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BIOCHEMICAL R.HSIST ANCE DETECTION IN H. ARMIGHRA. 

R. V. 

NSW Agriculture&Fisheries, Agricultural Research Centre. Tamworth. 

Heliot./Jis anriigen1is arguably the most importamagricultural pest in Australia and 

insecticides are considered .necessaryf or its control. Insecticide resistance with this 

insect threatens the viability of the Austt"alian cotton growing io.dustty. Resistance 

is o.ne of the evolutionary consequences of pesticide use and is an environme.otal 

disaster that does not get much public anention. ualiketbe human health and 

environmental pollution aspects of insecticide use. However, the rate of resistance 

developmentcanbe reducedorcont.ro11edif insecticidesareutilisedideally. "Ideal" 

insecticide use means insecticide use, guided by .knowledge of the mode of action., 

mechanisms of resistance and resistance genetics of the insect targets. 

Followingthedetectionofpyrethroidresistancein H 1l171li¥enin early 1983, a 

resistance .management strategywas implemented. Research has monitored 

develop.men.ts and supported the strategy. Studies of resistance .mechanisms and 

ecological genetics have provided the scientific input to direct and refine the 

strategy. Our understanding of the build up of resistance in populations is 

substantial, but not yet complete. 

Last year I spent several months at Rothamsted Experimental Station in the U. K, 

asaChurcbill Fellow, studying biochemical toxicology in H. ~en. I was 
inspired by the Insecticide Resistance Group· s very practical application of basic 
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research on biochemical resistance mechanisms, to develop sensitive and 

reliable methods for mo.oitoroiJlg resistance in field populations. If elt that in H. 

tumJs"en too, that we will be able to use the power of biochemical and molecular 

genetic techniques .not only to gain afundame.ntal understanding of the processes, 

but to exploit this knowledge to study problems in the field. In this paper, I want to 

share some of these very exciting developments with you. 

TBE Br.CLOTBllr 2E•DIT.lt.llCE 11Alf.AGEllEl1T 8TltATEGT 
- VDT RllE.ARCB IUPPORT m REEDED ? 

Our Heliot/Jis insecticide resistance managementstrategy isthelargestprogram 

of its kind operating anywhere in the world. Co.nti.nued research is needed to 

monitor developments and to provide the basisf or modifications to the strategy and 

this is particularly important with pyrethroid and endosulf an resistance levels 

increasing. In the pa. many efforts to combat resistance have been thrawted by 

lack of detail on its dynamics. The evaluation and improvement of the strategy 

requires: 

1. Effective tec.niquesiA detecthlg resistance . epeciallyinits early stages 

of development. Sensitive methods of detecting and monitoring resistance enhance 

the study of resistance by providing inf ormatio.n about the population dynamics of 

insects as observed in the field . In order to verify that applied strategies for 

resistance management are effective, we must be able to detect resistant individuals 

at very low frequencies. 

2. howledge of iuec:ticide resistaace mechui:s.m.s aad ge11et.ic1. 

Resistance is a problem that can be undernood best from these perspectives. 
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The conventional detection of resistance is based on insecticide susceptibility tests. 

Bioassays are not designed to detect the underlying resistance mechanisms. 

Although the bioassay technique has beeen the best resistance detection approach 

available, itisfarfrom perfect. 

Bioassay limitations are: 

• only one concentration can be tested o.n each insect. 

• .no i.nf ormation on resistance mechanisms is provided . 

· resistance can.not be detected at low frequency using bioassay. 

- results are not available till days, or eve.n wee.ks after field sampliog. 

· results can be ambiguous when a population is heterogeneous. 

BIOCDlllCil •B•mT.DJCB DBTBCTIOH 

FromfUndamentalresistance mechamsm studies • simple biochemical assaysf or 

detecting resistance have been developed. It's an exciting spin·offfrom fundamental 

insecticide mechanism research in insects, based on biochemical, 

immunological and nucliec acid probemetbods. 

!liocllem.ical resistaace detectioafeatues: 

detection of resistance and biochemical mechanisms in single insects . 

· Methods which are cheaper and simpler than conventional bioassays. 

resistance can be detected at veiy low f reqencies. 

accurate, unambi8"-l_ous and instant results. 
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MBTBODI 

Biochemical detection of enzymes iAvolved with resistance. 

Resistanceisofte.nbasedonincreasedenzymedetoxificatio.n, orreducedsensitivi.ty 

to enzyme inhibition by an insecticide. Simple biochemical enzyme assays have 

been very sucessful in resistance detection, when positively cOtTelated with enzyme 

activity. 

lm..m11aousays for enzy.mes associated with resistance. 

Antibodies or monoclonal antibodies to resistance enzymes can be prepared and 

present.newpromising rapid methods forthe detection of minute quantities of 

resistance enzymes. The trapped enzymes may or retain their activity. or 

otbenrise their presence can be detected by enzyme linked immunosorbent assays 

(ELISA tests). These tests are cheap and simple and can be adapted for field work 

and have good specificity. The assays have been sucessfully been used to monitor 

for resistance ini.nsects overseas. 

Detectio.a of resi.sta.ace genes asi.Jlg aacliec acid probes. 

With advances in molecular genetics and gene cloning, it is possible to detect the 

mutant alleles that co.of er resistance by lJsi.ng radiolabelled nucliec acid probes. The 

technology has been already employed in medical and toxicological research. 

Nucleic acid probes will facilitate the identification and isolation of rare proteins, 

thereby allowing for the production of ELISA tests for proteins that would 

otherwise remai.n obscure. Possible targets are the non-catalytic receptor proteins 

and Kdr ion channels that are impossible to isolate by conventional biochemistry. 

These expanding techniques should provide powerlul tools for the the basic study 

of insecticide resistance and its genetic control and the detection of resistant 

insects . 
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aIOCDlllC~ •EmmT~CB J>ETBCTIOll DI 8.. IJjll#IBrRA 

The possibilities for these methods of resistance detection in H. Amli8er.t1 are very 

promising and will expand with more .knowledge of resistance mechanisms. 

Prospects of Bioclle.mical Resistance Deiectioa for H. --ilt!ra 
- Kdr alleles inpyrethroidand DDT resistance 

- possible esterase andmonooxygenase metabolism of pyrethroids and caroamates 

- the acetylcholine receptore target of organophosphorous and carbamates 

- The GABA receptor and its associated chloride channel that may be the site of 

resistance to eadosulfan 

The Cotton.Research Council has approved funding for basic research into the 

biochemical insecticide resistancemechanismsof H. lnlli,f'en .. An important spin­

offfrom our increased understanding of insecticide resistance in H. 111'J1Ji,ffenr will 

be thef'uture development of biochemicalresistance detectionmethods. Methods 

that are cheaper, faster, more accurate and bettedield adapted than the 

discriminating dose bioassaysthatwepresentlyuseto asesstheeffectiveness of 

theresistance management strategy. 

COHCl.WIO• 

Biochemistty is playing an increasing role in managing insecticide resistance, 

since it provides not only the data on the .nature of the resistance mechanisms, 

essential in ma.king rational decisions with control agents. As long as biochemical 

orimmunological tests are backed by unquestionable evidence for the involvement 

in resistance of the biochemical process that is monitored, it provides a means of 

identifying the presence and nature of resistance mechanisms in large numbers of 
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individual insects. This is of primacy importance for developing strategies to 

maaageresista.nce. Directmoni.tori.ng of the primary geneproducicausi.ngresistance 
.. 

is the best means of measuring changes lo. gene frequencies in populations treated 

with insecticides. 
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