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ABSTRACT

Cytochrome P450-mediated detoxification is one lo most important mechanisms involved in inseaticid
resistance. High levels of inheritable resistamcphosphine ifribolium castaneum have been detected. There is a
paucity of reports on the molecular mechanism, @afig on the role of P450-mediated detoxificationphosphine
resistance of stored product insect pests. A haghat phosphine resistant strain ©f castaneum was screened
(resistance factor = 724). PBO synergistic ratibeesistant strains were low (1.77-3.81x). But ®4&ductase and
cytochrome b5 contents in resistant strains wegrifstantly higher than that of a susceptible strat 10d, 20d
larval and adult (3-4 d of age) stages (P<0.05he Toncentrations of P450 reductase and cytochiubneere
positively correlated with LE;. P450 associated genes CYP4Q4 and CYP4Q7 werexpvessed in the midgut of
resistance strains, while CYP similar gene wasex@essed in the fat body of resistant strains (PY@Oxidative
metabolism could be involved in phosphine resigtasfd. castaneum as high levels of P450 reductase and b5 were
detected in resistant strains compared to a subbkegtrain Furthermore, gPCR revealed that P450 associated
genes, CYP4Q7, CYP4Q4 and CYP, were up-regulatgtieérphosphine resistant straifihie study provides the
first direct evidence that cytochrome P450 monoorges and the over-expression of its related gamresne of
metabolic mechanism responsible for phosphineteesis inT.castaneum.

Key words: Phosphine resistanceJribolium castaneum, P450 Monooxygenases, CYP4Q4, CYP4Q7, CYP
similar gene

INTRODUCTION

Phosphine fumigation is a popular practice agastmted product pests for a variety of commoditie$arge and
small storage facilities in the past four decadest@/et al., 2006). It became a much more impofftantgant as
the international community reached an agreemeph&se out the use of methyl bromide by 2015 (UNE®5).

Because of its popularity and improper practiceshsas less perfect air-tight conditions resultingriore frequent
applications, insect pests have developed genetistance to phosphine over the past few de¢@degish 2004;
Pimentel et al., 2008; Benhalima et al., 2004).e Tighest resistance level reported is over 1000dad greatly
threatens the future of phosphine as a fumigan&Riet et al., 2010Campbell et al., 200

Red flour beetle,Tribolium castaneum (Coleoptera: Tanebrionidae) is a major cosmopolifest of stored
agricultural products worldwide causing damageltmirf cereal, beans, and nuts, etc(Weston andifgitlrd.
2000). The management of red flour beetle heavdpetids on synthetic insecticides and the insectbleas
reported to resistant to all five classes of insef#s and fumigants used against it in many gewigcal areas(Athie
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and Mills 2005). The development of high-level s¢mnce in many stored product insects now threaitsns
continued use. With complete genome sequencingitarability to develop resistance rapidly, castaneum has
become an ideal model organism for research orticgde resistance(Collins 1990; Zhu et al., 20d€xemy et a.,
2009.

T. castaneum and the lesser grain bordRhyzopertha dominica has confirmed that strong resistance is primarily
conferred by two major genes, rphl and rghgédeesan et al.,2012; Collinset al., 200Dihydrolipoamide
dehydrogenase (did), a gene encoding a core m&abatyme, has been identified as rph2(Schlipatitisl.,
2012)in bothR. dominica andT. castaneum and a free soil living nematodgaenorhabditis elegans. A single amino
acid mutation in DLD in populations df castaneum andR. dominica with strong resistance was identified as P45S
in T. castaneum and P49S irR. dominica, both collected from northern Oklahoma, USA(Chéemle 2015). Two
loci, tc_rphl on chromosome 8 and tc_rph2 on chemmz 9 of T. castaneum were identified by regional SNP
frequency and they are together responsible fdr ldgel resistance against phosphine. Next-gemeragquencing
technology were carried out to identify the cantBdgenes for phosphine resistancd .ofastaneum and found that
there are two genes(TC006822 and TC006823) arealpctine first and last exons of the dihydrolipodmi
dehydrogenase (dId) (tc-rph2) gene. In additioarg¢hwere two genes (TC006231 and TC006232) that breng
homologies to genes of known cytochrome b5 relétiedtion and one gene (Tc06829) has strong homotogy
cytochrome P450@gadeesan et al.,2013rhe possible role of cytochromes P450 in thxéctty or detoxification of
phosphine had been studied(Schlipalius et al., 2Regt. 2003) . However, the results of differeaitment had no
consistent conclusion and therefore it is appeatsetunlikely that the microsomal mixed functioridases(MFO)
play any significantly role in the toxic action pifiosphine in insects(Nisa et al., 2011).

