B e R i 202246 A%42% %3 JOURNAL OF MICROBIOLOGY Jun. 2022 Vol.42 No.3 1

* KKER

HAe ML, PEMAFRLE LR SRR, FAMAK BRI e A pizkL S8
FRAAREGRAFR, FEADRBESANG LT LE R ERRR AN FR PEMAEDFLLE
WMAEMFELERAER LG R R EEHXFM LR EFIT NP BAHFRE 50 31T
HAAR T THE LIRFHRNFEREAT ITEGTFHTAFT IR T ERALT G T P
FEHEAHATE . RIRNFHEMAEDTRARALEEZHEIBEFRAARRT, XM % FHI
SBER B RAFE M AE IR e AE M E A, A ARG AL FERA AR EE
AMEEEFS T, BT EMNEREFRHELZARALERGE, ERASGREDFR AR IEGTFE
REGFE,FHAFTLUFL. REBW, TAREER G AAAFELE A L P EHFRERRMEFHR
FRVE K 863 i X FH RAA G ARIRA 15 R; LA FRLXS52 &, L P SCI kL 28 F; AL+
KA ER N34, AP BN FTEAN I AR A4 TER LGP EASAMFAFN A
WA Ao

FERANKMEVRATNESINAXBRERZITERE

(hERMEBE R A ST, LT W 110016)

B E MAVRATHEAFTHRFZEMNIERRFANADER L2 ERHEHFRGG L
o Lk, MEHEENFHERNRREE, EXOHRAEADERAKERTT SHADSRHARLR®
WA ERE & T AR kI R, 4T RO ETE R A4 A R & (BGCs) JFiR A48 e ibad,
VAR S, € dm R E 0 R L BRRAR R B0 o R AR T @y xaX sk ) R A AL B 40 R 45 B AL
BFI RMPAF ARBHBFOREDFFHRRARELAG AL TSR PRAEGIE; ELEFRET
BB A E AR BGCs 09 AW 12 B2 FAM % BGCs 69 B30 B VAR B AR = W 697 3 Fo Sk B8 7% @ 89 47 L
BRETEATHRIAKREBEFPSUFEBEARAABRAEDRAST D PIAALALFENG ZRL%
(SPLSD) ,f 336 T AR R AR = M 25 A 26 5 K I HLid Fa ek o

KR BB TS Y; 2 A YA AR B FEE; AR AR RBE ST RERM =W, 5%
% My

hESEKS (936 XEERIRFE A XEHES 1005 -7021(2022) 03 -0001 — 14

doi: 10.3969/j. issn. 1005 —7021.2022. 03. 001

Design and Prospects of an Efficient Mining Pipeline for
Microbial Natural Products in the Post-Genome Era

PAN Hua—qi~
( Institute of Applied Ecology , Chinese Academy of Science ,Shenyang 110016)

B0 H K HARE A4 T I H (31872036,41576136) 5 th FE Rl B S s VL 25 SR H % 15 A 25( XDA28090300) ; hFBE
ERUFT Lt 2 5100 H (2018229) 5 31 T4 ML A I H ( XLYC1807268)

YEE T WA U AP W A S BB U E W S AR R W BRI TR B 250 5 A R B R BT
%o Tel: 024-83970386 , E-mail: panhq@ iae. ac. cn

* EEHIEE

ke H 19 20220531



Abstract Microbial natural products possess enormous diversity of chemical structures and fascinating biological ac—
tivities, which continue to inspire novel discoveries in medicine and pesticide. In recent years, with the rapid devel—
opment of high-throughput sequencing technology, massive microbial genomic data have revealed a much greater po—
tential for the biosynthesis of diverse and novel natural products than previously appreciated. However, activating
cryptic biosynthetic gene clusters ( BGCs) and identifying the corresponding compounds, as well as avoiding rediscov—
ery of known metabolites are still challenging. Here, this paper describes the new technologies such as genomics,
bioinformatics,, machine learning, metabolomics, gene editing and synthetic biology in the discovery of drug lead com—
pounds to address the aforementioned problems. New insights into prioritizing promising strains, bioinformatics predic—
tion of BGCs, efficient activation of silent BGCs, and identification and tracking of target products are summarized and
presented. Finally, a systematic pipeline for efficient lead structure discovery from microbial natural products by prom—
ising strain selection and multi-omics mining ( SPLSD) is established, and future opportunities and challenges in

workflows of natural product drug lead discovery are discussed.
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Trend in the discovery of new NPs from microbes in different eco-environment
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Table 1  The taxonomic distribution of lineages with abundant BGCs discovered by genome

