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resistance to organophosphate  WEI Xu-giang'?, QIAN Kun, ZENG Xiao-peng, GAO Xi-wu. 1 Department of
Entomology, China Agricultural University, Beijing 100094, China; 2 Department of Disinfection and Vector Control ,
Beijing Center for Disease Control and Prevention , Beijing 100013, China
Corresponding author : ZENG Xiao-peng , E-mail: zengxp@yahoo. cn

[Abstract] Objective To study the role of carboxylesterase in the development of organophosphate resistance and the
activity variance of carboxylesterase in different strains of German cockroach ( Blattella germanica). Methods Relationship
between carboxylesterase and organophosphate resistance in German cockroach was studied with bioassay, biochemical analysis
and synergistic test. The cockroaches from the susceptible strain(SS) of laboratory and field strains of different areas in Beijing
[Xuanwu(XW) district, Changping (CP) district, Shunyi(SY) district and Shijingshan (SJS) district] were used as test
insects. Results The synergistic test showed that synergistic ratio of TPP to malathion and dichlorvos were 1.86 and 1. 51 fold
in susceptible strain, respectively. And in field strains (XW, CP, SY and SJS), they were 5.79, 20.08, 15.26 and 4.74 fold
for malathion, respectively and 2.00, 1.67, 2.16 and 4. 81 fold for dichlorvos, respectively. There was significant difference
between the Michaelis-Menten constants( K,,) and the maximum velocity ( V.. ) of carboxylesterase from two strains of
German ocockroach. The K, and V.. of caboxylesterase in susceptible strain were 0.1580 mmol/L and 58.4225
pmol/ (mg pro*min), respectively. And in field strains (XW, CP, SY and SJS), the K,, and V,,, of carboxylesterase were
0.1279, 0.1071, 0.1080, 0.1095 mmol/L and 307.2550, 338.5755, 340.3300, 212.4570 pnol/(mg pro*min),
respectively. The inhibition medium concentration (Isp) of malathion and dichlorvos to caroxylesterase from SS strain were
17.64 mmol/L and 0.91 ganol/L, respectively. For field strains, the Iy of malathion were 80.48, 35.49, 83.24 and
82.29 mmol/L, respectively, and that of dichlorvos were 15.35, 7.89, 11.52 and 8. 60 tmol/L respectively. The inhibition of
malathion and dichlorvos to caroxylesterase from SS strain (Is, were) was much lower than from field strains strain (XW, CP,
SY and SJS). Conclusion The enhancement of detoxification activity was one of resistance mechanism to organophosphate in
German cockroach.
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75 [ /NSk ( Blattella germanica ) 2t F 53 B9
BEMNEFNEEENR E 10 RFEREREERNE
BETAEFEH, B, NER/NMERERDHBIRT
B EERALEDIR & B b % R BARKE R B
RFROFBHEY . BRARR B B E T, X5
WRHBRRETEBE NNFR, N ERRER RN
REMREARNBREN T XBEER, L, &
FRPRBARGEFEAAIEBARN, F#HRER
HEFGERIB A B R S, FiAEC AW ARER
BACEBTER RN~ FEREREY , \BRTEEAN
SR ENLEIB T 0 SCEROR & , BB E /NSRS B BT
KL A 17 R PurE B S A 1 R AR R
FBFIRE RO SR R RS LN . HPRH
PRSI BN R EENH, B RREME
WER AP REEMRER,

