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Abstract: To explore the mechanisms of genipin, rutin, quercetin, and chlorogenic acid on Tenebrio molitor, the
activities of carboxylesterase ( CarE) , cytochrome P450 ( CYP450) , and glutathione S-transferase ( GST) were measured
after T. molitor fed on four plant secondary metabolites. Additionally, the expression of the carboxylesterase gene in T. moli-
tor (TmCarE) was detected using semi-quantitative PCR and reverse transcription quantitative PCR ( RT-qPCR) methods.
The results showed that the induction of the three detoxification enzyme activities in 7. molitor by plant secondary metabo-
lites exhibited both dose- and time-dependent effects. Low contents (0.5% and 1.0% ) of plant secondary metabolites could
induce and activate the detoxification enzyme activities in T. molitor, while the high concent (3.0%) significantly inhibited
these activities. Bioinformatics analysis revealed that TmCarE possessed conserved domains of the carboxylesterase gene and

exhibited high similarity with other insect carboxylesterase

U 75 B B .2024-01-16 genes near the active site. Moreover, three plant secondary
HETE. {5 HAREHA T H (31000305) ; b4 &2 240 R metabolites (rutin, quercetin, and chlorogenic acid) at a
SR AR BFFTIH (QN2015182) content of 0. 5% could up-regulate the relative expression
EBRANE H(1996-) , L, WAL LA, B EBFgE A, NS il of the TmCarE gene. These findings provide a theoretical
LEAIRPIISY . (E-mail) 2807841686@ qq.com basis for screening efficient plant secondary metabolites

BHAEHE K F¢, (E-mail) zhshsuqq@ 126.com and scientifically utilizing them to control Coleoptera pests.
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Table 1 Primers and sequences

S AR SIFH(5'—3") G A
F1 TGCCCGTGATGTTCTGG Y18 TmCarE 185775
R1 GGGTGGGGTTCCCGT Y1 TmCarE {15775

F2 ATACCGTACGCCAAACCG 2 Efk PCR 1 TmCark

R2 GATTGCACCCATTTCAGC k&1 PCR ¥4 TmCarE

F3 GACGATTTGCCCGTGATG Jt5%E & PCR ¥4 TmCark
65 it PCR Y1 TmCark

WHE
R3 TGAACCCAGCGTTTCCTG — %GiE




504 H K&k 2% W]

2025 4E 45 41 & 3 W

1.3 HEAEESHH

JH SPSS 21.0 115 4 FiAs )k 4 ) o ik BT B
oy B RE RS PR I iR 22 IR R 2 Oy 22
ST ( One-way ANOVA) Fll £z /) &k 35 P 26 5 3%
(LSD) 43 A1 AN ) Atk ¥ 22 ] 114 22 57 5. % %, Origin
2017 #BAF2A

2 AR5

2.1 AEEYLRED RSN RE ST
2.1.1 RREAZHEMREDRSS 0 kG5 E
Mwg A e AT 0. 1% .0.5% 1. 0% .
3. 0% FE PR AW 0T 1) 22 ZR AR L BBy L 24 b 00 g 3
Cark WEVE, W& 1A s, AR & A YR A9
JEACFE IS , R U Cark 35 P 5 B WEE Fglem
Tl Efas, FEBAR S (0.1%.0.5% .1.0%) HH Y
WA FRAL BT | £ A BRAL Y Cark 5 VEI 5 T X
W YRR A Y & 50 0. 5% ), 4 Ak Ak
VIO SR BN Cark 35 7 3K 3] f5 25 (B HL 45 Ab 2
25X I (8]0 22 5 .3 (P<0. 05) , Hop g SRR Ak
FRLARY Cark WG PES &, WG 135.43%, &%
(3. 0% ) HIRAEY AL FRA Y CarE 15T BE,
Hoh 25 Mk ZACHRYLY Cark 35145 %) 1R ] 22
Sl E (P<0.05) , 257 1A BRAL M 1% PR e i,
425. 86 nmol/ (min - mg) ; 5L, 2 J5L R AL 20 Y
CarE TEPE SRR ZE R AR ZE (P>0.05) .

