[DGR7E=(

Acta Microbiologica Sinica

2016, 56(12): 1883-1891
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20160128

Research Paper

E RS E EAct12HSPATO7450 L T REIIE R H

BB EE

1 1 o ] ) =1 ST vl 1*
BEHE, B, AE, BRE, FRE, SOkE, BRE , At

VHALRAMBI R, AR bE, BRI, BT Bk 712100

mE:

[ F A9 ] i N TR T Bob Az B R Act 1 254 S IR N - SPATOT4BR R ALK, FFAZ i i ok

RGACEG DS PRGN G PEHLEL [ Tk ] AR RN 207 1 R Act 1 2 R 2 P T BEAY TetR K

W SR R PRt e K spa 7074 (accession number: KU955325), g S50 K6 I B2k 58 A8 Wk A I P00 B 176
PERAS L, IRl HPLC BRI I, SR )5 8 1 i M A i S i 0 25 S ok N Ak 5 b A7 S5 40 25 5
[ 2558 ] SPAT07485k5 S4B MR TUAN G St EL TR A5 P is Ve 2 o, LeAs AR (B3 3R I L S 22 7

W, R e 0 25 22 SR IR AL S AT e S AiAL S e, SR NER KD, [ Z5ig ] APl 2N T2
FBUR R AE BT PR Act 127 Y USRI R SN 1, AR SRAS R MR G 15 1k S i, JR3RAG 1 Rk

TP A R R RR T B SR8 B D W MR Aspa 7074

EHiE: AR, B R E A2, TetRFEG, HETHr, EHHEZED

B — IS GO 0 22 [ B4
W, AR RMRE S, SRR, &
HEPET 2, A A ATE di S KRR Bk R
PR =4y 2 =1 SR P I 7 A T 2
BRI e R B 2 B4, BTLL, AR
g T (192 R 2 20 AR IR ™
WA R AR, (HVF 2R CE IR = UK
1, sERBACFARTAR, A EI 3 R 3
ARG R, e L —JBE A P SCRE 20 B 2 850 H A PR Y

EW"” . —MokUl, BERRERBIREZ 2R
SRR IR IR SRR E N+
B ARGV E— 2B T, &
AR e A 4 A 1 D) 2 S A B R P A R A
#H F (Streptomyces antibiotic regulatory protein,
SARP)ZZ G AN U R 22 1 il Kl - (tetracycline repressor,
TetR)Z RS o B 2R AR R A& BGERAeTE
EVRREAE R, M TetRF MR 5% A 13 ] LAEH]
TARRPER T, WA R RS T

ESWE: PrAERLBHEATH 5HOE(2015NY066); 13838 KA A A i 5 o 5 5050 28 TR 4 (MMLKF 14-09); e i
REIEABIIF 55 9%(2109021426, Z109021432); %1+ 5,342 (20120204120034, 20120204120042)

BIE1EE . E-mail: TR, jialianghui@nwsuaf.edu.cn; i€, yanh99@gmail.com
WESEHA: 2016-03-31; fEEIEHA: 2016-05-13; MILKHARARA: 2016-06-15


http://dx.doi.org/10.13343/j.cnki.wsxb.20160128
mailto:jialianghui@nwsuaf.edu.cn
mailto:yanh99@gmail.com

1884

Xuemei Duan et al. | Acta Microbiologica Sinica, 2016, 56(12)

AR . BRI DR il T
AR 1 I R A el o TR s LA L /3
WO EVEH™, (B4 K ZHE LR IE R TetRE
TR s DRl 121 B B s B AR A T o

PYACAARB B R 2 3 A Wy 5 IR 52 28 78 A Bl
PR 07 2 A PR P AR A IAR 2R T Act12, bR
Xt BEEGSEFS (Phytophthora fragariae) 355k R H#H BA
AR, xRt RDRN AR 2R R
P AP AEVE T . Act12-5 5 R R B I it A R
JERE BRI SRR, e R LU R
RES1, WA PESAREMAE S AT X bk
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FENFE/HF T EantiSMASH 3.0 234 2 WA 78
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1.1

