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Taxonomy of the Streptomyces torulosus strain exhibiting
potential for biological control
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Abstract: The actinomycete strain SCY311, which exhibited antifungal activity against various plant
pathogenic fungi, was isolated from the soil samples collected from Fenghuang Mountain in Henan
province in China. Identification of strain SCY311 was conducted by the methods of traditional and
molecular biological taxonomy, including determination of morphological characteristics, cultural
characteristics, physiological and biochemical properties, cell wall components and 16S rRNA se-
quences analysis. Results showed that strain SCY311 grew well on Gause's synthetic agar plate. The
color of substrate mycelium appeared brown, while that of aerial mycelium went from gray to mouse
gray. The strain SCY311 neither produced the soluble pigment nor exhibited hygroscopicity. Spores
were arranged in coil chains and the branched spore chains formed open or closed spirals. Spores were

oval or columned in ship and the spore wall ornamentation category was knobby. Physiological proper-
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ties and cultural characteristics of the strain SCY311 on the ISP media were in close agreement with that

of the Streptomyces torulosus. The 16S tRNA gene sequence of strain SCY311 showed 99.9% similarity

to that of S. torulosus. Based on the results above, the strain SCY311 was identified as S. forulosus.

Keywords: Streptomyces torulosus, Spore morphology, Taxonomy, Antibiotic activity
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MR 2 2 8] B9 4577 R (Knobby) 28, I 4l ks H %
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SCY311 J&FR AT g 2 8 5 i KLU L S
Hh g3 B R — PR X 22 B R ) o i L TR B RS B s
R TR o 12 bR R AE AR BRAE AR RRAE . KR FRFRAE LA
16S rRNA A 55 H 15 S. torulosus #H3T, HA-F4h
BEWIE A5 RIS

1 MRS
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L1l BEHRIR: LW SCY311, Ff R i W
Magnaporthe grisea, TR Ustilaginoidea virens,
INZZ SR T Gaeumannomyces graminis var. tritici,
INFE SRR B Rhizoctonia cerealis, /N3 770K H
Fusarium graminearum, 1 K/\NBEWR E Bipolaris
maydis, KK KBEIRE Exserohilum turcicum, FAK
TR KR E Curvularia lunata, T KT MR E
Phytophthora capsici, V9JINRIEIEE Colletotrichum
orbiculare, T8 )\KFJRE Botrytis cinerea FHHEL IR
I Alternaria alternata W m AV K=Y
o B AR B W0 T A= IR IR ST 2 A B RRAT

112 EERAFIFEE: Fk DNA $2 UL &
H R AL RO A RA A PCR =Py it
& R BGAT & R Marker 210 H L SER AL
YR H BRAF]; 75 E Eppendorf /A ] Mastercycler
pro S 7 PCRAY; HAHALZF] S-3400N-IT AY4T 4
L OB

1.1.3 EBHFE: HIK—5(G-1); SR EEE MBS
(PDA); [EPREERE T RIASP)HELER 7 Pl FRIER:
Fredk, oy oh R R B BUIR (ISP 1) &2 2RI
TEHUR (ISP 2). MEEZHURASP 3). LHLERTEM LR

Pythium  aphanidermatum,

Colletotrichum  graminicola,
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(ISP 4). H Il RABENINRASP 5). BkiE (M MLk
HHUNEASP 6)FIEHE FBE (ISP 7). DL B3EFREER
B 1) 77 7k 2 DL SCHk (9]

1.2 A&

121 HEREMNE: RASER LI K
ATFLERRE G-1 AR FREE BIEFR 5 d M
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ZJH PDA “FA L 30 mm AL ES AR B o TE
[l —2fHZk ), 28 °C #5157 2 d ¥ EHAZH 5 mm 1Y)
bR JRUE B DF M R PDA ERRm T, E 3
ML, 27 °C ¥55% 5-7 d J&, WA 98 (SCY311
TRV 300 2% 2 [m) A0 s D T T 7 00 2 1Y) L R RS ),
¥ SCY311 4l 72T 28 °C Kigs 30 d ), Hig s
G-1 RHE B SR B ARSL1G 5%, 100 F 1, F 1 ZEMR 51
TR 30 d IR R G-1 BHm i 3L, iE N F 2,
WKBLFEH:, HEF SR, /N ORI BN FE AR,
FIXF IR 4 I E F 1. F2. F3, F4FIF 5
BRI S PLE P

