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A further characterization of Actinomyces tumemacerans Krassilnikov and
Koveshnikov, 1962 strain INMI P-42 was carried out. It is classified in Section
Monoverticillus-Spira, Series white to gray. When the organism was shake-
cultured in a wheat flour medium, an antibacterial antibiotic with limited
antitumor activity was isolated from the culture filtrate and a tetraene anti-
biotic from the mycelial cake. The antibacterial antibiotic proved to be
closely related to or identical with BA-180265 A (kanchanomycin) reported by
Liu et at. in 1963.

A strain designated INMI P-42 was isolated from a soil sample from Askania
Nova in the Ukrainian SSR and proposed as a new species Actinomyces tumemacerans
by Krassilnikov and Koveshnikov in 19621}, because of its activity on plant tumors
caused by Agrobacterium tumefaciens. Since then, its secondary metabolites have
been studied and characterized by Russian scientists2>3). The antibiotics produced

werenamedP-42A, P-42JB, P-42E and P-42S. None of them have been obtained in

pure state or adequately identified as yet. Using paper chromatographic methods,

Tokhtamuratov and Silaev3) concluded that strain INMI P-42 produces four anti-
biotics similar to nystatin (P-42B), rimocidin (P-42E), cycloheximide (P-42A) and

streptomycin or kanamycin (P-42S), when the organism was incubated in fish extract

medium containing glucose.

Subsequently, Maevsky and one of the present authors4) recognized that strain
INMIP-42, when incubated in a wheat flour medium, also produces activity against
Ehrlich ascites tumors and leukemia L-1210 in vivo.

In this paper, comparative studies of strain INMI P-42 with known streptomycetes.
and further purification and identification of the antibiotic active against animal
tumors in vivo are discussed.

Experimental

A. Characterization of Actinomyces tumemacerans Krassilnikov
and Koveshnikov, Strain INMI P-42

1. Morphology.
Strain INMI P-42 produces primary verticils with open coils as shown in Plate 1.
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Plate 1. Morphology of spore chain of Actinomyces tumemacerans strain INMI P-42

Table 1. Cultural characteristics of Actinomyces tumemacerans strain INMI P-42

M e d iu m G r o w th A e r ia l m y c e liu m
V e g e ta tiv e m y c e liu m S o lu b lepig m e n t

Y e a s t e x tr a c t a g a r

S ta r c h a s p a r a g in e a g a r

A b u n d a n t

P o o r

Scant, g r a y is h w h ite Straw y e llo w t o b r o w n N o n e

N o n e

(5 b a ) (2 ic )

N o n e P u n c tifo r m , w h ite

Egg m e d iu m

Calcium h y d r o x y su c c i-

A b u n d a n t

M o d e r a te

A b u n d a n t

S c a n t, p o w d e r y , w h ite Much w r in k le d , b ro w n ish N o n e

S c a n t,

(3 c b ) straw to c in n a m o n (3 p g )

M o d er a te , p o w d e ry , Cream w h ite to b r o n ze

n a te a g a r

G lu c o s e b o u illo n

ash g r a y w ith b r o w n is h

eu c a ly p tu s g r e e n tin g e

( 2 d c )
S c a n t , d u ll w h ite

b r o w n ( 1 ic )

Membranous a n d fl oc c u la n t ,creamy w h iteM in u t e c o lo n ie s , s p re a d in g -,

cream w h it e w ith b ro w n ish
tin g e

g r e en ish

N o n e

T y r o s in e a g a r F a ir N o n e F a in t ,

y e llo w is h

( ) : Delineated by color wheels made with tabs from IVth eddition of the Color Harmony Manual.

Accordingly, it would be categorized in Section Monoverticillus-Spira Pridham et al.5)

Typical morphology of sporophores was observed on glucose-asparagine agar and modi-
fied chitin medium6). The spores are short and cylindrical (0.45x0.7 ju). Their surfaces

are smooth with some irregularities when examined under the electron microscope.
2. Cultural and physiological characteristics.

Growth characteristics of the strain on yeast extract agar, egg medium, calcium
hydroxysuccinate agar, glucose bouillon and tyrosine agar7) are summarized in Table

1. The color names described were taken from the Color Harmony Manual8) and the

Dictionary of Color9). Growth was moderate to abundant depending on the medium

used. Vegetative mycelium was white, later becoming brownish cream on almost all
media. A purplish or greenish tinge developed in vegetative mycelium growing on

some chemically-defined media.

The aerial mycelium formed was scant and white on most media except for
calcium hydroxysuccinate agar, on which it is moderate, powdery and grayish white
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with greenish tinge.
A slight yellowish brown soluble

pigment was produced with some chemi-
cally-defined media.

The physiological properties of

strain INMI P-42 are shown in Table 2.

