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Filipin is an antifungal agent
produced by Streptomyces filipinen-
sis. Tt has been characterized as a
conjugated polyene. Previous papers
have described the isolation, purifi-
cation, and properties of the anti-
biotic and have shown it to be a con-
jugated polyene (Ammann, ef al.,
1955, and Whitfield, et al.,, 1955).
Filipin inhibits the growth of fungi,
but not that of any of the bacteria
tested. Therefore, it appears that
the antibiotic involves some mecha-
nism that is specific in the fungi.
Gottlieb, et al. (1960) have indicated
that filipin caused certain morpho-
logical changes such as swelling with
subsequent bursting in Aspergillus
flavus. Abnormal budding and
clumping were noted in 8. cerevisae.
Accompanying these phenomena
were permeability changes that re-
sulted in the appearance of various
metabolites in the external medium
(Sloneker, 1958). These phenomena
suggest that the cell surface may
be involved. Marini and collabora-
tors (1961) also eoncluded that the
polyene antibiotic nystatin damages
the cell membrane and thus produces
a rapid increase in permeability of
gmall ions. The resulting depletion
of cellular K* halts glycolysis. Fili-
pin has been shown to inhibit respi-
ration in whole cells of 8. cerevisiae
but cell free extracts were not in-
hibited (unpublished data).

Certain sterols have been shown
to reverse the inhibition of growth

of 8. cerevisiae by filipin (Gottlieb,
et al., 1959, 1960, and Lampen, et al.,
1960). However, the antagonistic
action of sterols toward the action
of filipin has not been elucidated.

This paper describes some of the
effects of filipin on leakage from the
yeast cell under different growth
conditions as well as the leakage and
uptake of substances in filipin treat-
ed eells in the presence and absence
of sterol.

MATERIALS AND METHODS

The basic medium used in these
studies was Difeo dehydrated yeast
nitrogen base with 1 per cent glu-
cose. The medium was prepared with
6.7 ¢ yeast nitrogen base, 10 g glu-
cose, and 1000 ml of distilled water.
Inocula for the experiments were
obtained by growing 8. cerevisiae
(F-1) in 20 m! of the basic medinm
on a reciprocal shaker in 125 ml
flasks. The yeast was allowed to
grow until the inoculum measured
5 per cent transmission on the Liume-
tron using a 530 mu filter. Two suc-
cessive transfers were made before
the yeast was used as inoceulum in
the experiments. The experimental
tubes were inoculated with 0.05 ml
of this suspension.

The leakage of amino acids and
inorganic phosphate from filipin
treated yeast cells was determined
in a 01 M sodium citrate buffer
(pH 6.0) or the basic medium minus
the nitrogen source. Actively grow-
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Fig. 1.—Leakage of amino acids and
phosphate from filipin treated yeast cells
at different concentrations of filipin
after 30 minutes incubation.
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Fig. 2.—Leakage of amino acids and
phosphate from filipin treated cells in
a citrate buffer as a function of time.

ing yeast cells were centrifuged,
washed three times with distilled
water and then suspended (1 g wet
wt/100 ml) in the buffer or basic
medium minus nitrogen. Filipin was
added so that 10 ug/ml was sup-
plied in 0.02 ml of reagent grade
methanol. The effect of cholesterol
on the leakage of amino acids and
inorganic phosphate from filipin
treated cells was determined by add-
ing reagent grade cholesterol at a
ratic of 4:1, 30 minutes after the
addition of filipin. Aliquots (5 ml)
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Fig. 3.—Leakage of amino acids from
filipin treated yeast cells suspended in
a citrate buffer after the addition of
cholesterol.
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Fig. 4—Leakage of amino acids from
filipin treated yeast cells suspended in
the basic medium minus nitrogen.

were taken at intervals, passed
through an ultrafine Sintered filter
and the filtrate was analyzed for
amino acids and inorganic phos-
phate. Amino acid leakage from
filipin treated cells was determined
by the ninhydrin method. The Fiske
and Subbarow method as given by
Umbreit, et al. (1957, p. 272) in
“*Manometric Techniques’” was used
for the assay of inorganic phosphate.

To obtain yeast with labelled me-
tabolites for which leakage could be
determined even in a complete nu-
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Tig. 5—Leakage of radioactive C™
materiale from filipin treated yeast
cellg in the basic medium.

trient medium, glucose-U-C'* was
nsed. Thus leakage could be deter-
mined under growing conditions.
The cells were harvested as de-
seribed above and suspended in 25
ml (1 g wet wt/100 ml) of the basic
medium. Filipin was added at the
rate of 50 pg/ml. After 1 hour n-
eubation with filipin, cholesterol was
added to one group of flasks at the
rate of 100 ug/ml. Aliquots (5 ml)
were taken at various intervals, fil-
iered and the activity of the filtrate
counted by scintillation counting.
The amino acids which leaked from
the cells were identified by paper
chromatography. The filtrate was
evaporated to 1 ml on a rotary evapo-
rator. Fifty lamda fractions were
examined on Whatman No. 1 filter
paper with a butanol-acetic acid-
water solvent system (4:1:1). The
positions of the amino acids were
determined by spraying with nin-
hydrin reagent. Dried filter paper
strips were placed in a 14 ml seintil-
lation solution and then counted.
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Fig. 6.—Uptake of uniformly labelled
O glucose by filipin treated yeast cells
in the basic medium.