Cytochrome P450 monooxygenases were confirmed bmajar metabolic factor responsible for pyrethroitd a
other organophosphates insecticide resistance(8ctean& Jansson. 2003). Up-regulated P450 supehfagene

(s) expression has been proved to be closely agedaiith resistance to pyrethroid insecticidesiany insects, e.g.
over expression of CYP6D123 and CYP6A3624 in rasisstrains of houseflies(Zhu et al., 2008) and 6¥Pin
Drosophila melanogaster (Daborn et al., 2007). Studies had showed tha¢ g¥P4Q4 (AY337337) and CYP4Q7
(AF254755) were related to pyrethroid resistance. icastaneum(Assie et al., 2007). And CYP similar gene has be
indicated in National Center for Biotechnologydmhation (NCBI) to be a cytochrome P450 relatedegeliVe
speculate that the toxicity of phosphine would kg o understanding the toxicity of phosphine agpachrome
P450-mediated detoxification may involve in phosghiresistance mechanism. Using three genes CYP4Q4,
CYP4Q7 and CYP similar gene as model.The purpogki®fstudy was to warranty if cytochrome P450-raest
detoxification involve a potential phosphine réesice mechanism ih. castaneum

Cytochrome P450 enzyme function and completion athlgtic cycle requires the delivery of two electso
NADPH: cytochrome P450 reductase (EC 1.6.2.4; liened 450 reductase”) (Feyereisen. 2005) and dytmme
b5 (hereafter b5) (Schenkman. & Jansson 1998umber of studies have suggested that the interectid P450
reductase and b5 in P450 reaction played an imptortée in cytochrome P450-mediated detoxificatiosecticide
resistance(Murataliev et al.2008 )

The objectives of this study were: (1) artificiatigreened for high-level phosphine resistant stwhih castaneum;

(2) determined the resistant levels of three akiElaesistant strains and the synergistic effegipéronyl butoxide
(PBO); (3) quantified the content of P450 reductasd cytochrome shof susceptible and resistant strains at 4
developmental stages (10 d and 20 d old larva, munghadult); (4) cloned and expressed three P4&@cied
genes. The information shade light on understandive molecular mechanism of phosphine resistancg. i
castaneum and in insects in general.

MATERIALS AND METHODS

2.1. Insects

The strains ofT. castaneum used in this study included a phosphine-suscepsiiain (AK), obtained from
Department of Primary Industries and Fisheries,e@akand, Australia, two phosphine resistant stré¥(p) and
SQ(R), collected in a wheat warehouse in Shandong Qlagonal Storage Facility (Qihe, Shandong, China
37.26N, 116.17E), and a high-level resistant strain, Sg)(Bbtained by laboratory screening from SQ(F2hin
study. All strains were reared on organic wheairficontaining 5% yeast under 30°C, 70% RH and:122D.

50
Scholars Research Library



Yujie Lu et al Arch. Appl. Sci. Res., 2015, 7 (9):49-58

2.2. Chemicals

Phosphine gasé. 86% pure) was produced using aluminum phosplilded pellets, Jiangsu Shuanglin Chemical
Industry Company) and acidified water (sulfuricca&%)". Other chemicals used including piperonyl butexid
(PBO) (94%, Sigma USA) and Coomassie brilliant blue G-250 (Alfa A83. Disodium hydrogen phosphate
(NaHP Oy, >99%), sodium dihydrogen phosphate (MaB,, >99%) and sodium hyposulpdit (MaO,, > 90%)
were purchased from Tianjin Kemio Chemistry Ltdiafljin, China). BSA (albumin bovine serum) and D{T4-
dithiothreitol, > 97 %) were purchased from San@dotech Co. Ltd. (Shanghai, China). CO (>99.9%} r@am
Shanghai Shengkai Gas Ltd. (Shanghai, China).

