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IMMUNIZATION OF FISH WITH PLANT-EXPRESSED RECOMBINANT
PROTEINS

FIELD OF THE INVENTION

This invention relates to the expression of fish disease antigens in transgenic

. plants and the use of the same as a vaccine.

BACKGROUND OF THE INVENTION

Over the past decade, transgenic plants have been successfully used to express a

variety of useful proteins. For example, production of proteases in plants has been
achieved (See U.S. Patent No. 6,087,558); along with production of aprotinin in plants
(U.S. Patent No. 5,824,870); and avidin (U.S. Patent No 5,767,379). A variety of
mammalian bacterial and viral pathogen antigens are included in those proteins that have
been successfully produced in plants, such as viral vaccines (U.S. Patent No.
6,136,320), transmissible gastroenteritis and hepatitis vaccines (U.S. Patent Nos.
5,914,123 and 6,034,298). These patents, as well as all references cited herein are
incorporated herein by reference.

Many of the resulting peptides induced an immunogenic response in mice (Mason et
al. (1998) Vaccine 16:13361343; Wigdorovitz et al. (1999) Virology 155:347-353), and
humans (Kapusta et al. (1999) FASEB J. 13:1796-1799) comparable to that of the
original pathogen. After oral delivery, these edible vaccines were immunogenic and
could induce protection. Mice fed a basic diet plus corn expressing recombinant
Escherichia coli heat-labile enterotoxin B-subunit (LtB) mounted a good dose dependent
IgG and IgA response (Streatfield et al. “Plant based vaccines — unique advances”
Vaccine (2001)19:2742-2748.) Some of the first edible vaccine technologies developed
include transgenic potatoes expressing hepatitis, TGEV and Norwalk virus antigens as
well as various other viral antigens. (See, e.g., Thanavala et al. (1995) Proc. Natl. Acad.
Sci. U.S.4. 92:3358-3361; U.S. Patent No. 6,136,320; U.S. Patent No. 6,034,298; U.S.
Patent No. 5,914,123; U.S. Patent No. 5,612,487 and U.S. Patent No. 5,484,719; Mason
et al,, (1996) Proc. Natl. Acad. Sci. 93:5335-5340;“VP1 protein for foot-and-mouth
disease” (Wigdorovitz et al (1999) Virology 255:347-353).
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The utilization of transgenic plants for vaccine production has several potential
benefits over traditional vaccine production methods. First, transgenic plants are usually
constructed to express only a small antigenic portion of the -pathogen or toxin, eliminating
the possibility of infection or innate toxicity of the whole organism and reducing the
potential for adverse reactions. Second, since there are no known human or animal
pathogens that are able to infect plants, concerns with viral or prion contamination are
eliminated. Third, immunogen production in transgenic crops relies on the same
established technologies to sow, harvest, store, transport, and process the plant as those
commonly used for food crops, making transgenic plants a very economical means of
large-scale vaccine production. Fourth, expression of immunogens in the natural protein-
storage compartments of plants maximizes stability, minimizes the need for refrigeration
and keeps transportation and storage costs low. Fifth, formulation of multicomponent
vaccines is possible by blending the seed of multiple transgenic plant lines into a single
vaccine. Sixth, direct oral administration is possible when immunogens are expressed in
commonly consumed food plants, such as grain, leading to the production of edible
vaccines.

Oral vaccine delivery as the primary or booster immunization is by far the most sought
after method by the aquaculture industry because it is suitable for the mass immunization
of fish of all sizes, it is less stressful on fish than injection delivery, which requires
handling of the fish, and because it induces mucosal immunity. However the cost-
effectiveness of oral delivery has been a major barrier to commercialization of this
method, especially for larger fish. Efficacy of oral antigen delivery is reported to be
limited by the destruction and absorption of the antigens by the fish digestive system.

The inventors have found that transgenic plants can provide an ideal system for
economical production of antigens for oral vaccination of fish.

BRIEF DESCRIPTION OF THE INVENTION

According to one aspect of the invention there is provided use of a plant-derived

recombinant amino acid sequence in the manufacture of a medicament for the prevention
or treatment of disease in fish, wherein the amino acid sequence, when administered to

fish, produces an antigenic or immunogenic response in the fish. Preferably the
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recombinant amino acid sequence is an antigen of an organism that causes disease or
pathology in fish.

