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Fig. 3
BNRE-01-01 (25 bp)

BNRE-03 (166 b}
OCOLE-06 (807 bp)

pribi1-10 {1993 bp)

0VS1-02 {405 bp)

cRepA-U1 (1074 bp)
.. CFRCG (1959 bp)

SVIrG-01 (726 bp).
INOS-05-01 (253 bp)
cSpeac-03 {780 Lp}
BNLB-02 (130 bp}
bNLB-01-01 (25 bp).”
NOS-05-01 (257 bp)

;

cPMI-01 {1176 bp)

T prUbit-10 {1993 bp)
TTiUBI1-02-01 (1010 bp)
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Fig. 4
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Fig. 5
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Fig. 6
BNRB-03 (166 bp)
SCOLE-05 {307 bo) INRB-O1-01 (25 bp)
L rOMPR02 (346 1)
NBHEMSY e Y s SFRIA-OT (1962 o)
cReph-01 (1074 bp)
TINOS 0501 (253 )
G0t (7B )
c3ec-03{700p) " prUbi 110 (1963 )
ENLB-0A (13000 “"'aum-oz-mmombp}

BRLE-01-01 (25 k) ‘
INOS-05-01 (253bg) PV (4178 k)



U.S. Patent Mar. 26, 2019 Sheet 15 of 16 US 10,239,921 B2

Fig. 7
BNRB-01-01
BNRB-03 ",
OCOLE-06 S pribit-1

bit-02-81

oV33-02

cRepA-01

TeFRA3
12473

13305 bp
SVirG01

HOS-05-61

cSpecd3
BNLB-03 Ve prUbit-10
BNLB-O101 UbiT-02:01
INOS-05-01

cPMI01



U.S. Patent Mar. 26, 2019 Sheet 16 of 16 US 10,239,921 B2

BNRB-01-01 (25 bp)
ONRB-07 (166 ba) _prOMP-02 (348 bp)

___cFRY3-01 (1848 bp)

INOS-05-01 (253 bp)

cReph-01 (1674 bp)
""" prubif-10 {1993 bp)
CVirG-01 (726 bp)
T UBH-02-01 (1010 bp)
cSpec-03 {789 bp)..
BNLE-03 (130 bp)

BNLB-01-01 (25 bp),

INGS-05-01 (253 bp)

SPMI-G1 (1176 bp}




US 10,239,921 B2

1
INSECTICIDAL PROTEINS

CROSS-REFERENCE

This application is a divisional of, and claims priority to,
U.S. patent application Ser. No. 13/623,921, filed Sep. 21,
2012, which is a divisional of U.S. patent application Ser.
No. 12/529,246, now U.S. Pat. No. 8,309,516, filed Aug. 31,
2009, which is a § 371 of PCT/US08/58182, filed Mar. 26,
2008, which claims priority to U.S. Provisional Application
60/920,493, filed Mar. 28, 2007, all of which are incorpo-
rated herein by reference in their entirety.

BACKGROUND

The present invention relates to the fields of protein
engineering, plant molecular biology and pest control. More
particularly the invention relates to novel engineered hybrid
proteins having insecticidal activity, nucleic acids whose
expression results in the insecticidal proteins, and methods
of making and methods of using the insecticidal proteins and
corresponding nucleic acids to control insects.

Insect pests are a major cause of crop losses. In the US
alone, billions of dollars are lost every year due to infesta-
tion by various genera of insects. In addition to losses in field
crops, insect pests are also a burden to vegetable and fruit
growers, to producers of ornamental flowers, and they are a
nuisance to gardeners and homeowners.

Species of corn rootworm are considered to be the most
destructive corn pests. In the United States, the three impor-
tant species are Diabrotica virgifera virgifera, the western
corn rootworm, D. longicornis barberi, the northern corn
rootworm and D. undecimpunctata howardi, the southern
corn rootworm. Only western and northern corn rootworms
are considered primary pests of corn in the US Corn Belt. An
important corn rootworm pest in the Southern US is the
Mexican corn rootworm, Diabrotica virgifera zeae. Corn
rootworm larvae cause the most substantial plant damage by
feeding almost exclusively on corn roots. This injury has
been shown to increase plant lodging, to reduce grain yield
and vegetative yield as well as alter the nutrient content of
the grain. Larval feeding also causes indirect effects on corn
by opening avenues through the roots for bacterial and
fungal infections which lead to root and stalk rot diseases.
Adult corn rootworms are active in cornfields in late summer
where they feed on ears, silks and pollen, thus interfering
with normal pollination.

Corn rootworms are mainly controlled by intensive appli-
cations of chemical pesticides, which are active through
inhibition of insect growth, prevention of insect feeding or
reproduction, or cause death. Good corn rootworm control
can thus be reached, but these chemicals can sometimes also
affect other, beneficial organisms. Another problem resulting
from the wide use of chemical pesticides is the appearance
of resistant insect varieties. Yet another problem is due to the
fact that corn rootworm larvae feed underground thus mak-
ing it difficult to apply rescue treatments of insecticides.
Therefore, most insecticide applications are made prophy-
lactically at the time of planting. This practice results in a
large environmental burden. This has been partially allevi-
ated by various farm management practices, but there is an
increasing need for alternative pest control mechanisms.

Biological pest control agents, such as Bacillus thuringi-
ensis (Bt) strains expressing pesticidal toxins like d-endo-
toxins (delta-endotoxins; also called crystal toxins or Cry
proteins), have also been applied to crop plants with satis-
factory results against primarily lepidopteran insect pests.
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The &-endotoxins are proteins held within a crystalline
matrix that are known to possess insecticidal activity when
ingested by certain insects. The various d-endotoxins have
been classified based upon their spectrum of activity and
sequence homology. Prior to 1990, the major classes were
defined by their spectrum of activity with the Cry1 proteins
active against Lepidoptera (moths and butterflies), Cry2
proteins active against both Lepidoptera and Diptera (flies
and mosquitoes), Cry3 proteins active against Coleoptera
(beetles) and Cry4 proteins active against Diptera (Hofte &
Whitely, 1989, Microbiol. Rev. 53:242-255). A new nomen-
clature was developed in 1998 which systematically classi-
fies the Cry proteins based on amino acid sequence homol-
ogy rather than insect target specificities (Crickmore et al.
1998, Microbiol. Molec. Biol. Rev. 62:807-813).

The spectrum of insecticidal activity of an individual
d-endotoxin from Bt is quite narrow, with a given d-endo-
toxin being active against only a few species within an
Order. For instance, a Cry3 A toxin is known to be very toxic
to the Colorado potato beetle, Leptinotarsa decemlineata,
but has very little or no toxicity to related beetles in the
genus Diabrotica (Johnson et al., 1993, J. Econ. Entomol.
86:330-333). According to Slaney et al. (1992, Insect Bio-
chem. Molec. Biol. 22:9-18) a Cry3A toxin is at least 2000
times less toxic to southern corn rootworm larvae than to the
Colorado potato beetle. It is also known that Cry3A has little
or no toxicity to the western corn rootworm or northern corn
rootworm.

Specificity of the d-endotoxins is the result of the effi-
ciency of the various steps involved in producing an active
toxic protein and its subsequent interaction with the epithe-
lial cells in an insect mid-gut. To be insecticidal, most
known §-endotoxins must first be ingested by the insect and
proteolytically activated to form an active toxin. Activation
of the insecticidal crystal (Cry) proteins is a multi-step
process. After ingestion, the crystals must first be solubilized
in the insect gut. Once solubilized, the d-endotoxins are
activated by specific proteolytic cleavages. The proteases in
the insect gut can play a role in specificity by determining
where the d-endotoxin is processed. Once the d-endotoxin
has been solubilized and processed it binds to specific
receptors on the surface of the insects’ mid-gut epithelium
and subsequently integrates into the lipid bilayer of the
brush border membrane. Ion channels then form disrupting
the normal function of the midgut eventually leading to the
death of the insect.

In Lepidoptera, which have alkaline pH guts, gut pro-
teases process d-endotoxins for example, CrylAa, Cryl Ab,
CrylAc, CrylB and CrylF, from 130-140 kDa protoxins to
toxic proteins of approximately 60-70 kDa. Processing of
the protoxin to toxin has been reported to proceed by
removal of both N- and C-terminal amino acids with the
exact location of processing being dependent on the specific
d-endotoxin and the specific insect gut fluids involved
(Ogiwara et al., 1992, J. Invert. Pathol. 60:121-126). Thus
activation requires that the entire C-terminal protoxin tail
region be cleaved off. This proteolytic activation of a
d-endotoxin can play a significant role in determining its
specificity.

Coleopteran insects have guts that are more neutral to
acidic and coleopteran-specific d-endotoxins are similar to
the size of the activated lepidopteran-specific toxins. There-
fore, the processing of coleopteran-specific d-endotoxins
was formerly considered unnecessary for toxicity. However,
data suggests that coleopteran-active d-endotoxins are solu-
bilized and proteolyzed to smaller toxic polypeptides. A 73
kDa Cry3A d-endotoxin protein produced by B. thuringien-



US 10,239,921 B2

3

sis var. tenebrionis is readily processed in the bacterium at
the N-terminus, losing 49-57 residues during or after crystal
formation to produce the commonly isolated 67 kDa form
(Carroll et al., 1989, Biochem. J. 261:99-105). McPherson et
al., (1988, Biotechnology 6:61-66) also demonstrated that a
native cry3A coding sequence contains two functional trans-
lational initiation codons in the same reading frame, one
coding for a 73 kDa protein and the other coding for a 67
kDa protein starting at Met-1 and Met-48 respectively, of the
deduced amino acid sequence. Both proteins then can be
considered naturally occurring full-length Cry3A proteins.

As more knowledge has been gained as to how the
d-endotoxins function, attempts to engineer d-endotoxins to
have new activities have increased. Engineering d-endotox-
ins was made more possible by solving the three dimen-
sional structure of Cry3A in 1991 (Li et al., 1991, Nature
353:815-821). Li et al. determined that a Cry3A protein has
three structural domains: the N-terminal domain I, from
residues 58-290, consists of 7 a-helices, domain II, from
residues 291-500, contains three f-sheets in a so-called
Greek key-conformation, and the C-terminal domain III,
from residues 501-644, is a f-sandwich in a so-called
jellyroll conformation. The three dimensional structure for
the lepidopteran active CrylAa toxin has also been solved
(Grochulski et al., 1995, J. Mol. Biol. 254:447-464). The
CrylAa toxin also has three domains: the N-terminal
domain I, from residues 33-253, domain II from residues
265-461, and domain III from residues 463-609 with an
additional outer strand in one of the f-sheets from by
residues 254-264. If the Cry3A and CrylAa structures are
projected on other Cryl sequences, domain I runs from
about amino acid residue 28 to 260, domain II from about
260 to 460 and domain III from about 460 to 600. See,
Nakamura et al., Agric. Biol. Chem. 54(3): 715-724 (1990);
Li et al.,, Nature 353: 815-821 (1991); Ge et al., J. Biol.
Chem. 266(27): 17954-17958 (1991); and Honee et al., Mol.
Microbiol. 5(11): 2799-2806 (1991); each of which are
incorporated herein by reference. Thus, it is now known that
based on amino acid sequence homology, known Bt d-en-
dotoxins have a similar three-dimensional structure com-
prising three domains.

The toxin portions of Bt Cry proteins are also character-
ized by having five conserved blocks across their amino acid
sequence numbered CB1 to CBS from N-terminus to C-ter-
minus, respectively (Hofte & Whiteley, supra). Conserved
block 1 (CB1) comprises approximately 29 amino acids,
conserved block 2 (CB2) comprises approximately 67 amino
acids, conserved block 3 (CB3) comprises approximately 48
amino acids, conserved block 4 (CB4) comprises approxi-
mately 10 amino acids and conserved block 5 (CB5) com-
prises approximately 12 amino acids. The sequences before
and after these five conserved blocks are highly variable and
thus are designated the “variable regions,” V1-V6. Domain
1 of a Bt d-endotoxin typically comprises variable region 1,
conserved block 1, variable region 2, and the N-terminal 52
amino acids of conserved block 2. Domain II typically
comprises approximately the C-terminal 15 amino acids of
conserved block 2, variable region 3, and approximately the
N-terminal 10 amino acids of conserved block 3. Domain I1I
typically comprises approximately the C-terminal 38 amino
acids of conserved block 3, variable region 4, conserved
block 4, variable region 5, and conserved block 5. The Cryl
lepidopteran active toxins, among other delta-endotoxins,
have a variable region 6 with approximately 1-3 amino acids
lying within domain III.

Many Bt strains and d-endotoxins are active against
different insect species and nematodes. However, relatively

20

30

35

40

45

55

65

4

few of these strains and toxins have activity against cole-
opteran insects. Further, most of the now known native
coleopteran-active d-endotoxins, for example Cry3A,
Cry3B, Cry3C, Cry7A, Cry8A, Cry8B, and Cry8C, have
insufficient oral toxicity against corn rootworm to provide
adequate field control if delivered, for example, through
microbes or transgenic plants. Therefore, other approaches
for producing novel toxins active against corn rootworm
need to be explored.

Lepidopteran-active d-endotoxins have been engineered
in attempts to improve specific activity or to broaden the
spectrum of insecticidal activity. For example, the silk moth
(Bombyx mori) specificity domain from a CrylAa protein
was moved to a CrylAc protein, thus imparting a new
insecticidal activity to the resulting hybrid Bt protein (Ge et
al. 1989, PNAS 86: 4037-4041). Also, Bosch et al. 1998
(U.S. Pat. No. 5,736,131, incorporated herein by reference)
describes Bacillus thuringiensis hybrid toxins comprising at
their C-terminus domain III of a first Cry protein and at its
N-terminus domains I and II of a second Cry protein. Such
hybrid toxins were shown to have altered insecticidal speci-
ficity against lepidopteran insects. For example, the H04
hybrid toxin, which is also described in De Maagd et al.,
Appl. Environ. Microbiol. 62(5): 1537-1543 (1996), com-
prises at its N-terminus domains [ and II of a Cry1 Ab and at
its C-terminus domain III of a CrylC. H04 is reportedly
highly toxic to the lepidopteran insect Spodoptera exigua
(beet armyworm) compared with the parental Cry1Ab toxin
and significantly more toxic than the Cry1C parental toxin.
It has also been shown that substitution of domain III of
toxins, which are not active against the beet armyworm such
as CrylE and CrylAb, by domain III of CrylC, which is
active against beet armyworm, can produce hybrid toxins
that are active against this insect. All of the hybrids disclosed
in Bosch et al. use domains from lepidopteran active Cry
proteins to make new toxins with lepidopteran activity. The
results do suggest that domain III of Cry1C is an important
determinant of specificity for beet armyworm. See also,
Bosch et al.,, FEMS Microbiology Letters 118: 129-134
(1994); Bosch et al., Bio/Technology 12: 915-918 (1994);
De Maagd et al., Appl. Environ. Microbiol. 62(8): 2753-
2757 (1996); and De Maagd et al., Mol. Microbiol. 31(2):
463-471 (1999); each of which is incorporated herein by
reference.

Several attempts at engineering the coleopteran-active
d-endotoxins have been reported. Chen and Stacy (U.S. Pat.
No. 7,030,295, herein incorporated by reference) success-
fully created a corn rootworm active toxin by inserting a
non-naturally occurring protease recognition site in domain
1, domain III, or both domains I and III of a Cry3A protein.
One of the resulting modified Cry3A proteins, designated
Cry3A055, having a protease recognition site inserted in
domain I, was active against several species of Diabrotica.
Van Rie et al., 1997, (U.S. Pat. No. 5,659,123) engineered
Cry3A by randomly replacing amino acids, thought to be
important in solvent accessibility, in domain II with the
amino acid alanine. Several of these random replacements
confined to domain II were reportedly involved in increased
western corn rootworm toxicity. However, others have
shown that some alanine replacements in domain II of
Cry3A result in disruption of receptor binding or structural
instability (Wu and Dean, 1996, J. Mol. Biol. 255: 628-640).
English et al, 1999, (Intl. Pat. Appl. Publ. No. WO
99/31248) reported amino acid substitutions in Cry3Bb that
caused increases in toxicity to southern and western corn
rootworm. However, of the 35 reported Cry3Bb mutants,
only three, with mutations primarily in domain II and the
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domain I-domain II interface, were active against western
corn rootworm. Further, the variation in toxicity of wild-type
Cry3Bb against western corn rootworm in the same assays
appear to be greater than any of the differences between the
mutated Cry3Bb toxins and the wild-type Cry3Bb. Shaden-
kov et al. (1993, Mol. Biol. 27:586-591), made a hybrid
protein by fusing amino acids 48-565 of a Cry3 A protein to
amino acids 526-725 of a CrylAa protein. Therefore, the
cross-over between Cry3A and CrylAa sequence was in
conserved block 4 located in domain III. Cry3A is very
active against the Colorado potato beetle (Leptinotarsa
decemlineata). However, the hybrid protein disclosed by
Shadenkov et al. was not active against Colorado potato
beetle even though more than 75% of the hybrid protein was
made up of Cry3 A sequence. Thus, the addition of only 25%
of Cryl Aa sequence destroyed activity against a coleopteran
insect that the parent Cry3A was active against. This sug-
gests that hybrid proteins made by fusing portions of a
coleopteran-active Cry protein, e.g. Cry3A, and a lepi-
dopteran-active Cry protein, e.g. CrylA, would not have
activity against coleopteran insects, particularly a coleop-
teran insect that is not naturally susceptible to Cry3A like
corn rootworm.

In view of the above discussion, there remains a need to
design new and effective pest control agents that provide an
economic benefit to farmers and that are environmentally
acceptable. Particularly needed are proteins that are toxic to
Diabrotica species, a major pest of corn, that have a different
mode of action than existing insect control products as a way
to mitigate the development of resistance. Furthermore,
delivery of control agents through products that minimize
the burden on the environment, as through transgenic plants,
are desirable.

SUMMARY

In view of these needs, it is an object of the present
invention to provide novel engineered hybrid insecticidal
proteins (eHIPs). Such novel eHIPs are made by fusing
unique combinations of variable regions and conserved
blocks of at least two different Cry proteins and optionally
including a protoxin tail region from a Bt Cry protein at the
C-terminus or an N-terminal peptidyl fragment or both. For
example, without limitation, by combining complete or
partial variable regions and conserved blocks from a first
Cry protein that has coleopteran activity with complete or
partial variable regions and conserved blocks from a second
Cry protein that has lepidopteran activity, and is different
from the first Cry protein, and optionally including a pro-
toxin tail region from a lepidopteran active Bt Cry protein,
or an N-terminal peptidyl fragment or both, new engineered
hybrid insecticidal proteins are created that have activity
against a spectrum of insects different from the first or
second parent Cry proteins or both. Such novel eHIPs may
comprise complete or partial variable regions, conserved
blocks or domains from a modified Cry3 A protein and a Cry
protein different from the modified Cry3A protein. The
peptidyl fragment may confer insecticidal activity upon the
eHIP, or may increase the insecticidal activity of the eHIP
over an eHIP without the peptidyl fragment, or make the
eHIP more stable than an eHIP without the peptidyl frag-
ment. The eHIPs of the invention have surprising and
unexpected toxicity to corn rootworm (Diabrotica sp.). The
invention is further drawn to nucleic acids that encode the
eHIPs or which is complementary to one which hybridizes
under stringent conditions with the recombinant hybrid
nucleic acids according to the invention.
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Also included in the invention are vectors containing such
recombinant (or complementary thereto) nucleic acids; a
plant or micro-organism which includes, and enables
expression of such nucleic acids; plants transformed with
such nucleic acids, for example transgenic corn plants; the
progeny of such plants which contain the nucleic acids
stably incorporated and hereditable in a Mendelian manner,
and/or the seeds of such plants and such progeny.

The invention also includes compositions and formula-
tions containing the eHIPs, which are capable of inhibiting
the ability of insect pests to survive, grow and reproduce, or
of limiting insect-related damage or loss to crop plants, for
example applying the eHIPs or compositions or formula-
tions to insect-infested areas, or to prophylactically treat
insect-susceptible areas or plants to confer protection against
the insect pests.

The invention is further drawn to a method of making the
eHIPs and to methods of using the nucleic acids, for
example in microorganisms to control insects or in trans-
genic plants to confer protection from insect damage.

The novel eHIPs described herein are highly active
against insects. For example, the eHIPs of the present
invention can be used to control economically important
insect pests such as western corn rootworm (Diabrotica
virgifera virgifera) northern corn rootworm (D. longicornis
barberi) and Mexican corn rootworm (D. virgifera zeae).
Certain eHIPs may also be used to control European corn
borer (Ostrinia nubilalis) and other lepidopteran insects.
The eHIPs can be used singly or in combination with other
insect control strategies to confer maximal pest control
efficiency with minimal environmental impact.

Other aspects and advantages of the present invention will
become apparent to those skilled in the art from a study of
the following description of the invention and non-limiting
examples.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specifi-
cation and are included to further demonstrate certain
aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in
combination with the detailed description of specific
embodiments presented herein.

FIG. 1A-1E shows a sequence alignment of some eHIP
embodiments with parental Cry proteins or modified Cry 3A
used to construct the eHIPs, including, a Cry3A, CrylAb,
and Cry3AO055, and indicates percent identity. N-terminal
peptidyl fragments are underlined. The 5 conserved blocks
are labeled CB1-CB5. Location of junctions between
domains I, I and III are designated by a vertical dashed line.
A cathepsin G protease recognition sequence, AAPFE, is in
bold.

FIG. 2A-2E shows an alignment of eHIP embodiments
that are active against at least western corn rootworm and
indicates percent identity compared to the 8AF eHIP. N-ter-
minal peptidyl fragments are single underlined. C-terminal
protoxin tail regions are double underlined. The 5 conserved
blocks are labeled CBI1-CBS. Locations of junctions
between domains I, I and III are indicated by “|” and
labeled accordingly. Locations of crossover positions are
indicted by a “#”. A cathepsin G protease recognition
sequence, AAPF, is in bold.

FIG. 3 shows a map of recombinant vector 12207 used to
transform corn comprising an expression cassette with a
maize ubiquitin promoter operably linked to a FRCG coding
sequence operably linked to a NOS terminator.
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FIG. 4 shows a map of recombinant vector 12161 used to
transform corn comprising an expression cassette with a
maize ubiquitin promoter operably linked to a FR8a coding
sequence operably linked to a NOS terminator.

FIG. 5 shows a map of recombinant vector 12208 used to
transform corn comprising an expression cassette with a
cestrum yellow leaf curling virus promoter (cmp) operably
linked to a FRCG coding sequence operably linked to a NOS
terminator.

FIG. 6 shows a map of recombinant vector 12274 used to
transform corn comprising an expression cassette with a
cestrum yellow leaf curling virus promoter (cmp) operably
linked to a FR8a coding sequence operably linked to a NOS
terminator.

FIG. 7 shows a map of recombinant vector 12473 used to
transform corn comprising an expression cassette with a
maize ubiquitin promoter (ubi) operably linked to a FRD3
coding sequence operably linked to a NOS terminator.

FIG. 8 shows a map of recombinant vector 12474 used to
transform corn comprising an expression cassette with a
cestrum yellow leaf curling virus promoter (cmp) operably
linked to a FRD3 coding sequence operably linked to a NOS
terminator.

BRIEF DESCRIPTION OF THE SEQUENCES IN
THE SEQUENCE LISTING

SEQ ID NO: 1 is the 20L-8a nucleotide sequence.

SEQ ID NO: 2 is the 20L-8a encoded by SEQ ID NO: 1.
SEQ ID NO: 3 is the FR8a nucleotide sequence.

SEQ ID NO: 4 is the FR8a encoded by SEQ ID NO: 3.
SEQ ID NO: 5 is the FRCG nucleotide sequence.

SEQ ID NO: 6 is the FRCG encoded by SEQ ID NO: 5.
SEQ ID NO: 7 is the FR8a-9F nucleotide sequence.

SEQ ID NO: 8 is the FR8a-9F encoded by SEQ ID NO: 7.
SEQ ID NO: 9 is the FR-9F-catg nucleotide sequence.
SEQ ID NO: 10 is the FR-9F-catg encoded by SEQ 1D NO:
9.

SEQ ID NO:
SEQID NO:
11.

SEQ ID NO:
SEQ ID NO:
13.

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
NO: 17.
SEQ ID NO:
SEQ ID NO:
19.

SEQ ID NO:
SEQ ID NO:
21.

SEQ ID NO: 23 is the 9F-cg-dm3 nucleotide sequence.
SEQ ID NO: 24 is the 9F-cg-dm3 encoded by SEQ ID
NO:23.

11 is the FR8a-12AA nucleotide sequence.
12 is the FR8a-12AA encoded by SEQ ID NO:

13 is the WR-9mut nucleotide sequence.
14 is the WR-9mut encoded by SEQ ID NO:

15 is the FRD3 nucleotide sequence.

16 is the FRD3 encoded by SEQ ID NO: 15.
17 is the FR-12-cg-dm3 nucleotide sequence.
18 is the FR-12-cg-dm3 encoded by SEQ ID

19 is the 9F-cg-del6 nucleotide sequence.
20 is the 9F-cg-del6 encoded by SEQ ID NO:

21 is the FR-cg-dm3 nucleotide sequence.
22 is the FR-cg-dm3 encoded by SEQ ID NO:

SEQ ID NO: 25 is the B8a nucleotide sequence.

SEQ ID NO: 26 is the B8a encoded by SEQ ID NO: 25.
SEQ ID NO: 27 is the 5*B8a nucleotide sequence.

SEQ ID NO: 28 is the 5*B8a encoded by SEQ ID NO: 27.
SEQ ID NO: 29 is the V3A nucleotide sequence.

SEQ ID NO: 30 is the V3A encoded by SEQ ID NO: 29.
SEQ ID NO: 31 is the V4F nucleotide sequence.

SEQ ID NO: 32 is the V4F encoded by SEQ ID NO: 31.

SEQ ID NO: 33 is the 5*V4F nucleotide sequence.
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SEQ ID NO: 34 is the 5%V4F encoded by SEQ ID NO: 33.
SEQ ID NO: 35 is the 20L-7 nucleotide sequence.
SEQ ID NO: 36 is the 20L-7 encoded by SEQ ID NO: 35.
SEQ ID NO: 37 is the T7-20L-7 nucleotide sequence.
SEQ ID NO: 38 is the T7-20L-7 encoded by SEQ ID NO:
37.
SEQ ID NO: 39 is the 5*20L-7 nucleotide sequence.
SEQ ID NO: 40 is the 5*20L-7 encoded by SEQ ID NO: 39.
SEQ ID NO: 41 is the 20L-10 nucleotide sequence.
SEQ ID NO: 42 is the 20L.-10 encoded by SEQ ID NO: 41.
SEQ ID NO: 43 is the 5*20L-10 nucleotide sequence.
SEQ ID NO: 44 is the 5%20L-10 encoded by SEQ ID NO:
43,
SEQ ID NO: 45 is the 20L-12A nucleotide sequence.
SEQ ID NO: 46 is the 20L-12A encoded by SEQ ID NO:
45.
SEQ ID NO: 47 is the 20L-13 nucleotide sequence.
SEQ ID NO: 48 is the 201-13 encoded by SEQ ID NO: 47.
SEQ ID NO: 49 is the V5&6 nucleotide sequence.
SEQ ID NO: 50 is the V5&6 encoded by SEQ ID NO: 49.
SEQ ID NO: 51 is the 5*V5&6 nucleotide sequence.
SEQ ID NO: 52 is the 5*V5&6 encoded by SEQ ID NO: 51.
SEQ ID NO: 53 is the 88A-dm3 nucleotide sequence.
SEQ ID NO: 54 is the 88A-dm3 encoded by SEQ ID NO:
53.
SEQ ID NO: 55 is the FR(1Fa) nucleotide sequence.
SEQ ID NO: 56 is the FR(1Fa) encoded by SEQ ID NO: 55.
SEQ ID NO: 57 is the FR(1Ac) nucleotide sequence.
SEQ ID NO: 58 is the FR(1Ac) encoded by SEQ ID NO: 57.
SEQ ID NO: 59 is the FR(11a) nucleotide sequence.
SEQ ID NO: 60 is the FR(11a) encoded by SEQ ID NO: 59.
SEQ ID NO: 61 is the DM23A nucleotide sequence.
SEQ ID NO: 62 is the DM23A encoded by SEQ ID NO: 61.
SEQ ID NO: 63 is the 8AF nucleotide sequence.
SEQ ID NO: 64 is the 8AF encoded by SEQ ID NO: 63.
SEQ ID NO: 65 is the 5*cry3A055 nucleotide sequence.
SEQ ID NO: 66 is the 5*Cry3A055 encoded by SEQ ID NO:
65.
SEQ ID NO: 67 is a maize optimized cry3A nucleotide
sequence.
SEQ ID NO: 68 is the Cry3A encoded by SEQ ID NO: 67.
SEQ ID NO: 69 is the cry3A055 nucleotide sequence.
SEQ ID NO: 70 is the Cry3A055 encoded by SEQ ID NO:
69.
SEQ ID NO: 71 is a maize optimized cryl Ab nucleotide
sequence.
SEQ ID NO: 72 is the CrylAb encoded by SEQ ID NO: 71.
SEQ ID NO: 73 is a maize optimized crylBa nucleotide
sequence.
SEQ ID NO: 74 is the Cry1Ba encoded by SEQ ID NO: 73.
SEQ ID NO: 75 is a maize optimized crylFa nucleotide
sequence.
SEQ ID NO: 76 is the Cry1Fa encoded by SEQ ID NO: 75.
SEQ ID NO: 77 is a cry8Aa nucleotide sequence.
SEQ ID NO: 78 is the Cry8Aa encoded by SEQ ID NO: 77.
SEQ ID NO: 79 is a cryl Ac nucleotide sequence.
SEQ ID NO: 80 is the Cryl Ac encoded by SEQ ID NO: 79.
SEQ ID NO: 81 is a crylla nucleotide sequence.
SEQ ID NO: 82 is the Crylla encoded by SEQ ID NO: 81.
SEQ ID NOs 83-125 are primer sequences useful in the
present invention.
SEQ ID NOs 126-134 are N-terminal peptidyl fragments.
SEQ ID NO: 135 is a full-length Cry3A protein.
SEQ ID NO: 136-143 are primer sequences useful in the
present invention.
SEQ ID NO: 144 is the T7-8AF coding sequence.
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SEQ ID NO: 145 is the T7-8AF encoded by ASEQ ID NO:
144.

SEQ ID NO: 146 is the —catG8AF coding sequence.

SEQ ID NO: 147 is the -CatG8AF encoded by SEQ ID NO:
146.

SEQ ID NO: 148 is the 8AFdm3 coding sequence.

SEQ ID NO: 149 is the 8AFdm3 encoded by SEQ ID NO:
148.

SEQ ID NO: 150 is the 8 AFlongdm3 coding sequence.
SEQ ID NO: 151 is the 8AFlongdm3 encoded by SEQ ID
NO: 150.

SEQ ID NO: 152 is the capS8AFdm3 coding sequence.
SEQ ID NO: 153 is the cap8AFdm3 encoded by SEQ ID
NO: 152.

SEQ ID NO: 154 is the 8AFdm3T coding sequence.

SEQ ID NO: 155 is the 8AFdm3T encoded by SEQ 1D NO:
154.

SEQ ID NO: 156 is the 8 AFlongdm3T coding sequence.
SEQ ID NO: 157 is the 8 AFlongdm3T encoded by SEQ ID
NO: 156.

SEQ ID NO: 158 is the cap8AFdm3T coding sequence.
SEQ ID NO: 159 is the cap8AFdm3T encoded by SEQ ID
NO: 158.

SEQ ID NO: 160 is the FR8a+34 eHIP.

DEFINITIONS

For clarity, certain terms used in the specification are
defined and presented as follows:

“Activity” of the eHIPs of the invention is meant that the
eHIPs function as orally active insect control agents, have a
toxic effect, or are able to disrupt or deter insect feeding,
which may or may not cause death of the insect. When an
eHIP of the invention is delivered to the insect, the result is
typically death of the insect, or the insect does not feed upon
the source that makes the eHIP available to the insect.

“Associated with/operatively linked” refer to two nucleic
acids that are related physically or functionally. For
example, a promoter or regulatory DNA sequence is said to
be “associated with” a DNA sequence that codes for RNA or
a protein if the two sequences are operatively linked, or
situated such that the regulatory DNA sequence will affect
the expression level of the coding or structural DNA
sequence.

In the context of the present invention, a “chimeric
insecticidal protein” (CIP) is an insecticidal protein com-
prising a peptidyl fragment fused to the N-terminus of an
eHIP. The peptidyl fragment may confer insecticidal activity
upon the eHIP, may increase the insecticidal activity of the
eHIP over an eHIP without the peptidyl fragment, or may
make the eHIP more stable than an eHIP without the
peptidyl fragment, particularly against at least western corn
rootworm. The peptidyl fragment is an amino acid sequence
that is typically heterologus to (not derived from) a Bt Cry
protein but may be derived from a Bt Cry protein. Such
peptidyl fragments extend from the N-terminus of the insec-
ticidal protein and do not naturally occur at the N-terminus
of Bt Cry proteins. One example of an N-terminal peptidyl
fragment has the amino acid sequence MTSNGRQCAGIRP
(SEQ ID NO: 129) which is not derived from a Bt Cry
protein.

A “coding sequence” is a nucleic acid sequence that is
transcribed into RNA such as mRNA, rRNA, tRNA,
snRNA, sense RNA or antisense RNA. Preferably the RNA
is then translated in an organism to produce a protein.

In the context of the present invention, “connecting”
nucleic acids means to join two or more nucleic acids
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together using any means known in the art. For example,
without limitation, the nucleic acids may be ligated together
using for example, DNA ligase, or may be annealed using
PCR. The nucleic acids may also be joined by chemically
synthesizing a nucleic acid using the sequence of two or
more separate nucleic acids.

To “control” insects means to inhibit, through a toxic
effect, the ability of insect pests to survive, grow, feed,
and/or reproduce, or to limit insect-related damage or loss in
crop plants. To “control” insects may or may not mean
killing the insects, although it preferably means killing the
insects.

In the context of the present invention, “corresponding to”
means that when the amino acid sequences of certain
proteins (for example Bt Cry proteins or modified Cry3A
proteins) are aligned with each other, the amino acids that
align with certain enumerated positions in for example, but
not limited to, a Cry3A toxin (either SEQ ID NO: 68 or SEQ
ID NO: 134); a Cry3A055 toxin (SEQ ID NO: 70); or a
CrylAb toxin (SEQ ID NO: 72), but that are not necessarily
in these exact numerical positions relative to the reference
amino acid sequence, particularly as it relates to identifica-
tion of domains I, II and III, and/or the conserved blocks and
variable regions, these amino acid positions “correspond to”
each other. For example, in delineating Domain I of a hybrid
protein, amino acids 11-244 of a Cry3 A055 protein (SEQ ID
NO: 70) correspond to amino acids 58-290 of a native
Cry3 A toxin (SEQ ID NO: 135) or to amino acids 11-243 of
a native Cry3A toxin (SEQ ID NO: 68) or to amino acids
33-254 of a native Cry1Ab toxin.

In the context of the present invention the words “Cry
protein” can be used interchangeably with the words “delta-
endotoxin” or “d-endotoxin.”

In the context of the present invention, an “engineered
hybrid insecticidal protein” (eHIP) is an insecticidal protein
created by fusing unique combinations of variable regions
and conserved blocks of at least two different Cry proteins.
Such novel eHIPs may comprise complete or partial variable
regions, conserved blocks or domains from a modified
Cry3 A protein and a Cry protein different from the modified
Cry3A protein. The eHIPs of the invention may optionally
include a protoxin tail region from a Bt Cry protein or an
N-terminal peptidyl fragment or both. For example without
limitation, an eHIP is created by combining in an N-terminal
to C-terminal direction, amino acids 1-468 of a Cry3A055
protein (SEQ ID NO: 70), which comprises variable region
1, conserved block 1, variable region 2, conserved block 2,
variable region 3, and the N-terminal 24 amino acids of
conserved block 3, and amino acids 477-648 of a CrylAb
protein (SEQ ID NO: 72), which comprises the C-terminal
24 amino acids of conserved block 3, variable region 4,
conserved block 4, variable region 5, conserved block 5 and
variable region 6, and a 38 amino acid region of a CrylAb
protoxin tail. An eHIP that comprises an N-terminal peptidyl
fragment may also be designated as a “chimeric insecticidal
protein (CIP).”

To “deliver” an eHIP means that the eHIP comes in
contact with an insect, resulting in a toxic effect and control
of'the insect. The eHIP may be delivered in many recognized
ways, e.g., through a transgenic plant expressing the eHIP,
formulated protein composition(s), sprayable protein com-
position(s), a bait matrix, or any other art-recognized toxin
delivery system.

“Effective insect-controlling amount” means that concen-
tration of an eHIP that inhibits, through a toxic effect, the
ability of insects to survive, grow, feed and/or reproduce, or
to limit insect-related damage or loss in crop plants. “Effec-
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tive insect-controlling amount” may or may not mean killing
the insects, although it preferably means killing the insects.

“Expression cassette” as used herein means a nucleic acid
sequence capable of directing expression of a particular
nucleotide sequence in an appropriate host cell, comprising
a promoter operably linked to the nucleotide sequence of
interest which is operably linked to termination signals. It
also typically comprises sequences required for proper trans-
lation of the nucleotide sequence. The expression cassette
comprising the nucleotide sequence of interest may have at
least one of its components heterologous with respect to at
least one of its other components. The expression cassette
may also be one that is naturally occurring but has been
obtained in a recombinant form useful for heterologous
expression. Typically, however, the expression cassette is
heterologous with respect to the host, i.e., the particular
nucleic acid sequence of the expression cassette does not
occur naturally in the host cell and must have been intro-
duced into the host cell or an ancestor of the host cell by a
transformation event. The expression of the nucleotide
sequence in the expression cassette may be under the control
of a constitutive promoter or of an inducible promoter that
initiates transcription only when the host cell is exposed to
some particular external stimulus. In the case of a multicel-
Iular organism, such as a plant, the promoter can also be
specific to a particular tissue, or organ, or stage of devel-
opment.

A “gene” is a defined region that is located within a
genome and that, besides the aforementioned coding nucleic
acid sequence, comprises other, primarily regulatory, nucleic
acids responsible for the control of the expression, that is to
say the transcription and translation, of the coding portion.
A gene may also comprise other 5' and 3' untranslated
sequences and termination sequences. Further elements that
may be present are, for example, introns. The regulatory
nucleic acid sequence of the gene may not normally be
operatively linked to the associated nucleic acid sequence as
found in nature and thus would be a chimeric gene.

“Gene of interest” refers to any gene which, when trans-
ferred to a plant, confers upon the plant a desired charac-
teristic such as antibiotic resistance, virus resistance, insect
resistance, disease resistance, or resistance to other pests,
herbicide tolerance, improved nutritional value, improved
performance in an industrial process or altered reproductive
capability. The “gene of interest” may also be one that is
transferred to plants for the production of commercially
valuable enzymes or metabolites in the plant.

A “heterologous” nucleic acid sequence is a nucleic acid
sequence not naturally associated with a host cell into which
it is introduced, including non-naturally occurring multiple
copies of a naturally occurring nucleic acid sequence. A
heterologous amino acid sequence is one that is not naturally
associated with a native amino acid sequence, for example
an amino acid sequence of a Cry protein.

A “homologous” nucleic acid sequence is a nucleic acid
sequence naturally associated with a host cell into which it
is introduced.

“Homologous recombination” is the reciprocal exchange
of nucleic acid fragments between homologous nucleic acid
molecules.

“Identity” or “percent identity” refers to the degree of
similarity between two nucleic acid or protein sequences.
For sequence comparison, typically one sequence acts as a
reference sequence to which test sequences are compared.
When using a sequence comparison algorithm, test and
reference sequences are input into a computer, subsequence
coordinates are designated if necessary, and sequence algo-
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rithm program parameters are designated. The sequence
comparison algorithm then calculates the percent sequence
identity for the test sequence(s) relative to the reference
sequence, based on the designated program parameters.

Optimal alignment of sequences for comparison can be
conducted, e.g., by the local homology algorithm of Smith
& Waterman, Adv. Appl. Math. 2: 482 (1981), by the
homology alignment algorithm of Needleman & Wunsch, J.
Mol. Biol. 48: 443 (1970), by the search for similarity
method of Pearson & Lipman, Proc. Nat’l. Acad. Sci. USA
85: 2444 (1988), by computerized implementations of these
algorithms (GAP, BESTFIT, FASTA, and TFASTA in the
Wisconsin Genetics Software Package, Genetics Computer
Group, 575 Science Dr., Madison, Wis.), or by visual
inspection (see generally, Ausubel et al., infra).

One example of an algorithm that is suitable for deter-
mining percent sequence identity and sequence similarity is
the BLAST algorithm, which is described in Altschul et al.,
J. Mol. Biol. 215: 403-410 (1990). Software for performing
BLAST analyses is publicly available through the National
Center for Biotechnology Information (http://www.ncbi.n-
Im.nih.gov/). This algorithm involves first identifying high
scoring sequence pairs (HSPs) by identifying short words of
length W in the query sequence, which either match or
satisfy some positive-valued threshold score T when aligned
with a word of the same length in a database sequence. T is
referred to as the neighborhood word score threshold (Alts-
chul et al., 1990). These initial neighborhood word hits act
as seeds for initiating searches to find longer HSPs contain-
ing them. The word hits are then extended in both directions
along each sequence for as far as the cumulative alignment
score can be increased. Cumulative scores are calculated
using, for nucleotide sequences, the parameters M (reward
score for a pair of matching residues; always >0) and N
(penalty score for mismatching residues; always <0). For
amino acid sequences, a scoring matrix is used to calculate
the cumulative score. Extension of the word hits in each
direction are halted when the cumulative alignment score
falls off by the quantity X from its maximum achieved value,
the cumulative score goes to zero or below due to the
accumulation of one or more negative-scoring residue align-
ments, or the end of either sequence is reached. The BLAST
algorithm parameters W, T, and X determine the sensitivity
and speed of the alignment. The BLASTN program (for
nucleotide sequences) uses as defaults a wordlength (W) of
11, an expectation (E) of 10, a cutoff of 100, M=5, N=-4,
and a comparison of both strands. For amino acid sequences,
the BLASTP program uses as defaults a wordlength (W) of
3, an expectation (E) of 10, and the BLOSUMG62 scoring
matrix (see Henikoft & Henikoff, Proc. Natl. Acad. Sci. USA
89: 10915 (1989)).

In addition to calculating percent sequence identity, the
BLAST algorithm also performs a statistical analysis of the
similarity between two sequences (see, e.g., Karlin & Alts-
chul, Proc. Nat’l. Acad. Sci. USA 90: 5873-5787 (1993)).
One measure of similarity provided by the BLAST algo-
rithm is the smallest sum probability (P(N)), which provides
an indication of the probability by which a match between
two nucleotide or amino acid sequences would occur by
chance. For example, a test nucleic acid sequence is con-
sidered similar to a reference sequence if the smallest sum
probability in a comparison of the test nucleic acid sequence
to the reference nucleic acid sequence is less than about 0.1,
more preferably less than about 0.01, and most preferably
less than about 0.001.

Another widely used and accepted computer program for
performing sequence alignments is CLUSTALW vl1.6
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(Thompson, et al. Nuc. Acids Res., 22: 4673-4680, 1994).
The number of matching bases or amino acids is divided by
the total number of bases or amino acids, and multiplied by
100 to obtain a percent identity. For example, if two 580
base pair sequences had 145 matched bases, they would be
25 percent identical. If the two compared sequences are of
different lengths, the number of matches is divided by the
shorter of the two lengths. For example, if there were 100
matched amino acids between a 200 and a 400 amino acid
proteins, they are 50 percent identical with respect to the
shorter sequence. If the shorter sequence is less than 150
bases or 50 amino acids in length, the number of matches are
divided by 150 (for nucleic acid bases) or 50 (for amino
acids), and multiplied by 100 to obtain a percent identity.

Another indication that two nucleic acids are substantially
identical is that the two molecules hybridize to each other
under stringent conditions. The phrase “hybridizing specifi-
cally to” refers to the binding, duplexing, or hybridizing of
a molecule only to a particular nucleotide sequence under
stringent conditions when that sequence is present in a
complex mixture (e.g., total cellular) DNA or RNA.
“Bind(s) substantially” refers to complementary hybridiza-
tion between a probe nucleic acid and a target nucleic acid
and embraces minor mismatches that can be accommodated
by reducing the stringency of the hybridization media to
achieve the desired detection of the target nucleic acid
sequence.

“Stringent hybridization conditions” and “stringent
hybridization wash conditions” in the context of nucleic acid
hybridization experiments such as Southern and Northern
hybridizations are sequence dependent, and are different
under different environmental parameters. Longer
sequences hybridize specifically at higher temperatures. An
extensive guide to the hybridization of nucleic acids is found
in Tijssen (1993) Laboratory lechniques in Biochemistry
and Molecular Biology-Hybridization with Nucleic Acid
Probes part I chapter 2 “Overview of principles of hybrid-
ization and the strategy of nucleic acid probe assays”
Elsevier, New York. Generally, highly stringent hybridiza-
tion and wash conditions are selected to be about 5° C. lower
than the thermal melting point (T,,) for the specific sequence
at a defined ionic strength and pH. Typically, under “strin-
gent conditions” a probe will hybridize to its target subse-
quence, but to no other sequences.

The T,, is the temperature (under defined ionic strength
and pH) at which 50% of the target sequence hybridizes to
a perfectly matched probe. Very stringent conditions are
selected to be equal to the T,, for a particular probe. An
example of stringent hybridization conditions for hybridiza-
tion of complementary nucleic acids which have more than
100 complementary residues on a filter in a Southern or
northern blot is 50% formamide with 1 mg of heparin at 42°
C., with the hybridization being carried out overnight. An
example of highly stringent wash conditions is 0.1 SM NaCl
at 72° C. for about 15 minutes. An example of stringent wash
conditions is a 0.2xSSC wash at 65° C. for 15 minutes (see,
Sambrook, infra, for a description of SSC buffer). Often, a
high stringency wash is preceded by a low stringency wash
to remove background probe signal. An example medium
stringency wash for a duplex of; e.g., more than 100 nucleo-
tides, is 1xSSC at 45° C. for 15 minutes. An example low
stringency wash for a duplex of; e.g., more than 100 nucleo-
tides, is 4-6xSSC at 40° C. for 15 minutes. For short probes
(e.g., about 10 to 50 nucleotides), stringent conditions
typically involve salt concentrations of less than about 1.0 M
Na ion, typically about 0.01 to 1.0 M Na ion concentration
(or other salts) at pH 7.0 to 8.3, and the temperature is
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typically at least about 30° C. Stringent conditions can also
be achieved with the addition of destabilizing agents such as
formamide. In general, a signal to noise ratio of 2x (or
higher) than that observed for an unrelated probe in the
particular hybridization assay indicates detection of a spe-
cific hybridization. Nucleic acids that do not hybridize to
each other under stringent conditions are still substantially
identical if the proteins that they encode are substantially
identical. This occurs, e.g., when a copy of a nucleic acid is
created using the maximum codon degeneracy permitted by
the genetic code.

The following are examples of sets of hybridization/wash
conditions that may be used to clone homologous nucleotide
sequences that are substantially identical to reference
nucleotide sequences of the present invention: a reference
nucleotide sequence preferably hybridizes to the reference
nucleotide sequence in 7% sodium dodecyl sulfate (SDS),
0.5 M NaPO,, 1 mM EDTA at 50° C. with washing in
2xSSC, 0.1% SDS at 50° C., more desirably in 7% sodium
dodecyl sulfate (SDS), 0.5 M NaPO,, 1 mM EDTA at 50° C.
with washing in 1xSSC, 0.1% SDS at 50° C., more desirably
still in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO,, 1
mM EDTA at 50° C. with washing in 0.5xSSC, 0.1% SDS
at 50° C., preferably in 7% sodium dodecyl sulfate (SDS),
0.5 M NaPO,, 1 mM EDTA at 50° C. with washing in
0.1xSSC, 0.1% SDS at 50° C., more preferably in 7%
sodium dodecyl sulfate (SDS), 0.5 M NaPO,, 1 mM EDTA
at 50° C. with washing in 0.1xSSC, 0.1% SDS at 65° C.

A further indication that two nucleic acids or proteins are
substantially identical is that the protein encoded by the first
nucleic acid is immunologically cross reactive with, or
specifically binds to, the protein encoded by the second
nucleic acid. Thus, a protein is typically substantially iden-
tical to a second protein, for example, where the two proteins
differ only by conservative substitutions.

“Insecticidal” is defined as a toxic biological activity
capable of controlling insects, preferably by killing them.

A nucleic acid sequence is “isocoding with” a reference
nucleic acid sequence when the nucleic acid sequence
encodes a polypeptide having the same amino acid sequence
as the polypeptide encoded by the reference nucleic acid
sequence.

An “isolated” nucleic acid molecule or an isolated toxin
is a nucleic acid molecule or toxin that, by the hand of man,
exists apart from its native environment and is therefore not
a product of nature. An isolated nucleic acid molecule or
toxin may exist in a purified form or may exist in a
non-native environment such as, for example without limi-
tation, a recombinant microbial cell, plant cell, plant tissue,
or plant.

A “modified Cry3A toxin” or “Cry3A055” of this inven-
tion refers to a Cry3A-derived toxin having at least one
additional protease recognition site that is recognized by a
gut protease of a target insect, which does not naturally
occur in a Cry3A toxin, as described in U.S. Pat. No.
7,030,295, herein incorporated by reference.

A “modified cry3A coding sequence” according to this
invention can be derived from a native cry3A coding
sequence or from a synthetic cry3A coding sequence and
comprises the coding sequence of at least one additional
protease recognition site that does not naturally occur in an
unmodified cry3A gene.

A “nucleic acid molecule” or “nucleic acid sequence” is
a segment of single- or double-stranded DNA or RNA that
can be isolated from any source. In the context of the present
invention, the nucleic acid molecule is typically a segment
of DNA.
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A “plant” is any plant at any stage of development,
particularly a seed plant.

A “plant cell” is a structural and physiological unit of a
plant, comprising a protoplast and a cell wall. The plant cell
may be in the form of an isolated single cell or a cultured
cell, or as a part of a higher organized unit such as, for
example, plant tissue, a plant organ, or a whole plant.

“Plant cell culture” means cultures of plant units such as,
for example, protoplasts, cell culture cells, cells in plant
tissues, pollen, pollen tubes, ovules, embryo sacs, zygotes
and embryos at various stages of development.

“Plant material” refers to leaves, stems, roots, flowers or
flower parts, fruits, pollen, egg cells, zygotes, seeds, cut-
tings, cell or tissue cultures, or any other part or product of
a plant.

A “plant organ” is a distinct and visibly structured and
differentiated part of a plant such as a root, stem, leaf, flower
bud, or embryo.

“Plant tissue” as used herein means a group of plant cells
organized into a structural and functional unit. Any tissue of
a plant in planta or in culture is included. This term includes,
but is not limited to, whole plants, plant organs, plant seeds,
tissue culture and any groups of plant cells organized into
structural and/or functional units. The use of this term in
conjunction with, or in the absence of, any specific type of
plant tissue as listed above or otherwise embraced by this
definition is not intended to be exclusive of any other type
of plant tissue.

A “promoter” is an untranslated DNA sequence upstream
of the coding region that contains the binding site for RNA
polymerase and initiates transcription of the DNA. The
promoter region may also include other elements that act as
regulators of gene expression.

“Regulatory elements” refer to sequences involved in
controlling the expression of a nucleotide sequence. Regu-
latory elements comprise a promoter operably linked to the
nucleotide sequence of interest and termination signals.
They also typically encompass sequences required for
proper translation of the nucleotide sequence.

“Transformation” is a process for introducing heterolo-
gous nucleic acid into a host cell or organism. In particular,
“transformation” means the stable integration of a DNA
molecule into the genome of an organism of interest.

“Transformed/transgenic/recombinant” refer to a host
organism such as a bacterium or a plant into which a
heterologous nucleic acid molecule has been introduced.
The nucleic acid molecule can be stably integrated into the
genome of the host or the nucleic acid molecule can also be
present as an extrachromosomal molecule. Such an extra-
chromosomal molecule can be auto-replicating. Trans-
formed cells, tissues, or plants are understood to encompass
not only the end product of a transformation process, but
also transgenic progeny thereof. A “non-transformed”, “non-
transgenic”, or “non-recombinant” host refers to a wild-type
organism, e.g., a bacterium or plant, which does not contain
the heterologous nucleic acid molecule.

Nucleotides are indicated by their bases by the following
standard abbreviations: adenine (A), cytosine (C), thymine
(T), and guanine (G). Amino acids are likewise indicated by
the following standard abbreviations: alanine (Ala; A), argi-
nine (Arg; R), asparagine (Asn; N), aspartic acid (Asp; D),
cysteine (Cys; C), glutamine (Gln; Q), glutamic acid (Glu;
E), glycine (Gly; G), histidine (His; H), isoleucine (Ile; 1),
leucine (Leu; L), lysine (Lys; K), methionine (Met; M),
phenylalanine (Phe; F), proline (Pro; P), serine (Ser; S),
threonine (Thr; T), tryptophan (Trp; W), tyrosine (Tyr; Y),
and valine (Val; V).
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DESCRIPTION

This invention relates to novel engineered hybrid insec-
ticidal proteins (eHIPS), created to have activity against at
least western corn rootworm, and may further include north-
ern corn rootworm, Mexican corn rootworm, and/or Colo-
rado potato beetle. Some eHIPs have activity against the
lepidopteran pest, European corn borer. Such novel eHIPs
are made by fusing unique combinations of complete or
partial variable regions and conserved blocks of at least two
different Cry proteins and optionally include a protoxin tail
region from a Bt Cry protein at the C-terminus or an
N-terminal peptidyl fragment or both. For example, without
limitation, by combining complete or partial variable
regions and conserved blocks from a first Cry protein that
has coleopteran activity with complete or partial variable
regions and conserved blocks from a second Cry protein that
has lepidopteran activity and is different from the first Bt Cry
protein, and optionally including a protoxin tail region from
a Bt Cry protein at the C-terminus or an N-terminal peptidyl
fragment or both, new engineered hybrid insecticidal pro-
teins that have activity against a spectrum of insects that is
different from the first or second parent Cry protein, or both,
is created. Such novel eHIPs may also comprise complete or
partial variable regions, conserved blocks or domains from
a modified Cry3A protein and a Cry protein different from
the modified Cry3A protein. The N-terminal peptidyl frag-
ment or protoxin tail region may confer insecticidal activity
upon the eHIP, may increase the insecticidal activity of an
eHIP over an eHIP without the peptidyl fragment or protoxin
tail region, and/or may make the eHIP more stable than an
eHIP without the peptidyl fragment or protoxin tail region,
particularly against at least western corn rootworm. The
amino acid sequence of the peptidyl fragment typically is
heterologous to (i.e. not derived from) a Bt Cry protein.
However, based on the teaching disclosed herein, the skilled
person will recognize that an N-terminal peptidyl fragment
may be generated using an amino acid sequence derived
from a Bt Cry protein. The eHIPs of the invention have
surprising and unexpected toxicity to corn rootworm, par-
ticularly to western, northern and Mexican corn rootworm.
The present invention also relates to nucleic acids whose
expression results in eHIPs, and to the making and using of
the eHIPs to control insect pests. The expression of the
nucleic acids results in eHIPs that can be used to control
coleopteran insects such as western, northern or Mexican
corn rootworm, or used to control lepidopteran insects such
as Buropean corn borer, particularly when expressed in a
transgenic plant such as a transgenic corn plant.

In one embodiment, the invention encompasses an engi-
neered hybrid insecticidal protein comprising an amino acid
sequence from a first Bacillus thuringiensis (Bt) Cry protein
comprising complete or partial variable regions and con-
served blocks of the first Cry protein fused to an amino acid
sequence from a second Bt Cry protein different from the
first Bt Cry protein comprising complete or partial variable
regions and conserved blocks of the second Cry protein, and
optionally comprising: (a) a protoxin tail region of a Bt Cry
protein located at the C-terminus; or (b) an N-terminal
peptidyl fragment; or both (a) and (b), wherein the eHIP has
activity against at least western corn rootworm.

In another embodiment, the present invention encom-
passes an eHIP comprising an N-terminal region of a first Bt
Cry protein fused to a C-terminal region of a second Bt Cry
protein different from the first Bt Cry protein, wherein at
least one crossover position between the first and the second
Bt Cry protein is located in conserved block 2, conserved
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block 3, variable region 4 or conserved block 4, and option-
ally comprising: (a) a protoxin tail region of a Bt Cry protein
located at the C-terminus; or (b) an N-terminal peptidyl
fragment; or both (a) and (b), wherein the eHIP has insec-
ticidal activity against at least western corn rootworm.

In another embodiment, an eHIP according to the inven-
tion comprises from N-terminus to C-terminus variable
region 1 or a C-terminal portion of variable region 1,
conserved block 1, variable region 2, conserved block 2,
variable region 3, and an N-terminal portion of conserved
block 3 of'a first Bt Cry protein fused to a C-terminal portion
of conserved block 3, variable region 4, conserved block 4,
variable region 5, conserved block 5, and variable region 6
of a second Bt Cry protein.

In another embodiment, an eHIP of the invention com-
prises at least two crossover positions between an amino
acid sequence from the first Bt Cry protein and an amino
acid sequence from the second Bt Cry protein. In one
embodiment, a first crossover position is located in con-
served block 2 and a second crossover position is located in
conserved block 3. In another embodiment, a first crossover
junction is located in conserved block 3 and a second
crossover position is located in conserved block 4.

In another embodiment, an eHIP of the invention com-
prises at the C-terminus a protoxin tail region of a Bt Cry
protein. The protoxin tail region may confer insecticidal
activity upon the eHIP, meaning that without the protoxin
tail region the eHIP would not be active, may increase
activity of the eHIP over an eHIP without the protoxin tail
region, or may make the eHIP more stable than an eHIP
without the protoxin tail region. In one embodiment, the
protoxin tail region is from a lepidopteran active Bt Cry
protein. In another embodiment, the protoxin tail region is
from a CrylA protein. In yet another embodiment, the
protoxin tail region is from a CrylAa or a Cryl Ab protein.
The protoxin tail region of the invention may comprise an
entire protoxin tail of a Bt Cry protein or any fragment
thereof. In one aspect of this embodiment, the protoxin tail
region of an eHIP comprises at least 38 amino acids from the
N-terminus of a protoxin tail of a Cry1 Ab protein. In another
aspect of this embodiment, the protoxin tail region com-
prises an amino acid sequence corresponding to amino acids
611-648 of SEQ ID NO: 72. In still another aspect of this
embodiment, the protoxin tail region comprises amino acids
611-648 of SEQ ID NO: 72.

In still another embodiment, an eHIP comprises an N-ter-
minal peptidyl fragment. The N-terminal peptidyl fragment
may confer insecticidal activity upon the eHIP, meaning that
without the N-terminal peptidyl fragment the protein does
not have insecticidal activity, or the N-terminal peptidyl
fragment may increase the insecticidal activity of the eHIP
over an eHIP without the N-terminal peptidyl fragment, or
the N-terminal peptidyl fragment may make the eHIP more
stable than an eHIP without an N-terminal peptidyl frag-
ment. In one aspect of this embodiment, the peptidyl frag-
ment comprises an amino acid sequence that is heterologous
to (i.e. not derived from) a Bt Cry protein. In another aspect
of this embodiment, the N-terminal peptidyl fragment com-
prises at least 9 amino acids. In yet another aspect of this
embodiment, the peptidyl fragment comprises at least 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43,44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58,
59, 60, 70, 80, 90 or 100 amino acids. In another aspect of
this embodiment, the peptidyl fragment comprises greater
than 100 amino acids. In still another aspect of this embodi-
ment, the N-terminal peptidyl fragment comprises the amino
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acid sequence YDGRQQHRG (SEQ ID NO: 133) or TSN-
GRQCAGIRP (SEQ ID NO: 134). In yet another aspect of
this embodiment, the N-terminal peptidyl fragment com-
prises an amino acid sequence selected from the group
consisting of SEQ ID NO: 126, SEQ ID NO: 127, SEQ ID
NO: 128, SEQ ID NO: 129, SEQ ID NO: 130, SEQ ID NO:
131, and SEQ ID NO: 132.

In yet another embodiment, the variable regions and
conserved blocks of a first Cry protein active against cole-
opteran insects are used to make the eHIP of the invention
in combination with variable regions and conserved blocks
of'a second Cry protein active against a lepidopteran insect.
Coleopteran active Cry proteins include but are not limited
to Cry3, Cry7, Cry8, and Cry34/Cry35. The lepidopteran
active Cry proteins include but are not limited to Cryl and
Cry9. In one aspect of this embodiment, the first Cry protein
is a Cry3 A and the second Cry protein is a Cryl A. In another
aspect, the Cry3A protein can be replaced with a modified
Cry3A, for example without limitation, the Cry3A055 pro-
tein disclosed in U.S. Pat. No. 5,659,123, which is herein
incorporated by reference. In still another aspect of this
embodiment, the Cry3A protein is a Cry3Aa and the Cryl A
protein is a CrylAa or a CrylAb. In another aspect of this
embodiment, the Cry3Aa is selected from the following
group and has the indicated GenBank Accession Number:

Cry3Aal (M22472), Cry3Aa2 (J02978), Cry3Aa3
(Y00420), Cry3Aa4 (M30503), Cry3Aa5 (M37207),
Cry3Aa6 (U10985), Cry3Aa7 (AJ237900), Cry3Aa8
(AAS79487), Cry3Aa9 (AAW05659),  Cry3Aal0

(AAU29411), and Cry3Aall (AY882576). In another aspect
of this embodiment the CrylAa is selected from the follow-
ing group and has the indicated GenBank Accession Num-
ber: CrylAal (M11250), CrylAa2 (M10917), CrylAa3
(D00348), CrylAad4 (X13535), CrylAa5 (D17518),
CrylAa6 (U43605), CrylAa7 (AF081790), CrylAa8
(126149), CrylAa9 (AB026261), CrylAal0 (AF154676),
CrylAall (Y09663), CrylAal2 (AF384211), CrylAal3
(AF510713), CrylAald (AY197341), and CrylAal5
(DQO062690). In still another aspect of this embodiment, the
CrylAb is selected from the following group and has the
indicated GenBank Accession Number: CrylAbl
(M13898), CrylAb2 (M12661), CrylAb3 (M15271),
CrylAb4 (DO00117), CrylAbS (X04698), CrylAb6
(M37263), CrylAb7 (X13233), CrylAb8 (M16463),
CrylAb9 (X54939), CrylAbl0 (A29125), CrylAbll
(112419), CrylAb12 (AF059670), CrylAbl3 (AF254640),
CrylAbl4 (U94191), CrylAbl5 (AF358861), CrylAbl6

(AF37560),  CrylAbl7  (AAT46415),  CrylAbl8
(AAQ88259), CrylAbl9  (AY847289), CrylAb20
(DQ241675), CrylAb21 (EF683163), and CrylAb22

(ABW87320). In yet another aspect of this embodiment, the
first Cry protein comprises an amino acid sequence selected
from the group consisting of SEQ ID NO: 68, SEQ ID NO:
70, and SEQ ID NO: 135, and the second Cry protein
comprises an amino acid sequence set forth in SEQ 1D NO:
72.

In one embodiment, the present invention encompasses an
eHIP of the invention comprising at least one crossover
position between the N-terminal region of the first Cry
protein and the C-terminal region of the second Cry protein
located in conserved block 3, variable region 4, or conserved
block 4. In one aspect of this embodiment, the crossover
position in conserved block 3 is located immediately fol-
lowing an amino acid corresponding to Ser451, Phe454, or
Leud68 of SEQ ID NO: 70. In another aspect of this
embodiment, the crossover position is located in conserved
block 3 immediately following Serd451, Phe454, or Leu468
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of SEQ ID: 70 or Ser450, Phe453, or Leud67 of SEQ ID NO:
68; or Serd97, Phel00, Leull4 of SEQ ID NO: 135. The
crossover positions in certain Cry3A/Cryl Ab eHIP embodi-
ments or modified Cry3A/CrylAb eHIP embodiments
according to the invention are indicated on FIG. 2, which
indicates percent identity.

In another embodiment, an eHIP of the invention com-
prises at least two crossover positions between an amino
acid sequence from a first Bt Cry protein and an amino acid
sequence from the second Bt Cry protein. In one aspect of
this embodiment, a crossover position between a Cry3A or
modified Cry3A and a CrylAb or a CrylAa is located in
conserved block 2 immediately following an amino acid
corresponding to Asp232 of SEQ ID NO: 70 and a second
crossover position between Cryl Ab and Cry3A or modified
Cry3A is located in conserved block 3 immediately follow-
ing an amino acid corresponding to Leud76 of SEQ ID NO:
72. In another aspect of this embodiment, a crossover
position between a Cry3 A or modified Cry3A and a CrylAb
or a CrylAa is located in conserved block 2 immediately
following Asp232 of SEQ ID NO: 70, or Asp231 of SEQ ID
NO: 68, or Asp278 of SEQ ID NO: 135, and a second
crossover position between Cryl Ab and Cry3A or modified
Cry3A is located in conserved block 3 immediately follow-
ing Leud76 of SEQ ID NO: 72.

In still another aspect of this embodiment, a first crossover
position between a Cry3 A or modified Cry3A and a CrylAb
is located in conserved block 3 immediately following an
amino acid corresponding to Leud68 of SEQ ID NO: 70 and
a second crossover position between a Cryl Ab and a Cry3A
or modified Cry3A is located in conserved block 4 imme-
diately following an amino acid corresponding to 1le527 of
SEQ ID NO: 72. In another aspect of this embodiment, the
first crossover position between a Cry3A or modified
Cry3Aa and a CrylAb is located in conserved block 3
immediately following an Leud468 of SEQ ID NO: 70, or
Leud67 of SEQ ID NO: 68, or Leull4 of SEQ ID NO: 135,
and the second crossover position between a Cryl Ab and a
Cry3A or modified Cry3A is located in conserved block 4
immediately following 11527 of SEQ ID NO: 72. In yet
another aspect of this embodiment, the eHIP comprises the
amino acid sequence of SEQ ID NO: 28 or SEQ ID NO: 34.

In one embodiment, the present invention encompasses an
eHIP wherein the first Cry protein is a Cry3A or a modified
Cry3A and the second Cry protein is a CrylAa or CrylAb
and wherein the eHIP comprises an amino acid sequence
that has at least 80% identity to SEQ OD NO: 64. In another
embodiment the eHIP comprises an amino acid sequence
that has at least 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93,94, 95, 96, 97, 98 or 99% identity to SEQ ID NO: 64. An
alignment of certain eHIP embodiments of the invention
with SEQ ID NO: 64 is shown in FIG. 2, which indicates
percent identity.

In another embodiment, the present invention encom-
passes an eHIP wherein the first Cry protein is a Cry3A or
a modified Cry3A and the second Cry protein is a Cryl Aa
or CrylAb and wherein the eHIP comprises an amino acid
sequence that has at least 75% identity to SEQ OD NO: 70.
In another embodiment the eHIP comprises an amino acid
sequence that has at least 76, 77, 78, 79, 80, 81, 82, 83, 84,
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99%
identity to SEQ ID NO: 70. An alignment of certain eHIP
embodiments of the invention with SEQ ID NO: 70 is shown
in FIG. 1, which indicates percent identity.

In another embodiment, the present invention encom-
passes an eHIP having a first crossover position between
Cry3A or modified Cry3A and CrylAa or CrylAb in con-
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served block 2 and a second crossover position between
CrylAa or CrylAb and Cry3A or modified Cry3A in con-
served block 3 and wherein the eHIP comprises an amino
acid sequence that has at least 56% identity to SEQ OD NO:
64. In one aspect of this embodiment, the eHIP has at least
60, 70 or 80% identity to SEQ ID NO: 64. In another aspect
of this embodiment, the eHIP has at least 81, 82, 83, 84, 85,
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99%
identity to SEQ ID NO: 64.

In yet another embodiment, the present invention encom-
passes an eHIP comprising an amino acid sequence selected
from the group consisting of SEQ ID NO: 2, SEQ ID NO:
4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID
NO: 12, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID NO: 22,
SEQ ID NO: 24, SEQ ID NO: 30, SEQ ID NO: 34, SEQ ID
NO: 62; SEQ ID NO: 64, SEQ ID NO: 147, SEQ ID NO:
153, SEQ ID NO: 155, SEQ ID NO: 159 and SEQ ID NO:
160.

In one embodiment, the eHIPs of the invention have
activity against other insect pests including but not limited
to northern corn rootworm, Mexican corn rootworm, Colo-
rado potato beetle, and/or European corn borer.

In another embodiment, the present invention encom-
passes a nucleic acid molecule comprising a nucleotide
sequence that encodes an eHIP of the invention. In one
aspect of this embodiment, the nucleic acid molecule com-
prises a nucleotide sequence selected from the group con-
sisting of SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5,
SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID
NO: 15, SEQ ID NO: 17, SEQ ID NO: 21, SEQ ID NO: 23,
SEQ ID NO: 29, SEQ ID NO: 33, SEQ ID NO: 61; SEQ ID
NO: 63, SEQ ID NO: 146, SEQ ID NO: 152, SEQ ID NO:
154 and SEQ ID NO: 158. Specifically exemplified teach-
ings of methods to make nucleic acid molecules that encode
eHIPs can be found in Examples 1-41. Those skilled in the
art will recognize that modifications can be made to the
exemplified methods to make eHIPs encompassed by the
present invention.

The present invention further encompasses expression
cassettes comprising the nucleic acid molecules, and recom-
binant vectors and transgenic non-human host cells, such as
bacterial cells or plant cells, comprising the expression
cassettes of the invention.

The present invention also encompasses recombinant
vectors comprising the nucleic acids of this invention. In
such vectors, the nucleic acids are preferably comprised in
expression cassettes comprising regulatory elements for
expression of the nucleotide sequences in a host cell capable
of expressing the nucleotide sequences. Such regulatory
elements usually comprise promoter and termination signals
and preferably also comprise elements allowing efficient
translation of polypeptides encoded by the nucleic acids of
the present invention. Vectors comprising the nucleic acids
are may be capable of replication in particular host cells,
preferably as extrachromosomal molecules, and are there-
fore used to amplify the nucleic acids of this invention in the
host cells. In one embodiment, host cells for such vectors are
microorganisms, such as bacteria, in particular Bacillus
thuringiensis or E. coli. In another embodiment, host cells
for such recombinant vectors are endophytes or epiphytes.
In yet another embodiment, such vectors are viral vectors
and are used for replication of the nucleotide sequences in
particular host cells, e.g. insect cells or plant cells. Recom-
binant vectors are also used for transformation of the nucleo-
tide sequences of this invention into host cells, whereby the
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nucleotide sequences are stably integrated into the DNA of
a transgenic host. In one embodiment, the transgenic host is
plant such as corn plant.

The eHIPs of the present invention have insect control
activity when tested against insect pests in bioassays. In one
embodiment, the eHIPs of the invention are active against
coleopteran insects or lepidopteran insects or both. In one
aspect of this embodiment, the eHIPs of the invention are
active against western corn rootworm, northern corn root-
worm, Mexican corn rootworm and/or Colorado potato
beetle. In another aspect of this embodiment, the eHIPs of
the invention are active against European corn borer. The
insect controlling properties of the eHIPs of the invention
are further illustrated in Examples 43, 45 and 46.

The present invention also encompasses a composition
comprising an effective insect-controlling amount of an
eHIP according to the invention.

In another embodiment, the invention encompasses a
method of producing a eHIP that is active against insects,
comprising: (a) obtaining a host cell comprising a gene,
which itself comprises a heterologous promoter sequence
operatively linked to a nucleic acid molecule of the inven-
tion; and (b) growing the transgenic host cell in such a
manner to express an eHIP that is active against insects.

In yet another embodiment, the invention encompasses a
method of producing an insect-resistant transgenic plant,
comprising introducing a nucleic acid molecule of the
invention into the transgenic plant, wherein the nucleic acid
molecule causes the expression of an eHIP in the transgenic
plant in an effective amount to control insects. In one aspect
of this embodiment, the insects are coleopteran insects or
lepidopteran insects. In another aspect of this embodiment,
the coleopteran insects are western corn rootworm, northern
corn rootworm, Mexican corn rootworm and/or Colorado
potato beetle. In still another aspect of this embodiment, the
lepidopteran insects are European corn borer.

In yet a further embodiment, the invention encompasses
a method of controlling insects, comprising delivering to the
insects an effective amount of an eHIP of the invention. In
one aspect of this embodiment, the insects are coleopteran
insects or lepidopteran insects. In another aspect of this
embodiment, the coleopteran insects are western corn root-
worm, northern corn rootworm, Mexican corn rootworm
and/or Colorado potato beetle. In still another aspect of this
embodiment, the lepidopteran insects are European corn
borer. Typically, the eHIP is delivered to the insects orally.
In one aspect, the eHIP is delivered orally through a trans-
genic plant comprising a nucleic acid sequence that
expresses an eHIP of the present invention.

The present invention further encompasses a method of
controlling insects wherein the transgenic plant further com-
prises a second nucleic acid molecule or groups of nucleic
acid molecules that encode a second pesticidal principle.
Examples of such second nucleic acids are those that encode
a Bt Cry protein, those that encode a Vegetative Insecticidal
Protein, disclosed in U.S. Pat. Nos. 5,849,870 and 5,877,
012, incorporated herein by reference, or those that encode
a pathway for the production of a non-proteinaceous prin-
ciple.

The present invention also encompasses a method of
making an engineered hybrid insecticidal protein (eHIP),
comprising: (a) obtaining a first Bt Cry protein or modified
Bt Cry protein; (b) obtaining a second Bt Cry protein which
is different from the first Bt Cry protein or modified Bt Cry
protein; (c) combining complete or partial variable regions
and conserved blocks of the first Bt Cry protein or modified
Bt Cry protein with complete or partial variable regions and
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conserved blocks of the second Bt Cry protein to make an
eHIP that has activity against at least western corn root-
worm; and optionally (d) inserting a peptidyl fragment at the
N-terminus or a protoxin tail region of a Bt Cry protein at the
C-terminus of the eHIP, or both, wherein the N-terminal
peptidyl fragment or the C-terminal protoxin region or both
confers activity upon the eHIP, or increases the insecticidal
activity of the eHIP or makes the eHIP more stable than an
eHIP without the peptidyl fragment or protoxin tail region or
both.

In another embodiment, the present invention encom-
passes a method of making an engineered hybrid insecticidal
protein (eHIP) comprising: (a) obtaining a first nucleic acid
encoding a first Bt Cry protein or modified Bt Cry protein
and a second nucleic acid encoding a second Cry protein
different from the first Cry protein or modified Bt Cry
protein; (b) isolating from the first and second nucleic acids,
a nucleotide sequence that encodes complete or partial
variable regions and conserved blocks of the first Bt Cry
protein or modified Bt Cry protein and the second Bt Cry
protein; (c) connecting together the resulting isolated nucleic
acids of step (b) in such a way as to make a new hybrid
nucleic acid that encodes a protein, and optionally fusing to
a 5' end of said hybrid nucleic acid a nucleic acid that
encodes a peptidyl fragment resulting in a 5' extension or
fusing to a 3' end of said hybrid nucleic acid a nucleic acid
that encodes a protoxin tail region of a Bt Cry protein
resulting in a 3' extension, or both; (d) inserting the hybrid
nucleic acid with or without one or both of the 5' or 3'
extensions into an expression cassette; (e) transforming the
expression cassette into a host cell, resulting in said host cell
producing an eHIP; and (f) bioassaying the eHIP against at
least western corn rootworm, which results in insecticidal
activity against western corn rootworm.

In further embodiments of the methods of the invention,
the first Bt Cry protein or modified Bt Cry proteinis a Cry3 A
or modified Cry3A and the second Bt Cry protein is A
CrylAa or CrylAb.

In another embodiment of the methods of the invention,
the N-terminal peptidyl fragment comprises at 9 amino
acids. In one aspect of this embodiment the N-terminal
peptidyl fragment comprises the amino acid sequence
YDGRQQHRG (SEQ ID NO: 132) or the amino acid
sequence TSNGRQCAGIRP (SEQ ID NO: 133). In another
aspect of this embodiment the N-terminal peptidyl fragment
is selected from the group consisting of SEQ ID NO: 126,
SEQ ID NO: 127, SEQ ID NO: 128, SEQ ID NO: 129, SEQ
ID NO: 130, SEQ ID NO: 131, and SEQ ID NO: 132.

In still another embodiment of the methods of the inven-
tion, the protoxin tail region is from a CrylAa or CrylAb.
In one aspect of this embodiment, the protoxin tail region
comprises at least 38 amino acids. In another aspect of this
embodiment, the protoxin tail region comprises an amino
acid sequence that corresponds to amino acids 611-648 of
SEQ ID NO: 72. In yet another aspect of this embodiment,
the protoxin tail region comprises amino acids 611-648 of
SEQ ID NO: 72.

Specifically exemplified teachings of the methods of
making the hybrid nucleic acids and the eHIPs of the
invention can be found in Examples 1-41.

In further embodiments, the nucleotide sequences of the
invention, particularly a sequence encoding the peptidyl
fragment, the protoxin tail, and/or conserved blocks 2, 3, and
4, can be further modified by incorporation of random
mutations in a technique known as in vitro recombination or
DNA shuffling. This technique is described in Stemmer et
al., Nature 370:389-391 (1994) and U.S. Pat. No. 5,605,793,
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which are incorporated herein by reference. Millions of
mutant copies of a nucleotide sequence are produced based
on an original nucleotide sequence of this invention and
variants with improved properties, such as increased insec-
ticidal activity, enhanced stability, or different specificity or
ranges of target-insect pests are recovered. The method
encompasses forming a mutagenized double-stranded poly-
nucleotide from a template double-stranded polynucleotide
comprising a nucleotide sequence of this invention, wherein
the template double-stranded polynucleotide has been
cleaved into double-stranded-random fragments of a desired
size, and comprises the steps of adding to the resultant
population of double-stranded random fragments one or
more single or double-stranded oligonucleotides, wherein
said oligonucleotides comprise an area of identity and an
area of heterology to the double-stranded template poly-
nucleotide; denaturing the resultant mixture of double-
stranded random fragments and oligonucleotides into single-
stranded fragments; incubating the resultant population of
single-stranded fragments with a polymerase under condi-
tions which result in the annealing of said single-stranded
fragments at said areas of identity to form pairs of annealed
fragments, said areas of identity being sufficient for one
member of a pair to prime replication of the other, thereby
forming a mutagenized double-stranded polynucleotide; and
repeating the second and third steps for at least two further
cycles, wherein the resultant mixture in the second step of a
further cycle includes the mutagenized double-stranded
polynucleotide from the third step of the previous cycle, and
the further cycle forms a further mutagenized double-
stranded polynucleotide. In a preferred embodiment, the
concentration of a single species of double-stranded random
fragment in the population of double-stranded random frag-
ments is less than 1% by weight of the total DNA. In a
further preferred embodiment, the template double-stranded
polynucleotide comprises at least about 100 species of
polynucleotides. In another preferred embodiment, the size
of the double-stranded random fragments is from about 5 bp
to 5 kb. In a further preferred embodiment, the fourth step
of the method comprises repeating the second and the third
steps for at least 10 cycles.

As biological insect control agents, the eHIPs are pro-
duced by expression of the nucleic acids in heterologous
host cells capable of expressing the nucleic acids. In one
embodiment, B. thuringiensis cells comprising modifica-
tions of a nucleic acid of this invention are made. Such
modifications encompass mutations or deletions of existing
regulatory elements, thus leading to altered expression of the
nucleic acid, or the incorporation of new regulatory elements
controlling the expression of the nucleic acid. In another
embodiment, additional copies of one or more of the nucleic
acids are added to Bacillus thuringiensis cells either by
insertion into the chromosome or by introduction of extra-
chromosomally replicating molecules containing the nucleic
acids.

In another embodiment, at least one of the nucleic acids
of the invention is inserted into an appropriate expression
cassette, comprising a promoter and termination signal.
Expression of the nucleic acid is constitutive, or an inducible
promoter responding to various types of stimuli to initiate
transcription is used. In another embodiment, the cell in
which the eHIP is expressed is a microorganism, such as a
virus, bacteria, or a fungus. In yet another embodiment, a
virus, such as a baculovirus, contains a nucleic acid of the
invention in its genome and expresses large amounts of the
corresponding insecticidal protein after infection of appro-
priate eukaryotic cells that are suitable for virus replication
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and expression of the nucleic acid. The insecticidal protein
thus produced is used as an insecticidal agent. Alternatively,
baculoviruses engineered to include the nucleic acid are
used to infect insects in vivo and kill them either by
expression of the insecticidal toxin or by a combination of
viral infection and expression of the insecticidal toxin.

Bacterial cells are also hosts for the expression of the
nucleic acids of the invention. In one embodiment, non-
pathogenic symbiotic bacteria, which are able to live and
replicate within plant tissues, so-called endophytes, or non-
pathogenic symbiotic bacteria, which are capable of colo-
nizing the phyllosphere or the rhizosphere, so-called epi-
phytes, are used. Such bacteria include bacteria of the genera
Agrobacterium, Alcaligenes, Azospirillum, Azotobacter,
Bacillus, Clavibacter, Enterobacter, Envinia, Flavobacter,
Klebsiella, Pseudomonas, Rhizobium, Serratia, Streptomy-
ces and Xanthomonas. Symbiotic fungi, such as
Trichoderma and Gliocladium are also possible hosts for
expression of the inventive nucleic acids for the same
purpose.

Techniques for these genetic manipulations are specific
for the different available hosts and are known in the art. For
example, the expression vectors pKK223-3 and pKK223-2
can be used to express heterologous genes in £. coli, either
in transcriptional or translational fusion, behind the tac or trc
promoter. For the expression of operons encoding multiple
ORFs, the simplest procedure is to insert the operon into a
vector such as pKK223-3 in transcriptional fusion, allowing
the cognate ribosome binding site of the heterologous genes
to be used. Techniques for overexpression in gram-positive
species such as Bacillus are also known in the art and can be
used in the context of this invention (Quax et al. In:Industrial
Microorganisms:Basic and Applied Molecular Genetics,
Eds. Baltz et al., American Society for Microbiology, Wash-
ington (1993)). Alternate systems for overexpression rely for
example, on yeast vectors and include the use of Pichia,
Saccharomyces and Kluyveromyces (Sreekrishna, In:Indus-
trial microorganisms:basic and applied molecular genetics,
Baltz, Hegeman, and Skatrud eds., American Society for
Microbiology, Washington (1993); Dequin & Barre, Bio-
technology 1.2:173-177 (1994); van den Berg et al., Bio-
technology 8:135-139 (1990)).

In one embodiment, at least one of the eHIPs of the
invention is expressed in a higher organism such as a plant.
In this case, transgenic plants expressing effective amounts
of the eHIP protect themselves from insect pests. When the
insect starts feeding on such a transgenic plant, it also
ingests the expressed eHIP. This will deter the insect from
further biting into the plant tissue or may even harm or kill
the insect. A nucleic acid of the present invention is inserted
into an expression cassette, which may then be stably
integrated in the genome of the plant. In another embodi-
ment, the nucleic acid is included in a non-pathogenic
self-replicating virus. Plants transformed in accordance with
the present invention may be monocots or dicots and
include, but are not limited to, corn, wheat, barley, rye, sweet
potato, bean, pea, chicory, lettuce, cabbage, cauliflower,
broccoli, turnip, radish, spinach, asparagus, onion, garlic,
pepper, celery, squash, pumpkin, hemp, zucchini, apple,
pear, quince, melon, plum, cherry, peach, nectarine, apricot,
strawberry, grape, raspberry, blackberry, pineapple, avo-
cado, papaya, mango, banana, soybean, tomato, sorghum,
sugarcane, sugar beet, sunflower, rapeseed, clover, tobacco,
carrot, cotton, alfalfa, rice, potato, eggplant, cucumber,
Arabidopsis, and woody plants such as coniferous and
deciduous trees.
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Once a desired nucleic acid has been transformed into a
particular plant species, it may be propagated in that species
or moved into other varieties of the same species, particu-
larly including commercial varieties, using traditional breed-
ing techniques.

A nucleic acid of this invention is preferably expressed in
transgenic plants, thus causing the biosynthesis of the cor-
responding eHIP in the transgenic plants. In this way,
transgenic plants with enhanced resistance to insects, par-
ticularly corn rootworm, are generated. For their expression
in transgenic plants, the nucleic acids of the invention may
require other modifications and optimization. Although in
many cases genes from microbial organisms can be
expressed in plants at high levels without modification, low
expression in transgenic plants may result from microbial
nucleic acids having codons that are not preferred in plants.
It is known in the art that all organisms have specific
preferences for codon usage, and the codons of the nucleic
acids described in this invention can be changed to conform
with plant preferences, while maintaining the amino acids
encoded thereby. Furthermore, high expression in plants is
best achieved from coding sequences that have at least about
35% GC content, preferably more than about 45%, more
preferably more than about 50%, and most preferably more
than about 60%. Microbial nucleic acids that have low GC
contents may express poorly in plants due to the existence of
ATTTA motifs that may destabilize messages, and AATAAA
motifs that may cause inappropriate polyadenylation.
Although preferred gene sequences may be adequately
expressed in both monocotyledonous and dicotyledonous
plant species, sequences can be modified to account for the
specific codon preferences and GC content preferences of
monocotyledons or dicotyledons as these preferences have
been shown to differ (Murray et al. Nucl. Acids Res.
17:477-498 (1989)). In addition, the nucleic acids are
screened for the existence of illegitimate splice sites that
may cause message truncation. All changes required to be
made within the nucleic acids such as those described above
are made using well known techniques of site directed
mutagenesis, PCR, and synthetic gene construction using
the methods described in the published patent applications
EP 0 385 962, EP 0 359 472, and WO 93/07278.

In one embodiment of the invention an eHIP coding
sequence and/or a parent Bt Cry protein coding sequence
is/are made according to the procedure disclosed in U.S. Pat.
No. 5,625,136, herein incorporated by reference. In this
procedure, maize preferred codons, i.e., the single codon that
most frequently encodes that amino acid in maize, are used.
The maize preferred codon for a particular amino acid might
be derived, for example, from known gene sequences from
maize. Maize codon usage for 28 genes from maize plants
is found in Murray et al., Nucleic Acids Research 17:477-
498 (1989), the disclosure of which is incorporated herein by
reference.

In this manner, the nucleotide sequences can be optimized
for expression in any plant. It is recognized that all or any
part of the gene sequence may be optimized or synthetic.
That is, synthetic or partially optimized sequences may also
be used.

For efficient initiation of translation, sequences adjacent
to the initiating methionine may require modification. For
example, they can be modified by the inclusion of sequences
known to be effective in plants. Joshi has suggested an
appropriate consensus for plants (NAR 15:6643-6653
(1987)) and Clonetech suggests a further consensus trans-
lation initiator (1993/1994 catalog, page 210). These con-
sensuses are suitable for use with the nucleic acids of this
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invention. The sequences are incorporated into constructions
comprising the nucleic acids, up to and including the ATG
(whilst leaving the second amino acid unmodified), or
alternatively up to and including the GTC subsequent to the
ATG (with the possibility of modifying the second amino
acid of the transgene).

Expression of the nucleic acids in transgenic plants is
driven by promoters that function in plants. The choice of
promoter will vary depending on the temporal and spatial
requirements for expression, and also depending on the
target species. Thus, expression of the nucleic acids of this
invention in leaves, in stalks or stems, in ears, in inflores-
cences (e.g. spikes, panicles, cobs, etc.), in roots, and/or
seedlings is preferred. In many cases, however, protection
against more than one type of insect pest is sought, and thus
expression in multiple tissues is desirable. Although many
promoters from dicotyledons have been shown to be opera-
tional in monocotyledons and vice versa, ideally dicotyle-
donous promoters are selected for expression in dicotyle-
dons, and monocotyledonous promoters for expression in
monocotyledons. However, there is no restriction to the
provenance of selected promoters; it is sufficient that they
are operational in driving the expression of the nucleic acids
in the desired cell.

In one embodiment promoters are used that are expressed
constitutively including the actin or ubiquitin or cmp pro-
moters or the CaMV 35S and 19S promoters. The nucleic
acids of this invention can also be expressed under the
regulation of promoters that are chemically regulated. This
enables the eHIPs to be synthesized only when the crop
plants are treated with the inducing chemicals. Preferred
technology for chemical induction of gene expression is
detailed in the published application EP 0 332 104 (to
Ciba-Geigy) and U.S. Pat. No. 5,614,395. A preferred pro-
moter for chemical induction is the tobacco PR-1a promoter.

