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Abstract

A minimal medium for the growth of the yeastlike culture of Ustilago
esculenta has been developed. The optimal pH for growth is about 6.5 and
. 7.0. As tested by auxanographic technique, the fungus has a growth require-
ment for thiamine, inositol and pantothenate, and has no requirement for
biotin, p-aminobenzoic acid, pyridoxine HCI, riboflavin, nicotinic acid, ascorbic
arcid, folic acid, choline chloride, ergosterol and cholesterol. With the 22
naturally occurring L-amino .acids tested as sole nitrogen source for growth,
. all except methionine, cystine (both are sulfur-containing amino acids) and
' hydroxyproline could support the growth of the fungus. Of the eight D-amino
acids tested as sole nitrogen source, only D-valine should support the growth;
alanine, aspartic acid, cystine, glutamic acid, methionine, threonine and
tyrosine could not. The content of DNA, RNA and protein on the basis of
percent dry weight cells was 022, 412, and 162/, respectively. However, the
dikaryotic mycelium phase of U. esculenta showed little growth in thiamine
containing medium. The replacement of thiamine by a mixture of vitamins,
and the addition of RNA hydrolysate and cholesterol or ergosterol also failed
to improve its growth,

Introduction

‘Kah-peh-sung’ is a popular, tender, delicious vegetable in the summer and
the fall in Taiwan. This vegetable is the hypertrophied culm resulted from
the infection of Zizania latifoiia by Ustilago esculenta P. Henn. Since the first
recording in 1895 by P. Hennings, there has been only few studies on this
fungus. The fungus parasitic within the plant is the dikaryotic mycelium
phase, which grows intercellularly and intracellularly. The hypertrophy of
the infected stem is probably resulted from growth-promoting substance(s)
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secreted by the fungus and indoleacetic acid has been implicated (Yu and
Wu, 1967).

In an attempt to elucidate the physiology of this interesting fungus,
studies on growth promoting requirements, utilization of amino acids and
cellular composition were first undertaken.

Materials and Methods

Organism

Two culture types of Ustilago esculenta P. Henn were used in this inves-
tigation: (a) dikaryotic mycelium culture, isolated from young tissue of
‘Kah-peh-sung’ (Zizania latifolia) grown in Nankang, Taiwan and (b) yeast-
like culture, arising spontaneously from a dikaryotic mycelium culture also
isolated from the plant grown in Nankang, Taiwan (Fig. la and 1b).

Media

PDA was used for the regular maintenance of the culture and a tempera-
ture of 28°C was employed for all the experiments unless otherwise stated.
The synthetic medium, glucose-asparagine-thiamine medium (GAB;) was used
for chemical tests. The GAB, has the following composition: glucose 20 g,
DL-asparagine monohydrate 2 g, thiamine hydrochloride 0.5 mg, KH,PO, 1 g,
MgS0,-7TH,0 05 g, FeSO,+7H,0 5 mg, ZnS0,-7TH,0 4.4 mg, MnSO,-H,0 2.75 mg,
CuS0,-5H;0 04 mg, (NH,)¢Mo0;0s-4H,0 1.8 mg, CaCl, 4.5 mg, NaCl 26 mg,
and distilled water to a liter. This is a modification of the medium described
previously (Lin and Gottlieb, 1974). The pH of the medium was adjusted to
6.5 with NaOH unless otherwise stated and was sterilized at 121°C for 10 min.
Thiamine hydrochloride was sterilized by filtration through Millipore filter
paper (0.45 ym pore diam) and was added to the sterilized medium just before
its use. The solid medium contained 1.7% agar.

Growth requivement tests for the yeastlike culture

A) Growth factors. GAB, agar with the omission of thiamine was nsed.
An aliquot (0.2 ml) of dilute yeastlike culture suspended in water was pipetted
onto the agar plate and spread. The agar plate was kept at 28°C overnight
before the addition of test compounds by auxanography (Perkins, 1944). The
following growth factors were tested: p-aminobenzoic acid, biotin, pyridoxine
HC], riboflavin, nicotinic acid, ascorbic acid, calcium pantothenate, folic acid,
myo-inositol, thiamine - HCl, choline chloride, ergosterol and cholesterol.
Ergosterol and cholesterol, recrystallized before use, were dissolved in N, N/-
dimethylformamide and all the other growth factors were dissolved in distilled
water and sterilized by Millipore paper filtration. The test compounds were
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absorbed into the filter paper disc (0.6 cm diam. from Schleicher and Schull
Co.). B) Utilization of amino acids. GAB, agar with the omission of aspar-
agine was used and the amino acids were examined by auxanography. The
following L-amino acids were tested: alanine, arginine, asparagine, aspartic
acid, cysteine, cystine, glutamic acid, glutamine, histidine, hydroxyproling,
isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine,
tryptophan, tyrosine, valine and glycine. .Also studied were the D-forms of
alanine, aspartic acid, cystine, glutamic acid, methionine, threonine, tyrosine
and ‘valine. The test compounds were added to the agar plate as a powder.
C) Hydrogen ion concentration. The effect of pH values on the growth was
conducted in GAB, liquid medium at 28-29°C in a gyratory shaker. -

