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INMEZRRALEERITSLHEE AITPX1HY
5 FHHE R E 3R B BB A M R

. 1** 1** 1 NI Dk
M K RR O L%
. 1 ), 1 SRR
Ao FRNL S F)
(1 BRI A R4 0E, EWA EEYESRMLRE EASRE, G 230036;
2. UJAA MR R HULIN AR, PEE 615000)

# E [BHN] mEcEALEADEE (TPX) 78R B A L an b B EE/EM . AR B 1%
FE /N IR Agrotis ipsilon TPX K, WIS 8 (A B P8 bBe 71, MR TPX JEDR A/ N & R AN IR &
B AFEALLLIAE 3 PR B (REAGEIR AR . Fop U P EEE ) Wi Fgeaiiist, hiR
AT /Nt 52 TPX JE i A 3R e 25w Shmh [ ik ] AU RIS R A AR /N2 pR e Skl vh 458 TPX
S, R K IAT A2k B O Uk BE Jr, (S 98 B PCR £ R /3T TPX SEH 1Y 4
B, R S L RN 1,0, & B, (SR ] W RESRAPLEE T 14 TPY 2K
) cDNA F51, a4~ AiTPX1, ARYEEGRIDE AR ERHE, 456 REIL SR, BiE AITPX1
JBT 2-Cys i, TERBITHE PINIhEIB T AITPX] HAE A, %5 Hfehs T 518w KB E e g b
FHIFEEER (P<0.05), AiTPX] FEHTE/ NIRRT L FAAR AL R4 %Kk, EAEWEBL) R
ik o T LCso MM MY R A SRR MR . Gl AU 2R H I e b 3 N pegh iU, 4l dufk
W H,0, F it W m, AITPX] kAP HF. @ E A ERALHS 24 h, 4iTPXI FRikKTFH
X AR Y 8.1 % (P<0.05), FEHiBEFI &R F RIS 6 h, AiTPXT 555K 433wt B 6.5 f5 A0
6.0 fif (P<0.05), [ 45 ] AITPX1 FTAREHAT A i AUE BURUAGTR . ~F Bl AN 52 O Y Bl 5 | /e 1 S Te
EATIRE, A5 /N PR 4 s 3 o HURI AT A2k
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Molecular characterization of Thioredoxin peroxidase (AiTPX1) from
Agrotisipsilon and itsresponse to insecticide stress
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Abstract [Aim] Thioredoxin peroxidases (TPX) plays an important role in protecting insects against oxidative stress. This
study aims to provide a foundation for exploring the physiological function of the TPX gene in 4. ipsilon by identifying the
TPX sequence in 4. ipsilon and determining the antioxidative ability of the protein encoded by the gene. The study will also
investigate the expression profile of the TPX gene during different developmental stages, in various tissues, and in response to
stress induced by three insecticides (lambda-cyhalothrin, phoxim, and chlorantraniliprole). [Methods] The TPX gene was

identified within the 4. ipsilon transcriptome using a homology search-based method. The recombinant protein was expressed
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in Escherichia coli and its antioxidative ability was analyzed. The expression profile of the TPX gene was determined using
reverse transcription quantitative PCR. A commercial kit was used to test the H,O, content of larvae. [Results] A ¢cDNA
sequence (designated AiTPX1) encoding putative TPX was identified from the A. ipsilon transcriptome. AiTPX1 encoded a
protein belonging to the 2-Cys family based on its structural features and the results of the phylogenetic analysis. The
recombinant AiTPX1 protein was successfully expressed in E. coli, significantly improving the tolerance of E. coli cells to
oxidative stress. The mRNA of AiTPX1 was detected in all A. ipsilon developmental stages and tissues tested in this study,
with the highest levels found in the pupal stage and larval midgut. After treatment with LCsy concentrations of
lambda-cyhalothrin, phoxim, and chlorantraniliprole, the H,O, content of larvae was significantly increased and there was
notable upregulation of AiTPX1 at the transcriptional level. [Conclusion] AiTPX1 may enhance the tolerance of 4. ipsilon
larvae to lambda-cyhalothrin, phoxim, and chlorantraniliprole by alleviating oxidative stress induced by exposure to the three

insecticides.

Key words Agrotis ipsilon; thioredoxin peroxidase; prokaryotic expression; pesticides; oxidative stress; expression profile

A% HUR) S 5 ] B SR A A 2R 77 1 R S 2 £

Helicoverpa armigera M9 5 4% Acyrthosiphon

WEWEEH 22— ([L—%, 2020), 35t
T ) A B R B R A A, B
4 A% U A 2008 B H i A 3 A — R AT Y
RS | P S =l O S W E N T R i =
( Reactive oxygen species, ROS ) ( k5%,
2022 ), {EtEAEZ AL AR (H0,), i
AT (07) A A M («OH) 5 (X
JE224F, 2006 ), HARIEH R B A0 M A 7R AN IR
fFewteh BEAELINE, (4R Rid 2
TG PR 25 R BTt Ak, 405040 4t i B i A% iR
FEY R, BRI, S A Zim
PE (Zorov et al., 2014 ), J T HHRE AR
PR, AERptUARTE A, Rk el 7 —%&
RN RS, X — RGAIE 2R HU AL,
nHE A AL W) 57 B B ( Superoxide dismutases ,
SOD ). FHEfLE R ( Catalase, CAT ) Flfi AL
HHILE LY ( Thioredoxin peroxidase, TPX )
Z& ( Corona and Robinson, 2006 ).

