A9197 3.1 nsiFeudiey adgstt? Taaw 1, Taau 2, Taaw 3 waz taau 8 fiu aggstt1(Ding Y et. al.

2003)
Tnau T1clone2 | T1clone3 | T1clone 8 | T1 clone 1 aggstt1
T1clone 2 99% 98% 99% 80%
T1 clone 3 97% 98% 79%
T1 clone 8 97% 78%
T1 clone 1 79%

dauiiu adgsto? wudnlalaan 2 TnauRianAuiuauuLAen JalanFauauiugiu aggsto?

8

WUINRAUDS 93 1lafifus

* 20 * 40 * 60 * 80
adgstDl : MSHNGKHLAKGSTPPYLPNDGKLRLYSMRFCPYAQRVHIMILDAKKIPYHATYINLSEKPEWYFEKNPLGKYPALETPGKEGYTLYES : ;13
aggstDl : MSNGKHLAKGSSPPSLPDDGKLRLYSMRFCPYAQRVHIMLDAKKIPYHATYINLSEKPEWYLEKNPLGKYPALETPGKEGYTLYES : ;13
* 100 * 120 * 140 * 160 *

adgst0l : LYLSDYTEEAHSARQORKLYPADPFOKAQDRILIERFNGAVISPYYRTILFSSEGIPPGATTEFGAGTLDIFEKELKERATEYFGGDEP : 172
aggstO0l : LYLSDYIEEAYSAQORKLYPADPFSKAQDRILIERFAGSYIGPYYRILFAADGIPPGAITEFGAGLDIFEKELKARGTPYFGGDKE : 172

180 * 200 * 220 * 240
adgst0l : GMIDYMIWPWCERVDLLKFALGDKYELDKERFGELLOWRDIMERKDDAVEQSFISTEDHTKFLOQSEKNGENNYDILA : 248
aggstOl : GMIDYMIWPWCERVDLLKFALGDKYELDEERFGKLLOWREIMEKDDAVKQSFISTEDHTRKFLOSRKNGENNYDILA : 248

5U9 3.15 naufauiauansunsnesiiunudalsann adgsto? way aggsto? Aaelilsunss Clustalx

u

uay GeneDoc wnnsaazd lumdauiuldsnusdimeniy

2.1.3 nsuanseanaestiunlaauliuaznisfnmandneuzniaeulssd
ANTLAANABNUBNEIWRG 3 NUINTLFLNNTLaAIaanALANFA19RY Tnells5u adGSTO1 wamns

aanldunnge daniilu adGSTET uaztiasgans adGSTT1 Aagilil 3.16

o/dalua 3 Falaa

28.8 kDa
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g1l 3.16 N"3¥i1 12% SDS-PAGE 18411571 0. adGSTE1 4. adGSTO1 A. adGSTT1 Tngl M Ae
Protein molecular weight marker (Fermentas), 0 f41u4 way 3 F2Tng Ae F2lu4% 0 way 3 189n19En1n

THin17ugan9aana98uA28 0.1 mM IPTG waulilsaui * AaTisRunugnsaanindinisdnuin

AniuenLFgnsilsmuieAnmAuanweniteulminud) adGSTET aMmn9nduiy GSH-
column (GSTrap column) 1¢f GatilauentFgna e llsAuies 1 unusagtln 3.17
M p_E1

BB

[1+]
—
—

51171 3.17 N13%1 12% SDS-PAGE 99l1ls7i adGSTE1 flueinii3gnaléain GSTrap column 1ngl M Ao
Protein molecular weight marker (Fermentas) FUUNARDAARDINLIUALDY adGSTET NA1uansliann

ANAUNIARZN I (224 ngnazili, 25.09 Alan1asi)

MsuENLEgVBaINNMIINLIALe 50 mi IFlewulml adGSTE1-WT uas adGSTE1-R139H & %
yield 1114 3.99 uax 5.53 (A1314% 3.2)

AN919% 3.2 AruAnmazngeula lfsendnanisueniisgnalaain GSTrap column (3nia 50 mi)

e . Specific activity total activity
MDY mOD340 %yield
(umole/min/mg protein) | (umole/min)
adGSTE1-WT 28300.0 108.73 516.5 3.99
adGSTE1-R139H 31372.5 86.75 715.7 5.53
W86, mOD340 A milioD340
m‘i’N‘ﬁ 3.3 Kinetic parameter 189 adGSTE1-WT lag adGSTE1- R139H
CDNB GSH
o Vmax
RN kcat Km kcat/Km Km kcat/Km
(umol/min/mg) (s (mM) (sec'mM-1) (mM) (sec'mM-1)
adgstET:WT 145 +4.23 59.9 | 0.0476 £ 0.0016 1259 | 6.63£0.419 9.03
adgstE1:R139H 182 +2.16 75.1 | 0.100 + 0.006 730 11.9+0.762 6.31
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m‘i’Nﬁ 3.4 Substrate specificity 184 adGSTE1-WT way adGSTE1- R139H

FIIBEN Specific Activity (mmol/min/mg)

