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FAMREG(CarE) . ZIBEIHARAERBG(ACKE) . BltEZR (IRFAKP)RIZ e H K S HEA2EH(GSTS) S 4 Rl BHE VLRSI . 45
REY]: KA TFHEETIRICIG, “ACEL R AETE R 2L T s, EEGER (LTs0)l 7.23 d, 55 10
RICT-#Ny 56.89%, Ut 4 FLREA R AR IE 4 i BT B8 ) S faFa@Embintss 3 d s, —fk
W U B i kR s POD., CAT. SOD 45 3 MRy S M/ e BE 2, 4. 5 d W ikHfm, 700
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Effects of Metarhizium anisopliae preparation against Chilo suppressalis
and on related enzyme activities in vivo

DENG Xuanxuan'?, KUANG Wei?, FANG Baohua?, ZHANG Ya!, LIU Shuangging*

(1.College of Plant Protection, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.Hunan Rice Research
Institute, Changsha, Hunan 410125, China)

Abstract: Chilo suppressalis(C. suppressalis) larvae were treated with Metarhizium anisopliae(M. anisopliae) CQMa421
preparation at the recommended field dose of 1.6107 cells/mL. The toxicity of M. anisopliac CQMa421 preparation to C.
suppressalis larvae as well as the larval total protein content and activities of catalase(CAT), peroxidase(POD), superoxide
dismutase(SOD), carboxylesterase(CarE), acetylcholinesterase(AChE), alkaline protease(AKP) and glutathione S-
transferases(GSTs) were determined. The results showed that the survival rate of C. suppressalis larvae showed a continuous
decreasing trend after treatment with M. anisopliae CQMa421 preparation, preparation with the LTso of 7.23 d and the
mortality rate of 56.89% on the 10th day of treatment, indicating that the M. anisopliae CQMa421 preparation had
significant toxicity to C. suppressalis larvae. The protein content of C. suppressalis larvae was the highest at 3 d of M.
anisopliae CQMa421 preparation treatment. At 2, 4 and 5 d after treatment, the activities of three protective enzymes, POD,
CAT and SOD, reached the highest with 198.76, 19.59 and 12.90 U/mg, respectively, which were significantly higher
compared to the control. The highest activities of four detoxification enzymes, GSTs, AChE, CarE and AKP, were 1.68, 1.68,
1.27 and 1.62 times higher than those of the control, respectively. The results indicate that the homeostasis of C. suppressalis
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larvae was disrupted by the treatment of M. anisopliae CQMa421 preparation, which in turn exerted a toxic effect on the larvae.

Keywords: Metarhizium anisopliae CQMa421 preparation; Chilo suppressalis; virulence; protective enzyme; detoxifying enzyme

Ak (Chilo suppressalis) Jg fi 31 [ 5 i F} 2
q, BT IRAT AN AT X, S E KRS
R A AR A AR . EH . MR
R ERAREY) LA K 28 5 55 5 BRI S 5 1
FACRHEDI L, KRR AR B IR ER AT R A2k — Ak
I AR IR R E DG AR 3 ) 322
ot , (HEIG 253 Mgy s 2 i,

4318 I (Metarrhizium anisopliae) & — ) i
HIA B LB, AT A F R SR i ] 3 R
B BT AYHGE . SHAH S5 2 (e o il 7]
PR AE O L3 B,k B AT 2 )y B (Tenebrio
molitor)4fi HFET, FET-F ik 76%. ZHANG %]
T HF 255 i %o 75 ] /)N i (Blattella. germanica) ELA 45
SRIGEEME, SRl SRR ALY 1~3 W47 HUFI AL
FHTBET- 35k E] 100%7F11 96.67%. WANG %]
B E MG AT KE (Sogatella furcifera) it
TGS, e i S PRSEAH G L ] ORs il
OBPs, ¢ HHZf {5 I AT LAJR T 15 M58 A SC 3k R iy 2
ik, TSR R B WA, ST aEE
CQMad21 i B T PR HA IR . Rl
P FLBA AR ORI AE B, VR —FP R RN B AR L
W, afa o S sm o Jotk B i R A
AF E R UARRE, HE R HUI R SRR A% s BT A
FERRAR, HAERERERIE P MER, XEHER
REMS I B2 e e R, IR R RsET-0; [
I, R Z I E R AR MR AU 2R 25 1Y
BRI, EAUIR L E R TaER CQMad2l
TR AT DR A SRR R 2, X =4k
I HA R PRI,

