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VERTICILLIN A, A NEW ANTI-
BIOTIC FROM VERTICILLIUM SF.

Sir:
A species of Verticillium, an imperfect

fungus isolated from a basidiocarp of Col-

tricia cinnamomea (Polystictus cinnamomeus),
produced a new antibiotic, verticillin A.
Verticillium sp. strain TM-759 on an agar
slant was inoculated into a shaken 500-ml
Sakaguchi flask containing 100ml of a

medium containing (in g/liter) : glucose, 30 ;
peptone, 20; NaCl, 5. The pH of the

medium was adjusted to 6.S prior to steriliza-
tion. The inoculated flask was incubated
at 27°C for 24 hours with shaking to produce
a primary seed culture. Two samples of

seed culture broth (5 ml) were transferred
each into a 2-liter Erlenmeyer flask contain-
ing 500ml of the same medium and in-
cubated on a rotary shaker (180r.p.m.) at

27°C for 3 days. The secondary seed culture

broth thus obtained was transferred into a
30-liter jar fermenter containing 20 liters of

the same mediumand 2 ml of Nissan Uniol
D-2000 as a defoamer. Fermentation was
carried out at 27-28°C for 2 days with an
air rate of 20 liters/min. at a pressure of
0.5~0.7kg/cm2 with an agitator speed of
250 r.p.m.

The mycelium thus obtained (6 jar fer-

menters, wet weight 5.47 kg) was collected
by centrifugal separation and extracted with
acetone (10 liters) and then ethyl acetate (8
liters) with stirring at room temperature.
The extracts were combined and evaporated
in vacuo at 50~60°C. The residue was
dissolved in ethyl acetate, washed with 5 %
sodium carbonate and water, dried over
Na2SO4, and evaporated in vacuo, leaving a
residue (47.55g). This residue was added
to ether (200ml) and stirred at room tem-

perature for 30 minutes, giving an ether-
insoluble product (4.34 g), which was crystal-
lized from pyridine-acetone to give crude

verticillin A (2.52 g).
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Fig. 1. Infrared spectrum of verticillin A (nujol mull).
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Fig. 2. NMRspectrum of verticillin A-#C5H5N(C5D5N).
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Verticillin A* was obtained as pale yellow
plates, C30H28O6N6S4-CHCl3, m.p. 199~213°C

(decomp.) (from chloroform), pale yellow
needles, C30H28O6N6S4-Ipyridine, m.p. 202~

217°C (decomp.) (from pyridine), or a pale
yellow amorphous powder, C30H28O6N6S4,

m.p. 203-214°C (decomp.) (from tetrahydro-
furan), and showed O]D+727.5°, 4JSan

306 mju (e 6300), and infrared absorptions
at 3420, 3335, 1703, 1694, 1675, 1608, 1594,
1350, 1300, 1246, 1202, 1141, 1092, 1064, 982,
753, and 745cm"1 (Fig. 1). The NMR

spectrum is shown in Fig. 2. On acetylation
with acetic anhydride in pyridine, verticillin
A gave an acetate as a yellow powder,

C32H30O7N6S4, m. p. 220-243°C (decomp.)
(from chloroform-methanol).
Moreover, verticillin A showed an ion at
m/e 64 due to loss of S22) in the mass
spectrum** and four Cotton effects, a posi-
tive at 236, a negative at 272, a positive at

307, and a negative at 375 mju in circular
dichroism.

The presence of acid amide bands in the
infrared spectrum in conjunction with the

positive Cotton effect at 236 m^ indicates
the presence of diketopiperazine3~5) moiety

inverticillin A. The Cotton effects at 272,

307, and 375 mju are assigned to the disulflde
chromophore6~8), the presence of which is
supported by the mass spectrum. These

data suggest that verticillin A has a disul-
fide-bridged diketopiperazine system. Fur-

thermore, as verticillin A gave diindolyl-
(3,3') (I) on treatment with alkali, it may
be a compound belonging to the gliotoxin
group5~9).

Table 1. In vitro antimicrobial activity of
verticillin A acetate

(I)
For biological evaluation, verticillin A

acetate was used, as it is more soluble in

water.
Antimicrobial activity was found against

Gram-positive bacteria and mycobacteria

T e s t o rg a n ism s
M IC

(m cg /m l)

B a c illu s su b tilis P C I 2 19 2

B a c illu s a n th r a cis 1 0

S tap h y lo c o cc u s a u r e u s F D A 2 0 9 P 2

M y c ob a c ter iu m tu b er c u lo sis H 3 7 R v 1

E s ch e r ich ia co li > 5 0

S a lm on e lla ty p h o s a > 5 0

Candida a lbic a n s M - 9 > 5 0

A sp e rg illu s n ig e r > 5 0

T r ic h op h y to n r u b r u m > 5 0

Epidermophyton fl o c co su m > 5 0

T r ic h o m o n a s v a g in a lis 1 2 . 5

Table 2. Antitumor effect of verticillin A
acetate on Ehrlich ascites carcinoma
(TPCV method)10)

S a m p le
 D o s e
(m g /k g /d a y )

N o. o f
d e a th s

T u m o r
in d e x

E ffe c t

V e r t i c i l li n A

5 5 /5 T o x ic

2. 5 3 /5 T o x ic

1. 0 0 /5 0. 1 7 + +

0 .5 0 /5 0. 3 7 +

0. 2 5 0 /5 0 . 8 3

but not against Gram-negative bacteria and
fungi (Table 1).

The cytotoxic effect (ED50) against HeLa
cells was 0.2 jug/ml. Antitumor effect was
observed against Ehrlich ascites tumor as
shown in Table 2. The antiviral activity
of this antibiotic against poliovirus (Type 1)

using GM cells seems to be associated with
its cytotoxicity even though the multiplicity
of infection was low (0.05). Although this

antibiotic has the disulfide-bridged diketo-
piperazine moietyn), its ability to inhibit

the multiplication of poliovirus seems to be
very weak.

The acute toxicity (LD50) in mice was
determined intraperitoneally as 7.6 mg/kg,

observed 10 days after injection as the anti-
biotic showed delayed toxicity.
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* Elemental analyses were carried out for crystal-solvent-free samples, after quantitative analyses
of crystal solvents by use of an apparatus1) of the carbon and the hydrogen determination
combining with differential thermal analysis.

** The parent peak (M+) could not be observed under any conditions, but the molecular weight
was shown to be 674 by vapor pressure osmometry.
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