In one aspect of the invention a plant is transformed with a nucleotide sequence
encoding an amino acid sequence which, when administered to a fish, produces an
antigenic or immunogenic response in the fish.

In a further aspect of the invention, expression of the amino acid sequence is
preferentially directed to the seed of the plant.

In another aspect, the invention provides an amino acid sequence derived by
expression in a plant cell, wherein said amino acid sequence is endogenous to an
organism causing disease or pathology in fish.

. In another aspect, the invention provides a composition suitable for oral delivery to
fish, comprising a plant-derived recombinant amino acid sequence, in particular a plant-
derived recombinant amino acid sequence which is an antigen of an organism that causes
disease or pathology in a fish.

In yet another aspect, the invention provides a method of immunizing fish against
disease, which comprises administering to a fish a composition comprising a plant-
derived recombinant amino acid sequence which is an antigen of an organism that causes
disease or pathology in a fish.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows the barley alpha amylase sequence fused to a sequence encoding
the avidin mature protein (SEQ ID NO: 1)

Figure 2 is a plasmid map of pPHI5158

Figure 3 shows the maize optimized pat sequence (SEQ ID NO: 2)

Figure 4 is a plasmid map of PGN7101.

Figure 5A is the nucleotide sequence of maize codon optimized LtB (SEQ ID

NO: 3).

Figure 5B is the nucleotide sequence of BAASS:LtB (SEQ ID NO: 4.
Figure 6 is the nucleotide sequence of IPNV VP2 (SEQ ID NO: 5).
Figure 7 is the nucleotide sequence of BAASS:VP2 (SEQ ID NO: 6).
Figure 8 is the nucleotide sequence of IPNV VP3 (SEQ ID NO: 7).
Figure 9 is the nucleotide sequence of BAASS:VP3 (SEQ ID NO: 8).
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Figure 10 is the plasmid map of PGN9084.

Figure 11 is the plasmid map of PGN9111.

Figure 12 is a Western blot of the VP2 and VP3 proteins expressed in seed,
resulting from event NVA.

Figure 13 is a Western blot of the VP2 and VP3 proteins expressed in seed,
resulting from event NVB.

Figure 14 is a graph showing mean weight of fish at the time 0 (first bar) and 8
weeks after vaccination (second bar). Standard error bars are also shown

Figure 15 are graphs showing mean antibody response of Atlantic salmon at 8
weeks post-injection or feeding of recombinant avidin (A) or LtB (B) expressed in corn
as measured by ELISA. Bars represent the standard error of the mean. The number of
animals sampled in each group (N) is indicated for each group.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

By use of the term “fish” herein is meant fin-fish, shellfish, and other aquatic animals.
Fin-fish include all vertebrate fish, which may be bony or cartilaginous fish. The prime
candidate fin-fish species for receiving the vaccine of the invention are salmonid fish,
including salmon and trout species, particularly coho salmon (Oncorhynchus kisutch),
brook trout (Salvelinus fontinalis), brown trout (Salmo trutta), chinook salmon
(Oncorhynchus tshawytscha), masu salmon (Oncorhyncus masou), pink salmon
(Oncorhynchus gorbuscha), rainbow trout (Oncorhynchus mykiss), Arctic charr
(Salvelinus alpinus) and Atlantic salmon (Salmo salar). However, any other fish species
susceptible to infectious disease may benefit, such as ornamental fish species, koi,
goldfish, carp, catfish, yellowtail, sea bream, sea bass, pike, halibut, haddock, tilapia,
turbot, wolffish, and so on.

Examples of shellfish include, but are not limited to clams, lobster, shrimp, crab and
oysters. Other cultured aquatic animals include, but are not limited to eels, squid and
octopi.

A “plant-derived” recombinant amino acid sequence is an amino acid sequence
engineered to be expressed in a transgenic plant whose sequence is not endogenous to the

plant.
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An amino acid sequence of the invention is one which, when administered to a fish,
results in an antigenic or immunogenic response in the fish.

