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{Rut heart}

has been

to interact

with two lipids: phosphatidylethanol-

yp
amine (PE) and monogalaclosyldnacylglyceml (Navarro et al. (1985) Biochemistry 24, 4645-4650). PE is a major

0l

was used to examine the role of PE in maintenance of

and b llly
isolated rat heart mitochondri d abrupt 11

with the following resulls (1) Duramvcln addition te

contraction which was g on ition of
the suspending medium, by pronounced swelling. The most notable mor

1 effect o[ the ic was ruffling or

crenelation of the outer membrane, which resulted ulnmalely in its scparation from the inner membrane. (2) Low

concentrations (< 5 pM) of the antibiotic selecti

the bility of the mi ial inner b

to callons and small solutes. Thls effect was blocked by atractyloside, a highly specific inhibitor of the adenine

1 by A, by V. leimide, and by AMP, ADP and ATP but not CDP or
GTP, impli the adenine leoti 1 in !he ! permeability i {3) Higher
of duramycin induced a more i bility i which was not subject to inhibition by compounds

capable of interacting with the adenine nncleomie translocator.

Introduction

Duramycin is a polypeptide antibiotic (M, 2012)
isolated from cultures of Streproveriicillium cin-
nantomeus, NRRL B-1699 (formerly Siurepromyces cin-
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namomeus forma azacoluta) [1]. Recently. duramycin
has been reported to interfere with the function of
several membrane systems. The chloride transporter of
clathrin-coated vesicles [2]. ATP-dependent Ca®‘ up-
tuke by rabbit skeletal muscle sarcoplasmic reticulum
vesicles (3], and proton secretion by Bucillus subiilis |3}
are inhibited 50% at < 25 nmol/mg protein. The pro-
ton pump of clathrin-coated vesicles is inhibited 50% at
100 nmol/mg protein {2] and at higher concentrations
(500 nmol/mg protein). duramycin inhibits the
Na* /K -ATPasc purified from dog kidney [4].
Duramycin can also permeabilize intact cells [5].

In model systems the effects of the antibiotic appear
to result from its interaction with lipids which, when
hydrated under physiological conditions. adopt the

propane-1,3-diol,
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1,; phase. a reflection of the low intrinsic radius
of curvature { R,,) of the lipid monolayer which contains
them {6]. Duramycin induces an increase in the turbid-
ity (measured as apparent absorbance at 400 nm) of
suspensions of lipid vesicles prepared from phospha-
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tidylcholine (PC) in bination with phosphatidyl-
ethanolamine (PE) or monogalactosyldiacylglycerol
(MGDG). both of which are capable of forming in-
verted structures [7,8]. [t has no effect on suspensions of
vesicles made from PC alone or PC plus phosphatidic
acid, cardiolipin or phosphatidylserine [3]. Choung et al.
19.10] have recently demonstrated that a related antibio-
tic Ro09-0198 distinguishes PE from all other common

hospholipids as evid d by the ability of
PE -containing liposomes to protect erythrocytes from
Ro09-0198-induced hemolysis. Furthermore, they pre-
sent chromatographic evidence for a PE-peptide com-
plex [9).

Several observations suggest that the effects of
duramycin on biological membranes can aiso be atiri-
buled to specific drug-lipid, rather than drug-protein,
interactions. Duramycin inhibits generation of a proton
gradient by bacteriorhodopsin reconstituted into
PC/PE, but not PC-only, vesicles [3]. Duramycin in-
hibils proton secretion by wild type B. subrtilis but not
by a mutant strain lacking PE [3] Fmally, the Ca?*
uptake [ of the sarcopl r 1 ATPase,
which has been shown to depend upon the presence of
PE [11.12], is inhibited by duramycin.

Lipids with the potential for forming inverted struc-
tures are major components of the energy-transducing
membranes of mitochondria and chloroplasts. PE repre-
sents > 35% of the phospholipid phosphorus of the
inner mitochondrial membrane, and cardiolipin, which
can be induced by Ca®* 1o form inverted structures
[13,14], constitutes an additional 25% [15,16}. (The outer
mitochondrial membrane also contains significant
amounts (28%) of PE). Similarly, the glycolipid MGDG
accounts for > 50% of the polar lipid in the thylakoids
of higher plant chloroplasis [17]. It can be hypothesized
that non-bilayer lipids play a central role in the struc-
ture and/or function of energy-transducing organelles
by virtue either of their ability to form actual non-bi-
layer structures in situ or their more subtle effects on
R,,.

