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(57) Abstract: The invention relates to a method for obtaining DNA constructions coding for Cry toxins with 3 domains (also known
as Cry toxins, Bt toxins or 0-endotoxins), which lack helix o-1. Said DNA constructions were modified in order to encode proteins
that can kill insects that are resistant to the corresponding non-modified Cry toxins. The invention relates to the DNA constructions
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A

~ (57) Resumen: La presente invencién provee un método para obtener construcciones de DNA que codifican para toxinas Cry de
) 3-dominios (también llamadas toxinas Cry, toxinas Bt, o 0- endotoxinas) que carecen de la hélice o-1. Estas construcciones de
— DNA fueron modificadas para codificar proteinas capaces de matar insectos que presentan resistencia a las correspondientes toxinas
) Cry no-modificadas. Las construcciones de DNA de los genes de toxinas cry de 3 -Dominios Modificadas y las proteinas Cry de
v={ 3 -Dominios Modificadas se presentan junto con los métodos, los vectores moleculares y las células huésped que contienen estas
T : , , : : : . o ;

of) construcciones, asi como los métodos recombinantes para producir las Toxinas Cry de 3-Dominios Modificadas. Ademas, en esta
& invencidn se describen formulaciones conteniendo a las Toxinas Cry de 3 -Dominios Modificadas. La resistencia de los insectos a
& toxinas Cry no-modificadas se debe a una menor unién de la toxina a los receptores que se encuentran en el intestino del insecto. La
e\ presente invencion provee la expresion de las construcciones de Toxinas Cry de 3 -Dominios Modificadas, los métodos de expresion
de estas Toxinas Cry de 3 -Dominios Modificadas, los microorganismos transformados y las plantas transgénicas con construcciones
que expresan las Toxinas Cry de 3 -Dominios Modificadas, y los métodos para suprimir la resistencia de insectos plaga hacia toxinas
Cry no-modificadas.
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SUPPRESSION OF RESISTANCE IN INSECTS TO BACILLUS
THURINGIENSIS CRY TOXINS, USING TOXINS THAT DO NOT REQUIRE

THE CADHERIN RECEPTOR

ABSTRACT OF THE INVENTION

Cry toxins of Bacillus thuringiensis (Bt) are valuable for their ability to control insect
pests in different cultivars, forests, and insects that transmit disease 1n humans. The
development of resistance in insect infestations to the Bt toxins is the principal obstacle
for continuing success in the use of this msecticide, which 1s environmentally friendly.
The main mechanism in insects of resistance to the Cry toxins involves a reduction in

binding of the Cry toxins to the specific receptors located 1n the insects’ gut. (Ferre and

Van Rie, 2002).

The Cryl A proteins are a group of Bt toxins that kill some key lepidopterous insects. In
strains of the three principal cotton pests [Heliothis virescens (Gahan ef al, 2001),
Pectinophora gossypiella (Morin et al, 2003) and Helicoverpa armigera (Xu et al.,
2005)], resistance to the Cryl A toxins is linked to changes in the cadherin protein,
which acts as the primary receptor for Cry toxins in the intestine of vulnerable insects.
Mutations 1n the cadherin gene produce “Type 1” resistance to the Bt toxins, this type
of resistance 1s the resistance that presents with the greatest frequency in different
insects. This type of resistance, which presents high levels of resistance to at least one
Cryl A toxin, is of a recessive nature, reduces the binding of at least one Cryl A toxin to
the resistant msect’s membranes and presents very little cross resistance to the toxin
CrylC (Ferre and Van Rie, 2002). Interestingly, the diamondback worm (DBM),
Plutella xylostella, a world-wide pest that attacks vegetables such as broccoli and
cauliflower, presents “type 1” resistance to the Cryl A toxins but in this case it is not
directly associated with mutations in the cadherin gene. The DBM is the only Bt toxin
resistant insect in the entire world that was selected in the field (Tabashnik, 2004).
Binding to cadherin facilitates the proteolytic cut of the -1 helix of Domain I and the
formation of a oligomeric pre-pore which is responsible for the toxicity of these

proteins (Gomez et al, 2002).
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In this invention, it is demonstrated that Modified 3-Domains Cry Toxins produced
from 3-Domain Cry gene constructions lacking the DNA for encoding Helix o-1, kills

insects that are resistant to the wild 3-Domain Cry toxins (Unmodified Cry Toxins).

The genetic basis of the resistance of insects to Unmodified 3-Domain Cry Toxins 1s
linked to mutations in the cadherin gene that encodes the primary receptor of the Cryl A
toxins. In resistant insects, the primary receptor is truncated or absent, so the binding of
Cry toxins to the membranes of the intestinal cells is reduced or absent. Theretfore,
resistant insects are not sensitive to Unmodified 3-Domain Cry Toxins The Modified 3-
Domain Cry Toxins that are presented in this invention suppress resistance by not
requiring binding of the toxin to the cadherin receptor. The toxicity of the Modified 3-
Domain Cry Toxins was demonstrated against two strains of insects resistant to wild
Cryl A toxins and was also tested on insects with a reduced vulnerability to Cry toxins
induced by silencing the cadherin RNA. One strain of resistant insects presents Type 1
resistance by genetic modification of the cadherin gene, while the other strain presents

Type 1 resistance not linked to mutations in the cadherin gene.

Modified CrylA proteins produced by building genes lacking the o~1 helix induced the
in vitro formation of the oligomeric pre-pore without requiring binding to the cadherin
receptor, nor fragments of the cadherin protein containing the Cry toxin binding sites or
the antibody in the scFv (scFv73) format, which mimetizes the Cry toxin binding region
present in the cadherin receptor (Gomez et al, 2002). On the other hand, Unmodified
Cryl A proteins require the presence of the scFv73 antibody or fragments of the

cadherin protein or cadherin to produce the oligomeric pre-pore in vitro.

The invention herein described could have very broad applications due to the similarity
that exists in the Cryl A proteins’ mode of action with other 3-Domain Cry Toxins, as
well as the presence of various insects having a common resistance mechanism to the
Cry toxins. In addition to the Cryl A proteins, there are many other Bt toxins that are
Cry toxins having a 3-Domain structure, in which proteins with low similitude in the
amino acid sequence are included (de Maagd et al. 2001). It has been reported that
different 3-Domain Cry Toxins (Cryl A, CrylB, CrylC, CrylD, CrylE, CrylF, Cry3A,
Cry3B, Cry3C, Cry4A, Cry4B y Cryll) form oligomeric structures similar to those
observed with the Cryl Ab toxin and that are inserted into the membrane of target larval

intestinal cells, forming ionic pores. This suggest that the 3-Domain Cry proteins have
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a mechanism with an similar action (Gomez et al, 2002; Rausell et al, 2004a, Rausell et
al, 2004b; Herrero, S. et al, 2004; Mufioz-Garay et al, 2006). Moreover, the most
common resistance mechanism in insects to the Cryl A toxins involves alterations in the
primary cadherin receptor. These alterations avoid the formation of oligomeric pre-pore
structures that normally are mediated by the interaction of the Cry toxin with the
cadherin receptor. Therefore, we predict that different insects resistant to Unmodified 3-
Dbmain Cry Toxins may be sensitive to the corresponding Modified 3-Domain Cry
Toxins, from which the fragment that encodes the o-1 helix was revealed. The Modified
3-Domain Cry Toxins produced by the genetic constructions here described may be
presented to the insect population as topically applied insecticides (for example, as a

spray insecticide), as transgenic microorganisms, or as transgenic plants.

BACKGROUND

Bacillus thuringiensis (Bt) is a bacteria belonging to the Bacillus cereus group
(Helgason et al 2000). Unlike other members of the Bacillus cereus group, Bt produces
parasporal crystals that are principally made up of insecticide proteins called Cry

toxins, Bt toxins, or §-endotoxins.

Bt toxins are toxic for some specific insects and are non-toxic to humans, vertebrates,
and plants. They are also completely biodegradable. Therefore, Bt toxins are safe and
effective in controlling pest insects. The applications for these toxins include: 1)
controlling defoliating infestations in forests, 2) controlling mosquitoes and black flies
which are vectors for disease in humans, 3) controlling agricultural infestations by
using insecticide formulations containing Bt toxins or microorganisms that express

them, and 4) controlling agricultural infestations by using transgenic plants that produce

Bt toxins.

Cry proteins may divide Into several groups according to their homology. The group
that contains the greatest number of Cry toxin variants is the 3-Domain Cry protein
group. Other groups of Cry toxin homology include Cry toxins similar to Bin and Mix
toxins produced by Bacillus sphaericus (Crickmore ef al, 1998; Crickmore et al, 2002).

To date a large quantity of Bt stramns have been isolated, finding toxins active to

lepidopterous, dipterous, or coleopterous insects (Schnepf et al. 1998). The Cry toxins



CA 02690188 2009-12-08
4

kill insects because they form lytic pores in the membrane of the epithelial cells of the

Intestine of the larva.

Structure of the 3-Domain Cry Toxins. The members of the‘. 3-Domain Cry Toxins
family are globular proteins shaped by three domains linked via simple linkers. The
three dimensional structures of the toxins active with CrylAa proteases (specific to
Lepidoptera), Cry3A, Cry3B (specific to Coleoptera), Cry4Aa and Cry4Ba (specific to
Diptera) and Cry2Aa protoxin (specific to Diptera and Lepidoptera) have been reported
(Grouchulski er al, 1995; Li et al, 1991; Galistki et al, 2001; Morse et al, 2001;
Boomserm et al, 2005; Boomserm et al, 2006). The sequence identity is low among
some of these toxins. For example, between the Cry2Aa and Cry3Aa there is 20%
identity and the toxins Cry2Aa and CrylAa present only 17% 1dentity of its sequences.
In spite of the low sequence identity of these toxins, their three dimensional structure is

similar, suggesting that they share similar action mechanisms (Figure 1).

