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The enzyme phosphorylase has been Investigated for the first time in three
phytopathogenic species of Alternariv, vize, Altenuis, 4. brussicola and A, raphani.
A relation between the enzyme activity and the relative pathogenicity and host
range of these has been observed. The various optima determined were :
pH 64, temperature 55° C, time 90 minutes, substrate concentration 0-85 milli-
mole of glucose-1-phosphate, enzyme concentration 0-08-0-10 mg, enzyme
proteinfml. None of ths chemicals used activated the enzyme activity of any
of the strains studied.

INTRODUCTION

Extensive studies have been carried out during the last decade or so
with enzyme systems which bring about the formation of polysaccharide,
and in comparison with related organisms the biosynthesis of polysaccharides
in fungi is presumed to take place by two major pathways, viz. phosphory-
lation (including both polysaccharide and sucrose phosphorylase) and trans-
glucosidation (levansucrase). These phosphorylases, catalysing a number of
reversible reactions involving organic phosphorus compounds like polysac-
charides and some disaccharides (e.g. sucrose and inosine), are widely distri-
buted in yeast cells, bacteria, muscle, heart, liver and brain tissues of animals,
ag also in pea seeds, potato tuber and several other higher plants (Bodnar
1925, Parnas 1937, Kiessling 1939, Cori ¢f «l. 1939, also sce review by Hasgid
ot al. 1951), but very little is known about them in the case of fungi. The
paucity of literature in fungi and its importance in metabolism led the auntlior
to study the enzyme phosphorylase which catalyses the reversible reaction
between polysaccharide, inorganic phosphate and glucose-1-phosphate, in
the three species of Alternaria, viz. A. tenuis (AT), A. brassicola (AB) and
A. raphani (AR), isolated respectively from Althea rosea, Brassica oleracea
and Raphanus sativus with the ultimate view to elucidate the complex host-
parasite relationships. The present paper describes a detailed study of the
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intracellular phosphorylase activity, the presence of which has already been
shown in the species under investigation (Das-Gupta and Verma 1961 and
1962).

MATERIALS AND METHODS

The fungi were grown on Ashour’s (1954) medium for 10 days after
which the fungal mats were removed, washed (Das-Gupta and Verma 1961)
and placed in toluene for 30 minutes to render the mycelium permeable to
the enzyme. The mycelium, in each case, was then washed several times
in water, dried, weighed and extracted in 20 times its weight of water or
buffer (Das-Gupta and Verma 1962). Analytical grade chemicals, pyrex
glassware and double glass distilled water were used throughout the investi-
gations.

Assay of the enzyme activity.—The species of Allernaria included in the
present studies possess amylase and phosphatase activities (Das-Gupta and
Verma loc. cit.). The phosphatase present may act on glucose-1-phosphate
but this interference is probably not so serious because, during active synthesis
of amylose, phosphorylase competes successfully for the G-1-P and suppresses
phosphatase action (Porter 1953). However, it has been shown (Porter 1953)
that phosphatase can be selectively inhibited by sodium fluoride. The other
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Fre. 1. The effect of pH on phosphorylase activity.,
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interfering enzyme is B-amylase which inhibits phosphorylase, and because
of the presence of this enzyme phosphorylase could not be demonstrated in
the crude extracts of cereals (Porter 1950, Nakamura ef al. 1951). Traces of
x-amylase or Q enzyme accelerate the reaction by producing more primer
chains, but high concentrations of the former enzyme cause inhibition prob-
ably because of the destruction of the primer (Whelan 1955). Amylases
and Q-enzymes can be inhibited by HgCl, (Porter 1953, Bailey et al. 1951,
Nakamura ef al. 1951). For these reasons in the present studies, it was thought
desirable to inhibit these enzymes by appropriate inhibitors, which would
not affect phosphorylase activity and, therefore, a M/50 NaF and M/1,500
Hg(l, in the appropriate succinate buffers were used as the inhibitors of
amylases and phosphatases.
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F1c. 2. The effect of varying incubation periods on phosphorylase activity.
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The method followed for the assay of the enzyme was essentially similar
to that of Sumner ef al. (1950) using primer (Hanes 1940, Cori and Cori 1939,
Green and Stumpf 1942) and appropriate inhibitors for the interfering enzymes.
The reaction mixture consisted of 0-25 ml enzyme, 0-25 ml succinate buffer
(pH 6-4), 0-5 ml NaF (M/50) and 0-5 ml HgCl, (M/1,500). These were incu-
bated at 37° C for 30 minutes after which the reaction was started by the
addition of 0-25 ml] amylose solution (1 per cent) and 0-25 ml G-1-P (0-013 M).
The reaction was run for 90 minutes at 37° C after which it was stopped by
the addition of 1-25 ml ammonium molybdate (6-66 per cent). The colour was
developed by the method of Sumner (1944). To the reaction mixture was
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¥ia. 3. Tho offoct of substrate concentration on phosphoryluse activity.

added 0-5 ml 7-5 N sulphuric acid, 1-25 ml ferrous sulphate reagent and the
total volume made up to 7-5 ml with water. The blue colour developed was
immediately read in a Klett Summerson photoelectric colorimeter using a red
filter (660 mp). The absolute activity of the enzyme was obtained by calcu-
lating the difference in the micrograms of P liberated between the tests and
controls. The inorganic P liberated was read from the standard curve of
phosphorus prepared with known amounts of P in the form of KH,PO,,
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The total nitrogen estimations of the enzyme extracts were carried out by the
microkjeldahl method.

