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RECOMBINANT CELLS PRODUCING ©-AMINOCARBOXYLIC ACIDS,
®-AMINOCARBOXYLIC ACID ESTERS OR THEIR LACTAMS

The present invention relates to cells that are genetically modified relative to their wild type, a

~ method for the production of a genetically modified cell, the cells obtainable by this method, a
method for the production of w-aminocarboxylic acids, w-aminocarboxylic acid esters or of

lactams derived from @-aminocarboxylic acids, the @-aminocarboxylic acids, @-

aminocarboxylic acid esters or lactams derived from @-aminocarboxylic acids obtainable by this

method, a method for the production of polyamides based on @-aminocarboxylic acids or on

lactams and the polyamides obtainable by this method.

Polyamides are polymers whose repeating units (monomers) possess the amide group as a
characteristic feature. The designation "nolyamides" is usually used to designate synthetic,
commercially usable thermoplastics and therefore demarcates this class of substances from the

chemically related proteins. Nearly all the important polyamides are derived from primary
amines, i.e, the functional group -CO-NH- occurs in their repeat units. Polyamides of secondary

amines (CO-NR-, R = organic residue) also exist. Aminocarboxylic acids, lactams and/or

diamines and dicarboxylic acids in particular find application as monomers for the polyarmnides.

The production of polyamides on the basis of lactas is parﬁCuIarly important. Thus;
"polyamide 6", a product that is widely used in industry, is obtained by ring opening
polymerization of g-caprolactam, whereas "polyamide 12", which is also industrially important,
is obtained by ring opening polymerization of laurinlactam. Copolymers of lactams, such as

copolymers of g-caprolactam and laurinlactam ("polyamide 6/12") are also of considerable

commercial importance.

The production of e-caprolactam is usually carried out by reacting cyclohexanone with the
 hydrogensulphate or the hydrochloride of hydroxylamine with formation of cyclohexanone
oxime. This is converted by a Beckmann rearrangement into e-caprolactam, often with the use of

concentrated sulphuric acid as catalyst. Cyclohexanone is usually produced by catalytic

-1- o



WO 2009/077461 PCT/EP2008/067447

oxidation of cyclohexane with oxygen of the air, cyclohexane being obtained in its turn by

hydrogenation of benzene.

The production of laurinlactam is particularly expensive. On an industrial scale this first involves
the trimerization of butadiene, with formation of cyclododecatriene. The cyclododecatriene is
then hydrogenated with formation of cyclododecane and the cyclododecane obtained is oxidized
with formation of cyclododecanone. The cyclododecanone thus obtained is then reacted with

hydroxylamine to cyclododecane oxime, which is then converted in a Beckmann rearrangement

to Jaunnlactam.

The disadvantage of these methods known from the prior art for the production of lactams by
Beckmann rearrangement of oximes is, among other things, that large amounts of salts, for
'ekainple sodium sulﬁhate, are formed as by-product, which requires disposal. Therefore other
method_s for the production of lactams are also described in the prior art, which do not have these
~ disadvantages. Thus, EP-A-0 748 797 describes a method for the producﬁon of lactams from
dinitriles, in which the dinitrile is hydrogenated to aminonitrile and the aminonitrile is converted
-by cyclizing hydrolysis to the lactam. Molecular sieves, such as acid zeolites, silicates and non-
zeolitic molecuiar sieves, metal phosphates and metal oxides or mixed metal oxides have been
disclosed as catalyst for cyclizing hydrolysis'. However, this method has, among other
drawbacks, thé.disadvantage.that the selectivity of the conversion of the aminoniirile by
cyclizing hydrolysis is rather low and therefore large amounts of by-products are formed.
Furthermore, in the methods for the production of lactams described from this prior art,
hydrocarbons such as benzene or butadiene are used, which are obtained by cracking gasoline or
petroleum and therefore are not derived from renewable raw materials. The production of

polyamides, which are based on lactams produced in this way, is therefore to be regarded as

disadvantageous from the environmental standpoint.

The present invention was based on the aim of overcoming the disadvantages arising from the

prior art.
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In parﬁcular the present invention was based on the aim of providing a method by which

Jactams, in particular laurinlactam, can be formed in the fewest possible steps and with formation

of the minimum possible amount of by-products.

Another aim of the present compound was to provide a method by which lactams, in particular

laurinlactam, can be produced from renewable raw materials.

A contribution to achievement of the aforementioned aims is provided by a cell, which has been

~ genetically modified relative to its wild type so that, in comparison with its wild type, it is able to
- pfoduce more co-aminocarbbxylic acids, w-aminocarboxylic acid esters or more lactams derived

from @-aminocarboxylic.acids, starting from carboxylic acids or carboxylic acid esters. Such a

cell can be used in order to produce éa-aminocarboxylic acids, @-aminocarboxylic acid esters or

Jactams derived from w-aminocarboxylic acids by fermentation from carboxylic acids or

carboxylic acid esters, for example from lauric acid or lauric acid esters.

The formulation "that in comparison with its wild type it is able to produce more o
aminocarboxylic acids, w-aminocarboxylic acid esters or more lactams derived from a-
aminocarboxylic dcids, starting from carboxylic acids or carboxylic acid esters” also applies to
the case when the wild type of the genetically modified cell is not able to form any o-
aminocarboxylic acids, ®-aminocarboxylic acid esters or any lactams derived from o-
aminocarboxylic acids, or at least no detectable amounts of these compounds and it is only after

the genetic modification that detectable amounts of these components can be formed.

A "wild type" of a cell preferably denotes a cell whose genome is in a state such as arose
naturally by evolution. The term is used both for the whole cell and for individual genes. The
| ~ term "wild type" therefore in particular does not include such cells or such genes whose gene

sequences have been altered at least partially by man by recombinant methods.

It is preferable according to the invention for the genetically modified cell to have been

genetically modified so that in a defined time interval, preferably within 2 hours, still more

preferably within 8 hours and most preferably within 24 hours, it forms at least twice, especially
. . '
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preferably at least 10 times, even more preférably at least 100 times, and yet more preferably at
least 1000 times and most preferably at least 10000 times more w-aminocarboxylic acids, ®-
aminocarboxylic acid esters or lactams derived from w-aminocarboxylic acids than the wild-type
cell. The increase in product formation can be determined for example by cultivating the cell

according to the invention and the wild-type cell each separately under the same conditions

(same cell density, same nutrient medium, same culture conditions) for a specified time interval
in a suitable nutrient medium and then determining the amount of target product (o-
aminocarboxylic acids, m-aminocarboxylic acid esters or lactams derived from w-

amimocarboxylic acids) in the nutrient medium.

" The cells according to the invention can be prokaryotes or eukaryotes. They can be mammalian
cells (such as human cells), plant cells or microorganisms such as yeasts, fungi or bac_feria,
~microorganisms being especially preferred and bacteria and yeasts being most preferred.
Suitable bacteria, yeasts or fungi are in particular those bacteria, yéasts or fungi that have been
deposited in the German Collection of Microorganisms and Cell Cultures (Deutsche Sammlung

von Mikroorganismen und Zellkulturen GmbH, abbreviated to DSMZ), Brunswick, Germany, as

 strains of bacteria, yeasts or fungi. Suitable bacteria according to the invention belong to the

genera listed at
http://www.dsmz.de/species/bacteria.htm

- suitable yeasts according to the invention belong to the genera listed at
http://www.dsmz.de/species/yeasts.htm

and suitable fungi according to the invention are those listed at

http://www.dsmz.de/species/fungi.htm
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Cells that are especially preferred according to the invention are dernived from cells of the genera
. Corynebacterium, Brevibacterium, Bacillus, Lactobacillus, Lactococcus, Candida, Pichia,
Kluveromyces, Saccharomyces, Escherichia, Zymomonas, Yarrowia, Methylobacterium,
Ralstonia, Pseudomonas, Burkholderia and Clostridium, with Escherichia coli,
Corynebacterium glutamicum and Pseudomonas putida being especially preferred and

Escherichia coli being most preferred.

According to a preferred embodiment of the cell according to the invention the latter displays, in

comparison with its wild type, increased activity of at least one of the following enzymes:

i)  anenzyme Ej, which catalyses the conversion of carboxylic acids or carboxylic acid esters
to the corresponding @-hydroxycarboxylic acids or o-hydroxycarboxylic acid esters;
: fi) 4an enzyme Ej;, which catalyses the conversion of (o-hydroxycarbpxylic acids or ®-
hydroxycarboxylic acid esters to the corresponding w-oxocarboxylic acids or @~

oxocarboxylic acid esters;

- i) anenzyme Ey;, which catalyses the conversion of @w-oxocarboxylic acids or ®-
oxocarboxylic acid esters to the corresponding w-aminocarboxylic acids or -

aminocarboxylic acid esters.

The term "increased activity of an enzyme", as used above in connection with the enzyme E; and
hereinafter in connection with the enzymes Ej etc., is preferably to be understood as increased

intracellular activity.

: The'following account regarding the increase in enzyme activity in cells applies both to the

increase in activity of the enzyme E; and to all the enzymes stated subsequently, whose activity

can possibly be increased.

Basically, an increase in enzymatic activity can be achieved by increasing the copy number of
the gene sequence or gene sequences that code for the enzyme, using a strong promoter or
employing a gene or allele that codes for a corresponding enzyme with increased activity and

optionally by combining these measures. Genetically modified cells according to the invention
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are for example produced by transformation, transduction, conjugation or a combination of
these methods with a vector that contains the desired gene, an allele of this gene or parts
thereof and a vector that makes expression of the gene possible. Heterologous expression is
in particular achieved by integration of the gene or of the alleles in the chromosome of the

cell or an extrachromosomally replicating vector.

A review of possible ways of increasing the enzyme activity in cells for the example of

pyruvate carboxylase is given in DE-A-100 31 999.

The expression of the aforementioned and all subsequently mentioned enzymes, or genes
can be detected by means of 1- and 2-dimensional protein gel separation and subsequent
optical identification of the protein concentration in the gel using appropriate evaluation
software, If the increase in enzyme activity is based exclusively on an increase in
expression of the corresponding gene, the increase in enzyme activity can be quantified in a
simple way by comparing the 1- or 2-dimensional protein separations between wild type
and genetically modified cell. A usual method for the preparation of protein gels in the case
of coryneform bacteria and for identification of the proteins is the procedure described by
Hermann et al. (Electrophoresis, 22: 1712-23 (2001)). The protein concentration can also
be analysed by Western blot hybridization with an antibody that is specific for the protein

~ that is to be detected (Sambrook et al., Molecular Cloning: a laboratory manual, 2nd Ed.
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. USA, 1989) followed by
optical evaluation with appropriate software for determination of concentration (Lohaus
and Meyer (1989) Biospektrum, 5: 32-39; Lottspeich (1999), Angewandte Chemie 111:
2630-2647). The activity of DNA-binding proteins can be measured by DNA—Band-Shift- ‘
Assays (also called gel retardation) (Wilson et al. (2001) Journal of Bacteriology, 183:
2151-2155). The action of DNA-binding proteins on the expression of other genes can be
detected by various well-described methods of reporter gene assay (Sambrook.et al.,
Molecular Cloning: a laboratory manual, 2nd Ed. Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y. USA, 1989). Intracellular enzymatic activities can be determined
by various methods that have been described (Donahue et al. (2000) Journal of
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" Bacteriology 182 (19): 5624-5627; Ray et al. (2000) Journal of Bacteriology 182 (8): 2277-
2284; Freedberg et al. (1973) Journal of Bacteriology 115 (3): 816-823). If in the subsequent
account no concrete methods are stated for determination of the activity of a particular enzyme,

~ the increase in enzyme activity as well as the decrease in enzyme activity are preferably

determined by the methods described in Hermann et al., Electophoresis, 22: 17 12-23 {2001),

Lohaus et al., Biospektrum 5 32-39 (1998), Lottspeich, Angewandte Chemie 111: 2630-2647

(1999) and Wilson et al., Journal of Bacteriology 183: 2151-2155 (2001).

If the increase in enzyme activity is brought about by mutation of the endogenous gene, such
mutations can either be produced undirected according to classical methods, such as by UV-
irradiation or by mutation-causing chemicals, or purposefully by genetic engineering methods
such as deletion(s), insertion(s) and/or nucleotide exchange(s). Genetically modified cells are
obtained as a result of these mutations. Bspecially preferred mutants of enzymes are in particular

also enzymes for which feedback inhibition is no longer present or at least is reduced in

éomparison with the wild-type enzyme.

If the increase in eﬁzyme activity is brought about through an increase in expression of an

enzyme, then for example we increase the copy number of the corresponding genes or mutate the

promoter and regulating region or the ribosome binding site, which is located upstream of the
structural gene. Expression cassettes that are inserted upstream of the structural gene work in this
way. By means of inducible promoters it is additionally possible to increase the expression at
any time. Moreover, the enzyme gene can also be assigned, as regulatory sequences, so-called
"enhancers", which as a result of improved interaction between RNA-polymerase and DNA also
bring about increased gene expression. Expression is also improved by measures for extending
the life of the m-RNA. Furthermore, by ﬁreven’dng the degradation of the enzyme protein,
enzyme activity is also intensified. The genes or gene constructs are then either contained in
plasmids with varying copy number or are iﬂtegrated in the chromosome and amplified.
Altematively, overexpression' of the relevant genes can in addition be achieved by altering the
composition of the medium and the culture conditions. A person skilled in the art will find
instructions for this'in, inter alia, Martin et al. (Bio/technology 5, 137-146 (1987)); Guerrero et
al. (Gene 138, 35-41 (1994)), Tsuchiya and Morinaga (Bio/technology 6, 428-430 (1988)),
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Eikmanns et al. (Gene 102, 93-98 (1991)), in BEP-A-0 472 869, in US 4,601,893, in Schwarzer -
and Piihler (Bio/technology 9, 84-87 (1991), in Reinscheid et al. (4pplied and Environmental
Microbiology 60, 126-132 (1994)), in LaBarre et al. (Journal of Bacteriology 175, 1001-1007
(1993)), in WO-A-~96/15246, in Malumbres et al. (Gene 134, 15-24 (1993), in JP-A-10-229891,
-in Jensen and Hammer (Biotechnology and Bioengineering 58, 191-195 (1998)) and in known
textbooks of genetics and molecular biology. The measures described above also lead, like

mutations, to genetically modified cells.

