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Effects of griseofluvin (GRF) on fungal growth was examined.

The content of GRF

which inhibits 50% of mycelial growth of an ascomycetes fungus, Cochliobolus miyabe-

anus (ATCC-38724), was 1.5 pg/ml.

growth in the presence of GRF at EDyy concentration were examined.

Cell wall constituents of mycelia of this fungus

No changes in

the B-glucan synthesis were found while the frequency of branched chain linkages of N-

in the chitin-lik

substance was reduced to half compared to the

normal mycelia. Effects of GRF on the activities of intracellular B-glucanase and N-

were d. B

N-acetylglucosaminidase activity was not.

galactosamine, on the other hand, was found to be repressed by GRF.

activity was repressed by GRF while

Conuersion of N-acetylglucosamine to N-acetyl-

It was assumed

from the results of this study that GRF could produce morphologically abnormal mycelia

by changing the cell wall structure to a slight degree.

Griseofluvin (GRF) is known as a curling factor
which causes shortening of fungal conidia and
irregular thickening, folding and over-branching
of fungal mycelia. Tt was tested in an animal
experiment in 1959 by GENTLES", and then applied
to clinics by WILLIAMS as a special remedy for
rebellious trichophytosis. Despite the clinical use-
fulness of GRF, its action mechanism is not so
This report deals with the
results of the action mechanism of GRF.

MATERIALS AND METHODS

1. Microorganism. An ascomycetous fungi,
Cochliobolus miyabeanus (ATCC 38724), was sub-
cultured on potato sucrose agar medium and grow-

entirely studied yet.

ing mycelia were used in this experiment.
2 Gri i in (GRF,
from Sankyo Inc.) was dissolved in dimethyl sul-
foxide (DMSO) prior to addition to culture medi-
um. final concentration of DMSO in the medium
(adjusted to 1%) showed no effect on mycelial
growth.
3. Measurement of medium inhibitory dose
for mycelial growth. A part of mycelia (3x3
mm) was cut off from the edge of fungal colony,

which had been grown on potato agar plate, inocu-
lated to potato sucrose liquid medium containing

various amounts of GRF (0.6, 0.8, 1.2, L4, 15
and 1.6 ug/ml) and cultured on a shaker at 28
for 72hrs. The growing mycelia were harvested
by centrifugation and dried at 80°C. The degree
of growth was determined by measuring the dry
weight [(GRF-treated mycelial
mycelial weight)x100(%)].

4. Effect of GRF on the growth of colonies.
The tip of mycelia was inoculated on the potato
agar containing 1.5 pg/ml (EDs, value for mycelial
growth), cultured statically at 28°C and diameters

weight +control

of the colonies were measured after 48, 9 and
144 hrs of incubation.

5. Chemical composition of myeelia. The
fungi was cultured using « medium with or with-
out GRF (1.5 pg/ml) at 28°C for 96 and 144 hrs by
shaking method. Growing mycelia were collected,
washed, freez-dried and then powder was used
for the chemical analyses. The sample was separa-
ted into fractions of carbohydrate, sterol, fatty acid
ester, protein, phospholipid, fatty acid and nucleic
acids (DNA and RNA) according to the previous
paper (Fig.1)?. Quantitative analysis of each
fraction was performed by the following method
using standard substance as indicated in parenthe-

sis : carbohydrate, anthrone method (glucose) ;
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Fig 1 Fractionation of cellular components in
mycelia of Cochliobolus miyabeanus
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Fig.2 Preparation of cell wall from mycelia by
ultrasonic method

Mycelium
blended in a homogenizer with 1% NaCl for 20 min
centrifuged at 3,500 rpm for 10 min

Residue

washed several times with 1% NaCl and H;0
centrifuged at 3,500 rpm for 15 min

Residue
sonicated at 20 ke for 20 min
centrifuged at 5,000 rpm for 15 min

Residue

sonicated at 20 ke for 60 min
centrifuged at 5,000 rom for 20 min

Residue_(prepared cell walls)
sterol, Sobel's method (ergosterol) ; fatty acid
ester, hydroxamic acid method (palmitic and