TR SFSI R R, S fa TR R YRS
1k (Spodoptera litura)4h # e, 4l s A P 8 S AL )
I AL T3 (SOD) Al ik 4 Ak S i (CAT) FEHR T 4 i 12
BREREL AR B J i b R e, 2200
EDAR g 4h LI, K (Locusta migratoria) &
YLLRET S ARN SOD Al POD I 44 i 2 i 1% iR
PTG, (AT CRAR PR BR A AR RE 3R, AT
DAIA BB AU R . FHNBEELISY. FKBP52
A M SE IR A 5 %P A8 %] 5 (Frankliniella

occidentalis) {4« P4 ¥4 & ik it (CarE) F A e H ik S—4%
FEMF(GSTs)IGTERm, 45R BN, SUBRvEE
B TH KN CarE £ GSTs 1 B Is el gl i 5 5
{RYLETEIA G . T S5 RO I SR I X A )
B AChE Fl GSTs it iys2m, R IIX 2 Ff
S P e TR e TR, T RR R A A7 B S
T BOE R R, (ERE BRI E K, SR A Y
BEAVERDINR, &£ HSHUAZEEL, 2 FIERSGHET
W, e R S0 T AN ) b R T T A X I B 4 £,
(Holotrichia parallela)4li S AP AKP %5 ZFh G
PESZEAS B3, T BB 3R IEAS A S R SR AR I
Xof i PRI 4 e R e A

EHME S TFEMER CQMad2l HilFIxt — 1k
W0y TP 5 0 R AR 4 e DR I R 1 T
PERYSZI , PRSI AR Bk, R Ak
WLy AR DN B AR B AR AR AR L DURA Sk iy A B T
Xof AR HEA T ] RS B R A L

1 #MR5RE
1.1 ##

I e 2 K R E 2 I a6 RE b FR K R - A B
KA RFE MR 25 AR IR, BT E N AT
SR, TE(2641) °C. AHRHEE 70%~80%H 4%
AL, FHTEEE (R R 3k,

Lo 4R CQMad2l 1 4% B £ 7% 7
(8.0x10° 4~/mL), W A E\RR 54 THRA R

NI

1.2 FH&E
1.2.1 £2%F48H CWMad2l H|Fxf &5
84 ) 52

KR B ML B 3 s —ARIEL . T
KB 4 gt A CQMad2l il R FR R K
1.6>107/mL TR, F AR L) U2 AR TR
i, 5 s JEEUH, WK TIAREKSS . LU
0.05%/i-80 AYJCHR K My as FIXT AR, Rp~Ab 3
23, FEAAH 30k, AEM 24 h LA HUY
TWEEIRE, ELr S 10 K. HAEREimsh



55 50 B4 4 1]

XSHHESHESs < e AR AT R X — A ) I 2808 AR AR DG R 1 4 52 67

HARRSH BRI FET: . & H Gl 4h T80,
2 HESCHR[19109 J7 323 FRI S — AR g~ B R
] (LTs0)