Each toxin of the 3-Domain Cry toxin family has three structural domains, called I, II,
and III. Domain I is formed by branching of seven a-helixes in which the central helix
(a5 helix) 1s surrounded by the external helixes. The o5 helix is highly conserved within
the 3-Domain Cry toxin family. This domain has been involved in the formation of the
ionic pore in the target insect membrane. Domain II consists of three antiparallel (-
sheets packed around a hydrophobic center which forms a 8-structure prism. Domain II
has been designated as the domain determining specificity, it is the most variable
domain (de Maagd et al, 2001). The amino acid residues involved in the contacts
between domains I and II (present in the o-7 helix and the -1 sheet) are highly
conserved in the Cry family of toxins. Domain III is formed by two antiparallel (-
sheets. This domain is also involved in specificity and interactibn with the receptor (de
Maagd et al, 2001). The contacts between domain II and III (that corresponds to 3-11
and (5-12 sheets) as well as the interior area of domain III (that corresponds to 8-17 and

(3-23 sheets) also are highly conserved within the 3-Domain Cry toxin family:.

Mechanism of Action In order to kill insects, the 3-Domain Cry toxins are converted
from parasporal crystals made up of protoxins to ionic channels formed by oligomeric
structures inserted in the membrane that causes an output of ions and cellular lysis. The
parasporal crystal 1s ingested by the vulnerable larva; this crystal is solubilized within

the intestine of the larva. As shown in Figure 1, the solubilized protoxins are cut by the
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proteases of the itestine producing proteic fragments of 60-70 kDa (de Maagd et al,
2001). This 1nitial activation of the toxin involves proteolytic processing of the N-
terminal end (25-30 amino acids for Cryl toxins, 58 residues for Cry3 toxins and 49 for
Cry2Aa) and 1n the case of the long Cry protoxins of 130 kDa (Cry1, Cry4, Cry5, Cry7-
Cryl4, Cryl6-21, Cry24-Cry32, Cry39-44, Cry47-48 and Cry50) approximately half

the protein 1s also processed in its C-terminal end.

After the initial proteolytic cut, the toxin binds to specific receptors in the apical
membrane microvilli (brush border) of the columnar cells present in the intestinal
epithelium (Schnepf et al, 1998; de Maagd et al, 2001). The interaction with the
primary receptor induces a second protéolytic cut of the toxin where the a-1 helix is
removed. After the second cut, the toxin molecule is completely activated and may
associate with other similar molecules to form an oligomeric structure. The oligomer of
the toxin presents a high affinity for the second receptor (aminopeptidase or alkaline
phosphatase). The interaction with the second receptor facilitates the insertion in the
microdomains of the membrane (Schnepf et al, 1998; Aronson y Shai, 2001; Bravo et al
2004; Pardo et al 2006). The insertion of the toxin leads to the formation of lytic pores

in the apical membrane microvilli, and finally to the death of the cells (Schnepf et al,

1998; Aronson y Shai, 2001).

At least four different proteins in lepidopterous insects have been described that are
capable of binding to CrylA toxins: The primary receptor is characterized as a protein
similar to the cadherins (CADR); the secondary receptors are two proteins anchored to
the membrane by a bridge of glycosylphosphatidyl inositol (GPI), aminopeptidase-N
(APN) and alkaline phosphatase (FAL). Finally, a glycoconjugate of 270 kDa has also
been reported as a possible primary receptor (Vadlamudi et al, 1995; Knight et al, 1994;
Jurat-Fuentes et al, 2004; Valaitis et al, 2001).

In this invention we will use the abbreviation CADR to refer to the cadherin type of
proteins that act as primary receptor for one or more Bt toxins. Due to the fact that a
systematic nomenclature for these proteins has not yet been established, the names of
the different CADRs present in different insects vary, for example, Bt-R; for the
cadherin of Manduca sexta (Vadlamudi et al, 1995) and BtR for P gossypiella (Morin
et al, 2003). The CADRs are transmembrane proteins with a cytoplasmic domain and

with an extracellular ectodomain that contains various repeated motifs that characterize
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the cadherins, 12 repeated motifs in the case of Bt-R; (Vadlamudi et al, 1995). These
ectodomains contain calcium binding sites, interaction sequences with integrins and

cadherin binding sequences.

The sequential process in the interaction of the toxin with different receptors has been
described in detail for the Cryl A toxin in Manduca sexta. In this insect, the toxin first
binds to the primary Bt-R; receptor. After the toxin oligomerizes, it binds to the

secondary receptors anchored by GPI to the membrane, APN or FAL (Bravo et al,
2004; Jurat-Fuentes ef al, 2006).

Binding of the CrylAb to the Bt-R; in M. sexta promotes an additional proteolytic cut
in the N-terminal end of the toxin (remoVing the -1 helix). This cut facilitates the
formation of a pre-pore with an oligomeric structure that increases its affinity to the
secondary receptor and that is important for the insertion of the toxin into the membrane
and for toxicity (Gomez et al, 2002; Rausell et al, 2004a). Incubation of the CrylAb
protoxin with proteases present in the M. sexta gut in the presence of the simple chain
antibody scFv73, which mimetizes to the binding site present on the Bt-R; receptor,
also produces toxin preparations containing the oligomer of 250 kDa, which lacks the
domain I o-1 helix (Goémez et al, 2002, 2003). This oligomer of 250 kDa also forms
when the CrylAb protoxin is incubated with the proteases of the M. sexta gut in the

presence of peptides that contain the Bt-R; receptor sequence for the specific bond of

the toxin (repeated regions on CADR 7 and 11) (Gomez et al, 2002, 2003).

The oligomeric structures of CrylAb and CrylAc increase their affinity to bind to the
secondary APN receptor some 100 to 200 times, showing constants of apparent
disassociations of 0.75-1 nM (Gomez et al, 2003, Pardo et al 2006). The oligomer of
250 kDa, 1 contrast to the monomer of 60 kDa, is membrane insertion competent
(Rausell ef al, 2004a). Analysis of pore formation in flat lipid bilayers constructed with
synthetic lipids demonstrated the differences in CrylAb oligomer and monomer pore
formation. First, pore formation occurs at a much lower concentration with the oligomer
than with the monomer. Second, the ionic channels induced by the oligomer are more

stable and present a high probability of opening unlike those induced by monomers
(Rausell et al, 2004a).
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The formation of oligomers from Cry toxins has been demonstrated for the CrylAa,
CrylAb, CrylCa, CrylDa, CrylEa, CrylFa, CrylCa, Cry3A, Cry3B, Cry3C and Cry4B
toxins (Gomez et al, 2002; Rausell et a/, 2004a, Rausell et al, 2004b; Herrero, S. ef al,
2004; Muiioz-Garay et al, 2006; Tigue, et al. 2001; Likitvivatanavong, ef al. 2006). The
CryllAa toxin also oligomerize in the presence of their receptors (Perez, personal
communication). In all of these cases, pore formation activity was much greater in the
toxin samples that contained oligomeric structures in contrast to those that only
contained monomeric structures of the toxin. This data supports the hypothesis that the

formation of Cry toxin oligomers increases the toxicity of these proteins.

APN and FAL receptors have been implicated in the process of inserting the CrylA
toxins into the membrane. Removal of APN and FAL via a GPI cut with a
phospholipase C treatment specific for phosphatidyl inositol (this enzyme removes the
GPI-anchored proteins) significantly abate the CrylAb oligomer levels inserted into
membrane microdomains and drastically reduce toxin pore formation activity (Bravo et
al, 2004). Furthermore, incorporating APN in synthetic flat bilayers increases the
CrylAa pore forming activity (Schwartz et al, 1997).

Based on the data described above, a model of the action mechanism of the CrylA
toxins 1s proposed, which involves the sequential interaction of the CrylA toxins first
with the Bt-R; receptor and then with the APN-FAL molecules. The interaction of the
CrylA monomer with the cadherin receptor facilitates the formation of a oligomeric
pre-pore structure which presents an increase in the affinity of the bond with the second

APN or FAL receptor. The pre-pore of the toxin then binds with APN or FAL. Finally,

the pre-pore of the toxin is inserted in the membrane microdomains (or lipid rafts)

inducing pore formation and cellular lysis (Bravo et al, 2004).

Resistance in Insects to the Cry Toxins. The main resistance mechanism to the Cry
toxins involves a reduction in binding of the toxin to the receptors located in the
insects’ gut (Ferré and Van Rie, 2002). Mutation sin genes that encode CADRs are
strongly linked to resistance to Cryl A toxins in at least three extremely important insect
pests: H. virescens (Gahan et al, 2001), Pectinophora gossypiella (pink bollworm)
(Morin et al, 2003) and Helicoverpa armigera (Xu et al, 2005). In the case of the
diamondback worm (DBM), Plutella xylostella, a world-wide pest that attacks

vegetables such as broccoli and cauliflower, the “type 1’ resistance is not directly
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linked to mutations in the cadherin gene. Nevertheless, it is possible that the mutation in
this line of resistant insects may indirectly affect the expression of the cadherin protein

(Baxter et al 2005).

The creation of transgenic crops that produce Cry toxins 1o kill the principal pest insects
1s a defining moment in the reduction of chemical insecticide use and an increase in the
use of alternatives that are environmentally compatible and friendly for the control of
insects. Cry toxins are continuously produced in transgenic plants, which allows them
to control insect borers that are protected from surface sprayed chemical insccticides.
The production of Cry toxins has been improved through genetic engineering of the Cry
genes to have a condon use that is compatible to that of the plants, eliminating possible
RNA processing sequences and cutting the protoxin C-terminal region (Schuler et al

1998),

Insect resistant transgenic plants have been used on a large scale since 1996. Bt-corn

and Bt-cotton have been grown in 26 million ha 2005 (James 2005). This

very broad use of Bt crops incites an intense selective pressurc for Bt toxin resistance in
Insect pest populations (Tabashnik 1994, Gould 1998). If the insect pest develops
resistance, the usefulness of the Bt toxins ends. In response to this challenge, strategies
o manage resistance have been developed and implemented to prolong the

effectivencss of the Bt crops.

