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Pesticide Biochemistry and Physiology

A venom serpin from the assassin bug Sycanus croceovittatus exhibiting
inhibitory effects on melanization, development, and insecticidal activity

towards its prey

Wenkai Liang ™', Meijiao Li™*', Fenlian Chen ™', Yuqin Wang”, Kui Wang ", Chaoyan Wu ™",

Jiaying Zhu """

* Key Laboratory of Farest Disaster Warning and Comtrel of Yunnan Province, Southwest Foresery University, Kunming 650224, China
‘mwﬁmmwmmmnmmqmmqmmmm.xm
650224, China

ARTICLEINFO ABSTRACT

Keywords: Serine protease inhibitors (SPIs) have been identi as main in the venom of the pred-
Predatory bug atory bugs, while their functional roles remain unexp In this study, we identifisd 35 SP1 genes bolonging to
e three subfamilies of serpin, canoaical SPI, and A2M in genome of the assassin bug, Sycanus croceovitiatus. The
o TN amine arid sequences of these SPI genes reveal consrved funcrienal regions, albeit with mutatianc or deletions
Devel hibitory at certain active site residues. Transcriptomic and gPCR analyses of gene expression patterns in various tissues
Iacxticislal across developmental stages indicate that most SPI genes exhibit high expression levels in venom apparatus,

suggesting their role as venom proteins. Notably, the ScSPIS geae from the serpin class was found to be most

abmdmlvnpmmdmuﬂthmdkmmmm

suppresses phenoloxidase activity, thereby blocking b

protein.
llmlhuvznnmulpmdhcnvdy mhxhlslrypnnxu\mylnmmd

n preys,
frugiperda, Achelura yunnanensis, and Tenebrio molitor. When ingested, uredmdnl:rv:luﬂpup:lwagmd

the fall srmyworm by impeding trypsin activity in the midgut. Upon injection, ScSPIS exhibits a dose-dependent
insecticidal effect against 7. molitor, with an LDsp of 556 + 1.1 pg/g. These findings elucidate the specific
of their

functions of SF1s in the venom ulpredauy bugs,

highlighting the p PP SPIs as

efficiency, and
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A venom serpin from the assassin bug Sycanus croceovittatus exhibiting =
inhibitory effects on melanization, development, and insecticidal activity

towards its prey

Wenkai Liang "', Meijiao Li"', Fenlian Chen™', Yuqin Wang ", Kui Wang ", Chaoyan Wu ",
Jiaying Zhu ™"
“ Key Laboratory of Forest Disaster Warning and Control of Yunnan Province, Southwest Forestry University, Kumming 650224, China

" Key Labaratery for Forest Resources Conservation and in the Southwest Meuntains of China, Ministry of Education. Southwest Ferestry University, Kunming
650224, China

ARTICLE INFO ABSTRACT

Keywonds: Serine protease inhibitars (SP1a) have been identified as main common components in the venom of the pred-
Predlstocy bug atory bugs, whille their functional roles remain unexplored, In this study, we ilentified 35 SP1 genes belonging 1o
Yo three subfamilies of serpin, canonical SPI, and A2M in genome of the assassin bug, Sycanus croceovittatus, The

amino acid sequences of these SP1 genes reveal conserved functional regions, albeit with mutations or deletions
ae certain active site residues, Transcriptomic and QPCR analyses of gene expression pattems in various tissues
across developmental stages indicate that most P genes exhibit high expression levels in venom appararus,
suggesting their role as venom proteins. Notbly, the ScSPI5 gene from the serpin class was found 1o be most
abundantly expressed in all three distinct venom glands, indi its signi role as o protein.
Functional characterization demonstiated that this venom serpin effectively inhibits trypsin activity in vitro and
suppresses phenoloxidase activity, thereby blocking hemolymph melanization in preys, including Spodoptera
, Achelura yunnanensis, and Tenebrio molitor. When ingested, it reduces the larval and pupal weight of
the fall armywourm by impexding trypsin activity in the midgut. Upon injection, S¢SPI5 exhibits a dose-depemdent
insecticidal effect against T. molitor, with an LDsg of sa + 1 1 pg/g. These findings elucidate the specific
functions of §P1s in the venom of predatory bugs, of their davis i y, and
highlighting the potential application of venomous SPls s pmmue inhibitors in pest management strategies.

Melanization
Development inhibitory
Insecticidal

1. Introduction etal, 2000; Jamal et al, 2012; Ye et al., 2023). Several plant SP1 genes
have been successfully used to develop pest-resistant plants forpen

Serine protense inhibitors (SPIs) constitute the largest family of
protease inhibitors, binding to their target proteases through covalent
internctions (Knox, 2007). Based on their action modes, SPls can be
classified into serpins, canonical SPls, non-canonical SPls, and o2-

nmmg-mempm-[uu(ru, lish and Koundal, 2020; Hilder et al., 19687,
Srinivasan et al., 2009). Thuuxﬂustmudszmunlofsl’hmpm
resources for developing pest icularly in the
context of producing pest-resistant plant varieties.

macroglobulin (A2M) (Koox, 2007; Otlewski et al., 1999). These mole- SPIs have been identified as one of the primary common venom
cules play a crucial role in l the pu il of serine ina vnriety of venomous kmecl:. including bees, parasit-
protei thereby maintaini ismal b is (Krowarsch oids, ants, and predatory

etal, 2003 Neurath, 1989). Plant-derived SPIs have attracted attention 3b;

for their capacity to inhibit serine proteinases prevalent in pest guts
(Dunse et ul, 2000). By inhibiting the digestive proteases in pests’ guts,
they distupt growth and development as well os lead to death (Dusse

swhiedu.cn (J. Zha).

