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Expressed Sequence Tags (ESTs) isolated from the Western 
Com RootWorm, Diabrolica virgifera virgifera LeConte, are 
disclosed. The invention encompasses nucleic acidmolecules 
that encode D. v. virgifera protein homologs and fragments 
thereof. In addition, antibodies capable of binding the pro 
teins are encompassed by the present invention. The disclosed 
ESTs have particular utility in isolating genes and promoters, 
identifying and mapping the genes involved in developmental 
and metabolic pathways, and determining gene function. The 
ESTs provide a unique molecular tool for the targeting and 
isolation of novel genes for plant protection and improve 
ment. The invention also relates to methods of using the 
disclosed nucleic acid molecules, proteins, fragments of pro 
teins, and antibodies, for example, for gene identi?cation and 
analysis, and preparation of constructs. 
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NUCLEIC ACID SEQUENCES FROM 
DIABROTICA VIRGIFERA VIRGIFERA 

LECONTE AND USES THEREOF 

FIELD OF THE INVENTION 

[0001] The present invention is in the ?eld of molecular 
biology; more particularly, the present invention relates to 
nucleic acid sequences from the Western corn rootWorm, 
Diabrotica virgifera virgifera LeConte. The invention 
encompasses nucleic acid molecules that encode proteins and 
fragments of proteins. In addition, proteins and fragments of 
proteins so encoded and antibodies capable of binding the 
proteins are encompassed by the present invention. The 
invention also relates to methods of using the disclosed 
nucleic acid molecules, proteins, fragments of proteins, and 
antibodies, for example, for gene identi?cation and analysis, 
and preparation of constructs. 

BACKGROUND OF THE INVENTION 

[0002] The Western corn rootWorm (WCRW), Diabrotica 
virgifera virgifera LeConte, is a major pest of corn in the 
United States. The Western corn rootWorm overWinters in the 
egg stage in ?elds Where corn Was groWn the previous season. 
The eggs hatch from late May through June. Thereafter, the 
larvae pass through 3 larval stages, or instars, feeding upon 
the corn root system. Following completion of larval devel 
opment, the larvae transform into pupae, Which are White and 
immobile. Adults of Western com rootWorms begin to emerge 
in early July and continue to emerge from the pupae stage into 
August. Adult beetles feed on the corn foliage and silk. 
Female beetles lay the vast majority of their eggs in the soil of 
corn?elds during August and early September. Western corn 
rootWorm larvae can survive only on corn and a feW other 

species of Poaceae (Branson and Ortman, J. Econ. Entomol. 
60: 201-203 (1967); Branson and Ortman, J. Econ. Entomol. 
60: 201-203 (1967)). Larval root feeding decreases plant 
vigor by reducing the Water and nutrients supplied to the 
developing corn plants. Extensive root damage Weakens the 
root system and makes the plants more susceptible to lodging 
(plants lean over or elboW), Which eventually reduces corn 
yield and often results in death of the plant. Lodged plants are 
dif?cult to harvest resulting in further yield losses. The West 
ern corn rootWorm adults feed upon corn leaves, Which can 

sloW plant groWth and, on rare occasions, kill plants of some 
corn varieties. The Western corn rootWorm cause economic 

losses throughout the MidWest and in certain eastern and 
northeastern states Where corn is produced. 
[0003] Control of corn rootWorms has been partially 
addressed by crop rotation. HoWever, economic demands on 
the utiliZation of farmland restrict the use of crop rotation. In 
addition, the spread of at least one strain of rootWorm has 
been documented in Which female oviposition occurs in soy 
bean ?elds, Which further complicates crop rotation strate 
gies. Therefore, chemical insecticides are relied upon most 
heavily to guarantee the desired level of control. Over $250 
million Worth of insecticides are applied annually to control 
corn rootWorms alone in the United States. Even With insec 
ticide use, rootWorms still can cause over $750 million Worth 
of crop damage each year. The use of chemical insecticides to 
control corn rootWorm has several draWbacks. Continual use 
of insecticides has alloWed resistant insects to evolve. Situa 
tions such as extremely high populations of larvae, heavy 
rains, and improper calibration of insecticide application 
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equipment can result in poor control. Chemical insecticides 
used for corn rootWorm control often raises environmental 
concerns such as contamination of soil and of both surface 
and underground Water supplies, because many of them are 
toxic to humans, Wildlife and other nontarget species. As a 
result, much research has been concentrated in the area of 
biopesticides. 
[0004] The advantage of using biopesticides is that they are 
generally less harmful to non-target organisms and the envi 
ronment as a Whole compared to chemical pesticides. The 
most Widely used biopesticide is Bacillus thuringiensis (Bt), 
Which is a spore-forming gram-positive bacterium. During 
sporulation, B. thuringiensis produces proteinaceous inclu 
sions Which are composed of proteins knoWn as insecticidal 
crystal proteins (lCPs), Cry proteins, or delta-endotoxins. 
These proteins are toxic to a variety of insect species includ 
ing orders Lepidoptera, Coleoptera, Diptera, Hemoptera, 
Hymenoptera, Orthoptera, and Mallophaga (Beegle and 
Yamamoto, Can. Entomol. 124:587-616; Feitelson, 
Advanced Engineered Pesticides (L. Kim, ed.), Marcel Dek 
ker, Inc., NeW York (1993), pp. 63-71; Feitelson, et al., Bio/ 
Technology 10:271-275; US. Pat. No. 4,948,734 (1990)). 
Due to their high speci?city for particular insect pests and 
their safety for man and the environment, ICPs have been 
used as biopesticides for the last three decades. 
[0005] It has been established that the Bt toxins function in 
the brush border of the insect midgut epithelial cells as 
described by Gill et al., Annu. Rev. Entomol. 37: 615 (1992). 
Speci?c binding of Bt toxins to midgut brush border mem 
brane vesicles has been reported by Hofmann et al., Proc. 
Natl. Acad. Sci. USA 85: 7844 (1988); Van Rie et al., Eur J. 
Biochem. 186: 239 (1989); and Van Rie, J. et al. Appl. Envi 
ron. Microbiol. 56: 1378 (1990). It is believed that the speci 
?city of Bt toxins is determined by their speci?c interaction 
With receptors in insects’ guts. It is advantageous to identify 
and/or isolate receptors as targets for insecticidal peptides in 
the guts of Western corn rootWorms. It is further advantageous 
to develop target-based screens to produce insecticidal pep 
tides. 

[0006] A cDNA (or complementary DNA) library, Which is 
constructed from mRNA puri?ed from WCRW intestine, can 
be one valuable source for isolating receptor protein genes. 
Construction of cDNA libraries is Well-knoWn in the art and 
a number of cloning strategies exist Random clones from a 
cDNA library can be sequenced from both 3' and 5' ends to 
generate expressed sequence tags (ESTs), Which can repre 
sent copies of up to the full length transcript (McCombie, et 
al., Nature Genetics, 1:124-130 (1992); Kurata, et al., Nature 
Genetics, 8: 365-372 (1994); Okubo, et al., Nature Genetics, 
2: 173-179 (1992)). Typically, only single run sequence data 
is obtained from the cDNA library (Adams, et al., Science 
252:1651-1656 (1991)). Automated single run sequencing 
typically results in an approximately 2-3% error or base 
ambiguity rate. (Boguski, et al., Nature Genetics, 4:332-333 
(1993)). BetWeen 150-450 nucleotides of sequence informa 
tion is usually generated as this is the length of sequence 
information that is routinely and reliably produced using 
single run sequence data. 
[0007] ESTs have been found to be useful for similarity 
searches and mapping (Adams, et al., Science 252:1651-1656 
(1991)). Sequence comparisons and similarity analysis 
Would alloW the identi?cation of receptors for insecticidal 
peptides and then full-length cDNA constructs can be 
obtained using several methods (Land, et al., Nucleic Acids 
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Res. 9:2251-2266 (1981); Okayama and Berg, Mol. Cell. 
Biol. 2:161-170 (1982); Coleclough, et al., Gene 34:305-314 
(1985); KraWinkel, et al., NucleicAcidsRes. 14:1913 (1986); 
Han, et al., Nucleic Acids Res. 15:6304 (1987)). 

SUMMARY OF THE INVENTION 

[0008] The present invention provides a substantially puri 
?ed nucleic acid molecule having a nucleotide sequence 
Which is or is complementary to a sequence selected from the 
group consisting of SEQ ID NO: 1 through SEQ ID NO: 
91 12. 
[0009] The present invention also provides a substantially 
puri?ed nucleic acid molecule, the nucleic acid molecule 
capable of speci?cally hybridizing to a second nucleic acid 
molecule having a nucleotide sequence Which is or is comple 
mentary to a sequence selected from the group consisting of 
SEQ ID NO: 1 through SEQ ID NO: 9112. 
[0010] The present invention further provides a substan 
tially puri?ed protein, peptide, or fragment thereof encoded 
by a nucleotide sequence Which is or is complementary to a 
sequence selected from the group consisting of SEQ ID NO: 
1 through SEQ ID NO:9112. 
[0011] The present invention also provides a substantially 
puri?ed nucleic acid molecule encoding a D. v. virgifera 
protein homologue or fragment thereof, Wherein the nucleic 
acid molecules comprises a nucleotide sequence selected 
from the group consisting of SEQ ID NO: 1 through SEQ ID 
NO: 9112. 
[0012] The present invention also provides a substantially 
puri?ed nucleic acid molecule encoding a protein or fragment 
thereof, Wherein the protein or fragment thereof is selected 
from the group consisting of D. v. virgifera proteins or frag 
ments thereof from Table 1. 
[0013] The present invention also provides a substantially 
puri?ed protein or fragment thereof encoded by a nucleotide 
sequence selected from the group that encodes a D. v. vir 
gifera protein or fragment thereof from Table 1. 
[0014] The present invention also provides a substantially 
puri?ed nucleic acid molecule encoding a D. v. virgifera 
receptor or fragment thereof for a protein toxic to D. v. vir 
gifera, Wherein the nucleic acid molecules comprise a nucle 
otide sequence selected from the group consisting of SEQ ID 
NO: 1 through SEQ ID NO: 9112. 
[0015] The present invention also provides a substantially 
puri?ed nucleic acid molecule encoding a D. v. virgifera 
receptor or fragment thereof for a protein toxic to D. v. vir 
gifera, Wherein the nucleic acid molecules comprise a nucle 
otide sequence selected from the group consisting of SEQ ID 
NO: 1 through SEQ ID NO: 91 12 and Wherein said protein is 
isolated from bacteria, fungi, plants and animals or produced 
by B. Zhuringiensis, Pholorhabdus, and Xenorhabdus. 
[0016] The present invention also provides a substantially 
puri?ed receptor or fragment thereof encoded by a nucleotide 
sequence selected from the group that encodes a D. v. vir 
gifera receptor or fragment thereof from Table 1. 
[0017] The present invention also provides a substantially 
puri?ed protein or fragment thereof encoded by a ?rst nucleic 
acid molecule Which speci?cally hybridiZes to a second 
nucleic acid molecule, the second nucleic acid molecule 
selected from the group of complements of SEQ ID NO: 1 
through SEQ ID NO: 9112. 
[0018] The present invention also provides a transformed 
cell having a nucleic acid molecule Which comprises: (A) an 
exogenous promoter region Which functions in the cell to 
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cause the production of a mRNA molecule; Which is operably 
linked to (B) a structural nucleic acid molecule, Wherein the 
structural nucleic acid molecule comprises a nucleotide 
sequence Which is or is complementary to a sequence selected 
from the group consisting of SEQ ID NO:1 through SEQ ID 
NO:9112; Which is operably linked to (C) a 3' non-translated 
sequence that functions in said cell to cause termination of 
transcription. 
[0019] The present invention also provides a transformed 
cell having a nucleic acid molecule Which comprises: (A) an 
exogenous promoter region Which functions in the cell to 
cause the production of a mRNA molecule; Which is operably 
linked to (B) a structural nucleic acid molecule, Wherein the 
structural nucleic acid molecule encodes a receptor or frag 
ment thereof Which binds a protein toxic to D. v. virgifera and 
comprises a nucleotide sequence Which is or is complemen 
tary to a sequence selected from the group consisting of SEQ 
ID NO:1 through SEQ ID NO:91 12; Which is operably linked 
to (C) a 3' non-translated sequence that functions in said cell 
to cause termination of transcription. 
[0020] The present invention also provides a transformed 
cell having a nucleic acid molecule Which comprises: (A) an 
exogenous promoter region Which functions in the cell to 
cause the production of a mRNA molecule; Which is operably 
linked to (B) a structural nucleic acid molecule, Wherein the 
structural nucleic acid molecule encode a receptor or frag 
ment thereof Which binds a toxin and comprises a nucleotide 
sequence Which is or is complementary to a sequence selected 
from the group consisting of SEQ ID NO:1 through SEQ ID 
NO:9112, Wherein said receptor or fragment thereof is dis 
posed at the surface of said cell; Which is operably linked to 
(C) a 3' non-translated sequence that functions in said cell to 
cause termination of transcription. 
[0021] The present invention also provides a plant cell, a 
mammalian cell, a bacterial cell, an insect cell, a fungal cell 
and an algal cell transformed With a nucleic acid molecule of 
the present invention. 
[0022] The present invention also provides a method for 
identifying a candidate protein toxic to D. v. virgifera com 
prising: (a) culturing cells transformed With a nucleic acid 
molecule of the present invention; (b) recovering said cells 
having a receptor or fragment thereof disposed at their sur 
face, Wherein said receptor or fragment thereof binds a pro 
tein toxic to D. v. virgifera; (c) contacting said cells With said 
candidate protein; and (d) determining effects of said candi 
date protein on metabolism or morphology of said cells, 
Wherein said determination is predictive of cytotoxic property 
of said candidate protein. 
[0023] The present invention also provides a computer 
readable medium having recorded thereon one or more of the 
nucleotide sequences depicted in SEQ ID NO: 1 through SEQ 
ID NO: 9112 or complements thereof. 

