubation of

Mp with salivary amylase produced maltose and glucose. Whelan
and Boberts (133), using -amylase preparations from soya beans

and sweet potatoes, observed a slow hydrolysis of maltotriose

only when a high concentration of enzyme was used. This may be

due to raaltotriase activity in the preparations. A similar slow

hydrolysis has been found with , which shows the absence of

glucosidic linkages other than those of the 01,1:4- type. Mg
is therefore roaltotriose.

M^, a trisaccharide, has the same chromatographic mobility
as isomaltotriose and is resistant to hydrolysis by and B-

(4- 0(r*E;altosy1-D-glucose; whilst

close agreement with previously

+164° for Mg is in
slues of MP? +160°
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amylase preparations, an observation which confirms the presence

of at least one linkage which is not <*,1:4.

is identified as meltotetraose from the degree of

polymerisation, the paper chromatographic mobility (see Graph 1 ,

p.100 ), hydrolysis by -amylase giving maltose and no other

sugar, and hydrolysis by -amylase yielding glucose and raaltose.

is tentatively identified as isomaltotetraose since it

is a reducing tetrasaecharide,and a graph of the logarithm of the

partition function against molecular size shows a linear relationship

with those of isomaltose and isomaltotriose.

from Graph I , is shown to have a partition function

intermediate in value between the series of the o<, 1 s 4- and the

0(,1:6-glucosaccharides, in agreement with the evidence that - ^

is panose# In contrast, the partition function of shows no

obvious relationship to those of the other oligosaccharides;

the constitution of M~, a reducing trisaccharide, is, as yet,

unknown. Characterisation of the oligosaccharides, by the

preparation of crystalline derivatives, is being continued.

Several workers have reported the presence of an enzyme in

certain moulds (116, 118, 123) which is capable of synthesising

branched-chain oligosaccharides from maltose. The ability of

the extract of i. ruoestris to synthesis© both oligosaccharides

of the maltose and isomaltose series, and panose is therefore

possibly due to two enzymes one of which catalyses by trans-

glucosidation, the synthesis of of, 1:4- links and the other of

o^l:6- links.
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irans lucosidation from fj> -,-lucosides
The extract of C. rupestris catalysed the transfer of a

glucose residue from phenyl jb -glucoside to methanol, a reaction
similar to that of the jilucosidase obtained from various green
leaves (128). The product is tentatively identified as a methyl

glucoside by its chromatographic mobility and inability to be

detected by aniline oxalate on a chromatogram; it seeias probable

that it is methyl -glucoside.

It has been shown that transglucosidation may be effected from

cellobiose to either D- or L-xylose but not to M-acetyl glucosamine

or L-sorbose although all four have been reported to act as

acceptors using a ~glucosidase preparation l'ron: A. ni^er (122).

In the digest with cellobiose alone several oligosaccharides were

formed. One of these, with the highest Eg value, corresponded
to laminaribiose, 3-jS-glucosyl-D-glucose; during the later-
stages of the enzymic degradation of cellodextrin by an extract cf

C, ruoestris (p.51 ) the occurrence of a similar oligosaccharide

was observed. It thus seems likely that this was not a degradation

product but was formed by traneglueosidation. It is of interest

that Crook and Stone (121) observed, during the action of fungal

extracts or a preparation from the gut of Heliy poaatia on

cellobiose, the formation of a similar oligosaccharide, together

with a series of oligosaccharides which corresponded to those

produced by acid hydrolysis of cellodextrin. More recently

Barxer and his colleagues (122) using cellobiose as both donor and

acceptor substrate and an extract from A. nirer observed the

formation of a series of trisaccharides which appear to contain

^3,1:6-^ 1:4- *1*3- and 1:2- links.
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Glucose-l-phosphate -■» arovlose transhlucoeidase

An attempt to demonstrate synthetic activity in the extract of

C. ruoestris using glucose-1- phosphate as donor substrate was

unsuccessful even in the presence of starch and laminarin as

reaction primers. On incubation of starch with inorganic

phosphate,glucose-l-phosphate was not produced thus indicating
that the extract of C. rupestrls did not contain glucose-l-

phosphate —^amylose transglucosidtse. This type of activity has

recently been demonstrated in two types of green algae viz.

Qscillatoria princess (140) and Chlorella vulgaris (141).
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SUMMARY

'The algal extracts were unable to catalyse transglycosidation

reactions using monosaccharides as the donor substrates.

The extract of 0. rupestris catalyses the synthesis of 0(.1:4-

and 1:6- links, using maltose and isomaltose as substrates.

Panose (4- OC-isomaltosyl-D-glucosej, maltotriose ( 4- 0(-maltosyl-

D-glucose) and (?) maltotetraose (4- OC-maltotriosyl-D-glucose

synthesised by the action of 0, rupestris extract on maltose^have
been separated and characterised; other oligosaccharides have

also been isolated.

Cellobiose is a suitable donor substrate for transglucosidation

to cellobiose, D- and L-xylose in the presence of an extract of

C. rupestris.

An attempt to demonstrate the presence of glucose-l-phosphate —>

amylose transglucosidase in the extract of C. rupestris was

unsuccessful.
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IUTRQI)U CTI Qh

The structures of starch, the main reserve carbohydrate

of the higher plants, and glycogen, which hi s a similar function

in the animal kingdom, have been studied using both chemical and

biochemical techniques. Starch, a heterogeneous glucopoly™

saccharide, contains two components, amylOse and amylopectin, the

proportions of which vary according to the botanical source of the

starch. Amylose, usually the minor component, has an essentially

linear structure of several hundred glucose residues united by

0£,1:4- links, although evidence for the presence of a few anomalous

linkages in certain samples of amylose has recently been obtained

(142). The other component, amylopectin, a branched molecule

of high molecular weight, contains chains of 0^1j4- linked glucose

residues (average chain length 20 - 25) which are interlinked by
i

oCl:6-glucosidic linkages.

