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     Multhiomycin is a new antibiotic obtained from the mycelium of Strepto-
   myces antibioticus 8446-CCi. It is extracted with methanol and purified by

   silica gel chromatography. It forms yellow needle-shaped crystals, melts at
   above 300°C and has no or negligible optical activity. C^H^OnNnSg was
   suggested for its molecular formula by elemental analysis and molecular

   weight determination. It exhibits inhibitory activity against gram-positive

   bacteria but no activity against gram-negative bacteria, mycobacteria and fungi.

  In recent years, a new screening method for inhibitors of nucleic acid syntheses

using Bacillus suhtilis 168 had been developed by T. Tanaka et al.X) and succesively

denamycin2) and pentalenolactone3) were isolated in our laboratory. In this screening
program, a fermentation broth of Streptomyces antibioticus 8446-CCx was found to
inhibit the growth of B. subtilis and 14C-amino acids incorporations rather than 3H-
thymine and 14C-uracil incorporations into the bacterial cells. The active substance
was isolated in a pure form and was named as multhiomycin in relation to its high

content of sulfur. In this report, we describe the production, isolation procedure,
physicochemical and biological properties of multhiomycin.
                  Producing* Organism  Streptomyces sp. 8446-CGj was isolated from a soil sample collected at Kagamihara,

Gifu Prefecture

, Japan.

  Morphological characteristics of the strain were summarized as follows : The
aerial mycelium branched monopodially as cluster and formed straight spore-chains

which belong to "Rectus-flexibilis (RF)" according to Pridham et al.*> Spores were
cylindrical

 to oval (0.5~0.8x1.0~ 1.8 ju) with smooth surface.

  Cultural and physiological characteristics of the strain 8446-GCi are shown in

Tables 1 and 2. The strain was determined to belong to "Gray series" of Tresner
and Backus5) by the fact that the color of aerial mycelium was light gray to light

brownish gray. The substrate mycelium or reverse side of colony showed no distinc-

tive colors (yellowish gray to yellowish brown) on all media. Soluble pigments
were produced slightly and not distinctively (yellowish gray to pale yellowish brown)

on synthetic or some organic media. Chromogenic pigments (yellowish brown to
dark brown) were produced on most organic media and melanoid pigment on tyrosine
agar.
  Glucose, rhamnose, mannose, lactose, raffinose, mannitol, sucrose, glycerol and
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Table 1. Cultural characteristics of Streptomyces sp. 8446-CCi

MAY I97O

M edium Cultural characteristics

Sucrose-nitrate

agar

G : thin, colorless to yellow ish gray

A M : abundant, pow dery, w hite

SP : very slight, yellow ish gray

G lycerol-nitrate

ag-ar

G : thin, colorless to yellow ish gray

A M : poor, pow dery, w hite

SP : very slight, yellow ish gray

G lucose- G: moderate, yellow ish gray with pale yellow ish brow n reverse

asparagine A M : abundant, velvety, light gray to light brow nish gray

agar SP : slight, pale yellow ish brow n

Glycerol-calcium

m alate agar

G : m oderate, spreading and penetrating into agar, yellow ish gray

AM: abundant, velvety, light brow nish gray w ith w hitish patch

SP : very slight, yellow ish gray

Starch agar

G: moderate, spreading and penetrating into agar, yellow ish gray w ith light brow nish gray reverse

