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A novel inhibitor of topoisomerases designated as Macrostatin' has been isolated from the cul-
ture filtrate of Streptomyces avermitilis strain No. C-127 and purified by successive chromato-
graphy on Dowex, activated charcoal, gel filtration and cellulose. It is an acidic macromolecule
having 45kD molecular weight as determined by gel filtration. Macrostatin inhibited topo-
isomerase 1 and Il in & noncompetitive manner with X;=3.7 and 1.3nM respectively. Macro-
statin differed from well-known inhibitors of topoisomerase such as camptothecin, etoposide
and doxorubicin which induce topoisomerase-mediated DNA cleavage by stabilizing the clea-
vable complex or intercalation into DNA strands. Macrostatin had neither ability to stabilize
the cleavable complex nor ability to intercalate into DNA strands. It was suggested that Macro-
statin inhibits topoisomerase by a direct action on the enzyme.

Keywords: Topoisomerase inhibitor; Macrostatin; Streptomyces avermitilis;
Enzyme inhibitor

INTRODUCTION

Topoisomerases can adjust the topological state of DNA by breaking and
rejoining DNA strands, allowing for alterations in the linking number. '

* Corresponding author.
f Macrostatin was originally named as C127-DTL
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Two major categories of topoisomerases are recognized. The type I enzyme
catalyses the reactions in which it introduces a transient single strand
break. through which opposite (intact) DNA strand can pass.’;’8 Because of
this mechanism. the type 1 topoisomerase characteristically change the
linking number of a covalently closed circular DNA.>*!® Alternatively,
type 1l topoisomerase transiently breaks both strands which produces a
double strand DNA-protein gate through which an intact section of the
duplex can pass.'"'? Topoisomerase I and 1I, have been detected in all
prokaryotic and eukaryotic cells. They are implicated in events involving
DNA. e.g. replication, transcription, mitosis and repair.™"* Compounds
identified as inhibitors have been instrumental in understanding of mechan-
ism of the reactions catalyzed by topoisomerases as well as being used in
chemotherapy.'*'* All the drugs, referred to as topoisomerase poisons, inter-
fere with the rejoining reaction of topoisomerases by stabilizing a tight
topoisomerase-DNA complex termed the “cleavable complex” which is
presumed to be the key covalent intermediate. Drugs that have been
shown to stabilize the cleavable complex with topoisomerase may be classi-
fied into two groups. The first group of drugs intercalate into DNA strands.
Representative agents of this group are 4'-(9-acridinyl amino) methane-
sulfon-mr-anisidide (m-AMSA: amsacrine), ellipticine and adriamycin
(doxorubicin) as topoisomerase II poisons and saintopin as topoisomerase
1 and II poisons.'>'*""® Another class of drugs stabilizes the cleavable com-
plex without intercalating into DNA strands. This group includes camp-
tothecin as a topoisomerase [ poison, and epipodophyllotoxin congeners
[demethylepipodophyllotoxin ethylidene-3-D-glucoside {(VP-16), 4’-deme-
thylepipodophyllotoxin thenylidene-J-D-glucoside (VM-26)] and the ter-
penticin family (UCT 4B, terpenticin, clerocidin) as topoisomerase I1
poisons, '’

In order to find new topoisomerase inhibitors, we have screened the
cultures of streptomycetes for their ability to inhibit topoisomerases. Two
topoisomerase inhibitors designated as 2280-DTI and 2890-DTI were
isolated from the culture filtrates of Micromonospora sp. strain No. 2280
and Streptomyces antibioticus strain No. 2890, respectively. And we
described some properties of both inhibitors in a previous paper.”
Recently. we found another inhibitor in the culture filtrate of Streptomyces
avermitilis strain No. C-127 which was designated as Macrostatin. Herein,
we report studies indicating that Macrostatin is a novel macromolecular
substance which can inhibit topoisomerase 1 and II, and it has neither
ability to stabilize the cleavable complex nor ability to intercalate into
DNA strands.
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MATERIALS AND METHODS

