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SUMMARY

Time action of the polyene antibiotics, ascosin, candicidin, anmphotericilm B, candlidin,
etruscomycin, fiuipin, nystatin, and pimaricin, on Neurospora and rat liver mitocimondirial

succinate-cytochrome c reductase was investigated. Only time ascosin and candicidin �re�-

arations inhibited this reaction. Various criteria indicated that both these antibiotic

preparations were impure. Thin-layer chromatograpimy of an acetone extract of ascosin
revealed the presence of antimycin A. The inlmibition of the succinate-cytochrome c
reductase by ascosin was not due to time polyene per se, but was a consequence of con-

tamination by antinmycin A.
Altimouglm immitochondrial function (electron transport., as well as oxidlative phosphoryla-

tion and ion transport) is not affected by these antibiotics, Neurospora nuitochondria were
able to bind fihipin. The antibiotic could be recovered from the mitochondria after ex-
traction with dimethyl formamide. Previous studies have shown that the presence of
sterol is a necessary prerequisite for polyene binding to cell menThranes. Neurospora mito-

chondria contain ergosterol although less than the microsomal fraction, which is partly
derived from the cell membrane. The above findings indicate that the presence of sterol
may not be sufficient to confer polyene sensitivity to a membrane system. �Iitocimondria

luave a much higimer phospholipid:sterol ratio timan cell nuembranes, suggesting that time

relative concentration of these lipids may be an important factor in determining polyene

sensitivity.

INTRODUCTION

In the past few years convincing evidlence
Imas accumulated indicating that the cell

membrane of sensitive organisms is the site

of action of time polyene antifungal anti-

biotics. Several laboratories have now

sluown timat the polyene antibiotics, such as

nystatin, amphotericin B, and fihipin, pro-

duce a permeability alteration in nmolds and

yeasts that results in the leakage of essen-
tial cytoplasmie constituents from the cell.

Subsequent studies have established that
the inal)ihty of time cell membrane to fummc-

tion as a selective restraining barrier in the

iresence of the polyenes is a consequence of

antibiotic interaction w’itlm a component
19()
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present only in the cell membrane of sensi-
tive organisms. The circumstantial evidence

suggesting that sterol is this unique conm-

ponent involved in time binding of the poly-
enes to the cell membrane has been re-

viewed (1 ) . The recent demonstrations that

(a) growth in time presence of sterol confers

�olyene sensitivity to Mycoplasma (2, 3),
and tluat (b) polyene antii)iotics preferen-

tially penetrate lipid monomolecular layers

containing sterols (4) , provide dhrect cvi-

dence for time contention timat the presence
of sterols in the cell menubrane is a neces-

.sary prerequisite for polyene sensitivity.

Up to now, there lmave been no detailed

studies to determine wimether subcellular
membrane systems, e .g. , those surrounding

the nucleus and nmitochondrion, are also
sensitive to the polyene antibiotics. Ghoslm

and Clmatterjee (5) and Gale (6) have pub-

lished photomumicrogiaplms simowing timat time

imucleus remained intact wimen protozoa and!

fungi were incubated with extremely high
concentrations of several polyenes sufficient

to cause a massive leakage of cytoplasmic
immaterial into time mediummm. Timese observa-

tions suggest that time nuclear membrane
mmmay be insensitive to the antibiotics. How-

ever, there are conflicting reports in the

literature on the polyene sensitivity of

mitochondria. Recent studies, reviewed in
(7) , have suggested that mitochondrial

function is performed by enzymmmes localized
in the external and internal nmembranes.

Thus, the finding of Gottlieb and llama-

chandran (8) that ascosin, a imeptaene
polyene antibiotic, inhibited yeast sue-

cinate-cytochrome c reductase seemed

especially significant, althouglm the same

laboratory has also reported that fihipin, a

pentaene polyene antibiotic, Imad no effect.

on oxidation of citric acid cycle substrates
(9). Subsequemutly, Slmaw et al. publisiuedl

experiments wlmich suggest timat time lack of
inhibition by fihipin nmay luave been due to

rapid inactivation of time antibiotic by the
mitocimondria (10’. We imave tlmerefore rein-

vestigated timese observations because they
are inconsistent witim our contention that

all time polyene ammtihiotics act in time saimme

way (1). This paper m�’ill present evidence

that the polyene preparations which inimibit

electron transport are contaminated with

antinmycin A. None of time pure polyenes

inhibited, although time antibiotics were

bound by the mitochondria. These results

suggest that the presence of sterols may not
be a sufficient prerequisite for polyene sen-

sitivity. A preiinuinary Fe1)Ort of these cx-

periments has been givemm ( 1 1).

