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Tetracycline (TC), suppresses the growth of bacteria, but has been found to have no
fungicidal effect. However, it is expected that fungal growth would be inhibited by
elevating the TC induced permeability of the eucaryotic cell membrane. Namely, Cochlio-
bolus miyabeanus belonging to the Ascomycetes cell membrane is first broken with ampho-
tericin B (AMPH B) so as to induce leakage and then the cell is treated with TC. The
results obtained were as follows.

1) 0.08 pg/ml of AMPH B or 137 pg/ml of TC were required to suppress 50% (EDsy)
of mycelial growth.

2) 50% of fungal growth was inhibited when 45 pg/ml of TC was added in the presence
of 0.04 pg/ml of AMPH B. This inhibition was not as remarkable as when AMPH B
was used alone.

3) The incorporation of #C-amino acid into cells was largest when the cells were
incubated with 0.04 yg/ml of AMPH B and after washing further incubated with 10 pg/
ml of TC.

4) High molecular protein (more than 30,000 m. w.) in mycelial cells inactivated the
activity of TC against growth of E.coli.
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Amphotericin B (AMPH B) was discovered by
Gold et al. in 1956" and has been applied to the
treatment of profunda mycosis and sublimits
mycosis?, because it has a wide fungicidal spectrum
Furthermore, resistance to AMPH B
However, AMPH B has some

disadvantages : it is toxic for some organs, includ-

and effects.
is acquired slowly.

ing the kidney, is only with difficulty soluble in
water and thus scarcely migrates into the blood
when orally administered®. The acute toxicity of
AMPH B in mouse is relatively high. When it is
intravenously injected in mice, the EDjq is 11 to 15
mg/kg?. When intravenously injected in human
subjects, vomiting, chill or hematuria have been
observed. Accordingly, the required dose should
be as low as possible so as to reduce its toxicity.

Tetracycline (TC) suppresses bacterial growth by

inhibiting binding to the 70 S ribosome or 30 S
of aminoacyl-t-RNA, though it has
been thought to have no antifungicidal effect¥.
However, FRANKLIN et al. clarified that TC suppress-
es protein synthesis by fungi consisting of eucaryotic
cells®. hypothesized that
growth could be suppressed by elevating the perme-

subunit

Thus we myecelial
ability of the eucaryotic cell membrane by the
synergistic effect of combined AMPH B and TC,
each at a low concentration. Namely, the fungal
cell membrane is first broken with AMPH B so as
to induce leakage of intracellular components and
then the cell is treated by TC. This study at-
tempts to clarify this phenomenon.
MATERIALS AND METHODS
1. Materials

(i) The effects of the antifungal agent were
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evaluated using Cochliobolus miyabeanus F-01
(Ascomycetes spp. provided by Laboratory of Micro-
biology, Kobe Women’s College of Pharmacy) which
had been subcultured in 2% sucrose containing a
potato liquid medium.

(ii) Major reagents employed in this study
were : amphotericin B (AMPH B 60 mg titer, con-
taining 45 mg of sodium deoxycholate as a solvent,
sankyo Co.), tetracycline hydrochloride (TC,
Lederle Japan, Ltd.) ; and bovine albumin (Sigma
Co..).

2. Evaluation of antifungal activity

A potato sucrose medium was pipetted in 100 ml
portions into shaking flasks (300 ml) and sterilized.
Then AMPH B or TC was added at a definite con-
The growing mycelial tip of the F-10
stain, which had been preliminarily incubated in a

centration.

plate medium, or 2 spore suspension of this fungus
was inoculated to the medium and incubated,

either statically or under shaking, in the dark at
28°C for a definite period.
incubation, growing mycelia were harvested, dried
at 110°C and weighed. The antifungal activity was

After completion of the

evaluated by comparing the weight with that of a
control. Separately, an agar plate medium conta-
ining definite amounts of the active compounds was
inoculated with fungal spores which were then
incubated in the dark at 28°C for a definite period.
Then the diameter of the growing mycelial colony
thus formed was measured.

3. Incorporation of amino acid into myecelial
cells grown in the presence of AMPH B and TC

Ninety millilitre of potato liquid medium was pi-
petted into a Meyer flask (300 ml) provided with a
needle on the bottom and & #C-amino acid mixture
was added. With the tip of the needle, 3 mm of
the mycelial tip of the F-10 stain, which had been
preliminarily grown on an agar plate, was inocula-
ted and statically incubated at 28°C in the dark
under the following conditions (a) to (d).