Enzymes and Substrates

Topoisomerase I (EC 5.99.1.2) from calf thymus gland, T4 DNA ligase (EC
6.5.1.1) from Escherichia coli, Bam HI1 (EC 3.1.23.6) from Bacillus amyloli-
quefaciens H, Eco RI (EC 3.1.23.13) from Escherichia coli RY13, Hin dIII
(EC 3.1.23.21) from Haemophilus influenzae Rd, supercoiled pBR322
DNA from Escherichia coli HB101 and supercoiled pUC19 DNA from
Escherichia coli DHS« were purchased from MBI Fermentas. DNase I (EC
3.1.21.1) from bovine pancreas, DNase 11 (EC 3.1.22.1) from porcine spleen,
RNase A (EC 3.1.27.5) from bovine pancreas and RNA from yeast extract
were obtained from Sigma. Proteinase K (EC 3.4.21.14) from Ttritirachium
album and salmon sperm DNA were purchased from Boehringer Mannheim
GmbH. Alu I (EC 3.1.23.1) from Arthrobacter luteus, Sca 1 (EC 3.1.21.4)
from Streptomyces caespitosus and Pst 1 (EC 3.1.23.31) from Providencia
stuartii were purchased from Gibco BRL. Topoisomerase I (EC 5.99.1.3)
from human placenta and kinetoplast DNA from Crithidia fasciculata were
purchased from TopoGEN. Camptothecin, etoposide and doxorubicin
hydrochloride were obtained from Aldrich, Calbiochem and Sigma, respec-
tively. Test organisms for antimicrobial activity were obtained from the
Institute for Fermentation, Osaka (IFO).

DNA Relaxation and DNA Cleavage Reactions with
Topoisomerase I and 11

Inhibition of topoisomerase I activity was determined by monitoring the
relaxation of supercoiled pBR322 DNA.? Unless otherwise stated, 20 ul of
reaction mixture contained 50 mM Tris-HCI (pH 7.5), 120 mM KCI, 10 mM
MgCl,, 0.5mM EDTA, 0.5mM dithiothreitol, 0.6 ug BSA, 1 unit topo-
isomerase I and indicated amount of inhibitor. After preincubation at 37°C
for 5min, 0.15 pg supercoiled pBR322 DNA was added to the reaction mix-
ture. Enzyme reaction proceeded for 40 min at 37°C and was terminated by
adding 5 pl loading buffer containing 0.2 M Tris (pH 7.5), 0.2 M boric acid,
5mM EDTA (pH 7.5), 50% glycerin and 10% bromphenol blue. Reaction
products were electrophoresed using 1% agarose gel in TBE buffer (0.1 M
Tris-borate buffer containing 2.5mM EDTA, pH 8.5) at 50V for 60 min.
The gel was stained with ethidium bromide and washed in large amounts of
water. Supercoiled pBR322 DNA were quantitated by densitometer
(Atto Co., AE-6900M). Inhibition (%IH) was calculated from the following
formula: %IH = (/ — C/B — C) x 100 where C, B and [ are concentrations of
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remaining supercoiled pBR322 in the reaction mixture (C: control) without
enzyme (B: blank) and with inhibitor (I: inhibitor), respectively. Fifty per-
cent inhibition was obtained graphically from these values. One unit of inhi-
bitor was defined as the amount that inhibited 50% of the relaxation of
supercoiled pBR322 DNA by 1 unit of topoisomerase I under the above
assay conditions.

For the DNA cleavage reaction,'®!” topoisomerase I (20 units) was used
and the enzyme reaction was terminated by the addition of 5 ul of the stop
solution containing 5% SDS and 12.5 ug proteinase K, thereafter incubated
for an additional 30 min at 37°C. Loading buffer was added and the mixture
was run into 1% agarose gel containing 1% SDS and ethidium bromide
(0.5 ug/ml) at 50V for 2h. The increase of nicked DNA was estimated as
topoisomerase [-mediated DNA cleavage induced by inhibitor.

For relaxation activity of topoisomerase I1I,'"** the reaction buffer was
supplemented with 0.5 mM ATP and the enzyme reaction was carried out
under the same conditions for topoisomerase I. For DNA cleavage activity,
0.03 ug supercoiled pBR322 DNA and 10 units topoisomerase II were
used.” " After agarose gel electrophoresis, the increase of linearized
pBR322 DNA was estimated as topoisomerase [l-mediated DNA cleavage
by inhibitor.