MATERIALS AND METHODS

Chemicals. Time l)olYelue antibiotics were

generously provided by time following corn-

panies : Commercial Solvents Corporation,

Terre Haute, Indiana (ascosin) ; Farmi-
talia, Milan, Italy (etruscomycin) ; Lederle
Laboratories, Pearl River, New York
(pimaricin) ; Merck & Conmpany, Rahway,
New Jersey (candlidin) ; S. B. Penick and

Conupany, New York, New York (candici-

din) ; the Squibb Institute for Medical
Research, New Brunswick, New Jersey

(nystatimm, ampluotericin B) ; the Upjohn
Company, Kalamazoo, Michigan (fihipin).
Antirnycin A w’as purclmased from time Wis-

consin Alumni Research Foundation, Madi-
son, Wisconsin. Digitonin, ergosterol, and!

cytochronme c were obtained from time Sigma
Cluemical Conmpany, St. Louis, NIissouri.

Isolation of mitochondria and micro-

so ines. Ne urospora nuitocimondria were iso-

lated and concentrated by minor modifica-
tion of Hall and! Greenawalt’s procedure
(12) as indicated below’, using the prepara-

tion mediunu (PM) described by these
authors (0.25 M sucrose, 0.005 �i EDTA,
and 0.15% crystalline bovine serum albu-
min). Mininmal medium (500 ml in 2-liter

Erlenmeyer flasks) was inoculated with a

lmeavy washed conidial suspension of “wild

type” Neurospora, strain 5297a, to give a
final spore concentration of approximately

6 X 106/ml. Timree drops of Dow-Corning
Antifoamum A were added, and time flasks were
incubated! for 18-24 1mm’at 30#{176}in a New

Brunswick Gyrotory simaker. The imyplmal

filaments were luarvested by filtration
timrough 2-ply cheesecloth and gently

“wrung out” to remumove excess water. Ap-
proximumately 20 g wet weiglmt of hyphae

(obtained from one flask) were washed by

stirring with 100 ml of PM and collected
by filtration througim cimeeseciotim as above.
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Time lmy�)imae we1�e broken by persistent
grinding with an equivalent weight of sea

sand in a clmilled mortar and diluted to
200 ml with PM. This suspension was cen-

trifuged! for 15 mm at 1500 g. (All cent.rifu-
gations were cam’ried out at 2-5#{176}.) The

supernatant fluid was removed by aspira-
tion and centrifuged! again at 1500 g for

10 nuin to ensure immaximum reimmoval of
intact cells, nuclei, and sand particles.

Mitochondria were isolated from this
supernatant fluid by centrifugation for 15
mum at 8000 g. rrhue pellet, which had a

distinct redldlish color presumably due to

time lresence of cytochromes, was suspended

in sufficient PM (albunmin omitted) to give
a final l)rotein concentration of 4-8 mg/mi.

This l)am’tidulate fraction, dieSignated frac-
tion II, was used immainly for assay of
succinate-cytochromuie e reductase activity.

Electron pluotoimmicrograpims confirmed time

Presence of a high concentration of intact
nuitochondri a altimouglu microsomes, vesicu-

lar elenments, an(l othmer unidentified mem-
brane systeiums were readily detectable.

Purer nmitoclmon(lm’ia were required for
studies on polyene binding and lipid anal-
ysis. For tlmis purpose nmitociuondm’ia were
isolated! fronm fraction II by the elegant

density equihihriunm centrifugation niet.hod
devised by Luck (13). One milliliter of

fraction II was layered onto 4 mmml of a

linear sucrose gradient ranging from 0.59 �i

sucrose (d = 1.076 at 20#{176}) to 1.81 �r (d =

1.23). After eentrifugation for 3-5 imr at

38,000 rpm in a Spinco L-2 (SW 39 rotor),

time tubes were punctured at the bottonm
amud time main mitochondrial band! at d =