Episomal plasmids, for example, are used for increasing the expression of the genes in question.
Suitable plasmids are in pa:fticular those that are replicated in coryneform bacteria. Numerous
known plasmid vectors, for example pZ1 (Menkel et al., Applied and Environmental '
Microbiology 64: 549-554 (1989)), pEKEx1 (Eikmanns et al., Gene 107: 69-74 (1991)) or pHS2-

1 (Sonnen et al., Gene 107: 69-74 (1991)) are based on the cryptic plasmidé pHMI1519, pBL1 or A
pGALl. Other plasmid vectors, for example those based on pCG4 (US 4,489,160) or pNG2
(Serwold-Davis et al., FEMS Micrébiology Letters 66: 119-124 (1990)) or pAG1 (US

5,158,891), can be used in the same way.

Furthermore, plasmid vectors are also suitable, by means of which we can apply the method of
gene amplification by integration into the chromosome, as was described for example by
Reinscheid et al. (Applied and Environmental Microbiology 60: 126-132 (1994)) for the
duplication or amplification of the hom-thrB operon. In this method the complete gene is cloned .
into a plasmid vector, which can be replicated in a host (typically Escherichia coli), but not in
Corynebacterium glutamicum. Vectors that may be considered are for example pSUP301 (Simon
et al., Bio/Technology 1: 784-791 (1983)), pK18mob or pK19mob (Schifer et al., Gene 145: 69-
73 (1994)), pGEM-T (Promega Corporation, Madison, Wisconsin, USA), pCR2.1-TOPO
(Shuman, Journal of Biological Ckemz'stry 269: 32678-84 (1994)), pCR®B1unt (Im'/itrogen,
Groningen, The Netherlands), pEM1 (Schrumpf et al., Journal of Bacteriology 173: 4510-4516))
or pBGS8 (Spratt et al., Gene 41: 337-342 (1986)). The plasmid vector that contains the gene to
be amplified is then transferred by conjugation or transformation into the desired strain of
Corynebacterium glutamicum. The method of roonjugation is described for example in Schifer et

al.; Applied and Environmental Microbiology 60: 756-759 (1994). Methods for transformation
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are described for example in Thierbach et al., Applied Microbiology and Biotecimology 29: 356-
362 (1988), Dunican and Shivnan, Bio/Technology 7: 1067-1070 (1989) and Tauch et al., FEMS
Microbiology Letters 123: 343-347 (1994). After homologous recombination by a "cross-over"

event, the resultant strain contains at least two copies of the relevant gene.

The formulation used in the above and hereinafter "increased activity of an enzyme E; relative to
its wild type” preferably alwé.ys means activity of the respective enzyme Ex that is increased by a
factor of at least 2, especially preferably of at least 10, even more preferably of at least 100, yet
more preferably of at leasf 1000 and most preferably of at least 10000. Fuxthermqre, the cell
according to the invention,'which has "increased activity of an enzyme E, relative to its wild
type”, in particular also comprises a cell whose wild type has no or at least no detectable activity
“of this enzyme Ey and only displayed a detectable activity of this enzyme E, after the enzyme
-activity was increased, for example through overexpression. In this connection the term
"overexpression" or the formulation "increase in expression” used hereinafter also includes the
case when a starting cell, for example a wild-type cell, has 1o or at least no detectable expression

and it is only by recombinant methods that a detectable expression of the enzyme E; is induced.

Furthermore, according to the invention it is preferable for the cell to have increased activity of

enzymes E;j and Ey, enzymes By and B, erizy_mes Ejr and By or even increased activity of all the

enzymes E], EH and Em.

Furthermore, in connection with the aforementioned preferred embodiment of the cell according

‘to the invention it is preferable for

- enzyme Ej to be an alkane monooxygenase or a Xylene monooxygenase, or, preferably and

enzyme Ej to be an alkane monooxygenase, an alcohol dehydrogenase or an alcohol
oxidase, or, preferably and

- enzyme Ejj to be a @-transaminase.

A preferred enzyme E;, in particular a preferred alkane monoxygehase 1s the alkane

monoxygenase encoded by the alkBGT gene from Pseudomonas putida GPO1. The isolation of
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the alkBGT gene sequence is described for example by van Beilen et al. in "Functional Analysis
of Alkane Hydroxylases from Gram-Negative and Gram-Positive Bacteria", ] ournal of
Bacteriology, Vol. 184 (6), pages 1733-1742 (2002). Furthenﬁore, cytochrome P450
monoxygenases, in particular cytochrome P450 monoxygenases from Candida, for example
~ from Cahdida tropicalis, or from plants, for example from the chick-pea (Cicer arietinum L.),
. can also be used as alkane mdnoxygenases. The gene sequences of suitable cytochrome P450 -
monoxygenases from Candida tropicalis are for example disclosed in WO-A-00/20566, whereas
the gene sequences of suitable cytochrome P450 monoxygenases from the chick-pea aré given
for example by Barz et al. in "Cloning and characterization of eight cytochrome P450 cDNAs
from chickpea (Cicer arietinum L.) cell suspension cultures", Plant Séience, Vol. 155, pages
101-108 (2000). Other homologues of the alkB gene are also given by van Beilen et al.in"Oil &
Gas Science and T echnology", Vol. 58 (4), pages 427-440 (2003). A suitable gene for a xylene |
monooxygenase is for example the xyIM or the xyl/A gene, and a plasmid containing these two

genes has the GENBANK Accession No. M37480.

A preferred enzyme Ey, in particular a preferred alcohol dehydrogenase is for example the '
alcohol dehydrogenase encoded by the alk] gene (EC. 1.1.99-2), in particular the alcohol
dehydrogenase encoded by the alk] gene from Pseudomonas putida GPol. The gene sequences
the alcohol dehydrogenase encoded by the alkJ gene from Pseudomonas putida GPol,
Alcanivorax borkumensis, Bordetella parapertussis, Bordetella bronchiseptica or from

Roseobacter denitrificans can be found for example in the KEGG gene databank.

Suitable o-transaminases are for example the @-transaminases that are characterized in US-A-

2007/0092957 by the sequence numbers 2438, 250, 252 and 254.

A preferred enzyme Eyy, in particular a preferred w-transaminase is in particular the @-

transaminase ﬂom Chromobacterium violaceum DSM30191 (Kaulmann et al., 2007; "Substrate
spectrum of w-transaminase from Chromobacterium violaceum DSM30191 and its potential for
biocatalysi&", Enzyme and Microbial Technology, Vol. 41, pages 628-637), which is encoded by
the gene sequence according to SEQ ID No. 01. ‘ | '

-10 -




WO 2009/077461 PCT/EP2008/067447

It can be advantageous to use, as enzyme Eyy, @-transaminases that can be isolated from plants.
The @-transaminases from plants selected from the group comprising Arabidopsis thaliana,
Avena sativa, Beta vulgaris, Glycine max, Hordeum vulgare, Lotus japonicus, Solanum
lycopersicum, Manihot esculenta, Oryza sativa, Traeticum aestivum, Zea mays, Spinacia
oleracea, Arum maculatum, Mercurialis perennis and Urtica dioica, are preferred heré, and
Arabidopsis thaliana is especially preferred. Enzymes that are encoded by nucleic acids that

“have 90%, preferably 95%, especially preferably 99 and quite especially preferably 100%
identity to the sequence according to SEQ ID No. 39, are suitable in particular as @-
transaminases. The "nucleotide identity" relative to SEQ ID No. 39 is determined using known
methods. In general, special computer programs with algorithms are used, taking into account
special requirements. Preferred methods for determination of identity first produce the greatest
agreement bcﬁveen the sequences to be compared. Computer prograins for determination of
identity comprise, but are not restricted to, the GCG software package, including

GAP (Deveroy, . et al., Nucleic Acid Research 12 (1984), page 387, Genetics

Computer Group University of Wisconsin, Medicine (WI), and
- BLASTP, BLASTN and FASTA (Altschul, S. et al., Journal of Molecular Biology

215 (1990), pages 403-410. The BLAST program can be obtained from the National Center for
Biotechnology Information (NCBI) and from other sources (BLAST Manual, Altschul S. et al,
NCBI NLM NIH Bethesda ND 22894, AItéchul S. et al., as above).

The well-known Smith-Waterman algorithm can also be used for determining mucleotide
identity.

Preferred parameters for nucleotide comparison comprise the following:

Algorithm Needleman and Wunsch, Journal of Molecular Biology 48 (1970),

pages 443-453

- Comparison matrix

Matches = + 10
Mismatches = 0

Gap penalty = 50

Gap length penalty = 3

‘The GAP program is also suitable for use with the parameters given above. The aforementioned

parameters are the default paramieters in the nucleotide sequence comparison.
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Moreover, enzymes from the subgroup of the B-Ala:pyruvate transaminases are suitable. These
include e.g. transaminases from Pseudomonas putida W619 (gi: 119860707, gi: 119855857, gi:
119856278), from Pseudomonas putida KT2440 (gi: 24984391), from Pseudomonas aeruginosa
PAO1 (gi 15595330, gi: 15600506, gi 15595418, gi 9951072); Streptomyces coelicolor A3(2)
(gi: 3319731), Streptomyces avermitilis MA. 4680 (gi: 29831094, gi: 29829154) and _
Chromobacterium violaceum ATCC 12472 (gi 34102747). The amino acid sequences of the

aforementioned transaminases are presented in the sequences according to SEQ ID No. 19 to

SEQ ID No. 30.

For the case when the cells according to the invention are to be used for the production of ®-
aminocarboxylic acids, oa-aminoca:fboxylic acid esters or lactams based on w-aminocarboxylic
acids starting from carboxylic acid esters, it is moreover advantageous if the cell according to the
inVcntion has, in addition to increased activity of at least one of the enzymes E;, En and Eq,
preferably in addition to increased activity of the enzymes E; and Ey; or By, Eyy and Eyy, also
increased activity of an enzyme Eyv, which catalyses the conversion of @-aminocarboxylic acid
esters to the corresponding w-aminocarboxylic acids, said enzyme Erv preferably being an
esterase, which preferably is secreted by the cell. Secretion of the estérase by the cell has the
advantage that the ester bond is only cleaved outside of the cell. This ensures that, owing to the
‘better membrane permeability of the w-aminocarboxylic acid ester compared with o-
aminocarboxylic acid, sufficient target product leaves the cell and can be transferred to the

nutrient medium surrounding the cell.

Preferred esterases according to the invention are in particular lipase, and as an example of a
-suitable lipase we may mention the lipase LipA from Pseudomonas ﬂuofescens HU380 (ACC
Code Q76D26, Kojima and Shimizu, "Purification and Characterization of the Lipase from
Pseudomonas fluorescens HU380", Journal of Bioscience and Bioengineering, Volume 96 (3),
pages 219-226 (2003)). In order to ensure that the esterases are secreted, they can be provided, in
. amanner known by a person skilled in the art, with corresponding signal sequences, which

' establish secretion. If for example the aforementioned lipase LipA from Pseudomonas |

fluorescens HU380 is overexpressed in E. coli, it can be provided advantageously with signal
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sequences from EstA, an esterase that occurs naturally on the cell surface of Pseudomonas
aeruginosa (Becker et al., "4 generic system for the Escherichia coli cell-surface display of
lipolytic enzymes", FEBS Letters, Vol. 579, pages 1177-1182 (2005‘)). Other suitable enzymes
are lipases from C. antarctica, M. miehei and P. cepacia (Vaysse et al., "Enzyme and Microbial
Technology", Vol. 31, pages 648-655 (2002)).

Alternatively the secreted m-aminocarboxylic acid ester can also be cleaved conventionally, to
obtain the m-aminocarboxylic acid, for example by saponification, i.e. hydrolysis of the -

aminocarboxylic acid ester by the aqueous solution of a hydroxide, e.g. by sodium hydroxide.

Furthermore, it méy prove advantageous according to the invention if the cell according to the
invention, in addition to increased activity of at least one of the enzymes E;, Ey and Ey,
preferably in addition to increased activity of the enzymes E; and By or E;, By and Eqy and
optionally also in addition to increased activity of the aforementioned enzyme-EIv, also has
increased activity of an enzyme Ev, which catalyses the conversion of o-aminocarboxylic acids
to the corresponding lactams, and it can also be advantageous here if this enzyme Ey 1s secreted |
by the cell. In this way it can be possible for the w-aminocarboxylic acids formed directly by the
cell or the w-aminocarboxylic acid that is only formed after extracellular cleavage of o-
aminocarboxylic acid esters to be converted to the corresponding lactam, thus optionally

facilitating purification of the target product.

