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Overview

¢ Biopesticides
— History, regulations, moedern applications

¢ Biotechnoelogy and biopesticides

— Plant-incorporated! protectanits (PlP°s) for
Cliop) protection

¢ Bacllius thurimgiensis (Bt)

— Erem bBiepesticider to biotechnoelogy, (plani
INCOKpPorated protectant)

¥ RISk assessment: firem) dietary/, expoesure
— Stailinks CorAras example




What Is a Pesticide? What Is a
Biopesticide?

¢ Pesticide: a chemical intended to Kill,
Injure, or repel a pest
— Defined under EIERA (Federal

Insecticide, Fungicide, and Roedenticide
Act)

¢ Includes fungicides, insecticides, herbicides,
redenticides, antimicrebials, repellents

¢ Biepesticide: pesticides denved frem
patural materals
— Regulated tuinder EIERAS EQPA (Feed
uality, PretectionAct, 1996)
& Pl2Rits
¢ VICreerganisms

& Minerals
¢ Animals




Classifications of Biopesticides

¢ Microbial biopesticides
— Baclillus thuringiensis
— Aspergillus flavus, strain AE 36

¢ Plant-incorporated protectants (PIP’s)

— Applications of bietechnoelogy.

¢ Genetic Incerperation of chemical resistance
Ilactors or microhial pest control factors Inte
planit tissues

¢ Biechemical PIepEeScIdes
— Naturaliy/ eececlurfing chemicals

— Viechanisms ether than Gifect teXICIty/
& SEX PRErGMBRES (INterFfere With mating)
o Repellanit chemicals




Microbial Biopesticides: Baclillus
thuringiensis as Example

¢ Most widely utilized and studied
microbial pesticide

¢ Gram-positive, motile, rod-

Shiaped bacterum

— Ublguiteus, (naturally, eccurring)

— In environment, exists as a dormant
(Spere) ferm

& Eorms proetein crystals (Cry) In spere
form

— Registeredrior use by U.SL EPAaS

piepesticide N U.SE sinece 19611

¢ Criop protection), forestny, greENNOUSES), K TS
VECtoli controel, ouitdoor residential USES RSN




Bacillus thuringiensis (Bt) and
Crystal Proteins (Insect|C|des)

¢ Cry proteins (produced by Bt
— a.k.a. delta-endotoxin

¢ Insecticidal preperties are
selective for the insect

— Contrast with other insecticides

— Afiter Ingestion;, Cry proteins are
cleaved te form active linsecticidal
proten

¢ BInds 16 FECEepPLers I Insect midguit
¢ [Leads 1o cessation off INSECt eeding

— Reasens (e Selectivity

» Receptor selectivity, (INSEects)

¢ Alkaline envireRimenit required fox
cleavage teracuver pretenn




Bt and Human Health Risks

¢ he toxicelogy pathway
— Hazard is ubiquitous ez
— Exposure (contact) Is net unusual

— [Deses are lew: (lbelow! threshold fer
response) XPOsUT

¢ Results of mammalian, human studies

— No efifiects at doeses) = 5,000 mg/kg| Cry/.
pProteins

Contrast with other insecticides
— Respense ellows the dose

9 Other (nentexicolegical) rsks o

envirenmenitall, dietaRy exposure: e
Bt? response




From Bt to Plant-Incorporated
Protectant

¢ Applications of biotechnology

¢ Several important Bt genes
encoding Cry proeteins have
Peen characterized

— AmInNo acid seguences, protein
structure

— Vedification of gene SeEqUENCES
can yieldl Cry/ preteins wWith
enhanced Insecticidal selectiviiby,

¢ Relevance o imitng target range

— Canl Chy, GENES e Introduced Inte
pPIANTS 1) CONIER Proteclion
a0 alnRst SPECIC targell PESLS?

Fig. 1. Plasmid map of PV-ZMBKO?. Restriction
sites and their locations in base pairs, used during
Southern analysis are shown.




From Bt to Plant-Incorporated
Protectant: Biotechnology.

