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MANIPULATION OF THE PHENOLIC ACID CONTENT AND DIGESTIBILITY
OF PLANT CELL WALLS BY TARGETED EXPRESSION OF GENES
ENCODING CELL WALL DEGRADING ENZYMES

Inventors: Nigel Dunn-Coleman
Timothy Langdon
Phillip Morse

CROSS-REFERENCE TO RELATED APPLICATIONS
Pursuant to 35 U.S.C. §119(e), the present application claims benefit of
and priority to USSN 60/249,608, entitled “MANIPULATION OF THE PHENOLIC
ACID CONTENT AND DIGESTIBILITY OF FORAGE GRASS CELL WALLS BY
TARGETED EXPRESSION OF A FERULIC ACID ESTERASE GENE”, filed
November 17, 2000, by Morris et al.

FIELD OF THE INVENTION
This invention relates to methods to enhance to availability of fermentable

carbohydrates.

BACKGROUND OF THE INVENTION

The present crisis in livestock agriculture has prompted a resurgence of

interest in grass-fed animals. However, while a high-forage diet may be desirable, it
does not currently satisfy the demands of modern animal production. For the animal
to make efficient use of the forage it consumes, the energy demands of the micro-
organisms in the rumen must be met and synchronized with the availability of plant
proteins. Otherwise this lack of synchrony will lead to (a) proteins and other
nutrients being poorly utilized in the rumen, (b) loss of nitrogen, in urine and feces
and therefore, the environment and (c) the need to feed excessive amounts of
protein concentrates as supplements to the ruminant diet.

Cellulose and hemicellulose in grass and maize tissues could meet the
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energy requirements of the ruminant or provide new feed-stocks for industrial
fermentation to ethanol. This potential is not currently realized because the cell
walls are lignified and the cell wall polysaccharides highly cross-linked with
phenolic residues and lignin, resulting in low rates of plant cell wall digestion in
comparison to rates of protein breakdown in ruminants. This is a particular
problem for the most important forages in Europe, the ryegrasses Lolium
perenne and L. mutiflorum as well as one of the major impediments to the wider
use of better adapted species, such as Festuca arundinacea, as a forage crop.
Increasing the digestibility index of grasses has therefore been a major breeding
objective for several decades but progress has been slow due to difficulties in
fixing natural variation in the syhthetic varieties derived from these outbreeding
species (Hayward, ef al., TAG 70:48 (1985)).

Removing labile phenolics by chemical treatment with alkali is known to
increase the biodegradability and nutritional value of low-quality feed such as
cereal straw, and is employed commercially for feed upgrading. Reducing
phenolic cross-linking of cell wall carbohydrates is therefore a predictable way of
improving the rate of digestion and digestibility of ryegrass. However chemical
modification may have other disadvantages. Therefore, genetic modification
would be a preferable method of changing the cell wall chemistry of highly
digestible varieties. Many in the field are pursuing this approach. An alternative,
however, is to use genetic modification to reduce the levels of phenolic acids in
the cell walls available for crosslinking either by directly disrupting ester bonds
linking phenolics and lignins to cell wall polysaccharides or by preventing
excessive ferulation of cell wall carbohydrates prior to their incorporation into the
cell wall.

This invention meets this and other needs by using targeted or inducible

expression of cell wall degrading enzymes in plants.
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SUMMARY OF THE INVENTION
Provided herein are methods for enhancing the availability of fermentable

carbohydrates. In one aspect, there is provided an expression cassette
comprising a DNA sequence encoding at least one cell wall degrading enzyme.
The DNA sequence encoding at least one cell wall degrading enzyme may be
operatively linked to a promoter sequence. The promoter may be constitutive or
inducible. The expression cassette may further comprise a targeting sequence.

In one embodiment, the cell wall degrading enzyme is selected from the
group consisting of ferulic acid esterase, xylanase, xylosidase, cellulase,
endoglucanase, and cellbiohydrolase. In a preferred embodiment cell wall
degrading enzyme is derived from a fungal source. In a more preferred
embodiment, the fungal ferulic acid esterase is an Aspergillus ferulic acid
esterase, preferably A. niger. In another embodiment the xylanase is derived
from Trichoderma, preferably T. reesei.

In another aspect of the invention, there is provided a plant transformed
with the expression cassette comprising a DNA sequence encoding at least one
cell degrading enzyme. The plant may be selected from the group consisting of
Festuca, Lolium, Avena and Zea. In a preferred embodiment the plant is a
forage grass. In another embodiment, the plant is maize.

Further provided herein is a method of controlling the level of phenolic
acids in plant cell walls of a transgenic plant. The method, in one embodiment,
comprises introducing to a plant cell an expression cassette comprising a DNA
sequence encoding at least one cell wall degrading enzyme, preferably a ferulic
acid esterase.

Other objects, features and advantages of the present invention will become
apparent from the following detailed description. It should be understood, however,
that the detailed description and specific examples, while indicating preferred
embodiments of the invention, are given by way of illustration only, since various
changes and modifications within the scope and spirit of the invention will become
apparent to one skilled in the art from this detailed description.
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BRIEF DESCRIPTION OF THE FIGURES
Figure 1 illustrates a restriction map of a DNA fragment containing the

gene encoding the 38kd ferulic acid esterase.

Figures 2 A-E illustrate the complete DNA (SEQ. ID NO:__), with
highlighting to point out the signal sequence, intron and various restriction
endonuclease sites, and amino acid sequence (SEQ. ID. NO:__) corresponding
to the gene encoding the 38 kD ferulic acid esterase isolated from Aspergillus
niger.

Figure 3 illustrates the DNA sequence of the gene encoding the 38 kD
esterase (SEQ. ID. NO:_).

Figure 4 illustrates the construction of the intronless ferulic acid esterase
isolated from Aspergillus niger.

Figure 5 illustrates that the overlapping of PCR products made with primers FAE-IE
FAE-I3 creates two possible uninterrupted reading frames — the top in the figure below is
functional (highlighted serine is at active site), the bottom is inactivated.

Figure 6 illustrates the possible vector constructions useful in the present
invention. Various combinations are possible. Although and FAE gene is
depicted another cell wall degrading enzyme may be used alone (j.e., instead of)
or in conjunction with the FAE gene. Amp = ampicillin resistance gene.

Figure 7 illustrates pCOR105.

Figure 8 illustrates a generic ALE-TER vector.

Figure 9 illustrates the KDEL-COOH ER retention sequences.

Figure 10 illustrates the FAE-LINKER-FRAMESHIFT structure and
sequence.

Figure 11 illustrates plant transformation cassettes.

Figure 12 is a table of the vectors used herein.

Figure 13 depicts the barley aleurain vacuolar and apoplast signal
sequence.

Figure 14 illustrates the rat sialyl transferase structure and sequence.

Figure 15 illustrates the potato protease inhibitor Il (PPI) motif structure

and sequence.
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Figure 16 illustrates the targeted expression of gfp to different cell
compartment. Also shown are schematics of the vectors used.

Figure 17 illustrates the FAE activity in transgenic Festuca arundinacea
leaves of different ages under ER and APO targeting sequences.

Figure 18 illustrates the FAE activity in transgenic Festuca arundinacea
leaves of different ages under Vac targeting sequence.

Figure 19 illustrates the FAE activity in transgenic Lolium mutflorum leaves
of different ages.

Figure 20 illustrates the FAE activity in transgenic Lolium mutflorum leaves
under Vac, ER and APO targeting sequences.

Figure 21 illustrates the levels of esterified monomeric and dimeric
hydroxycinnamic acids in Festuca arundinacea plants expressing FAE under Vac
targeting sequence.

Figure 22 illustrates the levels of esterified monomeric and dimeric
hydroxycinnamic acids in Festuca arundinacea plants expressing FAE under
APO and ER targeting sequence.

Figure 23 illustrates the in vitro dry matter digestibility of leaf tissue of
mature Festuca arundinacea plants expressing FAE under an actin promoter.

Figure 24 illustrates the in vitro dry matter digestibility of leaf tissue of
mature Lolium mutflorum plants expressing FAE under an actin promoter.

Figure 25 illustrates the rate of fermentation and cumulative gas
production in Festuca arundinacea cells.

Figure 26 illustrates the in vitro fermentation of Festuca arundinacea cell
walls from cell cultures expressing recombinant FAE1.

Figure 27 illustrates the Time to maximum rate digestion for Festuca
arundinacea cells.

Figure 28 illustrates the total gas production in Festuca arundinacea cells.

Figure 29 illustrates the kinetics of FAE activity by ferulic acid release from
cell wall under self digestion in Festuca arundinacea and stimulation by xylanase.

Figure 30 illustrates the beta-glucoronidase activity under the Lolium See1

senescence promoter in leaves of transgenic plants of Lolium mutflorum.
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Figure 31 illustrates the release of monomeric and dimeric HCAs on self
digestion of leaves of vacuolar targeted FAE expressing plants.

Figure 32 is a schematic of the pTP10-1 vector. Also shown is the 5338
bp nucleotide sequence of the vector.

Figure 33 is a schematic of the pUA4-4 vector. Also shown is the 5345 bp
nucleotide sequence of the vector.

Figure 34 is a schematic of the pTU4 vector. Also shown is the 5337 bp
nucleotide sequence of the vector.

Figure 35 is a schematic of the pTT5.14 vector. Also shown is the 5395
bp nucleotide sequence of the vector.

Figure 36 is a schematic of the pTP8-5 vector. Also shown is the 5337 bp
nucleotide sequence of the vector.

Figure 37 is a schematic of the pTP5-1 vector. Also shown is the 5277 bp
nucleotide sequence of the vector.

Figure 38 is a schematic of the pTP4a2 vector. Also shown is the 5327 bp
nucleotide sequence of the vector.

Figure 39 is a schematic of the pTP3-1 vector. Also shown is the 5338 bp
nucleotide sequence of the vector.

Figure 40 is a schematic of the pTU5 vector. Also shown is the 5337 bp
nucleotide sequence of the vector.

Figure 41 is a schematic of the pGT6 vector. Also shown is the 4773 bp
nucleotide sequence of the vector.

Figure 42 is a schematic of the pJQ5 vector. Also shown is the 5034 bp
nucleotide sequence of the vector.

Figure 43 is a schematic of the pJO6.1 vector. Also shown is the 4950 bp
nucleotide sequence of the vector.

Figure 44 is a schematic of the pJQ4 vector. Also shown is the 4974 bp
nucleotide sequence of the vector.

Figure 45 is a schematic of the pPQ10.1 vector. Also shown is the 5164
bp nucleotide sequence of the vector.

Figure 46 is a schematic of the pJQ3 vector. Also shown is the 4965 bp

nucleotide sequence of the vector.
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Figure 47 is a schematic of the pUG4 vector. Also shown is the 5295 bp
nucleotide sequence of the vector.

Figure 48 is a schematic of the pUB8.11 vector. Also shown is the 5001
bp nucleotide sequence of the vector.

Figure 49 is a schematic of the pTP11-1 vector. Also shown is the 5387
bp nucleotide sequence of the vector.

Figure 50 illustrates the actin promoter and its corresponding nucleotide
sequence.

Figure 51 illustrates the Aleurain-NPIR delete structure. The
corresponding nucleotide sequences are also shown.

Figure 52 illustrates the SEE1 (senescence enhanced) promoter
sequence.

Figure 53 illustrates the SEE1 (senescence enhanced) promoter

sequence plus the vacuolar aleurain signal/NPIR sequence.

DETAILED DESCRIPTION OF THE INVENTION
The invention will now be described in detail by way of reference only

using the following definitions and examples. All patents and publications,
including all sequences disclosed within such patents and publications, referred
to herein are expressly incorporated by reference.

Unless defined otherwise herein, all technical and scientific terms used
herein have the same meaning as commonly understood by one of ordinary skill
in the art to which this invention belongs. Singleton, et al., DICTIONARY OF
MICROBIOLOGY AND MOLECULAR BIOLOGY, 2D ED., John Wiley and Sons, New York
(1994), and Hale & Marham, THE HARPER COLLINS DICTIONARY OF BIOLOGY,
Harper Perennial, NY (1991) provide one of skill with a general dictionary of
many of the terms used in this invention. Although any methods and materials
similar or equivalent to those described herein can be used in the practice or
testing of the present invention, the preferred methods and materials are
described. Numeric ranges are inclusive of the numbers defining the range.
Unless otherwise indicated, nucleic acids are written left to right in 5' to 3'

orientation; amino acid sequences are written left to right in amino to carboxy
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orientation, respectively. Practitioners are particularly directed to Sambrook et
al., 1989, and Ausubel FM et al., 1993, for definitions and terms of the art. Itis to
be understood that this invention is not limited to the particular methodology,
protocols, and reagents described, as these may vary.

The headings provided herein are not limitations of the various aspects or
embodiments of the invention which can be had by reference to the specification
as a whole. Accordingly, the terms defined immediately below are more fully
defined by reference to the specification as a whole.

Definitions

It should be noted that, as used in this specification and the appended
claims, the singular forms "a," "an, "and "the" include plural referents unless the
content clearly dictates otherwise. Thus, for example, reference to a composition
containing "a compound" includes a mixture of two or more compounds. It
should also be noted that the term “or” is generally employed in its sense
including “and/or” unless the content clearly dictates otherwise.

“Conservatively modified variants" applies to both amino acid sequences
and polynucleotides. With respect to particular polynucleotides, conservatively
modified variants refers to those polynucleotides that encode identical or
essentially identical amino acid sequences, or where the polynucleotide does not
encode an amino acid sequence, to essentially identical sequences. Because of
the degeneracy of the genetic code, a large number of functionally identical
polynucleotides encode any given protein. For instance, the codons GCA, GCC,
GCG and GCU all encode the amino acid alanine. Thus, at every position where
an alanine is specified by a codon, the codon can be altered to any of the
corresponding codons described without altering the encoded polypeptide. Such
nucleic acid variations are "silent variations," which are one species of
conservatively modified variations. Every polynucleotide herein which encodes a
polypeptide also describes every possible silent variation of the nucleic acid.
One of skill will recognize that each codon in a polynucleotide (except AUG,
which is ordinarily the only codon for methionine) can be modified to yield a
functionally identical molecule. Accordingly, each silent variation of a

polynucleotide which encodes a polypeptide is implicit in each described
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sequence. For purposes of protein expression, there are “sub-optimal codons.”
These are codons that are not preferred by a particular genus or species.
Altering these “sub-optimal codons” to “preferred codons” is a silent mutation in
that the amino acid encoded by the codons is the same but one codon is
preferentially expressed by the particular genus, e.g., Triticum spp.

As to amino acid sequences, one of skill will recognize that individual
substitutions, deletions or additions to a polynucleotide, peptide, polypeptide, or
protein sequence which alters, adds or deletes a single amino acid or a small
percentage of amino acids in the encoded sequence is a "conservatively
modified variant" where the alteration results in the substitution of an amino acid
with a chemically similar amino acid. Conservative substitution tables providing
functionally similar amino acids are well known in the art.

The following six groups each contain amino acids that are conservative
substitutions for one another:

1) Alanine (A), Serine (S), Threonine (T);

2) Aspartic acid (D), Glutamic acid (E);

3) Asparagine (N), Glutamine (Q);

4) Arginine (R), Lysine (K);

5) Isoleucine (1), Leucine (L), Methionine (M), Valine (V); and

6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W).

(see, e.g., Creighton, Proteins (1984)).

“Pyroglutamic acid” is the cyclized internal amide of L-glutamic acid

The phrase “controlling the level of phenolic acids” refers to the
manipulation of phenolic acid expression in plants, particularly plant cell walls.
The manipulation can be either positive; e.g., increasing the levels of phenolic
acids; negative, e.g., decreasing the level of phenolic acids; or neutral, e.g.,
changing the relative amounts of specific phenolic acids in the cell walls but
keeping the total amount relatively the same. The timing of manipulation can be
during plant growth or after plant growth, e.g., after a plant has been cut or pulled
from the ground or ingested. “Plant cell walls” refers to the cell walls of any cell
of the plant.

The term “derived” means that a polynucleotide or protein is related to

9
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another polynucleotide or protein. The relations can be one of homology, e.g.,
nucleotides and proteins from certain species are homologous to similar
polynucleotides and proteins of other species; analogy, e.g., proteins perform the
same function and therefore are related to each other regardless of organism of
origin. The relationship can be a man-made one, e.g., a protein (and a
polynucleotide) can be derived from another protein by mutation; or chemical
manipulation (peptidomimetics). Furthermore, a protein or a polynucleotide can
be derived from an organism if, in the natural state, the protein or polynucleotide
is found in one organism but recombinantly produced in another.

The term “exogenous polynucleotide” refers to a polynucleotide which is
introduced into the plant by any means other than a sexual cross or sexual
reproduction. Examples of means by which this can be accomplished are
described below, and include Agrobacterium-mediated fransformation, biolistic
methods, electroporation, in planta techniques, and the like. Such a plant
containing the exogenous polynucleotide is referred to here as an Ry generation
transgenic plant. Transgenic plants which arise from sexual cross or by selfing
are progeny of such a plant.

The term “isolated polynucleotide molecule” or “isolated protein” refers to
a polynucleotide or protein which is essentially free of other cellular components
with which it is associated in the natural state. It is preferably in a homogeneous
state although it can be in either a dry or aqueous solution. Purity and
homogeneity are typically determined using analytical chemistry techniques such
as polyacrylamide gel electrophoresis or high performance liquid
chromatography. A protein which is the predominant species present in a
preparation is substantially purified. In particular, an isolated FAET gene is
separated from open reading frames which flank the gene and encode a protein
other than FAE1.

A “FAE1 encoding polynucleotide” is a nucleic acid sequence comprising
(or consisting of) a coding region of an FAE 1 gene or which encodes a FAE1
polypeptide. FAET polynucleotides can also be identified by their ability to
hybridize under low stringency conditions (see below) to nucleic acid probes

having a sequence of 8 to 300 bases, preferably a sequence of 80 to 100 bases

10
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in the sequence disclosed in WO 98/14594.

b ]

The term “nucleic acid encoding,” “nucleic acid sequence encoding” or
“polynuclectide encoding” refers to a polynucleotide which directs the expression
of a specific protein or peptide. The polynucleotides include both the DNA strand
sequence that is transcribed into RNA and the RNA sequence that is translated
into protein. The polynucleotides include both full length polynucleotides as well
as shorter sequences derived from the full length sequences. It is understood
that a particular polynucleotide includes the degenerate codons of the native
sequence or sequences which may be introduced to provide codon preference in
a specific host cell. The polynucleotide includes both the sense and antisense
strands as either individual single strands or in the duplex form.

The term "operably linked" refers to functional linkage between a promoter
and a second sequence, wherein the promoter sequence initiates transcription of
RNA corresponding to the second sequence.

The term “plasmid” refers to a circular double stranded DNA molecule
which comprises the coding sequence of interest, regulatory elements, a
selection marker and optionally an amplification marker. A plasmid can
transform prokaryotic cells or transfect eukaryotic cells. An “expression cassette”
means a portion of a plasmid (or the entire plasmid) containing the regulatory
elements desired for transcription, translation and/or expression and the coding
region of a polynucleotide. A plasmid may contain one or more expression
cassettes. If multiple expression cassettes are introduced into a plant, they can
be introduced simultaneously or at different times. If simultaneous introduction is
desired, the expression cassettes can be on one plasmid or more. Typically, an
expression cassette comprises a promoter, poly A+ tail, and signal sequences
that target the expressed polypeptide to a specific region of a cell or to be
secreted, if desired. Examples of signal sequences that “target expression” of
ferulic acid esterase include sequences located upstream of the FAE coding
sequence. The polynucleotide that encodes the signal sequence is found
preferably within the 100 nucleotides “upstream” (in the 5’ direction) from the
initiation codon (AUG). More preferably, the polynucleotide that encodes the
signal sequence is found within the 50 nucleotides upstream from the initiation

11
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codon. Many different cellular organelles are targeted by the signal sequences
used in this invention. The organelles include, but are not limited to, vacuoles,
Golgi apparati, endoplasmic reticula, and apoplasts. In addition to upstream
signal sequences, the expression cassette of this invention may include a
polynucleotide that encodes a signal sequence at the 3’ end. These signal
sequences include, but are not limted to stop codons and the KDEL sequence.
In addition to KDEL, other similar sequences are contemplated by this invention,
including but not limited to RDEL. In addition to a KDEL sequence, a signal
sequence can include a linker to a KDEL sequence. A linker is an extension of
the reading frame of the encoding polynucleotide to the signal sequence.
Preferably, the polynucleotide encoding the signal sequence is directly
downstream from the coding sequence, more preferably less than 100 base pairs
from the stop codon, more preferably less than 20 base pairs from the stop
codon.

” %

The term “polynucleotide,” “polynucleotide” or “nucleic acid sequence”
refers to deoxyribonucleotides or ribonucleotides and polymers thereof in either
single- or double-stranded form. Unless specifically limited, the term
encompasses polynucleotides containing known analogues of natural
nucleotides which have similar binding properties as the reference polynucleotide
and are metabolized in a manner similar to naturally occurring nucleotides.
Unless otherwise indicated, a particular FAE7 polynucleotide of this invention
also implicitly encompasses conservatively modified variants thereof (e.g.
degenerate codon substitutions) and complementary sequences and as well as
the sequence explicitly indicated. Specifically, degenerate codon substitutions
may be achieved by generating sequences in which the third position of one or
more selected (or all) codons is substituted with mixed-base and/or deoxyinosine
residues (Batzer et al., Nucleic Acid Res. 19:5081 (1991); Ohtsuka et al., J. Biol.
Chem. 260:2605-2608 (1985); and Cassol et al., 1992; Rossolini et al., Mol. Cell.
Probes 8:91-98 (1994)). The term polynucleotide is used interchangeably with
gene, cDNA, and mRNA encoded by a gene.

» «©

The term “polypeptide,” “peptide,” and “protein” are used interchangeably

and refer to amino acids connected by peptide bonds. Polypeptides can be
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entire proteins or portions thereof. For Example. a FAE1 polypeptide may refer
to the entire FAE1 protein or fragments of the FAE1 protein. A “ferulic acid
esterase with an altered glycosylation site” refers to a FAE protein wherein a
mutation has changed the glycosylation pattern of the protein. Mutations that
effect such changes are well known in the art and include, but are not limited to,
amino acid substitutions, and mutations in the proteins of the Golgi apparatus
and endoplasmic reticulum that effect glycosylation of proteins.

The term “promoter” refers to a polynucleotide that directs expression of a
coding sequence. A promoter can be constitutive, i.e., relatively independent of
the stage of differentiation of the cell in which it is contained or it can be
inducible, i.e., induced be specific environmental factors, such as the length of
the day, the temperature, efc. or a promoter can be tissue-specific, i.e., directing
the expression of the coding sequence in cells of a certain tissue type. A
“senescence” promoter is an inducible promoter that causes transcription to be
initiated upon a certain event relating to age of the organism. A “heat shock
promoter” is an inducible promoter that causes transcription to be initiated upon a
change in temperature. An example of a heat shock protein promoter is the
Soybean Gmhsp promoter. In addition to these inducible promoters, one of skill
will realize that other inducible promoters can be used. For example, a wound
induced promoter, like LAP. See, US Patent No. 5,962,670.

The term "purified" denotes that a polynucleotide or protein gives rise to
essentially one band in an electrophoretic gel. Particularly, it means that the
polynucleotide or protein is at least 85% pure, more preferably at least 95% pure,
and most preferably at least 99% pure.

The term “specifically hybridizes” refers to a nucleic acid probe that
hybridizes, duplexes or binds to a particular target DNA or RNA sequence when
the target sequences are present in a preparation of total cellular DNA or RNA.
"Complementary" or "target" nucleic acid sequences refer to those nucleic acid
sequences which selectively hybridize to a nucleic acid probe. Proper annealing
conditions depend, for example, upon a probe's length, base composition, and
the number of mismatches and their position on the probe, and must often be

determined empirically. For discussions of nucleic acid probe design and
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annealing conditions, see, for example, Sambrook et al., MOLECULAR CLONING: A
LABORATORY MANUAL (2ND ED.), Vols. 1-3, Cold Spring Harbor Laboratory, (1989)
(“Sambrook”) or CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, F. Ausubel et al.,
ed. Greene Publishing and Wiley-Interscience, New York (1987) (“Ausubel”).
The term “stringent conditions” in the context of polynucleotide
hybridization experiments such as Southern and northern hybridizations refers to
sequence dependent, binding and washing environments. An extensive guide to
the hybridization of polynucleotides is found in Tijssen (1993) LABORATORY
TECHNIQUES IN BIOCHEMISTRY AND MOLECULAR BIOLOGY--HYBRIDIZATION WITH
NucLEIC AcID PROBES part | chapter 2 “overview of principles of hybridization and
the strategy of nucleic acid probe assays”, Elsevier, New York. Generally, highly
stringent hybridization and wash conditions are selected to be about 5°C lower
than the thermal melting point (Tr) for the specific sequence at a defined ionic
strength and pH. The T, is the temperature (under defined ionic strength and
pH) at which 50% of the target sequence hybridizes to a perfectly matched
probe. Very stringent conditions are selected to be equal to the T, for a
particular probe. An example of stringent hybridization conditions for
hybridization of complementary polynucleotides which have more than 100
complementary residues on a filter in a Southern or northern blot is 50% formalin
with 1 mg of heparin at between 40 and 50°C, preferably 42°C, with the
hybridization being carried out overnight. An example of highly stringent wash
conditions is 0.15M NacCl at from 70 to 80°C with 72°C being preferable for about
15 minutes. An example of stringent wash conditions is a 0.2x SSC wash at
about 60 to 70°C, preferably 65°C for 15 minutes (see, Sambrook, supra for a
description of SSC buffer). Often, a high stringency wash is preceded by a low
stringency wash to remove background probe signal. An example medium
stringency wash for a duplex of, e.g., more than 100 nucleotides, is 1x SSC at 40
to 50°C, preferably 45°C for 15 minutes. An example low stringency wash for a
duplex of, e.g., more than 100 nucleotides, is 4-6x SSC at 35 to 45°C, with 40°C
being preferable, for 15 minutes. In general, a signal to noise ratio of 2x (or
higher) than that observed for an unrelated probe in the particular hybridization

assay indicates detection of a specific hybridization. Polynucleotides which do
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not hybridize to each other under stringent conditions are still substantially
identical if the polypeptides which they encode are substantially identical. This
occurs, e.g., when a copy of a polynucleotide is created using the maximum
codon degeneracy permitted by the genetic code.

The term “transgenic plant” refers to a plant into which exogenous
polynucleotides have been introduced and their progeny. Typically, cells of a
plant are transformed with the exogenous polynucleotide and a transgenic plant
is regenerated from the transformed cells. The regenerated plant is then bred to
produce a strain of transgenic plants.

“Xylanase” (EC 3.2.1.8) refers to a well described class of gylcosyl
hydrolases that hydrolize xylan. Commercial applications of xylanase include the
degradation and bleaching of wood pulp for paper making. Xylanase can also be
added to animal feed to improve the digestibility of plant matter. Typically,
commercial xylanase is derived from fungi. A preferred xylanase is derived from

Trichoderma.

Preferred Embodiments
Plant cell walls contain a range of alkali-labile ester-linked phenolic acids.

In particular, grass cell walls are characterized by the presence of large amounts
of esterified ferulic and p-coumaric acids (mainly in their E configurations), linked
to arabinoxylans at the C5 of arabinose. These are released as ferulated
oligosaccharides (FAX and PAX) by cellulase treatment but in vivo provide a
substrate for peroxidase-catalyzed cross-linking of cell wall polysaccharides and
lignin. The high levels of these phenolic acids and their dimers have a dramatic
influence on the mechanical properties, digestibility and rates of digestion of
grasses by ruminants.

Previous work has shown that ferulic acid is the predominant p-
hydroxycinnamic acid esterified to grass polysaccharide but until recently the only
ferulic acid dehydrodimer to have been isolated was 5,5’-diferulic acid. Recently
new dehydrodiferulate dimers and cyclobutane-type dimer mixtures have been
isolated from plant cell walls (Waldron, et al., Phytochemical Analysis 7:305
(1996)). As can be seen in Figure 1, these mixtures are present in large
amounts in grass cells. Ether linked ferulic acid-coniferyl alcohol dimers, have

also been isolated from cell walls (Jacquet, et al., Polyphenol Comm. Bordeaux
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pp451 (1996)) establishing for the first time that ferulate esters are oxidatively co-
polymerized with lignin precursors which may anchor lignins to cell wall
polysaccharides. The yield of these dimers in grass cells indicates that phenolic
dehydrodimer cross-linking of cell wall polysaccharides is much more extensive
than was previously thought.

An enzyme system has been reported from parsley endomembranes that
catalyses the ferulation of endogenous polysaccharide acceptors from feruloyl
CoA, pointing to the ER/golgi as the site of polysaccharide esterification and the
CoA ester as the physiological co-substrate (Meyer, et al., FEBS Lett. 290:209
(1991)). Further evidence for this has been found in water-soluble extracellular
polysaccharides excreted in large amounts into the medium by grass cell
cultures. This material is highly esterified with ferulic and p-coumaric acid at
levels similar to the cell walls of the cultured cells.

Feruloyl esterase activity has been detected in several fungal species
including, anaerobic gut fungi, yeasts, actinomycetes, and a few fiber-degrading
ruminal bacteria, which enables them to de-esterify arabinoxylans and pectins.

Two ferulic acid esterases (FAE), distinguished on the basis of molecular
weight and substrate specificity, have been isolated from Aspergillus niger and
have been shown to quantitatively hydrolyze ferulic acid and release
dehydrodiferulate dimers from plant cell walls. Furthermore, FAE has been
observed to act synergistically with xylanase to release ferulic acid from plant cell
walls at a higher rate. Recently, a ferulic acid esterase (FAE) gene has been
cloned from Aspergillus niger (Michelson, et.al. European Patent Application No.
9510370.1). The inventors have found the recombinant enzyme releases ferulic
acid and diferulate dimers from grass cell walls in a concentration dependent
manner and that this enzyme is stable at 30°C pH 5.0 in the presence of substrate
and has a half life of 61 h at 30°C in the presence of vacuolar extracts (pH 4.6) of
grass cells. This gene was, therefore, a candidate for targeted and indicible
expression of FAE in grasses (e.g., Lolium multiflorum).

The present invention provides for methods of changing the cell wall
structure of transgenic plants and therefore, making them more digestible. The
method comprises introducing a ferulic acid esterase coding sequence into the
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cells of a plant. Operably linked to the coding seqeunce is a promoter that can
be either constitutive or inducible and signal sequences that serve to target
expression of the coding sequence in the desired organelle in the desired cell of
the plant. The signal sequences can be either or both N terminal or C terminal
sequences.

Optionally, a second and/or third coding sequence is introduced into the
plant. It is preferred that a fungal xylanase coding sequence be coexpressed
with the FAE coding sequence. .

This invention also provides for transgenic plants which contain FAE1
coding sequences, leading to more digestible grasses.

Generally, the nomenclature and the laboratory procedures in
recombinant DNA technology described below are those well known and
commonly employed in the art. Standard techniques are used for cloning, DNA
and RNA isolation, amplification and purification. Generally enzymatic reactions
involving DNA ligase, DNA polymerase, restriction endonucleases and the like
are performed according to the manufacturer's specifications. Basic texts
disclosing the general methods of use in this invention include Sambrook, et al.,
MOLECULAR CLONING, A LABORATORY MANUAL , 2ND ED. (1989); Kriegler, GENE
TRANSFER AND EXPRESSION: A LABORATORY MANUAL (1990); and Ausubel et al.,
(eds.), CURRENT PROTOCOLS IN MOLECULAR BIOLOGY (1994)).

A. Isolation of Polynucleotides

The isolation of the polynucleotides, e.g., FAE1 and xylanase of the
invention may be accomplished by a number of techniques. See, for example,
copending US application 08/952,445 which describes the isolation of a FAE
from Aspergillus niger, and copending US application 09/658,772 which
describes the isolation of a xylanase from T. reesei.

For instance, oligonucleotide probes based on the sequences cited here
can be used to identify the desired gene in a cDNA or genomic DNA library from
a desired species. To construct genomic libraries, large segments of genomic
DNA are generated by random fragmentation, e.g., using restriction

endonucleases, and are ligated with vector DNA to form concatemers that can be
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packaged into the appropriate vector. To prepare a library of cDNA from a
specific cell culture, e.g., Aspergillus niger, mMRNA is isolated from the culture and
a cDNA library containing the gene transcripts is prepared from the mRNA.

The cDNA or genomic library can then be screened using a probe based
upon the sequence of a known polynucleotide such as the polynucleotides cited
here. Probes may be used to hybridize with genomic DNA or cDNA sequences
to isolate homologous genes in the same or different plant species. In addition to
probes derived from known polynucleotides, degenerate probes may be used.
Techniques for making and using degenerate probes are well known in the art
and can be found in Sambrook and Ausubel.

Alternatively, the polynucleotides of interest can be amplified from
polynucleotide samples using amplification techniques. For instance,
polymerase chain reaction (PCR) technology can be used to amplify the
sequences of the genes directly from mRNA, from cDNA, from genomic libraries
or cDNA libraries. PCR and other in vitro amplification methods may also be
useful, for example, to clone polynucleotides that code for proteins to be
expressed, to make polynucleotides to use as probes for detecting the presence
of the desired mRNA in samples, for polynucleotide sequencing, or for other
purposes.

Appropriate primers and probes for identifying ferulic acid esterase-
specific genes, as well as xylanase sequences, from fungi and plant tissues are
generated from comparisons of the sequences provided herein. For a general
overview of PCR see PCR PROTOCOLS: A GUIDE TO METHODS AND APPLICATIONS,
(Innis, M, Gelfand, D., Sninsky, J. and White, T., eds.), Academic Press, San
Diego (1990). Reaction components are typically: 10 mM Tris-HCI, pH 8.3, 50
mM potassium chloride, 1.5 mM magnesium chloride, 0.001% gelatin, 200 uM
dATP, 200 uM dCTP, 200 uM dGTP, 200 uM dTTP, 0.4 uM primers, and 100
units per mL Taq polymerase. Program: 96°C for 3 min., 30 cycles of 96°C for
45 sec., 50°C for 60 sec., 72°C for 60 sec, followed by 72°C for 5 min.

Polynucleotides may also be synthesized by well-known techniques as
described in the technical literature. See, e.g., Carruthers, et al., Cold Spring
Harbor Symp. Quant. Biol. 47:411-418 (1982), and Adams, et al., J. Am. Chem.
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Soc. 105:661 (1983). Double stranded DNA fragments may then be obtained
either by synthesizing the complementary strand and annealing the strands
together under appropriate conditions, or by adding the complementary strand
using DNA polymerase with an appropriate primer sequence.

Suitable sources for the ferulic acid esterase used in this invention include
but are not limited to, Neurospora crassa, Aspergillus spp. and specifically,
Aspergillus niger. The xylanase used in this invention can be derived from any

suitable source including, but not limited to, Trichoderma reesei and Aspergillus

spp.

B. Preparation of Recombinant Vectors

To use isolated sequences in the above techniques, recombinant DNA
vectors suitable for transformation of plant cells are prepared. Techniques for
transforming a wide variety of plant species are well known and described in the
technical and scientific literature. See, for example, Weising, et al., Ann. Rev.
Genet. 22:421-477 (1988). A DNA sequence coding for the desired polypeptide,
for example a cDNA sequence encoding the full length FAE1 protein, will
preferably be combined with transcriptional and translational initiation and
targeting regulatory sequences which will direct the transcription of the sequence
from the gene in the intended tissues of the transformed plant under the desired
conditions.