Glycogen has a structure generally similar to that of

amylopectin but is more highly branched since it possesses,

in the majority of samples, fewer glucose residues (ca. 12) per

chain.

The enzymic hydrolysis of these polysaccharides is catalysed

by the amylases which degrade the o^l:4-glucosidic linkages. The
mode of action and occurrence of these enzymes have been reviewed

by Myrback and Neumuller (143) and Manners (142, 21). <X-Amylases

degrade these Ot-glucosans by random hydrolysis whilst |3 -amylases
and amylo-glucosidases exert a step-wise action commencing at the

non-reducing ends of the chains of glucosse residues. The amylases
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appear to be exclusively degradative, with the exception of that

from bacillus roacerans which converts starch into a mixture of

cyclic dextrins without the production of reducing sugars (115).

oC-Amylolysis of amyloee products a series of linear <X~dextrins

(6 - 10 glucose units) which may then be slowly hydrolysed to

fermentable sugars. The degradation of amylopectin and glycogen

by OC-amylase produces branched dextrins, the smallest of which is

a pentasaccharide (21, 144).

Amylose, unless it contains anomalous linkages, is completely

degraded by ji -amylase yielding maltose. Unlike oC-amylase,
P -amylase cannot by-pass branch-points in the molecule, with the
result that j*> -amylolysis of amylopectin and glycogen produces
maltose and a 15 -limit dextrin of high molecular weight in which

all the oC,1:6- linkages of the original molecule are intact.
The CC- and-amylases may be differentiated by measurement

of the rate of change of iodine absorption value and the increase in

reducing power of the polysaceharide-enzyme digest. A rapid

decrease in iodine absorption value with a small apparent percentage

hydrolysis is typical of the -amylases, and takes place during

the, first (dextrinisation) stage of the reaction. Saccharification

takes place at the commencement of ft -araylolysis whilst with
0(.-amylolysis it occurs only after dextrinisation. The ratio

saccharification value: dextrinisation value (PS : PD) has been

used to identify 0C - andJ5-amylases; the value for OC-amylases is
oo,, 1.0 and for -amylases ca. 60 (e.g. 145). The purification

and subsequent crystallisation of OL- and jj-amylases from many
different sources has been achieved (142)| some of these enzymes

have then been used in studies on the fine structures of the

OC.,1:4-glucosans (21).
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In this section, an attempt has been made to obtain an extract

from ruoestris with a high amylase activity and a decreased

maltase activity. The low isomaltase activity of the extract

has been neglected. The effect of various anions on the amylase

activity has been studied and the mode of action of the amylase

determined.
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EXPElrtkEhTAL

The whole extract of C. rurestris has been shown to contain

hydrolytic activity towards o^l :4-glucosans (Table 4, page 37);
the only degradation product observed was glucose. In addition,

the extract contains on oC-glucosidase which hydrolyses maltose and

an enzyme catalysing the hydrolysis of iMiiltOM (links).

methods

The colorimetric and paper chromatographic reagent^ used in

this section are the same as those reported in section II. An

additional cuprimetrie reagent has been used to estimate glucose in

the presence of maltose. This is the reagent of Phillips and

Caldwell (146) which has been slightly modified, the potassium

iodate solution being used at half the recommended strength and the

whole estimation, including titration, being performed in Quickfit

and Quartz test tubes (12 x 2 cm. ). A calibration curve was

prepared using mixtures of glucose and maltose which corresponded

to different degrees of hydrolysis of maltose (3 mg.).

Attempted purification of amylase activity

Units of amylase activity

Digests of the following composition were used in activity

determinations:- soluble starch (4 ml., 0.32$)i 0.2 M acetate

buffer pri 5.6 (3 ml.), sodium chloride (l ml., 0.6 M) and extract

fraction (2 ml.). G-lueose was estimated in samples (4 ml.) after
r?

30 minutes incubation at i5°C, using reagent A.

The unit of activity is defined as the amount of enzyme

liberating lOjUgm. glucose from the above digest, within 30 minutes.
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Specific activities are quoted as unite of activity per mg. protein¬

ic The activity was shown to be directly proportional to the

concentration of the algal extract.

Units of maltase activity

The extract solution (1 ml.) at 35°C was added to a mixture

of maltose (2 ml., 0,375^) and 0.2 M acetate buffer pH 5.6 (2 ml.),
also at 35 0. The digest was incubated for 3 hours and the glucose

produced estimated on samples (2 ml.) using Phillips and Caldwell's

reagent.

A unit of maltase activity is defined as the amount of enzyme

liberating lOO^jLgm. glucose from the above digest within 3 hours.
The activity was directly proportional to the concentration of the

algal extract.

Separation of several activities of C. rupestris fraction ill using
e1e c t ropho resis

Fraction III (60 mg.) was dissolved in Mcllveine phosphate-

citrate buffer pH 3.3 (0,5 ml.) and spotted as a band on Whatman

3MM paper (10 x 57 cm.) which had been saturated with the buffer.