RsuLTs

Leakage of amino acids and phos-
phate from filipin ireated cells. In
the ecitrate buffer, the leakage of
amino acids and inorganic phosphate
was directly related to the concen-
tration of filipin (¥ig. 1). At 25 pg
filipin ml, the amino acid concen-
tration was increzsed to the point
that measurement by the ninhydrin
method was impossible without prior
dilution. Inorganic phosphate leak-
age was also related to the concen-
trated of filipin. However, the
amount leaked wes much less than
the amino acids even at concentra-
tions of 50 pg/ml. Since the amount
of leakage which occurred with the
addition of 10 pg/ml was easily meas-
ured, that eoncentration was used
in further experiments.

Bfforts were made to determine
when leakage began after the addi-
tion of filipin. The leakage of amino
acids could be detected between 5-10
minutes after the addition of filipin.
Tnorganic phosphate could not be
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detected until after 15-20 minutes
meubation. The controls showed no
detectable amino acid or phosphate
after 30 minutes incubation (Fig. 2).

Leakage of amino acids in pres-
ence of cholesterol.  Certain sterols
reverse the inhibition of growth by
filipin. Leakage of amino acids was
measured in the citrate buffer before
and after the addition of cholesterol.
The cholesterol was not added until
after 30 minutes incubation with
filipin to make certain that leakage
had begun. Leakage of amino acids
began after approximately 10 min-
utes and continued up to 12 hours.
The addition of cholesterol reduced
leakage immediately but did not
completely stop it (Fig. 3). After
3 hours approximately 50 pg more
amino acids per mililiter filtrate had
leaked from the filipin treated cells
than from the cells with filipin plus
cholesterol. The rapid increase in
leakage in both treatments aftor ap-
proximately 6 hours could not be
readily explained. The possibility
exists that the large loss of amino
acids from eells was dne to autolysis
caused by an unbalance of nutrients,
Therefore, it was possible that an
energy source might reduce the leak-
age. The basic medium minus a
nitrogen source was used in the same
type experiment as explained above.
Amino acid leakage was significantly
lower in filipin treated cells in the
basic medium minus nitrogen (Fig.
4). Approximately 8 times more
leakage occurred in the citrate buffer
as in the basic medium minus nitro-
gen. No leakage occurred in the
control in the basic medium. When
cholesterol was added after 30 min-
utes incubation with filipin, leakage
was very similar to the control.
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Leakage of C* labelled materials
Jrom cells in q complete growth
medium.  Since amino acid leakage
due to filipin in the basic medium
minus nitrogen was greatly reduced
compared to eitrate buffer, the phe-
nomenon might not take place under
normal growing conditions. In order
to determine the extent of leakage
in a growth medium, yeast cells uni-
formly labelled with (* were used.
The labelled yeast cells were sus-
pended in the basic medium and ali-
quots taken at intervals. The curves
in Figure 5 show that leakage of
labelled materials in a complete
growth medium was significantly
higher in filipin treated cells than
in the econtrols. The addition of
cholesterol to the filipin treated cells
reduced the rate of leakage but did
not completely stop it. These resylts
are similar to those found in the
experiments using citrate buffer and
the basic medium without a nitrogen
source.

The amino acid constitutents of
the filtrate from filipin treated yeast
were identified by paper chromatog-
raphy. After 3 hours incubation, a
greater number of amino acids ecould
be detected in the filtrate from fili-
pin treated cells than from the con-
trol (Table 1). Nine amino acids
could be detected in the filtrate from
filipin treated cells, while 7 could
be detected in the control. The con-
centration as shown by the intensity
of radioactivity on the paper chro-
matograms of the amino acids from
the filipin treated cells was higher
than that of the control. The addi-
tion of cholesterol after 1 hour did
not change the type or number of
amino acids from the filipin treated
cells.  The concentrations of these
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amino acids were similar to the treat-
ment with filipin alone. The amino
acids which are commonly found in
the amino acid pool were generally
in highest concentrations in the
medium. The high activity of eys-
teine and lysine is probably due to
other materials which had the same
Rf value. These data indicate a
general leakage of amino acids from
the filipin treated cells.
Tapre 1.—Leakage of Labelled Amino
Acids from Filipin Treated Yeast

Cells after 3 Hours Incubation in
the Basic Medium.