Promoters can be identified by analyzing the 5' sequences of a desired
gene. Sequences characteristic of promoter sequences can be used to identify
the promoter. Sequences controlling eukaryotic gene expression have been
extensively studied. For instance, promoter sequence elements include the
TATA box consensus sequence (TATAAT), which is usually 20 to 30 base pairs
upstream of the transcription start site. In most instances the TATA box is
required for accurate transcription initiation. In plants, further upstream from the
TATA box, at positions -80 to -100, there is typically a promoter element with a
series of adenines surrounding the trinucleotide G (or T) N G. Messing, et al., in
GENETIC ENGINEERING IN PLANTS, pp. 221-227 (Kosage, Meredith and Hollaender,
eds. (1983)).
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A number of methods are known to those of skill in the art for identifying
and characterizing promoter regions in plant genomic DNA (see, e.g., Jordano, et
al., Plant Cell 1:855-866 (1989); Bustos, et al., Plant Cell 1:839-854 (1989);
Green, et al., EMBO J. T:4035-4044 (1988); Meier, et al., Plant Cell 3:309-316
(1991); and Zhang, et al., Plant Physiology 110:1069-1079 (1996)).

In construction of recombinant expression cassettes of the invention, a
plant promoter fragment may be employed which will direct expression of the
gene in all tissues of a regenerated plant. Such promoters are referred to herein
as "constitutive” promoters and are active under most environmental conditions
and states of development or cell differentiation. Examples of constitutive
promoters include the cauliflower mosaic virus (CaMV) 35S transcription initiation
region, the 1'- or 2'- promoter derived from T-DNA of Agrobacterium tumafaciens,
the actin and ubiquitin promoters and other transcription initiation regions from
various plant genes known to those of skill. A particularly preferred constitutive
promoter is the rice actin promoter (see, McElroy, Plant Cell, 2:163 (1990)).

Alternatively, the plant promoter may direct expression of the
polynucleotide of the invention in a specific tissue (tissue-specific promoters) or
may be otherwise under more precise environmental control
(inducible promoters). Examples of tissue-specific promoters under
developmental control include promoters that initiate transcription only in certain
tissues, such as leaves, roots or seeds.

In one aspect of the instant invention, expression of FAE occurs after the
the plant has been cut, removed from the ground or ingested. Thus an
appropriate promoter would be a senescence promoter. For example, BFN7 has
recently been shown to be a nuclease expressed in senescing leaves, Perez-
Amador, et al., Plant Physiol. 122:169 (2000). Similarly, SAG12, a cysteine
protease is also found in senescing leaves (Noh & Amasino, Plant Mol. Biol.
41:181 (1999). In a preferred embodiment, the promoter from the gem gene of
Festuca pratensis is used to direct expression of FAE in senescing leaves.

In another aspect, the FAE would be expressed upon ingestion by a
foraging animal. Exemplary promoters for this aspect would include Soybean
Gmhsp 17.5 promoter and the leucine aminopeptidase (LAP) promoter. The
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GMhsp promoter‘is from a heat shock protein gene and initiates expression if the
temperature of the environment is increased. [n the laboratory, an increase of
15°C for 2 hours is the preferred heat shock. However, in non-laboratory
conditions suitable increases in temperature will occur in silos and in the rumen
of animals that have ingested the plants of this invention. The LAP promoter
initiates the expression of the FAE gene upon wounding of the plant. Such
wounding would occur after cutting the plant or after mastication by a foraging
animal. Tissue specific promoters that could be used in this invention include
promoters of genes that are differentially expressed in the leaves of grasses. An
example of a leaf specific promoter is the rbcS promoter of tomato (Proc. Nat'l
Acad. Sci. USA 84:7104 (1987)). This promoter normally regulates a gene
determined to be important in photosynthesis.

For proper polypeptide expression, a polyadenylation region at the 3'-end
of the coding region should be included. The polyadenylation region can be
derived from the natural fungal gene, from a variety of other fungal or plant
genes, or from T-DNA. These sequences are well known and readily available to
those of skill in the art.

In addition to a promoter and poly A+ sequences, the preferred expression
vectors of this invention also will contain signal sequences. These are
polynucleotides found at the 5’ and/or 3’ ends of the coding region and serve to
target expression of the gene to specific cellular organelles. These signal
sequences can be both upstream or downstream of the coding region. Some
preferred examples of upstream signal sequences include the barley aleurain
sequence (Rogers, Proc. Nat'l Acad. Sci. USA 82:6512 (1985) which targets
vacuoles and the Aspergillus apoplast signal. This signal sequence targets
expression to the apoplast.

In addition to targeting expression to specific organelles, it may be
desireable to retain the expressed FAE in the Golgi or endoplasmic reticulum.
The well known ER retention signal, KDEL, can be added to the 3’ end of the
coding polynucleotide.

The vector comprising the expression cassettes (e.g., promoters and/or

coding regions) of the invention will typically comprise a marker gene which
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confers a selectable phenotype on plant cells. For example, the marker may
encode biocide resistance, particularly antibiotic resistance, such as resistance to
hygromyecin, kanamycin, G418, bleomycin, or herbicide resistance, such as

resistance to chlorosluforon or Basta.

C. Production of Transgenic Plants

DNA constructs of the invention may be introduced into the genome of the
desired plant host by a variety of conventional téchniques. For example, the
DNA construct can be introduced directly to plant tissue using ballistic methods,
such as DNA particle bombardment or the constructs may be introduced directly
into the genomic DNA of the plant cell using techniques such as electroporation
and microinjection of plant cell protoplasts. Alternatively, the DNA constructs
may be combined with suitable T-DNA flanking regions and introduced into a
conventional Agrobacterium tumefaciens host vector. The virulence functions of
the Agrobacterium tumefaciens host will direct the insertion of the construct and
adjacent marker into the plant cell DNA when the cell is infected by the bacteria.

See Dalton et al. (Co-transformed, diploid Lolium perenne (Perennial
Ryegrass), Lolium multiflorum (ltalian Ryegrass) and Lolium temulentum (Darnel)
plants produced by microprojectile bombardment. Plant Cell Reports (1999)
18(9), 721-726) for exemplary methods for culturing and transformation of
grasses.

Microinjedtion techniques are known in the art and well described in the
scientific and patent literature. The introduction of DNA constructs using
polyethylene glycol precipitation is described in Paszkowski, et al., Embo J.
3:2717-2722 (1984). Electroporation techniques are described in Fromm, et al,,
Proc. Natl. Acad. Sci. USA 82:5824 (1985).

Agrobacterium tumefaciens-mediated transformation techniques, including
disarming and use of binary vectors, are well described in the scientific literature.

See, for example Horsch, et al., Science 233:496-498 (1984), and Fraley, et al.,
Proc. Nat'l. Acad. Sci. USA 80:4803 (1983). US Patent 5,591,616 discloses
Agrobacterium mediated transformation techniques in monocotyledons.

Ballistic transformation techniques are described in Klein, et al., Nature
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327:70-73 (1987). In a preferred embodiment, a particle in-flow gun (PIG) is
used to transform the plant cells of this invention.

Transformed plant cells which are derived by any of the above
transformation techniques can be cultured to regenerate a whole plant that
possesses the transformed genotype and thus the desired phenotype such as
improved digestibility. Such regeneration techniques rely on manipulation of
certain phytohormones in a tissue culture growth medium, typically relying on a
biocide and/or herbicide marker which has been introduced together with the
desired nucleotide sequences. Plant regeneration from cultured protoplasts is
described in Evans, ef al., PROTOPLASTS ISOLATION AND CULTURE, HANDBOOK OF
PLANT CELL CULTURE, pp. 124-176, Macmillian Publishing Company, New York,
1983; and Binding, REGENERATION OF PLANTS, PLANT PROTOPLASTS, pp. 21-73,
CRC Press, Boca Raton, 1985. Regeneration can also be obtained from plant
callus, explants, organs, or parts thereof. Such regeneration techniques are
described generally in Klee, et al., Ann. Rev. of Plant Phys. 38:467-486 (1987).

To determine the presence of or increase of FAE1 activity, an enzymatic
assay can be used or an assay to measure increases and decreases in rates of
fermentation. These assays are readily available in the literature and those of
skill in the art can readily find them.

One of skill will recognize that other assays can be used to detect the
presence or absence of FAE1. These assays include but are not limited to;
immunoassays and electrophoretic detection assays (either with staining or
western blotting).

The polynucleotides of the invention can be used to confer desired traits
on essentially any plant. However, the main utility of this invention is in the
improved digestibility of forage plants. Thus, it is envisioned the transgenic
plants of this invention will include but not be limited to the following genera
Lolium, Festuca, Triticum, Avena, and Medicago. The FAET genes of the
invention are particularly useful in the production of transgenic plants in the
genus Lolium.

One of skill will recognize that after the expression cassette is stably
incorporated in transgenic plants and confirmed to be operable, it can be
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introduced into other plants by sexual crossing. Any of a number of standard
breeding techniques can be used, depending upon the species to be crossed.

As mentioned above, the transgenic plants of this invention can be used
as a foraging crop for animals, such as cattle, sheep, goats and horses. In
addition, the methods of this invention can be used to transform any plant into
which FAE expression is desired. For example, it is advantageous to break down
cell walls during biomass conversion or during processing of plants for foodstuffs.
This invention would help to achieve this goal more effectively and

inexpensively.

The inventive methods herein may also be used to provide additional
enzymes to enhance the availability of fermentable sugars in plants. Plant
carbohydrates may be subject to further modification, either exogenously or
endogenously, by the action of other enzymes. Such enzymes include, but are
not limited to, endoglucanases, xylosidases and/or cellbiohydrolases. These
enzymes may be provided either in an expression cassette provided for herein
(i.e., endogenous) or applied to the plant cell walls (i.e., exogenous) to enhance
the availability of mono- and/or di-saccharides.

Plants other than grasses may find a use in the present invention. For
example, corn (or maize) is specifically contemplated to be useful. The grass
Festuca is similar to maize in cell wall structure and therefore provides a good
model of the ability to enhance fermentable carbohydrates in corn. Other useful
plants contemplated for use in the present invention are Festuca, Lolium, Zea,
Avena, Sorghum, Millet (tropical cereals), Miscanthus (a grass with potential for
use as a biomass energy crop), Cenchrus, Dichanthium, Brachiaria and

Paspalum (apomictic tropical range grasses) and Poa (Kentucky bluegrass).

Cell walls of forage grasses makes up 30-80% of forage dray matter
representing a major source of energy for ruminants, but less than 50% of this
fraction is digested by the animal. Conversion of low-value biomass to sugars

and ethanol is also less than optimal due to the carbohydrate unavailability of the
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feedstocks, including but not limited to bagasse, race straw, corn stover and corn
fiber.

Ferulic and other hydroxycinnamic acids are ester linked to arabinosyl
residues in arabinoxylans, and play a key role in crosslinking xylans to liginin,
resulting in less degradable cell walls. Ferulic acid esterase (FAE) can release
both monomeric and dimeric ferulic acid (FA) from 'arabinoxylans making the cell
wall more susceptible to further enzymatic attack. Transgenic plants have been
produced expressing an FAE gene following microprojectile bombardment of cell
cultures. Measurements of the level of FAE activity from different vectors
targeting FAE to the vacuole, ER and apoplast under constitutive or inducible
(heat shock) promoters shows that at least for constitutive expression of vacuolar
targeted FAE, the activity was highest in young leaves and increased along the
leaf lamina. We also show that FAE expression results in release of monomeric
and dimeric FA from cell walls on cell death and this was enhanced several fold
by the addition of xylanase. An effect of FAE expression on the monomeric and
dimeric cell wall ester linked ferulate content in comparison to control (non-
transformed) plants is seen. Generally, the lower the levels of monomers and, in
particular, dimers of hydroxycinnamic acids in leaves, the higher the digestibility
and/or availability of complex carbohydrates for conversion.

Senescence is the terminal phése in leaf development and occurs without
grouth or morphogenesis Therefore the metabolism/physiology of this stage of
the leaf's lifespan can be targeted directly for alteration with minimal detrimental
impact on early development. Senescence follows leaf maturity and is
associated with the expression of specific genes. These genes and their
controlling elements can be exploited to manipulate development, adaptation,
productivity and quality traits in crop plants. There seems to be good
conservation of senescence physiology across the range of higher plant species

and thus these promoters are useful in the present invention.

The following preparations and examples are given to enable those skilled
in the art to more clearly understand and practice the present invention. They

should not be considered as limiting the scope and/or spirit of the invention, but
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merely as being illustrative and representative thereof.

In the experimental disclosure which follows, the following abbreviations
apply: eq (equivalents); M (Molar); uM (micromolar); N (Normal); mol (moles);
mmol (millimoles); umol (micromoles); nmol (nanomoles); g (grams); mg
(milligrams); kg (kilograms); pg (micrograms); L (liters); ml (milliliters); pl
(microliters); cm (centimeters); mm (millimeters); pm (micrometers); nm
(nanometers); ° C. (degrees Centigrade); h (hours); min (minutes); sec
(seconds); msec (milliseconds); Ci (Curies) mCi (milliCuries); uCi (microCuries);

TLC (thin layer achromatography); Et (ethyl), Me (methyl).

Example 1
Preparation of Enzyme Encoding DNA Sequences

A genomic clone for FAE1 (see Figures 1-3) was used as the starting point
for the preparation of an intronless FAE1 encoding DNA sequence. The
sequence for the genomic clone is given in Figures 2 and 3. Separate fragments
for both FAE exons were recovered by PCR from a 5.5kb EcoRI fragment of the
genomic clone in pLITMUS28, and ‘cDNA’ created by overlapping PCR. See
Figure 4.

Two 5’ primers were used. FAE-S5 which amplifies the entire reading
frame (including the Aspergillus signal), and FAE-N5 which amplifies only the
mature protein (i.e. has no signal). A number of codons are optimised
(underlined in primer sequences below). The overlap product may be derived
from either FAE-I5 (wild type) or FAE-I3 (conserved Ser changed to Ala) primers,
allowing production of enzymatically inactive protein to check toxicity. As shown
in Figure 5, overlapping of PCR products made with FAE-I5 and FAE-I3 creates
two possible uninterrupted reading frames. If the complement to FAE-I5 serves
as the template when recombined then the encoded protein retains the serine
moiety and the esterase is functional (highlighted serine is at active site). If the
FAE-13 primer serves as the template the serine is replaced with an alanine and
the esterase is inactivated (highlighted alanine in bottom amino acid sequence

given in Figure 5).
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Where possible, codon usage has been optimised in constructed reading

frames (codon choice based on published barley preferences).

FAE-I5 (SEQID NO: __)
GGCGCCGAGGGAGTGGCCGGTCACGGTCAGCGCGTAGTCC 40-mer
FAE-13 (SEQ ID NO: __)
CCGGCCACGCCCTCGGCGCCTCCCTGGCGGCACTC 35-mer

FAE-N5 (SEQID NO: __)
CTAAAGCTTACCATGGCGGCCGCCTCCACGCAGGGCATCTCCGA 44-mer
FAE-S5 (SEQ ID NO: __)

CTAAAGCTTAACATGAAGCAGTTCTCCGCCAA 32-mer

FAE-3 (SEQ ID NO: __)
TCTAAGCTTGCGGCCGCGACCGGCCAGGTGCATGCGCCGCTCGTCATCCC
50-MER

Example 2
Preparation of Vectors

Vectors had the general structure shown in Figure 6.
A. Plant transformation vector series

Initial expression vectors were based on pCOR105 [rice actin promoter -
McElroy et al. MGG 231:150-160 (1991)] (Figure 7). pCOR105 Not and Sstll
sites were first destroyed [cut with Notl and Sstl, followed by heat inactivation
and T4 DNA polymerase treatment in the presence of dNTPs] using standard
methods as described in Maniatis et al. or following the manufacturer’s
instructions for enzymes to simplify subsequent Not cassette manipulation and
allow use of unique Sst site (see below).

The nos terminator from pMA406 (Ainley & Key (1990) PMB 14:949-60 )
was amplified by PCR using primers TER5 and TER3 to generate a fragment
with the following sequence (SEQ ID NO:___):
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(Pst1) (Not 1)
(AGACTGCAGACCATGGCGGCCGCGKAACCACTGAAGGATGAGCTGTAAAG
AAGCAGATCGTTCAAACATTTGGCAATAAAGTTTCTTAAGATTGAATCCTGTT
GCCGGTCTTGCGATGATTATCATATAATTTCTGTTGAATTACGTTAAGCATGT
AATAATTAACATGTAATGCATGACGTTATTTATGAGATGGGTTTTTATGATTA
GAGTCCCGCAATTATACATTTAATACGCGATAGAAAACAAAATATAGCGCGC
AAACTAGGATAAATTATCGCGCGCGGTGTCATCTATGTTACTAGATCGATA
AGCTT CTA GATCT (where K=GorT)

(Hindlll) (Xbal)

A redundancy in the TERS5 primer (GCGKAA) creates fragments having
either a stop codon (TAA) or glutamate codon (GAA) in one reading frame. The
glutamate codon is in frame with a downstream KDEL motif.

The fragment and modified pCOR105 vector were cut with Pstl and Xbal,
according to manufacturers instructions, relevant fragments gel-purified, ligated
with T4 DNA ligase and transformed into E. coli. Resulting clones were then
sequenced to establish which TERS alternatives were present.

Initial FAE expression vectors were then constructed from these vectors
by inserting FAE-S5/FAE-3 PCR products (T4 DNA polymerase ‘polished’ in the
presence of dNTPs, purified and digested with Notl, cloned into EcoRV and Notl
digested vector) or FAE-N5/FAE-3 PCR products (purified and Notl digested,
cloned into Notl digested and calf intestinal alkaline phosphatase treated vector).

The initial pPCOR105-nos terminator clones were also modified by the
addition of ALE-5/ALE-3 PCR products (encoding wild-type and modified barley
aleurain signal peptides, see below for details). The products were ‘polished’ with
T4 DNA polymerase in the presence of dNTPs, purified and cut with Notl, then
cloned into EcoRY and Notl digested vectors. Addition of the ALE sequences
creates a series of vectors which can express a reading frame inserted at the
Notl or Ncol sites as a fusion to the barley aleurain signal, with or without
vacuolar targetting motif, and with or without an ER retention motif. Hindlll sites

flanking the translation initiation codon and transcriptional terminator allow easy
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movement of transcription units between expression vectors providing different
promoter sequences. (See Figure 8 depicting the generic ALE-TER vector.)

Vector sequences were confirmed by sequencing. Two artifacts were
found. Firstly, the redundant codon in TER5 was found to be AAA in one clone,
which was subsequently used as the source of all KDEL fusions (ie peptide
sequence is KPLKDEL, rather than EPLKDEL as designed). See Figure 9.
Secondly, an additional base is found at the site of the redundant codon in one
clone, creating a frameshifted terminal peptide (ETTEG, Figure 10) which was
used as a control in some constructs.

Exploitation of the modular arrangement of signal peptides in the above
vector series allowed various combinations of FAE and targeting motifs to be
created using standard molecular biology procedures (i.e., restriction digest,
purification of relevant fragments and ligation as appropriate). For example, the
Notl fragment containing the FAE reading frame was inserted into the Notl site of
the frameshifted clone described above to create vector pTP3.1. The native
Aspergillus COOH-terminus was inserted into a FAE-S5/FAE-3 clone as a Sphl
(T4 DNA polymerase polished) — Ncol fragment from the FAE genomic clone
(replacing the Notl (T4 DNA polymerase polished) — Ncol fragment), creating
vector pTP4a2, which then encodes the entire, unmodified, Aspergillus FAE.
Replacement of the Sall/Xbal fragment of pTP3.1 with that of pTP4a2 then
created pTP11.1, which encodes FAE with a native Aspergillus COOH-terminus
but a barley aleurain N-terminal signal.

Briefly, other vectors made in this series were; pTP8.5, the FAE Notl
fragment inserted into the Notl site of an ALE-frameshifted COOH-terminus
construct, aleurain N-terminus; pTP5.1, replacement of the native Aspergillus
COOH terminus with a KDEL peptide (Notl/Xbal fragment exchange), Aspergillus
N-terminal signal retained; pTU4.4, BamHI fragment of pTP11.1 replaces BamH|
fragment of pTP5.1, creates FAE reading frame fused to heterologous N- and C-
termini (aleurain signal and KDEL). ’

Vectors in which the aleurain vacuolar targeting motif NPIR was replaced
by NPGR (found to be inactive in some plant assays) were created by replacing
an EcoRV/Notl fragment with ALE PCR product which had been cut with Accl

29



10

15

20

25

30

35

WO 02/068666 PCT/US01/43588

(T4 DNA polymerase polished) and Notl (vectors pTT5.5 and pTT5.14,
Aspergillus COOH-terminus). The BamHI fragment of pTT5.5 was used to
replace that of pTP5.1 to produce pTUS, creating an FAE reading frame fused to
heterologous N- and C-termini (NPGR modification of aleurain signal and KDEL).
The aleurain signal was also modified by PCR mutagenesis to remove the
vacuolar targeting NPIR motif in its entirety (directed by primer ALECUT, which
contains a Notl site to allow exchange of Bglll/Notl fragments). NPIR deletion
was created in this way in pTP11.1 (creating pUA4.4), and in pTP5.1 by
exchange of BamHI fragments with pUA4.4 (creating puUG4).

Finally, PCR mutagenesis, using overlap of fragments generated by
primers GLY3 and GLYB, was also used to alter a potential glycosylation site
(asparagine codon changed to aspartate, as carried out for example in Chen,
H.M., C. Ford & P. J. Reilly (1994) Biochem J 301 275-281 Substitution of
asparagine residues in Aspergillus awamori glucoamylase by site-directed
mutagenesis to eliminate N-glycosylation and inactivation by deamidation; see

sequence data for exact change, vector pTP1 0.1).

PCR primers

TER-5 (SEQID NO:__)
AGACTGCAGACCATGGCGGCCGCGKAACCACTGAAGGATGAGCTGTAAAG
AAGCAGATCGTTCAAACATTTG 72-MER (The KDEL stop codon is
underiined.)

TER-NOT (SEQID NO:__)

AAGACTGCAGACCATGGCGG 20-MER

TER-3 (SEQID NO:_)
AGATCTAGAAGCTTATCGATCTAGTAACATAGATGACACC
ALECUT (SEQID NO:_)
CTAGGCGGCCGCGCGGGAGGAGGCGACGGCGAC

GLYB (SEQID NO:__)
GAGGGTGTATTCGGTATCGAGTTGCAGGTTCGTATC

GLY3 (SEQIDNO:___)

CTCGATACCCATTACACCCTCACGCCTTTCGA

B. Construction of different promoter vectors
Various promoters were used to optimize expression and to establish

constitutive, heat-shock inducibility and senescence enhancement.

i. Rice actin promoter and 1% intron
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Initial vectors (Figures 11 and 12) were constructed from pCOR105 which
was subsequently found to contain a 5bp deletion relative to the published
sequence which destroys the Accl site (GTAGGTAGAC, deleted bases
underlined) and may affect splicing at the adjacent 3' site. The original rice actin
sequence in this region (GTAGGTAG) was therefore restored using
oligonucleotide NCO-ACT (CTCACCATGGTAAGCTTCTACC
TACAAAAAAGCTCCGCA) by replacing the Bglll/Hindlll fragment with a PCR
product, to produce vector pPQ10.1.

A rice repetitive element is present in the upstream region of the actin
promoter used in pCOR105; as this may have unpredictable effects on vector
expression it was removed from pPQ10.1 by deletion of the Kpnl/EcoRI fragment
(end-filled with T4 polymerase and ligated following digest, restoring EcoRI but
not Kpnl), to produce vector pGT6. The Hindlll fragment containing the FAE
reading frame and nos terminator of pTP3.1 (see Example 2A) was then inserted

into pGT6 to produce construct pJO6.3.

ii. Soybean heat-shock promoter
A soybean heat shock promoter from a 23kD HSP was obtained from

pMA406 (Ainley & Key (1990) PMB 14:949-60). This promoter when fused to 8-
glucuronidase (Jefferson et al 1987 EMBO J 6:3901-3907) had previously been
shown to be inducible by a 10°C heat-shock and show stable expression for 24-48
hours (data not shown). B-glucuronidase fusions are a sensitive and versatile fusion
marker in higher plants. The construction of the co-integration HS vectors is given

below.

iii. Senescence enhanced expression (See1) promoter from Lolium

multiflorum
The promoter and signal sequence (including NPIR motif) of the LSee1 gene

was amplified from Lolium multiflorum cv Tribune with oligonucleotides SEE-NCO
and SEE-VAC, and cloned as an Asp718/Notl replacement of the promoter region of
vector pTP11.1. Following sequencing to screen for PCR artifacts, one of three
identical clones was chosen (pUB8.11).
The See1 promoter from maize has been cloned previously and has
31



10

15

20

25

30

WO 02/068666 PCT/US01/43588

EMBL accession number is AX050343. See WO0070061.

The Lolium version of See1 was also cloned previously (Qiang Li (2000)
Studies on leaf senescence and its genetic manipulation in Lolium mutiflorum PhD
Thesis University of Wales, Aberystwyth) and has been shown to be senescence
inducible when used to drive both B-glucuronidase and the Agrobacterium ipt gene.

An apoplast-targeted derivative was constructed by amplifying the Potato
Protease Inhibitor (PPI) motif with primers PPI-AP6 and SEE-ATG, and cloning the
product as an NgoMIV/Notl fragment into pUB8.11 (NgoMIV partial digest), to
produce vector pJQ5.2. This vector has both the senescence induced promoter and
the apoplast target sequence with the gene to be expressed inserted downstream of

the apoplast sequence.

PCR Primers

SEE-VAC (SEQID NO: __ )
AACCATGGCGGCCGCGCGCTCGGTGACGGGCCGGAT
SEE-NCO (SEQID NO: __)
TTCGGTACCATGGCCAGGTATAATTATGG

SEE-ATG (SEQID NO: _ )
CTGCGCCGGCGAGATGGMCGTGCACAAGGAG

C. Construction of targeting sequences

In order to examine whether or not the localization of the enzyme would
have an effect on the phenolic acid content of the cell wall various signal
sequences were utilized. The targeting sequences were added either to the N-
terminus or to the C-terminus of the gene of interest.

i. N-terminal signal sequences
Six N-terminal signal sequences were utilized:

(a) The native Aspergillus end of FAE, plus excretion signal [apoplast
localisation]
This is from the original clone and has the peptide sequence:
MKQFSAKHVLAVVVTAGHALAASTQGI.
(b) The mature Aspergillus end, with no excretion signal [cytoplasmic

localisation]
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Peptide sequence is MAAASTQGI (underlined motif is common to all
constructs). Truncation of the signal sequence in (a) above was carried out by
PCR with mutagenic primer FAE-N5.

(c) The barley aleurain signal, including intact NPIR motif [vacuole
localisation]

The barley aleurain vacuolar signal sequence (See Figure 13; Swissprot
database accession number P05167) was derived entirely from overlapping
primers (ALE-5, ALE-3, ALE-CUT ALE-CAP-5 and ALE CAP-3). Following
primer annealing at 37°C and extension with T4 DNA polymerase in the presence
of dNTPs according to manufacturers instructions, PCR with flanking primers
ALE-5 and ALE-3 was carried out. The product was ‘polished’ with T4 DNA
polymerase, purified, digested with Notl and cloned into EcoRV/Notl digested
pCOR105-nos terminator vector (see above). ALE-3 contains redundancies so
that clones encoding NPIR or NPGR motifs may be recovered. Two versions of
the signal, with and without the vacuole targeting motif, were produced, to give

putative vacuolar NPIR and apoplast (NPGR) signal sequences.

PCR Primers

ALE-5 (SEQID NO: __ )
GGAATTCGTAGACAAGCTTACMATGGCCCACGCCCGCGTCCT  41-MER
ALE-3 (SEQID NO: __ )
TATCCATGGCGGCCGCGCGGTCGGTGACGGGCCGGMYCGGGTTGGAGTC
GGCGAA 55-MER

ALE-CUT (SEQID NO: __ )
CTAGGCGGCCGCGCGGGAGGAGGCGACGGCGAC  33-mer
ALECAP-5 (SEQIDNO: __ )
GCGACGGCGACGGCGGCCGTGGCCAGCACGGCGAGCGCCAGGAGGAGG
ACGCGG 54-MER

ALECAP-3 (SEQID NO: __ )
TCGCCGTCGCCTCCTCCTCCTCCTTCGCCGACT 33-MER
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(d) The barley aleurain signal, mutated to a NPGR motif [cytoplasmic
localisation]
(e) The rat sialyl transferase golgi targeting motif [golgi localisation]

A Golgi targeting vector, pJ@3.2, was made by inserting a reading frame
encoding the relevant rat sialyl transferase (RST) motif (See Figure 14. RST motif
shown to function in plants by Boevink P, Oparka K, Cruz SS, Martin B, Betteridge
A, Hawes C, (1998) PLANT JOURNAL 15 441-447 Stacks on tracks: the plant Golgi
apparatus traffics on an actin/ER network) into vector pPQ10.1, and replacing the
EcoRI/Notl promoter/signal fragment of pJ0O6.3 with the fragment from this vector.
Briefly, the RST motif was constructed by annealing oligonucleotides RST-F1A,
RST-F1B, RST-F2A and RST-F2B, and amplifying the product with RST-5AD and
RST-3A. This product was cloned and sequenced. Clones were found to have a
deletion which was corrected by PCR with RST-RPT, followed by overlap-PCR and

cloning of products.

PCR primers

RST-5AD (SEQID NO: __ )
ACTAAGCTTAAGGAGATATAACAATGATCCACACCAACCTCAA
RST-F1A(SEQID NO: __ )
TTCCATGATCCACACCAACCTCAAAAAGAAGTTCTCCCTCTTCAT

RST-F1B (SEQID NO: __ )
AGAGTGATCACGGCGAAGAGGAGGAAGACGAGGATGAAGAGGGAGAACTTCT
TTT

RST-F2A (SEQID NO: __ )
TATAGATCTGCGTGTGGAAGAAGGGCTCCGACTACGAGGCCCTCACCCTCCAA
GCCAAGGA

RST-F2B (SEQID NO: __ )

CATTTGGAACTCCTTGGCTTGGAGGGTG

RST-3A (SEQID NO: __ )

AACCATGGCGGCCGCCATTTGGAACTCCTTGGCT

RST-RPT (SEQID NO: _ )
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TATAGATCTGCGTGTGGAAGAAGGGCTCCGACTACGAGGCCCTCACCCTCC
AAGCCAAGGA
(f) ofif [cytoplasmic localisation]
(g) The potato protease inhibitor Il (PP1) apoplast motif [apoplast
localisation]

An apoplast targeting reading frame was designed to encode the relevant
potato protease inhibitor Il (PPI) motif (See Figure 15) and cloned into pJ06.3, to
produce vector pJQ4.9. Briefly, the PPl motif was constructed by annealing
oligonucleotides PPI-AP1, PPI-AP2, PPI-AP3, PPI-AP4, PPI-AP5 and PPI-AP6, and
cloning this product as a Hindlll/Notl fragment into vector pPQ10.1; the EcoRI/Notl
promoter/signal fragment of pJO6.3 was then replaced with the equivalent fragment
from the modified pPQ10.1 vector.

PCR primers

PPI-AP1 (SEQID NO: __ )
GGAATTCGTAGACAAGCTTACMATGGMCGTGCACAAGGAGGT
PPI-AP2 (SEQID NO: __)
GATCAGGAGGTAGGCWACGAAGTTWACCTCCTTGTGC

PPI-AP3 (SEQID NO: __ )
CCTACCTCCTGATCGTSCTCGGCCTCCTCTTGCTCGT

PPI-AP4 (SEQ ID NO: ___)
CCTTGGCGTCCACGTGCTCCATGGCGGAWACGAGCAAGAGGAG
PPI-AP5 (SEQID NO: __ )
GTGGACGCCAAGGCCTGCACCCKCGAGTGCGGCAACCTC
PPI-AP6 (SEQID NO: __)
GGAATTCGCGGCCGCCGGGCAGATGCCGAAGCCGAGGTTGCCGCACT

ii. C-terminal end signal sequences

Four C-terminal signal sequences were utilized:
(@) Native Aspergillus end, [CTW] (vacuole and apoplast vectors)

This was derived directly from the genomic clone (see Example 1) as a
Nco1-Sph1 fragment (Sph end filled with T4 polymerase) which replaces the
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Nco1-Not1 region of a standard actin -FAE vector (Not1 end filled with T4 DNA
polymerase).
(b) Expression vector linker alone [CTW-PVAAA] (plant optimised C-
terminus for vacuole, golgi and apoplast vectors)

. CTW is the peptide sequence of the Aspergillus FAE COOH end and is
here provided by oligo FAE3. In this primer the reading frame is extended to
provide the additional amino acids PVAAA which are partially encoded by the
Not1 site used for cloning downstream signals see c¢) and d) below. Some
COOH amino acids /motifs may affect compartment targeting, the PVAAA
sequences are expected to be neutral in this respect while the native Aspergillus
end may not be.

(c) Linker plus KPLKDEL [first K is primer artifact, intended to be E]
{ER retention vectors)

These sequences are provided by primer TER5 introduced during PCR to
generate the nos terminator fragment, and identified by sequencing within a
specific clone . KDEL targeting has been demonstrated in plants by Denecke et
al. ((1992) EMBO J 11: 2345-2355 Plant and mammalian sorting signals for
protein retention in the endoplasmic reticulum contain a conserved epitope).

(d) Linker plus ETTEG [frameshift of (c)] (loss of ER retention - vacuole
vectors)

These sequences are provided by primer TERS introduced during PCR to
generate the nos terminator fragment, and identified by sequencing within a
specific clone (see Example 2A).

The KDEL signal is for ER retention, while others provide controls. A
frameshift in the TERS region [additional A] was used in subsequent constructs
to destroy the ER KDEL retention signal.

The linker used in the above C-terminal targeting sequences was PVAAA.

D. Co-integration and co-transformation vectors.

Co-transformation vectors
A Hygromycin resistance gene driven by a CaMV345S promoter (pRob5)

(85S-HYG-CMV in pUC18 (modified HYG, derived from pGL2) Bilang et al (1991)
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Gene 100:247-50) was used for co-transformation experiments with pTT3 and
pTP3.1, pJQ4.9, pJQ3.2, pJ06.3, pJQ5.2, pUB8.1 1 vectors.

Co-integration vectors

1. Actin promoter constructs - pTR2.22, pTR6.1, pTR8.1, pTR9.4, pTR7.1,
pTT5.5 and 5.1.

The CAMV35S-hyg region from pAJEB64TCA [a plant expression vector
constructed by Andy Bettany at IGER containing CaMV-HYG from pTRA151 (Zheng
et al 1991 Plant Physiol 97:832-835) (CaMV35S-HYG-tml terminator as clonable
cassette in pUC4) cloned into Kpnl site of pCOR105] was added as a Hindlll
fragment at the Kpnl site (T4 polymerase blunt) of pTP4a2, in divergent orientation
to FAE to create pTR2.22. The FAE/Nos Hindlll fragment of this vector was
replaced as follows in co-expression vectors . From pTP5.1 for pTR6.1 , from
pTP10.1 to pTR8.1, from pTP11.1 to pTR9.4. Signal sequences of FAE in pTR2.22
were replaced as Hindlll/Bglll fragments in pTR7.1 (fragment from pT09.1). PCR
products (ALE5S/ALE-G) was digested with Acct and T4 polymerase, polished,
followed by Not1 digest and cloning into EcoRV/ Not1 digested pTR2.22 to give
clones pTT5.5 and 5.1.