DETAILED DESCRIPTION OF THE INVENTION 

Agents of the Invention 

[0024] (a) Nucleic Acid Molecules 
[0025] Agents of the present invention include substan 
tially puri?ed (or isolated) nucleic acid molecules and more 
speci?cally EST nucleic acid molecules or nucleic acid frag 
ment molecules thereof. EST nucleic acid molecules may 
encode signi?cant portion(s) of, or indeed most of, the EST 
nucleic acid molecule. Alternatively, the fragments may com 
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prise smaller oligonucleotides (having from about 15 to about 
250 nucleotide residues, and more preferably, about 15 to 
about 30 nucleotide residues). 
[0026] A subset of the nucleic acid molecules of the present 
invention includes nucleic acid molecules that are marker 
molecules. Another subset of the nucleic acid molecules of 
the present invention include nucleic acid molecules that 
encode a protein or fragment thereof. Another subset of the 
nucleic acid molecules of the present invention are EST mol 
ecules. 
[0027] In a preferred embodiment the nucleic acid mol 
ecules of the present invention are derived from leaf beetles 
belonging to the genus Diabrolica (ColeopterazChrysomel 
idae) and in an even more preferred embodiment the nucleic 
acid molecules of the present invention are derived from 
species in the virgifera group. In a particularly preferred 
embodiment the nucleic acid molecules of the present inven 
tion are derived from Diabrolica virgifera virgifera LeConte. 
[0028] The term “nucleic acid molecule” or “nucleic acid” 
refers to a single or double-stranded polymer of deoxyribo 
nucleotide or ribonucleotide bases read from the 5' to the 3' 
end. Nucleic acid molecules may also optionally contain 
synthetic, non-natural or altered nucleotide bases that permit 
correct read through by a polymerase and do not alter expres 
sion of a polypeptide encoded by that nucleic acid molecule. 
[0029] As used herein, an agent, be it a naturally occurring 
molecule or otherWise may be “substantially puri?ed” or 
“isolated”, if desired, referring to a molecule separated from 
substantially all other molecules normally associated With it 
in its native state. More preferably a substantially puri?ed 
molecule is the predominant species present in a preparation. 
A substantially puri?ed molecule may be greater than 60% 
free, preferably 75% free, more preferably 90% free, and 
most preferably 95% free from the other molecules (exclusive 
of solvent) present in the natural mixture. The term “sub stan 
tially puri?ed” is not intended to encompass molecules 
present in their native state. 
[0030] As used herein “a substantially puri?ed nucleic 
acid” or “an isolated nucleic acid” refers to a nucleic acid that 
is no longer accompanied by some of materials With Which it 
is associated in its natural state or to a nucleic acid the struc 
ture of Which is not identical to that of any of naturally 
occurring nucleic acid. Examples of a substantially puri?ed 
nucleic acid include: (1) DNAs Which have the sequence of 
part of a naturally occurring genomic DNA molecules but are 
not ?anked by tWo coding sequences that ?ank that part of the 
molecule in the genome of the organism in Which it naturally 
occurs; (2) a nucleic acid incorporated into a vector or into the 
genomic DNA of a prokaryote or eukaryote in a manner such 
that the resulting molecule is not identical to any naturally 
occurring vector or genomic DNA; (3) a separate molecule 
such as a cDNA, a genomic fragment, a fragment produced by 
polymerase chain reaction (PCR), or a restriction fragment; 
(4) recombinant DNAs; and (5) synthetic DNAs. A substan 
tially puri?ed nucleic acid may also be comprised of one or 
more segments of cDNA, genomic DNA or synthetic DNA. 
[0031] It is also contemplated by the inventors that the 
substantially puri?ed (or isolated) nucleic acids of the present 
invention also include knoWn types of modi?cations, for 
example, labels Which are knoWn in the art, methylation, 
“caps”, substitution of one or more of the naturally occurring 
nucleotides With an analog. Other knoWn modi?cations 
include intemucleotide modi?cations, for example, those 
With uncharged linkages (methyl phosphonates, phosphotri 
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esters, phosphoamidates, carbamates, etc.) and With charged 
linkages (phosphorothioates, phosphorodithioates, etc.), 
those containing pendant moieties, such as, proteins (includ 
ing nucleases, toxins, antibodies, signal peptides, poly-L 
lysine, etc.), those With intercalators (acridine, psoralen, etc.), 
those containing chelators (metals, radioactive metals, boron, 
oxidative metals, etc.), those containing alkylators, and those 
With modi?ed linkages. 
[0032] It is understood that the agents of the present inven 
tion may be labeled With reagents that facilitate detection of 
the agent (e.g. ?uorescent labels (Prober, et al., Science 238: 
336-340 (1987),Albarella et al., EP 144914), chemical labels 
(Sheldon et al., US. Pat. No. 4,582,789; Albarella et al., US. 
Pat. No. 4,563,417), modi?ed bases (Miyoshi et al., EP 
1 19448). 
[0033] The term “nucleotide sequence” or “nucleic acid 
sequence” refers to both the sense and antisense strands of a 
nucleic acid as either individual single strands or in the 
duplex. It includes, but is not limited to, self-replicating plas 
mids, chromosomal sequences, and infectious polymers of 
DNA or RNA. 

[0034] A “coding sequence”, “structural nucleotide 
sequence” or “structural nucleic acid molecule” is a nucle 
otide sequence Which is translated into a polypeptide, usually 
via mRNA, When placed under the control of appropriate 
regulatory sequences. The boundaries of the coding sequence 
are determined by a translation start codon at the 5'-terminus 
and a translation stop codon at the 3'-terminus. A coding 
sequence can include, but is not limited to, genomic DNA, 
cDNA, and recombinant nucleotide sequences. 
[0035] The term “recombinant DNAs” refers to DNAs that 
contains a genetically engineered modi?cation through 
manipulation via mutagenesis, restriction enZymes, and the 
like. 
[0036] The term “synthetic DNAs” refers to DNAs 
assembled from oligonucleotide building blocks that are 
chemically synthesiZed using procedures knoWn to those 
skilled in the art. These building blocks are ligated and 
annealed to form DNA segments Which are then enzymati 
cally assembled to construct the entire DNA. “Chemically 
synthesiZed”, as related to a sequence of DNA, means that the 
component nucleotides Were assembled in vitro. Manual 
chemical synthesis of DNA may be accomplished using Well 
established procedures, or automated chemical synthesis can 
be performed using one of a number of commercially avail 
able machines. 
[0037] The agents of the present invention Will preferably 
be “biologically active” With respect to either a structural 
attribute, such as the capacity of a nucleic acid to hybridiZe to 
another nucleic acid molecule, or the ability of a protein to be 
bound by antibody (or to compete With another molecule for 
such binding). Alternatively, such an attribute may be cata 
lytic, and thus involve the capacity of the agent to mediate a 
chemical reaction or response. 

[0038] It is further understood, that the present invention 
provides bacterial, insect, mammalian, viral, microbial, and 
plant cells comprising the agents of the present invention. 
[0039] EST nucleic acid molecules or fragment EST 
nucleic acid molecules or other nucleic acid molecules of the 
present invention are capable of speci?cally hybridiZing to 
other nucleic acid molecules under certain circumstances. As 
used herein, tWo nucleic acid molecules are said to be capable 
of speci?cally hybridiZing to one another if the tWo molecules 
are capable of forming an anti-parallel, double-stranded 
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nucleic acid structure. A nucleic acid molecule is said to be 
the “complement” of another nucleic acid molecule if they 
exhibit complete complementarity. As used herein, molecules 
are said to exhibit “complete complementarity” When every 
nucleotide of one of the molecules is complementary to a 
nucleotide of the other. TWo molecules are said to be “mini 
mally complementary” if they can hybridize to one another 
With suf?cient stability to permit them to remain annealed to 
one another under at least conventional “loW-stringency” 
conditions. Similarly, the molecules are said to be “comple 
mentary” if they can hybridiZe to one another With suf?cient 
stability to permit them to remain annealed to one another 
under conventional “high-stringency” conditions. Conven 
tional stringency conditions are described by Sambrook, et 
al., In: Molecular Cloning, A Laboratory Manual, 2nd Edi 
tion, Cold Spring Harbor Press, Cold Spring Harbor, NY. 
(1989), and by Haymes, et al. In: NucleicAcidHybridization, 
A Practical Approach, IRL Press, Washington, DC. (1985). 
Departures from complete complementarity are therefore 
permissible, as long as such departures do not completely 
preclude the capacity of the molecules to form a double 
stranded structure. Thus, in order for an EST nucleic acid 
molecule or fragment EST nucleic acid molecule to serve as 
a primer or probe it need only be suf?ciently complementary 
in sequence to be able to form a stable double-stranded struc 
ture under the particular solvent and salt concentrations 
employed. 
[0040] Appropriate stringency conditions Which promote 
DNA hybridiZation are, for example, 6.0>< sodium chloride/ 
sodium citrate (SSC) at about 45° C., folloWed by a Wash of 
2.0><SSC at 50° C., are knoWn to those skilled in the art or can 
be found in Current Protocols in Molecular Biology, John 
Wiley & Sons, NY. (1989), 63.1-63.6. For example, the salt 
concentration in the Wash step can be selected from a loW 
stringency of about 2.0><SSC at 500 C. to a high stringency of 
about 0.2><SSC at 500 C. In addition, the temperature in the 
Wash step can be increased from loW stringency conditions at 
room temperature, about 220 C., to high stringency conditions 
at about 650 C. Both temperature and salt may be varied, or 
either the temperature or the salt concentration may be held 
constant While the other variable is changed. 

[0041] In a preferred embodiment, a nucleic acid of the 
present invention Will speci?cally hybridiZe to one or more of 
the nucleic acid molecules set forth in SEQ ID NO: 1 through 
SEQ ID NO: 91 12 or complements thereof under moderately 
stringent conditions, for example at about 2.0><SSC and about 
650 C. 

[0042] In a particularly preferred embodiment, a nucleic 
acid of the present invention Will include those nucleic acid 
molecules that speci?cally hybridiZe to one or more of the 
nucleic acid molecules set forth in SEQ ID N011 through 
SEQ ID NO: 9112 or complements thereof under high strin 
gency conditions. 

[0043] In one aspect of the present invention, the nucleic 
acid molecules of the present invention have one or more of 
the nucleotide sequences set forth in SEQ ID NO: 1 through 
to SEQ ID NO:9112 or complements thereof. In another 
aspect of the present invention, one or more of the nucleic acid 
molecules of the present invention share betWeen 100% and 
90% sequence identity With one or more of the nucleotide 
sequences set forth in SEQ ID NO: 1 through to SEQ ID 
NO:9112 or complements thereof. In a further aspect of the 
present invention, one or more of the nucleic acid molecules 
of the present invention share betWeen 100% and 95% 
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sequence identity With one or more of the nucleotide 
sequences set forth in SEQ ID NO: 1 through to SEQ ID 
NO:91 12 or complements thereof. In a more preferred aspect 
of the present invention, one or more of the nucleic acid 
molecules of the present invention share betWeen 100% and 
98% sequence identity With one or more of the nucleotide 
sequences set forth in SEQ ID NO: 1 through to SEQ ID 
NO:91 12 or complements thereof. In an even more preferred 
aspect of the present invention, one or more of the nucleic acid 
molecules of the present invention share betWeen 100% and 
99% sequence identity With one or more of the sequences set 
forth in SEQ ID NO: 1 through to SEQ ID NO:9112 or 
complements thereof. In a further, even more preferred aspect 
of the present invention, one or more of the nucleic acid 
molecules of the present invention exhibit 100% sequence 
identity With one or more nucleic acid molecules present 
Within the cDNA libraries designated LIB149, LIB150, 
LIB3026, and LIB3373 (Monsanto Company, St. Louis, Mo., 
United States of America). 
[0044] “Percentage of sequence identity” is determined by 
comparing tWo optimally aligned sequences over a compari 
son WindoW, Wherein the portion of the nucleotide sequence 
in the comparison WindoW may comprise additions or dele 
tions (i.e., gaps) as compared to the reference sequence 
(Which does not comprise additions or deletions) for optimal 
alignment of the tWo sequences. The percentage is calculated 
by determining the number of positions at Which the identical 
nucleic acid base or amino acid residue occurs in both 
sequences to yield the number of matched positions, dividing 
the number of matched positions by the total number of 
positions in the WindoW of comparison and multiplying the 
result by 100 to yield the percentage of sequence identity. 
[0045] Polypeptides Which are “substantially similar” 
share sequences as noted above except that residue positions 
Which are not identical may differ by conservative amino acid 
changes. Conservative amino acid substitutions refer to the 
interchangeability of residues having similar side chains. 
“Conservative amino acid substitutions” refer to substitutions 
of one or more amino acids in a native amino acid sequence 

With another amino acid(s) having similar side chains, result 
ing in a silent change. Conserved substitutes for an amino 
acidWithin a native amino acid sequence can be selected from 
other members of the group to Which the naturally occurring 
amino acid belongs. For example, a group of amino acids 
having aliphatic side chains is glycine, alanine, valine, leu 
cine, and isoleucine; a group of amino acids having aliphatic 
hydroxyl side chains is serine and threonine; a group of amino 
acids having amide-containing side chains is asparagine and 
glutamine; a group of amino acids having aromatic side 
chains is phenylalanine, tyrosine, and tryptophan; a group of 
amino acids having basic side chains is lysine, arginine, and 
histidine; and a group of amino acids having sulfur-contain 
ing side chains is cysteine and methionine. Preferred conser 
vative amino acids substitution groups are: valine-leucine, 
valine-isoleucine, phenylalanine-tyrosine, lysine-arginine, 
alanine-valine, aspartic acid-glutamic acid, and asparagine 
glutamine. 
[0046] Optimal alignment of sequences for comparison can 
use any means to analyZe sequence identity (homology) 
knoWn in the art, e. g., by the progressive alignment method of 
termed “PILEUP” (Morrison, Mol. Biol. Evol. 14:428-441 
(1997), as an example of the use of PILEUP); by the local 
homology algorithm of Smith & Waterman (Adv. Appl. Math. 
2: 482 (1981)); by the homology alignment algorithm of 
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Needleman & Wunsch (J. M01. Biol. 481443 (1970)); by the 
search for similarity method of Pearson (Proc. Natl. Acad. 
Sci. USA 851 2444 (1988)); by computerized implementa 
tions of these algorithms (e.g., GAP, BESTFIT, FASTA, and 
TFASTA in the Wisconsin Genetics Software Package, 
Genetics Computer Group, 575 Science Dr., Madison, Wis.); 
ClustalW (CLUSTAL in the PC/ Gene program by Intellige 
netics, Mountain VieW, Calif., described by, e.g., Higgins, 
Gene 731 237-244 (1988); Corpet, Nucleic Acids Res. 
16110881-10890 (1988); Huang, Computer Applications in 
the Biosciences 81155-165 (1992); and Pearson, Methods in 
Mol. Biol. 241307-331 (1994); Pfam (Sonnhammer, Nucleic 
Acids Res. 261322-325 (1998); TreeAlign (Hein, Methods 
Mol. Biol. 251349-364 (1994); MEG-ALIGN, and SAM 
sequence alignment computer programs; or, by manual visual 
inspection. 
[0047] Another example of algorithm that is suitable for 
determining sequence similarity is the BLAST algorithm, 
Which is described in Altschul et al, J. Mol. Biol. 2151 403 
410 (1990). Software for performing BLAST analyses is 
publicly available through the National Center for Biotech 
nology Information, http1//WWW.ncbi.nlm.nih.gov/; see also 
Zhang, Genome Res. 71649-656 (1997) for the “PoWer 
BLAST” variation. This algorithm involves ?rst identifying 
high scoring sequence pairs (HSPs) by identifying short 
Words of length W in the query sequence that 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, J. Mol. Biol. 2151 403-410 (1990)). These initial 
neighborhood Word hits act as seeds for initiating searches to 
?nd longer HSPs containing them. The Word hits are extended 
in both directions along each sequence for as far as the cumu 
lative alignment score can be increased. 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 alignments; 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 BLAST program 
uses as defaults a Wordlength (W) of 11, the BLOSUM162 
scoring matrix (see Henikoff, Proc. Natl. Acad. Sci. USA 
89110915-10919 (1992)) alignments (B) of 50, expectation 
(E) of 10, M:5, N:—4, and a comparison of both strands. The 
term BLAST refers to the BLAST algorithm Which performs 
a statistical analysis of the similarity betWeen tWo sequences; 
see, e.g., Karlin, Proc. Natl. Acad. Sci. USA 9015873-5787 
(1993). One measure of similarity provided by the BLAST 
algorithm is the smallest sum probability (P(N)), Which pro 
vides an indication of the probability by Which a match 
betWeen tWo nucleotide or amino acid sequences Would occur 
by chance. For example, a nucleic acid is considered similar 
to a reference sequence if the smallest sum probability in a 
comparison of the test nucleic acid to the reference nucleic 
acid is less than about 0.1, more preferably less than about 
0.01, and most preferably less than about 0.001. 

