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Abstract: Tuberculosis (TB), caused by Mycobacterium tuberculosis, has become a major human infectious disease. The
existing first-line and second-line TB drugs have poor treatment outcomes in patients with MDR-TB and XDR-TB. Thereis an
urgent need for new and better drugs to treat tuberculosis due to lengthy and complex treatment regimens and a rising problem
of drug resistance. Microbial-derived natural products have revealed enormous reservoirs of as yet untapped lead compounds. In
this review, we discuss the strategies that have been developed in bacteria and fungi to isolation of non-culturable microorganisms
and activation of silent biosynthetic gene clusters involved in the study of microbial-derived natural products. This review also

highlights recent advances in microbial-derived natural products with anti-tuberculosis activity using these methods.

Keywords: Mycobacterium tuberculosis, un-cultured microorganisms, silent genes, one strain-many compounds (OSMAC)
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Fig. 1

It shows the different research strategies for the production of microbial-derived natural products. The

culturing methods of uncultured microorganisms and the different strategies of OSMAC are generally overlapping.
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Gavrish 2PV 3 J5U A 85 35 91 4E 1K 55 32 Bk il
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Tablel Source, activity and target of anti-TB natural products

Compound Source Strategy Target MIC (umol/L) Reference
Lassomycin Lentzea kentuckyensis sp.  In situ cultivation and ClpC1 0.42-1.57 [19-25]
prolonged incubation
Ecumicin Nonomuraea sp., strain High-throughput screening and ClpC1 0.13-0.3 [38]
MJIM5123 stress of nutrients limitation
Acyldepsipeptides Sreptococcus hawaiiensis  Stress of nutrients limitation ClpP 31-65 [39-40]
Pyridomycin Dactyl osporangium fulvum Genetic manipul ation InhA 0.72-1.44 [41]
Thiolactomycin Nocardia sp. Genetic manipulation B-ketoacyl-ACP 92.5 [42]
synthase
Cyclomarin A Sreptomyces sp. Stress of nutrients limitation ClpC1 0.3-2.5 [43-44]
Teixobactin Eleftheria terrae Ichip lipid 11 0.125 [45]
Ilamycins Sreptomyces sp. SCSIO16 Gene inactivation and - 0.009 8 [46]

isotope-labele

WF5E &P, Lassomycin 7845 1% 15 P A9 R AR &
CIpC1P1P2, J5H Z&5HE AR AT ATP 4K
B IR, T LA A ) T R S %
MR, AR AE T o0 BOFF e i e o
Lassomycin A] L4454 5] ClpC1P1P2 fit) N A i 11 4%
REER R, IS S ATP BIE T, #Eim S a8
ClpC1P1P2 Kb F i 4 4 1 IR 25 I T U e ik 45
AR NP S S P BTN 8 IR &
Pl (AN SR 17 A 0 o s D TR ) ML B
/B, iR Lassomycin fRAT 7 SR P4 4% 254
ol 25 WA AR G RN, TR) -t Ry i b 25 4% 24
PR R T LR,

A 3 Y s, ST LB 65 000 Fi

TR R 114 46 U Fp  BRLEEF Y ) QR Nonomuraea sp.

MIM5123 fij = — R i % Ecumicini®®, —
ANIRIEHY 13 K45+ . Ecumicin X 45 4% T8 i e /A
PN 0.34 pmol/L. HXF MDR, XDR Kk
SR (R 5 A% TR A A8 K G T, e A R A
WK . & W OMAERTE . SEBkE S BRa M
6 M, 8 Ecumicin X 45 B WA FE R A0 R
16 . 5 Lassomycin 254, Ecumicin L REf# (HEX
LENH P ClpCL ATPase 24y, MM & 1 it
ClpP1P2 /K fifid M, i BUZE R I T35 H oK
frimigR KPP, SRR F i it Clp & 1A
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BARFK eI R T A DT & . K]
W LA H B E R AR, T PRIES
SRR AR, A Rr AR B YL LA 1 1 5 A
FERIEFEE . 5 —4> CIPCL #7)J2 Cyclomarin
A, HZhBERE# Sreptomyces sp AR UL ik,
W TG, Hep 34 A A Rm.
Cyclomarin A fz 52 7E 1999 47> #4533, FwI#k
N A PTRIEME, (EAFFE A UER] Cyclomarin
A Xf MDR-TB 5 XDR-TB #4 #iL B & 4, HAEH
HUBR AR B CIPCL 2 (B3, ilid 5 ClpCl
SiEFEUREESE, IFEE HLE TEE
I B N E B VAR, S5 T
EAREBIATIFET- Y, RS R WIS
G RAE AL, BT ClpCLER
ZERHE AT BRI LIRS AT 5 A SRS mgT
NGO = AT T — 2586, 8T
Cyclomarin B, Cyclomarin C A & & iz i 18
Desoxycyclomarin C, 2534 45 1 R T4k
EYE RIBUILS 25 IT S vk 139
SEEZRJE R Kim Lewis BF5E /N 4H 18 15 %6
B R E AT R 85 9%, R Ichip (Isolation
chip, Ichip) £ ARMNKEEFMEY B-LIEH H
Eleftheria terrae i) & B H 43 2 21— Flogh Bl b A=
& Teixobactin®®, SHEDUER | L BHBE
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F KB 5 T 45/, Teixobactin 43>+
Sit)E T A IR AR, 25— AT LGS lipid I
R$tA= & . A Teixobactin X M. tuberculosis fi%
RAREHATIRE, RS MIC W MRAREA
i vE tHPr At  Ak , R B Teixobactin B9 1E H b
B G5 T I T TR B g i, DA T R %k S
M. tuberculosis 4T 4, BHICA B4 1Y
i 5t . Teixobactin A 1E FHAIL I J2& 45 & Ik 38 A i 14
lipid 10 lipid T, 2F ifi 400 ol 240 AE 2E JK 2R 0% 1 7
BT I8 B R A Y0 A= K VR . Teixobactin
FEE LA lipid TR EBERRER A 20, A
IEL T 240 7R 400 i BE 1) 5 i 42 Lipid T2 —AME
EEE A, A A Sl AR 7 A T 2, 2 H i
R IATRUHUATHE Y 541, lipid 2400
FEA R, AT RORREAI lipid 11 0 550 % 7L 50
Vi =R B T REE . LAk, Teixobactin tifF
AT lipid T, J5 #2240 M RERERERR (1) & CATIA

