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[0152] Any of the isolated nucleic acid molecules of the
present invention may be introduced into a plant cell in a
permanent or transient manner in combination with other
genetic elements such as vectors, promoters, enhancers etc.
Further any of the nucleic acid molecules encoding a D. v.
virgifera protein or fragment thereof may be introduced into
a plant cell in a manner that allows for over expression of the
protein or polypeptide encoded by the nucleic acid molecule.
[0153] Antibodies have been expressed in plants (Hiatt et
al., Nature 342:76-78 (1989); Conrad and Fielder, Plant Mol.
Biol. 26:1023-1030 (1994)). Cytoplasmic expression of a
scFv (single-chain Fv antibodies) has been reported to delay
infection by artichoke mottled crinkle virus. Transgenic
plants that express antibodies directed against endogenous
proteins may exhibit a physiological effect (Philips et al.,
EMBO J. 16:4489-4496 (1997); Marion-Poll, Trends in Plant
Science 2:447-448 (1997)). For example, expressed anti-ab-
scisic antibodies reportedly result in a general perturbation of
seed development (Philips et al., EMBO J. 16:4489-4496
(1997)).

[0154] Antibodies that are catalytic may also be expressed
in plants (abzymes). The principle behind abzymes is that
since antibodies may be raised against many molecules, this
recognition ability can be directed toward generating anti-
bodies that bind transition states to force a chemical reaction
forward (Persidas, Nature Biotechnology 15:1313-1315
(1997); Baca et al., Ann. Rev. Biophys. Biomol. Struct.
26:461-493 (1997)). The catalytic abilities of abzymes may
be enhanced by site directed mutagenesis. Examples of
abzymes are, for example, set forth in U.S. Pat. No. 5,658,
753; U.S. Pat. No. 5,632,990; U.S. Pat. No. 5,631,137, U.S.
Pat. No. 5,602,015; U.S. Pat. No. 5,559,538; U.S. Pat. No.
5,576,174, U.S. Pat. No. 5,500,358; U.S. Pat. No. 5,318,897,
U.S. Pat. No. 5,298,409; U.S. Pat. No. 5,258,289 and U.S.
Pat. No. 5,194,585, all of which are herein incorporated in
their entirety.

[0155] It is understood that any of the antibodies of the
present invention may be expressed in plants and that such
expression can result in a physiological effect. It is also under-
stood that any of the expressed antibodies may be catalytic.

[0156] (f) Microbial Constructs and Transformed Micro-
bial Cells
[0157] The nucleotide sequences of the present invention

may be introduced into a wide variety of prokaryotic and
eukaryotic microorganism hosts to express the D. v. virgifera
proteins or fragments thereof of interest. The term “microor-
ganism” includes prokaryotic and eukaryotic microbial spe-
cies such as bacteria and fungi. Fungi include yeast and
filamentous fungi. Illustrative prokaryotes, both Gram-nega-
tive and Gram-positive, include Enterobacteriaceae, such as
Escherichia, Erwinia, Shigella, Salmonella, and Proteus;
Bacillaceae; Rhizobiceae, such as Rhizobium; Spirillaceae,
such as photobacterium, Zymomonas, Serratia, Aeromonas,
Vibrio,  Desulfovibrio,  Spirillum;  Lactobacillaceae;
Pseudomonadaceae, such as Pseudomonas and Acetobacter;
Azotobacteraceae, Actinomycetales, and Nitrohacteraceae.
Among eukaryotes are fungi, such as Phycomycetes and
Ascomycetes, which includes yeast, such as Saccharomyces
and Schizosaccharomyces; and Basidiomycetes yeast, such as
Rhodotorula, Aureobasidium, Sporobolomyces, and the like.
[0158] Forthe purpose of plant protection against insects, a
large number of microorganisms known to inhabit the phyl-
loplane (the surface of the plant leaves) and/or the rhizo-
sphere (the soil surrounding plant roots) of a wide variety of
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important crops may also be desirable host cells for manipu-
lation, propagation, storage, delivery and/or mutagenesis of
the disclosed recombinant constructs. These microorganisms
include bacteria, algae, and fungi. Of particular interest are
microorganisms, such as bacteria, e.g., genera Bacillus (in-
cluding the species and subspecies B. thuringiensis kurstaki
HD-1, B. thuringiensis kurstaki HD-73, B. thuringiensis
sotto, B. thuringiensis berliner, B. thuringiensis thuringien-
sis, B. thuringiensis tolworthi, B. thuringiensis dendrolimus,
B. thuringiensis alesti, B. thuringiensis galleriae, B. thuring-
iensis aizawai, B. thuringiensis subtoxicus, B. thuringiensis
entomocidus, B. thuringiensis tenebrionis and B. thuringien-
sis san diego); Pseudomonas, Erwinia, Serratia, Klebsiella,
Zanthomonas, Streptomyces, Rhizobium, Rhodopseudomo-
nas, Methylophilius, Agrobacterium, Acetobacter, Lactoba-
cillus, Arthrobacter, Azotobacter, Leuconostoc, and Alcali-
genes; fungi, particularly yeast, e.g., genera Saccharomyces,
Cryptococcus, Kluyveromyces, Sporobolomyces, Rhodot-
orula, and Aureobasidium. Of particular interest are such
phytosphere bacterial species as Pseudomonas syringae,
Pseudomonas fluovescens, Serratia marcescens, Acetobacter
xylinum, Agrobacterium tumefaciens, Rhodobacter sphaeroi-
des, Xanthomonas campestris, Rhizobium melioti, Alcali-
genes eutrophus, and Azotobacter vinlandii; and phytosphere
yeast species such as Rhodotorula rubra, R. glutinis, R.
marina, R. aurantiaca, Cryptococcus albidus, C. diffluens, C.
laurentii, Saccharomyces rosei, S. pretoriensis, S. cerevisiae,
Sporobolomyces roseus, S. odorus, Kluyveromyces veronae,
and Aureobasidium pollulans.

[0159] Itis well known that exogenous nucleic acids encod-
ing polypeptides of interest can be introduced into a microbial
host cell, such as a bacterial cell or a fungal cell, using a
recombinant construct. The present invention also relates to a
fungal or bacterial recombinant construct comprising a struc-
tural nucleotide sequence encoding a D. v. virgifera protein or
fragment thereof. The present invention also relates to a bac-
terial or fungal cell comprising a bacterial or fungal recom-
binant vector of the present invention. The present invention
also relates to methods for obtaining a recombinant bacterial
or fungal host cell, comprising introducing into a bacterial or
fungal host cell an exogenous nucleic acid molecule of the
present invention.

[0160] The bacterial recombinant vector may be a linear or
a closed circular plasmid. The vector system may be a single
vector or plasmid or two or more vectors or plasmids which
together contain the total DNA to be introduced into the
genome of the bacterial host. In addition, the bacterial vector
may be an expression vector. Nucleic acid molecules encod-
ing D. v. virgifera proteins or fragments thereof can, for
example, be suitably inserted into a replicable vector for
expression in a bacterium under the control of a suitable
promoter for that bacterium. Many vectors are available for
this purpose, and selection of the appropriate vector will
depend mainly on the size of the nucleic acid to be inserted
into the vector and the particular host cell to be transformed
with the vector. Each vector contains various components
depending on its function (amplification of DNA or expres-
sion of DNA) and the particular host cell with which it is
compatible. The vector components for bacterial transforma-
tion generally include, but are not limited to, one or more of
the following: a signal sequence, an origin of replication, one
or more selectable marker genes, and an inducible promoter
allowing the expression of exogenous DNA.