In another embodiment a category of promoters which is
wound inducible can be used. Numerous promoters have
been described which are expressed at wound sites and also
at the sites of phytopathogen infection. Ideally, such a
promoter should only be active locally at the sites of
infection, and in this way the eHIPs only accumulate in cells
that need to synthesize the eHIPs to kill the invading insect
pest. Preferred promoters of this kind include those
described by Stanford et al. Mol. Gen. Genet. 215:200-208
(1989), Xu et al. Plant Molec. Biol. 22:573-588 (1993),
Logemann et al. Plant Cell 1:151-158 (1989), Rohrmeier &
Lehle, Plant Molec. Biol. 22:783-792 (1993), Firek et al.
Plant Molec. Biol. 22:129-142 (1993), and Warner et al.
Plant J. 3:191-201 (1993).

Tissue-specific or tissue-preferential promoters useful for
the expression of genes encoding eHIPs in plants, particu-
larly corn, are those which direct expression in root, pith,
leaf or pollen, particularly root. Such promoters, e.g. those
isolated from PEPC or trpA, are disclosed in U.S. Pat. No.
5,625,136, or MTL, disclosed in U.S. Pat. No. 5,466,785.
Both U.S. patents are herein incorporated by reference in
their entirety.

Further embodiments are transgenic plants expressing the
nucleic acids in a wound-inducible or pathogen infection-
inducible manner.

In addition to promoters, a variety of transcriptional
terminators are also available for use in hybrid nucleic acid
construction using the eHIP genes of the present invention.
Transcriptional terminators are responsible for the termina-
tion of transcription beyond the transgene and its correct
polyadenylation. Appropriate transcriptional terminators
and those that are known to function in plants include the
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CaMV 35S terminator, the tml terminator, the nopaline
synthase (NOS) terminator, the pea rbcS E9 terminator and
others known in the art. These can be used in both mono-
cotyledons and dicotyledons. Any available terminator
known to function in plants can be used in the context of this
invention.

Numerous other sequences can be incorporated into
expression cassettes described in this invention. These
include sequences that have been shown to enhance expres-
sion such as intron sequences (e.g. from Adhl and bronzel)
and viral leader sequences (e.g. from TMV, MCMV and
AMV).

It may be preferable to target expression of the nucleic
acids of the present invention to different cellular localiza-
tions in the plant. In some cases, localization in the cytosol
may be desirable, whereas in other cases, localization in
some subcellular organelle may be preferred. Subcellular
localization of transgene-encoded enzymes is undertaken
using techniques well known in the art. Typically, the DNA
encoding the target peptide from a known organelle-targeted
gene product is manipulated and fused upstream of the
nucleic acid. Many such target sequences are known for the
chloroplast and their functioning in heterologous construc-
tions has been shown. The expression of the nucleic acids of
the present invention is also targeted to the endoplasmic
reticulum or to the vacuoles of the host cells. Techniques to
achieve this are well known in the art.

Vectors suitable for plant transformation are described
elsewhere in this specification. For Agrobacterium-mediated
transformation, binary vectors or vectors carrying at least
one T-DNA border sequence are suitable, whereas for direct
gene transfer any vector is suitable and linear DNA con-
taining only the construction of interest may be preferred. In
the case of direct gene transfer, transformation with a single
DNA species or co-transformation can be used (Schocher et
al. Biotechnology 4:1093-1096 (1986)). For both direct gene
transfer and Agrobacterium-mediated transfer, transforma-
tion is usually (but not necessarily) undertaken with a
selectable marker that may provide resistance to an antibi-
otic (kanamycin, hygromycin or methotrexate) or a herbi-
cide (basta). Plant transformation vectors comprising the
eHIP genes of the present invention may also comprise
genes (e.g. phosphomannose isomerase; PMI) which pro-
vide for positive selection of the transgenic plants as dis-
closed in U.S. Pat. Nos. 5,767,378 and 5,994,629, herein
incorporated by reference. The choice of selectable marker
is not, however, critical to the invention.

In another embodiment, a nucleic acid of the present
invention is directly transformed into the plastid genome. A
major advantage of plastid transformation is that plastids are
generally capable of expressing bacterial genes without
substantial codon optimization, and plastids are capable of
expressing multiple open reading frames under control of a
single promoter. Plastid transformation technology is exten-
sively described in U.S. Pat. Nos. 5,451,513, 5,545,817, and
5,545,818, in PCT application no. WO 95/16783, and in
McBride et al. (1994) Proc. Nati. Acad. Sci. USA 91,
7301-7305. The basic technique for chloroplast transforma-
tion involves introducing regions of cloned plastid DNA
flanking a selectable marker together with the gene of
interest into a suitable target tissue, e.g., using biolistics or
protoplast transformation (e.g., calcium chloride or PEG
mediated transformation). The 1 to 1.5 kb flanking regions,
termed targeting sequences, facilitate homologous recombi-
nation with the plastid genome and thus allow the replace-
ment or modification of specific regions of the plastome.
Initially, point mutations in the chloroplast 16S rRNA and
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rps12 genes conferring resistance to spectinomycin and/or
streptomycin are utilized as selectable markers for transfor-
mation (Svab, Z., Hajdukiewicz, P., and Maliga, P. (1990)
Proc. Nati. Acad. Sci. USA 87, 8526-8530; Staub, J. M., and
Maliga, P. (1992) Plant Cell 4, 39-45). This resulted in stable
homoplasmic transformants at a frequency of approximately
one per 100 bombardments of target leaves. The presence of
cloning sites between these markers allowed creation of a
plastid targeting vector for introduction of foreign genes
(Staub, J. M., and Maliga, P. (1993) EMBO J. 12, 601-606).
Substantial increases in transformation frequency are
obtained by replacement of the recessive rRNA or r-protein
antibiotic resistance genes with a dominant selectable
marker, the bacterial aadA gene encoding the spectinomy-
cin-detoxifying enzyme aminoglycoside-3'-adenyltransf
erase (Svab, Z., and Maliga, P. (1993) Proc. Natl. Acad. Sci.
USA 90, 913-917). Previously, this marker had been used
successfully for high-frequency transformation of the plastid
genome of the green alga Chlamydomonas reinhardtii
(Goldschmidt-Clermont, M. (1991) Nucl. Acids Res.
19:4083-4089). Other selectable markers useful for plastid
transformation are known in the art and encompassed within
the scope of the invention. Typically, approximately 15-20
cell division cycles following transformation are required to
reach a homoplastidic state. Plastid expression, in which
genes are inserted by homologous recombination into all of
the several thousand copies of the circular plastid genome
present in each plant cell, takes advantage of the enormous
copy number advantage over nuclear-expressed genes to
permit expression levels that can readily exceed 10% of the
total soluble plant protein. In a preferred embodiment, a
nucleic acid of the present invention is inserted into a
plastid-targeting vector and transformed into the plastid
genome of a desired plant host. Plants homoplastic for
plastid genomes containing a nucleic acid of the present
invention are obtained, and are preferentially capable of high
expression of the nucleic acid.

The eHIPs of the invention can be used in combination
with other pesticidal principles (e.g. Bt Cry proteins) to
increase pest target range. Furthermore, the use of the eHIPs
of'the invention in combination with modified Cry3A toxins,
Bt Cry proteins, or other CRW-active principles, such as an
RNAi, which have a different mode of action or target a
different receptor in the insect gut, has particular utility for
the prevention and/or management of corn rootworm resis-
tance. Other insecticidal principles include, but are not
limited to, lectins, a-amylase, peroxidase, and cholesterol
oxidase. Vip genes, as disclosed in U.S. Pat. No. 5,889,174
and herein incorporated by reference, are also useful in
combination with the eHIPs of the present invention.

This co-expression of more than one insecticidal principle
in the same transgenic plant can be achieved by making a
single recombinant vector comprising coding sequences of
more than one insecticidal principle in a so called molecular
stack and genetically engineering a plant to contain and
express all the insecticidal principles in the transgenic plant.
Such molecular stacks may be also be made by using
mini-chromosomes as described, for example in U.S. Pat.
No. 7,235,716. Alternatively, a transgenic plant comprising
one nucleic acid encoding a first insecticidal principle can be
re-transformed with a different nucleic acid encoding a
second insecticidal principle and so forth. Alternatively, a
plant, Parent 1, can be genetically engineered for the expres-
sion of genes of the present invention. A second plant, Parent
2, can be genetically engineered for the expression of a
supplemental insect control principle. By crossing Parent 1
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with Parent 2, progeny plants are obtained which express all
the genes introduced into Parents 1 and 2.
Transgenic seed of the present invention can also be

treated with an insecticidal seed coating as described in U.S.
Pat. Nos. 5,849,320 and 5,876,739, herein incorporated by
reference. Where both the insecticidal seed coating and the
transgenic seed of the invention are active against the same
target insect, the combination is useful (i) in a method for
enhancing activity of a eHIP of the invention against the
target insect and (ii) in a method for preventing development
of resistance to a eHIP of the invention by providing a
second mechanism of action against the target insect. Thus,
the invention provides a method of enhancing activity
against or preventing development of resistance in a target
insect, for example corn rootworm, comprising applying an
insecticidal seed coating to a transgenic seed comprising one
or more eHIPs of the invention.

Even where the insecticidal seed coating is active against
a different insect, the insecticidal seed coating is useful to
expand the range of insect control, for example by adding an
insecticidal seed coating that has activity against lepi-
dopteran insects to the transgenic seed of the invention,
which has activity against coleopteran insects, the coated
transgenic seed produced controls both lepidopteran and
coleopteran insect pests.

EXAMPLES

The invention will be further described by reference to the
following detailed examples. These examples are provided
for the purposes of illustration only, and are not intended to
be limiting unless otherwise specified. Standard recombi-
nant DNA and molecular cloning techniques used here are
well known in the art and are described by J. Sambrook, et
al., Molecular Cloning: A Laboratory Manual, 3d Ed., Cold
Spring Harbor, N.Y.: Cold Spring Harbor Laboratory Press
(2001); by T. J. Silhavy, M. L. Berman, and L.. W. Enquist,
Experiments with Gene Fusions, Cold Spring Harbor Labo-
ratory, Cold Spring Harbor, N.Y. (1984) and by Ausubel, F.
M. et al., Current Protocols in Molecular Biology, New
York, John Wiley and Sons Inc., (1988), Reiter, et al.,
Methods in Arabidopsis Research, World Scientific Press
(1992), and Schultz et al., Plant Molecular Biology Manual,
Kluwer Academic Publishers (1998).

Example 1. Parental Coding Sequences

Maize optimized cry3Aa, crylAb, crylBa, and crylFa
coding sequences; designated herein mocry3Aa, mocrylAb,
mocry1Ba and mocry1Fa, respectively, were made accord-
ing to the procedure disclosed in U.S. Pat. No. 5,625,136,
herein incorporated by reference in its entirety.

The cry3A055 (SEQ ID NO: 67) coding sequence, which
encodes a Cry3A055 protein (SEQ ID NO: 68) was made by
modifying the mocry3A coding sequence by inserting a
nucleotide sequence that encodes a Cathepsin G protease
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recognition site into domain I according to U.S. Pat. No.
7,030,295, herein incorporated by reference in its entirety.

The mocry3Aa (SEQ ID NO: 67), which encodes the
protein set forth in SEQ ID NO: 68, cry3A055 (SEQ ID NO:
69), which encodes the protein set forth in SEQ ID NO: 70,
mocrylAb (SEQ ID NO: 71), which encodes the protein set
forth in SEQ ID NO: 72, mocrylBa (SEQ ID NO: 73),
which encodes the protein set forth in SEQ ID NO: 74,
mocrylFa (SEQ ID NO: 75), which encodes the protein set
forth in SEQ ID NO: 76, cry8Aa (SEQ ID NO: 77), which
encodes the protein set forth in SEQ ID NO: 78, crylAc
(SEQ ID NO: 79), which encodes the protein set forth in
SEQ ID NO: 80, and crylla (SEQ ID NO: 81), which
encodes the protein set forth in SEQ ID NO: 82, were used
in the construction of the hybrid nucleic acids and the
proteins which they encode and described in the following
Examples.

Example 2. Use of PCR Primers to Construct
Hybrid Nucleic Acids

Polymerase Chain Reaction (PCR) is a repetitive, enzy-
matic, primed synthesis of a nucleic acid sequence. This
procedure is well known and commonly used by those
skilled in this art (See Mullis, U.S. Pat. Nos. 4,683,195,
4,683,202, and 4,800,159; Saiki, Randall K., Stephen
Scharf, Fred Faloona, Kary B. Mullis, Glenn T. Horn, Henry
A. Erlich, Norman Arnheim [1985] “Enzymatic Amplifica-
tion of .beta.-Globin Genomic Sequences and Restriction
Site Analysis for Diagnosis of Sickle Cell Anemia,” Science
230:1350-1354.). PCR is based on the enzymatic amplifi-
cation of a DNA fragment of interest that is flanked by two
oligonucleotide primers that hybridize to opposite strands of
the target sequence. The primers are oriented with the 3' ends
pointing towards each other. Repeated cycles of heat dena-
turation of the template, annealing of the primers to their
complementary sequences, and extension of the annealed
primers with a DNA polymerase result in the amplification
of the segment defined by the 5' ends of the PCR primers.
Since the extension product of each primer can serve as a
template for the other primer, each cycle essentially doubles
the amount of DNA fragment produced in the previous
cycle. This results in the exponential accumulation of the
specific target fragment, up to several million-fold in a few
hours. By using a thermostable DNA polymerase such as
Taq polymerase, which is isolated from the thermophilic
bacterium Thermus aquaticus, the amplification process can
be completely automated.

The chimeric coding sequences described in the following
examples were constructed using various combinations of
the exemplified primers shown in Table 1. The PCR reaction
mixes and PCR thermocycling protocols used in the experi-
ments are listed in Tables 2 and 3, respectively. In each of the
examples that follow, the PCR primers are referred to by
name and “SEQ ID NO:” and the PCR reaction mixes and
PCR thermocycling protocols are referred to by their respec-
tive numbers. It will be recognized by the skilled person that
other PCR primers and PCR reaction conditions can be used
to construct the chimeric coding sequences of the invention
and by listing the exemplified primers and PCR conditions
that were used in the instant invention is not meant to be
limiting in any way.
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TABLE 1
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Primergs usged to construct the coding sequences encoding eHIPg.

Primer

Name Sequence SEQ ID NO:
5'3A-1-bam 5' -CCGGATCCATGACGGCCGACAACAACACCGAGGC-3"! SEQ ID NO: 83
C3-3A-6 5' -CAGGGGCAGCTGGGTGATCT-3"' SEQ ID NO: 84
C3-1Ab-3 5'-AGATCACCCAGATCCCCCTG-3' SEQ ID NO: 85
1Ab-6-sac 5' -CCGAGCTCAGCTCCTACACCTGATCGATGTGGTAGTCGG-3! SEQ ID NO: 86
8A-atg-delRI 5'-CCGGATCCACCATGACTAGTAACGGCCGCCAGTGTGCTGGTATTCGCCCTTATGAC-3"' SEQ ID NO: 87
C2-3A-4 5' -GTCCAGCACGGTCAGGGTCA-3' SEQ ID NO: 88
reverse 5'-GCGTGCAGTCAAGTCAGATC-3' SEQ ID NO: 89
FR8a-OL-1 5' -GGTGTTGTTGTCGGCCGTCATAGGGCGAATACCAGCAC-3" SEQ ID NO: 90
FR8a-0OL-2 5' -GCCGACAACAACACCGAGGCCCTGGACAGCAGCACCACC-3! SEQ ID NO: 91
Cl-3A-2 5' -CAGGTGGGTGTTGGCGGCCTGGGCGTA-3" SEQ ID NO: 92
5'FR8a 5'-GGATCCACCATGACTAGTAAC-3" SEQ ID NO: 93
5'FR8a-12aa 5'-CCGGATCCACCATGTATGACGGCCGACAACAACACC-3! SEQ ID NO: 94
C2-3A-3 5'-TGACCCTGACCGTGCTGGAC-3"' SEQ ID NO: 95
3'1Ab-dm3 5' -GAGCTCCTAGGTCACCTCGGCGGGCAC-3"' SEQ ID NO: 96
5'FR-delé6 5' -GGATCCACCATGTGTGCTGGTATTCGCCCTAT-3" SEQ ID NO: 97
5'1Ab-bam 5'-CCGGATCCATGGACAACAACCCCAACATCAAC-3! SEQ ID NO: 98
C3-3A-8 5' -GATGTCGCCGCCGGTGAAGC-3"! SEQ ID NO: 99
C3-3A-7 5' -GCTTCACCGGCGGCGACATC-3"! SEQ ID NO: 100
1B-5 5' -CCGCCGCGACCTGACCCTGGGCGTGCTGGAC-3! SEQ ID NO: 101
1B-10 5' -CCGAGCTCCTAGAACAGGGCGTTCAC-3! SEQ ID NO: 102
3A-22 5' -GGCCTTCACCAGGGGCAGCTGGGTGAT -3 SEQ ID NO: 103
1B-7 5'-ATCACCCAGATCCCCATGGTGAAGGCC-3" SEQ ID NO: 104
C3-1Ab-2 5' -CAGGGGGATCTGGGTGATCT-3"' SEQ ID NO: 105
C3-3A-5 5' -AGATCACCCAGCTGCCCCTG-3"' SEQ ID NO: 106
3A-12-sac 5' -CCGAGCTCAGCTCAGATCTAGTTCACGGGGATGAACTCGATCTT-3! SEQ ID NO: 107
C4-3A-10 5' -TGGTGCTGGCGTAGTGGATGCGG-3"! SEQ ID NO: 108
C4-3A-9 5'-CCGCATCCACTACGCCAGCACCA-3! SEQ ID NO: 109
Cl-1Ab-1 5' -TACGTGCAGGCCGCCAACCTGCACCTG-3"' SEQ ID NO: 110
5'8Aa-dm3 5' -AGATCACCCAGCTGCCCCTGGTAAAGGGAGACATGTTATATC-3! SEQ ID NO: 111
3'8Aa-dm3 5'-GAGCTCCTATGTCTCATCTACTGGGATGAA-3' SEQ ID NO: 112
tant-OL-2 5' -GAGGGTGTGGGCCTTCACCAGGGGCAGCTGGGT-3 ! SEQ ID NO: 113
tant-OL-1 5' -ACCCAGCTGCCCCTGGTGAAGGCCCACACCCTC-3! SEQ ID NO: 114
tant-3'sac 5' -GAGCTCTAGCTTAAGCAGTCCACGAGGTT-3"' SEQ ID NO: 115
1Ac-OL-2 5'-TAAAAAGAAAGTTTCCCTTCACCAGGGGCAGCTGGGT-3! SEQ ID NO: 116
1Ac-OL-1 5' -ACCCAGCTGCCCCTGGTGAAGGGAAACTTTCTTTTTA-3! SEQ ID NO: 117
1lAc-3'sac 5'-GAGCTCCTATGTTGCAGTAACTGGAATARAA-3' SEQ ID NO: 118
1Ia-0OL-2 5' -AAGACAGATTGAAAGCTTTTACTCAGGGGCAGCTGGGT -3 SEQ ID NO: 119
1Ia-0OL-1 5'-ACCCAGCTGCCCCTGAGTAARAGCTTTCAATCTGTCTT -3 SEQ ID NO: 120
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TABLE 1-continued

34

Primergs usged to construct the coding sequences encoding eHIPg.

Primer
Name Sequence SEQ ID NO:
1Ia-3'sac 5' -GAGCTCCTACATGTTACGCTCAATATGGAGT -3 SEQ ID NO: 121
FR-1Ab-2 5' -GATGTTGTTGAACTCGGCGCTCTTGTGGGTCCA-3! SEQ ID NO: 122
FR-1Ab-1 5' -TGGACCCACAAGAGCGCCGAGTTCAACAACATC-3! SEQ ID NO: 123
FR-1Ab-4 5' -GGCTCGTGGGGATGATGTTGTTGAAGTCGACGCTCTTGTGG-3"! SEQ ID NO: 124
FR-1Ab-3 5' -CCACAAGAGCGTCGACTTCAACACATCATCCCCAGCAGCC-3"! SEQ ID NO: 125
CMS94 5' -GGCGCGCCACCATGGCTAGCATGACTGGTGG-3"! SEQ ID NO: 136
CMS95 5' -GCAGGAACAGGTGGGTGTTG-3"' SEQ ID NO: 137
CMS96 5' -CCTGAACACCATCTGGCCCA-3"! SEQ ID NO: 138
CMS97 5' -CTGGCTGCTGGGGATGATGTTGTTGAAGTCGACGCTCTT-3"! SEQ ID NO: 139
CMS98 5' -GAGCTCTTAGGTCACCTCGGC-3"! SEQ ID NO: 140
CMS99 5' -AAGAGCGTCGACTTCAACAACATCATCCCCAGCAGCCAG-3"! SEQ ID NO: 141
CMS100 5' -GAAGTACCGCGCCCGCATCCGCTACGCCAGCACCACCAAC-3! SEQ ID NO: 142
CMS101 5' -GTTGGTGGTGCTGGCGTAGCGGATGCGGGCGCGGTACTTC-3! SEQ ID NO: 143
TABLE 2

PCR reaction mixes.

Mix 1 Mix 2 Mix 3

50-100 ng template DNA
0.8 pM primer 1

50-100 ng template DNA
0.8 pM primer 1

0.8 uM primer 2 0.8 pM primer 2
1X Pfu buffer 1X Taq buffer
0.4 mM dNTPs 0.4 mM dNTPs

2% formamide
2.5 units Taq Polymerase (Qiagen)
water to a total volume of 50 pl

2% formamide

1.25 units Pfu Polymerase (Stratagene)
2.5 units Taq Polymerase

(Qiagen)

water to a total volume of 50 pl

50-100 ng template DNA
0.8 pM primer 1

0.8 pM primer 2

1X ¢DNA Advantage buffer
0.4 mM dNTPs

X units cDNA Advantage
Polymerase (Clontech)
water to a total volume of 50 pl

Mix 4 Mix 5

50-100 ng template DNA

0.4 pM primer 1

0.4 puM primer 2

1X PCR buffer (Invitrogen)

0.4 mM dNTPs

2.5 units HotStart Taq Polymerase
water to a total volume of 50 pl

50-100 ng template DNA

0.4 pM primer 1

0.4 puM primer 2

1X Pfu buffer (Stratagene)

0.2 mM dNTPs

1.25 units Pfu Turbo Polymerase
water to a total volume of 50 pl

TABLE 3 53 TABLE 3-continued

PCR thermocycling profiles. PCR thermocycling profiles.
Thermocycle Profile 1 Thermocycle Profile 2 Thermocycle Profile 3 Thermocycle Profile 4 Thermocycle Profile 5 Thermocycle Profile 6
94° C.-5 minutes 94° C.-5 minutes 94° C.-5 minutes 60 94° C.-15 minutes 94° C.-5 minutes 94° C.-5 minutes
20 cycles: 20 cycles: 20 cycles: 20 cycles: 20 cycles: 20 cycles:
94° C.-30 seconds 94° C.-30 seconds 94° C.-30 seconds 94° C.-30 seconds 94° C.-30 seconds 94° C.-30 seconds
65° C.-30 seconds 55° C.-30 seconds 55° C.-30 seconds 50-70° C.-30 seconds  55-75° C.-30 seconds  55-75° C.-30 seconds
72° C.-30 seconds 72° C.-30 seconds 68° C.-30 seconds 72° C.-30 seconds 72° C.-1 minute 72° C.-2 minutes
72° C.-7 minutes 72° C.-7 minutes 68° C.-7 minutes 72° C.-7 minutes 72° C.-15 minutes 72° C.-15 minutes
hold at 4° C. hold at 4° C. hold at 4° C. 65 hold at 4° C. hold at 4° C. hold at 4° C.
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Table 4 shows the relationship between the three domains
of Cry3A155, CrylAb and Cry3A with their respective
variable regions and conserved blocks. The amino acids
comprised in the domains, conserved blocks and variable
regions are shown for each protein.

36

chimeric insecticidal protein comprises, from N-terminus to
C-terminus, a peptidyl fragment comprising the amino acid
sequence  MASMTGGQQMGRGSTSNGRQCAGIRPY-
DGRQQHRG (SEQ ID NO: 126), amino acids 10-468 of a
Cry3A055 protein (SEQ ID NO: 70), which comprises

TABLE 4
Cry3A055 CrylAb Cry3A Cry3A
DOMAIN | REGION (SEQ ID NO: 70) (SEQ ID NO: 72) (SEQ ID NO: 68) (SEQID NO: 131)
A 1-10 1-32 1-10 1-57
Vi 11-142 33-152 11-141 58-188
I CB1 143-172 153-182 142-171 189-218
\Z 173-192 183-202 172-191 219-238
CB2 193-244 203-254 192-243 239-290
245-259 255-269 244-258 291-305
I V3 260-444 270-452 259-443 306-490
CB3 445-454 453-462 444-453 491-500
455-492 463-500 454-491 501-538
V4 493-513 501-520 492-512 539-559
st CB4 514-523 521-531 513-522 560-569
V5 524-586 532-596 523-585 570-632
CBS 587-598 597-606 586-597 633-644
V6 607-610
Protoxin 611-648

Example 3. Construction of 20L-8a

A first nucleic acid fragment encoding an N-terminal
portion of a Cry3A055 protein (SEQ ID NO: 70) was PCR
amplified from a plasmid comprising cry3A055 (SEQ ID
NO: 69) using primers 5'3A-1-bam (SEQ ID NO: 83) and
C3-3A-6 (SEQ ID NO: 84) and PCR reaction Mix 1 and
thermocycle Profile 1. This PCR reaction introduced a point
mutation by deleting nucleotide 28 of SEQ ID NO: 69
(cry3A055), which caused a frame shift in the cry3A055
reading frame, and deleted the BamHI site and Kozak
sequence (Kozak, M., 1986. Cell 44:283-92) at the 5' end of
the resulting amplicon.

A second nucleic acid fragment encoding a C-terminal
portion of a CrylAb protein (SEQ ID NO: 72) was PCR
amplified from a plasmid comprising mocrylAb (SEQ ID
NO: 71) using primers C3-1Ab-3 (SEQ ID NO: 85) and
1Ab-6-Sac (SEQ ID NO: 86) and PCR reaction Mix 1 and
thermocycle Profile 1.

The first and second nucleic acids described above were
connected by using them as templates in an overlap PCR
reaction (Horton et al., 1989. Gene 77: 61-68) with the
primers 5'3A-1-bam (SEQ ID NO: 83) and 1Ab-6-Sac (SEQ
ID NO: 86) using PCR reaction Mix 2 and thermocycle
Profile 1, except a 45-65° C. gradient was used for the
annealing temperature.

The resulting amplicon was ligated as a blunt ended
fragment to a pCR2.1-TOPO vector (Invitrogen, Carlsbad,
Calif) cut with Smal to form plasmid p20L8a/CR2.1. A
BamHI-Sacl fragment from p20L.8a/CR2.1 was then ligated
to pET21a (EMD Biosciences, Inc., San Diego, Calif.),
which was cut with BamHI-Sacl, and transformed into E.
coli. The BamHI-Sacl fragment from p20L.8a/CR2.1 com-
prised 40 nucleotides derived from the pCR2.1-TOPO vec-
tor adjacent to the out of frame amplicon from the first PCR
reaction. Ligating this BamHI-Sacl fragment to pET21a
created an open reading frame starting with the start codon
(ATG) of a T7 tag and ending with the Sacl site of the
inserted DNA. This open reading frame was designated
20L-8a (SEQ ID NO: 1) and encodes the 201.-8a chimeric
insecticidal protein (SEQ ID NO: 2). Thus, the 20L-8a
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variable regions 1, conserved block 1, variable region 2,
conserved block 2, variable region 3, and the N-terminal 24
amino acids of conserved block 3, and amino acids 477-648
of'a CrylAb protein (SEQ ID NO: 72), which comprises the
C-terminal 24 amino acids of conserved block 3, variable
region 4, conserved block 4, variable region 5, conserved
block 5, and variable region 6; and 38 amino acids of the
Cryl Ab protoxin tail region.

The nucleotides that encode amino acids 1-14 of the
peptidyl fragment are derived from the T7-tag and the
BamHI cleavage site of the pET21a vector. The nucleotides
that encode amino acids 15-26 of the peptidyl fragment are
derived from the pCR2.1-TOPO vector. And the nucleotides
that encode amino acids 27-35 of the peptidyl fragment are
derived from cry3A055 which are out of frame with the
remainder of the cry3A055 coding sequence.

Example 4. Construction of FR8a

The FR8a coding sequence was constructed by placing a
Kozak sequence (ACC) and a start codon (ATG) just down-
stream of an N-terminal BamHI site in 20L-8a (See
Example 3). In addition, an EcoRI site in 20L-8a was
disrupted to aid in future vectoring of FR8a. All of these
changes were made using one PCR reaction with 20L.-8a as
the template and the primers: 8a-atg-delRJ (SEQ ID NO: 87)
and C2-3A-4 (SEQ ID NO: 88) using PCR reaction Mix 2
and thermocycle Profile 2.

The resulting amplicon was ligated to a pCR2.1-TOPO
vector (Invitrogen). A BamHI-PpuMI fragment from the
cloned PCR product was then ligated to a PpuMI-Ncol
fragment from 20L.8a/pCR2.1 (See Example 3) and a Ncol-
BamHI fragment from 201.8a/pCR2.1 to create FR8a (SEQ
ID NO: 3) which encodes the FR8a chimeric insecticidal
protein (SEQ ID NO: 4). Thus, the FR8a chimeric insecti-
cidal protein comprises, from N-terminus to C-terminus, a
peptidyl fragment comprising the amino acid sequence
MTSNGRQCAGIRPYDGRQQHRG (SEQ ID NO: 127),
amino acids 10-468 of a Cry3A055 protein (SEQ ID NO:
70), which comprises variable regions 1, conserved block 1,
variable region 2, conserved block 2, variable region 3, and
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the N-terminal 24 amino acids of conserved block 3, and
amino acids 477-648 of a Cryl Ab protein (SEQ ID NO: 72),
which comprises the C-terminal 24 amino acids of con-
served block 3, variable region 4, conserved block 4, vari-
able region 5, conserved block 5, and variable region 6; and
38 amino acids of the Cryl Ab protoxin tail region.

The FR8a eHIP was very active against western corn
rootworm as shown in Table 5. Therefore, elimination of the
T7 amino acid sequence from the N-terminal peptidyl frag-
ment from the 20L-8a eHIP did not have a negative impact
on insecticidal activity.

Adding an additional 34 amino acids to the N-terminus of
FR8a created a eHIP, designated FR8a+34 (SEQ ID NO:
160), with an N-terminal peptidyl fragment of 56 amino
acids (SEQ ID NO: 131). The 56 amino acid N-terminal
prptidyl fragment had no negative effect on activity of FR8a
against western corn rootworm (See Table 5).

Example 5. Construction of FRCG

In order to determine if a cathepsin G protease recognition
site was necessary for the insecticidal activity of a hybrid
protein comprising an N-terminal fragment of Cry3A055, a
construct was made which eliminated the cathepsin G site
from the FR8a hybrid protein (Example 4). A first Mlul-
PpuMI nucleic acid fragment from a plasmid comprising
FR8a (SEQ ID NO: 3) and a second PpuMI/MIul nucleic
acid fragment from a plasmid comprising mocry3Aa (SEQ
ID NO: 67) were ligated using standard molecular biology
techniques to create FRCG (also designated FRS8a-catg)
(SEQ ID NO: 5) which encodes the FRCG hybrid protein
(SEQ ID NO: 6). Thus, the FRCG chimeric insecticidal
protein comprises, from N-terminus to C-terminus, a pepti-
dyl fragment comprising the amino acid sequence MTSN-
GRQCAGIRPYDGRQQHRG (SEQ ID NO: 127), amino
acids 10-467 of a Cry3A protein (SEQ ID NO: 68), which
comprises variable regions 1, conserved block 1, variable
region 2, conserved block 2, variable region 3, and the
N-terminal 24 amino acids of conserved block 3, and amino
acids 477-648 of a Cryl Ab protein (SEQ ID NO: 72), which
comprises the C-terminal 24 amino acids of conserved block
3, variable region 4, conserved block 4, variable region 5,
conserved block 5, and variable region 6; and 38 amino
acids of the Cryl Ab protoxin tail region.

The FRCG protein was as active against western corn
rootworm as the FR8a protein (See Table 5) suggesting that
a cathepsin G protease site is not required for insecticidal
activity of a eHIP.

Example 6. Construction of FR8a-9F

A first approximately 323 bp nucleic acid fragment was
PCR amplified from a plasmid comprising FR8a (SEQ ID
NO: 3) using primers reverse (SEQ ID NO: 89) and FR8a-
OL-1 (SEQ ID NO: 90) and PCR reaction Mix 2 and
thermocycle Profile 2. A second approximately 470 bp
nucleic acid fragment was PCR amplified from a plasmid
comprising FR8a using primers FR8a-OL-2 (SEQ ID NO:
91) and C1-3A-2 (SEQ ID NO: 92) and PCR reaction Mix
2 and thermocycle Profile 2. The two resulting amplicons
were connected by using them as templates in an overlap
PCR reaction with primers 5'FR8a (SEQ ID NO: 93) and
C1-3A-2 (SEQ ID NO: 92) using PCR reaction Mix 2 and
thermocycle Profile 2 to amplify the 5' end of FR8a-9F. The
overlap PCR product was cloned into a pCR2.1-TOPO
vector (Invitrogen) designated 5'FR-9F/pCR2.1. A BamHI/
PpuMI fragment of 5S'FR-9F/pCR2.1 was then ligated to a
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PpuMI/BamHI fragment of FR8a to create FR8a-9F (SEQ
ID NO: 7) which encodes the FR8a-9F chimeric protein
(SEQ ID NO: 8). Thus, the FR8a-9F chimeric insecticidal
protein comprises, from N-terminus to C-terminus, a pepti-
dyl fragment comprising the amino acid sequence MTSN-
GRQCAGIRP (SEQ ID NO: 129), amino acids 1-468 of a
Cry3A055 protein (SEQ ID NO: 70), which comprises
variable regions 1, conserved block 1, variable region 2,
conserved block 2, variable region 3, and the N-terminal 24
amino acids of conserved block 3, and amino acids 477-648
of'a CrylAb protein (SEQ ID NO: 72), which comprises the
C-terminal 24 amino acids of conserved block 3, variable
region 4, conserved block 4, variable region 5, conserved
block 5, and variable region 6; and 38 amino acids of the
Cryl Ab protoxin tail region.

The FR8a-9F eHIP was slightly less active against west-
ern corn rootworm than the FR8a eHIP (See Table 5)
suggesting that the C-terminal 9 amino acids of the peptidyl
fragment of SEQ ID NO: 127 play a role in conferring full
insecticidal activity to FR8a.

Example 7. Construction of FR-9F-catg

The FR-9F-catg coding sequence was created to place the
out-of-frame cry3 A055 derived nucleotides of FR8a back in
frame and to eliminate the cathepsin G protease recognition
site. A BamHI/PpuMI fragment of 5'FR-9F/pCR2.1 (See
Example 6) was ligated with a PpuMI/BamHI fragment of
FRCG (See Example 5) to create the FR-9F-catg coding
sequence (SEQ ID NO: 9) which encodes the FR-9F-catg
chimeric protein (SEQ ID NO: 10). Thus, the FR-9F-catg
chimeric protein comprises, from N-terminus to C-terminus,
a peptidyl fragment comprising the amino acid sequence
MTSNGRQCAGIRP (SEQ ID NO: 129), amino acids 1-467
of a Cry3Aa protein (SEQ ID NO: 68), which comprises
variable regions 1, conserved block 1, variable region 2,
conserved block 2, variable region 3, and the N-terminal 24
amino acids of conserved block 3, and amino acids 477-648
of'a CrylAb protein (SEQ ID NO: 72), which comprises the
C-terminal 24 amino acids of conserved block 3, variable
region 4, conserved block 4, variable region 5, conserved
block 5, and variable region 6; and 38 amino acids of the
Cryl Ab protoxin tail region.

The FR8a-9F-catg eHIP provided the same level of activ-
ity as FR8a against western corn rootworm (See Table 5)
confirming that an eHIP can be made from either a modified
Cry3A or a native Cry3 sequence.

Example 8. Construction of FR8a-12aa

The nucleotides encoding amino acids 2-13 of the pepti-
dyl fragment comprised in FR8a (SEQ ID NO: 4) were
removed using PCR. A fragment was PCR amplified from a
plasmid comprising FR8a (SEQ ID NO: 3) using primers
5'FR8a-12aa (SEQ ID NO: 94) and C1-3A-2 (SEQ ID NO:
90) and PCR reaction Mix 1 and thermocycle Profile 1. The
resulting amplicon was cloned into pCR2.1-TOPO (Invitro-
gen). A BamHI-PpuMI fragment from the pCR2.1-TOPO
clone was then ligated with a PpuMI-BamHI fragment from
a plasmid comprising FR8a to create FR8a-12aa (SEQ ID
NO: 11) which encodes the FR8a-12aa chimeric insecticidal
protein (SEQ ID NO: 12). Thus, the FR8a-12aa chimeric
insecticidal protein comprises, from N-terminus to C-termi-
nus, a peptidyl fragment comprising the amino acid
sequence MYDGRQQHRG (SEQ ID NO: 128), amino acids
10-468 of a Cry3A055 protein (SEQ ID NO: 70), which
comprises variable regions 1, conserved block 1, variable
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region 2, conserved block 2, variable region 3, and the
N-terminal 24 amino acids of conserved block 3, and amino
acids 477-648 of a Cryl Ab protein (SEQ ID NO: 72), which
comprises the C-terminal 24 amino acids of conserved block
3, variable region 4, conserved block 4, variable region 5,
conserved block 5, and variable region 6; and 38 amino
acids of the Cryl Ab protoxin tail region.

The FR8a-12aa eHIP provided the same level of activity
as FR8a against western corn rootworm (See Table 5)
suggesting that the N-terminal 12 amino acids of the pep-
tidyl fragment of SEQ ID NO: 127 are not necessary for full
insecticidal activity of FR8a.

Example 9. Construction of Wr-9mut

A nucleic acid fragment was PCR amplified from FR8a/
pCR2.1 (Example 2) using primers 5'FR8a-12aa (SEQ ID
NO: 94) and C1-3A-2 (SEQ ID NO: 92) and PCR reaction
Mix 1 and thermocycle Profile 2. The resulting amplicon
was cloned into pCR2.1-TOPO (Invitrogen). A BamHI/
PpuMI fragment was then ligated to a PpuMI/BamHI frag-
ment of FR8a (SEQ ID NO: 3) to create Wr-9mut (SEQ ID
NO: 13) which encodes the WR-9mut protein (SEQ ID NO:
14), which comprises, from N-terminus to C-terminus, a
peptidyl fragment comprising the amino acid sequence
MYDGRQQHRG (SEQ ID NO: 128), and amino acids
10-598 of a Cry3A055 protein (SEQ ID NO: 70). Thus the
WR-9mut protein is Cry3A055 with an N-terminal peptidyl
fragment of the invention.

The WR-9mut protein was not active against western corn
rootworm. Therefore, the addition of an N-terminal peptidyl
fragment to a non-hybrid modified Cry3a protein destroyed
insecticidal activity. This suggests that there may be some
interaction between the Cryl Ab C-terminal portion of FR8a
and the N-terminal peptidyl fragment that confers full insec-
ticidal activity to FR8a.

Example 10. Construction of FRD3

The 3' end of this coding sequence was made by PCR
amplifying a fragment from a plasmid comprising FR8a
(SEQ ID NO: 3) using primers C2-3A-3 (SEQ ID NO: 95)
and 3'1Ab-dm3 (SEQ ID NO: 96) and PCR reaction Mix 2
and thermocycle Profile 2. The resulting amplicon was
cloned into pCR2.1-TOPO (Invitrogen). A 364 bp Apal/Sacl
fragment of the cloned amplicon, designated 3'FRD3/
pCR2.1, was ligated with a Sacl/Apal fragment of FR8a to
create FRD3 (SEQ ID NO: 15) which encodes the FRD3
chimeric protein (SEQ ID NO: 16). The FRD3 chimeric
protein comprises, from N-terminus to C-terminus, a pepti-
dyl fragment comprising the amino acid sequence MTSN-
GRQCAGIRPYDGRQQHRG (SEQ ID NO: 127), amino
acids 10-468 of a Cry3A055 protein (SEQ ID NO: 70),
which comprises complete variable region 1, conserved
block 1, variable region 2, conserved block 2, variable
region 3, and the N-terminal 24 amino acids of conserved
block 3, and amino acids 477-610 of a Cry1 Ab protein (SEQ
ID NO: 72), which comprises the C-terminal 24 amino acids
of conserved block 3, variable region 4, conserved block 4,
variable region 5, conserved block 5, and variable region 6.
Thus, the FRD3 chimeric insecticidal protein is a variant of
an FR8a chimeric insecticidal protein with the 38 amino acid
region of the CrylAb protoxin tail deleted.

The FRD3 eHIP provided the same level of activity as
FR8a against western corn rootworm (See Table 5) suggest-
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ing that the 38 amino acid protoxin tail region of FR8a is not
necessary for full insecticidal activity.

Example 11. Construction of FR-12-cg-dm3

A 3082 bp Sacl/PpuMI fragment from a plasmid com-
prising FR8a-12 (See Example 8), a 721 bp PpuMI/Mlul
fragment of FRCG (See Example 5) and a 923 bp Mlul/Sacl
fragment of FRD3 (See Example 10) were combined to
create the FR-12-cg-dm3 coding sequence (SEQ ID NO: 17)
which encodes the FR-12-cg-dm3 chimeric protein (SEQ ID
NO: 18). The FR-12-cg-dm3 chimeric protein comprises,
from N-terminus to C-terminus, a peptidyl fragment com-
prising the amino acid sequence MYDGRQQHRG (SEQ ID
NO: 129), amino acids 10-467 of a Cry3Aa protein (SEQ ID
NO: 70), which comprises complete variable region 1,
conserved block 1, variable region 2, conserved block 2,
variable region 3, and the N-terminal 24 amino acids of
conserved block 3, and amino acids 477-610 of a CrylAb
protein (SEQ ID NO: 72), which comprises the C-terminal
24 amino acids of conserved block 3, variable region 4,
conserved block 4, variable region 5, conserved block 5, and
variable region 6. Thus, the FR-12-cg-dm3 chimeric protein
is a variant of FR8a with 12 N-terminal amino acids of the
peptidyl fragment, the cathepsin G protease recognition site,
and the 38 amino acid region of the CrylAb protoxin tail
deleted.

The FR-12-cg-dm3 eHIP was not as active against west-
ern corn rootworm as FR8a (See Table 5) suggesting that
some interaction between the C-terminal portion of FR8a
and the N-terminal peptidyl fragment is required for full
insecticidal activity.

Example 12. Construction of 9F-cg-del6

The 5' end of this coding sequence was made by PCR
amplifying a fragment from a plasmid comprising FR-9F-
catg (See Example 7) using primers 5'FR-del6 (SEQ ID NO:
97) and C1-3A-2 (SEQ ID NO: 92) and PCR reaction Mix
3 and thermocycle Profile 3. The resulting amplicon was
cloned into pCR2.1-TOPO. A 215 bp BamHI/PpuMI frag-
ment was then ligated with a 4668 bp PpuMI/BamHI
fragment of FR-9F-catg to create FR-9F-cg-del6 (SEQ ID
NO: 19) which encodes the FR-9F-cg-del6 chimeric protein
(SEQ ID NO: 20). The FR-9F-cg-del6 chimeric protein
comprises, from N-terminus to C-terminus, a peptidyl frag-
ment comprising the amino acid sequence MCAGIRP (SEQ
ID NO: 130), amino acids 1-467 of a Cry3A protein (SEQ
ID NO: 68), which comprises variable regions 1, conserved
block 1, variable region 2, conserved block 2, variable
region 3, and the N-terminal 24 amino acids of conserved
block 3, and amino acids 477-648 of a Cryl Ab protein (SEQ
ID NO: 72), which comprises the C-terminal 24 amino acids
of conserved block 3, variable region 4, conserved block 4,
variable region 5, conserved block 5, and variable region 6;
and 38 amino acids of the Cryl Ab protoxin tail region. Thus,
the FR-9F-cg-del6 chimeric protein is a variant of FR8a-
9F-catg with amino acids 2 to 7 of the peptidyl fragment
deleted.

The FR-9F-cg-del6 was not active against western corn
rootworm suggesting that the N-terminal peptidyl fragment
needs at least 7 amino acids of the C-terminal 9 amino acids
of SEQ ID NO: 127 to be active against western corn
rootworm.

Example 13. Construction of FR-cg-dm3

A 3839 bp Mlul/Sacl fragment of FRCG (Example 5) and
a 923 bp Mlul/Sacl fragment of FRD3 (Example 10) were



US 10,239,921 B2

41
ligated to create FR-cg-dm3 (SEQ ID NO: 21) which
encodes the FR-cg-dm protein (SEQ ID NO: 22). The
FR-cg-dm3 chimeric insecticidal protein comprises, from
N-terminus to C-terminus, a peptidyl fragment comprising
the amino acid sequence MTSNGRQCAGIRPY-
DGRQQHRG (SEQ ID NO: 127), amino acids 10-467 of a
Cry3 A protein (SEQ ID NO: 68), which comprises variable
regions 1, conserved block 1, variable region 2, conserved
block 2, variable region 3, and the N-terminal 24 amino
acids of conserved block 3, and amino acids 477-610 of a
CrylAb protein (SEQ ID NO: 72), which comprises the
C-terminal 24 amino acids of conserved block 3, variable
region 4, conserved block 4, variable region 5, conserved
block 5, and variable region 6.

The FRD3 eHIP the same level of activity against western
corn rootworm as FR8a (See Table 5) confirming that the
cathepsin G site and the protoxin tail region of FR8a were
not required for full insecticidal activity against western
corn rootworm.

Example 14. Construction of 9F-cg-dm3

A Mlul/Sacl fragment from a plasmid comprising FR-9F-
cg (See Example 7) was ligated with a 923 bp Mlul/Sacl
fragment from a plasmid comprising FRD3 (See Example
10) to create 9F-cg-dm3 (SEQ ID NO: 23) which encodes
the 9F-cg-dm3 chimeric protein (SEQ ID NO: 24). The
9F-cg-dm3 protein comprises, from N-terminus to C-termi-
nus, a peptidyl fragment comprising the amino acid
sequence MTSNGRQCAGIRP (SEQ ID NO: 129), amino
acids 1-467 of a Cry3A protein (SEQ ID NO: 68), which
comprises variable regions 1, conserved block 1, variable
region 2, conserved block 2, variable region 3, and the
N-terminal 24 amino acids of conserved block 3, and amino
acids 477-610 of a Cryl Ab protein (SEQ ID NO: 72), which
comprises the C-terminal 24 amino acids of conserved block
3, variable region 4, conserved block 4, variable region 5,
conserved block 5, and variable region 6.

The 9F-cg-dm3 eHIP provided the same level of activity
against western corn rootworm (See Table 5) confirming that
the C-terminal 9 amino acids of the peptidyl fragment could
confer activity when domain I of the eHIP was comprised of
either modified Cry3A (Cry3A055) variable regions and
conserved blocks or Cry3A variable regions and conserved
blocks.

Example 15. Construction of B8a

A nucleic acid fragment encoding an N-terminal portion
of' a Cry3A055 protein (SEQ ID NO: 70), was PCR ampli-
fied from a plasmid comprising cry3A055 (SEQ ID NO: 69)
using primers 5'3A-1-bam (SEQ ID NO: 83) and C3-3A-8
(SEQ ID NO: 99) and PCR reaction Mix 1 and thermocy-
cling Profile 1. A nucleic acid fragment encoding a C-ter-
minal portion of a CrylAb protein (SEQ ID NO: 72),
comprising variable regions 4-6, was amplified from a
plasmid comprising mocrylAb (SEQ ID NO: 71) using
primers C3-3A-7 (SEQ ID NO: 100) and 1Ab-6-sac (SEQ
ID NO: 86) and PCR reaction Mix 1 and thermocycling
Profile 1. The resulting amplicon was designated 20L-8b.

A nucleic acid fragment encoding an N-terminal portion
of the Cry3A055 protein (SEQ ID NO: 70), was PCR
amplified from a plasmid comprising cry3A055 (SEQ ID
NO: 69) using primers 5'3A-1-bam (SEQ ID NO: 83) and
C2-3A-4 (SEQ ID NO: 88) and PCR reaction Mix 1 and
thermocycling Profile 1.
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A nucleic acid fragment encoding a C-terminal portion of
a Cry1Ba protein (SEQ ID NO: 74) was PCR amplified from
a plasmid comprising mocrylBa (SEQ ID NO: 73) using
primers 1B-5 (SEQ ID NO: 101) and 1B-10 (SEQ ID NO:
102) and PCR reaction Mix 1 and thermocycling Profile 1,
except a 60° C. annealing temperature was used.

The two above-described PCR products were then used as
the templates in an overlap PCR reaction with primers
53 A-1-bam (SEQ ID NO: 83) and 1B-10 (SEQ ID NO: 102)
using PCR reaction Mix 1 and thermocycling Profile 2. The
resulting amplicon was designated B10.

Next, a nucleic acid fragment of cry3A055 (SEQ ID NO:
69) was PCR amplified using 20L-8b (see above) as the
template and primers 5'3A-1-bam (SEQ ID NO: 83) and
3A-22 (SEQ ID NO: 103) with the following PCR condi-
tions: Mix 1, thermocycling profile: 94° C.—45 seconds,
50° C.-70° C. gradient—45 seconds, 72° C.-90 seconds for
30 cycles. Another nucleic acid fragment was PCR amplified
using B10 (see above) as the template and primers 1B-7
(SEQID NO: 104) and 1B-10 (SEQ ID NO: 102) using PCR
reaction Mix 1 and thermocycling Profile 2, except a 60° C.
annealing temperature was used. The two resulting PCR
products were then used as templates in an overlap PCR
reaction with primers 53A-1-bam (SEQ ID NO: 83) and
1B-10 (SEQ ID NO: 102) using the following PCR condi-
tions: Mix 2, thermocycling profile: 94° C.—30 seconds,
40° C.-60° C. gradient—30 seconds, 72° C.-60 seconds for
30 cycles.

The resulting PCR product was ligated to a pCR2.1-
TOPO vector (Invitrogen) and designated B10/pCR2.1. A
BamHi-Sacl fragment from B8a/pCR2.1 was then ligated to
pET21a (Novagen), which was cut with BamHi/Sacl, to
create the B8a coding sequence (SEQ ID NO: 25), which
encodes a B8a hybrid toxin (SEQ ID NO: 26). The B8a
hybrid protein comprises, from N-terminus to C-terminus,
amino acids 1-468 of a Cry3 A055 protein (SEQ ID NO: 70),
and amino acids 505-656 of a Cry1Ba protein (SEQ ID NO:
74).

Example 16. Construction of 5*B8a

A BamHI-Xbal fragment from a plasmid comprising
20L-8a (See Example 3) and a Xbal-Sacl fragment from a
plasmid comprising B8a (See Example 15) were ligated to
create 5*B8a (SEQ ID NO: 27), which encodes the 5*B8a
chimeric protein (SEQ ID NO: 28). The 5*B8a protein
comprises, from N-terminus to C-terminus, a peptidyl frag-
ment comprising the amino acid sequence MTSNGRQCA-
GIRPYDGRQQHRG (SEQ ID NO: 127), amino acids
10-467 of a Cry3A055 protein (SEQ ID NO: 70) and amino
acids 505-656 of a Cry1Ba protein (SEQ ID NO: 74). Thus,
the 5*B8a chimeric protein is the B8a hybrid protein to
which an N-terminal peptidyl fragment has been added.

Example 17. Construction of V3A

This gene was PCR amplified using 3 fragments together
as templates: the first fragment was amplified from a plas-
mid comprising cry3A055 (SEQ ID NO: 69) using primers
53A-1-bam (SEQ ID NO: 83) and C2-3A-4 (SEQ ID NO:
88) and PCR reaction Mix 1 and thermocycling Profile 1; the
second fragment was amplified from a plasmid comprising
mocrylAb (SEQ ID NO: 71) using primers C2-3A-3 (SEQ
ID NO: 95) and C3-1Ab-2 (SEQ ID NO: 105) and PCR
reaction Mix 1 and thermocycling Profile 1; and the third
fragment was amplified from a plasmid comprising
cry3A055 (SEQ ID NO: 69) using primers C3-3A-5 (SEQ
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ID NO: 106) and 3A-12-sac (SEQ ID NO: 107) and PCR
reaction Mix 1 and thermocycling Profile 1. These 3 PCR
products were then used as templates in an overlap PCR
reaction with primers 53A-1-bam (SEQ ID NO: 83) and
3A-12-sac (SEQ ID NO: 107) using PCR reaction Mix 1 and
thermocycling Profile 1, to produce the v3A coding
sequence (SEQ ID NO: 29), which encodes the V3 A hybrid
protein (SEQ ID NO: 30). The V3A hybrid protein com-
prises, from N-terminus to C-terminus, amino acids 1-226 of
a Cry3A055 protein (SEQ ID NO: 70), which comprises
variable region 1, conserved block 1, variable region 2, and
the N-terminal 34 amino acids of conserved block 2, amino
acids 237-474 of a Cryl Ab protein (SEQ ID NO: 72), which
comprises the C-terminal 33 amino acids of conserved block
2, variable region 3, and the N-terminal 20 amino acids of
conserved block 3, and amino acids 467-598 of a Cry3A055
protein (SEQ ID NO: 70), which comprises the C-terminal
28 amino acids of conserved block 3, variable region 4,
conserved block 4, variable region 5, and conserved block 5.

The V3A eHIP comprises two crossover positions. The
first crossover between Cry3A055 and CrylAb is located in
conserved block 2 and the second crossover between
CrylAb and Cry3AO055 is located in conserved block 3.
Therefore, V3A is a variant of Cry3A055 in which all of
variable region 3 has been replaced with variable region 3 of
a Cryl Ab protein. The V3A eHIP was not as active against
western corn rootworm as FRS8a, suggesting that having
Cryl Ab sequence in conserved block 3, variable region 4,
conserved block 4, variable region 5, conserved block 5
and/or variable region 6 is important for full insecticidal
activity of FR8a.

The v3 A coding sequence was ligated to a pCR2.1-TOPO
vector and then subcloned into pET21a using a BamHI/Sacl
fragment. The V3A protein expressed by the pET21a vector
has a T7 tag on the N-terminus. This protein was designated
T7-V3A.

Example 18. Construction of V4F

A first nucleic acid fragment encoding variable regions
1-3 of a Cry3A055 was PCR amplified from a plasmid
comprising cry3A055 (SEQ ID NO: 69) using primers
5'3A-1-bam (SEQ ID NO: 83) and C3-3A-6 (SEQ ID NO:
84) and PCR reaction Mix 1 and thermocycling Profile 1.

A second nucleic acid fragment encoding variable region
4 of a CrylAb was PCR amplified from a plasmid compris-
ing mocrylAb (SEQ ID NO: 71) using primers C3-1Ab-3
(SEQ ID NO: 85) and C4-3A-10 (SEQ ID NO: 108) and
PCR reaction Mix 1 and thermocycling Profile 1.

A third nucleic acid fragment encoding variable regions
5-6 of Cry3A055 was PCR amplified from a plasmid com-
prising cry3A055 (SEQ ID NO: 69) using primers C4-3A-9
(SEQ ID NO: 109) and 3A-12-sac (SEQ ID NO: 107) and
PCR reaction Mix 1 and thermocycling Profile 1.

All three PCR amplicons were combined and used as the
template in an overlap PCR reaction with primers 5'3A-1-
bam (SEQ ID NO: 83) and 3A-12-sac (SEQ ID NO: 107)
using the following PC conditions: Mix 1 and thermocycling
profile: 94° C. —30 seconds, 50° C.-70° C. gradient—30
seconds, 72° C.—30 seconds for 20 cycles. The resulting
amplicon, designated the v4F coding sequence (SEQ ID
NO: 31) which encodes the V4F hybrid toxin (SEQ ID NO:
32), was cloned into a pCR2.1-TOPO vector and designated
v4F/pCR2.1. The V4F hybrid protein comprises, from N-ter-
minus to C-terminus, amino acids 1-468 of a Cry3A055
protein (SEQ ID NO: 70), amino acids 477-520, comprising
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variable region 4, of a CrylAb protein (SEQ ID NO: 72),
and amino acids 512-598 of a Cry3A055 protein (SEQ ID
NO: 70).

The V4F protein has two crossover positions. The first
crossover between Cry3A055 and CrylAb is in conserved
block 3 and the second crossover between CrylAb and
Cry3A055 is located in conserved block 4. Therefore, V4F
is a variant of Cry3A055 in which all of variable region 4 has
been replaced with variable region 4 of a Cryl Ab protein.
The V4F hybrid protein was not active against western corn
rootworm suggesting that Cry1Ab sequence at the C-termi-
nal portion of FR8a contributes to the insecticidal activity of
FR8a.

A BamHI-Sacl fragment of v4F/pCR2.1 was subcloned
into pET21. The protein expressed by the resulting plasmid
was designated T7-V4F.

Example 19. Construction of 5*V4F

A BamHI-Xbal fragment from a plasmid comprising
FR8a (See Example 4) and a Xbal-Sacl fragment from
V4F/pCR2.1 (See Example 18) were ligated to pET21 cut
with BamHI-Sacl to form 5*V4F/pET21. The 5*V4F cod-
ing sequence (SEQ ID NO: 33) encodes the 5¥V4F chimeric
protein (SEQ ID NO: 34). The 5*V4F chimeric insecticidal
protein comprises, from N-terminus to C-terminus, a pepti-
dyl fragment comprising the amino acid sequence MTSN-
GRQCAGIRPYDGRQQHRG (SEQ ID NO: 127), amino
acids 10-491 of a Cry3A055 protein (SEQ ID NO: 70),
amino acids 501-520, comprising variable region 4, of a
CrylAb protein (SEQ ID NO: 72), and amino acids 512-598
of a Cry3A055 protein (SEQ ID NO: 70).

The 5*V4F eHIP is the V4F hybrid protein with an
N-terminal peptidyl fragment (SEQ ID NO: 127) added. The
5*V4F eHIP provided insecticidal activity against western
corn rootworm although not at the same level as FR8a. Thus,
the N-terminal conferred insecticidal activity to V4F con-
firming that there may be some contributory interaction
between the C-terminal portion and the N-terminal peptidyl
fragment of FR8a.

The protein expressed by the 5*V4F/pET21 plasmid was
designated T7-5*V4F and has a T7 tag N-terminal to the
5*V4F peptidyl fragment.

Example 20. Construction of 20L-7

A nucleic acid fragment encoding variable region 1 of
Cry3A055 was PCR amplified from a plasmid comprising
cry3A055 (SEQ ID NO: 69) using primers 5'3A-1-bam
(SEQ ID NO: 83) and C1-3A-2 (SEQ ID NO: 92) and PCR
reaction Mix 1 and thermocycling Profile 1.

A nucleic acid fragment encoding variable regions 2-6 of
CrylAb was PCR amplified from a plasmid comprising
mocrylAb (SEQ ID NO: 71) using primers C1-1Ab-1 (SEQ
ID NO: 110) and 1Ab-6-sac (SEQ ID NO: 86) and PCR
reaction Mix 1 and thermocycling Profile 1.

The resulting two amplicons were used as templates in an
overlap PCR reaction with primers 5'3A-1-bam (SEQ ID
NO: 83) and 1Ab-6-sac (SEQ ID NO: 86) using PCR
reaction Mix 2 and thermocycling Profile 1, to create the
20L-7 coding sequence (SEQ ID NO: 35) which encodes
the 20L-7 hybrid protein (SEQ ID NO: 36). The 20L-7
hybrid protein comprises, from N-terminus to C-terminus,
amino acids 1-156 of a Cry3 A055 protein (SEQ ID NO: 70),
which comprises variable region 1 and the N-terminal 14
amino acids of conserved block 1, and amino acids 167-648
of'a CrylAb protein (SEQ ID NO: 72), which comprises the
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C-terminal 15 amino acids of conserved block 1, variable
region 2, conserved block 2, variable region 3, conserved
block 3, variable region 4, conserved block 4, variable
region 5, conserved block 5 and variable region 6, and 38
amino acids of the Cry1Ab protoxin tail region Thus, 20L.-7
is a variant of a CrylAb protein with variable region 1
replaced by variable region 1 from a Cry3A055 protein.

The 20L-7 coding sequence was cloned into pCR2.1-
TOPO (Invitrogen) and then moved into pET21la using
BamHI/Sacl which was designated 20L-7/pET21a. The
coding sequence in 20L-7/pET2la was designated
T7-20L-7 (SEQ ID NO: 37). The protein expressed by the
20L-7/pET21a vector was designated T7-20L-7 (SEQ ID
NO: 38).

Example 21. Construction of 5%20L-7

A BamHI/Xbal fragment of FR8a (See Example 4), a
PpuMI/Sacl fragment of 20L-7 (See Example 20) and a
BamHI/Sacl fragment of pET21a were ligated to produce
5*20L-7/pET21a. The 5¥20L-7 coding sequence (SEQ ID
NO: 39) encodes the 5*20L-7 chimeric protein (SEQ ID
NO: 40). The 5*%20L-7 protein comprises, from N-terminus
to C-terminus, a peptidyly fragment comprising the amino
acid sequence MTSNGRQCAGIRPYDGRQQHRG (SEQ
ID NO: 127), amino acids 10-156 of a Cry3A055 protein
(SEQ ID NO: 70), and amino acids 167-643 of a CrylAb
protein (SEQ ID NO: 72). Thus, the 5%20L-7 hybrid protein
is the 20L-7 hybrid protein with a N-terminal peptidyl
fragment added.

Example 22. Construction of 20L-10

A nucleic acid fragment encoding an N-terminal portion
of' a Cry3A055 protein was PCR amplified from a plasmid
comprising cry3A055 (SEQ ID NO: 69) using primers
5'3A-1-bam (SEQ ID NO: 83) and C2-3A-4 (SEQ ID NO:
88) and PCR reaction Mix 1 and thermocycling Profile 1. A
nucleic acid fragment encoding a C-terminal portion of a
Cryl Ab protein was PCR amplified from a plasmid com-
prising mocryl Ab (SEQ ID NO: 71) using primers C2-3A-3
(SEQID NO: 95) and 1Ab-6-sac (SEQ ID NO: 86) and PCR
reaction Mix 1 and thermocycling Profile 1. These 2 PCR
products were then used as the templates in an overlap PCR
reaction with primers 53A-1-bam (SEQ ID NO: 83) and
1Ab-6-sac (SEQ ID NO: 86) using the following PCR
conditions: Mix 2, thermocycling profile: 94° C.—30 sec-
onds, 45° C.-65° C. gradient—30 seconds, 72° C.—30
seconds for 20 cycles, resulting in the 20L-10 coding
sequence (SEQ ID NO: 41) which encodes the 20L-10
hybrid toxin (SEQ ID NO: 42). The 20L-10 protein com-
prises, from N-terminus to C-terminus, amino acids 1-232 of
a Cry3A055 protein (SEQ ID NO: 70) and amino acids
243-648 of a CrylAb protein (SEQ ID NO: 72). Thus, the
20L-10 hybrid protein is substantially Domain I of a
Cry3A055 protein and Domains II and III of a CrylAb
protein.

The 20L-10 coding sequence was cloned into pCR2.1-
TOPO (Invitrogen) then moved to pET21a using BamHI/
Sacl. The protein expressed by 20L-10/pET21a was desig-
nated T7-20L-10.

Example 23. Construction of 5*20L-10

A BamHI-Xbal fragment from a plasmid comprising
FR8a (See Example 4) and a Xbal-Sacl fragment from
20L-10/pCR2.1 (See Example 22) were ligated to pET21
cut with BamHI-Sacl to form 5%*20L-10/pET21. The
5%20L-10 coding sequence (SEQ ID NO: 43) encodes the
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5%*20L-10 chimeric protein (SEQ ID NO: 44). The 5*20L-
10 protein comprises, from N-terminus to C-terminus, a
peptidyl fragment comprising the amino acid sequence
MTSNGRQCAGIRPYDGRQQHRG (SEQ ID NO: 127),
amino acids 10-232 of a Cry3A055 protein (SEQ ID NO:
70) and amino acids 243-648 of a Cryl Ab protein (SEQ ID
NO: 72). Thus, the 5¥20L-10 chimeric protein is the 20L-
10 hybrid protein with a N-terminal peptidyl fragment
added.

Example 24. Construction of 20L-12A

A first nucleic acid fragment encoding an N-terminal
portion of CrylAb was PCR amplified from a plasmid
comprising mocrylAb (SEQ ID NO: 71) using primers
5'1Ab-bam (SEQ ID NO: 98) and C3-1Ab-2 (SEQ ID NO:
105) and PCR reaction Mix 1 and thermocycling Profile 1.

A second nucleic acid fragment encoding a C-terminal
portion of Cry3A055 was PCR amplified from a plasmid
comprising cry3A055 (SEQ ID NO: 69) using primers
C3-3A-5 (SEQ ID NO: 106) and 3A-12-sac (SEQ ID NO:
107) and PCR reaction Mix 1 and thermocycling Profile 1.

The first and second nucleic acid fragment described
above were connected by using them as templates in an
overlap PCR reaction with primers 5'1 Ab-bam (SEQ ID NO:
98) and 3A-12-sac (SEQ ID NO: 107) using Mix 1 and
thermocycling Profile 1 to create the 20L-12A coding
sequence (SEQ ID NO: 45) which encodes the 20L-12A
eHIP (SEQ ID NO: 46). The 20L-12A protein comprises,
from N-terminus to C-terminus, amino acids 1-476 of a
CrylAb protein (SEQ ID NO: 72) and amino acids 469-598
of a Cry3A055 protein (SEQ ID NO: 70).

The 20L-12A eHIP was not active against western corn
rootworm but was active against European corn borer (See
Table 6). This demonstrates that eHIP can be constructed
using lepidopteran active and coleopteran active Cry pro-
teins without loss of activity against a lepidopteran insect
species.

The 20L-12A coding sequence was cloned into pCR2.1-
TOPO (Invitrogen) then moved to pET21a with BamHI/
Sacl. The protein expressed by the 20L.-12A/pET21a vector
was designated T7-20L-12A.

Example 25. Construction of 201.-13

Four nucleic acid fragments were generated as follows:
fragment 1 was PCR amplified from a plasmid comprising
cry3A055 (SEQ ID NO: 69) using primers 5'3A-1-bam
(SEQ ID NO: 83) and C1-3A-2 (SEQ ID NO: 92) and PCR
reaction Mix 1 and thermocycling Profile 1; fragment 2 was
PCR amplified from a plasmid comprising mocryl Ab (SEQ
ID NO: 71) using primers C2-3A-3 (SEQ ID NO: 95) and
C3-1Ab-2 (SEQ ID NO: 105) and PCR reaction Mix 1 and
thermocycling Profile 1; fragment 3 was PCR amplified
from a plasmid comprising mocrylAb (SEQ ID NO: 71)
using primers C3-1Ab-3 (SEQ ID NO: 85) and C4-3A-10
(SEQ ID NO: 108) and PCR reaction Mix 1 and thermocy-
cling Profile 1; and fragment 4 was PCR amplified from a
plasmid comprising cry3A055 (SEQ ID NO: 69) using
primers C4-3A-9 (SEQ ID NO: 109) and 3A-12-sac (SEQ
ID NO: 107) and PCR reaction Mix 1 and thermocycling
Profile 1.

All four fragments were then used as templates in an
overlap PCR reaction using primers 53 A-bam (SEQ ID NO:
83) and 3A-12-sac (SEQ ID NO: 107) using PCR reaction
Mix 1 and thermocycling Profile 1 to create the 20L.-13
coding sequence (SEQ ID NO: 47) which encodes the



US 10,239,921 B2

47

20L-13 hybrid toxin (SEQ ID NO: 48). The 201.-13 protein
comprises, from N-terminus to C-terminus, amino acids
1-159 of a Cry3 A055 protein (SEQ ID NO: 70), amino acids
170-522 of a Cryl Ab protein (SEQ ID NO: 72), and amino
acids 515-598 of a Cry3A055 protein (SEQ ID NO: 70).
Thus, the 20L.-13 hybrid toxin is comprised of V1 and the
N-terminal portion of CB1 from a Cry3A055 protein; the
C-terminal portion of CB1, V2, CB2, V3, CB3, and V4 from
a Cry1Ab protein; and CB4, V5, and CBS5 from a Cry3A055
protein.

The 20L-13 coding sequence was cloned into pCR2.1-
TOPO (Invitrogen) then moved to pET21a using BamHI/
Sacl. The protein expressed by the 20L-13/pET21a vector
was designated T7-20L-13.

Example 26. Construction of 20L.-20

A BamHI/Nspl fragment from a plasmid comprising
mocry3A (SEQ ID NO: 67), a Nspl/HindIII fragment from
a plasmid comprising 20L-8A (SEQ ID NO: 1), and a
HindIII/BamHI fragment from pET21a were ligated to make
20L-20/pET21a.

Example 27. Construction of V5&6

A nucleic acid fragment encoding an N-terminal portion
of Cry3 A055 was PCR amplified from a plasmid comprising
cry3A055 (SEQ ID NO: 69) using primers 5'3A-1-bam
(SEQ ID NO: 83) and C4-3A-10 (SEQ ID NO: 108) and
PCR reaction Mix 1 and thermocycling Profile 1.

A nucleic acid fragment encoding a C-terminal portion of
CrylAb was PCR amplified from a plasmid comprising
mocrylAb (SEQ ID NO: 71) using primers C4-3A-9 (SEQ
ID NO: 109) and 1Ab-6-sac (SEQ ID NO: 86) and PCR
reaction Mix 1 and thermocycling Profile 1.

These two PCR products were then used as the templates
in an overlap PCR reaction with primers 5'3A-1-bam (SEQ
ID NO: 83) and 1Ab-6-sac (SEQ ID NO: 86) using PCR
reaction Mix 1 and thermocycling Profile 2 to create the
V5&6 coding sequence (SEQ ID NO: 49), which encodes
the V5&6 hybrid toxin (SEQ ID NO: 50). The V5&6 protein
comprises, from N-terminus to C-terminus, amino acids
1-524 of a Cry3A055 protein (SEQ ID NO: 70), which
comprises V1, CB1, V2, CB2, V3, CB3, V4, and CB4, and
amino acids 533-648 of a Cryl Ab protein (SEQ ID NO: 72),
which comprises V5, CB5 and V6, and 38 amino acids of a
Cryl Ab protoxin tail region.

The V5 &6 coding sequence was cloned into pCR2.1-
TOPO then moved to pET21 with BamHI/Sacl. The protein
expressed by V5&6/pET21a was designated T7-V5&6.

Example 28. Construction of 5*V5&6

A BamHI/Xbal fragment of FR8a (See Example 4), a
Xbal/Sacl fragment of V5 &6 (See Example 27) and a
BamHI/Sacl fragment of pET21a were ligated to form
5*V5&6/pET21. The 5*V5&6 coding sequence (SEQ ID
NO: 51) encodes the 5*V5&6 chimeric protein (SEQ ID
NO: 52). The 5%V5&6 chimeric insecticidal protein com-
prises, from N-terminus to C-terminus, a peptidyl fragment
comprising the amino acid sequence MTSNGRQCA-
GIRPYDGRQQHRG (SEQ ID NO: 127), amino acids
10-524 of a Cry3A055 protein (SEQ ID NO: 70), which
comprises V1, CB1, V2, CB2, V3, CB3, V4, and CB4, and
amino acids 533-648 of a Cryl Ab protein (SEQ ID NO: 72),
which comprises V5, CB5 and V6, and 38 amino acids of a
Cryl Ab protoxin tail region. Thus, the 5*V5&6 chimeric
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insecticidal protein is the V5&6 hybrid protein with an
N-terminal peptidyl fragment added.

Example 29. Construction of 88A-dm3

A nucleic acid fragment encoding a C-terminal portion of
a Cry8Aa protein (SEQ ID NO: 78) was PCR amplified from
a plasmid comprising cry8Aa (SEQ ID NO: 77) using
primers 5'8 Aa-dm3 (SEQ ID NO: 111) and 3'8 Aa-dm3 (SEQ
ID NO: 112) and PCR reaction Mix 2 and thermocycling
Profile 2. The resulting amplicon was cloned into pCR2.1-
TOPO (Invitrogen) and designated 88A-dm3/pCR2.1.

A Mlul/Sacl fragment from 88A-dm3/pCR2.1 and a Sacl/
Mlul fragment from a plasmid comprising FR8a (See
Example 4) were ligated to create the 88A-dm3 coding
sequence (SEQ ID NO: 53) which encodes the 88A-dm3
hybrid protein (SEQ ID NO: 54). The 88A-dm3 protein
comprises, from N-terminus to C-terminus, a peptidyl frag-
ment comprising the amino acid sequence MTSNGRQCA-
GIRPYDGRQQHRG (SEQ ID NO: 127), amino acids
10-468 of a Cry3A055 protein (SEQ ID NO: 70) and amino
acids 532-664 of a Cry8Aa protein (SEQ ID NO: 78).

The 88A-dm3 coding sequence was also transformed into
pET21a using a BamHI/Sacl restriction digest and ligation.
The protein expressed by 88 A-dm3/pET21a was designated
T7-88A-dm3.

Example 30. Construction of FR(1Fa)

A nucleic acid fragment encoding an N-terminal portion
of FR8a (See Example 3) was PCR amplified from a plasmid
comprising FR8a (SEQ ID NO: 1) using primers C2-3A-3
(SEQ ID NO: 95) and tant-OL-2 (SEQ ID NO: 113) and
PCR reaction Mix 3 and thermocycling Profile 3.

A nucleic acid fragment encoding a C-terminal portion of
a Cry1Fa protein (SEQ ID NO: 76) was PCR amplified from
a plasmid comprising mocrylFa (SEQ ID NO: 75) using
primers tant-OL-1 (SEQ ID NO: 114) and tant-3'sac (SEQ
ID NO: 115) and PCR reaction Mix 3 and thermocycling
Profile 3.

These two PCR products were then used as templates in
an overlap PCR reaction with primers C2-3A-3 (SEQ ID
NO: 95) and tant-3'sac (SEQ ID NO: 115) using PCR
reaction Mix 3 and thermocycling Profile 3. The resulting
PCR product was cloned into pCR2.1-TOPO (Invitrogen). A
BamHI/MIul fragment from a plasmid comprising FR8a, a
Mlul/Sacl fragment from the overlap PCR product in
pCR2.1 and a BamHI/Sacl fragment of pET21a were then
ligated to create FR(1Fa)/pET21a. The FR(1Fa) coding
sequence (SEQ ID NO: 55) encodes the FR(1Fa) chimeric
protein (SEQ ID NO: 56). The FR(1Fa) protein comprises,
from N-terminus to C-terminus, a peptidyl fragment com-
prising the amino acid sequence MTSNGRQCAGIRPY-
DGRQQHRG (SEQ ID NO: 127), amino acids 10-468 of a
Cry3A055 protein (SEQ ID NO: 70) and amino acids
470-649 of a CrylFa protein (SEQ ID NO: 76).

Example 31. Construction of FR(1Ac)

Domains I & II of FR8a were PCR amplified from a
plasmid comprising FR8a (SEQ ID NO: 1) using primers
C2-3A-3 (SEQ ID NO: 95) and 1Ac-OL-2 (SEQ ID NO:
116) and PCR reaction Mix 3 and thermocycling Profile 3.
Domain [T of Cry1Ac (SEQ ID NO: 80) was PCR amplified
from a plasmid comprising crylAc (SEQ ID NO: 79) using



US 10,239,921 B2

49
primers 1Ac-OL-1 (SEQ ID NO: 117) and 1Ac-3'sac (SEQ
ID NO: 118) and PCR reaction Mix 3 and thermocycling
Profile 3.

These 2 PCR products were used as templates in an
overlap PCR reaction with primers C2-3A-3 (SEQ ID NO:
95) and 1Ac-3'sac (SEQ ID NO: 118) and the following
conditions: Mix 3 and thermocycling profile: 94° C.—30
seconds, 68° C.—30 seconds, 68° C.—30 seconds for 20
cycles. The overlap PCR product was cloned into pCR2.1-
TOPO (Invitrogen). A BamHI/Mlul fragment from a plas-
mid comprising FR8a, the Mlul/Sacl fragment from the
overlap PCR product in pCR2.1 and BamHI/Sacl fragment
of pET21a were ligated to create FR(1Ac)/pET21a. The
FR(1Ac) protein comprises, from N-terminus to C-terminus,
a peptidyl fragment comprising the amino acid sequence
MTSNGRQCAGIRPYDGRQQHRG (SEQ ID NO: 127),
amino acids 10-468 of a Cry3A055 protein (SEQ ID NO:
70) and amino acids 477-608 of a Cryl Ac protein (SEQ ID
NO: 80).

Example 32. Construction of FR(11a)

A nucleotide fragment encoding Domains I and IT of FR8a
was PCR amplified from a plasmid comprising FR8a (SEQ
ID NO: 3) using primers C2-3A-3 (SEQ ID NO: 95) and
11a-OL-2 (SEQ ID NO: 119) and PCR reaction Mix 3 and
thermocycling Profile 3. A second nucleotide fragment
encoding Domain III of a Crylla protein (SEQ ID NO: 82)
was PCR amplified from a plasmid comprising crylla (SEQ
ID NO: 81) using primers 11a-OL-1 (SEQ ID NO: 120) and
11a-3'sac (SEQ ID NO: 121) and PCR reaction Mix 3 and
thermocycling Profile 3. These two PCR products were used
as templates in an overlap PCR reaction with primers
C2-3A-3 (SEQID NO: 95) and 11a-3'sac (SEQ ID NO: 121)
and PCR reaction Mix 3 and thermocycling profile: 94°
C.—30 seconds, 68° C. —45 seconds for 20 cycles. The
overlap PCR product was cloned into pCR2.1-TOPO (Invit-
rogen). The BamHI/Mlul fragment from a plasmid compris-
ing FR8a, the Mlul/Sacl fragment from the overlap PCR
product in pCR2.1 and BamHI/Sacl fragment of pET21a
were ligated to create FR(11a)/pET21a. The FR(11a) protein
comprises, from N-terminus to C-terminus, a peptidyl frag-
ment comprising the amino acid sequence MTSNGRQCA-
GIRPYDGRQQHRG (SEQ ID NO: 127), amino acids
10-468 of a Cry3A055 protein (SEQ ID NO: 70) and amino
acids 513-719 of a Crylla protein (SEQ ID NO: 82).

Example 33. Construction of Dm2-3A

Part of the 5' end of this coding sequence was PCR
amplified from a plasmid comprising cry3A055 (SEQ ID
NO: 69) using primers C2-3A-3 (SEQ ID NO: 95) and
FR-1Ab-2 (SEQ ID NO: 122) and PCR reaction Mix 3 and
thermocycling Profile 2. A nucleotide fragment encoding
Domain III of CrylAb was PCR amplified from a plasmid
comprising mocrylAb (SEQ ID NO: 71) using primers
FR1Ab-1 (SEQ ID NO: 123) and 1Ab-6-sac (SEQ ID NO:
86) and PCR reaction Mix 3 and thermocycling Profile 2.
These two PCR products were used as the templates in an
overlap PCR reaction with primers C2-3A-3 (SEQ ID NO:
95) and 1Ab-6-sac (SEQ ID NO: 86) and PCR reaction Mix
3 and thermocycling Profile 2. The resulting amplicon was
cloned into pCR2.1-TOPO (Invitrogen). FR8a BamHI/MIul,
and the above PCR product in pCR2.1-TOPO AflIIl, FR8a
Afllll/Sacl were ligated into pET2la BamHI/Sacl. The
entire coding sequence (BamHI/Sacl) was then moved to
1454. The DM2-3 A chimeric insecticidal protein comprises,
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from N-terminus to C-terminus, a peptidyl fragment com-
prising the amino acid sequence MTSNGRQCAGIRPY-
DGRQQHRG (SEQ ID NO: 127), amino acids 10-451 of a
Cry3A055 protein (SEQ ID NO: 70), which comprises
variable region 1, conserved block 1, variable region 2,
conserved block 2, variable region 3, and the N-terminal 7
amino acids of conserved block 3, and amino acids 460-648
of'a CrylAb protein (SEQ ID NO: 72), which comprises the
C-terminal 41 amino acids of conserved block 3, variable
region 4, conserved block 4, variable region 5, conserved
block 5, and variable region 6. Thus, the DM2-3 A eHIP has
a cross-over junction between Cry3A055 and CrylAb
located in conserved block 3 immediately following Ser451
which is upstream of the domain II domain III junction.
DM2-3 A has insecticidal activity against western corn root-
worm but the activity was less than that of the 8AF and FR8a
eHIPs as shown in Table 5.

Example 34. Construction of T7-8AF

A nucleic acid fragment encoding an N-terminal portion
of'a Cry3A055 protein (SEQ ID NO: 70) was PCR amplified
from a plasmid comprising cry3A055 (SEQ ID NO: 69)
using primers 5'3A-1-bam (SEQ ID NO: 83) and C3-3A-6
(SEQ ID NO: 84) and PCR reaction Mix 1 and thermocy-
cling Profile 1.

A nucleic acid fragment encoding a C-terminal portion of
a Cryl Ab protein (SEQ ID NO: 72) was PCR amplified from
a plasmid comprising mocrylAb (SEQ ID NO: 71) using
primers C3-1Ab-3 (SEQ ID NO: 85) and 1Ab-6-Sac (SEQ
ID NO: 86) and PCR reaction Mix 1 and thermocycle Profile
1.

The two above-described PCR products were next used as
templates in an overlap PCR reaction with the primers
53 A-1-bam (SEQ ID NO: 83) and 1Ab-6-Sac (SEQ ID NO:
86) using PCR reaction Mix 2 and thermocycling Profile 1.

The resulting amplicon was ligated as a blunt ended
fragment to a pCR2.1-TOPO vector (Invitrogen, Carlsbad,
Calif)) cut with Smal to form plasmid p8AF/CR2.1. A
BamHI-Sacl fragment from p8 AF/CR2.1 was then ligated to
pET21a (EMD Biosciences, Inc., San Diego, Calif.), which
was cut with BamHI-Sacl, and transformed into E. coli. The
open reading frame was designated T7-8AF (SEQ ID NO:
144) and encodes the T7-8AF hybrid protein (SEQ ID NO:
145). The T7-8AF hybrid protein comprises, from N-termi-
nus to C-terminus, a peptidyl fragment comprising the
amino acid sequence MASMTGGQQMGRGS (amino acids
1-14 of SEQ ID NO: 126), amino acids 1-468 of a Cry3 A055
protein (SEQ ID NO: 70), which comprises variable region
1, conserved block 1, variable region 2, conserved block 2,
variable region 3, and the N-terminal 24 amino acids of
conserved block 3, and amino acids 477-648 of a CrylAb
protein (SEQ ID NO: 72), which comprises the C-terminal
24 amino acids of conserved block 3, variable region 4,
conserved block 4, variable region 5, conserved block 5 and
variable region 6, and a 38 amino acid region of the CrylAb
protoxin tail. The T7-8AF hybrid protein had little or no
insecticidal activity against western corn rootworm.

Example 35. Construction of 8AF

A BamHI-Sacl fragment from plasmid pSAF/CR2.1 (See
Example 34) was ligated to a plasmid containing a consti-
tutive Cryl Ac promoter that has been modified from that
described by Schnepfet al. (1985. J. Biol. Chem. 260:6264-
6272) to correct an internal ATG start codon which exists in
the promoter of Schnepf et al. to an ATC codon, which was
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cut with BamHI-Sacl, and transformed into E. coli. The
open reading frame was designated 8AF (SEQ ID NO: 63)
and encodes the 8AF eHIP (SEQ ID NO: 64). The 8AF eHIP
is similar to the FR8a eHIP but does not contain the optional
N-terminal peptidyl fragment. The 8AF eHIP comprises,
from N-terminus to C-terminus, amino acids 1-468 of a
Cry3A055 protein (SEQ ID NO: 70), which comprises
variable region 1, conserved block 1, variable region 2,
conserved block 2, variable region 3, and the N-terminal 24
amino acids of conserved block 3, and amino acids 477-648
of'a CrylAb protein (SEQ ID NO: 72), which comprises the
C-terminal 24 amino acids of conserved block 3, variable
region 4, conserved block 4, variable region 5, conserved
block 5 and variable region 6, and a 38 amino acid region of
a Cry1Ab protoxin tail. Thus, the 8AF eHIP has a cross-over
junction between Cry3A055 and CrylAb located in con-
served block 3 immediately following Leud468 of SEQ ID
NO: 70 which is downstream of the domain II domain III
junction. The 8AF eHIP had high activity against western
corn rootworm.

Example 36. Construction of —-CatG8AF

A construct was made without the Cathepsin G (Cat G)
site to determine whether the Cat G site in domain I of the
8AF eHIP was necessary for rootworm activity. A 1359 bp
BamHI/Sall fragment from a plasmid comprising moCry3A
(SEQ ID NO: 67) and a 3483 bp BamHI/Sall fragment from
a plasmid comprising 20L-8a (SEQ ID NO: 1) were ligated
to create —catG8AF (SEQ ID NO: 146) which encodes the
—-catG8AF eHIP (SEQ ID NO: 147).

The —catG8AF eHIP was very active against western corn
rootworm demonstrating that the Cathepsin G protease
recognition site in the 8AF eHIP is not required for insec-
ticidal activity.

Example 37. Construction of 8AFdm3

The 8AF eHIP described in Example 35 has a cross-over
point between Cry3A055 and Cry1 Ab located in CB3 down-
stream of the domain II/I1I junction, resulting in domain 111
of'the 8AF eHIP having a small N-terminal region of domain
IIT of Cry3A055 and the remainder of domain III being
CrylAb domain III sequence. To determine whether the
small N-terminal region of domain III of Cry3A055 was
required for insecticidal activity in 8AF, another construct
was made having the cross-over between Cry3A055 and
Cryl Ab located in CB3 exactly at the domain II-domain III
junction.

A nucleic acid fragment encoding part of domain I and
domain II of Cry3A055 was PCR amplified from a plasmid
comprising FR8a (SEQ ID NO: 3) using primers CMS96
(SEQ ID NO: 138) and CMS97 (SEQ ID NO: 139) and PCR
reaction Mix 5 and thermocycle Profile 5.

A nucleic acid fragment encoding domain III of
moCryl Ab was PCR amplified from a plasmid comprising
mocrylAb (SEQ ID NO: 71) using primers CMS98 (SEQ
ID NO: 140) and CMS99 (SEQ ID NO: 141) and PCR
reaction Mix 5 and thermocycle Profile 5.

The resulting two amplicons were used as templates in an
overlap PCR reaction with primers CMS96 (SEQ ID NO:
138) and CMS98 (SEQ ID NO: 140) using PCR reaction
Mix 5 and thermocycle Profile 6. The resulting amplicon
was cloned into pCR4 Blunt (Invitrogen, Carlsbad, Calif.).
A 1633 bp Stul/Sacl fragment of the cloned amplicon,
designated pCR4Blunt-OLWrdm3, and a approximately
3089 bp Stul/Sacl fragment of a plasmid comprising
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cry3A055 (SEQ ID NO: 69) were combined to create
8AFdm3 (SEQ ID NO: 148) which encodes the 8AFdm3
hybrid protein (SEQ ID NO: 149).

The 8AFdm3 hybrid protein comprises, from N-terminus
to C-terminus, amino acids 1-454 of a Cry3A055 protein
(SEQ ID NO: 70), which comprises domains I and II, which
comprise variable region 1, conserved block 1, variable
region 2, conserved block 2, variable region 3, and the
N-terminal 10 amino acids of conserved block 3, and amino
acids 463-610 of a Cryl Ab protein (SEQ ID NO: 72), which
comprises all of domain III, comprising the C-terminal 38
amino acids of conserved block 3, variable region 4, con-
served block 4, variable region 5, conserved block 5 and
variable region 6.

Thus, the 8AFdm3 protein has a cross-over junction
between Cry3A055 and Cryl Ab immediately after Phe454
of SEQ ID NO: 70, which is at the domain II-domain III
junction. The 8AFdm3 protein had no activity against west-
ern corn rootworm. This suggests that the 24 amino acid
N-terminal region of CB3 of Cry3A055 or Cry3A, since
they have the same sequence in this region, are necessary for
activity of an 8AF eHIP.

Example 38. Construction of 8 AFlongdm3

To determine if the location of the cross-over junction in
CB3 between Cry3A or Cry3A005 and CrylAb was critical
for rootworm activity a construct was made wherein the
cross-over junction was placed in CB4 immediately after
amino acid 519 of a Cry3A055 protein.

