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120 of recombinant 8fganisms for the production of desired compounds. More

specifically it describes the expression of cloned genes for glycerol-3-phosphate
dehydrogenase (G3PDH) and glycerol-3-phosphatase (G3P phosphatase), glycerol
dehydratase (dhaB), and 1,3-propanediol oxidoreductase (dhaT), either separately
10  ortogether, for the enhanced production of 1,3-propanediol.
BACKGROUND

1,3-Propanediol is a monomer having potential utility in the production of
polyester fibers and the manufacture of polyurethanes and cyclic compounds.

A variety of chemical routes to 1,3-propanediol are known. For example

15  ethylene oxide may be converted to 1,3-propanediol over a catalyst in the presence
of phosphine, water, carbon monoxide, hydrogen and an acid, by the catalytic
solution phase hydration of acrolein followed by reduction, or from hydrocarbons
such as glycerol, reacted in the presence of carbon monoxide and hydrogen over
catalysts having atoms from group VIII of the periodic table. Although it is

20  possible to generate 1,3-propanediol by these methods, they are expensive and
generate waste streams containing environmental pollutants.

It has been known for over a century that 1,3-propanediol can be produced
from the fermentation of glycerol. Bacterial strains able to produce 1,3-propane-
diol have been found, for example, in the groups Citrobacter, Clostridium,

25  Enterobacter, llyobacter, Klebsiella, Lactobacillus, and Pelobacter. In each case

~ studied, glycerol is converted to 1,3-propanediol in a two step, enzyme catalyzed
reaction sequence. In the first step, a dehydratase catalyzes the conversion of
glycerol to 3-hydroxypropionaldehyde (3-HP) and water (Equation 1). In the
second step, 3-HP is reduced to 1,3-propanediol by a NAD*-linked

30 oxidoreductase (Equation 2).

Glycerol = 3-HP + H,0 (Equation 1)
3-HP + NADH + H* — 1,3-Propanediol + NAD* (Equation 2)

35 The 1,3-propanediol is not metabolized further and, as a result,accumulates in
high concentration in the media. The overall reaction consumes a reducing
equivalent in the form of a cofactor, reduced B-nicotinamide adenine dinucleotide
(NADH), which is oxidized to nicotinamide adenine dinucleotide (NAD™).
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Leu Leu Lys déﬂyﬁrogenase (Equation 3). The DHA, fglf'o%ving phosphorylation to 250
dihydroxyacetone phosphate (DHAP) by a DHA kinase (Equation 4), becomes
available for biosynthesis and for supporting ATP generation via, for example,
10 glycolysis.

Glycerol + NAD* — DHA + NADH + H* (Equation 3)
DHA + ATP — DHAP + ADP (Equation 4)

15 Incontrast to the 1,3-propanediol pathway, this pathway may provide carbon and
energy to the cell and produces rather than consumes NADH.

In Klebsiella pneumoniae and Citrobacter freundii, the genes encoding the
functionally linked activities of glycerol dehydratase (dhaB), 1,3-propanediol
oxidoreductase (dhaT), glycerol dehydrogenase (dhaD), and dihydroxyacetone

20  kinase (dhaK) are encompassed by the dha regulon. The dha regulons from
Citrobacter and Klebsiella have been expressed in Escherichia coli and have been
shown to convert glycerol to 1,3-propanediol.

Biological processes for the preparation of glycerol are known. The
overwhelming majority of glycerol producers are yeasts, but some bacteria, other

25  fungi and algae are also known to produce glycerol. Both bacteria and yeasts
produce glycerol by converting glucose or other carbohydrates through the
fructose-1,6-bisphosphate pathway in glycolysis or by the Embden Meyerhof
Parnas pathway, whereas, certain algae convert dissolved carbon dioxide or
bicarbonate in the chloroplasts into the 3-carbon intermediates of the Calvin cycle.

30 Inaseries of steps, the 3-carbon intermediate, phosphoglyceric acid, is converted
to glyceraldehyde 3-phosphate which can be readily interconverted to its keto
isomer dihydroxyacetone phosphate and ultimately to glycerol.

Specifically, the bacteria Bacillus licheniformis and Lactobacillus
lycopersica synthesize glycerol, and glycerol production is found in the

35 halotolerant algae Dunaliella sp. and Asteromonas gracilis for protection against
high external salt concentrations (Ben-Amotz et al., Experientia 38, 49-52,
(1982)). Similarly, various osmotolerant yeasts synthesize glycerol as a protective
measure. Most strains of Saccharomyces produce some glycerol during alcoholic
fermentation, and this can be increased physiologically by the application of
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equivalents (NADH) are available to or “steered” towards DHAP for reduction to
produce glycerol. This method is limited by the partial inhibition of yeast growth
that is due to the sulfites. This limitation can be partially overcome by the use of
alkalis which create excess NADH equivalents by a different mechanism. In this
10  practice, the alkalis initiated a Cannizarro disproportionation to yield ethanol and
acetic acid from two equivalents of acetaldehyde.

The gene encoding glycerol-3-phosphate dehydrogenase (DAR1, GPD1)
has been cloned and sequenced from S. diastaticus (Wang et al., J. Bact. 176,
7091-7095, (1994)). The DARI1 gene was cloned into a shuttle vector and used to

15  transform E. coli where expression produced active enzyme. Wang et al. (supra)
recognize that DAR] is regulated by the cellular osmotic environment but do not
suggest how the gene might be used to enhance 1,3-propanediol production in a
recombinant organism.

Other glycerol-3-phosphate dehydrogenase enzymes have been isolated:

20  for example, sn-glycerol-3-phosphate dehydrogenase has been cloned and
sequenced from S. cerevisiae (Larason et al., Mol. Microbiol. 10, 1101, (1993))
and Albertyn et al., (Mol. Cell. Biol. 14, 4135, (1994)) teach the cloning of GPD1
encoding a glycerol-3-phosphate dehydrogenase from S. cerevisiae. Like Wang et
al. (supra), both Albertyn et al. and Larason et al. recognize the osmo-sensitivity

25  of the regulation of this gene but do not suggest how the gene might be used in the
production of 1,3-propanediol in a recombinant organism.

As with G3PDH, glycerol-3-phosphatase has been isolated from
Saccharomyces cerevisiae and the protein identified as being encoded by the
GPP1 and GPP2 genes (Norbeck et al., J. Biol. Chem. 271, 13875,(1996)). Like

30 the genes encoding G3PDH, it appears that GPP2 is osmosensitive.

Although biological methods of both glycerol and 1,3-propanediol
production are known, it has never been demonstrated that the entire process can
be accomplished by a single recombinant organism.

Neither the chemical nor biological methods described above for the

35 production of 1,3-propanediol are well suited for industrial scale production since
the chemical processes are energy intensive and the biological processes require
the expensive starting material, glycerol. A method requiring low energy input
and an inexpensive starting material is needed. A more desirable process would
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been documented that there are significant difficulties to overcome in such an
endeavor. For example, Gottschalk et al. (EP 373 230) teach that the growth of
most strains useful for the production of 1,3-propanediol, including Citrobacter
Sfreundii, Clostridium autobutylicum, Clostridium butylicum, and Klebsiella
pneumoniae, is disturbed by the presence of a hydrogen donor such as fructose or
glucose. Strains of Lactobacillus brevis and Lactobacillus buchner, which
produce 1,3-propanediol in co-fermentations of glycerol and fructose or glucose,
do not grow when glycerol is provided as the sole carbon source, and, although it
has been shown that resting cells can metabolize glucose or fructose, they do not
produce 1,3-propanediol. (Veiga DA Cunbha et al., J. Bacteriol. 174, 1013
(1992)). Similarly, it has been shown that a strain of flyobacter polytropus, which
produces 1,3-propanediol when glycerol and acetate are provided, will not
produce 1,3-propanediol from carbon substrates other than glycerol, including
fructose and glucose. (Steib et al., Arch. Microbiol. 140, 139 (1984)). Finally
Tong et al. (4ppl. Biochem. Biotech. 34, 149 (1992)) has taught that recombinant
Escherichia coli transformed with the dha regulon encoding glycerol dehydratase
does not produce 1,3-propanediol from either glucose or xylose in the absence of
exogenous glycerol.

Attempts to improve the yield of 1 3-propanedxol from glycerol have been
reported where co-substrates capable of providing reducing equivalents, typically
fermentable sugars, are included in the process. Improvements in yield have been
claimed for resting cells of Citrobacter freundii and Klebsiella pneumoniae DSM
4270 cofermenting glycerol and glucose (Gottschalk et al., supra., and Tran-Dinh
et al., DE 3734 764), but not for growing cells of Klebsiella pneumoniae
ATCC 25955 cofermenting glycerol and glucose, which produced no
1,3-propanediol (I-T. Tong, Ph.D. Thesis, University of Wisconsin-Madison
(1992)). Increased yields have been reported for the cofermentation of glycerol
and glucose or fructose by a recombinant Escherichia coli; however, no
1,3-propanediol is produced in the absence of glycerol (Tong et al., supra.). In
these systems, single organisms use the carbohydrate as a source of generating
NADH while providing energy and carbon for cell maintenance or growth. These
disclostires suggest that sugars do not enter the carbon stream that produces
1,3-propanediol. In no case is 1,3-propanediol produced in the absence of an
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sequential reactxon in which a dehydratase enzyme (typically a coenzyme

By-dependent dehydratase) converts glycerol to an intermediate, 3-hydroxy-

10  propionaldehyde, which is then reduced to 1,3-propanediol by a NADH- (or
NADPH) dependent oxidoreductase. The complexity of the cofactor requirements
necessitates the use of a whole cell catalyst for an industrial process which utilizes
this reaction sequence for the production of 1,3-propanediol. Furthermore, in
order to make the process economically viable, a less expensive feedstock than

15  glycerol or dihydroxyacetone is needed. Glucose and other carbohydrates are
suitable substrates, but, as discussed above, are known to interfere with
1,3-propanediol production. As a result no single organism has been shown to
convert glucose to 1,3-propanediol.

Applicants have solved the stated problem and the present invention

20  provides for bioconverting a fermentable carbon source directly to
1,3-propanediol using a single recombinant organism. Glucose is used as a model
substrate and the bioconversion is applicable to any existing microorganism.
Microorganisms harboring the genes encoding glycerol-3-phosphate
dehydrogenase (G3PDH), glycerol-3-phosphatase (G3P phosphatase), glycerol

25  dehydratase (dhaB), and 1,3-propanediol oxidoreductase (dhaT), are able to
convert glucose and other sugars through the glycerol degradation pathway to
1,3-propanediol with good yields and selectivities. Furthermore, the present
invention may be generally applied to include any carbon substrate that is readily
converted to 1) glycerol, 2) dihydroxyacetone, or 3) C3 compounds at the

30 oxidation state of glycerol (e.g., glycerol 3-phosphate) or 4) C; compounds at the
oxidation state of dihydroxyacetone (e.g., dihydroxyacetone phosphate or
glyceraldehyde 3-phosphate).

SUMMARY OF THE INVENTION
The present invention provides a method for the production of

35  1,3-propanediol from a recombinant organism comprising:

(1) transforming a suitable host organism with a transformation
cassette comprising at least one of (a) a gene encoding a glycerol-3-phosphate
dehydrogenase activity; (b) a gene encoding a glycerol-3 phosphatase activity;
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monosaccharides, oligosaccharides, polysaccharides, or a one carbon substrate
whereby 1,3-propanediol is produced; and

10 (iif) recovering the 1,3-propanediol.

The invention further provides transformed hosts comprising expression
cassettes capable of expressing glycerol-3-phosphate dehydrogenase, glycerol-3-
phosphatase, glycerol dehydratase and 1,3-propanediol oxidoreductase activities
for the production of 1,3-propanediol.

15 The suitable host organism used in the method is selected from the group
consisting of bacteria, yeast, and filamentous fungi. The suitable host organism is
more particularly selected from the group of genera consisting of Citrobacter,
Enterobacter, Clostridium, Klebsiella, Aerobacter, Lactobacillus, Aspergillus,
Saccharomyces, Schizosaccharomyces, Zygosaccharomyces, Pichia,

20  Kluyveromyces, Candida, Hansenula, Debaryomyces, Mucor, Torulopsis,
Methylobacter, Escherichia, Salmonella, Bacillus, Streptomyces and
Pseudomonas. Most particularly, the suitable host organism is selected from the
group consisting of E. coli, Klebsiella spp., and Saccharomyces spp. Particular
transformed host organisms used in the method are 1) a Saccharomyces spp.

25  transformed with a transformation cassette comprising the genes dhaB!, dhaB2,
dhaB3, and dhaT, wherein the genes are stably integrated into the Saccharomyces
spp. genome; and 2) a Klebsiella spp. transformed with a transformation cassette
comprising the genes GPD1 and GPD2;

The preferred carbon source of the invention is glucose.

30 The method further uses the gene encoding a glycerol-3-phosphate
dehydrogenase enzyme selected from the group consisting of genes corresponding
to amino acid sequences given in SEQ ID NO:11, in SEQ ID NO:12, and in SEQ
ID NO:13, the amino acid sequences encompassing amino acid substitutions,
deletions or additions that do not alter the function of the glycerol-3-phosphate

35  dehydrogenase enzyme. The method also uses the gene encoding a glycerol-3-
phosphatase enzyme selected from the group consisting of genes corresponding to
amino acid sequences given in SEQ ID NO:33 and in SEQ ID NO:17, the amino
acid sequencés encompassing amino acid substitutions, deletions or additions that
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An Gu Byr dgcérdbkihald dhze. PhPmbihbld kiBsluses the genes encoding a dehydratase
enzyme comprise dhaB1, dhaB2 and dhB3, the genes corresponding respectively
to amino acid sequences given in SEQ ID NO:34, SEQ ID NO:35, and SEQ ID
NO:36, the amino acid sequences encompassing amino acid substitutions,
deletions or additions that do not alter the function of the dehydratase enzyme.
10 The method also uses the gene encoding a 1,3-propanediol oxidoreductase enzyme
that corresponds to an amino acid sequence given in SEQ ID NO:37, the amino
acid sequence encompassing amino acid substitutions, deletions or additions that
do not alter the function of the 1,3-propanediol oxidoreductase enzyme.
The invention is also embodied in a transformed host cell comprising:
15 (a) a group of genes comprising
(1) a gene encoding a glycerol-3-phosphate dehydrogenase
enzyme corresponding to the amino acid sequence given in SEQ ID NO:11;
(2) agene encoding a glycerol-3-phosphatase enzyme
corresponding to the amino acid sequence given in SEQ ID NO:17;
20 (3) a gene encoding the a subunit of the glycerol dehydratase
enzyme corresponding to the amino acid sequence given in SEQ ID NO:34;
(4) a gene encoding the B subunit of the glycerol dehydratase
enzyme corresponding to the amino acid sequence given in SEQ ID NO:35;
(5) a gene encoding the y subunit of the glycerol dehydratase
25  enzyme corresponding to the amino acid sequence given in SEQ ID NO:36; and
(6) a gene encoding the 1,3-propanediol oxidoreductase enzyme
corresponding to the amino acid sequence given in SEQ ID NO:37,
the respective amino acid sequences of (a)(1)-(6) encompassing amino acid
substitutions, deletions, or additions that do not aiter the function of the enzymes
30 of genes (1)-(6), and
(b) a host cell transformed with the group of genes of (a), whereby
the transformed host cell produces 1,3-propanediol on at least one substrate
selected from the group consisting of monosaccharides, oligosaccharides, and
polysaccharides or from a one-carbon substrate.
35 BRIEF DESCRIPTION OF BIOLOGICAL
DEPOSITS AND SEQUENCE LISTING
- The transformed E. coli W2042 (comprising the E. coli host W1485 and
plasmids pDT20 and pAH42) containing the genes encoding glycerol-3-phosphate
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(G3PDH) and glycerol-3-phosphatase (G3P phosphatase), glycerol dehydratase
(dhaB), and 1,3-propanediol oxidoreductase (dhaT) was deposited on

26 September 1996 with the ATCC under the terms of the Budapest Treaty on the
International Recognition of the Deposit of Micro-organisms for the Purpose of
Patent Procedure and is designated as ATCC 74392.

“ATCC” refers to the American Type Culture Coliection intemational
depository located at 12301 Parklawn Drive, Rockville, MD 20852 U.S.A. The
designations refer to the accession number of the deposited material.

Applicants have provided 49 sequences in conformity with Rules for the
Standard Representation of Nucleotide and Amino Acid Sequences in Patent
Applications (Annexes I and II to the Decision of the President of the EPO,
published in Supplement No. 2 to OJ EPO, 12/1992) and with 37 C.F.R.
1.821-1.825 and Appendices A and B (Requirements for Application Disclosures
Containing Nucleotides and/or Amino Acid Sequences).

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a method for a biological production of
1,3-propanediol from a fermentable carbon source in a single recombinant
organism. The method incorporates a microorganism containing genes encoding
glycerol-3-phosphate dehydrogenase (G3PDH), glycerol-3-phosphatase (G3P
phosphatase), glycerol dehydratase (dhaB), and 1,3-propanediol oxidoreductase
(dhaT). The recombinant microorganism is contacted with a2 carbon substrate and
1,3-propanediol is isolated from the growth media.

The present method provides a rapid, inexpensive and environmentally
responsible source of 1,3-propanediol monomer useful in the production of
polyesters and other polymers.

The following definitions are to be used to interpret the claims and
specification.

The terms “glycerol dehydratase” or “dehydratase enzyme” refer to the
polypeptide(s) responsible for an enzyme activity that is capable of isomerizing or
converting a glycerol molecule to the product 3-hydroxypropionaldehyde. For the
purposes of the present invention the dehydratase enzymes include a glycerol
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the reduction of 3-hydroxypropionaldehyde to 1,3-propanediol. 1,3-Propanediol

10  oxidoreductase includes, for example, the polypeptide encoded by the dhaT gene
(GenBank U09771, U30903) and is identified as SEQ ID NO:4.

The terms “glycerol-3-phosphate dehydrogenase” or “G3PDH?” refer to the
polypeptide(s) responsible for an enzyme activity capable of catalyzing the
conversion of dihydroxyacetone phosphate (DHAP) to glycerol-3-phosphate

15  (G3P). Irvivo G3PDH may be NADH-, NADPH-, or FAD-dependent. Examples
of this enzyme activity include the following: NADH-dependent enzymes
(EC 1.1.1.8) are encoded by several genes including GPD1 (GenBank Z74071x2)
or GPD2 (GenBank Z35169x1) or GPD3 (GenBank G984182) or DARI
(GenBank Z274071x2); a NADPH-dependent enzyme (EC 1.1.1.94) is encoded by

20  gpsd (GenBank U32164, G466746 (cds 197911-196892), and L45246); and
FAD-dependent enzymes (EC 1.1.99.5) are encoded by GUT2 (GenBank
Z47047x23) or glpD (GenBank G147838) or glpABC (GenBank M20938).

The terms “glycerol-3-phosphatase” or “sn-glycerol-3-phosphatase” or
“d,l-glycerol phosphatase” or “G3P phosphatase” refer to the polypeptide(s)

25  responsible for an enzyme activity that is capable of catalyzing the conversion of
glycerol-3-phosphate to glycerol. G3P phosphatase includes, for example, the
polypeptides encoded by GPP1 (GenBank Z47047x125) or GPP2 (GenBank
U18813x11).

- The term “glycerol kinase” refers to the polypeptide(s) responsible for an

30  enzyme activity capable of catalyzing the conversion of glycerol to glycerol-3-
phosphate or glycerol-3-phosphate to glycerol, depending on reaction conditions.
Glycerol kinase includes, for example, the polypeptide encoded by GUT1
(GenBank U11583x19).

The terms “GPD1”, “DAR1”, “OSG1”, “D2830”, and “YDL022W” will

35  be used interchangeably and refer to a gene that encodes a cytosolic glycerol-3-
phosphate dehydrogenase and characterized by the base sequence given as SEQ
ID NO:5.
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The terms “GUT2” and “YIL155C” are used interchangably and refer to a
5  gene that encodes a mitochondrial glycerol-3-phosphate dehydrogenase and
characterized by the base sequence given in SEQ ID NO:7.

The terms “GPP1”, “RHR2” and “YIL0O53W” are used interchangably and
refer to a gene that encodes a cytosolic glycerol-3-phosphatase and characterized
by the base sequence given as SEQ ID NO:8.

10 The terms “GPP2”, “HOR2” and “YER062C” are used interchangably and
refertoa gene that encodes a cytosolic glycerol-3-phosphatase and characterized
by the base sequence given as SEQ ID NO:9.

The term “GUT1” refers to a gene that encodes a cytosolic glycerol kinase
and characterized by the base sequence given as SEQ ID NO:10.

15 The terms “function” or “enzyme function” refer to the catalytic activity of
an enzyme in altering the energy required to perform a specific chemical reaction.
It is understood that such an activity may apply to a reaction in equilibrium where
the production of either product or substrate may be accomplished under suitable
conditions.

20 The terms “polypeptide” and “protein” are used interchangeably.

The terms “carbon substrate” and “carbon source” refer to a carbon source
capable of being metabolized by host organisms of the present invention and
particularly carbon sources selected from the group consisting of
monosaccharides, oligosaccharides, polysaccharides, and one-carbon substrates or

25  mixtures thereof.

The terms “host cell” or “host organism” refer to a microorganism capable
of receiving foreign or heterologous genes and of expressing those genes to
produce an active gene product.

The terms “foreign gene”, “foreign DNA”, “heterologous gene” and

30  “heterologous DNA” refer to genetic material native to one organism that has
been placed within a host organism by various means.

The terms “recombinant organism” and “transformed host” refer to any
organism having been transformed with heterologous or foreign genes. The
recombinant organisms of the present invention express foreign genes encoding

35  glycerol-3-phosphate dehydrogenase (G3PDH) and glycerol-3-phosphatase (G3P
phosphatase), glycerol dehydratase (dhaB), and 1,3-propanediol oxidoreductase
(dhaT) for the production of 1,3-propanediol from suitable carbon substrates.

10°
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through the mechanisms of transcription and translation, produces an amino acid
sequence. It is understood that the process of encoding a specific amino acid
sequence includes DNA sequences that may involve base changes that do not
cause a change in the encoded amino acid, or which involve base changes which

10  may alter one or more amino acids, but do not affect the functional properties of
the protein encoded by the DNA sequence. It is therefore understood that the
invention encompasses more than the specific exemplary sequences.
Modifications to the sequence, such as deletions, insertions, or substitutions in the
sequence which produce silent changes that do not substantially affect the

15  functional properties of the resulting protein molecule are also contemplated. For
example, alteration in the gene sequence which reflect the degeneracy of the
genetic code, or which result in the production of a chemically equivalent amino
acid at a given site, are contemplated. Thus, a codon for the amino acid alanine, a
hydrophobic amino acid, may be substituted by a codon encoding another less

20  hydrophobic residue, such as glycine, or a more hydrophobic residue, such as
valine, leucine, or isoleucine. Similarly, changes which result in substitution of
one negatively charged residue for another, such as aspartic acid for glutamic acid,
or one positively charged residue for another, such as lysine for arginine, can also
be expected to produce a biologically equivalent product. Nucleotide changes

25  which result in alteration of the N-terminal and C-terminal portions of the protein
molecule would also not be expected to alter the activity of the protein. In some
cases, it may in fact be desirable to make mutants of the sequence in order to study
the effect of alteration on the biological activity of the protein. Each of the
proposed modifications is well within the routine skill in the art, as is

30  determination of retention of biological activity in the encoded products.
Moreover, the skilled artisan recognizes that sequences encompassed by this
invention are also defined by their ability to hybridize, under stringent conditions
(0.1X SSC, 0.1% SDS, 65 °C), with the sequences exemplified herein.

The term “expression” refers to the transcription and translation to gene
35  product from a gene coding for the sequence of the gene product.
The terms “plasmid”, “vector”, and “cassette” refer to an extra

chromosomal element often carrying genes which are not part of the central
metabolism of the cell, and usually in the form of circular double-stranded DNA

11
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sequence into a cell. “Transformation cassette” refers to a specific vector
containing a foreign gene and having elements in addition to the foreign gene that
facilitate transformation of a particular host cell. “Expression cassette” refersto a
specific vector containing a foreign gene and having elements in addition to the
foreign gene that allow for enhanced expression of that gene in a foreign host.

The terms “transformation” and “transfection™ refer to the acquisition of
new genes in a cell after the incorporation of nucleic acid. The acquired genes
may be integrated into chromosomal DNA or introduced as extrachromosomal
replicating sequences. The term “transformant” refers to the product of a
transformation.

The term “genetically altered” refers to the process of changing hereditary
material by transformation or mutation.

CONSTRUCTION OF RECOMBINANT ORGANISMS:

Recombinant organisms containing the necessary genes that will encode
the enzymatic pathway for the conversion of a carbon substrate to 1,3-propanediol
may be constructed using techniques well known in the art. In the present
invention genes encoding glycerol-3-phosphate dehydrogenase (G3PDH),

. glycerol-3-phosphatase (G3P phosphatase), glycerol dehydratase (dhaB), and

1,3-propanediol oxidoreductase (dhal) were isolated from a native host such as
Klebsiella or Saccharomyces and used to transform host strains such as E. coli
DHSa, ECL707, AA200, or W148S; the Saccharomocyes cerevisiae strain
YPHS500; or the Klebsiella pneumoniae strains ATCC 25955 or ECL 2106.
Isolation of Genes

Methods of obtaining desired genes from a bacterial genome are common
and well known in the art of molecular biology. For example, if the sequence of
the gene is known, suitable genomic libraries may be created by restriction
endonuclease digestion and may be screened with probes complementary to the
desired gene sequence. Once the sequence is isolated, the DNA may be amplified
using standard primer directed amplification methods such as polymerase chain
reaction (PCR) (U.S. 4,683,202) to obtain amounts of DNA suitable for
transformation using appropriate vectors.
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quantities of DNA. Generally, cosmid vectors have at least one copy of the cos
DNA sequence which is needed for packaging and subsequent circularization of
the foreign DNA. In addition to the cos sequence these vectors will also contain
an origin of replication such as ColEl and drug resistance markers such as a gene
resistant to ampicillin or neomycin. Methods of using cosmid vectors for the
transformation of suitable bacterial hosts are well described in Sambrook et al.,
Molecular Cloning: A Laboratory Manual, Second Edition (1989) Cold Spring
Harbor Laboratory Press, Cold Spring Harbon, NY (1989).

Typically to clone cosmids, foreign DNA is isolated and ligated, using the
appropriate restriction endonucleases, adjacent to the cos region of the cosmid
vector. Cosmid vectors containing the linearized foreign DNA is then reacted
with a DNA packaging vehicle such as bacteriophage A. During the packaging
process the cos sites are cleaved and the foreign DNA is packaged into the head
portion of the bacterial viral particle. These particles are then used to transfect
suitable host cells such as E. coli. Once injected into the cell, the foreign DNA
circularizes under the influence of the cos sticky ends. In this manner large
segments of foreign DNA can be introduced and expressed in recombinant host
cells.

Isolation and cloning of genes encoding glycerol dehydratase (dhaB) and
1.3-propanediol oxidoreductase (dhal)

Cosmid vectors and cosmid transformation methods were used within the
context of the present invention to clone large segments of genomic DNA from
bacterial genera known to possess genes capable of processing glycerol to
1,3-propanediol. Specifically, genomic DNA from K. pneumoniae ATCC 25955
was isolated by methods well known in the art and digested with the restriction
enzyme Sau3A for insertion into a cosmid vector Supercos 1 and packaged using
Gigapackll packaging extracts. Following construction of the vector E. coli
XL1-Blue MR cells were transformed with the cosmid DNA. Transformants were
screened for the ability to convert glycerol to 1,3-propanediol by growing the cells
in the presence of glycerol and analyzing the media for 1,3-propanediol formation.

Two of the 1,3-propanediol positive transformants were analyzed and the
cosmids were named pKP1 and pKP2. DNA seguencing revealed extensive
homology to the glycerol dehydratase gene (dhaB) from C. freundii,
demonistrating that these transformants contained DNA encoding the glycerol
dehydratase gene. Other 1,3-propanediol positive transformants were analyzed
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The present invention prov1des genes su1table for the expression of
G3PDH and G3P phosphatase activities in a host cell.
Genes encoding G3PDH are known. For example, GPD1 has been
10  isolated from Saccharomyces and has the base sequence given by SEQ ID NO:5,

encoding the amino acid sequence given in SEQ ID NO:11 (Wang et al., supra).
Similarly, G3PDH activity is has also been isolated from Saccharomyces encoded
by GPD2 having the base sequence given in SEQ ID NO:6, encoding the amino
acid sequence given in SEQ ID NO:12 (Eriksson et al., Mol. Microbiol. 17, 95,
15 (19995).
It is contemplated that any gene encoding a polypeptide responsible for
G3PDH activity is suitable for the purposes of the present invention wherein that
activity is capable of catalyzing the conversion of dihydroxyacetone phosphate
(DHAP) to glycerol-3-phosphate (G3P). Further, it is contemplated that any gene
20 encoding the amino acid sequence of G3PDH as given by any one of SEQ ID
NOS:11, 12, 13, 14, 15 and 16 corresponding to the genes GPD1, GPD2, GUT2,
gpsA, glpD, and the o subunit of glpABC, respectively, will be functional in the
present invention wherein that amino acid sequence encompasses amino acid
substitutions, deletions or additions that do not alter the function of the enzyme. It
25  will be appreciated by the skilled person that genes encoding G3PDH isolated
from other sources are also be suitable for use in the present invention. For
example, genes isolated from prokaryotes include GenBank accessions M34393,
M20938, L06231, U12567, L45246, L45323, 145324, 1.45325, U32164, and
U39682; genes isolated from fungi include GenBank accessions U30625, U30876
30 and X56162; genes isolated from insects include GenBank accessions X61223 and
X14179; and genes isolated from mammalian sources include GenBank
accessions U12424, M25558 and X78593.
Genes encoding G3P phosphatase are known. For example, GPP2 has
been isolated from Saccharomyces cerevisiae and has the base sequence given by
35 SEQID NO:9 which encodes the amino acid sequence given in SEQ ID NO:17
(Norbeck et al., J. Biol. Chem. 271, p. 13875, 1996).
1t is contemplated that any gene encoding a G3P phosphatase activity is
suitable for the purposes of the present invention wherein that activity is capable
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isolated from other sources are also suitable for use in the present invention. For

example, the dephosphorylation of glycerol-3-phosphate to yield glycerol may be
achieved with one or more of the following general or specific phosphatases:

10  alkaline phosphatase (EC 3.1.3.1) [GenBank M19159, M29663, U02550 or
M33965]; acid phosphatase (EC 3.1.3.2) {GenBank U51210, U19789, U28658 or
1.20566]; gtycerol-3-phosphatase (EC 3.1.3.-) [GenBank Z38060 or U18813x11];
glucose-1-phosphatase (EC 3.1.3.10) [GenBank M33807]; glucose-6-phosphatase
(EC 3.1.3.9) [GenBank U00445]; fructose-1,6-bisphosphatase (EC 3.1.3.11)

15 [GenBank X12545 or J03207] or phosphotidy! glycero phosphate phosphatase
(EC 3.1.3.27) [GenBank M23546 and M23628].

Genes encoding glycerol kinase are known. For example, GUT1 encoding
the glycerol kinase from Saccharaomyces has been isolated and sequenced (Pavlik
etal., Curr. Genet. 24,21, (1993)) and the base sequence is given by SEQ ID

20 NO:10 which encodes the amino acid sequence given in SEQ ID NO:18. It will
be appreciated by the skilled artisan that although glycerol kinase catalyzes the
degradation of glycerol in nature the same enzyme will be able to function in the
synthesis of glycerol to convert glycerol-3-phosphate to glycerol under the
appropriate reaction energy conditions. Evidence exists for glycerol production

25  through a glycerol kinase. Under anaerobic or respiration-inhibited conditions,
Trypanosoma brucei gives rise to glycerol in the presence of Glycerol-3-P and
ADP. The reaction occurs in the glycosome compartment (D. Hammond, J. Biol.
Chem. 260, 15646-15654, (1985)).

Host cells

30 Suitable host cells for the recombinant production of glycerol by the
expression of G3PDH and G3P phosphatase may be either prokaryotic or
eukaryotic and will be limited only by their ability to express active enzymes.
Preferred hosts will be those typically useful for production of glycerol or
1,3-propanediol such as Citrobacter, Enterobacter, Clostridium, Klebsiella,

35  Aerobacter, Lactobacillus, Aspergillus, Saccharomyces, Séhizosaccharomyces,
Zygosaccharomyces, Pichia, Kluyveromyces, Candida, Hansenula,
Debaryomyces, Mucor, Torulopsis, Methylobacter, Escherichia, Salmonella,
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genes. Synthesis of coenzyme B, is found in prokaryotes, some of which are

able to synthesize the compound de novo, while others can perform partial
reactions. E. coli, for example, cannot fabricate the corrin ring structure, but is
able to catalyse the conversion of cobinamide to corrinoid and can introduce the

10  5-deoxyadenosyl group. '

Eukaryotes are unable to synthesize coenzyme By, de novo and instead
transport vitamin B, from the extracellular milieu with subsequent conversion of
the compound to its functional form of the compound by cellular enzymes. Three
enzyme activities have been described for this series of reactions.

