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Thrazarine, O-((3i?)-2-diazo-3-hydroxybutyryl)-L-serine, is a new antitumor antibiotic

produced by Streptomyces coerulescens MH802-fF5. Thrazarine was isolated from culture
filtrate by Sephadex LH-20 column chromatography and reversed phase HPLC. Thrazarine
induced cytolysis of tumor cell lines co-cultured with nonactivated macrophages. This effect
was tumor specific because the nontumorigenic cells were not lysed by macrophagesin the
presence of thrazarine. Thrazarine inhibited DNAsynthesis and growth of tumor cells
directly. It showed neither antimicrobial activity nor the inhibition of transamidation re-

actions in contrast to azaserine. Toxicities of thrazarine were much weaker than those of
azaserine.

Activated macrophagesexert potent tumoncidal activities in vitro and are recognized as important
effectors in antitumor resistance in vivo.1*^ On the other hand, it was reported that for experimental
tumors, the sensitivity to macrophage-mediated cytolysis differed among the tumor variants20 and
the variants relatively resistant to macrophages possessed enhanced tumorigenicity.4) This might be
one of the means by which somemalignant tumor cells escape host antitumor activity. In this respect,
we have screened substances enhancing macrophage-mediated lysis of tumor cells and previously
reported an active substance, bisucaberin obtained from a marine bacteria.5) Another new substance
was found from a culture broth of a soil actino-
mycete isolate. This was an antitumor antibiotic
containing a diazo residue and named thrazarine
(Fig. 1). This report describes identification of
the producing organism, and isolation and
biological properties of thrazarine. Physico-

chemical properties and structural determination
of thrazarine will be described in an accompany-
ing paper.6)

Materials and Methods

Material s
Azaserine and 6-diazo-5-oxo-L-norleucine

(DON)were purchased from Sigma Chemical
Co.. St. Louis. MO.. U.S.A. Fetal bovine serum

Fig. 1. Structures of thrazarine and diazo analogs
of L-glutamine.
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(FBS) and other cell culture materials were purchased from GIBCO, Grand Island, N.Y., U.S.A.
Female C3H/HeNCrj mice of 8 weeks-old were obtained from Charles River Japan Inc., Kana-

gawa, Japan.

Taxonomical Examination
The producing organism, strain MH802-fF5, was isolated from a soil sample collected at our

institute property, Tokyo.
Morphological, cultural and physiological properties of strain MH802-fF5 were examined ac-

cording to the methods described by Shirling and Gottlieb,70 and Waksman.8) Detailed observa-
tion of mycelial morphologies was performed with light and scanning electron microscopy after the
strain was incubated on various media at 27°C for 7 to 14 days. The color recorded for the mature
culture was described according to the Color Harmony Manual, 4th Ed., 1958 (Container Corporation
of America). Cell wall analysis was performed by the method of Becker et al.9)

Fermentation
Fermentation medium consisted of soluble starch 3 %, dried yeast (Ebios, Asahi Breweries, Ltd.,

Tokyo, Japan) 3%, K2HPO4 0.3%, KH2PO4 0.1%, MgSO4-7H2O 0.05%, NaCl 0.2% and CaCO3
0.1 % in deionized water (pH 7.2 before sterilization). A loopful of slant culture of strain MH802-fF5
was inoculated into 100 ml of the fermentation medium in an Erlenmeyer flask of 500-ml capacity
and cultured at 27°C for 5 days on a rotary shaker (180 rpm).

Isolation
Broth filtrate containing the antibiotic principle was adjusted to pH 7.5 with 1 m NaOHand con-

centrated in vacuo. To the concentrate was added 9 volumes ofEtOHunder continuous stirring. The
inactive precipitate thus formed was removed and the EtOHfiltrate was evaporated to give a hygro-
scopic solid. The crude solid was dissolved in a small quantity of 50%aq MeOH;After removing
insoluble precipitate, the filtrate was applied to a Sephadex LH-20 column followed by elution with
50% aq MeOH.Active fractions were collected and lyophilized after MeOHwas removed by eva-
poration. The resulting powder was applied to reversed phase HPLC(ODS-5251-SH, 20 x250 mm,
Senshu Science Co., Japan; mobile phase, 5% aq MeOH). The active eluate was concentrated and
lyophilized to give a brownish powder. This powder was dissolved in hot MeOHand allowed to
stand at 5°C to give crystals of pure thrazarine.