The principal strategy to prevent resistance in Bt crops is the use of refuges (Gould
1998). Refuges arc arcas of non-transgenic crops grown near Bt crops. The objcctive of
the refuge strategy is to retrace the resistance maintaining populations of vulnerable
msects that may matc with resistant insects. In the majority of the cases studied, the
resistance to Cry toxins is conferred through recessive mutations (Ferre y Van Rie,
2002; Conner et al, 2003; Tabashnik et al, 2003). With recessive resistance,
crossbreeding between resistant homozygote insects that may émerge from Bt crops
with vulnerable homozygote insects of the refuge area will producc heterozygote
offspring that is vulnerable to the Cry toxin expressed by the Bt crops. Although this
strategy secems to be useful 1o retrace the resistance, meticulous large scale field trials
have not been performed (Tabashnik ef al, 2005). In any case, the refuge strategy

assumes resistance will be retraced, not prevented.
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Resistance to Bt crops in the field has not yet been reported, nevertheless laboratory
selection has generated Bt resistant strains in many insect pests (Tabashnik, 1994; Ferre
and Van Rie, 2002; Tabashnik, er a/, 2003). Additionally, resistance to the spray Bt
toxins has developed in the field in the diamondback worm, Plutella xylostella (L.), and

in greenhouse populations of cauliflower 100pers, Trichoplusia ni (Hiibner)

(Tabashnik, 1994; Ferre y Van Rie, 2002; Janmaat and Meyers, 2003; Tabashnik et al
2003).  With extensive use of Bt toxins throughout the world and with the rapid
Increase in its use, resistance in insect pests to the Cry toxins currently used, is an
increasingly significant threat to human health, food production, and the environment.
Therefore, Modified Cry Toxins that kill resistant insects are desirable and absolutely

necessary.

DETAILED DESCRIPTION OF THE FIGURES

F igure I. — Mechanism of Action of the Unmodified 3-Domain Cry Toxins.

Figure 2. — Mechanism of Action of the Modified 3-Domain Cry Toxins.

Figure 3. — Design of firsts [SIC] for PCR reaction of the long (130 kDa) and short (70
kDa) Cry toxins

Figure 4. - PCR strategy for the production of Cryldb and CrylAc lacking the N-

terminal end of the protein up to the end of the a-1 helix.

Reglon of the promoter (390 bp)

Amino terminal end containing the o~1 helix

Region of the toxin from the -2 helix to 3-23 (1687 bp)

[:' - Fragment of the C-terminal end of the protoxin (2069 bp)

Region of the terminator (368 bp)
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Figure 5. — SDS-PAGE acrylamide gel electrophoresis of mutant Modified Cryl Ab and
CrylAc Toxins without the -1 helix demonstrating the production of a 130 kDa

protoxin protein.

Figure 6. — Detection via Western Blotting immunodetection of the oligomeric structure
(250 kDa) of the unmodified CrylAb toxin obtamned after incubating the CrylAb
protoxin with gastric j uice from the gut of the Manduca sexta in the presence of CADR
proteic fragments (containing repetitions 7-12, 11-12 or 12) or in the presence of the

sckv73 antibody or with no CADR fragment or antibody (control).

Figure 7. — Detection of the oligomeric structures (250 kDa) via Western Blotting

immunodetection obtained only by treating the Modified 3-Domain Cry Toxins,

CrylAbMod and Cryl AcMod with trypsin.

Figure 8. — Agarose gel electrophoresis showing the double chain RNA (dsRNA) of the
Bt-R| gene fragment and gene control obtained after the in vitro transcription with T7

polymerase.

Figure 9. - Detection of the larval gut homogenates (10 pg) via Western Blotting
immunodetection revealed with the anti Bt-R1 antibody or with the antibody against the
total proteins of the apical membrane microvilli of the gut (anti-BBMYV). The controls
(Iines 1 and 2) are two separate larvae that were injected with water and cultivated oh
an artificial diet without toxin. Samples of the gut of 7 separate larvae (Iines 3 to 9) that

were 1njected with 1 pg dsRNA Bt-R; and cultivated on an artificial diet with 20 ng
Cryl Ab/cm”.

Figure 10. — Manduca sexta larvae injected with 1 pg of Bt-R; dsRNA and incubated in
Petr1 boxes for three days on an artificial diet with: A) 20 ng CrylAb/cm?; B) 5 ng
Cryl AbMod/cm?; C) water (control).

DETAILED DESCRIPTION OF THE INVENTION

Definitions.

The term “3-Domain Cry Toxin(s)" refers to one (a tew) member(s) of a subgroup of

the insecticidal crystal protein family also called Cry toxins, Bt toxins, or 6-

endotoxinas, that are globular proteins made up by three different structural domains (I,
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II and III) linked by 'simple bonds. Although the sequence identity among some of these
toxins 1s low, their structural topology is similar, suggesting that they share a similar
action mechanism (Figure 1). Among these 3-domain toxins, this invention targets a
very well known group of short Cry toxins in particular (Cry3, Cry2 and Cryll) and
long cry toxins (Cryl, Cry4, Cry5, Cry7, Cry8, Cry9, Cry10, Cryll, Cry12, Cryl3, Cry
14, Cry 16, Cryl7, Cryl8, Cryl9, Cry20, Cry21, Cry24, Cry25, Cry26, Cry27, Cry28,
Cry29, Cry30, Cry31, Cry32, Cry39, Cry40, Cry4l, Cry42, Cry43, Cry44, Cry47,
Cry48 and Cry50), which share a mechanism of action. To kill the insects, these toxins
must bind to a primary receptor before forming an oligomeric structure that inserts itself

into the membrane to create pores.

The term “Unmodified 3-Domain Cry Toxin(s)" stands for the wild 3-Domain Cry
Toxin that has not been modified. These unmodified toxins requires binding to the first
receptor and must be enzymatic processed, removing the o-1 helix in order to be

completely activated and toxic to vulnerable larva (Figure 1).

The term “Modified 3-Domain Cry Toxin(s)" stands for the 3-Domain Cry Toxins that
were modified so that they lack the o-1 helix. These toxins do not require binding to
the first receptor nor do they require their a-1 helix be enzymatically processed to

become active (Figure 2).

The terms “CrylAbMod”' and “CrylAcMod” stands for the two individual Modified 3-
Domain Cry Toxins that lack the o-1 helix, and that correspond to Unmodified 3-
Domain Cry Toxins, Cryl Ab and CrylAc, respectively.

The term “Eligible Resistant Insects” refers to the insects resistant to Unmodified 3-
Domain Cry Toxins whose resistance is linked to mutations that affect the expression of
the primary receptor gene (called cadherin for Cryl A toxins), whether the mutations are

directly present in the primary receptor gene or in other genes that affect the expression

of said primary receptor.

Since when the primary receptor is modified, truncated, or not expressed, the bond of
the Unmodified 3-Domain Cry Toxins to the apical membrane of the gut cells is
reduced or eliminated and the toxin cannot be completely activated, the oligomer 1s not
formed, it does not insert itself into the membrane and it does not kill the insects.

Therefore, these insects are resistant to the Unmodified 3-Domain Cry Toxins. These
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resistant insects are the target of the Modified 3-Domain Cry Toxins of this invention
where the Modified 3-Domain Cry Toxins suppress the resistance of the insects that are
already capable of forming the oligomer, of inserting themselves into the membrane

and finally, of killing these resistant insects.

As was said above, there is a problem that may presently be an issue of major
importance in agriculture, forests, and public health. This problem is the appearance of
resistance to the Unmodified 3-Domain Cry Toxins in insect pests that are continually
exposed to these toxins, since these toxins are sprayed or produced by transgenic plants.
Different strategies have emerged to retrace this problem, but it is not expected that

these strategies will prevent or resolve it once it occurs.

The inventors of this invention designed and put into practice a way to suppress
resistance to the Unmodified 3-Domain Cry Toxins in insects by the Eligible Resistant
Insects with the Modified 3-Domain Cry Toxins which bypass two steps in the
mechanism of action of the Unmodified 3-Domain Cry Toxins (Figure 2): 1) the bond
between the toxin and the primary receptor and 2) the additional proteolytic cut in the
N-terminal end of the toxin that makes cutting the -1 helix possible. These steps are
required to facilitate the formation of a pre-pore with an oligomeric structure for the
Unmodified 3-Domain Cry Toxins, the oligomeric pre-pore is important for the

insertion of the toxin into the membrane and for toxicity (Gomez et al, 2002: Rausell et

al, 2004a).

This 1nvention is based on knowledge of the mechanism of action of certain members of
the 3-Domain Cry family (illustrated in Figure 1), which it is hoped will be common for
the other members of the 3-Domain Cry toxin family (Bravo ef al., 2004; Gomez et al,
2002; Rausell et al, 2004a, Rausell ef al. 2004b; Herrero, S. ef al, 2004, Mufioz-Garay
et al, 2006). This invention is also based on the knowledge that defects in the primary
receptor constitute the most common and important mechanism by which insects

become resistant to the Cry toxins (Ganan ef al, 2001, Ferre and Van Rie, 2002; Morin

et al, 2003; Xu et al, 2005).

In the first scope, this invention relates to a method for obtaining DNA constructions
coding for 3-domain Cry toxins which lack the a-1 helix. As has been mentioned

above, the in vitro enzymatic cut of this portion of the toxin facilitates the formation of
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an oligomeric pre-pore in the Unmodified 3-Domain Cry Toxins (Figure 1). In contrast
to the Unmodified 3-Domain Cry Toxins, neither the toxicity of or the binding to the
primary receptor (CADR for Cryl A toxins) or the enzymatic cut of the -1 helix of the
referenced Modified 3-Domain Cry Toxins require association with the bond to the
primary receptor (Figure 2). Thése DNA constructions are useful for producing
Modified 3-Domain Cry Toxins that bypass the binding step with the primary receptor
and the enzymatic cut of the a-1 helix. The Modified 3-Domain Cry Toxins are useful
whether they are produced by transgenic plants or expressed in other systems as

microorganisms or applied in another way such as spray insecticides.