[0048] In a preferred embodiment of the present invention, 
a nucleic acid molecule of the present invention encodes the 
homologue of a knoWn protein. Table 1 sets forth a list of 
nucleic acid molecules that encode D. v. virgifera proteins or 
fragments thereof Which are homologues of knoWn proteins 
[0049] In a preferred embodiment of the present invention, 
a D. v. virgifera protein or fragment thereof of the present 
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invention is a homologue of another insect protein. In another 
preferred embodiment of the present invention, a D. v. vir 
gifera protein or fragment thereof of the present invention is 
a homologue of a fungal protein. In another preferred 
embodiment of the present invention, a D. v. virgifera protein 
or fragment thereof of the present invention is a homologue of 
a mammalian protein. In another preferred embodiment of the 
present invention, a D. v. virgifera protein or fragment thereof 
of the present invention is a homologue of a bacterial protein. 
In another preferred embodiment of the present invention, a 
D. v. virgifera protein or fragment thereof of the present 
invention is a homologue of an algal protein. In another 
preferred embodiment of the present invention, a D. v. vir 
gifera protein or fragment thereof of the present invention is 
a homologue of a plant protein. 
[0050] In a preferred embodiment of the present invention, 
the nucleic molecule of the present invention encodes a D. v. 
virgifera protein or fragment thereof Where a D. v. virgi era 
protein or fragment thereof exhibits a BLAST probability 
score of greater than 1E-12, preferably a BLAST probability 
score of betWeen about 1E-30 and about 1E-12, even more 
preferably a BLAST probability score of greater than 1E-30 
With its homologue. 
[0051] In another preferred embodiment of the present 
invention, the nucleic acid molecule encoding a D. v. virgi era 
protein or fragment thereof exhibits a percent identity With its 
homologue of betWeen about 25% and about 40%, more 
preferably of betWeen about 40% and about 70%, even more 
preferably of betWeen about 70% and about 90% and even 
more preferably betWeen about 90% and 99%. In another 
preferred embodiment, of the present invention, a D. v. vir 
gifera protein or fragment thereof exhibits a percent identity 
With its homologue of 100%. 
[0052] In a preferred embodiment of the present invention, 
the nucleic molecule of the present invention encodes a D. v. 
virgifera protein or fragment thereof Where the D. v. virgi era 
protein exhibits a BLAST score of greater than 120, prefer 
ably a BLAST score of betWeen about 1450 and about 120, 
even more preferably a BLAST score of greater than 1450 
With its homologue. 
[0053] The degeneracy of the genetic code, Which alloWs 
different nucleotide sequences to code for the same protein or 
peptide, is knoWn in the literature. (US. Pat. No. 4,757,006). 
[0054] In an aspect of the present invention, one or more of 
the nucleic acid molecules of the present invention differ in 
nucleotide sequence from those encoding a D. v. virgi era 
protein or fragment thereof in SEQ ID NO: 1 through SEQ ID 
NO: 9112 due to the degeneracy in the genetic code in that 
they encode the same protein but differ in nucleotide 
sequence. 
[0055] In another further aspect of the present invention, 
one or more of the nucleic acid molecules of the present 
invention differ in nucleotide sequence from those encoding a 
D. v. virgifera protein or fragment thereof in SEQ ID NO: 1 
through SEQ ID NO: 9112 due to fact that the different 
nucleotide sequence encodes a protein having one or more 
conservative amino acid changes. It is understood that codons 
capable of coding for such conservative amino acid substitu 
tions are knoWn in the art. 

[0056] It is Well knoWn in the art that one or more amino 
acids in a native sequence can be substituted With another 
amino acid(s), the charge and polarity of Which are similar to 
that of the native amino acid, i.e., a conservative amino acid 
substitution, resulting in a silent change. Biologically func 
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tional equivalents of the proteins or fragments thereof of the 
present invention can have 10 or feWer conservative amino 
acid changes, more preferably seven or feWer conservative 
amino acid changes, and most preferably ?ve or feWer con 
servative amino acid changes. The encoding nucleotide 
sequence Will thus have corresponding base substitutions, 
permitting it to encode biologically functional equivalent 
forms of the proteins or fragments of the present invention. 
[0057] It is understood that certain amino acids may be 
substituted for other amino acids in a protein structure With 
out appreciable loss of interactive binding capacity With 
structures such as, for example, antigen-binding regions of 
antibodies or binding sites on substrate molecules. Because it 
is the interactive capacity and nature of a protein that de?nes 
that protein’s biological functional activity, certain amino 
acid sequence substitutions can be made in a protein sequence 
and, of course, its underlying DNA coding sequence and, 
nevertheless, obtain a protein With like or superior properties. 
It is thus contemplated by the inventors that various changes 
may be made in the amino acid sequences of the proteins or 
fragments of the present invention, or corresponding DNA 
sequences that encode said polypeptides, Without appreciable 
loss of their biological utility or activity. It is understood that 
codons capable of coding for such amino acid changes are 
knoWn in the art. 
[0058] In making such changes, the hydropathic index of 
amino acids may be considered. The importance of the hydro 
pathic amino acid index in conferring interactive biological 
function on a protein is generally understood in the art (Kyte 
and Doolittle, .1. Mol. Biol. 157, 105-132 (1982)). It is 
accepted that the relative hydropathic character of the amino 
acid contributes to the secondary structure of the resultant 
protein, Which in turn de?nes the interaction of the protein 
With other molecules, for example, enZymes, substrates, 
receptors, DNA, antibodies, antigens, and the like. 
[0059] Each amino acid has been assigned a hydropathic 
index on the basis of its hydrophobicity and charge charac 
teristics (Kyte and Doolittle, J. Mol. Biol. 157, 105-132 
(1982)); these are isoleucine (+4.5), valine (+4.2), leucine 
(+3.8), phenylalanine (+2.8), cysteine/cystine (+2.5), 
methionine (+1.9), alanine (+1.8), glycine (—0.4), threonine 
(—0.7), serine (—0.8), tryptophan (—0.9), tyrosine (—1.3), pro 
line (—1.6), histidine (—3.2), glutamate (—3.5), glutamine (—3. 
5), aspartate (—3.5), asparagine (—3.5), lysine (—3.9), and 
arginine (—4.5). 
[0060] In making such changes, the substitution of amino 
acids Whose hydropathic indices are Within :2 is preferred, 
those Which are Within :1 are particularly preferred, and 
those Within 10.5 are even more particularly preferred. 

[0061] It is also understood in the art that the substitution of 
like amino acids can be made effectively on the basis of 
hydrophilicity. US. Pat. No. 4,554,101, states that the great 
est local average hydrophilicity of a protein, as govern by the 
hydrophilicity of its adjacent amino acids, correlates With a 
biological property of the protein. 
[0062] As detailed in US. Pat. No. 4,554,101, the folloW 
ing hydrophilicity values have been assigned to amino acid 
residues: arginine (+3.0), lysine (+3.0), aspartate (+3.0:1), 
glutamate (+3.0:1), serine (+0.3), asparagine (+0.2), 
glutamine (+0.2), glycine (0), threonine (—0.4), proline (—0. 
5:1), alanine (—0.5), histidine (—0.5), cysteine (—1.0), 
methionine (—1.3), valine (—1.5), leucine (—1.8), isoleucine 
(—1.8), tyrosine (—2.3), phenylalanine (—2.5), and tryptophan 
(—3.4). 
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[0063] In making such changes, the substitution of amino 
acids Whose hydrophilicity values are Within :2 is preferred, 
those Which are Within :1 are particularly preferred, and 
those Within 10.5 are even more particularly preferred. 

[0064] In a further aspect of the present invention, one or 
more of the nucleic acid molecules of the present invention 
differ in nucleotide sequence from those encoding a D. v. 
virgifera protein or fragment thereof set forth in SEQ ID NO: 
1 through SEQ ID NO: 9112 or fragment thereof due to the 
fact that one or more codons encoding an amino acid has been 
substituted for a codon that encodes a nonessential substitu 
tion of the amino acid originally encoded. 
[0065] Isolation and identi?cation of nucleic acids of the 
present invention are described in detail in Examples. All or a 
substantial portion of the nucleic acids of the present inven 
tion may be used to isolate cDNAs and nucleic acids encoding 
D. v. vi rgifera protein homologues or fragments thereof from 
the same or other species. 

[0066] A “substantial portion” of a nucleotide sequence 
comprises enough of the sequence to afford speci?c identi? 
cation and/or isolation of a nucleic acid fragment comprising 
the sequence. In general, gene speci?c oligonucleotide 
probes comprising 20-30 contiguous nucleotides may be used 
in sequence-dependent methods of gene identi?cation (e.g., 
Southern hybridization) and isolation (e.g., in situ hybridiza 
tion of bacterial colonies or bacteriophage plaques). In addi 
tion, short oligonucleotides of 12-15 bases may be used as 
ampli?cation primers in PCR in order to obtain a particular 
nucleic acid fragment comprising the primers. The skilled 
artisan, having the bene?t of the sequences as reported herein, 
may noW use all or a substantial portion of the disclosed 
sequences for purposes knoWn to those skilled in this art. 
Accordingly, the instant invention comprises the complete 
sequences as reported in the accompanying Sequence Listing, 
as Well as substantial portions of those sequences as de?ned 
above. 

[0067] Isolation of nucleic acids encoding protein homo 
logues using sequence-dependent protocols is Well knoWn in 
the art. Examples of sequence-dependent protocols include, 
but are not limited to, methods of nucleic acid hybridiZation, 
and methods of DNA and RNA ampli?cation as exempli?ed 
by various uses of nucleic acid ampli?cation technologies 
(e.g., polymerase chain reaction, ligase chain reaction). 
[0068] For example, structural nucleic acids encoding a D. 
v. virgifera protein or fragment thereof, either as cDNAs or 
genomic DNAs, could be isolated directly by using all or a 
portion of the nucleic acids of the present invention as DNA 
hybridization probes to screen cDNA or genomic libraries 
from any desired species employing methodology Well 
knoWn to those skilled in the art. Methods for forming such 
libraries are Well knoWn in the art. Speci?c oligonucleotide 
probes based upon the nucleic acids of the present invention 
can be designed and synthesiZed by methods knoWn in the art. 
Moreover, the entire sequences of the nucleic acids can be 
used directly to synthesiZe DNA probes by methods knoWn to 
the skilled artisan such as random primer DNA labeling, nick 
translation, or end-labeling techniques, or RNA probes using 
available in vitro transcription systems. In addition, speci?c 
primers can be designed andused to amplify a part or all of the 
sequences. The resulting ampli?cation products can be 
labeled directly during ampli?cation reactions or labeled 
after ampli?cation reactions, and used as probes to isolate full 
length cDNA or genomic DNAs under conditions of appro 
priate stringency. 
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[0069] Alternatively, the nucleic acids of interest can be 
ampli?ed from nucleic acid samples using ampli?cation tech 
niques. For instance, the disclosed nucleic acids may be used 
to de?ne a pair of primers that can be used With the poly 
merase chain reaction (Mullis, et al., Cold Spring Harbor 
Symp. Quant. 51 :263-273 (1986); Erlich et al., EP 50,424; EP 
84,796, EP 258,017, EP 237,362; Mullis, EP 201,184; Mullis 
et al., US. Pat. No. 4,683,202; Erlich, US. Pat. No. 4,582, 
788; and Saiki, R. et al., US. Pat. No. 4,683,194) to amplify 
and obtain any desired nucleic acid or fragment directly from 
mRNA, from cDNA, from genomic libraries or cDNA librar 
ies. PCR and other in vitro ampli?cation methods may also be 
useful, for example, to clone nucleic acid sequences that code 
for proteins to be expressed, to make nucleic acids to use as 
probes for detecting the presence of the desired mRNA in 
samples, for nucleic acid sequencing, or for other purposes. 

[0070] In addition, tWo short segments of the nucleic acids 
of the present invention may be used in polymerase chain 
reaction protocols to amplify longer nucleic acids encoding 
D. v. virgifera protein homologues from DNA or RNA. For 
example, the skilled artisan can folloW the RACE protocol 
(Frohman et al., Proc. Natl. Acad. Sci. USA 85:8998 (1988)) 
to generate cDNAs by using PCR to amplify copies of the 
region betWeen a single point in the transcript and the 3' or 5' 
end. Primers oriented in the 3' and 5' directions can be 
designed from the nucleic acids of the present invention. 
Using commercially available 3'RACE or 5'RACE systems 
(Gibco BRL, Life Technologies, Gaithersburg, Md. U.S.A.), 
speci?c 3' or 5' cDNA fragments can be isolated (Ohara et al., 
Proc. Natl. Acad. Sci. USA 86:5673 (1989); Loh et al., Sci 
ence 243:217 (1989)). Products generated by the 3' and 5' 
RACE procedures can be combined to generate full-length 
cDNAs (Frohman and Martin, Techniques 1: 165 (1989)). 
[0071] Nucleic acids of interest may also be synthesiZed, 
either completely or in part, especially Where it is desirable to 
provide plant-preferred sequences, by Well-knoWn tech 
niques as described in the technical literature. See, e.g., Car 
ruthers et al., Cold Spring Harbor Symp. Quant. Biol. 47:41 1 
418 (1982), and Adams et al., J. Am. Chem. Soc. 105:661 
(1983). Thus, all or a portion of the nucleic acids of the 
present invention may be synthesiZed using codons preferred 
by a selected host. Species-preferred codons may be deter 
mined, for example, from the codons used most frequently in 
the proteins expressed in a particular host species. Other 
modi?cations of the nucleotide sequences may result in 
mutants having slightly altered activity. 
[0072] Availability of the nucleotide sequences encoding 
D. v. virgifera proteins or fragments thereof facilitates immu 
nological screening of cDNA expression libraries. Synthetic 
polypeptides representing portions of the amino acid 
sequences of D. v. virgifera proteins or fragments thereof may 
be synthesiZed. These polypeptides can be used to immuniZe 
animals to produce polyclonal or monoclonal antibodies With 
speci?city for polypeptides or proteins comprising the amino 
acid sequences. These antibodies can be then be used to 
screen cDNA expression libraries to isolate full-length cDNA 
clones of interest (Lerner, Adv. Immunol. 36: 1 (1984); Sam 
brook et al., Molecular Cloning: A Laboratory Manual; Cold 
Spring Harbor Laboratory Press: Cold Spring Harbor, 
(1989)). It is understood that people skilled in the art are 
familiar With the standard resource materials Which describe 
speci?c conditions and procedures for the construction, 
manipulation and isolation of antibodies (see, for example, 
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HarloW and Lane, InAntibodies: A Laboratory Manual, Cold 
Spring Harbor Press, Cold Spring Harbor, NY. (1988)). 
[0073] Another aspect of the present invention relates to a 
method for obtaining a nucleic acid comprising a nucleotide 
sequence encoding a D. v. virgifera protein homologue. In a 
preferred embodiment, the method of the present invention 
for obtaining a nucleic acid encoding all or a substantial 
portion of the amino acid sequence of a D. v. virgifera protein 
comprising: (a) probing a cDNA or genomic library With a 
hybridization probe comprising all or a portion of a nucle 
otide sequence selected from the group consisting of SEQ ID 
NO:1 through SEQ ID NO:9112; (b) identifying a DNA clone 
that hybridiZes With the hybridization probe; (c) isolating the 
DNA clone identi?ed in step (b); and (d) sequencing the 
cDNA or genomic fragment that comprises the clone isolated 
in step (c) Wherein the sequenced nucleic acid molecule 
encodes all or a substantial portion of the amino acid 
sequence of the D. v. virgifera protein homologue. 
[0074] In another preferred embodiment, the method of the 
present invention for obtaining a nucleic acid fragment 
encoding a substantial portion of the amino acid sequence of 
a D. v. virgifera protein homologue comprising: (a) synthe 
siZing a ?rst and a second oligonucleotide primers corre 
sponding to a portion of one of the sequences set forth in SEQ 
ID NO:1 through SEQ ID NO: 9112; and (b) amplifying a 
cDNA insert present in a cloning vector using the ?rst and 
second oligonucleotide primers of step (a) Wherein the ampli 
?ed nucleic acid molecule encodes all or a substantial portion 
of the amino acid sequence of the D. v. virgifera protein 
homologue. 
[0075] (b) Protein and Peptide Molecules 
[0076] A class of agents comprises one or more of the 
protein or peptide molecules encoded by SEQ ID NO: 1 
through SEQ ID NO:9112 or one or more of the protein or 
fragment thereof or peptide molecules encoded by other 
nucleic acid agents of the present invention. Protein and pep 
tide molecules can be identi?ed using knoWn protein or pep 
tide molecules as a target sequence or target motif in the 
BLAST programs of the present invention. In a preferred 
embodiment the protein or fragment molecules of the present 
invention are derived from D. v. virgi era. 