CDNB DCNB EA PNPB PNBC
adGSTE1-WT 90.3£1.95 | 26.6 £2.240 nd* 0.604 £ 0.0810 | 2.12 £ 0.217
adGSTE1-R139H | 147 +11.2 | 27.8 £ 0.576 | 0.080 £ 0.0250 | 0.730 £ 0.1180 | 1.70 + 0.181

WG, nd* = not detectable

AINN33LAIIEN Kinetic parameter 289 adGSTE1-WT was adGSTE1- R139H (mmqﬁ 3.3)
ﬂJ'ﬂxﬁﬂ’]iLgﬂﬂI@N 2 mM 1-chloro-2,4-dinitrobenzene (CDNB) 1az10 mM glutathione (GSH) wWuan
adGSTE1- R139H &pn V

k., » K GSH uag K CDNBN1NNG1 adGSTET-WT WaA931ANNTDL

max '’ cat

(affinity) 8a01lmT adGSTE1-WTsie CDNB 1Ay GSH a=1Anndn adGSTE- R139H 39u71a8Rs1nn3
WU iBeuaTNIINALAW (Tum over rate) FeTalgannen Koo Konoong  HANGARE (1259) 4dqu
substrate specific activity (mﬁ‘%‘l‘ﬁl 3.4) WU11 adGSTE1- R139H mmmﬁ@m CDNB waz Ethacrynic
acid (EA) l#AN91 adGSTET-WT (147 + 11.2 uaz 90.3 + 1.95, 0.080 + 0.0250 uaz M3 ldWL AN
a1mu) @914 1,2-Dichloro-4-nitrobenzene (DCBN) wag p-Nitrobenzyl bromide (PNPB) TufAuumn
fine iz p-Nitrobenzyl chloride (PNBC) adGSTE1- R139H Léqﬂﬁ‘ﬁ?mm@ﬁ@uﬁ%ndq
adGSTET-WT (1.70 + 0.181 uaz 2.12 + 0.217 ANANAL) €31 Thermal stability 284 adGSTET-WT
(26.1 + 0.636) 11NN adGSTE1- R139H (19.4 + 1.070) BAAYINHANNNIADLTNINNGN (miwﬁ 3.5)

[9]'1%"]0‘17% 3.5 Thermal stability 989 adGSTE1-WT Llag adGSTE1- R139H

AR89 Half-life (min)
adGSTE1: WT 26.1 + 0.636
adGSTE1: R139H 19.4 + 1.070

wnuFaumeueulad adGSTE Aueulsdipaaiuaingenizananzaaesitaiwsng (An,
gambiae) A8 agGSTE1 (AN9h 3.6-3.7) nudnliarunsnuBaufausuldiiesannlunislaauaes
aggste? e BamHI vnlileuansaaniysiiuayd T7-Tag Aulataezilu flananinlsy
conformation 184l1lsAlaens ustes adgste? Wi Ndel A4l T7-Tag mﬁ%ﬁmmﬂu@mﬁﬂwmz

Nuiiazaninninaes agGSTET
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A1519% 3.6 NM3FUTEy Kinetic parameter 789 adGSTET way agGSTE (Ortelli F. et al. 2003)

CDNB GSH
o Vmax
MDY kcat Km kcat/Km Km kcat/Km
(pmol/min/mg) (s (mM) (sec'mM) (mM) (sec'mM)
adgstE1 145 £ 4.23 59.9 0.048 + 0.002 1259 6.63+ 0.419 9.03
aggstE1 3.9+0.182 3.3 0.037 + 0.006 89 1.58 £ 0.345 -

m‘i’Nﬁ 3.7 nMaufFauiiey substrate specific activity 183 adGSTE1 way agGSTE1 (Ortelli F. et al.

2003)
FERERE Specific Activity (mmol/min/mg)
CDNB DCNB EA PNPB PNBC
adGSTE1 90.3£1.95 | 26.6 +2.24 | notdetectable | 0.604 £ 0.0810 212+ 0.217
agGSTE1 3.5+£0.492 | 8.62+0.83 | notdetermine not determine not determine

NNIUENL3gN3U04 adGSTT1 Kt GSTrap column (GSH- column) WLANENNNITARANT I
wulas] (M3den GSH fu CONB) lugaulaildannniswsiaes cel lysate wsiilainu GSTrap column
wuRANssreseulaiidaunn ludauiiivaduaanun oy (flow-through) azdauiildannnisdne
nunanssuraveulidludaugzitg GSH uanelfiuinllsmu adGSTT1 @304y GSH- column

Y o ?:/ as a < =R v o 1 ¥ dl . dl 1
VL@ @\‘]uurlﬁﬂ’]?LLﬂﬂ‘]_l?@‘WﬁLﬂuisﬁN@ﬂlFl‘ﬂ\‘I‘W%Ju’m‘ﬂu Ineanasaglas affinity column 21 WLAMNAIN1TD

ueNLEgNE adGSTT1 clone 3 I6Fag1 HITRAP® SP XL column (cationic exchanger) uay HITRAP®

