[DEXyESI

Acta Microbiologica Sinica

2023, 63(4): 1447-1459
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20220597

Research Article Bitik=s

SRR E RAESE S E K EIE K
B A E AR

I X ", Azad Sepideh Mazhari', £ % ', #ki§ % ', Law Woan-Fei Jodi?,
Lee Learn-Han®, ##E& 7, #Kirse’

1 Bl R A R B B S A E s s U S R F R EBR SRS L Rs -
g 58l K- EIEARIR A AR S AE BRI S R oL, BT 200240
2 Novel Bacteria and Drug Discovery Research Group (NBDD), Microbiome and Bioresource Research Strength

(MBRS), Jeffrey Cheah School of Medicine and Health Sciences, Monash University Malaysia,
Johor Bahru 47500, Malaysia

3 RUEER R B A R AR, B 201419

af V3¢, Azad Sepideh Mazhari, fE£%%, WkilE'%s, Law Woan-Fei Jodi, Lee Learn-Han, fEER, TKRZLHE. 7= 2005 0 58 22 1)

B 2 E SOHAS POURRE A AR BT TETIE[I]. R =2 4, 2023, 63(4): 1447-1459.

HE Ya-Wen, AZAD Sepideh Mazhari, CUI Ying, YAO Runxian, LAW Woan-Fei Jodi, LEE Learn-Han, HAO Xiangrui, ZHANG
Hongyan. A piericidin-producing Streptomyces strain: identification and antagonistic activity on Xanthomonas oryzae[J]. Acta
Microbiologica Sinica, 2023, 63(4): 1447-1459.

1 ZE:. [86] ARIERLAE FTHFEBRLE, HRFEARFLAIFHEMRAZE 2420
BEEN. MAENKRMTHRAZKE D MEAR GENRY, LEARRREGZERDG—A
T 25w, [F%] A8 @4 KAE =4 B (Xanthomonas oryzae pv. oryzae, Xoo) PXO99A %) NA 32
FIIFNE T, MKAGARIR LIE F ih 2 4837 4] Xoo A K4 EH . @ id 528088 &8 F B0 %
MRS W o9 F M, R T e iR Xoo BIKAG T B, B skid FI5% (0.1 g/L), 2 A
& MRt AE IR R o0 L 8 AT R ARAG & 7 R A 69 K B2 R Ak R A PacBio SMRT /7
-F % +1llumina HiSeq X Ten -F & A & &K H AN 5. -F ¥4 F B — 2 M (average nucleotide identity,
AND A F i HSW2009 5 st EF A4 LA FEK T E4LAZ, [£R] 53 3 —4k3t Xoo
A KA B FE M4 E R HSW2009, HEMHRMZHAHFXHEHE Al (piericidin Al, &4k
PIE); "%t PIE T VA4 Xoo EKAGH K M 6942 %, 4L HSW2009 & = PIE 9 & BE &1, 133

VIR H . E X E AP R RI(2018YFA0901901); 5 H MR £ K 4:(32172355)

This work was supported by the National Key Research and Development Program of China (2018 YFA0901901) and the
National Natural Science Foundation of China (32172355).

*Corresponding author. E-mail: yawenhe@sjtu.edu.cn

Received: 2022-08-06; Accepted: 2022-09-20; Published online: 2022-10-17



1448 HE Ya-Wen et al. | Acta Microbiologica Sinica, 2023, 63(4)

MFM 3% 77 2; HSW2009 £ MFM 323~ F & Kbk, PIE A BN & S TvALE 0.72 g/L; B % LA
S PIE A A R IR £ 504 2B 4805 A2 ANI 547 &80 HSW2009 5 B 774 204414 ¢4 PIE
FABIE. [4£#] HSW2009 2 —#% G S 7B 5 Al WEE R BIE LI, ¢4 HBR4E
ER, THEAFSHER LS LR LA 4.

KR #EH;, KM%, TP L, KBatR#Ea; 2 W% %

A piericidin-producing Streptomyces strain: identification and
antagonistic activity on Xanthomonas oryzae

HE Ya-Wen'", AZAD Sepideh Mazhari', CUI Ying', YAO Runxian', LAW Woan-Fei Jodi?,
LEE Learn-Han?, HAO Xiangrui’, ZHANG Hongyan’

1 State Key Laboratory of Microbial Metabolism, Joint International Research Laboratory of Metabolic and
Developmental Sciences, SITU-NLBP Joint R&D Center on Biopesticides and Biofertilizers, School of Life
Sciences and Biotechnology, Shanghai Jiao Tong University (SJTU), Shanghai 200240, China

2 Novel Bacteria and Drug Discovery Research Group (NBDD), Microbiome and Bioresource Research Strength
(MBRS), Jeffrey Cheah School of Medicine and Health Sciences, Monash University Malaysia,

Johor Bahru 47500, Malaysia
3 Shanghai Nongle Biological Products Company Limited (NLBP), Shanghai 201419, China