Antigens of organisms causing pathologies in fish and nucleotide sequences encoding
such antigens have been administered to fish that have been exposed by way of injection,
immersion, spray, adding the vaccine directly to fish food, or gene transfer into fish cells.
For example, U.S. Patent No. 6,462,027 describes a method of contacting an isolated
non-infectious polynucleotide encoding an immunogen with an aquatic animal. U.S.
Patent No. 6,180,614 describes introducing DNA plasmids encoding antigen-based
vaccines by transfection into the fish. The promoter is one capable of directing
expression in the fish. The patent specification notes that bacterially-expressed
recombinant proteins can form inclusion bodies so that recovery of protein is low or
nonexistent. Further, it indicates induction of an immune response may require that the
antigenic protein be correctly glycosylated and folded, which, they state, may not be
accomplished in a cell other than an animal cell. However, the inventors here have found
that it is possible to produce in a plant a correctly processed antigenic amino acid
sequence that can cause an antigenic or immunogenic response when administered to
fish.

The coding sequences of many amino acid sequences producing an antigenic or
immunogenic response in fish (also referred to as an “antigen”) have been and are being
sequenced, as there has been a great interest in producing vaccines using such genes.
While specific examples are set forth below to illustrate the principle of the invention
using certain antigens, the invention is not limited to any particular antigen. Rather any
amino acid sequence that produces an antigenic or immune response in a fish can be
used. In a preferred embodiment, an antigen of an organism causing pathologies in fish
is used. Such an antigen is used to induce or enhance immunity, and the corresponding
nucleotide sequence which encodes that antigen is useful in the invention. A few of the
numerous example of such sequences which have been isolated include the cDNA
encoding structural protein-1 of infectious salmon anaemia virus (ISAV) described in
U.S. Patent No. 6,471,964, as well as those discussed in Tucker et al. (2000)
“Assessment of DNA vaccine potential for juvenile Japanese flounder Paralichthys

olivaceus, through the introduction of reporter genes by particle bombardment and
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histopathology” Vaccine 19(7-8):801-809; Corbeil et al. (1999) “Evaluation of the
protective immunogenicity of the N, P, M, NV, G proteins of infectious hematopoietic
necrosis virus in rainbow trout Oncorhynchus mykiss using DNA vaccines” Dis. Aquat.
Organ 39(1):29-26; Nusbaum et al. (2002) “Protective immunity induced by DNA
vaccination of channel catfish with early and late transcripts of the channel catfish herpes
virus (IHV-1) Vet Immunol. Immunopathol 84(3-4):151-168; Clark et al. (1992)
“Developmental expression of surface antigen genes in the parasitic cilate Ichtyophthirius
multifiliis” Proc. Natl. Acad. Sci.. 89(14):6363-6367: and Sato et al. (2000) “Expression
of YAV proteins and vaccination against viral ascites among cultured juvenile
yellowtail” Biosci. Biotechnol. Biochem. 64(7):1494-1497.

Examples of the variety of pathogens for which the methods of the invention can be
useful include, without limitation, hemorrhagic septicemia virus (VHSV), infectious
pancreatic necrosis virus (IPNV), infectious haematopoietic necrosis virus (IHNV),
salmon pancreas disease virus (SPDV), virus causing spring viremia of carp, grass carp
hemorrhagic virus, nodaviridae such as nervous necrosis virus or striped jack nervous
necrosis virus, infectious salmon anaemia virus (ISAV), deromonis salmonicida,
Renibacterium salmoninarum, Yersinia spp., Pasteurella spp. (including Photobacterium
damselae), Vibrio spp. (including V. anguillarum and V., ordalii), Edwardsiella spp.
(including E. ictaluri and E. tarda), Piscirickettsia salmonis (causative of Salmonid
Rickettsial Septicaemia ), Iridovirus, cardiomyopathy syndrome virus, taura syndrome
virus, Penaeus monodon virus, shrimp yellowhead virus, shrimp whitespot virus, and
Streptococci spp.

Other examples of known antigens that produce pathology in fish that can be used in
the invention include: IPNV VP2 and VP3 proteins, IHNV G protein, VHSV G protein,
Nodavirus capsid protein, ISAV antigens disclosed in WO 01/10469, SPDV antigens
disclosed in WO 99/58639, P. salmonis antigens disclosed in WO 01/68865, and
Whitespot Virus antigens disclosed in WO 01/09340. Numerous nucleic acid and amino
acid sequences of fish pathogen antigens are known and accessible through the Genbank
databases and other sources.