Topoisomerase 11 catalytic activity was also measured by ATP-dependent
decatenation of kinetoplast DNA (kDNA).""?* In 20ul reaction buffer,
| unit topoisomerase 11 was incubated with 0.325 pg catenated kDNA for
40 min at 37°C using a reaction buffer consisted of 50 mM Tris-HCI buffer
{pH 7.5). 120mM KCl. 10 mM MgCl,, 0.5mM EDTA, 1 mM ATP, 0.5mM
dithiothreitol and 0.6 ug BSA. The enzyme reaction was terminated by
addition of 5ul of the loading buffer and the mixture was subjected to
electrophoresis on | % agarose gel in TBE buffer at S0V for 60 min. The gel
was stained with ethidium bromide and washed thoroughly with water.
Decatenated kDNA on the gel was measured by the densitometer. The inhibi-
tory activity (ICs,) was defined as the amount of inhibitor causing a
decrease of decatenated kDNA concentration by 50%. Fifty percent inhibi-
tion was obtained as previously described in the relaxation assay of
topoisomerase [.

18.

Measurement of Other Enzyme Activities

Activities of restriction enzymes (A/u 177 Bam HL>® Eco R1>° Hin d111,*°
Pst 1M and Sca I*%) and nucleases (DNase 1. DNase 1™ and RNase A35)
were determined by measuring the concentration of undigested substrate
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using either supercoiled pBR322 DNA (0.25pug) or RNA (1.2 pug) and 4
units of each enzyme) in 20 pl reaction mixtures. The reaction buffer for A/u
I, Eco R1 and Hin dIII consisted of 10mM Tris-HC1 (pH 7.5), 10 mM
MgCl,, 50mM NaCl and | mM dithiothreitol. The buffer for Bam HI, Pst 1
and Sca I consisted of 5mM Tris-HCI (pH 7.5), | mM MgCl,, 10mM NaCl
and 0.1 mM dithiothreitol. DNase 1 was reacted in 50 mM Tris-HCl (pH
7.5) and 4mM MgCl,. DNase II was reacted in S0mM acetate (pH 5.7),
10mM EDTA and 100mM KCIl. For RNase A, 50mM Tris-HCI (pH 8.0)
and 10mM EDTA were used. The reaction mixture was incubated at 37°C
for 40 min and undigested pBR322 DNA or RNA was measured by a den-
sitometer after electrophoresis using 1% agarose gel containing ethidium
bromide (0.5 pg/ml). The assay of T4 DNA ligase was based on ligation of
linearized pBR322 DNA which was cleaved by Hin dIIL*® The reaction
mixture (20 ul) consisting of 66 mM Tris-HCI (pH 7.5), SmM MgCl,,
10mM dithiothreitol, 1mM ATP, 0.3 ug linearized pUC19 DNA and 4
units of T4 DNA ligase were incubated at 15°C for 40 min. Reaction was
terminated with 10 ul of 60 mM EDTA. The concentration of remaining lin-
earized pUC19 DNA in the reaction mixture was determined after electro-
phoresis using agarose gel containing ethidium bromide. The inhibitory
activity was defined as the amount of the inhibitor that inhibited 50% of
the ligation of linearized pUCI19.

Competition of DNA Binding with Ethidium Bromide (EtBr)

DNA intercalation was evaluated by binding of DNA with inhibitor using
ethidium bromide as described by Horiguchi er al.*’ In 200l reaction
mixture, 5pM EtBr was mixed with 6.6 ug salmon sperm DNA and the
reaction buffer consisted of 50 mM Tris-HCI buffer (pH 7.5), 100 mM NaCl,
ImM EDTA -2Na (pH 8.0) and inhibitor. The intensity of fluorescence
of the reaction mixture was measured with a spectrofluorometer (Hitachi
F-4010). Emission wavelength was 575 nm and excitation wavelength was
545 or 300 nm for competition between EtBr and inhibitor.

