[CGRYEZ

Acta Microbiologica Sinica

2017, 57(11): 1722-1734
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20170263

FRIERBRE = Y E S E R R HE R R A E [B) & I

R, FwA ", FOH

VAR E SR, MEEERRE R, IR B
P RIGTRIE SRR E R E, W EY SRR R E, IR HE

266003
266237

WE: LRSS YRR Y LI5S BOREC AL SR 08, KO 15825 & 3
FRIREIE o RURE AL D LI P48 /s T TR A 2 DR A PP A7 A R R B (eryptic) IR A ™ ) A2 ) 6 ik [
7%, QA ok S R R DR AR I A 244t R IR R = T 8 BT A A 5 R o AR SO AR S P R 225
PEPIAS A BELRA T Bt AR 1A O DR 8 8 SR 5 RN, X DR 2H £ B 48 3 B 4544 17 (structure-guided)
AL 5 1) 23 B BORIEAT T VAN o Bah B DRI (89388 DR o 1o K A BAT D8 IR P AR R R AR B 3 1

B AL,

KR PG, RIS RIENE, KK, €k

TR PRI KR ) — B 25 R
SR, ISR B ZPUTE . PIER . B
Azl P LA e i R 25 . SR, A 20
g 90 AERRIAFFIR, & IR IG5
VIR B e, o n) TR E Y RN Z,
Yk ik B E B AL A Y E A e,
W, ARART A R A 1) 3 i B SR AR 7 T R
H )RR W U BT IR

BEE il I P R B UK e, ok 2
P B A 0 4 DR 0 o AR R A e R DR B3R T
GOLD (Genomes OnLine Database), # 1l 2017 4=
4 J1, B©AF 246189 FAR . 15521 FEAZ LY

2216 Pty 41T B4 25 R 200 1A% 58 el IEAE R T

i (http://www.genomesonline.org/). 4 W15 B2F457

itz . VP2 BRI RN A b & A 2 DI
7 HE 0 R R A (N 22 T 2 TR 1Y R R 28
A 8%—10%HI P51 SR AT ), HAR H i
RF N LR b o s 2l e s s s, B
Al B IR A P AR ok i —Fa. - Bl
o, XL KW A% W Streptomyces
coelicolor LA EFAH 29 MR =Y
E TR, (BRI AT 4 R B e, (FE
undecylprodigiosin. calcium-dependent antibiotic

actinorhodin I methylenomycin, it Al WA Y

EE&MEB: HEBAR¥ESE(31570032); EXKARREHEE-1INREBUNKA 34 (U1606403)
“BIEYEE ., Tel/Fax: +86-532-82081813; E- mail: liwenli@ouc.edu.cn
s HER: 2017-05-19; {EEIHHR: 2017-06-12; MEHEAEL: 2017-07-21



RS | MUEZR, 2017, 57(11)

1723

BRI W  RE e AT R T, SR,
VI 2 5L IR AR S 0 2 5 A0 T Rk SISO &
ik, AT AR (cryptic)RAS, BUSG XL 1%
IRHE N S AR R AR KR R T B .
PR Tl J SR b B SR i .
A w5 RIS A EUZ B IA TR I
A G R R R R, 3T A H 20 B Pk
R, BUS TR AR SR, XL
I B AL 58, S 174 35 DR AR mT R L e 1 B,
Bl RN DA G LTI B R R A, FF
B X B (%) B i 5 T (polyketide  synthetase,
PKS). AEEMHA RS BEfF (nonribosomal peptides,
NRPS) & 244 NRPS-PKS A 4L AN, 45
G RHEUE R AEYIME B EOR , RS HU B AT ]
A RERY - M BLAE F R, DT S B AE 5 B R
B TR RN R IEHR, BlER
IR 27 TR LR ot . S Rakis/
B BUAE W)~ 4 R DR 2R 42 48 SR s A 803 T — R4
FaE LRI o A ST IR AR S A RN 22 A5 R B
Xof P R R RS A 98 e AT 1 255, TRl I
gy 7 IR SRS T 4543 17 (structure-guided)
AL PIE [ 7 B EOR , JF R T etk ik A i
TELEIAE W) R R 7 i B v 1 g T i 5 o

| BEARRE LA REE
00 W

Btk ik R e 22 B LA T0R ™, — B T 32 3
AR B A PR BB G A . R SEd fHE
BTG B P RE I R B S B
L1 @R Rt

AR S O 4 1 R e B DR ST, 2
LA ST TR . RSN Sk IR i [N s A% ok

. FIRRIEMG Y RS FEESE S TR
GEAR R R RN SM AL S SR (P 1 FIER 1)

L1l AT IRE: f£ARRES, MEwRR
FACH Y G AR R —E SR T R
K, ORER R R AR S0 38 25 F T AL T Ui iRk
&, BRIRE B Ry A Y B S B S
1, BT A RIHERIK, A AT A0S Bk 2
AR5, DT ™ A= AH L A8 U AR ™ )
Franke 554 — 4 YA 3§48 A2 Burkholderia
pseudomallei FER ] H gt — A~ 2445 () PKS-NRPS
AV ORISR T B, TS T HER S
88 TE& Y burkholderic acid (1)1,
Aspergillus  nidulans " i &% — > 71 5% 9n 15
fellutamide B Y4 #-6 ik [R5 inp, Yeh R
FEINFRAE R IR I S 7 ) R A7 S R A B
B BERS, KRR inpa-D FERY)E 3h 51
FHAIFEFAUS S F alcAp J5, TEAGERRES:
NEGE T BAREER R R R AR A TS
2-hydroxy-5-isobutyl-3-propanamidylpyrazine (2)"’,
112 BEGREFEEEFBRETGE: B
PR PERE N — AL THE R, A5 IR R
AP, 38 20 3 A WG GRS B0 FRE
BAEM . Laureti 4538 3 5 KA AR 2% LuxR
FIGEATER, IS TAETUURIRZSAY 1 AL PKS
FENE, M Streptomyces ambofaciens ATCC23877
R R BT BAPURRE TR 51 0K
BE2EHi4E & stambomycins A—D (3-6)™; 181 #i&
B RS LA scbR2, S. coelicolor Hi [
ML cpk BERTED), i — 285 G MR TR
Wz R, PEMEE T HAAR
coelimycin P1 (7)1%,

