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— Starlink coynl as; example

Wi Pesiiside? et ls Classifications of Biopesticides
Biopesticide?

¢ Pesticide: a chemical intended to kill, ) - o
injure, or repell a pest + Microbial biepesticides
— Defined under; FIFRA (Federal — Bacillus thuringiensis
Insecticide, Fungicide, and Redenticide — Aspergillus flavus, strain AF 36
Act) L

o v o o ¢ Plant-incorporated protectants (PIP’s)
+ Includes fungicides, insecticides, herbicides, o .
rodenticides, antimicrobials, repellents — Applications of biotechnology.
* Biopesticide: pesticides derived frem + Genetic incorporation of chemical resistance
P = p factors or microbial pest control factors into
natuial maternals DIETT: S0
— Regulated under FIERA, FORA (Food = s Biochemical biopesticides
Quality, Protection Act;, 199 [5))
< Plants
+ Microoraanisms : — Mechanisms other than direct toxicity
» Vinerals + Sex pheromones (interfere with mating)
+ Animals + Repellant chemicals

— Naturally: oceurnng chemicals

Microbial Biopesticides: Bacillus
thuringiensis as Example

Bacillus thuringiensis (Bt) and
Crystal Proteins (Insect|C|des)
+ Most widely: utilized and studied 1y ¢ Cry proteins (produced by Bt

microbial pesticide — a.k.a. delta-endotoxin

¢ Gram-positive, motile, rod- # Insecticidal properties are
shaped bacterium d ; selective for the insect
— Ubiguitous (naturally occurning) ; = Conlirast Wit obfigr insesticides
— I environment, exists as, a dormant — After ingestion, Cry_ pro_telns e
(spore) form cleaved tolform active insecticidal
+ Forms protein crystals (Cry), ini spore Pl ’ pmt_em o .
form DO - i | + Binds| to) receptors inl insect midgut
+ l.eads to cessation of msect feeding
— Reasens fior selectvity
+ Receptor selectivity (insects)

+ Alkaline environment: reguired oy
cleavage te) active) protein

— Regjistered| for use by, U.S. EPA as
BiepesticideNniUISESInCEN 96!
+ Crop) protection;, ferestry, greenhouses, |
vector control, cutdoor residentialltises)




¥ Bt and Human Health Risks

¢ The toxicology pathway,
— Hazard is ubiguitous BRI
— Exposure (contact) is not unusual

— Doeses are low: (below: threshold for
IESPONSE)
+ Results oft mammalian, human studies

— No effects at doses = 5,000 mg/kg| Cry,
proteins

Contrast with other insecticides
— Response ollows the dese

9 Other (hen-texicelegical) nsksifem
envienmentall dietary/ expesure: to

Bt? response

From Bt to Plant-Incorporated
Protectant: Biotechnology

# Methods of incorporation of Cry.
genes into plant genomes

— Microprojectile bombardment
+ Gene directly delivered to host cells at
highi speed| (penetrating nucleus)
— Agrebacterium-mediated
transfomrmation
+ A. tumefaciens (naturally occuring)
— Plant pathogen
+ Plasmid gene of A. tumefaciens can
incorporate into host genome, alterng,
gene expression of the host
+ Cry genesican be introduced to this:

plasmid), andiincorporated intor host
genome

Bt Corn in the United States

+ Increasing utilization of Bt corn in
U.S. agriculture since 1996
— 1% in 1996 (.4 million acres)
— 6% in 1997
— 189% in 1998
— 26%) in 1999 (19.5 million| acres)
Eirst Cry protein| (as PIR) approved
fior use in corl (for human
consumpen)NRNLe85

From Bt to Plant-Incorporated
Protectant

+ Applications: of biotechnology:

¢ Several important Bt genes
encoding Cry, proteins have
been characterized
— AmING acid sequences, protein
structure
— Viodification| off OENe: SeguUences
can yield Cry proteins with
enhancedinsecticidal selectivity
+ Relevance off imiting| target range
— Can Cry genesi bennitroduced Inte
plants to confer protection
ageainst specifici tanget pests?

Examples of Plant-Incorporated
Protectants (Cry Proteins)

+ Maize, potato, cotton
¢ Applications to corn

— European corn borer as major pathogen of
corn

» Modified Cry, genes have been

introduced! into: certain strains; of corn
(Bt cormy)

— Cry gene modifications are selective for the
European corn borer |

— lncorporated genel remains stable in W,
subseguent generations

— Gene expression of Cry/ proteins (in) target

plant)) is consistent when grown) in different -
geographies |
+ Highest expression|in leaf of plant

Bt corn; Risks and Benefits

+ Effective pest # Pest resistance to
control Cry protein

¢ Reduced use ofi ¢ Effects on nomn-
conventional target organisms
pesticides # Transfer of gene to

¢ Reduced risk off other plants

mycotoxini ¢ Risk perception
contamination? — Biotechnology and

— Studies; inf Eurepe, “Erankenioods:”
United States % Dietarny Heks! from

% Impreved crop; Cry/ pProteins?
Vields
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Risk/Benefits: Bt Corn and
Mycotoxins

trod, o fack thereal, of fumonisin, aflaton,

The Saga of Starlink Corn

¢ 9/2000: Environmental groups reported
detection of Cry9c DNA (not protein
product) in commercial foods
— Taco shells

¢ Received significant media coverage

+ led to food recalls, and reassessment ofi
lfisks by regulatory agencies
— = 2.5 million boxes of taco shells recalled
+ High cost to manufacturer (millionss$)
% Eollowed by reports ol adverseiood
reactions associated withr tace; shells; other:
Col products tor EDA

— Reports suggestive of possible food allergy/
reactions

Adverse Reactions to Foods
Derived from Starlink Corn?