Analytical HPLCand TLC
Thrazarine contents in fermentation and purification steps were monitored with reversed phase

HPLC and silica gel TLC. HPLC was performed with an ODS-PE-1 column (10x300 mm, Senshu
Science Co., Japan) eluted with 10% aq MeOHat the flow rate of 2 ml/minute. Elution profile was
detected with UVabsorbance at 256 nm. Thrazarine was eluted at ll.6 minutes. TLCwas performed
with Kieselgel 60 F254 (5715, Merck) developed with CHC13- MeOH-water (5 :5 : 1). Spots were
detected by anisaldehyde - sulfuric acid. Rf value of thrazarine was 0.43.

Tumor Cells
Fibrosarcoma 1023, a tumorigenic tumor cell line was kindly donated by Dr. T. Tokunaga,

National Institute of Health, Tokyo, Japan. This cell line had been induced in a C3H/HeNicr male
mouse with 3-methylcholanthrene and has been maintained in culture with Dulbecco's modified
Eagle's medium supplemented with 10 % FBS.10)

Balb/3T3 clone A31, Balb/3T12-3, C3H/10T1/2 clone 8 and C3H/MCAclone 15 were obtained from
Dainippon Pharmaceuticals Co., Ltd., Osaka, Japan and cultured according to the original methods
described by Aaronson and Todaro,115 and Reznikoff et al.12) Balb/3T3 and C3H/10T1/2 are con-
tact-inhibited nontumorigenic cell lines developed from mouse embryos. Balb/3T12 was established
by using a transfer schedule in which cell-cell contact was more extensive than that of Balb/3T3.
C3H/MCAwas derived by treating C3H/10T1/2 with 3-methylcholanthrene. These two cell lines are
tumorigenic and extremely insensitive to contact inhibition.

LI210 was cultured with Eagle's minimumessential medium supplemented with 10% FBS.
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IMC carcinoma and human tumor cell lines (SC-6 and LX-1) were cultured with RPMI1640 medium
supplemented with 10% FBS.

Macrophage-mediated Cytolysis Assay
The details of macrophage-mediated cytolysis assay were described previously.5) Murine peri-

toneal macrophages elicited with Proteose-peptone were used as effector cells. 3H-Prelabeled target
cells were co-cultured with macrophage-monolayers in a 96-well microtiter plate for 2 days. The
effector/target ratio was 20. Results were expressed as follows:

% Specific lysis= Experimental release (dprn) - Spontaneous release (dpm)
Maximumrelease (dpm) ~ Spontaneous release (dpm)

Cell Growth and Macromolecular Synthesis

x lOO

Exponentially growing tumor cells (2 x lO4 cells/microtiter well) were cultured for 2 days with
thrazaririe. Cell number was measured by a Coulter counter after dilution with saline. The tetra-
zolium dye (MTT) reduction assay was conducted according to the method of Ruben and Neubauer.13>

Radiolabeled precursor incorporation into fibrosarcoma 1023 was measured by the method de-
scribed previously.5)

Inhibition of GMP-Synthetase
Crude GMP-synthetase was prepared from Ehrlich ascites tumor cells by the method of Spector.10

The enzyme activity was measured according to the method of Sakamoto.15) The reaction mixture
contained 2.4 mMXMP, 4 mMATP, 4 mML-glutamine and 16 mMMgCl2. The inhibitors were added
to the reaction mixture without L-glutamine and preincubated for 5 minutes. The enzymereaction
was started by the addition of L-glutamine.