Antimicrobial Spectrum

Antimicrobial activity was determined by the agar dilution streak method.*®
Bouillon agar consisted 0of 0.5% Ehrlich meat extract, 1% peptone, 0.5% NaCl
and 1.5% agar was used for common bacteria. Yeast and fungi were cultivated
in trypticase soy agar supplemented with 1% glucose. Bacteria and fungi were
cultivated at 37°C for 18 hand 28°C for 48 h, respectively. Minimum inhibitory
concentration (MIC)wasdetermined from inhibition of growth.
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Cultural Conditions for Production of Macrostatin

Streptomyces avermitilis strain No. C-127 was grown aerobically with 50ml
of S medium in 200 ml-Erlenmeyer flask at 28°C on a rotary shaker
(180 rpm) for 2 days. Later on, 200 ml inoculum of seed culture was trans-
ferred to 51 of production medium of the same composition and cultivated
additionally for 4 days in a jar fermentor. S medium was composed of
2% glucose. 3% starch. 1% soybean flour, 1% corn steep liquor, 0.5% pep-
tone, 0.3% NaCl and 0.5% CaCQOs;. prepared in tap water at pH 7.0.

Isolation and Purification of Macrostatin

Mycelial and cellular residues of culture broth were removed by centrifuga-
tion at 6,000 x g and 5°C for 10min. The culture filtrate was precipitated
with HCI at pH 3 and left overnight at 5°C. The resulting precipitate was
collected by centrifugation at 12,000 x g for 15min, dissolved in 0.02N
NaOH and then dialyzed against water for 48 h. The dialysate was applied
on Dowex 50 W x 2 column (2.5 x 4.9cm. Dow Chemical) and eluted with
0.1 N NaOH. The eluate was extracted with equal volume of I-butanol. The
aqueous layer was concentrated and treated with activated charcoal column
(1.8 x 10 cm. Wako Chemicals) equilibrated at pH 3. The fraction passing
through was subjected to filtration through Sephadex G-75 column
(1.6 x 60 cm, Pharmacia Fine Chemicals). The column was equilibrated and
eluted with 0.05N NaOH-KCI buffer (pH 12). The eluate was dialyzed
against water and filtered through Sephadex G-100 column (1.8 x 90cm,
Pharmacia Fine Chemicals). The eluate was concentrated in vacuo and dis-
solved in a mixture of 20% MeOH and 1% AcOH. It was finally applied on
a cellulose column (1.8 x 16 cm, Merck) and eluted with the above men-
tioned solvent. The accumulated active fractions were concentrated and
dialyzed against water. The dialysate was lyophilized and designated as
purified Macrostatin. The inhibitor obtained from one liter of the culture
filtrate was 4.0 mg.

RESULTS AND DISCUSSION

Results of Screening Tests

Among 358 strains of actinomycetes tested. cultures filtrates of 5 strains
were found to be the potent inhibitors of both topoisomerase I and 11. The
inhibitor produced by strain No. C-127 showed strong inhibition, and it was
stable to heat treatment and organic solvents.
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Cultural Characteristics of Strain No. C-127

Strain No. C-127 was cultured in various ISP (International Streptomyces
Project) media and the characteristics are summarized in Table 1.3 Aerial

TABLE 1 Cultural characteristics of strain No. C-127

Yeast-malt ext. agar
(ISP No. 2)

Oatmeal agar
(ISP No. 3)

Sucrose-nitrate agar
(Czapek’s soln. agar)

Inorganic salts-starch agar
(ISP No. 4)

Glycerol-asparagine agar
(ISP No. 5)

Peptone-yeast ext. iron agar
(ISP No. 6)

Tyrosine agar
(ISP No. 7)

Nutrient agar

Formation of melanoid pigment
Liquefaction of gelatin
Coagulation of milk
Peptonization of milk
Hydrolysis of starch
Decomposition of cellulose
Utilization of carbon sources:

Growth

Aerial mycelium
Reverse side of colony
Soluble pigment

Growth

Aerial mycelium
Reverse side of colony
Soluble pigment

Growth

Aerial mycelium
Reverse side of colony
Soluble pigment

Growth

Aerial mycelium
Reverse side of colony
Soluble pigment

Growth

Aerial mycelium
Reverse side of colony
Soluble pigment
Growth

Aerial mycelium
Reverse side of colony
Soluble pigment
Growth

Aerial mycelium
Reverse side of colony
Soluble pigment
Growth

Aerial mycelium
Reverse side of colony
Soluble pigment

Positive

Negative

Abundant

Abundant, greyish brown
Dark greyish brown
Brown

Abundant

Abundant, greyish brown
Greyish reddish brown
Greyish reddish brown

Abundant

Abundant, greyish white
Greenish grey

None

Abundant

Abundant, greyish brown
Moderate brown
Brownish black

Moderate

Abundant, light brownish grey
Brownish black

Brownish black

Moderate
None
Colorless
Dark brown

Abundant

Abundant, greyish brown
Brownish black

Deep brown

Moderate
None
Colorless
None

Positive

Negative

Negative

Positive

Positive

Neutral

D-glucose, L-arabinose,
sucrose, D-xylose, inositol,
D-mannitol, D-fructose,
rhamnose, raffinose,
salicin, starch