(a) 0.4mg/ml of AMPH B, corresponding to
1/2 of the 50% inhibition dose, was added and
incubated for 96 hours.

(b) 0.04mg/ml of AMPH B and 10 mg/ml of
TC were added and incubated for 96 hours.

(¢) The incubation was conducted for 48 hours
in the presence of 0.04 mg/ml of AMPH B. Then
the growing mycelia were washed with sterilized

water and collected by filtration. The mycelia

were then incubated in a medium containing 10 mg/
ml of TC for 48 hours.

(d) Neither AMPH B nor TC was added and
incubation was conducted for 96 hours (as control).

Mycelia growing under those conditions (a) to
(d) were harvested, washed with water, dried and
weighed. The mycelia were then treated with 1N
NaOH at 100°C for 3 hours and radioactivity incor-
porated into the soluble fraction was measured with
a liquid scintillation counter.

4. Effect of AMPH B and TC on the incorpora-
tion of amino acid into mycelia protein fraction

Myecelia obtained by incubating for 72 hours under
shaking were thoroughly washed and treated with a
homogenizer for 10 seconds. Then the mycelia
were cut into pieces to give a sample. This sample
was divided into four lots and each lot was treated
in the following manner.

(1) Cells were suspended in a 1% glucose solu-
tion containing 0.04 mg/m] of AMPH B and incuba-
ted at 27°C for 120 minutes followed by thorough
washing with water. The cells were suspended
again in a 1% glucose solution containing 10 mg/ml
of TC and a 4C-amino acid mixture and incubated
at 27°C for 30 minutes and 60 minutes.

(m) Cells incubated in the same medium conta-
ining AMPH B as that used in (I) were washed and
further incubated in a glucose solution containing
2mg/ml of cyclohexide (CH) and a #C-amino acid
mixture for additional 30 minutes and 60 minutes.

(m) Cells incubated in the presence of AMPH B
as described in (I) were further incubated in a 1%
glucose solution containing a ¥C-amino acid mixture
at 27°C for 30 minutes and 60 minutes.

() Cells were incubated in a 1% glucose solu-
tion at 27°C for 120 minutes and then further incuba-
ted in a 1% glucose solution containing a #C-amino
acid mixture as the control.

Each sample thus obtained was thoroughly wash-
ed with water and centrifuged at 3,500 rpm for 5

minutes. The precipitate was divided into two
fractions. One of these was extracted with 5%

TCA at 100°C for 10 minutes.
the extraction, the residue was collected by centri-

After completion of

fuging at 3,500 rpm for 5 minutes and alkali soluble
was heat-extracted with 1N NaOH. The radioac-
tivity of the amino acid incorporated into the
intracellular protein was measured with a liquid
scintillation counter.
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5. TC inactivation

The minimum inhibitory concentrations (MIC)
against E.coli in a nutrient broth medium were
determined with the following systems.

(i) 0.1,1,5o0r 10mg/ml of TC alone was added.

(ii) 0.04 mg/ml of AMPH B was simultaneously
added to the amounts in (i).

(iid) 0.04 mg/ml portions of TC and AMPH B
and 0.5g of mycelial pieces were added.

(iv) Mycelia were grown in the presence of
0.04 mg/ml of AMPH B for 72 hours. To the
filtrate thus obtained, TC in the amounts defined
in (i) was added.

Each fraction was inoculated with 0.02 ml of an
E.coli suspension, which had been preliminarily
incubated at 37°C for 24 hours.
the strain at 37°C for 48 hours, the minimum

After incubating

inhibitory concentration was determined by a tur-
bidity test.

6. TC-inactivating substance

(1) Myecelia
incubated in a potato sucrose medium for 4 days

which had been preliminarily

were further incubated in two 2% glucose solu-
tions, one containing 0.08 mg/ml of AMPH B and
the other without AMPH B, at 28°C for 48 hours.
The cells were removed by centrifugation at
1,500 rpm for 2 minutes and the obtained superna-
tant was dialyzed (MW cut-off 1000) and concentra-
ted in vacuo, To 0.4 ml of the obtained solution,
TC was added so as to give a final concentration
of 1.0mg/ml. Then the mixture was allowed to
stand at 28°C for 0, 60, 90 and 120 minutes.
Subsequently the reaction mixture was added to
1.5 ml of a nutrient broth medium which was then
inoculated with E.coli. After incubating at 38°C
for 48 hours, the TC activity was measured.