PCR primer

ALE-G
TATCCATGGCGGCCGCGCGGTCGGTGACGGGCCGGCCCGGGTTGGAGTC
GGCGAA

2. Actin promoter constructs -pUF1, pUA1K3, pUH4, pUH5, pUH6, pUH?7,
pUHS8, pUH9.

The HygR gene from pAJEBB4TCA, driven by the CaMV promoter, was first
cloned as an end-filled Hindlll fragment at the end-filled Xbal site of pTP3.1, to give
pHOX3. For ease of cloning the downstream Hindlll site was destroyed to create
pUA1K3 and replacement of the FAE/Nos terminator Hindlll fragment in this vector
was carried out as follows. From pTP5.1 for pUF1, from pTP11.1 for pUH4, from
pTP8.5 for UH5, from pTT5 for pUH6, from pUA4.4 for pUH7, from pTUS for pUHS8
and from pUG4 for pUH9.
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3. Heat-shock promoter constructs - pUH10, pUH12, pUC5.11.

A co-transformation vector in which FAE is expressed from the soybean heat
shock promoter was made by first modifying pMA406 to remove the nos terminator
(Bglll linearised and gel purified, Kpnl digested, T4 DNA polymerase polished in the
presence of dNTPs and recircularised), and then inserting the FAE Hindlll fragment
from pTP11.1, creating pTT3.1, which encodes the full aleurain signal and the native
Aspergillus COOH-terminus.

Following assays of various constructs, co-integration vectors were
constructed with FAE and HygR genes arranged in tandem.

The HygR gene from pAJEB-64-TCA, driven by the CaMV promoter, was
first cloned as an end-filled Hindlll fragment at the end-filled Xbal site of pTP3.1,
to give pHOX3 and subsequently excised as a Hindlll/Sacl fragment (partial Sacl
digest, relevant sites found in flanking pTP3.1 sequences) which was cloned into
the Hindlll/Sacl sites of pMA406, in tandem orientation (vector pUH1a20). FAE
sequences were then cloned into the Hindlll site of pUH1a20 downstream of the
heat -shock promoter (Hindill fragment from pTUS5 for pUH10, Hindlll fragment
from pTT5 for pUH12). A pTP3.1 derivative was made by cloning the
CaMV/HygR Hindlll cassette from pAJEB-64-TCA in tandem orientation
downstream of the FAE gene in pTP3.1, inactivating the middle Hindlll site by
partial digestion and end-filling, and excising the combined FAE/HygR cassette
as a single Hindlll fragment, which was inserted at the Hindlll site in pMA406 to
produce pUC5.11.

Example 3
Transformation of Plant Cells
Eight to ten weeks old embryogenic F. arundinacea and L. multiflorum

suspension cultures were bombarded either with a single co-integration plasmid
DNA vector containing FAE and hyg resistance genes, or with a co-
transformation vector containing FAE and with plasmid pROB5 conferring
hygromycin resistance (CAMV35S-hpt- nos) using a Particle Inflow Gun (PIG)
(Finer et al. (1992) Development of the particle inflow gun for DNA delivery to
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plant cells Plant Cell Reports 11:323-328) and 1.5-3.0 ym gold particles as in
Dalton et al (Dalton et al. (1999) Co-transformed diploid Lolium perenne
(Perennial ryegrass), Lolium multiflorum (ltalian ryegrass) and Lolium temulentum
(Darnel) plants produced by microprojectile bombardment. Plant Cell Reports.
18: 721-726) and Kuai et al (Regeneration of fertile transgenic tall fescue (Festuca
arundinacea) plants with a stable highly expressed foreign gene. Plant Cell Tissue
and Organ Culture (1999) 58:149-154). Transformants were selected with
hygromyecin (25 to 50mg /1) over a 10-12 week selection period at 25°C under
continuous white fluorescent light (60 uE m? s™) and plants regenerated via
somatic embryogenesis as in Dalton et al 1999, supra. Regenerated plants were
screened for FAE activity on transfer to soil and expressing plants grown to
maturity in a containment growth room at 18°C under 16h fluorescent lights (350
uE m?s™). Mature plants (6-8 weeks old) were re-assayed for FAE activity and
fresh tissue harvested for Southern, Northern and Western analysis, and for self
digestion analysis. The remaining tissue was freeze dried and powdered for cell
wall structure analysis, in vitro-dry matter digestibility (IVDMD) determinations

and for in-vitro gas production determinations of rates of tissue digestion.

Example 4
Targeting of Expression Product
To verify that the targeting sequences are effective in delivering the gene

the targeting sequences were operably linked to a green fluorescent protein
GFP. The vector constructs are shown in Figure 16. Cells were transformed by
particle bombardment as in Example 3. Localization of the GFP could be
visualized under a microscope 1 day after bombardment (i.e., shooting). See

Figure 16.

Example 5
FAE1 activity
Plants regenerated from transformed cells showed FAE activity in all plant

tissues tested. Cells were transformed as above under the direction of the ER

and APO targeting sequences. FAE activity in transformed Festuca arundinacea
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leaves of different ages was elevated compared to contro! (untransformed)
plants. See Figures 17 and 18.

Similar results were seen with Lolium mutiflorum leaves at different ages
transformed as above under the direction of vacuolar, ER and APO targeting
sequence. See Figures 19 and 20.

FAE expression under a heat shock promoter can also be induced. (Data
not shown.)

Thus, we have demonstrated FAE expression in Festuca and Lolium
leaves under constitutive and HS promoters with effective FAE targeting to the
vac, ER and apo.

FAE assay
FAE activity was determined in soluble extracts of fresh (or frozen at -

700C) leaves or cell cultures (0.5g) with 0.1M NaAc, pH 5.0 extraction buffer.
Extracts were incubated with 24mM EF (ethyl 4-hydroxy-3-methoxycinnamate) or
1% FAXX as substrate, at 28°C for 24hrs and FAE activity calculated as the
amount of ferulic acid released. FAE activity was also determined by measuring
the release of monomeric and dimeric ferulic acid from self-digested leaf or cell
culture samples. Fresh, or frozen, leaves or cell cultures (0.5g) were ground in
0.1M NaAc, pH5.0 extraction buffer in the presence and absence of xylanase
(1000U GC140/sample) without added substrate and incubated at 28°C for
72hrs. Following incubation, and centrifugation, soluble extracts were loaded
onto an activated reverse phase C18 uNova sep-pak column (Waters), eluted
with 100% MeOH and the MeOH sample analysed by HPLC.

Example 6
Chemical Analysis of Cell Wall Extracts
Ester bound compounds were extracted from freeze dried powdered leaves

or cell cultures (50 -100mg) with NaOH (5ml of 1M) followed by incubation at 25°C
for 23hrs under N2. After centrifugation and acidification of the soluble extract with
concentrated HCI, the extracted phenolics were loaded onto an activated reverse
phase C18 uNova sep-pak column (Waters) and eluted with 100% MeOH. and the
MeOH sample analysed by HPLC.
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HPLC was carried out with methanol: 5% acetic acid either with a 35-65%
MeOH gradient in 15min (FAE assay) or with a 30-70% MeOH gradient in 256 min
(monomer and dimer cell wall components) at 2ml/min on a uNova Pak C18 8x10
RCM (Waters). Extracts were detected and quantified with a diode array detector
(240-400nm Waters 996PDA) monitored at 280nm for aldehydes and 340nm for
hydroxycinnamic acids. .

Levels of esterified monomeric and dimeric hydroxycinnamic acids in
Festuca arundinacea plants expressing FAE under VAC, and ER and APO
targeting sequences are reduced compared to control (untransformed) plants.
The results can be seen in Figure 21 and 22, respectively. Thus, we show where
this does not resuit in reduced cell wall phenolics in growing plants with vac
targeting but does result in lower phenolics with ER and apo targeting. In
addition,

Levels of esterified monomeric and dimeric hydroxycinnamic acids in
Festuca arundinacea plants expressing FAE are not significantly reduced when
FAE is VAC, targeting (Fig 21) which is as predicted for correct vacuolar
targeting, but are significantly reduced, as predicted, in some plants when FAE
was ER and APO targeted, compared to control (untransformed) plants. The

results can be seen in Figure 22.

Example 7
In vitro dry matter digestibility. (IVDMD)
The in vitro dry matter digestibility (IVDMD) was estimated on 1.0 g dry

weight of leaf or cell culture tissue using the pepsin/cellulase method of Jones
and Hayward (The effect of pepsin treatment of herbage on the prediction of dry
matter digestibility from solubility in fungal cellulase solutions. Journal of the
Science of Food and Agriculture (1975) 26:711-718).

We show that the presence of FAE in the plants results in higher
digestibility of the leaves. This may be due to internal FAE activity acting on
normal cell walls with vacuole located FAE and to both FAE activity and the lower
cell wall crosslinking with ER and apo targeted FAE (as also found with cell

cultures).
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End point digestibility as determined by IVDMD were higher in leaf tissue
of some transformed plants of Festuca expressing FAE, compared to control
(untransformed) plants. Examples are shown where vacuolar, ER or apoplast
targeted FAE under a constitutive actin promoter have been effective at
increasing IVDMD. Similar results were obtained with in leaves of Lolium, but

were less pronounced.

The resulits can be seen in Figures 23 and 24.

Example 8
In vitro gas production measurements
In each experiment, 1.0-g samples of freeze dried powdered leaf tissue or

cell culture were fermented in three 165-ml capacity serum bottles according to the
pressure transducer technique of Theodorou et al. (Theodorou et al. (1994) A new
gas production method using a pressure transducer to determine the fermentation
kinetics of ruminant feeds. Animal Feed Science and Technology 48: 185-197).
Grab samples of rumen-digesta were taken at 8.00 h before the morning feeding
from fistulated wethers fed grass hay, and transported to the laboratory in a pre-
warmed (39°C) vacuum flask. The microbial inoculum and culture media were
prepared as described by Theodorou et al. (1994). Each serum bottle received 10
ml of microbial inoculum, 85 ml of buffer and 4 ml of reducing agent.

At the end of the incubation period, (144h) the contents of each serum bottle
were filtered through pre-weighed sintered glass funnels and freeze dried to
constant weight. Dry matter loss was calculated as the difference between the dry
weight of the sample pre- and post-incubation. Additionally, the concentration of
volatile fatty acids (VFA) in the liquid fraction of the culture media at the end of the
144-h incubation period was determined by gas chromatography. A Chrompack CP
9000 chromatograph fitted with an automatic sampler (Chrompack 911) and a
flame-ionisation detector, linked to a Dell PC with A1-450 integration software, was
used for VFA quantification.

Gas production data were fitted to the model of France et al. (France, J.,
Dhanoa, M.S., Theodorou, M.K, Lister, S.J., Davies. D.R. and Isac, D. 1993. A
model to interpret gas accumulation profiles associated with in vitro degradation of
ruminant feeds. Journal of Theoretical Biology. 163: 99-111.) using the MLP (Ross,
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G.J.S. 1987. MLP, Maximum Likelihood Program Version 3.08. Oxford Numerical
Algorithms Group) package. The equation is in the form, Y = A{1 - gt -0
where Y is the cumulative gas production (ml), A is the asymptote (i.e. gas pool), T
is lag time, and b (h")and ¢ (h"®®) are decay rate constants. A combined fractional
rate (h") of gas production (1) was calculated as, u = b + ¢/2 1, where t is the

incubation time (h).

It can be seen for Festuca arundiancea (denoted as BN in Figure 25) that cell
cultures have a higher rate of digestion and cumulative gas production in the
presence of FAE and that the addition of an exogenous xylanase further enhance
the availability of fermentable carbohydrates. Similar results are found in FAE
expressing cultures without added FAE . Fermentation rates are further increased
compared with controls by the addition of exogenous FAE or xylanaase as these
cultures expressing FAE have a reduced cell wall phenolic composition to controls
Figures 26-28.

Example 9
FAE & xylanase transformed plants
Addition of exogenous xylanase (GC140) greatly increased FAE mediated

release of phenolics from Festuca and Lolium leaves expressing A. niger FAE.
See Figures 29-31 which show that phenolic release from leaf cell walls is
increased in all FAE expressing plants on cell death and this is stimulated by
xylanase irrespective of the targeting. Therefore expression of a fungal xylanase
in plant cells is tested.

The FAE expression cassette is modified to comprise a fungal xylanase
gene (either T. reesei or A. niger) to yield a FAE-xylanase expression cassette.
The FAE-xylanase expression cassette is used to transform plant cells in a
manner similar to those described in Example 3. The transformed cells are
allowed to grow and are selected on an appropriate medium. The enzymes so

expressed increase the availability of fermentable carbohydrates to a greater
extent than the FAE expression cassette.

Although the foregoing invention has been described in some detail by

way of illustration and example for purposes of clarity and understanding, it will
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be obvious that certain changes and modifications may be practiced within the

scope of the appended claims.
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What is claimed:
1. A transgenic plant comprising an expression cassette

comprising a promoter operably linked to a ferulic acid esterase encoding

polynucleotide.

2. The plant of claim 1, wherein the polynucleotide is derived
from Asperqgillus niger.

3. The plant of claim 2, wherein the polynucleotide is FAE !
from Aspergillus niger.

4, The plant of claim 3, wherein the polynucleotide encodes a

ferulic acid esterase with an altered glycosylation site.

5. The plant of claim 3, wherein the polynucleotide encodes a

ferulic acid esterase with a substitution so that glycosylation is altered.

6. The plant of claim 3, wherein the polynucleotide further
comprises a polynucleotide that encodes CTWPVAAA at the 3’ end.

7. The plant of claim 3 wherein sub-optimal codons are

modified to Triticum spp. preferred codons.

8. The plant of claim 1, wherein the introduction of the ferulic

acid esterase polynucleotide into the plant is by sexual reproduction.

0. The plant of claim 1, wherein the promoter is an inducible
promoter.

10.  The plant of claim 9, wherein the promoter is a senescence
promoter.

11.  The plant of claim 9, wherein the promoter is a heat shock
promoter.

12.  The plant of claim 1, wherein the promoter is a constitutive
promoter .

13.  The plant of claim 1, wherein the expression cassette further

comprises a polynucleotide sequence that targets expression of the
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polynucleotide.

14.  The plant of claim 13, wherein the polynucleotide sequence

is upstream of the N-terminus of the ferulic acid esterase polynucleotide.

15.  The plant of claim 14, wherein the polynucleotide is derived

from the signal sequence of a vacuolar targeted gene

16.  The plant of claim 15, wherein the targeted gene is a barley

aleurain gene.

17.  The plant of claim 15, wherein the vacuolar signal sequence
of the polynucleotide is modified to produce a endoplasmic reticulum or apoplast

signal sequence.

18.  The plant of claim 15, wherein the polynucleotide is derived

from the signal sequence of a vacuolar targeted senescence gene.

19.  The plant of claim 18, wherein the senescence gene is a

Lolium See? signal sequence.

20. The plant of claim 13, wherein the polynucleotide is derived
from the signal sequence of a golgi targeted gene.

21.  The plant of claim 20, wherein the targeted gene is a rat

sialyl transferease signal sequence.

22. The plant of claim 13, wherein the polynucleotide is derived
from the signal sequence of an apoplast signal sequence.

23. The plant of claim 22, wherein the signal sequence is from

Aspergillus niger ferulic acid esterase.

24.  The plant of claim 16, wherein the polynucleotide is derived
from Solanum fuberosum.

25.  The plant of claim 13, wherein the polynucleotide sequence
is downstream of the C-terminus of the ferulic acid esterase polynucleotide

26. The plant of claim 25, wherein the polynucleotide sequence
is a KDEL sequence.
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27. The plant of claim 25, wherein the polynucleotide sequence

is a stop codon.

28. The plant of claim 25, wherein the polynucleotide sequence
is an extension of the ferulic acid esterase reading frame to provide a linker to
KDEL.

29. The plant of claim 1, further comprising introduction into the
plant a second expression cassette comprising a promoter operably linked to a

Xylanase encoding polynucleotide.

30. The plant of claim 29, wherein the xylanase encoding

polynucleotide is from Trichoderma reesei.

31.  The plant of claim 29, wherein the first and second

expression cassettes are present on separate plasmids.

32. The transgenic plant of claim 1, selected from the group

consisting of Festuca, Lolium, Zea and Avena.

33. The transgenic plant of claim 32, wherein the plant is a

Festuca plant.

34. A method of controlling the level of phenolic acids in plant
cell walls of a transgenic plant, the method comprising introducing into the plant
an expression cassette comprising a promoter operably linked to a ferulic acid

esterase encoding polynucleotide.

35. The method of claim 34, wherein the polynucleotide is

derived from Aspergillus niger.

36. The method of claim 35, wherein the polynucleotide is a FAE
1 gene from Aspergillus niger.

37. The method of claim 36, wherein the polynucleotide encodes

the ferulic acid esterase with an altered glycosylation site.

38. The method of claim 36, wherein the polynucleotide encodes

the ferulic acid esterase with a substitution such that glycosylation is altered.

39. The method of claim 36, wherein the polynucleotide
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comprises CTWPVAAA at the 3’ end.

40. The method of claim 36 wherein sub-optimal codons are
modified to Triticum spp. preferred codons.

41. The method of claim 36, wherein the polynucleotide
comprises SEQ ID NO:1.

42. The method of claim 34, wherein the introduction of the
ferulic acid esterase polynucleotide into the plant is by transformation of cell

cultures.

43. The method of claim 42, wherein the cell cultures are

regenerated to plants.

44. The method of claim 34 wherein the ferulic acid esterase
polynucleotide is introduced into the plant by sexual reproduction.

45.  The method of claim 34, wherein the transgenic plant is a
member of a genus selected from the group consisting of Festuca, Lolium,

Avena and Zea.

46. The method of claim 45, wherein the transgenic plant is a

member of the genus Festuca.

47. The method of claim 46, wherein the transgenic plant is a

Festuca arundinacea.

48. The method of claim 34, wherein the promoter is an

inducible promoter.

49. The method of claim 48, wherein the promoter is a

senescence promoter.

50. The method of claim 48, wherein the promoter is a heat

shock protein promoter.

51. The method of claim 34, wherein the promoter is a

constitutive promoter.

52. The method of claim 51, wherein the promoter is an actin
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promoter.

" 53. The method of claim 34, wherein the expression cassette
further comprises a polynucleotide sequence that targets expression of the

polynucleotide.

54.  The method of claim 53, wherein the polynucleotide
sequence is upstream of the N-terminus of the ferulic acid esterase

polynucleotide.

55. The method of claim 54, wherein the polynucleotide is

derived from the signal sequence of a vacuolar targeted gene.

56. The method of claim 55, wherein the targeted gene is a

barley aleurain gene.

57. The method of claim 55, wherein the polynucleotide is

derived from the signal sequence of a Lolium See1 signal sequence.

58. The method of claim 55, wherein the vacuolar signal
sequence of the polynucleotide is modified to produce a endoplasmic reticulum

signal sequence.

59. The method of claim 55, wherein the vacuolar signal
sequence of the polynucleotide is modified to produce an apoplast signal

sequence.

60. The method of claim 54, wherein the polynucleotide is

derived from the signal sequence of a golgi targeted gene.

61. The method of claim 60, wherein the targeted gene is a rat

sialyl transferease signal sequence.

62. The method of claim 59, wherein the polynucleotide is

derived from the signal sequence of a fungal apoplast signal sequence.

63. The method of claim 62, wherein the signal sequence is from

Aspergillus niger ferulic acid esterase.

64. The method of claim 59, wherein the apoplast signal
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65. The method of claim 53, wherein the polynucleotide
sequence is downstream of the C-terminus of the ferulic acid esterase
polynucleotide

66. The method of claim 65, wherein the polynucleotide
sequence is a KDEL sequence.

67. The method of claim 65, wherein the polynucleotide
sequence is a stop codon.

68. The method of claim 65, wherein the polynucleotide
sequence is an extension of the ferulic acid esterase reading frame to provide a
linker to KDEL.

69. The method of claim 34, further comprising simultaneous
introduction into the plant a second expression cassette comprising a promoter
operably linked to a polynucleotide encoding a xylanase gene.

70. The method of claim 69, wherein the second polynucleotide

is a fungal xylanase.

71.  The method of claim 70, wherein the fungal xylanase is from

Trichoderma reesei.

72. The method of claim 35, wherein the first and second

expression cassettes are present on separate plasmids.

73. The method of claim 1, wherein the first and second
expression cassettes are present on separate plasmids.

74. A transgenic plant produced by the method of claim 34.
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Linker
KDEL

nos
terminator

Xbal (1672)

Rice Actin Promoter Aleurain signal (ALE)
Bglll (1127)

BamHI (1095)

Kprl (16) Xhol (17)

EcoRlI (393)

Generic HindlII (1245) Hindlll (1667)
ALE-TER Notl (1372)

Vector Ncol (1252)

1676 bp

FIG._8

KDEL-COOH ER retention sequence

A A A K P L K D E L *
1 GCGGCCGCGA AACCACTGAA GGATGAGCTG TAA

FIG._9

FAE-LINKER-FRAMESHIFT Structure and Sequence

Sphl (9) \ Nofl (24)
FAE;

FAE-LINKER-FRAMESHIFT
48 bp

+1 G A C T W PV A A A E T T E G
SphT NotI
1 GGCGCATGCA CCTGGCCGET CGCGGCCGCG GAAACCACTG AAGGATGA
CCGCGTACGT GGACCGGCCA GCGCCGGECGC CTTTGGTGAC TTCCTACT
. J

FIG. 10
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Vectors

Original Actin promoter in pCOR105

Target Signal sequences Vectors
@) APO - aleurain-NPGR-FAE pUHS6, pTT5, TT5.5, pTTS.1
- aleurain-deINPIR -FAE pUH7, pUA4.4,
(ii) ER - aleurain-NPGR-FAE-linker-KDEL pTUS, pUHS,
- aleurain-deINPIR-FAE-linker-KDEL  pUG4, pUH9,
@iii) VAC - aleurain-NPIR-FAE pTP11.1, pTR9.4, pUH4, pUK3,
@iv) ER/VAC - aleurain-NPIR-FAE-linker-K DEL pTU4, pUH3,
W) VAC - aleurain-NPIR-FAE-linker-frameshift pUA1K3, pTP3.1, pUCS5.11
(vi) VAC - aleurain-NPIR-FAE-linker-stop pTP8.5, pUH5
(vi) ER - Aspergillus signal -FAE-KDEL pTP5.1, pTP6.1, pUF1,

Modified actin promoter (Kpn1-EcoR1 deletion and restored NCO site)

1) VAC - aleurain-NPIR-FAE-linker-frameshift pJ06.3
(i) GOLGI - RST-FAE-linker-frameshift pJQ3.2
(1ii) APO - PPI-FAE-linker-frameshift pJQ4.9

Heat-shock promoter

@A) APO - aleurain-NPGR-~FAE pUH12
- aleurain-deINPIR-FAE pUH13
- Aspergillus signal-FAE pTP4a2, pTR2.22,
(i) ER - aleurain-NPGR-FAE-linker-KDEL pUH10
- aleurain-deINPIR-FAE-linker-KDEL  pUH11
(i) VAC - aleurain-NPIR -FAE pUK3,pTT3
@iv) ER/VAC - aleurain-NPIR-FAE-linker-KDEL pUK2
v VAC - aleurain-NPIR-FAE-linker-frameshift pUCS5.11, pHOX3
(vij  VAC - aleurain-NPIR-FAE-linker-stop pUK6
(vii) ER - Aspergillus signal -FAE-KDEL pUK1, pTT2

Senescence promoter

@) APO - Seel-PPI-FAE-linker-frameshift pJQ5.2
(i1) VAC - Seel-aleurain-deleted NPIR-FAE pUBS.1

FIG._12
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ALEURAIN-NPIR (Vacuolar) and NPGR (Apoplast)
Structure and Sequence

NPIR Underline

NPGR Bold
Ncol (9)
Hindl1I (2) Nofl (129)
[~ G [——
| >
ALEURAIN-NPIR
134bp
+1 M AHA RVIL L LAL AVIL ATA AVA

HindIII NcoI

R Y N e

1 AAGCITACCA TGGCCCACGC CCGCGTCCTC CTCCTGGCGC TCGCCGTGCT GGCCACGGCC GCCRTCGCCE
TTCGAATGGT ACCGGGIGCG GGCGCAGGAG GAGGACCGCG AGCGGCACGA CCGGTGCCGGE CGGCAGCGRC

+1 V A S 8 S S F ADSN P IR P VT DZRA AA
NotI

SR R VY V]

71 TCGCCTCCTC CTCCTCCTTC GCCGACTCCA ACCCGATCCG GCCCGTCACC GACCGCGCGG CCGC
AGCGGAGGAG GAGGAGGAAG CGGCTGAGGT TGGGCTAGGC CGGGCAGTGG CTGGCGCGCC GGCG

— J

FIG. 13
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Targeting Expression of gfp to Different Cell Compartments

Actin Promoter Targeting Vectors

VAC
= > §FTCCCCrC el — E.R.
= >{CCfCCCCCCCoceom— golgi
= > frereeeceeccg———  APO
= Fo{TTrTrerreg———— APO
= >—{ZT¥TEETrTTETT APO

== > Actin Promoter Ex=l Aspergillus signal
3 Aleurain signal (NPIR) EE] Aleurain signal | (del — NPIR)
:’ Aleurain signal (NPGR) | linker + stop codon

=3 linker + KPLKDEL _Potato protease inhibitor

== silyl transferase
(& J

FIG. 16A

FIG._16B FIG._.16C FIG._16D

FIG._.16E  FIG._16F FIG._16G
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FAE Activity FA/g Fresh Wt / 24 Hrs.

of Different Ages Under ER and APQ Targeting Sequence

17/154

PCT/US01/43588

FAE Activity in Transgenic Festuca arundinacea Leaves
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FAE Activity in Transgenic Festuca arundinacea Leaves
of Different Ages Under ER and APO Targeting Sequence
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FAE Activity in Leaves of Primary Transformants of Lolium
multiflorum Under VAC APO and ER Targeting Sequence

2000
1800 UA1K3(VAC)

1600~
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FAE Activity
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FIG._20A ®
Plant No.

FAE Activity in Leaves of Primary Transformants of Lolium
multiflorum Under VAC APO and ER Targeting Sequence

100
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DIMERS

Levels of Esterified Monomeric and Dimeric Hydroxycinnamic Acids in
Leaves of F. a. Expressing FAE Under ER and APO Targeting Sequence
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In Vitro Dry Mater Digestibility of Leaf Tissue of Mature
Lolium multiflorum Plants Expressing FAE Under an Actin Promoter
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Control (D7 C2)

PCT/US01/43588

UH7* -APO
(Alu-del NPIR-FAE)

(Alu-NPGR-FAE

-KDEL)

UH8* - ER
*Co-integration Vector

UA1K3* - VAC
(Alu-FAE-linker-
frameshift)

FIG. 24
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In-vitro Fermentation of Festuca arundinacea Cell Walls
From Cell Cultures Expressing Recombinant FAE1

Cell Line
[[]BN Control
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x E ;:.-: ':': -
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7 | 7 |

No Enzymes 1uFAE  10uFAE 1000u Xyl 1u FAE +
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FI G._26A Maxfmum Rate of Digestion

In-vitro Fermentation of Festuca arundinacea Cell Walls
From Cell Cultures Expressing Recombinant FAE1
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FIG._27A
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End Point Digestibility
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Kinetics of FAE Activity by Ferulic Acid Release
from Cell Wall under Self Digestion in Festuca arundinacea
and Stimulation by Xylanase

UH5 8.6C1B(VAC)
250 | | I I
200 —{—- Xylanase |
—9—+ Xylanase
FA Released 150— -
ug/g Fresh
Wi28°C  100- _

50— _
0 I — 4’—1’4
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FIG-_ng Time / Hours

Kinetics of FAE Activity by Ferulic Acid Release
from Cell Wall under Self Digestion in Festuca arundinacea
and Stimulation by Xylanase.

Control
250 | | | I
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GUS Activity Under the Lolium See1
Senescence Promoter in Leaves of
Transgenic Plants of Lolium multiflorum

6
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0 | |

Control ! Vector ! LG1
Control

FIG._30



PCT/US01/43588

34/154

g8 "old

VLIE "Old

wnjjo BoN1Sa wnjijo BoNn}so
A Y
g "
5 GH =
191 1 Lo N
% -
T =
| [ Bl Loy G
¥ % : : ~
s : 3 %S (@}
: - 08 - — 08
=
vodi @ 3 vodi &
1 = @ 2
iy FoeL § - | v ozl
S—8 @ S S—-8 @
¥=0-8 O LS [ |v-o0-s D - 091
T

aseugjAx +

aseue|Ax —

HCAs Released ug/ g /Fresh Wt/ 72Hrs

SUBSTITUTE SHEET (RULE 26)

WO 02/068666

sjue|d Buissaidxg gy4 perehie)
Jejonoep Jo saneaT Jo uonsabiq oS uo
SYOH oLIowWIg pue 91L1aWouo}) JO asedjey

sjue|d Buissaidxg gy porebie]l
lejonoey jJo saAeaT jo uonsahbiq Jjes uo
SYOH dLI9Wi( pue S9LI9WOUO| JO ased|dy



WO 02/068666 PCT/US01/43588
35/154

Ncol (9) NPIR
~ ATG Nofl (129)
HindlII (2) Sall (229)
BgllI (5222) BamHI (285)
BamHI (5190) N Glycosylation N—D
(< Intron 1

aleurain \ Xhol (667)
EcoRI (4488) signal / NPIR X ) Ncol (754)
SpHl (906)
FAE Nofl (921)

nos

Xhol (4112) Clal (1212)
5 HindIll (1217
Kpnl (4101) pTP10-1 xgal (1é22) )
5338 bp
/4, f1 ori
%
2, /
,//,, ori /
> /
amp

FIG._32A



PCT/US01/43588

WO 02/068666

36/154

0 N B

S ¥4 4

8ce "oid

DYDLYVYODDD DYODIDIIVY DIDDILLEIDY IDVYLDLIIDDD LYDYYOVDHDV LVYIVDIDLOL DILIDVIDOIDD

4 D 4 &L

A T ¥

I N a

X L ¥

S I

0O ¥V -

DDLOYILOYD DDIDDLODDL DODIODDILID DHDYDIIDDDD ¥DLODODVDHLD DIDOVLIOVDD DILYLOVIID

¥ & T

¥ ¥ T S

¥ D 1

X H D I A L1

¥ A a4

d X 0 -

YLILDDVIDVD YVVYDILOLLOD DLOVYDDLOVY DOUYDDVODLD DOLOLODDLY DODLIVIVLILIY LUYDDLODOVD
X D D H
YILOVYDLOMLEL DDOVYODLYY DVIDVLOODY DYDILILILIDD IDYOLIOODVYDV LOVOLIOVLYD DLOVVIVILIL

s A O O

A # D

I A1

9 N D

S E A

O 4 T &

0O a 0 a

a 4 4

S A M

L I &L

® I &

A d &

~ o~

UOTRIRTASODATDH

a T

o T-

YUYDOVLYDLYD VIDDLOVIDD LOOILLDLDD DVILUVYLVYVYY DYVYYODVYODY OUDIUYDIOID LIDLVYDODLYD
a a ¥ 1

N & a

S 9 & D

g4 4 A

L I I

d I s §

~ o~

I

I M -

~

Hureg

DOVVYLLYOVD LOVYYOLOLL VYYOUVLLLYVY VDVDVUDDOVY DLVLILVLOVD DJLOJILLVYOVY VYOIDLOLODVD
N O T a

© N I a

L 0 S

N A T

d & D A

I I &

S 4 I

R R R R

ITes

DODOELIODL ODYYOIIDLOL VWLIOWOIDDLY VUDIILOVLLL DIOIDVYDVLOL DOVDVVYDIIL IDLVYIDDDVYOD

¥ 2 ¥

¥ O s

I &L Y R

g A 1

4 8§ &

T O &

S I

® 0 -

DYDDLOODID DHIDIODOOED IOVILDODIID DIODLUYDIIOY YIILIOUYDODD DLLIILIDLD IDLIILIIDIL

L S ¥

~ o~

¥ ¥ ¥ a

Lo X X X4

I3ON

I A d

4 I 4 N 5 a ¥

L R X R R R R R

UIdN

d 5

S S

s ¥ -

DOOHOLOHDDD DODOHOVOIDD LIDLOIIDIL IDVODLIILD DLOILOIDID IDIVIIIDDL YOIVLLIDVY

A ¥ A Y

¥ & ¥

T A ¥

T ¥ T 1

T A ¥

¥ H ¥

"

TR TR

IOON

XX R

IITIPUTH

198
T6V
184 4

TS€

T8¢

11c

VT

TL

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

37/154

DDHODHDODID
PDODILEDIINY
YYDIDIIVLLDD
YOLOVLYLOD

DODOODODILY
DODLIDIDVLL
DOVLLYYDLL
YOODLLLYD

LODVYODLYDD
M & D ¥

~ oo~

Iyds

DYDLOLODLD
d 2 D

YVLLYDDODD
DDDDDODDUDY
DDLODIYVVY
ODDILYY DL

LLVYELYDOVY
YOLYLLLLLD
DLOLLLYVLY
YVYDLLOOLY

ODDIDYDOYD
D § 4

Ic€ Old

ODYLDLIODD
DODVLYVILD
DDOHLOYDILDD
DDYDODILODOD

LOYYYIDODD
DOLVDYDLYL
DLV LLYDL
DYDDHVVDVVY

PDIOVUDHIOLYY DODDLVVYDLD IIDVIDIDLLD YIVYIIILLD
PDODHLODYDDD ILLLEIDDDDDL YOUOIODHUIDLL DIDOLVYLLD
LODVVYDVLLL LODLODODHL DVYDLIDIODD IVLLYLODLD
DOOOHYDVYLOL LODVYYLYDIL VOVLOVLLDL YVLOLVYDLODLD
Ieqgy IeTdD
ITIIPUTH
DVYLVLUYYYYD VYYVYDVLYDD DOVILVVLLLY JDVLV.LLYYDD
DLV LLODVOL YOOLVYVYLOLY DVVLLVYV.LYY LOLYDOVYILL
YOODILLOLOD DODLLOLIODL YUYDLLYDVVY.L LOLLLOVYYY.L
LOLODYDLYD DUYVHLIOVYOOVY TEDDOHOIDD DDIILOHDIDDD
* 9 H &4 & g ¥ ¥ ¥ A 4 -
TaHaM IAON

LYDDDLLLLY LEDVDOUYOIVD DIDLVELVYD LOLDDDVYOIUD DODDODVYIODD

H o 4

A &4 & H

¥ N N A O O

5 » 0 ¥

YOOLOVYDLY DDDHLOVYODL DIDLLLVYIVYD WHYDYIIIDID VOVLLIOLYD LLOIDYDDLD

O A 3

a ® 4 D

A 4 & N O ¥ S A 4 dad

A S M-

YILOVOVIDLO DODHDHLVYOIID DVILODODVYID WHDHLODIDODD IDLIOVTYDD DLYIDDOUDD VYDIOIDLVOLD

A 3 A

D D H ¥

L R X X

IODN

X 9 0

a A d d T N 4 I o a

N ¥Y. H -

YILOODIILL LYLDVYIDOVUD DVLYDEDIIDD ¥DILIDDYYD DLLIDDLEDD YUDLYOVLDD LDODILLIID

4 A ¥ 4

X 0 &

L d 4

s 8 ¥ O

d ¥ a N R A

e e s

Ioyx

S ¥ 4 ¥

TOFPT
TEET
T9CT
T6TT

1211
TS0T
T86
T16

T¥8

TLL

T0L

1€9

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

38/154

DODYDLOVID
PDOLILIDDDID
DDVYOIDIIDOL
DOILLDLLO S
YDDLVLODDVY
LIILOVLYINL
DYYLDDODLY
LYDVYDLOYYD
DYDDIDOVVIL
DDODLOYIDVL
LDYLODOODYL
LOYYDOY LD
LYYLDODODL
IDILLLLOYD
Y LILL T O6L
LYDLOVYOLID
LIV ILOYLD
ILDDIODVDOL
YYLYDDODOY
ODODLLDOY
DYDDOOVEDD
DOYDDYDODIL
LVYDVDVYLD
LOLLYLOVYOY
EDLLOYYLL
YOLILYDDLD
YYDYDOIVOL
LLDUDLYLLO
VILVYYOLLYD
LYYIVLLODD
LDDDDILLLY
YVYIOLLOLLD
DLYODIDDDLO
DDILODDVLL
OILDILLIDD