¢ Methods ofi Incorpoeration; ofi Cry
genes Into plant genemes

— Microproejectile bombardment

¢ Gene of Iinterest Is fixed to tungsten or
gold particles (microcarriers)

¢ Gene directly delivered to hest cells at
nigh speed (penetrating) nucleus)
Crop is infected by Pest dies when feading on

¢ Limited efficiency. European com borer any plant part
— Agrebacterium-mediated transfermation
s A. tUmelraciens: (naturally, eecurring)
— Plant pathegen

¢ Plasmid gene off AL tUimefaciens: can
INCOKRPOrate INte Nes gENGMmE; alterng
QENE! EXPressIon of the host:

& Cry/ GERES can e IRedUCEd 1e) thIS
plasmids anciRcerperateaNter IeS:
gen@meE




Examples of Plant-Incorporated
Protectants (Cry Proteins)

¢ Maize, potato, cotton

¢ Applications te corn
— Eurepean corn borer as major pathegen, of
corn
¢ Modified Cry/ genes have been
Introduced! Inte certain strains of corn
(Bt corn)

— Cry/ gene moedifications are selective: fer the
EUrepEaN] CoNAl IBreN;

— |ncorporated gene remains; stalienn
SUSECUERTL GERErALIGNS

— Gene expression of Cry proteins) (In target
planit) Isi conRsIStERt WRERN WA different:
gEBOrAPNIES

¢ HIGHESTE EXPRESSION RN EAIFOIF plani




Table 2. Summary of specific protein levels in MON 810

¢ Increasing utilization of Bt corn In e vt o 139 oo ol i’

Protein (pg/g fresh welght tasue]

U.S. agriculture since 1996 o owes ox

B50 . N.D.

759939 } HA

— 1% 1n 1996 (.4 millien acres) o oo o

421-823 NA,
— 6% in 1997 caras "
1. Al values are expressed b3 pg protein / g fresh weight tissue.

— 189% in 1998 L ol Sk 4 5 0 g
3. The means were caloulated from the analysis of a single pooled

— 26%0) In 1999 (119.5 millien acres) et

5. The range is the minimum and maximum values from the anabysis
of samples from § sies.
6. Mot applicable. Protein was not detected, therefore no range.

¢ First Cry protein: (as; PIP) approved o e o s o o
fior use! in corn (for human e E—
consumpition) n 1995 Figure 1. U.S. Distribution of Bt Corn*

Table 1. Summary of specific protein lavels in MON 810 tissues harvested from 1994 US field trials."*

Protein Leal Grain ‘Whale Plant™* Pollen® 1 nd  3nd
CrylAb 35 031 (] 78 A3

CP4 EPSPS WD/ ND, MN.D. MAY

GO ND. ND. ND. NA,

NPT NA, NA. HA MA.

1. The means wene calculated from the analysis of s plant samples, one from each of six trial sites, unless otherwise indicated,
L AN values are expressed as pg peotein / g fresh welght tssue.

3. The mean values wene caloulated from analyses of plant samples from one site.

4, The mean values wene calculated from analyses of two replicate samples from one site.

5. Mot detected.

6. Not analyred




Bt corn: RIsks and Benefits

& Effective pest
control

¢ Reduced use of
conventional
pesticides

¢ Reduced risk of
mycotexin
contamination

— Studies i Eurepe,
URited Siates

¢ |mpreved crop
Vielas

¢ Pest resistance to
Cry. protein

¢ Effects on non-
target erganisms

¢ liransfer of gene te
ether planits
¢ Risk perception

— Bietechnelegy and
“Erankeniceds:

¢ DIetaRy. FIsSKs firem
Cry/ PreteIns?




The Saga of Starlink Corn

& Genetically modified corn (PIP)
— Carrying Cry9c¢ gene and protein
— Gene Inserted to protect against

EUrepean corn borer, cornstalk borer,
COliA earworm

» Manufacturer applied te U.S. EPA
for use In animal feed and foods

— 1996 EPA granted limitea
registration’ ier animal ieed (et er
RUMman CensSUmpIen)

» ERA planned for additenal fsk assessment:

¢ Ratienale: distRCens ol Cry/9C frem GLhHE
INSEcHcIdall Cry/ pPreteNns
— Chemical staniity/ (heats and acid)
— Siructural characternstcs (allergenicity?)




