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LR U E B P LR AR 30 2 1 ER
I 6000 7 AR (e FE AR ', HAT o BBk i
W, A B A K HE B 1B Y S R (Trypanosoma
brucei rhodesiense)s¥ Al FGAfE HL [X] L 7 gk G ()
G (78 TR SR R ) T W A 15 | 1) — T 2 A 1
EEXF HAT 3697, HENEMEN 2594 4 Fh,
338 5B (suramin) . % 5E K (pentamidine) |
% fi PP BE (melarsoprol) Fl 4K & A W
(eflornithine), % H i& F A0 5E FIAE FIAL SIS A6
[l U4 SR, X e 25 ) F K AR AR A
HE I A [ i ke B 2, A T2 M L R
K PRV, TEIRYT I AR TP 459 A
SRR Z g, eah, HRlEARIEAH — ik Al
PR S5 56 W B 1 A% 3% 245 40 R — S 1 T AR O B
EEEE Y, (HENIRMZ), AR 2 A
frIxd HAT Biiia it sk,

2 M B B & (venturicidin, VTD)H 1Y fif {8 2
2, BT 200 R NEERGUAER (B 1), &5
BH 3 MRS % W Stk Streptomyces sp.
AA32. AA11T7, AAS90, XF— ZFIHIYHR 5T A

A8 EWIEEES L TR RERR S T EAM
XER, TEPER— R AA R ENE, A
TOAWE, i, A& 255 K B BTa8CRA
b, BEF R AR FPLA: R ARG AR R
BEAEDFIERERA, BFFEE TR A R TE R e
SRR E MW T b brucei GUTat3.1 I A% I
T. b. rhodesiense STIB900 W. #f (ICs, & F)
0.12-0.54 pg/mL), [FIASAS B4 ARG DY, 5%
BEERIERRBmE LG ATP K3 514 iz
I ATP (/K g4l E. coli H'-ATP J§P", #5—
S AN, BERS I ATP G a1 5
PRt 3R], A% BB AL T 3 R A ) O UM I Lk
VW IBE L5 78 S 0y A HBEVE T, I B4 1 5 ek
(Tetrahymena pyriformis ST)RIZRIAA ATP fif, H.
APOETEPED I, SR R R P S
FIFE ML SRk ATP GRS A &%)
WA, ARG R BN A B E AL e R
254, A, Shaaban ZFik M\ Streptomyces sp.
TS-2-2 W3 B AR 3] 1 i KM B — A8 5 A R
REHE C (D,

Venturicidin C

Venturicidin X

1. XRABREXLESYMREEER A B. CHXHMUFELH

Figure 1.
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Chemical structures of venturicidins A (1), B (2), C and X.
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SR, BIEATNIE, RBEERWEDER
IR E, BRI T AT T3 AL K- -4
PARRL T A R AR, S T R R L
AR, IR T RIHA S A A AR H
WG BORR I TR, ARAHAR DL ) S5 A S B
FATHUERIEPER TR E . ST, A SCRATZ
TR R RIS i T 55 5 R0 7 W) R S B L TR A7
G5 | SCIEFS EEFIE T PCR-targeting Fit) i 15 152
VESE ik, BB MREE B2, —BRiik
LR Streptomyces sp. NO1W9S H/r 155 T 4%
BREERIEE T HAYEG BOLHATE, JIFgn
1517 A RN TR TR AR A AL B T A

1 AR
1.1 #e

(NO1W98) i A2t il 25 52 A1 A PR 5 452 vl 43
U E R | TR AR DR AE AL A [ 14 1SP2 15 5%
&, T 28°C THiFR; AR Wl A A-
BRIk A HIWIE Y cosmid 18H11[FH %€
A5 orf(—1)F1 vtdA1]. 11H10 [BHEr R4S orf(+1)1 M
AT A, WS e (P A A TR R R TR 2
W& 1,

1.1.2  EFREMBEFRAM: (1) LB 3k &N
Wk 10 g, FERHEEMY 5 ¢, NaCl10 g, il ddH,O
% 1 L, pH 7.0, FEMAGIN 1.5%2.0%Z 058 ,
121 °C K& 30 min 51 ; (2) M-ISP4 35570 7]
EPETERS 10 g, KoHPO, 1g, MgSO,7H,0 1 g,
NaCl 1 g, &AM 1 g, MR 0.5g, (NH.),.SO,
2¢g, CaCO;2 g, HX/K 1L, pH7.2-7.4, [k
NI 1.5%2%3UE 8, 121 °C KB 30 min £5H ;
(3) ISP2 ¥53R3E . WANE 4 ¢, BERIKY 4 g5 FOF