PHENYL SEPHAROSE column (hydrophobic chromatography) létan1suenifgnafaniaed 3.8

way 3.9 HA1 %yield 25.32 d9UAN Kinetic parameter wuda V. 1flu 1.91 +0.082 k , 11w 0.86 , K_
CDBN uay K_ GSH Aa 2.14 + 0.218 Uz 0.72+ 0.028 ANNAIAL
as19R 3.8 Arudnmniznaeuls i fsrvdnanisuaniiqvares adGSTT1 clone 3
e . Specific activity Total activity (n
A2DEY mOD340 %yield
(umole/min/mg protein) mole/min)

adGSTT1 1188.0 1.40 4.3 25.32
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rﬁl’l‘iwﬁ 3.9 Kinetic parameter 984 adGSTT1 clone 3 (adgstT1:c3)

CDNB GSH
o Vmax
il N kcat Km kcat/Km Km kcat/Km
(umol/min/mg) (s1 (mM) (sec'mM-1) (mM) (sec'mM-1)
adgstT1:c3 1.91£0.082 0.86 2.14£0.218 0.403 0.72+ 0.028 1.20

4914 adGSTO1 ﬁuwudﬂﬂmmmlﬁfmafﬁqrﬁummﬂm (GSH waz CDNB) lun1siananssu

weienladls Weasanenlmiiidnes lunquinAunulud AsdeliAnmaudnsuzaeseulainlian

LARNBAN

A1919% 3.10 N9 FaLey Kinetic parameter 2adiaultsd GST ianuanuanl@ann An. dirus

CDNB GSH
o Vmax
MDY kcat Km kcat/Km Km kcat/Km
(umol/min/mg) (s (mM) (sec’mM) (mM) (sectmM-)

adGSTE1 145 + 4.23 59.9 0.048 + 0.002 1259 6.63+ 0.419 9.03
adGSTT1 1.91 £ 0.082 0.86 214 £0.218 0.403 0.72+ 0.028 1.20
adGSTD5-5 167148 69 14.9+4.9 5 0.21+0.01 400
adGSTD1-1 12.9+0.6 5.03 0.10£0.03 48.4 0.86+0.2 5.86
adGSTD2-2 63.9+3.50 25.9 0.2+0.03 121 1.30+0.15 20
adGSTD3-3 67.5+1.97 26.9 0.10£0.01 269 0.40+0.05 67
adGSTD4-4 40.3+1.89 16.9 0.52+0.67 32 0.83+0.08 20
adGSTD6-6 2.2+0.3 0.9 5.3+0.8 0.2 1.8+0.4 0.5

wNEe): Taya189 adGSTD1-1 D19 adGSTD6-6 a1n Udomsinprasert, R. et al. 2005

na3aLney Kinetic parameter aagieulsl GST siavuanuanldann An. dirus (113149 3.10)

WL31 adGSTET H V,_, k., 1ungugs uazdlA K sia CDNB A4 Wanwin adGSTET 4uiiu CDNB

=)

—

o

ol '
ﬂﬂ‘l’]@‘ﬁ AINTA

1 CONB &N am i

q

2.2 NIUANEU adgste? WAz adgstt? aANAluNaad An. dirus Aaenaila PCR

1 ke /K, HANTGAEUAY WHAUTL K | one 289 adGSTTT NUNHAI4eNgALAAIINAL

ann19M1 PCR taeldlndines gste? nenfiu 2.1.1 wudn lddumiBueauin 850 giua dulng

waf gstt? (Infiwafimeniu 2.1.1) lHTuadueauina 1.1 Alawa Aegn 3.17
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1k
800 by .
n. 1.

51191 3.17 N3 1% agarose gele electrophoresis Ta4aUANAEWS N. Infines gste? 2. Tnfiuas

gstt1 Ime M Aa GeneRuler 100 bp DNA ladder Plus (Fermentas)

HaNART IAuanUEgnseanatniaads lanuaduiua aauanldasldiFeumauiunzinn

sanestiumeaiunuanlian 2.1 uandlugiln 3.18

Genome-E1 :

: _GmGGGT GTCCCGACGTGATCAGGCGGTAAT TGAAAGT GTAACGCTTGTCTGCTTG

Genome-E1 :

cDHA-E1

Genome-E1
cDHA-E1

cDHA-E1

Genome-E1 :

cDHA-E1

Genome-E1
cDHA-E1

Genome-E1 :

cDHA-E1

Genome-E1 :

cDHA-E1

Genome-E1 :

cDHA-E1

519 3.18 N9lFaLINEUAFLILATDILFI LT A

u

=

=]
['=]
o

Exon 1 = 144 hp

Exon 2 = 201 bp

: -GTGcGml;cncc.nTTcTGcncTGTGTMCTCGTTCCTCTGGmcmTTCTTTchmTTmm

Exon 3 = 321 bhp

795

8 adgste Aaalilsunsn ClustalX was GeneDoc
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Genome-T1 :

cDNA-T1

519 3.19 N7 FEUNE LA AU AUDILIFIIUTHA

u

=

Exon 1 = 11% bp
ACTCERAMAM CTARRATACT ACT ACGACCTGAT GT CECARCCC TCCOGGEC T TETCEAT TTTC T TEEAEARAARC CARRATT CCCTATGARAGETETC -