The method to obtain DNA constructions coding for Modified 3-domain Cry toxins

lacking the -1 helix consists of the following steps:

a) Select the target gene of the 3-Domain Cry toxin that you wish to modify.

b) Identify the area of the promoter, the area that encodes the protein fragment and

the coding area for the o1 helix.

c) Amplify the gene excluding the area that encodes the amino-terminal end and

the a-1 helix.

Amplification of the gene lacking the o~1 helix may be performed using the chain
reaction of the polymerase (PCR), using a proper DNA template containing the
Unmodified 3-Domain Cry toxin gene that has been selected. This is done in two or
more amplification steps, depending on the size of the gene and on the fragments that
you wish to use. The first step of amplification (PCR1) amplifies only the promoter
area, the second PCR (PCR2) and the subsequent amplification steps (PCR3) amplify
the coding area beginning at the -2 helix going up to the 3-23 and also amplify (if it is

present) the area corresponding to the carboxyl-terminus end of the protein.

For the PCR1, oligonucleotides are designed first from the amplification reaction that
includes the start codon (ATG) and the internal restriction site Ncol. For PCR2 and the
following amplifications, the oligonucleotides must be designed to obtain the number of

DNA fragments desired to include the coding area of the protein including from the -2
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helix up to the 5-23 sheet. The carboxyl-terminus end of the protein, if it is present in

the selected 3-Domain Cry Toxin, must also be amplified including the terminator area

of the prote1n.

Preferably, the oligonucleotides must include restriction sites in their 5’ ends that are
not present in the selected gene. The internal Ncol site may be used to bind the product
of thé PCR1 with that of the PCR2. The restriction sites will be selected 1n such a way
that the 3’ end of the product of the PCR-1 reaction may be linked only at the 5’ end of
the product of the PCR-2 reaction, and the 3’ ends of the product of the PCR-2 may be
linked only at the 5’ end of the product of the PCR-3 and so forth. (Figure 3).
Pretferably, the specific restriction sites that are included in the 5° end of the product of
the PCR1 containing the promoter area and in the 3’ end of the PCR that contains the

terminator must be used to bind these DNA fragments to a proper plasmid vector.

The application of this method is illustrated in Example 1 for the CrylA and CrylAc
toxins. However, this may be applied for any other Unmodified 3-Domain Cry Toxin to
obtain the corresponding Modified 3-Domain Cry Toxin lacking the o-1 helix. The
web page of Neil Crickmore (Crickmore, N. Zeigler, D.R., Schnepf, E., Van Rie, J.,

Lereclus, D., Baum, J, Bravo, A. and Dean, D.H. "Bacillus thuringiensis toxina

nomenclature” 2005, http://www.lifesci.sussex.ac.uk/Home/Neil Cﬁekmore/Bjj) lists
the majority of the known Cry toxins and the 3-Domain Cry toxins, including the NCBI
access numbers of their coding DNA. Any of these 3-Domain Cry Toxins may be
selected to apply the method of this invention to obtain the respective DNA
construction of the Modified 3-Domain Cry Toxins. The expression of these DNA

constructions may be easily achieved, as shown in Example 2.

Preferably, the plasmid vector will be a vector with a double origin replication that may
be replicated in the cells of Escherichia coli and Bacillus thuringiensis. The expression
vectors may contain a selection marker, which is a protein coding gene necessary for
the survival or for the growth of the host cell transformed with the vector. Typically, the
sélection marker genes encode for proteins that confer resistance to antibiotics or other
substances (for example, ampicillin, neomycin, or methotrexate). The selection maker
genes may also be genes that complement auxotrophic deficiencies or that provide

critical nutrients not available in the complex medium. Choosing the proper selection
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marker gene will depend on the host cell; in the state of the art proper selection markers

are known for different hosts.

The binding mix may be transformed into E. coli cells, and the transforming plasmid
may then be purified and transformed into B. thuringiensis cells for the expression of
Modified 3-Domain Cry Toxins and the production of bioinsecticides. Alternately, the
Modified 3-Domain Cry Toxin gene may be expressed 1n heterological systems as other
microorganisms using proper vectors (including bacteria, virus, algae, and yeasts) or
other organisms including transgenic insect and plant cells. For transgenic plants, the
vector must be proper for transformation and expression in plants (such as corn, cotton,
and soy, or others), so that the engineered plants produce the Modified 3-Domain Cry
Toxins. Plants transformed in this manner may be protected from the attack ot the target
Insects that are resistant to the Unmodified 3-Domain Cry Toxins. The preferred uses
for application 1n spray bioinsecticides of the Modified 3-Domain Cry Toxins include,
without limitation, protection of vegetables and forests. The preferred infestations we

are seeking to control in this way, include but are not limited to lepidopterous insects.

To demonstrate how this method works, proteic fragments were obtained from the
CrylAb and CrylAc toxins which lack the o-1 helix, through the method of this

invention as illustrated in Example 1.

The DNA constructions coding for Modified 3-domain Cry toxins that lack the o-1
helix obtained by the above described method are also included within the scope of this

Invention.

In Example 2, vectors containing the above mentioned constructions that encode the
Modified 3-domain Cry toxins lacking the o-1 helix are illustrated, which are included
within the scope of this invention. It is well known by experts in the technique that the
selection of vectors will depend in particular on the host cells that are used. Genetically
engineered host cells that contain the aforementioned vectors are also included, some
preferred host cells include bacteria, in particular Gram-positive bacteria such as those
of the Bacillus genus, or Gram-negative bacteria, such as Pseudomonas and

Escherichia, and plant cells such as corn, soy, potato, cotton, and other plants.

The recombinant methods to produce Modified 3-Domain Cry Toxins of this invention

shall be included within the scope of this invention. In general, these methods include



CA 02690188 2009-12-08
' 16

the steps to cultivate genetically engineered host cells containing a vector that harbors
DNA constructions of Modified 3-Domain Cry Toxins. Under proper growing
conditions, genetically engineered host cells produce the Modified 3-Domain Cry
Toxins. These methods also include the option to recover the Modified 3-Domain Cry
Toxins from the cellular culture, either with spores, or as purified proteins, or contained

within the host organism.

These methods are illustrated in Example 2 for the Modified 3-Domain Cry Toxins
(Cryl AbMod and Cryl AcMod).

In another scope, coded modified 3-domain Cry toxins are described. Modified 3-
Domain Cry Toxins do not require binding to the primary receptor to form the pre-pore
oligomeric structure. Thus, given that the Modified 3-Domain Cry Toxins which lack
the a-1 helix are toxic to the Eligible Resistant Insects, they both continue to be toxic

for isects sensitive to the Unmodified 3-Domain Cry Toxins.

As mentioned above, after solubilization in the gut medium, the following three steps 1n
the mode of action are: 1) Initial enzymatic cut by the proteases of the gut medium,
causing removal of the N-terminal peptide from the C-terminal area (if it is present in
the toxin); 2) binding to the primary receptor, and 3) second enzymatic cut causing
removal of the o-1 hehx. These three steps produce a protein capable of forming the

oligomeric structure called pre-pore (Fig. 1).

A defective primary receptor (CADR) is the most important and common mechanism
by which insects become resistant to the Cry toxins (Ganan et al/, 2001, Ferre and Van
Rie, 2002; Morin et al, 2003; Xu et al, 2005). Alterations in the primary receptor reduce
or eliminate binding of the Unmodified 3-Domain Cry Toxins, apparently preventing
the enzymatic cut of the a-1 helix and inhibiting the formation of the pre-pore
oligomeric structure necessary for toxicity. Modified 3-Domain Cry Toxins lack the o-1
helix. In this way, in order to kill insects, these toxins do not require binding to the
primary receptor, nor is required the cut associated with this binding that results in the
loss of the o-1 helix. As they do not require binding to the primary receptor, the defects
in the primary receptor that block the binding, do not block its toxicity. In other words,
the Modiﬁed 3-Domain Cry Toxins suppress the resistance of insects because the

interaction with the primary receptor is not required.
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To 1llustrate these Modified 3-Domain Cry Toxins, DNA constructions were obtained
that encode Modified Cryl Ab and CrylAc Toxins (lacking the -1 helix) as shown in

Example 1, and the Modified toxins were expressed as shown in Example 2.

To demonstrate that the Modified 3-Domain Cry Toxins are able to form pre-pore
oligomeric structures, protoxins of the two Modified 3-Domain Cry Toxins,
CrylAbMod and CrylAcMod, were treated only with the trypsin protease producing
thus the 250 kDa oligomer. In contrast, the same treatment with trypsin of the protoxins
of the two corresponding Unmodified 3-Domain Cry Toxins, Cryl Ab and Cryl Ac, only

produced the 60 kDa monomer structure, as shown in Example 3.

The toxicity of the Modified 3-Domain Cry Toxins was determined by feeding resistant
and vulnerable larvae in bioassays diets containing different concentrations of the
Modified 3-Domain Cry Toxin. The toxicity of CrylAbMod and CrylAcMod was
compared with that of their unmodified counterparts, CrylAb and Cryl Ac against the
first stage vulnerable (wild) larvae of the pink bollworm (Pectinophora gossypielld) and
pink bollworms that are resistance to Cryl Ab and CrylAc. The toxicity of Cryl AcMod
was also compared with its counterpart, unmodified CrylAc, against first instar larvae
of the vulnerable strains resistant to CrylAc of the diamondback worm. The
Unmodified Cryl Ab and CrylAc toxins were highly toxic to vulnerable larvae, but not
so for resistant larvae (Tables 1 and 2). In contrast, the Modified 3-Domain Cry
Toxins, CrylAbMod and CrylAcMod killed the vulnerable larvae as well as the
resistant ones (Tables 1 and 2). These results show that the Modified 3-Domain Cry
Toxins used for example (Cryl AbMod and Cryl AcMod) suppressed the high level of
resistance to the Unmodified Cryl A toxins in the Eligible Resistant Insects, that are
associated with mutations that atfect the expression of the primary receptor (CADR in
the case of CrylA), whether they are direct mutations in the gene of said primary
receptor (as in the case of the pink bollworm) or in genes that indirectly‘ atfect the

expression of the primary receptor (as in the case of the diamondback worm).