2.3. Fumigation bioassay of phosphine resistance @®BO synergism

Phosphine resistance levels in adults were detednising FAO recommended discriminating conceitnatiand
method’ under 30 +1°C and RH 70 +5%. Fumigation process pexformed using air-tight desiccators. Within
each desiccator there were 3 fumigation cagesi¢egjgns) each contained 50 healthy unsexed adldtsd old).
The insects were acclimated in the desiccatord 2o before phosphine gas was injected with aittiyringes to
create the desired concentrations. Uniform distrdm of phosphine within a desiccator was achielgdnixing
with a magnetic mixer for 2-3 min. After 24 h afnfigation, the insects were transferred from futidgacages to
petri dishes (diameter 11cm) with organic wheatiflas a food source and kept under 32+1°C and Rt3%80
Mortalities were checked 14d after fumigation. Timects were considered dead if no movement obady parts
was observed after touched by a fine brush. Thene 5 phosphine concentrations and a blank contidie
mortality was assessed each 12h after phosphaantents and was less than 6% in control. Thealleth
concentrations (L§and LGg) using SAS Proc Probit Program.

The PBO synergism was evaluated by topically apglyd.2 pg/insect of PBO (in acetone) 1 h beforgestied to
the fumigation resistance bioassay. The synécdattors (SF) were calculated as the ratio ofJdf treatments
with insecticide alone to the Lgf treatment with the synergist and insecticide.ahalysis of variance (ANOVA)
was carried out on the biochemical data and corepasi were made between the means using the PL8Br kest
using the Statview software program.

2.4. Resistance strain screening

Phosphine resistance was atrtificially selectechf®Q(k) strain. One thousand unsexed adults (45-52 Yvedde
fumigated at the L§; concentration for 24 h in the same manner as ibestabove. After aeration, the adults were
reared under the conditions described above fa. 1%he surviving adults were transferred into & alture bottle
and allowed to stay for 7 d to oviposition. Aftke adults of the J~generation reached the age of 45-52 d, the
fumigation was carried out again. A high-leveliseant strain SQ(Jf was obtained after screening for 7 generations
as determined by the resistant bioassay descri@cba

2.5. Detection P450 reductase and cytochrogrembtents

Microsomal fractions of 10 d, 20 d old larvae, 8-dld pupae and 4-7 d old adults of different sisavere prepared
according to Masaphy (1998) Briefly, 120 individuals of each developmentziges were pooled, the surface was
washed with 0.9% sodium chloride solution. Afteszien at -20 °C for 1h the insects were homogeriizézk-cold
phosphate buffer (0.1M, pH 7.6) containing 1mM EDD.1mM DTT, 1mM PTU, 1mM PMSF and10% glycerol.
The homogenates were filtered with four layers eflinal gauze and the filtrated fluids were cengéd at 4°C and
10000g for 20min. The supernatants were filterearaby two layers of medical gauze and the fildelaids were
centrifuged at 4°C and 105000 g for 60 min in aaklii CP100MX ultra-speed refrigerated centrifug@edet the
microsomal fraction. The total protein content loé pellets (extracts) was assayed by Bradford niéthsing a
standard curve generated from bovine serum albumin.