: ATGTCGAARARAT CTARAATACT ACT ACGACCTGATGTCCCARCCC TCCCEGECGT TETCGAT TTIC T TGGAGARARMCCAAARTT CCCTATGARAGETETC

: TCETARRCTTCECCARRGCET ACGTT TCCGATC T AC A ACECET TT T T GAT CEGAAGT TTAGCC TACCET CCGATCTCTT TI TTATI CACAGCCTACT
* EETRARRC T BE G CARRIE —— —— — —— —— — —— —— = —— —— — e

. GATAETTGTATATCCTET TTEATGT TR TC TEERT CET CT A GCC CAGTRATCC GO GO GCETCCGCCCTAT TEREC CEERAC ARRARCARARCCCAT ARCATT -

: TITACAACTTCGTRACCT TCAGAACATCTTGAT TTERC TACGCATAGACCT CRAATGRAC TACCEGCEANAT CATTRACCCGTATATAT TGTCT GRAGT ATAGTC -

: TARTCGERTCTETTTGT TTCTT TCT GCACC CEAR ACC TE ACCEACEATT TC ARG GCGAT CARCCEC TT CCARARGETC COETECATCECOEACARCCAE -
D e e COEARCACCTEACGEACEATT ICARE GCCAT CARCCEC TT CCARARGETC COETECATCECOEACARCCAE -

. MTARCCTGECGERERET T CECGATCC TEOGC TACT TETGCCGEGRAGTRCAAGE TGO CRGATCAT TEET AL CC GCACGACT CCCGGOEACGEECACECE -
: MTARCCTRECEERERET CTCGCGATCCTGCECTACT TET GCCGCGRAGTRCAAGETGCCRAGAT CAT TEETACCC GCACGACT CCCGECEACGEGCACGEG -

Exmn 2 = 423 bp

: TRAGACGRAGTRACC TCERET GECRAGCATC ACARC ACACGC AGCCCCT GO GCCGTCTACT TTCAETACAT ET GEC TCCEACC GOETATGT TCGECAGCARGET -
- TRAGACGAGTACC TCGRET GECAGCATC ACARC ACRCEC A CGCCT GO GCCGTCTACT TTCAETACATGT GECTCCGACC GLETATGT TCGECAGCRAGGT -

: CERCCCEAMECGET GCCERACCAGT AC CEGCT GCAGA TEEACGCT GTECC TCEAC T TC AT CEAGCEEEAGTT TCT CEGCCARGECECACCGT TCATCGTCGEE -
: CGRCCCGRAGECGT GCCERCCAGT ACCRGET GCAGATEEAGGT GTECC TCEAC T TCRT CERAGCGEEAGTT TCT CEECCARGECGC ACCET TCATCGTCGGEE -

: RRCERGAT TTCCETCECEEATCT SR TECCANT CTECE AR TT G AR CAGCCCAETARE T CACC CTEE CACC A TT CEARECECET TEART CTECCACTTEG -
: RRCGAGATTTCCETCECEEATCTGETEECANT CTECEARRTTGAGCAGCECA ——— ——— —— ——— —————— ——— == ——— == —————————————————————

Exon 3 = 149 bp

: TTRAAARACCCCTTTT TT TCT AG AR TG GO CEATACGATCCC TEC AT CETCGTCCTARM TTGRACC AMG TGEAT GEAGC GEGETT CECGAGGARACTARNTC -
- —— ——AATGGCCCEATACGATCCC TEC AT CETCGTCCTARM TT GRACC ANG TGEAT GEAGC GEGETT CECGAGGARACTANTC -

. GTTCTRCGATCAGECTCAC ARGTT CETRARC ARACT TECACAGERC TCCATCCCRAARGRACARATTETAR - 1071
: CECTICTRCGATCAGECTCAC ARGTT CET GARC ARACT TECACAGERC TCCATCGCRAARGRAACARATTETAR @ 1071

8 adgste Aaalilsunsun ClustalX Laz GeneDoc

o o v

AnTutnUFNMAnsn (5'splice site kAT 3'splice site) INaAAABITLAIALINGY (consensus

1% R = oA o i ° v A o o Ny a
sequence) ANFANTINN 3.11 "'INLLZQ@\TQ’]‘LI?L'JELL@\?H@WQﬂfJﬁ‘Vﬂ‘Vlu’W]Lﬂu'ﬂ@mﬁbl,ﬁ"ﬁ\‘]

A1519% 3.11 N1sfFauLFManfaiLa1 AuRe89qmsn

(cDNA-T1) AuanfuLLganatus (Genome-T1) 484

100
100

Gene Exon composition 5'splice site (exon/intron) | 3' splice site (intron/exon)
Consensus AG/GTRAGT Y\NYAG/NN
adgste1 | exon 1l....exon 2 AG/GTAGGG TGACAG/CT
exon 2....exon 3 CT/GTGCGT CAACAG/GA
adgstt1 exon 1l...exon 2 AG/GTAGGT CTGCAG/CC
exon 2...exon 3 CA/GTAAGT TTCTAG/AA

anmafTauiauiulddngu adgste? uwaz adgstt? Usznaudiag 3 lonteu Laz 2 aunsau

AN919% 3.12 N7 FELIUNALRABNTAULAZEUNTRUIBSE U gsteT ANEN An. dirus (adgste?) WATEN