DDODYVVDOL
YYYODOVLYY
DDIIVLYDLD
YOVYDLIDLLL
DHODDDDDDHY
LOLYILDDLID
LDDYOVYDDOD
DOYIVLIDUD
¥DOOOVLLDY
IDLODLYYLD
DIDVLOLLID
YDVYEILYODD
OILLLLILOD
LOOVYLLDID
LOVV Y LILY
DLODYLVYDVD
DLYLDIIOLD
DELYYYLLYDLD
DOLYDDLOVD
YOUYYIDDLYY
DLLODLYDLI:
YDOYYDIVDLD
YO¥DLYIDD.L
IYODOIDILD
LILDVYODVDLY
YOO LYOVIuL
IDLILLLLDLD
YDVUYDDOVVVYY
VLYV LI Lk
YVLILV LYY
DIODLLLLYD
LOVDDIOVLY
YLODVYILLDD
LODDLIDDDD
LlnLODLIDID

ace€ "Oid

DYDIDIILLD
PDODDIDYDYY
HYDLOVDLLL
LIDDDLIDIL
DILDDLODLYD
DOYVVYDDDOD
DYVYVYDVYDDOHVY
DYYDODVYDOL
LEDIEDVYIL
DLILODOLID
IDLOVLYYYD
OOLLLOILLD
LYDYDLLOLL
LYY OOVDL
DLLYDVLILD
LIDOILVYDYIVY
DODYLDOLY
DLLLILDDL
VLY LLVYYOY
PDOVLDLIDOML
PDODILIOVVLD
LLOVLLIVYD
YODOVLLOLY
DOLOYYODYD
DLV ODLLInL
DDOHLOVDOVD
LI ODILLL
OLLYLYYLY
DL LLLD I
OV LLLLYYD
DOV LV LLLY
YELLOLLDDY
LYDLDDDVLL
DOLYVYLOLO
DDDDYLIDID

DYOVYDOVOIDD
DDODYYDDVD
DODDOVLLEVL
LLODDDLIIL
LDLILILYDD
YOOLLODYDD
¥DIDILLODD
LIDYIDIDVD
JVYDDLLODDD
YLYOY.LIDDD
DYLYDYIDID
DILDDIDYIOY
DLYDDOVVYOL
YOLDLYYLYD
YLYLYLYILD
DYLYYVYDOVY
DYOODDIDLI
PDDDLODDIIL
YODDIIIILD
¥DOVYDOVYIVD
LYDLYDDDDD
DDDIDLOYOVY
DOV YDYOV
YYODHDHDOODD
DOYVDVYVYDOD
DILOOHILLOVD
YODOIDLLILL
EOLLODLYYY
YiLODDOYYDD
DOV LILLVYY
DLLINLILL YL
DOLOVODLLD
YDLLOVYYIYY
DYYDILDOODD
DOYIODLLOY

LODVYODLVYVYL
DDYDLOVYILD
DOOYWLVYODL
LODIVLLIIL
IDODVODLLOVY
DYDOVYIDIDY
YOODODYYYD
YOYODLDDLL
OVLLILDLDD
DVYDIDVLODLOL
DYDY ILLD
LODIDYIDOYY
IDVYVVDVLD
LI LI DLYD
ViLLILDVYYDOY
DLDDLYLIY
YODYODLLYD
LODDDDOLOD
OVLOLOVLLD
LDIDYDOVDD
LDV OVODL
Y LVYDLDVYDLY
DLODVYOOYILD
YOLLYLDIDD
PDIDILLILLDY
LYDYVDLODL
NP A A AMA
LYDLODDYYL
PDDIDILOLYYY
VYOV LLLY
DILDODILILYL
DYDLLLIDOD
¥DDDO¥DILD
LLLIDDOIDD
DYLIDIDIVDL

GVYDILYDIDD
YDIDYODOODY
DLOLLYDLID
DODDIDIVNYD
DLILIITIOD
DYDDVOVVYDD
¥DLVLODVYOL
DDDDHDOVYD
LOYVYLYDODD
OVVDYYILLD
DODLOYVLIDDVY
YUYV YOVYYD
DDDIOUDYOLD
YYDLODYLOL
OYDLDLIYY L
YDDOYOLDVYD
LYLDDODOLD
DDLILLIYID
YLEIOYYDIDDL
YYODVLYOD
I LLLODIOY
POV LYDODL
YiLDYDLLDDL
LVLEYLDDOD
DYDLLIDLYD
YOVVVYLOVYY
DODDOILDLOD
YYOYDVYDLVYD
DOODILLILD
DLDDVDLYVYY
DIDVYOILIOYD
OLLLLLDDOY
DY IDDOVLILL
LLDIYIODIL
DODYDDODOVY

DILDDDDDDID
DOOUDIVEDD
OILYLLODDL
DYDIDOVYYY
DL LDDDOLD
DLODDDYIDDD
DODVYDYILODY
LODDDILDDO
LDYDDIDLODL
YOOV DODDYL
DO LInInInD)
DILIDLIDLD
DDVYDLIYIOL
VODVYVYYLLL
DDLLYODVYYL
DDHDIOYDOYOY
LODDDILDODVYD
YODVYIDLLOY
DL LYLOVYY
DVDLVVYDLD
YLODYDDVYD
PDEDVYODLVYL
LOVYDLVYVYOYD
DDDIDLYLID
YVYLDDIDYOY
IDLODLODOY
LI LY.L
LODIILVLOL
YODDLODYLL
VYV LLODLLY
YYOVYDDLOVY
DVLVDLODID
DDLOVLLLYD
DLILIDLLID
LLDDILDDLOL

TS8€E
T8LE
TTLE
T99€
TLSE
T0S€
TEPE
T9¢g¢g
T6CE
X4 4>
TSTE
T80€
TT0€E
Tv6c
TL8C
T08¢C
TELT
T99¢
16S¢C
1¢se
TSv¢C
T8€C
T1€C
Tvcc
TLTC
TO0TEC
T€oc
T96T
T68T
128T
TSLT
T89T
TI9T
TPST
TLPT

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

39/154

IDOLOIIDYDD
YLODLOLLLL

YOLOIDDDOD
DOODOLODOL
LDDDDDIDID
DLIDLIOVWID
PDDILYOODID
YYYDDOIDOD
YODDYODILD
¥DODDYDDLOVY
PDODYV LD
LLLLVLODDEL

LV LYLVLYYY
DDVYDVIVILVY
VLDV I
VLIV LOInILL
DYDLYOYYYY
LODLYLYDLL

DDYYDODOYL
IDOLODDDIIL

LYY OVDLOL
DILLD DI LIS

LOLODDDDLOD
LLDVLDDLLD
YDOOYYLODDD
¥OIOYIIWIIVW
DDIOVYDVVY Y
DILOOLODDD
LODYDIDIOND
DDDOVYDIIOVY
LOVVYLIOOO
YDODYOIDLLD

YDUDLII L
YLDLLLLODL
LIEDDLLYYDL
DLV LLLYYY
DIDVVYYYOLD
YOLODEDILD
Ioyx
LYDLYDDVDL
IODLVLLLOY

gc€ "Old

LIVOIVOLIL
LLDLIDLYOY

IITHd
DIHILILNVDD
D9OLLILILYD
HIDHIDOIDL
DOYDIIVILIID
DDLIODIDID
DIOHOHDILOOYD
DYDIDIILOLL
DDOYVYIIOVY
LA 491 A A A A £9) 4
DDDDIDLLOD

YV LYOVYDLLL
LODLLDVYIE
VLOLLLLLYED
DIDYYYIODD
DLODYLLYDY
DDDDDDDDDO

LI I LD YL
LOLYDDILOL

DODDOHDUDDD
QLILDDOILIL
PDODIOLIDDD
YYOIDIIIILY
O0LDDODDID
DYDYV VYDY
DYDELDIOYOS
PDOOVYVYIDIDY
IOV D
VLYYV YLLYD

VYVLIDLYLYD
LiLLODILOVD
LDIVLYDLduL
DLDDVVYY.LY
YILDDVYYVYOVY
DULODDLIODY

R R Y R Y

YLODYIOYYVYD
IVLLLIDDYOD

Tudy
DYOYOVILIL
PDODYIDDVLL

DOOLYOLLOL
DDDODLYVDD

DDODLODILY
DOk dddy
DDLIILIDYD
DIDLIDLILD
DDDYDIEDOID
LAAAAAAA4Ad
YiLOYDDDIID
DDODYYIDVYL
LOVDVILLOVY
VYYLYVLYVOY

DOV VYV LI
DL LVLLDLOLY
DYLODILOIL
YLODILYLYY
YVLYYYYIIL
YYYOYVYDDODY

YVYOVYLYDDO
EOLOVOLODY

DOGLD Lk
LYDDEILODD
DHODILIILY

ILLODYDDOD
LYDLLLYYD
DDIDIDOOLD

X R R

IHureqg

DYDIDDOLDD
LLDIDLIITL
Q¥YDOVYDDHOID
DODDIDOIELY
¥DDVYDIDILY
YYDV YDVY
DOYDIILILOY
YOOLYDOVDD
VLVDVEVYLY
YDLYYOVYIOL

LLODDOOVYDVY
OLLLILIDLD
LDDDLIDODD
DVLYLYLOYD
DOHVYDDVDODVY
AAAAAAAAAA
LYYODDLOY
LLLODLOVYY
VYLD VLOLA
LYYDIDDYIL

b o P

I¥ood

LOLYLYYYDY
LYDDLYVYDD
LIDLYDDVYOL
VVLOVYELYLD
DYLYDODOLD
YLV OLIOD

DYDLOILYYD
GLDVDLDLYY

YLVLOLLLYD
L LYDIDILS
WAL A-AA AT
DIDOVYYLL
YDVYDVYDVYOL
YVYLLYYODID

DLOLOLLOLY
LLYYODIVYD

TCES
T92S
I81¢

TTTS
T¥0S
TLE6V
TO6%
1€8%
TOLY
1697
TZOF
TSSY
1877

1177
TPEY
TLCY
1027
TETY
1907

T66¢
1C6¢€

SUBSTITUTE SHEET (RULE 26)



WO 02/068666 PCT/US01/43588
40/154

Ncal (9)
Hindlll (2)
Bglll (5229)
BamHI (5197)

Notl (87)

Sall (187)
BamHI (243)

Xhol (625)

Ncol (712)
Native COOH

Xhol (4119)
Kpnl (4108)

Clal (1219)
HindIII (1224)
Xbal (1229)

FIG._33A

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

41/154

0O A 4

0 @ A &

I N O V¥

d T N

g¢€ "oid

S A d4d

d I D

a A S

a N ¥ H

M A H A

L A ¥

D ® H

IODN
ODYDHLIDDD DIIDLODVYY IDDLYIODDOV DIOVYDIDLYD LIOVILODDDID LLLYLDVYIDD V¥DIWLUYDYDD

A X O

T R

¥ X D -

a 4

POUYDILOODY YIILLIIDLY DOVYDLYIVL DILOIDIILLD ODDVYDLVEDD DIDVODIDID WUDIDDOLLD

S 8§ ¥

-~

Toyux

O 4 Y

a N R X

S ¥ 4

¥ 0 N

D § ¥

d )

5 4 -

DYIVLOLOOD DILVIVYDIVD DVILVIVDIDL DLDLIDVIID DIIDLIOVILD YIIIIIDLID ILIIDIDDIL

L X 1

4 I N a

A & ¥

s T 0O

¥ ¥ & 1

¥ ¥ 1

s ¥ o -

DDDUDVIDDD IDVDLODIYD LIDIDOVLOY DIIDLVLIVD IIVLLOIDVDD YIVYVILDLIL IDILIVIDILD

T X H D

4 A &L

T ¥ X

a a x ©

s A O

O ¥ A

T S

4 A

YYOOUYDIEID LDIDLILODD LYDDLLYLYL LYLVDDLODD YOVLOVVDLD LLDDOVVODL YYIOVIIVLID

0 a ©

A S A

M D I XA

X D 9D

H A H

2 D N

o (o

d T -

DYDYHILLLD DIDIYILIODY DVLOVVLIOVL ¥DDLIOVYOVWL OLYVDIVLYD LOVLDDLOVD DODLDIOLLIL

1 PR € S |

d & T &

A N &L

a T O

T N & a

S D &

2 ¥ 4 -

DODYDLVYYLY VYVOVYYIDUYD DVOUDIUYDOD DILIODLUYDODL VDDOVVLLYD VDLOVVVILD LELVVYIOVLLLY
S N A& I

A 4L I I

4 I S

S a a

¥4 T I M

X LR

ITHued

9 N I

a & O

YYYOVYOUDDD YVILYLLYLD ¥DDLOIDLLY DYYIDLDLID ¥DIIDOIVLID DLIDVUDIOIL ILY.LOIOVIIDD

A F D

I I I

L S d4 I

L X R R X g

ITes

N O T

a Y &

¥ ¥ O

S I

& 7 -

LYVYYOILOVL LLODDOVIVL DLODUDVYDD DLILYIDDOY DDIOVDILODD DIDDIDIDID ILIILIDDIL

H 3 A

T ¥ 8 &

T ad H

s I D

O L. s ¥

LR R R R R X

I3ON

¥ ¥ ¥

s 8 ¥ -

HIDOILOHDDD IDHDOOUYDIDD LIDLOIIOIL IODIODHLIILD ILIDLOOHDID IHDIVIIINDL VOIVLLIDVY

A Y A Y

¥ & ¥

T A ¥

T ¥ T 1

T A ¥

¥ H ¥

n

R R X

TODN

L X X R R

IIIPUTH

T€9

T9s

167
R4 4
TS€
i8¢

T1¢

VT

TL

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

42/154

DDLOLVYVLY
DOVODDLYDDL
DOVYVYOVVYODD
YDDDLLOOLY
DILYDOVOY
YiLDVYOVDLYD
XYOYLYODOID
YLLLLIOYODY
DLOVYYDDLYD
YOLIDIIuInInl:
YLOVYDYVUDOVY
LDV LYYYLD
ODIOVYLLYELY
L YDIIDInIL
D DEDVYDDLD
DLOYLDIVYIL
{1 RS0 iR 15
ODILLLIDLD
DODVVILYID
DOYDDDDDDD
LODIDDLIOOY
LODIDILLYY

DLV LIV LY
VLLYDLVLIL
DLLILILLLY
LIV OLLD
EOTVYDOYID

LLLIVYDIYD
A & &
DLILDLILYD

IE€E "OId

DLOODLLVLIL DOLIDOLODD IDILLIODIDDD LIODIDLILLD
DYDVILVYYLLY YOUVYDOOODD LIDDVLOLOVY LLOVLOVYDD
LYVYDDVLOLD DDLYDHIOVDIVY DVHLOHDOHVDD ¥DIVVYIOUVL
DHILIODILIOVY VIDLYOLVDD DOOLVIVYIV IDLLLILLOD
DLOLIDVYLLD YVYODDODIDLD VYOVVLVILOV DLYIIVVLVYD
DOLVYDDOVLL DLVYDDVYVYVYD VOVILOUDIOY DLOVLOVOLL
DILODILOVYD HYDVYVIOHNDD IODIVDLLYLD DIIDLVILLY.LD
DLVYDLYVYIDL LLLODVYYDYY DIDIIOILLL LOVOVOLLOD
YLLOODLOVD DYOIDLODODLL DUDLVYDVVYHL IIDLVOVYVYVL
DLODLLOIDL LELYDDOIODL LILLLLIIILL YVLLDIDDDLD
YUYYDLLVLY VLVVOLLODL YYVLVYDLODD YYLVYOVOVD
DLLLLYLLLD LLLYLODDOY ¥DDODDIDLOL YYVDDIODDLL
YVVYOVYYLLLL VYDDODOUVLL LYVYYVOVYL LLUYDLODVYDL
LYDDOVVLVYL LLVDLLLLOL LY.LILODILD LVLODOVYYOL
VIV LLLOLL DOVODLOVID LLDOVOHLLLD DIDDLLIILYD
LODLVYDLODND VILLVDLLOVY VYYYYDDDIIVD ILIDVDDDIOV
DOODILVVYVYL DLIDVYILOD DIDDLLLIDDD DODDLLOIYID
DODDDOHYLD DODDOYDDODL LIVIYLOODD VHILODDYDOD
DODIOVILDLD DDDDDOVHOD LYVDIDOLYVY HDLIDDYIDOD
YOVYOIODVLY VILDDDOLODV DIDILLLIDD IIDLYIVYIOVD
YYVDOIDLIVYD ILDOLODVYVYIV LLLLODLODD ODDLIOYILIDD
PDILIDEDOHLD HIDOHOIHVODVY LILLODVYVYLY DILYDVILOVL
I=egx IeTD
\ R Ko X R R R
IITPUTH
DOVLOVYVDD DODOHVIVIVY YUYDUVYVVOVL VHIDIVLYYL
LLODOHLVYOVD LVLLLYLLDD VHOLVODILVVY.L DLVOVVLLYY
YILVLYDLVLL VOLUYDODLLD LODIDHLIODL IOLVVYDLLYD
DLYDVYODVYD VVVLODLIOOVUD LUYDDVYVHLOVY IIDVYELOOIDID
YLOLOVOIDD DLIDOVILLL VOLOVILYDL DDLYDV.ILOLD
X M & D

YOOODLYYLY VOLOLODOYD ¥DDODHOYDD DDHVHLOLOD
H ¥V N N A 9 O P 9 0O ¥ & D
YOVYUYDYODDD IDVUDVLLIOIL ¥DLLODOVDD

YOOUDDYDIOL LOVYELYDDD
DDLOVYLLVL OYVYYODIDLL
VYODDVYYDLVYY DLODVYDDIIV
DOVVLOIDVYDD VUYDODIVDDVD
DDLODLDVID LYLLYYDUYDV
DDLLOVODLVY DYILILLYLD
DODODOLOLY LODLILLOVY
LYDVYVYLODDD YOVYYILOLYD
DYVVDLIDLD DIOVYYYDHVYIID
IDIDLLLYOY VYDLLYLOVOL
LYILIDDOLY IDLYLVYYYDL
LLIOYIDOLOD YLLLVVYDVYLL
VYUYV VYLLDD LLViLOODDOL
OUYDYYDIVVDD LIOVYYIDLLD
DOVDYLYDLD DIDILYOIDD
DEIDLOVLL LEDIDILLODD
DILILILLIDL  LDIILLI I
DOYLLDOLOD ILDLODDDODDD
LEDYOVYODD LLDIDDILYD
DLLDIDILVY LLOYVYIIOVL
DIDOVLLVYLD DJLOVDLOVLY
IDLVLILYDL DLODDIDODID
LLYOVEYLLY YODIIILOYD
LYY EDEYIDVY VWELODVLLVYY
VVLLDLLLOVY YYLYYODDLL
DODDDIDVYDD LIDLOLYDDL
DDYDDODEDD VDLYDODDLIL
¥ ® s L W D 4

IDVYODLOVYD LYDDDDLOYD
D 0 A H a D & -

LOVLOVOVLD LDDODDLYDD DDOVILODODVY

199¢
T6S¢C
TZse
TG¥C
T8€EC
11T€c
iv¢ce
TLTC
10T¢
T€0C
19671
T68T
TZ81
TSLT
89T
1197
TPST
TLYT
1071
TEET
19¢C1T
T6TT

TCTT
TSOT
86
116
T¥8

TLL

T0L

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

43/154

DDDIDOVVVYD YYYIOILLIDD
DDOHOODELOOLD DHHDOLOODLD
DLOLDIOYIDD IDUIIVIDIOL
LDYDDIDOVID DVYYDIIIVYID
LODIDVVYYLD IIIVVIVYYY
DDLYDODVOD LLDODDIIDL
YYYVYYDUDLL LLLYY.LYDUD
LYV VLOLLLE ODLLDIILOY
LLLLIDDLLY VDLYLDLLd
DLELOVLAL YYYDLOVYYD
VYVOLOVYYY DLIDDLIOVLL
DLLYDLIDYD DEDDIIIOID
Ioyx
INVLLYDLYDD VDLYLODVYOV
DOLLODLYLL LOVOVLLLOD
YODDDIDVVY DDLIOVTDOIIL
DODVYNYODOY LYYIIDDIDY
DILIDIOVLY DLIDYDLOVD
IDLVYOVYILID IhLddIDDLI
PDDYDDODDDD DDHYDILDILOD
YLLLOLYLOD LODDIVIYDD
DLYLODYOVD DODDYVVYDVD
YYDOOUDIVLD DUDIVYDIODVY
YYVLYDDIDOVL LOVLYDIVYDOY
NLLOLIDLY VLODLILIDD
DYLOLOVLOL LODLOLOVLY
LODUYDVYVYOLY DIDIOODLLILDL
IDLIOLLILLL LOJLYDYDLE
DVDLOOYVLL JIDLVVYYDD
YOLLOVYVVL LI VDLLYDVL
LOODILIODVLY DYDLIDILYD
YLODLYILDDD DLODIDVVLD

ace "oid

DLIDDLIOID
DYODVOVVYYY
HLLOVYDLDOD
oL A 400000 A f9)9)
YOVLLLYOYY
LODVLVYVVY VYL

LLLYYLODLEY
ViLLLLLDDO&L
LYDEDOYLYD
ODDODLDIDVYY
IDVYYLODYYY
DDIDVELDDDL
Iudy
YEDODVIVIVD
DYODIDINDIDD
LLODVYIVYDOV
DYVUYDDODYVYD
InlnLODDODYL
DLLILLIIDDL
LDLDInL Il
DODYDILLID
DHYVYDIOILL
DHLLIDOYIID
VYOLOYDDLLD
LIOJVGLYOVLD
YYDOYLYDYD
LLDDLDDIDVY
DLLOLYDOVY
¥YDLYOLOLVYY
LLOYLNLLYLY
EOUDVLYYYD
DLYDYDODDD

DOODOHDYDIVY
IDVVYYYDVY
¥OLVLOVYODD
DDYDDODVYD
YYILOVYOVLL
LUYDVVYLYYLY

LY¥IDOVYYY
DYDLLLYLIL
Ll LOYLODIL
YLYYLODILY
o) A A A OIRAA A
DDV YYOVYD

LY OVYLY
YL DLOYOL
DDDLIODYIDL
DYDODHVYDLOY
LYLDDOVYLLY
OILLODOV L
IDILOODVDL
¥DDOHVYOHOVYID
PDDIVIODIDY
DYDVYIYODLO
DOIOVYLLOLD
DDDIOYODVLD

DIHYOHVYIOVYD

DOYLIDIOYD
YOLUDYYVYD
LYDLLLLLOD
DLOVLLLDYY
DYOLYDDLY
DLIOYOIDYOIDL

DIDYDDHVYDID
AAAAAA 3044
10000001 f0 )0 i 9]
DYLVYODLYDO
DYV YLYDUYY
YOVVYDLYYOY

YLLLIOLYLYY
DLYLYIDLYY
DLLLLILYDD
LYV YLOYYL
OILOVLYDDD
DOVVYVLOVYIL

DDODVDLOLL
IHYLLOVYOLD
VYLLYDLLYD
DLDYDOIDYOD
DDLOLILLVYD
LLLDODOIDD
LOYDLOLOOY
DDVYDVYDDVOV
VYDUDLYLOID
DLLODDDODOD
EDDLDV.LYD
LOLOVYYDYVYD
LkDDDLIOVYL
oL A AAAAL f9) )
YLDOODOVDY
LYDVVDLODY
ODYDYILOLD
LOYYODDYDL
LYDLYLODDD

DLYDDUEDDVYD
PAAAAAL A AL
DLOVLVYYYODD
YODLYLIODLD
Y LVYVYVLOVEL
DULLYYDODD
I¥0ooH
YOV LYLDLL
YODLLLYDOD
VOLLVYYYYL
YLODLODYYY
JLOIDVYDVVYD
DOIVVLLYYD

YYDOLOLOILL
LVVILLYYODD
DODDLLDIDD
DDYDOOVYDOVY
LDOIDLYILLD
YEODVYOODOY
DODILILLDDD
VYODILODDVYD
YOLOODYDIVL
YYDLODDDOL
QDDLOYIIDL
LLOYDOYODD
DOVYVYDIILLL
YYDODILIDLD
DLDIDYDLOY
LOLYDDUVVYY
YYIODLLYDD
DVYDDODDOEDD
ALOLODDLDD

DOTYYDDID
YYYVODDYOD
LOYYIDDYOD
LA A{e}e o044 4
DI LL LI L LD
EOdWL YL YLYL

LYDDOYDYDY
OLLVLLLEDYY
VLLYLOYLO6L
YLLOVYILYDY
YOLLIDLYLY
DODIDYEDOD

DLVLOILIDD
YYODODYDLD
DDOIDLOLID
¥DOODYODOD
ODLIIILLOL
YYVYVDDLYLD
DILDLODLOVL
DDODYVLODD
DOYLEDEDLD
DDODYDIDDDD
DDLIDDLOYD
DVUILLOVILDOD
LLDLIVEDOY
DILILYYLOOD
DOILD I InLuInL
LIl ¥ Teelndndnl,
YVYLLEDLOVD
YOVLDLYLLD
DYDIDDOOOY

TESY
TOLY
T69%
1297
TSS9V
1%:247

Ti97
TPEY
TLCY
TOCZV
TETY
1907

166¢€
TC6€E
TS8€
T8LE
TTLE
T99¢
TLSE
Tos¢€
TEPE
T9€€
T6CE
Tcce
TSTE
T80€
TT0€
Tv6c
1L8¢
T08¢C
TELC

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

44/154

YODLYYYOVD
LI L LI I

DIILOLODDD
DDLLILDYLDD
PDODYIOWLD
p4o0) f0)e) i )0) 4

JE€€ "OId

LOLLILVDLYD  IlnInLILLdduds
LDLLLOLLOL ¥DVLOLYDDO
II1hs
LODDIDILOL TDDDODDDHDY
LIDDDDLLLD LYDILOLODD
DDODODDIDD DOLIDIDDLD
DDYIIYOIYL DIDVYYIIIID

ODVLD ILlInlLODVD
DVYLODILYIL IDLLVIDVIL IIILYYDILL
LOLODDDDLY ¥DODDIDILD ILYDDIIIDD

Inureqg

DDOIDIDILOD DLEDEIDODD LDILLIODDID
LOLODLLLIL LLLLDIOLD hlhddInhIdd
DIDOILIOLD DEYDDUDOVOD IIDLIDILID
DLYOIIDIIOEL DIDDDI2DDDD ViLVOVLYLYL

DODELDILODD
YUDVYLODLOL
DLOVDLODDD

YDVYDIDODLO
OLOLODDDDD
DDDDLIILID
OYDIIDILYDD

Tces
T82S
I8TS

TTTS
Tv0S
TL6Y
1067

SUBSTITUTE SHEET (RULE 26)



WO 02/068666 PCT/US01/43588
45/154

Ncol (9)
HindIII (2)
Bglll (5221)
BamHI (5189)

Sall (229)
BamHI (285)

Xhol (667)
Ncol (754)

Sphl (906)
Nofl (921)
KDEL

Xhol (4111) Clal (1211)

Kpnl (4100)

FIG._34A

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588
46/154

WO 02/068666

are "old

« X 2 A D » H ¥ X O 0 = A 4 d T N 4 I © d N ¥ H -
IOON
YOIODOIDLE IVILOYIOIYD DULYOVIDIDD ¥HILOIOVYD DLLOIDIYDD YVDHIVIVIOD IODDILLIIDD TE9
L A ¥ &4 X O & & d4d 4 s s ¥ O 4 ¥ @ N WH A S ¥ 4 V¥
IoUxX
HYDLYVDIDOD DYIHDIOIOVY 9DIDOILIIIY IDVILDLIIODD TUDVVYIYOOV LUIVYOIDIDL HIIDYIIIDD T9§
O N o S ¥ 4 4 5 4 & A T ¥ I N a A I ¥ S 7T 0 Y -
DODLOVILOVYD DHIDOIIDDL DIDDDOILID IMIYIIONOID ¥OILOIIVOLD HIDOWILOVID DILVIOVIID T6¥
¥ L T ¥ ¥ T S ¥ O T X H ®» L A L T ¥ X a d X 0 -
VLILDOYIOVYD YVYILOLIDD DIDYOIILOVY DIOUDOVIDILD DILIIOODIV DHOLIVILVLIV LYDDILOOIVD TZ¥H
s A O 0 ¥ A T S ®@® A O a O A S8 A M B I X X ® D H
YILOVYOLOLL DDHOVYIDIIVY DYIIVLIDOV DVYODILLLIDD IDUYILIDIVIV ILOVVILOVILYD IDIDVVOVIIL TSE
A & D ® N D O 4 T &+ a 4 4 I T &L X N L @ T O 1T -
YYOOVILVOLO VIDDLOYIDD LOIILIDLOD DYIILVVLIYYY HVYYIOYIOV DUDIVDHIDID IDDIVHOILVD T8Z
e N L a s ® &L ® ¥ 4 A &L I I # ¥ § 8§ a@a a ¥ 1T I M -
THueg
DOYVLLYIOYD IOVYYILOLLI YYOVLLIVYYY VOUOVYOODOVY IDIVLILVYIOYD DIOIDLLYOVY VIDHIOLOOYD TIC
® N I d & O S N X I ¥ 2 9 M I I &L S 4 I N D2 T a
ITes
DIODYLIIOL IHOYYIDIILIL VIDYIIODILY VWYDILOVLIIL DIIDVIVIDL DOUDHVVOHIDL JLVYIDIOUID TFT
¥Y A ¥ ¥ 0 S I & ¥ H ® A T ¥ S8 &2 1T a == s I ® O -
DYDDLIDOID HOIDIOIDEH IIOYILOIIDD HIIIWDIIDV VOILIOYOIDD DLLIILIDLD IDILIILIIDIL TL
L 8§ ¥ ¥ ¥V ¥ d & A 4 ¥ I 4 N S a ¥ 4 8 s s 8§ ¥ -
I3ON
DIDOHILOIDD DDHODUYDDDD ILIDILOIIODL IOHIODODLIILD DLIDLOIODD IOIVUIDIOOL VIIVLIDOVY T
A ¥Y A ¥Y ¥ &L ¥ T A Y T ¥ T T T A ¥ ¥ H Y HW

L R X

ITIIPUTH

B b D o 2

IOON

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

47/154

DODOYDDHYDDD
LEYYDVYDVVYL
DLILLVLOYD
DIILLOVYVY L
VYYOLILYDDL
YYYDYIOOYD
DL VLDVDLYIL
LVLY VY OILY
LLYYOVLEDD
YLODODOILLL
YYYIOLLDLL
DILEDODDDL
DODLILDDOVL
ODLLIILLDD
LDDDODDODO
DDIDDLEDID
DYYIIDVLLD
OVDILDVLVLO

HDHODODODIL
DODILDYDVL
LDOVLLYYDL
LYY ODDLLLY

LODYOIDLYOD
M & D ¥
Iyds
DYDLOLIDLY
4 D2 D
YLOVOYLOLD

LYDOVYOUDL
DYDOVDLYIDD
YLYODI0DOL
LLLIYDDEDL
DYYDOLYOVL
LD L LI L DL
DYDVVDDVVY
QYL LOLL
DUV LLYLVYYY
YDIIDLILILY
ILOVDDLDVL
DYLDOVOILLD
Ll DDOLODDD
DLILDOLIDD
DVYVLLYODOD
YIDOIODDYD
DDDLIOOIVYY
DOODILLYYOD

VLLYVY.LYDD
LD L InLdndnl
LOLOLILV L
DV ILLODL

DODODIDOVD
D § &

IrE "Old

LLOVLLOVYY
LYDDOVLLOL
DDILOYYODVY
IDLYYID LD
LDDDLOVYDDIVY
DOLLIODLIL
VUDLLY LY.L
Il L LI L DIl
OV VLLLEY Y
DOOYVLYLILL
YVLLLDILOD
DLVYDILODOVL
DDOLVVYLOIL
DODIDYLIDD
DODYLDLIID
YDODVLVVLL
DDDLOVDILD
LODVYDILODO

YLOVYYODID
DODLYDYDLY
VLVOLYLLYD
YDVODVYDVY

DODDODIIVYD YYLVDLDVYDL VOIVWLVODD LIODLDYIDLY
YODVYVYVYDVD VOLODVOOVOL DULDUDLLOD LLOVDLYYDY
DYYODDDODD DVDLLVLOID ILVLLVLODD DIDDLOLVLD
LODYYDVYDD OIIOILLLLD ¥DVUDLLOOLY DYYLIDIDYD
ODIDODLLOVY DLVDVVYDLOD LUYDVVVVLOY VUYDLODLODD
LYODDODLIE GLLIDILLYL LOJOIDILOLD IILILYIWD
YVOLLODELVY VILUYDLODOVYY LYVYOVYDVDLY DLIDIDLVILD
LYLODDOYYD DIDIDLOLYY V¥DDDDILLLL OVIDDLODVL
DODOVVLLLY VVVVOVVLIL YDLODVDLYY VVYYLLODLL
YOLLLLOILY LOLDDIDLOLY LODDYVYILOY DVYIVUYDOLO
YOOIHDVDILL DIOYDLLLOIODOD DILILLLIDD VDVLYDLOODD
LYDLIDVYYY YYDOOIYDIL ODOVIDIOVLL LIODIDVLILY
POVYILDODD ILdalIDDODD ILLDIVIIDD LILLLIILLD
DODYOIDLLD YIVLODIOIOVYD ILDIDVIDIDD VLILDDLODLO
DODOVDDDLY ¥DIDIDLYYDL DODYIDIDLL DYDIVYIIIILL
DODDLODYID DILLLIIIID LYIDYIDVOIDL LIIDILYIuL
DEDOVYIVLL LIDDLDIODD LIVYILIDIDD DIOVLLVLDIL
PDDDODYDYLD LLODVYYLUYDD IVUDVLOVLLD LYLILVYOLOL
Ieqgx I®TD
IIIPUTH
ODVYLVLVVVY DVVVVDVLYD DDOVLVVLLL YOVLVILLYYD
GLLYLLODOED LYDDLYVYLDL YOVVLLVVYLY VYILDLVYDDVUVL
LYDODLLOLYD DOIDLILDLID LYUDLLYDVY LLILLLOVYY
VILOLIDYDLY DODHYUYDLOVID YVDDIDIIDD DDILODIIODD
+ T A a ¥ T 4 4 ¥ Y ¥ A d -
IJON