According to another, special embodiment of the cell according to the invention, it has, in
addition to increased activity of one or more of the enzymes Ej, Ey or Exr and optionally
increased activity of the enzyme Ery and/or By, also increased activity of an enzyme Ev,, which
catalyses the conversion of an o-ketocarboxylic acid to an amino acid, said enzyme Ev;
preferably being an amino acid dehydrogenase. Such a modification of the cell would have the
advantage that in the case when amino acids are used as donor for the NH; group, which is
consumed during the transaminase (Ep)—mediated reaction of an w-oxocarboxylic acid or an ®-
“oxocarboxylic acid ester to the corresponding w-aminocarboxylic acid, to the cdrresponding -
aminocarboxylic acid ester or to the corresponding w-aminocarboxylic acid ester, can be
correspondingly regenerated. Preferred, as amino acid dehydrogenase, is the alanine

dehydrogenase from B. subtilis (EC No. 1.4.1.1; Gene ID: 936557), which is encoded by the
-13 -




WO 2009/077461 PCT/EP2008/067447

gene sequence according to SEQ ID No. 02. Other suitable amino acid dehydrogenases are

serine dehydrogenases, aspartate dehydrogenases, phenylalanine dehydrogenases and glutamate

dehydrogenases.

A contribution to achievement of the aims stated at the beginning is also provided by a method

for the production of a genetically modified cell, comprising the process step of increasing the

activity of at least one of the following enzymes:

i)  an enzyme E;, which catalyses the conversion of carboxylic acids or carboxylic acid esters i’
to the corresponding <o~hydroxycar50xylic acids or @-hydroxycarboxylic acid esters,

ii)  an enzyme Ey, which catalyses the conversion of @-hydroxycarboxylic acids or -
hydro:_cycarboxylic acid esters to the corresponding @-oxocarboxylic acids or -

oxocarboxylic acid esters, or

iii) an enzyme Ey;, which catalyses the conversion of @-oxocarboxylic acids or ®-
oxocarboxylic acid esters to the corresponding w-aminocarboxylic acids or @-

aminocarboxylic acid esters,

in a cell, with the enzyme activities preferably being increased by the methods described at the

beginning.

According to a special embodiment of the method described above, in this method, m addition to
the increase in activity of the enzymes Ey, By and/or Epy, the activity of an enzyme Ejy, which
catalyses the conversion.of ®-aminocarboxylic acid esters to the corresponding o-
anﬁnocarboxylic acids, and/or of an enzyme Ey, which catalyses the conversion of o-
aminocarboxylic acids to the corrésponding lactams, is also increased by increasing the

expression of these enzymes, with the enzymes Ejy and/or By preferably being secreted by the

cell.

A contribution to achievement of the aims stated at the beginning is also provided by the

genetically modified cells that are obtainable by the method described above.
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Another contribution to achievement of the cells stated at the beginning is provided by a method

for the production of w-aminocarboxylic acids, of @-aminocarboxylic acid esters or of lactams

derived from w-aminocarboxylic acids, containing the process steps:

I)  contacting a cell according to the invention with a culture medium containing a carboxylic
acid or a carboxylic acid ester or with a culture medium contiguous with an organic phase
containing a carboxylic acid or a carboxylic acid ester in conditions that enable the cell to
form o-aminocarboxylic acids, @-aminocarboxylic acid esters or lactams derived from o-
aminocarboxylic acidé, from the carboxylic acid or from the ;éarboxylic acid esters;

II) optionally isolation of the resultant m-aminocarboxylic acids, o-aminocarboxylic acid

esters or lactams derived from m-aminocarboxylic acids.

In step 1) of the method according to the invention the cells are first brought into contact with a

culture medium containing a carboxylic acid or a carboxylic acid ester or with a culture medium

contiguous with an organic phase containing a carboxylic acid or a carboxylic acid ester, and this

contacting takes place under conditions that make it possible for the cell to form -
aminocarboxylic acids, m-aminocarboxylic acid esters or lactams derived from a-

aminocarboxylic acids, from the carboxylic acid or from the carboxylic acid esters.

The genetically modified cells according to the invention can be brought into contact with the
nutrient medium, and therefore cultivated continuously or discoﬁtinuously in a batch process or
in a fed-batch process or in a repeated—féd—batch process,' for the purpose of producing o-
aminocarboxylic acids or lactams derived from @-aminocarboxylic acids. A semi-continuous
process is also conceivable, as described in GB-A-1009370. Known culture methods are
described in Chumiel's textbook ("Bioprozesstechnik 1. Einfithrung in die Bioverfahrenstechnik"
[Bioprocess Techniques 1. Introduction to Biopfocess Eﬁgineering] (Gustav Fischer Verlag,
Stuttgart, 1991)) or in the textbook by Storhas ("Bioreaktoren und periphere einrichtungen”
[Bioreactors and Peripheral Equipment], Vieweg Verlag, Brunswick/Wiesbaden, 1994).

The culture medium to be used must be suitable for the requirements of the particular strains.

Descriptions of culture media for various microorganisms are given in "Manual of Methods for
-15-
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General Bacteriology" of the American Society for Bacteriology (Washington D.C., USA,
1981). '

Apart from the carboxylic acids or carboxylic acid esters, the carbon source used can be
carbohydrates, e.g. glucose, sucrose, lactose, fructose, maltose, molasses, starch and cellulose,
oils and fats, e.g. soya oil, sunflower oil, peanut oil and coconut oil, fatty acids e.g. palmitic acid,
stearic acid and linoleic acid, alcohols e.g. glycerol and methanol, hydrocarbons such as
methane, amino acids such as L-glutamate or L-valine or organic acids e.g. acetic acid. These
substances can be used separately or as a mixture. The use of carbohydrates, espemally
monosacchandes oligosaccharides or polysaccharides, is especially preferred, as described in

" US 6.01.494 and US 6,136,576, and of Cs-sugars or glycerol.

Organic nitro gen—containing compounds such as peptones, yeast extract, meat extract, malt
- extract, corn-steep liquor, soybean flour and urea or inorganic compounds such as ammomum
sulphate, ammonium chloride, ammonium phosphate, ammonium carbonate and ammonium

nitrate can be used as the nitrogen source. The nitrogen sources can be used separately or asa

mixture.

Phosphoric acid, potassium dihydrogen phosphate or dipotassium hydrogen phosphate or the

corresponding sodium-containing salts can be used as the source of phosphorus. The culturé

medium must in addition contain salts of metals, for example magnesium sulphate or iron

~ sulphate, which are required for growth. Finally, essential growth substances such as amino acids
and vitamins are used in addition to the substances mentioned above. Furthermore, suitable

precursors can be added to the culture medium. The stated substances can be added to the culture

in the form of a single preparation, or they can be supplied in a suitable manner during

~ cultivation.

Basic compounds such as sodium hydroxide, potassium hydroxide, ammonia or ammonia water
or acid compounds such as phosphoric acid or sulphuric acid are used in a suitable manner for

controlling the pH of the culture. Antifoaming agents, e.g. fatty actd polyglycol eSters, are used

for controlling foaming. To maintain plasmid stability, suitable selectively acting substances, e.g.
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antibiotics, can be added to the medium. To maintain aerobic conditions, oxygén or oxygen-
containing gas mixtures, e.g. air, are fed into the culture. The temperature of the culture is

normally in the range from 20°C to 45°C and preferably 25°C to 40°C.

According to an especially preferred embodiment of the method according to the invention for
the production of m-aminocarboxylic acids, of m-aminocarboxylic acid esters or of lactams
derived from w-aminocarboxylic acids, in which a recombinant cell, derived from an E. coli cell,
is used as the cell according to the invention, a mineral salt medium supplemented with
ampicillin, chloramphenicol and kanamycin according to Riesenberg et al., "High cell density
fermentation of recombinant Escherichia coli expressing human interferon alpha 1", Appl

Microbiol and Biotechnololgy, Vol. 34 (1), pages 77-82 (1990)) is used as the nutrient medium.

The contacting of the cells according to the invention with thé culture medium in step I)
preferably takes place in conditions that enable the cell to form w-aminocarboxylic acids, -
aminocarboxylic acid esters or lactams derived from w-aminocarboxylic acids starting from

~ carboxylic acid or from carboxylic acid esters. As carbokylic acids or carboxylic acid esters,
consideration may be given in particular to carboxylic acids with number of carbons in the range
from 6 to 20, especially preferably from 6 to 15, in particular from 6 to 12, lauric acid being
especially preferred as carboxylic acid. As carboxylic acid esters, consideration may be given in

 particular to the methyl or ethyl esters of the aforementioned carboxylic acids, with the methyl

ester of lauric acid being especially preferred as carboxylic acid ester.

In the production of the w-aminocarboxylic acids, w-aminocarboxylic acid esters or lactams

derived from w-aminocarboxylic acids, various procedures are conceivable in step I).

According to one embodiment of the method according to the invention, the cells are first
cultivated, for the purpose of biomass production, in a nutrient mediufn that does not contain
carboxylic acids or carboxylic acid ésters, and in particular does not contain the aforementioned,
preferred carboxylic acids or carboxylic acid esters. It is only after a certain biomass has been
obtained that the carboxylic acids or the carboxylic acid esters are added to the nutrient medium

or the cells are brought into contact with a new nutrient medium containing the carboxylic acids
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or carboxylic acid esters. In this connection it is in particular preferable for the content of

carboxylic acids or carboxylic acid esters during the formation of @-aminocarboxylic acids, of
w-aminocarboxylic acid esters or of lactams derived from @-aminocarboxylic acids to be in the

range from 1 to 200 g/l, especially preferably in the range from 20 to 200 g/1.

According to another embodiment of the method according to the invention, it is carried out in a

two phase system, containing

A) an aqueous phase, and

B) an organic phase,

‘with the formation of the ®m-aminocarboxylic acids, w-aminocarboxylic acid esters or lactams '
derived from co~aminocarboxylic.'acids by the cells in step J) taking place in the aqueous phase

and with the resultant @-aminocarboxylic acids, the resultant o-aminocarboxylic acid esters or
the resultant lactams derived from ®-aminocarboxylic acids accumulating in the organic phase.
In this way it is poséible for the resultant w-aminocarboxylic acids, the resultant ®-

aminocarboxylic acid esters or the resultant lactams derived from @-aminocarboxylic acids to be

extracted in situ.

Also in this embodiment of the method according to the invention, it may prove advantageous
for the cells first to be cultivated, for the purpose of biomass production, in a nutrient medium
~ that does not contain carboxylic acids or carboxylic acid esters, and in particular does not contain
the aforementioned, preferred carboxylic acids or carboxylic acid esters. It is only after a certain
biomass has been obtained that the cell suspension as aqueous phase A) is brought into contact
with the érganic phase B), where in particular the organic phase B) contains the carboxylic acid
or the carboxylic acid esters preferably in an amount in the range from 1 to 200 g/], especially
preferably in the range from 20 to 200 g/l. However, if substrates that are not toxic to the cells
used, such as methyl! laurate, are employed as carboxylic acids or carboxylic acid esters, then the
. content of these carboxylic acids or carboxylic acid esters in the organic phase can also be
significantly higher. In suéh a case it may also be possible to use the pure carboxylic acid or the
pure carboxylic acid esters, for example pure methyl laurate, as organic phase.
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As organic phase, it is possible to use alkanes of medium chain length, preferably those with a
logP value of more than 4 (little foam formation), or physically similar aromatics or aromatic
esters, though preferably, as mentioned above, lauric acid esters, especially preferably methyl

laurate, BEHP (bis(2-ethylhexyl)phthalate) or long-chain fatty acid esters (biodiesel).

Furthermore it is preferable according to the invention if, at least during the phase of formation
of w-aminocarboxylic acids, of w-aminocarboxylic acid esters or of lactams derived from o-
aminocarboxylic acids, the culture medium used in step I) contains amino group donors, such as
ammonia or ammonium ions or even amino acids, though in particular alanine or aspartate,
which function as amine donors in the transaminase-catalysed conversion of the ®-

oxocarboxylic acids or the m-oxocarboxylic acid esters to the corresponding @-aminocarboxylic

acids or m-aminocarboxylic acid esters.

In step II) of the method according to the invention, the resultant w-aminocarboxylic acids, the
resultant @-aminocarboxylic acid esters or the lactams derived from the ®-aminocarboxylic acids

are optionally isolated, and it is preferable for this isolation to take place in an at least two-stage

purification process, comprising

a)  an extraction step, in which the w-aminocarboxylic acids, the o-aminocarboxylic acid

esters or the lactams derived from w-aminocarboxylic acids are extracted from the culture

medium, and
b)  a fine purification step, in which the extract obtained in step a) is purified further by a

distillation process or selective crystallization, obtaining an @-aminocarboxylic acid phase,

an @-aminocarboxylic acid ester phase or a lactam phase with a purity of at least 99.8%.

The extraction in step a) can in particular be designed-as so-called "in sifu" extraction, in which
steps I) and II) of the method according to the invention for the production of w-aminocarboxylic
acids, of @-aminocarboxylic acid esters or of lactams derived from oa-aminoqarboxylic acids are

carried out simultaneously. This "in situ" extraction has already been described above.
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The fine purification in step II) can for éxample take place by distillation or crystallization.

In a special embodiment of the method according to the invention for the production of ®-
aminocarboxylic acids, of w-aminocarboxylic acid esters or of lactams derived from ®-
aminocarboxylic acids, the w-aminocarboxylic acid esters formed in step I) are reacted in
another process step by conventional chemical methods to @-aminocarboxylic acids; a preferred,
conventional chemical method is saponification, in which the co—axﬁinocarboxylic acid ester is
reacted with an aqueous solution of a base, preferably a hydroxide, preferably sodium hydroxide,

" to the m-aminocarboxylic acid.