(2) After removing glucose from the mycelial
culture filtrate which was obtained as described in
(1), it was concentrated and chromatogramed with
the Sephadex G-50 column (coarse type, 2X4cm).
Thus it was divided into a high molecular weight
(HF) of MW 2,000 or above, and a low molecular
weight fraction (LF) of MW less than 2,000. To
0.4 ml portions of the HF and LF, TC was added
so as to give a final concentration of 10 mg/ml.
Each mixture was allowed to stand at 28°C for 120
minutes, then immediately added to a nutrient
broth medium which was then inoculated with E.
coli. The growth of this bacterium was observed.

(3) To 0.4ml portions of a bovine albumin
solution and an ovoalbumin solution, each prepared
so as to give a final concentration of 20, 000, 10, 000,
5,000 or 2,000 ug/ml, TC was added so as to give
a final concentration of 1.0 mg/ml. After incubat-
ing at 28°C for 120 minutes, a nutrient broth
medium was added to each mixture and the growth
of E.coli was monitored.

(4) To 0.4ml portions of an MgCl, solution and
a KCl solution, each prepared so as to give a final
concentration of 0.4 M, TC was added so as to
give a final concentration of 1.0mg/ml. After
incubating at 28°C for 120 minutes, a nutrient broth
medium was added to each mixture and the growth
of E.coli was measured.

RESULTS AND DISCUSSION

1. Stability of AMPH B

The stability of AMPH B at 28°C is shown in
Fig.1- A potato liquid or agar medium contain-
ing AMPH B was inoculated with Cochliobolus
miyabeanus mycelia and incubated at 28°C in the
dark and the growth of the mycelia was observed.
In each case, mycelial growth was suppressed to
a degree of 80% or more by AMPH B.
assumed that this chemical showed no decrease in
titer until the fourth day of incubation. The
following experiments were conducted based on

It was

this assumption.
2. Effects of AMPH B or TC on mycelial growth
Potato sucrose liquid and agar plate media con-
taining AMPH B or TC at various concentrations
were inoculated with conidia of C.miyabeanus.
After incubating at 28°C for 4days, the growing
weight or colonial size of the growing fungi was
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Fig.1. Stability of amphotericin B in potato

liquid medium at 28°C
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Fig. 2. Inhibitory effect of amphotericin B on
mycelial growth by shaking culture
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Fig.3. Inhibitory effect of amphotericin B on
mycelial growth by plate agar culture

* experimental No.

determined. Results (Figs. 2~4) showed that 0. 08
pg/ml of AMPH B or 137 pg/ml of TC were
required to suppress mycelial growth at a rate of
50% (EDgp). In Table 1, the EDs, of AMPH B and
TC are compared with those of cyclohexymide
(CH), griseofulvin (GRF), erythromycin (EM)
and thiamphenicol (TP) on mycelial growth.
Antifungal agents AMPH B, CH and GF suppress-
ed fungal growth each at a low concentration.
Among these compounds, AMPH B in particular
showed a remarkable effect. In contrast, antibac-
terial agents TC, EM and TP required a high
toncentration.

3. Effects of the combined use of AMPH B and
TC on myecelial growth
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Fig. 4. Inhibitory effect of tetracyclin on myecelial
growth by plate agar culture

Table 1. EDso of various drugs against mycelial growth

EDso
Amphotericin B (AMPH B) 0.08 ug/ml
Tetracycline (TC) 137.0
Cyclohexide (CH) 4.5
Griseofulvin (GRF) 1.5
Erythromycin (EM) 2,000.0
Thiamphenicol (TP) 3,600.0

The action mechanism of TC comprises the
inhibition of the binding of bacteria to the codon-
dependent 70S ribosome or the 30S subunit of
aminoacyl-t-RNAS,
any antifungal effect, namely on eucaryotes.
FRANKLIN reported that addition of TC to eucar-
yotic cells does not affect protein synthesis but that

Tetracycline shows scarcely

protein synthesis of eucaryotic cells in a cell-free
system is inhibited by this chemical®. Therefore
we expected that TC would exert a satisfactory
antifungal effect if able to permeate through the
fungicidal cell membrane and enter into cells.
on the other hand,
leakage of intracellular components by binding to

Amphotericin B, induces
ergosterol so as to damage the fungal cell mem-
Therefore we studied the potential
synergistic effects of combined AMPH B and TC.
The results are shown in Figs. 5,6 and Table 2. Fig.
5 shows the inhibition rate (%) of fungal growth
determined by varying the amount of TC while

brane.
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Fig. 6. Effects of combined use of amphotericin B

