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Antioxidant responses of Megacopta cribraria ( Hemiptera: Plataspidae)

adults exposed to high temperature stress

CUI Juan'?, QIAO Fang', HU Yingdu®, TIAN Xin-Yue’, ZHAO Li-Na', SHI Shu-Sen”" (1. College
of Agriculture, Jilin Agriculture Science and Technology College, Jilin 132101, Jilin Province, China;
2. College of Plant Protection, Jilin Agricultural University, Changchun 130118, China)

Abstract: This study aims to explore the tolerance of Megacopta cribraria to high temperature, so as to
investigate the mechanism of antioxidant system in response to extreme high temperature stress. In this
study, we investigated the effect of high temperatures ( 37°C, 40°C, 43°C and 46°C) for 4 h on the
survival rate and activities of antioxidant enzymes, including superoxide dismutase ( SOD) , catalase
( CAT) , peroxidases ( POD) and total antioxidant capacity ( TAC) as well as malondialdehyde ( MDA)
concentrations in M. cribraria adults. A control group was reared at 25°C. Under the high temperature
stress from 37°C to 46°C , there was no significant difference in adult survival rate between the treatment
and the control, but the activities of SOD and CAT in M. cribraria adults were significantly increased as
compared with the control. The activity of SOD was the highest at 37°C, and then its activity decreased
with the temperature increased, which was still significantly higher than the control. CAT activity was

significantly rose from 37°C to 46°C, kept a high level in the treatment groups compared with the control,
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reached the highest value at extreme high temperature (46°C) .

There was significant difference in POD

activity of M. cribraria adults from 37°C to 46°C compared with that in the control, except 43°C and 46°C.

T-AOC activity was a significant increase for all treatment temperatures compared to the control, it was

increasing firstly and then decreased, and reached the highest at 40°C and the lowest at 46°C. There was

no significant difference in MDA content of M. cribraria adults for all treatment temperatures compared to

the control. The activity, total antioxidant capacity and MDA of the three kinds of antioxidant enzymes play

an important role in adapting to high temperature stress.

Key words: Megacopta cribraria; high temperature stress; antioxidant enzyme activity; environmental

adaptability

iifi 5. fa % Megacopta cribraria ( Fabricius) J& 2
# H Hemiptera %% £} Plataspidae, & K5 %2558l
VeV i — Fh i 2RI 28 e (Shi et al. , 2014) o
T, SRZH d A T3 E R ORI S
ERREE. EREJEVE .. HA. . HkPE. 40
MEER, HAH# LY RS ENBEH (Eger
et al. , 2010) , T RN IEFPEE H. i B A8E B R
W MR A 2R 5T ( Liang et al. , 2018) , 25°C 454
T, Bl FEAr 75 d, PUERAT 35 d, FHE DR
160 %, tAES™E, EREM &R XH
FEEA (Shi et al. , 2014) , EFLIAGH, FF
R R G 2T, et fr, Dy e Em, [ E
Bl E R R IK F] T0% ~ 80%
2013) , A PBiif B H HA] i K S 60%
( Seiter et al. , 2013) .

MRS B R B MARE S Tl
FRIE PSSR S 22 A v 2H i B o 2 1 PR BT A
EZ— (Zhang et al. , 2015) ., B BHEEENEE
WH, ARKEFAF, MBS X EE, A REs
W2 A B OE R E ( JerbiElayed et al. , 2015)
TR PR R R A AR BRI T
( Stanley et al. , 1980) , i ity = Uit D) %F & e A e
& =B AH M ( Chown et al. , 2010) . IR
Bigsfii B du 7 A K& i 0% PR %0 ( Reactive oxygen
species, ROS) , M Xof HL A4 38 18 ™ i 114 48 A 4 4
( Joanisse and Storey, 1996) , & B AFEIEH 171G
PR (B TS, 2014) o 4 T A AL
8, RETERKNHEIE R PIE R T — B m AL
A BR % M SR R 5 L ( Felton and Summers,
1995) o A MR I 1 AT BR R g0 i 2 4
53 ( Dubovskiy et al. , 2008) , H. A #E ALY
i fk M ( Superoxide dismutase, SOD) W] L4k O,
KA AR R A R O, FH, O, i AR AL A B
( Catalase, CAT) #1 3t & 1L ¥ B ( Peroxidase,

( Ruberson et al. ,

POD) HRESM# H,0,, “FHILFEMEHIHG H,0, 4845
TERAK K ( Sgrensen et al. , 2003) ; BEHLAALEE
77 ( Total antioxidant capacity, T-AOC) J&ffij iz B 1t
RN BT A S ALY BT A LRSI BE ) ( Ghiselli
et al. , 2000) . N ¥ ( Malondialdehyde, MDA)
SR 32 AR I8 AR R B A A i ) 2
—, JE I s vk P T B i g B A REE ( Meng
et al. , 2009) .

