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FE: [ B4y ] R B EE%IRIE Heterolocha jinyinhuaphaga % WBEER G Hoe, [ ik ] KB A ESHELRIEEK A
FHABN T ZRAA, TEARSE, REOLANAEGR 14h: 208 10h, AR EA 0%, ME T 2455 REL) & |
5, MR e ik £ R RURE (160 19, 22, 25, 28, 3140 34 °C) FTSLEA LA, L AACY B | #4254 B B Ao BR ML 3% B2 Bl 69
Fk, [BR] ARBETEEERE S k. 8. M hm e 4 A BEERY EEZR, £ 16~34°C, 4 #PBEF M
KA BEAFZHERA R LI E ThOLY Sk, 5. MRk N SLBRBL AR E M E 22°C RS, oA
17.93x16.67. 15.25%16.67. 19.63x16.67 #= 18.81x16.67 pkat-g'; it BALMEEE MK AL 25°C % &, % 54 34.63x16.67.
31.83x16.67. 37.19x16.67 #= 36.87x16.67 pkat-g'; #HBL BB 5 M £ 28 C & &, 4 # A4 26.78x16.67. 23.36x16.67,
29.44x16.67 = 28.32x16.67 pkat-g™'; BREARER B E M 25°C % &, A A 13.82x16.67. 11.37x16.67. 15.43%x16.67 #=
14.38x16.67 pkat-g ', IR VIER | FHAERIER ML) & | M MRk ) LR B A ER RSO RERBES A
21.45, 21.44, 22.32 #= 21.56 °C, it RACH B E MR FH 6 REBESH A 2616, 25.94, 25.67 A= 25.54 °C, LB B &
MR 0 R E R E 5 A A 29200 29.65. 28.93 Fv 28.92 °C, BR ML B E M R 5 0 R E R E 5 A A 25.05. 2639,
24.86 422524 °C, H EH5H AW : BEF RSO R IR SRR 4 FBHERIALEZYw, [ ] BEEYR
BRI S k| W, SR A IR AR N SLEBR AR . LA EE . BB B A BRI AR B G B, B 4 K26
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Effect of temperature on the activity of four 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 four enzymes in larvae, pupae, female and male moths of H. jinyinhuaphaga at different
temperatures. At 16—34 °C, the activity of the four enzymes increased first, and then decreased with increasing
temperature. LDH activity in larvae, pupae, female, and male moths was the highest at 22 °C (17.93x16.67,
15.25%16.67, 19.63x16.67 , and 18.81x16.67 pkat-g ', respectively), POD activity was the highest at 25 °C
(34.63x16.67, 31.83x16.67, 37.19x16.67, and 36.87x16.67 pkat-g', respectively), CarE activity was the
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highest at 28 °C (26.78%16.67, 23.36x16.67, 29.44x16.67, and 28.32x16.67 pkat-g ', respectively), ACP
activity was the highest at 25 °C (13.82x16.67, 11.37x16.67, 15.43x16.67, and 14.38x16.67 pkat-g ',
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, 25.67and 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 four 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.]
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BHREARKEFLRT, KNFZH LS TEAEM, B Ay b 40 BT U 730415 AL
W EY b . SRR S8 R B AL o i Uy T B AR KR F R LRI A
(LDH) &2 50 e ik (1 B 2G2S, PN DR 2 e (b UL R T T RS TR IR R W A% 1 — R (ATP), AT 58 1 i)
MR R . VBRI (PK) R 20 vh IR R A% =B . IR IR A H IR (ADP) MIbEEE
f e e ] P, PR TR R R A R GV E Y R AR IE Y E AL (SOD). i A AL &L (CAT) Filid 4|
LY (POD) J2& B HUIR N S ZE (W R 37 i, SOD RE U8 1% i e A BT &5 + H H & (0,7), TE it Ak A
(H,0,), TindsA byl oSS0 SCRA 7 # Hy0, BIVERT . 7EiX 3 RhEgA LRIV T, ey A
M BEAE R RARK T, DRI R IAZ 0 F S RIRERME (CarE), PRIEWERREF (ACP). 4316 H IK-S-54 F% i
(GSTs) &R AN EZ IR, Re MRy . MY A Y SRR, AEdr B R E A= 3
AAbIE BT,