P450 reductase and Cytochromgim the microsomal fractions were quantified irplieis using reduced carbon
monoxide (CO) difference spectroscopy (DU733 BeaknihS.A.f*. The extracts were diluted to around 1 mg/mL
suspension. Three mg of solid sodium dithionits weded to 10 ml of the suspension and reacted foin. The
resulted solution was divided into two cuvettese @s sample and the other as reference. Usingefaeence
cuvette as a blank, the sample cuvette was scamtaeten 400 to 500 nm at 60 nm/min speed to aclietable
base line. Then, CO gas (99.9% purity) was lightippbled into the sample cuvette for 1 min and sedmgain.
The maximum and minimum absorbance was recordadoand 450 nm and 490 nm, respectively. P450 obnte
was calculated as nmol.mgnicrosomal protein using the extinction coeffitien 91 mM*cmi*and the absorbance
difference between the maximum and the minimum.@ytome b was quantified before P450 reductase in the
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similar way without CO bubbled into the sampleBhe content of pwas determined as nmol.thgnicrosomal
protein using the extinction coefficient of 185 mMm™ and the absorbance difference between 420 andm09 n

Enzyme activity of different strains was analyzethwone-way ANOVA followed byTurkey’s HSD test aP<<0.05
for mean comparisons.

2.6 mMRNA expression of CYP4Q7, CYP4Q4, and CYP sifar genes

Midgut and fat body tissues were dissected on riom f15-20 larvae (20 d old) of one susceptible (AKy two
resistant strains, SQ{Fand SQ(k). Three replicate samples were prepared from edidin. Total RNA
extraction, RT-PCR and SYBR real-time quantitatR€R (gPCR) were conducted following the procedures
described in Li et al. (200%) with some modifications. Total RNA was extractesing TRIZOL reagent
(Invitrogen Co., San Diego, CA, USA). First-stracNA was synthesized from total RNA using Prineeig™
RT-PCR reverse transcriptase with oligogigrimer (TARAKA, Japan) under programmed reactionditions of 5
min at 65°C, 30 min at 42°C, and 5 min at 95°C.e Phimer sequences for PCR amplification were ginehable

1. Primers specific to 18sRNA (internal controhgg and genes encoding CYP4Q7, CYPQ4 and CYP simila
genes were designed based on the sequencdsibiolium genome (GenBank: FM877879, AF254755 and
FJ209361) using Beacon Designer 7.0 (Premier Bidetdrnational, Palo Alto, CA, USA). gqPCR was fpemed

in a total reaction volume of 25 pl containing 1g1%f 1xSYBR GREEN PCR mix (TaKaRa Code: RR0414J|
1:10 diluted cDNA templates, 1ul sets of each priemed 9.5ul Rnase free dd water according to theufaaturer’s
instructions. Reaction conditions were as follo@4:C for 30 s and 40 cycles of 95°C for 5 s an@ ¥3r 15 s, and
72°C for 10 s. X°C was 49.5°C, 52.1°C, 57.3°C &8J6°C, respectively, for the genes encoding 18sRNA
CYP4Q7, CYPQ4 and CYP similar genes. Amplificateomd detection of SYBR-Green were performed with th
MyiQ (Bio-Rad, Hercules, CA, USA). Data were cotled as CT (PCR cycle number where fluorescence is
detected above threshold and decreases lineartyimgteasing input target quantity) using MyiQ opti system
software version 1.0 (Bio-Rad). Each replicate wason PCR plates in triplicate and the data vpar@led. The
CT of each sample was used to calculs@T values (target gene CT subtracted from 18sRNAedeT). Each
primer pair was tested with a logarithmic dilutioha cDNA mixture to generate a linear standardeuwhich was
used to determine primer pair efficiency. The tireéagene expression was determined using tH&'2Znethod®.
Data from PCR runs were analyzed in the MyiQ optsystem software version 1.0 (Bio-Rad). The eggian
quantity was calculated using the SigmaPlot verSiOnsoftware (Systat software Inc. USA).

Gene expression data was analyzed with one-way AN@HWowed by Tukey’'s HSD test aP<<0.05 for mean
comparisons.