Control | Filipin
Amino Acid C.P.M. | C.P.M.
cysteine. ......... .. 78 1217
lysine........... . 517
aspartic. . ....... .. 11 352
glycine............. 18 267
glutamie............ 35 291
threonine........... .. 156
alanine............. 19 128
valine. ............. 43 133
leucine. . ........... 12 48
Uptake of Glucose by Filipwn
Treated Cells.  Previous experi-

ments have indicated that leakage
of vital materials could be impor-
tant in the inhibition of growth of
yeast by filipin. The possibility ex-
ists that the uptake of certain ma-
terials may also be inhibited. The
uptake of uniformly labelled C" was
tested in yeast cells in the basic
medium. Uptake of glucose-U-C*
was measured by determining the
disappearance of C" activity after
various intervals. Filipin was added
in coneentrations which were inhibi-
tory to growth (30xg filipin/mg dry
wt). The uptake of glucose was not
impeded by the presence of filipin
(Fig. 6).
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Reversal of Inhibition of Filipin
by Cations. Marini, et al. (1961)
have reported that glyeolysis and
respiration were inhibited by the
polyene nystatin at pH 5.8 or above
but this effect could be prevented by
adding NH," or K" (.004 - 012 M).
They concluded that nystatin direc-
tly damages the cell membrane and
thus produces a rapid incerease in
permeability of small ions. The
cationic reversal of yeast growth in-
hibition by filipin was studied. Na’,
K*, NH,", Mg and Ca™ ions were
added as chloride salts to the basic
medium (pH 6) in concentrations
from 0.004 to 0.02 M. The inhibition
of growth by filipia (5 pg/ml) was
not reversed with any of the cations
tested.

Discussion

The leakage of amino acids from
filipin treated yeas: cells takes place
under many conditions. Amino acid
and inorganic phosohate leakage was
greater in a sodium citrate buffer
than in the basiec growth medium
minus a nitrogen source. The de-
creased leakage in the growth medi-
um without nitrogen was probably
due to utilization cf the amino acids
in other processes TLeakage of C*
labelled materials from C" labelled
cells under the influence of the anti-
biotic indicated that leakage also
occurs when the yeast are under
growing conditions. Some of the
leakage of C" compounds in the com-
plete growth medium consisted of
C* labelled amino aecids. The total
activity of all the amino acids does
not equal the total activity of leaked
materials. Therefore, it appears that
other substance leaked from the cell
in the presence of filipin.
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Cholesterol was shown to reduce
leakage either in a buffer or growing
medium. The mechanism of the re-
versal of growth by filipin is not
understood. Lampen (1960) has sug-
gested that there is a physicochemi-
cal effect similar to that of choles-
terol-digitonin complex. If such an
interaction occurs between sterol and
filipin, the decreased leakage with
the addition of sterol could possibly
be due to the inactivation of filipin
by complex formation, but data now
in press indicate that a vital phe-
nomenon might be involved in this
reversal.

The reversal of nystatin inhibition
of yeast glycolysis by cations (Ma-
rini, et al., 1961) could not be dem-
onstrated for the growth inhibition
by filipin. Thus the same mechanism
for producing leakage of metabolites
might not be involved in growth in-
hibition as in glyeolysis. Supporting
this difference is the fact that sterols
did not prevent nystatin inhibition
of growth but do prevent the inhibi-
tion caused by filipin (Gottlieb,
et al., 1955).

The uptake of C* labelled glucose
was not reduced by filipin, indicat-
ing that the vital permeability char-
acteristics of the cell were not com-
pletely destroyed. Tt is possible that
the uptake of certain materials is
not affected, whercas the ability to
retain certain materials in the cell
is destroyed. Although it cannot be
stated with certainty that the pri-
mary effect of filipin is on the cell
surface, these data indicate that leak-
age of vital materials may be impor-
tant in the inhibition of growth of
yeast by filipin.
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SUMMARY

Experiments with the antibiotic
filipin have indicated that one site
of action is probably the cell mem-
brane under growing conditions. A
rapid increase of leakage of amino
acids and inorganic phosphate could
be detected in yeast cells after 20
minutes in the presence of filipin in
0.1 M sodium citrate buffer. The
quantity of materials which leaked
from the cell increased with the con-
centration of filipin. Uniformly C
labelled yeast cells actively growing
in a complete Wickerham’s medium
showed a much higher rate of leak-
age of C" labelled materials in the
presence of filipin than in its ab-
sence. Under growing conditions, the
quantity and number of amino acids
which could be detected in the super-
natent from filipin treated cells were
greater than in the control. The
addition of cholesterol reduced leak-
age in filipin treated cells but did
not stop this effect. Concentrations
ot filipin which were inhibitory to
growth did not impede the uptake
of glucose. Cations did not reverse
the inhibitions of growth by filipin.
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