Growth requirement tests for the dikaryotic mycelium

The following agar media were used: GAB,, GAB, + inositol (1 g/liter),
GAB, - nicotinic acid (1 g/liter), GAB; -+ RNA hydrolysate, GA + vitamin
mixture - RNA hydrolysate, GAB,; -+ cholesterol or ergosterol (0, 12.5, 25, 50,
100 ,g/ml). The vitamin mixture (Lin and Gottlieb, 1974) contained in each
liter of agar medium: thiamine-HC!, pyridoxine-HCl, calcium pantothenate,
p-aminobenzoic acid, nicotinic acid, 0.5 mg each; myo-inositol 5 mg, biotin
5 pg, and riboflavin 0.25 mg. The mixture was sterilized by Millipore filter
paper filtration and was added aseptically to the medium just before use.
RNA hydrolysate was prepared as follows. To 5g of RNA was added 25 ml
1N NaOH and hydrolyzed at 121°C for 10 min. The pH of the hydrolysate
was adjusted to 6.0; the volume to 50 ml. The preparation was then centri-
fuged to remove the insoluble and sterilized by Millipore filter paper filtration.
An aliciuot equivalent to 0.2 g of RNA was added to a liter of agar medium.
Cholesterol and ergosterol were recrystallized from alcohol dissolved in N, N/-
dimethylformamide and added to the medium aseptically just before use.

Fractionation of the cells

The yeastlike culture cultivated in GAB; liquid medium was harvested at
log phase of growth and washed twice with 0925 NaCl. The cells were
Iyophilized and dried to constant weight at 75°C. The dried cells was frac-
tionated according to a modification of the procedures described by Gottlieb
and Van Etten: a) Powdered dried cells (80 mg) were suspended in 5ml of
8024 ethanol. After 30 min, the supernatant fluid was again extracted with
another 5 ml of 802 ethanol for 5 min and the supernatant fluid removed by
centrifugation. b) The residue from step(a) was suspended in 5ml of ethanol:
ether (3:1, v/v), and the extraction were repeated as above. ¢) The residue
from step (b) was suspended in 5 ml of diethyl ether and the extraction and
the centrifugation were repeated as above. d) The residue from step (c¢) was
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suspended in 5 ml of ice-cold 5% trichloroacetic acid (TCA) for 30 min and
then for 5 min as above. e} The residue from step (d) was suspended in 5%
TCA and hydrolyzed at 70°C for 30 min. The supernatant fluid from this
step contained nucleic acids. This fraction was analyzed for DNA and RNA.
f) The residue from step (e) was suspended in 5 ml ether twice to remove
TCA. The dried residue was then suspended in 8 ml of 0.2 N NaOH and
hydrolyzed at 121°C for 15 min. The supernatant fraction obtained after
centrifugation was assayed for protein.

DNA was estimated by the indole method (Hubbard et al., 1970), RNA by
orcinol test (Ashwell, 1957), and protein by a modification of Lowry’s method
(Miller, 1959), using calf thymus DNA, yeast RNA and bovine albumin as
standards, respectively.

Results

Minimal medium

The yeastlike culture of U. esculenta showed negligible growth, if any, on
glucose-asparagine agar during the test periods of 3 to 4 days. This medium
was therefore used as the minimal medium for testing growth requirement
and utilization of amino acids.

Growth factors

When the yeastlike culture of U. esculenta was tested for growth factors
individually by auxanography, the fungus grew vigorously with thiamine and
slightly with pantothenate or inositol. No response was observed with p-
aminobenzoic acid, biotin, pyridoxine-HC], riboflavin, nicotinic acid, ascorbic
acid, folic acid, choline chloride, ergosterol and cholesterol. Thus the fungus
has a growth requirement for at least thiamine, inositol and pantothenate but
not for the other growth factors tested.

Hydrogen-ion concentration effect

The pH of the GAB,; liquid medium was adjusted with NaOH to 5.9, 5.5,
6.0, 6.5, and 7.0 before autoclaving and the growth of the fungus measured by
turbidity at 6560 nm or by cell number counting with hemocytometer (Table 1
and Fig. 2). The growth of the yeastlike culture was best at pH 6.5 and 7.0.

Utilization of amino acids

Of the 22 L-amino acids tested as the sole nitrogen source for the growth
of the fungus in the GB, agar, only L-methionine, L-cystine and hydroxy-L-
proline were unable to support the growth. In contrast, of the eight D-amino
acids, only D-valine supported growth; inactive were D-alanine, D-aspartic
acid, D-cystine, D-glutamic acid, D-methionine, D-threonine and D-tyrosine.
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Table 1. Cell number of the yeastlike culture of Ustilago
esculenta at various pH value of the medium
after four days of cultivation

Cell number/ml cultnre

pH 5.0 1.29 % 108
pH 5.5 1.42 x 108
pH 6.0 2.93 x 106
pH 6.5 8.04 x 108

The RNA hydrolysate was also an excellent sole nitrogen source for the
growth of the yeastlike culture.

