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Targeted activation and product identification of the type 11
polyketone gene cluster of Streptomyces cavourensis NA4

LIU Jingying', BAI Yan?, PAN Huaqi’, HU Jiangchun'**

1 School of Pharmaceutical Engineering, Shenyang Pharmaceutical University, Shenyang 110016, Liaoning, China
2 Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, Liaoning, China

Abstract: [Objective] To activate the silenced gene cluster for the biosynthesis of type II
polyketides in Streptomyces cavourensis NA4 isolated from a marine environment, and identify
the structure and antibacterial activity of the newly produced secondary metabolite. [Methods]
The silenced or low-expressed biosynthetic gene cluster under laboratory culture conditions
was activated by the addition of promoters and the knockout of negative regulator genes. The
target compound was separated. The structure of the target compound was identified by
electrospray ionization-mass spectrometry (ESI-MS) and nuclear magnetic resonance (NMR).
Furthermore, the antibacterial activity of the target compound was determined, and the
biosynthetic pathway of the compound was deduced based on bioinformatics information.
[Results] A biosynthetic gene cluster encoding type Il polyketides was mined from the genome
of S. cavourensis NA4 and successfully activated. A type II polyketide was separated from the
expression products. The biosynthetic pathway of this compound was deduced and the
antibacterial activity was determined. [Conclusion] Genome-oriented natural product mining
can facilitate the separation of target products and fully tap the potential of Streptomyces in the
production of secondary metabolites.

Keywords: Streptomyces; genome mining; secondary metabolites; biosynthesis

PSR, Wik a8 T RIS E R
Qian 250N i 57 5 #1555 B3 7 (Sreptomyces sp.)

RERSY B R IRIE L= M0k A T4, JCH
SRR, MR A L AR R

T SARE TR AR AR T T HRRR G
K, BESR T AR HTA RV T, B R IR
TR A= A BB IR Fifi 2 2L DK 4 0
HIRE, RIEEFBRIA 20 ZR Y6 AL
7% (biosynthetic gene clusters, BGCs), #& 1] H A 1R
/) BGCs RE W8 22 3k A6 I 21 FL vk e AL ™
Y1, S K B TE AR U BR S IR R ik
R BGCs, KX e fath ik g A
Yy, 2 BT A2 TS b ) B RIS T R A
AU L SRV AR TR A S5
75 IH (Sreptomyces  chattanoogensis) L10 H [
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Ti6314, srE%E T 6 FIZEaY, Hi
4 PRI B A9HT HIV 361, Huang 28 0E
T 75 T (Streptomyces somaliensis) SCSIO ZH66
(9 whl JAPEREN NS, kR R R whlAso
R, AEE AwblAso Z3 A8 (RIS B 85 B h Uk
PR GAT T )5 BRI, e ISR AR B R G
Ry 2 B 25784k, NP 4B 3 o N g 1
1t & ¥ violapyrone B . Martinez %5 U 7§
Sreptomyces clavuligerus ATCC 27064 H 1ot Fik
T LuxR ZJ5 0 PAS 5K, NS T 24
KIS N BB 25 P AL AP AE R ARG
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WAL, FhigEiR . SR C MREREEGY
F =i A N T 10 i 7 AR S A%

F M4 Wi (polyketide synthase, PKS)J2 i
ZURERIRA R, FE AL, i,
T FAG AN R () G5 AR S8, K B 2544 Jafl 171 T3 4%
HEREZEA G ED SR, F£ 11 8 PKS
FE R 0 P 55 B AR T R B A=A B —
o TETATEOLT, #u &3] —H 5/ MR
R mE, AR A — AR RN, —K)
SV, SRR TIE By PKS”H 2 AN il4 Bl 2R
(KS, Fl KSp)Fl 1 ESLE A H (acyl carrier
protein, ACP)ZH i}, ACP FHRIEFEA W ) 2R
MiEE . BR T /0EEIAN, didixX 3 FhaE B ag2E A
W E—ide, FFRI M MBI KS/KSy/ACP
4k HAh PKS WA, {IAGHA ) . PR LEE
T ARG, 2 ST A R ()R i 4 A
Ko IeJm HMAARE . WSEBE AN L RS B 1
IXUORE LA TR T, IEG RS 1 AR
[[EE Y e/

e SR RER B K V- R R 4 A A 10 A O
R WA, g F NS 5 E 2RSS
DNA W& H i, %4 ¥ 5% A F (transcription
factors, tf), REMEHN T SCIHIE H L0 B I A % 5,
PRI A& 535 ELOR IAE AU, 558 A Hh MarR K
A F B EIEE R RS, sk
T Sreptomyces exfoliatus UC5319 A= 44 il i
PRI penR & K Tl 4 4w MarR XA 1
PR s, SRR R 2R b AE R
pentalenolactone MJZAEMG . 5 %P4 BB BRAH
Fe, BB penR MY 2745k S exfoliatus ApenR ZD27
) pentalenolactones A= 46 Bl Ik P Rl o4 J
B % SR KO- BH B RRAIRN . TetR i sE LA
FrE—REEMPTHE . KEE TetR KK
R AU A A B S R 1, —
U8 TetR a8 DR 38 Ao B B0 i) 35 PR e s