Results

Taxonomic Features of the Strain MH802-fF5

The vegetative mycelium developed well on most of the media used. The strain showed abundant
growth with aerial mycelium varying in color from white to light aqua gray or light bayberry gray
depending on the medium. Mature spores occurred in chains of more than 20 spores forming spirals.
The spores were oval with spiny surfaces and 0.7~0.9xl.2~1.4 jtim in size. Verticillus was not

observed. The reverse side color of colonies was pale yellow to dark brown. Soluble pigment was
negative or faintly brownish and not pH sensitive when tested with 0.05 m HC1 or 0.05 m NaOH.
Melanoid pigment was formed in each of Tryptone - yeast extract broth, peptone - yeast extract - iron
agar and tyrosine agar. Starch hydrolysis was strong. Milk coagulation and peptonization were
relatively faint. Gelatin liquefaction was negative in 15% gelatin and weak in glucose - peptone -
gelatin. Nitrate reduction was positive. Carbon utilization was all positive with D-glucose, l-

arabinose, D-xylose, D-fructose, sucrose, inositol, L-rhamnose, raffinose and D-mannitol.
The whole cell lysate contained LL-diaminopimeric acid.
From these taxonomic properties, strain MH802-fF5 was considered to belong to the genus Strep-

tomyces. Compared with the type cultures held in our institute and the published descriptions of
Streptomyces species, strain MH802-fF5resembled Streptomyces coerulescens very closely in mor-
phological and cultural properties. Therefore, the strain was identified as S. coerulescens MH802-fF5.

Strain MH802-fF5 has been deposited at the Fermentation Research Institute, Agency of In-
dustrial Science and Technology, Japan, with the accession No. FERMP-9812.

Isolation

Thrazarine production began at day 3 and attained the maximumaccumulation (200 jug/ml) at



1564 THE JOURNAL OF ANTIBIOTICS NOV. 1988

day 5. Thrazarine was markedly unstable except in the range of pH 6 to 9. Use of activated charcoal,
silica gel or ion exchange resins for the isolation gave very low recovery of active principle (data not
shown). Thrazarine could be successfully purified when the pH of broth filtrate was adjusted in the
range of 7.5 to 8.0 and Sephadex LH-20 column chromatography and reversed phase HPLCwere used.
Pure thrazarine was finally obtained by crystallization in methanol in a 31.6%-yield against a culture
filtrate.

Biological Activities
Thrazarine induced strong lysis of fibrosarcoma 1023 co-cultured with peptone-elicited macro-

phages (Fig. 2). The induction of tumor cell lysis depended on thrazarine concentration and reached
the maximumat 10 ^g/ml of thrazarine. Thrazarine itself caused a little lysis of tumor cells even at
90 jag/ml when macrophages were not present. Macrophages alone did not lyse tumor cells in the

absence of thrazarine.
Mouse embryo cells (tfalb/3 1 3, (J3H/1UI 1/2)

and their tumorigenic counterparts (Balb/3T12,

C3H/MCA) were used as the target cells of

macrophage-mediated cytolysis (Fig. 3). Peptone-
elicited macrophages were not cytolytic to these
four cell lines. As shown in Fig. 3(A), thrazarine
caused strong lysis of Balb/3T12 co-cultured with
macrophages. On the other hand, its non-
tumorigenic counterpart, Balb/3T3 was only

slightly lysed by macrophages in the presence
ofthrazarine. This was also the case of the pair
of C3H/10T1/2 and C3H/MCAexcept that the
maximum release did not exceed 20 % (Fig. 3(B)).

Thrazarine inhibited the growth of various
tumor cells including the human tumor cell line,

Fig. 2. Cytolysis of fibrosarcoma 1023 induced by
thrazarine with (O) or without (#) macrophages.

Fig. 3. Tumor specific sensitization by thrazarine to macrophage-mediated cytolysis.
(A) Balb/3T3 (à"), Balb/3T12 (O); (B) C3H/10T1/2 (0), C3H/MCA (O).
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Fig. 4. Growth inhibition of tumor cells by thrazarine.
The inhibition was estimated with a Coulter counter for (A), L1210 (#) and IMC carcinoma (O), and

by MTT assay for (B), SC-6 (à") and LX-1 (O).

Fig. 5. % Incorporation of thymidine (O), leucine
(å¡) and uridine (à") into acid insoluble materials

in the presence of thrazarine against non-treated
cells.

Table 1. Effects of thrazarine and diazo analogs of
L-glutamine on GMP-synthetase activity.