113 RERBMEGREYZETER: WZHAT,
BE LR BOTTTHR AT RE 2 Hh TR0 B9 52 AR PERHLE A 3R

http://journals.im.ac.cn/actamicrocn



1724

Lukuan Hou et al. | Acta Microbiologica Sinica, 2017, 57(11)

SEW, EBRAE SE LN E T R R
SEARRR R IR BRI e R I 28 A 3T Bt . Corre
EBANLT S, coelicolor A3 (2)HF £k E KBk SCP1
B mmfLHP #9\FHEAE SCP1 W) S. coelicolor

A Z0 HZNW\N
= |
Nx
0] S
burkholderic acid (1) 3_pydroxy-5-isobutyl-3-propanamidylpyrazine (2)—7 o HN O

OH OH OH

!\

®

OH OH OH

R= g/\(\ g/ﬁ/\
stambomycin A (3) stambomycin C (5)
g Z/\/\

stambomycin B (4) stambomycin D (6)

\/\/\/\gNHH 0

M512 Hgtf s T RIEFRIK, BT 5 DHRTUER
PR A 2kt R 4- 3R F R TR IR -3- AR R (AHFCA)
(8—12) (1] ; Yamanaka 2543 B Saccharomonospora
sp. CNQ-490 H1—~ NRPS FLH#E S A S. coelicolor

(0]
HN)k

O HO

coelimycin P1 (7)

HO
Ho_ [_ 0O
0
(10) (1) (12)
AHFCA (8-12)
Cl 0

Wﬁv%
HO cﬁOZQ K{/o

A%
COOH
N O
H
COOH

ISR RRASY,
HN

2

NH HLN
36 /CONH O NH H

taromycin A (13)

spectinabilin (15)

Tes
8,

penocin A (14)
0 OH COOH O OH COOH
o) 2- methyllsobomeol (18) ep1 lsozlzaene (19)
R Hoﬁ S
S0 HO B ;
OH
OH O 0 0
:H
gaudimycin D (16)™12 gaudimycin E (17) albaﬂavenone (20)  avermitilol (21)
1. XAREHRUHERRSBIORATY
Figure 1. Compounds isolated from microbes by pathway-specific activation of cryptic gene clusters.
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F1. BEHHEREEVESRERESBRMRASY

Table 1. Natural products isolated by activation of cryptic gene clusters
Approach Compounds References
Pathway-specific Promoter engineering burkholderic acid (1), [6-7]
methods 2-hydroxy-5-isobutyl-3-propanamidylpyrazine (2)
Manipulating pathway-specific regulators stambomycins A-D (3—6), coelimycin P1 (7) [8-10]
Heterologous expression AHFCA (8-12), taromycin A (13), penocin A (14), [11-14]
spectinabilin (15)
Reporter-guided mutant selection gaudimycins D-E (16-17) [15]
In vitro reconstitution 2-methylisoborneol (18), epi-isozizaene (19), [16-18]
albaflavenone (20), avermitilol (21)
Pleiotropic Manipulating global regulators violapyrone B (22), (23-28) [19-23]
methods Epigenetic perturbation nygerone A (29), oxylipins (30-32), mondictyphenone [24-26]

Inactivation of competing pathways

Co-culture

(33), emodins (34-38), F9775A (39), F9775B (40)

christolane A (41), christolane B (42), christolane C [27-28]
(43), piericidin F (44)
alchivemycin A (45) [29-30]
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IEY, B AT B F 22w b S P iR
B, NS, coelicolor HRYMEIE ST SCO7700 Fl
SCO5222 B4 =4 2-methylisoborneol (18)!'°'1A
¢ epi-isozizaene (19) V" HRER AR NEAFRIGH
i F epi-isozizaene JE R #0471 41 il (2. P450
(CYP170A1)ZER sc05223, #EM epi-isozizaene
AT RERE— 2D Ak, Zhao S{ASNRIE T SCO5223,
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Figure 2. Compounds isolated from microbes by pleiotropic activation of cryptic gene clusters.
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Figure 4. Discovery of natural products guided by DNAS.
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Figure 5. Compounds isolated by genome-guided structure mining techniques.
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Abstract: Traditional bioassay-guided natural product discovery has led to re-isolation of a large quantity of known
compounds, and thus dramatically stunted the process of drug development. Large-scale genome sequencing
revealed the existence of numerous cryptic biosynthetic gene clusters in microbes, which have attracted increasing
attention in the research field of natural product discovery. In this review, we summarized the strategies for
activation of microbial cryptic gene clusters at pathway-specific and pleiotropic levels, and discussed trends in
structural identification technologies used for genome-guided compound mining. Activation of cryptic gene clusters

will open new era for effective discovery of novel bioactive natural products.
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