122 EEREFHMENE: KM kst
PITR 22 o ) FE 44 v 7 S0 A O 2 4 7B R T 1Y
TEARHEFFHA IR . 55 R ARAE S IR [12)42 5 19 (o
T E A

1.2.3 EEEHFMENE: #ik SCY311 Ay HA:
A 2 B SCHR[13]

1.2.4 YRR UZFES S RAPEERZ
PRI RR SCY 311 AT 4 40 i B S L R Kb R
I3 o

1.2.5 16S rRNA [F5I5#7: 5% 2 U0 )5 ik
PEBUFERR SCY311 BYFE 415 DNA FH:%} 16S rDNA

A #E4T PCR $738 017 Primer A: 5-AGAGTTTGAT
CCTGGCTCAG-3', Primer B: 5-~AAGGAGGTGATC
CAGCCGCA-3', PCR L W &1FH: 94 °C 4 min;

94 °C 1 min, 55 °C 1 min, 72 °C 2 min, 30 ME¥;
72 °C 10 min; 4 °C f#ff. PCR ¥ H TaKaRa
Agarose Gel DNA Purification Kit Ver. 2.0 [A[Ui,
SRIG AT S AL RN B D 30 UE, % 05 09 BRL i 5 AR
Yy TR CRIE ) A BRA W) 58 L% 51000 o B i A5 119
16S rRNA FF5#E48 & GenBank, - S55IEETFEA
J¥ 513847 BLSAT 4307 LUk, 326 5 Im] 14 95 v 1 e 25
WA 16S rRNA JFHIE RS A4, B ]
ClustalX 1.8 {4172 & ¥ 51 VT B HE S (Multiple
alignments)7#7, iEit MEGA 4.0 54, RA4BHEL
(Neighbor-Joining)#4) & 2 45 HEALRHHT

2 5RE50W

2.1 E#k SCY311 BONE L

IR 2536, Wk SCY311 XF U. virens. P.
aphanidermatum . P. capsici. C. orbiculare 5§ 14 Ff
9 S LR H A BRI S PO (E 1, & D B
MRIESHE 5 UG, KF/INZZ ORI T R 5P i 1 O
FEARAR (K 2), 1EBH % B AR X /N2 SOk o B A A e
PSP, A — A BT RE .
2.2 E#E SCY311 BIFAS RIEFHHE

PR SCY311 7E G-1 #5373k BA K 1-3 d i), 1
HERAM, ZEEHEKOERKEG, RREEDS%
AR, AR GER, TTRKIRG 5N TR 2
Rik, 208 RAERLFE, BFEEEMl, Kb
B G B TR R e, A R s R AR, R B
BLEE RS (1B 3), 5 SCHR[8 4R IE 125 R — 3.

E1 Bk SCY311 4 MEMHFREEENIIENR
Fig. 1 Inhibition effect of strain SCY311 on four pathogenic fungi strains
Note: A: U. virens; B: P. aphanidermatum; C: P. capsici; D: C. orbiculare.
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TE ISP 6 [ /EdtEEn kAR b, HIom it
R A,
2.3 BEkk SCY311 B4 IR 4 4HE

M 3 AL, FEkk SCY311 REM A Ak, TE#
IKAEES, BEF=A: HoS MIMRMER, NREMihkERE 5
Wfk, WA E, F4E ALK, mhrh
7% AIFIALEE . BUEME . SRWE . REHE. HERRE.
BRI RAKE, ASHHBTH AR FAR 75

2 EHR SCY31 @R IE TR 7 X/ & SUi s & A 0
1R

Fig. 2 Inhibition effect of different generations from the
original strain SCY311 on Rhizoctonia cerealis

Note: F 1, F 2, F 3, F 4 and F 5 means the number of generation
from the original strain SCY311, respectively.