GUYDDDLLLLY LLOUYDOVYOVD DODILVVLYVYD IDLODDVYIVD DODDDVIIID

H D 4

A &L & H

¥ N N

A D 0

D 5 0 ¥

YODLOVYDLY DDODLOVIDL IIDLLLYDVYD VWEYDUYDIDIIDOD YIVLLOODLYD LLDIDYDDLD

0O A =

a ® &4 D

A d &

N O ¥

S X 4 a

A S M -

DODODLYIDID DYLDDODDYDD ¥HDHILODIODD IDLODYVVYID ILVIIDDIVDD WYYOIIDLYILO

T8¢€C
TTEC
Tvece
TLTC
T0TC
T€0C
To96T
T68T
1¢8T
TGLT
18971
TT91
T%ST
TLYT
TOFPT
TEET
T9CT
T6TT

TCTT
TSOT
186
TT6

178

TLL

T0L

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

48/154

YODDIDVYVYYLD
LLLLLYLDDD

LIV LV L VLYY
DDDIDVYOVLY
LV LLLOVVY.LL
DY LOVL DT
LOVOLYOVVY
LLIDLYLYOL

DOODYDDHDOY
YLDOLODDID
ODDDYDLOVD
PDODLILIDOODD
DODYIDDODD
LODLLLOLLD
YUYDDLYLDDD
DLODLOVLYL
DOYYILOODDDML
YLVDVYDLOVYY
DDYODIDOVY
LODDLOVIDOY
LIDYLODDODY
DLOVYDIDIVLD
PDLYYLODIODD
LEDOLLLLOY
LI LL YD
LLYDLIOVYILD
VLD LVLLOYL
DLODOOOVYDD
VVYLYDDODD
Y¥ODIDILOD
DDVDDOOYYD

ars—old

QLOVVLIDD DVYIVYVVYVD
LYDIDYIILL HIIIIDIDLLD
YVYDVDLLLL LYVLYOVOLI
YVEDLLLLDD LLODLLOVVY.L
LLIDDLLIVYD LVYLOLLLLLY
LILDVLLLYY ¥OLOVYYYDIDD
VOLOVYYYDEL DOHLODVLLYD
LYILODYDIL DDDDDIIDDD
Toux
LLVDLYIDVYD LYLIDVOVVY
LLIDLVLLLD VOVLLLODOY
DDDODVVVYDD LOVYDIIILLL
DYVYOIDOVLY YDDDDIOVOV
LODIDVLYDL DOVDLOVOLL
LYOVILIODLL LLIDDDLIDL
¥DDODDODOD VILODLODLY
LIDLYLODLD DODYYVYDDID
YILDDVYOUDOD DOHYYYOVOOD
DODVYDVILIDY DIOVYHIOVDD
LYDDOOVLLYD VWIVDIWOVVD
LLDLODLYYL DHLILIDILD
LOIDVLOLLD DLOLIOVIVYY
DVYDVVOILYDD DIOHLLLOLLEL
LOLLLLLLLD DLVOVOLLOL
DIDOVVILLID DLYYYYIIOVD
LLOVVVVILLL VOLLYDV.ILIL
ODLIDVYLVOVY DHLIDILYDVD
DOLYLODIDL DIIOVVILODL
LOLVVYLYDL DOLELVLLLOD
VODLYDOLOY OVILVVLIVYD
YYOYVYODDLY VODVLOLIDD
DDILIDDLYDL LODDILOVYL

VYLLLVOVYYY
DVLVYYVLLY

LYYLODLYLY
LLLLDDILOY
DLDIVLYDLL
DDLODYYYVL
YVLDDYYVYDY
DOYLIDDLID

L R R X ]

Tudy
DOVYDOYIVDLL
DDDDVYIDOVL
DOYDVEDIVID
YDDODYVYDHOVY
LDODIDIVLLY
LdaLDDDDLID
DIDLLLLLYD
DYIDLLIDVYD
YDIDOILLDID
LLDDYDDDOHY
LOVODILODD
DVLOYLIOD
DDVLUYDVYIDD
DDLODIDYDD
LOLYDDVYVYVYD
LYILIOLYYLY
DYLYLYLYOL
YOVLYVYYOOVY
¥DVYDODD99DL
LODDLIDDDD
YYODDIIILL
L¥DOVYIIOVIVY
DINDLVYDDDD

DLOVDVLLOVY
OVVLVYLYYD

DOOYY VYL
DLLLYLDLDL
LOVLODDLOL
YYLIDOLVLY
VLYY YEDD
YVYYOVYIID

LYYOVVYLYDD
LYDLIOYDLOD
DILOOVYIDLYY
DODYDLOYIL
LDIDVYLYDD
DLDDOVLLILL
DLDIODVYHDLLD
DOVYDDOYODID
DYDIDODYVY
DYIVIDLODEL
DOVLEILDLD
DOYIDVLOLD
DVYDVYOIDVYILL
YLODDIYIOY
LYDVUVVYVYOVL
DILELLIDLY
NLLLOYYDD
YOLYDDLYLD
DYIDYIDLLY
LLDD0DDILD
DDVLILIOVLL
DILODIDIODOVYD
DILYDYYOVDD

Y LVDVVIVL
YVYDLYYOVYID

YYYYLIOVLOL
ILYVDIDDVD

L X R R

InLOLVLYYYD
YLYDODLYVVYD
LLLDLYDOVD
YYYLOVVLVYL
LOVLYDODDIL
YYYLOYDLID

DOVYDIDLLVY
YLILOVDLOLY
LLYILLYDDD
DVYDIDVYODID
LDLILLYDLD
LOODDIDDIVY
¥DLOLIDYID
DVYDDVOVED
DVYDLYLIOVYD
LODDDDOHOVY
ILOVVLLYDOD
LOVYYDVYYOLL
DDDLOVVYLOD
AAAAAA 044
DODDIVHVYOL
DYVDLODV.LD
YDVYOLOLOYY
VYVYODDVDLOY
DLYLODIODL
DODILDLLIYD
DYLOYYDIDD
OYYYIOVLYD
LI LLLIDDD

I¥ood

YYLYLOLLLY
DELLYDI9DDL
LLVVVVVLYL
DOLOOVYVVVL
DYDVYDVYVYOYD
DY LLYYDDD

DDLOLOLLOL
VLLYYODOVY
DDLIDODIDD
IDDOVDIVYD
PDIDLVLLODD
DDYDODOVVYY
DILLLDOODDL
DOLODDVYODHD
LDODYDIVLDD
DLODHDILDD
DIDVYIIDLID
o) fo}o) 920 510) 4
YDIILInL I
ODINLIDLIDL
DODYDLIOVYID
LYDDYYVYV.IL
LODLILVODVY
DDDDOVDIVD
DLODDILODDVY
DYDDYIDLLO
IOV LLYLOVY
DDVYDLYVYOL
YVLODYDDYVY

TGSV
T877%

TIT9%
TvEY
TLCY
TOoCY
TETY
T90%

T66€
1C6¢€
TS8€
T8LE
TTLE
T79€
TLSE
T0S€E
TEVE
T9€€
T6cCE
144>
TSTE
T80€
TT0€
v6¢C
TL8C
108¢
TELE
T99¢
16SC
X4°14
11144

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

49/154

DILODLIODYD
DVLODLDLIL

DVYDLODODDD
YDODDODLODD
ALDIDDDDIDD
DDLIDLIOYD
DODILYIDOD
YYYVYDDIODD
YYOODYIDOL
YYDIOVYIDILD

DINVYYOVDLD
LL LI IO

PEDELODDODLD
LLLOVIDDLL
DYDDVVLDDD
o) f0)0) £919) £920)
DODOVYVYDVY
DDODLOILODD
DLDIOYODIDOV
¥OODDYDIOY

Jre—OI4

deb L VDL DL
GLEILLDLYD

LIl L LOY
YIDLYDDOLO

XXX R R

IITPg

DDODILOLYD
DOODLLLOLY
191010100010 00 )
ODYIIVLID
YOILLIDIOL
DOIODDLODY
PDOYIDIILOL
YIDOYYDIDOW

95DOHDHOYHD
HDLOLODILD
LDDDDDLIOD
DY¥DDDIIDL
DDDILODIDDD
DOYIVYYYYD
LOYOLOIITD
¥DDOVYIDID

LODILYILLD
LODDODLYED

DIODODILODOL
LD I EnLiEnInL
o lelelineloline o)
YODILIILIL
DODDYDIEDD
LAAAA A4 A
IV LIV ODDOD
DDODYYIDY

ODVLOIL LLILDDYDDD
b YODVOLOD DLVVYDLLLYY
DDDIDILIDEL ¥DDIOIODDIL

IHuedg

YOVOIIDILD DLLIDDIDVD
GIEDDILILE EILILOLOIL
DIOVYHDOYDOHID DHLODILOIID
PDIDODDIOYL YDVLVLVLOV
DYDOYDIDIL VDDUYDDHVYDOD
LA AN A A0 AL AL AAAAL
PDODYIDLILD YLYYYIDDLD
LYODLYDOYD DILVLODLOVY

TceS
TG2CS
T8TS

TTTS
T¥0S
TL67
T06%
TE8T
T9LY
T69¥
TCo7

SUBSTITUTE SHEET (RULE 26)



WO 02/068666 PCT/US01/43588
50/154

Ncol (17)
BamHI (13)

Bglll (5279)
BamHI (5247) —

NPGR

Nofl (137)

Sall (237)
BamHI (293)

Xhol (675)
Ncol (762)

Native COOH

Xhol (4169)
Kpnl (4158)

FIG._35A

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

51/154

gs€ "Old

5 9 H ¥ X D O T A 4 d T N d I D a N ¥ H L A ¥ -
TOON
LLIVLOVIOD ¥OIVLYDYID IODYDIILIIIODY V¥OILLOIDLY DIVYDLYIVIL HILOIDIILY DDIVILVYVYID
- d X O LI &L a 4 S § ¥ O 4 ¥ a N U X S ¥ 4 ¥ O N -
Ioyx
DIOVIDIDID VVDIDOILID IDVOVIDLIDD DIIVIVYIED IDVILYIVYOIOL DIDIIDYIDD HIDIODILIOVILD
D § ¥ 4 T 9 4 I X 1 4 I N a A 6L ¥ s T O ¥ ¥V & 7T
¥I99IDILID DILIIDIDOHIL DIDADTDIDD DOVYHIOIDOVYD IIDIDDTLIOVY DOIIIVILIOVD IOVLILODIYID
¥ ¥ 1 s ¥ » T X H 9 I A L T ¥ A a &4 X O s A O -
YOUYVYOLOLL DDILOVYDILD VYDDEYDHOHYDD ILOHIDLILODD ILYDDLLVLVL ILVLVYDILODD YDVIOVYYOLD
+ 0 ¥ A T § 3T A 0 a ° A S A M 9 I X X ® » H A 3 -
LIDODOYYOIDL YYOVIIVLID DVOVYOILLLY DOIUILIDOVY DVLIVYLIVL ¥HOILOVYYIVL DLYVOIVILIVD
2 » N D 0 4 71T L. @ 4 4 &4 T &L A N L 4@ T O T N &L a
LOTLODIOVD DOIOIDLLIL DIDVILYVLY YYOTYYOIOVD OVIVOIYOID IILIILYDDL VOOIVVLLIVD
S 9 & D ¥ 4 A L I I g M S S a a 4 T I M ® N I -
IHureqg
YOLOVYVYILD LIVYOVLLLIY YYVOVYOVODD YWUYDIVLIVLID YDDILOODLLY JDYYODLOLID ¥DIIDIVILID
+Qd &L O S N X I M 3 9 M I I L 8§ 4 I N D 1 a ¥ X -
ITeS
DIDOVYODDEL DLVILOVYIIDD LYVYOHILOVL LIODIDYDVL DLIITIVYOD DLILYIDOHOV DHIYIILIDD
¥ ¥ 0 s I & ¥ W 3 A T ¥ S X T a o s I o O &L § ¥V
IJON
DDHHIDIDID ¥HOIEILODD DDOIDDDOID DYYIILIYOD DOILIIDLID ILIDLIILIDD DIDIIDIIDD
¥ Vv ¥ a &L A d 9 o 4a N s a ¥ 4 S S 8§ §8 ¥ A ¥ A -
IJON
D9DDDHOIVID HHILIHDLOIDD DILIODIDHOLID LIDLIDLOID DIIOIUYDIID HIVIILVDOY DDIHIYHLID
e ¥ ¥ & ¥ T A ¥ T V¥ 1 T T A ¥ ¥ H ¥ H

B O O 0 P

IHueqg

O 2 o S

IOON

TEOS

T9S

6%

1cy

1S6€

i8¢

TTC

9T

TL

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

52/154

YOOYDDVIDL
DOLOVYVYILLYL
YOOIV DLYY
DIDVVLIDVDD
DDLODLOVID
DOLLOVDLYY
DODODDLOLY
LUYDVYYLDDID
DYYVDLODLD
LOIDLLLYIY
LYDLIDIOLY
LLOYDDDLOD
VYV YILLOD
DYOVYOVYDD
DOVYDVLYDLD
LLLODLOVIL
DILEIINILLIIL
DOVLLODLDD
LLDYOIVYIID
DLLIIDOLYY
DODOVLLYLD

LODLYLILYDL
LV OV LY ILLY
LYYIDLYODY
YL LILLLOY
DDDDOHVYDEDD

DDYDDODEDD
¥ D S

LOVODLOVYD
0D 0 A =
LODODDLYDD

IDVYYLYDDD
DYYYIDODLL
DLIDYDDOOY
YYDODVUDDYD
LY LLYVYDVDVY
DVILOLLYLD
LODLOLLOVY
YOYVYILOLYD
DOYVYVYDVIID
YILLYLOVOL
LDLYLVYVYYOL
YLLLYYOVIL
DL YLI0DDIL
LOYYYIDLLD
DODILYIDDD
LYDODLLODD
LDODLLI I
LDLODDODDD
LDDODILYD
LDV DDIVL
DLDVYDLIOVLY

DLODODODOD
ODIIOLDVD
VLLOOYLLYY
YYLYYODDLL
LODLDLYDOML

YDLVYDODLIL

L4 W D

LYDDDDLOYD
a 9 &
DDOVLDDDOY

95€ "Old

DOHVYDODLVODL
DOVYOVYODD
YODOLLOOLY
DOLYDIOVEIOY
YLOVYOVDLYD
YOVLYODOID
YLLILOYIDY
DLIOYYDILYD
YOLIDLLddul
YLOVDVYVYIDVY
LYDVLVVYLD
ODOYYLLYILY
LLYDO0DLLuL
LIEDLOVODLD
DILOYIDIVOL
VLLLIDDLOD
DDILLLIDLD
DOHVYVLLYDD
190} £912)0)8)8 15 5]
LDODDLIDOY
LOJIDILLYY

DILLLY VLY
YL VDLYInLL
DLIDILILLLY
LYOVYVYYILLD
YOVYVYEDDOYID

LY ILLOYDOVYD
X & i@
DLOLOLILYD

O A 4

OUDVYLYVLLY
LYVYODYLOLD
DINLIIDOLIY
DELILLIOYLLD
DDLVYDDOVLL
DLDDOLIOVYD
DLVYDLYYIDIL
VLLDDDLOYD
DLIILLIODL
YYVYYDLLYLY
LI LGV LLLD
hAA 9L 4 fititimA
LYDDDVYYLYL
Y LYVLLLOLL
LODLYDLODD
DOIDDOLNVY L
DDDODIDYLD
DDDODYLDLD
YDYVYDODYLY
YYYDDDLOYD
DOLODVYDDLD

DOVLIOVYYYDD
LLDDDLEDVD
YLVLYOLYIL
DLYDEIDVYD
YLOLDEDIID

YODIODLYYLY
H ¥ N
YOYYDYIOOD

L N O ¥

YOV ODHIID
DDLYDIVDOVY
ViLDLYOLYDD
YYOODDIDLD
DLEDDVIYYD
DYDVYVDDOHDD
LLLDIVYVOVYY
DYIDLODOLL
LY ODDODL
YLYYILLOOL
LLLLODODY
YYDODOVYLL
LL DL ILLIG
DOYODLOVYDD
YLLYDLLOVY
DLODVYILOD
DODIDYIIDL
DODIDIOVYOOD
YLDODDLODY
LDILDOVVYDY
DOODDOOHVDY

PO D 0 o o o

LLDDVLILOY
DYDLDIDEDD
DODLYIVYDIY
YOYYLYDLOY
YOYILIDYDOY
DDOYDILYLD
DOODIDILLL
DYDLYDVYDL
NP PR 9 O 1 P A
VYYLEDLOOD
YDDODODLOL
LYVYVVYOVVYL
LYLILODILD
LILDOVDLLLD
YYYYDI00YD
DIDLLLIDDD
LOYOYEIDID
LYYDODDLYY
PIDILLLIDD
LLLLDILODD
LOLLODYYLY

ITeqx

DDIDVLYLVYY
IV ELDO
YILVDIDILD
YYVYLDLODOVYD
DLIODYDILLL

YDLOLODOYD

N A O

PDOYDVLLIOL
S X 4

DDUDDLIDOD DOIDLIDYYY DIILVODDOT

IIIPUTH
YYOYYVYYDVL
DLYIDLYY.EL
LDDIODLLOL
LYDDYYDLOY
YIILDYILYDL

¥
¥ODHDHHOEDD

9 9 0
YDLLDODYDD
a A s
DOVVDOOIDLYD

LLIOVLOVYDD
YOIV YODVL
DD LIl DD
DLYIOYYLYD
DLOVLOVOIL
DOIOLYLLYLD
LDVDYDLLOD
DDLYDVYYYL
YiLLOOODILD
VYYLYYOVDVD
Y DDODDIIL
Ll VDLIDYDL
LY LODIVY DL
DODILLLLLD
DLIDYDDDOY
PDDILLODIVDD
YDLODIDYOIDOD
DLDDDYIDID
DILEIYODYD
DDLIOVILODD
DOLVYDVLOYL

LR R R X X ]

I®ID

YDIDIVLYYL
DILNOVYVLLYY
DOLYVDLLYD
PDOYYLODODID
DDLIOVLOLD
M & O -
DDHYDLOLID
¥ & O -
LOYLDVYDYLD

M A d A

LOVYDLDDDID

199¢
16sc
1¢sc
1S%¢
T8€T
T1€C
Tvee
TLTC
T0TC
T€oz
19671
T68T
TZ8T
TSLT
189T
19T
TPST
TLPT
T0%T

TEET

T9¢T

T6TT
12TT
TSOT
T86
1T6

98
TLL

TOL

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

53/154

DLYDDUEDDVD
PAAAAAAAAA
LOYLYYYODD
YODLYLIDLD
VLYY YLOYL
DOILYEDIDD
Iyood
UOVVLYIDLL
VODLLLYDOD
VOLLYYYYL
VILDDLODYVYY
DLDVYOYDVYD

DIIVLLYYD
YVODLOLDIL
LVLLYYODD
DDODLILDIDD
DDYDIIYDIY
LDIDILYLLD
YYDDYIIDOY
OODILLLODDD
¥DDOLDDIDVD
DLOODVYIVL
YDLODDDIL
DDDILDVYIIDL
LLDYDIYODD
DOHVVDIOLuluLs
YYODLLODLD
DIDODYDLOY
LOLYDDYVY
YYLODLLYDD
DYDDHIOOVDO
DLILODDLOD

DDYVYVYDIID
YYYYDIODYDD
LOYYDDOVDD
YYVDIDODVYY
DL LLLLLD
YOLLYLY LY.L

LYDDDUDVYOVY
OLLVYLLLDVY
VL LY LOVLOL
VLLDVYILYOY
YDLLIDLYLY

DODODYYDID
DLVILODLODD
YYODODVDLD
DODODLILID
¥DOIDYDIDID
DL LLLIL
VVYYYODLYLD
ILDEIDLDVL
DOODYNLDDO
DOVLYDVYDLD
DDOHYIDODD
DDLIDDLOVD
DVLLOVLOOD
Ll LOYYDOY
DIDIVYLIID
DOLLDIInInLds
MNP fih PN A
YYLLYDLOYD
YOVLOLYLLD
DYDIODDIDDY

ase "old

DDDODLOOLD
PDLDLDOVODD
LDYDIDIOEDD
LODLDVV YLD
DOLYEDOIDVID
VYYD VILL

NACA SO N A A
DLl I EDDLLY
IELLOV LI
A AANAA A
DLLYDLIDNED

DHOILODOLD
DYDIVIDIOL
DYYDOIVYYDD
PDOIDVYOVVYY
LLDIDDDIDL
LLLYYLYOVD

DDLLDIILOY
YDLYLDLdulaL
YVUDLIOVYVYYD
DLODLIOVLL
DILIDIDIDOD

X R R R T

Ioyx

DVLLYDLYDD
DDLLIDLY LI
YODDDOODVY
DOOVYVDODY
DOLIDIIVLY
LOLYIVILOD
DDYDDIDOHOHO
ViLLLOLYLOD
QLYLODYOVD
YVYDOOYOVLD
YYLYDDIOYL
OVLIDLIDLY
DYILDLOVLOEL
LODVDVYILY
ODLOLL Ik
DYDLOOVYYIL
YOLLOVY Y.L
LODDLODYLY
YLOOLYLDOOD
DOLIOLVVYLY

YDLVLODVYOY
LOVYOVILLOD
DDLIOVYDIOIL
LY YOD0DODY
DLODVYDLOVD
LLLLDDDDLO
DHYDLOILID
LODDOYYYDD
DODOYYVYDUD
D¥DOVVDODY
LOVLVDOVDY
YLIDLOLODD
LODLOLOYLY
DODIODLLLDL
LIDLYDVDLL
PDIDLYYIYOD
LLYDLLYDV.L
DYDLIDIOLYD
DLDDIDVV LD
DLIDLLYLIL

DYDDYIVYVY
DLLDYDLODD
DYVYDIDIOYYID
YOV LLLYOVY
LODVLVYVYYL
LiLEYYLODLN

VILLLLLODDL
LYDLODYLYD
DODDHILOOVYY
YOVYLOOVYVY
DOOOVYLODDL
Iudy
YVYDOHVYOVOVD
HYDIDDYDDD
LIDDOYIVOIV
DYYDDHODVYED
LuluiDDDDOYL
DLLLLIODOL
LYOILOILLLLL
DHOYIILLOD
DOYVYDIIOLL
DHOLILIDYDDD
YOLOVYIDOLLD
LODYLYOYLD
YYOOVLYOVYD
LIDODLDDIDY
DLILDLVYIDIVY
YOLYDLOLYY
LLDVILVLYLY
YOUDVLYYYD
DIYOHYIDODDD
DOLOODDLIDD

LA AAA A 43044
YOLVYLIOVYIDD
DDYIDIDYYD
YYIOLIOUDVLLL
LYDVVLYVLY
LYDDOVYY Y

DVDLLLYLDL
I LIV LDDOIL
YILYYLODOLY
LA AA SR A A A
oL AA A #9) 4 43)

NINIACA 9L A 114
YLLYOLOYOL
DDIDLIDYIDL
DYDIIDVYDLOY
LYLDDOYYLY
DOLLODIVLL
YDOLDODEDL
YDDDYDOVOD
DDIVYDOIDIDY
DYDIVYOIVYIDLD
DOIIVLLOLD
DDIDVIOVLD
DIDVYDYIDYD
PDDYLIDIDVD
YOLVDYVYVYD
LYDLEELLID
DLDVLLLDYY
OYVDLYDDLY
DLIOVYOIDVODL
DOLLDDIDDO

YVVVVYYDVYY
191910100 {90 i 9]
DYLYDIDILYDD
DYV LYDVYYY
YOVYDLVYDOY
Y LLILOLYLYY

DLYLYODLYY
DLLLLDLYDD
IV YLDVYL
DOLDVLYDDD
DOYVYLOYOL

DOODYDLOLL
DDYLLOVYDLD
YVLLYOLLYD
PDLOYDIDYOD
DOLDLILLYD
LiLDDDDODD
LOVDLILIIY
DDYDVUDDVDY
YYDVYDLYLOD
DLLODDHDOOD
LODLOVVLYD
LOLIOVVYOYYD
LLODDLIOVYL
LA A A4 AL )
YLDIOIOVDY
LYDVYDLODY
DOVYDYILOLD
LOYYOIDVDL
LYDLYLDDOD
LODIDLILLD

T€87
TOLY
T697
1542 %
16997
877

TTv¥
TPEY
TLCY
T0CY
TETY

1907
T66¢
Tcec
TS8€E
T8LE
TTLE
T¥9¢
TLSE
TO0S€E
TEPE
19¢€€
T62¢
Tcce
1STE
180¢€
110€
Tvec
TL8C
T08%C
TELC

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

54/154

DILLELLIDYD
DOOLYYDLLL

DLYDDIDODD
Ihureg

LDILLIODDDD
N PR A R i e
DIDLIDOLID
YLVOYLVLVYL

DIDLDILODD
YVOVLODILOL

DLOVYDLODDD

¥HDVYDOIDDILD
DLILIDIDDD
DDDDLIDLOD
DYIDDILYEOD

39€ "OId

YODLYYVYIUD
DL DL D duks

DODLILODDD

DDLLLOYLOD
DDODVDOIVYLD
YDOYODYIDY
DODODOYYYD

IDLLIVOLYD LILIDLIIIL
IDLLLOLLDIL ¥OVLOLYDDD
IITHg
LODOIDILIL ¥OHDHODIDHHOOY
LIDDOHLLLD LY¥DILIILODD
H5DDHDIOIDD DIDLIOIIIDLD
DOYIIYIIVL DIIWYIIDID
YYYOILLODD DIDIDLIDID

DVLIDILYDL
LOLODDODDLY

DDHDIDIDILDD

LOLDOIIEInInL
DODIDLIILD
DLYDIDLIDL
DOOODOYDOVY

DOVILD
LDILYIODVYOL
¥DDDIIDILO

THureqg
DLYDYOIDODD

LLLLLDOOLD
DYDOVDOVDD
DLIDD0DDID
DODVYODVDDD

T6€S
TCES
16¢s

T81S

TTTS
1v0s
TL6Y
TO067

SUBSTITUTE SHEET (RULE 26)



WO 02/068666 PCT/US01/43588
55/154

Ncol (9)
HindlIII (2)

Bglll (5221)

Sall (229)
BamHI (5189) —

Xhol (667)
Ncol (754)

Sphl (906)

Nofl (921)

Clal (1211)

HindIII (1216)
Xbal (1221)

Xhol (4111)
Kpnl (4100)

FIG._36A

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

56/154

A 3 A

VYOLODDODLL LYLDVODOIVD IJUWLUYDVYOODD VDILOIODVYD IDLLIDDLVYDD YVDLYIVILOD LOIDILLIDD

L A ¥ 4

DVYDLYYODDD DYIDIDIIVY DIODHILLIDNY DVLOLIIDID IV¥IVYDIYDIV LYIVDIOLIL DLIDVYIIIND

0O N D

DHILDYILOYD DHOIDDLIIDL DIDIDDDLDD DIDEDIIODOHID ¥HIDIIVYOLD DHIDIVILIOVID DIIVIOYIDID
d X 0 -

¥ 4 1

P D H ¥

IODN

A O &

S ¥ 4

¥ ¥ T S

g9¢ "Old

X D 0

L O d

4 D 4 &

¥ D 1

g4 A d

s 8§ ¥ O
Ioyx
X T ¥

X H D

d 1T N d4d

d ¥ «a

I N a

I A LT

I 9

N H X

A 4 ¥

¥ A a

a

N ¥ H -

S ¥ 4 ¥V

S T

o v -

VLLIDVIDVYD VVUDLOLLOD OJELDVYDILOVY DOVDDVIILD DILILODOLY OHHLLVIVLLIY LYDDLODIVD
XA D D H
VIDVYDLOLL DDOVYVYDIDLYY DVOOVLOOOV DVYDDLLLIDD DVILIDDUYDV LOVVLOVLYD DILDVYIVLOL

S A 0 O

A d D

I A 1

D N D

S & A

0 4 1T &

O a 8 A

a 4 4

S A M

L T &

9 I X

A N &

a 1

o T-

YUYDOVLVDLD VIDDLOVIDD LOJDDLLOLOD DUYDLVVILVYY DYYVYDIDVODY DUDIVDIODHID LIIDLYDDLYD
a a 3y T

N &L a

DOVVILLYOWD LOVVVYILILL VVOVLLLYVY VOVDVDDDVUV DIVLLVYLOVYO DIDIILLVOV VWOILOLIIVD

D N I a

S & O

L O s

4 4 A

N X I

L I I

I 3 D A

g4 ¥ S8 s

I I &

~~

S 4 T

o~~~

IT®es

I M -

> oo N

IHuedg

N D T da

PODOVLIDDL IDVEIIDLOL VLIVOODDLY VUDILOVLLEL DIDOVOVILIOIL DDUVDVYDIDL DLVYDIDDDHYDID

¥ X ¥V

¥ 0 s

I & Y H

d A 1

4 S X

T a 4

s I

5 0 -

DYDIILIDDID DDODIDIDVD DIVOILDIDIDD DIILEDIIIV ¥DILIOUYDHIDD DLLIILIDLD ILIDLIDIDDL

L S ¥

~

¥ ¥ ¥ a

X XX R R

IJON

L A 4

d I d

N 8§ a ¥

d S

S S

s ¥ -

DOODILOOOD DIDDDIOYDIDD LIODILDIIDIL IDIDOLIDLD ILIDLDIODID IHIVIDIDHL WOOVLLIDVY

A Y A ¥

¥ &4 V¥

T A Y

T ¥ T 71

T A ¥

¥ H ¥

"

R TR R R

IODN

LR R R R ]

IIIPUTH

T€9

T9s
167
TC¥
Ts¢

T8¢

1T¢

7T

TL

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

57/154

LLYYDVYOVYL
DILDLLLOYD
DIDLLOVVYY.L
YYOLILYDDL
YYYDYIDOVD
DLV LDVYDLYL
LYLY VY OLLY
IV YOVLLID
YLIODDIILL
VY OO&LLDdD
DILYIIDDDL
DOILLODDYL
DILLIILLEDD
LDDDIDDODD
DDODILYDIOD
DYYOIDIOVLLY
DVDLOVLYLD

DHHDDIHODOL
DIDDLOVDVL
LODVLLYYDL
LYVODDLLLY

LODYDDLYDD
M & D ¥
Iyds
DYDLOLODLD
g 2 D
YLEDYDYLDLD

DYDVDLYIDD
YLYODODDOL
LLLOYODVYDL
DYYDDLYDIVL
LODLLLLLOL
DUDVVDIVVY
DVLYYYLILL
DVVLLYLVVYY
EDOODLLILY
DLOVYODLOVL
DVILOIVIILD
LLEDODLDDDD
DLLELODLIDD
DYVLLYIDOD
YDDDDDIDOD
DDHDLIIIVY
DIDIILYEOD

VLLYVYLYDD
LDLVLLLLL
LOLIOLLLYYL
DYV OLLODL

DDDIDVDOVD
D § &

99€ "Old

LYDDOVLLOL
DDOLOVVYODY
YDLYYOOduInh
LODDILOVYDIVY
DOILIODL LI
YYOLLYLYYL
DL LY L L LI
YOV LI L Y'Y
DDOVVLYLuduls
YVLLLEOILLDD
DLUYDLODOYL
DDILYVVLOL
DIDIDVLIID
DOHVYLOLOOD
YEDIOVLVYL
VODOHLOYDLD
LODYDDLODO

YLDV ZODID
ODDILUDYDLY
VYLVYILYLLYD
YOVYIOYYDVY

YOOVYVYYVOVD YDLOUIDIVIL IVILDVDLLOD LLIOVOLVVDV
DYYOODHODD DVHLLVILODD DIVLLVLODD DODDILILYLO
LODYYOVYDD DIIHILLLLYD VHOUDLLIDLY DUYW.LODODVD
DOLODHLLOVY DLVDVVOHLOD LYDVYVVYILIDOVY VYDLIDLODO
LYODOIOLELL LLLIOILLYL LODDDILOLD IDILLLYIVYD
YYILLOOLYY VIVHLIIDVY LYVYIVDVDLY OILIDIILYLD
LYLIDDOVYD DIDIDLOLYY VYOIIDILLLL OYIDILODVL
DODOVVLLLY YVVYVOVVLIL VOLODUDLVY VYVVLLDDLL
YOLLLIDLLY LOLODDLOLY LODJVYILOY JVYOVVDOLO
YOOILOVODLL DOVHLLIDDD DILLILILLIDD VDYLYDLIOID
LYDLIDVYYYY YYDDIIDVUYDHIL DOVIDOIVLL LOIDLOVLILY
DOVYILODDD IDLILIDDIDD DELILDIVIIDD LILLLIDILD
DIOHYIDIOLLD ¥IVLIDDOED LOIODVYIDIDD VLLODLODLD
DOOIYDHHOLY ¥OIDDLVYDL DODVYIDIDLL DYIVVIDILL
HIHDILIOYDD HILLLIDDIDD LYDTIOVIDL LIIDILYLL
OLODVYIVLL LLDDLDDDDD LIYDLIDIDD DOVLLYLIOL
DOHIDYHVLD LLIDVVLYDD LUYDVLIOVLLD LYELILYILOL
Teqx Ie1d
IITPUTH

DOVIVILVYVYY DVVVVOVLYD DODOVIVVLLL YOULYLLWYD
LILLYLLOOVYD LYDDLVYLOL VYOVVLLYVLY VLODLVODVVL
LYDDOLLOLD HDIOIODLLOLID LYYDLLYDVYY LLIOLLLOVYY
YLOLOOVOHLY DHYVOHLOYDD VUILDDIDOOOD DIDILDOIIDD

+» Y ¥ ¥ A & -

IJ0oN

IVOOOLLLIY (LLDVDDYOVD DOIODILVVLIVYD LOLODOVDIYD DODDDVIOID

H D 4

X &4 4 H

¥ N N

A D O

» » 0 ¥

¥OOIOVYDLY HOODIOYIDL IIDLLLYIVD WYDHVYIIINID VYOVLLIOILYD LLDIDUYDILD

O A =

a ® & D

A g &

N O ¥

s XA 4 da

A S M -

HIHOLYIDIDD DYILOODOYID ¥HOLODOIDD IDILIDYVYYID ILYDIDDOUDD VWWIIDLVILD

T1€C
T¥cc
TL1C
T0TC
T€0c
T96T
T68T
TC8T
TSLT
1891
TI9T
TVST
TLYT
TOPT
TEET
19¢CT
T6TT

TCTT
TGO0T
186
1T6

178

TLL

T0L

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

58/154

LD LI LEDDD

LW LY LV LYY
DODVYDYOVLY
LY LLLDVYY LD
LY LOVEDLIL
IDVYDLYOVYY
LLODLYLYOL

DODVYIODIVY
YLDOLODDDD
DDOIDHYDLOYD
PIDLILIIDD
DODYDIDDIDD
LODLLLILLD
YDODLYLIOID
DLOOLOVLYL
DOVVLODOOEL
YLYDVDLOVY
DDYDDODHDHYY
LODDLOVYIDVY
LiLDYLDOODY
DLIOYYIDVLD
DLYYLODODOD
LLOOLLLLOY
DL I LD
LLYDLIOYOLD
VYIILYLLDVL
DLODOODVYDD
YYYLYDDODD
YYDIDIDLLDO
DDYDDIOYYD
DODUDOYDDD

aog "oid

LEDIDVYODLEL DODDIIDLLD
VYUDVOLLLL LYYLYOVDLL
VYVYLDLLLLEDD LLDIILOVYVL
LLLDDLLYYD LYLDLLILLY
LOLIOVLLLYY ¥DLDYYYDDD
VOLOVYYVOL DIDLOOVLLYD
LYOLODYDOIL D0D0000DDD
Ioyx
LLVYDIVIOVD LYLODVIVVY
LLIDIVLLLD YOVLLLODDY
DDDODYVEDD LOTYDIIILLL
DYYYODIVLY YODIDODVDY
LIDIOVYLYDL DDVDLOVILL
LEDVILODLEL dukIODDLIDL
YDDODHOOHHD YILOILIDLY
LLDLVLDDLD DDOVYYDDDD
YLODYDVDDD DIDUYUYDUYDOHD
DOOVOVLIDVY DOVUDIDUDD
LUDDOOYLLYD WLYDOUVDVYVD
LIDLODLYYL ODLILIDIOLD
IDLOVLOLLD JLDLOVEYVYY
DVDVYVYOLYDD DODLLLOIILL
LOLLLLLLLD JLYDYDILOL
DLODYVLLID ILVVYYVYOIOVD
LEOVYVLLL YDLLYDV LI
ODLODYLYDY DLODILYDVD
DILVLIIDIL IIIIVLIDL
LOLVVYLYOL ODLLVLLLDD
VYODLVDDLOVY DVLVVLLYVYD
YYOVYODDLY YODVLDLOOD
DDLLODLYDL LODDILOVYL
LYDOYVOVOL DLLOVILOVY