B R AR Y, IR 028 A RE B S e AR TS RN, InAER IR EE AL FR R, MRl
Carposina niponensis V& N 8 S8 ALY IB AL RS 1 25 S 43R 31 1 K1, 7 22 °C G MERAIR, 28 °C Iy 1
IRERET, 34 °C TR PE R B ok S A W Il R o A A S S R X I TR A B A RS T, R AR
EFAE TR EE, 7528 CH MR &, 4l 34, 36, 38 CHiRAHEE, # Kl Nilaparvata
lugens 5 HUA A 3t S0 A0 S0 BB 1A B T B2 T T T s a3, (DL 36 °C A BRSZ MR AR, i T 36 °C it
AL A IS PEZ AW 5 R PR A B A Bl 1 P B ko TR R, R AR T il T P B O v i
G208 EA . MEEVER EARYOE T R R A PG RE ST AR 55, DTN B R AR R A K sh A AR
FZM T Y PR BT R X R U P s, AT DUORTR AT B A S PR I 1 1 AR AR AL 4R 4t
%%,

SR8 R Heterolocha jinyinhuaphaga J& 538 H Lepidoptera ]Ik B} Geometridae B H, 7l 44 #t i
Hu, RBRAE Lonicera japonica FHEE M F R Z —, HREGHAEM Fr 0 sk 2| s FLIR , 525 7™ 5 0 L e
SERAEM TR, B R AR AL R AR, R AET, A A R N
U0 BEFAERIIGY 1 I B X 4 B AR ROy R 3 A Bl P s e Y, I A AR S A I R 4
BRAE R L W M MEMUAR N FLRR AR . o E ARG . RIREERG . PRYEBRRR RS MR, 43
BT AR A NS L | A L AN ) PR IR B A AR A AR N, TR A AR A U X IR
T P A A AR AL PR AR 2R AR

LI I = I

1.1 i HE

SR AR RS dUCRAE T2 WG T = B, 7B N TR (RXZ-288A ) Fp FHHT et 8 4 SRAE M Fr
W N TR E R E AR 14 h: B K 10 h, BERE N 25+1) C, FHXRERE RN
70%+7%
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1.2 FHik
1.2.1 BEAEHLREEERGHrn AT R 25 C A4 R4 R0 ROBE IR i 5l iR,
I 16, 19, 22, 25, 28, 31, 34 C % 7 MR, SCREIEE N AR 14 h:JBH 10 h, AXHE
JEBE N 70%. BUNIEAES 1 R A S AR RS By, B £ AN E SR, IR BB B SR et A
(FHRRAR AL 0 A LUORFE N b et Rpnd AR sty S st Fr), 2D A B8 AR 1 9 AR R i FL
B, EHIIEE, ICEA RS HBREE], — SRR BB, AR S, MRS ECH 10% M
WK BEANREE T 1 AR 50 Skahd, iRIBHEE 6 K.
122 B & BRACBRPRECR/N—B SR A R 5 14 | I (fki 7 d) . MR CRIME 3 d). MRk (OF)
163 d) 4% 10 3k, ek . ARk Y ISR MR . TR B AOR HUAYE T, BEARIE T, VKBTI
(I RREL 2% vh i (PBS) 5 mL, tUHAFEEA)M, B0 15 min (-4 °C, 12 000 r-min"), B iERAERE .
il g FLIR W UG . A . SRR IR . R W IR T FH A B R R 22 vl R B 43 514 0.1 mmol- L
0.2 mmol-L™", 0.1 mol-L™", 0.1 mol-L™", pH433lK 7.5, 7.0, 7.6, 7.0, L4 MMLiE&HEH (BSA) Minifi
F, RA% DL G-250 ekl @At i b B 11 i
1.2.3  SUBRBL AR E M 2 SR ATERAM 6 B 1 0 e L R MO SO M o A I ol s s PR 2 A
PR EER AL T — W IR A nURPERS AL T — MR AN DI BRI R, LI M S Bl 1 — 21 A 30 AR 0 P e R M v — A% T
% (NADH) . P32 A2 10 L IR R AR 5 e B T v — A% R (NADYYP . Fy T3 Jir 260 08 s fre i e e — A% 4 i
7E 340 nm AbAG f R WEMCIEAA, W8I0 — 2 s TR, XL 55300 i 7 ) T i U P e — A i I g el 2 v 340
nm Ab W BE (A IS/t T Rk 22 3¢ B L R M0 S Il 0 s P v o DRI, LR O S 5 T T R LA B
RS POE R IR NEE RS A% IR S I, 1 340 nm Ab IR EE [D(340)] 284k, (H AT 15 2% B B s 1. 7 25
C, pH7.5 &M T, DIRGCEEFEARE [AD340) min™'] FRER 1 ARG R 1 A7 o 3 0 il 2 1
R RS E (x16.67 pkatt g ).