To test the toxicity of Modified 3-Domain Cry Toxins of this invention against another
target insect, the Manduca sexta, for which populations of resistant insects have not yet
been 1solated or cultivated, M. sexta larvae were obtained with the CADR receptor
silenced and they were tested to determine their resistance to the Unmodified Cryl Ab,

as described in Example 5. With these M. sexta larvae (with the CADR receptor
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silenced) the toxicity of the Modified 3-Domain Cry Toxin, Cryl AbMod was tested, as
described in Example 6. The results demonstrated once more that the Modified 3-
Domain Cry Toxins kill insects that are resistant to the corresponding Unmodified 3-

Domain Cry Toxins.

In another scope, this invention refers to the method to suppress the resistance of the
Eligible Resistant Insects, which is based on killing said insects by allowing them to eat
foods containing a sufficient amount of the Modified 3-Domain Cry Toxin of this
invention. The lethal dose depends on many factors, including: the mixturé of the
excipient used; the technique and conditions of application; if the formulation is an
aerosol, a film, or small particles; the thickness of the film or the 'size of the particles
and others of this type. The resolution of these factors and other considerations suitable
for determining the lethal dose of Modified 3-Domain Cry Toxins 1s within the abilities

of professionals in the technical field.

To teed the Eligible Resistant Insects with Modified 3-Domain Cry Toxins, said toxins
must be available within the diet of the insect populations. This may be done by
applying formulations containing the Modified 3-domain Cry Toxins. This may also be
done by generating transgenic plants that contain the DNA constructions that encode
the Modified 3-Domain Cry Toxins linked in an operable manner to vectors of
expression suitable for plants, in such a way that said transgenic plant produces the

Modified 3-Domain Cry Toxins.

The formulations and the transgenic organisms may be used for agricultural crops,
forests, and to control disease vectors. For example, some genetically altered trees exist
that produce Bt toxins, also algae has been genetically altered to produce Bt toxins to

control mosquitos.

To kill the Eligible Resistant Insects, formulations containing the Modified 3-Domain
Cry Toxins may be applied periodically where the insect infestation feeds. For example,
it may be applied to plants (leaves, stems, roots or other plant parts) to kill the Eligible
Resistant Insects infesting crops or forests, and in bodies of water to kill the Eligible
Resistant Insects that are human disease vectors living in the water during their larval
stage (for Example, mosquitoes and black flies). This may done cyclically alternating

applications of formulations containing Unmodified 3-Domain Cry Toxins (without the



CA 02690188 2009-12-08
19

Modified 3-Domain Cry Toxins) with applications of formulations containing Modified
3-Domain Cry Toxins. The Unmodified 3-Domain Cry Toxins may be applied until the
appearance of the Eligible Resistant Insects is calculated to take place or is observed, at
which time the formulations containing the Modified 3-Domain Cry Toxins may be

then applied to kill the resistant insects.

Another scope of this invention relates to new formulations or compounds that contain
one or more Modified 3-Domain Cry Toxins to suppress the resistance of the Eligible
Resistant Insects. In the formulations, the Modified 3-Domain Cry Toxins may be
contained 1n host organisms or associated with spores or in a homogeneous preparation
of pure proteins or in a mixture of spores with cultivated transformed organisms. The
Modified 3-Domain Cry Toxins may also be contained in a non-sporing microorganism
such as Escherichia coli or a sporing microorganism such as Bacillus megaterium or B.
thuringiensis, associated with spores of the strain used to express them or as 1solated
crystals (and optionally a pure Cry protein) together with a mixture of excipients. The
amount of the excipient mixture used will depend upon the potency desired in the
formulation. In choosing the excipient mixture which are components in the
formulation, the final purpose sought for the formulation should be considered. For
Example, agronomically acceptable excipient mixtures must be used for formulations
that will be applied to crops and ecologically acceptable excipients must be selected for
formulations to be applied in forests (to control forest infestations of the Eligible
Resistant Insects) and for bodies of water (to control the vector insects of the Eligible

Resistant Insects).

The mixture of the excipients may include carriers, surfactant agents, UV protectors,
and other components, and may take the form of wettable powders, liquid concentrates,

granules, or other formulations. These formulations and procedures of application are

well known 1n the technology.

The term “excipient” as it is used here, means an inert solid or liquid material, which
may be inorganic or organic and of a synthetic or natural origin, with which the active
compound 1s mixed or formulated to facilitate its application on plants, seeds, grounds,
water, or other objects to be treated, or its storage, transport, and/or management. Any
of the commonly used materials in the formulation of bio-pesticides —for example,

acceptable additives in horticulture, agriculture, and ecology are suitable—.
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Some suitable solid excipients are natural and synthetic clays and silicates, for example,
natural silica such as diatomaceous earth; magnesium silicates, for example, talc;
aluminum-magnesium silicates, for example, attapulgites and vermiculites; aluminum
silicates, for example, kaolinites, montmorillonites, and micas; calcium carbonate;
calcium sulfate; synthetic hydroxysilicone and synthetic calcium silicates; elements
such as, for Example, carbon and sulfur; natural and synthetic resins such as, for
example, coumarone resins, polyvinyl chloride and polymer and copolymer styrenes;
bitumen; waxes such as, for example, bee’s wax, paraffin wax, and chlorinated mineral
waxes; solid fertilizers, for Example, superphosphates; and ground natural fibrous

materials, such as ground corn cobs.

Examples of suitable liquid excipients are water, alcohols such as isopropyl and glycol
alcohols; ketones such as acetone, methylethylketone, methylisobutylketone and
cyclohexanone; ethers such as cellosolves; aromatic hydrocarbons such as benzene,
toluene, and xylene; petroleum fractions such as kerosene, light mineral oils;
chlorinated hydrocarbons such as carbon tetrachloride, perchloroethyléne, and
trichloromethane. Other suitable compounds are liquefied compounds, that are normally

vapors or gases. Mixtures of different liquids are commonly suitable.

A surfactant agent may be added, which may be an emulsifying agent, a dispersing
agent, or a moisturizing agent: may be non-ionic or ionic. Any of these surfactant
agents usually applied in the formulation of herbicides or insecticides may be used.
Some examples of suitable surfactant agents are the sodium and calcium salts of
polyacrylic and sulfonic acids; products of fatty acid or aliphatic amine or amide
condensation that contain at least 12 carbon atoms in the ethylene oxide and/or
propylene oxide molecule; glycerol esters and fatty acid, sorbitan, saccharose, or
pentanethiol; condensations of these with ethylene oxide and/or propylene oxide;
products of fatty acid condensations or alkylphenols, for example, p-octylphenol or p-
octylcresol, with ethylene oxide and/or propylene oxide; Sulfates or sulfonates of these
products of condensation, alkaline salts or alkaline earth metals, preferably sodium salts
of sulfuric or sulfonic acid esters that contain at least 10 carbon atoms in the molecule,
for example, sodium lauryl sulfate, secondary alkyl sodium sulfates, sodium salt of
sulfonated castor o1l, and sodium alkylaryl sulfonates such as sodium dodecylbenzene

sulfonate; and ethylene oxide polymers and ethylene or propylene oxidé copolymers.



CA 02690188 2009-12-08
21

Some examples of UV protectors are referenced in US patent No. 5,141,744, where
stable macrogels are described (for at least six months) that contain UV protectors (like
octyl dimethyl PABA) that are used in pesticides including Bt toxins which offer
advantages for protection against inactivation by sunlight. US patent No. 4,094,969
discloses another manner to establish pesticide formulations that ‘contain Bt toxins

which rapidly degrade upon exposition to sunlight through the addition of sulfonated
copolymers.

The compounds of this invention may be prepared as wettable powders, granules,
solutions, emulsifiable concentrates, concentrates in suspension, and aerosols. The
wettable powders are usually compounded to contain between 25 to 75% by weight of
the active compound and usually contain, in addition to the solid carrier, between 3 and
10% by weight of a dispersing agent, 12 to 15% of a surfactant agent and, when
necessary, up to 1 to 10% by weight of stabilizers and other additives such as
penetrators or adhesives. The powders are usually formulated as a concentrate 'powder
that has a composition that is similar to that of the wettable powders but without the
dispersing or surfactant agents, and are diluted in the field with additional solid carriers
1n order to obtain a compound that usually contains between 0.5 and 10% by weight of
the active compound. The granules are usually prepared to be of a size between 10 and
100 BS mesh (1,676-0.152 mm), and may be manufactured by agglomeration or
impregnation techniques. Generally, the granules contain between 0.5 and 25% by
weight of the active compound, 0 and 1% by weight of additives such as stabilizers,
modifiers for slow release and agglutinating agents. Emulsifying concentrates usually
contain, in addition to the solvent and, when necessary, the cosolvent between 10 and
20% by volume weight of the active compound, between 2 and 20% by volume weight
of emulsifiers and between 0 and 20% by volume weight of appropriate additives such
as stabilizers, penetrants, and corrosion inhibitors. Concentrates in suspension are
compounded to obtain a stable, nonsettleable, and fluid product and usually contains
between 0 and 75% by weight of the active compound, between 0.5 and 5% by weight
of dispersing agents, between 1 and 5% of surfactant agents, between 0.1 and 10% by
weight of suspension agents, ' such as antifoaming agents, corrosion inhibitors,
stabilizers, especially for the protein, penetrants, and adhesives, and as a carrier, water

or an organic liquid in which the active compoun'd 1s substantially insoluble; certain
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organic solids or inorganic salts may be dissolved in the carrier to help prevent

sedimentation or as antifreeze agents for water.