DVYLYVYVYVILLY

LVYLDDLYLY
LLELDDILDY
DEDIOVLDIuL
DDLODYVYVYL
YYLDDVYVYOVY
DOYLIDDLOD

OO oo

Tudy
DDVYIVYIVOLL
DDDDOYDIDDNL
DOYIEDONID
YDDODYVYDDV
LDIDIOYLLY
TInLDODDLOD
DIDLLLLLYD
DYIDLLIDYD
YEDOIILLOD
Ll DDVYIDODY
LOVDDILLODD
DYLYOYLODD
DOYLYDYODD
DDLDOODYDD
LOLYDDYEYD
LY¥OLILVYYLY
OVLVLYLYOSL
IDYLVYYYDOVY
YDVYOIOIDIDL
LODDLIDDID
YYODDOIILL
LYDIVIIOVOY
DLYDILYDDDD
DDDDODLOYD

DUVYLVYLYYD

PDIIDVYYY YL
DLLLYLDLIL
LOVLODOLIL
YYLODIOLYLY
YLV YOO
YYYYOVYYDOD

LVYOVYLLYDD
LYILOYILOD
DLODYIDLVY
DODIDLIVEIL
LDOIVYLYDD
LLDDOY LI
QLDIDYDLLD
DDHYDOVIDOD
DYDODODVYY
OYOVODLOOL
OOVLLOLDID
PDIIDVYLDLO
DYDVOIDVYOLL
YiLDDIOYIDY
LDV DVL
DIILInL DL
VLILOVYEDD
IDLYDDLVLD
DVIDVIDLLY
IukiDDDIDDILD
DDV LOLOVILE
DIDIDTOOVD
DILVOYYOVYDID
YY.LYDLOVOL

YUYDLYYIEOD

ILYEDDIDDVD

LR R R R R

LLILYLYYYD
YLYODLYYYD
LLLDLYDDVYD
YYVLDVVYLVYL
LOYLEDDDOL
YYYLOVYOILOD

DDVDLOILYY
YLLOVDLOLY
LILYILLYDID
DYDODYODID
IDLILLYDLD
LODDDODOVY
¥DLILOOYID
IDUYDODVYOVYD
DUDLYLIDVUD
LDDDDDOOVY
QLDVELYDOD
LOVIDYOInL
DDDLOVYYLDD
YUY YOVYY
DIDDOYDYDL
DYVYDILIDVLO
IDVDILDLOIOVY
YYODDYOLDY
DLVLDDIDOL
DODLIILIVD
OYLOVYDIDD
DYYYOIOIVLYD
Ll LI ODOD
YODVWILYOOD

IY¥oDH

VYLV LDLLLY
DLLLYDODIL
DLV LY L
DDLOOVYY YL
DUEDVDVEDED
DVILLYYODD

DDLOLOLLIL
YLLVYODIVYY
DDLLODDIDD
¥DOOUDOVD
DOILYLLDOD
DDYDODIOYYY
DOLLIDDDOL
DOLODDYODD
LDODYIVLID
DLODDDOLID
DILOYDIDILID
) £010) £9)9010) 4
YYDIOLInInLiL
ODLLIDLIDL
DODYDLOYID
WAL AA A fiTTH
IODLLDDVY
DODDOVYDONYD
DLODDLDODY
OUDDYIDLLD
IOV LEYEDY
DDYYDLYVDL
YYHLODVYDDVY
LODLOVYODLY

13344

TT?7P
TVEY
TLCY
T0C¥
TETY
T90%

T66€
TZ6€
T468¢€
T8LE
TTLE
179¢€
TLSE
T0S€E
TEVE
T9¢ce
T6cc
1cce
TSTE
T80€
T10¢€
1v6c
TL8C
T08C
TeLe
T99¢2
T6S¢C
1csc
TSvC
T8€C

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

59/154

DIDILIIOOVD
DV LODLOLIL

DVYDILDODOOD
YDODDDLDDD
DLDDDIDIDD
DOLIDLIITED
PDIDILYDODD
YYYDDOIDIDD
YYDODYIDIL
YYOODYIDLD
YODODYYVILD

DLVYYYIVDLD
LI ILILLLD

ALILODDDLOD
LLILDVLDDLL
DYIDYVYLODD
DYODYIDYID
DODIOVYVVDVY
DODHLODLDDD
DLOIYIDIOVY
¥IDDIYIDOY
DLDVYLIDD

39€ "Old

LLEYDLY DL
LLLILLIOLYD

I LD L L LD
VLOLYDDILD

LR X X SRR

IITHg

DDHIDIOLILYD
DODILILILY
DDDDDDIDID
YDOYIIVLID
YIDLEDDIOL
DOLODDDLODOY
ODYDDIIILDL
YIDOWYDIIOV
DYDYV YD

DDODDHDOYDD
DOLILODDLD
LIDDDILODD
DYYDIDIDIIL
DODLIDDDHO
VDYDYV YD
LDYDLOIDYD
TODIWYDDID
VLLLYOVYYY

LDIDOLVILLD
LDDDDDLYYD

DODODILOOIL
PO 20 P P P P P P
DODLIDLIDY
YOOOLIDLIL
DODDYDIOEDD
YV YDYVYY
LYLDYDDDOD
¥IDODYYDIDY
QLD LLOY

DOVLDLLL
LLYODYOLID
DDHODILIDL

LLLLODVYDDO
DLV EDILLYY
YDDIIODDIL

L X R R

IHured

¥DYDDIODOILD
LLIDIDLOLL
DOYDDIYDDID
DDDDDIDIVL
DYODHYDIDOL
YU UDVYYYDY
DIIYIILILD
LYDDLYDOYD
YYLYDVYVYYL

ALLODDOOVD
LOLLLILODL
DLDDILIDDD
YOVLYLYLOVY
YDDYDOYDID
AAAAAAAAAAA
YLYYYODDLD
DILVLODLOVY
Y VLOYLIL

TCES
TSZS
T8TS

TTTS
%08
TL6T
TO067
TE8Y
TILY
T69%
129%
T8S¥

SUBSTITUTE SHEET (RULE 26)



WO 02/068666

PCT/US01/43588

60/154

Bglll (5161)
BamHI (5129)

EcoRI (4427)

HindlIlI (2)

ATG
Psfl (58)
Sall (1081)
_... BamHI (225)

1 Glycosylation
o] “ FA Xhol (607)
A

. Ncol (694)
spergillus \ Sphl (846)

signal Notll (861)
\ KDEL
Xhol (4051) nos)\ Clel (1151)
Kpril (4040) i \ Hindlll (1156)
PTPS-1 A\ Xbal (1161)
5227 bp /
1 ori /
/4
5 7
¢ /
2 /
’/, ori
%
%
/" amp
%7,
z
FIG._37A

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

61/154

D § &

H D 4

g/£-'o14

DDOIDUDOVD LVIDIDLLLLY LLIOVDIOVOVD DIDLVVLVVYD LDLODDVYDVD DHIDHHOHYIIDID HYDILOLIODLD

A &4 &L H

¥ N N

A D O

 » 0 ¥

2 D0 J -

YODIDVYDLY DDDDLOVODL OLOLLLYOVD WYDVOOODDD VOVMLLOOLYD LLODOVODLD VLOVOVLOLD
X d A -
DODODLYDDDD JVILODDOHVID VDHIDDDIDID IHLIDVYEDD ILYDIDDIVOD VVIIIDILVILD ¥DLODDIILL

O A =

9 D H ¥

~~

IODN

a 9 & D

X 9 0

A 4 &

g A 4

N O ¥

d T N d

S X 4 da

I D a

A S M

N ¥ H

&

A ¥ 4

LYLOYODOVD OVLYDVYOIID ¥DILIIDYYD ILLOIDLYDD VUDLYDVILDD LODDILLIID DVYILYYIONDD

A 0 &

L a4

s 8§ ¥ O

LR R R R XX

Toux

d Y d

N ®B X

S ¥ 4 ¥

0O N D -

DYODODOOYY DIDDOLLIDY IJVLDLIOIDID LYIDVYYIUVDIVY [LYDVDIDLIL DILIDVYDIDIIDD IDLIYILOVO
¥ & T -
DDODHDLODDIL DODDDDILID DUADYIIDODD YHDLODIUDLD DIDIVLOYDD IDILVILDVIID VILLODOVYIHDHVD

S ¥ 4

¥ ¥ 1T S

g4 9 4 &

¥ D 1

A T ¥

X H D

I N «a

& A L 1

X &L Y §

¥ A «

T 0 ¥

d X O

S

A O O

VYYILOLLID DJLOVDILDVYY DIOUDDVYOILD IDOLOLODDLY ODLLVLVLLY LUYDDLDDOVD VIOVVDLDIL

I A T

S H A

O a 0 a

S A M

D I X

A D D H

A F D -

DDOVVIDLYY OYOIOVLIIDVY IDVYDILILIID IDVYILOIIVIY ILIVVLIOVLYD DLIOVYDIVLIL VVDDIVULVYDLD
N &L a -
VIDDLOVYODD LOIDLLILDD DYILVVYLYVY DHVVYYODTOIDY DVYDOUDIDID LIILUYDDLVYD DIVVLLYIYD

9 N O

S ® & O

0O 4 7T &

g4 4 A

a 4 4

I I I

I T &L

g ¥ 5§ §

A N &L «a

a a 1y

7T 0 1

T I M

R R R R R R g

IHuedg

)

N I a

LOYYVYOLOLL YYOVLLLYYVY ¥DUDUDDDVV IJLVYLLYLIVD JLODILLYDY YDIODLOLIDVD DIDIVLIIDL

LI O s

N 2 I

i 4 D 4

I I &

~ o~

S 4 I

~ o~~~

IT®eS

N D 7T a

¥ X Y -

POYYODDLIL YLOVIIDDLY YUDOIDVLLL DIIDVYIVLOL IIUDVUDIIL ILUIDOTYVID DVLILIIDID
L S ¥ -
DYLLIDODOYD DDHDHVOIDILOVD LODIDILOVD DILIILDIVYD YYVYOIIDIOLD LLDVYIDVYDL VOVVILLIOVY

¥ 0 s

¥ 1T ¥ H

I & ¥ H

9 ¥ &

D D

Iasd

4 A 1

A A A

4 § A

¥ T A H

T a 4 S

i1 ¥ S

I 9 0

d 0 ¥

i}

LR R X

ITIIPUTH

TLL
TO0L

T€S

198§

167

TCV

TS€E

182

TTC

9T

TL

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

62/154

DOILVLOIDIL
IOLVYYLYDL
IDDLYDDLOY
VYOV ODDLY
DOLLODLYDL
IYDOVYYOVYDL
DYDVDLYODD
YLYODOIDOL
LIk IV ODVDL
DYYDILYOVL
LODLILLLOL
DYHVVYDDVVYY
VLV LILL
OVVLLVLY Y
¥DOIDLLILY
DLIOYDDLOYL
DVLDOVILLD
LLDODLODDD
DLLLODLIDD
DYVLLYODOD
¥DDIDODDED
DDDLOIIOVYY
DODIILTEOD

YLLVYYLYDD
LYDL Y InLildnl,
IOLILLLYL
DYV OLLOOE

DDODYLIOL
ODLLVLILDD
DVLVVYLLYVYD
YODYLOLIOD
LODDDLOVYL
DLLOYLLOYY
LVODIVYLLOL
DDOLOVODY
DLV Il
LDDDLIYDOV
PAILLIODLIAL
YYOILLYLVYYIL
AR AR RS AP
YOVVLLLLYY
DOOVVLYLL
Y InLLILLDD
DLVYDLODOVL
DDOLYYLOL
DODIDYELIID
DODVLDLIID
VYYDIDVYLYVL
YOODLOVYDLD
LODUYDDLODD

YLOYYYODOD
DODILNDVOLY
YILYOLVYLLYD
¥DYODVYUDVYY

94L& Ol

¥OVIDDDDHIL IJYIDYIDLLY DLYLODIHIL DILODODLOIOY HILOODIIOVYDHD
IO9OIIONODD LLDIIOOILD HIDLILIOYD IDVYDHVIDLID VVVILYDDIODD
YYOODIIILL IOYIDIOVILL DVLIVYOIDD LOVVILLYIOVY WYIDIDLLOD
LYDOVYIDOYIVY DLOIOVYOIYD IVYYYIIOVLYD IOVYDIVYDL IDOVHOIIIVYD
DIVYILYDODD HIYOVYYOYDD LILLLLIDDDD VVIDOYODOVY DHIIDVOHOIVHOD
DDODIDIOVD VYVIVOLOVOL WODVWLYOIDD ILIDILOVDIDIVY LLVVDVYOVYEL
YOOVYVVYOVD ¥OIOYIIYIIL IDVIDVOLIOD LIDVDILVVOV ILILIVLOVD
HYYIDOHIDD DVHLIVIODD IDIVIIVIOOND HIDOHIOIVLD HDILDLLOVYV.L
LODYVYOVYOD DIDOILLLILD ¥HVYDLILODLY OVYVILODIOVD VYILILVYOOL
DOLOODLIOY DIYDVYDLID ILYOVVYVVILOV VVYDLODLIDD VWYVYHYIIITD
IYD99IDLLL LILIDDLLYL LODJIOIIOLD IILLLYOVVYD LLIVIOVOLVL
YYOLIDOIVY VIYOLOIOVYY IVVYOYODVOILY DIDDIIIVLID IVLVVVYILILY
IYLODDOYYD DHIDIOIOLYY VOHDIIOILLLIL DYIDOILOOVI ILIVYIVLLID
DIODVYLLIY VYVYOUVVLLI VOLODVOIVY VYVVLIOOLL YIDDDDILLL
YOLLLLOLLY LDIODILOLY LIJODVYILOV JVYOVVOILD YVVIILLOLL
YODILOVODLE HITOHLLLIIDD DHILLLLILODD VOHVILYDILOID DHILYIINIODL
IVOLILOVYVYY YYODIDWODL IDDVIDOIVLE LODILOVLLIY DIDLIOODDVL
DHYYIILOIDD DLLLIDOIDD DLIOIVYIIDND LILLILIDLLD DILIILILIDD
HIHYIDOLILD YIYLIOIIYD IOHIOYIHIND VIIDDIOOLO ILHODHIODIND
DDODYHOOIY YDHIDOIVYDL DIDYIOIDLIL HYDIVYIIILL IIIDILYDID
HIODDLIOYID HILLLIDIDD LYIUYIDYIOL LIIOIIVVLIL OVYIIIVLLD
DILODYYIVLL LIDDLOIDDD ILIYILIODDD DHOVILIVILODL DYDLOVIVID
DDOIOYOHYLD LLIOVYLYDD LYDVIOVLILY IVIDLYILOL DOHIDIDIOIL
Ieqx IeTD
IIIPUTH
DOVIVIVVYY JDVYVYYVOVLIYD DJOIDVIVVLILIL VYOVLYLLYYD DIIILOYOHVYL
LIIYLIOOVYD LYDDILVVIOL YOVYILILVVYLY VIDLUYDODVYVI ILOIVLIVVYOL
LYODOLLOLD DIIDLINHLID IVVDLIVOVY LIDLLILOVVY LYVODDLLLY
VILOLIOVOLY DOVYDLIYID YYDDIOIDIDD I9ILODIIND LIDYIDLYID
+» T ¥4 a4 ¥ 1T &4 ® ¥Y ¥ ¥ A 4 M L D ¥
I3ON Iyds

199¢
T6S¢C
134°14
T87%¢
18€¢
1T€EC
13444
TLIC
1012
T€o0c
196T
168T
114:1"
TSLT
189T
T19T
TPST
TLPT
T09T
TEET
T9cCT
T61T
11T

180T
186
116
178

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

63/154

DDOHILODLODD
DLODYIDOOY
p 1819208} fe)ele) 4
DLOYYLIOD
LYDODVODIL

VYYDVYDLLLL
NVLOLLLEDD
LILODILYYD
LDEIVLLLYY
YDLDVYVYYOL
LYDLDOYDIL

DOLODILODY
DOYODIDLIL
L {89004 f0)09) 4
DVEDUYVYD
DODDIIDLLD

LVLOVDLL
IEDDLLOYYL
LYLDLL I LY
YHLOVYYEODD
DDLODVILLYD
91920102088 0.5 1))

X R ]

TOoUY

LLDLYOOVD
LLIDLIINLD
DDDODYVYVYDD
DY IDIVLY
LODODVLYDL
LY OVOILODLL
YDDODDDDODD
LLOLYLODDLD
LODYDOVYDDD
DIIVIVLIDV
LYDDOIVLLD
LLDLIDLYL
IEDLDVLILLD
DYDVYVILYDD
T N i P P P P P P )
DLODVVYLLOD
DLVl
DDLDDVLYDY

LY LIODVYOVYY
YOVILLODOY
LOVYDIIDLLL
ODIDIDVDY
DDYDLOVYDLL
InLDIDDLIDL
YOLDILIDLY
PDDIYYDODDD
DOYVVDVYDDHD
DOVYDOIDUDD
YLYDOVYDVYYD
ODLILODILD
ILDLOVLYYY
PIDLLLDLIL
DLYDVDLLOL
ALV YOOVD
DLLYDOYILLL
DLIDILEDYD

aze "oid

DOVYOVTTVYYD
LOVDLODOOYD
¥ODOWYOIDD
VYLLLVOVVYYY
DYLYVVVLLY

LYYLODLYLY
LLLLODOLOY
DLODVLYDLL
DDILODDVVVYL
YVLODYYYDV
OOYLIDDLOD

R R R ]

Iudy
DOYOYOIYDLL
DODOYOIDDVL
DDOYOIVDIVID
YDDIDVYUIDOV
LDDDIIVLLY
LlLIODDLID
DLOLLLLLYD
DYDDLLIDED
YYDOIOLLID
LLDDYIIIDY
LOVDDLLOODD
DVLYIVLIOD
DIOVLYDVYIDD
DDLODOIDYDD
LOLYDDOVVYD
LYDEILVYLY
OV LY LYLYOL
DVLVYYYDDY

AAAAA A4
LYLOYODDOD
YOOODVYYDIDY
DLOYDVLLOY
DVVLVYLVYYD

DOOVYYY L
DLLLELOLOL
LOVLODDILOL
YYLODOLYLY
YVYLYYYYID
YYYYOVYODD

LVYYOVYLYDD
IYOLOYDLID
DLODYIDLYY
DODVDLOYDL
LDOOVYLYDD
I )DL
DLDIDVYDLLD
DDYDOVDDID
DYDDDIDVVY
DYOVIDLOIL
DIVLLOLDLD
DOYDDYLOLD
DEDYODVYDLL
YLODODYDOVY
LYDVUVVYDVL
DLELILIDLY
DLLLOYYID
YDLYDDLYLD

AAAA 24440
DIDYIDLILD
LYODLYDOIYD
VYLYDVYVYV YL
YUYDLYYOWOD

AAAAAAAA LA
YLYYYODDLD
DIVLODLOVY
YYYVLOYLOL
LLYYDIDDYD

R R X

LEDLVLYYYD
YILYIDLYYYD
LLLDLYDDYD
VYYYLDVYLYL
LOVLEDDODL
YYYLOYILID

DOVDLOLLYY
ViLLOVYDLOLY
LLYILLYDDD
DUDODYIDID
LOLILLYDLD
LIODDIDOYY
YDLOLIIYDID
YOUDDVOIOVVYD
DUYDLYLIDVD
LDDDDDOIVY
DLOVLYDID
LOYEDYY DL
DDDLOYYLDD
LAAAAA {50444
DODIOVYDYDL
DYVDLODOV.LD
IDVOILOLOVY
YYODDYDILOV

Iyood

YLV LDLILY
DLLLYDIDDL
LYY L YL
DDILDDVVYIV L
DVUYDVYOVYDYD
IVYLLYYIOD

DOLOLOLLOL
YViLLYYDDOVY
DHLLDODODOD
TDOOVDIVYD
DIDLYLLODD
DDYDIDOVYY
DOIOLILLODDIL
DOLODDOYOIDD
LODDYDOVLID
DLIDIDILOD
DILDVYIODLOD
DYDOYDDIDOY
YYODIDLiInLiduL
DDILIDLIODL
DODYDILITEID
LYDDVVVLL
IDDLLYDDVY
DDDDOVYDOYD

YYDODVYOIDOL
YYODIDVOILO
YODDIDVYVLLD
DLl LLYLDDD
DLV LY LY LYY

DDOVOVYIVLY
IVILIOVYLL
IVIOVLOLLE
LOVYOLVOVVY
LIDDIVILYOL
DOHYYIIDOV

ViLDOLODDID
DDODYDLOVYD
DOILOLIDDD
PDDYDDIODD
IDDLInLDLLD
YYDDLYLIOD
DLOILDVLY L
PDVVLODOIL
YLVYDVYDLOVY
DDYOIDIDDYY
LIDDLOVYODY
LLDVILODOOY
DLIOVDDVLD
PDLYYLLDODOD
LLDILLLLOY
LYVLLLLLYD
LLEDLIOYOLD
YLOLYLLDV.L

T69¥
1%A4°2 4
T9S¥
1877
TTv%

1%4%7%
1427
T0CY
TETV
T907
T66¢

1¢6¢€
TS8€E
T8LE
TTLE
v9¢€
TLSE
10S€
TEFE
T9¢€€
16cC€E
Tcee
TSTE
T80€
TTO0€E
Tv6c
1L.82
1082
T€eLe

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

64/154

328794

DIVYYDVDLD LEILYDIVOLIL LIDLLLIIOY
LIDLIDLLLD LIIDLLOLYD VIOLYOOILD
ITITHhg
DIDIDIDDLD HOIDILIIVD DODDOOOHYDD
LLLDVIOOLEL DIDDLILOLY DIIDIONDILD
OVIDVVIDDD DDHID9I0900 LDDDIDDLODD
DYIDYIDVID ¥IIYIIVIOD OYYDDIDIDL
DODIVYVYHVY VYOILIODIOIL 20DLIDDDHD

LODILVDLILIO
LIDDDDLYYD

DODOHIOHDOL
EDDLLLLLLL
DODIDIILIDY
¥IIDILODILOL
JODDEDIVHD

ODVLOLL  LLLIDDYODD DLODLIODYD
LLYIDVYOLID DIVVOLLIVY DVILODIOLLL
DDDIDOLIDL ¥DDIDIDDIL DYDLODD99HD

THureg
YDVIIIDDILD DILDDDIDWD YDODDDHLODD
LLLDODDIDLL IOLLLILODL QLIDDIDIDD
DOVODVHHID DHIDDILODID ODLIDLIDYD
QODDIIDDVL YOVIYIVLOY DODDLYIIID
DYIDYOIDIOL WHOWHOHYHID YYYVYHDHIOIHD

TSZS
I8T¢S
TTTS

1708
TL6F
T067%
TE8¥
T9LY

SUBSTITUTE SHEET (RULE 26)



WO 02/068666

Psfl (5161)
HindlIII (5105)

PCT/US01/43588
65/154

Sall (5272)
BamHI (1)

Vo

Bglll (4987)
BamHI (4955) Xhol (383)
Ncol (470)
w ({ FAE Native COOH
Gy Aspergillus
£Y “Rice actin  signal
EcoRI (4253), /i Promoter ,_hos Clal (977)
), terminator Hinalll (982)
- Xbal (987)
- pTP4a2
77)\ k%
Xhol (3877)\ | 5327 bp

Kpril (3866)

FIG._38A

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

66/154

g8€ "olId

I oD A 4

oo

ITITPUTH
Iegx
DDILVLLYVYY LYDDVYLOVYY

YOVLLYDLYL LLLLDDDLYD
YUDLLDLILL LYVLYLYOLY
LLLVYOUYVYOL LODLYDYDDY
DLUDYYYDOV DIVLILOYDD

LI LVLLIOYDD ¥OVODIDLYY
d X & L H ¥ N
YODLILOILL YOYIWYEDVEID
L N O
DYDOVOOLOD DIIIIDLIDY
O T A d 4 1

ODODIODYLYL

DL LI LY LD
LLVDLYDODL
IDVYVYLOLOD
DODELIIDEIL

LYVYDLDLODD
N A D
DODIDVYOIVLLD

¥ S5 A
YYIIILEIDD

N 4 I D

YEYYOVV YYD

DOVDLYODLY
LOLIDDIIDLL
YOLYDDVDL
ILYILOYOLY

% o
YOVUDDODIDY
06 » » -
DLYDLILDODY

d a A S

O¥DIVYIDDL
a N Y -

YOLOYDLDDD DOLLLVLOYD DOVYDOVLVYDY DDIDUYDILOD DHYYIDLLOIDD LUYDDVVYDLYD VILDOLOIDIL

DYDOLYDVLD VELLDLYLOLY DJLOLODODID
I=TO
YLVYDODOVLY VLLLYDVYLVL LYYIDIDDLD
VILOLYOVVYIL YVLVVLDLYD OVVLLDDVLL
DILDOLYVYOILL YOVVLLDLLL DVYVYLYYIOD
DYDIVYLOOD DODDDIDVYDY HHLODLDLVYD
DLDDLVOYLD LDDDYDDIOY DOVDLYDDOL
* M 4 2 ¥ D S I W D
DDDDOVYDLOL ODIDVOIDLOY VHLUYDDDHLO
O v @ D O 0 A 4 a o
DOILOVLOVOVY LOLODODDLY DDIDIVLODD
M X = A D D H ¥ X D
IOON
H & A 4 4 X O L 4 d
Ioyx

d § S ¥ 0 4 Y

a N N

A S8 ¥ -

LODDDYDLYY DIDDODYIDID DDYVDIIDOL (LIDUDVILOLD IDIDLYDVYD ¥DOVLVYIUYDD DLOLDLODYD

TT6
V8
TLL
TOL
T€9
198
T6¥

X4 4

TS€E

T8¢

SUBSTITUTE SHEET (RULE 26)

WO 02/068666

d ¥ 0 N 5 § ¥ d 3 D d L X 1 ¥4 I N a X &L ¥ 8 T O
DIHIDHDLOYD LITIDOIDDL DIDLIIHIOND DLIDDMIEDD DHOIDYHIODID YHILDOIDIWL DVDDIDIYVILO TTZT
¥ ¥ & T ¥ Y T 8§ ¥ 9 T X H 5 & A L T ¥ X a a4 x -
YOOOVYLIODOVY DDVYDYVYYILD LIDDILOYDD LOVEYIIVOOVY DIIDIDLILO DOLYDDLIVIL VYLILVILIYODLD T¥T
« 0 s A 0 0 ¥ A T S o A O a O A S A M D I A X D
DHOVIVLOVYD LOLLODIVYYED HDILVYUYIVIIWL IIIDUIVHILIL LIIDIYDLID IDUYDVIOVVLD VIUDDLOVYYD TL
5 H A o 2 9 N D 0 4 T I a 4 d I T L X N L a 1 O
YLOIYYODYL UYDIDOYIOOLD ¥IOOLOIILL IJLOIDUILYVY LYVYOVYYYDD ¥DDVYIUYDIYD DDIIIDDIVD T
T N & a s » L ® ¥ 4 A I I I H M S 8§ a a ¥4 T I -

LR R

IHureg



PCT/US01/43588

WO 02/068666

67/154

IndnInLD0DDD
DILIOVILILD
ODIDVUDVYDDY
DYVVYDVYDLYL
LDIOLLDDDDD
LOLDILOVYL
LDLDLIVYDY
YOLLODDLOY
L4900 A A A A AL
YDVLOOIDOW
DOLYDVYDLD
YYOOVDVYILD
LYLOVYODDY
DLLYDLYLOD
DILIDIDLIL
DVLLIOYLOYY
DOYDIVYYDD
DYODIInLLLds
DVYDLYIOVVL
OYOILOVYLOVD
LODDDLVLLY
LLILDOYOLL
DLODLYDVYYY
LB VGLDDODDD
DOV LYYOVD
DLYYYDODOHO
ViLLLYDLODY
LDILIOOVY
LDODDILdululs
¥DILIDYIDD
DOODDLLODY
DOYDLODIDYD
YYDLIODYDD
DOIDLYDOYDD
PDODDLIYILD

DOYYDDVYDIDID
DYIODIINIED
OYYHHILODD
ODYDLDODYD
DOYYDLODDD
¥DIOHDLOVYID
YILLIVYOOYD
YLIODYYDODL
DV IDLLID
DYDLDIDUDL
DYLOLVYDIVY
LOVVLODLLY
DLOYODDDOY
PDDDLILODDL
LOVOOVDOYD
DODODLIVVLL
YLYDODYYDL
DDOIDVYLODY
¥OIDLIDLOY
LEDDLLOVYDL
LODODODILD
DILYDVYYLOD
VLOVYYOLOD
LOLODDILLY
¥OLYDLIDID
LLLLOYIDDL
DLV VLL
DLOYOVYDIVY
LODOVDVLYD
IVLLLIDLOY
DODILIIILD
DODOVLLODL
IDLLOYDOVYVYD
YIDLLIDOIL
DODDDIVLLY

I8€ "OId

DUVYYYDDLY
DDOIDEIOOLD
YODDOOYVYLD
YLODJYLYDED
DULDDOOYIDD
DLODLIDOLD
DODYLLDVILD
IlLL LIV O
LODLILVV LD
DYIDLLIDLL
VLI LYY dnld
DOVVLLVYDLD
DOYIVLOLYL
DODYDLODID
DELLOVVV.LYD
YLOVYVYYODID
YYDLODYDOD
DDVYYDIOVDD
ODLVLLVYDY
YYDYILOILY
LYLODLILLD
DDVOVYILIL
LODDYVYDYD
DY DLLVLOY
LTVYLOLV LYY
OOVLLLYYDY
DOLLYLOODD
DOLIVYYYIOL
LODIDILYDD
LLLYDIILLD
DILDDDILDL
DDLOHLDDDID
DD DIDIML
VY LLOYYDOD
LODLOVDLOY

LODDUYDDIDD
YLV LI LD L
DODLYLODYD
LOYVYDDOVOV
DIOVYYLYDDDID
YOIVLLOLID
DDDYLDLDVL
JYLODYDVYD
DDIDLIIILI
LIDVYDLOOVY
LLVOLLIOVYY
YOLIDDLODY
LOVLODLVLD
DUYDDLOLYYY
DODDUDDLYD
LLDIVEIVYD
DYVDDOLLDD
YODILYDOVY
DVYVLOVYOVOL
LOVYDYLYDDD
VY LI LLOYD
¥ODLOVYVYDIL
DOVYILIDILL
DLYLDVDVYD
ILLYOVLYVY
LLIDOVVLLY
DLELYDIIDL
LOLLOLIYDD
DODIOVLDOY
DHVLLLIIDL
LLIDILIALID
DODOOVVLLY
¥DII¥IDIOOD
YLILDODDLID
LYLIDDDOIL

DDDOHYILOOL
DDLIODOYVYY
YDDODOYVYYD
LODVYDOVEDD
ViLILDVLYDOY
LYVLODLOLD
DLLIDLDLOY
LYDDIIDIInk
LLLODLYOVYD
LLDDILVYYYY
ViLLLYDLLYD
LYDYDLIODOL
DODLIDIDYY
LD LODLLY L
DIDVDVLY VL
PRARA 9L AR
LDILODDIL
DYDLIILIVL
YODHLYDDIY
DDDLODILOVY
DVYODLVDLYYD
YOVLLODDID
ILDLIILLID
DYVYVYYVYDLLY
AN R A A P
HAAAA-f)-A AT
LILLYODIDYVL
LOVLYYLLLD
DLLDDLYDLD
JDDDHDIOLYY
LODIDIDIDY
DDDDDODVLD
DOVDVYVYDOIDY
DYV YDDOLO
VYOI LIODEDD

ODLDLDLIL
DODDDYIDLL
¥DDOHVYYDIDD
DVYDDHLLODYD
DYVDLOVODL
DOLIIVELYOVY
LYYYDOVLYD
DLLLODLODO
DLIILILYDD
DOYDLYILOL
YO LLOVLYLY
OVYDVDYLYY
LODLYDVYIDD
DL DDLODDLO
LYVYOVYODDO
LOODLYDOYD
OVYLOLYDLY
LOYEDODIDDOD
L)LY IDVYY
YODVYDYYODD
DLLLLDIOYYD
¥DOYIDLODD
DLLLLYDDDD
LYLY Y OLLD
IDLLLYLIOD
LLYYDODOYY
VI LLYOLLdDL
LIDIYIILOY
DIOVLLYDLLD
YLOLIDYYOL
LDDIDIDEDID
LDDODIDOVD
LYYLDDDDLO
¥DLODLOOYY
LDDIODDODY

LILYDOLDODY
DDVDDDHYDOY
LlDDIEDIDD
DODYOYDIVOD
LDDDIOVLLD
LODDIDEIDY
YODODYDYID
DYDDYLODDD
YYYOLYDVYY
VYLD L LD
LY DLOVLILLD
YDOVYDLYDD
DDOHLIOVOOVD
DHOIIILODDID
DOLLODVILOL
DDVDLODDY
DDDODLYDVY
LOVYIYLYDL
UDVYIOVILDVD
DOIOIUDLLY
YEDOOIIDOL
LLDYILYDVY
DLELIILDDD
DILYYYLYDLO
DYEYDDIDIIL
HAA-AAAA £} 4
DLLYLOLDDD
DDLLOOVYDLL
YYYYYVYO00D
DOIDILLLID
DLLOVYOVLID
DDLYYDODDL
DVYDIIDILLLED
OVLLLLDOLD
DVLILLODYY

T9€€E
T6C¢E
TCZE
TSTE
T80¢€
TT0€
13414
TL8C
T08¢C
TeLe
T99¢
T6ST
T2se
15} 44
T8¢€C
T1€C
ivece
TLTC
T0TC
TE€0C
T96T
T68T
128T
TSLT
T89T
TI9T
T7ST
TLYPT
1077
TEET
ToCT
T6TT
TCTT
TSOT
186

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

68/154

YiLLODYYIODY

~

IITPUTH
OLLDLLYODY

LYYDDHOODD

IDEIDLLOD

PDLIIILYEDL

LODLYDDOOD

L R R

IHuweg

DDOLVDYDDD
DL LLILD0D
LIOVOHIVYDOV
DLDLIDDIDD
OV¥DIDYIDED
VYVYYYYYYVYDY
HDDDDDOYDD
YODYLYDIILY
InLIOVVVLLYDY
LYOYVDLYY

DOLDOLLIDD
LOEBLLILIALD
DHOODLIDIL
DOYLYOVLYL
DDDLYDDVYDD
VDVYVYYYY
LOLOVLYYYD
DOYIDLYLOD
VLYYV YLD
DYIDILYYDD

R R R

I¥yood

YV LLLOLY L
DLIOLYELVODL
OEOLILLOLY
LYLYYVLDY
YYIOLOVLVYD

IDODHVVYYLOVY
LYDDODYILD
DLIDVLLOVD
DLYVYLLYDLL
DVYDLOVYDODY
LYDDLOLOLL

YYUYDVYVLVYLD
VYVYODLLLYD
DDUDLLVEYY
YLYLODLODY
DDOLDVYDVYDVY

DLODIOVYLLY
LLYVODLOLD
LOLVYLLYYD
¥DOODDLILDD
DDOHYDIDVD
¥DLODODLYL

ase "oid

¥ODOIOIOILD IOVIDIVYVYD VDIOLLIYIL
LIVYOVILOOL SLLLLIDLLY ILLIDLLIDIL
IIThg
DOHOILOYHLOD HOOIILILOD HOILDDODIOIL
DOYOHYOINHD IODDLLLOVIL DOLIDDIDDLL
LODILOLIDDD DIIDIYIIVY LOOHDDODIIDD
DDDIIILIDL DIYIIYIOVD IYIDVIIVID
YILOYODOILY DDDDIDDOVYY VDVYYIILID
¥OIOVYYVYOD DDHOOHOHILOD IHHODIILODD
YYYYYYOIOY DODILILOIYD HIDVYIIYIDD
DHLOVYIIOY IHILOYIIIOY DDIVYIIIVY
IOYYYDDIIOY VYVILIIIOVYY LODDIYIOVY
VIDLLLLLIY LODDLVOIODY IDLLODIIID
DOVILLVIVLI VIVVVYVYVYOVD LLLLLVVIVD
LLLVODOVOV IVIVVVIOLL LLODLIODIL
DOILIVILID VVLLLLIOOL LYVDLYLOLL
VIVLIVLOVYE DILLIDIOVI ILYVVDLOVY
VYVLIOVOLY DUYVVVOLOVY VYYILODLODY
VOVOLLOOIY IYDLLVOLOD ¥DHILIDIDID
IoUx Tudy
YODIDIOVYD DOIVLILVOIY DIOVHILVILIOY
LIOIYIOOLD DOHIILIIOIY LLIOVIVILL
DOVYIOIOVD ILOHVIDOOHIOVY VYHOHILOYDID
DIODIIDILIL DIDIIDVYVYDD IDVLVYIDIND
DVVYDIIHYDD DDHIIIDIDV LYDILIDUDLD
IODODILIDLIEL JLIDLYIVIL IDLLILIDOD

