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A new antibiotic designated TMC-69has been isolated from,the fermentation broth of a
fungal strain Chrysosporium sp. TC 1068. TMC-69exhibited moderate in vitro cytotoxic
activity. TMC-69-6H, a derivative of TMC-69 prepared by hydrogenation, possessed more
potent in vitro cytotoxicity than TMC-69, and exhibited in vivo antitumor activity against
murine P388 leukemia and B16 melanoma. TMC-69-6H was found to specifically inhibit
Cdc25A and B phosphatases.

In the course of our screening program aimed at new
antitumor substances from microorganisms, we isolated
new cytotoxic antibiotics, TMC-1and TMC-135 A and B
from Streptomyces sp. strains1^, TMC-151 A~F, TMC-154,
and TMC-171A~Cfrom Gliocladium sp. strains3'4), and
TMC- 1 69 from Aspergillusflavipes5)'. Further screening has
resulted in isolation of a unique active metabolite named

TMC-69 (Fig. 1) from the culture broth of a fungus
identified as Chrysosporium sp. TC 1068. Hexahydro-

TMC-69 (TMC-69-6H, Fig. 1) derived from TMC-69 had
an improved stability in various organic solvents as

compared to TMC-69. TMC-69 and TMC-69-6H showed
potent antitumor activities both in vitro and in vivo. As a

result of mode of action studies, we found that TMC-69-6H
inhibited Cdc25A and B phosphatase.

Cdc25 phosphatases are classified as dual-specificity

protein phosphatases (DSPase) that act as key regulators of
the cell cycle progression and mitogenic signaling
pathways. Mammalian cells express at least three Cdc25

isoforms named A, B, and C that activate cyclin dependent

kinases (Cdks) by catalyzing the dephospholylation of their
phospholylated tyrosine and threonine6~8). Cdc25A and B
are overexpressed in some types of tumors. Patients with
these tumors have a tendency to result in poor
prognosis9'10). Therefore, Cdc25s would be attractive
candidates of molecular targets for development of

Fig. 1. Structures ofTMC-69 and TMC-69-6H.
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anticancer agents. Several compounds (dysidiolide,
dnacins, naphthoquinone analogs, nocardiones, steroidal

derived acids) have been found to inhibit Cdc25
phosphatases1 1M5).

In this paper, we report taxonomy and fermentation of
the producing strain of TMC-69, and the biological
activities of TMC-69 and TMC-69-6H. Isolation, the
physico-chemical properties and structure elucidation of
TMC-69 and TMC-69-6H were reported in elsewhere16).

Experimental

Taxonomy

The producer strain was isolated from a soil sample that
was collected at Moyoro Shell Moundnear Lake Notori,
Abashiri, Hokkaido, Japan. For identification of the fungus,
phytone-yeast extract agar (BBL), cornmeal agar (Nissui),

oatmeal agar (ISP No. 3, Difco), Czapek-yeast extract agar,
malt extract agar (Difco) were used. Morphological
observation was done under a microscope (Olympus BH-2).
The color name used in this study was taken from Munsell
color system17).

Fermentati on
Chrysosporium sp. TC 1068 was inoculated into a 500-

ml Erlenmeyer flask containing 70ml of a seed medium
composed of 2% glycerol, 0.5% glucose, 2% soybean flour,
0.2% yeast extract, 0.25% NaCl, and 0.4% CaCO3. The
culture was incubated for 4 days at 27°C on a rotary shakar
(220 rpm). One milliliter of the seed culture was transferred
to a 500-ml Erlenmeyer flask containing 70ml of the
identical medium. The culture was incubated for 6 days at
27°C on a rotary shaker (220 rpm).

Hexahydrogenation of TMC-69
Hexahydro TMC-69 (TMC-69-6H) was obtained by

catalyzed hydrogenation of the triene moiety of TMC-69
with palladium charcoal as described elsewhere16\

Cell Culture
Humanor murine tumor cells were cultured in the

following medium: HCT-1 16 human colon carcinoma and
SK-BR-3 human breast adenocancinoma, complete

McCoy's 5A supplemented with 10%fetal bovine serum;
B16 murine melanoma and HeLa S3 human epitheloid
adenocarcinoma, complete D-MEM supplemented with
10% fetal bovine serum; HL-60 human promyelocytic

leukemia, complete RPMI-1640 supplemented with 20%
fetal bovine serum; WiDr human colon adenocarcinoma,
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complete RPMI-1640 supplemented with non-essential

amino acid solution and 10% fetal bovine serum; P388D1
murine lymphoid neoplasm, complete RPMI-1640

supplemented with 5%fetal bovine serum.