A nucleic acid fragment encoding part of domain I and all
of domain II and part of domain III of Cry3A055 was PCR
amplified from a plasmid comprising cry3A055 (SEQ ID
NO: 69) using primers CMS96 (SEQ ID NO: 138) and
CMS101 (SEQ ID NO: 143) and PCR reaction Mix 5 and
thermocycle Profile 5.

A nucleic acid fragment encoding part of domain III of
CrylAb was PCR amplified from a plasmid comprising
mocrylAb (SEQ ID NO: 71) using primers CMS98 (SEQ
ID NO: 140) and CMS100 (SEQ ID NO: 142) and PCR
reaction Mix 5 and thermocycle Profile 5.

The resulting two amplicons were used as templates in an
overlap PCR reaction with primers CMS96 (SEQ ID NO:
138) and CMS98 (SEQ ID NO: 140) using PCR reaction
Mix 5 and thermocycle Profile 6. The resulting amplicon
was cloned into pCR4 Blunt (Invitrogen, Carlsbad, Calif.).
A approximately 460 bp Sall/Sacl fragment of the cloned
amplicon, designated pCR4Blunt-OL8AFlongdm3, and a
approximately 4265 bp Sall/Sacl fragment of a plasmid
comprising 8AFdm3 (SEQ ID NO: 147) were combined to
create 8AFlongdm3 (SEQ ID NO: 150) which encodes the
8AFlongdm3 hybrid protein (SEQ ID NO: 151).

The 8 AFlongdm3 hybrid protein comprises, from N-ter-
minus to C-terminus, amino acids 1-519 of a Cry3A055
protein (SEQ ID NO: 70), which comprises domains I and
II, which comprise variable region 1, conserved block 1,
variable region 2, conserved block 2, variable region 3,
conserved block 3, variable region 4, and the N-terminal 6
amino acids of conserved block 4, and amino acids 528-610
of' a CrylAb protein (SEQ ID NO: 72), which comprises a
C-terminal region of domain I1I, comprising the C-terminal
4 amino acids of conserved block 4, variable region 5,
conserved block 5, and variable region 6.

Thus, the 8 AFlongdm3 protein has a cross-over junction
between Cry3A055 and Cryl Ab in conserved block 4 imme-
diately after [le519 of SEQ ID NO: 70. The 8AFlongdm3
hybrid Cry protein had no activity against western corn



US 10,239,921 B2

53

rootworm. This suggests that a critical region for corn
rootworm activity of a Cry3A-CrylA eHIP lies in a region
between amino acids corresponding to amino acid 6 of CB3
to amino acid 7 of CB4.

Example 39. Construction of Cap8AFdm3

A approximately 1363 bp BamHI/Sall fragment from a
plasmid comprising 8AFdm3 (SEQ ID NO: 148) and a
approximately 3362 bp BamHI/Sall fragment from a plas-
mid comprising FR8a (SEQ ID NO: 3) were ligated to create
cap8AFdm3 (SEQ ID NO: 152) which encodes the
cap8AFdm3 eHIP (SEQ ID NO: 153).

The cap8AFdm3 protein had some activity against west-
ern corn rootworm as indicated in Table 5. The only differ-
ence between the 8AFdm3 hybrid protein, which was not
insecticidal, and the cap8AFdm3 eHIP is the presence of an
N-terminal peptidyl fragment (SEQ ID NO: 127). Thus,
adding a peptidyl fragment to a non-active hybrid Cry
protein created a rootworm active engineered hybrid insec-
ticidal protein.

Example 40. Construction of 8AFdm3T

A approximately 4654 bp Pmll/Sacl fragment from a
plasmid comprising 8AFdm3 (SEQ ID NO: 148) and a
approximately 190 bp Pmll/Sacl fragment from a plasmid
comprising FR8a (SEQ ID NO: 3) were ligated to create
8AFdm3T (SEQ ID NO: 154) which encodes the 8AFdm3T
eHIP (SEQ ID NO: 155). The SAFdm3T eHIP comprises
from N-terminus to C-terminus, amino acids 1-454 of a
Cry3A055 protein (SEQ ID NO: 70), which comprises
domains I and II, which comprise variable region 1, con-
served block 1, variable region 2, conserved block 2, vari-
able region 3, and the N-terminal 10 amino acids of con-
served block 3, and amino acids 463-610 of a CrylAb
protein (SEQ ID NO: 72), which comprises all of domain 111,
comprising the C-terminal 38 amino acids of conserved
block 3, variable region 4, conserved block 4, variable
region 5, conserved block 5, variable region 6, and a 38
amino acid region of a CrylAb protoxin tail.

The only difference between the 8AFdm3 hybrid protein
and the 8AFdm3T eHIP is the addition of the 38 amino acid
Cryl Ab protoxin tail region indicating that addition of a
protoxin tail region can change a non-active hybrid Cry
protein into an active eHIP.

Example 41. Construction of 8 AFlongdm3T

A approximately 4693 bp Pmll/Sacl fragment from a
plasmid comprising 8 AFlongdm3 (SEQ ID NO: 150) and a
approximately 190 bp Pmll/Sacl fragment from a plasmid
comprising FR8a (SEQ ID NO: 3) were ligated to create
8AFlongdm3T (SEQ ID NO: 156) which encodes the
8AFlongdmT hybrid Cry protein (SEQ ID NO: 157).

The only difference between the 8 AFlongdm3 hybrid Cry
protein and the 8 AFlongdm3T hybrid Cry protein, which
was not active against western corn rootworm, is the addi-
tion of a 38 amino acid CrylAb protoxin tail region indi-
cating that the protoxin region was not itself sufficient to
confer insecticidal activity to the 8 AFlongdm3 hybrid Cry
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protein. This indicates that a combination of variable regions
and conserved blocks in addition to a protoxin tail region
and/or an N-terminal peptidyl fragment may be necessary to
create some eHIPs.

Example 42. Construction of CapSAFdm3 T

A approximately 4693 bp Pmll/Sacl fragment from a
plasmid comprising cap8AFdm3 (SEQ ID NO: 152) and a
approximately 190 bp Pmll/Sacl fragment from a plasmid
comprising FR8A (SEQ ID NO: 3) were ligated to create
cap8AFdm3T (SEQ ID NO: 158) which encodes the
cap8AFdm3T eHIP (SEQ ID NO: 159).

The cap8AFdm3T protein had increased activity against
western corn rootworm over the cap8AFdm3 eHIP as indi-
cated in Table 5. The only difference between the
cap8AFdm3 eHIP, which had some insecticidal activity
against corn rootworm, and the cap8AFdm3T eHIP is the
presence of a 38 amino acid protoxin tail region from
CrylAb. Thus, some hybrid Cry proteins can be made active
by adding an N-terminal peptidyl fragment and a protoxin
tail region.

Example 43. Testing Hybrid Proteins for
Insecticidal Activity

Western Corn Rootworm

Hybrid proteins generated in the above described
Examples were tested for insecticidal activity against west-
ern corn rootworm in laboratory bioassays. Bioassays were
performed using a diet incorporation method. E. coli clones
that express one of the proteins were grown overnight. 500
ul of an overnight culture was sonicated and the amount of
protein to be tested was determined. The protein solution
was then mixed with 500 pl of molten artificial diet similar
to that described in Marrone et al. (1985, J. of Economic
Entomology 78:290-293). After the diet solidified, it was
dispensed in a petri-dish and 20 neonate corn rootworm
were placed on the diet. The petri-dishes were held at
approximately 30° C. Mortality was recorded after 6 days.

Results of the bioassays are shown in Table 5. Column 1
indicates the names of the hybrid Cry proteins, engineered
hybrid insecticidal proteins and chimeric insecticidal pro-
teins. Column 2 indicates relative levels of western corn
rootworm activity (“-="=<40% mortality; “+°=40-49% mor-
tality; “++7=50-59% mortality; “+++7=60-80% mortality;
and “++++°=>80% mortality). Column 3 indicates relative
levels of the appropriate protein detected by Western blot.
Column 4 indicates presence of a peptidyl fragment
(“="=No peptidyl fragment; #1=SEQ ID NO: 126; #2=SEQ
ID NO: 127; #3=SEQ ID NO: 128; #4=SEQ ID NO: 129;
#5=SEQ ID NO: 130; #6=SEQ ID NO: 131; #7=SEQ ID
NO: 132). Columns 5-7 show the combinations and arrange-
ment of the variable regions (V1-V6), conserved blocks
(C1-C5) and associated domains (Domain I-IIT) from a first
Bt Cry protein or modified Cry protein and a second Bt Cry
protein different from the first Cry protein or modified Cry
protein that make up a core hybrid protein, which are not
active against western corn rootworm and eHIPs, which
have activity against western corn rootworm. Column 8
indicates the number of amino acids in a protoxin tail region
if present and the Cry protein from which the tail region is
derived (“1Ab-38"=38 amino acids from a Cryl Ab protoxin
tail; “1Ba-18"=18 amino acids from a Cry1Ba protoxin tail).
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TABLE 5
Results of western corn rootworm bioassays.
Domain Domain Domain
Proteins CRW Protein Peptidyl I 1T IIT Protoxin
Tested Activity Expressed Fragment V1 Cl V2 C2 V3 C3 V4 C4 V5 C5 V6 Region
8AF ot ++ — 3A055 3A055  3A055 1Ab 1Ab-38
T7-8AF - + #7 3A055 3A055  3A055 1Ab 1Ab-38
-CatG8AF ot ++ — 3A 3A 3A 1Ab 1Ab-38
8AFdm3 - + — 3A055 3A055 1Ab —
8AFdm3T - ++ — 3A055 3A055 1Ab 1Ab-38
8AFlongdm3 - + — 3A055 3A055 3A055 1Ab —
8AFlongdm3T - + — 3A055 3A055 3A055 1Ab 1Ab-38
Cap8AFdm3 + + #2 3A055 3A055 1Ab —
Cap8AFdm3T ++ ++ #2 3A055 3A055 1Ab 1Ab-38
20L-8a ot ++ #1 3A055 3A055  3A055 1Ab 1Ab-38
FR8a +34 ot ++ #6 3A055 3A055  3A055 1Ab 1Ab-38
FR8a ot ++ #2 3A055 3A055  3A055 1Ab 1Ab-38
FRCG ot ++ #2 3A 3A 3A 1Ab 1Ab-38
FR8a-9F - ++ #5 3A055 3A055  3A055 1Ab 1Ab-38
FR8a-9F-catg ~ ++++ ++ #5 3A 3A 3A 1Ab 1Ab-38
FR8a-12aa ot ++ #3 3A055 3A055  3A055 1Ab 1Ab-38
Cry3A055 ot ++ — 3A055 3A055 3A055 —
5*Cry3A055 - ++ #2 3A055 3A055 3A055 —
Wr-9mut - ++ #3 3A055 3A055 3A055 —
FRD3 ot ++ #2 3A055 3A055  3A055 1Ab —
FR-12-cg-dm3 ++ ++ #3 3A055 3A055  3A055 1Ab —
9F-cg-del6 - ++ #5 3A 3A 3A 1Ab 1Ab-38
FR-cg-dm3 +H++ ++ #2 3A 3A 3A 1Ab —
9F-cg-dm3 +H++ ++ #5 3A 3A 3A 1Ab —
BSa - + — 3A055 3A055  3A055 1Ba 1Ba-18
5*B8a - + #2 3A055 3A055  3A055 1Ba 1Ba-18
V3A ++ + — 3A055 1Ab 3A055 —
V4F - ++ — 3A055 3A055 1Ab 3A055 —
S*V4F ++ + #2 3A055 3A055 1Ab 3A055 —
20L-7 - ++ — 3A055 1Ab  1Ab 1Ab 1Ab-38
5%20L-7 - + #2 3A055 1Ab  1Ab 1Ab 1Ab-38
20L-10 - + — 3A055 1Ab 1Ab 1Ab-38
5%20L-10 +- +- #2 3A055 1Ab 1Ab 1Ab-38
20L-12A - ++ — 1Ab 1Ab 3A —
20L-13 - - — 3A055 1Ab 1Ab 3A055 —
20L-20 - + — 3A 3A 3A 1Ab 1Ab-38
V5&6 - ++ — 3A055 3A055 3A055 1Ab 1Ab-38
S*V5&6 - ++ #2 3A055 3A055 3A055 1Ab 1Ab-38
88A-dm3 - ++ #2 3A055 3A055  3A055 8Aa —
FR(1Fa) - ++ #2 3A055 3A055  3A055 1Fa —
FR(1Ac) - + #2 3A055 3A055  3A055 1Ac —
FR(11a) - - #2 3A055 3A055  3A055 11a —
DM23A + + #2 3A055 3A055  3A055 1Ab 1Ab-38
The chimeric insecticidal proteins, 20L-8a and FR8a, and 45 TABLE 6-continued
the 20L-12A eHIP, were tested against several insect species
to determine spectrum of activity. The insects tested Activity spectrum of CIPs.
included western corn rootworm (WCR), northern corn Activity Spectrum
rootworm (NCR), southern corn rootworm (SCR), Colorado “
potato beetle (CPB), and European corn borer (ECB). Protein WCR ~ NCR SCR CPB ECB
Results of the assays are shown in Table 6. A “+” indicates Cry3A _ - - + -
insecticidal activity. A “~” indicates no activity. The 20L.-8a CrylAb - - - - +
and FR8a CIPs were active against WCR, NCR and CPB.
The 20L-12A eHIP was surprisingly active against ECB.
Example 44. Insertion of Genes Encoding eHIPs
TABLE 6 into Plants
Activity spectrum of CIPs. . . .. . . .
oD Three genes encoding the chimeric insecticidal proteins
Activity Spectrum 60 FR8a, FRCG and FRD3 were chosen for transformation into
maize plants. An expression cassette comprising the FR8a or
Protein WCR  NCR SCR CPB ECB FRCG or FRD3 coding sequence was transferred to a
[ R R _ R _ suitable vector for Agrobacterium-mediated maize transfor-
FRSa + + _ + _ mation. For this example, the following vectors were used in
20L-12A. _ nt nt nt . 65 the transformation experiments: 12207 (FIG. 3), 12161
Cry3A055 + + - + - (FIG. 4), 12208 (FIG. 5), 12274 (FIG. 6), 12473 (FIG. 7) and

12474 (FIG. 8).
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Transformation of immature maize embryos was per-
formed essentially as described in Negrotto et al., 2000,
Plant Cell Reports 19: 798-803. For this example, all media
constituents were essentially as described in Negrotto et al.,
supra. However, various media constituents known in the art
may be substituted.

The genes used for transformation were cloned into a
vector suitable for maize transformation. Vectors used in this
example contain the phosphomannose isomerase (PMI)
gene for selection of transgenic lines (Negrotto et al., supra).

Briefly, Agrobacterium strain LBA4404 (pSB 1) contain-
ing a plant transformation plasmid was grown on YEP (yeast
extract (5 g/L), peptone (10 g/L), NaCl (5 g/L), 15 g/ agar,
pH 6.8) solid medium for 2-4 days at 28° C. Approximately
0.8x10° Agrobacterium were suspended in LS-inf media
supplemented with 100 uM As (Negrotto et al., supra).
Bacteria were pre-induced in this medium for 30-60 min-
utes.

Immature embryos from A188 or other suitable genotype
are excised from 8-12 day old ears into liquid LS-inf+100
UM As. Embryos are rinsed once with fresh infection
medium. Agrobacterium solution is then added and embryos
are vortexed for 30 seconds and allowed to settle with the
bacteria for 5 minutes. The embryos are then transferred
scutellum side up to LSAs medium and cultured in the dark
for two to three days. Subsequently, between 20 and 25
embryos per petri plate are transferred to LSDc medium
supplemented with cefotaxime (250 mg/1) and silver nitrate
(1.6 mg/1) and cultured in the dark for 28° C. for 10 days.

Immature embryos, producing embryogenic callus were
transferred to LSDIMO0.5S medium. The cultures were
selected on this medium for about 6 weeks with a subculture
step at about 3 weeks. Surviving calli were transferred to
Regl medium supplemented with mannose. Following cul-
turing in the light (16 hour light/8 hour dark regiment), green
tissues were then transferred to Reg2 medium without
growth regulators and incubated for about 1-2 weeks. Plant-
lets were transferred to Magenta GA-7 boxes (Magenta
Corp, Chicago I11.) containing Reg3 medium and grown in
the light. After about 2-3 weeks, plants were tested for the
presence of the pmi gene and the FR8a or FRCG genes by
PCR. Positive plants from the PCR assay were transferred to
the greenhouse and tested for resistance to corn rootworm.

Example 45. Analysis of Transgenic Maize Plants
for Corn Rootworm Efficacy: Root Excision
Bioassay

Typically, corn plants are sampled as they are being
transplanted from Magenta GA-7 boxes into soil. This
allows the roots to be sampled from a reasonably sterile
environment relative to soil conditions. Sampling consists of
cutting a small piece of root (ca. 2-4 cm long) and placing
it onto enriched phytagar (phytagar, 12 g., sucrose, 9 g., MS
salts, 3 ml., MS vitamins, 3 ml., Nystatin (25 mg/ml), 3 ml.,
Cefotaxime (50 mg/ml), 7 ml., Aureomycin (50 mg/ml), 7
ml., Streptomycin (50 mg/ml), 7 ml., dH,O, 600 ml) in a
small petri-dish. Negative controls are either transgenic
plants that are PCR negative for the FR8a or FRCG gene
from the same transformation experiment, or from non-
transgenic plants (of a similar size to test plants) that were
being grown in the phytotron.

Roots are also sampled after plants have been growing in
soil. If sampling roots from soil, the root pieces are washed
with water to remove soil residue, dipped in Nystatin
solution (5 mg/ml), removed from the dip, blotted dry with
paper toweling, and placed into a phytagar dish as above.

25
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Root samples are inoculated with western corn rootworms
by placing about 10 first instar larvae onto the inside surface
of the lid of each phytagar dish and the lids then tightly
resealed over the exposed root piece. Larvae are handled
using a fine tip paintbrush. After all dishes were inoculated,
the tray of dishes was placed in the dark at room temperature
until data collection.

At about 2-4 days after root inoculation, data were col-
lected. The percent mortality of the larvae was calculated
along with a visual damage rating of the root. Feeding
damage was scored by observing the number of feeding
holes (FH) in the root piece caused by the rootworm larvae
and was rated as high, moderate, low, or absent and given a
numerical value of category 3, 2, or 1, respectively (with
Category 1 including damage ratings of absent and/or low).
Category 1 plants typically have 0-FH to 2-FH; Category 2
plants have 3 to 4-FH; and Category 3 plants have >5-FH.
Root samples having a damage rating in Category 1 were
considered excellent performers, category 2: average per-
formers and category 3: poor performers. Category 1 plants
were selected for further testing in the greenhouse and field.

Results in Table 7 show that plants expressing a the FR8a
and FRCG eHIPs protected roots from feeding damage
caused by western corn rootworm. A majority of events
expressing the chimeric insecticidal protein were considered
category 1 plants, whereas control plants not expressing a
chimeric insecticidal protein were in category 3. Plants
expressing the FRD3 eHIP provided comparable levels of
control of western corn rootworm.

TABLE 7

Efficacy of transgenic plants expressing
FR8a and FRCG against WCR.

Damage Rating

Vector Event (No. FH) Category
12161 1 1 1
2 1 1
3 0 1
4 3 2
5 2 1
6 0 1
7 0 1
8 0 1
9 1 1
10 1 1
11 4 2
12 0 1
Control 1 6 3
2 6 3
3 6 3
4 18 3
12208 1 0 1
2 0 1
3 3 2
4 4 2
5 1 1
6 4 2
7 0 1
8 4 2
9 4 2
10 1 1
11 1 1
12 1 1
13 0 1
Control 1 10 3
2 5 3
3 7 3
4 7 3
5 8 3
6 8 3
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TABLE 7-continued

Efficacy of transgenic plants expressing
FR8a and FRCG against WCR.

Damage Rating

60
an entire node, eaten back to within approximately 1%
inches of the stalk (soil line on the 7th node); 2.00=two
complete nodes eaten; 3.00=three or more nodes eaten
(highest rating that can be given); and damage in between
complete nodes eaten is noted as the percentage of the node

Vector Event (No. FH) Category missing, i.e. 1.50=1% nodes eaten, 0.25=% of one node
12207 1 0 1 eaten, etc.
; f } Results of the field trials against western and northern
4 5 1 1o corn rootworm are shown in Table 8 and against Mexican
5 1 1 corn rootworm in Table 9. All transgenic corn expressing the
g i ; FR8a chimeric insecticidal protein performed better than a
3 3 5 standard commercial chemical insecticide against western,
9 4 2 northern and Mexican corn rootworm.
Control 1 7 3
2 9 3 L
3 3 3 TABLE 8
4 11 3
5 7 3 .
6 12 3 Results of western and northern corn rootworm field trials.
12274 1 3 2
2 0 1 20 . .
Event Plasmid Root Rating
3 3 2
4 3 2
5 0 1 1 12161 (ubi:FR8a) 0.08
6 3 2
7 3 5 2 12161 0.05
8 0 1 25 3 12161 0.09
9 3 2
10 3 5 4 12161 0.04
11 0 1 5 12274 (cmp:FR8a) 0.04
Control ! 10 3 6 12274 0.08
2 10 3
3 10 3 30 7 12274 0.05
4 7 3 Chemical 0.15
5 8 3
6 6 3 Neg Check 0.87
. . . 35
Example 46. Analysis of Transgenic Maize Plants TABLE 9
for Corn Rootworm Efficacy in the Field
Results of Mexican corn rootworm field trials.
Some positive plants identified using the root excision Event Plasmid Root Rat
. . . . VeI asImi (o]) 110
bioassay described above were evaluated in the field. Eigh- 0 £
teen plants from each event were removed from field plots 1 12161 (ubi:FR8a) 0.04
and evaluated for damage to the roots. Root damage was 5 12274 (cmp:FR8a) 0.22
rated using the Iowa State 0 to 3 linear root damage scale Cher6nical 12274 8'?2
(Oleson, I. D. et al.., 2005. J. Econ Entomgl. 98(1): 1-8), Neg Check 1.04
where 0.00=no feeding damage (lowest rating that can be
given); 1.00=one node (circle of roots), or the equivalent of
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 160
<210> SEQ ID NO 1
<211> LENGTH: 2001
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: 20L-8a coding sequence
<400> SEQUENCE: 1
atggctagca tgactggtygg acagcaaatyg ggtegcggat ccactagtaa cggeegecag 60
tgtgctggaa ttegeectta tgacggecga caacaacacce gaggectgga cagcagcace 120
accaaggacg tgatccagaa gggcatcage gtggtgggeyg acctgetggyg cgtggtggge 180
ttcecectteg geggegecct ggtgagette tacaccaact tcctgaacac catctggece 240
agcgaggacce cctggaagge cttcatggag caggtggagyg ccectgatgga ccagaagate 300
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-continued
geegactacyg ccaagaacaa ggcactggcece gagctacagg gectccagaa caacgtggag 360
gactatgtga gcgcecectgag cagcectggcag aagaaccccg ctgcaccgtt cegcaacccee 420
cacagccagg gccgecatcceg cgagetgtte agecaggecyg agagccactt ccgcaacage 480
atgcccaget tcgecatcag cggctacgag gtgetgttee tgaccaccta cgcccaggece 540
gccaacaccee acctgttcect gctgaaggac geccaaatct acggagagga gtggggctac 600
gagaaggagyg acatcgccga gttctacaag cgccagetga agctgaccca ggagtacacce 660
gaccactgeyg tgaagtggta caacgtgggt ctagacaagce tccgceggcag cagctacgag 720
agctgggtga acttcaaccg ctaccgecge gagatgacce tgaccgtget ggacctgate 780
geectgttee cectgtacga cgtgegectg taccccaagg aggtgaagac cgagcetgacce 840
cgegacgtge tgaccgacce catcgtggge gtgaacaacce tgcgeggceta cggcaccace 900
ttcagcaaca tcgagaacta catccgcaag ccccacctgt tegactacct gcaccgcate 960
cagttccaca cgcgttteca geccggctac tacggcaacg acagcttcaa ctactggagce 1020
ggcaactacyg tgagcacccg ccccagcatce ggcagcaacg acatcatcac cageccctte 1080
tacggcaaca agagcagcga gcccgtgecag aaccttgagt tcaacggega gaaggtgtac 1140
cgecgecegtgg ctaacaccaa cctggecgtg tggeccctetg cagtgtacag cggcgtgacce 1200
aaggtggagt tcagccagta caacgaccag accgacgagyg ccagcaccca gacctacgac 1260
agcaagcgca acgtgggege cgtgagetgg gacagcateg accagctgece ccccgagace 1320
accgacgagce ccctggagaa gggctacagce caccagctga actacgtgat gtgcttectg 1380
atgcagggca gccgeggcac catcceegtg ctgacctgga cccacaagag cgtcgactte 1440
ttcaacatga tcgacagcaa gaagatcacc cagctgccece tgaccaagag caccaacctg 1500
ggcagcggea ccagegtggt gaagggecce ggcttcacceyg geggcgacat cctgegecege 1560
accagccceg gccagatcag caccctgege gtgaacatca cegecccect gagccagcege 1620
taccgegtee gcatcegeta cgccagecacce accaacctge agttccacac cagcatcgac 1680
ggecgecccea tcaaccaggg caacttcage gecaccatga gcagceggcag caacctgeag 1740
agcggcaget tccgcaccgt gggcttcacce acccccttea acttcagcaa cggcagcage 1800
gtgttcacce tgagcgccca cgtgttcaac agcggcaacyg aggtgtacat cgaccgcatce 1860
gagttcegtge cecgecgaggt gaccttcgag gecgagtacyg acctggagag ggctcagaag 1920
geegtgaacyg agetgttcac cagcagcaac cagatcggece tgaagaccga cgtgaccgac 1980
taccacatcg atcaggtgta g 2001

<210> SEQ ID NO 2
<211> LENGTH: 668

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: 20L-8a

<400> SEQUENCE: 2

Met Ala Ser Met Thr Gly Gly Gln

1

5

Thr Ser Asn Gly Arg Gln Cys Ala

20

Gln Gln His Arg Gly Leu Asp Ser

35

40

Lys Gly Ile Ser Val Val Gly Asp

protein

Gln
Gly
25

Ser

Leu

Met

10

Ile

Thr

Leu

Gly

Arg

Thr

Gly

Arg Gly Ser
Pro Tyr Asp
30

Lys Asp Val
45

Val Val Gly

Gly Ser
15
Gly Arg

Ile Gln

Phe Pro
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64

Phe

65

Trp

Leu

Glu

Ser

Gln

145

Asn

Thr

Ala

Glu

Cys

225

Tyr

Thr

Tyr

Pro

Asn

305

Arg

Ser

Gly

Glu

Ser

Asp

Lys

Gly
465

50

Gly

Pro

Met

Leu

Ser

130

Gly

Ser

Thr

Gln

Phe

210

Val

Glu

Val

Pro

Ile

290

Ile

Ile

Phe

Ser

Pro

370

Ala

Thr

Thr

Ser

Gly
450

Ser

Gly

Ser

Asp

Gln

115

Trp

Arg

Met

Tyr

Ile

195

Tyr

Lys

Ser

Leu

Lys

275

Val

Glu

Gln

Asn

Asn

355

Val

Asn

Lys

Gln

Ile
435

Tyr

Arg

Ala

Glu

Gln

100

Gly

Gln

Ile

Pro

Ala

180

Tyr

Lys

Trp

Trp

Asp

260

Glu

Gly

Asn

Phe

Tyr

340

Asp

Gln

Thr

Val

Thr
420
Asp

Ser

Gly

Leu

Asp

85

Lys

Leu

Lys

Arg

Ser

165

Gln

Gly

Arg

Tyr

Val

245

Leu

Val

Val

Tyr

His

325

Trp

Ile

Asn

Asn

Glu

405

Tyr

Gln

His

Thr

Val

70

Pro

Ile

Gln

Asn

Glu

150

Phe

Ala

Glu

Gln

Asn

230

Asn

Ile

Lys

Asn

Ile

310

Thr

Ser

Ile

Leu

Leu

390

Phe

Asp

Leu

Gln

Ile
470

55

Ser

Trp

Ala

Asn

Pro

135

Leu

Ala

Ala

Glu

Leu

215

Val

Phe

Ala

Thr

Asn

295

Arg

Arg

Gly

Thr

Glu

375

Ala

Ser

Ser

Pro

Leu
455

Pro

Phe

Lys

Asp

Asn

120

Ala

Phe

Ile

Asn

Trp

200

Lys

Gly

Asn

Leu

Glu

280

Leu

Lys

Phe

Asn

Ser

360

Phe

Val

Gln

Lys

Pro
440

Asn

Val

Tyr

Ala

Tyr

105

Val

Ala

Ser

Ser

Thr

185

Gly

Leu

Leu

Arg

Phe

265

Leu

Arg

Pro

Gln

Tyr

345

Pro

Asn

Trp

Tyr

Arg

425

Glu

Tyr

Leu

Thr

Phe

90

Ala

Glu

Pro

Gln

Gly

170

His

Tyr

Thr

Asp

Tyr

250

Pro

Thr

Gly

His

Pro

330

Val

Phe

Gly

Pro

Asn

410

Asn

Thr

Val

Thr

Asn

75

Met

Lys

Asp

Phe

Ala

155

Tyr

Leu

Glu

Gln

Lys

235

Arg

Leu

Arg

Tyr

Leu

315

Gly

Ser

Tyr

Glu

Ser

395

Asp

Val

Thr

Met

Trp
475

60

Phe

Glu

Asn

Tyr

Arg

140

Glu

Glu

Phe

Lys

Glu

220

Leu

Arg

Tyr

Asp

Gly

300

Phe

Tyr

Thr

Gly

Lys

380

Ala

Gln

Gly

Asp

Cys

460

Thr

Leu

Gln

Lys

Val

125

Asn

Ser

Val

Leu

Glu

205

Tyr

Arg

Glu

Asp

Val

285

Thr

Asp

Tyr

Arg

Asn

365

Val

Val

Thr

Ala

Glu
445

Phe

His

Asn

Val

Ala

110

Ser

Pro

His

Leu

Leu

190

Asp

Thr

Gly

Met

Val

270

Leu

Thr

Tyr

Gly

Pro

350

Lys

Tyr

Tyr

Asp

Val
430
Pro

Leu

Lys

Thr

Glu

95

Leu

Ala

His

Phe

Phe

175

Lys

Ile

Asp

Ser

Thr

255

Arg

Thr

Phe

Leu

Asn

335

Ser

Ser

Arg

Ser

Glu

415

Ser

Leu

Met

Ser

Ile

80

Ala

Ala

Leu

Ser

Arg

160

Leu

Asp

Ala

His

Ser

240

Leu

Leu

Asp

Ser

His

320

Asp

Ile

Ser

Ala

Gly

400

Ala

Trp

Glu

Gln

Val
480
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Asp Phe Phe

Thr Lys Ser

Gly Phe Thr

515

Ser Thr Leu
530

Val Arg Ile
545

Ile Asp Gly

Ser Gly Ser

Thr Pro Phe
595

His Val Phe
610

Val Pro Ala

Gln Lys Ala

Lys Thr Asp

<210> SEQ I
<211> LENGT.
<212> TYPE:

Asn Met Ile Asp Ser

485

Thr Asn Leu Gly Ser

500

Gly Gly Asp Ile Leu

520

Arg Val Asn Ile Thr

535

Arg Tyr Ala Ser Thr
550

Arg Pro Ile Asn Gln

565

Asn Leu Gln Ser Gly

580

Asn Phe Ser Asn Gly

600

Asn Ser Gly Asn Glu

615

Glu Val Thr Phe Glu
630

Val Asn Glu Leu Phe

645

Val Thr Asp Tyr His

660

D NO 3
H: 1962
DNA

Lys Lys Ile
490

Gly Thr Ser
505

Arg Arg Thr

Ala Pro Leu

Thr Asn Leu

555

Gly Asn Phe
570

Ser Phe Arg
585

Ser Ser Val

Val Tyr Ile

Ala Glu Tyr

635

Thr Ser Ser
650

Ile Asp Gln
665

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Thr Gln Leu
Val Val Lys
510

Ser Pro Gly
525

Ser Gln Arg
540

Gln Phe His

Ser Ala Thr

Thr Val Gly
590

Phe Thr Leu
605

Asp Arg Ile
620
Asp Leu Glu

Asn Gln Ile

Val

<223> OTHER INFORMATION: FR8a coding sequence

<400> SEQUENCE: 3

atgactagta

cgaggcctgg

gacctgetygyg

ttcctgaaca

geectgatgg

ggcctecaga

getgcacegt

gagagccact

ctgaccacct

tacggagagg

aagctgacce

ctcegeggea

ctgacegtge

gaggtgaaga

ctgegegget

ttcgactacc

acggecegeca

acagcagcac

gegtggtggyg

ccatctggec

accagaagat

acaacgtgga

tccgcaacce

tccgcaacag

acgcccagge

agtggggcta

aggagtacac

gcagctacga

tggacctgat

ccgagetgac

acggcaccac

tgcaccgeat

gtgtgetggt

caccaaggac

ctteccectte

cagcgaggac

cgcecgactac

ggactatgtyg

ccacagccag

catgcccage

cgccaacacc

c¢gagaaggag

cgaccactge

gagctgggtyg

cgcectgtte

cegegacgty

cttcagcaac

ccagttecac

attcgeecett

gtgatccaga

ggcggcgcecc

ccctggaagyg

gccaagaaca

agcgeectga

ggcegeatee

ttcgccatca

cacctgttec

gacatcgecyg

gtgaagtggt

aacttcaacc

ccectgtacy

ctgaccgace

atcgagaact

acgcgtttee

atgacggecg

agggcatcag

tggtgagett

ccttcatgga

aggcactgge

gcagctggca

gegagetgtt

geggetacga

tgctgaagga

agttctacaa

acaacgtggyg

gctacegecg

acgtgegect

ccatcgtggy

acatccgcaa

agcccggeta

Pro Leu
495

Gly Pro

Gln Ile

Tyr Arg

Thr Ser

560

Met Ser
575

Phe Thr

Ser Ala

Glu Phe

Arg Ala
640

Gly Leu
655

acaacaacac
cgtggtggge
ctacaccaac
gcaggtggag
cgagctacag
gaagaaccce
cagccaggec
ggtgetgtte
cgcccaaate
gegecagetyg
tctagacaag
cgagatgacc
gtaccccaag
cgtgaacaac
gecccacetyg

ctacggcaac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960
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68

-continued
gacagcttca actactggag cggcaactac gtgagcaccce gecccagcat cggcagcaac 1020
gacatcatca ccagcccctt ctacggcaac aagagcagceg agcccgtgca gaaccttgag 1080
ttcaacggcg agaaggtgta ccgcgccgtg gctaacacca acctggceccgt gtggecctcet 1140
gcagtgtaca gcggcgtgac caaggtggag ttcagecagt acaacgacca gaccgacgag 1200
gccagcacee agacctacga cagcaagcgce aacgtgggeg cegtgagetg ggacagcatce 1260
gaccagctge cccccgagac caccgacgag cccctggaga agggctacag ccaccagetg 1320
aactacgtga tgtgcttecct gatgcagggce agccgcggca ccatccccecgt getgacctgg 1380
acccacaaga gcgtcgactt cttcaacatg atcgacagca agaagatcac ccagctgcce 1440
ctgaccaaga gcaccaacct gggcagegge accagegtgg tgaagggecce cggcttcace 1500
ggcggcgaca tectgegecg caccagecce ggccagatca gecaccctgeg cgtgaacatce 1560
accgeccccee tgagecageg ctaccgegte cgeatcceget acgecagcac caccaacctg 1620
cagttccaca ccagcatcga cggccgeccece atcaaccagg gcaacttcag cgccaccatg 1680
agcagcggca gcaacctgca gagcggcage ttecgcaceyg tgggcttcac cacccectte 1740
aacttcagca acggcagcag cgtgttcacce ctgagcgece acgtgttcaa cagcggcaac 1800
gaggtgtaca tcgaccgcat cgagttcgtg cccgeccgagg tgaccttcecga ggcecgagtac 1860
gacctggaga gggctcagaa ggccgtgaac gagctgttca ccagcagcaa ccagatcgge 1920
ctgaagaccg acgtgaccga ctaccacatc gatcaggtgt ag 1962

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 4
H: 653
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: FR8a protein

<400> SEQUENCE: 4

Met Thr Ser
1

Arg Gln Gln

Gln Lys Gly
35

Pro Phe Gly
50

Ile Trp Pro
65

Ala Leu Met

Ala Glu Leu

Leu Ser Ser
115

Ser Gln Gly
130

Arg Asn Ser
145

Leu Thr Thr

Asp Ala Gln

Asn Gly Arg Gln Cys

5

His Arg Gly Leu Asp

Ile Ser Val Val Gly

40

Gly Ala Leu Val Ser

55

Ser Glu Asp Pro Trp

70

Asp Gln Lys Ile Ala

85

Gln Gly Leu Gln Asn

100

Trp Gln Lys Asn Pro

120

Arg Ile Arg Glu Leu

135

Met Pro Ser Phe Ala
150

Tyr Ala Gln Ala Ala

165

Ile Tyr Gly Glu Glu

180

Ala Gly Ile
10

Ser Ser Thr
25

Asp Leu Leu

Phe Tyr Thr

Lys Ala Phe
75

Asp Tyr Ala
90

Asn Val Glu
105

Ala Ala Pro

Phe Ser Gln

Ile Ser Gly

155

Asn Thr His
170

Trp Gly Tyr
185

Arg Pro Tyr

Thr Lys Asp

Gly Val Val
45

Asn Phe Leu
60

Met Glu Gln

Lys Asn Lys

Asp Tyr Val
110

Phe Arg Asn
125

Ala Glu Ser
140

Tyr Glu Val

Leu Phe Leu

Glu Lys Glu
190

Asp Gly
15

Val Ile

Gly Phe

Asn Thr

Val Glu

80

Ala Leu

Ser Ala

Pro His

His Phe

Leu Phe
160

Leu Lys
175

Asp Ile
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70

Ala

Ser

225

Leu

Leu

Asp

Ser

His

305

Asp

Ile

Ser

Ala

Gly

385

Ala

Trp

Glu

Gln

465

Leu

Pro

Ile

Arg

Ser
545
Ser

Thr

Ala

Glu

Cys

210

Tyr

Thr

Tyr

Pro

Asn

290

Arg

Ser

Gly

Glu

Val

370

Val

Ser

Asp

Lys

Gly

450

Asp

Thr

Gly

Ser

Val

530

Ile

Ser

Thr

His

Phe

195

Val

Glu

Val

Pro

Ile

275

Ile

Ile

Phe

Ser

Pro

355

Ala

Thr

Thr

Ser

Gly

435

Ser

Phe

Lys

Phe

Thr

515

Arg

Asp

Gly

Pro

Val
595

Tyr

Lys

Ser

Leu

Lys

260

Val

Glu

Gln

Asn

Asn

340

Val

Asn

Lys

Gln

Ile

420

Tyr

Arg

Phe

Ser

Thr

500

Leu

Ile

Gly

Ser

Phe

580

Phe

Lys

Trp

Trp

Asp

245

Glu

Gly

Asn

Phe

Tyr

325

Asp

Gln

Thr

Val

Thr

405

Asp

Ser

Gly

Asn

Thr

485

Gly

Arg

Arg

Arg

Asn
565

Asn

Asn

Arg

Tyr

Val

230

Leu

Val

Val

Tyr

His

310

Trp

Ile

Asn

Asn

Glu

390

Tyr

Gln

His

Thr

Met

470

Asn

Gly

Val

Tyr

Pro
550
Leu

Phe

Ser

Gln

Asn

215

Asn

Ile

Lys

Asn

Ile

295

Thr

Ser

Ile

Leu

Leu

375

Phe

Asp

Leu

Gln

Ile

455

Ile

Leu

Asp

Asn

Ala

535

Ile

Gln

Ser

Gly

Leu

200

Val

Phe

Ala

Thr

Asn

280

Arg

Arg

Gly

Thr

Glu

360

Ala

Ser

Ser

Pro

Leu

440

Pro

Asp

Gly

Ile

Ile

520

Ser

Asn

Ser

Asn

Asn
600

Lys

Gly

Asn

Leu

Glu

265

Leu

Lys

Phe

Asn

Ser

345

Phe

Val

Gln

Lys

Pro

425

Asn

Val

Ser

Ser

Leu

505

Thr

Thr

Gln

Gly

Gly

585

Glu

Leu

Leu

Arg

Phe

250

Leu

Arg

Pro

Gln

Tyr

330

Pro

Asn

Trp

Tyr

Arg

410

Glu

Tyr

Leu

Lys

Gly

490

Arg

Ala

Thr

Gly

Ser

570

Ser

Val

Thr

Asp

Tyr

235

Pro

Thr

Gly

His

Pro

315

Val

Phe

Gly

Pro

Asn

395

Asn

Thr

Val

Thr

Lys

475

Thr

Arg

Pro

Asn

Asn
555
Phe

Ser

Tyr

Gln

Lys

220

Arg

Leu

Arg

Tyr

Leu

300

Gly

Ser

Tyr

Glu

Ser

380

Asp

Val

Thr

Met

Trp

460

Ile

Ser

Thr

Leu

Leu

540

Phe

Arg

Val

Ile

Glu

205

Leu

Arg

Tyr

Asp

Gly

285

Phe

Tyr

Thr

Gly

Lys

365

Ala

Gln

Gly

Asp

Cys

445

Thr

Thr

Val

Ser

Ser

525

Gln

Ser

Thr

Phe

Asp
605

Tyr

Arg

Glu

Asp

Val

270

Thr

Asp

Tyr

Arg

Asn

350

Val

Val

Thr

Ala

Glu

430

Phe

His

Gln

Val

Pro

510

Gln

Phe

Ala

Val

Thr

590

Arg

Thr

Gly

Met

Val

255

Leu

Thr

Tyr

Gly

Pro

335

Lys

Tyr

Tyr

Asp

Val

415

Pro

Leu

Lys

Leu

Lys

495

Gly

Arg

His

Thr

Gly
575

Leu

Ile

Asp

Ser

Thr

240

Arg

Thr

Phe

Leu

Asn

320

Ser

Ser

Arg

Ser

Glu

400

Ser

Leu

Met

Ser

Pro

480

Gly

Gln

Tyr

Thr

Met
560
Phe

Ser

Glu
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72

Phe Val Pro Ala Glu Val Thr

610

Ala Gln Lys Ala Val Asn Glu

625

Leu Lys Thr Asp Val Thr Asp

615

630

645

<210> SEQ ID NO 5
<211> LENGTH: 1959

<212> TYPE:

DNA

Phe Glu Ala Glu

Leu Phe Thr Ser

635

Tyr His Ile Asp

650

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: FRCG coding sequence

<400> SEQUENCE: 5

atgactagta

cgaggcctgg

gacctgetygyg

ttcctgaaca

geectgatgg

ggcctecaga

gtctegagee

agccacttee

accacctacg

ggagaggagt

ctgacccagyg

cgeggeagea

accgtgetygyg

gtgaagaccyg

cgeggetacyg

gactacctge

agcttcaact

atcatcacca

aacggcgaga

gtgtacagcyg

agcacccaga

cagctgeccee

tacgtgatgt

cacaagagcg

accaagagca

ggcgacatce

gececcectga

ttccacacca

agcggcagcea

ttcagcaacyg

acggecegeca

acagcagcac

gegtggtggyg

ccatctggec

accagaagat

acaacgtgga

gcaaccccca

gcaacagcat

cccaggeage

ggggctacga

agtacaccga

gctacgagag

acctgatege

agctgacceg

gcaccacctt

accgcatcca

actggagcgg

gecectteta

aggtgtaccg

gegtgaccaa

cctacgacag

ccgagaccac

gettectgat

tcgacttett

ccaacctggyg

tgcgcegeac

gccagegeta

gecatcgacgg

acctgcagag

gcagcagegt

gtgtgetggt

caccaaggac

ctteccectte

cagcgaggac

cgcecgactac

ggactatgtyg

cagccaggge

geccagette

caacacccac

gaaggaggac

ccactgegtyg

ctgggtgaac

cctgttecce

cgacgtgetyg

cagcaacatc

gttccacacy

caactacgtyg

cggcaacaag

cgeegtgget

ggtggagttc

caagcgcaac

cgacgagecec

gcagggcagc

caacatgatc

cagcggeaca

cagcceegge

cegegteage

cegecccate

cggcagette

gttcaccety

attcgeecett

gtgatccaga

ggcggcgcecc

ccctggaagyg

gccaagaaca

agcgeectga

cgcateccgeyg

gccatcageg

ctgttectge

atcgccgagt

aagtggtaca

ttcaaccget

ctgtacgacyg

accgacccca

gagaactaca

cgtttecage

agcacccgec

agcagcgage

aacaccaacc

agccagtaca

gtgggegeeg

ctggagaagg

cgcggeacca

gacagcaaga

agcgtggtga

cagatcagca

atcecgetacyg

aaccagggca

cgcacegtygyg

agcgecccacyg

Tyr Asp Leu Glu Arg

620

Ser Asn Gln Ile Gly

Gln Val

atgacggecg
agggcatcag
tggtgagett
ccttcatgga
aggcactgge
gcagctggca
agctgttcag
gctacgaggt
tgaaggacgce
tctacaageg
acgtgggtet
accgcegega
tgcgectgta
tegtgggegt
tccgcaagece
ccggetacta
ccagcategyg
ccgtgcagaa
tggcegtgtyg
acgaccagac
tgagctggga
gctacageca
tcceegtget

agatcaccca

agggccccgg

cecctgegegt

ccagcaccac

acttcagege

gettcaccac

tgttcaacag

640

acaacaacac

cgtggtggge

ctacaccaac

gcaggtggag

cgagctacag

gaagaaccce

ccaggccgag

getgttectyg

ccaaatctac

ccagctgaag

agacaagctce

gatgacccetg

ccccaaggag

gaacaacctg

ccacctgtte

cggcaacgac

cagcaacgac

ccttgagtte

gecctetgea

cgacgaggec

cagcatcgac

ccagctgaac

gacctggace

getgeccetyg

cttcaccgge

gaacatcacc

caacctgcag

caccatgage

ccecttecaac

cggcaacgag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800
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-continued

gtgtacatcg accgcatcga gttegtgccce gecgaggtga ccttcecgaggce cgagtacgac 1860
ctggagaggg ctcagaaggc cgtgaacgag ctgttcacca gcagcaacca gatcggectg 1920

aagaccgacg tgaccgacta ccacatcgat caggtgtag 1959

<210> SEQ ID NO 6

<211> LENGTH: 652

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: FRCG protein

<400> SEQUENCE: 6

Met Thr Ser Asn Gly Arg Gln Cys Ala Gly Ile Arg Pro Tyr Asp Gly
1 5 10 15

Arg Gln Gln His Arg Gly Leu Asp Ser Ser Thr Thr Lys Asp Val Ile
20 25 30

Gln Lys Gly Ile Ser Val Val Gly Asp Leu Leu Gly Val Val Gly Phe
35 40 45

Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe Leu Asn Thr
50 55 60

Ile Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu Gln Val Glu
65 70 75 80

Ala Leu Met Asp Gln Lys Ile Ala Asp Tyr Ala Lys Asn Lys Ala Leu
85 90 95

Ala Glu Leu Gln Gly Leu Gln Asn Asn Val Glu Asp Tyr Val Ser Ala
100 105 110

Leu Ser Ser Trp Gln Lys Asn Pro Val Ser Ser Arg Asn Pro His Ser
115 120 125

Gln Gly Arg Ile Arg Glu Leu Phe Ser Gln Ala Glu Ser His Phe Arg
130 135 140

Asn Ser Met Pro Ser Phe Ala Ile Ser Gly Tyr Glu Val Leu Phe Leu
145 150 155 160

Thr Thr Tyr Ala Gln Ala Ala Asn Thr His Leu Phe Leu Leu Lys Asp
165 170 175

Ala Gln Ile Tyr Gly Glu Glu Trp Gly Tyr Glu Lys Glu Asp Ile Ala
180 185 190

Glu Phe Tyr Lys Arg Gln Leu Lys Leu Thr Gln Glu Tyr Thr Asp His
195 200 205

Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu Arg Gly Ser Ser
210 215 220

Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg Glu Met Thr Leu
225 230 235 240

Thr Val Leu Asp Leu Ile Ala Leu Phe Pro Leu Tyr Asp Val Arg Leu
245 250 255

Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp Val Leu Thr Asp
260 265 270

Pro Ile Val Gly Val Asn Asn Leu Arg Gly Tyr Gly Thr Thr Phe Ser
275 280 285

Asn Ile Glu Asn Tyr Ile Arg Lys Pro His Leu Phe Asp Tyr Leu His
290 295 300

Arg Ile Gln Phe His Thr Arg Phe Gln Pro Gly Tyr Tyr Gly Asn Asp
305 310 315 320

Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr Arg Pro Ser Ile
325 330 335
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76

Gly

Glu

Ser

Asp

Lys

Gly

Asp

465

Thr

Gly

Ser

Ile
545

Ser

Thr

Gln
625

Lys

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Ser

Pro

Ala

370

Thr

Thr

Ser

Gly

Ser

450

Phe

Lys

Phe

Thr

Arg

530

Asp

Gly

Pro

Val

Pro

610

Lys

Thr

Asn

Val

355

Asn

Lys

Gln

Ile

Tyr

435

Arg

Phe

Ser

Thr

Leu

515

Ile

Gly

Ser

Phe

Phe

595

Ala

Ala

Asp

Asp Ile Ile Thr Ser

340

Gln Asn Leu Glu Phe

360

Thr Asn Leu Ala Val

375

Val Glu Phe Ser Gln
390

Thr Tyr Asp Ser Lys

405

Asp Gln Leu Pro Pro

420

Ser His Gln Leu Asn

440

Gly Thr Ile Pro Val

455

Asn Met Ile Asp Ser
470

Thr Asn Leu Gly Ser

485

Gly Gly Asp Ile Leu

500

Arg Val Asn Ile Thr

520

Arg Tyr Ala Ser Thr

535

Arg Pro Ile Asn Gln
550

Asn Leu Gln Ser Gly

565

Asn Phe Ser Asn Gly

580

Asn Ser Gly Asn Glu

600

Glu Val Thr Phe Glu

615

Val Asn Glu Leu Phe
630

Val Thr Asp Tyr His

645

SEQ ID NO 7
LENGTH: 1962
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: FR8a-9F

SEQUENCE: 7

atgactagta acggccgeca

gaggccctgg

gacctgetygyg

ttcctgaaca

geectgatgg

acagcagcac

gegtggtggyg

ccatctggec

accagaagat

gtgtgetggt

caccaaggac

ctteccectte

cagcgaggac

cgcecgactac

Pro Phe Tyr
345

Asn Gly Glu

Trp Pro Ser

Tyr Asn Asp

395

Arg Asn Val
410

Glu Thr Thr
425

Tyr Val Met

Leu Thr Trp

Lys Lys Ile

475

Gly Thr Ser
490

Arg Arg Thr
505

Ala Pro Leu

Thr Asn Leu

Gly Asn Phe

555

Ser Phe Arg
570

Ser Ser Val
585

Val Tyr Ile

Ala Glu Tyr

Thr Ser Ser
635

Ile Asp Gln
650

Gly Asn Lys
350

Lys Val Tyr
365

Ala Val Tyr
380

Gln Thr Asp

Gly Ala Val

Asp Glu Pro

430

Cys Phe Leu
445

Thr His Lys
460

Thr Gln Leu

Val Val Lys

Ser Pro Gly

510

Ser Gln Arg
525

Gln Phe His
540

Ser Ala Thr

Thr Val Gly

Phe Thr Leu
590

Asp Arg Ile
605

Asp Leu Glu
620

Asn Gln Ile

Val

coding sequence

attcgeecta

gtgatccaga

ggcggcgcecc

ccctggaagyg

gccaagaaca

tgacggccga

agggcatcag

tggtgagett

ccttcatgga

aggcactgge

Ser Ser

Arg Ala

Ser Gly

Glu Ala
400

Ser Trp
415

Leu Glu

Met Gln

Ser Val

Pro Leu
480

Gly Pro
495

Gln Ile

Tyr Arg

Thr Ser

Met Ser
560

Phe Thr
575

Ser Ala

Glu Phe

Arg Ala

Gly Leu
640

caacaacacc

cgtggtggge

ctacaccaac

gcaggtggag

cgagctacag

60

120

180

240

300
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-continued
ggectccaga acaacgtgga ggactatgtg agcgccectga gcagctggca gaagaacccce 360
getgcacegt tecgcaacce ccacagecag ggccgeatce gegagetgtt cagecaggece 420
gagagccact tccgcaacag catgceccage ttegecatca geggctacga ggtgetgtte 480
ctgaccacct acgcccaggce cgccaacacce cacctgttee tgctgaagga cgcccaaatce 540
tacggagagg agtggggcta cgagaaggag gacatcgceeg agttctacaa gcgccagetg 600
aagctgacce aggagtacac cgaccactge gtgaagtggt acaacgtggyg tctagacaag 660
ctecgeggea gcagctacga gagcetgggtyg aacttcaacce gcetaccgecyg cgagatgace 720
ctgaccgtge tggacctgat cgccctgtte ceectgtacyg acgtgcegect gtaccccaag 780
gaggtgaaga ccgagctgac ccgegacgtg ctgaccgacce ccatcgtggg cgtgaacaac 840
ctgcgegget acggcaccac cttcagcaac atcgagaact acatccgcaa gccccacctg 900
ttcgactace tgcaccgcat ccagtteccac acgegtttece ageccggceta ctacggcaac 960
gacagcttca actactggag cggcaactac gtgagcaccce gecccagcat cggcagcaac 1020
gacatcatca ccagcccctt ctacggcaac aagagcagceg agcccgtgca gaaccttgag 1080
ttcaacggcg agaaggtgta ccgcgccgtg gctaacacca acctggceccgt gtggecctcet 1140
gcagtgtaca gcggcgtgac caaggtggag ttcagecagt acaacgacca gaccgacgag 1200
gccagcacee agacctacga cagcaagcgce aacgtgggeg cegtgagetg ggacagcatce 1260
gaccagctge cccccgagac caccgacgag cccctggaga agggctacag ccaccagetg 1320
aactacgtga tgtgcttecct gatgcagggce agccgcggca ccatccccecgt getgacctgg 1380
acccacaaga gcgtcgactt cttcaacatg atcgacagca agaagatcac ccagctgcce 1440
ctgaccaaga gcaccaacct gggcagegge accagegtgg tgaagggecce cggcttcace 1500
ggcggcgaca tectgegecg caccagecce ggccagatca gecaccctgeg cgtgaacatce 1560
accgeccccee tgagecageg ctaccgegte cgeatcceget acgecagcac caccaacctg 1620
cagttccaca ccagcatcga cggccgeccece atcaaccagg gcaacttcag cgccaccatg 1680
agcagcggca gcaacctgca gagcggcage ttecgcaceyg tgggcttcac cacccectte 1740
aacttcagca acggcagcag cgtgttcacce ctgagcgece acgtgttcaa cagcggcaac 1800
gaggtgtaca tcgaccgcat cgagttcgtg cccgeccgagg tgaccttcecga ggcecgagtac 1860
gacctggaga gggctcagaa ggccgtgaac gagctgttca ccagcagcaa ccagatcgge 1920
ctgaagaccg acgtgaccga ctaccacatc gatcaggtgt ag 1962

<210> SEQ ID NO 8
<211> LENGTH: 653

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: FR8a-9F protein

<400> SEQUENCE: 8

Met Thr Ser Asn Gly Arg Gln Cys

1

5

Asp Asn Asn Thr Glu Ala Leu Asp

20

Gln Lys Gly Ile Ser Val Val Gly

35

40

Pro Phe Gly Gly Ala Leu Val Ser

50

55

Ala

Ser

25

Asp

Phe

Gly
10
Ser

Leu

Tyr

Ile

Thr

Leu

Thr

Arg Pro Met
Thr Lys Asp
30

Gly Val Val
45

Asn Phe Leu
60

Thr Ala
15
Val Ile

Gly Phe

Asn Thr
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80

Ile

Ala

Ala

Leu

Ser

Arg

145

Leu

Asp

Ala

Ser

225

Leu

Leu

Asp

Ser

His

305

Asp

Ile

Ser

Ala

Gly

385

Ala

Trp

Glu

Gln

Trp

Leu

Glu

Ser

Gln

130

Asn

Thr

Ala

Glu

Cys

210

Tyr

Thr

Tyr

Pro

Asn

290

Arg

Ser

Gly

Glu

Val

370

Val

Ser

Asp

Lys

Gly

450

Asp

Thr

Pro

Met

Leu

Ser

115

Gly

Ser

Thr

Gln

Phe

195

Val

Glu

Val

Pro

Ile

275

Ile

Ile

Phe

Ser

Pro

355

Ala

Thr

Thr

Ser

Gly
435
Ser

Phe

Lys

Ser

Asp

Gln

100

Trp

Arg

Met

Tyr

Ile

180

Tyr

Lys

Ser

Leu

Lys

260

Val

Glu

Gln

Asn

Asn

340

Val

Asn

Lys

Gln

Ile

420

Tyr

Arg

Phe

Ser

Glu

Gln

85

Gly

Gln

Ile

Pro

Ala

165

Tyr

Lys

Trp

Trp

Asp

245

Glu

Gly

Asn

Phe

Tyr

325

Asp

Gln

Thr

Val

Thr

405

Asp

Ser

Gly

Asn

Thr

Asp

Lys

Leu

Lys

Arg

Ser

150

Gln

Gly

Arg

Tyr

Val

230

Leu

Val

Val

Tyr

His

310

Trp

Ile

Asn

Asn

Glu

390

Tyr

Gln

His

Thr

Met
470

Asn

Pro

Ile

Gln

Asn

Glu

135

Phe

Ala

Glu

Gln

Asn

215

Asn

Ile

Lys

Asn

Ile

295

Thr

Ser

Ile

Leu

Leu

375

Phe

Asp

Leu

Gln

Ile
455

Ile

Leu

Trp

Ala

Asn

Pro

120

Leu

Ala

Ala

Glu

Leu

200

Val

Phe

Ala

Thr

Asn

280

Arg

Arg

Gly

Thr

Glu

360

Ala

Ser

Ser

Pro

Leu
440
Pro

Asp

Gly

Lys

Asp

Asn

105

Ala

Phe

Ile

Asn

Trp

185

Lys

Gly

Asn

Leu

Glu

265

Leu

Lys

Phe

Asn

Ser

345

Phe

Val

Gln

Lys

Pro

425

Asn

Val

Ser

Ser

Ala

Tyr

90

Val

Ala

Ser

Ser

Thr

170

Gly

Leu

Leu

Arg

Phe

250

Leu

Arg

Pro

Gln

Tyr

330

Pro

Asn

Trp

Tyr

Arg

410

Glu

Tyr

Leu

Lys

Gly

Phe

75

Ala

Glu

Pro

Gln

Gly

155

His

Tyr

Thr

Asp

Tyr

235

Pro

Thr

Gly

His

Pro

315

Val

Phe

Gly

Pro

Asn

395

Asn

Thr

Val

Thr

Lys
475

Thr

Met

Lys

Asp

Phe

Ala

140

Tyr

Leu

Glu

Gln

Lys

220

Arg

Leu

Arg

Tyr

Leu

300

Gly

Ser

Tyr

Glu

Ser

380

Asp

Val

Thr

Met

Trp
460

Ile

Ser

Glu

Asn

Tyr

Arg

125

Glu

Glu

Phe

Lys

Glu

205

Leu

Arg

Tyr

Asp

Gly

285

Phe

Tyr

Thr

Gly

Lys

365

Ala

Gln

Gly

Asp

Cys

445

Thr

Thr

Val

Gln

Lys

Val

110

Asn

Ser

Val

Leu

Glu

190

Tyr

Arg

Glu

Asp

Val

270

Thr

Asp

Tyr

Arg

Asn

350

Val

Val

Thr

Ala

Glu

430

Phe

His

Gln

Val

Val

Ala

95

Ser

Pro

His

Leu

Leu

175

Asp

Thr

Gly

Met

Val

255

Leu

Thr

Tyr

Gly

Pro

335

Lys

Tyr

Tyr

Asp

Val

415

Pro

Leu

Lys

Leu

Lys

Glu

80

Leu

Ala

His

Phe

Phe

160

Lys

Ile

Asp

Ser

Thr

240

Arg

Thr

Phe

Leu

Asn

320

Ser

Ser

Arg

Ser

Glu

400

Ser

Leu

Met

Ser

Pro
480

Gly
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-contin

ued

82

Pro Gly Phe
Ile Ser Thr
515

Arg Val Arg
530

Ser Ile Asp
545

Ser Ser Gly

Thr Thr Pro

Ala His Val

595

Phe Val Pro
610

Ala Gln Lys
625

Leu Lys Thr

<210> SEQ I
<211> LENGT.
<212> TYPE:

485

Thr Gly Gly Asp Ile

500

Leu Arg Val Asn Ile

520

Ile Arg Tyr Ala Ser

535

Gly Arg Pro Ile Asn
550

Ser Asn Leu Gln Ser

565

Phe Asn Phe Ser Asn

580

Phe Asn Ser Gly Asn

600

Ala Glu Val Thr Phe

615

Ala Val Asn Glu Leu
630

Asp Val Thr Asp Tyr

645
D NO 9
H: 1959

DNA

Leu

505

Thr

Thr

Gln

Gly

Gly

585

Glu

Glu

Phe

His

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: FR-9F-catg

<400> SEQUENCE: 9

atgactagta

gaggccctgg

gacctgetygyg

ttcctgaaca

geectgatgg

ggcctecaga

gtctegagee

agccacttee

accacctacg

ggagaggagt

ctgacccagyg

cgeggeagea

accgtgetygyg

gtgaagaccyg

cgeggetacyg

gactacctge

agcttcaact

atcatcacca

aacggcgaga

acggecegeca

acagcagcac

gegtggtggyg

ccatctggec

accagaagat

acaacgtgga

gcaaccccca

gcaacagcat

cccaggeage

ggggctacga

agtacaccga

gctacgagag

acctgatege

agctgacceg

gcaccacctt

accgcatcca

actggagcgg

gecectteta

aggtgtaccg

gtgtgetggt

caccaaggac

ctteccectte

cagcgaggac

cgcecgactac

ggactatgtyg

cagccaggge

geccagette

caacacccac

gaaggaggac

ccactgegtyg

ctgggtgaac

cctgttecce

cgacgtgetyg

cagcaacatc

gttccacacy

caactacgtyg

cggcaacaag

cgeegtgget

490

Arg

Ala

Thr

Gly

Ser

570

Ser

Val

Ala

Thr

Ile
650

Arg

Pro

Asn

Asn

555

Phe

Ser

Tyr

Glu

Ser

635

Asp

Thr Ser Pro
510

Leu Ser Gln
525

Leu Gln Phe
540

Phe Ser Ala

Arg Thr Val

Val Phe Thr
590

Ile Asp Arg
605

Tyr Asp Leu
620

Ser Asn Gln

Gln Val

coding sequence

attcgeecta

gtgatccaga

ggcggcgcecc

ccctggaagyg

gccaagaaca

agcgeectga

cgcateccgeyg

gccatcageg

ctgttectge

atcgccgagt

aagtggtaca

ttcaaccget

ctgtacgacyg

accgacccca

gagaactaca

cgtttecage

agcacccgec

agcagcgage

aacaccaacc

tgacggccga

agggcatcag

tggtgagett

ccttcatgga

aggcactgge

gcagctggca

agctgttcag

gctacgaggt

tgaaggacgce

tctacaageg

acgtgggtet

accgcegega

tgcgectgta

thtgggCgt

tccgcaagece

ccggetacta

ccagcategyg

ccgtgcagaa

tggCCgtgtg

495

Gly Gln

Arg Tyr

His Thr

Thr Met
560

Gly Phe
575

Leu Ser

Ile Glu

Glu Arg

Ile Gly
640

caacaacacc
cgtggtggge
ctacaccaac
gcaggtggag
cgagctacag
gaagaaccce
ccaggccgag
getgttectyg
ccaaatctac
ccagctgaag
agacaagctce
gatgacccetg
ccccaaggag
gaacaacctg
ccacctgtte
cggcaacgac
cagcaacgac
ccttgagtte

gecctetgea

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140
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84

-continued
gtgtacageyg gegtgaccaa ggtggagttc agccagtaca acgaccagac cgacgaggec 1200
agcacccaga cctacgacag caagcgcaac gtgggcegecg tgagetggga cagcatcgac 1260
cagctgeccee ccgagaccac cgacgagecce ctggagaagg gctacagceca ccagctgaac 1320
tacgtgatgt gcttcecctgat gcagggcagce cgcggcacca tcccegtget gacctggacce 1380
cacaagagcg tcgacttcectt caacatgatc gacagcaaga agatcaccca gcectgceccctg 1440
accaagagca ccaacctggg cagcggcacce agegtggtga agggcccegyg cttcaccgge 1500
ggcgacatcee tgcgecgcac cagecccgge cagatcagca cectgegegt gaacatcacce 1560
geeccectga gecagegceta ccegegtecege atccegetacg ccagcaccac caacctgeag 1620
ttccacacca gcatcgacgg ccgccccatce aaccagggca acttcagege caccatgage 1680
agcggcagca acctgcagag cggcagette cgcaccegtgg gcettcaccac ccccttcaac 1740
ttcagcaacyg gcagcagcegt gttcaccctg agegeccacyg tgttcaacag cggcaacgag 1800
gtgtacatcg accgcatcga gttegtgccce gecgaggtga ccttcecgaggce cgagtacgac 1860
ctggagaggg ctcagaaggc cgtgaacgag ctgttcacca gcagcaacca gatcggectg 1920
aagaccgacg tgaccgacta ccacatcgat caggtgtag 1959

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 10
H: 652
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: FR-9F-catg

<400> SEQUENCE: 10

Met Thr Ser
1

Asp Asn Asn

Gln Lys Gly
35

Pro Phe Gly
50

Ile Trp Pro
65

Ala Leu Met

Ala Glu Leu

Leu Ser Ser
115

Gln Gly Arg
130

Asn Ser Met
145

Thr Thr Tyr

Ala Gln Ile

Glu Phe Tyr

195

Cys Val Lys

Asn Gly Arg Gln Cys

Thr Glu Ala Leu Asp

20

Ile Ser Val Val Gly

40

Gly Ala Leu Val Ser

55

Ser Glu Asp Pro Trp

70

Asp Gln Lys Ile Ala

85

Gln Gly Leu Gln Asn

100

Trp Gln Lys Asn Pro

120

Ile Arg Glu Leu Phe

135

Pro Ser Phe Ala Ile
150

Ala Gln Ala Ala Asn

165

Tyr Gly Glu Glu Trp

180

Lys Arg Gln Leu Lys

200

Trp Tyr Asn Val Gly

Ala

Ser

25

Asp

Phe

Lys

Asp

Asn

105

Val

Ser

Ser

Thr

Gly
185

Leu

Leu

protein

Gly

10

Ser

Leu

Tyr

Ala

Tyr

90

Val

Ser

Gln

Gly

His

170

Tyr

Thr

Asp

Ile

Thr

Leu

Thr

Phe

75

Ala

Glu

Ser

Ala

Tyr

155

Leu

Glu

Gln

Lys

Arg Pro Met
Thr Lys Asp
30

Gly Val Val
45

Asn Phe Leu
60

Met Glu Gln

Lys Asn Lys

Asp Tyr Val
110

Arg Asn Pro
125

Glu Ser His
140

Glu Val Leu

Phe Leu Leu

Lys Glu Asp
190

Glu Tyr Thr
205

Leu Arg Gly

Thr Ala
15

Val Ile

Gly Phe

Asn Thr

Val Glu

80

Ala Leu
95

Ser Ala

His Ser

Phe Arg

Phe Leu
160

Lys Asp
175
Ile Ala

Asp His

Ser Ser
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86

Tyr

225

Thr

Tyr

Pro

Asn

Arg

305

Ser

Gly

Glu

Ser

Asp

Lys

Gly

Asp

465

Thr

Gly

Ser

Ile
545

Ser

Thr

Gln
625

210

Glu

Val

Pro

Ile

Ile

290

Ile

Phe

Ser

Pro

Ala

370

Thr

Thr

Ser

Gly

Ser

450

Phe

Lys

Phe

Thr

Arg

530

Asp

Gly

Pro

Val

Pro
610

Lys

Ser

Leu

Lys

Val

275

Glu

Gln

Asn

Asn

Val

355

Asn

Lys

Gln

Ile

Tyr

435

Arg

Phe

Ser

Thr

Leu

515

Ile

Gly

Ser

Phe

Phe
595

Ala

Ala

Trp

Asp

Glu

260

Gly

Asn

Phe

Tyr

Asp

340

Gln

Thr

Val

Thr

Asp

420

Ser

Gly

Asn

Thr

Gly

500

Arg

Arg

Arg

Asn

Asn
580
Asn

Glu

Val

Val

Leu

245

Val

Val

Tyr

His

Trp

325

Ile

Asn

Asn

Glu

Tyr

405

Gln

His

Thr

Met

Asn

485

Gly

Val

Tyr

Pro

Leu

565

Phe

Ser

Val

Asn

Asn

230

Ile

Lys

Asn

Ile

Thr

310

Ser

Ile

Leu

Leu

Phe

390

Asp

Leu

Gln

Ile

Ile

470

Leu

Asp

Asn

Ala

Ile

550

Gln

Ser

Gly

Thr

Glu
630

215

Phe

Ala

Thr

Asn

Arg

295

Arg

Gly

Thr

Glu

Ala

375

Ser

Ser

Pro

Leu

Pro

455

Asp

Gly

Ile

Ile

Ser

535

Asn

Ser

Asn

Asn

Phe
615

Leu

Asn

Leu

Glu

Leu

280

Lys

Phe

Asn

Ser

Phe

360

Val

Gln

Lys

Pro

Asn

440

Val

Ser

Ser

Leu

Thr

520

Thr

Gln

Gly

Gly

Glu
600

Glu

Phe

Arg

Phe

Leu

265

Arg

Pro

Gln

Tyr

Pro

345

Asn

Trp

Tyr

Arg

Glu

425

Tyr

Leu

Lys

Gly

Arg

505

Ala

Thr

Gly

Ser

Ser
585
Val

Ala

Thr

Tyr

Pro

250

Thr

Gly

His

Pro

Val

330

Phe

Gly

Pro

Asn

Asn

410

Thr

Val

Thr

Lys

Thr

490

Arg

Pro

Asn

Asn

Phe

570

Ser

Tyr

Glu

Ser

Arg

235

Leu

Arg

Tyr

Leu

Gly

315

Ser

Tyr

Glu

Ser

Asp

395

Val

Thr

Met

Trp

Ile

475

Ser

Thr

Leu

Leu

Phe

555

Arg

Val

Ile

Tyr

Ser
635

220

Arg

Tyr

Asp

Gly

Phe

300

Tyr

Thr

Gly

Lys

Ala

380

Gln

Gly

Asp

Cys

Thr

460

Thr

Val

Ser

Ser

Gln

540

Ser

Thr

Phe

Asp

Asp

620

Asn

Glu

Asp

Val

Thr

285

Asp

Tyr

Arg

Asn

Val

365

Val

Thr

Ala

Glu

Phe

445

His

Gln

Val

Pro

Gln

525

Phe

Ala

Val

Thr

Arg
605

Leu

Gln

Met

Val

Leu

270

Thr

Tyr

Gly

Pro

Lys

350

Tyr

Tyr

Asp

Val

Pro

430

Leu

Lys

Leu

Lys

Gly

510

Arg

His

Thr

Gly

Leu
590
Ile

Glu

Ile

Thr

Arg

255

Thr

Phe

Leu

Asn

Ser

335

Ser

Arg

Ser

Glu

Ser

415

Leu

Met

Ser

Pro

Gly

495

Gln

Tyr

Thr

Met

Phe

575

Ser

Glu

Arg

Gly

Leu

240

Leu

Asp

Ser

His

Asp

320

Ile

Ser

Ala

Gly

Ala

400

Trp

Glu

Gln

Val

Leu

480

Pro

Ile

Arg

Ser

Ser

560

Thr

Ala

Phe

Ala

Leu
640
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Lys Thr Asp Val Thr Asp Tyr His Ile Asp Gln Val

645

<210> SEQ ID NO 11
<211> LENGTH: 1926

<212> TYPE:

DNA

650

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: FR8a-12AA coding sequence

<400> SEQUENCE: 11

atgtatgacg

cagaagggca

gecectggtga

aaggccttca

aacaaggcac

ctgagcagcet

atccgegage

atcagegget

ttcectgetga

gecgagttet

tggtacaacg

aaccgctace

tacgacgtge

gaccccateyg

aactacatcc

ttccageeeyg

acccgceccca

agcgageccg

accaacctygg

cagtacaacg

ggcgccgtga

gagaagggct

ggcaccatce

agcaagaaga

gtggtgaagg

atcagcaccc

cgctacgeca

cagggcaact

accgtggget

geccacgtgt

gaggtgacct

ttcaccagca

gtgtag

gccgacaaca

tcagegtggt

gettctacac

tggagcaggt

tggccgaget

ggcagaagaa

tgttcageca

acgaggtgcet

aggacgccca

acaagcgeca

tgggtctaga

gecgegagat

gectgtacce

tgggcgtgaa

gcaagcccca

gctactacgg

gecatcggcag

tgcagaacct

cegtgtggec

accagaccga

gctgggacag

acagccacca

cegtgetgac

tcacccaget

geceeggett

tgcgegtgaa

gcaccaccaa

tcagcgecac

tcaccacccce

tcaacagegyg

tcgaggecga

gcaaccagat

acaccgaggce

gggcgacctg

caacttcectyg

ggaggccctg

acagggecte

ccecegetgea

ggccgagagc

gttectgace

aatctacgga

gctgaagetyg

caagcteege

gaccctgace

caaggaggtg

caacctgege

cctgttegac

caacgacagc

caacgacatc

tgagttcaac

ctctgeagtyg

cgaggccage

catcgaccag

gctgaactac

ctggacccac

gecectgace

caccggegge

catcaccgec

cctgcagtte

catgagcagce

cttcaacttce

caacgaggtyg

gtacgacctyg

cggectgaag

ctggacagca

ctgggcegtgg

aacaccatct

atggaccaga

cagaacaacg

cegttecgea

cactteccgea

acctacgece

gaggagtggg

acccaggagt

ggcagcagcet

gtgctggace

aagaccgage

ggctacggca

tacctgcace

ttcaactact

atcaccagec

dgcgagaagyg

tacagcggeyg

acccagacct

ctgececeeyg

gtgatgtget

aagagcgteg

aagagcacca

gacatcctge

ccectgagec

cacaccagca

ggcagcaace

agcaacggca

tacatcgacc

gagagggctc

accgacgtga

gcaccaccaa

tgggcttece

ggcccagega

agatcgcega

tggaggacta

acccccacag

acagcatgee

aggccgccaa

gctacgagaa

acaccgacca

acgagagcetyg

tgatcgecect

tgaccecgega

ccacctteag

gecatccagtt

ggagcggcaa

ccttetacgy

tgtaccgege

tgaccaaggt

acgacagcaa

agaccaccga

tcctgatgea

acttcttcaa

acctgggcag

gecgcaccag

agcgctaceyg

tcgacggecyg

tgcagagegg

gcagegtgtt

gecatcgagtt

agaaggcegt

ccgactacca

ggacgtgatc

ctteggegge

ggaccectgg

ctacgccaag

tgtgagcgee

ccagggecge

cagcttegee

cacccaccty

ggaggacatc

ctgegtgaag

ggtgaactte

gtteceeetyg

cgtgctgace

caacatcgag

ccacacgegt

ctacgtgage

caacaagagc

cgtggctaac

ggagttcage

gegecaacgtyg

cgagceecty

gggcagccgce

catgatcgac

cggcaccage

cceceggecag

cgteccgeate

ccccatcaac

cagctteege

caccctgage

cgtgececegece

gaacgagcetg

catcgatcag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1926
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-continued

90

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Met
1

Lys

Phe

Glu

65

Asn

Tyr

Arg

Glu

Glu

145

Phe

Lys

Glu

Leu

Arg

225

Tyr

Asp

Gly

Phe

Tyr
305
Thr

Gly

Lys

Tyr

Asp

Val

Leu

50

Gln

Lys

Val

Asn

Ser

130

Val

Leu

Glu

Tyr

Arg

210

Glu

Asp

Val

Thr

Asp

290

Tyr

Arg

Asn

Val

Asp

Val

Gly

35

Asn

Val

Ala

Ser

Pro

115

His

Leu

Leu

Asp

Thr

195

Gly

Met

Val

Leu

Thr

275

Tyr

Gly

Pro

Lys

Tyr
355

Gly

Ile

20

Phe

Thr

Glu

Leu

Ala

100

His

Phe

Phe

Lys

Ile

180

Asp

Ser

Thr

Arg

Thr

260

Phe

Leu

Asn

Ser

Ser
340

Arg

SEQ ID NO 12
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: FR8a-12AA protein

641

12

Arg

5

Gln

Pro

Ile

Ala

Ala

85

Leu

Ser

Arg

Leu

Asp

165

Ala

His

Ser

Leu

Leu

245

Asp

Ser

His

Asp

Ile
325

Ser

Ala

Gln

Lys

Phe

Trp

Leu

70

Glu

Ser

Gln

Asn

Thr

150

Ala

Glu

Cys

Tyr

Thr

230

Tyr

Pro

Asn

Arg

Ser
310
Gly

Glu

Val

Gln

Gly

Gly

Pro

55

Met

Leu

Ser

Gly

Ser

135

Thr

Gln

Phe

Val

Glu

215

Val

Pro

Ile

Ile

Ile

295

Phe

Ser

Pro

Ala

His

Ile

Gly

40

Ser

Asp

Gln

Trp

Arg

120

Met

Tyr

Ile

Tyr

Lys

200

Ser

Leu

Lys

Val

Glu

280

Gln

Asn

Asn

Val

Asn
360

Arg

Ser

25

Ala

Glu

Gln

Gly

Gln

105

Ile

Pro

Ala

Tyr

Lys

185

Trp

Trp

Asp

Glu

Gly

265

Asn

Phe

Tyr

Asp

Gln
345

Thr

Gly

Val

Leu

Asp

Lys

Leu

90

Lys

Arg

Ser

Gln

Gly

170

Arg

Tyr

Val

Leu

Val

250

Val

Tyr

His

Trp

Ile
330

Asn

Asn

Leu

Val

Val

Pro

Ile

Gln

Asn

Glu

Phe

Ala

155

Glu

Gln

Asn

Asn

Ile

235

Lys

Asn

Ile

Thr

Ser

315

Ile

Leu

Leu

Asp

Gly

Ser

Trp

60

Ala

Asn

Pro

Leu

Ala

140

Ala

Glu

Leu

Val

Phe

220

Ala

Thr

Asn

Arg

Arg

300

Gly

Thr

Glu

Ala

Ser

Asp

Phe

45

Lys

Asp

Asn

Ala

Phe

125

Ile

Asn

Trp

Lys

Gly

205

Asn

Leu

Glu

Leu

Lys

285

Phe

Asn

Ser

Phe

Val
365

Ser

Leu

30

Tyr

Ala

Tyr

Val

Ala

110

Ser

Ser

Thr

Gly

Leu

190

Leu

Arg

Phe

Leu

Arg

270

Pro

Gln

Tyr

Pro

Asn
350

Trp

Thr

15

Leu

Thr

Phe

Ala

Glu

95

Pro

Gln

Gly

His

Tyr

175

Thr

Asp

Tyr

Pro

Thr

255

Gly

His

Pro

Val

Phe
335

Gly

Pro

Thr

Gly

Asn

Met

Lys

80

Asp

Phe

Ala

Tyr

Leu

160

Glu

Gln

Lys

Arg

Leu

240

Arg

Tyr

Leu

Gly

Ser
320
Tyr

Glu

Ser
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-continued

92

Ala

Gln

385

Gly

Asp

Cys

Thr

Thr

465

Ser

Ser

Gln

Ser

545

Thr

Phe

Asp

Asp

Asn
625

<210>
<211>
<212>
<213>
<220>

Val

370

Thr

Ala

Glu

Phe

His

450

Gln

Val

Pro

Gln

Phe

530

Ala

Val

Thr

Arg

Leu

610

Gln

Tyr

Asp

Val

Pro

Leu

435

Lys

Leu

Lys

Gly

Arg

515

His

Thr

Gly

Leu

Ile

595

Glu

Ile

Ser

Glu

Ser

Leu

420

Met

Ser

Pro

Gly

Gln

500

Tyr

Thr

Met

Phe

Ser

580

Glu

Arg

Gly

Gly

Ala

Trp

405

Glu

Gln

Val

Leu

Pro

485

Ile

Arg

Ser

Ser

Thr

565

Ala

Phe

Ala

Leu

SEQ ID NO 13
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:

1800

Val

Ser

390

Asp

Lys

Gly

Asp

Thr

470

Gly

Ser

Val

Ile

Ser

550

Thr

His

Val

Gln

Lys
630

Thr

375

Thr

Ser

Gly

Ser

Phe

455

Lys

Phe

Thr

Arg

Asp

535

Gly

Pro

Val

Pro

Lys

615

Thr

Lys

Gln

Ile

Tyr

Arg

440

Phe

Ser

Thr

Leu

Ile

520

Gly

Ser

Phe

Phe

Ala

600

Ala

Asp

Val

Thr

Asp

Ser

425

Gly

Asn

Thr

Gly

Arg

505

Arg

Arg

Asn

Asn

Asn

585

Glu

Val

Val

Glu

Tyr

Gln

410

His

Thr

Met

Asn

Gly

490

Val

Tyr

Pro

Leu

Phe

570

Ser

Val

Asn

Thr

Phe

Asp

395

Leu

Gln

Ile

Ile

Leu

475

Asp

Asn

Ala

Ile

Gln

555

Ser

Gly

Thr

Glu

Asp
635

Ser

380

Ser

Pro

Leu

Pro

Asp

460

Gly

Ile

Ile

Ser

Asn

540

Ser

Asn

Asn

Phe

Leu

620

Tyr

Gln

Lys

Pro

Asn

Val

445

Ser

Ser

Leu

Thr

Thr

525

Gln

Gly

Gly

Glu

Glu

605

Phe

His

Tyr

Arg

Glu

Tyr

430

Leu

Lys

Gly

Arg

Ala

510

Thr

Gly

Ser

Ser

Val

590

Ala

Thr

Ile

Asn

Asn

Thr

415

Val

Thr

Lys

Thr

Arg

495

Pro

Asn

Asn

Phe

Ser

575

Tyr

Glu

Ser

Asp

Asp

Val

400

Thr

Met

Trp

Ile

Ser

480

Thr

Leu

Leu

Phe

Arg

560

Val

Ile

Tyr

Ser

Gln
640

<223> OTHER INFORMATION: WR-9mut

<400> SEQUENCE: 13

atgtatgacg

cagaagggca

gecectggtga

aaggccttca

aacaaggcac

ctgagcagcet

atccgegage

atcagegget

gccgacaaca

tcagegtggt

gettctacac

tggagcaggt

tggccgaget

ggcagaagaa

tgttcageca

acgaggtgcet

acaccgaggce

gggcgacctg

caacttcectyg

ggaggccctg

acagggecte

ccecegetgea

ggccgagagc

gttectgace

coding sequence

ctggacagca

ctgggcegtgg

aacaccatct

atggaccaga

cagaacaacg

cegttecgea

cactteccgea

acctacgece

gcaccaccaa

tgggcttece

ggcccagega

agatcgcega

tggaggacta

acccccacag

acagcatgee

aggccgccaa

ggacgtgatc

ctteggegge

ggaccectgg

ctacgccaag

tgtgagcgee

ccagggecge

cagcttegee

cacccaccty

60

120

180

240

300

360

420

480
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94

-continued
ttectgetga aggacgcecca aatctacgga gaggagtggyg gctacgagaa ggaggacate 540
geecgagttet acaagcgcca gctgaagetg acccaggagt acaccgacca ctgegtgaag 600
tggtacaacg tgggtctaga caagcteccge ggcagcaget acgagagcetyg ggtgaactte 660
aaccgctace gccgegagat gaccctgacce gtgetggace tgatcgcecect gtteccectg 720
tacgacgtgce gectgtacce caaggaggtg aagaccgage tgacccgcega cgtgetgace 780
gaccccateg tgggcgtgaa caacctgcege ggctacggca ccaccttcag caacatcgag 840
aactacatcc gcaagcccca cctgttegac tacctgcace gcatccagtt ccacacgegt 900
ttccageceg gctactacgg caacgacage ttcaactact ggagcggcaa ctacgtgage 960
acccgeccca gcateggcag caacgacatce atcaccagece ccttectacgg caacaagagce 1020
agcgagcecceg tgcagaacct tgagttcaac ggcgagaagyg tgtaccgege cgtggctaac 1080
accaacctgg cecgtgtggece ctectgcagtg tacagcggeg tgaccaaggt ggagttcagce 1140
cagtacaacg accagaccga cgaggccagce acccagacct acgacagcaa gcgcaacgtg 1200
ggcgecegtga getgggacag catcgaccag ctgcceccceg agaccaccga cgageccctg 1260
gagaagggct acagccacca gctgaactac gtgatgtgcet tcectgatgca gggcagecgce 1320
ggcaccatcc ccgtgctgac ctggacccac aagagcgtceg acttcttcaa catgatcgac 1380
agcaagaaga tcacccagct gecccctggtg aaggectaca agcetccagag cggcegecage 1440
gtggtggcayg gccceegett caccggegge gacatcatce agtgcaccga gaacggcagce 1500
geegecacca tctacgtgac ccccgacgtg agctacagec agaagtaccg cgeccgcatce 1560
cactacgcca gcaccagcca gatcacctte accctgagece tggacgggge ccccttcaac 1620
caatactact tcgacaagac catcaacaag ggcgacaccce tgacctacaa cagcttcaac 1680
ctggccagcet tcagcaccece tttcgagcectg agcggcaaca acctccagat cggcecgtgacce 1740
ggcctgageg ccggcgacaa ggtgtacatc gacaagatcg agttcatccce cgtgaactag 1800

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 14
H: 599
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: WR-9mut protein

