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Identification and expression profiling of cathepsin genes in Arma custos
LIU Sha, LIANG Wen-Kai, WANG Yu-Qin, LI Mei-Jiao, CHEN Fen-Lian, LUO Yun-Fei, ZHU Jia-Ying"
(Key Laboratory of Forest Disaster Warning and Control of Yunnan Province, College of Biodiversity
Conservation, Southwest Forestry University, Kunming 650224, China)

Abstract: Cathepsins play crucial roles in the digestion, development, and metamorphosis of insects. They
are commonly found components in the saliva (venom) of predatory bugs, while their physiological
functions remain unclear. In this study, homology-based methods were employed to identify cathepsin
genes from the genome of the stink bug Arma custos. Bioinformatics software was used to analyze their
sequence characteristics and evolutionary relationships. RT-PCR technology was utilized to analyze their
expression patterns in various adult tissues. The results revealed the presence of 37 protease genes in the 4.
custos genome, categorized into three groups based on structural domains: Cathepsin B (AcCABI-4),
cathepsin D (4cCADI-13), and cathepsin L (AcCALI-20). Multiple sequence alignment and domain
prediction results indicated that cathepsin B and L both contain the Peptidase C1 structural domain,
conserved enzyme catalytic sites (glutamine, cysteine, histidine, and asparagine), and a catalytic dyad
composed of cysteine (C) and histidine (H) residues. In contrast, cathepsin D possesses a conserved Asp
domain and two conserved enzyme catalytic sites (aspartic acid). RT-PCR results demonstrated that, apart
from AcCAL7 and AcCAB2, the remaining 33 protease genes were expressed in the gut, with the majority
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showing tissue-specific or high expression. Twenty cathepsin genes, including AcCAL2, AcCAL5-7, and

AcCALY, were expressed in the salivary glands, with AcCAL?2 exclusively expressed in the main posterior

gland and the accessory gland, 4cCAL7 exclusively expressed in the main anterior gland, AcCADI3

exclusively expressed in the main gland posterior lobe, and AcCAB2 exclusively expressed in the main

anterior and posterior glands. These findings suggest that multiple cathepsin genes play roles in external

and gut digestion in 4. custos.

Key words: Arma custos; cathepsin; digestion; gene identification; expression profile

HAUE MG (Cathepsin) T 20 tH42 40 4
AR AE T FL 30 W 1) B AT A0 R R B K B (Gutmann
etal., 1948) , WTHLVEAMEIFIHZESIT
AT A AR A DR R B i R 1 o ) B SR AR, AUt
5 V1R BT A )48 BN K I AR AR 4 21 R
(Barrett, 1992) . HAl, CRiEMHLE AR
BEZ, nREEEPONEEREE A
NEMBAREAM (ALEAR B. L. H. O.
S\ T. K. V. F) . RAAMREAR (HHEA
iy D. B> LER#ZAMEAN (HAEAMH A,
G) (Conusetal., 2010) . Hr, HZUEAMEB.
DML ERE, WREENEN (Kim et dl.,
2020; PEBEHESE, 2023; Pasandideh ef al., 2023;
Wang et al., 2023; Yuanetal., 2023) . Hr, 4
ZUEHNE B MAZUE A/ L 2L R g5 R
(pH5~6) 2% MR B g, MAHLEAN D 1E
pH /v T 3.5~5 2 [0 % HEgiE 1 (Conus et al.,
2010; Schmitz et al., 2019) . 1Ak, HLUEABY
B WMEIERFHIH A H 12 MR E BRI R
H 64~ s (Martynovetal., 2015) , LK HI20
NG EEBRTE I B PR, %30 B T BEL 1k B e ]
A CUnfe R B B HENEEVE YA AT (Schmitz
etal., 2019) . HZ1EEE D 1) BVRHIE 2 2 SR
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(Yamahama et al., 2003) . [KZHZREE ARFENISE
Jp3 B A B EAE RN 2 S0 (Caculitan et al.,