SCY311 7¢ ISP #5375k AR FRERE L 2, 1A
BEFE ISP 1. ISP2 FI ISP 6 FAEK BRI, KAWL

{6, FENE AR AR, 7 ISP 3 ISP 4 HI ISP 7
EAERKRE B, SERZKGERKA, N
Yot ISP 5 DRSS, NP4 O, R

3 B SCY311 2 F R FRIRSLEH(x10 000)
Fig. 3 Morphological structure of the spore chain and
spores of strain SCY311 as observed with scanning electron
microscopes (x10 000)

F1 SCY311 X 10 MEYFREREENIES
Inhibition effect of strain SCY311 on ten pathogenic fungi strains

Table 1

L 97 D L TR Bk LI I L TR T
Plant pathogenic fungi Inhibition belt (mm) Plant pathogenic fungi Inhibition belt (mm)
Alternaria alternata 14.6 Gaeumannomyces graminis var. tritici 13.3
Botrytis cinerea 15.3 Exserohilum turcicum 16.2
Bipolaris maydis 13.2 Fusarium graminearum 13.4
Curvularia lunata 11.8 Magnaporthe grisea 12.8
Colletotrichum graminicola 13.5 Rhizoctonia cerealis 18.1

%2 TEHk SCY311 7E ISP =75 & F HOE FR454E

Table 2 Cultural characteristics of strain SCY311 on ISP media

B vk AR AL AATH BN TR 22 AR
Media Growth Aerial mycelium Substrate mycelium Soluble pigment
Tryptone yeast extract broth (ISP 1) Abundant Gray Dark brown None
Yeast malt agar (ISP 2) Abundant Gray Brown None
Oatmeal agar (ISP 3) Moderate Mouse gray Colorless None
Inorganic salt starch agar (ISP 4) Moderate Gray Colorless None
Glycerol asparagine agar (ISP 5) Poor Trace (Pale gray) Light brown None
Peptone yeast extract iron agar (ISP 6) Abundant Gray Brown Yellow brown
Tyrosine agar (ISP 7) Moderate Gray Colorless None
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F 3 BEHE SCY311 BYE TR (h4S1E

Table 3 Physiological and biochemical properties of
strain SCY311

W55 g KRIE C

Test items Results carbon source Results
Melanin pigmentation + D-fructose +
Production of H,S + D-glucose +
Liquefaction of gelatin 4 D-mannitol +
Starch hydrolysis W D-xylose s
Coagulation of milk - I-inositol s
Peptonization of milk = L-arabinose =
Nitrate reduction + L-rhamnose +
Degradation of cellulose = Raffinose =
Tolerance to NaCl Up to 7% Sucrose +

Note: +: Positive results; —: Negative results; W: Weak.

2.4 EHk SCY311 BB (L FH N iR

Y0 BE K fE A TCL A B4 R W, B bk
SCY311 (auMaREfbdi s &4 LL-DAP, H&
SR KAE TR, TORHEERE, FERL C, 40k b
HorIE T 1A, A7 E5ER s 1A= o ket
2.5 BHRSCY3Nl IR FLELER

BiFk SCY311 fY 16S rRNA FEFIKFE N 1522 bp,
GenBank & % 5§ GU045546 . ¥ % ¥ 4 5
GenBank il FE P AHOC T 41T BLAST 4017, ik
B[RV A e 1Y 10 AREE 25 AT R PR I 16S rRNA J7 51
WERGE K EW, K 4 PR, Fk SCY311 5 S
torulosus (AB184686)F1 S. hygroscopicus (AB184560)

b T HEAARS T [A]— 433, [RPESA A 99.9%. (H
S, W SCY311 FE4lRGF7 B h A oK L4,
H B A AR S S, hygroscopicus AR, BT,
SCY311 WIHJETF S. torulosus. Lyons X%t S. torulosus
AT RSB st S, torulosus F S, hy-
groscopicus TE53 2% 1 5E R, Tresner HD 2R
i S. hygroscopicus il 3 145 14 FFAEHE I IH A 4%
FE#I(Rugose), 1M Lyons WIAK S. hygroscopicus 1
R RS KR O, TR 3R
AT 1) G0 245 ) 53 B A8 % 3k 7 v 5 o B K 3
%, 4 S. torulosus R FN S. hygroscopicus AR ¥
X3P ITR . WERATHBFSSE SRR A, S. torulosus 5
S. hygroscopicus WIBIAFAE—E ML E R o

3 i

FEWE IR TR PR B RS FRARAE . AR B AL RRAE D96 T
RIMETFIERYEERT L, 454 16S RNA FFHI0Hr
2, Bk SCY311 % MIRR R R W, B
%K S. torulosus SCY311,