The electrophoresis apparatus was similar to that described by

Woods and Uillespie (147). After an equilibration period of one

hour, approximately 110 v. was applied for 44 hours. Part of the

paper, after drying at room temperature, was cut into 1 cm. wide

longitudinal strips which were sprayed with the appropriate substrate

(125 mg. dissolved in 10 ml. water and 5 ml. 0.2 M acetate buffer

pH 5.0). The strips were incubated for 4 days in a moist

atmosphere at 28°C before development with spray 1 (2>i phosphoric
acid was incorporated in the spray). To determine the position of

the maltase, strips, 3 cm. wide cut from the paper parallel to the
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starting line, were eluted with water (0,5 ml.) and the eluate

incubated with maltose (0,5 ml., 1$ in acetate buffer pH 5.0),
She digests were examined chroraatographically using irrigant 2 and

spray 1. The following movements were indicated.

Substrate Anode Origin

Maltose 15 cm.* 9 cm.

Starch 16,5 cm.* -15 cid.

trehalose 20 cm, ^ 16 cm.

Phenyl j?> -glucoside 6 cm. *— 2 cm.

Optimum conditions for the extraction of the amylase activity from

C. rupestris fraction W

Portions (250 mg.) of fraction W (whole extract, p. 16 ) were

stirred at 1°0 with the undernoted solvents (40 ml.) and samples (3 ml.)

removed after 2, 4 and 6 hours, centrifuged. and the supernatant

solution (2 ml.) used for estimation of amylase activity. Ihe

activity digests were similar to the standard digest except that

the sodium chloride was replaced by buffer (l ml.). After stirring

for 6 hours the extracts (25 ml.) were centrifuged and the super¬

natant solutions dialysed overnight before lyophiUsing. The

insoluble residues were dried with acetone and weighed.

The results are quoted as increase in reducing power (ml. 0,01 H

thiosulphate) of the digests after 24 hours incubation at 35°C.
S 0 h V E I-i i 0

Sanmle M acetate 0.25$ Ba-CQ, 1$ KC1 Distilled1—■ buffer pH 5.6 —— —2 , ».uter

Stirring for 2 hours 1.69 0.71 4.22 1.09

Stirring for 4 hours 1.79 0.52 4.94 1.66

Stirring for 6 hours 2.75 0.76 5.32 1.87
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8ampie 0,2 M acetate
buffer pH 5.6

SOLVENTS

0.25$ Ha«CO, !/■ KC1 Distilled£—2. Water

Weight of insoluble
residue (nig.) 49.9 118.1 42.2 52.5

Weight of lyophilized
extract (rag.) 28.0 63.8 30.0 38.6

The high activity of the potassium chloride extract, as is

shown later, is due to activation of the amylase by chloride ions.

The results indicate that re-extraction of amylase activity from

the lyophilized extract requires stirring, with distilled water or

acetate buffer pH 5.6, for several hours.

Preparation of extract

Fraction W (2,0 gm. ), 0.2 M acetate buffer pH 5,6 (.160 ml.)
and distilled water (160 ml.) were stirred together for 18 - 20

hours at 1°C. The residual material (0.96 gin., 1,6'p protein-H)
was separated by centrifugation, the supernatant solution dialysed

for 2 days end lyophilized to yield a readily soluble product

(0,54 gm,, 6,9JS protein-H). This extraction procedure was

repeated as-required, similar results being obtained. The soluble

product contained 23 amylase units/mg. protein-H.

Attempted precipitation of inactive material from the extract of

fraction W,

The soluble extract of fraction W (0.54 gm.) was dissolved

in water (320 ml.) and divided into portions (35 ml.). To each

portion was added 0.2 M acetate buffer of appropriate pH value (5 ml.)

and the solutions allowed to stand at 1°C for 24 hours before

centrifugation in weighed tubes. The pH values .6.1, 6.3 and 6.8

were obtained by adding sodium hydroxide to the solutions. Digests
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were prepared using soluble starch (4 ml., 0.3250 or maltose

(4 ml., 0.125$), 0,2 1 acetate buffer pH 5.6 (4 ml.) and supernatant

solutions (2 ml.). The results are quoted as increase in reducing

power of samples (4 ml. ) after incubation for 24 hours.

Solution pH 3.5 4.0 4.4 4.8 5.3 5.6 6.1 6.3 6.8

Inactive
precipitate
(mg. )

4.0 4.1 3.0 3.1 3.1 3.2 3.0 2,2 2.1

Turbidity +++++ +H- -H-v f-h -v- +

Amylase activity 0.28 0.53 0.99 1.12 1.15 1.21 1.10 1.15 1.13

iilaltase activity 0.85 1.33 1.65 1.67 1.71 1.85 1.72 1.65 1.70

These results indicate that there is no preferential

precipitation of either the maltase or amylase activities.

fractionation with ammonium sulphate

The extracts of G. rurestris prepared by fractional

precipitation with ammonium sulphate (p.^) were examined for

amylase activity.

fraction I II III IV

Saturation with >

amm. sulphate 0.0 - 0.18 0.18 - 0.36 0.36 - 0.54 0.54 - 0.75

Yield (gnu) 17.7 5.7 2.1 0.9

Protein-N ($) 7.2 7.1 8.5 8.1

Amylase units /
rag. protein-H 6 16 94 90

Total number of
amylase units 7,647 6,477 16,780 6,560

The maltase activity was also found to increase from fraction

1 ~ IV (p. 44 ). These results indicate considerable increase in

amylase activity by precipitation of other proteins with 0.36
saturated ammonium sulphate. The recovery is, however, low.
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Precipitation with, ethanol

A comparison of the amylase activity of fractions W, X, Y and

2 (p. 16 ) indicated that considerable loss of activity occurred

on precipitation of the whole extract with ethanol.