2017; Fujiwara et al., 2022; Ren et al., 2023) ,
25 M E AL, BT L 0 R G ) B
hOREEEIAE (Guan ef al., 2022) . fERHR
i, HAUE AR RFERMW Musca domestica FE
B E AR #T 7idkiE (Greenberg & Paretsky,
1955) « HLEABREER 71EN B d g iE i 8 2
Mgk, fEEWHEWAERT R %EEZAEH I
(Martynov et al., 2015; Terra et al., 2019;
Dvoryakova et al., 2022) , W& KPLHLE A
MireZ S5O s A M PR . ek s . e &
5. BREFEY LR, FRERAEKKENE
S R EZEMEK (Medina er al., 1988;
Carnevali ef al., 2006; Eykelbosh et al., 2010;
Wang et al., 2010; Z=§&%%, 2015; Sun et al.,
2018; Ferraraetal., 2020) .
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(Hemiptera: Pentatomidae) NHWFF X & (4[4 &
S, 2016; HhjE EH &E, 2020; 24 A
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1.1 #iXEHR

Pt i Sy 9L 58 = AR IR 2 AR R RE, [ R
Hr R g A AR, TFET 40 emx30 emx
40 cm [FFHRTEF, HITEERFFEL 50 Sk/%.
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12 EELERFS S

ffiFH Silva et al. (2022) MZFhE B A % H
M H L8 A By SR AR 7 40, BT [EE b
J7i%, LA E-value<1x107 {ENBIME, 5 HIIHA
AR K P BRI TBtools %4 (Chen et al.,
2020a) ") Blast T H 44 22 iyids KL A ZH MR . W)
A N s 5 TR 2H o 5 0 Y )9 T 2H 23 B g Ak
[A, JEif# A NCBI A ) BLASTp 42 Nr JEIGAIE,
AR EIE ISR AR R

U E H Iy s 2H 23 SR 1 g R A o R R TR T
B )45 H S A R 4y F- & F] Expasy Chttps://web.ex
&5 Ik fd A SignalP-6.0

(https://services.healthtech.dtu.dk/services/Signal P-

6.0/) BEATTHI, Zikyikfi Fl SMART (https:/sm
art.embl.de/) TMll. ZFHILLX R ClustalX 1.83
588 (Chenna et al., 2003) , kX4 5 {# F
GeneDoc #AFH#E 175 (. {44 TBtools H [1J IQtree2
W, AR (Maximum likelihood, ML) #4
HEAGRKEM (Chen eral, 2020a) . REKREW
% F FigTree v1.4.4 (http://tree.bio.ed.ac.uk/software

pasy.org/protparam/) T,

[Figtree/) #4T7EAL.

1.3 RT-PCR
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-80°CUKFH#H . %I Trizol 7 (Invitrogen) i
B4, $REURE S A RNA. {8 F NanoDrop 2000 73
F 6T (Thermo Fisher Scientific) , T 260/280 nm
AR RNA 26, A8 1% M R A v A
Hoe ., DRI A RNA NER, &
PrimeScript RT Reagent Kit with gDNA Eraser
(TaKaRa) {7 &YW &K cDNA K. R
W E B () e i H 2 B I B AE R R A, fE A Primer
Premier 5.0 (Primier Biosoft International) #X {4 1%
El R 1) o ETFZRME Halyomorpha halys [f]
40S 1ZFEATRH S18 (408 ribosomal protein S18,
40S RP-S18) FE[A, i [AIJ Ll Xof Mgy ik PRI 4 o
EEMREIH 40S RP-SIS FERH, FFENANZS AT RT-
PCR. RT-PCR X4 R Bk RN 25 pL, H
Dream Taq Green PCR Master Mix 12.5 L, | Fiif
51914 0.5 uL, cDNA f5#% 1 uL, RNAse-free H,O
10.5uL. PCR 2k M 95°CTIAEE 3 min, 95°C
Bk 30 s, 55°CiBk 30's, 72°CZEM 1 min, 354
¥R, 72°CHEH 10 min. PCR P=4)4 1.2%35 g bl
Gt 1B P UKASE I I 4 R 404
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Table 1 Primers used in this study

H P 44 B 514 (53" G (5-3")

Gene name Sense primer (5'-3') Anti-sense primer (5'-3")
AcCABI CACCAACTCCAACATCCCAG CATTGCAGCCATCTCCACAG
AcCAB2 CATCCTACAATCTGAAATCCCG CGCTAATAGCCAATAGGGAGTG
AcCAB3 ACTGACGGATGGCTCACTTC CGCTAATAGCCAATAGGGAG
AcCAB4 GGCCGATACCAGATTCTTTC CCTTCAACTGGTCCGTTATTC
AcCADI1 ACGAAGGGATCATCGGATTG CGGCGAACCAAAGAAAGC
AcCAD?2 GGAGGTTCCTTGCTTCTCG CAATATCCTCCGTCGAATGG
AcCAD3 TTGCTGAGGCGGTAAATG TGATGGACCAGCAATGAGAC
AcCAD4 AGCCACCATCTCTTGACAGC CCTAGGATCCATGGCTTGTC
AcCADS TAAGCCTGTCTTGTTCGGTG AGACCAAACTTTCATTGAGGC
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4F3R 1 Continued table 1