L1l Bk, Bi#k: Swepromyces sp. NOIW9S  F2HUKY 10g, ANIK 1L, pH7.2-7.4, BHZEM
&z 1. 3BT AR E AR AR BORL
Table 1. Strains and plasmids used in this study
Strains/Plasmids Description Reference/Source
Strains
E. coli LE392 Host strain of cosmid vector SuperCos 1 Stratagene
E. coli DH5a Host strain for general clone Stratagene

E. coli ET12567/pUZ8002
E. coli BW25113/p1J790
Streptomyces sp. NO1W98

Host strain for conjugation
Host strain for PCR-targeting
VTDs biosynthesis stain Streptomyces sp. NO1W98

[16]
[16]
Laboratory stock

AvtdAl The vtdA41gene disrupted mutant of Streptomyces sp. NO1W98 This study
Aorf(-1) The orf(—1) gene disrupted mutant of Streptomyces sp. NO1W98 This study
Aorf(+1) The orf(+1) gene disrupted mutant of Streptomyces sp. NO1W98 This study
AvtdAlL:: vtdAl AvtdA1 complemented with vtdA 1 This study
Plasmids
SuperCosl Amp', Kan', cosmid vector Stratagene
plJ773 Apm', source of acc(3)IV and oriT fragment [16]
plJ790 Cml’, including A-RED (gam, bet, exo) for PCR-targeting [16]
pUZ8002 Kan', including tra for conjugation [16]
pSET152AKE Apm', Kan', int C31, ermE* [17]
pCJ 2001 Cosmid18H11derivative in which vtdA41 was disrupted by aac(3)IV This study
pCJ 2002 Cosmid 18H11 derivative in which orf{—1) was disrupted by aac(3)IV This study
pCJ 2003 Cosmid 11H10 derivative in which orf(+1) was disrupted by aac(3)IV This study

http://journals.im.ac.cn/actamicrocn
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1.5%-2.0%BUEHr, 115 °C K 30 min & ;
(4) AR AR 10 g, BEERRY S g, IR
PEvERr 20 g, M 5 g, NaCl 4 g, K,HPO,
0.5 g, MgSO,7H,0 0.5 g, CaCO; 2 g, kK 1 L,
pH 7.0, 121 °C KB 30 min £ .

KIGAT# i #k DH5a Fl ET12567/pUZ8002 JH
LB T 37 °C FH3%, 1 BW25113/plJ790 A K
PRAEFH 30 °C B 37 °C $#55%,
1.1.3 A R AR BRI A% R P D) i A
DNA Marker 550 5 FIAE T AW TRABRA A
ERE DNA RBEHHE H TransGen A ] ; KA K
DNA (434 F 5 4= )73 w1 PrimeSTAR® GXL
DNA Polymerase; DNA [RICi & A0 Bk G
G [ A T A TR BRA ) o o Bt
VA P o e ™ o, A FITAE R B E N
R Al A TR 2 75 85 R (Ampicillin,
Amp) 100 pg/mL, KIHB%E: &K (Kanamycin, Kan)

50 ug/mL, 382 (Apramycin, Apm) 50 pg/mL,
%% % (Chloramphenicol, Cml) 25 pg/mL, H 4
%4 W WE (Trimethoprim, Tmp) 50 pg/mL. PCR
S1Wy i b A T A TR PR W15 A, DNA
Jr i iR T AEY) TR A BRZ /52 .« Eppendorf
5331 B4 PCR 1, Eppendolf 5810R & K4 &
Z IR H .0, Eppendolf 5418 /NI AR5
HEL.LHL, BIO-RAD Molecular Image Gel Doc™
XR" Imaging System BEM AR R %8, SONICS H
7RI VCX-130, Eppendorf Concentrator
plus EfE i1, Heidolf Laborota4000 eco/WB/G3
TEH: 78 KA, Agilent 1260 infinity 25 IR HH 3
{ (High Performance Liquid Chromatography ,
HPLC), /#rHl it Agilent Zorbax SB-Cig
(150 mmx4.6 mm, 5 pm), Bruker maXis #A 5479
IR, Bruker AVANCE DRX 500 M % 3%
PEIEIEIL(500/125 MHz, TMS HNHR).

