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FR-900482 (Fig. 1) is a new antitumor anti-
biotic isolated from the culture broth of Strepto-
myces sandaensis No. 68971~3). It has potent
cytotoxic effects against murine and human
tumor cells2>4), and weak myelosuppressive
effects in mice5). The mechanisms by which
FR-900482 induces cytotoxic effects have not
been defined. Some antitumor drugs induce
interstrand DNA-DNA cross-links or DNA
strand breaks in cells6>7). In this paper we
describe the effects of FR-900482 on macro-

molecular syntheses in cultured murine L1210
leukemia cells and the interaction of the com-

pound with DNAin the cells and plasmids.
First, cell growth and macromolecular syn-
theses were examined in LI210 cells exposed to
FR-900482. The cells were grown in suspension
in Dulbecco's modified Eagle's mediumsup-
plemented with 10%fetal bovine serum in cul-
ture flasks in 5% CO2-95% air atmosphere.
In one experiment the cells (1 x106) were in-
cubated with FR-900482 for 48 hours at 37°C,
and in another incubated for 1 hour, washed

twice with cold phosphate-buffered saline (PBS)
Fig. 1. The chemical structure of FR-900482.

to remove the compound, and further incubated
with the compound-free medium for 48 hours.
The viable cells were counted by the trypan
blue dye exclusion method, and the concentra-
tions of FR-900482 required to inhibit cell growth
by 50% were found to be approximately 2.5 and
7 fM, respectively, for the 48 and 1 hours treat-
ments. In the experimenton macromolecular
syntheses, the cells were incubated with the com-
pound for 48 hours, and [14C]thymidine, [14C]-

uridine or [14C]leucine was added to the culture
as indicators of synthesis of DNA, RNA or
protein, respectively. The cells were further
incubated for 2 hours, the TCAinsoluble frac-
tion was trapped on a Millipore filter (pore size:
0.4 jLim), and the filter was immersed in toluene
scintillator and measured for radioactivity with
a liquid scintillation counter. FR-900482 in-
hibited incorporation of the radioactive com-
pounds into the cells, with 50% inhibition of
DNA,RNAand protein synthesis observed at
FR-900482 concentrations of around 0.2, 4 and
3 jum, respectively (Fig. 2). The results suggest
that FR-900482 preferentially inhibits DNA
synthesis.

Next we studied the formation of interstrand
DNA-DNAcross-links induced by FR-900482
in LI210 cells using the alkaline elution method8).
Cellular DNAwas radioactively labeled in the
cells by incubation with [14C]thymidine for 20
hours at 37°C. The cells were exposed to the
compound at a concentration of 7 ^m for 1 hour
at 37°C, washed and resuspended in cold PBS,

Fig. 2. Effect of FR-900482 on macromolecular

syntheses in L1210 cells.
O [14CjThymidine5 © [14C]uridine, A [14C]leucine.

Cells were incubated with FR-900482 for 48
hours, and treated with [14C]thymidine (0.2 //Ci/

ml), [14C]uridine (0.4 /^Ci/rnl) or [14C]leucine (0.4
^Ci/ml) for 2 hours. The radioactivity in the cells
was measured.
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and irradiated with 400 rads of X-ray on ice im-
mediately before the alkaline elution was carried
out. The cells (5x105) were collected on a
polycarbonate filter (pore size: 2.0 ^m), lysed
with 2% sodium dodecyl sulfate (SDS)/0.025 m
EDTA solution (pH 9.7), and treated with

Proteinase K (0.5 mg/ml) at room temperature
for 1 hour to digest all DNA-bound proteins,
and eluted in the dark at a flow rate of 2.0ml/
hour with 0.1 % SDS/0.02 m EDTA/tetrapropyl-
ammoniumhydroxide solution (pH 12.1), and

the fractions were collected at 1 hour intervals.
The 14C radioactivity (cpm) of each fraction was
expressed as proportion of total radioactivity.
As shown in Fig. 3, the treatment with FR-

Fig. 3. Interstrand DNA-DNAcross-links forma-
tion in L1210 cells.
å¼No drug (no X-ray), O no drug (400 rads of

X-ray), à" FR-900482 (7 im\ immediately after 1
hour exposure, å  FR-900482 (7 jhm)9 8 hours after

1hour exposure, a mitomycin C (10^m), im-

mediately after 1 hour exposure.

The cells were incubated with drug for 1 hour
and further incubated with a compound-free

medium for 8 hours at 37°C, irradiated with 400
rads of X-ray on ice. The DNAwas eluted with
a pH 12.1 solution.

900482 for 1 hour did not increase the retention
of 14C-labeled DNAon the filter. Mitomycin
C (MMC) at a concentration of 10 //m, which is
known to produce interstrand DNA-DNAcross-
links^, increased the retention of the DNA. In
the next experiment, the cells were incubated with
FR-900482 for 1 hour, washed to remove the
compound, and further incubated with the
compound-freemediumfor 8 hours. In this

case the retention of the DNAon the filter was
increased, and this can be taken as evidence that
FR-900482 is gradually activated after the com-
pound is incorporated in the cells and, like
MMC,forms interstrand DNA-DNAcross-
links in the cells.
The next experiment was performed to evaluate
DNAsingle strand breaks in L1210 cells. DNA
single strand breaks were assayed in the same
way as for interstrand DNA-DNAcross-links85 ,

Fig. 4. DNA single strand breaks in LI210 cells.

T No drug (no X-ray), à" FR-900482 10/*m, a
mitomycin C 10^m, å² doxorubicin 1//M, v

doxorubicin 3 //m, å¡ 200 rads of X-ray, O 400 rads
of X-ray.

The cells were incubated with drug for 1 hour
at 37°C. The DNA was eluted with a pH 12.1
solution.
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but the cells were not irradiated with X-ray8).
The cells were incubated with FR-900482 or
MMCfor 1 hour at 37°C, and the alkaline elu-
tion was performed. FR-900482 at 10 fiu had
no effect on the DNAelution (Fig. 4), and the
results with MMCat 10 /xm were similar. Fur-
thermore, the cells were incubated with FR-
900482 at a concentration of 10 jjm for 1 hour,
washed and further incubated with the com-
pound-free medium for 8 hours. The DNA
elution was not enhanced (data not shown).
In doxorubicin and X-ray treated cells as con-
trol, the DNA elutions were enhanced dose-
dependently (Fig. 4), confirming the formation
of randomly distributed DNA single strand
breaks9>10). We additionally evaluated DNA

single strand breaks in plasmid pBR322 (10 ^g)
exposed to FR-900482 at 37°C for 30 minutes
according to the method of Mirabelli et a/.n).
The plasmid was electrophoresed through 1 %
agarose gels with a Tris-acetate buffer system
(40mM Tris-acetate, 2mM EDTA, pH 7.8) at 5
V/cm, and stained with 1 /*g/ml of ethidium
bromide. FR-900482 up to 100/^M did not

affect the migration of covalently closed circular
DNAwith or without 10 nM of FeSO4 (data not
shown). Bleomycin (0.7 jum), which is known
to cause DNA break113, with FeSO4 (10nM)

showed open circular and linear DNAs(data not
shown). Thus FR-900482 may cause no DNA
single strand breaks in the cells and plasmids
under these conditions.

The present results suggest that FR-900482
is activated in the cells and forms intrastrand
DNA-DNAcross-links, which may play an im-
portant role for the induction of its cytotoxicity.
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