LR s ok Il A R i A4 P Lee
L — TetR ZEMRHE IR 3L M (SCO1712)
E— Rt PUE KRR H . Sreptomyces
coelicolor H1 SCO1712 114 i i 3 o 41 il T P8 K 7
WhIA [ ZRIRXTE N T HiA R -G, 1 H whlA
YRR SR — B T B A R AR X R
& SCO1712 nl g% 1 — BT A == HIH T
-

WA 7 AR Z R IR B T Y L
U . NBERES | AN AR RIS R 46 2 1k
AU ARG T R R OR B BE R A
(Sreptomyces cavourensis) NA4 17 T 4L R 41
W, KMHEAF&ERRBAE™ Y BGCs,
Wt A YE B F el T — A8 PKS 26
BGCscluster 18, WMIUPKIHBOE, 8% E T —
MIFRRERAG Y, MHAYG B T T
eI AT 190 B E PR A

P

1.1 s
1.1.1  ERFABRAL

Sreptomyces cavourensis NA4 Flist {4454k
1o A I FH B K W 35 Ay I T (Escherichia coli)
FHAH G AL I PR A7 T v R 27 B T P A 2S5
JIe AR AR AR A 1OV, S T P 0 Al TR AR A
JoTRE B RH SRR LR 1,
1.1.2 5|4

H4E cluster 18 & ALK& orf3605-3607
TR P H TR G 19, 5194 58/59 bp, H
g9 5% 39 bp 5 H P HIEYE, 3'%5m 20 bp
5 19 bp #4515 ermEp*-aadA (spe™) [ F B4
[l ; iR orf3605-3607 3741 i ik P ik
BRASIN S 1, B4tk NA4 528458k PCR P41k
JE43 524 1600 bp 12 080 bp; 51#1H FifEAE T A=
Y TRRBAR MRS ARG 1T 5 3K 2.
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Rz 1 R E RO B R AE R 451
Table 1

Test strains, plasmids and corresponding characteristics

Strains/Plasmid Characteristic

Escherichia coli BW25113
E. coli ET12567

plJ790

pUZ8002

pC18-9F3

tra, neo, RP4

K12 derivative: AaraBAD, ArhaBAD
(dam-dem-hsdM-), Cm®
J-RED (gam, bet, exo), Cat, araC, rep101'

The PCR-targeted disruption cosmid (bla, neo, cos, Amp®, Kan®)

&2 NA4-C18-9F3-01 BT B9 E FE B FR 514050400 5149
Table 2 The gene knockout primers and detection primers used by NA4-C18-9F3-01

Primer name
(bp)

Nucleotide Sequence (5'—3)

Forward/Reverse

NA4 C18 orf3605-3607::Spe_ ErmP_del 1248

CCGCGGTACGGGCCGGTCCGGCCCGGGCCCGC F

CGCCGTATTCCGGGGATCCGTCGACC
TTCGGACCCTGCGGGCTTTTCTTCCGTCTGGGG R
TGCCACCATGGTTCGCCCGCTCTCCT

NA4 C18 orf3605-3607::Spe_ ErmP tes 1619

GGCAACAACGAGATCCAG F

AGAGAGGGATGTCCACAC

1.1.3 EFEMMER

B4 LB K373 (/L) Betkhiidy 5, WK
F ¥ 10, NaCl 10, %MK 1 L, pH 7.0, Bfg
20, SFM [E{RKEFREE(g/L): W EPHkY 20, 2%
20 min, H#EE 20, HK/K 1L, BifEs% 20, TSB
B HE(g/L): BREE TR 15, KGR S, #%
W5 2.5, NaCl 5, K,HPO, 2.5, EI3E/K 1L, pH 7.0,
R5 i 9 H(g/L): REHE 103, #jZjHE 10,
MgCl-6H,0 10.12, BEEREEEY) 5, BRI 0.1,
K,HPO, 0.5, K,S0, 0.25, -E /KA HEREE 0.000 1,
LKA BRI 2L 0.000 1, PU/KA HiER%HE 0.000 1,
ZRIB/AK 1L, pH7.2-7.4,

% H B & (ampicillin, Amp): 100 mg/mL
(EH /K% ). % 2 (chloramphenicol, Chl):
100 mg/mL (Jo/K £ . RHARE 3R (kanamycin,
Kan): 100 mg/mL (JC W /K% ). WK
(spectinomycin, Spe): 100 mg/mL (JCIE /K)o
FH 48 24 % B¢ (trimethoprim, Tmp): 50 mg/mL
(DMSO ).