In these studies, duramycin has been used 1o probe
the role of PE in isolated rat heart mitochondria, with
particular attention being paid (o antibiotic effects on
mitochondrial structure and inner membrane permeabil-
ity. Preliminary reports of these data have appeared
{18.19].

Materials and Methods

Mitochondria, a mixed population containing both
interfibrillar and subsarcolemmal organelles, were iso-
lated by a modification [20] of the proceduse described
by Sordahi [21] from the hearts of large (> 250 g) male
Spiague-Dawley rats. Unless otherwise noted, experi-
ments were carried out at 25°C in a resin (Chelex)-
treated reagent (sucrose, 100 mM; KCI, 50 mM; Mops-

KOH, pH 7.2, 20 mM; KH, PO‘ 17 mM) supple-
mented with 0.8 uM r dria eq

to 0.2 mg protein/ml were preincubated in this reagent
for 3 min prior to the onset of experimentation, Where
indicated, they were energized by the addition of 5 mM
succinate, Data shown are representative of multiple
(= 3) experiments.

Changes in mitochondrial volume were followed
qualitatively at 540 nm in an LKB Ultrospec 11 UV-VIS
spectrophotometer, with a decrease in apparent ab-
sorbance indicating swelling (22]. Mitochondrial per-
meability was assessed by measuring passive swelling
(no succinate) in the prescnce of various inorganic salts
(150 nm) or neutral solutes (200 mM) buffered with 20
mM Hepes-Tris (pH 7.2) and supplemented with
rotenone as above. Protein was determined according to
Lowry et al. [23] with bovine serum albumin as stan-
dard.

Mitochondria were prepared for electron microscopy
by fixation in 5% glutaraldehyde, After centrifugation
{15000 x g, 3 min), pellets were rinsed with buffer,
postfixed in 1% OsO, containing 1.5% K;Fe(CN),,
stained in block with 5% aqueous uranyl acetate, dehy-
drated through an ethanol series, and embedded in an
Em-bed/araldite mixture. Ultrathin sections were
stained with melhanohc uranyl acetate followed by lead
citrate and d with a Si k 101
electron microscope at 80 kV. Average mitochondrial
cross-sectional area was determined with a digitizing
graphn:s tablet and morphomelry analysis soﬁware [24}.
A mini of 30 mitochondria were d for each
of two sections per sample. Statistical analyses used a
two-tatled Student’s r-test to determine the significance
of the difference between two independent means.

Duramycin was generously supplied by Dr. OL.
Shotwell (Northern Regional Research Center, United
States Department of Agriculture, Peoria, IL). Chelex
100 (100-200 mesh) was purchased [rom Bio-Rad,
Richmond, CA, and FCCP from Aldrich, Milwaukee,
WI. Biochemicals and enzymes were from Sigma Chem-
ical Company, St. Louis, MO. All other reagents were
of the highest quality available.

Results

Duramycin increases the turbidity of suspensions of
small unilamellar liposomes that contain PE or MGDG
[3]. The antibiotic also had dramatic effects on the
apparent absorbance of suspensions of isolated rat heart
mitochondria (Fig. 1). Duramyein addition induced an
abrupt increase in apparent absorbance at 540 nm
(Asg)s which was followed by a slower decrease.
(Duramycin addition to standard buffer had no effect
on Ag,,.) The duramycin-induced decrease in A, could
be further resolved into an energization-dependent com-
ponent, which was inhibited by the uncoupler FCCP or
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Fig. 1. Effect of duramycin on the apparent absorbance at 540 min ¢ 454) of isolated rat heast dria. Mitochondria were pre-incubated for 3

min with rotenone and. where indicated, FCCP (100 nM) or antimycin A (0.1 pg/mi). At the arrow. deramyein (3. 7.5 or 15 pM) and succinate {5
mM) ware added. Temperature was maintained at 25° C. A, upon mitochondrial uddition was 0.420.19 (S.D.).