15 1) aguacobalamin reductase (EC 1.6.99.8) reduces Co(III) to Co(II);

2) cob(Il)alamin reductase (EC 1.6.99.9) reduces Co(II) to Co(I); and

3) cob(I)alamin adenosyltransferase (EC 2.5.1.17) transfers a 5'deoxyadenosine
moiety from ATP to the reduced corrinoid. This last enzyme activity is the best
characterized of the three, and is encoded by cobA in S. fyphimurium, btuR in

20 E coliand cobO in P. denitrificans. These three cob(I)alamin adenosyltransferase
genes have been cloned and sequenced. Cob(I)alamin adenosyltransferase activity
has been detected in human fibroblasts and in isolated rat mitochondria (Fenton et
al., Biochem. Biophys. Res. Commun. 98, 283-9, (1981)). The two enzymes
involved in cobalt reduction are poorly characterized and gene sequences are not

25  available. There are reports of an aquacobalamin reductase from Euglena gracilis
(Watanabe et al., Arch. Biochem. Biophys. 305, 421-7, (1993)) and a microsomal
cob(IIf)alamin reductase is present in the microsomal and mitochondrial inner
membrane fractions from rat fibroblasts (Pezacka, Biochim. Biophys. Acta, 1157,
167-77, (1993)).

30 Supplementing culture media with vitamin B, may satisfy the need to
produce coenzyme By, for glycerol dehydratase activity in many microorganisms,
but in some cases additional catalytic activities may have to be added or increased
in vivo. Enhanced synthesis of coenzyme B, in eukaryotes may be particularly
desirable. Given the published sequences for genes encoding cob(I)alamin

35  adenosyltransferase, the cloning and expression of this gene could be
accomplished by one skilled in the art. For example, it is contemplated that yeast,
such as‘Saccharomyces, could be constructed so as to contain genes encoding
cob(l)alamin adenosyltransferase in addition to the genes necessary to effect
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controlling factors such as pH and oxygen concentration. The metabolite and
5 biomass compositions of the batch system change constantly up to the time the
fermentation is stopped. Within batch cultures cells moderate through a static lag
phase to a high growth log phase and finally to a stationary phase where growth
rate is diminished or halted. If untreated, cells in the stationary phase will
eventually die. Cells in log phase generally are responsible for the bulk of
10  production of end product or intermediate.
A variation on the standard batch system is the Fed-Batch fermentation
system which is also suitable in the present invention. In this variation of a
typical batch system, the substrate is added in increments as the fermentation
progresses. Fed-Batch systems are useful when catabolite repression is apt to
15  inhibit the metabolism of the cells and where it is desirable to have limited
amounts of substrate in the media. Measurement of the actual substrate
concentration in Fed-Batch systems is difficult and is therefore estimated on the
basis of the changes of measurable factors such as pH, dissolved oxygen and the
partial pressure of waste gases such as CO,. Batch and Fed-Batch fermentations
20  are common and well known in the art and examples may be found in Brock,
supra.
It is also contemplated that the method would be adaptable to continuous
fermentation methods. Continuous fermentation is an open system where a
defined fermentation media is added continuously to a bioreactor and an equal
25 amount of conditioned media is removed simultaneously for processing.
Continuous fermentation generally maintains the cultures at a constant high
density where cells are primarily in log phase growth.
~ Continuous fermentation allows for the modulation of one factor or any
number of factors that affect cell growth or end product concentration. For
30 example, one method will maintain a limiting nutrient such as the carbon source
or nitrogen level at a fixed rate and allow all other parameters to moderate. In
other systems a number of factors affecting growth can be altered continuously
while the cell concentration, measured by media turbidity, is kept constant.
Continuous systems strive to maintain steady state growth conditions and thus the
35  cell loss due to media being drawn off must be balanced against the cell growth

e ™ .+~ ratein'the fermentation. Methods of: modulMng nutrients and growth factors for
S contmuqus fermematxon &rocesses agwell as techmques § for maximizing the rate,
..::_.__.: s .- ‘:}.- .._ S ...).’ *w :‘. ‘ - » oy -‘-\ ‘e‘m&j ) .
. - LT ,:-ao' “w e LA ; X & o T,

) .-a‘l. : ...-_ .-. | B ' -.\ ) .-- * - ;‘ s - \. s - &;i “ -'. "“g. ,~_ .';. ". :b\ﬁ '; ;vg:‘_?’\;



ATGAAGCAGT ACGATATTGA CGCCAGCCAG TTCAAGCGCA AGCATCAGGC CTAGICTCTT 4140
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production.

Alterations in the 1.3-propanediol production pathway:

Representative e e pathway. The production of 1,3-propanediol from

10  glucose can be accomplished by the following series of steps. This series is
representative of a number of pathways known to those skilled in the art. Glucose
is converted in a series of steps by enzymes of the glycolytic pathway to
dihydroxyacetone phosphate (DHAP) and 3-phosphoglyceraldehyde (3-PG).
Glycerol is then formed by either hydrolysis of DHAP to dihydroxyacetone

15 (DHA) followed by reduction, or reduction of DHAP to glycerol 3-phosphate
(G3P) followed by hydrolysis. The hydrolysis step can be catalyzed by any
number of cellular phosphatases which are known to be specific or non-specific
with respect to their substrates or the activity can be introduced into the host by
recombination. The reduction step can be catalyzed by a NAD™ (or NADP)

20  linked host enzyme or the activity can be introduced into the host by
recombination. It is notable that the dha regulon contains a glycerol
dehydrogenase (E.C. 1.1.1.6) which catalyzes the reversible reaction of

Equation 3.
25 Glycerol —» 3-HP + H,O (Equation 1)
3-HP + NADH + H* — 1,3-Propanediol + NAD* (Equation 2)
Glycerol + NAD* — DHA + NADH + Ht (Equation 3)

Glycerol is converted to 1,3-propanediol via the intermediate 3-hydroxy-
30 propionaldehye (3-HP) as has been described in detail above. The intermediate
3-HP is produced from glycerol (Equation 1) by a dehydratase enzyme which can
be encoded by the host or can introduced into the host by recombination. This
dehydratase can be glycerol dehydratase (E.C. 4.2.1.30), diol dehydratase
(E.C. 4.2.1.28), or any other enzyme able to catalyze this transformation.
35  Glycerol dehydratase, but not diol dehydratase, is encoded by the dha regulon.
1,3-Propanedjol is produced from 3-HP (Equatlon 2) by aNAD*- (or NADP*)
- linked host enzyme or the activity can introduced info the host by recombmauon “r
This final reaction in the produchon of 1 3-propaned101 can be catalyzed by
l 3-propanédiol dehydrogenase E.C. 1 1 1 202) or other alcohol dehydrogenases
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GCCCGATACC CACCCGCAGG GGCGAGCTTC TGGCCGCCAG GGCGCCCAGC GCAGCEECGT
CACCGCCT® BfBAPAGGTT ATGGTCTGGC AGGGGACCCC CTGCTCCTCC ACRETBER(0292
ACAGCTCATT GATGGECGCCG GCCATGGIGCE CECGECGGATC GTAAAACAGG CGTACGCCTG
GCGGTGAAAG CGACATGACG GT CCCCT CGT TAACACT CAG AATGCCT GGC GGAAAATCGCC

CATCTCOGOC AfigliAGhCEfnh m@ﬁmmcx;ﬁeﬁm%rmnme@}m
AATACCGATA TCCAT
AGTGGACAGT &iﬁ?@wﬁ ??%é%‘tm‘% &a@sﬁ CTCCGG
GTTGGCGATC AGSNaERAGTataCgAGAChOBRIMECAGE! ABAGRSTNICE, CEASCHRGTG
CGGCATGTGS TACAGG oA AGRe
GTTATTGA%A; GrC%:CATCCCGG CCAgECJA AQGCAQEE@ TGTglﬂﬂ ”%’?
ATTGCTGCCG AWC@W@@@&

increase the availability of NADH for the producnon of 1,3-propanedxol.

Additional mutations in steps of glycolysis after glyceraldehyde-3-phosphate such
as phosphoglycerate mutase (pgm) would be useful to increase the flow of carbon

10  to the 1,3-propanediol production pathway. Mutations that effect glucose
transport such as PTS which would prevent loss of PEP may also prove useful.
Mutations which block alternate pathways for intermediates of the
1,3-propanediol production pathway such as the glycerol catabolic pathway (gip)
would also be useful to the present invention. The mutation can be directed

15  toward a structural gene so as to impair or improve the activity of an enzymatic
activity or can be directed toward a regulatory gene so as to modulate the
expression level of an enzymatic activity.

Alternatively, transformations and mutations can be combined so as to

control particular enzyme activities for the enhancement of 1,3-propanediol

20  production. Thus it is within the scope of the present invention to anticipate
modifications of a whole cell catalyst which lead to an increased production of
1,3-propanediol.
Identification and purification of 1.3-propanediol:

Methods for the purification of 1,3-propanediol from fermentation media
25  are known in the art. For example, propanediols can be obtained from cell media
by subjecting the reaction mixture to extraction with an organic solvent,
distillation and column chromatography (U.S. 5,356,812). A particularly good
organic solvent for this process is cyclohexane (U.S. 5,008,473).
1,3-Propanediol may be identified directly by submitting the media to high
30  pressure liquid chromatography (HPLC) analysis. Preferred in the present
invention is a method where fermentation media is analyzed on an analytical ion
exchange column using a mobile phase of 0.01 N sulfuric acid in an isocratic

fashion.
Identification and purification of G3PDH and G3P phosphatase:
35 The levels of expression of the proteins G3PDH and G3P phosphatase are
Cas measnred by'cnzyme assays, G3PRH actw;g z,%' reli s __ec.fra...l 2
propertles of the, ’(:qubstrate NADH m the DHA. 'Qon%‘rsfﬁ 0 ! -I:I‘AD‘ .

: has mtnnsxc UVivis absorptlon and its consumptmn can be momtqred Tk
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GGGGGOGECG TCOGTCACCG GGTTAGCGTC TTTGGAGATA TAGGCCTCTA CGGCGTGGGT 5580
CAGGGCATGS ofdBSOGGTCG CCOCGGTCAG GGCGGCCGGT TTACCGATCA TEAGGAGRGS; 5640
70 WD 98/ 21339

PCT/ US97/ 20292  ATCGTTGATA GAGACCGACG GCAGTTTGCG CCAGCTGACG ATCACAAACT

TCACTTTGGT  speéfdfbhotohistshibl 4G 4G oA @EFGEHO spHaTHsE6sEitY cAnbETheXshkd bisCCGT s GCCG_CI_E
acTeaTACAs  “HgoS AR b R e R SRR d8 CantonTacs
GGCTGCCGCC  mggomn@nhcrebdiatiaomeiad pesd IevsbRGTEaraaeBCGAAAC ACGGCGAGGC
CGTCGCECAC  d@tfination of a blue-colored phosphomolybdate ammonium complex.
5 EXAMPLES
GENERAL METHODS
Procedures for phosphorylations, ligations and transformations are well

known in the art. Techniques suitable for use in the following examples may be
found in Sambrook, J. et al., Molecular Cloning: A Laboratory Manual, Second
10  Edition, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY (1989).
Materials and methods suitable for the maintenance and growth of
bacterial cultures are well known in the art. Techniques suitable for use in the
following examples may be found as set out in Manual of Methods for General
Bacteriology (Phillipp Gerhardt, R. G. E. Murray, Ralph N. Costilow, Eugene W.
15  Nester, Willis A. Wood, Noel R. Krieg and G. Briggs Phillips, eds), American
Society for Microbiology, Washington, DC. (1994)) or by Thomas D. Brock in
Biotechnology: A Textbook of Industrial Microbiologxl , Second Edition, Sinauer
Associates, Inc., Sunderiand, MA (1989). All reagents and materials used for the
growth and maintenance of bacterial cells were obtained from Aldrich Chemicals
20 (Milwaukee, W), DIFCO Laboratories (Detroit, MI), GIBCO/BRL (Gaithersburg,
MD), or Sigma Chemical Company (St. Louis, MO) unless otherwise specified.
The meaning of abbreviations is as follows: “h” means hour(s), “min”
means minute(s), “sec” means second(s), “d” means day(s), “mL” means
milliliters, “L” means liters.
25 ENZYME ASSAYS
Glycerol dehydratase activity in cell-free extracts was determined using
1,2-propanediol as substrate. The assay, based on the reaction of aldehydes with
methylbenzo-2-thiazolone hydrazone, has been described by Forage and Foster
(Biochim. Biophys. Acta, 569, 249 (1979)). The activity of 1,3-propanediol
30  oxidoreductase, sometimes referred to as 1,3-propanediol dehydrogenase, was
determined in solution or in slab gels using 1,3-propanediol and NAD* as
substrates as has also been described. Johnson and Lin, J. Bacteriol., 169, 2050
(1987). NADH or NADPH dependent glycerol 3-phosphate dehydrogenase
(G3PDH) activity was determined spectrophotometrically, following the
35  disappearance of NADH or NADPH as has been described. (R. M. Bell and J. E.
. Cronan, Ir,J BtoL Chem. 250:7153-8£1975)). - )
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" GTTGGTGTCT TTCGGGITCG GCTOGACGCC GTCAAAGATC GOCACCTCGA TCCOGGCCTC

 CCGCAGATWR 9$#ZBREGGTTT TGTCCACCGC GCCATCTTTA ATTGCCCGCA GEEEMSPTAE2

GGTGACCAGC AGGGCTTTTT TCCCCCCCAG CAGCTGGCAG CGTTCGCCGA CTACGGAAAT
GGCGTTGGGG CCAAAAAA ACCAGATAA TCAAACATAC GATAGCTCAT
AATATACCTT CGHSECRIENCESTHRRATPEES(SSAA

TAATTGATCC T@C@@%a?ﬁmc

ACCGTACAG O Ereere 8%%@@%@% T

GCTGCAGGCG QREGAGEDT Fubsaate Osesowts mmm@snhmmmm@mc
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the sample was low and no visible precipitation occurs with an acid quench, the

sample was conveniently assayed in the cuvette. This method involved incubating
an enzyme sample in a cuvette that contained 20 mM substrate (50 uL, 200 mM),
10 50 mM MES, 10 mM MgCl,, pH 6.5 buffer. The final phosphatase assay volume
was 0.5 mL. The enzyme-containing sample was added to the reaction mixture;
the contents of the cuvette were mixed and then the cuvette was placed ina
circulating water bath at T = 37 °C for 5 to 120 min -- depending on whether the
phosphatase activity in the enzyme sample ranged from 2 to 0.02 U/ml.. The
15  enzymatic reaction was quenched by the addition of the acid molybdate reagent
(0.4 mL). After the Fiske SubbaRow reagent (0.1 mL) and distilled water
(1.5 mL) were added, the solution was mixed and allowed to develop. After
10 min, the absorbance of the samples was read at 660 nm using a Cary 219
UV/Vis spectophotometer. The amount of inorganic phosphate released was
20  compared to a standard curve that was prepared by using a stock inorganic
phosphate solution (0.65 mM) and preparing 6 standards with final inorganic
phosphate concentrations ranging from 0.026 to 0.130 umol/mL.
Isolation and Identification 1.3-propanediol
The conversion of glycerol to 1,3-propanediol was monitored by HPLC.
25  Analyses were performed using standard techniques and materials available to one
skilled in the art of chromatography. One suitable method utilized a Waters
Maxima 820 HPLC system using UV (210 nm) and RI detection. Samples were
injected onto a Shodex SH-1011 column (8 mm x 300 mm, purchased from
Waters, Milford, MA) equipped with a Shodex SH-1011P precolumn (6 mm x
30 50 mm), temperature controlled at 50 °C, using 0.01 N H,SO,4 as mobile phase at
a flow rate of 0.5 mL/min. When quantitative analysis was desired, samples were
prepared with a known amount of trimethylacetic acid as external standard.
Typically, the retention times of glycerol (RI detection), 1,3-propanediol (RI
detection), and trimethylacetic acid (UV and RI detection) were 20.67 min,
35  26.08 min, and 35.03 min, respectively.
" Productiofi of 1 ,3-propanediol was confirmed by GC/MS. Analyses were
performed using standard techniques and materials available to one of skill in the
. art of GC/MS. One suitable method utilized a Hewlett Packard 5890 Series II gas.
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GCGAATAGIC AGTAGGGEGEGEC GATAGTAAAA AACTATTACC ATTCGGITGG CTTGCTTTAT

TTTTGICAGRe §shissbT TTGI CGCCCGCCAT GATTTAGICA ATAGGGITAA AAAWEsT Sdzo2

GAAAAACGTA ATTAAGEECG TTTTTTATTA ATTGATTTAT ATCATTGCGG - GCGATCACAT

TTTTTATTTT
CAAATTGAAA
TGCCGGTAAT
TTCACCTTTT
GCCCCGICAA
ACAGCCCCTT T
ACGGCAAA
ACGTTGA!
TGGATATTCA
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TGOOGCOGGA GTAAAGTTTC ATAGTGAAAC TGTCGGTAGA TTTCGTGTGC
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(70% v/v) perchloric acid. After mixing, the sample was frozen and lyophilized.
A 1:1 mixture of bis(trimethylsilyDtrifluoroacetamide:pyridine (300 ul.) was
added to the lyophilized material, mixed vigorously and placed at 65 °C for one h.
The sample was clarified of insoluble material by centrifugation. The resuliing
liquid partitioned into two phases, the upper of which was used for analysis. The
sample was chromatographed on a DB-5 column (48 m, 0.25 mm I.D., 0.25 um
film thickness; from J&W Scientific) and the retention time and mass spectrum of
the 1,3-propanediol derivative obtained from culture supernatants were compared
to that obtained from authentic standards. The mass spectrum of TMS-derivatized
1,3-propanediol contains the characteristic ions of 205, 177, 130 and 115 AMU.
EXAMPLE 1
CLONING AND TRANSFORMATION OF £ COLIHOST CELLS WITH
COSMID DNA FOR THE EXPRESSION OF 1.3-PROPANEDIOL

Media

Synthetic S12 medium was used in the screening of bacterial transformants
for the ability to make 1,3-propanediol. S12 medium contains: 10 mM
ammonium sulfate, 50 mM potassium phosphate buffer, pH 7.0, 2 mM MgCl,,
0.7 mM CaCl,, 50 uM MnCly, 1 uM FeCl3, 1 uM ZnCl, 1.7 uM CuS0Qy, 2.5 uM
CoCly, 2.4 uM NayMoOy, and 2 uM thiamine hydrochloride.

Medium A used for growth and fermentation consisted of: 10 mM
ammonium sulfate; 50 mM MOPS/KOH buffer, pH 7.5; 5 mM potassium
phosphate buffer, pH 7.5; 2 mM MgCly; 0.7 mM CaClsy; 50 uM MnCl,; 1 uM
FeCls; 1 uM ZnCl; 1.72 uM CuSOy; 2.53 uM CoCly; 2.42 uM Na,MoOy; 2 uM
thiamine hydrochloride; 0.01% yeast extract; 0.01% casamino acids; 0.8 ug/mL
vitamin lBlz; and 50 ug/mL amp. Medium A was supplemented with either 0.2%
glycerol or 0.2% glycerol plus 0.2% D-glucose as required.

Cells:

Klebsiella pneumoniae ECL2106 (Ruch et al., J. Bacteriol., 124, 348
(1975)), also known in the literature as XK. aerogenes or Aerobacter aerogenes,
was obtained from E. C. C. Lin (Harvard Medical School, Cambridge, MA) and
was maintained as a laboratory culture.

ey,
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AAGCGGTCGA GGTGATGGECG CAGATGAACG TGGTGGAGAT GATGATGECG CTGCAGAAGA: 7440
TGCGT GCORG 8EEH3ACCCCC TCCAACCAGT GCCACGICAC CAATCTCAAA GOAYNISSERE392 7500
TGCAGATTGC CGCTGACGCC GCCGAGECCG GGATCCEEGEG CTTCTCAGAA CAGGAGACCA 7560

CGGTCGGTAT CGCGCGCTAC GCGCCGITTA ACGCCCTGEC GCTGITGGIC GGI'TCGCAGT 7620
71 WO 98/ 2K&B9ella pneumoniae ATCC 25955 was purchased from American Type

PCT/ US97/ 2028giture @q% TTG ACGCAGIGCT CGGTGGAAGA GGCCACCGAG
&%g ;?ABBE coli ) o W%Bpucr:::rl];se %ﬂ%ii}r&mﬁm&%ﬂ orx%gc(i;xl;'it%TACG&ACC
the cosmid DNA isolated from Klebsiella pneumoniae ATCC 25955 containing a
5 gene coding for either a glycerol or diol dehydratase enzyme. Cosmids containing
the glycerol dehydratase were identified as pKP1 and pKP2 and cosmid
containing the diol dehydratase enzyme were identified as pKP4. Transformed
DH5a. cells were identified as DH5a-pKP1, DH5a-pKP2, and DHS0.-pKP4.
E. coli ECL707 (Sprenger et al., J. Gen. Microbiol., 135, 1255 (1989)) was
10  obtained from E. C. C. Lin (Harvard Medical School, Cambridge, MA) and was
similarly transformed with cosmid DNA from Klebsiella pneumoniae. These
transformants were identified as ECL707-pKP1 and ECL707-pKP2, containing
the glycerol dehydratase gene and ECL707-pKP4 containing the diol dehydratase
gene.
15 E. coli AA200 containing a mutation in the fpi gene (Anderson et al.,
J. Gen Microbiol., 62, 329 (1970)) was purchased from the E. coli Genetic Stock
Center, Yale University (New Haven, CT) and was transformed with Klebsiella
cosmid DNA to give the recombinant organisms AA200-pKP1 and AA200-pKP2,
containing the glycerol dehydratase gene, and AA200-pKP4, containing the diol
20  dehydratase gene.
DH5a:

Six transformation plates containing approximately 1,000 colonies of
E. coli XL1-Blue MR transfected with X. pneumoniae DNA were washed with
5 mL LB medium and centrifuged. The bacteria were pelleted and resuspended in

25 5 mL LB medium + glycerol. An aliquot (50 uL) was inoculated into a 15 mL
tube containing S12 synthetic medium with 0.2% glycerol + 400 ng per mL of
vitamin B, + 0.001% yeast extract + 50amp. The tube was filled with the
medium to the top and wrapped with parafilm and incubated at 30 °C. A slight
turbidity was observed after 48 h. Aliquots, analyzed for product distribution as

30  described above at 78 h and 132 h, were positive for 1,3-propanediol, the later
time points containing increased amounts of 1,3-propanediol.

The bacteria, testing positive for 1,3-propanediol production, were serially
diluted and plated onto LB-50amp plates in order to isolate single colonies.
Forty-eight single colonies were isolated and checked again for the production of

35  1,3-propanediol. Cosmid DNA was isolxted from 6 independent clones and

. transformed into E. coli strain DHS%. The transformants were again checked for
the production of 1,3-propanediol. Two transformants were characterized further
and designated as DHSo-pKP1 and DHSa-pKP2.
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TTACCGACGG CGATGATACG ‘CCGTGGTCAA AGCCGTTCCT CGCCTCGECC TACGCCTCCC
CCCEGT TG 93 §36GCTAC ACCTCCGECA CCGGATCCGA AGCGCTGATG Ggelils
AGAGCAAGTIC GATGCTCTAC CTCGAATCGC GCTGCATCTT CATTACTAAA

TTCAGGGACT GCAAAACGEC GCGGIGAGCT GTATCGGECAT GACCGGECGCT GTGCCGICGG

GCATTCGSSX GGTgTCTQ%p %ﬁ%ﬁ&ﬁ RP@%BQ@&Q@T&O ggc
AGATGCTGCC ge‘i‘%{%‘”ﬁ%@&?ﬁ d
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dhaD encoding glycerol dehydrogenase is found at bases 983-2107; the open
reading frame dhaR encoding the repressor is found at bases 2209-4134; the open
reading frame dhaT encoding 1,3-propanediol oxidoreductase is found at bases
5017-6180; the open reading frame dhaBl encoding the alpha subunit glycerol
dehydratase is found at bases 7044-8711; the open reading frame dhaB2 encoding
the beta subunit glycerol dehydratase is found at bases 8724-9308; the open
reading frame dhaB3 encoding the gamma subunit glycerol dehydratase is found
at bases 9311-9736; and the open reading frame dhaBX, encoding a protein of
unknown function is found at bases 9749-11572. _

Single colonies of E. coli XL1-Blue MR transfected with packaged cosmid
DNA from K. pneumoniae were inoculated into microtiter wells containing
200 uL of S15 medium (ammonium sulfate, 10 mM; potassium phosphate buffer,
pH 7.0, I mM; MOPS/KOH buffer, pH 7.0, 50 mM; MgCl,, 2 mM; CaCl,,
0.7 mM; MnCl,, 50 uM; FeCls, 1 uM; ZnCl, 1 uM; CuSOy, 1.72 uM; CoCls,
2.53 uM; Na;MoOy, 2.42 uM; and thiamine hydrochloride, 2 uM) + 0.2%
glycerol + 400 ng/mL of vitamin By, + 0.001% yeast extract + 50 ug/mL
ampicillin. In addition to the microtiter wells, a master plate containing
LB-50 amp was also inoculated. After 96 h, 100 uL was withdrawn and
centrifuged in a Rainin microfuge tube containing a 0.2 micron nylon membrane
filter. Bacteria were retained and the filtrate was processed for HPLC analysis.
Positive clones demonstrating 1,3-propanediol production were identified after
screening approximately 240 colonies. Three positive clones were identified, two
of which had grown on LB-50 amp and one of which had not. A single colony,
isolated from one of the two positive clones grown on LB-50 amp and verified for
the production of 1,3-propanediol, was designated as pKP4. Cosmid DNA was
isolated from E. coli strains containing pKP4 and E. coli strain DH5a was
transformed. An independent transformant, designated as DH5a.-pKP4, was
verified for the production of 1,3-propanediol.
ECL707:

E. coli strain ECL707 was transformed with cosmid K. pneumoniae DNA
cbr_resf:bﬂ'aing td one of pKP1, pKP2, pKP4 or the Supercos vector alone and

:named ECL707-pKP1, ECL707-pKP2, ECL707-pKP4, and ECL707-sc,
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- ATATTGTCGG CGCGCTGAGC CGCAGCGGCT TTGAGGATAT CGCCAGCAAT ATTCTCAATA

TGCTGOGCHWO BEBISTCACC GGCGATTACC TGCAGACCTC GGCCATTCTC GAIGXIRIA 29292

TCGAGGTGGT GAGTGOGGTC AACGACATCA ATGACTATCA GGGGCCGGEGC ACCGGCTATC
GCATCTCTGC CGAACGCTGG GOGGAGATCA AAAATATT GGTT CAGCCCGACA
CCATTGAATA ACEsResitvelr R8T @“}K&ﬁt&!ﬂé{& aﬁﬁ&memﬂmccc
TGAAAACCCG CAOEdednterbpRCErbl Kindse JUADT GAREA oI EEIER: DS &EQGI'@ATCG
GCGTCGRECC  TGOCT CACCA

CoATaeT AR ACEEIH Saipyaniond ok e picipthe @w&&
GCATTCTGCG Cmmfm@ﬁmpspfm@mm TGOGGCCAAC CTGAGCGGCT
CGGGGAT CATCGGFATSG AT GARCRATSAR GC

e o e

plates, were transferred to a master LB-50 amp plate. These isolates were also
tested for their ability to convert glycerol to 1,3-propanediol in order to determine
if they contained dehydratase activity. The transformants were transferred with a

10  sterile toothpick to microtiter plates containing 200 uL of Medium A
supplemented with either 0.2% glycerol or 0.2% glycerol plus 0.2% D-glucose.
After incubation for 48 hr at 30 °C, the contents of the microtiter plate wells were
filtered through an 0.45 micron nylon filter and chromatographed by HPLC. The
results of these tests are given in Table 1.

15
Table 1
Conversion of glycerol to 1,3-propanediol by transformed ECL707
Transformant Glycerol* Glycerol glus Glucos *
ECL707-pKP1 19/20 19/20
ECL707-pKP2 18/20 20/20
ECL707-pKP4 0/20 20/20
ECL707-sc 0/5 0/5

*(Number of positive isolates/number of isolates tested)

AA200:

E. coli strain AA200 was transformed with cosmid K. pneumoniae DNA
corresponding to one of pKP1, pKP2, pKP4 and the Supercos vector alone and
named AA200-pKP1, AA200-pKP2, AA200-pKP4, and AA200-sc, respectively.

20  Strain AA200 is defective in triosephosphate isomerase (¢pi-).

Twenty single colonies of each cosmid transformation and five of the
empty vector transformation were isolated and tested for their ability to convert
glycerol to 1,3-propanediol as described for E. coli strain ECL707. The results of
these tests are given in Table 2.
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TGGTGAACGA TCAGATGGIG CGGCCGAAAT TTATGGCCAA AGCCGCGCTA TTTCATATCA 9240

AAGAGACGAS

$eAsbGTGGTG CAGGACGCCG AGCCCGICAC CCTGCACATC Gehisddddde 9300

GCGAGTGACC ATGAGCGAGA AAACCATGCG CGTGCAGGAT TATCCGTITAG CCACCCGETG 9360
CCCGGAGCAT ATCCTGACGC CTACCGGCAA ACCATTGACC GATATTACCC TCGAGAAGGT 9420
GCTCTCTGEC GAGGTGGEECC CGCAGGATGT GCGGATCTCC CGCCAGACCC TTGAGTACCA 9480

GGCGCAGATT GCCGAGCAGA TGCAGCGCCA T CGCAATTTCC GCCGCGCGEC 9540
%EAGC-I_TATW -2r¢u§§ecr;si'8‘n 0 ,&)Cl:%ﬁ 0 T,a -propan'ggigi ‘t;gfpf;ra%'soigxgn:e%c AX%BC{:CCGTT 2600
PCT/ US97/ 20292 Transformant Glycerol* Glycerol plus Glucose*
AA200-pKP1 17/20 17/20
AA200-pKP2 17/20 1720
AA200-pKP4 2/20 16/20
AA200-sc o5 0/5
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*(Number of positive isolates/number of isolates tested)

EXAMPLE 2
CONVERSION OF D-GLUCGSE TO 1,3-PROPANEDIOL BY
RECOMBINANT E. coli USING DAR]. GPP2, dhaB. and dhal
Construction of general purpose expression plasmids for use in transformation of

Escherichia coli
The expression vector pTaclQ

The E. coli expression vector, pTaclQ, contains the laclq gene (Farabaugh,
Nature 2774, 5673 (1978)) and tac promoter (Amann et al., Gene 25, 167 (1983))
inserted into the EcoRI of pBR322 (Sutcliffe et al., Cold Spring Harb. Symp.
Quant. Biol. 43,77 (1979)). A multiple cloning site and terminator sequence
(SEQ ID NO:20) replaces the pBR322 sequence from EcoRI to Sphl.
Subcloning the glycerol dehydratase genes (dhaBl. 2, 3)

The open reading frame for dhaB3 gene (incorporating an EcoRI site at the
5' end and a Xbal site at the 3' end) was amplified from pHK28-26 by PCR using
primers (SEQ ID NOS:21 and 22). The product was subcloned into pLitmus29
(New England Biolab, Inc., Beverly, MA) to generate the plasmid pDHAB3
containing dhaB3.

The region containing the entire coding region for the four genes of the
dhaB operon from pHK28-26 was cloned into pBluescriptll KS+ (Stratagene, La
Jolla, CA) using the restriction enzymes Kpnl and EcoRI to create the plasmid
pM7.

The dhaBX gene was removed by digesting the plasmid pM7, which
contains dhaB(1,2,3,4), with Apal and Xbal (deleting part of dhaB3 and all of
dhaBX). The resulting 5.9 kb fragment was purified and ligated with the 325-bp
Apal-Xbal fragment from plasmid pDHAB3 (restoring the dhaB3 gene) to create
pM11, which contains dkaB(1,2,3). )

The open reading frame for the dhaBl gene (incorporating a HindIlI site
and a cénsensus RBS ribosome binding site at the 5’ end and a Xbal site at the 3'
end) was amplified from pHK28-26 by PCR using primers (SEQ ID NO:23 and
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CCGCTCCTCG CAGGCGGAGC TGCTGGCGAT CGCCGACGAG CTGGAGCACA CCTGGCATGC!