Tablel Details of primers used for real time PCR

Target Gene Primers Sequences (5'-3) dle/(°C)  Product length (bp) GenBank accessionbenm

I AT

cYesimlargene 7R CAICCSCUMCATHACANC  sa

oYt IR TONIGCTONICOSTICCTIE s

oY R pSucTeceRccosTT s
RESULTS

3.1. Resistance levels and synergism of PBO oéudifft strains

Phosphine Lgywith or without PBO of the susceptible strain Al¢sistant strains SQff; SQ(R) and SQ(g) was
reported with Table 2. Based on thesesdsCthe resistance factor of SQ(F SQ(kR) and SQ(kF) and PBO
synergism ratios were calculated (Table 2). Thghést resistance factor was 725 of SQ(F The dramatic
difference in LGyamong different strains indicated that phosphirséstance could be selected and the populations
of different strains were genetically stable.

When PBO, an oxidase inhibitor, was applied, theesyistic ratios were 1.77-, 2.81- and 3.81-fold $0(F),
SQ(R) and SQ(R) strains, respectively (Table 2). The low synstigi effect of PBO implied that oxidative
metabolism could be involved in phosphine resistaniat probably be less important compared to opleéential
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resistance mechanisms.

Table2 Phosphine (PH) toxicity of T.castaneum susceptible and resistant strains and synergistidfect of PBO

Strains  Test L&  95% confidence interval Slope(SE) RR SR
AK 0.0061 0.0055—0.0072 11.52 (x0.6D 1.00
SQ(k) PHs 0.243 0.20—0.32 8.13 (£0.26) 39.84

PH; +PBO  0.137 0.12—0.13 8.02 (+0.53 2245 177
SQ(R) PHs 2.780 211551 2.87 (£0.38 455.74

PH +PBO 0.989 0.94—0.10 2.51 (£0.2D 162.13 2381
SQ(R) PHs 4.42 2.78—9.40 1.38 (+0.42 724.59

PH +PBO 1.16 1.53—1.24 1.48 (+0.30) 190.16 3.81

?RR (resistanceratio) = LCs, of resistance strain / LCs, of susceptible strain AK
b SR (synergismratio) = LCs, of PH alone/LCs, of PH+PBO

25 r
® P450reductase content A cytochrome b5 content

— %4 (cytochrome b5 content) = = ' Zk% (P450 reductase content)
20 .

y = 2.284x+ 9.4691 .-
R = 0.9925

15 - -
y = 2.7297x+ 6.059
R’ =0.7148

10

Contents of P450 and b5(umol/mg.pro

0 05 1 15 2 25 3 35 4 45 5
LC 50 (mg/L)

Fig.1 Positive correlations between phosphine Lgand the concentrations of P450 and cytochrome; b

3.2. P450 reductase and cytochrome b5 concentsation

Both P450 reductase and cytochrome b5 concentsatiene significantly different among strains atdlénd 20 d
larval and adult stages, but no statistic diffeeemas detected at pupal stage (Table 3). The otmati®ns of P450
and b5 increased as phosphine resistance incred$edhigh-level resistant strain SQ(kad the highest P450 and
b5 concentrations at all four tested developmestges. Adult L& and contents of P450 reductase was higher
correlated (R= 0.9925, p=0.002), but the relationship betwestult LG, and contents of cytochrome Wwas not
very strong (R= 0.7148, p=0.00346) (Fig.1).

