
POLYPEPTIDES AND BIOSYNTHETIC PATHWAYS CROSS-REFERENCE TO RELATED
APPLICATION This application claims priority to U.S. Patent
Application 601374,831 filed April 23, 2002. FIELD       This
disclosure provides polypeptides and biosynthetic pathways that are
useful in the production of indole-3-pyruvate, 2-hydroxy
2-(indo1-3ylmethyl)-4-keto glutaric acid (MP) and/or rnonatin.
BACKGROUND Indolepyntvate.       Indole-3-pyruvate is a strong
antioxidant that is believed to counter act oxidative stress in
tissues with high oxygen concentrations (Poliii etal. "Recent
advances in Tryptophan Research", 15edited by G. A. Filippini et at
Plenum Press, New York, 1996, pp 291-8). Indole pyruvate also is an
intermediate in a pathway to produce indole-acetic acid (IAA), the
primary plant growth hormone auxin (diffusible growth promoting
factor). IAA is active in submkrogram amounts in a range of
physiological processes including apical dominance, tropisms, shoot
elongation, induction of cambial cell division, and root initiation.
Synthetic auxins are used in horticulture to induce rooting and to 20
promote the set and development of fruit. At high concentrations the
synthetic auxins are effective herbicides against broad-leafed
plants..Natural auxins produced by fermentation may be considered
more environmentally friendly than chemically produced herbicides.
Growth regulators had world sales in 1999 of 0.4 billion pounds*(1.4
billion U.S. dollars).          Some examples of patents on indole
acetic acid and derivatives thereof include: US Patent 25No.
5,843,782 Micropropagation of rose plants, auxin used in culture
mediu.m andUS 5,952,231 Patent No. Micropropagation of rose plants.
In addition to plant related utilities, indole acetic acid is useful
in pharmaceutical applications. For example, US Patent No. 5,173,497
"Method of preparing alpha-oxopyrrolo[2,3- Blindole acetic acids and
derivatives" proposen the use of these compounds in the treatment of
30memory impairment such as that associated with Alzheimer's disease
and senile dementia. The mechanism proposed in US Patent No.
5,173,497 is that these compounds inhibit the polypeptide
acetylcholinesterase and increase acetylcholine levels in the brain.
Indole-3-carbinol is produced from indole-3-acetic acid by
peroxidase-catalyzed oxidation, and can easily be converted into
diindolylmethane. Both compounds are reported to eliminate toxins
35and promote the production of hormones beneficial to Women's
health. Byptophan Derivatives Chlorinated D-tryptophan has been
identified as a nonnutritive sweetener, and there is increasing
interest in pursuing other derivatives as well: Monatin is a natural
swtetener that is similar  in composition to the amino acid
tryptophan. It can be extracted from the bark of the roots of the
South African shrub, Scleroclziton ilicifolius, and has promise in
the food and beverage industry as a high-intensity sweetener. Some
examples of patents on monatin include. US Patent No. 5994559
Synthesis of monafin-A high intensity natural sweetener, US Patent
No. 4975298 3-(l-amino-1,3-  5 dicarboxy-3-hydroxy-but-4-y1)-indole
compounds, US Patent No. 5128164 Composition for human consumption
containing 3-(1-amino-1,3-dicarboxy-3-hydroxy-but-4-yI)-indole
compounds; and US Patent No 5128482 Process for the production of
3-1(1-amino-1,3-dicarboxy-3-hydroxy-but-4-y1) indole.            Some
of the precursors of monatin described here can also be useful as
synthetic sweeteners 10or as intermediates in the synthesis of
monatin derivatives. SUMMARY .The disclosure provides several



15hydroxy 2-(indole-3-ylmethyl)-4-keto glutaric acid. Polypeptides
and nucleic acid sequences that can be used to make monatin,
indole-3:pyruvate, and 2-hydroxy 2-(indole-3-ylmethyl)-4-keto
glutaric acid are disclosed.        Monatin can be produced through
indole-3-pyruvate, 2-hydroxy 2-(indole-3-ylmethyl)-4- keto glutaric
acid (monatin precursor, MP, the .alpha-keto form of monatin),
indole-3-lactic acid, 20tryptophan, and/or glucose (FIG. 1). Methods
of producing or making monatin or its intermediates shown in FIGS.
1-3 and 11-13 that involve converting a substrate to a first
prochict, and then converting the first product to a second product,
and so on, until the desired end product is created, are disclosed.
FIGS. 1-3 and 11-13 show potential intermediate products and end
products in boxes. For 25example, a conversion from one product to
another, such as glucose to tryptophan, llyptophan to
indole-3-pyruvate, indole-3-pyruvate to MP, MP to monatin, or
indole-3-lactic acid (indole-laciate) to indole-3-pymvate, can be
performed by using these methods. These conversions can be
facilitated chemically or biologically. The term "convert" refers to
the use of either chemical means or polypeptides in a reaction whieh
changes a first intermediate to a second intermediate. The term'
30"chemical conversion" refers to reactions that are not actively
facilitated by polypeptides; The term . "biological conversion"
refers to reactions that are actively facilitated by polypeptides.
ConVersions can take place in vivo or in VitTO. When biological
conversions are used the polypeptides and/or cells can be immobilized
on supports such as by chemical attachment on polymer supports. The
conversion can be accomplished using any reactor blown to one of
ordinary skill in the art, for 35example in a batch or a continuous
reactor.       Methods are also provided that include contacting a
first polypeptide with a substrate and making a first product, and
then contacting the first product created with a second Polypeptide
and creating a second product, and then contacting the second product
created with a third polypeptide  and creating a third product, for
example monatin. The polypeptides used and the products produced are
shown in FIGS. 1-3 and 1113. Polypeptides, and their coding
sequences, that can be used to perform the conversions shown in FIGS.
1-3 and 11-13 are disclosed. In some examples, polypeptides having
one or more 5point mutations that allow the substrate specificity
and/or activity of the polypeptides to be modified, are used to make
monatin.        Isolated and recombinant cells that produce monatin
are disclosed. These cells can be any cell, such as a plant, animal,
bacterial, yeast, algal, archaeal, or fungal cell.  In a particular
example, the disclosed cells include one or more of the following
activities, 10for example two or more or three or more of the
following activities: tryptophan aminotransferase (EC 2.6.1.27),
tyrosine (aromatic) aminotransferase (EC 2.6.1.5), multiple substrate
aminotransferase (EC 2.6.1.-), aspartate aminotransferase (EC
2.6.1.1), ttyptophan dehydrogenase (EC 1.4.1.19),
tryptophan-phenylpyruvate transaminase (EC 2.6.1.28), L-amino acid
oxidase (EC 1.4.3.2), tryptophan coddase (no EC number, Hadar et at,
.T. Bacterial 125:1096-1104, 1976 and Furuya et al., 15Biosci
Biotechnol Bloch= 64:1486-93,2000), D-31110 acid dehydrogenase (EC
1.4.99.1), D-amino acid oxidaSe (EC 1.4.3.3), D-alanine
arninotransferase (EC 2.6.1.21), synthase/lyase (EC 4.1.3.-), such as
4-hydroxy-4-methyl-2-oxoglutarate aldolase (EC 4.1.3.17) or



synthase/lyase (4.1.2.-), tryptophan dehydrogenase (EC 1.4.1.19),
tryptophan-phenylpyruvate transaminase (EC 2.6.1.28), tryptophan
aminotransferase (EC 2.6.1.27), tyrosine (aromatic)
30aminotransferase (EC 2.6.1.5), multiple substrate aminotransferase
(EC 2.6.1.-), aspartate aminotransferase (EC 2.6.1.1), phenylalanine
dehydrogenase (EC 1.4.1.20), glutamate dehydrogenase (EC 14.1.2,
1.4.1.3, 1.4.1.4), D-amino acid dehydrogenase (BC 1.4.99.1),
D-tryptophan aminotransferase, and/or D-alanine aminotransferase (EC
2.6.1.21). In addition, the disclosed cells can include one or more
of the following activities, for 35example two or more or three or
more of the following activities: tryptophan aminotransferase (BC
2.6.1.27), tyrosine (aromatic) aminotransferase (EC 2.6.1.5),
multiple substrate aminotransferase (EC       aspartate
aminotransferase (BC 2.6.1.1), tryptoPhan dehydrogenase (EC
1.4.1.19), tryptophan-phenylpyruvate transaminase (EC 2.6.1.28),
L-amino acid coddase (EC 1.4.3.2), tryptophan oxidase (no EC number),
D-amino acid dehydrogenase (BC 1.4.99.1),t-amino. acid  -4- oxidase
(EC 1.4.3.3), D-alanine aminotransferase (EC 2.6.1.21), indolelactate
dehydrogenase (EC 1.1.1.110), R-4-hydroxyphenyllactate dehydrogenase
(EC 1.1.1.222), 3-(4)-hydroxyphenylpyruvate reductase (EC 1.1.1.237),
lactate dehydrogenase (EC 1.1.1.27, 1.1.1.28, 1.1.2.3),
(3-iraidazol-5-y1) lactate dehydrogenase (EC 1.1.1.111), lactate
oxidase (EC 1.1.3.-), synthase/Iyase (4.1.3.-) such as 4-
5hydroxy-4-methyl-2-oxoglutarate aldolase (EC 4.1.3.17) or
4-hydroxy-2-oxoglutarate aldolase (EC 4.1.3.16), synthase/Iyase
(4.1.2.-), glutamate dehydrogenase (EC 1.4.1.2, 1.4.1.3, 1.4.1.4),
phenylalanine dehydrogenase (EC 1.4.1.20), and/or D-tryptophau
aminotransferase:       Monatfit can be produced by a method that
includes contacting tryptophan and/or indole-3- lactic acid with a
first polypeptide, wherein the first polypeptide converts tryptophan
and/or indole-3-  10 lactic acid to indole-3-pyruvate (either-the D
or the L form of tryptophan or indole-3-lactic acid can be used as
the substrate that is converted to indole-3-pyruvate; one of skill in
the art will appreciate that the polypeptides chosen for this step
ideally exhibit the appropriate specificity), contacting the
resulting indole-3-pyruvate with a:second polypeptide, wherein the
second polypeptide converts the indole-3-pymvate to 2-hydroxy
2-findo1-3-ylmethy0-4-keto glutaric acid (MP); and contacting the
15MP with a third polypeptide, wherein the third polypeptide converts
MP to monatin. Exemplary polypeptides that can be used for these
conversions are shown in FIGS. 2 and 3.       Another aspect of the
invention provides compositions such as MP, cells that contain at
least two polypeptides, or sometimes at least three or at least four
polypeptides, that are encoded on at least one exogenous nucleic acid
sequence. 20These and other aspects of the disclosure are apparent
from the following detailed description and illustrative examples.
BRIEF DESCRIPTION OF THE FIGURES 25FIG. 1 shows biosynthetic pathways
used to produce monatin and/or indo1e-3-pyruvate. One pathway
produces indole-3-pytuvate via tryptophan, while another produces
indole-3-pyrevate via indole-3-lactic acid. Monatin i subsequently
produced via a 2-hydroxy 2-(indo1-3)11methy0-4- keto glutaric acid
(MP) intermediate.              Compounds shown in boxes are
substrates and products produced in the biosynthetic . 30pathways:
Compositions adjacent to the arrows are cofactors, or reactants that
can be used during the conversion of a substrate to a product. The



allowing for the conversion between the substrates are listed
adjacent to the arrow between the substrates. Each polypeptide is
described by its common name and an enzymatic class (EC) number.
5FIG. 4 shows one possible reaction for making MP via chemical means.
FIGS. 5A and 5B are chromatograms showing the LC/MS identification of
monatin produced enzymatically. FIG. 6 is an electrospray mass
spectrum of enzymatically synthesized monatin.            FIGS. 7A
and 7B show chromatograms of the LC/MS/MS daughter ion analyses of
monatin 10produced in an enzymatic mixture.       FIG. 8 is a
chromatogram showing the high resolution mass measurement of monatin
produced enzymatically.       FIGS. 9A-9C are chromatograms showing
the chiral separation of (A) R-tryptophan, (B) 5:- tryptophan, and
(C) monatin produced enzymatically. 15FIG. 10 is a bar graph showing
the relative amount of monatin produced in bacterial cells following
rPTG induction. The (-) indicates a lack of substrate addition (no
tryptophan or pyruvate was added).       FIGS. 11-12 are schematic
diagrams showing pathways used to increase the yield of monatin
produced from tryptophan or indole-3-pyruvate. 20FIG. 13 is a
schematic diagram showing a pathway which can be used to increase the
yield of manakin produced from typtophan or indole-3-pyruvate.
SEQUENCE LISTING The nucleic and amino acid sequences listed in the
accompanying sequence listing are  25 shown using standard letter
abbreviations for nucleotide bases, and three-letter code for amino
acids. Only one strand of each nucleic acid sequence is shown, but
the complementary strand is understood to be included by any
reference to the displayed strand. SEQ ID NOS: 1 and 2 show the
nucleic acid and amino acid sequences of an      aminotransferase
from Sinorhizobitan- me/goti; respectively (tatA gene, called a
tyrosine or aromatic 30aminotransferase in literature). SEQ ID NOS: 3
and 4 show the nucleic acid and amino acid sequences of a tyrosine
aminotransferase from Rhodobacter sphaeroides (2.4.1), respectively
(by homology with tatA (SEQ ID NOS: 1 and 2), predicted to be an
"aspartate aminotransferase" by genomics software). SEQ ID NOS: 5 and
6 show the nucleic acid and amino acid sequences of an
35aminotransferase from Rhodobacter sphaeroides (35053),
trespectively (novel, cloned based on 2.4.1 sequence SEQ ID NOS 3 and
4). SEQ ID NOS: 7 and 8 show the nucleic acid and amino acid
sequences of a - broad substrate aminotransferase (bsat) from
Leislomaizia major, respectively.  SEQ ID NOS: 9 and 10 show the
nucleic acid and amino acid sequences of an aromatic
aminotransferase (arca) from Bacillus =brills, respectively. 



SEQ lED NOS: 11 and 12 show novel nucleic acid and amino acid
sequences of an aromatic ami:aotransferase (aria) from Lactobacillus
amylovorus, respectively (by homology identified as an 5aromatic
aminotransferase). SEQ ID NOS: 13 and 14 show the nucleic acid and
amino acid sequences of a multiple stibstrate aminotransferase (visa)
from R. sphaeroides (35053), respectively (identified as a multiple
substrate aminotransferase by homology to Accession No.
AAAE01000093.1, bp 14743- 16155 and Accession No. ZP00005082.1).
10SEQ ID NOS: 15 and 16 show primers used to clone the B. subtilis
D-alanine aminotransferase (dat) sequence. SEQ ED NOS: 17 and 18 show
primers used to clone the S. meliloti tatA sequence.       SEQ ID
NOS: 19 and 20 show primers used to clone the B. subalis
araTaminotransferase sequence. 15SEQ ED NOS: 21 and 22 show primers
used to clone the Rhodobacter sphaero ides (2.4.1 and 35053) multiple
substrate aminotransferase sequences.    SEQ ID NOS: 23 and 24 show
primers used to clone the Leishnzania major bsat sequence. SEQ ED
NOS: 25 and 26 show primers used to clone the Lactobacillus
antyloyorus araT sequence. 20SEQ ID NOS: 27 and 28 show primers used
to clone the R. sphaeroides tatA sequences (both 2.4.1 and 35053).
SEQ ID NOS: 29 and 30 show primers used to clone the E. colt aspC
sequence (gene sequence Genbank Accession No.: A_E000195.1, protein
sequence Genbank Accession  No.:AAC74014.1). 25SEQ ID NOS: 31 and 32
show the nucleic acid and amino acid sequences of aromatic
aminotransferase (tyrB) from E. oak respectively.    SEQ ID NOS: 33
and 34 show primers used to clone the E. colt tyrB sequence. SEQ ID
NOS: 35-0 show primers used to clone polypeptides with 4-hydroxy-2-
oxoglutarate aldolase (KHG) (EC 4.1.3.16) activity. 30SEQ JD NOS: 41
and 42 show the nucleic acid sequences of tryptophainse Ona) from E.
colt and tyrosine phenol-lyase (3i/) from Citrobacterfreundii, coding
for proteins P00913 (GI:401195) and P31013 (01:401201), respectively.
SEQ EL) NOS: 43 -.46 show primers used to clone tryptophanase
polypeptides andptyrosinase (tyrosine phenol-lyase) polypeptides.
35SEQ In NOS: 47 - 54 show primers used to mutate tryptophanase
polypeptides and 13- tyrosinase polypeptides.       SEQ ID NOS: 55-64
show primers used to clone polypeptides with 4-hydroxy-4-methyl-2-
oxoglutarate aldolase (EC 4.1.3.17) activity.        SEQ ID NOS: 65
and 66 show the nucleic acid and amino acid sequences of 4-hydroxy-4-
methy1-2-oxoglutarate aldolase (proA) from C. testosteroni,
respectively.       SEQ I0 NOS: 67-68 show primers used to clone C.
testosteroni 4-hydroxy-4-methy1-2- oxoglutarate aldolase (proA) in an
operon with E. colt aspC in pET30 Xa/LIC. SEQ ID NOS: 69-72 show
primers used to clone E. coil aspC and C testosteroni proA in
pESC-his'. SEQ ID NOS: 73-74 show sequences added to the 5' end of
primers used to clone the genes disclosed herein. 



10DETAILED DESCRIPTION OF SEVERAL EMBODIMENTS Abbreviations and Terms
The following explanations of terms and methods are provided to
better describe the present disclosure and to guide those of ordinary
skill in the art in the practice of the present disclosure. As used
herein, "comprising" means "including" and the singular forms "a" or
"an" or "the" include  15 plural references unless the context
clearly dictates otherwise. For example, reference to "comprising a
protein" includes one or a plurality of such proteins, and reference
to "comprising the cell" includes reference to one or more cells and
equivalents thereof known to those skilled in the art, and so forth.
Unless explained otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood to one of
ordinary skill in the art to which this disclosure belongs.
20Although methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the
present disclosure, suitable methods and materials are described
below. The materials, methods, and examples are illustrative only and
not intended to be limiting. Other features and advantages of the
disclosure are apparent from the following detailed description and
the claims. cDNA (complementary DNA): A piece of DNA lacking
internal, non-coding segments 25(introns) and regulatory sequences
which determine transcription. cDNA can be synthesized in the
laboratory by reverse transcription from messenger RNA extracted from
cells.        Conservative substitution: One or more amino acid
substitutions (for example 2, 5, or 10 residues) for amino acid
residues having similar biochemical properties. Typically,
conservative substitutions have little to no impact on the activity
of a resulting polypeptide. For example, ideally, 30a tryptophan
aminotransferase polypeptide including one or more conservative
substitutions retains tryptophan aminonansferase activity. A
polypeptide can be produced to contain one or more conservative
substitutions by manipulating the nucleotide sequence that encodes
that polypeptide using, for example, standard procedures such as
site-directed mutagenesis or PCR. Substitutional variants are those
in which at least one residue in the amino acid sequence has 35been
removed and a different residue inserted in its place. Examples of
amino acids which may be substituted for an original amino acid in a
protein and which are regarded as conservative substitutions include:
Ala substituted with ser or thr; arg substituted with gln, his, or
lys; as:a substituted with glu, gin, lys, his, asp; asp substituted
with asn, gin, or gin; cys substituted with ser or ala- gin
substituted with asm gin lys. his, asp, or arg; glu substituted with
asn, gin lys, or asp; gly  substituted with pro, his substituted with
asn, lys, gin, arg, tyr; ile substituted with leu, met, val, phe; leu
substituted with ile, met, val, phe; lys substituted with asn, glu,
gin, his, arg; met substituted with ile, leu, val, phe; phe
substituted with tip, tyr, met, ile, or leu; ser substituted with
thr, ala; thr substituted with ser or ala; trp substituted with phe,
tyr; tyr substituted with his, phe, or tip; and val substituted with
met, ile, leu.       Further information about conservative
substitutions can be found in, among other locations, Ben-Bassat et
al., (J. Bacteria. 169:751-7, 1987), 01Regan et at, (Gene 77:237-51,
1989), Sahin- Toth et at, (Protein Set. 3:240-7, 1994), Hochuli et
at, (Biotrechnology 6:1321-5, 1988), WO 00/67796 (Curd et at) and in
standard textbooks of genetics and molecular biology. 10Exogenous:



Examples of sequence alterations include, but are not limited to,
conservative substitutions, deletions, mutations, frameshifts, and
insertions. In one example, a given polypeptide binds an antibody,
and a functional equivalent is a polypeptide that binds the same
antibody. Thus a 25functional equivalent includes peptides that have
the same binding specificity as a polypeptide, and that can be used
as a reagent in place of the polypeptide. In one example a functional
equivalent includes a polypeptide wherein the binding sequence is
discontinuous, wherein the antibody binds a  linear epitope. Thus, if
the peptide sequence is MPELANDLGL (amino acids 110 of SEQ NO:  12) a
functional equivalent includes discontinuous epitopes, that can
appear as follows (**=any 30 number of intervening amino acids): NH2
-**-M**P**E**L**A**N**D**L**GnL-COOH. In this example, the
polypeptide is functionally equivalent to amino acids 1-10 of SEQ ID
NO: 12 if the three dimensional structure of the polypeptide is such
that it can bind a monoclonal antibody that binds amino acids 1-10 of
SEQ ID NO: 12. Hybridization: The term "hybridization" as _used
herein refers to a method of testing for 35complementarity in the
nucleotide sequence of two nucleic acid molecules, based on the
ability of complementary single-stranded DNA and/or RNA to form a
duplex molecule. Nucleic acid hybridization techniques can be used to
obtain an isolated nucleic acid within the scope of the disclosure.
Briefly, any nucleic acid having some homology to a sequence set
forth in SEQ ID NO:  11 can be used as a probe to identify a similar
nucleic acid by hybridization under conditions of  -9- moderate to
high stringency. Once identified, the nucleic acid then can be
purified, sequenced, and analyzed to determine whether it is within
the scope of the present disclosure.       Hybridization can be done
by Southern or Northern analysis to identify a DNA or RNA sequence,
respectively, that hybridizes to a probe. The probe can be labeled
with a biotin, digoxygenin, a polypeptide, or a radioisotope such as
32P. The DNA or RNA to be analyzed can be electrophoretically
separated on an agarose or polyacrylamide gel, transferred to
nitrocellulose, nylon, or other suitable membrane, and hybridized
with the probe using standard techniques well blown in the art such
as those described in sections 7.39-7.52 of Sambrook et al., (1989)
Molecular Cloning, second edition, Cold Spring Harbor Laboratory,
Plainview, NY. Typically, a probe is at 10least about 20 nucleotides
in length. For example, a probe corresponding to a contiguous 20
nucleotide sequence set forth in SEQ ID NO: 11 can be used to
identify an identical or similar nucleic acid. In addition, probes
longer or shorter than 20 nucleotides can be used.       The
disclosure also provides isolated nucleic acid sequences that are at
least about 12 bases in length (e.g., at least about 13, 14, 15, 16,
17, 18, 19, 20, 25, 30, 40, 50, 60, 100, 250, 500, 750, 151000, 1500,
2000, 30(30, 4000, or 5000 bases in length) and hybridize, under
hybridization conditions, to the sense or antisense strand of a
nucleic acid having the sequence set forth in SEQ ID NO: 11. The
hybridization conditions can be moderately or highly stringent
hybridization conditions.       For the purpose of this disclosure,
moderately stringent hybridization conditions mean the hybridization
is performed at about 42C in a hybridization solution containing 25
mM KPO4 (pH 207.4), 5X SSC, 5X Denhart's solution, 50 ug/mL
denatured, sonicated salmon sperm DNA, 50% formamide, 10% Dextran
sulfate, and 1-15 ng/mL probe (about 5x102 cpm/m), while the washes



occurring genome of the organism from which it is derived. For
example, an isolated nucleic acid can be, without limitation, a
recombinant DNA molecule of any length, provided one of the nucleic
acid sequences normally found immediately flanking that recombinant
DNA molecule in a naturally-occurring genome is removed or absent.
Thus, an isolated nucleic acid includes, without limitation, a
35recombinant DNA that exists as a separate molecule (e.g., a cDNA or
a genonaic DNA fragment produced by PCR or restriction endonuclease
treatment) independent of other sequences as well as recombinant DNA
that is incorporated into a vector, an autonomously replicating
piasmid, a virus (e.g., a retrovirus, adenovirus, or herpes virus),
or into the genomic DNA of a prokaryote or eukarvote. In addition, an
isolated nucleic acid can include a recombinant DNAmolecule that is
part  -10-- of a hybrid or fusion nucleic acid sequence.       The
term "isolated" as used herein with reference to nucleic acid also
includes any nonnaturally-occurring nucleic acid since
non-naturally-occurring nucleic acid sequences are not found in
nature and do not have immediately contiguous sequences in a
naturally-occurring genome. For example, non-naturally-occurring
nucleic acid such as an engineered nucleic acid is considered to be
isolated nucleic acid. Engineered nucleic acid can be made using
common- molecular cloning or chemical nucleic acid synthesis
techniques. Isolated non-naturally-occurring nucleic acid can be
independent of other sequences, or incorporated into a vector, an
autonomously replicating plasmid, a virus (e.g., a retrovirus,
adenovirus, or herpes virus), or the genomic DNA of a prokaryote or
10eulcaryote. In addition, a non-naturally-occurring nucleic acid can
include a nucleic acid molecule that is part of a hybrid or fusion
nucleic acid sequence.  It will be apparent to those of skill in the
art that a nucleic acid existing among hundreds to millions of other
nucleic acid molecules within, for example, cDNA or genomic
libraries, or gel slices containing a genomic DNA restriction digest
is not to be considered an isolated nucleic acid. 15Nucleic acid: The
term "nucleic acid" as used herein encompasses both RNA and DNA
including, without limitation, cDNA, genomic DNA, and synthetic
(e.g., chemically synthesized) DNA. The nucleic acid can be
double-stranded or single-stranded. Where single-stranded, the
nucleic acid can be the sense strand or the antisense strand. In
addition, nucleic acid can be circular or linear. 20Operably linked:
A first nucleic acid sequence is "operably linked" with a second
nucleic acid sequence whenever the first nucleic acid sequence is
placed in a functional relationship with the second nucleic acid
sequence. For instance, a promoter is operably linked to a coding
sequence if the promoter affects the transcription of the coding
sequence. Generally, operably linked DNA    sequences are contiguous
and, where necessary to join two polypeptide-coding regions, in the
same 25reading frame.      Peptide Modifications: The present
disclosure includes enzymes; as well as synthetic embodiments thereof
In addition, analogues (non-peptide organic molecules), derivatives
(chemically functionalized peptide molecules obtained starting with
the disclosed peptide sequences)  and variants (homologs) having the
desired enzymatic activity can be utilized in the methods 30described
herein. The peptides disclosed herein include a sequence of amino
acids, that can be either. L- and/or D- amino acids, naturally
occurring and otherwise. Peptides can be modified by a variety of



10of this disclosure to select and provide confomational constraints
to the structure that result in  enhanced stability. For example, a
C- or N-terminal cysteine can be added to the peptide, so that when
oxidized the peptide will contain a disulfide bond, generating a
cyclic peptide. Other peptide cyclizing methods include the formation
of thioethers and carboxyl- and amino-terminal amides and esters.
15Pepfidomimetic and organomimetic embodiments are also within the
scope of the present disclosure, whereby the three-dimensional
arrangement of the chemical constituents of such peptidoand
organomimetics mimic the three-dimensional arrangement of the peptide
backbone and component amino acid side chains, resulting in such
peptido- and organomimetics of the proteins of this disclosure having
detectable enzyme activity. For computer modeling applications, a
20pharmacophore is an idealized, three-dimensional definition of the
structural requifements for biological activity. Peptide- and
organomimetics can be designed to fit each pharrnacophore with
current computer modeling software (using computer assisted drug
design or CADD). See Walters, , "Computer-Assisted Modeling of
Drugs", in Klegemian & Groves (eds.), Pharmaceutical Biotechnology,
1993, Interphann Press: Buffalo Grove, IL, pp. 165-74 and Ch. 102 in
Munson (ed.), 25Principles of Pharmacology, 1995, Chapman & Hall, for
descriptions of techniques used in CADD. Also included within the
scope of the disclosure are mimetics prepared using such techniques.
In one  example, a mimetic mimics the enzyme activity generated by an
enzyme or a variant, fragment, or fusion thereof. Probes and primers:
Nucleic acid probes and primers can be prepared readily based on the
30amino acid sequences and nucleic acid sequences provided herein. A
"probe" includes an isolated nucleic acid containing a detectable
label or reporter molecule. Exemplary labels include, but are not
limited to, radioactive isotopes, ligands, chemiluminescent agents,
and polypeptides. Methods for labeling and guidance in the choice of
labels appropriate for various purposes are discussed in, for
example, Sambrook et al. (ed.), Molecular Cloning: A Laboratory
Manual 2nd ed., vol. 1-3, Cold 35Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y., 1989, and Ausubel et al. (ed.) Current Protocols
in Molecular Biology, Greene Publishing and Wiley-Interscience, New
York (with periodic updates), 1987.       "Primers" are typically
nucleic acid molecules having ten or more nucleotides (e.g., nucleic
acid molecules having between about 10 nucleotides and about 100
nucleotides). A primer can be  -12- annealed to a complementary
target nucleic acid strand by nucleic acid hybridization to form a
hybrid between the primer and the target nucleic acid strand, and
then extended along the target nucleic acid strand by, for example, a
DNA polymerase polypeptide. Primer pairs can be used for
amplification of a nucleic acid sequence, for example, by the
polymerase chain reaction (PCR) or other nucleic-acid amplification
methods known in the art. Methods for preparing and using probes and
primers are described, for example, in references such as Sambrook et
at (ed.), Molecular Cloning: A Laboratory Manual, 2nd ed., vol. 1-3,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989;
Ausubel et at (ed.), Current Protocols in Molecular Biology, Greene
Publishing and Wiley-Interscience, New York (with periodic
10updates), 1987; and Innis et aL (eds.), PR Protocols: A Guide to
Methods and Applications, Academic Press: San Diego, 1990. PCR primer
pairs can be derived from a known sequence, for example, by using