9660

GACAGTGARP BERBCTTTG TCCGEGAGTC GGCGGAAGTG TATCAGCAGC GREWHRA29292 9720

GCGTAAAGGA AGCTAAGCGG AGGTCAGCAT GCOGTTAATA GCOGGGATTG ATATCGGCAA
CGOCACCACC GAGGTGGECGC TGECGTCCGA CTACCCGCAG GOGAGGECGT TTGTTGCCAG
CGGGATCGTC @%@WM{M@W@@M@WM@@&@@MC@C

CGCCCTGGAG CANmsR®, ThéX1 GAGlasoli SoDOGAbhtaiting@hd 81 CT CTCGCATCTA
TATCAOGAA, TOGACCATIATERL i Siseseely
TATCACOGAA TOOA %@w o R A geraes
CGTGGGGACG AGh#RL32E@nd GEEBEE g cGEEHAEasST Bt QiERERE MGHEATECCGA
CILTCEATE CRACTGFTG, AREAPHEC G, SRATTEET b ehSCRT AT I COCTCAA
TGAGGCGCT g GA Y €el) e(';‘G_CGGCGA_\TC ag}'%'CAAAAAGé1 g,g\@ACGGCGT
dhaB(1,2,3) genes from pDT2 was inserted into pTaclQ to create pDT3.
Subcloning the 1.3-propanediol dehvdrogenase gene (dhaT)
The Kpnl-Sacl fragement of pHK28-26, containing the complete
1,3-propanediol dehydrogenase (dhaT) gene, was subcloned into pBluescriptIl
10 KS+ creating plasmid pAH1. The dhaT gene (incorporating an Xbal site at the 5'

end and a BamHI site at the 3' end) was amplified by PCR from pAH! as template
DNA using synthetic primers (SEQ ID NO:25 with SEQ ID NO:26). The product

was subcloned into pCR-Script (Stratagene) at the Srfl site to generate the
plasmids pAH4 and pAHS containing dhaT. The plasmid pAH4 contains the

15  dhaT gene in the correct orientation for expression from the lac promoter in
pCR-Script and pAHS contains the dhaT gene in the opposite orientation. The
Xbal-BamHI fragment from pAH4 containing the dhaT gene was inserted into
pTaclQ to generate plasmid pAHS8. The HindIII-BamHI fragment from pAHS
containing the RBS and dhaT gene was inserted into pBluescriptIl KS+ to create

20 pAHII. The HindIII-Sall fragment from pAHS containing the RBS, dhaT gene
and terminator was inserted into pBluescriptll SK+ to create pAH12.
Construction of an expression cassette for dhaB(l,2,3) a_l}_d_jhaT

An expression cassette for the dhaB(1,2,3) and dhaT was assembled from
the individual dhaB(l,2,3) and dhaT subclones described above using standard -
25  molecular biology methods. The Spel-Kpnl fragment from pAH8 containing the
RBS, dhaT gene and terminator was inserted into the Xbal-Kpnl sites of pDTB to
create pAH23. The Smal-EcoRI fragment between the dhaB3 and dhaT gene of
pAH23 was removed to create pAH26. The Spel-Notl fragment containing an
EcoRI site from pDT2 was used to replace the Spel-Notl fragment of pAH26 to
30 generate pAH27.
Construction of expression cassette for dhal and dhaB(1,2 3)
An expression cassette for dhaT and dhaB(1,2,3) was assembled from the
individnal dhaB(1,2,3) and dhaT subclones described previously using standard
molecular biology methods. A Spel-Sacl fragment containing the dhaB(1,2,3)

35  genes from pDT3 was inserted into pAH11 at the Spel-Sacl sites to create pAH24.
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GCTGGTGAAC AACCGCCTGC GTAAAACCCT GCCGGTGGTG GATGAAGTGA CGCTGCTGGA

- GCAGGT CGiig 98R§¥36CGTAA TGECGECGGT GGAAGTGGCC GCGCCGGGCC ApeTfgsdfdess:

GATCCTGTCG AATCCCTACG GGATCGCCAC CTTCTTCGGEG CTAAGCCCGG AAGAGACCCA
GECCATCGIC CCCATCGCCC GCGCCCT GAT TGGCAACCGT TCCGCGGT GG TGCTCAAGAC

APCCECGA
CGATGAG
CCGECGEG CGAACCGEEC ACCCACGCCG GCGEGECATCCT

TGAGCGEGTIG mAmm&cfm@@rmeWmma@ﬁe Y TSEACAT

CCAGGATCTG
CGAGTGECECC A

S LR R SR e o)

AATGCAGGTT APabospbaicrhasphriassdGER2 rane (mesrperapeg sy BaoidRB
CGTGGAGGCC AT Ghah alSRlGReERGR: SERARBATR. @@@@T&H&W
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lamda clone as target DNA using synthetic primers (SEQ ID NO:27 with SEQ ID
NO:28). The product was subcloned into pCR-Script (Stratagene) at the Sril site
to generate the plasmids pAH15 containing GPP2. The plasmid pAH15 contains
the GPP2 gene in the inactive orientation for expression from the lac promoter in
pCR-Script SK+. The BamHI-Smal fragment from pAH15 containing the GPP2
gene was inserted into pBlueScriptil SK+ to generate plasmid pAH19. The
pAH19 contains the GPP2 gene in the correct orientation for expression from the
lac promoter. The Xbal-Pstl fragment from pAH19 containing the GPP2 gene
was inserted into pPHOX2 to create plasmid pAH21.

Plasmids for the expression of dhaT, dhaB[I .2.3) and GPP2 genes

A Sall-EcoRI-Xbal linker (SEQ ID NOS:29 and 30) was inserted into
pAHS which was digested with the restriction enzymes, Sall-Xbal to create
pDT16. The linker destroys the Xbal site. The 1 kb Sall-Mlul fragment from
pDT16 was then inserted into pAH?24 replacing the existing Sall-Mlul fragment to
create pDT18.

The 4.1 kb EcoRI-Xbal fragment containing the expression cassette for
dhaT and dhaB(1,2,3) from pDT18 and the 1.0 kb Xbal-Sall fragement containing
the GPP2 gene from pAH21 was inserted into the vector pMMB66EH (Fiiste et
al., GENE, 48, 119 (1986)) digested with the restriction enzymes EcoRI and Sall
to create pDT20.

Plasmids for the over-expression of DARI1 in E. coli

DARI1 was isolated by PCR cloning from genomic S. cerevisiae DNA
using synthetic primers (SEQ ID NO:46 with SEQ ID NQO:47). Successful PCR
cloning places an Neol site at the 5' end of DAR1 where the ATG within Ncol is
the DARI initiator methionine. At the 3' end of DARI a BamHI site is introduced
following the translation terminator. The PCR fragments were digested with Ncol
+ BamHI and cloned into the same sites within the expression plasmid pTrc99A
(Pharmacia, Piscataway, New Jersey) to give pDARIA.

In order to create a better ribosome binding site at the 5' end of DAR1, a
Spel-RBS-Ncol linker obtained by annealing synthetic primers (SEQ ID NO:48
with SEQ ID NO:49) was inserted into the Ncol site of pDARIA to create
PAHA40. Plasmid pAH40 contains the new RBS and DARI gene in the correct
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GGCGATCCT C GACCTCGECG CCCECTCGAC GGATGCGEECG ATCGTCAACG CGLGAGGGEGECA

GATAACGYE SFERATCTCG COGGEGE0GEG GAATATGGTC AGCCTGTTGA TTAARREHRIZ92

GCTGEECCTC GAGGATCTTT CGCTGECGEGA AGCGATAAAA AAATACCCGC TGGCCAAAGT

GCGAAAGCCTG TTCA ATTC GITCACGA TC
CACCONOa0G F CREROPH PR o TR O B e ao
TAACGCCAGC WWTWWMOWMWT

TGTCACCAAC T %W 6T %@Qg@
CGCCTTTGIG GI GGI'GG CATCE% CITT GAGATCCCGCA

GGAAGCCTTG THerResreidn Batteeipitinescnpitkpikodis

GCCGCGCAAS’ WWW chmm@m
Ncol-BamHI fragment from pDARIA and a second set of Spel-RBS-NcolI linker
obtained by annealing synthetic primers (SEQ ID NO:31 with SEQ ID NO:32)
was inserted into the Spel-BamHI site of pBC-SK+ (Stratagene) to create pAH42.
The construct pAH42 contains a chloroamphenicol resistance gene.

10  Construction of an expression cassette for DAR1 and GPP2
An expression cassette for DAR1 and GPP2 was assembled from the

individual DAR1 and GPP2 subclones described above using standard molecular
biology methods. The BamHI-Pstl fragment from pAH19 containing the RBS
and GPP2 gene was inserted into pAH40 to create pAH43. The BamHI-Pstl

15 fragment from pAH19 containing the RBS and GPP2 gene was inserted into
pAH41 to create pAH44. The same BamHI-Pstl fragment from pAH19
containing the RBS and GPP2 gene was also inserted into pAH42 to create
pAHA4S.
E._coli strain construction

20 E. coli W1485 is a wild-type K-12 strain (ATCC 12435). This strain was
transformed with the plasmids pDT20 and pAH42 and selected on LA (Luria
Agar, Difco) plates supplemented with 50 pg/mL carbencillim and 10 pg/mL
chioramphenicol.
Production of 1.3-propanediol from glucose

25 E. coli W1485/pDT20/pAH42 was transferred from a plate to 50 mL of a
medium containing per liter: 22.5 g glucose, 6.85 g KoHPOy, 6.3 g (NHy),SO4,
0.5 g NaHCOs3, 2.5 g NaCl, 8 g yeast extract, 8 g tryptone, 2.5 mg vitamin B,
2.5 mL modified Balch's trace-element solution, 50 mg carbencillim and 10 mg
chioramphenicol, final pH 6.8 (HCI), then filter sterilized. The composition of

30 modified Baich's trace-element solution can be found in Methods for General and
Molecular Bacteriology (P. Gerhardt et al., eds, p. 158, American Society for
Microbiology, Washington, DC (1994)). After incubating at 37 °C, 300 rpm for
6 h, 0.5 g glucose and IPTG (final concentration = 0.2 mM) were added and
shaking was reduced to 100 rpm. Samples were analyzed by GC/MS. After 24 h,

35 W1485/pDT20/pAHA2 produced 1.1 g/L glycerol and 195 mg/L 1,3-propanediol.
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WD 98/ 21339 PCT/ US97/ 20292
TCGCGCCAO 982 33CTCTTT AACGTIGCTAT TTCAGGATGC CGATAATGAA Ceéfaisdiiedsz 11640
ACCTTAACCG GGECAGTGCGT GECCGAGITT CTTGECACCG GATTGCTCAT TTTCTTCGEC 11700
GCGGEECTAECG TCGCTGCELT GCGEGICGCC GEEECCAGCT TTGGICAGTG GGAGATCAGT 11760
ATTATCTGGG GCCTTGGCGT CGCCATGGCC AEEBMRIIEA CGCCCGGTGT CTCCGGECGCG 11820
CACCTAAATC CGGCGGTGA RAREKS CGCCGCAAG 11880
GI'GCTGCCGT TTATTGI I&%@E q@%@- . GGTGTAT 11940
GGGCTCTATC GCCAGCTGTT TCTCGATEY AR O ENSIBATATCGT GOGCGGCACT 12000

GOOGOCAGTC TTAACCEGiRGsoPpReRiaE Tt T4 AC e RN EGPACATATAAGIIEE 12060

5  constructed for each of the four dha genes. For all expressioa-plasmids a yeast

ADHI1 promoter was present and separated from a yeast ADH] transcription
terminator by fragments of DNA containing recognition sites for one or more
restriction endonucleases. Each expression plasmid also contained the gene for
B-lactamase for selection in E. coli on media containing ampicillin, an origin of

10  replication for plasmid maintainence in E. coli, and a 2 micron origin of
replication for maintainence in S. cerevisiae. The selectable nutritional markers
used for yeast and present on the expression plasmids were one of the following:

HIS3 gene encoding imidazoleglycerolphosphate dehydratase, URA3 gene

encoding orotidine 5'-phosphate decarboxylase, TRP1 gene encoding N-(5'-

15  phosphoribosyl)-anthranilate isomerase, and LEU2 encoding B-isopropylmalate
dehydrogenase.

The open reading frames for dhaT, dhaB3, dhaB2 and dhaBl were

amplified from pHK28-26 (SEQ ID NO:19) by PCR using primers (SEQ ID
NO:38 with SEQ ID NO:39, SEQ ID NO:40 with SEQ ID NO:41, SEQ ID NO:42

20  with SEQ ID NO:43, and SEQ ID NO:44 with SEQ ID NO:45 for dhaT, dhaB3,
dhaB2 and dhaBl, respectively) incorporating EcoR1 sites at the 5' ends (10 mM
Tris pH 8.3, 50 mM KCl, 1.5 mM MgCl,, 0.0001% gelatin, 200 uM dATP,
200 uM dCTP, 200 pM dGTP, 200 pM dTTP, 1 uM each primer, 1-10 ng target
DNA, 25 units/mL Amplitag™ DNA polymerase (Perkin-Elmer Cetus, Norwalk

25 CT)). PCR parameters were 1 min at 94 °C, 1 min at 55 °C, 1 min at 72 °C,
35 cycles. The products were subcloned into the EcoR1 site of pHIL-D4 (Phillips
Petroleum, Bartlesville, OK) to generate the plasmids pMP13, pMP14, pMP20
and pMP15 containing dhaTl, dhaB3, dhaB2 and dhaBl, respectively.
Construction of dhaBJ expression plasmid pMCK 10

30 The 7.8 kb replicating plasmid pGADGH (Clontech, Palo Alto, CA) was
digested with HindIlI, dephosphorylated, and ligated to the dhaB! HindIil
fragment from pMP15. The resulting plasmid (pMCK10) had dhaB! correctly
oriented for transcription from the ADH1 promoter and contained a LEU2 marker.
Construction of dhaB2 expression plasmid pMCK17

35 Plasmid pGADGH (Clontech, Palo Alto, CA) was digested with HindIII
and the single-strand ends converted to EcoRI ends by ligation with HindIII-Xmnl -
and EcoRI-Xmnl adaptors (New England Biolabs, Beverly, MA). Selection for
plasmids with correct EcoR1 ends was achieved by ligation to a kanamycin
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ATACAAGCGT TTGCCGIGGA GACCACCATC ACGGCAATCC TGATGGCGAT GATCATGGECC 12120

CTGACCGA®E 93CGRIAACGG AATTC PCT/US97/20292 12145
(2) 1 NFORVATI ON FOR SEQ I D NG 20: (i) SEQUENCE
CHARACTERI STI CS: LENGTH, _ 94 base pal rs

(A)
(B) TYPE: nufssisfagcggqng on an EcoRI fragment fromy plsmd plARMIEORIPAmacis iBigjead,
(D) TOPOLOGYUpbédl)atransformation into E. (cblt StraiVDHI A sdi¥Etion onW\plagignom c)

(xi) SEQUENCE DESCRLPTI SE NO.20: ~ ACCTT TCTAGAATAT
TGAGCTCGAA Tf‘&%@@%ﬁ“ﬁé&é‘l‘}f&é’g‘ DIFE&%%K% CCTGACAGTG

CGGGCTTTTT Tdigested with SnaBI and EcoRI and a 1.8 kb fragment vath the ADHI grainotet NFORVATI ON
(Fg)? EECI\?IG'T% 52 f)solated Plasmid pGBTY (Clonte B EN R SoAAGE Blestld GRh SnaBI
and EcoRI, and the 1.5 kb ADH1/GAL4 fragment replaced by the 1.8 kb ADH1
promoter fragment isolated from pGAD/KAN?2 by digestion with SnaBI and
EcoRI. The resulting vector (pMCK11) is a replicating plasmid in yeast with an
ADH] promoter and terminator and a TRP1 marker. Plasmid pMCK 11 was
10  digested with EcoRl, dephosphorylated, and ligated to the dhaB2 EcoRI fragment
from pMP20. The resulting plasmid (pMCK17) had dhaB2 correctly oriented for
transcription from the ADH! promoter and contained a TRP1 marker.
Construction of dhaB3 expression plasmid pMCK30
Plasmid pGBT9 (Clontech) was digested with Nael and Pvull and the 1 kb
15 TRP1 gene removed from this vector. The TRPI gene was replaced by a URA3
gene donated as a 1.7 kb Aatll/Nael fragment from plasmid pRS406 (Stratagene)
to give the intermediary vector pMCK32. The truncated ADHI promoter present
on pMCK32 was removed on a 1.5 kb SnaBI/EcoRI fragment, and replaced with a
full-length ADH! promoter on a 1.8 kb SnaBI/EcoRI fragment from plasmid
20 pGAD/KAN?2 to yield the vector pMCK26. The unique EcoRI site on pMCK26
was used to insert an EcoRI fragment with dhaB3 from plasmid pMP14 to yield
pMCK30. The pMCK30 replicating expression plasmid has dhaB3 orientated for
expresston from the ADH]1 promoter, and has a URA3 marker.
Construction of dhaT expression plasmid pMCK35
25 Plasmid pGBT9 (Clontech) was digested with Nael and Pvull and the 1 kb
TRP1 gene removed from this vector. The TRPI gene was replaced by a HIS3
gene donated as an Xmnl/Nael fragment from plasmid pRS403 (Stratagene) to
give the intermediary vector pMCK33. The truncated ADH1 promoter present on
pMCK33 was removed on a 1.5 kb SnaBI/EcoRI fragment, and replaced with a
30 full-length ADHI1 promoter on a 1.8 kb SnaBl/EcoRI fragment from plasmid
pGAD/KAN2 to yield the vector pMCK31. The unique EcoRI site on pMCK31
was used to insert an EcoRI fragment with dhaT from plasmid pMP13 to yield
pMCK35. The pMCK35 replicating expression plasmid has dhaT orientated for
expression from the ADH1 promoter, and has a HIS3 marker.
35 Transformation of S. cerevisiae with dha expression plasmids
S. cerevisiae strain YPH500 (ura3-52 lys2-801 ade2-101 trpl-A63
his3-4200 leu2-AI) (Sikorski R. S. and Hieter P., Genetics 122, 19-27, (1989))
purchased from Stratagene (La Jolla, CA) was transformed with 1-2 pg of plasmid
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(B) TYPE: nucleic acid ' - (C) STRANDEDNESS: single

(D) TOP@lgIg1339l | near (i) MOLECULE TYPE: bNivdsgfsps C)
(xi) SEQUENCE-DESCRIPTION: SEQ ID NO 21: GGAATTCAGA TCTCAGCAAT
GAGCGAGAAA ACCATGC 37 (2) | NFORVATI ON FOR

SEQ | D NO 22:DNA using a Frozen-BZ YeasShehi#fdiGiatiChiRRACI IS FTROSY) (Zymo
(O STRANDEDNESER IS CABlee™CA). Colonies were grown g5 Suphlliepye)Wipfiel . '
(i) NO_ECULPEediWPE.SI\RDNQﬁ'(PééﬁMOgCD base without aming gcidsSE@glNGEE) BEZSCRI PTI ON:
SEQ I D NO 22:3.4 d at 29 *(Svit- bAH orf GEthE ESHbWind\ddie¥e: adenine sulfate
21 5 (20 mg/L), uracil (20 mg/L), L-tryptophan (20 mg/L), L-histidine (20 mg/L),

L-leucine (30 mg/L), L-lysine (30 mg/L). Colonies were streaked on selective

plates and used to inoculate liquid media.
Screening of S. cerevisiae transformants for dha genes
Chromosomal DNA from URA™, HIS*, TRP*, LEU* transformants was
10  analyzed by PCR using primers specific for each gene (SEQ ID NOS:38-45). The
presence of all four open reading frames was confirmed.

Expression of dkaB and dhaT activity in transformed S. cerevisiae
The presence of active glycerol dehydratase (dhaB) and 1,3-propanediol

oxido-reductase (dhaT) was demonstrated using ir vitro enzyme assays.
15  Additionally, western blot analysis confirmed protein expression from all four
open reading frames.

Strain YPHS500, transformed with the group of plasmids pMCK 10,
pMCK17, pMCK30 and pMCK35, was grown on Supplemented Minimal
Medium containing 0.67% yeast nitrogen base without amino acids 2% glucose

20 20 mg/L adenine sulfate, and 30 mg/L L-lysine. Cells were homogenized and
extracts assayed for dhaB activity. A specific activity of 0.12 units per mg protein
was obtained for glycerol dehydratase, and 0.024 units per mg protein for
1,3-propanediol oxido-reductase.

EXAMPLE 4
25 PRODUCTION OF 1,3-PROPANEDIOL FROM D-GLUCOSE
USING RECOMBINANT Saccharomyces cerevisiae

S. cerevisiae YPH500, harboring the groups of plasmids pMCK 10,
pMCK17, pMCK30 and pMCK35, was grown in a BiostatB fermenter (B Braun
Biotech, Inc.) in 1.0 L of minimal medium initially containing 20 g/L glucose,

30 6.7 g/L yeast nitrogen base without amino acids, 40 mg/L adenine sulfate and
60 mg/L L-lysine HCl. During the course of the growth, an additional equivalent
of yeast nitrogen base, adenine and lysine was added. The fermenter was
controlled at pH 5.5 with addition of 10% phosphoric acid and 2 M NaOH, 30 °C,
and 40% dissolved oxygen tension through agitation control. After 38 h, the cells

35  (ODggp = 5.8 AU) were harvested by centrifugation and resuspended in base
medium (6.7 g/L yeast nitrogen base without amino acids, 20 mg/L adenine
sulfate, 30 mg/L L-lysine HCI, and 50 mM potassium phosphate buffer, pH 7.0).
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(2) *1 NFORMATI ON FOR SEQ | D NO 23:
74

WOB8387321339 : PCT/US97/20292
PCT/ US97/ 20292 (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 33 base pairs . (B) TYPE: nucleic acid
(C) STRANDEDNESS: Reactigp mixtures containing cells (ODsm) = @y totaljvielumme of

(1) MOLECULEnIT oftase medid stgfanstitsd)with 0.5% glucose, GXiglml Shiadatie’® | DidCRI PTI ON:

552 | P NG 230, 10,20, or WA chilstotuinic Werk prepared, in fhe absenbe 6 ight and

oxygen (nitrogen sparging), in 10 mL crimp sealed serum bottles and incubated at
5 30 °C with shaking. After 30 h, aliquots were withdrawn and analyzed by HPLC.
The results are shown in the Table 3.

Table 3
Production of 1,3-propanediol using recombinant S. cerevisiae
chloroquine 1,3-propanediol
reaction (mM) (mM)
1 0 0.2
2 10 0.2
3 20 0.3
4 40 0.7
EXAMPLE 5

10 USE OF A S. cerevisiae DOUBLE TRANSFORMANT FOR PRODUCTION
OF 1,3-PROPANEDIOL FROM D-GLUCOQOSE WHERE dhaB AND dhaT ARE
INTEGRATED INTO THE GENOME
Example 5 phrophetically demonstrates the transformation of S. cerevisiae
with dhaB1, dhaB2, dhaB3, and dhaT and the stable integration of the genes into
15  the yeast genome for the production of 1,3-propanediol] from glucose.
Construction of expression cassettes
Four expression cassettes (dhaBl, dhaB2, dhaB3, a_nd dhaT) are
constructed for glucose-induced and high-level constitutive expression of these

genes in yeast, Saccharomyces cerevisiae. These cassettes consist of: (i) the
20  phosphoglycerate kinase (PGK) promoter from S. cerevisiae strain S288C; (ii) one
of the genes dhaBl, dhaB2, dhaB3, or dhaT, and (iii) the PGK terminator from
S. cerevisiae strain S288C. The PCR-based technique of gene splicing by overlap
extension (Horton et al., BioTechnigues, 8:528-535, (1990)) is used to recombine
DNA sequences to generate these cassettes with seamless joints for optimal
25  expression of each gene. These cassettes are cloned individually into a suitable
vector (pLITMUS 39) with restriction sites amenable to multi-cassette cloning in
yeast expression plasmids.
Construction of yeast integration vectors
Vectors used to effect the integration of expré_ssion cassettes into the yeast
30 genome are constructed. These vectors contain the following elements: (i) a
polycioging region into which expression cassettes are subcloned; (ii) a unique
marker used to select for stable yeast transformants; (iii) replication origin and
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(2) | NFORMATI ON FOR SEQ I D NO 24: (i) SEQUENCE

CHARACT EgloBle830 . (A) LENGTH. 26 base paipcgruserno292
(B) TYPE: nucleic acid _ (C STRANDEDNESS: single
(D TOPOLOGY: |inear (ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENGH:GESERIaFEr itwinSEQel iRl Ribn in E, coli pHoT GTAGHGImiAE TCAATGGT
GTCGGG

SEQ | D NQ 25525t One integratiop vector gopyging (e %%g}&f’gﬁ?lg#&er (PESERTI ON FOR

(A) LENGTH: and 2 s¢squé integratipn vector contains the LYS2 qugytrophjsamarker (pKBYX: aci d
(C) STRANDEDEzaSictibR8F %ast expression ilasmids (D) TOPOLOGY: linear
(i) MJ_ECUL x;:)ressmn casshites fc?r GhaB1 and dhaB2 are subcloned into the

polycloning region of the YIp352b (expression plasmid #1), and expression

cassettes for dhaB3 and dhaT are subcloned into the polycloning region of pKP7

(expression plasmid #2).
Transformation of yeast with expression plasmids

10 S. cerevisiae (ura3, lys2) is transformed with expression plasmid #1 using
Frozen-EZ Yeast Transformation kit (Zymo Research, Orange, CA), and
transformants selected on plates lacking uracil. Integration of expression cassettes
for dhaB1 and dhaB2 is confirmed by PCR analysis of chromosomal DNA.
Selected transformants are re-transformed with expression plasmid #2 using

15  Frozen-EZ Yeast Transformation kit, and double transformants selected on plates
lacking lysine. Integration of expression cassettes for dhaB3 and dhaT is
confirmed by PCR analysis of chromosomal DNA. The presence of all four
expression cassettes (dhaBl, dhaB2, dhaB3, dhaT) in double transformants is
confirmed by PCR analysis of chromosomal DNA.

20  Protein production from double-transformed yeast

Production of proteins encoded by dhaBl, dhaB2, dhaB3 and dhaT from
double-transformed yeast is confirmed by Western blot analysis.
Enzyme activity from double-transformed yeast

Active glycerol dehydratase and active 1,3-propanediol dehydrogenase

25 from double-transformed yeast is confirmed by enzyme assay as described in

General Methods above.
Production of },3-propanediol from double-transformed yeast
Production of 1,3-propanediol from glucose in double-transformed yeast is
demonstrated essentially as described in Example 4.
30 EXAMPLE 6
CONSTRUCTION OF PLASMIDS CONTAINING DAR1/GPP2
OR dhaT/dhaBl-3 AND TRANSFORMATION INTO KLEBSIELLA SPECIES
K. pneumoniae (ATCC 25955), K. pneumoniae (ECL2106), and
K oxytoca (ATCC 8724) are naturally resistant to ampicillin (up to 150 ug/mL)

35 and kanamycin (up to 50 ug/mL), but sensitive to tetracycline (10 ug/mL) and

chloramphenicol (25 ug/mL). Consequently, replicating plasmids which encode

resistaice to these lafter two antibiotics are potentially useful as cloning vectors
for these Klebsiella strains. The wild-type K. pneumoniae (ATCC 25955), the
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(xi)* SEQUENCE DESCRI PTION: SEQ I D NO 25: GCGCCGTCTA GAATTATGAG
CTATCGTAYGIFIPEATTATC TG 42 (2) PCHASKNVAEIION FOR
SEQ | D NO 26: (i) SEQUENCE CHARACTERI STI CS: -
(A) LENGTH: 36 base pairs . ] (B) TYPE: nucleic acid
(C) STRANDEDSIESSE-dsieptspsed K. pneumonia (ECL2106) tyd K omopah TCC 8224)
(i IQ) I DNS—OE%*E&-EM%'SS@I_ GA'%’%\W @oéiétrac cline resis_}_a%r_lég@ry tlec _iEEvi{BESCRI PTI ON:
SE O 26; CG(I“;
36 ( 231 TOREBHRERPY BRMEEHP §E‘®g’| #3hjew England Biolabs, BeyerlysequENCE
CHARACTERI STM23: This was accomplished by thé\jollobiridGrbteduis] Teasel pbdn S
(B) TYPE 5 nug\lfe%ightacﬁlrgre was inoculated into 1 L LB (1% (w/v) Bacto=tryptone (Difco,
Detroit, MI), 0.5% (w/v) Bacto-yeast extract (Difco) and 0.5% (w/v) NaCl
(Sigma, St. Louis, MO) and the culture was incubated at 37 °C to an ODgq of
0.5-0.7. The cells were chilled on ice, harvested by centrifugation at 4000 x g for
15 min, and resuspended in 1 L ice-cold sterile 10% glycerol. The cells were
10  repeatedly harvested by centrifugation and progressively resuspended in 500 mL
20 mL and, finally, 2 mL ice-cold sterile 10% glycerol. For electroporation,
40 uL of cells were mixed with 1-2 ul. DNA in a chilled 0.2 cm cuvette and were
pulsed at 200 ©, 2.5 kV for 4-5 msec using a BioRad Gene Pulser (BioRad,
Richmond, CA). One pL of SOC medium (2% (w/v) Bacto-tryptone (Difco),
15 0.5% (w/v) Bacto-yeast extract (Difco), 10 uM NaCl, 10 pM MgCl,, 10 uM
MgSOy, 2.5 uM KCl and 20 pM glucose) was added to the cells and, after the

suspension was transferred to a 17 x 100 mm sterile polypropylene tube, the

culture was incubated for 1 hr at 37 °C, 225 rpm. Aliquots were plated on
selective medium, as indicated. Analyses of the plasmid DNA from independent

20  tetracycline-resistant transformants showed the restriction endonuclease digestion
patterns typical of pPBR322, indicating that the vector was stably maintained after
overnight culture at 37 °C in LB containing tetracycline (10 ug/mL). Thus, this
vector, and derivatives such as pBR329 (ATCC 37264) which encodes resistance
to ampicillin, tetracycline and chloramphenicol, may be used to introduce the

25 DARI/GPP2 and dhaT/dhaBl1-3 expression cassettes into K preumoniae and
K oxytoca.
The DARI and GPP2 genes may be obtained by PCR-mediated

amplification from the Saccharomyces cerevisiae genome, based on their known
DNA sequence. The genes are then transformed into X. pneumoniae or K. oxytoca

30 under the control of one or more promoters that may be used to direct their
expression in media containing glucose. For convenience, the genes were
obtained on a 2.4 kb DNA fragment obtained by digestion of plasmid pAH44 with
the Pvull restriction endonuclease, whereby the genes are already arranged in an
expression cassette under the control of the E. coli lac promoter. This DNA

35 fragment was ligated to Pvu/l-digested pBR329, producing the insertional
inactivation of its chioramphenicol resistance gene. The ligated DNA was used to
transform E. coli DH5a (Gibeo, Gaithersberg, MD). Transformants were selected
by their resistance-to teﬁacyclipe (10 ug/mL) and were screened for their
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(C) STRANDEDNESS: single (D TOPOLOGY: |inear

(i) MIwe9shissdYPE: DNA (genonic) PCT/US97/20292
75 WO 98/ 21339 :

PCT/ US97/ 20292 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 27:
GCGCGGATCC  AGkalfaliiey A Hid¥arh Emﬁ%ﬁém&&" DNA from 91

(2) | NFm-{éugélycllzlgérng It ch oram enicol-sensitive transformants confirmed the

presence of the expected plasmids, in which the Py, -darI-gpp2 expression
cassette was subcloned in either orientation into the pBR329 Pvull site. These

5 plasmids, designated pJSP1A (clockwise orientation) and pJSP1B (counter-
clockwise orientation), were separately transformed by electroporation into
K pneumonia (ATCC 25955), K. pneumonia (ECL2106) and X. oxytoca
(ATCC 8724) as described. Transformants were selected by their resistance to
tetracycline (10 ug/mL) and were screened for their sensitivity to chloramphenicol

10 (25 ug/mL). Restriction analysis of the plasmids isolated from independent
transformants showed only the expected digestion patterns, and confirmed that
they were stably maintained at 37 °C with antibiotic selection. The expression of
the DARI and GPP2 genes may be enhanced by the addition of IPTG
(0.2-2.0 mM) to the growth medium.

15 The four X. pneumoniae dhaB(I-3) and dhaT genes may be obtained by
PCR-mediated amplification from the X pneumoniae genome, based on their
known DNA sequence. These genes are then transformed into X. pneumoniae
under the control of one or more promoters that may be used to direct their
expression in media containing glucose. For convenience, the genes were

20  obtained on an approximately 4.0 kb DNA fragment obtained by digestion of
plasmid pAH24 with the Kpnl/Sacl resiriction endonucleases, whereby the genes
are already arranged in an expression cassette under the control of the E. coli lac
promoter. This DNA fragment was ligated to similarly digested pBC-KS+
(Stratagene, LaJolla, CA) and used to transform £. coli DH5a. Transformants

25  were selected by their resistance to chloramphenicol (25 ug/mL) and were
screened for a white colony phenotype on LB agar containing X-gal. Restriction
analysis of the plasmid DNA from chloramphenicol-resistant transformants
demonstrating the white colony phenotype confirmed the presence of the expected
plasmid, designated pJSP2, in which the dhaT-dhaB(1-3) genes were subcloned

30  under the control of the E. coli lac promoter.

