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BB B EIRA LIS THGAYR 4k 5. oA N LR ABEE A 22°CRFH, 454 1793,
1525, 19.63 #= 18.81 mmol-g *min™'; & A L B F B K 25 CR &, % 5 % 3463, 31.83. 37.19 4= 36.87
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MR % 00 RIE IR E 4 A1 A 25.05. 26.39. 24.86 A2 2524 °C, F E A AW BEA R &6 L EAF R TR R 4 F B
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Effect of temperature on the activity of 4 enzymes in
Heterolocha jinyinhuaphaga

XIANG Yuyong, ZHANG Yan, TAO Cuiling
(School of Biology and Food Engineering, Chuzhou University, Chuzhou 239000, Anhui, China)

Abstract: [Objective] The objective is to investigate the effect of temperature on enzyme activity in
Heterolocha jinyinhuaphaga. [Method] The experimental insects were collected from Sanjie Town, Chuzhou
City in Anhui Province and reared in a laboratory. The photoperiod was 14 h of daylight and 10 h of darkness,
and the relative humidity was 70%. The activity of lactate dehydrogenase (LDH), peroxidase (POD),
carboxylesterase (CarE) and acid phosphate (ACP) was measured in larvae, pupae, female and male moths of H.
Jjinyinhuaphaga at different temperatures (16, 19, 22, 25, 28, 31, and 34 °C). [Result] There were differences
in the activity of 4 enzymes in larvae, pupae, female and male moths of H. jinyinhuaphaga at different
temperatures. At 16-34 °C, the activity of the 4 enzymes increased first, and then decreased with increasing
temperature. LDH activity in larvae, pupae, female, and male moths was the highest at 22 °C (17.93, 15.25,
19.63, and 18.81 mmol- g ' min ™', respectively), POD activity was the highest at 25 °C (34.63, 31.83, 37.19,
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and 36.87 mmol* g '+ min™', respectively), CarE activity was the highest at 28 °C (26.78, 23.36, 29.44, and 28.32
mmol- g™+ min”', respectively), ACP activity was the highest at 25 °C (13.82, 11.37, 15.43, and 14.38
mmol- g '+ min~’, respectively). According to the established regression model, the optimal temperatures for the
highest LDH activity in larvae, pupae, female, and male moths were found to be 21.45, 21.44, 22.32 and 21.56
°C, respectively, the optimal temperatures for the highest POD activity were 26.16, 25.94, 25.67 and 25.54 C,
respectively, the optimal temperatures for the highest CarE activity were 29.20, 29.65, 28.93 and 28.92 C,
respectively, the optimal temperatures for the highest ACP activity were 25.05, 26.39, 24.86 and 25.24 °C,
respectively. Two-way ANOVA showed that the interaction between temperature and insect stage had no
significant effect on the activity of 4 enzymes. [Conclusion] Temperature can affect the activity of LDH,
POD, CarE and ACP in larvae, pupae, female and male moths of H. jinyinhuaphaga. [Ch, 4 fig. 26 ref.]

Key words: Heterolocha jinyinhuaphaga; temperature; enzyme activity

RAEARE TSRS, RNFZHREE RN, R R L B AR O o0 18 ALl ,

R W o & B BRGNS E IR B AL 0 i 0 T B AR RO R T FLMR S
(LDH) J£ 2 SRR RO E 2L M, DK PR A AL nFL I RO IR BRI A —WETR (ATP), T 5% i Al

PRI R . IR RR VR (PK) AT 40 M b BRI A% =R . RIS X AT W2 (ADP) FBERE
il A R TRD =, R ARE TR A 23 ) 4 i A DG B Y, B A AL Y B AL (SOD) . i 8 AL &L (CAT) i %A
LYy (POD) J2& B A4 o B ZE (0 - 47 i, SOD RE U835 Bl & B B + B i1 &8 (0,7), JTE L Ak A
(H,0,), miidA e, i S S HAT 70 Hy0p BIFET . 7E3X 3 BRI RIVERITS , die N m A
M BEAE R AR, IR R MUARZ i E D0, IRIR RN (CarE). MRTEBEIREE (ACP). AWt H IK-S-H4 #2 i
(GSTs) J& R AN E B rERE, Re Ul 25 . AP AR AR ) S MR REY) , didr R OB A= 31
AAbE BT,

B HURARR Y, TR A7 Ak R A R e LA P Bl TG PR AR [FRRLEE AR R, Bk B
Carposina niponensis V& P4 S8 AL W1B A BE 1 25 S 3438 80 0 K, £E 22 C BEMERAR, 28 °C BhE T
ik, 34 °C BPIE TSR T BE . o S A RN o AR Tk S PRSI TR A A B A B e, AR
FIETFREESE, 7528 CupiE i Em . 2t 34, 36, 38 C RS, ¥ KE\ Nilaparvata
Iugens #7 HUIA PR 33 484k SUBERTE P A BERLEE H i s a3, (BLLL 36 C AR, T 36 °C it
A M AZ AN 5 o HAR PR AR A A B A T I Sk vy T B, AR A A A il T e B R B v T
2% B EREPER EIRYOE T R AIACHRE T AR 55, NN R AR AR R A K S A AR
SZMRUT TR PR R X B OB A s, ] DUOAIR AERT B S PR IE N 0 A B A AL AL R I
2%,