<400> SEQUENCE: 14

Met Tyr Asp
1

Lys Asp Val

Val Val Gly
35

Phe Leu Asn
50

Glu Gln Val
65

Asn Lys Ala

Tyr Val Ser

Arg Asn Pro
115

Gly Arg Gln Gln His

Ile Gln Lys Gly Ile

Phe Pro Phe Gly Gly

40

Thr Ile Trp Pro Ser

55

Glu Ala Leu Met Asp

70

Leu Ala Glu Leu Gln

85

Ala Leu Ser Ser Trp

100

His Ser Gln Gly Arg

120

Arg
Ser
25

Ala

Glu

Gln

Gly

Gln

105

Ile

Gly

10

Val

Leu

Asp

Lys

Leu
90

Lys

Arg

Leu

Val

Val

Pro

Ile

75

Gln

Asn

Glu

Asp Ser Ser

Gly Asp Leu
30

Ser Phe Tyr
45

Trp Lys Ala
60

Ala Asp Tyr

Asn Asn Val

Pro Ala Ala
110

Leu Phe Ser
125

Thr Thr
15

Leu Gly

Thr Asn

Phe Met
Ala Lys
80

Glu Asp
95

Pro Phe

Gln Ala
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96

Glu

Glu

145

Phe

Lys

Glu

Leu

Arg

225

Tyr

Asp

Gly

Phe

Tyr

305

Thr

Gly

Lys

Ala

Gln

385

Gly

Asp

Cys

Thr

Thr
465

Glu

Ser

Thr

Asp

Ser

130

Val

Leu

Glu

Tyr

Arg

210

Glu

Asp

Val

Thr

Asp

290

Tyr

Arg

Asn

Val

Val

370

Thr

Ala

Glu

Phe

His

450

Gln

Val

Asn

Gln

Phe
530

Lys

His

Leu

Leu

Asp

Thr

195

Gly

Met

Val

Leu

Thr

275

Tyr

Gly

Pro

Lys

Tyr

355

Tyr

Asp

Val

Pro

Leu

435

Lys

Leu

Ala

Gly

Lys

515

Thr

Thr

Phe

Phe

Lys

Ile

180

Asp

Ser

Thr

Arg

Thr

260

Phe

Leu

Asn

Ser

Ser

340

Arg

Ser

Glu

Ser

Leu

420

Met

Ser

Pro

Gly

Ser
500
Tyr

Leu

Ile

Arg

Leu

Asp

165

Ala

His

Ser

Leu

Leu

245

Asp

Ser

His

Asp

Ile

325

Ser

Ala

Gly

Ala

Trp

405

Glu

Gln

Val

Leu

Pro

485

Ala

Arg

Ser

Asn

Asn

Thr

150

Ala

Glu

Cys

Tyr

Thr

230

Tyr

Pro

Asn

Arg

Ser

310

Gly

Glu

Val

Val

Ser

390

Asp

Lys

Gly

Asp

Val

470

Arg

Ala

Ala

Leu

Lys

Ser

135

Thr

Gln

Phe

Val

Glu

215

Val

Pro

Ile

Ile

Ile

295

Phe

Ser

Pro

Ala

Thr

375

Thr

Ser

Gly

Ser

Phe

455

Lys

Phe

Thr

Arg

Asp

535

Gly

Met

Tyr

Ile

Tyr

Lys

200

Ser

Leu

Lys

Val

Glu

280

Gln

Asn

Asn

Val

Asn

360

Lys

Gln

Ile

Tyr

Arg

440

Phe

Ala

Thr

Ile

Ile
520

Gly

Asp

Pro

Ala

Tyr

Lys

185

Trp

Trp

Asp

Glu

Gly

265

Asn

Phe

Tyr

Asp

Gln

345

Thr

Val

Thr

Asp

Ser

425

Gly

Asn

Tyr

Gly

Tyr

505

His

Ala

Thr

Ser

Gln

Gly

170

Arg

Tyr

Val

Leu

Val

250

Val

Tyr

His

Trp

Ile

330

Asn

Asn

Glu

Tyr

Gln

410

His

Thr

Met

Lys

Gly

490

Val

Tyr

Pro

Leu

Phe

Ala

155

Glu

Gln

Asn

Asn

Ile

235

Lys

Asn

Ile

Thr

Ser

315

Ile

Leu

Leu

Phe

Asp

395

Leu

Gln

Ile

Ile

Leu

475

Asp

Thr

Ala

Phe

Thr

Ala

140

Ala

Glu

Leu

Val

Phe

220

Ala

Thr

Asn

Arg

Arg

300

Gly

Thr

Glu

Ala

Ser

380

Ser

Pro

Leu

Pro

Asp

460

Gln

Ile

Pro

Ser

Asn
540

Tyr

Ile

Asn

Trp

Lys

Gly

205

Asn

Leu

Glu

Leu

Lys

285

Phe

Asn

Ser

Phe

Val

365

Gln

Lys

Pro

Asn

Val

445

Ser

Ser

Ile

Asp

Thr
525

Gln

Asn

Ser

Thr

Gly

Leu

190

Leu

Arg

Phe

Leu

Arg

270

Pro

Gln

Tyr

Pro

Asn

350

Trp

Tyr

Arg

Glu

Tyr

430

Leu

Lys

Gly

Gln

Val
510
Ser

Tyr

Ser

Gly

His

Tyr

175

Thr

Asp

Tyr

Pro

Thr

255

Gly

His

Pro

Val

Phe

335

Gly

Pro

Asn

Asn

Thr

415

Val

Thr

Lys

Ala

Cys

495

Ser

Gln

Tyr

Phe

Tyr

Leu

160

Glu

Gln

Lys

Arg

Leu

240

Arg

Tyr

Leu

Gly

Ser

320

Tyr

Glu

Ser

Asp

Val

400

Thr

Met

Trp

Ile

Ser

480

Thr

Tyr

Ile

Phe

Asn
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98

545

Leu Ala Ser

Ile Gly Val

Ile Glu Phe
595

<210> SEQ I
<211> LENGT.
<212> TYPE:

550

Phe Ser Thr

565

Thr Gly Leu

580

Ile Pro Val Asn

D NO 15
H: 1848
DNA

555

570

585

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

590

<223> OTHER INFORMATION: FRD3 coding sequence

<400> SEQUE:

atgactagta

cgaggcctgg

gacctgetygyg

ttcctgaaca

geectgatgg

ggcctecaga

getgcacegt

gagagccact

ctgaccacct

tacggagagg

aagctgacce

ctcegeggea

ctgacegtge

gaggtgaaga

ctgegegget

ttcgactacc

gacagcttca

gacatcatca

ttcaacggeyg

gcagtgtaca

gccagcacce

gaccagctge

aactacgtga

acccacaaga

ctgaccaaga

ggcggcgaca

accgccccce

cagttccaca

agcagcggcea

NCE: 15

acggecegeca

acagcagcac

gegtggtggyg

ccatctggec

accagaagat

acaacgtgga

tccgcaacce

tccgcaacag

acgcccagge

agtggggcta

aggagtacac

gcagctacga

tggacctgat

ccgagetgac

acggcaccac

tgcaccgeat

actactggag

ccageeectt

agaaggtgta

geggegtgac

agacctacga

ccececgagac

tgtgcttect

gegtegactt

gcaccaacct

tcectgegecy

tgagccageg

ccagcatcga

gcaacctgca

gtgtgetggt

caccaaggac

ctteccectte

cagcgaggac

cgcecgactac

ggactatgtyg

ccacagccag

catgcccage

cgccaacacc

c¢gagaaggag

cgaccactge

gagctgggtyg

cgcectgtte

cegegacgty

cttcagcaac

ccagttecac

cggcaactac

ctacggcaac

cegegeegty

caaggtggag

cagcaagcge

caccgacgag

gatgcagggc

cttcaacatg

dggcagegge

caccagcccce

ctaccgegte

cggecgeaed

gagcggeage

attcgeecett

gtgatccaga

ggcggcgcecc

ccctggaagyg

gccaagaaca

agcgeectga

ggcegeatee

ttcgccatca

cacctgttec

gacatcgecyg

gtgaagtggt

aacttcaacc

ccectgtacy

ctgaccgace

atcgagaact

acgcgtttee

gtgagcacce

aagagcagcg

gctaacacca

ttcagccagt

aacgtgggcg

ccectggaga

agccgeggea

atcgacagca

accagegtygg

ggccagatca

cgcateceget

atcaaccagg

ttcegeacey

atgacggecg
agggcatcag
tggtgagett
ccttcatgga
aggcactgge
gcagctggca
gegagetgtt
geggetacga
tgctgaagga
agttctacaa
acaacgtggyg
gctacegecg
acgtgegect
ccatcgtggy
acatccgcaa
agcccggeta
gecccageat
agcccgtgea
acctggeegt
acaacgacca
cecgtgagetyg
agggctacag
ccatceccegt

agaagatcac

tgaagggccc

gcaccetgeg

acgccagcac

gcaacttcag

tgggcttcac

560

Pro Phe Glu Leu Ser Gly Asn Asn Leu Gln

575

Ser Ala Gly Asp Lys Val Tyr Ile Asp Lys

acaacaacac

cgtggtggge

ctacaccaac

gcaggtggag

cgagctacag

gaagaaccce

cagccaggec

ggtgetgtte

cgcccaaate

gegecagetyg

tctagacaag

cgagatgacc

gtaccccaag

cgtgaacaac

gecccacetyg

ctacggcaac

cggcagcaac

gaaccttgag

gtggccctet

gaccgacgag

ggacagcatc

ccaccagetyg

getgacctgg

ccagetgece

cggcetteace

cgtgaacatce

caccaacctyg

cgccaccatyg

cacccectte

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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-continued

aacttcagca acggcagcag cgtgttcace ctgagegecce acgtgttcaa cageggcaac 1800

gaggtgtaca tcgaccgcat cgagttegtg cccgccgagg tgacctag 1848

<210> SEQ ID NO 16

<211> LENGTH: 615

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: FRD3 protein

<400> SEQUENCE: 16

Met Thr Ser Asn Gly Arg Gln Cys Ala Gly Ile Arg Pro Tyr Asp Gly
1 5 10 15

Arg Gln Gln His Arg Gly Leu Asp Ser Ser Thr Thr Lys Asp Val Ile
20 25 30

Gln Lys Gly Ile Ser Val Val Gly Asp Leu Leu Gly Val Val Gly Phe
35 40 45

Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe Leu Asn Thr
50 55 60

Ile Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu Gln Val Glu
65 70 75 80

Ala Leu Met Asp Gln Lys Ile Ala Asp Tyr Ala Lys Asn Lys Ala Leu
85 90 95

Ala Glu Leu Gln Gly Leu Gln Asn Asn Val Glu Asp Tyr Val Ser Ala
100 105 110

Leu Ser Ser Trp Gln Lys Asn Pro Ala Ala Pro Phe Arg Asn Pro His
115 120 125

Ser Gln Gly Arg Ile Arg Glu Leu Phe Ser Gln Ala Glu Ser His Phe
130 135 140

Arg Asn Ser Met Pro Ser Phe Ala Ile Ser Gly Tyr Glu Val Leu Phe
145 150 155 160

Leu Thr Thr Tyr Ala Gln Ala Ala Asn Thr His Leu Phe Leu Leu Lys
165 170 175

Asp Ala Gln Ile Tyr Gly Glu Glu Trp Gly Tyr Glu Lys Glu Asp Ile
180 185 190

Ala Glu Phe Tyr Lys Arg Gln Leu Lys Leu Thr Gln Glu Tyr Thr Asp
195 200 205

His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu Arg Gly Ser
210 215 220

Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg Glu Met Thr
225 230 235 240

Leu Thr Val Leu Asp Leu Ile Ala Leu Phe Pro Leu Tyr Asp Val Arg
245 250 255

Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp Val Leu Thr
260 265 270

Asp Pro Ile Val Gly Val Asn Asn Leu Arg Gly Tyr Gly Thr Thr Phe
275 280 285

Ser Asn Ile Glu Asn Tyr Ile Arg Lys Pro His Leu Phe Asp Tyr Leu
290 295 300

His Arg Ile Gln Phe His Thr Arg Phe Gln Pro Gly Tyr Tyr Gly Asn
305 310 315 320

Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr Arg Pro Ser
325 330 335

Ile Gly Ser Asn Asp Ile Ile Thr Ser Pro Phe Tyr Gly Asn Lys Ser
340 345 350
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102

Ser Glu Pro
355

Ala Val Ala
370

Gly Val Thr
385

Ala Ser Thr

Trp Asp Ser

Glu Lys Gly

435

Gln Gly Ser
450

Val Asp Phe
465

Leu Thr Lys

Pro Gly Phe

Ile Ser Thr

515

Arg Val Arg
530

Ser Ile Asp
545

Ser Ser Gly
Thr Thr Pro
Ala His Val

595
Phe Val Pro

610

<210> SEQ I
<211> LENGT.
<212> TYPE:

Val Gln Asn Leu Glu

360

Asn Thr Asn Leu Ala

375

Lys Val Glu Phe Ser
390

Gln Thr Tyr Asp Ser

405

Ile Asp Gln Leu Pro

420

Tyr Ser His Gln Leu

440

Arg Gly Thr Ile Pro

455

Phe Asn Met Ile Asp
470

Ser Thr Asn Leu Gly

485

Thr Gly Gly Asp Ile

500

Leu Arg Val Asn Ile

520

Ile Arg Tyr Ala Ser

535

Gly Arg Pro Ile Asn
550

Ser Asn Leu Gln Ser

565

Phe Asn Phe Ser Asn

580

Phe Asn Ser Gly Asn

600

Ala Glu Val Thr

D NO 17
H: 1809
DNA

615

Phe Asn Gly

Val Trp Pro

Gln Tyr Asn

395

Lys Arg Asn
410

Pro Glu Thr
425

Asn Tyr Val

Val Leu Thr

Ser Lys Lys

475

Ser Gly Thr
490

Leu Arg Arg
505

Thr Ala Pro

Thr Thr Asn

Gln Gly Asn

555

Gly Ser Phe
570

Gly Ser Ser
585

Glu Val Tyr

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Glu Lys Val
365

Ser Ala Val
380

Asp Gln Thr

Val Gly Ala

Thr Asp Glu

430

Met Cys Phe
445

Trp Thr His
460

Ile Thr Gln

Ser Val Val

Thr Ser Pro

510

Leu Ser Gln
525

Leu Gln Phe
540

Phe Ser Ala

Arg Thr Val

Val Phe Thr
590

Ile Asp Arg
605

<223> OTHER INFORMATION: FR-12-cg-dm3 coding sequence

<400> SEQUENCE: 17

atgtatgacg

cagaagggca

gecectggtga

aaggccttca

aacaaggcac

ctgagcagcet

cgcgagetgt

agcggetacyg

ctgctgaagyg

gccgacaaca

tcagegtggt

gettctacac

tggagcaggt

tggccgaget

ggcagaagaa

tcagccagge

aggtgetgtt

acgcccaaat

acaccgaggce

gggcgacctg

caacttcectyg

ggaggccctg

acagggecte

ccecegteteg

cgagagccac

cctgaccace

ctacggagag

ctggacagca

ctgggcegtgg

aacaccatct

atggaccaga

cagaacaacg

agccgcaace

ttcecgcaaca

tacgcccagyg

gagtgggget

gcaccaccaa

tgggcttece

ggcccagega

agatcgcega

tggaggacta

cccacagcca

gecatgcccag

ccgceccaacac

acgagaagga

Tyr Arg

Tyr Ser

Asp Glu
400

Val Ser
415

Pro Leu

Leu Met

Lys Ser

Leu Pro
480

Lys Gly
495

Gly Gln

Arg Tyr

His Thr

Thr Met
560

Gly Phe
575

Leu Ser

Ile Glu

ggacgtgatc
ctteggegge
ggaccectgg
ctacgccaag
tgtgagcgee
gggccgeate
cttegecate
ccacctgtte

ggacatcgece

60

120

180

240

300

360

420

480

540
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104

-continued
gagttctaca agcgccaget gaagctgacce caggagtaca ccgaccactg cgtgaagtgg 600
tacaacgtgg gtctagacaa gctccgegge agcagctacyg agagetgggt gaacttcaac 660
cgctaccgee gcgagatgac cctgacegtg ctggacctga tegecctgtt cccectgtac 720
gacgtgcegee tgtaccccaa ggaggtgaag accgagetga cecgcgacgt getgaccgac 780
cccategtgg gcegtgaacaa cctgcgegge tacggcacca ccttcagcaa catcgagaac 840
tacatccgca agccccacct gttcgactac ctgcaccgea tccagtteca cacgegttte 900
cagcecgget actacggcaa cgacagette aactactgga geggcaacta cgtgagcace 960
cgccecagea tceggcagcaa cgacatcatce accagccect tctacggcaa caagagcagce 1020
gagcccegtyge agaaccttga gttcaacgge gagaaggtgt accgcegecgt ggctaacacce 1080
aacctggcceg tgtggcccte tgcagtgtac agcggcgtga ccaaggtgga gttcagccag 1140
tacaacgacc agaccgacga ggccagcacce cagacctacyg acagcaagceyg caacgtggge 1200
geegtgaget gggacagcat cgaccagetg cccccegaga ccaccgacga geccctggag 1260
aagggctaca gccaccagct gaactacgtg atgtgcttecce tgatgcaggg cagccgcggce 1320
accatcececeg tgctgacctyg gacccacaag agcegtcgact tcettcaacat gatcgacagce 1380
aagaagatca cccagctgcce cctgaccaag agcaccaacce tgggcagegyg caccagegtg 1440
gtgaagggce ccggcttcac cggeggcgac atcctgegec geaccagecc cggecagatce 1500
agcaccctge gegtgaacat caccgeccece ctgagccage gctaccgegt ccgcatccge 1560
tacgccagca ccaccaacct gcagttccac accagcateg acggccgcecce catcaaccag 1620
ggcaacttca gcgecaccat gagcagcegge agcaacctgce agagcggcag cttecgcacce 1680
gtgggcttca ccacccectt caacttcagce aacggcagca gcgtgttcac cctgagegece 1740
cacgtgttca acagcggcaa cgaggtgtac atcgaccgca tcgagttcgt geccgcecgag 1800
gtgacctag 1809

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 18
H: 602
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: FR-12-cg-dm3 protein

<400> SEQUENCE: 18

Met Tyr Asp
1

Lys Asp Val

Val Val Gly
35

Phe Leu Asn
50

Glu Gln Val
65

Asn Lys Ala

Tyr Val Ser

Asn Pro His
115

Gly Arg Gln Gln His

Ile Gln Lys Gly Ile

Phe Pro Phe Gly Gly

40

Thr Ile Trp Pro Ser

55

Glu Ala Leu Met Asp

70

Leu Ala Glu Leu Gln

85

Ala Leu Ser Ser Trp

100

Ser Gln Gly Arg Ile

120

Arg Gly Leu
10

Ser Val Val
25

Ala Leu Val

Glu Asp Pro
Gln Lys Ile
75

Gly Leu Gln
90

Gln Lys Asn
105

Arg Glu Leu

Asp Ser Ser

Gly Asp Leu
30

Ser Phe Tyr
45

Trp Lys Ala
60

Ala Asp Tyr

Asn Asn Val

Pro Val Ser
110

Phe Ser Gln
125

Thr Thr
15

Leu Gly

Thr Asn

Phe Met
Ala Lys
80

Glu Asp
95

Ser Arg

Ala Glu
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106

Ser

145

Leu

Glu

Tyr

Arg

Glu

225

Asp

Thr

Asp

Tyr

305

Arg

Asn

Thr
385
Ala

Glu

Phe

Gln

465

Pro

Gln

Phe

Ala

His

130

Leu

Leu

Asp

Thr

Gly

210

Met

Val

Leu

Thr

Tyr

290

Gly

Pro

Lys

Tyr

Tyr

370

Asp

Val

Pro

Leu

Lys

450

Leu

Lys

Gly

Arg

His

530

Thr

Phe

Phe

Lys

Ile

Asp

195

Ser

Thr

Arg

Thr

Phe

275

Leu

Asn

Ser

Ser

Arg

355

Ser

Glu

Ser

Leu

Met

435

Ser

Pro

Gly

Gln

Tyr
515

Thr

Met

Arg

Leu

Asp

Ala

180

His

Ser

Leu

Leu

Asp

260

Ser

His

Asp

Ile

Ser

340

Ala

Gly

Ala

Trp

Glu

420

Gln

Val

Leu

Pro

Ile
500
Arg

Ser

Ser

Asn

Thr

Ala

165

Glu

Cys

Tyr

Thr

Tyr

245

Pro

Asn

Arg

Ser

Gly

325

Glu

Val

Val

Ser

Asp

405

Lys

Gly

Asp

Thr

Gly

485

Ser

Val

Ile

Ser

Ser

Thr

150

Gln

Phe

Val

Glu

Val

230

Pro

Ile

Ile

Ile

Phe

310

Ser

Pro

Ala

Thr

Thr

390

Ser

Gly

Ser

Phe

Lys

470

Phe

Thr

Arg

Asp

Gly

Met

135

Tyr

Ile

Tyr

Lys

Ser

215

Leu

Lys

Val

Glu

Gln

295

Asn

Asn

Val

Asn

Lys

375

Gln

Ile

Tyr

Arg

Phe

455

Ser

Thr

Leu

Ile

Gly
535

Ser

Pro

Ala

Tyr

Lys

Trp

200

Trp

Asp

Glu

Gly

Asn

280

Phe

Tyr

Asp

Gln

Thr

360

Val

Thr

Asp

Ser

Gly

440

Asn

Thr

Gly

Arg

Arg

520

Arg

Asn

Ser

Gln

Gly

Arg

185

Tyr

Val

Leu

Val

Val

265

Tyr

His

Trp

Ile

Asn

345

Asn

Glu

Tyr

Gln

His

425

Thr

Met

Asn

Gly

Val
505
Tyr

Pro

Leu

Phe

Ala

Glu

170

Gln

Asn

Asn

Ile

Lys

250

Asn

Ile

Thr

Ser

Ile

330

Leu

Leu

Phe

Asp

Leu

410

Gln

Ile

Ile

Leu

Asp

490

Asn

Ala

Ile

Gln

Ala

Ala

155

Glu

Leu

Val

Phe

Ala

235

Thr

Asn

Arg

Arg

Gly

315

Thr

Glu

Ala

Ser

Ser

395

Pro

Leu

Pro

Asp

Gly

475

Ile

Ile

Ser

Asn

Ser

Ile

140

Asn

Trp

Lys

Gly

Asn

220

Leu

Glu

Leu

Lys

Phe

300

Asn

Ser

Phe

Val

Gln

380

Lys

Pro

Asn

Val

Ser

460

Ser

Leu

Thr

Thr

Gln
540

Gly

Ser

Thr

Gly

Leu

Leu

205

Arg

Phe

Leu

Arg

Pro

285

Gln

Tyr

Pro

Asn

Trp

365

Tyr

Arg

Glu

Tyr

Leu

445

Lys

Gly

Arg

Ala

Thr
525

Gly

Ser

Gly

His

Tyr

Thr

190

Asp

Tyr

Pro

Thr

Gly

270

His

Pro

Val

Phe

Gly

350

Pro

Asn

Asn

Thr

Val

430

Thr

Lys

Thr

Arg

Pro
510
Asn

Asn

Phe

Tyr

Leu

Glu

175

Gln

Lys

Arg

Leu

Arg

255

Tyr

Leu

Gly

Ser

Tyr

335

Glu

Ser

Asp

Val

Thr

415

Met

Trp

Ile

Ser

Thr

495

Leu

Leu

Phe

Arg

Glu

Phe

160

Lys

Glu

Leu

Arg

Tyr

240

Asp

Gly

Phe

Tyr

Thr

320

Gly

Lys

Ala

Gln

Gly

400

Asp

Cys

Thr

Thr

Val

480

Ser

Ser

Gln

Ser

Thr
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-continued
545 550 555 560
Val Gly Phe Thr Thr Pro Phe Asn Phe Ser Asn Gly Ser Ser Val Phe
565 570 575

Thr Leu Ser

Arg Ile Glu
595

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ala His Val

580

Phe Val Pro

D NO 19
H: 1941
DNA

600

585 590

Ala Glu Val Thr

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: 9F-cg-d

<400> SEQUENCE: 19

atgtgtgetg

accaccaagg

ggcttecect

cccagegagyg

atcgcegact

gaggactatg

cacagccagg

atgcccaget

gccaacaccc

dagaaggagyg

gaccactgeyg

agctgggtga

geecctgttee

cgcgacgtge

ttcagcaaca

cagttccaca

ggcaactacyg

tacggcaaca

cgcgecgtgg

aaggtggagt

agcaagcgca

accgacgage

atgcagggca

ttcaacatga

ggcagcggca

accagcceceg

taccgegtec

ggccgececa

agcggcagcet

gtattcgece

acgtgatcca

thgngCgC

accecctggaa

acgccaagaa

tgagcgeect

geegcatecyg

tcgecatcag

acctgttect

acatcgcega

tgaagtggta

acttcaaccyg

ccctgtacga

tgaccgacce

tcgagaacta

cgegttteca

tgagcacceyg

agagcagcga

ctaacaccaa

tcagccagta

antgggCgC

ccctggagaa

geegeggeac

tcgacagcaa

ccagegtggt

gccagatcag

gecatccgeta

tcaaccaggyg

tccgcacegt

tatgacggec

gaagggcatc

cctggtgage

ggcctteatyg

caaggcactg

gagcagctgg

cgagctgtte

cggctacgag

gctgaaggac

gttctacaag

caacgtgggt

ctaccgeege

cgtgegecty

catcgtggge

catccgcaag

geceggetac

ccccageate

gecegtgeag

cctggeegty

caacgaccag

cgtgagetgg

gggctacage

catcceegtyg

gaagatcacc

gaagggccce

caccctgege

cgccageace

caacttcage

gggcttcace

elé coding sequence

gacaacaaca ccgaggccct
agcgtggtgyg gcgacctget
ttctacacca acttcctgaa
gagcaggtgg aggccctgat
gecgagetac agggectceca
cagaagaacc ccgtctegag
agccaggecg agagccactt
gtgetgttee tgaccaccta
gcccaaatcet acggagagga
cgccagetga agctgaccca
ctagacaagce tccgeggcag
gagatgacce tgaccgtgcet
taccccaagyg aggtgaagac
gtgaacaacc tgcgeggcta
ccccacctgt tegactacct
tacggcaacyg acagcttcaa
ggcagcaacg acatcatcac
aaccttgagt tcaacggcga
tggccctety cagtgtacag
accgacgagyg ccagcaccca
gacagcatcg accagctgece
caccagctga actacgtgat
ctgacctgga cccacaagag
cagctgecce tgaccaagag
ggcttcaceyg geggcegacat
gtgaacatca ccgccceect
accaacctge agttccacac
gccaccatga gcagceggcag

acccccttea acttcagcaa

Phe Asn Ser Gly Asn Glu Val Tyr Ile Asp

ggacagcagce

gggegtggtyg

caccatctygyg

ggaccagaag

gaacaacgtg

ccgcaacccce

ccgcaacage

cgceccaggec

gtggggctac

ggagtacacc

cagctacgag

ggacctgate

cgagctgace

cggcaccace

gcaccgcate

ctactggage

cagccectte

gaaggtgtac

cggegtgace

gacctacgac

ccecegagace

gtgctteetyg

cgtegactte

caccaacctyg

cctgegecge

gagccagege

cagcatcgac

caacctgcag

cggcagcage

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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110

gtgttcacce

gagttcgtge

geegtgaacy

taccacatcg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Met
1

Leu

Pro

65

Ile

Gln

Asn

Leu

Ala

145

Ala

Glu

Leu

Phe

225

Ala

Thr

Asn

Arg

Arg

305

Gly

Cys

Asp

Gly

Ser

50

Trp

Ala

Asn

Pro

Phe

130

Ile

Asn

Trp

Lys

Gly

210

Asn

Leu

Glu

Leu

Lys
290

Phe

Asn

Ala

Ser

Asp

Phe

Lys

Asp

Asn

Val

115

Ser

Ser

Thr

Gly

Leu

195

Leu

Arg

Phe

Leu

Arg
275
Pro

Gln

Tyr

tgagcgeeca

cegecgaggt

agctgttcac

atcaggtgta g

PRT

SEQUENCE :

Gly

Ser

20

Leu

Tyr

Ala

Tyr

Val

100

Ser

Gln

Gly

His

Tyr

180

Thr

Asp

Tyr

Pro

Thr

260

Gly

His

Pro

Val

SEQ ID NO 20
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

646

20

Ile

5

Thr

Leu

Thr

Phe

Ala

85

Glu

Ser

Ala

Tyr

Leu

165

Glu

Gln

Lys

Arg

Leu

245

Arg

Tyr

Leu

Gly

Ser

Arg

Thr

Gly

Asn

Met

70

Lys

Asp

Arg

Glu

Glu

150

Phe

Lys

Glu

Leu

Arg

230

Tyr

Asp

Gly

Phe

Tyr
310

Thr

9F-cg-dels

Pro

Lys

Val

Phe

55

Glu

Asn

Tyr

Asn

Ser

135

Val

Leu

Glu

Tyr

Arg

215

Glu

Asp

Val

Thr

Asp
295

Tyr

Arg

Met

Asp

Val

Leu

Gln

Lys

Val

Pro

120

His

Leu

Leu

Asp

Thr

200

Gly

Met

Val

Leu

Thr
280
Tyr

Gly

Pro

Thr

Val

25

Gly

Asn

Val

Ala

Ser

105

His

Phe

Phe

Lys

Ile

185

Asp

Ser

Thr

Arg

Thr

265

Phe

Leu

Asn

Ser

protein

Ala

10

Ile

Phe

Thr

Glu

Leu

90

Ala

Ser

Arg

Leu

Asp

170

Ala

His

Ser

Leu

Leu

250

Asp

Ser

His

Asp

Ile

Asp

Gln

Pro

Ile

Ala

75

Ala

Leu

Gln

Asn

Thr

155

Ala

Glu

Cys

Tyr

Thr

235

Tyr

Pro

Asn

Arg

Ser
315

Gly

Asn

Lys

Phe

Trp

60

Leu

Glu

Ser

Gly

Ser

140

Thr

Gln

Phe

Val

Glu

220

Val

Pro

Ile

Ile

Ile
300

Phe

Ser

Asn

Gly

Gly

Pro

Met

Leu

Ser

Arg

125

Met

Tyr

Ile

Tyr

Lys

205

Ser

Leu

Lys

Val

Glu
285
Gln

Asn

Asn

Thr

Ile

30

Gly

Ser

Asp

Gln

Trp

110

Ile

Pro

Ala

Tyr

Lys

190

Trp

Trp

Asp

Glu

Gly

270

Asn

Phe

Tyr

Asp

Glu

15

Ser

Ala

Glu

Gln

Gly

95

Gln

Arg

Ser

Gln

Gly

175

Arg

Tyr

Val

Leu

Val

255

Val

Tyr

His

Trp

Ile

cgtgttcaac agcggcaacg aggtgtacat cgaccgeatc
gaccttegag gecgagtacg acctggagag ggctcagaag

cagcagcaac cagatcggece tgaagaccga cgtgaccgac

Ala

Val

Leu

Asp

Lys

80

Leu

Lys

Glu

Phe

Ala

160

Glu

Gln

Asn

Asn

Ile

240

Lys

Asn

Ile

Thr

Ser
320

Ile

1800

1860

1920

1941
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-continued

112

325

Thr Ser Pro Phe Tyr Gly Asn Lys

340

Glu Phe Asn Gly Glu Lys Val Tyr

355

360

Ala Val Trp Pro Ser Ala Val Tyr

370

375

Ser Gln Tyr Asn Asp Gln Thr Asp
385 390

Ser Lys Arg Asn Val Gly Ala Val

405

Pro Pro Glu Thr Thr Asp Glu Pro

420

Leu Asn Tyr Val Met Cys Phe Leu

435

440

Pro Val Leu Thr Trp Thr His Lys

450

455

Asp Ser Lys Lys Ile Thr Gln Leu
465 470

Gly Ser Gly Thr Ser Val Val Lys

485

Ile Leu Arg Arg Thr Ser Pro Gly

500

Ile Thr Ala Pro Leu Ser Gln Arg

515

520

Ser Thr Thr Asn Leu Gln Phe His

530

535

Asn Gln Gly Asn Phe Ser Ala Thr
545 550

Ser Gly Ser Phe Arg Thr Val Gly

565

Asn Gly Ser Ser Val Phe Thr Leu

580

Asn Glu Val Tyr Ile Asp Arg Ile

595

600

Phe Glu Ala Glu Tyr Asp Leu Glu

610

615

Leu Phe Thr Ser Ser Asn Gln Ile
625 630

Tyr His Ile Asp Gln Val

645

<210> SEQ ID NO 21
<211> LENGTH: 1845
<212> TYPE: DNA

330

Ser Ser Glu
345

Arg Ala Val

Ser Gly Val

Glu Ala Ser

395

Ser Trp Asp
410

Leu Glu Lys
425

Met Gln Gly

Ser Val Asp

Pro Leu Thr

475

Gly Pro Gly
490

Gln Ile Ser
505

Tyr Arg Val

Thr Ser Ile

Met Ser Ser

555

Phe Thr Thr
570

Ser Ala His
585

Glu Phe Val

Arg Ala Gln

Gly Leu Lys
635

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

Pro Val Gln
350

Ala Asn Thr
365

Thr Lys Val
380

Thr Gln Thr

Ser Ile Asp

Gly Tyr Ser

430

Ser Arg Gly
445

Phe Phe Asn
460

Lys Ser Thr

Phe Thr Gly

Thr Leu Arg

510

Arg Ile Arg
525

Asp Gly Arg
540

Gly Ser Asn

Pro Phe Asn

Val Phe Asn

590

Pro Ala Glu
605

Lys Ala Val
620

Thr Asp Val

<223> OTHER INFORMATION: FR-cg-dm3 coding sequence

<400> SEQUENCE: 21

atgactagta acggccgeca

cgaggectgyg acagcagcac

gacctgectgg gegtggtggg

ttcctgaaca ccatctggec

gtgtgetggt

caccaaggac

ctteccectte

cagcgaggac

attcgeecett

gtgatccaga

ggcggcgcecc

ccctggaagyg

atgacggecg

agggcatcag

tggtgagett

ccttcatgga

335

Asn Leu

Asn Leu

Glu Phe

Tyr Asp
400

Gln Leu
415

His Gln

Thr Ile

Met Ile

Asn Leu
480

Gly Asp
495

Val Asn

Tyr Ala

Pro Ile

Leu Gln
560

Phe Ser
575

Ser Gly

Val Thr

Asn Glu

Thr Asp
640

acaacaacac
cgtggtggge
ctacaccaac

gcaggtggag

60

120

180

240
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114

-continued
geectgatgyg accagaagat cgccgactac gccaagaaca aggcactggce cgagctacag 300
ggectccaga acaacgtgga ggactatgtg agcgccectga gcagctggca gaagaacccce 360
gtetegagee gcaaccccca cagcecaggge cgcatceegeg agetgttcag ccaggccgag 420
agccacttee gcaacagcat geccagette gecatcageg gctacgaggt getgttectg 480
accacctacg cccaggecge caacacccac ctgttectge tgaaggacge ccaaatctac 540
ggagaggagt ggggctacga gaaggaggac atcgccgagt tctacaageg ccagctgaag 600
ctgacccagg agtacaccga ccactgegtg aagtggtaca acgtgggtet agacaagcete 660
cgeggeagea gctacgagag ctgggtgaac ttcaaccget accgecgega gatgaccctg 720
accgtgetgg acctgatcge cctgttecce ctgtacgacyg tgcgectgta ccccaaggag 780
gtgaagaccyg agctgacceg cgacgtgetg accgacccca tegtgggegt gaacaacctg 840
cgeggetacyg gcaccacctt cagcaacatc gagaactaca tccgcaagece ccacctgtte 900
gactacctge accgcatcca gttcecacacg cgtttecage ccggctacta cggcaacgac 960
agcttcaact actggagcgg caactacgtg agcacccgece ccagcatcgyg cagcaacgac 1020
atcatcacca gcccectteta cggcaacaag agcagcgagce ccgtgcagaa ccttgagtte 1080
aacggcgaga aggtgtaccg cgccgtgget aacaccaacce tggecgtgtyg gccctcetgea 1140
gtgtacageyg gegtgaccaa ggtggagttc agccagtaca acgaccagac cgacgaggec 1200
agcacccaga cctacgacag caagcgcaac gtgggcegecg tgagetggga cagcatcgac 1260
cagctgeccee ccgagaccac cgacgagecce ctggagaagg gctacagceca ccagctgaac 1320
tacgtgatgt gcttcecctgat gcagggcagce cgcggcacca tcccegtget gacctggacce 1380
cacaagagcg tcgacttcectt caacatgatc gacagcaaga agatcaccca gcectgceccctg 1440
accaagagca ccaacctggg cagcggcacce agegtggtga agggcccegyg cttcaccgge 1500
ggcgacatcee tgcgecgcac cagecccgge cagatcagca cectgegegt gaacatcacce 1560
geeccectga gecagegceta ccegegtecege atccegetacg ccagcaccac caacctgeag 1620
ttccacacca gcatcgacgg ccgccccatce aaccagggca acttcagege caccatgage 1680
agcggcagca acctgcagag cggcagette cgcaccegtgg gcettcaccac ccccttcaac 1740
ttcagcaacyg gcagcagcegt gttcaccctg agegeccacyg tgttcaacag cggcaacgag 1800
gtgtacatcg accgcatcga gttegtgccce geccgaggtga cctag 1845

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 22
H: 614
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: FR-cg-dm3 protein

<400> SEQUENCE: 22

Met Thr Ser
1

Arg Gln Gln
Gln Lys Gly
35

Pro Phe Gly
50

Ile Trp Pro
65

Asn Gly Arg Gln Cys

5

His Arg Gly Leu Asp

20

Ile Ser Val Val Gly

40

Gly Ala Leu Val Ser

55

Ser Glu Asp Pro Trp

70

Ala

Ser

25

Asp

Phe

Lys

Gly

10

Ser

Leu

Tyr

Ala

Ile

Thr

Leu

Thr

Phe
75

Arg Pro Tyr
Thr Lys Asp
30

Gly Val Val
45

Asn Phe Leu
60

Met Glu Gln

Asp Gly

15

Val Ile

Gly Phe

Asn Thr

Val Glu
80
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115

-continued

116

Ala

Ala

Leu

Gln

Asn

145

Thr

Ala

Glu

Cys

Tyr

225

Thr

Tyr

Pro

Asn

Arg

305

Ser

Gly

Glu

Ser

Asp

Lys

Gly

Asp

465

Thr

Leu

Glu

Ser

Gly

130

Ser

Thr

Gln

Phe

Val

210

Glu

Val

Pro

Ile

Ile

290

Ile

Phe

Ser

Pro

Ala

370

Thr

Thr

Ser

Gly

Ser

450

Phe

Lys

Met

Leu

Ser

115

Arg

Met

Tyr

Ile

Tyr

195

Lys

Ser

Leu

Lys

Val

275

Glu

Gln

Asn

Asn

Val

355

Asn

Lys

Gln

Ile

Tyr

435

Arg

Phe

Ser

Asp

Gln

100

Trp

Ile

Pro

Ala

Tyr

180

Lys

Trp

Trp

Asp

Glu

260

Gly

Asn

Phe

Tyr

Asp

340

Gln

Thr

Val

Thr

Asp

420

Ser

Gly

Asn

Thr

Gln

85

Gly

Gln

Arg

Ser

Gln

165

Gly

Arg

Tyr

Val

Leu

245

Val

Val

Tyr

His

Trp

325

Ile

Asn

Asn

Glu

Tyr

405

Gln

His

Thr

Met

Asn
485

Lys

Leu

Lys

Glu

Phe

150

Ala

Glu

Gln

Asn

Asn

230

Ile

Lys

Asn

Ile

Thr

310

Ser

Ile

Leu

Leu

Phe

390

Asp

Leu

Gln

Ile

Ile

470

Leu

Ile Ala Asp Tyr Ala Lys Asn Lys Ala
90 95

Gln Asn Asn Val Glu Asp Tyr Val Ser
105 110

Asn Pro Val Ser Ser Arg Asn Pro His
120 125

Leu Phe Ser Gln Ala Glu Ser His Phe
135 140

Ala Ile Ser Gly Tyr Glu Val Leu Phe
155

Ala Asn Thr His Leu Phe Leu Leu Lys
170 175

Glu Trp Gly Tyr Glu Lys Glu Asp Ile
185 190

Leu Lys Leu Thr Gln Glu Tyr Thr Asp
200 205

Val Gly Leu Asp Lys Leu Arg Gly Ser
215 220

Phe Asn Arg Tyr Arg Arg Glu Met Thr
235

Ala Leu Phe Pro Leu Tyr Asp Val Arg
250 255

Thr Glu Leu Thr Arg Asp Val Leu Thr
265 270

Asn Leu Arg Gly Tyr Gly Thr Thr Phe
280 285

Arg Lys Pro His Leu Phe Asp Tyr Leu
295 300

Arg Phe Gln Pro Gly Tyr Tyr Gly Asn
315

Gly Asn Tyr Val Ser Thr Arg Pro Ser
330 335

Thr Ser Pro Phe Tyr Gly Asn Lys Ser
345 350

Glu Phe Asn Gly Glu Lys Val Tyr Arg
360 365

Ala Val Trp Pro Ser Ala Val Tyr Ser
375 380

Ser Gln Tyr Asn Asp Gln Thr Asp Glu
395

Ser Lys Arg Asn Val Gly Ala Val Ser
410 415

Pro Pro Glu Thr Thr Asp Glu Pro Leu
425 430

Leu Asn Tyr Val Met Cys Phe Leu Met
440 445

Pro Val Leu Thr Trp Thr His Lys Ser
455 460

Asp Ser Lys Lys Ile Thr Gln Leu Pro
475

Gly Ser Gly Thr Ser Val Val Lys Gly
490 495

Leu

Ala

Ser

Arg

Leu

160

Asp

Ala

His

Ser

Leu

240

Leu

Asp

Ser

His

Asp

320

Ile

Ser

Ala

Gly

Ala

400

Trp

Glu

Gln

Val

Leu

480

Pro
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-continued

118

Gly Phe Thr
Ser Thr Leu
515

Val Arg Ile
530

Ile Asp Gly
545

Ser Gly Ser
Thr Pro Phe
His Val Phe

595
Val Pro Ala

610

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gly Gly Asp Ile Leu

500

Arg Val Asn Ile Thr

520

Arg Tyr Ala Ser Thr

535

Arg Pro Ile Asn Gln
550

Asn Leu Gln Ser Gly

565

Asn Phe Ser Asn Gly

580

Asn Ser Gly Asn Glu

600

Glu Val Thr

D NO 23
H: 1845
DNA

Arg Arg Thr
505

Ala Pro Leu

Thr Asn Leu

Gly Asn Phe

555

Ser Phe Arg
570

Ser Ser Val
585

Val Tyr Ile

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 23

atgactagta

gaggccctgg

gacctgetygyg

ttcctgaaca

geectgatgg

ggcctecaga

gtctegagee

agccacttee

accacctacg

ggagaggagt

ctgacccagyg

cgeggeagea

accgtgetygyg

gtgaagaccyg

cgeggetacyg

gactacctge

agcttcaact

atcatcacca

aacggcgaga

gtgtacagcyg

agcacccaga

cagctgeccee

tacgtgatgt

acggecegeca

acagcagcac

gegtggtggyg

ccatctggec

accagaagat

acaacgtgga

gcaaccccca

gcaacagcat

cccaggeage

ggggctacga

agtacaccga

gctacgagag

acctgatege

agctgacceg

gcaccacctt

accgcatcca

actggagcgg

gecectteta

aggtgtaccg

gegtgaccaa

cctacgacag

ccgagaccac

gettectgat

gtgtgetggt

caccaaggac

ctteccectte

cagcgaggac

cgcecgactac

ggactatgtyg

cagccaggge

geccagette

caacacccac

gaaggaggac

ccactgegtyg

ctgggtgaac

cctgttecce

cgacgtgetyg

cagcaacatc

gttccacacy

caactacgtyg

cggcaacaag

cgeegtgget

ggtggagttc

caagcgcaac

cgacgagecec

gcagggcagc

attcgeecta

gtgatccaga

ggcggcgcecc

ccctggaagyg

gccaagaaca

agcgeectga

cgcateccgeyg

gccatcageg

ctgttectge

atcgccgagt

aagtggtaca

ttcaaccget

ctgtacgacyg

accgacccca

gagaactaca

cgtttecage

agcacccgec

agcagcgage

aacaccaacc

agccagtaca

gtgggegeeg

ctggagaagg

cgcggeacca

Ser Pro Gly
510

Ser Gln Arg
525

Gln Phe His
540

Ser Ala Thr

Thr Val Gly

Phe Thr Leu
590

Asp Arg Ile
605

9F-cg-dm3 coding sequence

tgacggccga

agggcatcag

tggtgagett

ccttcatgga

aggcactgge

gcagctggca

agctgttcag

gctacgaggt

tgaaggacgce

tctacaageg

acgtgggtet

accgcegega

tgcgectgta

thtgggCgt

tccgcaagece

ccggetacta

ccagcategyg

ccgtgcagaa

tggCCgtgtg

acgaccagac

tgagctggga

gctacageca

tcceegtget

Gln Ile

Tyr Arg

Thr Ser

Met Ser

560

Phe Thr
575

Ser Ala

Glu Phe

caacaacacc
cgtggtggge
ctacaccaac
gcaggtggag
cgagctacag
gaagaaccce
ccaggccgag
getgttectyg
ccaaatctac
ccagctgaag
agacaagctce
gatgacccetg
ccccaaggag
gaacaacctg
ccacctgtte
cggcaacgac
cagcaacgac
ccttgagtte
gecctetgea
cgacgaggec
cagcatcgac
ccagctgaac

gacctggace

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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120

-continued
cacaagagcg tcgacttcectt caacatgatc gacagcaaga agatcaccca gcectgceccctg 1440
accaagagca ccaacctggg cagcggcacce agegtggtga agggcccegyg cttcaccgge 1500
ggcgacatcee tgcgecgcac cagecccgge cagatcagca cectgegegt gaacatcacce 1560
geeccectga gecagegceta ccegegtecege atccegetacg ccagcaccac caacctgeag 1620
ttccacacca gcatcgacgg ccgccccatce aaccagggca acttcagege caccatgage 1680
agcggcagca acctgcagag cggcagette cgcaccegtgg gcettcaccac ccccttcaac 1740
ttcagcaacyg gcagcagcegt gttcaccctg agegeccacyg tgttcaacag cggcaacgag 1800
gtgtacatcg accgcatcga gttegtgccce geccgaggtga cctag 1845

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 24
H: 614
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 24

Met Thr Ser
1

Asp Asn Asn

Gln Lys Gly
35

Pro Phe Gly
50

Ile Trp Pro
65

Ala Leu Met

Ala Glu Leu

Leu Ser Ser
115

Gln Gly Arg
130

Asn Ser Met
145

Thr Thr Tyr

Ala Gln Ile

Glu Phe Tyr
195

Cys Val Lys
210

Tyr Glu Ser
225
Thr Val Leu

Tyr Pro Lys

Pro Ile Val

Asn Gly Arg Gln Cys

Thr Glu Ala Leu Asp

20

Ile Ser Val Val Gly

40

Gly Ala Leu Val Ser

55

Ser Glu Asp Pro Trp

70

Asp Gln Lys Ile Ala

85

Gln Gly Leu Gln Asn

100

Trp Gln Lys Asn Pro

120

Ile Arg Glu Leu Phe

135

Pro Ser Phe Ala Ile
150

Ala Gln Ala Ala Asn

165

Tyr Gly Glu Glu Trp

180

Lys Arg Gln Leu Lys

200

Trp Tyr Asn Val Gly

215

Trp Val Asn Phe Asn
230

Asp Leu Ile Ala Leu

245

Glu Val Lys Thr Glu

260

Gly Val Asn Asn Leu

Ala

Ser

25

Asp

Phe

Lys

Asp

Asn

105

Val

Ser

Ser

Thr

Gly

185

Leu

Leu

Arg

Phe

Leu
265

Arg

Gly

10

Ser

Leu

Tyr

Ala

Tyr

90

Val

Ser

Gln

Gly

His

170

Tyr

Thr

Asp

Tyr

Pro
250

Thr

Gly

9F-cg-dm3 protein

Ile

Thr

Leu

Thr

Phe

75

Ala

Glu

Ser

Ala

Tyr

155

Leu

Glu

Gln

Lys

Arg

235

Leu

Arg

Tyr

Arg Pro Met
Thr Lys Asp
30

Gly Val Val
45

Asn Phe Leu
60

Met Glu Gln

Lys Asn Lys

Asp Tyr Val

110

Arg Asn Pro
125

Glu Ser His
140

Glu Val Leu

Phe Leu Leu

Lys Glu Asp
190

Glu Tyr Thr
205

Leu Arg Gly
220

Arg Glu Met

Tyr Asp Val

Asp Val Leu

270

Gly Thr Thr

Thr Ala
15

Val Ile

Gly Phe

Asn Thr

Val Glu
80

Ala Leu
95

Ser Ala

His Ser

Phe Arg

Phe Leu
160

Lys Asp
175

Ile Ala

Asp His

Ser Ser

Thr Leu

240

Arg Leu
255

Thr Asp

Phe Ser
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121 122

-continued

275 280 285

Asn Ile Glu Asn Tyr Ile Arg Lys Pro His Leu Phe Asp Tyr Leu His
290 295 300

Arg Ile Gln Phe His Thr Arg Phe Gln Pro Gly Tyr Tyr Gly Asn Asp
305 310 315 320

Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr Arg Pro Ser Ile
325 330 335

Gly Ser Asn Asp Ile Ile Thr Ser Pro Phe Tyr Gly Asn Lys Ser Ser
340 345 350

Glu Pro Val Gln Asn Leu Glu Phe Asn Gly Glu Lys Val Tyr Arg Ala
355 360 365

Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala Val Tyr Ser Gly
370 375 380

Val Thr Lys Val Glu Phe Ser Gln Tyr Asn Asp Gln Thr Asp Glu Ala
385 390 395 400

Ser Thr Gln Thr Tyr Asp Ser Lys Arg Asn Val Gly Ala Val Ser Trp
405 410 415

Asp Ser Ile Asp Gln Leu Pro Pro Glu Thr Thr Asp Glu Pro Leu Glu
420 425 430

Lys Gly Tyr Ser His Gln Leu Asn Tyr Val Met Cys Phe Leu Met Gln
435 440 445

Gly Ser Arg Gly Thr Ile Pro Val Leu Thr Trp Thr His Lys Ser Val
450 455 460

Asp Phe Phe Asn Met Ile Asp Ser Lys Lys Ile Thr Gln Leu Pro Leu
465 470 475 480

Thr Lys Ser Thr Asn Leu Gly Ser Gly Thr Ser Val Val Lys Gly Pro
485 490 495

Gly Phe Thr Gly Gly Asp Ile Leu Arg Arg Thr Ser Pro Gly Gln Ile
500 505 510

Ser Thr Leu Arg Val Asn Ile Thr Ala Pro Leu Ser Gln Arg Tyr Arg
515 520 525

Val Arg Ile Arg Tyr Ala Ser Thr Thr Asn Leu Gln Phe His Thr Ser
530 535 540

Ile Asp Gly Arg Pro Ile Asn Gln Gly Asn Phe Ser Ala Thr Met Ser
545 550 555 560

Ser Gly Ser Asn Leu Gln Ser Gly Ser Phe Arg Thr Val Gly Phe Thr
565 570 575

Thr Pro Phe Asn Phe Ser Asn Gly Ser Ser Val Phe Thr Leu Ser Ala
580 585 590

His Val Phe Asn Ser Gly Asn Glu Val Tyr Ile Asp Arg Ile Glu Phe
595 600 605

Val Pro Ala Glu Val Thr
610

<210> SEQ ID NO 25

<211> LENGTH: 1863

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: B8a coding sequence

<400> SEQUENCE: 25
atgacggccg acaacaacac cgaggccctg gacagcagea ccaccaagga cgtgatccag 60

aagggcatca gcgtggtggg cgacctgetyg ggegtggtgg gettcecett cggeggegece 120
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124

-continued
ctggtgaget tctacaccaa cttcectgaac accatctgge ccagcgagga cccctggaag 180
gecttcatgyg agcaggtgga ggccectgatg gaccagaaga tcgccgacta cgcecaagaac 240
aaggcactgg ccgagctaca gggcctecag aacaacgtgg aggactatgt gagegecctg 300
agcagctgge agaagaaccce cgctgcacceg ttecgcaace cccacagceca gggecgceate 360
cgegagetgt tcagecagge cgagagecac ttecgcaaca gcatgcccag cttegecate 420
agcggetacg aggtgetgtt cctgaccacce tacgeccagyg ccegecaacac ccacctgtte 480
ctgctgaagg acgcccaaat ctacggagag gagtggggcet acgagaagga ggacatcgece 540
gagttctaca agcgccaget gaagctgacce caggagtaca ccgaccactg cgtgaagtgg 600
tacaacgtgg gtctagacaa gctccgegge agcagctacyg agagetgggt gaacttcaac 660
cgctaccgee gcgagatgac cctgacegtg ctggacctga tegecctgtt cccectgtac 720
gacgtgcegee tgtaccccaa ggaggtgaag accgagetga cecgcgacgt getgaccgac 780
cccategtgg gcegtgaacaa cctgcgegge tacggcacca ccttcagcaa catcgagaac 840
tacatccgca agccccacct gttcgactac ctgcaccgea tccagtteca cacgegttte 900
cagcecgget actacggcaa cgacagette aactactgga geggcaacta cgtgagcace 960
cgccecagea tceggcagcaa cgacatcatce accagccect tctacggcaa caagagcagce 1020
gagcccegtyge agaaccttga gttcaacgge gagaaggtgt accgcegecgt ggctaacacce 1080
aacctggcceg tgtggcccte tgcagtgtac agcggcgtga ccaaggtgga gttcagccag 1140
tacaacgacc agaccgacga ggccagcacce cagacctacyg acagcaagceyg caacgtggge 1200
geegtgaget gggacagcat cgaccagetg cccccegaga ccaccgacga geccctggag 1260
aagggctaca gccaccagct gaactacgtg atgtgcttecce tgatgcaggg cagccgcggce 1320
accatcececeg tgctgacctyg gacccacaag agcegtcgact tcettcaacat gatcgacagce 1380
aagaagatca cccagctgcce cctggtgaag gecagcgage tgccccaggyg caccaccgtg 1440
gttegeggee ceggettcac cggaggcgac atcctgegac gcaccaacac cggeggette 1500
ggecccatee gegtgaccegt gaacggecce ctgacccage getaccgeat cggetteege 1560
tacgccagca ccgtggactt cgacttcectte gtgagccecgeg gcggcaccac cgtgaacaac 1620
ttececgettee tgcgcaccat gaacagcggce gacgagctga agtacggcaa cttegtgegce 1680
cgecgecttceca ccacccceett caccttcacce cagatccagg acatcatccg caccagcatce 1740
cagggectga gcggcaacgg cgaggtgtac atcgacaaga tcgagatcat cccegtgace 1800
gecacctteg aggccgagta cgacctagag cgcgceccagg aggccgtgaa cgecctgtte 1860
tag 1863

<210> SEQ ID NO 26
<211> LENGTH: 620

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: B8a protein

<400> SEQUENCE: 26

Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys

1

5

10

15

Asp Val Ile Gln Lys Gly Ile Ser Val Val Gly Asp Leu Leu Gly Val

20

25

30

Val Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe

35

40

45
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126

Gln
65

Lys

Asn

Ser

145

Leu

Glu

Tyr

Arg

Glu

225

Asp

Thr

Asp

Tyr

305

Arg

Asn

Thr

385

Ala

Glu

Phe

Gln

Asn

50

Val

Ala

Ser

Pro

His

130

Leu

Leu

Asp

Thr

Gly

210

Met

Val

Leu

Thr

Tyr

290

Gly

Pro

Lys

Tyr

Tyr

370

Asp

Val

Pro

Leu

Lys
450

Leu

Thr

Glu

Leu

Ala

His

115

Phe

Phe

Lys

Ile

Asp

195

Ser

Thr

Arg

Thr

Phe

275

Leu

Asn

Ser

Ser

Arg

355

Ser

Glu

Ser

Leu

Met
435

Ser

Pro

Ile

Ala

Ala

Leu

100

Ser

Arg

Leu

Asp

Ala

180

His

Ser

Leu

Leu

Asp

260

Ser

His

Asp

Ile

Ser

340

Ala

Gly

Ala

Trp

Glu
420
Gln

Val

Leu

Trp

Leu

Glu

85

Ser

Gln

Asn

Thr

Ala

165

Glu

Cys

Tyr

Thr

Tyr

245

Pro

Asn

Arg

Ser

Gly

325

Glu

Val

Val

Ser

Asp

405

Lys

Gly

Asp

Val

Pro

Met

70

Leu

Ser

Gly

Ser

Thr

150

Gln

Phe

Val

Glu

Val

230

Pro

Ile

Ile

Ile

Phe

310

Ser

Pro

Ala

Thr

Thr

390

Ser

Gly

Ser

Phe

Lys

Ser

Asp

Gln

Trp

Arg

Met

135

Tyr

Ile

Tyr

Lys

Ser

215

Leu

Lys

Val

Glu

Gln

295

Asn

Asn

Val

Asn

Lys

375

Gln

Ile

Tyr

Arg

Phe
455

Ala

Glu

Gln

Gly

Gln

Ile

120

Pro

Ala

Tyr

Lys

Trp

200

Trp

Asp

Glu

Gly

Asn

280

Phe

Tyr

Asp

Gln

Thr

360

Val

Thr

Asp

Ser

Gly
440

Asn

Ser

Asp

Lys

Leu

Lys

105

Arg

Ser

Gln

Gly

Arg

185

Tyr

Val

Leu

Val

Val

265

Tyr

His

Trp

Ile

Asn

345

Asn

Glu

Tyr

Gln

His
425
Thr

Met

Glu

Pro

Ile

Gln

90

Asn

Glu

Phe

Ala

Glu

170

Gln

Asn

Asn

Ile

Lys

250

Asn

Ile

Thr

Ser

Ile

330

Leu

Leu

Phe

Asp

Leu

410

Gln

Ile

Ile

Leu

Trp

Ala

75

Asn

Pro

Leu

Ala

Ala

155

Glu

Leu

Val

Phe

Ala

235

Thr

Asn

Arg

Arg

Gly

315

Thr

Glu

Ala

Ser

Ser

395

Pro

Leu

Pro

Asp

Pro

Lys

60

Asp

Asn

Ala

Phe

Ile

140

Asn

Trp

Lys

Gly

Asn

220

Leu

Glu

Leu

Lys

Phe

300

Asn

Ser

Phe

Val

Gln

380

Lys

Pro

Asn

Val

Ser
460

Gln

Ala

Tyr

Val

Ala

Ser

125

Ser

Thr

Gly

Leu

Leu

205

Arg

Phe

Leu

Arg

Pro

285

Gln

Tyr

Pro

Asn

Trp

365

Tyr

Arg

Glu

Tyr

Leu
445

Lys

Gly

Phe

Ala

Glu

Pro

110

Gln

Gly

His

Tyr

Thr

190

Asp

Tyr

Pro

Thr

Gly

270

His

Pro

Val

Phe

Gly

350

Pro

Asn

Asn

Thr

Val
430
Thr

Lys

Thr

Met

Lys

Asp

95

Phe

Ala

Tyr

Leu

Glu

175

Gln

Lys

Arg

Leu

Arg

255

Tyr

Leu

Gly

Ser

Tyr

335

Glu

Ser

Asp

Val

Thr

415

Met

Trp

Ile

Thr

Glu

Asn

80

Tyr

Arg

Glu

Glu

Phe

160

Lys

Glu

Leu

Arg

Tyr

240

Asp

Gly

Phe

Tyr

Thr

320

Gly

Lys

Ala

Gln

Gly

400

Asp

Cys

Thr

Thr

Val
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128

-continued
465 470 475 480
Val Arg Gly Pro Gly Phe Thr Gly Gly Asp Ile Leu Arg Arg Thr Asn
485 490 495
Thr Gly Gly Phe Gly Pro Ile Arg Val Thr Val Asn Gly Pro Leu Thr
500 505 510
Gln Arg Tyr Arg Ile Gly Phe Arg Tyr Ala Ser Thr Val Asp Phe Asp
515 520 525
Phe Phe Val Ser Arg Gly Gly Thr Thr Val Asn Asn Phe Arg Phe Leu
530 535 540
Arg Thr Met Asn Ser Gly Asp Glu Leu Lys Tyr Gly Asn Phe Val Arg
545 550 555 560
Arg Ala Phe Thr Thr Pro Phe Thr Phe Thr Gln Ile Gln Asp Ile Ile
565 570 575
Arg Thr Ser Ile Gln Gly Leu Ser Gly Asn Gly Glu Val Tyr Ile Asp
580 585 590
Lys Ile Glu Ile Ile Pro Val Thr Ala Thr Phe Glu Ala Glu Tyr Asp
595 600 605
Leu Glu Arg Ala Gln Glu Ala Val Asn Ala Leu Phe
610 615 620
<210> SEQ ID NO 27
<211> LENGTH: 1902
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: 5*B8a coding sequence
<400> SEQUENCE: 27
atgactagta acggccgceca gtgtgetggt attcgcecctt atgacggecyg acaacaacac 60
cgaggectgg acagcagcac caccaaggac gtgatccaga agggcatcag cgtggtggge 120
gacctgetygyg gegtggtggg cttecectte ggeggegece tggtgagett ctacaccaac 180
ttectgaaca ccatctggcece cagcgaggac cectggaagyg ccttcecatgga gcaggtggag 240
geectgatgyg accagaagat cgccgactac gccaagaaca aggcactggce cgagctacag 300
ggectccaga acaacgtgga ggactatgtg agcgccectga gcagctggca gaagaacccce 360
getgcacegt tecgcaacce ccacagecag ggccgeatce gegagetgtt cagecaggece 420
gagagccact tccgcaacag catgceccage ttegecatca geggctacga ggtgetgtte 480
ctgaccacct acgcccaggce cgccaacacce cacctgttee tgctgaagga cgcccaaatce 540
tacggagagg agtggggcta cgagaaggag gacatcgceeg agttctacaa gcgccagetg 600
aagctgacce aggagtacac cgaccactge gtgaagtggt acaacgtggyg tctagacaag 660
ctecgeggea gcagctacga gagcetgggtyg aacttcaacce gcetaccgecyg cgagatgace 720
ctgaccgtge tggacctgat cgccctgtte ceectgtacyg acgtgcegect gtaccccaag 780
gaggtgaaga ccgagctgac ccgegacgtg ctgaccgacce ccatcgtggg cgtgaacaac 840
ctgcgegget acggcaccac cttcagcaac atcgagaact acatccgcaa gccccacctg 900
ttcgactace tgcaccgcat ccagtteccac acgegtttece ageccggceta ctacggcaac 960
gacagcttca actactggag cggcaactac gtgagcaccce gecccagcat cggcagcaac 1020
gacatcatca ccagcccctt ctacggcaac aagagcagceg agcccgtgca gaaccttgag 1080
ttcaacggcg agaaggtgta ccgcgccgtg gctaacacca acctggceccgt gtggecctcet 1140
gcagtgtaca gcggcgtgac caaggtggag ttcagecagt acaacgacca gaccgacgag 1200
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129

-continued

130

gecagcacce agacctacga cagcaagcge aacgtgggeg

gaccagctge cccccgagac caccgacgag cccctggaga

aactacgtga tgtgcttect gatgcaggge agecgeggea

acccacaaga gcgtcgactt cttcaacatg atcgacagea

ctggtgaagyg ccagcgagcet gecccaggge accaccgtgg

ggaggcgaca tcctgcgacg caccaacacce ggceggcetteg

aacggcccce tgacccageg ctaccgeate ggetteeget

gacttctteg tgagecgegg cggcaccace gtgaacaact

aacagcggeyg acgagctgaa gtacggcaac ttegtgegece

accttcacce agatccagga catcatcege accageatcce

gaggtgtaca tcgacaagat cgagatcatc cccgtgaccg

gacctagage gcgcccagga ggccgtgaac gecctgttet

<210> SEQ ID NO 28

<211> LENGTH: 633

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 5*B8a Protein

<400> SEQUENCE: 28

Met

1

Arg

Gln

Pro

Ile

Ala

Ala

Leu

Ser

Arg

145

Leu

Asp

Ala

Ser
225

Thr Ser Asn Gly Arg Gln Cys Ala Gly Ile
5 10

Gln Gln His Arg Gly Leu Asp Ser Ser Thr
20 25

Lys Gly Ile Ser Val Val Gly Asp Leu Leu
35 40

Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr
50 55

Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe
Leu Met Asp Gln Lys Ile Ala Asp Tyr Ala
85 90

Glu Leu Gln Gly Leu Gln Asn Asn Val Glu
100 105

Ser Ser Trp Gln Lys Asn Pro Ala Ala Pro
115 120

Gln Gly Arg Ile Arg Glu Leu Phe Ser Gln
130 135

Asn Ser Met Pro Ser Phe Ala Ile Ser Gly
150 155

Thr Thr Tyr Ala Gln Ala Ala Asn Thr His
165 170

Ala Gln Ile Tyr Gly Glu Glu Trp Gly Tyr
180 185

Glu Phe Tyr Lys Arg Gln Leu Lys Leu Thr
195 200

Cys Val Lys Trp Tyr Asn Val Gly Leu Asp
210 215

Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr
230 235

cecgtgagetyg

agggctacag

ccatceccegt

agaagatcac

ttcegeggece

gececateeg

acgccagcac

tcecgettect

gegectteac

agggcctgag

ccaccttega

ag

Arg

Thr

Gly

Asn

60

Met

Lys

Asp

Phe

Ala

140

Tyr

Leu

Glu

Gln

Lys
220

Arg

Pro

Lys

Val

45

Phe

Glu

Asn

Tyr

Arg

125

Glu

Glu

Phe

Lys

Glu

205

Leu

Arg

Tyr

Asp

30

Val

Leu

Gln

Lys

Val

110

Asn

Ser

Val

Leu

Glu

190

Tyr

Arg

Glu

ggacagcatc
ccaccagetyg
getgacctgg
ccagetgece
cggcetteace
cgtgaccgty
cgtggactte
gegeaccatg
cacccectte
cggcaacgge

ggcegagtac

Asp Gly

Val Ile

Gly Phe

Asn Thr

Val Glu

80

Ala Leu
95

Ser Ala

Pro His

His Phe

Leu Phe

160

Leu Lys

175

Asp Ile

Thr Asp

Gly Ser

Met Thr
240

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1902
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132

Leu

Leu

Asp

Ser

His

305

Asp

Ile

Ser

Ala

Gly

385

Ala

Trp

Glu

Gln

465

Leu

Pro

Phe

Arg

Ser

545

Asn

Thr

Ile

Ile

Ala
625

Thr

Tyr

Pro

Asn

290

Arg

Ser

Gly

Glu

Val

370

Val

Ser

Asp

Lys

Gly

450

Asp

Val

Gly

Gly

Ile

530

Arg

Ser

Thr

Gln

Ile
610

Gln

Val

Pro

Ile

275

Ile

Ile

Phe

Ser

Pro

355

Ala

Thr

Thr

Ser

Gly

435

Ser

Phe

Lys

Phe

Pro

515

Gly

Gly

Gly

Pro

Gly

595

Pro

Glu

Leu

Lys

260

Val

Glu

Gln

Asn

Asn

340

Val

Asn

Lys

Gln

Ile

420

Tyr

Arg

Phe

Ala

Thr

500

Ile

Phe

Gly

Asp

Phe

580

Leu

Val

Ala

Asp

245

Glu

Gly

Asn

Phe

Tyr

325

Asp

Gln

Thr

Val

Thr

405

Asp

Ser

Gly

Asn

Ser

485

Gly

Arg

Arg

Thr

Glu

565

Thr

Ser

Thr

Val

<210> SEQ ID NO 29

<211> LENGTH:

<212> TYPE: DNA

1791

Leu

Val

Val

Tyr

His

310

Trp

Ile

Asn

Asn

Glu

390

Tyr

Gln

His

Thr

Met

470

Glu

Gly

Val

Tyr

Thr

550

Leu

Phe

Gly

Ala

Asn
630

Ile

Lys

Asn

Ile

295

Thr

Ser

Ile

Leu

Leu

375

Phe

Asp

Leu

Gln

Ile

455

Ile

Leu

Asp

Thr

Ala

535

Val

Lys

Thr

Asn

Thr
615

Ala

Ala

Thr

Asn

280

Arg

Arg

Gly

Thr

Glu

360

Ala

Ser

Ser

Pro

Leu

440

Pro

Asp

Pro

Ile

Val

520

Ser

Asn

Tyr

Gln

Gly

600

Phe

Leu

Leu

Glu

265

Leu

Lys

Phe

Asn

Ser

345

Phe

Val

Gln

Lys

Pro

425

Asn

Val

Ser

Gln

Leu

505

Asn

Thr

Asn

Gly

Ile

585

Glu

Glu

Phe

Phe

250

Leu

Arg

Pro

Gln

Tyr

330

Pro

Asn

Trp

Tyr

Arg

410

Glu

Tyr

Leu

Lys

Gly

490

Arg

Gly

Val

Phe

Asn

570

Gln

Val

Ala

Pro

Thr

Gly

His

Pro

315

Val

Phe

Gly

Pro

Asn

395

Asn

Thr

Val

Thr

Lys

475

Thr

Arg

Pro

Asp

Arg

555

Phe

Asp

Tyr

Glu

Leu

Arg

Tyr

Leu

300

Gly

Ser

Tyr

Glu

Ser

380

Asp

Val

Thr

Met

Trp

460

Ile

Thr

Thr

Leu

Phe

540

Phe

Val

Ile

Ile

Tyr
620

Tyr

Asp

Gly

285

Phe

Tyr

Thr

Gly

Lys

365

Ala

Gln

Gly

Asp

Cys

445

Thr

Thr

Val

Asn

Thr

525

Asp

Leu

Arg

Ile

Asp

605

Asp

Asp

Val

270

Thr

Asp

Tyr

Arg

Asn

350

Val

Val

Thr

Ala

Glu

430

Phe

His

Gln

Val

Thr

510

Gln

Phe

Arg

Arg

Arg

590

Lys

Leu

Val

255

Leu

Thr

Tyr

Gly

Pro

335

Lys

Tyr

Tyr

Asp

Val

415

Pro

Leu

Lys

Leu

Arg

495

Gly

Arg

Phe

Thr

Ala

575

Thr

Ile

Glu

Arg

Thr

Phe

Leu

Asn

320

Ser

Ser

Arg

Ser

Glu

400

Ser

Leu

Met

Ser

Pro

480

Gly

Gly

Tyr

Val

Met

560

Phe

Ser

Glu

Arg
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-continued
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: V3A coding sequence
<400> SEQUENCE: 29
atgacggceg acaacaacac cgaggccectg gacagcagcea ccaccaagga cgtgatccag 60

aagggcatca gcgtggtggg cgacctgetyg ggegtggtgg gettcecett cggeggegece 120

ctggtgaget tctacaccaa cttectgaac accatctgge ccagcgagga cccectggaag 180
gectteatgg agcaggtgga ggccectgatyg gaccagaaga tcgecgacta cgecaagaac 240
aaggcactgg ccgagctaca gggectccag aacaacgtgg aggactatgt gagegecctg 300
agcagctgge agaagaaccce cgctgcacceg ttecgeaacce cccacageca gggcecgcate 360
cgcgagetgt tcagecagge cgagagecac ttecgcaaca geatgeccag cttegecate 420
agcggetacyg aggtgetgtt cctgaccace tacgeccagg cegecaacac ccacctgtte 480
ctgctgaagg acgcccaaat ctacggagag gagtgggget acgagaagga ggacatcgec 540
gagttctaca agcgccaget gaagctgacce caggagtaca ccgaccactyg cgtgaagtgg 600
tacaacgtgg gtctagacaa gctecgegge ageagctacg agagetgggt gaacttcaac 660
cgctaccgee gcegagatgac cctgaccegtg ctggacateg tgagectgtt ccccaactac 720
gacagccegca cctaccccat cegcaccegtg agccagctga cccgegagat ttacaccaac 780
ccegtgetgyg agaacttega cggeagette cgeggeageg cecagggeat cgagggceage 840
atccgeagee cccacctgat ggacatcetg aacagcatca ccatctacac cgacgceccac 900
cgeggegagt actactggag cggecaccag atcatggeca gececgtegg cttcagegge 960

ccecgagttca cectteccect gtacggcacce atgggcaacg ctgcacctca gcagcgcatce 1020
gtggcacage tgggccaggg agtgtaccge accctgagca gcaccctgta cegtcgacct 1080
ttcaacatcg gcatcaacaa ccagcagctg agegtgctgg acggcaccga gttcecgcectac 1140
ggcaccagca gcaacctgece cagegecgtg taccgcaaga geggcaccgt ggacagectg 1200
gacgagatcce cccctcagaa caacaacgtg ccacctegac agggcttcag ccaccgtetg 1260
agccacgtga gcatgttceg cagtggcttce agcaacagca gcgtgagcat catccgtgca 1320
cctatgttca gectggattca ccgcagtgce gagttcaaca acatcatccce cagcagccag 1380
atcacccaga tcccectggt gaaggectac aagcetccaga geggcgcecag cgtggtggea 1440

ggccceeget tcaceggegg cgacatcate cagtgcaceg agaacggcag cgecgecace 1500

atctacgtga cccccgacgt gagctacage cagaagtacce gegecegeat ccactacgece 1560
agcaccagcce agatcacctt caccctgage ctggacgggg cececttcaa ccaatactac 1620
ttcgacaaga ccatcaacaa gggcgacacce ctgacctaca acagcttcaa cctggecage 1680

ttcagcacce ctttcgaget gagcggcaac aacctccaga tcggcgtgac cggcectgagce 1740

gccggcgaca aggtgtacat cgacaagatc gagttcatce ccgtgaacta g 1791

<210> SEQ ID NO 30

<211> LENGTH: 596

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: V3A protein

<400> SEQUENCE: 30

Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
1 5 10 15
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136

Asp

Leu
Gln
65

Lys

Asn

Ser

145

Leu

Glu

Tyr

Arg

Glu

225

Asp

Ile

Ser

Ile

Tyr

305

Pro

Gln

Ser

Gln

Asn

385

Asp

Ser

Ser

Val

Gly

Asn

50

Val

Ala

Ser

Pro

His

130

Leu

Leu

Asp

Thr

Gly

210

Met

Ser

Tyr

Ala

Leu

290

Trp

Glu

Gln

Ser

Leu

370

Leu

Glu

His

Ser

Ile

Phe

35

Thr

Glu

Leu

Ala

His

115

Phe

Phe

Lys

Ile

Asp

195

Ser

Thr

Arg

Thr

Gln

275

Asn

Ser

Phe

Arg

Thr

355

Ser

Pro

Ile

Arg

Val

Gln

20

Pro

Ile

Ala

Ala

Leu

100

Ser

Arg

Leu

Asp

Ala

180

His

Ser

Leu

Thr

Asn

260

Gly

Ser

Gly

Thr

Ile

340

Leu

Val

Ser

Pro

Leu
420

Ser

Lys

Phe

Trp

Leu

Glu

85

Ser

Gln

Asn

Thr

Ala

165

Glu

Cys

Tyr

Thr

Tyr

245

Pro

Ile

Ile

His

Phe

325

Val

Tyr

Leu

Ala

Pro
405

Ser

Ile

Gly

Gly

Pro

Met

70

Leu

Ser

Gly

Ser

Thr

150

Gln

Phe

Val

Glu

Val

230

Pro

Val

Glu

Thr

Gln

310

Pro

Ala

Arg

Asp

Val
390
Gln

His

Ile

Ile

Gly

Ser

55

Asp

Gln

Trp

Arg

Met

135

Tyr

Ile

Tyr

Lys

Ser

215

Leu

Ile

Leu

Gly

Ile

295

Ile

Leu

Gln

Arg

Gly

375

Tyr

Asn

Val

Arg

Ser

Ala

40

Glu

Gln

Gly

Gln

Ile

120

Pro

Ala

Tyr

Lys

Trp

200

Trp

Asp

Arg

Glu

Ser

280

Tyr

Met

Tyr

Leu

Pro

360

Thr

Arg

Asn

Ser

Ala

Val

Leu

Asp

Lys

Leu

Lys

105

Arg

Ser

Gln

Gly

Arg

185

Tyr

Val

Ile

Thr

Asn

265

Ile

Thr

Ala

Gly

Gly

345

Phe

Glu

Lys

Asn

Met
425

Pro

Val

Val

Pro

Ile

Gln

90

Asn

Glu

Phe

Ala

Glu

170

Gln

Asn

Asn

Val

Val

250

Phe

Arg

Asp

Ser

Thr

330

Gln

Asn

Phe

Ser

Val
410

Phe

Met

Gly

Ser

Trp

Ala

75

Asn

Pro

Leu

Ala

Ala

155

Glu

Leu

Val

Phe

Ser

235

Ser

Asp

Ser

Ala

Pro

315

Met

Gly

Ile

Ala

Gly
395
Pro

Arg

Phe

Asp

Phe

Lys

60

Asp

Asn

Ala

Phe

Ile

140

Asn

Trp

Lys

Gly

Asn

220

Leu

Gln

Gly

Pro

His

300

Val

Gly

Val

Gly

Tyr

380

Thr

Pro

Ser

Ser

Leu

Tyr

45

Ala

Tyr

Val

Ala

Ser

125

Ser

Thr

Gly

Leu

Leu

205

Arg

Phe

Leu

Ser

His

285

Arg

Gly

Asn

Tyr

Ile

365

Gly

Val

Arg

Gly

Trp

Leu

30

Thr

Phe

Ala

Glu

Pro

110

Gln

Gly

His

Tyr

Thr

190

Asp

Tyr

Pro

Thr

Phe

270

Leu

Gly

Phe

Ala

Arg

350

Asn

Thr

Asp

Gln

Phe
430

Ile

Gly

Asn

Met

Lys

Asp

Phe

Ala

Tyr

Leu

Glu

175

Gln

Lys

Arg

Asn

Arg

255

Arg

Met

Glu

Ser

Ala

335

Thr

Asn

Ser

Ser

Gly
415

Ser

His

Val

Phe

Glu

Asn

80

Tyr

Arg

Glu

Glu

Phe

160

Lys

Glu

Leu

Arg

Tyr

240

Glu

Gly

Asp

Tyr

Gly

320

Pro

Leu

Gln

Ser

Leu
400
Phe

Asn

Arg
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-continued

435 440 445

Ser Ala Glu Phe Asn Asn Ile Ile Pro Ser Ser Gln Ile Thr Gln Ile
450 455 460

Pro Leu Val Lys Ala Tyr Lys Leu Gln Ser Gly Ala Ser Val Val Ala
465 470 475 480

Gly Pro Arg Phe Thr Gly Gly Asp Ile Ile Gln Cys Thr Glu Asn Gly
485 490 495

Ser Ala Ala Thr Ile Tyr Val Thr Pro Asp Val Ser Tyr Ser Gln Lys
500 505 510

Tyr Arg Ala Arg Ile His Tyr Ala Ser Thr Ser Gln Ile Thr Phe Thr
515 520 525

Leu Ser Leu Asp Gly Ala Pro Phe Asn Gln Tyr Tyr Phe Asp Lys Thr
530 535 540

Ile Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe Asn Leu Ala Ser
545 550 555 560

Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu Gln Ile Gly Val
565 570 575

Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr Ile Asp Lys Ile Glu Phe
580 585 590

Ile Pro Val Asn
595

<210> SEQ ID NO 31

<211> LENGTH: 1797

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: V4F coding sequence

<400> SEQUENCE: 31
atgacggccg acaacaacac cgaggccctg gacagcagea ccaccaagga cgtgatccag 60

aagggcatca gcgtggtggg cgacctgetyg ggegtggtgg gettcecett cggeggegece 120

ctggtgaget tctacaccaa cttectgaac accatctgge ccagcgagga cccectggaag 180
gectteatgg agcaggtgga ggccectgatyg gaccagaaga tcgecgacta cgecaagaac 240
aaggcactgg ccgagctaca gggectccag aacaacgtgg aggactatgt gagegecctg 300
agcagctgge agaagaaccce cgctgcacceg ttecgeaacce cccacageca gggcecgcate 360
cgcgagetgt tcagecagge cgagagecac ttecgcaaca geatgeccag cttegecate 420
agcggetacyg aggtgetgtt cctgaccace tacgeccagg cegecaacac ccacctgtte 480
ctgctgaagg acgcccaaat ctacggagag gagtgggget acgagaagga ggacatcgec 540
gagttctaca agcgccaget gaagctgacce caggagtaca ccgaccactyg cgtgaagtgg 600
tacaacgtgg gtctagacaa gctecgegge ageagctacg agagetgggt gaacttcaac 660
cgctaccgee gcegagatgac cctgacegtg ctggacctga tegecetgtt ccccctgtac 720
gacgtgcgee tgtaccccaa ggaggtgaag accgagctga cccgegacgt getgaccgac 780
cccategtgyg gegtgaacaa cctgegegge tacggcacca ccttcagcaa catcgagaac 840
tacatccgca agccccacct gttegactac ctgcaccgea tccagtteca cacgegttte 900
cagccegget actacggcaa cgacagette aactactgga geggcaacta cgtgagcace 960
cgccccagea tceggcagcaa cgacatcate accageccct tcetacggcaa caagagcage 1020

gagccegtge agaaccttga gttcaacgge gagaaggtgt accgegecegt ggctaacacc 1080

aacctggcceg tgtggcccte tgcagtgtac agcggcgtga ccaaggtgga gttcagccag 1140
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140

-continued
tacaacgacc agaccgacga ggccagcacce cagacctacyg acagcaagceyg caacgtggge 1200
geegtgaget gggacagcat cgaccagetg cccccegaga ccaccgacga geccctggag 1260
aagggctaca gccaccagct gaactacgtg atgtgcttecce tgatgcaggg cagccgcggce 1320
accatcececeg tgctgacctyg gacccacaag agcegtcgact tcettcaacat gatcgacagce 1380
aagaagatca cccagctcge cctgaccaag agcaccaacce tgggcagegyg caccagegtg 1440
gtgaagggce ccggcttcac cggeggcgac atcctgegec geaccagecc cggecagatce 1500
agcaccctge gcegtgaacat caccgeccece ctgagccage gctaccgegt ccgcatccac 1560
tacgccagca ccagccagat caccttcacce ctgagcectgg acggggcecce cttcaaccaa 1620
tactacttcg acaagaccat caacaagggc gacaccctga cctacaacag cttcaacctg 1680
gecagetteca gcaccecttt cgagetgage ggcaacaacce tcecagatcegg cgtgaccgge 1740
ctgagcgccg gcgacaaggt gtacatcgac aagatcgagt tcatccccegt gaactag 1797

<210> SEQ ID NO 32
<211> LENGTH: 598

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: V4F protein

<400> SEQUENCE: 32

Met Thr Ala Asp Asn Asn Thr Glu

1

Leu
Gln
65

Lys

Asn

Ser

145

Leu

Glu

Tyr

Arg

Glu

225

Asp

Val

Gly

Asn

50

Val

Ala

Ser

Pro

His

130

Leu

Leu

Asp

Thr

Gly
210

Met

Val

Ile

Phe

35

Thr

Glu

Leu

Ala

His

115

Phe

Phe

Lys

Ile

Asp

195

Ser

Thr

Arg

Gln

20

Pro

Ile

Ala

Ala

Leu

100

Ser

Arg

Leu

Asp

Ala

180

His

Ser

Leu

Leu

Lys

Phe

Trp

Leu

Glu

85

Ser

Gln

Asn

Thr

Ala

165

Glu

Cys

Tyr

Thr

Tyr

Gly

Gly

Pro

Met

70

Leu

Ser

Gly

Ser

Thr

150

Gln

Phe

Val

Glu

Val
230

Pro

Ile

Gly

Ser

55

Asp

Gln

Trp

Arg

Met

135

Tyr

Ile

Tyr

Lys

Ser
215

Leu

Lys

Ser

Ala

40

Glu

Gln

Gly

Gln

Ile

120

Pro

Ala

Tyr

Lys

Trp

200

Trp

Asp

Glu

Ala

Val

Leu

Asp

Lys

Leu

Lys

105

Arg

Ser

Gln

Gly

Arg

185

Tyr

Val

Leu

Val

Leu

10

Val

Val

Pro

Ile

Gln

90

Asn

Glu

Phe

Ala

Glu

170

Gln

Asn

Asn

Ile

Lys

Asp

Gly

Ser

Trp

Ala

75

Asn

Pro

Leu

Ala

Ala

155

Glu

Leu

Val

Phe

Ala
235

Thr

Ser Ser Thr

Thr Lys
15

Asp

Phe

Lys

60

Asp

Asn

Ala

Phe

Ile

140

Asn

Trp

Lys

Gly

Asn
220

Leu

Glu

Leu

Tyr

45

Ala

Tyr

Val

Ala

Ser

125

Ser

Thr

Gly

Leu

Leu
205
Arg

Phe

Leu

Leu

30

Thr

Phe

Ala

Glu

Pro

110

Gln

Gly

His

Tyr

Thr

190

Asp

Tyr

Pro

Thr

Gly

Asn

Met

Lys

Asp

Phe

Ala

Tyr

Leu

Glu

175

Gln

Lys

Arg

Leu

Arg

Val

Phe

Glu

Asn

80

Tyr

Arg

Glu

Glu

Phe

160

Lys

Glu

Leu

Arg

Tyr

240

Asp
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-continued

142

Thr

Asp

Tyr

305

Arg

Asn

Thr
385
Ala

Glu

Phe

Gln

465

Pro

Gln

Phe

Lys

545

Ala

Gly

Glu

<210>
<211>
<212>
<213>
<220>
<223>

Leu

Thr

Tyr

290

Gly

Pro

Lys

Tyr

Tyr

370

Asp

Val

Pro

Leu

Lys

450

Leu

Lys

Gly

Arg

Thr

530

Thr

Ser

Val

Phe

Thr

Phe

275

Leu

Asn

Ser

Ser

Arg

355

Ser

Glu

Ser

Leu

Met

435

Ser

Ala

Gly

Gln

Tyr

515

Leu

Ile

Phe

Thr

Ile
595

Asp

260

Ser

His

Asp

Ile

Ser

340

Ala

Gly

Ala

Trp

Glu

420

Gln

Val

Leu

Pro

Ile

500

Arg

Ser

Asn

Ser

Gly

580

Pro

<400> SEQUENCE:

atgactagta acggccgeca gtgtgetggt attegecctt atgacggecg acaacaacac

245

Pro

Asn

Arg

Ser

Gly

325

Glu

Val

Val

Ser

Asp

405

Lys

Gly

Asp

Thr

Gly

485

Ser

Val

Leu

Lys

Thr

565

Leu

Val

SEQ ID NO 33
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

1836

33

Ile

Ile

Ile

Phe

310

Ser

Pro

Ala

Thr

Thr

390

Ser

Gly

Ser

Phe

Lys

470

Phe

Thr

Arg

Asp

Gly

550

Pro

Ser

Asn

Val

Glu

Gln

295

Asn

Asn

Val

Asn

Lys

375

Gln

Ile

Tyr

Arg

Phe

455

Ser

Thr

Leu

Ile

Gly

535

Asp

Phe

Ala

Gly

Asn

280

Phe

Tyr

Asp

Gln

Thr

360

Val

Thr

Asp

Ser

Gly

440

Asn

Thr

Gly

Arg

His

520

Ala

Thr

Glu

Gly

Val

265

Tyr

His

Trp

Ile

Asn

345

Asn

Glu

Tyr

Gln

His

425

Thr

Met

Asn

Gly

Val

505

Tyr

Pro

Leu

Leu

Asp
585

250

Asn

Ile

Thr

Ser

Ile

330

Leu

Leu

Phe

Asp

Leu

410

Gln

Ile

Ile

Leu

Asp

490

Asn

Ala

Phe

Thr

Ser

570

Lys

Asn

Arg

Arg

Gly

315

Thr

Glu

Ala

Ser

Ser

395

Pro

Leu

Pro

Asp

Gly

475

Ile

Ile

Ser

Asn

Tyr

555

Gly

Val

Leu

Lys

Phe

300

Asn

Ser

Phe

Val

Gln

380

Lys

Pro

Asn

Val

Ser

460

Ser

Leu

Thr

Thr

Gln

540

Asn

Asn

Tyr

5*V4F coding sequence

Arg

Pro

285

Gln

Tyr

Pro

Asn

Trp

365

Tyr

Arg

Glu

Tyr

Leu

445

Lys

Gly

Arg

Ala

Ser

525

Tyr

Ser

Asn

Ile

Gly

270

His

Pro

Val

Phe

Gly

350

Pro

Asn

Asn

Thr

Val

430

Thr

Lys

Thr

Arg

Pro

510

Gln

Tyr

Phe

Leu

Asp
590

255

Tyr

Leu

Gly

Ser

Tyr

335

Glu

Ser

Asp

Val

Thr

415

Met

Trp

Ile

Ser

Thr

495

Leu

Ile

Phe

Asn

Gln

575

Lys

Gly

Phe

Tyr

Thr

320

Gly

Lys

Ala

Gln

Gly

400

Asp

Cys

Thr

Thr

Val

480

Ser

Ser

Thr

Asp

Leu

560

Ile

Ile
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-continued

144

cgaggectgyg acagcagcac caccaaggac gtgatccaga agggcatcag cgtggtggge
gacctgetgg gegtggtggg cttecectte ggeggegece tggtgagett ctacaccaac
ttcctgaaca ccatctggece cagcgaggac ccctggaagg cettcatgga gcaggtggag
gecctgatgg accagaagat cgccgactac gccaagaaca aggcactgge cgagetacag
ggcctecaga acaacgtgga ggactatgtg agcegccctga gcagetggca gaagaaccec
getgcacegt tcegcaacce ccacagecag ggccgcatee gegagetgtt cagecaggec
gagagccact tccgcaacag catgcccage ttegecatca geggctacga ggtgetgtte
ctgaccacct acgcccagge cgccaacace cacctgttec tgctgaagga cgeccaaatce
tacggagagg agtggggcta cgagaaggag gacatcgeeg agttctacaa gegccagetg
aagctgacce aggagtacac cgaccactge gtgaagtggt acaacgtggg tctagacaag
ctcegeggea gcagctacga gagetgggtyg aacttcaacce getacegecg cgagatgace
ctgaccegtge tggacctgat cgecctgtte ccectgtacg acgtgegect gtaccccaag
gaggtgaaga ccgagctgac ccgcegacgtyg ctgaccgacce ccatcegtggg cgtgaacaac
ctgegegget acggcaccac cttcagcaac atcgagaact acatcegcaa gecccacctg
ttcgactace tgcaccgecat ccagttecac acgegtttece agecccggeta ctacggcaac
gacagcttca actactggag cggcaactac gtgagcacce gecccagcat cggcagcaac
gacatcatca ccagccectt ctacggcaac aagagcagcg agcccgtgca gaaccttgag
ttcaacggceg agaaggtgta cegegeegtyg getaacacca acctggeegt gtggecctet
gcagtgtaca gcggcegtgac caaggtggag ttcagccagt acaacgacca gaccgacgag
gecagcacce agacctacga cagcaagcege aacgtgggeg cegtgagetyg ggacageatc
gaccagctge cccccgagac caccgacgag cccctggaga agggctacag ccaccagetg
aactacgtga tgtgcttect gatgcaggge agecgeggea ccatcecegt getgaccetgg
acccacaaga gcgtcgactt cttcaacatg atcgacagea agaagatcac ccagctegece
ctgaccaaga gcaccaacct gggcagegge accagegtgg tgaagggece cggcettcace
ggcggegaca tcectgegeeg caccagecce ggccagatca gcaccctgeg cgtgaacatc
accgeeccce tgagecageg ctaccgegte cgeatccact acgecageac cagcecagatce
accttcacce tgagectgga cggggecccee ttcaaccaat actacttega caagaccatce
aacaagggcyg acaccctgac ctacaacage ttcaacctgg ccagettcag caccecttte
gagctgageg gcaacaacct ccagatcgge gtgaccggece tgagegecegyg cgacaaggtg
tacatcgaca agatcgagtt catcccegtg aactag