An amino acid sequence or antigen of the invention which is “of an organism causing

disease or pathology in fish” is an amino acid sequence or antigen of a pathogen of fish
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(or a derivative thereof), which is expressed in plant cells through recombinant DNA
technology, as described below. The “antigens” used in practicing the invention may be
full-length antigenic proteins from a virus, bacterium, fungus, parasite, protozoan, etc.,
that causes disease in fish, or alternatively may constitute an immunogenic portion ,
fragment or derivative of same. A “derivative” of an amino acid sequence is a sequence
related to the reference sequence either on the amino acid sequence level or at the 3D
level (i.e. molecules having approximately the same shape and confi guration as the
reference sequence). Derivatives include sequence homologues, mutants, mimetics,
mimotopes, analogues, monomeric forms and functional equivalents whether obtained
directly from the organism or synthetically produced, which are capable of inducing an
antigenic or immunogenic response in fish. Particular mention may be made of
derivatives resulting from amino acid substitutions (with natural or synthetic amino
acids), deletions, inversions, insertions, and additions.

This antigen, whether it is an amino acid sequence or protein, is the “antigen of
interest”. The “gene of interest” refers to the nucleotide sequence that encodes for the
pdlypeptide or protein that is the desired antigen or selection marker. The gene of
interest can be optimized for plant transcription and translation by optimizing the codons
used for plants (see discussion below).

In general, the methods available for construction of recombinant genes described
above, optionally comprising various modifications for improved expression, can differ
in detail. However, conventionally employed methods include PCR amplification, or the
designing and synthesis of overlapping, complementary synthetic oligonucleotides, which
are annealed and ligated together to yield a gene with convenient restriction sites for
cloning. The methods involved are standard methods for a molecular biologist Sambrook
et al., Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory Press,
Second Edition (1989).

Once the gene is engineered to contain desired features, such as the desired
localization sequences, it is placed into an expression vector by standard methods. The
selection of an appropriate expression vector will depend upon the method of introducing
the expression vector into host cells. A typical expression vector contains prokaryotic

DNA elements coding for a bacterial origin of replication and an antibiotic resistance
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gene to provide for the growth and selection of the expression vector in the bacterial host;
a cloning site for insertion of an exogenous DNA sequence, which in this context would
code for the antigen of interest; eukaryotic DNA elements that control initiation of
transcription of the exogenous gene, such as a promoter; and DNA elements that control
the processing of transcripts, such as transcription termination/polyadenylation
sequences. It also can contain such sequences as are needed for the eventual integration
of the vector into the plant chromosome.

In a preferred embodiment, the expression vector also contains a gene encoding a
selection marker that is functionally linked to a promoter that controls transcription
initiation. By “functionally linked” it is understood that the gene of interest (in this case -
the gene encoding a selection marker) is down-stream of the promoter in the correct
orientation and in the correct frame alignment such that transcription of mRNA and
translation of the mRNA occurs correctly to produce the desired polypeptide or protein.
For a general description of plant expression vectors and reporter genes, see Gruber et al.

(1993) “Vectors for Plant Transformation” in Methods of Plant Molecular Biology-and

Biotechnology CRC Press. p 89-119. In one embodiment, the selective gene is a
glufosinate-resistance encoding DNA and in another embodiment can be the
phosphinothricin acetyl transferase (“pa#”) or maize optimized pat gene under the control
of the CaMV 35S promoter. The gene confers resistance to bialaphos (Gordon-Kamm
(1990) The Plant Cell 2: 603; Uchimiya et al. (1993) Bio/Technology 11: 835; and Anzai
et al. (1989) Mol. Gen. Gen. 219: 492).