To enhance the conversion of glucose to 3G, this plasmid was separately
transformed by electroporation into X preumoniae (ATCC 25955) (pJSP1A),
K. pneumoniae (ECL2106) (pJSP1A) and X oxytoca (ATCC 8724) (pJSP1A)
already containing the Py, -dari-gpp2 expression cassette. Cotransformants were

35  selected by their resistance to both tetracycline (10 ug/mL) and chloramphenicol
(25 ug/mL). Restriction analysis of the plasmids isolated from independent
cotransformants showed the digestion pattemns expected for both pJSP1A and
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(1) + SEQUENCE CHARACTERI STI CS: - (A) LENGTH: 36 base pairs
(B) TYPEYO#%2138? ¢ aci d (C) STRANDEDNESS: P&ITAi§pHE20292

(D) TOPOLOGY: |i near (i i) I\/C]_ECULE TYPE DNA (genom c)

(xi) SEQUENCE _DESCRI PTION: _SEQ | D NO 2 TACGCCCG GGTTACCATT
TCAACAGATC @PSEZT The expression of the AR] GPP2, d@@(l -3), and («’@T ZERGFTTRIEET| ON FOR SEQ
| D NO 29: enhanced by the(ddfitiof EUENEED. T-DIARAKI) kRh&Te@iam. (A
LENGTH. 18 base pairs EXAMPLE(P) TYPE: nucleic acid

(C STRANDEDNESS: single (D) TODO_%Y | i near

(ii) MOLECULE Hrednm . 3(prepanadiod from glucose by K ®FQUENCE DESCRI PTI ON:

SEQ 1D Ng 29: Klebsrella pneumoniae strains ECL 2106 and 2106-47 both transformed
with pJSP1A, and ATCC 25955, transformed with pJSP1A and pJSP2, were
grown in a 5 L Applikon fermenter under various conditions (see Table 4) for the
production of 1,3-propanediol from glucose. Strain 2104-47 is a fluoroacetate-
tolerant derivative of ECL 2106 which was obtained from a fluoroacetate/lactate

10  selection plate as described in Bauer et al., Appl. Environ. Microbiol. 56, 1296
{1990). In each case, the medium used contained 50-100 mM potassium
phosphate buffer, pH 7.5, 40 mM (NH,4),50,, 0.1% (w/v) yeast extract, 10 uM
CoCly, 6.5 pM CuCly, 100 uM FeCls, 18 uM FeSQy, 5 uM H3BO3, 50 uM MnCl,,
0.1 uM NayMoOQy, 25 uM ZnCly, 0.82 mM MgSOy, 0.9 mM CaCl,, and 10-20 g/L

15 glucose. Additional glucose was fed, with residual glucose maintained in excess.
Temperature was controlled at 37 °C and pH controlied at 7.5 with SN KOH or
NaOH. Appropriate antibiotics were included for plasmid maintenance; IPTG
(isopropyl-B-D-thiogalactopyranoside) was added at the indicated concentrations
as well. For anaerobic fermentations, 0.1 vvm nitrogen was sparged through the

20  reactor; when the dO setpoint was 5%, 1 vvin air was sparged through the reactor
and the medium was supplemented with vitamin B12. Final concentrations and
overall yields (g/g) are shown in Table 4.

Table4
25 Production of 1,3 propanediol from glucose by X. pneumoniae

PTG, vitamin B12, Yield,

Organism do mM mg/l. Titer, g/L _g/g
25955[pJSP1A/pISP2] | O 0.5 0 8.1 16%
25955[pJSP1A/pISP2] | 5% 0.2 0.5 52 4%
2106{pJISP1A] 0 0 0 49 17%
2106[pISP1A] 5% 0 5 6.5 12%
2106-47[pJSP1A] 5% 0.2 0.5 10.9 12%
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TCGACGAATT CAGGAGGA 18 -

(2) | NRGBWEA1®N FOR SEQ | D NO 30: (i) SEQURNEEBs9720292
CHARACTERI STI Cs: (A) LENGTH 18 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: single

(D TOPOLOGY: |inear (I BXAMPDEBCULE TYPE: DNA (genomi c)

(xi) SEQUENCE P : : CC TGAATTCG
(1) S0 O P A e SIS 'S,
CHARACTERI STI CS: K 1 : b p ; -

(B) TYPE: nugl &oavésioH of D-fructose to 1 3-propm€e@)ol %I%NBEQNE&M%&A}Q' e
(D) TCPOSOGY | i near
recombinant strains:

Single colonies of K pneumoniae (ATCC 25955 pISP1A), K. pneumoniae
(ATCC 25955 pIJSP1A/pISP2), K. preumoniae (ATCC 2106 pJSP1A), and
K. pneumoniae (ATCC 2106 pJSP1A/pISP2) were transferred from agar plates
and in separate culture tubes were subcultured overnight in Luria-Bertani (LB)
10  broth containing the appropriate antibiotic agent(s). A 50-mL flask containing
45 mL of a steri-filtered minimal medium defined as LLMM/F which contains per
liter: 10 g fructose; 1 g yeast extract; 50 mmoles potassium phosphate, pH 7.5;
40 mmoles (NH4),SOy; 0.09 mmoles calcium chloride; 2.38 mg CoCl,*6H,0;
0.88 mg CuCl,*2H;0; 27 mg FeCl3*6H;0; 5 mg FeSO,+7H;0; 0.31 mg H3BO5;
15 10 mg MnCl,y+4H50; 0.023 mg Na;MoO42H,0; 3.4 mg ZnCly; 0.2 g
MgS04+7H,0. Tetracycline at 10 ug/mL was added to medium for reactions
using either of the single plasmid recombinants; 10 ug/mL tetracycline and

25 ug/mL chloramphenicol for reactions using either of the double plasmid
recombinants. The medium was thoroughly sparged with nitrogen prior to

20  inoculation with 2 mL of the subculture. IPTG (I) at final concentration of
0.5 mM was added to some flasks. The flasks were capped, then incubated at
37 °C, 100 rpm in a New Brunswick Series 25 incubator/shaker. Reactions were
run for at least 24 hours or until most of the carbon substrate was converted into
products. Samples were analyzed by HPLC. Table 5 describes the yields of

25  1,3-propanediol produced from fructose by the various Klebsiella recombinants.

Tables
Production of 1,3-propanediol from D-fructose using recombinant Klebsiella
[3G]

Klebsiella Strain Medium Conversion  (p/L) Yield Carbon (%)
2106 pBR329 LLMM/F 100 U 0
2106 pJSP1A LLMM/F 50 0.66 15.5
2106 pJSP1A LLMM/F +1 100 0.11 1.4
2106 pJSP1A/pJSP2 LLMM/F 58 0.26 5
25955 pBR329 LLMM/F 100 0 0
25955 pJSP1A LLMM/F 100 03 4
25955 pISP1A LLMM/F +1 100 0.15 2
25955 pJSP1A/pISP2 LLMM/F 100 . 09 11

25955 pJSP1A/pISP2 LLMM/F +1 62 1.0 - 20
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(ii)* MOLECULE TYPE: DNA (genonic) (xi) SEQUENCE DESCRI PTI ON:

WO

SEQ | D N&¥O8IB/21339 CTAGTAAGGA GGACAATTC PCT/US97/20292

19 (2) | NFORVATI ON FOR SEQ I D NGO 32: (1) SEQUENCE
CHARACTERI STI CS: (A) LENGTH 19 base pairs

(B) TYPE: nucleic acid 76

98/ 21339 B. Conversion of various carbon substrates to 1,3-propanediol by K. prelkaoiddS97/ 20292

(O STRANDEDNEZFCSh4435 IsP1A/pISP2):

10

15

20

25

30

An aliquot (0.1 mL) of frozen stock cultures of K. pneumoniae
(ATCC 25955 pJSP1A/piSP2) was transferred to 50 mL Seed medium in a
250 mL baffled flask. The Seed medium contained per liter: 0.1 molar NaK/POy
buffer, pH 7.0; 3 g (NH4),SOy; S g glucose, 0.15 g MgSO4+7H,0, 10 mL 100X
Trace Element solution, 25 mg chloramphenicol, 10 mg tetracycline, and 1 g yeast
extract. The 100X Trace Element contained per liter: 10 gcitricacid, 1.5 g
CaCly*2H;0, 2.8 g FeSO47H,0, 0.39 g ZnSO4°7H,0, 0.38 g CuS0O4+5H,0,0.2 ¢
CoCly*6H,0, and 0.3 g MnCl,*4H,0. The resulting solution was titrated to
pH 7.0 with either KOH or H;SO4. The glucose, trace elements, antibiotics and
yeast extracts were sterilized separately. The seed inoculum was grown overnight
at 35 °C and 250 rpm.

The reaction design was semi-aerobic. The system consisted of 130 mL
Reaction medium in 125 mL sealed flasks that were left partially open with
aluminum foil strip. The Reaction Medium contained per liter: 3 g (NH,4),SOy;
20 g carbon substrate; 0.15 molar NaK/PO, buffer, pH 7.5; 1 g yeast extract;
0.15 g MgS04*7H,0; 0.5 mmoles IPTG; 10 mL 100X Trace Element solution;
25 mg chloramphenicol; and 10 mg tetracycline. The resulting solution was
titrated to pH 7.5 with KOH or H,SO,4. The carbon sources were: D-glucose
(Glc); D-fructose (Frc); D-lactose (Lac); D-sucrose (Suc); D-maltose (Mal); and
D-mannitol (Man). A few glass beads were included in the medium to improve
mixing. The reactions were initiated by addition of seed inoculum so that the
optical density of the cell suspension started at 0.1 AU as measured at Aggq nm.
The flasks were incubated at 35 °C: 250 rpm. 3G production was measured by
HPLC after 24 hr. Table 6 describes the yields of 1 3-propanedlol produced from
the various carbon substrates.

Table 6
Production of 1,3-propanediol from various carbon substrates
using recombinant Klebsiella 25955 pJSP1A/pJSP2

1,3-Propanediol (g/L)

Carbon Substrate Expt. | Expt. 2 Expt 3
Glc 0.89 1 1.6
Frc 0.19 0.23 0.24
Lac 0.15 0.58 0.56
Suc 0.88 0.62
Mal 0.05 - 0.03 0.02
Man 0.03 0.05 0.04
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(D TOPOLOGY: |inear (i1) MOLECULE TYPE: DNA (genom c)

(xi) ShgddmblezsPESCRI PTION:  SEQ | D NO 32: CATGCGAABL/Udo%362ed TA

19 (2) | NFORMATI ON FOR SEQ D NO 33: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH 271 amino acids

(B) TYPE: am no acid sEQUENCE Q)1 SBTIRANDEDNESS: unknown

(D) TOPOLOGY: unknown (i) MOLECULE TYPE: protein

(vi) ORI G NAE SCERNEBAL INFORMATION: (A ORGANI SM GPP1 (xi)
SEQUENCE DESCRI PTION: 356 ¢Ad-NO 33: Met Lys Arg Phe Asn Val Leu Lys

Tyr Ile Arg Thr Thr Lys(x¥) enpB8EsSEE: E. I. DU PONT DE NEMOURS AND COMPANY
(B) STREET: 1007 MARKET STREET
(C}) CITY: WILMINGTON
(D) STATE: DELAWARE
(E) COUNTRY: U.S.A.
(F) zIP: 19898
(G) TELEPHONE: 302-892-8112
(H) TELEFAX: 302-773-0164
(I) TELEX: 6717325

(A) ADDRESSEE: GENENCOR INTERNATIONAL, INC.
(B} STREET: 4 CAMBRIDGE PLACE
1870 SOUTH WINTON ROAD
(C) CITY: ROCHESTER
{D) STATE: NEW YORK
(E) COUNTRY: U.S.A.
(F) POSTAL CODE {ZIP): 14618

(i1) TITLE OF INVENTION: METHOD FOR THE RECOMBINANT
' PRODUCTION OF 1, 3-PROPANEDIOL

(iii) NUMBER OF SEQUENCES: 49

(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: 3.50 INCH DISKETTE
(B) COMPUTER: IBM PC COMPATIBLE
(C) OPERATING SYSTEM: MICROSOFT WORD FOR WINDOWS 95
(D) SOFTWARE: MICROSOFT WORD VERSION 7.0A

(v) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

{vi) PRIOR APPLICATION DATA: -
{A) APPLICATION NUMBER: 60/030,601
(B) FILING DATE: NOVEMBER 13, 1996

(vii) ATTORNEY/AGENT INFORMATION:
(A) NAME: FLOYD, LINDA AXAMETHY
{B) REGISTRATION NO.: 33,692
(C} REFERENCE/DOCKET NUMBER: CR-9982



1
Thr
20
Asp
40
Lys
Phe
70
Al a
90
Ay
110
115
Al a

ATGRRAAGAT
ATTGGCGAGT
TCAGTAAARG
GACATGATCG
ATGCGCCTGG
GAGATCATTG
ATGBACGTGG
AACCAGTGCC
GAGGCCGGGA
CCGTTTAACG
CAGTGCTCGG
GCCGAGACGG
TGGTCRARGG
TCCGGCACCG
GAATCGCGCT
GTGAGCTGTA
AACCTGATCG
CACTCGGATA
ATTTTCTCCG
GATGCGGAAG
CTGCGTCCGG
CAGGCGGTTT
ACCTACGCGC

GTGGAAGAGA

5

|1 e WO98#33%Pr 0 Leu Thr Thr

25

75

Pro d

{vi)
{A)

{xi)
CAARAACGATT
GGCCTGAAGA
TGGACAACGG
ACCGATTTAT
AGGCGGTGGA
CCATCACTAC
TGGAGATGAT
ACGTCACCAA
TCCGCGGCTT
CCCTGGCGCT
TGGAAGAGGC
TGTCGGTCTA
CGTTCCTCGC
GATCCGAAGC
GCATCTTCAT
TCGGCATGAC
CCTCTATGCT
TTCGCCGCAC
GCTACAGCGC
ATTTTGATGA
TGACCGAGGC
TCCGCGAGCT
ACGGCAGCAA

TGATGAAGCG

1PCPOTHETICAL:
Thr Ser Ay ;I' 18 A};&ﬁ&é}{m 16%' a Lys

ORIGINAL SOURCE:

Val Asp @Y Thfeddyfridn®edd 8%, R,
Asp Lys Pro Tyun

TYPE:

Pro Asp Phe Al a Agg Cfif‘ﬁ%ii"ﬁil

Au H's Ser (ii6
d u Val

(iii)

MOLECULE TYPE:

y Ala Va

ORGANISM:

SEQUENCE DESCRIPTION:

TGCAGTACTG
GGGGCTGATC
TCTGATCGTC
CGCCGATTAC
AATAGCCCGT
CGCCATCACG
GATGGCGCTG
TCTCABAGAT
CTCAGAACAG
GTTGGTCGGT
CACCGAGCTG
CGGCACCGAR
CTCGGCCTAC
GCTGATGGGC
TACTAAAGGC
CGGCGCTGTG
CGACCTCGAA
CGCGCGCACC
GGTGCCGAAC
TTACAACATC
GGAAACCATT
GGGGCTGCCG
CGAGATGCCG

CAACATCACC

NO

10

Lys Pro Leu Ser

vg}oale

Leu

Lys

15 Ile
PCT/U897/26292 -

Adn

Ile Asn Ala Ala Leu Phe

55

35

'le Ala Ala Phe Trp Arg Asp Phe Gy

M SEQUENCE CHRMACTERISTICS:
Asp Ala G u Hs Vah) |ienckis hbes Sese ldesr<dy Trp Arg Thr Tyr

nucleic acid

60
65

Asp Ala Ile Ala Lys Phe

DNA (%gﬁbmlc)
Lys Leu Cys Asn Ala Leu Asn Ala Leu Pro
Lys Gu Lys Trp Ala Va

DHAB1

GCCCAGCGCC
GCCATGGACA
GAACTGGACG
GCGATCRACG
ATGCTGGTGG
CCGGCCAAAG
CAGRAGATGC
AATCCGGTGC
GAGACCACGG
TCGCAGTGCG
GAGCTGGGCA
GCGGTATTTA
GCCTCCCGCG
TATTCGGAGA
GCCGGGGTTC
CCGTCGGGCA
GTGGCGTCCG
CTGATGCAGA
TACGACARCA
CTGCAGCGTG
GCCATTCGCC
CCAATCGCCG
CCGCGTAACG
GGCCTCGATA

45

125

SEQ ID NO:1:

CCGTCAATCA
GCCCCTTTGA
GCAAACGCCG
TTGAGCGCAC
ATATTCACGT
CGGTCGAGGT
GTGCCCGCCG
AGATTGCCGC
TCGGTATCGC
GCCGCCCCGG
TGCGTGGCTT
CCGACGGCGA
GGTTGAARAT
GCARGTCGAT
AGGGACTGCA
TTCGGGCGGT
CCAACGACCA
TGCTGCCGGG
TGTTCGCCGG
ACCTGATGGT
RAGAAAGCGGC
ACGAGGAGGT
TGGTGGAGGA

TTGTCGGCGC

GGACGGGCTG
CCCGGTCTCT
GGACCAGTTT
AGAGCAGGCA
CAGCCGGGAG
GATGGCGCAG
GACCCCCTCC
TGACGCCGCC
GCGCTACGCG
CGTGTTGACG
AACCAGCTAC
TGATACGCCG
GCGCTACACC
GCTCTACCTC
BARCGGCGCG
GCTGGCGGAA
GACTTTCTCC
CACCGACTTT
CTCGAACTTC
TGACGGCGGC
GCGGGCGATC
GGAGGCCGCC
TCTGAGTGCG

GCTGAGCCGC

85

$*teu Qu Gy GQu lle Pro Qu Lys Tyr
105

60
120
180
240

300

840
%00
960
1020

1080



130 135 140 Lys Trp Phe Asp Ile Leu
Lys Il e wososfissoPro G u Tyr Phe Ile Thr 145 PCT/US97/2029350
155 160 Ala Asn Asp Val Lys A n Ay Lys Pro Hs Pro
Gu Pro Tyr Leu Lys 165 170
175 _ g g Asn Ay Leu Ay Phe Pro Ile Asn Qu G n Asp Pro Ser Lys
180 AGCGG TTLG AGGAI@’];‘:GC CAGCAATATT CTFAATATE@G'GCGCCAGCG GEFCACHSGA/alSA%al Val Phe
A u Asp @Aﬁ;\?& &Aﬁ&c@ré’c;&'cl & f"cL chzY 71 G éGGTGIGITGAGl%éCGIGhTCA]ﬁ 200
205 e Al'a r e Asp Leu
210 GACATCAATG ACTAE&;SGGG GCCGGGCACC GGCTATCGQRQ‘CTCTGCCGA ACGCTGGGCG 1620
77
GAGATCAAAA ATATTCCGGG CGTGGTTCAG CCCGACACCA TTGAATAA 1668
(2)  INFORMATION FOR SEQ ID NO:2:
(1) SEQUENCE CHARACTERISTICS:
(3) LENGTH: 585 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear
(ii}) MOLECULE TYPE: DNA (genomic)
{vi) ORIGINAL SOURCE:
(A) ORGANISM: DHAB2
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
GTGCAACAGA CAACCCAAAT TCAGCCCTCT TTTACCCTGA AAACCCGCGA GGGCGGGGTA 60
GCTTCTGCCG ATGARCGCGC CGATGAAGTG GTGATCGGCG TCGGCCCTGC CTTCGATAAA 120
CACCAGCATC ACACTCTGAT CGATATGCCC CATGGCGCGA TCCTCARAGA GCTGATTGCC 180
GGGGTGGAAG ARGAGGGGCT TCACGCCCGG GTGGTGCGCA TTCTGCGCAC GTCCGACGTC 240
TCCTTTATGG CCTGGGATGC GGCCAACCTG AGCGGCTCGG GGATCGGCAT CGGTATCCAG 300
TCGAAGGGGA CCACGGTCAT CCATCAGCGC GATCTGCTGC CGCTCAGCAA CCTGGAGCTG 360
TTCTCCCAGG CGCCGCTGCT GACGCTGGAG ACCTACCGGC AGATTGGCAA AAACGCTGCG 420
CGCTATGCGC GCAAAGAGTC ACCTTCGCCG GTGCCGGTGG TGAACGATCA GATGGTGCGG 480
CCGAARATTTA TGGCCAAAGC CGCGCTATTT CATATCAAAG AGACCARACA TGTGGTGCAG 540
GACGCCGAGC CCGTCACCCT GCACATCGAC TTAGTAAGGG AGTGA 585
(2)  INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 426 base pairs
(B} TYPE: nucleic acid
(C} STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{vi) ORIGINAL SOURCE:
(A) ORGANISM: DHABR3
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
ATGAGCGAGA AAACCATGCG CGTGCAGGAT TATCCGTTAG CCACCCGCTG CCCGGAGCAT 60
ATCCTGACGC CTACCGGCAA ACCATTGACC GATATTACCC TCGAGAAGGT GCTCTCTGGC 120
GAGGTGGGCC CGCAGGATGT GCGGATCTCC CGCCAGACCC TTGAGTACCA GGCGCAGATT  180-
GCCGAGCAGA TGCAGCGCCA TGCGGTGGCG CGCAATTTCC GCCGCGCGGC GGAGCTTATC 240
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WO 98/ 21339

PCT/ US9 7WR#Bg@2339

225

Ile Arg Val

ﬁg%%ﬁ%ééhT TCT

eu Leu

230

235

Asp Phe Leu Lys Au Lys @y Cys AspPCTRSITH2%2|

Gy GQu Tyr Asn Ala Gu Thr Asp du Vval

CAGGCGGAGC TGCTGGR2GAY cGeeeacdrd) cTdANECORMATEIGECAGR SlcRtdAaNO 340
(A) LENGTH: 555 ami no acids
(B) TYPBECGHRT TS AEFAPCACTC GGCGGAAGTG TATCRABFAGCSTEEAIRISNESSSTAARGERNOVIRO

"Asn Hs du

240 Ser
245

Tyr Al aG?_%/AsT TS\%TpG
2_65

(1)

SEQUENCE CHARACTERI STI CS

(D TOP :unknown (ii) MOLECULE TYPE: nprotein 26
(vi) L SOURCE:
(2) INFORMATION FOR SEQ ID NO:4:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1164 base pairs
(BY TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: DNA {(genomic)
(vi) ORIGINAL SOQOURCE:
(A) ORGANISM: DHAT
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
ATGAGCTATC GTATGTTTGA TTATCTGGTG CCAAACGTTA ACTTTTTTGG CCCCAACGCC 60
ATTTCCGTAG TCGGCGAACG CTGCCAGCTG CTGGGGGGGA AAAAAGCCCT GCTGGTCACC 120
GACAAAGGCC TGCGGGCAAT TAAAGATGGC GCGGTGGACA AAACCCTGCA TTATCTGCGG 180
GAGGCCGGGA TCGAGGTGGC GATCTTTGAC GGCGTCGAGC CGARCCCGAA AGACACCAAC 240
GTGCGCGACG GCCTCGCCGT GTTTCGCCGC GAACAGTGCG ACATCATCGT CACCGTGGGC 300
GGCGGCAGCC CGCACGATTG CGGCAAAGGC ATCGGCATCG CCGCCACCCA TGAGGGCGAT 360
CTGTACCAGT ATGCCGGAAT CGAGACCCTG ACCAACCCGC TGCCGCCTAT CGTCGCGGTC 420
AATACCACCG CCGGCACCGC CAGCGAGGTC ACCCGCCACT GCGTCCTGAC CAARCACCGAA 480
ACCBAAGTGA AGTTTGTGAT CGTCAGCTGG CGCAAACTGC CGTCGGTCTC TATCAACGAT 540
CCACTGCTGA TGATCGGTAA ACCGGCCGCC CTGACCGCGG CGACCGGGAT GGATGCCCTG 600
ACCCACGCCG TAGAGGCCTA TATCTCCAAA GACGCTAACC CGGTGACGGA CGCCGCCGCC 660
ATGCAGGCGA TCCGCCTCAT CGCCCGCAAC CTGCGCCAGG CCGTGGCCCT CGGCAGCAAT 720
CTGCAGGCGC GGGAAAACAT GGCCTATGCT TCTCTGCTGG CCGGGATGGC TTTCAATAAC 780
GCCAACCTCG GCTACGTGCA CGCCATGGCG CACCAGCTGG GCGGCCTGTA CGACATGCCG 840
CACGGCGTGG CCAACGCTGT CCTGCTGCCG CATGTGGCGC GCTACAACCT GATCGCCAAC 900
CCGGAGAAAT TCGCCGATAT CGCTGAACTG ATGGGCGAAA ATATCACCGG ACTGTCCACT 960
CTCGACGCGG CGGAAAAAGC CATCGCCGCT ATCACGCGTC TGTCGATGGA TATCGGTATT 1020
CCGCAGCATC TGCGCGATCT GGGGGTAAAA GAGGCCGACT TCCCCTACAT GGCGGAGATG 1080
GCTCTAAAAG ACGGCAATGC GTTCTCGAAC CCGCGTAAAG GCAACGAGCA GGAGATTGCC 1140
éCGATTTTCC GCCAGGCATT CTGA 1164

47

Lys

A u Leu

EETRIF, ‘E)ATAACGCG%SéGCGCCCGTTl J:cg;gg&erdéslo fgP Tyr Leu



(2)

‘INFORMATION FOR SEQ ID NO:6:

1)
(A)
(B)

LENGTH:
TYPE:

SEQUENCE CHARACTERISTICS:
2946 base pairs
nucleic acid

48

(A ORGANI SM DHABL (xi) SEQUENCE DESCRI PTION:'  SEQ | D 'NO 34

Met Lys wwiopsfies3sLys Arg Phe Ala Val Leu Ala G n Arg Pro \edT/mBs89120292 1 .

5 10 15 Gn Asp Ay Leu lle Gy

Gu Trp Pro Qu Au Gy Leu Ile Ala Mt 20

25 (2) ~ INFORMATION FOR BEQ) IBcNO:pi o Phe Asp Pro Val Ser Ser Val Lys

Val Asp Asn dy Lﬁ‘)' QUENC mc%éusncs 40

45 Il e Val ylmbfg‘gpﬂ,g; Asp G n Phe Asp Met |le Asp

50 555) TYPE nucleic acid 60 Arg Phe Ile Ala Asp Tyr

Ala Ile Asn Val du Atg THRAWEPNEFST Apipale 65 70

75 89 TOPOLOGt AP§2Leu Glu Ala Val Gu lle Ala Arg Met

Leu Val Asp Ile Hi§ woLecure TYPE:  DNA A?enom 90

95 Val Ser Arg Au Qu lle aIIeThr Thr Ala Ile Thr Pro Al a

100 (vi) 1OBIGINAL SOURCE. 110

(A) ORGANISM: GPD1
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

CTTTAATTTT CTTTTATCTT ACTCTCCTAC ATAAGACATC AAGARACAAT TGTATATTGT 60
ACACCCCCCC CCTCCACAAA CACAAATATT GATAATATAA AGATGTCTGC TGCTGCTGAT 120
AGATTARACT TAACTTCCGG CCACTTGAAT GCTGGTAGAA AGAGAAGTTC CTCTTCTGTT 180
TCTTTGAAGG CTGCCGAARRA GCCTTTCAAG GTTACTGTGA TTGGATCTGG TAACTGGGGT 240
ACTACTATTG CCAAGGTGGT TGCCGAAMAT TGTAAGGGAT ACCCAGAAGT TTTCGCTCCA 300
ATAGTACAAR TGTGGGTGTT CGAAGAAGAG ATCAATGGTG AAMAATTGAC TGAARTCATA 360
AATACTAGAC ATCAAAACGT GAAATACTTG CCTGGCATCA CTCTACCCGA CAATTTGGTT 420
GCTAATCCAG ACTTGATTGA TTCAGTCAAG GATGTCGACA TCATCGTTTT CAACATTCCA 480
CATCAATTTT TGCCCCGTAT CTGTAGCCAA TTGAAAGGTC ATGTTGATTC ACACGTCAGA 540
GCTATCTCCT GTCTAAAGGG TTTTGAAGTT GGTGCTAARG GTGTCCAATT GCTATCCTCT 600
TACATCACTG AGGARCTAGG TATTCAATGT GGTGCTCTAT CTGGTGCTAA CATTGCCACC 660
GAAGTCGCTC ABRGAACACTG GTCTGAAACA ACAGTTGCTT ACCACATTCC AAAGGATTTC 720
AGAGGCGAGG GCAAGGACGT CGACCATAAG GTTCTAAAGG CCTTGTTCCA CAGACCTTAC 780
TTCCACGTTA GTGTCATCGA AGATGTTGCT GGTATCTCCA TCTGTGGTGC TTTGAAGAAC 840
GTTGTTGCCT TAGGTTGTGG TTTCGTCGAA GGTCTAGGCT GGGGTAACAA CGCTTCTGCT 900
GCCATCCAAA GAGTCGGTTT GGGTGAGATC ATCAGATTCG GTCAAATGTT TTTCCCAGAA 960
TCTAGAGAAG AAACATACTA CCAAGAGTCT GCTGGTGTTG CTGATTTGAT CACCACCTGC 1020
GCTGGTGGTA GAAACGTCAA GGTTGCTAGG CTAATGGCTA CTTCTGGTAA GGACGCCTGG 1080
GAATGTGARA AGGAGTTGTT GAATGGCCAA TCCGCTCAAG GTTTAATTAC CTGCAAAGAA 1140
GTTCACGAAT GGTTGGAAAC ATGTGGCTCT GTCGAAGACT TCCCATTATT TGAAGCCGTA 1200
TACCAAATCG TTTACAACAA CTACCCAATG AAGAACCTGC CGGACATGAT TGAAGAATTA 1260
GATCTACATG AAGATTAGAT TTATTGGAGA AAGATAACAT ATCATACTTC CCCCACTTTT 1320
TTCGAGGCTC TTCTATATCA TATTCATAAA TTAGCATTAT GTCATTTCTC ATAACTACTT 1380



Lys
115
Al a
140
145
Al a
165
Asn
185
Val

205
210
78

Al a

Arg

Ay
Al a
du

Val
WO 98/21339
Arg Thr

Val

Ile Arg Gy Phe Ser

Leu Al a Leu L%

Au Ala

d u Val

Thr

120

)

TOPOLOGY :

(ii) 1 POLECULE TYPE:

Thr

\{%AL%‘Oﬁ A Pro dv Val
ORGANIS 2y rg Fro y Va

Met Ala G n Met Asn Val
125
Pro Ser Asn @ n Cys His

As Eég?usﬁﬁuﬁﬁ@sés Ng

éif

linear

Val

Val Qu

130

Au dn du Thr Thr Val
DNA (genqmig)

Met

Ay lle
180
200

160

135

Al a Leb’c"@‘ﬁ%%p&”}\/m Ar g
Gnille Ala Ala Asp Ala Al a

Au

Ala Arg Tyr Ala Pro Phe

Leu Thr @A n Cys Ser

A u Leux{l uskguen@& yJEEEtIPAIcgq.G s§ed_en NOhe: Ser Tyr Ala G u Thr Val

GAATTCGAGC
AGCGTCAATC
GTGGTAACGC
AGTACGTGTG
TATAAGATGA
AACGACATAT
ACTGTGACGA
AGCCTATGTG
GAAACCAAAA
GATAATACCC
AACTCCGGTT
CCCAGGTAAC
CAGCAATTCG
ACCATCATAT
TCAGTCATCA
TCGAAACAAT
GCCGATGGGT
GATTAATCTA
TTTTTGGTTT
TTTTCCTTCC
GATTTTTTTT
CCCTTTCCTT
ATACACATTC
GCCTTCAAGA
GACTGCTCAT
ATCGGACTCT
TGGTTCTGGT

TTCCCATATC

215
CTGAAGTGCT
CTGCAAATAC
TTGCCTCATC
ATCCGGATAA
TGTATACCCA
CTATTATAGT
TATCAACTCT
CAATCACCAA
GAATGAAGAA
TGCTTTAATG
ATTTTATCGG
CGTGCGCGAT
GGAGGGCGAA
CGCCTTAGCC
TCATTACCGA
AAGACGACGA
TGCTGAGGGG
TTGTTCAGCA
TACTTTTTTT
ACTAAGCTTT
TTATATATTA
TTCCTTCGCT
CTTAAGCGAA
TCTACTTTCC
ACTAATATCA
GCCGTGTCAA
AACTGGGGGA

TTCGAGCCAG

GATTACCTTC
ACCACCCAGC
ACCTACGCTA
CAACGGCAGT
ATGAGGAGCG
GGGGAGAGTT
TTTTTTATTA
GGTCGTCCCT
AGAAAACAAA
BACGGTATGC
AACATCCGAG
GAGCTAATCC
AATARAACTG
TCTAGCCATA
GTTTGTTTTC
TGGCTCTGCC
BAGAGTGTTT
GCTCTTCTCT
TCTTCTTGCC
TTCCTTGATT
ATTTTTAAGT
CCCCTTCCTT
CGCATCCGGT
TAAGAAGATC
AACAGCACAA
TTGTACATTT
CCACCATCGC

AGGTGAGAAT

22
AGGTAGACTT

AGCACTAGGA
TGGCCGGAAT
GAATATATCT
CCTGATCGTG
TCGTGCAAAT
TGTAATAAGC
TTTTTCCCAT
TACTAGCCCT
CCTAGGGTAT
CACCCGCGCC
TGAGCCATCA
GAGCAAGGAA
GCCATCATGC
CTTCACATGA
ATTGGTTATA
AGCTTACGGA
ACCCTGTCAT
TTTTTTTCTT
TATCCTTGGG
TTATGTATTT
ATCAARTGCTT
GTTATATACT
ATTATTACRA
ACACTGTCAT
GAAACGTGCG
CAARGTCATT