AM: abundant, velvety, light gray w ith brow nish tinge

SP : very slight, yellow ish gray

Peptone-beef

extract agar

G: moderate, pale yellow ish brow n w ith yellow ish brow n reverse

AM: poor, pow dery, w hite at m argin of colony

SP : yellow ish brow n

G lucose-peptone- G: thick and w rinkled, yellow ish gray

beef extract A M : poor, pow dery, w hite at m argin of colony

ag-ar SP : yellow ish brow n

G lucose-peptone- G : thin, pale yellow

A M : none
ag-ar SP : slight, pale yellow

Glucose-casein G: moderate and w rinkled, pale yellow ish brow n reverse

digest-yeast- AM: moderate, velvety, light gray w ith brow nish tinge

beef agar SP : slight, pale yellow ish brow n

Oatm eal-yeast

extract agar

G : m oderate, spreading and penetrating into agar, yellow ish gray

AM: abundant, velvety, light gray w ith brow nish tinge

SP : very slight, yellow ish

Potato plag

G: thick and w rinkled

AM: abundant, light gray w ith brow nish tinge

SP : dark brow n

Loeffler's

blood serum

G : m oderate, dark brow n

A M : poor, pow dery, w hite

SP : dark brow n

G elatin

G : surface ring-, pale yellow ish brow n

A M : none

SP : brow n

M ilk

G : surface ring-, pale yellow ish brow n

A M : abundant, pow dery, w hite

SP : brow n to dark brow n

Ce llu lo se m edium

G : thin, colorless

A M : abundant, pow dery, light gray

SP :

G: Growth, AM: Aerial mycelium, SP: Soluble pigments
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salicin were utilized as carbon

source for the growth, but

a

rabinose, fructose and cellulose

were not.
When the characteristics of

the strain 8446-CCi were com-

pared with those of Strepto-
myces species described by
Waksman6), Shirling and

Gottlieb7'8'9) and others, there

existed some similarities bet-
ween 8446-CCx and Streptomyces

antibioticus, 5. caiusiae, S.

eurythermus, S. showdoensis and

Table 2. Physiological characteristics of Streptomyces
sp. 8446-CC!

Optimum g ro w th te m p e r a tu r e 2 5 ~ 3 0 -C

C h ro m o g e n ic ity : d e e p b r o w n p ig m e n t o n o r g a n ic
4 -

m e d ia

melanine fo r m a tio n fr o m ty r o s in e +

S ta r ch h y d r o ly s is +

C e llu lo se d e co m p o sitio n

N itr a te re d u c tio n +

P r o te o ly tic a c tiv ities : g ela t in liq u e fa ct io n +

m ilk p e p to n iza t io n 4 -

b l o o d s e ru m liq u e fa c tio n +

C a rb o n u tiliz a tio n : G lu c o se , R h a m n o s e , M a n n o s e ,
+ +

L a c to s e , R a ffi n o se , M a n n it ol

S u c r o se , G ly c e ro l, S a licin 4 -

A r a b in o se , F ru c to s e , C e llu lo s e

T a b le 3 . C o m p a r is o n of c h a r a cte r is tic s o f S tr ep to m y ce s s p . 8 4 46 - C C j

a n d r e la te d s p e c ie s

S tr ep to -
S . a n ti- S . ca iu sia e

S . eu ry - 5. sh o w - 5 . ta n a -
m y c es s p .
8 4 4 6 - C C i

b io ticu s th e r m u s d o e n s is s h ie n s is

M o r p h o lo g ica l s e c tio n R F R F R F
 R F

o c c a s io n S
R F R F

S p o r e s u rf a c e S m o o th S m oo t h ? S m o o th S m o o th S m o o th

Co lor o f a e r ia l m y c e liu m G r a y G r a y G r a y G ra y G ra y G r a y

C o lo r o f s u b s tr a te

m y c eliu m
N D P N D P Y e llo w N D P N D P N D P

M e la n o id p ig m en ts o n

organic m e d ia

+ + -f + + +

M e la n o id p ig m en ts o n

t y r o s in e a g a r
+ 4 - + + +

O th e r s o lu b le p ig m e n ts N D P N D P N D P N D P N D P N D P

R e s e m b le to 5 . a n ti- b iotic u s S. a n ti- bio tic u s S . a n ti- bio tic u s S . a n ti-
b io tic u s

S . a u re u s

RF : Rectus-flexibilis S : Spira NDP : no distinctive pigments

5. tanashiensis as shown in Table 3. However, the latter four species related to 5.

,antibioticus10) were differentiated from the strain 8446-CCi in the following points.

The substrate mycelium of 5. caiusiae6) showed distinctive citron-yellow color on
most media. 5. eurythermus^8) occasionally formed spiral spore-chains. S. showdo-

ensis10) developed white to yellowish gray aerial mycelium on synthetic media. S.

tanashiensis*>9) did not produce melanoid pigment on tyrosine agar. S. antihioticus6>9)

was closely related to the strain 8446-CCi in morphological and cultural characteristics
except for carbon utilization (arabinose +, sucrose -, fructose + and raffinose -).
The considerations outlined above lead to the conclusion that the strain 8446-CC!

belongs to Streptomyces antibioticus.