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

¢ CDC conducted a study ofi suspected
Cases
— Case definition: suspected anaphylactic
(allergic) reaction within 4 hour: ofi
consumption off corn-derived! products
+ Hives, rash, swelling of mouth or throat
+ Vomiting, diarrhea, cramping involving only one
individual
+ Symptoms not obviously explained by a pre-
existing medicall condition
— Of 51 adverse reports, 28 met casel definition
24 participated in subseduent investigation

The Saga of Starlink Corn

# Genetically modified corn (PI1P)
— Carrying Cry9c¢ gene and protein
— Gene Inserted to protect against
European corni borer, cornstalk borer,
Corn earworm
» Manufacturer applied to U.S. EPA
fior use in animallfeed and foods
— 1908: EPA granted limited:
registration fort animal feed (not for
RUmMan consumption)
+ EPA planned for additionall risk assessment
+ Rationale: distinctions) ofi Cry9C from other
insecticidal €y proteins
— Chemical stability (heat and acid)
— structurall characteristics (allergenicity?)

The Saga of Starlink Corn

+ What was unigue about about Starlink
corn?

— Starlink was, not first instance of human
exposure to genetically modified plants
s Another PIP (Crydab) had received regulatory.
approval fier human consumption USES Prioxr: to
Starlink (1995),
— US EPA approved its use as PIP

— No) reports ofi adverse food reactions had been reported
N association with| dietary: exposure

= Starlinkawasranrexample oif PIP geRes eI
discoveredinioodMWhErEN WS NoE
Expected
sAndhad notEceved regulatory approval

Allergic Reactions to Foods
Derived from Starlink Corn?

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

— Proteini as hazardl (in contrast to the
gene encoding the protein),
— Distinctions: between alleygic
liesponses; and toXIC respeNses
+ Hazarnd >Exposure>Dose>Response
+ Production off antibodies (immunoeglobulin
E— aka IgE) mediate the allergic response

— In an allergic individual, the allergic.
TESPONSE AN OCCUl filom very low doses




Allergic Reactions to Foods
Derived from Starlink Corn?

¢ Individuals with suspected allergic
food reactions were tested for a
specific IgE for the Cry9c protein
— Positive antibody test wouldl suggest
Cry9c allergy: as pessible causer of
adverse reaction

& IWo other greups off individuals
werertested for same antiiody/
— Popled bleod samplEs firom Pre to
1906 (When! Starlinkwas intreduced)
+ Control group)
— Individuals withriknoewn: histeny: of food
allergies

" Starlink Corn: The Aftermath

+ November, 2000

¢ EPA re-assessed potential allergenicity of Starlink corn
— Accepted findings of CDC, but could not rule out the possibility:
of allergic reactions to Cry9c
+ Manufacturer of Starlink subseguently withdrew: its petition for food
registration
» EPA decided torno lenger allow split-use registration for
PlR*s
— Animal feed andlfood intended for human consumption
¢ ERPA subseguently developed additionall criteria foif rsk
assessment ofi possible allergjic responses to PIP’s
— Resistance to acid treatment: and protein digestion;
— Molecular weight range:
— Immunolegic (10E) responses in rat models:
— Detection of thel protein product in the bloedstream

Bt corn; Risks and Benefits

# Effective pest ¢ Pest resistance to
control Cry protein

+ Reduced use of + Effects on non-
conventional target erganisms
pesticides ¢ lransfer of gene to

¢ Reduced risk off other plants
mycotoxing ¥ RISk perception
contaminatien? — Biotechnology, and
— Studies;in Europe, “Erankenioods’”

United) States ¥ Dietarny, rsks from

» Improved crop Chy/ proteins?
Vields

hty I ult.htm

Allergic Reactions to Foods
Derived from Starlink Corn?

+ Investigation results

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

— Other IgE antiboedies were
detectable, but they were to
common envirenmental allergens

+» Animal dander, peanuts, etc.

— Results didinet confirm anrallergic:
ieaction to Cry/9c) protein as cause
of reported adverse food reactions
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Bt Corn: Conclusions

¢ PIP’s (and Starlink) as example of
emerging challenges in biotechnology:

— New: paradigms; in health risk assessment
+ Toxicity vs. other health endpoints

— Public perceptions relating to: the:
technoelogy, used! to) create food! products

— RISk assessment methods for fieed
bietechnolegy willfcontinuer torevelverin
the future




Questions for Discussion

+ How do the risks of exposure to
Bacillus thuringiensis differ firom
exposure to Bt corn?

s Arel plant-incerporated protectanis
containing Bt (Cry) proteins
adeguately regulated?