1.2.2 ZALEY REFE A ARY B A 50
e Pb-S

TR RS 1,2, 3, 4. 5.6, 7
K, BBUAFREZ 0.1 g (0 —AbiEgduduik, W
RALFE, JiiA 1 mL PBS 2 HUZZ mik (pH7.0), kit
A33%, F 10 000 r/min, 4 °CES.C>» 10 min, W |
THW, 1% 8RR & (R A IR R ) AR
7Y U B N 2 4 2R, 1 BT R AR T b A
(SOD). %ALYyl (POD)Hlid Ak S MF (CAT)SE 3
Tl OR3P 16 14 K AR TR 16 it (CarE) . £ Tt 1L s 1
(AChE) . Bt 25 11 i (AKP) A4 e H Ik S—75 7% il
(GSTs)% 4 Flfig e meG 1
1.3 HESH

izl SPSS 27.0 #ATEIE A, EHHAEER
ANOVA #5555, XHEdEET Tukey :25 5 W& 1
43T
2 ZHR5SH
2.1 £RTHER CQMad2l HIFIXT —{LiE4iH

HEH

TAREE 3 40 R 4 fe TR ER CQMad21 i
FIAL IS FPET R0 1R . MALBRS S 2 KHF
f, AL R R A BT, BRI TR

WREAGE. &5, S&RFaEE CQMad2l il
FIXF AR &)y B 2 BB 1] (LTs0) y 7.23 do —
ARIEL AR YBET SR, TR TR B H B 8
SROBEZZ, FIZHIFIT AR HA B B

70 ¢
60 | Bxfmasl O bl
50 |
a0 |
30
20
10 =
0

BET R I%

1 2 3 4 5 6 7 8 9 10
AL I R )/ d

e ko Sy B RS U IR AL 55 A R IR A 22 5 A G AF X
(P<0.05, P<0.01).

1 £BTHEE CQMad2l FIFIAIEE_(IE 3 #
PHMFETE
Fig.1 Virulence of Metarhizium anisopliae CQMa421 against Chilo

suppressalis 3rd instar larvae

22 £fTFHFER CQMad2l #HIFIx —1kiEshh
EARES =M

St TERE CQMad2l HIFIAL IS —AhiEg))
MEAT SRS TR 1, A 5% R 2 6
B SRAAEZES, 7855 1. 3. 5 K, AbBid
YRR E AT R E TR 7RSS 3 RE, b3
4 B BT A LA R EKAE, A 1 998.07 Ulmg,
LR R R 1.25 4%, 5565 2 KR, iRy
g 7.90%.

*1 € THEE CQMad2l HIFILEF IR HMERR S EMRIFEEENE

Table1 Protein content and protective enzyme activities of Chilo suppressalis larvae infested with Metarhizium anisopliae CQMa421 preparation  U/mg

LIPS EHPTE R CAT T SOD i POD itk

fiflil/d Ab 3 boy fib b3 %} R fib payi
1 (1800.61+19.60)a (1542.52422.14)0  (14.7740.23)a (10.1440.09)b (12.5740.18)a (7.4040.12)b (198.7643.10)a (134.0443.06)b
2 (1851.81#852)a (1892.10#19.86)a (19.2440.17)a  (9.1840.16)b (12.3520.07)a (6.6540.09)b (185.71242.97)a (99.3742.55)b
3 (1998.07423.86)a (1592.98415.63)b  (16.1240.14)a (11.8220.28)b (11.6020.10)a (7.2620.13)b (148.7741.02)a (128.3541.93)b
4 (1916.33#7.29)b (2026.32+16.14)a  (19.5940.32)a  (8.9520.07)b (12.31#0.12)a (5.74+0.10)b (127.8623.05)a (107.980.76)b
5 (1994.50418.82)a (1728.92+1353)b  (17.4940.33)a (10.9620.33)b (12.9040.13)a (5.6940.09)b (144.1743.32)a (127.70:.82)b
6  (17325248.05)a (1711.58+10.62)a (17.77#0.27)a (12.5140.22)b (12.6740.08)a (6.0540.09)b (156.3443.05)a (105.561.98)b
7 (1597.05218.87)b (1961.3549.54)a  (18.6940.15)a  (8.99#0.11)b (11.9040.10)a (6.7920.05)b (156.0541.43)a (110.85+1.38)b

A AN ) S BE R AR [l 0] 25 1 0o B 5 b PRI ) 2 S A e T2 7 S (P<0.05).