Promoter: An array of nucleic acid control sequences which direct
transcription of a nucleic acid. A promoter includes necessary
nucleic acid sequences near the start site of transcription, such as,
in the case of a polymerase H type promoter, a TATA element. A
promoter  can include distal enhancer or repressor elements which can
be located as much as several thousand 30base pairs from the start
site of transcription.        Purified: The term "purified" as used
herein does not require absolute purity; rather, it is intended as a
relative term. Thus, for example, a purified polypeptide or nucleic
acid preparation can be one in which the subject polypeptide or
nucleic acid, respectively, is at a higher concentration than the
polypeptide or nucleic acid would be in its natural environment
within an organism. For example, 35 a polypeptide preparation can be
considered purified if the polypeptide content in the preparation
represents at least 50%, 60%, 70%, 80%, 85%, 90%, 92%, 95%, 98%, or
99% of the total protein content of the preparation. Recombinant: A
"recombinant" nucleic acid is one having (1) a sequence that is not
nolnrally nrrron-ina in the nranism in which it is exnressed or ill a
semience made bv an artifidial  -13- combination of two
otherwise-separated, shorter sequences. This artificial combination
is often accomplished by chemical synthesis or, more commonly, by the
artificial manipulation of isolated segments of nucleic acids, e.g.,
by genetic engineering techniques. -Recombinant" is also used to
describe nucleic acid molecules that have been artificially
manipulated, but contain the same 5regulatory sequences and coding
regions that are found in the organism ftom which the nucleic acid
was isolated.       Sequence identity: The similarity between amino
acid sequences is expressed in tents of thi similarity between the
sequences, otherwise referred to as sequence identity. SeqUence
identity is frequently measured in terms of percentage identity (or
similarity or homology); the higher the percent 10the more similar
the two sequences are. Hornologs or variants of a peptide, such as
SEQ ID NC): 12 possess a relatively high degree of sequence identity
when aligned using standard methods.       Methods of alignment of
sequences for comparison are well known in the art. Various progra
and alignment algorithms are described in: Smith and Waterman, Adv.
App!. Math. 2:482, 1981; Needleman and Wunsch, J. Riot Blot
48:443-53, 1970; Pearson and Lipman, Proc. Natl. Acad. Sc!. U.  15
85:2444-8, 1988; Higgins and Sharp, Gene 73:237-44, 1988; Higgins and
Sharp, CABIOS 5:151-3, 19 Corpet et al., Nucleic Acids Research
16:10881-90, 1988; and Altschul et at, Nature Genet. 6:119-29, 1994.
The NCBI Basic Local Alignment Search Tool (BLASTTm) (Altschul et at,
J. Mot Biol. 215: 10, 1990) is available from several sources,
including the National Center for Biotechnology Informati 20(NCBI,
Bethesda, MD) and on the Internet, for use in connection with the
sequence analysis programs blastp, blastai, blastx, tblastn and
tblastx.       Variants of a peptide are typically characterized by
possession of at least 50% sequence identity counted over the full
length alignment with the amino acid sequence using the NCBI Blast
2.0, gapped blastp set to default parameters. For comparisons of
amino acid sequences of greater 25than about 30 amino acids, the
Blast 2 sequences function is employed using the default BLOSUM62
matrix set to default parameters, (gap existence cost of 11, and a
per residue gap cost of 1). When aligning short peptides (fewer than
around 30 amino acids), the alignment is perfonned using the Blast 2



Similar methods can be used to determine the percent sequence
identity of a nucleic acid sequence. In a particular example, a
homologous sequence is aligned to a native sequence, and the number
of matches is determined by counting the number of positions where an
identical nitcleotide or amino acid residue is presented in both
sequences. The percent sequence identity is determined by 5dividing
the number of matches either by the length of the sequence set forth
in the identified sequence (e.g., SEQ ID NO: 11), or by an
articulated length (e.g., 100 consecutive nucleotides or amino acid
residues from a sequence set forth in an identified sequence),
followed by multiplying the resulting value by 100. For example, a
nucleic acid sequence that has 1166 matches when aligned with the
sequence set forth in SEQ ID NO: 11 is 75.0 percent identical to the
sequence set forth in 10SEQ ID NO: 11 (i.e., 1166+1554*100--75.0). It
is noted that the percent sequence identity value is rounded to the
nearest tenth. For example, 75.11, 75:12,75.13, and 75.14 is rounded
down to 75.1, while 75.15, 75.16, 75.17, 75.IS, and 75.19 is rounded
up to 75.2. It is also noted that the length value will alWays be an
integer. In another example, a target sequence containing a
20-nucleotide region that aligns with 20 consecutive nucleotides from
an identified sequence as follows contains a 15region that shares 75
percent sequence identity to that identified sequence (i.e.,
1520*100=75). 3.20 Target Sequence:AGGTCGTGTACTGTCAGTCA HI11111
Identified Sequence:ACGTGGTGAACTGCCAGTGA ' 26Specific binding agent:
An agent that is capable of specifically binding to any of the
polypeptide described herein. Examples include, but are not limited
to, polyclonal antibodies, monoclonal antibodies (including humanized
monoclonal antibodies), and fragments of monoclonal antibodies such
as Fab, F(abt)2, and Fv fragments as well as any other agent capable
of specifically binding to an epitope of such polypeptides.
25Antibodies to the polypeptides provided herein (or fragments,
variants, or fusions thereof) can be used to purify or identify such
polypeptides. The amino acid and nucleic acid sequences provided
herein allow for the production of specific antibody-based binding
agents that recognize the polypeptideS described herein. Monoclonal
or polyclonal antibodies can be produced to the polypeptides,
portions of the 30polypeptides, or variants thereof. Optimally,
antibodies raised against one or more epitopes on a polypeptide
antigen Will specifically detect that polypeptide. That is,
antibodies raised against one particular polypeptide would recognize
and bind that particular polypeptide, and would not substantially
recognize or bind to other polypeptides. The determination that an
antibody specifically binds to a particular polypeptide is made by
any one of a number of standard immunoassay methods; 35for instance,
Western blotting (See, e.g., Sambrook et al. (ed.), Molecular
Cloning: A Laboratory . Manual, 2nd ed., vol. 1-3, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y., 1989);       To determine
that a given antibody preparation (such as a preparation produced in
a mouse against a polypeptide having the amino acid sequence set
forth in SEQ ID NO: 12) specifically detects the appropriate
polypeptide (e.g., a polypeptide having the amino acid sequence set
forth in  -15- SEQ ID NO: 12) by Western blotting, total cellular
protein can be extracted from cells and separated by
SDS-polyacrylamide gel electrophoresis. The separated total cellular
protein can then be transferred to a membrane (e.g., nitrocellulose),



using standard methods, or can be obtained by cleaving large
polypeptides into smaller polypeptides that can be purified.
Polypeptides having as few as nine amino acid residues in length can
be immunogenic when presented to an immune system in the context of a
Major Histocompatibility Complex (MEC) molecule such as an MHC class
I or MHC class II molecule. Accordingly, 20polypeptides having at
least 9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60,
70,80) 90, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600,
650, 700, 750, 800, 900, 1000, 1050, 1100, 1150, 1200, 1250, 1300,
1350, or more consecutive amino acid residues of any amino acid
sequence disclosed herein can be used as immunogens for producing
antibodies.          Monoclonal antibodies to any of the polypeptides
disclosed herein can be prepared from 25murine hybridomas according
to the classic method of Kohler & Milstein (Nature 256:495-7, 1975)
or a derivative method thereof. Polyclonal antiserum containing
antibodies to the heterogeneous epitopes of any polypeptide disclosed
herein can be prepared by immunizing suitable animals with the
polypeptide (or fragment thereof), which can be unmodified or
modified to enhance immunogenicity. An effective 30immunization
protocol for rabbits can be found in Vaitukaitis et at (J. GM.
Endocrinot Metab. 33:988-91,1971). Antibody fragments can be used in
place of whole antibodies and can be readily expressed in prokaryotic
host cells. Methods of making and using immunologically effective
portions of monoclonal antibodies, also referred to as "antibody
fragments," are well known and include those 35described in Better &
Horowitz (Methods Enzymol. 178:476-96,1989), GlOcicshuber et at
(Biochemisay 29:1362-7,1990), U.S. Pat No. 5,648,237 ("Expression of
Functional Antibody Fragments"), U.S. Pat No. 4,946,778 ("Single
Polypeptide Chain Binding Molecules"), U.S. Pat No. 5,455,030
("Immunotherapy Using Single Chain Polypeptide Binding Molecules"),
and references cited therin_  -16- Transformed: A "transformed" cell
is a cell into which a nucleic acid molecule has been introduced by,
for example, molecular biology techniques. Transformation encompasses
all techniques by which a nucleic acid molecule can be introduced
into such a cell including, without limitation, transfection with a
viral vector, conjugation, transformation withi plasmid vector, and
introduction of naked DNA by electroporation, lipofection, and
particle gun acceleration.       Variants, fragments or fusion
proteins: The disclosed proteins, inchile variants, fragments, and
fusions thereof. DNA sequences (for example SEQ ID NO: 11) which
encode for a protein (for example SEQ ID NO: 12), fusion protein, or
a fragment or variant of a protein, can be engineered to allow the
protein to be expressed in eulcaryotic cells, bacteria, insects,
and/or plants. 10To obtain expression, the DNA sequence can be
altered and operably linked to other regulatory sequences. The final
product, which contains the regulatory sequences and the protein, is
referred to as a vector. This vector can be introduced into
eukaryotic, bacteria, insect, and/or plant cells. Once inside the
cell the vector allows the protein to be produced. A fusion protein
including a protein, such as a tryptophan aminotransferase (or
variant, 15polymorphism, mutant, or fragment thereof), for example
SEQ ID NO: 12, linked to other amino acid sequences that do not
inhibit the desired activity of the protein, for example the ability
to convert tryptophan to indole-3-pymvate. In one example, the other
amino acid sequences are no more than about 10, 12, 15, 20, 25, 30,



Overview of Biosynthetic Pathways 30As shown in FIGS: 1-3 and 11-13,
many biosynthetic pathways can be-used to produce monatin Or its
intermediates such as indole:3-pyruvate or MP. For the cOnversion of
each substrate' (glucose, tryptophan, indole-3-lactic acid,
indole-3-pyruvate, and MP) to each product (tryptophan, .
indole-3-pyruvate, MP and rnonatin) several different polypeptides
can be used: Moreover, these H. reactions can be carried out in vivo,
in vitro, or through a combination of in vivo reactions and in vitro
35 reactions, such as in vitro reactions that include non-enzymatic
chemical reactions: Therefore, FIGS. 1-3 and 11-13 are exemplary, and
show multiple different pathways that can be,used to obtain-desired
products.   -17- Glucose to Ttyptophan       Many organisms can
synthesize tryptophan from glucose. The construct(s) containing the
gene(s) necessary to produce monatin, MP, and/or indole-3-pyruvate
from glucose and/or tryptophan can be cloned into such organisms. It
is shown herein that tryptophan can be converted into monatin 5In
other examples, an organism is engineered using known polypeptides to
produce tryptophan, or overproduce tryptophan. For example, U.S.
Patent No. 4,371,614 (herein incorporated by reference) describes an
E colt strain transformed with a plasmid containing a wild type
tryptophal operom Maximum titers of fryptophan disclosed in U.S.
Patent No. 4,371,614 are about 230 ppm.  10 Similarly, WO 8701130
(herein incorporated by reference) describes an E. colt strain that
has been genetically engineered to produce tryptophan and discusses
increasing fermentative production of Ltryptophan. Those skilled in
the art will recognize that organisms capable of producing tryptophan
from glucose are also capable of utilizing othei carbon and energy
sources that can be converted to glucose or fructose-6-phosphate,
with similar results. Exemplary carbon and energy sources include,
15but are not limited to, sucrose, fructose, starch, cellulose, or
glycerol. tryptophan to Indole-3-pymvate Several polypeptides can be
used to convert tryptophan to indole-3-pyruvate. Exemplary
polypeptides include members of the enzyme classes (EC) 2.6.1.27,
1.4.1.19, 1.4.99.1, 2:6.1.28, 20 ' 1.4.3.2, 1.4.3.3, 2.6.1.5,
2.6.1.-, 2.6.1.1, and 2.6.1.21. These classes include polypeptides
termed  . tryptophan aminotransferase (also termed
L-phenylalanine-2-oxoglutarate aminotransferase, tryptophan
transaminase, 5-hydroxytryptoPhan-ketoglutaric transaminase,
hydroxytryptophan aminotransferase, L-tryptophan aminotransferase,
L-tryptophan transaminase, and L-tryptophan:2- oxoglutarate
aminotransferase) which converts L-tryptophan and 2-oxoglutarate to
indole-3-pyravate 95and L-glutamate; D-tryptophan aminotransferase
which converts D-tryptophan and a 2-oxo acid to indole-3-pyruVate and
an amino acid; hyptophan dehydrogenase (also termed
NAD(P)-L-tryptophan dehydrogenase, L-tryptophan dehydrogenase,
L-Trp-dehydrogenase, TDH and L-hyptophan:NAD(P) oxidoreductase
(deaminating)) which converts L-tryptophan and NAD(P) to
indole-3-pyruvate and N1-13 and NAD(P)H; fl-amino acid
dehydrogeriase, which converts fl-amino acids and FAD to indole-
33-pyruvate and NH3 and FADH2; tryptophan-phenylpyruvate transaminase
(also termed L- tryptophan-a-ketoisocaproate aminotransferase and
L-layptophan:phenylpyruvate aminotransferase) which converts
L-tryptophan and phenylpyruvate to indole-3-pyruvate
and.L-phenylalanine; L-amino acid oxidase (also termed
ophio-amino-acid oxidase and L-amino-acid:oxygen oxidoreductase



Eleven members of the aminotransferase class that have such activity
are described below it Example 1, including a novel aminotransferase
shown in SEQ ID NOS: 11 and 12. Therefore, this disclosure provides
isolated nucleic ticid and protein sequences having at least 86%, at
least 85%, at least 90%, at least 95%, at least 98%, or even at least
99% sequence identity to SEQ ID NOS: 11 and 12. Also encompassed by
this disclosure are fragments and fusions of SEQ ID NOS: 11 and 12
that retain aminotransferase activity or encode a protein haying
aminotransferase actiVity. Exemplary fragments include, but are not
limited to at least 10, 12, 15, 20, 25, 50, 100, 200, 500, or 1000
10contiguous nucleotides of SEQ ID NO: 11 or at least 6, 10, 15, 20,
25, 50, 75, 100, 200, 300 or 350 contiguous amino acids of SEQ ID NO:
12. The disclosed sequences (and variants, fragments, and fusions
thereof) can be part of a.vector. The vector can be used to transform
host cells, thereby  producing recombinant cells which can produce
indole-3-pyruvate from tryptophan, and in some examples can further
produce MP and/or monatin. 15L-amino acid wddases (1.4.3.2) are
blown, and sequences can be isolated from several different sources,
such as Vipera lebetine (sp P81375), Ophiophagus hannah (sp P81383),
Agkistrodon rhodostoma (spP81382), Crotalus atrox (sp P56742),
BurIcholderia cepacia, Arabidopst thaliana, Caulobacter cresentus,
Chlamydomonas reinhardtii, Allis museuhts, Pseutlomons syringae, and
Rhodococcus str. In addition, tryptophan oxidases are described in
the literature and 20 . can be isolated, for example, from Coprinzts
sp. SF-1, Chinese cabbage with dub root disease, Arabidopsis
thaliana, and mammalian liver. One member of the L-amino acid oxidase
class that can convert tryptophan to indole-3-pyruvate is discussed
below in Example 3, as well as alternative sources for molecular
cloning. Many D-amino acid mddase genes are available in databases
for molecular cloning.       Tryptophan dehydrogenases are known, and
can be isolated, for example, from spinach, Piswn sativunt, Prosopis
juliflora, pea, mesquite, wheat, maize, tomato, tobacco,
Chromobacterium violaceum, and Lactobacilli. Many D-amino acid
dehydrogenase gene sequences are known.       As shown in FIGS.
11-13, if an amino acid oxidase, such as tryptophan oxidase; is used
to convert tryptophan to indole-3-pyruvate, catalase can be added to
reduce or even eliminate the 30presence of hydrogen peroxide.
Indole-3-lactate to Indole-3-pyrovate       The reaction that
converts indole-3-lactate to indole-3-pyruvate can be catalyzed by a
variety cif polypeptides, such as members of the 1.1.1.110, 1.1.1.27,
1.1.1:28, 1.1.2.3, 1.1.1222, 1.11237,- 351.1.3.-, or- 1.1:1.111
classes of polypeptides. The 1.1.1.110 class of polypentidexincludeS
inddlelactate dehyclrogenases (also termed indolelactic acid: NAD+
oxidoreductase).' The 1.1.1.27, 1.1.1.28, and 1.1.2.3 classes include
lactate dehydrogenases (also termed lactic acid dehydrogenasel,
lactate: NAD+ oxidoreductase). The 1.1.1.222 class contains
(R)-4hydroxyphenyllactate dehydrozenase (also termed D-aromatic
lactate dehydrottenase. R-aromatic lactate delrydronenast  -19- and
R-3-(4-hydroxypheny1)lactate:NAD(P)+2-oxidoreductase) and the
1.1.1.237 class contains 3-(4- hydroxyphenylpyruvate) reductase (also
termed hydroxyphenylpymvate reductase and 4- hydroxyphenyllactate:
NADI" oxidoreductase). The 1.1.3.- class contains lactate oxidases,
and the 1.1.1.111 class contains (34midazol-5-y1) lactate
dehydrogenases (also termed (S)-3-(inaidazol-5- 5yl)lactate:NAD(P)+
oxidoredtictase). It is likely that several of the polypeptides in



20electrophile.       For example, the polypeptide described in EP
1045-029 (EC 4.1.3.16, 44hydroxy-2- oxoglutarate glyoxylate-lyase
also termed 4-hydroxy-2-oxoglutirate aldolase, 2-oxo-4-
hydroxyglutarate aldolase or ICHG aldolase) converts glyoxylic acid
and pyruvate to 4-hydroxy-2- ketoglutaric acid, and the polypeptide
4-hydroxy-4-methy1-2-oxoglutarate aldolase (EC 4:1.3.17; also 25
termed 4-hydroxy-4-methyl-2-oxoglutarate pyruvate-lyase or ProA
aldolase), condenses two ketoacids such as two pyruvates to
4-hydroxy-4-methyl-2-oxoglutarate. Reactions utilizing these lyases
are described herein.       FIGS. 1-2 and 11-13 show schematic
diagrams of these reactions in which a 3-carbon (C3) molecule is
combined with indole-3-pyruvate. Many members of EC 4.1.2.- and
4.1.3..-, particularly 30PLP-utilizing polypeptidesican utilize C3
molecules that are amino acids such as serine, cysteine, and alanine,
or derivatives thereof. Aldol condensations catalyzed by
representatives of EC 4.12.-- - and 4.1.3.- require the three carbon
molecule of this pathway to be pyruvate or a derivative-of pyruvate..
However, other compounds can serve as a C3 carbon source and be
converted to pyruvate. Alanine can be transarninated by many
PLP-utilizing transaminases, including many of those- 35mentioned
above, to yield pyruvate. Pyruvate and ammonia can be obtained by
beta-elimination reactions (such as those catalyzed by tryptophanase
or P-tyrosinase) of L-serine, L-cysteine, and  derivatives of serine
and cysteine with sufficient leaving groups, Such as
b-methyl-L-seriMe, benzyl-L-serine, S-methylcysteine,
S-benzylcysteine, S-alicyl-L-cysteine, 0-acyl-L-serine, and 3-
_alanine Avn,irtntp. can serve-a a cnnme nf nvnivate in P. T.P.
:rnediatenlheta-lvasE: readidns  Such as those catalyzed by
tryptophanase (EC 4.1.99.1) and/or 0-tyrosinase (EC4.1.99.2, also
termed tyrosine-phenol lyase). The rate of beta-lyase reactions can
be increased by-performing site-directed niutagensis on the
(4.1.99.1-2) polypeptides as described by Mouratou et al. (J. Biol.
Ghent 274:1320-5, 1999) and in Example 8. These modifications allow
the polypep. tides to accept 5dicarboxylic amino acid substrates.
Lactate can also serve.as a source of pyruvate, and is oxidized to
pyruvate by the addition of lactate dehydrogenase and an oxidized
cofactor or lactate oxidase and oxygen. Examples of these reactions
are described below. For example, as shown in FIG. 2 and FIGS. 11-13,
ProA aldolase can be contacted with indole-3-pyruvate when pyrovate
is used as the C3 molecule.*. . 10The MP can also be generated using
chemical reactions, such as the aldol condensations provided in
Example 5. 111P to Monatht Conversion of MP to monatin can be
catalyzed by one or more of tryptophan 15aminotransferases
(2.6.1.27), tryptophan dehydrogenases (1.4.1.19), D-amino acid
dehydrogenases (1.4.99.1), glutamate dehydrogenases (1.4.1.2-4),
phenylalanine. dehydrogenase (EC 1.411.20);
rryptophan-phenylpyruvaterransaminases (2.6.1.28), or more generally
members of the aminotransferase family (2.6.14 such as aspartate
aminotransferase (EC 2.6.1:1); tyrosine-(aromatic) aminotransfeiase
(2.6.1.5), D-tryptophan aminotransferase, or D-alanine (2.6.1.21)
aniinotransferaae 20(FIG. 2). Eleven members.of the aminotransferase,
class are described below (.Exarripleflincluding a novel memberof the
class shown in SEQ ID NOS: 11 and 12, and reactions deinonstrating
the activity of aminotransferase and dehydrogenase enzymes are
provided in Example 7.        This reaction can also be performed



capable of catalyzing reductive arniriation reactions (e.g.,
glutainate dehydrogenase) is used-to convert MP to monatin,. a
polypeptide that can recycleNAD(F)H and/or produee a volatile product
(FIG. 13) can be used, such as formate dehydrogenase. 35 Additional
Considerations in the Design of the Biosynthetic Pathways -
Depending on which polypeptides are used to generate
indole-3-Pymvate, MP and/or monatin, cofactors, substrates, and/or
additional polypeptides can be provided 'to the production. cell to
enhance product formation.  -21- Removal of Hydrogen Peroxide
Hydrogen peroxide (H202) is a product that, if generated; can be
toxic to production cells and can damage the polypeptides or
intermediates produced_ The L-amino acid oxidase described above
generates H202 as a product Therefore, if L-amino acid oxidase is
used, the resulting I-1202 can be removed or its levels decreased to
decrease potential injury to the cell or product        Catalases can
be used to reduce the level of H202in the cell (FIGS. 11-13). The
production cell can express a gene or cDNA sequence that encodes a
catalase (EC 1.11.1.6), which catalyzes the decomposition of hydrogen
peroxide into water and oxygen gas. For example, a catalase can be
10expressed from a vector transfected into the production cell.
Examples of catalases that can be used to include, but are not
limited to:. t4P9EV50 (Staphylococcus xjdosus), trP9KBE8 (Bacillus
halodurans), trIQ9URJ7 (Candida albicans), trjP77948 (Sireptomyces
coelicolm), td(2912.13J5 (Xanthomonas campestris)(SwissProt Accession
Nos.). Biocatalytic reactors utilizing L-aminoacid oxidase, D-amino
acid oxidase, or tryptophan oxidase can also contain a catalase
polypeptide. 15 .7110d:dation of PLP (pyridoxal-P-phosplzate)
Availability       As shown in FIG. 1, PLP can be utilized in one or
more of the biosynthetic steps described hefein. The concentraticm of
PLP can be supplemented so that PLP does not become a limitation on
the overall efficiency of the reaction. 20The biosynthetic pathway
for vitamin B6 (the precursor of PLP) has been thoroughly studied in
.E. coli and some of the proteins have been crystallized (Laber et
al., FEBS Letters, 449:45-8, 1999). Two of the genes (epd or gapB and
serC) are required in other metabolic pathways, while three genes
(pdxA,pdxB, andpar1) are unique to pyridoxal phosphate biosynthesis.
One of the  starting materials in the E. coil pathway is
1-deoxy-D-xylulose-5-phosphate (DXP). Synthesis of this 25 precursor
from common 2 and 3 carbon central metabolites is catalyzed by the
polypeptide 1-deoxyD-xylulose-5-phosphate synthase (DSX). The other
precursor is a threonine derivative formed from the 4-carbon sugar,
D-erythrose 4-phosphate. The genes required for the conversion to
phospho-4-  hydroxya threonine (HTP) are epd, pdxB, and serC. The
last reaction for the formation of PLP is a    complex intramolecular
condensation and ring-closure reaction between MT and IITP, catalyzed
by 30 the gene products ofpc/TA andpdxf.       If PLP becomes a
limiting nutrient during the fermentation to produce monatin,
increased expression of one or more of the pathway genes in a
production host cell can be used to increase the yield of monatim A
host organism can contain multiple copies of its native pathway genes
or copies of non-native pathway genes can be incorporated into the
organism's genome. Additionally, multiple 35copies of the salvage
pathway genes can be cloned into the host organism.       One salvage
pathway that is conserved in all organism recycles the various
derivatives of vitamin B6 to the. active PLP form. The polypeptides



7. This bacterial strain, freed of metabolic control, overproduces
pyridoxal derivatives and can excrete up to 20 mg/L of PLP. Genetic
manipulation of the host organism producing monatin in a similar
fashion will allow the increased production PLP without
over-expression of the biosynthetic pathway genes. Ammoniunt
Utilization 10Tryptoplaanase reactions can be driven toward the
synthetic direction (production of tryptophan from indole) by making
ammonia more available or by removal of water. Reductive amination
reactions, such as those catalyzed by glutamate dehydrogenase, can
also be driven forward by an excess of ammonium. Ammonia can be made
available as an ammonium carbonate or ammonium phosphate salt in 15a
carbonate or phosphate buffered system. Ammonia can also be provided
as ammonium pyruvate or ammonium formate. Alternatively, ammonia can
be supplied if the reaction is coupled with a reaction that generates
ammonia, such as glutamate dehydrogenase or tryptophan dehydrogenase.
Ammonia can be generated by addition of the natural substrates of EC
44.99.- (tyrosine or tr)ptophan), which will be hydrolyzed to phenol
or indole, pyruvate and NH3. This also allows for an 20increased
yield of synthetic product over the normal equilibrium amount by
allowing the enzyme to hydrolyze its preferred substrate. Removal of
products and byproducts The conversion of tryptophan to
indole-3-pyruvate via a typtophan aminotransferase May 25adversely
affect the production rate of indole-3-pyruvate because the reaction
produces glutamate and requires the co-substrate 2-oxoglutarate
(u-ketoglutarate). Glutamate may cause inhibition of the
aminotransferase, and the reaction will consume large amounts of the
co-substrate. Moreover, high glutamate concentrations are detrimental
to downstream separation processes. The polypeptide glutamate
dehydrogenase (GLDH) converts glutamate to 2-oxoglutarate, 30 thereby
recycling the co-substrate in the reaction catalyzed by tryptophan
aminotransferase. GLDE also generates reducing equivalents (NADH or
NADPHS that can be used to generate energy for the cell (ATP) under
aerobic Conditions. The utilization of glutamate by GLDH also reduces
byproduct formation. Additionally, the reaction generates ammonia,
which can serve as a nitrogen source for the cell or as a substrate
in aleduetive amination for the final step shown in FIG. I.
Therefore, a 35production cell that over-expresses a GLIDH
polypeptide can be used to increase the yield and reduce the cost of
media and/or separation processes. . In the tryPtophan to monatin
pathway, the amino donor of step three (e.g., glutamate or aspartate)
can be converted back to the amino acceptor required for step 1
(e.g., 2-oxo-glutamie or n-valraratatp)arninntrangfetracP frnn, flirt
nrwn-nnriate enwurne classes iA used. Utilization of two  -23=
separate transaminases for this pathway,. in which the substrate of
one transaminase does not competitively inhibit the activity of the
other transaminase, can increase the efficiency of this pathway. Many
of the reactions in the described pathways are reversible and will,
therefore, reach an equilibrium between substrates and products. The
yield of the pathway can be increased by continuous removal of the
products from the polypeptides. For example, secretion of monatin
into the fermentation broth using a permease or other transport
protein, or selective crystallization of monatin from a biocatalytic
reactor stream with concomitant recycle of substrates will increase
the reaction yield. 10The removal of byproducts by additional
enzymatic reactions or by substitution of amino donor groups is



The indole pool can be modulated by increasing production of
tryptophan precursors and/or altering catabolic pathways involving
indole-3-pymvate and/or tryptophan. For example, the production of
indole-3-acetic acid from indole-3-pyruvate can be reduced or
eliminated by 20functionally deleting the gene coding for EC 4.1.1.74
in the host cell. Production of indole from tryptophan can be reduced
or eliminated by functionally deleting the gene coding for EC
4.1.99.1 in the host 'cell. Alternatively, an excess of indole can be
utilized as a substrate in an in vitro or in vivo process in
combination with increased amounts of the gene coding for EC 4.1.99.1
(Kawasaki et al., J. Fern:. and Bioeng; 82:604-6, 1996). Genetic
modifications can be made to increase the level of 25intamediates
such as D-erythroser4-phosphate and choriSmate.       Tryptophan
production is regulated in most organisms. One mechanism is via
feedback inhibition of certain enzymes in the pathway; as tryptoplaan
levels increase, the production rate of tryptophan decreases. Thus,
when using a host cell engineered to produce monatin via a tryptophan
intermediate, an organism can be used that is riot sensitive to
tryptophan concentrations. For 30example, a strain of Catharandius
roseus that is resistant to growth inhibition by various tryptophan
analogs, was selected by repeated exposure to high concentrations of
5-methyltryptophan (Schallenberg and Berlin, ZNatwforsch 34:541-5,
1979). The resulting tryptophan synthase activity of the strain was
less effected by product inhibition, likely due to mutations in the
gene. Similarly, a host cell used for monatin production can be
optimized. 35Tryptophm production can be optimized through the use of
directed evolution to evolve polypeptides that are less sensitive to
product inhibition. For example, screening can be performed on plates
containing no tryptophan in the medium, but with high levels of
non-metabolizable tryptophan analogs. U.S. Patent Nos. 5,756,345;
4,742,007; and 4,371,614 describe methods used to increase tryptophan
produetivity in a fermentation organism. The last step of tryPtoplian
biosynthesis  -24- is the addition of serine to indole; therefofe the
availability of serine can be increased to increase tryptophan
production. The amount of monatin produced by a fermentation organism
can be increased by increasing the amount of pyruvate produced by the
host organism. Certain yeasts, such as Trichosporon  5 cutaneum (Wang
et al., Lett. App!. Microbic!. 35:338-42, 2002) and Tondopsis
glabrata (Li et al., App! Microblot Biotechnot 57:451-9, 2001)
overproduce pyruvate and can be used to practice the methods
disclosed herein. In addition, genetic modifications can be made to
organisms to promote pyruvic acid production, such as those in E.
coil strain W14851ip2 (Kawasaki et tit, .I. Fenn. and Bioeng.
82:604-6, 1996). Controlling Chirolity       The taste profile of
monatin can be altered by controlling the stereochemistry (chirality)
of the molecule. For example, different rnonatin isomers may be
desired in different blends of concentrations for different food
systems. Chirality can be controlled via a combination of pH and
15polypeptides.        Racemization at the CI4 position of monatin
(see numbered molecule above) can occur by deprotonation and
reprotonation of the alpha carbon, which can occur by a shift in pH
or by reaction 20with the cofactor PLP. In a microorganism, the pH is
unlikely to shift enough to cause the racemization, but PIT is
abundant Methods to control the chirality with polypeptides depend
upon the biosynthetic route utilized for monatin production.