3.3. Expression profiles of CYP4Q4, CYP4Q7 and G¥Rilar gene of different strains

According to the primer designs, the specific beanfiP450 related genes (CYP4Q4 249bp, CYP4Q7 30DWP
similar gene 283bp and the inference gene 18sRNg®HBRIn midgut and fat body tissues of the susbépstrain
AK, the low-level resistant strain SQJFand the high-level resistant strain Sg)(were cloned by gPCR (Fig.2).
The result indicated that the primers used for egamie were specific and suitable to use for qPCRe melting
curves were automatically generated by fluoresceunemtitative PCR. The main peaks occurred at°83.83.5°C,
83.5°C and 90.5°C for CYP4Q7, CYP4Q4, CYP similang and 18sRNA, respectively, which indicated thate
was specific amplification with no primer dimer tamination in the PCR products (Fig.3).
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Fig 2. Electrophoresis image of qPCR products of tget genes CYP4 Q7 (300bp) (a), CYP similar gene§2bp) (b), internal reference
gene 18sRNA (396bp) (c), and CYP4Q4 (249bp) (d). Avharker, 2000bp; 1, 2, 3, 4, 5, and 6 represents AKidgut, AK fat body, SQ(Fo)
midgut, SQ(Fy) fat body, SQ(F) midgut and SQ(F) fat body, respectively
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Fig 3. Melting curves of the qPCR of CYP4Q7 (a), CP4Q4 (b), CYP similar gene (c) and 18sRNA (d) genskowing specific product for
each primer. Specifically, the main melting peak©CYP4Q7, CYP4Q4, CYP similar gene and 18sRNA wag 83.5°C, 83.5°C, 83.5°C
and 90.5°C, respectively
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Fig. 4. CYP4Q4, CYP4Q7 and CYP gene relative transiptional expression in midgut and fat body tissue of susceptible stain AK and

two resistance strains SQF(0) and SQF(4) df.castaneum (20 d old larvae) using qPCR with 18sRNA as the naralizer. Gene relative

expression was calculated based on 20 ng of totaNR. Bars with different letters were significantly different within each tissue type
(Tukey’s HSD Test, P< 0.05)

The quantitative difference in the relative traigclevel of the three P450 related genes wereedain different
tissues and among different strains (Fig.4). Fmgot tissue, the relative transcription level of R4Q7, CYP4Q4
and CYP similar genes were significantly differearhong strains. The expression increased dramgtiaal
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phosphine resistance increased. This is espediaiky for CYP4Q7 and CYP4Q4 as significant diffeewas
found for all pair-wise comparisons. CYP similaeng expression was not significantly different hesw
susceptible (AK) and to low-level resistant strg8Q(FR)]. The relative transcription level of CYP4Q7dan
CYP4Q4 in fat body was not significantly differeatmong strains, but CYP similar gene expression was
significantly higher in SQ(f strain than that of AK and SQfFstrains. The results indicated that the over-
expressions of CYP4Q7, CYP4Q4 and CYP similar gewese associated with phosphine resistancel.in
castaneum, and specifically that the over-expression of C@P4and CYP4Q4 gene in midgut and CYP similar
gene in fat body were more important than others.

DISCUSSION

P450s are well known detoxification enzymes andeHaen proven, through conventional and/or modexiecular
techniques, as a major resistance mechanism of maagt species to various insecticides (Yang.e8D6). In
this study, we successfully selected a high-levE24{fold) phosphine resistanf. castaneum strain and
demonstrated that resistant strains of differem¢llehad proportionally higher P4B&&ductase and cytochrome b
concentrations. Furthermore, using qPCR technolttgge P450s related genes were showed to begugated in
resistant strains. These results strongly sugbastcytochrome P450 complex is involved in phosphiesistance,
just like resistance to other classes of insea&idHowever, our in vivo PBO synergist evaluageems to suggest
otherwise as the synergistic ratios of the resistrains were very low (<4 fold). The possibéerof cytochromes
P450 in the toxicity or detoxification of phosphihas been studied previously.castaneum, S. granarius and the
house flyMusca domestica L. treated with insecticide synergists PBO and SKFA [2-(diethylamino) ethyl 2,2-
diphenylvalerate], that are known to inhibit miawosal oxidase enzymes, produced only minor increaseke
toxicity of phosphine and any significant role ofcnesomal oxidases in the detoxification of phosghivas
discounted (Zhu et al., 2010;Shorey. 1961; Marknss Kristensen. 2010).