Cell Proliferation Assays
In vitro cytotoxic activities against the various tumor cell

lines were tested in 96-well microtiter plates. Ten thousand
cells were seeded in 135 ji\ of appropriate mediumper well.
The test samples were dissolved in 10%DMSO.The
serially diluted DMSOsolution (15 ji\) was added to each
well of plates, and then the cells were incubated at 37°C for
72hours in a humidified 5% CO2 atmosphere. Five

niM WST- 1 (2-(4-iodophenyl)-3-(nitrophenyl)-5-(2,4-disul-

fophenyl)-2/f-tetrazolium, Dojindo) solution (25 ^1) was
added to each well. After 3-hour incubation at 37°C, in
vitro cytotoxicity was evaluated by the measurement of
absorbance at 405 nm18).

In Vivo Antitumor Activity
Growth inhibitory effects on P388 leukemia were

evaluated by determination of survival days after tumor
implantation. P388 leukemia was implanted at 1X106

cells/mouse into the peritoneal cavity of CDF1 mice
weighing 22-24g on day 0. TMC-69 and TMC-69-6H

were intraperitoneally administrated to the mice once daily
onthedays 1 to 3.

B16 melanoma were inoculated by injecting
intraperitoneally 0.5ml of 20% homogenate into BDF1
mice weighing 22-24g on day 0. TMC-69 and TMC-69-
6H were intraperitoneally administrated to the mice once
daily on days 1 to 3 and once daily on days 1 to 4,

re spectively.

Preparation of Cdc25A, B and VHR
The full-length human Cdc25A and Cdc25B cDNAs (a

kind gift of Dr. Hiroto Okayama, The University of Tokyo,
Japan) was cloned into the PGEX-2Texpression vector to
generate PGEX-Cdc25A and PGEX-Cdc25B, respectively.
The CDNA encoding the human dual-specificity
phosphatase, VHR (VH1-related human protein) was

obtained using the polymerase chain reaction (PCR) from a
human placenta CDNA library (TOYOBO). The PCR
primers used were 5'-AGCCGGATCCATGTCGGGC-
TCGTT and 5'-CACGGAATTCTCGAGCAGAGGCGG

for 5' and 3' primers, respectively. The PCR product was
cut by EcoRl and BamEl, and ligated into pUC118. The
coding region of VHRwas then removed by EcoRl and
BamHldigestion and transferred into the plasmid pGEX-
2T to generate PGEX-VHR for overexpression. The
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resulting PGEX-Cdc25A, PGEX-Cdc25B, and PGEX-VHR
plasmid was transformed into E. coli strain BL21 (DE3).

Recombinant GST-Cdc25A, Cdc25B and VHRfusion
protein were purified as below. Each of the E. coli BL21
transformants was induced by isopropyl-/3-D-thiogalacto-
pyranoside (IPTG) and disrupted by sonication on ice in
phosphate-buffered saline (PBS), pH 7.2, containing 1%
NP-40, l mM EDTA, 1 mM dithiothreitol (DTT), 100,1m

leupeptin, 2 /ig/ml aprotinin, and 1 mMPMSE Cell debris
was removed by centrifugation for 30minutes at
100,000Xg. The GST fusion proteins were purified from
the soluble extract by chromatography over glutathione -
agarose. Active fractions were pooled and supplemented
with 40% glycerol to prior to storage at -80°C.

Phsophatase Assays
The enzymatic activities of GST-Cdc25A, -Cdc25B,

-VHR, YOP (protein phosphatese from Yersinia
enterocoltica, Calbiochem) and CIAP (calf intestine
alkaline phosphatase, Takara Shuzo) were determined

colorimetrically by monitoring the release of/>-nitrophenol
from /?-nitrophenyl phosphate (/?NPP). The reaction

mixture (200 ji\) for Cdc25A, Cdc25B and VHRcomprised
50mM Tris-HCl pH 8.0, 50mM NaCl, 1 mM EDTA, 10mM
DTTwith the appropriate PNFVconcentration, namely 50
mMfor Cdc25A and Cdc25B, and 20mM for VHR,

respectively. The reaction mixture (200 jA) for YOPassay
contained 50mM Tris-HCl pH 7.2, 150mMNaCl, 5mM
DTT, 2.5mM EDTA, 100/xg/ml BSA and 20mM/?NPP. For

the CIAP assay the mixture (200 ^1) contained 50 mMTris-
HCl pH 9.0, lmM MgCl2 and 20mM^NPRThe mixtures
were incubated at 37°C for 60minutes for Cdc25A and
Cdc25B; at 30°C for 60minutes for VHR; at 30°C for 15

minutes for YOPand CIAP, respectively The reactions
were stopped by addition of 0.2m NaOH(20jd). The
released ^-nitrophenol was measured at 405nm. PP2A
(protein phosphatase-2A) activity was determined with

Ser/Thr Phosphatase Assay kit using PP2Acatalytic units
obtained from Upstate Biotechnology. PTP1Bactivity was
measured with Protein Tyrosine Phosphatase IB Assay kit
from Calbiochem.