R2. AMRBEMRIGIY

Table 2. Primer pairs used in this study

Primers Sequence (5'—3") Purpose

orf(-1)-ts-F  GACCATCGCGTACATCAACG Aorf(—1) confirmation

orf(-1)-ts-R  GCGAGCGACACATAGAGCAT and genomic library
screening, 1497 bp

vtdA1-ts-F TGAGGAGTCGAGGAGTTCGG AvtdAl confirmation and

vtdAl-tssR  CGCAGTAGTCGGGATATCCG genomic library
screening, 1675 bp

orf(+1)-ts-F GATCAAGGTGGGGATCACC Aorf(+1) confirmation

orf(+1)-ts-R  CAACTCGTCGTTCTCGCCTA and genomic library

orf(—1)-del-F CGGTTCTTCTACGCCACCGTCATGCTGCCGCTCGAGCAC Cattccggggatccgtcgace

screening, 644 bp
orf(—1) disruption

orf(—1)-del-R CTTCGACGTGGCCAGGCCCTTGATGACGTAGCGGATGTAtgtaggctggagcetgctte

vtdA1-del-F

GACCCCCAGCAGCGACTCGCCCTCGAACTCGGCTGGGAGattccggggatccgtcgace

vtdA 1 disruption

vtdAl-del-R TGCGTCGGGCCGCGGCCACGGGGTCAGCCCGGTCTGCACtgtaggctggagetgctte
orf(+1)-del-F ACCGAGCGCGAGGGCGCGCGGCTGCTCGAACAGGCCGCGattececggggatccgtcgace orf(+1) disruption
orf(+1)-del-R GGCCACCTCCGCCGTGGTGGCGGCGTCCGCGGGGGCCGCCtgtaggetggagetgette

actamicro@im.ac.cn
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1.2 Streptomyces sp. NO1W98 Hf A= FUB bR | F
PRI BEL 87 2 75 Ak 1) 335 5% R T

Streptomyces sp. NO1W98 B A I FIAH 5 )
DA BEL U 28 75 Bk 1 77 Bsf ) ISP2 [ 1A% 352 3, AR 4
WEAE 28 °C TH:3% 3-7 d, H5AHNM E. coli
ET12567/pUZ8002 F 41| i MR E1 42 5 % 7% S B it
i M-ISP4 [l 1435 32 5k, NO1W98 B A= HUFIAH
IO & 7B e i T A 7 AR A s (- A- 85 5%
W, NIRRT R — B B Rk, #E 250 mL
HETE P A 50 mL A-3E M (TCE), $EAGE Y
NO1W98 B ARk B 14, 28 °C T 200 r/min 4
DiREFRL 1A 5 ORGSR FH 25 1 552
PL/NTIR 15 5% 36-48 h (IF= I HFh 7, BA
F7% 200 mL A-BEFREA 1 L IR CCH),
28 °C T 200 r/min RZE4RZ G729 1 A, DASEhs
Hor I 25 3R Ry e
1.3  Streptomyces sp. NO1W98 KEEFEY) B $E B
548

Xt Streptomyces sp. NO1TW98 {9 & ¥ 7= ¥ (£
8 L)IEAT B O A5 BN B WO B RIS 43, o i F 46
TRFRN LR CTBRFIIN A 3 0, 1934 A X5 b
PSR . HPLC Kol s & 35w ke d, 153
SBEREZ 6 go a8 IR Y AT Gk S 0 - Y
RGN AEEIC AT, 5T 5 R AT T4 2
B3 85 o SR FH S - HY B R G0 (A FE)iEA 746 B2 RO
THHBIMKIA 100/0, 98/2, 96/4. 94/6. 92/8.
90/10 F1 80/20, 43 415% Fr.1, Fr.2. Fr.3. Fr4.
Fr.5. Fr.6 fl Fr.7 341 7 44 &6 Bisw
415y A0 Bk - 2 TR £ TR ZR G0 E AT B B DR B
(B #£), —F BRI R 90/10, 80/20. 70/30.
60/40 . 50/50 . 40/60 . 30/70,20/80 . 10/90 F1 0/100,
HA5H] 10 PMHAMB1-B10); ¥4 BARWZH

SEHOIE- KRS T MPLC (C 1), % 10 min
W 1, TLC Al HPLC ¥lShET, & Atnd
(20 53 F R B g R FHALAR R 0.45 pm (B8 A2t
VEBRBAEY), R B R TR, e
[ 2510 . Hitachi 2] 4 HPLC, 3[4 Hitachi
B AR RS RINFR AT D2000 R HORE SR T
Y3k, R YMC-Pack ODS f2#il &HE(YMC,
250 mmx10 mm, 5 um). FsIA A 8 15% 205,
Wt B MR 85% NG, ¥ 0.1% KL R
(glacial acetic acid, GAA); ¥#ii# & 2.5 mL/min,
K Kk 210 nm 1 254 nm. HPLC EREFER -
HPLC EFEFRF: 0-20 min, 30%-90% B #H;
20.1-21.0 min, 90%-100% B #f; 21.1-26.0 min,
100% B #H; 26.1-30.0 min, 0% B #f.

