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SUMMARY

Macromomycin, a proteinaceous antitumor antibiotic, binds
to the membrane of tumor cells and thereby preferentially
inhibits DNA synthesis. The cytotoxicity could be abolished
by removal of macromomycin from the binding locus by a
brief treatment with trypsin.

INTRODUCTION

A new antitumor antibiotic, MCR,1 was isolated by

Chimura et al. (3) from the culture filtrate of Streptomyces
macromomyceticus. MCR is a weakly basic protein with a
molecular weight of 15,000 and inhibits mouse leukemia
L1210, mouse Sarcoma 180, and various gram-positive
bacteria. Although a number of high-molecular-weight
antitumor antibiotics have been isolated, there have been no
reports on their interaction with cell membranes, although
some of these substances are believed to exert their effects
without penetrating the target cells. This study of the mode of
action of MCR was initiated in the hope that it would furnish
information on role of membrane function in the control of
DNA synthesis and other aspects of cell metabolism. The
present paper reports that this antibiotic binds to the cell
membrane of HeLa cells and Yoshida sarcoma cells, thereby
causing inhibition of DNA synthesis. The results suggest that
the membrane of these cells is involved in controlling DNA
synthesis.

MATERIALS AND METHODS

Cell Cultivation. HeLa cells were cultured in monolayers
with a starting cell density of 5 to 8 X IO4 cells/ml in Eagle's

minimal essential medium supplemented with 10% bovine
serum. Yoshida rat sarcoma cells were grown in stationary
culture in either the above medium or LBS consisting of
bovine serum (10%, v/v) and lactalbumin hydrolysate (0.5%,
w/v) in Tyrode's salt solution.

Determination of the Synthesis of Cellular DNA, RNA, and
Protein. Monolayer cultures of HeLa cells were labeled with
thymidine-3H (0.2 /LtCi/ml), uridine-3H (0.5 /Â¿Ci/ml), or
leucine-14C (0.2 /LfCi/ml) for determination of the synthesis of

1The abbreviations used are: MCR, macromomycin; PBS, phosphate-
buffered saline; LBS, lactalbumin hydiolysate-bovine serum medium;
IDSo>median inhibitory dose.
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DNA, RNA, or protein, respectively. A culture was incubated
at 37Â°with the radioactive precursor for an appropriate time,

and incorporation was terminated by removal of the
radioactive medium followed by 3 gentle washings with cold
PBS. The monolayer culture was then washed twice with cold
5% perchloric acid and once each with ethanol and
ethanol:ether (1:1, v/v). The residue was dissolved in 3 N
NFL}OH, and its radioactivity was determined with a
PPO-dioxane mixture in a Beckman liquid scintillation system.

Synchronized Cultures of HeLa Cells. Two mM thymidine
were added to 1-day old cultures, and incubation was
continued for 24 hr. Cultures thus synchronized (25) were
freed from the thymidine-excess medium, washed 3 times with
PBS, and then incubated in the regular medium. The time of
initiation of this 2nd incubation is indicated as "Hr 0." In a

control experiment, DNA synthesis started at Hr 0.5 and
continued to Hr 10. The number of cells remained unchanged
at Hr 9, while at Hr 15 the cells were found nearly to have
doubled.

Counting of Cells. Monolayer cultures of HeLa cells were
freed from the medium and treated with 0.1 M citric acid at
37Â° for 1 hr. Cell nuclei were stained with crystal violet

(0.05%) in 0.1 M citric acid solution and counted in a
hemocytometer. Yoshida sarcoma cells were counted directly
as intact cells. Dead cells were estimated by staining with
nigrosine solution (0.2% in PBS).

Preparation of MCR-1311 (8, 14). Two mg of MCR were

dissolved in 0.5 ml of 0.16 M NaCl:0.2 M borate buffer, pH 8,
and 1 ml of water was added to the solution. The pH was
adjusted to 8 by addition of 2 drops of 0.32 M NaCl:0.4 M
borate buffer solution. A solution containing Na13 ' I in 5

mM IC1:2 M NaCl was prepared, and 0.07 ml (containing 5
mCi 13 ' I) was added to the above MCR solution. One min
later, the total mixture was added to a column of Dowex 1-X4
(100 to 200 mesh, 0.8 x 4 cm), which had been washed with 1
N HC1, 20% NaCl solution, and 0.85% NaCl solution,
successively, to a final pH of 5. The column was eluted with
0.85% NaCl solution, and 0.5-ml fractions were collected. All
iodide ions were adsorbed on the resin under these conditions
(8). The distribution of ' 3 ' I among the fractions showed good

