% 4”) qt % DOI: 10.6023/cjoc201602016

Chinese Journal of Organic Chemistry

ETERFBIZRA— DRI ERE SRR =Y & 21

TXES 2 ORY  KoH EBE¥’  FEHAH
(“TEFHZGRIR =R 2250 SR TES R SRS E N ESLEE 7R 110016)
¢ hERERE ElA PRI T i 200032)

WE KHIRGACH 3R HIZYR 1077, R B Streptomyces sp. TP-A0365 [RI3E K51, $RB|—AH 17 5
MR A R AR A A B A B TR KA BB ONRPS) 4B JE [H]. I @i 1% NRPS & K A Wikl S S A= 5 h
AR, X R A B AR AN R G B AR CIRUE T-45 5 8 Streptomyces sp. TP-A0365 {1 TR #k TG1301) M R B4, BATEIR
BEE PRI R BRI BOH R B T R A AL S 1. NRIGEME 20 L REERUH B3R THEY 1 ke
gEy, FLAERN 3-F T EE-7,8- ML [ 1,2-a] it BE-4(6 H) -, &AM LRI 2S84k &4, 4% provalin.
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Discovery of a New Pyrazinone Natural Product by Genome Mining

Wu, Shengb Pan, Hai-Xue”
(“ Key Laboratory of Structure-Based Drug Design & Discovery, Ministry of Education, Shenyang

Kang, Wen-Jia“ Hua, Huiming™** Tang, Gong-Li*’
Pharmaceutical University, Shenyang 110016)

(® Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences, Shanghai 200032)

Abstract The genomic sequences of Streptomyces sp. TP-A0365 were scanned using a secondary metabolite genome mining
approach. A new nonribosomal peptide synthetase (NRPS) gene responsible for the biosynthesis of an unknown pyrazinone
compound was found. The biosynthetic pathway of related compound was disrupted by inactivating the NRPS gene. Compar-
ing the fermentation products of the mutant strain and the original strain (TG1301 derived from Streptomyces sp. TP-A0365),
we caught compound 1 which disappeared in the mutant strain. Compound 1 was isolated from 20 L fermentation cultures of
the original strain and its structure was established as 3-isopropyl-7,8-dihydropyrrolo[1,2-a]pyrazin-4(6H)-one, a new pyrazi-

none compound designated as provalin

Keywords pyrazinone; Streptomyces; genome mining; biosynthesis

W 1 W (pyrazinone) 28 R A8 77 W) 72 B AR P07 AR 1)
TrAETT A ULERIA AL A, H TS RIAX KA
Yy HE T FE AR T AR 4 B (R A BK B (MRSA) = AE 1)
tyrvalin, phevalin I leuvalin'"*, %% & 7= 4[] phevalin,
arglecin, argvalin, maremycin E/F, JBIR—56/-57[3N6], R4
B 7242 /) nannozinone A/B Al sorazinone B!\ eI
4 f butrepyrazinone!™, LA K 35 ZF 14T W 72 AE K
paenibacillin AP n & i 25 K 4R 7= 1) 70 18 9% R A 5,
WA R HAE NS 55> T8 MRSA 5595 5 i (1 /8 gerh
AL B E RO T, — SR S AT AR I R R 2
WERME R A28 NS3 2 FI S AR 1) R 4
PRI R, R LA B AR 4 R (Y I R AL
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GYERAEER X,

I8 o 5 DR B AR ) a2 R A )6 ORI 9 BRTER N,
IR T —Fh R R AR =Y R A, RISE T4
s Bte R R G T iE—RE A28, ©f
W FCZRBH, LR R R SR = (A% O B 2R R AR RZ B AR IR &
% (nonribosomal peptide synthetases, NRPSs){EL T ik,
W4 TR ERRIE T U NRPS yEF4E & fa, 15K b
I8 JEL il 45 ¥ 35 (reductase, RE)HIVEF N JR il & 534
A4 AR A SR R A A3 10 v SR AT RE A3
BL R AR = A A O R R, G SR R A L X
PR AL S oy AN S R S8, WEERE B Streptomyces
sp. TP-A0365 H & I — /> 1) 0k 9 il 25 R 4R 7= 4
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provalin (& 1). 52 f57 &I IR A V) B 2 TR 2H A
AN[F], provalin H SRR AN SRR A & FF L TE L 5~6
TGk, AT R NZEA S AT AR T
B EE, [FE IR T R A AZ IR AE 5E 1) R IR R AR