5D-alanine aminotransferases (2.6.1.21), D-methionine-pymvate
aminotransferases (2.6.1.41) and both (R)-3-amino-2-methylpropanoate
aminotransferase (2.6.1.61) and (S)-3-amino-2-methylpropanoate
aminotransferase (2.6.1.22) have been identified. Certain
aminotransferases may only accept the substrate for this reaction
with a particular configuration at the C2 carbon. Therefore, even if
the conversion to MP is not stereospecific, the stereochemistry of
the final product can be controlled  10 through the appropriate
selection of a transaminase. Since the reactions are reversible, the
unreacted MP (undesired isomer) can be recycled back to its
constituents and a racemic mixture of MP can be reformed. Activation
of substrates 15Phosphorylated substrates, such as
phosphoenolpyruvate (PEP), can be used in the reactions disclosed
herein. Phosphorylated substrates can be more energetically favorable
and, therefore, can be used to increase the reaction rates and/or
yields. In aldol condensations, the addition of a phosphate group
stabilizes the enol tautomer of the nucleophilic substrate, making it
more reactive. In other reactions, a phosphorylated substrate often
provides a better leaving group. Similarly, 20substrates can be
activated by conversion to CoA derivatives or pyrophosphate
derivatives. Example 1 Cloning and Expression of Tryptophan
Aminotransferases             This example describes methods that
were used to clone tryptophan aminotransferases, 25which can be used
to convert tryptophan to indole-3-pyruvate. Experimental OVerVieli,
Eleven genes encoding aminotransferases were cloned into E. coli.
These genes were Bacillus subtilis D-alanine aminotransferase (dat,
Genbank Accession No. Y14082.1 bp 28622-29470 30and Genbank Accession
No. NP_388848.1, nucleic acid sequence and amino acid sequence,
respectively), Sinorlazobizzin nzeliloti (also termed Rhizobiwn
meliloti) tyrosine aminotransferase (tatA,SEQ ID NOS: 1 and 2,
nucleic acid sequence and amino acid sequence, respectively),
Rhodobacter sphaeroides strain 2.4.1 tyrosine aminotransferase (tatA
asserted by homology, SEQ ID NOS: 3 and 4, nucleic acid sequence and
amino acid sequence, respectively), R. sphaeroides 35053 35tyrosine
aminotransferase (asserted by homology, SEQ ID NOS: 5 and 6, nucleic
acid sequence and amino acid sequence, respectively), Leishnzania
major broad substrate aminotransferase (bsat, asserted by homology to
peptide fragments from L. mexicana, SEQ ID NOS: 7 and 8, nucleic acid
sequence and amino acid sequence, respectively), Bacillus subtilis
aromatic aminotransferase (araT, asserted by homology, SEQ ID NOS: 9
and 10, nucleic acid sequence and amino acid sequence,  -26;
respectively), Lactobacillus aznylovorus aromatic aminotransferase
(araT asserted by homology, SEQ ID NOS: 11 and 12, nucleic acid
sequence and amino acid sequence, respectively), R. sphaeroides 35053
multiple substrate aminotransferase (asserted by homology, SEQ ID
NOS: 13 and 14, nucleic acid sequence and amino acid sequence,
respectively), Rlzodobacter splzaeroides strain 2.4.1 multiple
substrate aminotransferase (visa anserted by homology, Genoank
Accession No. AAAE01000093.1, bp 14743-16155 and Genbank Accession
No. ZP00005082.1, nucleic acid sequence and amino acid sequence,
respectively), Escherichia coli aspartate aminotransferase (aspC,
Genbank Accession No. AE000195.1 bp 2755-1565 and Genbank Accession
No. AAC74014.1, nucleic acid sequence and amino acid sequence,
respectively), and E. coil tyrosine aminotransferase (tyrB, SEQ ID
NOS: 31 10and 32, nucleic acid sequence and amino acid sequence,



.25tevaruni (carlsbergensis), Lefshmania sp., maize, tomato shoots,
pea plants, tobacco, pig, Clostridium sporogenes, and Strepiontyces
griseus Isolation of Genonzic DNA for Cloning S. meliloti (ATCC
number 9930) was grown in TY media at 25C, pH 7.2. Cells were 30
grown to an optical denSity at 600 nm (0D6-00) of 1.85 and a 2%
inoculum was used for genornic DNA preparations. The Qiagen genomic
tip 201G kit (Valencia, CA) was used for genornic DNA isolation.
Bacillus subtilis 6051 (ATCC) was grown at 30C in Bereto Nutrient
Broth (Difco; Detroit, MI): Die Qiagen genomic tip 20/G protocol was
used to isolate the genomic.DNA with the 35following changes: the
concentrations of proteinase K and lysozyme were doubled and
incubation times were increased 2-3 fold.        Leishmania major
ATCC 50122 genomic DNA was supplied by IDI, Inc, (Quebec, Canada). in
TB buffer pH 8.0, 17 ng/p.L.  -27-         Rhodobacter splzaeroides
2.4.1 (provided by Professor Sam Kaplan, University of Texas,
Houston), R. sphaeroides 35053 (ATCC number), and L. aznylovorus
genomic DNA was prepared by standard phenol extraction. Cells were
harvested in late log phase, resuspended in TEN buffer (10 mM
Tris-HCI, pH 7.5, 1 mM EDTA, 100 mM NaCl), and lysed by the addition
of 0.024 mL sodium 5lauryl sarcosine per mL cell suspension. After
extracting at least three times with an equal volume of phenol
saturated with TE buffer (10 inNI Tris-HC1, pH 7.5, 1 mM EDTA), the
DNA solution was extracted once with 9:1 chloroform:octanol and three
times with chloroform. The DNA was precipitated by the addition of
0.1 volume of 3 M sodium acetate, pH 6.8 and 2 volumes ethanol. The
precipitate was collected by centrifugation and washed once with 70%
ethanol. Finally the DNA was 10dissolved in 0.10 mL distilled water.
Escherichia colt genomic DNA was isolated from strain DH1OB
(Invitrogen) and prepared using the Qiagen GenomictipTM (5001G) kit.
From 30 niL of this strain grown in LB to an OD650 of 1.87, 0.3 mg of
purified DNA was obtained. The purified DNA was dissolved in Qiagen
elution buffer (EB) at a concentration of 0.37 trg/pL. 15 Polynzerase
Chain Reaction Protocol Primers were designed with compatible
overhangs for the pET 30 Xa/LIC vector (Novagen, Madison, WI). The
pET vector has a 12 base single stranded overhang on the 5' side of
the Xa/LIC site and a 15-base single stranded overhang on the 3' side
of the Xa/LIC site. The plasmid is 20designed for Illation
independent cloning, withN-terminal His and S-tags and an optional
C-terminal His-tag. The Xa protease recognition site'(IEGR) sits
directly in front of the start codon of the gene of interest, such
that the fusion protein tags can be removed.           The following
sequences were added to the 5' ends of the organism specific
sequences when designing priniers: forward primer, 5' GGTATTGAGGGTCGC
(SEQ. ID NO: 73); reverse primer: 5' 25 AGAGGAGAGTTAGAGCC (SEQ ID NO:
74). Bacillus subtilis dat primers: N term: 5'-
GGTATTGAGGGTCGCATGAAGGIIL 1AGTCAATGG-3' and C term: 5'-
AGAGGAGAGTTAGAGCCTTATGAAATGCTAGCAGCCT-3' (SEQ ID NOS: 15 and 16).
Sinorlzizobiunz nzeliloti tatA primers: N term: 5'- 30
GGTATTGAGGGTCGCATGTTCGACGCCCTCGCCCG and C term: 5'-
AGAGGAGAGTTAGAGCCTCAGAGACTGGTGAACilGC (SEQ ID NOS: 17 and 18).
Bacillus subtilis araT.primers: N term: 5'-
GGTATTGAGGGTCGCATGGAACATTTGCTGAATCC and C term: 5'-
AGAGGAGAGTTAGAGCCTTAAACGCCGTTG111ATCG (SEQ ID NOS: 19 and 20). 



35 Rhodobacter sphaeroides ma (both 2.4.1 .and 35053): 14 term: 5'-
GGTATTGAGGGTCGCATGCGCGAGCCTCTTGCCCT and C term: 5L
AGAGGAGAGTTAGAGCCTCAGCCGGGGAAGCTCCGGG (SEQ ID NOS: 21 and 22).  -28-
Leishmania major bsat:N term: 5'--
GGTATTGAGGGTCGCATGTCCACGCAGGCGGCCAT and C term: 5'-
AGAGGAGAGTTAGAGCCTCACTCACGATTCACATTGC (SEQ ID NOS: 23 and 24).
Lactobacillus anzylovorus araT: N term: 5'- -
GGTATTGAGGGTCGCATGCCAGAATTAGCTAATGA and C term: 5'-
AGAGGAGAGTTAGAGCCTTATTCGTCCR:11GTAAAA (SEQ ID NOS: 25 and 26).
Rhodobacter sphaeroides tatA (both 2.4.1 and 35053 strains): N term:
5'- GGTATTGAGGGTCGCATGCGCTCTACGACGGCTCC and C term: 5'-
AGAGGAGAGTTAGAGCCTCAGCCGCGCAGCACCTTGG (SEQ ID NOS: 27 and 28).
10Escherichia colt aspC: N term: 5'- GGTATIGAGGGTCGCATGT.I.
GAGAACATTACCGC-3' and C term: .5L
AGAGGAGAGTTAGAGCCTTACAGCACTGCCACAATCG-3' (SEQ ID NOS: 29 and 30).
Escherichia coil tyrB: N term: 5'- GGTATTGAGGGTCGCGTG111
CAAAAAGTTGACGC and C term: 15
AGAGGAGAGTTAGAGCCTTACATCACCGCAGCAAACG-3' (SEQ ID NOS: 33 and 34).
The gene derived from S.azeliloti (tatA) was amplified using the
following PCR protocol. In a 50 pL reaction 0.1-0.5 jig template, 1.5
pM of each primer, 0.4 mM each dNTP, 3.5 U Expand High Fidelity
Polymerase (Roche, Indianapolis, IN), and IX Expand rm buffer with Mg
were used. The thermocycler program used included a hot start at 96C
for 5 minutes, followed by 29 repetitions 20of the following steps:
94C for 30 seconds, 55C for 2 minutes, and 72C for 2.5 minutes. After
the 29 repetitions the sample was maintained at 72C for 10 minutes
and then stored at 4C. This PCR protocol produced a product of 1199
bp.        The sequences of the genes derived from R. sphaeroides
(nsa and tatA), L. amylovorus araT, and Bacillus araT were amplified
using the following PCR protocol. In a 50 pL reaction, 0.1- 250.5 pg,
template; 1.512M of each primer, 0.4 m.1\ 1 each dNTP, 3.5 U Expand
High.FidelityTm Polymerase, and 1X ExpandTM buffer with Mg were
added. The thermocydler program used included a hot start at 96C for
5 minutes, followed by 29 repetitions of the following steps: 94C for
30 seconds, 40-60C for 1 minute, 45 seconds (gradient thermocycler)
and 72C for 2 minutes, 15 seconds. After the 29 repetitions the
sample was maintained at 72C for 10 minutes and then stored 30at 4C.
For each R. sphaeroides msa gene, the 42C and 48C annealing
temperatures produced multiple products, but a. distinct band at
approximately 1464 bp. For L amylovorus araT, the 42C, 48C, and 56C
annealing temperatures yielded single products with intense bands at
1173 bp. For B. subtilis araT, the 40C, 45C, 50C, 55C
annealing.temperatures generated single intense products 35(1173 bp),
from both genomic DNA and colOnies. For L. major bsat, the 55C
annealing temperature gave the cleanest product (1239 bp). For
Rhodabacter tatA genes, the 50-55C annealing temperatures gave clean
products at the correct size (1260 bp). For both E. coil genes and
the B. sub/his dot gene, an annealing temperature of 55-60C was used,
and the annealing time was  shortened to 45 seconds. Clean products
of the correct sizes were obtained (approximately 1.3 kb for the E.
colt genes, 850 bp for the dat gene). Cloning       The PCR products
were gel purified from 0.8 or 1% TAE-agarose gels using the Qiagen
gel extraction Et (Valencia, CA). The PCR products were quantified by
comparison to standards on an agarose gel, and then treated with T4
DNA polyrnerase following the manufacturer's recommended protocols



bases from the 3' ends of the PCR product. When the polymerase
encounters a guanine residue, the 5' to 3' polymerase activity of the
enzyme counteracts the exonuclease activity to effectively prevent
Rather excision. This creates single stranded overhangs that are
compatible with the pET Xa/LIC vector. The polymerase is inactivated
by incubating at 75C for 20 minutes. 15The vector and treated insert
were annealed as recommended by Novagen. Approximately 0.02 pmol of
treated insert and 0.01 pmol vector were incubated for 5 minutes at
22C, 6.25 mM EDTA (final concentration) was added, and the incubation
at 22C was repeated. The annealing reaction (1 pL) was added to
NovaBlueTm singles competent cells (Novagen, Madison, W1), and
incubated on ice for 5 minutes. After mixing, the cells were
transformed by heat shock for 30 20seconds at 42C. The cells were
placed on ice for 2 minutes, and allowed to recover in 250 gL of
room temperature SOC for 30 minutes at 37C with shaking at 225 rpm.
Cells were plated on LB plates containing kanamycin (25-50 ng/mL).
Plasmid DNA was purified using the Qiagen spin miniprep Et and
screened for the correct    inserts by restriction digest with dlfhoI
and XbaL The sequences of plasmids that appeared to have the
25correct insert were verified by dideoxy chain termination DNA
sequencing.       SEQ DD NOS: 1-14 and 31-32 show nucleotide and
corresponding amino acid sequences of the recombinant
aminotransferases, any changes from the Genbank sequences were either
silent or generated conservative substitutions in the protein
sequence. SEQ ID NOS: 11 and 12 are novel sequences. 30 Gene
Expression and Assays       Plasmid DNA, verified by sequence
analysis, was subcloned into E. colt expression hosts BLR(DE3) or
BL21(DE3) (Novagen, Madison, WI). The cultures were grown and the
plasmids were isolated using Qiagen miniprep kit, and analyzed by
restriction digest to confirm identity. 35Induction was initially
performed with L. atnylovorus araT, B. subttlis araT, and S. ?nettled
tatA in both BLR(DE3) and BL21(DE3) cells. A time course study was
performed with cultures grown in LB containing kanamycin (30 mg/L) to
an 01D600 of 0.5-0.8 and induced with 1 mM IPTG (isopropyl
thiogalacatoside) and sampled at 0, 1, 2, and 4 hours post induction.
Cells from 2.0 mL were reminnended in 0_10 mL 120 roM Tris-HCI, all
6.8 containing 10% sodium dodecyl sulfate,  -30-'
10%24nercaptoethanol, and 20% glycerol, heated at 95C for 10 min, and
cooled, and diluted with 0.10 mL H20. Aliquots of these total
cellular protein samples were analyzed by SDS-PAGE using a  4-15%
gradient gel. There were no significant differences in the amount of
protein expressed between the 2 hour and 4 hour induction, nor
between the BLR(DE3) and BL21(DE3) cells.       Cell extracts were
also prepared from the 4 hour samples by suspending cell pellets from
2 mL of culture in 0.25 ruL Novagen BugBusterm reagent containing
0.25 pL benzonase nuclease, incubating at room temperature for 20
minutes with gentle shaking, and centrifuging at 16,000x g to remove
cell debris: The supernatants (cell extracts) were loaded onto 4-15%
gradient gels for analysis of the cellular soluble proteins. 10The
three clones, (L. anzylovorus araT (SEQ ID NOS: 11 and 12), B.
subtilis araT (SEQ 11D NOS: 9 and 10), and S. meliloti tatei (SEQ ID
NOS: 1 and 2) showed soluble protein that corresponded to the correct
size (approximately 45 IcDa). The B. sub/his araT gene product was
over-expressed at the highest level and/or was more soluble than the
other two gene products. In subsequent expression methods, plasmid



25minutes at 4C. Cell extracts were analyzed by SDS-PAGE, and assayed
for tryptophan aminotransferase activity by following production of
indole-pyruvic acid using the following protocol. One mL reactions
Were carried out in 50 mM sodium tetraborate (pH 8.5), 0.5 mM EDTA,
0.5 mM sodiuM arsenate, 50 glVI pyridoxal phosphate, 5 nIM
ci-ketoglutarate, and 5 mM L-tryptophan. The reactions 30were
initiated by the addition of cell free extracts or purified enzyme,
and were incubated 30 minutes at 30C. 20% TCA.,;(200 pi) was added to
stop the reaction, and the precipitated protein was removed by
centrifugation. The absorbance at 327 nm was measured and compared to
a standard curve of freshly prepared indole-3-pymvate in the assay
buffer. Control reactions withoutthe substrate tryptophan or using
cell-free extracts from clones transformed with pET30a alone were
also 35performed. Due to background from the native E. colt
aminotransferases in cell extracts, recombinant proteins were
purified using His-Bind cartridges following manufacturer's protocols
(Novagen, Madison, WI). The eluent fractions were desalted on PD-10
(Amersham' Biosciences, Piscataway,  -31- NJ) columns and eluted in
50mM Tris, pH 7.0. Purified proteins were analyzed by SDS-PAGE and
assayed for aminotransferase activity.       Results from the 37c
induction with 1 mM IPTG (4 hours) demonstrate that L. major bsat, S.
mehloti tatA, E. colt aspC, and both R. sphaeroides tatA clones have
significant levels of 5tryptophan aminotransferase activity. The araT
protein from B. sub/ills was over-expressed and soluble, but showed
little enzymatic activity. The L. anzylovorus araT gene product
appeared tci be soluble in the cell extract, but purification using a
His-Bind cartridge resulted in only small amounts of protein with the
correct molecular weight. The insa gene produets were insoluble and
further expression experiments were done at 24C to minimize inclusion
body formation. Several 10concentrations of IPTG between 10 p.M and 1
mM were used to maximize the amount of soluble protein.       Table 1
lists the specific activities measured in micrograms of
indole-3-pymvate (1313) formed per milligram protein per minute. In
some cases, very small amounts of recombinant protein showed high
levels of activity above the effective linear range of,the assay. In
these cases a '>' 15precedes the specific activity number. Table 1:
Specific Activities of Clones in Cell Extracts (CE) and Purified (P)
and Commercial Enzymes  Enzyme Specific Activity (jig 13P/mg
protein/min) Note L. major bsat CE >49.3  L. major brat? 



>4280  S. meliloti tatA CE >28.6  S. meliloti fatal P >931  2.4.1
tatA CE >41.2  2.4.1 tatel P 1086.  35053 tatA CE >62.3  35053 tatel
P >486  L. anzylovorus araT CE 1.26  L. antylovorus araTP 0 little
protein after His-Bind cartridge B .subtilis araT CE 0 undetectable
B. sub/ills araTP 



1.5-4.5  2.4.1 mm CE 2.05 very little soluble protein 2.4.1 insa P 0
no protein after His-Bind cartridge 35053 msa CE 3.97 very little
soluble protein 35053 msa P 0 no protein after His-Bind cartridge E.
coli aspC (P) 800  E. colt tyrB (P) 1 not very soluble B. subtilis
D-aminotransf. (P) 2.7 using D-tryptophan as substrate broad range
transaminase 22 Sigma cat # T 7684 Porcine type II-A 1.5 Sigma 07005
Porcine typed 



1 Sigma 02751  highest activity recombinant proteins: Rhodobacter
tatif gene product homologs, L. major broad substrate
aminotransferase, and the Siztorlzizobium meliloti tyrosine
arninotransferase showed several conserved regions, however they are
only approximately 30-43% identical at the protein level. The
availability of the broad range, D-specific (D-alanine)
anainotransferase can be useful in the production of other
stereoisomers of monatin. Example 2 Conversion of Indole-3-lactate to
Indole-3-pyruvate As shown in FIGS. 1 and 3, indole-3-lactic acid can
be used to produce indole-3-pyruvate. 10Conversion between lactic
acid and pyruvate is a reversible reaction, as is conversion between
indole- 3-pyruvate and indole-3-lactate. The oxidation of
indole-lactate was typically followed due to the high amount of
background at 340 nm from indole-3-pyruvate.       The standard assay
mixture contained 100 mM potassium phosphate, pH 8.0, 0.3 mM NAD4, 7
units of lactate dehydrogenase (LDH) (Sigma-L2395, St. Louis, MO),
and 2 mM substrate 15in 0.1 mL. The assay was performed in duplicate
Ma UV-transparent microtiter plate, using a Molecular Devices
SpectraMax Plus platereader. Polypeptide and buffer were mixed and
pipettecl into wells containing the indole-3-lactic acid and NAD+ and
the absorbance at 340 run of each well was read at intervals of 9
seconds after brief mixing. The reaction was held at 25C for 5
minutes. The increase in absorbance at 340 nm follows the production
of NADI-I from NAD+. Separate -2,13negative controls were performed
without NAD+ and without substrate. D-LDH from Leuconostoc
nzesenteroides (Sigma catalog number L2395) appeared to exhibit more
activity with the indolederivative substrates than did L-LDH from
Bacillus stearothermophilus (Sigma catalog number L5275). Similar
methods were utilized with D-lactic acid and NAD+ or NADH and
pyruvate, the 25natural substrates of D-LDH polypeptides. The V",n
for the reduction of pyruvate was 100-1000 fold higher than the V",""
for the oxidation of lactate. Thefor the oxidation reaction of
indole-3- lactic with D-LDH was approximately one-fifth of that with
lactic acid. The presence of indole-3- pyruvate was also measured by
following the change in absorbance at 327 (the enol-borate
derivative) using 50 mM sodium borate buffer containing 0 5 :a1M EDTA
and 0.5 mM sodium 30arsenate. Small, but repeatable, absorbance
changes were observed, as compared to the negative controls for both
L and D-LDH polypeptides.       Additionally, broad specificity
lactate dehydrogenases (enzymes with activity associated with EC
1.1.1.27, EC 1.1.1.28, and/or EC 1.1.2.3), can be cloned and used to
make indole-3-pyruvate from indole-3-lactic acid. Sources of broad
specificity dehydrogenases include E. coli, Neisseria 35gonon-hoeae,
and Lactobacillus plantarum.       Alternatively, indole-3-pyruvate
can be produced by contacting indole-3-lactate with cellulm extracts
from Clostridium sporogenes which contain an indolelactate
dehydrogenase (EC 1.1.1.110); or Tzypanosonza anal epinzastigotes
cellular extracts which containp-hydroxyphenylactate dchwitooenase
(F.0 11.1.2221Imovm to have activity on indole-3-pyruvate; or
Pseurionzonas  -33- acidovorans or E. coil cellular extracts, which
contain an imidazol-5-y1 lactate dehydrogenase (EC 1.1.1.111); or
Coleus blunzei,whkh contains a hydroxyphenylpynwate reductase (EC 111
237); or Candida maltose which contains a D-aromatic lactate
dehydrogenase (EC 1.1.1.222). References describing such activities
include, Nowicki et al. (FEMS Microbiol Lett 71:119-24, 1992), Jean



Cortese et aL (CR. Seances Soc. Biol. Fit 162 390-5, 1968), Petersen
and Alferrnann Z. Nahaforsch. C: Biosci. 43 501-4, 1988), and
Bhataagar et at (I Gen Aficrobio1135:353-60, 1989). In addition, a
lactate oxidase such as the one from Pseudomonas sp. (Gu et at T.
Mol. Catalysis B: Enzymatic: 18:299-305, 2002), can be utilized for
oxidation of indole-3-lactic to indole-3-pyruvate. 10 Example 3
Conversion of L-tryptophan to Indole-3-pyruvate utilizing L-amino
acid oxidase This example describes methods used to convert
tryptophan to indole-3-pyruvate via an oxidase (EC 1.4.3.2), as an
alternative to using a tryptophan aminotransferase as described in
15Example 1. L-amino acid oxidase was purified from Crotalus durissus
(Sigma, St Louis, MO, catalog number A-2805). The accession numbers
of L-amino acid oxidases for molecular cloning  include: CAD21325.1,
AAL14831, NP_490275, BAB78253, A38314, CA871136,1E0266, T08202,
S48644, CAC00499, P56742, P81383, 093364, P81382, P81375, S62692,
P23623, AAD45200, AAC32267, CAA88452, AP003600, and Z48565.
20Reactions were performed in microcentrifuge tubes in a total volume
of 1 KIT-, incubated for 10 minutes while shaking at 37C. The
reaction mix contained 5 mM L-tryptophan, 100 mM sodium phosphate
buffer pH 6.6, 0.5 mM sodium arsenate, 0.5 niM EDTA, 25 mM sodium
tetraborate, 0.016 mg catalase (83 TJ, Sigma C-3515), 0.008 rag FAD
(Sigma), and 0.005-0.125 Units of L-amino acid oxidase. Negative
controls contained all components except tryptophan, and blanks
contained all 25components except the oxidase. Catalase was used to
remove the hydrogen peroxide formed during the oxidative deamination.
The sodium tetraborate and arsenate were used to stabilize the
enol-borate form of indole-3-pyruvate, which shows a maximum
absorbance at 327 tun. Indo1e-3-pyruvate standards were prepared at
concentrations of 0 1-1 mM in the reaction mix.          The
purchased L-amino acid oxidase had a specific activity of 540 lig
indole-3-pyruvate 30forrned per minute per mg protein. This is the
same order of magnitude as the specific activity of tryptophan
aminotransferase enzymes. Example 4       Converting
Indole-3-pyruvate to 2-hydroxy 2-(indo1-3-ylmethyl)-4-keto glutaric
acid with an 35Aldolase       This example describes methods that can
be used to convert indole-3-pyruvate to the 2- hydroxy
2-(indo1-3-ylmethyl)-4-keto glutaric acid monatin precursor (MP)
using an aldolase (Iyase) (FIG. 2). Aldol condensations are reactions
that form carbon-carbon bonds between the 13-carbon of all alrignmin
nr "ketone and the carbonyl carbon of another aldehyde or ketone. A
carbanion is formed  -34' on the carbon adjacent to the carbonyl
group of one substrate, and serves as a nucleophile attacking the
carbonyl carbon of the second substrate (the electrophilic carbon).
Most commonly, the electrophilic substrate is an aldehyde, so most
aldolases fall into EC 4.1.2.- category. Quite often, the
nucleophilic substrate is pyruvate. It is less common for aldolases
to catalyze the condensation between two keto-acids or two aldehydes.
However, aldolases that catalyze the condensation of two carboxylic
acids have been identified. For example, EP 1045-029 describes the
production of L-4-hydroxy-2-ketoglutaric acid  from glyoxylic acid
and pyruvate using a Pseudonzonas culture (EC 4.1.3.16). In addition,
4- hydroxy-4-methy1-2-oxoglutarate aldolase
(4-hydroxy-4-methyl-2-oxoglutarate pyruvate lyase, EC 104.1.3.17) can
catalyze the condensation of two keto acids. Therefore, similar
aldolase polypeptides were used to catalyze the condensation of