Growth requirement studies on dikaryotic mycelium .

The addition of inositol, nicotinic acid and RNA hydrolysate to GAB,
agar did not increase the growth rate of the fungus over that on the GAB,
agar, (on which the diameter of the colony after 30 days of incubation was
about 1.8 cm.). Similarly, the replacement of thiamine by the vitamine mix-
ture failed to promote growth. Supplementing the medium with cholesterol
or ergosterol, at concentration ranging from 125 to 100 pg/ml, to GAB; agar
also did not enhance the growth rate of the fungus.

Content of DNA, RNA, and protein

In the yeastlike culture, these three important metabolic substances were
analyzed. Their content, on the basis of 25 dry weight of cells, were 0.21;?i-0, ‘
412+0.25, and 16.0320.95 for DNA, RNA and protein, respectively. ‘

Discussion

Ustilago esculenta can exist in two forms (dimorphism), mycelial and
yeastlike. The dikaryotic mycelium isoclated from the young tissue of ‘kah-
peh-sung’ (Zizania latifolia) developed normal dikaryotic mycelium colony on
PDA plate. However, after long incubation periods, yeastlike colonies tend
to appear within the mycelium colony. The same phenomenon occurred when
the mycelium was cultivated in the GAB,; liquid medium. In an attempt to
elucidate the physiology of the fungus the growth requirements of both types
of culture were studied. '

U. esculenta has been reported to require thiamine for good growth of
veastlike culture (Su, 1961). The present study showed that the yeastlike
culture not on‘ly has a requirement for thiamine, but also for inositol and

pantothenate. The growth was excellent with thiamine, but only to a small
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extent with either inositol or pantothenate alone. The growth requirement
for thiamine, inositol and pantothenate has also been reported in yeasts. The
association of inositol heterotrophy with thiamine has been quite common in
fungi (Fries, 1965). '

The yeast type culture of the fungus has a pH optimum around 6.5 to
7.0. Although the growth at pH 7.0 was slightly better than that at 6.5, the
medium at pH 7.0 would turn yellow and produce precipitates after steriliza-
tion. Thus pH 6.5 was chosen for the medium.

With the 22 naturally occurring L-amino acids tested as the sole nitrogen
source for growth, only three amino acids—methionine, cystine (both sulfur-
containing amino acids), and hydroxy-L-proline failed to sustain the growth.
The results suggest that the fungus probably has a defect in transport and/or
catabolism system for these amino acids to obtain the nitrogen which is
necessary for the building of cellular constituents for growth. Inhibition of
growth by L-methionine and hydroxy-L-proline has been reported in some
fungi (Fries, 1949; Robbins and McVeigh, 1946; Schopfer and Blumer, 1943;
Stockdale, 1953). The ability of this smut to utilize L-proline but not hydroxy-
L-proline is intriguing in that hydroxylation of an amino acid results in the
loss of utilizability of that amino acid. This phenomenon points out the high
specificity of the transport and/or catabolism system for these amino acids.

With the eight D-amino acids examined as sole nitrogen source, only
D-valine could support the growth of the fungus. D-alanine, D-aspartic acid,
D-cystine, D-glutamic acid, D-methionine, D-threonine as well as D-tyrosine
could not, although the L-form of alanine, aspartic acid, glutamic acid,

- threonine and tyrosine could. This difference again indicates the great speci-
ficity of the transport and/or catabolism system of these amino acids in this
fungus. The ability of Ustilago sp. to utilize D-valine has been reported before
(Blumer and Schopfer, 1940).

.The growth of the dikaryotic mycelium phase of this smut in the synthe-
tic media has been relatively slow, with a colony diameter of less than 2.0
cm after 30 days of incubation. The supplements of vitamin mixture, inositol,
nicotinic acid, RNA hydrolysate, or sterols did not enhance the growth. The
growth of this dikaryotic mycelium on PDA was better than that on synthetic
media. The dikaryotic mycelium phase of Usfilago sp., which is parasitic
on the plant, in general is unable to or very difficult to grow in vitre. The
search for improved growth of the dikaryotic mycelium in vifro is still in
progress.

The content of DNA, RNA, and protein, the three important metabolic
substances vital to cellular growth, was 02, 4.1 and 16% of dry weight of
cells. They are in the range generally found for fungi (Lin and Gottlieb, 1974).
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a ' ' b
Fig. 1. Dimorphism of Ustilago esculenta. (a) The dikaryotic mycelium (%x900). (b)

The yeastlike culture arising spontaneouly from a dikaryotic mycelium colony
(x900).
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Fig. 2. Effect of pH value of the medium on the growth of the yeastlike
culture of Ustilago esculenta. The cell density was measured by
turbidity at 650 nm. O—(Q, pH 7.0; x—x, pH 65; and @—@,
pH 6.0.
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