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ABSTRACT

In order to clarify the best cultural conditions of RhAizopus niveus the effects of
aeration, pH, and various nutrients, such as different carbon and nitrogen sources,
vitamins, and growth substances, on the mycelial growth were studied through liquid
culture, and amylase activities of the fungus at different cultural periods were mea-
sured.

Soluble starch, xylose and galactose are excellent sources of carbon for growth of
the fungus. Sorbose and lactose are utilized slightly for growth. Peptone, ammonium
sulfate and alanine are excellent nitrogen sources for growth, tryptophane and pota-
ssium nitrate are utilized slightly for growth and sodium nitrite is not utilized, Thia-
mine and gibberellin are excellent growth substances for the fungal growth, and
biotin, nicotinamide and indole acetic acid (IAA) are also effective.

Rhizopus nivews grows better at rotatory culture than at stationary culture and
earlier growth of the fungus increases remarkably at rotatory culture. Optimum pH
range for growth of Rhkizopus nivews is 4—5, and the fungus grows better at pH 6
than at pH 3. Growth increases linearly with an increase of soluble starch content up
to 100g per liter medium, but 5 grams of ammonium sulfate per liter is the optimum
nitrogen concentration for growth, if Pfeffer’'s medium is employed.

Amylase activities of Rhizopus at different cultural periods showed that the ma-
ximum amylase production takes place after the cell population has reached its peak
in the culture. Dextrinogenic amylase production has reached maximum at stato-
nary phase, and maximum saccharogenic amylase productior takes place in the phase

of negative growth acceleration.

1966; Mchan and Johnson, 1970) no

INTRODUCTION .
recent studies are found in the literature
Althouth the growth of the fungi di- on the nutrition and the effect of spe-
fferent from genus Rkiizopus have been cific nutrients of the fungus. Recently,
studied extensively (Coley-Smith, 1960, Papavizas(1970) have reported some
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environmental conditions favorable for
growth and relative efficiency of vari-
ous carbon and nitrogen sources under
the different cultural conditions on Scle-
rotiwm, and Nolan(1970) have studied
the vitamin requirement of Catenaria.
Although Yamazaki (1931, 1934), Yama-
moto(1930), Takeda(1935)
et al.(1964) have reported some phy-

and Inui

siological characteristics on Rhizopus
species for taxonomical study, no com-
prehensive nutritional and physiologi-
cal studies of the fungus have yet been
made.

In the present study, the effects of
various nutrients such as different car-
bon and nitrogen sources, vitamins, and
growth substances, on the mycelial gro-
wth were measured through liquid cultu-
re in order to clarify the best nutritio-
nal conditions of the fungus, and amy-
lase activities of the fungus at differe-

nt cultural periods were measured.
MATERIALS AND METHODS

1. Origin and maintenance of the strain.

The strain of R.niveus 1AM 6035 was
obtained from The Institute of Applied
Microbiology, University of Tokyo. St-
ock culture were maintained on slants
of a potato starch medium and were
transfered at 2 to 4 week intervals. St-

ock cultures were incubated at 173-1°C.
2. Inoculum preparation and culture media

The method for obtaining a spore in-
oculum was a modification of the techni-
que used by Carlile and Machlis(1965).
2 Loopfuls of seven-days-old strain were
harvested with 30m/ sterile distilled wa-
ter to yield a spore suspension, and 1 m!
portions of which were added to the

experimental flasks. Two basal media
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and Pfeffer’s solution were used through-
out. Basal medium 1 (BM—1) was the
same with Pfeffer’s medium without suc-
rose. The second basal medium(BM—2)
was the same with Pfeffer’'s medium
without ammonium nitrate. Experimental
media were adjusted to pH 5.0 before
autoclaving.

3. Growth studies

Experimental cultures were grown in
250m/ Erlenmyer flasks containing 50m/
of medium. All cultures were incubated
stationary at 30°C, but rotatory cultures
were incubated on a horizontal shaker.

Four groups of carbon sources were
studied; 7 monosaccharides (2 pentose
and 5 hexoses), 3 disaccharides, 1 tri-
saccharide, and 4 polysaccharides. All
carbon sources were added to BM—1 at
the ratio of 5gr carbon per liter.

