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InsectPeptide Hormonesand RNA-Mediated Interfer ence
(RNAi): PromisingTechnologiesfor Futur ePlant

Protection
Crop protectionagainst agriculturalpestinsectsis a major problemin growing and

producingcultivatedplants. Traditionalcontrolmeasuresof breeding,chemicalspraying
and integratedpestmanagementhave alleviatedsomeof theseproblems. However, the
rapid increasein insectresistanceto chemicalsprayingand the slow paceof traditional
plant breedingare posinga big challengeto agriculturein the 21st Century. Although
biotechnologicalapproachesoffer an alternative to traditionalagriculturalcontrol of pest
insects,theeffectivegenesthatwereexpressedin agriculturalcrops(e.g. cotton)to protect
themagainstpestinsectsaremainly bacterialtoxinsof Bacillus thuringiensis(Bt). These
toxinsareeffectiveagainstlepidopteran,dipteranandcoleopteraninsectsandmostarestill
usedasa microbial formulation(8). While theuseof Bt spraysandgeneticallymodi�ed
(GMO)crops,especiallycotton,seemstocontrolagriculturalpestinsects,wecannotignore
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thefactthat insectsarecapableof rapidly developingresistanceagainstBt toxins(e.g. the
diamondbackmothPlutella xylostellaandthe tobaccobudworm Heliothisvirescens) and
new approachesshouldcontinuouslybedevelopedto controlinsectseffectively.

One approachis to utilize insect-speci�c peptide hormonesto selectively control
different insects;thesehormonescontrol diversefunctionsin insectssuchas digestion,
reproduction,waterbalance,feedingbehavior, metamorphosisandsex attraction(3,7).The
advantageof this approachis thatthesehormonesareinsect-speci�candthey controlvital
functionsin the life cycle of insects. Disruption of theseprocessescausesirreversible
damageand, eventually, death. Becausethesehormonesare peptides,and are found
naturallyin insects,they arenot xenobioticandwould not causeharmto theenvironment.
Oneof theproblemsof usinginsectpeptidehormoneswasthatuntil recentlynot toomany
of themwerefully characterized.Becauseof thepeptidicnatureof thesecompounds,they
cannotbesprayedon insect's cuticleunlessthey areattachedto lipolitic moietiesthatwill
allow their transportthroughthe cuticle into the insect's hemolymph. They alsoexhibit
short residualactivity, photolability of certainamino acids(e.g. tyrosine),pH stability
andrapid degradationin theenvironmentunlessthey areprotected.Sincemany of these
hormonesareblockedeitherat theaminoterminusaspyroglutamicacidderivativesor are
amidatedat thecarboxylicterminus,thepeptidescannotbe expressedin bacterial,yeast,
baculovirus, or plant cells, becausemolecularengineeringof thesecells to enablethem
to amidateor to block theaminoterminuswith pyroglutamicacidderivative hasnot been
developedyet. However, severalof thesepeptidehormonesin theabsenceof theblocked
carboxylicandaminotermini have reducedactivities that arestill effective (e.g. diuretic
hormoneandovarianecdysotropichormone).

Many of thesepeptidehormoneshave a high degreeof sequenceconservationamong
agriculturalpestinsectsandeconomicallymay be goodcandidatesfor future plant pro-
tection. Most of thesepeptidehormoneshave not beenclonedandexpressedin plantsor
testedon agriculturalpestinsectsexceptfor TrypsinModulatingOostaticFactor(TMOF)
andpheromonebiosynthesisactivatingneuropeptide(PBAN) from Helicoverpazea, which
was cloned and expressedin baculovirus and reducedneonateand 3r d instar survival
time of Trichoplusiani larvae by 26% and 19%, respectively (5). TMOF was initially
puri�ed from the yellow fever mosquitoAedesaegypti ovaries,and an analogueof the
samehormonewasshown to exist in H. virescens(2,9). The hormoneis an unblocked
decapeptidethatterminatesfooddigestionin severalagriculturalpestinsects(e.g. tobacco
budworm andcitrus weevil) (9,13) by stoppingthe translationof their trypsin message,
and subsequentlycausingstarvation and inhibition of insectgrowth. The hormonehas
beenexpressedrecentlyin tobacco(10,11)andin alfalfa (D. Borovsky, C. Powell andR.
Shatters,unpublishedobservations). In both cases,feedingthe leavesof the transgenic
plants to H. virescensor to the citrus weevil (Diaprepesabbreviatus) inhibited trypsin
biosynthesisand larval growth (D. Borovsky, C. Powell, D. Iannotti and R. Shatters,
unpublishedobservations)(10,11).