1.17-1.21 was collected (fraction II SD).
Electron pimotommcrographs of mitochon-

clrial pellets fixed with glut.araldehyde and
stained! witim osmium tetroxide were vir-

tually identical with those published by
Luck (13) and indicated almost complete

absence of time contanminating particles

observed in fraction II.
For the preparation of Neuros pore

immicrosomes, time supernatant fluid obtained

after sedimentation of fraction II was cen-

trifuged for 15 mm at. 30,000 g to remove
any reimmaining mitochondria. The super-
natant fluid from I luis step was then S�Ufl

at 105,000 g for 2 lmr (Spinco No. 40 rotor)
and time resulting pellet was suspended in

sufficient PI\I (aibunuin omitted) to give a

final l)rOtein concentration of approxi-
mately 10 img/imml. In some experiments, this
mnicrosomnal fraction, designated fraction V,

was furtiuer purified! by density equilibriummu

centrifugation using time procedure de-

seribed previously for mitocimondria. In this
case, time immicrosomal band at d = 1.08-1.13

was collected! (fi’action V SD).

R at liver mmmitocimondria were isolated
according to time nuethod of Hunter et al.

(14). We are indebted to Dr. E. Smitlu and
Professor F. E. Hunter for providing these

immitoehondria and! also for taking time elec-

tron pimotomicrograpius used to cimeck time

purity of time al)ove fractions.
Assa y of sn ccin ate-cy tochrome c reduc-

t(LSe. Cytocimronme c reduction with succinate
as electron donor was followed in the usual

nuanner by deternmining time increase in ab-

sorbancv at 550 mmm,.t.Time following corn-

ponents were added, in order, to cuvettes
with a 1-cnm light patim: 0.01 nul of time
antibiotic solution (see below), 0.1 ml of

succinate (102 �), 0.81 ml of buffer
(0.025 M Tris-0.33 �i sucrose, pH 7.3) . 0.05

ml of nmitocimondrial suspension, 0.01 ml of

NaCN (10� r�r) and 0.02 ml of cytoclmrome

C (20 mmmg/nml) . The reaction was initiated
by the ad(hition of cytochrome e and dilu-

tions of rnit.ociuon(!ria were used whicim gave
linear rates for at least 3 mm. Botlu beef

and imorse heart cytocimrommme c were equally
effective. The rate of cvtoeimrome c reduc-

tion was proportional to the concentration
of nmitochond!riai protein under these condi-
tions. The antibiotic solutions were pre-

pared witim dimmmetiuyl formamide (DMF).
When time antibiotic was omitted, 0.01 mmmlof

DMF was added as solvent control. This

amount of DMF (final concentration: 1%)

Imad a negligible effect. on succinate-

cytocimrome c red!uctase.
Lipid extraction and analysis. Mitochmon-

dna and mierosommmes were extracted by a

modification of time procedure of Bligh and
Dyer (15). Two immilliliters of chloroform

and 4 mmmlof nmetimaimol were added to 1 .6 ml

of time particulate suspension, containing

2-8 imug protein. Aimy insoluble material was
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removed by centnifugation for 20 nmin at

20,000 g. The supernatant fluid was quanti-

tatively transferred to conical glass tubes,
and 2 ml of chloroform and 2 nml of water

were added. After timorough mixing, time two
phases were separated by centm’ifugation for
20 mm at 2000 q. The upper aqueous layer

was removed! by aspiration and the lower

chloroform layer, including any material

present at time interface, was diluted to

10 ml witim nmetiuanol. If necessary, this

solution was clarified by centnifugation.
Ergosterol was determined! l)y the

Lieberinann-Burciuard nmetimod after pre-

cipitation of time sterol as time digitonide.
Appropriate ahiquots (2-4 ml) of time lipid

extract were taken to dryness at 80#{176}under
a stream of N� and redlissolved in 1 mmmlof

