Chinese Journal of Applied Entomology 2016, 53(3): 554-563.  DOI: 10.7679/j.issn.2095-1353.2016.071

éﬁté’q%? 5 w@‘%é??¥?§ﬁ

¢ AR ¢

e Koy A, e, Ky F T

CO, iR & FH 5 38 # B 4 R PO BRI A R2 M

MRped T EA) T MEE O B! T4’
et HEE T

1. 650201
2. 650034 3. 650201
# E [H®] CO, Mythimna separata (Walker)
[7i%] CO, 800 uL/L 400 pL/L
4 [ CarE AchE MFO -S-
GST ] 3 [ SOD POD CAT ] 4
[#£R] 1
4 CO, P<0.05 2
SOD Co, 800 pL/L CO, 400 uL/L
4 6 P<0.05 POD CAT 800 uL/L
CAT P<0.05 3 CO,
/ 3 400 pL/L CO,
P<0.05 [4%it] CO,
SOD
CAT POD3
KA CO,

Effects of elevated CO, concentration on enzyme activity of
oriental armyworm, Mythimna separata (Walker)
(Lepidoptera: Noctuidae) larvae
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Abstract [Objectives] To determine the enzymatic response of different larval instars of the armyworm (Mythimna
separata (Walker)) to elevated atmospheric CO, concentration. [Methods] The activity of detoxifying, protective, and
protease, enzymes in different larval instars were measured under different atmospheric CO, concentrations (800 pL/L and

400 pL/L) in an artificial climate chamber. [Results] (1) The activity of four detoxifying enzymes increased significantly in
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different instars at higher CO, concentrations (P<0.05). (2) Superoxide dismutase (SOD) activity tended to decline at a CO,

concentration of 800 pL/L, especially in fourth to sixth instar larvae (P<0.05). Peroxidase (POD) and catalase (CAT) activity

tended to increase at 800 uL/L CO, concentration, and CAT activity was significantly higher than that in the control at 400

pL/L CO, concentration (P<0.05). (3) At 800 uL/L CO, concentration, total protease activity increased with instar number and

showed a rising, then falling, trend. Activity of the other three protease enzymes was lower than that at 400 pL/L concentration,

and the activity of the chymotrypsin-like enzyme was significantly lower than in the control for all instars (P<0.05).

[Conclusion] Most enzyme activity tended to decline at higher CO, concentrations; detoxifying and protease enzymes were

suppressed, and the balance between SOD, CAT and POD was disrupted, disturbing the normal physiological metabolism. The

resultant damage increased in successive instars.
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Fig.1 Influence of elevated CO, concentration on detoxifying enzyme activities in different
instar larvae of Mythimna separata
+ CE 400 uL/L 800 uL/L  CO, t-
P 0.05 ** P 0.01 *** P 0.001 ns P 0.05 2
Data in the figure are mean+SE. * shows that there exists significant difference for the index between the CO, concentration
of 400 puL/L and that of 800 puL/L by t-test (P 0.05), ** shows P 0.01, *** shows P 0.001. The same as the Fig. 2.

x1 MEHEEMIER B ITER
Table 1 The result of detoxifying enzyme analysed by independent sample z-test

1 Ist instar larva 2 2nd instar larva 3 3rd instar larva
Detoxifying enzyme ¢ df P ‘ df P P df P
CarE 5.892 16 0.000***  2.264 16 0.038*  3.142 16 0.006**
AchE 0.331 13.742 0.745 0.724 16 0.479 0.018 13.058 0.986
MFO 1.492 16 0.208 1.884 16 0.096 1.542 16 0.162
-S- GSH 3.062 16 0.016* 1.964 16 0.091 0.724 16 0.490
4 4th instar larva 5 5th instar larva 6 6th instar larva
t df P t df P t df P
CarE 0.655 16 0.188 0912 16 0.131 2.924 16 0.010%*
AchE 1.383 16 0.186 2.120 8.765  0.050%* 7.416  8.158  0.001%**
MFO 4.901 16 0.003** 3.099 16 0.036*  13.408 16 0.0071***
-S- GSH 1.944 16 0.088 2405 16 0.043* 5.701 16 0.001***

*P 0.05;**P 0.01; *** P 0.001 2 4 The same with Table 2 and Table 4.
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Fig. 2 Influence of elevated CO, concentration on protective enzyme activities in different instar
larvae of Mythimna separata
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Table 2 The result of protective enzyme analysed by independent sample 7-test