The Water-dispersible granule formulations 1s in the form of hard, dry granules that are
essentially free of powder and that are resistant to wear and handling, minimizing in
this way the formation of powder. Upon contact with water, the granules disintegrate
rapidly to form suspensions of particles of the active material. This type of formulations
contains 90% or more by weight of the active matenal, between 3 and 7% by weight of
ground surfactants, which act as dispersing humectants, suspension and agglutinating

agents and between 1 and 3% by weight of a carrier, which acts as a suspension agent.

Aqueous dispersions and emulsions, for example, formulations obtained by diluting a
wettable powder or concentrate in accordance with the invention with water, which also
fall within the scope of this invention. Said emulsions may be of the water in o1l type or

of oil in water, or it may have a thick consistency like mayonnaise.

It 1s obvious from the aforementioned that this invention provides for formulations that
contain as little as 0.0001% by weight and up to as much as 95% by weight of a
Modified 3-Domain Cry Toxin of this invention as the active agent. Since commercial
products are preferably formulated as concentrates, the final user normally uses dilute

formulations of a substantially lower concentration.

The compounds of this invention also contain other active ingredients, for example,
other compounds that possess pesticidal properties, especially insecticidal (particularly
other Cry and Crt toxins), acaricidal, or fungicidal properties, as is suitable for the

intended purpose.

Formulations containing the Modified 3-Domain Cry Toxins are prepared according to
known methods, for example by homogeneous mixing and/or grinding the active

ingredients with the carrier mix.

The Modified 3-Domain Cry Toxins of this invention also may be administered to the
target insect infestation through transgenic plants that express these Modified Toxins.
There are several commercially available transgenic Bt crops, including corn and
cotton. The methods for constructing these and other transgenic plants to express the

genes of Cry Bt toxins are well know by experts in the technology. Briefly, there are
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several methods to transform vegetable cells and tissues: The “Gene Pistol” method,
also known as microprojectile or biolistic bombardment (see US patents No. 4,945,050
1ssued to Cornell and 5,141.131 issued to DowElanco, now Dow AgroSciences, LLC);
the electroporation me_thod (see WO87/06614 1ssued to Boyce Thompson Institute and
W092/09696 and W093/21335, both 1ssued to Plant Genetic Systems) Hespecially useful
in the transformation of the monocotyledon species such as corn and rice; and the
method mediated by Agrobacteriun (Vaeck et al '1987) that has been successfully
practiced on dicotyledons (plants with large leaves such as soy and tomatoes) for many
years, and has recently been effective in some monocotyledons (grass and other related
plants) (see: US Patents Nos. 5,177,010 issued to the University of Toledo; No.
5,104,310 1ssued to Texas A&M; European Patent Applications 0131624B1, 120516,
159418B1 and 176,112 1ssued to Schilperoot; US Patents Nos. 5,149,645, 5,469,976,
),464,703, 4,940,838 and 4,693,976 1ssued to Schilperoot; European. Patent
Applications Nos. 116718, 290799, 320500 issued to the Max Planck Institute;
European Patent Applications 0267159 and 0292435 and US Patent No. 5,231,019

1ssued to Ciba Geigy, now Novartis).

In general, the Agrobacterium method is considered preferable to the gene pistol, due to
the high frequency of external DNA single-site insertion, making it easier to monitor. If
Agrobacterium is used to transform plants, the DNA to be inserted in the genome of the
plant must be cloned in special plasmids, either in an intermediate vector or in a binary
vector. This method of transformation may be easily used by experts in the technology
to transtorm plant with the constructions that contain the Modified 3-Domain Cry

Toxins genes of this invention, to génerate transgenic plants that kill or avoid the

appearance of Eligible Resistant Insects in the field.

The following examples illustrate how the invention was conceived and put into
practice and shows how it may be utilized. These examples must not be used to limit it.
The description provided in the following examples relates to preferred methods of
molecular biology using available strategies of published protocols for vector and other
DNA molecule construction. All necessary molecular cloning and recombinant DNA

techniques may be performed by standard methods (Sambrook et al., 1995).

EXAMPLES
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EXAMPLE 1. Use of this invention’s method for obtaining examples of DNA

constructions that encode Modified 3-domain Cry toxins which lack the o-1 helix.

To illustrate this invention’s method, two 3-Domain Cry Toxins were selected: Cryl Ab
and CrylAc. The promoter area, the coding area of the complete protein and the -1

helix were identified in both of these, as follows:

Toxin Gene |Promoter |Coding Area of |N-Terminal and |Coding Area of the

Area Complete Coding Area of |Toxin (from the o-
Protein 'the a-1 Helix 2 helix to (5-23)
crylAb 1-390 pb 390- 4272 pb  |390-538 pb 538-2225 pb
cryl Ac 11-401pb  |401- 4251 pb {401 -549 pb 549-2236 pb
| I B ]
pb, pairs of bases

To exclude the coding area of the o-1 helix, genetic constructions were amplified for

the Modified 3-domain Cry toxins called Cryl AbMod and Cryl AcMod, as follows:

In these Cases, 3 PCR steps were performed as shown in Figure 4. As a template, the
total DNA of Bacillus thuringiensis strain Bt407 was used that contains the pHT3135
Cryl Ab plasmid and the BtHD73 strain (which contain the Cryldb and CrylAc genes,
respectively; according to that reported in the Gene Bank, access numbers X98793 and
ML 1068, respectively). For the PCRI1, the direct oligonucleotide, included the
restriction site Hind III at the 5° end (which will be used for the insertion 1n a suitable
vector) followed by the first 18 pb of the promoter area and the reverse oligonucleotide

contains the ATG codon and the Neo I restriction site in the 5’ end (to be linked with
the PCR2 fragment). .

The oligonucleotides for the PCR2 were designed to include a Neo I restriction site at 5’

end of the direct oligonucleotide followed by the first 20 pb of the a-2 helix. The
reverse oligonucleotide included the last 20 pb of the a-23 helix followed by the BamHI
restriction site. (to be linked with the PCR3 fragment).

The direct oligonucleotide for the PCR3 were designed to include a BamHI restriction

site at 5° end followed by the first 19 pb of the C-Terminal end of the protein. The
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reverse oligonucleotide included the last 21 pb of the terminator area and the Smal

restriction site at the 5° end (to be used for cloning in a suitable vector).

The three PCR fragments were purified and separately linked in the pBCKS vector,
previously digested with the restriction enzymes corresponding to each PCR product.
Finally, each pBCKS'plasmid was purified and cut with the corresponding restriction
enzymes to release the PCR fragments (PCR1 Hindlll-Ncol; PCR2 Ncol-BamHI y
PCR3 BamHI-SmaI). These PCR fragments were purified and linked 1n the double
replication origin vector pHT-315 (Lereclus et al., 1989), previously digested with the
restriction enzymes HindlIl y Smal. The resulting plasmids contained the modified
versions of the crylAb y crylAc genes, which lack the coding area of the o-1 helix.
These genes were called CrylAbMod y CrylAcMod. '

EXAMPLE 2. Obtaining vectors and host cells that contain DNA constructions that
encode Modified 3-domain Cry Toxins and their use in recombinant methods to

produce Modified 3-Domain Cry Toxins.

Vectors that included the genetic constructions CrylAbMod y CrylAcMod were
obtained, cloning the genetic constructions in the double replication origin vector pHT-
315 (Lereclus et al., 1989). The genetically altered host cells that contain the
constructions were obtained by transforming the acrystallized strain Bt407 Cry

(serotype HI, Lereclus et al., 1989), with the aforementioned vectors.

In order produce the Modified and Unmodified (wild) 3-Domain Cry Toxins of this
Example, the transforming and wild strains were cultivated for 3 days in a shaking
incubator at 29°C and 200 rpm in a nutritious sporulation medium (Lereclus et al,
1995) supplemented with 10 ug of erythromycin per ml. The Modified and Unmodified
3-Domain Cry Toxin crystals were recovered and purified by saccharose gradient

(Thomas and Ellar, 1983) and solubilized in 10 mM of buffer carbonates with a pH of
10.5. The protein samples were separated in 10% SDS-PAGE acrylamide gels
(Laemmli, 1970). The genetically altered cells as well as those that were not altered

produced proteins with an apparent molecular weight of approximately 130 kDa (Fig.

5).

EXAMPLE 3. Formation of Modified 3-Domain Cry Toxin oligomers used as example
(Cryl AbMod and Cryl AcMod).
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The in vitro formation of oligomers 1s facilitated by activating the Cryl A protoxins
with proteases in the presence of Bt-R; protein fragments that contain binding areas to
the toxin or in the presence of an scFv73 antibody that mimetizes these toxin binding
areas to the CADR receptor (Gomez et al., 2003). The Cryl Ab protoxin produces a 250
kDa oligomer when it is incubated with CADR fragments that contain the 7-12,1 1-12 or
12 repetitions of the CADR (Fig. 6).

When the CrylAbMod and Cryl AcMod protoxins are treated with the protease trypsin
in the absence of the CADR receptor, they produce a 250 kDa oligomer, while under
these conditions the wild protoxins CrylAb and CrylAc do not form it, but only
produce a 60 kDa monomer, (Fig. 7). These results indicate that the Modified 3-Domain
Cry Toxins produce the 250 kDa oligomeric pre-pore when they are proteolytically

activated in the absence of the primary receptor.

EXAMPLE 4. The toxicity of the proteins CrylAb, CrylAc, CrylAbMod and
CrylAcMod in vulnerable and resistant strains of Pectinophora gossypiella (pink

bollworm) and of Plutella xylostella (diamondback worm).

The most common type of resistance to Bt toxins, called “Mode 1” is linked to
mutations on the CADR gene in several lepidopterous insects (Gahan et al, 2001; Morin
et al, 2003; Xu et al, 2005). Nevertheless, in the case of the diamondback worm, type 1

resistance that presents in this insect is not linked to mutations in the cadherin gene

(Baxter et al 2005).