P4 TR B BRI (2.5 mg PRI R 1 29 mL B 92 £h 2% wi s v fire ) AR5 T 250 0 1 P e PS4 — % F BR R (3.5
mg Sl Ji TG AH Pk e B R RS AL TR FH 1 mL WERR AR 52 vl il A ) OAE 25 °C KB R P T i E , B
Fega I, finA 3 mL BEEREE 22 shik (0.1 mol- L™, pH 7.5), & T/ ERIR,; S 1 H L,
B 2.9 mL PIEAFER S AN 0.1 mL i i B AR P e iR v — A% RV R, TR AT NGBS, P s i A K
B 20 5B 10 uL, FFERTERT, 4 30 s iosfk 1 REME , FF2E 3 ming FHWRO B2 (B X B [a] i 4 2k 1
RN, RO R FRARAE (AD(340) min™). BENACPEEE S 6 Ik, ARYE T HI A 5 L W I S I 1
FLIR I BTG PE (x16.67 pkats g ') = {[AD(340) min <R BT 1/ [ N A BB (10 pL)x107°]} .
1.2.4 SRAHEEFE RN T SR AIARE @ e o A A EEEED . A I 1 mL BERREh
M (0.2 mmol-L™', pH 7.0), 1 mL g% 1k & (H,0,, & 20 %0 30%), 0.9 mL A1 €] K B (30
mmol- L") F1 0.1 mL BHAR, iERA YN 5 min J5, 7 470 nm B KR IE WG [D@470)], X B
A5 K RO B W . BT 6 U, 4% 1| mg FE5 R AYRE S350 D(470) 28405 SR 1 AN
P LA (16.67 nkat), BTG MEERAI N 16.67 pkat-g'o 2 EALPIBGIE M3 LT A0HAE o SR BT 1
(16.67 pkat- gy = AD@470)/ [txWx(Vy/)]o HoHr: AD(470) J& W G B B S 07 s 18] () A8 4, ¢ S8 Iz 07 st (]
(min), VEREFFBAT (mL), Vo 2RNIREPIRF (mL), W2 & AR ERE (g L),
1.2.5 REREEEEMNE RSN HOGEERNE R IR TG MR, 4 10 uL B . 400 pL a- LR %%
fi (300 umol- L"), 30 pL 5 5% (10 umol- L") F1 560 uL BEAREH 2% vk (0.1 mol- L', pH 7.6) & T
. ARG a7 (30 C) 30 min J5, 7ERBIIE G Y A 100 pL & 5] (52 50 808 1% 1Y [ #E B
BN 5% W TR ERIRANIA = 2:5) A IRV . 15 min J57E 600 nm KR I E SN R A
YIIWERE [D(600)]. FEST o-Z8 M AR IERRZ , T FIT8E = . B0%0 1 mg ML 1 umol (=Y # &
SCA 1A PE BT (16.67 nkat) , G PPN R 16.67 pkate g ' X HRZH i A S5 B 0 28 1K AC B
W HAABESL 6K, BEREE MR LLTF A XA . R RS M (16.67 ukat-g )=
PllexWx(Vy MY, FHorf: PoRyr=Wyig (umol), ¢ R NEF[E] (min), V AEFEARTR (mL), Vo WNIEEG
YRR (mL), W REERWH AR H B R (g L),
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1.2.6 BRMEAREREEE MM E 50 uL BV DU E PR MEBE R BN M . iR G U I A (RN RERA AR
HFARGIRAFD) . BEEHESRAL (16.67 nkat) 22 Lk 1£37 °C F, B8 | mg B AL 1 pmol AR B A A
HF=Y) . BT TERAAT N 16.67 pkat-g ', FEMEIE S 6 K,
1.3 HELIT

K FH SPSS 23 B iE4T 5 22434, KA Duncan [GHT 2 22 EL7E 0.05 /KF L7252 5 0 5 G

2 BERE5H7
2.1 REX &R REZERE ST

ANV BE T A AR AR NGy L L A g ) LR I A P R AN AR R (18] 1) IREESH 16 °C B
LR M SUBEHS ME2 ) 12.88%16.67, 10.37x16.67. 14.47x16.67 Fl 13.09%16.67 pkat g ' 4IIE K 16~34
C I, BEE R TS, FLRR A AW TR, R 22 C IR, 3B 17.93x16.67, 15.25%
16.67. 19.63x16.67 1 18.81x16.67 pkat-g™', [ 16 CHANT 39.21% . 47.06%. 35.66% F 43.70%. i JE
it — LTk, ?Lﬁﬁﬂ%ﬁ@’&%ﬁw%tﬁ?ﬁk 34 °C BRI AK, N 9.87x16.67, 8.26x16.67, 12.52x