<210> SEQ ID NO 34

<211> LENGTH: 611

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 5*V4F Protein

<400> SEQUENCE: 34

Met Thr Ser Asn Gly Arg Gln Cys Ala Gly Ile Arg Pro Tyr Asp Gly
1 5 10 15

Arg Gln Gln His Arg Gly Leu Asp Ser Ser Thr Thr Lys Asp Val Ile
20 25 30

Gln Lys Gly Ile Ser Val Val Gly Asp Leu Leu Gly Val Val Gly Phe
35 40 45

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1836
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145

-continued

146

Pro

Ile

65

Ala

Ala

Leu

Ser

Arg

145

Leu

Asp

Ala

Ser

225

Leu

Leu

Asp

Ser

His

305

Asp

Ile

Ser

Ala

Gly

385

Ala

Trp

Glu

Gln

Phe

50

Trp

Leu

Glu

Ser

Gln

130

Asn

Thr

Ala

Glu

Cys

210

Tyr

Thr

Tyr

Pro

Asn

290

Arg

Ser

Gly

Glu

Val

370

Val

Ser

Asp

Lys

Gly
450

Gly

Pro

Met

Leu

Ser

115

Gly

Ser

Thr

Gln

Phe

195

Val

Glu

Val

Pro

Ile

275

Ile

Ile

Phe

Ser

Pro

355

Ala

Thr

Thr

Ser

Gly

435

Ser

Gly

Ser

Asp

Gln

100

Trp

Arg

Met

Tyr

Ile

180

Tyr

Lys

Ser

Leu

Lys

260

Val

Glu

Gln

Asn

Asn

340

Val

Asn

Lys

Gln

Ile
420

Tyr

Arg

Ala

Glu

Gln

85

Gly

Gln

Ile

Pro

Ala

165

Tyr

Lys

Trp

Trp

Asp

245

Glu

Gly

Asn

Phe

Tyr

325

Asp

Gln

Thr

Val

Thr
405
Asp

Ser

Gly

Leu

Asp

70

Lys

Leu

Lys

Arg

Ser

150

Gln

Gly

Arg

Tyr

Val

230

Leu

Val

Val

Tyr

His

310

Trp

Ile

Asn

Asn

Glu

390

Tyr

Gln

His

Thr

Val Ser Phe Tyr Thr Asn Phe Leu Asn
55 60

Pro Trp Lys Ala Phe Met Glu Gln Val
75

Ile Ala Asp Tyr Ala Lys Asn Lys Ala
90 95

Gln Asn Asn Val Glu Asp Tyr Val Ser
105 110

Asn Pro Ala Ala Pro Phe Arg Asn Pro
120 125

Glu Leu Phe Ser Gln Ala Glu Ser His
135 140

Phe Ala Ile Ser Gly Tyr Glu Val Leu
155

Ala Ala Asn Thr His Leu Phe Leu Leu
170 175

Glu Glu Trp Gly Tyr Glu Lys Glu Asp
185 190

Gln Leu Lys Leu Thr Gln Glu Tyr Thr
200 205

Asn Val Gly Leu Asp Lys Leu Arg Gly
215 220

Asn Phe Asn Arg Tyr Arg Arg Glu Met
235

Ile Ala Leu Phe Pro Leu Tyr Asp Val
250 255

Lys Thr Glu Leu Thr Arg Asp Val Leu
265 270

Asn Asn Leu Arg Gly Tyr Gly Thr Thr
280 285

Ile Arg Lys Pro His Leu Phe Asp Tyr
295 300

Thr Arg Phe Gln Pro Gly Tyr Tyr Gly
315

Ser Gly Asn Tyr Val Ser Thr Arg Pro
330 335

Ile Thr Ser Pro Phe Tyr Gly Asn Lys
345 350

Leu Glu Phe Asn Gly Glu Lys Val Tyr
360 365

Leu Ala Val Trp Pro Ser Ala Val Tyr
375 380

Phe Ser Gln Tyr Asn Asp Gln Thr Asp
395

Asp Ser Lys Arg Asn Val Gly Ala Val
410 415

Leu Pro Pro Glu Thr Thr Asp Glu Pro
425 430

Gln Leu Asn Tyr Val Met Cys Phe Leu
440 445

Ile Pro Val Leu Thr Trp Thr His Lys
455 460

Thr

Glu

80

Leu

Ala

His

Phe

Phe

160

Lys

Ile

Asp

Ser

Thr

240

Arg

Thr

Phe

Leu

Asn

320

Ser

Ser

Arg

Ser

Glu

400

Ser

Leu

Met

Ser
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-contin

ued

148

Val Asp Phe
465

Leu Thr Lys

Pro Gly Phe

Ile Ser Thr

515

Arg Val Arg
530

Ser Leu Asp
545

Asn Lys Gly
Ser Thr Pro
Gly Leu Ser

595
Pro Val Asn

610

<210> SEQ I
<211> LENGT.
<212> TYPE:

Phe Asn Met Ile Asp
470

Ser Thr Asn Leu Gly

485

Thr Gly Gly Asp Ile

500

Leu Arg Val Asn Ile

520

Ile His Tyr Ala Ser

535

Gly Ala Pro Phe Asn
550

Asp Thr Leu Thr Tyr

565

Phe Glu Leu Ser Gly

580

Ala Gly Asp Lys Val

D NO 35
H: 1901
DNA

600

Ser

Ser

Leu

505

Thr

Thr

Gln

Asn

Asn

585

Tyr

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 35

atgacggeceg

aagggcatca

ctggtgaget

gectteatgyg

aaggcactgg

agcagetgge

cgcgagetgt

agcggetacyg

gtgctgcgeg

agccgetaca

tacaacaccyg

cagtteegec

gacagccgca

cecegtgetygyg

atccgeagec

cgcggcgage

ccegagttea

gtggcacage

ttcaacatcg

ggcaccagca

acaacaacac

gegtggtggyg

tctacaccaa

agcaggtgga

ccgagetaca

agaagaaccc

tcagccagge

aggtgetgtt

acgtcagegt

acgacctgac

gcctggagcg

gegagetgac

cctacccecat

agaacttcga

cccacctgat

actactggag

cctteccecect

tgggecaggg

gcatcaacaa

gcaacctgee

cgaggeectyg

cgacctgetyg

cttectgaac

ggcectgatyg

gggectccag

cgctgeacey

cgagagccac

cctgaccace

gtteggecag

cecgectgate

cgtgtgggge

cctgacegty

cecgecacegty

cggcagette

ggacatcctyg

cggccaccag

gtacggcace

agtgtaccge

ccagcagetyg

cagcgeegtyg

Lys

Gly

490

Arg

Ala

Ser

Tyr

Ser

570

Asn

Ile

Lys

475

Thr

Arg

Pro

Gln

Tyr

555

Phe

Leu

Asp

gacagcagca

ggcgtggtgg

accatctgge

gaccagaaga

aacaacgtgg

ttcecgcaace

ttcecgcaaca

tacgtgcagyg

cgctggggct

ggcaactaca

cccgacagec

ctggacatcg

agccagctga

¢gceggcagey

aacagcatca

atcatggcca

atgggcaacg

accctgagea

agcgtgetgg

taccgcaaga

Ile Thr Gln

Ser Val Val

Thr Ser Pro

510

Leu Ser Gln
525

Ile Thr Phe
540

Phe Asp Lys

Asn Leu Ala

Gln Ile Gly
590

Lys Ile Glu
605

20L-7 coding sequence

ccaccaagga

gettececett

ccagcgagga

tcgecgacta

aggactatgt

cccacagcca

gecatgcccag

ccgecaacct

tcgacgecge

ccgaccacge

gegactggat

tgagcetgtt

ccegegagat

cccagggeat

ccatctacac

geceegtegg

ctgcacctca

gcaccctgta

acggcaccga

geggcacegt

Leu Ala
480

Lys Gly
495

Gly Gln

Arg Tyr

Thr Leu

Thr Ile

560

Ser Phe
575

Val Thr

Phe Ile

cgtgatccag
cggeggegece
ccectggaag
cgccaagaac
gagegeccetyg
gggccgeate
cttegecate
gcacctgage
caccatcaac
cgtgegetgg
caggtacaac
ccccaactac
ttacaccaac
cgagggcage
cgacgeccac
cttcagegge
gcagcgcate
cegtegacct

gttegectac

ggacagcctg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200
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-continued

150

gacgagatce

agccacgtga

cctatgttca

atcacccaga

ggcccegget

ctgegegtga

agcaccacca

ttcagegeca

ttcaccaccce

ttcaacagcg

ttcgaggeceyg

agcaaccaga

ccectecagaa

gecatgtteeyg

getggattcea

tccecectgac

tcaccggegy

acatcaccge

acctgcagtt

ccatgagcag

ccttcaactt

gcaacgaggt

agtacgacct

tcggectgaa

<210> SEQ ID NO 36
<211> LENGTH: 633

<212> TYPE:

PRT

caacaacgtyg

cagtggette

cecgecagtgec

caagagcacc

cgacatcetyg

cccectgage

ccacaccagc

cggcagcaac

cagcaacggc

gtacatcgac

ggagagggcet

gaccgacgtyg

ccacctegac

agcaacagca

gagttcaaca

aacctgggea

cgcegeacca

cagcgcetace

atcgacggec

ctgcagageg

agcagcgtgt

cgcatcgagt

cagaaggcceg

accgactacc

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 36

Met
1

Leu
Gln
65

Lys

Asn

Ser

Ala

Tyr

Trp

Glu
225

Thr

Val

Gly

Asn

50

Val

Ala

Ser

Pro

His

130

Leu

Leu

Thr

Thr

Gly
210

Leu

Ala

Ile

Phe

35

Thr

Glu

Leu

Ala

His

115

Phe

Phe

Arg

Ile

Asp
195

Pro

Thr

Asp

Gln

20

Pro

Ile

Ala

Ala

Leu

100

Ser

Arg

Leu

Asp

Asn

180

His

Asp

Leu

Asn

Lys

Phe

Trp

Leu

Glu

85

Ser

Gln

Asn

Thr

Val

165

Ser

Ala

Ser

Thr

Asn

Gly

Gly

Pro

Met

70

Leu

Ser

Gly

Ser

Thr

150

Ser

Arg

Val

Arg

Val
230

Thr

Ile

Gly

Ser

55

Asp

Gln

Trp

Arg

Met

135

Tyr

Val

Tyr

Arg

Asp

215

Leu

Glu

Ser

Ala

40

Glu

Gln

Gly

Gln

Ile

120

Pro

Val

Phe

Asn

Trp
200

Trp

Asp

Ala

Val

25

Leu

Asp

Lys

Leu

Lys

105

Arg

Ser

Gln

Gly

Asp

185

Tyr

Ile

Ile

20L-7 protein

Leu

10

Val

Val

Pro

Ile

Gln

90

Asn

Glu

Phe

Ala

Gln

170

Leu

Asn

Arg

Val

Asp

Gly

Ser

Trp

Ala

75

Asn

Pro

Leu

Ala

Ala

155

Arg

Thr

Thr

Tyr

Ser
235

agggcttcag
gegtgageat
acatcatcce
geggcaccag
geceeggeca
gegteegeat
gecccatcaa
gcagctteceg
tcaccctgag
tegtgecege
tgaacgagct

a

ccaccgtety

catccgtgea

cagcagccag

cgtggtgaag

gatcagcacc

cecgetacgee

ccagggcaac

caccgtggge

cgceccacgty

cgaggtgacce

gttcaccage

Ser

Asp

Phe

Lys

60

Asp

Asn

Ala

Phe

Ile

140

Asn

Trp

Arg

Gly

Asn
220

Leu

Ser

Leu

Tyr

45

Ala

Tyr

Val

Ala

Ser

125

Ser

Leu

Gly

Leu

Leu
205

Gln

Phe

Thr

Leu

30

Thr

Phe

Ala

Glu

Pro

110

Gln

Gly

His

Phe

Ile

190

Glu

Phe

Pro

Thr

15

Gly

Asn

Met

Lys

Asp

95

Phe

Ala

Tyr

Leu

Asp

175

Gly

Arg

Arg

Asn

Lys

Val

Phe

Glu

Asn

80

Tyr

Arg

Glu

Glu

Ser

160

Ala

Asn

Val

Arg

Tyr
240

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1901
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151

-continued

152

Asp

Ile

Ser

Ile

Tyr

305

Pro

Gln

Ser

Gln

Asn

385

Asp

Ser

Ser

Ser

Pro

465

Gly

Gln

Tyr

Thr

Met

545

Phe

Ser

Glu

Arg

Gly
625

Ser

Tyr

Ala

Leu

290

Trp

Glu

Gln

Ser

Leu

370

Leu

Glu

His

Ser

Ala

450

Leu

Pro

Ile

Arg

Ser

530

Ser

Thr

Ala

Phe

Ala

610

Leu

Arg

Thr

Gln

275

Asn

Ser

Phe

Arg

Thr

355

Ser

Pro

Ile

Arg

Val

435

Glu

Thr

Gly

Ser

Val

515

Ile

Ser

Thr

His

Val
595

Gln

Lys

Thr

Asn

260

Gly

Ser

Gly

Thr

Ile

340

Leu

Val

Ser

Pro

Leu

420

Ser

Phe

Lys

Phe

Thr

500

Arg

Asp

Gly

Pro

Val
580
Pro

Lys

Thr

Tyr

245

Pro

Ile

Ile

His

Phe

325

Val

Tyr

Leu

Ala

Pro

405

Ser

Ile

Asn

Ser

Thr

485

Leu

Ile

Gly

Ser

Phe

565

Phe

Ala

Ala

Asp

<210> SEQ ID NO 37

<211> LENGTH:

1943

Pro

Val

Glu

Thr

Gln

310

Pro

Ala

Arg

Asp

Val

390

Gln

His

Ile

Asn

Thr

470

Gly

Arg

Arg

Arg

Asn

550

Asn

Asn

Glu

Val

Val
630

Ile Arg Thr Val Ser Gln Leu Thr Arg
250 255

Leu Glu Asn Phe Asp Gly Ser Phe Arg
265 270

Gly Ser Ile Arg Ser Pro His Leu Met
280 285

Ile Tyr Thr Asp Ala His Arg Gly Glu
295 300

Ile Met Ala Ser Pro Val Gly Phe Ser
315

Leu Tyr Gly Thr Met Gly Asn Ala Ala
330 335

Gln Leu Gly Gln Gly Val Tyr Arg Thr
345 350

Arg Pro Phe Asn Ile Gly Ile Asn Asn
360 365

Gly Thr Glu Phe Ala Tyr Gly Thr Ser
375 380

Tyr Arg Lys Ser Gly Thr Val Asp Ser
395

Asn Asn Asn Val Pro Pro Arg Gln Gly
410 415

Val Ser Met Phe Arg Ser Gly Phe Ser
425 430

Arg Ala Pro Met Phe Ser Trp Ile His
440 445

Ile Ile Pro Ser Ser Gln Ile Thr Gln
455 460

Asn Leu Gly Ser Gly Thr Ser Val Val
475

Gly Asp Ile Leu Arg Arg Thr Ser Pro
490 495

Val Asn Ile Thr Ala Pro Leu Ser Gln
505 510

Tyr Ala Ser Thr Thr Asn Leu Gln Phe
520 525

Pro Ile Asn Gln Gly Asn Phe Ser Ala
535 540

Leu Gln Ser Gly Ser Phe Arg Thr Val
555

Phe Ser Asn Gly Ser Ser Val Phe Thr
570 575

Ser Gly Asn Glu Val Tyr Ile Asp Arg
585 590

Val Thr Phe Glu Ala Glu Tyr Asp Leu
600 605

Asn Glu Leu Phe Thr Ser Ser Asn Gln
615 620

Thr Asp Tyr

Glu

Gly

Asp

Tyr

Gly

320

Pro

Leu

Gln

Ser

Leu

400

Phe

Asn

Arg

Ile

Lys

480

Gly

Arg

His

Thr

Gly

560

Leu

Ile

Glu

Ile
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154

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: T7-20L-7 coding sequence

<400> SEQUENCE: 37

atggctagca

accgaggecc

ggcgacctge

aacttcctga

gaggccctga

cagggectec

cecegetgeac

gccgagagece

ttcctgacca

gtgttceggee

acccgectga

cgcgtgtggg

accctgaceyg

atccgeacceyg

gacggcagcet

atggacatcc

agcggecaca

ctgtacggca

ggagtgtace

aaccagcagc

cccagegecg

aacaacaacg

cgcagtgget

caccgcagtyg

accaagagca

ggcgacatce

gececcectga

ttccacacca

agcggcagcea

ttcagcaacyg

gtgtacatcg

ctggagaggg

aagaccgacg

tgactggtgg

tggacagcag

tgggegtgge

acaccatctg

tggaccagaa

agaacaacgt

cgtteegeaa

acttccgeaa

cctacgtgea

agcgetgggg

tcggcaacta

gtcecgacag

tgctggacat

tgagccaget

tcegeggeag

tgaacagcat

agatcatgge

ccatgggcaa

gcaccctgag

tgagcgtget

tgtaccgcaa

tgccaccteg

tcagcaacag

ccgagttcaa

ccaacctggyg

tgcgcegeac

gccagegeta

gecatcgacgg

acctgcagag

gcagcagegt

accgcatcga

ctcagaaggce

tgaccgacta

<210> SEQ ID NO 38
<211> LENGTH: 647

<212> TYPE:

PRT

acagcaaatg

caccaccaag

gggettecce

geccagegag

gatcgecgac

ggaggactat

cccecceccacage

cagcatgece

ggcegecaac

cttegacgec

caccgaccac

cegegactygyg

cgtgagectyg

gacccgegag

cgceccaggyge

caccatctac

cagcceegte

cgctgeacct

cagcacccetyg

ggacggcace

gageggcace

acagggctte

cagcgtgage

caacatcatc

cagcggeaca

cagcceegge

cegegteage

cegecccate

cggcagette

gttcaccety

gttegtgece

cgtgaacgag

cca

ggtcgcggat

gacgtgatce

tthgngCg

gacccctgga

tacgccaaga

gtgagegece

cagggccgea

agcttegeca

ctgcacctga

gccaccatca

geegtgeget

atcaggtaca

ttccccaact

atttacacca

atcgagggca

accgacgecc

ggcttcageyg

cagcagcgca

taccgtcgac

gagttegect

gtggacagce

agccaccgte

atcatcecgtyg

cccageagec

agcgtggtga

cagatcagca

atcecgetacyg

aaccagggca

cgcacegtygyg

agcgecccacyg

geccgaggtga

ctgttcacca

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

ccatgacgge

agaagggcat

ccctggtgag

aggcctteat

acaaggcact

tgagcagcetyg

tcegegaget

tcagcggceta

gegtgetgeg

acagccgceta

ggtacaacac

accagtteeg

acgacagcecg

acccegtget

gcatcegeag

accgcggega

gececgagtt

tcgtggcaca

ctttcaacat

acggcaccag

tggacgagat

tgagccacgt

cacctatgtt

agatcaccca

agggccccgg

cecctgegegt

ccagcaccac

acttcagege

gettcaccac

tgttcaacag

ccttegagge

gcagcaacca

cgacaacaac

cagcgtggtg

cttctacacce

ggagcaggtg

ggcegageta

gcagaagaac

gttcagccag

cgaggtgctg

cgacgtcage

caacgacctyg

cggcctggag

cecgegagetyg

cacctaccce

ggagaacttce

cccecaccty

gtactactgg

caccttececce

gctgggccag

cggcatcaac

cagcaacctyg

cceceecteag

gagcatgtte

cagctggatt

gatcceccetyg

cttcaccgge

gaacatcacc

caacctgcag

caccatgage

ccecttecaac

cggcaacgag

cgagtacgac

gatcggecetyg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1943
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155 156

-continued

<223> OTHER INFORMATION: T7-20L-7 protein
<400> SEQUENCE: 38

Met Ala Ser Met Thr Gly Gly Gln Gln Met Gly Arg Gly Ser Met Thr
1 5 10 15

Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys Asp Val
20 25 30

Ile Gln Lys Gly Ile Ser Val Val Gly Asp Leu Leu Gly Val Val Gly
35 40 45

Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe Leu Asn
50 55 60

Thr Ile Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu Gln Val
65 70 75 80

Glu Ala Leu Met Asp Gln Lys Ile Ala Asp Tyr Ala Lys Asn Lys Ala
85 90 95

Leu Ala Glu Leu Gln Gly Leu Gln Asn Asn Val Glu Asp Tyr Val Ser
100 105 110

Ala Leu Ser Ser Trp Gln Lys Asn Pro Ala Ala Pro Phe Arg Asn Pro
115 120 125

His Ser Gln Gly Arg Ile Arg Glu Leu Phe Ser Gln Ala Glu Ser His
130 135 140

Phe Arg Asn Ser Met Pro Ser Phe Ala Ile Ser Gly Tyr Glu Val Leu
145 150 155 160

Phe Leu Thr Thr Tyr Val Gln Ala Ala Asn Leu His Leu Ser Val Leu
165 170 175

Arg Asp Val Ser Val Phe Gly Gln Arg Trp Gly Phe Asp Ala Ala Thr
180 185 190

Ile Asn Ser Arg Tyr Asn Asp Leu Thr Arg Leu Ile Gly Asn Tyr Thr
195 200 205

Asp His Ala Val Arg Trp Tyr Asn Thr Gly Leu Glu Arg Val Trp Gly
210 215 220

Pro Asp Ser Arg Asp Trp Ile Arg Tyr Asn Gln Phe Arg Arg Glu Leu
225 230 235 240

Thr Leu Thr Val Leu Asp Ile Val Ser Leu Phe Pro Asn Tyr Asp Ser
245 250 255

Arg Thr Tyr Pro Ile Arg Thr Val Ser Gln Leu Thr Arg Glu Ile Tyr
260 265 270

Thr Asn Pro Val Leu Glu Asn Phe Asp Gly Ser Phe Arg Gly Ser Ala
275 280 285

Gln Gly Ile Glu Gly Ser Ile Arg Ser Pro His Leu Met Asp Ile Leu
290 295 300

Asn Ser Ile Thr Ile Tyr Thr Asp Ala His Arg Gly Glu Tyr Tyr Trp
305 310 315 320

Ser Gly His Gln Ile Met Ala Ser Pro Val Gly Phe Ser Gly Pro Glu
325 330 335

Phe Thr Phe Pro Leu Tyr Gly Thr Met Gly Asn Ala Ala Pro Gln Gln
340 345 350

Arg Ile Val Ala Gln Leu Gly Gln Gly Val Tyr Arg Thr Leu Ser Ser
355 360 365

Thr Leu Tyr Arg Arg Pro Phe Asn Ile Gly Ile Asn Asn Gln Gln Leu
370 375 380

Ser Val Leu Asp Gly Thr Glu Phe Ala Tyr Gly Thr Ser Ser Asn Leu
385 390 395 400
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158

Pro Ser Ala

Ile Pro Pro

Arg Leu Ser

435

Val Ser Ile
450

Glu Phe Asn
465

Thr Lys Ser

Gly Phe Thr

Ser Thr Leu

515

Val Arg Ile
530

Ile Asp Gly
545

Ser Gly Ser

Thr Pro Phe

His Val Phe

595

Val Pro Ala
610

Gln Lys Ala
625

Lys Thr Asp

<210> SEQ I
<211> LENGT.
<212> TYPE:

Val Tyr Arg Lys Ser

405

Gln Asn Asn Asn Val

420

His Val Ser Met Phe

440

Ile Arg Ala Pro Met

455

Asn Ile Ile Pro Ser
470

Thr Asn Leu Gly Ser

485

Gly Gly Asp Ile Leu

500

Arg Val Asn Ile Thr

520

Arg Tyr Ala Ser Thr

535

Arg Pro Ile Asn Gln
550

Asn Leu Gln Ser Gly

565

Asn Phe Ser Asn Gly

580

Asn Ser Gly Asn Glu

600

Glu Val Thr Phe Glu

615

Val Asn Glu Leu Phe
630

Val Thr Asp Tyr

645
D NO 39
H: 1940

DNA

Gly Thr Val
410

Pro Pro Arg
425

Arg Ser Gly

Phe Ser Trp

Ser Gln Ile

475

Gly Thr Ser
490

Arg Arg Thr
505

Ala Pro Leu

Thr Asn Leu

Gly Asn Phe

555

Ser Phe Arg
570

Ser Ser Val
585

Val Tyr Ile

Ala Glu Tyr

Thr Ser Ser
635

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: 5*20L-7

<400> SEQUENCE: 39

atgactagta

cgaggcctgg

gacctgetygyg

ttcctgaaca

geectgatgg

ggcctecaga

getgcacegt

gagagccact

ctgaccacct

tteggecage

cgectgateg

acggecegeca

acagcagcac

gegtggtggyg

ccatctggec

accagaagat

acaacgtgga

tccgcaacce

tccgcaacag

acgtgcagge

gCtggggCtt

gcaactacac

gtgtgetggt

caccaaggac

ctteccectte

cagcgaggac

cgcecgactac

ggactatgtyg

ccacagccag

catgcccage

cgccaaccty

cgacgeegec

cgaccacgec

Asp Ser Leu
Gln Gly Phe
430

Phe Ser Asn
445

Ile His Arg
460

Thr Gln Ile

Val Val Lys

Ser Pro Gly

510

Ser Gln Arg
525

Gln Phe His
540

Ser Ala Thr

Thr Val Gly

Phe Thr Leu
590

Asp Arg Ile
605

Asp Leu Glu
620

Asn Gln Ile

coding sequence

attcgeecett

gtgatccaga

ggcggcgcecc

ccctggaagyg

gccaagaaca

agcgeectga

ggcegeatee

ttcgccatca

cacctgageg

accatcaaca

gtgcgetggt

atgacggecg

agggcatcag

tggtgagett

ccttcatgga

aggcactgge

gcagctggca

gegagetgtt

geggetacga

tgctgegega

gecgcetacaa

acaacaccgg

Asp Glu
415

Ser His

Ser Ser

Ser Ala

Pro Leu
480

Gly Pro
495

Gln Ile

Tyr Arg

Thr Ser

Met Ser
560

Phe Thr
575

Ser Ala

Glu Phe

Arg Ala

Gly Leu
640

acaacaacac
cgtggtggge
ctacaccaac
gcaggtggag
cgagctacag
gaagaaccce
cagccaggec
ggtgetgtte
cgtcagegty
cgacctgace

cctggagege

60

120

180

240

300

360

420

480

540

600

660
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160

-continued
gtgtggggte ccgacagceg cgactggatc aggtacaacc agttccegecg cgagetgacce 720
ctgaccgtge tggacatcgt gagcctgtte ceccaactacyg acagccgcac ctaccccate 780
cgcaccgtga gccagetgac ccgcgagatt tacaccaacce cegtgctgga gaacttcgac 840
ggcagcttee geggcagege ccagggcatce gagggcagca tcecgcagecc ccacctgatg 900
gacatcctga acagcatcac catctacacc gacgcccace geggcgagta ctactggage 960
ggccaccaga tcatggccag ccecegtegge ttcageggec ccgagttcac ctteccectg 1020
tacggcacca tgggcaacgc tgcacctcag cagcgcateg tggcacaget gggccaggga 1080
gtgtaccgca ccctgagcag caccctgtac cgtcgacctt tcaacatcgg catcaacaac 1140
cagcagctga gcegtgetgga cggcaccgag ttegectacyg gcaccagcag caacctgece 1200
agcgecgtgt accgcaagag cggcaccgtg gacagcectgg acgagatccce ccctcagaac 1260
aacaacgtgc cacctcgaca gggcttcage caccgtcetga geccacgtgag catgttceccecgce 1320
agtggcttca gcaacagcag cgtgagcatc atccgtgcac ctatgttcag ctggattcac 1380
cgcagtgceeg agttcaacaa catcatcccee agcagccaga tcacccagat cccectgace 1440
aagagcacca acctgggcag cggcaccage gtggtgaagyg gceccecggett caccggegge 1500
gacatcctyge gecgcaccag ccccggecag atcagcacce tgcgcegtgaa catcaccgece 1560
ccectgagee agegetaccg cgtccgeate cgetacgeca gcaccaccaa cctgeagtte 1620
cacaccagca tcgacggccg ccccatcaac cagggcaact tcagegccac catgagcage 1680
ggcagcaacc tgcagagcgg cagcttccge accgtggget tcaccacccce cttcaactte 1740
agcaacggca gcagegtgtt caccctgage geccacgtgt tcaacagegyg caacgaggtg 1800
tacatcgacc gcatcgagtt cgtgcccgce gaggtgacct tcgaggccga gtacgacctg 1860
gagagggcte agaaggccgt gaacgagcetg ttcaccagca gcaaccagat cggectgaag 1920
accgacgtga ccgactacca 1940

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 40
H: 646
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 40

Met Thr Ser
1

Arg Gln Gln

Gln Lys Gly
35

Pro Phe Gly
50

Ile Trp Pro
65

Ala Leu Met

Ala Glu Leu

Leu Ser Ser
115

Asn Gly Arg Gln Cys

His Arg Gly Leu Asp

Ile Ser Val Val Gly

40

Gly Ala Leu Val Ser

55

Ser Glu Asp Pro Trp

70

Asp Gln Lys Ile Ala

85

Gln Gly Leu Gln Asn

100

Trp Gln Lys Asn Pro

120

Ala

Ser

25

Asp

Phe

Lys

Asp

Asn
105

Ala

Gly

10

Ser

Leu

Tyr

Ala

Tyr

Val

Ala

5*20L-7 protein

Ile

Thr

Leu

Thr

Phe

75

Ala

Glu

Pro

Arg Pro Tyr

Thr Lys Asp

Gly Val Val
45

Asn Phe Leu
60

Met Glu Gln

Lys Asn Lys

Asp Tyr Val
110

Phe Arg Asn
125

Asp Gly
15

Val Ile

Gly Phe

Asn Thr
Val Glu
80

Ala Leu
95

Ser Ala

Pro His
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-continued

162

Ser

Arg

145

Leu

Asp

Asn

Asp

225

Leu

Thr

Asn

Gly

Ser

305

Gly

Thr

Ile

Leu

385

Ser

Pro

Leu

Ser

Phe

465

Lys

Phe

Thr

Arg

Asp

Gln

130

Asn

Thr

Val

Ser

Ala

210

Ser

Thr

Tyr

Pro

Ile

290

Ile

His

Phe

Val

Tyr

370

Leu

Ala

Pro

Ser

Ile

450

Asn

Ser

Thr

Leu

Ile
530

Gly

Gly

Ser

Thr

Ser

Arg

195

Val

Arg

Val

Pro

Val

275

Glu

Thr

Gln

Pro

Ala

355

Arg

Asp

Val

Gln

His

435

Ile

Asn

Thr

Gly

Arg

515

Arg

Arg

Arg

Met

Tyr

Val

180

Tyr

Arg

Asp

Leu

Ile

260

Leu

Gly

Ile

Ile

Leu

340

Gln

Arg

Gly

Tyr

Asn

420

Val

Arg

Ile

Asn

Gly
500
Val

Tyr

Pro

Ile

Pro

Val

165

Phe

Asn

Trp

Trp

Asp

245

Arg

Glu

Ser

Tyr

Met

325

Tyr

Leu

Pro

Thr

Arg

405

Asn

Ser

Ala

Ile

Leu

485

Asp

Asn

Ala

Ile

Arg

Ser

150

Gln

Gly

Asp

Tyr

Ile

230

Ile

Thr

Asn

Ile

Thr

310

Ala

Gly

Gly

Phe

Glu

390

Lys

Asn

Met

Pro

Pro

470

Gly

Ile

Ile

Ser

Asn

Glu

135

Phe

Ala

Gln

Leu

Asn

215

Arg

Val

Val

Phe

Arg

295

Asp

Ser

Thr

Gln

Asn

375

Phe

Ser

Val

Phe

Met

455

Ser

Ser

Leu

Thr

Thr
535

Gln

Leu

Ala

Ala

Arg

Thr

200

Thr

Tyr

Ser

Ser

Asp

280

Ser

Ala

Pro

Met

Gly

360

Ile

Ala

Gly

Pro

Arg

440

Phe

Ser

Gly

Arg

Ala
520

Thr

Gly

Phe

Ile

Asn

Trp

185

Arg

Gly

Asn

Leu

Gln

265

Gly

Pro

His

Val

Gly

345

Val

Gly

Tyr

Thr

Pro

425

Ser

Ser

Gln

Thr

Arg
505
Pro

Asn

Asn

Ser

Ser

Leu

170

Gly

Leu

Leu

Gln

Phe

250

Leu

Ser

His

Arg

Gly

330

Asn

Tyr

Ile

Gly

Val

410

Arg

Gly

Trp

Ile

Ser

490

Thr

Leu

Leu

Phe

Gln

Gly

155

His

Phe

Ile

Glu

Phe

235

Pro

Thr

Phe

Leu

Gly

315

Phe

Ala

Arg

Asn

Thr

395

Asp

Gln

Phe

Ile

Thr

475

Val

Ser

Ser

Gln

Ser

Ala

140

Tyr

Leu

Asp

Gly

Arg

220

Arg

Asn

Arg

Arg

Met

300

Glu

Ser

Ala

Thr

Asn

380

Ser

Ser

Gly

Ser

His

460

Gln

Val

Pro

Gln

Phe
540

Ala

Glu

Glu

Ser

Ala

Asn

205

Val

Arg

Tyr

Glu

Gly

285

Asp

Tyr

Gly

Pro

Leu

365

Gln

Ser

Leu

Phe

Asn

445

Arg

Ile

Lys

Gly

Arg

525

His

Thr

Ser

Val

Val

Ala

190

Tyr

Trp

Glu

Asp

Ile

270

Ser

Ile

Tyr

Pro

Gln

350

Ser

Gln

Asn

Asp

Ser

430

Ser

Ser

Pro

Gly

Gln
510
Tyr

Thr

Met

His

Leu

Leu

175

Thr

Thr

Gly

Leu

Ser

255

Tyr

Ala

Leu

Trp

Glu

335

Gln

Ser

Leu

Leu

Glu

415

His

Ser

Ala

Leu

Pro

495

Ile

Arg

Ser

Ser

Phe

Phe

160

Arg

Ile

Asp

Pro

Thr

240

Arg

Thr

Gln

Asn

Ser

320

Phe

Arg

Thr

Ser

Pro

400

Ile

Arg

Val

Glu

Thr

480

Gly

Ser

Val

Ile

Ser
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-contin

ued

164

545

Gly Ser Asn

Pro Phe Asn

Val Phe Asn

595

Pro Ala Glu
610

Lys Ala Val
625

Thr Asp Val

<210> SEQ I
<211> LENGT.
<212> TYPE:

550

Leu Gln Ser Gly Ser

565

Phe Ser Asn Gly Ser

580

Ser Gly Asn Glu Val

600

Val Thr Phe Glu Ala

615

Asn Glu Leu Phe Thr
630

Thr Asp Tyr

645
D NO 41
H: 1917

DNA

555

Phe Arg Thr
570

Ser Val Phe
585

Tyr Ile Asp

Glu Tyr Asp

Ser Ser Asn
635

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 41

atgacggeceg

aagggcatca

ctggtgaget

gectteatgyg

aaggcactgg

agcagetgge

cgcgagetgt

agcggetacyg

ctgctgaagyg

gagttctaca

tacaacgtygg

cgctacegec

gacagccgca

cecegtgetygyg

atccgeagec

cgcggcgage

ccegagttea

gtggcacage

ttcaacatcg

ggcaccagca

gacgagatce

agccacgtga

cctatgttca

atcacccaga

ggcccegget

acaacaacac

gegtggtggyg

tctacaccaa

agcaggtgga

ccgagetaca

agaagaaccc

tcagccagge

aggtgetgtt

acgcccaaat

agcgeccaget

gtctagacaa

gcgagatgac

cctacccecat

agaacttcga

cccacctgat

actactggag

cctteccecect

tgggecaggg

gcatcaacaa

gcaacctgee

ccectecagaa

gecatgtteeyg

getggattcea

tccecectgac

tcaccggegy

cgaggeectyg

cgacctgetyg

cttectgaac

ggcectgatyg

gggectccag

cgctgeacey

cgagagccac

cctgaccace

ctacggagag

gaagctgace

getecgegge

cctgacegty

cecgecacegty

cggcagette

ggacatcctyg

cggccaccag

gtacggcace

agtgtaccge

ccagcagetyg

cagcgeegtyg

caacaacgtyg

cagtggette

cecgecagtgec

caagagcacc

cgacatcetyg

gacagcagca

ggcgtggtgg

accatctgge

gaccagaaga

aacaacgtgg

ttcecgcaace

ttcecgcaaca

tacgcccagyg

gagtgggget

caggagtaca

agcagctacg

ctggacatcg

agccagctga

¢gceggcagey

aacagcatca

atcatggcca

atgggcaacg

accctgagea

agcgtgetgg

taccgcaaga

ccacctegac

agcaacagca

gagttcaaca

aacctgggea

cgcegeacca

Val Gly Phe
Thr Leu Ser
590

Arg Ile Glu
605

Leu Glu Arg
620

Gln Ile Gly

20L-10 coding sequence

ccaccaagga

gettececett

ccagcgagga

tcgecgacta

aggactatgt

cccacagcca

gecatgcccag

ccgceccaacac

acgagaagga

ccgaccactyg

agagctgggt

tgagcetgtt

ccegegagat

cccagggeat

ccatctacac

geceegtegg

ctgcacctca

gcaccctgta

acggcaccga

geggcacegt

agggcttcag

gegtgageat

acatcatcce

geggcaccag

geceeggeca

560

Thr Thr
575

Ala His

Phe Val

Ala Gln

Leu Lys
640

cgtgatccag
cggeggegece
ccectggaag
cgccaagaac
gagegeccetyg
gggccgeate
cttegecate
ccacctgtte
ggacatcgece
cgtgaagtgg
gaacttcaac
ccccaactac
ttacaccaac
cgagggcage
cgacgeccac
cttcagegge
gcagcgcate
cegtegacct

gttegectac

ggacagcctg

ccaccgtety

catccgtgea

cagcagccag

cgtggtgaag

gatcagcacc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500
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166

-continued
ctgcgegtga acatcaccge ccccctgage cagegctace gegtecgeat ccgctacgece 1560
agcaccacca acctgcagtt ccacaccage atcgacggec gcecccatcaa ccagggcaac 1620
ttcagegceca ccatgagcag cggcagcaac ctgcagageg gcagetteceg caccgtggge 1680
ttcaccaccce ccttcaactt cagcaacggce agcagcgtgt tcaccctgag cgcccacgtg 1740
ttcaacagcg gcaacgaggt gtacatcgac cgcatcgagt tcgtgcccge cgaggtgacce 1800
ttecgaggceceg agtacgacct ggagagggcet cagaaggccyg tgaacgaget gttcaccage 1860
agcaaccaga tcggcctgaa gaccgacgtg accgactacce acatcgatca ggtgtag 1917

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 42
H: 638
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 42

Met Thr Ala
1

Asp Val Ile
Val Gly Phe
35

Leu Asn Thr
50

Gln Val Glu
65

Lys Ala Leu

Val Ser Ala

Asn Pro His

115

Ser His Phe
130

Val Leu Phe
145

Leu Leu Lys

Glu Asp Ile

Tyr Thr Asp
195

Arg Gly Ser
210

Glu Met Thr
225

Asp Ser Arg

Ile Tyr Thr

Ser Ala Gln
275

Asp Asn Asn Thr Glu

Gln Lys Gly Ile Ser

20

Pro Phe Gly Gly Ala

40

Ile Trp Pro Ser Glu

Ala Leu Met Asp Gln

70

Ala Glu Leu Gln Gly

85

Leu Ser Ser Trp Gln

100

Ser Gln Gly Arg Ile

120

Arg Asn Ser Met Pro

135

Leu Thr Thr Tyr Ala
150

Asp Ala Gln Ile Tyr

165

Ala Glu Phe Tyr Lys

180

His Cys Val Lys Trp

200

Ser Tyr Glu Ser Trp

215

Leu Thr Val Leu Asp
230

Thr Tyr Pro Ile Arg

245

Asn Pro Val Leu Glu

260

Gly Ile Glu Gly Ser

280

Ala

Val

25

Leu

Asp

Lys

Leu

Lys

105

Arg

Ser

Gln

Gly

Arg

185

Tyr

Val

Ile

Thr

Asn
265

Ile

20L-10 protein

Leu

10

Val

Val

Pro

Ile

Gln

90

Asn

Glu

Phe

Ala

Glu

170

Gln

Asn

Asn

Val

Val
250

Phe

Arg

Asp

Gly

Ser

Trp

Ala

75

Asn

Pro

Leu

Ala

Ala

155

Glu

Leu

Val

Phe

Ser
235
Ser

Asp

Ser

Ser Ser Thr
Asp Leu Leu
30

Phe Tyr Thr
45

Lys Ala Phe
60

Asp Tyr Ala

Asn Val Glu

Ala Ala Pro

110

Phe Ser Gln
125

Ile Ser Gly
140

Asn Thr His

Trp Gly Tyr

Lys Leu Thr

190

Gly Leu Asp
205

Asn Arg Tyr
220

Leu Phe Pro

Gln Leu Thr

Gly Ser Phe
270

Pro His Leu
285

Thr Lys
15

Gly Val

Asn Phe

Met Glu

Lys Asn
80

Asp Tyr
95

Phe Arg

Ala Glu

Tyr Glu

Leu Phe
160

Glu Lys
175

Gln Glu

Lys Leu

Arg Arg

Asn Tyr
240

Arg Glu
255

Arg Gly

Met Asp
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-continued

168

Ile

Tyr

305

Pro

Gln

Ser

Gln

Asn

385

Asp

Ser

Ser

Ser

Pro

465

Gly

Gln

Tyr

Thr

Met

545

Phe

Ser

Glu

Arg

Gly
625

<210>
<211>
<212>
<213>
<220>
<223>

Leu

290

Trp

Glu

Gln

Ser

Leu

370

Leu

Glu

His

Ser

Ala

450

Leu

Pro

Ile

Arg

Ser

530

Ser

Thr

Ala

Phe

Ala

610

Leu

Asn

Ser

Phe

Arg

Thr

355

Ser

Pro

Ile

Arg

Val

435

Glu

Thr

Gly

Ser

Val

515

Ile

Ser

Thr

His

Val

595

Gln

Lys

Ser

Gly

Thr

Ile

340

Leu

Val

Ser

Pro

Leu

420

Ser

Phe

Lys

Phe

Thr

500

Arg

Asp

Gly

Pro

Val

580

Pro

Lys

Thr

<400> SEQUENCE:

atgactagta acggccgeca gtgtgetggt attegecctt atgacggecg acaacaacac

cgaggectgyg acagcagcac caccaaggac gtgatccaga agggcatcag cgtggtggge

Ile

His

Phe

325

Val

Tyr

Leu

Ala

Pro

405

Ser

Ile

Asn

Ser

Thr

485

Leu

Ile

Gly

Ser

Phe

565

Phe

Ala

Ala

Asp

SEQ ID NO 43
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

1956

43

Thr

Gln

310

Pro

Ala

Arg

Asp

Val

390

Gln

His

Ile

Asn

Thr

470

Gly

Arg

Arg

Arg

Asn

550

Asn

Asn

Glu

Val

Val
630

Ile

295

Ile

Leu

Gln

Arg

Gly

375

Tyr

Asn

Val

Arg

Ile

455

Asn

Gly

Val

Tyr

Pro

535

Leu

Phe

Ser

Val

Asn

615

Thr

Tyr

Met

Tyr

Leu

Pro

360

Thr

Arg

Asn

Ser

Ala

440

Ile

Leu

Asp

Asn

Ala

520

Ile

Gln

Ser

Gly

Thr

600

Glu

Asp

Thr

Ala

Gly

Gly

345

Phe

Glu

Lys

Asn

Met

425

Pro

Pro

Gly

Ile

Ile

505

Ser

Asn

Ser

Asn

Asn

585

Phe

Leu

Tyr

Asp

Ser

Thr

330

Gln

Asn

Phe

Ser

Val

410

Phe

Met

Ser

Ser

Leu

490

Thr

Thr

Gln

Gly

Gly

570

Glu

Glu

Phe

His

Ala

Pro

315

Met

Gly

Ile

Ala

Gly

395

Pro

Arg

Phe

Ser

Gly

475

Arg

Ala

Thr

Gly

Ser

555

Ser

Val

Ala

Thr

Ile
635

His

300

Val

Gly

Val

Gly

Tyr

380

Thr

Pro

Ser

Ser

Gln

460

Thr

Arg

Pro

Asn

Asn

540

Phe

Ser

Tyr

Glu

Ser

620

Asp

Arg Gly Glu

Gly

Asn

Tyr

Ile

365

Gly

Val

Arg

Gly

Trp

445

Ile

Ser

Thr

Leu

Leu

525

Phe

Arg

Val

Ile

Tyr

605

Ser

Gln

5*20L-10 coding sequence

Phe

Ala

Arg

350

Asn

Thr

Asp

Gln

Phe

430

Ile

Thr

Val

Ser

Ser

510

Gln

Ser

Thr

Phe

Asp

590

Asp

Asn

Val

Ser

Ala

335

Thr

Asn

Ser

Ser

Gly

415

Ser

His

Gln

Val

Pro

495

Gln

Phe

Ala

Val

Thr

575

Arg

Leu

Gln

Tyr

Gly

320

Pro

Leu

Gln

Ser

Leu

400

Phe

Asn

Arg

Ile

Lys

480

Gly

Arg

His

Thr

Gly

560

Leu

Ile

Glu

Ile
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170

-continued
gacctgetygyg gegtggtggg cttecectte ggeggegece tggtgagett ctacaccaac 180
ttectgaaca ccatctggcece cagcgaggac cectggaagyg ccttcecatgga gcaggtggag 240
geectgatgyg accagaagat cgccgactac gccaagaaca aggcactggce cgagctacag 300
ggectccaga acaacgtgga ggactatgtg agcgccectga gcagctggca gaagaacccce 360
getgcacegt tecgcaacce ccacagecag ggccgeatce gegagetgtt cagecaggece 420
gagagccact tccgcaacag catgceccage ttegecatca geggctacga ggtgetgtte 480
ctgaccacct acgcccaggce cgccaacacce cacctgttee tgctgaagga cgcccaaatce 540
tacggagagg agtggggcta cgagaaggag gacatcgceeg agttctacaa gcgccagetg 600
aagctgacce aggagtacac cgaccactge gtgaagtggt acaacgtggyg tctagacaag 660
ctecgeggea gcagctacga gagcetgggtyg aacttcaacce gcetaccgecyg cgagatgace 720
ctgaccgtge tggacatcgt gagcctgtte ceccaactacyg acagccgcac ctaccccate 780
cgcaccgtga gccagetgac ccgcgagatt tacaccaacce cegtgctgga gaacttcgac 840
ggcagcttee geggcagege ccagggcatce gagggcagca tcecgcagecc ccacctgatg 900
gacatcctga acagcatcac catctacacc gacgcccace geggcgagta ctactggage 960
ggccaccaga tcatggccag ccecegtegge ttcageggec ccgagttcac ctteccectg 1020
tacggcacca tgggcaacgc tgcacctcag cagcgcateg tggcacaget gggccaggga 1080
gtgtaccgca ccctgagcag caccctgtac cgtcgacctt tcaacatcgg catcaacaac 1140
cagcagctga gcegtgetgga cggcaccgag ttegectacyg gcaccagcag caacctgece 1200
agcgecgtgt accgcaagag cggcaccgtg gacagcectgg acgagatccce ccctcagaac 1260
aacaacgtgc cacctcgaca gggcttcage caccgtcetga geccacgtgag catgttceccecgce 1320
agtggcttca gcaacagcag cgtgagcatc atccgtgcac ctatgttcag ctggattcac 1380
cgcagtgceeg agttcaacaa catcatcccee agcagccaga tcacccagat cccectgace 1440
aagagcacca acctgggcag cggcaccage gtggtgaagyg gceccecggett caccggegge 1500
gacatcctyge gecgcaccag ccccggecag atcagcacce tgcgcegtgaa catcaccgece 1560
ccectgagee agegetaccg cgtccgeate cgetacgeca gcaccaccaa cctgeagtte 1620
cacaccagca tcgacggccg ccccatcaac cagggcaact tcagegccac catgagcage 1680
ggcagcaacc tgcagagcgg cagcttccge accgtggget tcaccacccce cttcaactte 1740
agcaacggca gcagegtgtt caccctgage geccacgtgt tcaacagegyg caacgaggtg 1800
tacatcgacc gcatcgagtt cgtgcccgce gaggtgacct tcgaggccga gtacgacctg 1860
gagagggcte agaaggccgt gaacgagcetg ttcaccagca gcaaccagat cggectgaag 1920
accgacgtga ccgactacca catcgatcag gtgtag 1956

<210> SEQ ID NO 44
<211> LENGTH: 651

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequnece
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 44

5+*20L-10 protein

Met Thr Ser Asn Gly Arg Gln Cys Ala Gly Ile Arg Pro Tyr Asp Gly

1

5

10

15

Arg Gln Gln His Arg Gly Leu Asp Ser Ser Thr Thr Lys Asp Val Ile

20

25

30
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-continued

172

Gln

Pro

Ile

65

Ala

Ala

Leu

Ser

Arg

145

Leu

Asp

Ala

Ser

225

Leu

Thr

Asn

Gly

Ser

305

Gly

Thr

Ile

Leu

385

Ser

Pro

Leu

Ser

Lys

Phe

50

Trp

Leu

Glu

Ser

Gln

130

Asn

Thr

Ala

Glu

Cys

210

Tyr

Thr

Tyr

Pro

Ile

290

Ile

His

Phe

Val

Tyr

370

Leu

Ala

Pro

Ser

Ile

Gly

Gly

Pro

Met

Leu

Ser

115

Gly

Ser

Thr

Gln

Phe

195

Val

Glu

Val

Pro

Val

275

Glu

Thr

Gln

Pro

Ala

355

Arg

Asp

Val

Gln

His
435

Ile

Ile

Gly

Ser

Asp

Gln

100

Trp

Arg

Met

Tyr

Ile

180

Tyr

Lys

Ser

Leu

Ile

260

Leu

Gly

Ile

Ile

Leu

340

Gln

Arg

Gly

Tyr

Asn
420

Val

Arg

Ser

Ala

Glu

Gln

85

Gly

Gln

Ile

Pro

Ala

165

Tyr

Lys

Trp

Trp

Asp

245

Arg

Glu

Ser

Tyr

Met

325

Tyr

Leu

Pro

Thr

Arg
405
Asn

Ser

Ala

Val

Leu

Asp

70

Lys

Leu

Lys

Arg

Ser

150

Gln

Gly

Arg

Tyr

Val

230

Ile

Thr

Asn

Ile

Thr

310

Ala

Gly

Gly

Phe

Glu

390

Lys

Asn

Met

Pro

Val

Val

55

Pro

Ile

Gln

Asn

Glu

135

Phe

Ala

Glu

Gln

Asn

215

Asn

Val

Val

Phe

Arg

295

Asp

Ser

Thr

Gln

Asn

375

Phe

Ser

Val

Phe

Met

Gly

Ser

Trp

Ala

Asn

Pro

120

Leu

Ala

Ala

Glu

Leu

200

Val

Phe

Ser

Ser

Asp

280

Ser

Ala

Pro

Met

Gly

360

Ile

Ala

Gly

Pro

Arg
440

Phe

Asp

Phe

Lys

Asp

Asn

105

Ala

Phe

Ile

Asn

Trp

185

Lys

Gly

Asn

Leu

Gln

265

Gly

Pro

His

Val

Gly

345

Val

Gly

Tyr

Thr

Pro
425

Ser

Ser

Leu

Tyr

Ala

Tyr

90

Val

Ala

Ser

Ser

Thr

170

Gly

Leu

Leu

Arg

Phe

250

Leu

Ser

His

Arg

Gly

330

Asn

Tyr

Ile

Gly

Val
410
Arg

Gly

Trp

Leu

Thr

Phe

75

Ala

Glu

Pro

Gln

Gly

155

His

Tyr

Thr

Asp

Tyr

235

Pro

Thr

Phe

Leu

Gly

315

Phe

Ala

Arg

Asn

Thr

395

Asp

Gln

Phe

Ile

Gly Val Val Gly

Asn

60

Met

Lys

Asp

Phe

Ala

140

Tyr

Leu

Glu

Gln

Lys

220

Arg

Asn

Arg

Arg

Met

300

Glu

Ser

Ala

Thr

Asn

380

Ser

Ser

Gly

Ser

His

45

Phe

Glu

Asn

Tyr

Arg

125

Glu

Glu

Phe

Lys

Glu

205

Leu

Arg

Tyr

Glu

Gly

285

Asp

Tyr

Gly

Pro

Leu

365

Gln

Ser

Leu

Phe

Asn
445

Arg

Leu

Gln

Lys

Val

110

Asn

Ser

Val

Leu

Glu

190

Tyr

Arg

Glu

Asp

Ile

270

Ser

Ile

Tyr

Pro

Gln

350

Ser

Gln

Asn

Asp

Ser
430

Ser

Ser

Asn

Val

Ala

95

Ser

Pro

His

Leu

Leu

175

Asp

Thr

Gly

Met

Ser

255

Tyr

Ala

Leu

Trp

Glu

335

Gln

Ser

Leu

Leu

Glu
415
His

Ser

Ala

Phe

Thr

Glu

80

Leu

Ala

His

Phe

Phe

160

Lys

Ile

Asp

Ser

Thr

240

Arg

Thr

Gln

Asn

Ser

320

Phe

Arg

Thr

Ser

Pro

400

Ile

Arg

Val

Glu
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173 174

-continued

450 455 460

Phe Asn Asn Ile Ile Pro Ser Ser Gln Ile Thr Gln Ile Pro Leu Thr
465 470 475 480

Lys Ser Thr Asn Leu Gly Ser Gly Thr Ser Val Val Lys Gly Pro Gly
485 490 495

Phe Thr Gly Gly Asp Ile Leu Arg Arg Thr Ser Pro Gly Gln Ile Ser
500 505 510

Thr Leu Arg Val Asn Ile Thr Ala Pro Leu Ser Gln Arg Tyr Arg Val
515 520 525

Arg Ile Arg Tyr Ala Ser Thr Thr Asn Leu Gln Phe His Thr Ser Ile
530 535 540

Asp Gly Arg Pro Ile Asn Gln Gly Asn Phe Ser Ala Thr Met Ser Ser
545 550 555 560

Gly Ser Asn Leu Gln Ser Gly Ser Phe Arg Thr Val Gly Phe Thr Thr
565 570 575

Pro Phe Asn Phe Ser Asn Gly Ser Ser Val Phe Thr Leu Ser Ala His
580 585 590

Val Phe Asn Ser Gly Asn Glu Val Tyr Ile Asp Arg Ile Glu Phe Val
595 600 605

Pro Ala Glu Val Thr Phe Glu Ala Glu Tyr Asp Leu Glu Arg Ala Gln
610 615 620

Lys Ala Val Asn Glu Leu Phe Thr Ser Ser Asn Gln Ile Gly Leu Lys
625 630 635 640

Thr Asp Val Thr Asp Tyr His Ile Asp Gln Val
645 650

<210> SEQ ID NO 45

<211> LENGTH: 1821

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 20L-12A coding sequence

<400> SEQUENCE: 45

atggacaaca accccaacat caacgagtge atccectaca actgectgag caaccccgag 60
gtggaggtge tgggeggcga gegcatcgag accggctaca cccccatcga catcagectg 120
agcctgacce agttectget gagegagtte gtgeceggeg ceggettegt getgggectg 180
gtggacatca tctggggcat ctteggecce agcecagtggg acgecttect ggtgeagatc 240
gagcagttga taaaccaacg catagaggaa ttcgcccgca accaggccat cagecgectg 300
gagggcctga gcaacctgta ccaaatctac gccgagaget teegegagtyg ggaggecgac 360
cccaccaace ccgeectgeg cgaggagatg cgeatccagt tcaacgacat gaacagcegece 420
ctgaccaccyg ccatcccect gttegeegtyg cagaactace aggtgecect getgagegtg 480
tacgtgcagg ccgccaacct geacctgage gtgetgegeg acgtcagegt gtteggecag 540
cgetgggget tegacgecge caccatcaac agecgctaca acgacctgac ccgectgate 600
ggcaactaca ccgaccacgce cgtgcgetgyg tacaacaccg gectggageyg cgtgtggggt 660
ccecgacagece gcgactggat caggtacaac cagttcegec gegagetgac cctgacegtg 720
ctggacatcg tgagectgtt ccccaactac gacagecgea cctaccccat ccgcacegtg 780
agccagctga cccgegagat ttacaccaac ccegtgetgg agaacttega cggcagette 840
cgeggcageg cccagggeat cgagggcage atccgcagec ccecacctgat ggacatcctg 900

aacagcatca ccatctacac cgacgcccac cgeggegagt actactggag cggccaccag 960
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176

-continued
atcatggcca gecccegtegg cttcagegge cccgagttceca ccectteccecet gtacggcacce 1020
atgggcaacg ctgcacctca gcagcgecatce gtggcacage tgggccaggyg agtgtaccge 1080
accctgagca gcaccctgta ccgtcgacct ttcaacatcg gcatcaacaa ccagcagcetg 1140
agcegtgetgg acggcaccga gttcegectac ggcaccagea gcaacctgece cagegecgtyg 1200
taccgcaaga gcggcaccgt ggacagectg gacgagatce cccectcagaa caacaacgtg 1260
ccacctecgac agggcttcag ccaccgtcectg agccacgtga gecatgttceg cagtggcette 1320
agcaacagca gcgtgagcat catccgtgca cctatgttca gectggattca ccgcagtgcece 1380
gagttcaaca acatcatccce cagcagccag atcacccaga tccccctggt gaaggcctac 1440
aagctccaga gcggegecag cgtggtggea ggecccceget tcaccggegyg cgacatcate 1500
cagtgcaccg agaacggcag cgccgcecacce atctacgtga cccccgacgt gagctacage 1560
cagaagtacc gcgceccgeat ccactacgece agcaccagece agatcacctt caccctgage 1620
ctggacgggg ccccecttcaa ccaatactac ttcgacaaga ccatcaacaa gggcgacace 1680
ctgacctaca acagcttcaa cctggccagce ttcagcaccce ctttcgaget gagcggcaac 1740
aacctccaga tcggegtgac cggcctgage gecggcegaca aggtgtacat cgacaagatce 1800
gagttcatcc ccgtgaacta g 1821

<210> SEQ ID NO 46
<211> LENGTH: 606

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 46

Met Asp Asn Asn Pro Asn Ile Asn

1

Ser Asn Pro

Tyr Thr Pro

35

Glu Val Glu Val Leu

20

Ile Asp Ile Ser Leu

40

Glu

Trp

65

Glu

Ile

Ser

Glu

Ile
145

Tyr

Tyr

Phe

50

Gly

Gln

Ser

Phe

Met

130

Pro

Val

Phe

Asn

Val

Ile

Leu

Arg

Arg

115

Arg

Leu

Gln

Gly

Asp
195

Pro

Phe

Ile

Leu

100

Glu

Ile

Phe

Ala

Gln

180

Leu

Gly

Gly

Asn

85

Glu

Trp

Gln

Ala

Ala
165

Arg

Thr

Ala

Pro

70

Gln

Gly

Glu

Phe

Val

150

Asn

Trp

Arg

Gly

55

Ser

Arg

Leu

Ala

Asn

135

Gln

Leu

Gly

Leu

Phe

Gln

Ile

Ser

Asp

120

Asp

Asn

His

Phe

Ile
200

Glu

Gly

25

Ser

Val

Trp

Glu

Asn

105

Pro

Met

Tyr

Leu

Asp
185

Gly

20L-12A protein

Cys

10

Gly

Leu

Leu

Asp

Glu

90

Leu

Thr

Asn

Gln

Ser
170

Ala

Asn

Ile

Glu

Thr

Gly

Ala

75

Phe

Tyr

Asn

Ser

Val

155

Val

Ala

Tyr

Pro Tyr Asn

Arg Ile Glu

30

Gln Phe Leu

45

Cys Leu
15

Thr Gly

Leu Ser

Leu

60

Phe

Ala

Gln

Pro

Ala

140

Pro

Leu

Thr

Thr

Val

Leu

Arg

Ile

Ala

125

Leu

Leu

Arg

Ile

Asp
205

Asp

Val

Asn

Tyr

110

Leu

Thr

Leu

Asp

Asn
190

His

Ile

Gln

Gln

95

Ala

Arg

Thr

Ser

Val

175

Ser

Ala

Ile

Ile

80

Ala

Glu

Glu

Ala

Val

160

Ser

Arg

Val
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177

-continued

178

Arg

Asp

225

Leu

Ile

Leu

Gly

Ile

305

Ile

Leu

Gln

Arg

Gly

385

Tyr

Asn

Arg
Ile
465

Lys

Gly

Tyr

Pro

545

Leu

Leu

Asp

Trp

210

Trp

Asp

Arg

Glu

Ser

290

Tyr

Met

Tyr

Leu

Pro

370

Thr

Arg

Asn

Ser

Ala

450

Ile

Leu

Asp

Thr

Ala

530

Phe

Thr

Ser

Lys

Tyr

Ile

Ile

Thr

Asn

275

Ile

Thr

Ala

Gly

Gly

355

Phe

Glu

Lys

Asn

Met

435

Pro

Pro

Gln

Ile

Pro

515

Ser

Asn

Tyr

Gly

Val
595

Asn

Arg

Val

Val

260

Phe

Arg

Asp

Ser

Thr

340

Gln

Asn

Phe

Ser

Val

420

Phe

Met

Ser

Ser

Ile

500

Asp

Thr

Gln

Asn

Asn

580

Tyr

Thr

Tyr

Ser

245

Ser

Asp

Ser

Ala

Pro

325

Met

Gly

Ile

Ala

Gly

405

Pro

Arg

Phe

Ser

Gly

485

Gln

Val

Ser

Tyr

Ser
565

Asn

Ile

<210> SEQ ID NO 47

<211> LENGTH:

1791

Gly

Asn

230

Leu

Gln

Gly

Pro

His

310

Val

Gly

Val

Gly

Tyr

390

Thr

Pro

Ser

Ser

Gln

470

Ala

Cys

Ser

Gln

Tyr

550

Phe

Leu

Asp

Leu Glu Arg Val Trp Gly Pro Asp Ser
215 220

Gln Phe Arg Arg Glu Leu Thr Leu Thr
235

Phe Pro Asn Tyr Asp Ser Arg Thr Tyr
250 255

Leu Thr Arg Glu Ile Tyr Thr Asn Pro
265 270

Ser Phe Arg Gly Ser Ala Gln Gly Ile
280 285

His Leu Met Asp Ile Leu Asn Ser Ile
295 300

Arg Gly Glu Tyr Tyr Trp Ser Gly His
315

Gly Phe Ser Gly Pro Glu Phe Thr Phe
330 335

Asn Ala Ala Pro Gln Gln Arg Ile Val
345 350

Tyr Arg Thr Leu Ser Ser Thr Leu Tyr
360 365

Ile Asn Asn Gln Gln Leu Ser Val Leu
375 380

Gly Thr Ser Ser Asn Leu Pro Ser Ala
395

Val Asp Ser Leu Asp Glu Ile Pro Pro
410 415

Arg Gln Gly Phe Ser His Arg Leu Ser
425 430

Gly Phe Ser Asn Ser Ser Val Ser Ile
440 445

Trp Ile His Arg Ser Ala Glu Phe Asn
455 460

Ile Thr Gln Ile Pro Leu Val Lys Ala
475

Ser Val Val Ala Gly Pro Arg Phe Thr
490 495

Thr Glu Asn Gly Ser Ala Ala Thr Ile
505 510

Tyr Ser Gln Lys Tyr Arg Ala Arg Ile
520 525

Ile Thr Phe Thr Leu Ser Leu Asp Gly
535 540

Phe Asp Lys Thr Ile Asn Lys Gly Asp
555

Asn Leu Ala Ser Phe Ser Thr Pro Phe
570 575

Gln Ile Gly Val Thr Gly Leu Ser Ala
585 590

Lys Ile Glu Phe Ile Pro Val Asn
600 605

Arg

Val

240

Pro

Val

Glu

Thr

Gln

320

Pro

Ala

Arg

Asp

Val

400

Gln

His

Ile

Asn

Tyr

480

Gly

Tyr

His

Ala

Thr
560

Glu

Gly
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180

-continued
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: 20L-13 coding sequence
<400> SEQUENCE: 47
atgacggceg acaacaacac cgaggccectg gacagcagcea ccaccaagga cgtgatccag 60
aagggcatca gcgtggtggg cgacctgetyg ggegtggtgyg getteccett cggeggegece 120
ctggtgaget tctacaccaa cttcectgaac accatctgge ccagcgagga cccctggaag 180
gecttcatgyg agcaggtgga ggccectgatg gaccagaaga tcgccgacta cgcecaagaac 240
aaggcactgg ccgagctaca gggcctecag aacaacgtgg aggactatgt gagegecctg 300
agcagctgge agaagaaccce cgctgcacceg ttecgcaace cccacagceca gggecgceate 360
cgegagetgt tcagecagge cgagagecac ttecgcaaca gcatgcccag cttegecate 420
agcggetacg aggtgetgtt cctgaccacce tacgeccagg ccegecaacac ccacctgage 480
gtgectgegeyg acgtcagegt gtteggecag cgetgggget tegacgecge caccatcaac 540
agccgetaca acgacctgac ccgcectgate ggcaactaca ccgaccacge cgtgegetgg 600
tacaacaccg gcctggageg cgtgtggggt cecgacagece gegactggat caggtacaac 660
cagttccgee gcegagetgac cctgacegtg ctggacateg tgagectgtt ccccaactac 720
gacagccgea cctaccccat ccgecaccgtg agccagetga cecgcgagat ttacaccaac 780
ccegtgetgg agaacttcga cggcagette cgeggcageg cccagggcat cgagggcage 840
atccgecagee cccacctgat ggacatcctg aacagcatca ccatctacac cgacgeccac 900
cgeggegagt actactggag cggccaccag atcatggeca gceccegtegyg cttcagegge 960
ccecgagttca cectteccect gtacggcacce atgggcaacg ctgcacctca gcagcgcatce 1020
gtggcacage tgggccaggg agtgtaccge accctgagca gcaccctgta cegtcgacct 1080
ttcaacatcg gcatcaacaa ccagcagctg agegtgctgg acggcaccga gttcecgcectac 1140
ggcaccagca gcaacctgece cagegecgtg taccgcaaga geggcaccgt ggacagectg 1200
gacgagatcce cccctcagaa caacaacgtg ccacctegac agggcttcag ccaccgtetg 1260
agccacgtga gcatgttceg cagtggcttce agcaacagca gcgtgagcat catccgtgca 1320
cctatgttca gectggattca ccgcagtgce gagttcaaca acatcatccce cagcagccag 1380
atcacccaga tcccectgac caagagcacce aacctgggea geggcaccag cgtggtgaag 1440
ggeccegget tcaccggegg cgacatcctg cgecgcacca gecccggeca gatcagcace 1500
ctgcgegtga acatcaccge ccccctgage cagegctace gegeccgceat ccactacgece 1560
agcaccagcce agatcacctt caccctgage ctggacgggg cccecttcaa ccaatactac 1620
ttcgacaaga ccatcaacaa gggcgacacc ctgacctaca acagcttcaa cctggecage 1680
ttcagcacce ctttcgaget gagcggcaac aacctccaga tcggcgtgac cggcectgagce 1740
gccggcgaca aggtgtacat cgacaagatc gagttcatce ccgtgaacta g 1791

<210> SEQ ID NO 48
<211> LENGTH: 596

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 48

20L-13 protein

Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys

1

5

10

15
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181

-continued

182

Asp

Leu
Gln
65

Lys

Asn

Ser

Ala

Tyr

Trp

Glu

225

Asp

Ile

Ser

Ile

Tyr

305

Pro

Gln

Ser

Gln

Asn
385

Asp

Ser

Val

Gly

Asn

50

Val

Ala

Ser

Pro

His

130

Leu

Leu

Thr

Thr

Gly

210

Leu

Ser

Tyr

Ala

Leu

290

Trp

Glu

Gln

Ser

Leu
370
Leu

Glu

His

Ile

Phe

35

Thr

Glu

Leu

Ala

His

115

Phe

Phe

Arg

Ile

Asp

195

Pro

Thr

Arg

Thr

Gln

275

Asn

Ser

Phe

Arg

Thr

355

Ser

Pro

Ile

Arg

Gln

20

Pro

Ile

Ala

Ala

Leu

100

Ser

Arg

Leu

Asp

Asn

180

His

Asp

Leu

Thr

Asn

260

Gly

Ser

Gly

Thr

Ile

340

Leu

Val

Ser

Pro

Leu
420

Lys

Phe

Trp

Leu

Glu

85

Ser

Gln

Asn

Thr

Val

165

Ser

Ala

Ser

Thr

Tyr

245

Pro

Ile

Ile

His

Phe

325

Val

Tyr

Leu

Ala

Pro
405

Ser

Gly

Gly

Pro

Met

70

Leu

Ser

Gly

Ser

Thr

150

Ser

Arg

Val

Arg

Val

230

Pro

Val

Glu

Thr

Gln

310

Pro

Ala

Arg

Asp

Val
390

Gln

His

Ile Ser Val Val Gly Asp Leu Leu Gly
Gly Ala Leu Val Ser Phe Tyr Thr Asn
40 45

Ser Glu Asp Pro Trp Lys Ala Phe Met
55 60

Asp Gln Lys Ile Ala Asp Tyr Ala Lys
75

Gln Gly Leu Gln Asn Asn Val Glu Asp
90 95

Trp Gln Lys Asn Pro Ala Ala Pro Phe
105 110

Arg Ile Arg Glu Leu Phe Ser Gln Ala
120 125

Met Pro Ser Phe Ala Ile Ser Gly Tyr
135 140

Tyr Ala Gln Ala Ala Asn Thr His Leu
155

Val Phe Gly Gln Arg Trp Gly Phe Asp
170 175

Tyr Asn Asp Leu Thr Arg Leu Ile Gly
185 190

Arg Trp Tyr Asn Thr Gly Leu Glu Arg
200 205

Asp Trp Ile Arg Tyr Asn Gln Phe Arg
215 220

Leu Asp Ile Val Ser Leu Phe Pro Asn
235

Ile Arg Thr Val Ser Gln Leu Thr Arg
250 255

Leu Glu Asn Phe Asp Gly Ser Phe Arg
265 270

Gly Ser Ile Arg Ser Pro His Leu Met
280 285

Ile Tyr Thr Asp Ala His Arg Gly Glu
295 300

Ile Met Ala Ser Pro Val Gly Phe Ser
315

Leu Tyr Gly Thr Met Gly Asn Ala Ala
330 335

Gln Leu Gly Gln Gly Val Tyr Arg Thr
345 350

Arg Pro Phe Asn Ile Gly Ile Asn Asn
360 365

Gly Thr Glu Phe Ala Tyr Gly Thr Ser
375 380

Tyr Arg Lys Ser Gly Thr Val Asp Ser
395

Asn Asn Asn Val Pro Pro Arg Gln Gly
410 415

Val Ser Met Phe Arg Ser Gly Phe Ser
425 430

Val

Phe

Glu

Asn

80

Tyr

Arg

Glu

Glu

Ser

160

Ala

Asn

Val

Arg

Tyr

240

Glu

Gly

Asp

Tyr

Gly

320

Pro

Leu

Gln

Ser

Leu
400

Phe

Asn
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-continued

184

Ser Ser Val
435

Ser Ala Glu
450

Pro Leu Thr
465

Gly Pro Gly

Gln Ile Ser

Tyr Arg Ala

515

Leu Ser Leu
530

Ile Asn Lys
545

Phe Ser Thr

Thr Gly Leu

Ile Pro Val
595

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ser Ile Ile Arg Ala

440

Phe Asn Asn Ile Ile

455

Lys Ser Thr Asn Leu
470

Phe Thr Gly Gly Asp

485

Thr Leu Arg Val Asn

500

Arg Ile His Tyr Ala

520

Asp Gly Ala Pro Phe

535

Gly Asp Thr Leu Thr
550

Pro Phe Glu Leu Ser

565

Ser Ala Gly Asp Lys

580

Asn

D NO 49
H: 1923
DNA

Pro Met Phe

Pro Ser Ser

Gly Ser Gly

475

Ile Leu Arg
490

Ile Thr Ala
505

Ser Thr Ser

Asn Gln Tyr

Tyr Asn Ser
555

Gly Asn Asn
570

Val Tyr Ile
585

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Ser Trp Ile
445

Gln Ile Thr
460

Thr Ser Val

Arg Thr Ser

Pro Leu Ser

510

Gln Ile Thr
525

Tyr Phe Asp
540

Phe Asn Leu

Leu Gln Ile

Asp Lys Ile
590

<223> OTHER INFORMATION: V5&6 coding sequence

<400> SEQUENCE: 49

atgacggeceg

aagggcatca

ctggtgaget

gectteatgyg

aaggcactgg

agcagetgge

cgcgagetgt

agcggetacyg

ctgctgaagyg

gagttctaca

tacaacgtygg

cgctacegec

gacgtgcgee

cccategtygyg

tacatccgeca

cagceegget

cgceccagea

gagccegtge

acaacaacac

gegtggtggyg

tctacaccaa

agcaggtgga

ccgagetaca

agaagaaccc

tcagccagge

aggtgetgtt

acgcccaaat

agcgeccaget

gtctagacaa

gcgagatgac

tgtaccccaa

gegtgaacaa

agccccacct

actacggcaa

tcggcageaa

agaaccttga

cgaggeectyg

cgacctgetyg

cttectgaac

ggcectgatyg

gggectccag

cgctgeacey

cgagagccac

cctgaccace

ctacggagag

gaagctgace

getecgegge

cctgacegty

ggaggtgaag

cctgegegge

gttegactac

cgacagette

cgacatcatce

gttcaacgge

gacagcagca

ggcgtggtgg

accatctgge

gaccagaaga

aacaacgtgg

ttcecgcaace

ttcecgcaaca

tacgcccagyg

gagtgggget

caggagtaca

agcagctacg

ctggacctga

accgagctga

tacggcacca

ctgcaccgea

aactactgga

accageccect

gagaaggtgt

ccaccaagga

gettececett

ccagcgagga

tcgecgacta

aggactatgt

cccacagcca

gecatgcccag

ccgceccaacac

acgagaagga

ccgaccactyg

agagctgggt

tcgecctgtt

ccegegacgt

ccttcageaa

tccagtteca

geggcaacta

tctacggcaa

accgegeegt

His Arg

Gln Ile

Val Lys

480

Pro Gly
495

Gln Arg

Phe Thr

Lys Thr

Ala Ser
560

Gly Val
575

Glu Phe

cgtgatccag
cggeggegece
ccectggaag
cgccaagaac
gagegeccetyg
gggccgeate

cttegecate
ccacctgtte
ggacatcgece
cgtgaagtgg
gaacttcaac
ccecectgtac
getgaccgac
catcgagaac
cacgcgttte
cgtgagcace
caagagcagce

ggctaacacc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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aacctggcceg tgtggcccte tgcagtgtac agcggcgtga ccaaggtgga gttcagccag 1140
tacaacgacc agaccgacga ggccagcacce cagacctacyg acagcaagceyg caacgtggge 1200
geegtgaget gggacagcat cgaccagetg cccccegaga ccaccgacga geccctggag 1260
aagggctaca gccaccagct gaactacgtg atgtgcttecce tgatgcaggg cagccgcggce 1320
accatcececeg tgctgacctyg gacccacaag agcegtcgact tcettcaacat gatcgacagce 1380
aagaagatca cccagctgcce cctggtgaag gectacaage tcecagagegyg cgccagegtyg 1440
gtggcaggee cccgettcac cggeggcgac atcatccagt gcaccgagaa cggcagcgec 1500
gecaccatet acgtgaccee cgacgtgage tacagccaga agtaccgege ccegcatccac 1560
tacgccagca ccaccaacct gcagttccac accagcateg acggccgcecce catcaaccag 1620
ggcaacttca gcgecaccat gagcagcegge agcaacctgce agagcggcag cttecgcacce 1680
gtgggcttca ccacccectt caacttcagce aacggcagca gcgtgttcac cctgagegece 1740
cacgtgttca acagcggcaa cgaggtgtac atcgaccgca tcgagttcgt geccgcecgag 1800
gtgacctteg aggccgagta cgacctggag agggctcaga aggccgtgaa cgagctgtte 1860
accagcagca accagatcgg cctgaagacce gacgtgaccg actaccacat cgatcaggtg 1920
tag 1923

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 50
H: 640
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: V5&6 protein

<400> SEQUENCE: 50

Met Thr Ala
1

Asp Val Ile
Val Gly Phe
35

Leu Asn Thr
50

Gln Val Glu
65

Lys Ala Leu

Val Ser Ala

Asn Pro His
115

Ser His Phe
130

Val Leu Phe
145

Leu Leu Lys

Glu Asp Ile

Tyr Thr Asp
195

Asp Asn Asn Thr Glu

5

Gln Lys Gly Ile Ser

20

Pro Phe Gly Gly Ala

Ile Trp Pro Ser Glu

55

Ala Leu Met Asp Gln

70

Ala Glu Leu Gln Gly

85

Leu Ser Ser Trp Gln

100

Ser Gln Gly Arg Ile

120

Arg Asn Ser Met Pro

135

Leu Thr Thr Tyr Ala
150

Asp Ala Gln Ile Tyr

165

Ala Glu Phe Tyr Lys

180

His Cys Val Lys Trp

200

Ala Leu Asp
10

Val Val Gly
25

Leu Val Ser

Asp Pro Trp

Lys Ile Ala
75

Leu Gln Asn
90

Lys Asn Pro
105

Arg Glu Leu

Ser Phe Ala
Gln Ala Ala
155

Gly Glu Glu
170

Arg Gln Leu
185

Tyr Asn Val

Ser Ser Thr
Asp Leu Leu
30

Phe Tyr Thr
45

Lys Ala Phe
60

Asp Tyr Ala

Asn Val Glu

Ala Ala Pro

110

Phe Ser Gln
125

Ile Ser Gly
140

Asn Thr His

Trp Gly Tyr

Lys Leu Thr
190

Gly Leu Asp
205

Thr Lys
15

Gly Val

Asn Phe

Met Glu

Lys Asn
80

Asp Tyr
95

Phe Arg

Ala Glu

Tyr Glu

Leu Phe
160

Glu Lys
175

Gln Glu

Lys Leu
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188

Arg
Glu
225

Asp

Thr

Asp

Tyr

305

Arg

Asn

Thr
385
Ala

Glu

Phe

Gln
465

Asn

Gln

Phe

Ala

545

Thr

Arg

Gln

Gly

210

Met

Val

Leu

Thr

Tyr

290

Gly

Pro

Lys

Tyr

Tyr

370

Asp

Val

Pro

Leu

Lys

450

Leu

Ala

Gly

Lys

His

530

Thr

Gly

Leu

Ile

Glu
610

Ile

Ser

Thr

Arg

Thr

Phe

275

Leu

Asn

Ser

Ser

Arg

355

Ser

Glu

Ser

Leu

Met

435

Ser

Pro

Gly

Ser

Tyr

515

Thr

Met

Phe

Ser

Glu
595

Arg

Gly

Ser

Leu

Leu

Asp

260

Ser

His

Asp

Ile

Ser

340

Ala

Gly

Ala

Trp

Glu

420

Gln

Val

Leu

Pro

Ala

500

Arg

Ser

Ser

Thr

Ala
580
Phe

Ala

Leu

Tyr

Thr

Tyr

245

Pro

Asn

Arg

Ser

Gly

325

Glu

Val

Val

Ser

Asp

405

Lys

Gly

Asp

Val

Arg

485

Ala

Ala

Ile

Ser

Thr

565

His

Val

Gln

Lys

Glu

Val

230

Pro

Ile

Ile

Ile

Phe

310

Ser

Pro

Ala

Thr

Thr

390

Ser

Gly

Ser

Phe

Lys

470

Phe

Thr

Arg

Asp

Gly

550

Pro

Val

Pro

Lys

Thr

Ser

215

Leu

Lys

Val

Glu

Gln

295

Asn

Asn

Val

Asn

Lys

375

Gln

Ile

Tyr

Arg

Phe

455

Ala

Thr

Ile

Ile

Gly

535

Ser

Phe

Phe

Ala

Ala
615

Asp

Trp

Asp

Glu

Gly

Asn

280

Phe

Tyr

Asp

Gln

Thr

360

Val

Thr

Asp

Ser

Gly

440

Asn

Tyr

Gly

Tyr

His

520

Arg

Asn

Asn

Asn

Glu
600

Val

Val

Val

Leu

Val

Val

265

Tyr

His

Trp

Ile

Asn

345

Asn

Glu

Tyr

Gln

His

425

Thr

Met

Lys

Gly

Val

505

Tyr

Pro

Leu

Phe

Ser
585
Val

Asn

Thr

Asn

Ile

Lys

250

Asn

Ile

Thr

Ser

Ile

330

Leu

Leu

Phe

Asp

Leu

410

Gln

Ile

Ile

Leu

Asp

490

Thr

Ala

Ile

Gln

Ser

570

Gly

Thr

Glu

Asp

Phe

Ala

235

Thr

Asn

Arg

Arg

Gly

315

Thr

Glu

Ala

Ser

Ser

395

Pro

Leu

Pro

Asp

Gln

475

Ile

Pro

Ser

Asn

Ser

555

Asn

Asn

Phe

Leu

Tyr

Asn Arg Tyr

220

Leu

Glu

Leu

Lys

Phe

300

Asn

Ser

Phe

Val

Gln

380

Lys

Pro

Asn

Val

Ser

460

Ser

Ile

Asp

Thr

Gln

540

Gly

Gly

Glu

Glu

Phe
620

His

Phe

Leu

Arg

Pro

285

Gln

Tyr

Pro

Asn

Trp

365

Tyr

Arg

Glu

Tyr

Leu

445

Lys

Gly

Gln

Val

Thr

525

Gly

Ser

Ser

Val

Ala
605

Thr

Ile

Pro

Thr

Gly

270

His

Pro

Val

Phe

Gly

350

Pro

Asn

Asn

Thr

Val

430

Thr

Lys

Ala

Cys

Ser

510

Asn

Asn

Phe

Ser

Tyr
590
Glu

Ser

Asp

Arg

Leu

Arg

255

Tyr

Leu

Gly

Ser

Tyr

335

Glu

Ser

Asp

Val

Thr

415

Met

Trp

Ile

Ser

Thr

495

Tyr

Leu

Phe

Arg

Val

575

Ile

Tyr

Ser

Gln

Arg

Tyr

240

Asp

Gly

Phe

Tyr

Thr

320

Gly

Lys

Ala

Gln

Gly

400

Asp

Cys

Thr

Thr

Val

480

Glu

Ser

Gln

Ser

Thr

560

Phe

Asp

Asp

Asn

Val
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625 630 635 640
<210> SEQ ID NO 51
<211> LENGTH: 1962
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: 5*V5&6 coding sequence
<400> SEQUENCE: 51
atgactagta acggccgceca gtgtgetggt attcgcecctt atgacggecyg acaacaacac 60
cgaggectgg acagcagcac caccaaggac gtgatccaga agggcatcag cgtggtggge 120
gacctgetygyg gegtggtggg cttecectte ggeggegece tggtgagett ctacaccaac 180
ttectgaaca ccatctggcece cagcgaggac cectggaagyg ccttcecatgga gcaggtggag 240
geectgatgyg accagaagat cgccgactac gccaagaaca aggcactggce cgagctacag 300
ggectccaga acaacgtgga ggactatgtg agcgccectga gcagctggca gaagaacccce 360
getgcacegt tecgcaacce ccacagecag ggccgeatce gegagetgtt cagecaggece 420
gagagccact tccgcaacag catgceccage ttegecatca geggctacga ggtgetgtte 480
ctgaccacct acgcccaggce cgccaacacce cacctgttee tgctgaagga cgcccaaatce 540
tacggagagg agtggggcta cgagaaggag gacatcgceeg agttctacaa gcgccagetg 600
aagctgacce aggagtacac cgaccactge gtgaagtggt acaacgtggyg tctagacaag 660
ctecgeggea gcagctacga gagcetgggtyg aacttcaacce gcetaccgecyg cgagatgace 720
ctgaccgtge tggacctgat cgccctgtte ceectgtacyg acgtgcegect gtaccccaag 780
gaggtgaaga ccgagctgac ccgegacgtg ctgaccgacce ccatcgtggg cgtgaacaac 840
ctgcgegget acggcaccac cttcagcaac atcgagaact acatccgcaa gccccacctg 900
ttcgactace tgcaccgcat ccagtteccac acgegtttece ageccggceta ctacggcaac 960
gacagcttca actactggag cggcaactac gtgagcaccce gecccagcat cggcagcaac 1020
gacatcatca ccagcccctt ctacggcaac aagagcagceg agcccgtgca gaaccttgag 1080
ttcaacggcg agaaggtgta ccgcgccgtg gctaacacca acctggceccgt gtggecctcet 1140
gcagtgtaca gcggcgtgac caaggtggag ttcagecagt acaacgacca gaccgacgag 1200
gccagcacee agacctacga cagcaagcgce aacgtgggeg cegtgagetg ggacagcatce 1260
gaccagctge cccccgagac caccgacgag cccctggaga agggctacag ccaccagetg 1320
aactacgtga tgtgcttecct gatgcagggce agccgcggca ccatccccecgt getgacctgg 1380
acccacaaga gcgtcgactt cttcaacatg atcgacagca agaagatcac ccagctgcce 1440
ctggtgaagg cctacaagct ccagagegge gecagegtgyg tggcaggece ccgcettcace 1500
ggcggcgaca tcatccagtg caccgagaac ggcagegecg ccaccatcta cgtgaccccce 1560
gacgtgagcet acagccagaa gtaccgcgcec cgcatccact acgccagcac caccaacctg 1620
cagttccaca ccagcatcga cggccgeccece atcaaccagg gcaacttcag cgccaccatg 1680
agcagcggca gcaacctgca gagcggcage ttecgcaceyg tgggcttcac cacccectte 1740
aacttcagca acggcagcag cgtgttcacce ctgagcgece acgtgttcaa cagcggcaac 1800
gaggtgtaca tcgaccgcat cgagttcgtg cccgeccgagg tgaccttcecga ggcecgagtac 1860
gacctggaga gggctcagaa ggccgtgaac gagctgttca ccagcagcaa ccagatcgge 1920
ctgaagaccg acgtgaccga ctaccacatc gatcaggtgt ag 1962
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<210> SEQ ID NO 52

<211> LENGTH: 653

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 5*V5&6 protein

<400> SEQUENCE: 52

Met Thr Ser Asn Gly Arg Gln Cys Ala Gly Ile Arg Pro Tyr Asp Gly
1 5 10 15

Arg Gln Gln His Arg Gly Leu Asp Ser Ser Thr Thr Lys Asp Val Ile
Gln Lys Gly Ile Ser Val Val Gly Asp Leu Leu Gly Val Val Gly Phe
35 40 45

Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe Leu Asn Thr
50 55 60

Ile Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu Gln Val Glu
65 70 75 80

Ala Leu Met Asp Gln Lys Ile Ala Asp Tyr Ala Lys Asn Lys Ala Leu
85 90 95

Ala Glu Leu Gln Gly Leu Gln Asn Asn Val Glu Asp Tyr Val Ser Ala
100 105 110

Leu Ser Ser Trp Gln Lys Asn Pro Ala Ala Pro Phe Arg Asn Pro His
115 120 125

Ser Gln Gly Arg Ile Arg Glu Leu Phe Ser Gln Ala Glu Ser His Phe
130 135 140

Arg Asn Ser Met Pro Ser Phe Ala Ile Ser Gly Tyr Glu Val Leu Phe
145 150 155 160

Leu Thr Thr Tyr Ala Gln Ala Ala Asn Thr His Leu Phe Leu Leu Lys
165 170 175

Asp Ala Gln Ile Tyr Gly Glu Glu Trp Gly Tyr Glu Lys Glu Asp Ile
180 185 190

Ala Glu Phe Tyr Lys Arg Gln Leu Lys Leu Thr Gln Glu Tyr Thr Asp
195 200 205

His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu Arg Gly Ser
210 215 220

Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg Glu Met Thr
225 230 235 240

Leu Thr Val Leu Asp Leu Ile Ala Leu Phe Pro Leu Tyr Asp Val Arg
245 250 255

Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp Val Leu Thr
260 265 270

Asp Pro Ile Val Gly Val Asn Asn Leu Arg Gly Tyr Gly Thr Thr Phe
275 280 285

Ser Asn Ile Glu Asn Tyr Ile Arg Lys Pro His Leu Phe Asp Tyr Leu
290 295 300

His Arg Ile Gln Phe His Thr Arg Phe Gln Pro Gly Tyr Tyr Gly Asn
305 310 315 320

Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr Arg Pro Ser
325 330 335

Ile Gly Ser Asn Asp Ile Ile Thr Ser Pro Phe Tyr Gly Asn Lys Ser
340 345 350

Ser Glu Pro Val Gln Asn Leu Glu Phe Asn Gly Glu Lys Val Tyr Arg
355 360 365

Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala Val Tyr Ser
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370 375 380

Gly Val Thr Lys Val Glu Phe Ser Gln Tyr Asn Asp Gln Thr Asp Glu
385 390 395 400

Ala Ser Thr Gln Thr Tyr Asp Ser Lys Arg Asn Val Gly Ala Val Ser
405 410 415

Trp Asp Ser Ile Asp Gln Leu Pro Pro Glu Thr Thr Asp Glu Pro Leu
420 425 430

Glu Lys Gly Tyr Ser His Gln Leu Asn Tyr Val Met Cys Phe Leu Met
435 440 445

Gln Gly Ser Arg Gly Thr Ile Pro Val Leu Thr Trp Thr His Lys Ser
450 455 460

Val Asp Phe Phe Asn Met Ile Asp Ser Lys Lys Ile Thr Gln Leu Pro
465 470 475 480

Leu Val Lys Ala Tyr Lys Leu Gln Ser Gly Ala Ser Val Val Ala Gly
485 490 495

Pro Arg Phe Thr Gly Gly Asp Ile Ile Gln Cys Thr Glu Asn Gly Ser
500 505 510

Ala Ala Thr Ile Tyr Val Thr Pro Asp Val Ser Tyr Ser Gln Lys Tyr
515 520 525

Arg Ala Arg Ile His Tyr Ala Ser Thr Thr Asn Leu Gln Phe His Thr
530 535 540

Ser Ile Asp Gly Arg Pro Ile Asn Gln Gly Asn Phe Ser Ala Thr Met
545 550 555 560

Ser Ser Gly Ser Asn Leu Gln Ser Gly Ser Phe Arg Thr Val Gly Phe
565 570 575

Thr Thr Pro Phe Asn Phe Ser Asn Gly Ser Ser Val Phe Thr Leu Ser
580 585 590

Ala His Val Phe Asn Ser Gly Asn Glu Val Tyr Ile Asp Arg Ile Glu
595 600 605

Phe Val Pro Ala Glu Val Thr Phe Glu Ala Glu Tyr Asp Leu Glu Arg
610 615 620

Ala Gln Lys Ala Val Asn Glu Leu Phe Thr Ser Ser Asn Gln Ile Gly
625 630 635 640

Leu Lys Thr Asp Val Thr Asp Tyr His Ile Asp Gln Val
645 650

<210> SEQ ID NO 53

<211> LENGTH: 1845

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 88A-dm3 coding sequence

<400> SEQUENCE: 53

atgactagta acggccgeca gtgtgetggt attegecctt atgacggecg acaacaacac 60
cgaggectgyg acagcagcac caccaaggac gtgatccaga agggcatcag cgtggtggge 120
gacctgetgg gegtggtggg cttecectte ggeggegece tggtgagett ctacaccaac 180
ttcctgaaca ccatctggece cagcgaggac ccctggaagg cettcatgga gcaggtggag 240
gecctgatgg accagaagat cgccgactac gccaagaaca aggcactgge cgagetacag 300
ggcctecaga acaacgtgga ggactatgtg agcegccctga gcagetggca gaagaaccec 360
getgcacegt tcegcaacce ccacagecag ggccgcatee gegagetgtt cagecaggec 420

gagagccact tccgcaacag catgcccage ttegecatca geggctacga ggtgetgtte 480
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ctgaccacct acgcccaggce cgccaacacce cacctgttee tgctgaagga cgcccaaatce 540
tacggagagg agtggggcta cgagaaggag gacatcgceeg agttctacaa gcgccagetg 600
aagctgacce aggagtacac cgaccactge gtgaagtggt acaacgtggyg tctagacaag 660
ctecgeggea gcagctacga gagcetgggtyg aacttcaacce gcetaccgecyg cgagatgace 720
ctgaccgtge tggacctgat cgccctgtte ceectgtacyg acgtgcegect gtaccccaag 780
gaggtgaaga ccgagctgac ccgegacgtg ctgaccgacce ccatcgtggg cgtgaacaac 840
ctgcgegget acggcaccac cttcagcaac atcgagaact acatccgcaa gccccacctg 900
ttcgactace tgcaccgcat ccagtteccac acgegtttece ageccggceta ctacggcaac 960
gacagcttca actactggag cggcaactac gtgagcaccce gecccagcat cggcagcaac 1020
gacatcatca ccagcccctt ctacggcaac aagagcagceg agcccgtgca gaaccttgag 1080
ttcaacggcg agaaggtgta ccgcgccgtg gctaacacca acctggceccgt gtggecctcet 1140
gcagtgtaca gcggcgtgac caaggtggag ttcagecagt acaacgacca gaccgacgag 1200
gccagcacee agacctacga cagcaagcgce aacgtgggeg cegtgagetg ggacagcatce 1260
gaccagctge cccccgagac caccgacgag cccctggaga agggctacag ccaccagetg 1320
aactacgtga tgtgcttecct gatgcagggce agccgcggca ccatccccecgt getgacctgg 1380
acccacaaga gcgtcgactt cttcaacatg atcgacagca agaagatcac ccagctgcce 1440
ctggtaaagg gagacatgtt atatctaggg ggttccgtag tacagggtcc tggatttaca 1500
ggaggagata tattaaaaag aaccaatcct agcatattag ggacctttgc ggttacagta 1560
aatgggtcgt tatcacaaag atatcgtgta agaattcgct atgcctctac aacagatttt 1620
gaatttactc tataccttgg cgacacaata gaaaaaaata gatttaacaa aactatggat 1680
aatggggcat ctttaacgta tgaaacattt aaattcgcaa gtttcattac tgatttccaa 1740
ttcagagaaa cacaagataa aatactccta tccatgggtg attttagctce cggtcaagaa 1800
gtttatatag accgaatcga attcatccca gtagatgaga catag 1845

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 54
H: 614
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 54

Met Thr Ser
1

Arg Gln Gln

Gln Lys Gly
35

Pro Phe Gly
50

Ile Trp Pro
65

Ala Leu Met

Ala Glu Leu

Leu Ser Ser
115

Asn Gly Arg Gln Cys

His Arg Gly Leu Asp

Ile Ser Val Val Gly

40

Gly Ala Leu Val Ser

55

Ser Glu Asp Pro Trp

70

Asp Gln Lys Ile Ala

85

Gln Gly Leu Gln Asn

100

Trp Gln Lys Asn Pro

120

Ala

Ser

25

Asp

Phe

Lys

Asp

Asn

105

Ala

Gly

10

Ser

Leu

Tyr

Ala

Tyr
90

Val

Ala

88A-dm3 protein

Ile

Thr

Leu

Thr

Phe

75

Ala

Glu

Pro

Arg Pro Tyr

Thr Lys Asp

Gly Val Val
45

Asn Phe Leu
60

Met Glu Gln

Lys Asn Lys

Asp Tyr Val
110

Phe Arg Asn
125

Asp Gly
15

Val Ile

Gly Phe

Asn Thr

Val Glu

80

Ala Leu
95

Ser Ala

Pro His
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198

Ser

Arg

145

Leu

Asp

Ala

Ser

225

Leu

Leu

Asp

Ser

His

305

Asp

Ile

Ser

Ala

Gly

385

Ala

Trp

Glu

Gln

465

Leu

Pro

Leu

Arg

Gln

130

Asn

Thr

Ala

Glu

Cys

210

Tyr

Thr

Tyr

Pro

Asn

290

Arg

Ser

Gly

Glu

Val

370

Val

Ser

Asp

Lys

Gly

450

Asp

Val

Gly

Gly

Val
530

Gly

Ser

Thr

Gln

Phe

195

Val

Glu

Val

Pro

Ile

275

Ile

Ile

Phe

Ser

Pro

355

Ala

Thr

Thr

Ser

Gly

435

Ser

Phe

Lys

Phe

Thr

515

Arg

Arg

Met

Tyr

Ile

180

Tyr

Lys

Ser

Leu

Lys

260

Val

Glu

Gln

Asn

Asn

340

Val

Asn

Lys

Gln

Ile

420

Tyr

Arg

Phe

Gly

Thr
500

Phe

Ile

Ile

Pro

Ala

165

Tyr

Lys

Trp

Trp

Asp

245

Glu

Gly

Asn

Phe

Tyr

325

Asp

Gln

Thr

Val

Thr

405

Asp

Ser

Gly

Asn

Asp
485
Gly

Ala

Arg

Arg

Ser

150

Gln

Gly

Arg

Tyr

Val

230

Leu

Val

Val

Tyr

His

310

Trp

Ile

Asn

Asn

Glu

390

Tyr

Gln

His

Thr

Met

470

Met

Gly

Val

Tyr

Glu Leu Phe Ser Gln Ala Glu Ser His
135 140

Phe Ala Ile Ser Gly Tyr Glu Val Leu
155

Ala Ala Asn Thr His Leu Phe Leu Leu
170 175

Glu Glu Trp Gly Tyr Glu Lys Glu Asp
185 190

Gln Leu Lys Leu Thr Gln Glu Tyr Thr
200 205

Asn Val Gly Leu Asp Lys Leu Arg Gly
215 220

Asn Phe Asn Arg Tyr Arg Arg Glu Met
235

Ile Ala Leu Phe Pro Leu Tyr Asp Val
250 255

Lys Thr Glu Leu Thr Arg Asp Val Leu
265 270

Asn Asn Leu Arg Gly Tyr Gly Thr Thr
280 285

Ile Arg Lys Pro His Leu Phe Asp Tyr
295 300

Thr Arg Phe Gln Pro Gly Tyr Tyr Gly
315

Ser Gly Asn Tyr Val Ser Thr Arg Pro
330 335

Ile Thr Ser Pro Phe Tyr Gly Asn Lys
345 350

Leu Glu Phe Asn Gly Glu Lys Val Tyr
360 365

Leu Ala Val Trp Pro Ser Ala Val Tyr
375 380

Phe Ser Gln Tyr Asn Asp Gln Thr Asp
395

Asp Ser Lys Arg Asn Val Gly Ala Val
410 415

Leu Pro Pro Glu Thr Thr Asp Glu Pro
425 430

Gln Leu Asn Tyr Val Met Cys Phe Leu
440 445

Ile Pro Val Leu Thr Trp Thr His Lys
455 460

Ile Asp Ser Lys Lys Ile Thr Gln Leu
475

Leu Tyr Leu Gly Gly Ser Val Val Gln
490 495

Asp Ile Leu Lys Arg Thr Asn Pro Ser
505 510

Thr Val Asn Gly Ser Leu Ser Gln Arg
520 525

Ala Ser Thr Thr Asp Phe Glu Phe Thr
535 540

Phe

Phe

160

Lys

Ile

Asp

Ser

Thr

240

Arg

Thr

Phe

Leu

Asn

320

Ser

Ser

Arg

Ser

Glu

400

Ser

Leu

Met

Ser

Pro

480

Gly

Ile

Tyr

Leu
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-continued

200

Tyr Leu Gly Asp Thr Ile Glu Lys Asn Arg
545 550
Asn Gly Ala Ser Leu Thr Tyr Glu Thr Phe
565 570
Thr Asp Phe Gln Phe Arg Glu Thr Gln Asp
580 585
Gly Asp Phe Ser Ser Gly Gln Glu Val Tyr
595 600
Ile Pro Val Asp Glu Thr
610
<210> SEQ ID NO 55
<211> LENGTH: 1986
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: FR(1Fa)

<400> SEQUENCE:

atgactagta acggccgeca

cgaggcctgg

gacctgetygyg

ttcctgaaca

geectgatgg

ggcctecaga

getgcacegt

gagagccact

ctgaccacct

tacggagagg

aagctgacce

ctcegeggea

ctgacegtge

gaggtgaaga

ctgegegget

ttcgactacc

gacagcttca

gacatcatca

ttcaacggeyg

gcagtgtaca

gccagcacce

gaccagctge

aactacgtga

acccacaaga

ctggtgaagg

ggcggcgaca

aacggccage

acagcagcac

gegtggtggyg

ccatctggec

accagaagat

acaacgtgga

tccgcaacce

tccgcaacag

acgcccagge

agtggggcta

aggagtacac

gcagctacga

tggacctgat

ccgagetgac

acggcaccac

tgcaccgeat

actactggag

ccageeectt

agaaggtgta

geggegtgac

agacctacga

ccececgagac

tgtgcttect

gegtegactt

cccacaccct

tccteegecy

tccegeageyg

55

gtgtgetggt

caccaaggac

ctteccectte

cagcgaggac

cgcecgactac

ggactatgtyg

ccacagccag

catgcccage

cgccaacacc

c¢gagaaggag

cgaccactge

gagctgggtyg

cgcectgtte

cegegacgty

cttcagcaac

ccagttecac

cggcaactac

ctacggcaac

cegegeegty

caaggtggag

cagcaagcge

caccgacgag

gatgcagggc

cttcaacatg

ccagteegge

caccteegge

ctaccgegec

Phe Asn Lys Thr
555

Lys Phe Ala Ser
Lys Ile Leu Leu
590

Ile Asp Arg Ile
605

coding sequence

attcgecctt atgacggecg
gtgatccaga agggcatcag
ggeggegece tggtgagett
ccctggaagyg ccttcatgga
gccaagaaca aggcactgge
agcgcectga gcagetggea
ggcegeatee gegagetgtt
ttcgccatca geggctacga
cacctgttee tgctgaagga
gacatcgecg agttctacaa
gtgaagtggt acaacgtggg
aacttcaacc gctaccgecg
cceectgtacyg acgtgegect
ctgaccgace ccatcegtggyg
atcgagaact acatccgcaa
acgcgtttee agcccggeta
gtgagcacce gccccageat
aagagcagcyg agcccgtgca
gctaacacca acctggecgt
ttcagccagt acaacgacca
aacgtgggeyg ccgtgagetg
ccectggaga agggctacag
agcecgeggea ccatcccegt
atcgacagca agaagatcac
accaccgtgyg tgcgeggece
ggceegtteg cctacaccat

cgcatccget acgectcecac

Met Asp
560

Phe Ile
575

Ser Met

Glu Phe

acaacaacac

cgtggtggge
ctacaccaac
gcaggtggag
cgagctacag
gaagaaccce
cagccaggec
ggtgetgtte
cgcccaaate
gegecagetyg
tctagacaag
cgagatgacc
gtaccccaag
cgtgaacaac
gecccacetyg
ctacggcaac
cggcagcaac
gaaccttgag
gtggccctet
gaccgacgag
ggacagcatc

ccaccagetyg

getgacctgg

ccagetgece

gggcttcace

cgtgaacatce

caccaaccte

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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-continued

202

cgcatctacyg
gacaccggceyg
acctteeega
gaggtgtaca
gacctggage
atcaagaccg
agctag

<210> SEQ I

<211> LENGT.
<212> TYPE:

tgaccgtgge
accecgetcac
tgtcccagte
tcgaccgett
gegeccagaa

acgtgaccga

D NO 56
H: 661
PRT

cggcgagcgce

cttecagtec

ctecctteace

cgagctgatce

ggcegtgaac

ctaccacatc

atcttegeeg

ttctectacy

gtgggegeeg

ceggtgaceyg

gecctettea

gaccaggtgt

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: FR(1Fa)

<400> SEQUENCE: 56

Met Thr Ser
1

Arg Gln Gln

Gln Lys Gly
35

Pro Phe Gly
50

Ile Trp Pro

Ala Leu Met

Ala Glu Leu

Leu Ser Ser
115

Ser Gln Gly
130

Arg Asn Ser
145

Leu Thr Thr

Asp Ala Gln

Ala Glu Phe
195

His Cys Val
210

Ser Tyr Glu
225

Leu Thr Val

Leu Tyr Pro

Asp Pro Ile

275

Ser Asn Ile

Asn Gly Arg Gln Cys

5

His Arg Gly Leu Asp

20

Ile Ser Val Val Gly

40

Gly Ala Leu Val Ser

55

Ser Glu Asp Pro Trp

Asp Gln Lys Ile Ala

85

Gln Gly Leu Gln Asn

100

Trp Gln Lys Asn Pro

120

Arg Ile Arg Glu Leu

135

Met Pro Ser Phe Ala
150

Tyr Ala Gln Ala Ala

165

Ile Tyr Gly Glu Glu

180

Tyr Lys Arg Gln Leu

200

Lys Trp Tyr Asn Val

215

Ser Trp Val Asn Phe
230

Leu Asp Leu Ile Ala

245

Lys Glu Val Lys Thr

260

Val Gly Val Asn Asn

280

Glu Asn Tyr Ile Arg

protein

Ala

Ser

25

Asp

Phe

Lys

Asp

Asn

105

Ala

Phe

Ile

Asn

Trp

185

Lys

Gly

Asn

Leu

Glu
265

Leu

Lys

Gly

Ser

Leu

Tyr

Ala

Tyr

90

Val

Ala

Ser

Ser

Thr

170

Gly

Leu

Leu

Arg

Phe
250
Leu

Arg

Pro

Ile

Thr

Leu

Thr

Phe

75

Ala

Glu

Pro

Gln

Gly

155

His

Tyr

Thr

Asp

Tyr

235

Pro

Thr

Gly

His

gccagttcaa caagaccatg
ccaccatcaa caccgectte
acaccttete ctececggcaac
ccaccttega ggccgagtac
cctecatcaa ccagatcgge

ccaacctegt ggactgetta

Arg Pro Tyr Asp Gly
Thr Lys Asp Val Ile
30

Gly Val Val Gly Phe
45

Asn Phe Leu Asn Thr
60

Met Glu Gln Val Glu
80

Lys Asn Lys Ala Leu
95

Asp Tyr Val Ser Ala
110

Phe Arg Asn Pro His
125

Ala Glu Ser His Phe
140

Tyr Glu Val Leu Phe
160

Leu Phe Leu Leu Lys
175

Glu Lys Glu Asp Ile
190

Gln Glu Tyr Thr Asp
205

Lys Leu Arg Gly Ser
220

Arg Arg Glu Met Thr
240

Leu Tyr Asp Val Arg
255

Arg Asp Val Leu Thr
270

Tyr Gly Thr Thr Phe
285

Leu Phe Asp Tyr Leu

1680

1740

1800

1860

1920

1980

1986
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203 204

-continued

290 295 300

His Arg Ile Gln Phe His Thr Arg Phe Gln Pro Gly Tyr Tyr Gly Asn
305 310 315 320

Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr Arg Pro Ser
325 330 335

Ile Gly Ser Asn Asp Ile Ile Thr Ser Pro Phe Tyr Gly Asn Lys Ser
340 345 350

Ser Glu Pro Val Gln Asn Leu Glu Phe Asn Gly Glu Lys Val Tyr Arg
355 360 365

Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala Val Tyr Ser
370 375 380

Gly Val Thr Lys Val Glu Phe Ser Gln Tyr Asn Asp Gln Thr Asp Glu
385 390 395 400

Ala Ser Thr Gln Thr Tyr Asp Ser Lys Arg Asn Val Gly Ala Val Ser
405 410 415

Trp Asp Ser Ile Asp Gln Leu Pro Pro Glu Thr Thr Asp Glu Pro Leu
420 425 430

Glu Lys Gly Tyr Ser His Gln Leu Asn Tyr Val Met Cys Phe Leu Met
435 440 445

Gln Gly Ser Arg Gly Thr Ile Pro Val Leu Thr Trp Thr His Lys Ser
450 455 460

Val Asp Phe Phe Asn Met Ile Asp Ser Lys Lys Ile Thr Gln Leu Pro
465 470 475 480

Leu Val Lys Ala His Thr Leu Gln Ser Gly Thr Thr Val Val Arg Gly
485 490 495

Pro Gly Phe Thr Gly Gly Asp Ile Leu Arg Arg Thr Ser Gly Gly Pro
500 505 510

Phe Ala Tyr Thr Ile Val Asn Ile Asn Gly Gln Leu Pro Gln Arg Tyr
515 520 525

Arg Ala Arg Ile Arg Tyr Ala Ser Thr Thr Asn Leu Arg Ile Tyr Val
530 535 540

Thr Val Ala Gly Glu Arg Ile Phe Ala Gly Gln Phe Asn Lys Thr Met
545 550 555 560

Asp Thr Gly Asp Pro Leu Thr Phe Gln Ser Phe Ser Tyr Ala Thr Ile
565 570 575

Asn Thr Ala Phe Thr Phe Pro Met Ser Gln Ser Ser Phe Thr Val Gly
580 585 590

Ala Asp Thr Phe Ser Ser Gly Asn Glu Val Tyr Ile Asp Arg Phe Glu
595 600 605

Leu Ile Pro Val Thr Ala Thr Phe Glu Ala Glu Tyr Asp Leu Glu Arg
610 615 620

Ala Gln Lys Ala Val Asn Ala Leu Phe Thr Ser Ile Asn Gln Ile Gly
625 630 635 640

Ile Lys Thr Asp Val Thr Asp Tyr His Ile Asp Gln Val Ser Asn Leu
645 650 655

Val Asp Cys Leu Ser
660

<210> SEQ ID NO 57

<211> LENGTH: 1842

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: FR(1lAc) coding sequence
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205 206

-continued

<400> SEQUENCE: 57

atgactagta acggccgcca gtgtgctggt attcgecctt atgacggccyg acaacaacac 60
cgaggcctgg acagcagcac caccaaggac gtgatccaga agggcatcag cgtggtgggce 120
gacctgectgg geogtggtggg ctteccctte ggeggcegece tggtgagett ctacaccaac 180
ttcctgaaca ccatctggece cagcgaggac ccctggaagg ccttcatgga gcaggtggag 240
gccctgatgg accagaagat cgccgactac gccaagaaca aggcactgge cgagctacag 300
ggcctccaga acaacgtgga ggactatgtg agcegccctga gcagctggca gaagaacccc 360
gctgcaccgt tccgecaacce ccacagccag ggcecgcatce gegagetgtt cagccaggec 420
gagagccact tccgcaacag catgcccagce ttegccatca geggctacga ggtgctgttce 480
ctgaccacct acgcccaggce cgccaacacc cacctgttee tgctgaagga cgcccaaatc 540
tacggagagg agtggggcta cgagaaggag gacatcgceg agttctacaa gcgccagetg 600
aagctgaccc aggagtacac cgaccactgc gtgaagtggt acaacgtggg tctagacaag 660
ctccegeggea gcagctacga gagcetgggtg aacttcaacce gctaccgcecg cgagatgacce 720
ctgaccgtgce tggacctgat cgccctgtte ccectgtacg acgtgegect gtaccccaag 780
gaggtgaaga ccgagctgac ccgcgacgtg ctgaccgacc ccatcgtggg cgtgaacaac 840
ctgcgegget acggcaccac cttcagcaac atcgagaact acatccgcaa gccccacctg 900
ttcgactacc tgcaccgcat ccagttccac acgcgtttec agcccggcta ctacggcaac 960
gacagcttca actactggag cggcaactac gtgagcaccc gccccagcat cggcagcaac 1020

gacatcatca ccagcccctt ctacggcaac aagagcagceg agcccgtgca gaaccttgag 1080
ttcaacggcg agaaggtgta ccgcgccgtg gctaacacca acctggceccgt gtggecctcet 1140
gcagtgtaca gcggcgtgac caaggtggag ttcagecagt acaacgacca gaccgacgag 1200
gccagcacee agacctacga cagcaagcgce aacgtgggeg cegtgagetg ggacagcatce 1260
gaccagctge cccccgagac caccgacgag cccctggaga agggctacag ccaccagetg 1320
aactacgtga tgtgcttecct gatgcagggce agccgcggca ccatccccecgt getgacctgg 1380
acccacaaga gcgtcgactt cttcaacatg atcgacagca agaagatcac ccagctgcce 1440
ctggtgaagg gaaactttct ttttaatggt tctgtaattt caggaccagg atttactggt 1500
ggggacttag ttagattaaa tagtagtgga aataacattc agaatagagg gtatattgaa 1560
gttccaatte acttcccatce gacatctacc agatatcgag ttecgtgtacg gtatgcttcet 1620
gtaacccecga ttcacctcaa cgttaattgg ggtaattcat ccattttttce caatacagta 1680
ccagctacag ctacgtcatt agataatcta caatcaagtg attttggtta ttttgaaagt 1740
gccaatgett ttacatctte attaggtaat atagtaggtg ttagaaattt tagtgggact 1800
gcaggagtga taatagacag atttgaattt attccagttt ag 1842
<210> SEQ ID NO 58

<211> LENGTH: 613

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: FR(1lAc) protein

<400> SEQUENCE: 58

Met Thr Ser Asn Gly Arg Gln Cys Ala Gly Ile Arg Pro Tyr Asp Gly
1 5 10 15

Arg Gln Gln His Arg Gly Leu Asp Ser Ser Thr Thr Lys Asp Val Ile
20 25 30
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207

-continued

208

Gln

Pro

Ile

65

Ala

Ala

Leu

Ser

Arg

145

Leu

Asp

Ala

Ser

225

Leu

Leu

Asp

Ser

His

305

Asp

Ile

Ser

Ala

Gly

385

Ala

Trp

Glu

Lys

Phe

50

Trp

Leu

Glu

Ser

Gln

130

Asn

Thr

Ala

Glu

Cys

210

Tyr

Thr

Tyr

Pro

Asn

290

Arg

Ser

Gly

Glu

Val

370

Val

Ser

Asp

Lys

Gly

Gly

Pro

Met

Leu

Ser

115

Gly

Ser

Thr

Gln

Phe

195

Val

Glu

Val

Pro

Ile

275

Ile

Ile

Phe

Ser

Pro

355

Ala

Thr

Thr

Ser

Gly
435

Ile

Gly

Ser

Asp

Gln

100

Trp

Arg

Met

Tyr

Ile

180

Tyr

Lys

Ser

Leu

Lys

260

Val

Glu

Gln

Asn

Asn

340

Val

Asn

Lys

Gln

Ile

420

Tyr

Ser

Ala

Glu

Gln

85

Gly

Gln

Ile

Pro

Ala

165

Tyr

Lys

Trp

Trp

Asp

245

Glu

Gly

Asn

Phe

Tyr

325

Asp

Gln

Thr

Val

Thr
405

Asp

Ser

Val

Leu

Asp

70

Lys

Leu

Lys

Arg

Ser

150

Gln

Gly

Arg

Tyr

Val

230

Leu

Val

Val

Tyr

His

310

Trp

Ile

Asn

Asn

Glu
390
Tyr

Gln

His

Val Gly Asp Leu Leu Gly Val Val Gly
40 45

Val Ser Phe Tyr Thr Asn Phe Leu Asn
55 60

Pro Trp Lys Ala Phe Met Glu Gln Val
75

Ile Ala Asp Tyr Ala Lys Asn Lys Ala
90 95

Gln Asn Asn Val Glu Asp Tyr Val Ser
105 110

Asn Pro Ala Ala Pro Phe Arg Asn Pro
120 125

Glu Leu Phe Ser Gln Ala Glu Ser His
135 140

Phe Ala Ile Ser Gly Tyr Glu Val Leu
155

Ala Ala Asn Thr His Leu Phe Leu Leu
170 175

Glu Glu Trp Gly Tyr Glu Lys Glu Asp
185 190

Gln Leu Lys Leu Thr Gln Glu Tyr Thr
200 205

Asn Val Gly Leu Asp Lys Leu Arg Gly
215 220

Asn Phe Asn Arg Tyr Arg Arg Glu Met
235

Ile Ala Leu Phe Pro Leu Tyr Asp Val
250 255

Lys Thr Glu Leu Thr Arg Asp Val Leu
265 270

Asn Asn Leu Arg Gly Tyr Gly Thr Thr
280 285

Ile Arg Lys Pro His Leu Phe Asp Tyr
295 300

Thr Arg Phe Gln Pro Gly Tyr Tyr Gly
315

Ser Gly Asn Tyr Val Ser Thr Arg Pro
330 335

Ile Thr Ser Pro Phe Tyr Gly Asn Lys
345 350

Leu Glu Phe Asn Gly Glu Lys Val Tyr
360 365

Leu Ala Val Trp Pro Ser Ala Val Tyr
375 380

Phe Ser Gln Tyr Asn Asp Gln Thr Asp
395

Asp Ser Lys Arg Asn Val Gly Ala Val
410 415

Leu Pro Pro Glu Thr Thr Asp Glu Pro
425 430

Gln Leu Asn Tyr Val Met Cys Phe Leu
440 445

Phe

Thr

Glu

80

Leu

Ala

His

Phe

Phe

160

Lys

Ile

Asp

Ser

Thr

240

Arg

Thr

Phe

Leu

Asn

320

Ser

Ser

Arg

Ser

Glu

400

Ser

Leu

Met
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-contin

ued

210

Gln Gly Ser
450

Val Asp Phe
465

Leu Val Lys

Gly Phe Thr

Ile Gln Asn

515

Ser Thr Arg
530

His Leu Asn
545

Pro Ala Thr
Tyr Phe Glu
Gly Val Arg

595
Glu Phe Ile

610

<210> SEQ I
<211> LENGT.
<212> TYPE:

Arg Gly Thr Ile Pro

455

Phe Asn Met Ile Asp
470

Gly Asn Phe Leu Phe

485

Gly Gly Asp Leu Val

500

Arg Gly Tyr Ile Glu

520

Tyr Arg Val Arg Val

535

Val Asn Trp Gly Asn
550

Ala Thr Ser Leu Asp

565

Ser Ala Asn Ala Phe

580

Asn Phe Ser Gly Thr

Pro Val

D NO 59
H: 2067
DNA

600

Val

Ser

Asn

Arg

505

Val

Arg

Ser

Asn

Thr

585

Ala

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: FR(1Ia)

<400> SEQUENCE: 59

atgactagta

cgaggcctgg

gacctgetygyg

ttcctgaaca

geectgatgg

ggcctecaga

getgcacegt

gagagccact

ctgaccacct

tacggagagg

aagctgacce

ctcegeggea

ctgacegtge

gaggtgaaga

ctgegegget

ttcgactacc

gacagcttca

gacatcatca

acggecegeca

acagcagcac

gegtggtggyg

ccatctggec

accagaagat

acaacgtgga

tccgcaacce

tccgcaacag

acgcccagge

agtggggcta

aggagtacac

gcagctacga

tggacctgat

ccgagetgac

acggcaccac

tgcaccgeat

actactggag

ccageeectt

gtgtgetggt

caccaaggac

ctteccectte

cagcgaggac

cgcecgactac

ggactatgtyg

ccacagccag

catgcccage

cgccaacacc

c¢gagaaggag

cgaccactge

gagctgggtyg

cgcectgtte

cegegacgty

cttcagcaac

ccagttecac

cggcaactac

ctacggcaac

Leu

Lys

Gly

490

Leu

Pro

Tyr

Ser

Leu

570

Ser

Gly

Thr

Lys

475

Ser

Asn

Ile

Ala

Ile

555

Gln

Ser

Val

Trp Thr His
460

Ile Thr Gln

Val Ile Ser

Ser Ser Gly

510

His Phe Pro
525

Ser Val Thr
540

Phe Ser Asn

Ser Ser Asp

Leu Gly Asn
590

Ile Ile Asp
605

coding sequence

attcgeecett

gtgatccaga

ggcggcgcecc

ccctggaagyg

gccaagaaca

agcgeectga

ggcegeatee

ttcgccatca

cacctgttec

gacatcgecyg

gtgaagtggt

aacttcaacc

ccectgtacy

ctgaccgace

atcgagaact

acgcgtttee

gtgagcacce

aagagcagcg

atgacggecg

agggcatcag

tggtgagett

ccttcatgga

aggcactgge

gcagctggca

gegagetgtt

geggetacga

tgctgaagga

agttctacaa

acaacgtggyg

gctacegecg

acgtgegect

ccatcgtggy

acatccgcaa

agcccggeta

gecccageat

agcccgtgea

Lys Ser
Leu Pro
480

Gly Pro
495

Asn Asn

Ser Thr

Pro Ile

Thr Val
560

Phe Gly
575

Ile Val

Arg Phe

acaacaacac
cgtggtggge
ctacaccaac
gcaggtggag
cgagctacag
gaagaaccce
cagccaggec
ggtgetgtte
cgcccaaate
gegecagetyg
tctagacaag
cgagatgacc
gtaccccaag
cgtgaacaac
gecccacetyg
ctacggcaac
cggcagcaac

gaaccttgag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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212

-continued
ttcaacggcg agaaggtgta ccgcgccgtg gctaacacca acctggceccgt gtggecctcet 1140
gcagtgtaca gcggcgtgac caaggtggag ttcagecagt acaacgacca gaccgacgag 1200
gccagcacee agacctacga cagcaagcgce aacgtgggeg cegtgagetg ggacagcatce 1260
gaccagctge cccccgagac caccgacgag cccctggaga agggctacag ccaccagetg 1320
aactacgtga tgtgcttecct gatgcagggce agccgcggca ccatccccecgt getgacctgg 1380
acccacaaga gcgtcgactt cttcaacatg atcgacagca agaagatcac ccagctgcce 1440
ctggtaaaag ctttcaatct gtcttcaggt gccgctgtag tgagaggacc aggatttaca 1500
ggtggggata tccttcgaag aacgaatact ggtacatttg gggatatacg agtaaatatt 1560
aatccaccat ttgcacaaag atatcgcgtg aggattcgct atgcttctac cacagattta 1620
caattccata cgtcaattaa cggtaaagct attaatcaag gtaatttttc agcaactatg 1680
aatagaggag aggacttaga ctataaaacc tttagaactg taggctttac cactccattt 1740
agctttttag atgtacaaag tacattcaca ataggtgctt ggaacttctce ttcaggtaac 1800
gaagtttata tagatagaat tgaatttgtt ccggtagaag taacatatga ggcagaatat 1860
gattttgaaa aagcgcaaga gaaggttact gcactgttta catctacgaa tccaagagga 1920
ttaaaaacag atgtaaagga ttatcatatt gaccaggtat caaatttagt agagtctcta 1980
tcagatgaat tctatcttga tgaaaagaga gaattattcg agatagttaa atacgcgaag 2040
caactccata ttgagcgtaa catgtag 2067

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 60
H: 688
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: FR(1Ia)

<400> SEQUENCE: 60

Met Thr Ser
1

Arg Gln Gln

Gln Lys Gly
35

Pro Phe Gly
50

Ile Trp Pro
65

Ala Leu Met

Ala Glu Leu

Leu Ser Ser
115

Ser Gln Gly
130

Arg Asn Ser
145

Leu Thr Thr

Asp Ala Gln

Asn Gly Arg Gln Cys

5

His Arg Gly Leu Asp

Ile Ser Val Val Gly

40

Gly Ala Leu Val Ser

55

Ser Glu Asp Pro Trp

70

Asp Gln Lys Ile Ala

85

Gln Gly Leu Gln Asn

100

Trp Gln Lys Asn Pro

120

Arg Ile Arg Glu Leu

135

Met Pro Ser Phe Ala
150

Tyr Ala Gln Ala Ala

165

Ile Tyr Gly Glu Glu

180

protein

Ala Gly Ile
10

Ser Ser Thr
25

Asp Leu Leu

Phe Tyr Thr

Lys Ala Phe
75

Asp Tyr Ala
90

Asn Val Glu
105

Ala Ala Pro

Phe Ser Gln

Ile Ser Gly

155

Asn Thr His
170

Trp Gly Tyr
185

Arg Pro Tyr

Thr Lys Asp

Gly Val Val
45

Asn Phe Leu
60

Met Glu Gln

Lys Asn Lys

Asp Tyr Val
110

Phe Arg Asn
125

Ala Glu Ser
140

Tyr Glu Val

Leu Phe Leu

Glu Lys Glu
190

Asp Gly
15

Val Ile

Gly Phe

Asn Thr

Val Glu

80

Ala Leu

Ser Ala

Pro His

His Phe

Leu Phe
160

Leu Lys
175

Asp Ile
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213

-continued

214

Ala

Ser

225

Leu

Leu

Asp

Ser

His

305

Asp

Ile

Ser

Ala

Gly

385

Ala

Trp

Glu

Gln

465

Leu

Pro

Phe

Arg

Ser
545
Asn

Thr

Ala

Glu

Cys

210

Tyr

Thr

Tyr

Pro

Asn

290

Arg

Ser

Gly

Glu

Val

370

Val

Ser

Asp

Lys

Gly

450

Asp

Val

Gly

Gly

Val

530

Ile

Arg

Thr

Trp

Phe

195

Val

Glu

Val

Pro

Ile

275

Ile

Ile

Phe

Ser

Pro

355

Ala

Thr

Thr

Ser

Gly

435

Ser

Phe

Lys

Phe

Asp

515

Arg

Asn

Gly

Pro

Asn
595

Tyr

Lys

Ser

Leu

Lys

260

Val

Glu

Gln

Asn

Asn

340

Val

Asn

Lys

Gln

Ile

420

Tyr

Arg

Phe

Ala

Thr

500

Ile

Ile

Gly

Glu

Phe

580

Phe

Lys

Trp

Trp

Asp

245

Glu

Gly

Asn

Phe

Tyr

325

Asp

Gln

Thr

Val

Thr

405

Asp

Ser

Gly

Asn

Phe

485

Gly

Arg

Arg

Lys

Asp

565

Ser

Ser

Arg

Tyr

Val

230

Leu

Val

Val

Tyr

His

310

Trp

Ile

Asn

Asn

Glu

390

Tyr

Gln

His

Thr

Met

470

Asn

Gly

Val

Tyr

Ala
550
Leu

Phe

Ser

Gln Leu Lys Leu Thr Gln Glu Tyr Thr
200 205

Asn Val Gly Leu Asp Lys Leu Arg Gly
215 220

Asn Phe Asn Arg Tyr Arg Arg Glu Met
235

Ile Ala Leu Phe Pro Leu Tyr Asp Val
250 255

Lys Thr Glu Leu Thr Arg Asp Val Leu
265 270

Asn Asn Leu Arg Gly Tyr Gly Thr Thr
280 285

Ile Arg Lys Pro His Leu Phe Asp Tyr
295 300

Thr Arg Phe Gln Pro Gly Tyr Tyr Gly
315

Ser Gly Asn Tyr Val Ser Thr Arg Pro
330 335

Ile Thr Ser Pro Phe Tyr Gly Asn Lys
345 350

Leu Glu Phe Asn Gly Glu Lys Val Tyr
360 365

Leu Ala Val Trp Pro Ser Ala Val Tyr
375 380

Phe Ser Gln Tyr Asn Asp Gln Thr Asp
395

Asp Ser Lys Arg Asn Val Gly Ala Val
410 415

Leu Pro Pro Glu Thr Thr Asp Glu Pro
425 430

Gln Leu Asn Tyr Val Met Cys Phe Leu
440 445

Ile Pro Val Leu Thr Trp Thr His Lys
455 460

Ile Asp Ser Lys Lys Ile Thr Gln Leu
475

Leu Ser Ser Gly Ala Ala Val Val Arg
490 495

Asp Ile Leu Arg Arg Thr Asn Thr Gly
505 510

Asn Ile Asn Pro Pro Phe Ala Gln Arg
520 525

Ala Ser Thr Thr Asp Leu Gln Phe His
535 540

Ile Asn Gln Gly Asn Phe Ser Ala Thr
555

Asp Tyr Lys Thr Phe Arg Thr Val Gly
570 575

Leu Asp Val Gln Ser Thr Phe Thr Ile
585 590

Gly Asn Glu Val Tyr Ile Asp Arg Ile
600 605

Asp

Ser

Thr

240

Arg

Thr

Phe

Leu

Asn

320

Ser

Ser

Arg

Ser

Glu

400

Ser

Leu

Met

Ser

Pro

480

Gly

Thr

Tyr

Thr

Met
560
Phe

Gly

Glu
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-continued

216

Phe Val Pro
610

Ala Gln Glu
625

Leu Lys Thr

Val Glu Ser

Phe Glu Ile
675

<210> SEQ I
<211> LENGT.
<212> TYPE:

Val Glu Val Thr Tyr

615

Lys Val Thr Ala Leu
630

Asp Val Lys Asp Tyr

645

Leu Ser Asp Glu Phe

660

Val Lys Tyr Ala Lys

D NO 61
H: 1962
DNA

680

Glu Ala Glu
Phe Thr Ser
635

His Ile Asp
650

Tyr Leu Asp
665

Gln Leu His

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Tyr Asp Phe
620

Thr Asn Pro

Gln Val Ser

Glu Lys Arg
670

Ile Glu Arg
685

<223> OTHER INFORMATION: DM23A coding sequence

<400> SEQUENCE: 61

atgactagta

cgaggcctgg

gacctgetygyg

ttcctgaaca

geectgatgg

ggcctecaga

getgcacegt

gagagccact

ctgaccacct

tacggagagg

aagctgacce

ctcegeggea

ctgacegtge

gaggtgaaga

ctgegegget

ttcgactacc

gacagcttca

gacatcatca

ttcaacggeyg

gcagtgtaca

gccagcacce

gaccagctge

aactacgtga

acccacaaga

ctgaccaaga

ggcggcgaca

accgccccce

acggecegeca

acagcagcac

gegtggtggyg

ccatctggec

accagaagat

acaacgtgga

tccgcaacce

tccgcaacag

acgcccagge

agtggggcta

aggagtacac

gcagctacga

tggacctgat

ccgagetgac

acggcaccac

tgcaccgeat

actactggag

ccageeectt

agaaggtgta

geggegtgac

agacctacga

ccececgagac

tgtgcttect

gegecgagtt

gcaccaacct

tcectgegecy

tgagccageg

gtgtgetggt

caccaaggac

ctteccectte

cagcgaggac

cgcecgactac

ggactatgtyg

ccacagccag

catgcccage

cgccaacacc

c¢gagaaggag

cgaccactge

gagctgggtyg

cgcectgtte

cegegacgty

cttcagcaac

ccagttecac

cggcaactac

ctacggcaac

cegegeegty

caaggtggag

cagcaagcge

caccgacgag

gatgcagggc

caacaacatc

dggcagegge

caccagcccce

ctaccgegte

attcgeecett

gtgatccaga

ggcggcgcecc

ccctggaagyg

gccaagaaca

agcgeectga

ggcegeatee

ttcgccatca

cacctgttec

gacatcgecyg

gtgaagtggt

aacttcaacc

ccectgtacy

ctgaccgace

atcgagaact

acgcgtttee

gtgagcacce

aagagcagcg

gctaacacca

ttcagccagt

aacgtgggcg

ccectggaga

agccgeggea

atccccagea

accagegtygg

ggccagatca

cgcateceget

atgacggecg

agggcatcag

tggtgagett

ccttcatgga

aggcactgge

gcagctggca

gegagetgtt

geggetacga

tgctgaagga

agttctacaa

acaacgtggyg

gctacegecg

acgtgegect

ccatcgtggy

acatccgcaa

agcccggeta

gecccageat

agcccgtgea

acctggeegt

acaacgacca

cecgtgagetyg

agggctacag

ccatceccegt

gccagatcac

tgaagggccc
gcaccetgeg

acgccagcac

Glu Lys
Arg Gly
640

Asn Leu
655

Glu Leu

Asn Met

acaacaacac

cgtggtggge
ctacaccaac
gcaggtggag
cgagctacag
gaagaaccce
cagccaggec
ggtgetgtte
cgcccaaate
gegecagetyg
tctagacaag
cgagatgacc
gtaccccaag
cgtgaacaac
gecccacetyg
ctacggcaac
cggcagcaac
gaaccttgag
gtggccctet
gaccgacgag
ggacagcatc
ccaccagetyg
getgacctgg
ccagatcece
cggcetteace
cgtgaacatce

caccaacctyg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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218

cagttccaca

agcagcggcea

aacttcagca

gaggtgtaca

gacctggaga

ctgaagaccyg

<210>
<211>
<212>
<213>
<220>
<223>

ccagcatcga cggecgecod

gcaacctgca gageggcage

acggcagcag cgtgttcace

tcgaccgcat cgagttegtg

gggctcagaa ggccgtgaac

acgtgaccga ctaccacatc

PRT

<400> SEQUENCE:

Met

1

Arg

Gln

Pro

Ile

Ala

Ala

Leu

Ser

Arg

145

Leu

Asp

Ala

Ser

225

Leu

Leu

Asp

Ser

Thr

Gln

Lys

Phe

50

Trp

Leu

Glu

Ser

Gln

130

Asn

Thr

Ala

Glu

Cys

210

Tyr

Thr

Tyr

Pro

Asn
290

Ser

Gln

Gly

35

Gly

Pro

Met

Leu

Ser

115

Gly

Ser

Thr

Gln

Phe

195

Val

Glu

Val

Pro

Ile

275

Ile

Asn

His

20

Ile

Gly

Ser

Asp

Gln

100

Trp

Arg

Met

Tyr

Ile

180

Tyr

Lys

Ser

Leu

Lys
260

Val

Glu

SEQ ID NO 62
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: DM23A protein

653

62

Gly

Arg

Ser

Ala

Glu

Gln

85

Gly

Gln

Ile

Pro

Ala

165

Tyr

Lys

Trp

Trp

Asp

245

Glu

Gly

Asn

Arg Gln Cys

Gly Leu Asp

Val Val Gly
40

Leu Val Ser
55

Asp Pro Trp

Lys Ile Ala

Leu Gln Asn

Lys Asn Pro

120

Arg Glu Leu
135

Ser Phe Ala
150

Gln Ala Ala

Gly Glu Glu

Arg Gln Leu
200

Tyr Asn Val
215

Val Asn Phe
230

Leu Ile Ala

Val Lys Thr

Val Asn Asn
280

Tyr Ile Arg
295

atcaaccagg

ttcegeacey

ctgagegece

ccegecgagyg

gagctgttca

gatcaggtgt

Ala

Ser

25

Asp

Phe

Lys

Asp

Asn

105

Ala

Phe

Ile

Asn

Trp

185

Lys

Gly

Asn

Leu

Glu
265

Leu

Lys

Gly

10

Ser

Leu

Tyr

Ala

Tyr

90

Val

Ala

Ser

Ser

Thr

170

Gly

Leu

Leu

Arg

Phe
250
Leu

Arg

Pro

Ile

Thr

Leu

Thr

Phe

75

Ala

Glu

Pro

Gln

Gly

155

His

Tyr

Thr

Asp

Tyr

235

Pro

Thr

Gly

His

gcaacttcag

tgggcttcac

acgtgttcaa

tgaccttega

ccagcagcaa

ag

Arg

Thr

Gly

Asn

60

Met

Lys

Asp

Phe

Ala

140

Tyr

Leu

Glu

Gln

Lys

220

Arg

Leu

Arg

Tyr

Leu
300

Pro

Lys

Val

45

Phe

Glu

Asn

Tyr

Arg

125

Glu

Glu

Phe

Lys

Glu

205

Leu

Arg

Tyr

Asp

Gly

285

Phe

Tyr

Asp

30

Val

Leu

Gln

Lys

Val

110

Asn

Ser

Val

Leu

Glu

190

Tyr

Arg

Glu

Asp

Val
270

Thr

Asp

cgccaccatyg

cacccectte

cagcggcaac

ggcegagtac

ccagatcgge

Asp

15

Val

Gly

Asn

Val

Ala

95

Ser

Pro

His

Leu

Leu

175

Asp

Thr

Gly

Met

Val
255
Leu

Thr

Tyr

Gly

Ile

Phe

Thr

Glu

80

Leu

Ala

His

Phe

Phe

160

Lys

Ile

Asp

Ser

Thr

240

Arg

Thr

Phe

Leu

1680

1740

1800

1860

1920

1962
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220

His

305

Asp

Ile

Ser

Ala

Gly

385

Ala

Trp

Glu

Gln

Ala

465

Leu

Pro

Ile

Arg

Ser

545

Ser

Thr

Ala

Phe

Ala
625

<210>
<211>
<212>
<213>
<220>
<223>

<400>

atgacggccg acaacaacac cgaggccctg gacagcagea ccaccaagga cgtgatccag

aagggcatca gcgtggtggg cgacctgetyg ggegtggtgg gettcecett cggeggegece

Arg

Ser

Gly

Glu

Val

370

Val

Ser

Asp

Lys

Gly

450

Glu

Thr

Gly

Ser

Val

530

Ile

Ser

Thr

His

Val

610

Gln

Lys

Ile

Phe

Ser

Pro

355

Ala

Thr

Thr

Ser

Gly

435

Ser

Phe

Lys

Phe

Thr

515

Arg

Asp

Gly

Pro

Val

595

Pro

Lys

Thr

Gln

Asn

Asn

340

Val

Asn

Lys

Gln

Ile

420

Tyr

Arg

Asn

Ser

Thr

500

Leu

Ile

Gly

Ser

Phe

580

Phe

Ala

Ala

Asp

SEQUENCE :

Phe

Tyr

325

Asp

Gln

Thr

Val

Thr

405

Asp

Ser

Gly

Asn

Thr

485

Gly

Arg

Arg

Arg

Asn

565

Asn

Asn

Glu

Val

Val
645

SEQ ID NO 63
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

1923

63

His

310

Trp

Ile

Asn

Asn

Glu

390

Tyr

Gln

His

Thr

Ile

470

Asn

Gly

Val

Tyr

Pro

550

Leu

Phe

Ser

Val

Asn

630

Thr

Thr

Ser

Ile

Leu

Leu

375

Phe

Asp

Leu

Gln

Ile

455

Ile

Leu

Asp

Asn

Ala

535

Ile

Gln

Ser

Gly

Thr

615

Glu

Asp

Arg

Gly

Thr

Glu

360

Ala

Ser

Ser

Pro

Leu

440

Pro

Pro

Gly

Ile

Ile

520

Ser

Asn

Ser

Asn

Asn

600

Phe

Leu

Tyr

Phe

Asn

Ser

345

Phe

Val

Gln

Lys

Pro

425

Asn

Val

Ser

Ser

Leu

505

Thr

Thr

Gln

Gly

Gly

585

Glu

Glu

Phe

His

8AF coding

Gln

Tyr

330

Pro

Asn

Trp

Tyr

Arg

410

Glu

Tyr

Leu

Ser

Gly

490

Arg

Ala

Thr

Gly

Ser

570

Ser

Val

Ala

Thr

Ile
650

Pro

315

Val

Phe

Gly

Pro

Asn

395

Asn

Thr

Val

Thr

Gln

475

Thr

Arg

Pro

Asn

Asn

555

Phe

Ser

Tyr

Glu

Ser

635

Asp

Gly

Ser

Tyr

Glu

Ser

380

Asp

Val

Thr

Met

Trp

460

Ile

Ser

Thr

Leu

Leu

540

Phe

Arg

Val

Ile

Tyr

620

Ser

Gln

sequence

Tyr

Thr

Gly

Lys

365

Ala

Gln

Gly

Asp

Cys

445

Thr

Thr

Val

Ser

Ser

525

Gln

Ser

Thr

Phe

Asp

605

Asp

Asn

Val

Tyr

Arg

Asn

350

Val

Val

Thr

Ala

Glu

430

Phe

His

Gln

Val

Pro

510

Gln

Phe

Ala

Val

Thr

590

Arg

Leu

Gln

Gly

Pro

335

Lys

Tyr

Tyr

Asp

Val

415

Pro

Leu

Lys

Ile

Lys

495

Gly

Arg

His

Thr

Gly

575

Leu

Ile

Glu

Ile

Asn

320

Ser

Ser

Arg

Ser

Glu

400

Ser

Leu

Met

Ser

Pro

480

Gly

Gln

Tyr

Thr

Met

560

Phe

Ser

Glu

Arg

Gly
640
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222

-continued
ctggtgaget tctacaccaa cttcectgaac accatctgge ccagcgagga cccctggaag 180
gecttcatgyg agcaggtgga ggccectgatg gaccagaaga tcgccgacta cgcecaagaac 240
aaggcactgg ccgagctaca gggcctecag aacaacgtgg aggactatgt gagegecctg 300
agcagctgge agaagaaccce cgctgcacceg ttecgcaace cccacagceca gggecgceate 360
cgegagetgt tcagecagge cgagagecac ttecgcaaca gcatgcccag cttegecate 420
agcggetacg aggtgetgtt cctgaccacce tacgeccagyg ccegecaacac ccacctgtte 480
ctgctgaagg acgcccaaat ctacggagag gagtggggcet acgagaagga ggacatcgece 540
gagttctaca agcgccaget gaagctgacce caggagtaca ccgaccactg cgtgaagtgg 600
tacaacgtgg gtctagacaa gctccgegge agcagctacyg agagetgggt gaacttcaac 660
cgctaccgee gcgagatgac cctgacegtg ctggacctga tegecctgtt cccectgtac 720
gacgtgcegee tgtaccccaa ggaggtgaag accgagetga cecgcgacgt getgaccgac 780
cccategtgg gcegtgaacaa cctgcgegge tacggcacca ccttcagcaa catcgagaac 840
tacatccgca agccccacct gttcgactac ctgcaccgea tccagtteca cacgegttte 900
cagcecgget actacggcaa cgacagette aactactgga geggcaacta cgtgagcace 960
cgccecagea tceggcagcaa cgacatcatce accagccect tctacggcaa caagagcagce 1020
gagcccegtyge agaaccttga gttcaacgge gagaaggtgt accgcegecgt ggctaacacce 1080
aacctggcceg tgtggcccte tgcagtgtac agcggcgtga ccaaggtgga gttcagccag 1140
tacaacgacc agaccgacga ggccagcacce cagacctacyg acagcaagceyg caacgtggge 1200
geegtgaget gggacagcat cgaccagetg cccccegaga ccaccgacga geccctggag 1260
aagggctaca gccaccagct gaactacgtg atgtgcttecce tgatgcaggg cagccgcggce 1320
accatcececeg tgctgacctyg gacccacaag agcegtcgact tcettcaacat gatcgacagce 1380
aagaagatca cccagctgcce cctgaccaag agcaccaacce tgggcagegyg caccagegtg 1440
gtgaagggce ccggcttcac cggeggcgac atcctgegec geaccagecc cggecagatce 1500
agcaccctge gegtgaacat caccgeccece ctgagccage gctaccgegt ccgcatccge 1560
tacgccagca ccaccaacct gcagttccac accagcateg acggccgcecce catcaaccag 1620
ggcaacttca gcgecaccat gagcagcegge agcaacctgce agagcggcag cttecgcacce 1680
gtgggcttca ccacccectt caacttcagce aacggcagca gcgtgttcac cctgagegece 1740
cacgtgttca acagcggcaa cgaggtgtac atcgaccgca tcgagttcgt geccgcecgag 1800
gtgacctteg aggccgagta cgacctggag agggctcaga aggccgtgaa cgagctgtte 1860
accagcagca accagatcgg cctgaagacce gacgtgaccg actaccacat cgatcaggtg 1920
tag 1923

<210> SEQ ID NO 64
<211> LENGTH: 640

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 64

8AF protein

Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys

1

5

10

15

Asp Val Ile Gln Lys Gly Ile Ser Val Val Gly Asp Leu Leu Gly Val

20

25

30
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-continued

224

Leu
Gln
65

Lys

Asn

Ser

145

Leu

Glu

Tyr

Arg

Glu

225

Asp

Thr

Asp

Tyr

305

Arg

Asn

Thr

385

Ala

Glu

Phe

Gly

Asn

50

Val

Ala

Ser

Pro

His

130

Leu

Leu

Asp

Thr

Gly

210

Met

Val

Leu

Thr

Tyr

290

Gly

Pro

Lys

Tyr

Tyr

370

Asp

Val

Pro

Leu

Lys

Phe

35

Thr

Glu

Leu

Ala

His

115

Phe

Phe

Lys

Ile

Asp

195

Ser

Thr

Arg

Thr

Phe

275

Leu

Asn

Ser

Ser

Arg

355

Ser

Glu

Ser

Leu

Met
435

Ser

Pro

Ile

Ala

Ala

Leu

100

Ser

Arg

Leu

Asp

Ala

180

His

Ser

Leu

Leu

Asp

260

Ser

His

Asp

Ile

Ser

340

Ala

Gly

Ala

Trp

Glu
420

Gln

Val

Phe

Trp

Leu

Glu

85

Ser

Gln

Asn

Thr

Ala

165

Glu

Cys

Tyr

Thr

Tyr

245

Pro

Asn

Arg

Ser

Gly

325

Glu

Val

Val

Ser

Asp
405
Lys

Gly

Asp

Gly

Pro

Met

70

Leu

Ser

Gly

Ser

Thr

150

Gln

Phe

Val

Glu

Val

230

Pro

Ile

Ile

Ile

Phe

310

Ser

Pro

Ala

Thr

Thr

390

Ser

Gly

Ser

Phe

Gly

Ser

55

Asp

Gln

Trp

Arg

Met

135

Tyr

Ile

Tyr

Lys

Ser

215

Leu

Lys

Val

Glu

Gln

295

Asn

Asn

Val

Asn

Lys

375

Gln

Ile

Tyr

Arg

Phe

Ala

Glu

Gln

Gly

Gln

Ile

120

Pro

Ala

Tyr

Lys

Trp

200

Trp

Asp

Glu

Gly

Asn

280

Phe

Tyr

Asp

Gln

Thr

360

Val

Thr

Asp

Ser

Gly
440

Asn

Leu

Asp

Lys

Leu

Lys

105

Arg

Ser

Gln

Gly

Arg

185

Tyr

Val

Leu

Val

Val

265

Tyr

His

Trp

Ile

Asn

345

Asn

Glu

Tyr

Gln

His
425

Thr

Met

Val

Pro

Ile

Gln

90

Asn

Glu

Phe

Ala

Glu

170

Gln

Asn

Asn

Ile

Lys

250

Asn

Ile

Thr

Ser

Ile

330

Leu

Leu

Phe

Asp

Leu

410

Gln

Ile

Ile

Ser

Trp

Ala

75

Asn

Pro

Leu

Ala

Ala

155

Glu

Leu

Val

Phe

Ala

235

Thr

Asn

Arg

Arg

Gly

315

Thr

Glu

Ala

Ser

Ser

395

Pro

Leu

Pro

Asp

Phe

Lys

60

Asp

Asn

Ala

Phe

Ile

140

Asn

Trp

Lys

Gly

Asn

220

Leu

Glu

Leu

Lys

Phe

300

Asn

Ser

Phe

Val

Gln

380

Lys

Pro

Asn

Val

Ser

Tyr

45

Ala

Tyr

Val

Ala

Ser

125

Ser

Thr

Gly

Leu

Leu

205

Arg

Phe

Leu

Arg

Pro

285

Gln

Tyr

Pro

Asn

Trp

365

Tyr

Arg

Glu

Tyr

Leu
445

Lys

Thr

Phe

Ala

Glu

Pro

110

Gln

Gly

His

Tyr

Thr

190

Asp

Tyr

Pro

Thr

Gly

270

His

Pro

Val

Phe

Gly

350

Pro

Asn

Asn

Thr

Val
430

Thr

Lys

Asn

Met

Lys

Asp

95

Phe

Ala

Tyr

Leu

Glu

175

Gln

Lys

Arg

Leu

Arg

255

Tyr

Leu

Gly

Ser

Tyr

335

Glu

Ser

Asp

Val

Thr
415
Met

Trp

Ile

Phe

Glu

Asn

80

Tyr

Arg

Glu

Glu

Phe

160

Lys

Glu

Leu

Arg

Tyr

240

Asp

Gly

Phe

Tyr

Thr

320

Gly

Lys

Ala

Gln

Gly

400

Asp

Cys

Thr

Thr



US 10,239,921 B2
225 226

-continued

450 455 460

Gln Leu Pro Leu Thr Lys Ser Thr Asn Leu Gly Ser Gly Thr Ser Val
465 470 475 480

Val Lys Gly Pro Gly Phe Thr Gly Gly Asp Ile Leu Arg Arg Thr Ser
485 490 495

Pro Gly Gln Ile Ser Thr Leu Arg Val Asn Ile Thr Ala Pro Leu Ser
500 505 510

Gln Arg Tyr Arg Val Arg Ile Arg Tyr Ala Ser Thr Thr Asn Leu Gln
515 520 525

Phe His Thr Ser Ile Asp Gly Arg Pro Ile Asn Gln Gly Asn Phe Ser
530 535 540

Ala Thr Met Ser Ser Gly Ser Asn Leu Gln Ser Gly Ser Phe Arg Thr
545 550 555 560

Val Gly Phe Thr Thr Pro Phe Asn Phe Ser Asn Gly Ser Ser Val Phe
565 570 575

Thr Leu Ser Ala His Val Phe Asn Ser Gly Asn Glu Val Tyr Ile Asp
580 585 590

Arg Ile Glu Phe Val Pro Ala Glu Val Thr Phe Glu Ala Glu Tyr Asp
595 600 605

Leu Glu Arg Ala Gln Lys Ala Val Asn Glu Leu Phe Thr Ser Ser Asn
610 615 620

Gln Ile Gly Leu Lys Thr Asp Val Thr Asp Tyr His Ile Asp Gln Val
625 630 635 640

<210> SEQ ID NO 65

<211> LENGTH: 1836

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 5*cry3A055 coding sequence

<400> SEQUENCE: 65

atgactagta acggccgeca gtgtgetgga attegeectt atgacggecg acaacaacac 60
cgaggectgyg acagcagcac caccaaggac gtgatccaga agggcatcag cgtggtggge 120
gacctgetgg gegtggtggg cttecectte ggeggegece tggtgagett ctacaccaac 180
ttcctgaaca ccatctggece cagcgaggac ccctggaagg cettcatgga gcaggtggag 240
gecctgatgg accagaagat cgccgactac gccaagaaca aggcactgge cgagetacag 300
ggcctecaga acaacgtgga ggactatgtg agcegccctga gcagetggca gaagaaccec 360
getgcacegt tcegcaacce ccacagecag ggccgcatee gegagetgtt cagecaggec 420
gagagccact tccgcaacag catgcccage ttegecatca geggctacga ggtgetgtte 480
ctgaccacct acgcccagge cgccaacace cacctgttec tgctgaagga cgeccaaatce 540
tacggagagg agtggggcta cgagaaggag gacatcgeeg agttctacaa gegccagetg 600
aagctgacce aggagtacac cgaccactge gtgaagtggt acaacgtggg tctagacaag 660
ctcegeggea gcagctacga gagetgggtyg aacttcaacce getacegecg cgagatgace 720
ctgaccegtge tggacctgat cgecctgtte ccectgtacg acgtgegect gtaccccaag 780
gaggtgaaga ccgagctgac ccgcegacgtyg ctgaccgacce ccatcegtggg cgtgaacaac 840
ctgegegget acggcaccac cttcagcaac atcgagaact acatcegcaa gecccacctg 900
ttcgactace tgcaccgecat ccagttecac acgegtttece agecccggeta ctacggcaac 960

gacagcttca actactggag cggcaactac gtgagcacce gecccagcat cggcagcaac 1020
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228

-continued
gacatcatca ccagcccctt ctacggcaac aagagcagceg agcccgtgca gaaccttgag 1080
ttcaacggcg agaaggtgta ccgcgccgtg gctaacacca acctggceccgt gtggecctcet 1140
gcagtgtaca gcggcgtgac caaggtggag ttcagecagt acaacgacca gaccgacgag 1200
gccagcacee agacctacga cagcaagcgce aacgtgggeg cegtgagetg ggacagcatce 1260
gaccagctge cccccgagac caccgacgag cccctggaga agggctacag ccaccagetg 1320
aactacgtga tgtgcttecct gatgcagggce agccgcggca ccatccccecgt getgacctgg 1380
acccacaaga gcgtcgactt cttcaacatg atcgacagca agaagatcac ccagctgcce 1440
ctggtgaagg cctacaagct ccagagegge gecagegtgyg tggcaggece ccgcettcace 1500
ggcggcgaca tcatccagtg caccgagaac ggcagegecg ccaccatcta cgtgaccccce 1560
gacgtgagcet acagccagaa gtaccgecgcece cgcatccact acgccagcac cagcecagatce 1620
accttcaccce tgagcctgga cggggcccce ttcaaccaat actacttcga caagaccatce 1680
aacaagggcg acaccctgac ctacaacagc ttcaacctgg ccagcttcag caccccttte 1740
gagctgageyg gcaacaacct ccagatcgge gtgaccggece tgagcegecgg cgacaaggtg 1800
tacatcgaca agatcgagtt catcccecgtg aactag 1836

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 66
H: 611
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 66

Met Thr Ser
1

Arg Gln Gln

Gln Lys Gly
35

Pro Phe Gly
50

Ile Trp Pro
65

Ala Leu Met

Ala Glu Leu

Leu Ser Ser
115

Ser Gln Gly
130

Arg Asn Ser
145

Leu Thr Thr

Asp Ala Gln

Ala Glu Phe
195

His Cys Val
210

Asn Gly Arg Gln Cys

5

His Arg Gly Leu Asp

20

Ile Ser Val Val Gly

40

Gly Ala Leu Val Ser

55

Ser Glu Asp Pro Trp

70

Asp Gln Lys Ile Ala

85

Gln Gly Leu Gln Asn

100

Trp Gln Lys Asn Pro

120

Arg Ile Arg Glu Leu

135

Met Pro Ser Phe Ala
150

Tyr Ala Gln Ala Ala

165

Ile Tyr Gly Glu Glu

180

Tyr Lys Arg Gln Leu

200

Lys Trp Tyr Asn Val

215

5*Cry3A055 protein

Ala Gly Ile
10

Ser Ser Thr
25

Asp Leu Leu

Phe Tyr Thr

Lys Ala Phe
75

Asp Tyr Ala
90

Asn Val Glu
105

Ala Ala Pro

Phe Ser Gln

Ile Ser Gly
155

Asn Thr His
170

Trp Gly Tyr
185

Lys Leu Thr

Gly Leu Asp

Arg Pro Tyr
Thr Lys Asp
30

Gly Val Val
45

Asn Phe Leu
60

Met Glu Gln

Lys Asn Lys

Asp Tyr Val

110

Phe Arg Asn
125

Ala Glu Ser
140

Tyr Glu Val

Leu Phe Leu

Glu Lys Glu

190

Gln Glu Tyr
205

Lys Leu Arg
220

Asp Gly
15

Val Ile

Gly Phe

Asn Thr

Val Glu

80

Ala Leu
95

Ser Ala

Pro His

His Phe

Leu Phe
160

Leu Lys
175
Asp Ile

Thr Asp

Gly Ser
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229

-continued

230

Ser

225

Leu

Leu

Asp

Ser

His

305

Asp

Ile

Ser

Ala

Gly

385

Ala

Trp

Glu

Gln

465

Leu

Pro

Ala

Arg

Ser

545

Asn

Ser

Gly

Pro

Tyr

Thr

Tyr

Pro

Asn

290

Arg

Ser

Gly

Glu

Val

370

Val

Ser

Asp

Lys

Gly

450

Asp

Val

Arg

Ala

Ala

530

Leu

Lys

Thr

Leu

Val
610

Glu

Val

Pro

Ile

275

Ile

Ile

Phe

Ser

Pro

355

Ala

Thr

Thr

Ser

Gly

435

Ser

Phe

Lys

Phe

Thr

515

Arg

Asp

Gly

Pro

Ser
595

Asn

Ser

Leu

Lys

260

Val

Glu

Gln

Asn

Asn

340

Val

Asn

Lys

Gln

Ile

420

Tyr

Arg

Phe

Ala

Thr

500

Ile

Ile

Gly

Asp

Phe
580

Ala

Trp

Asp

245

Glu

Gly

Asn

Phe

Tyr

325

Asp

Gln

Thr

Val

Thr

405

Asp

Ser

Gly

Asn

Tyr

485

Gly

Tyr

His

Ala

Thr
565

Glu

Gly

<210> SEQ ID NO 67

<211> LENGTH:

1803

Val

230

Leu

Val

Val

Tyr

His

310

Trp

Ile

Asn

Asn

Glu

390

Tyr

Gln

His

Thr

Met

470

Lys

Gly

Val

Tyr

Pro

550

Leu

Leu

Asp

Asn Phe Asn Arg Tyr Arg Arg Glu Met
235

Ile Ala Leu Phe Pro Leu Tyr Asp Val
250 255

Lys Thr Glu Leu Thr Arg Asp Val Leu
265 270

Asn Asn Leu Arg Gly Tyr Gly Thr Thr
280 285

Ile Arg Lys Pro His Leu Phe Asp Tyr
295 300

Thr Arg Phe Gln Pro Gly Tyr Tyr Gly
315

Ser Gly Asn Tyr Val Ser Thr Arg Pro
330 335

Ile Thr Ser Pro Phe Tyr Gly Asn Lys
345 350

Leu Glu Phe Asn Gly Glu Lys Val Tyr
360 365

Leu Ala Val Trp Pro Ser Ala Val Tyr
375 380

Phe Ser Gln Tyr Asn Asp Gln Thr Asp
395

Asp Ser Lys Arg Asn Val Gly Ala Val
410 415

Leu Pro Pro Glu Thr Thr Asp Glu Pro
425 430

Gln Leu Asn Tyr Val Met Cys Phe Leu
440 445

Ile Pro Val Leu Thr Trp Thr His Lys
455 460

Ile Asp Ser Lys Lys Ile Thr Gln Leu
475

Leu Gln Ser Gly Ala Ser Val Val Ala
490 495

Asp Ile Ile Gln Cys Thr Glu Asn Gly
505 510

Thr Pro Asp Val Ser Tyr Ser Gln Lys
520 525

Ala Ser Thr Ser Gln Ile Thr Phe Thr
535 540

Phe Asn Gln Tyr Tyr Phe Asp Lys Thr
555

Thr Tyr Asn Ser Phe Asn Leu Ala Ser
570 575

Ser Gly Asn Asn Leu Gln Ile Gly Val
585 590

Lys Val Tyr Ile Asp Lys Ile Glu Phe
600 605

Thr

240

Arg

Thr

Phe

Leu

Asn

320

Ser

Ser

Arg

Ser

Glu

400

Ser

Leu

Met

Ser

Pro

480

Gly

Ser

Tyr

Leu

Ile

560

Phe

Thr

Ile
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-continued

232

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: mocry3A coding sequence

<400> SEQUENCE: 67

atgacggeceg

aagggcatca

ctggtgaget

gectteatgyg

aaggcactgg

agcagetgge

gagctgttcea

ggctacgagg

ctgaaggacyg

ttctacaage

aacgtgggte

taccgeegeyg

gtgcgectgt

atcgtgggcg

atccgcaage

cceggetact

cccageateg

ccegtgeaga

ctggeegtgt

aacgaccaga

gtgagctggg

ggctacagee

atcccegtge

aagatcaccc

gecaggccece

accatctacg

gccagcacca

tacttcgaca

agcttcagea

agegecggeg

get

acaacaacac

gegtggtggyg

tctacaccaa

agcaggtgga

ccgagetaca

agaagaaccc

gecaggecga

tgctgttect

cccaaatcta

gccagetgaa

tagacaagct

agatgaccct

accccaagga

tgaacaacct

cccacctgtt

acggcaacga

gcagcaacga

accttgagtt

ggcectetge

ccgacgagge

acagcatcga

accagctgaa

tgacctggac

agctgecect

gettcacegyg

tgaccceega

gccagatcac

agaccatcaa

ccectttega

acaaggtgta

<210> SEQ ID NO 68
<211> LENGTH: 597

<212> TYPE:

PRT

cgaggeectyg

cgacctgetyg

cttectgaac

ggcectgatyg

gggectccag

cgtetegage

gagccactte

gaccacctac

c¢ggagaggag

getgacccag

cegeggeage

gaccgtgety

ggtgaagacc

gegeggetac

cgactacctyg

cagcttcaac

catcatcacc

caacggcgag

agtgtacagc

cagcacccag

ccagetgece

ctacgtgatg

ccacaagagc

ggtgaaggcc

cggcgacatce

cgtgagctac

cttcaccetyg

caagggcgac

getgagegge

catcgacaag

gacagcagca

ggcgtggtgg

accatctgge

gaccagaaga

aacaacgtgg

cgcaacccce

cgcaacagca

geccaggecyg

tggggctacg
gagtacaccyg
agctacgaga
gacctgatcyg
gagctgacce
ggcaccacct
caccgcatee
tactggageg
agccecettet
aaggtgtacc
ggcgtgacca
acctacgaca
cccgagacca
tgcttectga
gtcgacttet
tacaagctce
atccagtgca
agccagaagt
agcctggacyg
accctgacct
aacaacctcc

atcgagttca

<213> ORGANISM: Bacillus thuringiensis
<220> FEATURE:

<223> OTHER INFORMATION: moCry3A

<400> SEQUENCE: 68

ccaccaagga

gettececett

ccagcgagga

tcgecgacta

aggactatgt

acagccaggg

tgcccagett

ccaacaccca

agaaggagga

accactgegt

gctgggtgaa

cecctgttece

gegacgtget

tcagcaacat

agttccacac

gcaactacgt

acggcaacaa

gegeegtgge

aggtggagtt

gcaagcgcaa

ccgacgagec

tgcagggcag

tcaacatgat

agageggegce

ccgagaacgg

accgcgeecyg

gggcccectt

acaacagcett

agatcggegt

tcceegtgaa

cgtgatccag

cggcggcgcec

ccectggaag

cgccaagaac

gagegeccetyg

cecgeateege

cgccatcage

cctgttecty

catcgecgag

gaagtggtac

cttcaaccge

cctgtacgac

gaccgaccce

cgagaactac

gegtttecag

gagcacccge

gagcagcgag

taacaccaac

cagccagtac

CgtgggCgCC

cctggagaag

cegeggeace

cgacagcaag

cagcgtggtg

cagcgecgec

catccactac

caaccaatac

caacctggee

gaccggectyg

ctagatctga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1803



233

US 10,239,921 B2

-continued

234

Leu
Gln
65

Lys

Pro

Leu

145

Leu

Asp

Thr

Gly

Met

225

Leu

Thr

Tyr

Gly

305

Pro

Lys

Tyr

Tyr

Asp
385

Pro

Thr

Val

Gly

Asn

50

Val

Ala

Ser

His

Phe

130

Phe

Lys

Ile

Asp

Ser

210

Thr

Arg

Thr

Phe

Leu

290

Asn

Ser

Ser

Arg

Ser
370
Glu

Ser

Leu

Ala

Ile

Phe

35

Thr

Glu

Leu

Ala

Ser

115

Arg

Leu

Asp

Ala

His

195

Ser

Leu

Leu

Asp

Ser

275

His

Asp

Ile

Ser

Ala

355

Gly

Ala

Trp

Glu

Asp

Gln

20

Pro

Ile

Ala

Ala

Leu

100

Gln

Asn

Thr

Ala

Glu

180

Cys

Tyr

Thr

Tyr

Pro

260

Asn

Arg

Ser

Gly

Glu

340

Val

Val

Ser

Asp

Lys

Asn

Lys

Phe

Trp

Leu

Glu

85

Ser

Gly

Ser

Thr

Gln

165

Phe

Val

Glu

Val

Pro

245

Ile

Ile

Ile

Phe

Ser

325

Pro

Ala

Thr

Thr

Ser
405

Gly

Asn

Gly

Gly

Pro

Met

70

Leu

Ser

Arg

Met

Tyr

150

Ile

Tyr

Lys

Ser

Leu

230

Lys

Val

Glu

Gln

Asn

310

Asn

Val

Asn

Lys

Gln
390

Ile

Tyr

Thr

Ile

Gly

Ser

55

Asp

Gln

Trp

Ile

Pro

135

Ala

Tyr

Lys

Trp

Trp

215

Asp

Glu

Gly

Asn

Phe

295

Tyr

Asp

Gln

Thr

Val
375
Thr

Asp

Ser

Glu

Ser

Ala

40

Glu

Gln

Gly

Gln

Arg

120

Ser

Gln

Gly

Arg

Tyr

200

Val

Leu

Val

Val

Tyr

280

His

Trp

Ile

Asn

Asn

360

Glu

Tyr

Gln

His

Ala

Val

25

Leu

Asp

Lys

Leu

Lys

105

Glu

Phe

Ala

Glu

Gln

185

Asn

Asn

Ile

Lys

Asn

265

Ile

Thr

Ser

Ile

Leu

345

Leu

Phe

Asp

Leu

Gln

Leu

10

Val

Val

Pro

Ile

Gln

90

Asn

Leu

Ala

Ala

Glu

170

Leu

Val

Phe

Ala

Thr

250

Asn

Arg

Arg

Gly

Thr

330

Glu

Ala

Ser

Ser

Pro
410

Leu

Asp

Gly

Ser

Trp

Ala

75

Asn

Pro

Phe

Ile

Asn

155

Trp

Lys

Gly

Asn

Leu

235

Glu

Leu

Lys

Phe

Asn

315

Ser

Phe

Val

Gln

Lys
395

Pro

Asn

Ser

Asp

Phe

Lys

60

Asp

Asn

Val

Ser

Ser

140

Thr

Gly

Leu

Leu

Arg

220

Phe

Leu

Arg

Pro

Gln

300

Tyr

Pro

Asn

Trp

Tyr

380

Arg

Glu

Tyr

Ser

Leu

Tyr

45

Ala

Tyr

Val

Ser

Gln

125

Gly

His

Tyr

Thr

Asp

205

Tyr

Pro

Thr

Gly

His

285

Pro

Val

Phe

Gly

Pro

365

Asn

Asn

Thr

Val

Thr

Leu

30

Thr

Phe

Ala

Glu

Ser

110

Ala

Tyr

Leu

Glu

Gln

190

Lys

Arg

Leu

Arg

Tyr

270

Leu

Gly

Ser

Tyr

Glu

350

Ser

Asp

Val

Thr

Met

Thr

15

Gly

Asn

Met

Lys

Asp

95

Arg

Glu

Glu

Phe

Lys

175

Glu

Leu

Arg

Tyr

Asp

255

Gly

Phe

Tyr

Thr

Gly

335

Lys

Ala

Gln

Gly

Asp

415

Cys

Lys

Val

Phe

Glu

Asn

80

Tyr

Asn

Ser

Val

Leu

160

Glu

Tyr

Arg

Glu

Asp

240

Val

Thr

Asp

Tyr

Arg

320

Asn

Val

Val

Thr

Ala
400

Glu

Phe



US 10,239,921 B2
235 236

-continued

420 425 430

Leu Met Gln Gly Ser Arg Gly Thr Ile Pro Val Leu Thr Trp Thr His
435 440 445

Lys Ser Val Asp Phe Phe Asn Met Ile Asp Ser Lys Lys Ile Thr Gln
450 455 460

Leu Pro Leu Val Lys Ala Tyr Lys Leu Gln Ser Gly Ala Ser Val Val
465 470 475 480

Ala Gly Pro Arg Phe Thr Gly Gly Asp Ile Ile Gln Cys Thr Glu Asn
485 490 495

Gly Ser Ala Ala Thr Ile Tyr Val Thr Pro Asp Val Ser Tyr Ser Gln
500 505 510

Lys Tyr Arg Ala Arg Ile His Tyr Ala Ser Thr Ser Gln Ile Thr Phe
515 520 525

Thr Leu Ser Leu Asp Gly Ala Pro Phe Asn Gln Tyr Tyr Phe Asp Lys
530 535 540

Thr Ile Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe Asn Leu Ala
545 550 555 560

Ser Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu Gln Ile Gly
565 570 575

Val Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr Ile Asp Lys Ile Glu
580 585 590

Phe Ile Pro Val Asn
595

<210> SEQ ID NO 69

<211> LENGTH: 1807

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: cry3A055 coding sequence

<400> SEQUENCE: 69
atgacggccg acaacaacac cgaggccctg gacagcagea ccaccaagga cgtgatccag 60

aagggcatca gcgtggtggg cgacctgetyg ggegtggtgg gettcecett cggeggegece 120

ctggtgaget tctacaccaa cttectgaac accatctgge ccagcgagga cccectggaag 180
gectteatgg agcaggtgga ggccectgatyg gaccagaaga tcgecgacta cgecaagaac 240
aaggcactgg ccgagctaca gggectccag aacaacgtgg aggactatgt gagegecctg 300
agcagctgge agaagaaccce cgctgcacceg ttecgeaacce cccacageca gggcecgcate 360
cgcgagetgt tcagecagge cgagagecac ttecgcaaca geatgeccag cttegecate 420
agcggetacyg aggtgetgtt cctgaccace tacgeccagg cegecaacac ccacctgtte 480
ctgctgaagg acgcccaaat ctacggagag gagtgggget acgagaagga ggacatcgec 540
gagttctaca agcgccaget gaagctgacce caggagtaca ccgaccactyg cgtgaagtgg 600
tacaacgtgg gtctagacaa gctecgegge ageagctacg agagetgggt gaacttcaac 660
cgctaccgee gcegagatgac cctgacegtg ctggacctga tegecetgtt ccccctgtac 720
gacgtgcgee tgtaccccaa ggaggtgaag accgagctga cccgegacgt getgaccgac 780
cccategtgyg gegtgaacaa cctgegegge tacggcacca ccttcagcaa catcgagaac 840
tacatccgca agccccacct gttegactac ctgcaccgea tccagtteca cacgegttte 900
cagccegget actacggcaa cgacagette aactactgga geggcaacta cgtgagcace 960

cgccccagea tceggcagcaa cgacatcate accageccct tcetacggcaa caagagcage 1020
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238

-continued
gagcccegtyge agaaccttga gttcaacgge gagaaggtgt accgcegecgt ggctaacacce 1080
aacctggcceg tgtggcccte tgcagtgtac agcggcgtga ccaaggtgga gttcagccag 1140
tacaacgacc agaccgacga ggccagcacce cagacctacyg acagcaagceyg caacgtggge 1200
geegtgaget gggacagcat cgaccagetg cccccegaga ccaccgacga geccctggag 1260
aagggctaca gccaccagct gaactacgtg atgtgcttecce tgatgcaggg cagccgcggce 1320
accatcececeg tgctgacctyg gacccacaag agcegtcgact tcettcaacat gatcgacagce 1380
aagaagatca cccagctgcce cctggtgaag gectacaage tcecagagegyg cgccagegtyg 1440
gtggcaggee cccgettcac cggeggcgac atcatccagt gcaccgagaa cggcagcgec 1500
gecaccatet acgtgaccee cgacgtgage tacagccaga agtaccgege ccegcatccac 1560
tacgccagca ccagccagat caccttcacce ctgagcectgg acggggcecce cttcaaccaa 1620
tactacttcg acaagaccat caacaagggc gacaccctga cctacaacag cttcaacctg 1680
gecagetteca gcaccecttt cgagetgage ggcaacaacce tcecagatcegg cgtgaccgge 1740
ctgagcgeccg gcgacaaggt gtacatcgac aagatcgagt tcatccccecgt gaactagatce 1800
tgagctce 1807

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 70
H: 598
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Cry3A055 protein

<400> SEQUENCE: 70

Met Thr Ala
1

Asp Val Ile
Val Gly Phe
35

Leu Asn Thr
50

Gln Val Glu
65

Lys Ala Leu

Val Ser Ala

Asn Pro His
115

Ser His Phe
130

Val Leu Phe
145

Leu Leu Lys

Glu Asp Ile

Tyr Thr Asp
195

Arg Gly Ser
210

Asp Asn Asn Thr Glu

5

Gln Lys Gly Ile Ser

20

Pro Phe Gly Gly Ala

40

Ile Trp Pro Ser Glu

Ala Leu Met Asp Gln

70

Ala Glu Leu Gln Gly

85

Leu Ser Ser Trp Gln

100

Ser Gln Gly Arg Ile

120

Arg Asn Ser Met Pro

135

Leu Thr Thr Tyr Ala
150

Asp Ala Gln Ile Tyr

165

Ala Glu Phe Tyr Lys

180

His Cys Val Lys Trp

200

Ser Tyr Glu Ser Trp

215

Ala

Val

25

Leu

Asp

Lys

Leu

Lys

105

Arg

Ser

Gln

Gly

Arg

185

Tyr

Val

Leu

10

Val

Val

Pro

Ile

Gln

90

Asn

Glu

Phe

Ala

Glu

170

Gln

Asn

Asn

Asp

Gly

Ser

Trp

Ala

75

Asn

Pro

Leu

Ala

Ala

155

Glu

Leu

Val

Phe

Ser Ser Thr
Asp Leu Leu
30

Phe Tyr Thr
45

Lys Ala Phe
60

Asp Tyr Ala

Asn Val Glu

Ala Ala Pro

110

Phe Ser Gln
125

Ile Ser Gly
140

Asn Thr His

Trp Gly Tyr

Lys Leu Thr

190

Gly Leu Asp
205

Asn Arg Tyr
220

Thr Lys
15

Gly Val

Asn Phe

Met Glu

Lys Asn

80

Asp Tyr
95

Phe Arg

Ala Glu

Tyr Glu

Leu Phe
160

Glu Lys
175
Gln Glu

Lys Leu

Arg Arg
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239

-continued

240

Glu
225

Asp

Thr

Asp

Tyr

305

Arg

Asn

Thr
385
Ala

Glu

Phe

Gln

465

Asn

Gln

Phe

Lys

545

Ala

Gly

Glu

<210>
<211>
<212>
<213>
<220>

Met

Val

Leu

Thr

Tyr

290

Gly

Pro

Lys

Tyr

Tyr

370

Asp

Val

Pro

Leu

Lys

450

Leu

Ala

Gly

Lys

Thr

530

Thr

Ser

Val

Phe

Thr

Arg

Thr

Phe

275

Leu

Asn

Ser

Ser

Arg

355

Ser

Glu

Ser

Leu

Met

435

Ser

Pro

Gly

Ser

Tyr

515

Leu

Ile

Phe

Thr

Ile
595

Leu

Leu

Asp

260

Ser

His

Asp

Ile

Ser

340

Ala

Gly

Ala

Trp

Glu

420

Gln

Val

Leu

Pro

Ala

500

Arg

Ser

Asn

Ser

Gly
580

Pro

Thr

Tyr

245

Pro

Asn

Arg

Ser

Gly

325

Glu

Val

Val

Ser

Asp

405

Lys

Gly

Asp

Val

Arg

485

Ala

Ala

Leu

Lys

Thr
565

Leu

Val

SEQ ID NO 71
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:

1947

Val

230

Pro

Ile

Ile

Ile

Phe

310

Ser

Pro

Ala

Thr

Thr

390

Ser

Gly

Ser

Phe

Lys

470

Phe

Thr

Arg

Asp

Gly

550

Pro

Ser

Asn

Leu Asp Leu Ile Ala Leu Phe Pro Leu
235

Lys Glu Val Lys Thr Glu Leu Thr Arg
250 255

Val Gly Val Asn Asn Leu Arg Gly Tyr
265 270

Glu Asn Tyr Ile Arg Lys Pro His Leu
280 285

Gln Phe His Thr Arg Phe Gln Pro Gly
295 300

Asn Tyr Trp Ser Gly Asn Tyr Val Ser
315

Asn Asp Ile Ile Thr Ser Pro Phe Tyr
330 335

Val Gln Asn Leu Glu Phe Asn Gly Glu
345 350

Asn Thr Asn Leu Ala Val Trp Pro Ser
360 365

Lys Val Glu Phe Ser Gln Tyr Asn Asp
375 380

Gln Thr Tyr Asp Ser Lys Arg Asn Val
395

Ile Asp Gln Leu Pro Pro Glu Thr Thr
410 415

Tyr Ser His Gln Leu Asn Tyr Val Met
425 430

Arg Gly Thr Ile Pro Val Leu Thr Trp
440 445

Phe Asn Met Ile Asp Ser Lys Lys Ile
455 460

Ala Tyr Lys Leu Gln Ser Gly Ala Ser
475

Thr Gly Gly Asp Ile Ile Gln Cys Thr
490 495

Ile Tyr Val Thr Pro Asp Val Ser Tyr
505 510

Ile His Tyr Ala Ser Thr Ser Gln Ile
520 525

Gly Ala Pro Phe Asn Gln Tyr Tyr Phe
535 540

Asp Thr Leu Thr Tyr Asn Ser Phe Asn
555

Phe Glu Leu Ser Gly Asn Asn Leu Gln
570 575

Ala Gly Asp Lys Val Tyr Ile Asp Lys
585 590

Tyr

240

Asp

Gly

Phe

Tyr

Thr

320

Gly

Lys

Ala

Gln

Gly

400

Asp

Cys

Thr

Thr

Val

480

Glu

Ser

Thr

Asp

Leu

560

Ile

Ile
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241 242

-continued

<223> OTHER INFORMATION: mocrylAb coding sequence

<400> SEQUENCE: 71

atggacaaca accccaacat caacgagtge atccectaca actgectgag caaccccgag 60
gtggaggtge tgggeggcga gegcatcgag accggctaca cccccatcga catcagectg 120
agcctgacce agttectget gagegagtte gtgeceggeg ceggettegt getgggectg 180
gtggacatca tctggggcat ctteggecce agcecagtggg acgecttect ggtgeagatc 240
gagcagttga taaaccaacg catagaggaa ttcgcccgca accaggccat cagecgectg 300
gagggcctga gcaacctgta ccaaatctac gccgagaget teegegagtyg ggaggecgac 360
cccaccaace ccgeectgeg cgaggagatg cgeatccagt tcaacgacat gaacagcegece 420
ctgaccaccyg ccatcccect gttegeegtyg cagaactace aggtgecect getgagegtg 480
tacgtgcagg ccgccaacct geacctgage gtgetgegeg acgtcagegt gtteggecag 540
cgetgggget tegacgecge caccatcaac agecgctaca acgacctgac ccgectgate 600
ggcaactaca ccgaccacgce cgtgcgetgyg tacaacaccg gectggageyg cgtgtggggt 660
ccecgacagece gcgactggat caggtacaac cagttcegec gegagetgac cctgacegtg 720
ctggacatcg tgagectgtt ccccaactac gacagecgea cctaccccat ccgcacegtg 780
agccagctga cccgegagat ttacaccaac ccegtgetgg agaacttega cggcagette 840
cgeggcageg cccagggeat cgagggcage atccgcagec ccecacctgat ggacatcctg 900
aacagcatca ccatctacac cgacgcccac cgeggegagt actactggag cggccaccag 960

atcatggcca gecccegtegg cttcagegge cccgagttceca ccectteccecet gtacggcacce 1020
atgggcaacg ctgcacctca gcagcgecatce gtggcacage tgggccaggyg agtgtaccge 1080
accctgagca gcaccctgta ccgtcgacct ttcaacatcg gcatcaacaa ccagcagcetg 1140
agcegtgetgg acggcaccga gttcegectac ggcaccagea gcaacctgece cagegecgtyg 1200
taccgcaaga gcggcaccgt ggacagectg gacgagatce cccectcagaa caacaacgtg 1260
ccacctecgac agggcttcag ccaccgtcectg agccacgtga gecatgttceg cagtggcette 1320
agcaacagca gcgtgagcat catccgtgca cctatgttca gectggattca ccgcagtgcece 1380
gagttcaaca acatcatccc cagcagccag atcacccaga tccccctgac caagagcacce 1440

aacctgggea gcggcaccag cgtggtgaag ggecccgget tcaccggegg cgacatcctg 1500

cgecegeacca geccaeggeca gatcageace ctgegegtga acatcacege ccccctgage 1560
cagcgetace gegtecgeat cegetacgece agcaccacca acctgeagtt ccacaccage 1620
atcgacggece gecccatcaa ccagggcaac ttcagegeca ccatgageag cggcagcaac 1680

ctgcagagcg gcagctteeg caccgtggge ttcaccaccce ccttcaactt cagcaacggce 1740
agcagcegtgt tcaccctgag cgcccacgtg ttcaacageg gcaacgaggt gtacatcgac 1800
cgcatcgagt tecgtgccege cgaggtgace ttcegaggecg agtacgacct ggagagggct 1860
cagaaggcceg tgaacgagct gttcaccage agcaaccaga tceggectgaa gaccgacgtg 1920

accgactacc acatcgatca ggtgtag 1947

<210> SEQ ID NO 72

<211> LENGTH: 648

<212> TYPE: PRT

<213> ORGANISM: Bacillus thuringiensis
<220> FEATURE:

<223> OTHER INFORMATION: CrylAb protein

<400> SEQUENCE: 72
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243

-continued

244

Met

Ser

Tyr

Glu

Trp

Glu

Ile

Ser

Glu

Ile

145

Tyr

Tyr

Arg

Asp

225

Leu

Ile

Leu

Gly

Ile

305

Ile

Leu

Gln

Arg

Gly

385

Tyr

Asp

Asn

Thr

Phe

50

Gly

Gln

Ser

Phe

Met

130

Pro

Val

Phe

Asn

Trp

210

Trp

Asp

Arg

Glu

Ser

290

Tyr

Met

Tyr

Leu

Pro
370

Thr

Arg

Asn

Pro

Pro

35

Val

Ile

Leu

Arg

Arg

115

Arg

Leu

Gln

Gly

Asp

195

Tyr

Ile

Ile

Thr

Asn

275

Ile

Thr

Ala

Gly

Gly

355

Phe

Glu

Lys

Asn

Glu

20

Ile

Pro

Phe

Ile

Leu

100

Glu

Ile

Phe

Ala

Gln

180

Leu

Asn

Arg

Val

Val

260

Phe

Arg

Asp

Ser

Thr

340

Gln

Asn

Phe

Ser

Pro

Val

Asp

Gly

Gly

Asn

85

Glu

Trp

Gln

Ala

Ala

165

Arg

Thr

Thr

Tyr

Ser

245

Ser

Asp

Ser

Ala

Pro

325

Met

Gly

Ile

Ala

Gly
405

Asn

Glu

Ile

Ala

Pro

70

Gln

Gly

Glu

Phe

Val

150

Asn

Trp

Arg

Gly

Asn

230

Leu

Gln

Gly

Pro

His

310

Val

Gly

Val

Gly

Tyr

390

Thr

Ile Asn Glu Cys Ile Pro Tyr Asn Cys
10 15

Val Leu Gly Gly Glu Arg Ile Glu Thr
25 30

Ser Leu Ser Leu Thr Gln Phe Leu Leu
40 45

Gly Phe Val Leu Gly Leu Val Asp Ile
55 60

Ser Gln Trp Asp Ala Phe Leu Val Gln
75

Arg Ile Glu Glu Phe Ala Arg Asn Gln
90 95

Leu Ser Asn Leu Tyr Gln Ile Tyr Ala
105 110

Ala Asp Pro Thr Asn Pro Ala Leu Arg
120 125

Asn Asp Met Asn Ser Ala Leu Thr Thr
135 140

Gln Asn Tyr Gln Val Pro Leu Leu Ser
155

Leu His Leu Ser Val Leu Arg Asp Val
170 175

Gly Phe Asp Ala Ala Thr Ile Asn Ser
185 190

Leu Ile Gly Asn Tyr Thr Asp His Ala
200 205

Leu Glu Arg Val Trp Gly Pro Asp Ser
215 220

Gln Phe Arg Arg Glu Leu Thr Leu Thr
235

Phe Pro Asn Tyr Asp Ser Arg Thr Tyr
250 255

Leu Thr Arg Glu Ile Tyr Thr Asn Pro
265 270

Ser Phe Arg Gly Ser Ala Gln Gly Ile
280 285

His Leu Met Asp Ile Leu Asn Ser Ile
295 300

Arg Gly Glu Tyr Tyr Trp Ser Gly His
315

Gly Phe Ser Gly Pro Glu Phe Thr Phe
330 335

Asn Ala Ala Pro Gln Gln Arg Ile Val
345 350

Tyr Arg Thr Leu Ser Ser Thr Leu Tyr
360 365

Ile Asn Asn Gln Gln Leu Ser Val Leu
375 380

Gly Thr Ser Ser Asn Leu Pro Ser Ala
395

Val Asp Ser Leu Asp Glu Ile Pro Pro
410 415

Leu

Gly

Ser

Ile

Ile

Ala

Glu

Glu

Ala

Val

160

Ser

Arg

Val

Arg

Val

240

Pro

Val

Glu

Thr

Gln

320

Pro

Ala

Arg

Asp

Val

400

Gln
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-continued

246

Asn Asn Asn
Val Ser Met
435

Arg Ala Pro
450

Ile Ile Pro
465

Asn Leu Gly

Gly Asp Ile

Val Asn Ile

515

Tyr Ala Ser
530

Pro Ile Asn
545

Leu Gln Ser

Phe Ser Asn

Ser Gly Asn

595

Val Thr Phe
610

Asn Glu Leu
625

Thr Asp Tyr

<210> SEQ I
<211> LENGT.
<212> TYPE:

Val Pro Pro Arg Gln

420

Phe Arg Ser Gly Phe

440

Met Phe Ser Trp Ile

455

Ser Ser Gln Ile Thr
470

Ser Gly Thr Ser Val

485

Leu Arg Arg Thr Ser

500

Thr Ala Pro Leu Ser

520

Thr Thr Asn Leu Gln

535

Gln Gly Asn Phe Ser
550

Gly Ser Phe Arg Thr

565

Gly Ser Ser Val Phe

580

Glu Val Tyr Ile Asp

600

Glu Ala Glu Tyr Asp

615

Phe Thr Ser Ser Asn
630

His Ile Asp Gln Val

645
D NO 73
H: 1971

DNA

Gly Phe Ser
425

Ser Asn Ser

His Arg Ser

Gln Ile Pro

475

Val Lys Gly
490

Pro Gly Gln
505

Gln Arg Tyr

Phe His Thr

Ala Thr Met

555

Val Gly Phe
570

Thr Leu Ser
585

Arg Ile Glu

Leu Glu Arg

Gln Ile Gly
635

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

His Arg Leu
430

Ser Val Ser
445

Ala Glu Phe
460

Leu Thr Lys

Pro Gly Phe

Ile Ser Thr

510

Arg Val Arg
525

Ser Ile Asp
540

Ser Ser Gly

Thr Thr Pro

Ala His Val

590

Phe Val Pro
605

Ala Gln Lys
620

Leu Lys Thr

<223> OTHER INFORMATION: mocrylBa coding sequence

<400> SEQUENCE: 73

atgaccagca

cagatggacc

aacatcgacc

atcctgggeyg

gtcggtgagc

cagctgatca

ggtctgggeg

gacgacgcce

ctgaacgeca

geccaggecyg

ttceggectga

gactacagcg

accgcaagaa

tgctgeccga

ccttegtgag

tgctgggcgt

tgtggccacy

accagcagat

acagctteeg

gcaccegcag

tgcceetgtt

ccaacctgea

ccagccagga

actactgegt

cgagaacgag

cgceccgeate

cgctageace

gecettegee

cggecgegac

caccgagaac

cgcctaccag

cgtgctgtac

cgccattega

cctgetgetyg

gatccagegyg

ggagtggtac

atcatcaacg

gaggacagcce

gtgcagaccyg

ggccagctgg

cagtgggaaa

gecegeaaca

cagagcectygg

acccagtaca

aaccaggagg

ctgegegacy

tactacgagc

aacaccggec

ccgtgageaa

tgtgcatcge

gtatcaacat

ctagcttceta

tcttectgga

cegetettge

aggactgget

tcgecctgga

tgccectget

ccagectgtt

gccaggtgga

tgaacagcett

Ser His

Ile Ile

Asn Asn

Ser Thr
480

Thr Gly
495

Leu Arg

Ile Arg

Gly Arg

Ser Asn

560

Phe Asn
575

Phe Asn

Ala Glu

Ala Val

Asp Val
640

ccacagcgec
cgagggcaac
cgetggecge
cagcttecty
gcacgtggag
cecgectgeag
ggagaaccgce
getggactte
gatggtgtac
cggcagcgag
gegecacceege

aaggggcacce

60

120

180

240

300

360

420

480

540

600

660

720
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-continued
aacgccgeca gctgggtgeg ctacaaccag ttecgcecgeg acctgacccet gggegtgetg 780
gacctggtygyg cectgttcecee cagctacgac acccgcacct accccatcaa caccagcgec 840
cagctgacce gcgaggtgta caccgacgece atcggegeca ceggcegtgaa catggecage 900
atgaactggt acaacaacaa cgcccccage ttcagcegeca tcegaggcecge cgccatccge 960
agcccceccace tgctggactt cctggagcag ctgaccatct tcagtgccag cagccgetgg 1020
agcaacacce gccacatgac ctactggege ggccacacca tccagtctag acccatcgge 1080
ggcggectga acaccagcac ccacggcgcec accaacacca gcatcaaccce cgtgaccctg 1140
cgcttegect ceccgagacgt ctaccgcacce gagagctacg cecggegtget getgtggggce 1200
atctacctgg agcccatcca tggcgtgcce accgtgeget tcaacttcac caacccccag 1260
aacatcagceg accgeggcac cgccaactac agecagccect acgagagcecce cgggttgcag 1320
ctgaaggaca gcgagaccga gcectgccecee gagaccacceyg agcegecccaa ctacgagage 1380
tacagccacc gcctgageca catcggcatce atcttgcaga geccgcgtgaa cgtgeccgtg 1440
tacagctgga cccaccgcag cgccgaccge accaacacca tceggccccaa ccgcatcace 1500
cagatcccca tggtgaaggce cagcgagetg ceccagggea ccaccgtggt tcegeggecce 1560
ggcttcaceyg gaggcgacat cctgegacge accaacaccg geggcttegg ceccatcege 1620
gtgaccgtga acggccccct gacccagege taccgcatceg gettceegeta cgecagcace 1680
gtggacttcg acttcttcecgt gageccgegge ggcaccacceg tgaacaactt ccgettectg 1740
cgcaccatga acagcggcga cgagctgaag tacggcaact tegtgcegecg cgecttcace 1800
acccecttea ccttcaccca gatccaggac atcatccgea ccagcatcca gggectgage 1860
ggcaacggeyg aggtgtacat cgacaagatc gagatcatcce cegtgaccge caccttcgag 1920
gccgagtacg acctagagcg cgcccaggag gccgtgaacg ccctgttcecta g 1971

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 74
H: 656
PRT

<213> ORGANISM: Bacillus thuringiensis

<220> FEATU

RE:

<223> OTHER INFORMATION: CrylB protein

<400> SEQUENCE: 74

Met Thr Ser
1

Asn His Ser
Ser Leu Cys
35

Ser Thr Val
50

Leu Gly Val
65

Val Gly Glu

Glu His Val

Asn Thr Ala
115

Tyr Gln Gln
130

Asn Arg Lys Asn Glu

5

Ala Gln Met Asp Leu

20

Ile Ala Glu Gly Asn

40

Gln Thr Gly Ile Asn

55

Pro Phe Ala Gly Gln

70

Leu Trp Pro Arg Gly

85

Glu Gln Leu Ile Asn

100

Leu Ala Arg Leu Gln

120

Ser Leu Glu Asp Trp

135

Asn Glu Ile
10

Leu Pro Asp
25

Asn Ile Asp

Ile Ala Gly

Leu Ala Ser
75

Arg Asp Gln
90

Gln Gln Ile
105

Gly Leu Gly

Leu Glu Asn

Ile Asn Ala
Ala Arg Ile
30

Pro Phe Val
45

Arg Ile Leu
60

Phe Tyr Ser

Trp Glu Ile

Thr Glu Asn

110

Asp Ser Phe
125

Arg Asp Asp
140

Val Ser
15

Glu Asp

Ser Ala

Gly Val

Phe Leu
80

Phe Leu
95
Ala Arg

Arg Ala

Ala Arg
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250

Thr

145

Leu

Leu

Asp

Gln

Tyr

225

Asn

Leu

Thr

Asp

Asn

305

Ser

Ser

Thr

Gly

Arg

385

Ile

Thr

Pro

Pro

Leu

465

Tyr

Asn

Gly

Arg

Gly
545

Arg

Asn

Met

Ala

Arg

210

Cys

Ala

Gly

Tyr

Ala

290

Asn

Pro

Ser

Ile

Ala

370

Asp

Tyr

Asn

Tyr

Pro

450

Ser

Ser

Arg

Thr

Arg
530

Pro

Asp

Ser

Ala

Val

Ser

195

Tyr

Val

Ala

Val

Pro

275

Ile

Asn

His

Arg

Gln

355

Thr

Val

Leu

Pro

Glu

435

Glu

His

Trp

Ile

Thr

515

Thr

Leu

Phe

Val

Met

Tyr

180

Leu

Tyr

Glu

Ser

Leu

260

Ile

Gly

Ala

Leu

Trp

340

Ser

Asn

Tyr

Glu

Gln

420

Ser

Thr

Ile

Thr

Thr

500

Val

Asn

Thr

Asp

Leu

Pro

165

Ala

Phe

Glu

Trp

Trp

245

Asp

Asn

Ala

Pro

Leu

325

Ser

Arg

Thr

Arg

Pro

405

Asn

Pro

Thr

Gly

His

485

Gln

Val

Thr

Gln

Phe

Tyr

150

Leu

Gln

Gly

Arg

Tyr

230

Val

Leu

Thr

Thr

Ser

310

Asp

Asn

Pro

Ser

Thr

390

Ile

Ile

Gly

Glu

Ile

470

Arg

Ile

Arg

Gly

Arg

550

Phe

Thr

Phe

Ala

Ser

Gln

215

Asn

Arg

Val

Ser

Gly

295

Phe

Phe

Thr

Ile

Ile

375

Glu

His

Ser

Leu

Arg

455

Ile

Ser

Pro

Gly

Gly

535

Tyr

Val

Gln

Ala

Ala

Glu

200

Val

Thr

Tyr

Ala

Ala

280

Val

Ser

Leu

Arg

Gly

360

Asn

Ser

Gly

Asp

Gln

440

Pro

Leu

Ala

Met

Pro
520
Phe

Arg

Ser

Tyr

Ile

Asn

185

Phe

Glu

Gly

Asn

Leu

265

Gln

Asn

Ala

Glu

His

345

Gly

Pro

Tyr

Val

Arg

425

Leu

Asn

Gln

Asp

Val

505

Gly

Gly

Ile

Arg

Ile

Arg

170

Leu

Gly

Arg

Leu

Gln

250

Phe

Leu

Met

Ile

Gln

330

Met

Gly

Val

Ala

Pro

410

Gly

Lys

Tyr

Ser

Arg

490

Lys

Phe

Pro

Gly

Gly

Ala

155

Asn

His

Leu

Thr

Asn

235

Phe

Pro

Thr

Ala

Glu

315

Leu

Thr

Leu

Thr

Gly

395

Thr

Thr

Asp

Glu

Arg

475

Thr

Ala

Thr

Ile

Phe
555

Gly

Leu

Gln

Leu

Thr

Arg

220

Ser

Arg

Ser

Arg

Ser

300

Ala

Thr

Tyr

Asn

Leu

380

Val

Val

Ala

Ser

Ser

460

Val

Asn

Ser

Gly

Arg

540

Arg

Thr

Glu

Glu

Leu

Ser

205

Asp

Leu

Arg

Tyr

Glu

285

Met

Ala

Ile

Trp

Thr

365

Arg

Leu

Arg

Asn

Glu

445

Tyr

Asn

Thr

Glu

Gly
525
Val

Tyr

Thr

Leu

Val

Leu

190

Gln

Tyr

Arg

Asp

Asp

270

Val

Asn

Ala

Phe

Arg

350

Ser

Phe

Leu

Phe

Tyr

430

Thr

Ser

Val

Ile

Leu

510

Asp

Thr

Ala

Val

Asp

Pro

175

Leu

Glu

Ser

Gly

Leu

255

Thr

Tyr

Trp

Ile

Ser

335

Gly

Thr

Ala

Trp

Asn

415

Ser

Glu

His

Pro

Gly

495

Pro

Ile

Val

Ser

Asn

Phe

160

Leu

Arg

Ile

Asp

Thr

240

Thr

Arg

Thr

Tyr

Arg

320

Ala

His

His

Ser

Gly

400

Phe

Gln

Leu

Arg

Val

480

Pro

Gln

Leu

Asn

Thr
560

Asn
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-continued

565 570 575

Phe Arg Phe Leu Arg Thr Met Asn Ser Gly Asp Glu Leu Lys Tyr Gly
580 585 590
Asn Phe Val Arg Arg Ala Phe Thr Thr Pro Phe Thr Phe Thr Gln Ile
595 600 605
Gln Asp Ile Ile Arg Thr Ser Ile Gln Gly Leu Ser Gly Asn Gly Glu
610 615 620

Val Tyr Ile Asp Lys Ile Glu Ile Ile Pro Val Thr Ala Thr Phe Glu
625 630 635 640
Ala Glu Tyr Asp Leu Glu Arg Ala Gln Glu Ala Val Asn Ala Leu Phe

645 650 655
<210> SEQ ID NO 75
<211> LENGTH: 1950
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: mocrylFa coding sequence
<400> SEQUENCE: 75
atggagaaca acatccagaa ccagtgegtg cegtacaact gectcaacaa cccggaggtyg 60
gagatccteca acgaggagceg ctccaccgge cgecteccge tegacatcte cctetceccte 120
acccgettee tectetecga gttegtgeeg ggegtgggeyg tggecttegyg cctettegac 180
ctcatectggg gettcatcac ccecgtecgac tggtccectet tectecteca gatcgagcag 240
ctcatcgage agcgcatcga gaccctggag cgcaaccgeg ccatcaccac cctecgegge 300
ctegecgact cctacgaaat ctacatcgag gecctecgeg agtgggagge caacccgaac 360
aacgcccage tccgegagga cgtgcgeate cgettegeca acaccgacga cgccectcate 420
accgecatca acaacttcac cctcacctece ttegagatece cgetectete cgtgtacgtg 480
caggccgeca acctecacct ctecctecte cgegacgeceyg tgtecttegyg ccagggetgg 540
ggectcgaca tcegecaccgt gaacaaccac tacaaccgec tcatcaacct catccaccege 600
tacaccaagc actgcctcga cacctacaac cagggcectgg agaacctecyg cggcaccaac 660
acccgecagt gggeccegett caaccagtte cgecgcegace tcaccctcac cgtgetcgac 720
atcgtggece tcectteccgaa ctacgacgtg cgcacctace cgatccagac ctecteccag 780
ctcacccgeg aaatctacac ctecteegtg atcgaggact cceeeggtgte cgccaacate 840
ccgaacgget tcaaccgege cgagttegge gtgegcecege cgcacctcat ggacttcatg 900
aactccctet tcegtgaccge cgagaccgtg cgetcccaga cegtgtgggyg cggecaccte 960
gtgtcctece gcaacaccge cggcaaccgce atcaacttec cgtecctacgg cgtgttcaac 1020
cegggeggeg ccatctggat cgccgacgag gacccgegece cgttetaceg caccctetee 1080
gacceggtgt tegtgegegg cggcettegge aacccgcact acgtgctegg cctecgeggce 1140
gtggecttee agcagaccgg caccaaccac acccgcacct tecgcaactce cggcaccatce 1200
gactcccteg acgagatcce gcecgcaggac aactceggeg ceccgtggaa cgactactece 1260
cacgtgctca accacgtgac cttecgtgcge tggccgggceg agatatccgg cteccgactcece 1320
tggcgtgcac cgatgttctce ctggacccac cgetccgeca ceccgaccaa caccatcgac 1380
ccggagegea tcacccagat cccgcetegtg aaggcccaca cectecagte cggcaccace 1440
gtggtgegeyg gececgggett caccggegge gacatcectcee gecgcaccte cggeggececy 1500
ttegectaca ccatcgtgaa catcaacgge cagcetccege agegctaccyg cgcccgeate 1560
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254

cgctacgect

geeggecagt

tacgccacca

gecgacacct

accgccacct

ttcacctcca

gtgtccaace

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Met
1

Asn

Pro

Phe

65

Leu

Thr

Arg

Arg

Asn

145

Gln

Gly

Arg

Tyr

Ala

225

Ile

Thr

Asp

Phe

Glu

Pro

Leu

Pro

50

Ile

Ile

Leu

Glu

Ile

130

Phe

Ala

Gln

Leu

Asn

210

Arg

Val

Ser

Ser

Gly

Asn

Glu

Asp

35

Gly

Thr

Glu

Arg

Trp

115

Arg

Thr

Ala

Gly

Ile

195

Gln

Phe

Ala

Ser

Pro
275

Val

ccaccaccaa ccteegeate

tcaacaagac catggacacc

tcaacaccge cttcacctte

tctecteegy caacgaggtyg

tcgaggccega gtacgacctg

tcaaccagat cggcatcaag

tcgtggactyg cttaagctag

PRT

SEQUENCE :

Asn

Val

20

Ile

Val

Pro

Gln

Gly

100

Glu

Phe

Leu

Asn

Trp

180

Asn

Gly

Asn

Leu

Gln
260

Val

Arg

SEQ ID NO 76
LENGTH:
TYPE :
ORGANISM: Bacillus thguringiensis
FEATURE:
OTHER INFORMATION: CrylF protein

649

76

Ile

5

Glu

Ser

Gly

Ser

Arg

85

Leu

Ala

Ala

Thr

Leu

165

Gly

Leu

Leu

Gln

Phe
245
Leu

Ser

Pro

Gln Asn Gln

Ile Leu Asn

Leu Ser Leu

40

Val Ala Phe
55

Asp Trp Ser

Ile Glu Thr

Ala Asp Ser

Asn Pro Asn
120

Asn Thr Asp
135

Ser Phe Glu
150

His Leu Ser

Leu Asp Ile

Ile His Arg
200

Glu Asn Leu
215

Phe Arg Arg
230

Pro Asn Tyr

Thr Arg Glu

Ala Asn Ile

280

Pro His Leu

tacgtgaccyg

ggcgaccege

ccgatgtece

tacatcgacc

gagegegece

accgacgtga

Cys

Glu

25

Thr

Gly

Leu

Leu

Tyr

105

Asn

Asp

Ile

Leu

Ala

185

Tyr

Arg

Asp

Asp

Ile
265

Pro

Met

Val

Glu

Arg

Leu

Phe

Glu

90

Glu

Ala

Ala

Pro

Leu

170

Thr

Thr

Gly

Leu

Val
250
Tyr

Asn

Asp

Pro

Arg

Phe

Phe

Leu

75

Arg

Ile

Gln

Leu

Leu

155

Arg

Val

Lys

Thr

Thr

235

Arg

Thr

Gly

Phe

tggccggcga

tcaccttcca

agtcctecett

gettegaget

agaaggcegt

ccgactacca

Tyr

Ser

Leu

Asp

60

Leu

Asn

Tyr

Leu

Ile

140

Leu

Asp

Asn

His

Asn

220

Leu

Thr

Ser

Phe

Met

Asn

Thr

Leu

45

Leu

Gln

Arg

Ile

Arg

125

Thr

Ser

Ala

Asn

Cys

205

Thr

Thr

Tyr

Ser

Asn
285

Asn

Cys

Gly

30

Ser

Ile

Ile

Ala

Glu

110

Glu

Ala

Val

Val

His

190

Leu

Arg

Val

Pro

Val
270

Arg

Ser

Leu

15

Arg

Glu

Trp

Glu

Ile

95

Ala

Asp

Ile

Tyr

Ser

175

Tyr

Asp

Gln

Leu

Ile

255

Ile

Ala

Leu

gegeatcette

gtcettetee

caccgtggge

gatcceggtyg

gaacgcccte

catcgaccag

Asn

Leu

Phe

Gly

Gln

80

Thr

Leu

Val

Asn

Val

160

Phe

Asn

Thr

Trp

Asp

240

Gln

Glu

Glu

Phe

1620

1680

1740

1800

1860

1920

1950
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-continued

290 295 300

Val Thr Ala Glu Thr Val Arg Ser Gln Thr Val Trp Gly Gly His Leu
305 310 315 320

Val Ser Ser Arg Asn Thr Ala Gly Asn Arg Ile Asn Phe Pro Ser Tyr
325 330 335

Gly Val Phe Asn Pro Gly Gly Ala Ile Trp Ile Ala Asp Glu Asp Pro
340 345 350

Arg Pro Phe Tyr Arg Thr Leu Ser Asp Pro Val Phe Val Arg Gly Gly
355 360 365

Phe Gly Asn Pro His Tyr Val Leu Gly Leu Arg Gly Val Ala Phe Gln
370 375 380

Gln Thr Gly Thr Asn His Thr Arg Thr Phe Arg Asn Ser Gly Thr Ile
385 390 395 400

Asp Ser Leu Asp Glu Ile Pro Pro Gln Asp Asn Ser Gly Ala Pro Trp
405 410 415

Asn Asp Tyr Ser His Val Leu Asn His Val Thr Phe Val Arg Trp Pro
420 425 430

Gly Glu Ile Ser Gly Ser Asp Ser Trp Arg Ala Pro Met Phe Ser Trp
435 440 445

Thr His Arg Ser Ala Thr Pro Thr Asn Thr Ile Asp Pro Glu Arg Ile
450 455 460

Thr Gln Ile Pro Leu Val Lys Ala His Thr Leu Gln Ser Gly Thr Thr
465 470 475 480

Val Val Arg Gly Pro Gly Phe Thr Gly Gly Asp Ile Leu Arg Arg Thr
485 490 495

Ser Gly Gly Pro Phe Ala Tyr Thr Ile Val Asn Ile Asn Gly Gln Leu
500 505 510

Pro Gln Arg Tyr Arg Ala Arg Ile Arg Tyr Ala Ser Thr Thr Asn Leu
515 520 525

Arg Ile Tyr Val Thr Val Ala Gly Glu Arg Ile Phe Ala Gly Gln Phe
530 535 540

Asn Lys Thr Met Asp Thr Gly Asp Pro Leu Thr Phe Gln Ser Phe Ser
545 550 555 560

Tyr Ala Thr Ile Asn Thr Ala Phe Thr Phe Pro Met Ser Gln Ser Ser
565 570 575

Phe Thr Val Gly Ala Asp Thr Phe Ser Ser Gly Asn Glu Val Tyr Ile
580 585 590

Asp Arg Phe Glu Leu Ile Pro Val Thr Ala Thr Phe Glu Ala Glu Tyr
595 600 605

Asp Leu Glu Arg Ala Gln Lys Ala Val Asn Ala Leu Phe Thr Ser Ile
610 615 620

Asn Gln Ile Gly Ile Lys Thr Asp Val Thr Asp Tyr His Ile Asp Gln
625 630 635 640

Val Ser Asn Leu Val Asp Cys Leu Ser
645

<210> SEQ ID NO 77

<211> LENGTH: 3469

<212> TYPE: DNA

<213> ORGANISM: Bacillus thuringiensis

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (3469

<223> OTHER INFORMATION: cry8Aa coding sequence

<400> SEQUENCE: 77



257

US 10,239,921 B2

258

-continued
atgagtccaa ataatcaaaa tgaatatgaa attatagatg cgacaccttc tacatctgta 60
tccagtgatt ctaacagata cccttttgeg aatgagccaa cagatgcegtt acaaaatatg 120
aattataaag attatctgaa aatgtctggg ggagagaatc ctgaattatt tggaaatccg 180
gagacgttta ttagttcatc cacgattcaa actggaattg gcattgttgg tcgaatacta 240
ggagctttag gggttccatt tgctagtcag atagctagtt tctatagttt cattgttggt 300
caattatggce cgtcaaagag cgtagatata tggggagaaa ttatggaacyg agtggaagaa 360
ctegttgate aaaaaataga aaaatatgta aaagataagg ctcttgctga attaaaaggg 420
ctaggaaatg ctttggatgt atatcagcag tcacttgaag attggctgga aaatcgcaat 480
gatgcaagaa ctagaagtgt tgtttctaat caatttatag ctttagatct taactttgtt 540
agttcaattc catcttttgce agtatccgga cacgaagtac tattattage agtatatgca 600
caggctgtga acctacattt attgttatta agagatgctt ctatttttgg agaagagtgg 660
ggatttacac caggtgaaat ttctagattt tataatcgtc aagtgcaact taccgctgaa 720
tattcagact attgtgtaaa gtggtataaa atcggcttag ataaattgaa aggtaccact 780
tctaaaagtt ggctgaatta tcatcagttc cgtagagaga tgacattact ggtattagat 840
ttggtggcegt tatttccaaa ctatgacaca catatgtatce caatcgaaac aacagctcaa 900
cttacacggg atgtgtatac agatccgata gcatttaaca tagtgacaag tactggatte 960
tgcaaccctt ggtcaaccca cagtggtatt cttttttatg aagttgaaaa caacgtaatt 1020
cgtcecgecac acttgtttga tatactcage tcagtagaaa ttaatacaag tagagggggt 1080
attacgttaa ataatgatgc atatataaac tactggtcag gacataccct aaaatatcgt 1140
agaacagctg attcgaccgt aacatacaca gctaattacg gtcgaatcac ttcagaaaag 1200
aattcatttg cacttgagga tagggatatt tttgaaatta attcaactgt ggcaaaccta 1260
gctaattact accaaaaggc atatggtgtg ccgggatctt ggttccatat ggtaaaaagg 1320
ggaacctcat caacaacagc gtatttatat tcaaaaacac atacagctct ccaagggtgt 1380
acacaggttt atgaatcaag tgatgaaata cctctagata gaactgtacc ggtagctgaa 1440
agctatagtc atagattatc tcatattacc tcccattett tectctaaaaa tgggagtgca 1500
tactatggga gtttccctgt atttgtttgg acacatacta gtgcggattt aaataataca 1560
atatattcag ataaaatcac tcaaattcca gcggtaaagg gagacatgtt atatctaggg 1620
ggttccgtag tacagggtce tggatttaca ggaggagata tattaaaaag aaccaatcct 1680
agcatattag ggacctttgc ggttacagta aatgggtcegt tatcacaaag atatcgtgta 1740
agaattcgct atgcctctac aacagatttt gaatttactc tataccttgg cgacacaata 1800
gaaaaaaata gatttaacaa aactatggat aatggggcat ctttaacgta tgaaacattt 1860
aaattcgcaa gtttcattac tgatttccaa ttcagagaaa cacaagataa aatactccta 1920
tccatgggtg attttagecte cggtcaagaa gtttatatag accgaatcga attcatccca 1980
gtagatgaga catatgaggc ggaacaagat ttagaagcgg cgaagaaagc agtgaatgec 2040
ttgtttacga atacaaaaga tggcttacga ccaggtgtaa cggattatga agtaaatcaa 2100
gcggcaaact tagtggaatg cctatcggat gatttatatc caaatgaaaa acgattgtta 2160
tttgatgcgg tgagagaggc aaaacgcctce agtggggcac gtaacttact acaagatcca 2220
gatttccaag agataaacgg agaaaatgga tgggcggcaa gtacgggaat tgagattgta 2280
gaaggggatg ctgtatttaa aggacgttat ctacgcctac caggtgcacg agaaattgat 2340
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-continued
acggaaacgt atccaacgta tctgtatcaa aaagtagagg aaggtgtatt aaaaccatac 2400
acaagatata gactgagagg gtttgtggga agtagtcaag gattagaaat ttatacgata 2460
cgtcaccaaa cgaatcgaat tgtaaagaat gtaccagatg atttattgcc agatgtatct 2520
cctgtaaact ctgatggcag tatcaatcga tgcagcgaac aaaagtatgt gaatagccgt 2580
ttagaaggag aaaaccgttc tggtgatgca catgagttct cgctccecctat cgatatagga 2640
gagctggatt acaatgaaaa tgcaggaata tgggttggat ttaagattac ggacccagag 2700
ggatacgcaa cacttggaaa tcttgaatta gtcgaagagg gacctttgtc aggagacgca 2760
ttagagcgcet tgcaaagaga agaacaacag tggaagattc aaatgacaag aagacgtgaa 2820
gagacagata gaagatacat ggcatcgaaa caagcggtag atcgtttata tgccgattat 2880
caggatcaac aactgaatcc tgatgtagag attacagatc ttactgcggc tcaagatctg 2940
atacagtcca ttccttacgt atataacgaa atgttcccag aaataccagg gatgaactat 3000
acgaagttta cagaattaac agatcgactc caacaagcgt ggaatttgta tgatcagcga 3060
aatgccatac caaatggtga ttttcgaaat gggttaagta attggaatgc aacgcctggce 3120
gtagaagtac aacaaatcaa tcatacatct gtccttgtga ttccaaactg ggatgaacaa 3180
gtttcacaac agtttacagt tcaaccgaat caaagatatg tattacgagt tactgcaaga 3240
aaagaagggg taggaaatgg atatgtaagt attcgtgatg gtggaaatca atcagaaacg 3300
cttactttta gtgcaagcga ttatgataca aatggtgtgt ataatgacca aaccggctat 3360
atcacaaaaa cagtgacatt catcccgtat acagatcaaa tgtggattga aataagtgaa 3420
acagaaggta cgttctatat agaaagtgta gaattgattg tagacgtag 3469

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 78
H: 1156
PRT

<213> ORGANISM: Bacillus thuringiensis

<220> FEATU

RE:

<221> NAME/KEY: MISC_FEATURE
ION: (1)..(1156)
<223> OTHER INFORMATION: Cry8Aa

<222> LOCAT

<400> SEQUENCE: 78

Met Ser Pro
1

Ser Thr Ser

Pro Thr Asp
35

Ser Gly Gly

Ser Ser Ser
65

Gly Ala Leu

Phe Ile Val

Glu Ile Met

115

Tyr Val Lys
130

Leu Asp Val
145

Asn Asn Gln Asn Glu

5

Val Ser Ser Asp Ser

20

Ala Leu Gln Asn Met

40

Glu Asn Pro Glu Leu

55

Thr Ile Gln Thr Gly

70

Gly Val Pro Phe Ala

85

Gly Gln Leu Trp Pro

100

Glu Arg Val Glu Glu

120

Asp Lys Ala Leu Ala

135

Tyr Gln Gln Ser Leu
150

protein

Tyr Glu Ile
10

Asn Arg Tyr
25

Asn Tyr Lys

Phe Gly Asn

Ile Gly Ile
75

Ser Gln Ile
90

Ser Lys Ser
105

Leu Val Asp

Glu Leu Lys

Glu Asp Trp
155

Ile Asp Ala

Pro Phe Ala
30

Asp Tyr Leu
45

Pro Glu Thr
60

Val Gly Arg

Ala Ser Phe
Val Asp Ile
110

Gln Lys Ile
125

Gly Leu Gly
140

Leu Glu Asn

Thr Pro
15

Asn Glu

Lys Met

Phe Ile

Ile Leu

80

Tyr Ser

95

Trp Gly

Glu Lys

Asn Ala

Arg Asn
160
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262

Asp

Leu

Leu

Gly

225

Tyr

Lys

Glu

Asp

305

Cys

Asn

Glu

Ile

Ser

385

Asn

Ser

Leu

Glu

465

Ser

Asn

Thr

Ile

Gln

545

Ser

Ala

Asn

Leu

Leu

210

Glu

Ser

Gly

Met

Thr

290

Tyr

Asn

Asn

Ile

Asn

370

Thr

Ser

Ala

Trp

Tyr

450

Ser

Tyr

Gly

Ser

Pro
530

Gly

Ile

Arg

Phe

Leu

195

Arg

Ile

Asp

Thr

Thr

275

His

Thr

Pro

Val

Asn

355

Tyr

Val

Phe

Asn

Phe

435

Ser

Ser

Ser

Ser

Ala

515

Ala

Pro

Leu

Thr

Val

180

Leu

Asp

Ser

Tyr

Thr

260

Leu

Met

Asp

Trp

Ile

340

Thr

Trp

Thr

Ala

Leu

420

His

Lys

Asp

His

Ala

500

Asp

Val

Gly

Gly

Arg

165

Ser

Ala

Ala

Arg

Cys

245

Ser

Leu

Tyr

Pro

Ser

325

Arg

Ser

Ser

Tyr

Leu

405

Ala

Met

Thr

Glu

Arg

485

Tyr

Leu

Lys

Phe

Thr
565

Ser

Ser

Val

Ser

Phe

230

Val

Lys

Val

Pro

Ile

310

Thr

Pro

Arg

Gly

Thr

390

Glu

Asn

Val

His

Ile

470

Leu

Tyr

Asn

Gly

Thr
550

Phe

Val Val Ser Asn Gln Phe Ile Ala Leu
170 175

Ile Pro Ser Phe Ala Val Ser Gly His
185 190

Tyr Ala Gln Ala Val Asn Leu His Leu
200 205

Ile Phe Gly Glu Glu Trp Gly Phe Thr
215 220

Tyr Asn Arg Gln Val Gln Leu Thr Ala
235

Lys Trp Tyr Lys Ile Gly Leu Asp Lys
250 255

Ser Trp Leu Asn Tyr His Gln Phe Arg
265 270

Leu Asp Leu Val Ala Leu Phe Pro Asn
280 285

Ile Glu Thr Thr Ala Gln Leu Thr Arg
295 300

Ala Phe Asn Ile Val Thr Ser Thr Gly
315

His Ser Gly Ile Leu Phe Tyr Glu Val
330 335

Pro His Leu Phe Asp Ile Leu Ser Ser
345 350

Gly Gly Ile Thr Leu Asn Asn Asp Ala
360 365

His Thr Leu Lys Tyr Arg Arg Thr Ala
375 380

Ala Asn Tyr Gly Arg Ile Thr Ser Glu
395

Asp Arg Asp Ile Phe Glu Ile Asn Ser
410 415

Tyr Tyr Gln Lys Ala Tyr Gly Val Pro
425 430

Lys Arg Gly Thr Ser Ser Thr Thr Ala
440 445

Thr Ala Leu Gln Gly Cys Thr Gln Val
455 460

Pro Leu Asp Arg Thr Val Pro Val Ala
475

Ser His Ile Thr Ser His Ser Phe Ser
490 495

Gly Ser Phe Pro Val Phe Val Trp Thr
505 510

Asn Thr Ile Tyr Ser Asp Lys Ile Thr
520 525

Asp Met Leu Tyr Leu Gly Gly Ser Val
535 540

Gly Gly Asp Ile Leu Lys Arg Thr Asn
555

Ala Val Thr Val Asn Gly Ser Leu Ser
570 575

Asp

Glu

Leu

Pro

Glu

240

Leu

Arg

Tyr

Asp

Phe

320

Glu

Val

Tyr

Asp

Lys

400

Thr

Gly

Tyr

Tyr

Glu

480

Lys

His

Gln

Val

Pro
560

Gln
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Arg

Thr

Met

Phe

625

Ser

Glu

Ala

Leu

705

Phe

Leu

Ala

Arg

Pro

785

Thr

Ile

Asp

Asn

Asn

865

Glu

Thr

Glu

Gln

Arg

945

Gln

Ala

Pro

Tyr

Leu

Asp

610

Ile

Met

Phe

Ala

Arg

690

Glu

Asp

Gln

Ser

Tyr

770

Thr

Arg

Tyr

Asp

Arg

850

Arg

Leu

Asp

Gly

Gln

930

Tyr

Asp

Gln

Glu

Arg

Tyr

595

Asn

Thr

Gly

Ile

Lys

675

Pro

Cys

Ala

Asp

Thr

755

Leu

Tyr

Tyr

Thr

Leu

835

Cys

Ser

Asp

Pro

Pro

915

Trp

Met

Gln

Asp

Ile

Val

580

Leu

Gly

Asp

Asp

Pro

660

Lys

Gly

Leu

Val

Pro

740

Gly

Arg

Leu

Arg

Ile

820

Leu

Ser

Gly

Tyr

Glu

900

Leu

Lys

Ala

Gln

Leu

980

Pro

Arg

Gly

Ala

Phe

Phe

645

Val

Ala

Val

Ser

Arg

725

Asp

Ile

Leu

Tyr

Leu

805

Arg

Pro

Glu

Asp

Asn

885

Gly

Ser

Ile

Ser

Leu
965

Ile

Gly

Ile

Asp

Ser

Gln

630

Ser

Asp

Val

Thr

Asp

710

Glu

Phe

Glu

Pro

Gln

790

Arg

His

Asp

Gln

Ala

870

Glu

Tyr

Gly

Gln

Lys
950
Asn

Gln

Met

Arg

Thr

Leu

615

Phe

Ser

Glu

Asn

Asp

695

Asp

Ala

Gln

Ile

Gly

775

Lys

Gly

Gln

Val

Lys

855

His

Asn

Ala

Asp

Met

935

Gln

Pro

Ser

Asn

Tyr

Ile

600

Thr

Arg

Gly

Thr

Ala

680

Tyr

Leu

Lys

Glu

Val

760

Ala

Val

Phe

Thr

Ser

840

Tyr

Glu

Ala

Thr

Ala

920

Thr

Ala

Asp

Ile

Tyr

Ala

585

Glu

Tyr

Glu

Gln

Tyr

665

Leu

Glu

Tyr

Arg

Ile

745

Glu

Arg

Glu

Val

Asn

825

Pro

Val

Phe

Gly

Leu

905

Leu

Arg

Val

Val

Pro
985

Thr Lys Phe Thr Glu

Ser

Lys

Glu

Thr

Glu

650

Glu

Phe

Val

Pro

Leu

730

Asn

Gly

Glu

Glu

Gly

810

Arg

Val

Asn

Ser

Ile

890

Gly

Glu

Arg

Asp

Glu
970

Tyr

Thr

Asn

Thr

Gln

635

Val

Ala

Thr

Asn

Asn

715

Ser

Gly

Asp

Ile

Gly

795

Ser

Ile

Asn

Ser

Leu

875

Trp

Asn

Arg

Arg

Arg

955

Ile

Val

Thr

Arg

Phe

620

Asp

Tyr

Glu

Asn

Gln

700

Glu

Gly

Glu

Ala

Asp

780

Val

Ser

Val

Ser

Arg

860

Pro

Val

Leu

Leu

Glu
940
Leu

Thr

Tyr

Asp

Phe

605

Lys

Lys

Ile

Gln

Thr

685

Ala

Lys

Ala

Asn

Val

765

Thr

Leu

Gln

Lys

Asp

845

Leu

Ile

Gly

Glu

Gln

925

Glu

Tyr

Asp

Asn

Phe

590

Asn

Phe

Ile

Asp

Asp

670

Lys

Ala

Arg

Arg

Gly

750

Phe

Glu

Lys

Gly

Asn

830

Gly

Glu

Asp

Phe

Leu

910

Arg

Thr

Ala

Leu

Glu
990

Leu Thr Asp

Glu

Lys

Ala

Leu

Arg

655

Leu

Asp

Asn

Leu

Asn

735

Trp

Lys

Thr

Pro

Leu

815

Val

Ser

Gly

Ile

Lys

895

Val

Glu

Asp

Asp

Thr
975

Met

Phe

Thr

Ser

Leu

640

Ile

Glu

Gly

Leu

Leu

720

Leu

Ala

Gly

Tyr

Tyr

800

Glu

Pro

Ile

Glu

Gly

880

Ile

Glu

Glu

Arg

Tyr

960

Ala

Phe
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995 1000 1005

Arg Leu Gln Gln Ala Trp Asn Leu Tyr Asp Gln Arg Asn
1010 1015 1020

Pro Asn Gly Asp Phe Arg Asn Gly Leu Ser Asn Trp Asn
1025 1030 1035

Pro Gly Val Glu Val Gln Gln Ile Asn His Thr Ser Val
1040 1045 1050

Ile Pro Asn Trp Asp Glu Gln Val Ser Gln Gln Phe Thr
1055 1060 1065

Pro Asn Gln Arg Tyr Val Leu Arg Val Thr Ala Arg Lys
1070 1075 1080

Val Gly Asn Gly Tyr Val Ser 1Ile Arg Asp Gly Gly Asn
1085 1090 1095

Glu Thr Leu Thr Phe Ser Ala Ser Asp Tyr Asp Thr Asn
1100 1105 1110

Tyr Asn Asp Gln Thr Gly Tyr Ile Thr Lys Thr Val Thr
1115 1120 1125

Pro Tyr Thr Asp Gln Met Trp Ile Glu Ile Ser Glu Thr
1130 1135 1140

Thr Phe Tyr Ile Glu Ser Val Glu Leu Ile Val Asp Val

1145 1150 1155
<210> SEQ ID NO 79
<211> LENGTH: 3537
<212> TYPE: DNA
<213> ORGANISM: Bacillus thuringiensis
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1).. (3537
<223> OTHER INFORMATION: crylAc coding sequence
<400> SEQUENCE: 79

atggataaca atccgaacat caatgaatgce attccttata attgtttaag

gtagaagtat taggtggaga aagaatagaa actggttaca ccccaatcga

tcgctaacge aatttetttt gagtgaattt gtteceggtg ctggatttgt

gttgatataa tatggggaat ttttggtcce tctcaatggg acgcatttet

gaacagttaa ttaaccaaag aatagaagaa ttcgctagga accaagecat

gaaggactaa gcaatcttta tcaaatttac gcagaatctt ttagagagtg

cctactaate cagcattaag agaagagatg cgtattcaat tcaatgacat

cttacaaccg ctattectet ttttgecagtt caaaattatc aagttcctcet

tatgttcaag ctgcaaattt acatttatca gttttgagag atgtttcagt

aggtggggat ttgatgccge gactatcaat agtegttata atgatttaac

ggcaactata cagattatgc tgtacgctgg tacaatacgg gattagaacg

ccggatteta gagattgggt aaggtataat caatttagaa gagaattaac

ttagatatcg ttgctetgtt cccgaattat gatagtagaa gatatccaat

tcccaattaa caagagaaat ttatacaaac ccagtattag aaaattttga

cgaggctegg ctcagggcat agaaagaagt attaggagtce cacatttgat

aacagtataa ccatctatac ggatgctcat aggggttatt attattggte

ataatggett ctectgtagg gttttegggg ccagaattca ctttteceget

atgggaaatg cagctccaca acaacgtatt gttgctcaac taggtcaggg

Ala Ile

Ala Thr

Leu Val

Val Gln

Glu Gly

Gln Ser

Gly Val

Phe Ile

Glu Gly

taaccctgaa
tatttccttyg
gttaggacta
tgtacaaatt
ttctagatta
ggaagcagat
gaacagtgce
tttatcagta
gtttggacaa
taggcttatt
tgtatgggga
actaactgta
tcgaacagtt
tggtagtttt
ggatatactt
agggcatcaa
atatggaact

cgtgtataga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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-continued
acattatcgt ccactttata tagaagacct tttaatatag ggataaataa tcaacaacta 1140
tctgttettg acgggacaga atttgcttat ggaacctect caaatttgcc atccgcectgta 1200
tacagaaaaa gcggaacggt agattcgetg gatgaaatac cgccacagaa taacaacgtg 1260
ccacctaggc aaggatttag tcatcgatta agccatgttt caatgtttcg ttcaggcettt 1320
agtaatagta gtgtaagtat aataagagct cctatgttct cttggataca tcgtagtgcet 1380
gaatttaata atataattgc atcggatagt attactcaaa tccctgcagt gaagggaaac 1440
tttcttttta atggttctgt aatttcagga ccaggattta ctggtgggga cttagttaga 1500
ttaaatagta gtggaaataa cattcagaat agagggtata ttgaagttcc aattcacttc 1560
ccatcgacat ctaccagata tcgagttcgt gtacggtatg cttctgtaac cccgattcac 1620
ctcaacgtta attggggtaa ttcatccatt ttttccaata cagtaccagc tacagctacg 1680
tcattagata atctacaatc aagtgatttt ggttattttg aaagtgccaa tgcttttaca 1740
tcttcattag gtaatatagt aggtgttaga aattttagtg ggactgcagg agtgataata 1800
gacagatttg aatttattcc agttactgca acactcgagg ctgaatataa tctggaaaga 1860
gcgcagaagg cggtgaatgce gctgtttacg tctacaaacc aactagggct aaaaacaaat 1920
gtaacggatt atcatattga tcaagtgtcc aatttagtta cgtatttatc ggatgaattt 1980
tgtctggatg aaaagcgaga attgtccgag aaagtcaaac atgcgaagcg actcagtgat 2040
gaacgcaatt tactccaaga ttcaaatttc aaagacatta ataggcaacc agaacgtggg 2100
tggggcggaa gtacagggat taccatccaa ggaggggatg acgtatttaa agaaaattac 2160
gtcacactat caggtacctt tgatgagtgc tatccaacat atttgtatca aaaaatcgat 2220
gaatcaaaat taaaagcctt tacccgttat caattaagag ggtatatcga agatagtcaa 2280
gacttagaaa tctatttaat tcgctacaat gcaaaacatg aaacagtaaa tgtgccaggt 2340
acgggttect tatggccget ttcagcccaa agtccaatcg gaaagtgtgg agagccgaat 2400
cgatgcgcgce cacaccttga atggaatcct gacttagatt gttcecgtgtag ggatggagaa 2460
aagtgtgccce atcattcgca tcatttectcee ttagacattg atgtaggatg tacagactta 2520
aatgaggacc taggtgtatg ggtgatcttt aagattaaga cgcaagatgg gcacgcaaga 2580
ctagggaatc tagagtttct cgaagagaaa ccattagtag gagaagcgct agctcgtgtg 2640
aaaagagcgg agaaaaaatg gagagacaaa cgtgaaaaat tggaatggga aacaaatatc 2700
gtttataaag aggcaaaaga atctgtagat gctttatttg taaactctca atatgatcaa 2760
ttacaagcgg atacgaatat tgccatgatt catgcggcag ataaacgtgt tcatagcatt 2820
cgagaagctt atctgcctga getgtcetgtg atteccgggtg tcaatgcgge tatttttgaa 2880
gaattagaag ggcgtatttt cactgcattc tccctatatg atgcgagaaa tgtcattaaa 2940
aatggtgatt ttaataatgg cttatcctgce tggaacgtga aagggcatgt agatgtagaa 3000
gaacaaaaca accaacgttc ggtccttgtt gttccggaat gggaagcaga agtgtcacaa 3060
gaagttcgtg tetgtceggg tcecgtggetat atccttegtyg tcacagegta caaggaggga 3120
tatggagaag gttgcgtaac cattcatgag atcgagaaca atacagacga actgaagttt 3180
agcaactgcg tagaagagga aatctatcca aataacacgg taacgtgtaa tgattatact 3240
gtaaatcaag aagaatacgg aggtgcgtac acttctcgta atcgaggata taacgaagct 3300
cctteegtac cagctgatta tgcgtcagtce tatgaagaaa aatcgtatac agatggacga 3360
agagagaatc cttgtgaatt taacagaggg tatagggatt acacgccact accagttggt 3420
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tatgtgacaa aagaattaga atacttccca gaaaccgata aggtatggat tgagattgga 3480

gaaacggaag gaacatttat cgtggacagc gtggaattac tccttatgga ggaatag 3537

<210> SEQ ID NO 80

<211> LENGTH: 1178

<212> TYPE: PRT

<213> ORGANISM: Bacillus thuringiensis
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1178

<223> OTHER INFORMATION: CrylAc protein

<400> SEQUENCE: 80

Met Asp Asn Asn Pro Asn Ile Asn Glu Cys Ile Pro Tyr Asn Cys Leu
1 5 10 15

Ser Asn Pro Glu Val Glu Val Leu Gly Gly Glu Arg Ile Glu Thr Gly
20 25 30

Tyr Thr Pro Ile Asp Ile Ser Leu Ser Leu Thr Gln Phe Leu Leu Ser
35 40 45

Glu Phe Val Pro Gly Ala Gly Phe Val Leu Gly Leu Val Asp Ile Ile
50 55 60

Trp Gly Ile Phe Gly Pro Ser Gln Trp Asp Ala Phe Leu Val Gln Ile
65 70 75 80

Glu Gln Leu Ile Asn Gln Arg Ile Glu Glu Phe Ala Arg Asn Gln Ala
85 90 95

Ile Ser Arg Leu Glu Gly Leu Ser Asn Leu Tyr Gln Ile Tyr Ala Glu
100 105 110

Ser Phe Arg Glu Trp Glu Ala Asp Pro Thr Asn Pro Ala Leu Arg Glu
115 120 125

Glu Met Arg Ile Gln Phe Asn Asp Met Asn Ser Ala Leu Thr Thr Ala
130 135 140

Ile Pro Leu Phe Ala Val Gln Asn Tyr Gln Val Pro Leu Leu Ser Val
145 150 155 160

Tyr Val Gln Ala Ala Asn Leu His Leu Ser Val Leu Arg Asp Val Ser
165 170 175

Val Phe Gly Gln Arg Trp Gly Phe Asp Ala Ala Thr Ile Asn Ser Arg
180 185 190

Tyr Asn Asp Leu Thr Arg Leu Ile Gly Asn Tyr Thr Asp Tyr Ala Val
195 200 205

Arg Trp Tyr Asn Thr Gly Leu Glu Arg Val Trp Gly Pro Asp Ser Arg
210 215 220

Asp Trp Val Arg Tyr Asn Gln Phe Arg Arg Glu Leu Thr Leu Thr Val
225 230 235 240

Leu Asp Ile Val Ala Leu Phe Pro Asn Tyr Asp Ser Arg Arg Tyr Pro
245 250 255

Ile Arg Thr Val Ser Gln Leu Thr Arg Glu Ile Tyr Thr Asn Pro Val
260 265 270

Leu Glu Asn Phe Asp Gly Ser Phe Arg Gly Ser Ala Gln Gly Ile Glu
275 280 285

Arg Ser Ile Arg Ser Pro His Leu Met Asp Ile Leu Asn Ser Ile Thr
290 295 300

Ile Tyr Thr Asp Ala His Arg Gly Tyr Tyr Tyr Trp Ser Gly His Gln
305 310 315 320

Ile Met Ala Ser Pro Val Gly Phe Ser Gly Pro Glu Phe Thr Phe Pro
325 330 335
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272

Leu

Gln

Arg

Gly

385

Tyr

Asn

Arg

Ile

465

Phe

Asp

Tyr

Trp

545

Ser

Asn

Ser

Thr

Ser

Lys

Asn

Thr

705

Gln

Arg

Tyr

Leu

Pro

370

Thr

Arg

Asn

Ser

Ala

450

Ile

Leu

Leu

Ile

Arg

530

Gly

Leu

Ala

Gly

Ala

610

Asn

Thr

Asp

His

Phe

690

Gly

Thr

Lys

Gly

Gly

Gly

355

Phe

Glu

Lys

Asn

Met

435

Pro

Ala

Phe

Val

Glu

515

Val

Asn

Asp

Phe

Thr

595

Thr

Ala

Asp

Glu

Ala

675

Lys

Ile

Leu

Ile

Tyr

Thr

340

Gln

Asn

Phe

Ser

Val

420

Phe

Met

Ser

Asn

Arg

500

Val

Arg

Ser

Asn

Thr

580

Ala

Leu

Leu

Tyr

Phe

660

Lys

Asp

Thr

Ser

Asp
740

Ile

Met

Gly

Ile

Ala

Gly

405

Pro

Arg

Phe

Asp

Gly

485

Leu

Pro

Tyr

Ser

Leu

565

Ser

Gly

Glu

Phe

His

645

Cys

Arg

Ile

Ile

Gly
725

Glu

Glu

Gly

Val

Gly

Tyr

390

Thr

Pro

Ser

Ser

Ser

470

Ser

Asn

Ile

Ala

Ile

550

Gln

Ser

Val

Ala

Thr

630

Ile

Leu

Leu

Asn

Gln
710
Thr

Ser

Asp

Asn

Tyr

Ile

375

Gly

Val

Arg

Gly

Trp

455

Ile

Val

Ser

His

Ser

535

Phe

Ser

Leu

Ile

Glu

615

Ser

Asp

Asp

Ser

Arg

695

Gly

Phe

Lys

Ser

Ala

Arg

360

Asn

Thr

Asp

Gln

Phe

440

Ile

Thr

Ile

Ser

Phe

520

Val

Ser

Ser

Gly

Ile

600

Tyr

Thr

Gln

Glu

Asp

680

Gln

Gly

Asp

Leu

Gln

Ala

345

Thr

Asn

Ser

Ser

Gly

425

Ser

His

Gln

Ser

Gly

505

Pro

Thr

Asn

Asp

Asn

585

Asp

Asn

Asn

Val

Lys

665

Glu

Pro

Asp

Glu

Lys
745

Asp

Pro

Leu

Gln

Ser

Leu

410

Phe

Asn

Arg

Ile

Gly

490

Asn

Ser

Pro

Thr

Phe

570

Ile

Arg

Leu

Gln

Ser

650

Arg

Arg

Glu

Asp

Cys

730

Ala

Leu

Gln

Ser

Gln

Asn

395

Asp

Ser

Ser

Ser

Pro

475

Pro

Asn

Thr

Ile

Val

555

Gly

Val

Phe

Glu

Leu

635

Asn

Glu

Asn

Arg

Val
715
Tyr

Phe

Glu

Gln

Ser

Leu

380

Leu

Glu

His

Ser

Ala

460

Ala

Gly

Ile

Ser

His

540

Pro

Tyr

Gly

Glu

Arg

620

Gly

Leu

Leu

Leu

Gly

700

Phe

Pro

Thr

Ile

Arg

Thr

365

Ser

Pro

Ile

Arg

Val

445

Glu

Val

Phe

Gln

Thr

525

Leu

Ala

Phe

Val

Phe

605

Ala

Leu

Val

Ser

Leu

685

Trp

Lys

Thr

Arg

Tyr

Ile

350

Leu

Val

Ser

Pro

Leu

430

Ser

Phe

Lys

Thr

Asn

510

Arg

Asn

Thr

Glu

Arg

590

Ile

Gln

Lys

Thr

Glu

670

Gln

Gly

Glu

Tyr

Tyr

750

Leu

Val

Tyr

Leu

Ala

Pro

415

Ser

Ile

Asn

Gly

Gly

495

Arg

Tyr

Val

Ala

Ser

575

Asn

Pro

Lys

Thr

Tyr

655

Lys

Asp

Gly

Asn

Leu
735

Gln

Ile

Ala

Arg

Asp

Val

400

Gln

His

Ile

Asn

Asn

480

Gly

Gly

Arg

Asn

Thr

560

Ala

Phe

Val

Ala

Asn

640

Leu

Val

Ser

Ser

Tyr
720
Tyr

Leu

Arg
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273 274

-continued

755 760 765

Tyr Asn Ala Lys His Glu Thr Val Asn Val Pro Gly Thr Gly Ser Leu
770 775 780

Trp Pro Leu Ser Ala Gln Ser Pro Ile Gly Lys Cys Gly Glu Pro Asn
785 790 795 800

Arg Cys Ala Pro His Leu Glu Trp Asn Pro Asp Leu Asp Cys Ser Cys
805 810 815

Arg Asp Gly Glu Lys Cys Ala His His Ser His His Phe Ser Leu Asp
820 825 830

Ile Asp Val Gly Cys Thr Asp Leu Asn Glu Asp Leu Gly Val Trp Val
835 840 845

Ile Phe Lys Ile Lys Thr Gln Asp Gly His Ala Arg Leu Gly Asn Leu
850 855 860

Glu Phe Leu Glu Glu Lys Pro Leu Val Gly Glu Ala Leu Ala Arg Val
865 870 875 880

Lys Arg Ala Glu Lys Lys Trp Arg Asp Lys Arg Glu Lys Leu Glu Trp
885 890 895

Glu Thr Asn Ile Val Tyr Lys Glu Ala Lys Glu Ser Val Asp Ala Leu
900 905 910

Phe Val Asn Ser Gln Tyr Asp Gln Leu Gln Ala Asp Thr Asn Ile Ala
915 920 925

Met Ile His Ala Ala Asp Lys Arg Val His Ser Ile Arg Glu Ala Tyr
930 935 940

Leu Pro Glu Leu Ser Val Ile Pro Gly Val Asn Ala Ala Ile Phe Glu
945 950 955 960

Glu Leu Glu Gly Arg Ile Phe Thr Ala Phe Ser Leu Tyr Asp Ala Arg
965 970 975

Asn Val Ile Lys Asn Gly Asp Phe Asn Asn Gly Leu Ser Cys Trp Asn
980 985 990

Val Lys Gly His Val Asp Val Glu Glu Gln Asn Asn Gln Arg Ser Val
995 1000 1005

Leu Val Val Pro Glu Trp Glu Ala Glu Val Ser Gln Glu Val Arg
1010 1015 1020

Val Cys Pro Gly Arg Gly Tyr Ile Leu Arg Val Thr Ala Tyr Lys
1025 1030 1035

Glu Gly Tyr Gly Glu Gly Cys Val Thr Ile His Glu Ile Glu Asn
1040 1045 1050

Asn Thr Asp Glu Leu Lys Phe Ser Asn Cys Val Glu Glu Glu Ile
1055 1060 1065

Tyr Pro Asn Asn Thr Val Thr Cys Asn Asp Tyr Thr Val Asn Gln
1070 1075 1080

Glu Glu Tyr Gly Gly Ala Tyr Thr Ser Arg Asn Arg Gly Tyr Asn
1085 1090 1095

Glu Ala Pro Ser Val Pro Ala Asp Tyr Ala Ser Val Tyr Glu Glu
1100 1105 1110

Lys Ser Tyr Thr Asp Gly Arg Arg Glu Asn Pro Cys Glu Phe Asn
1115 1120 1125

Arg Gly Tyr Arg Asp Tyr Thr Pro Leu Pro Val Gly Tyr Val Thr
1130 1135 1140

Lys Glu Leu Glu Tyr Phe Pro Glu Thr Asp Lys Val Trp Ile Glu
1145 1150 1155

Ile Gly Glu Thr Glu Gly Thr Phe Ile Val Asp Ser Val Glu Leu
1160 1165 1170
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275

-continued

276

Leu Leu Met Glu Glu

1175
<210> SEQ ID NO 81
<211> LENGTH: 2160
<212> TYPE: DNA
<213> ORGANISM: Bacillus thuringiensis
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1).. (2160
<223> OTHER INFORMATION: crylla coding sequence
<400> SEQUENCE: 81

atgaaactaa agaatcaaga taagcatcaa agtttttcta gcaatgcgaa agtagataaa

atctctacgg attcactaaa aaatgaaaca gatatagaat tacaaaacat taatcatgaa

gattgtttga aaatgtctga gtatgaaaat gtagagccgt ttgttagtgce atcaacaatt

caaacaggta ttggtattge gggtaaaata cttggtacce taggegttce ttttgcagga

caagtagcta gtctttatag ttttatctta ggtgagetat ggectaaggg gaaaaatcaa

tgggaaatct ttatggaaca tgtagaagag attattaatc aaaaaatatc aacttatgca

agaaataaag cacttacaga cttgaaagga ttaggagatg ccttagetgt ctaccatgat

tcgettgaaa gttgggttgg aaatcgtaat aacacaaggg ctaggagtgt tgtcaagage

caatatatcg cattagaatt gatgttegtt cagaaactac cttettttge agtgtctgga

gaggaggtac cattattacc gatatatgcc caagctgcaa atttacattt gttgetatta

agagatgcat ctatttttgg aaaagagtgg ggattatcat cttcagaaat ttcaacattt

tataaccgte aagtcgaacg agcaggagat tattectacce attgtgtgaa atggtatage

acaggtctaa ataacttgag gggtacaaat gccgaaagtt gggtacgata taatcaatte

cgtagagaca tgactttaat ggtactagat ttagtggcac tatttccaag ctatgataca

caaatgtatc caattaaaac tacagcccaa cttacaagag aagtatatac agacgcaatt

gggacagtac atccgcatcc aagttttaca agtacgactt ggtataataa taatgcacct

tegttetetyg ccatagagge tgetgttgtt cgaaaccege atctactega ttttcetagaa

caagttacaa tttacagctt attaagtcga tggagtaaca ctcagtatat gaatatgtgg

ggaggacata aactagaatt ccgaacaata ggaggaacgt taaatatctc aacacaagga

tctactaata cttctattaa tcctgtaaca ttacegttea cttetegaga cgtctatagg

actgaatcat tggcagggct gaatctattt ttaactcaac ctgttaatgg agtacctagg

gttgattttc attggaaatt cgtcacacat ccgatcgcat ctgataattt ctattatcca

gggtatgetyg gaattgggac gcaattacag gattcagaaa atgaattacc acctgaagca

acaggacagc caaattatga atcttatagt catagattat ctcatatagg actcatttca

gcatcacatg tgaaagcatt ggtatattct tggacgcate gtagtgcaga tcgtacaaat

acaattgagc caaatagcat tacacaaata ccattagtaa aagctttcaa tctgtcttca

ggtgcegetyg tagtgagagg accaggattt acaggtgggg atatcctteg aagaacgaat

actggtacat ttggggatat acgagtaaat attaatccac catttgcaca aagatatcgce

gtgaggattc gctatgcette taccacagat ttacaattcce atacgtcaat taacggtaaa

gctattaatc aaggtaattt ttcagcaact atgaatagag gagaggactt agactataaa

acctttagaa ctgtaggett taccactcca tttagetttt tagatgtaca aagtacatte

acaataggtyg cttggaactt ctcttcaggt aacgaagttt atatagatag aattgaattt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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-continued

278

gttceggtag

actgcactgt

attgaccagg

agagaattat

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

aagtaacata
ttacatctac
tatcaaattt

tcgagatagt

PRT

<400> SEQUENCE:

Met

1

Lys

Glu

Glu

Gly

65

Gln

Gly

Asn

Lys

Trp

145

Gln

Ala

Ala

Glu

225

Thr

Tyr

Ala

Ala

Pro

Lys

Val

Leu

Asn

50

Ile

Val

Lys

Gln

Gly

130

Val

Tyr

Val

Asn

Trp

210

Glu

Gly

Asn

Leu

Gln
290

His

Leu

Asp

Gln

35

Val

Ala

Ala

Asn

Lys

115

Leu

Gly

Ile

Ser

Leu

195

Gly

Arg

Leu

Gln

Phe
275

Leu

Pro

Lys

Lys

20

Asn

Glu

Gly

Ser

Gln

100

Ile

Gly

Asn

Ala

Gly

180

His

Leu

Ala

Asn

Phe
260
Pro

Thr

Ser

SEQ ID NO 82
LENGTH:
TYPE :
ORGANISM: Bacillus thuringiensis
FEATURE:
NAME/KEY: MISC_FEATURE
LOCATION:

719

(1) ..(719)

82

Asn

Ile

Ile

Pro

Lys

Leu

85

Trp

Ser

Asp

Arg

Leu

165

Glu

Leu

Ser

Gly

Asn

245

Arg

Ser

Arg

Phe

Gln

Ser

Asn

Phe

Ile

70

Tyr

Glu

Thr

Ala

Asn

150

Glu

Glu

Leu

Ser

Asp

230

Leu

Arg

Tyr

Glu

Thr

Asp

Thr

His

Val

55

Leu

Ser

Ile

Tyr

Leu

135

Asn

Leu

Val

Leu

Ser

215

Tyr

Arg

Asp

Asp

Val
295

Ser

tgaggcagaa
gaatccaaga
agtagagtct

taaatacgcg

OTHER INFORMATION: Crylla

Lys

Asp

Glu

40

Ser

Gly

Phe

Phe

Ala

120

Ala

Thr

Met

Pro

Leu

200

Glu

Ser

Gly

Met

Thr
280

Tyr

Thr

tatgattttg

ggattaaaaa

ctatcagatg

aagcaactcc

protein

His

Ser

25

Asp

Ala

Thr

Ile

Met

105

Arg

Val

Arg

Phe

Leu

185

Arg

Ile

Tyr

Thr

Thr

265

Gln

Thr

Thr

Gln

10

Leu

Cys

Ser

Leu

Leu

90

Glu

Asn

Tyr

Ala

Val

170

Leu

Asp

Ser

His

Asn

250

Leu

Met

Asp

Trp

Ser

Lys

Leu

Thr

Gly

75

Gly

His

Lys

His

Arg

155

Gln

Pro

Ala

Thr

Cys

235

Ala

Met

Tyr

Ala

Tyr

aaaaagcgca

cagatgtaaa

aattctatct

atattgagcg

Phe

Asn

Lys

Ile

60

Val

Glu

Val

Ala

Asp

140

Ser

Lys

Ile

Ser

Phe

220

Val

Glu

Val

Pro

Ile
300

Asn

Ser

Glu

Met

45

Gln

Pro

Leu

Glu

Leu

125

Ser

Val

Leu

Tyr

Ile

205

Tyr

Lys

Ser

Leu

Ile
285

Gly

Asn

Ser

Thr

30

Ser

Thr

Phe

Trp

Glu

110

Thr

Leu

Val

Pro

Ala

190

Phe

Asn

Trp

Trp

Asp

270

Lys

Thr

Asn

agagaaggtt

ggattatcat

tgatgaaaag

taacatgtag

Asn

15

Asp

Glu

Gly

Ala

Pro

95

Ile

Asp

Glu

Lys

Ser

175

Gln

Gly

Arg

Tyr

Val

255

Leu

Thr

Val

Ala

Ala

Ile

Tyr

Ile

Gly

80

Lys

Ile

Leu

Ser

Ser

160

Phe

Ala

Lys

Gln

Ser

240

Arg

Val

Thr

His

Pro

1980

2040

2100

2160



279

US 10,239,921 B2

-continued

280

305

Ser

Asp

Asn

Thr

Ser

385

Thr

Gly

Ala

Leu

Asn

465

Ala

Asp

Gly

Gly

545

Ile

Arg

Thr

Trp

625

Gln

Lys

Glu

Glu
705

Phe

Phe

Thr

Ile

370

Ile

Glu

Val

Ser

Gln

450

Tyr

Ser

Arg

Lys

Phe

530

Asp

Arg

Asn

Gly

Pro

610

Asn

Pro

Glu

Thr

Ser
690

Ile

Ser

Leu

Gln

355

Gly

Asn

Ser

Pro

Asp

435

Asp

Glu

His

Thr

Ala

515

Thr

Ile

Ile

Gly

Glu

595

Phe

Phe

Val

Lys

Asp

675

Leu

Val

Ala

Glu

340

Tyr

Gly

Pro

Leu

Arg

420

Asn

Ser

Ser

Val

Asn

500

Phe

Gly

Arg

Arg

Lys

580

Asp

Ser

Ser

Glu

Val
660
Val

Ser

Lys

<210> SEQ ID NO

Ile

325

Gln

Met

Thr

Val

Ala

405

Val

Phe

Glu

Tyr

Lys

485

Thr

Asn

Gly

Val

Tyr

565

Ala

Leu

Phe

Ser

Val

645

Thr

Lys

Asp

Tyr

83

310

Glu

Val

Asn

Leu

Thr

390

Gly

Asp

Tyr

Asn

Ser

470

Ala

Ile

Leu

Asp

Asn

550

Ala

Ile

Asp

Leu

Gly

630

Thr

Ala

Asp

Glu

Ala
710

Ala

Thr

Met

Asn

375

Leu

Leu

Phe

Tyr

Glu

455

His

Leu

Glu

Ser

Ile

535

Ile

Ser

Asn

Tyr

Asp

615

Asn

Tyr

Leu

Tyr

Phe
695

Lys

Ala

Ile

Trp

360

Ile

Pro

Asn

His

Pro

440

Leu

Arg

Val

Pro

Ser

520

Leu

Asn

Thr

Gln

Lys

600

Val

Glu

Glu

Phe

His
680

Tyr

Gln

Val

Tyr

345

Gly

Ser

Phe

Leu

Trp

425

Gly

Pro

Leu

Tyr

Asn

505

Gly

Arg

Pro

Thr

Gly

585

Thr

Gln

Val

Ala

Thr
665
Ile

Leu

Leu

Val

330

Ser

Gly

Thr

Thr

Phe

410

Lys

Tyr

Pro

Ser

Ser

490

Ser

Ala

Arg

Pro

Asp

570

Asn

Phe

Ser

Tyr

Glu

650

Ser

Asp

Asp

His

315

Arg

Leu

His

Gln

Ser

395

Leu

Phe

Ala

Glu

His

475

Trp

Ile

Ala

Thr

Phe

555

Leu

Phe

Arg

Thr

Ile

635

Tyr

Thr

Gln

Glu

Ile
715

Asn

Leu

Lys

Gly

380

Arg

Thr

Val

Gly

Ala

460

Ile

Thr

Thr

Val

Asn

540

Ala

Gln

Ser

Thr

Phe

620

Asp

Asp

Asn

Val

Lys
700

Glu

Pro

Ser

Leu

365

Ser

Asp

Gln

Thr

Ile

445

Thr

Gly

His

Gln

Val

525

Thr

Gln

Phe

Ala

Val

605

Thr

Arg

Phe

Pro

Ser
685

Arg

Arg

His

Arg

350

Glu

Thr

Val

Pro

His

430

Gly

Gly

Leu

Arg

Ile

510

Arg

Gly

Arg

His

Thr

590

Gly

Ile

Ile

Glu

Arg

670

Asn

Glu

Asn

Leu

335

Trp

Phe

Asn

Tyr

Val

415

Pro

Thr

Gln

Ile

Ser

495

Pro

Gly

Thr

Tyr

Thr

575

Met

Phe

Gly

Glu

Lys

655

Gly

Leu

Leu

Met

320

Leu

Ser

Arg

Thr

Arg

400

Asn

Ile

Gln

Pro

Ser

480

Ala

Leu

Pro

Phe

Arg

560

Ser

Asn

Thr

Ala

Phe

640

Ala

Leu

Val

Phe



US 10,239,921 B2
281 282

-continued

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 53A-1-bam

<400> SEQUENCE: 83

ccggatccat gacggeccgac aacaacaccg aggc 34

<210> SEQ ID NO 84

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: C3-3a-6 primer

<400> SEQUENCE: 84

caggggcagc tgggtgatct 20

<210> SEQ ID NO 85

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: C3-1Ab-3 primer
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(20)

<223> OTHER INFORMATION: lab-3 primer

<400> SEQUENCE: 85

agatcaccca gatccccecetg 20

<210> SEQ ID NO 86

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 1Ab-6-sac primer

<400> SEQUENCE: 86

ccgagetcag ctectacace tgatcgatgt ggtagtegg 39

<210> SEQ ID NO 87

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 8a-atg-delri primer

<400> SEQUENCE: 87

ccggatccac catgactagt aacggecgee agtgtgetgg tattcgeect tatgac 56

<210> SEQ ID NO 88

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: C2-3A-4 primer

<400> SEQUENCE: 88

gtccagcacg gtcagggtca 20
<210> SEQ ID NO 89

<211> LENGTH: 20

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
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283 284

-continued

<220> FEATURE:
<223> OTHER INFORMATION: reverse primer

<400> SEQUENCE: 89

gcgtgcagte aagtcagatce 20

<210> SEQ ID NO 90

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: FR8a-OL-1 primer

<400> SEQUENCE: 90

ggtgttgttyg tcggecgtca tagggcgaat accagcac 38

<210> SEQ ID NO 91

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: FR8a-OL-2 primer

<400> SEQUENCE: 91

gecgacaaca acaccgagge cctggacage agcaccace 39

<210> SEQ ID NO 92

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Cl-3a-2 primer

<400> SEQUENCE: 92

caggtgggtg ttggcggcct gggcgta 27

<210> SEQ ID NO 93

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 5'FR8a primer

<400> SEQUENCE: 93

ggatccacca tgactagtaa ¢ 21

<210> SEQ ID NO 94

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 5'fr8a-12aa primer

<400> SEQUENCE: 94

ccggatccac catgtatgac ggccgacaac aacacc 36

<210> SEQ ID NO 95

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: C2-3A-3 primer

<400> SEQUENCE: 95

tgaccctgac cgtgctggac 20
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285

-continued

286

<210> SEQ ID NO 96

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 3'1Ab-dm3 primer

<400> SEQUENCE: 96

gagctectag gtcacctegg cgggcac

<210> SEQ ID NO 97

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 5'FR-delé primer

<400> SEQUENCE: 97

ggatccacca tgtgtgetgg tattcgecct at

<210> SEQ ID NO 98

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 5'1Ab-bam primer

<400> SEQUENCE: 98

ccggatccat ggacaacaac cccaacatca ac

<210> SEQ ID NO 99

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: C3-3a-7 primer
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(20)

<223> OTHER INFORMATION: C3-3a-7 primer

<400> SEQUENCE: 99

gettcacegyg cggcgacate

<210> SEQ ID NO 100

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: C3-3a-8 primer

<400> SEQUENCE: 100

gatgtcgecyg ccggtgaage

<210> SEQ ID NO 101

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: C4-3a-9 primer

<400> SEQUENCE: 101

ccgecatccac tacgecagca cca

<210> SEQ ID NO 102
<211> LENGTH: 23

27

32

32

20

20

23
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287

-continued

288

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: C4-3a-10 primer

<400> SEQUENCE: 102

tggtgctgge gtagtggatg cgg

<210> SEQ ID NO 103

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 3a-12-sac primer

<400> SEQUENCE: 103

ccgagetcag ctcagatcta gttcacgggg atgaactega tett

<210> SEQ ID NO 104

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 3a-22 primer

<400> SEQUENCE: 104

ggccttcace aggggcaget gggtgat

<210> SEQ ID NO 105

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 1B-5 primer

<400> SEQUENCE: 105

cegecgegac ctgacectgg gegtgetgga ¢

<210> SEQ ID NO 106

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 1B-7 primer

<400> SEQUENCE: 106

atcacccaga tccccatggt gaaggec

<210> SEQ ID NO 107

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 1B-10 primer

<400> SEQUENCE: 107

ccgagetect agaacaggge gttcac

<210> SEQ ID NO 108

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: C3-1Ab-2 primer

<400> SEQUENCE: 108

23

44

27

31

27

26
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cagggggatce tgggtgatct

<210> SEQ ID NO 109

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: C3-3A-5 primer

<400> SEQUENCE: 109

agatcaccca gctgecectg

<210> SEQ ID NO 110

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Cl-1Ab-1 primer

<400> SEQUENCE: 110

tacgtgcagyg ccgccaacct gcacctg

<210> SEQ ID NO 111

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 5'8Aa-dm3 primer

<400> SEQUENCE: 111

agatcaccca gctgeccctg gtaaagggag acatgttata te

<210> SEQ ID NO 112

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 3'8Aa-dm3 primer

<400> SEQUENCE: 112

gagctectat gtctcatcta ctgggatgaa

<210> SEQ ID NO 113

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Tant-OL-1 primer

<400> SEQUENCE: 113

acccagcetge ccctggtgaa ggeccacace cte

<210> SEQ ID NO 114

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Tant-OL-2 primer

<400> SEQUENCE: 114

gagggtgtgg gccttcacca ggggcagetyg ggt

<210> SEQ ID NO 115

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

20

20

27

42

30

33

33
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<220> FEATURE:
<223> OTHER INFORMATION: Tant-3'sac primer

<400> SEQUENCE: 115

gagctctage ttaagcagtce cacgaggtt

<210> SEQ ID NO 116

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 1Ac-OL-1 primer

<400> SEQUENCE: 116

acccagctge ccctggtgaa gggaaacttt cttttta

<210> SEQ ID NO 117

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 1Ac-OL-2 primer

<400> SEQUENCE: 117

taaaaagaaa dgtttcectte accaggggca getgggt

<210> SEQ ID NO 118

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequnce

<220> FEATURE:

<223> OTHER INFORMATION: 1lAc-3'sac primer

<400> SEQUENCE: 118

gagctectat gttgcagtaa ctggaataaa

<210> SEQ ID NO 119

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 1Ia-OL-1 primer

<400> SEQUENCE: 119

acccagetge ccctgagtaa aagctttcaa tetgtett

<210> SEQ ID NO 120

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 1Ia-OL-2 primer

<400> SEQUENCE: 120

aagacagatt gaaagctttt actcagggge agetgggt

<210> SEQ ID NO 121

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 1Ia-3'sac primer

<400> SEQUENCE: 121

gagctectac atgttacget caatatggag t

29

37

37

30

38

38

31
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 122

LENGTH: 33

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: FR-1Ab-1 primer

SEQUENCE: 122

tggacccaca agagcgecga gttcaacaac atce

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 123

LENGTH: 33

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: FR-1Ab-2 primer

SEQUENCE: 123

gatgttgttyg aactcggcge tettgtgggt cca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 124

LENGTH: 40

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: FR-1Ab-3 primer

SEQUENCE: 124

ccacaagage gtcgacttca acacatcate cccagcagece

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 125

LENGTH: 41

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: FR-1Ab-4 primer

SEQUENCE: 125

ggctegtggyg gatgatgttg ttgaagtcega cgctettgtg g

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 126

LENGTH: 35

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Peptidyl fragment 1
FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (1)..(14)

OTHER INFORMATION: Derived from pET2la
FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (15)..(26)

OTHER INFORMATION: Derived from pCR2.1-TOPO
FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (27)..(35)

OTHER INFORMATION: Derived from cry3A055 frame shift.