4L R Heterolocha jinyinhuaphaga J& 5% H Lepidoptera R Bl Geometridae B2 1L, 51| 45 it i
Hu, 2@ HAE Lonicera japonica FE AWM FH R Z —, R &AL i sk 2 5L, 323" H 1k
SR TR, SRR A KR, RN T, AW A R ™ E
U0 ERAERIAI ST T I EE R G R A FRUBE &y e 3 Al 1 1 i 5 e 2, A L R B IR B X A AR AR
RO | W MR . MR N FLRR A . A . RIRERRE . FRVERERR B IE TR, AT 4
FRACR L R 0 OGS [ PR IR B A A AR RS B, IR AT R A RO X PR 3
PR ) A A AR PR SRR 2 A

1 #EE5 7%
1.1 ik HiE

GARAE ROME L) BURAE T2 B0R WETH = BV, 78 N TR (RXZ-288A 1Y) b FHT e 1Y A AR A6 A
W, NTREMRPCRMEE AR 14 WEBE 10h, REREN Q5] C, MXTBEREN
70%+7%.
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1.2 Ak

12,1 BEMERLRAEERG Y e AR 25 °C ZoA0 2 4 A8 RUBE ICED (19 5 ik Tt 2
R 16, 19, 22, 25, 28, 31, 34 C 5 7 MEEAARE, SR E N H K 14 hERE 10 h, AN
FERE N 70%. BNIREACES | RIS AR A0 R Ay, B O £ AN ER R, IR BB B S 4R et A
(FHIRAR AL i B AR R T ol et Rt o AN B s i SR Jsent By, FH 20 A S50 0 11 AR L Al $L
5, AR, 0 IS IR R, —ERFEER R B AR LS, WRBTE O 10% R TE
WK BEANREET 1 kbFE 50 kb, KB EE 6 K.

122 Bl & RSP N—E SR A U S WAL B (ki 7 ). HESR CRIME 3 d) . ki P
13 d) #4510 3%, MfEgk . g By R R SR . 25 B O R TE T, DRAREE T, VKBTI AT
MR £h 28 vhi (PBS) S mL, THGHEMBFEE A%, B0 15 min (—4 °C, 12000 r-min"), B RAERER .
il FLRR I S . A . RIREREG . R TE BN W AT A B R R 2% i ROR B 43 A 0.1 mmol - L'
0.2mmol-L™", 0.1 mol-L™", 0.1 mol-L™", pH43ilk 7.5, 7.0, 7.6, 7.0, LIA-IMiEHEH (BSA) MinHiE
H, R DL G-250 Yefo I Rk i i i 8 (A i

123 SUBRABLEBE F MM 2 RSN 6 B vk o LR Md S s 1 o A vl ot A s e =X P ) i A
JRNEERA AT — R A iR IR A AT — R R DS B IR , LR A S — 2 A A SR AR R ok M B My — A%
fik (NADH) ., 1A Bl % A4 B L R R AR T Bz R W v — A2 TR (NAD) 3 Dt 78 08 T o R M e — A% 1 TR
TE 340 nm Ab7 e RWECIEAA , TR IN— 2 S IO AR, RS D 760 AR P i e W 8y — A R S 1y 2o 2 340
nm W GEE [D(340)] D8/ i, T Rk 22 3 B LR T AR 000G MR R o L, R LR I A S T T R LA
30 5 T AR P e B M — R R S N I, I 340 nm Kb Y RO BE AR A, R4S B Y B R ML 7E 25
°C, pH7.5 &6 F, L1 min WG FEARAE [AD340)] My 1 AR N 1 ANEEIG RN . i B ) o il 2
FER AR S, B M6 0 mmol- g ' min',

W TR R V25 W (2.5 mg PRI R FH 29 mL Wi iR &k % YA e ) RT3 D 7R 0 T o AR P i — A% T IR TR (3.5
mg S0 Ji TG A e i MR RS AT R FH 1 mL WERR AR 52 vl A ) TIOAE 25 °C KV R rh i T gk . B 1 B
Fefa I, fmA 3 mL BERR 22w (0.1 mol-L™', pH 7.5), & T/HWeEiHdyEx i, S 1 H b,
JIA 2.9 mL 75 B PR W A 0.1 mL i Ji B AR P e iR e — A% RV R, TR AT NGBS, P i A
FE 20 FAUMEME 10 pL, JFERTHET, 5 30 s 105k 1 IRBHE, FFE00E 3 min, FHIRO'GE XTI [R] VR e e
N, T 1 min G EEREARIE (AD(340)). BAMEHEES 6 Ik, MRIEARITRZL MM S BHE M FLR
A = {[AD40)<HFi BEATEL 1/ [ INAIBEE <107}, B M54 4 mmol- g - min”',