15 hydroxy-2-oxoglutarate glyoxylate-lyase (KHG aldolase, EC
4.1.3.16) catalyze reactions very similar to the aldolase reaction of
FIG. 2. Primers were designed with compatible overhangs for the pET30
Xa/LIC vector (Novagen, Madison, WI). The design of these primers is
described above in Example 1. The following primers were designed for
pET30 Xa/LIC cloning: 201. Pseudomonas straminea proil gene (Genbank
Accession No.: 12964663 Version: 12964663) and Comamonas testesteroni
proA gene (SE Q ID NOS: 65-66, nucleic acid sequence and amino acid
sequence, respectively) forward
5'-GGTATTGAGGGTCGCATGTACGAACTOGGAGTTOT-3' and reverse
5'-AGAGGAGAGTTAGAGCCTTAGTCAATATATTTCAGGC-3' (SEQ ID NOS: 55  and 56).
252. Sinorhizobhan meliloti 1021 SMc00502 gene (homologous to proA,
Genbank Accession Nos.: 15074579 and CAC46344, nucleic acid sequence
and amino acid sequencejespectively) forward 5'-
GGTATTGAGGGTCGCATGAGCGTGGTTCACCGGAA-3' and reverse 5'-
AGAGGAGAGTTAGAGCCTCAATCGATATATITCAGTC-3' (SEQ ID NOS: 61 and 62).  3.
Sphingonzonas sp. LB 1.26 fidZ gene (Genbank Accession No.: 7573247
Version: 307573247; codes for a putative acyl transferase) forward
51-  GGTATTGAGGGTCGCATGTCCGGCATCGTTGTCCA-3' and reverse 5'-
AGAGGAGAGTTAGAGCCTCAGACATATTTCAGICCCA-3' (SEQ ID NOS: 57 and 58).
4. Arthrobacter keyseri pcmE gene (Genbank Accession No:: AF331043
Version: AF331043.1, codes for an oxalocitramalate aldolase) forward
5'- 35 (GTATTGAGGGTCGCATGCGACTGAACAACCTCGG-3' and reverse 5'-
AGAGGAGAGTTAGAGCCTCAGTTCTCCACGTATTCCA:31(SEQ ID NOS: 59 and 60).
S. Yersinia pestis strain C092 YP00082 gene (Genbank Accession No.:
15978115 Version: 15978115, codes for a possible transferase) forward
5'-  -35- (3GTATTGAGGGTCGCATGAGCCTGGTTAATATGAA-3' and reverse 5'-
AGAGGAGAGTTAGAGCCTTATGACTTTAACGCGTTGA-3' (SEQ ED NOS: 63 and 64).
6. Bacillus subtilis khg gene (Genbank Accession Nos. Z99I15.1
GI:2634478, 126711- 127301and CAB14127.1, nucleic acid sequence and
amino acid sequence, respectively) forwards'- 5
GGTATTG-AGGGTCGCATGGAGTCCAAAGTCGTTGA-3' and reverse 5'-
AGAGGAGAGTTAGAGCCTTACALliGGAAAACAGCCT-3' (SEQ ID NOS: 35 and 36).
7. E. colt khg gene (Genbank Accession Nos. .AE000279.1 1331-1972
andAAC74920.1, nucleic acid and amino acid sequence, respectively)
forward 5'- GGTATTGAGGGTCGCATGAAAAACTGGAAAACAAG-3' and reverse 5'- 10
AGAGGAGAGTTAGAGCCTTACAGCTTAGCGCCTTCTA-3' (SEQ ID NOS: 37 and 38).
8. S. meliloti khg gene (Genbank Accession Nos. AL59I792.1
GI:15075850, 65353-64673 and CAC47463.1, nucleic acid and amino acid
sequence, respectively) forward 5'-
GGTATTGAGGGTCGCATGCGAGGGGCATTATTCAA-3' and reverse 5'-
AGAGGAGAGTTAGAGCCTCAGCCCTTGAGCGCGAAG-31(SEQ ID NOS: 39 and 40). 15
Genomic DNA from the organisms described in 1-2 and 6-8, above, was
purified using the Qiagen genornic-tip protocol. Using similar
techniques the genornic DNA from organisms described in 3-5 can be
purified. Pseudonzonas straminea (ATCC 33636) was grown at 30C in
Nutrient Broth and hydroxybenzoate mediurri. Comanzonas testosteroni
(ATCC 49249) was grown at 26C in Nutrient 20 Broth and
hydroxybenzoate medium. Sphingonzonas sp. LB 126 (Flemish Institute
for Technological Research,VITO, B-2400 Mol, Belgium) is grown
according to the method described by Wattiau et al. (Research in
Microbial. 152:861-72, 2001). Artlzrobacter keyseri (Gulf Ecology
Division, National Health and Environmental Effects Research
Laboratory, U.S. Environmental Protection Agency, Gulf Breeze, FL
32561, USA) is grown according to the protocol described by Eaton (1



25183:3689-3703, 2001). Sinorkizobiunt me/i/oti 1021 (ATCC 51124) was
grown at 26C in ATCC TY medium and hydroxybenzoate medium. Yersinia
pestis strain C092 (ATCC) is grown at 26C in ATCC medium 739 Horse
blood agar. Bacillus subtilis 6051 (ATCC) was grown at 30C in Bereto
Nutrient Broth (Difco; Detroit, MI). E. colt genomic DNA was isolated
from strain DH1OB (Invitrogen) as described in Example 1. 30The PCR,
cloning, and scfeening protocols described in Example 1 were used to
clone the C. testosteroni and the S. "zeliloti proA sequences, as
well as the E. colt, B. sztbtilis, and S. nzeliloti klzg sequences.
The same methods can be used to clone the other sequences described
above.        Positive clones were sequenced using dideoxy chain
termination sequencing (Seqwright, Houston, TX) with S-tag and T7
terminator primers (Novagen), and internal primers from Integrated
35DNA Technologies, Inc. (Coralville, IA). Expression and Activioz
Assays Plasmid DNA (verified by sequence analysis) was subcloned into
expression host BL21(DE3) (Novazen). The cultures were grown in LB
medium with 50 mg/L kanamycin, the  -36- plasmids isolated using a
Qiagen spin plasinid miniprep lit and subsequently analyzed by
restriction - digest to confirm identity. Induction experiments were
done with the B1.21 (1)E3) constructs grown in LB medium containing
50 Ing/L kanamycin at 37C. Protein expression was induced using 0.1-
mM IPTG after the Wog reached approximately 0.6. The cells were grown
for 4 hours at 30C and 5harvested by centrifugation. The cells were
then lysed using Bugbusterlm reagent (Novagen) and the His-tag
recombinant proteins were purified using His-Bind cartridges as
described above (ExaMple 1). Purified proteins ware desalted on PD-10
disposable columns and eluted in 50 mINI Tris-HC1. buffer, pH 7.3
-with 2 mM MgC12.            The proteins were analyzed by SDS-PAGE
on 4-15% gradient gels to detect soluble protein 10levels at the
predicted MW of the recombinant fusion protein.       The proteins
were assayed for activity using indole-3-pyruvate and sodium pyruvate
as substra(tes.. The assay mixture contained 100 niM Tris-HC1 (pH
7-pH 8.9), 0-8 InM MgCli, 3 mM potassium phosphate (pH 8), and 6 mM
of each substrate in 1 nil... The reaction was started by adding
varying amounts of polypeptide (for example from 10 to 100 sg), and
was incubated at 25C-37C 15for 30 minutes, filtered, and then frozen
at -80 C. Activity Results with proA gene products        Both the C.
testosteroni proA and S. meliloti SMc005 02 gene constructs hadligh
levels of expression when induced with Ina The recombinant proteins
were highly soluble, as determined  by SDS-PAGE analysis Of total
protein and cellular extract samples. The C testosteroni gene
20product was punt-led to > 95% purity: Because the yield of the S.
nieliloti gene product was very low after affinity purification using
a His-Bind cartridge, cellular extract was used for the enzymatic
assays.       Both recombinant aldolases catalyzed the formation. of
MP from indole-3-pyruvate and pyruvate. The presence of both divalent
magnesium and potassium phosphate were required for 25enzymatic
activity. No product was apparent when indole-3-pyruvate, pyruVate,
or potassituri phosphate was absent. A small amount ofthe product was
also formed in the absence of enzyme. (typically one order of
magnitude less than when enzyme was present).       The product peak
eluted from the reverse phase C18 column slightly later than the
indole-3- pyruvate standard, the mass spectrum of this peak showed a
collisionally-induced parent ion ([M +  301-1]+) of 292.1, the parent
icin expeeted for the product MP. The major daughter fragmenti



35a small shoulder at approximately 290 nm.       The amount of MR
produced by the C. testosteroni aldolase increased with an-increase
in reaction temperature from room temperature to 37C, amount of
substrate; and amount of . magnesium. The synthetic activity of the
enzyme decreased with increasing pH, the maximinn  -37- product
observed was at pH 7. Based on tryptophan standards, the amount of MP
produced under a standard assay using 20 jig of purified protein was
approximately 1040 pg per one mL reaction.       Due to the high
degree of homology of the S. meliloti and C. testosteroni ProA
aldolase coding sequences with the other genes described above, it is
expected that all of the recombinant gene  5 products can
catalyzethis reaction. Moreover, it is expected that aldolases that
have threonine (T) at positions 59 and 87, arginine (R) at 119,
aspartate (D) at 120, and histidine (H) at 31 and 71, (based on the
numbering system of C. testosteront) will have similar activity.
Activity Results with Ithz gene products  Both the B. sub/his and E.
colt 'khg gene constructs had high levels of expression of protein
10when induced with IPTG, while the S. meliloti khg had a lower level
of expression. The recombinant proteins were highly soluble, as
judged by SDS-PAGE analysis of total proteins and cellular extracts.
The B. sub/ills and E. coil /dig gene productsWere purified to > 95%
purity; the yield of the S. meliloti gene product was not as high
after affinity purification using a His-Bind cartridge. There is no
evidence thai magnesium and phosphate are required for activity for
this 15enzyme. However, the literature reports performing the assays
in sodium phosphate buffer, and the enzyme reportedly is bifunctional
and has activity on phosphorylated substrates such as 2-keto-3-
deoxy-6-phosphogluconate (RDPG). The enzymatic assays were performed
as described above, and in some instances the phosphate was omitted.
The results indicate that the recombinant KEG aldolases produced MP,
but were not as active as the ProA aldolases. In some cases the level
of MP 20produced by KEG was almost identical to the amount produced
by magnesium and phosphate alone. Phosphate did not appear to
increase the KHG activities. The Bacillus enzyme had the highest
activity, approximately 20-25% higher activity than the magnesium and
phosphate alone, as determined by SRM (see Example 10). The
Sinorbizobium enzyme had the least amount of activity, which may be
associated with folding and solubility problems noted in the
expression. All three 25enzymes have the active site glutamate
(position 43 in B. subtilis numbering system) as well as the lysine
required for Shiff base formation with pyruvate (position 130);
however, the B. sub/ills enzyme contains a threonine in position 47,
an active site residue, rather than arginine. The B. subtilis KEG is
smaller and appears to be in a cluster distinct from the S. melon and
E. coil enzymes, with other enzymes having the active site threonine.
The differences in the active site may be the reason for the
30increased activity of the B. sub/il/i enzyme. Improvement of
Aldolase Activity        Catalytic antibodies can be as efficient as
natural aldolases, accept a broad range of. substrates, and can be
used to catalyze, the reaction shown in FIG. 2. 35Aldolases can also
be improved by directed evolution, for example as previously
described for a KDPG aldolase (highly homologous te KEG described
above) evolved by DNA shuffling and error-prone PCR t6 remove the
requirement for phosphate and to invert the enantithelectivity. The
KDPG aldolase polypeptides are useful in biochemical reactions since



aldolase are thought to have broader specificity than bacterial
versions, including higher activity on  4-hydroxy 4-methyl
2-oxoglutarate and acceptance of both stereoisomers of 4-hydrox-y-2-
ketoglutarate. Bacterial sources appear to have a 10-fold preference
for the R isomer. There are nearly 100 ICHG hornologs available in
genomic databases, and activity has been: demonstrated in
Pseudomonas, Paracocens, Providencia, Sinorhizobium, Morganella, E.
coil, and mammalian tissues. These enzymes canbe used as a starting
pointfor tailoring the enantiospecificity that is desired for monatin
production. 10Aldolases that utilize pyruvate and another substrate
that is either a keto'acid and/or has a bulky hydrophobic group like
indole can be "evolved" to tailor the polypeptide's specificity,
speed, and selectivity. In addition to KHG and ProA aldolases
demonstrated herein; examples of these enzymes include, but are not
limited to: KDPG aldolase and related polypeptides (KDPH);
transcarboxybenzalpyruvate hydratase-aldolase from Nocardioides st;
4-(2-carboxypheny1)-2-oxobut 153-enoate aldolase
(2'-carboxybenzalpyruvate aldolase) which condenses pyruvate and 2-
carboxybenzaldehyde (an aromatic ring-containing substrate);
trans-0-hydroxybenzylidenepyruvate  hydratase-aldolase from
Pseudomoitas putida and Sphingoinonas aromaticivorans, which also
utilizes pyruvate and an aromatic-containing aldehyde as substrates;
3-hydroxyaspartate aldolase (erythro-3-hydroxy-L-aspartate glyoxylate
lyase), which uses 2-oxo acids as the substrates and is 20thought to
be in the organism Micrococcus denitrificans; benzoin aldolase
(benzaldehyde lyase), which utilizes substrates containing benzyl
groups; dihydroneopterin aldolase; L-threo-3- phenylserine
benzaldehyde-lyase (phenylserine aldolase) which condenses glycine
with benzaldehyde; 4-hydroxy-2-oxovalerate aldolase;
1,2-dihydioxybenzylpyruvate aldolase;  hydroxybenzalpyruvate
aldolase. 25A polypeptide having the desired activity can be selected
by screening clones of interest using the following methods.
Tryptophan auxotrophs are transformed with vectors carrying the
clones of interest onzn expression cassette and are grown on a medium
containing small amounts of monatin or mi.,. Since aminotransferases
and aldolase reactions are reversible, the cells are able to produce
tryptophan from a racemic mixture of monatin. Similarly, organisms
(both recombinant and  30wildtype) can be screened by ability to
utilize MP or monatin as a carbon and energy source. One source of
target aldolases is expression libraries of various Pseudomonas and
rhizobacterial strains:  Pseudomonads have many unusual catabolic
pathways for degradation of aromatic molecules and they also contain
many aldolases; whereas the rhizobacteria contain aldolases, are
known to grow in the plant rbizosphere, and have many of the genes
described for construction of a biosynthetic 35pathway for rnonatiu.
-39- Example 5 Chemical Synthesis of the Monatin Precursor
Example 4 described a method of using an aldolase to convert
indole-3-pyruvate to the 2- hydroxy 2-(indo1-3-y1rnethyl)-4-keto
glutaric acid monatin precursor (MP). This example describes 5an
alternative method of chemically synthesizing MP.       The MP is
formed by using a typical aldol-type condensation (FIG. 4). Briefly,
a typical aldol-type reaction involves the generation of a carbanion
of the pyruvate ester using a strong base, - such as LDA (lithium
diisopropylamide), lithium hexamethyldisilazane or butyl lithium. The
carbanion that is generated reacts with the indole-pymvate to form



An in vitro process utilizing two enzymes, an arninotansferase and an
aldolase, produced 20monatin from tryptophan and pyruvate. In the
first step alpha-ketoglutarate was the acceptor of the amino group
from tryptophan in a tansamination reaction generating
indole-3-pyruvate and glutamate. An aldolase catalyzed the second
reaction in which pyruvate was reacted with indole-3- pyruvate, in
the presence of Mg2+ and phosphate, generating the alpha-keto
derivative of monatin (MP),
2-hydroxy-2-(indo1-3-ylmethyl)-4-ketoglutaric acid. Transfer of the
amino group from the 95glutamate formed in the first reaction
produced the desired product, monatiia. Purification and
characterization of the product established that the isomer formed
was S,S-monatin. Alternative substrates, enzymes, and conditions are
described as well as improvements that were made to this process. 30
Enzymes       The aldolase, 4-hydroxy.4-methy1-2-oxoglutarate
pyruvate lyase (ProA aldolase,prwl gene) (EC 4.1.3.17) from
COMa712072(IS testosteroni was cloned, expressed and purified as
described in Example 4. The 4-hydroxy-2-oxoglutarate glyoxylate
lyases (1GIG aldolases) (EC 4.1.3.16), from B. subtilis, E coil, and
S. meliloti were cloned, expressed and purified as described in
Example 4.  35 The aminotansferases used in conjunction with the
aldolases to produce monatin were Laspartate aminotransferase encoded
by the E. colt aspC gene, the tyrosine aminotransferase encoded by
the E. colt On-B gene, the S. meliloti TatA 'enzyme; the broad
substrate aminotransferase encoded by the L. major bsat gene, or the
glutamk-oxaloacetic transaminase from pig heart (Type Ha). The  -40-
cloning, expression and purification of the non-mammalian proteins
are described in Example 1. Glutamic-oxaloacetic transaminase from
pig heart (type Ha) was obtained from Sigma (# G7005). Method using
ProA ahlolase and L-aspartate andnotransferase The reaction mixture
contained 50 mM ammonium acetate, pH 8.0, 4 inM MgCl2 3 mM potassium
phosphate, 0.05 m.M pyridoxal phosphate, 100 mM ammonium pyrutte, 50
mM tryptophan, 10 malpha-ketoglutarate, 160 mg of recombinant C.
testosteroni ProA aldolaae (unpurified cell extract, -30% aldolase),
233 mg of recombinant E. coil L-aspartate aininotransferase
(unpurified cell extract, -40% aminotransferase) in one liter. All
components except the enzymes  10 were mixed together and incubated
at 30C until the tryptophan dissolved. The enzymes were then added
and the reaction solution was incubated at 30C with gentle shaking
(100 rpni) for 3.5 hours. At 0.5 and 1 hour after the addition of the
enzymes aliquots of solid tryptophan (50 mmoies each) were added to
the reaction. All of the added tryptophan did not dissolve, but the
concentration was maintained at 50 mM or higher. After 3.5 hours, the
solid tryptophan was filtered off. Analysis of 15the reaction mixture
by LC/MS using a defined amount of tryptophan as a standard showed
that the concentration of tryptophan in the solution was 60.5 mM and
the Concentration of monatin was 5.81  niM (1.05 g).       The
following methods were used to purify the final product Ninety
percent of the clear solution was applied to a column of BioRad
AG50W-X8 resin (225 mL; binding capacity of 1.7 20meq/mL). The column
was washed with water, collecting 300 m1, fractions, until the
absorbance at 280 urn was <5% of the first flow through fraction. The
column was then eluted with I M ammonium acetate, pH 8.4, collecting
4 300-mL fractions. All 4 fractions contained monatin and were
evaporated to 105 rnL using a roto-evaporator with a tepid water



-41- mmole of product. Extrapolation to the total 1 L reaction would
produce -2.4 nunoles (-010 mg) of naonatin, for a recovery of 68%.
The eluent fractions from the DEAR Sepharose column were evaporated
to <20 naL. An aliquot of the product was further purified by
application to a C8 preparative reversed-phase column using the same
chromatographic conditions as those described in Example 10 for the
analytical-scale monatin characterization. Waters FraetionlynxTM
software was employed to trigger automated fraction collection of
monafin based on detection of the in/z 293 ion. The fraction from the
C8 column with the corresponding protonated molecular ion for monatin
was collected, evaporated to dryness, and then dissolved in a
small-volume of water. This fraction was used for characterization
10of the product. The resulting product was characterized using the
following methods.       UV/Visible Spectroscopy. UV/visible
spectroscopic measurements of monatin produced enzymatically were
carried out using a Cary 100 Bio UV/visible spectrophotometer. The
purified product, dissolved in water, showed an absorption maximum of
280 nm with a shoulder at 288 mn, 15characteristics typical of indole
containing compounds.       LC/MS Analysis. Analyses of mixtures for
monatin derived from the in vitro biochemical reactions were carried
out as described in Example 10. A typical LC/MS analysis of monatin
in an in vitro enzymatic synthetic mixture is illustrated in FIG. 5.
The lower panel of FIG. 5 illustrates a selected ion chromatogram for
the protonated molecular ion of monatin at nz/z = 293. This
20identification of monatin in the mixture was corroborated by the
mass spectrum illustrated in FIG. 6. Analysis of the purified product
by LC/MS showed a single peak with a molecular ion of 293 and
absorbance at 280 nm. The mass spectrum was identical to that shown
in FIG. 6. MS/MS Analysis. LC/MS/MS daughter ion experiments, as
described in Example 10, were  also performed on monatin. A daughter
ion mass spectrum of monatin is illustrated in FIG. 7. 25Tentative
structural assignments of all fragment ions labeled in FIG. 7 were
made. These include fragment ions of in/z = 275 (293- HO), 257
(293-(2 x H20)), 230 (275-COOH), 212 (257-COOH), 168
(3-buta-1,3-dieny1-1H-indole carbonium ion), 158
(1H-indole-3-carbaldehyde carbonium ion),  144 (3-ethyl-1H-indole
carbonium ion), 130 (3-methylene-1H-indole carbonium ion), and 118
(indole  carbonMm ion). Many of these are the same as those obtained
for MP (Example 4), as expected if 30derived from the indole portion
of the molecule. Some are 1 mass unit higher than those seen for MP,
due to the presence of an amino group instead of a ketone.      -
High Resolution MS analysis. FIG. 8 illustrates the mass spectrum
obtained for purified monatin employing an Applied Biosystems-Perkin
Elmer Q-Star hybrid quadrupole/time-of-flight mass spectrometer. The
measured mass for protonated monatin using tryptophan as an internal
mass 35calibration standard was 293.1144. The calculated mass of
protonated monafin, based on the elemental composition C14HriN205 is
293.1137. This is a mass measurement error of less than 2 parts per
million (ppm), providing conclusive evidence of the elemental
composition of monatin produced enzymatically.  -42-
NMR,Speetroscopy. The NMR experiments were performed on a Varian
Inova 500 MHz instrument. The sample of monatin (-3 mg) was dissolved
in 0.5 ml of D,O. Initially, the solvent (D.;0) was used as the
internal reference at 4.78 ppm Since the peak for water was large,
the 111- NMR was run with suppresSion of the peak for water.



Asummary of the III and IEMQC data is shown in Tables 2 and 3. By
comparison to published values, the NMR data indicated that the
enzymatically produced monatin was either (S,S), (RR), or a mixture
of both. 15Chiral LC/MS Analysis. To establish that the monatin
produced in vitro was one isomer, and not a mixture of the (RR) and
(S,S) enantiomers, chiral LC/MS analyses were carried out using the
instrumentation described in Example 10.       Chiral LC separations
were made using an Chimbiotie T (Advanced Separations Technology)
chiral chrothatography column at room temperature. Separation.and
detection, based on 20published protocols from the vendor, were
optimized for the RT (D) and S- (L) isomers oEtryptophan. The LC
mobile phase consisted of A) water containing 0.05% (v/v)
trifluoroacetic acid; B) Methanol containing 0.05% (v1v)
trifluoroacetic acid. The elution was isocratic at 70% A and 30% B.
The flow rate was 1.0 mL/min, and PDA absorbance was monitoked from
200 rim to 400 mm The instrumental parameters used for chiral LC/MS
analysis of tryptophan and monatin are identical to 25those described
in Example 10 for LC/MS analysis. Collection of mhss spectra for.the
region mix  150-400 was utilized. Selected ion chromatograms for
protonated molecular ions (IM + Hr = 205  for both R- and
S-tryptophan and [M + Hr = 293 for monatin) allowed direct
identification of these analytes in the mixtures. Thechromatograms of
R- and 5-tryptophan and monatin, separated by chiral 30
chromatography and 'monitored by MS, are shown in FIG. 9. The single
peak in the chromatogram of monatin indicates that the compound is
one isomer, with a retention time almost identical to Stryptophan.
-43-  Table 2: 1H NAIR data   Cargill Vleggaar et al.' Takeshi et
al.2 Atom 5ll ABM) Hz 5li ii(1ia) Hz By 3(1111) Hz 2 7.192 (III, s) 



7.192 (s)  7.18 (s)  4 7.671 (d) 7.99 7.686(d) 7.9 7.67 (d) 8.0 5
7.104 (dd) 7.99 7.102 (dd) 8.0, 8.0 7.11 (dd) 7.5, 7.5 6 7.178 (dd)
7.176 (dd) 8.0, 8.0 7.17 (dd) 7.5, 7.5 7 7.439(d) 7.99 7.439(d) 



8.1 7.43 (d) 8.0 10a 3.242(d), 14.5 3.243 (d) 14.3 324 (d) 14.5 10b
3.033 (d) 14.5 3.051 (d) 14.3 3.05 (d) 14.5 12 2.626 (dd) 2.015 (dd)
15.5, 1.5 15.0, 12.0 2.651 (dd) 2.006 (dd) 15.3, 1.7 15.3, 11.7 2.62
(dd) 2.01 (dd) 15.5, 1.8 15.5, 12.0 



13 3.571 (dd) 10.75*, 1.5 3.168 (dd) 11.6, 1.8 3.57 (dd) 12.0, 1.8
Vleggaar et al.(J.C.S..Perkin Trans. 1:3095-8, 1992). 52 Takeshi and
Shusuke (3P2002060382, 2002-02-26). Table 3: 13C NMR data (from HMQC
spectrum)  Cargill Vlegpar et al.1 Atom Bc 5c 2 126.1 126.03 3
110.31 4 120.4 120.46 5 1202 120.25 6 122.8 122.74 



7 112.8 112.79 8  137.06 9  129.23 10a 36.4 36.53 12 39.5 39.31 13
54.9 54.89 14  175.30 15  181.18 Vleggaar et al (I. CS. Perkin Trans.
1:3095-8, 1992). 10Polarimetry. The optical rotation was measured on
a Rudolph Autopol III polarimeter. The monatin was prepared as a 14.6
mg/mL solution in water. The expected specific rotation (Dx]D20) for
S,S monatin (salt form) is -49.6 for a 1 g/mL solution in water
(Vleggaar et al). The observed [al? was -28.1 for the purified,
enzymatically produced monatin indicating that it was the S, S
isomer.  -44- 