Precipitation with isopropanol

Fraction II contained 15*8 amylase units/mg. N and 7*7 maltase

units/mg. N. Fraction II (2 gm., 2,244 amylase units and 1,093

maltase units;, suspended in water (160 ml.) and 0.2 M acetate buffer

pH 5*6 (40 ml.), was cooled to 1°C and isopropanol (86 ml.), pre-

cooled to -5°C,added, over a period of 10 minutes, with constant

stirring. The precipitate, fraction 30, was separated by centri-

fugation, dialysed for 2 days and lyophllized. The supernatant

solution (250 ml.) was treated with isopropanol (250 ml.) as before

to yield 0. precipitate, fraction 65 which was dialysed and lyophilised,

The residual solution (470 ml*) was precipitated with a further

portion of isopropanol (470 ml.) to yield a third precipitate

(fraction 90). The latter weighed less than 10 mg, and was not

examined further.

Fraction Yield (;:n. ) Protein-fl(/) Amylase Maltese
Specific Total Specific Total
activity activity

30 1.126 8.2 4.6 422 4.3 401

65 0.431 7.8 54.5 1822 20.2 679

Fraction 65 represents a 3.5-fold increase in amylase activity

with 81$ recovery; the maltase activity increased 2.6-fold with a

6.3$ yield.

Fraction 65 (300 mg., 1268 units amylase and 437 units maltase)
was fractionally precipitated with isopropanol to yield three
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fractions, the method being similar to that above. The third

fraction weighed less than 10 rag, and was not examined further.

fraction Yield (ran. ) Protein-h(> ) Amylase Aaltase
Percentage Specific Total Specific Total
isopropanol Activity Activity
(v/v)
0-40 140 3,8 8.0 98

40 - 59 86 9.0 91.4 708 27.2 211

for fraction 59 this represents a 1.8-fold increase inland
55.S9& recovery of, amylase activity, and a 1.5-fold increase in

maltase activity with a 48,3$ recovery compared with the first

isopropanol fractionation. However, as the total recovery was

much lower on this second fractionation it appears as though

appreciable inactivation had occurred. The two stage isopropanol

fractionation thus yields a 5.8-fold purification of the amylase

from the original extract.

Partial purification of the amylase

The soluble extract (5.07 gm., 8,000 amylase units and 7,700

maltase units) was dissolved in water (800 ml.) and 0.2 M acetate

buffer pH 5.6 (200 ml.) and ammonium sulphate added to 0,2 saturation.

The precipitate, fraction 1, and the supernatant solution, fraction2,

were separated by centrifugation, dialyeed and lyophilized.

Fraction 2 (1.75 gm.) was dissolved in water (160 ml.) and

0,2 M acetate buffer pil 5.6 (40 ml, ) and a deep green product

( ^20 rag,) precipitated with isopropanol (50 ml.). A precipitate,
fraction 3, which formed on addition of .isopropanol (350 ml.) to

the supernatant solution (250 ml.) was separated, dialysed and

lyophilized. The supernatant solution from this precipitation

contained the green pigment.
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Fraction Yield
(gnu )

Ammonium sulphate fractionation

&Ji Amylase
Specific Total
Activity

Maltase
Specific Total
Activity

soluble extract 5.07 6,9 22.8 8,000 22.1 7,700

1 1.48 8.4 8,0 1,000 3.1 387

2 1.82 6.8 46,4 5,740 33.6 4,164

Isopropanol fractionation

2 1.75 6,8 46.4 5,520 33.6 4,000

3 1.34 7.3 50.0 4,860 25.4 2,485

These results indicate that the Maltese activity has increased by

a factor of only 1.1 with a 32$ recovery, whilst the amylase

(62$ yield) has shown a 2.2-fold increase in activity.

Attempted inhibition of maltase activity

In view of the reported inhibition of oligosaccharidases by

the corresponding aldono-1:4-lactones (148, 149), an attempt was made

to selectively inhibit the raaltase present in the 0. rupestris

extract. A similar experiment was also devised using methyl

0(.-glucoside which in high concentrations would be expected to

competitively inhibit the maltase.

Substrate:- maltose (0.375$)

Enzyme:- fraction 3 (2.4$)
Buffer:- 0,2 M acetate pH 5.6

Inhibitors:- glucurono-1:4-lactone (0.1 M) and methyl 0(-

glucoside (0.1 M),

Digests were prepared as follows, and the increase in reducing

power of samples (2 ml. ) estimated after 3 hours Incubation using

Phillips and Caldwell's reagent.
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Digest 1 2 3 4 5

Substrate (ml. ) 2.0 2.0 2.0 2.0 2.0

Buffer (ml.) 2.0 2.0 2.0 2.0 2.0

Enzyme (ml# ) 0.5 0.5 0.5 - mm

Lactone (ml. ) - 0.5 - 0.5 mm

Methyl OC-
glucoside (ml. ) mm - 0,5 - 0,5

Water (ml#) 0.5 mm - 0.5 0.5

Increase in reducing
power (ml. of 0.01 N
thiosulphate) 3.79 3.13 3.42 -0, 09 0.05

i" Inhibition .. 17.4 9.8 _

She low degree of inhibition and high reducing power of

glucurono-1:4-lactone make it unsuitable as an inhibitor in this

work#



pH of Digest

100
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Properties.:; of the amylase of 0. rupestris

Determination of the effect of pH on amylase activity

a) tisiru-" acetate buffer

Digests were prepared as follows:- soluble starch (5 ml., 0.3$),

0.2 M acetate buffer of appropriate pH value (10 ml.) and fraction

W (5 ml., 0.6/«), and the increase in reducing power estimated

after 24 hours, an samples (3 ml.), using reagent A.