VOLLLLDLdL

OLDVLOLYD

DLYDDDIDOD

LOLYDILOLD
PDIDLIDDID
YLODOWYIDD
DIOLIIDLDD
LODYIDVYOVY
DLDLLOEDLD
DIOYYIDOVY
YYOVLILYD
DLLIDVLYYY
VOLLLYYLOD

OV ILILLDD
LI LY OLDOYL
EOODDDLDDY
LLYDVVLODY
DDDDIOVLOD

JVYYDDVYIVD
DDDYDIDDOVD
ILILODVYIVYD
DUYDVYDDIDVY
IOLLLODDDD
LODLLILIDD

LLDVLODOLY

DOLOLODDDD

DYDDHDHIDOODML

DOLILDILLL
LODDDDOLID
DOOLYIIILD
DDDHIODIDOVD
VYYDV UVYVYD
DOYDLYLOYD
[9)020 5} fe)e 1010 4
YYVYVYILOVDY
VLLUYDVYLYY
LVLLY 00OV Y

OLOVODLILYL
YDLLLOYLDD
YYYLVYVILDDD
YOV YLYY
DLODYVYYIVY

YOLLLYYOVY
DOVLLVYDLOVY
DYODDLODYD
IDDHVYDIDVDL
VLLYLDOIOVY
DLODLLDDOY

1708

TL6V

TO6%

TESY
TOLY
T69%
TCo7
TS9S7
18%%
1NN 44
TvEY
TLCY
T0C¥

TETY
T90%
T66€
TC6€
TG8¢€

T8LE
TTLE
Tvo€
TLSE
TOSE
TETE

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

69/154

ViLLVOVDLOY Y¥VOLIOLLYVYD VLLLYYVYDVY DVYDDDHVVYOLY LIVELOEDDLD DILLVYDIVYDD LODLIIVYDIDD

N I a &

DVLOIDLIOY VOIOILIOLYLD WIIDDLVYVYVD DIODVLLLOOD DIYDVILOLODY HVVDIDLILY DDIVYIDOVL

A ¥ ¥

DLIDDVODVEL LODDOVYIDDD YODLOVOHLOD LOLLODVIDIL DILODYIVYY DIDIILILLD VIDVYVDHLYOVY

S ¥ ¥

0 s N

0 s 1

T ¥ H D

X R X R

I3sda

48€ "OId

A I X
IT®eS
L ¥ W d

¥ 4 A

Z D ¥ I

A T ¥

A A ¥

I & S

s A 1

T A H A3

d I N

a 8 s I

¥ 5§ 4

DLYDDOY

M D

g

2 T a4 ¥

9 0 &

O ¥ W

Tces

Tscs

1818

TTTS

SUBSTITUTE SHEET (RULE 26)



WO 02/068666

PCT/US01/43588
70/154
Ncol (9) \PIR
ATG
HindllI (2) Notl (129)
Bglll (5222) Sall (229)
BamHI (5190 BamHI (285)
amHI ( ) ».. Glycosylation
(3 Intron 1
aleurain \ Xhol (667)
EcoRI (4488) signal / NPIR X ) Ncol (754)
Sphl (906)
FAE Notl (921)
nos
Xhol (4112) Clal (1212)
T i HindIII (1217
ot (410D pTP3-1 Xbal (1222) !
5338 bp
/7 .
4/ f1 ori
& /)
/ /
"/,, ori /
% /
2 amp
%,
%

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588
71/154

WO 02/068666

g6€¢ "9OIld

DYDLVYODOD HYIHIODIIWY HIDOILIDOY DVIDLIIONID ILUIVVOVOHOV LYIVYOIIILDL HIDOVYIDIIOD TS
O N ® s ¥ 4 g 9 4 I A T ¥ I N d X & ¥ § 7T 0 ¥ -
DHLOVYILOYD HHIDDILIIDL DIOIHOIIID INIDYIIONOID ¥HIOIIVYDLD DHIODIWLIOVDD IDIVIOVIID T6¥

¥ &4 T ¥ ¥ T S ¥ O 1 X H D I A &L T ¥ X a d & 0 -
VLIDOVYDOVYD YVVILOLILDD DIOVOILOVY DOVHOHYIIIO DILILOODIY DOLIVIVLIV LUYDIIOODVD TZ¥
s A O O M A 1T S #3 A O a o A S A M 5 I & X 9 9 H
YILOVYOLOLL DDOVYIIIYY DVYIIVLIDOY IDVYOILLIIDD DUYILIIIVOV ILOVVLOVIYD IDIDVYOVLOL TGE
A 3T D 5 N D O a 1T & a 4 4 I T L A N &L a 7 0 T -

~ o~ o

UOTIRTASODATD

YUDOVLYDLD VILDDLOVYODD LOIDLLILOD DUDLVVLVYVVY DUYYVYOIOVIOV DUDIOUOHIDHDD LIODLUYDDLVD T8C
+ N & @ S D &4 P ¥ 4 A &L I I H ¥ § 8§ a a ¥ T I M -

X R R R

Inued

DOYVLLVYOYD LOVVVOLOLL VYDVLLLVYY UYDVYDVUDDOVY IDLUYLLVLOVD OLOIDLLVYDVY VODLODLIDOYD TTIC
» N I a & O s N A I ¥ ® » M I I &L S 4 I N D T «a

PR TR IR IR

IT®eS

DODIOYLOODEL IDYYDIILOL WLIOWOIDODLY VUDILOVLILL DIODVYIVLIL DOUDVYVDIIL ILVIDDDVYDD TFT

¥ X ¥ ¥ 0§ s I &L ¥ W ® A T ¥ 8 X T a ¥ 8§ I O 0 -

OYDDLODDOD DHIDOHIOVD DOVILDIDDID DIILUDIODY ¥DIDLOVYDIID IDLELIILIDLD DLIILIODIDL TL
.Bmﬂ.ﬂﬂMQE\rmMHmZMQﬂhmwwm.ﬂ.,

0 o 0 P o o L R R R R R R R R

T3ON dIdN

DOODILOIOD DIHDOVIIDD LIOLOIIDIL IDIDHLOILD ILIOILOIDID IDOVIIODOL VIIVLLODVY T
A ¥Y A Y ¥Y &4 ¥ T A ¥ 7T ¥ T T T A ¥ ¥ H ¥ R

R ]

IIIPUTH

P PO o P

IODN

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

72/154

DDHOOHHODID
DODILYDOOY
YYDDOVLLID
IOLOVLYLOD

DODODODDLY
DODILOYDYLL
DOVLLYYDLL
YVYIODLLLYD

IDIYIDLYDD
M & D ¥

~ o~

TYds

DVYDLODLIDLD
2 2 D

YYLLYDDODD
DDDDIDDVDY
DODLIDOVYY
DDILLYEYIOL

LLYYYLYDDY
YOLVLLIILD
DILIIIE LY
VVYILLDOLY

DDHIDVYDIVD
D 8§ &

J6€ "OId

DOVILOLIDOD
OIDVLYVLD
DDDLOVDLID
DOVHHILODOD

LOYYYODODD
ODLUDIDLVL
LYDLLLEYOL
DYDIDVDVYVYY

JDOVUDDDLYY
DDHLODYIID
LODVYOVLLuL
DHODYDVLOL

L R R X

Ieqx

DODHHDIVEDLD DDVIDIDILD
DLLLEDDDIDL ¥OVYDDVODLL
LDIIDIODDL DVILODIDOD
LODVYYLVYDDL YDVLOVLLOL

o~ oo

IeTd

L X R

IIIPUTH

HYLYLVVYYVYD YYVYVDVLUDD DOVLVVLLLY
LLVILODVOL VODLVVLOLY OVVLLVVYLVYY
YOOODLLOLDD DIDLIDLIDL VUDLLVDVVL
LOLIOYDLYD HYYDHILIIYIIV WYDDIDIODD

* D € & &

R R R R X R XX R g

Taax

g ¥ V¥

YOYYIIOLLD
DODDLYLLD
DYLLYILDOLD
YLOLYILDLO

DYLVLLYYOD
LOLYODVYYLL
LD LDV YL
DDDLODOODD
¥ A 44 -

R R R R Ry Rl

I3ON

LYDODLLLLY LIJYDOYIVD DIDILVVLVYD LOLODDHVYOUYD HODHHOHVYIIDD

H D 4

A 4 &L H

¥ N N

A D O

9 5 0 ¥

¥OHILOVYOIY DOHOHIDVYIDL DIHDLLLYOYD VWEDHVYDIIIDID YDVLLODLYD LIDIDVIODLD

O A =

a &4 D

A d &

N O ¥

S X 4 a

A S5 M-

VIOVOVIOLD HIOHOHIVYIDDD IDYIOHDOOVID VHOLHDIIDD DIDLIDVYYDD DILYIDDOWDD WYIIDLYILD

XA d A

D D H ¥

O 0o

JODN

X 5 0

4 A 4

d T N 4

I 9 a

N ¥Y H -

YOIODOIILL IVWILOVIOOVYD DUILVDOYIIDD ¥HILIOIDVVYD DLLIDDLYDD VVYDILVYIVILID LDIDIILIDID

4 A ¥ 4

X 0 &

L g 4

~

S 8 ¥ 0O

XY R R

TOoUux

d ¥ d

N B X

S ¥ 4 ¥

1077
TEET
1927
T6TT

TCTT
TS0T
186
T16

178

TLL

104

T€9

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

73/154

DODVYDILOVYID
DILILDIDIDID
DDYIDIODOL
DO ILLIILDL
IODLYLIDDY
LODLDVLY I
DYVILODOOLY
LYDYDLOVYD
DYDIDODOVYL
DDDLOVYIIOYL
LDVLDDODYL
LOYYDOVLOD
LYYLDODODL
IDILLILOYD
VYLLLLLYO&L
IYDLIYOLOD
LIOLYILLOVLD
LDDOODEDDL
YYLYDDIDOVY
EODIDLLIOY
DYDDOOVDD
DOYDDYDODOL
LYVDUDYVLD
LOLLYLOYOVY
IO LLOVY L
YOLILYDDLD
YYDYIOOVIL
LYLDVYDLYLD
VLYV OILYD
GYYIVLLODD
LDDODDILILLY
YOI LLOLLD
DLYDODDDLD
DOILODDOY L
DLLILLLIDD

DDODVYYVDOL
YYYODOVLYY
DDDOYLYDLD
YOYILODILL
DDODDODODY
LOLYLDDLID
LDDYOVYDDOD
DOYOIVLODYD
IODIOOVLLOY
LOLOILYYLD
DLOVLILLID
YDYYOILYDDD
LI LLLLDD
LODYYLLIOD
LIV LLY
DIDODYLYDVD
DLYLDOODLD
DLVVYLLYDLO
DOLYDDLIOVD
YOVYODILYY
DLILDIOLDILL
IDIYYOVDLO
YOUDLYDDDL
LYDIDOODOLD
LLOVODVDLY
YYDILYOV.LL
DDLIILLDLD
YOVYDIOUYVY
VLYV YLO LIk
YVLLYLYVYY
DOODLLLLYD
LOVDDLOVLY
YLOOYILLDD
LODOLIDDDD
LLLDOLODOD

aese=old

DEDIIOLLLD
DOIDIOYDYY
DVUDLOVDLIL
LOODDLODLL
OLODDLODLYD
DOVVEDOODD
DUVYVYDVYDDOV
DYYDDDYDOL
LYDOVDVYOL
DLOLIDILID
LDLIYLVYYD
DDLLLDLLLD
LYDYDELII:L
LYY DOVYDL
DLLVOVILLLD
LIODILYDYOY
DODYLIOLY
DLIVELILDDL
Y LVYLLYVOY
PDOVLILIDDL
DODDLOVYVLD
Ll IVLELEOVYYD
YDOOVLLOLY
DOLOVYOODVD
DLV ODLLII
DODLOVYDOVYD
Il DD DLLILL
YDLLVLYYLY
DL L LD LIk
NVLLLLYYD
DOVVLVLLLY
VI LLOILDOY
LYDLODDYLL
DILVYYLIOLD
DDOOYLIDID

DYDVDHOYODD
DOODVYYDOUD
DODIOVLLVL
LELODDDLIDL
IDLLLLLYDO
VOOLLODYDD
¥DOOILLIDD
LIDVYODIDVD
DUDDILDODD
YLYOYLODDD
OYLYDYIDOD
DILDDODYDDY
DLYDDYVOL
YOLOLYYLYD
YLYVLYLYOLD
DYLVVYDOYY
DYODDHDOLO
PDDLIDDIIL
¥ODDIDILLD
IDIEIDYIUD
LYDLYDDODD
PDDDOIDLIYIY
DDYYVYYDVOVY
YYOIDODOIDD
DOYYDYVYDOD
DLODDLLOYD
YODDOIDILIL
YOLLIDLYVYY
YLODDDVYYDD
DDDVVLILYY
DILLInLILL YL
DOLOVODLLD
YDLLOVYYVY
DYVYDLDIIDD
ODYDDODLLOY

LODYODLYYL
PDDVYDILOYILD
DODVVLVYDDL
LDV LIl
LDODVDLLOY
DYDOYOIDODY
¥OODODYVYD
YOVDDLOIIS
DYLLILDLOD
DYIDVLOLIOL
YDYIDYOILLD
LODODYOOVY
L OLAAA LA
LLILDLIOLYD
YiLLLOVYYOOV
DLVYDDLYLOY
YODVYIDLLYED
LDDDDDOLID
DVLILOVLLD
LDODYDOVDD
LDV OYODL
YLYDLIDUYDLY
DLOYIOVOLD
VDLLYLOIDD
DODILLLLDY
LVDVYDLODEL
LLOIDIL I
LYDLIIIOYYL
ODIDLOLYYY
YOV LLLY
DLODILILYL
DEDIILOOID
YODDIUDILD
LlLODDOODD)
DYLIDODVDL

LD LLYDIDD
IDODYDDIODY
DIEDILYILOD
PDODDIDDVND
DLOLODYDIDD
DUDDYOVYVYDD
YDLYLODYDL
DDHOHDODIVYD
LOVYVYLYDODD
DYYDVYYILLD
DILIOVYILOOY
AAAAA{o044 9]
DIDDUEDYDLD
YVYDLODVYLOL
DYDLOLIOVYVYL
YODDYOLOYD
LYLODDIDILD
PDLIILIYOD
ViLIOVYDOIDDL
YOO VLYDD
LI LDDIDY
DIV LYDIDL
VLDVDLLODL
IVLLELODOD
DUYDLLODLYD
OVYYLOVY
DDODILDLDO
YYOYDVDLYD
DIDDDOLLELD
DLODVUDLYVY
PDIOYYILIOYD
I LLLLDDOY
DYIDDOVLIL
LILDOYIIDDIL
DODYODODOY

DLLOIDIDDD
DODYDOVYDD
DOLVLLDODIL
DYDDDIOVYVYY
DILLDDDOLD
DLODDYIDDD
DODHYDIVILIDOY
LODDDILODD
LOYDIIDLODL
YODOYDDODOYL
DO INInInLD
DILIDLODLD
DDVYDLIOVIDL
R4 A A At
DDLLYIDVYL
DDDHOVDIVOY
LODDLOODYD
VODVYODLLDY
NVLLYLOYY
DYVYDLVYDLO
ViLODUYDOYED
PDDLOYODLYL
LOVDLYYDYD
DODIDLOLLOD
YVLDDIDVOY
VDLODLODOVY
OLLLYIVYOL
LODIDLVLOL

VOODLOOVLL -

VYV LLODLLY
YYOVVYDDLOVY
DVILVDLIODD
DDLOYLLLYD
DL LD ILDD
LEDDILDDLOSL

TG8¢
T8LE
TTLE
T¥9¢€
TLSE
T0S€E
TEPE
19¢€¢€
Té6CE
1cceE
1SsTE
T80¢€
110€
Tvec
TL8C
108¢
TeLe
T99¢
T6S¢C
Tcac
TS¥e
T8€EC
TTEC
12444
TLTC
T0TC
T€o0e
T96T
T68T
TZ8T
TSLT
T891
TT91
TPST
TLYT

SUBSTITUTE SHEET (RULE 26)



PCT/US01/43588

WO 02/068666

74/154

LDOLODOYOD
YLODLOLILL

YDLOIDDDID
DODDODLODDL
LDDDIDDODD
DLEIILIDEID
DDILYIIDDD
YYYDDOODDD
¥OODVIDILD
YIDDYODILOY
DDV YILID
Il L LLDDD&L

IVLVLL VY
DDOVYDYOVLVY
VY LLLOVYLLL
YLOYVLILduduh
DYDLYOVYYY
LDDLYLYOLL

ODVYYDIDDOVL
LDDLODDIIL

LYV YOVDLOL
EILLILLLDL

LOLDODDLID
LLOVIIDLLOD
YOOVYLIDID
YODYIIVIDOY
DDOVVYYDVYVYY
DHLOOLODOD
LDIYIDIDIVD
DDDOVIDOYY
LOVYVLIDID
IDOOVDIDLLD

VYYDVYDLLLLL
YLD LI LODL
LLIDILYYOL
DLV LLLVYY
DLOVYYYOLD
YOLODYDOLD
Ioyx
LYDLYODYDL
LIDLVALLLOY

36€& "Old

LLNDLY DI
LlLDLLOLYDY

IIThg
DODILOLVDD
ODDLLLOLYD
DODDIIDIOL
DDYIDYLIDD
DOLLDDIDLD
DLODDLODYD
DYIDIILOLL
PDIDVEIDOVY
YYOVVVYYYOV
DIDD2IDLLID

YVLYIOVDLLE
IDDLILDVLL
ViLDLLILLY O
DIDVYYYIO0D
DEIOVLLYDY
PDDDDDODODDD

LG L LLD VL
LDLYDDILIL

DODDDDYDDD
DLILDDILIL
PODDDLIDDD
YYDIIDDIILY
PDILODIDDID
DYDVYVVYVDY
DYDLOIIYIL
DODYYDIIODY
LLEYOVVYVYYD
VLYV Y LLYD

VYLODLYLYD
IILODILOVD
DOV LYDINLD
DLDDVYVVLY
VALDDWVYOVY
DYLLODDLIDY

OO O 0NN

YLODVOVYVYVYD
DY ILILIDDYD

Tudy
DYDYIVILLL
DDDYDODVLL

DDOLYILLOL
DDDDDLYYDD

PDDODLODOLY
92 11 P 1 1 PO A PH PN
DDLIDLODED
PIDLIDLILD
DDDYDIOVYDID
YYDV YY
YLOYIDHI0D
POODYVYIDVL
LOVDVLLOVYY
YVLYYLYYOY

DOV YLL
LI LY LOLILY
OYLODDIEDLL
YLODDLVLYY
YLV YYYIO6L
YYYOVYDDDY

YYOYYLYDDO
¥OILOYILODY

DOVLOIILL
LYDDYOILIOD
DDODIDIIDLY

LLODVYDDOD
LYVDLLLYYD
DDHIDOODILD

P PSP S

ITHued

DYDDODILOD
ILDDD LD InlL
DYDOVDDIOD
DDDDDIDVLY
YODEDIDOLY
VYYDV YDVYY
DOYDIDLILDY
YOOLYDOVDD
YLYDVVVYLY
DLYYOYOIIL

LLDDDIDVYDY
DLLLEDLDILD
LODDLDODDD
OVLVLYLIYO
DOVDDVYDIDY
AAAAAAAAA A
LYYYODDLOY
LYLODLOVYY
VVVLOVLOLL
LY YDIDDVIL

X R X

IyoodH

LOLYLVYVYDY
LYIDLYVYEDD
LIDLVYDDVYOL
VVALDVYLYLD
DYLUDDDOLD
YVLOVYOLIOD

DUYDIDLLYYD
DLDVDLOLYY

YLYLODLLLYED
DL EYODIDIIL
LYV VLVIL
DLODVYYY.LL
VYDUYDVYDYDL
YVLLYYDDOD

DLOLDLLOLY
LLYYODIVYYD

TCES
11°14°]
T8TS

TTTS
708
TL6Y
1067
T€8Y
T9LY
T69%
TCo7
T8SY
1877

IT%%
TPED
TLCY
T0C%
TETY
1907

T66¢€
TZ6¢€

SUBSTITUTE SHEET (RULE 26)



WO 02/068666 PCT/US01/43588
75/154

aleurain signal / NPIR NPIR
ATG Aval (103)
. Notll (129)
Hinadlll (2)\ ( BamHI (285)

BamHI (5189)

Glycosylation
~.~ Intron 1
{/

Pvull (568
~‘ AZZI (é67))

\ Ncol (754)
i Notll (921)
Redundancy
(Stop)
KDEL
Clal (1211)
l pTU5 \ HindIII (1216)
Pvull (3878) 5337 bp Il \\xbal (1221)
)y Pyl (1365)

EcoRI (4487)

Rice actin

nos

Aval (4111)

Apall (2138)

FIG._40A

SUBSTITUTE SHEET (RULE 26)



WO 02/068666

51

101
151

201

251
301
351
401
151

501

551

601

651
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HindIII Ncol

L R R R et ke X

AAGCTTACCA
TTCGAATGGT

GGCCACGGCC
CCGGTGCCGG

Smal

L X R X R

Aval

~No e

ACCCGGGCCG
TGGGCCCGGC

TCCGAAGACC
AGGCTTCTGG

TGCCTACGCC
ACGGATGCGG

AAATTTACAA
TTTAAATGTT

AGCAGCAAAG
TCGTCGTTTC

TCTACAACTC
AGATGTTGAG

AATGCAACGG
TTACGTTGCC

GTCCAGGACC
CAGGTCCTGG

GGACTACGCG
CCTGATGCGC

CACTCACTGC
GTGAGTGACG

ACCTTCGGCG
TGGAAGCCGC

CGATGCCTTC
GCTACGGAAG

TGGCCCACGC
ACCGGGTGCG

GCCGTCGCCG
CGGCAGCGGC

GCCCGTCACC
CGGGCAGTGG

TCTACAGCCG
AGATGTCGGC

GACCTGTGCA
CTGGACACGT

TTCTCAAACT
AAGAGTTTGA

AAATAATCAC
TTTATTAGTG

GATACTAACT
CTATGATTGA

TTGTGAAGTA
AACACTTCAT

AAGTCGAGTC
TTCAGCTCAG

CTGACCGTGA
GACTGGCACT

Pvull

NS~

CGCCCAGCTG
GCGGGTCGAC

AACCGCGCAG
TTGGCGCGTC

Aval

CCGCGTCCTC
GGCGCAGGAG

TCGCCTCCTC
AGCGGAGGAG

PCT/US01/43588

CTCCTGGCGC
GAGGACCGCG

CTCCTCCTTC
GAGGAGGAAG

NotTI

L TR R R X ad

GACCGCGCGG
CTGGCGCGCC

TTTAGTCGAA
AAATCAGCTT

ACATTCCGTC
TGTAAGGCAG

GACATTAACG
CTGTAATTGC

CGTCTTCCGT
GCAGAAGGCA

ACACCCTCAC
TGTGGGAGTG

CACGGTGGAT
GTGCCACCTA

GCTTGTCAAA
CGAACAGTTT

CCGGCCACKC
GGCCGGTGMG

TCTGCGACAT
AGACGCTGTA

CGGCAATCAG
GCCGTTAGTC

LR X R TR

CAAGCCTCGA
GTTCGGAGCT

GCCCAGATAC
CGGGTCTATG

FIG._40B
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CCGCCTCCAC
GGCGGAGGTG

ATGGCCACTA
TACCGGTGAT

GACTATTATC
CTGATAATAG

BamHI

X R R

GATGGATCCT
CTACCTAGGA

GGCACTGGTA
CCGTGACCAT

GCCTTTCGAC
CGGAAAGCTG

ATTATATTGG
TAATATAACC

CAGCAGGTTA
GTCGTCCAAT

CCTCGGCGCC
GGAGCCGCGG

ACGACAACAT
TGCTGTTGTA

GCCTTCGCGT
CGGAAGCGCA

GACGCAGTAT
CTGCGTCATA

TCGCCGTGCT
AGCGGCACGA

GCCGACTCCA
CGGCTGAGGT

GCAGGGCATC
CGTCCCGTAG

TCTCCCAAGC
AGAGGGTTCG

AAGGGAGAGA
TTCCCTCTCT

CCGCGACGAC
GGCGCTGCTG

GTGATACGAA
CACTATGCTT

ACCCTACCAC
TGGGATGGTG

ATGGGTCTCC

TACCCAGAGG -

GCCAGTATCC
CGGTCATAGG

TCCCTGGCGG
AGGGACCGCC

CCGCCTGTAC
GGCGGACATG

CGTACATGAA
GCATGTACTT

TTCCGGGTCA
AAGGCCCAGT
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701

751

801

851

901

951

1001

1051

1101

1151

1201

1251

1301

1351

1401

CTCATGCCAA
GAGTACGGTT

NcoI

N

GCCCATGGCG
CGGGTACCGC

CACATTTGTC
GTGTAAACAG

GACAGGGTGT
CTGTCCCACA

GCATGCACCT
CGTACGTGGA

AAGAAGCAGA
TTCTTCGTCT

CCTGTTGCCG
GGACAACGGC

TAAGCATGTA
ATTCGTACAT

TTTTTATGAT
AAAAATACTA

AAAATATAGC
TTTTATATCG

GTTACTAGAT
CAATGATCTA

CTATAGTGAG
GATATCACTC

GTGACTGGGA
CACTGACCCT

CCCCCTTTCG
GGGGGAAAGC

TTCCCAACAG
AAGGGTTGTC

77/154

CGACGGCATC
GCTGCCGTAG

GTGTAGAGTA
CACATCTCAT

TGCACTGGGG
ACGTGACCCC

GAATAATGCG
CTTATTACGC

CCAAACCTGC
GGTTTGGACG

CTGGAGCGTT
GACCTCGCAA

ATGAAGTGCA
TACTTCACGT

CACACGACTT
GTGTGCTGAA

NotI

D PSP

GGCCGGETCGC
CCGGCCAGCG

TCGTTCAAAC
AGCAAGTTTG

GTCTTGCGAT
CAGAACGCTA

ATAATTAACA
TATTAATTGT

TAGAGTCCCG
ATCTCAGGGC

GCGCAAACTA
CGCGTTTGAT

GGCCGCGGAA
CCGGCGCCTT

ATTTGGCAAT
TAAACCGTTA

GATTATCATA
CTAATAGTAT

TGTAATGCAT
ACATTACGTA

CAATTATACA
GTTAATATGT

GGATAAATTA
CCTATTTAAT

Xbal

X T R T

ClaI HindIIX

XXX R R X R

CGATAAGCTT
GCTATTCGAA

TCGTATTACG
AGCATAATGC

AAACCCTGGC
TTTGGGACCG

PvulI

D P

CCAGCTGGCG
GGTCGACCGC

TTGCGCAGCC
AACGCGTCGG

FiG._40C

CTAGAGCGGC
GATCTCGCCG

CGCGCTCACT
GCGCGAGTGA

GTTACCCAAC
CAATGGGTTG

TAATAGCGAA
ATTATCGCTT

TGAATGGCGA
ACTTACCGCT

PCT/US01/43588

CCCCGGTGGA
GGGGCCACCT

GATCCTTACA
CTAGGAATGT

GTGCTGTGAG
CACGACACTC

ATTTTGGGAT
TAAAACCCTA

CCACTGAAGG
GGTGACTTCC

AAAGTTTCTT
TTTCAAAGAA

TAATTTCTGT
ATTAAAGACA

GACGTTATTT
CTGCAATAAA

TTTAATACGC
AAATTATGCG

TCGCGCGCGG
AGCGCGCGCC

CGGTGGAGCT
GCCACCTCGA

GGCCGTCGTT
CCGGCAGCAA

TTAATCGCCT
AATTAGCGGA

GAGGCCCGCA
CTCCGGGCGT

ATGGGACGCG
TACCCTGCGC

SUBSTITUTE SHEET (RULE 26)

GCAGGGGTAC
CGTCCCCATG

GCGCCCAGAA
CGCGGGTCTT

GCCCAGGGCG
CGGGTCCCGC

GACGAGCGGC
CTGCTCGCCG

ATGAGCTGTA
TACTCGACAT

AAGATTGAAT
TTCTAACTTA

TGAATTACGT
ACTTAATGCA

ATGAGATGGG
TACTCTACCC

GATAGAAAAC
CTATCTTTTG

TGTCATCTAT
ACAGTAGATA

CCAATTCGCC
GGTTAAGCGG

TTACAACGTC
AATGTTGCAG

TGCAGCACAT
ACGTCGTGTA

CCGATCGCCC
GGCTAGCGGG

CCCTGTAGCG
GGGACATCGC
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1451

1501

1551

1601

1651

1701

1751

1801

1851

1901

1951

2001

2051

2101

2151

2201

2251

2301

GCGCATTAAG
CGCGTAATTC

CTTGCCAGCG
GAACGGTCGC

CGCCACGTTC
GCGGTGCAAG

TAGGGTTCCG
ATCCCAAGGC

TAGGGTGATG
ATCCCACTAC

CCCTTTGACG
GGGAAACTGC

CTGGAACAAC
GACCTTGTTG

ATTTTGCCGA
TAAAACGGCT

ATTTAACGCG
TAAATTGCGC

TTTTCGGGGA
AAAAGCCCCT

ATTCAAATAT
TAAGTTTATA

TAATATTGAA
ATTATAACTT

TATTCCCTTT
ATAAGGGAAA

CGCTGGTGAA
GCGACCACTT

TACATCGAAC
ATGTAGCTTG

CGAAGAACGT
GCTTCTTGCA

CGGTATTATC
GCCATAATAG

CACTATTCTC
GTGATAAGAG

78/154

CGCGGCGGGT
GCGCCGCCCA

CCCTAGCGCC
GGGATCGCGG

GCCGGCTTTC
CGGCCGAAAG

ATTTAGTGCT
TAAATCACGA

GTTCACGTAG
CAAGTGCATC

TTGGAGTCCA
AACCTCAGGT

ACTCAACCCT
TGAGTTGGGA

TTTCGGCCTA
AAAGCCGGAT

AATTTTAACA
TTAAAATTGT

AATGTGCGCG
TTACACGCGC

GTATCCGCTC
CATAGGCGAG

AAAGGAAGAG
TTTCCTTCTC

TTTGCGGCAT
AAACGCCGTA

AGTAAAAGAT
TCATTTTCTA

TGGATCTCAA
ACCTAGAGTT

TTTCCAATGA
ADAGGTTACT

CCGTATTGAC
GGCATAACTG

AGAATGACTT
TCTTACTGAA

FIG._40D

GTGGTGGTTA
CACCACCAAT

CGCTCCTTTC
GCGAGGAAAG

CCCGTCAAGC
GGGCAGTTCG

TTACGGCACC
AATGCCGTGG

TGGGCCATCG
ACCCGGTAGC

CGTTCTTTAA
GCAAGAAATT

ATCTCGGTCT
TAGAGCCAGA

TTGGTTAAAA
AACCAATTTT

AAATATTAAC
TTTATAATTG

GAACCCCTAT
CTTGGGGATA

ATGAGACAAT
TACTCTGTTA

TATGAGTATT
ATACTCATAA

TTTGCCTTCC
AAACGGAAGG

GCTGAAGATC
CGACTTCTAG

CAGCGGTAAG
GTCGCCATTC

TGAGCACTTT
ACTCGTGAAA

GCCGGGCAAG
CGGCCCGTTC

GGTTGAGTAC
CCAACTCATG

PCT/US01/43588

CGCGCAGCGT
GCGCGTCGCA

GCTTTCTTCC
CGAAAGAAGG

TCTAAATCGG
AGATTTAGCC

TCGACCCCAA
AGCTGGGGTT

CCCTGATAGA
GGGACTATCT

TAGTGGACTC
ATCACCTGAG

ATTCTTTTGA
TAAGAAAACT

AATGAGCTGA
TTACTCGACT

GCTTACAATT
CGAATGTTAA

TTGTTTATTT
AACAAATAAA

AACCCTGATA
TTGGGACTAT

CAACATTTCC
GTTGTAAAGG

TGTTTTTGCT
ACAAAAACGA

GACCGCTACA
CTGGCGATGT

CTTCCTTICT
GAAGGAAAGA

GGGCTCCCTT
CCCGAGGGAA

AAAACTTGAT
TTTTGAACTA

CGGTTTTTCG
GCCAAAAAGC

TTGTTCCAAA
AACAAGGTTT

TTTATAAGGG
AAATATTCCC

TTTAACAAAA
AAATTGTTTT

TAGGTGGCAC
ATCCACCGTG

TTCTAAATAC
AAGATTTATG

AATGCTTCAA
TTACGAAGTT

GTGTCGCCCT
CACAGCGGGA

CACCCAGAAA
GTGGGTCTTT

ApaLI

S~

AGTTGGGTGC
TCAACCCACG

ATCCTTGAGA
TAGGAACTCT

TAAAGTTCTG
ATTTCAAGAC

AGCAACTCGG
TCGTTGAGCC

TCACCAGTCA
AGTGGTCAGT

SUBSTITUTE SHEET (RULE 26)