.15

t

‘� .05

�l0

etimanol: acetone (1: 1). Digitonin (0.5 ml of

a solution containing 10 mg iwr milliliter of
50% ethanol) was added and the tubes

were kept at 4#{176}overnight. Time precipitate

was collected by centrifugation and washed

once with 2 ml of acetone. Time precipitate
was dried in vacuo and redissoived in 1 ml

of glacial acetic acid and 1.5 ml of chloro-

form. One nmiliiliter of acetic anhydnide:
sulfuric acid! (4: 1) was added and the

resulting blue-green color was measured in
a Klett-Sumnmerson colonimeter (No. 66 fil-

ter) exactly 5 nmin after addition of the

acid reagent. The amount of ergosterol
present was determined fronm a calibration
curve obtained by carrying known amounts

of ergosteroi through the above procedure.
Lipid phosphate was determined by mod!-

,Mg ANTIBIOTIC/mg. MITQ PROTEIN

Fia. 1. Effect of po!yene antibiotic (heptaene) preparations On succinate-cytochroinc c reductase

Nenrospora mitochondria (fraction II) were assayed for succinatc-cytochrome c reductase in the
presence and absence of the antibiotics by the procedure described in time text. In the case of ascosin,

activity was determined using two concentrations of mitochondrial protein, 64.5 and 129 pg/mi. Appro-

priate amounts of time antibiotics (in 0.01 ml D1�IF) were added to give the antihiotic:protein ratios

simown on the ahscis.sa.
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ificatioim of time procedure of Lowry (16)

after digestion witim sulfuric and perehionic
acid.

]Iiseellane�,,s iii ethods. All spectra were
recorded witim a model 14 Cary recording

speetropiiotoiimeter. Protein was measu red
by time method of Lowry et al. (17) . Time

effect of fihipin on erytlmrocyte imemolysis

was determined by procedures previously
enmployed (18, 19). Adlditional experimmiental
nmetimods are (lescnii)e(! in time following
section.

RESULTS

Inhibitimi. of (ytochrome c Reduction �i

Polyene Antibiotics

We were able to confirm time observatiomms

of Gottlieb and Ramacimandran (8) tiuat

preparations of ascosin inimibited succinate-
cytocimnoimme e reductase. Candicidin also

inhibited electron transport. However.
ampimotericin B, fihipin, etruscomycin, nys-
tatin, candidin, and! pimumaniein were without

any effect at concentrations of 50 1ig/immi,
equivalent to approximnately 800 �.tg of

antibiotic pen mmmiiligranm of nuitochondniai
protein in time assay immixture. One feature of
the iimhibition by ascosin seemed especially

significant. Time extent of inimibition was
markedly d!ependent on time amount of

mitocimondnia added. Thus, as indicated! in
Fig. 1, ascosin, 10 p.g/miml, inhibited! eyto-

chroimie c reduction 75% wimen 64.5 p.g of
mitocimondnial proteimm was used in time assay

but only 25% when the protein concentra-
tion was doubled. Antinmvcin A also mimani-

fests an inverse relationsimip between the

extent of inhibition and mitochondrial con-
centration (20) . Timese results suggest that

the inhibition by ascosin and! candicidimu
may be due to contamination with antimy-
cm A, pam’ticuiarly since the otimer poiyenes
(lid not imave any effect on electron trans-

l)Ort. Time likelihood! of timis possibility was
strengthened wimen time relative potencies of
ascosin, candicid!in, and antimycin A were

commmpared. Table 1 gives time minimum con-
centration of each amutibiotic per nmiiligramim
mitochondnial protein timat was required for

comTlplete inimibition of succinate-cytoehrome
c redluctase using Neurospora and rat liver

mitochondnia as the source of enzyme. The

data in the last 2 columns indicate that as
little as 0.13% and! 0.05% contamination of

time ascosin and candicidin preparations.
respectively, by antimycin A would he sIll-
ficient to account for the observed! inhibitiomu.

Time actual l)resence of antimycin A iim

tue ascosin i)rel)aratiOn was demonstrated
in time fohlo�ving way. Antirnycin A is very

soluble in acetone wimereas the poiyene
antibiotics are relatively insoluble in timis
solvent. Accord!ingly, 4.86 mg of ascosiim

was extracted �5 times with small volumes
of acetone (approximumately 2 ml). The ace-

tone extracts were coimmbined, concentrate(l
under a stream of N� to about 0.2 ml, an(!

chromnatograpimedl on silica-gel thin-layer

plates witlm chloroform: acetone (90: 10) as
the developing system. When viewed under

UV ligimt, a immaterial with time nmobility of

pure antimycin A was readily detectable
(Fig. 2). Timis spot was eiuted witim acetone.