Preferably this method is used for the production of w-aminolauric acid from lauric acid esters,

preferably methyl laurate;

A contribution to achievement of the aims stated at the beginning is also provided by «-
aminocarboxylic acids, m-aminocarboxylic acid esters or by lactams derived from c-
aminocarboxylic acids, which are obtainable by the method described above, the lactam

preferably being laurinlactam, which is obtained if lauric acid or lauric acid esters are used as

carboxylic acid or as carboxylic acid esters in step I) of the method according to the invention for

the production of lactams derived from @-aminocarboxylic acids, wherein the o-

aminocarboxylic acid is preferably w-aminolauric acid and the o-aminocarboxylic acid ester is

preferably w-aminomethyl laurate.

A contribution to achievement of the aims stated at the beginning is also provided by a method

for the production of polyamides based on m-aminocarboxylic acids, comprising the process

steps:

(al) production of @-aminocarboxylic acids by one of the methods described above for the
production of w-aminocarboxylic acids, in particular by the method described above for
~ the production of -aminolauric acid from lauric acid or lauric acid esters;

- (02) polymerization of the w-aminocarboxylic acid, obtaining a polyamide.
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In step (a2) of the method according to the invention for the production of pdlyamides basedon

w-aminocarboxylic acids, the @-aminocarboxylic acids obtained in step (a1), in particular the ®-
aminolauric acids obtained in step (al), are converted in a polymerization to a polyamide, and
optionally mixtures of various @-aminocarboxylic acids can also be used, for which at least one
of the w-aminocarboxylic acids, but optionally all @-aminocarboxylic acids were produced by

the method according to the invention for the production of w-aminocarboxylic acids.

The production of the polyamides from the o-aminocarboxylic acids can can be carried out by
- well-known methods, as described for example in L. Notarbartolo, Ind. Plast. Mod. 10(1958)2,
p. 44, JP 01-074224, JP 01-051433, JP63286428, JP58080324 or JP60179425.

A contribution to achievement of the aims stated at the beginning is also provided by a method

for the production of polyamides based on lactams, comprising the process steps:

(B1) production of lactams by the method described above for the production of Jactams derived
from m-aminocarboxylic acids, in particular by the method described above for the
production of laurinlactam from lauric acid or lauric acid esters;

(B2) ring opening polymerization or polycondensation of the laurinlactam, obtaining a

polyamide.

In step (B2) of the method according to the invention for the production of polyamides based on
lactams, the lactams obtained in step (1), in particular the laurinlactam obtained in step (B1), are
converted in a ring opening polymerization or by polycondensation to a polyamide, and
optionally it is also possible to use mixtures of various lactams, for example mixtures of
laurinlactam and g—caprolaétam, for which at least one of the lactams, but optionally all lactams

were produced by the method according to the invention for the production of lactams derived

from w-aminocarboxylic acids.

The production of the polyamides from the lactams can be carried out by well-known methods,

as described for example in DE-A-14 95 198, DE-A-25 58 480, EP-A-0 129 196 or also in

-21-




WO 2009/077461 PCT/EP2008/067447

"Polymerization Processes", Interscience, New York, 1977, pages 424-467, especially pages

444-446.

A contribution to achievement of the aims stated at the beginning is also provided by
polyamides, which are obtainable by the methods described above. It is especially preferable for

these polyamides to be based, up to at least 10 wt.%, especially preferably up to at least 25 wt.%,

still more preferably up to at least 50 wt.% and most preferably up to at least 75 wt.%, on lauric ' |
acid, lauric acid ester or laurinlactam, obtained by the method according to the invention for the

production of lauric acid, of lauric acid ester or of laurinlactam from lauric acid or lauric acid

esters.

The invention will now be explained with the aid of non-limiting diagrams and examples.

Fig. 1 shows, schematically, a recombinant plasmid for chromosomal integration of the alk genes
in Escherichia coli (tnp: transposase gene; bla: ampicillin resistance gene; oriT RP4:

mobilization region; I and O mark the "“inverted repeats" of the mini-transposon Tn5).

Fig. 2 shows, schematically, a recombinant plasmid for expression of transaminase and of
alanine dehydrogenase under the control of an arabinose inducible promoter (bla: ainpicillin

resistance gene; CV2025: gene for o-transaminase from Chromobacterium violaceum; ald: gene

for alanine dehydrogenase from B. subtilis; araC: transcription regulator).

Fig. 3 shows, schematically, a recombinant plasmid for the expression of LipA in E. coli and
presentation of the enzyme on the cell surface (colEl, ColEl: replication origin; estA™, estA:
gene with amino acid exchange alanine for serine (codon #38), cat: chloramphenicol resistance

gene; phoA: gene segment that encodes the leader sequence of alkaline phosphatase).
Fig. 4 shows determination of the activity of C. violaceum-transaminase from the enzyme assay.

The activity was determined in duplicate (activel, active2) with a photometer. A batch without

the co-substrate L-alanine (w.Cos), a batch with heat-inactivated enzyme (inactive) and a batch
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from E. coli expression culture with empty vector (empty vector), purified similarly to the

omega-TA, were used as negative controls.

Fig. 5 shows chromatograms of the substrate 12-aminomethyl laurate at the start of reference

measurement (top) and after 2 h incubation with the purified transaminase (bottom).

Fig. 6 shows chromatograms of the substrate 12-aminomethyl laurate after 24 h (top) of the
enzyme assay and after spiking the substrate (control, bottom).

Fig. 7 shows 6 chromatograms of the substrate 12-aminomethy1 laurate after heat inactivation of

the enzyme (top) and after Oh (bottom).

Fig. 8 shows the starting plasmid pGEc47, which was used as template for the amplification of

alkBGTS.

Fig. 9 shows the primers used and the resultant PCR products alkBFG and alkT.

Fig.10 shows the recombinant vector pBT10, which-was used for the synthesis of hydroxymethyl

laurate and oxomethyl laurate.
Fig.11 shows a GC chromatogram of the 12-oxo-methyl laurate standard.
Fig.12 shows a GC chromatogram of the 12~hydroxymethyl laurate standard.

Fig.13 shows a chromatogram of the organic phase from a resting cell biotransformation in the

bioreactor of methyl laurate, at time 0 min.

Fig.14 shows a chromatogram of the organic phase from a resting cell biotransformation in the

bioreactor of methyl laurate, at time 150 min.

Fig.15 shows the expression vector pGJ3130 with AT3G22200.
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Fig. 16 shows detection of enzyme activity by coupled enzyme assay (inactive, heat-inactivated

protein; w.Cos., without addition of alanine; akt, the purified, active enzyme).

Fig. 17 shows detection of the heterologously expressed protein AT3G22200 by HPLC. Top:

product after 20 min incubation at 10.8 min; bottom: reference substance at 10.8 min.

Fig.18 shows the plasmid map of the expression vector pET-21 a(+) with the transaminase gene

ppta5 (pPPTAS).

Fig.19 shows the plasmid map of the expression vectors pET -21a(+) with the transaminase gene

psta (pPSTA).

Fig. 20 shows the amination of 5 mM 12-oxomethyl laurate with the transaminases PPTAS. For
the evaluation, the peak areas of 12-oxo- and 12-aminomethyl laurate from the chromatograms

obtained from neutral and acid extraction were added together and the percentage of educt or

product was calculated.

Fig.21 shows the amination of 5 mM 12-oxomethyl laurate with the transaminases PSTA. For
the evaluation, the peak areas of 12-oxo- and 12-aminomethyl laurate from the chromatograms:

obtained from neutral and acid extraction were added together and the percentage of educt or

product was calculated.
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EXAMPLES

A, Conversion of lauric acid or methyl laurate to laurinlactam

For the conversion of lauric acid or of methyl laurate to laurinlactam, E. coli is supplemented

. with the necessary enzymes monooxygenase, alcohol dehydrogenase, o-iransaminase, alanine
dehydrogenase and a lipase. The enzymes are overexpressed in E. coli; the expression levels of
the individual enzymes are dependent on the kinetics of the individual reactions and require
optimum adjustment to one another. The expression level is adjusted by adding the appropriate
amount of inductor. The expression of monooxygenase and of alcohol dehydrégenase- is induced

with n-octane; transaminase and alanine dehydrogenase are induced with arabinose and the

lipase with IPTG.

Al. Cloning of the individual enzymes
Hydroxylation and aldehyde formation

The alkane hydroxylase system aZkBGT from Pseudomonas putida GPo1 1s used for the
hydroxylation of lauric acid or of methyl laurate. The second step to the aldehyde is

catalysed by the alcohol dehydrogenase alkJ.

The genes alkBGJT necessary for these reactions are integrated in E. coli by insertion into
the mini-transposon Tn5 chromosomally into the genome of £. coli (de Loreﬁzo etal,J
Bacteriol., Vol. 172 (11), pages 6568-6572 and 6557-6567 (1990); Panke et al., Appl and
Environm. Microbiol., pages 5619-5623 (1999)). The genes are to be expressed under the
control of the alkB promoter and of the positive regulator alkS. Transfer of the Tn5-
alkBGFJIST construct to the E. coli target organism is effected with the aid of the
mobilizable plasmid i)UT-Km (Panke et al., 1999, see above). |

The alkST locus with the expression-relevant regulator a/kS is organized outside of the

alkBFGHJKL operon and arranged in the opposite direction in the genome of
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Pseudomonas putida. The arrangement of the genes is preserved during cloning into the

transposon-bearing plasmid. The fragments a/kST and alkBFGJ are integrated into the

plasmid one after another.

* The genes to be cloned alkB (SEQ'ID No. 03), alkG (SEQ ID No. 04) and alkJ (SEQ ID
No. 05) are indeed organized in P. putida together in the operon alkBFGHJKL, but are
-separated by the gene alkH, which encodes an aldehyde dehydrogenase. The destred
intermediate, the aldehyde of lauric acid, would be broken down again by this enzyme and

the latter must therefore be excluded from the cloning of the alkBGJ genes.

To simplify the cloning of alkB and alkG, the gene alkF located between them is amplified
- and cloned together with aZkB and alkG. AIKF is of no significance for the reaction that is
to be catalysed. The genes alkBFG and alkJ are ampliﬁed in two séparate PCR stepsand
fused together by SOE~PCR (Horton et al., Gene, Vol. 77, pages 61-68 (1989)). The OCT
~plasmid from Pseudomonas putida GPol serves as target DNA.

Cloning strategy:

PCR amplification of the fragments alkST = 4077 bp (SEQ ID No. 06 (alkS) and SEQ ID
* No. 07 (alkD)) with NotI cleavage site upstream of alkT:

Primers

alkT-forward-NotI (SEQ ID No. 08) _
5' ACGTAGCGGCCGCCTAATCAGGTAATTTTATAC

~ alkS-reverse (SEQ ID No. 09)
5'GAGCGAGCTATCTGGT
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" The PCR fragment is cloned into the transposon-bearing vector pUT-Km. For this, the

A3.

vector is cut within Tn5 with Nofl and ligated with the alkST fragment by blunt end
ligation. The recombinant plasmid is designated pUT-Km-alkST.

Svnthesis of alkBFG.J constructs by the SOE-PCR technique:

Synthesis of ﬁ*agmeht 1: alkBFG + promoter upstream alkB and Notl cleavage site at the
5'-end (product size: 1409 bp):

Primers

alkBFG-forward-NofI (SEQ ID No. 10)
5' TCGTAGCGGCCGCCCAGCAGACGACGGAGCAA

- alkBFG-reverse-SOE (SEQ ID No. 11)

5 ATTTTATCTTCTCGAGGCTTTTCCTCGTAGAGCACAT

Synthesis of fragment 3, alkJ with complementary end to alkG at the 5'-end and No:l
cleavage site at the 3"-end (product size: 1723 bp):

Primers

alk¥-forward-SOE (SEQ ID No. 12)
5'TGCTCTAACGAGGAAAAGCCTCGAGAAGATAAAATGTA

alkJ-reverse-Notl (SEQ ID No. 13)
5' ATTGACGCGGCCGCTTACATGCAGACAGCTATCA

The two separate fragments are fused together by SOE-PCR. (3 separate PCR reactions
required). The recombinant plasmid pUT-Km-alkST and the alkBFGJ construct are cut

with Notl and ligated. The new recombinant plasmid pUT-Km-alkBGIST (see Fig. 1) is
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transformed in E. coli HB101 and transferred to E. coli JM101 by conjugative plasmid

transfer.

"A4. Amination and amino donor regeneration

For amination to the o-aminolauric acid ester and regeneration of the amino donor, the
Tn5:alkBGJST-bearing E. coli strain JM101 is additionally transformed with the
recombinant plasmid pBAD-CV2025-ald. This plasmid is based on the pBAD.3O vector
(Guzman et al., "Tight Regulation, Modulation, and High-Level Expression by Veclors
Containing the Arabinose Pyp,p Promoter", J. Bacteriol, Vol. 177 (14), pages 4121-4130
(1995)). pBAD-CV2025-ald carries the gene for the transaminase CV2025 from
Chromobacterium violaceurm DSM30191 (SEQ ID No. 01; Kaulmann et al., Enzyme and
Microbial Technology Vol. 41, pages 628-637 (2007) and the gene ald, which codes for an
alanine dehydrogenase from Bacillus subtilis subsp. Subtilis (SEQ ID No. 02; '

NP_391071). The genes are under the control of an arabinose inducible promoter.