Kingdom Phylum Order Genus
Bacteria Actinobacteria Streptomycetaceae Streptomyces \ Kitasatospora

Corynebacteriales Mycobacterium .Mycolicibacterium .Nocardia
Micromonosporales Micromonospora . Salinispora Actinoplanes
Frankiales Frankia
Streptosporangiales Nonomuraea
Pseudonocardiales Amycolatopsis . Kutzneria
Actinomycetales Actinomyces

Firmicutes Bacillales Bacillus . Paenibacillus
Eubacteriales Clostridium
Lactobacillales Lactobacillus

Bacteroidetes Flavobacteriales Chryseobacterium
Bacteroidales Bacteroides

Proteobacteria Burkholderiales Burkholderia . Caballeronia . Paraburkholderia
Xanthomonadales Lysobacter
Pseudomonadales Pseudomonas
Myxococcales Myxococcus . Cystobacter . Stigmatella

Cyanobacteria Nostocale Anabaena Nostoc
Pleurocapsales Pleurocapsa

Fungi Ascomycota Pleosporales Bipolaris . Cochliobolus \Alternaria

Aspergillaceae Aspergillus . Penicillium
Hypocreales Fusarium . Tolypocladium
Xylariales Pestalotiopsis
Mycosphaerellales Cercospora
Cladosporiales Cladosporium
Magnaporthales Magnaporthe
Ostropales Cyanodermella

Note: Data from references [13] [15] [17] etc.
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Table 2 Strategies and methods to activate silent BGCs

Host Activation levels and sites

Cell level

Endogenous host

Organelle or gene clus—
ter level

Gene level

Transcriptional level

Protein level

Heterologous host Gene cluster level

Gene level

Free host Protein level

Molecular level

Activation approaches Activation specificity
Inter-strain Co-cultures Untargeted
Intra-strain Culture regulation using OSMAC Untargeted
approach
Ribosome, RNA polymerase, his— Epigenetic modification Untargeted
tones, signaling pathway related
genes or BGCs
Ribosome engineering Untargeted
Altered signal transduction path—
g P Untargeted
ways
Block competing pathways or met— Untargeted
abolic shunting
Globally regulated genes Duplication or replacement of Untargeted
positively regulated genes
Knockout or silencing of negative— Untargeted
ly regulated genes
Pathway-specific regulatory genes Duplication or replacement of Targeted
positively regulated genes
Knockout or silencing of negative— Targeted
ly regulated genes
Biosynthetic structural genes Duplication or replacement of bio— Targeted
synthetic genes
Precursor synthesis related genes Enhancing precursor supply Untargeted
Promoter element Promoter engineering Both
Transcription factors Transcription factor decoy Both
Biosynthesis related proteins Mutant biosynthesis or directed Both
enzyme evolution
Carrier protein Post-translational modification Untargeted
Intra-strain BGCs Heterologous expression by direct Targeted
cloning
Heterologous expression via en— Targeted
hanced transcription
. . Synthetic pathway refactoring in
Inter-strain BGCs Y P Y & Targeted
vivo
Biosynthesis related proteins CFME  synthesis or synthetic Targeted
pathway refactoring in vivo
Small organic molecules De novo synthetic system by cou— Targeted

pling CFPS and CFME

Note: OSMAC, one strain-many compounds; CFME, cell{ree metabolic engineering; CFPS, cell{ree protein synthesis
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Fig.2 The systematic pipeline for efficient lead structure discovery from microbial natural products by promising

strain selection and multi-omics mining ( SPLSD)
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