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Abstract By overexpressing the positive regulatory gene, the silent gene cluster ¢k in Streptomyces aureus SP-371 was
successfully activated. The mutant strain could produce compounds with two distinct core strucutures which are pentacyclic
and tetracyclic structures. It was speculated that these two types of skeletons might be derived from the same intermediate
through two different post-modified pathways. These two tailoring pathways were intercepted by the double gene knockout,
and aureuspiro was successfully accumulated in the mutant. Aureuspiro is a new natural product with a novel
spiro-naphthoquinone structure. Despite aureuspiro is not a true intermediate in the biosynthesis of final products, it could
support the hypothesis about structure of the common intermediate.
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Scheme 1 Post-modified pathways of two skeleton structures
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Figure 1 (A) Construction of the mutant strain, (B) PCR verification of the mutant strain and (C) HPLC analysis of fermentation extrac-
tions of AtjhC5::2R, AtjhD5::2R and AtjhC5/D5::2R
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1.2 RTHkPLEY aureuspiro N BEREE

XTRAKR A ihC5/D5::2R AT KEREBE, H BT
P oot o R AR AT 2E N, 13 B AR R BRI, B
SIEIE C18 [ IAVEE Z M A 2= 2% 1 77 VR i Th 43 B 45 2
THEY) aureuspiro. ZAL AW N TE LA, FKAMEIE
F 202, 228 F1 348 nm A E GBI, & BT
(HR-ESIMS) %5 th H#E 73 1 5 1% m/z 301.1079 [M—
H], 51208 C7H,505(1H 548 301.1081 [M—H] ).

T o A W L R R R Th AT T AL S AR Au-
reuspiro [ '"H NMR ¥ -F 77275 — AN FIEA(S 5 (0 2.19)
A=A IEUE S0y 7.23, 7.70, 7.53). °C NMR Al
DEPT i {27~ 17 MikfE 5, Hrh a8 =Bk
FEE(S 5 (0 198.1, 203.1, 210.0). —NEG WY HL R
55 (0c 160.5)MPUMPERAS 5 (e 27.2, 28.7, 32.5,
50.3)(F 1). @i HSQC Wk ixfE 5 S KA E TR
2ok, '"H-"H COSY i /R 75 &4 H-3 M1 H-2. H-4 4 H
MRAFS, BUNZRIRGE M 5 87 AR R oy B8 Bk &
s R H-8 5 H-9. H-9 5 H-10. H-10 5 H-11.
H-11 5 H-12 /il SR AT S, VLGB 1) PGBk
HEAE—#2. HMBC i+, H-13 5 C-6. C-15. C-8 #iA Al
KA5S, WM C-13 ATRES C-14 AH4K; H-9. H-11. H-13
#E C-7 (6c 47.9)FHHKAE T, FriAdifrhar e LA
F 1 Aureuspiro [ % W HL 37 K 0% £ #8 (500/125 MHz,
CH;0H-d,)

Table 1 NMR spectroscopic data of aureuspiro (500/125 MHz,
CH;0H-d,)

Position o, 0 LIS 'H-'H
¢ H (H—~C) COSY
1 1605
2 1226 723(d,J=8.0Hz 1H) 4,15 3
3 1367 7.70(t,J=8.0Hz, 1H) 1,5 2,4
4 1185 7.53(d,J=8.0Hz, 1H) 2,6,15 3
5 1342
6 198.1
7 479
1.95~2.02 (m, 1H)
8 287 0 . (@, 1H) 6,10,13 9
1.44~1.50 (m, 1H)
0 272 oo Y (. 1D 7,8,11 8,10
10 643  4.13~4.18 (m, 1H) 8, 12 9,11
2.48~2.55 (m, 1H)
nos o S @, 1H) 7,9 10, 12
2.95 (dd, J=4.7,12.0 Hz,
12 1) 6,8,10 11
3.60 (d, J=16.7 Hz, 1H)
1 . 12,1
3503 2.63 (d, J=16.8 Hz, 1H) 6.8, 12, 15
14 203.1
15 116.7
16 210.0
17 271 2.19(s, 3H) 12,16
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C-7 AT O HIIZIRSE#). H-10 5 H-9 1 H-11 1845 £y
/NF 5 Hz, H H-12 5 H-11 &% %08 12.0 Hz, fTLA
C-12 SrEUAR I FR R AN C-10 A 3R 3 B Ak T AN =] i T
(K 2).
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Figure 2 Chemical structure of aureuspiro (6)
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Scheme 2 Proposed mechanism of the formation of aureuspiro
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T U R i o se B, R DIIRAS T SRR AgihCS/
D5::2R, TEH KBS F R 2] T —ANrF&A 302
HIE L&Y, ¥ 4N aureuspiro. 483 7 &5 4tk Al
KE, RIWZEDE — D BE- 28R40, X2
—ANETE) 1 BB IR =)