By "promoter" is meant minimal sequence sufficient to direct transcription. Also
included in the invention are those promoter elements which are sufficient to render
promoter-dependent gene expression controllable for cell-type specific, tissue-specific, or
inducible by external signals or agents; such elements may be located in the 5' or 3'
regions of the gene. Although the endogenous promoter of a structural gene of interest
may be utilized for transcriptional regulation of the gene, the promoter is often a foreign
regulatory sequence. Promoter elements employed to control expression of antigenic
proteins and the selection gene, respectively, can be any plant-compatible promoter.
Those can be plant gene promoters, such as, for example, the ubiquitin promoter

(European patent application no. 0 342 926); the promoter for the small subunit of
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ribulose-1,5-bis-phosphate carboxylase (ssSRUBISCO) (Coruzzi, et al., EMBO J., 3:1671,
1984; Broglie, et al., Science, 224:838, 1984); or promoters from the tumor-inducing
plasmids from Agrobacterium tumefaciens, such as the nopaline synthase and octopine
synthase promoters (carried on tumor-inducing plasmids of Agrobacterium tumefaciens
and have plant activity); or viral promoters such as the cauliflower mosaic virus (CaMV)
19S and 35S promoters of CaMV (Brisson, et al., Nature, 310:511, 1984; Odell, et al.,
Nature, 313:810, 1985), the figwort mosaic virus 35S promoter(Gowda, et al., J. Cell
Biochem., 13D: 301, 1989) or the coat protein promoter of TMV (Takamétsu, etal.,
EMBO J. 6:307, 1987. See also Kay et al. (1987) “Duplication of CaMV 35S promoter
sequences creates a strong enhancer for plant genes” Science 236:199-1302 and European
Patent Application EP-A-342 926. Alternatively, plant promoters such as the mannopine
synthase promoter (Velten, et al., EMBO J., 3:2723, 1984); heat shock promoters, e.g.,
soybean hspl7.5-E or hspl 7.3-B (Gurley, et al., Mol. Cell. Biol., 6:559, 1986; Severin, et
al., Plant Mol. Biol., 15:827, 1990); or ethanol-inducible promoters (Caddick et al.,
Nature Biotech., 16:177, 1998) may be used. See International Patent Application No.
WO 91/19806 for a review of illustrative plant promoters suitably employed in the
present invention. In one embodiment of the present invention, the amino acid-encoding
DNA is under the transcriptional control of PGNpr6 promoter (WO 01/94394). This is a
ubiquitin-like promoter.

In a preferred embodiment, a tissue specific promoter is provided to direct
transcription of the DNA preferentially to the seed. One such promoter is the globulin
promoter. This is the promoter of the maize globulin-1 gene, described by Belanger, F.C.
and Kriz, A.L. (1991) “Molecular basis for allelic polymorphism of the maize globulin-1
gene” Genetics 129: 863-972. It also can be found as accession number 1.22344 in the
Genbank database. Another example is the phaseolin promoter. See, Bustos et al. (1989)
“Regulation of B-glucuronidase expression in transgenic tobacco plants by an A/T-rich
cis-acting sequence found upstream of a french bean B-phaseolin gene” The Plant Cell
(1): 839-853.

The expression vector can optionally also contain a signal sequence located between
the promoter and the gene of interest. A signal sequence is a nucleotide sequence, and

possibly the corresponding amino acid sequence, which is used by a cell to direct the
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protein or polypeptide of interest to be translated and placed in a particular place within
or outside the eukaryotic cell. One example of a plant signal sequence is the barley a.-
amylase secretion signal (Rogers, (1985) J. Biol Chem 260, 3731-3738). Many signal
sequences are known in the art. See, for example Becker et al. (1992), Plant Mol. Biol.
20:49; Close, P. S., (1993) Master's Thesis, Iowa State University; Knox, C. (1987), et
al., "Structure and Organization of Two Divergent Alpha-Amylase Genes from Barley",
Plant Mol. Biol. 9:3-17; Lerner et al., (1989) Plant Physiol. 91:124-129; Fontes et al.
(1991), Plant Cell 3:483-496; Matsuoka et al. (1991), Proc. Natl. Acad. Sci. 88:834;
Gould et al. (1989), J. Cell. Biol. 108:1657; Creissen et al. (1991), Plant J. 2:129;
Kalderon, et al. (1984) “A short amino acid sequence able to specify nuclear location”
Cell 39:499-509; and Steifel, et al. (1990) “Expression of a maize cell wall
hydroxyproline-rich glycoprotein gene in early leaf and root vascular differentiation”
Plant Cell 2:785-793.

In one embodiment, the plant selection marker and the gene of interest can be
both functionally linked to the same promoter. In another embodiment, the i)lant
selection marker and the gene of interest can be functionally linked to different
promoters. In yet a third and fourth embodiments, the expression vector can contain two
or more genes of interest that can be linked to the same promoter or different promoters.

