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Research progress and outlook on peptide pesticides
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Abstract: Traditional pesticides play a crucial role in ensuring food security. However, long-term and monotonous use
has led to increasingly severe issues such as resistance and ecological risks. Therefore, developing efficient and
low-toxicity green pesticides is essential for sustainable agriculture. Peptides, as key physiological regulators, are widely
used in medicine, cosmetics, health products, animal nutrition and health, and plant protection. In recent years, peptide
pesticides have become a research hotspot in green pesticides due to their extensive raw material sources, exceptional
bioactivity, and ideal environmental compatibility, achieving significant breakthroughs in antimicrobial and immune
inducers, plant growth regulators, insecticides, and herbicides. Based on this, this paper systematically introduced the
research progress of peptide pesticides and discussed their industrialization prospects and future development trends.

Key words: peptide pesticide; insecticide; antimicrobial and immune inducer; plant growth regulator; herbicide

o 3
:2025-10-01
: 22477134.21877126.21372257.20972185.20672138 2022YFD1700403
2000— o o E-mail 13949370822@163.com
2001— o o E-mail zhongzy@cau.edu.cn
1967— o E-mail yanxl@cau.edu.cn

-1 -
HFEFI https://www. cnki. net

e



24 5
B 4
o
o N N N
N o N N
(131 N N N N
14 [5-6]
N o
N N 1902  Bayliss Starling
N N [7] (e}
o 20 o
Hadronyche versuta 51963  Merrifield
Spear ® SPPS
2020 ” 1984 o
2021 . o N
18]
N N o
o 10
1986 . 1999
o 2018 81,2020
Spear® 4 ”
1
e}
2
2~100
o 2.1
“peptide” “insecticide”
N C “fungicide” “herbicide”  “plant growth regulator”
o Web of Science  SciFinder
N 1902
N o 1902—2025 o
10 1 1A 3
1 2 1B
3 o
60000 = Web of Science 5000 = Web of Science
54000 - = SciFinder = SciFinder
48 000 4000
42000
gz 36000 € 3000
I I
= 30 000 =
s |
g 24000 & 5000
%= 18000 H
12 000
1000
6000
S S F L E S 0
O of o ol 2023 2024 2025
P F PSS S
A O
A 1902—2022 ® B 2023—2025
1 2025 8
-2 -
HEFIRY https://www. cnki. net



Hh [ R

2025 10

1A 1902—2022 60
1902—1962 . 1962
€ )
- 1963
SPPS
30 1992—2022 1902—

2022 Web of Science 93.0%
90 395/96 936  SciFinder 99.9% 98 381/
98 496 o 3
2023—2025
1B
2.2
o [9]0
2.2.1
o APD6  http://aps.unmc.
edu/AP/ 5 680
o PVEC
Bacillus megaterium PhD2
Botrytis cinerea NAF

Aspergillus flavus Fusarium solani

Penicillium italicum

Alf-AFP Verticillium dahlia .

2.2.2
(213 PIP1/2
(41 NbPPI1
Nicotiana tabacum Pytophthora 3]
Zipl e
Phytophthora sojae Pep-13 (7]
APP3-14
80%!" Lactiplan-

tibacillus argentoratensis
PRKGSVAKDVLPDPVYNSKLVTRLINHLMIDG-
KRG 1] CLE7
N X\

https://www. cnki. net

[20]

GmPEP914 GmPEP§90

@1
2.3
(223
10°~107 mol/L
[2425]
30
7 CLE .CEP.
RALF.IDA.PSK.PSY PEP 29,
CLAVATA3
SCR RALFs
CLE25 NCED3

Cyclo Leu-Pro

[27-31]
(e}

24

B2
bialaphos

Streptomyces hygroscopicus

[32]