TPX XAt AWk )5t ( Peroxiredoxin ),
S — 2 A AE T A% A AR AR Y bR e
ity , H: 3= 2T fig & i i A R R G R A
P 5 1 Ho0,, PRI 5 52 A 4514 ( Perkins
etal., 2015 ), MRAEIRTFPEEARRIEEE (Cys) (Y
Boiw . (i E U REASWEE, TPX #0 N
1-Cys . R 2-Cys FFHLAL Y 2-Cys 3 DSEE
( Lu and Holmgren, 2014 ), 7£ 2215 Sl Drosophila
melanogaster . 7% #& Bombyx mori . £ H

pisum “FFR BT, TPX BHL AL INREC BiAF5T,
A B s 107 2% R0 6 2 e A B R

(Radyuk et al., 2001; Zhang et al., 2015; 5K
KRR, 2017; HREHERAE, 2021), 4N, FEZE
M A A H AL B SR AR Tribolium
castaneum FNENFELUE Plodia interpunctella 5 VE
TR L K TPX SEEREE B, it
RNA T4 (RNAi) JUER TPX BEH 5, 2 FhEH
XF AR T A2 M B A FRAK (Kim et al.,
2015 ; Kumar et al.,2015 ); ZL/NE O Grapholita
molesta WATHRIILG , KUTEIL TPX 5,
2y B R R 0T A4 T 2% R HH TR R 1 R
Ft (Liuetal., 2021 ),

INHIZEFE Agrotis ipsilon JEE5# H Lepidoptera
WAL Noctuidae, J&—FiH FLE I3 19 1E © Itk
falbF il WA T, Ky e o FE 2
PAANEY), H T T2, A A
FE IR (BREIIAE, 2004 ), KHBILOK, X/
PR IN BTG T2 DIt Ak 27 2% HUR) (s 2R
AR . FhBE R E BRI B ) W FE T

(TS, 20125 %k, 2018). HH A
A5 AN FE Al 2 25 ) b 3R 5 25 5 R /N i 2 R R
WTE AR R AL, /NI TPX W5+
FREAIE B LT 23 TR 3 1 i 1 A TR s
I, AR NBZFRR R T 1 & TPX
(%] cDNA T3 (#5440 AiTPX1 ), 5347 T H 45
EHBFRAE, #2050 TR AR e TR
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AiTPX1 FHR R EEX, U N IRAKRER
AiTPX1 F)4: PRI REHR AL i 3 LA

1 MREAE

1.1 #iKEHR

AN PR R AR S A SRR (254
2021), 1 #F 2 4 R AR Wi Ak 25 1 K
F132, 3 i 2 )5 1A T4a 8K Zhou et al., 2021 ),
AR, KRSk TR R R A, P
BRI 10% (viv) BEEK . AFEEM MR
B (26+£2) °C, HHXTRE 65%+5%, YeJHHH
16L : 8D, AR 1-6 W4l dfFMbELERLH (3424
WAk . B EOPMES 1 d N EAARRIRN—80), Hirp
1% H 40 Sk, HARAYE 10 ko SHUSRL
Ja 1 d N EARAEIRN—307) 3 4 30 3k, FEvK
R BN R, T, SR AR RS
414 BEAISEE RIS I E 3 A~
B, HaHRARGEIRET - 80 °CUKH .

1.2 FHF4E

o A0k G R 4 T A SR R e 2 W
WERTRL T AT, SERBEIA AL REA A, 25
FIALRE =97%. S 3 Flas AR 20507 T DS R

(53HT4l, 460 =99.5%, PHBeie TRAnA B
Hl ) BeHN 10 g L7 IR, 2RO
BEEERR BN 5 A AR (9 TAE (R 3R
FAGHE TR BEE N 031, 0.63. 1.25, 2.5 Fil
Smg L', SRRSO B T AR E N
0.63. 1.25. 2.5, 5 10mg' L"), FIHEHRE,
BN 5T 3 8 4h d miliR A BIR TR 10 s
JE B, IR AR R R 24259 L) 0.1%(viv)
PRI K VA SRR B &y R 4ot B8 B K <y s S 2=
24 fLAR N (BEFL 13k ), A 0.4 g N T kST
fHHE, 48 h JGKATSET H. SR EA 3
W, BB FAL S 30 Skad . i DPS %k
PR R G v19.05 WA AL B 73BT Tang
and Zhang, 2013 ), f52]ERERFENE . i
A G R R A BB PR (LCso ) 43 51M
0.82. 2.72 1 1.67 mg-L™', f#i/H LCso ¥REERY 3
P2 A BN B 3 4l i (PBRFE L), LU