The results, calculated as relative activity, (highest

activity being 100) are represented in Graph 1 and indicate an

optimum pH greater than 5.7.

b) Using aicllvaine phosphate-citrate buffer

Digests were prepared as above, but using Mcllvaine phosphate-

citrate buffers of appropriate pH values. The results,

calculated as before, are represented in Graph 1 and indicate

maximum activity over the pH range 5.2 - 5.4. The activity

was considerably less in this buffer as compared with that in

acetate buffer.

c) Using B.D.H. Universal buffer

The effect of buffers of different pH values, prepared from

B.D.H. Universal buffer mixture, on the amylase activity was

studied using digests similar to those above. The results,

Graph 1, indicate maximum activity over the pH range 5.4 - 5.8.

d) Usin;< a mixed buffer

Buffers of different pH values were prepared containing B.D.H.

Universal buffer ana 0.2 M acetate in equal proportions and

incorporated in digests as above. The increase in reducing

power of each digest was greater than the value obtained using

either buffer by itself.



Increaseinreducingpower (mUof0.01Nthiosulphate)
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pH 4.6 5.0 5.3 5.7

Relative activity 9.7 58.3 84.5 100

In the pH range 4.6 - 5.7 maximum activity is therefore obtained

at pH 5.7; this is similar to the result observed using acetate

buffer alone.

Effect of using varying proportions of Universal_buffer co acetate
buffer at ph 5.7

Substrate:- soluble starch (0.3/S)

Enzymefraction W (O.65&)
Buffers:- 0.2 M acetate pH 5.7; Universal pH 5.7

Digests were prepared a s in the table and the inereas® in

reducing power estimated using samples (5 ml.) after 24 hours, with

reagent A.

Digest 1 2 3 4 5 6 7 0 9 10 11

Substrate (ml. ) 5 5 5 5 5 5 5 5 5 5 5

Enzyme (ml, ) 5 5 5 5 5 5 5 5 5 5 5

Acetate (ml. } 0 1
buffer

2 3 4 5 6 7 3 9 10

Universal (ml. ) 10 9
buffer

8 7 6 5 4 3 2 1 0

Increase in
re dicing power (nl.
of 0.01 H
thiosulphate) 5.1 5.3 5.1 5.2 5.1 5.6 5.4 5.2 4.9 4.6 2.5

These results indicate that Universal buffer has an activating

effect on the amylase activity (Graph 2).
The amylase acti va.ting constituen t (s) of UnIvereal buffer

-B.D.ii. Universal buffer consists esoentialiy of a mixture of

sodium dihydrogen phosphate, phenylacetic acid and boric acid. The
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effect of each of these on the amylase activity has been studied by

preparing digests containing soluble starch (2 ml,, 0.32$), 0,2 M

acetate buffer pH 5,6 (5 ml.), fraction W (2 ml,, 0.6$), phosphate or

phenyl acetic acid or boric acid (0,05 M) and water to total volume

10 ml. Samples (4 ml.) were withdrawn after 24 hours and the

increase in reducing power estimated using method 'A*. The results

are represented in Graph 3, and show that whereas phenylacetic acid

had no effect, sodium dihydrogen phosphate depressed the activity

slightly. Boric acid had a considerable activating effect which

was maximum at a concentration of 45 x 10""^M.
Effect of sodium chloride on the amylase activity

| Digests were prepared as follows, and the increase in reducing
i

power of samples (4 ml.) estimated, after 24 hours, using reagent

•A:- soluble starch (4 ml., 0.32$), 0.2 M acetate buffer pM 5.6 (3 ml.),

fraction W soluble extract (2 ml., 0.2$), sodium chloride (0.1 M or

1.0 M) and water to total volume 10 ml. A graph (Graph 4) of the

logarithm of the concentration of the chloride ion against the

increase in reducing power was linear over the range 0.001 M - 0.05 M

indicating that, within these limits, amylase activity is proportional

to the concentration of the chloride ions.

A similar experiment using maltose as substrate indicated that

the maltase activity was not affected by sodium chloride.

Effect of temperature on the amylase and maltase activity

The soluble extract of fraction W (78.5 mg.) was dissolved

in water (25 ml.) and portions heated at the required temperature

for 15 minutes, cooled to room temperature and centrifuged. Digests

were prepared, consisting of soluble starch (4 ml., 0.32$) or



Graph 5 - Bffeot of tenqperature
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maltose (4 ml., 0.125$), 0,2 M acetate buffer pH 5.6 (4 ml.)
and the supernatant solutions (2 ml. )♦ The increase in reducing

power of samples (4 ml.J was estimated after 24 hours using method

A, and the results calculated as relative activity (the highest

activity being 100) are shown in Graph 5.

The amylase is more therraolabile than the raaltase.