cellulose
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mycelia were abundantly developed in yeast-malt extract agar, oat meal
agar. sucrose-nitrate agar, inorganic salts-starch agar and tyrosine agar.
Mycelium produced spiral chains of spores. Soluble pigments were grey in
series. Melanoid pigments were observed in peptone-yeast extract agar and
tyrosine agar. From the physiological characteristics and utilization of
carbohydrates. the strain was identified as Streptomyces avermitilis.*!

Time Course of Strain No., C-127

The time course of Macrostatin production by Strepromyces avermitilis
strain No. C-127 in a jar fermentor is shown in Figure 1. The pH of the
culture medium invariably remained between 7.0 to 7.5. Mycelial growth
gradually peaked on the third day and thereafter declined steadily. Inhibi-
tory activity of Macrostatin increased rapidly on the second day, peaked on
the fifth day and. then followed a gradual decline. For an optimum yield of
the inhibitor, the culture broth was harvested on the fifth day.

Physicochemical Properties of Macrostatin

The physicochemical properties of Macrostatin are summarized in Table II.
Macrostatin was obtained as a white amorphous powder, soluble in water
but insoluble in acidic water and organic solvents. The molecular weight

30-

1
[
&

Inhibitory activity (unit/ul)
—
Growth (mycelium wt. g/50 ml)
A 2 o
pH

1
[ ]

0 1 2 3 4 5 6 1
Culture time (day)

FIGURE 1 Time course of Strepromyces avermitilis Strain No. C-127 culturc. @. inhibitory
activity: O, growth: AL pH.
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TABLE II Some properties of Macrostatin

Appearance white powder
Solubility
Soluble water
Insoluble acidic water, methanol, chioroform
Molecular weight 45,000
UV A0 (gl% 225nm (371.5)
Colour reaction
Positive sulfuric acid, azure A, ninhydrin, hydroxamic

acid (225 residues of carboxyl group),
Rydone-Smith, bromcresol green
Negative Dittmer, phenol-sulfuric acid, orcinol,
Molisch, Elson-Morgan, Ehrlich
Stability (remaining activity)

(100°C, pH 7.5, 15min) 100%
(28°C, pH 3.0, 60 min) 100%
(28°C, pH 12.0, 60 min) 18%
Effect on inhibition
Temp. (pH 7.5, 40 min) independent (0—60°C)
pH (37°C, 40 min) dependent (< pH 6.0)

was found to be 45kDa by Sephadex G-75 gel filtration in 0.02 M Tris-HCl
buffer (pH 8.0) containing 0.1 M KCI. The UV spectrum of Macrostatin
exhibited maximum absorption at 225nm in water. Macrostatin gave a
positive reaction in tests with sulfuric acid (detection of carbohydrate),
bromcresol green (acidic group), ninhydrin (amino group), Rydone-Smith
(peptide bond), azure A (sulfur) and hydroxamic acid (carboxyl group)
reactions. Dittmer (inorganic phosphorus) and phenol-sulfuric acid (glyco-
side) reactions were negative. Quantitative estimations revealed that 1 mol
Macrostatin contained approximately 225mol of carboxylic acid.** The
amino acid content determined by the PICO-TAG method*® appeared to be
5mol lysine, 2mol tyrosine, 1mol serine and 1mol threonine per 1 mol
Macrostatin. The inhibitor was considered to be an acidic carbohydrate
containing some amino acids and carboxylic acids but having no glycoside
groups. Further investigations are required for complete structural elucida-
tion. Macrostatin was stable at acidic pH and on heat treatment whereas it
was unstable at alkaline pH. The inhibitory activity of Macrostatin was
independent of temperature whereas the activity was shown to be pH-
dependent and decreased below pH 6.0 and with completely lost at pH 5.0.