correspondence with the UV absorbance at 280 nm. Recovery
of 131I and MCR were approximately 1 mCi and 1.5 mg,
respectively, the specific activity of MCR-1311 being
1.5X109 cpm/mg. The IDSO of MCR-1311 on Yoshida

sarcoma cells was found to be 0.65 Me/ml. The ID50 of the
original MCR was 0.45 fig/ml. IDSO refers to the concentration
of an inhibitor that is required to reduce the growth of cells in
vitro to 50% of control values.
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Binding of MCR-1 3 ' I to Yoshida Sarcoma Cells. Yoshida
sarcoma cells were suspended in LBS containing MCR-1311.
The suspension was kept at 37 or 0Â°for an appropriate period

of time. The cells were then chilled and washed 5 or 6 times in
cold PBS by centrifugation and suspension to remove unbound
MCR-1 3 ' I. Radioactivity found in the final wash solution was

less than 0.01% of added radioactivity. The radioactivity of
the cell pellet was regarded as cell-bound MCR-1311.

Reproducibility. Each experiment was duplicated and the
average is given. The variation never exceeded 10%.

Materials. Thymidine-3H, uridine-3H, leucine-14C, and
Na131I were obtained from Daiichi Pure Chemicals Co.,

Tokyo, Japan. Collag nase and hyaluronidase were obtained
from Nutritional Biochemicals Corp., Cleveland, Ohio; trypsin
was obtained from Difco Laboratories, Inc., Detroit, Mich.;
and papain was obtained from Sigma Chemical Co., St. Louis,
Mo. Sialidase was the kind gift of Dr. T. Aoyagi of the
Institute of Microbial Chemistry who prepared it from the
culture filtrate of Clostridium perfringens by (NFLt^SC^
fractionation (precipitated at 0.5 to 0.85 saturation).

RESULTS

Effects of MCR on the Synthesis of Cellular Macromole-
cules. HeLa cells were incubated with thymidine-3 H,
uridine-3H, or leucine-14C for 1 hr in the presence of MCR at

various concentrations. The uptake of these precursors into
the acid-precipitable fraction was determined. Analysis of the
labeled macromolecules by the method of Schmidt and
Thannhauser revealed that thymidine-3H was exclusively
incorporated into DNA, while uridine-3H was incorporated

into RNA and DNA in the ratio of about 10:1. As shown in
Table 1, DNA synthesis was selectively inhibited. No
inhibition of RNA and protein syntheses was observed at
concentrations as high as 100 Â¿ig/ml.Since MCR inhibits cell
multiplication at a concentration below l Mg/ml, any
possibility of the direct effect on RNA or protein synthesis
can be ruled out. Similar results were obtained with Yoshida
sarcoma cells. The possibility was considered that MCR could
interfere with transport or metabolism of the precursors of
DNA. As shown in Table 2, the antibiotic did not inhibit but
rather stimulated the uptake of cytidine-3H into the total

Table 1
Effect of MCR on macromolecular synthesis in HeLa cells

Incorporation of radioactive precursors into acid-precipitable
fractions was determined by incubating HeLa cells with thymidine-3 H,
uridine-3H, and leucine-' 4C for 1 hr in the presence of MCR at various

concentrations. MCR and the precursors were added to the cells at the
same time and incubated for 1 hr. The results are expressed as
percentage of control.

Dose(Mg/ml)Control0.4420100DNAsynthesis(%)10078474640RNAsynthesis(%)10010310193104Proteinsynthesis(%)100112122120112

Table 2
Cytidine-3 H uptake into the acid-soluble pool of Yoshida sarcoma

cells and its conversion to deoxycytidine nucleotides
Yoshida sarcoma cells were suspended in LBS containing cytidine-3 H

(0.96 MCi/ml, 0.5 MM)at a cell density of IO7 cells/ml. The indicated
amount of MCR was added, and the suspensions were incubated at 37Â°.