16.67 1 10.66x16.67 pkat- g ' FELTHA, B 19 125 °C 4, 22 °C b LR M B 1 5 oAb J5 B8 40 L
225 W (Fo,14=7.807, P=0.001); Bk 19 K125 C &b, S 22 °C i AL ML UM 1 -5 A 5L BEAH e 22

S (F14=7.96, P=0.001); Bk 25 °C A&, MEMkAE 22 °C B4 7L R 0 0G5 1 -5 HL At B A L 22 5 1 3%
(F614=6.18, P=0.002); M #t7E 22 °C A FL R i %0 B 5 1 5 Al I B2 AH L 22 5 3% (F614=10.338,
P<0.001).
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Figure I LDH activity changes of H. jinyinhuaphaga with temperature
TEARNR BT, AR A0 ROME I dk i LR I U TS M e, LU M, AR5 R4, WAk, 16 C
(F35 =4.128, P=0.048). 19 C (Fy5 =2.256, P=0.039), 22 °C (F35 =2.537, P=0.032) fl 25 C (F35 =
2407, P=0.043) i, i () LR I S0 5 Pk 5 B ) 25 S8 B 20K, Sa R ATEE RAEE . 28 °C
(F35=5.286, P=0.027) Fll 34 C(F55=7.244, P=0.011) I, fitif i) LR M U P 5 2y B igs 22 5 19 2%
5 e 25 SO 0 3 . 31 GO, I Y LR I AU S PR 4l L R g i 2% R W (Fy g =12.223,
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P=0.002).
Ty 25y TR s IRBE L HERON A AR AR RO i LR M S S MY A I 2 R R (P<<0.001), HRLEE R
A YA HAE XS 4 A OB 1 2L e ot Sl 1 1 A S 52 )

PSR T 4 AR A RO L) e | i O g R e e 1 2L 0 S S 1k P A AL B AT [T 4, A5
LI It S i T 5 T P R U RT3 5K - = 0.004 9x°—0.420 2 x> +11.263 0x—80.093 0 (R*=0.911 5), y,=
0.005 1x’—0.441 2x> + 11.886 0x—88.184 0 (R> = 0.968 8), y;=0.003 3x’~0.302 0x* + 8.550 0x—58.898 0 (R? =
0.8842), y,=0.005 6x°~0.478 5x> + 12.823 0x—92. 872 0 (R*=0.9170), y;. ¥a. V3 ya 239 R4 4R A0 R i
G OME R R A N FLIR R B R, x IR . PR AR, A5 SR R AT i
O 0 R Al s P 2L O St T P e v 1) R YR BE 30 R 21,45, 21.44, 22.32 Fi1 21.56 C.,

2.2 REX &R RES R YEE RN RN

ARV EE T AR A RO L) i e R e i 1 3 S AR S TR A AR TR] (18] 2) 16 °C Bt S
WG PR, 439K 27.31x16.67. 24.62x16.67. 30.49x16.67 Fl 29.59x16.67 pkat-g ' 1K 16~34 C
B, BfE AT, AR BEE ER L R T RS, 7E 25 °C BT, 01 34.63%16.67.
31.83x16.67. 37.19x16.67 Al 36.87x16.67 pkat-g™', o 16 °C I} 34 /il T 26.80%. 29.29%. 12.68% #il
24.60%., ZJ5, itEACYEEIG B ET R, 34 °C IR N 28.53%16.67. 25.58x16.67, 31.62x16.67 Al
30.51x16.67 pkat-g™'c  BR 28 C A, 2 HUAE 25 C B 09 3 480 Ak 90 6 0% 1 5 L i 7R B8 At 22 5 B
(F14=7.336, P=0.001); [k 22 F128 °C 4F, Ui (F514=8.339, P=0.001), WE#k (F,,4=6.996, P=0.001) Filiff
W (F,4=12.456, P<<0.001) 7 25 °C B (92 Sl Ab A i 6 4 5 0 A 00 B A Hh 2 5 2
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5 35+ & . 4 bed
ks be be s 30 oe  f de
=3 La 9 F J_E 5« ES e Ba
s 0T d A S 5 A
< 25t <
X x 0r
*_-:\ﬁ 20 + £ 5 b
HT15 s
g ol g 10
R £
= 5t X 5+
® W
= 0 = 0
16 19 22 25 28 31 34 16 19 22 25 28 31 34
I/ C IE/C
5 i ab a = i b a ab
Az R b A a =
535 ¢ A 5 b . 3 35 ed be  cd
S 30 lE [ A E I530-(1‘1:1: sl
< <
X 25 | X 25
#= 20 b # 20 b
I I
;%é% 15 + éé.? 15 +
S 0r S wor
= 5t = 5t
it B >
2 0 = 0
16 19 22 25 28 31 34 16 19 22 25 28 31 34
W A

NG R R A IR R B 2 5 35 (P<0.05).