124 sSRAHEEEENE SR HAAIARE H @R E T S AR ED . AR T 1 mL B b2
M (0.2 mmol-L™', pH 7.0), 1 mLid %&b & (H,0,, i 5 50K 30%), 0.9 mL 1 6 A B (30
mmol- L") #1 0.1 mL BHAW , iEIRA YN 5 min 5, 7£ 470 nm KR IE WG [D470)], XF BEL
A5G W ZE KO I . B A ERE ST 6 Y. #% 1 mg FigS RS 8h D(470) 224 e S 1 AT
PRI o o E ALY IS MR DU AR SRR = AD470)/ [xW=(Vo/V)]o H: AD(470) /&
W Y6 J3E BE S 0 B R] B AR Ak, ¢ S SR IF ] (min), VR B WA TR (mL), Vo & VIR A WA FL (mL),
W SR BHA R P B B T R (g- LY, BENE A7 4 mmol- g ' min ',

1.2.5 #ERESEEE MM Z RSNt PR R e BTG PEPY., H 10 pL B . 400 pL o-ZRZE
fi& (300 umol- L"), 30 pL B 588 (10 umol- L") Al 560 pL BEERELZ% #hik (0.1 mol- L™, pH 7.6) & Fik4F
. ARG #8530 ) 30 min 5, 7ENIIRGH T INA 100 pL & 7] (57 & 53508 1% /[ % B
R BN 5% W RSB IR BN =21 5) A IR N . 15 min J57E 600 nm KT I S N R A
YIW G [D(600)]. ST o-Z8 W AR ZR , IR & A040 1 mg ML 1 pmol [ 7= ¥ 8 &
SCR 1A BEHEVEAAL, XF BEZE I A S 2R IR A B T . A EE R 6 IR . R R I I PR B L
TAXIE: RREREIG = Plloxwx(Vy ], Hr: PP (umol), ¢ KRN EHE] (min), V A
WARFL (mL), Vo MRS YRR (mL), WRBEARE AR EWE (gL, BIGEHRARh

mmol- g '+ min”',
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1.2.6 BRMEAREREEE MM E 50 uL BRI Rt BE R BTG PR . R S Ui A (R R A
BEARGIRATRD . MG HRAE R 7637 CF, &% 1 mg B AT 1 umol ZKEY A= LK) =) o il
T 557 24 mmol- g ' min~' . BMAEFRTER 6 K.
1.3 #HESIT

K JH SPSS 23 B HEAT 07 2208, R Duncan FGB & M 22 B 7E 0.05 KF b HEfT 25 5 W5 ERG 56

2 HEREAM

21 RENEREREREKSEEENZI

ANV B T A AR AR RUME A Hhe g O A i 1) LR O S M SR AR TR (1B 1), WRBESR 16 °C B
LR I BT 490 12,88, 10.37. 14.47 F1113.09 mmol- g ' min'c 4y 16~34 C Bf, Pl IRE
I, FLER R A ST B, 7R 22 CibEem, g3k 17.930 1525, 19.63 il 18.81
mmol- g 'min™', F 16 C I T 39.21% ., 47.06% . 35.66% F1 43.70% ., &P —F T, FLR A
PEN I 46 T RE, 34 C IR FEEIHRAL, K 9.87. 826, 12.52 1 10.66 mmol-g'*min"', fEL i, &
19 125 °C b, 22 °C iYL AR 8 SUREE 15 A B2 A L 2 7 .3 (F6 14=7.807, P=0.001); B& 19 F1 25
CHb, WTE 22 °C A FLRR M U BEE E 5 AR AR U 25 57 W38 (F14=7.96, P=0.001); FR 25 °C 4k, M
WRAE 22 °C B A FLIR M SR S M A A [ 25 53 W3 (Fg 14=6.18, P=0.002); HEEEAE 22 °C B A FLAR
5t AR P 5 At B A L 25 5 W 3 (F,14=10.338, P<<0.001).
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Figure I Lactate dehydrogenase (LDH) activity changes of H. jinyinhuaphaga with temperature

FEARIRRREE T, S eRph RO et 1) LR I SR M e, HOKOR IR, SRS R4, WAk, 16 C
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Sk s FOR R E o 31 CCHF, Mk 2L B EURE IS M S 4 RN R 25 R R (Fag =12.223,
P=0.002).
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Tr 2203 MR W] s REE . MU  HRAE FRUE 1) LR I U M4 25 5 e (P<<0.001), IR B A
A AE AR X 4 B A RO Py 2L T IOt T P T S 5