After 1 hr, the cells were chilled in an ice bath and washed twice by
cold PBS. The acid-soluble fraction was extracted from washed cells by
cold 5% perchloric acid. The extracts were heated at 100Â°for 10 min

and neutralized by KOH. These extracts, containing cytidine and
dCMP, were then treated with crude Crotalus adamanteus venom for 60
min at 37Â° to convert these nucleotides to the corresponding
nucleosides. The reaction was terminated by heating at 100Â°for 7 min.

The coagulated venom protein was removed by centrifugation, and
aliquots from the reaction mixtures were spotted on Whatman No.
3MM paper, with deoxycytidine as carrier. Cytidine and deoxycytidine
were separated by paper electrophoresis in 0.05 M borax. The spots of
deoxycytidine were located under a UV light, cut out, and eluted with
water. The radioactivity was measured in a liquid scintillation counter.

Control
MCR1

Mg/ml
10 Mg/ml

100 Mg/mlAcid-soluble

pool
(X 10scpm)1.551.59

(103)Â°
1.60(103)
1.87 (120)Deoxycytidine

nucleotide(cpm)9381730(174)

2170(232)
2040(217)

0 Numbers in parentheses are the percentage of control.

nucleotide pool of Yoshida sarcoma cells. Moreover, the
radioactivity of the deoxycytidine nucleotide fraction was
nearly doubled, even at 1 Mg/ml of MCR. The data indicate
that MCR inhibits the polymerization process directly or
indirectly but does not interfere with any process at the
precursor level.

Since inhibition of DNA synthesis was incomplete at
increasing concentrations of MCR above 4 Mg/ml, as shown in
Table 1, an experiment was conducted to determine the
kinetics of this phenomenon. On the addition of 20 Mg/ml of
MCR, inhibition of DNA synthesis by HeLa cells was observed
after a 10-min lag, and the reduced rate of DNA synthesis
(49% of the control) persisted for 60 min (Chart 1). Also, the
extent of inhibition of DNA synthesis by MCR at different
stages of the life cycle of HeLa cells was estimated. Monolayer
cultures of HeLa cells were synchronized by exposure to 2
mM thymidine (25) for 24 hr, and DNA synthesis was initiated
by removal of the excess thymidine. Under these conditions,
inhibition by MCR of DNA synthesis during the 1st 3 hr (early
S) and during later 3 hr [Hr 4 to 7 (late S)] was examined.
Table 3 shows the DNA synthesis in the early S phase was
more sensitive to MCR than that in the late S.

Stability of Cellular DNA in the Presence of MCR. It has
been reported that neocarzinostatin, another high-molecular-
weight, basic antitumor antibiotic, induced the degradation of
DNA in Sorcina lutea (16, 17). MCR was tested for similar
effects. DNA in HeLa cells was labeled with thymidine-3 H for

24 hr. After the cells were washed, the radioactivity in the
acid-precipitable fraction of the cells was followed in the
presence of 20 Mg/ml of MCR. As shown in Table 4, no
appreciable degradation of DNA was observed for as long as 5
hr after the addition of MCR.

Relationship between the Inhibition of DNA Synthesis by
MCR and Its Cytotoxicity. As shown above, MCR, even at a
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high concentration, inhibits cellular DNA synthesis only
partially. On the other hand, the death of Yoshida sarcoma
cells in vitro was first observed after 1.5 to 2 hr of exposure to
MCR. For determination of whether the inhibition of DNA
synthesis was a direct cause of the cytotoxicity, the effect of

macromomycin 20 )jg/ml

10 20 30 40

Time, min

SO 60

Chart 1. Effect of MCR on DNA synthesis in HeLa cells. MCR (20
Mg/ml) and thymidine-3H (0.2 jLtCi/ml) were added to monolayer

cultures of HeLa cells. The cultures were harvested at indicated times,
and the radioactivity in the acid-insoluble fraction was determined.

Table 3
Effect of MCR on DNA synthesis at various

stages of the HeLa cell cycle
Monolayer cultures of HeLa cells were treated with 2 mM thymidine.

Synchronous synthesis of DNA was initiated 24 hr later by removal of
excess thymidine (Hr 0). Thymidine-3 H (0.2 MCi/ml) and MCR were

added at Hr 0 (early S) or 4 hr after the start of DNA synthesis (Hr 4,
late S). The extent of incorporation of thymidine-3 H into the
acid-insoluble fraction was determined 3 hr after addition of the
precursor, and the results are expressed as percentage of control. For
comparison, the effect of MCR on 3-hr labeling of logarithmically
growing cultures is indicated ("random growth".).