TABLE 1

(omparatire potencies of antiniycin .1, ascosin, and candicidin

The imuininummnu amount of each antibiotic, per milligrani nmitochondrial protein, required to give complete

inhibition (95-1O0�) of succinate-cytochrome c reductase act ivitv, was determined graphically by experi-

ments analogous to those described in Fig. 1. As indicated for ascosimu in Fig. I, tins value is oi)vioLislv inde-

pendent of protein concentration.

i\Iitociioimdrial

source

g/mg protein required

for 100w inhibition

Ratio (X 100)

Amutiimmvcimi:

Ascosi ii

Antinivcin:

(IandicidinAmutimvcin Aseosimi (amidicidin

Rat liver 0.054 35.3 102 0. 15 0.053

N. crassa 0.2 189 39(1 0. 11 0.051
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2. Presence of antimycin A in ascosinFic.
J)l(’pa rat ion

An acetone extract of ascosin, PrePared as

described in time text, was spotted on thin-layer

plates of Adsorhosii (Applied Science Lai)s, State

College, Pemunsylvania) along with reference spots
of pure antinuycin A. After development, time plate

was photographed under UV light (maximummi

emission: 360 nup) with a Polaroid eanuera using

type 42 film.

as were time reference spots on either side.

Titration witim Xe u rospora mnitochondniai

succinate-cytoehroiume c red!Uctase confimnmed
time presence of 1.76 1�g of antimycin A.

According to the data of Table 1, 6.32 �rg

of antiinycin A should have been ol)tained
fronm 4.86 mg of ascosin. Subsequent en-
zyimuic assay indicated timat time acetone-

extracted residue still contained 3.45 ,sg of

antimycin A, suggesting very tight binding

of time antibiotic to some component in the

ascosin preparation.

It has previously been reported that the

ascosin preparation, in conmimmon witim all the

other poiyene antibiotics, caused the lysis
of imiamyimahian erythrocytes and Neuro-

spora protoplasts (19). Tlmis property is

consistent with the spectrum of the ascosin

preparation showing the characteristic ab-
sorption maxima of heptaenes at 330-345,

350-365, 370-385, and 395-405 m�e (Fig. 3).
The spectra of ascosin and candicidin also

suggest that these antibiotics are relatively
impure since time extinction at eacim of the

maxima is significantly less than time cor-

responding peaks for amphotericin B, which
diii not inhibit succinate-cytochrome c re-

ductase (Fig. 1). Thus, on time basis of the
above experimuments, it may be concluded

that all time poiyenes act on time cell mmmcm-

brane and timat the unidlue ability of the

ascosin preparation to inhmii)it electron

transport is due to contammuination with
antimycin A. It should! be mmoted timat botim

ascosin and antinmycin A are produced by a

Streptomyces si)eeies.

Binding of Polyene A ntibiotics by Mito-

chondria

Altimougim electron transport is mmot in-

imibited by the polyenes, Neurospora mmmito-
chondria can bind time antibiotics. As
indicated! in the Discussion, tiuese obsenva-

tions may have considerable bearing on

current theories of time nmolecular basis by

w�hich the polyene antibiotics affect mmmcmii-
brane function. The following experiments
were carried olmt primarily with fihipin since

Shaw et al. (10) reporte(l tlmat, wimen timis
antibiotic was mixed with either a crude
extract or a immitoelmondnial fraction of yeast,

it no longer was able to inimibit fungal

growth. On the basis of timese results, they

concluded that the inability to demonstrate

an effect of fihipin on electron transport was

due to mitochondnial inactivation of the
antibiotic. However, we observed in pre-
liminary experiments timat time addition of

Imigh concentrations of fihipin (50 �.ig/ml,
equivalent to approximately 800 �ig per

nmilligram mitochondrial 1)rotein) during
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lic. 3. �Spcctia of polgene antibiotic (/meptaene) preparations

The antibiotics were dissolved in nuetimanol to give the following ionicnt mat mon� : anmplmoteriiin B,

4.9 pg/mI; candicidin, 9.8 pg/ml; ascosin, 39.2 pg/nil. From time spectra (hternlimme(l in cuvettes with a

1-cnu light path, the extinctiomu of a 1% solution was calculated.

