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The action of iturin A and bacillomycin L on vesicles of dipalmitoylphosphatidylcholine
(DPPC) and DPPC-cholesterol was studied. Iturin A destroyed the vesicles, bacillomycin L
bound with DPPC vesicles and destroyed vesicles containing DPPC and cholesterol. These
results are discussed in comparison with the action of antibiotics of the iturin group on cyto-
plasmic membranes.

Two antibiotics, iturin A and bacillomycin L have been isolated from strains of Bacillus subtilis.
Their structures have been determined!>> as cyclic peptidolipids constituted by a j-amino acid with 14
to 16 carbon atoms® and a macrocyclic peptide with D and L a-amino acids.

These antibiotics have a restricted antibacterial activity against a few bacteria such as Micrococcus
luteus and a wider antifungal spectrum. A lytic activity upon the protoplasts of M. luteus has been
observed, consistent with an action on the cytoplasmic membranes ® but did not explain completely the
antibacterial properties: Iturin A lysed the protoplasts, bacillomycin L was found to have no lytic activity
while its derivative, bacillomycin L-dimethyl ester, had a high lytic activity on M. luteus protoplasts™®,
These differences could be attributed to the difference of polarity of the peptidic part of antibiotics and
derivatives.

In order to confirm the action of these antibiotics on the cytoplasmic membrane, iturin A, bacil-
lomycin L and bacillomycin L-dimethyl ester were incubated with human erythrocytes, and all these com-
pounds were found to be hemolytic™.

The difference observed between lytic and hemolytic activities can be attributed to the difference of
composition of the cytoplasmic membranes of M. luteus and of the erythrocytes. In order to determine
the importance of the polarity of the antibiotics and the role of the lipid composition of the membrane,
we studied the action of iturin A, a slightly polar compound and bacillomycin L, an anionic compound,
on artificial membranes, dipalmitoylphosphatidylcholine vesicles with or without cholesterol.

Materials and Methods

Antibiotics

Tturin A was prepared as described previously®’.

Bacillomycin L was a gift of Dr. G. H. WARREN, Wyeth Institute of Applied Biochemistry, West
Chester, Pensylvania, U.S.A.

Lipids

Dipalmitoylphosphatidylcholine was purchased from Sigma Chem. Co., cholesterol from Prolabo
(France), di-[1-'*C]palmitoyl-L-a-diphosphatidylcholine from the Radiochemical Centre, Amersham
(England) (114 mCi/mmol) and [1,2-*H]cholesterol from the Commissariat & I’Energie Atomique, Saclay

' This paper is dedicated to the memory of ELISABETH BESSON.
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(France) (1 Ci/mmol).

Preparation of Radioactive Vesicles

50 mg of radioactive dipalmitoylphosphatidylcholine (DPPC) (0.5 #Ci/mg) were sonicated in 10 ml
of 2 0.05 M Tris-HCI - 0.10 M NaCl buffer pH 8.5 under nitrogen atmosphere at 45°C in a MSE apparatus.
When vesicles contained cholesterol, 5 mg of radioactive cholesterol (40 #Ci/ml) were added to DPPC.
Vesicles formation was followed by turbidimetry at 300 nm. When the absorbance was stable, vesicles
were prepared by chromatography on a Sepharose 4B column at 45°C according to the HUANG pro-
cedure®. Separation of bilayer vesicles and larger vesicles was followed by measuring the radioactivity
of a 50 xl aliquot of each fraction. Multilamellar vesicles were excluded from the gel and separated
from bilayer vesicles. Further experiments were done on the radioactive bilayer vesicles.

Binding between Radioactive Vesicles and Antibiotics

Interaction between radioactive vesicles and iturin A or bacillomycin L was quantitated by the
general method of HumMmEL and DRreYER”. The [**C]DPPC vesicles with or without [*H]cholesterol
were diluted in a 0.05m Tris-HCI - 0.10 M NaCl buffer, pH 8.5 to a final concentration of about 100 ug
lipids/ml and passed through a 4.5 ml column of a gel at 45°C. Two types of gel were used: Sephadex
G-25 from which the phospholipid vesicles were excluded and Sepharose 4B from which they were not
excluded. The fractions (150 pl) were collected and counted in 2 ml of Aqualuma (Beckman). When
the radioactivity of the eluate was constant, 100 x1 of a mixture containing vesicles and various amounts
of antibiotic was added on the column and the elution was continued with the vesicle suspension.

If the antibiotic pulled out the lipids from the vesicles, these lipids were retained in Sephadex G-25
gel and the elution profile showed a hole followed by a peak!®:'V), If the antibiotic gave a complex of
larger size with vesicles, this complex was extruded from the Sepharose 4B gel and the elution profile
showed a peak followed by a trough'®.

Characterization of Antibiotics Fig. 2. Action of iturin A on [“C]DPPC-[’H]-
The presence of antibiotics was tested by cholesterol vesicles.
hydrolysis of the eluates with 6 N HCI for 8 hours Elution profiles on a column of Sephadex G-25;

the addition of iturin A (100 xg) was indicated by

the arrows.
Fig. 1. Action of iturin A on [“C]DPPC vesicles.
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at 150°C, followed by the determination of aspartic acid, a common amino acid to both antibiotics, ac-
cording to the method of GHUYSEN et al.'®.