Dose(Mg/ml)Control

0.4
4.0Random

growth
<%)100

78
47Early

S
(%)100

71
42LateS

(%)100

100
71

Table 4
Conservation of HeLa cell DNA after addition of MCR

Monolayer cultures of HeLa cells were grown with thymidine-3 H

(0.1 nCi/ml) for 24 hr and subsequently were washed free of
thymidine-3 H. The cells were suspended in fresh medium containing

MCR (20 /ug/ml), incubated, and then processed for determination of
acid-insoluble radioactivity.

Control MCR (20 Mg/ml)
Incubation

(hr) cpm/culture % of 0 time cpm/culture % of 0 time

0o.s1251290121315151625100941171261421132115971512110102124117

0.5

Chart 2. Change in cell number in synchronized cultures of HeLa
cells after various treatments with MCR. HeLa cells were synchronized
by exposure to 2 mM thymidine for 24 hr (from -24 hr to 0 hr),
washed free of thymidine, and reincubated in a regular medium. The
cells were exposed to 4 Mg/ml of MCR under various conditions. MCR
was added at -15 hr (Arrow A) and removed at 0 hr (â€¢);MCR was
added at 0 hr (Arrow B) (Â¿);MCR was added at 7.5 hr (Arrow O (V).
The number of cells after these treatments was determined and
compared with that of the control run (o). The results are expressed as
the relative cell number, taking the cell number of the control run at 0
hr as I. Insert, incorporation of thymidine-3H into the acid-precipitable
fraction of the control culture during a 1-hr pulse.

MCR on cell viability was determined under conditions where
DNA synthesis was either stopped or in progress. HeLa cells
were synchronized by exposure to excess thymidine for 24 hr,
washed free of thymidine, and reincubated in a regular
medium to let DNA synthesis and cell multiplication resume.
Cells were exposed to 4 Mg/ml of MCR under various
conditions. The number of cells was counted and compared
with that of the control, which did not receive MCR (Chart 2).
The effect of MCR was not abolished by simple washing, i.e.,
"the treatment (A)" in Chart 2, and MCR preferentially

exerted its toxic effect after the treated cells passed the
DNA-synthesizing phase. In support of this mechanism, it was
found with Yoshida rat sarcoma cells that MCR killed the cells
in the exponentially growing phase while it did not in the
overpopulated or stationary phase. As shown in Chart 3, the
number of viable cells remained unchanged for as long as 6 hr
if MCR was added to an overpopulated cell suspension of
4X 10s cells/ml. In contrast, MCR was toxic to the cells in

less populated suspensions where cell multiplication was
allowed.

There is accumulating evidence that the bacterial cell
membrane is associated with the DNA synthesizing system (9,
10, 18, 23, 24). We considered the possibility that the
membrane of mammalian cells may have a similar function. It
is possible that MCR does not penetrate the membrane but
binds to it, resulting in the freezing of a membrane function to
initiate DNA synthesis. This assumption can explain the
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4xlO-

2x10-

10-

MCR-,

MCR -

MCR+

0246

Time, hr

Chart 3. Change of viable cell number after addition of MCR to a
Yoshida sarcoma cell culture. Yoshida saicoma cells were suspended in
LBS at the cell density of 4 X 10' cells/ml, 2.3 X 10s cells/ml, or
1.4 X 10s cells/ml. One-half of each suspension received 4 fig/ml of

MCR. After incubation for indicated time periods, the numbers of
viable cells were determined, o, initial cell density was 4 X 10s cells/ml,
without MCR; Â»,initial cell density was 4 X 10s cells/ml, with MCR; a,
initial cell density 2.3 X 10* cells/ml, without MCR; â€¢¿�,initial cell
density was 2.3 X 10s cells/ml, with MCR; A, initial cell density was
1.4 X IO5 cells/ml, without MCR; *, initial cell density was 1.4 X 10s

cells/ml, with MCR.

20 30

Time, min

Chart 4. Kinetics of adsorption of MCR-13' I to Yoshida sarcoma
cells. MCR-1' ' I was added to Yoshida sarcoma cell suspensions
(2.5 X IO7 cells/ml in LBS) at a concentration of 4 Mg/ml. The
suspensions were incubated at 37 (o) or 0Â°(â€¢),and the radioactivity

absorbed to cells was determined at the indicated times. The results are
expressed as cpm/10e cells.

experimental results described above and was supported by the
experiments described below.

