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Six strains of Streptomyces, all producing sclerothricin and forming
sclerotic granules on their vegetative mycelium, have been isolated from soil
samples of Japan. A comparison of the characteristics of these strains with
related Streptomyces indicates that these should belong to a new species,
named by us as S. sclerogranulatus Shimazu et Yonehara sp. nov. with No.
7672-MC4 as the type strain.

A new basic antibiotic sclerothricin1} was isolated from the culture broth of
Streptomyces strain No. 7672-MG4. The strain was characterized by the formation of
sclerotic granules on the vegetative mycelium and by velvety to cottony and almost
white aerial mycelium on several agar media. Strain No. 8898-CCl5 a strain isolated

afterwards, formed abundant sclerotic granules and had powdery and reddish-yellow

aerial mycelium on the same agar media, but, after successive transfers on agar slants,
the characteristics of this strain became similar to those of No. 7672-MC4. The same
was true of the other four strains. On the basis of comparative morphological and

cultural characteristics observed on various media, it is possible to group all the six
sclerothricin-producing strains as belonging to the same species with No. 7672-MC4 as

the representative strain.

Materials and Methods

Strains : Table 1 gives the preisolation information regarding the six strains under
study. Streptomyces candidus KCC STM-0195 (NRRL B-1517) and Chainia poonensis KCC
A-0071 (RIA 569) used for comparative studies with above strains were gifts from Dr.
AkioSeino,Kaken Chemical Co., Ltd., Tokyo.

Media : Media used for morphological, cultural and physiological studies were pre-
pared according to Waksman2) except the glucose-casein digest-yeast-beef agar ; N-Z-amine
A of Waksman was replaced by "Polypepton" Daigo (pancreatic digest of casein). Nutrient
agar, Loeffler's blood serum and the medium for nitrate reduction were prepared from

D

ifco'sdried media.

Inocula : Suspensions of washed mycelia obtained from shake cultures at 27°C in a
starch -casein digest-molasses-meat extract medium (10 : 10 : 10 : 10, g/liter) were used as
inocula.
Observation : Cultural characteristics were seen after 3, 7, 14 and 21 days of incu-
bation at 27°C. The color terms described are according to "Guide to Color Standard"3).

*Present address: Odawara Research Laboratories, Kumiai Chemical Industry Co., Ltd., Odawara,
Kanagawa, Japan.
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Table 1. The information of preisolation regarding the
sclerothricin-producing strains

S t r a i n N o . P la c e H a b ita t D a te o f is o la tio n

7 6 7 2 - M C * K a w a u c h i-c h y o , E h im e P re f . O r a n g e - o r c h a rd 6 4 1 0 1 6

8 8 9 8 -C C , N a k a y a m a - m a c h i, E h im e P r ef . O r a n g e - o r c h a r d '6 7  8 1 2

9 13 9 - S o N a g -a n u m a - m a c h i, F u k u s h im a P r e f. P in e - f o re s t '6 7 l l  8

9 1 4 0 - S ｫ N a g a n u m a - m a c h i, F u k u s h im a P r e f. K itc h e n - g a r d e n '6 7 l l  8

9 14 3 - S i N a g -a n u m a - m a c h i, F u k u s h im a P r e f. M u lb e rr y - fi e ld '6 7 l l  8

9 2 4 4 - S n W a k a y a m a c ity , W a k a y a m a P re f . O r a n g e -o r c h a r d '6 7  3 1 5

Morphology was studied by direct microscopy of the culture surface in Petri dishes on
sucrose-nitrate, glucose-asparagine and starch agar media as well as by electron micro-

graphs without fixing or shadowing the materials.

Plate A. Sclerotic granules of strain No. 7672-MC4
on glucose-asparagine agar.

Fig. 1. Sclerotia formation on the
vegetative mycelium, 14-day
culture (llOx).

Fig. 2. (a) Young sclerotum
after 7-day culture (550X),

(b) Mature sclerotum after
21-day culture (275x).

Fig. 3. Sclerotia of irregular-
forms, 14-day culture

(110X).

Fig. 4. Part of irregular-forms
sclerotia, 14-day culture

(lf100x).

Results

Morphological
Description

The sclerothricin-pro-
clucing strains formed

sclerotic granules on vege-

tative mycelium as do the

Chainia species (Fig. 1).