PTAER, A ER A AL 02 S B3R 1 R O X
MR A (SRS ERR, 2016) , H B R
SRS 40°C, THEPFEFER 3 ~4 4
/NN ( Zhang et al. , 2015) o T4 AT XSS
¥y, KRG HE R EE S, HRERRHES
BEBHEEE 0.9C ~4.5C ( Grant and Lamp,
2018) o ANty Ry R B X Ui £ 05 A ) 2R A M A
JEsZm e FER B AERN R R T, it
RO 2 BTV e I 1 A i 1 2 N i
A, MTRAT fif I 26 n) 806 B 4 H P 78 0 A1 X
M VE AL A P EA 2 .

AWFFEIN 2 T T A i A AR R R A T Y
G TS S HAR P SOD. CAT. POD. T-AOC f{)i%
PEAZ AL Ke MDA () & 5284k, DU 17 fifk 0 &5 fu i 1
A A g ey T PR E Y 3 N BE 0, T B A HE TR
R X R i e Uk PR 05 A P, SRR R Y
A S O PR P BoRT A 3k XS 43 A 7 e A
BT R AR -

1 MRS

L1 #H
L11 fifE &

i K2 AL SR 1 P A ARl R 2 VI K I K
T (32°2625"N, 118°50°23.47"E) , % MidFE.
FeH E R 25°C + 1°C, XTI R 65% ~
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75% , SCJE W 16 L8 Do p HUfH 37 78 77 dU
(0.6 mx0.6 mx0.6m) N, %50k, PIgiE
W B B K GAE MR SEAT IR SR, B2 4, WA
5HRRT, RERCRERIEALSS , RERK T R LR
W s, /N B R R Pk 31 IF 1830 1 K
AR BARFE, B 100 3k, 15 d TR AR
K, Fradopfl, B 50 Sk [l P Ak B sl A8
BRI NESE 10 d & -

L1.2 {U&phk

FHKF]: SOD. POD. CAT. T-AOC. MDA
AU & w2l 0 & W TR e AR ) TR
YNGR

FEALAS: BIRSODI AL 55546 (bl =B
IXER A BR 2~ H]) s SPA56P £ 4h AT U 43 ot O FE 1t
( FHEOLIEABRAT) ; Centrifuge 5430R Z I EES
ML ( Eppendorf H1EATBRAF]) : AL204 HLF K
(MR - ORI 2 AR BIEARA D) -

1.2 Ak
1.2.1 R H A3

PG E P A (T TR X) H R
IR AT AR 44°C, W HHFSE 3 /N ( Chen
et al. , 2014) , 7L 5 % £ 37°C. 40°C. 43°C.
46°C ey T i BE B MR, ARFRISIE] 4 h, DLE IR
25°C (Shi et al. , 2014) SXFHEALER. HL 10 H &
A i L T T 4 T B Y /N B A L B R S
(10 cm x 15 em) N, FF6EMEME D& 10 3k, 78
TV T 5 R RN V0 1 00 R DR PR B (B
LU NRAE) S B bR R B o) & T A k3 5%
E PN EATAF N I 8 A B
1.2.2 (il B 0 i S e A0 152 )

WS 1 R 251 B A B 3 L AR s S oL,
NBEERRRA il AR, ATLLA RS, WAk A7
T, IO SR A A A AT B
1.2.3  PrEAbmis v BPiE AL AE /1 A1 MDA &
=

BRI Bl AL ek H A BE S A M e B R 4% 5 Sk
FMEREAR, 3 REE .

P A I Y P o A A B RS A, R
it 5 0. 86% A FRER K 1:9 (m/v) (4 H AT 2
ABLE, BELOEREKKEEGYHN, HiE
TFFEEASUHLARATFIES BY, 10% 12513, B ) 3 T TE i ik
BRESOHL4C TR 15 min (12 000 r/min)
JIrAs FIE WA TR O -

EARSEME: 5% Bradford (1976) J7

%, REE BT RO E . LA S E AN
e it i VR 2 b v i Ao AR R A v il 5
AR B TR
SOD. CAT. POD. T-AOC {541 MDA & &
AOINRE . 3592 IR g AU A ) AR T 5 il &
YA AT o
1.2.4 Hdlageit- S50
N R T 22508 ( ANOVA) 3 M A [l b
B B Ui 00 0 ol A T R R B S A I 1 1
ZRRENE (P<0.05), FHRH LSD M5 i#t17 2
H L. SR ] SPSS 18.0 Ze it #F Xt &4l 2t 47
Ab