the electron transport inhibitor antimycin A (Fig. 1) or
by omission of succinate {data not shown), and an
energization-independent component. Entirely analo-
gous results were obtained when the mitochondria were
energized with glutamate plus malate, with the excep-
tion that the decrease in 4,4 could now be partially
blocked by roienone (not shown). Thus, three compo-
nents of the mitochondrial response to duramycin ad-
dition can be identified: (1) a rapid increase in A;,,. (2)
a slow energization-dependent decrease in A4, Which is
supported by both NADH-linked and flavoprotein-
linked substrates, and (3) an energization-independent
decrease in Agy,
When the osmolan*y of the suspendmg solution is
lated, As,, is qualitatively proportional to the
mverse of mitochondrial volume [22,25). However, other
factors, €.g,, aggregation, lysis, alterations in the absorp-
tion spectrum of mitochondrial components, can also
affect suspension turbidity [22). Transmission electron
microscopy indicated that the changes in A4, induced
by duramycin reflect authentic alterations in mitochon-
drial volume (Fig. 2). Duramycin addition induced
abrupt ion of the mitochondria, associated with
generauon of parallel arrays of cristae (Fig. 2B). The
was d morph ically. In a rep-
ive i addition of 5 yM duramycin
decreased the averagc mitochondrial cross-secuonal area
from 0.825+0.193 pgm? 10 0.493 +0.149 pm’. When
data from three separate experiments were pooled, con-
trol dimensions of 1,040 + 0.259 pm’ were reduced to
0.652 + 0.109 um?® by 5 xM antibiotic. In both cases the
effect of duramycin on mitochondrial size was signifi-
cant at the P < 0.05 level. Contraction was followed by
gradual swelling, vesicularization of the inner mem-
brane (i.m,; Fig. 2C), and ultimately a decrease in
matrix density (Fig. 2D).
Duramycin addition also induced marked, distinctive
alterations in mitochondrial morphology. Foremost

among these was ruffling or crenelation of the outer
membrane (0.m.) and its dissociation from the i.m. (Fig.
2D, arrows). This effect was not mimicked by deter-
gents, either Triton X-100 or the relatively o.m.-specific
agent digitonin; by glycerol, which has been reported to
Jisrupt contacts between the i.m. and o.m. [26]: or by
agents/t which induce mitochondrial swelling
such as glutathione or Ca** loading (data not shown).

The two components of the duramycin-induced de-
crease in Agy, could be dlsungulshed on the basis of
their depend on d ion (Fig. 3)
The energization-depend was half-
mal at 2 M duramycin (10 nmol/mg protein) and
peaked at 5 pM (25 nmol/mg protein). In contrast. the
energization-independent process had a C, for
duramycin > 5 pM. The mitochondrial contraction in-
duced by duramycin was independent of energization
{Fig. 1). A plot of the magnitude of this component as a
function of duramycin concentration yielded a Cy, iden-
tical to that for energization-dependent swelling (Fig.
3). For all three components, duramycin effects were
dependent on the ratio of antibiotic o mitochondrial
protein rather than on absolute antibiotic concentration
(data not shown).

The concentration of duramycin required to elicit
each of the componenis of the change in apparent
absorbance at 540 nm was decreased by an increase in
assay temperature. The effect of temperature on the
energization-independent decrease in Agq, was particu-
larly large (Fig. 4). At higher temperatures. vnergy-de-
pendent and energy-independent swelling were there-
fore difficult to resolve (not shown). The temperature
data suggest in addition {Fig. 4) that pronounced e¢n-
ergization-independent swelling occurred only when
duramycin-induced contraction was maximal.

Mitochondrial swelling reflects altered i.m. permea-
bility. Passive swelling in the presence of diverse solutes
was used 10 determine the selectivity of the duramycin-
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Fig. 2. Effect of duramycin on mitochondrial structure.
supplemented with rotenone. {B) Mitochondria fixed imm
5 min after the addition of succinate plus § rM doras

(A) Control rat heart mitochondria fixed after 3 min incubation in standard reagent

ediately upon addition of 5 uM duramyein and 5 mM succinate, (C) Mitochondria fixed

mycin. (D) Mitochondria fixed after 12 min in the presence of succinate and 10 uM
duramycin.
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3. D on of the three compo-
nents of Age. O. Rapid increase in Asg: ®. energy-independent
decrease in Ay, (maximum Ay after duramycin addition minus
Ajgqn 6 win later, measured in the absence of succinate): a. energy-de-
pendent decrease in Agq (difference at 6 min in the g values
reached in the presence and absencr. of succinate).

induced permeability increases. For a series of salts,
relative swelling rates obtained with 3-5 pM duramycin
were NH,NO, > KNO,, NaNO,, LiNO; > NH,CI,
KCI, NaCl, LiCl>0 (Fig. 5A). By comparison,
valinomycin (2 pg/ml) induced much more rapid swell-
ing in KNO, and no swelling in KCl. When mito-
chondria were suspended in solutions of neutral solutes,
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Fig. 5. Passive swelling of isolated rat heart mitochondria induced by

were pi bated in the indicated salts
{150 mM) in the presence of rotenone for 3 min prior to the addition
of 5 pM (panet Aj or 20 &M (panel By duramycin.