GTGGGTTTTT

49

0
CATCTTGACC

TGATAGAGAT
CGGCAACATC
TCGGTATCGT
ACCTAGACCT
AACAGACGCA
AAACAAGCAC
TTGCTAATTT
AACCCTGACT
ATCTCACTCT
TTCCTCAACC
CCCACCCCAC
TTACCATCAC
AAGCGTGTAT
TGAAGAAGGT
TTACGCTTTT
CCTATTGCCA
TCTAGTATTT
GTTACTTTTT
TTCTTICTTTC
TGGTAGATTC
GCTGTCAGRA
CGTCGTGCAT
ACACAACTGC
GAGGACCATC
CCCTTCAAGG
GCGGAAAACA

GATGAAAAGA

CATCAACCCC
AATATAGTAC
CCTAGAATTG
AARGATGTGA
TAGTGGCARA
GCAGCAAGTA
GAATGGGGAA
AGAATTTAAA
TCGTTTCTAT
GTACGTTACA
CAGGCACCGC
CCGTTGATGA
CGTCACCATC
CTTCTAAGAT
TTGAGTATGC
GCGGCGAGGT
TTGTTATTCC
TTTTTTTTTT
TTCTAGTTTT
TACTCCTTTA
AATTCTCTTT
GATTAACAAG
ATAAAATTTT
ACTCAAAGAT
CTATCAGARG
TTACAGTGAT
CAGAATTGCA

TCGGCGACGA

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
14490
1500
1560
1620

1680



WO 98/ 21339 .
Ser Val Tyr Ay Thr Qu Al a Val Phecthrsefsp@esd y Asp

PCT/ US9 %@ 0891339

Asp Thr Pro 225 230 235

240 Trp Ser Lys Ala Phe Leu Ala Ser Ala Tyr Ala Ser Arg Ay Leu Lys
245 AAATCTGACG GATATQMIAA ATACAAGACA CCAGAACGTRFBATATCTAC ISPATRTEGAYA7Thr Ser dy
Thr Ay Y. 60

255 vecRecttit AftrkGiFanttergliicafise wsomas caiPT et u sor avg

Cys Il ecttrertite Akuarcccrc ATCAATTTTT ACCRAACATA GTCAAACAAT TGCRNHECCA 1860

285
290

Lys G

CGTEGCCCCT
TGTGCAATTG
TGGTGCARAC
CCABCTACCA
GCTGTTCCAC
TGCCGGTGCC
GGGTAACAAT
TAGAATGTTT
AGATCTGATC
GACCGGTAAG
GATAATCACA
CCCAATTATT
CGGAGATGAT
TCTGATCTTT
CAACTACTAC
AATCTATCAT
TTTACATATC
TAATCGCCAT

CTGCAG

Ala Ay

gATGTg@ﬁ;G
CTATCCTCCT
TTGGCACCGG
AAGGATTATC
AGACCTTACT
TTGAAGAACG
GCCTCCGCAG
TTCCCAGAAT
ACCACCTGCT
TCAGCCTTGG
TGCAGAGAAG
CGAGGCAGTC
TGAAGAGCTA
CCTGTTGCCT
TAGTAACATT
TAACGTTAAT
ACATCACCGT

AARCCTTTTCT

Val dn
CCATCTCGTG

ATGTTACTGA
AAGTGGCCAA
AAGGTGATGG
TCCACGTCAA
TCGTGGCACT
CCATTCARAG
CCAAAGTCGA
CAGGCGGTAG
AAGCAGAARA
TTCACGAGTG
TACCAGATAG
GACATCGATG
CTTTTTCCCC
ACTACAGTTA
TTCTATATAT
TAATGAAAGA

GTTATCTATA

gy

TCTAARRGGE (RFCGAGTTGG

TGAGTTAGGA
GGAGCATTGG
CAAGGATGTA
TGTCATCGAT
TGCATGTGGT
GCTGGGTTTA
GACCTACTAT
ARACGTCARAG
GGAATTGCTT
GCTACARACA
TCTACAACAA
ACGAATAGAC
CAACCAATTT
TTATAATTTT
ACATAACTAC
TACGACACCC

GCCCTTAAAG

ATCCAATGTG
TCCGAAACCA
GATCATAAGA
GATGTTGCTG
TTCGTAGRAG
GGTGAAATTA
CAAGAATCCG
GTTGCCACAT
AACGGTCAAT
TGTGAGTTGA
CGTCCGCATG
ACTCTCCCCC
ATCATTATAC
CTATTCTCTT
CATTATACAC
TGTACACTAA

CTGTTTCTTC

Leu Gn Asn Ay Al a Vval

GCTCCRAGGG
GCGCACTATC
CCGTGGCTTA
TTTTGAAATT
GTATATCCAT
GTATGGGATG
TCAAGTTCGG
CTGGTGTTGC
ACATGGCCAA
CCGCCCAAGG
CCCAAGAATT
GAAGACCTAC
cceereececce
ACAAGTTCTA
TTTCTTTAAG
GCTATTATCG
CACAATTAAA

GAGCTTTTCA

Ser Cys Ile
1920

1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940

2946

(2) INFORMATION FOR SEQ ID NO:7:

(i) SEQUENCE CHARACTERISTICS:

(A} LENGTH: 3178 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
ORIGINAL SOURCE:
(A} ORGANISM:

(vi)
GUT2
(xi)

SEQUENCE DESCRIPTION: SEQ ID NO:7:

CTGCAGRAACT TCGTCTGCTC TGTGCCCATC CTCGCGGTTA GAARAGARAGCT GAATTGTTTC 60

ATGCGCAAGG GCATCAGCGA GTGACCAATA ATCACTGCAC TAATTCCTTT TTAGCAACAC 120

ATACTTATAT ACAGCACCAG ACCTTATGTC TTTTCTCTGC TCCGATACGT TATCCCACCC 180

AACTTTTATT TCAGTTTTGG CAGGGGAAAT TTCACAACCC CGCACGCTAA

50

AAATCGTATT 240



Gy-Met Thr Ay Ala Va

310

Leu Asp Leu Qu Va

330

Ala Arg_Thr

350
355
Phe
380
385

WO 98/21339

Leu

315
335

Pro Ser Gy Ile Arg Ala Val

Ala Ser Ala Asn Asp
G@n Thr

Phe

320
Ser

Leu Ala Qu

Asn |pET/0892/20992 Ser_

325

305
Met

Hs Ser Asp Ile Arg Arg Thr

340 3
ARG T ACISBACASE CCRGNATRGE SRASTRIGET | MG PORF TR, 390 Al a val

CCCTTATCTT GACCG3&ETA TTGCCATCAC TGCTACAAG;&Gé_)PAAATACGg 7A:&FrQAﬁ§r§1TTyr360~Sp Asn Met

Ala Ay Ser Asn Phe Asp

a du

375

GTTTTP@@AAQ@WMy@AG@ﬁcqueTcLCe\GCGCﬁ PCHTREHA LRGCOAIGEYal 428p Gy Gy
9 9 400
BT AP AR TTOM TAGLESTARCRCATMRPG AGORENSFR o 450

Leu Ar gcﬁegr%c

405
Val
425

CATGGTGCAA

Phe Arg Gu

GTCTGGACAA
GATGTGCCCT
TTGCCTCGGG
RAGAAGGCCTT
AGCGTAAACA
CCATCTACAG
TTGGCGGTTC
AGGCTCCCAT
TTAACGACTC
TCTTGATCTA
GTGCCGAGGC
TCAATGCCAC
TGCCGGACTC
TCATGGACCC
ACTCCCCGAA
TTTTACCTTG
CAGAAAACCC
ATARTCGAATT
TGGTCAGAGA
TGGTAAGATC
AATGGACTAC
GATTCCACAA
GGACGCAAAR
ACTACTTGGT
CCATGGAAAA
GCGAGGAGAA
TAAAGTATTC

CAAGATTCGC

rrcccdidétc coecTecace GGCAGGTCTélihGACGAGAC/ﬁT@cfﬁdicéN ashhe Gn Ala

Leu Gy
GACGCATH@

AGATGCTGCG
AACGTCGTCC
CTGGGAGTTC
TCTTATCAAC
CACCTGGCAG
CCAAAACTTG
GCTTACCACA
GCGTTTGAAC
TGTCGAGGTA
CCGGGACGTT
GGGCCCATAC
CCCGCTARAC
GAAAATGGTC
GGATATGGGT
GCAGGGCAAA
TATGCCTACA
CCCCGTGAAA
TCCACGTACA
CCACTTCTTG
TTACAGACAA
CCTGAAACCT
CTATGTGGCT
TCAARACTAC
TARACTGCCT
CAACTTGGTC
CATGCAGTAC

CTTCTTGGAC

TTCGACGTGT
ACCAGGGGAC
ARAATCTACCA
TCCAAGGCAC
ACTGCCCCTC
GTCCCGTACA
ARARBATCAT
GACAATTTAA
GCCACTTTAG
CARAAATTGA
GAGACTAATG
AGTGACGCCA
GACAACTCCA
ATCCCATCTA
TTGTTGGACG
GTCCTTGCCG
GAGGCTGATA
AGAGAAGACG
ATCCCCGCAG
TTCACTTCGG
ATGGCTGAGG
TGTCACACAA
TTATTGGCTC
GGAACCCGTT
TTGTCCTTAG
AATTTTGATA
GAATATTGTA

GCCAAGGAAG

Leu Pro Pro Ile

TGATCATCGG
TCAATGTGGC
AGATGATTCA
AACTGGATCT
ACCTGTGCAC
TCTATATGGG
ACCTACTGTC
BGGCCTCGCT
CCATCACGGG
TCABRGACCC
AGCTTGTCAG
TTTTGCAAAT
AGATCAAGTC
TTGGCGTTCA
TCAGAACCTC
GCACCACAGA
TTCAAGATAT
TGCTAAGTGC
ACGGGAAGARA
ATAATGGCCT
AAACAGTCGA
GAGATATTAA
AAARCTACCA
CCTCTATCAT
CCGACAAGGA
CTTTCAGATA
GAACTCCCTT

CTTTGAATGC

51

TGGCGGGGCC
CCTTGTTGAA
CGGTGGGGTG
GGTCATCGAG
GGTGCTACCA
CIGTAAATTC
CARAATCCGCC
TGTGTACCAT
TGTGGAGAAC
AACTTCTGGT
AATCAACGCT
GGACCGCAAC
GACTTTCAAT
CATCGTATTG
TGATGGCAGA
CATCCCACTA
CTTGAARGAA
ATGGGCTGGT
GGGCTCTGCC
AATTACTATT
CAAAGTTGTC
GCTTGCTGGT
TTTATCATCA
TTGCGAATTT
ARATAACGTA
TCCATTCACA
GGACTTCCTT

CGTGCATGCC

ACGGGGACAG
AAGGGGGATT
CGGTACTTAG
GCACTCAACG
ATTCTGATCC
TACGATTTCT
ACCGTGGAGA
GATGGGTCCT
GGCGCTACCG
AAGGTTATCG
AAATGTGTGG
CCATCCGGTC
CARATCTCCG
CCCTCTTTTT
GTGATGTTCT
AAGCAAGTCC
CTACAGCACT
GTCAGACCTT
ACTCAGGGCG
GCAGGTGGTA
GAAGTTGGCG
GCAGAAGAAT
ARARTGTCCA
TTCAAAGAAT
ATCTACTCTA
ATCGGTGAGT
TTAAGAAGAR

ACCGTCAAAG

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160

2220



Ala Asp Au G u Val

435 WO 98/21339 440 445 Met  Precios7AbmzAsn val
Val Qu Asp Leu Ser Ala Val GQu Gu Mt 450 455
460 Met Lys Arg Asn Ile Thr Ay Leu Asp Ile Val Ay Ala Leu Ser Arg
465 470 475 480
Ser Gy TRBCEETGA AFHCTT@AN TECTEICARK AAPGCEE CASFEARETT EE@AAB@‘GG 7280
485 %?A% 493 A X Th y Asp Tyr
TRARCTICAT CCAA GT TTCGGIGTGT ceatCh Yearacrran S5&hc 8% L34
Leu Gn ST AR el ﬁ\s CAM%J
505 . GATAACATTC ACARGAGI@A TAATAATGE‘hQA&MGMﬂA AYEATAREAA %@AH@AATASﬂoﬁSD Ile Asn
Asp Tyr An dy Pro 515 520
525 ARCARTAATH TAGY §ETEG rTAAFGHFCARE GRBRTCALEA CIATTAFGTAT A BT TACEATAR u24d0e Lys Asn
530 ?)‘33 2AQ, I!s mo a %al Val dn
56 GIT QARG T ABARAAACTA CAAAAATA GAA A~ ¥52
Pro Asp pAFRCE q:%ﬁm & > 555
GGTAATAGAC TCTACTACTA CAATTGATCT TCARATTATG ACCTTCCTAG TGTTTATATT 2580
CTATTTCCAA TACATAATAT AATCTATATA ATCATTGCTG GTAGACTTCC GTTTTARATAT 2640
CGTTTTAATT ATCCCCTTTA TCTCTAGTCT AGTTTTATCA TAAARATATAG ARACACTAAA 2700
TAATATTCTT CAAACGGTCC TGGTGCATAC GCAATACATA TTTATGGTGC AARAAAAAAA 2760
ATGGAAAATT TTGCTAGTCA TAAACCCTTT CATAAAACAA TACGTAGACA TCGCTACTTG 2820
AAATTTTCAA GTTTTTATCA GATCCATGTT TCCTATCTGC CTTGACAACC TCATCGTCGA 2880
AATAGTACCA TTTAGAACGC CCAATATTCA CATTGTGTTC AAGGTCTTTA TTCACCAGTG 2940
ACGTGTAATG GCCATGATTA ATGTGCCTGT ATGGTTAACC ACTCCAAATA GCTTATATTT 3000
CATAGTGTCA TTGTTTTTCA ATATAATGTT TAGTATCAAT GGATATGTTA CGACGGTGTT 3060
ATTTTTCTTG GTCAAATCGT AATAABATCT CGATARATGG ATGACTAAGA TTTTTGGTAA 3120
AGTTACAAAA TTTATCGTTT TCACTGTTGT CAATTTTTTG TTCTTGTAAT CACTCGAG 3178
(2)  INFORMATION FOR SEQ ID NO:8:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: B16 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(vi) ORIGINAL SOURCE:
(A) ORGANISM: GPP1
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
ATGAAACGTT TCAATGTTTT AAAATATATC AGAACAACAA AAGCAAATAT ACAAACCATC 60
GCAATGCCTT TGACCACAAA ACCTTTATCT TTGAAAATCA ACGCCGCTCT ATTCGATGTT 120
GACGGTACCA TCATCATCTC TCAACCAGCC ATTGCTGCTT TCTGGAGAGA TTTCGGTARA 180
GACAAGCCTT ACTTCGATGC CGAACACGTT ATTCACATCT CTCACGGTTG GAGAACTTAC 240
GATGCCATTG CCAAGTTCGC TCCAGACTTT GCTGATGAAG AATACGTTAA CAAGCTAGAA 300
GGTGARATCC CAGABRAAGTA CGGTGAACAC TCCATCGAAG TTCCAGGTGC TGTCAAGTTG 360
TGTAATGCTT TGAACGCCTT GCCAAAGGAA AAATGGGCTG TCGCCACCTC TGGTACCCGT 420
GACATGGCCA AGAAATGGTT CGACATTTTG AAGATCAAGA GACCAGAATA CTTCATCACC 480
GCCAATGATG TCAAGCAAGG TAAGCCTCAC CCAGAACCAT ACTTAAAGGG TAGAAACGGT 540

52

Gu Ala Ala Thr Tyr Ala Hs Sly Ser Asn Qu



79 - WO 98/ 21339 '

PCT/ USO e 82339 (2) | NFORVATI ON FOR SEQ | D NO 35:pCT/US97/20292 (1)
SEQUENCE CHARACTERI STI CS: : (A) LENGTH 194 am no acids
(B) TYPE: am no acid (C) STRANDEDNESS: unknown

(D) TOPTIRCEYTTUNKMFRARTGA ACARGACCCA( TGOAAAREIAERSGTECTIGPECTTTRRAGAE] n 600

GCACCAGCTG GTATTGCTGC TGGTAAGGCT GCTGGCTGTA AAATCGTTGG TATTGCTACC 660
ACTTTCGATT TGGACTTCTT GAAGGAAAAG GGTTGTGACA TCATTGTCAA GAACCACGAA 720
TCTATCAGAG TCGGTGAATAR CAACGCTGAA ACCGATGAAG TCGAATTGAT CTTTGATGAC 180
TACTTATACG CTAAGGATGA CTTGTTGAAA TGGTAA 816
(2) INFORMATION FOR SEQ ID NO:9:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 753 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(vi) ORIGINAL SOURCE:
(A) ORGANISM: GPP2
(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:9:
ATGGGATTGA CTACTAAACC TCTATCTTTG AAAGTTAACG CCGCTTTGTT CGACGTCGAC 60
GGTACCATTA TCATCTCTCA ACCAGCCATT GCTGCATTCT GGAGGGATTT CGGTAAGGAC 120
AAACCTTATT TCGATGCTGA ACACGTTATC CAAGTCTCGC ATGGTTGGAG AACGTTTGAT 180
GCCATTGCTA AGTTCGCTCC AGACTTTGCC AATGAAGAGT ATGTTAACAA ATTAGAAGCT 240
GAAATTCCGG TCAAGTACGG TGAAAAATCC ATTGAAGTCC CAGGTGCAGT TAAGCTGTGC 300
ARACGCTTTGA ACGCTCTACC AAAAGAGAAA TGGGCTGTGG CAACTTCCGG TACCCGTGAT 360
ATGGCACAAA AATGGTTCGA GCATCTGGGA ATCAGGAGAC CAAAGTACTT CATTACCGCT 420
AATGATGTCA AACAGGGTAA GCCTCATCCA GAACCATATC TGAAGGGCAG GAATGGCTTA 480
GGATATCCGA TCAATGAGCA AGACCCTTCC AAATCTAAGG TAGTAGTATT TGAAGACGCT 540
CCAGCAGGTA TTGCCGCCGG AAAAGCCGCC GGTTGTAAGA TCATTGGTAT TGCCACTACT 600
TTCGACTTGG ACTTCCTAAR GGAAARAAGGC TGTGACATCA TTGTCAAARA CCACGAATCC 660
ATCAGAGTTG GCGGCTACAR TGCCGABACA GACGAAGTTG AATTCATTTT TGACGACTAC 720
TTATATGCTA AGGACGATCT GTTGAAATGG TAA 753
(2) INFORMATION FOR SEQ ID NO:10:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2520 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{(ii) MOLECULE TYPE: DNA (genomic)
(vi) ORIGINAL SOURCE:

(B)

ORGANISM:

GUT1

53



(vi)

SEQUENCEy, kTI ON: SEQ | D NO: 35: Met Gn An Thertlbvsdsr |1e An

Pro Ser Phe Thr Leu Lys Thr Arg 1 5

10 15 Gu @y Ay Val Ala Ser Ala Asp u Arg Ala

Asp G u Val Val (ke seouence pescripTION20SEQ ID NO:10: 25

30 Gy Val Ay Pro Ala Phe Asp Lys HHs G n His Hs Thr Leu Ile Asp

35 TGTATTGGCC ACGATARCCA CCCTTTGTAT ACTGTTTTTSITTTTCACARSSTIMGAM s GFY Ala Il e

co R AP R R R L PRI TR S0 s val

65 GTAATTCTTC TCTTCTRATT GGAGTAAAAC CATCAATTARSAGGGTGTGGA GTAGCATAGT 8080 Ser

Phe Met Ala Trp Asp Ala Ala Asn Leu Ser Ay Ser Ay Ile Ay

85 GAGGGGCTGA CTGCAJHGAC AARAARATTG AAAAAAAARBTRGGAAARGGR|PBGEAARRRA e & Ser Lys

Ay Thr I c¥@n BhErrthReChSb AT fhcBSPotafthana T6TGGEGGEA TecCTeTICT 300
CGAACCATAT AAAATATACC ATGTGGTTTG AGTTGTGGCC GGAACTATAC AAATAGTTAT 360
ATGTTTCCCT CTCTCTTCCG ACTTGTAGTA TTCTCCAAAC GTTACATATT CCGATCAAGC 420
CAGCGCCTTT ACACTAGTTT AAAACAAGAA CAGAGCCGTA TGTCCAAAAT AATGGAAGAT 480
TTACGAAGTG ACTACGTCCC GCTTATCGCC AGTATTGATG TAGGAACGAC CTCATCCAGA 540
TGCATTCTGT TCAACAGATG GGGCCAGGAC GTTTCAAAAC ACCAAATTGA ATATTCAACT 600
TCAGCATCGA AGGGCAAGAT TGGGGTGTCT GGCCTAAGGA GACCCTCTAC AGCCCCAGCT 660
CGTGAAACAC CAAACGCCGG TGACATCAAA ACCAGCGGAA AGCCCATCTT TTCTGCAGAR 720
GGCTATGCCA TTCAAGAAAC CAAATTCCTA AAAATCGAGG AATTGGACTT GGACTTCCAT 780
AACGAACCCA CGTTGAAGTT CCCCAAACCG GGTTGGGTTG AGTGCCATCC GCAGAAATTA 840
CTGGTGAACG TCGTCCAATG CCTTGCCTCA AGTTTGCTCT CTCTGCAGAC TATCAACAGC 900
GAACGTGTAG CAAACGGTCT CCCACCTTAC AAGGTAATAT GCATGGGTAT AGCAAACATG 960
AGAGAAACCA CAATTCTGTG GTCCCGCCGC ACAGGAAAAC CAATTGTTAA CTACGGTATT 1020
GTTTGGAACG ACACCAGAAC GATCARRATC GTTAGAGACA BATGGCAAAA CACTAGCGTC 1080
GATAGGCAAC TGCAGCTTAG ACAGAAGACT GGATTGCCAT TGCTCTCCAC GTATTTCTCC 1140
TGTTCCAAGC TGCGCTGGTT CCTCGACAAT GAGCCTCTGT GTACCAAGGC GTATGAGGAG 1200
AACGACCTGA TGTTCGGCAC TGTGGACACA TGGCTGATTT ACCAATTAAC TAARCAAAARG 1260
GCGTTCGTTT CTGACGTAAC CAACGCTTCC AGAACTGGAT TTATGAACCT CTCCACTTTA 1320
AAGTACGACA ACGAGTTGCT GGAATTTTGG GGTATTGACA AGAACCTGAT TCACATGCCC 1380
GRAATTGTGT CCTCATCTCA ATACTACGGT GACTTTGGCA TTCCTGATTG GATAATGGAAR 1440
AAGCTACACG ATTCGCCAAA AACAGTACTG CGAGATCTAG TCARGAGAAA CCTGCCCATA 1500
CAGGGCTGTC TGGGCGACCA AAGCGCATCC ATGGTGGGGC AACTCGCTTA CARACCCGGT 1560
GCTGCAAAAT GTACTTATGG TACCGGTTGC TTTTTACTGT ACARTACGGG GACCAAAARA 1620
TTGATCTCCC AACATGGCGC ACTGACGACT CTAGCATTTT GGTTCCCACA TTTGCAAGAG 1680
TACGGTGGCC AAAAACCAGA ATTGAGCAAG CCACATTTTG CATTAGAGGG TTCCGTCGCT 1740
GTGGCTGGTG GTGTGGTCCA ATGGCTACGT GATAATTTAC GATTGATCGA TARATCAGAG 1800
GATGTCGGAC CGATTGCATC TACGGTTCCT GATTCTGGTG GCGTAGTTTT CGTCCCCGCA 1860
TTTAGTGGCC TATTCGCTCC CTATTGGGAC CCAGATGCCA GAGCCACCAT AATGGGGATG 1920

ORI G NAL SOURCE:

(A) ORGANI SM DHAB2
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100 - - 105 110 Leu Pro Leu Ser Asn Leu
A u Leu ™o888339G n Ala Pro Leu Leu Thr 115 PCTAUS97/20292

120 125 Leu Gu Thr Tyr Arg An lle Gy Lys Asn Al a
Ala Arg Tyr Al a Argg 130 135 140
Lys G uTSEPABIGR SEACTSFET G/aFAMT 6C0Fa PCARSICH S THRCEIGT TRACTVRIARAr P80 145

150 5% cLER: Pilch¥fcPhg et Ala Lys
GCCAGGGCTA TCTTG AATGAGTTCT GACGCGTTT AAGGTTC G G 4
Ala Ala Leu Phe chs IAfle Lys é u Thr Lys ' 16%{E

170 GACTTTTTAG AGGARATTE: CGACGTCAdirS TMEHAAMEAT GheTcABErcAberTCresd®r c2ial Thr Leu

Hs Ile Asp Leu Val 180 185
160  CTOGRTEGRY GOATSTCOAY STCTAMREAARRRGATERMECRBREFT® RIBSSEACET 2160 (i)

SEQUENCE LHARNGT BRETRREARS cTcTcceaca ceaeaaTeTa CAYCARFRNET Ehcatdfu@m s aci ds
(B) TYPE: amno acid

GCAGCCAATR TGGCTTTCAA GGATGTGAAC GAGCGCCCAT TATGGAAGGA CCTACACGAT 2280
GTTAAGAAAT GGGTCTTTTA CAATGGAATG GAGAAAAACG AACAAATATC ACCAGAGGCT 2340
CATCCAAACC TTAAGATATT CAGAAGTGAA TCCGACGATG CTGAAAGGAG AAAGCATTGG 2400
AAGTATTGGG AAGTTGCCGT GGAAAGATCC AAAGGTTGGC TGAAGGACAT AGAAGGTGAA 2460
CACGAACAGG TTCTAGAAAA CTTCCAATAA CAACATAAAT AATTTCTATT AACAATGTAA 2520
(2} INFORMATION FOR SEQ ID NO:11:
(1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 391 amino acids
(B} TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: wunknown
(ii) MOLECULE TYPE: protein

(vi) ORIGINAL SOURCE:
(A) ORGANISM: GPD1

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1X:

Met Ser Ala Ala Ala Asp Arg Leu Asn Leu Thr Ser Gly His Leu Asn
1 5 10 15

Ala Gly Arg Lys Arg Ser Ser Sex Ser Val Ser Leu Lys Ala Ala Glu
20 25 30

Lys Pro Phe Lys Val Thr Val Ile Gly Ser Gly Asn Trp Gly Thr Thr
35 40 45

Ile Ala Lys Val Val Ala Glu Asn Cys Lys Gly Tyr Pro Glu Val Phe
50 55 60

Ala Pro Ile Val Gln Met Trp Val Phe Glu Glu Glu Ile Asn Gly Gilu
65 70 75 80

Lys Leu Thr Glu Ile Ile Asn Thr Arg His Gln Asn Val Lys Tyr Leu
85 90 95

Pro Gly Ile Thr Leu Pro Asp Asn Leu Val Ala Asn Pro Asp Leu Ile
100 105 110

Asp Ser Val Lys Asp Val Asp Ile Ile Val Phe Asn Ile Pro His Gln
115 120 125

Phe Leu Pro Arg Ile Cys Ser Gln Leu Lys Gly Ris Val Asp Ser His
130 135 140

Val Arg Ala Ile Ser Cys Leu Lys Gly Phe Glu Val Gly Ala Lys Gly
145 150 155 160
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(C) STRANDEDNESS: unknown (D TOPOLOGY: unknown

(i) MWwbGkB3IYPE: protein (vi) ORI G NAL $Q9nso7/20292 ]
(A) ORGANI SM DHAB3 - 80 WO
98/ 21339 PCT/ US97/ 20292

(xi) SEQUENGE BESGRhFELGN: SSEQv DIRCIEE61u Glu LeuMiy Ser GGk €ykys Thr Met
Arg Val G n Asp Tyr Pro L¥? Ala Thr Arg 170 1 175 g5

10 Gly Ala Leuléér Gly Ala Asn Ile Ala Thr Glu Val Ala Gln Glu His
180 185 190

Trp Ser Glu Thr Thr Val Ala Tyr His Ile Pro Lys Asp Phe Arg Gly
195 200 205

Glu Gly Lys Asp Val Asp His Lys Val Leu Lys Ala Leu Phe His Arg
210 215 220

Pro Tyr Phe His Val Ser Val Ile Glu Asp Val Ala Gly Ile Ser Ile
225 230 235 240

Cys Gly Ala Leu Lys Asn Val Val Ala Leu Gly Cys Gly Phe Val Glu
245 250 255

Gly Leu Gly Trp Gly Asn Asn Ala Ser Ala Ala Ile Gln Arg Val Gly
260 265 270

Leu Gly Glu Ile Ile Arg Phe Gly Gln Met Phe Phe Pro Glu Ser Arg
275 280 285

Glu Glu Thr Tyr Tyr Gln Glu Ser Ala Gly Val Ala Asp Leu Ile Thr
290 295 300

Thr Cys Ala Gly Gly Arg Asn Val Lys Val Ala Arg Leu Met Ala Thr
305 310 315 320

Ser Gly Lys Asp Ala Trp Glu Cys Glu Lys Glu Leu Leu Asn Gly Gln
325 330 335

Ser Ala Gln Gly Leu Ile Thr Cys Lys Glu Val His Glu Trp Leu Glu
340 345 350

Thr Cys Gly Sexr Val Glu Asp Phe Pro Leu Phe Glu Ala Val Tyr Gln
355 360 365

Ile Val Tyr Asn Asn Tyr Pro Met Lys Asn Leu Pro Asp Met Ile Glu
370 375 380

Glu Leu Asp Leu His Glu Asp
385 390

(2) INFORMATION FOR SEQ ID NO:12:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 384 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: protein

{vi) ORIGINAL SOURCE:
(A) ORGANISM: GPD2

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

Met Thr Ala His Thr Asn Ile Lys Gln His Lys His Cys His Glu Asp
1 ’ 5 10 15

His Pro Ile Arg Arg Ser Asp Ser Ala Val Ser Iie Val His Leu Lys
20 25 30
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Cys ‘Pro Au Hs Ile Leu Thr Pro Thr Gy Lys Pro Leu Thr Asp Ile

20 WO 98/21339 25 30 Thr Le‘UP L%”Val Leu
Ser Ay Qu Vval Ay ProGnAspVaI Arg : 35

40 45 Ser ArgGInThr Leu Gu yr GInAIaGIn
lle Ala d u P@gnAJmEIl;;o Phe Lys Va156hr Val Ile Gly Ser Gly n Trp G 60
GInHisAIaVaIAIaArgAsnPheArgArgAlaAlaGluLeuIIeAIa 65
70 Thr Ile Ala A%s Val Ile Ala Glu Asn TS Glu Leu Hilsl SerPHOsA3p G u Arg Il e
Leu Ala Ile TyrS®Asn Ala Leu Arg5Pro Phe 60 85

90 95 ArgSeraCS}SrGlnAl a Gu.leuleu Ala lle Ala
Asp G u LeuT%?euGH sl’*ro Glu Vval Arg Met Trp \i Phe Asp Glu Lys Ile Gib so

110 r Trp Hs Al a Thr Val Asn Al a AIa Phe Val Arg Gu Ser Ala Qu
115 Glu Asn Led2fhr Asp Ile Ile Asn Thr AZD Ris Gln Asvalallyps@ye G n Arg Hi s
Lys Leu Arg Lys Ay Ser 85 130 90 13595

140

Leu Pro Asn Ile Asp Leu Pro His Asn Leu Val Ala Asp Pro Asp Leu
100 105 110

Leu His Ser Ile Lys Gly Ala Asp Ile Leu Val Phe Asn Ile Pro His
115 120 ’ 125

Gln Phe Leu Pro Asn Ile Val Lys Gln Leu Gln Gly His Val Ala Pro
130 135 140

His Val Arg Ala Ile Ser Cys Leu Lys Gly Phe Glu Leu Gly Ser Lys
145 150 155 160

Gly Val Gln Leu Leu Ser Ser Tyr Val Thr Asp Glu Leu Gly Ile Gln
165 ) 170 175

Cys Gly Ala Leu Ser Gly Ala Asn Leu Ala Pro Glu Val Ala Lys Glu
180 185 190

His Trp Ser Glu Thr Thr Val Ala Tyr Gln Leu Pro Lys Asp Tyr Gln
195 200 205

Gly Asp Gly Lys Asp Val Asp His Lys Ile Leu Lys Leu Leu Phe His
210 215 220

Arg Pro Tyr Phe His Val Asn Val Ile Asp Asp Val Ala Gly Ile Ser
225 230 235 240

Ile Ala Gly Ala Leu Lys Asn Val Val Ala Leu Ala Cys Gly Phe Val
245 250 255

Glu Gly Met Gly Trp Gly Asn Asn Ala Ser Ala Ala Ile Gln Arg Leu
260 265 270

Gly Leu Gly Glu Ile Ile Lys Phe Gly Arg Met Phe Phe Pro Glu Ser
275 280 285

Lys Val Glu Thr Tyr Tyr Gln Glu Ser Ala Gly Val Ala Asp Leu Ile
290 285 300

Thr Thr Cys Ser Gly Gly Arg Asn Val Lys Val Ala Thr Tyr Met Ala
305 310 315 320

Lys Thr Gly Lys Ser Ala Leu Glu Ala Glu Lys Glu Leu Leu Asn Gly
325 330 335

Gln Ser Ala Gln Gly Ile Ile Thr Cys Arg Glu Val His Glu Trp Leu
340 345 350

Gln Thr Cys Glu leu Thr Gln Glu Phe Pro Ile Ile Arg Gly Ser Leu
' * 355 360 365

Pro Asp Ser Leu Gln Gln Arg Pro His Gly Arg Pro Thr Gly Asp Asp
370 375 380

57



(2) | NFORVATI ON'FOR SEQ I'D NO 37: (i) SEQUENCE

CHARACT BEilo9312 &3 (A) LENGTH. 3B7 ami no aaiTiss97/20292 )
(B) TYPE: am no acid (C) STRANDEDNESS: unknown