0.1% (v/v) NERZKAEIRALEE X IE, AFRS 3.
6. 12, 24 F1 48 h WHEAAIH Y4, WA IRS
AT - 80 CUKARTF M. L E 3 IAEYH
HE, BEELY 30 LyH,

1.3 AITPX14ES5FESISH

FIH] BioEdit P i BLAST f2f, DA%
# BmTPX1 ZFE HJ/F %) ( GenBank & 3F 5 .
NP_001037083 ) Wik, #a< /N pR e 4
(Guetal., 2013 ), 135 1 Z&gufth/ N E 1§ TPX
(") cDNA JT51, fir44°4 AiTPX1 ., {{i ] ORFfinder
( www.ncbi.nlm.nih.gov/orffinder/ ) Tl AiTPX1
{9 FF i e 2 HE 3 {1 ExPASy ( web.expasy.org/
compute pi/ ) THEFIE /T AIEEH 5 o3l il
H SignalP 5.0 www.cbs. dtu.dk/services/SignalP/ )
Al TMHMM 2.0 ( www. cbs.dtu.dk/services/
TMHMM/ ) Tl 4305 5 IR S X ;- 22 )% 51
R A Clustal Omega #2747 ( www.ebi.
ac.uk/tools/msa/clustalo/ ) ; % BC %45 R = A
MEGAI11 #cft, i RAIAR T ( Maximum
likelihood ) F4t R GE AL, &1k 5 3 E15F
J& R H] Bootstrap PEHEHIFE 1 000 YCHEATHE 56
( Tamura et al., 2021 ),

1.4 S RNAREUKEE 14 cDNA &

ffi ] RNAiso Plus if] ( FA4:%, Kif) 2
BUS RNA, i 1.0% (wiv) BifEHE ( Biowest,
POPEA ) SR HL VKA RNA KRS 588 bE, F)
A NanoDrop 2000 #4536 EE T ( Thermo
Scientific, 2 [ )/rHT RNA HYHREE 55 1 5 cDNA
#J& Wi ReverTra Ace qPCR RT Master Mix
with gDNA Remover ( Ri¥%), HA) St ik

R TER
15 JAREMERENIESH

f§i ] Primer Premier 5.0 #4113k K4 5+
PESI9, FH7E L RIS 90 S S 2k S
1915 bp P9I LA S BamH 1 5% Hind TIFR i 1B
fimi (£ 1), MHILXE1%, FIH KOD Plus
{*E DNA REWM (RHEY, HA) P4 4iTPX]
f) 58 B TF T2 HE . PCR W =82t 1.0%
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F1 HEMERRNEEE PCRIRWHT AW
Tablel Primersusedin vector construction and real-time quantitative PCR experiment

YRR (%)

#EHE 519 T (5-3") . B
Gene Primer Sequence (5'-3") Amplification Purpose
efficiency (%)
AiTPX] F: CTCGGTACCCTCGAGGGATCCATGCCTCTCCAGCTGACTAA / RN TARE
R: AGACTGCAGGTCGACAAGCTTTTAGTAAGTAGGGTCAAGTTTGAGC Vector
construction

RpS3 F: AAGTCCATGAAGTTCGTA 92 S PCR
R: GTACTCCTTGTCTTAGCA RT-qPCR
B-actin F: GATGTTGACATTCGTAAG 96 18 PCR
R: ATCTTGATCTTCATTGTG RT-gPCR
AiTPX1 F: ATCAACACGCCACGCAAAC 93 4+ PCR
R: TCCACCGACCGTCCAACA RT-qPCR

MRS Ay 5Lk pCold 11 A M b & 19 15 bp J¥81), FRIZHK BamH | F Hind 11 A5
The sequence (15 bp) overlapping with each end of the linearized pCold Il vector is in bold font; BamH | and Hind I sites

underlined.

(wiv) BENRHEEERS LK AT 5, VI HINAA
fifi H AxyPrep DNA & MG & (T 4w
BREATBRANT], I B K mDi™= 4 5 it
2253 BamH 1 F Hind NIAEFYI G Y pCold 11 £k
PEALEARC T Y, Ki% IR A, #IH ClonExpress
T — Ak To R & CHMERE, m ol ) K AiTPXT
() 5E B TF R EAE L, “[RIIR A" )y ik &
pCold 1l # A& BamH 1 Fl Hind 1114 522 4] .

4 pCold II-AiTPX1 20 Jit ki 5% At K i AT 14
DHS5o Bz 8400, IRMASHANEER (I
BE. 100 mg- L") i LB VA |, % T 37 °C
Brgrfahad R 9% . IR H BRI PR B 415k,
Pl A (&R0 B A BRA mI T o BE Iy
2EBLIERARY pCold 11 -4iTPX1 Bk EAL KT
BL21(DE3)E&Z A4, ki TR AR N EHR
(HMFE: 100 mg- L) (9 LB A b, fBIET
37 CHEFRAE PG 3% . U H BRE 1 AP
TR T 5 mL LB 353 (& 100 mg' L™ &
FHHER), BT 37 °C. 200 v/min $E IR
B3R, B30 min FADWCETHE 1 &k,
ODgooi5% 0.6 J&5 , FiX S mL FIREEMAZ| 1 L
LB 83 (7 100 mg L & EHEZE) o, &
37 °C. 200 r/min ¥R LHRGHFE, 4 ODeoo ik
# 0.4 BF, MMAZKWKEN 1 mmol-L™" [R5 A3
B-D-1-BiAtEFUBEH( IPTG ), 7F 15 °C.180 r/min