[0077] The term “polypeptide”, “peptide”, or “protein”, as 
used herein, refers to a polymer composed of amino acids 
connected by peptide bonds. The term applies to any amino 
acid polymers in Which one or more amino acid residue is an 
arti?cial chemical analogue of a corresponding naturally 
occurring amino acid, as Well as to any naturally occurring 
amino acid polymers. The essential nature of such analogues 
of naturally occurring amino acids is that, When incorporated 
into a protein, that protein is speci?cally reactive to antibodies 
elicited to the same protein but consisting entirely of naturally 
occurring amino acids. It is Well knoWn in the art that proteins 
or polypeptides may undergo modi?cation, including but not 
limited to, di sul?de bond formation, gamma-carboxylation of 
glutamic acidresidues, glycosylation, lipid attachment, phos 
phorylation, oligomeriZation, hydroxylation and ADP-ribo 
sylation. Exemplary modi?cations are described in most 
basic texts, such as, for example, ProteinsiStructure and 
Molecular Properties, 2nd ed., T. E. Creighton, W. H. Free 
man and Company, NeW York (1993). Many detailed revieWs 
are available on this subject, such as, for example, those 
provided by Wold, E, Post-translational Protein Modi?ca 
tions. Perspectives and Prospects, pp. 1-12 in Post-transla 
tional Covalent Modi?cation ofProteins, B. C. Johnson, Ed., 
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Academic Press, NeWYork (1983); Seifter et al., Meth. EnZy 
mol. 182:626-M (1990) and Rattan et al., Protein Synthesis: 
Post-translational Modi?cations andAging, Ann. N.Y. Acad. 
Sci. 663:48-62 (1992). Modi?cations can occur anywhere in 
a polypeptide, including the peptide backbone, the amino 
acid side-chains and the amino or carboxyl termini. In fact, 
blockage of the amino or carboxyl group in a polypeptide, or 
both, by a covalent modi?cation, is common in naturally 
occurring and synthetic polypeptides and such modi?cations 
may be present in polypeptides of the present invention, as 
Well. For instance, the amino terminal residue of polypeptides 
made in E coli or other cells, prior to proteolytic processing, 
almost invariably Will be N-for'mylmethionine. During post 
translational modi?cation of the polypeptide, a methionine 
residue at the NH2 terminus may be deleted. Accordingly, this 
invention contemplates the use of both the methionine-con 
taining and the methionin-less amino terminal variants of the 
protein of the invention. Thus, as used herein, the term “pro 
tein” or “polypeptide” includes any protein or polypeptide 
that is modi?ed by any biological or non-biological process. 
The terms “amino acid” and “amino acids” refer to all natu 
rally occurring amino acids and, unless otherWise limited, 
knoWn analogs of natural amino acids that can function in a 
similar manner as naturally occurring amino acids. This de? 
nition is meant to include norleucine, omithine, homocys 
teine, and homoserine. 
[0078] One or more of the protein or fragment of peptide 
molecules may be produced via chemical synthesis, or more 
preferably, by expressing in a suitable bacterial or eukaryotic 
host. Suitable methods for expression are described by Sam 
brook, et al., (In: Molecular Cloning, A Laboratory Manual, 
2nd Edition, Cold Spring Harbor Press, Cold Spring Harbor, 
N.Y. (1989)), or similar texts. 
[0079] A “protein fragment” is a peptide or polypeptide 
molecule Whose amino acid sequence comprises a subset of 
the amino acid sequence of that protein. A protein or fragment 
thereof that comprises one or more additional peptide regions 
not derived from that protein is a “fusion” protein. Such 
molecules may be derivatiZed to contain carbohydrate or 
other moieties (such as keyhole limpet hemocyanin, etc.). 
Fusion proteins or peptide molecules of the present invention 
are preferably produced via recombinant means. 
[0080] Another class of agents comprise protein or peptide 
molecules encoded by SEQ ID NO: 1 through SEQ ID 
NO:9112 or, fragments or fusions thereof in Which non-es 
sential, or not relevant, amino acid residues have been added, 
replaced, or deleted. Such a homologue can be obtained by 
any of a variety of methods. Most preferably, as indicated 
above, one or more of the disclosed sequences (e. g., SEQ ID 
NO: 1 through SEQ ID NO:9112 or complements thereof) 
Will be used to de?ne a pair of primers that may be used to 
isolate the homologue-encoding nucleic acid molecules from 
any desired species. Such molecules can be expressed to yield 
homologues by recombinant means. 
[0081] (c) Antibodies 
[0082] One aspect of the present invention concerns anti 
bodies, single-chain antigen binding molecules, or other pro 
teins that speci?cally bind to one or more of the protein or 
peptide molecules of the present invention and their homo 
logues, fusions or fragments. Such antibodies may be used to 
quantitatively or qualitatively detect the protein or peptide 
molecules of the present invention. As used herein, an anti 
body or peptide is said to “speci?cally bind” to a protein or 
peptide molecule of the present invention if such binding is 
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not competitively inhibited by the presence of non-related 
molecules. In a preferred embodiment the antibodies of the 
present invention bind to proteins of the present invention. In 
a more preferred embodiment the antibodies of the present 
invention bind to proteins derived from Diabrotica virgi era 
virgi era. 
[0083] Nucleic acid molecules that encode all or part of the 
protein of the present invention can be expressed, via recom 
binant means, to yield protein or peptides that can in turn be 
used to elicit antibodies that are capable of binding the 
expressed protein or peptide. Such antibodies may be used in 
immunoassays for that protein. Such protein-encoding mol 
ecules, or their fragments may be a “fusion” molecule (i.e., a 
part of a larger nucleic acid molecule) such that, upon expres 
sion, a fusion protein is produced. It is understood that any of 
the nucleic acid molecules of the present invention may be 
expressed, via recombinant means, to yield proteins or pep 
tides encoded by these nucleic acidmolecules. The antibodies 
that speci?cally bind proteins and protein fragments of the 
present invention may be polyclonal or monoclonal, and may 
comprise intact immunoglobulins, or antigen binding por 
tions of immunoglobulins (such as (F(ab'), F(ab')2) frag 
ments, or single-chain immunoglobulins producible, for 
example, via recombinant means). It is understood that prac 
titioners are familiar With the standard resource materials 
Which describe speci?c conditions and procedures for the 
construction, manipulation and isolation of antibodies (see, 
for example, HarloW and Lane, In Antibodies: A Laboratory 
Manual, Cold Spring Harbor Press, Cold Spring Harbor, N.Y. 
(1 988)). 
[0084] As discussed beloW, such antibody molecules or 
their fragments may be used for diagnostic purposes. Where 
the antibodies are intended for diagnostic purposes, it may be 
desirable to derivatiZe them, for example With a ligand group 
(such as biotin) or a detectable marker group (such as a 
?uorescent group, a radioisotope or an enZyme). 

[0085] The ability to produce antibodies that bind the pro 
tein or peptide molecules of the present invention permits the 
identi?cation of mimetic compounds of those molecules. A 
“mimetic compound” is a compound that is not that com 
pound, or a fragment of that compound, but Which nonethe 
less exhibits an ability to speci?cally bind to antibodies 
directed against that compound. 
[0086] It is understood that any of the agents of the present 
invention can be substantially puri?ed and/ or be biologically 
active and/ or recombinant. 

[0087] (d) Insect Constructs and Transformed Insect Cells 
[0088] The present invention also relates to an insect 
recombinant expression vectors comprising exogenous 
genetic material. The present invention also relates to an 
insect cell comprising an insect recombinant vector. The 
present invention also relates to methods for obtaining a 
recombinant insect host cell, comprising introducing into an 
insect cell exogenous genetic material. 
[0089] The insect recombinant vector may be any vector 
Which can be conveniently subjected to recombinant DNA 
procedures and can bring about the expression of the nucle 
otide sequence. The choice of a vector Will typically depend 
on the compatibility of the vectorWith the insect host cell into 
Which the vector is to be introduced. The 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 insect host. In addition, the insect vector 
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may be an expression vector. Nucleic acid molecules can be 
suitable inserted into a replication vector for expression in the 
insect cell under a suitable promoter for insect cells. Many 
vectors are available for this purpose, and selection of the 
appropriate vector Will depend mainly on the siZe of the 
nucleic acid molecule 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 func 
tion (ampli?cation of DNA or expression of DNA) and the 
particular host cell With Which it is compatible. The vector 
components for insect cell transformation generally include, 
but not limited to, one or more of the following: a signal 
sequence, and origin of replication, one or more marker 
genes, and an inducible promoter. 

[0090] The insect vector may be an autonomously replicat 
ing vector, i.e., a vector Which exists as an extrachromosomal 
entity, the replication of Which is independent of chromo 
somal replication, e. g., a plasmid, an extrachromosomal ele 
ment, a minichromosome, or an arti?cial chromosome. The 
vector may contain any means for assuring self-replication. 
Alternatively, the vector may be one Which, When introduced 
into the insect cell, is integrated into the genome and repli 
cated together With the chromosome(s) into Which it has been 
integrated. For integration, the vector may rely on the nucle 
otide sequence of the vector for stable integration of the 
vector into the genome by homologous or nonhomologous 
recombination. Alternatively, the vector may contain addi 
tional nucleotide sequences for directing integration by 
homologous recombination into the genome of the insect 
host. The additional nucleotide sequences enable the vector to 
be integrated into the host cell genome at a precise location(s) 
in the chromosome(s). To increase the likelihood of integra 
tion at a precise location, there should be preferably tWo 
nucleotide sequences Which individually contain a suf?cient 
number of nucleic acids, preferably 400 by to 1500 bp, more 
preferably 800 by to 1000 bp, Which are highly homologous 
With the corresponding target sequence to enhance the prob 
ability of homologous recombination. These nucleotide 
sequences may be any sequence that is homologous With a 
target sequence in the genome of the insect host cell, and, 
furthermore, may be non-encoding or encoding sequences. 
[0091] Baculovirus expression vectors (BEVs) have 
become important tools for the expression of foreign genes, 
both for basic research and for the production of proteins With 
direct clinical applications in human and veterinary medicine 
(Doer?er, Curr. Top. Microbiol. Immunol. 131: 51-68 (1968); 
LuckoW and Summers, Bio/Technology 6: 47-55 (1988a); 
Miller, Annual Review of Microbiol. 42: 177-199 (1988); 
Summers, Curr. COMM Molecular Biology, Cold Spring 
Harbor Press, Cold Spring Harbor, NY. (1988); all of Which 
are herein incorporated by reference in their entirety). BEVs 
are recombinant insect viruses in Which the coding sequence 
for a chosen foreign gene has been inserted behind a bacu 
lovirus promoter in place of the viral gene, e.g., polyhedrin 
(Smith and Summers, US. Pat. No., 4,745,051, herein incor 
porated by reference in its entirety). 
[0092] The use of baculovirus vectors relies upon the host 
cells being derived from Lepidopteran insects such as 
Spodoptera frugiperda or Trichoplusia ni. The preferred 
Spodoptera frugiperda cell line is the cell line Sf9. The 
Spodoptera frugiperda Sf9 cell line Was obtained from 
American Type Culture Collection (Manassas, Va.) and is 
assigned accession number ATCC CRL 1711 (Summers and 
Smith, A Manual of Methods for Baculovirus Vectors and 

Jul. 29, 2010 

Insect Cell Culture Procedures, Texas Ag. Exper. Station 
Bulletin No. 15 55 (1988), herein incorporated by reference in 
its entirety). Other insect cell systems, such as the silkworm 
B. mori may also be used. 

[0093] The proteins expressed by the BEVs are, therefore, 
synthesiZed, modi?ed and transported in host cells derived 
from Lepidopteran insects. Most of the genes that have been 
inserted and produced in the baculovirus expression vector 
system have been derived from vertebrate species. Other 
baculovirus genes in addition to the polyhedrin promoter may 
be employed to advantage in a baculovirus expression sys 
tem. These include immediate-early (alpha), delayed-early 
(beta), late (gamma), or very late (delta), according to the 
phase of the viral infection during Which they are expressed. 
The expression of these genes occurs sequentially, probably 
as the result of a “cascade” mechanism of transcriptional 
regulation. (Guarino and Summers, J. Wrol. 57:563-571 
(1986); Guarino and Summers, J. Vli’Ol. 61:2091-2099 
(1987); Guarino and Summers, Vli’Ol. 162:444-451 (1988); all 
of Which are herein incorporated by reference in their 
entirety). 
[0094] Insect recombinant vectors are useful as an interme 
diates for the infection or transformation of insect cell sys 
tems. For example, an insect recombinant vector containing a 
nucleic acid molecule encoding a baculovirus transcriptional 
promoter folloWed doWnstream by an insect signal DNA 
sequence is capable of directing the secretion of the desired 
biologically active protein from the insect cell. The vector 
may utiliZe a baculovirus transcriptional promoter region 
derived from any of the over 500 baculoviruses generally 
infecting insects, such as for example the Orders Lepidoptera, 
Diptera, Orthoptera, Coleoptera and Hymenoptera, including 
for example but not limited to the viral DNAs of Autographa 
caltformica MNPV, Bombyx mori NPV, Trichoplusia ni 
MNPV,Rachiplusia ou MNPVor Galleria mellonella MNPV, 
Wherein said baculovirus transcriptional promoter is a bacu 
lovirus immediate-early gene 1E1 or 1EN promoter; an 
immediate-early gene in combination With a baculovirus 
delayed-early gene promoter region selected from the group 
consisting of 39K and a Hindlll-k fragment delayed-early 
gene; or a baculovirus late gene promoter. The immediate 
early or delayed-early promoters can be enhanced With tran 
scriptional enhancer elements. The insect signal DNA 
sequence may code for a signal peptide of a Lepidopteran 
adipokinetic hormone precursor or a signal peptide of the 
Manduca sexta adipokinetic hormone precursor (Summers, 
US. Pat. No. 5,155,037; herein incorporated by reference in 
its entirety). Other insect signal DNA sequences include a 
signal peptide of the Orthoptera Schistocerca gregaria locust 
adipokinetic hormone precurser and the Drosophila melano 
gaster cuticle genes CP1, CP2, CP3 or CP4 or for an insect 
signal peptide having substantially a similar chemical com 
position and function (Summers, US. Pat. No. 5,155,037). 
[0095] Insect cells are distinctly different from animal 
cells. lnsects have a unique life cycle and have distinct cellu 
lar properties such as the lack of intracellular plasminogen 
activators in insect cells Which are present in vertebrate cells. 
Another difference is the high expression levels of protein 
products ranging from 1 to greater than 500 mg/ liter and the 
ease at Which cDNA can be cloned into cells (Frasier, In VlZI’O 
Cell. Dev. Biol. 251225 (1989); Summers and Smith, In: A 
Manual of Methods for Baculovirus Vectors and Insect Cell 
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Culture Procedures, Texas Ag. Exper. Station Bulletin No. 
1555 (1988), both of Which are incorporated by reference in 
their entirety). 
[0096] Recombinant protein expression in insect cells is 
achieved by viral infection or stable transformation. For viral 
infection, the desired gene is cloned into baculovirus at the 
site of the Wild-type polyhedrin gene (Webb and Summers, 
Technique 2:173 (1990); Bishop and Posse, Adv. Gene Tech 
nol. 1:55 (1990); both of Which are incorporated by reference 
in their entirety). The polyhedrin gene is a component of a 
protein coat in occlusions Which encapsulate virus particles. 
Deletion or insertion in the polyhedrin gene results the failure 
to form occlusion bodies. Occlusion negative viruses are mor 
phologically different from occlusion positive viruses and 
enable one skilled in the art to identify and purify recombi 
nant viruses. 