1 Ist instar larva 2 2nd instar larva 3 3rd instar larva
Protective enzyme ¢ df P ¢ dr P ¢ dr P
SOD 1418 16 0.229 0.075 16 0.944 3.319 16 0.029*
POD 0.449 13.245  0.670 0.799 16 0.448 3.446 16 0.009**
CAT 4.466 16 0.002** 4.305 16 0.003**  21.730 16 0.003**
4 4th instar larva 5 5th instar larva 6 6th instar larva
t df P t df P t df P
SOD  3.979 16 0.016* 16.732 16 0.001***  0.065 16 0.001***
POD 3.352 16 0.010* 6.749 16 0.001***  1.462 16 0.182
CAT 16.026 16 0.001*** 14,119 16 0.001*** 15.414 16 0.001***
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Table 3 Influence of elevated CO, concentration on protease enzyme activities in different instar larvae
of Mythimna separata

CO,
1 Ist 2 2nd 3 3rd 4 4th 5 5th 6 6th
Protease enzymes LL instar larva instar larva  instar larva  instar larva instar larva  instar larva
n
Total 400 0.7840.04  0.81+0.03 0.84+0.02 1.07£0.02  0.86+0.04 0.78+0.02
ota
protease 800 0.82+0.03  0.91+0.03 1.02+0.05 1.31£0.03  1.04+0.06 0.85+0.01

1/min- .
(nmol/min-mg) Ratio 1.05 1.13 1.22 1.23 1.21 1.09

400 0.16+0.006  0.15+0.008  0.15+0.005 0.13£0.004 0.11£0.003  0.09+0.004

Active alkaline 800  0.05£0.007 0.06£0.002  0.10+0.005  0.11£0.009 0.10£0.008  0.07+0.004
trypsin-like enzyme
(umol/min-mg) Ratio 0.33 0.36 0.70 0.85 0.86 0.73

400 1.82+0.03 1.82+0.03 1.85+0.03 1.84+0.035 1.77+0.06 1.72+0.05

Weak alkaline 800  1.08+0.04  125£0.05  134+£0.035  1.6040.029 1.53+0.038 1.58+0.014
trypsin-like enzume
(wmol/min-mg) Ratio 0.59 0.68 0.83 0.87 0.87 0.92

400 1.09+0.008 1.15+0.004  1.20+0.012 1.33£0.007 1.44+0.009  1.49+0.008

eC;lan;ztrypsin-like 800  0.60£0.006 0.65£0.023  0.82+0.007  0.82+0.009 0.83£0.009  0.93+0.015
zy

(pmol/min-mg) Ratio 0.55 0.57 0.68 0.62 0.58 0.62
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Table 4 The result of protease enzyme analysed by independent sample 7-test

x4 EAMEMMMER -EESTER

1 1st instar larva 2 2nd instar larva 3 3rd instar larva
Protease enzymes ¢ dr P ¢ df P ¢ dr P
Total protease  0.683 16 0.514 2.554 16 0.034* 3.110 16 0.014*
Active alkaline 12.280 16 0.001***  7.468 16 0.001** 2.791 16 0.041*
trypsin-like enzyme
Weak alkaline 16.125 16 0.001*** 10.431 16 0.001***  11.124 16 0.00] ***
trypsin-like enzume
Chymotrypsin-like 8.327 16 0.001***  6.510 16 0.001 *%** 3.608 16 0.016*
enzyme
4 4th instar larva 5 5th instar larva 6 6th instar larva
t df P t df P t df P
Total protease  7.851 16 0.001*** 2.374 16 0.045* 2.688 16 0.028*
Active alkaline 1.059 16 0.320 0.969 16 0.361 1.804 16 0.109
trypsin-like enzyme
Weak alkaline 5.167 16 0.001** 3.482 16 0.008** 2.809 16 0.041*
trypsin-like enzume
Chymotrypsin-like 7.734 16 0.001*** 9514 16 0.001*** 7.642 16 0.007] ***
enzyme
s SOD
3 ik CAT POD
SOD
CO, 4
POD CAT
2008 CO;
C02 C02 CAT
3 2006 CO,
2010a 2010b CO, CO,
POD CAT
H,0, SOD
CO,
SOD POD CAT3
1994 2010a 2010b
CO, SOD AchE

2006
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