1000.001 5 a . 6000rp
= 800.00 b M= 50.00F
ZE oG] ab ZE 4000
HZ- 0 600.00 Nl aSyagf] baablp &
-y I N S8 3000
&3 4000 ::: v :: =37 2000
EE 20000 l:" :E il =5 1000
0 !I “ :! & 0
01 05 10 30
PR LE W) 5 ik (%)

FHRTR] & s AR A P B R B R L 24 b 5
E L GST 1%, A 1B fias, 4 FhoRTR &kl
VIR A B AL B Bk B GST 35 PEAE17. 29~
42.79 nmol/ (min + mg) YLl NI 8l ; TEBARAE Y IR A4
Y E (0. 1% 0. 5% 1. 0% ) A3 | B0k BUE) GST
T R RS AE I I 5 1 (3. 0% ) b 3T
BB LAY GST IS PR, SAH Y R A i & i
0. 5%HF , By HUAY GST TPk fermy , b 2S5 1A B
e, 4 42. 79 nmol/ (min - mg) , FIEFN 111. 06% ;
MREYIRAE YT S IR E] 3. 0% 0, FER Y GST 1%
PEBL D E D], 25 b H 2 % IR 2 R 1 25 53 1 (P<
0.05) , z 4 HH AL L 3 e = , N 76. 54%

FRARTR) 5 A8 A 40 R A 40 ] MR ) L 24
J& D 5E H CYP450 W PE, WNE 1€ FioR, FEAR S &
(0.1%.0.5% 1. 0% ) F IR AW AL BT | 50 e F-
Wit e % SRIFRACFRZE Y CYP450 TEVERSR TR &
(3.0%) 2L BT, 50 JE 1 M K 2% D R Ak 3 2 1Y
CYP450 TEMEMIRHIG & S AL BRAL Z 23], YA K
WIS R 1. 0% B, B0 BT CYP450 T 14 3% 1A
b, Hh g R R A A S PR A v, M 3.85
nmol/ (min - mg) , BIHHH 222. 54% , 2= F 1 AL A
1% P B A, 4 2.37 nmol/(min + mg), ¥4 IG K K

154.90% , SAHEYIR AW & ik B 3. 0% i, =5
HAL PR AH B9 75 P F A, O 1. 30 nmol/ (min « mg) , il
N 69. 52% .,

., 0
10 £ 25 P450%E ]
[nmol/(min -+

Y

OddH,0; P 2.8 MEETF; BV, LS BaFR

A SRIRBRBE P 5 B AT HEH IR S-SERE G 15 C. AL B R P450 351k, ER AR AW B8 1 T, A R b BRI A A [ /NG 5B 3R 22
S (P<0.05) o ddH,0 LSRR FEHIXT IR, JOK Z BN 271 Mikbe A0 I
Bl 1 4 FEYREY BRI EY R E SRS E 8

Fig.1 Dose-effect of four plant secondary metabolites on detoxification enzymes of Tenebrio molitor
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Fig.2 Time-effect of four plant secondary metabolites on detoxification enzymes in Tenebrio molitor
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Fig.3 Nucleotide sequence and amino acid sequence of carboxylesterase TmCarE from Tenebrio molitor

TmCarE ESEVQLACLQVDDLBJMVEY
AAC36245.1 YI NWN¥TK. . . KI NS NVKQPMNF Y
ACU00116.1 YLNWY¥TPQF PSEDYDTLKDGMVY
AHH02590.1 YLNVHTP QAP S DS YDDL VDL VF
ANS06319.] FLSM¥TTSLTGAT. . . . . B\jI VF
AAM94377.1 YLDVY¥TP. . . . . NI NGKF BA§NF ¥
AAR26516.1 TVNWYTP. . . VEPSDSLRPMNVVF
AKZ17664.1 FLNVWY¥TQQLPSNTNKTLKBMVVY
CAH64510.] TLNWY¥TRDLPKEGS NF LKPMNVY
BACI10282.1 YLNWY¥TK. . . QLQLSKPLEMNVY SGNTDQY[§ 41
ACI42858.1 YLNWY¥TPQLPDV. SKPLLER§VVY TSEYNET[§ 143

