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Distribution of Actinomycetes in Soil
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Enumeration of Microbispora and Streptosporangium Strains in Soil

(Part 2) Classification of the Isolates

Hideo Nonomura and Yuwao Ohara

(Faculty of Engineering, Yamanashi University, Takeda 4, Kofu)

The present paper is to report the results of a taxonomic investigation of actinomycetes
belonging to Microbispora, Sireptosporangium and other groups, which were isolated from
soil by the method described in the preceding paper (Part 1).

The 112 isolates obtained were identified as follows: (a) Genus Microbispora;
thermophilic 3 spp. and mesophilic 5 spp.. One of the mesophiles, Mb. parva grew at
50°C.  (b) Genus Streptosporangium; aerial mass colors were pink (5spp.) or greenish
gray (2 spp.). 3 of these species grew at 42°C, while the others did not grow at this
temperature. (c) Genus Thermomonospora (1 sp.), genus Thermoactinomyces (2 spp.)
and a special group of Streptomyces. (Table la, 1b)

Six groups, 2 of Mb, 4 of Ss., were described as new species or varieties. (See de-
scripion)

Growth inhibitory effect of sugar was observed in_some thermophiles. (Table 3, 4, Fig.
1). The growth of Ta. vulgaris T-86 on an oatmeal agar medium containing a 0.2%
yeast extract was completely inhibited by an addition of glucose (sterilized by filtration) at
0.5~2% to the medium; however, when the amount of the yeast extract was increased to
about 1%, the organism grew well.
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HEMB L UERS®

L HEEH BREosERcHOIEsLU
FHHEZEERD OBY TH D, SRR Mb B TR,
Ss & 1Tk DI RER I HE U7c16BRDEF 1128k T
HB. BBIEEBOI-DEHH O type culture, Henssen
D Mb. bispora ZHEMER L.

2. SHER AEBCr2IvOEBERROE
Risdb b &, TOMOERDS ISP OFEYIER
TERODOTEBURERD OFBICHE U TER L /.

SHEOBESEIRREEE SO TATRERR B
e, BBEEREEVEOETIC DN THRE Lok
Z D% COYEIT phenazine HAEMIE & X050 A
T2 iodinin & LTRD L. TOMBEHREERZE
BHERBROBOTH 3,

(1) Starch hydrolysis: Emerson’s yeast starch agar”

D55 Ke:HPO, 0.5g, pH 6.6 ictvZ (YS).

(2) Gelatin liquefaction: gelatin 200, peptone 5,
veast extract 2, glucose 2g, dist. water 1000 ml

pH 6.6.

(3) Antibiotics : YS /2|2 yeast ext.-malt ext.
agar® DFAFEERE (30°C 108, 50C 7 H) »ot
DB 1 BRAMEEAR LiC B0 7o, MBI Staph.
aureus IFO 3061, E. coli IFO|3044 AEF L7,

(4) Nitrate reduction: Difco nitrate broth iz yeast
ext. 0.5, glucose 1g/l #38i0L 7.

(6) Carbon utilization: Casamino acids 2, MgSO;-
7H,0O 0.5, K;HPO: 0.3, NaCl 0. 3, vitamin solu-
tion, trace metals,? carbon® source 5, agar 15g,
dist. water 1000 ml].

(6) OA-YG: OA-Y® jT glucose 2, glycerol 2g/L
B,

(7) Glycerol agar, glucose agar: (5) @ carbon

source % glycerol #7203 glucose & L7zd .

ERBERELUBE

1. S8 SEEROEEEN S X UEEEN R
2O TOERKERIL Table 1a, 1b, Fig. 2. 3 ¢

Table la. Groups and morphological characteristics of the isolates.