1.1.1 ERSEAL: AU HBI R #iehE
% W (Streptomyces pactum) Act12, KIFHFFH
(Escherichia coli) DH50, KWFFE (Escherichia
coli) S17-1, Ak Iz % # (Dothiorella gregaria
Sacc), SEFRIEEIRE (Valsa mali), WEEEAZRE
(Sclerotinia sclerotiorum), /\NAZ IRFEHR W (Fusarium
graminearum), *Eﬁ%@*?(&lcillus subtilis
ATCC 11562)( ARSI B RIF). Jiiki: pMDI18-T
simple vector, 5 AmpHiIHFEH (1) FTaKaRa/sF)),
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TR ZE R ORI pKC 1139, &4 Aprfi ik 2 A (A<
1.1.2  BEREAAER . WA RN E S H
YRS T KA R RN LB, B
FMPEER3T °C; BERE WA FIE SR NTSB, Kl
IR SPY (AR 1 170.2%, BEREEER0.4%,
TEM 1%, SALEN0.8%, pH 7.2), WKL I N E
[K—5, IR HR28 °C; HEHFRENPDA,
Wi E 28 °C, LB FREPEAEHEHR
(Ampicillin, Amp) IR EE 2 (Kanamycin, Kan)fii
AL EYI A50 png/mL, & K—S B g5 R IR
R MLY% K (Apramycin, Apr)fili MR H
10 pg/mL, ZEWERNAR (Nalidixic acid, Nd)Z& ¥k [ H
25 ug/mL,
1.1.3 TEBAEWLEH: Tag DNARGHE, R
il UIEE, T4 DNAE i FIDNA Markerlt) T
TaKaRa/Aw], DNAFRMGRH G, Fok/ et &
T RARAEARHL AL AR H . PCRE MG
BRI R 24 P A T AR ) TR () B0 AT BR 2 ]
B
1.2 DNA#AE

W TR AR ES A F e m Y,
SRR TS N 4 RIS IR B R TR R E T
1.3 EEBRER pKT7074H 18

FEHCACt1 2L 4ADNA, LIFEZHDNA Jy#E
M, &S I#Pu-F(5-CACGCAGGTTCGAA
TTCTGC-3', EcoR I )Flu-R(5'GCTGGTCTAGA
GATCGGCGAA-3', BamH 1) PCRY" 13k 15
spa70743E R B FIERIIERE B Bru, BAIHEIYId-
F(5'-GTTGTCGACGGCGTGCTCCA-3', Sal 1 )Fild-
R(5'-TGATGACCCACTGAAGCTTGGTC-3',
Hind ) PCRY ¥ spa7074FE K )T iz A i d o
A Kanaio P 5 R0 JBORL 4" 1 kan 8 A 544 2
B AMPpMDI18T-kan#ifk . ARG u, dRIGEHEF]
pMD18T-kan "1 15 £ 41 it KipMD 18 T-kan-u-d.
M EM S, FpMDI18T-kan-u-dfH Hind I I
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1.4 WBREZEHRE SH1E

¥ E A R pKT7074%% AE. coli S17-1JR3Z 3
Yif, RIGEHEAHBABEREWActI2 T, RAT
i —5 Pk, 28 °CHiF718 hin B e RIP&E R 3N
Hil AR 3 A7 A ) FZSNE B R (0 ) KBTI A= 1)
VW, 5-7 dJE PRI A T RIZT - RIREE R FIZENE
PR (%) 2 R —"5 AR 28 °CP™ KR 375 d, WL+
BT E R —5 M T40 °CHi g%, I TpKC1139
(R AEOR A2 ) AR = T37 °CREANRER I, 8Tk
BRI HEAH R pKT707 MK 5 [F) R 515 54
(- A N R S RS R 7 N N (1B 7 8
B AR FOBASH bR . PR TR 26 T % R IR
T2 M E R—5 A B Y K3, WG R 2
T2 R R YU TAR I 0 20 8 o 2R U WS
e MRS UL (A R T TPCRIVIIE
1.5 WHREAESRE>YST