Improvements       The reaction conditions, including reagent and
enzyme concentrations, were optimized and yields of 10 mg/mL were
produced using the following reagent mix:     50 mM ammonium acetate
pH 8.3, 2 mM MgC12, 200 mM pyruvate (sodium or ammonium salt), 5 5mM
alpha-ketoglutarate (sodium salt), 0.05 TIM pyridoxal phosphate,
deaerated water to achieve a final volume oil mL after the addition
of the enzymes, 3 mM potassium phosphate, 50 pg/ml of recombinant
ProA aldolase (cell extract; total protein concentration of 167
pg/mL), 1000 pg/mL of L-aspartate aminotransferase encoded by the E.
coli aspC gene (cell extract; total protein concentration of 2500
pg/mL), and solid tryptophan to afford a 10concentration of > 60 mM
(saturated; some undissolved throughout the reaction). The mixture
was incubated at 30C for 4 hours with gentle stirring or mixing.
Substitutions          The concentration of alpha-ketoglutarate can
be reduced to 1 mM and supplemented with 9 mM aspartate with an
equivalent yield of monatin. Alternative amino acid acceptors can be
utilized 15in the first step, such as oxaloacetate. When recombinant
L. major broad substrate aminotransferase was used in place of the E.
coil L-aspartate aminotransferase, similar yields of monatin were
achieved. However, a second unidentified product (3-10% of the major
product) with a molecular mass of 292 was also detected by LC-MS
analysis. Monatin concentrations of 0.1-0.5 mg/mL were produced when
the E. coil tyrB 20encoded enzyme, the 5'. nzeliloti tat A encoded
enzyme or the glutamic-oxaloacetic transaminase from pig heart (type
Ila) was added as the aminotransferase. When starting the reaction
from indole-3- pyruvate, a reductive amination can be done for the
last step with glutamate dehydrogenase and NADH (as in Example 7).
The KEG aldolases from B. sub/ills, E. coil, and S. nzeliloti were
also used with the E. colt L- 25aspartate aminotransferase to produce
monatin enzymatically. The following reaction conditions were used:
50 inM NH4-0Ac pH 8.3, 2 mM MgC12, 200 mM pyruvate, 5 mM glutamate,
0.05 mM pyridoxal phosphate, deaerated water to achieve a final
volume of 0.5 mL after the addition of the enzymes, 3 inM potassium
phosphate, 20 penal, of recombinant B. sub/ills KEG aldolase
(purified), ca. 400 pg/mL of E. coil L-aspartate aminotransferase
(AspC) unpurified from cell extract, and 12 30naM indole-3-pyruvate.
The reactions were incubated at 30C for 30 minutes with shaking. The
amount of monatin produced using the B. sub/his enzyme was 80 ng/mL,
and Increased with increasing amounts of aldolase. If
indole-3-pyruvate and glutamate were replaced by saturating amounts
of tryptophan and 5 mM alpha-ketoglutarate, the production of monatin
was increased to 360 ng/mL. Reactions were repeated with 30 pg/mL of
each of the three KEG enzymes in 50 naM 35Tris pH 8.3, with
saturating amounts of tryptophan, and were allowed to proceed for an
hour in order to increase detection. The Bacillus enzyme had the
highest activity as in Example 4, producing approximately 4000 ugh*,
monatin. The E. colt KEG produced 3000 ng/mL monatin, and the S.
meliloti enzyme produced 2300 ng/naL.  -45- Example 7 Interconversion
between MP and Monatin       The amination of MP to form monatin can
be catalyzed by aminotransferases such as those identified in
Eiamples 1 and 6, or by dehydrogenases that require a reducing
cofactor such as NADH or NADPH. These reactions are reversible and
can be measured in either direction. The directionality, when using a
dehydrogenase enzyme, can be largely controlled by the concentration
of ammonium salts. Dehydrogenase activity. The oxidative deamination



A typical assay mixture contained 50 mM Tris-HC1, pH 8.0 to 8.9, 0.33
inM NAD+ or NADP+, 2 to 22 units of glutamate dehydrogenase (Sigma),
and 10-15 mM substrate in 0.2 mL. The 15assay was performed in
duplicate in a UV-transparent microtiter plate, on a Molecular
Devices SpectraMax Plus platereader. A mix of the enzyme, buffer, and
NAD(P)+ were pipetted into wells containing the substrate and the
increase in absorbance at 340 mu was monitored at 10 second intervals
after brief mixing. The reaction was incubated at 25C for 10 minutes.
Negative controls were carried out without the addition of substrate,
and glutamate was utilized as a positive control. 20The type III
glutamate dehydrogenase front bovine liver (Sigma # G-7882) catalyzed
the conversion  of the monatin to the monatin precursor at a rate of
conversion approximately one-hundredth the rate of the conversion of
glutamate to alpha-ketoglutarate. Transamination activity. Monatin
ambaotransferase assays were conducted with the  aspartate
aminotransferase (AspC) from E. coil, the tyrosine aminotransferase
(TyrB) from E. coil, 25the broad substrate aminotransferase (BSAT)
from L. major, and the two commercially available porcine
glutamate-oxaloacetate arninotransferases described in Example 1.
-Both oxaloacetate and alpha-ketoglutarate were tested as the amino
acceptor. The assay mixture contained CM 03 inL) 50 mM Tris-1-1C1, pH
8.0, 0.05 rnM PLP, 5 mM amino acceptor, 5 mM monatin, and 25 ng of -
aminotransferase. The assays were incubated at 30C for 30 minutes,
and the reactions were stopped 30by addition of 0.5 naL isopropyl
alcohol. The loss of monatin was monitored by LC/MS (Example 10). The
highest amount of activity was noted with L. major BSAT with
oxaloacetate as the amino acceptor, followed by the same enzyme with
alpha-ketoglutarate as the amino acceptor. The relative activity with
oxaloacetate was: BSAT > AspC > porcine type Ha > porcine type I
=TyrB. The relative activity with alpha-ketoglutarate was: BSAT >
AspC > porcine type I > porcine type Ha> 35TyrB.  -46- Example 8
Production of Monatin from Tryptophan and C3 Sources Other than
Pyruvate       As described above in Example 6, indole-3-pyruvate or
tryptophan can be converted to monatin using pyruvate as the C3
molecule. However, in some circumstances, pyruvate may not be a
desirable raw material., For example, pyruvate maybe more expensive
than other C3 carbon sources, or may have adverse effects on
fermentations if added to the medium. Alanine can be transaininated
by many PLP-enzymes to produce pyruvate.       Tryptophanase-like
enzymes perform beta-elimination reactions at faster rates than other
PLP enzymes such as aminonsnqferases. Enzymes from this class
(4.1.99.-) can produce ammonia 10and pyruvate from amino acids such
ast-serine, L-cysteine, and derivatives of serine and cysteine with
good leaving groups such as 0-methyl-L-serine, 0-benzyl-L-serine,
S-methylcysteine, 5- benzylcysteine, S-alkyl-L-cysteine,
0-acyl-L-serine, 3-chloro-L-alanine.       Processes to produce
monatin using EC 4.1.99.- polypeptides can be improved by mutating
the P-tyrosinase (TPL) or tryptophanase according to the method of
Mouratou et aL (.1 Biol. Chenz 15274:1320-5, 1999). Mouratou et aL
describe the ability to covert the p-tyrosinase into a dicarboxylic
amino acid P-lyase, which has not been reported to occur in nature. '
The change in specificity was accomplished by converting valine (V)
283 to arginine (R) and arginine (R) 100 to threonine (T). These
amino acid changes allow for the lyase to accept a dicarboxylic amino
acid for the hydrolytic deamination reaction (such as aspartate).



The gene for tyrosine-phenol lyase was isolated from a fi-eundii
(ATCC catalog number 308090, Designation ATCC 13316; NCTC 9750) and
grown on Nutrient agar (Difco 0001) and nutrient broth (Difco 0003)
at 37C to an OD of 2.0. The genomic DNA was purified using a Qiagen
Genomic-tip TM 100/0 Et. PCR Amplcation of Coding Sequences 35Primers
were designed with compatible overhangs for the pET 30 Xa/LIC vector
(Novagen, Madison, WI) as described above in Example 1.         E.
coil ffia (SEQ DD NO: 41). N-terminal primer for pET30 Xa/LIC
cloning: 5'-GGT ATT GAG GGT CGC ATG (MA AAC TIT AAA CAT city (SEQ ID
NO: 43). C-terminal primer for  -47- pET30 Xa/LIC cloning: 5'-AGA GGA
GAG TTA GAG CCT TAA ACT TOT TTA AGT 111 G-3' (SEQ ID NO: 44).
C. fi-eundii tpl (SEQ ED NO: 42). N-terminal primer for pET30 Xa/LIC
cloning: 5LOGT ATT GAG GGT CGC ATGAATTATCCGGCAGAACC-3' (SEQ ID NO:
45). C-terminal primer for 5 pET 30 Xa/LIC cloning: 5'-AGA GGA GAG
TTA GAG CCTTAGATGTAATCAAAGCGIG-3' (SEQ ID NO: 46).        The
Eppendorf Mastercyclerni Gradient 5331 Thermal Cycler was used for
all PCR reactions. In 50 RI, was added 0.5 jig template (genomic
DNA), 1.0 pM of each primer, 0 4 mM each dNTP, 3.5 U Expand High
Fidelity Polymerase (Roche), 1X Expand buffer with Mg, and 5% 10DMSO
(fmal concentration). The thermocycler PCR program used was as
follows: 96C hot start (5 minutes), 94C - 30 seconds, 40-60C - 1
minute 45 seconds, 72C -2 minutes 15 seconds; 30 repetitions. The
final polymerization step was for 7 minutes, and the samples were
then stored at 4C. 15Cloning        Cloning and positive clone
identification procedures detailed above in Example 1 were used to
identify the appropriate clones. Gene Expression and Activity Assays
20Plasmid DNA (verified by sequence analysis) was subcloned into the
expression host BL21(DE3) (Novagen). The cultures were grown in LB
medium with 30 mg/L kanamycin, the plasmids were isolated using a
Qiagen miniprep kit, and analyzed by restriction digest to confirm
identity. Induction experiments were done with the BL21(DE3)
expression host, the constructs were 25grown in LB medium containing
50 mg/L kanamycin at 37C. Protein expression was induced using 0.1 mM
IPTG after the 01)600 of the culture reached approximately 0.6. The
cells were grown for 4 hours at 30C and harvested by centrifugation.
The cells were then lysed in 5 naL/g wet cell weight BugBusterTm
(Novagen) reagent containing 5 pL/mL protease inhibitor cocktail set
#I11 (Calbiochem) and 1 pL/mL benzonase nuclease (Novagen), and the
His-tagged recombinant proteins 30were purified using the His-Bind
cartridges as described above in Example 1. Purified proteins were
desalted on a PD-10 (G25 Sephadex, Amersham Biosciences) column and
eluted in 100 mM Tris-CI buffer, pH 8.0. The proteins were analyzed
by SDS-PAGE on 4-15% gradient gels to check for soluble protein
levels at the predicted MW of the recombinant fusion protein. 35
Mutagenesis        Some members of polypeptide class 4.1.99.-
(txyptophanase and P-tyrosinase) will perform the beta-lyase reaction
with aspartate or similar amino acids without any modification.
However, some members of the class may need to be mutageniied to
allow for the use of the substrates and/or  -48- 



the creation of the product. Moreover, in some cases polypeptides
that can perform the conversion may be further optimized by
mutagenesis.        Site directed mutagenesis was performed based on
3D structure analysis of PLP-binding polypeptides. Two examples for
changing the substrate specificity of the polypeptides are shown
5below. Mutagenesis of Tryptophatzase Example 1        The
mutagenesis protocol provided below introduced two point mutations in
the amino acid sequence. The first point mutation changed argin' ine
(R) at position 103 to threonine (T) and the 10second point mutation
changed valine (V) at position 299 to arginine (R) (numbering system
for E. colt mature protein). Mutagenesis experiments were performed
by ATG Laboratories (Eden Prairie, MN). Mutations were introduced
sequentially by PCR of gene fragments and reassembly of the fragments
was accomplished by PCR as well. Primers for converting arginine
(R)103 to threonine (T): 5'-CCAGGGCACCGGCGCAGAGCAAATCTATATT-3' (SEQ
ID NO: 47) and 5'- 15 TOCGCCGGTGCCCTGGTGAGTCGGAATGGT-31 (SEQ 13D NO:
48).       Primers for converting valine (V)299 to arginine (R): 5'-
TCCTGCACGCGGCAAAGGGTTCTGCACTCGGT-3' (SEQ ID NO: 49) and 5'-
0.11GCCOCGTGCAGGAAGGCTTCCCGACA-31(SEQ ID NO: 50).            Mutants
were screened by restriction digest with Xba I/Hinall and Sphl, and
verified by 20sequencing. licutagenesis of Tyrosine Phenol Lyase
(J3-tyrosinase) Example 2 -          Two point mutations were made
tothe tyrosine phenol lyase amino acid sequence. These mutations
converted -arginine (R) at position 100 to threonine (T) and valine
(V) at position 283 to 25arginine (R) (in C. freundii mature protein
sequence).        Primers for the MOOT conversiOn were: 5'-
AGGGGACCGGCGCAGAAAACCTGTTATCG-3' (SEQ ID NO: 51) and
5lAG000ACCGGCGCAGAAAACOTGTTATCG-3' (SEQ ID NO: 54. Primers for the
V.28312.. conversion were: 5'-GTTAGTCCGCGTCTACGAAGGGATGCCAT-3' (SEQ
ID NO: 53) anc15'- 30 OTAGACGCGGACTA-ACTC IIIGGCAGAAG-3 (SEQ In NO:
54).        The methods described above were used, and the clones
were screened by KpnI/SacI digestion, and BstX I digestion. The
Sequences were verified by dideoxy chain termination '    sequencing.
Recombinant protein was produced as described above for the Wildtype
enzymes: The reaction mbthiretonsisted of 50 mM Tris-CI pH 8.3, 2
mMMgC12,, 260 ruM C3 carbon 35source, 5 mM alltiia-ketoglutarate,
sodium salt, 0.05 mM pyridoxal phosphate, deaerated water to  achieve
a final volume of 0.5 mL after the addition of the enzymes, 3 mly1
potassium phosphatepH 7.5, 25 gg of crude recombinant C. testosteroni
ProA aldolase as prepared as in Example 4, 500 pg o: crude
L-aspartate aminotranSferase (AspC) as prepared in Example 1, and
solid tryptophan to afford ;  -49- concentration of > 60 mIVI
(saturated; some undissolved throughout the reaction). The reaction
mix was incubated at 30C for 30 minutes with mixing. Serine, alanine,
and aspartate were supplied as 3- carbon sources Assays were
performed with and without secondary PLP enzymes (purified) capable
'of performing beta-elimination and beta-lyase reactions
(tryptophanase (TNA), double mutant 5tryptophanase, 13-tyrosinase
(TPL)). The results are shown in Table 4: Table 4: Production of
monatin utilizing alternative C3-carbon sources C3-carbon source
Additional PLP enzyme Relative Activity none none 0%  pyruvate 



none 100% scrim none 3% swine 11 ug wildtype TNA (1 'U) 5.1% serine
80 lig double mutant TNA 4.6%  alanine none 32% alanine 11 ng
wildtype TNA 41.7% alanine 80 ug mutant TWA 43.9% aspartate 110(10
.E.g_1,_fildFNA 7.7% aspartate 5 U wild type TPL (crude) 5.1% 3.3%
aspartate SO ng mutant TNA 



The monatin produced from alanine and serine as 3-carbon sources was
verified by 10LC/MS/MS daughter scan analysis, and was identical to
the characterized monatin produced in Example 6. Alanine was the best
alternative tested, and was transaminated by the AspC enzyme. The
amount of monatin produced was increased by addition of the
tryptophanase, which is capable of transamination as a secondary
activity. The amount of monatin produced with serine as a carbon
source nearly doubled with the addition of the tryptophanase enzymes,
even though only one-fifth of 15the amount of tryptophanase was added
in comparison to the aminotransferase. AspC is capable of some amount
of beta-elimination activity alone. The results with aspartate
indicate that the tryptophanase activity on aspartate does not
increase with the same site-directed mutations as previously
suggested for 0-tyrosinase. It is expected that the mutant
I3-tyrosinase will have higher activity for production of monatin. 20
Example 9 Chemical Synthesis of Monatin        The addition of
alanine to indole-3-pyruvic acid produces monatin, and this reaction
can be performed synthetically with a Grignard or organolithium
reagent. 25For example, to 3-chloro- or 3-brorno-alanine which has
been appropriately blocked at the carboxyl and amino groups, is added
magnesium under anhydrous conditions. Indole-3-pyruvate
(appropriately blocked) is then added to form the coupled product
followed by removal of the protecting groups to form monatin.
Protecting groups that are particularly useful include THP
(tetrahydropyranyl ether) which is easily attached and removed.  -50-
Example 10 Detection of Monatin and NP       This example describes
methods used to detect the presence of monatin, or its precursor 2-
hydroxy 2-(indo1-3-ylmetliy1)-4-keto glutaric acid. 5 LC/MS Analysis
Analyses of mixtures for the alpha-lceto acid form of monatin
(monatin precursor, MP) and monatin derived from in vitro or in vivo
biochemical reactions were performed using a Waters/Micrornass liquid
chromatography-tandem mass spectrometry (LC/MS/NIS) instrument
including a Waters 2690 liquid chromatograph with a Waters 996
Photo-Diode Array (PDA) 10absorbance monitor placed in series between
the cluomatograph and a Micromass Quattro Ultima triple quadrupole
mass spectrometer. LC separations were made using a Supeko Discovery
Cts reversed-phase chromatography column, 2.1mm x 150 mm, or an
Xterra MS Cg reversed-phase chromatography column, 2.1mm x 250 ram,
at room temperature. The LC mobile phase consisted of A) water
containing 0.05% (v/v) trifluoroacetic acid and B) methanol
containing 0.05% (v/v) 15trifluoroacetic acid.       The gradient
elution was linear from 5% B to 35% B, 0-9 min, linear from 35% B to
90% B, 9-16 min, isocratic at 90% B, 16-20 min, linear from 90% B to
5% B, 20-22 min, with a 10 min re- equilibration period between runs.
The flow rate was 0.25 mL/min, and PDA absorbance was monitored from
200 nm to 400 nrn. All parameters of the ESI-MS were optimized and
selected based 



20on generation of protonated molecular ions ([M + H].) of the
analytes of interest, and production of characteristic fragment ions.
The following instrumental parameters were used for LC/MS analysis of
monatin: Capillary: 3.5 kV; Cone: 40 V; Hex 1: 20 V; Aperture: 0 V;
Hex 2: 0 V; Source temperature: 100C; Desolvation temperature: 350C;
Desolvation gas: 500 L/h; Cone gas: 50 L/h; Low mass resolution
25(Q1): 15.0; High mass resolution (Q1): 15.0; Ion energy: 0.2;
Entrance: 50y; Collision Energy: 2; Exit: 50y; Low mass resolution
(Q2): 15; High mass resolution (Q2): 15; 101i energy (Q2): 3.5;
Multiplier: 650. Uncertainties for reported mass/charge ratios (nth)
and molecular masses are   0.01%. Initial detection of the alpha-keto
acid form of monatin (MI)) and monatin in the mixtures was
accomplished by LC/MS monitoring with collection of mass spectra for
the region in/z 150-400. 30Selected ion chromatograms for protonated
molecular ions ([M + HIE = 292 for MP, INI += 293 for monatin)
allowed direct identification of these analytes in the mixtures.
MS/MS Analysis LC/MS/1\48 daughter ion experiments Were performed on
monatin as follows. A daughter 35ion analysis involves transmission
of the parent ion (e.g., ink = 293 for monatin) of interest from the
first mass analyzer (Q1) into the collision cell of the mass
spectrometer, where argon is introduced and chemically dissociates
the parent into fragment (daughter) ions. These fragment ions are
then .  -51- detected with the second mass analyzer (Q2), and can be
used to corroborate the structural assignment of the parent The
following instrumental parameters were used for LC/MS/MS analysis of
monatim Capillary: 3.5 kV; Cone: 40 V; Hex 1: 20 V; Aperture: 0 V;
Hex 2: 0 V; Source temperature: 100 C; Desolvation temperature: 350
C; Desolvation gas: 500 L/h; Cone gas: 50 L/h; Low mass resolution
(Q1): 13.0; High mass resolution (Q1): 13.0; Ion energy: 0.2;
Entrance: -5 V; Collision Energy: 14; Exit: 1V; Low mass resolution
(Q2): 15; High mass resolution (Q2): 15; Ion energy (Q2): 3.5;
Multiplier: 650. 10 High-Throughput Determination of Monatin
High-throughput analyses (<5 min/sample) of mixtures for monatin
derived from in vitro or in vivo reactions were carried out using
instrumentation described above, and the same parameters as described
for LC/MS/MS. LC separations were made using Waters Xterra MS Cg
(2.1mm x 50 mm) chromatography at room temperature with isocratic
elution in 15% aqueous Me0H, 0.25% acetic 15acid at a flow rate of
0.3 mL/min. Detection of monatin in the mixtures was accomplished
using selected reaction monitoring (SRM)-tandem mass spectrometry.
This involved monitoring specific collisionally-induced parent ion
([M + 1-1]+ = 293.1) to daughter ion (e.g., the fragment ion at ruk =
168.1, tentatively assigned as a 3-buta-1,3-dieny1-1H-indole
carbonium ion) transitions to maximize       sensitivity,
selectivity, and throughput for the detection of monatin. PDA
absorbance data were 20collected in parallel for further verification
of monatin identity. Example 11 Production of Monatin in Bacteria
This example describes methods used to produce monatin in E. coif
cells. One skilled in the 25art will understand that similar methods
can be used to produce monatin in other bacterial cells. In 



addition, vectors containing other genes in the monatin synthesis
pathway (FIG. 2) can be used. Trp-1 + glucose medium, a minimal
medium That has been used for increased production of typtophan in E.
coli cells (Zeman et al. Folia Adieroblot 35:200-4, 1990), was
prepared as follows. To 700 mL nanopure water the following reagents
were added: 2 g (NH4)2304, 13.6 g KILPO4, 0.2 g 30Mg804.7H20, 0.01 g
CaC12.2H20, and 0.5 mg FeSO4.7H20. The pH was adjusted to 7.0, the
volume was increased to 850 mL, and the medium was autoclaved. A 50%
glucose solution was prepared separately, and sterile-filtered. Forty
mL was added to the base medium (850 mL) for a 1 L fmal  volume. A 10
g/T... L-tryptophan solution was prepared in 0.1 M sodium phosphate
pH 7, and sterile- 35filtered. One-tenth volume was typically added
to cultures as specified below. A 10% sodium pyruvate solution was
also prepared and sterile-filtered. A 10 rat aliquot was typically
used per liter of culture. Stocks of ampicillin (100 mg/mL),
kanamycin (25 rrighnL) and IPTG (840 mM) were prepared,
sterile-filtered, and stored at -20C before use. Tween 20
(polyoxyethylene 20-Sorbitan  -52- monolaurate) was utilized at a
0.2% (vol/vol) final concentration. Ampicillin was used at non-lethal
concentrations, typically 1-10 pg/n final concentration.        Fresh
plates of E. coil BL21(DE3)::C. testosteroni proAlpET 30 Xa/LIC
(described in Example 4) were prepared on LB medium containing 50
ps/mL kanamycin. Overnight cultures (5 5 mL) were inoculated from a
dingle colony and grown at 30C in LB medium with kanamycin. Typically
a 1 to 50 inoculum was used for induction in lip-1 + glucose medium.
Fresh antibiotic was added to a final concentration of 50 mg/L. Shake
flasks were grown at 37C prior t6 induction.       Cells were sampled
every hour until an 0E4600 of 0.35-0.8 was obtained. Cells were then
induced with 0.1 mM LPTG, and the temperature reduced to 34 C.
Samples (1 nil) were collected 10 prior to induction (zero time
point) and centrifuged at 5000 x g. The supernatant was frozen at
-20C for LC/MS analysis. Four hours post-induction, another 1 mL
sample was collected, and centrifuged to separate the broth from the
cell pellet. Tryptophan, sodium pyruvate, ampicillin, and Tween were
added as described above. The cells were grown for 48 hours
post-induction, and another 1 mL sample was taken and 15prepared as
above. At 48 hours, another aliquot of tryptophan and pyruvate were
added. The entire culture volume was centrifuged after approximately
70 hours of growth (post-induction), for 20 minutes at 4C and 3500
rpm. The supernatant was decanted and both the broth and the cells
were frozen at -80C. The broth fractions were filtered and analyzed
by LC/MS. The heights and areas of the [M+H] = 293 peaks were
monitored as described in Example 10. The background level of the
20medium was subtracted. The data was also normalized for cell growth
by plotting the height of the [M+Hr = 293 peak divided by the optical
density of the culture at 600 nm.        Higher levels of monatin
were produced when pyruvate, anmicillin, and Tween were added 4 hours
post induction rather than at induction. Other additives such as PLP,
additional phosphate, or additional MgCl2 did not increase the
production of monatin. Higher titers of monatin were obtained 25when
tryptophan was utilized instead of indole-3-pyruvate, and when the
tryptophan was added post- induction rather than at inoculation, or
at induction. Prior to induction, and 4 hours post-induction (at time
of substrate addition), there was typically no detectable level of
monatin in the fermentation broth or cellular extracts. Negative



A time course experiment showing typical results is shown in FIG. 10.
The amount of monatita secreted into the cell broth increased, even
when the values are normalized for cell growth.  -53- By using the
molar extinction coefficient of tryptophan, the amount of monatin in
the broth was estimated to be less than 10 pg/mL. Ile same experiment
was repeated with the cells containing  vector without proA insert.
Many of the numbers were negative, indicating the peak height at
ns/z=293 was less in these cultures than in the medium alone (FIG.
10). The numbers were 5consistently lower when tryptophan and
pyruvate were absent, demonstrating that monatin production is a
result of an enzymatic reaction catalyzed by the aldolase enzyme.
The in vivo production of monatin in bacterial cells was repeated in
800 mL shake flask experiments and in fermentors. A 250 mL sample of
monatin (in cell-free broth) was purified by anion exchange
chromatography and preparative reverse-phase liquid chromatography.
This sample 10was evaporated, and submitted for high resolution mass
analysis (described in Example 6). The high resolution MS indicated
that the metabolite being produced is monaiin.        In vitro assays
indicate that arninotransferase needs to be present at higher levels
than aldolase (see Example 6), therefore the aspartate
aminotransferase from E. con was overexpressed in combination with
the aldolase gene to increase the amount of monatin produced. Primers
were 15 designed to introduce C. testosieroni proA into an operon
with aspC/pET30 Xa/LIC, as follows: 5' primer:
ACTCGGATCCGAAGGAGATATACATATGTACGAACTGGGACT (SEQ ID NO: 67) and 3'
primer: CGGCTGTCGACCGTTAGTCAATATATTTCAGGC (SEQ lD NO: 63). The 5'
primer contains a BamHI site, the 3' primer contains a Sall site for
cloning. PCR was performed as described in Example 4, and gel
purified. The aspC/pET30 Xa/LIC construct was digested with 20BamHI
and Sall, as was the PCR product. The digests were purified using a
Qiagen spin column. Theprael PR product was ligated to the vector
using the Roche Rapid DNA Ligation Idt (Indianapolis, IN) according
to manufacturer's instructions. Chemical transformations were done
using Novablues Singles (Novagen) as described in Example 1. Colonies
were grown up in LB medium containing 50 ing/L kanamycin and plasmid
DNA was purified using the Qiagen spin 25miniprep kit. Clones were
screened by restriction digest analysis and sequence was confirmed by
Semviight (Houston, TX). Constructs were subcloned into BLR(DE3),
BLR(DE3)pLysS, BL21(DE3) and BL21(DE3)pLysS (Novagen). The proA/pET30
Xa/LIC construct was also transformed into BL21(DE3)pLysS. Initial
comparisons of BLR(DE3) shake flask samples under the standard
conditions 30described above demonstrated that the addition of the
second gene (aspC) improved the amount of monatin produced by
seven-fold. To hasten growth, BL21(DE3)-derived host strains were
used. The proA clones and the two gene operon clones were induced in
Trp-1 medium as above, the pLysS hosts had chloramphenicol (34 mg/L)
added to the medium as well. Shake flask experiments were performed
with and without the addition of 0.2% Tween-20 and 1 mg/L ampicillin.
The amount of 35monatin in the broth was calculated using in vitro
produced purified monatin as a standard. SRM analyses were performed
as described in Example 10. Cells were sampled at zero, 4 hours, 24
hours, 48 hours, 72 hours, and 96 hours of growth. The results are
shown in Table 5 for the maximum amounts produced in the culture
broths. r.,...--nr+1,;(141.ar Mann(' +bon fhed rencfrnet -vrie The
pLysS strains, which should have leakier cell envelopes, had higher



Construct Host Tween + Amp pg/mL monatin time proA 3L21(DE3)  0.41 72
hr proA BL21(DE3) 4- 1.58 48 hr proA BL21(DE3)pLysS - 1.04 48 hr proA
BL21(T)E3)pLysS + 1.60 48 hr aspC.-proA BL21(DE3) - 0.09 



48 hr aspC:proA 3L21(DE3) + 0.58 48 hr aspC.proA 3L21(DE3)pLysS -
1.39 48 hr aspC.-proA BL21(DE3)pLysS  6.68 48 hr  Example 12
Production of Monatin in Yeast This example describes methods used to
produce monatin in eukaryotic cells. One skilled in lothe art will
understand that similar methods can be used to produce monatin in any
cell of interest. In addition, other genes can be used (e.g., those
listed in FIG. 2) in addition to, or alternatively to those described
in this example.        The pESC Yeast Epitope Tagging Vector System
(Stratagene, La Jolla, CA) was used to clone and express the E. coil
aspC and C. testosteroni proA genes into Saccharonzyces cerevisiae.
15The pESC vectors contain both the GAL1 and the GAL10 promoters on
opposite strands, with two distinct multiple cloning sites, allowing
for expression of two genes at the same time. The pESC-His vector
also contains the H1s3 gene for complementation of histidine
auxotrophy in the host (YPHSO0). The GAL1 and GAL10 promoters are
repressed by glucose and induced by galactose; a Kozak sequence is
utilized for optimal expression in yeast. The pESC plasmids are
shuttle vectors, 20allowing the initial construct to be made in E.
coil (with the Ma gene for selection); however, no bacterial ribosome
binding sites are present in the multiple cloning sites.        The
following primers were designed for cloning into pESC-His
(restriction sites are underlined, Kozak sequence is in bold): aspC
(BanzHYSall), GALL 51- CGCGGATCCATAATGGTTGAGAACATTACCG-3' (SEQ ID NO:
69) and 5'- 25 ACGCGTCGACTTACAGCACTGCCACAATCG-3' (SEQ ED NO: 70).
proA (EcoRI/Not1), GAL10: 51-CCGGAATTCATAATGGTCGAACTGGGAGTTGT-3'(SEQ
ID NO: 71) and 51- GAATGCGGCCGCITAGTCAATATA111CAGGCC-31 (SEQ LD NO:
72). 