GI{?: Genus and species (Strain No.) Eool.a'?ef g:gﬁ% Sa?)re glsup!gm(',“)
1 Microbispora aerata (M;~52, 54) 14 | pBW-pP | 1.3X1.5
2 Mb. thermodiastatica® (M:-59, 60) 3 #” 1.3xL5
] Mb. thermorosea* (M:-63,64) 19 " 1.2x1.3
3’ | Mb. bispora (Henssen’s str.) - | W 1.3x1.5
4 | Mb. parva (M:-39, 5) 8 | pBW-pP | 1.1x1.2
5 Mb. amethystogenes var. nonreducans (Ma-17,41) 5 | pP-P 1.2x1.4
6 | Mb. chromogenes (M:-16,47) 9 ” 1.3xL5
7 Mb. diastatica (M:-20) 1 “ 1.5x1.8
8 Mb. rosea (M:-3,19) 11 ” 1.3x1.5
9 Mb. rosea var. nonnitritogenes (Ma2-50,1) 9 ” 1.2x1. 4
10 Streptosporangium m'ridogrisg:fz 8v)ar. kofuense™* 1 | GGy 0.4x1.0 | 12~20
11 Ss. pseudovulgare* S:-32) 3 | pP 1.2%x1.6 7~10
12 Ss. nondiastaticum* (S:-31) 3 P 1.3x1.5| 10~15
13 Ss. viridialubum var. reducens™ (S;~24) 2| pYGy 1.3x1.6 7~ 9
14 Ss. amethystogenes (S8:-27) 1 P 1.4x1.6 7~10
15 Ss. roseum (5:-102) 3 P 1.2x1.5 7~ 8
16 Ss. vulgare (S:-29) 4 P 1.0x1.3 7~10
17 Thermomonospora fusca (T-78,79) 3 | pB-pYB | 1.0x1.4
18 Thermoactinomyces monosporus (T-81) 1 | GyG 0.9x1.1
19 Ta. vulgaris (T-86) 3 | pYB 0.9%0.9
20 S”’{ii;'s’;‘iﬁi‘ie Group (S;-103, 105, 115, 117) S | BW |0.6xL1| (3~5)%

* New species.  ** New variety

a) p: Pale. P: Pink. Y: Yellow. B: Brown. G: Green. Gy: Gray. W: White.

b) Mass of spores.
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Table 1b. Physiological properties of the isolates.
~ [
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8 | + — -— + - - H | H H HH - - + + - ' -
9 + - - + - - =~ H H H - H - R e e
42 50 | 5
10 + + =+ - - 4+ - +H O H H o+ +H o+ H +H | -
11 + + - + - H W H H B - = + + + - } -
12 | + + - |+ — — H | H HH - - F K|+ - -
13 + - - + -+ H | H+ H -+ -+ - - -
M+ — = |+ 4+ H H o+ R+ R -+ - - s
15 + - - + - H H | H H A+ H H + o+ - — ! — Pl
16 | + — — |+ — H o= HHHHH | -+ - = =
50 55
17 0 — + + | = = = H# | - H# - -4+ £ x | = — | 48
18 - 4+ + + - H = - H - - - H - - +4GGy
¥ -+ + | - = H - | - - = = = H A H -] -
20 | + — — | + — —4hE| H H H# HH+ — + [+,——  — PL-
a) —; Growth similar to or less than the growth on basal medium.

The medium used was seemed to be inadequet for the test to the groups 3, 17, 18, 19

b) Y: Yellow. G: Green. Pl: Purple.

Gy: Gray.

¢) Dark yellowish to olive green in YS agar, pale purplish gray in AV agar.

d) In oatmeal agar.

Alic, EEOBELEEIHLVE, £, B#4U
BEDOBREIL DV TOIHEEHTHOTUCTR L.
A. Microbispora [& ki 5 50°C THBEL:
SRR IBEALEHERD BHRTHY, 1513 55C
THEBL 25C TRABLLEL. HaEo (1) Mb.
aerata® OEHEHT (2) Mb. thermodiastatica. (3)
Mb. thermorosea WA L. (2), (8) RBEEEL
WO EEERS T NE P EE OB S bITHLIL
TV2b005 %, 0CTHE L/ dDIHERET,
TARTHMEYD (4) Mb. parva, (5) Mb. amethy-