time course of cytoclmroimme c reduction imad
no effect on time rate. (In time usual assay

procedlure, time poiyenes were “preincu-
bated” approximately 5 nun with time mito-

cimondnia before time a(ldition of cytocimnonme
c to start time reaction.) Therefore, anti-
biotic inactivation would! imave to occur

almost instantaneously. A likely alterna-
tive explanation for tiue results obtained by
Simaw et al. is that fihipin was bound to time
mitocimondnia. To test this possibility, time
effect of fihipin on erytlurocyte lysis was
examined after preincubation of time anti-

biotic in time presence and absence of
Neurospora nuitocimondnia. Previous studies
imave shuown that fihipin is an extremumely

potent heimmolytic agent (18, 19) and, if time
nmitochond!nia (10 bind time antibiotic, we

would! expect timat a luigimer concentration

of fihipin would be required to initiate cry-
timrocyte lysis. Figure 4 shows timat time

nmilmilmilmflm tlmresimold concemmtration of fihipin

is increased significantly when the anti-
biotic is preinclmbated in the presence of

mitocimondria, indicating a redluction of the
effective free antibiotic concentration due

to mitocluond!nial bind!ing. Additional cx-

perinments (not illustrated) have shown that
time extent of i)inding is depend!ent on the
concentration of mmmitociuondnia and tem-
perature, being gm’eater at 37#{176}than at 22#{176}.

Time expeninment d!eseribed in Fig. 5 fur-
timer suggests that time preceding results were
a consequence of fihipin binding to the
mitochondnia rather timan of inactivation.

Mitochondnia whelm imad been incubated
witim tIme antibiotic, at a ratio of approxi-
mately 75 �g mmuitoeiuond!rial protein per
nmicrogramn of fihipin, were extracted with

dimethyl formanmide. The spectrum of the

slmpernatant, obtained after removal of the
nuitochmondnia by centni fugation, was identi-
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Fic. 4. Effect of preincubation with mitochondria on the concentration of fihipin requited for erythro-
cyte !ysic

Different anmounts of filipin were preimucubated with amud without Aeurospora nmitochondria (fraction

II SD, 669 pg) in 0.5 ml of 0.05 as potassium phosphate-O.154 at NaCI, pH 6.8 (saline-buffer) for 30

mm at 22#{176}.More saline-buffer (0.42 ml) was th�n added, followed by O.� nil of washed human

erythrocytes. After 5 mm incubation at 38#{176},the tubes were centrifuged for 10 mm at 10,000 g to renmove

mitoelmondria and intact erythrocytes, an(l the absorbancy of time supernatant fluid was deternuined at

550 mp. The final concentration of fihipin is shown on the abscissa. An amount of erythrocytes was

added wimich gave an absorbaney (550 nmp) = 0.618 upon conmplete lysis with 1 ml of 1120. Control

experiments indicated that the mitocluondria had no effect on the extent of Imenmolysis imm time absemmee

of any preuucubation period. i.e., wimen fihipin was added after time erythrocytes.

cal with time sI)ectnlimmu of the ammtibiotic
incubated in the absence of mmmitochmondria.

From time absorption maxima at 326, 342,
and 361 Ifl,i, it was calculated timat at least

90% of the flhipiim Imad been recovered.

Lipid Composition of Neurospora Mito-

chon.dria

Several studies have imow clearly estab-

lished timat only membrane systems wimich
contain sterols are able to bind the polyene
antibiotics. Tiuerefone, we simould expect to
find ergosterol (time pmineipal sterol in

fungi) in Neurospora nmitocimondria. Table
2 shows tiuat ergosterol is present in time
mitochondria althougiu, on a protein basis,

the concentration is only 1,� of time ergosterol
found in microsommmes which had also been
isolated! in a stmcrose density gradient.