F Lyons 1 Pridham T 1971 4E 4 AR S. to-
rulosus LI, BT X HAF R M5 I T T 8 MR
AHARF T AN, i o L2 B ik H At T B4 A 5T 3R
i . GenBank BdlifEr, Bk T 3ATHLACH 16S rRNA

F51(GU045546)4b, 84 2 4-F41, B AB184686 Fll
AJ781367, 43l H AR 2%3% Tamura (2004)F1 L)

82— SCY311 (GU 045546)

67 Streptomyces torulosus (AB184686)

99

fol | B B o e
— ' Streptomyces hygroscopicus subsp. (AB184560)

89 L Streptomyces ogaensis (AB184505)

Streptomyces ipomoeae (AY207593)

Streptomyces neyagawaensis (NR025868)

Streptomyces bottropensis (FJ546735)

Streptomyces diastatochromogenes (NR025867)

57 — Streptomyces deccanensis (EF219459)

95 |— Streptomyces scabiei (AY207603)

0.002

90 < . oo
Streptomyces enropaeiscabiei (AY207598)

4 ETE# SCY311 16S rRNA 75 5iE % 16S rRNA 754552 i) % 4t it 1L i
Fig. 4 Phylogenetic tree based on 16S rRNA sequences between strain SCY311 and other closely related species
Note: The figures at each branche points represent precentage based on 1 000 resample; Numbers in the parenthesis are the sequence acces-

sion numbers in GenBank; Bar: 0.002 sequence divergence.
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I *74% Lanoot (2005)#252, A1 8] Y )3 41 [m] P51
BN 99.9%. LI E 16S tRNA FEFI M4 FENIE T
Lyons %527 MU 11 12 0B S S5 A R X B 5 T
Fror R SE Rz . o 13— LW Bk SCY311
2z, FATIEME TH 165-23S rRNA ISR
51 (GenBank & 5% 5 GU358066), {HJ&7E BLAST
X &5 R A 5 Z IBEL S, hygroscopicus Fl
S. torulosus 16S—23S rRNA ISR J¥51], FMTMEHs
FEh A KR S. hygroscopicus F S. torulosus
MIAR OG5, LW I P vh o i iR IR AT IX 2 g
B 16S-23S rRNA ISR JFHI4RAE, Xt it T
16S-23S rRNA ISR J¥8 73 M i I 7E TR £ 1 73 e bk
S8 Ry R

Lyons Al Pridham AN, ZEFIfEFBHMET,
S. torulosus ¥ 3R 1A 1Y) 5 2 45 ¥4 Sy 4H B BE 2 1
(Ornamentation) N 7] 73 H () 4 43 2 —; 1 7E 355 ST L
BiN, SRSy MR A ZE RS R, L [RDRS
TEF INBE I FobR (Flakes) 45 44, B2 X 5l F Dietz
P B RIR . AR . BRI GRS TR B
Pk SCY311 B34 A A A 25 R 73 ) 5 SR [ 7] . [8]
B 25 R T O 5 R B, SCY 311 i T AR e
5 S. hygroscopicus i FHMRELE R AT 25 EL 0L, 15 S.
torulosus f-T-HMNEELS KW &, JE TR ZE IR ISHE
TE 3G SRR AN A BRA AR AR DT T8, BR T AR BT AF
AR THERO R T I AFTE 22 590, Bbk SCY311 5
S. torulosus 564 —3 . AW EREHUE M7 AL
BMRKMZES, WS, torulosus SASFZERATRE . K
FF T 55 2 Fh 20 8 5L A BRI AE T, %o 0 IR e BE
AR A5, AN AR 22 W RE Y, T A ik
SCY311 X /NZ SURG R BT 7K e e 1 1 25 22 A
Yo 5 B B BRI RIE R, SRl R4
T 5 AL B 1. B, ENSM S, oru-
losus WIRFFEAX PR T3 2522 05 T, R LA = A i
PEY) BT SR Y, U R TR LR BTG
Jr PN AR WARGE . T S, torulosus SCY311
T HARE Wy ) 22 b Ae s It L T B AT B I 5 4L
WM, FRADREAE R bR A T 2% A AR 7 0 0 53 15
A A S5 0 AT IRANESE, LU DA 3R A5 8 B0 I
Y
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