B and tetracycline on mycelial growth by
shaking culture

keeping the amount of AMPH B constant, and
Fig. 6 shows the inhibition rate (%) determined by
varying the amount of AMPH B while keeping the
amount of TC constant. As shown in Figs.5 and
6, 60% of the fungal growth was inhibited when
12 pg/ml of TC was added in the presence of 0.08
pg/ml of AMPH B. When the amount of AMPH
B was 0.04 yg/ml, 45 pg/ml of TC was required in
order to achieve an inhibition rate of 50%. On
the other hand, fungal growth was inhibited at a
rate of 60% by adding 0.05 #g/ml of AMPH B in
the presence of 150 gg/ml of TC, though this
inhibition was not so remarkable as that observed
when 150 yg/ml of TC was added alone. These
results showed scarcely any synergistic effect,
when TC and AMPH B were
In contrast, Table 2 shows

unexpectedly,
added simultaneously.
the inhibition rate of mycelial growth calculated

and tetracycline on mycelial growth by plate
agar culture

from cell weight and colonial size and the results
of the determination of !4C-amino acid incor-
porated into cells in the following experimental
systems (i to iv).

(i) Cells were incubated in a medium contain-
ing 0.04 pug/ml of AMPH B for 96 hours.

(ii) Cells were incubated in 2 medium contain-
ing 0.04 pg/ml of AMPH B and 10 pgg/ml of TC for
96 hours.

(iji) Cells were incubated in a medium contain-
ing 0.04 gg/ml of AMPH B for 48 hours. After
washing, these cells were further incubated in a
medium containing 10 z#g/ml of TC for 48 hours.

(iv) Cells were incubated in a medium contain-
ing neither AMPH B nor TC for 96 hours.

As shown in Table 2, the growth of cells incuba-
ted in a medium containing AMPH B alone (i)

Table 2. Effects of AMPH B and TC against incorporation
of amino acid into mycelia

Inhibition (%) Incorporation
(dpm) (ratio %)

diameter weight dpm/ml protein

(i) AMPH*-~AMPH 21.0 24.9 21,238 (109.6)
(it) AMPH+TC 18.0 28.8 19,29 ( 99.6)
(ili) AMPH—TC 44.8 48.5 22,162 (114.4)
(iv) Control 0.0 0.0 19,372 (100.0)

* AMPH B
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Effects of amphotericin B and tetracycline on incorporation

and in a TC-free medium (ji). As shown in Fig.
7, “C-amino acid was then incorporated in these
cells. The mycelia were washed with cold-TCA
and then treated with hot-KOH. The RI activity
of the extract thus obtained was measured. It was

confirmed that the amount of incorporated amino

Extracted with
Treatment
Cold-TCA Hot-TCA
(i) AMPH—TC 130.17% 68.73%
(ii) AMPH—non — 63.17
(iii) Control 100.00 100.00

and in one containing AMPH B and TC (jii) was
inhibited at a rate of 20 to 25%, compared with the
control (iv).
ed between systems (i) and (ii)-

No significant difference was observ-
In contrast,
the growth of the cells in system (jii), in which the
cells were first treated with AMPH B, washed
with saline and then treated with TC, was inhibi-
ted at a rate of 45 to 50%. System (iii) showed
the largest amount of amino acid incorporated into
cells, while systems (i) and (ii) showed scarcely
any difference (cf. Table 2).
that the expected synergistic effects can be achieved
by treating cells with AMPH B and with TC,
rather than by treating cells in the coexistence of
AMPH B and TC.

4. Effects of AMPH B and TC on the incorpora-
tion of amino acid into intact cells

These results suggest

The fact that the largest amount of amino acid
was incorporated in the cells whose growth was
the most seriously inhibited by AMPH B and TC
was examined. Growing mycelia were cut into
fine pieces and further allowed to grow in the
presence of AMPH B.

suspended again in a medium containing TC (i)

Subsequently mycelia were

acid increased with the addition of TC (i), as
shown in the results. When these mycelia were
washed with hot-TCA, however, no difference was
observed in
(Table 3).