Although insectpeptidehormoneshave a greatpotential in controlling agricultural
insectpests,theblockedpeptidesposea challengeto thecloningandexpressionof these
peptidesin plants. The recentdiscoveriesof RNA interference(RNAi) andrelatedRNA
silencingpathwayshave enhancedthe potentialof using insectpeptidehormonesRNAi
moleculesin controllingagriculturalpestinsects.Threetypesof naturallyoccurringsmall
RNA have beendescribed:shortinterferingRNAs (siRNA), repeat-associatedshortinter-
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fering RNAs (rasiRNA) andmicroRNAs (miRNA). dsRNA canbeproducedfrom viruses
by RNA-template,RNA polymerizationor by hybridizing overlappingtranscripts.Such
dsRNAs give rise to siRNA or rasiRNAs, which causemRNA degradationor chromatin
modi�cation. Endogenoustranscriptsthatcontaincomplementaryor nearcomplementary
20- to 50-base-pair(bp) invertedrepeatsfold backon themselvesto form dsRNA hairpins.
ThesedsRNA hairpinsareprocessedinto miRNA thatmediatetranslationalrepressionor
siRNA that causemRNA degradation(1,6). SinceRNA invertedrepeatsthat fold back
andproducedsRNA hairpinscanbeeasilysynthesizedandcloned,suchanapproachwas
successfullyusedto conferviral resistanceandgenesilencingin Nicotianatabacumand
rice (12).

Theadvantageof usingdsRNA hairpinsagainstinsecthormonesis thatinsects,unlike
mammals,do not requireshortdsRNA of 21 to 22 bp to be effective; dsRNA of 600 bp
areef�cient in silencinggenesin insects(4). Thus,transgenicplantsthatexpressdsRNA
hairpinsagainst insectpeptidehormoneshave a potentialof disruptingkey biosynthetic
pathways in pest insectsby destroying or preventing the translationof their messages.
For example,inhibition of diuretichormonewill causeimbalancein water, uric acid,ions
secretionandfeedingbehavior (tastereceptors),whereaspreventionof juvenilehormone
biosynthesiswill causeprematurepupationand death. This approachis �e xible and
delaysacquiredresistanceby insects,becausemany dsRNA hairpins against different
hormonesandkey metabolicenzymes(e.g. enzymesthat are involved in digestionand
metamorphosis:trypsinandjuvenilehormone)canbepreparedandsimultaneouslycloned
into plants. If the dsRNA constructsare carefully selectedin sucha way that thereis
no interferencewith plant's endogenousenzymesand hormones,and thesegenetically
modi�ed cropspassstringentregulatorytesting(e.g. no effect on microbial biodiversity
and the ecosystem)as was done for Bt crops, it will be possiblein the near future to
protect plants economicallyand effectively without causingenvironmentaldamageor
insectresistance.

Dov Borovsky
Universityof Florida – IFAS

Florida MedicalEntomology Laboratory
Vero Beach, FL 32960,USA

[Fax: +1-772-778-7200;e-mail: dobo@mail.ifas.u�.edu]

REFERENCES

1. Baulcombe,D. (2004)Nature 431:356-363.
2. Borovsky, D., Carlson,D.A., Grif�n, P.R.,Shabanowitz, J.andHunt,D.F. (1993)FASEBJ. 4:3015-3020.
3. Gade,G. andGoldworthy, G. J. (2003)PestManage. Sci.59:1063-1075.
4. Hannon,G.J.[Ed.] (2003)RNAi - A Guideto GeneSilencing.Cold SpringHarborLaboratoryPress,Cold

SpringHarbor, NY, USA.
5. Ma, P.W.K., Davis, T.R., Wood,H.A., Knipple, D.C. andRoelofs,W.L. (1998)InsectBiochem.Mol. Biol.

28:239-249.

Phytoparasitica33:2,2005 111



6. Meister, G. andTuschi,T. (2004)Nature (Lond.)431:343-349.
7. Menn,J.J.,Kelly, T.J.andMasler, E.P. [Eds.] (1991)InsectNeuropeptidesChemistry, Biology andAction.

ACSSymp.Ser. 453.
8. Metz,M. [Ed.] (2003)Bacillusthuringiensis– A Cornerstoneof ModernAgriculture.FoodProductsPress,

Binghamton,NY, USA.
9. Nauen,R.,Sorge,D., Sterner, A. andBorovsky, D. (2001)Arch. InsectBiochem.Physiol.47:169-180.

10. Tortiglione, C., Fanti, P., Pennacchio,F., Malva, C., Breuer, M., De Loof, A. et al. (2002) Mol. Breed.
9:159-169.

11. Tortiglione,C., Fogliano,V., Ferracane,R., Fanti, P., Pennacchio,F., Monti, L.M. et al. (2003)Plant Mol.
Biol. 53:891-902.

12. Waterhouse,P.M., Graham,M.W. andWang,M-B. (1998)Proc.Natl. Acad.Sci.U.S.A.95:13959-13964.
13. Yan,X-H., De Bondt,H.L., Powell, C.C.,Bullock, R.C.andBorovsky, D. (1999)Eur. J. Biochem.262:627-

636.

112 D. Borovsky