The second codon for both mature proteins was changed from an
aromatic amino acid to valine due to the introduction of the Kozak
sequence. The genes of interest were amplified using . 30 pET30
Xa/LIC miniprep DNA from the clones described in Examples 1 and
Example 4 as template. PCR was performed using an Eppendorf Master
cycler gradient thermocycler and the following protocol for a 50 pL
reaction: 1.0 iL template, 1.0 11.M of each primer, 0.4 mM each dNTP,
3.5 U  -55- Expand High Fidelity Polymerase (Roche, Indianapolis,
IN), and IX Expandwith Mg. The thermocycler program used consisted of
a hot start at 94C for 5 minutes, followed by 29 repetitions of the
following steps: 94C for 30 seconds, 50C for 1 minute 45 seconds, and
72C for 2 minutes 15 seconds. After the 29 repetitions the sample was
maintained at 72C for 10 minutes and then 5stored at 4C The PCR
products were purified by separation on a 1% TAE-agarose gel followed
by recovery using a QIAquick Gel Extraction Kit (Qiagen, Valencia,
CA).       The pESC-His vector DNA (2.7 pg) was digested with
Bandll/Sall and gel-purified as above. The aspCPCR product was
digested with Band-II/Sall and purified with a QIAquick PCR
Purification Colunm. Ligations were performed with the Roche Rapid
DNA Ligation Kit following 10the manufacturer's protocols. Desalted
ligations were electroporated into 40 pl Electromax DH1OB competent
cells (Invitrogen) in a 0.2 cm Biorad disposable Guyette using a
Biorad Gene Pulser II with pulse controller plus, according to the
manufacturer's instructions. After 1 hour of recovery in 1 mL of SOC
medium, the transformants were plated on LB medium containing 100
Isg/mL ampicillin. Plasmid DNA preparations for clones were done
using QIAprep Spin Miniprep Kits Plasmid DNA 15was screened by
restriction digest, and sequenced (Seqwright) for verification using
primers designed for the vector.       The aspC IpESC-His clone was
digested with EcoRI and Nod, as was theproA PCR product DNA was
purified as above, and ligated as above. The two gene construct was
transformed into DHIOB cells and screened by restriction digest and
DNA sequencing. 20The construct was transformed into S. cerevisiae
strain YPHSO0 using the S.c. EasyCompTm Transformation Kit
(Invitrogen). Transformation reactions were plated on SC-His minimal
medium (Invitrogen pYES2 manual) containing 2% glucose. Individual
yeast colonies were screened for the presence of the proA and aspC
genes by colony PCR using the PCR primers above. Pelleted cells (2
id) were suspended in 20 pi of Y-Lysis Buffer (Zymo Research)
containing 1 pi of zymolase and 25heated at 37C for 10 minutes. Four
ML of this suspension was then used in a 50 iL PCR reaction using the
PCR reaction mixture and program described above. Five mL cultures
were grown overnight on SC-His + glucose at 30C and 225 rpm. The
cells were gradually adjusted to growth on raffinose in order to
minimize the lag period prior to induction with galactose. After
approximately 12 hours of growth, absorbance measurements at 600  30
um were taken, and an appropriate volume of cells was spun down and
resuspended to give an OD of 0.4 in the fresh SC-His medium. The
following carbon sources were used sequentially: 1% raffinose + I %
glucose, 0.5% glucose + 1.5% raffinose, 2% raffmose, and finally 1%
raffmose + 2% galactose for induction. After approximately 16 hours
of growth in induction medium, the 50 mL cultures were 35divided into
duplicate 25 mL cultures, and the following were added to only one of
the duplicates: (fmal concentrations) 1 g/L L-tryptophan, 5 m1V1
sodium phosphate pH 7.1, 1 g/L sodium pyruvate, 1 niM MgC12. Samples



10 monatin was detected in the broth samples, indicating that the
cells could not secrete monatin under these conditions. The proton
motive force may be insufficient under these conditions or the
general amino acid transporters may be saturated with tryptophan.
Protein expression was not at a level that allowed for detection of
changes using SDS-PAGE Monatin was detectable (approximately 60
p.g/mL) transiently in cell extracts of the culture 15 . with two
functional genes, When tryptophan and pyruvate were added to the
medium. Monatin was not detected in any of the negative control cell
extracts. In vitro assays for monatin were performed in duplicate
with 4.4 mg/naL of total protein (about double what is typically used
for E. coli cell extracts) using the optimized assay described in
Example 6. Other assays were performed with the addition of either 32
1.1g/mL C. testosteroni ProA aldolase or 400 pg/mL AspC
aminotransferase, to  20 determine which enzyme was limiting in the
cell extract Negative controls were performed with no addition of
enzyme, or the addition of only AspC aminOtransferase (the aldol
condensation can occur to some extent without enzyme). Positive
controls were performed with partially pure enzymes (30- 40%), using
16 p.g/rril, aldolase and 4001.1.g/mL aminotransferase.  -In vitro
results were analyzed by SRM. The analysis of cell extracts showed
that tryptophan 25was effectively transported into the cells when it
was added to the medium post-induction, resulting in tryptophan
levels two orders of magnitude highei than those in which.no
'additional tryptophan was added. The results for in vitro monatin
analysis are shown in Table 6 (numbers indicate nginiL). Table 6:
Monatin production with yeast cell extracts.  aspC construct +
aldolase + AspC two-gene construct + aldolase + AspC repressed
(glucose medium) 0 888.3 173.5 0 465.2 829 24 hr induced 0 2832.8
642.4 0 



1375.6 9146.6 69 hi-induced 0 4937.3 340.3 71.9 1652.8 23693.5 69 hr
+ subs. 0 556.9 659.1 21.9 755.6 16688.2 + control (purified enzymes)
21853   21853   -control (no enzymes) 0  254.3 0  254.3 



-57-        Positive results were obtained with the full two-gene
construct cell extracts with and without substrate added to the
growth medium. These results, in comparison to the positive controls,
indicate that the enzymes were exiiressed at levels of close to I% of
the total protein in yeast. The amount of monatin produced when the
cell extract of the aspC construct (with truncated/rod) was assayed
with 5 aldolase was significantly greater than when cell extracts
were assayed alone, and indicates that the recombinant AspC
aminotransferase comprises approximately 1-2% of the yeast total
protein. The cell extracts of uninduced cultures had a small amount
of activity when assayed with aldolase due to the presence of native
antinotransferases in the cells. When assayed with AspC
aminotransferase, the activity of the extracts from uninduced cells
increased to the amount of monatin produced by the 10negative control
with AspC (ca. 200 nem1). In contrast the activity observed when
assaying the two gene construct cell extract increases more when
aminotransferase is supplemented than when aldolase is added. Since
both genes should be expressed at the same level, this indicates that
the amount of monatin prbduced is maximized when the level of
aminotransferase is higher than that of aldolase, in agreement with
results shown in Example 6. 15The addition of pyruvate and tryptophan
not only inhibits cellular growth, but apparently inhibits protein
expression as well. The addition of the pESC-Trp plasmid can be used
to correct for tryptophan auxotcophy of the YPHSO0 host cells, to
provide a means of supplying tryptophan with fewer effects on growth,
expression, and secretion. 20Example 13 Improvement of Enzymatic
Processes using Coupled Reactions In theory, if no side reactions or
degradation of substrates or intermediates occurs, the maximum amount
of product formed from the enzymatic reaction illustrated in FIG. I
is directly proportional to the equilibrium constants of each
reaction, and the concentrations of tryptophan and 25pyravate.
Tryptophan is not a highly soluble substrate, and concentrations of
pyruvate greater than 200 rnIVI appear to have a negative effect on
the yield (see Example 6). Ideally, the concentration of roonatin is
maximized with respect to substrates, in order to decrease the cost
of separation. Physical separations can be performed such that the
monatin is removed from the reaction mixture, preventing the reverse
reactions from occuring. The raw 30materials and catalysts can then
be regenerated. Due to the similarity of monatin in size, charge, and
hydrophobicity to several of the reagents and intermediates, physical
separations will be difficult unless there is a high amount of
affinity for monatin (such as an affinity chromatography technique).
However, the monatin reactions can be coupled to other reactions such
that the equilibrium of the system is shifted toward monatin
production. The following are examples of processes for improving
35the yield of monatin obtained from tryptophan or indole-3-pyruvate.
Coupled reactions using oxaloacetate decarboxylase (EC 4.1.1.3)
FIG. 11 is an illustration of the reaction Tryptophan oxidase and
catalase are utilized to drive the reaction in the direction of
indole-3-pyruvate production. Catalase is used in excess such  -58-
that hydrogen peroxide is not available to react in the reverse
direction or to damage the enzymes or  intemiediates. Oxygen is
regenerated during the catalase reaction. Alternatively,
indole-3-pyruvate  can be used as the substrate.       Aspartate is
used as the amino donor for the amination of MP, and an aspartate



reaction. Other decarboxylase enzymes can be used, and homologs are
known to exist in Actinobacillus actinoznycetemcomitans, Aguifex
aeolicus, Archaeoglo bus fulgidus, elzotobacter vinelandii,
Bacteroides fragilis, several Bordetella species,
Cantpylobacterjejuni, Chlorobiwn tepidunt, Chloreexus aurantiacus,
Enterococcus jaecalis, Fusobacterium nucleation, Klebsiella 15
pneumoniae, Legionella pnewnophila, MagnetococcusMannheimia
haemolytica, Methylobcicillus flagellatus KT, Pasteurella multocida
Pm70, Petrotoga miotherma,Porphyromonas gingivalis, several
Pseudonzonas species, several Pyrococctts species, Rhodo coccus,
several Salmonella species, several Streptococcus species,
Thermochromatitan tepidum, Thermotoga maritime, Treponezna pallidunz,
and several Vibrio species. 20Tryptophan aminotransferase assays were
performed with the aspartate aminotransferase  (AspC) from E. colt,
the tyrosine aminotransferase (TyrB) from E. coil, the broad
substrate aminotransferase (BSAT) front L. major, and the two
commercially available porcine glutamateoxaloacetate
arainotransferases as described in Example 1. Both oxaloacetate and
alpha-ketoglutarate  were tested as the amino acceptor. The ratio of
activity using monatin (Example 7) versus activity using tryptophan
was compared, to determine which enzyme had the highest specificity
for the monatin aminotransferase reaction. These results indicated
that the enzyme with the highest specificity for the monatin reaction
verses the tryptopban reaction is the Porcine type II-A
glutamateoxaloacetate aminotransferase, GOAT (Sigma G7005). This
specificity was independent of which amino acceptor was utilized.
Therefore, this enzyme was used in the coupled reactions with
30oxaloacetate decarboxylase.       A typical reaction starting from
indole-3-pyruvate included (fmal concentrations) 50 mM Tris-d pH 7.3,
6 mM indole-3-pyruvate, 6 triM sodium pyruvate, 6 mM aspartate, 0.05
mM PLP, 3 mM potassium phosphate, 3 mM MgCl2, 25 ughnL
aminotransferase, 50 Itg/mL C. testosteroni ProA aldolase, and 3
Units/mL of decarboxylase (Sigma 04878). The reactions were allowed
teproceed 35for 1 hour at 26C. In some cases, the decarboxylase was
omitted or the aspartate was substituted with alpha-ketoglutarate (as
negative controls). The aminotransferase enzymes' described above
were also tested in placeuf the GOAT to confirm earlier specificity
experiments. Samples were filtered and analyzed by LC/MS as described
in Example 10. The results demonstrate that the GOAT 44,01,:rtuact
mn,,nt rarnemi-in 1,1.11 rn a nf twnteinl with the leaat amount of
-59- tryptophan produced as a byproduct In addition, there was a 2-3
fold benefit from having the decarboxylase enzyme added. The E. colt
AspC enzyme also produced large amounts of monatin in comparison to
the other aminotransferases. Monatm production was increased by: 1)
periodically adding 2 m.M additions of indole- 5pyruvate, pyruvate,
and aspartate (every half hour to hour), 2) performing the reactions
in an anaerobic environment or with degassed buffers, 3) allowing the
reactions to proceed overnight, and 4) using freshly prepared
decarboxylase that has not been freeze-thawed multiple times. The
decarboxylase was inhibited by concentrations of pyruvate greater
than 12 mM. At concentrations of indole-3-pyruvate higher than 4 rnM,
side reactions with indole-3-pyruvate were hastened. The 10amount of
indole-3-pyruvate used in the reaction could be increased if the
amount of aldolase was also increased. High levels of phosphate (50
mM) and aspartate (50 mM) were found to be inhibitory to the



therefore unable to compete with MP in the active site), and 2) the
ratio of oxidase to aldolase and aminotransfemse was maintained at a
level such that indole-3-pyruvate could not accumulate.       Whether
starting with either indole-3-pyruvate or tryptophan, the amount of
monatin produced in assays with incubation times of 1-2 hours
increased when 2-4 times the amounts of all 30the enzymes were used
while maintaining the same enzyme ratio. Using either substrate,
concentrations of approximately 1 mg/mL of monatin were achieved. The
amount of tryptophan produced if starting from indole-pyruvate was
typically less than 20% of the amount of product, which shows the
benefit of utilizing coupled reactions. With further optimization and
control of the concentrations of intermediates and side reactions,
the productivity and yield can be improved 35greatly. Coupled
reactions Using lysine epsilon aminotransferase (EC 2.6.1.36) .
Lysine epsilon aminotransferase (L-Lysine 6-transaminase) is found in
Several organiams, including Rhodococcus,
Mycobacteriunz,Streptoznyces, Nocardia, Flavobacterium, Candida  -60-
and Streptomyces. It is utilized by organisms as the first step in
the production of some beta-lactam antibiotics (Rius and Demain,
Microbiol. Biotech., 7:95-100, 1997). This enzyme converts lysine to
L-2-aminoadipate 6-semialdehyde (allysine), by a PLP-mediated
transamination of the C-6 of lysine, utilizing alpha-ketoglutarate as
the amino acceptor. Allysine is unstable and spontaneously undergoes
an intramolecular dehydration to form 1-piperideine 6-carboxylate, a
cyclic molecule. This effectively inhibits any reverse reaction from
occuring. The reaction scheme is depicted in FIG, 12. An alternative
enzyme, lysine-pyruvate 6-transaminase (EC 2.6.1.71), can also be
used.       A typical reaction contained in 1 nil.: 50 mM Tris-Ha pH
7.3, 20 mM indole-3-pyruvate, 0.05 mM PLP, 6 mM potassium phosphate
pH 8, 2-50 mM sodium pyruvate, 1.5 rnM MgC12, 50 mM 10lysine, 100 ng
aminotransferase (lysine epsilon aminotransferase LAT-101,
BioCatalytics Pasadena, CA), and 200 jig C. testosteroni ProA
aldolase. The amount of monatin produced increased with increasing
concentrations of pyruvate. The maximum amount using these reaction
conditions (at 50 m1.1 pyruvate) was 10-fold less than what was
observed with coupled reactions using oxaloacetate decarboxylase
(approximately 0.1 mg/mL). 15A peak with [M+H] = 293 elated at the
expected time for monatin and the mass spectrum contained several of
the same fragments observed with other enzymatic processes. A second
peak with the correct mass to charge ratio (293) eluted slightly
earlier than what is typically observed for the 8,8 monatin produced
in Example 6, and may indicate the presence of another isomer of
monatin. Very little tryptophan was produced by this enzyme. However,
there is likely some activity on 20pytuvate (producing alanine as a
byproduct). Also, the enzyme is known to be unstable. Improvements
can be made by performing directed evolution experiments to increase
stability, reduce the activity with pyruvate, and increase the
activity with MID. These reactions can also be coupled to L-amino
acid oxidase/catalase as described above. 25Other coupled reactions
Another coupling reaction that can improve monatin yield from
fryptophan or indolepyruvate is shown in FIG. 13. Formate
dehydrogenase (EC 1.2.1.2 or 1.2.1.43) is a common enzyme. Some
formate dehydrogenases require NADH while others can utilize NADPH.
Glutamate dehydrogenase catalyzed the interconversion between the
monatin precursor and monatin in previous 30 examples, using ammbnium



-61- an omega-amino acid aminotransferase (EC 2.6.1.18) such as those
described by in US patents 5,360,724 and 5,300,437, one of the
resulting products would be acetone, a more volatile product than the
substrate, aminopropane. The temperature can be raised periodically
for short periods to flash off the acetone, thereby alleviating
equilibrium. Acetone has a boiling point of 47C, a 5temperature not
likely to degrade the intennediates if used for short periods of
time. Most aminotransferases that have activity on
alpha-ketoglutarate also have activity on the monatin precursor.
Similarly, if a glyoxylate/arornatic acid aminotransferase (EC
2.6.1.60) is used with glycine as the amino donor, glyoxylate is
produced which is relatively unstable and has a highly reduced
boiling point in comparison to glycine. 10 EXAMPLE 14 Recombinant
Expression       With publicly available enzyme cDNA and amino acid
sequences, and the enzymes and sequences disclosed herein, such as
SEQ BD NOS: 11 and 12, as well as variants, polymorphisms,  15
mutants, fragments and fusions thereof, the expression and
purification of any protein, such as an enzyme, by standard
laboratory techniques is enabled. One skilled in the art will
understand that enzymes and fragments thereof can be produced
recombinantly in any cell or organism of interest, and purified prior
to use, for example prior to production of SEQ ID NO: 12 and
derivatives thereof. Methods for producing recombinant proteins are
well known in the art. Therefore, the scope 20of this disclosure
includes recombinant expression of any protein or fragment thereof,
such as an enzyme. For example, see U.S. Patent No: 5,342,764 to
Johnson et al.; U.S. Paterit No: 5.846,819 to Pausch et al.; U.S.
Patent No: 5,876,969 to Fleer et at and Sambrook et at (Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor, New York, 1989, Ch.
17). Briefly, partial, full-length, or variant cDNA sequences, which
encode for a protein or 25peptide, can be ligated into an expression
vector, such as a bacterial or eukaryotic expression vector. Proteins
and/or peptides can be produced by placing a promoter upstream of the
cDNA sequence. Examples of promoters include, but are not limited to
lac, tip, tac, trc, major operator and promoter regions of phage
lambda, the control region of fd coat protein, the early and late
promoters of SV40, promoters derived from polyoma, adenovirus,
retrovirus, baculovirus and simian virus, the promoter 30for
3-phosphoglycerate lcinase, the promoters of yeast acid phosphatase,
the promoter of the yeast alpha-mating factors and combinations
thereof.       Vectors suitable for the production of intact native
proteins include pKC30 (Shimatake and Rosenberg, 1981, Nature
292:128), pKK177-3 (Amann and Brosius, 1985, Gene 40:183) and pET-3
(Studier and Moffatt, 1986,1 Mot Biol. 189:113). A DNA sequence can
be transferred to other 35cloning vehicles, such as other plasmids,
bacteriophages, cosmids, animal viruses and yeast artificial
chroinosomes (YACs) (Burke eta?., 1987, Science 236:806-12). These
vectors can be introduced into a variety of hosts including somatic
cells, and simple or complex organisms, such as bacteria, fungi
(Timberlake and Marshall, 1989, Science 244:1313-7), invertebrates,
plants (Gasser and Fraley,  -62- 1989, Science 244:1293), and mammals
(Parsel et al., 1989, Science 244:1281-8), which are rendered
transgenic by the introduction of the heterologous cDNA.       For
expression in mammalian cells, a cDNA sequence can be ligated to
heterologous promoters, such as the simian virus 8V40, promoter in



15 84:7413), DEAE dextran (McCuthan et al., 1968, J. Natl. Cancer
Inst. 41:351), microinjection (Mueller et at, 1978, Cell 15:579),
protoplast fusion (Schafner, 1980, Proc. Natl. Acad. Sot USA
77:2163-7), or pellet guns (Klein et at, 1987, Nature 327:70).
Alternatively, the cDNA can be introduced by infection with virus
vectors, for example retroviruses (Bernstein et al., 1985, Gen.
Engrg. 7:235) such as adenoviruses (Ahmad et al., 1986,1 Virot
57:267) or Herpes (Spaete et al., 201982, Cell 30:295).       In view
of the many possible embodiments to which the principles of our
disclosure may be applied, it should be recognized that the
illustrated embodiments are only particular examples of the
disclosure and should not be taken as a limitation on the scope of
the disclosure. Rather, the scope of 25the disclosure is in accord
with the following claims. We therefore claim as our invention all
that comes within the scope and spirit of these claims.  63 We claim:
1.A method of producing monatin, comprising converting tryptophan
and/or indole-3- lactic acid to monatin, wherein the method
comprises:       (a) contacting tryptophan or indole-3-lactic acid
with a first polypeptide, wherein, when tryptophan is contacted with
the first polypeptide, the first polypeptide is chosen from
tryptophan aminotransferase (EC 2.6.1.27), tryptophan dehydrogenase
(EC 1.4.1.19), tyrosine (aromatic) aminotransferase (EC 2.6.1.5),
tryptophan-phenylpyruvate transaminase (EC 2.6.1.28), multiple
substrate aminotransferase (EC 2.6.1.-), aspartate aminotransferase
(EC 2.6.1.1), tryptophan oxidase, L-amino acid oxidase (EC 1.4.3.2),
D-amino acid dehydrogenase (EC 1.4.99.1), D-amino acid oxidase (EC
1.4.3.3), D-tryptophan aminotransferase, D-alanine aminotransferase
(EC 2.6.1.21), glutamate dehydrogenase (EC 1.4.1.2-4), phenylalanine
dehydrogenase (EC 1.4.1.20), or a combination thereof, wherein, when
indole-3-lactic acid is contacted with the first polypeptide, the
first polypeptide is chosen from indolelactate dehydrogenase (EC
1.1.1.110), R-4 hydroxyphenyllactate dehydrogenase (EC 1.1.1.222),
3-(4)-hydroxyphenylpyruvate reductase (EC 1.1.1.237), lactate
dehydrogenase (EC 1.1.1.27, 1.1.1.28, 1.1.2.3), (3-imidazol-5-y1)
lactate dehydrogenase (EC 1.1.1.111), and lactate oxidase (EC
1.1.3.-), or a combination thereof, wherein the first polypeptide
converts the tryptophan or indole-3-lactic acid to indole-3-
pyruvate;       (b) contacting the indole-3-pyruvate with a second
polypeptide and a C3 carbon source, wherein the second polypeptide is
an EC 4.1.2.- or EC 4.1.3.- enzyme, wherein the second polypeptide
converts the indole-3-pyruvate and the C3 carbon source to 2-hydroxy
2- (indo1-3-ylmethyl)-4-keto glutaric acid; and       (c) contacting
the 2-hydroxy 2-(indo1-3-ylmethyl)-4-keto glutaric acid with a third
polypeptide, wherein the third polypeptide is chosen from tyrosine
(aromatic) aminotransferase (EC 2.6.1.5), tryptophan dehydrogenase
(EC 1.4.1.19), tryptophanphenylpyruvate transaminase (EC 2.6.1.28),
tryptophan aminotransferase (EC 2.6.1.27), aspartate aminotransferase
(2.6.1.1), D-alanine aminotransferase (EC 2.6.1.21), D-tryptophan
aminotransferase, glutamate dehydrogenase (EC 1.4.1.2-4),
phenylalanine dehydrogenase (EC 1.4.1.20), multiple substrate
aminotransferase (EC 2.6.1.-), D-amino acid dehydrogenase (EC
1.4.99.1), a lysine epsilon aminotransferase, or a combination
thereof, wherein the third polypeptide converts the 2-hydroxy
2-(indo1-3ylmethyl)-4-keto glutaric acid to monatin.  64 2.The method
of claim 1, wherein, when the first polypeptide that converts



aminotransferase, the 2-hydroxy 2-(indo1-3-ylmethyl)-keto-glutaric
acid is further contacted with lysine.  65 9.The method of claim 1,
wherein the first and/or third polypeptide is selected from the group
consisting of:        (a) an amino acid sequence shown in SEQ ID
NO:2, 4, 6, 8, 10, 12, 14, 32, Genbank Accession No: NP 388848.1,
Genbank Accession No: ZP00005082.1, or Genbank Accession No:
AAC74014.1;        (b) an amino acid sequence comprising at least 90%
sequence identity with the sequence shown in SEQ ID NO: 2, 4, 6, 8,
10, 12, 14, 32, Genbank Accession No: NP_388848.1, Genbank Accession
No: ZP00005082.1, or Genbank Accession No: AAC74014 1; and        (c)
amino acid sequences that differ from SEQ ID NO: 2, 4, 6, 8, 10, 12,
14, 32, Genbank Accession No: NP_388848.1, Genbank Accession No:
ZP00005082.1, or Genbank Accession No: AAC74014.1 by less than 50
conservative amino acid substitutions, wherein the amino acid
sequence converts tryptophan to indole-3-pyruvate. 10.The method of
claim 1, wherein the tryptophan is produced from indole using a
polypeptide from EC 4.1.99.1. 11.The method of claim 1, wherein the
C3 carbon source is chosen from pyruvate, phosphoenolpyruvate,
alanine, serine cysteine, or a combination thereof 12.The method of
claim 11, wherein the pyruvate is produced by        (a) alanine and
a polypeptide cabable of transamination of alanine; (b) serine and a
polypeptide capable of beta-elimination of serine; (c) cysteine and a
polypeptide capable of beta-elimination of cysteine;        (d)
aspartate and a polypeptide capable of beta-lyase reactions with a
dicarboxylic amino acid;        (e) lactate and lactate ox dase (EC
1. 1.3.-) or a lactate dehydrogenase (EC 1.1.1.27, 1.1.1.28,1.1.2.3);
or (I)a combination thereof 13.The method of claim 1, wherein the
method further comprises reducing an amount of hydrogen peroxide
produced when tryptophan is converted to indole-3-pyruvate by
contacting the hydrogen peroxide with a catalase.  66  14. The method
of claim 1, where at least 10 g/L of monatin is produced.  15. The
method of claim 1, wherein the method further comprises detection of
the 2- hydroxy 2-(indo1-3-ylmethyl)-4-keto glutaric acid by mass
spectrometry. 