Fermentation of Multhiomycin

The production of multhiomycin in jar fermentors was carried out as follows:
Fifteen liters of a medium consisting of 2.5% dextrin, 2% dry yeast, 0.5% NaCl
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and 0.4% CaCO3 were sterilized at 120°C for 20 minutes in a stainless steel fermentor

of 30-liter volume.
Each jar was inoculated with 300ml of a seed broth prepared in shaking flasks

from a culture of Streptomyces antibioticus sp. 8446-CCj, in the same medium for 48

hours at 27°C. Air was supplied at a rate of 1 volume per volume of broth per
minute with agitation at 300 r.p.m. at 27°G. The fermentation was terminated at 96

hours after inoculation.
The same assay method described previously1) was used except for 3H-thymine

and 14C-uracil incorporations into B. subtilis 168 cells. A paper disc method was
inadequate for this antibiotic assay, because sufficient diffusion was not observed even

at a high concentration.

Isolation of Multhiomycin

Multhiomycin was extracted with 16 liters of methanol from the mycelial cake
after filtration of the fermentation broth (30 liters). The methanolic solution was

concentrated in vacuo to remove methanol and the residual aqueous solution was
extracted with 1,000 ml of ethyl acetate. The ethyl acetate extract was evaporated in
vacuo to 100ml. w-Hexane was added to give crude precipitates of multhiomycin.

The precipitates were collected on a glass filter and washed with 10 ml of methanol.

Six grams of crude multhiomycin were obtained.
Further purification of multhiomycin was carried out by silica gel chromato-

graphy. One gram of crude multhiomycin suspended in 5 ml of ethyl acetate contain-

ing 10% dimethylformamide was charged on a silica gel (Mallinckrodt Chemical
Works) column (2.2x15 cm). Pure multhiomycin was eluted with the same solvent.
The active fractions eluted were collected and left at room temperature for 2 or 3

d

ays in test tubes to give yellow crystals of multhiomycin.
The crystals (60 mg) were pure pig> L ultraviolet spectrum of multhiomycin

enough for the physical and chemical in methanol.
characterization. The low yield by
this procedure is due to the low solu-

bility of multhiomycin in the solvent
system used and 60% of the activity
was not eluted. This part of activity

was eluted by dimethylformamide and
added to the next lot.

Properties of Multhiomycin

Multhiomycin forms yellow ne-
edle shaped crystals and melts at above

300°C (dec). One percent solution of
multhiomycin in dimethylformamide

shows no or negligible optical activity.
It is soluble in dimethylformamide,

500 mp

600

400

A = Alkaline

B=. Neutral and acidic

200[

'200

250 300 350 400

450
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pyridine, dimethylsulfoxideandFig.2.Infraredspectrumofmulthiomycin
,. , i 1 ,1 à" i i (KBrtablet)

slightlysolublein ethyl acetate,

methanol, ethanol, dioxane and
insoluble in water, glacial acetic

acid and other organic solvents.
Ultraviolet and visible spectra

show maxima at 328 m^ (E}?m 220)

and a shoulder at 420 mju (Ej?m 20)

in neutral and acidic methanol,

and at 292 mju (Ej?m 255) and at 406mju (El?

inFig.1.

Its infrared absorption spectrum measured in KBr disc is shown in Fig. 2.
The molecular weight was shown to be 1043 by isothermal distillation and the

elemental analysis suggests C^H^OnNuSs for its molecular formula.
Analysis : Calcd for C^H^OnNnSg, molecular weight 1064

C49.66, H4.26, O 16.54, N 14.48, S 15.06

Found: C49.74, H4.17, O16.74, N15.13, S15.03

Color reactions : positive - ferric chloride, Follin, Lemieux.
negative - ninhydrin, Fehling, Ponceau-3R, biuret.

