GUEST EDIT ORIAL

Dov Borovsky, bornin Israelin 1943, moved to USA
in 1964. U. of Florida (UFIl) ResearchFoundation
Prof. and Prof. of InsectBiochemistryand Molecu-
lar Biology at UFI-IFAS, Florida Medical Entomology
Lab (FMEL), Vero Beach,FL. B.A. in Bacteriology
U. of California Los Angeles(1967); Ph.D. in Bio-
chemistry U. of Miami, Florida (1972); Post-graduate
researchiochemistU. of California,Davis (1972-73).
From Researchnstructorto Asst. Prof., U. of Miami
Schoolof Medicine,Florida(1973-75)from Research
Biochemistto Assoc. Prof. of InsectBiochemistry
and Molecular Biology, UFI-IFAS, FMEL (1978-90);
Prof. of InsectBiochemistryand Molecular Biology
(1990—present)JFl ResearchroundationProf. (2000—
present). Appointmentsn other univesities: U. of
Miami Schoolof Medicine,Dept. of Biochemistryand
MolecularBiology: Adjunct Assoc. Prof. (1985-91),
Adjunct Prof. (1991-present)Katholieke U., Zoology
Inst., Leuven, Belgium: Visiting Prof. of InsectBio-
chemistryandMolecularBiology (1999-present).
Honors: NIH CareerDevelopmentAward (1979-83); Lady Davis Visiting ProfessorshipAward
in Biochemistryto The Hebrev U. of Jerusalen(1986); Katholieke U., Zoology Inst., Leuven:
Visiting Professorshigwardin BiochemistryandMolecularBiology (1995);FloridaEntomological
Society1998AchievementAwardfor Researcht).S. Secretaryof Agriculture Honor Award (1999);
U.S. Secretaryof Agriculture Silver Plov Medal (1999). Other activities: Co-founderof Insect
Biotechnologyinc., Raleigh,NC, andChairmarof the Scienti ¢ Board(1993—2005)Author of over
100 manuscriptseditor of threebooksandauthorof 14 patents.Reseath interests: Biocontrol of
insectsusing geneticallymodi ed, bacterial,yeast,algae and plant cells expressinginsectpeptide
hormonesandRNA..

Insect Peptide Hormonesand RNA-Mediated Interfer ence
(RNAI): Promising Technologiedor Futur e Plant
Protection

Crop protectionagainst agricultural pestinsectsis a major problemin growing and
producingcultivatedplants. Traditional control measure®f breeding,chemicalspraying
and integratedpestmanagemenhave alleviated someof theseproblems. However, the
rapid increasein insectresistancdo chemicalsprayingandthe slow paceof traditional
plant breedingare posinga big challengeto agriculturein the 21st Century Although
biotechnologicabpproachesffer an alternatve to traditionalagriculturalcontrol of pest
insectsthe effective geneghatwereexpressedn agriculturalcrops(e.g. cotton)to protect
themagainstpestinsectsare mainly bacterialtoxins of Bacillusthuringiensis(Bt). These
toxinsareeffective aguinstlepidopterangdipteranandcoleopterarinsectsandmostarestill
usedasa microbial formulation(8). While the useof Bt spraysandgeneticallymodi ed
(GMO) crops especiallycotton,seemdo controlagriculturalpestinsectswe cannotignore
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thefactthatinsectsarecapableof rapidly developingresistancegainstBt toxins (e.g. the
diamondbackmoth Plutella xylostellaandthe tobaccobudworm Heliothis virescengand
new approacheshouldcontinuouslybe developedto controlinsectseffectively.

One approachis to utilize insect-speci c peptide hormonesto selectvely control
differentinsects;thesehormonescontrol diversefunctionsin insectssuchas digestion,
reproductionwaterbalancefeedingbehaior, metamorphosiandsex attraction(3,7). The
adwantageof this approachs thatthesehormonesareinsect-speci candthey controlvital
functionsin the life cycle of insects. Disruption of theseprocessesausesdrreversible
damageand, eventually death. Becausethesehormonesare peptides,and are found
naturallyin insectsthey arenot xenobioticandwould not causenarmto the environment.
Oneof the problemsof usinginsectpeptidehormonesvasthatuntil recentlynottoo mary
of themwerefully characterizedBecausef the peptidicnatureof thesecompoundsthey
cannotbe sprayedon insects cuticle unlessthey areattachedo lipolitic moietiesthatwill
allow their transportthroughthe cuticle into the insects hemolymph. They also exhibit
shortresidualactity, photolability of certainamino acids(e.g. tyrosine),pH stability
andrapid degradationin the ervironmentunlessthey areprotected.Sincemary of these
hormonesareblocked eitherat the aminoterminusaspyroglutamicacid derivativesor are
amidatedat the carboxylicterminus,the peptidescannotbe expressedn bacterial,yeast,
baculwirus, or plant cells, becausenolecularengineeringof thesecells to enablethem
to amidateor to block the aminoterminuswith pyroglutamicacid derivative hasnot been
developedyet. However, several of thesepeptidehormonesn the absencef the blocked
carboxylicandaminotermini have reducedactiities that are still effective (e.g. diuretic
hormoneandovarianecdysotropidormone).