stogenes var. nonreducans, (68) Mb. chromogenes,
(7) Mb. diastatica, (8) Mb. rosea, (9) Mb. rosea
var. nonnitrogenes ONVTNIBICRIE S LIz, 72720
i (B) I3 glycerol ZELTX24kdbY, (M~
(9) Tl inositol, thamnose ME LT type culture
LEZDZHOEEL. 186 (6) 0BROMIBIIEMKE
HEREWTRESD, WY glycerol agar 220
HOMEROERICRGET GIEYE) 1Ba 51
LEETEHMEES type culture & X {—F L7,
DS EERRIZ Mb. Boh T RITEM SRR ED - 1.
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Table 2. Key to the species-groups of the isolates.

Microbispora

Aerial mass color:
A. White.
B. Pale brownish white to pink.

Thermophilic.:+eceerererese Mb. bispora

a. Thermophilic.:++ss+eeeeeeeee Mb. aerata, Mb. thermodiastatica, Mb. thermorosea

b. Mesophilic. a) Grows at 50°C.--

b) Dose not grow at 50°C.+---- Mb. amethystogenes, Mb. chromogenes

Streptosporangium
Aerial mass color:

Mb. diastatica, Mb. rosea

A. Pink. a) Grows at 42°C.---+-+++ Ss. pseudovulgare, Ss. nondiastaticum

b) Dose not grow at 42°C.-+-+
B. Greenish gray not grayish yellow green.
(C. Dark gray.-.---- Ss. rubcens, Ss. indianesis.

++++Ss. amethystogenes. Ss. roseum, Ss. vulgare
--------- Ss. viridogriseus, Ss. viridialubum

D. White.------ Ss. alubum, Ss. alubidum)

Thermomonospora and Thermoactinomyces
Spores formed singly on the aerial hyphae in form of a bunch of grapes....::-. Tm. fusca
Spores formed singly on the aerial and on the substrate hyphae.

Aerial mass color:

A. Dark green on Starch agar..--+-e-veeeees
B. White to pale yellowish brown.::.+«---+

Streptomyces

Spores coalesce to masses. Vitamins are essential.

Ta. monosporus
-------- Ta. vulgaris

............... St. mass-spore Group

(4) 1350°C THEBTE DN TH D type culture
HEBETHE -7, Lichi- TEED & 50°C T4
BEL7D BICb e T I DML b,

B. Streptosporangium B 42°C TEETES D
D, BFIEKEOFHEE (10) Ss. viridogriseus
var. Rofuense (&% 3 v ERIIZL), VIO HE
(11) Ss. pseudovulgare 311 (12) Ss. nondiasta-
ticum (ZAE L7, (10) @ Sporangium [THEH &
DB (20~48 ) X VDB BI/NE Y. 75 ARHE
WA S L BRI L s 5 (Fig. 2
D 4~10). 42°C THEE LR, b0 FHER (13)
Ss. viridialbum var. reducens O I3 BREIEEY
(14) Ss. amethystogenes, (15) Ss. roseum, (16) Ss.
vulgare CRAE I NI,

C. ZD/ioE  SEEOCRMHENIICR->7dDTH
%. Thermomonospora BT > Ti, SEEERIZNE
Nd BBRES LORT BEEY LRI —E
QA7) Tm. fusca WEBTZdOE LR (£4 I VER
75 L). Thermoactinomyces JBOD4 BRI (18) Ta.
monosporus® B XU (19) Ta. vulgaris® (£ 3 v
BERQL) gL, (U84 EHILbT3 AT
Ta. viridis &, (ADRKEADOBEIUEBRED
BT Ta. thermophilus LEET L TOAEHTHS.
Streptomyces BTI2, 12 & A EDIEFH—F Sporan-
gia £5DRFHREMED, £FICE S I VKA (£