Microsomes � includedl for commmpanison
since previous studies imave indicated that
at least 80% of time Neurospora mycehial
binding capacity for nystatin can he re-

covered in this fraction (21 ) . Lxpcrnmments
analogous to timat described in Fig. 4 imave

also shown that microsomes rapidly bind
fihipin and thereby inhibit hemolysis. Simat-

kin and Tatuimm (22) imave published dcc-

tron pimotomicrograpims of Neurospora hy-

plmae whicim indicate that the endoplasmic
reticullmm is contiguous with the cell mmmcm-

brane, and current evid!ence is consistent
with time view that the microsonmes are

derived froimu time end!oplasmmuic reticulunm.
Thus, time lipid composition of time mmmicro-
somes immay approximate timat. of time Neuro-

spora cell nmeimmbrane and commupanison with
mitocimondni a may provide an explanation

for time insensitivity of these structures to
the polyene antibiotics. Table 2 shows that

time microsomes have a mucim lower phos-
pholipid: stero! ratio timan mitocimondria.

This ratio did not change appreciably when

time crude microsomal fraction (100,000 g

pellet) was further purified by equilibrium
centrifugation in a sucrose gradient.
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MITOCHON. PROTEIN :3I9j�
FILIPIN : 434pg
VOLUME :0.2 ml

INC. TIME :30 mm

SPECTRA IN 80% DMF

0.6

0.5

0.

0.3

0.2

0.1

320 340

m�

360 380 400

Fic. 5. Recouery of fihipin after incubation with .Veurospora in it ochonilna

as indicated in time figure. After 30 nun, sufficient

� Time mitocimondria were timen removed by

fluid ��as determined. A control tube containeu1 an

TABLE 2
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(1’�

Filipin was incubated with mumitocimondria at 22#{176}

DM1’ � added to give a final concentration of

centrifugatiomu, and time spectrum of time supernatant

equivalemmt amount of fihipin incubated in the ahsemmee of umitocimondria.

Phospholipid and erg osterol content of .\eurosp ora Pu itochOndrkl aunt in ierosomes

mpmoles iipid-P: mn�znmoles ergosterol: m�mmuoles iipid-P:

Fractiona mg protein muug protein nmpmoles ergosterol

Mitochondria (II SI) 431 12.5 34.5

Mitochondria (II 81)) 356 .26 49. 1

Microsonues (V) 228 24.5 9.2

Microsomes (V xl)) 432 57.6 7.5

Analyses were carried out on different nmitociiondrinl and mitrosonmal frart 1)115.
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DISCtSSION

Time j)resdnt investigatioim was uimder-

taken to determine wimether mitoeimondnial

function is affected by the polyene anti-
biotics. Electron transport, specifically sue-

cinate-cytocimrome c reductase, was examum-

med in detail because of time report (8) timat
ascosin inhibited this reaction. We could

find no inhibition by high concentrations of

any pure polyene, and time experiments
(!escribed above show that the inhmibitorv

i)rOl)erties of ascosin, and probably camudici-
din, are due to contamination by ant.imycin
A.’ Poiyene antibiotics are known to formmm

complexes with sterols. Therefore, the lack
of inhibition does not seeimm surprising since

sterols imave so far not been implicated! as

l):IrtiCiPants in any oxidative patimway.2 It
itmay be argued that electron transport is

imot a valid indicator of mmmitochondnial func-

tion and that other parameters, sucim as
oxid!ative plmosplmorylation or ion accunmula-

I Dr. C. P. Schaffner (Institute of Microbiology.

Rutgers University) imas also found atm antinmycirm

in (lie preparation of aseosin used by (ottlieh

et al. (8). (Personal comnuunication.)

� Detwiler et a!. (25) have reported that low

concentrations of digitonin stimulate bovine heart
muscle succinate-cvtochrome c reductase, whereas

Imigim concentrations inhibit this reaction. However,
it seems unlikely that time effects of digitonin �

(tile to combination with sterol since they were

reversible by addition of tocopherol. Kusci and

Weher (unpublished exl)erinments) imave found (lint

low concentrations of digitotmin and fihipin many

occasionally st inmulate cytoclmromuuc c reduct use

activity in crude extracts of time protozoan (#{176}ri-

15 idia fasciculata, whereas hmiglu eoncentratiomms

were inhibitory. In some preparations of Neuro-

spora mitocluondria, we have observed that fihipin
(50 pg/mi, ca. 800 pg p�r nuilligranu mitochondrial

protein) also had a shigimt stimuhatory effect on
eytochrome c reduction, but never nuore than 15e/

of the control rate. Other polyenes, when tested

with these preparations, mueitimer stimulated nor

inluibited. Filipin could conceivably produce a

stimulation by altering time permeability of time

nuitochmondria timus making time substrates (sue-

(mate or cvtochronme c) more accessible to time

enzymic sites. We would predict therefore a

greater effect of time antibiotic with lower amounts

of either succinate or cytochrome c, i.e., when time

substrate concentration became rate limiting. This

wt� never observed.