An. gambiae (aggste) Was gstt1 AaNNEN An. dirus (adgstt?) WaceN An. gambiae (aggstt?)
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Gene Exon 1 (bp) | Intron 1 (bp) | Exon 2 (bp) | Intron 2 (bp) | Exon 3 (bp)
adgstel 144 64 210 77 321
(795 bp)

aggstel 144 64 201 65 321
(816 bp)

adgsttl 118 311 423 70 149
(1071 bp)

aggsttl 118 95 423 77 149
(862 bp)

A o & Iy =~ PRy
ANENTWN 3.12 uanINIgaRinFIasIUIANgal enduluengew 2 1938UW adgste! N
aaHaulasTadUNIN aggste? 3 nanarily FeAnuuANFNaNaNarn R AMAN Bz euladuan

Anarle

a5luaziansaluanisnaaag

1. annsueniiu gst WsdaanisAmaanann Genomic library wuanldlaauaesiiu adgst1-5
AlTuInsy S0y 2 Tnau Ae Taaw 3.3 uax 3.6 waslrauihaula 3 Tnauldun Trau 3.1, 3.4 uay
3.7 ifaeannanldanauazinaunnuasasnaun s ldTaawin uazlut 2546 14lseaudfuwg
289ATuNB g MZANA BeTBe BN A By gst 28 EdadenlidenailuazeauanTudag
Fansh

2. AMAALLUATU gst VBIENNINEHNIANFUIBININT (An. gambiae) 1 lunsaanuuLmiay
w Infasuastiv gst7 gl laun gst epsilon1 (gste?), epsilon5 (gste5), epsilon6 (gste6), epsilon 7
(gste7; gst3-8), thetal (gstt1), theta2 (gstt2) waz omegal (gsto?) Taglnfinasaanuuuannuznasia
yasiuviniuuasldldFnnansvasela Ndel ieldlunislnauldmuanine pET 3a
(expression vector) wazl4lun1391 RT-PCR WUqNg1Nsauenwls 3 fu Ae Anopheles dirus
glutathione S-transferase epsilon class sequence 1 (adgste?), Anopheles dirus glutathione S-
transferase omega class sequence 1 (adgsto?) was Anopheles dirus glutathione S-transferase
theta class sequence 1 (adgstt?)

3. 8y adgstet wenld 2 Taau Ae adgste1 wild type (WT) wax adgste? R139H Viﬁﬁf]ﬁumm

Az UULANFANNALIN SN AT LML LA NN FATUAT LY 139 luFaRAY iHatntin i ugnIaanazLen
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U?@W%ﬁ% GSTrap column (GSH column) WU4NH substrate specificity s CDNB Waz EA WANANGW
Tne adGSTET WT #in K, fia CDNB way GSH fiANANGn adGSTE1 R139H udnedn adGSTET WT
41150401 CDNB uaz GSH 14AnGn adGSTET R139H daupnaur dulndiasiu fadlauan
\ieIy adGSTE1 WT futeulasiiaaniuanngs An. gambiae (agGSTET) wusn lianunsaufauiieui
Fiasanmslaauidnumbauansaai wsiaeinglsnnuanwzniaenlnl adGSTE1AzgnsiasNIn
ndn1es agGSTE 7iil T7-tag nedangesiilu fansuanseentesduilanaazifadesiunaudumy
ansainuNaaRNLUES An. gambiae AathazAnmszAUNsuARseanTeEuE ezl
FNUNIU IR ANHLSI0 promoter 3NANN3AYLIANNIUAASRBNTBsE LA le

4. 8 adgstt! amnsnuents 4 laaunuansnaii lanunsauanisgnasog GST column 1§

s

WAANNTUENIEgNBIRe adGSTT1 Taaud 3 THan HITRAP® SP XL column (cationic exchanger)

uaz HITRAP® PHENYL SEPHAROSE column (hydrophobic chromatography) LAZANITNALAIIEIAN

Kinetic parameter 1& ﬁﬁluﬂumﬁﬂmmﬁ'm%@Lwﬂmmﬁuﬁmﬂm Anopheles FevuA TN LN

Usandlfmsnzaniuewlsdlungui Wen1siiessiandneuzmaeulniiddifiseaumnten

5. i adgsto? Mifutungulml aunsodnilfuasseanianuduanseanldafign usiiles
anll@NNI03LATZY enzyme activity #aeinn3iden CDBN i GSH ﬁLﬂiﬁ%‘Mﬁl?ﬂmmﬁmm:ﬁ

il GST iR llanunsaueniigraiewlsd adGSTO1 I Avpnstiaszimeansmasuil vanzauriy

eulminguilien iesandsliidsanunndnemuzmaeylnuusaminen Geiaazldna

anunsavnaneaallufivsesnsaumasidelimeenusnnieulag GSTs
6. annsAnEnTATIas19TesEin adgste? WAZEY adgsttIWLANN 2 LaNTaU AT 1 BUNTAUANN