The AZP-R resistant strain of the pink bollworm was obtained by selecting survivors of
exposure to the Cryl Ac toxin in 10 cotton fields (Tabashnik ez al., 2000). The repeated
selection increased the resistance of the AZP-R strain to the CrylAc up to 3,100 times
with respect to the vulnerable APHIS-S strain of the same worm (Tabashnik et al.,
2002a). In the AZP-R strain of the pink bollworm, the resistance to the CrylAc 1s
inherited recessively and is linked to 3 mutant alleles (7, r2 and r3) of the CADR
(BtR) gene (Morin ez al, 2003). Individuals with any combination of 2 mutant 7 alleles
are resistant to the toxin CrylAc and to transgenic cotton plants that produce this toxin
(Morin et al, 2003). The AZP-R strain also presents a cross resistance to the toxin
CrylAb and a reduction in the binding of the Cryl Ab toxin to the apical microvilli of
the larval gut cells (Tabashnik et al, 2002b, Gonzalez-Cabrera et al., 2003). The
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diamondback worm is the only insect pest that has developed resistance to the CrylAc

toxin applied in a spray form 1n the field (Tabashnik 2004).

In this experiment, we performed bioassays that confirmed that the Unmodified 3-
Domain Cry Toxins used, for example: CrylAc and CrylAc were highly toxic for
vulnerable larvae but not for the resistant 1arvaé of the insects analyzed, the pink
bollworm and the diamondback worm (Tables 1 and 2). At a concentration bf 100 ug of
the toxin pef ml of diet, the survival of the resistaht pink bollworm was high with the
unmodified CrylAb and CrylAc (94% and 100% respectively). In contrast, the
Modified 3-Domain Cry Toxins used for example (CrylAbMod and CrylAcMod)
killed the killed the vulnerable larvae as well as the resistant ones. At a concentration
of 30 ug of the toxin per ml of diet, the survival of the resistant pink bollworm was 0%
with both Modified 3-Domain Cry Toxins, CrylAbMod and CrylAcMod (Table 2).
These results show that the Modified 3-Domain Cry Toxins of this invention suppressed
the high level of resistance to the corresponding Unmodified 3-Domain Cry Toxins of
this example using the Eligible Resistant Insects, i.e., the larvae of the pink bollworm
with resistance associated with mutations in the primary receptor. Table 2 shows that
like the pink bollworm, the Cryl AcMod protein kills the resistant rPxAc diamondback
worm, unlike the Cryl Ac protein that is not toxic for the rPxAc strain of the DBM. This
strain’s range of resistance is 30,000 times higher to the CrylAc toxin since the LCs
dose for the Cryl Ac toxin is 0.3 ng/well for the vulnerable DBM stfain and > 10,000
ng/well for the resistant strain. In the case of the CrylAcMod . toxin, the range of
resistance was reduced 5 times, since the LCsy dose for Cryl AcMod is 20 ng/well for

the vulnerable strain and 100 ng/well for the resistant rPxAc strain of the DBM.

TABLE 1. CrylAbMod and CrylAcMod toxins Kill the pink bollworm that is
resistant to the CrylAb and CrylAc toxins. It was observed that at a concentration of
100 pg of the toxin per ml of diet, the survival of the pink bollworm was high with the
CrylAb and CrylAc toxins (94% and 100% respectively). Whereas, at a concentration
of 30 pg of the toxin per ml of diet, the survival of the resistant pink bollworm was 0%
with both CrylAbMod and CrylAcMod toxins. Therefore, the modified toxins,
CrylAbMod and CrylAcMod suppress the resistance of the pink bollworm to the
unmodified toxins, CrylAb and CrylAc. At 10 pg of toxim per ml of diet, the modified
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toxins as well as the unmodified toxins killed more than 87% of the vulnerable larvae of

the pink bollworm.
Toxins ' __Concentration Survival (%)*
(ug toxin Vulnerable Resistant

per ml diet) (APHIS-S) (AZP-R)

Unmodified Toxins

CrylAb 1 0 90
o 10 0 100
100 ND** 80

CrylAc 1 0 94
10 0 98

100 ND 30

Modified Toxins

- CrylAbMod 1 . 17 46
10 ].8 6.5

. 30 0 0
CrylAcMod 1 88 88
10 ’ 12 7.5

30 ND 0

* The survival values were adjusted with the mortality of the control insects on an
untreated diet. Adjusted survival was calculated by dividing the survival on a treated
diet by the survival on the untreated diet. Size of sample = 40 to 80 larvae per strain per

treatment.

** ND = not determined

Table 2. The Cryl AcMod protein kills the diamondback worm that is resistant to
the CrylAc toxin. We observed that at 20 micrograms (ug) of toxin per ml of diet, the
number of survivors of the resistant survivorship of the diamondback worm was very
high when they were treated with the toxin CrylAc (90.6%). Whereas, at a
concentration of 20 pg of the toxin per ml of diet, the survival of the resistant strain of

the diamondback worm was 0% when treated with the CrylAcModtOxin. Therefore,
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the modified toxin, Cryl AcMod suppresses the resistance of the diamondback worm to
the unmodified toxin, CrylA. At 20 pg of toxin per ml of diet, the modified and
unmodified Cryl Ac toxins killed 100% of the vulnerable insects of the diamondback

WOTT].

Toxins Concentration Survival (%)*

'(u g toxin Vulnerable Resistant

per ml diet) (PxGen&8) (rPxAc)

Unmodified Cry Toxins

CrylAc 0.2 0 97
2 0 100
20 0 90.6

Modiﬁed Cry Toxins

CrylAcMod 0.2 65.6 90.6
2 0 33
20 0 - 0

* The survival values were adjusted with the mortality of the control insects on an
untreated diet. Adjusted survival was calculated by dividing the survival on a treated
diet by the survival on the untreated diet. Size of sample = 32 larvae per strain per

freatment.

EXAMPLE 5. Silencing the CADR receptor on Manduca sexta larvae reduces
vulnerability to the Cryl Ab toxin.

To determine if the results with the pink bollworm extends to other lepidopterous
insects, Manduca sexta larvae were created with a reduced vulnerability to the Cryl Ab
toxin, using RNA interference (RNAi). to block the production of the CADR receptor
(Bt-R;). With RNA1, the double chain RNA (dsRNA) of a particular gene interferes
with the translation of said gene inhibiting thusly the production of codified protein by
this gene (Sijen et al, 2001). To produce dsRNA from the coding gene Bt-R; of M.
sexta a fragment of 442 pb of the gene (from residue 8 to 155) was amplified by rtPCR
from ¢cDNA produced from samples of RNAm obtained from 5°‘ instar larvae using the

following  oligonucleotides as  first in the reaction of rtPCR
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GCTCTAGAGCTGCCTTCCTGCTGGTGTTTA - and
GGAATTCCTCCACGCGCACATTG AACAT. The 442 pb fragment was digested
with the restriction enzymes Xbal and EcoRI and cloned in the pLITMUS 28i

(HiScribe ) previously digested with the same restriction enzymes, this vector has two
I'7 promoter that flank a multi-cloning site. This permits amplification of the cloned
fragments and the ir Vitro transcription of both DNA chains of the insert, generating
dsRNA. Figure 8 shows the dsRNA obtained by in vitro transcription of the Bt-R; gene
fragment amplified using the T7 polymerase.

To prove 1f the Bt-R; protein may be silenced, first instar M. sexta larvae were injected
in the hemolymph with either 1 ug of dsRNA of Bt-R; in 100 nl of water or with only
100 nl of water (control). After 12 hours on an artificial diet without toxins, survival
was 74% for the 35 larvae injected with the dsRNA of Bt-R; and 75% for the 35 control
larvae. Of the larvae that survived for 12 hours on an untreated diet, 24 of each of the
larva groups' injected with dsRNA or the control, were transferred to a diet treated with
20 ng of the protoxin CrylAb per cm®. After 3 days on the diet treated with toxins, all
the control larvae died while all the larvae injected with the dsRNA of Bt-R1 survived
(Table 3). Through a Western Blotting immunodetection assay using a specific anti-Bt-
R; antibody, it was demonstrated that the injection of the dsRNA significantly reduced
or completely eliminated the Bt-R; protein in the intestinal medium of the larvae
(Figure 9). The results of the bioassay and the immunodetection of Bt-R; indicate that
the RNAI1 reduced the production of the Bt-R; protein and the vulnerability to the toxin
Cryl Ab in the larvae of Manduca sexta.

TABLE 3.M. sexta larvae injected with Bt-R; dsRNA are not vulnerable to the
CrylAb toxin. M. sexta larvae were injected with 100 nl of water or with 1 ug of the

Bt-R; dsRNA in 100 nl of water and exposed to an artificial diet containing 20 ng of the
, .

Cryl Ab toxin per cm”.
Treatment No. larvae exposed to ' Survival (%)*
20 ng Cryl Ab/cm?
g2 24 0

dsRNABtR, 24 100
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EXAMPLE 6. Toxicity of the Cryl Ab and Cryl AbMod toxins to M. sexta larvae that
have silenced the Bt-R; receptor.