X AN ) B A AR A RO L I L B o R gk ) L R O Sl T PR R AR AR S A T R AT, A5
LR 5 S T 5 TR A (R R R4 0 R+ = 0.004 9x*—0.420 2 x* +11.263 0x—80.093 0 (R*=0.911 5), y,=
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SHFE e A e P 2L o S il 1 P e e ) R YR B 3 0 R 21,45, 21.44 . 22.32 Fi1 21.56 C..
2.2 REX &R RS S YEEE RN

ARV E T A AR AR ROMERS | i I R e i 1 3 S AL B P SRR R] (18] 2). 16 C B AR
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w, i ARG T S S R S, 7E 25 C B iR, 43U 34.63. 31.83. 37.19 Fll 36.87
mmol- g '*min™, I 16 C BHEMIT 26.80% . 29.29% . 12.68% 1 24.60%. 25, i ACYIEHGHZRE
[, 34 °C W R[N 28.53, 2558, 31.62 F1130.51 mmol-g '*min™', [& 28 °C 4b, &hHi7E 25 C 4
1 1 % V5 LA TR B M L 22 5 R (F 1477336, P=0.001); BR 22 F1 28 C 4, W (Fe,4=8.339,
P=0.001), MHfisk (Fg,4=6.996, P=0.001) FlifEik (Fg,,=12.456, P<<0.001) 7 25 °C i1 S ALY BTG M 5
HAR A 22 5 B3
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Figure 2 Peroxidase (POD) activity change of H. jinyinhuaphaga with temperature
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11.565, P=0.003) i, MfE Y ik S AL P TG 14 5 &) ORI 25 5708 1B 250K, SR 2 A E . 25 C
(F35=9.962, P=0.004) il 28 C (F;5=3.358, P=0.046) v}, Mgyl S ALY MG E 5L R B, 54
WO 2E R 2 . 31 °C B, MEMR Y AU ARl S MR S 4 ORI 25 S 3 (F 5 =7.301, P=0.011),
5 S S
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T3 28] s R EE | USSR AR ROME Y ok SR AL M G MR R R (P<<0.001), HRLEE AN
A BE ELAE X 4 B A0 RUME ) aok S A i % PR A 35 5

XN [ BE T G AR A0 ROy e B R A ) ok AR A Bl I R 0 AR AR SR A T R A0, AR
T SR AR W B R R R ) R AR B 0 1 R s p,=—0.001 1x° + 0.018 8x* +1.360 7x+5.033 1 (R’= 0.875 1),
$7=—0.001 2x*+ 0.013 5x* + 1.707 1x—1.454 7 (R*=0.970 4), y;=—0.000 3x°—0.044 2x> + 2.901 1x—3.728 5 (R> =
0.917 0), y,=—0.000 3x’—0.049 5x> + 3.133 4x—7.085 0 (R> = 0.892 0), y;. o+ V3. Va I3 J 45016 R L)
UM MR R N A RS, x ORIREE . XPRCBUEA IR, A9 AR R L 0
e ATl ) st A A A I A e v ) B TR 430l 26,16, 25.94 25.67 Fl 25.54 °C.,
2.3 REX &R TE R R BB A 1 A 22N

AN TR) IR RS B AR ROME &) e g | O R e R R T Al 0 1 S AR TR (] 3). RN 16°C IR
FRIREE R PE /09 18.64. 1593, 20.48 1 19.42 mmol-g '*min'. JELEE N 16~34 °C i, FRIRMER IS
B FTHE PR, 28 C IR S, 281N 26,78, 23.36. 29.44 1 28.32 mmol-g *min', I 16 C
BINT 43.67%. 46.64%. 43.75% F 45.83%., ZJ5, FRIRWE MG VEIT 4 TR, 34 °C Tl 23.39,
20.88. 2537 Fl 24.11 mmol-g'»min"'.  BR 25 Fl 31 C Ak, 4B (Fy,=11.407, P<<0.001) Fil #f i
(Fo,14=9.11, P<<0.001) 1£ 28 °C I} AYFRR I B L 55 FLML R BEAH L 22 5 (355 BR 25, 31 R 34 C 4b,
£ 28 °C I R R T 1% M 55 HAB IR BE AR L 25 57 B3 (F14=7.397, P=0.001); B 25 C #b, HEMAE 28 C
I ) T T it 0 1 5 b T A B2 5 B 3 (Fg,14=6.93, P<<0.001).
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Figure 3 Carboxylesterase (CarE) activity change of H. jinyinhuaphaga with temperature

TEFIFENREE T, A RO M ik () PR PR R B 1 PR e i, HEUOR IR, ARG R4, WiEAK. 16 C
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