3 SIS

31 E5EHA
PCR #"#4{% Eppendorf Mastercycler, %t/ 1% 2450
BioRad Syngene, Jfiii#f¢ Thermo Scientific LCQ Fleet
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BIHE

Ion Trap, =R0RAH 1Y Dionex Ultimate 3000, =4
HEJF 3% (X Agilent Technologies 6230 TOF LC/MS, 1
JEPRAX Bruker AVANCE DRX-500, 73 #raifk: Grace
AlltimaTM, 5 pmoleL "', C18 #E, 4.6 mm X 250 mm, 2}
%4 YMC-Pack ODS-AQ, 5 pm, C18 #£, 10 mm X250
mm. AR FEH New England Biolab. Thermo Al
Takara A ], 5146 HURT DNA W5 HH 25 40 A ]
SER, BRI R EGERERAR, AR
BARINZ A R AR, 345008 5 Sigma-
Aldrich A" # TCI A #], AT H Cambridge
Isotope Laboratories. 5% 7% S. aureus suzhoueusis
SP-371 FHAEZR B T K 2% 1 M B A e 4 1L
3.2 WREBRERTHRAAE

LA pKC1139 s st &5 e A 1 1) R HE R o o RE
pNQY-1, 75N tjhD5-L-f: TATAAGCTTCACAC-
AGGTGACGTACTTC #1 tjhD5-L-r: TATTCTAGATCGT-
TGCGGTACGACACC, 485|914 thD5-R-f: TATTCT-
AGAGATGCTCAAGGGTCTGC F1 tjhD5-R-r: TATGA-
ATTCCATGACGTTCTCCATCAGC. [FIHEFgRE Tk 2 it
BAHBIN AGhCS RALKRT, 23Tk 3R A
R RAR R, FOAERAETE WL SCHR[3]. i PCR %R R AR
PRIGEE R R, S6E 51 %028 thD5-yz-f: CATCGCAAC-
GATCAAGGAATTC Hl tjhD5-yz-r: GCCTGCGAGCAC-
AGGAACAG, HFr% K/NA 329 bp.
3.3 KT ARE

BB EZEETFT 2~3 mL JREEHR K S W (Tryptic
Soy Broth, TSB)}5 7%+, + 30 C, 220 r/min K757 2~
3d. NEKEE, BEEE TR 2 mL FEiAES] SP-371
REEEE IR, KEREER®H | mL Fprlssss
A 100 mL TSB ;3% 500 mL #25f+, 30 C, 220
r/min ¥i9% 1 d, ¥ 5% K EFES IR EARTR P WA 2
REEFEFRIEP IR, B9RY) 5~7 d. BOJG, KEELE
W O CERZER IR, & M Clg, BT, R
LW, FHARIZIE 1 h, JEREA, &R 2, 7
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RAKMH OB OEERERZ K, 5 HIEERRA I+, T
#%H.
34 AR, TEREE

FR EE PRI R, F LC-MS3EHT 8T, 72
7 8(40 min): 7=0 min, 60% A, 40% B; T=2 min, 60%
A, 40% B; T=35 min, 25% A, 75% B; =36 min, 10% A,
90% B; T=38 min, 60% A, 40% B; T=40 min, 40% B,
HPLC %A | mL/min. HA A M E AT E08 1%0
HCOOH ¥ H,0, B M N5 %04 1% HCOOH ]
CH,OH, {#/H 254 #1272 nm KAGI. KB IR A
C18 A ENT AT YIS 4k, 03T ik
alifh,. 2480 B 414 HO Al CHSOH 23 HIAE Sy 4%
B A F1 B #H, FER 208 40% CH;OH S5 LU BE i,
TIEA 3 mL/min. 4NN 8 L IR EER H 7 5543 3
T %) 10 mg aureuspiro. Aureuspiro: 2L & [E 4K, m.p.
229~267 °C; [o]y 29.3 (c 0.1, MeOH); HR-ESIMS calcd
for C,7H,,05 [M—H]~ 301.1081, found 301.1079.

B B EARE TOR S MR B I R E S, aureus
suzhoueusis SP-371 T ¥k.

$#H BI#1 KL (Supporting Information) L&) aureuspiro
2 SR IS TE . HR-ESIMS A1 NMR B3, X seh4 k)
AT LA 3% AT W 38 (http://sioc-journal.cn/) . %K.
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