4 Teixobactin 5 lipid M45&H;, 7T S8 HERH
B, K IRRMEE %, AR BAEAET ., BRil
I RN | Teixobactin % HoAt 45 % [P B
WATARGF BT IR, O o S AT 55 AR XA TR 1Y
S AR TRV PEARLIR BN e % s o3 AP ILXT Z2 it 245 1
Lnimt B AR AR 4 A A AT ER T (Methicillin-resistant
Saphylococcus aureus, MRSA)  FIi 1 i 55 & 4 #
&4 BRE  (Vancomycin resistant Saphylococcus
aureus, VRE) %545 %, MIC ¥7E 1 ug/mL L FE7,

3 k¥

TiE$ 24 45 % TR kg 2 1A 4 ARy, Bk T
RTINS N RS P N TR e S N DI 2 R
PRI BUEY M EZ | R 2R
AL R, RN R AR 42
JE X LR A BEIR S A FBE AR WL SR
EUTIRIE S At . WA EAE G 9R L B IR IR
il 55 5% K Ichip oA, A P A ™ ) b A Y
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HA P WGP KR 7Y Lassomycin
Ecumicin £ Teixobactin, ‘& f1LA Clp E A K A&
s lipid 11 o EFHEE A5, HAA BRI AT 5. 7
AR, AR By gk S e A b SR
SERRR R IR, IF i — R e Ak 5 )
PTG, EPa PR — D EH Dy
] o AR S0 28 ) 8 7R BIR ] 55 5 SR g DA A= 1 93
Wz 18 Pantoea dispersa H1 )i 2445 %16 MERY
L&Y PantocinWH-1, PantocinWH-1 ki £ ik 45
My, 23T 1927 Da, H W 454% 1 B AT FR 5
ARG, AP It S H R 8 1 i
IEAh, —SB AR T R EARSS S E S
OSMAC RIS 4% , N2 3L 41 %# (Metagenomics
HfaE R ZE (Stable isotope probing, SIP)*7,
T R 2 AR SR U E R TP Y L DNA, JF
e B B AT 1% 57 0 e 3 A A rh DA o R PR 4 S
P, MARAS 1 5 B 2 v AT ) B8 O 15 P 51 i a2k
30T, SCEEAL S T AT RG SR B R BE 55% 1 Gl A= ) i
R, RETTE T A W 00 B 1 R A ) R, Al R ™ fre
TR My IR A A (A D 2 2 R
KRIGFEREY) TP DR R T & ARAT B i 1
Yy J53 A B SRR AR, AR ) B LR AR P I PR R 0
BOEAEZR T A B R AW K. 1 Gillespie
ORI AN N T ik 20k pBeloBACI Hy%
T R S 0 IR SO, RIS T A
A iEBUEAE B PR Turbomycin A Al
Turbomycin B. #] DA H G P4t 12 25 Wit &t
HA BTN AR, SIP fE KB, TEE
PRICE TR PRI I LY, A A2 2 N =
BN-BC bRic i s SR A B SRR 2 s Rk
Yy, sEiE NMR ORI FH X e 2 LR A 1
B KRR, A 20 ol SCERGE 10 2
F 8 S o 092 e s e A I AR B R T v B
THAVSS RGN RINY R, Eil SIP &4
AROCACHBE RAF IR B RE IS P . SR BUAS A TR I Pk
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HIL A Y —Ha 3% % E (lamycinE) ) 143k %
R EXTE5 %A HarRv K MICAES 9.8 nmol/L,
S APUA Y ARG VERY 30 £ . 1Ak R R
E XJIE 240 M A FE AR, TEDUA AR M AN 4 i

Rk 2 A] A BE £EVEFE £ 400-1 500, B/ H 0T
M avbe 0, BA 2.

Zi b, TR ARE RS SR S BRI R O R
W ST R PG M . AU Bk
ik, W AR B AR E TN A N AR
KIRTW, XL TR W) HA KB B 45 1% 24
YIE 1. Jabh, BEE B0 AR B R 5 ik i
(N 2E e SIPHEAR), A YR A K
SR A Ul e A T E— 2B AR L, B £
FiAE D EAR PSS, RUEEM KRR KA
BB 2T KB & IR, S NS R R
oo R S ft B SR AL T 2 AT A R
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