WCEE Act1 2 ] 54 Bkspa 707410 3T 76 42 Fh
T50 mLAYTSBFP 35572k, 28 °CHki% 4575748 h;
P21 10/ LB FF 200 mLAYSPY & BERS # 5E

pKT7074

%&074 wild-type genomic DNA

mutant genomic DNA
u kan* >~1 d N
—L) %

1. pKT70745# B EE B AREIRXIE & % W R
rEE

Figure 1. Schematic diagram of gene replacement
between plasmid pKT7074 and chromosomes.
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CigJlalkE; WishHHA: 10%HEE, B: HEE, &
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YR IR, DM, 3
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HF AR RN R AR R B A U . 128 °CH55%5 d,
LZ2 VR 24 T BB /IS o A R 2 AT TR 41 TR S
HAE K Z B A B 2R AT I SLBRG SRR A
BIFAR, fr P AR [ i 2 I Y B 4 T e 5
FEHEFRM, JEACH LA AR N10 nL A EF A= BRI 58
ARRR & BERAE I, 37 oCHEFRd 0, MEIN TG
PR
1.7 B YUMRS B R & e
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FEHEATHPLC A HTHfiA BFRfb & IMBTFEIX B 5
AR EE 40 1 Waters 1512EF & R0 AH (35X LA
K21l £ FE(YMC-Pack ODS-A 250x10 mml.D.S-
5 um, 12 nm) il &5 845k &M, L&Y
MiH i 5 3 HE A T Ml R T A 2
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BLAST b %of 2 B JHAH AR 14 5 PR 1 28 Tet R 52 Je Bk
Ko PREFESHII TR, H & TetR NmfRsF
GEMIBE L BT AS B W spa 707435 R Bk RS R
PEBUEDNASEATPCREIE . BT 51953 51 h
u-F, d-R, Hrfr, DlActi2ge @i tsit, PCRI=4)
MR R/N R 1.2 kb, TR R 28 A8 bk B T ]
AT kantH(1 kb), PCRIWIIFEIEA/N2.2 kb,
PCREG R IATHBEIRAT T spa 70743 R Z8 75 ik
Aspa7074 (K12),
2.2 RAMRAspa70 7= 04

PP A BT R Act12 S S R T 5 A8 MR Aspa 7074
() K REHPLC /T 25 SR WL IEI3 . 2 53R 7EfR
B IRI3S minf i &, AR Aspa 70740 WIS
B EHR, XN G YA 4 M, B T
BURTSMAB = B4 5 1765, 7E0f B I [R]34 min,
35.5 minfy B A BTG B, GER A TR
LAY, BAEYI & BB,
2.3 RERBAMETE AR

K HUELR F 325 Act1 2l Aspa 7074 )% BRI A
PRGN . 25 53R, Aspa707438 Act1 2%} 3
RIGRERRTE , kI 0 B A DT 1 ] g o

1 2 M

bp
22 kb 2000
1.2 kb 1000
750
500

2. spa7074EFEERKERPCRE E IRBEHEEEAL B ik (&
Figure 2. Agarose gel electrophoresis of spa7074-
disrupted strain by PCR. Lane 1: genomic DNA from
wild-type Act12 as PCR template; Lane 2: genomic
DNA from 4spa7074 as PCR template; M: DNA ladder.
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Figure 3. HPLC chromatograms of the fermentation
broth from Act12 and Aspa7074 (detected at 210 nm).