PEIR FARSEREFR 12 ho HWIRZ 3 000xg B0
10 min, 5% B3, MA 100 mL 245 iR
(20 mmol-L™" Tris-HCI, pH 7.4; 500 mmol-L™
NaCl) ¥ HEIRFE /- EIF, UK 240 24
YIZ5 15 000 xg. 4 °CES.C 15 min 7, WdE B
W4T 12% (w/v) SDS-PAGE & 4 HLIK 23T -
H R S 2 LUK A B S, 2 T 7 B 21 2R i R
W (PVDF) L, Je 5Pt His-tag HompE
bk (2304, dbat; 5 000 5MRET & 5%t
Wk Y TBST ¥k ) HLFIBFE 1 h, BEEHE
5%BLRE Wk I TBST PR 5 IR, BHIK 5 min;
5 BR S A B bR IC P E BT 1gG (425X
4,655 000 15 B T 5 5% i i Wik 1Y) TBST
VSWOMEE 2 h, i & S%B AR W5 Ky ) TBST
VTR 5 K, BRIR S min, S BB S
EasySee Western Blot il & ( 2x04:, b ) i
i, K es A Bio-Rad /A 7] GelDoc XR
LS.

16 HmEHLENEN

PRHEL 1 N4 T pCold T1-4iTPXT kLAY K
[ FFE BL21(DE3)BH S 7E 4, #2570 25 mL LB
BRI (5 100 mg LT ZCRHE R ), £ 37 °C.
200 r/min #&JR IR 9% . LAFAL pCold 11 75 25
BRI AFE BL21(DE3)E X B4 . MW
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ODego 35 5] 0.3 B, ALY H 1 mmol-L™' 1Y
IPTG, [FJF I AZUR K 0.25 mmol- L™ 1) H,0,
5 0.25 mmol-L™" (it AL A AN A ( Cumene
hydroperoxide, CHP ), 7£ 15 °C. 180 r/min %
PETFARSER SR AR 1 h AT — UK I ODegoo 18,
0 S W A P AR R AB B Al 8 h S, K BV
B 1000 15, L 200 pL IRAE & A 20N H 5 2= 1
LB B3P I, 7E 37 CREFFAMEIE R FE 12 h,
GEiT AR . SCIRIE S WA ES

1.7 H,O, EEME

W AR RIS (/N B 3 4 (I
1.27%) ZEVK ETRY Y 10 mmol- L™ PBS 22k
AN, SR Z L 15 000 xg, 4 °CE.L
10 min J&, $ BIERBEE— DB OE T, R
U BH A58 FH et A A S A R R B (AR TR
Y, i) SRRSO S %R &
it H0, SHRREENE A%, Wit =4
TE 415 nm AYIOGREE , RIA] SN HL0, ¥ FE A
FEo LIRBEE 3 AV ER .

1.8 SEREHEE PCR

it FH S 2856 28 B PCR AMT AiTPXT (193535
B, FFASIIE 1, DIHHAEE (RpS3,
GenBank % 3¢ 5 . JQ822246 ) Al zh & 1
( B-actin, GenBank %% : JQ822245 ) KK /E
KNS NS XS R, RS
BERE FBL K AT BT 265 5 1 ) 0947 3877, 147 il
P, BEY YO . R, KA 1 BE
cDNA BEEERRE, LIZ MEHGHETTY Y, DL Ct
(B FIBEAR e BEXTE (A 53 0 A 9N . B AR AR LG
4, WP HLM R RS Y R (R 1),
PHtE i PCR W AR R 20 pL, f04% 10 uL SYBR
Green Realtime PCR Master Mix( Z57%%, HAS ).
0.5 uL B354, 0.5 uL FiE514 . 1 uL (10 ng)
55 14% cDNA F18 uL #E4li/K . fir FHAL#S b CFX96
AIEH PCR Y (Bio-Rad, M), RNFEFN
95 °C 2min, 1 ™MEH; 95 °C 10s, 60 °C 25's,
40 ANMEIR . RV SERUG , 38 i i G RR A
MY G R A 5 1Y) R, 528k 3 Ik
Vs, MEXRBEMEH Pafl ikitHE

( Pfaffl, 2001 ),
19 HESIT

fifi 1 DPS i b R 45 v19.05 W14 Tang
and Zhang, 2013 ) XfBdE#1T58 o0, WA
FEAR 2 8] 1) 22 55 0 3 R Student’s ¢ A 50 E 17
O3, S L EREAR 22 R Y 22 5 S PE e B
2520 ( ANOVA ) Fl Tukey’s HSD #:i
friege, BEMKFEN P<0.05,