Obviously, many variations on the promoters, selectable markers, signal
sequences and other components of the construct are available to one skilled in the art.

In accordance with the present invention, a transgenic plant is produced that
contains a DNA molecule, comprised of elements as described above, integrated into its
genome so that the plant can express the gene of interest and thus produce the antigen of
interest. The transgenic plant may suitably be a species that is conventionally cultivated
for animal feed, such as corn (Zea mays), canola (Brassica napus, Brassica rapa ssp.),
alfalfa (Medicago sativa), rice (Oryza sativa), rye (Secale cereale), sorghum (Sorghum

bicolor, Sorghum vulgare), sunflower (Helianthus annuus), wheat ( Triticum aestivum),

' soybean (Glycine max), potato (Solanum tuberosum), tomatoes (Lycopersicon

esculentum), and peas (Lathyrus spp.). Alternatively, the transgenic plant may be a
species that is not conventionally eaten, such as tobacco (Nicotiana tabacum), cotton

(Gossypium hirsutum), tea (Camellia sinensis), flax,(Linum), sisal (dgave spp., Furcraea

10
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spp.), pines, firs and cedars. In order to create such a transgenic plant, the expression

vectors containing the gene can be introduced into protoplasts, into intact tissues, such as
immature embryos and meristems, into callus cultures, or into isolated cells. Preferably,
expression vectors are introduced into intact tissues. General methods of culturing plant

tissues are provided, for example, by Miki et al. (1993) “Procedures for Introducing

Foreign DNA into Plants” in Methods in Plant Molecular Biology and Biotechnology,
Glick et al (eds) CRC Press pp. 67-68 and by Phillips et al. (1988) "Cell/Tissue Culture

and In Vitro Manipulation" in Comn and Corn Improvement 3d Edit. Sprague et al (eds)

American Soc. of Agronomy pp. 345-387. The selectable marker incorporated in the
DNA molecule allows for selection of transformants.

Methods for introducing expression vectors into plant tissue available to one
skilled in the art are varied and will depend on the plant selected. Procedures for
transforming a wide variety of plant species are well known and described throughout the
literature. See, for example, Miki et al, supra; Klein et al. (1992) Bio/Technology 10:26;
and Weisinger et al. (1988) Ann. Rev. Genet. 22: 421-477. For example, the DNA
construct may be introduced into the genomic DNA of the plant cell using techniques
such as microprojectile-mediated delivery (Klein et al. (1987) Nature 327: 70-73);
electroporation (Fromm et al. (1985) Proc. Natl, Acad. Sci. 82:5824); polyethylene
glycol (PEG) precipitation (Paszkowski et al. (1984) Embo. J. 3: 2717-272); direct gene
transfer (WO 85/01856 and EP -A- 275 069); in vitro protoplast transformation (U.S.
Patent No. 4,684,611) and microinjection of plant cell protoplasts or embryogenic callus
(Crossway, (1985) Mol. Gen. Genetics 202:179-185). Co-cultivation of plant tissue with
Agrobacterium tumefaciens is another option, where the DNA constructs are placed into
a binary vector system (Ishida et al. (1996) “High efficiency transformation of maize
(Zea mays L.) mediated by Agrobacterium tumefaciens” Nature Biotechnology 14:745-
750). The virulence functions of the Agrobacterium tumefaciens host will direct the
insertion of the construct into the plant cell DNA when the cell is infected by the bacteria.
See, for example Horsch et al. (1984) Science 233: 496-498, and Fraley et al. (1983)
Proc. Natl. Acad. Sci. 80: 4803.

Standard methods for transformation of canola are described by Moloney et al.