Binding of 131I-labeled MCR to the Cell Membrane.
Yoshida sarcoma cells were exposed to MCR-13 ! I at 0 or 37Â°

for various periods. Cell-bound radioactivity was determined
after the cells were washed. As shown in Chart 4, binding was
dependent on the temperature. In Chart 5, the amount of

MCR-13 ' I bound was plotted against its concentration. Based

on the specific activity of the radioactive MCR, the number of
MCR molecules bound to a cell were calculated to be
6.4 X IO4 at 20Mg/ml and 1.2 X IO4 at 0.5 Mg/ml. The former

concentration is thought to bring about the saturation of MCR
on the cell surface, while at the latter concentration cell
growth was inhibited by 50%, as was shown in another
experiment.

Assuming that MCR molecules are adhering to the cell
surface, they should be released by a mild treatment with an
appropriate enzyme. As a test of this possibility, Yoshida
sarcoma cells were first incubated with MCR-13 ' I at 37Â°for

35 min in the regular medium. After being washed with cold
PBS, the cells were treated with various enzymes at 37Â°for 10

min, and the suspensions were chilled and centrifuged. The
radioactivity of the supernatant solutions was determined. As
shown in Table 5, trypsin at a concentration of 0.08% was
most effective, and it released 84.3% of the radioactivity that
had been bound to the cells. Other enzymes appeared less
effective, except a crude preparation of sialidase, which was
probably contaminated with proteolytic enzymes. The
radioactivity released by the trypsin treatment does not
necessarily mean that the intact MCR-1 311 molecules were

released, for MCR itself is quite resistant to trypsin. However,
it is obvious that MCR-13 ' I did not penetrate the cells but was

on or in the cell surface where trypsin can reach and act.

4 8 12 16 20

Concentration of MCR, pg/ml

Chart 5. Adsorption of MCR-1311 to Yoshida sarcoma cells. Yoshida
sarcoma cells (1.7 X 10' cells/ml in LBS) were incubated with
MCR-13! I at various concentrations. After incubation for 45 min at
37Â°,the radioactivity adsorbed to cells were determined. The results are
expressed as cpm/2.4 X IO6 cells.

Reversal of the Lethal Effect of Macromomycin by Trypsin.
If MCR exerts its lethal effect by being associated with the cell
surface, the cytotoxicity should be abolished on removal of the
antibiotic from the binding locus. Yoshida sarcoma cells were
treated with 4 Mg/ml of MCR for 20 min at 37Â°.The cells were

then freed from the MCR-containing medium by centrifuga-
tion and incubated in a trypsin solution (0.08%, for 9 min at
37Â°).After removal of the enzyme by centrifugation, the cells
were incubated in fresh medium at 37Â°.Aliquots were drawn

at the times indicated in Chart 6 to count the numbers of
viable cells. The trypsin digestion saved the cells from the
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Table 5
Release ofMCR-13 ' / adsorbed to Yoshida

sarcoma cells with various enzymes
Yoshida sarcoma cells (2 X IO7 cells/ml in LBS) were incubated with

4 jig/ml of MCR-131I for 35 min at 37Â°.After 5 washings with cold
PBS, the cells were resuspended at a cell density of 7.6 X 10' cells/ml
in PBS containing indicated amounts of various enzymes. The
suspensions were incubated for 10 min at 37Â°,chilled, and centrifuged.

The radioactivity released into the supernatant solutions was
determined, and the radioactivity remaining on cells was calculated.
The cell-bound radioactivity (cpm) per 7.6 X 10' cells is shown.

BeforeincubationAfter

incubationwithBufferSialidase

(crude)HyaluronidaseCollage

nasePapainTrypsin%of

incubation
medium0.010.030.080.010.080.080.030.08cpm11,2806,9206,9204,3902,2806,8305,1205,3003,6401,760MCR-'

3' I
released(%)38.638.661.079.739.454.653.066.884.3

lethal effect of MCR by releasing MCR from the cell surface,
while a simple washing with PBS did not. The results indicate
that MCR exhibits its cytotoxic effect by binding to the cell
surface.