P4 actamicro@im.ac.cn, 7 010-64807516

1.14 FERFSNHIEE
TERFER(DHZ-C, KETH LI A R
Al); HUKIU(DYY-6C, dbatss—AUERT); vk
HlL (XUEKE, IMS-100) ; PCR 1Y (Mastercycler
gradient, Eppendorf); HT43#7 KF(ALE-200,
AR ) s S AU ) 28RO T
(YXQ-LS-50S11, gt Sl A R R BTk
#&)7); AN A K HL(ABY-1001-U, i PREIT:
Sk REARAE); BHRIERFLIESR
(BCN-1360B, b 5% 7 I i IR A 2 il 3 A PR 2
A); EEAEE.OHLGKS, Sigma 2AH); B
THEHL(FD-1D-50, bt B 3 s g (A8 A R
Al) s BOESER P VERR(KQ3200DB, B 11T if
AAERARAR); KX ZHEZS R
(SHB-III, APIHKIR T 5247 FRA FD 5 AR A2
PEFAE(DLSB, AR T A FRA w5 T
78R IN(RES2-99, o ENART ) &
RORHE {5,754 (Ultimate-3000) ; {435 Ff 5 (Thermo
Fisher) ; AR (818 CIL); % w4
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(Avancell600 MHz, Bruker),
1.2 RERGFMENE REE R D

FENA ) FAEZE antiSMASH W3 (https:/
smash.secondarymetabolites.org) #1715 7~
¥) BGCs Wrtr. 3454 BLAST (https://blast.
ncbi.nlm.nih.gov/Blast.cgi) 3 {F %t H #5 3 K #% B
166 5 1 1 290 A T T 3 0 A 1) Tt A R sk [
DR TR
1.3 EHRMAIEE

FIF] PCR-targeting 4 R My E 4 ks, H
VRERNE 73k W2 25 SCRR[17]0 AN BRI Ry 309 9
Hi4d & PKSITRIJE R #% cluster 18 ) pC18-9F3 Kk
ki U8 Pl ermEp*-aadA  (spe®) N AR,
NA4 C18 orf3605-3607::Spe_ErmP_del F/R fy5|
Y1, PCR ¥ 1 Inl i3 2] & Spe HiILH 751
A Bt B PKSI cluster 18 R4 Ao it
pC18-9F3 1L #2725 E. coli BW25113/plJ790
s SRIGIRIRE R 5 10K ermEp* -aadA (spe®) A
B4k 3 E. coli BW25113/pl1J790/pC18-9F3 &%
AMMh; FESAWESN 25 pg/mL Kan,
25 ug/mL Amp F125 pg/mL Spe F-x kb1,
SREBUTCRL, YN Spe Pt A BEOARIA, sl
pNA4-C18-9F3-01, H:H orf3605-3607 1 &L K
B Spe PUHIEPIE ;K pNA4-C18-9F3-01 #44k
F| E. coli ET12567/pUZ8002 &~z Zs4fitid, M
M43 FEA R E. coli ET12567/pUZ8002/pNA4-
C18-9F3-01,
1.4 FJHERIWE

FIFRHG R HOR M B EE A T bk, FLAARHRAE
Tk WS SCER19], I R K E A
& E. coli ET12567/pUZ8002/pNA4-C18-9F3-01
AT 5 mL LB A 52, 200 t/min, 37 °C
BRI, 2% A T 50 mL LB K
RRE SR = MAR P A TR RE #5200 r/min
37 °C 557 34 h Ja &0 Em R, LB Wik

B 2R AE R, B HES T | mLLB
WA FR L AN R Se A T G e R A 1t
TR A TR NA4 J T2, B NA4 755
BUE, ] TSB HiFRHE R4 2-3 Ik, EET
1 mL TSB ARG 7235, 50 °C #4# 10 min, &
HZE WG, 28 °C 180 v/min #1575 3 h, 1EH
SRR IR s BUIMATR A SZ AR 45 500 pL
RAAIEGEATT SFM (7511 20 mmol/L MgSO,)
FpASE SR AL o TESEFRAE 28 °C Kidk 16 h ),
F 1 mL % 2.5 mg Spe £ 1 mg F{J H 48071 g % i
(trimethoprim, TMP)HJCIAU/K SE /0 A 7, T,
28 °C 555 4 d.,
1.5 EHEHA PCR Wi