74 FEREERETRFRECREY2R) OF
#(20) LI LIEDEES NIz, Micropolyspora &
bAEEIN B AR T BRA L. BEO wREr
Table 2 TR U7z

2. MBEICKBEFTHEE  Thermoactinomyces &
BX Thermomonospora BOSYEMRTIS BREEFR)
FislER DEHERE # (Casamino acids %4:2r) 12 glucose
xylosex’s £0. 5% RiNg 3 S WMIRMOMRL D EE
UTEin - 7o D THERIA 1. 0% A THEBR L iods € D
AL E SICF Ui » 7 (Table 3). Z OHERIER
A 5 To¥h oatmeal agar [CEERE T + X (Bacto yeast

Table 3. Carbon utilization (inhibitory effect) of
some thermophilic actinomycetes

Actinomycetes T-78 T-81 T-86
Basal medium® + + +
Glucose? — + +
Fructose - - -
Arabinose - - +
- Xylose - - -
Sucrose -+ + -+
Glycerol + + —
a) See text b) Sugar concentration, 1%.
++, —: Good growth, no growth resp. after a
week at 50°C.
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extract) ZBAREINZ, CNICEEFB L (70 2, BExF 2% 1% MNcEngd s LHEEFREES D
IIINEGREE U7 A A OBIMA T Ta. vulgaris 7z. R+ 20Kz Casamino acids #1724
T-86 OIaF MBI AERE L 55°C, 1 ~2 HER L. REMTLRBOKRETH - (Table 4). ZOHEIE
¥3i3 Table3 & Fig.1 ok diciy, ML+ KOVWTHEKREND, CORRIINSOBRED
DOEMPITNE glucose DIRMIZAB 2E2ME T2 ERETEZ DL FTHICEETH 2.

Table 4. Effect of the ratio glucose to yeast extract or casamino acids in agar media on the
growth of Ta. vulgris T-86.

Ostmeal agar Glucose*, % Basaé m‘iﬁnﬁr Glucose, %

0 0.5 1.0 0 2.0

0 - - - 0 — -

Bacto Yeast 0.2 + - - Casamino 0.2 + -
ext. % 0.5 + + - acids, % 0.5 + +
1.0 + + + 1.0 +H +

* Bacto Dextrose, certified; sterilized by filtration or by heat.
—: Good growth, no growth resp. after 2 days at 55°C. Spore suspension was used as the

inoculum.

Fig. 1. Effect of glucose and yeast extract added to oatmeal agar (OA) on the growth of
Ta. vulgaris T-86. After a day (plate) or two days (slant) at 55°C.

Slant 1: OA+yeast extract 0.2% (OA-Y).

Slant 2, 3 and 4: OA-Y +glucose 0.05, 0.1 and 1.0%, resp.

Plate A, B: OA-Y, OA+yeast extract 1.0%. 5 drops of 10% glucose solution had
been placed into a central cup, resp.

Abbreviations used in the following description: RSC=Reverse side of colony.
OA-Y =Qatmeal agar-Y MP =Morphological characters and
OA-YG=OQatmeal agar-YG. physiological properties.
YS=7Yeast starch agar (modified). y-b=yellowish brown.

AMC=Aerial mass color.
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Fig. 2. Genus Streptosporangium.
1: Ss. nondiastatica sp. nov. S;-31 on AV agar.

2: Ss. pseudovulgare sp. nov. S;-32 on AV agar.

3: Ss. viridialubum var. reducens var. nov. S;~24 on SE agar.

4-.10: Ss. viridogriseus var. kofuense var. nov. S;-28. 4, on YS agar. 5, segmented aerial
mycelium. 6, electron micrograph of spore chain in sheath. 7, sporangium stained. 8~10,
germination. 8, on agar. 9, 10 in liquid. 9, dehisced sporangium.

Description of taxa Growth on OA-Y: After 20 days at 50°C,

1. Microbispora thermodiastatica sp. nov. - growth moderate or poor. AMC white to pale
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Fig. 3. Genera Microbispora, Streptomy

ces, Thermon:onospora and Thermoactinomyces.

11: Mb. thermodiastatica sp. nov. M:-59 on AV agar.
12: Mb. thermorosea sp. nov. Ma-64 on AV agar.
13: St mass-spore Group S:-103 on YS agar.