methyl) ; protein, Lowry’s method (bovine serum
albumin) ; phospholipid, Nakamura’s method after
heat-degrad with 609 acid (leci-
thin) ; fatty acid, titration of ethanol solution of
the sample with 0,01 N NaOH using
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Fig.3 EDjo value of griseofluvin on growth
of mycelia
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tion of cell wall polyssccharides. The strain
was cultured in the presence or absence of GRF
and growing mycelia were harvested and washed
by centrifugation. After grinding the mycelia,
cell walls were obtained by ultrasonic treatment
(20ke, 20 min) according to the method shown
in Fig.2. -Glucan and chitin-like substanced-®
were extracted from the cell wall after confirming
the absence of contamination of cell membrane and
cytoplasmic substances by LKI reaction and lacto-
phenol cotton blue staining®. Namely, the ecell
wall was degraded by reflux with 4N acetic acid
at 120°C for 12hrs, ethanol (final 80%) was added
to the soluble fraction and precipitate was collected
as glucan. The acetic acid-insoluble fraction was
also collected as chitin-like substance. These poly-
saccharides thus obtained were methylated by Ha-
komori's method as described in the previous pa-
per® and identified by GLC. Galactosamine and
glucosamine in the chitin-like substance were meas-
ured by Ludowing-Bermannam method® and Blix
method®, respectively.

7. Effect of GRF on the activities of poly-

and enzy-

mes.  The growing mycelia was obtained by
28°C for 48hrs,
solution were prepared by the procedure shown in
Fig.3. First, the mycelia which had been homo-
genized in phosphate buffer (0.05M, pH7.2) at

shaking culture at enzyme

ein as indicator ; DNA,
sperm DNA) ; and RNA,
RNA).

6. Effect of GRF on the chemical composi-

indole method (salmon
orcinol method (yeast-

0°C were d at 10,000 rpm for 20 min and
the supernatant was collected as crude enzyme
preparation. This solution was again centrifuged
at 45,000 rpm for 60 min and the obtained superna-
The pre-

tant was used as the “soluble enzyme”.
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cipitates were dissolved in Tris-HCI buffer (0.01
M, pH8.2) and used as the “particulate enzyme”.
Syntheses of B-glucan (at 27°C) and chitin-like
substance (at 25°C) were performed using the par-
ticulate enzyme solution and the preparation of the
reaction mixtures were showed as follows : For glu-
can-0.5ml of 0.08 M Tris-HCI buffer (pH 8.2 con-
taining 0.01M MgCl; and 0.001M EDTA), 0.5
mg cell wall glucan, 0.5ml of 0.08 M UDP-4C-
glucose, 0.5ml of enzyme solution (12 mg protein/
ml) and 0.1ml of 0.08M UDP-N-acetylgluco-
samine (with or without).  For chitin-like sub-
stance-0.5ml of 0.08M Tris-HCI bufier (pH7.5
containing 0.01M MgCl; and 0.0001M EDTA),
0.8mg cell wall chitodextrin, 0.5ml of 0.08M
UDP-4C-N-acetylglucosamine, 0.5ml of enzyme
solution (10 mg protein/ml) and 0.1ml of 0.08 M
UDP-glucose (with or without). A portion of
each reaction mixture was withdrawn at intervals,
and these sample were used for quantitative analy-
sis of synthesized polysaccharides. The reaction
mixture was mixed with the same volume of
CHCl,: MeOH (9: 1) in order to remove proteins
and ethanol (final 80%) was added to this deprotein
solution. The obtained precipitates were used as
the synthesized glucan. And the same method
was used as for chitin-like substances. After the
obtained these polysaccharides were hydrolysed with
10% MeOH-HCI in a sealed tube, the amount of
glucose was determined by anthrone method and
glucosamine in the hydrolyzate was measured by

Fig.4 EDy of growth-inhibition on mycelia of
griseofluvin
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Blix method. A-Glucanase activity in the soluble
enzyme solution was measured by mixing 3ml of
the enzyme solution (10mg protein/ml) with 5ml
of 0.05 M phosphate buffer (pH7.5) containing cell
wall glucan (10mg) and the mixture was incuba-
ted at 37°C. For the measurement of N-acetylglu-
cosaminidase activity, 2ml of the enzyme solution
(15 mg protein/ml) was mixed with 5ml of 0.1M
phosphate buffer (pH8.2) containing cell wall
chitodextran (5.4mg)¥ and incubated at 27°C. A
portion of the reaction mixture was withdrawn at
intervals, proteins in the sample were removed and
the amounts of released sugars were measured by
the above-mentioned method.
RESULTS AND DISCUSSION
The fungi was grown by shaking-culture at 28°C