RREEM (CaE) ER RN UEF THRER
H R S HIHiBE . Matsumura, Brown 7E 1961 S8 564k
BT H SHwBE B BE EE B ( Culex tasalis ) WO ¥ R R B8
HHERTHRMNE, MG RN XEMEHITRE,
Kojima %7E 1963 £ 1RE T F 2B BB M 8 ( Nephotettix
cincticeps ) B & B 5 B B B B BT . Matsumura,
Hogedijk F 1964 7€ K48 ( Musca domestica ) P K
I BB BUPE B A 7E L 1964 1 1965 4F Matsumura,
Voss NSk R £ T Z SH W ( Tatranychus urticae ) B
T B B it | Feroz T 1971 B T R H ( Cimex
lectularis ) WITTIE LA R R EAE 1985 FEHIRE TIRE
PES((Culex pipiens pallens) I SRR BT, B,
AL RS H R MR, DR mB TR E
EiRBREER BRI R RN, REREEEE
HERENEENEEBRR, CUUKBREONEER
AR R R MG E, B RENXEEENE
REBEEE RN A RAROEIES . KATENX
PER/MERMBGHRZ REMNPIR, SHME HRR
il A A1 P IR A L, 78 D /) M R R B B Y B ST 18
HiFZAHSMmRNRIE, ik, DLREHFRHDRLU
BRBILET 4 A4 R X 7 E/ANREF SN R OB
BRI FAENE AT RSB E T ERS
W Fe SR s e R (6] 5 R B/ NP B 1S DL B
2 MAHIBER AR BRI SH B R BRI B M
fER.

1 #REAHE
1.1 H&XR &

HRRR(SS) 5| A EHEERZBMEYRT
FRBF TR , i Jb 5 TiT 5 A% PR #2160 (CDC) SR

TFREA, R IE TR B,

B R (FS): A AR B ERR (XW) B ¥X
(CP) AR WX (SIS) B XX (SY), it m= 7 CDC
FERE RIS,

1.2 BXBEMAKM  98.7% HHE (dichlorvos),
R IRA ] #4490 % DRI 5B (malathion) , H I AR
AL TH MR A B &M, ¥ 3H TPP (triphenyl
phosphate) , L £ fLHIM — 7=, S4B
ZE8E4 (a-naphthol acetate,o-NA) , B2 £ R L FARAE
FRA =5, AL 2; 3 R S 98 (eserine) 4 I 1 H &
H (bovine serum albumin, BSA), 3 %% H Sigma A 7]
7ot s B BE B £k (fast blue B salt) | + = 4 % 5 B2 64
(sodium dodecyl sulfate, SDS) . % SH#7Z & , 394 Fluka
WA, AR s,

1.3 HEBEMNE HMEHESHBEOHL Microtec
1524R A BX % 58 3 82 06 % 5 i B FL AR X B A5 A
SpectraMax Plus® {EIR/KHH, ¥R H i EE K
AR AE =M ¥ B 3 &% AGRONOMICS
DIVISION of Burkard Scientific, ¥ & L/E& . BT X
S Ol SE iz

1.4 Aypxsx FRAGAHARERBRR S &R
P, N R, RN ETFAE TS L.
HeXE,  AEash iU BA R il =Tl R
k.24 WERER B, HIEA POLO iR, KE
FEREFITBEBIEHE LDy,

1.5 #EMEB ¥ s ARNUE10 pg/ K
B (TPP EC PR EAK ) 4378 T 78 B /N 8 1 A L BT 9
BREIWEHAHRAN, 24 hWEREL L. ¥
#EH POLO #1403, R B A BIHL AT BB &
LDy o HEHH I,

1.6 Az

1.6.1 FMHE BUSE/MSRMERS, £ ML, 5
BB (AFMFHEK), EHAK pH E X6.51H
0.04 mol/LBEBRZE P IKIB %K . HHIBHSIR
¥E4 T ,10 000 X g B 015 min, N LB BB EE R
FEIEHOA — 80 CRMKRKA &,

1.6.2 HRMEMEENE KMREMEHENES R
Asperen'® \Bi# R, BIRE ik, A BR, Ru&
R1.6ml, AN BBKO0.025Sm MA0Im&H
3IX10 ' mol/ LEYMBER IR FEREM, 1:1)
BB BR % mh ¥ K (0.04 mol/L, pH 16 X 6.5 1
0.04 mol/L) {44, 740 T K ¥ 1 X I 5 min, il A
0.45 mIf BEF (1% E K Bh:5%SDS,2:5) B ALK
1L, # 15~ 10 min/5 ZE600 nm(o-NA) ¥ £ T U
BB (A)E, XTERAMA R GH5#MN0.025 mifF
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o RBEE 3R, REFIWAEIBREES S
B Ra-NAERZR , T H R BREREEM LLIE 1. FRRREE
BRI LTS 1 A B2 T E QS0 Sh KRR 09 B /R BOR
R, B A pmol/ (mg prosmin),