Streptomyces acidiscabies
thaxtomin A /
33351 ) Tentoxin

Alternaria tenuis

Gl Aspergillus versicolor

versicotide D
B

o

LZD-14-1

2.5



24 5

37 N Culex pipiens .
o N Aedes aegyptii
[43-44]
N e} o
Hadronyche
versuta w-k-HXTX-HVIA .0-ACTX-Hv2a (30
Diguetia canities B-Digue-
toxin-Dcla Dcla -1, -3.L25 Ml
(2 NnFV38] [45.47,50-51] Al
Conus textile TXVIA 27 ] Al5 .
o 4 782
proctolin, IKs . 1,
PBAN ASTs °
2.6
401 _ . 20
Y Y N N 1 N N N
-1 Pisum sativum PAlb o
1
Problad Plus™ : : : : Consume em Verde
ProBlad® Verde N N N N N Sym-Agro
MPD-01 N : N Micropep Technologies
PHC-91398 N Plant Health Care
Saori™ Plant Health Care
Obrona™ : : Wilbur-Ellis® Agribusiness
Teikko™ Plant Health Care
KEYLAN Ca.KEYLAN Combi,
Hello Nature https:
KEYLAN Fe . KEYLAN Max.
/Iwww.hello-nature.com/us/
KEYLAN Mn.KEYLAN Zn
Tandem ) :
Hicure®
Spear®-Lep N N Vestaron
Spear®-T N N Vestaron
Spear® RC : : Vestaron
BASIN h ) Vestaron
Sero-X® R Innovate Ag
3 . Lupinus N
albus BLAD 2 Problad o 2 ProBlad® Verde
Plus™ ProBlad® Verde®, 1 Problad Plus™  20% N N N
BLAD N N
-4 -

HFEFI https://www. cnki. net



Hh [ R

2025 10

o 14d
- 3 MPD-01

4 PREtec

o 1 PREtec PHC-91398 1
HrpW 27

N

o 2 PREtec PHC25279

Saori™
. 3 2023 Obrona™
Saori™ - Obrona™
- 4 PREtec PHC949 2023
2024 Teikko™
3 o
1 KEYLAN KEYLAN Ca.

KEYLAN Combi.KEYLAN Fe .KEYLAN Max .
KEYLAN Mn KEYLAN Zn

pH
o 2 Tandem
LRPP
3 Hicure®
5 o 1 Sero-X®I
Helicoverpa
armigera . Bemesia tabaci Nezara
viridula 41, Vestaron
GS-w/k-HXTX-Hvla
3  Spear® Spear®-T Spear®-Lep
Spear® RC . 2 Spear®-T N
N 3 Spear®-Lep

N

o 4 Spear® RC Group 32

N N

https://www. cnki. net

- 5 BASIN
Vestaron
UI-AGTX-Talb-QA
3
3.1
.pH N
3.2
Y [55] o
w/k-HXTX-Hvla
Spear®, N
s
8, Thanatin THA
Dermaseptin 01 DS01
DSO01-THA
1561
57581 PAFs
58] 66-10 77-3.77-12
TBZ Fusarium



24 5

sambucinum  TBZ &7,
DDS N
[59-60]
DDS o Nakasu
[61)
Herzig ™
N Bacillus
thuringiensis
/
(63
Escherichia coli .
Bacillus subtilis Pichia
pastoris Saccharomyces cerevisiae
[64-65]0
(e Spear®
Kluyveromyces lactis
81
4
120 o
. X
AlphaFold2/3 .RoseTTAFold
"mRNA N

[1] HEDGES J B, RYAN K S. Biosynthetic pathways to nonproteino-
genic a-amino acids[J]. Chemical Reviews, 2020, 120(6): 3161-3209.

[2] MITA T, SATO Y. Syntheses of a-amino acids by using CO, as a
C1 source[J]. Chemistry-An Asian Journal, 2019, 14(12): 2038-2047.

[3] AGUILAR TROYANO F J, MERKENS K, ANWAR K, et al.
Radical-based synthesis and modification of amino acids[J].
Angewandte Chemie International Edition, 2021, 60(3): 1098-1115.

[4] WANGM Z, JIN XY, ZHOU Y L, et al. Research progress of insect
neuropeptide allatostatins and their analogues[J]. Chinese Journal of
Pesticide Science, 2019, 21(3): 255-272.