When freshly isolated

from soil, strains produced

abundant round-shaped
sclerotic granules 20^-150 ju

in diameter which consist-
ed of darkly pigmented
masses of hyphae with
spore-like cells (Fig. 2).
The sclerotic granules on
the agar surface had a

short flexuous crowded
aerial mycelium. After

several transfers on agar
slants, the sclerotic gra-
nules gradually assumed

irregular-forms, consisting
of darkly pigmented
masses of spore-like cells

along with the main

hyphae, and looked like
the cluster sporophores of

Micromonospora species
(Figs. 3, 4). Aerial my-
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late B. Aerial mycelium and spore chain of
strain No. 7672-MC4.

Fig. 5. Aerial hyphae touched on
agar surface. 14-day culture
on glucose-casein digest-yeast-
beef agar (1,100x>.

Fig. 6. Aerial mycelia after
14-day culture on sucrose-
nitrate agar (llOx).

Fig. 7. Aerial mycelium pro-
ducing masses of spores,
14-day culture on starch
agar (550x).

Fig. 8. Electron micrograph of
spore chain from 14-day
culture on starch agar

(6,700x).

celium was observed as
monopodial branches in
cluster. Aerial hyphae

touched on agar surface
became zigzag and irre-
gularly-branched short

aerial hyphae, and then
produced newly actino-

morphic substrate mycelia
at the branching parts

(Fig. 5). Sporophores were
straight (Fig. 6) and some-

times produced masses of

spores as observed in
Streptomyces massasporeus

Shinobu et Kawato5) (Fig.

7) and loop-like structures
similar to "unidentified
bodies" of S. luteocolor

Furumai et Okuda6). The

spores had a cylindrical
shape (0.5u by 1.3-1.7//),

a smooth surface and
phalangioform7) (Fig. 8).

Cultural and
Physiological

Characteristics
These characteristics

are summarized in Tables
2and3. Growth colors
of the strains were dull

yellow to reddish yellow
and colors of the aerial mycelium were white to pale yellow on most of the media.
When repeatedly transferred, texture and colors of aerial mycelium changed to velvety

or cottony and almost white from powdery and pale yellow to reddish yellow on
glucose-casein digest-yeast-beef agar, glucose-asparagine agar and glycerol-nitrate

agar. Soluble pigments were absent or very slight on most of the synthetic media

and were of pale yellow to dull yellow shade on some organic media. These strains
were mesophilic and nonchromogenic organisms having positive diastatic and pro-

teolytic properties. Sucrose was utilized as a carbon source for growth only by
strain No. 8898-GCv
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Table 2. Cultural characteristics of the sclerothricin-producing strains

M e d iu m C u ltu r a l  c h a r a c te r ist ic s

S u c ro s e - n it ra t e  a g-a r G :  t h in ,  c o lo rle s s  t o  y e llo w is h  g r a y ;  so m e  s tr a in s  m o d e r a te ,  d u ll  y ello w
AM  :  a b u n d a n t,  v e lv e ty  t o  c o tto n y ,  w h ite  to  w h it e  w ith  y e llo w is h  tin g e

S P  :  n o n e  o r  v e r y  slig h t ,  y e llo w is h

G ly c e r o l-n itr a te  ag a r G :  t h ic k  a n d  w rin k le d ,  d u ll  y e llo w  to  lig h t  r e d d is h  y e llo w
AM  :  a b u n d a n t,  v e lv e ty ,  w h it e  w ith  y ello w is h  tin g e

S P  :  y ello w ish  g ra y  to  p a le  o r a n g e

G lu co s e - a s p a r a g in e
G :  m o d e ra te ,  y e llo w  t o  r e d d ish  y ello w
AM :  a b u n d a n t ,  v e lv e ty ,  w h ite  w it h  y e llo w is h  tin g e ;  s o m e  str a in s ,  p o w d er y

a g a r pale  y e llo w  o r a n g e
S P  :  n o n e  o r  v e r y  slig h t ,  y e llo w ish

G ly c e r o l- c a lc iu m

m a la te  a g a r

G  :  m o d e ra te ,  y e llo w  to  lig h t  r e d d is h  y e llo w

A M  :  a b u n d a n t ,  v e lv e ty ,  p a le  y e llo w
S P  :  n o n e

S ta r c h  a g a r
G  :  m o d e ra t e ,  y e llo w  to  d u ll  y e llo w

AM :  a b u n d a n t ,  v e lv e ty ,  w h ite  w it h  y e llo w is h  tin g e
S P  :  n o n e  o r  v e r y  s lig h t,  y e llo w is h