A5, Cloning strategy

PCR amplification of the transaminase gene with chromosomal DNA from

" Chromobacterium violaceun DSM30191 (product size: 1415 bp):
Primers

CV2025-forward-Sacll (SEQ YD No. 14)
5 CGAGGAGCTCAGGAGGATCCAAGCATGCAGAAGCAACGTACG

CV2025-reverse-Kpnl (SEQ ID No. 15)
5' GTCATGTACCCCTAAGCCAGCCCGCGCGCCT
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For the cloning into the pBAD30 vector, the forward-primer contains a ribosome binding
site in addition to the X?al cleavage site. Ligation into the pBAD30 vector takes place via
the cleavage sites Sacl and Kpnl. The recombinant vector is designated pBAD-CV2025.

PCR amplification of the alanine dehydrogenase gene ald with chromosomal DNA from B.
subtilis subsp. Subtilis (NP_391071) (product size: 1171 bp).

Primers

AlaDH-forward-Xbal (SEQ ID No. 16)
5' ACCTATCTAGAAGGAGGACGCATATGATCATAGGGGTTCCT

AlaDH-reverse-Pst] (SEQ ID No. 17)
5' AACCTCTGCAGTTAAGCACCCGCCAC

For the cloning into the recombinant vector pBAD-CV2025, the forward-primer contains a
ribosome binding site in addition to the Xbal cleavage site. The cloning into the vector

takes place via the cleavage sites Xbal and Pszl. The resultant plasmid is designated

pBAD-CV2025-ald (see Fig. 2). -
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Alternative cloning of the omega-transaminase gene from Chromobacterium violaceum

AT.

DSM 30i91 for codon-optimized expression in E.coli

The gene coding for omega-transaminase was synthesized by the company Geneart,
optimized for E. coli codon usage (SEQ ID No. 42) and cloned into the vector pGA15
(Geneart). During synthesis of the gene, the cleavage sites SacI and Kpnl were
incorporated in flanking positions and, after digestion with Sacl and Kpnl, were cloned
into the vector pGA1S, Iihearizcd beforehand with Sacl and Kpnl. The resultant vector was
digested with the restriction endonucleases Sacl and Kpnl, the fragment (transaminase)
was purified and was ligated into the expression vector paCYCDuet-1 (Novagen).

The correct plasmids were verified by restriction analysis. The resultant vector is called

paCY CDuet-1::0mega tranaminase.

Purification of heterologously expressed protein by means of 6xHis-Tag

AS8.

After transformation of the vector (paCYCDuet- 1V::omeg'a transaminase) in E. coli
XIL1blue, the transformed strain was cultivated in double YT-mediwm (dYT) with the
antibiotic ampicillin (100 pg/ml) at 28°C up to a density of OD600 nm=0.3-0.4.

Expression takes place under the control of the Py, promoter and is induced with IPTG

~ (final concentration 1 mM). Lysis of the bacterial expression culture: 50 ml of culture was

centrifuged at 2360 x g, and then resuspended in 5 m] Na-phosphate buffer (pH 8) with

5 mM EDTA, 300 mM NaCl and 1 mg/ml lysozyme, and incubated for 1h at RT. The

lysate was centrifuged at 2360 x g for 10 min and the supernatant was purified on a Protino
Ni-TED 2000 packed column (following the instructions of the manufacturer; Macherey-

Nagel, Diiren). The protein concentration was determined according to Bradford

Detection of enzyme activity by coupled assay

The activity was determined in a coupled assay, in which the pyruvate formed as by-
product of the transaminase reaction is reacted further in a second step, and NADH is
oxidized to NAD+. The decrease in NADH concentration (principle: measurement of the

decrease in extinction) is measured in the photometer at 340 nm and provides a measure of

the activity.
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A9,

Preparation
50 mM Na-phosphate pH 7.5
50mM  L-alanine
100 uM Pyridoxal phosphate

250 ug 12-oxomethyl dodecanoate
125mM  NADH |

10U Lactate dehydrogenase

10 ug heterologously expressed protein

Make up to 1 ml with doubly distilled water
The assay was started by adding 5 ul 12-ODME (50 mg/ml). Measurement is performed

~ continuously every minute at 340 nm at RT up to max. 20 minutes.

Inactivated protein and a preparation without co-substrate were used for control.

Fig. 4 shows the variation in extinction, determined photometrically.

Detection of the heterologously expressed protein by HPLC

Preparation
50 mM Na-phosphate pH 7.5 .
50 mM L-alanine
100 uM Pyridoxal phosphate
250 pg 12-oxomethyl dodecanoate
50 ug heterologously expressed protein
Make up to 500 ul with doubly distilled water

After incubation for 4h at RT, the reaction was stopped with 1 Vol. MeOH.

For HPLC analysis, the preparation was derivatized with o-phthalic aldehyde (oPA) and
250 pl thereof was analysed. 50 mM NaAC pH 4:acetonitrile 4:1 (v:v) was used as solvent
A.

Solvent B was acetonitrile with 5% 50 mM NaAC pH 4. The gradient was from 30% B to
60% B in 4 min, from 60% B to 100% B in 2 min. The flow rate was 1.2 ml/min.
Separaﬁon took place in an Agilent Zorbax RP18 column (Agilent Technologies, USA),

the column temperature was 40°C.
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Figs. 5 and 6 show the standard and the decrease of the 12-oxomethyl laurate. Heat-

inactivated enzyme was used as negative control (Fig. 7).

Ester cleavage

The lipase LipA (Q76D26) from Pseudomonas fluorescens (Kojirna & Shimizu, J. of
Bioscience and Bioengin., Vol. 96 (3), pages 219-226 (2003)) is used for the cleavage of

- @-aminomethyl laurate to o-aminolauric acid. The gene is amplified with the primers

LipA-Sfil-up and LipA-SﬁI~dbwn with chromosomal DNA from Pseudomonas

fluorescens and cloned via the Sfil cleavage sites into the vector pEST100. The

- recombinant plasmid is designated pEST-lip4 (see Fig. 3).

The cloning fuses lipA (SEQ ID No. 18) io the signal sequénce of alkaline phosphatase
phoA and the autotransporter domain of EstA, an esterase from P. aeruginosa, so that the
lipase is transferred across the cytoplasmic membrane and is displayed on the cell surface
of E. coli. For the procedure see Becker ct al., "4 generic system for the Escherichia coli
cell—suiface‘ display of lipolytic enzymes", FEBS Letters Vol. 579, pages 1177-1182 (2005).
Expression takes place under the control of the P, promoter and is induced with IPTG

(final concentration 1 mM) (product size: 1894 bp).

Primers

Primer lipA-Sfi-up (SEQ ID No. 19)
5' AACAAAAGGGCCGCAATGGCCATGGGTGTGTATGACTAC

‘Primer lipA-Sfi-down (SEQ ID No. 20)

5' TACAGGGGCCACCACGGCCTCAGGCGATCACAATTCC
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Svynthesis of 12-hydroxymethy! laurate and 12-oxomethyl laurate staﬁing from methyl

laurate with the AIkBGT alkane hydroxylase system from Pseudomonas putida GPol

B1. Construction of the alkBGT Expression vectors

B2,

The construct pBT10 (Fig. 10, SEQ ID No. 31), which contains the three components
alkane hydroxylase (AlkB), rubredoxin (AlkG) and rubredoxin reductase (AIkT) from
Pseudomonas putida that are necessary for the oxidation to the aldehyde, was produced
starting from the pCOM systems (Smits et al., 2001 Plasmid 64:16-24). For expression of
the three genes, the alkBFG gene sequence was puf under the control of the alkB-promoter

and the alkT gene under the control of the alkS-promoter.

Cloning strategy:

To simplify the cloning of @/kB and alkG, the gene alkF located between them was
amplified and cloned together with alkB and alkG. AIKF is of no significance for the

reaction that is to be catalysed. »
PCR amplification of the fragment alkBFG = 2524 bp (cf. SEQ ID No. 03 (a/kB) and SEQ

ID No. 04 (alkG)) with Ndel cleavage site upstream of alkB and Sall -cleavage site

downstream of alkG:

Primer: alkBFG forward (SEQ ID No. 32)
AAGGGAATTCCATATGCTTGAGAAACACAGAGTTC

Primer: alkBFG reverse (SEQ ID No. 33)
AAAATTCGCGTCGACAAGCGCTGAATGGGTATCGG

“PCR amplification of the fragment alkT" (2958 bp) A(cf. SEQ ID No. 07 (alkT))

Primer alkT forward (SEQ ID No. 34)
TGAGACAGTGGCTGTTAGAG

Primer alkT reverse (SEQ ID No. 35)
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TAATAACCGCTCGAGAACGCTTACCGCCAACACAG

The fragments alkBFG and alkT were amplified by PCR. The plasmid pGEc47 (Fig. 12)
(Bggink et al. (1987) J. Biol. Chem. 262, 17712-17718) was used as template.
The clonings were carried out by means of the subcloning vector pSMART® HCKan
(Lucigen Corporation). This additional step was necessary because direct cloning had not
been successful. For this, the commercially available vector pPSMART® HCKan (Lucigen),
which was already linearized and provided with blunt ends, was ligated with the respective
blunt-end PCR product (Fig. 9).
Next, the alkBFG fragment with the restriction enzymes Ndel and Sall and the alkT
fragment with the restriction enzymes Pacl and Xhol were cut out of the subcloning

" vectors. The fragments were separated in agarose gel (1%), cut out of the gel and isolated
using a gel extraction Kit. o
The fragments were ligated one after another into the vector ?COMIO (Smits, T. H. M.,
Seeger, M. A., Witholt, B. & van Beilen, J. B. (2001) Plasmid 46, 16-24). In the first step

- alkBFG was inserted in pCOM10 via the cleavage sites Ndel and Sall, and in a second step

alkT was then cloned via the cleavage sites Pacl and Xhol. '

- The recombinant plasmid was first transformed in E. coli DH5a. Plasmid-bearing clones

were selected on kanarnycin—cdntaining LB medium. The isolated plasmid was checked by

restriction analysis and sequencing. It is designated pBT10 (Fig. IO).

B3. Biotransformation in the bioreactor of methyl laurate to hydroxymethyl laurate and 12-

oxomethyl laurate

For the biotransformation, the plasmid pBT10Q was transformed by heat shock at 42°C for 2
min 1n the chemically competent strain E. coli W3110. ¥or the synthesi.s of hydroxymethyl
laurate and 12-oxomethyl laurate, E. coli W3110-pBT10 was cultivated overnight at 30°C
and 180 rpm in M9 medium and harvested. The biomass was taken up in M9 medium with
0.5% gluéose up to OD450 = 0.2. After a growth time of 4 h, expression was induced with

dicyclopropyl ketone and it was incubated for a further 4 hours. The cells were centrifuged,
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the cell pellet was resuspended in KPi-buffer (50 mM, pH 7.4) and put in a bioreactor. A
biomass concentration of about 1.8 gCDW/L was established. Stirring vigorously (1500
min™), the substrate methy! laurate in the ratio 1:3 was added to the cell suspension

(100 ml cell suspensibn, 50 ml methyl laurate). The temperature was kept constant at 30°C.

Formation of the products hydroxymethyl laurate and 12-oxomethyl laurate was detected

by GC analysis of the reaction mixture. For this, a sample was taken after 0 min as

negative control (Fig. 13) and after 150 min (Fig. 14) from the organic phase of the

reaction mixture, and was analysed by GC (Thermo Trace GC Ultra). The column was a

" Varian Inc. FactorFourTM VF-5m, length: 30 m, film thickness: 0.25 um, inside diameter:

0.25 mm.

Analysis conditions:

Furnace temperature 80 ~280°C

Ramp 15°C/min

Split ratio 15

Injection volume | 1ul

Carrier flow 1.5 ml/min

PTV injector 80— 286°C at 15°C/s

Detector base temperature: ~ 320°C

The detection of 12-oxomethyl laurate (Fig. 11) and 12-hydroxymethyl laurate (Fig. 12)

was demonstrated by injection of the pure substances.

Conversion of 12-oxomethyl laurate to lZ-aminom_ethyl laurate

Cl:

Isolation and expression of an aminotransferase from Arabidopsis thaliana

A known aminotransferase from Arabidbpsis thaliana was analysed. Surprisingly, 4-
aminobutyrate transaminase (at3g22200, SEQ ID No. 38) displayed an activity of about 14

U/mg heterologously expressed protein versus 12-oxomethyl dodecanoate. The product 12- -

aminomethyl dodecanoate was confirmed by HPLC.
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Unless stated otherwise, all methods were carried out in accordance with the protocols in
Sambrook, J., Fritsch, E. F., & Maniatis, T (1989). Molecular Cloning, 2nd Ed. New York:
Cold Spring Harbor Laboratory Press.

Isolation of 4-aminobutyrate transaminase from A thaliana (at3222200)
The RNA was isolated with the RNeasy Mini Kit from a whole, flowering plant of the
species A. thaliana following the instructions of the manufacturer: QIAGEN GmbH,

Hilden.
Then ¢DNA synthesis was carried out with the RT Skript Kit (USB Europe GmbH,

Staufen) following the manufacturer's instructions. RNA quality/quantity determination

-was performed by Nanodrop following the instructions of the manufacturer (Thermo

Fisher Scientific Inc. Waltham USA).