[5] ZHOU Y L, LI X L, ZHANG Y M, et al. A novel bee-friendly pepti-
domimetic insecticide: synthesis, aphicidal activity and 3D-QSAR
study of insect kinin analogs at Phe2 modification[J]. Pest Manage-
ment Science, 2022, 78(7): 2952-2963.

[6] BOMGARDNER M M. Spider venom: an insecticide whose time
has come?[J]. C & En Global Enterprise, 2017, 95(11): 30-31.

[71 TAMJIK V,LEEL T O, JIN J, et al. Molecular evolution of GPCRs:
secretin/secretin receptors[J]. Journal of Molecular Endocrinology,
2014, 52(3): 1-14.

[8] ZHANG Y M, YE D X, LIU Y, et al. Peptides, new tools for plant
protection in eco-agriculture[J]. Advanced Agrochem, 2023, 2(1):
58-78.

[9] DONLEY N. The USA lags behind other agricultural nations in
banning harmful pesticides[J]. Environmental Health: A Global
Access Science Source, 2019, 18(1): 44.

[10] TANING C N T, MEZZETTI B, KLETER G, et al. Does RNAi-
based technology fit within EU sustainability goals?[J]. Trends in
Biotechnology, 2021, 39(7): 644-647.

[11] YADAV G S, KUMAR V, AGGARWAL N K, et al. Aptamers:
biotechnological applications of a next generation tool[M]. Singa-
pore: Springer, 2019: 169-174.

[12] BENDE N S, DZIEMBOROWICZ S, MOBLI M, et al. A distinct
sodium channel voltage-sensor locus determines insect selectivity
of the spider toxin Dcla[J]. Nature Communications, 2014, 5: 4350.

[13] BENDE N S, DZIEMBOROWICZ S, HERZIG V, et al. The
insecticidal spider toxin SFII is a knottin peptide that blocks the
pore of insect voltage-gated sodium channels via a large S-hairpin
loop[J]. The FEBS Journal, 2015, 282(5): 904-920.

[14] HOU S G, WANG X, CHEN D, et al. The secreted peptide PIP1
amplifies immunity through receptor-like kinase 7[J]. PLoS Patho-
gens, 2014, 10(9): e1004331.

[15] WEN Q J, SUN M L, KONG X L, et al. The novel peptide NbPPI1
identified from Nicotiana benthamiana triggers immune responses
and enhances resistance against Phytophthora pathogens[J). Journal
of Integrative Plant Biology, 2021, 63(5): 961-976.

[16] SEGONZAC C, MONAGHAN J. Modulation of plant innate

-6 -

HFEFI https://www. cnki. net



H LR oA

2025 10

immune signaling by small peptides[J]. Current Opinion in Plant
Biology, 2019, 51: 22-28.

[17] NURNBERGER T, NENNSTIEL D, JABS T, et al. High affinity
binding of a fungal oligopeptide elicitor to parsley plasma
membranes triggers multiple defense responses[J]. Cell, 1994, 78
(3): 449-460.

[18] ZHAO P Z, YANG H, SUN Y W, et al. Targeted MYC?2 stabiliza-
tion confers citrus Huanglongbing resistance[J]. Science, 2025, 388
(6743): 191-198.

[19] TIWARI I, BHOJIYA A A, JAIN D, et al. Managing tomato
bacterial wilt through pathogen suppression and host resistance
augmentation using microbial peptide[J]. Frontiers in Microbiology,
2024, 15: 1494054.

[20] LIU P, ZHANG J, LIU S, et al. The plant signal peptide CLE7
induces plant defense response against viral infection in Nicotiana
benthamianal[J]. Developmental Cell, 2025, 60(6): 934-948.

[21TYULP, GAOY W, YANG Q J, et al. Large-scale pairing identifies
a soybean phytocytokine-receptor module conferring disease
resistance[J]. Nature Plants, 2025, 11(9): 1739-1747.

[22] TAKAHASHI F, HANADA K, KONDO T, et al. Hormone-like
peptides and small coding genes in plant stress signaling and deve-
lopment[J]. Current Opinion in Plant Biology, 2019, 51: 88-95.

[23] CHEN Y L, FAN K T, HUNG S C, et al. The role of peptides
cleaved from protein precursors in eliciting plant stress reactions
[J]. New Phytologist, 2020, 225(6): 2267-2282.