P47 EF3H (530 RIE3IH (5-3)
Gene name Sense primer (5'-3') Anti-sense primer (5'-3")
AcCAD6 TCGCTCAAGCAGTCTTTTCC GGTATTCTTTGCGGTTGATTG
AcCAD7 ATGGTCATCGTGGTGGTGC GCGTTGATACCGTTCGTGTAG
AcCADS TCCGAGTCATTAGGCTGTGC CGTTGGATTCTTCCTCTTCG
AcCAD9 TTACGCCATCGGCTACATG CCGTCTTCGAGTTCTTCTGC
AcCADI0 TCACTGGACCAATCAACGAG GGAACATCGTACCGAGAACC
AcCADI11 TGTGGAAGTGGAGGAAGTCA TCAAGGAAGTGCCAGTATCG
AcCADI2 ACTTGCCACAAGGTACATCAG CGTATCAACAAAACCAACTGC
AcCADI3 GTAACCCCCCACAAACATTC GACCCTGACATGAGTAGCACA
AcCALI TTCCTTCCTCCAGCAAACG GGACGGTTCACAGGAATCAC
AcCAL?2 GATGTTTACGTTGCACCAGC ACACCATGATCGAGCTCATC
AcCAL3 AAACCTAGTGTCCCTCAGCG AGCTCCGGAAGGTGTAGTTG
AcCAL4 GCTCCCAGAAGAAGTGACCC TGCCACAGGCGTTGTTCTC
AcCALS ACGGTTGTGAAGGAGGTTTG CACGAGTTCTTGACGAGCC
AcCAL6 TGTAGCCATTGACGCATCTC AGCTTGGGTTGCTATTCCAC
AcCAL7 TCGATTGCTCATTGAACTACG CCAGTATTTCTGGCCTTTCTC
AcCALS CAAGGAGTTGAAGTGGTGATG TGAACAATCAACCAGGTTCTG
AcCAL9 GAAGGAACTGGCTGAAATGG CAACCCGAACAGAGCAAATC
AcCALIO GCATCGGCTGAGGTTTACG TGGGATAGGCAATGGGTAGC
AcCALII AATACAGAAGTGTCGCTGACG GTTCCGTATCCAACAACCAG
AcCALI2 GAGCGAACAGAACTTGATGG AGTTCATCAATAGCTGGGGC
AcCALI3 TGTTCTTGGGAATACCGCTG GGCGGCATGATTCAGATTAG
AcCALI14 CCTGAAGAGGTCTCCATCCC TTCTCCCCAGTTAAGTCCCC
AcCALIS TCCAGGATCAAGGAGATTGC ATCTGCATGGTCCATCCTTC
AcCALI6 TTGGTAGACTGTTCGGAGGC TTCCTGTCCGTCCTCAACTC
AcCAL17 CTGTGGTGGTTTTCCTGGTC CCATCCTGTCCAAGGTATCC
AcCALIS CTGTTGGGCTTTTAGTGCG TTCTGCCCAAAGTCTTCTCC
AcCAL19 TGATTCTGTTTGCCCTGTTG GCGTTGTTCATATTCCCTCC
AcCAL20 CTCCGGTCAAGGAGCAAAAG GGGTTGTCCATTCTCCTTGC
40S RP S18 GGAAATTCCTGGCCTTACTGAC TTCTTGCCTCCTAGCCTTAGCT
HRERER, 8 20 MAEAR L (4cCALI-
2 BRE5H

2.1 EERANEAIERLEERFIST

I B R 2 e R At
ITRIVREERS, MR R AL b g 37 MG

20) « I3 PMHAEABE D (4cCADI-13) Fl4 4P
HIEAR B (A4cCABI-4) RH (F2) . XEHH

EAMENEEEANHEL > TENEEN
30.5~94.4 kDa, SEHL S AVEREN 5.03~9.1. {55k
TR & R0, 23 i 2H 24 1 B R 2w g )
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AERTIHEHFE ST (K 2) . SMART
INTEE R, MEIEHSUE AR B ASUE AR L
A& R K e, 3944 1/ Peptidase_C1 4544
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Table 2 Cathepsin genes identified in the genome of Arma custos and their sequence characteristics