1.4 Streptomyces sp. NO1W98 F: K ZH DNA HJ#2
B, Wpp R 2 & B E R YR B2 a0
Streptomyces sp. NO1W98 & [K 41 DNA (1)
IS % s w W F MUY, Ik sl ; 155
LK 40 DNA F3 547 2 B A4 . e 518t
FEAAER ThRe R, i B RUAEYRHL A TR A
FI 2R HiSeq 4000 My AR5 AL, 3 K 4H 7 5]
ff FH  antiSMASH %% {4 (http://antismash.
secondarymetabolites.org/)iF 17 Z5 ik A YR AR P
P, & HER B AT 2ndFind 7R 2414
(http://biosyn.nih.go.jp/2ndfind/) 43 M1 PN &K # 5 1
BACH T P A6 A . 2 AAE 7Y 0 A SR ]
FramePlot 4.0 beta %X {4 (http://nocardia.nih.go.
ip/fp4/) , X Y KR PR 2 g i B R I BLAST
(http://blast.ncbi.nlm.nih.gov/) ; PKS (polyketide
synthase , 5 Wil & B ) N &8 B 45 #4550 95000 >R
PKS/NRPS  Analysis %K {4 (http://nrps.igs.

umaryland.edu/),

http://journals.im.ac.cn/actamicrocn
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1.5 Streptomyces sp. NO1W98 Ft K 2H C FE Hy#4)
B 1%

% 2%  SuperCosl Cosmid Vector Kit FiI
Gigapack 111 XL Packaging Extracts #{EF I}, 4
# Streptomyces sp. NO1W9S8 [ FE PRI 21 SCJ2E , HhHL
2400 FLEETT 96 FLARH - OR AT BRI AR L v A
e, X TR B AR 500 A, 1R 3 65 [ i
% orf(—1)-ts-F/R., vtdAl-ts-F/R #l orf(+1)-ts-F/R
I NTELE S orf(—1) widAl F orf(+1)H) cosmid.
B S X BB cosmid #EAT ARG , DL E & B
B A g 3 41, BE PR B35 1Y cosmid MEAT 5 2k Y L K]
BEL IR 52 365
1.6  Streptomyces sp. NO1W98 FyHi A & sk
SE I Ko Fk PR BEL 0BT 98 A8 R A 2

M3 Streptomyces sp. NO1WOS Xt &85 &
(Apm). ZFPIMK(Amp). RABE X (Kan), HAE
FR(Cnl) 1 = FH AU i W85 E (T o) % 47 2 3% A e
P, ARk 5 22k 5] LI IRE ABe 1  EAR o

B AT BHL T 5 78 ke 1) # S 0 R 2 2 SCRIR[191],
VL vedA1 (RHIT 3 0. B SEH vtdAl-ts-F/R
O AT ik, 453 H AR R/ A 1675 bp (1)
PHA: S 10 51 % 13 2k 2 Kan+Amp [ {4 LB
kb, BT 37 °C RIS . A
ARl b P EBCRR e R T, TR PCR i — 2D
IE . $2H cosmid, Fi BamH 1 2 EcoR 1/Bgl 11 ik
TTEEYI T, BEFE cosmid 18H11 ¥4k E E. coli
BW25113/plJ790 138 E. coli BW25113/plJ790/
18H11, ik AN cosmid B B A% 43 1) il £ Jek
T H T RIS BIL T A-RED /i
SHYy PCR-Targeting $t AR, vedA1 #% Apm Btk
F B E A E A cosmid 43 HFRiE R pCI 2001,
Broax 28 F 4 Ay cosmid 3 Hl # b E. coli

actamicro@im.ac.cn

ET12567/pUZ8002 &2 UM, Y5 Streptomyces
sp. NO1W98 FEAT 454554 7% I Pk e WAS e 28 A8 #k o
) FH A 7% POV B B B 58 480 2 75 ok 45 4 TR 7 A
FEILHNZ DNA PLK PCR B84F: DA vtdAl-ts-F/R
VE R L BH W 52 A8 F J5 B LE S 1 4, 334 7 AR
RIR/IN R 1675 bp, AHNZEAERI K /NNy 2168 bp.
1.7 vedA1 F:RIBH T SR ASBR (Aved A1) [ET &b
vtdA1 FEH BT AL R (Aved AT [N 225 3C
BR[17], SRR . LA Streptomyces sp. NOTW98
)3 R 4l DNA Rt , H51¥ vtdAl-c-F
(CGCCATATGGTGACCCCGGTGCCGCCCGG) Fi

vtdAl-c-R (TGCTCTAGATCAGGAGATCCCGAA
TTCCT)#4T PCR "1, 28 Nde 1 Fll Xba 1 3L 17]