(D TOPOLOGY: unknown (ii) MOLECULE TYPE: protein

(vi) ORI G NAR) SOIJﬁnEMATION FOR SEQ ID No-13(A) ORGANI SM DHAT - (xi)
SEQUENCE DESCRI PTI ON: Met Ser Tyr Arg Met Phe Asp Tyr
Leu Val Pro Asn VA CTERIﬁnTLfSacid 5 :

10 . TYPE OEEQdAsn Alalle Ser val Val Ay Gu Arg
Cys An Leu Leu Ay (¢) STRANDE.DNESS: urdown 25

30 Ay Lys Lys (B ardpeuodYeu Wehowhr Asp Lys Ay Leu Arg Ala |Ile Lys
35 5

40
(ii) MOLECULE TYPE: protein

(vi) ORIGINAL SOURCE:
(A) ORGANISM: GUT2

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

Met Thr Arg Ala Thr Trp Cys Asn Ser Pro Pro Pro Leu Ris Arg Gln
1 5 10 15

Val Ser Arg Arg Asp Leu Leu Asp Arg Leu Asp Lys Thr His Gln Phe
20 25 30

Asp Val Leu Ile Ile Gly Gly Gly Ala Thr Gly Thr Gly Cys Ala Leu
35 40 45

Asp Ala Ala Thr Arg Gly Leu Asn Val Ala Leu Val Glu Lys Gly Asp
50 55 60

Phe Ala Ser Gly Thr Ser Ser Lys Ser Thr Lys Met Ile His Gly Gly
65 70 75 80

Val Arg Tyr Leu Glu Lys Ala Phe Trp Glu Phe Ser Lys Ala Gln Leu
85 S0 95

Asp Leu Val Ile Glu Ala Leu Asn Glu Arg Lys His Leu Ile Asn Thr
100 : 105 110

Ala Pro His Leu Cys Thr Val Leu Pro Ile Leu Ile Pro Ile Tyr Ser
115 120 125

Thr Trp Gln Val Pro Tyr Ile Tyr Met Gly Cys Lys Phe Tyr Asp Phe
130 135 140

Phe Gly Gly Ser Gln Asn Leu Lys Lys Ser Tyr Leu Leu Ser Lys Ser
145 150 158 160

Ala Thr Val Glu Lys Ala Pro Met Leu Thr Thr Asp Asn Leu Lys Ala
165 170 175

Ser Leu Val Tyr His Asp Gly Ser Phe Asn Asp Ser Arg Leu Asn Ala
180 185 190

Thr Leu Ala Ile Thr Gly Val Glu Asn Gly Ala Thr Val Leu Ile Tyr
195 200 205

Val Glu Val Gln Lys Leu Ile Lys Asp Pro Thr Ser Gly Lys Val Ile
210 215 220

Gly Ala Glu Ala Arg Asp Val Glu Thr Asn Glu Leu Val Arg Ile Asn
225 230 235 240

Ala Lys Cys Val Val Asn Ala Thr Gly Pro Tyr Ser Asp Ala Ile Leu
’ 245 250 255

Gln Met Asp Arg'Asn Pro Ser Gly Leu Pro Asp Ser Pro Leu Asn Asp
260 265 270
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Asp‘dy Ala Val Asp Lys Thr Leu H's Tyr Leu Arg Qu Ala Ay Ille

50 WO 98/21339 55 60 A u VRCTHSR7R9282Phe Asp
Gy Val Qu Pro Asn Pro Lys Asp Thr Asn 65 70

75 80 Val ArgAAs‘P GI}/ Leu Ala Val Phe Arg Arg Gu
Adn Cys Asp AspeSen %gs Ile Lys Ser Thr ng sn ln85 e Ser V;é Met Asp Prog

95 Val Thr @Al GIyGIyGIy§er Pro H's Asp S§ dy Lys Ay Ile Ay
100 Lys Met vall@2e Pro ser Ile Gly Vval HikOIle val Leu Pro Ser Phe

81 WO 98/ 290339 295 300

PCT/ US97/ 20292
Tyr Ser Pro Lys Asp Met Gly Leu Leu Asp Val Arg Thr Ser Asp Gly

305 310 315 320

Arg Val Met Phe Phe Leu Pro Trp Gln Gly Lys Val Leu Ala Gly Thr
325 330 335

Thr Asp Ile Pro Leu lLys Gln Val Pro Glu Asn Pro Met Pro Thr Glu
340 345 350

Ala Asp Ile Gln Asp Ile Leu Lys Glu Leu Gln His Tyr Ile Glu Phe
355 360 365

Pro Val Lys Arg Glu Asp Val Leu Ser Ala Trp Ala Gly Val Arg Pro
370 375 380

Leu Val Arg Asp Pro Arg Thr Ile Pro Ala Asp Gly Lys Lys Gly Ser
385 380 395 400

Ala Thr Gln Gly Val Val Arg Ser His Phe Leu Phe Thr Ser Asp Asn
405 410 415

Gly Leu Ile Thr Ile Ala Gly Gly Lys Trp Thr Thr Tyr Arg Gln Met
420 425 430

Ala Glu Glu Thr Val Asp Lys Val Val Glu Val Gly Gly Phe His Asn
435 440 445

Leu Lys Pro Cys His Thr Arg Asp Ile Lys Leu Ala Gly Ala Glu Glu
450 455 460

Trp Thr Gln Asn Tyr Val Ala Leu Leu Ala Gln Asn Tyr His Leu Ser
465 470 475 480

Ser Lys Met Ser Asn Tyr Leu Val Gln Asn Tyr Gly Thr Arg Ser Sex
485 490 495

Ile Ile Cys Glu Phe Phe Lys Glu Ser Met Glu Asn Lys Leu Pro Leu
500 505 510

Ser Leu Ala Asp Lys Glu Asn Asn Val Ile Tyr Ser Ser Glu Glu Asn
515 520 525

Asn Leu Val Asn Phe Asp Thr Phe Arg Tyr Pro Phe Thr Ile Gly Glu
530 535 540

Leu Lys Tyr Ser Met Gln Tyr Glu Tyr Cys Arg Thr Pro Leu Asp Phe
545 550 555 560

Leu Leu Arg Arg Thr Arg Phe Ala Phe Leu Asp Ala Lys Glu Ala Leu
565 570 575

Asn Ala Val His Ala Thr Val Lys Val Met Gly Asp Glu Phe Asn Trp
580 585 590

Ser Glu Lys Lys Arg Gln Trp Glu Leu Glu Lys Thr Val Asn Phe Ile
¢ 595 600 605

Gln Gly Arg Phe Gly Val
610
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Ile
115
Pro
140
145
Lys
165
Leu
185
Val

205
210
Leu
235

Ala Ala Thr

Hs Gu Gy Asp Leu Tyr An Tyr Ala Ay Ile Qu

WO 98/21339

Pro Il e Val

(2)

Al a Val

120

Asn Thr Thr Al a
Gy Thr Ala Ser du Val

125

INFORBIRTION FOR SEQ ID NO:14: 155
Il e Val

Val Lys Phe Val

Met Ile Ay Lys P%

Gu Ala Tyr

Met
Cly
Leu
Cys
Leu
65

Val
Pro
Glu
Gly
Glu
145
Gln
Phe
Ala

Gly

Glu
225

(1)

Ile
Ser Lys Asp Ala Asn Pro Val

(ii) DNGLECULE TYPE:

Arg Adn Ala }(ﬂl) Aé%&

SEQUENCE DESCRIPTION:

(xi)

Ser

Trp

Arg

QQUENCE CHARACTERISTICS

AR o i ¢

STRANDE
(D) TOPOLOGY:

i+

)

Thr

130

Thr Arg His Cys Val

Ser

LepcVbg97A82Pr O Leu
1

35

Leu Thr Asn Thr Qu

160

Lys Leu Pro Ser Val

Thr

Il'e Asn Asp Pro Leu

1B0

am;l,',larmGy Met Asp Ala Leu Thr His Ala

GPSA

Asn Gln Arg Asn Ala Ser Met

Thr
Trp
Asn
50

Glu
Val
Leu
Ala
Asp
130
Leu
Thr
Arg
Val
Phe
210
Met

Gly

Ser

Ala

Gly

35

Ala

Ser

Val

Met

Glu

115

Gln

Ala

Phe

Val

Lys

195

Ser

Met

Arg

5

Leu Ala
20

His Asp

Ala Phe

Asp Leu

Pro Ser
85

Arg Pro
100

Thr Gly

Ile Pro

Ala Gly

Ala Asp
165

Tyr Ser
180

Asn Val
Ala Asn
Arg Leu
Ala Gly

245

Asn Arg
260

Ile
Pro
Leu
Ala
70

His
Asp
Arg
Leu
Leu
150
Asp
Asn
Ile
Ala
Cly
230

Leu

Arg

Thr
Glu
Pro
55

Thr
Val
Ala
Leu
Ala
135
Pro
Leu
Pro
Ala
Arg
215
Ala

Gly

Phie

Leu

His

40

Asp

Ala

Phe

Arg

‘Leu

120

Val

Thr

Gln

Asp

Ile

200

Thr

Ala

Asp

Gly

drixbown

200

Thr Asp Ala Ala Ala Met A n Ala lle
Arg Leu Ile Ala Arg Asn

protein 220

LG4, SoYrcEe’ ASn

ORGANISM:

225

SEQ ID NO:14:

Thr Val Ile

Ala
25

Ile
Val
Leu
Gly
Leu
105
Gln
Ile
Ala
Gln
Phe
185
Gly
Ala
Leu

Leu

Met
265

60

10

Arg

Ala

Pro

Ala

Glu

90

Val

Asp

Ser

Ile

Leu

170

Ile

Ala

Leu

Gly

Val

250

Met

Asn

Thr

Fhe

Ala

75

Val

Trp

Val

Gly

Ser

155

Leu

Gly

Gly

Ile

Ala.

235

Leu

Leu

Gly
Gly
Leu
Pro
60

Ser
Leu
Ala
Ala
Pro
140
Leu
His
Val
Met
Thr
220
Asp

Thr

Gly

Ala

His

Glu

45

Asp

Arg

Arg

Thr

Arg

125

Thr

Ala

Cys

Gln

Ser

205

Arg

Cys

Gln

Gly
Glu
30

Arg
Thx
Asn
Gln
Lys
110
Glu
Phe
Ser
Gly
Leu
190
Asp
Gly
Ala

Thr

Gly
270

Ser Tyr
15

Val val

Asp Arg

Leu His

Ile Leu
80

Ile Lys
95

Gly Leu

Ala Leu

Ala Lys

Thr Asp
160

Lys Ser
175

Gly Gly

Gly Ile

Leu Ala

Thr Phe
240

Asp Asn
255

Met Asp

230



Leu
245
Leu
265

Gn Ala Arg Qu Asn Met Ala Tyr Ala Ser Leu Leu Ala Ay Met

WO 98/21339 250 255 Al a Phechaiso7emoel a Asn
Gy Tyr Val Hs Ala Met Ala H's Gn - 260 _
270 Leu Gy Gy Leu Tyr Asp Met Pro His Ay Val

Al a Asn Al a Val QlgySer Ala Gln Glu LyspFEe Gly Gln Val Val GluB@ Tyr Arg

285
290
Met

315
Thr

335
340
du
360

Gly d u Asn 3doe

Leu Pro HF® Val Ala Arg T9%% Asn Leu Ile A285Asn Pro G u Lys Phe

Asn Thr Lgrsqélu val Arg Glu LeLF’I Ala SI-RQ %r(? ggg % 1y \é?,pc | ﬁ Al 21(? u Leu

320 LeuAspAIaAIaGIuLysAIa'IeAIaAIaIIe

Ar g Leu Ssp IWet Thr Glu Glu Ile Tyr Gln Val IRRETyr Cys Gly Lys Asn AB30

AspPle Ay Ile Prad¥®n His Leu Arg3¥sp Leu Gy Val 32¢s Qu Al a
Arg Glu aB4R1a Leu Thr Leu Leu Gly 3@9 Ala Arg %Pﬁge PI‘R Tyr Met Ala
335

Met Ala Leu Lys Asp GagsAsn Ala Phe ~ 339

365

Ser Ser His
(2) INFORMATION FOR SEQ ID NO:15:
(1) SEQUENCE CHARKCTERISTICS:
(A) LENGTH: 501 amino acids
(B} TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: protein

(vi) ORIGINAL SOURCE:
(A) ORGANISM: GLPD

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:

Met Glu Thr Lys Asp Leu Ile Val Ile Gly Gly Gly Ile Asn Gly Ala
1 5 10 15

Gly Ile Ala Ala Asp Ala Ala Gly Arg Gly Leu Ser Val Leu Met Leu
20 25 30

Glu Ala Gln Asp Leu Ala Cys Ala Thr Ser Ser Ala Ser Ser Lys Leu
35 40 45

Ile His Gly Gly Leu Arg Tyr Leu Glu His Tyr Glu Phe Arg Leu Val
50 55 60

Ser Glu Ala Leu Ala Glu Arg Glu Val Leu Leu Lys Met Ala Pro His
65 70 75 80

Ile Ala Phe Pro Met Arg Phe Arg Leu Pro His Arg Pro His Leu Axg
85 90 95

Pro Ala Trp Met Ile Arg Ile Gly Leu Phe Met Tyr Asp His Leu Gly
100 105 110

Lys Arg Thr Ser Leu Pro Gly Ser Thr Gly Leu Arg Phe Gly Ala Asn
115 120 125

Ser Val Leu Lys Pro Glu Ile Lys Arg Gly Phe Glu Tyr Ser Asp Cys
130 135 140

Trp Val Asp Asp Ala Arg Leu Val Leu Ala Asn Ala Gln Met Val Val
145 150 155 160

Arg Lys Gly Gly Glu Val Leu Thr Arg Thr Arg Ala Thr Ser Ala Arg
; 165 170 175

Arg Glu Asn Gly Leu Trp Ile Val Glu Ala Glu Asp Ile Asp Thr Gly
: 180 185 190
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Ser Asn Pro Arg Lys Ay Asn Qu @n-@u Ile Ala Ala Il e Phe Arg

370 WO 98/21339 375 380 G n Al pctlos9720292 385
(2) 1 NFORMATI ON FOR SEQ I D NO 38: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH: 27 base pairs

(B) TYPE: nualyeimgysatyxdsSer Trp Gin Ala Arg Gly QeuSHERANDPERNESS: @iynglce

(D) TOPOLOGY: i neat95 (i1 P00 MOLECULE TYPE205 DNA (genoni c)

82

Trp Val Lys Gln Phe Phe Asp Asp Gly Met His Leu Pro Ser Pro Tyr
- 210 215 220

Gly Ile Arg Leu Ile Lys Gly Ser His Ile Val Val Pro Arg Val His
225 230 235 240

Thr Gln Lys Gln Ala Tyr Ile Leu Gln Asn Glu Asp Lys Arg Ile Val
245 250 - 255

Phe Val Ile Pro Trp Met Asp Glu Phe Ser Ile Ile Gly Thr Thr Asp
260 265 270

Val Glu Tyr Lys Gly Asp Pro Lys Ala Val Lys Ile Glu Glu Ser Glu
275 280 285

Ile Asn Tyr Leu Leu Asn Val Tyr Asn Thr His Phe Lys Lys Gln Leu
290 295 300

Ser Arg Asp Asp Ile Val Trp Thr Tyr Ser Gly Val Arg Pro Leu Cys
305 310 315 320

Asp Asp Glu Ser Asp Ser Pro Gln Ala Ile Thr Arg Asp Tyr Thr Leu
325 330 335

Asp Ile His Asp Glu Asn Gly Lys Ala Pro Leu Leu Ser Val Phe Gly
340 345 350

Gly Lys Leu Thr Thr Tyr Arg Lys Leu Ala Glu His Ala Leu Glu Lys
355 360 365

Leu Thr Pro Tyr Tyr Gln Gly Ile Gly Pro Ala Trp Thr Lys Glu Ser
370 375 380

Val Leu Pro Gly Gly Ala Ile Glu Gly Asp Arg Asp Asp Tyr Ala Ala
385 390 385 400

Arg Leu Arg Arg Arg Tyr Pro Phe Leu Thr Glu Ser Leu Ala Arg His
405 410 415

Tyr Ala Arg Thr Tyr Gly Ser Asn Ser Glu Leu Leu Leu Gly Asn Ala
420 425 430

Gly Thr Val Ser Asp Leu Gly Glu Asp Phe Gly His Glu Phe Tyr Glu
435 440 445

Ala Glu Leu Lys Tyr Leu Val Asp His Glu Trp Val Arg Arg Ala Asp
450 455 460

Asp Ala Leu Trp Arg Arg Thr Lys Gln Gly Met Trp Leu Asn Ala Asp
465 470 475 480

Gln Gln Ser Arg Val Ser Gln Trp Leu Val Glu Tyr Thr Gln Gln Arg
485 490 ' 495

Leu Ser Leu Ala Ser
500

(2) ,INFORMATION FOR SEQ ID NO:16:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 542 amino acids
(B) TYPE: amino acid
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WO 98/ 21339 : PCT/ US97/ 20292
(xi) SEWEMHEIPESCRI PTION: SEQ | D NO 38: GCGAATTCRETHREI2AMITGT -

ATGTTTG 27 (2) | NFORVATI ON FOR SEQ
| D NO 39: (i) SEQUENCE CHARACTERI STI CS: (A

LENGTH: 28 base pairs (C) STRANDEDNESS: uaB)owRYPE: nucl eic acid
(C) STRANDEDNESS: si ngiPe TOPOLOGY: unknown™ ny TOPOLOGY: |inear

(ii) MOLECULE TYPE voMrur8OReE: Clorotein (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO. 39: GCGAATTCAG AATGCCTGGC GGAAAATC
28 (2) | NFORVAPROMNNADRGEECE | D NO. 40:

{(A) ORGANISM: GLPABC
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:

Met Lys Thr Arg Asp Ser Gln Ser Ser Asp Val Ile Ile Ile Gly Gly
1 5 10 15

Gly Ala Thr Gly Ala Gly Ile Ala Arg Asp Cys Ala Leu Arg Gly Leu
20 25 30

Arg Val Ile Leu Val Glu Arg His Asp Ile Ala Thr Gly Ala Thr Gly
35 40 45

Arg Asn His Gly Leu Leu His Ser Gly Ala Arg Tyr Ala Val Thr Asp
50 55 60

Ala Glu Ser Ala Arg Glu Cys Ile Ser Glu Asn Gln Ile Leu Lys Arg
65 70 75 80

Ile Ala Arg His Cys- Val Glu Pro Thr Asn Gly Leu Phe Ile Thr Leu
85 90 95

Pro Glu Asp Asp Leu Ser Phe Gln Ala Thr Phe Ile Arg Ala Cys Glu
100 105 110

Glu Ala Gly Ile Ser Ala Glu Ala Ile Asp Pro Gln Gln Ala Arg Ile
115 120 125

Ile Glu Pro Ala Val Asn Pro Ala Leu Ile Gly Ala Val Lys Val Pro
130 135 140

Asp Gly Thr val Asp Pro Phe Arg Leu Thr Ala Ala Asn Met Leu Asp
145 150 155 160

Ala Lys Glu His Gly Ala Val Ile Leu Thr Ala His Glu Val Thr Gly
165 170 175

Leu Ile Arg Glu Gly Ala Thr Val Cys Gly Val Arg Val Arg Asn His
180 185 190

Leu Thr Gly Glu Thr Gln Ala Leu RHis Ala Pro Val Val Val Asn Ala
195 200 205

Ala Gly Ile Trp Gly Gln His Ile Ala Glu Tyr Ala Asp Leu Arg Ile
210 215 220

Arg Met Phe Pro Ala Lys Gly Ser Leu Leu Ile Met Asp His Arg Ile
225 230 235 240

Asn Gln His Val Ile Asn Arg Cys Arg Lys Pro Ser Asp Ala Asp Ile
245 250 255

Leu Val Pro Gly Asp Thr Ile Ser Leu Ile Gly Thr Thr Ser Leu Arg
: 260 265 270

Ile Asp Tyr Asn Glu Ile Asp Asp Asn Arg Val Thr Ala Glu Glu Val
275 280 285

Asp Ile Leu Leu Arg Glu Gly Glu Lys Leu Ala Pro Val Met Ala Lys
290 295 300
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(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 2B base pairs:

(B) TYPBwOMSRiapc acid (C) STRANDEDNESS: PITMi892/20292

(D) TOPOLOGY: |i near (i) MOLECULE TYPE: DNA (genonic)

(xi) SEQUENCE DESCRI PTION: SEQ I D NG 40: GGGAATTCAT GAGCGAGAAA
ACCATGCG ,, 28 (2) | NFORMATI ON FOR SEQ
| D NG 41: Thr Arg Ile Keu) Arﬁ%%JENCEGGI—ﬂRAWERF‘S‘PF@S?GU Val Ala Ser (A

LENGTH 27 b3%%e pairs (B) TYPE nucleic acid3%°
(C) STRANDE §s 3&599&& Ser Gly Arg Asn Leu é@ AIQE%Q@% \/41I &R Len

(i) MOLECUL E:  DNAsfggenomi C) 330 QUBREE DESCRI PTI ON:
SEQ I D NO 41.:
Asp His Ala Glu Arg Asp Gly Leu Asp Gly Phe Ile Thr Ile Thr Gly
340 345 350

Gly Lys Leu Met Thr Tyr Arg Leu Met Ala Glu Trp Ala Thr Asp Ala
355 360 365

Val Cys Arg Lys Leu Gly Asn Thr Arg Pro Cys Thr Thr Ala Asp Leu
370 375 380

Ala Leu Pro Gly Ser Gln Glu Pro Ala Glu Val Thr Leu Arg Lys Val
385 390 395 400

Ile Ser Leu Pro Ala Pro Leu Arg Gly Ser Ala Val Tyr Arg His Gly
405 410 415

Asp Arg Thr Pro Ala Trp Leu Ser Glu Gly Arg Leu His Arg Ser Leu
420 425 430

Val Cys Glu Cys Glu Ala Val Thr Ala Gly Glu Val Gln Tyr Ala Val
435 440 445

Glu Asn Leu Asn Val Asn Ser Leu Leu Asp Leu Arg Arg Arg Thr Arg
450 4S5 460

Val Gly Met Gly Thr Cys Gln Gly Glu Leu Cys Ala Cys Arg Ala Ala
465 470 475 480

Gly Leu Leu Gln Arg Phe Asn Val Thr Thr Ser Ala Gln Ser Ile Glu
485 490 495

Gln Leu Ser Thr Phe Leu Asn Glu Arg Trp Lys Gly Val Gln Pro Ile
500 505 510

Ala Trp Gly Asp Ala Leu Arg Glu Ser Glu Phe Thr Axrg Trp Val Tyr
515 520 525

Gln Gly Leu Cys Gly Leu Glu Lys Glu Gln Lys Asp Ala Leu
530 535 540

(2) INFORMATION FOR SEQ ID NO:17:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 250 amino acids
(B) TYPE: amino acid
{C} STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
{ii) MOLECULE TYPE: protein

(vi} ORIGINAL SOURCE:
(A) ORGANISM: GPP2

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:

Met ny Leu Thr Thr Lys Pro Leu Ser Leu Lys Val Asn Ala Ala Leu
1 5 10 15

Phe Asp Val Asp Gly Thr Ile Ile Ile Ser Gln Pro Ala Ile Ala Ala
20 25 30
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GCGAATTCTT AGCTTCCTTT ACGCAGC 27

(2) | NPYRPEFIBRA FOR SEQ I D NO 42: (i) SEQJENEEUSWWZ”
CHARACTERI STI CS: (A) LENGTH 30 base pairs
(B) TYPE: nucleic aci d (C) STRANDEDNESS: single
(D) TOPOLOGY oL 1385hes aer ene 3s 5 b Mk AL TYE gs IO 484
(xi) SEQUENCE DE%CfﬁgP%SP e éélel Dqﬁfoh[% Fyr ﬁA‘gr1 G%AACAGACA
ACCCAAATTC (2) | NFORMVATI ON FOR SEQ
| D NO 43: Val Ile Gln Pal) SegE@BN@ET@-{AmGTER?@TAQSAla Ile Ala Lys (A
LENGTH: 25 base Yairs. (B) TYPE: ®fucl ei c acid

Phe Ala Pro Asp Phe Ala Asn Glu Glu Tyr Val Asn Lys Leu Glu Ala

65 70 75 80

Glu Ile Pro Val Lys Tyr Gly Glu Lys Ser Ile Glu Val Pro Gly Ala
85 90 95

Val Lys Leu Cys Asn Ala Leu Asn Ala Leu Pro Lys Glu Lys Trp Ala
100 105 110

Val Ala Thr Ser Gly Thr Arg Asp Met Ala Gln Lys Trp Phe Glu His
115 120 125

Leu Gly Ile Arg Arg Pro Lys Tyr Phe Ile Thr Ala Asn Asp Val Lys
130 135 140

Gln Gly Lys Pro His Pro Glu Pro Tyr Leu Lys Gly Arg Asn Gly Leu
145 150 155 160

Gly Tyr Pro Ile Asn Glu Gln Asp Pro Ser Lys Ser Lys Val Val Val
165 170 175

Phe Glu Asp Ala Pro Ala Gly Ile Ala Ala Gly Lys Ala Ala Gly Cys
180 185 180

Lys Ile Ile Gly Ile Ala Thr Thr Phe Asp Leu Asp Phe Leu Lys Glu
195 200 205

Lys Gly Cys Asp Ile Ile Val Lys Asn His Glu Ser Ile Arg Val Gly
210 215 220

Gly Tyr Asn Ala Glu Thr Asp Glu Val Glu Phe Ile Phe Asp Asp Tyr
225 230 235 240

Leu Tyr Ala Lys Asp Asp Leu Leu Lys Trp
245 250

(2) INFORMATION FOR SEQ ID NO:18:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 709 amino acids
{B) TYPE: amino acid
(C) STRANDEDNESS: unknown
{D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: protein

(vi) ORIGINAL SOURCE:
(A) ORGANISM: GUT1

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:

Met Phe Pro Ser Leu Phe Arg Leu Val Val Phe Ser Lys Arg Tyr Ile
1 5 10 15

Phe Arg Ser Ser Gln Arg Leu Tyr Thr Ser Leu Lys Gln Glu Gln Ser
20 25 30

Arg Met Ser Lys Ile Mét Glu Asp Leu Arg Ser Asp Tyr Val Pro Leu
35 40 45
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83 WO 98/ 21339 ' .
PCT/ US9 Av@0821339 (C) STRANDEDNESS: si nglpeT/use7/20292

(D) TOPOLOGY: linear - (i) MOLECULE TYPE: DNA (genonic) ’
(xi) SEQUENCE DESCRIPTION: SEQ ID NG 43' GCGAATTCAC TCCCTTACTA
AGTCG (2) | NFORMVATI ON FOR
SEQ | D NO 441le Ala Ser Ile Asy Vpl GSEQDEN@E MI&AC'FERI @FI G Leu Phe
(A) LENGTH 30 Bise pairs (B) TYPE: nucl eic acid

Asn Arg Trp Gly Gln Asp Val Ser Lys His Gln Ile Glu Tyr Ser Thr

65 70 75 80

Ser Ala Ser Lys Gly Lys Ile Gly Val Ser Gly Leu Arg Arg Pro Ser
85 90 95

Thr Ala Pro Ala Arg Glu Thr Pro Asn Ala Gly Asp Ile Lys Thr Ser
100 105 110

Gly Lys Pro Ile Phe Ser Ala Glu Gly Tyr Ala Ile Gln Glu Thr Lys
115 120 125

Phe Leu Lys Ile Glu Glu Leu Asp Leu Asp Phe His Asn Glu Pro Thr
130 135 140

Leu Lys Phe Pro Lys Pro Gly Trp Val Glu Cys His Pro Gln Lys Leu
145 150 155 160

Leu Val Asn Val Val Gln Cys Leu Ala Ser Ser Leu Leu Ser Leu Gln
165 170 175

Thr Ile Asn Ser Glu Arg Val Ala Asn Gly Leu Pro Pro Tyr Lys Val
180 185 190

Ile Cys Met Gly Ile Ala Asn Met Arg Glu Thr Thr Ile Leu Trp Serx
195 200 205

Arg Arg Thr Gly Lys Pro Ile Val Asn Tyr Gly Ile Val Trp Asn Asp
210 215 220

Thr Arg Thr Ile Lys Ile Val Arg Asp Lys Txrp Gln Asn Thr Ser Val
225 230 235 240

Asp Arg Gln Leu Gln Leu Arg Gln Lys Thr Gly lLeu Pro Leu Leu Ser
245 250 255

Thx Tyr Phe Ser Cys Ser Lys Leu Arg Trp Phe Leu Asp Asn Glu Pro
260 265 : 270

Leu Cys Thr Lys Ala Tyr Glu Glu Asn‘Asp Leu Met Phe Gly Thr Val
275 280 285

Asp Thr Trp Leu Ile Tyr Gln Leu Thr Lys Gln Lys Ala Phe Val Serx
290 295 300

Asp Val Thr Asn Ala Ser Arg Thr Gly Phe Met Asn Leu Ser Thr Leu
305 310 315 320

Lys Tyr Asp Asn Glu leu Leu Glu Phe Trp Gly Ile Asp Lys Asn Leu
325 330 335

Ile His Met Pro Glu Ile Val Ser Ser Ser Gln Tyr Tyr Gly Asp Phe
340 345 350

Gly Ile Pro Asp Trp Ile Met Glu Lys Leu His Asp Ser Pro Lys Thr
355 360 365

val Leu Arg Asp Leu Val Lys Arg Asn Leu Pro Ile Gln Gly Cys Leu
370 375 380

Gly Asp Gln Ser Ala Ser Met Val Gly Gln Leu Ala Tyr Lys Pro Gly
385 3%0 385 400
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(C) STRANDEDNESS: single’ (D) TOPOLOGY: |i near

(i) MOMEOWREISPYPE: DNA (genom c) (xi) SECHENTBYTRSTRI PTI ON:
SEQ I D NGO 44: GCGAATTCAT GAAAAGATCA AAACGATTTG

30 (2) | NFORMATI ON FOR SEQ | D NO 45: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH: 29 base pairs

(B) TYPE: nudf@irtaakysiCys Egg Tyr Gly Thr Gly OSFI*RARDEBNEQ"S‘C mghe

(D) TOPOLOGY: |inear (1) ECULE TYPE: (genoni ¢)

(xi) SEQUENGEy OmSCRIPTIONen BEQdDeNO#4S 61y Ala LeCTRAATTGIL AT CAATGGT
GICGGECTG 420 425 29 430

Phe Trp Phe Pro His Leu Gln Glu Tyr Gly Gly Gin Lys Pro Glu Leu
435 440 445

Ser Lys Pro His Phe Ala Leu Glu Gly Ser Val Ala Val Ala Gly Ala
450 455 460

Val Val Gln Trp Leu Arg Asp Asn Leu Arg Leu Ile Asp Lys Ser Glu
465 470 475 480

Asp Val Gly Pro Ile Ala Ser Thr Val Pro Asp Ser Gly Gly Val Val
485 490 495

Phe Val Pro Ala Phe Ser Gly Leu Phe Ala Pro Tyr Trp Asp Pro Asp
500 505 510

Ala Arg Ala Thr Ile Met Gly Met Ser Gln Phe Thr Thr Ala Ser His
515 520 525

Ile Ala Arg Ala Ala Val Glu Gly Val Cys Phe Gln Ala Arg Ala Ile
S30 535 540

Leu Lys Ala Met Ser Ser Asp Rla Phe Gly Glu Gly Ser Lys Asp Arxg
545 550 555 560

Asp Phe Leu Glu Glu Ile Ser Asp Val Thr Tyr Glu Lys Ser Pro Leu
565 570 575

Ser Val Leu Ala Val Asp Gly Gly Met Ser Arg Ser Asn Glu Val Met
580 585 590

Gln Ile Gln Ala Asp Ile Leu Gly Pro Cys Val Lys Val Arg Arg Ser
585 600 605

Pro Thr Ala Glu Cys Thr Ala Leu Gly Ala Ala Ile Ala Ala Asn Met
610 615 620

Ala Phe Lys Asp Val Asn Glu Arg Pro Leu Trp Lys Asp Leu His Asp
625 630 635 640

Val Lys Lys Trp Val Phe Tyr Asn Gly Met Glu Lys Asn Glu Gln Ile
645 650 655

Ser Pro Glu Ala His Pro Asn Leu Lys Ile Phe Arg Ser Glu Ser Asp
660 665 670

Asp Ala Glu Arg Arg Lys His Trp Lys Tyr Trp Glu Val Ala Val Glu
675 680 685

Arg Ser Lys Gly Trp Leu Lys Asp Ile Glu Gly Glu His Glu Gln Val
690 - 695 700

Leu Glu Asn Phe Gln
705

(2) ' INFORMATION FOR SEQ ID NO:19:
(i) SEQUENCE CHARACTERISTICS:

(A} LENGTH: 12145 base pairs
(B) TYPE: nucleic acid
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(2) | NFORVATI ON FOR SEQ I D NO 46 (i) SEQUENCE
CHARACT ERIDIE2 €539 (A) LENGTH: 34 base paipcxnse7/20292
(B) TYPE: nucleic acid (C) STRANDEDNESS: single

(D) TOPOLOGY: i near (ii) MOLECULE TYPE: DNA (genomi c)

(xi) SEQUENCE DESCRI RT] OBFRANSEDEFS Neidfe TTGATAATAT AACCATGGCT

GCTGCTGCTG ATAG (D} TOPOLOGY: linear 34 (2) 1 NFORVATI ON FOR

o LB ag it Pt ne UGBTI S

(C) STRANDEDNESS:viSi NQRBSINAL SOURCE: (D TOPOLOGY: i near

(i1) MOLECULE TYPE: (BNAORG&ASHr cPHK28-26

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:

GTCGACCACC ACGGTGGTGA CTTTAATGCC GCTCTCATGC AGCAGCTCGG TGGCGGTICTC 60
AAAATTCAGG ATGTCGCCGG TATAGTTTTT GATAATCAGC AAGACGCCTT CGCCGCCGTC 120
BAATTTGCATC GCGCATTCAA ACATTTTGTC CGGCGTCGGC GAGGTGAATA TTTCCCCCGG 180
ACAGGCGCCG GAGAGCATGC CCTGGCCGAT ATAGCCGCAG TGCATCGGTT CATGTCCGCT 240
GCCGCCGCCG GAGAGCAGGG CCACCTTGCC AGCCACCGGC GCGTCGGTGC GGGTCACATA 300
CAGCGGGTCC TGATGCBGGG TCAGCTGCGG ATGGGCTTITA GCCAGCCCCT GTARATTGTTC 360
ATTCAGTACA TCTTCAACAC GGTTAATCAG CTTTTTCATT ATTCAGTGCT CCGTTGGAGA 420
AGGTTCGATG CCGCCTCTCT GCTGGCGGAG GCGGTCATCG CGTAGGGGTA TCGTCTGACG 480
GTGGAGCGTG CCTGGCGATA TGATGATTCT GGCTGAGCGG ACGAAAAAAA GAATGCCCCG 540
ACGATCGGGT TTCATTACGA AACATTGCTT CCTGATTTTG TTTCTTTATG GAACGTTTTT 600
GCTGAGGATA TGGTGAAAAT GCGAGCTGGC GCGCTTTTTT TCTTCTGCCA TAAGCGGCGG 660
TCAGGATAGC CGGCGARAGCG GGTGGGAAAA AATTTTTTGC TGATTTTCTG CCGACTGCGG 720
GAGAAAAGGC GGTCAAACAC GGAGGATTGT AAGGGCATTA TGCGGCAARAG GAGCGGATCG 780
GGATCGCAAT CCTGACAGAG ACTAGGGTTT TTTGTTCCAA TATGGAACGT AAAAAATTAA 840
CCTGTGTTTC ATATCAGAARC AAAAAGGCGA AAGATTTTTT TGTTCCCTIGC CGGCCCTACA 900
GTGATCGCAC TGCTCCGGTA CGCTCCGTTC AGGCCGCGCT TCACTGGCCG GCGCGGATAA 960
CGCCAGGGCT CATCATGTCT ACATGCGCAC TTATTTGAGG GTGAAAGGAA TGCTAAAAGT 1020
TATTCAATCT CCAGCCAAAT ATCTTCAGGG TCCTGATGCT GCTGTTCTGT TCGGTCAATA 1080
TGCCAARRAC CTGGCGGAGA GCTTCTTCGT CATCGCTGAC GATTTCGTAA TGAAGCTGGC 1140
GGGAGAGAAR GTGGTGAATG GCCTGCAGAG CCACGATATT CGCTGCCATG CGGARCGGTT 1200
TAACGGCGAA TGCAGCCATG CGGAAATCAA CCGTCTGATG GCGATTTTGC ARAAACAGGG 1260
CTGCCGCGGC GTGGTCGGGA TCGGCGGTGG TAAAACCCTC GATACCGCGA AGGCGATCGG 1320
TTACTACCAG AAGCTGCCGG TGGTGGTGAT CCCGACCATC GCCTCGACCG ATGCGCCAAC 1380
CAGCGCGCTG TCGGTGATCT ACACCGARAGC GGGCGAGTTT GAAGAGTATC TGATCTATCC 1440
GAAAAARCCCG GATATGGTGG TGATGGACAC GGCGATTATC GCCAAAGCGC CGGTACGCCT 1500
GCTGGTCTCC GGCATGGGCG ATGCGCTCTC CACCTGGTTC GAGGCCAAAG CTTGCTACGA 1560
TGCGCGCGCC ACCAGCATGG CCGGAGGACA GTCCACCGAG GCGGCGCTGA GCCTCGCCCG 1620
CCTGTGCTAT GATACGCTGC TGGCGGAGGG CGARAAGGCC CGTCTGGCGG éGCAGGCCGG 1680

68



(xi)-

SEQUENCE DESCRI PTI ON:

TCCAATAAXP BRAIPCTTC
WD 98/ 21339
PCT/ US97/ 20292 (%é)
SEQUENCEEGERATSACT ERRPGFT(E8C
E&TTQH&Aﬁ%tCAéyabékTGG
OLOGY:

I'near

84

(B) TYP
(D) TOP

AGAGTGCCAT
GCTGCAGAAC
CCTGCCGGTG
GGTGGCGAAA
CCCGGAGAGC
GCGTTAATTC
GGCAGTCGCT
ACTCAGGATA
AAGTTTATGC
TCCATCTGTC
TGGGAGTTTA
CTGAGCCGTT
GGCAGCTATT
GGCCAGCCGA
TTTTGCTCGA
TGTCTGGTCG
GTGGGTAACT
ATGTACGGCC
CTGCAGTTTC
GGGAAAAATA
GCCCGLCGGCC
GTGATCACCT
CCGGTGGAGC
GAGCAGATGT
GCGCGCGGCG
AGCCAGGCTA
CAGCTATATG
GAAAATGGTC
ATCGAGTATC
CTCACCCGCC

ACCGTCGATC

CACCTGTATC
AGCCCGATGG
ACGCTCGCGC
GCTACCTGCG
GTCCATGCCG
GCGGTGGCTA
GCCGGAGGGG
CCGGGAAGGC
AGCGCGARAC
GGCGTAAAAC
TGGACGGCCG
GCGGCGAGCC
GTGCGGAGAG
TCAACACCGC
CGCCGGTGTT
AGCACCAGTC
CCCTGCTTAC
TGCTGGAGAG
TCAATGTTCA
TCGCCGATCT
TGAATCACGT
TAAAACCGAT
AGATGCGGCA
CTGCCGACGA
GCTTCCCGGT
TTCACAATGA
CCGACAGCGT

GCCTGAGCCG

TGGCGCCGGA

TCGACGCCCG

TGGCCAATCT

| NFORVATI ON FOR SE

SEQ | D NO 47:

GTATGATATG TTATCTTGGA

39

PCTUS97/20292

| D NG 48:

(i)

AGCGCATCAT CGAGGCGAA% &CT Z};C‘@ﬂ@-ﬁCGGCMTB%SE lz)ﬁq rs

cceergeeea  Teeantdehc AhRANREDNES R+ SirBY! €150

£ oA P e SBE: CoINA  (Ganonpd

ACGGTGAGAA AGTGGCCTTC GGTACCCTGG CGCAGCTGGT 1860
ACGAGATTGA AACGGTGCAG GGCTTCTGCC AGCGCGTCGG 1920
AGATGGGCGT CAAAGAGGGG ATCGACGAGA AAATCGCCGC 1980
CGGAAGGGGA AACCATCCAT AATATGCCGT TTGCGGTGAC 2040
CTATCCTCAC CGCCGATCTG TTAGGCCAGC AGTGGCTGGC 2100
AACCGCTGGC CCAGGTCAGC GGTTTTTCTT TCTCCCCTCC 2160
TTCTCTATGG TACAACGCGG AARAAGGATAT GACTGTTCAG 2220
GGTCTCTTCC GTCATTGCCC AGTCATGGCA CCGCTGCAGC 2280
CTGGCAAACG CCGCACCAGG CCCAGGGCCT GACCTTCGRC 2340
CGCGCTGCTC ACCATCGGCC AGGCGGCGCT GGAAGACGCC 2400
CCCCTGCGCG CTGTTTATTC TTGATGAGTC CGCCTGCATC 2460
GCAAACCCTG GCCCAGCTGG CTGCCCTGGG ATTTCGCGAC 2520
CATTATCGGC ACCTGCGCGC TGTCGCTGGC CGCGATGCAG 2580
CGGCGATCGG CATTTTAAGC AGGCGCTACA GCCATGGAGT 2640
TGATAACCAC GGGCGGCTGT TCGGCTCTAT CTCGCTTTGC 2700
CAGCGCCGAC CTCTCCCTGA CGCTGGCCAT CGCCCGCGAG 2760
CGACAGCCTG CTGGCGGAAT CCAACCGTCA CCTCAATCAG 2820
CATGGACGAT GGGGTGATGG CGTGGAACGA ACAGGGCGTG 2880
GGCGGCGAGA CTGCTGCATC TTGATGCTCA GGCCAGCCAG 2940
GGTGACCCTC CCGGCGCTGC TGCGCCGCGC CATCAAACAC 3000
CGAAGTCACC TTTGABRAGTC AGCATCAGTT TGTCGATGCG 3060
TGTCGAGGCGE CAAGGCAACA GTTTTATTCT GCTGCTGCAT 3120
GCTGATGACC AGCCAGCTCG GTAAAGTCAG CCACACCTTT 3180
TCCGGAAACC CGACGCCTGA TCCACTTTGG CCGCCAGGCG 3240
GCTACTGTGC GGCGAAGAGG GGGTCGGGAA AGAGCTGCTG 3300
AAGCGAACGG GCGGGCGGCC CCTACATCTC CGTCAACTGC 3360
GCTGGGCCAG GACTTTATGG GCAGCGCCCC TACCGACGAT 3420
CCTTGAGCTG GCCAACGGCG GCACCCTGTT TCTGGAAAAG 3480
GCTGCAGTCG GCTCTGCTGC AGGTGATTAR GCAGGGCGTG 3540
GCGCCTGATC CCGGTGGATG TGAAGGTGAT TGCCACCACC 3600
GGTGGAACAG AACCGéTTTA GTACTATGCG 3660
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(xi) SEQUENCE DESCRI PTION: SEQ I D NO 48:
24 wb 382138NFORMATI ON FOR SEQ | D NO 49: .
CHARACTERI STI Cs: - (A) LENGTH. 24 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: single

(D) TOPSAcORdTcchri TeasaTceT carcceaec i dtceddobECbEcARYRE TaTIINAT¢@ e n®rvioC)

CATGACTAGT AAGGAGGACA ATTC
PorushREdEEINCE

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 49: CATGGAATTG TCCTCCTTAC TAGT
24

CTGGTGCATA ACCGGTTGAA GAGCCTGGAG AAGCGTTTCT CTTCGCGACT GAAAGTGGAC 3780
GATGACGCGC TGGCACAGCT GGTGGCCTAC TCGTGGCCGG GGAATGATTT TGAGCTCAAC 3840
AGCGTCATTG AGAATATCGC CATCAGCAGC GACAACGGCC ACATTCGCCT GAGTAATCTG 3900
CCGGAATATC TCTTTTCCGA GCGGCCGGGC GGGGATAGCG CGTCATCGCT GCTGCCGGCC 3960
AGCCTGACTT TTAGCGCCAT CGAARAGGAR GCTATTATTC ACGCCGCCCG GGTGACCAGC 4020
GGGCGGGTGC AGGAGATGTC GCAGCTGCTC AATATCGGCC GCACCACCCT GTGGCGCARA 4080
ATGAAGCAGT ACCATATTGA CGCCAGCCAG TTCAAGCGCA AGCATCAGGC CTAGTCTCTT 4140
CGATTCGCGC CATGGAGAAC AGGGCATCCG ACAGGCGATT GCTGTAGCGT TTGAGCGCGT 4200
CGCGCAGCGG ATGCGCGCGG TCCATGGCCG TCAGCAGGCG TTCGAGCCGA CGGGACTGGG 4260
TGCGCGCCAC GTGCAGCTGG GCAGAGGCGA GATTCCTCCC CGGGATCACG AACTGTTTTA 4320
ACGGGCCGCT CTCGGCCATA TTGCGGTCGA TAAGCCGCTC CAGGGCGGTG ATCTCCTCTT 4380
CGCCGATCGT CTGGCTCAGG CGGGTCAGGC CCCGCGCATC GCTGGCCAGT TCAGCCCCCA 4440
GCACGAARCAG CGTCTGCTGA ATATGGTGCA GGCTTTCCCG CAGCCCGGCG TCGCGGGTCG 4500
TGGCGTAGCA GACGCCCAGC TGGGATATCA GTTCATCGAC GGTGCCGTAG GCCTCGACGC 4560
GAATATGGTC TTTCTCGATG CGGCTGCCGC CGTACAGGGC GGTGGTGCCT TTATCCCCGG 4620
TGCGGGTATA GATACGATAC ATTCAGTTTC TCTCACTTAA CGGCAGGACT TTAACCAGCT 4680
GCCCGGCGTT GGCGCCGAGC GTACGCAGTT GATCGTCGCT ATCGGTGACG TGTCCGGTAG 4740
CCAGCGGCGC GTCCGCCGGC AGCTGGGCAT GAGTGAGGGC TATCTCGCCG GACGCGCTGA 4800
GCCCGATACC CACCCGCAGG GGCGAGCTTC TGGCCGCCAG GGCGCCCAGC GCAGCGGCGT 4860
CACCGCCTCC GTCATAGGTT ATGGTCTGGC AGGGGACCCC CTGCTCCTCC AGCCCCCAGC 4920
ACAGCTCATT GATGGCGCCG GCATGGTGCC CGCGCGGATC GTAAAACAGG CGTACGCCTG 4980
GCGGTGAAAG CGACATGACG GTCCCCTCGT TAACACTCAG AATGCCTGGC GGAAAATCGC 5040
GGCAATCTCC TGCTCGTTGC CTTTACGCGG GTTCGAGAAC GCATTGCCGT CTTTTAGAGC 5100
CATCTCCGCC ATGTAGGGGA AGTCGGCCTC TTTTACCCCC AGATCGCGCA GATGCTGCGG 5160
AATACCGATA TCCATCGACAR GACGCGTGAT AGCGGCGATG GCTTTTTCCG CCGCGTCGAG 5220
AGTGGACAGT CCGGTGATAT TTTCGCCCAT CAGTTCAGCG ATATCGGCGA ATTTCTCCGG 5280
GTTGGCGATC AGGTTGTAGC GCGCCACATG CGGCAGCAGG ACAGCGTTGG CCACGCCGTG 5340
CGGCATGTCG TACAGGCCGC CCAGCTGGTG CGCCATGGCG TGCACGTAGC CGAGGTTGGC 5400
GTTATTGARA GCCATCCCGG CCAGCAGAGA AGCATAGGCC ATGTTTTCCC GCGCCTGCAG 5460
ATTGCTGCCG AGGGCCACGG CCTGGCGCAG GTTGCGGGCG ATGAGGCGGA TCGCCTGCAT 5520
GGCGGCGGCG TCCGTCACCG GGTTAGCGTC TTTGGAGATA TAGGCCTCTA CGGCGTGGGT 5580
CAGGGCATCC ATCCCGGTCG CCGCGGTCAG GGCGGCCGGT TTACCGATCA TCAGCAéTGG 5640
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WO 98/21339

ATCGTTGATA
TTCGGTGTTG
GACCGCGACG
ATCGCCCTCA
GCCCACGGTG
GTTGGTGTCT
CCGCAGATAA
GGTGACCAGC
GGCGTTGGGG
AATATACCTT
TAATTGATCC
AARAAATAACT
ACCGTACAGA
GCTGCAGGCG
CATCCGCTGG
GTTGATCTCA
GATTGTCTGA
GCGAATAGTC
TTTTGTCAGC
GRAAAACGTA
TTTTTATTTT
CAAATTGARA
TGCCGGTAAT
TTCACCTTTT
GCCCCGTCAA
ACAGCCCCTT
ACGGCARACG
ACGTTGAGCG
TGGATATTCA
AAGCGGTCGA
TGCGTGCCCG
TGCAGATTGC

CGGTCGGTAT

GAGACCGACG
GTCAGGACGC
ATAGGCGGCA
TGGGTGGCGG
ACGATGATGT
TTCGGGTTCG
TGCAGGGTTT
AGGGCTTTTT
CCARAAAAGT
CTCGCTTCAG
TGCTCGACCG
GGCAGGCCGC
GATTGTCCTG
CTCCAGGCTT
ATAAGCAGCG
GTGGCTTTTT

ACTTGTTGGC

AGTAGGGGGC

GTTATTTTGT
ATTAAGGGCG
TGCCGCCGGA
CGAAATTAAA
GGCCGGGCGG
GAGCCGATGA
TCAGGACGGG
TGACCCGETC
CCGGGACCAG
CACAGAGCAG
CGTCAGCCGG
GGTGATGGCG
FCGGACCCCC
CGCTGACGCC

CGCGCGCTAC

GCAGTTTGCG
AGTGGCGGGT
GCGGGTTGGT
CGATGCCGAT
CGCACTGTTC
GCTCGACGCC
TGTCCACCGC
TCCCCCCCAG
TAACGTTTGG
GTTATAATGC
TACCGCCGCT
CGCCRAAAAT
GCTGGACCGC
TATTCAGGGA
TGTTGCCTCC
TTTCCACCGC
TCTTGTTCAT
GATAGTAAAA
CGCCCGCCAT
TTTTTTATTA
GTAAAGTTTC
TTTATTTTTT
CAACGACGCT
ACAATGARAA
CTGATTGGCG
TCTTCAGTAA
TTTGACATGA
GCAATGCGCC
GAGGAGATCA
CAGATGAACG
TCCAACCAGT
GCCGAGGCCG

GCGCCGTTTA

CCAGCTGACG
GACCTCGCTG
CAGGGTCTCG
GCCTTTGCCG
GCGGCGAAAC
GTCAAAGATC
GCCATCTTTA
CAGCTGGCAG
CACCAGATAA
GGAAAAACAA
AACGCCGACG
AATAATTCGC
TGACGTAATT
ARTATCGCAG
GCGGTCAACT
CGCCGCCATT
CATTCTCTCC
AACTATTACC
GATTTAGTCA
ATTGATTTAT
ATAGTGARAAC
TCACCACTGG
GGCCCGGCGT
GATCAARACG
AGTGGCCTGA
AAGTGGACAA
TCGACCGATT
TGGAGGCGGT
TTGCCATCAC
TGGTGGAGAT
GCCACGTCAC
GGATCCGCGG

ACGCCCTGGC

71

ATCACARACT
GCGGTGCCGG
ATTCCGGCAT
CAATCGTGCG
ACGGCGAGGC
GCCACCTCGA
ATTGCCCGCA
CGTTCGCCGA
TCAAACATAC
TCCAGGECGE
GCGCCAATTA
TGTTGGTTGG
TCATGGGTAC
CTGGAGACGA
ACGGARAACA
TGCTGGGCGG
CGCACCAGGA
ATTCGGTTGG
ATAGGGTTAA
ATCATTGCGG
TGTCGGTAGA
CTCATTTAAA
ATTCGCTACC
ATTTGCAGTA
AGAGGGGCTG
CGGTCTGATC
TATCGCCGAT
GGAAATAGCC
TACCGCCATC
GATGATGGCG
CAATCTCAAA
CTTCTCAGAR

GCTGTTGGTC

PCT/US97/20292
TCACTTTGGT 5700
CGGTGGTATT 5760
ACTGGTACAG 5820
GGCTGCCGCC 5880
CGTCGCGCAC 5940
TCCCGGCCTC 6000
GGCCTTTGTC 6060
CTACGGAAAT 6120
GATAGCTCAT 6180
ACTGGGCTAA 6240
CCTGCTCATT 6300
TTAGCTGCAG 6360
CTTGCTTCAG 6420
AGGCCTCGTC 6480
CCACCGCCAC 6540
CGGCCAGGGT 6600
TAACGCTGGC 6660
CTTGCTTTAT 6720
AATAGCGTCG 6780
GCGATCACAT 6840
TTTCGTGTGC 6900
GTTCCGCTAT 6960
GTCTGCGGAT 7020
CTGGCCCAGC 7080
ATCGCCATGG 7140
GTCGAACTGG 7200
TACGCGATCA 7260
CGTATGCTGG 7320
ACGCCGGCCA 7380
CTGCAGAAGA 7440
GATAATCCGG 7500
CAGGAGACCA 7560
GGTTCGCAGT 7620



85

WD 98/ 21339
PCT/ USO7 MaD 831339

GCGGCCGCCT
GCATGCGTGG
TTACCGACGG
GCGGGTTGAA
AGAGCAAGTC
TTCAGGGACT
GCATTCGGGC
CCGCCAACGA
AGATGCTGCC
ACATGTTCGC
GTGACCTGAT
GCCAGAAAGC
CCGACGAGGA
ACGTGGTGGA
ATATTGTCGG
TGCTGCGCCA

TCGAGGTGGT

. GCATCTCTGC

CCATTGAATA
TGAAARCCCG
GCGTCGGCCC
CGATCCTCAA
GCATTCTGCG
CGGGGATCGG
TGCCGCTCAG
GGCAGATTGG
TGGTGAACGA
AAGAGACCAA
GGGAGTGACC
CCCGGAGCAT
GCTCTCTGGC
GGCGCAGATT

GGAGCTTATC

CGGCGTGTTG
CTTAACCAGC
CGATGATACG
AATGCGCTAC
GATGCTCTAC
GCAAAACGGC
GGTGCTGGCG
CCAGACTTTC
GGGCACCGAC
CGGCTCGAAC
GGTTGACGGC
GGCGCGGGCE
GGTGGAGGCC
GGATCTGAGT
CGCGCTGAGC
GCGGGTCACC
GAGTGCGGTC
CGAACGCTGG
AGGCGGTATT
CGAGGGCGGG
TGCCTTCGAT
AGAGCTGATT
CACGTCCGAC
CATCGGTATC
CAACCTGGAG
CAAAAACGCT
TCAGATGGTG
ACATGTGGTG
ATGAGCGAGA
ATCCTGACGC
GAGGTGGGCC
GCCGAGCAGA

GCCATTCCTG

ACGCAGTGCT
TACGCCGAGA
CCGTGGTCAA
ACCTCCGGCA
CTCGAATCGC
GCGGTGAGCT
GAAAACCTGA
TCCCACTCGG
PTTATTTTCT
TTCGATGCGG
GGCCTGCGTC
ATCCAGGCGG
GCCACCTACG
GCGGTGGAAG
CGCAGCGGCT
GGCGATTACC
AACGACATCA
GCGGAGATCA
CCTGTGCAAC
GTAGCTTCTG
AAACACCAGC
GCCGGGGTGG
GTCTCCTTTA
CAGTCGAAGG
CTGTTCTCCC
GCGCGCTATG
CGGCCGAAAT
CAGGACGCCG
ABACCATGCG
CTACCGGCAA
CGCAGGATGT
TGCAGCGCCA

ACGAGCGCAT

CGGTGGAAGA
CGGTGTCGGT
AGGCGTTCCT
CCGGATCCGA
GCTGCATCTT
GTATCGGCAT
TCGCCTCTAT
ATATTCGCCG
CCGGCTACAG
AAGATTTTGA
CGGTGACCGA
TTTTCCGCGA
CGCACGGCAG
AGATGATGAA
TTGAGGATAT
TGCAGACCTC
ATGACTATCA
ARAATATTCC
AGACAACCCA
CCGATGAACG
ATCACACTCT
ARGAAGAGGG
TGGCCTGGGA
GGACCACGGT
AGGCGCCGCT
CGCGCARAGA
TTATGGCCAA
AGCCCGTCAC
CGTGCAGGAT
ACCATTGACC
GCGGATCTCC
TGCGGTGGCG

TCTGGCTATC
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GGCCACCGAG
CTACGGCACC
CGCCTCGGCC
AGCGCTGATG
CATTACTAAA
GACCGGCGCT
GCTCGACCTC
CACCGCGCGC
CGCGGTGLCCG
TGATTACAAC
GGCGGRAACC
GCTGGGGCTG
CAACGAGATG
GCGCAACATC
CGCCAGCAAT
GGCCATTCTC
GGGGCCGGGC
GGGCGTGGTT
AATTCAGCCC
CGCCGATGAA
GATCGATATG
GCTTCACGCC
TGCGGCCAAC
CATCCATCAG
GCTGACGCTG
GTCACCTTCG
AGCCGCGCTA
CCTGCACATC
TATCCGTTAG
GATATTACCC
CGCCAGACCC
CGCAATTTCC

TATAACGCGC

PCT/US97/20292
CTGGAGCTGG 7680
GAAGCGGTAT 7740
TACGCCTCCC 7800
GGCTATTCGG 7860
GGCGCCGGGG 7920
GTGCCGTCGG 7980
GAAGTGGCGT B8040
ACCCTGATGC 8100
ARCTACGACA 8160
ATCCTGCAGC 8220
ATTGCCATTC 8280
CCGCCAATCG 8340
CCGCCGCGTA 8400
ACCGGCCTCG 8460
ATTCTCAATA 8520
GATCGGCAGT 8580
ACCGGCTATC 8640
CAGCCCGACA 8700
TCTTTTACCC 8760
GTGGTGATCG 8820
CCCCATGGCG 8880
CGGGTGGTGC 8940
CTGAGCGGCT 9000
CGCGATCTGC 9060
GAGACCTACC 9120
CCGGTGCCGG 9180
TTTCATATCA 9240
GACTTAGTAA 9300
CCACCCGCTG 9360
TCGAGAAGGT 9420
TTGAGTACCA 9480
GCCGCGCGGC 9540
TGCGCCCGTT - 9600



| NDI CATI ONS RELATI NG TO A DEPCSI TED M CROORGANI SM
(PCT Rul ¥ Q%1330 A. The indications made bel ow rel at ECEGISPF 0292

m croorganismreferred to in the description onpage 7 and 8

1 ines 36 & &8 @NRBesdact HCQESCGA%'g’GﬁgﬁQI%C%g? Cﬁ‘g%Gé??‘fglch C:AE‘Ié?C‘\:f\T:Q %éd Oc:)n an

DEPCSI T

addi t i on@icasteat ccocber®cofccdeqeat t dickcintet i tautiq@Rce BMERNeAN TYPR CULTURE
COLLECTI ON Addr ess of "depositary institution (including postal code and

count r y)GCGTAEGR FESTRAGHRA ANGTCAGCAT FRSSRVIANTE GORBFGATER ATATBERZAA U780  Dal e

of depos%:cz\cufg GAGGIGGCGC TGGCGTCCGA CTACCCGCAG GCGA(;A&;%%S'F leT8'gJ§fg§gb ®bga0
26 Sept enber 9
CGGGATCGTC GCGACGACGG GCATGAARGG GACGCGGGAC AATATCGCCG GGACCCTCGC 9900
CGCGCTGGAG CAGGCCCTGG CGAAAACACC GTGGTCGATG AGCGATGTCT CTCGCATCTA 9960
TCTTAACGAA GCCGCGCCGG TGATTGGCGA TGTGGCGATG GAGACCATCA CCGAGACCAT 10020
TATCACCGAR TCGACCATGA TCGGTCATAA CCCGCAGACG CCGGGCGGGG TGGGCGTTGG 10080
CGTGGGGACG ACTATCGCCC TCGGGCGGCT GGCGACGCTG CCGGCGGCGC AGTATGCCGA 10140
GGGGTGGATC GTACTGATTG ACGACGCCGT CGATTTCCTT GACGCCGTGT GGTGGCTCAA 10200
TGAGGCGCTC GACCGGGGGA TCAACGTGGT GGCGGCGATC CTCAAAARAGG ACGACGGCGT 10260
GCTGGTGAAC AACCGCCTGC GTAARACCCT GCCGGTGGTG GATGAAGTGA CGCTGCTGGA 10320
GCAGGTCCCC GAGGGGGTAA TGGCGGCGGT GGAAGTGGCC GCGCCGGGCC AGGTGGTGCG 10380
GATCCTGTCG AATCCCTACG GGATCGCCAC CTTCTTCGGG CTAAGCCCGG AAGAGACCCA 10440
GGCCATCGTC CCCATCGCCC GCGCCCTGAT TGGCAACCGT TCCGCGGTGG TGCTCARGAC 10500
CCCGCAGGGG GATGTGCAGT CGCGGGTGAT CCCGGCGGGC AACCTCTACA TTAGCGGCGA 10560
BRAGCGCCGC GGAGAGGCCG ATGTCGCCGA GGGCGCGGAA GCCATCATGC AGGCGATGAG 10620
CGCCTGCGCT CCGGTACGCG ACATCCGCGG CGAACCGGGC ACCCACGCCG GCGGCATGCT 10680
TGAGCGGGTG CGCAAGGTAA TGGCGTCCCT GACCGGCCAT GAGATGAGCG CGATATACAT 10740
CCAGGATCTG CTGGCGGTGG ATACGTTTAT TCCGCGCAAG GTGCAGGGCG GGATGGCCGG 10800
CGAGTGCGCC ATGGAGAATG CCGTCGGGAT GGCGGCGATG GTGAAAGCGG ATCGTCTGCA 10860
AATGCAGGTT ATCGCCCGCG AACTGAGCGC CCGACTGCAG ACCGAGGTGG TGGTGGGCGG 10920
CGTGGAGGCC AACATGGCCA TCGCCGGGGC GTTAACCACT CCCGGCTGTG CGGGGCCGCT 10980
GGCGATCCTC GACCTCGGCG CCGGCTCGAC GGATGCGGCG ATCGTCAACG CGGAGGGGCA 11040
GATAACGGCG GTCCATCTCG CCGGGGCGGG GAATATGGTC AGCCTGTTGA TTAAAACCGA 11100
GCTGGGCCTC GAGGATCTTT CGCTGGCGGA AGCGATAAAA AAATACCCGC TGGCCAARGT 11160
GGRAAGCCTG TTCAGTATTC GTCACGAGAA TGGCGCGGTG GAGTTCTTTC GGGAAGCCCT 11220
CAGCCCGGCG GTGTTCGCCA AAGTGGTGTA CATCAAGGAG GGCGAACTGG TGCCGATCGA 11280
TAACGCCAGC CCGCTGGAAA AAATTCGTCT CGTGCGCCGG CAGGCGAAAG AGAAAGTGTT 11340
TGTCACCAAC TGCCTGCGCG CGCTGCGCCA GGTCTCACCC GGCGGTTCCA TTCGCGATAT 11400
. CGCCTTTGTG GTGCTGGTGG GCGGCTCATC GCTGGACTTT GAGATCCCGC AGCTTATCAC 11460
GGAAGCCTTG TCGCACTATG GCGTGGTCGC CGGGCAGGGC AATATTCGGG GAACAGAAGG 11520
GCCGCGCAAT GCGGTCGCCA CCGGGCTGCT ACTGGCCGGT CAGGCGAATT AAACGGGCGC 11580

o
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C. ADDI TI ONAL | NDI CATI ONS (| eave bl ank if not applicable) Thi's

I nf or matwomsizgs3dgont i nued on an additional sheet I'n r esprEyUSsT20292s e
designations in which a European patent is sought, a sanple of the
deposited m croorganismw || be nade available until the publication of

t he rrentTCGﬁG@F*G@ r@C@?WFT %CﬁT%TEUFGEWﬁT%FWMWM EFMGALTINTe U8 on which
the apply E"i"f Qs g ET rc;%f: QP rCT%GICRQE@MTTGQE‘CP{TST’gI%% %ct o 3%,
wnthdramm only by |ssue such a sanp to an “expert nom nated by

t he per amnscscﬂ«puesﬁdc;n'g;dsbe Gﬁ:amlicecc (GBG(#(EA@(BI( 4)‘GCE'E§Z)TG G@GABE@TG\HEED STATES
FOR VHI CH | NDI CATI ONS ARE MADE (if the indications are not for al

desi gnat"ddPEiTEE@CCTTECECET CGCCFE‘GG@EIBAF%FE*@‘UQRFFC@FFW EFCCEREICCATHERS (| eave

bl ank i f,noL,,appldLabl@hc hRfedcpal GREERR cﬁ{'ee[‘ilT | QUi pELdache, gypmitted to
cef PRk GRbeldy e