[F] 5 Aspa 707 4% bl B 25 AT TR A — & B 400 TS
P, BRI At 20 BEA (1K14)
24 EYMBA B L E

BTG YIMAE RS bR ™ & B, R
NI R Ak Aspa 7074347 T K EE, IFAER IR
YA RS T AL AWML, B I SeRE L
TR R IR A B o e o i B A B s
fEAPIMIT AT 43 F B [M+H] h777.5150, #fE
A F A CyyHr004 (IS BREIR Y 1% (1Kl 6-
A, BYEEAF: 1 HNMR (CDCls, 500 MHz),
13C NMR (CDCls, 125 MHz) 8 0.03, 5.37, 8.38,
9.40, 11.32, 12.14, 14.10, 14.55, 17.85, 21.09, 24.77,
26.28, 28.55, 29.85, 30.61, 30.90, 31.33, 33.58,
35.40, 35.55, 38.49, 40.16, 42.05, 42.58, 45.84,
45.90, 46.57, 50.81, 64.67, 67.46, 69.85, 70.85,
72.32,72.71, 73.06, 76.82, 77.08, 77.33, 83.08,
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97.38, 122.70, 129.54, 130.41, 132.45, 137.77, 148.61,
164.91, 220.10, 220.33 . i1 Fid 222 $& AN SCHR[9]
P, RBZAGE Y S S R DI AR IR A s

—3, B EIZ A YN ERERD(E6-C).
2.5 FERZEDMETEMHENIE
J TR ETEEZDIEAct12 M Aspa 707454 T
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& 4. Act12F0Aspa7074893NE & 1N E

Figure 4. Antimicrobial activity determination of Actl12 and Aspa7074. A: Valsa mali, 1: wild-type strain Actl2, 2:
Aspa7074; B: Dothiorella gregaria Sacc, 1: wild-type strain Actl2, 2: Aspa7074; C: Bacillus subtilis ATCC 11562, 1:
wild-type strain Actl2, 2: Aspa7074.
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Figure 5. High resolution mass spectrum of compound M.
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6. LEYIMAYHIE, CI%RIUNLEH
Figure 6. NMR spectrum of compound M and its structure. A: 'H-NMR spectrum of compound; B: "C-NMR
spectrum of compound M; C: structure of compound.
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VS R A ER], AT 5 R DI RS
S, AiAEF ISR R DR T PR, BARE
10 mg/mL, JE4R R 2 55 2 R DI B IS
PEo B KGR UEAC R CE TPDAAHE], i

JN10 WLI SRR AR o I 5 v (R R S5 P o7 s
ANIRIRBETEDE, 28 °CHEFR5 d, MBI EIEVE .,
S48 L W S A R DX AR I 22 ()95 S I 1R 44 L
A BGRAIHIVE R, X AR A DL E (7).

& 7. EERDIHINEIE N E
Figure 7. Antimicrobial activity test of oligomysin D. A: Dothiorella gregaria Sacc, B: Valsa mali; C: Fusarium
graminearum; D: Sclerotinia sclerotiorum.
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Construction of SPA7074-deficient mutant of biocontrol strain
Streptomyces pactum Actl2 and characterization of its secondary
metabolites

Xuemel Duanl, Feiyang Zhaol, Xia Yanl, Quanhong Xuez, Xiaoxia Li], Bingjie Wenl,
Lianghui Jia' , Hua Yan'~

' College of Life Sciences, > College of Natural Resources and Environment, Northwest A&F University, Yangling 712100,

Shaanxi Province, China

Abstract: [Objective] To disrupt spa7074, which encodes a member of the TetR family transcriptional factors, in
biocontrol strain Actl12 and characterize the secondary metabolites in the mutant strain. [Methods] We disrupted the
gene spa’074 by homologous recombination. The secondary metabolites of the mutant strain Aspa7074 and Actl2
were detected by HPLC. The structure was analyzed by MS and NMR. [Results] Compared to the wild-type strain,
the production of some unknown compounds in the mutant strain 4spa7074 increased obviously. We purified one of
the compounds and identified as oligomycin D by MS and NMR analysis. [Conclusion] An oligomycin D-producing

strain Aspa7074 was derived via genetic engineering.

Keywords: biocontrol strain, Streptomyces pactum Actl2, TetR family, gene disruption, oligomycin D
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