[24] VANYUSHIN B F, ASHAPKIN V V, ALEKSANDRUSHKINA N
I, et al. Regulatory peptides in plants[J]. Biochemistry Moscow ,
2017, 82(2): 89-94.

[25] MATSUBAYASHI Y, SAKAGAMI Y. Peptide hormones in plants
[J]. Annual Review of Plant Biology, 2006, 57: 649-674.

[26] DODUEVA I, LEBEDEVA M, LUTOVA L. Dialog between
kingdoms: enemies, allies and peptide phytohormones[J]. Plants,
2021, 10(11): 2243.

[27] FLETCHER J C, BRAND U, RUNNING M P, et al. Signaling of
cell fate decisions by CLAVATAS3 in Arabidopsis shoot meristems
[J]. Science, 1999, 283(5409): 1911-1914.

[28] LAY F T, ANDERSON M A. Defensins--components of the innate
immune system in plants[J]. Current Protein & Peptide Science,
2005, 6(1): 85-101.

[29] OKUDA S, TSUTSUI H, SHIINA K, et al. Defensin-like
polypeptide LUREs are pollen tube attractants secreted from
synergid cells[J]. Nature, 2009, 458(7236): 357-361.

[30] ENDO A, SAWADA Y, TAKAHASHI H, et al. Drought induction
of arabidopsis 9-cis-epoxycarotenoid dioxygenase occurs in vascu-
lar parenchyma cells[J]. Plant Physiology, 2008, 147(4): 1984-1993.

[31] DAI R, ZHANG J Y, LIU F, et al. Crop root bacterial and viral
genomes reveal unexplored species and microbiome patterns [J].
Cell, 2025, 188(9): 2521-25309.

[32] SHI L Q, WU Z Y, ZHANG Y N, et al. Herbicidal secondary
metabolites from actinomycetes: structure diversity, modes of
action, and their roles in the development of herbicides[J]. Journal
of Agricultural and Food Chemistry, 2020, 68(1): 17-32.

[33] LIU D, CHRISTIANS N. Isolation and identification of root-inhibi-
ting compounds from corn gluten hydrolysate[J]. Journal of Plant
Growth Regulation, 1994, 13(4): 227-230.

[34] LIU D L, CHRISTIANS N E. Bioactivity of a pentapeptide isolated

from corn gluten hydrolysate on Lolium perenne L.[J]. Journal of
Plant Growth Regulation, 1996, 15(1): 13.

[35] UNRUH J B, CHRISTIANS N E, HORNER H T. Herbicidal effects
of the dipeptide aianinyl-alanine on perennial ryegrass (Lolium
perenne L.) seedlings[J]. Crop Science, 1997, 37(1): 208-212.

[36] LAX A R, SHEPHERD H S, EDWARDS J V. Tentoxin, a
chlorosis-inducing toxin from Alfernaria as a potential herbicide
[J]. Weed Technology, 1988, 2(4): 540-544.

[37] POSADA L, REY L, VILLALBA J, et al. Cyclopeptides natural
products as herbicides and inhibitors of cyanobacteria: synthesis of
versicotides E and F[J]. Chemistry Select, 2022, 7(27): €202201956.

[38] YU H H, YUE Y, DONG X L, et al. The acaricidal activity of
venom from the jellyfish Nemopilema nomurai against the carmine
spider mite Tetranychus cinnabarinus[J]. Toxins, 2016, 8(6): e179.

[39] CHEN J, LIU X M, ZHANG Y. Venom based neural modulators[J].
Experimental and Therapeutic Medicine, 2018, 15(1): 615-619.

[40] ELAKKIYA K, YASODHA P B, JUSTIN C G L, et al. Neuropep-
tides as novel insecticidal agents[J]. International Journal of
Current Microbiology and Applied Sciences, 2019, 8(2): 869-878.

[41] CRAIK D J. Discovery and applications of the plant cyclotides[J].
Toxicon, 2010, 56(7): 1092-1102.

