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A new antibiotic, named kinamycin1'2), has been isolated from the fer-
mentation broth of Streptomyces murayamaensis sp. nov. Hata et Ohtani,
which was obtained from a soil sample collected in Murayama, Saitama-ken,
Japan. Kinamycins, produced as components A, B, C, and D as a mixture,
are quinone antibiotics which show strong inhibitory activities against gram-
positive bacteria. Details of the fermentation, isolation, and physico-chemical
and biological characteristics are given.

In a previous communication1), characteristics of the new antibiotic complex,
kinamycins A, B, G and D, were reported briefly. The present paper reports the
fermentation, isolation, purification, and properties of the four components.

Materials and Methods

In the initial investigation on kinamycin fermentation, reproducible data could
not be obtained, since kinamycin was unstable in the fermented broth and potencies

of the antibiotic decreased rapidly during the fermentation.
In order to obtain a good yield of kinamycin and stable fermentation, various

conditions of the fermentation were examined and the cultural conditions for the anti-
biotic production were established. Further, rapid qualitative and quantitative analyses
of kinamycin in the fermented broth were established.

Strains : The antibiotic-producing strain, Streptomyces murayamaensis sp. nov.
Hata et Ohtani was maintained on Krainsky's agar slant and freeze-dried stock in

the usual way.
Fermentation: The medium shown in Table 1 was always used for the culture

including preincubationandfermentation,andsterilized^.,.,~
Table1.Composition of

at 121°G for 15 minutes. Adekanol LG-109 (Asahi Elec- medium

t

ro-Chemical Co., Ltd.) was used as an antifoam agent. (Preincubation and fermenta-
& tion medium)

Standard fermentations in 3U-liter jar iermentor
were made under the following conditions: A 500-ml

shake flask containing 125 ml of the liquid medium was
inoculated from the agar slant, incubated on a recipro- ThepHofmedium wasadjusted

, ,. ,. nnnr^ r ar\ ar> i to7.0withNaOHbeforesteriiiza-å 
catmgshakingmachineat27Clor40^48hours as a tion.

G lu c o se 2 . 0.

Soybean m e a l 2. 0.

N a C l 0. 3 ^
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Table 2. Effect of temperature and presterile pH on kinamycin
fermentation in 5-liter fermentor
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The 600 r.p.m. agitation and 5 liters/min aeration were used.

seed culture and transferred to 20 liters of fermentation medium in a 30-liter stainless
steel jar-fermentor. Ten percent of vegetative inoculum, by volume, was used.

The fermentation conditions were as follows : Temperature, 26-27°C ; aeration,
30 liters/min; agitation, 300 r.p.m. ; pressure, 0.5 kg/cm2. Samples were collected at
8-hour intervals to determine pH, mycelium, volume, and residual sugar in the

usual way. In addition, examination of various conditions for kinamycin fermenta-
tion was made with 5-liter jar fermentors as shown in Table 2.

Kinamycin production in 400-liter tank was carried out in the same way as that
in a 30-liter jar-fermentor except for aeration of 80 liters/min and agitation of 200
r.p.m.

Analysis of kinomycin : Kinamycin in the fermented broth was analyzed by the
following three procedures :

(1) Agar diffusion method : The antibacterial activity was estimated by the paper
disc or cup method in the usual way. A mixture of kinamycins C and D, the main

components, was used as the standard for estimation of the antibiotic.
(2) Golorimetric method : The ultraviolet and visible spectra of kinamycin show

characteristic absorption at 390~450 m/i, assigned to the naphthoquinone skeleton.

After fermentation, the culture broth was withdrawn and its filtrate was extracted

with the same volume of benzene. The optical density of the benzene extract was

d

etermined at 390 mju.

(3) Thin-layer chromatography : The sample prepared from the benzene extract
was applied on a thin-layer chromatographic plate of Kieselgel G (Merk) treated with
2% H2SO4 and a mixed solvent of benzene-acetone (5:1, v/v). Kinamycins A and
B (Rf:0.60), and G and D (0.25) were detected on the thin-layer chromatogram.

Results

Isolation of Main Components of Kinamycin
During the isolation and purification process, antibacterial activity was assayed by

paper disc method with Bacillus subtilis PCI-219 as a test organism. Four active
components of kinamycins were isolated from the broth culture in a 400-liter tank

by extraction with an organic solvent as shown in Fig. 1.