14: Tm. fusca T-78 on YS agar.

15: Ta. monosporus T-81 on YS agar.
16: Ta. vulgaris T-86 on OA-Y agar.

y-b. RSC y-b. Soluble pigment pale y-b.

Growth on YS: Good. AMC white to pale
y-b. RSC y-b. Soluble pigment, pale y-b.

Growth on Glucose agar: AMC, pale pink.
No soluble pigment.

MP, in Table 1-Group 2 and Fig. 3-11.

3 isolates from soil were studied. Type culture
M:-59. Thermodiastatica; thermophilic and dia-
static.

The species differs from Mb. aerata® in the
negative properties to iodinin production and
nitrate reduction. It may be a thermophilic form
of Mb. diastatica.

2. Mjicrobispora thermorosea sp. nov.
Growth on OA-Y and YS: After 20 days at

50°C, growth poor, y-b, without aerial mycelium.
No solu’qle pigment.

Growth on Glycerol agar: AMC pale pinkish
white. RSC pale y-b. No soluble pigment.

MP, in Table 1-Group 3 and Fig. 3-12.

19 isolates from soil were studied. Type culture
M:-64.

The species is closely related to Mb. ther-
modiastatica but differenciated from it by not
hydrolyzing starch, and carbon utilization pattern.
Mb. bispora grows well on OA-Y or YS. AMC
always white. Dose not change milk. The carbon
utilization pattern was not cleared). Mb. ther-
morosea may by a thermophilic form of Mb.
rosea var. nonnitritogenes.
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8. Streptosporangium pseudovulgare sp. nov.

Growth on OA-Y: After one month at 30°C,
AMC pale pink, RSC pale brown. Soluble pig-
ment pale y-b.

Growth on YS: AMC pale pink. RSC light
brown. Soluble pigment pale y-b.

MP, in Table 1-Group 11 and Fig. 2-2.

3 isolates from soil were studied. Type culture
S,-32.

The species exhibits a good growth at 42°C,

Pseudovulgare; false-vulgare.

whereas Ss. vulgare dose not grow at all at
that temp. The former dose not utilize rhamnose
and inositol, while the latter utilizes them.

4. Streptosporangium nondiastaticum sp. nov.
Growth on OA-Y: After one month at 30°C,
AMC pink, RSC pale y-b. Soluble pigment pale
y-b.

Growth on YS: AMC distinct pink, RSC
orange. Soluble pigment y-b.

MP, in Table 1-Group 12 and Fig. 2-1.

3 isolates from soil were studied Type culture
S,-31.

The species is related to Ss. pseudovulgare in
growing at 42°C, but differenciated from it by
the larger sporangia and not hydrolyzing starch.
5. Streptosporangium viridogriseus Okuda et al.
var. kofuense var. nov.

Growth on 0A-YG and yeast ext.-malt ext.
agar: Growth good. AMC white becoming to
olive gray with spores.

MP, in Table 1-Group 10 and Fig. 2-4~10.

One isolate from soil was studied, S.-28. Kofu;
place name.

The sporangia of the variety are smaller (12~
20p) than those of the species (20~48u) reported
by Okuda et al.®> Nitrate is not reduced by the
variety, while reduced by the standard species.

6. Streptosporangium viridialbum Nonomura et
Ohara var. reducens var. nov.

The variety is diffrenciated from the species by
the ability to reduce nitrate and to utilize inositol.

MP, in Table 1-Group 13 and Fig. 2-3.

2 isolates from soil were studied. Type culture
Si-24.

7. Streptomyces mass-spore Group.

Growth on OA-Y and YS: Very poor.

Growth on OA-YG and Glucose agar: Good.
AMC white or pink. RSC y-b, purple or black.
No melanoid pigment. Vitamins are essential for

the growth. Spores usually coalesce to form typical
masses of spores.

MP, in Table 1-Group 20 and Fig. 3-13.