Jl%
'lcm 132) in alkaline methanol as presented

T a b l e 4 . A n tim ic ro b ia l s p e c tr u m o f m u lth io m y c in

O rg a n is m

M in im a l
in h ib ito r y

co n c e n tra tio n
(m cg /m l)

O rg a n ism

M in im a l
in h ib ito r y

c o n c e n tra t io n
(m c g /m l)

A g r o ba c te r iu m tu m ef a c ie n s B 6 > 10 0 B o try tis c in er e a > 1 0 0

Bacillus c er e u s IA M 1 7 2 9 2 5 Botrytis f a b a e I A M - 5 1 2 5 > 1 0 0

Bacillus c ir cu la n s M S K 0. 0 0 6 C a n d id a u titis IA M - 4 2 1 5 > 1 0 0

B a cillu s s u b tilis P C I- 2 1 9 0 . 2 Cladosporium f u lv u m N IA S > 1 0 0

B a cillu s s u b tilis 1 6 8 0 . 0 5

0 . 0 0 6

Corticium s a sa h ii N IA S > 1 0 0

(M a r b u r g s tr a in ) C ry p toc o cc u s n e of o r m a n s IA M - 4 5 1 4 > 1 0 0

S arc in a lu te a N IH J F u s a r iu m lin i N IA S > 1 0 0

S e r r a t i a m a r ce sc en s IA M - 1 0 2 1 u > 1 0 0 Gibberella f u j ik u r o i N IA S > 1 0 0
Serratia m a r ce sc en s v a r . k ile n s is

A T C C - 9 9 8 6

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

C o r y n e b a c t e r i u m x e r os is IID
A e r o ba c ter a e r og e n es IA M - 1 0 6 3

E sc h e r ic h ia c oli N IH J

K l e b s i e l l a p n e u m o n ia e
P s eu d o m o n a s fl u o re sc en t IA M - 12 0 1

P s e u d o m o n a s s ola n a c ea r u m N IA S
P s eu d o m o n a s ta b a c i N IA S

S h ig e lla so n n ei IID

X a n th om o n a s o ry za e N IA S

Mycobacterium p h le i IID T im

> 10 0 G ib b er e lla s a u b in etii N IA S > 1 0 0

0 . 0 1 3

0 . 1

> 100>100>100>1000. 006

> 10 0

0 . 0 2 5
> 10 0

> 10 0

G lo eo sp or iu m k a k i N IA S > 1 0 0

G lo m er e lla c in g u la ta IA M - 8 0 5 0 > 1 0 0

G lo m er e lla la g en a r iu m > 1 0 0

H e lm in th o sp o r iu m ses a m u m > 1 0 0

H e lm in th o sp o r iu m sig m o id e u m > 1 0 0

! M a cr o sp or iu m b a ta tico la > 1 0 0

M u c o r r a m a n n ia n u s IA M - 6 1 2 8 > 1 0 0

O p h io bo lu s m iy a b ea n u s N IA S > 1 0 0

Penicillium ch ry sog en u m Q - 1 7 6 > 1 0 0

P ir icu la r ia o ry za e N IA S > 1 0 0

S a cc h a ro m y ce s ce r ev isia e

N IH J - F - 1 3 0

> 1 0 Q

M y co b a c te r iu m s m eg m a tis 6 0 7 > 10 0 Trichophyton m en tag r op hy tes > 1 0 0

A lter n a r ia k ik u c h ia n a IA M -5 9 0 5

A sp e rg illu s o ry z a e

> 10 0

> 10 0

N IH J - 6 4 0
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No reduction of activity was observed after heating for 5 minutes, 100°C at pH
2.0-5.0.

The minimal inhibitory concentration of multhiomycin is shown in Table 4.
The intravenous injection of 10 mg/kg to mice did not exhibit any toxicity and

administration at higher concentration was difficult because of its low solubility.
Studies on the mode of action of the antibiotic is now in progress. Details of the
investigation will be published in the following papers.

Discussion

Multhiomycin, a sulphur-containing antibiotic, is related to known antibiotics such
as siomycinll), thiopeptin12), thiostrepton13), althiomycin14) and taitomycin15). But from
the view point of elemental analysis and UV spectrum, these antibiotics with the

exception of taitomycin are differentiated from multhiomycin.
The difference between multhiomycin and taitomycin exists in their solubility in

organic solvents. The former is only slightly soluble in methanol, ethanol, ethyl acetate
and glacial acetic acid, but the latter is soluble in these solvents. Multhiomycin contains
more sulphur than taitomycin by their microanalysis. Thus, taking account of the above

data, it is concluded that multhiomycin is a new antibiontic.
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