Kinamycins from the filtered broth (200 liters) were extracted with benzene (1/5,
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Fig. 1. Isolation and purification of kinamycins A, B, C and D

Broth culture (200 liters)
filtration at pH 8.2

Broth filtrate
extraction with benzene (1/5 v)

Benzene layer (18 liters)
evaporation to dryness
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Silica gel column chromatography

Kinamycin A-B mixture (12 g)
addition hexane

ppt
Silica gel column
chromatography
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(treated with 2 ;
benzene-acetone

H2SO4)

Kinamycin C-D mixture (32 g)
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Yellow needles Orange needles
(crystd. from EtOAc) (crystd. from EtOAc)

A (1.2g) B (1.0g)
Yellow needles Orange needles

(crystd. from EtOAc) (crystd. from CHC13)

v/v) at pH 8. Benzene extract was then evaporated under reduced pressure and a
syrup (197g) was obtained, which solidified on treatment with 600 ml of hexane. The

crude powder (126 g) thus obtained was column chromatographed over Kieselgel (0.05

~0.2mm) treated with 2% H2SO4 using a mixture of benzene and acetone. First

active fractions eluated with a mixture of benzene and acetone (20: 1, v/v) were col-

lected and evaporated in vacuo to give A and B mixture (12g). A mixture of G and

D (32g) was eluted with a more polar mixed solvent (benzene-acetone, 5:1, v/v).

A and B mixture was chromatographed over Kieselgel (0.05-0.2 mm) using a mixture

of chloroform and ethyl acetate (15:1, v/v) as a developer and components A (1.2g)

and B (1.0g) thereby obtained crystallized from chloroform as yellow and orange
needles, respectively. By the same procedure, the components C (10g) and D (9.6g)

were separated from their mixture by elution with chloroform-ethyl acetate (5:1,

v/v) and crystallized from ethyl acetate to yellow and orange needles, respectively.

Thin-layer chromatography of the complex on Kieselgel G (solvent system : GHG13-

EtOAc, 3:2) gave Rf values of 0.89, 0.82, 0.47 and 0.39 for these four components,

A, B, G, and D, respectively.

Physico-chemical Properties

Physico-chemical properties of each of these components, A, B, G, and D5 of

k

inamycin are summarized in Table 3.

The kinamycins are soluble in methanol, chloroform, ethyl acetate, and benzene,
hardly soluble in ether, and insoluble in petroleum ether, hexane, and water. Kina-
mycins are stable in neutral or acidic solution, but not in alkaline solution and

acetone.
The ultraviolet and visible absorption spectra of kinamycins in neutral, acidic, and

alkaline methanol indicate an absorption characteristic of quinone3) as shown in Fig. 2.
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Table 3. Physicochemical properties of kinamycins A, B, C and D

A B c D

m . p . (-C ) 1 3 9 - 1 4 2 (d e c .) 1 9 0 - 19 3 (d e c .) 15 0 - 1 53 (d e c .) 17 0 - 17 5 ( d e c .)

[a ] $ (' 1 , C H C 13) - 6 0 - - 4 8 - - 2 4 C - 3 7 -

E le m e n ta r y
c 58. 3 0 % 58. 5 2 % 58. 4 0 % 58. 13 %

H 4. 0 3 3 . 9 1 4. 1 5 3. 9 4

a n a ly s is fo u n d N 5. 4 2 6. 7 4 5 . 3 3 6. 1 7

0 3 2 . 2 5 3 0 . 8 3 3 2 . 1 0 3 0 . 7 6

Molecularweight Mass M+ (m/e)osmotic pressuremethod
5 1 5 4 1 5

4 9 6

5 1 5 5 1 3

M o le cu la r fo r m u la C 24H 20N oO l, C onH igN oO o C 24H 20N 2O lO C 22H 18N 2O 9

E l%
icm

800}

400

As shown in Fig. 3, the

infrared spectra of kinamy-

cins show absorptions assigned

to quinone carbonyl (1660~

1620 cm"1), ester carbonyl (1725

cm"1), and isonitrile or nitrile

(2155 cm *) as functional

groups commonto these com-

ponents. The NMR spectra

of kinamycins A, B, G, and

D are given in Fig. 4.

Based on analytical data,

measurement of the number

of protons in NMR spectrum

and mass spectrum, molecular
formulae of C24H20N2O10,

C20H16N2O8, C24H20N2O10, and

C22H18N2O9 are proposed for

kinamycins A, B, G, and D,

respectively. These mole-

cular formulae were derived

from the elemental analyses

Fig. 2. UV and visible spectra of kinamycins A, B, C and D
1%

s in MeOH

fn 0.1NHCI-MeOH

in o.!N NaOH-MeOH

200 300 400 500 600 700mp

800

600

400|

zoo[

200 300 400 500 600 700 300 400 500 600 700mjj

and mass spectra of derivatives obtained during structural studies on these components,
which will be reported in the following paper. The molecular formulae given in our

short communication are corrected to these. Since these components were positive to
colorreaction with ferric chloride and alkaline solution, presence of a phenolic hy-

droxyl group in the molecules can be established, and the presence of a quinone as

thechromophore was confirmed from the reaction with rhodamine and ammonia, and

with l-phenyl-3-methylpyrazol-5-one4).
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Fig. 3. IR spectra of kinamycins A, B, C
and D (KBr)