2 HREHH

21 AITPX1E3I4#

MINHBZE PRI SR T e T 1 4% AiTPX1 )T
%1 ( GenBank 535 : MZ648005 ), HAU % 634 bp
PIFFICREAE , Rt BT 195 AN HERRE%
FEHR (E 1) A e s 22.0 kD,
SRR 6.4, AITPX1 8 5741 I A Tl 21
SRIE S KR ES X, R E A T4
BLASTX fAEVLECAE R R, AITPX1 5%
KUE Ostrinia furnacalis TPX1 W& LR — 2 i
W, N 97.44%; SHAWAGRIESEH H E &L TPX
B IR —E AN T 91.79%-97.44% 2 1] (%
2). ZIFHLERSRER (E 1), AITPX1 FEH
FEHI R A 2 A B ARSI R 5% H Cysag
I Cysigo ) 14 NIEHEAL S FRIE (Progy. Thrys,
Cysss Fll Argias )o BUAL, 7EFEAMRILHILA 1
A~ Tyr - Phe (YF) 5% (Kl 1), R
SERRH, AITPX1 i F 2-Cys #ffbsr=2d, H
SRSk Spodoptera litura TPX1 SR R
i (#2),

22 AITPX1EAZEHNREN SRS

TG AiTPXT St & A BT e e,
TERGFF#E T FRIA T AITPX1 HAEH .4 IPTG
BRI, TERAL pCold 11-4iTPXT 2 AR R KImHT
HH A T FREAN 25 kD W4T, Mk
pCold 11 75 ZAR M KA AT B W T B 457 (1A 3
Ao 208 ) 8 A B IR IR i A
AITPX1 EHHHEH (Kl 3: B),
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PN 3 ' BV %e/T iV P2 PO T AVVNGE FKD IS LB YISGK Y| VLFFY PLDFTEVCPTE I IAF S AR A EV 69
SN2 S WS Vi Aol i PA PO FISNTAVVNGE FKD TN LR YRGK Y\ VLFF Y PLDFTFVICPTE T TAFA AN FRAT € CIAUMNIY
133004 3 2. A WIS VI Ke}YUNK P2 PO FINAT AVVNGEFKDI LS YINGK Y\ VL. FFY PLDFTFVICPTE I I AF S AN IR T ECIAMNEY
103012 IR Yi=le|1 (o' P2 PIFINe T AV VNG FKDINLRVISGKYIIVLFFY PLDFTEVCPTE I IAF SISARNSFIA EV 68
AccTPX1 MPVP KEAPEFTAWNGEFKDILYGKY VLFFYPLDFTFVCPTE I IAFSINAMFie T echeiill

AgTPX1 FRETAVVNGEFKEINLENYWGKYVLEFYPLDFTF 70
ApTPX1 69
AiTPX1 EEje T PFRGLF IDDK@YLROI TREKIY
SI TPX1 T PFRGLEIDDKOSLROI TKLY
BmTPX1 ERDYGVLIEEN€e T PFRGLF I I DDK@YLROI TEES
DmTPX1 138
AccTPX1 140
AgTPX1 140
ApTPX1 139
AiTPX1 IBE TLRLVQAFQY T DIMSIGEY IJESEE IKPDTKAAQEMGVDAN 195
S1 TPX1 IBE TLRLVQAFQY T DINEIGEY IKPDTKAAQEMIIDAN 195
BmTPX1 I¥ETLRLVQAFQTDREIGEY G TK PDTKAAQEMAGDAN 195
DmTPX1 IBE TLRLVQAFQY T D#4GEY ADPTKSKEMIETTS 194
AccTPX1 IPETLRLVQAFQY T DINSIGEY |2 MK PDV I GSKEMIKDT - 195
AgTPX1 WETLRLVIBAFRY TDHIGEV ADPHKSKDMANAVN 196
ApTPX1 IPETLRLVQAFQY T DIHEGEY IZE S TNP S -~ KSKDMFKTVE 193

1 FAEERHTPX EAKFFIE3T
Fig. 1 Alignment of the TPX protein sequences from different insect species

AR G 5500 R — BN AR L LR IR . IR G T HEFT /R 2 ML AR (2 DEZ R IR HE ( Cysys Fil
Cysigo ), S0 =MAILFRIRTHY 4 DIEPEHFOFEE (Progy. Thrys, Cysss Ml Argog)o “YF motif” KR THEH R
Y Tyr-Phe ( YF) 8% . Rk (SI, KC685523), K4 (Bm, NP_001037083 ), MKW (Dm, CG1633),

AR (Ace, HM641254), I HREL (Ag, XP_308081), HiT4F (Ap, XM 001946102 ),

Identical and similar amino acid residues are shaded black and grey, respectively. Two positionally conserved cysteines
(Cys48 and Cys169) are in grey box. Four active - site residues (Pro41, Thr45, Cys48, and Argl24) conserved in all TPXs

are marked with solid triangles. “YF motif” indicates the Tyr - Phe (YF) motif located at the C - terminus of the TPX

proteins. Sl: Spodoptera litura (KC685523); Bm: Bombyx mori (NP_001037083); Dm: Drosophila melanogaster (CG1633);
Acc: Apis cerana cerana (HM641254); Ag: Anopheles gambiae (XP_308081); Ap: Acyrthosiphon pisum (XM_001946102).