Inhibition of Topoisomerase Relaxation and Decatenation Activities

Inhibitory activities of Macrostatin against topoisomerase I relaxation,
topoisomerase Il relaxation and decatenation were measured as shown in
Figure 2. In the presence of increasing Macrostatin, all the activities were
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Inhibitory activity (%)

—_— I

0 5 10 15 20
Macrostatin concn. (nM)

FIGURE 2 Inhibitory activitics of Macrostatin against topoisomerase 1 relaxation (@);
topoisomerase I relaxation (O) and topoisomerase 11 decatenation ([7).

antagonized dose-dependently as evidenced by the appearance of super-
coiled pBR322 DNA and decatenated kDNA. The inhibitory concentration
(ICsq) of Macrostatin against topoisomerase I was 10.7 nM whereas it was
3.7 and 2.0 nM against topoisomerase Il relaxation and decatenation activi-
ties, respectively. Macrostatin showed the strongest inhibition against topo-
isomerase Il decatenation activity. The inhibition was double than that
against topoisomerase Il relaxation activity and 5-fold higher than that
against topoisomerase | relaxation activity.

K; Values of Macrostatin against Topoisomerases

The type of inhibition was determined by a Lineweaver-Burk plot* of
the reciprocal of substrate concentration against the rate of relaxation of
supercoiled pBR322 DNA by topoisomerase 1 and topoisomerase 1l in the
presence or absence of Macrostatin. As shown in Figures 3(A) and (B),
rclaxation of pBR322 DNA by topoisomerase I and Il was noncom-
petitively inhibited by Macrostatin, and the K; values were 3.7 and 1.3nM,
respectively. The K, values of topoisomerase I and Il were 9.0 and 15.6nM,
respectively, Macrostatin was 3-fold more potent against topoisomerase 11.
From these results. Macrostatin was a highly potent inhibitor against topo-
isomerase H and the inhibitor was considered to bind strongly to a different
site from the binding site of the substrate DNA on the enzyme molecule.

Topoisomerase | and Il-mediated DNA Cleavage by Macrostatin

Topoisomerases adjust the topological state of DNA by breaking and
rejoining DNA strands. resulting in alterations in DNA linking number.
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FIGURE 3 Lineweaver—Burk reciprocal plots of substrate (supercoiled pBR322 DNA)
concentration against rate of relaxation by topoisomerase 1 [A] and relaxation by
topoisomerase II [B] with (@) and without (O) Macrostatin. The K; values of Macrostatin
against topoisomerase I and II were 3.7 and 1.3 nM, respectively.
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FIGURE 4 Topoisomerase I [A] and II [B]-mediated DNA cleavage by Macrostatin (@);
camptothecin (O) as control of topoisomerase I-mediated cleavage and etoposide ([]) as
control of topoisomerase II-mediated cleavage.

Camptothecin and etoposide, topoisomerase inhibitors, stabilize the cleav-
able complex (enzyme-DNA reaction intermediate) and inhibit DNA rejoin-
ing reaction of topoisomerases,”*>**® which is the mechanism of its enzyme
inhibition.?® Therefore, these inhibitors induce the nicked DNA or linear-
ized DNA in the cleavage assays described in Materials and Methods. To
determine whether Macrostatin stabilizes the complex, these assays were
carried out. As shown in Figure 4(A), camptothecin induced nicked DNA
with increasing concentrations and the activity of camptothecin reached
the maximum at 10 ng/ul in the incubation mixture. Unlike camptothecin,
Macrostatin could not induce nicked DNA.
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The stabilization of the Topoisomerase 1I-cleavable complex by etopo-
side'* and Macrostatin was examined using human placental topoisomerase
I1. As shown in Figure 4(B). etoposide induced the linearized DNA and
83% linearization of DNA was observed with 500 ng of etoposide. Macro-
statin failed to lincarize DNA even at 1,000 ng, an extreme concentration.
These data suggested that Macrostatin does not inhibit topoisomerase by
stabilizing the cleavable complex.

The inhibition mechanism of Macrostatin differed from that of camp-
tothecin and etoposide. Macrostatin may directly act on the topoisomerase
molecule in the earlier step before the formation of the cleavable complex
and inhibits DNA breaking and rejoining reactions by the enzyme.