The Saga of Starlink Corn

O/2000: Environmental group reported
detection ofi Cry9c DNA (not pretein
product) In commercial feeds

— Jlaco shells

Recelved significant media coverage

Led to food recalls, and reassessment of
riIsks By regulatery, agenclies

— > 2.5 million boxes of taco shells recalled
¢ High cest tormanufacturer (millienss)

Eeliewed by, reports el adverse eed
fE2CHENS asseciated With tacer shells; ether
GO PreduUcts: te) EIDA

— REpentS stgeestiveroirpossible food allergy:
EACHIGNS




el :
—The Saga of Starlink Corn

o \What was unigue about about Starlink
corn?

— Starlink was net first iInstance of human
exposure to genetically: modified plants

o Another PIP (Crydal) hadl received regulatory.

s ol tacw vl
v Taew Hell

Krufit Food recafl
[

approval fer human ceonsumpition USes, prior to
Starlink: (1995)
— US EPA apprevediits use as PIR

— N@ reports off adverse ieed reactions hiad heen reported
IR asseelaticon Withrdietary, eExpesure

= StailipkawWwasr an examiple ol Pl gEReEs 19eing
discovered e WhHERE It Was nei
EXPECIEE

o Anchac net receIved regulatory approval




Adverse Reactions to Foods
Derived from Starlink Corn?

¢ Reports ofi adverse food reactions
followed guickly after media reports of
Cry9c gene In taco shells

¢ CDC conducted a study: of suspected
cases

— Case defi n ition : Suspected an ap hyIaCtiC Figure 1. Distribution of Adverse Event Reports Made to

FDA That Met CDC Case Definition for Possible

Allergic Reaction Following a Meal Containing a

(@llergic) reactien Within 1 Rheur of
consumption ofi corn-derived! products ST
& HIves; rashy, swellingl et moeuithy or threat
¢ Vomitng, diarhRes, cramping nvelving enly ene
Indivicezl
& SYMPLEMS NeL clvieusly explained by a pre-
existing medical conaditien
— O 515 ad\VErSEe! reppIits, 26 MEL case: definien
2 palticipatediinrstlssequeEnRtInvestigation




Allergic Reactions to Foods
Derived from Starlink Corn?

¢ Investigation consisted of
assessment of plausibility: of
allergic reaction te Cry9c protein

— Pretein as hazard (In contrast te the
gene encoding the pretein)

— [DIstinctions between allergic
FESPORSES) and teXIC FESPORSES
¢ IHazard>EXxXpoesure—>Dese—>RESPONSE

¢ Prioductionl el anedies (Immunegiekhulinm
E=—aka |gE) mediate: ther allergic respense

— lnranrallergichindnidvals the allergic
FESPBRSE CanNfBECUINOmM VER/ oW A GSES




Allergic Reactions to Foods
Derived from Starlink Corn?

¢ Individuals with suspected allergic food
reactions were tested for a specific IgE fior

the Cry9c protein

— Poesitive antibody test would suggest Cry9c
allergy asi pessible cause ofi adverse reaction

¢ woe other groups of Individuals were

tested! ek same: antinedy/,
— Pooled blood samples fiiom prior to) 1996) (When |
Starlink wasiintreduced)
¢ Controligreup
— ndividualstwithrknewnr Ristery, 6l ieed allergies
¢ llend e haverigher pPreduction: ot many/ L/PES! O
o) =

— | pesitive for: Cryoc gk, would suggest plausibility. §
eirallergic reacon




http://www.cdc.gov/nceh/ehhe/Cry9cReport/default.htm

Allergic Reactions to Foods
Derived from Starlink Corn?

¢ Investigation results

— Cry9c IgE antibodies were not
detectable 1n any of the blood
samples

Figure5. Overall Depiction of FDA ELISA Results: IgE Reactivity to
CrySc in Cases, Pre-1996 Controls, and Atopic Controls and IgE Reactivity

— Other IgE antilbedies were R ——
detectable, but they were to N
commen; envirenmenital allergens

» Animall dander, peanuits; ete.