Many of thesepeptidehormoneshave a high degreeof sequenceonserationamong
agriculturalpestinsectsand economicallymay be good candidatedor future plant pro-
tection. Most of thesepeptidehormoneshave not beenclonedandexpressedn plantsor
testedon agriculturalpestinsectsexceptfor Trypsin Modulating OostaticFactor(TMOF)
andpheromondiosynthesisictivatingneuropeptid¢PBAN) from Helicoverpazea which
was cloned and expressedn baculwirus and reducedneonateand 3'¢ instar survival
time of Trichoplusiani larvae by 26% and 19%, respectiely (5). TMOF was initially
puried from the yellow fever mosquitoAedesaggypti ovaries,and an analogueof the
samehormonewas shawvn to exist in H. viresceng2,9). The hormoneis an unblocled
decapeptid¢éhatterminatedood digestionin severalagriculturalpestinsectsg(e.g. tobacco
budworm and citrus weevil) (9,13) by stoppingthe translationof their trypsin message,
and subsequentlcausingstanation and inhibition of insectgrowth. The hormonehas
beenexpressedecentlyin tobacco(10,11)andin alfalfa (D. Borovsky, C. Pavell andR.
Shattersunpublishedobsenations). In both casesfeedingthe leaves of the transgenic
plantsto H. virescensor to the citrus weevil (Diaprepesabbreviatug inhibited trypsin
biosynthesisand larval growth (D. Borovsky, C. Powell, D. lannotti and R. Shatters,
unpublishedbsenations)(10,11).

Although insect peptidehormoneshave a greatpotentialin controlling agricultural
insectpests the blocked peptidesposea challengeto the cloning and expressiorof these
peptidesin plants. The recentdiscoseriesof RNA interferencg RNAI) andrelatedRNA
silencing pathways have enhancedhe potentialof usinginsectpeptidehormonesRNAI
moleculedn controllingagriculturalpestinsects.Threetypesof naturallyoccurringsmall
RNA have beendescribedshortinterferingRNAs (siRNA), repeat-associateshortinter-
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fering RNAs (rasiRNA) andmicroRNAs (miRNA). dsRNA canbe producedrom viruses
by RNA-template,RNA polymerizationor by hybridizing overlappingtranscripts. Such

dsRNAs give rise to siRNA or rasiRNAs, which causemRNA degradationor chromatin
modi cation. Endogenousranscriptghatcontaincomplementaryr nearcomplementary
20-to 50-base-paifbp) invertedrepeatdold backonthemselesto form dsRNA hairpins.

ThesedsRNA hairpinsareprocessedhto miRNA that mediatetranslationakrepressioror

siRNA that causemRNA degradation(1,6). SinceRNA invertedrepeatsthat fold back

andproducedsRNA hairpinscanbe easilysynthesize@ndcloned,suchanapproachwas

successfullyusedto conferviral resistanceandgenesilencingin Nicotianatabacumand

rice (12).

The adwantageof usingdsRNA hairpinsagainstinsecthormoness thatinsectsunlike
mammals,do not requireshortdsRNA of 21 to 22 bp to be effective; dsRNA of 600 bp
areefcient in silencinggenesdn insects(4). Thus,transgeni@lantsthatexpressdsRNA
hairpinsagainstinsectpeptidehormoneshave a potentialof disruptingkey biosynthetic
pathwaysin pestinsectsby destrging or preventing the translationof their messages.
For example,inhibition of diuretichormonewill causeémbalancan wates uric acid,ions
secretiomandfeedingbehaior (tastereceptors)whereagpreventionof juvenile hormone
biosynthesiswill causeprematurepupationand death. This approachis e xible and
delaysacquiredresistanceby insects,becausemary dsRNA hairpins against different
hormonesand key metabolicenzymege.g. enzymeshat are involved in digestionand
metamorphosigrypsinandjuvenilehormone)anbe preparedcandsimultaneouslyloned
into plants. If the dsRNA constructsare carefully selectedin sucha way that thereis
no interferencewith plant's endogenougnzymesand hormones,and thesegenetically
modi ed cropspassstringentregulatorytesting(e.g. no effect on microbial biodiversity
and the ecosystem)ps was donefor Bt crops,it will be possiblein the nearfuture to
protect plants economicallyand effectively without causingervironmental damageor
insectresistance.
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