(1989) “High Efficiency Transformation of Brassica napus Using Agrobacterium

11
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Vectors” Plant Cell Reports 8:238-242. Corn transformation is described by Fromm et
al. (1990) Bio/Technology 8:833 and Gordon-Kamm et al, supra. Agrobacterium is
primarily used in dicots, but certain monocots such as maize can be transformed by
Agrobacterium. See for example, U.S. Patent No. 5,550,318. Rice transformation is
described by Hiei et al. (1994) “Efficient transformation of rice (Oryza sativs L.
mediated by Agrobacterium and sequence analysis of the boundaries of the T-DNA” The
Plant Journal 6(2): 271-282, Christou et al. (1992) Trends in Biotechnology 10:239 and
Lee et al. (1991) Proc. Nat. Acad. Sci. USA 88:6389. Wheat can be transformed by
techniques similar to those used for transforming corn or rice. Sorghum transformation is
described by Casas et al. (1997) “Transgenic sorghum plants obtained after
microprojectile bombardment of immature inflorescences” In vitro cellular and
developmental biology, Plant. 33:92-100 and by Wan et al. (1994) Plant Physiology.
104:37. Soybean transformation is described in a number of publications, including U.S.
Patent No. 5,015,580.

In one preferred method, the Agrobacterium transformation methods of Ishida
supra and also described in U.S. Patent 5,591,616, are generally followed, with
modifications that the inventors have found improve the number of transformants
obtained. The Ishida method uses the A188 variety of maize that produces Type I callus
in culture. In one preferred embodiment the Hi II maize line is used which initiates Type
IT embryogenic callus in culture. While Ishida recommends selection on
phosphinothricin when using the bar or pat gene for selection, another preferred
embodiment provides for use of bialaphos instead. In general, as set forth in the ‘616
patent, and as outlined in more detail below, dedifferentiation is obtained by culturing an
explant of the plant on a dedifferentiation-inducing medium for not less than seven days,
and the tissue during or after dedifferentiation is contacted with Agrobacterium having
the gene of interest. The cultured tissue can be callus, an adventitious embryo-like tissue
and suspension cells, for example. In this preferred embodiment, the suspension of
Agrobacterium has a cell population of 10° to 10 ' cells/ml and are contacted for three to
ten minutes with the tissue, or continuously cultured with Agrobacterium for not less than
seven days. The Agrobacterium can contain plasmid pTOK 162, with the gene of interest

between border sequences of the T region of the plasmid, or the gene of interest may be
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present in another plasmid-containing Agrobacterium. The virulence region may
originate from the virulence region of a Ti plasmid or Ri plasmid. The bacterial strain
used in the Ishida protocol is LBA4404 with the 40kb super binary plasmid containing
three vir loci from the hypervirulent A281 strain. The plasmid has resistance to
tetracycline. The cloning vector cointegrates with the super binary plasmid. Since the
cloning vector has an E. coli specific replication origin, but not an Agrobacterium
replication origin, it cannot survive in Agrobacterium without cointegrating with the
super binary plasmid. Since the LBA4404 strain is not highly virulent, and has limited
application without the super binary plasmid, the inventors have found in yet another
embodiment that the EHA101 strain is preferred. It is a disarmed helper strain derived
from the hypervirulent A281 strain. The cointegrated super binary/cloning vector from
the LBA4404 parent is isolated and electroporated into EHA 101, selecting for
spectinomycin resistance. The plasmid is isolated to assure that the EHA101 contains the
plasmid. EHA101 contains a disarmed pTi that carries resistance to kanamycin. Hood
EE, Helmer GL, Fraley RT, Chilton MD (1986) “The hypervirulence of Agrobacterium
tumefaciens A281 is encoded in a region of pTiBo542 outside of T-DNA” J Bacteriol
168: 1291-1301.

Further, the Ishida protocol as described provides for growing fresh culture of the
Agrobacterium on plates, scraping the bacteria from the plates, and resuspending in the
co-culture medium as stated in the ‘616 patent for incubation with the maize embryos.
This medium includes 4.3g MS salts, 0.5 mg nicotinic acid, 0.5 mg pyridoxine
hydrochloride, 1.0ml thiamine hydrochloride, casamino acids, 1.5 mg 2,4-D, 68.5g
sucrose and 36g glucose, all at a pH of 5.8. In a further preferred method, the bacteria are
grown overnight in a 1ml culture, then a fresh 10 ml culture re-inoculated the next day
when transformation is to occur. The bacteria grow into log phase, and are harvested at a
density of no more than OD600 = 0.5 , preferably between 0.2 and 0.5. The bacteria are
then centrifuged to remove the media and resuspended in the co-culture medium. Since
Hi II is used, medium preferred for Hi II is used. This medium is described in
considerable detail by Armstrong, C.I. and Green C.E. (1985) “Establishment and
maintenance of friable, embryogenic maize callus and involvement of L-proline” Planta

154:207-214. The resuspension medium is the same as that described above. All further
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Hi II media are as described in Armstrong et al. The result is redifferentiation of the
plant cells and regeneration into a plant. Redifferentiation is sometimes referred to as
dedifferentiation, but the former term more accurately describes the process where the
cell begins with a form and identity, is placed on a medium in which it loses that identity,
and becomes “reprogrammed” to have a new identity. Thus the scutellum cells become
embryogenic callus.