16. A method of producing monatin, comprising converting
indole-3-pyruvate to monatin in the presence of pyruvate and a first
and a second polypeptide, wherein the first polypeptide is an
aldolase, and wherein the second polypeptide is chosen from tyrosine
(aromatic) aminotransferase (EC 2.6.1.5), tryptophan dehydrogenase
(EC 1.4.1.19), tryptophanphenylpyruvate transaminase (EC 2.6.1.28),
tryptophan aminotransferase (EC 2.6.1.27), aspartate aminotransferase
(2.6.1.1), D-alanine aminotransferase (EC 2.6.1.21), D-tryptophan
aminotransferase, glutamate dehydrogenase (EC 1.4.1.2-4),
phenylalanine dehydrogenase (EC 1.4.1.20), multiple substrate
aminotransferase (EC 2.6.1.-), D-amino acid dehydrogenase (EC
1.4.99.1), or a combination thereof  SEQUENCE LISTING <110> Cargill,
Incorporated <120> Polypeptides and Biosynthetic Pathways <130>
6682-64349 <150> 60/374,831 <151> 2002-04-23 <160> 74 <170> PatentIn
version 3.1 <210> 1 <211> 1170 <212> DNA <213> Sinorhizobium meliloti
<400> 1 atgttcgacg aggaaggatg ggacgcacgc gacagcaagg ctcgtcggcg
tccggcgcgc ctcgggctgc gccacctacg gcgctggaag. accggcggcg ggcctgctgc
gtcgcgggcc tcgaagtcct actgcctcgg atgccgccgg cgcgactgga cttgccgagg
atgttctcca atctatatgc gagattgccg  agcgccccgg cgatcttccg cctatatcgg
gcgacacgat tccgtttggc cgagctggcc acttcttcga gcgccgcatc tcctgagcga
cgctcgtcga tccggcatct tcgggcttta cggacagggt atcacggcgc cggaggagct
gactccgcac tgcrgccgct cggcatccgg. gcaagttcac  aaaggtcgat ggccgtcaag
ccccgaaggg cgagcggagc ggcggacctc             . gaaccacgcg cattccgtbg
cggcgatgcg agcacaatgg tctcgoctat tctcggcgtg tcgcgagcgc gcgctcaaac
agccgtcgtg cgagacgatg ccgctggcag ttccgaagcg ccgcatcaac cagtctctga
cgacgagacc120 cgaaacacag180 gctctgggaa240 gcccggcggc300 aggcatctgg360
gctcgatatc420 tctggtgagc480 ccacaacccg540 



ggccgagcgc600 cgaccaggat660 ggtttcctgc720 gaccagctcg780 cagctattcc840
ggaactcagg900 ccggcggtcg966 tcaggagggc 1020 cgagcacggc 1080
ggaagccgcc 1140 1170  <210> 2 <211> 389 <212> PRT <213> Sinorhizobium
meliloti <400> 2 Met Phe Asp Ala Len Ala Arg Gln Ala Asp Asp pro Len
Len Phe Leu 151015 Ile Gly Len Phe Arg Lys Asp Gin Arg Pro Gly Lys
Val Asp Len Gly 202530  Val Gly Val Tyr Arg Asp Gin Thr Gly Arg Thr
Pro Ile Phe Arg Ala 354045 Val Lys Ala Ala Gin Lys Arg Len Len Gin
Thr Gin Asp Ser Lys Ala 505560 Tyr Ile Gly Pro Gin Gly Asp. Len Val
Phe Len Asp Arg Len Trp-Glu 65707580, Len Val Gly Gly Asp Thr Ile Gin
Arg Ser His Val Ala Gly Val Gin 859095 Thr Pro Gly Gly Ser Gly Ala
Len Arg Len Ala Ala Asp Len Ile Ala. 100105110 Arg Met Gly Gly Arg
Gly Ile Trp Len Gly Len Pro Ser Trp Pro Asn 



115120125 His Ala Pro Ile Phe Lys Ala Ala Gly Len Asp Ile Ala Thr Tyr
Asp . 130135140 Phe Phe Asp Ile Pro Ser Gin Ser Val Ile Phe Asp Asn
Len Val Ser 145150155160 . Ala Len Glu Gly Ala Ala Ser Gly Asp Ala
Val Leu Len His Ala Ser 165170175 Cys His Asn Pro Thr Gly Gly Val Leu
Ser Gin Ala Gln.Trp Met Gin 180185190  Ile Ala Ala-Leu'Val Ala Gin
Arg Gly Len Len Pro Len Val Asp Len 195200205  210215220 Arg His Len
Len Gly Val Val Pro Glu Ala Len Val Ala Val Ser Cys 225230235240  Ser
Lys Ser Pile Gly Len Tyr Arg Glu Arg Ala Sly Ala Ile Pile Ala
245.250255 Arg Thr Ser Ser Thr Ala Ser Ala Asp Arg Val Arg Ser Asn
Len Ala 260265270 Sly Leu Ala Arg Thr Ser Tyr Ser Met Pro Pro Asp His
Gly Ala Ala 275280285 Val Val Arg Thr Ile Len Asp Asp Pro Gin Len Arg
Arg Asp Trp Thr 290295300 Gin Glu Leu Gin Thr Met Arg Leu Arg Met Thr
Sly Len Arg Arg Ser 305310315320 Len Ala Gin sly Leu.Arg Thr Arg Trp
Gin Ser Len Gly Ala Val Ala 325330335 Asp Gln Gin Sly Met Phe Ser Met
Len Pro Len Ser Glu Ala Gin Val 340345350 Met Arg Len Arg Thr Glu His
Sly Ile Tyr Met Pro Ala Ser Gly.Arg 



355360365 Ile Asn Ile Ala sly Len Lys Thr Ala Gin Ala Ala Gin Ile Ala
Gly 370375380  Lys Pile Thr Ser Len 385 <210> 3 <211> 1260 <212> DNA
<213> Rhodobacter sphaeroides <400> 3 atgcgctcta cgacggctcc
tggtccgagt aaggatgacg aaggaatgct gaccgccctg ctgatccaga tgttccgcga
ggatgcgcgc tacaaggacc cgaccgggct caccccggtc  ctctgggagg tcgagaccac
caagacctac accggccttg ccgacgagcc gccgcgatgg cgaagctgat cctcgogggc
gcggtcccgg ccgaccgggt gccacccccg gcggcacggg cgcggtgcgt caggcgctcg
agctgatccg cccgaggcca ccgtctggat ctcgaacccg acctggccga accatctgtc
tatctcggca tcccgatgcg ggaataccgc tatttcgacg ccgagacagg  ggcctacaat300
ggcctcggtc360 catggcctcg420 gatcgtgaaa480 cgccgtcgat540  gccgagggca
tgatggagga tatggcccag gtgaaggogg gcgacgtggt gctgctgcac600  ggctgctgcc
acaacccgac gagagcctgg cccggacagg gacgggctcg agatggatgc ctgatcgcgg
cctcctgctc atcgccatcg gcgaggcggc cggcagaact actccttccc  cggcgccaac
ccgaacccgg cgcggtgccg ctgatcgacc ggcggcgacg cggcttctgg gaagaaettc
ggcatctacc gggccggggc acggtgcagg gccggaccat ggcgcgcggc  tgcagtggct
tcgcctatca ccaccagact gcgagcgcac ccaacctcaa tcgtgaccat aggtgcggct
ccggctcgaa tcacgcccgc cgcggctgaa cCaaggtgct 



ggccatctgc660 gggcttcggc720 gcccgaggtg780 gggeatcotg840 cttcctgaac900
gatcctcgag960 caacatgctg 1020 ccgcttcggc 1080 cgaggtggag' 1140
catcgcgggg 1200 gcgcggctga 1260  <210> 4 <211> 419 <212> PRT <213>
Rhodobacter sphaeroides <400> 4 Met Arg Ser Thr Thr Ala Pk ply Pro
Ser Gly Ala Cys Met .Thr Ile 151015 Ser Arg Set Arg Lys Asp Asp Glu
Gly Met Leu Th Ala Leu Lys Pro 202530 Gin Pro Ala Asp Lys Ile Leu Gin
Len Ile Gin Met Phe Arg Glu Asp 354045 Ala Arg Ala Asp Lys lie, Asp
Len Gly Val Gly Val Tyr Lys Asp pro, 5055'60 Thr Gly Len Thr Pro
Val-Met Arg Ala Val Lys Ala Ala Glu:Lys Arg . 65'707580  Leu Trp Glu
Val Glu Thr Thr Lys Thr Tyr.Thr Gly lieu Ala Asp Glu 859095 Pro Ala
Tyr Asn Ala Ala Met Ala Lys Leu Ile lieu Ala Gly Ala Val 100105110
Pro Ala Asp Arg Val Ala Ser Val Ala Thr Pro Gly Gly Thr Gly Ala
115120125 Val Arg Gin Ala lieu Glu lieu Ile Arg Met Ala Ser Pro Glu
Ala Thr 130135140 



Val Tip Ile Ser Asn Pro Thr Trp Pro Asn His lieu Ser Ile Val Lys
145150155160 Tyr lieu ply Ile Pro Met Arg Glu Tyr Arg Tyr Phe Asp Ala
Glu Thr 165170175 Gly Ala Val Asp Ala Glu Gly,Met Met Glu Asp Leu Ala
Gin Val Lys ,180185190 Ala Gly Asp Val Val Leu lieu His Gly Cys Cys
His Asn Pro Thr Gly 195200205 Ala Asn Pro Asn Pro Val Gin Trp Leu Ala
Ile Cys Glu Ser lieu Ala .210215220 Arg Thr Gly Ala Val Pro lieu Ile
Asp lieu Ala Tyr Gin Gly Phe Gly 225.230235240 Asp Gly lieu Glu Met
Asp la Ala Ala Thr Arg lieu lieu Ala Thr Arg 245250. 255 lieu Pro Glu
Val lieu Ile Ala Ala Ser Cys Ser Lys Ash The Gly Ile 260265270 Tyr
Arg Glu Mg Thr Gly Ile lieu Ile Ala Ile Gly Glu Ala Ala Gly 275280285
Arg Gly Thr Val Gin Ala.Asn lieu Asn The lieu Asn Arg Gin Asn Tyr
290295300  Ser Phe Pro Pro Asp His Gly Ala Mg lieu Val Thr Met Ile
lieu Glu 305310315320  Asp Glu Thr Leu Ser Ala Asp Trp Lys Ala Glu
Leu Glu Glu Val Arg 325330' 335 Leu Asn Met Leu Thr Leu Arg Mg Gin
Leu Ala Asp Ala Leu Gln Ala 340345350 Glu Thr Gly Ser Asn Mg Phe Gly
Phe Val Ala Glu His Mg Gly Met 355360365 Phe Ser Arg Leu Gly Ile Thr
Pro Ala Glu Val Glu Arg Leu Mg Thr 370375380 Glu His Gly Val Tyr Met
Val Gly Asp Ser Mg Leu Asn Ile Ala Gly 



385390395400 Leu Asn Mg Thr Thr Val Pro Val Leu Ala Arg Ala Val Ala
Lys Val 405410415 Leu Mg Gly <210>5 <211>1260 <212>DNA
<213>Rhodobacter sphaeroides <400>5  atgcgctcta cgacggctcc tggtccgagt
ggggcatgta tgacgatctc aaggtcgcga 60 aaggatgacg aaggaatgct gaccgccctg
aagccgcagc ccgcggacaa gatcctgcaa 120 ctgatccaga tgttccgcga ggatgcgcgc
gcggacaaga tcgatctggg cgtgggcgtc 180  240 tgaaggccgc tacaaggacc
cgaccgggct caccccggtc atgcgggccgcgagaagcgg  ctctgggagg tcgagaccac
caagacctac accggccttg ccggcgagcc cgcctacaat 300 gccgcgatgg cgaagctgat
cctcgcaggc gcggtcccgg ccgaccgggt ggcctcggtc 360 gccacccccg gcggcacggg
cgcggtgcgt caggcgctcg agctgatccg catggcctcg 420 cccgaggcca ctgtctggat
ctcgaacccg acctggccga accatctgtc gatcgtgaaa 480 tatctcggca tcccgatgcg
ggaataccgc tatttcgacg ccgagaccgg cgcegtcgat 



540 gccgagggct tgatggagge tctggcccag gtgaaggcgg gcgacgtggt gctgctgcac
600 ggctgctgcc acaacccgac cggcgccaac ccgaacccgg tgcagtggct ggccgtctgc
660 gagagcctgg cccggacagg. cgoggtgccg ctgatcgacc tcgcctatca
gggcttcggc 720 gacgggctcg agatggatgc ggcggcgacg cggcttctgg ccaccagact
gcccgaggtg 780 ctgatcgcgg cctcctgctc gaagaacttc ggcatctacc gcgagcgaac
gggcatcctg 840.  atcgccatcg cggcagaact gacgagacgc. acgctgcgcc
ttcgtggccg cggctgcgga ctgaaccgga  gcgaggcggc gggccggggc acggtgcagg
actccttccc gccggaccat ggcgcgcggc tgagcgccga ctggaaggcg gaactcgagg
gccagcttgc cgatgcgctg caggccgaga agcatcgcgg catgttctcg cgcctcggga
ccgagcacgg ggtctacatg gtgggcgatt cgaccgtgcc ggtgctggcg cgcgcggtgg
ccaacctcaa cttcctgaac tcgtgaccat gatcctcgag aggtgcggct caacatgctg
ccggctcgaa ccgcttcggc tcacgcccgc cgaggtggag cgcggctgaa catcgcgggg
ccaaggtgct gcgcggctga  <210> 6 <211> 419 <212> PRT <213> Rhodobacter
sphaeroides <400> 6. Met Arg Ser Thr Thr Ala Pro Gly Pro Ser Gly Ala
Cys Met Thr Ile 151015 Ser Arg Ser Arg Lys Asp Asp Gin Gly Met Len
Thr Ala Leu Lys Pro 202530 Gin Pro Ala Asp Lys Ile Len Gin Leu Ile
Gin Met Phe Arg Gin Asp 3540 45 Ala Arg Ala Asp Lys Ile Asp LeU Gly
Val Gly Val Tyr Lys Asp Pro 505560 Thr (fly Len Thr Pro Val Met Arg
Ala Val Lys Ala Ala Glu Lys Arg 



65707580  Len Trp Gin Val Gin Thr Thr Lys Thr Tyr Tin Gly Leu Ala Gly
Glu 859095 Pro Ala Tyr Asn Ala Ala Met Ala Lys Leu Ile Leu Ala Gly
Ala Val 100105110 Pro Ala Asp Arg Val Ala Ser Val Ala Thr Pro Gly
(fly Tin Gly Ala 115120125 Val Arg Gin Ala Len Glu Len Ile Arg
Met'Ald Ser Pro Gin Ala Thr 130135140 Val Trp Ile Ser.Asn Pro Thr Trp
Pro Asn RiS Len Ser Ile Val Lys 145150 155160  Tyr Len Gly Ile Pro
Met Arg Gin Tyr Arg Tyr Phe Asp Ala Gin Thr 165170175 Gly Ala Val Asp
Ala Gin Gly Leu Net Gin Asp Leu Ala Gin Val Lys 180185190 Ala Gly Asp
Val Val Len Lea His Gly Cys Cys His Asn Pro Thr Gly 195200205 Ala Asn
Pro' Asn Pro Val Gin Trp Len Ala Val Cys Gin Ser Leu Ala 210215220
Arg Thr Gly Ala Val Pro Len Ile Asp Len Ala Tyr Gin Gly Phe Gly
225230235240 Asp Gly Len Glu Met Asp Ala Ala Ala Thr Arg Len Len Ala
Thr Arg 245250255 Len Pro Gin Val Len Ile Ala Ala Ser Cys Ser Lys Asn
Phe Gly Ile 260265270 Tyr Arg Gin Arg Thr Gly Ile Len lie Ala Ile Gly
Glu Ala Ala Gly 275280285 Arg Gly Thr Val Gin Ala Asn Len Asn Phe Len
Asn Arg Gin Asn Tyr 290295300 



Ser Phe Pro Pro Asp His Gly Ala Arg Len Val Thr Met Ile Len Gin
305310315320 Asp Gin Thr Len Ser Ala Asp Trp Lys Ala Gin Len Gin Glu
Val Arg 325330335  Leu Asn Met Len Thr Len Arg Arg Gln Len Ala Asp
Ala Len Gin Ala 340345350 Gin Thr Gly Ser Asn Arg Phe Gly Phe Val Ala
Gin His Arg Gly Met 355360365 Phe Ser Arg-Leu Gly Ile. Thr Pro Ala
Glu Val Gin Arg Leu Arg Thr 370375' 380  Leu Asn Mg Thr Thr Val Pro
Val Leu Ala Mg Ala Val Ala Lys Val 405410415 Leu Mg Gly <210> 7 <211>
1239 <212> DNA <213> Leishmania major <400> 7  atgtccatgc cccgatgtca
ctcgtcattg aaggctgagc taccagccct aacctggttg ctgactcgcg aaccactacg
gaccccaaga gacggctccg caggagcagt gactccgcct ctgtttgccc ttgtacagcg
gatgtaaaga ggtgcccgct  aggcggccat tcttcgatct gtgcctaccg agcttctctt
tcatcgatga cggtgcagac tcttcgacgc gcgtcgtgaa cggtcagcct tgttcattct
ggaacgagat accaaggcta gccgcggcat agcgtgcagg gcgtgatgga tagcccacct
gaccacggcg cgcaaaacgc cgacgagcag ggacatgaat ggcggtaaag gctgagcggg
tgagacgacg ggctgctggc gaatttcgag gcaccagtgc cgcgtcactg tgcgagcggc
cgaggtactg cacgctgtcg ttcgctgatc aatcctgagc  gagcgctggc gccgccgctg
ggccgtccct ctcgactacg attatctacg accggtgctg cccatctacc tggaagaaca
ggcatgaaga gcgcacaacc atgctggcca agcctcgaca ctggcgcagt ctgctcctca
cgtgaggagt aacaacgaac acgatgcgcc catgtcatta tactgccaaa acgcatgaga
agaagattca ccaagggccc atccgotacg agtacctacc gcaataccgt tctctctcgg
tttccgaccc tctgcacgta aagacattct ccaccggcgt agcaccatca cggacgcgta
cgttctccaa aggacaagac acacgtgccc tgcgaaagga  



ggcacaagct60 caaggccaac120 cgtggtccgc180 catctcgggc240 cgagctggag300
ggcgaagctg360 cacgtggcec420 cgcctactac480 ggcggcgccg540 ggacccgtcg600
ggtgttcttc660 tgctgcccgc720 gaacatgggc780 gaagcgcgcg840 cccagcccac900
gtgggaggca960  acgatcaacg atgctgtgcg caatgtgaat cgtgagtga1239 <210> 8
<211> 412 <212> PRT  <213> Leishmania major <400> 8 Met Ser Met Gin
Ala Ala Met Thr Thr Ala Gin Arg Trp Gin LyS Ile 151015 Gin Ala Gin
Ala Pro Asp Val Ile Phe Asp Leu Ala Lys'Arg.Ala Ala 202530 Ala Ala
Lys Gly Pro Lys Ala Asn Len Val Ile Gly Ala Tyr Arg Asp 354045 Gin
Gin Gly Arg Pro Tyr Pro Len Arg Val Val Arg Lys Ala Gin Gin 



505560 Len Len Len Asp Met Asn Leu Asp Tyr Gin Tyr Len Pro Ile Ser
Gly 65707580 Tyr Gin Pro Phe Ile Asp Gin Ala Val Lys Ile Ile Tyr Gly
Asn'Thr 85-9095 Val Gin Len Gin Asn Len Val Ala Val Gin Thr Len Ser
Gly Thr Gly 100105110 Ala Val Ser Len Gly Ala Lys Len Len Thr Arg Val
Phe Asp Ala Gin 115120, 125 Thr Thr Pro Ile Tyr Len Ser Asp Pro Thr
Trp Pro Asn His Tyr Gly 130135140 Val Val Lys Ala Ala Gly Trp Lys Asn
'Ile Cyp Thr Tyr Ala Tyr Tyr 145150155160 Asp Pro Lys Thr Val Sc Len
Asn Phe Glu Gly Met Lys Lys Asp Ile 165170175 Len Ala Ala Pro Asp Gly
Ser'Val Phe Ile Len His Gin Cys Ala His - 180185190' Asn Pro Thr Gly
Val Asp Pro Ser Gin Gin Gin Trp Asn Gin Ile Ala 195200205 Ser Len Met
Len Ala Lys His His Gin Val Phe Phe Asp Ser Ala Tyr 210215220 Gin Gly
Tyr Ala Ser ply Ser Len Asp Thr Asp Ala Tyr Ala Ala Arg  225230235240
Len Phe Ala Arg Arg Gly Ile Glu Val Len Len Ala Gin Sex Phe Sex
245250255 Lys Asn Met Gly Len Tyr Sex Gin Arg Ala Gly Thr Len Set Len
Len 260265270 Len Lys Asp Lys Thr Lys Arg Ala Asp Val Lys Sex Val Met
Asp Sex 275280285 



Ala His Len Ile Len Sex Asn Asn Gin Leu Arg Lys Gin Tit Gin Ala
310315320 Gin Len Sex Ala Met Ala Gin Arg Ile Arg Thr Met Arg Arg Thr
Val 325330335 Tyr As Glu Len Len Ars- Len Gin Thr Pro Gly Sex Trp Glu
His Val 340345350  Ile Asn Gin Ile Gly Met Phe Set 355360 Phe Len Gly
Len Set Lys Ala Gin 365  Gin Asn His Asia Ile Phe Ile Thr Val Set Gly
Arg 375380 Gly Len Thr His Gin Thr Ala Len Met Len Ala Gin 390395400
Ala Val Arg Asn Val Asn Arg Gin 405410  <210> 9 <211> 1182 <212> DNA
<213> Bacillus subtilis <400> 9 atggaacatt tgctgaatcc gaaagcaaga
,6.1..r-sgotca'aca cgaagacgtc tcaaat-c2 ttcacaccgc atcatgtgaa
agctgccgca 



tatactccga atgccggcta cctggagctg  gacgatgcat cttgtttcca attaaatcat
gtggcactcg tttgcatgct aaaaaacgtg  tgattatgag tgggacttga ttggaatgac
tgccgggcag caatggacac aagcaatgca  tgctgaatct gacgatttta acctattatc
taagcttacc atatgacaga cgggttgtca agacattgca ttctcaaaaa agaacaatac
cgtagttaaa ttcatttgat ctcgttctca gctgagagaa gacgataaac  gaaattatca
tctcccggtg aatttgtgcg gcccggctga ccgcattact aaatcacaca aagcacattt
gccgcgcttg aaaaaacgtc ccgtccggtg tttagtatgg acatatggtg ggcctagacc
aacggcgttt  tcacaacagg atgaagtcat gggccaagcc ttgaagatgc ccatcgcaac
gcatgaccgg taaaggttca aagctgtcac tggactatgt cgttttatat ctcttttgga
aaggatatgt gtttagaatt aa  cgcaagccaa300 tatgccaggg360 tgtcattgtt420
tctgacaccc480 tttatctgaa540 attgtctgat600 ctatttgcgg660 ttggagaatt720
tcaatacaat780 aaacggottt840 ttatgaccgt900 cttcccttct960 agaCgctggc
1020 aaggctghct 1080 atttgtatta 1140 



1182  <210> 10 <211> 393 <212> PRT <213> Bacillus subtilis <400> 10
Net Gin His Len Len Asn Pro Lys Ala :Arg GIu Ile Glu Ile Ser Gly
15105 Ile Arg Lys Phe Set Asn Len Val Ala Gin His Glu Asp Val Ile Set
202530 Leu Thr Ile Gly Gin Pro Asp Phe Phe Thr Pro His His Val Lys
Ala 354045 Ala Ala Tr,Irg 50 ICS Ala Ile Asp Gin Asn Val Thr Ser Tyr
Thr pro Asn 5560  Ala Gly Tyr Leu Gin Len Arg Gin Ala Val Gin Leu Tyr
Met Lys Lys 65707580 Lys Ala Asp Phe Asn TYr Asp Ala Gin Ser Gin Ile
Ile Ile Thr Thr  859095 Gly Ala Ser Gin Ala Ile Asp Ala Ala Phe Arg
Thr Ile Lieu Ser Pro 100105110 Gly Asp Gin Val Ile Met Pro Gly Pro
Ile Tyr Pro Gly Tyr Gin Pro 115120125 Ile Ile Am Lieu Cys Gly Ala Lys
Pro Val Ile Val Asp Thr Thr Ser 130135140  His Gly Phe Lys Lieu Thr
Ala Arg Lieu Ile Gin Asp Ala Len Thr Pro 145150155160 



Asn Thr LyS Cys Val Val Leu Pro Tyr Pro Ser Asn Pro Thr Gly Val
165170175 Thr Lieu Ser Gin Glu Glu Len Lys Ser Ile Ala Ala Len Lieu
Lys Gly 180185190 Arg Asn Val Phe Val Lieu Ser Asp Glu Ile Tyr Ser
Glu Len Thr Tyr 195200205 Asp Arg Pro His Tyr Ser Ile Ala Thr Tyr Len
Arg Asp Gin Thr Ile. 210215220 Val Ile Asn Gly Lieu Ser Lys Ser His
Ser Met Thr Gly Tip Arg Ile 225230235240 Gly Phe Lieu Phe Ala Pro Lys
Asp Ile Ala Lys His Ile Leu Lys Val 245250255 His Gin Tyr Am Val Ser
Cys Ala Ser Ser Ile Ser Gin Lys Ala Ala  260265 270 Lieu Gin Ala Val
Thr Asn Gly Phe Asp Asp Ala Len Ile Met Arg Gin 275280285 Gin Tyr Lys
Lys Arg Len Asp Tyr Val Tyr Asp Arg Leu Val Ser Net 290295300 Gly Lan
Asp Val Val Lys Pro Ser Gly Ala Phe Tyr Ile Phe Pro Ser 305310315 320
Ile Lys Ser Phe Gly Met Thr Ser Phe Asp Phe Ser Met Ala Len Lieu
325330335  G1U. Asp Ala Gly Val Ala Leu Val Pro Gly Ser Ser Phe Set
Thr Tyr 340345350 Gly Glu Gly Tyr Val Arg Leu Ser Phe Ala Cys Set Met
Asp Tilt Leu 355360365 Arg Gill Gly.Leu Asp Arg.Leu Gill Leu Pile Val
Leu Lys Lys Aro Glu 310375380 Ala Met Gln Thr.Ile Asn Asti Gly Val 



385390 <210> <211> <212> <213> 11, 1176 DNA Lactobacillus amylovorus
<400> 11 atgccagaat tagctaatga tttagOatta ggaattagaa tctttgataa
caaagtttca ggtgaaccag atatgaatac tcctgagcat gataatgatt cacactatgc
tccacaaaag aaatatttga aaaagattac tggaattgaa gttggtgcaa ctgaagcaat
taacgctacc gttgcaattc ctacgccagt cttttctcta gattatgttt tgatgaatac
gaaactatca aagaaaatcc actggtgttg aatatagcga catctgtacg taattaccga
-tcaattgcca  tcactgatgt aaaagcttca gcattatcaa attgactttg cggctattaa
gaatattgca aattaagaaa agctatcagt aaacagaaat cgtagtaaca ttactaatcc
gggtgacaag tattggcccg tggctacact tgctgatgcc ggttttaagt taacacctaa
gaagttagaa gcagtaattt tgaattatcc aactaaccca aaagctttgg ctaaggtaat
taaagataat cttacggtgt.aaaacacttt ctggtttatc taaatcacat caaaaattat
ggcagaaatt catcacaagc tgccgcaatt e-getagttta tgaaaagcgt aagcagttaa
gccagaaggt aagtatggca aagacgatat gaaatttgcc  <210> 12 <211> 391 <212>
PRT <213> Lactobacillus amylovorus <400> 12 Met Pro Glu Leu Ala Asn
Asp Leu Gly Leu Ser Lys Lys Ile Thr Asp 151015  Val Lys Ala Ser Gly
Ile Arg Ile Phe Asp Asn Lys Val Ser Ala Ile 202530 Pro Gly Ile- Ile
Lys Len Thr,Leu Gly Glu Pro Asp Met Asti Thr Pro 354045 Gin His Val
Lys Gin Ala Ala Ile Lys Asn Ile Ala Asp Asn Asp Set 505560 HiS Tyr
Ala Pro Gin Lys Gly Lys Len Gin Len Arg Lys Ala Ile Ser 65707580 Lys
Tyr Len Lys Lys Ile ThrGly Ile Glu Tyr Asp Pro Gin Thr Gin. 