...ode of action of the amylase

Paper chromatography

To determine if any oligosaccharides were produced during

amylase action on soluble starch, the following digests were

prepared - (i) starch or maltose (5 rag. ), fraction 3 (5 mg.),

0.1 M acetate buffer (0.2 ml.) and sodium chloride (0.02 ml., 0.6 M),

and (ii) starch (100 rag.), fraction 3 (3 rag.), 0.1 M acetate buffer

pH 5.6 (2 ml.) and sodium chloride (0.2 ml.). The digests were

ohromatographed using irrigant 2 and spray 2.

The maltose digest contained only maltose and glucose after

5 hours incubation, whereas the starch digest (i), on chromatographic

analysis, showed the presence of glucose, maltose and a streak: of

reducing sugars, RqO.55 - 0.00, Digest (ii) after 24 hours
incubation also contained glucose, maltose and higher oligosaccharides.

These results indicate that glucose is not the primary

product of amylase action.

Hydrolysis of soluble starch

(i) Fraction A

A digest containing soluble starch (39 Big*), fraction A (60 mg.)
and 0.075 M acetate buffer pH 5.1 (40 ml.) was prepared and samples

(ca. 7 ml.) withdrawn at intervals, heated to 1(X)"C and filtered.



Graph 6 -Degradation of starch
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The liberated glucose was estimated using the filtrate (4 ml,)

and reagent *A'; the iodine absorption value of the filtrate (l ml.)

and 0,02$ iodine in Q,2> potassium iodide (5 ml.) was measured in
I

a 1 cm. cell with filter 608 on a Spekker absorptiometer. Iodine

absorption values are quoted as the Spekker absorptiometer readings.

Time (hours) 0 24 48 70

Conversion into glucose ($) - 21 34 41

Iodine absorption value 0.739 0.578 0.328 0.076

These results (Graph 6) indicate weak 0(.-amylase type action,

(ii) Fraction W

To determine the hydrolysis limit of soluble starch by a whole

extract of C. rupestris. a digest similar to that above was

prepared using fraction W (p. 16 ); the reducing power of samples

(4 ml.) was estimated using reagent 'A*.

Time (days) 1 2 4 11 19 25

Conversion into glucose ($) 15.5 29.0 46.0 62.0 70.0 70.0

After 25 days incubation, chromatographic analysis indicated that

glucose was the only degradation product. The digest was

concentrated in vacuo, dialysed and a further portion of fraction W

(12 ing.) added. This digest after 4 days incubation contained a

further 0.21 mg. of glucose / 4 ml. indicating that the hydrolysis

limit of 70#, observed in the main digest, was not a true limit;

this was probably caused by slow inactivation of the amylase at

35°C.
The extent of degradation of soluble starch by the algal

preparation is therefore greater than that with j*> -amylase; the
latter hydrolyses only 53 - 60^ of the starch molecules.



Graph 7 - Degradation of starch
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(iii) Fraction 3

A digest containing soluble starch (32 Eg.), fraction 3 (40 rag.),

0.07 M acetate buffer pli 5.6 (45 ml.) and sodium chloride (5 ml.,

0.6 M) was prepared. The percentage hydrolysis to glucose was

estimated using reagent 'A* with samples (3 ml.); the iodine

absorption value of sample (1 ml.), water (10 ml.) and 0.2$ iodine

in 2$ potassium iodide (l ml.) was measured as before. The results

(Graph 7) indicate strong enao~amylase action with a hydrolysis

limit of ca. 90$.

Hydrolysis of glycogens

Digests were set up using the undernoted glycogens (39 - 47 mg. ),

0.05 M acetate buffer pH 5.1 (40 - 50 ml.) and C. rupestris fraction

A (60 mg.). The digests were examined at intervals using essentially

the same methods as before except that filter 603 was used in place

of 606 for the iodine absorption values.

(i) iirewei^s yeast glycogen

Time (hours) 0 16.5 40.5

Conversion into glucose ($) - 7.0 15.5

Iodine absorption value 1.297 0.173 0.114

(ii) Glycogen from Ascaris lursbricoides

Time (days) 0 1 2 3 5 8 10 14

Conversion into
glucose ($) - 6.0 9.0 13.0 20.0 27.5 30.0 33.5

Iodine absorption
value 0.082 0.043 0.022 0.015 0.005 0.000 0.000

(iii) Comparison with ol- and &-amylase preparations

The following digests were prepared, and samples (2 ml.)
withdrawn at intervals and the reducing power estimated using

reagent 'A'. For digest (1) the results are quoted as percentage
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hydrolysis t^o glucose, and for digests (2) and (3) as apparent
conversion to maltose.

Litest (1) (2) (3)

Rabbit liver glycogen (rag.) 46.8 48.4 48.4

0.2 M Acetate buffer pH 5*0 (ml.) 10.0 10.0 10.0

Water (ml.) 40.0 17.0 H 03 0 O

Fraction A (mg,) 150.0 - -

Soya bean ^-amylase (ml.) «. 3.0 -

Unpurified salivary OC-amylase (ml. ) - - 2.0

Time (days)

1 17.8 43.7 84.4

2 27.4 46.6 88.5

3 36.1 46.1 97.3
5 43,3 mm -

11 50.0 - -

14 51.4 -

21 5,2.4 - —

The algal amylase thus causes a greater degradation of glycogen

than £ -amylase.
Hydrolysis of potato amylose

Substrate:- potato amylose (42.0 mg., blue value 1.33) was dissolved
o

in sodium hydroxide (10 ml., 0.2 N) at 100 C. The solution was

neutralised with acetic acid, 0.2 M acetate buffer pii 5.6 (10 ml.)

added and the solution diluted to 50 ml. with water. Sodium

chloride (5 ml., 0.6 M) was added to the substrate solution,

before dilution, which was used for the C. rupestris digest.