Abstract: [Objective] The research and development and application of eco-friendly
biopesticides for the sustainable agricultural development has received widespread concern.
Microbial metabolite pesticide (MMP) is one of the most popular biopesticides in China and
also one of the most important green pesticides to be developed. [Methods] The nutrient agar
(NA) containing Xanthomonas oryzae pv. oryzae (Xoo) strain PXO99A was used to screen the
anti-Xoo Streptomyces strain HSW2009. High performance liquid chromatography (HPLC) and
mass chromatography (MS) were employed to characterize the chemical structure of the
anti-Xoo metabolite produced by HSW2009. Xoo was inoculated into adult rice plants (Oryza
sativa L. subsp. japonica) by leaf-clipping, followed by spraying with the piericidin solution
(0.1 g/L). The length of spot was measured 2 weeks after inoculation. Response surface
methodology was employed to optimize the fermentation medium. PacBio SMRT together with
Illumina HiSeq X Ten was applied for genome sequencing. Average nucleotide identity (ANI)
was compared to analyze the relationship between HSW2009 and other Streptomyces strains.
[Results] A Streptomyces strain HSW2009 was detected to have strong inhibitory effect on Xoo
growth and it produced the active metabolite piericidin A1 (PIE). PIE application mitigated
Xoo infection on rice leaves. An optimized MFM medium was developed for PIE production.
In MFM, HSW2009 grew well, with the highest fermentation titer of PIE reaching 0.72 g/L.
HSW2009 was different from the known PIE-producing Streptomyces strains in colony
phenotype, PIE biosynthetic gene cluster, whole genome sequence, and ANI. [Conclusion]
HSW2009 is a representative of a candidate novel species of Streptomyces producing high level
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of PIE and is named as Streptomyces shaowuensis sp. nov. It has potential to be developed as

an industrial strain for piericidin production.

Keywords: Streptomyces; metabolite; piericidin, Xanthomonas oryzae pv. oryzae; biocontrol
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Xoo £ 1K

HSW2009 NA 557K 2 12 £ TR 2 ORI
45, ZECRHAIEHPLC) T, AT AMELEIH
YA — R EE R R A X (K 2A),
FTiE Sy AT 2R 1) X 5522078 415.280 4 g/mol
(K 2B), 555575 146 (Streptomyces mobaraensis) |
A RS I (Streptomyces  conglobatus ATCC31005)
A K R W AL T AR B (Streptomyces
piomogeues var. hangzhouwanensis)y= 4 W15
Fﬁ%%‘r%‘%‘%% Al 4y 75 (415.56 g/mol)#f
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P £ HPLC Fl MS 28T LA HAIE (5 2A),
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SRR R7RE P LESI ) & 1y ol B R SNy it 3

Escherichia coli

Streptomyces
shaowuensis
HSW2009

1 #EE HSW2009 ERHFHEREFE Xoo
EKEMS

Figure 1 Identification of a Streptomyces strain
HSW2009 with anti-Xanthomonas oryzae pv.
oryzae (Xoo) activity. A: HSW2009 colony on NA
agar plate. B: Anti-Xoo activity of the supernatant
of NA culture of HSW2009 at 48 hours post
inoculation. The supernatant of Escherichia coli NA
culture has no significant inhibitory effect on Xoo
growth.
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Figure 2

Characterization of piericidin Al produced by HSW2009. A: High performance liquid

chromatography (HPLC) analysis of the ethyl acetate extract of NA culture of HSW2009, and piericidin
standard samples. B: Mass spectrometry (MS) of the purified metabolite X produced by HSW2009. C: The

chemical structure of metabolite X.

24 SERAMIEEER Al MEABSEHKL

T PR HSW2009 kR 77 A 23 0 i 18
Al g RE, AWFIEE B TR MRAE 3 Fh
WA R FE 2 (TBSY . NA, FM)H 4= KAl
R R AL 7. 250K P, HSW2009
FEIX 3 R IR AL b i AR KGRI, (H R
60 h J5, ARKIEEZE Al A BN E FM B
FRHE P (~0.10 g/L), HK A TBSY K573k
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(K 4A), FM K5 3R 5L DATERE | 3% OOk A HLER
by RNy, 38 A e R T A3 AT A T AR D
LR R S A AL 4y, A5 E— A
R IR R MFM ., 78 5 L R BEE MFM 85 35 5t
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JiE7s, 47 48 h J& , K BV AT AT 35 0.60 g/L,
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Xoo Xoo+0.1 g/L PIE

0.001 g/L  0.000 1 g/L

Lesion length (cm)

i

Xoo Xoo+PIE

3 FRMIRE R AL (PIEYIE Xoo 4, RERIE Xoo TEKEM F LB
Figure 3 The effects of piericidin A1 (PIE) on Xoo growth and Xoo-derived infection in rice. A: Piericidin
Al inhibits Xoo growth in a dosage-dependent manner. B: Piericidin Al at 0.1 g/L mitigates Xoo-derived

infection in rice leaves.