2 #R5HH

2.1 SiEMEXIEE AR REFENIE
it 5 f i X L IE MR B BGR L FE 37°C.
40°C . 43°CHI46°C TAIRA h 5, FRRAETE RN
100% , SXFRETCR 2R
2.2 FHERBRAGHRENEFENSIEMNE
] plv
2.2.1 i Al LA SOD TP X Ry I BN 1 i 7
B EHRALFEXS SOD i (F =57.974; df =4,10;
P <0.001) sZmaip 2, UG M B & T .
Horr, 37°CAFRfY SOD 3&PE R, %5 25°C 134 i
T97.41% , BWEEWRES LTS, SOD &4 BT
B, E40°C ~46CulE N, £ 4b B [E SOD 3
SR B E TR (B 1A) o
2.2.2 i fatg A CAT 35X e i3 4 o iy
BEHRALFENT CAT 3 (F =14.96; df =4,10;
P <0.001) 7RA R EZW, £ miEAB CAT iF M
o 2 T . 37°C ~46°C I, Bl A Ab 3
TEEE T CAT 36 2 W T i a3, (H45 Ak #
[F) T I 5 25 o FE M Oy /5 il 46°C I, CAT i P f
B, OBE 25°C HEHE B 78.97% , % 37°C B B4 g
14.90% (& 1-B) .
2.2.3 i g A POD 5 X R T UL A i 7
TE37°C ~40°CHE [, #4543 POD i #E
(F=12.236; df =4, 10; P =0.001) &3 Fx}
Mo Bl AL 3R B F— 20 Fh i, POD & 4 I 3
ik, 43°CHI146°C Ab 3 & 0] G il 3 25 =, 3 3l
EXTHTC I E2E5, H POD 1G4 HIHR 25°C i 5
20% 2247 (E1C) o
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300, A
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kS g | 1 T
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i 100F c
o e o150 L
< 50t =
&
0 g
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4. B 1 £ (°C) Temperature é
a Q
= B g a a 1 9.‘ sok
; > 10¢ =
85 8l »
=t 6 0
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: | 1R FE(°C) Temperature
J 2t
0 —— 5 o = e P2 ASIR]R R A B 5L f i i . T-AOC {14 52 1)
ﬁ F¥(C) Temperature Fig. 2 Effects of different temperatures on the activities of
T-AOC in Megacopta cribrari adults
(N S
= 9 . 2.4 HiREBMEXNTFE AR HERN MDA 218
E 5 8 e
SE ¢ AL MDA AR —E R R (F =
Eg g 5.398; df=4, 10; P =0.017) . £ 37°C ~46°C i
E=o e 8
§ &l N, MDA & 5XIRIC R #2557, BEE AL IR
| JERYTHE MDA & i e T e BRI 3, iR
"% 37 40 43 46 THEH] 40°C I MDA & ifsy, B B E— 2T
i BE(°C) Temperature . MDA St A%, 2436 )% A F] 46°C it MDA &
B 1 N[ AL 6 07 o f i i R SOD ((A) . CAT (B) AR, BEMT 40°CH MDA & &, HEX
FIPOD (C) iEHER PR S 58% (F3) .
Fig. 1 Effects of different temperatures on the activities of 4
D (A), CAT (B), and POD ( C) in Megacopia cribrari adults ’
W B P8 = bnifE 22, B EARE AR RVNE _ 12t af; a
N N . S al
BHOR A A R H (P <0.05), FRRF. ? [
Note: Data were mean = SD, histograms with different ; 1 )
=)
lowercase letters indicated significant difference among = aT b
treatments at the 0. 05. The same for the following figures. ‘g 087
£
. N ke — . s = 06
2.3 BiEMEXiEERERRER TAOC FiE £
A z .
4
A AL BT T-AOC itk (F=33.63; df = 3
. .y N E i -
4, 10; P<0.001) BWIRE, #enlbyastas T
His T B3 & T X . 37°C ~46°CIEF N, B 0
N . N N 25 37 40 43 46
FACPRIR B TE R T-AOC i M 2 S T & Ja Bk R (°C) Temperature
o MR N 40°C B} T-AOC 7% M fe i, 48 X 1R
. . 3 ORI AL TR 5 7 f i MDA 5 B30

25°C I8 54. 55% , FEM U i IR 46°C I HE 1 e
%, BEETH B, BT R 22.24%
(K2) .