[0097] The vectors of present invention preferably contain 
one or more selectable markers Which permit easy selection 
of transformed cells. A selectable marker is a gene the product 
of Which provides, for example biocide or viral resistance, 
resistance to heavy metals, prototrophy to auxotrophs, and the 
like. Selection may be accomplished by co-transformation, 
e.g., as described in WO 91/17243, a nucleotide sequence of 
the present invention may be operably linked to a suitable 
promoter sequence. The promoter sequence is a nucleotide 
sequence Which is recogniZed by the insect host cell for 
expression of the nucleotide sequence. The promoter 
sequence contains transcription and translation control 
sequences Which mediate the expression of the protein or 
fragment thereof. The promoter may be any nucleotide 
sequence Which shoWs transcriptional activity in the insect 
host cell of choice and may be obtained from genes encoding 
polypeptides either homologous or heterologous to the host 
cell. 
[0098] For example, a nucleic acid molecule encoding a D. 
v. virgifera protein homologue or fragment thereof may also 
be operably linked to a suitable leader sequence. A leader 
sequence is a nontranslated region of a mRNA Which is 
important for translation by the insect host. The leader 
sequence is operably linked to the 5' terminus of the nucle 
otide sequence encoding the protein or fragment thereof. The 
leader sequence may be native to the nucleotide sequence 
encoding the protein or fragment thereof or may be obtained 
from foreign sources. Any leader sequence Which is func 
tional in the insect host cell of choice may be used in the 
present invention. 
[0099] A polyadenylation sequence may also be operably 
linked to the 3' terminus of the nucleotide sequence of the 
present invention. The polyadenylation sequence is a 
sequence Which When transcribed is recogniZed by the insect 
ho st to add polyadenosine residues to transcribed mRNA. The 
polyadenylation sequence may be native to the nucleotide 
sequence encoding the protein or fragment thereof or may be 
obtained from foreign sources. Any polyadenylation 
sequence Which is functional in the fungal host of choice may 
be used in the present invention. 
[0100] To avoidthe necessity of disrupting the cell to obtain 
the protein or fragment thereof, and to minimiZe the amount 
of possible degradation of the expressed polypeptide Within 
the cell, it is preferred that expression of the polypeptide gene 
gives rise to a product secreted outside the cell. To this end, 
the protein or fragment thereof of the present invention may 
be linked to a signal peptide linked to the amino terminus of 
the protein or fragment thereof. A signal peptide is an amino 
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acid sequence Which permits the secretion of the protein or 
fragment thereof from the insect host into the culture 
medium. The signal peptide may be native to the protein or 
fragment thereof of the invention or may be obtained from 
foreign sources. The 5' end of the coding sequence of the 
nucleotide sequence of the present invention may inherently 
contain a signal peptide coding region naturally linked in 
translation reading frame With the segment of the coding 
region Which encodes the secreted protein or fragment 
thereof. 
[0101] At present, a mode of achieving secretion of a for 
eign gene product in insect cells is by Way of the foreign 
gene’s native signal peptide. Because the foreign genes are 
usually from non-insect organisms, their signal sequences 
may be poorly recogniZed by insect cells, and hence, levels of 
expression may be suboptimal. HoWever, the ef?ciency of 
expression of foreign gene products seems to depend prima 
rily on the characteristics of the foreign protein. On average, 
nuclear localiZed or non-structural proteins are most highly 
expressed, secreted proteins are intermediate, and integral 
membrane proteins are the least expressed. One factor gen 
erally affecting the ef?ciency of the production of foreign 
gene products in a heterologous host system is the presence of 
native signal sequences (also termed presequences, targeting 
signals, or leader sequences) associated With the foreign 
gene. The signal sequence is generally coded by a DNA 
sequence immediately folloWing (5' to 3') the translation start 
site of the desired foreign gene. 
[0102] The expression dependence on the type of signal 
sequence associated With a gene product can be represented 
by the folloWing example: If a foreign gene is inserted at a site 
doWnstream from the translational start site of the baculovirus 
polyhedrin gene so as to produce a fusion protein (containing 
the N-terminus of the polyhedrin structural gene), the fused 
gene is highly expressed. But less expression is achieved 
When a foreign gene is inserted in a baculovirus expression 
vector immediately folloWing the transcriptional start site and 
totally replacing the polyhedrin structural gene. 
[0103] Insertions into the region —50 to —1 signi?cantly 
alter (reduce) steady state transcription Which, in turn, 
reduces translation of the foreign gene product. Use of the 
pVL941 vector optimiZes transcription of foreign genes to the 
level of the polyhedrin gene transcription. Even though the 
transcription of a foreign gene may be optimal, optimal trans 
lation may vary because of several factors involving process 
ing: signal peptide recognition, mRNA and ribosome bind 
ing, glycosylation, disul?de bond formation, sugar 
processing, oligomeriZation, for example. 
[0104] The properties of the insect signal peptide are 
expected to be more optimal for the e?iciency of the transla 
tion process in insect cells than those from vertebrate pro 
teins. This phenomenon can generally be explained by the 
fact that proteins secreted from cells are synthesiZed as pre 
cursor molecules containing hydrophobic N-terminal signal 
peptides. The signal peptides direct transport of the select 
protein to its target membrane and are then cleaved by a 
peptidase on the membrane, such as the endoplasmic reticu 
lum, When the protein passes through it. 
[0105] Another exemplary insect signal sequence is the 
sequence encoding for Drosophila cuticle proteins such as 
CPl, CP2, CP3 or CP4 (Summers, US. Pat. No. 5,278,050; 
herein incorporated by reference in its entirety). Most of the 9 
kb region of the Drosophila genome contains genes for the 
cuticle proteins has been sequenced. Four of the ?ve cuticle 
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genes contain a signal peptide coding sequence interrupted by 
a short intervening sequence (about 60 base pairs) at a con 
served site. Conserved sequences occur in the 5' mRNA 
untranslated region, in the adjacent 35 base pairs of upstream 
?anking sequence and at —200 base pairs from the mRNA 
start position in each of the cuticle genes. 
[0106] Standard methods of insect cell culture, cotransfec 
tion and preparation of plasmids are set forth in Summers and 
Smith (Summers and Smith, A Manual of Methods for Bacu 
lovirus Vectors and Insect Cell Culture Procedures, Texas 
Agricultural Experiment Station Bulletin No. 1555, Texas 
A&M University (1987)). Procedures for the cultivation of 
viruses and cells are described in Volkman and Summers, J. 
Wr0l19: 820-832 (1975);Volkman et al., .I. Vir0l19: 820-832 
(1976); and O'Reilly et al., Eds., Baculovirus Expression 
Vectors: A laboratory Manual, W.H. Freeman & Co., NeW 
York, N.Y. (1994); all of Which are herein incorporated by 
reference in their entirety. 
[0107] (e) Plant Constructs and Plant Transforrnants 
[0108] The present invention also relates to a plant recom 
binant vector or construct comprising a structural nucleotide 
sequence encoding a D. v. virgifera protein or fragment 
thereof. The present invention also relates to a transformed 
plant cell or plant comprising in its genome an exogenous 
nucleic acid molecule encoding one or more D. v. virgifera 
proteins or fragments thereof. The present invention also 
relates to methods for creating a transgenic plant in Which one 
or more D. v. virgifera proteins or fragments thereof are 
overexpressed. 
[0109] By “exogenous” it is meant that a nucleic acid origi 
nates from outside the plant. An exogenous nucleic acid mol 
ecule can have a naturally occurring or non-naturally occur 
ring nucleotide sequence. One skilled in the art understands 
that an exogenous nucleic acid molecule can be a heterolo 
gous nucleic acid derived from a different plant species than 
the plant into Which the nucleic acid is introduced or can be a 
nucleic acid derived from the same plant species as the plant 
into Which it is introduced. 
[0110] The term “overexpression” refers to the expression 
of a polypeptide or protein encoded by an exogenous nucleic 
acid introduced into a host cell, Wherein said polypeptide or 
protein is either not normally present in the host cell, or 
Wherein said polypeptide or protein thereof is present in said 
host cell at a higher level than that normally expressed from 
the endogenous gene encoding said polypeptide or protein. 
By “endogenous gene” refers to a native gene in its natural 
location in the genome of an organism. 
[0111] The term “genome” as it applies to plant cells 
encompasses not only chromosomal DNA found Within the 
nucleus, but organelle DNA found Within subcellular compo 
nents of the cell. DNAs of the present invention introduced 
into plant cells can therefore be either chromosomally inte 
grated or organelle-localiZed. The term “genome” as it 
applies to bacteria encompasses both the chromosome and 
plasmids Within a bacterial host cell. Encoding DNAs of the 
present invention introduced into bacterial host cells can 
therefore be either chromosomally integrated or plasmid 
localiZed. 
[0112] Method Which are Well knoWn to those skilled in the 
art may be used to construct the plant recombinant construct 
or vector of the present invention. These method include in 
vitro recombinant DNA techniques, synthetic techniques, 
and in vivo genetic recombination. Such techniques are 
described in Sambrook et al., Molecular Cloning, A Labora 
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tory Manual, Cold Spring Harbor Press, PlainvieW, N.Y. 
(1989); and Ausubel et al., Current Protocols in Molecular 
Biology, Jhon Wiley & Sons, NeW York, N.Y. (1989). 
[0113] A plant recombinant construct or vector of the 
present invention contains a structural nucleotide sequence 
encoding one or more D. v. virgifera proteins or fragments 
thereof and operably linked regulatory sequences or control 
elements. 
[0114] The term “operably linked”, as used in reference to 
a regulatory sequence and a structural nucleotide sequence, 
means that the regulatory sequence causes regulated expres 
sion of the operably linked structural nucleotide sequence. 
“Expression” refers to the transcription and stable accumula 
tion of sense or antisense RNA derived from the nucleic acid 
of the present invention. Expression may also refer to trans 
lation of mRNA into a polypeptide or protein. “Sense” RNA 
refers to RNA transcript that includes the mRNA and so can 
be translated into protein by the cell. “Antisense RN ” refers 
to a RNA transcript that is complementary to all or part of a 
target primary transcript or mRNA and that blocks the expres 
sion of a target gene (US. Pat. No. 5,107,065, incorporated 
herein by reference). The complementarity of an antisense 
RNA may be With any part of the speci?c gene transcript, i.e., 
at the 5' non-coding sequence, 3' non-translated sequence, 
introns, or the coding sequence. “RNA transcript” refers to 
the product resulting from RNA polymerase-catalyzed tran 
scription of a DNA sequence. When the RNA transcript is a 
perfect complementary copy of the DNA sequence, it is 
referred to as the primary transcript or it may be a RNA 
sequence derived from post-transcriptional processing of the 
primary transcript and is referred to as the mature RNA. 
[0115] “Regulatory sequences” or “control elements” refer 
to nucleotide sequences located upstream (5' noncoding 
sequences), Within, or doWnstream (3' non-translated 
sequences) of a structural nucleotide sequence, and Which 
in?uence the transcription, RNA processing or stability, or 
translation of the associated structural nucleotide sequence. 
Regulatory sequences may include promoters, translation 
leader sequences, introns, and polyadenylation recognition 
sequences. 
[0116] The promoter sequence may consist of proximal and 
more distal upstream elements, the latter elements often 
referred to as enhancers. Accordingly, an “enhancer” is a 
DNA sequence Which can stimulate promoter activity and 
may be an innate element of the promoter or a heterologous 
element inserted to enhance the level or tissue-speci?city of a 
promoter. Promoters may be derived in their entirety from a 
native gene, or be composed of different elements derived 
from different promoters found in nature, or even comprise 
synthetic DNA segments. It is understood by those skilled in 
the art that different promoters may direct the expression of a 
gene in different tissues or cell types, or at different stages of 
development, or in response to different environmental con 
ditions. 
[0117] Promoters Which are knoWn or are found to cause 
transcription of DNA in plant cells can be used in the present 
invention. Such promoters may be obtained from a variety of 
sources such as plants and plant viruses. A number of pro 
moters, including constitutive promoters, inducible promot 
ers and tissue-speci?c promoters, that are active in plant cells 
have been described in the literature. It is preferred that the 
particular promoter selected should be capable of causing 
suf?cient expression to result in the production of an effective 
amount of a protein to cause the desired phenotype. In addi 
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tion to promoters that are known to cause transcription of 
DNA in plant cells, other promoters may be identi?ed for use 
in the current invention by screening a plant cDNA library for 
genes that are selectively or preferably expressed in the target 
tissues and then determine the promoter regions. 
[0118] The term “constitutive promoter” means a regula 
tory sequence Which causes expression of a structural nucle 
otide sequence in most cells or tissues at most times. Consti 
tutive promoters are active under most environmental 
conditions and states of development or cell differentiation. A 
variety of constitutive promoters are Well knoWn in the art. 
Examples of constitutive promoters that are active in plant 
cells include but are not limited to the nopaline synthase 
(NOS) promoters; the cauli?ower mosaic virus (CaMV) 19S 
and 35S; the tobacco mosaic virus promoter; the ?gWort 
mosaic virus promoters; and actin promoters, such as the 
Arabidapsis actin gene promoter (see, e. g., Huang, Plant Mol. 
Biol. 331125-139 (1997)). 
[0119] The term “inducible promoter” refers to a regulatory 
sequence Which causes conditional expression of a structural 
nucleotide sequence under the in?uence of changing environ 
mental conditions or developmental conditions. Examples of 
inducible promoters include but are not limited to the light 
inducible promoter from the small subunit of ribulose-1,5 
bis-phosphate carboxylase (ssRUBlSCO); the drought-in 
ducible promoter of maiZe (Busk, Plant J. 1111285-1295 
(1997)); the cold, drought, and high salt inducible promoter 
from potato (Kirch, Plant Mol. Biol. 331897-909 (1997)); a 
nitrate-inducible promoter derived from the spinach nitrite 
reductase gene (Back et al., Plant Mol. Biol. 17:9 (1991)); 
salicylic acid inducible promoter (Uknes et al., Plant Cell 
51159-169 (1993); Bi et al., Plant J. 81235-245 (1995)); the 
auxin-response elements E1 promoter fragment (AuxREs) in 
the soybean (Glycine max L.) (Liu, Plant Physiol. 1151397 
407 (1997)); the auxin-responsive Arabidapsis GST6 pro 
moter (also responsive to salicylic acid and hydrogen perox 
ide) (Chen, Plant J. 101 955-966 (1996)); the auxin-inducible 
parC promoter from tobacco (Sakai, 371906-913 (1996)); a 
plant biotin response element (Streit, Mol. Plant. Microbe 
Interact. 101933-937 (1997)); the promoter responsive to the 
stress hormone abscisic acid (Sheen, Science 27411900-1902 
(1996)); the maiZe 1n2-2 promoter activated by benZene 
sulfonamide herbicide safeners (De Vey lder, Plant Cell 
Physiol. 381568-577 (1997)); a tetracycline-inducible pro 
moter, such as the promoter for the Avena saliva L. (oat) 
arginine decarboxylase gene (Masgrau, Plant J. 111465-473 
(1997)); and a salicylic acid-responsive element (Stange, 
Plant J. 1111315-1324 (1997)). 
[0120] The term “tissue-speci?c promoter” means a regu 
latory sequence that causes transcriptions or enhanced tran 
scriptions of DNA in speci?c cells or tissues at speci?c times 
during plant development, such as in vegetative tissues or 
reproductive tissues. Examples of tissue-speci?c promoters 
under developmental control include promoters that initiate 
transcription only (or primarily only) in certain tissues, such 
as vegetative tissues, e.g., roots, leaves or stems, or reproduc 
tive tissues, such as fruit, ovules, seeds, pollen, pistols, ?oW 
ers, or any embryonic tissue. Reproductive tissue speci?c 
promoters may be, e.g., ovule-speci?c, embryo-speci?c, 
endosperm-speci?c, integument-speci?c, seed coat-speci?c, 
pollen-speci?c, petal-speci?c, sepal-speci?c, or some com 
bination thereof. One of skill Will recogniZe that a tissue 
speci?c promoter may drive expression of operably linked 
sequences in tissues other than the target tissue. Thus, as used 
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herein a tissue-speci?c promoter is one that drives expression 
preferentially in the target tissue, but may also lead to some 
expression in other tissues as Well. 