[42] GROVER T, MISHRA R, BUSHRA, et al. An insight into
biological activities of native cyclotides for potential applications
in agriculture and pharmaceutics[J]. Peptides, 2021, 135: 170430.

[43] GRESSENT F, DA SILVA P, EYRAUD V, et al. Pea albumin 1
Subunit b (PAIb), a promising bioinsecticide of plant origin[J].
Toxins, 2011, 3(12): 1502-1517.

[44] EYRAUD V, BALMAND S, KARAKI L, et al. The interaction of
the bioinsecticide PA1b (Pea albumin 1 subunit b) with the insect
V-ATPase triggers apoptosis[J]. Scientific Reports, 2017, 7(1): 4902.

[45] ZHOU Y L, LI X L, ZHANG Y M, et al. A novel bee-friendly
peptidomimetic insecticide: synthesis, aphicidal activity and
3D-QSAR study of insect kinin analogs at Phe2 modification [J].
Pest Management Science, 2022, 78(7): 2952-2963.

[46] ZHANG Y M, LIU Y, WU X Q, et al. A novel peptidomimetic
insecticide : Dippu-AstR-based rational design and biological
activity of allatostatin analogs[J]. Journal of Agricultural and Food
Chemistry, 2024, 72(20): 11341-11350.

[47] ZHANG C L, QU Y Y, WU X Q, et al. Eco-friendly insecticide
discovery via peptidomimetics: design, synthesis, and aphicidal
activity of novel insect kinin analogues[J]. Journal of Agricultural
and Food Chemistry, 2015, 63(18): 4527-4532.

[48] ZHANG Y M, HE Q, CUI J L, et al. Machine learning-based
rational design for efficient discovery of allatostatin analogs as
promising lead candidates for novel IGRs[J]. Pest Management
Science, 2025, 81(3): 1186-1195.

[49] ZHANG Y M, LIU Y, CHEN C, et al. Unveiling the allatostatin
type-a receptor as a promising target for discovering the peptide
mimic Al5 as an IGR candidate with a broader insecticidal
spectrum[J]. Journal of Agricultural and Food Chemistry, 2025, 73
(23): 14230-14244.

[50] ZHANG CL, LI X L, SONG D L, et al. Synthesis, aphicidal activity
and conformation of novel insect kinin analogues as potential
eco-friendly insecticides[J]. Pest Management Science, 2020, 76
(10): 3432-3439.

( 14 )

-7 -

https://www. cnki. net



24 5

H LR oA

3 o . ,2024,
46(3): 1035-1040.
[411 . ., ., .QuEChERS- - -
0. ,2021,39(11): 1213-1221.
[42] , , .
7. ,2012,2(3): 76-79.

[43] MARIE-CHRISTINE P, ISABELLE D, JOZEF C, et al. Simple ion
chromatographic method for the determination of chlormequat
residues in pears[J]. Journal of Chromatography A, 2001, 920(1/2):
255-259.

[44] ) [D].

,2010.

[49] , ...
. , 2018, 46(28): 98-100.
[50] , , .
“ ” . ,2021, 53(3): 45-49.
[51] , .,
. ,2022(1): 74-76.

[52] HAO Y, YUE G, SHU L, et al. Determination of underivatized
chlormequat, fosetyl-aluminium and phosphonic acid residues in
maize and soybean by LC-MS/MSJ[J]. Analytical Methods, 2024,16
(2): 237-243.

[53] GUO X L, XU Y J, ZHANG F H, et al. Chlormequat residues and
dissipation rates in cotton crops and soil[J]. Ecotoxicology and
Environmental Safety, 2009, 73(4): 642-646.