G ly ce r o l- u re a
G :  t h ic k  a n d  w rin k le d ,  s lig h tly  p ee le d  o ff ,  lig h t  r e d d is h  y e llo w  to  d u ll

y e llo w

a g -a r A M  :  p o o r ,  p o w d e ry ,  w h ite  w ith  y e llo w is h  t in g e
S P  :  n o n e

N u tr ie n t  a g a r

G :  t h ic k  a n d  w r in k le d ,  p a le  y ello w  t o  d u ll  y e llo w
A M  :  p o o r ,  p o w d e ry ,  w h ite
S P  :  n o n e  o r  slig h t ,  p a le  y e llo w ish  b r o w n

G lu co s e - p e p to n e - G :  t h ic k  a n d  w rin k le d ,  d u ll  y e llo w

b e ef  e x t ra ct A M  :  m o d e ra te ,  p o w d e ry ,  w h ite

a g-a r S P  :  d u ll  y e llo w

G lu co s e - p e p to n e  a g a r
G  :  th ic k  a n d  w r in k led ,  r e d d ish  y e llo w ;  la te r  b e c o m in g  to  d a rk  y e llo w

A M  :  a b u n d a n t,  v e lv et y ,  w h ite

S P  :  d u ll  y e llo w

G lu co s e - c a s e in G  :  th ic k  a n d  w r in k le d ,  lig h t  y e llo w  o r a n g e  to  d a r k  y e llo w  o r a n g e

d ig e s t- y e a s t- b e e f AM  :  a b u n d a n t,  v elv e ty ,  w h it e  to  w h ite  w it h  o r a n g e  t in g e

a g a r S P  :  p a le  y ello w is h  b r o w n

O a tm e a l  a g a r

G  :  m o d e ra t e ,  y ello w  to  lig h t  re d d ish  y e llo w
AM  :  a b u n d a n t,  p o w d e r y  to  v e lv e ty ,  w h ite  w ith  o r a n g e  tin g e

S P  :  n o n e  o r  v e r y  s lig h t,  o ra n g e  tin g e

P o ta to  p lu g -

G  :  th ic k  a n d  w r in k le d ,  d u ll  y e llo w  to  lig h t  y ello w  o ra n g e
AM  :  a b u n d a n t,  v e lv et y ,  w h ite  w ith  y e llo w is h  t in g e

S P  :  p a le  y ello w

L o e f f l e r 's  b lo o d

s e r u m

G  :  m o d e r a te ,  p a le  y e llo w is h  b ro w n
AM  :  p o o r ,  p o w d e r y ,  w h it e

S P  :  p a le  y ello w is h  b r o w n

G e la tin

G  :  a t  s u r fa ce ,  m o d e r a te ,  y e llo w

AM  :  n o n e
S P  :  s lig h t,  p a le  y e llo w

M ilk

G  :  s u rf a c e  p e llicle ,  lig h t  y ello w  o ra n g e
A M  :  n o n e
S P  :  p a le  o ra n g e

G : Growth, AM : Aerial mycelium, SP : Soluble pigments.
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Table 3. Physiological characteristics of the
sclerothricin-producing strains

G r o w th  te m p er a t u r e
2 5 ~ 3 0 -Coptimum  g ro w t h

lim ite d  g r o w th 3 7 -C

n o  g ro w th a b o v e  4 2 -C
C h r o m o g e n ic ity

deep  b r o w n  p ig m e n t  o n  o rg a n ic  m e d ia
m ela n in e  fo r m a tio n  fr o m  t y r o s in e

S ta rc h  h y d ro ly s is +
N itra t e  r e d u c tio n +
C ellu lo s e  d e c o m p o s it io n

Acid  f o r m a t io n  fr o m  g lu c o s e +

+

P r o te o ly tic  a c tiv itie s
g e la tin  liq u e fa c tio n
m ilk  p e p to n iza tio n +
b lo o d  se r u m  liq u e fa c tio n +

