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Advancements in biosynthesis of natural product pesticides from actinomycetes
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Abstract: Actinomycetes are renowned for their exceptional biosynthetic capabilities in producing bioactive natu-
ral products. The structurally diverse and functionally versatile compounds derived from these microorganisms
have consistently served as a vital source for innovative drug discovery in the pharmaceutical industry. In the
current pesticide market, major varieties of natural product pesticides are mainly produced by actinomycetes.
Nevertheless, actinomycetes natural products still face such challenges as low yields and high production costs
during industrialization. In recent years, with the rapid development of multi-omics technologies, artificial intel-
ligence, and synthetic biology, researchers have gained deeper insights into the complex biosynthetic processes
of actinomycetes natural products. These advancements have enabled the establishment of diversified strategies
for optimizing strain biosynthesis, significantly enhancing the bio-manufacturing capabilities of natural product
pesticides from actinomycetes. This article summarizes the advances on efficient biosynthesis of natural product
pesticides from actinomycetes from five aspects, including natural product assembly lines, precursor enhance-
ment, regulatory network, cofactor supply and balance, and material exchange system. It provides guidance for
green and efficient bio-manufacturing of natural product pesticides.
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Table 1 The producing strain, constituent structure and function, of agricultural natural products from actinomycetes
A/ RUES & 7 A FEAYON G e 2E 0
Type Compound Producing strain Active component  Function Reference
s Ma R THR) TN WK i R B AR M I Ao
2% . . AR » .
Polyketide (Tetramycin, Streptomyces ahygroscopicus var. TR PN g 2 AmA o [20]
Wuningmycin) wuzhouensis
8 Vi 2% M sp. 51702 N -
UK-2A° Sﬁffj}‘f‘y;ﬁ o S0 WERENE  AEA [21]
Mibe: R T B %5 B B 110 . R
. N N ! 22
(Natamycin) Streptomyces chattanoogensis 1.10 RIFPIRER ARR - [22]
K 7 SRt B #5  SPRI-2098
(/\scon;ﬁ /ci\n) Streptomyces melanosporofaciens var. NN ANLEES A [23]
) y Guanxicus SPRI-2098
WIRER FE YA 5 75 14 HBERC-20821 R K fmA [24]
(Novonestmycin)  Streptomyces phytohabitans HBERC-20821 s S
A W TR et fdnl [25-26)
(Nanchangmycin) Streptomyces nanchangensis n. sp. : Shie
BT 24 1 b 2 7 . o
N 7N | -
(Avermectin) Streptomyces avermitilis RIFPIRER AU [27-28]
LAWE SR » .
S X S | s
(Spinosad) Saccharopolyspora spinosa RIFPIRER AdA [20,29]
KRN EE kR 1 » .
S A HL5 30-3
(Milbemycin) Streptomyces bingchenggensis ESOCLLES Al [30-31]
W P25 2R TR0 5 7 T 30 B 22 v PR
N 7N | :
(Polynactin) Streptomyces griseus var. liuyangensis ESOCLES A (32]
AR PR 1 CMERAE  AdA [33)
(Piercidin) Streptomyces mobaraensis
b 7 2 UK T AM-3672 S s
~ iy R | -
(Herbimycin) Streptomyces hvgroscopicus AM-3672 GaLEE Bl [34-35)
Aminoglycoside (Streptomycin) Streptomyces griseus nHEs R
SR W AR B i T T ) A2 Ao
(Jingean rr;\cin) Streptomyces hygroscopicus var. AP AWl [36]
ggangty Jjinggangensis
P 2 N B 47 2 T 2R e T i
(Zuelaem /c\in) Streptomyces venezuelae var. qinlingen- I AmA [37]
’ y sisn. var.
wU/ B NG B T e
7 ZIN I
(Kasugamycin) Actinomycetes microaurous eE e AER - [20]
A 0 A i a0
(Zhongshengmycin)  Streptomyces lavendulae var. hainanensis HHs S
1% Wk 5 T B cobmk mEn L)
(Validmycin) Streptomyces hygroscopicus var. limoneus s S
EFiIeS WL Tl B _ ,
’ H — R 1 G K
Peptide (Thaxtomins) Streptomyces albidoflavus J1074 R R R 2 ik Bl 139)
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The producing strain, constituent structure and function, of agricultural natural products from actinomycetes

I Reg RS
Type

(laz X7

Compound

Z Ik
Peptide

TiERR
(Wanlongmycin)

THER
(Ningnanmycin)
USSR F VLI EE
(Huaguangmycin/
Nikkomycin)

PNEEEES

(Tianzhumycin)

Kt 28

Nucleoside

EZIVESWEZC &
(Polyoxin)
(Mildiomycin)

AL 120
(Agro-antibiotic 120)

KIFEE -SUR BT 90827)
(Blasticidin-S)

(Jinhemycin)
KE#ER
(Qingfengmycin)

AW R
(Guvermectin)

R R
(Wuyiencin)
A FIRERCR
HL 109
(Gongzhulinmycin)

CER TR (e 4 101D
(Cycloheximide)

HAth
Other

PR FEEAYW G TIE ZH IR
Producing strain Active component  Function Reference
TR A0 7% 5 i 5 T T I
Streptomyces griseovariabilis subsp. s W Wbk 3 25 2 ik A [40]
bandungensis subsp. nov
Wi R B Bl 5 R P B AR e
ARG RN AL e A [20]
Streptomyces noursei var. xichangensis
W TR R B 75 1 S-9 .
e e Db A Pyt
Streptomyces tendae S-9 PRI B R AdA - [20]
AN WK R B R A LS o
Streptomyces ahygroscopicus var. M I A T IR 2 AP [38]
tianzhushanensis
4 TSR e
BEERELE WUERAEE R [20]
Streptomyces aureus
A REER 22 . , -
s Ay A 5
Streptoverticillium rimofaciens IR AR [20]
i 9 W K 8 25 AL RO
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beijingensis
I A8, 7 (0,41 5 TR . N -~
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o 2 M 2 N
EREEBMWER gk aEm (41
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S N s
KRREEE OB AR (42]
Streptomyces qingfengmyceticus
W R ik ke
AR 1 S B 2 "R 3]
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N R _— "
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Streptomyces albulus var. wuyiensis
TN WK B B AN I S A
Streptomyces ahygroscopicus var. 2NN A3 AuA [20]
gongzhulingensis
R o b N
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Streptomyces griseus
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Figure 1 Strategy for enhancing the yield of natural product guided by synthetic biology

Abbreviations: PR: Pleiotropic transcriptional regulator; TCS: Two-component system; QS: Quorum Sensing System; CSR:
Pathway-specific regulators; AcCOA: Acetyl-CoA; MCOA : Malonyl-CoA; MMCOA : Methylmalonyl-CoA
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