R D KT B SR S B TR A B T PCR A8
& F MRS T BCEF A Rk NA4 K NA4-C18-9F3-01
KA/ DAL T, F Ezup A AN L4 DNA
R A T A Y TR () B PR A
wl], 2RO G UL BRI 4] DNA 4.
DL EFES A PCR 4GSR 1 v Yk A 7 36
ilFs PCRAAZR: L RU#S14(10 pmol/L)4% 0.5 uL;
it 1 uL; rTaq i 0.15 uL; dNTPs (2.5 mmol/L)
1.5uL; DMSO 1 uL; 10xbuffer 1.5 uL; ddH,0
#hFFE 15 UL, PCR N5 55 1 BrBe(1 /M
), 95°C 5 min; 5 2 BBt (35 MEIF), 94 °C
30s, 60°C40s, 72°C2min; 45 3 BrE(1 MG
¥, 72 °C 10 min.
1.6 FHRPRRRA G =4 RY & B2 A

Al FH SFM K Ff B P MROWE fb T BR
NA4-C18-9F3-01 FIEfERk NA4, 28 °C fHEEE;
7% 72 h, FEEFHC1 mL Kk, FfkEHE
SR AR AR R b T TSR TR 50 mL
K P i R M HEE P RUAT 250 mL)
W RE 3AEATRER, 28 °C. 180 r/min R
Br3E 3d. R 8 000 r/min £5.0> 20 min, Y8
IS AEIRSOE S, BEMA 2 g HP20 RFLIK

http://journals.im.ac.cn/actamicrocn
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FAE, 28 °C. 180 r/min 1EIEYRY 2 h, WCAER
g, FFHZRIBAEVE 3 38, WK EEF RN
R, W AR AR . 38 A R OB A (3
TR MRS K 5% (high performance liquid
chromatography with diode array detector,
HPLC-DAD) 3 #fr K BRI ) o [R5 B 5 55
FEUA T A B 533 58 A AH A 1 B AR ik NA4 A3 D)
VES X B, A A ] ) £ 35 25 R A 7 4017
HPLC-DAD #4514 : fa3%4:: YMC-Pack ODS
14 (4.6 mmx250 mm, 5 pm); FEIAH: 0.5%0
SR CBRIKE(A)-HEE(B) s BREEVEI, B2 40
T 0-30 min, 10%-100% B; 30-35 min, 100%
B; 35-40 min, 100%-10% B; i## : 1.0 mL/min;
PR 10 pL; MR 35 °C.
1.7 FJHEHRRRAE PRI K & B2
SFM 3572 B (NI ZHe E 50 ug/mL Spe Fil
50 pg/mL Tmp) AR % fL R Pk NA4-C18-9F3-01,
28 °C fHIE 5 3% 72 h, [FIFER Iz A0 1
PRIEFD T35 50 mL RS 3575 5 04 TR (5%
HAARFR 250 mL)H, 28 °C. 180 r/min §E %1555
3d, YERBREBERNF P, P T IREE 8]
T 1 L RS AN RETE AT, 3 L)
TR %, 28 °C. 180 r/min fHIR IR %
7d, KEEESAEUN 71 Lo KEERE L4 000 r/min,
20 min) 5K FIE WA B SR , SRINA 40 g
HP20 RALW M AE, i . 180 r/min 3% 2 h
Je FhUE R R B, FRZEIRKIETE 3 . Rk
TR AR EIABeRR b, F BRI R PR, g
7R RS R e 4 5 A9 B R EE D 15.6 g
1.8 EHHEHREABFNIBESEWERE
K Fi HPLC-DAD [l (5085, o5l R
FRPGHRE A ik o eg, BRI 15 ¢ ik
JKE(500-600 H)FERE, 150 g FEREEAE, Held 4
F g . FEE4> 9o 100:0. 100:2, 100:5, 100:10,
100:20, 100:30, 100:40, 100:50 1 0:100 ({&F

<l actamicro@im.ac.cn, & 010-64807516

FeYERBE VG, HIPE HPLC 43 Hr4h B8 15501
4% Fr.1-Fr.5, i@k HPLC-DAD EN HErfb &4
ey Fr.2, 5184 Fr.2 4 Sephadex LH-20
O3, W EESE BEVRIR , 1530185 Fr.2.1-Fr.2.5,
o3 Fr.2.2 226l mSopr sl a8, IR EE K
(45:55, i 2.0 mL/min)ZEFEVENL, 1536EW
(9.5 mg), ¥R MILE Y@L NMR #H17
SR EEE
1.9 EIEE MM