Nitrate reduction, blood haemolysis and
serum liquefaction were positive. Dia-

static action, cellulose decomposition and

m

elanin formation were negative. The

media used for these tests were listed in

Table 2. Physiological characteristics of
Actinomyces tumemacerans strain
INMI P-42

A c tiv ity R e su lt M e d iu m

N itr a te  re d u c tio n P o s it iv e M e d iu m  f o r
n it ra t e  r e d u c tio n

B lo o d  a g a rH a em o ly sis P o sitiv e

S e ru m P o sitiv e

N e g a tiv e

L o f f l e r 's  s e r u m
liq u e fa c tio n m e d iu m

D ia st a tic  a c tio n S ta r ch  a g a r

C e llu lo s e
d e c o m p o sitio n

M e l a n i n  fo r m a tio n

N e g a tiv e C e llu los e  m e d iu m

N e g a tiv e T y r o s in e  a g a r

thetable.
3. Comparison of strain INMI P-42 with known Streptomyces species.

Streptomyces or Streptoverticillia classified in Section Monoverticillus-Spira are
Streptomyces echinatus, S. netropsis, S. circulatus, S. matensis10) and Streptoverticillium
rubrireticuli var. pimprinan).

Streptomyces echinatus was classified in Section Monoverticillus-Spira by Waks-
man10). However, Locci et al.12) noted that the micromorphology of this species is

clearly pseudoverticillate and not verticillate. This also was the case in our own
observation of S. echinatus strain IFM 1076. 5. echinatus is further differentiated from
strain INMI P-42 in its yellow to greenish yellow growth and soluble pigment, and

its ash gray aerial mycelium.
Streptomyces netropsis differs clearly from strain INMI P-42 in its production of

red aerial mycelium, spore chains with curling tips and brown soluble pigment on
proteinaceous media.

Streptoverticillium rubrireticuli var. pimprina was described as being biverticillate
with spiralled spore chains, but the illustration showed it to be monoverticillate with
coils. On the other hand, the vegetative growth contains patches with a reddish tinge

o

wing to the presence of the reddish antibiotics (streptorubins A and B).
The growth characteristics of strain INMI P-42 were further compared with the

descriptions of S. circulatus and S. matensis as shown in Table 3.

Table 3. Comparison of growth characteristics of Actinomyces tumemacerans strain
INMI P-42 with Streptomyces circulatus and Streptomyces matensis

P r o p er ty A .  tu m e m a cer a n s S .  cir c u la tu s S .  m a ten sis

C o l o r  o f  v e g e ta tiv e  m y c e liu m White  t o  b r o w n is h  c r e a m
w it h  p u r p lis h  t in g e
W h ite  o r  gr a y is h

C o lo rle s s C o lo r le s s  to  p u r p lish

if   a e r ia l  m y c e liu m W h ite W h itis h  to  lig h t  g r a y

 s o lu b le  p ig m e n t

Calcium  h y d r o x y s u c c in a t e  a g a r

    V M

S lig h t,  y e llo w is h  b r o w n N o  d e s c rip t io n F a in t  b lu is h

M od e ra te ,  b ro n z e  b r o w n N o  d e s c rip t io n P o o r

A M M o d e ra te ,  a s h  g ra y N o  d e s c rip t io n N o n e

S P S ca n t,  p u r p lish N o  d e s cr ip t io n N o  d e s c r ip t io n

M e la n in  f o r m a tio n N e g a tiv e N o  d e s c rip t io n S a id  to  b e  p o s itiv e

A n t a g o n ist ic  p r o p er ty T h e  c ry s ta llin e  a n tib io tic L im ite d M a ta m y c in
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Streptomyces circulatus is weakly proteolytic and shows limited antagonistic activity

and produces abundant aerial mycelium on chemically-defined media. Furthermore,
Hutter in 196713) and Locci et al.12) reexamined S. circulatus and stated that the

species does not produce true verticils.
Streptomyces matensis is differentiated from strain INMI P-42 by its weakly pro-

teolytic activity, pinkish to violet-gray reverse color and gray aerial mycelium on
chemically-defined media, poor growth without aerial mycelium and production of
faint bluish soluble pigment on calcium hydroxysuccinate agar, and production of the
antibiotic matamycin. On the other hand, strain INMI P-42 produces brownish cream
reverse color with purplish or greenish tinge, slightly yellowish brown soluble pig-
ment, no melanin pigment, and a yellowish orange colored antibiotic which is active
against bacteria, yeasts, HeLa cell cultures and Ehrlich ascites tumor in vivo.

Therefore, we agree with Krassilnikov and Koveshnikov's proposal that strain

INMI P-42 represents another species of Actinomyces.