3-5 pM duramycin enhanced swelling in the presence
of erythritol and arabinose but had limited effects in the
presence of mannitol or sucrose (Table I). These ob-
servations on the effects of low concentrations of
duramycin can be interpreted as follows. (1) Duramycin
selectively enhanced i.m. cation permeability; for any
cation, swelling measured in the presence of the per-
meant NOy anion ¢xceeded that observed with Cl . (2)
The duramycin-induced permeability increase [favored
H* over the alkali cations: among the NO; salts tested.
swelling was most rapid in NH,NQO,. (3) Anion per-
meability of the i.m. was increased to a limited extent,
as indicated by the modest swelling recorded in the
presence of Cl™ salts. (4) Duramycin increased im.
permeability to small ( < 200 dalton) neutral solutes. At
high duramycin concentrations (> 10 pM) rapid and

Ahgap

]

0 10 20
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Fig. 4. Effect of temperature on the rapid increase in Agq, (filled
symbols) and the energization-independent decrease in Agy, (open
symbols) induced by duramycin. Data were obtained as outlined in
the legend to Fig. 3. 4, 4,34.3°C; 0. w, 25.0°C. 0, @, 18.6°C.

swelling was observed in the presence of all
monovalent salts tested (Fig. 5B), indicating a more
generalized increase in i.m. permeability. The depen-
dence on duramycin concentration of the increases in
cation-selective and generalized i.m. permeability (data
not shown) were identical to those determined for en-

TABLE 1

Effect of 5 pM duramyem on swelling of mitechondria in neutral solutes
Substantial swelling was observed in erythritol in the absence of
duramycin. Swelling rates were therefore determined immediately
upon adding mitochondria 10 the spevific buffered solution containing
rotenone (0.8 pM) and duramycin (5 pM).

Solute Ad g /min

controf +5 pM duramycin

Erythritol 0.170 0.440
Arabinose 0.023 0.290
Mannitol 0.000 0.036
Sucrose < 0.000 * 0.007

* In sucrose, Ayg increased over the first one min.
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TABLE 1!

Inhihition of mitachendrial swelling indced by duramycin

Swelling was measured in standard buffer in the presence of rotenone
and succinate using the protocol in Fig. 1. Inhibitors were added prior
10 mitochondria. 4.4y, is the difference between the maximum Agyg
obtained after duramycin addition and the value attained 6 min later.
In the absence of duramycin. AAyq = 0.001. n.d., not determined.

acids [29]. (1) Swelling induced by duramycin was im-
mediate (Figs. 1 and 5): that seen with PCMB occurs
after an initial lag [28]. (2) PCMB blocks the phosphate
translocator, monitored indirectly via swelling in
(NH,),HPO,, whereas duramycin did not. (3} All of
the effects of PCMB, including swelling in KC, inhibi-
tion of lhe FCCP-stimulated ATPase, and inhibition of

4 e 1
Inhibitor Ay are p by di-
M oM thiothreitol (D'l'l') Duramycm effects on the same.
[ L P were itive 1o DTT. (4) The number of
I 7] o153 hondrial thiols, d with 5,5"-dithiobis-(2-
ne . . B L 5
'IUO;AM palmitasi-CoA 004 0148 nitrobenzoic acid), was not altered by duramycin. )
500 uM atractyloside 0.093 0.148 The permeability induced by PCMB favors K* over
400 uM N-ethylmaleimide 0.085 nd. Na* and H* [30). Duramycin-induced passive swelling
100 pM ATP 0.r27 nd. favored H* over K* and Na™ (Fig, 5A).
0.5 mM MgCl, 0.159 nd.
100 sM ATP+0.5 mM MgCl, 0075 0.158 o .
The polypeptide antibiotic d in, which has
ergizali p and  energ;: independ been reported to interact specifically with PE [3], had

swelling, respectively (Fig. 3).