TmCarE PDFLI TEDVVVMTI LGLLDFLCLEDPTLGVP[EWNAGFIN 76
AAC36245.1 PDFLNRKDI NLGTF LGVFGELNLEHEVA. . Py 158
ACU00116.1 PENLI PSDVVFMAI LGVFGSFHLEDTSLEYP[eWL QMM 178
AHH02590.1 PEFLNPENVVLESI LGI FGSFNLDDASLGYP[EWL.ILMN 174
ANS06319.1 PDFFLDEGVVF ML LGLFGFI TTE. . DS ANP[e 169
AAM94377.1 AEYF NDKDVVLMSI LGLFGFI STEDDVI . . P[eWwYGLINM 129
AAR26516.1 PKYLVKHGVI LJTF LEI LGFLCLGI KEA. . P[e] GLIN 176
AKZ17664.1 PEFLLTEDI VLGTI LGI FGFLSFEDASL GVP[Ea ! 163
CAH64510.1 PEFLNTEDI VLE§SI IGIIGFLSLEDPDLEVPEWAGLIN 163
BAC10282.1 PDFLVDKDVVI \TI BEVLGELCLDMEEA. . 4 79
ACI42858.1 PDYFFDEDVI F@SL LGVFGELSLG. . DTVVP[EIENGLES 181

SGSTEF 36
SGNDFFY 120
SAREEE 138
DGRKSSV 134
NSSYEG 131
HSGSNIF 91
SGSPFL 138
SNKTDV 123
SGSSEIY 123

TmCarE WHERY R DP NNV ARVVHLLTL 116
AAC36245.1 VRIS A DSENV GASVHYLTV 198
ACU00116.1 QS I v NPDS V GAS VHYHVL 218
AHH02590.1 VQS I A NPDS V GASVHYLIL 214
ANS06319.1 VR DI QY GEDP TKY GASVGYHLV 209
AAM94377.1 W QERS A DPDQV 169
AAR26516.1 VKRS R Vi§ GEDP DNI SHESVSYHLL 216
AKZ17664.1 QKRN S Kig s [€DP NNV GAS VHYLVL 203
CAH64510.1 VQERS I Hig ClEDP NNV AAAAHYLIL 203
BAC10282.1 VK N DPNNI 110
ACI42858.1 LT KQudl I DEDQI SHESVSYHSL 221

AAC36245.1 ;5 B 4> /N (Anisopteromalus calandrae) JEH JFH15 ; ACU00116. 1 . A6t K BB 6 4> 18, ( Holotrichia oblita ) 31K JF 515 ; AHH02590.
1. I B 8845 f.( Holotrichia parallela) 3 ¥ 5115 ; ANS06319.1 . £ 5 LMk HH (Agasicles hygrophila) e ¥ 515 ; AAM94377.1 . #iWf ( Aphis gos-
sypii) FE B P95 ; AAR26516.1 . H ¥ %Mk ( Mamestra brassicae ) 3515 ; AKZ17664. 1 KM 1 ( Tenebrio molitor ) 5K J¥ 515 ; BAC10282.
1 /NS ( Plutella xylostella) FEP F51 5 ; CAH64510.1 : 333U %5 ( Tribolium castaneum ) 3P 515 ; ACI142858. 1 ; 5 (8,51 Ht ( Harmonia axyri-
dis) FEH P15 . PRSP SRR I B A TR

B4 EHMREHMERABRERISERSFIINEIRIELR

Fig.4 Homology comparison of amino acid sequences of carboxylesterase between Tenebrio molitor and other insects
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Fig.5 Induction of carboxylesterase gene TmCarE in Tenebrio

molitor by four plant secondary metabolites
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Fig.6 Changes in the relative expression of TmCarE gene after

Tenebrio molitor fed on four plant secondary substances
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