Fig.5 Changing profiles of cellular components content in growing mycelia
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for 72 hrs using potato medium containing various
concentrations of GRF and the amounts of growing
mycelial weights were measured. As shown in
Fig.3, the EDg, value of GRF found to be 1.5 pg/
ml.  Fig.4 shows the sizes (diameter) of growing
colonies on potato agar plate containing 1.5 ug/ml
of GRF.
half of the control. The authors have reported”
that EDy, values of amphotericin B (AMPH-B) and
cycloheximide (CH) against C.miyabeanus were
found to be 0.08 and 4.5pug/ml, respectively.

Since GRF showed a strong antifungal activity
next to AMPH:B, in addition to its low toxicity

Mycelial growth in this case was also a

compared toAMPH B and its excellent clinical effect
against systemic infections of fungi by oral adminis-
tration, some studies were performed on GRF in
Chan-
ges in the cellular components during growth were

order to elucidate its reaction mechanisms.

first examined using the mycelia which was cul-
tured for 96, 120 and 144 hrs in the presence of
1.5 pg/ml of GRF. As shown in Fig.5, the con-
tents of total carbohydrate, as well as sterol and
fatty acid, reduced to about 50% of that of the

the GRF-treatment.

When the mycelia which was cultured in the
presence of GRF were observed by a scanning elec.
tron microscope (Hitachi SSM-II), thickening of

the cell wall was found in comparison with the
Therefore, soluble materials were
removed from the mycelia by ultrasonic-treatment

normal cells.

at 20 ke and the obtained cell wall components were
As shown in Table 1, the contents
of protein and lipid were incressed. ~Furthermore,
remarkable the incresse of acetic acid (4 N) soluble
materials and the decrease of the insoluble materials
were found. Then, the changes in the chemical

examined.

components of two fractions were evaluated. As
described in the previous papert®, the main com-
ponents in the acetic acid-soluble and insoluble
materials are B-glucan and chitin-like substance,
respectively. 3-Glucan which was isolated from
the cell wall of GRF-treated mycelia was methy-
lated by Hakomori's method. The confirmation
of the complete methylation was checked on a
disappearence of the absorbance at 3,200-3,700 cm™!
(specific for OH-groups) by IR spectrum. The

control after 96 and 144 hrs On the
contrary, the contents of phospholipid and protein
showed a tendency to increase with the GRF-
treatment. PAGET® and THYAGARAJANY et al. have
reported that GRF inhibited mitosis and nucleic
acid metabolism of dermatophytic fungi. In this

however, no changes in
the contents of DNA and RNA were observed by

d sample was with 5% MeOH-
HCI at 120°C for 30 min in a sealed tube by means
of a conventional method and then the hydrolysate
was desalted for the GLC analysis. As shown in
Table 2, the ratio of 2,3,4,6-tetra-O-methyl-,
2,4,6-tri-O-methyl- and 2, 4-di-O-methylglucose
could not find the hardly change in the presence
(1.0:3.1:1.0) and sbsence (1.0:3.2:1.0) of

Table 1 Quantitative analyses of chemical composition in cell wall

Component Control GRF-treated
total-N; 1.30 1.60
protein (Nx6.25) 7.60 10.80
insoluble material (4N AcOH) 38.30 52.40
soluble material (4N AcOH) 51.47 32.54
total lipid 0.57 1.9
ash 2.33 2.27

Table 2 Molar ratio of methylated sugars in cell wall

Cell wall
Compound
Normal GRF-treated
2, 4, 6-tri-O-Me-glucose 313 3.21
2, 4-di-O-Me-glucose 1.00 1.00
2, 3, 4, 6-tetra-O-Me-glucose 1.09 1.10
NGS column

Column temp. 180°C
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Table 3 Molar ratio of N-acetylglucosamine and
N-acetylgalactosamine in cell wall

Treatment N
control 123 1.0
GRF-treated 2.0 11

Table 4 Molar ratio of methylated amino sugars in cell wall

Cell wall
‘Compound
Control GRF-treated
3, 4, 6-tri-O-Me-galactosamine 1.00 1.00
3, 4, 6-tri-O-Me-glucosamine 113 0.98
3, 6-di-O-Me-glucosamine 10.10 2

