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Table 1  Antifungal activity of IIR21 strain

2.1

against crop pathogenic fungi

AW 93 S L A
Crop pathogenic fungi

ME I HA2/mm

Inhibition diameter

SEAG 22 KW Rhizoctonia solani 55.03+0.81
e I B 168 B

R Ewk , 40.9240.47
Magnaporthe grisea 168 strain

FOER T NO-1 B Bk

R i e , 47.3940.42
Magnaporthe grisea NO-1 strain

JE RN Botrytis cinerea 34.25+0.84
KA T Fusarium aminearum 36.73+£0.60
Ok T W Fusarium culmorum 44.5540.91
ML WG Verticillium dahliaekleb 17.45+1.06
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B, R Fl MEGAG6.0 H ) Neighbor-Joining ¥
R G KB M, Bootstrap {4 1 000, fFE 1 fr
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Streptomyces tubercidicus DSM 40261(NR_025623.1)

Streptomyces tubercidicus 5SUS-2(FJ170074.1)

IIR21
99

90

53

Streptomyces tubercidicus 1UA-1( FJ170075.1)

— Streptomyces nigrescens DSM 40276(NR_117748.1)
Streptomyces tubercidicus 14241(EF371435.1)

Streptomyces roseocinereus NBRC 13829(AB184513.1)
Streptomyces sioyaensis NBRC 12820(NR_112289.1)
Streptomyces natalensis NBRC 13367(AB184356.2)

78_’_ Streptomyces chattanoogensis L10(FJ171335.1)
Streptomyces albulus ZPM(CP006871.1)

Streptomyces rimosus subsp. paromomycinus DSM 41429(NR_025622.1)

73 [ Streptomyces erumpens 13667K(EU741214.1)
100|—Actinomycete Gaoqing17(JQ638380.1)

0.002

$55 7 h GenBank W5 . 4308 LEUES A RME R E 4 L. JEFEY 0.002 5 RN JF 3 40 )% . The GenBank accession num-

bers are given in parentheses. The number at each branch points is the percentage supported by bootstrap.Bar 0.002 at the bottom is the

sequence divergence.
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Phylogenetic tree of IIR21 strain
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Fig.2 HPLC analysis of the antimicrobial substance from Streptomyces sp. IIR21 strain(UV,254 nm)
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KM antiSMASH 38 %F TIR21 B £k ik g4t
7 W G B AT 40 B TR0 A5 3 60 S BRI
%, Horh PKS/NRPS 28 B JE AT 34 A, 2915 &

BEHFEECR I 1/2, 5 EMIF I o Bk B, BE
B TIR21 TR AL 7 B P Tk i il 40 < 71 e iz 248 92 11
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boxylic acid.valclavam) B9 1 3 A 74 , AH G 58 D5 A7
F contighl ', H #& contighl Y & H T I &5 R
(£ 2) A 8 1Y 5 HL2E 8 (clavam) B KRR, 4 01
BRI TIR21 B RE P 5w 5 4 e (clavam) A AR 56 5t
PRI (P 3D I 000 32 T4 Bk 119 38 437 4E ¢ (clavam) &
Bk (4,
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Table 2 Genes involved in clavam biosynthesis in Streptomyces sp. 1IR21

R E Rl IR & [F) IR 2 SR

HE A . ) . HRABLEE / % Iy Re Tt
. Deduced amino Protein Protein homologue Lo .
Gene . . Similarity Proposed function
acid length homologue accession No.
com7 1 059 cvm7 WP_003961118.1 81 5 %835 T Transcriptional regulator
4 5 W I
orfA 399 orfA WP_003953013.1 88 ERETRERER
Serine hydroxymethyltransferase
com1 331 cvml WP_003961115.1 87 I 38 I i Aldo/keto reductase
ceaS 571 ceaS3 AFH74297.1 93 CEA 4 i 3 Carboxyethylarginine synthase 3
bls 508 bls3 AFH74298.1 81 B-IN Bt & BB 3 Beta-lactam synthetase 3
FE T 5T 7 4 i TR DK I K it i 3
pah 314 pah3 AFH74299.1 95 I ﬁUﬁTf L I i
Proclavaminate amidinohydrolase 3
cas 324 cas WP_026169831.1 98 o P YE R & W Clavaminate synthase
oat 380 oat3 AFH74301.1 88 558 W55 #4 B# Ornithine acetyltransferase 3
com4 334 cvmé WP_003961113.1 88 o/ B K f# M Alpha/beta hydrolase
CVM5 ik 5
com5 394 cvm5 WP_003961112.1 96 7 _
Methylene-tetrahydromethanopterin reductase
com6bp 454 cvm6p WP _029183268.1 80 KA R % M Aspartate aminotransferase
lig 422 lig AFH74304.1 80 M Ligase
MFS # K jiE MFS_1 ¥
trn 395 trn AFH74303.1 78 BRI -1 EH

Major facilitator superfamily MFS_1 protein

Streptomyces sp. 1IR21 clavam cluster
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[y ey ey ] — ey 4 4
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S. viridis clavam cluster ~ dmm- = <& b > =—> > » >
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S. clavuligerus clavam cluster C—————p (<A <— mmp XD —p

cvm7  cvm3

cvml casl Cvmd cvm5 cvm6
cvm?2

it A R clavam B WAL IR A9 R K B4, IFA 5S-clavams & BT 75 I FE N JK {6, Genes encoding early steps of clavam biosyn-

thesis are shaded black.Genes essential for synthesis of all 5S-clavams are shaded dark grey.

& 3
Fig.3

FEEH IIR21 BARH clavam £ & B E E Z AT 2 R IE R clavam & 91 & B & E 7% 89 Lb 82

Gene cluster of clavam biosynthesis have been reported and proposed gene cluster

of clavam biosynthesis in Streptomyces sp. lIR21
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Fig.4 Proposed biosynthesis pathway of clavam metabolites in Streptomyces sp. [IR21
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Isolation of Streptomyces sp. IIRZ21 strain resistant to crop pathogenic
fungi and analysis of the clavam biosynthetic gene clusters

MA Tingting HUANG Yue PI Ting YAO Jiacheng FENG Zhe LI Xiaohua

Key Laboratory for Biotechnology of the State Ethnic Affairs Commission/College of Life Science ,
South-Central University for Nationalities ,Wuhan 430074 ,China
Abstract A bacterial strain with antifungal activity against seven crop pathogenic fungi was isolated
from soil and named as IIR21.The 1IR21 strain was detected through agar block method and the results
indicated that the IIR21 strain exhibited much stronger antifungal activity against Magna porthe grisea ,
Rhizoctonia solani , Botrytis cinerea » Fusarium aminearum and Fusarium culmorum.The 1IR21 strain
was identified as Streptomyces through physiological and biochemical characteristics and alignment anal-
ysis of the 16S rRNA gene sequence. The fermentation broth of the IIR21 strain was separated and purifi-
cated by extraction,silica gel column chromatography and preparative high performance liquid chroma-
tography,and a compound with a purity of 90.34% with activity against the Magnaporthe grisea 168
strain was obtained.The Streptomyces sp. IIR21 genome was sequenced using high throughput sequen-
cing technology,and analyzed by bioinformatics tools. The result suggested that the IIR21 strain con-
tained the gene cluster of clavams,and the metabolic pathway for clavam biosynthesis was proposed.
Keywords Streptomyces sp. IIR21 strain; antifungal activity; clavam biosynthetic gene clusters;

metabolic pathways
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