Peptidase C1 B¢ Inhibitor 129 fl Peptidase C1, 4
ZUEHBE B B {R5F 45 138~ Propeptide C1 H
Peptidase_Cl. HZEAM D B T RAAREA
Mg, HARSFESHIIEON Asp (R 2) .

e SN BRI A R LT AR BN 7> ¥ & (kDa) S HE R
Proteinase type Gene name Domain Signal peptide Molecular weight pl
AcCABI Propeptide C1. Peptidase C1 7= Yes 37.0 5.78
AcCAB2 Propeptide C1. Peptidase Cl & Yes 37.9 4.76
Cathepsin B
AcCAB3 Propeptide C1. Peptidase C1 & Yes 37.6 4.99
AcCAB4 Propeptide C1. Peptidase Cl & Yes 37.0 7.53
AcCADI1 Asp 75 No 37.9 8.23
AcCAD2 Asp 7 Yes 44.0 9.10
AcCAD3 Asp & Yes 43.4 6.20
AcCAD4 Asp 5 No 36.2 5.82
AcCADS Asp 73 No 82.9 5.42
AcCAD6 Asp 7= Yes 47.8 6.04
Cathepsin D AcCAD7 Asp & Yes 43.3 6.98
AcCADS Asp 75 No 38.8 7.62
AcCAD9 Asp 7= Yes 423 7.51
AcCADIO Asp & Yes 40.9 6.89
AcCADI1 Asp 75 No 47.6 6.12
AcCADI2 Asp 7= Yes 71.8 5.19
AcCADI3 Asp 7 Yes 43.0 6.79
AcCALI Inhibitor 129. Peptidase Cl 75 No 44.9 7.08
AcCAL?2 Inhibitor 129, Peptidase C1 & Yes 36.9 5.13
AcCAL3 Inhibitor 129, Peptidase C1 5 No 344 5.59
AcCAL4 Inhibitor 129, Peptidase C1 & Yes 36.1 5.49
AcCALS Inhibitor 129, Peptidase C1 & Yes 37.6 5.73
AcCAL6 Peptidase C1 /& Yes 36.1 5.51
AcCAL7 Peptidase C1 7 No 30.5 5.16
Cathepsin L
AcCALS8 Inhibitor 129, Peptidase Cl1 75 No 56.3 5.14
AcCALY Inhibitor 129. Peptidase C1 73 No 94.4 7.98
AcCALIO Inhibitor 129, Peptidase Cl1 7= Yes 74.9 5.41
AcCALII Inhibitor 129, Peptidase Cl & Yes 36.5 9.10
AcCALI2 Inhibitor 129. Peptidase Cl 7= Yes 67.3 597
AcCALI3 Inhibitor_I29. Peptidase Cl 3 No 35.9 5.41
AcCALI14 Inhibitor 129, Peptidase C1 & Yes 37.1 6.26
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B SN BRI AR LRIk 55k 7> ¥ & (kDa) S HE R
Proteinase type Gene name Domain Signal peptide Molecular weight pl

AcCALIS Inhibitor_129. Peptidase_Cl 7 Yes 37.1 8.31
AcCALI6 Inhibitor 129, Peptidase Cl1 7= Yes 36.7 5.03
AcCAL17 Inhibitor 129, Peptidase C1 5 No 54.8 7.24

Cathepsin L
AcCALIS Inhibitor 129, Peptidase C1 % No 39.9 6.03
AcCALI1Y Peptidase Cl1 75 No 34.7 8.94
AcCAL20 Inhibitor 129. Peptidase C1 7 Yes 38.1 5.14
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Fig. 1 Multiple alignment of the amino acid of cathepsin B of Arma custos and Drosophila melanogaster
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Fig. 2 Multiple alignment of the amino acid of cathepsin D of Arma custos and Drosophila melanogaster
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Arma custos; Dm, Drosophila melanogaster. Same to Fig. 2~3.
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Fig. 3 Multiple alignment of the amino acid of cathepsin L of Arma custos and Drosophila melanogaster
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