[0121] A variety of promoters speci?cally active in vegeta 
tive tissues, such as leaves, stems, roots and tubers, can also 
be used to express the nucleic acids of the invention. 
Examples of tuber-speci?c promoters include but are not 
limited to the class I and H patatin promoters (Bevan et al., 
EMBOJ. 81 1899-1906 (1986); Koster-Topfer et al., Mal Gen 
Genet. 2191 390-396 (1989); Mignery et al., Gene. 621 27-44 
(1988); Jefferson et al., Plant Mal. Biol. 141 995-1006 
(1990)), the promoter for the potato tuber ADPGPP genes, 
both the large and small subunits; the sucrose synthase pro 
moter (Salanoubat and Belliard, Gene. 601 47-56 (1987), 
Salanoubat and Belliard, Gene. 841 181-185 (1989)); and the 
promoter for the major tuber proteins including the 22 kd 
protein complexes and proteinase inhibitors (Hannapel, Plant 
Physial. 1011 703-704 (1993)). Examples ofleaf-speci?c pro 
moters include but are not limited to the ribulose bipho sphate 
carboxylase (RBCS or RuBlSCO) promoters (see, e.g., Mat 
suoka, Plant J. 61311-319 (1994)); the light harvesting chlo 
rophyll a/b binding protein gene promoter (see, e.g., Shiina, 
Plant Physiol. 115-477-483 (1997); Casal, Plant Physiol. 
11611533-1538 (1998)); and the Arabidapsis Zhaliana myb 
related gene promoter (Atmyb5) (Li, FEBS Lett. 3791117 
121 (1996)). Examples of root-speci?c promoter include but 
are not limited to the promoter for the acid chitinase gene 
(Samac et al., Plant Mal. Bial. 251 587-596 (1994)); the root 
speci?c subdomains of the CaMV35S promoter that have 
been identi?ed (Lam et al., Prac. Natl. Acad. Sci. (USA) 
8617890-7894 (1989)); the ORF13 promoter from Agrabac 
Zerium rhizagenes Which exhibits high activity in roots 
(Hansen, Mol. Gen. Genet. 2541337-343 (1997)); the pro 
moter for the tobacco root-speci?c gene TobRB7 (Yama 
moto, Plant Cell 31371-382 (1991)); and the root cell speci?c 
promoters reported by Conkling et al. (Conkling et al., Plant 
Physial. 931 1203-1211 (1990)). 
[0122] Another class of useful vegetative tissue-speci?c 
promoters are meristermatic (root tip and shoot apex) pro 
moters. For example, the “SHOOTMERISTEMLESS” and 
“SCARECROW” promoters, Which are active in the devel 
oping shoot or root apical meristems (Di LaurenZio, Cell 
861423-433 (1996); Long, Nature 379166-69 (1996)), can be 
used. Another example of a useful promoter is that Which 
controls the expression of 3-hydroxy-3 -methylglutaryl coen 
ZymeAreductase HMG2 gene, Whose expression is restricted 
to meristematic and ?oral (secretory Zone of the stigma, 
mature pollen grains, gynoecium vascular tissue, and fertil 
iZed ovules) tissues (see, e.g., Enjuto, Plant Cell. 71517-527 
(1995)). Also another example of a useful promoter is that 
Which controls the expression of knl-related genes from 
maiZe and other species Which shoW meristern-speci?c 
expression (see, e.g., Granger, Plant Mol. Biol. 311373-378 
(1996); Kerstetter, Plant Cell 611877-1887 (1994); Hake, Phi 
los. Trans. R. Soc. Lond. B. Biol. Sci. 350145-51 (1995). 
Another example of a meristematic promoter is the Arabi 
dapsis Zhaliana KNATl promoter. In the shoot apex, KNATl 
transcript is localiZed primarily to the shoot apical meristem; 
the expression of KNATI in the shoot meristem decreases 
during the ?oral transition and is restricted to the cortex of the 
in?orescence stem (see, e.g., Lincoln, Plant Cell 611859-1876 
(1 994)). 
[0123] Suitable seed-speci?c promoters can be derived 
from the folloWing genes: MAC1 from maiZe (Sheridan, 
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Genetics 142: 1009-1020 (1996); Cat3 from maize (GenBank 
No. L05934, Abler, Plant M01. Biol. 22:10131-1038 (1993); 
vivparous-1 from Arabidopsis (Genbank No. U93215); Ati 
myc1 from Arabidopsis (Urao, Plant Mol. Biol. 32:571-57 
(1996); Conceicao, Plant 5:493-505 (1994); napA from Bras 
sica napus (GenBank No. 102798); the napin gene family 
from Brassica napus (Sjodahl, Planta 197:264-271 (1995)). 
[0124] The ovule-speci?c BEL1 gene described in Reiser 
(1995) Cell 83:735-742, GenBank No. U39944, can also be 
used. See also Ray (1994) Proc. Natl. Acad. Sci. USA 
91:5761-5765. The egg and central cell speci?c FlEEl pro 
moter is also a useful reproductive tissue-speci?c promoter. 
[0125] A maize pollen-speci?c promoter has been identi 
?ed in maiZe (Guerrero (1990) Mol. Gen. Genet. 224:161 
168). Other genes speci?cally expressed in pollen are 
described, e.g., by Wakeley (1998) Plant Mol. Biol. 37:187 
192; Ficker 0998) Mol. Gen. Genet. 257: 132-142; Kulikaus 
kas (1997) Plant Mol. Biol. 34:809-814; Treacy (1997) Plant 
Mol. Biol. 34:603-611. 
[0126] Promoters derived from genes encoding embryonic 
storage proteins, Which includes the gene encoding the 2S 
storage protein from Brassica napus (Dasgupta, Gene 133: 
301-302 (1993); the 2s seed storage protein gene family from 
Arabidopsis; the gene encoding oleosin 20 kD from Brassica 
napus (GenBank No. M63985); the genes encoding oleosinA 
(Genbank No. U09118) and oleosin B (Genbank No. 
U09119) from soybean; the gene encoding oleosin fromAra 
bidopsis (Genbank No. Z17657); the gene encoding oleosin 
18kD from maiZe (GenBank No. J05212, Lee, Plant Mol. 
Biol. 26:1981-1987 (1994)); and the gene encoding loW 
molecular Weight sulphur rich protein from soybean (Choi, 
Mol Gen, Genet. 246:266-268 (1995)), can also be used. 
[0127] Promoters derived from genes encoding for Zein 
genes (including the 15 kD, 16 kD, 19 kD, 22 kD, 27 kD, and 
gamma genes) (Pedersen et al., Cell 29: 1015-1026 (1982)) 
can be also used. The Zeins are a group of storage proteins 
found in maiZe endosperrn. 
[0128] Other promoters knoWn to function, for example, in 
maiZe, include the promoters for the folloWing genes: Waxy, 
Brittle, Shrunken 2, Branching enzymes 1 and H, starch syn 
thases, debranching enZymes, oleosins, glutelins, and sucrose 
synthases. A particularly preferred promoter for maiZe 
endosperrn expression is the promoter for the glutelin gene 
from rice, more particularly the Osgt-1 promoter (Zheng et 
al., Mol. Cell. Biol. 13: 5829-5842 (1993), herein incorpo 
rated by reference in its entirety). Examples of promoters 
suitable for expression in Wheat include those promoters for 
the ADPglucose pyrophosphorylase (ADPGPP) subunits, the 
granule bound and other starch synthases, the branching and 
debranching enZymes, the embryogenesis-abundant proteins, 
the gliadins, and the glutenins. Examples of such promoters 
in rice include those promoters for the ADPGPP subunits, the 
granule hound and other starch synthases, the branching 
enZymes, the debranching enZymes, sucrose synthases, and 
the glutelins. A particularly preferred promoter is the pro 
moter for rice glutelin, Osgt-1. Examples of such promoters 
for barley include those for the ADPGPP subunits, the gran 
ule bound and other starch synthases, the branching enZymes, 
the debranching enZymes, sucrose synthases, the hordeins, 
the embryo globulins, and the aleurone speci?c proteins. 
[0129] A tomato promoter active during fruit ripening, 
senescence and abscission of leaves and, to a lesser extent, of 
?oWers can be used (Blume, Plant J. 12:731-746 (1997)). 
Other exemplary promoters include the pistol speci?c pro 
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moter in the potato (Solarium tuberosum L.) SK2 gene, 
encoding a pistil-speci?c basic endochitinase (Ficker, Plant 
Mol. Biol. 35:425-431 (1997)); the Blec4 gene from pea 
(Pisum sativum cv. Alaska), active in epidermal tissue of 
vegetative and ?oral shoot apices of transgenic alfalfa. This 
makes it a useful tool to target the expression of foreign genes 
to the epidermal layer of actively groWing shoots. The tissue 
speci?c E8 promoter from tomato is also useful for directing 
gene expression in fruits. 
[0130] It is recogniZed that additional promoters that may 
be utiliZed are described, for example, in US. Pat. Nos. 
5,378,619, 5,391,725, 5,428,147, 5,447,858, 5,608,144, 
5,608,144, 5,614,399, 5,633,441, 5,633,435, and 4,633,436, 
all of Which are herein incorporated in their entirety. In addi 
tion, a tissue speci?c enhancer may be used (From et al., 
The Plant Cell 1:977-984 (1989), herein incorporated by 
reference in its entirety). It is further recogniZed that since in 
most cases the exact boundaries of regulatory sequences have 
not been completely de?ned, DNA fragments of different 
lengths may have identical promoter activity. 
[0131] The “translation leader sequence” refers to a DNA 
sequence located betWeen the promoter sequence of a gene 
and the coding sequence. The translation leader sequence is 
present in the fully processed mRNA upstream of the trans 
lation start sequence. The translation leader sequence may 
affect processing of the primary transcript to mRNA, mRNA 
stability or translation e?iciency. Examples of translation 
leader sequences have been described (Turner, R. and Foster, 
G. D. (1995) Molecular Biotechnology 3:225). 
[0132] The “3' non-translated sequences” refer to DNA 
sequences located doWnstream of a structural nucleotide 
sequence and include sequences encoding polyadenylation 
and other regulatory signals capable of affecting mRNA pro 
cessing or gene expression. The polyadenylation signal func 
tions in plants to cause the addition of polyadenylate nucle 
otides to the 3' end of the mRNA-precursor. The 
polyadenylation sequence can be derived from the natural 
gene, from a variety of plant genes, or from T-DNA. An 
example of the polyadenylation sequence is the nopaline syn 
thase 3' sequence (NOS 3'; Fraley et al., Proc. Natl. Acad. Sci. 
USA 80: 4803-4807 (1983)). The use of different 3' non 
translated sequences is exempli?ed by lngelbrecht et al., 
Plant Cell 1:671-680 (1989). 
[0133] Generally, optimal expression in monocotyledon 
ous and some dicotyledonous plants is obtained When an 
intron sequence is inserted betWeen the promoter sequence 
and the structural gene sequence or, optionally, may be 
inserted in the structural coding sequence to provide an inter 
rupted coding sequence. An example of such an intron 
sequence is the HSP 70 intron described in WO 93/ 19189. 

[0134] A recombinant vector or construct of the present 
invention Will typically comprise a selectable marker Which 
confers a selectable phenotype on plant cells. Selectable 
markers may also be used to select forplants or plant cells that 
contain the exogenous nucleic acids encoding polypeptides 
or proteins of the present invention. The marker may encode 
biocide resistance, antibiotic resistance (e.g., kanamycin, 
G418 bleomycin, hygromycin, etc.), or herbicide resistance 
(e.g., glyphosate, etc.). Examples of selectable markers 
include, but are not limited to, a neo gene (Potrykus et al., 
Mol. Gen. Genet. 199: 183-1 88 (1 985)) Which codes for kana 
mycin resistance and can be selected for using kanamycin, 
G418, etc.; a bar gene Which codes for bialaphos resistance; a 
mutant EPSP synthase gene (Hinchee et al., Bio/Technology 
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6:915-922 (1988)) Which encodes glyphosate resistance; a 
nitrilase gene Which confers resistance to bromoxynil 
(Stalker et al., .1. Biol. Chem. 263:6310-6314 (1988)); a 
mutant acetolactate synthase gene (ALS) Which confers imi 
dazolinone or sulphonylurea resistance (European Patent 
Application 154,204 (Sep. 11, 1985)); and a methotrexate 
resistant DHFR gene (Thillet et al., J. Biol. Chem. 263: 12500 
12508 (1988)). 
[0135] A recombinant vector or construct of the present 
invention may also include a screenable marker. Screenable 
markers may be used to monitor expression. Exemplary 
screenable markers include a [3-glucuronidase or uidA gene 
(GUS) Which encodes an enzyme for Which various chro 
mogenic substrates are knoWn (Jefferson, Plant Mol. Biol, 
Rep. 5:387-405 (1987); Jefferson et al., EMBO .1. 6:3901 
3907 (1987)); an R-locus gene, Which encodes a product that 
regulates the production of anthocyanin pigments (red color) 
in plant tissues (Dellaporta et al., Stadler Symposium 11:263 
282 (1988)); a [3-lactamase gene (Sutcliffe et al., Proc. Natl. 
Acad. Sci. (USA) 75:3737-3741 (1978)), a gene Which 
encodes an enzyme for Which various chromogenic sub 
strates are knoWn (e.g., PADAC, a chromogenic cepha 
losporin); a luciferase gene (OW et al., Science 234:856-859 
(1986)) a xylE gene (ZukoWsky et al., Proc. Natl. ACM Sci. 
(USA) 80: 1 101-1 105 (1983)) Which encodes a catechol 
dioxygenase that can convert chromogenic catechols; an 
ot-amylase gene (Ikatu et al., Bio/Technol. 8:241 -242 (1990)); 
a tyrosinase gene (Katz et al., .1. Gen. Microbiol. 129:2703 
2714 (1983)) Which encodes an enzyme capable of oxidizing 
tyrosine to DOPA and dopaquinone Which in turn condenses 
to melanin; an ot-galactosidase, Which Will turn a chromoge 
nic ot-galactose substrate. 
[0136] Included Within the terms “selectable or screenable 
marker genes” are also genes Which encode a secretable 
marker Whose secretion can be detected as a means of iden 
tifying or selecting for transformed cells. Examples include 
markers Which encode a secretable antigen that can be iden 
ti?ed by antibody interaction, or even secretable enzymes 
Which can be detected catalytically. Secretable proteins fall 
into a number of classes, including small, diffusible proteins 
detectable, e.g., by ELISA, small active enzymes detectable 
in extracellular solution (e.g., ot-amylase, [3-lactamase, phos 
phinothricin transferase), or proteins Which are inserted or 
trapped in the cell Wall (such as proteins Which include a 
leader sequence such as that found in the expression unit of 
extension or tobacco PR-S). Other possible selectable and/or 
screenable marker genes Will be apparent to those of skill in 
the art. 

[0137] In addition to a selectable marker, it may be desirous 
to use a reporter gene. In some instances a reporter gene may 
be used With or Without a selectable marker. Reporter genes 
are genes Which are typically not present in the recipient 
organism or tissue and typically encode for proteins resulting 
in some phenotypic change or enzymatic property. Examples 
of such genes are provided in K. Wising et al. Ann. Rev. 
Genetics, 22, 421 (1988), Which is incorporated herein by 
reference. Preferred reporter genes include the beta-glucu 
ronidase (GUS) of the uidA locus of E. coli, the chloram 
phenicol acetyl transferase gene from Tn9 of E. coli, the green 
?uorescent protein from the bioluminescent jelly?sh Aequo 
rea victoria, and the luciferase genes from ?re?y Pholinus 
pyralis. An assay for detecting reporter gene expression may 
then be performed at a suitable time after said gene has been 
introduced into recipient cells. A preferred such assay entails 
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the use of the gene encoding beta-glucuronidase (GUS) of the 
uidA locus of E. coli as described by Jefferson et al., (1987 
Biochem. Soc. Trans. 15, 17-19) to identify transformed cells. 
[0138] In preparing the DNA constructs of the present 
invention, the various components of the construct or frag 
ments thereof Will normally be inserted into a convenient 
cloning vector, e.g., a plasmid that is capable of replication in 
a bacterial host, e.g., E. coli. Numerous vectors exist that have 
been described in the literature, many of Which are commer 
cially available. After each cloning, the cloning vector With 
the desired insert may be isolated and subjected to further 
manipulation, such as restriction digestion, insertion of neW 
fragments or nucleotides, ligation, deletion, mutation, resec 
tion, etc. so as to tailor the components of the desired 
sequence. Once the construct has been completed, it may then 
be transferred to an appropriate vector for further manipula 
tion in accordance With the manner of transformation of the 
host cell. 