Fig. 4. NMR spectra of kinamycins
A,B, CandD

,:1

7 6 5 4 3 2 i Oppm

B(60Hz, DMF-d7)
1

3600 2600 2000 /800 1600 /400 1200 1000 800 600 400 ZOOcm"

Biological Properties
Antimicrobial activities of kinamycins

by the agar dilution method are listed in
Table4. As can be seen from Table4,

7 6 5 4 3

D (100Hz, CDCl3)

oppm

oppm
each component is strongly active against gram-positive, but less active against gram-
negative bacteria. Among these four components, B and D are more active than A
andG. The minimum inhibitory concentration of component B is 0.012 mcg/ml
against Vibrio comma. The antitumor tests of kinamycins G and D for Ehrlich ascites
carcinoma or sarcoma-180 were carried out. G showed some survival effect by intra-

peritoneal injection in 0.1 and 1 mg/kg, but D showed no tumor inhibition effect5).
The acute toxicity (LD50) of the four components in mice was approximately 30~40
mg/kg each, intravenously.

Production

The optimum conditions for kinamycin production in 5-liter fermentors were
worked out by keeping all the factors constant except one which was varied within
a reasonable limit and the following conditions were found necessary for keeping the
good fermentation : presterile pH, 8.0 ; high agitation, 600 r.p.m. ; adequate aeration,
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T a b le  4. A n tim icr o b ia l s p e c tr a o f k in a m y cin s A , B , C a n d D

T e s t o r g a n is m
M in im u m in h ib ito r y c on ce n tr a tio n ( m cg /m l)

A D

B a cillu s s u b tilis P C I-2 1 9 0. 0 2 4 0. 0 1 2 0. 1 9 0. 0 1 2 *

B a cillu s a n th r a c is 0. 1 9 0. 0 1 2 0. 1 9 0. 0 2 4 *

Staphylococcus a u r e u s F D A 2 0 9 P 0. 7 8 0. 0 1 2 0. 7 8 0. 0 2 4 *

Staphylococcus a u r eu s'' S M - (R ) 1. 5 6 0. 0 0 6 0. 3 9 0. 0 2 4 *

S ta p hy lo co c cu s a lb u s 0. 0 2 4 0 . 0 1 2 0. 3 9 0. 0 2 4 *

S tr ep to c o cc u s h a e m oly tic u s (C o o k ) 1 0 0 1 2. 5 1 2. 5 5 0

S tr ep to c oc cu s h a e m o ly tic u s (N Y - 5 ) 1. 5 6 3. 1 5 1 2. 5 1 2. 5 * *

S tr ep to c oc cu s h a e m o ly tic u s (S -8 ) 6. 2 5 6. 2 5 1 2. 5 1 2 . 5 * *

M y co b a c te r iu m 6 0 7 2 5 6. 2 5 6. 2 5 6. 2 5 *

E sc h e r ich ia co li N IH T > 1 0 0 3 . 12 10 0 1 2. 5 *

V ib r io co m m a > 1 0 0 0 . 1 9 2 5

1 0 0

12 . 5 *

2 5

V ib r io c o m m a In a b a 9 0 4 5 0 0. 0 9

Klebsiella p n e u m o n ia e > 1 0 0 1 2 . 5

P se u d o m o n a s a er u g in o sa P - 1 > 1 0 0 > 1 0 0 > 1 0 0 > 10 0

P s eu d o m o n a s a er u g in o sa P -2 > 1 0 0 > 1 0 0 > 1 0 0 > 10 0

Salmonella ty p h o sa 9 0 1 W > 1 0 0 6. 2 5 > 1 0 0 12 . 5 *

S a lm o n ella p a r a ty p h i A > 1 0 0 > 1 0 0 > 1 0 0 2 5

S a lm o n ella en ter itid is g a er tn er ii > 1 0 0 > 1 0 0 > 1 0 0 > 10 0

S h ig e lla d y se n te ria e > 1 0 0 2 5 > 1 0 0 2 5

P r o te u s vu lg a r is O X - 1 9 > 1 0 0 1 2. 5 > 1 0 0 6. 2 5

Neisseria g o n or r h o ea e 5 0 1 2. 5 > 1 0 0 5 0

S a c ch a r o m y c es s a k e > 1 0 0 M O O > 1 0 0 > 1 0 0

C a n d id a a lbic a n s > 1 0 0 > 1 0 0 > 1 0 0 > 1 0 0

A sp e rg illu s n ig er > 1 0 0 > 1 0 0 > 1 0 0 > 1 0 0

P e n i c i l l i u m c h ry s og e n u m Q - 17 6 5 0 > 1 0 0 > 1 0 0 1 2. 5 * * *