C a rb o n  u tiliz a tio n
Glucose, fructose, mannose ,  ra ffi n o s e ,

m a n n ito l,  in o s it ol,  s u c r o se
+ +

(s o m e  str a in s)
X y lo s e ,  la c to s e ,  s a lic in +
A r a b in o s e ,  r h a m n o s e ,  su c r o se

(s o m e  s tr a in s )

Discussion

From morphological considera-
tions, strain No. 7672-MQ and the

others used in this study belong to
the streptomycete which produces
sclerotic granules. The main charac-
teristic of Chainia, proposed as a
separate genus by Thirumalacher4)

i

n 1955, was the formation of sclero-
tic granules as large aggregate masses
of the vegetative mycelium. This
raised quite a controversy and Gat-
tani8) and Waksman9>10) did not
accept Chainia as a distinct genus,
since the formation of sclerotic
granules was frequently observed
under some conditions amongst
Streptomyces species as well. Thiru-
malacher and Sukapure11}, however,
maintained that sclerotic granules
were produced on all media, no special conditions were needed and this dominant character

of the vegetative mycelium formed a stronger basis for generic differentiation than charac-
ters like septation, fragmentation of mycelium and thermophilic habitat. Krassilnikov12),

Kalakoutskii and Krassilnikov13), and Kuznetsovh) supported the genus Chainia since
sclerotia appeared to be a characteristic external diagnostic criterion and could be considered
towards differentiation of species and perhaps even of genus. Waksman's viewpoint was
supported by Becker et al.15) and Lechevalier and Lechevalier16'17) based on the chemical
composition of the cell wall ; Chainia had a Streptomyces-form cell wall. Majorova18)
however found fucose as a characteristic constituent of Chainia polysaccharides and not
in a strain of Actinomyces {Streptomyces).

Recently several taxonomic systems for actinomycetes have been proposed considering
the morphological characteristics only or both morphological characteristics and cell wall
compositions. According to these systems, Chainia was included in the genus Streptomyces
by Lechevalier and Lechevalier16), Hutter19) and Williams, Davies and Cross20) as a

sclerotic granule-forming streptomycetes and by Baldacci and Locci21) as a subgenus.
However, Chainia continues to be admitted as a separate genus by Krassilnikov22).

We have included the sclerotic granule-forming streptomycetes in genus Streptomyces
becauseof the following considerations. According to Thirumalacher and Sukapure10, the

character of the Chainia species generally changed to that of the Streptomyces species in
which the aerial mycelium and sporophores development predominated and the extent of
sclerotic development diminished by repeated transfers and maintenace over long periods

as artificial cultures. And they consider this phenomenon is similar to the loss of sporu-
lation character in streptomycetes on repeated transfers. The chainiae-form characteristics
à"of sclerothricin producing strains changed to those of the Streptomyces-ioxm by relatively

fewer transfers than are needed by the typical chainiae, like Chainia antibioticus and C.
poonensis. This would suggest that these strains are a kind of link (intermediate) between

the typical species of Streptomyces and those of Chainia. Taxonomically the loss or
diminution of sclerotic granules could not be compared with the loss or lack of sporulation
in Streptomyces, since formation of sclerotia is only one of the morphological characteristics
for separation of the consecutive group streptomycetes-chainiae. In fact the ability to form
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Table 4. Comparison of taxonomical characteristics of strain
No. 7672-MQ and Streptemyces luteocolor

S tra in  N o .  7 6 7 2 - M C , S .  lu te o co lo r

M e la n in e  f o rm a t io n n e g a tiv e n e g a tiv e
S p o re  s u rfa c e sm o o th s m o o th

Sporophores  m o r p h o lo g y st ra ig h t s tr a ig h t
S c ler o tic  g r a n u le s
S y n t h e tic  a g a r

G r o w th

fo r m a tio n n o t  re c o r d e d

p a le  y e llo w  to  r e d d ish  y ello w c re a m  to  g o ld
A e ria l  m y ce liu m w h ite  to  p a le  y ello w c r ea m  t o  lig h t  iv o ry  o r  p e a r l  p in k
S o lu b le  p ig m en t

O rg a n ic  a g a r

G ro w th

a b s en t  o r  slig h t a b s e n t

p a le  y e llo w  t o  d a r k  y e llo w b r ig h t  y ello w  to  a m b e r
A e r ia l  m y c e liu m w h it e ' c r e a m  to  lig h t  iv o r y
S o lu b le  p ig m en t d u ll  y e llo w  t o  st ra w a b s e n t