[0139] A recombinant vector or construct of the present 
invention may also include a chloroplast transit peptide, in 
order to target the polypeptide or protein of the present inven 
tion to the plastid. The term “plastid” refers to the class of 
plant cell organelles that includes amyloplasts, chloroplasts, 
chromoplasts, elaioplasts, eoplasts, etioplasts, leucoplasts, 
and proplastids. These organelles are self-replicating, and 
contain What is commonly referred to as the “chloroplast 
genome,” a circular DNA molecule that ranges in size from 
about 120 to about 217 kb, depending upon the plant species, 
and Which usually contains an inverted repeat region. Many 
plastid-localized proteins are expressed from nuclear genes 
as precursors and are targeted to the plastid by a chloroplast 
transit peptide (CTP), Which is removed during the import 
steps. Examples of such chloroplast proteins include the 
small subunit of ribulose-1,5-biphosphate carboxylase (ss 
RUBISCO, SSU), 5-enolpyruvateshikimate-3-phosphate 
synthase (EPSPS), ferredoxin, ferredoxin oxidoreductase, 
the light-harvesting-complex protein I and protein II, and 
thioredoxin F. It has been demonstrated that non-plastid pro 
teins may be targeted to the chloroplast by use of protein 
fusions With a CTP and that a CTP sequence is su?icient to 
target a protein to the plastid. Those skilled in the art Will also 
recognize that various other chimeric constructs can be made 
that utilize the functionality of a particular plastid transit 
peptide to import the enzyme into the plant cell plastid 
depending on the promoter tissue speci?city. 
[0140] The present invention also provide a transgenic 
plant comprising in its genome an isolated nucleic acid Which 
comprises: (A) a 5' non-coding sequence Which functions in 
the cell to cause the production of a mRNA molecule; Which 
is linked to (B) a structural nucleotide sequence, Wherein the 
structural nucleotide sequence encodes a D. v. virgifera pro 
teins or fragments thereof; Which is linked to (C) a 3' non 
translated sequence that functions in said cell to cause termi 
nation of transcription. 
[0141] The term “transgenic plant” refers to a plant that 
contains an exogenous nucleic acid, Which can be derived 
from the same plant species or from a different plant species. 
Transgenic plants are also meant to comprise progeny (decen 
dant, offspring, etc.) of any generation of such a transgenic 
plant. A seed of any generation of all such transgenic plants 
Wherein said seed comprises a DNA sequence encoding the 
protein or fragment thereof of the present invention is also an 
important aspect of the invention. 
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[0142] The DNA constructs of the present invention may be 
introduced into the genome of a desiredplant host by a variety 
of conventional transformation techniques, Which are Well 
knoWn to those skilled in the art. Preferred methods of trans 
formation of plant cells or tissues are the Agrobaclerium 
mediated transformation method and the biolistics or par 
ticle-gun mediated transformation method. Suitable plant 
transformation vectors for the purpose of Agrobaclerium 
mediated transformation include those derived from a Ti plas 
mid of Agrobaclerium Zumefaciens, as Well as those dis 
closed, e.g., by Herrera-Estrella et al., Nature 303:209 
(1983); Bevan, Nucleic Acids Res. 12: 8711-8721 (1984); 
Klee et al., Bio-Technology 3(7): 637-642 (1985); and EPO 
publication 120,516. In addition to plant transformation vec 
tors derived from the Ti or root-inducing (Ri) plasmids of 
A grobaclerium, alternative methods can be used to insert the 
DNA constructs of this invention into plant cells. Such meth 
ods may involve, but are not limited to, for example, the use of 
liposomes, electroporation, chemicals that increase free DNA 
uptake, free DNA delivery via microproj ectile bombardment, 
and transformation using viruses or pollen. 
[0143] A plasmid expression vector suitable for the intro 
duction of a nucleic acid encoding a polypeptide or protein of 
the present invention in monocots using electroporation or 
particle-gun mediated transformation is composed of the fol 
loWing: a promoter that is constitutive or tissue-speci?c; an 
intron that provides a splice site to facilitate expression of the 
gene, such as the Hsp70 intron (PCT Publication WO93/ 
19189); and a 3' polyadenylation sequence such as the nopa 
line synthase 3' sequence (NOS 3'; Fraley et al., Proc. Natl. 
Acad. Sci. USA 80: 4803-4807 (1983)). This expression cas 
sette may be assembled on high copy replicons suitable for 
the production of large quantities of DNA. 
[0144] An example of a useful Ti plasmid cassette vector 
for plant transformation is pMON17227. This vector is 
described in PCT Publication WO 92/04449 and contains a 
gene encoding an enzyme conferring glyphosate resistance 
(denominated CP4), Which is an excellent selection marker 
gene for many plants. The gene is fused to the Arabidopsis 
EPSPS chloroplast transit peptide (CTP2) and expressed 
from the FMV promoter as described therein. 

[0145] When adequate numbers of cells (or protoplasts) 
containing the exogenous nucleic acid encoding a polypep 
tide or protein of the present invention are obtained, the cells 
(or protoplasts) are regenerated into Whole plants. Choice of 
methodology for the regeneration step is not critical, With 
suitable protocols being available for hosts from Legumino 
sae (alfalfa, soybean, clover, etc.), Umbelliferae (carrot, cel 
ery, parsnip), Cruciferae (cabbage, radish, canola/rapeseed, 
etc.), Cucurbitaceae (melons and cucumber), Gramineae 
(Wheat, barley, rice, maize, etc.), Solanaceae (potato, 
tobacco, tomato, peppers), various ?oral crops, such as sun 
?oWer, and nut-bearing trees, such as almonds, casheWs, Wal 
nuts, and pecans. See, for example, Ammirato et al., Hand 
book of Plant Cell Culture4Crop Species. Macmillan Publ. 
Co. (1984); Shimamoto et al., Nature 338:274-276 (1989); 
Fromm, UCLA Symposium on Molecular Strategies for Crop 
Improvement, Apr. 16-22, 1990. Keystone, Colo. (1990); 
Vasil et al., Bio/Technology 8:429-434 (1990); Vasil et al., 
Bio/Technology 10:667-674 (1992); Hayashimoto, Plant 
Physiol. 93:857-863 (1990); and Datta et al., Bio-technology 
8:736-740 (1990). Regeneration can also be obtained from 
plant callus, explants, organs, or parts thereof. Such regen 

Jul. 29, 2010 

eration techniques are described generally in Klee et al., Ann. 
Rev. Plant Phys. 38:467-486 (1987). 
[0146] A transgenic plant formed using Agrobaclerium 
transformation methods typically contains a single exog 
enous gene on one chromosome. Such transgenic plants can 
be referred to as being heterozygous for the added exogenous 
gene. More preferred is a transgenic plant that is homozygous 
for the added exogenous gene; i.e., a transgenic plant that 
contains tWo added exogenous genes, one gene at the same 
locus on each chromosome of a chromosome pair. A homozy 
gous transgenic plant can be obtained by sexually mating 
(sel?ng) an independent segregant transgenic plant that con 
tains a single exogenous gene, germinating some of the seed 
produced and analyzing the resulting plants produced for the 
exogenous gene of interest. 
[0147] The development or regeneration of transgenic 
plants containing the exogenous nucleic acid that encodes a 
polypeptide or protein of interest is Well knoWn in the art. 
Preferably, the regenerated plants are self-pollinated to pro 
vide homozygous transgenic plants, as discussed above. Oth 
erWise, pollen obtained from the regenerated plants is crossed 
to seed-groWn plants of agronomically important lines. Con 
versely, pollen from plants of these important lines is used to 
pollinate regenerated plants. A transgenic plant of the present 
invention containing a desired polypeptide or protein of the 
present invention is cultivated using methods Well knoWn to 
one skilled in the art. 

[0148] Transgenic plants, that can be generated by practice 
of the present invention, include but are not limited to Acacia, 
alfalfa, aneth, apple, apricot, artichoke, arugula, asparagus, 
avocado, banana, barley, beans, beet, blackberry, blueberry, 
broccoli, brussels sprouts, cabbage, canola, cantaloupe, car 
rot, cassaya, cauli?ower, celery, cherry, cilantro, citrus, clem 
entines, coffee, corn, cotton, cucumber, Douglas ?r, eggplant, 
endive, escarole, eucalyptus, fennel, ?gs, gourd, grape, 
grapefruit, honey deW, jicama, kiWifruit, lettuce, leeks, 
lemon, lime, Loblolly pine, mango, melon, mushroom, nut, 
oat, okra, onion, orange, an ornamental plant, papaya, pars 
ley, pea, peach, peanut, pear, pepper, persimmon, pine, pine 
apple, plantain, plum, pomegranate, poplar, potato, pumpkin, 
quince, radiata pine, radicchio, radish, raspberry, rice, rye, 
sorghum, Southern pine, soybean, spinach, squash, straW 
berry, sugarbeet, sugarcane, sun?ower, sWeet potato, sWeet 
gum, tangerine, tea, tobacco, tomato, turf, a vine, Water 
melon, Wheat, yarns, and zucchini. 
[0149] The present invention also provides parts of the 
transgenic plants of present invention. Plant parts, Without 
limitation, include seed, endosperrn, ovule and pollen. In a 
particularly preferred embodiment of the present invention, 
the plant part is a seed. 
[0150] The present invention also further provides method 
for generating a transgenic plant comprising the steps of: a) 
introducing into the genome of the plant an exogenous 
nucleic acid, Wherein the exogenous nucleic acid comprises 
in the 5' to 3' direction i) a promoter that functions in the cells 
of said plant, said promoter operably linked to; ii) a structural 
nucleic acid sequence encoding a D. v. virgifera protein or 
fragment thereof, said structural nucleic acid sequence oper 
ably linked to; iii) a 3' non-translated nucleic acid sequence 
that functions in said cells of said plant to cause transcrip 
tional termination; b) obtaining transformed plant cells con 
taining the nucleic acid sequence of step (a); and c) regener 
ating from said transformed plant cells a transformed plant in 
Which said polypeptide or protein is overexpressed. 
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[0151] 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. 
[0152] 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)). 
[0153] 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 Us. 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 Us. 
Pat. No. 5,194,585, all of Which are herein incorporated in 
their entirety. 
[0154] 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. 
[0155] (f) Microbial Constructs and Transformed Micro 
bial Cells 
[0156] 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 
?lamentous 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, 
Vlbl’lO, Desulfovibrio, Spirillum; Lactobacillaceae; 
Pseudomonadaceae, such as Pseudomonas andAcetobacter; 
Azotobacteraceae, Actinomycetales, and Nitrohacteraceae. 
Among eukaryotes are fungi, such as Phycomycetes and 
Ascotnycetes, Which includes yeast, such as Saccharomyces 
and Sch izosaccharomyces; and Basidiomycetes yeast, such as 
Rhodotorula, Aureobasidium, Sporobolomyces, and the like. 
[0157] For the 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-l, 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?uorescens, Serratia marcescens, Acetobacter 
xylinum, A grobacterium 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. di?uens, C. 
laurentii, Saccharomyces rosei, S. pretoriensis, S. cerevisiae, 
Sporobolomyces roseus, S. odorus, Kluyveromyces veronae, 
and Aureobasidium pollulans. 
[0158] It is Well knoWn that exogenous nucleic acids encod 
ing polypeptides of interest canbe 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. 
[0159] 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 (ampli?cation 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. 
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[0160] In general, plasmid vectors containing replicon and 
control sequences that are derived from species compatible 
With the host cell are used in connection With bacterial hosts. 
The vector ordinarily carries a replication site, as Well as 
marking sequences that are capable of providing phenotypic 
selection in transformed cells. For example, E. coli is typi 
cally transformed using pBR322, a plasmid derived from an 
E. coli species (see, e.g., Bolivar et al., Gene 2:95 (1977)). 
pBR322 contains genes for ampicillin and tetracycline resis 
tance and thus provides easy means for identifying trans 
formed cells. The pBR322 plasmid, or other microbial plas 
mid or phage, also generally contains, or is modi?ed to 
contain, promoters that can be used by the microbial organ 
ism for expression of the selectable marker genes. 
[0161] Nucleic acid molecules encoding D. v. virgifera pro 
teins or fragments thereof may be expressed not only directly, 
but also as a fusion With another polypeptide, preferably a 
signal sequence or other polypeptide having a speci?c cleav 
age site at the N-terminus of the mature polypeptide. In gen 
eral, the signal sequence may be a component of the vector, or 
it may be a part of the polypeptide encoding DNA that is 
inserted into the vector. The heterologous signal sequence 
selected should be one that is recogniZed and processed (i.e., 
cleaved by a signal peptidase) by the host cell. For bacterial 
host cells that do not recogniZe and process the native 
polypeptide signal sequence, the signal sequence is substi 
tuted by a bacterial signal sequence selected, for example, 
from the group consisting of the alkaline phosphatase, [3-lac 
tamase, or heat-stable enterotoxin II leaders and the like. 

[0162] Both expression and cloning vectors contain a 
nucleotide sequence that enables the vector to replicate in one 
or more selected host cells. Generally, in cloning vectors this 
sequence is one that enables the vector to replicate indepen 
dently of the host chromosomal DNA, and includes origins of 
replication or autonomously replicating sequences. Such 
sequences are Well knoWn for a variety of bacteria. 

[0163] Expression and cloning vectors also generally con 
tain a selection gene, also termed a selectable marker. This 
gene encodes a protein necessary for the survival or groWth of 
transformed host cells groWn in a selective culture medium. 
Host cells not transformed With the vector containing the 
selection gene Will not survive in the culture medium. Typical 
selection genes encode proteins that (a) confer resistance to 
antibiotics or other toxins, e. g., ampicillin, neomycin, meth 
otrexate, or tetracycline, (b) complement auxotrophic de? 
ciencies, or (c) supply critical nutrients not available from 
complex media, e.g., the gene encoding D-alanine racemase 
for Bacilli. One example of a selection scheme utiliZes a drug 
to arrest groWth of a host cell. Those cells that are successfully 
transformed With a heterologous protein or fragment thereof 
produce a protein conferring drug resistance and thus survive 
the selection regimen. 
[0164] The expression vector for producing a polypeptide 
can also contains an inducible promoter that is recogniZed by 
the host bacterial organism and is operably linked to the 
nucleic acid encoding, for example, the nucleic acid molecule 
encoding the D. v. virgifera protein or fragment thereof of 
interest. Inducible promoters suitable for use With bacterial 
hosts include the [3-lactamase, E. coli?» phage P L and P R, and 
E. coli galactose, arabinose, alkaline phosphatase, tryptophan 
(trp), and lactose operon promoter systems and variations 
thereof (Chang et al., Nature 275:615 (1978); Goeddel et al., 
Nature 281 :544 (1979); GuZman et al., J. Bacteriol. 174: 
7716-7728 (1992); Goeddel, Nucleic Acids Res. 8:4057 
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(1980); EP 36,776) and hybrid promoters such as the tac 
promoter (deBoer et al., Proc. Natl. Acad. Sci. (USA) 80:21 
25 (1983)). HoWever, other knoWn bacterial inducible pro 
moters are suitable (Siebenlist et al., Cell 20:269 (1980)). 
[0165] Promoters for use in bacterial systems also gener 
ally contain a Shine-Dalgamo (S.D.) sequence or a consensus 
sequence thereof operably linked to the DNA encoding the 
polypeptide of interest. The promoter can be removed from 
the bacterial source DNA by restriction enZyme digestion and 
inserted into the vector containing the desired DNA coding 
sequence, or vice versa. 