Fig. 3  Effects of different temperatures on the contents of

MDA in Megacopta cribrari adults
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3 St

ER R K B, BT — R
LIRS i B DR AP AL, HG b T SEU T i Y D 3
A2 HAR I 37 U B 38 A HE 2SR M 2 — ( Bafana
et al. , 2011) o G AEAFEHARESHE, (T4
— AR E B B sl R S A T i 8 B B s i
i, TR A K i, AR B ((Shi
et al. , 2014) o TEABIFEH, i O AIE X & IR A
SRV AZ 68 77, 46°C LLTF i B A9 s i 3 e JHE TG
EX QT V(=17 S R SRR 0 AL S D E iz
fif SOD. CAT. POD. T-AOC jf1E K MDA &1
FETAFRENA L, R BR324 55
I R 5T T 038 B — g B BE I I 7 A i 0L R0
Tl 3 S5 4 b il ok 2 AR 8™ A 3 P 4L ROS
Xof HUPA A A 1) 52 o TR A FRBRVE T, R T A AL
PRy X PR v IR A B

SOD JLPHTE TR A R AE b, 24
AR PN i B B A AR S AL B i ( Celino et al.
2011) o J Nt Ophraella communa EE M ER
JEF, R SOD 3 MR B FH i ( Chen
et al. , 2018) , TEXTZIR Nk Darna trima W5
AR (MR, 2016) o ARAFFELE
RWoR, 0GR = R HE 5 SOD I M i 3
Hahn, R EEHSE 40°C, SOD iE PR BA TR,
BT 35 e 1o B, R B IR 3 BB IS S T A
IR SOD TR PR, PATTIH i 0 52 s 1) T FABE

CAT #1 POD M HE % B B HU R Y i 45 fk
(H,0,) , H,0,¥BEEHE AT CAT BHEFZAE, M
H, O, ¥ FEALAIRIN POD 4% FE2AEH], 3 e fmlfE
FHH H, O, 4E 7 AR K P (Li et al. , 2003) o
i 2 f 0 A7 U BE B 38 5 POD A CAT 35 2 [] i) 3
i, ABAE R T 43°C )5 POD 114 535 R R CAT i
P76 B Ak, NBE K A o B Monolepta
hieroglyphica 1) POD 1543 B0k B L BE A9 F v 52 5
THE R R A2 (K& RS, 2018) o BEHATE S
5 37°C ~40°CHY, i & s RN = AE i Hy0, 1%
LA CAT 1 POD ERUEHRME, w7 43°CJ5 H, 0,3
FERL R T2l CAT 15k .

T-AOC J2 48 A HLIK & i 1 B bt A Ak g 7
( Ghiselli et al. , 2000) . i 5.0 5 & T-AOC 54
Wit e Ak PR R B T, R I S R S
I, (H34 5 3 X IR, SR WY &7 f0 i L UTE =
AT iESI AR N Z . T-AOC i PETE

i 40°CHYiA &, M7 SOD A1 POD 7E 37 °C i i P
i, CAT 7F 43°C it fc &, T-AOC 1§45 SOD.
POD. CAT ¥ P4 f5c (B Y W 38 Uk B8 00 A — B, 30
W 5 e s 3 A7 AE H A i P AR LR, 78 B Ui
W, HFILAEEE. R POHERSFC AN
PUAA AL i 2 W] HE A8 75 Pk AR B (Cui er al.
2011; FE4EHE 55, 2016) o BE & IR THE, T-
AOC I P 3A Fir T B, R B 43 e S AL AL 7T A
BleAm il o

MDA A8 BTk S8 Ak W 1) 25 i =, AR R
SEALILEAY —A % 46 bR, Tlilid MDA T 5
AT, DU E I R G2 R ( Rael
et al. , 2004) . AFFREER B, T AL EIR
B f5 37°C ~43°CARN R MDA & & it d inH 22
SIEARE, UL MDA (9 1E 5 K- rl g2 th F4i
SEALEEHE TR IR, 1T UG BR 2 R IR B Ak -
BEEWREE RS M, MDA & & SRS FREEE, &
SE R axHas B8 & Propylaea japonica FIJE £ 1%
% Tyophagus putrescentiae 520 %5 5251 ( Zhang
et al. , 2015; T4, 2019) , i T A Uk 70 55 055 1Y
T B2 3 B B A i et S A A A X S AR 3
BISN, PUEALRE T B WG iR, T ER TR A
T Z R

gi BTk, B AL e s R A A AL R
IVBUR SN €% i R (LIS A= L 3 L S S
Ao JHLAR TN 3 75 T 1 9 A A T 2 R X PR R v U
PR IE . 3X 5 0 S i 3R A e
Ty MDA A= 252 R I — B0, Tl a0 AR A R
RIS, TER T A S AL B A BOR A P .
A5 5 52 e U 1l H ) X6F 46 °C AR i e Y AT A A
SRR A B N AR, AR BRI 2L R
AT, m IR H B A R AR R AR e
FROAF A R, BEE RN T E, XF
HOG AR A T By R KA ) A Y L e
FHE— DN o A ST A I SE 3 A T A S
R AR O L A AL B R R N, X
S5 Ry ik — 5 T T Ui i TN 8 i A AE 42 BR R
TR 2L 72 B2 1) BR 45 R TR AR A RE 3 2828 Ak
3 AT R LA R HG X v e P 58 5 L 14 3 5 AL 0T 5
PRAL TR AR -
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