Three groups of nitrogen sources were
studied; 7 amino acids, 6 inorganic salts,
and 4 complex organic sources of nitro-
gen. The nitrogen sources were added
to BM—2 at the ratio of 0.5gr nitrogen
per liter,

Seven growth substances were studied;
vitamins and growth substances were
added to Pfeffer’s media. The concentra-
tion of thiamine was 150p¢g per liter
while that of the other vitamins were
100xg per liter and that of growth sub-
stances were 150 ppm.

Mycelium on the synthetic media con-
taining single carbon or nitrogen sou-
rces was assayed after 2 and 4 days of
inoculation.

Optimum pH study was carried out in
Pfeffer’s solution adjusted from pH 1
to 9 and comparative growth experime-
nts between rotatory and stationary cul-

ture were carried out in Pfeffer's so-
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lution as well as in the case of opti-
mum pH study. Mycelium was harve-
sted at predetermined intervals.

When the mycelium from liquid media
was harvested, it was collected on a fi-
Iter paper, washed with distilled water,
and dried overnight at 100°C before be-
ing weighed. All dry weights were rou-
nded off to the nearest milligram.,

4. Prepération of enzyme solution

Culture medium wused in this experi-
ment was Pfeffer’s solution. Fifty milli-
liters of culture media were inoculated
and incubated at 30°C in 250m/ flasks.
Mycelium harvested at predetermined
intervals was dried and the supernatant
was given to enzyme solution.

5. Determination of amylase activities

Amylase activities were measured by
colorimetric method.

1) Dextrinogenic amylase

1M/ enzyme solution was added to an
equivolume of acetate buffer (pH 5.0)
and incubated for 10 minutes at 37°C.
After incubation 2m/ of 2% soluble sta-
and then

the mixture was further incubated {for

rch solution was added to it,

30 minutes. For determination of dextri-
nogenic activities, the reaction mixture
was added to 5m/ of 1IN acetic acid and
then was diluted with 50m/ distilled wat-
er, added to 5m/ of 0.1N 1,-KI solution.
After all additions have been made, the
optical density was mesuared at 700mg
and dextrinogenic amylase activity was
represented to RDP (relative dextrini-
zing power) as in the previous paper
{Lee and Yoon, 1973).

2) Saccharogenic amylase
Determination of reducing sugar as
glucose was carried out with the same

method as in the previous paper (Lee
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and Yoon, 1973).
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Fig. 1. The comparison of mycelial growth of
R. niveus in rotatory and stationary culture,
and the optimal pH range for growth of the
fungus. Mycelium was harvested after 2
days incubation.

RESULTS AND DISCUSSION

1. Effect of aeration on mycelial growth
To determine the effect of aeration,

one was shaked and the other was sta-

yed at 30°C. Pfeffer’s solution was incu-
bated with the inoculum and harvested
after predetermined intervals. Mpycelia
were grown at submerged state in shaked
culture and on surface in stationary cult-
ure. Growth rate was significantly higher
in submerged culture than in surface
culture on the same medium, but total
growth was not so much different. The

results obtained are represented in Fig. 1.

These results are similar to the results

of Mchan and Johnson (1970) on Mona-

scus purpureus.

2. Effect of pH for growth in liquid
cultures
Mycelia in the medium adjusted to

each pH were harvested after 2 days

incubation, and then dried and weighed.

The results, after 2 days of incuba-

tion, show that maximum growth was

obtained at pH 5 and the strain grew
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Fig. 2. Growth rate of R. niveuws in basal medium 1 (BM—1) supplemented with carbon

sources.
better at pH 6 than at pH 3. Growth
failed at pH 1,2 and 9, as shown in

Fig. 1.

Yamamoto (1930)
optimum pH for growth of R.
was pH 4.0 while no growth in the pH
range of 1.8—2.35.

By using bouillon containing 5% glu-
cose, Takeda(1935) found that Rhizopus
species did not grow at pH 2. 0 and some

reported that the
acidus

species formed only poor submerged
mycelia at pH 2.2 after 7 day incuba-
tion periods, and that the optimum pH
for growth was generally in the range
of pH 4—5, most species grew
slightly at pH 6 and 9.