The metabolic mechanisms of insecticide resistaneeomplicated phenomena(Rajak, & Hewlett. 1971hogh
PBO is considered as a specific P450 inhibitor @mdwidely used as an indication of P450 conferred
resistance(Tozzi,1998), the metabolic pathwaysiBpaity blocked by it still are not fully understd and its effect
could be species-dependent due to the complexif§4d0 systems. For example, PBO was showed tasaah
esterase inhibitor in pyrethroid resistant straihsielicoverpa armigera(Young et al., 2005). Additionally, studies
have shown that PBO synergistic ratios ranged fidhto 450-fold for different insecticide resistattains, for
example 10.3-fold forTrichoplusia ni against Sevin(Wang et al., 2004),462 -fold f@FYstrain ofHelicoverpa
armigera againstfenvalerate(Castells & Berenbaum. 20G8)d 84.4 — and 74.67- fold féedes aegypti, Anopheles
culicifacies against deltamethrin respectively(Yang et al.,30®&tiggesting that the synergistic efficacy could
heavily depend on the involved insecticides anddhspecies. The low PBO synergistic ratio of #tisly could not
be an artifact as similar result was reported pesly(Gunning 2008 In this respect, the seemingly contradicted
result of high P450s content but low PBO synergisncurrent study provides a strong hint that phasph
resistance could be very different from other dassf insecticides.

The involvement of P450 in insecticide resistanoald also be indicated by high enzyme contentsesistant
strains. In current study, in addition to repagtinigher levels of P450 reductase and b5 contenfghosphine
resistantT. castaneum strains, we further demonstrated overexpressiothigfe known P450 related genesTin
castaneum phosphine resistant strains. P450s are a sotesti group with numerous isoenzymes and there is
ample evidence that insecticide resistances aremumly conferred by several P450s working togethéior
example, CYP6G1 and CYP12D1 overexpression in D&sistant strains dbrosophila melanogaster (Festucci-
Buselli 2005). Four P450 genes (CYP4D4V2, CYP4AGXP6A38, and CYP6A36) are overexpressed in a
permethrin resistant housefly strain(Markussen,&tensen, 2010; Carifio et al.,199d)wo overexpressed P450s
genes, CYP6P4 and CYP6P9, are associated withhpgigtresistance i\. funestus strains{Vondiji et al., 2009
Yang et al(2004)reported that constitutive overegpion of multiple cytochrome P450 genes (CYP9A12,
CYP9A14 and CYP6B7) was associated with pyrethregilstance ifdelicoverpa. armigerain Asia. Based on the
dual enzyme content analysis and gene expresssoits®f current study we could hypothesize thaltipla P450s
are involved in conferring phosphine resistancd .itastanetum. Of cause, to definitely prove this hypothesis,
studies such as RNAI suppression and/or transgapiession are needed.

The midgut, Malphighian tubules and fat body are tissues recognized as the major sites of P450ateed
detoxification in insects(Feyereisen, 200Bpr example, gene CYP12A4 is expressed specifigaliypidgut and
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Malpighian tubules in a lufenuron resistance strafnD. melanogaster. Eight D. melanogaster P450s were
expressed in the midgut, Malpighian tubules andbfady, and some of them conferred resistance tdipteul
insecticides(Bogwitz et al., 2005). Th castaneum, P450 gene CYP6BQ9 is expressed mainly in thenboéia
deltamethrin resistant strdin DNA microarray analysis iDrosophia have confirmed that P450 transcripts are
enriched in midgut, Malphighian tubules(Le et &003). We examined the expression of three P45@&sgen
(CYP4Q4, CYP4Q7and CYP ) in midgut and abdominal fat body tissues.ll 3Agenes were overexpressed in
midgut of the high-level resistant strain whileyp@lYP gene was overexpressed in fat body. Inddetiesistance
associated tissue-specific P450s expression corddide information about the mode of action, movetne
distribution and metabolize of insecticides afterteeing insects. For example, for neurotoxins thany
insecticides are, central nerve system such as bifaén could be a prime site for resistance related
overexpressions(Zhu et al., 2010). As phosphinaoisa neurotoxin, it should be interesting to knBwW50s
expression in brains of resistant strains. Therespgtemically investigating P450 expression inotss tissues of
phosphine resistant strains will be one of futtoelies.

In conclusion, the current study successfully seeelea high level phosphine resistant straifi.ofastaneum and
demonstrated that high P450 content levels in teedistrains with three P450 associated genesguated. The
results provide a strong hint that P450 enzyme ¢exnip involved in phosphine resistancelotastaneum.
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