T ,.u.+ Cone A K Inhibition
Inhibitor (mM) JA290 ( %)

- - 0.369 0

Thrazarine 12 0. 356 3. 5
6 0.394 -6.8

Azaserine 6 0. 087 76. 4
0.06 0.272 26.3

DON 6 -0.057 115

0.06 0.047 87.3

SC-6 (Fig. 4). IC60 values Og/ml) were as fol-
lows: L1210, 20.5; IMC carcinoma, 9.6; SC-6,

5.25. The growth inhibition for LX-1 was

weaker than those for the others, so that it did
not exceed 50%.

Thrazarine also inhibited [3H]thymidine incorporation into acid insoluble materials after 4 hours
preincubation of fibrosarcoma 1023 (Fig. 5). The incorporation of [3H]leucine and [3H]uridine were
not affected by thrazarine. The inhibition of growth and thymidine incorporation were not tumor
specific, because there was no difference between tumorigenic and nontumorigenic cell line (data not

shown).

Differences between Thrazarine and Azaserine
In relation to the structural similarity shown in Fig. 1, we examined the biological properties of

the related antibiotics. As shown in Table 1, GMP-synthetase was inhibited by azaserine and DON.
The inhibition was dose-dependent and irreversible. On the other hand, thrazarine did not inhibit
GMP-synthetase even at two hundred times the active dose of azaserine.

Induction of macrophage-mediated cytolysis by azaserine could not be determined, because it
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was toxic to macrophages in the same concentration range as in Fig. 2.
Thrazarine showed no inhibitory activity at 100 ^g/ml against Gram-positive and Gram-negative

bacteria, mycobacteria, yeasts and molds tested by the agar-dilution method. Thrazarine showed no
toxicity in ICR mice by single iv injection of 250 mg/kg. Mice injected with 500 mg/kg died at day 5.

Discussion

Peptone-elicited macrophages used in this study were not tumoricidal unless they had been ac-
tivated by macrophage activating factors. Thrazarine induced strong lysis of tumor cells co-cultured
with these nonactivated macrophages. The induced cytolysis was mediated by macrophages because
tumor cells cultured with thrazarine alone showed only a little lysis. The induction of cytolysis by
thrazarine was tumor specific, while direct effects of thrazarine, that is, the inhibition of DNAsynthesis
and growth were not. This suggests that peptone-elicited macrophages can distinguish tumor cells
from normal cells as well as BCGactivated macrophages which were cytotoxic to Balb/3T12 but not
to Balb/3T3.16) Because preincubation with thrazarine did not activate macrophages to be tumoricidal
(data not shown), the induction of cytolysis maybe attributable to sensitization of tumor cells to latent
cytotoxicity of peptone-elicited macrophages.

Diazo analogs of L-glutamine, such as azaserine and DON, irreversibly inhibit purine biosynthesis,
in which L-glutamine participates as donor of an amino residue.170 The enzyme most sensitive to
inhibition by azaserine is formylglycinamide amidotransferase. Azaserine covalently binds to a
cysteine residue in the catalytic site of this enzyme. GMP-synthetase (xanthosine-5'-phosphate:
L-glutamine amidolygase (AMP), EC 6.3.5.2) is also inhibited by diazo analogs of L-glutamine.16)
Weexamined the inhibition of this enzyme by thrazarine. As opposed to azaserine, thrazarine showed
no inhibitory activity, suggesting that it does not serve as an L-glutamine analog. This may be a reason
that azaserine showed antimicrobial activities but thrazarine did not. Azaserine was also reported
to cause DNAdamagein eukaryotic cells as do other alkylating agents.18) Thrazarine mayexert its
antitumor activity through DNAalkylation.

Azaserine was reported to be a potent bacterial mutagen producing 12,000 revertants/nmol in the
Amesassay on strain TA100without S-9 mix.19) Mutagenicity of thrazarine was extremely weaker
than that of azaserine (Dr. S. Sato; a personal communication): Thrazarine produced less than 30
revertants/nmol even with S-9 mix. Furthermore, azaserine is toxic and carcinogenic in animals es-
pecially to pancreatic cells. Thrazarine may be improved in this point. In fact, acute toxicity in
mice of thrazarine was weak on comparing to LD50 doses of azaserine (100 mg/kg, ip)20) and DON
(76 mg/kg, iv).21)
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