Jo, R AL PR E AR pSET152AKE,
3% pSET152AKE-vtdA1, ¥4k E. coli ET12567/
pUZ8002 B~z 4L, 5 AvedAl HATHA R
FE PR WA e SEAB Bk, A5 3 X6F 1 1Y) [] b 58 722 Ak
AvtdAl::vtdAl
1.8 Streptomyces sp. NO1W98 Hf 4= R K H. 28 A8
RH) HPLC A

KA 1.2 T84 3E4T Streptomyces sp. NO1W98
B 1 TR R K A 7 g DX BEL DRI R 1] b 28 AR PR 114 /)
AT, 100 mL IR ZFRAABUL BEr=9), ©iE
T 78 AL L25 T, A4 B AR HCHI LA 1 mL H
VS v 300 A N RS2, BSOS 20 pL ik
17 HPLC kil o 25000 : WishAl A MR 15% 201,
TLBAH B A 85% M, Y75 0.1%0K LR (glacial
acetic acid, GAA); N 1 mL/min, Al K
4 210 nm 1 254 nm,HPLC 5EFEFEF : 0-20 min,
0%-70% B #; 20-21 min, 70%-100% B #f;
21-26 min, 100% B #f1;26.0-26.1 min, 100%—0%;
26.1-30.0 min, 0% B #.
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2 HERFpAT

2.1 B 1M 2 M E A E

Z 3 IE AL Z M, HPLC #4570 i3 2k 59
12520.5 mg, tbAH 24 5.6 mg. Z5HIIEMTUNT .

&Y 1 BERER, (+)ESI-MS 45 H B iES>
T8 T m/z 772 [M+Na]™, 3278 HAr 188 749,
PR LAY BEIR A — AR T A A
Berl 45 5 AT DAHEI 4y 720 CoHeNOy, A
TR 9. fEALA Y 1) 'H NMR Ha] DLk 3
SAMER IR 55, 4 MHIEHFIEES, 24
ST ) I8 715 5 (0 5.49, br m; oy 5.44, dd, J=
10.5, 5.5 Hz)UA Je—2 2 i i 7155 (On 5.39,
dd, J=15.0, 7.5 Hz; oy 5.34, dd, J=15.0, 8.5 Hz), 7£
B4 11 PC NMR G Al OS] 41 SikAS
S, HoAH 6 MEKE S, 1 DMERIEE 5 L
B 1 AERFERAS 5 o A VA BAE R, it Sk
258 B E LS 1 8 venturicidins A

&Y 2 kAR, (HESI-MS 4 H sy
T B U m/z 729 [M+Na]™, 3278 HAr 150 706,
R H 035 A0 B 3% 10 5 2 T DAUAE I 43 7 =X
CaoHesO10, NMEFIE R 8. 7ELAY 2 B '"H NMR
Al DUE L 5 A UE R BT FE S, 4 A4 Hig
BAG5, 2 AL IE R F15 5 (0n 548, m; dy
5.44, m)Lh Je— 21 e 0 i 1575 (0u 5.38, dd, J=
15.0, 8.5 Hz; dy 5.30, dd, J=15.0, 8.5 Hz), fEfb&
P2 /) °C NMR 3 Al LUWER H 41 MRS 5,
Hof 6 MaEls 5 L 1| AERIERTE S . 48
HUEERE, USSR EGWIRA SN
venturicidin B 59, 81 B dE Y EL XS & B
AW SAEY 1 ZIE5H8 W X AEFE C-3'07
B A 2 SO B e e A 2

5 venturicidins B,

2.2 Streptomyces sp. NO1W98 BRI YER
ZOMARBERREY A RER LN E A

M8 b v AR YR TR WX NO1W9S
EATRE R D P FPf s 2, A5 8] 107 4
scaffold X4, 24 11.6 Mb NHgIE 751 . F
antiSMASH 3K PFXf LKA P S EA 740 M, 53
B NO1W98 H1HA 49 4~ cluster (%), Hfu
5 18 4~ 1 2 PKS KAHKZREGIEA . 1 8 PKS b Y5
ABERRWNAY G AT RE A W R AL T
Scaffold3 I Thif¥) Region 3.3, ZBXF 41 5 E K E M
S 22 T & (chlorothricin) A & 25% Y 3 [H 4H {2
PERY ) EifpETIEREE & A (concanamycin AV 5 35%
M SE AR, FATT3E—25 R A 2ndFind
BEAT AT, S5 SRR WAL T scaffold3 F M 179998 bp
1] 295375 bp ) DNA J7 4 5 R B AEERNWAEY A
BRI REAHSG , (AR BT N & 24 gap. %
b, AT gap #ATIHERS, BAPHER BN
90.5 kb ) DNA ¥4, firah ved, 41k, FIH]
FramePlot 4.0 beta £ Blast 44Xz BOEE R #6473
AETERE, [ At 454 PKS/NRPS Analysis F44XF AH
PKS FRIH G5 AL A T b, R B
K& 64 PKS gL, X &4 13 i,
HARRERENEREMICH ., 55, RABAR
R MA LW RAEE ) LR T A R IR R 42
Hh, I D-olivose L5 HAIT, X AEIZET S
AT AT B T AR S R . R, %
B A A 1 R RS R 1 A2 e
Bt S, AT DUBR R JR L A R W 254 vh 1 b
LB 3 DA S R A I M i A o 25 BT IA
FATHEDN ved 577 BB TR R A6 U DIAR G
AR R TR R BE AR W6 U TR B (ved) 1) LH A HE A
FBL T RE T RRAS R ILIE 2 FIE 3.
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. eed e ﬁ‘«‘_ —