The energy-dependent swelling induced by 3 pM
duramycin was inhibited by atractyloside, a specific
inhibitor of the adenine nucleotide translocator (AdNT)
[27], by palmitoyl-CoA, by N-ethylmaleimide, and by
ATP (Table I1). The effect of ATP was enhanced by
Mg?*, which exerted minimal inhibition on its own,
and was 50% maximal at 30-50 ¢M nucleotide. ADP
and AMP produced inhibition similar to that obtained
with ATP; GDP and GTP were not inhibitors. Energi-
zation-dependent swelling was also inhibited if either
K* or inorganic phosphate was omitted from the stan-
dard reagent {not shown). In no case was inhibition
complete. This is to be expected since, at 3 uM
duramycin. approx. 30% of the total swelling observed
can be attributed to the energy-independent process
(Fig. 3). Swelling induced by 20 ¢M duramycin and
swelling obtained at lower duramycin concentrations in
the absence of . i.., energy-independent swell-

marked effects on isolated rat heart mitochondria. At
iow i (<5 uM), d ycin selectively in-
creased inner membrane permeability to monovalent
cations and small neutral solutes. This resulted in pas-
sive swelling in the presence of salts of permeant anions
as well as in energization-dependent swelling. A limited
increase in i.m. permeability to Cl~ was also observed,
but this may reflect the general increase in permeability
which becomes more prominent at higher antibiotic
concentrations. The apparent dependence of energiza-
tion-dependent swelling on K*, and inorganic phos-
phate (P;) suggests that the ion movements involved
include active H* extrusion, OH™/P; exchange, and
K™ influx, lting in net el 1 i
phosphate accumulation,

The duramycin-induced permeability increase oc-
curred rapidly; no lag was apparent in the onset of
either passive or energized swelling. The permeability
increase was correlated with abrupt contraction of the

ing, were not altered by any of these ipulations, nor
was the initial rapid increase in Ay,

The resulis obtained with duramycin paralle] results
of earlier investigations wsing the sulfhydryl-modifying
reagent p-chloromercuribenzoate (PCMB). At 10-20
nmol/mg protein, an amount sufficient to mrale both

hondria. Both effects were half-maximal at 2 xM
duramycin, or 10 nmol antibiotic per mg protein. Mito-
chondria are thus the most sensitive antibiotic target yet
reported. Assuming phospholipid levels of 0.25 mg/mg
protein of which 44% is PE [16], a PE concentration of
30 M can be calculated for these experiments. Inner

the phosphate and adenine leotide tr:

PCMB stimulates energy-linked swelling in potassium
acetate, ie., enhances K* permeability. At 15-30
nmol/mg protein, PCMB induces passive swelling of
heart mitochondria in KC), i.e., increases i.m. permea-
bility to both cations and anions (Ref. 28, especially

t ermeability to cations was therefore half-
p Yy

d at ad ycin 1o PE ratio of

1:15,
Adenine nucleotide addition has been reported 1o
elicit a rapid increase in the apparent absorbance of
pensions of heart mitochondria which is correlated

Fig. 13).

Several lines of evidence (data not shown) suggest
that the mechanisms of action of the thiol-reactive
mercurial PCMB and duramycin are distinct even
though the antibiotic does contain tree thicether amino

with nucleotide binding to the AdNT [31,32]. The ab-
sorbance increases induced by adenine nucleotides and
by duramycin differ in several imporiant respects. First,
adenine nucleotide effects are small and have, in fact,
been classically termed | li hanges [33.34].




In our experimental system, the maximal increase in
Asq induced upon ADP addition was less than 10% of
the maximal signal obtainable with duramycin (data not
shown). Second, absorbance increases induced by
duramycin reflect a marked decrease in mitochondrial
volume; those induced by adenine nuclcotides do not.
representing instead “ultrastructural reorganization of
the inner membrane™ [34]. Finally, atractyloside blocks
adenine nucleotide-induced absorbance increases [31]
but not those induced by duramycin.