the control system was referred to 100%, that of

the incorporation of (i) and (ii)
When the amino acid incorporation in

the system cells incubated in the presence of TC
were washed with cold-TCA, showed an increase
to 130%, while the other system in which cells
were washed with hot-TCA showed a decrease to
69%. TC binds to the 30 S ribosome of a eucary-
otic cell so as to inhibit specific binding of the 30 S
ribosome of aminoacyl-t-RNA to the m-RNA
ribosome complex at A site. As described, FRANK-
LIN reported that TC allowed protein synthesis in a
eucaryotic cell to proceed up to the stage of binding
of t-RNA to amino acid but inhibited subsequent
synthesis in a cell-free system. Thus TC~induced
inhibition causes the accumulation of aminoacyl-t-
RNA in cells.
exclusively extracted from cells washed with cold-

In this study, free amino acid was

TCA, while not only free amino acid but also
nucleic acid were extracted with hot-TCA. Ac-
cordingly, the radio activity of the NaOH-treated
fraction was comparable to that of the control,
since t-RNA binding to amino acid was extracted
in the former case.

5. TC activity in coexistence with AMPH B
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Table 4. Effects of various treatments on antibacterial AMPH B+ fungi
activity (against E. coli) of TC
filtrat
Treatment MIC (zg/ml) ltrate
1) TC 1.0> fractionation
2) TC+AMPH 0.1> (Sephadex G-50)
3) TC+AMPH+fungi 10.0< i 1
TC+filtrate of (AMPH+fungi) 10.0< Fract. of HM. Fract. of LM.
Y ltrate of { M. W.>30,000 M.W.<30,000
Scheme 1. Fractionation of proteins from

Table 5. Growth inhibition of E. coli by AMPH B

and TC
Time (min)
Exp. No.*
0 60 90 120
1 — — + +
2 _ — + +
3 — + +

* No.l medium+AMPH B — TC+medium
No.2 medium only — TC+medium
No.3 medium only — medium only

As shown in Table 2, no synergistic effect of
TC and AMPH B on mycelial growth was observed
in the medium containing both. In contrast, a re-
markable inhibition effect was observed when
inycelia grown in the presence of AMPH B were
washed and then further grown in a medium con-
taining TC. Thus it was attempted to clarify
the reason for this. Table 4 shows the MICs of
AMPH B and TC against the growth of E.coli.
The MIC of TC was 1 p#g/ml or below, while that
of TC and AMPH B was 0.1 pg/ml.
inhibition of the growth of E.coli was observed
when TC was present together with AMPH B
and mycelia or when mycelia were grown in the
presence of AMPH B for 72 hours and then TC
was added to the filtrate, even at a high TC con-
centration of 10 ug/ml or above.

However no

This might sug-
gest that some substance capable of inactivating
TC was formed in the incubation supernatant when
mycelial cells were present together with AMPH B.
6. Detection of TC inactivating substance
Mpycelia were grown in two 2% glucose solutions,
one containing AMPH B and the other without
for 48 hours.
obtained, TC was added so as to give a concentra-

To each filtrate of incubation thus

tion of 1.1 pgg/ml. The mixture was allowed to
stand at 25°C for 0, 60, 90 and 120 minutes. Then

secreted materials in culture filtrate

Table 6. Effects of additive compound on TC activity

TC Additive comp. Growth
1.1* | fract. HM. (protein 25.0%) +*
1.1 fract. LM. (protein 25.0%) -
1.1 serum albumin (20,000) -
1.1 ovo-albumin (20,000) +
1.1 Mg?®* (0.4mM as MgClz) +
1.1 Ca?* (0.4mM as CaClz) +
1.1 non -

* ug/ml

** growth of E. coli

the inhibition effect of TC on the growth of E.
As shown in Table 5, the
activity of TC disappeared after contacting TC with
the filtrate for 120 minutes.
when AMPH B was added,

after 120 minutes by a substance which was leaked
from the cells.

coli was observed.

It is assume that
TC was inactivated

Then mycelia were incubated in
a glucose solution containing AMPH B and the
filtrate was fractionated with a Sephadex G-50
column. Thus a high molecular weight fraction
(FH) of MW 30,000 or above and a low molecular
weight fraction (FL) of MW less than 30,000 were
obtained. As shown in Scheme 1,1.1 gg/ml por-
tions of TC were added to these fractions and
each mixture was allowed to stand at 25°C for 120
minutes. Then the inhibition effect of the growth
of E.coli was examined. Results showed that
the FH inactivated TC while the FL did not. It
is reported that TC is generally inactivated by
metal ions”. As shown in Table 6, the effect of
TC on inhibiting bacterial growth was obviously
inactivated by Mg?* and Ca?* ions. However no
inactivation of TC was observed in the FL. These
results suggest that the metal ions leaking from
cells would inactivate TC. It is also reported that
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