It is preferred to select the highest level of expression of the amino acid sequence,
and it is thus useful to ascertain expression levels in transformed plant cells, transgenic
plants and tissue specific expression. One such method is to measure the expression of
the antigen of interest as a percentage of total soluble protein. One standard assay is the
Bradford assay which is well known to those skilled in the art (Bradford, M. (1976) 4nal.
Biochem. 72:248). The biochemical activity of the recombinant amino acid sequence
should also be measured and compared with a wild-type standard.

The levels of expression of the gene of interest can be enhanced by the stable
maintenance of the gene of interest on a chromosome of the transgenic plant. Use of
linked genes, with herbicide resistance in physical proximity to the gene of interest,
would allow for maintaining selective pressure on the transgenic plant population and for
those plants where the genes of interest are not lost.

With transgenic plants according to the present invention, the amino acid
sequence can be produced in commercial quantities. Thus, the selection and propagatidn
techniques described above yield a plurality of transgenic plants that are harvested in a
conventional manner. The plant seed expressing the recombinant amino acid sequence
can be used in a commercial process, or the amino acid sequence can be extracted. When
using the seed itself, it can, for example, be made into flour and then applied in the
commercial process. Extraction from biomass can be accomplished by known methods.
Downstream processing for any production system refers to all unit operations after
product synthesis, in this case protein production in transgenic seed (Kusnadi et al.
(1997) Biotechnology and bioengineering. 56:473-484). Seed is processed either as
whole seed ground into flour, or fractionated, and the germ separated from the hulls and
endosperm. If germ is used, it is usually defatted using a hexane extraction and the

remaining crushed germ ground into a meal or flour. In some cases the germ is used
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directly or the amino acid sequence can be extracted (See, e.g. WO 98/39461).
Extraction is generally made into aqueous buffers at specific pH to enhance recombinant
amino acid sequence extraction and minimize native seed protein extraction. Subsequent
amino acid sequence concentration or purification can follow.

In a further embodiment, plant breeding can be used to introduce the gene into
other plants once transformation has occurred. This can be accomplished by any means
known in the art for breeding plants such as, for example, cross pollination of the
transgenic plants that are described above with another plant, and selection for plants
from subsequent generations which express the amino acid sequence. The plant breeding
methods used herein are well known to one skilled in the art. For a discussion of plant

breeding techniques, see Poehlman (1987) Breeding Field Crops, AVI Publication Co.,

Westport Conn. Many crop plants useful in this method are bred through techniques that
take advantage of the plant’s method of pollination. A plant is self-pollinating if pollen
from one flower is transferred to the same or another flower of the same plant. A plant is
cross-pollinated if the pollen comes from a flower on a different plant. For example, in
Brassica, the plant is normally self sterile and can only be cross-pollinated unless,
through discovery of a mutant or through genetic intervention, self compatibility is
obtained. In self-pollinating species, such as rice, oats, wheat, barley, peas, beans,
soybeans, tobacco and cotton, the male and female plants are anatomically juxtaposed.
During natural pollination, the male reproductive organs of a given flower pollinate the
female reproductive organs of the same flower. Maize plants (Zea mays L.) can be bred
by both self-pollination and cross-pollination techniques. Maize has male flowers,
located on the tassel, and female flowers, located on the ear, on the same plant. It can
self or cross pollinate.

Pollination can be by any means, including but not limited to hand, wind or insect
pollination, or mechanical contact between the male fertile and male sterile plant. For
production of hybrid seeds on a commercial scale in most plant species pollination by
wind or by insects is preferred. Stricter control of the pollination process can be achieved
by using a variety of methods to make one plant pool male sterile