AT THI R v R
o
NW
(e}

B 1 Provalin (1)45#4
Figure 1

1 ER5HR

AR LE ST EERE R Streptomyces sp. TP-A0365
(LRI I, P A — PRI NPRS 4 i 2k
DR, L2 Re IR aH 1l 5 ORI R I 2R SR P2 1) NPRS #H
o, HAEAREMER S, (22 NRPS RA AR R
JRYS CEN I Z A AR, A GRS — AN ET it
KRR, T ZEEER S RATY
yatakemycin 7742 B, N T HEBR R E DRI T4, K
M B FLFR T yatakemycin A2 & RS DR #2 ) T bk
TG1301 VENEAAB R, K [R5 5 4 A e i) 7 ik
Mm% NRPS H:[, 2254 BhE 20 B (PCR)SSUE 345 2
R IE R 228 fkdir 4 ANRPS(E 2A). RARIA R
i A0S WA Bk ANRPS 5 TG1301 A R . KB
FH 3R 01 s ROTOM B (HPLO) A M 4 R B oR, 5
TG1301 HEL, ANRPS RAEHRAS = A LR BRI ] 13.1 min
LAY 1 (K 2B). LC-MS 43 M7 2R iZ A4k &9 m/z 179.1
[M+H] "5 HEW ) il 20 B AN 451 2 R e 0 4 45 T2 B PR PR ke

Structure of provalin (1)

A

strain TG 1301

1500 bp-
double crossover e
500 bp-
strain ANRPS 250

—-I 673 bp ra—

400 -

300

200

100

W HE AR 0 o T 2 ARF . %Ak S R A7 A T
HERVBERE R Streptomyces sp. TP-A0365 [ KB4

R PR TG1301 7T KEAREQ20 L), FHidit xm
Fiek Jie S 2 i) 6 v OB (5 > B Ak 3RS T a1
ACEY R TC A, MG T 230, 320 nm A R
W, 740 it (HR-ESIMS) 44 HH H v 70 T B 718 m/z
179.1177 [M~+H]", $#&RH51 30N CoH 1 N,O (HHHAE
179.1184 [M+H]").

A1 1) "H NMR (7772 DMSO-dg) 77515
FEAE S0 1.10, 1.12), =ANTHFESLE S0y 2.10,
3.04, 3.98), —/MENHEXHEEELE 5 (0n 3.28), — M
KELE 5 (0 7.25). BC NMR B~ A 10 MRlE5: 45
4 DEPT i aeda il H A A LR A5 5 (0 20.2, 20.2,
HB), = MBS S0 21.0, 28.8, 48.5); P NERS
S, Hh AN IR Oy 117.2), 55— 96 7k v
B (0n 29.3); = AFW(dy 141.4, 154.3, 158.6)(FK 1).
I HSQC %, FRATRE N T A R MRRAS 5 0 B A
5, 'H-"H COSY %, H-5 4095 H-1, H-2; H-3 /355
H-4. H-6 A5 M. HMBC i, H-1, H-2, H-5 #5
C-10 A%, HHULEERfE X — B EEE C-10 A, FHk
H-3 5 C-4, C-6, C-8; H-4 5 C-3, C-6, C-7, C-8; H-6 5
C-3, C-4, C-8, C-9 #A AT, UL EEHH 2 X &t
g IR EE R I HAS AR T A . MR AR T
H-7 5 C-4, C-8, C-10 WAEFEA I, BHEINHHIE T X —45
FI(E 3). MU EER, thEaW 1 MEHEERN: 3-7
P 9 -7,8- AL N U I [1,2-a] W R -4(6H)- i, fiv 4 N
provalin (K 1).

TG1301

M\/\JUL__L

dNRPS
75 10.0 12.5 15.0
t/min

B2 (A)FRASHRN EANAE LA (B)Bidk TG1301 MIZEA5 Kk ANRPS K& B HPLC 20 Hr

Figure 2 (A) Construction and verification of mutant strain, and (B) HPLC analysis of fermentation extractions of strains TG1301 and

dNRPS
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AL
K1 ALEY 1 IR BB 3 (500/125 MHz, DMSO-dy)
Table 1 NMR spectroscopic data of compound 1 (500/125 MHz, DMSO-d)
Position ¢ Ou HMBC (H—C) 'H-'H COSY
1 202q 1.10 (s, 3H) C-5,10 H-5
2 20.2 q (FZ) 1.12 (s, 3H) C-5,10 H-5
3 210t 2.10 (m, J=7.5 Hz, 2H) C-4,6,8 H-4, 6
4 288t 3.04 (t,J=7.5 Hz, 2H) C-3,6,7,8 H-3
5 293d 3.28 (m, J=7.0 Hz, 1H) C-1,2,9,10 H-1,2
6 485t 3.98 (t, J=7.5 Hz, 2H) C-3,4,8,9 H-3
7 117.2d 7.25 (s, 1H) C-4,8, 10
8 141.4s
9 1543 s
10 158.6 s