9 isolates from soil were studied. Representa-
tives, S,-103, 105, 115, 117.

The morphology is similar in some degree to
St. massanosporeus.®

8. Thermomonospora fusca (Waksman) Henssen

Growth on OA-Y and YS: After 20 days at
50°C, AMC pale y-b to pale brown. RSC y-b or
brown. Melanoid pigment weakly in media such
as Nutrient agar. Spore masses produced in form
of a bunch of grapes.

MP, in Table 1-Group 17 and Fig. 3-14.

2 isolates from soil were studied, T-78, 79.

The isolates differ from the standard species in
not hydrolyzing starch.

9. Thermoactinomyces monosporus (Lehmann et
Schiitze) Waksman

Growth on OA-Y: Poor.

Growth on YS: After 20 days at 50°C, growth
good, AMC greenish gray and RSC green black.
Soluble pigment dark gray. Substrate hyphae

about 1.0# in diameter.

MP, in Table 1-Group 19 and Fig. 3-15.
One isolate from soil was studied, T-81.
The isolate differs from the standard species in
changing milk.
10. Thermoactionomyces vulgaris Tsiklinsky
Growth on OA-Y and YS: Growth very rapid

and good at 50~55°C. AMC white to pale y-b

(Ivory Buff). RSC y-b. Soluble pigment none

or pale y-b. No growth on OA-YG (Table 3, 4,

Fig. 1). Substrate hyphae about 0.5z in diameter.

Growth Temperature: 35~62°C.
MP, in Table 1-19 and Fig. 3-16.
3 isolates from soil were studied. Representative,

T-86.

ERRATUM in the description in the previous
paper, this J., 38, 404, (1960) line 13: Starch not
hydrolyzed. —»Starch hydrolyzed.
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1. FERTHRE U7 Microbispora (Mb) BXU WL,
Streptosporangium (Ss) &I DEIREIENR 5 EE
Bl ->THOND LY L5720, RET 28 3 it
SAEE L 7- B IGEE B U AT B L b O 1) sk, I /_4::{ 47, 463 (1960)
12BN SRR A 1T » Fo i B4 7z, YA, A e aes 1 '
PRFRRET 2) Shirling, E. B., Gottlieb, D.: Inter. J. Systema--

2. (a) MbRRizmiato 3k, hiEto 5578 (Mb.
parva 13 50°C THEHE), (b) Ss BifaFre&EEL

TKEAD B0 b S RIKED 2, (3ER i;
42°C THEF LMD 4 ERARETES LX), (¢) 5)
FTERNICBE L 72 b DIZ, Thermomonospora | 1 1,
Thermoactinomyces [& 2 Fi & Streptomyces [&THr 6)
B30y 5hic (B Table 1),

3. Mb. thermodiastatica, Mb. thermorosea, Ss.
pseudovulgare, Ss. nondiastaticum, Ss. viridogri- D
seus var. kofuense, Ss. viridialbum var. reducens 8)
BFEE AR LCE#L T

4. ETOBRMRSETIZEY (glucose, xylose
BE) BINT L 5 EBEESREA SN Ta. vul-
garis T-86 T34 = & 0. 2% % 410 oatmeal agar 10

i glucose % 0.5~2.0% IRINT 5 &AEBMELICH
B, ZoOBMTIE T 22 1% cEnds &

tic Bacteriol. 16, 313 (1966).

B AR, /NE ARG 38, 401 (1960).

B AR, /NE D ASE 38, 406 (1960),
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7, 410 (1967).

Emerson, R.: Mycologia 5, 589 (1958).

Okuda, T., Furumai, T., Watanabe, E., Oku-
gawa, Y., Kimura, S.: J. Antibiotics, Ser. A
19, 121 (1966).

Waksman, S. A.: The Actinomyctes, 2, 300,
Williams & Wilkins Co., Baltimore (1961).
Shirling. E. B., Gottlieb D.: Inter. J. Syster
matic Bacteriol. 18. 144 (1965).

(78 44.8.6 ZH).
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