A2 a4kt R F ALy B i MR 69 T AL

Figure 2 POD activity change of H. jinyinhuaphaga with temperature
FEAARIRE T, A AR e ROMERE I () 5 S DB M fe s, RO MR, SRS 24 d, BRIk, 16 C
(F35 =9.392, P=0.005). 19 C (F55 =6.914, P=0.013), 22 °C (F34 =12.877, P=0.002) fl 34 °C (F;5 =
11.565, P=0.003) it , e ) ook 8040 P B PF 15 ) ORI 22 S50k B 0K, Sk s AR % . 25 C
(F35=9.962, P=0.004) I 28 °C (F; 5 =3.358, P=0.046) It} , MfEife i B LY msimrE S22 R 2%, 54
MM 2E A% . 31 °C B, MEME Y S AR i IS M 5 4 R 22 S S (g =7.301, P=0.011),
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Ty 25T R s IRBE . HUSON A B AR RO 1) ok S Bl MR A I R R (P<<0.001), {HIRLEE R
A EAE FAXT S AR A0 ROE Y b S A Py il 17 P VAT Jd 25

X AN [A)I E T AR A NG e 0 L O R g ) o AR T Wl T P Y A A AT R A A, A5
1o S AR W T T S L R A R O B 43 5 R s, =—0.001 1x° + 0.018 8x* +1.360 7x+5.033 1 (R’= 0.875 1),
y,=—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;. Vo V3. va 25 A4 4R AL N 4]
HUCOW AR A A A A RS, x AR EE . XTSRRI, A AR R i
Al e A P4 ok A A0 T A e v ) B VL 430l 26,16, 25.94 25.67 Fl1 25.54 °C.,
2.3 REX &R RIES B AR MR RN

AN TR)UR BE T B R AE RO e O R e R R T TS T SR AR ] (8T 3), RSN 16°C I eI
2 R TR T 05 42 B M 18.64%16.67. 15.93x16.67., 20.48x16.67 Fl 19.42x16.67 pkat-g ', T K 16~34 C
BF, RIREEEENG E S LTS FRMEHE, 28 CHfm, 4% 0 26.78x16.67. 23.36x16.67.
29.44x16.67 Fl1 28.32x16.67 pkat-g™', [ 16 C HIMN T 43.67% . 46.64% . 43.75% F1 45.83%. ZJ5, FRIAR
Fi W 5 P T BA F%, 34 °C FRE A 23.39x16.67. 20.88x16.67. 25.37x16.67 1 24.11x16.67 pkat-g™'.  B&
25 F131 CHb, #H (Fy14=11.407, P<0.001) FlfElk (Fg,,=9.11, P<<0.001) 7£ 28 °C HJ 19442 2 Mk i1
SHABREA N 2Z R BE; B 25, 31 F134 °C Fh, WAE 28 °C IR AR BREHS M S5 HAL R EM L £ 7 B
% (F614=7.397, P=0.001); [ 25 CHb, MESEAE 28 °C W A FR IR 1 B 15 1 5 At UL 88 A 1L 22 = 1 3%
(Fe14=6.93, P<<0.001),
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Figure 3 CarE activity change of H. jinyinhuaphaga with temperature
FEARIRNRBE T, A AR A0 RO M ok 1) 2 9 T 06 2k e v, JLURR MM, SRR R4l il Wik, 16 C
(F35 =4.908, P=0.032). 19 C(Fsz =4.713, P=0.035), 22 C(F;5 =5.981, P=0.019), 25 °C(Fsg =7.884,
P=0.009), 28 “C(Fs5=8.581, P=0.007). 31 C(Fsg=6.842, P=0.013) il 34 C(F35 =3.881, P=0.046) i},
SHFE 0 %) 8 T i 0% 2 5 M 19 25 538 B KO, S5 40y ORI e 2 S N I
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Jr 25y TR s WREE . HUAS AR AR U AR IR R il I T A S e (P<<0.001), {HR RIS
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