— Resulits dicinoet coniliam anralliergie
FEaclen ter Cry/96 PreLeln as Calse
Ol rEPEred aeVEerse e FEaCoNS




A Starlink Corn: The Aftermath

¢ November, 2000

¢ EPA re-assessed potential allergenicity of Starlink corn

— Accepted findings off CDC, but could not rule out the possibility
off allergic reactions to Cry9c
& Manufacturer off Starlink sulksequently withdrew its petition for fioed
registration
» EPA subsequently develeped additienall criteria for risk
assessment off pessible allergic respenses, tor PIkR's
— REs|Stance te acid treatment and protein digestien

— Vielecularwerghit range

— Immunelegic (1gE) respenses N At medels

— [Detection; ol the pretein product n the bieedstreamr (@nimal
studies)




Bt Plant-Incorporated Protectants, 2004

& EPA responsible for registration ofi PIP’s

— USDA (Animall and Plant Health) Inspection
Service) oversees research and field trials of
PIP"s

— US EDA proevides input for PIP’s that may.
POSE a risk to feed, animal feed

o AllFPIE s thiat have Been approved By US

EPAWeEre given time-limited registration

— Need fer re-assessimenit 6 FISKS hased Upoen
acditiepaliscientiicraate

http://www.epa.gov/pesticides/biopesticides/pips/bt brad2/1-overview.pdf




Plant-Incorporated Protectants: EPA
Risk Assessment of Bt Corn

¢ 2 Bt corn PIP’s (CrydlAb and CrylF) re-assessed
In 2001

¢ Results of risk re-assessment
— Pretein stability studies

¢ Proteins Inactivated by typical feed processing procedures
» Readily, digestible; and degraded R gastrc fltids

— Acuite eral texicity data
» NoJ effects at acute oral deses = 4000 mg/kg

— Vet conditions oK re-registraten ior eed USES, UNCEr:
Fee @uality/Pretection Acl
» REaASeRabpie CErtainty/ @l Nerharm standarcielr saftety




Plant-Incorporated Protectants: EPA
Risk Assessment of Bt Corn

¢ Ecological re-assessment of risk conducted

¢ Risks of gene transfer? Risks to non-target
SpPecies?
— Available (and new) data feund ne significant risk: of

gene capture, gene expression by wild or ether corn
preducts
» Results were confirmed in studies by USDA

— N@ adverse effects elsen/ed In nen-target Species

fed B corn as) part off diet:

» Avian, ReREY/ 9EES, Wasps, BEEUES, eartWwerms, Mmoenakch
pPUtLErilies

— NG efifiecis) BhSsered en micrekial pepulatens 1n saoll
Where Pl sranergrevin




Plant-Incorporated Protectants: EPA
Risk Assessment of Bt Corn

¢ Re-assessment of insect resistance was
conducted

¢ Has Bt corn resulted in insect resistance to
PlP’s?

— Availlable and new data found ne repekted IncIdents
off INSEect resistance te the Cry proteins in Bt corn
o EPA has mandated enhanced INSECT: FESIStance
managemeRt IRV pPrReg RIS, as pal Gl the
FEegIStratlen PreCESS: ok Bl Coln

¢ Both Bt corm Varetues (CrydAle and Cry1F) were
determmined eligielesior re-registration by EPA




Bt corn: RIsks and Benefits

& Effective pest
control

¢ Reduced use of
conventional
pesticides

¢ Reduced risk of
mycotexin
contamination

— Studies i Eurepe,
URited Siates

¢ |mpreved crop
Vielas

¢ Pest resistance to
Cry. protein

¢ Effects on non-
target erganisms

¢ liransfer of gene te
ether planits
¢ Risk perception

— Bietechnelegy and
“Erankeniceds:

¢ DIetaRy. FIsSKs firem
Cry/ PreteIns?




Bt Corn: Conclusions

¢ PIP’s (and Starlink) as example of
emerging challenges in biotechnology
— New! paradigms in health risk assessment

¢ lToxicity vs. other health endpoints

» Availlable data suggest that risks frem Bt corn
do net differ sulstantially, frem conventional

corn; varieties
— Noetien oiff stlsstantialf eguinvalence

— PUblic perceptions relating to the
pietechnelogy, Used to) create feed
PRECUCES

¢ | contrast ter the eed Itseli

— Risk assessment methods for food
pPIetechnelegy, WilllconbipuE ter evelve n
the future



¢ Do you censider Bt corn (PIP) to have
different health risks than corn that has
peen treated with Bacilius thuringiensis

as a blepesticide? Wiay/?2

¢ Has Starlink corn chianged! y/oui:
PErSPECVE on the rsks and PeERENts) ol
genetcalliy/ moedified fieeds 72 =Hew?