3. Carbon utilization for growth

and

Of 11 monosaccharides and oligosace-

harides tested the best ones for growth
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Fig. 3. Growth rate of R. niveus for 1g days
in different amounts of soluble starch and
sucrose.

were sucrose, maltose, glucose, fructose,
mannose, galactose, and xylose. Especi-
ally xylose and galactose were good ca-
rbon sources for growth. Sorbose was
utilized slightly and lactose supported

some growth, All polysaccharides tested

100 {g/1}
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Fig. 4. Growth of R.wivews in basal medium 2 (BM—2) supplemented with different nitrogen

sources.

supported good growth. Soluble starch
was excellent carbon source for growth
of the strain. The results after 2 and 4
days of incubation were shown in Fig. 2.

Effect of increasing concentration of
soluble starch on mycelial growth is
The possibility of
improved growth of RhAizopus in BM—1

shown in Fig. 4.
by increasing soluble starch concentra-
tions is investigated with the strain in
an experiment involving 6 soluble sta-
rch levels. As shown in Fig. 3, dry we-
ight of the fungus after 10 days of gro-
wth was increased along the increase
in starch concentration up to 100 gr per
liter of medium,
4. Nitrogen utilization for growth

The best growth of the fungus was
obtained with peptone, casein and sodium
glutamate. Good growth was also obta-
ined with ammonium sulfate, but ammo-
nium chloride, ammonium nitrate and

potassium nitrate were utilized slightly

for growth and sodium nitrite was nat
utilized. The amino acid alanine and
methionine were good sources of nitrogen.
Valine, threonine, arginine and cysteine
were relatively good nitrogen sources,

but tryptophan was utilized slightly.
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Fig. 5. Growth rate of R.,niveus for 10 days
in different amounts of ammonium sulfate
and ammonium nitrate.

The results after 2 days incubation are
represented in Fig. 4.

Ammonium sulfate and ammonium ni-
trate were selected for further studies
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because these are best inorganic nitrogen
sources for growth of R. niveus. To de-
termine the optimum amount of nitrogen
needed for growth, these nitrogen sou-
rces were added separately to BM—2 in
different concentrations. As shown in
Fig. 5, dry

increased as the concentrations of nitro-

weight of the fungus is

gen increase up to 5. 0gr/liter, but gro-
wth with 10, 20, 30gr/liter was not. good.

Yamazaki(1931) reported that fructo-
se was the best carbon source for the
growth of Rhizopus species. Takeda(19
35) found that lactose was not assimi-
lated, or only very poorly assimilated
to form submerged mycelia by a few
species. From a comparative study on the
effects of various nitrogen compounds,
Yamamoto(1930) reported that peptone
was generally most suitable for growth
of Rhizopus species. These reports are
concordant with the results of the present
studies.

5. Effect of growth substances on growth

To determine the effect of growth su-
bstances for growth, growth substances
were added seperately to Pfeffer’s solu-
tion,

As shown in Fig. 6, addition effect of
gibberellin or thiamine was excellent for
growth of the fungus. Thiamine was not
effective than other growth substances
for 2 days growth after incubation, but it
was the most effective for 4 days gro-
wth after incubation. The analysis indi-
cated that the yield for growth of the
tungus with supplements of the various
substances was not significantly diffe-
rent, and the fungus did not have an

absolute

requirement for an external

vitamin sources.
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Fig. 6. Growth rate of Rhizopus wniveus in

Pfeffer’'s medium supplemented with various

vitamins and growth substances.

6. Variation of amylase production during
the growth periods

Amylase activities of Rhizopus at di-
fferent cultural periods showed that the
maximum amylase production took pla-
ce after the cell population had reached
its peak in the culture. Dextrinogenic
amylase production of R. ziveus had re-
ached maximum at stationary phase,
and maximum saccharogenic amylase
production took place in the phase of
negative growth acceleration.

The results obtained are represented
in Fig.7. These results are concordant
with the report of Nomura et al.(1956)
and Fukumoto et af.(1958) with the ba-
cterial culture they employed.
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Fig. 7. Changes in amylase activities of RAizopus niveus during the growth phase.
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