7~ X\ HMBC

s 'H-"H COSY

B3 &9 1 # HMBC 5 'H-"H COSY Hi%%
Figure 3 HMBC and 'H-"H COSY correlations of compound 1

2 sLERSY

21 {UFEERH R

PCR #"#4{% Eppendorf Mastercycler, ¥t/ 51% R 4t
BioRad Syngene, JH 1% Thermo Scientific LCQ Fleet
Ton Trap, R0 EIEAX Agilent 1260, =43 HE5E (X
Agilent Technologies 6230 TOF LC/MS, #% 3t R AX
Bruker AVANCE DRX-500, 43 #7t43%#+ Diamonsil C18
51250 mm X 4.6 mm, -4+ Venusil XBP C18, 5 pm,
100 A, 250 mm X 10 mm. AR50 H Takara A7), 5l
Y& AT DNA U B8 S MER AR 5E K, i3k CEs#
RAEHE Sigma-Aldrich A+, B SA550H i
[E 2. 5% Streptomyces sp. TP-A0365 H HAE L&
3K Yasuhiro Igarashi #3324k, F#k TG1301 A
eI A, HE R B ARBTRE B A SR = R A
2.2 #J3E NRPS HEERIPRISTHE

£ pKC1139 #2224 B8 1 [RI A i B B RE
pWI-1, ZE 594 PYR-L1 (GAATTCCAACTGCTGC-
TCGGCACCTG)Hl PYR-L2 (TCTAGAGCCGTAGCC-
GAGTCGAACGTC), £ 51%°% PYR-R1 (TCTAGA-
GACGTACCTGCCGGAAGAGTG) 1 PYR-R2 (AA-
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GCTTCTGACCGAGTTCTTCACCAC). [7] HE filt K 5t Hi
P BB R K RARKR IR % 0 vk S 2 Sk, it
PCR %6 ilF 28 A% #% 1 26 (R &L, 580 51 ¥4 PYR-V1
(CACTCACAGGAAGGCAGGA) #l PYR-V2 (TCGTT-
GCGCAGATGTCCGGAG), HFrs&iK/NA 673 bp, 3k
3 IEAA I NRPS J: K] [FHE f B 28 AE Pk INRPS.
2.3 RLHRMABMEEY 1 RN E

¥k TG1301 A1 ANRPS % F SCiik v i 77 19 R i),
W4 50 mL KSR 3 AR AR RIS 10
min, JEERDEET, 0.5 mL DMSO V&Ef#, MBS
EPUEEAt HPLC M1 LC-MS 43 #7. W& 20 L Eitk
TG1301 FIRBEE A, AT 2 ], &0ETUE,
IR 2R R R I, TR KA LR CBREEE 2 1R,
AR E IR G5 R 8, H DMSO ¥R 8, 4 & ImkE
JRAEHI I o3 B alifhs, ] £ ROBAR i it — 2D a4y
[VOK) : W(ZIE)=7 : 3~2 : 8, ik 3 mL/min, Kl
£ 320 nm, HmAELED 1 (15 mg).
24 EBERSMEWEM 1 EHEE

HPLC 47 ¥4 Btk ANRPS 55 TG1301 [ & B FH 3%
535 HPLC A1 LC-MS A&, 3Ei 5 bl H w5 150 i
5E NRPS J: R b )5 B bk R B = i A8 4k, DAL 2
TG1301 KEE=¥ () H brfb &4, HPLC 2614 A 8N
KE 0.1%HIR), B #HNLIE(E 0.1%HR), WiE 1
mL/min, #EAS 320 nm K 4 KA, BelELE 0~
3 min, 10% B; 3~10 min, 10%~40% B; 10~21 min,
40%~80% B; 21~25 min, 80%~10% B. LC-MS X5
HPLC M2, X F2iftb 3R Meaw, dirmas
TG A NMR 704, 520G e 821G .

ot G H AR E LB S K24 Yasuhiro Igarashi #3%
$e it Streptomyces sp. TP-A0365 [ 1.
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% Bh A1 &L (Supporting Information) L5471 144N
R, MS, HR-ESIMS, NMR B, i £} n] DL 4 5%
AT 355 (http://sioc-journal.cn/)_E %K.
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