orf(-1) TST4T3D C G S554 S3

———
—Aé‘"«’"

B T2 TI S2 SIR2RI orf(+1)

] Boundury . Transporter and regulator . Post-PKS modification  [ll PKS

E 2. Streptomyces sp. NO1W98 H ved B E [F 20 20 HE 7 B (4B Iz £ B B9 771 T 88 WL 3k 3)
Figure 2. Genetic organization of the vtd cluster. Proposed functions of individual orfs are summarized in
Table 3.

% 3. Streptomyces sp. NOIWIS Bk R EERZEVERERZANSEEBNINGEERE
Table 3. Gene annotation of venturicidins’ biosynthetic gene cluster from Streptomyces sp. NO1W98

Protein Size/aa Proposed function

Orf(-1) 819 Arginine-tRNA ligase

vtd T5 305 ABC transporter permease

Vtd T4 323 Transporter

Vtd T3 445 Transporter

Vtd D 352 2-hydroxyacid dehydrogenase

Vtd C 514 (2Fe-2S)-binding protein

Vtd G 417 Glycosyltransferase

Vtd S5 245 4-ketoreductase

Vtd S4 341 3-ketoreductase

Vitd S3 477 NDP-hexose 2,3-dehydratase

Vtd Al 3590 Type I PKS: KS-AT-PP-KS-AT-PP-KS-AT-KR-PP
Vtd A2 3723 Type I PKS: KS-AT-DH-ER-KR-PP-KS-AT-KR-PP
Vtd A3 5476 Type I PKS: KS-AT-DH-ER-KR-PP-KS-AT-DH-KR-PP-KS-AT-KR-PP
Vtd A4 2171 Type I PKS: KS-AT-DH-ER-KR-PP

Vtd A5 3588 Type I PKS: KS-AT-DH-KR-PP-KS-AT-DH-KR-PP
Vtd A6 3336 Type I PKS: KS-AT-DH-KR-PP-KS-AT-DH-PP-Te
Vtd B 597 Carbamoyltransferase

Vtd T2 570 Transporter

Vtd T1 487 Transporter

Vtd S2 325 dNDP-glucose 4,6-dehydratase

Vtd S1 289 NDP-glucose synthase

Vtd R2 433 Two component system sensor kinase

Vtd R1 230 LuxR family transcriptional regulator

Orf(+1) 257 Disabled homolog 2-interacting protein
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2.3 Streptomyces sp. NO1W98 R B E R
R e A S R ) 25 2

NUESE vid WL STRBRER RN EY S
S, FRATTR LA B A SE R RE A vedAT JEAT T RH T
G I, RS T NOIW9S i b4 &
AR, KB E R R (50 pg/ml), WER
(25 pg/mL), ZNHRER (100 pg/mL)M-RIRE R
(50 pg/mL)XF NO1W98 HA K AF A KAEH ; —
FH 4805 JH 5 IE (50 pg/mL)%F NO1W98 il 4= K JCHY
Wi, fHX} E. coli HARKMEM. TR, 2%
SuperCos1 Cosmid Vector Kit I Gigapack IIT XL
Packaging Extracts #:/E F W, MW ET
NO1WO98 HyFEIN A S, 5512y 2400 4~5ik%,
il IR SRR 500 Ao BEXFIZBORF ST T AR

ST e 519, 133 T AL AY cosmids.

HE— %] PCR-targeting £ A, #J@152] T
vtdA1 #EBHWT I ZEAE cosmid, 4 HFE{L E coli
ET12567/pUZ8002 3 5 Streptomyces sp. NO1W98
AT S A, M PUERiEF PCR 5 iE1S 5]
T vedA1 WL BH T R AE AR AvedAl (8] 3). 315
B RAE MR AvedAT AT R LR I 25 U HPLC
oy M, 5 2 R A R R AT R R 2 A Y
Streptomyces sp. NO1W98 By A= HUM A xf kb, A B
RAEMPIERAT R R BEFRE 4). &
Ja, X AvedAl HEATIEN RN UE, B [ Ab R
AvtdAL:vedA T PR T ARBRER A=A 4).
I, FATIESL 1% B DNA J¥ 41 ved #5251 55 R B R
B R AW .