Results

Action of Iturin A on Phospholipidic Vesicles

Both kinds of phospholipidic vesicles, DPPC and DPPC-cholesterol vesicles, were excluded from
Sephadex G-25 column. The addition of iturin A to the column gave modifications of the elution pro-
files (Figs. 1 and 2) which showed a trough followed by a peak. The measure of the radioactivity in all
the fractions gave a constant [**C]/[*H] ratio; thus iturin A had no selectivity for phospholipid or choles-
terol.

A quantitative analysis of iturin A in the eluates indicated that all the antibiotic was localized in the
peak of phospholipids. When iturin A was passed on a column of Sephadex G-25 in the absence of vesi-
cles, the major part was excluded from the column (Fig. 3); thus, in this case the molecules of iturin A
must be associated in a micellar form and they are not retained on the column. In the presence of
vesicles, iturin A is included in Sephadex G-25 gel and eluted with the peak of phospholipids.

In fact, the result of the interaction between iturin A and the phospholipidic vesicles is a disruption
of both vesicles and iturin A micelles with the formation of a new association of small size between the

lipid and the antibiotic.

Fig. 3. Action of iturin A on [**C]DPPC vesicles. Fig. 4. Action of bacillomycin L on [*C]DPPC

Elution profiles on a column of Sephadex G-25, vesicles.
a) in the presence of vesicles, b) in the absence of Elution profiles on a column of Sepharose 4B;
vesicles; the addition of iturin A (200 xg) was indi- the addition of bacillomycin L was indicated by the
cated by the arrows. arrows.
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iturin A.
a R b 200 pug
7F 470
500 F
6 460
H
5 F 450 =
! : <
f = B
4= |'| 440 g 2 0 1 1 1 1 n 1
N 2 v
i -': 2 g
| S =
3t " {30 £ E 100 ug
I
i :
2 g 420 500 |
T ?‘
It
- S
1F o 410
I o %
!
1
O 1 d 1 1 O
0.6 0.9 1.2 1.5 0.6 0.9 12 0 N L f N ) )
0 0.6 12 1.

Elution volume (ml)
Elution volume (ml)



VOL. XXXVII NO. 6

Fig. 5.

THE JOURNAL OF ANTIBIOTICS

649

Action of bacillomycin L on [**C]DPPC vesicles.

Elution profiles on a column of Sepharose 4B, a) in the presence of vesicles, b) in the absence
of vesicles; the addition of bacillomycin L (200 xg) was indicated by the arrows.
® Radioactivity of the eluate, © amounts of bacillomycin L.
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Action of Bacillomycin L on
Phospholipidic Vesicles

Bacillomycin L was added to DPPC vesicles
on a column of Sepharose 4B. The results (Fig.
4) show the presence of a peak of radioactive
material followed by a trough. By titration the
antibiotic was found essentially in this peak (Fig.
5). These results agree with the formation of a
complex between the antibiotic and the vesicles
(see Materials and Methods).

Interaction between bacillomycin L and
vesicles containing DPPC and cholesterol are
shown on Fig. 6. Theresults are quite different
from those in the absence of cholesterol, the
action of bacillomycin L is similar to that of
iturin A, giving a trough followed by a peak of

radioactivity.

Discussion

Previous work had given some unexplained
results on the action of iturin A and bacillomycin
L on M. luteus, protoplasts from M. luteus and

erythrocytes.
toplasts and bacillomycin L did not.

Fig. 6. Action of bacillomycin L on [“C]DPPC-

[*H]cholesterol vesicles.
Elution profiles on a column of Sephadex G-25;

the addition of bacillomycin L (200 xg) was indi-
cated by the arrows.
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While both antibiotics were active on M. luteus and erythrocytes, iturin A lysed the pro-
This difference is probably a consequence of the structures of
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these antibiotics: Iturin A has a non polar cyclic peptide® and bacillomycin has an anionic cyclic pepti-
de?. The purpose of this work was to test the action of these antibiotics on phospholipidic vesicles.

In a buffer solution, pH 8.5, iturin A was present in a micellar form. When vesicles containing
DPPC or DPPC-cholesterol were added to the solution, a disruption of micelles and of vesicles was
observed and the molecules of antibiotics and of lipids were associated in small size complexes which were
retained in Sephadex G-25 gel; the interaction vesicles-iturin A corresponds to a “‘solubilization” of the
vesicles.

In the presence of bacillomycin L, DPPC vesicles were not destroyed but the antibiotic was incor-
porated in the vesicles giving aggregates of larger size than DPPC vesicles. When the vesicles contained
DPPC and cholesterol, bacillomycin L destroyed the vesicles as did iturin A.

These results were in agreement with the action of antibiotics on protoplasts from M. luteus and on
erythrocytes. Iturin A destroyed the protoplasts and lysed erythrocytes by removing lipidic components.
Bacillomycin L bound to protoplasts and no solubilization was found. With erythrocytes which con-
tain cholesterol, the action of bacillomycin L was different, erythrocytes were destroyed as were the
vesicles containing DPPC and cholesterol.

Recent studies on the interaction of iturin A and bacillomycin L with DPPC vesicles for low con-
centration of antibiotics (ratio antibiotic/phospholipids=0.2) had shown an association of both anti-
biotics with vesicles'®. 1In the present work, with high concentration of antibiotics (ratio antibiotic/
phospholipids=10) the behavior of iturin A is found to be different, the antibiotic pulls out the phos-
pholipid molecules from the vesicles while bacillomycin L gives an association vesicle-antibiotic of larger
size, whatever the antibiotic concentration.
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