[45] HUANG Y S, SHI T, LUO X, et al. Determination of multi-pesticide [54] ) , ;- -
residues in green tea with a modified QUEChERS protocol coupled [J]. ,2014,53(12): 915-917.
to HPLC-MS/MS [J]. Food Chemistry, 2019, 275: 255-264. [55] . (1.
[46] FRANCESQUETT J Z, RIZZETTI T M, CADAVAL T R S, et al. , 2013, 41(11): 4822-4823.
Simultaneous determination of the quaternary ammonium [56] > > s
pesticides paraquat, diquat, chlormequat, and mepiquat in barley [J]. ,2021, 12(24): 9627-9634.
and wheat using a modified quick polar pesticides method, diluted [57] ) ) y -
standard addition calibration and hydrophilic interaction liquid [J]. ,2018(5): 18-22.
chromatography coupled to tandem mass spectrometry[J]. Journal [58] ) ) . N
of Chromatography A, 2019, 1592: 101-111. [J]. ,2017,38
[47] . SERS [D]. (4): 752-757.
,2019. [59] s
[48] . SERS [J]. ,2017, 8(11): 4344-4350.
D ,2021. ( : )
( 7 ) thiabendazole and imazalil against postharvest fungal pathogens[J].

[51] NACHMAN R J, STREY A, ISAAC E, et al. Enhanced in vivo
activity of peptidase-resistant analogs of the insect kinin neuropep-
tide family[J]. Peptides, 2002, 23(4): 735-745.

[52] PINHEIRO A M, CARREIRA A, FERREIRA R B, et al. Fusion
proteins towards fungi and bacteria in plant protection[J]. Micro-
biology, 164(1): 11-19.

[53] MUTTENTHALER M, KING G E, ADAMS D J, et al. Trends in
peptide drug discovery[J]. Nature Reviews Drug Discovery, 2021,
20(4): 309-325.

[54] OGUIS G K, GILDING E K, JACKSON M A, et al. Butterfly pea
(Clitoria ternatea), a cyclotide-bearing plant with applications in
agriculture and medicine[J]. Frontiers in Plant Science, 2019, 10:
645.

[SS]YAOJF, YANG H, ZHAO Y Z, et al. Metabolism of peptide drugs
and strategies to improve their metabolic stability[J]. Current Drug
Metabolism, 2018, 19(11): 892-901.

[56] SCHWINGES P, PARIYAR S, JAKOB F, et al. A bifunctional
dermaseptin-thanatin dipeptide functionalizes the crop surface for
sustainable pest management[J]. Green Chemistry, 2019, 21(9):
2316-2325.

[57] GONZALEZ C, PROVIN E, ZHU L, et al. Independent and
synergistic activity of synthetic peptides against thiabendazole-
resistant Fusarium sambucinum([J]. Phytopathology, 2002, 92: 917-
924.

[58] LOPEZ-GARCIA B, VEYRAT A, PEREZ-PAYA E, et al. Compari-

son of the activity of antifungal hexapeptides and the fungicides

https://www. cnki. net

International Journal of Food Microbiology, 2003, 89 (2/3):
163-170.

[59] MARTIN-SERRANO A, GOMEZ R, ORTEGA P, et al
Nanosystems as vehicles for the delivery of antimicrobial peptides
(AMPs)[J]. Pharmaceutics, 2019, 11(9): 448.

[60] NORDSTROM R, MALMSTEN M. Delivery systems for antimi-
crobial peptides[J]. Advances in Colloid and Interface Science,
2017, 242: 17-34.

[61] NAKASU E Y T, EDWARDS M G, FITCHES E, et al. Transgenic
plants expressing w-ACTX-Hvla and snowdrop lectin (GNA)
fusion protein show enhanced resistance to aphids[J]. Frontiers in
Plant Science, 2014, 5: 673.

[62] HERZIG V, BENDE N S, ALAM MD S, et al. Chapter eight-methods
for deployment of spider venom peptides as bioinsecticides [J].
Advances in Insect Physiology, 2014, 47: 389-411.

[63] AKBARIAN M, KHANI A, EGHBALPOUR S, et al. bioactive
peptides: synthesis, sources, applications, and proposed mechanisms
of action[J]. International Journal of Molecular Sciences, 2022, 23
(3): 1445.

[64] NARAYANI M, BABU R, CHADHA A, et al. Production of
bioactive cyclotides: a comprehensive overview[J]. Phytochemistry
Reviews, 2020, 19(4): 787-825.

[65] PARACHIN N S, MULDER K C, VIANA A A B, et al. Expression
systems for heterologous production of antimicrobial peptides[J].
Peptides, 2012, 38(2): 446-456.

14 -