859095 . Ile Val Val Thr Val Gly Ala Thr Gin Ala Ile Asn Ala Thr Leu
Phe  100105110 Ala Ile Thr Asn Pro Gly Asp Lys Val Ala Ile Pro Thr
Pro Val Phe 115120125 Ser Leu. Tyr Trp Pro Val Ala Thr Leu Ala Asp
Ala Asp Tyr Val Let 130135140 Met Asn Thr Ala Glu Asp Gly Phe Lys Len
Thr Pro Lys Lys Len Gin 145150155160 Gin Thr Ile Lys Gin Asn Pro Thr
Ile Lys Ala Val Ile Leu Asn Tyr 165170175 Pro Thr Asn Pro Thr Gly Val
Gin Tyr Ser Gin Asp Gin Ile Lys Ala 180185190  Len Ala Lys Val Ile
Lys Asp Asn His Leu Tyr val Ile Thr Asp Gin 195200205  Ile Tyr Ser
Thr Leu Thr Tyr Gly Val Lys His Phe Ser Ile Ala Ser 210215220 Len Ile
Pro Glu Arg Ala Ile Tyr Ile Ser Gly Len Ser Lys Ser His 225230235240
Ala Met Thr Gly Tyr Arg,Leu Gly Tyr Val Ala (fly Pro Ala Lys Ile
245250255 Met Ala Glu Ile Gly Lys Val His Gly Len Met Val Thr Thr Thr
Thr 260265270 Asp Ser Ser Gin Ala Ala Ala Ile Glu Ala Leu Glu His Gly
Len Asp 275280285 Asp Pro Glu Lys Tyr Arg Gin Val Tyr Glu Lys Arg Arg
Asp Tyr Val 290295300 Len Lys Gin Len Ala Glu Ile Glu Met Gin Ala Val
Lys Pro Glu Gly 



305310315 .320 Ala Phe Tyr Ile Phe Ala Lys Ile Pro Ala Lys Tyr Gly
Lys Asp Asp 325330335 Met Lys Phe Ala Len Asp Lei'. Ala Phe Lys Gin
Lys Val Gly Ile Thr 340345350 Pro Gly Ser Ala Phe Gly Pro Gly Gly Glu
Gly His Ile Arg Leu Ser 355360365 Tyr Ala Ser Ser Asp Glu Asn Leu His
Gin Ala Met Lys Arg Met Lys 370 '375380 Lys Val Leu Gin Gin Asp Glu
385390 . .<210> 13  <211> 1413 <212> DNA 5213> R. ephaeroides <400>
13 atgcgcgagc ctcttgccct.cgagatcgac ccgggccacg gcggcccgct
gttcctcgcc60 atcgccgagg cgatcaccct cgacatcacc cgcgggcggc tgaggcccgg
agegagadtg . 120 cocggcacac gcgcgctggo gcgggcgctc ggcgtgcatc
gcaatacggt ggatgccgcc180  tatcaggagt gcgcaggatc gtcgcgatgc gacaaggcgc
gcggattacg gcctcggacc atggcgctgt gagccgggct gtgccggtgg c.cgcgaatcc
ggcgcggcgc gaggacgact cgcgcgccgg ggtatccggc cgcgccgcca cgcgacggcg
gatctgctgg gccgggggcc gccgcagggc  tgctgaccca tgccgcaggg gcgcggggct
tggcgcgggc gcgatgcccg ggggcgtggt tcctggtagc atccgctggc atggcggcgg
gggcggtcta ggcggttgca acgaccacga aaggtctgcc tgggatacgc tcgaccggca
atctgggccg cggagcgtct tcgcgctgtg aggeggggct  gggctggctg gatgctggtg
cgccttctcc Ctttcgccgg cggcacctcc cgcggatcct ccgggcggcg ctgggaggcg
cctcaggatc tgtcacgccc gcttctggaa ataccgcttc gctgatctat gctggcgccc
gggcgacgcg tcatgCccgc cacggcgcag gctgcgctgc cgccctgctg  caggccgagc
cacaggcccg gatggcgcgc gcgctcctgt tcgctgcggg gcgcggctgc ctggcgccgg
ttccgcgcag gacgcgctcg catcaccagt ctggcagagc gagggccgtc gtgggctcgc
gagcggctgc ccgctcgagg aaggcgcgca ctggccgggc gcgggcgtct ccgggcacgc
ccgcgcgggg cgcccgcgcc cggaccccga cgcccgcctt aggcgctggc tgatcgcgcg
gagaggcgat cgggagcgga aggccgcgct atccgacgac gecaccggct cggtgctgcc
tgtcgaaact tgacccgcat cggcgctggc gggtctaccg gcgccgcctt cggccgagac
gcttcgcgct  



caccttcgtg240 ggtCgagccg300 gctggtgccc360 ccgcgccgga420 agcctatctc480
gggcagccag540 cgcggtcgagGOO ggtgcgcggc660 ggcccgggat720 cgtcaccatg780
cgcgctgatc840 gctggctgcc900 gctctcgccc960 ggccgcggcg 1020
cgagctgatc1080 ggcgcggcgg 1140 ' cgatctgccg 1200 ctgggccgaa 1260
ggagagcccg 1320 1380 1413  <210> 14 <211> 470 <212> .PRT <213> R.
sphaeroides <400> 14 Met Arg Glu Pro Leu Ala Leu Glu Ile Asp Pro Gly
His Gly Gly.PrO 151015 Leu Phe Leu Ala Ile Ala Glu Ala Ile Thr Leu:
Asp Ile Thr Arg Gly '  202530  Arg Lett Arg Pro Gly Ala Arg LeU Pro
Gly Thr Arg Ala Leu Ala Arg 354045  



Ala Leu Gly Val His Mg Asn Thr Val Asp Ala Ala Tyr Gin Gin Len 505560
Leu Thr Gin Gly Trp Len Gin Ala Gin Pro Ala Mg Gly Thr Phe Val
65707580 Ala Gin Asp Leu Pro Gln,Gly Met Len Val His Mg Pro Ala Pre
Ala 859095 Pro Val Gin Pro Val Ala Met Arg.Ala Gly Len Ala Phe Ser
Asp Gly . 100' 105110 Ala Pro Asp Pro Gin Len Val Pro Asp Lys Ala Leu
Ada Mg Ala Phe. 115120125 Arg Argala Leu Leu Ser Pro Ala Phe Arg Ala
Gly Ala Asp Tyr Gly 130135140 Asp Ala Arg Gly-Thr Ser Ser ien Arg Gin
Ala Len Ala Ala Tyr Len 145. 150155160- Ala Ser Asp Arg Gly Val Val
Ala Asp Pro Ala Arg Leu Leu Ile Ala 165170175 Mg Gly Ser Gin Net Ala.
Leu.Phe Len Val Ala Mg Ala Ala Leu Ala 180185190 Pro Gly Gin Ala Ile
Ala Val*Glu Gin Pro Gly Tyr Pro Len Ala Trp 195200205 Gin Ala Phe Mg
Ala Ala Gly Ala Gin Val Mg Gly Val Pro Val Asp 210215220 Gly Gly Gly
Len Arg Ile Asp Ala Len Gin Ala Ala Len Ala Mg Asp 225230235240 Pro
Mg Ile Mg Ala Val Tyr VarThr Pro His His Gln Tyr Pro Thr 245250255
'Thr Val Thr Met Gly Ala Ala Mg Mg Len Gin Len Len Gin Len Ala
260265270. Gin Mg His Mg Len Ala.Leu Ile Glu Asp Asp Tyr Asp His Gin
Tyr 275280285 



Arg Pile Gin Gly Arg Pro Val Leu Pro Leu.Ala Ala Arg Ala Pro Gin
290295300 Gly Leu Pro Len Ile Tyr Val Gly Ser Len Ser Lys Len Len Ser
Pro 305310315320  Gly Ile Arg Leu.Gly Tyr Ala Len Ala Pro Gin Arg Len
Len Thr Arg 325330335 Met Ala Ala Ala Arg Ala Ala Ile Asp Arg Gln Gly
Asp Ala Pro Len 340345350  Gin Ala Ala Len Ala Gin Len lie Arg Asp
Gly Asp Len GlY Arg His 355360365 Ala Arg Lys Ala Arg Arg Val Tyr Arg
Ala Arg Arg Asp Len Len Ala 370 '375380 Gin Arg Len Thr Ala Gin Len
Ala Gly Arg Ala Ala Phe Asp Len Pro 385. 390395400 Ala Gly Gly Len
Ala Len Trp Len Arg Cys Ala Gly Val Ser Ala Gin 405 .410415 Thr
Trp'Ala Gl Ala Ala Gly Gin Ala Gly Len Ala Len Len Pro Gly 420-425430
Thr Arg Phe Ala Len Glu Ser.Pro Ala Pro Gin Ala Phe Arg Len Gly 435
440445 Tyr Ala Ala Len Asp Gin GlyGln Ile Ala Arg Ala Val Gin Ile Len
450455460 Ala Arg Ser Phe Pro Gly 465470 <210> 15 <211> 35. <212> DNA
<213> Artificial sequende <220> <223> primer <400> 15 



ggtattgagg gtcgcatgaa ggttttagtc aatgg35  <2105 16 <211> 37 <212> DNA
<213> Artificial sequence <220> <223> primer <400> 16 agaggagagt
tagagcctta tgaaatgcta gcagcct37 <210> 17 <211> 35 <212> DNA <213>
Artificial sequence <220> <223> primer <400> 17 ggtattgagg gtcgcatgtt
cgacgccctc gcccg35 <210> 18 <211> 37 <212> DNA <213> Artificial
sequence <220> <223> primer <400> 18 agaggagagt tagagcctca gagactggtg
aacttgc37 <210> 19 <211> 35 <212> DNA <213> Artificial sequence <220>
<223> primer <400> 19 ggtattgagg gtcgcatgga Acatttgctg aatcc35 <210>
20 <211> 37 <212> DNA <213> Artificial sequence <220> <223> primer
<400> 20 



agaggagagt tagagcctta aacgccgttg tttatcg <210> 21  <211> 35 <212> DNA
<213> Artificial sequence <220$ <223> primer <400> 21 .ggtattgagg
gtcgcatgcg cgagcctctt gccct35  <210> 22 <211> 37 <212> DNA <213>
Artificial sequence <220> <223> primer <400> 22 . agaggagagt
tagagcctca gccggggaag ctccggg37  <210> 23 <211> 35 <212> DNA <213>
Artificial sequence <220> <223> primer <400> 23 ggtattgagg gtcgcatgtc
cacgcaggcg-gCcat35 <210> 24 <211> 37 <212> DNA <213> Artificial
sequence <220> <223> primer <400> 24  agaggagagt tagagcctca
ctcacgattc acattgc37  <210> 25 <211> 35 <212> DNA <213> Artificial
sequence <220> <223> primer <400> 25 



ggtattgagg gtcgcatgdc agaattagct aatga35 <210> 26 <211> 37  <212> DNA
<213> Artificial sequence <220> <223> primer <400> 26 agaggagagt
tagagcctta ttcgtcctct tgtaaaa <210> 27 <211> 35 <212> DNA - <213>
Artificial sequence <220> <223> primer. .<400> 27, ggtattgagg
gtcgcatgcg ctctacgacg gctcc <210> 28 <211> 37 <212> DNA <213>
Artificial sequence <220> <223> primer <400> 28 agaggagagt tagagcctca
gccgcgcagc accttgg37 <210> 29 <211> 35 <212> DNA <213> Artificial
sequence <220> <2235 primer <400> 29 ggtattgagg gtcgcatgtt tgagaacatt
accgc <210> 30 <211> 37 <212> DNA <213> Artificial sequence <220>
<223> primer 41.00> 30 



agaggagagt tagagcctta cagcactgcc acaatcg37 <210> 31 <211> 1194 <212>
DNA  <213> E. coli <400> 31 gtgtttcaaa aagttgacgc ctacgctggc
gacccgattc ttacgcttat ggagcgtttt60 aaagaagacc ctcgcagcga caaagtgaat
ttaagtatcg gtctgtacta caacgaagac120 ggaattattc cacaactgca agccgtggcg
gaggcggaag cgcgcctgaa tgcgcagcct180 catggcgctt cgctttattt accgatggaa
gggcttaact gctatcgcca tgccattgcg240 ccgctgctgt ttggtgcgga ccatcdggta
ctgaaacaac agcgcgtagc aaccattcaa300 acccttggcg gctccggggc attgaaagtg
ggcgcggatt tcctgaaacg ctacttcccg360' gaatcaggcg tctgggtcag cgatcctacc
tgggaaaacc gcgtagcaat attcgccggg420  gctggattcg aagtgagtac ttacccctgg
tatgacgaag cgactaacgg cgtgcgcttt480 aatgacctgt tggcgacgct gaaaacatta
cctgcccgca gtattgtgtt gctgcatcca540 tgttgccaca acccaacggg tgccgatctc
actaatgatc agtgggatgc ggtgattgaaGOO attctcaaag cccgcgagct tattcCattc
ctcgatattg cctatcaagg atttggtgcc ggtatggaag aggatgccta cgctattcgc
gccattgcca gcgctggatt acccgctctg 660 720 gtgagcaatt dgttctcgaa
aattttctcc ctttacggcg agcgcgt6gg cggactttct 780 gttatgtgtg aagatgccga
agccgctggc cgcgtactgg ggcaattgaa agcaacagtt 840 cgccgcaact actccagccc
gccgaatttt ggtgcgcagg tggtggctgc agtgctgaat 900 gacgaggcat tgaaagccag
ctggctggcg gaagtagaag agatgcgtac tcgcattctg 960 gcaatgcgtc aggaattggt
gaaggtatta agcacagaga tgccagaacg caatttcgat 1020 



tatctgctta atcagcgcgg catgttcagt tataccggtt taagtgccgc tcaggttgac
1080 cgactacgtg aagaatttgg tgtctatctc atcgocagcg gtcgcatgtg
tgtcgccggg - 1140'  ttaaatacgg.Caaatgtaca acgtgtggca aaggcgtttg
ctgcggtgat gtaa,'1194 <210> 32 <211> 397 <212> PRT <213> E. coil
<400> 32 Val Phe Gin Lys Val Asp Ala Tyr Ala Gly Asp Pro Ile Len Thr
Leu 151015 Met Gin Arg Phe Lys Gin Asp Pro Arg Ser Asp Lys Val Asn
Len Ser 202530 Ile Gly Leu Tyr Tyr Asn Gin AsplGly Ile he Pro Gin Len
Gin Ala 354045  Val Ala Gin Ala Gin Ala Mg Len Asn Ala Gin Pro His
Gly Ala Ser 50.'5560 Len Tyr Leta Pro Met Glu Gly Len Asn Cys Tyr Mg
His Ala Ile Ala 65707580 Pro Leu Len Phe Gly Ala Asp His Pro Val Len
Lys Gin Gin Arg Val 859095 Ala Thr Ile Gin Thr Len Gly Gly Ser Gly
Ala Len Lys Val Gly Ala 100105110 Asp Phe Len Lys Mg Tyr Phe Pro Gin
Set Gly Val Trp Val Sek asp 115120125 Pro. Thr Trp Glu Asn Mg Val Ala
Ile Phe Ala Gly Ala Gly Phe Gin 130135140 Val Ser Thr Tyr Pro Trp Tyr
Asp Gin Ala Thr Asn Gly Val Arg Pe 145150155160' Asn Asp Len Len Ala
ThrLen Lys Thr Len Pro Ala Mg Ser Ile Val 



165170175 Len Len His Pro Cys Cys'His Asn Pro Thr Gly Ala Asp Len Thr
Asn 180185190 Asp Gin Trp Asp Ala Val Ile Gin Ile Leu Lys Ala Mg Gin
Len Ile 195200205 Pro Phe Len Asp Ile Ala Tyr Gin Gly Phe Gly Ala Gly
Net Gin Gin 210215220 Asp Ala Tyr Ala Ile Mg Ala Ile Ala Ser Ala Gly
Len Pro Ala Len 225230235 240  Val Set Asn Set The Ser Lys Ile Phe
Set Len Tyr Gly Glu Mg Val 245250255 .aly Gly Len: Set Val Met Cys
Glu Asp Ala Gin Ala Ala Gly Mg Val 260265270. Len Gly Gin Leu Lys
Ala.Thr Val Mg Mg Asn. Tyr Ser Set Pro Prd 275280285  Asn.Phe Gly Ala
Gin Val' Val Ala Ala Val.Leu Asn Asp Gin Ala Len  . 290295300 Lys Ala
Ser Trp Leu Ala Gin Val Gin Glu Met Arg Thr Arg Ile Leu 305310315320
Ala Met Arg Gln Gin Len Val Lys Val Leu Ser Thr Glu Met Pro Gin
325330335 Arg Asn Phe Asp Tyr Len Len Asn Gin Arg Gly Met Phe Ser Tyr
Thr 340345350 Gly Len Ser Ala Ala Gin Val Asp Arg Leu Arg Gin Glu Phe
Gly Val 355360365 Tyr Len Ile Ala Ser Gly Arg Met Cys Val Ala Gly Len
Asn Thr Ala 370375380 Asn Val Gin Arg Val Ala Lys Ala Phe Ala Ala Val
Met 385- 



390 395 <210> 33   <211> 35   <212> DNA   <213> Artificial sequence
<220>    <223> primer   <400> 33-  



ggtattgagg gtcgcgtgtt tcaaaaagtt gacgc35 <210> 34 <211> 37 <212> DNA
<213> Artificial sequence <220> <223> primer '<400> 34 agaggagagt
tagagcctta catcaccgca gcaaacg37 <21:0> 35 <2fl> 35 <212> DNA <213>
Artificial sequence <220> <223> primer  <400> 35 ggtattgagg
gtcgcatgga gtccaaagtc gttga35 <210> 36 <211> 37 <212> DNA <213>
Artificial sequence <220> <223> primer <400> 36 agaggagagt tagagcctta
cacttggaaa acagcct37 <210> 37 <211> 35 <212> DNA <213> Artificial
sequence <220> <223> priMer <400> 37 ggtattgagg gtcgcatgaa aaactggaaa
acaag35 <210> 38 <211> 37 <212> DNA <213> Artificial sequence <220>
<223> primer <400> 38 agaggagagt tagagcctta cagcttagcg ccttcta37
<210> 39 <211> 35 <212> DNA <213> Artificial sequence <220> 



<223> primer <400> 39 ggtattgagg gtcgcatgcg aggggcatta ttdaa35 <210>
40 <211> 36 <212> DNA <213> Artificial sequence <220> <223> primer
<400> 40  <210> 41 <211> 1416 <212> DNA <213> E. coli <400> 41
atggaaaact ttaaacatct ccctgaaccg ttccgcattc gtgttattga gccagtaaaaGO
cgtaccaccc gcgcttatcg tgaagaggca attattaaat ccggtatgaa cccgttcctg120
ctggatagcg aagatgtttt tatcgattta ctgaccgaca gcggcaccgg ggcggtgacg180
cagagcatgd aggctgcgat gatgcgcggc gacgaagcct acagcggcag tcgtagctac240
tatgcgttag ccgagtcagt gaaaaatatc tttggttatc aatacaccat tccgactcac300
cagggccgtg gbgcagagca aatctatatt ccggtactga ttaaaaaacg bgagcaggaa360
aaaggcctgg atcgcagcaa aatggtggcg ttctctaact atttctttga taccacgdag420
ggccatagcc agatcaacgg ctgtaccgtg cgtaacgtct atatcaaaga agccttcgat480
acgggcgtgc gttacgactt taaaggcaac tttgaccttg agggattaga acgcggtatt540
gaagaagttg. gtccgaataa cgtgccgtat atcgttgcaa ccatcacCag taactctgcaGOO
ggtggtcagc cggtttcact ggcaaactta aaagcgatgt acagcatcgc gaagaaatac660
gatattccgg tggtaatgga ctccgcgcgc tttgctgaaa acgcctattt catcaagcag720
cgtgaagcag aatacaaaga ctggaccatc gagcagatca ccCgcgaaac ctacaaatat780
gccgatatgc tggcgatgtc cgccaagaaa gatgcgatgg tgccgatggg cggcctgctg840
tgcatgaaag acgacagctt ctttgatgtg tacaccgagt gcagaaccct ttgcgtggtg900
caggaaggct toccgacata tggcggcctg gaaggcggcg cgatggagcg tctggcggta'960
ggtctgtatg acggcatgaa tctcgactgg ctggcttatc gtatcgcgca ggtacagtat
1020 ctggtcgatg gtctggaaga gattggcgtt gtctgccagc aggcgggcgg
tcacgcggca 1080 ttbgttgatg ccggtaaact gttgccgcat atcccggcag
accagttdcc ggcacaggcg 1140 ctggcctgcg agctgtataa agtcgccggt
atcCgtgcgg tagaaattgg ctctttcctg 1200 ttaggccgcg atccgaaaac
cggtaaacaa ctgccatgcc cggctgaact gctgcgttta 1260 accattccgc
gcgcaacata taetcaaaca catatggact tcattattga agcctttaaa 1320
catgtgaaag agaacgcggc gaatattaaa ggattaacct ttacgtacga accgaaagta
1380 ttgcgtcact tcaccgcaaa acttaaagaa gtttaa 1416 



<210> 42 <211> 1371 <212> DNA.  <213>Citrobacter freundii <400>42
atgaattatc cggcagaacc cttccgtatt aaaagcgttg aaactgtatc tatgatcccg GO
cgtgatgaac gcctcaagaa aatgcaggaa gcgggttaca atactttcct gttaaattcg 120
aaagatattt atattgacct gctgacagac agtggcacta acgcaatgag cgacaagcag 180
tgggccggaa tgatgatggg tgatgaagcg tacgcgggca gcgaaaactt Ctatcatctg.
240 gaaagaaccg tgcaggaact gLttggcttt aaacatatEg Etccgactca 3.00
ccaggggcgt  ggcgcagaaa acctgttatc gcagctggct attaaacctg ggcaatatgt
tgCcgggaat 360 atgtatttca ctaccacccg ttatcaccag gaaaaaaatg gtgcggtgtt
tgtagatatc 420 gttcgtgacg aagcgcacga tgccggtctg aatattgcgt ttaaaggtga
tatcgatctt 480 aaaaaattac aaaagctgat tgatgaaaaa ggcgcagaga atattgcgta
tatctgcctg 540 gcggtgacgg ttaacctcgc gggcggccaa ccggtctcga tggctaacat
gcgtgcggtg 600 



cgtgaactga cagaagcgca tggcattaaa gtgttctacg acgctacccg ctgcgtagaa 660
aacgcctact ttatcaaaga gcaagagcag ggctttgaga acaagagcat cgccgagatc 720
gtgcatgaga tgttcagcta cgccgacggt tgtaccatga gtggtaaaaa agactgtctg /80
gtgaacatcg gcggcttcct gtgcatgaac gatgacgaaa tgttctcttc tgccaaagag 840
ttagtcgtgg tctacgaagg gatgccatct tacggcggcc tggccggacg tgatatggaa 900
gcgatggcga ttggcctgcg tgaagccatg cagtacgaat atattgagca ccgcgtgaag 960
caggttcgct acctgggcga taagctgaaa gccgctggcg taccgattgt tgaaccggta
1020 ggcggtcacg cggtattcct cgatgcgcgt cgcttctgcg agcatctgac
gcaagatgag 1080 ttcccggcac aaagtctggc tgccagcatc tatgtggaaa
ccggcgtgcg cagtatggag 1140 cgcggaatta tctctgcggg ccgtaataac
gtgaccggtg aacaccacag accgaaactg 1200 gaaaccgtgc gtctgactat
tccacgtcgt gtttatacct acgcacatat ggatgttgtg 1260' gctgacggta
ttattaaact ttaccagcac aaagaagata ttcgcgggct gaagtttatt 1320
tacgagccga agcagttgcg tttctttact gcacgctttg attacatcta a. 1371
<210> 43 .<211> 35 <212> DNA <213> Artificial sequence <220> <223>
primer 



'<400> 43 .ggtattgagg gtcgctgga aaactttaaa Catct35  <210> 44 <211> 37
<212> DNA <213> Artificial sequence <220> <223> primer <400> 44
agaggagagt tagagcctta aacttcttta agttttg37 <210> 45 <211> 35 <212>
DNA <213> Artificial sequence <220> <223> primer <400> 45 ggtattgagg
gtcgcatgaa ttatccggca gaacc35 <210> 46 <211> 37 <212> DNA <213>
Artificial sequence <220> <223> primer <400> 46 agaggagagt tagagcctta
gatgtaatca aagcgtg37 <210> 47- <211> 31 <212> DNA <213> Artificial
sequence <220> <223> primer <400> 47 ccagggcacc ggcgcagagc aaatctatat
t31 <210> 48 <211> 30- <212> DNA <213>- Artificial sequence <220>
<223> primer  <400> 48 tgcgccggtg ccctggtgag-tcggaatggt30 . 



<210> 49 <211> 32 <212> DNA <213> Artificial sequence <220> <223>
primer <400> 49 tcctgcacgc ggcaaagggt tctgcactcg gt32 <210> 50 <211>
30 <212> DNA <213> Artificial sequence <220> <223> primer <40.0> 50
ctttgccgcg tgcaggaagg ctteccgaca30 <210> 51 <211> 29 <212> DNA <213>
Artificial sequence <220> <223> primer <400> 51 aggggaccgg cgcagaaaac
ctgttatcg29 . <210> 52 <211> 32 <212> DNA <213> Artificial sequence
<220> <223> primer <400> 52 tctgdgccgg tcccctggtg agtcggaaca at32
<210> 53 <211> 29 <212> DNA . <213> Artificial sequence <220> <223>
primer <400> 53 . gttagtccgc gtctacgaag ggatgccat29 <210> 54 



<211> 29 <212> DNA <2135 Artificial sequence <220> <223> primer <490>
54 .gtagacjogg actaactctt tggcagaag29 <210> 55 <211> 35 <212> DNA
<213> Artificial sequence <220> <223> primer <400> 55 ggtattgagg
gtcgcatgta cgaactggga gttgt35 <210> 56 <211> "z7 <212> DNA <2135
Artificial sequence <220> <223> primer <400> 56 agaggagagt tagagcctta
gtcaatatat ttcaggc37 <210> 57 <211> 35 <212> DNA <213> Artificial
sequence <220> <223> primer <400> 57 ggtattgagg gtcgcatgtc cggcatcgtt
gtcca35 <210> 58 <211> 37 <212> DNA <213> Artificial sequence <220>
<223> primer <4005 58 agaggagagt tagagcdtca gacatatttc agtccca37
<210> 59 <211> 35- 



<212> DNA <213> Artificial sequende <220> <223> primer <400> 59
ggtattgagg gtcgcatgcg actgaacaac ctcgg35  <210> GO <211> 37 <212> DNA
<213> Artificial sequence <220> <223> primer <400> 60. agaggagagt
tagagcctca gttetceacg tattcca37 <210> 61 <211> 35 <212> DNA <213>
Artificial sequence <220> <223> primer <400> 61 ggtattgagg gtcgcatgag
cgtggttcac cggaa35 <210> 62 <211> 37 <212> DNA. <213> Artificial
sequence <220> <223> primer <400> 62 agaggagagt tagagcctca atcgatatat
ttcagtc <210> 63 <211> 35 <212> DNA <213> Artificial sequence <220>
<223> primer , <400> 63 



ggtattgagg gtcgcatgag cctggttaat atgaa35 <210> 64 . <211> 37 <212>
DNA  <213> Artificial sequence <220> <223> primer <400> 64 agaggagagt
tagagcctta tgactttaac gcgttga37 <210> 65 <211> 684 <212> DNA <213> C.
testosteroni  <400> 65 atgtacgaac tgggagttgt ggcctggccg ccctgggctc
aagccctata tgcgccccat ctgctgcagc ccggcgacaa gacatcgtgg tcgcagccgt
gccaccagct tccaggcgcg gtgaagacgc tgcaggagat acgatcaagg ccacqctggg
gccgtggaag tgctggccgc aagctggcct cgggcatcct gccggcctga aatatattga
ctaccgcaat atccagcgcg ccgaccgcgc tgctgctgac60 cgccaccgtg Cacgaggcca
tgggccgcgt cggtctgctc120 ctatgccggc aagcaggtct
cgggcaccgc-cgtcacggtg180 ctggatgatg catgtggctg ccgagcagat
tcagcccggc240 caccgcagag tgcaccgacg gctacttcgg cgatctgctg300
oggcgoacgt gcgctgatca tcgatgccgg cgtgcgcgac360 ggactttccg gtctggagca
aggccatetc ttccaagggc420 ctcggtcaac atccccatcg tctgcgccgg
catgctggtc480 cgccgcgcgt540 



cgcccagaag cgtgaaagct tcgaaggcga aaagcgcgcc600 cggcctggat atgtacaaga
tgcgcgagcc cctggaaaag660 ctaa684  <210> 66 <211> 227 <212> PRT <213>
C. testosteroni <400> 66 Met Tyr. Gin Len Gly Val Val Tyr Arg Asn Ile
Gin Mg Ala Asp Mg 151015 Ala Ala Ala Asp Gly Len Ala Ala Len Gly Ser
Ala Thr Val His Gin 202530 Ala Met Gly Mg Val Gly Leu Len Lys Pro Tyr
Met Mg pro Ile Tyr - ' 354045 Ala Gly Lys Gin Val Ser Gly Thr Ala Val
Tht Val Len Len Gin Pro  50.55 -60  Gly Asp Asn Tip Met Met His Val
Ala Ala Gin Gin Ile Gin Pro Gly 65707580 ASp Ile Val Val Ala Ala Val
Thr Ala Gin Cys Thr Asp Gly Tyr The 859095 Gly Asp Len Len Ala
Thr,Ser Phe Gin Ala Arg Gly Ala Arg Ala Len 100105110 Ile Ile Asp Ala
Gly Val Arg Asp Val Lys Thr Len Gin Gin Met Asp 115120125  Phe Pro
Val Trp Ser Lys Ala Ile Ser Ser Lys Gly Thr Ile LyS Ala 130135140
Thr. Len GlySer Val Asn Ile, Pro Ile Val Cys Ala Gly Met Len Val .
145150155160 



Thr Pro Gly Asp Val Ile Val Ala Asp Asp Asp Gly Val Val Cys Val
165170175 Pro Ala Ala Arg Ala Val Gin Val Len Ala Ala Ala Gin Lys Arg
Gin 180185190 Set Phe Gin Gly Gin Lys Arg. Ala Lys Len Ala Se r Gly
Ile Leu Gly 195200205 Len Asp Met Tyr Lys Met Arg Gin Pro Len Gin Lys
Ala Gly Len Lys 210215 .220 Tyr Ile Asp 225 <210> 67 <211> 42 <212>
DNA <213> Artificial sequence <220> <223> primer <400> 67. .
actcggatcc gaaggagata tcatatgta cgaaCtggga- ct42 .210> 68 <211> 33 '
<212> DNA  <213> Artificial sequence <220> <223> primer <400> 68
cggctgtcga ccgttagtca atatatttca ggc33 <210> 69 <211> 31 <212> DNA '
<213> Artificial sequence <220> <223> primer <400> 69 cgcggatcca
taatggttga gaacattacc g31 <210> 70 <211> 30 <212> DNA <213>
Artificial sequence 



<220> <223> primer <400> 70 acgcgtcgac ttacagcact gccacaatcg30 <210>
71 <211> 32 <212> DNA <213> Artificial sequence <220> <223> primer. -
<400> 71 ccggaattca taatggtcga aCtgggagtt gt32. <210> 72 <211> 33
<212> DNA <213> Artificial sequence <220> <223> primer <400> 72
gaatgcggcc gcttagtcaa tatatttcag gcc.'33 <210> 73 <211> 15 <212> DNA
<213> Artificial sequence  <220> <223> primer <400> 73 ggtattgagg
gtcgc15 <210> 74 <211> 17 <212> DNA <213> Artificial sequence <.220>
<223> primer <400> 74 agaggagagt tagagcc17 