2.5 HSW2009 EFAMAMIERRES K
EREESH

AWFFTIREC T HSW2009 T bk i 55 4 21
DNA, IR AR AR A BR A F I
RN =AM )T, 3545 3 4> CONTIGS, #F—#if
ik PCR F— A P AR B P S i 42 , ARAT 508 4%
FIJL R ZH 5 AN SA RS da g, 4
SN2 15 B IEAE RS H) NCBI 34 5L 8 4 5
P, HSW2009 B:RIZHK/INHy 8.718 347 Mb, F-
) GC il 72.4%, 4% 6 417 HEH |18 4~ rRNA

1 68 A~ t(RNA . H Fil EL 1 A4 58 45 08k B 2% 7 2B 1
rh A R R 5% B 1 (Streptomyces  mobaraensis)
DSM40587 & K 41 Jy 4 2~ 4, H K/ K
7.638 929 Mb, ¥y GC &l 73.1%, Hifid
6 739 N FE[A 21 4 rRNA F1 70 4> tRNA (NCBI
Reference Sequence: NZ_CP083590.1). [Ait,
HSW2009 JE[K 25 DSM40587 kK 2H 454F B
A,

anti-SMASH 43 H1 HSW2009 J& K 20 15 2] — 4
52.343 Kb W pie FE[N% , 5% F B 5 W A SR 5
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=) 204}
< 1000 53]
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2 4 6 8 10 12 14 24 48 72 96 120 144
t/min t/h

4 1L HSW2009 £ SR RMIRE R Al A BE KM

Figure 4 Optimization of the fermentation conditions for piericidin A1 biosynthesis in HSW2009. A: The
linear regression of piericidin concentration vs. peak area. The standard curve equation was: Y=29 382X-477.1,
R*=0.989 2. The concentration (X) of piericidin showed a good linear relationship to the peak area ratio (Y).
B: Piericidin biosynthesis in three media, NA, TBSY and FM. C: The time course of HSW2009 growth and
piericidin production in MFM medium in 5 L fermenter.
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Figure 5 Bioinformatics analysis of HSW2009 genome and piericidin biosynthetic gene cluster. A: The
circular map of HSW2009 genome. B: Comparative analysis of piericidin biosynthetic gene clusters in three
Streptomyces strains. 1: Streptomyces piomogeues; 2: Streptomyces shaowuensis; 3: Streptomyces
conglobatus var. hangzhouwanensis.
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e g X e s, BN OB E E RN
(K1 5B). (2) pieR HEH 5 s J7 AN A o BL A2
RPN E pieR 5HA pie 3 H A5 507 A
B, S ORI R (HOE
HSW2009 pie 3 F % H pieR 5 52 Hii ¥ i HAth
pie FEH I 57 1 AR (K] 5B).
2.6 HSW2009 2— M EEEEBEIRIE
H A

PR HSW2009 FEHF A7 6 4~ 168 RNA
S 7E NCBI #4852 17 BLAST X404,
gE LB, HSW2009 5 Streptomyces antioxidans

Streptomyces shaowuensis

Streptomyces antioxidans

Streptomyces iranensis

Streptomyces

violaceusniger

Streptomyces
hygroscopicus

Streptomyces varsoviensis

Streptomyces silvensis

MUSC 164, Streptomyces iranensis 41954

Streptomyces violaceusniger Tu4113 ., Streptomyces
hygroscopicus XM201 . Streptomyces sparsogenes
DSM 40356, Streptomyces albireticuli MDJK11 |
Streptomyces mobaraensis DSM40587 | Streptomyces
varsoviensis NRRL B-3589 #ll Streptomyces silvensis
ATCC 53525 [IAHIPELE 99.62%—98.63%Z [,

BRI — iAoy 3 b ok — i@k AN 234,
KB HSW2009 KA 21 15 X 4L X 241 AR L 10 4%
FEH 1 ANI BETF 95% (] 6). 454 HSW2009
FAERE O BREMUN pie FHFEZEG],

%
S

6 HSW2009 F1E At 9 MEBSEER AR TR ER—BESH

Figure 6 ANI (average nucleotide identity) analysis of the genomes of HSW2009 and other 9 Streptomyces
strains. Streptomyces antioxidans strain MUSC 164 (NZ_LAKDO00000000.2), Streptomyces iranensis DSM strain
41954 (NZ_JAGGLR000000000.1), Streptomyces violaceusniger strain Tu4113 (NZ_LLZJ00000000.1),
Streptomyces hygroscopicus strain XM201 (NZ_CP018627.1), Streptomyces sparsogenes strain DSM40356
(GCA_001969965.1), Streptomyces albireticuli strain MDJK11 (NZ _CP021744.1), Streptomyces mobaraensis
strain DSM40587 (NZ_CP094262.1), Streptomyces varsoviensis strain NRRL B-3589 (NZ_JOFN00000000.1),
and Streptomyces silvensis strain ATCC 53525 (NZ_LOCL00000000.1).
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