B. Isolation and Characterization of the Antibiotics from Strain INMI P-42
Strain INMI P-42 was shake-cultured in flour medium containing 20g of wheat

flour, 0.05g of yeast extract and 0.5g of Polypeptone in 1 liter of tap water(pH 7.4).
Incubation was carried out at 27°C for 4 days. When 0.25 ml/mouse/day of the

culture filtrate was administered intraperitoneally to mice with Ehrlich ascites tumors
starting 24 hours after implantation and continuing for 7 successive days, prolonga-
tion of life span without increase in body weight was observed. The culture filtrate
also exhibited antibacterial, antifungal and anti-HeLa cell activities.

A flow sheet for the isolation and purification of the antibacterial and anti-tumor
antibiotic of strain INMI P-42 is shown in Fig. 1.

Methanol extracts of mycelia did not show any activity against Ehrlich ascites

t

umor in vivo, but were active against HeLa cell cultures, and fungi. Only slight
activity was noted against bacteria. The principal antibiotic isolated from this my-
celial extract was an antifungal tetraene. It was not further characterized and

Fig. 1. Extraction flow sheet

4 Days culture
i ' ,

Mycelium Filtrate
extracted with MeOH extracted with EtOAc

I : I I I
Mycelium MeOH layer EtOAc layer Aq. layer
discarded concentrated in vacuo concentrated in vacuo discarded

extracted with Et2O extracted with Et2O

ppt Silica-gel ppt
(Tetraene) column chromatography discarded

developed by CHC13
Combined yellow fractions

concentrated in vacuo
Yellowish orange syrup

recrystallized from CHC13
The crystalline antibiotic
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its relationship to antibiotics P-42B and P-42E is not known. The ether-soluble

f

raction of the mycelial extract was combined with that of the culture filtrate.
The main active fraction of the culture nitrate was extracted with ethyl acetate

at pH 7. The yellow solvent layer was concentrated in vacuo and again extracted
withether.

The ether-soluble fractions were combined and further purified by chromatography
on a silica gel column. By developing the column with chloroform, active fractions
pigmented yellow were eluted. These fractions were combined and concentrated, and
the resulting yellowish orange crystalline antibiotic was recrystallized from chloro-
form. All fractions other than the ether and chloroform-soluble fractions were
inactive against Ehrlich ascites tumor in vivo, although some of them showed anti-
microbial activity. The antifungal tetraene also was obtained from these fractions.
It was not further characterized.

The purity of the crystalline antibiotic was determined by thin-layer chromato-

graphy employing five solvent systems. Only a single spot was detected with each
solvent system. As summarized in Table 4, the Rf values were 0.73, 0.65, 0.46, 0.1 and

0.0 in acetone-methanol-acetic acid (1 : 1 : 1), 1-butanol-methanol-10% citric acid

Table 4. Paperchromatographic
characterization of the
crystalline antibiotic

Solvent system

Acetone -methanol - acetic acid
(1:1:1)

1-Butanol -methanol - 10^
citric acid (4 : 2 : 2)

1-Butanol -acetic acid - methanol
(3:1:1)

Benzene -ethyl acetate - methanol
(10:2.5:1)

Water

Fig. 2. Ultraviolet absorption spectra of the crystalline

antibiotic and BA-180265 A (in MeOH)

BA-180265 A

4oonju

Fig. 3. Infrared absorption spectra of the crystalline
antibiotic and BA-180265 A (KBr disc.)

BA-I80265 A

à"i , , i i i » t > i i 1 1 1 1 1 1-I

3500 30QQ 2000 1700 1500 1300 WOO 900 800 650Cm~l
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(4 : 2 : 2), 1-butanol-acetic acid-methanol (3 : 1 : 1), benzene-ethyl acetate-methanol
(10 : 2.5 : 1) and water, respectively.
  Interpretation of the ultraviolet and infrared absorption spectra (Figs. 2 and 3)
suggested that the crystalline antibiotic was closely related to BA-180265 A (kanchano-

mycin; Ihndrisu)) isolated by Liu et al.n) and Rao et al.1Q) from an unidentified

streptomycete.

  Physicochemical properties were compared with those of BA-180265 A as shown
in Table 5. Some differences in physicochemical properties were observed.

Table 5. Physicochemical properties of the crystalline antibiotic and BA-180265 A

P ro p er ty T h e c r y s ta llin e a n tib io tic B A -1 80 2 6 5 A

M . P . ( -C ) 2 5 0 ~ 2 5 5 2 6 5 - 2 6 8

I> ] D ( C H C 13) - 3 0 0 - - 6 3 4 - * - 5 8 5 - * *

UV m a x (m ju ) 2 2 9, 2 5 3, 3 0 5, 3 7 5 2 3 1, 2 5 2 , 3 0 0, 3 7 0

C ry s ta l Y ello w is h o r a n g e p ris m Bright y e llo w p r is m

S o lu b le in M e 2C O , C H C L , E t2O , M e O H M e 2C O , C H C I3, E t aO , M e O H

In s o lu b le in H 20 H 20

Color c h a n g e w ith c o n e . H 2S O 4 O ra n g e - b ro w n to g re e n O r a n g e -b r o w n t o g r e e n

c o n e . H N O * P u r p lis h - r ed P u r p lis h -r e d

F e C L D e e p g re e n D e e p g r e e n

Recrystallized from acetone.Recrystallizedfromchloroform.