Resvrrs

Phogphorylase activities of the three species of Alfernariv under normal
conditions are given in the table.
The table shows that the phosphorylase activity is well represented in
the three species of Aliernaria. The highest activity is exhibited by AT;
* AB is second and AR has the least activity.
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Fic. 4. The effect of enzyme concentration on phosphorylase activity.

The effect of various factors, viz. pH, substrate and enzyme concentrations,
temperature, period of incubation and various chemicals, on enzyme activity
was studied. The optimum pH for the activity of the enzyme preparations,
employed in the present investigations, appears to be 6:4 as shown by the
more or less sharp peaks in Fig. 1. The rate of reaction followed the classical
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TABLE

Phosphorylase activity of the three species of Alternaria*

Micrograms of P liberated

O i : .
rganisms in 90 minutes
A, tenuis 3-3
A, brassicola 31
A, raphani 2:5

* The reaction mixture consisted of 0-25 ml G-1-P
(0-013 M), 0 25 ml amylose (1 per cent), 0-25 ml enzyme,
0-25 ml succinate buffer (pH 6-4), 0-5 ml NaF (M/50),
and 0-5 ml HgCl, (M/1,500). Final concentrations of NaF
and HgCl, in the reaction mixture were M/200 and M/6,000
rospectively. The concentration of G-1-P was 3-4 milli-
mole.

pattern in relation to time, only up to the first 90 minutes (Fig. 2). With the
increasing substrate and enzyme concentrations the rate of reaction was
proportional only up t6 0-85 millimole/ml substrate concentration (Fig. 3) and
0-25 ml of enzyme used (Fig. 4) for all the strains. The protein content of
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Fi6, 5. The effect of temperature on phosphorylase activity.
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the enzyme solution used was 0-6, 0-7 and 0-9 mg/ml for AT, AB and AR
respectively. Inactivation of the enzyme activity commenced at 55° C
(Fig. 5) and there was practically no activity at 85° C. Cysteine, glucose,
8-hydroxyquinoline, «-a'-dipyridyl, EDTA, thiosulphate, azide, Catt,
Mg**, Mn**, Co**, Cu**, Na*, adenylic acid (yeast), adenylic acid
(muscle) at a concentration of 1073 M failed to enhance or inhibit enzyme
activity. * .
Discussion

The enzyme phosphorylase appears to be well distributed in different
species of Alternaria and this is probably the first report of its kind. The
enzyme though not purified has been partially characterized. The optimum
pH for the enzyme activity was determined to be 6-4. The optimum pH
for jack bean phosphorylase was reported to be 64 (Sumner et al. 1950) and
later Sumner and Somers (1953) concluded that optimum pH lay between
6-3 and 6-5. Shome (1959) also assayed the phosphorylase activity of 7'vicho-
phyton rubrum and T. mentagrophytes as pH 6-4. The importance of pH
in the study of phosphorylase has been emphasized by several workers., Hanes
(1940) and Cori and Cori (1940) concluded that hydrogen ion concentration
has considerable influence on the inorganic/organic phosphate equilibrium
ratio, apparently because inorganic phosphate is less acidic than G-1-P. It
has been also demonstrated that in the region of pH 6-7 somewhat more than
80 per cent of the G-1-P is converted to polysaccharide and inorganic phosphate
(Cori et al. 1939, Kiessling 1939, Weibull and Tiselius 1945). In the present
studies also significant activities were present only in the range of pH 6-7,
and at lower pH the activities decreased sharply.

The temperature for optimum activity was determined to be 55° C in’
all the strains. Sumner ef al. (1950) also found approximately 55° C to be the
optimum for jack bean phosphorylase. ‘

The effect of a number of chemicals on the enzyme activity was studied
to characterize its properties. It was observed that none of them produced
any activation. Glucose has been demonstrated to inhibit the activity in
certain cases (Lehman 1938, Hanes 1939-40, Cori and Cori 1940, Shapiro and
- Wertheimer 1943) and not in others (Summer et al. 1950). Shome (1959)
found Mn**, Co**, Na* and o-phenanthroline to inhibit the enzyme
activities of the organisms studied by him. Jack bean phosphorylase was
activated neither by cysteine nor by plant or animal adenylic acid (Sumner
et al. 1950).

Phosphorylase activity expressed in terms of ug of phosphorus liberated
in 90 minutes per mg of protein in the enzyme extracts of AT, AB and AR
is 23, 18 and 11 respectively. It is interesting to note that the pathogenicity
and the host range of these species is also in the same order, viz. AT > AB > AR



324 J. P. VERMA

(Verma 1960). The possibility that phosphorylase may be one of the enzymes
of the enzyme complex of the pathogenic organisms, which by playing an
important role in the metabolism of the plant pathogens has some relationship
with their pathogenicity and distribution (host-range), is indeed intriguing
and merits serious consideration. Future experiments directed towards this
end will be useful in understanding the physiology of host-parasite relationship
in so far as plant diseases are concerned.
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