Results and Discussion

Tax onomy

On phytone-yeast extract agar, the colonies grew
rapidly, were floccose covered with white mycelia and
attainied a diameter of 62-65mm after 14days at 25°C.
Whensporulated, the surface of the colonies showed pale
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reddish yellow to pale greenish yellow color (Munsell

10Y9/2), and were slightly powdery. The reverse was dull
orange to light yellowish brown (Munsell 5YR6/6). No

exudates or diffusible pigments were produced.
On cornmeal agar, the colonies were restricted thin and

white, attaining a diameter of 24mmafter 14 days at 25°C.
On oatmeal agar, the colonies were floccose and powdery
and attained 52-56 mmin diameter after 14 days at 25°C.
The fungus grew between 10 and 37°C on Czapek-yeast

extract agar, but the optimal temperature for growth was
between 27 and 32°C. The fungus did not grow at 37°C on
phytone-yeast extract agar or malt extract agar. The
maximumtemperature for growth on these media was
32°C. The pH for growth was from 4.9 to 10.2, with an
optimal between 4.9 and 5.9. No keratinophilic property

was observed.

Aerial hyphae were hyaline, thin-walled, 1.5-3.5 ^m in
width, and branched several times. They formed terminal
or lateral aleurioconidia as well as arthroconidia
by fragmentation of the aerial hyphae. No distinct

conidiophores were observed in either case. Aleurioconidia
were formed directly on the apex or in the middle ofhyphae
(terminally or laterally), mostly solitary, but sometimes
connected with another conidium. They were hyaline,
smooth, slightly thick-walled, obovate, clavate or pear-
shaped with a truncate base, one-celled; 6.0-10.OX

3.5-5.0 /im (average 8.0X4.0 ^am). The arthroconidia were
formed intercalarily in the hyphae, solitary or in chain,

hyaline, smooth, slightly thick-walled. They were dome-
shaped, cylindrical or racket-shaped, 5.5-14.5X2.5-3.5

jLLm (average 8.0X3.0 /im). When the arthroconidia were
formed, the adjacent cells became empty so that both ends
of the conidia were truncate with reminiscent of cell wall
(Fig. 2).

The present fungus was characterized by the following
morphological properties; formation of aleurioconidia in
addition to arthroconidia, fragmentation of arthroconidia by
separating cells, broader width of conidium compared

to fertile hyphae, hyaline conidia, lack of macro-conidia,
and absence of erect conidiophores. Based on these
distinct characteristics, it was placed in the genus
Chrysosporium^. The present fungus was therefore

identified as Chrysosporium sp. F 2358.

Over the latest decade, only 6 substances were isolated
and described from Chrysosporium such as chrysosporin
and pannorin, an inhibitor of 3-hydroxy-3-methylglutaryl

coenzyme A reductase20'21); RPR1 13228, a farnesyl-protein
transferase inhibitor22); semicochliodinol A and B,

inhibitors of HIV-1 protease and EGF-Rprotein tyrosine
kinase23); dechlorogeodin and its dihydro derivatives,
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Fig. 2. Microphotographs ofChrysosporium sp. TC 1068.

A: Arthroconidia on cornmeal agar after 7 days at 25°C (bar= 10 /im).
B: Aleurioconidia laterally disposed along the hypha on oatmeal agar after 7 days at 25°C (bar=50 ^m).

Table 1. In vitro antitumor activity ofTMC-69 and TMC-69-6H (IC50, jiu).

IC5oGxM)
Compound HCT-116 B16 HeLaS3 SK-BR3 WiDr HL-60 P388D1

TMC-69 6.79 6.56 4.92 7.96 1.87 0.43 6.56
TMC-69-6H 0.77 1.87 0.23 1.17 0.47 0.10 0.94

herbicidal activity24); and adenopeptin, a new apoptosis

inducer25). However^ Chrysosporium pannorum, a producer
of chrysosporin and pannorin, is classified as Geomyces

pannorum (Link) Sigler & Carmichael at present.