Inoculum size : One loopful of test organism
Medium: * Nutrient agar ** Blood agar *** Potato agar

Fig. 5. A typical time course of kinamycin fermentation
1.0:

' 0.5

d o}

7.0,

aoh

ao

5.0

5 liters/min ; inoculum size,

10 %; temperature, 27°C.

In particular, the essen-

tial condition was to adjust

presterile pH of the medium

to 8.0 with NaOH.

Fig. 5 shows the fer-

mentation patterns from a
30-liter jar-fermentor. The

qualitative analysis by thin-
layer chromatography is
summarized in Fig. 6. Ac-

cording to this result, there are two peaks of potency during the fermentation. The
first peak was present at 24 hours and agreed with a maximal growth. The second
peak appears at 48 hours and there is a marked accumulation of kinamycin in this
phase. These two peaks seem to be closely related to the carbohydrate metabolisms
because there was a marked tendency for the exponential decrease of the residual
sugar in the broth, resulting in the acceleration of kinamycin production. It was
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Fig. 6. Thin-layer chromatogram of kinamycin

fermentation
Absorbent : silica gel (treated with H2SO4)
Developer : benzene-acetone (5 : 1)
Detection : UV lamp and visible color

Rf
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dark brown
reddish purple

KinamycinsA + B

yellowish gr@@r?

funder UVIamp)

KfnamycinsC*D

pale yellow
(active spot )

observed that a total amount

of A and B at the first peak
was higher than the second

peak but, during the fermen-
tation, C and D were the

m

ain components, and A and
B were the minor. In addi-
tion, a slight amount of an-

other active spot (Rf 0.1) was
detected at a later stage of
the fermentation.

Discussion

On the basis of physico-
chemical properties, kinamy-

cinsA, B, G, andD seem to

have a closely related structure. While several quinone antibiotics, such as frenolicin6),

aquayamycin7), tetrangomycin8), bostricin9) and julimycin10) were reported, kinamycins

having an infrared absorption maximum at 2155cm"1 assignable to a nitrile or

isonitrile group can be differentiated from other antibiotics lacking this absorption.

Acknowledgements

The authors express their sincere thanks to Mr. Hiromasa Kato and Mr. Mikio Tanimoto, Kyowa
Hakko Kogyo Co., Ltd., for their kind collaboration.

References

1) Ito, S.; T. Matsuya, S. Omura, M. Otani, A. Nakagawa, H. Takeshima, Y. Iwai, M. Ohtani &
T. Hata : A new antibiotic, kinamycin. J. Antibiotics 23 : 315-317, 1970

2) Presented at the 169th Scientific Meeting of the Japan Antibiotics Research Association, Tokyo.
Sept. 19, 1969

3) Singh, I.; R. T. Ogata, R. E. Moore, C. W. J. Chang & P. J. Scheuer : Electronicspectra of sub-
stituted naphthoquinones. Tetrahedron 24 : 6053-6073, 1968

4) Feigl, F. : Spot Tests in Organic Analysis, pp. 332-334, Elsevier Publishing Co., New York,

1966

5) Presented at the 90th Ann. Meeting of the Pharmaceutical Society of Japan, Sapporo, 1969
6) Van Meter, J. C.; M. Dann & N. Bohonos : Isolation and characteristics of frenolicin. Anti-

micr. Agents Ann. 1960 : 77-80, 1961
7) Sezaki, M.; T.Hara, S.Ayukawa, T.Takeuchi, Y. Okami, M. Hamada, T.Nagatsu & H. Umezawa :

Studies on a new antibiotic pigment, aquayamycin. J. Antibiotics 21 : 91-97, 1968
8) Dann, M.; D. V. Lefemine, F. Barbstschi, P. Shu, M. P. Kunstamann, L. A. Mitscher & N.

Bohonos : Tetrangomycin, a new quinone antibiotic. Antimicr. Agents & Chemoth.-1965 :

832-835, 1966
9) Noda, T.; T. Take, M. Otani, K. Miyauchi, T. Watanabe & J. Abe : Structure of bostricin.

Tetrahedron Letters 58 : 6087-6097, 1968
10) Tsugi, N. & K. Nagashima : Studies on julimycins. II. Tetrahedron 24 : 4233-4247, 1968