N These sithors costibutal equally be this wach

Inttpe: //ud

g/ 10,1016/ pestbp. 2025106322

(Ceclin Marinno »-n ol 2019; h«h«. et nl

Valker et al., 2017; Walker et al,, 2 nl,
2024). In benwnmu SPle display an ﬁbnnnlync nnnm!rmlnal and
antielostolytic activities (Kim et ol., 2022; Lee et al., 201 6). In parasitoid

Received 13 Octaber 2024; Received in revised form 26 January 2025; Accepted B Pebruary 2025

Available online 8 February 2025

0048-3575/ 2025 Elsevier Inc. All rights are reserved, including those for text and data mining, Al training, and similar technologies.

- 12 -



HEARRER R : BCHl, X35, FEEE, % il &R E B
7 i R 45 5 e AR AA RRAE 4 T[], BA 8 B HL 2k, 2024, 46(03):
641-649. (%)

W HERE: https:/kns.cnki.net/kcms2/article/abstract?v=EK Y fHJ8129iPy

zHnca HROiIC_nCHFzOSpB8z51RplvsOtz _lo3mAge7ey]YbLMLWEN

SwiE7wq3]WgBHtLzZcMASIsmYM3St2cx2CBOLS5a0Xa-AQx7LRbmOA

bGInL 0meZFS2Cwyv13UoUS5hGfAaxzAAvmvpwvvAm3syGgCXO0u

v4=&uniplatform=NZKPT

FRERALPNL 2024, 46 (3): 641 =649 Wip: //hjkeb, alljourmals, e
Journal of Busiranmental Entamolagy doi: 10, 3969./1 issn. 1674 ~ 088, 2024, 03. 11

WS, ME, EES, WM, SR SN R GRS R SE S . SRR P, 2024, 46 (3):
B41 =~ 649, LIANG WenKai, LI Sha, WANG Yuddin, CHEN Fendiam, #HU fiaYing. Mentification sad expression peufiling of serine proteass
Inbsibitor genes in Arow oo [l . Jowrnal of Envisossentel Entomology, 2024, 46 (3): 641 =649,

95 U7 22 % I R 1 40 71 71 B R 80 R HL RGK R AIE 99 AT
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R AR I RTIBIN ( Serine protense inhibitor, SP1) RUUREER SR f 0 W RGOS0 LRI T, A LNE8
Arma custos BEEIEHPEEE M 12 P SPLIRE (AcwsSPIIH2) , HFRPICIFPIFFIERE 1T 5347, A0S - REOMBERE
i ( Heverse ranseription-polymerase chuin reaction, RT-PCR) SR ST T SP1MEE (6 6L RS L0 0 20509 6.
AP, B O SPLASER O] LR IE O R LR 5 0 serpin ZERIESMAE ( cononical SP1) o % 5 50 L) £ S 2eE,
serpin B AcusSPRA G I0E RB DRBISIE sorpin REEERCRT SAEATE IR (R0, F2I0E AcusSPIT il AcusSPIS BL
FIETIBIESIIR, AcusSPI2 5L 0P IIMIES M AR, (LE A8 PLHT MR ST a9 R I A TS, RT-PCR 85 ER,
AcwsSPI . AcusSPI7 il AcuaSPI9 METR(E SOME A3 I0EEE 17 0P 06 2635, ELEE RGN . ARG oF FOmIINeD 09 RS 77 (0
Fte AcwsSPI6 HI AcusSPHO 35 U5 0E N5 05 4 o 36 325K, AcosSPER (1 BB, 1 300 0 J6S 005 06 ob B 47 SR B0 0Y 2255 M,
AcwSPHO T E L BUSOE RIS b R REE . WPPERENL, (LR B 53 SPY ] % X 00 5 4 5 IR R o (R o
BERE, 106 L% R 000 00 4 S B T AR

SHMIA: N AVERS: W M S AERCIRBIN: AN

A Q963; S433 AR A WIS 1674 - 0858 (2024) 03 - 0641 -09

Identification and expression profiling of serine protease inhibitor genes in

Arma custos

LIANG Wen-Kai, LIU Sha, WANG Yu-)in, CHEN Fen-ian, ZHU Jia-Ying" ( Key Laboratory of Farest
Disaster Warning and Control of Yunnan Provinee, College of Biodiversity and Conservation, Southwest
Forestry University, Kunming 650224, China)

Abstract: Serine protease inhibitors { SPls) play o crucial role in regulating insect growth, development
and immunity. In this study, 12 SP1 genes ( AcusSPHA2) were identified in Arma custos genome and their
sequence characteristies were analyzed. The expression pattern of these SPL genes in different adult tissues
were examined using reverse transcription=polymerase chain reaction { RT-PCR) . According to the action
mechanism, the identified SPI genes could be classified into two types, serpin and canonical SPL - Multiple
sequence alignment results indicated that the hinge region amino acid residues in AcusSPIZ3 of the serpin
type were conserved with those of known inhibitory serpins from other insects. AcusSPIT and AcusSPI8
belonging to the classical type had multiple inhibitory domains, while AcusSPI2 only had o single

SCETE Wl RS R O WA (202001 BDOT0001 - 024) : EREMEATAE (32360686) B GFHEEME N
R FEIE (2019132615); WA KL LRI WIEAFIE ( YNWI - QNBJ =2018 - 393)

fFamdr: Worm, 9, 1998 ek, BMEMA, SESRE, WRAMHRBEMERS ST ENP, E - mail 1938300828 @
s edw cn

" HERPES Author for comespuadence: W, 9, W4, RS FRAENRREMREES S TENT, Fomil jbu@ oo odu es
OB EI R Roceived: 2023 -05 =29, 3552 FI W Acerpted: 2023 =09 -01
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