F2 IMiEESHMER TPX S EBFIIN—HEESH
Table2 Percent identities of amino acid sequences of TPXs between Agrotisipsilon and other insect species

H
Order

YRS

Species name

GenBank #k 5

GenBank accession no.

— M (%)
Identity (%)

%4 H Lepidoptera

W3#H Diptera

3 H Hemiptera

TR Mk Spodoptera litura
44 1 Helicoverpa armigera
FL/NE O B Grapholita molesta
KA Bombyx mori

INZER Plutella xylostella
RGN Drosophila melanogaster
T /NSEWE Bactrocera dorsalis

B ML Aedes aegypti

BB ML Culex quinquefasciatus
JH K> B\ Bemisia tabaci

TR Rhopalosiphum maidis

¥ RE\ Nilaparvata lugens

XP_022829707
XP_021192290
UAJ49551

XP_037871531
XP_037964284
NP_001285202
XP_011201883
XP_001648452
XP_001844844
XP_018914184
XP_ 026821813
XP_022192340

96.4
94.9
94.4
92.3
91.8
82.7
74.9
745
72.5
79.1
75.4
72.9
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£E3R 2 (Table 2 continued)

H Y4 GenBank #5¢5 —H (%)

Order Species name GenBank accession no. Identity (%)
5% H Hymenoptera 2 KFIEE W Apis mellifera XP_003249289 79.8
AR 1% Apis cerana XP_016904161 79.4
TN MR AH 4 45 /N Nasonia vitripennis XP_001601016 75.4
#44# H Coleoptera HES2E 3T Agrilus planipennis XP_018325578 74.9
e 5 /N . dethina tumida XP_019881247 74.5
IRPARES Tribolium castaneum XP 970881 74.0

46
38

60

68

AgTPX1 (MZ648005)
DmTPX1 (CG1633)
AccTPX1 (HM641254)
AmTPX1 (GB19380)
BmTPX1 (NP_001037083)
@ AITPX1 (MZ648005)
SITPX1 (KC685523)
ApTPX1 (XM_001946102)

48

Typical
2-Cys

100

89

DmTPX2 (CG1274)

: BmTPX4 (AFQ94049)

AgTPX2 (XP_308336)
HaTPX2 (XP_021187621)
PxTPX2 (NP_001292440)

EAtTPXZ (XP_013185136)
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Fig. 2 Phylogenetic analysis of insect TPXs

AITPX1 DISELBEDEARE . Ap: BiGWF; At: BPREE; Ha: MR4H; Px: /NEIK; Bm: K7E; Sl #IEUKHE; Acc:
AR IE ;. Am: TERFIEEE; Dm: JRIEHREE; Ag: XIIFIEE, 45510 GenBank %5,

AiTPX1 is indicated with a solid circle. Ap: Acyrthosiphon pisum; At: Amyelois transitella; Ha: Helicoverpa armigera; Px:

Plutella xylostella; Bm: Bombyx mori; Sl: Spodoptera litura; Acc: Apis cerana cerana; Am: Apis mellifera; Dm: Drosophila
melanogaster; Ag: Anopheles gambiae. GenBank accession numbers are shown in parentheses.
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Fig. 3 Prokaryotic expression and western blotting
analysis of recombinant AiTPX1 protein

1: SDS-PAGE /M5 4k pCold I 28 # Ak i K AT 1 33k
77915 2. SDS-PAGE 43 #i%% 4k pCold 11 -4iTPX1 Z AR
KIGFF R ZRIAF=W) 5 3. Western blot 73 #7541k pCold 11 25
AR R IGFFEFRILT=H); 4: Western blot 4-H155 1k
pCold Il -4iTPX1 BRI KGRI o

1: Analysis of expression products from E. coli transformed
with pCold Il empty vector using SDS-PAGE; 2: Analysis
of expression products from E. coli transformed with
pCold Il -4iTPXI vector using SDS-PAGE; 3: Analysis of
expression products from E. coli transformed with
pCold Il empty vector using Western blot; 4: Analysis of
expression products from E. coli transformed with pCold
[I-4iTPX]I vector using Western blot.

AITPX1 HAHE AR RIB R TR
A BT S A e B BB T o AR IR O A
H,0, 5 CHP ZJ5, ik AiTPXI A KIAHFFH Y
ODgoo HYIH B XTI (K4 . A, B), ¥
R RIS IRAT LB Kige VA, &35 AITPX1 1
KGR 10 TR g s B (g 22 106 BRZH( &1 4
C,D). GEit4aiR&kW, 7 H,0, Fl CHP A T,
38 AITPX 1 IR AT T TRV 5053 ) 2 %o R 2 AT
LR 5.90 F13.75 4% (K 4: E,F),

2.3 AITPX1 RZERIEEXSH

ffi I SE 5 6 8 5 PCR 40T T AiTPXT 1E /)N
M E R R BB Rk, 2R BR, 7#
BT A REAS R RER N B AiTPXT Wik (& 5.
A)o AITPXI TE 1 184 U FRIRACHRAL, HM
2 W& 40 U S i L R R K B T . H
e ], %I A KO K (P <0.05,
K 5. A), RGN T AiTPXT 78/ NbE FE 4
ANFI LU A ik i, 25 SRR I I R e