(B)

(A) vtdA1-F vtdA1-R

1675 bp PCR product” |

876 bp
Wild type
} | VidAI
=l J=
& e %

bla ) { n
VtdA1-F I vtdA1-R

vid/ vida

Mutant AvidA ] 2168 bp PCR product

[ [_< o [—'
. RHoracn 2

& 3.

vtdA 1 5 [F FH B 52 TR Y4932

Figure 3. Construction of vtdA1 gene disruption mutant. A: Schematic diagram. B: Gel electrophoresis analyses
of PCR products. Marker: DNA molecular ladder; WT: Streptomyces sp. NO1W9S8, 1675 bp; AvtdAl: mutant
strain, 2168 bp.
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UV=210 nm

8 13 18 23 28

4. A EEHIZEBRYE HPLC &0

Figure 4. HPLC analysis of the fermentation

extracts of Streptomyces sp. NO1W98 wild-type and
its mutant strains. i: Streptomyces sp. NOIW9IS; ii:
Aorf(=1); iii: AvtdAl; iv: AvtdAl::vtdAl; v: Aorf(+1).

NWIE ved FERFERA T, FAT SO H
WHEBH orf(—1)F1 orf(+1)E4T T BHKTZE2E , 73515
S5 N7 0 5 DR B W 28 28 8K Aorf(—1)F Aorf(+1),
5 Streptomyces sp. NO1WOS [6]H #17FE M &
e . ZEHCHT HPLC 208, 455 & Bk S 58 AR p 1)
REIE W AR R R, 5B A AR AT X
(E 4), XULH orf(-D)F orf(+ DA ERBERHE
BT R, TR R AR (B 2, 3% 3;
FHRE ved BRI % () GenBank %554 MN914689).
Sy o 2t L O DRURN B /N R W IROE TR AR
WTFXY vedT5 . vtdT4 . vtdT3 . vtdD . vtdRI . vtdR2
M vedS1 B AT T2
24 REBEWREYVESRERNHESR

HRAE 1T %1 PKS A% FL BRI ved PN 5L K o)y
RETERIUSE R, 454 140 PKS (3 mALHI™>Y, &
fITHEI R B R R WA G BOE RSB 4L
T RN 5 A W v A W R 23 (I 5), B 2R I TE L
K vtdAl . vtdA2 . vtdA3 . vtdA4. vtdAS. vtdA6
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gt 6 NS A 8 A A5 A Bl 2H B S T RE A3 T
KA HEL G 13 M (module). & R&EAE
EIHT 1 ANBE-CoA MR, Mt & M
(acyltransferase, AT)%¢5PER A NmE-CoA, HfH:
23T loading module ) ACP _EAE R —> = fik 5
JCHER IR AT R Se Bl AP IR o TEREJS Y B 2R
o FIEM RS R, AT RARE U N 6 R Al
(1) B 1RIR T =8k EIT, AT —HE-CoA
TE 35 B (keto-synthase, KS)fiEfk T i B IE
s (2) B 2. 4 AT IEE R BRE UAR TR, A
He 1 Z 17— i 38 5 i (keto reductase, KR)%;
PRI, AL ) W e S A e A, i As e 4
MR IAE N IS SO s (3) Bk 3. 518
M ZE A B[R], FesE s 1 2 7 — A K B 4s
Hydf(dehydratase, DH)., — > Bl Ji il 25 #) 35
(enoyl reductase, ER)FI—> KR, HREXT I A9
BN EE T o0 ; (4) Bk 6 H1 9 HyZEHY
SR AT, LR 1 27—~ DH #1—1> KR,
AT IO Bl BE TR M SR 25 A BT  (5) BREHR 10
LTRSS L B R, FEARER 1 2 17—~ DH
F—A> KR, [RS8 05 0 53 S5 R 40 H
W) DH DIRESR IS, AR s iy ) A ST DR B T
B-EiHE; (6) HBR 12 WAk 1 £ 7 —4> DH, fH
WIRERTE, wn# b —A oo, e,
28 TC Bl AR it 1740 7 PR 6 445 #4) 35K (thioesterase,, TE)ff
fetest PRI 4 fERERZ UG R 12 1 ACP
FAURRERTE, AR BT O N e AR A
¥y o FRER R B T 0B SR DY AR L g 2 25 4 1 3
VTD-X,

VTD &5t B G B MRAR o A% B -1- 8%
FRAE NDP-# 4 )l VidS1 B/ T 5 AL
" NDP-D-# %5 b , #:45 {KUCHE ANDP-# %5 ¥ 4,6-
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(A) OH OH
/éro VIS, o o Vs Vids O s,
HO HO oH
0