DNA Binding Competition with Ethidium Bromide

To determine whether Macrostatin has the ability to intercalate into DNA
strands, EtBr-competition assay was carried out using salmon sperm DNA.
Camptothecin and doxorubicin, being nonintercalator and intercalator,
respectively, were used as controls at the same concentrations. As shown in
Figure 5. doxorubicin competed with EtBr for DNA and produced an 84%
decrease in the fluorescence of EtBr at a concentration of 1ng/ul in the
mncubation mixture. Since camptothecin did not intercalate into DNA, the

100

50 r

Fluorescence of EtBr (%)

I N

i 1 "
0/ 0.1 1 10 100

Inhibitor conen. (ng/pl of inc. mix.)

FIGURE 5 Effects of Macrostatin (@). camptothecin (O) and doxorubicin ([J) on DNA
binding competition with ethidium bromide.
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intensity of fluorescence did not decrease at all. Similarly, Macrostatin did
not decrease the fluorescence of EtBr at 25 ng. Consequently it is clear that
Macrostatin has no ability to intercalate into DNA strands.

Antimicrobial Activity

The antimicrobial activity of Macrostatin was tested by the agar dilution
streak method.® Since the MIC (minimum inhibitory concentration) of
the inhibitor was greater than 100 pug/ml against Gram-positive bacteria
(Bacillus subtilis, Micrococcus luteus, and Staphylococcus aureus), Gram-
negative bacteria (Escherichia coli, Pseudomonas aeruginosa, and Proteus
vulgaris), yeast (Saccharomyces cerevisiae and Candida albicans) and fungi
(Penicillium chrysogenum, Aspergillus oryzae, and Aspergillus niger), no sig-
nificant antimicrobial activity could be detected.

Inhibitory Spectrum

The effects of Macrostatin on various enzymes were examined and are sum-
marized in Table III. Reactions were performed as described in Materials
and Methods. All of the restriction endonucleases tested were significantly
inhibited by low concentrations of Macrostatin. Other enzymes such as
RNase, DNase I, DNase II and T4 DNA ligase were not inhibited even at
400nM of Macrostatin. Inhibitory effects of Macrostatin against both
topoisomerase I and II might be through nonspecific interaction against
the enzyme molecules because it also inhibited the other enzymes which
act on DNA.

TABLE III Inhibitory spectrum of Macrostatin

Enzyme 1Cso (nM)?
Topoisomerase * 10.7
Topoisomerase I1° 38
Topoisomerase II° 2.0
EcoRI 2.0
Bam HI 8.9
Pst 1 36
Scal 1.3
Hin dIll 3.6
Alul 3.6
RNase A > 400.0
DNase 1 >400.0
DNase 11 >400.0
T4 ligase >400.0

*Values represent the means obtained from two independent experiments.
PRelaxation activity.
“Decatenation activity.
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TABLE IV Comparison of Macrostatin with other inhibitors

Inhibitor Molecular Origin Inhibition Stabilization Intercalation
weight — ofcleavable into DNA
Topo I Topo Il complex strands
Macrostatin 45.000 Streptomyces sp. + < + - -
2890-DT1 370.000 Streptonyces sp. + > + - -
2280-DTI 3.000.000 Micromonosporasp.  + - - —
Camptothecin 348 plant —+ - + -
Etoposide 589 plant - + + -~
Doxorubicin 544 Streptomyces sp. - + + +
Amsacrine 393 synthetic - + + +

<+ 1 positive. —: negative.

Comparison with Other Inhibitors

Some properties of topoisomerase inhibitors are summarized in Table IV.
Previously, we reported two inhibitors named 2280-DTI and 2890-DTI
having 3.000 and 370 kDa molecular weight, respectively. Macrostatin has a
molecular weight of 45kDa. 2280-DTI inhibited only topoisomerase I.
2890-DTI was a more potent inhibitor of topoisomerase | than topoisome-
rase II. In contrast, Macrostatin was more effective against topoisomerase
11 than topoisomerase L.

The reported inhibitors of topoisomerase such as camptothecin and
etoposide inhibit the DNA rejoining reaction of the enzyme by stabilizing
the cleavable complex, and those such as doxorubicin and amsacrine show
stabilization of the cleavable complex and intercalation into DNA strands.
In contrast, Macrostatin, 2280-DTI and 2890-DTI directly acted on topo-
isomerase molecule and inhibited the DNA breaking and rejoining reactions
of the enzyme.

From these properties, it has been shown that Macrostatin is different
from the other topoisomerases inhibitors reported so far.
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