Cytotoxic and Antitumor Activities
The cytotoxic activity of TMG-69 and TMC-69-6H

against several tumor cell lines is shown in Table 1. TMC-
69 was cytotoxic to murine tumor cells (P388D1 and B16)
as well as human tumor cells such as HCT-116, HeLa S3,
SK-BR3, WiDr and HL-60 cells. TMC-69 exhibited the
most potent cytotoxicity against HL-60 human
promyelocytic leukemia cells with IC50 value of 0.43 jum. It
had less potent activities against the other cell lines tested.
TMC-69-6Hshowed potent cytotoxicities with IC50 values
of 0.1 to 1.87jUM against all of the cells tested. The
cytotoxicities of TMC-69-6H against solid tumor and

leukemia cells were nearly equal to each other.
The in vivo antitumor activity was assessed in tumor-
bearing mice. As shown in Table 2 and 3, TMC-69

demonstrated moderate therapeutic activity against P388
murine leukemia by the qdX3 schedule administration with

a maximum ILS value of 47.3% at a dose of 30mg/kg.
Against B16 melanoma at a dose of30mg/kg and the qdX3
schedule administration, TMC-69gave a maximumILS
value of 89.8%. On the other hand, TMC-69-6H exhibited
potent antitumor activity against P388 murine leukemia
with maximum ILS value of 58.1% at a dose of 3mg/kg.
Moreover, TMC-69-6H showed the superior antitumor

activity against B16 melanoma with ILS value of 105.9% at
a dose of 125mg/kg.

Phosphatase Inhibitory Activities
Since TMC-69 was unstable in various organic

solvents16), we used TMC-69-6H to study the mode of

action.
TMC-69-6H caused Gl arrest when tested on HL-60

cells as evidenced by flow cytometry analysis (data not

shown). Then, we examined whether or not TMC-69-6H
inhibited several serine/threonine kinases and Cdc25A

phosphatase which are involved in cell cycle progression
(Table 4). TMC-69-6H exhibited a dose-dependent

inhibition of Cdc25A activity with an IC50 of 3.1 jam. This
was comparable to the inhibition of Cdc25A activity by
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Table 2. In vivo activities ofTMC-69 and TMC-69-6H against P388 murine leukemia.

Dose Schedule Meansurvival Increase in
(mg/kg) days life span (%)

control - 9.3

10
30

13.0 13.7

39.8
47.3

TMC-69-6H 1 Days 1-3 1 1.7 25.8

3 14.7 58.1

10 7.3 -21.5

P388 (1 x 106 cells/mouse) were incubated i.p. into CDF1 mice on the day 0,
then compounds were administrated i.p. on each day following indicated schedule.

Table 3. In vivo activities ofTMC-69 and TMC-69-6H against B16 melanoma.

Dose Schedule Mean survival Increase in
(mg/kg) days life span (%)

control - 25. 5

10 28.2 10.6

20 33.8 32.5

30 48.4 89.8

control - 20.4
TMC-69-6H 0.32

0.63

1.25
2.5

5

Days 1-4 28.4
40.4
42.0
23.4
8.2

39.2
98.0
105.9
14.7

-59.8

B1 6 melanoma (0.5ml of 20 homogenate/mouse) were incubated i.p. into BDF1 mice
on the day 0, then compounds were administrated i.p. on each day following indicated
schedule.

Table 4. Phosphatase inhibitory activities ofTMC-69-6H.

ICjo OiM)
Cdc25A Cdc25B VHR PP2A

TMC-69-6H 3.2 4.4 >30 >30

Na3VO4 3.0 4.8 3.9

okadaic acid - - - 0.00 1 5

The concentration showing 50% inhibition (IC50) was determined from a plot of percent
inhibition versus the concentration.
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sodium orthovanadate26) which had an inhibitory IC50 6H did not significantly inhibit dual-specific phosphatase,
activity of 3.0^ in our assay system. TMC-69-6H also VHR, tyrosine protein phosphatases, PTP1B and YOP,
inhibited Cdc25B with an IC50 value of 4.4jam. TMC-69- serine/threonine protein phosphatase, PP2A, or alkaline
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phosphatase, CIAP, up to 30^M. These results suggested
that TMC-69-6H was a specific inhibitor ofCdc25A and B.

Tumor cells proliferate abnormally due to a disturbance
of regulation of the cell cycle. Cdc25A and B are key
regulators of the cell cycle progression. Cdc25A and B
were frequently expressed at high levels in several tumor
types such as human breast cancer and gastric
carcinoma8'9). This overexpression was associated with an
abnormal increase of Cdks activities without increase of
Cdks expressions9^ Inactivation of Cdc25A by antisense
oligonucleotide inhibited S-phase entry in MCF-7 breast
cancer cells. This treatment blocked activation of Cdk29).
Therefore, TMC-69-6H, a specific inhibitor of Cdc25A,
might be a lead compound useful for development of

antitumor agents.
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