2.3 £fRTHEER COMad2l #HIFIx —LiE4H
RIFERE MRS
S FEHER CQMad21 HilFIAbHE — Ak iE 4l gt

BB B M E 45 R0 T3 1. 7555 4 X, —fk
IR CAT TEPE F T 2R, v 19.59 U/mg,
2R IR X R Y 2.9 1%, 5% 3 KAHEL, CAT i
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PEHIIRZ) N 21.53%., POD TFPEAELER] i R [t
B, 5 4 RILIEHERE 2 5AUE, b 127.86 U/mg,

2R R B 1.18 %, 555 3 KAHLL, FEIR
2100 14.06%. S5 BN, GadidEs: 7 d X AkiE
RSN E , S 7 RIEE, AbBEAHY CAT.

SOD #I POD i 44 2.2 i F X HRALAY

24 £fTHEE CQMad2l HIFIxt —1LiE4hh
R SEEM RSN
Srta THHEE CQMad2l IS 7 K,
“AbIEL RUR N R GSTs i TEAR R KE(E 2),

k1 36.92 Ulmg, 2N [RIHANT 4L 1.68 fi5, S5
6 KA, HIEZ R 50.08%, AChE IGTETESS 2 K
TR, i 140.67 Uimg, 249 [RI X BEZH 11y
1.68 fi5, L5 1 KAHM, HEIRZh 18.66%. AbHf
JEH T R, CarE WETERAR, & 129.52 Uimg, #h
AT B2 1.06 5, 555 6 KRAHLL, FEiREN
5.22%, RMIEHE 2 K AKP IEMEME R ERANME, N
217.38 U/mg, ZimXtREAHR) 1.17 £%5, 555 1 KM
tb, BEIRZy - 27.17% ., #4: 7 d B9 GSTs.
AChE, CarE il AKP [iEPEME S5 RELH, 4 7
KA FRL 5 %6} BELH Wl T S AP AR B 22 5

*2 B FHIER CQMad2l 7|48 — iRL h S EEE M

Table 2 Detoxification enzyme activities of Chilo suppressalis larvae after infestation with Metarhizium anisopliae CQMa421 preparation U/mg
AbFR 5 GSTs ik CarE itk AChE & AKP it
P fi] /d Qb3 payiist Qb3 PO posiiil X JhpL X H
1 (27.1140.52)a  (21.4640.14)b (143.87+1.37)a (112.91#1.26)b (118.5540.93)a (67.7041.66)b (298.4943.35)a (199.21+2.30)b
2 (27.9840.29)a  (20.2940.45)b (142.17#1.97)a (120.98#1.87)b (140.6742.74)a  (83.5441.66)b (217.38+1.36)a (186.0743.84)b
3 (23.7940.44)a  (21.8440.14)b (139.00+1.79)a (112.6440.83)b (103.65#0.37)a  (68.00#1.34)b (248.77+1.67)a (179.6830.63)b
4 (23.9440.13)a  (23.7740.55)a (139.7840.97)a (112.46#1.73)b  (87.80#1.78)a  (66.8541.18)b (271.47#1.52)a (216.4142.34)b
5 (27.1440.40)a  (23.0340.58)b (134.55+1.23)a (116.91#1.24)b (103.79#1.42)a (76.2941.66)b (295.8744.39)a (213.0943.28)b
6 (24.6040.26)a (24.1740.44)a (136.6632.01)a (121.69+1.79)b  (98.53#0.95)a  (88.09#1.43)b (300.5945.11)a (184.9842.74)b
7 (36.9240.48)a  (21.9840.47)b (129.52+1.26)a (122.11H.45)b (115.7640.67)a (62.7941.76)b (283.1244.63)a (188.2742.60)b

)47 A ) T RERR 28 11X B A 3R B 1) 22 S A e i 7 L (P<0.05).
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R A, RH EWRNTRERA, H—
FAR AR HaERERRRE RS, HEE
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