LTIva ﬁ@lqﬁﬂﬁmz‘lmqm%’Nﬂjm’ﬁuﬁmmﬁ@ﬁﬂwﬂmuqq An. dirus WaY An. gambiae W4 PaT B

deuhasiiwiinddnyasenins sl dmunnis

LaN&1981984

http://203.157.44.67/insect/menu/yunghkonplong.php
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ISOLATION OF NEW OMEGA CLASS GLUTATHIONE S-TRANSFERASE
GENE FROM THAI MALARIA VECTOR FOR EXPRESSION IN E. coli.
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Reverse Transcription Polymerase Chain Reaction (RT-PCR) Ineiaulmsd Superscript Il veulmsd
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HotStarTaq uazlnfinaseanuuuaintiu gst nguuaeaiudeseanuly GenBank a1nnisanu
AALLLANANAR RT-PCR wudnfluidinausiavestu gst aslaaudnaduienive (pET3a) ann
TuAnAaninauNfeInN1IAReATA Rapid size screening kasn1sinsqeeulmfinanniy waa
| o o a @ = o o a dl dl 2 I A
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Aueuladingsnlslen wa - nouewa  ngulawnianngenivziinlsannanFaaesa1ning
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(aggsto?) Tw 93 wlawdus uazmieueulminguineeiuluAlT@indu nndd 30 wefimus A
E”Tﬁ'ﬂﬁuﬁlmﬂvlﬁdﬁ Anopheles dirus glutathione S- transferase class Omega sequence 1
(adgsto1) dedninliuanseandaeans isopropyl — B -D thiogalactopyranoside wuldsi
gunasznns 28 AlaanasumNiAAAT %'\1L@uisnﬂﬁLmm@@n%‘l@’ﬁ‘lumaﬁnmamﬁﬂﬁmz

naaulasisalidnainisaniang Al unsresd i uNasTtia la

Abstract

The coding region of omega class glutathione S — transferase gene was isolated by
Reverse Transcription Polymerase Chain Reaction (RT-PCR) using Superscript I, HotStarTaqg
and omega class primers. The RT — PCR product was cloned into expression vector (pET3a).
The recombinant clones were screened by rapid size screening and restriction enzyme
digestions, which were sequenced. The comparison of deduced amino acid sequence of
recombinant clone showed 93% identity to aggsto1 and more than 30% identity to glutathione
S — transferase class omega from other organisms. Then recombinant clone was named

Anopheles dirus glutathione S - transferase class Omega sequence 1 (adgsto?).
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The expression of adgsto? showed the presence of 28 kDa band 3 hr after induction with
isopropyl-B-D thiogalactopyranoside. The recombinant protein will be further characterized for

insecticide specificity.

AN
maFadulsnfinseiaussatianilaiiinanaelsdnana  Plasmodium 4 afialdun
falciparum vivax ovale waz malaria Ingils@s Plasmodium Hesfiutaeailuwinelunisunside
asdnmseudelanlianaeud yntllszanslananuau 400 duau azdntlaedlulduazionnns
MNEUAE ITANIANTE LAY 2 AUAY azideTimsnalsnil  (MNA hitp://203.157.44.67/insect/
o o o o o o PR a A =<
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. - Ao o dd e . .
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N7UNaLsd (Glutathione S- transferases; GSTs) (Enayati AA. et. al. 2005)
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naNsneiu douauunainAumieusesaIsuNInasily. mnuInnen 30 wWesausazdnaglu
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nsdeaatenielugad  wulilanuisoinateanuiluisesdnsdiuuas Ussinneesnziy
Waam vidalnInseas (VONTAS J. et al. 2001 waz Ortelli F. et al. 2003) faansidaNansie
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1. NNTLATEINE U gstTﬂﬂL‘Vlﬂﬁﬁ Reverse Transcription Polymerase Chain Reaction (RT-PCR)
o v o ® o
Anm Total RNA mnqqﬂuﬂ@@w@q%ﬂimﬂhmi TRIZOL ™~ Reagent (Invitrogen) 11019
¥ o ¥ % s ™ -
nansvadaunauaIni@i mRNA (RT) 1f1 cDNA ORI EiPY SuperScript Il RNaseH Reverse

Transcriptase Was oligo(dT) primer (Invitrogen) e/l Total RNA fgimle luusuiy anniiu



fuaszitu gst Ineldwmealla PCR daenaulnd HotStarTag (QIAGEN) azlnflunsfinanuiy
gl gst nguiREaTudee Tu GenBank A

aggst O1F (5'CAGTTCCATATGAGCAACGGAAAGCATCT 3') uax

aggst O1R (5'CACCTCCATATGTTACGCCAAGATATCGTAGT3')
SdULLAGMIINAS start LAz stop codon daudNFUILATTAdLlERe Baasn Teuenln]
Nde | (NEB Biolab)