SEQUENCE: 126

Met Ala Ser Met Thr Gly Gly Gln Gln Met Gly Arg Gly Ser Thr Ser

1

5 10 15

Asn Gly Arg Gln Cys Ala Gly Ile Arg Pro Tyr Asp Gly Arg Gln Gln

20 25 30

His Arg Gly

35

33

33

40

41
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<210> SEQ ID NO 127

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Peptidyl Fragment 2

<400> SEQUENCE: 127

Met Thr Ser Asn Gly Arg Gln Cys Ala Gly Ile Arg Pro Tyr Asp Gly
1 5 10 15

Arg Gln Gln His Arg Gly
20

<210> SEQ ID NO 128

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Peptidyl Fragment 3

<400> SEQUENCE: 128

Met Tyr Asp Gly Arg Gln Gln His Arg Gly
1 5 10

<210> SEQ ID NO 129

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Peptidyl Fragment 4

<400> SEQUENCE: 129

Met Thr Ser Asn Gly Arg Gln Cys Ala Gly Ile Arg Pro
1 5 10

<210> SEQ ID NO 130

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Peptidyl fragment 5

<400> SEQUENCE: 130

Met Cys Ala Gly Ile Arg Pro
1 5

<210> SEQ ID NO 131

<211> LENGTH: 55

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Peptidyl fragment 6

<400> SEQUENCE: 131

Met Lys Glu Thr Ala Ala Ala Lys Phe Glu Arg Gln His Met Asp Ser
1 5 10 15

Pro Asp Leu Gly Thr Leu Val Pro Arg Gly Ser Met Ala Asp Ile Gly
20 25 30

Ser Thr Thr Ser Asn Gly Arg Gln Cys Ala Gly Ile Arg Pro Tyr Asp
35 40 45

Gly Arg Gln Gln His Arg Gly
50 55

<210> SEQ ID NO 132
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<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized peptidyl fragment 7

<400> SEQUENCE: 132

Met Ala Ser Met Thr Gly Gly Gln Gln Met Gly Arg Gly Ser
1 5 10

<210> SEQ ID NO 133

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Peptidyl fragment 8

<400> SEQUENCE: 133

Tyr Asp Gly Arg Gln Gln His Arg Gly
1 5

<210> SEQ ID NO 134

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Peptidyl fragment 9

<400> SEQUENCE: 134

Thr Ser Asn Gly Arg Gln Cys Ala Gly Ile Arg Pro
1 5 10

<210> SEQ ID NO 135

<211> LENGTH: 644

<212> TYPE: PRT

<213> ORGANISM: Bacillus thuringiensis

<220> FEATURE:

<223> OTHER INFORMATION: Full-length Cry3A protein

<400> SEQUENCE: 135

Met Asn Pro Asn Asn Arg Ser Glu His Asp Thr Ile Lys Thr Thr Glu
1 5 10 15

Asn Asn Glu Val Pro Thr Asn His Val Gln Tyr Pro Leu Ala Glu Thr
20 25 30

Pro Asn Pro Thr Leu Glu Asp Leu Asn Tyr Lys Glu Phe Leu Arg Met
35 40 45

Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys Asp
50 55 60

Val Ile Gln Lys Gly Ile Ser Val Val Gly Asp Leu Leu Gly Val Val
65 70 75 80

Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe Leu
85 90 95

Asn Thr Ile Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu Gln
100 105 110

Val Glu Ala Leu Met Asp Gln Lys Ile Ala Asp Tyr Ala Lys Asn Lys
115 120 125

Ala Leu Ala Glu Leu Gln Gly Leu Gln Asn Asn Val Glu Asp Tyr Val
130 135 140

Ser Ala Leu Ser Ser Trp Gln Lys Asn Pro Val Ser Ser Arg Asn Pro
145 150 155 160

His Ser Gln Gly Arg Ile Arg Glu Leu Phe Ser Gln Ala Glu Ser His
165 170 175
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300

Phe

Phe

Lys

Ile

225

Asp

Ser

Thr

Arg

Thr

305

Phe

Leu

Asn

Ser

Ser

385

Arg

Ser

Glu

Ser

Leu

465

Met

Ser

Pro

Gly

Ser

545

Tyr

Leu

Arg

Leu

Asp

210

Ala

His

Ser

Leu

Leu

290

Asp

Ser

His

Asp

Ile

370

Ser

Ala

Gly

Ala

Trp

450

Glu

Gln

Val

Leu

Pro
530
Ala

Arg

Ser

Asn

Thr

195

Ala

Glu

Cys

Tyr

Thr

275

Tyr

Pro

Asn

Arg

Ser

355

Gly

Glu

Val

Val

Ser

435

Asp

Lys

Gly

Asp

Val

515

Arg

Ala

Ala

Leu

Ser

180

Thr

Gln

Phe

Val

Glu

260

Val

Pro

Ile

Ile

Ile

340

Phe

Ser

Pro

Ala

Thr

420

Thr

Ser

Gly

Ser

Phe

500

Lys

Phe

Thr

Arg

Asp
580

Met

Tyr

Ile

Tyr

Lys

245

Ser

Leu

Lys

Val

Glu

325

Gln

Asn

Asn

Val

Asn

405

Lys

Gln

Ile

Tyr

Arg

485

Phe

Ala

Thr

Ile

Ile

565

Gly

Pro

Ala

Tyr

Lys

230

Trp

Trp

Asp

Glu

Gly

310

Asn

Phe

Tyr

Asp

Gln

390

Thr

Val

Thr

Asp

Ser

470

Gly

Asn

Tyr

Gly

Tyr

550

His

Ala

Ser Phe Ala Ile Ser Gly Tyr Glu Val
185 190

Gln Ala Ala Asn Thr His Leu Phe Leu
200 205

Gly Glu Glu Trp Gly Tyr Glu Lys Glu
215 220

Arg Gln Leu Lys Leu Thr Gln Glu Tyr
235

Tyr Asn Val Gly Leu Asp Lys Leu Arg
250 255

Val Asn Phe Asn Arg Tyr Arg Arg Glu
265 270

Leu Ile Ala Leu Phe Pro Leu Tyr Asp
280 285

Val Lys Thr Glu Leu Thr Arg Asp Val
295 300

Val Asn Asn Leu Arg Gly Tyr Gly Thr
315

Tyr Ile Arg Lys Pro His Leu Phe Asp
330 335

His Thr Arg Phe Gln Pro Gly Tyr Tyr
345 350

Trp Ser Gly Asn Tyr Val Ser Thr Arg
360 365

Ile Ile Thr Ser Pro Phe Tyr Gly Asn
375 380

Asn Leu Glu Phe Asn Gly Glu Lys Val
395

Asn Leu Ala Val Trp Pro Ser Ala Val
410 415

Glu Phe Ser Gln Tyr Asn Asp Gln Thr
425 430

Tyr Asp Ser Lys Arg Asn Val Gly Ala
440 445

Gln Leu Pro Pro Glu Thr Thr Asp Glu
455 460

His Gln Leu Asn Tyr Val Met Cys Phe
475

Thr Ile Pro Val Leu Thr Trp Thr His
490 495

Met Ile Asp Ser Lys Lys Ile Thr Gln
505 510

Lys Leu Gln Ser Gly Ala Ser Val Val
520 525

Gly Asp Ile Ile Gln Cys Thr Glu Asn
535 540

Val Thr Pro Asp Val Ser Tyr Ser Gln
555

Tyr Ala Ser Thr Ser Gln Ile Thr Phe
570 575

Pro Phe Asn Gln Tyr Tyr Phe Asp Lys
585 590

Leu

Leu

Asp

Thr

240

Gly

Met

Val

Leu

Thr

320

Tyr

Gly

Pro

Lys

Tyr

400

Tyr

Asp

Val

Pro

Leu

480

Lys

Leu

Ala

Gly

Lys

560

Thr

Thr
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Ile Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe Asn Leu Ala Ser
595 600 605

Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu Gln Ile Gly Val
610 615 620

Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr Ile Asp Lys Ile Glu Phe
625 630 635 640

Ile Pro Val Asn

<210> SEQ ID NO 136

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized CMS94 primer

<400> SEQUENCE: 136

ggcgegecac catggctage atgactggtyg g 31

<210> SEQ ID NO 137

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized CMS95 primer

<400> SEQUENCE: 137

gcaggaacag gtgggtgttg 20

<210> SEQ ID NO 138

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized CMS96 primer

<400> SEQUENCE: 138

cctgaacacc atctggcceca 20

<210> SEQ ID NO 139

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized CMS97 primer

<400> SEQUENCE: 139

ctggetgetyg gggatgatgt tgttgaagte gacgetcett 39

<210> SEQ ID NO 140

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized CMS98 primer

<400> SEQUENCE: 140

gagctcttag gtcacctegg ¢ 21

<210> SEQ ID NO 141

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized CMS99 primer
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<400>

SEQUENCE: 141

aagagcgtcg acttcaacaa catcatccece agcagecag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 142

LENGTH: 40

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized CMS100 primer

SEQUENCE: 142

gaagtaccge gcccgcatcee getacgecag caccaccaac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 143

LENGTH: 40

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized CMS101 primer

SEQUENCE: 143

gttggtggty ctggegtage ggatgeggge geggtactte

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 144

LENGTH: 1966

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: T7-8AF coding sequence

SEQUENCE: 144

atggctagca tgactggtgg acagcaaatg ggtcgeggat ccatgacgge cgacaacaac

accgaggecce tggacagcag caccaccaag gacgtgatece agaagggcat cagegtggtg

ggcgacctge tgggegtggt gggettecce tteggeggeg cectggtgag cttetacacce

aacttcctga acaccatctg geccagegag gaccectgga aggecttecat ggagcaggtg

gaggccectga tggaccagaa gatcgcecgac tacgccaaga acaaggcact ggecgageta

cagggcctcee agaacaacgt ggaggactat gtgagegeece tgagcagetyg gcagaagaac

ccegetgeac cgttecgeaa cecccacage cagggcecgea tecgegaget gttcagecag

geccgagagee acttccgcaa cagcatgecce agettegeca tcageggeta cgaggtgetg

ttcectgacca cctacgecca ggccgocaac acccacctgt tectgetgaa ggacgcccaa

atctacggag aggagtgggg ctacgagaag gaggacateg cegagttcta caagegcecag

ctgaagctga cccaggagta caccgaccac tgegtgaagt ggtacaacgt gggtctagac

aagctecgeg gcagcageta cgagagetgg gtgaacttea accgctacceg ccgcegagatg

accctgacceg tgctggacct gatcgecetg ttecceetgt acgacgtgeg cctgtacccece

aaggaggtga agaccgagct gacccgegac gtgctgaceg accecategt gggegtgaac

aacctgegeg gctacggecac caccttcage aacatcgaga actacatccg caagccccac

ctgttegact acctgecaccg catccagtte cacacgegtt tecagecegg ctactacgge

aacgacagct tcaactactg gagcggcaac tacgtgagea cecgcecccag catcggceage

aacgacatca tcaccagece cttctacgge aacaagagea gegagecegt gcagaacctt

gagttcaacyg gcgagaaggt gtaccgegece gtggctaaca ccaacctgge cgtgtggecc

tctgcagtgt acageggegt gaccaaggtg gagttcagec agtacaacga ccagaccgac

gaggccagca cccagaccta cgacagcaag cgcaacgtgg gegecgtgag ctgggacagce

39

40

40

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260
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-continued
atcgaccage tgccccccga gaccaccgac gageccctgg agaagggcta cagccaccag 1320
ctgaactacg tgatgtgctt cctgatgcag ggcagccgeg gcaccatcce cgtgctgacce 1380
tggacccaca agagcgtcga cttcttcaac atgatcgaca gcaagaagat cacccagcetg 1440
ccectgacca agagcaccaa cctgggeage ggcaccageg tggtgaaggyg ccceggette 1500
accggeggeg acatcctgeg ccgcaccage cecggcecaga tcagcaccct gcegegtgaac 1560
atcaccgcce ccctgageca gegctaccge gtecgcatece gcetacgcecag caccaccaac 1620
ctgcagttee acaccagcat cgacggecge cecatcaacce agggcaactt cagcgcecace 1680
atgagcagceg gcagcaacct gcagagegge agettcecgea cegtgggett caccacccce 1740
ttcaacttca gcaacggcag cagcgtgttce accctgageg cccacgtgtt caacagcggce 1800
aacgaggtgt acatcgaccg catcgagttc gtgcccgecg aggtgacctt cgaggccgag 1860
tacgacctgg agagggctca gaaggccgtg aacgagcetgt tcaccagcag caaccagatce 1920
ggcctgaaga ccgacgtgac cgactaccac atcgatcagg tgtagg 1966

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 145
H: 654
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: T7-8AF protein

<400> SEQUENCE: 145

Met Ala Ser
1

Ala Asp Asn
Ile Gln Lys
35

Phe Pro Phe
50

Thr Ile Trp
65

Glu Ala Leu

Leu Ala Glu

Ala Leu Ser

115

His Ser Gln
130

Phe Arg Asn
145

Phe Leu Thr

Lys Asp Ala

Ile Ala Glu
195

Asp His Cys
210

Ser Ser Tyr
225

Met Thr Gly Gly Gln

5

Asn Thr Glu Ala Leu

20

Gly Ile Ser Val Val

40

Gly Gly Ala Leu Val

55

Pro Ser Glu Asp Pro

70

Met Asp Gln Lys Ile

85

Leu Gln Gly Leu Gln

100

Ser Trp Gln Lys Asn

120

Gly Arg Ile Arg Glu

135

Ser Met Pro Ser Phe
150

Thr Tyr Ala Gln Ala

165

Gln Ile Tyr Gly Glu

180

Phe Tyr Lys Arg Gln

200

Val Lys Trp Tyr Asn

215

Glu Ser Trp Val Asn
230

Gln

Asp

25

Gly

Ser

Trp

Ala

Asn

105

Pro

Leu

Ala

Ala

Glu
185
Leu

Val

Phe

Met

10

Ser

Asp

Phe

Lys

Asp

90

Asn

Ala

Phe

Ile

Asn

170

Trp

Lys

Gly

Asn

Gly

Ser

Leu

Tyr

Ala

75

Tyr

Val

Ala

Ser

Ser

155

Thr

Gly

Leu

Leu

Arg
235

Arg Gly Ser
Thr Thr Lys
30

Leu Gly Val
45

Thr Asn Phe
60

Phe Met Glu

Ala Lys Asn

Glu Asp Tyr

110

Pro Phe Arg
125

Gln Ala Glu
140

Gly Tyr Glu

His Leu Phe

Tyr Glu Lys

190

Thr Gln Glu
205

Asp Lys Leu
220

Tyr Arg Arg

Met Thr

15

Asp Val

Val Gly

Leu Asn

Gln Val

Lys Ala

95

Val Ser

Asn Pro

Ser His

Val Leu

160

Leu Leu

175

Glu Asp

Tyr Thr

Arg Gly

Glu Met
240
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307

-continued

308

Thr

Arg

Thr

Phe

Leu

305

Asn

Ser

Ser

Arg

Ser

385

Glu

Ser

Leu

Met

Ser

465

Pro

Gly

Gln

Tyr

Thr

545

Met

Phe

Ser

Glu

Arg

625

Gly

Leu

Leu

Asp

Ser

290

His

Asp

Ile

Ser

Ala

370

Gly

Ala

Trp

Glu

Gln

450

Val

Leu

Pro

Ile

Arg

530

Ser

Ser

Thr

Ala

Phe
610

Ala

Leu

Thr

Tyr

Pro

275

Asn

Arg

Ser

Gly

Glu

355

Val

Val

Ser

Asp

Lys

435

Gly

Asp

Thr

Gly

Ser

515

Val

Ile

Ser

Thr

His
595
Val

Gln

Lys

Val

Pro

260

Ile

Ile

Ile

Phe

Ser

340

Pro

Ala

Thr

Thr

Ser

420

Gly

Ser

Phe

Lys

Phe

500

Thr

Arg

Asp

Gly

Pro

580

Val

Pro

Lys

Thr

Leu

245

Lys

Val

Glu

Gln

Asn

325

Asn

Val

Asn

Lys

Gln

405

Ile

Tyr

Arg

Phe

Ser

485

Thr

Leu

Ile

Gly

Ser

565

Phe

Phe

Ala

Ala

Asp
645

Asp

Glu

Gly

Asn

Phe

310

Tyr

Asp

Gln

Thr

Val

390

Thr

Asp

Ser

Gly

Asn

470

Thr

Gly

Arg

Arg

Arg

550

Asn

Asn

Asn

Glu

Val

630

Val

Leu Ile Ala Leu Phe Pro Leu Tyr Asp
250 255

Val Lys Thr Glu Leu Thr Arg Asp Val
265 270

Val Asn Asn Leu Arg Gly Tyr Gly Thr
280 285

Tyr Ile Arg Lys Pro His Leu Phe Asp
295 300

His Thr Arg Phe Gln Pro Gly Tyr Tyr
315

Trp Ser Gly Asn Tyr Val Ser Thr Arg
330 335

Ile Ile Thr Ser Pro Phe Tyr Gly Asn
345 350

Asn Leu Glu Phe Asn Gly Glu Lys Val
360 365

Asn Leu Ala Val Trp Pro Ser Ala Val
375 380

Glu Phe Ser Gln Tyr Asn Asp Gln Thr
395

Tyr Asp Ser Lys Arg Asn Val Gly Ala
410 415

Gln Leu Pro Pro Glu Thr Thr Asp Glu
425 430

His Gln Leu Asn Tyr Val Met Cys Phe
440 445

Thr Ile Pro Val Leu Thr Trp Thr His
455 460

Met Ile Asp Ser Lys Lys Ile Thr Gln
475

Asn Leu Gly Ser Gly Thr Ser Val Val
490 495

Gly Asp Ile Leu Arg Arg Thr Ser Pro
505 510

Val Asn Ile Thr Ala Pro Leu Ser Gln
520 525

Tyr Ala Ser Thr Thr Asn Leu Gln Phe
535 540

Pro Ile Asn Gln Gly Asn Phe Ser Ala
555

Leu Gln Ser Gly Ser Phe Arg Thr Val
570 575

Phe Ser Asn Gly Ser Ser Val Phe Thr
585 590

Ser Gly Asn Glu Val Tyr Ile Asp Arg
600 605

Val Thr Phe Glu Ala Glu Tyr Asp Leu
615 620

Asn Glu Leu Phe Thr Ser Ser Asn Gln
635

Thr Asp Tyr His Ile Asp Gln Val
650

Val

Leu

Thr

Tyr

Gly

320

Pro

Lys

Tyr

Tyr

Asp

400

Val

Pro

Leu

Lys

Leu

480

Lys

Gly

Arg

His

Thr

560

Gly

Leu

Ile

Glu

Ile
640
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-continued

310

<210> SEQ ID NO 146
<211> LENGTH: 1920

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 146

atgacggeceg

aagggcatca

ctggtgaget

gectteatgyg

aaggcactgg

agcagetgge

gagctgttcea

ggctacgagg

ctgaaggacyg

ttctacaage

aacgtgggte

taccgeegeyg

gtgcgectgt

atcgtgggcg

atccgcaage

cceggetact

cccageateg

ccegtgeaga

ctggeegtgt

aacgaccaga

gtgagctggg

ggctacagee

atcccegtge

aagatcaccc

aagggccccg

accetgegeg

gccagcacca

aacttcageg

ggcttcacca

gtgttcaaca

accttegagyg

agcagcaacc

acaacaacac

gegtggtggyg

tctacaccaa

agcaggtgga

ccgagetaca

agaagaaccc

gecaggecga

tgctgttect

cccaaatcta

gccagetgaa

tagacaagct

agatgaccct

accccaagga

tgaacaacct

cccacctgtt

acggcaacga

gcagcaacga

accttgagtt

ggcectetge

ccgacgagge

acagcatcga

accagctgaa

tgacctggac

agctgecect

gettcacegyg

tgaacatcac

ccaacctgea

ccaccatgag

ccececttecaa

geggcaacga

ccgagtacga

agatcggect

<210> SEQ ID NO 147
<211> LENGTH: 639

<212> TYPE:

PRT

cgaggeectyg

cgacctgetyg

cttectgaac

ggcectgatyg

gggectccag

cgtetegage

gagccactte

gaccacctac

c¢ggagaggag

getgacccag

cegeggeage

gaccgtgety

ggtgaagacc

gegeggetac

cgactacctyg

cagcttcaac

catcatcacc

caacggcgag

agtgtacagc

cagcacccag

ccagetgece

ctacgtgatg

ccacaagagc

gaccaagagc

cggcgacatce

cgececeecty

gttccacace

cagcggcage

cttcagcaac

ggtgtacatc

cctggagagg

gaagaccgac

gacagcagca

ggcgtggtgg

accatctgge

gaccagaaga

aacaacgtgg

cgcaacccce

cgcaacagca

geccaggecyg

tggggctacg

gagtacaccyg

agctacgaga

gacctgatcyg

gagctgacce

ggcaccacct

caccgcatee

tactggageg

agccecettet

aaggtgtacc

ggcgtgacca

acctacgaca

cccgagacca

tgcttectga

gtcgacttet

accaacctygg

ctgegecgea

agccageget

agcatcgacg

aacctgcaga

ggcagcagcg

gaccgcatcg

gctcagaagg

gtgaccgact

<213> ORGANISM: Artificial Sequence

-catG8AF coding sequence

ccaccaagga

gettececett

ccagcgagga

tcgecgacta

aggactatgt

acagccaggg

tgcccagett

ccaacaccca

agaaggagga

accactgegt

gctgggtgaa

cecctgttece

gegacgtget

tcagcaacat

agttccacac

gcaactacgt

acggcaacaa

gegeegtgge

aggtggagtt

gcaagcgcaa

ccgacgagec

tgcagggcag

tcaacatgat

gcagcggceac

ccagceccgyg

accgegtecyg

geegecccat

geggeagett

tgttcaccct

agttcgtgee

ccgtgaacga

accacatcga

cgtgatccag

cggcggcgcec

ccectggaag

cgccaagaac

gagegeccetyg

cecgeateege

cgccatcage

cctgttecty

catcgecgag

gaagtggtac

cttcaaccge

cctgtacgac

gaccgaccce

cgagaactac

gegtttecag

gagcacccge

gagcagcgag

taacaccaac

cagccagtac

CgtgggCgCC

cctggagaag

cegeggeace

cgacagcaag

cagcgtggtg

ccagatcage

catccgetac

caaccagggce

ccgecaccgty

gagcgeccac

cgccgaggtyg

getgttcace

tcaggtgtag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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311 312

-continued

<220> FEATURE:
<223> OTHER INFORMATION: -catG8AF protein

<400> SEQUENCE: 147

Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
1 5 10 15

Asp Val Ile Gln Lys Gly Ile Ser Val Val Gly Asp Leu Leu Gly Val
20 25 30

Val Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe
35 40 45

Leu Asn Thr Ile Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu
50 55 60

Gln Val Glu Ala Leu Met Asp Gln Lys Ile Ala Asp Tyr Ala Lys Asn
65 70 75 80

Lys Ala Leu Ala Glu Leu Gln Gly Leu Gln Asn Asn Val Glu Asp Tyr
85 90 95

Val Ser Ala Leu Ser Ser Trp Gln Lys Asn Pro Val Ser Ser Arg Asn
100 105 110

Pro His Ser Gln Gly Arg Ile Arg Glu Leu Phe Ser Gln Ala Glu Ser
115 120 125

His Phe Arg Asn Ser Met Pro Ser Phe Ala Ile Ser Gly Tyr Glu Val
130 135 140

Leu Phe Leu Thr Thr Tyr Ala Gln Ala Ala Asn Thr His Leu Phe Leu
145 150 155 160

Leu Lys Asp Ala Gln Ile Tyr Gly Glu Glu Trp Gly Tyr Glu Lys Glu
165 170 175

Asp Ile Ala Glu Phe Tyr Lys Arg Gln Leu Lys Leu Thr Gln Glu Tyr
180 185 190

Thr Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu Arg
195 200 205

Gly Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg Glu
210 215 220

Met Thr Leu Thr Val Leu Asp Leu Ile Ala Leu Phe Pro Leu Tyr Asp
225 230 235 240

Val Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp Val
245 250 255

Leu Thr Asp Pro Ile Val Gly Val Asn Asn Leu Arg Gly Tyr Gly Thr
260 265 270

Thr Phe Ser Asn Ile Glu Asn Tyr Ile Arg Lys Pro His Leu Phe Asp
275 280 285

Tyr Leu His Arg Ile Gln Phe His Thr Arg Phe Gln Pro Gly Tyr Tyr
290 295 300

Gly Asn Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr Arg
305 310 315 320

Pro Ser Ile Gly Ser Asn Asp Ile Ile Thr Ser Pro Phe Tyr Gly Asn
325 330 335

Lys Ser Ser Glu Pro Val Gln Asn Leu Glu Phe Asn Gly Glu Lys Val
340 345 350

Tyr Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala Val
355 360 365

Tyr Ser Gly Val Thr Lys Val Glu Phe Ser Gln Tyr Asn Asp Gln Thr
370 375 380

Asp Glu Ala Ser Thr Gln Thr Tyr Asp Ser Lys Arg Asn Val Gly Ala
385 390 395 400
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-contin

ued

314

Val Ser Trp

Pro Leu Glu

Leu Met Gln

435

Lys Ser Val
450

Leu Pro Leu
465

Lys Gly Pro

Gly Gln Ile

Arg Tyr Arg

515

His Thr Ser
530

Thr Met Ser
545

Gly Phe Thr

Leu Ser Ala

Ile Glu Phe

595

Glu Arg Ala
610

Ile Gly Leu
625

<210> SEQ I
<211> LENGT.
<212> TYPE:

Asp Ser Ile Asp Gln

405

Lys Gly Tyr Ser His

420

Gly Ser Arg Gly Thr

440

Asp Phe Phe Asn Met

455

Thr Lys Ser Thr Asn
470

Gly Phe Thr Gly Gly

485

Ser Thr Leu Arg Val

500

Val Arg Ile Arg Tyr

520

Ile Asp Gly Arg Pro

535

Ser Gly Ser Asn Leu
550

Thr Pro Phe Asn Phe

565

His Val Phe Asn Ser

580

Val Pro Ala Glu Val

600

Gln Lys Ala Val Asn

615

Lys Thr Asp Val Thr
630

D NO 148
H: 1809
DNA

Leu

Gln

425

Ile

Ile

Leu

Asp

Asn

505

Ala

Ile

Gln

Ser

Gly

585

Thr

Glu

Asp

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

<400> SEQUE:

atgacggeceg

aagggcatca

ctggtgaget

gectteatgyg

aaggcactgg

agcagetgge

cgcgagetgt

agcggetacyg

ctgctgaagyg

gagttctaca

tacaacgtygg

cgctacegec

RE:

NCE: 148

acaacaacac

gegtggtggyg

tctacaccaa

agcaggtgga

ccgagetaca

agaagaaccc

tcagccagge

aggtgetgtt

acgcccaaat

agcgeccaget

gtctagacaa

gcgagatgac

cgaggeectyg

cgacctgetyg

cttectgaac

ggcectgatyg

gggectccag

cgctgeacey

cgagagccac

cctgaccace

ctacggagag

gaagctgace

getecgegge

cctgacegty

Pro

410

Leu

Pro

Asp

Gly

Ile

490

Ile

Ser

Asn

Ser

Asn

570

Asn

Phe

Leu

Tyr

Pro

Asn

Val

Ser

Ser

475

Leu

Thr

Thr

Gln

Gly

555

Gly

Glu

Glu

Phe

His
635

gacagcagca

ggcgtggtgg

accatctgge

gaccagaaga

aacaacgtgg

ttcecgcaace

ttcecgcaaca

tacgcccagyg

gagtgggget

caggagtaca

agcagctacg

ctggacctga

Glu Thr Thr
Tyr Val Met
430

Leu Thr Trp
445

Lys Lys Ile
460

Gly Thr Ser

Arg Arg Thr

Ala Pro Leu

510

Thr Asn Leu
525

Gly Asn Phe
540

Ser Phe Arg

Ser Ser Val

Val Tyr Ile

590

Ala Glu Tyr
605

Thr Ser Ser
620

Ile Asp Gln

8AFdm3 coding sequence

ccaccaagga

gettececett

ccagcgagga

tcgecgacta

aggactatgt

cccacagcca

gecatgcccag

ccgceccaacac

acgagaagga

ccgaccactyg

agagctgggt

tcgecctgtt

Asp Glu
415

Cys Phe

Thr His

Thr Gln

Val Val
480

Ser Pro
495

Ser Gln

Gln Phe

Ser Ala

Thr Val
560

Phe Thr
575

Asp Arg

Asp Leu

Asn Gln

Val

cgtgatccag
cggeggegece
ccectggaag
cgccaagaac
gagegeccetyg
gggccgeate
cttegecate
ccacctgtte
ggacatcgece
cgtgaagtgg
gaacttcaac

ccecectgtac

60

120

180

240

300

360

420

480

540

600

660

720
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316

-continued
gacgtgcegee tgtaccccaa ggaggtgaag accgagetga cecgcgacgt getgaccgac 780
cccategtgg gcegtgaacaa cctgcgegge tacggcacca ccttcagcaa catcgagaac 840
tacatccgca agccccacct gttcgactac ctgcaccgea tccagtteca cacgegttte 900
cagcecgget actacggcaa cgacagette aactactgga geggcaacta cgtgagcace 960
cgccecagea tceggcagcaa cgacatcatce accagccect tctacggcaa caagagcagce 1020
gagcccegtyge agaaccttga gttcaacgge gagaaggtgt accgcegecgt ggctaacacce 1080
aacctggcceg tgtggcccte tgcagtgtac agcggcgtga ccaaggtgga gttcagccag 1140
tacaacgacc agaccgacga ggccagcacce cagacctacyg acagcaagceyg caacgtggge 1200
geegtgaget gggacagcat cgaccagetg cccccegaga ccaccgacga geccctggag 1260
aagggctaca gccaccagct gaactacgtg atgtgcttecce tgatgcaggg cagccgcggce 1320
accatccceg tgctgacctg gacccacaag agegtcgact tcaacaacat catccccage 1380
agccagatca cccagatcce cctgaccaag agcaccaacce tgggcagegyg caccagegtg 1440
gtgaagggce ccggcttcac cggeggcgac atcctgegec geaccagecc cggecagatce 1500
agcaccctge gegtgaacat caccgeccece ctgagccage gctaccgegt ccgcatccge 1560
tacgccagca ccaccaacct gcagttccac accagcateg acggccgcecce catcaaccag 1620
ggcaacttca gcgecaccat gagcagcegge agcaacctgce agagcggcag cttecgcacce 1680
gtgggcttca ccacccectt caacttcagce aacggcagca gcgtgttcac cctgagegece 1740
cacgtgttca acagcggcaa cgaggtgtac atcgaccgca tcgagttcgt geccgcecgag 1800
gtgacctaa 1809

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 149
H: 602
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 149

Met Thr Ala
1

Asp Val Ile
Val Gly Phe
35

Leu Asn Thr
50

Gln Val Glu
65

Lys Ala Leu

Val Ser Ala

Asn Pro His

115

Ser His Phe
130

Val Leu Phe
145

Asp Asn Asn Thr Glu

5

Gln Lys Gly Ile Ser

20

Pro Phe Gly Gly Ala

40

Ile Trp Pro Ser Glu

Ala Leu Met Asp Gln

70

Ala Glu Leu Gln Gly

85

Leu Ser Ser Trp Gln

100

Ser Gln Gly Arg Ile

120

Arg Asn Ser Met Pro

135

Leu Thr Thr Tyr Ala
150

Ala

Val

25

Leu

Asp

Lys

Leu

Lys

105

Arg

Ser

Gln

8AFdm3 protein

Leu

10

Val

Val

Pro

Ile

Gln

90

Asn

Glu

Phe

Ala

Asp

Gly

Ser

Trp

Ala

75

Asn

Pro

Leu

Ala

Ala
155

Ser Ser Thr
Asp Leu Leu
30

Phe Tyr Thr
45

Lys Ala Phe
60

Asp Tyr Ala

Asn Val Glu
Ala Ala Pro
110

Phe Ser Gln
125

Ile Ser Gly
140

Asn Thr His

Thr Lys
15

Gly Val

Asn Phe

Met Glu

Lys Asn

80

Asp Tyr

95

Phe Arg

Ala Glu

Tyr Glu

Leu Phe
160
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318

Leu

Glu

Tyr

Arg

Glu

225

Asp

Thr

Asp

Tyr

305

Arg

Asn

Thr
385
Ala

Glu

Phe

Gln
465

Pro

Gln

Phe

Ala

545

Thr

Leu

Asp

Thr

Gly

210

Met

Val

Leu

Thr

Tyr

290

Gly

Pro

Lys

Tyr

Tyr

370

Asp

Val

Pro

Leu

Lys

450

Ile

Lys

Gly

Arg

His

530

Thr

Gly

Leu

Lys

Ile

Asp

195

Ser

Thr

Arg

Thr

Phe

275

Leu

Asn

Ser

Ser

Arg

355

Ser

Glu

Ser

Leu

Met

435

Ser

Pro

Gly

Gln

Tyr

515

Thr

Met

Phe

Ser

Asp

Ala

180

His

Ser

Leu

Leu

Asp

260

Ser

His

Asp

Ile

Ser

340

Ala

Gly

Ala

Trp

Glu

420

Gln

Val

Leu

Pro

Ile

500

Arg

Ser

Ser

Thr

Ala

Ala

165

Glu

Cys

Tyr

Thr

Tyr

245

Pro

Asn

Arg

Ser

Gly

325

Glu

Val

Val

Ser

Asp

405

Lys

Gly

Asp

Thr

Gly

485

Ser

Val

Ile

Ser

Thr
565

His

Gln

Phe

Val

Glu

Val

230

Pro

Ile

Ile

Ile

Phe

310

Ser

Pro

Ala

Thr

Thr

390

Ser

Gly

Ser

Phe

Lys

470

Phe

Thr

Arg

Asp

Gly

550

Pro

Val

Ile

Tyr

Lys

Ser

215

Leu

Lys

Val

Glu

Gln

295

Asn

Asn

Val

Asn

Lys

375

Gln

Ile

Tyr

Arg

Asn

455

Ser

Thr

Leu

Ile

Gly
535
Ser

Phe

Phe

Tyr

Lys

Trp

200

Trp

Asp

Glu

Gly

Asn

280

Phe

Tyr

Asp

Gln

Thr

360

Val

Thr

Asp

Ser

Gly

440

Asn

Thr

Gly

Arg

Arg

520

Arg

Asn

Asn

Asn

Gly

Arg

185

Tyr

Val

Leu

Val

Val

265

Tyr

His

Trp

Ile

Asn

345

Asn

Glu

Tyr

Gln

His

425

Thr

Ile

Asn

Gly

Val

505

Tyr

Pro

Leu

Phe

Ser

Glu

170

Gln

Asn

Asn

Ile

Lys

250

Asn

Ile

Thr

Ser

Ile

330

Leu

Leu

Phe

Asp

Leu

410

Gln

Ile

Ile

Leu

Asp

490

Asn

Ala

Ile

Gln

Ser
570

Gly

Glu

Leu

Val

Phe

Ala

235

Thr

Asn

Arg

Arg

Gly

315

Thr

Glu

Ala

Ser

Ser

395

Pro

Leu

Pro

Pro

Gly

475

Ile

Ile

Ser

Asn

Ser
555

Asn

Asn

Trp Gly Tyr

Lys

Gly

Asn

220

Leu

Glu

Leu

Lys

Phe

300

Asn

Ser

Phe

Val

Gln

380

Lys

Pro

Asn

Val

Ser

460

Ser

Leu

Thr

Thr

Gln
540
Gly

Gly

Glu

Leu

Leu

205

Arg

Phe

Leu

Arg

Pro

285

Gln

Tyr

Pro

Asn

Trp

365

Tyr

Arg

Glu

Tyr

Leu

445

Ser

Gly

Arg

Ala

Thr

525

Gly

Ser

Ser

Val

Thr

190

Asp

Tyr

Pro

Thr

Gly

270

His

Pro

Val

Phe

Gly

350

Pro

Asn

Asn

Thr

Val

430

Thr

Gln

Thr

Arg

Pro

510

Asn

Asn

Phe

Ser

Tyr

Glu

175

Gln

Lys

Arg

Leu

Arg

255

Tyr

Leu

Gly

Ser

Tyr

335

Glu

Ser

Asp

Val

Thr

415

Met

Trp

Ile

Ser

Thr

495

Leu

Leu

Phe

Arg

Val
575

Ile

Lys

Glu

Leu

Arg

Tyr

240

Asp

Gly

Phe

Tyr

Thr

320

Gly

Lys

Ala

Gln

Gly

400

Asp

Cys

Thr

Thr

Val

480

Ser

Ser

Gln

Ser

Thr
560

Phe

Asp
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580

585

Arg Ile Glu Phe Val Pro Ala Glu Val Thr

595

<210> SEQ ID NO 150
<211> LENGTH: 1809

<212> TYPE:

DNA

600

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 150

atgacggeceg

aagggcatca

ctggtgaget

gectteatgyg

aaggcactgg

agcagetgge

cgcgagetgt

agcggetacyg

ctgctgaagyg

gagttctaca

tacaacgtygg

cgctacegec

gacgtgcgee

cccategtygyg

tacatccgeca

cagceegget

cgceccagea

gagccegtge

aacctggecyg

tacaacgacc

geegtgaget

aagggctaca

accatcceeg

aagaagatca

gtggcaggcee

gccaccatcet

tacgccagca

ggcaacttca

gtgggcttea

cacgtgttca

gtgacctaa

acaacaacac

gegtggtggyg

tctacaccaa

agcaggtgga

ccgagetaca

agaagaaccc

tcagccagge

aggtgetgtt

acgcccaaat

agcgeccaget

gtctagacaa

gcgagatgac

tgtaccccaa

gegtgaacaa

agccccacct

actacggcaa

tcggcageaa

agaaccttga

tgtggcecte

agaccgacga

gggacagcat

gccaccaget

tgctgacctyg

cccagetgec

ccegetteac

acgtgacccc

ccaccaacct

gegecaccat

ccacccecectt

acagcggcaa

<210> SEQ ID NO 151

cgaggeectyg

cgacctgetyg

cttectgaac

ggcectgatyg

gggectccag

cgctgeacey

cgagagccac

cctgaccace

ctacggagag

gaagctgace

getecgegge

cctgacegty

ggaggtgaag

cctgegegge

gttegactac

cgacagette

cgacatcatce

gttcaacgge

tgcagtgtac

ggccagcace

cgaccagetyg

gaactacgtyg

gacccacaag

cctggtgaag

cggcggcgac

cgacgtgage

gcagttccac

gagcagegge

caacttcage

cgaggtgtac

8AFlomgdm3

gacagcagca

ggcgtggtgg

accatctgge

gaccagaaga

aacaacgtgg

ttcecgcaace

ttcecgcaaca

tacgcccagyg

gagtgggget

caggagtaca

agcagctacg

ctggacctga

accgagctga

tacggcacca

ctgcaccgea

aactactgga

accageccect

gagaaggtgt

agcggcgtga

cagacctacg

ccececcgaga

atgtgcettee

agcgtecgact

gectacaage

atcatccagt

tacagccaga

accagcatcg

agcaacctge

aacggcagca

atcgaccgca

590

coding sequence

ccaccaagga

gettececett

ccagcgagga

tcgecgacta

aggactatgt

cccacagcca

gecatgcccag

ccgceccaacac

acgagaagga

ccgaccactyg

agagctgggt

tcgecctgtt

ccegegacgt

ccttcageaa

tccagtteca

geggcaacta

tctacggcaa

accgegeegt

ccaaggtgga

acagcaagcg

ccaccgacga

tgatgcaggg

tcttcaacat

tccagagegyg

gcaccgagaa

agtaccgege

acggcegece

agagcggeag

gegtgttcac

tcgagttegt

cgtgatccag

cggcggcgcec

ccectggaag

cgccaagaac

gagegeccetyg

gggccgeate

cttegecate

ccacctgtte

ggacatcgece

cgtgaagtgg

gaacttcaac

ccecectgtac

getgaccgac

catcgagaac

cacgcgttte

cgtgagcace

caagagcagce

ggctaacacc

gttcagccag

caacgtggge

gecectggag

cagccgegge

gatcgacage

cgccagegty

cggcagegece

cecgeateege

catcaaccag

cttecegeace

cctgagegece

gecegecgag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1809



US 10,239,921 B2
321 322

-continued

<211> LENGTH: 602

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 8AFlongdm3 protein

<400> SEQUENCE: 151

Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
1 5 10 15

Asp Val Ile Gln Lys Gly Ile Ser Val Val Gly Asp Leu Leu Gly Val
20 25 30

Val Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe
35 40 45

Leu Asn Thr Ile Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu
50 55 60

Gln Val Glu Ala Leu Met Asp Gln Lys Ile Ala Asp Tyr Ala Lys Asn
65 70 75 80

Lys Ala Leu Ala Glu Leu Gln Gly Leu Gln Asn Asn Val Glu Asp Tyr
85 90 95

Val Ser Ala Leu Ser Ser Trp Gln Lys Asn Pro Ala Ala Pro Phe Arg
100 105 110

Asn Pro His Ser Gln Gly Arg Ile Arg Glu Leu Phe Ser Gln Ala Glu
115 120 125

Ser His Phe Arg Asn Ser Met Pro Ser Phe Ala Ile Ser Gly Tyr Glu
130 135 140

Val Leu Phe Leu Thr Thr Tyr Ala Gln Ala Ala Asn Thr His Leu Phe
145 150 155 160

Leu Leu Lys Asp Ala Gln Ile Tyr Gly Glu Glu Trp Gly Tyr Glu Lys
165 170 175

Glu Asp Ile Ala Glu Phe Tyr Lys Arg Gln Leu Lys Leu Thr Gln Glu
180 185 190

Tyr Thr Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu
195 200 205

Arg Gly Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg
210 215 220

Glu Met Thr Leu Thr Val Leu Asp Leu Ile Ala Leu Phe Pro Leu Tyr
225 230 235 240

Asp Val Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp
245 250 255

Val Leu Thr Asp Pro Ile Val Gly Val Asn Asn Leu Arg Gly Tyr Gly
260 265 270

Thr Thr Phe Ser Asn Ile Glu Asn Tyr Ile Arg Lys Pro His Leu Phe
275 280 285

Asp Tyr Leu His Arg Ile Gln Phe His Thr Arg Phe Gln Pro Gly Tyr
290 295 300

Tyr Gly Asn Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr
305 310 315 320

Arg Pro Ser Ile Gly Ser Asn Asp Ile Ile Thr Ser Pro Phe Tyr Gly
325 330 335

Asn Lys Ser Ser Glu Pro Val Gln Asn Leu Glu Phe Asn Gly Glu Lys
340 345 350

Val Tyr Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala
355 360 365

Val Tyr Ser Gly Val Thr Lys Val Glu Phe Ser Gln Tyr Asn Asp Gln
370 375 380
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-continued

324

Thr Asp Glu
385

Ala Val Ser

Glu Pro Leu

Phe Leu Met

435

His Lys Ser
450

Gln Leu Pro
465

Val Ala Gly

Asn Gly Ser

Gln Lys Tyr

515

Phe His Thr
530

Ala Thr Met
545

Val Gly Phe

Thr Leu Ser

Arg Ile Glu
595

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ala Ser Thr Gln Thr
390

Trp Asp Ser Ile Asp

405

Glu Lys Gly Tyr Ser

420

Gln Gly Ser Arg Gly

440

Val Asp Phe Phe Asn

455

Leu Val Lys Ala Tyr
470

Pro Arg Phe Thr Gly

485

Ala Ala Thr Ile Tyr

500

Arg Ala Arg Ile Arg

520

Ser Ile Asp Gly Arg

535

Ser Ser Gly Ser Asn
550

Thr Thr Pro Phe Asn

565

Ala His Val Phe Asn

580

Phe Val Pro Ala Glu

D NO 152
H: 1848
DNA

600

Tyr

Gln

His

425

Thr

Met

Lys

Gly

Val

505

Tyr

Pro

Leu

Phe

Ser

585

Val

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 152

atgactagta

cgaggcctgg

gacctgetygyg

ttcctgaaca

geectgatgg

ggcctecaga

getgcacegt

gagagccact

ctgaccacct

tacggagagg

aagctgacce

ctcegeggea

ctgacegtge

acggecegeca

acagcagcac

gegtggtggyg

ccatctggec

accagaagat

acaacgtgga

tccgcaacce

tccgcaacag

acgcccagge

agtggggcta

aggagtacac

gcagctacga

tggacctgat

gtgtgetggt

caccaaggac

ctteccectte

cagcgaggac

cgcecgactac

ggactatgtyg

ccacagccag

catgcccage

cgccaacacc

c¢gagaaggag

cgaccactge

gagctgggtyg

cgcectgtte

Asp

Leu

410

Gln

Ile

Ile

Leu

Asp

490

Thr

Ala

Ile

Gln

Ser

570

Gly

Thr

Ser

395

Pro

Leu

Pro

Asp

Gln

475

Ile

Pro

Ser

Asn

Ser

555

Asn

Asn

attcgeecett

gtgatccaga

ggcggcgcecc

ccctggaagyg

gccaagaaca

agcgeectga

ggcegeatee

ttcgccatca

cacctgttec

gacatcgecyg

gtgaagtggt

aacttcaacc

ccectgtacy

Lys Arg Asn

Pro Glu Thr

Asn Tyr Val

430

Val Leu Thr
445

Ser Lys Lys
460

Ser Gly Ala

Ile Gln Cys

Asp Val Ser

510

Thr Thr Asn
525

Gln Gly Asn
540

Gly Ser Phe

Gly Ser Ser

Glu Val Tyr
590

cap8AFdm3 coding sequence

atgacggecg

agggcatcag

tggtgagett

ccttcatgga

aggcactgge

gcagctggca

gegagetgtt

geggetacga

tgctgaagga

agttctacaa

acaacgtggyg

gctacegecg

acgtgegect

Val Gly
400

Thr Asp
415

Met Cys

Trp Thr

Ile Thr

Ser Val
480

Thr Glu
495

Tyr Ser

Leu Gln

Phe Ser

Arg Thr
560

Val Phe
575

Ile Asp

acaacaacac
cgtggtggge
ctacaccaac
gcaggtggag
cgagctacag
gaagaaccce
cagccaggec
ggtgetgtte
cgcccaaate
gegecagetyg
tctagacaag
cgagatgacc

gtaccccaag

60

120

180

240

300

360

420

480

540

600

660

720

780
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326

-continued
gaggtgaaga ccgagctgac ccgegacgtg ctgaccgacce ccatcgtggg cgtgaacaac 840
ctgcgegget acggcaccac cttcagcaac atcgagaact acatccgcaa gccccacctg 900
ttcgactace tgcaccgcat ccagtteccac acgegtttece ageccggceta ctacggcaac 960
gacagcttca actactggag cggcaactac gtgagcaccce gecccagcat cggcagcaac 1020
gacatcatca ccagcccctt ctacggcaac aagagcagceg agcccgtgca gaaccttgag 1080
ttcaacggcg agaaggtgta ccgcgccgtg gctaacacca acctggceccgt gtggecctcet 1140
gcagtgtaca gcggcgtgac caaggtggag ttcagecagt acaacgacca gaccgacgag 1200
gccagcacee agacctacga cagcaagcgce aacgtgggeg cegtgagetg ggacagcatce 1260
gaccagctge cccccgagac caccgacgag cccctggaga agggctacag ccaccagetg 1320
aactacgtga tgtgcttecct gatgcagggce agccgcggca ccatccccecgt getgacctgg 1380
acccacaaga gcgtcgactt caacaacatc atccccagea gccagatcac ccagatccce 1440
ctgaccaaga gcaccaacct gggcagegge accagegtgg tgaagggecce cggcttcace 1500
ggcggcgaca tectgegecg caccagecce ggccagatca gecaccctgeg cgtgaacatce 1560
accgeccccee tgagecageg ctaccgegte cgeatcceget acgecagcac caccaacctg 1620
cagttccaca ccagcatcga cggccgeccece atcaaccagg gcaacttcag cgccaccatg 1680
agcagcggca gcaacctgca gagcggcage ttecgcaceyg tgggcttcac cacccectte 1740
aacttcagca acggcagcag cgtgttcacce ctgagcgece acgtgttcaa cagcggcaac 1800
gaggtgtaca tcgaccgcat cgagttegtg cccgccgagg tgacctag 1848

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 153
H: 615
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: cap8AFd

<400> SEQUENCE: 153

Met Thr Ser
1

Arg Gln Gln

Gln Lys Gly
35

Pro Phe Gly
50

Ile Trp Pro

Ala Leu Met

Ala Glu Leu
Leu Ser Ser
115

Ser Gln Gly
130

Arg Asn Ser
145

Leu Thr Thr

Asn Gly Arg Gln Cys

5

His Arg Gly Leu Asp

20

Ile Ser Val Val Gly

40

Gly Ala Leu Val Ser

55

Ser Glu Asp Pro Trp

Asp Gln Lys Ile Ala

85

Gln Gly Leu Gln Asn

100

Trp Gln Lys Asn Pro

120

Arg Ile Arg Glu Leu

135

Met Pro Ser Phe Ala
150

Tyr Ala Gln Ala Ala

165

m3 protein

Ala Gly Ile

Ser Ser Thr
25

Asp Leu Leu

Phe Tyr Thr

Lys Ala Phe
75

Asp Tyr Ala
90

Asn Val Glu
105

Ala Ala Pro

Phe Ser Gln

Ile Ser Gly
155

Asn Thr His
170

Arg Pro Tyr
Thr Lys Asp
30

Gly Val Val
45

Asn Phe Leu
60

Met Glu Gln

Lys Asn Lys

Asp Tyr Val
110

Phe Arg Asn
125

Ala Glu Ser
140

Tyr Glu Val

Leu Phe Leu

Asp Gly

Val Ile

Gly Phe

Asn Thr

Val Glu

80

Ala Leu
95

Ser Ala

Pro His

His Phe

Leu Phe

160

Leu Lys
175
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328

Asp

Ala

Ser

225

Leu

Leu

Asp

Ser

His

305

Asp

Ile

Ser

Ala

Gly

385

Ala

Trp

Glu

Gln

465

Leu

Pro

Ile

Arg

Ser
545
Ser

Thr

Ala

Ala

Glu

Cys

210

Tyr

Thr

Tyr

Pro

Asn

290

Arg

Ser

Gly

Glu

Val

370

Val

Ser

Asp

Lys

Gly

450

Asp

Thr

Gly

Ser

Val

530

Ile

Ser

Thr

His

Gln

Phe

195

Val

Glu

Val

Pro

Ile

275

Ile

Ile

Phe

Ser

Pro

355

Ala

Thr

Thr

Ser

Gly

435

Ser

Phe

Lys

Phe

Thr

515

Arg

Asp

Gly

Pro

Val

Ile

180

Tyr

Lys

Ser

Leu

Lys

260

Val

Glu

Gln

Asn

Asn

340

Val

Asn

Lys

Gln

Ile

420

Tyr

Arg

Asn

Ser

Thr

500

Leu

Ile

Gly

Ser

Phe
580

Phe

Tyr

Lys

Trp

Trp

Asp

245

Glu

Gly

Asn

Phe

Tyr

325

Asp

Gln

Thr

Val

Thr

405

Asp

Ser

Gly

Asn

Thr

485

Gly

Arg

Arg

Arg

Asn
565

Asn

Asn

Gly

Arg

Tyr

Val

230

Leu

Val

Val

Tyr

His

310

Trp

Ile

Asn

Asn

Glu

390

Tyr

Gln

His

Thr

Ile

470

Asn

Gly

Val

Tyr

Pro
550
Leu

Phe

Ser

Glu

Gln

Asn

215

Asn

Ile

Lys

Asn

Ile

295

Thr

Ser

Ile

Leu

Leu

375

Phe

Asp

Leu

Gln

Ile

455

Ile

Leu

Asp

Asn

Ala

535

Ile

Gln

Ser

Gly

Glu

Leu

200

Val

Phe

Ala

Thr

Asn

280

Arg

Arg

Gly

Thr

Glu

360

Ala

Ser

Ser

Pro

Leu

440

Pro

Pro

Gly

Ile

Ile

520

Ser

Asn

Ser

Asn

Asn

Trp

185

Lys

Gly

Asn

Leu

Glu

265

Leu

Lys

Phe

Asn

Ser

345

Phe

Val

Gln

Lys

Pro

425

Asn

Val

Ser

Ser

Leu

505

Thr

Thr

Gln

Gly

Gly

585

Glu

Gly

Leu

Leu

Arg

Phe

250

Leu

Arg

Pro

Gln

Tyr

330

Pro

Asn

Trp

Tyr

Arg

410

Glu

Tyr

Leu

Ser

Gly

490

Arg

Ala

Thr

Gly

Ser
570

Ser

Val

Tyr

Thr

Asp

Tyr

235

Pro

Thr

Gly

His

Pro

315

Val

Phe

Gly

Pro

Asn

395

Asn

Thr

Val

Thr

Gln

475

Thr

Arg

Pro

Asn

Asn
555
Phe

Ser

Tyr

Glu

Gln

Lys

220

Arg

Leu

Arg

Tyr

Leu

300

Gly

Ser

Tyr

Glu

Ser

380

Asp

Val

Thr

Met

Trp

460

Ile

Ser

Thr

Leu

Leu

540

Phe

Arg

Val

Ile

Lys

Glu

205

Leu

Arg

Tyr

Asp

Gly

285

Phe

Tyr

Thr

Gly

Lys

365

Ala

Gln

Gly

Asp

Cys

445

Thr

Thr

Val

Ser

Ser

525

Gln

Ser

Thr

Phe

Asp

Glu

190

Tyr

Arg

Glu

Asp

Val

270

Thr

Asp

Tyr

Arg

Asn

350

Val

Val

Thr

Ala

Glu

430

Phe

His

Gln

Val

Pro

510

Gln

Phe

Ala

Val

Thr
590

Arg

Asp

Thr

Gly

Met

Val

255

Leu

Thr

Tyr

Gly

Pro

335

Lys

Tyr

Tyr

Asp

Val

415

Pro

Leu

Lys

Ile

Lys

495

Gly

Arg

His

Thr

Gly
575

Leu

Ile

Ile

Asp

Ser

Thr

240

Arg

Thr

Phe

Leu

Asn

320

Ser

Ser

Arg

Ser

Glu

400

Ser

Leu

Met

Ser

Pro

480

Gly

Gln

Tyr

Thr

Met
560
Phe

Ser

Glu
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330

595

600

Phe Val Pro Ala Glu Val Thr

610

<210> SEQ ID NO 154
<211> LENGTH: 1923

<212> TYPE:

DNA

615

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 154

atgacggeceg

aagggcatca

ctggtgaget

gectteatgyg

aaggcactgg

agcagetgge

cgcgagetgt

agcggetacyg

ctgctgaagyg

gagttctaca

tacaacgtygg

cgctacegec

gacgtgcgee

cccategtygyg

tacatccgeca

cagceegget

cgceccagea

gagccegtge

aacctggecyg

tacaacgacc

geegtgaget

aagggctaca

accatcceeg

agccagatca

gtgaagggcc

agcaccctge

tacgccagca

ggcaacttca

gtgggcttea

cacgtgttca

gtgacctteg

accagcagca

acaacaacac

gegtggtggyg

tctacaccaa

agcaggtgga

ccgagetaca

agaagaaccc

tcagccagge

aggtgetgtt

acgcccaaat

agcgeccaget

gtctagacaa

gcgagatgac

tgtaccccaa

gegtgaacaa

agccccacct

actacggcaa

tcggcageaa

agaaccttga

tgtggcecte

agaccgacga

gggacagcat

gccaccaget

tgctgacctyg

cccagatece

ceggetteac

gegtgaacat

ccaccaacct

gegecaccat

ccacccecectt

acagcggcaa

aggccgagta

accagatcgg

cgaggeectyg

cgacctgetyg

cttectgaac

ggcectgatyg

gggectccag

cgctgeacey

cgagagccac

cctgaccace

ctacggagag

gaagctgace

getecgegge

cctgacegty

ggaggtgaag

cctgegegge

gttegactac

cgacagette

cgacatcatce

gttcaacgge

tgcagtgtac

ggccagcace

cgaccagetyg

gaactacgtyg

gacccacaag

cctgaccaag

cggcggcgac

caccgccccce

gcagttccac

gagcagegge

caacttcage

cgaggtgtac

cgacctggag

cctgaagace

gacagcagca

ggcgtggtgg

accatctgge

gaccagaaga

aacaacgtgg

ttcecgcaace

ttcecgcaaca

tacgcccagyg

gagtgggget

caggagtaca

agcagctacg

ctggacctga

accgagctga

tacggcacca

ctgcaccgea

aactactgga

accageccect

gagaaggtgt

agcggcgtga

cagacctacg

ccececcgaga

atgtgcettee

agcgtecgact

agcaccaacc

atcctgegec

ctgagccage

accagcatcg

agcaacctge

aacggcagca

atcgaccgca

agggctcaga

gacgtgaccyg

605

8AFdm3 T coding sequence

ccaccaagga

gettececett

ccagcgagga

tcgecgacta

aggactatgt

cccacagcca

gecatgcccag

ccgceccaacac

acgagaagga

ccgaccactyg

agagctgggt

tcgecctgtt

ccegegacgt

ccttcageaa

tccagtteca

geggcaacta

tctacggcaa

accgegeegt

ccaaggtgga

acagcaagcg

ccaccgacga

tgatgcaggg

tcaacaacat

tgggcagegg

gcaccagccce

gctacegegt

acggcegece

agagcggeag

gegtgttcac

tcgagttegt

aggccgtgaa

actaccacat

cgtgatccag

cggcggcgcec

ccectggaag

cgccaagaac

gagegeccetyg

gggccgeate

cttegecate

ccacctgtte

ggacatcgece

cgtgaagtgg

gaacttcaac

ccecectgtac

getgaccgac

catcgagaac

cacgcgttte

cgtgagcace

caagagcagce

ggctaacacc

gttcagccag

caacgtggge

gecectggag

cagccgegge

catccecage

caccagcgty

cggccagatce

cecgeateege

catcaaccag

cttecegeace

cctgagegece

gecegecgag

cgagctgtte

cgatcaggty

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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tag 1923

<210> SEQ ID NO 155

<211> LENGTH: 640

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: 8AFdm3 T protein

<400> SEQUENCE: 155

Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
1 5 10 15

Asp Val Ile Gln Lys Gly Ile Ser Val Val Gly Asp Leu Leu Gly Val
20 25 30

Val Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe
35 40 45

Leu Asn Thr Ile Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu
50 55 60

Gln Val Glu Ala Leu Met Asp Gln Lys Ile Ala Asp Tyr Ala Lys Asn
65 70 75 80

Lys Ala Leu Ala Glu Leu Gln Gly Leu Gln Asn Asn Val Glu Asp Tyr
85 90 95

Val Ser Ala Leu Ser Ser Trp Gln Lys Asn Pro Ala Ala Pro Phe Arg
100 105 110

Asn Pro His Ser Gln Gly Arg Ile Arg Glu Leu Phe Ser Gln Ala Glu
115 120 125

Ser His Phe Arg Asn Ser Met Pro Ser Phe Ala Ile Ser Gly Tyr Glu
130 135 140

Val Leu Phe Leu Thr Thr Tyr Ala Gln Ala Ala Asn Thr His Leu Phe
145 150 155 160

Leu Leu Lys Asp Ala Gln Ile Tyr Gly Glu Glu Trp Gly Tyr Glu Lys
165 170 175

Glu Asp Ile Ala Glu Phe Tyr Lys Arg Gln Leu Lys Leu Thr Gln Glu
180 185 190

Tyr Thr Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu
195 200 205

Arg Gly Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg
210 215 220

Glu Met Thr Leu Thr Val Leu Asp Leu Ile Ala Leu Phe Pro Leu Tyr
225 230 235 240

Asp Val Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp
245 250 255

Val Leu Thr Asp Pro Ile Val Gly Val Asn Asn Leu Arg Gly Tyr Gly
260 265 270

Thr Thr Phe Ser Asn Ile Glu Asn Tyr Ile Arg Lys Pro His Leu Phe
275 280 285

Asp Tyr Leu His Arg Ile Gln Phe His Thr Arg Phe Gln Pro Gly Tyr
290 295 300

Tyr Gly Asn Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr
305 310 315 320

Arg Pro Ser Ile Gly Ser Asn Asp Ile Ile Thr Ser Pro Phe Tyr Gly
325 330 335

Asn Lys Ser Ser Glu Pro Val Gln Asn Leu Glu Phe Asn Gly Glu Lys
340 345 350

Val Tyr Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala
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355 360 365

Val Tyr Ser Gly Val Thr Lys Val Glu Phe Ser Gln Tyr Asn Asp Gln
370 375 380

Thr Asp Glu Ala Ser Thr Gln Thr Tyr Asp Ser Lys Arg Asn Val Gly
385 390 395 400

Ala Val Ser Trp Asp Ser Ile Asp Gln Leu Pro Pro Glu Thr Thr Asp
405 410 415

Glu Pro Leu Glu Lys Gly Tyr Ser His Gln Leu Asn Tyr Val Met Cys
420 425 430

Phe Leu Met Gln Gly Ser Arg Gly Thr Ile Pro Val Leu Thr Trp Thr
435 440 445

His Lys Ser Val Asp Phe Asn Asn Ile Ile Pro Ser Ser Gln Ile Thr
450 455 460

Gln Ile Pro Leu Thr Lys Ser Thr Asn Leu Gly Ser Gly Thr Ser Val
465 470 475 480

Val Lys Gly Pro Gly Phe Thr Gly Gly Asp Ile Leu Arg Arg Thr Ser
485 490 495

Pro Gly Gln Ile Ser Thr Leu Arg Val Asn Ile Thr Ala Pro Leu Ser
500 505 510

Gln Arg Tyr Arg Val Arg Ile Arg Tyr Ala Ser Thr Thr Asn Leu Gln
515 520 525

Phe His Thr Ser Ile Asp Gly Arg Pro Ile Asn Gln Gly Asn Phe Ser
530 535 540

Ala Thr Met Ser Ser Gly Ser Asn Leu Gln Ser Gly Ser Phe Arg Thr
545 550 555 560

Val Gly Phe Thr Thr Pro Phe Asn Phe Ser Asn Gly Ser Ser Val Phe
565 570 575

Thr Leu Ser Ala His Val Phe Asn Ser Gly Asn Glu Val Tyr Ile Asp
580 585 590

Arg Ile Glu Phe Val Pro Ala Glu Val Thr Phe Glu Ala Glu Tyr Asp
595 600 605

Leu Glu Arg Ala Gln Lys Ala Val Asn Glu Leu Phe Thr Ser Ser Asn
610 615 620

Gln Ile Gly Leu Lys Thr Asp Val Thr Asp Tyr His Ile Asp Gln Val
625 630 635 640

<210> SEQ ID NO 156

<211> LENGTH: 1923

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 8AFlongdm3T coding sequence

<400> SEQUENCE: 156

atgacggccg acaacaacac cgaggccctg gacagcagea ccaccaagga cgtgatccag 60

aagggcatca gcgtggtggg cgacctgetyg ggegtggtgg gettcecett cggeggegece 120

ctggtgaget tctacaccaa cttectgaac accatctgge ccagcgagga cccectggaag 180
gectteatgg agcaggtgga ggccectgatyg gaccagaaga tcgecgacta cgecaagaac 240
aaggcactgg ccgagctaca gggectccag aacaacgtgg aggactatgt gagegecctg 300
agcagctgge agaagaaccce cgctgcacceg ttecgeaacce cccacageca gggcecgcate 360
cgcgagetgt tcagecagge cgagagecac ttecgcaaca geatgeccag cttegecate 420

agcggetacyg aggtgetgtt cctgaccace tacgeccagg cegecaacac ccacctgtte 480
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-continued
ctgctgaagg acgcccaaat ctacggagag gagtggggcet acgagaagga ggacatcgece 540
gagttctaca agcgccaget gaagctgacce caggagtaca ccgaccactg cgtgaagtgg 600
tacaacgtgg gtctagacaa gctccgegge agcagctacyg agagetgggt gaacttcaac 660
cgctaccgee gcgagatgac cctgacegtg ctggacctga tegecctgtt cccectgtac 720
gacgtgcegee tgtaccccaa ggaggtgaag accgagetga cecgcgacgt getgaccgac 780
cccategtgg gcegtgaacaa cctgcgegge tacggcacca ccttcagcaa catcgagaac 840
tacatccgca agccccacct gttcgactac ctgcaccgea tccagtteca cacgegttte 900
cagcecgget actacggcaa cgacagette aactactgga geggcaacta cgtgagcace 960
cgccecagea tceggcagcaa cgacatcatce accagccect tctacggcaa caagagcagce 1020
gagcccegtyge agaaccttga gttcaacgge gagaaggtgt accgcegecgt ggctaacacce 1080
aacctggcceg tgtggcccte tgcagtgtac agcggcgtga ccaaggtgga gttcagccag 1140
tacaacgacc agaccgacga ggccagcacce cagacctacyg acagcaagceyg caacgtggge 1200
geegtgaget gggacagcat cgaccagetg cccccegaga ccaccgacga geccctggag 1260
aagggctaca gccaccagct gaactacgtg atgtgcttecce tgatgcaggg cagccgcggce 1320
accatcececeg tgctgacctyg gacccacaag agcegtcgact tcettcaacat gatcgacagce 1380
aagaagatca cccagctgcce cctggtgaag gectacaage tcecagagegyg cgccagegtyg 1440
gtggcaggee cccgettcac cggeggcgac atcatccagt gcaccgagaa cggcagcgec 1500
gecaccatet acgtgaccee cgacgtgage tacagccaga agtaccgege ccegeatcege 1560
tacgccagca ccaccaacct gcagttccac accagcateg acggccgcecce catcaaccag 1620
ggcaacttca gcgecaccat gagcagcegge agcaacctgce agagcggcag cttecgcacce 1680
gtgggcttca ccacccectt caacttcagce aacggcagca gcgtgttcac cctgagegece 1740
cacgtgttca acagcggcaa cgaggtgtac atcgaccgca tcgagttcgt geccgcecgag 1800
gtgacctteg aggccgagta cgacctggag agggctcaga aggccgtgaa cgagctgtte 1860
accagcagca accagatcgg cctgaagacce gacgtgaccg actaccacat cgatcaggtg 1920
tag 1923

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 157
H: 640
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 157

Met Thr Ala
1

Asp Val Ile

Val Gly Phe
35

Leu Asn Thr
50

Gln Val Glu
65

Lys Ala Leu

Val Ser Ala

Asp Asn Asn Thr Glu

5

Gln Lys Gly Ile Ser

20

Pro Phe Gly Gly Ala

40

Ile Trp Pro Ser Glu

55

Ala Leu Met Asp Gln

70

Ala Glu Leu Gln Gly

85

Leu Ser Ser Trp Gln

Ala Leu Asp
10

Val Val Gly
25

Leu Val Ser

Asp Pro Trp

Lys Ile Ala
75

Leu Gln Asn
90

Lys Asn Pro

8AFlongdm3T protein

Ser Ser Thr

Asp Leu Leu
30

Phe Tyr Thr
45

Lys Ala Phe
60
Asp Tyr Ala

Asn Val Glu

Ala Ala Pro

Thr Lys
15

Gly Val

Asn Phe

Met Glu

Lys Asn
80

Asp Tyr
95

Phe Arg
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100 105 110

Asn Pro His Ser Gln Gly Arg Ile Arg Glu Leu Phe Ser Gln Ala Glu
115 120 125

Ser His Phe Arg Asn Ser Met Pro Ser Phe Ala Ile Ser Gly Tyr Glu
130 135 140

Val Leu Phe Leu Thr Thr Tyr Ala Gln Ala Ala Asn Thr His Leu Phe
145 150 155 160

Leu Leu Lys Asp Ala Gln Ile Tyr Gly Glu Glu Trp Gly Tyr Glu Lys
165 170 175

Glu Asp Ile Ala Glu Phe Tyr Lys Arg Gln Leu Lys Leu Thr Gln Glu
180 185 190

Tyr Thr Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu
195 200 205

Arg Gly Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg
210 215 220

Glu Met Thr Leu Thr Val Leu Asp Leu Ile Ala Leu Phe Pro Leu Tyr
225 230 235 240

Asp Val Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp
245 250 255

Val Leu Thr Asp Pro Ile Val Gly Val Asn Asn Leu Arg Gly Tyr Gly
260 265 270

Thr Thr Phe Ser Asn Ile Glu Asn Tyr Ile Arg Lys Pro His Leu Phe
275 280 285

Asp Tyr Leu His Arg Ile Gln Phe His Thr Arg Phe Gln Pro Gly Tyr
290 295 300

Tyr Gly Asn Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr
305 310 315 320

Arg Pro Ser Ile Gly Ser Asn Asp Ile Ile Thr Ser Pro Phe Tyr Gly
325 330 335

Asn Lys Ser Ser Glu Pro Val Gln Asn Leu Glu Phe Asn Gly Glu Lys
340 345 350

Val Tyr Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala
355 360 365

Val Tyr Ser Gly Val Thr Lys Val Glu Phe Ser Gln Tyr Asn Asp Gln
370 375 380

Thr Asp Glu Ala Ser Thr Gln Thr Tyr Asp Ser Lys Arg Asn Val Gly
385 390 395 400

Ala Val Ser Trp Asp Ser Ile Asp Gln Leu Pro Pro Glu Thr Thr Asp
405 410 415

Glu Pro Leu Glu Lys Gly Tyr Ser His Gln Leu Asn Tyr Val Met Cys
420 425 430

Phe Leu Met Gln Gly Ser Arg Gly Thr Ile Pro Val Leu Thr Trp Thr
435 440 445

His Lys Ser Val Asp Phe Phe Asn Met Ile Asp Ser Lys Lys Ile Thr
450 455 460

Gln Leu Pro Leu Val Lys Ala Tyr Lys Leu Gln Ser Gly Ala Ser Val
465 470 475 480

Val Ala Gly Pro Arg Phe Thr Gly Gly Asp Ile Ile Gln Cys Thr Glu
485 490 495

Asn Gly Ser Ala Ala Thr Ile Tyr Val Thr Pro Asp Val Ser Tyr Ser
500 505 510

Gln Lys Tyr Arg Ala Arg Ile Arg Tyr Ala Ser Thr Thr Asn Leu Gln
515 520 525



339

US 10,239,921 B2

-continued

340

Phe His Thr
530

Ala Thr Met
545

Val Gly Phe

Thr Leu Ser

Arg Ile Glu

595

Leu Glu Arg
610

Gln Ile Gly
625

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ser Ile Asp Gly Arg

535

Ser Ser Gly Ser Asn
550

Thr Thr Pro Phe Asn

565

Ala His Val Phe Asn

580

Phe Val Pro Ala Glu

600

Ala Gln Lys Ala Val

615

Leu Lys Thr Asp Val
630

D NO 158
H: 1962
DNA

Pro Ile Asn
Leu Gln Ser
555

Phe Ser Asn
570

Ser Gly Asn
585

Val Thr Phe

Asn Glu Leu

Thr Asp Tyr
635

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: cap8AFd

<400> SEQUENCE: 158

atgactagta acggccgeca gtgtgetggt

cgaggcctgg

gacctgetygyg

ttcctgaaca

geectgatgg

ggcctecaga

getgcacegt

gagagccact

ctgaccacct

tacggagagg

aagctgacce

ctcegeggea

ctgacegtge

gaggtgaaga

ctgegegget

ttcgactacc

gacagcttca

gacatcatca

ttcaacggeyg

gcagtgtaca

gccagcacce

gaccagctge

aactacgtga

acccacaaga

acagcagcac

gegtggtggyg

ccatctggec

accagaagat

acaacgtgga

tccgcaacce

tccgcaacag

acgcccagge

agtggggcta

aggagtacac

gcagctacga

tggacctgat

ccgagetgac

acggcaccac

tgcaccgeat

actactggag

ccageeectt

agaaggtgta

geggegtgac

agacctacga

ccececgagac

tgtgcttect

gegtegactt

caccaaggac

ctteccectte

cagcgaggac

cgcecgactac

ggactatgtyg

ccacagccag

catgcccage

cgccaacacc

c¢gagaaggag

cgaccactge

gagctgggtyg

cgcectgtte

cegegacgty

cttcagcaac

ccagttecac

cggcaactac

ctacggcaac

cegegeegty

caaggtggag

cagcaagcge

caccgacgag

gatgcagggc

caacaacatc

Gln Gly Asn
540

Gly Ser Phe

Gly Ser Ser

Glu Val Tyr

590

Glu Ala Glu
605

Phe Thr Ser
620

His Ile Asp

m3T coding serquence

attcgeecett

gtgatccaga

ggcggcgcecc

ccctggaagyg

gccaagaaca

agcgeectga

ggcegeatee

ttcgccatca

cacctgttec

gacatcgecyg

gtgaagtggt

aacttcaacc

ccectgtacy

ctgaccgace

atcgagaact

acgcgtttee

gtgagcacce

aagagcagcg

gctaacacca

ttcagccagt

aacgtgggcg

ccectggaga

agccgeggea

atccccagea

atgacggecg

agggcatcag

tggtgagett

ccttcatgga

aggcactgge

gcagctggca

gegagetgtt

geggetacga

tgctgaagga

agttctacaa

acaacgtggyg

gctacegecg

acgtgegect

ccatcgtggy

acatccgcaa

agcccggeta

gecccageat

agcccgtgea

acctggeegt

acaacgacca

cecgtgagetyg

agggctacag

ccatceccegt

gccagatcac

Phe Ser
Arg Thr
560

Val Phe
575

Ile Asp

Tyr Asp

Ser Asn

Gln Val
640

acaacaacac

cgtggtggge
ctacaccaac
gcaggtggag
cgagctacag
gaagaaccce
cagccaggec
ggtgetgtte
cgcccaaate
gegecagetyg
tctagacaag
cgagatgacc
gtaccccaag
cgtgaacaac
gecccacetyg
ctacggcaac
cggcagcaac
gaaccttgag
gtggccctet
gaccgacgag
ggacagcatc

ccaccagetyg

getgacctgg

ccagatcece

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440
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ctgaccaaga gcaccaacct gggcagegge accagegtgg tgaagggecce cggcttcace 1500
ggcggcgaca tectgegecg caccagecce ggccagatca gecaccctgeg cgtgaacatce 1560
accgeccccee tgagecageg ctaccgegte cgeatcceget acgecagcac caccaacctg 1620
cagttccaca ccagcatcga cggccgeccece atcaaccagg gcaacttcag cgccaccatg 1680
agcagcggca gcaacctgca gagcggcage ttecgcaceyg tgggcttcac cacccectte 1740
aacttcagca acggcagcag cgtgttcacce ctgagcgece acgtgttcaa cagcggcaac 1800
gaggtgtaca tcgaccgcat cgagttcgtg cccgeccgagg tgaccttcecga ggcecgagtac 1860
gacctggaga gggctcagaa ggccgtgaac gagctgttca ccagcagcaa ccagatcgge 1920
ctgaagaccg acgtgaccga ctaccacatc gatcaggtgt ag 1962

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 159
H: 653
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: cap8AFd

<400> SEQUENCE: 159

Met Thr Ser
1

Arg Gln Gln

Gln Lys Gly

Pro Phe Gly
50

Ile Trp Pro
65

Ala Leu Met

Ala Glu Leu

Leu Ser Ser
115

Ser Gln Gly
130

Arg Asn Ser
145

Leu Thr Thr

Asp Ala Gln

Ala Glu Phe
195

His Cys Val
210

Ser Tyr Glu
225

Leu Thr Val

Leu Tyr Pro

Asn Gly Arg Gln Cys

5

His Arg Gly Leu Asp

20

Ile Ser Val Val Gly

Gly Ala Leu Val Ser

55

Ser Glu Asp Pro Trp

70

Asp Gln Lys Ile Ala

85

Gln Gly Leu Gln Asn

100

Trp Gln Lys Asn Pro

120

Arg Ile Arg Glu Leu

135

Met Pro Ser Phe Ala
150

Tyr Ala Gln Ala Ala

165

Ile Tyr Gly Glu Glu

180

Tyr Lys Arg Gln Leu

200

Lys Trp Tyr Asn Val

215

Ser Trp Val Asn Phe
230

Leu Asp Leu Ile Ala

245

Lys Glu Val Lys Thr

260

m3T

Ala

Ser

25

Asp

Phe

Lys

Asp

Asn

105

Ala

Phe

Ile

Asn

Trp

185

Lys

Gly

Asn

Leu

Glu
265

protein

Gly

10

Ser

Leu

Tyr

Ala

Tyr

90

Val

Ala

Ser

Ser

Thr

170

Gly

Leu

Leu

Arg

Phe
250

Leu

Ile

Thr

Leu

Thr

Phe

75

Ala

Glu

Pro

Gln

Gly

155

His

Tyr

Thr

Asp

Tyr

235

Pro

Thr

Arg Pro Tyr
Thr Lys Asp
30

Gly Val Val
45

Asn Phe Leu
60

Met Glu Gln

Lys Asn Lys

Asp Tyr Val

110

Phe Arg Asn
125

Ala Glu Ser
140

Tyr Glu Val

Leu Phe Leu

Glu Lys Glu
190

Gln Glu Tyr
205

Lys Leu Arg
220

Arg Arg Glu

Leu Tyr Asp

Arg Asp Val
270

Asp Gly
15

Val Ile

Gly Phe

Asn Thr

Val Glu
80

Ala Leu
95

Ser Ala

Pro His

His Phe

Leu Phe
160

Leu Lys
175

Asp Ile

Thr Asp

Gly Ser

Met Thr
240

Val Arg
255

Leu Thr
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344

Asp

Ser

His

305

Asp

Ile

Ser

Ala

Gly

385

Ala

Trp

Glu

Gln

465

Leu

Pro

Ile

Arg

Ser

545

Ser

Thr

Ala

Phe

Ala
625

Leu

<210>
<211>
<212>
<213>
<220>

Pro

Asn

290

Arg

Ser

Gly

Glu

Val

370

Val

Ser

Asp

Lys

Gly

450

Asp

Thr

Gly

Ser

Val

530

Ile

Ser

Thr

His

Val
610

Gln

Lys

Ile

275

Ile

Ile

Phe

Ser

Pro

355

Ala

Thr

Thr

Ser

Gly

435

Ser

Phe

Lys

Phe

Thr

515

Arg

Asp

Gly

Pro

Val

595

Pro

Lys

Thr

Val

Glu

Gln

Asn

Asn

340

Val

Asn

Lys

Gln

Ile

420

Tyr

Arg

Asn

Ser

Thr

500

Leu

Ile

Gly

Ser

Phe

580

Phe

Ala

Ala

Asp

PRT

Gly

Asn

Phe

Tyr

325

Asp

Gln

Thr

Val

Thr

405

Asp

Ser

Gly

Asn

Thr

485

Gly

Arg

Arg

Arg

Asn

565

Asn

Asn

Glu

Val

Val
645

SEQ ID NO 160
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:

687

Val

Tyr

His

310

Trp

Ile

Asn

Asn

Glu

390

Tyr

Gln

His

Thr

Ile

470

Asn

Gly

Val

Tyr

Pro

550

Leu

Phe

Ser

Val

Asn
630

Thr

Asn Asn Leu Arg Gly Tyr Gly Thr Thr
280 285

Ile Arg Lys Pro His Leu Phe Asp Tyr
295 300

Thr Arg Phe Gln Pro Gly Tyr Tyr Gly
315

Ser Gly Asn Tyr Val Ser Thr Arg Pro
330 335

Ile Thr Ser Pro Phe Tyr Gly Asn Lys
345 350

Leu Glu Phe Asn Gly Glu Lys Val Tyr
360 365

Leu Ala Val Trp Pro Ser Ala Val Tyr
375 380

Phe Ser Gln Tyr Asn Asp Gln Thr Asp
395

Asp Ser Lys Arg Asn Val Gly Ala Val
410 415

Leu Pro Pro Glu Thr Thr Asp Glu Pro
425 430

Gln Leu Asn Tyr Val Met Cys Phe Leu
440 445

Ile Pro Val Leu Thr Trp Thr His Lys
455 460

Ile Pro Ser Ser Gln Ile Thr Gln Ile
475

Leu Gly Ser Gly Thr Ser Val Val Lys
490 495

Asp Ile Leu Arg Arg Thr Ser Pro Gly
505 510

Asn Ile Thr Ala Pro Leu Ser Gln Arg
520 525

Ala Ser Thr Thr Asn Leu Gln Phe His
535 540

Ile Asn Gln Gly Asn Phe Ser Ala Thr
555

Gln Ser Gly Ser Phe Arg Thr Val Gly
570 575

Ser Asn Gly Ser Ser Val Phe Thr Leu
585 590

Gly Asn Glu Val Tyr Ile Asp Arg Ile
600 605

Thr Phe Glu Ala Glu Tyr Asp Leu Glu
615 620

Glu Leu Phe Thr Ser Ser Asn Gln Ile
635

Asp Tyr His Ile Asp Gln Val
650

Phe

Leu

Asn

320

Ser

Ser

Arg

Ser

Glu

400

Ser

Leu

Met

Ser

Pro

480

Gly

Gln

Tyr

Thr

Met

560

Phe

Ser

Glu

Arg

Gly
640
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<223> OTHER INFORMATION: FR8a+34 protein
<400> SEQUENCE: 160

Met Lys Glu Thr Ala Ala Ala Lys Phe Glu Arg Gln His Met Asp Ser
1 5 10 15

Pro Asp Leu Gly Thr Leu Val Pro Arg Gly Ser Met Ala Asp Ile Gly
20 25 30

Ser Thr Met Thr Ser Asn Gly Arg Gln Cys Ala Gly Ile Arg Pro Tyr
35 40 45

Asp Gly Arg Gln Gln His Arg Gly Leu Asp Ser Ser Thr Thr Lys Asp
Val Ile Gln Lys Gly Ile Ser Val Val Gly Asp Leu Leu Gly Val Val
65 70 75 80

Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe Leu
85 90 95

Asn Thr Ile Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu Gln
100 105 110

Val Glu Ala Leu Met Asp Gln Lys Ile Ala Asp Tyr Ala Lys Asn Lys
115 120 125

Ala Leu Ala Glu Leu Gln Gly Leu Gln Asn Asn Val Glu Asp Tyr Val
130 135 140

Ser Ala Leu Ser Ser Trp Gln Lys Asn Pro Ala Ala Pro Phe Arg Asn
145 150 155 160

Pro His Ser Gln Gly Arg Ile Arg Glu Leu Phe Ser Gln Ala Glu Ser
165 170 175

His Phe Arg Asn Ser Met Pro Ser Phe Ala Ile Ser Gly Tyr Glu Val
180 185 190

Leu Phe Leu Thr Thr Tyr Ala Gln Ala Ala Asn Thr His Leu Phe Leu
195 200 205

Leu Lys Asp Ala Gln Ile Tyr Gly Glu Glu Trp Gly Tyr Glu Lys Glu
210 215 220

Asp Ile Ala Glu Phe Tyr Lys Arg Gln Leu Lys Leu Thr Gln Glu Tyr
225 230 235 240

Thr Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu Arg
245 250 255

Gly Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg Glu
260 265 270

Met Thr Leu Thr Val Leu Asp Leu Ile Ala Leu Phe Pro Leu Tyr Asp
275 280 285

Val Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp Val
290 295 300

Leu Thr Asp Pro Ile Val Gly Val Asn Asn Leu Arg Gly Tyr Gly Thr
305 310 315 320

Thr Phe Ser Asn Ile Glu Asn Tyr Ile Arg Lys Pro His Leu Phe Asp
325 330 335

Tyr Leu His Arg Ile Gln Phe His Thr Arg Phe Gln Pro Gly Tyr Tyr
340 345 350

Gly Asn Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr Arg
355 360 365

Pro Ser Ile Gly Ser Asn Asp Ile Ile Thr Ser Pro Phe Tyr Gly Asn
370 375 380

Lys Ser Ser Glu Pro Val Gln Asn Leu Glu Phe Asn Gly Glu Lys Val
385 390 395 400
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Tyr

Tyr

Asp

Pro

465

Leu

Lys

Leu

Lys

Gly

545

Arg

Thr

Gly

Leu

625

Ile

Glu

Ile

Ala Val Ala

405

Thr Ala

410

Arg Asn Asn Leu Val Trp Pro

Val
420

Thr Val Glu Phe

425

Ser Gly Lys Ser Gln Tyr Asn

Glu Ala

435

Thr Gln Thr Asn

445

Ser Tyr Ser

440

Asp Lys Arg

Ile Gln Glu

460

Ser Ser Leu Pro Pro Thr

450

Trp Asp Asp

455

Glu Gln Asn Val

475

Leu Lys Gly Tyr Ser His Leu

470

Tyr

Met Gln Thr Ile Pro Val Leu Thr

490

Ser
485

Gly Arg Gly

Val Phe Phe Met Ile

505

Ser Asp Asn Ser

500

Asp Lys Lys

Thr Thr Thr

525

Asn Leu Ser

520

Leu Ser

515

Pro Lys Gly Gly

Gly Pro Phe Thr Ile Leu

530

Gly Gly

535

Gly Asp Arg

540

Arg

Gln Ile Thr Val Ile Thr

555

Leu Asn Ala Pro

550

Ser Arg

Val Ile Ala Ser Thr Thr Asn

570

Tyr Arg Arg

565

Arg Tyr

Thr Ile

580

Ile
585

Ser Asp Gly Arg Pro Asn Gln Gly Asn

Met Gln Phe

605

Leu Ser Ser

600

Ser Ser Ser Asn

595

Gly Gly

Phe
610

Thr Thr Phe Phe Ser Ser

620

Asn Ser Asn

615

Pro Gly

Ala Val Phe

630

Glu
635

Ser His Asn Ser Gly Asn Val Tyr

Glu Phe Val Ala Glu Val Thr Phe

650

Pro Glu Ala Glu

645
Ala Gln
660

Ala Val Glu

665

Arg Lys Asn Leu Phe Thr Ser

Thr Val Thr

680

Gly Leu His Ile

675

Lys Asp Asp Tyr Asp

685

Ser

Asp

430

Val

Thr

Met

Trp

Ile

510

Ser

Thr

Leu

Leu

Phe

590

Arg

Val

Ile

Tyr

Ser

670

Gln

Ala

415

Gln

Gly

Asp

Cys

Thr

495

Thr

Val

Ser

Ser

Gln

575

Ser

Thr

Phe

Asp

Asp

655

Asn

Val

Val

Thr

Ala

Glu

Phe

480

His

Gln

Val

Pro

Gln

560

Phe

Ala

Val

Thr

Arg

640

Leu

Gln

What is claimed is:

1.

A method of making an engineered hybrid insecticidal

protein (eHIP), comprising:

a.

obtaining a Bacillus thuringiensis (Bt) Cry3A protein;

b. obtaining a Bt CrylA or CrylAb protein which is

C.

different from the Bt Cry3A protein or step a;

fusing in an N-terminus to C-terminus direction an
N-terminal region of the Cry3 A protein to a C-terminal
region of the CrylAa or CrylAb protein, wherein at
least one crossover position between the Cry3 A protein
and the CrylAa or CrylAb protein is located in con-
served block 2, conserved block 3 or variable region 4
to make an eHIP that has activity against western corn
rootworm, wherein the engineered insecticidal protein
has at least 80% identity to SEQ ID NO: 64; and
optionally

. inserting i.) at the N-terminus a peptidyl fragment; or

ii.) at the C-terminus a protoxin tail region of a Bt Cry
protein, or iii.) both i.) and ii.).

2. A method of making an engineered hybrid insecticidal
protein (eHIP), comprising:

50

60

65

. obtaining a first nucleic acid that encodes a Bacillus

thuringiensis (Bt) Cry3A protein;

. obtaining a second nucleic acid that encodes a Bt

CrylAa or CrylAb protein;

. fusing in an 5' to 3' direction a 5' portion of the first

nucleic acid that encodes an N-terminal region of the
Cry3 A protein to a 3' portion of the second nucleic acid
that encodes a C-terminal region of the CrylAa or
Cry1 Ab protein, wherein at least one crossover position
between the first and the second nucleic acids is located
in the nucleotides that encode conserved block 2,
conserved block 3 or variable region 4 to make a hybrid
nucleic acid that encodes an eHIP that has activity
against western corn rootworm, wherein the engineered
insecticidal protein has at least 80% identity to SEQ ID
NO:64; and optionally fusing to the 5' end of the hybrid
nucleic acid a nucleotide sequence that encodes a
peptidyl fragment resulting in a 5' extension or fusing
to the 3' end of the hybrid nucleic acid a nucleotide
sequence that encodes a protoxin tail region of a Bt Cry
protein resulting in a 3' extension, or both;
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d. inserting the hybrid nucleic acid with or without one or
both of the 5' or 3' extensions into an expression
cassette; and

e. transforming the expression cassette into a host cell,
resulting in the host cell producing an engineered
hybrid insecticidal protein.

3. The method according to either of claims 1 or 2,

wherein the Cry3 A protein is a Cry3Aa or modified Cry3Aa.

4. The method according to claim 3, wherein the engi-
neered hybrid insecticidal protein comprises

a. at the C-terminus a protoxin tail region from a Bt Cry
protein; or

b. at the N-terminus a peptidyl fragment comprising at
least 9 amino acids; or

c. both (a) and (b).

5. The method according to claim 4, wherein the protoxin
tail region is from a CrylAa or CrylAb.

6. The method according to claim 5, wherein said protoxin
tail region comprises at least 38 amino acids.

7. The method according to claim 6, wherein the protoxin
tail region comprises an amino acid sequence that corre-
sponds to amino acids 611-648 of SEQ ID NO: 72.

8. The method according to claim 7, wherein the protoxin
tail region comprises amino acids 611-648 of SEQ ID NO:
72.

9. The method according to claim 4, wherein the peptidyl
fragment comprises the amino acid sequence
YDGRQQHRG (SEQ ID NO: 133) or the amino acid
sequence TSNGRQCAGIRP (SEQ ID NO: 134).

10. The method according to claim 9, wherein the peptidyl
fragment is selected from the group consisting of SEQ ID
NO: 126, SEQ ID NO: 127, SEQ ID NO: 128, SEQ ID NO:
129, and SEQ ID NO: 131.

11. The method of claim 3, wherein (a) the Cry3Aa
protein comprises SEQ ID NO:68 or SEQ ID NO: 135, or (b)
the modified Cry3Aa comprises SEQ ID NO:70, and the
Cryl Ab protein comprises SEQ ID NO:72.

12. The method of claim 3, wherein (a) the crossover
position between Cry3A and CrylAa or CrylAb is located
in a region between amino acids corresponding to amino
acid 6 of conserved block 3 to amino acid 7 of conserved
block 4, or (b) the crossover position is located is located in
conserved block 3 immediately following an amino acid
corresponding to Ser450, Phe454 or Leud68 of SEQ ID
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NO:70, or (c) the crossover position is located in conserved
block 3 immediately following Ser450, Phe454 or Leu468
or SEQ ID NO:70.

13. The method of claim 3, wherein the hybrid insecticidal
protein comprises at least two crossover positions between
an amino acid sequence from a Cry3 A protein and an amino
acid sequence from a CrylAa or CrylAb protein, wherein
(a) the first crossover position between Cry3A and CrylAa
or CrylAb is located in conserved block 2 immediately
following an amino acid corresponding to Asp232 of SEQ
ID NO: 70 and a second crossover position between Cryl Aa
or CrylAb and Cry3A is located in conserved block 3
immediately following an amino acid corresponding to
Leud76 of SEQ ID NO: 72; or (b) the first crossover position
between Cry3A and CrylAa or CrylAb is located in con-
served block 3 immediately following an amino acid corre-
sponding to Leud68 of SEQ ID NO: 70 and the second
crossover position between CrylAa or CrylAb and Cry3A
is located in conserved block 4 immediately following an
amino acid corresponding to [le527 of SEQ ID NO: 72.

14. The method of claim 13, wherein the Cry3A is
Cry3Aa or modified Cry3Aa and the Cryl A is CrylAb, and
wherein (a) the first crossover position between Cry3Aa and
CrylAb or modified Cry3Aa and CrylAb is located in
conserved block 2 immediately following Asp232 of SEQ
ID NO: 70 and the second crossover position between
CrylAb and Cry3Aa or modified Cry3Aa is located in
conserved block 3 immediately following Leud76 of SEQ
ID NO: 72; or (b) the first crossover position between
Cry3Aa and CrylAb or modified Cry3Aa and CrylAb is
located in conserved block 3 immediately following L.eu468
of SEQ ID NO: 70 and the second crossover position
between CrylAb and Cry3Aa or CrylAb and modified
Cry3Aa is located in conserved block 4 immediately fol-
lowing I1e527 of SEQ ID NO: 72.

15. The method of claim 3, wherein the engineered hybrid
insecticidal protein comprises an amino acid sequence
selected from the group consisting of SEQ ID NO: 2, SEQ
ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10,
SEQ ID NO: 12, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID
NO: 22, SEQ ID NO: 24, SEQ ID NO: 44, SEQ ID NO: 62,
SEQ ID NO: 64, SEQ ID NO: 147, SEQ ID NO: 153, SEQ
ID NO: 155, SEQ ID NO: 159 and SEQ ID NO: 160.
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