PCR from A.thaliang cDNA for insertion of cleavage sites

Using the following primers, the DNA coding for the 4-aminobutyrate transaminase with
SEQ ID No. 39 was cloned in the Nael, BamHI digested vector ‘ '
Forward-primer inserts protease cleavage site and Nael, SEQ ID No. 36
GCCGGCGAGAACCTGTACTTTCAGATGGCAAGTAAGTATGCCACTTG
Reverse-primer inserts BamHI, SEQ ID No. 37 '

- GGATCCTCACTTCTTGTGCTGAGCCTTG

PCR was carried out according to the following protocol:

Preparation Programme
2 ul cDNA ~ 95°C 3 min
5 ul 10x Pfu buffer MgS0O4 94°C 45 sec
5 4] dNTPs 2 mM 58°C  1min 30 cycles }
2 pl primer forward 10 uM 72°C 4 min
2 ] primer reverse 10 uM 72°C 10 min
0.5 ul Pfu | |
36.5 ul H,O
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The resultant PCR product was purified with the NucleoSpin® Extract II Kit (Macherey-

Nagel, Germany, following the manufacturer's instructions).

Expression of the heterologous protein
Using the PCR product described above, the vector pGJ3130 (Fig. 15, SEQ ID No. 43) was
produced by standard methods of molecular biology and transformed in E.coli XL1blue.

The transformed £. coli strain was cultivated in double YT-medium (dYT) with the
antibiotic ampicillin (100 pg/ml) and addition of 0.5 mM IPTG at 28°C up to a density of

OD600 nm=0.3-0.4.
\

Purification of heterologously expressed protein by means of 6xHis-Tag

/ Lysis of the bacterial expression culture: 50 ml culture was centrifuged at 2360 x g, and
then resuspended in 5 ml Na-phosphate buffer (pH 8) with 5 mM EDTA, 300 mM NaCl
and 1 mg/ml lysozyme, and incubated for 1h at RT. The lysate waé centrifuged at 2360 x g
for 10 min and the supernatant was purified on a Protino Ni-TED 2000 packed column
(following the instructions of the manufactﬁrer; Macherey-Nagel, Diiren). The protein

concentration was determined according to Bradford.

Detection of enzyme activity by means of a coupled assay

- The activity was determined in a coupled assay, in-which the pyruvate that formed as by-
product of the transaminase reaction is reacted further in a second step, and NADH is
oxidized to NAD+. The decrease in NADH concentration (principle: measurement of the

decrease in extinction) is measured in the photometer at 340 nm and provides a measure of

the activity.

Preparation
50 mM Na-phosphate pH 7.5
50 mM L-alanine
100 pM Pyridoxal phosphate
250 pg 12-oxomethyl dodecanoate
1.25mM  NADH
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The assay was started by adding 5 g1 12-ODME (50 mg/ml). Measurement is performed
continuously every minute at 340 nm at RT for up to max. 20 minutes.
Inactivated protein and a preparation without co-substrate were used as the control.

Fig. 16 shows the variation in extinction, determined photorhetrically.

Detection of the heterologously expressed protein by HPL.C

Preparation
50 mM Na-phosphate pH 7.5
50 mM L-alanine
100 pM Pyridoxal phosphate
250 pg Iz-dxomethyl dodecanoate
50 pug heterologously expressed protein
Make up to 500 ul with doubly distilled water

After incubation for 4h at RT, the reaction was stopped with 1 Vol. MeOH

For the HPLC analysis, the preparation was derivatized with o-phthalic aldehyde (oPA)
and 250 pl was analysed. 50 mM NaAC pH 4:acetonitrile 4:1 (v:v) was used as solvent A.
Solvent B was acetonitrile with 5% 50 mM NaAC pH 4. The gradient was from 30% B to

-~ 60% B in 4 min, from 60% B to 100% B in 2 min. The flow rate was 1.2 mV/min.

Separation took place in an Agilent Zorbax RP18 column (Agilent Technologies, USA),
the column temperature was 40°C. F ig. 17 (top) shows the formation of 12-aminomethyl

laurate. The reference sample is shown at the bottom in Fig. 17.

Amination of 12-oxomethyl laurate with PPTAS and PSTA from Pseudomonas

D1. Cloning of PPTAS and PSTA
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The strains E. coli BL21(DE3)/PPTASI and E. coli BL21(DE3)/PSTA were used for the
amination of 12-oxomethyl laurate. These strains were constructed as follows. The
expression vector pET-21a(+) (Novagen) was selected for the cloning of both transaminase
genes. For the PPTAS gene, SEQ ID No. 40, primers were constructed, which were
intended to add the restriction cleavage sites Ndel and XholI to the ends of the gene; primer
PPTAS_Ndel: GGAATTCCATATGAGCGTCAACAACCCGCAAACCCG (SEQ ID No.
44) and |

Primer PPTAS5_Xhol: CCGCTCGAGTTATCGAATCGCCTCAAGGGTCAGGTCC
(SEQ ID No. 45). For the psta gene, SEQ ID No. 41, primers with Ndel and BamHI at the
ends; primer PSTA_Ndel:
GGAATTCCATATGAGCGATTCGCAAACCCTGCACTGGC (SEQ ID No. 46) and
Primer PSTA_BamHI: CGCGGATCCTCAGCCCAGCACATCCTTGGCTGTCG (SEQ
ID No. 47)

These primers were used in PCRs. The purified PCR products and the vector pET-21a(+)

were then submitted to restriction with the restriction enzymes Ndel and Xhol or Ndel and

"BamHI. The cut vector was dephosphorylated with alkaline phosphatase from shrimp. The

vector cut with Ndel and Xhol and the PPTAS gene, and the vector cut with Ndel and
BamHI and the psta gene, were, after ligation with T4 DNA ligase, transformed with the

competent expression strain E. coli XL1-Blue. After some clones had been grown, the

‘plasmids were isolated and then underwent restriction and gel electrophoretic analysis. The

transaminase sequences of the clones obtained (pPPTAS or pPSTA) were confirmed by

sequence analysis. Fig. 18 shows the plésmid maps of the expression vectors.

Expression of PPTAS and PSTA

For expression, the vectors pPPTAS and pPSTA were transformed in competent E. cols
BL21(DE3) cells. One individual colony of each was inoculated in 5 ml LB-Amp medium
(ampicillin concentration 100pg/ml) and shaken overnight at 37°C. Then 1% was
inoculated in 200 m! LB-Amp medium, shaken at 37°C and after reaching an ODgqg 0f 0.5,
gene expression was induced with 0.5 mM IPTG. After shaking for 20 hours at 30°C, the

cells were harvested and stored at -20°C.

-39



WO 2009/077461 PCT/EPZOOS/ 067447

For digestion of the strains £. célz' BL21(DE3)/pPPTAS and E. coli BL21(DE3)/pPSTA,
0.4 g of cells from each were processed with 100 mM Tris-HCI buffer pH 7.2 to 25% cell
suspensions, which were treated twice for 90 sec with ultrasound (Bandelin Sonoplus |
HD2070; probe MS73; 50% intensity). After centrifugation, the supernatants were
removed. The raw extracts obtained were used in conversions of 12-oxomethyl laurate.
The 400 pl preparations contained 5 mM 12-oxomethyl laurate, dissolved in N,N-
~ dimethylformamide, 500 mM DL-alanine, 1 mM pyridoxal-5'-phosphate and 80 pl raw
extract in 10 mM Kpi-buffer pH 7.0. It was shaken at 25°C. After specified times, 20 y1
sampleé were taken from each, one portion was made alkaline with 1 ul 1% NaOH
solution and was shaken out with 100 ul ethyl acetate. The organic phases were
investigated by gas chromatography (gas chromatograph from Perkin Elmer, Clarus 500
with flame jonization detector). For this, an Optima 5-column (0.25 pm, 30 m, 0.25 mm,
Macherey-Nagel) was used with programme: ' '
‘ 80°C

25°C/min 180°C

5°C/min 215°C

20°C/min 280°C

The retention times of 12-0x0- and 12-aminomethyl laurate are 7.2 and 7.7 min,

respectively.

The results of the reactions are presented in Figs. 20 and 21. For the evaluation, the peék
areas of 12-oxo- and 12-aminomethyl laurate from the chronﬁatograms obtained for neutral

and acid extraction were added together and the percentage of educt or product was

calculated.
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PATENT CLAIMS

1. Cell, which has been genetically modified relative to its wild type so that, in comparison
with its wild type, it is able to produce more w-aminocarboxylic acids, more @-aminocarboxylic
acid esters or more lactams derived from w-aminocarboxylic acids, starting from carboxylic acids or
carboxylic acid esters,

characterized in that the cell has increased activity, in comparison with its wild type, of the
enzymes E; and Ej; or all the enzymes E,, E;; and Ey;:

i) an enzyme E;, which catalyses the conversion of carboxylic acids or carboxylic acid
esters to the corresponding w-hydroxycarboxylic acids or ow-hydroxycarboxylic acid esters;

ii) an enzyme E;;, which catalyses the conversion of wm-hydroxycarboxylic acids or o-
hydroxycarboxylic acid esters to the corresponding m-oxocarboxylic acids or w-oxocarboxylic acid
esters;

iii) an enzyme E);; which catalyses the conversion of @w-oxocarboxylic acids or -
oxocarboxylic acid esters to the corresponding w-aminocarboxylic acids or w-aminocarboxylic acid
esters,

characterized in that

the enzyme E, is the alkBGT-encoded alkane monoxygenase from Pseudomonas putida GPol or
" the cytochrome P450 monoxygenase from Candida tropicalis,the enzyme Ey; is encoded by alk/
gene coded alcohol dehydrogenases and

the enzyme Ey; is an o-transaminase.

2. Cell according to Claim 1, characterized in that the enzyme E; is the alkBGT-encoded
alkane monoxygenase from Pseudomonas putida GPol.

3. Cell according to.one of Claims 1 to 2, characterized in that the enzyme Ey is encoded by
the alkJ gene from Pseudomonas putida GPol.

4. Cell according to one of Claims 1 to 3, characterized in that the enzyme Ey; is the ®-
transaminase CV2025 from Chromobacterium violaceum DSM30191.

5. Cell according to one of the preceding claims, characterized in that the expression of an
enzyme E,y, which catalyses the conversion of w-aminocarboxylic acid esters to the corresponding
w-aminocarboxylic acids, is increased in the cell.

6. Cell according to Claim 5, characterized in that the enzyme E,y is the lipase LipA
(Q76D26) from' Pseudomonas fluorescens, which is secreted by the cell.
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7. The cell according to one of the preceding claims, characterized in that the expression of an
enzyme Ey, which catalyses the conversion of m-aminocarboxylic acids to the corresponding
lactams, is increased in the cell.

8. Cell according to Claim 7, characterized in that the enzyme Ey is secreted by the cell.

9. Cell according to one of the preceding claims, characterized in that the cell is a genetically
modified Escherichia coli cell, a genetically modified Corynebacterium glutamicum cell or a
genetically modified Pseudomonas putida cell.

10. A method for the production of a genetically modified cell, comprising the process step of
increasing the activity of the enzymes E; and E;; or all the enzymes E,, Ej; and Ey:

i) an enzyme E,, which catalyses the conversion of carboxylic acids or carboxylic acid
esters to the corresponding o-hydroxycarboxylic acids or m-hydroxycarboxylic acid esters;

ii) an enzyme Ey, which catalyses the conversion of w-hydroxycarboxylic acids or c-
hydroxycarboxylic acid esters to the corresponding w-oxocarboxylic acids or

w-oxocarboxylic acid esters;

iii) an enzyme Ey;; which catalyses the conversion of w-oxocarboxylic acids or w-
oxocarboxylic acid esters to the corresponding w-aminocarboxylic acids or w-aminocarboxylic acid
esters in a cell,

characterized in that

the enzyme E; is the alkBGT-encoded alkane monoxygenase from Pseudomonas putida GPol or
the cytochrome P450 monoxygenase from Candida tropicalis,

the enzyme Ej; is encoded by alkJ gene coded alcohol dehydrogenases and

the enzyme Ejj; is an @-transaminase.

11. Method according to Claim 10, characterized in that in addition to the increase in activity of
the enzymes E,, Ej; or Ey;, also the activity of an enzyme Ey, which catalyses the conversion of -
aminocarboxylic acid esters to the corresponding w-aminocarboxylic acids, and/or an enzyme Ey,
which catalyses the conversion of w-aminocarboxylic acids to the corresponding lactams, is
increased by increasing the expression of these enzymes and in that the enzymes E,y and/or Ey are
secreted by the cell.

12. Method for the production of w-aminocarboxylic acids, of @-aminocarboxylic acid esters or
of lactams derived from w-aminocarboxylic acids, containing the process steps:
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D contacting a cell according to one of Claims 1 to 9 with a culture medium
containing a carboxylic acid or a carboxylic acid ester or with a culture medium contiguous with an
organic phase containing a carboxylic acid or a carboxylic acid ester in conditions that make it
possible for the cell to form m-aminocarboxylic acids, ®-aminocarboxylic acid esters or lactams
derived from w-aminocarboxylic acids, starting from carboxylic acid or from carboxylic acid esters;

1D optionally isolation of the resultant w-aminocarboxylic acids, the resultant o-
aminocarboxylic acid esters or the lactams derived from m-aminocarboxylic acids.

13. Method according to Claim 12, characterized in that the w-aminocarboxylic acid esters
formed in step I) are converted in another process step by conventional chemical methods to ®-
aminocarboxylic acids.

14. Method according to Claim 12 or 13, characterized in that the cell is a genetically modified
Escherichia coli cell, a genetically modified Corynebacterium glutamicum cell or a genetically
modified Pseudomonas putida cell.