Enzymes:- Wallerstein Laboratories (New York) p-amylase preparation
(19.2 mg., 1,920 units) in water (4 ml.); C. rupestris fraction 3
(56.0 mg.) in water (4 ml,).
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Digests were prepared containing solutions of substrate (47 ml.)

and enzyme (3 ml. ). The reducing power and iodine absorption value

for each digest were estimated as described on p423.

Conversion into maltose
(#) - 36.0 52.8 64.0 65.6 71.2 84.8 84.

Iodine absorption value 0.672 0.398 0.273 0.213 0.189 0.150 0.044

Fraction 3

Conversion into
glucose (?£) - 0.8 2.3 3.4 6.5 13.2 77.1 78.

Iodine absorption
value " 0.672 0JS54 0.568 0.484 0.408 0.190 0.038 -

Graph 8 in which, the relationship between the iodine absorption

value and percentage hydrolysis is shown for both digests indicates

that the algal extract contains an OC-amylase.

hydrolysis of {3-limit dextrin from waxy maize starch

P -Limit dextrin (19.1 mg.), C. rupestrio fraction A (20.0 rag.)
and 0.07 M acetate buffer pH 5.0 (40 ml.) were incubated together.

Chromatographic analysis indicated that glucose was the only

degradation product and this was estimated on samples (5 ml.)

using reagent 'A*.

Time (minutes)

f3 -Amylase
0 15 30 45 60 120 21 46

hrs. hrs

Time (days)
Conversion into glucose (/£) 6.4 10.9 14.3 19.3 30.9 31.0

1 2 3 5 10 13
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aiscussiOH

The extract of C, rupestrls has been shown to contain an

©(.-amylase, the activity of which is considerably affected by-

various anions. The absence of glucose-l-phosphate—^amylose

transglucosidase (phosphorylase) in the algal extract (see Section

III) indicated that the degradation of «,1s4-glucosans (Table 4,

p. 37) must be amylolytic rather than phosphorolytic, and this

section has therefore been devoted to a preliminary study of the

properties of the amylase.

Many of the methods for activity determinations of amylases

are based on measurement of the liberated reducing sugars, as

maltose. The end product of the algal extract action on starch

was however, glucose; this, allied to a low activity, necessitated

the introduction of a different activity unit. Using the devised

conditions, the liberation of glucose was shown to be proportional

to the concentration of the extract.

Attempted purification of amylase

The separation of proteins including enzymes hy electro¬

phoresis has been reported by several workers. Wallenfells and

Peckraann (150) have reported the separation of amylase, phosphatase

and a proteinase by filter paper electrophoresis whilst the

separation of oC-and JJ-glucosidases by this method has also been
observed (151). Essentially the same technique has been used with

the algal extract and different electrophoretic mobilities were

observed for the amylase and maltase. The results also confirmed

the separate identity of the trehalose and maltose hydrolysing

enzymes.
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An investigation of the re-extraction of amylase activity from

lyophilized whole extracts has shown that the activity is only re-

extracted by prolonged stirring with the solvent? acetate buffer

and distilled water were the most effective of the solvents studied.

The precipitation of protein at different pH values showed that the

amylase and maltase behaved in a similar fashion. The introduction

of this procedure into a scheme for the purification of the algal

amylase would therefore have no advantage,

The fractionation and subsequent purification of many enzymes

has been reported using inorganic salts and organic solvents as

precipitants. Ammonium sulphate has been used in the majority

of enzyme purifications, whilst acetone and ethanol are the most

widely used organic solvents. Newton and Baylor (152) reported

the use of ethanol as a precipitant for soya bean /3-amylase
whilst Sherman and Schlesinger (153) used it for the preparation of

pancreatic (X-amylase. lates and Kneen (154) studied the effect

of isopropanol, acetone, ethanol and methanol as precipitants of

the amylase from a. oryzae bran; they concluded that isopropanol

and acetone are the most useful, as denaturation is considerably

less than with either ethanol or methanol.

The amylase activity of the algal fractions precipitated with

higher concentrations of ammonium sulphate were found to be

considerably greater than that of the whole extract. The yield was,

however, low and there was no preferential precipitation of the

maltaee. Precipitation with ethanol appeared to cause inactivation

of the amylase; similar results were observed for the maltase

(section II, p. 66 )• Examination of the fraction collected by
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precipitation with isopropanol between 30 and 65$ concentration

showed that the amylase activity had been preferentially

precipitated with a good recovery. Refractionation, of this

fraction, resulted however in a greater loss of activity, although

the specific activity had increased. Application of these methods,

on a large scale, resulted in a 2.2-fold purification of the amylase

(62$ yield) whe^as the raaltese activity increased by a factor of

only 1.1 with a 32$ recovery.

A study of the thermolability of the amylase and maltase

showed that the amylase, the activity of Which was decreased by

temperatures greater than 40°C, was more labile than the maltase,

which showed no appreciable loss of activity until the temperature

was higher than 53°C. The subsequent elimination of maltase

activity from the amylase preparation would thus appear to be

difficult.
! ir-

Conchie (148) has reported that glucurono-1:4- and 1:5-

lactones are effective competitive inhibitors for rumen ($ -
glucosidase* In a further study it was observed that these lactones

would also act as inhibitors for other oligosaccharidases,

including oC-glucosidase (149). $}*• inhibitory effect of

.lucuroou-i:4- lactone on the algaloC-glucosidase was however

found tc be only 17$; that of methyl <X-glucoside was only 10$.