fER T ALHE 2 PR 22 RV . KB G
FF B (Escherichia coli) ATCC8739 . T 7 i S i
(Pseudomonas syringae) ATCC19874; 1 FREE 4K
PR TR - 4 v 6,7 %5 BR T4 (Saphylococcus aureus)
ATCC10231; 1 BRELTE : 115 /& ¥k (Candida
albicans) ATCC10231. & FHE: A 17 i e )
W B bR Ak & W 8 B /N 10 B W (minimal
inhibitory concentration, MIC), HAKMLIRUNTF .
3 HIEC 1.024 mg HEHE AT 100 uL DMSO
o, ARG A, WHUR G AR 50 uL A 5
R 5 — HBEA 50 uL DMSO By &L, &
SRR, DATITAS 2 R G B U R T TR
(1024, 5.12, 2,56, 128, 0.64. 032, 0.16,
0.08. 0.04. 0.02 1 0.01 mg/mL), Z %k i
ARTATR LM B A )R 512, 256, 128, 64, 32,
16, 8. 4. 2. 1F10.5 pg/mL. KBRS ALIFHI40#+E
JNHE , FH TSB 5535 AL AR 2254 10°-10° CFU/mL
P BEE, AR, BRIV R8s
FRIEEPATH R . 7E 96 fLAR B BALINA 5 uL A
[vi] e AR (H A VA TRORT 95wl TR, RNV
FEEER 3 AT, BSR40 k5 T 85 97 2
MG IR, PRV B S5 R (LA s
YRR T R (LA A SR IRAIGE T
37 °C &% 12 h 57 24 h, B AR Al £ 5 1
TCAM A K AR S R BV S MIC, B4
RIWEE 3 K.
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2 BER540

2.1 $EHE Streptomyces cavourensis NA4
f1 PKS-II cluster 18 EF 7% 5> 47

# FHTEL AT/ antiSMASH 6.0 Tl 72
¥k Sreptomyces cavourensis NA4 C18 FE[A % n]

#*3 C18 EEZRMITNEE TR
Table 3 Functional annotation of the C18 gene cluster

REG L PKS-IEZEALG Y, PHREMII (R 3)B/s
cluster 18 7 & 2 (1) R 25 A= W & il At A
orf3613-3615, 744 M/ PKS ([F] Sreptomyces
fradiae Tii2717 %) Urdamycin Z£ K% A urdA-C),
WE 1 Fs, MON 553 C smdmhid 25ty 5 ok
RS (K S) . BE I F(KSp) . MRS IAE

Orf Amino acid Closest protein similarity identity

Identity (%) References

orf3603 445
orf3604 219
orf3605 490
(Sreptomyces sp. WAC04770)
orf3606 311
orf3607 570
orf3608 193
orf3609 582
orf3610 329
orf3611 488
orf3612 109
orf3613 423
orf3614 407
orf3615 102
orf3616 261
orf3617 315
orf3618 854
orf3619 503
orf3620 304
orf3621 538
orf3622 76
orf3623 304

Pd2U (Sreptomyces sp. WP 4669)

Aromatase/cyclase (Streptomyces sp.)

MES transporter (Sreptomyces sp. A1136)

Cation: proton antiporter (Sreptomyces sp. S9)
Hemerythrin domain-containing protein (Sreptomyces sp. MBT57)
DHA? family efflux MFS transporter permease subunit

DNA-binding MarR family transcriptional regulator (Sreptomyces cavourensis) 99.68
Tryptophan 7-halogenase (Sreptomyces cavourensis)

Flavin reductase (Sreptomyces sp. KAI-26)

ATP-grasp domain-containing protein (Sreptomyces halstedii)

FAD-dependent monooxygenase (Sreptomyces sp. MBTS57)

Jadl cyclase-like protein (Streptomyces sp. WP 4669)
Beta-ketoacyl-(acyl-carrier-protein) synthase family protein (Sreptomyces sp.)
Ketosynthase chain-length factor (Sreptomyces microflavus)

Acyl carrier protein (Sreptomyces sp. SID4944)

3-oxoacyl-ACP reductase FabG (Sreptomyces sp.)

SDR family NAD(P)-dependent oxidoreductase (Sreptomyces cavourensis) 99.77

4'-phosphopantetheinyl transferase superfamily protein (Sreptomyces cavourensis) 99.01
Acyl-CoA carboxylase subunit beta (Sreptomyces cavourensis)
Acyl-CoA carboxylase subunit epsilon (Sreptomyces sp. SID4944)
Alpha/Beta fold hydrolase (Sreptomyces cavourensis)

83.60 MBO07936740.1
94.93 MBK3583118.1
98.57 RST22046.1
TQO31775.1
99.12 MBH0243964.1
98.77 NUV90467.1
87.33 NEA16392.1
67.50 AA065359.1
95.68 MBK3583861.1
85.19 AA065361.1
90.74 MBW8792434.1
90.45 NEB65571.1
98.04 MYR40324.1
87.36 MBW8792437.1
83.23 MBW8792438.1
AXI73011.1
66.38 THAS51728.1
MBH0245621.1
99.81 ATZ00070.1
96.15 MYR38874.1
100.00 MBH0246978.1

C18 gene cluster of Strepromyces cavourensis NA4
ermEp*

orf3606 | orf3607 orf3609 orf3611

orf3612
orf3613

orf3615

orf3617 orf3618 orf3620 orf3621 orf3623

— UL A N UMD H —

wurdO  urdE  wrdF  urdA

urdB urdC urdD

urdL urdM urdJ

1 D

urdGT2

>,_

1 C18 EF#% 5 Urdamycin £ & i E F % #8933 b &

Figure 1
insertion position of the promoter.