The melting point of
the crystalline antibiotic is

250-255°C after repeated re-

crystallization while that of

BA-180265 A is 265~268°C.

Specific rotation in chloro-
form is -634° and -585° for

BA-180265 A recrystallized
from acetone and from

chloroform respectively, but
for the crystalline antibiotic,

Table 6. Biological activities of the crystalline
antibiotic and BA-180265 A

A ctiv it y a g a in s t
T h e c ry s ta llin e a n tib io tic

B A - 1 8 0 2 6 5 A

S tap h y lo c o cc u s a u r e u s 1-0.0078 in c o m p le te 0 .0 0 05

B a c illu s su btilis P C I 2 19 0 .2 5 N o d es c r ip tion

C a n d id a a lb ic a n s 0 .0 0 7 8 0.0 0 02

A sp er g illu s n ig er > 1 .0 N o d e s c r ip tio n

H e L a c e ll c u ltu r e 0. 1 d e s q u a m a tio n L e th a l a ctiv ity
0.05 c y to to x ic ity at 0. 005~ 0. 0 1

E h r l ic h a s c it es tu m o r 1 0. 0 - 5 0. 0 * M a rg in a l a c tiv ity

N

umber indicates minimum inhibition concentration in mcg/ml.
* : Effective dose in mcg/ml (0.25 ml/day/mouse for 7 days intra-

peritoneally).

it is -300°. The solubility of both antibiotics is about the same. The present antibiotic
gives an orange brown color with concentrated nitric acid and a deep green color with

alcoholic ferric chloride. These reactions are identical with those described for BA-
180265A.

The LD50 for the crystalline antibiotic was found to be 375 mcg/kg of body weight
when given to mice intravenously, but mice tolerated 12.5 mg/kg by intraperitoneal

administration.
Biological activities of the crystalline antibiotic and BA-180265 A are compared

inTable6. Liu et al.16) and Rao et al.U) reported that BA-180265 A is active against

Staphylococcus aureus at a concentration of 0.0005 mcg/ml and against Candida albicans

at 0.0002mcg/ml. On the other hand, the minimal inhibitory concentration of the

crystalline antibiotic was 0.0078 mcg/ml against Candida albicans strain YU-1200 and
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Plate 2. Cytotoxicity of the crystalline antibiotic (0.005 mcg/ml)

Normal : Elongation

Bizarre nuclei Desquamation

Staphylococcus audeus strain FDA 209P was incompletely inhibited in the range from

0.0078 to 1.0 mcg/ml. The crystalline antibiotic also inhibited Bacillus subtilis strain

PCI 219 in a concentration of 0.25 mcg/ml but was not inhibitory to Aspergillus niger

i

n a concentration of 1.0 mcg/ml.

BA-180265 A is reported to show lethal activity in concentration from 0.005 to 0.01

mcg/ml against HeLa cell cultures and only marginal activity against the standard

mouse and rat tumors. Our crystalline antibiotic exhibited anti-tumor activity in vivo
when 2.5~12.5 meg/mouse/day was administered to mice with Ehrlich ascites tumor.

HeLa cell cultures were desquamated at a concentration of 0.1 mcg/ml; and at a

concentration of 0.05 mcg/ml cytotoxicities such as desquamation, roundation, elonga-

tion and bizarre nuclei were observed as shown in Plate 2.

Discussion and Conclusion

In 1962, Krassilnikov and Koveshnikov described Actinornyces tumemacerans

which produces antibiotic active against plant tumors. They reported the formation

of druses on the aerial mycelium.

The results of the present experiments have shown that these druses are the con-

glomeration of spiralled verticils which are attached to long, straight branches.

Additional information on the mycological aspects of A. tumemacerans is given and

the strain is classified in Section Monoverticillus-Spira, Series white to gray.
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  The principal antibiotic elaborated in the culture filtrate when the strain was

shake-cultured in wheat flour medium was identified as kanchanomycin (BA-180265 A)

like compound on the basis of its physicochemical and biological properties. It is

possible that the discrepancy between our results and those of Liu et al.15) lies in the
purity of both preparations. The strain also produces a tetraene antibiotic (not

further

 characterized) in the mycelium.
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