15. Method according to one of Claims 12 to 14, characterized in that the culture medium used
in step I) contains amino acids, which function as amine donor in the transaminase-catalysed
conversion of the w-oxocarboxylic acids or the m-oxocarboxylic acid esters to the corresponding -
aminocarboxylic acids or m-aminocarboxylic acid esters.

16. Method according to one of Claims 12 to 15, characterized in that the method is carried out
in a two-phase system, containing

A) an aqueous phase, and
B) an organic phase,

where the formation of the w-aminocarboxylic acids, the @-aminocarboxylic acid esters or the
lactams derived from w-aminocarboxylic acids by the cells in step 1) takes place in the aqueous
phase and the resultant w-aminocarboxylic acids, the resultant m-aminocarboxylic acid esters or the
resultant lactams derived from w-aminocarboxylic acids accumulate in the organic phase.

17. Method according to one of Claims 12 to 16, characterized in that the isolation of the
resultant @-aminocarboxylic acids, the resultant w-aminocarboxylic acid esters or the lactams
derived from w-aminocarboxylic acids takes place by an at least two-stage purification process,
comprising

a) an extraction step, in which the w-aminocarboxylic acids, the ®-aminocarboxylic. acid
esters or the lactams derived from w-aminocarboxylic acids are extracted from the culture medium,
and
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b) a fine purification step, in which the extract obtained in step a) is purified further by
distillation methods or additional extraction processes, obtaining an w-aminocarboxylic acid phase,
an w-aminocarboxylic acid ester phase or a lactam phase with a purity of at least 99.8%.

18. Method according to Claim 17, characterized in that the extraction in step a) is a reactive
extraction.
19. Method according to one of Claims 12 to 18, characterized in that the carboxylic acid is

lauric acid or the carboxylic acid ester is methyl laurate and in that the lauric acid or the methyl
laurate is converted in step II) to laurinlactam.

20. Method for the production of polyamides based on @-aminocarboxylic acids, comprising
the process steps:

(al) production of ®-aminocarboxylic acids by a method according to one of Claims 12 to

19;

(02) polymerization of the @-aminocarboxylic acid, obtaining a polyamide.
21. Method for the production of polyamides based on lactams, comprising the process
steps: '

(B1) production of lactams by a method according to one of Claims 12 to 19;

(B2) ring opening polymerization or polycondensation of the laurinlactam, obtaining a
polyamide.
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SEQUENCE LISTING

Evonik Degussa GmbH

aminocarboxylic esters or lactams thereof

<130>
<160> 47
<170>
<210> 1
<211>
<212>
<213>

<400> 1
atgcagaagce

cegttecaccyg
ggcegtcectace
tgcgtgaacyg
gagctgcegt
agcecctgetygg
tccgaategg
ccggagaaga
gccagectgg
gceccacatcg
ggcgtggtgg
gcegeetteyg

tactggeegg

‘gtgatctgeg

cccgacctgt
tttgtcggca
acctactceg
gacgagggca
cgtgaaacct
gcgttcacce

ggcacgctgt

200700667

1380
DNA
Chromobacterium violaceum

aacgtacgac
ataccgcatce
tgtgggattc
tcggctacgyg
tctacaacac
ctgaagtgac
tggacaccat
agacgectgat
geggeatgaa
agcagccttg
ccgcgegetg
tcggegaace
aaatcgageg
gcttegggeyg
tcaccgeege
agcgegtgge
gccacceggt
tcgtecagcega
tcagccgttt
tggtgaagaa

gccgcgacat

PatentIn version 3.4

cagccaatgg
gctgaaccag
ggaaggcaac
ccgecaaggac
cttettcaag
gccggeeggt
gatccgeaty
cggcecgetgg
gtacatgcac
gtggtacaag
gctggaagag
catccagggc
catttgcege
taccggcgaa
caagggcctyg
cgaaggectg
ctgecgeegec
cgtcaaggac
cgagcatgtg
caaggcgaag

cttettecge

cgcgaactgg
gcgggegege
aagatcatcyg
tttgccgaag
accacccatce
ttcgaccgeyg
gtgcgceget
aacggctatc
gagcagggcedg
cacggcaagyg
aagattctgg
gcecggegygeyg
aagtacgacy
tggttcggece
tcecteegget
atcgeoceggeyg
gtcgeecacy
gacatcggec
gacgacgtge
cgcgagetgt

aacaacctga
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atgcecgecca
gegtgatgac
acggeatgge
cggegegecy
cggeggtggt
tgttctatac
actgggacgt
acggctceccac
acttgecgat
acatgacgcc
aaatcggege
tgatcgtece
tgetgetggt
atcagcattt
atctgccgat
gcgacttcaa
ccaacgtggc
cgtacatgca
gcggegtegy
teecegattt

tcatgeggge

tcacctgeat
gcgeggagayg
cggactgtgy
gcagatggaa
cgagctgtce
caattccggt
gcagggcaayg
catcggegge
tceegggeatyg
ggacgagtte
cgacaaggtg
gceggeceacc
ggccgacgaa
cggettecag
aggcgeggtce
ccacggette
ggcgctgege
aaagcgetgg
catggtgcag
cggcgagatc

atgcggcgac

Recombinant cells which produce omega-aminocarboxylic acids, omega-

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260



cacatecgtgt cggcgecgee getggtgatg acgcgggegg aagtggacga gatgctggeg

gtggcggaac gctgtetgga ggaattcecgag cagacgetga aggcgcgegg getggettag

<210> 2
<211>
<212>
<213>

DNA

<400> 2
atgatcatag

gggggcgttt
cttggaageg
ccgaagcagyg
tatgtttatt
gagcttgcac
gaaggccgga
caaatcggcg
gtgcctggeg
gcggcgaaaa
cgettgegee
gtcaatattyg
ggtgctaaag
gttattgttyg
acacatgatc
ccaggegcag
ctgcaaatcg
ggtttaaaca
gagtatgttc
<210> 3

<211l> 1206
<212> DNA
<213>

<400> 3

1137

gggttcectaa
ctcagctecat
gatttgaaaa
tctgggacgce
ttcgcaaagg
aggecttgaa
cattgectct
ctcaattectt
tttccecgegy
tggctgtegyg
agcttgatga
ctgatgectgt
ctecgactet
atgtagcgat
agccaacata
tecectcgtac
cgaacaaagy
ccgcaaacgyg

ctgccgagaa

Bacillus subtilis

agagataaaa
ttcaaacggce
tgaagcctat
cgaaatggte
acttgtgctg
ggataaagga
tctgacgcca
agaaaagcct
aaaagtaaca
cecteggtgcea
catctteggce
ggcggaagcey
tgtcactgay
cgaccaagge
tgaaaaacac
atcaacaatc
ggcagtaaaa
acacgtgacc

agctttacag

Pseudomonas putida

aacaatgaaa
caccgggtge
gagtcagcag
atgaaagtaa
tttacgtacc
gtaactgcca
atgtcagagg
aaaggcggaa
attatcggag
gatgtgacga
catcagatta
gatctecctea
gaaatggtaa
ggcatcgtcg
ggggttgtge
gcectgacta
gegetegeag
tatgaagctg

gatgaatcat

accgtgtege
tggttgaaac
gagcggaaat
aagaaccgcet
ttecatttage
tcgeatatga
ttgcgggcag
aaggecattct
gaggcgtitgt
tcattgactt
aaacgttaat
tttgegeggt
aacaaatgaa
aaactgtcga
attatgctgt
acgttactgt
acaatacggc
tagcaagaga

ctgtggcggyg

attaacaccc
aggcgcgggce
cattgctgat
gccggaagaa
agctgagecet
aacggtcagt
aatggcageg
gcttgecggg
cgggacaaac
aaacgcagac
ttctaatccy
attaattccyg
acccggttca
ccatatcaca
agcgaacatg
tccatacgeyg
actgagageg
tctaggctat

tgettaa

atgcttgaga aacacagagt tctggattce gcteccagagt acgtagataa aaagaaatat

ctectggatac tatcaacttt gtggeccecggcet actcoccgatga teggaatctg gettgeaaat

gaaactggtt gggggatttt ttatgggctg gtattgcecteg tatggtacgg cgcacttcca

-46-

1320

1380

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

860

1020

1080

1137

60

120

180



ttgcttgatyg
ctagagaagyg
gcattaattg
gcgettgect
ggtcacaaga
tacggtcact
gatcctgcaa
ggagcattta
gtttggagtt
gttectecttyg
ggttggtgge
atggaggacg
gtctctaate
cgttettatce
ggtgecatttt
gtagattggg
tatttgaaaa
tegtag
<210> 4
<211> 519
<212> DNA
<213>

<400> 4
atggctaget

catgaggggt
gattgegeccy
ggcgtcacct
gctgaagcag
caagatctat
aagtggatat
ggttttactc

ggggctacga

cgatgtttgg
agcggtacta
tgtcagecatg
tgtcactyggg
aggagacttt
tectttattga
catcceeggat
ttegtgettyg
tcegataatga
cecttgtttgg
agctgaccag
gtcgatatga
tagtgectgtt
agtcactteg
tgatggegat
ctggtggtga

aatttggeac

ataaatgcecce
tttcteccagg
ttcgagacaa
caacccatac
tggttgecgee
ataaaactca
gtattacttg
caggtactcg

aagaagacta

tgaggacttt
tcgagttttyg
gtgggtcgga
tatcgtgaac
tgatcgttgy
gcataataag
gggagaaagc
ggggcttgag
aatcctccaa
acctaagatg
tgcgaactat
gcatcaaaag
ccaccttecag
ggattttecece
gattcctcag
ccttaataag

tagtagtgct

Pseudomonas putida

ggattgtaat
tacgecttgg
gecttgactte
ttegeccaaat
gacaagctta
acctccaagg
tggccatata
ctttgaggat

tgtgctctac

aataatccgce
acatatctaa
actcagccaa
ggactagcgce
atggccaaaa
ggtcatcacc
atttataagt
gaacaacgcc
ccaatgatca
ctggtgttecc
attgaacatt
ccgeaccatt
cggcactcgg
ggcectgecgg
tggtttagat
atccaaattg

ggtcatagtt

tatgtttatg
caccttatte
atgttaattg
ttatccgagyg
gagaaattgce
tctgatgccc
tatgatgagg
attcctgatg

gaggaaaag

-47-

ctgaagaagt
cagttcctat
tgtcttgget
tcaatacagg
ttgtgttgge
gtgatgtcge
tttcaatceg
tttcgegecyg
tcacagttat
tgecgattca
acggcttgct
cttggaatag
atcaccacgc
ctcttecgac
cagttatgga
atgattegat

cgagtaccte

atgagagtgc
ctgaggattg
agagcggegt
ttagtggcac
ctagtgccga
aaggcgggaa
cgttgggega

actggtgety

gagtgccgaaa
gecattacget
tgaaattggt
acacgaactc
tgtégtaggg
tacaccgatg
tgagatccca
tggccaaagce
tctttacgee
aatgggetttc
ccgtecaaaaa
taatcacatc
gcatccaaca
gggttaccet
tccecaaggta
gcgagaaacce

tgcggtagea

gggtaatgtg
gtgctgecce
aggtgaaaag
aagtttaact
cgttaaagge
agcatacttyg
tgaggecegayg

teceggattge

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

1020

1080

1140

1200

1206

60
120
180
240
300

‘360
420
480

519



<210> 5

<211> 1677

<212> DNA
<213>

<400> 5
atgtacgact

tcggcegacce
ctaattcata
tttcaaactyg
acgttaggtyg
taccacgcat
ttcaaaaggc
gaattagetg
ggcatggagyg
gggttctatc
cacggtgtac
ctttttgaag
gtcaagacaa
cttctaatge
gtccatgate
tgcgcageaa
tegggtttgt
tegggtggtt
cttecaactt
catatatgtg
ttacagceccge
attgecgggta
aagcatgaag
cgtaggcgag
gcgtcagttg
gcgtcaatta

gaaaatgcgg

atataatcgt
cctctaaaag
tgcecgttagyg
cgccacagca
gttcaagcte
gggagcagge
ttgaatgcaa
ttagtgattt
ccaatattaa
aagtaaccca
tttccagace
accgtaaggce
cgagtggtgg
tttetggtgt
ttecetgaggt
attcgagaga
tttcatatgt
ttgtaaaaag
atcttaaaga
atctttitgee
ctttaattga
ttaagatagg
tagtaccggyg
ctgagactat
ttgatcegtyg
tgccgeactt

cagaaataat

Pseudomonas putida

tggtgctgga
agtttgttta
tattgetttg
aaatctcaac
aatcaacgca
ggccggecge
ccagcgatte
aaaatatatc
tttcaacgga
aaaaaatgga
aaatctagac
ggttggtgtt
tgaagtactt
tggggctgcea
ggggaaaaat
gcecgataggt
gtttaagcgce
ttctectgat
tcacggtcga
taagagccga
ccecgaactat
gecgegetatt
ccaggctgtt
ataccatceg
cctgaagatc
ggtcgegggt

tatgcggaat

tctgcaggat
cttgaagctg
ctttcaaata
ggccggagcec
atggtctata
tactggggtt
gataagtccg
aatcegetta
gatttcaacy
caacgctgga
atcattactyg
tcttatataa
cttagtecttyg
geegagetta
cttcaagatc
gttgetettt
gaggggttte
cgtgategge
aaaatagegg
ggcagaattg
cttagcgate
ttgeaggecc
aaaactgatg
gtaggtactt
cgtgggttgg
aacacaaacg
cttgatgtgg