1.6.3 BREBESNNEEHIE KEDHER
S~INRIEERNEEARRETH AH, RBRE
" 3R, B Enzfit 4B K K% 8 (michaelis
constants, K, ) 5 K & W # & (maximal velocities,
Vi) o

1.6.4 BHSEWE S8 Bradford® % DR %
G-250%k, HIBSAREERA A& BIFMEMZ. 1 ml
B (BB EARSE20~100 pg), 15 mF S
R EG-2504 0K, IR A 95152 minZE 1 hAI A,
H, HtrEMZITERRFEARNSE,

1.7 %its®E  FrARIES A SPSS KFAL 1,

2 ZR5HW

2.1 AYMEARLHEEHN KL

2.1.1 SHImwE BB E /N R & R R EF 5
MAKEANE AR AR5 E SRR B K
HEMHBRRRARKFIGRNES. AR1TUEFE
H, LR T ARRIR X K 4 NEFAMNE RS DHIBLBE B
B T RRRE R Z5HE, UL CP # SIS 2 MEfSh
MAM R, X SRR B S H1A F19.00F1
15. 854% ; i Xt B & W 4> HIiK B122. 87#135. 664F .
i 2 MBS R DRI BE B E S 10 5 A
A WNEIRER.

2.1.2 3G TPP X {EE/NEHUR S R KB R
MR BR 1 ETLE S, 08 TPP X DM
BRI L R B T BRI, A

TPP 76 8UR 5 R Xt DH ik s B E —E Wi
BAER  TAEEF S R R Xt 2 FhA LB 2570 394 BA
BHEEAER, 7 CP & &R TPP Xt DhLHBE A3 5K
YEFBAB KT SS R, #3 H&R & 1520, 084%, i &%
AN SRR B P R B, 519.004%; % SIS
AP TPP M HHEMBHLERRT, N SSHEMN
4. 8115, %M AR HBENTEBRE 4 FHEFHEHR
o i) B B, LR BN 35. 6615 . 1ERLR TPP BB M
AR AT —PE B , R LR REH TPP Xf
BRSRAE RN HE, X~ 5K TPP MWK
RERFE RGP & R PR S R A BT nGE, miM
5= BRI AT AR R ER B 5 1 /N A LB
ZRTHEAE %,
2.2 AHMEEE
2.2.1 EEPMEERSRRESINHRARBRAEBLE
il AEYnE AR RS RER, B E /g
RREEM S5 T EE/NET A BRI N, B
B, A LI S E /N R R R S L T i — 5. A
AR T B E R MR EURS R R 4 M EFAMR R
MIREERATEYE, H R 2 TLAE H 4 MEFSMNG RO EE
EHEHERTHRSER HERGGIM¥EN,MAA
HEEEEKFE(P=0.01)MEELBRE LB HR
ARSI REEE LM ERWHFRITEE L,
X—R R R — S BB R ST e e E
/N LB G R LA
2.2.2 FEE/PEREIERSS R KEHNG R R A RE A3
J1% K, REEARFEEE S, ZENK/DEA BN
R Z I ERM S BRAR Y o PEE/ AR SRR
BEERT EYIK R K, AV BES TR 3 &8
iR IR, fEE/MREF NG R K, B/MNTF R

R A 2 R U R A R ORI /MR EUR  R AL TR R X B NR R R

AaM & ® {5 P % s Btk il FAHH + TPP R
L= : a T fEme AN ; , R
Slope LDy, " (95%CI) Slope LDsy* (95%CI)

Bhigige SS 180  2.467+0.555 0.390(0.293~0.489)  1.00 180  2.420+0.464 0.210(0.161~0.258)  1.86
XW 180 6.769+2.138 3.629(2.820~3.955)  9.31 180  2.215+0.367 0.627(0.488~0.793)  5.79

CP 180 8.512%2.400 7.411(6.940~8.801)  19.00 180  2.191+0.594 0.369(0.147~0.521)  20.08

SIS 180 7.180+1.301 3.131(2.862~3.359) 15.85 180  2.706+0.567 0.660(0.487—0.813)  4.74

Sy 180 8.033+2.028 6.182(5.794~7.065)  8.03 180  2.124t0.575 0.405(0.174~0.562) 15.26