W2k i, H W TiZ TR R
o EAS ARG A Fh i 263K (P < 0.05, 81 5:B ),

24 FREFIFMEX/INE R H0, RER T

DR T LCso MM B A RF N . 0
Tl R G SR P g Ah T X /)N Ml R &)y SRR Y
H,0, WREEM5E I, 25038, MRS U 24 e
AEBRJE 3 H1 6 h, 2l HL HyO, K- 5 0 JRAH 22 AN
B3 (P>0.05), HALH)S 12, 24 fi148h, 4
HHL0, K- 38 & T X R (P < 0.05, [ 6:
Ao FHBEAEG 3 h, % Hy0, K55 1R
HIERENEZS (P>0.05), HME 6-48 h 4
L HO0, KPR BT (P<0.05, Bl 6: B),
SR R B A PR S, AE BT ARG I s TR] B
(3-48 h), 4 HUKN Hy0p K V-4 1 3 8 T 0 i
4 (P<0.05, B 6: C) HPEHBELAIEI12h
JE 4 Hy0, IR B By, MXTRRAHRY 2.7 1%
(L 6: B), My 2058 6 A T R S R H gt fre
BITEAL I 24 h JE 4l HoO, VR IR B B 5y, 4300l
RRFHRLH ) 2.4 fEF3.04% (K 6: A, C).,

25 FRHEFIEIT AITPX1 RiER RN

e T vy Ak S R A T | B A S R
Bl (LCso 7 H ) AbF/Nb 2R 3 W4l
AiTPX1 3R FIR K024 A5 R KB, 4iTPXT
XoF v 205 TR 4 i ) T 1o AR X AN, 2 7] A B
3. 6 Fl 12 h, ZAERFRIAE 50 RA T E
ZR (P>005); 424 h 5, ZEHFEXE
WE PP EXTIRAR 8.13 5, Kb 48 h 5i% kL
R ek Al i 3 T IRAL( P < 0.05, & 7: A ).
AITPXT 5% 2 fi Al R G2 HL 2R FH Bk P 190 g 7 A T
W, AFIEEE 6 h iz RN SR 2 LR

(P<0.05),{HiX 2 257 4b 3 24 h )5 , AiTPX]
F e Tk B 2 R R 2 5 IR 4 G B 3 R B K
(P>0.05, BI7: B, C).

3 #iSiig
RLi g TPX ZEARE I BRBE LA T (Anf
SRR TR P M 0 S ) B A 45 )

T ) S AR 5 T AP AR (SRR AR
4, 2017; Caoetal., 2018; FEZR%E, 2018; M
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Fig. 4 Antioxidative property of recombinant AiTPX1 protein

A FI B 3 3Rk AITPX1 B2 8 F B RIBAT A 3 BITE i AL S 5K (CHP) I
H,O, il T A K gk, LASEAk pCold 11 25 AR K AT 1 hy 3F R
C 1 D 435 h 431 CHP il Hy0, 203 8 h 5, ik AITPX1 W KT
X B KT R B VR K AB L B M F 43518 C il D 85374 L BTS2 .
Bl N HEEbR R, *FRRE Student’s ¢ K2R B (P <0.05),
A and B represent the growth curve of AiTPX1-overexpressed E. coli cells under stress of CHP and H,0,,
respectively. E. coli containing pCold Il empty vector are used as controls; C and D show the colony growth of
AiTPX1-overexpressed E. coli cells and control cells after an 8-hour treatment with CHP and H,0,, respectively;

E and F show the number of bacterial colony-forming units (CFUs) on the plates in C and D. Data are mean+ SE.
* denotes significant difference between two groups (Student’s #-test, P < 0.05).
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MERAE, 2021 ), MR TPX WP A LTIREC 7R 22
JE s RAEMPIEEYE Apis cerana cerana %5

B h 535 75 ( Radyuk et al., 2001 ; Yan et al.,
2014; Zhang and Lu, 2015 ), {H/NHI#FEHY TPX
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H AR = W55 o AR SR H R RS Z 1% i
KA T /N R AiTPXT ) cDNA FE51, H4ihs
1 AITPX1 45 15 HAR R Y Fh TPXs HA
IR — B, JFHA — 3L 6] 1 S5 P,
FAE 4 MLE PRSP ITE TR 2 MR 5% (Prog: .
Thrys, Cysss Fll Argppy ) Al YF L7, X EEEFER
FRIEAIL Y5 TPX B9TEPEZEUIAISE (Wang et al.,
2012; Lu and Holmgren, 2014 ), AiTPX1 %[
HRAEAE AL B RST RO R R ( Cysyg Fl Cysigo ),
AR X —FEE, 456 REKT IEi R, kW
AITPX1 J& T A 2-Cys K o AiTPXI 5
AT, ST G R R A PR 38 PR
M S A X B A BRI REBE A T BEAil