Comparison of C18 gene cluster and Urdamycin biosynthesis gene cluster. The arrow indicates the

http://journals.im.ac.cn/actamicrocn
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(ACP), TiTi#HIEAANIAE N BE R RER, H
FEVF 22 05 65 W SR T A= ) O DR A v 2 A o
AU . orf3616 i fith 1 i (J7] Urdamycin BEH % |
() urdD)-55 S 7Y (14 i i )5 il (K Rs) ELAT 15 B2 1 7
H A (82%—8 7% M Al 1), 25 T i A R
BT &ML . orf3617 ([F] Urdamycin FE K %
R urdL) S AR S — IR A RN AR AR A L) B
I/ U COF & AL )[R I, Btk =z 4h, C18
LA S Urdamycin FE[H 5% FAILIAY FAD
WA BRI 48 i L A orf3611 ([R] Urdamycin 3t A
% 1 urdE) A L id )i orf3618 ([] Urdamycin
FEAFE B urdM) . 8 R IE R orf3608 ([
Urdamycin 2 H 7% 8 urdO). 5 ZAFBZ,

C18 JENFE I AF7E < fL T (orf3607 ). I 5L
i (orf3620) . ML A SR ILME(orf3621)F

tF
—>

<

329 bp by PCR product

IK i (orf3623) 55 L A, #E/ni C18 FEH A
WSS T Urdamycin 23 & A FE 007 15,
B S5 BT Y15 C18 JE K& ik /7 4E 4wt MarR
GR e SE A ) R - () R 45 L X or 3606, SR FH i
B P2 5L R orf3606, [H] A 7E orf3605-3607
MU g RS Fr ik, BOSUIERK C18
A, eoisdE il PKS-1I2EL &)
T .
2.2 ETHENA4-C18-9F3-01 HHES L FE
NA4-C18-9F3-01 Z37A5 b (146 et/ 2 el an 5]
2, MM RKEIGIY NA4 C18 orf3605-3607::
Spe ErmP_tesF/R #£47 PCR HL K B il f , B A Mk
NA4 H—4 1 600 bp RY2&4T, 1 HAREH A
FIl NA4-C18-9F3-01 ALk 457 A 2 080 bp., K
H PCR-targeting AN Spe B0 SR R 7 4 o s

tR
<+

B

<

>

Wild type NA4

/ 3605-3607

X g

// IE Ori IaadA+ermEp* £ //

NA4-9#F3

1 680 bp

Amp

3 080 bp by PCR product =‘

// [Ef— — E
/ If Ori |aadA+umEp* e /

2 NA4-C18-9F3-01 REMBIMETE
Figure 2 Construction of NA4-C18-9F3-01 mutant.
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pC18-9F3 () orf3605-3607 iR N ; Hik
PCR %7 25 L i /R A% B AR BH P 2 20 480k (&
3A). SRIGHEEL pNA4-C18-9F3-01 FHIEE 41,

M WT 1 2 3

2000 2 080 bp
1 600 bp
1000

750
500

250
100

2 080 bp
1 600 bp

2000

1 000
750

500

250
100

Cbp

2000 2 080 bp

1 600 bp
1 000
750
500

250
100 —

B3 FLREHIKR NAG-C18-9F3-01 ZZTTHK AL KA ]
Figure 3 Gel electrophoresis analyses of the
recombinant cosmid and NA4-C18-9F3-01 mutant. A:

Recombinant plasmids were obtained by PCR-targeting.

B: Recombinant plasmids were transformed into
Escherichia coli ET12567/pUZ8002. C: NA4-C18-9F3-01
mutant. 1, 2, 3: Recombinant plasmids/mutant; WT:
Wild stain NA4; M: DNA marker (DL2000).