ACGAGTGGGT
TGCTCACCCA

GTTTTCGCCC
CAAAAGCGGG

CTATGTGGCG
GATACACCGC

TCGCCGCATA
AGCGGCGTAT

CAGAAAAGCA
GTCTTTTCGT
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2351

2401

2451

2501

2551

2601

2651

2701

2751

2801

2851

2901

2951

3001

3051

3101

3151

3201

3251

TCTTACGGAT
AGAATGCCTA

TGAGTGATAA
ACTCACTATT

AAGGAGCTAA
TTCCTCGATT

TGATCGTTGG
ACTAGCAACC

ACACCACGAT
TGTGGTGCTA

GGCGAACTAC
CCGCTTGATG

GGCGGATAAA
CCGCCTATTT

GGTTTATTGC
CCAAATAACG

ATTGCAGCAC
TAACGTCGTG

CACGACGGGG
GTGCTGCCCC

AGATAGGTGC
TCTATCCACG

TCATATATAC
AGTATATATG

CTAGGTGAAG
GATCCACTTC

AGTTTTCGTT
TCAAAAGCAA

TCTTGAGATC
AGAACTCTAG

ACCACCGCTA
TGGTGGCGAT

TTTTTCCGAA
AAAAAGGCTT

CTTCTAGTGT
GAAGATCACA

GCCTACATAC
CGGATGTATG

79/154

GGCATGACAG
CCGTACTGTC

CACTGCGGCC
GTGACGCCGG

CCGCTTTTTT
GGCGAAAAAA

GAACCGGAGC
CTTGGCCTCG

GCCTGTAGCA
CGGACATCGT

TTACTCTAGC
AATGAGATCG

GTTGCAGGAC
CAACGTCCTG

TGATAAATCT
ACTATTTAGA

TGGGGCCAGA
ACCCCGGTCT

AGTCAGGCAA
TCAGTCCGTT

CTCACTGATT
GAGTGACTAA

TTTAGATTGA
AAATCTAACT

ATCCTTITTTG
TAGGAAAANC

CCACTGAGCG
GGTGACTCGC

CTTTTTTTCT
GAAAAAAAGA

CCAGCGGTGG
GGTCGCCACC

GGTAACTGGC
CCATTGACCG

AGCCGTAGTT
TCGGCATCAA

CTCGCTCTGC
GAGCGAGACG

TAAGAGAATT
ATTCTCTTAA

AACTTACTTC
TTGAATGAAG

GCACAACATG
CGTGTTGTAC

TGAATGAAGC
ACTTACTTCG

ATGGCAACAA
TACCGTTGTT

TTCCCGGCAA
AAGGGCCGTT

CACTTCTGCG
GTGAAGACGC

GGAGCCGGTG
CCTCGGCCAC

TGGTAAGCCC
ACCATTCGGG

CTATGGATGA
GATACCTACT

AAGCATTGGT
TTCGTAACCA

TTTAAAACTT
AAATTTTGAA

ATAATCTCAT
TATTAGAGTA

TCAGACCCCG
AGTCTGGGGC

GCGCGTAATC
CGCGCATTAG

TTTGTTTGCC
AAACAAACGG

TTCAGCAGAG
AAGTCGTCTC

AGGCCACCAC
TCCGGTGGTG

TAATCCTGTIT
ATTAGGACAA

FIG._40E
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ATGCAGTGCT
TACGTCACGA

TGACAACGAT
ACTGTTGCTA

GGGGATCATG
CCCCTAGTAC

CATACCAAAC
GTATGGTTTG

CGTTGCGCAA
GCAACGCGTT

CAATTAATAG
GTTAATTATC

CTCGGCCCTT
GAGCCGGGAA

AGCGTGGGTC
TCGCACCCAG

TCCCGTATCG
AGGGCATAGC

ACGAAATAGA
TGCTTTATCT

AACTGTCAGA
TTGACAGTCT

CATTTTTAAT
GTAAAAATTA

GACCAAAATC
CTGGTTTTAG

TAGAAAAGAT
ATCTTTTCTA

TGCTGCTTGC
ACGACGAACG

GGATCAAGAG
CCTAGTTCTC

CGCAGATACC
GCGTCTATGG

TTCAAGAACT
AAGTTCTTGA

ACCAGTGGCT
TGGTCACCGA

GCCATAACCA
CGGTATTGGT

CGGAGGACCG
GCCTCCTGGC

TAACTCGCCT
ATTGAGCGGA

GACGAGCGTG
CTGCTCGCAC

ACTATTAACT
TGATAATTGA

ACTGGATGGA
TGACCTACCT

CCGGCTGGCT
GGCCGACCGA

TCGCGGTATC
AGCGCCATAG

TAGTTATCTA
ATCAATAGAT

CAGATCGCTG
GTCTAGCGAC

CCAAGTTTAC
GGTTCAAATG

TTAAAAGGAT
AATTTTCCTA

CCTTAACGTG
GGAATTGCAC

CAAAGGATCT
GITTCCTAGA

AAACAAAARA
TTTGTTTTTT

CTACCAACTC
GATGGTTGAG

AAATACTGTC
TTTATGACAG

CTGTAGCACC
GACATCGTGG

GCTGCCAGTG
CGACGGTCAC
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3301

3351

3401

3451

3501

3551

3601

3651

3701

3751

3801

3851

3901

3951

4001

4051

4101

GCGATAAGTC
CGCTATTCAG

AAGGCGCAGC
TTCCGCGTCG

GGAGCGAACG
CCTCGCTTGC

ARAGCGCCAC
TTTCGCGGTG

GGCAGGGTCG
CCGTCCCAGC

CTGGTATCTT
GACCATAGAA

GATTTTTGTG
CTAAAARCAC

AACGCGGCCT
TTGCGCCGGA

GTTCTTTCCT
CAAGAAAGGA

TTGAGTGAGC
AACTCACTCG

TCAGTGAGCG
AGTCACTCGC

CGCGCGTTGG
GCGCGCAACC

GGAAAGCGGG
CCTTTCGCCC

TAGGCACCCC
ATCCGTGGGG

AATTGTGAGC
TTAACACTCG

ACGCCAAGCG
TGCGGTTCGC

80/154

GTGTCTTACC
CACAGAATGG

GGTCGGGCTG
CCAGCCCGAC

ACCTACACCG
TGGATGTGGC

GCTTCCCGAA
CGAAGGGCTT

GAACAGGAGA
CTTGTCCTCT

TATAGTCCTG
ATATCAGGAC

ATGCTCGTCA
TACGAGCAGT

TTTTACGGTT
AAAATGCCAA

GCGTTATCCC
CGCAATAGGG

TGATACCGCT
ACTATGGCGA

AGGAAGCGGA
TCCTTCGCCT

CCGATTCATT
GGCTAAGTAA

CAGTGAGCGC
GTCACTCGCG

AGGCTTTACA
TCCGAAATGT

GGATAACAAT
CCTATTGTTA

CGCAATTAAC
GCGTTAATTG

Aval

L Ty

GGGCCCCCcccC
CCCGGGGGGG

TCGAGGTCAT
AGCTCCAGTA

GGGTTGGACT
CCCAACCTGA

AACGGGGGGT
TTGCCCCCCA

AACTGAGATA
TTGACTCTAT

GGGAGAAAGG
CCCTCTTTCC

GCGCACGAGG
CGCGTGCTCC

TCGGGTTTCG
AGCCCAAAGC

GGGGGGCGGA
CCCCCCGCCT

CCTGGCCTTT
GGACCGGAAA

CTGATTCTGT
GACTAAGACA

CGCCGCAGCC
GCGGCGTCGG

AGAGCGCCCA
TCTCGCGGGT

Pvull

L T

AATGCAGCTG
TTACGTCGAC

AACGCAATTA
TTGCGTTAAT

CTTTATGCTT
GAAATACGAA

TTCACACAGG
AAGTGTGTCC

CCTCACTAAA
GGAGTGATTT

TCATATGCTT
AGTATACGAA

FIG._40F
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CAAGACGATA
GITCTGCTAT

ApaLI

e X R

TCGTGCACAC

AGCACGTGTG

CCTACAGCGT
GGATGTCGCA

CGGACAGGTA
GCCTGTCCAT

GAGCTTCCAG
CTCGAAGGTC

CCACCTCTGA
GGTGGAGACT

GCCTATGGAA
CGGATACCTT

TGCTGGCCTT
ACGACCGGAA

GGATAACCGT
CCTATTGGCA

GAACGACCGA
CTTGCTGGCT

ATACGCAAAC
TATGCGTTTG

GCACGACAGG
CGTGCTGTCC

ATGTGAGTTA
TACACTCAAT

CCGGCTCGTA
GGCCGAGCAT

AAACAGCTAT
TTTGTCGATA

GGGAACAAAA
CCCTTGTTTT

GAGAAGAGAG
CTCTTCTCTC

GTTACCGGAT
CAATGGCCTA

AGCCCAGCTT
TCGGGTCGAA

GAGCTATGAG
CTCGATACTC

TCCGGTAAGC
AGGCCATTCG

GGGGAAACGC
CCCCTTTGCG

CTTGAGCGTC
GAACTCGCAG

AAACGCCAGC
TTTGCGGTCG

TTGCTCACAT
AACGAGTGTA

ATTACCGCCT
TAATGGCGGA

GCGCAGCGAG
CGCGTCGCTC

CGCCTCTCCC
GCGGAGAGGG

TTTCCCGACT
AAAGGGCTGA

GCTCACTCAT
CGAGTGAGTA

TGTTGTGTGG
ACAACACACC

GACCATGATT
CTGGTACTAA

GCTGGGTACC
CGACCCATGG

TCGGGATAGT
AGCCCTATCA



WO 02/068666
4151 CCAAAATARAR
GGTTTTATTIT
4201 TAAAAGGTGG
ATTTTCCACC
4251 AATTTACTCT
TTAAATGAGA
4301 TTGATACGTC
AACTATGCAG
4351 GAAATGCATA
CTTTACGTAT
4401 ATACAGAGGG
TATGTCTCCC
4451 TTGACATAAT
AACTGTATTA
4501 CAATAATAAG
GTTATTATTC
4551 TCTAGTAAAA
AGATCATTTT
4601 CCCTAAAGTC
GGGATTTCAG
4651 GCCCAACCCA
CGGGTTGGEGT
4701 GTCTCCACCC
CAGAGGTGGG
4751 TCGCAGCCAA
AGCGTCGGTT
4801 AGGTGGGTCC
TCCACCCAGG
4851 CGACGAGGCC
GCTGCTCCGG
4901 ACTATATACA
TGATATATGT
4951 CCACCACCAC
GGTGGTGGTG
5001 CcCCTCCCCCT
GGGAGGGGGA

81/154

ACAAAGGTAA
TGTTTCCATT

TATAAGTAAA
ATATTCATTT

TTTCTACTAT
AAAGATGATA

ATTTTTGTAT
TAAAAACATA

TCTGTATTTG
AGACATAAAC

ATTTGTATAA
TAAACATATT

TTTTGAGAAA
AAAACTCTTT

ATTAAAATAG
TAATTTTATC

TAAAAGATAA
ATTTTCTATT

CTAAAGCCCA
GATTTCGGGT

ACCCAACCCA
TGGGTTGGGT

CCGGCACTAT
GGCCGTGATA

AAAAAARAARA
TTTTTTTTTT

GGGTCGTGGG
CCCAGCACCC

CGGCCCTCCC
GCCGGGAGGG

TACCCCCCCC
ATGGGGGGGG

CACCTCCTCC
GTGGAGGAGG

ccaeeeaecee
GGCGGCGGCG

FI1G._40G

GATTACCTGG
CTAATGGACC

ATATCGGTAA
TATAGCCATT

TATAAAAATT
ATATTTTTAA

GAATTGGTTT
CTTAACCAAA

AGTCGGTTTT
TCAGCCAAAA

GAAATATCTT
CTTTATAGAA

AATATATATT
TTATATATAA

CTTGCCCCCG
GAACGGGGGC

ACTTAGACTC
TGAATCTGAG

AAGTGCTATG
TTCACGATAC

ACCCACCCCA
TGGGTGGGGT

CACCGTGAGT
GTGGCACTCA

AGAAAGAAAA
TCTTTCTTTT

GGCCGGAAAA
CCGGCCTTTT

TCCGCTTCCA
AGGCGAAGGT

TCTCCTCCCA
AGAGGAGGGT

CCCCTCGCTG
GGGGAGCGAC

CGGTAACCAC
GCCATTGGTG

PCT/US01/43588

TCAAAAGTGA
AGTTTTCACT

TAAAAGGTGG
ATTTTCCACC

GAGGATGTTT
CTCCTACAAA

TTAAGTTTAT
AATTCAAATA

TAAGTTCGTT
ATTCAAGCAA

TAAAAAACCC
ATTTTTTGGG

AAACATCAGT
TTTGTAGTCA

CCCAAAGTGA
GGGTTTCACT

TGTCGGTACT
ACAGCCATGA

TCGCGATTTG
AGCGCTAAAC

GCTTTTGTAA
CGAAAACATT

ATATGCTAAT
TATACGATTA

EcoRI

R R R ]

CAGGCGAATT
GTCCGCTTAA

TTGCAGCGAT
AACGTCGCTA

AAAACATTTA
TTTTGTAAAT

CACGATCCAT
GTGCTAGGTA

GTGCAGCCAA
CACGTCGGTT

TGTCCGCACC
ACAGGCGTGG

AAAAGAAAAA
TTTTCTTTTT

GCGAGGAGGA
CGCTCCTCCT

AAGARAACGCC
TICTTTGCGG

TCCCCCCAAC
AGGGGGGTTG

CCGGACGACG
GGCCTGCTGC

ccceceecTe
GGGCGGGGAG

SUBSTITUTE SHEET (RULE 26)

CCACAATGAA
GGTGTTACTT

GGGTATTTTT
CCCATAAAAA

CAAAAACAAC
GTTTTTGTTG

AGCAAGCCCA
TCGTTCGGGT

CTGGCAAATA
GACCGTTTAT

ACCGCACGTC
TGGCGTGCAG

GAAAAACAGC
CTTTTTGTCG

TCGCGAGCAG
AGCGCTCGTC

CCCCATCGCC
GGGGTAGCGG

CCTACCACCA
GGATGGTGGT

AGCTCCTCCC
TCGAGGAGGG

TCCTCTTTCT
AGGAGAAAGA
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5051

5101

5151

5201

5251

5301

TTCTCCGTTT
AAGAGGCAAA

GGGTGGGCGA
CCCACCCGCT

GATCTCGCGG
CTAGAGCGCC

GAATGGGGCT
CTTACCCCGA

AATTTGAATC
TTAAACTTAG

GTGACAAATG
CACTGTTTAC

82/154

TTTTTTTCGT
AAAAAAAGCA

GAGCGGCTTC
CTCGCCGAAG

CTGGCGTCTC
GACCGCAGAG

CTCGGATGTA
GAGCCTACAT

CCTCAGCATT
GGAGTCGTAA

CAGCCTCGTG
GTCGGAGCAC

FIG._40H

CTCGGTCTCG
GAGCCAGAGC

GTCGCCCAGA
CAGCGGGTCT

CGGGCGTGAG
GCCCGCACTC
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Sequence for pPQ10.1

HindIII NcoI

1 AAGCTTACCA TGGTGAGCAA
CATCCTGGTC GAGCTGGACG

TTCGAATGGT ACCACTCGETT
GTAGGACCAG CTCGACCTGC

71 GCGACGTGAA CGGCCACAAG
GCCACCTACG GCAAGCTGAC

CGCTGCACTT GCCGGETGTTC
CGGTGGATGC CGTTCGACTG

141 CCTGAAGTTC ATCTGCACCA
TCGTGACCAC CTTCACCTAC

GGACTTCAAG TAGACGTGGT
AGCACTGGTG GAAGTGGATG

211 GGCGTGCAGT GCTTCAGCCG
CTTCAAGTCC GCCATGCCCE

CCGCACGTCA CGAAGTCGGC
GAAGTTCAGG CGGTACGGGC

281 AAGGCTACGT CCAGGAGCGC
AAGACCCGCG CCGAGGTGAA

TTCCGATGCA GGTCCTCGCG
TTCTGGGCGC GGCTCCACTT

351 GTTCGAGGGC GACACCCTGG
TCARAGGAGGA CGGCAACATC

CAAGCTCCCG CTGTGGGACC
AGTTCCTCCT GCCGTTGTAG

421 CTGGGGCACA AGCTGGAGTA
GGCCGACAAG CAGAAGAACG

GACCCCGTGT TCGACCTCAT
CCGGCTGTTC GTCTTCTTGC

491 GCATCAAGGT GAACTTCAAG
CAGCTCGCCG ACCACTACCA

CGTAGTTCCA CTTGAAGTTC
GTCGAGCGGC TGGTGATGGET

561 GCAGAACACC CCCATCGGCG
ACCTGAGCAC CCAGTCCGCC

CGTCTTGTGG GGGTAGCCGC
TGGACTCGTG GGTCAGGCGG

631 CTGAGCAAAG ACCCCAACGA
CGTGACCGCC GCCGEGGATCA

Fff).

117/154

GGGCGAGGAG

ccceerecTe

TTCAGCGTGT

AAGTCGCACA

CCGGCAAGCT

GGCCETTCGA

CTACCCCGAC

GATGGGGCTG

ACCATCTTCT

TGGTAGAAGA

TGAACCGCAT

ACTTGGCGTA

CAACTACAAC

GTTGATGTTG

ATCCGCCACA

TAGGCGGTGT

ACGGCCCCGET

TGCCGGGGCA

GAAGCGCGAT

458

CTGTTCACCG

GACAAGTGGC

CCGGCGAGGG

GGCcecTeee

GCCCGETGCCC

CGGGCACGGG

CACATGAAGC

GTGTACTTCG

TCAAGGACGA

AGTTCCTGCT

CGAGCTGAAG

GCTCGACTTC

AGCCACAACG

TCEGGTGTTGC

ACATCGAGGA

TGTAGCTCCT

GCTGCTGCCC

CGACGACGGG

CACATGGTCC

PCT/US01/43588

GGGTGGTGCC

CCCACCACGG

CGAGGGCGAT

GCTCCCGCTA

TGGCCCACCcC

ACCGGGTGGG

AGCACGACTT

TCGTGCTGAA

CGGCAACTAC

GCCGTTGATG

GGCATCGACT

CCGTAGCTGA

TCTATATCAT

AGATATAGTA

CGGCAGCGTG

GCCGTCGCAC

GACAACCACT

CTGTTGGTGA

TGCTGGAGTT
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CCGCATTATC GCTTCTCCGG
TCGGACTTAC CGCITACCCT

1261 CGCGCCCTGT AGCGGCGCAT
GCGTGACCGC TACACTTGCC

GCGCGGGACA TCGCCGCGTA
CGCACTGGCG ATGTGAACGG

1331 AGCGCCCTAG ceeeceeTee
GTTCGCCGGC TTTCCCCETC

TCGCGGGATC GCGGGCGAGG
CAAGCGGCCGE AALAGGGGCAG

1401 AAGCTCTAAA TCGGEGGEGCTC
CACCTCGACC CCAAAAAACT

TTCGAGATTT AGCCCCCGAG
GTGGAGCTGG GGTTTTTTGA

1471 TGATTAGGGT GATéGTTCAC
TTCGCCCTTT GACGTTGGAG

ACTAATCCCA CTACCAAGTG
AAGCGGGAAA CTGCAACCTC

1541 TCCACGTTCT TTAATAGTGG
CCCTATCTCG GTCTATTCTT

AGGTGCAAGA AATTATCACC
GGGATAGAGC CAGATAARGAA

1611 TTGATTTATA AGGGATTTTG
CTGATTTAAC AAAAATTTAA

AACTARATAT TCCCTAAAAC
GACTAAATTG TTTTTAAATT

1681 CGCGAATTTT AACARAATAT
GGGAAATGTG CGCGGAACCC

GCGCTTAAAA TTGTTTTATA
CCCTTTACAC GCGCCTTGGEG

1751 CTATTTGTTT ATTTTTCTAA
CAATAACCCT GATAAATGCT

GATAAACAAA TAAAAAGATT
GTTATTGGGA CTATTTACGA

1821 TCAATAATAT TGAAAAAGGA
CCCTTATTCC CTTTTTTGCG

AGTTATTATA ACTTTTTCCT
GGGAATAAGG GAAAARACGC

1891 GCATTTTGCC TTCCTGTTTT
AGATGCTGAA GATCAGTTGG

CGTAARACGG AAGGACAAAA
TCTACGACTT CTAGTCAACC

118/154
GCGTGGCTAG

TAAGCGCGGC

ATTCGCGCCG

TTTCGCTTTC

AAAGCGAAAG

CCTTTAGGGT

GGAAATCCCA

GTAGTGGGCC

CATCACCCGG

ACTCTTGTTC

TGAGAACAAG

CCGATTTCGG

GGCTAAAGCC

TAACGCTTAC

ATTGCGAATG

ATACATTCAA

TATGTAAGTT

AGAGTATGAG

TCTCATACTC

TGCTCACCCA

ACGAGTGGGT

CGGGAAGGGT

GGGTGTGGTG

CCCACACCAC

TTCCCTTCCT

AAGGGAAGGA

TCCGATTTAG

AGGCTAAATC

ATCGCCCTGA

TAGCGGGACT

CAAACTGGAA

GTTTGACCTT

CCTATTGGTT

GGATAACCAA

AATTTAGGTG

TTAAATCCAC

ATATGTATCC

TATACATAGG

TATTCAACAT

ATAAGTTGTA

GAAACGCTGG

CTTTGCGACC

Foa. s C

PCT/US01/43588

TGETCAACGCG

GTTACGCGCA

CAATGCGCGT

TTCTCGCCAC

AAGAGCGGTG

TGCTTTACGG

ACGAAATGCC

TAGACGGTTT

ATCTGCCAAR

CAACACTCAA

GTTGTGAGTT

AAAAAATGAG

TTTTTTACTC

GCACTTTTCG

CGTGAAAAGC

GCTCATGAGA

CGAGTACTCT

TTCCGTGTCG

AAGGCACAGC

TGAAAGTAAA

ACTTTCATTT
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1961 GTGCACGAGT GGGTTACATC
GAGAGTTTTC GCCCCGAAGA

CACGTGCTCA CCCAATGTAG
CTCTCAAAAG CGGGGECTTCT

2031 ACGTTTTCCA ATGATGAGCA
TATCCCGTAT TGACGCCGGE

TGCAAAAGGT TACTACTCGT
ATAGGGCATA ACTGCGRCCC

2101 CAAGAGCAAC TCGGTCGCCG
GTACTCACCA GTCACAGAAA

GTTCTCGTTG AGCCAGCGGC
CATGAGTGGT CAGTGTCTTT

2171 AGCATCTTAC GGATGGCATG
ACCATGAGTG ATAACACTGC

TCGTAGAATG CCTACCGTAC
TGGTACTCAC TATTGTGACG

2241 GGCCAACTTA CTTCTGACAA
TTTTGCACAA CATGGGGGAT

CCGGTTGAAT GAAGACTGTT
AAAACGTGTT GTACCCCCTA

2311 CATGTAACTC GCCTTGATCG
AAACGACGAG CGTGACACCA

GTACATTGAG CGGAACTAGC
TTTGCTGCTC GCACTGTGGT

2381 CGATGCCTGT AGCAATGGCA
CTACTTACTC TAGCTTCCCG

GCTACGGACA TCGTTACCGT
GATGAATGAG ATCGAAGGGC

2451 GCAACAATTA ATAGACTGGA
TGCGCTCGGC CCTTCCEGCT

CGTTGTTAAT TATCTGACCT
ACGCGAGCCG GGAAGGCCGA

2521 GGCTGGTTTA TTGCTGATAA
TATCATTGCA GCACTGGGGC

CCGACCARAT AACGACTATT
ATAGTAACGT CGTGACCCCE

2591 CAGATGGTAA GCCCTCCCGT
GCAACTATGG ATGAACGAAA

GTCTACCATT CGGGAGGGCA
CGTTGATACC TACTTGCTTT

2661 TAGACAGATC GCTGAGATAG
CAGACCAAGT TTACTCATAT

ATCTGTCTAG CGACTCTATC
GTCTGGTTCA AATGAGTATA

119/154

GAACTGGATC

CTTGACCTAG

CTTTTAAAGT

GAAAATTTCA

CATACACTAT

GTATGTGATA

ACAGTAAGAG

TGTCATTCTC

CGATCGGAGG

GCTAGCCTCC

TTGGGAACCG

AACCCTTGGC

ACAACGETTGC

TGTTGCAACG

TGGAGGCGGA

ACCTCCGCCT

ATCTGGAGCC

TAGACCTCGG

ATCGTAGTTA

TAGCATCAAT

GTGCCTCACT

CACGGAGTGA

TCAACAGCGG

AGTTGTCGCC

TCTGCTATGT

AGACGATACA

TCTCAGAATG

AGAGTCTTAC

AATTATGCAG

TTAATACGTC

-ACCGAAGGAG

TGGCTTCCTC

GAGCTGAATG

CTCGACTTAC

GCAAACTATT

CGTTTGATAA

TAAAGTTGCA

ATTTCAACGT

GGTGAGCGTE

CCACTCGCAC

TCTACACGAC

AGATGTGCTG

GATTAAGCAT

CTAATTCGTA

;:;'63. é/£;~13
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TAAGATCCTT

ATTCTAGGAA

GGCGCGGTAT

CCGCGCCATA

ACTTGGTTGA

TGAACCAACT

TGCTGCCATA

ACGACGGTAT

CTAACCGCTT

GATTGGCGAA

AAGCCATACC

TTCGGTATGG

AACTGGCGRA

TTGACCGCTT

GGACCACTTC

CCTGGTGAAG

GGETCTCGCGG

CCAGAGCGCC

GGGGAGTCAG

CCCCTCAGTC

TGGTAACTGT

ACCATTGACA
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Ncol (1255)
Actin Promoter - FAEs HindlII (1248)

pCOR deletion
Kpnl (6) Bgll (1127)
/ Xhol (17) BamHI (1095)

FULL KpnI EcoRI deletlon

ACTI PROMOTER FAEs
1259 bp

o~ o re

GGTACCGGGC CCCCCCTCGA GGTCATTCAT ATGCTTGAGA AGAGAGTCGG GATAGTCCAA AATAAAACAA
CCATGGCCCG GGGGGGAGCT CCAGTAAGTA TACGAACTCT TCTCTCAGCC CTATCAGGTT TTATTTTGIT

I

71 AGGTAAGATT ACCTGGTCAA AAGTGAAAAC ATCAGTTAAA AGGTGGTATA AGTAAAATAT CGGTAATAAA
TCCATTCTAA TGGACCAGTT TTCACTTTTG TAGTCAATTT TCCACCATAT TCATTTTATA GCCATTATTT

141 AGGTGGCCCA AAGTGAAATT TACTCTTTTC TACTATTATA AAAATTGAGG ATGTTTTGTC GGTACTTTGA
TCCACCGGGT TTCACTTTAA ATGAGAAAAG ATGATAATAT TTTTAACTCC TACAAAACAG CCATGAAACT

211 TACGTCATTT TTGTATGAAT TGGTTTTTAA GTTTATTCGC GATTTGGAAA TGCATATCTG TATTTGAGTC
ATGCAGTAAA AACATACTTA ACCAAAAATT CAAATAAGCG CTAAACCTTT ACGTATAGAC ATAAACTCAG

281 GGTTTTTAAG TTCGTTGCTT TTGTAAATAC AGAGGGATTT GTATAAGAAA TATCTTTAAA AAACCCATAT
CCAAAARTTC AAGCAACGAA AACATTTATG TCTCCCTAAA CATATTCTTT ATAGAAATTT TTTGGGTATA

~ o~~~

351 GCTAATTTGA CATAATTTTT GAGAAAAATA TATATTCAGG CGAATTCCAC AATGAACAAT AATAAGATTA
CGATTAAACT GTATTAAAAA CTCTTTTTAT ATATAAGTCC GCTTAAGGTG TTACTTGTTA TTATTCTAAT

421 AAATAGCITG CCCCCGTTGC AGCGATGGGT ATTTTTTCTA GTAAAATAAA AGATAAACTT AGACTCAAAA
TTTATCGAAC GGGGGCAACG TCGCTACCCA TAAAAAAGAT CATTTTATTT TCTATTTGAA TCTGAGTTTT
491 CATTTACAAA AACAACCCCT AAAGTCCTAA AGCCCAAAGT GCTATGCACG ATCCATAGCA AGCCCAGCCC
GTAAATGTTT TTGTTGGGGA TTTCAGGATT TCGGGTTTCA CGATACGTGC TAGGTATCGT TCGGGTCGGG
561 AACCCAACCC AACCCAACCC ACCCCAGTGC AGCCAACTGG CAAATAGTCT CCACCCCCGG CACTATCACC
TTGGGTTGGG TTGGGITGGG TGEGGGTCACG TCGGTTGACC GTTTATCAGA GGTGGGGGCC GTGATAGTGG

631 GTGAGTTGTC CGCACCACCG CACGTCTCGC AGCCAAAAAA AAAAAAAGAA AGRAAAAAAR GAAAAAGARA
CACTCAACAG GCGTGGTGGC GTGCAGAGCG TCGGTTTTTT TTTTTTTCTT TCTTITTTTT CTTTTTCTIT

701 AACAGCAGGT GGGTCCGGGT CGTGGGGGCC GGAAAAGCGA GGAGGATCGC GAGCAGCGAC GAGGCCCGGC

TTGTCGTCCA CCCAGGCCCA GCACCCCCGG CCTTTTCGCT CCTCCTAGCG CTCGTCGCTG CTCCGGGCCG
N ‘ _J

FIG. 50A
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771 CCTCCCTCCG CTTCCAAAGA AACGCCCCCC ATCGCCACTA TATACATACC CCCCCCTCTC CTCCCATCCC
GGAGGGAGGC GAAGGTTTCT TTGCGGGGGE TAGCGGTGAT ATATGTATGG GGGGGGAGAG GAGGGTAGGG

841 CCCRACCCTA CCACCACCAC CACCACCACC TCCTCCCCCC TCGCTGCCGG ACGACGAGCT CCTCCCCCCT
GGGTTGGGAT GGTGGTGGTG GTGGTGGTGG AGGAGGGGGGE AGCGACGGCC TGCTGCTCGA GGAGGGGGGA

911 CCCCCTCCGC CGCCGCCGGT AACCACCCCG CCCCTCTCCT CTTTCITTCT CCGITTITTT TTTCGTCTCG
GGGGGAGGCG GCGGCGGCCA TTGGTGGGGC GGGGAGAGGA GAAAGAAAGA GGCAAAAAAA AAAGCAGAGC

981 GTCTCGATCT TTGGCCITGG TAGTTTGGGT GGGCGAGAGC GGCITCGICG CCCAGATCGG TGCGCGGGAG
CAGAGCTAGA AACCGGAACC ATCAAACCCA CCCGCTCTCG CCGAAGCAGC GGGTCTAGCC ACGCGCCCTC

1051 GGGCGGGATC TCGCGGCTGG CGTCTCCGGG CGTGAGTCGG CCCGGATCCT CGCGGGGAAT GGGGCTCTCG
CCCGCCCTAG AGCGCCGACC GCAGAGGCCC GCACTCAGCC GGGCCTAGGA GCGCCCCTTA CCCCGAGAGC

NN~~~

1121 GATGTAGATC TTCTTTCTTT CTTCITITTG TGGTAGAATT TGAATCCCTC AGCATTGTTC ATCGGTAGTT
CTACATCTAG AAGAARAGAAA GAAGAAARAC ACCATCTTAA ACTTAGGGAG TCGTAACAAG TAGCCATCAA

HindIII Ncol

L N L L

1191 TTTCTTTTCA TGATTTGTGA CAAATGCAGC CTCGTGCGGA GCTTTTTTGT AGGTAGAAGC TTACCATGG
AAAGAAAAGT ACTAAACACT GTTTACGTCG GAGCACGCCT CGRAAAAACA TCCATCTTCG AATGGTACC

KpnI-EcoRI - deletion underlined and restored NCO site in bold in vectors pJQ4.9,
pJQ3.2 and pJO6.3.

FIG._50B
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ALEURAIN_deleted NPIR (Apoplast) Structure and Sequence

HindII (2) Nofl (87)
_~Neol (9) ALE-CUT

iR 3 RAATIA 0 OIS a7 RAEISIEIN AT AL A 2 RSAS ey
€ e e R s

ALEURAIN-NPIR-DEL
93 bp

+1 M A HA RVL L LAL AVL ATA AVZA
HindIII Ncol

1 AAGCTTACCA TGGCCCACGC CCGCGTCCTC CTCCTGGCGC TCGCCGTGCT GGCCACGGCC GCCGTCGCCE
TTCGAATGGT ACCGGGTGCG GGCGCAGGAG GAGGACCGCG AGCGGCACGA CCGGTGCCGG CGGCAGCGGC

+1V A 8 8§ R A A
NotI

N S L T

71 TCGCCTCCTC CCGCGCGRCC GCC
AGCGGAGGAG GGCGCGCCGG CGG

FIG. 51
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SEE1 ( Senescence enhanced ) PROMOTER sequence

1

71
141
211
281

351
421

491
561
631

. 701
771
841

PCT/US01/43588

CATGGGCCAG GTATAATTAT GGGATATCTC AAGCAAATAA TCGARATATC ACCATTGGCT

AGCTCCGAGT
ACCTACAGGA
TGCCGCCGTT
ATGTCTTGGC

AATCAGCTCA
TGGAAAAGAA

TCAGATTCCC

CTAATTAATT

PstI

~

TCTGACTGCA
GTGCGACACT
GTCCATTCCA
GGAGAGAGAG
Smal
GCTCCCGGGA
CCTCCGTTGC

~

GTCTGGATGA CGCGTGTTGT
TGTGGACTGT AGTAGTGTTG
ACGGCATCAC TCTCAACCAA
TACATACATG CIGTCGCGCC

GCTCACTCAT TCAAGATCCC
TCGGATGAGT CAGCCATATC
Sphl

o~~~

CCAATAGAGA AAGTATAGCA TGCTTTCGGG
TTGGAGTTGA ATGCTGATTT GTTGTGTAAA ATGCCCAACC

TATAGCAAGA

TTCTGTAGTG CACATCGCAA

PstI

o~

TCATCAGCCT
CCCCGGCACC
GTAAAATACT

GAAACACTCT
GGGACGCGAG
GTTGCCCACT

~ a2 b

GCAGAGCCTG AAGCAAGTGG
CTCCCGCCTA CCAGTACCAT
CGCCGGCGAG ATG

FIG._52

Xbal

ATCTAGAACT
GAGACGGAGC
TCACGCGCTC
GTTTTTGTCT

ATCGTCGTCG
CCCGRACAGA

TTTTGTTTGG
ATCTGAATAT
ATATCTTTCT

TGAAGCGTGG
CTCGCCTCGC

Xbal

R

-~~~

CTAGATAGCA
TCTTTCCTAC
CCAACAAAAT
GAATCTCGCT

TCACCCCTGG
GTACTGCRAG

CTTAATTGAC
CGAGACGGAT
GGGCATTACA

ACAATATCTG

CAGCCACAGC
CTCCTGACGT
ATCGTCCCCC
TCCACTGGCC

CGTCATGGGA
ATAACCCAAT

TTTATTTTTG
AATAGGCTGG
GCTGGAGGCT

CGATGAGATG
TCceeceTaee

GGTATAAAAC
GGACGACCCA

SEEI ( Senescence enhanced ) PROMOTER plus vacuolar aleurain SIGNAL/NPIR sequence

1

71
141
211
281

351
421

491
561
631

701
771

841

911

981

CATGGGCCAG GTATAATTAT GGGATATCTC AAGCAAATAA TCGAAATATC ACCATTGGCT ACAATATCTG

PstI

s

AGCTCCGAGT
ACCTACAGGA
TGCCGCCGTT
ATGTCTTGGC
' Smal
AATCAGCTCA

TGGAAAAGAA CCTCCGTTGC

TCAGATTCCC
TTGGAGTTGA
CTAATTAATT

TCTGACTGCA GTCTGGATGA CGCGTGTTGT
GTGCGACACT TGTGGACTGT AGTAGTIGTTG
GTCCATTCCA ACGGCATCAC TCTCAACCAA
GGAGAGAGAG TACATACATG CTGTCGCGCC

GCTCCCGGGA GCTCACTCAT TCAAGATCCC

TCGGATGAGT CAGCCATATC
SphI

I~~~ o~~~

CCAATAGAGA AAGTATAGCA TGCTTTCGGG
ATGCTGATTT GTTGTGTAAA ATGCCCAACC
TATAGCAAGA TTCTGTAGTG CACATCGCAA

Pstl

NN A~

TCATCAGCCT
CCCCGGCACC

GTAAAATACT

A T A
TGGCCACCGC
NotI
-A A
GGCCGCC
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