HEHR SS 180 5.59410.963 0.068(0.060~0.076)  1.00 180 2.276+0.764 0.045(0.023~0.056)  1.51
Xw 180  3.564%0.614 0.723(0.590~0.852) 10.63 180 3.081+0.584 0.361(0.284~0.434)  2.00

cP 180 7.156+1.246 1.555(1.404~1.688) 22.87 180 6.561+1.015 0.931(0.850~1.013)  1.67

SIS 180 7.040%1.643 2.425(2.188~2.625) 35.66 180  2.498+0.699 0.504(0.242—0.653)  4.81

sy 180  2.138%0.867 0.727(0.149~1.037) 10.69 180  2.971+0.579 0.337(0.259~0.408)  2.16

B UhRTE; # pg/H; O GRS R LD/ BUER R LDy A ML B4 LDso/ (57 + TPP #9 LDy)o
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T E/ MR EURS R R B SM FRR BTN R LIS 11

BE HG1% 3 ( pumol/ (mg pro-min) ]
$s 45.2687 £3.9874*

Xw 169.4897 +5.0218"

Cp 179.0673 + 5.8984"

SIS 118.8103 £8.7152°

Sy 172.7317 £3.2442%

HRPHOREN SKERER, SKERWE 3K 2 +5; KR

FRERERHKITFRX(P<0.01),

3

RMEEMN K, B V. fE

R R RN R X 5 dh R P/

LLES

K rn (mmol/L)

WiE

Vl’m
{gamol/ (11g pro*min))

HAE

SS
Xw
CP
SIS
SY

0.1580 £ 0. 0041
0.1279 £0. 0002
0.1071 £ 0.0003°
0.1095 % 0.0007°
0.1080 + 0. 0007

1.0000
0.8095
0.6778
0.6930
0.6835

58.4225+0.6357"
307.2550 + 1.7805°
338.5755+£0.7389¢
212.4570 £0.8174°
340.3300 £0.9772¢

1.0000
5.2592
5.7953
3.6366
5.8253

2.3 HREMABEKPERBRESER . HHFE
$EHHFTREABREARKRFEFR ALY
# R ERE A7 3 1 B R vk S R
REBRAMT , R B S 15 b P AR TR A A K P B R
BRIEE/MRIOTIIEK . B, B OER X EERS
PR/ NI TR R AR — 25 T, $1 B B A
EXEHER SRR REFELFEERAHE
VIR, B MR R (ES), N F DI P
BENRAREBILE N Vo LW FERS5EE/D
BPIHARIFHIERSR, H EBEEHETE .V, 5K
FHXERE, BT VW LB TR
P K, SERE/DNEUEREREFN RN, B
HXRMERE, B K, ERENAEK PR T8
R, K, STHEKFERHEX, HXEARE, HR
AT LA SR HITE K, fEAE R R BT KV,
E—ERE DB
5 EE/MESHKT SRMEE LS S AR

H: RPN S KERRRNPYE, IEREEMEN 2 5;

AAFEERERFALITFEIL(P<0.01),

R, BT EMTMDE R, B E/ RS RN
K, BE58RREZRALIT¥EL HIMGAER
/NERERIRIERE Vo IR TRBGR, HERAR
RES -8

2.2.3 PEE/DRBURS R REFSNG R ARRBEER A B
Pl W BECR  DhE X SR R B
REE/NOLBRBERE MG T’ o, E— 0T
2R REEMEER. BR 4 TLUEH,2 F2RxE
B RAEFS G R M BIEFRA RS, SR R RN
HRRAEREHZENH, EERERITFEL 257
X R A P R, SRR X R PR I A
HEET R F DA B R ER N M HIRE S

Bl vk B B B MRS T
23] x HRAY HEAF
Lhrsisk HEN Pearson Correlation 0.893*
Specific activity ~ Sig. (2-tailed) 0.041
K. Spearman’s rho -0.900"
K, Sig. (2-tailed) 0.037
Malathion ~ Vimefi Pearson Correlation 0.912*
Vo Sig. (2-tailed) 0.031
Iso Pearson Correlation 0.273
I Sig. (2-tailed) 0.657
BER WiEH - -
Specific activity - -
K. & Pearson Correlation ~ —0.024
K.fd Sig. (2-tailed) 0.969
Dichlorves Vil - -
Io - -