WINEEALZ E. coli ET12567/pUZ8002 1, 153
E. coli ET12567/pUZ8002/pNA4-C18-9F3-01
K (# 3B). e Bz bR R 5 Z AR R IR
[CHERE T NA4 35567 I BAPERE & 1k 1T
PCR %7E, VIEFARE NA4 RFXFRE, 458 BN
NA4-C18-9F3-01 Z&4F ke it il oy (1 3C).
2.3 ZETHK NA4-C18-9F3-01 By & EEA&
et FAR IR ) 2335 25 F AT P AR R NA4 DR 5
Ak HPLC-DAD 554 (El 4) /R TE RS #5573 I,
AR IR AW W AE Rt 1845 min., Rt
18.465 min 11 Rt 20.45 min j=A4= T $¥F A /R I B %A
g, 255 2RI L R AR BRI 2 LAt 2R AR
BRI ES 456, IAH Rt 18.45 min FALA I £ 4P
W IR R B2 AL G SRS MRS R (B 5),
H 5 A PR AL LAt 5 AR ™ A A & W BH B AN
6], SRRSO =, WOSHE T m E
24 HIFHEMBEHERE
HEMEEY TG fh(FP ) . 25K el 6 B
o [a]h-39.3 (c1, MeOH)., 43H7 BARALA 419 'H.
C Fil HMBC BiREEHH (R 4) L ILEF R fere 3 4
FERRF AR TES & 7.66 (1H, s). 7.46 (1H,
dd, J=7.6, 1.0 Hz)H1 7.26 (1H, dd, J=8.3, 1.0 Hz), #
WAETE = HURRER; | MEERFES & 5.84
(1H, m); 3 MESRETF TS 6 5.62(1H, m),
& 4.74 (1H, s). &4.39 (1H, d, 3=0.9 Hz); 1 H
HEFEES & 1.92 GH, s). “C-NMR (DMSO-d,,
150 MHz)H4t 19 4MilkfF 5, Hirh 8 A5 aiie
Wl 5 0c 161.0.158.9.135.4 . 135.1.124.7.122.8
120.3 1 117.8; 3 MIEmRIGS dc 200.7. 197.2
H1196.6; 1 MHIERRIS S oc 2414649 'H-"H COSY
DI HMBC FZHHZINE 7 Fior. 'H-'H COSY
P45 R H-5/H-6/H-6a . H-9/H-10/H-11 H,
HMBC {/r H-5 5 C-4 fA7EMICE, H-6a 5 C-57F
FEAHK, H-12a 5 C-6a fA7EAHE, H-12b 5 C-12a
ARG, A5 CD (AN 8 . LA EBERS3C
BR21 A2, RIESEIZIG Y0 Urdamycein T,
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NA4-R5-HP20

L PR P T R I T
5.0 6.0 8.0 10,0 12.0 140 16.0 18.0 20.0
nm t#/min

22.0

4

(=

=
T

600 H remeram ren

24.0

26.0

NA4-C18-9F3-01-R5-HP20

) f M T T PR PRI T
5.0 6.0 80 100 120 140 16.0 18.0 200 22.0
#/min

4 BFEKSRTHRAEN X L HPLC-DAD

PRI I "
240 26.0

7280 300

Figure 4 HPLC-DAD diagram for comparison of fermentation detection of wild and mutant strains.

% 4 DMSO-d; P Birit&4989 "H 0 C NMR

F L EE
Table 4 'H and “C NMR spectroscopic data of
compound in DMSO-ds
No. “CNMR 'HNMR HMBC
(dinppm) (J in ppm, J in Hz) correlations
1 200.7, C
2 1247,CH 5.84,m 4,13
3 161.0, C
4  424,CH, 3.23,d,(18.2) 2,3
2.09,d, (18.2) 2,3, 4a,12b, 13
0‘0260 50 300 350 200 250 300 42 73.9,C OH: 4.39, d, (0.9) 4, 4a, 12b
Wavelength (nm) 5 314,CH, 186,s 1,4, 4a
. A e 1.43,dd, (9.5, 3.1) 4, 4a, 6a, 12b
5 Rt 18.45 min ﬂ: = %E@‘,-%&.I\ﬂ&lliz T |4 4a
Figure 5 Rt 18.45 min UV absorption of compounds. 2.35.m 42, 6a, 122
6a 51.8,CH 3.27,s 1,5, 12a, 12b
7 197.2, C
7a 120.3,C
8 158.9, C OH: 11.79, s 7a,8,9
9 122.8,CH 7.26, dd, (8.3, 1.0) 7a, 8, 11
10 1352,CH  7.66,1,(7.9) 8, 11a
11 117.8,CH 7.46,dd, (7.6, 1.0) 7a,9, 12
11a 1354,C
12 196.6,C
12a 82.4,C OH: 5.62,s 6a, 12, 12a, 12b,
_ 12b 79.3,C OH:4.74, s 4a, 7, 12a,
6 Bt EYREY 13 241,CH, 1925 2,3, 4

Figure 6  Structure of the target compound.
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&: Hemical shift; J: Coupling constant; s,m,t,d,dd: Peak shape.
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N, BL LA A RO AT MR A SR
#E, /)N PKSs (0rf3613-3615)4mfid &, 1 S il 4
1. FJE4 MG orf3616 EHEEHL7E C-9 fif

7 BRUEYHXER COSY 1 HMBC #8X
Figure 7  Selected 2D NMR correlations for
compound.

2.5 &% Urdamycin J BYEME BIRE
S
T RNEHLIRMEMIE Urdamycin
LB RAUHIEE, M RIURIREESINAS T o i a8 CD Sti(CH.ON)
Jr B3 EIAY Urdamycins J A5 GRAEANIE 9 Fie Figure 8 CD spectra of compounds in CH;0H.