Properties of the amylase

The algal amylase resembles those obtained from animal
is

sources in that it activated by anions (143). In Universal

and phosphate-citrate buffers, the optimum pH is in the range
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5.2 - 5.8, values similar to those of crystalline Aj, oryzae

OC-amylase (145) and Clostridium butyricum amylase (155). She

results obtained with acetate buffer indicated an optimum pH

greater than 5.7, the highest pH obtainable using that buffer.

Universal buffer exerted an activating action on the amylase and

further study showed that this was due to the boric acid constituent

of the buffer mixture. This effect was maximal in 45 x 10""^ M

boric acid; phenylaeetie acid had no effect whilst phosphate

decreased the activity slightly. I'hese results are not artefacts

caused by interference of the anion with the Somogyi copper reagent.

The amylase activity of the algal extract increased by 72.0$
on addition of 0.05 M sodium chloride and a graph of the logarithm

of the chloride ion concentration against increase in reducing

power of the digests showed that over the concentration range 0,001 -

0.05 M the activity was proportional to the concentration of

chloride ions. Animal and bacterial (X-amylases are similarly

activated by chloride ions and the concentration required for

oiaximum activation and the increase in activity are similar to

those observed with the algal amylase (143).

ode of Action

oC-Amylolyois of CX,1:4-glucosans is characterised by the

production of oligosaccharides and a rapid decrease in the

iodine absorption value of the digest. The extent of degradation
of amylose, amylopectin and glycogen by c<-amylase is high, an

apparent conversion to maltose of 80$ or more being observed,

The step-wise hydrolysis of OC,l :4~glucosans, catalysed by fi -
amylase or amyloglucosidase, is indicated by the production of only
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one sugar (maltose or glucose) and a slow change in iodine

absorption value; a high degree of hydrolysis of sraylose is

required before the iodine colouration reaches the achroic stage.

The number of branch points in the molecule has a considerable

effect on the extent of degradation; amyloses, essentially

linear molecules, undergo a 70 - 100$ conversion to reducing

sugar using ^-amylase, whereas only ca. 50$ hydrolysis of amylo-
pectins and glycogens is obtained.

The contamination of a preparation of either cC- or (5 -amylase
with maltase would not affect the changes In iodine absorption

value, since this is a measure of the amount of unattached

substrate. If maltase is present, the calculation of reducing

power estimation in terms of the apparent conversion into glucose

will give hydrolysis limits similar to those obtained, using pure oC-

and ^-amylases, for the apparent conversion into maltose. The
maltase would also have little effect on the liberated reducing

sugars, in the early stages of amylolysis; anCC-amylase - maltase

digest would contain the normal series of oligosaccharides and

glucose, whilst a ^-amylase - maltase digest would contain
maltose and glucose (both digests would, of course, mainly contain

glucose in the final stages of enzyme action).
The action of the algal extracts on glycogen and aroylose

has been compared with that ofp-amylase preparations, and observed
to be different. With the C« rupestris preparation a greater

apparent conversion of the glycogen to reducing sugar was obtained.

A study of the iodine absorption values of two different glycogens,

in the presence of the algal extract, showed that the glycogens
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became achroic at ca« 20$ hydrolysis, indicating random action.

A comparison of the decrease in iodine absorption value with

apparent conversion of amylose (Graph 8, p.125) shows that the algal

extract catalyses a more rapid decrease in absorption value than

^-amylase. The colour changes observed, in presence of the algal
extract, were from blue, through purple and red to the achroic

stage, changes which are typical of ©C-amylase action.

Paper chromatographic analysis of two different starch-extract

digests showed that oligosaccharides were produced, in agreement

with the postulated OC-amylase activity of the algal preparations.

The whole extract of 0. rupestris snows low amylolytic

activity which is inactivated on prolonged incubation at 35°C.
Soluble starch, after 25 days incubation, gave a 70$ conversion

into glucose, but the residual material was further hydrolysed

by the addition of fresh enzyme. Incubation of soluble starch

with a partially purified preparation gave ca. 90$ conversion

into glucose and a rapid decrease in iodine absorption value was

observed.

These studies indicate that the algal amylase is of the oC-

type.

The hydrolysis of the p> -limit dextrin from waxy maize starch
could not be catalysed by a p -amylase, unless acting in the
presence of a de-branching enzyme. The extent of degradation of

the p> -limit dextrin, in conjunction with the above evidence, is
therefore attributed to OC-amylase action, and the low apparent

conversion to the low activity of the whole extract.
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Further purification of the amylase activity, free from

maltase, isomaltase and possible de-branching enzymes is

desirable before the mode of action of this enzyme, including

specificity towards <*,1s4-linkages adjacent to reducing groups and

oCjl16—linkages, can be studied in greater detail.
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SuMiViAKY

i'he amylase activity of an extract of xnroestris has been

increased, by precipitation with ammonium sulphate and

isopropanol.

I'he effect of different buffers on the optimum pii indicated

that the amylase was sensitive to anions.

Boric acid (45 x 10 M) and sodium chloride (5 x 10 M)

are effective activators.

It
ihe degradation of <*,1:4-gluco s ans, followed by measurement

of iodine absorption value and increase in reducing power,

indicates that the mode of action is that of od-aiiiyloiyais.

Chromatographic analysis of soluble starch digests using low

enzyme concentrations or after a short reaction period

indicated that glucose was not the primary degradation product.
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