[0166] Alternatively, the expression constructs can be inte 
grated into the bacterial genome With an integrating vector. 
Integrating vectors typically contain at least one sequence 
homologous to the bacterial chromosome that alloWs the 
vector to integrate. Integrations appear to result from recom 
binations betWeen homologous DNA in the vector and the 
bacterial chromosome. For example, integrating vectors con 
structed With DNA from various Bacillus strains integrate 
into the Bacillus chromosome (E.P.O. Pub. No. 127,328). 
Integrating vectors may also be comprised of bacteriophage 
or transposon sequences. 
[0167] Construction of suitable vectors containing one or 
more of the above-listed components employs standard 
recombinant DNA techniques. Isolated plasmids or DNA 
fragments are cleaved, tailored, and re-ligated in the form 
desired to generate the plasmids required. Examples of avail 
able bacterial expression vectors include, but are not limited 
to, the multifunctional E. coli cloning and expression vectors 
such as BluescriptTM (Stratagene, La Jolla, Calif.), in Which, 
for example, a D. v. virgifera protein or fragment thereof, may 
be ligated into the vector in frame With sequences for the 
amino-terminal Met and the subsequent 7 residues of [3-ga 
lactosidase so that a hybrid protein is produced; pIN vectors 
(Van Heeke and Schuster J. Biol. Chem. 264:5503-5509 
(1989)); and the like. pGEX vectors (Promega, Madison 
Wis.) may also be used to express foreign polypeptides as 
fusion proteins With glutathione S-transferase (GST). In gen 
eral, such-fusion proteins are soluble and can easily be puri 
?ed from lysed cells by adsorption to glutathione-agarose 
beads folloWed by elution in the presence of free glutathione. 
Proteins made in such systems are designed to include hep 
arin, thrombin or factor XA protease cleavage sites so that the 
cloned polypeptide of interest can be released from the GST 
moiety at Will. 
[0168] It is, of course, necessary to select the appropriate 
bacteria taking into consideration replicability of the replicon 
in the cells of a bacterium. For example, E. coli, Serratia, or 
Salmonella species can be suitably used as the host When Well 
knoWn plasmids such as pBR322, pBR325, pACYC177, or 
pKN410 are used to supply the replicon. E. coli strain W31 10 
is a preferred host or parent host because it is a common host 
strain for recombinant DNA product fermentations. Prefer 
ably, the host cell should secrete minimal amounts of pro 
teolytic enZymes. 
[0169] Host cells are transfected and preferably trans 
formed With the above-described vectors and cultured in con 
ventional nutrient media modi?ed as appropriate for inducing 
promoters, selecting transformants, or amplifying the genes 
encoding the desired sequences. 
[0170] Numerous methods of transfection are knoWn to the 
ordinarily skilled artisan, for example, calcium phosphate 
and electroporation. Depending on the host cell used, trans 
formation is done using standard techniques appropriate to 
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such cells. The calcium treatment employing calcium chlo 
ride, as described in section 1.82 of Sambrook et al., Molecu 
lar Cloning: A Laboratory Manual, NeW York: Cold Spring 
Harbor Laboratory Press, (1989), is generally used for bac 
terial cells that contain substantial cell-Wall barriers. Another 
method for transformation employs polyethylene glycol/ 
DMSO, as described in Chung and Miller (Chung and Miller, 
NucleicAcids Res. 16:3580 (1 988)).Yet another method is the 
use of the technique termed electroporation. In addition, bac 
terial cells can be readily transformed using various forms of 
phages (i.e., transducing, temperate, lytic and lysogenic), 
suicide vectors for inserting DNA directly into the chromo 
some, and through homologous recombination using either 
phages, suicide vectors or linear DNA. 

[0171] Bacterial cells used to produce the polypeptide of 
interest for purposes of this invention are cultured in suitable 
media in Which the promoters for the nucleic acid encoding 
the heterologous polypeptide can be arti?cially induced as 
described generally, e. g., in Sambrook et al., Molecular Clon 
ing: A Laboratory Manual, NeW York: Cold Spring Harbor 
Laboratory Press, (1989). Examples of suitable media are 
given in US. Pat. Nos. 5,304,472 and 5,342,763. 
[0172] A yeast recombinant construct can typically include 
one or more of the following: a promoter sequence, fusion 
partner sequence, leader sequence, transcription termination 
sequence, a selectable marker. These elements can be com 
bined into an expression cassette, Which may be maintained 
in a replicon, such as an extrachromosomal element (e.g., 
plasmids) capable of stable maintenance in a host, such as 
yeast or bacteria. The replicon may have tWo replication 
systems, thus alloWing it to be maintained, for example, in 
yeast for expression and in a procaryotic host for cloning and 
ampli?cation. Examples of such yeast-bacteria shuttle vec 
tors include YEp24 (Botstein et al., Gene, 8:17-24 (1979)), 
pC1/1 (Brake et al., Proc. Natl. Acad. Sci. USA, 81:4642 
4646 (1984)), and YRp17 (Stinchcomb et al., J. Mol. Biol., 
158: 157 (1982)). In addition, a replicon may be either a high 
or loW copy number plasmid. A high copy number plasmid 
Will generally have a copy number ranging from about 5 to 
about 200, and typically about 10 to about 150. A host con 
taining a high copy number plasmid Will preferably have at 
least about 10, and more preferably at least about 20. 

[0173] Useful yeast promoter sequences can be derived 
from genes encoding enZymes in the metabolic pathWay. 
Examples of such genes include alcohol dehydrogenase 
(ADH) (E.P.O. Pub. No. 284044), enolase, glucokinase, glu 
cose-6-phosphate isomerase, glyceraldehyde-3-phosphate 
dehydrogenase (GAP or GAPDH), hexokinase, phosphofruc 
tokinase, 3-phosphoglycerate mutase, and pyruvate kinase 
(PyK) (E.P.O. Pub. No. 329203). The yeast PHO5 gene, 
encoding acid phosphatase, also provides useful promoter 
sequences (Myanohara et al., Proc. Natl. Acad. Sci. USA, 
80:1 (1983)). In addition, synthetic promoters Which do not 
occur in nature also function as yeast promoters. Examples of 
such hybrid promoters include the ADH regulatory sequence 
linked to the GAP transcription activation region (US. Pat. 
Nos. 4,876,197 and 4,880,734). Other examples of hybrid 
promoters include promoters Which consist of the regulatory 
sequences of either the ADH2, GAL4, GAL 10, or PHO5 
genes, combined With the transcriptional activation region of 
a glycolytic enZyme gene such as GAP or PyK (E.P.O. Pub. 
No. 164556). Furthermore, a yeast promoter can include 
naturally occurring promoters of non-yeast origin that have 
the ability to bind yeast RNA polymerase and initiate tran 
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scription. Examples of such promoters include, inter alia, 
(Cohen et al., Proc. Natl. Acad. Sci. USA, 77:1078 (1980); 
Henikoff et al., Nature 283:835 (1981); Hollenberg et al., 
Curr. Topics Microbiol. Immunol., 96: 1 19 (1981); Mercerau 
Puigalon et al., Gene, 1 1:163 (1980); and Panthier et al., Curr. 
Genet., 2:109 (1980)). 
[0174] lntracellularly expressed fusion proteins provide an 
alternative to direct expression of the polypeptides of interest. 
Typically, a DNA sequence encoding the N-terminal portion 
of a stable protein, a fusion partner, is fused to the 5' end of 
heterologous structural nucleotide sequence encoding the 
desired polypeptide. Upon expression, this construct Will pro 
vide a fusion of the tWo amino acid sequences. The DNA 
sequence at the junction of the tWo amino acid sequences may 
or may not encode a cleavable site. See, e.g., E.P.O. Pub. No. 
196056. Another example is a ubiquitin fusion protein. Such 
a ubiquitin fusion protein preferably retains a site for a pro 
cessing enZyme (e.g. ubiquitin-speci?c processing protease) 
to cleave the ubiquitin from the polypeptide of the present 
invention. Through this method, therefore, a mature polypep 
tide can be isolated [see, P.C.T. WO 88/024066]. 
[0175] Alternatively, polypeptides or proteins can also be 
secreted from the cell into the groWth media by creating 
chimeric DNA molecules that encode a fusion protein com 
prised of a leader sequence fragment that provides for secre 
tion in yeast of the polypeptides. Preferably, there are pro 
cessing sites encoded betWeen the leader fragment and the 
polypeptide-encoding sequence fragment that can be cleaved 
either in vivo or in vitro. The leader sequence fragment typi 
cally encodes a signal peptide comprised of hydrophobic 
amino acids Which direct the secretion of the protein from the 
cell. 
[0176] DNA encoding suitable signal sequences can be 
derived from genes for secreted yeast proteins, such as the 
yeast invertase gene (E.P.O. Pub. No. 12873; J.P.O. Pub. No. 
62,096,086) and the A-factor gene (US. Pat. No. 4,588,684). 
Alternatively, leaders of non-yeast origin, such as an inter 
feron leader, exist that also provide for secretion in yeast 
(E.P.O. Pub. No. 60057). 
[0177] A preferred class of secretion leaders are those that 
employ a fragment of the yeast alpha-factor gene, Which 
contains both a “pre” signal sequence, and a “pro” region. The 
types of alpha-factor fragments that can be employed include 
the full-length pre-pro alpha factor leader (about 83 amino 
acid residues) as Well as truncated alpha-factor leaders (typi 
cally about 25 to about 50 amino acid residues) (U .S. Pat. 
Nos. 4,546,083 and 4,870,008; and E.P.O. Pub. No. 324274). 
Additional leaders employing an alpha-factor leader frag 
ment that provides for secretion include hybrid alpha-factor 
leaders made With a pre-sequence of a ?rst yeast, but a pro 
region from a second yeast alpha factor. See, e.g., P.C.T. W0 
89/ 02463. 
[0178] Examples of transcription terminator sequence and 
other yeast-recognized termination sequences, such as those 
coding for glycolytic enZymes, are knoWn to those of skill in 
the art. 

[0179] Alternatively, the expression constructs can be inte 
grated into the yeast genome With an integrating vector. lnte 
grating vectors typically contain at least one sequence 
homologous to a yeast chromosome that alloWs the vector to 
integrate, and preferably contain tWo homologous sequences 
?anking the expression construct. Integrations appear to 
result from recombinations betWeen homologous DNA in the 
vector and the yeast chromosome (Orr-Weaver et al., Meth 
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ods in EnZymol., 101 :228-245 (1983)). An integrating vector 
may be directed to a speci?c locus in yeast by selecting the 
appropriate homologous sequence for inclusion in the vector. 
See Orr-Weaver et al., supra. One or more expression con 
structs may integrate, possibly affecting levels of recombi 
nant protein produced (Rine et al., Proc. Natl. Acad. Sci. 
USA, 80:6750 (1983)). The chromosomal sequences 
included in the vector can occur either as a single segment in 

the vector, Which results in the integration of the entire vector, 
or as tWo segments homologous to adjacent segments in the 
chromosome and ?anking the expression construct in the 
vector, Which results in the stable integration of only the 
expression construct. 

[0180] Expression and transformation vectors, either extra 
chromosomal replicons or integrating vectors, have been 
developed for transformation into many yeasts. For example, 
expression vectors have been developed for, inter alia, the 
folloWing yeasts: Candida albicans (KurtZ, et al., Mol. Cell. 
Biol., 6:142 (1986)), Candida mallosa (KunZe et al., J. Basic 
Microbiol., 25:141 (1985)); Hansenula polymorpha (Glee 
son et al., J. Gen. Microbiol. 132:3459 (1986); Roggenkamp 
et al., Mol. Gen. Genet. 202:302 (1986)); Kluyveromyces 
fragilis (Das et al., J. Bacteriol. 158: 1165 (1984)); Kluyvera 
myces lactic (De Louvencourt et al., J. Bacteriol. 154:737 
(1983); Van den Berg et al., Bio/Technology 8:135 (1990)); 
Pichia guillerimondii (KunZe et al., J. Basic Microbiol. 
25:141 (1985)); Pichiapasloris (Cregg et al., Mol. Cell. Biol. 
5:3376 (1985); US. Pat. Nos. 4,837,148 and 4,929,555); 
Saccharomyces cerevisiae (Hinnen et al., Proc. Natl. Acad. 
Sci. USA 75:1929 (1978); Ito et al., J. Bacteriol. 153:163 
(1983)); Schizosaccharomyces pombe (Beach and Nurse, 
Nature 300:706 (1981)); and Yarrowia lipolylica (DavidoW, 
et al., Curr. Genet. 10:380471 (1985); and Gaillardin et al., 
Curr. Genet. 10:49 (1985)). 
[0181] Methods of introducing exogenous nucleic acids 
into yeast hosts are Well-knoWn in the art, and typically 
include either the transformation of spheroplasts or of intact 
yeast cells treated With alkali cations. Transformation proce 
dures usually vary With the yeast species to be transformed. 
See e.g., KurtZ et al., Mol. Cell. Biol. 6:142 (1986); KunZe et 
al., J. Basic Microbiol. 25: 141 (1985) for Candida. See, e.g., 
Gleeson et al., J. Gen. Microbiol. 132:3459 (1986); Roggen 
kamp et al., Mol. Gen. Genet. 202:302 (1986) forHansenula. 
See, e.g., Das et al., J. Bacteriol. 158:1165 (1984); De Lou 
vencourt et al., J. Bacteriol. 154:1 165 (1983); Van den Berg et 
al., Bio/Technology 8:135 (1990) for Kluyveramyces. See, 
e.g., Cregg et al., Mol. Cell. Biol. 5:3376 (1985); KunZe et al., 
J. Basic Microbiol. 25:141 (1985); US. Pat. Nos. 4,837,148 
and 4,929,555 forPichia. See, e.g., Hinnen et al., Proc. Natl. 
Acad. Sci. USA 75:1929 (1978); Ito et al., J. Bacteriol. 153: 
163 (1983) for Saccharomyces. See, e.g., Beach and Nurse, 
Nature 300:706 (1981) for Schizosaccharomyces. See, e.g., 
DavidoW et al., Curr. Genet. 10:39 (1985); Gaillardin et al., 
Curr. Genet. 10:49 (1985) for Yarrawia. 
[0182] In order to obtain expression polypeptides or pro 
teins of interest, recombinant microbial host cells derived 
from the transformants are incubated under conditions Which 
alloW expression of the recombinant polypeptide-encoding 
sequence. These conditions Will vary, dependent upon the 
host cell selected. HoWever, the conditions are readily ascer 
tainable to those of ordinary skill and knoWledge in the art. 

[0183] Detection of polypeptides expressed in the trans 
formed host cell may be performed by several methods. For 
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example, a polypeptide or protein may be detected by its 
immunological reactivity With antibodies. 
[0184] Polypeptides or proteins of the present invention 
may be isolated from the cell by lysis, if formed intracellu 
larly, or isolated from the culture medium, if secreted, by 
conventional methods. 
[0185] (g) Mammalian Constructs and Transformed Mam 
malian Cells 
[0186] The present invention also relates to a mammalian 
recombinant expression vector comprising exogenous 
genetic material. The present invention also relates to a mam 
malian cell comprising a mammalian recombinant expression 
vector. The present invention also relates to methods for 
obtaining a recombinant mammalian host cell, comprising 
introducing into a mammalian cell exogenous genetic mate 
rial. 
[0187] The mammalian recombinant expression vector 
may be any vector Which can be conveniently subjected to 
recombinant DNA procedures. Many vectors are available for 
this purpose, and a suitable expression vector is one that is 
compatible With the desired function (e.g., transient expres 
sion, long term expression, integration, replication, ampli? 
cation) and in Which the control elements are compatible With 
the host cell. The control elements are those non-translated 
regions of the vectoripromoters, enhancers, 5' and 3' 
untranslated regionsiWhich interact With host cellular pro 
teins to carry out transcription and translation. 
[0188] Vectors suitable for replication in mammalian cells 
may include viral replicons, or sequences that ensure integra 
tion of the sequence encoding D. v. virgifera protein homo 
logues or fragments thereof into the host genome. Suitable 
vectors may include, for example, those derived from simian 
virus SV40, retroviruses, bovine papilloma virus, vaccinia 
virus, and adenovirus. The components of the vectors, e.g. 
replicons, selection genes, enhancers, promoters, and the like, 
may be obtained from natural sources or synthesiZed by 
knoWn procedures. (See, Kaufman et al, J. Mol. Biol., 159: 
511-521 (1982); and Kaufman, Proc. Natl. Acad. Sci., USA, 
82:689-693 (1985)). 
[0189] A suitable vector may be one derived from vaccinia 
viruses. In this case, a nucleic acid molecule encoding a D. v. 
virgifera protein homologue or fragment thereof is inserted 
into the vaccinia genome. Techniques for the insertion of 
foreign DNA into the vaccinia virus genome are knoWn in the 
art, and utiliZe, for example, homologous recombination. The 
insertion of the foreign DNA is generally into a gene Which is 
non-essential in nature, for example, the thymidine kinase 
gene (tk), Which also provides a selectable marker. Plasmid 
shuttle vectors that greatly facilitate the construction of 
recombinant viruses have been described (see, for example, 
Mackett et al, .1. Vli’Ol. 49: 857 (1984); Chakrabarti et al., Mol. 
Cell. Biol. 5: 3403 (1985); Moss, In: Gene Transfer Vectors 
For Mammalian Cells (Miller and Calos, eds., Cold Spring 
Harbor Laboratory, N.Y., p. 10, (1987)). Expression of the D. 
v. virgifera protein homologues or fragments thereof then 
occurs in cells or animals Which are infected With the live 
recombinant vaccinia virus. 
[0190] Suitable mammalian expression vectors usually 
contain one or more eukaryotic control elements that are 
capable of expression in mammalian cells. The control ele 
ment is comprised of at least a promoter to mediate transcrip 
tion of foreign DNA sequences. Suitable promoters for mam 
malian cells are knoWn in the art and include viral promoters 
such as that from simian virus 40 (SV40), cytomegalovirus 






