HIANAFSE R, fErh et | RAEMBEIK
ISR A, TPXs RefR4r AR R dufh) . &
42 )8 B DL R A AR g 5 R 9 A A i a
(Chenetal., 2014; Yao et al., 2014; Mao et al.,
2020 ) ABFFRAERIGFF RPN ERIE T AITPX1
FAE M, IHFHEET AITPXI X H,0, Al CHP [
it 52V . HoO, 2 TR A —Fl, CHP 2 gk
W RE RS 75 S 20 L PR ot ™ AR T MR A (R O 45,
2021), KHERX 2 FibEPRH AITPX1
PTE LI RE T . R ER, BZ TFXT R4 K
PAFF IR, Fik AITPX1 1K BT b 20 i Ry i 52
H,0, fil CHP i, X —45RUEM, AITPX1
REfS 8 oF B B A B0 A A R ) 92 i AN F A BE A
X7 INHb A B AR A A 47, T T3 8 /) L BT A
S5 A 1 o E A B b R N SR AL A 4
R, 40 Pang 55 (2021) NNy TPX HE it ik 2
¥y RE\ Nilaparvata lugens FPREXT I HUBR ™A= 41
PR Z —

TPX H:RAEA[R] B b i) R i A 7 22
5, WSEHYME Pieris rapae PrTPX1 3ERITE 3-5 #
4y B B sk V- fe i ( Zhao et al., 2022 ), i
IR Heortia vitessoides HvTPX [ FEiRE(E H
PRAE R (AR, 2018 ), AFFFE AR, HEE
AN PRI IR, AiTPXT ik B Wi T e,
TR A R . /N TR R e A SR A, I
B S 1EA T &)y A 2 B 25 Rl AR 20 40U % AE( Truman
et al., 2019), EX—dREnl fEL)™ 4L KA AT T

S0, AITPX] {ENRIIE FRIB W RESE R T 4Rk
TG PR ST o ABIFST IR 0 24 /N o B AR
BHIJE, A4iTPX]1 FRXKTFRETRE, FEX—
PRG BT H AT AN . EARE B, TPX 3
DR A 2 57 5 00 &0 380 28 Rt Bz B8 3R A AR K S AT
% (Zhang et al., 2015 ), AiTPXI (/)35 0] fE
ZF B AR A, HiX — Bk 2Ll R A
W5 RS

O —Lenfor e, BRI E 1 B sh i 2
2 RO Rl b TR R T S NS TR
HORHEE b & A Y H0,, FECAELIR
i (Yu et al., 2011; Cui et al., 2017; Liu et al.,
2017 )o AHFFER A B 3 F 2% HUR AR I B5E )
MR IE /N E R B HO, % B B Y
i, 5 4iTPXT R EHRKT B FH, &
AH 3% 35 DR 70 AR A8 500375 S A0 B Ak 3 v o 4%
HEEEH, FHER RO EBRUMBIS, WA
B A s R A . LIRS TPY 3
R 5K T (Cao et al., 2018; Mao et al.,
2020; Zhao et al., 2022 ); FIF RNAi JTER RIS
YSAALINVE O IR TPX RN, 2 AR Bt 2% il
R A i 32 M i 2 R AR ( Kim et al., 2015; Liu et al.,
2021 ), HAZ HHET, K HA G/ Z R
AITPX1 B R 33K 7K V34 I 0 0 BIL ] i AN B
BT o BT EAE SR | AR RIS RUMAT S R I,
TPX B:PA WY 5% sl 4% n] BB W S INK/FoxO il
CncC/Maf {554 (Lee et al., 2009; Mao et al.,
2020; Tian et al., 2022 ), {HXLRZETS 5%
INHIE TR AiTPXT BRI A R Tk — 5T

TERME, Bl TPX B—PERNFE
W, WM EWAMR ERLNAPIE 5 A TPX
FE[A (Radyuk et al., 2001; Shi et al., 2014 ), /NHb
LR BB RIAZ A TPX HEN, X ELILA A5
(B FAE DR P /N2 PR % R 5 e 3R 8
el aE HA HEAEH . AR XWFR T
AITPX1 JEH, Mgt/ N iR e TPX FEH )
DIREBEE T Jah o H R/ N2 P 3k R 4 2L 58 %
MF (Jin et al., 2023 ), 1EJ5SEMF58 R X
—JFH PR N TPX TR AT, LA
R /N B TPX L 5 A AR W24 T e
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Zr BTk, AW T/ NE AiTPX]
PIFHVRHIE . RGHEOC R FFIABIA, IR 1
AITPX1 HABHMPUERE T, KM ESER
AR | A AR B RS T N
e K Hy0, 51 4iTPX] £k B3 I
P, R AiTPXT 2 S5HUE A H 73 W i Ak
i o AAHE SR HONEE A R 3R 38 KT X
AiTPXT AT TR, R, KFl
FH RNA THEHARTENE RKE LB 4iTPXT 1Y
Titie, i ad ¢ 6 2 i 15 e 1 4228 S5 - BriR
AT fildit 73 AiTPXT BJEE LR, LA
4 AR AiTPXT B9 AW 2F T de DL A
AiTPX1 AR TT B AL A T B it s
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