(2) INFORMATION FOR SEQ ID NO:23:
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the International Bureau |later (specl e general nature of
i nd|(:at|GJBSTG£ch,Tfhémnmzss|cnnGAdNGCMbGQGGGﬂCTEEm)@ssddb¢ccc GCTGGTGTAT 11940
GGGCTCTATC GCCAGCTGTT TCTCGATCTT GAACAGAGTC AGCATATCGT GCGCGGCACT 12000
GCCGCCAGTC TTAACCTGGC CGGGGTCTTT TCCACGTACC CGCATCCACA TATCACTTTT 12060
ATACAAGCGT TTGCCGTGGA GACCACCATC ACGGCAATCC TGATGGCGAT GATCATGGCC 12120
CTGACCGACG ACGGCAACGG AATTC 12145
(2)  INFORMATION FOR SEQ ID NO:20:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 94 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:
AGCTTAGGAG TCTAGAATAT TGAGCTCGAA TTCCCGGGCA TGCGGTACCG GATCCAGAAA 60 -
ARAGCCCGCA CCTGACAGTG CGGGCTTTTT TTTT 94
(2)  INFORMATION FOR SEQ ID NO:21:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:
GGAATTCAGA TCTCAGCAAT GAGCGAGRAAR ACCATGC 37
{2)  INFORMATION FOR SEQ ID NO:22:
(i) SEQUENCE CHARACTERISTICS:
(A} 1ENGTR: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: 1linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:
GCTCTAGATT AGCTTCCTTT ACGCAGC 27



For receiving Ofice use only For International Bureau

use onl y WO 3¥heet was received with the international &5Y¥H8h
This sheet was received by the International

Bur eau on: Aut hori zed
of ficer . Aut hori zed offi cer Form
SEQUENCE CHARACTERISTICS:
PCT/ RO/ 134 (July iJg)92)(1\) LENGTH: 33 base pairs 86
WO 98/ 21339 (B) TYPE: nucleic acid
PCT/ US97/ 20292 (C) STRANDEDNESS: single

{D} TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:

GGCCAAGCTT AAGGAGGTTA ATTAAATGAA AAG

33
(2) INFORMATION FOR SEQ ID NO:24:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: 1linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:
GCTCTAGATT ATTCAATGGT GTCGGG 26
(2) INFORMATION FOR SEQ ID NO:25:
(i) SEQUENCE CHARACTERISTICS:
{R) LENGTH: 42 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2%:
GCGCCGTCTA GAATTATGAG CTATCGTATG TTTGATTATC TG 42
(2) INFORMATION FOR SEQ ID NO:26:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 36 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26:
TCTGATACGG GATCCTCAGA ATGCCTGGCG GAAAAT 36

(2) INFORMATION FOR SEQ ID NO:27:

(1) SEQUENCE CHARACTERISTICS:
(A} LENGTB: 651 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
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"1 NDI CATI ONS RELATI NG TO A DEPOSI TED M CROORGANI SM

(PCT Rulwob3hizsy A. The indications nade bel ow rel at edrousshe292 .
m croorganismreferred to in the description on page 8

,line s 6 - 12 'B. | DENTI FI CATI ON OF DEPCSI T

Further depositsi*ate FTEPERNGES PRIFROFTIZN: adBR tSPoMK27sheet Nane of

depositary i pstdakhtd @y\g I #@% LEG] Addr ess of
depositary inst iGt utc%cgﬁGG(D‘lGnc l?dﬁgﬁgj‘%%%ﬁaﬁd%g e gﬁtcoun#ér];') 123%)11 Par kI awn
Drive Rockv2) | ernddrmyt1@n drdROSER 10 NOS28 :

(i) SEQUENCE CHARACTERISTICS:
(R) LENGTH: 36 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(xi)} SEQUENCE DESCRIPTION: SEQ ID NO:28:

GATACGCCCG GGTTACCATT TCAACAGATC GTCCTT

36
(2) INFORMATION FOR SEQ ID NO:29:
(1) SEQUENCE CHARACTERISTICS:
{A} LENGTH: 18 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:29:
TCGACGAATT CAGGAGGA 18
(2) INFORMATION FOR SEQ ID NO:30:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
{B) TYPE: nucleic acid
(C} STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:
CTAGTCCTCC TGAATTCG 18
(2) INFORMATION FOR SEQ ID NO:31:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 19 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:31:
CTAGTAAGGA GGACAATTC 18

(2) INFORMATION fOR SEQ ID NO:32:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 19 base pairs
{B) TYPE: nucleic acid
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Dat e of deposit Accessi on Nunber C. ADDI Tl ONAL

| NDI CATI'RS32138ve bl ank if not applicabl e) Thi s i nf BYHHEY#9292s

conti nued on an additional -sheet In respect of those designations in
which a European pat e, '&Rﬁﬁ’r}ﬁk S §Fp| e of the deposited

m croorgani smw | | be(gradepransdy: a ,gegptl the publication of the nention
of the grant of the European patent or until the-date on which the
appl i cation has Béén ¥AEGEE] THYE Wi PHdriggaermiclor is deenmed to be wit hdrawn,

only by the issu nom nated by the person-
requesting the sgn'gl e%%gﬁ‘?ﬁe%%%i? ]lté’% 'Sz %mgéél GNATED STATES FOR WHI CH
| NDI CATI ONS AE&dMMﬁaﬁtéxthﬁ;lndlcatlons are not for all designated States)

E. SEPARATE FURNI SHI NG OF | NDI CATIONS (| eave blank if not applicable)
(2)  INFORMATION FOR SEQ ID NO:33:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 271 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: protein

(vi) ORIGINAL SOURCE:
(A) ORGANISM: GPPl

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33:

Met Lys Arg Phe Asn Val Leu Lys Tyr Ile Arg Thr Thr Lys Ala Asn
1 S 10 15

Ile Gln Thr Ile Ala Met Pro Leu Thr Thr lLys Pro Leu Ser Leu Lys
20 25 30

Ile Asn Ala Ala Leu Phe Asp Val Asp Gly Thr Ile Ile Ile Ser Gln
35 40 45

Pro Ala Ile Ala Ala Phe Trp Arg Asp Phe Gly Lys Asp Lys Pro Tyr
50 55 60 -

Phe Asp Ala Glu His Val Ile His Ile Ser His Gly Trp Arg Thr Tyr
65 70 75 80

Asp Ala Ile Ala Lys Phe Ala Pro Asp Phe Ala Asp Glu Glu Tyr Val
85 90 95

Asn Lys Leu Glu Gly Glu Ile Pro Glu Lys Tyr Gly Glu His Ser Ile
100 105 110

Glu Val Pro Gly Ala Val Lys Leu Cys Asn Ala Leu Asn Ala Leu Pro
115 . 120 125

Lys Glu Lys Trp Ala Val Ala Thr Ser Gly Thr Arg Asp Met Ala Lys
130 135 140

Lys Trp Phe Asp Ile Leu Lys Ile Lys Arg Pro Glu Tyr Phe Ile Thr
145 150 155 160

Ala Asn Asp Val Lys Gln Gly Lys Pro His Pro Glu Pro Tyr Leu Lys
165 170 175

Gly Arg Asn Gly Leu Gly Phe Pro Ile Asn Glu Gln Asp
180 185

ro Ser Lys

g
W0
o

Ser Lys Val Val Val Phe Glu Asp Ala Pro Ala Gly Ile Ala Ala Gly
. 195 200 - 205

Lys Ala Ala Gly Cys Lys Ile Val Gly Ile Ala Thr Thr Phe Asp Leu
210 215 220 ’
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The indications listed beloww ||l be submtted to the International Bureau
| at er (Swo®BR183®he general nature of the indicationse.g. pCrAISI®2&0DN
Nunber of Deposit") For receiving Ofice use only

For International Bureau use onliy This sheet was received with the

i nt er nat i ond)32apifl FEALYBF LYPhE §M§&SP\AH§ PECERV&H® Byt He Bl ernati onal

Bur eau on: Aut hori zed officCer
Aut hori zed dfefri ey Arg VEOraIyREIL R h34 Aldudye HAOB3p Glu Val Glu Leu
87 245 250 255

Ile Phe Asp Asp Tyr Leu Tyr Ala Lys Asp Asp Leu Leu Lys Trp
260 265 270

(2) INFORMATION FOR SEQ ID NO:34:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 555 amino acids
{B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D} TOPOLOGY: wunknown
(ii) MOLECULE TYPE: protein

(vi) ORIGINAL SOURCE:
(A) ORGANISM: DHABL

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34:

Met Lys Arg Ser Lys Arg Phe Ala Val Leu Ala Gln Arg Pro Val Asn
1 5 10 15

Gln Asp Gly Leu Ile Gly Glu Trp Pro Glu Glu Gly Leu Ile Ala Met
20 25 30

Asp Ser Pro Phe Asp Pro Val Ser Ser Val Lys Val Asp Asn Gly Leu
35 40 45

Ile Val Glu Leu Asp Gly Lys Arg Arg Asp Gln Phe Asp Met Ile Asp
50 55 60

Arg Phe Ile Ala Asp Tyr Ala Ile Asn Val Glu Arg Thr Glu Gln Ala
65 70 75 80

Met Arg Leu Glu Ala Val Glu Ile Ala Arg Met Leu Val Asp Ile His
85 90 95

Val Ser Arg Glu Glu Ile Ile Ala Ile Thr Thr Ala Ile Thr Pro Ala
100 105 110

Lys Ala Val Glu Val Met Ala Gln Met Asn Val Val Glu Met Met Met
115 120 125

Ala Leu Gln Lys Met Arg Ala Arg Arg Thr Pro Ser Asn Gln Cys His
130 135 140

Val Thr Asn Leu Lys Asp Asn Pro Val Gln Ile Ala Ala Asp Ala Ala
145 150 155 160

Glu Ala Gly Ile Arg Gly Phe Ser Glu Gln Glu Thr Thr Val Gly Ile
165 170 175 .

Ala Arg Tyr Ala Pro Phe Asn Ala Leu Ala Leu Leu Val Gly Ser Gln
180 185 180

Cys Gly Arg Pro Gly Val Leu Thr Gln Cys Ser Val Glu Glu Ala Thr
195 200 205

Glu Leu Glu Leu Gly Met Arg Gly Leu Thr Ser Tyr Ala Glu Thr Val
210 215 220

78



WD 98/ 21339 PCT/ US97/ 20292 - VHAT
| S CLAI NP 9p/ai39 1. A nethod for the product ignt/E§o7/20292 .
1, 3- propanedi ol from a reconbi nant - or gani sm conpri si ng:

(i) transforabpgad s EAPIre: RAStA1Qr 2aNIRM M-t Abpaciy A0SR MR Py 5
cassette conppssi ng at |'east :gpe of 235 (290 a gene
encodi ng a gl ycerol - 3- phosphat e dehydr ogenase activity;

(b) a gene eREDdERQL¥E eraygé dienRAFhesphat %%? Mt /4 Py Gly Leu Lys

(c) genes encodi ng a dehy fat ase activity;“"10 255 (d) a
gene encodi Nged ,m3yPfRPaRedeplc19xHoEpruet ase AG L M¥s c1y Tyr BEOVI ded that
if the transformation eessette conprisessless than all 2t7ge genes of
(a)-(d), then the suitabl e host organi sm conprises endogenous genes wher eby
the resul tin§it r“-‘&ﬁsggtgrﬁ%lMﬁbslie“o%@’aglzo‘sﬁ%oﬁ?ﬁr‘?@egifsagl é’gst“(?n“éh-*of each of
genes (a)-(d)5 715 (1) cul tur?hy the transformed host
organi sm undegs it &Rl 81y val c1608di LLORSH iMdnt &S RILTENGR: Ofysat1d €ast one
carbon source selsected fromthe zgsoup conss®t i ng of nonosacchari des,
ol i gosacchari des, polysaccharides, or a one- carbon substrate whereby
1, 3-pr opanedi‘gg}( Me§ Probhe 42 Vﬁgdpm Ser Gly Ile ot Ala vplbpurid@oGlting t he

1, 3- pr opanedi 20 The method ot ai m 1 wher ei A4% he

transformati @en GRESELd Rla Ser Me€OEY ASEIedldluOfall AR @6N@3a (B AP -
325 330 335

Gln Thr Phe Ser His Ser Asp Ile Arg Arg Thr Ala Arg Thr Leu Met
340 345 350

Gln Met Leu Pro Gly Thr Asp Phe Ile Phe Ser Gly Tyr Ser Ala Val
355 360 365

Pro Asn Tyr Asp Asn Met Phe Ala Gly Ser Asn Phe Asp Ala Glu Asp
370 375 380

Phe Asp Asp Tyr Asn Ile Leu Gln Arg Asp Leu Met Val Asp Gly Gly
385 390 395 ' 400

Leu Arg Pro Val Thr Glu Ala Glu Thr Ile Ala Ile Arg Gln Lys Ala
405 410 415

Ala Arg Ala Ile Gln Ala Val Phe Arg Glu Leu Gly leu Pro Pro Ile
420 425 430

Ala Asp Glu Glu Val Glu Ala Ala Thr Tyr Ala His Gly Ser Asn Glu
435 440 445

Met Pro Pro Arg Asn Val Val Glu Asp Leu Ser Ala Val Glu Glu Met
450 455 460

Met Lys Arg Asn Ile Thr Gly Leu Asp Ile Val Gly Ala Leu Ser Arg
465 470 475 480

Ser Gly Phe Glu Asp Ile Ala Ser Asn Ile Leu Asn Met Leu Arg Gln
485 490 495

Arg Val Thr Gly Asp Tyr Leu Gln Thr Ser Ala Ile Leu Asp Arg Gln
500 505 510

Phe Glu Val Val Ser Ala Val Asn Asp Ile Asn Asp Tyr Gln Gly Pro
515 520 525

Gly Thr Gly Tyr Arg Ile Ser Ala Glu Arg Trp Ala Glu Ile Lys Asn
: 530 535 540

Ile Pro Gly Val Val Gln Pro Asp Thr Ile Glu
545 550 555
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3. The nmethod of C-aim 1 wherein the suitable host organismis
sel ect edWa #m153% group consi sting of bacteria, yeast, aneCT/US®2eIR20US
fungi . 4. The method of Claim3 wherein the suitable host

organismis %ght e?ﬁ%@@{\ﬁlﬁ“fEo%ﬁqh&%@??ao‘c genera consi sting of

Ci trobacter, ium Klebsiella, Aerobacter,

Lactobaci | | us, Asper géddubisce SRGGRAFQRYERS, Schi zosacchar onyces,
Zygosaccharonyces, Pi ¢ a ensTityvesORMOES acidndi da, Hansenul a,
Debaryonyces, Micor, Tr l¥@psi smitkehid obacter, Escherichi a,

Sal nonel I a, Bacillus,! tr?@g‘E UES :anttP8®ldononas. 30 5. The
method of O aim 4 whef®in i t ABP® host organismis sel ected from
the group consi stiing @iLeEuLEc@vbe: KbheRRsiel | a spp., and Sacchar onyces
spp. 6. The nethod of Claim1l wherein the transforned host

organismis a  (vi)Sa@RIGaAN @‘&Ezé)ﬂg. transforned with a transfornmation
cassette conprising t e AV ePH3AAB1, dhaB2, dhaB3, and dhaT, wherein

the genes are stahly Lxfue@@bestrirrion: NisRol i nSaRchar onyces spp. genore.
88

Met Gln Gln Thr Thr Gln Ile Gln Pro Ser Phe Thr Leu Lys Thr Arg
1 5 10 15

Glu Gly Gly Val Ala Ser Ala Asp Glu Arg Ala Asp Glu val Val 1le
20 25 30

Gly Val Gly Pro Ala Phe Asp Lys His Gln His His Thr Leu Ile Asp
35 40 45

Met Pro His Gly Ala Ile Leu Lys Glu Leu Ile Ala Gly Val Glu Glu

P
50 55 60

Glu Gly Leu His Ala Arg Val Val Arg Ile Leu Arg Thr Ser Asp Val
65 70 75 80

Ser Phe Met Ala Trp Asp Ala Ala Asn Leu Ser Gly Ser Gly Ile Gly
85 20 95

Ile Gly Ile Gln Ser Lys Gly Thr Thr Val Ile His Gln Arg Asp Leu
100 105 110

Leu Pro Leu Ser Asn Leu Glu Leu Phe Ser Gln Ala Pro Leu Leu Thr
115 120 125

Leu Glu Thr Tyr Arg Gln Ile Gly Lys Asn Ala Ala Arg Tyr Ala Arg
130 135 140

Lys Glu Ser Pro Ser Pro Val Pro Val Val Asn Asp Gln Met Val Arg
145 150 155 160

Pro Lys Phe Met Ala Lys Ala Ala Leu Phe His Ile Lys Glu Thr Lys
165 170 175

His Val Val Gln Asp Ala Glu Pro Val Thr Leu His Ile Asp Leu Val
180 185 190

Arg Glu
(2) INFORMATION FOR SEQ ID NO:36:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 140 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D} TOPOLOGY: unknown
(ii) MOLECULE TYPE: protein
(vi) ORIGINAL SOURCE:
(A} ORGANISM: DHAB3
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7. The nethod of Claim1l wherein the transforned host organismis a

Kl ebsi el WO %83b3% ransfornmed with a transformation cassett BCEYA032ng t he
genes GPD1 and GPP2. 8. The method of Caim1l wherein
the carbon source,js %lEHGPﬂl%F' SBRIPTION:  SEO 1D l;Iéhgsmst hod of Caim1l wherein
t he gene encoding a glycero F phosphat e dehydr ogenase enzyne is

sel ect ed fromethgegiGouLysoTtsi Béti Agg OfalgRMESsp Tyr PréeheSRONHE Bggt 0 amni no
aci d sequences given in SEQ ID NO 11, in SEQ ID NGO 12, and in SEQ ID

NO 13, the 1 ng_acid sequences _enconpass) am _no acid

substituti on?’fgsde’f%t%;l%r}f%so Caddif tTg’érfg"t?gét &g‘gl‘ﬁ%tprﬁllteé‘rggrh@s? (ht&tion of the
10 gl ycerol - 3- phosphat e dehydrogenase enzyne. 10. The net hod
of Caiml wmrelen Ghe Igenelenewdengla @luyesar 6y Pro Gln asfpPhesplragt ase enzyne
is selected fromtheé3group consistird of genes 45corresponding to am no
aci d sequenc gLven_in..SEQ | 33 and in SEQ | NO. 17, the am no
aci d sequencgrziee%g:rogﬁ srbslf’%ra%‘f’:g%‘égriya Sl?bg g ?& iégﬁs‘}lalgl“ Si1M8ti ons or
additions that do not alter the function of the glycerol-3-phosphatase
enzyne. Gln His Ald .vaTh®lanBtd@en chhe G Aygl A eiclut béx gesalencodi ng a
gl ycerol -3- 65 phosphat ase?@ctivity is a gl’§cerol kinase erf®yne
correspondin 0 1.n0 aci.d_sequenc i.ven in SEQ I D NO 18, the
am no acid sglqlbee%%;%ﬁ?&ﬁpk sﬁleg 59 Aqaaﬁll%ng%'ragls% A\éﬁg‘setui & 8@%?,hedel etions
or additions that do not alter the function of

Arg Ser Ser Gln Ala Glu Leu Leu Ala Ile Ala Asp Glu Leu Glu His
100 105 110

Thr Trp His Ala Thr Val Asn Ala Ala Phe Val Arg Glu Ser Ala Glu
115 120 125

Val Tyr Gln Gln Arg His Lys Leu Arg lLys Gly Ser
130 135 140

{2) INFORMATION FOR SEQ ID NO:37:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 387 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: protein

(vi) ORIGINAL SOURCE:
{A) ORGANISM: DHAT

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37:

Met Ser Tyr Arg Met Phe Asp Tyr Leu Val Pro Asn Val Asn Phe Phe
1 5 10 15

Gly Pro Asn Ala Ile Ser Vval Val Gly Glu Arg Cys Gln Leu Leu Gly
20 25 30

Gly Lys Lys Ala Leu Leu Val Thr Asp Lys Gly Leu Arg Ala Ile Lys
35 40 45

Asp Gly BAla Val Asp Lys Thr Leu His Tyr Leu Arg Glu Ala Gly Ile
50 55 60

Glu Val Ala Ile Phe Asp Gly Val Glu Pro Asn Pro Lys Asp Thr Asn
65 70 75 BO

Val Arg Asp Gly Leu Bla Val Phe Arg Arg Glu Gln Cys Asp Ile Ile
85 90 85

Val Thr Val Gly Gly Gly Ser Pro His Asp Cys Gly Lys Gly Ile Gly
100 105 110
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the gl ycerol kinase enzyne. 12. The method of Claim 1l wherein
t he genewomsemsdong a dehydrat ase enzyme conprise di@ygssdhedd2 and
dhB3, the genes correspondi ng respectively to am no aci-d sequences
given in SEQ ID NGO 34, SEQ ID NO 35, and SEQ I D 25 NO 36, the amino acid
sequences enébhpPaddHagtantho Caeidysiapstey Gvr GAs, Tvr Ala Gie|ldeiGHs or
additions that do Mot alter the funtd’ on of the dehydc’rat ase enzyne.

13. The met hegdr 9kuGrdi Mnl pMQLERIFFol S FEN2ENGR0IA0Ash En3-1REQRaANedi ol

oxi dor educt ase angyne correspondssto an am no aci« sequence given in SEQ ID
NO 37, the anmi no acid sequence enconpassing am no acid substitutions, 30
del etions or f%?d‘?‘i‘i“dﬁssecrhﬁiu ggl moE 9% B+s Che ‘l’@gn‘f,et“l O Bfn tThe Glu

- 1, 3- propanedi oxi dor édfict ase enzynme. 14. %% ransf or med
host cell COWRFILFLNEL Lys Phe val Ile val séA)rrg MGGOUR Ddu BeHNEICRIPT i Si Ng

(1) a gene encoding a glyeesol - 3- phosphat a7dehydr ogenase 355 enzyne
correspondi ng to the am no acid sequence %i ven in SEQ ID NO 11;

(2) a gene eAtbdilAg s’ %ggyéé? drv deyhiten é‘%l;é LyA A fpehla ’1%8 dser®¥ponding to
the am no acid sequence given in SEQ I  17;

Ala Ala Thr Gly Met Asp Ala Leu Thr His Ala Val Glu Ala Tyr lle
195 200 205

Ser Lys Asp Ala Asn Pro Val Thr Asp Ala Ala Ala Met Gln Ala Ile
210 215 220

Arg Leu Ile ARla Arg Asn Leu Arg Gln Ala Val Ala Leu Gly Ser Asn
225 230 235 240

Leu Gln Ala Arg Glu Asn Met Ala Tyr Ala Ser Leu Leu Ala Gly Met
245 _ 250 255

Ala Phe Asn Asn Ala Asn Leu Gly Tyr Val His Ala Met Ala His Gln
260 265 270

Leu Gly Gly Leu Tyr Asp Met Pro His Gly Val Ala Asn Ala Val leu
275 280 285

Leu Pro His Val Ala Arg Tyr Asn Leu Ile Ala Asn Pro Glu Lys Phe
290 295 300

Ala Asp Ile Ala Glu Leu Met Gly Glu Asn Ile Thr Gly Leu Ser Thr
305 310 315 320

Leu Asp Ala Ala Glu Lys Ala Ile Ala Ala Ile Thr Arg Leu Ser Met
325 330 335

Asp Ile Gly Ile Pro Gln His Leu Arg Asp Leu Gly Val Lys Glu Ala
340 345 350

Asp Phe Pro Tyr Met Ala Glu Met Ala Leu Llys Asp Gly Asn Ala Phe
355 360 365

Ser Asn Pro Arg Lys Gly Asn Glu Gln Glu Ile Ala Ala Ile Phe Arg
370 375 380

Gln Ala Phe
385

(2) INFORMATION FOR SEQ ID NO:38:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTR: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

82



(3) a gene encoding the a subunt of the giyceriox dehydratas 1ZV e
correspoﬁ% 133 the amino acid sequence given in SEQ ID R%F@E%%X”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:38:

GCGAATTCAT GAGCTATCGT ATGTTTG

27
'(2) INFORMATION FOR SEQ ID NO:39:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
({xi) SEQUENCE DESCRIPTION: SEQ ID NO:39:
GCGAATTCAG AATGCCTGGC GGAAAATC 28
(2) INFORMATION FOR SEQ ID NO:40:
(1) SEQUENCE CHARACTERISTICS:
{AR) LENGTH: 2B base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{x1) SEQUENCE DESCRIPTION: SEQ ID NO:40:
GGGAATTCAT GAGCGAGARA ACCATGCG 28

(2) INFORMATION FOR SEQ ID NO:41:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{x1) SEQUENCE DESCRIPTION: SEQ ID NO:41:
GCGAATTCTT AGCTTCCTTT ACGCAGC

27
(2) INFORMATION FOR SEQ ID NO:42:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:42:
GCGAATTCAT GCAACAGACA ACCCAAATTC 30

(2) INFORMATION FOR SEQ ID NO:43:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
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(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:43:

GCGAATTCAC TCCCTITACTA AGTCG
(2) INFORMATION FOR SEQ ID NO:44:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:44:

GGGAATTCAT GRAAAGATCA AAACGATTTG
(2) INFORMATION FOR SEQ ID NO:45:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
{B) TYPE: nucleic acid
(C}) STRANDEDNESS: single
(D) TOPOLOGY: 1linear

{ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:45:

GCGAATTCTT ATTCAATGGT GTCGGGCTG

(2) INFORMATION FOR SEQ ID NO:46

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:46:

TTGATAATAT AACCATGGCT GCTGCTGCTG ATAG

(2) INFORMATION FOR SEQ ID NO:47

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 39 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:47:

GTATGATATG TTATCTTGGA TCCAATAAAT CTAATCTTC
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PCT/ USQW%W” (4) a gene encodi né’qfﬂ@ﬁ/@}l?} subuni t
of the glycerol dehydratase enzyme corresponding to the am no acid
sequence given i nneh@arEnNeoREEe 1D NO: 48 (5) a gene encoding
the y subunit of the glycerol dehydratase enzynme corresponding to the
am no aci d sequefide E@&WCEﬁi TEBI$E$86 and 5 _ (6) a
gene encoding the 1, ?ﬁﬁﬁj igduct ase enzyne correspondi ng
to the am no acid se g 1D NG 37, t he respective

am no aci d sequences (@ J@ggonpa55|ng am no acid

substitutions, deletions, or addltlons that do not alter the function of
t he enzynes (ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:48:
CATGACTAGT AAGGAGGACA ATTC 24
(2) INFORMATION FOR SEQ ID NO:49:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C} STRANDEDNESS: single
(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:49:

CATGGAATTG TCCTCCTTAC TAGT 24
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of genes (1)-(6), and 10 (b) a host cell ‘transformed w.th

t he groupvV@?8/3d¥%es of (a), whereby the transformed hastussehkézepr oduces
1, 3- propanedi ol on at |east one substrate selected fromthe group -
consi sting of nonosacchari des, ol i gosacchari des, and pol ysacchari des

or froma one-carbon substrate.
INDICATIONS RELATING TO A DEPOSITED MICROORGANISM

(PCT Rule 13bis)

A. The indications made below relate to the microorganism referred to in the description
on page 7 and 8 ,lines 37 & 38 on pg. 7 & Lines 1-5 on pg. 8
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In respect of those designations in which a European patent is sought,
a sample of the deposited microorganism will be made available until

the publication of the mention of the grant of the European patent or
until the-date on which the application has been refused or withdrawn
or is deemed to be withdrawn, only by the issue of such a sample to an
expert nominated by the person requesting the sample. (Rule 28(4) EPC)
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E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable)
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WHAT IS CLAIMED IS:

1. A method for the production of 1,3-propanediol from a recombinant
Organism comprising:

(i) transforming a suitable host organism with a transformation
cassette comprising at least one of

(@) a gene encoding a glycerol-3-phosphate dehydrogenase
activity;

(b) a gene encoding a glycerol-3-phosphatase activity;

(c) genes encoding a dehydratase activity;

(d) a gene encoding 1,3-propanediol oxidoreductase activity,
provided that if the transformation cassette comprises less than all the genes of
(a)-(d), then the suitable host organism comprises endogenous genes whereby
the resulting transformed host organism comprises at least one of each of genes
(a)-(d);

(ii) culturing the transformed host organism under suitable
conditions in the presence of at least one carbon source selected from the group
consisting of monosaccharides, oligosaccharides, polysaccharides, or a one-
carbon substrate whereby 1,3-propanediol is produced; and

(iii) recovering the 1,3-propanediol.

2. The method of Claim 1 wherein the transformation cassette
comprises all of the genes (a)-(d).

3. The method of Claim 1 wherein the suitable host organism is
selected from the group consisting of bacteria, yeast, and filamentous fungi.

4. The method of Claim 3 wherein the suitable host organism is
selected from the group of genera consisting of Citrobacter, Enterobacter,
Clostridium, Klebsiella, Aerobacter, Lactobacillus, Aspergillus, Saccharonyces,
Schizosaccharomyces, Zygosaccharomyces, Pichia, Kluyveromyces, Candida,
Hansenula, Debaryomyces, Mucor, Torulopsis, Methylobacter, Escherichia,
Salmonella, Bacillus, Streptomyces and Pseudomonas.

5. The method of Claim 4 wherein the suitable host organism is
selected from the group consisting of E. coli, Klebsiella spp., and
Saccharomyces spp.

6. The method of Claim 1 wherein the transformed host organismis a -
Saccharomyces spp. transformed with a transformation cassette comprising the
genes dhaBl, dhaB2, dhaB3, and dhaT, wherein the genes are stably integrated
into the Saccharomyces spp. genome.
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7. The method of Claim 1 wherein the transformed host organism is a
Klebsiella spp. transformed with a transformation cassette comprising the genes
GPD1 and GPD2.

8. The method of Claim 1 wherein the carbon source is glucose.

5 9. The method of Claim 1 wherein the gene encoding a glycerol-3-
phosphate dehydrogenase enzyme is selected from the group consisting of genes
corresponding to amino acid sequences given in SEQ ID NO:11, in SEQ ID
NO:12, and in SEQ ID NO:13, the amino acid sequences encompassing amino
acid substitutions, deletions or additions that do not alter the function of the

10 glycerol-3-phosphate dehydrogenase enzyme. '

10. The method of Claim 1 wherein the gene encoding a glycerol-3-
phosphatase enzyme is selected from the group consisting of genes
corresponding to amino acid sequences given in SEQ ID NO:33 and in SEQ ID
NO:17, the amino acid sequences encompassing amino acid substitutions,

15  deletions or additions that do not alter the function of the glycerol-3-phosphatase
enzyme.

11. The method of Claim 1 wherein the gene encoding a glycerol kinase
enzyme corresponds to an amino acid sequence given in SEQ ID NO:18, the
amino acid sequence encompassing amino acid substitutions, deletions or

20  additions that do not alter the function of the glycerol kinase enzyme.

12. The method of Claim 1 wherein the genes encoding a dehydratase
enzyme comprise dhaB1, dhaB2 and dhB3, the genes corresponding respectively
to amino acid sequences given in SEQ ID NO:34, SEQ ID NO:35, and SEQ ID
NO:36, the amino acid sequences encompassing amino acid substitutions,

25  deletions or additions that do not alter the function of the dehydratase enzyme.

13. The method of Claim 1 wherein the gene encoding a 1,3-propanediol
oxidoreductase enzyme corresponds to an amino acid sequence given in SEQ ID
NO:37, the amino acid sequence encompassing amino acid substitutions,
deletions or additions that do not alter the function of the 1,3-propanediol

30 oxidoreductase enzyme.
14. A transformed host cell comprising:
(a) a group of genes comprising
(1) a gene encoding a glycerol-3-phosphate dehydrogenase
enzyme corresponding to the amino acid sequence given in SEQ ID NO:11;
35 (2) a gene encoding a glycerol-3-phosphatase enzyme
corresponding to the amino acid sequence given in SEQ ID NO:17;
(3) a gene encoding the a subunit of the glycerol dehydratase
enzyme corresponding to the amino acid sequence given in SEQ ID NO:34;
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(4) a gene encoding the B subunit of the glycerol dehydratase
enzyme corresponding to the amino acid sequence given in SEQ ID NO:35;

(5) a gene encoding the y subunit of the glycerol dehydratase
enzyme corresponding to the amino acid sequence given in SEQ ID NO:36; and

(6) a gene encoding the 1,3-propanediol oxidoreductase enzyme
corresponding to the amino acid sequence given jn SEQ ID NO:37,
the respective amino acid sequences of (a)(1)-(6) encompassing amino acid
substitutions, deletions, or additions that do not alter the function of the enzymes
of genes (1)-(6), and

(b) a host cell transformed with the group of genes of (a),
whereby the transformed host cell produces 1,3-propanediol on at least one
substrate selected from the group consisting of monosaccharides,
oligosaccharides, and polysaccharides or from a one-carbon substrate.
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