Tnegunniildae Suiui 94 asrnsaides e 15 WAl a1t A gumi 94 a9
waiea 1uoa1 30 37 (denaturation) uargnawMnd 50 evAgaiea Huaa1 30 AuI
(annealing) ANNA9E 72 a9ATALTeEA IWnan 2 Wi (extension) AN denaturation annealing
ua extension 1 1 seu udaEuseuselldn Bn 34 seu Audng 72 esrnaiden Wuna 7
il antuAuLfTeen157 20 asenigaiFes

FiAinanaaRldaInniin RT-PCR #2813 1% agarose gel electrophoresis AN
Adulafenisdiansag ethidium bromide udadasnielsiuas Uv mnﬁmmﬂﬁzﬁwﬁmmﬁm@Nﬁm

l@a1nni3nn RT-PCR Tdanuasinua
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Kit (QIAGEN) udndnsaaiauladfinanniz Ndel antusnaznaumiduad ldainnisdaiuls
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. Y a @ Ry A ¥ i Py °
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. <2 aa = == = = vy
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ndneueniuy inlalatifenunnsdnaenanauaNnananEue Ladfnsaaeulmifaawny
BamH! (NEB BioLab) uaz Kpnl (NEB BioLab) flfainnisimseianauiudnanan RT-PCR

UAIMIIRFBLIUIATURALEUEN IFAINN1TAARALNTINN 1% agarose gel electrophoresis



3. aTUAIALLILEIRILARUN LA
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adgstol : ATGAGCAACGEAAAGCATCTCGE FAAAGGCTECACAL CGCCCGTTTT G CCC AACFAT 66T AAGCT FCG CCT CTACTCGAT G GETT LT G CCCGT ACGCTE AGCECGTTE @ 109
agFETel : ATRAGC AACGLAAAFC ATCTCGCCAAAGETTCCARFCC CACCAT CCOTC COGGACFAT T AAFCT G CCT FTACTC AT L GCTTCT FCCCET ACECCC AGCECETCE 0 109

adg=teol : ATCTGATGCTGLACECCAAGARGATCCCCTACCACEL CATCTACATC AATCTETCCGAARAGCICCEAATCETACTIC CA FAAFAACCCFCTCERFCAAGGT ACCEECACT
agFETol : ACCTGATGLTGFACGC FAAGAAGATCCCGTACCACGE AT CTACAT C AACCTGT ICGAGAAGC CFFAAT GET AL CT GGA FAAFAACCCFOT CGGCAAGET GLOGECACT -

adg=tol : GRAFAT CCCCGHFCAARFAAGGCETCAC FCTGTACFAGTCETT T FCTFTCFFACT AC ATCFARFAAG CGC ACT CGFCC CAFCAGCFCAAGCTCTACCCFFCCFACCCD
aghFiTel : FEAFATTCCCEFCAAGGFAGFFCETCACCCTFTACFAGTCFCTCFTCCTFTCCGACT AC AT CRAGGAGE CET ACT COECC CAFCAGLGCARGCT FTACCOFEOCFACCOG

adgstol : TTCCAGAAGECGCAGGATCGCAT OCT GAT CGAALGTT TT AAT 6T GO0 GTCATCTCGCCETACTACCGE ATTCT ATTCT CoAGCGAGGFCATTCCGECGEFGC FOCATTA -
agFETel : TTCAGC AAFRECGCAFFATCECATCCT CATCGACGCEET TC-CCEECTEGFTCATT ¢ C CETACTATCEL AT CCT FITC-CRGCoEACEFCATCCCGOCCEET FCCATCA -

adg=teol : CCRAGTTCREAGCCEFFATTAGACATCTTCRAGARAGAGCT CRAAFGAGCFEGCFACELC T ACTTCGEGF L GAL AALGCC CEGECAT FAT C CACT ACAT GAT CTCECCETE
agFiTol : CCRAGTTCERECFCFFEFCTFEACATTTTCRAFAAFRA LT FAARGC FCFEGFCACCCC T ACTTCFEEFGL AT AAFCE FEFCAT AT C FACT ACAT GAT CTFFCCETE

adg=tol : GTETERAGCEEGT FFAT CTFCTCAAGTT CRCCCTCREE FACARGTACEARCT GFACARAAGFAACFETTCE FLAAGCTGLTT CAGT FRAFAFACCT FAT FEAR RAGFAT FAC
agriTel : FTECFAGCGEEET CFAT CTELTCAAGTTTFOGCTOFEE FAT ARFT AL G AFCT FEACAAFFACLFETT O FT ARACTCOT - CART CR L FAF AFCT FAT FFAL AAFFACFAD

adgstel : FOCRTCAAGCAATCETTCATTTCCACC GAAFACCACACFAAGTTCCT G CAGAGC CECARFAACGELFAARACRACTACG ATATCTTEECETAS © 747
agFETel : GCCETAAAGCAGTCETTCATTTCFACC GAGFACCACACCARAGTTCCTG CAGAGC O AAFAACCECFAARACRACTACE ATATCTTECCET AR @ Va7
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gﬂﬁ 5 LAAINIINT 12% SDS PAGE Imel M1 @@ Protein Molecular Weight Marker (Fermentas)
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=3 = di a o o o [ a all Yo v = ]
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The conservation of glutathione S-transferase
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Intrecuction:

Glutathione S-transferases (G8Ts) are considered 10 be detoxifing enzymes In many
grganisms Including Anopheles spp. An annctation of the Anopheles gembiae genome
revealed 28 putative GST encoding genes, These gones were grouped into six different
clusses; delle, epsilon, theta, zets, amega and sigma class (13 A study of Anopheles dires
tAn, dhrus) GST genes demansirated that the protesms can gontribute 10 insecticide resistance
as well (2-4), Several onhologous genes of delty class, G8Tdl, GSTdV and G57d3, were
preeviously solated from an An dfifes genomie ONA librry and named al that time adgs T ASS,
et -5 and adgd 4-1 espectively S8 Theredore the annetation information of An. gambue
GST genes could be used far GST gene isolation fiom An. dirus (Thal malaria vector),

Methods:

Reverse Transeription_and Polymerase Chain Reaction (RT-PCRY

Tatal BMNA was extracted from 4™ Inst larvae of An, dirs with the TRIzoP Reagent
{nvitrogent as described in the manutactueer's instructions. The clNA was synthesized from
total RNA by Superseript 1] iGibons BRLY ane an oligo(dT) primer PCR primers 1or adgshe !
and adgsu ] were designed from An. gambiae genome sequences. PCR was performed by
wsing HotStagTag [(CQIAGENY, The PCR congditions were 83 °C for 15 min and 30 cvcles of
04 °C far 30 sec, 50 "C for A0 sec and 72 °C for 1 min, The PCR preducts (adgsted and
ardgstt ) were purified from an agarose gel with QlAguick Gel extraction kit (QIAGEN) for
SECLANCING.

PCR of Genomic DINA

Genomic TINA RDNA) of A, difus was exfracted with DNAzol®Reagent Unvitmgenl,
The gINA was subjected o SaulAl digestion for 1 hour. Then digested ragmenls were
purified and used as template in PCR, The PCR was performed by HotstarTag (QIAGEN!
using the condilons 85 °C for 15 min and 30 cycles of 84 °C for 30 sec, 95 °C far 30 sec
amed 32 °C for 3 min. Then PCR preduets of gONA were purified for sequeneing as for 1he
RY-PCR product.

The Compuler Analysis of solated Genes

The sequences of each gene were veriied by the comparison with GST sequences
In GenBank. Then these sequences were ranslated Into putalive amlna acld sequence by
the Biotdil program, The PCR product sequences of cRNA and gINA were compared ising
Clustal X,

Results:
RT-PCR

The PCR product size of both primer sels were about 850 bp which is 1nﬂg|'r than
the expected size (about 700 bpt but seguence of PCR product showed deat they are GST
sequences. The analysis of these sequences revealed the coding region within the 8501 by,
Then these sequences were used 1o design new primers to oblain only coding region of
each gene. After RT-PCR of the new primers, the product size of both C5Fs wis abowt 700 bp

and they were cloned and full dength sequenced. The full-legth sequences of gach RT-PCR
preduct were wsed for anabysis. The nucleotide senquences of el and B grimer showed 73%.
angd T1% iclentity 1o nucleatide sequonce of apested and aggst! respectively, Maroover the
aming acd sequence companison of el primer showed 4% dentity and 8% smitarity w
aggste!, opsilon class G5T of DDT resistant sirain tAn. gambiae ZANAY (shown in Fig 1}
whenzas showed 2% identity and 84% similarity 10 agste! of asceptible strain tAn. gambiae
Kisumul. The amiro acid sequence of ¢ prirmes showed BO% Identity and B2% similarity
to theta class An gambiae, agesttl as shown in Fig 2. Thus these genes were classitied intoe
epsifon class and theta clags and named 35 adg=tel (An, girus g2 class epsilon sequence 11
and adustt! (An dlires gat class theta sequence 1) respect lvely

PCR of gDNA

The gDNA PCR prodoct of adpsted and adisit! ame 785 and 1,071 bo. The comparison
between cDNA and genomic ONA of each gene evealed the gene structune as shown n Fig 8
and 4. There are 3 exons and 2 intions which shows the exons are conservid wathin the wo
species (Table 1L Whareas the length of adgstt? (0071 by ts clifierent rom agasi! 1802 by
The 5 splice and & splice stes of adeste] and adest ] Tollow the consensis sequence paradigm
a3 shown In Table 2,

B —
oo ssess o fddiom ottt

b — g 8
eeme S

Vit § S s e b bt o 331 ittt
o, s g i e e

- "
[yt ——

Conclusion:
The ifentity of amino aciil sequence and similar compasition of these genes 10 the

An. pasibiae GST gorses supgedds that es: tvo gones ae e oithologs of agaste! and aggsmd.
Moreover the presence of highly conserved artholegous genes tor five G5Ts [wdgstIASE,
adgstt-5, adgst 4-1, adgstef and adgsit!) suggests important functions that are being
malntained after several miltion years of species divergence. A further sty whil Be to express

and eharacterize the engymes which may show evidence of involvement [n insecticide
mesabolizm In Ancpheles spp