ONDP ONDP

NDP ONDP
Glucose 1 P NDP-D-glucose

B) VtdAl VtdA2

VtdA3

VitdSy, Ho/ﬁo
Q 5
& HO ﬁ

ONDP

NDP-D-olivose

VtdAS VtdA6

C C

VtdA4

Loading Module Module 2 Module 4 Module 6

Module 1 Module3 Module s

Module 8 MdllO Module 12
Mdl‘) Mod]ell

Module 7

@OWN@«SB@ @38@499 @g g@gw@ @8$ o @\f g @%@&@

©

§ 0.0 OHO

Lol

Venturicidin X

thdG

o
00 OHO VtdB /
P 5 HNA
A0 (0]
. _JOH

Venturicidin B (2)

Venturicidin A (1)

5. REERHRFAREMNEMEMRE

Figure 5.
biosynthetic route to venturicidin A (1).

K VtdS2. NDP-cUBE 2,3-Bi/Kf§ VtdS3,
3-fifi JE A0 5L VedS4 F 4-i LA J5RE VidS5 A
AT B NDP-D-olivose; VTD-X #i#i 35474 i
VtdG 1t ftk NDP-D-olivose % % I B BB i
VTD-B, fi /5 @A MMt M VtdB %f VID-B i#47
S H ALAB T B2 VID-A (B 5).

3 Wil

e A
UESUNE TR SE b N PO R
ﬁﬁ,ﬁiﬁﬁT%%E%%%EWQm%E
e 2 0 S LT A S B B
WHERE T NOTWOS 4 i St T AR, 3
S T I A U

Proposed biosynthetic pathway of venturicidins. A: olivose sugar moiety; B: PKS assembly and

Streptomyces sp. NO1W98 H VTD 1) 4355 %
FERRME T 18k VID B A, W AT e gt
N TR ER A E . A RIEIESE VID Kis
Wy HLAT S 2 (R B L R R I 1 B0 R 4
AU E AR S Sk e VID RIS
i EuE, DASRAS 2 miE e, Fi b, AR
ALG P ST LIAE A 8006 PS8 10 3k, Oy
FHOC B9 AL 25 B FE SR HE T By, DA Sy 356 14 i B
FEHt Z b G YA

855 M W) LBRE DR i Ol R R I RN O 1
5 D] L BT (R o ) PR S T Rk o AR SO T 2 AT
}'@?ﬁﬁl % LK, LT SuperCosl ) cosmid
EF A HA 20-40 kb, H— cosmid ME LA
i ved WITA A6 R . BRI, FRATTIR] 204

TR PAC 3%, JRZenl ] iz A Tixm
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PREGFENI2HE . NOIWOS AN B ALK R 1Y
AT, AT Ay S 0 DR A Al s PR ) LB 28 78 4
PESA, A A AH R DA R A S PR AL F 2 BT T SR
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Isolation and identification of venturicidins biosynthetic gene
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Abstract: [Objective] The aim of this study was to isolate venturicidins from Streptomyces sp. NO1W98 and
identify their biosynthetic gene cluster. [Methods] The secondary metabolites were extracted from enlarged-scale
fermentation broth of Streptomyces sp. NO1W98 with organic solvent, purified with normal and reverse phase silica
gel chromatography and structure elucidated with spectroscopic approaches. The genomic DNA of Streptomyces sp.
NOIW98 was extracted and sequenced by Illumina Hiseq technology. Gene cluster of venturicidins (vtd) was
preliminarily located by bioinformatic analysis and verified by gene disruption and trans complementation.
Different in fermentation extracts between Streptomyces sp. NO1W98 wild type and related mutants were analyzed
with HPLC. [Results] Two macrolides, venturicidins A and B were isolated and their structures were identified
from Streptomyces sp. NOIWO98. Draft genome of Streptomyces sp. NOIW98 harbors 49 proposed secondary
metabolite biosynthetic gene clusters, including the v¢d located in Region 3.3 of scaffold 3 that is responsible for
the biosynthesis of venturicidins. The vtd was preliminarily characterized by gene disruption of vid41, orf(—1),
orf(+1) and then verified by gene complementation of vtdAl to AvtdAI. The vtd was found to include 6 PKS
skeleton genes, 5 transporter genes, 2 regulator genes and 9 post-PKS tailoring genes. [Conclusion] The isolation
and identification of venturicidins and their biosynthetic gene cluster from Streptomyces sp. NO1W98 provide the

basis for future genetic engineering and strain improvement.

Keywords: Streptomyces sp. NO1W98, venturicidins, gene cluster, PCR-targeting, biosynthetic pathway
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