DISCUSSION

It was found that MCR became bound to the surface of
tumor cells and by this interaction interfered with some
process involved in the initiation of DNA synthesis. Additional
support for this mechanism was the observation that MCR did
not inhibit DNA synthesis in isolated nuclei of Yoshida
sarcoma cells, as shown in Table 6. Membrane function in
DNA synthesis has been reported in several bacterial systems.
Jacob et al. (10) proposed that the replicating site of cellular
DNA was fixed at the cell membrane, and thus synthesis and
partition of DNA would be physically coupled directly to the
extension of the cell surface. Several morphological (18) or
biochemical (6, 9, 10, 23, 24) studies with Escherichia coli or
Bacillus subtilis suggested that the membrane plays a role in
DNA synthesis. Phage DNA is also believed to be synthesized
on the membrane of the host cells (12, 19). In view of the
membrane function in bacterial DNA synthesis, the study of
the mode of action of bacteriocin was of interest. It is believed
that bacteriocin binds to receptor sites of bacterial
membranes, resulting in the cessation of metabolism and death
of the cell. Nomura and Nakamura ( 15) and Jayawardene and
Farkas-Himsley (11) reported that the bacteriocidal effects of
colicin and vibriocin were abolished by treating challenged
cells with trypsin. Maeda and Nomura (13) proposed that
there were 20 to 30 receptor sites for colicin E2 on a single E.
coli cell, and 2 to 3 X IO3 colicin E2 molecules could bind to

the total sites. The interaction between MCR and tumor cells
appears to be analogous to those between bacteriocins and

bacterial cells. For instance, the cytotoxicity of MCR is
abolished by treatment of the cells with trypsin.

Another antitumor polypeptide, neocarzinostatin, was
reported to inhibit DNA synthesis selectively and also caused
the degradation of DNA in Sorcina lutea (16, 17). Its effects
on mammalian cells are not known.

The membrane of mammalian cells may play an important
role in control of cell multiplication or macromolecular
synthesis (1, 2, 7, 20, 22). Contact or topographical inhibition
(4) are among these membrane functions. A recent report on
concanavalin A (2, 21), a kind of phytohemagglutinin, stated

4X10=

2X103

io

5XKT

10

Time, hr

20

Chart 6. Effect of trypsin treatment on the viability of Yoshida
sarcoma cells previously incubated with MCR. Yoshida sarcoma cells
(2.4 X 10s cells/ml in LBS) were incubated with 4 fig/ml of MCR for
20 min at 37Â°(1st incubation) After 3 washings with PBS, cells were

resuspended in PBS containing 0.08% trypsin and were incubated for 9
min at 37Â° (2nd incubation). The cells were removed from the

trypsin-containing medium by centrifugation and incubated in fresh
medium at 37Â°.The number of viable cells was determined at the times

indicated. â€¢¿�,1st incubation without MCR and 2nd incubation without
trypsin; o, 1st incubation without MCR and 2nd incubation with
trypsin; *, 1st incubation with MCR and 2nd incubation without
trypsin; A, 1st incubation with MCR and 2nd incubation with trypsin.

Table 6
Effect of MCR on the incorporation of TTP-^Hinto

the acid-precipitable fraction in crude nuclear system of
Yoshida sarcoma cells

The nuclei of Yoshida sarcoma cells were prepared by the procedure
of Friedman and Mueller (5). The incubation was carried out at 37Â°for
30 min in the reaction mixture containing 6.3 X 107/ml of nuclei, 5.0
mM ATP, 9.5 mM MgCl2, 0.5 mM each of dATP, dGTP, dCTP, and
TTP-3H (20 Â¿iCi/ml)with or without heat-denatured calf thymus DNA
at a concentration of 200 Aig/ml.The incorporation of TTP-3H into the
acid-precipitable fraction was determined by the disc method as
described by Friedman and Mueller.

TTP-3H incorporated
(pmoles/106 nuclei/30 min)

-DNA +DNA

ControlMCR4

Mg/ml20
jug/ml100/ug/ml31303227446471453451
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that this proteinaceous agent was adsorbed on the surface of
the tumor cells and thereby killed them. Evidence is
accumulating that the surface of mammalian cells has some
functional structure that controls cell multiplication. MCR
interferes with this mechanism by binding to the cell surface.
This antibiotic may be a tool for the elucidation of membrane
function of mammalian cells.
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