N itr a te  r ed u ct io n p o s itiv e n e g a t iv e
D ia s ta t ic  a c tiv ity p o s itiv e p o sitiv e
P ro t eo ly tic  a c tiv ity p o s itiv e p o sitiv e

sclerotia appears to be quite widespread among actinomycetes and is not restricted to<
 chainiae alone8>9>17>21'23). Also, it is not exactly known whether the mechanism of sclerotic
granule formation or their role in the life cycle is of consequence to the taxonomical
 evaluation of Actinomycetales.
  In view of the above, we have classified our sclerothricin-producing strains in the
genus Streptomyces Waksman et Henrici after comparison of their characteristics with
Streptomyces species described by Waksman24), Skirling and Gottlieb25>26) and others, as.
well as of Chainia by Kuzunetsovu) and Thirumalacher and coworkersn>27>28). The strains-
showed some resemblance of characteristics to Chainia {Streptomyces) poonensis Thiruma-
lacher in Kalakoutskii et Krassilnikov (1960)13), Streptomyces candidus (KrAssilnikov)
Waksman et Henrici (1953)24)  a variant of which produced the streptothricin-like anti-
biotic LL-AB 66429) and S. luteocolor Furumai et Okuda (1968)  the producer of the basic
water-soluble antibiotic BD-126). C. poonensis KCC A-0071, S. candidus KCC STM-0195
and our strain No. 7672-MC4 were compared for characteristics under the same experimental
conditions. S. candidus KCC STM-0195 differed from our No. 7672-MQ in that (a) its
aerial mycelium was of powdery texture and yellowish gray with olive tinge on most
media, (b) its growth color was colorless to pale yellow and (c) it did not form sclerotic
granules on the experimental media. C. poonensis KCC A-0071 was very similar to our
No. 7672-MC4 in respect to sporophore morphology, sclerotic granule formation and growth
color, but it gave little or no aerial mycelium on most media, utilized arabinose and
rhamnose but not raffinose, did not reduce nitrate and acquired little or no change in.
characteristics with respect to the Streptomyces-iorm after several transfers. S. luteocolor
was also compared with our No. 7672-MC4 and the results are summarized in Table 4.
This strain was relatively the most similar to No. 7672-MC4 except that (a) the color of
its aerial mycelium on glucose-asparagine agar was pearl-pink (belonging to Red Series,
according to Tresner and Bakus30)), it did not produce soluble pigments on any media
except whole egg medium and it did not reduce nitrate. The formation of sclerotic-
granules, however, was not recorded.
   The considerations outlined above lead us to conclude that the six sclerothricin-
producing strains are a new species of Streptomyces and are accordingly named as Strepto-
myces sclerogranulatus Shimazu et Yonehara sp. nov. because of their capacity to form
sclerotic

 granules, with strain No. 7672-MQ as the type strain.

                     Acknowledgement
  The authors are indebted to Dr. Akio Seino of Kaken Chemical Co., Ltd. for the gift of type
cultures of 5. candidus, C. poonensis and. other Chainia species.



596 THE JOURNAL OF ANTIBIOTICS DEC 1969

References

1) Kono, Y.; S. Makino, S. Takeuchi & H. Yonehaea : Sclerothricin, a new basic antibiotic. J.
Antibiotics 22 : 583-589, 1969

2) Waksman, S. A. : The actinomycetes. Vol. 2, pp. 328-334, The Williams & Wilkins Co., 1961
3) Japan Color Research Institute : Guide to Color Standard. Nippon Shikisai Co., Ltd., Tokyo,

1954
4) Thirumalachar, M. J. : Chainia, a new genus of the Actinomycetales. Nature 176 : 934-935, 1955
5) Shinobu, R. & M. Kawato : On Streptomyces massasporeus nov. sp. Bot. Mag., Tokyo 72 : 283

-288, 1959
6) Furumai, T.; K. Kaneko, N. Matsuzawa, M. Sato & T. Okuda : New basic water-soluble anti-

biotics BD-12 and BY-81. I. Taxonomy of the producing organisms and antibiotics production.
J. Antibiotics 21 : 283-289, 1968

7) Tresner, H. D.; M. C. Davies & M. E. Englert : Morphological subtype of the smooth-spored

streptomycetes. J. Bact. 91 : 1998-2005, 1966
'8) Gattani, M. L. : Production of sclerotic granules by Streptomyces sp. Nature 180 : 1293-1294,

1957
9) Waksman, S. A. : The actinomycetes. Vol. 1, p. 66, The Williams & Wilkins Co., 1959

10) Waksman, S.A. : The actinomycetes. Vol. 2, p. 5, The Williams & Wilkins Co., 1961
ll) Thirumalachar, M. J. & R. S. Sukapure : Studies on species of the genus Chainia from India.