R4 BHBMDRRBEN BB R RIS R

TR /NI AR PR BRRE Lo B LR
BER R Fogind
R Tso (pmol/L) Hts Iso (mamol/L) A
SS  0.91+0.0023 1.000  17.64+0.3323*  1.000
XW  15.35+0.5247¢  16.887  80.48%0.6906° 4.562
CP  7.89+0.1732" 8.679  35.49+0.6940° 2.012
SIS 8.60+0.1544" 9.458  82.29+0.4178°  4.665
SY 11.52+0.6820°  12.673  83.24%1.0759° 4.719

ERPEEN S RERRRNTIE, PEREENEN £ £ 5;

FHFHRRERAFITEEX(P<0.01),

B -RBAEEMR; » HXABAEO 0SKF LERHLITE
EX(RNHER).

3 it

BFFOE A Y E RO R R A L S AT Y
FHRGEHPR T EE/ RSB B 250 (LU DR
WBEHEHBBRANR) WA, EPREER
KA ERTARBRXE 4 FF 50 R X DH R BE
BREYE T AFBRERHSGHE,CP R SIS/ RX D
PIB B2 HIA BN 19. 007115, 854% ; T X F &L B W
4y AN iK22. 87135, 664F . TEXBGRRE P, ¥
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TPP 7E8URM R hxt SR8 U B H —E W
MAEF ; TZEEF S5 B Pt 2 R A HLBE 2430 W) 259 4
BHIMESER, 7 CP & &5 TPP X SHIF B K
YERIB B AT SS M &R, A B 5 3X20. 084F, M %
AN DR AP R R, 1X19. 0015 ; 7E SIS &
& TPP M B E BB L ERE, 7 SS M RI4.81
&, TG BENHHEBHTERR 4 ISR PR
B P E N 35. 6645, B TI%A TPP BREEAS
B &P HIN, L RREERS 5 T EE /R
AR AREIEA, %A TPP X B &
RA AWM, X —550 ik — 5 UE 3R R BE B 1Y
FEAEMTENEREFEERE N, DRRERH
BERES S TEE/EXN B BERG RN AHE
o

AP E A RORIR R 44 RN, EE DR R
BEMZ5 TER/NEREVBRAR T, fR4E
B J7 s i — 25T PR E /MR EUR S R K 4 NEFAN R
RRMREERGHIEYE . BN RBELLIE I B8 T
B R ERH—HIEHAEEBEN S EER R HEE
ISR A HLBEE R P 24 o

K., BB E v B, i E A9 K/ 3% B B
YZEGEMOWEK. REBEBEN3 N ERTRS,
ARG RN BRREER N« NAX—LFREYERH A
I FfE (K, EARR), EE/ PRI RN K.
BB/ TFERE R, B K, FIRAWERRER A, B 5h
MARESRYNEMAZEE TERRLR, L
WYSNEA FA YA RRE, JitE 5 R B RE AR
BRFH G ZEG B HEURKESE LN,
HMBERERHEEFENLAY, ANT# R
M Vo AT — T BB T & 7R /N SR R R
Bamxt o NARITEYE B TRURS R RERAR BG5S
TR R, 2 FA PLBE S 2 R X BUR R B S & R 1
HEARAREN, B RBRERREESZHW
o WAE—RIREHIRR, oIS HIXEEMLES R

BT A 5 AR P IO 38 0 R 18 R/l A HLBEE 2
RIFERAERIEZ—.

BRI NFRBNEGERYSIEL TR R
BB FRMEER AR RN EF, BEEF EHE N
Yei R RIS R T AR, XS RA R TED
7] TRSEE Ik LA R 4 F A 40 2 A T B B0t — S5 BRI
FEEHMRR AX R BRI WA HER LT EE KL
ETERIE S AR R AUNEAKF it 30 3R B B A
RESSTRAUMER, M TERRRNHRAE R
Fut—H BT,
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