tion, may be sensitive to time polyenes.
However, Lardy et al. (23) observed that

several polyenes (nystatin, fihipin, anmpho-

t.ericin B, candidin) imad no effect on P:O
ratios of rat iiver immitocimondnia w’ith gluta-

mate as substrate and, recently, Pressman
(24) reported timat amphotenicin B did not

influence ion transport in these mitocimon-
dna . These studies therefore demmionstrate

timat there is no direct effect. of the polyenes

on isolated mitochondria in. vitro.

The possibility of an in m’ivo effect of
filipin on mitocimondnia has been suggested

by Shaw et al. ( 10) . Timey observed timat
mitochondria isolated from fihipiim-treated

yeast did not have time full oxidative cairn-

biiities of control mitochondnia obtained!
from cells whicim imad! not been treated with

the antibiotic. Fihipin is time most potent
polyene known and, under thueir incubation

conditions (6 imr shaking at 25#{176}; fihipin
concentration : 135 1.tg/nml or 27 �g,/iimg dry

weigimt. of yeast) , the ai)ility of time cell
immeimml)rane to act as a selective restrainiimg

barrier would be abohisimed. This would
result in a situation analogous to dilution

of time mitocimondnia witlm hypotonic mmmc-

diuimm and, t.imere fore, irreversib)ie daimm age
to soimme components of time electron transfer
cimain would he anticipated!. In an effort to

reconcile an in vivo effect of fihipin withm
lack of an in vitro effect it was suggestedl

that mitocimondnia rapidly inactivate time

antil)iotic. Time present experinments do not
support this conclusion. Furthmenmmmore, on

timis basis, one would! have to assuimie that
mmuitochmondnia witimin the yeast cell do muot

inactivate fihipin. The foregoimmg renuarks
enupimasize that the secondary indirect ef-

fects of a poiyene-indueed pernmeai)ihity
alteration must he clearly distinguishmed
from time direct action of tIme antibiotics on
time cell membrane.

Although time cell membrane is tIme site of

polyene antibiotic action, the present stud-
ies with mitochondria may provide add!i-

tional information on time factors wimicim
render a menmbrane polyene sensitive. In
time following, we simail accept. the current
belief that the nmitocimondrion is a prototype
membrane systemmi, albeit with rather spe-
cialized! functions (7). The deimmommstration
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that ergosterol is present in Neurospora

mitoehoniiria is consistent w’ith the finding

that they are able to bind filipin. Timese
experiments confirnm previous studies wimicim

indicate timat the presence of sterols is
necessary for polyene interaction with (i.e.,

binding to) a mmmenmbrane (1-4). However,
in view of time fact thmat mmmitocimond!rial

function is imot affected! by any of the anti-

biotics. it seeimms probable that time presence
of sterols per se is not sufficient to confer

polyene sensitivity. We would like to sug-
gest on the basis of these experinments that

the phosphohipid:sterol ratio (P:S) is time
factor which determines whether or not a

membrane is sensitive to the polyenes.

Membranes with a high phospholipid : sterol
ratio-e.g., bacteria (P:S = oc) or mito-

chond!ria (P:S = ca. 40)-are not affected
by time antil)iotics,3 wluereas erythrocytes
frommm various sources [P:S = ca. 1 (26)]
are extremely sensitive to thue polyenes.

Experiments on the penetration of lipid
nmononmolecular layers by time polyenes have

suggested that timese antibiotics may inimibit
time ability of nmemmmbranes to act as selective
restraining barriers by producing a change
in nmemmmbrane lipid structure, specifically a

spatial reorientation of time sterol nmolecules
(4). It imas been observed [see Fig. 4 in
ref. (4)] timat time surface pressure increase,
whelm results when fihipin is injected under

cholesterol nuonolayers, was markedly

diminished by time presence of phosphmatidyl
cimoline. Timis finding constitutes additional
prelimmuinary evidence timat time pimospimohipid:
sterol ratio mumay he very inmportant in dieter-
mining pohyene sensitivity.
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