Hind. Antibiot. Bull. 6 : 157-166, 1964
12) Krassilnikov, N. A. : Taxonomic principles in the actinomycetes. J. Bact. 79 : 65-74, 1960
13) Kalakoutskii, L. V. & N. A. Krassilnikov : On formation sclerotia by actinomycetes and sys-

tematics status of the genus Chainia. Trans. Inst. Microbiol. USSR No. 8 : 45, 1960
14) Kuznetsov, V. D. : A new species of the Chainia genus. Mikrobiologiya 31 : 534-539, 1962
15) Becker, B.; M. P. Lechevalier & H. A. Lechevalier : Chemical composition of cell-wall pre-

parations from strains of various form-genera of aerobic actinomycetes. Appl. Microbiol. 13 :
236-243, 1965

16) Lechevalier, H. & M. P. Lechevalier : Classification des actinomycetes aerobies basee sur leur

morphologie et leur composition chimique. Ann. Inst. Pasteur, Paris 108 : 662-673, 1965
17) Lechevalier, H. & M. P. Lechevalier : Biology of actinomycetes. Ann. Rev. Microbiol. 21 : 71

-100, 1967

18) Majorova, V. A. : Polysaccharides composition in actinomycetes of the Chainia genus. Mikro-
biologiya 34 : 956-959, 1965

19) Hutter, R. : Die Gattungen der Actinomycetales. Path. Microbiol. 28 : 567-574, 1965
20) Williams, S. T.; F. L. Davies & T. Cross : Identification of genera of the Actinomycetales.

Identification methods for microbiologists. Part B, pp. 111-124, Academic Press, 1968
21) Baldacci, E. & R. Locci : A tentative arrangement of the genera in Actinomycetales. Giorn.

Microbiol. 14 : 131-139, 1966
22) Krassilnikov, N.'A. : On taxonomy of ray fungi. Hind. Antibiot. Bull. ll : 1-ll, 1968
23) Baldacci, E.; R. Locci & J. R. Locci : Production of granules by Actinomycetales. Giorn.

Microbiol. 14 : 173-184, 1966
24) Waksman, S. A. : The Actinomycetes. Vol. 2, pp. 152-292, The Williams & Wilkins Co., 1961
25) Shirling, E. B. & D. Gottlieb : Cooperative description of type cultures of Streptomyces. II.

Species descriptions from first study. Intern. J. Syst. Bact. 18 : 69-189, 1968
26) Shirling, E. B. & D. Gottlieb : Cooperative description of type cultures of Streptomyces. III.

Additional species descriptions from first and second studies. Intern. J. Syst. Bact. 18 : 279-
392, 1968

27) Thirumalachar, M. J.; P. W. Rahalkar, P. V. Deshmukh & R. S. Sukapure : Production of

aburamycin by Chainia minutisclerotica, a new species of actinomycete. Hind. Antibiot. Bull.
8:6-9,1965

28) Thirumalachar, M. J.; R. S. Sukapure, P. W. Rahalkar & K. S. Gopalkrishnan : Studies on
species of the genus Chainia from India. II. Hind. Antibiot. Bull. 9 : 10-15, 1966

29) Sax, K. J.; P. Monnikendan, D.B. Borders, P. Shu, L. A. Mitscher & E. L. Patterson : LL-AB

664, a new streptothricin like antibiotic. Abstr. Papers of 7th Interscience Conference on
Antimicrobial Agents and Chemotherapy, pp. 22-23, Oct. 25-27, 1967 (Chicago)

:30) Tresner, H. D. & E. G. Backus : System of color wheels for streptomycete taxonomy. Appl.
Microbiol. ll : 335-338, 1963