The mitochondrial AANT is clearly implicated in the
seleclive increase in i.m. permeability induced by low
duramycin concentrations. The permeability increase
was blocked by atractyloside, a highly specific inhibitor
of the adenine nuclcotide transiocator [27] and by
palmitoyl-CoA. Palmiioyi-CoA exerts multiple effects
on mitochondria, but among these is inhibition of the
AdNT [35]; atractyloside and palmitoyl-CoA stabilize
the translocator in the same conformation {271 The
ability of AMP, ADP and ATP, but not GDP or GTP,
to block this action of duramycin also indicates par-
ticipation of an- adenine nucleotide binding protein in
the cati 1 p bility i

Two observations are difficult to reconcile with in-
volvement of the AANT in duramycin-induced mito-
chondrial swelling. First, Mg?* enhanced the inhibitory
effects of the adenine nucleotides, yet the true sub-
strales of the AANT are reported to be the free forms of
ADP and ATP [36). Second AMP, which is reported not
10 bind to the AdNT [36], blocked duramycin action as
effectively as ADP or ATP. Nucleotide binding to the
AdNT is inferred from a substrate-induced change in
the fluorescence of the isolated AANT {36). AMP and
the Mg?* complexes of ADP and ATP may interact
with the substrate binding site in a manner sufficient to
block duramycin action but not to promote the confor-
mational change ing in altered fluc

Two qualitatively very different models for the inter-
action of low concentrations of duramycin with the
mitochondrial i.m. can be outlined. Both models are
consislent with the data presented here and take into
account prior reports on the effects of PCMB. One
model postulates that duramycin alters the conforma-
tion of the AdNT such that the translocator itself
permits the passage of monovalent cations and small
solutes. Panov et al. [37] have reported that the AINT
can function as a gated pore for K* and H*, and
participation of the AANT in calcium-induced perturba-
tions of i.m. permeability has also been proposed [38].
Such a direct effect of dummycm on AANT behavior
could be mediated by of duramycin either
with the protein or with PE. PE is known 10 be required
for optimal function of the reconstituted AdNT [39]
Discrimination between these alternative t
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At concentrations sufficient to inhibit both the P,
and adenine nueleotide-translocators, PCMB has also
been reported to enhance .m. permeability to cations
{301 Several observations. outlined above. most notably
ins nsitivity of duramycin effects to dithiothreitol and
failure of the antibiotic to alter hondrial sulfhydryl
content. indicate that duramyecin is not a sulfhydryl
reagent. This model would propose that PCMB. by
interacting with -SH groups, and duramycin, by inter-
acting either with PE or with the AdNT. produce simi-
lar changes in i.m. permeability specifically by altering
AdNT behavior.

The second model proposes that the enhanced per-
meability elicited by low concentrations of duramycin is
mediated by the lipid constituents of the i.m. Oxidation
of red blood cell membranes by diamide enhances mem-
brane permeability to small molecules [40] while at the
same time favoring PE movemeni between the inner
and outer leaflets of the bilayer {41). These effects are
attributed to medification of sulfhydryl groups in a
particular membrane-associated protein. namely. spec-
trin. [t can be proposed that transbilayer movement of
PE is the key element in increased membrane permeu-
bility in both the erythrocyte and the mitochondrial i.m.
(the two processes have been linked in other reports as
well {42]). Perhaps, in the mitochondrial i.m.. lipid
asymmetry {43} is maintained by the AINT. the most
abundant integral i.m. protein [44] just as spectrin con-
trols lipid asymmetry in the red blood cell. Then. both
duramycin and PCMB would be operating by in-
creasing the transbilayer mobility of PE and thus inner
membrane permeability. duramycin by acting directly
on the lipid, PCMB by aliering the AINT, Evaluation
of this model will require determination of the extent to
which duramycin effects on membrane permeability
require the presence of the AANT as well as measure-
ments of transbilayer lipid mobility.

In addition to its effects on cation permeability,
duramycin induced dramatic changes in mitochondrial
morphology. particularly o.m. appearance, and at higher
concentrations the antibiotic induced a generalized in-
crease in membrane permeability. The latter effect may
simply reflect mernbrane dlsruplmn, although pre-
liminary data iti of the P
F,/F,-ATPase [19] suggz.st a more complex mode of
action.

To the extent that duramycin interacts specifically
with PE, the findings reported here demonstrate the
antibiotic’s potential as a probe of PE function in
mitochondria. These studies are currently being en-
larged to examine lhe effect of duramycin on mitochon-

drial energy i to directly
the influence of duramycin on lipid phase behavior, and
o d the extent to which, in this system,

will require determination of duramycin effects on the
function of a reconstituted AANT system.

duramycm effects reprexem dummycm lipid as op-
posed to duramycin-prot
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