To determine 1f the Cryl AbMod is toxic to the larvae with reduced vulnerability to the
wild Cryl Ab Toxin caused by silencing with Bt-R; RNAI, first instar M. sexta larvae
were mjected with 1 ug of Bt-R; dsRNA as described in Example 5. The larvae injected
were fed diets supplemented with either 20 ng of the wild CrylAb protoxin or with 5 ng

2

of the Cryl AbMod protoxin per ecm”. The larvae silenced in the Bt-R; by RNAI1 were

not vulnerable to the wild CrylAb toxin but they were vulnerable to the modified

Cryl AbMod toxin (Fig. 10)

These results show that one of the Modified 3-Domain Cry Toxins used, for example,

the Cryl AbMod, suppresses the effect of reduced Vulnerability caused by blocking the
Bt-R; expression by RNA1 in M. sexta larvae.
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CLAIMS
What 1s claimed is:
1. A method for obtaining a DNA construct that encodes a modified Cry1 subfamily

toxin lacking a-1 helix but retaining an intact a-2 helix, wherein the modified Cryl subfamily
toxin 1s capable of killing insects resistant to unmodified Cryl subfamily toxins by
suppressing their resistance, wherein the resistance is linked to mutations that affect the
expression of a gene encoding a primary receptor of the unmoditied Cryl subfamily toxins,
wherein the modified Cryl subfamily toxin forms an oligomeric pre-pore structure in a

cadherin receptor independent manner, the method comprising:

a) selecting a target Cryl subfamily toxin gene comprising a promoter region, a mature
toxin coding region encoding a toxin comprising an o-1 helix, a-2 helix and a 3-23 sheet, and

optionally a protoxin coding region encoding a C-terminal protoxin;

b) identifying the promoter region and the toxin coding region for a protein fragment
lacking a-1 helix but retaining an intact a-2 helix of the respective unmodified toxin, and

optionally the C-terminal protoxin region; and

C) amplifying the gene excluding the a-1 helix but retaining an intact a-2 helix coding
region.
2. The method of claim 1, wherein step b) comprises identification of areas of the

protein fragment of the respective unmodified toxin from the a-2 helix to the 3-23 sheet.

3. The method of any one of claims 1 or 2, wherein the step of amplifying 1s carried out

by successive amplifications, comprising the steps of:
a) a first PCR amplification step to amplify only the promoter region;

b) one or more PCR amplification steps to amplify the coding region starting at the -2

helix and optionally the C-terminal protoxin; and

C) ligating the PCR products obtained in steps a) and b) together in a suitable vector.

4, The method of any one of claims 1-3, wherein the modified Cryl subfamily toxin is

from subfamily Cryl-A.
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5. The method of any one of claims 1-4, wherein the modified Cryl subfamily toxin 1s
from subfamilies Cryl-Ab or Cryl-Ac.
6. An isolated DNA fragment that comprises a coding region that encodes a moditied

Cryl subfamily toxin, wherein the modified Cryl subfamily toxin lacks a-1 helix but retains
an intact a-2 helix and is capable of killing insects resistant to unmodified Cryl subfamily
toxins by suppressing their resistance, wherein the resistance is linked to mutations that affect
the expression of a gene encoding a primary receptor of the unmodified Cryl subfamily
toxins, wherein the modified Cryl subfamily toxin forms an oligomeric pre-pore structure in

a cadherin receptor independent manner, compared to an unmodified Cryl subfamily toxin.

7. The isolated DNA fragment of claim 6 wherein the modified Cryl subfamily toxin 1s
from subfamily CrylA, and wherein the modified Cry1 toxin is modified to lack a-1 helix but

retain an intact o-2 helix.

8. The isolated DNA fragment of claim 6 or 7 wherein the modified Cryl subtamily
toxin is from subfamily Cryl Ab or CrylAc, and wherein the modified Cryl subfamily toxin

‘is modified to lack a-1 helix but retain an intact a-2 helix.
9, A molecular vector comprising the isolated DNA fragment of any one of claims 6-8.

10.  The molecular vector of claim 9 wherein the vector is a shuttle vector that 1s capable

of replication in Bacillus thuringiensis and in Escherichia coli cells.

11.  The molecular vector of claim 9 or 10 wherein the vector is further capable of

transformation and expression in plant cells.

12. A genetically modified host cell that is a bacterial cell or a plant cell, wherein said

host cell comprises the DNA fragment of any one of claims 6-8.

13.  Use of a genetically engineered Modified 3-Domain Cry Toxin lacking a-1 helix but

retaining an intact a-2 helix of the unmodified 3-Domain Cry Toxin, to kill insects resistant
to unmodified 3-Domain Cry Toxins by suppressing their resistance, wherein the resistance 1s

linked to mutations that affect the expression of a gene encoding a primary receptor of the

unmodified 3-Domain Cry Toxins.
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14.  The use of the Modified 3-Domain Cry Toxin of claim 13, wherein the Modified 3-
Domain Cry Toxin is any 3-Domain Cry Toxin from subfamilies Cryl, Cry2, Cry3, Cry4,
Cry5, Cry7 Cry8, Cry9, Cryl0, Cryll, Cryl2, Cryl3, Cryl4, Cryl6, Cryl7, Cryl8, Cryl9,
Cry20, Cry2l, Cry24, Cry25, Cry26, Cry27, Cry28, Cry29, Cry30, Cry31, Cry32, Cry39,
Cry40, Cry41, Cry42, Cry43, Cry44, Cry47, Cry48 or Cry50, wherein the Modified 3-
Domain Cry Toxin is modified to lack a-1 helix but retain an intact a-2 helix of the

unmodified 3-Domain Cry Toxin.

15.  The use of the Modified 3-Domain Cry Toxin of claim 13 or 14, wherein the
Modified 3-Domain Cry Toxin is modified to lack a-1 helix but retain an intact a-2 helix, and

1s from subfamily Cryl.

16.  The use of the Modified 3-Domain Cry Toxin of any one of claims 13-15, wherein the

Modified 3-Domain Cry Toxin is modified to lack a-1 helix but retain an intact a-2 helix and

1s from subfamily CrylA.

17.  The use of the Modified 3-Domain Cry Toxin of any one of claims 13-16, wherein the
Modified 3-Domain Cry Toxin is modified to lack a-1 helix but retain an intact a-2 helix, and

1s from subfamilies Cryl Ab or Cryl Ac.

18.  The use of any one of claims 13-17 wherein said modified 3-domain Cry toxin is fed

as part of a composition.

19.  The use of any one of claims 13-17 wherein said modified 3-domain Cry toxin is
applied to plants.
20.  The use of any one of claims 13-17 wherein said modified 3-domain Cry toxin 1s

present in a transgenic plant.

21. A method to obtain a genetically engineered Modified 3-Domain Cry Toxin lacking
a-1 helix but retaining an intact a-2 helix, wherein the Modified 3-Domain Cry Toxin 1s
capable of killing insects resistant to unmodified 3-Domain Cry toxins by suppressing their
resistance, wherein the resistance 1s linked to mutations that atfect the expression of a gene
encoding a primary receptor of the unmodified 3-Domain Cry toxins, comprising culturing a

genetically modified host cell comprising a DNA construct encoding the genetically



CA 02690188 2016-02-24

41

engineered Moditfied 3-Domain Cry Toxin lacking a-1 helix but retaining an intact a-2 helix,

under suitable conditions to allow the expression of the Modified 3-Domain Cry Toxin.

22.  The method of claim 21 further comprising the step of isolating the Modified 3-

Domain Cry Toxin.

23.  The method of claim 21 or 22 further comprising the step of purifying the isolated
Moditied 3-Domain Cry Toxin.

24. A composition to overcome resistance in insects resistant to unmodified 3-Domain
Cry Toxins by suppressing their resistance, wherein the resistance 1s linked to mutations that
affect the expression of a gene encoding a primary receptor of the unmodified 3-Domain Cry
toxins , comprising (1) one or more genetically engineered Modified 3-Domain Cry Toxins
lacking a-1 helix but retaining an intact a-2 helix of the unmodified 3-Domain Cry Toxin in
an amount sufficient to control a target pest and (i1) an agronomically or ecologically

acceptable carrier mixture.

25.  The composition of claim 24 wherein the Modified 3-Domain Cry Toxin is present in

an amount from 0.0001% by weight to about 95%.
26. A transgenic plant cell comprising the DNA fragment of any one of claims 6-8.

27. A method to overcome resistance in insects resistant to unmodified 3-Domain Cry
Toxins by suppressing their resistance, wherein the resistance s linked to mutations that
affect the expression of a gene encoding a primary receptor of the unmodified 3-Domain Cry
toxins, comprising the step of feeding said insects resistant to unmodified 3-Domain Cry

Toxins with a lethal dose of a genetically engineered Modified 3-Domain Cry Toxin lacking

a-1 helix but retaining an intact a-2 helix of the unmodified 3-Domain Cry Toxin.

28.  The method of claim 27, wherein the Modified 3-Domain Cry Toxin is any 3-Domain
Cry Toxin from subfamilies Cryl, Cry2, Cry3, Cry4, Cry35, Cry7 Cry8, Cry9, Cry10, Cryl1l,
Cryl2, Cryl3, Cryl4, Cryl6, Cryl7, Cryl8, Cryl9, Cry20, Cry21, Cry24, Cry25, Cry26,
Cry27, Cry28, Cry29, Cry30, Cry31, Cry32, Cry39, Cry40, Cry41, Cry42, Cry43, Cry44,
Cry47, Cry48 or Cry50, wherein the Modified 3-Domain Cry Toxin is modified to lack a-1

helix but retains an intact o-2 helix.
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29, The method of claim 27 or 28, wherein the Modified 3-Domain Cry Toxin is modified

to lack a-1 helix but retains an intact a-2 helix, and 1s from subfamily Cry]1.

30.  The method of any one of claims 27-29, wherein the Modified 3-Domain Cry Toxin is

modified to lack a-1 helix but retains an intact a-2 helix and is from subfamily CrylA.

31.  The method of any one of claims 27-30, wherein the Modified 3-Domain Cry Toxin is

modified to lack a-1 helix but retains an intact o-2 helix, and is from subfamilies Cryl Ab or

CrylAc.

32.  The method of any one of claims 27-31 wherein said modified 3-domain Cry toxin is

fed as part of a composition.

33.  The method of any one of claims 27-31 wherein said modified 3-domain Cry toxin is
applied to plants.
34.  The method of any one of claims 27-31 wherein said modified 3-domain Cry toxin i1s

present in a transgenic plant.

35.  The method of any one of claims 27-31 wherein said method comprises generating
transgenic plants that contain a DNA construct which encodes the modified 3-domain Cry

toxin linked in an operable manner to a plant expression vector, wherein said transgenic plant

produces the modified 3-domain Cry toxin.
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Fig.3
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Fig. 5 Fig.6
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Fig. 8
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