NGS column
Column temp. 180°C

GRF. This result indicates that the chemical
structure of glucans in the normal and GRF-treated
mycelia are the same. In other words, GRF has
no effects on the synthesis of A-glucan in the
mycelial cell wall. Chitin-like substance which is
composed of f-1,4 linked polymer of N-acetylglu-
cosamine with a-linked branches of N-acetylgalac-
tosamine’ was next examined. The contents of
galactosamine in the cell wall hydrolysate from

The authors reported that f-glucan and chitin-
like substance were synthesized from UDP-glucose
and UDP-N-acetylglucosamine®, by the actions of
the particulate enzyme obtained from the mycelia
of Cochliobolus miyabeanus'. In the that paper,
the authors also described that the hydrolyzed ac-
tivities to these two polysaccharides were found in
The effects of GRF, there-
fore, were examined against the synthesis and

the soluble fraction.

GRF-treated mycelia were d d by Ludow-
ing-Bermannam method. Table 3 shows the re-

sults of the analysis of

of p-glucan and chitin-like substance.
As shown in Fig.6, the amounts of synthesized
two sub in vitro were not affected by the

and galactosamine. The ratio of glucosamine con-
teat was observed about 2 times by the GRF-
treatment.  Also, cell walls were treated with
Iysozyme (0.01M phosphate buffer, pH5.4, 37°C,
U0hrs) and the chemical structure of the obtained
chitodextrin-like substance was methylated by Ha-
komori's method. As shown in Table 4, the ratio
of branching points to linear linkages reduced to
112 time by the GRF-treatment compared to the
These results indicate
that GRF has an effect on the frequency of bran-
ched linkages of N-acetylgalactosamine in chitin-

normal mycelial cell wall.

like substance of the cell wall. Although an as-
sumption has been proposed on the possible role
of GRF on some changes in the cell wall chitin'®.
this study clearly revealed its function to change
chemical structure of chitin-like substance in the
cell wall. In addition, these results also indicate
a certain kind of relation-ship between GRF and
morphological changes in the GRF-treated mycelia
such as the rough-face and thickened cell wall.

presence of GRF. On the contrary, as shown in
Fig.7, the §-1,3 glucanase activity in the soluble
fraction was inhibited by the addition of GRF, but
the activity of N-acetylglucosaminidase was not
repressed. In addition, as already has reportedit,
an enzyme which converted N-acetylglucosamine
to N-acetylgalactosamine was found in the particu-
late enzyme fraction. Therefore, the amounts of
N ine formed by the ion in
a reaction mixture were measured at intervals in
As shown in Fig.8, the

the presence of GRF.
amounts of N-acetylgalactosamine converted from
N-acetylglucosamine obviously decreased by the ad-
dition of GRF.
previous result that the ratio of N-acetylglucosa-

This result coincides with the

mine in synthesized chitin-like substance was de-
creased by GRF (as shown in Table 3).

The main findings on the effects of GRF obtained
from this experiment are itemized as follows : 1)
GRF has no effects on the syntheses of p-glucan
and chitin-like substance (at least on the synthesis
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Fig.8 Effect of griseofluvin on polyssccheride syntheses
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Fig7 Liberations of sugar by f-1,3 glucanase or N-acetylglucosaminidase in soluble
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Fig.8 Convertable activity from N: however, thick of the cell wall occurs since
samine to N-acetylgalactosamine in particu- GRF represses hydrolysis of p-glucan, while syn-
late enzyme from mycelia thesis of the cell wall polysaccharides proceeds
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of B-1,4 linear chains of N-acetylglucosamine), 2)
it has some effects on the conversion of N-acetyl-

glucosamine to N-acetylgalactosamine and branched 2
linkage of N-acetylgalactosamine and 3) it has no
effects on the N-acetylglucosaminidase activity, but
inhibited the f-1,3 glucanase activity. For the
normal growth of cell, proper regulations are re-
quired on the synthesis and hydrolysis of consti-
tuents of cell wall which is the most outside part
of the cell structure. In the presence of GRF,

ol normally, and morphologically abnormal changes
0---0 addition of GRF like curling also seem to occur when frequency
of side chain linkages in the chitin-like substance
control decreases by the effect of GRF.
Studies on the action mechanisms of GRF will
be continued further in detail.
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