<

ey ——ym - ——ym——— T — [ ——— -y ——-

DD B LD B,

COSACP CH,

0 ‘ 0
--------------------------- - 5 © CH%KH 1/OH
'Acetyl-CoA+9Malonyl-CoA! — e

9-reduction & T2

6 6 b (')H(')H()

2
Oxygenations l 8

CH, CH,

0) o) 0.
(6] HO = o HO/ 2 31 OH o “HOH
‘ HD;\/U/ HO =, Corf3608 J\Ho,h'
o = S = AN e

9 HYERURETN
Figure 9 Putative biosynthetic pathway. A: Synthetic biological gene cluster of compound. B: Biosynthetic
pathway of compound Urdamycins J.
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AR TR orf3617 (45 urdL HA TR & 1 [H
P, T REME IR AR R AR E R ) 55 1 BRI
& 595 H A6, orf3612 (JF] urdF)Z: 5% 3 31
55 4 RMIMED) ) G 2. 2 ZEALEE LN
3, BGC Zwtth 1 —FpEM Ky FAD AR 5 i 4
fiti J: A orf3611 (7] urdE), 1E MR RS —
AMNEREIEN, 257 12 SRR,

orf3618 ([A] urdM)Zahs—FPEA c Sk i 45 1)
SR n Sy B 2N SR 25 R B RO R, 1
SRR AR A BGRR Y 12b-F2 3816 3
TE B K05 orf3608 (7] urdO)/EH Tt 6-
W, 5,6-FiKEEAL R 422 Ben 4 453 2,3-0%

*5 BRUAEMNEEMERILER

K, BZILE T BFrfbH % Urdamycins J.
2.6 WEMHIEFEMERE

WE Bir A Y m s MR EE(MIC), 45
RERHREEYIXT 2 #RHEE KA R IR
7 [T (Escherichia coli) ATCC8739 Fl T F i h
Jitu 7 (Pseudomonas syringae) ATCC19874 LA i B
& {08 2k & (Candida albicans) ATCC10231 Jt
A I AV P, 0o 3 22 G B T 4 v € i 2 K T
(Saphylococcus aureus) ATCC10231 A BH & /)
S, MIC fHh 16 pg/mL, X AR
KMIC H 4 pg/mL)IEHEAL. IEPELS R 5
Btz o

Table 5 Summary of antibacterial activity results of target compounds

Compounds Escherichia coli Pseudomonas syringae Candida albicans Saphylococcus aureus
(MIC) (ug/mL) (MIC) (ug/mL) (MIC) (ug/mL) (MIC) (ug/mL)

Compound >512 >512 >512 16

Control 4 4 8 4

3 5t

FITAE DG B2 AT A, A BB s TR R ]
Hrh&H Z KRB BGCs, 755250 % 55
FREMT , ZEOUEEE RIS, A TRtk R
AR, R T I s R R R AT
M gmtdae T, B BLBESE T 2R A1)
BGCs UG Hlg, ARG FRA M. Bah+
AR OB AR | PR LR 4 R S AR
S5, RIS Btk B IR A ) BGCs, M3
FHEE BB TS P AR =40,

ARG R AT B A HE ] MarR (1 [R] Hsf
NYIIEARE =S o] el O S 5BV B A S
Sreptomyces cavourensis NA4 1 — 4~ fiy PKS-11
A6 LR R0, FR A A3 25 3 1 A5 R
KRG, 50 & B A R AF 00w AT
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TPERY, A DAL AN 10 1 AR 4
AT LU B 2 o s R L A R I TRl
R R 2 IR A R B ST Ay At T A
A ) SRR < B R AR 7 0 8 A= ) i
PRI (R0 B 2 25 R B RN H R S HF
ARBFFEPEGE Y PKS-TIAE Y16 UL R 035
HRVREIZA G0 6 BITLTF /N PKS & Al
JCLA AR B . PREEE . IERESE, Hisfk
E WM SO cluster 18 A7 E i) Urdamycins
KA EY), S5EIER Urdamycins A 55 HABZE 5
REBRMLL, ST A, HEATRE S
HA= W6 BHE R 5 v e 2 G B Al B B il 1)
urdGT2 455654, TG 2SS B R T BEJH 2h 1 L
T IR OGRS Y B Anfe /)N PKS 48, — 25T
Y 5 8 1 2 X (orf3607 . orf3620 . orf3621 il
orf3623) & A3 Il , X4 AR RS SRt T S
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