-48-

gtgtgcttge
ggcecgcgaga
gtaaaaagtt
ttttetggee
tecgagggea
ggtaccgggce
agcaccatgyg
gcaaagecatt
gcgagtacca
gcteggegeg
atgcgcatgce
agaaaaatat
gegecagtegy
aggaacatgg
atttggacat
ctttecatecee
tcactagtaa
ccaatttgca
gtggttatgg
gcectaaaaag
atgaagatat
catcgatggce
atgaaataat
gtaggatggy
caaatattag
ctccaactat

aagcattaga

taatcgtett
tacgaatccg
gaattgggct
acgaggaaaa
tgaagacgat
tecttgagttyg
ggttgacgga
cgtgcaagee
ggacggecgta
tgcattcttg
atcaaaéatt
gcaccatcaa
cacgccteac
tgtttcteta
cacattgatg
tegtgotgte
cgtggeagag
gtttcatttc
ttatacgcta
cgccaatecca
taaaaccatg
gaagcatttt
cgaagatatt
taaagatcca
agtcgttgat
tatgattgca

ggctageget

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

1020
1080
11490
1200
1260
1320
1380
14490
1500
1560

1620




gagtttgete gecgagggtgce agagctagag ttggccatga tagetgtetg catgtaa

<210> 6
<211>
<212>
<213>

DNA
<400> 6

atgaaaataa
actctagtaa
ggagecegete
cttgegttcyg
agagccagtt
ttcgaaatgg
gaccttgcat
ttggataata
ttaaatacac
cagcttaaac
gaagaggcgg
gagaccttgg
gagttgcegg
atafttgagg
ttcgtgacge
aagtatttaa
acactgcatc
aaaagatccect
tatgcaatac
agaataattt
ttagagctac
gtattgtatt
caatccgata
ggtaaagcaa
ttatttggyg

tttgccagty

2649

‘taataaataa

gtgccaaagt
ccagagtatg
agtggctacg
cttacagtga
taaaattcag
ctagtcttté
ttaatcatga
caaaaaatat
ttgcaggege
tggegttage
tgcaagaagt
ccaagcatat
cgattceecga
ctgatcaata
gcactaatta
cagtactgey
acctgcttaa
gaatatccct
tagatttgte
cgaagcaggc
tcagtcagca
aaaaaaataa
ccaaagatga
attcaaacgc

agtatagatt

Pseundomonas putida

tgatttceceyg
tcatagttge
cetttacaga
ccacagaaca
atttgatatce
ccgtgtgaga
gcagagcace
cttagacttg
caggtttgeca
tatgcgggag
ggaggcagag
tgaggggtay
ttcagcagta
gcgetategt
caattatgta
catgttgctt
taattttcta
gcgtgcaget
acgggcgaat
atttcgtcag
ctggcaccaa
aggcgcgega
atggcaagaa
aatgctttcg
agttggaaaa

tgcagagttg

gtcgetaagg
atatatcgge
gcccecacctg
geecggacgtce
tgegecagaga
gagggtgtga
tecgaataacg
ccgttgttge
gttgcaggca
tacaccgaga
tctgttettyg
cctgectettg
gttgaagtag
gtttttetty
ttcaaatgcyg
cgccatgtga
cgagaaatta
ttectggcatt
gactgtcget
ggcgaaatag
aaaccecatayg
gcagagaagt
aaggaatggce
agtgaggagce
ggggcecgcgce
gagaaggtgc

-49-

tcggagegga
caagattgag
gatatgggaa
ctgcagtgtyg
ttattgagceca
gcaagcecetge
agatagaaac
acgcacttat
atacaataaa
aagacttgge
gagttcctga
tagttttttt
acaattactt
caaattecttce
tcaatggggt
geggtgagec
cttggactga
ggcgtagagy
gggcagtcag
atgcgctgag
tgcttattag
taattaaaga
tgcagettgt
tctgtaataa
taacctgttt

tggctecaggce

tcaaattacg
tatecgecggat
aaccgttget
getttettta
gcttgaaact
gctecttgega
gctagtttgt
ggagtttatg
agggttcteg
ctttagegea
agaacagata
gttaaagcgt
tagggatgaa
attgctegat
ctcatgtatt
agcgcagttt
aaatcectget
tgaataccag
catgtctgag
acagtggctg
ttacgcgtgg
cctatettea
gcttgcaata
gtggattagt
ggcttttatt

ccaageegtg

1677

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

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560




aataaatttg
gccecctagcaa
agtcgegegce
gagttacatt
gagttecattt
gettggegge
gcgcatgegyg
cagcgettag
aagattttcet
ctagtgcttt
cagcaagccc
ggagcgcagyq
gagatagcaa
cgaataatac
gettttagte
ttattgacac
caaatagcaa
tttgccacct
attatctaa
<210> 7
<211>

<212>
<213>

DNA
<400> 7

atggcaatcg
caatatggtt
cggectecte
aagccagaag
tcaatcgacg
aaattgattc
tctggggtct

gagagtgcgt

1158

caaaacaaaa
gcggaaaaat
agétgatgga
atgaattgeg
ccaatcacgyg
ttggaaggag
ttgaaaaaaa
tctgtcaagg
ccggacagea
cecegagateg
gtaaaattaa
caggtgecegyg
aacagcttca
cggettecaty
ttccgegaat
ggaagcagat
caaatatgca

tgaatgtagt

ttgttgttyy
ataaagggga
tatccaaggce
gtttttatac
tggggcgtaa
ttgcaacacce
gctatttacg

ctgttgttgt

ttttgetttt
gggctgggcey
atcecgagttt
ctgcttggac
ggtgacagac
tgacctaaat
tctaccaaga
cataacgggce
ctcagcceece
gaactttcat
cgegggecag
tgatttaaaa
atgctttcaa
tgaagcctte
agttgagatt
tgctgtettg
tgtcaccgaa

gaatcgcacyg

Pseudomonas putida

cgctggtaca
aattaggatt
ttttctgaca
gaataacaat
gatagtttct
tgctagcgca
cagtatggaa

gttgggcegge

ggttggctgt
aggcagatta
acttcgaaaa
acctcagaag
gtgttttttt
ggctecattg
ttggaagtta
ataaataatt
ctaaaagcac
agtgccgege
ctggaagtcc
aaggctcagce
acagttecttyg
acagcagtta
ggaaagtccg
aggcttgtaa
gatgctatéa

caagcaacaa

gctggagtaa
tttagcaggy
agtgagattg
attaccattt
tctaaagatg
cgtaggttaa
gacgccaaaa

ggagtaatcyg
-50-

atgtcgcgag
taactcaagc
tgtttgacge
aaaagctctce
cegtatgeeg
agatattgga
tgagccaaat
taaaaactct
gcectgetget
acagagcgtt
gtggattatt
ttaacattgt
atgaagtatg
atttagatca
cagagaataa
aagaggggtyg
agtggcatat

ttgaagctga

atgctgegtt
agtctgtgge
cagaatccge
cgttaaatac
gaaaagaata
cctgegaggg
atttacgtag

ggcttgaagt

gtttcaacaa
acgcacagac
tctagagett
caaaatttta
tgctgtétca
gtgggcgaag
tgagatctat
tgaagatcat
tgttcaatca
attggctatt
gtgtttggee
ttatgcagtyg
tttaattgag
agcgattggg
agctgacget
ctcaaacaaa
gaggaaaata

gegtcaagga

ctggcttegt
gcecttatecag
agtgccatta
accgattgta
cgcgtatgaa
gtctgaactg
gaaacttgtg

cgectecaget

1626
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640

2649

60
120
180
240
300
360
420

480




gcggtggget
gtggttacge
ttcaagectga
gtacttgaaa
ccagagctag
gatcagatgt
aatcettttt
caaattgtcg
tggtctgatce
ctegttgttg
cgactgattg
ataaaattac
<210> 8

<211> 33

<212> DNA

<213>

<220>
. <223>

<400> 8

tagggaagag
cggcagcagc
atgcgaaatt
gtggagaaga
agctggcaac
gtacatcgga
dggggaacgat
caagtagcat
ttaaagggat
caattaataa
caactgagac

ctgattag

Primer

ggtcacagtg
aaacttagtc
aacgtctata
adttcaggcg
tgaggcggee
tacaagtata
ggtacgttta
ctgtggcaca
ggcgetgcaa
cgaaactctt

aataaatttg

Artificial Sequence

atagaagcca
agagcccgec
aagggcagga
gatctgattyg
cttgaagtga
tatgcaatcg
gagacaattc
tcaacaccag
ggacttggtg
gaactagaaqg

cctaaacgtce

acgtagcgge cgcctaatca ggtaatttta tac

<210> 9

<211l> 16

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer

<400> 9

gagcgagcta tctggt

<210> 10

<211> 32

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer

<400> 10

tegtagegge cgeccageayg acgacggage aa

-51-

cceegegtgt
tggaggctga
atggecatgt
tagttggaat
gtaatggtgt
gcgactgege
ataatgeggt
caccaacccece
ctctaaagga
tccétgcgta

aaggtgecgcet

aatggegege
aggaattgag
tgaacaatgce
cggtgctatc
t.gtggtegat
aatggctaga
tacacacgct
accacggttc
ctacgataaa
caagcaggag

tgcagggagt

540
600
660
720
780"
840
900
960
1020
1080
1140

1158

33

16

32



<210> 11

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 11

attttatctt ctegaggett ttectegtag agcacat 37

<210> 12

<211> 38

<212> DNA

<213> Artificial Seguence

<220>

<223> Primer

<400> 12

tgctctaacg aggaaaagcecc tcgagaagat aaaatgta 38

<210> 13

<211> 34

<212> DNA

<213> Artificial Seguence

<220>

<223> Primer

'<400> 13

attgacgcgg ccgcttacat gcagacaget atca 34

<210> 14

<211> 42

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer

<400> 14

cgaggagcte aggaggatcc aagcatgcag aagcaacgta cg 42

<210> 15

<211> 31

<212> DNA ‘

<213> Artificial Sequence §

<220>

<223> Primer i

<4005 15
31

gtcatgtacc cctaagccag cccgegegee t

-52-



<210> 16

<211> 41

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer

<400> 16

acctatctag aaggaggacg catatgatca taggggttcce t

<210> 17

<211> 26

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer

<400> 17

aacctetgca gttaagcace c¢geccac

<210>
<211>
<212>
<213>

18
1853
DNA

<400> 18
atgggtgtgt
gecatggega
agéacaacgg
ccgattecca
tcgaagecegt
gcaagaccga
tcgagattet
gcggcaccag
acttgctegce
gcaacctget
tgctggtcag
geggcaagtyg
-agagcagcac
tegacggttce
ccaccgacaa

cgttctccat

atgactacaa

tcacgctgta

ttttggeett

gggcgtcate
gaaaaaggcc
cgcacgcgga
cggcaagtac
cggcecgege
cgegttegge
caatgacgtyg
cggecacage
gggegggttc
cgacaaagtyg
gaatttcacc
catcgtecagce

cctcaacatce

Pseudomonas fluoreszenz

aaacttcgge
ttectaccac
ggcctgecgy
cceggeatte
ggctggacge
accttctttg
gacgcccagyg
gagaacctga
cccaaggatt
gtcgectttg
cteggeggge
ttcgeecgact
ctcaacgtceg
ggcgcctega
ttcaacgatc

ccgacctgga

acggecggatt
aacctcgata
cgacgctggt
cgtggaatcc
cgatcacggce
gcgagaaggce
gccateteac
tccttgatte
acgccaagaa
ccaaggecaa
tggcggtcaa
ccaactacat
gctacgagaa
ttggcgtgeca
actacgcectc

tctecgecacct

-53-

ccaaggegtt
acggttttge
cacggegtig
cgattecggaa
ctcgeaacty
cggttactcy
agaaatcggce
catcggegac
ctacgtcgge
tggcctecage
cagcatggcg
cgectatgece
cgacceggtyg
cgacgcgeeg
gacggegtgg

gccaaceget

gttcagcgat
cgecggttat
cteggeggta
aaactegecce
ggctacgacy
acagcgcagg
atcgecttte
gtgatcaacyg
gaagcgtteg
ggcaaggacyg
gatttgagey
tcgecgacce
ttecgegece
aaggaatcgg
aatctgctgc

tacggcgacg

41

26

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

960




gcatgaaccg
tcgtegecaa
acgccgaaac
agggtggcag
gcggcggeta
cggtgaatac
acggcgggat
tctggggtcet
gcaacaacct
aggcgecatge
gggcgggcaa
gggcggatac
ccaacgacaa
cgecatgecte
tggttggegt
<210> 19

<211> 503
<212> PRT
<213>
<400> 19

Met Ser Lys

1

Ser Leu Val

Leu Tyr Pro
35

Ser Phe Phe
50

Gly Ile Ala

Ala Asn Arg

ggtgatcgay
cctgteggat
ccacaaggge
cggcaatgac
caacatcatce
cttegacttce
cagcatcacc
gttcaaggac
gaccgectac
cggcggcegac
cgatgtgttt
gttccectgtte
actggtgttt
ggcagccgdgyg

ttegctgggy

tcgaagttct
ccggegeggg
agcaccttceca
tatctggaag
ctgggeggge
gccaacgacyg
cgcgacateg
gacgtgaccee
gagtcgageyg
tggttgttceg
gttggecggeg
aacggcgegt
ctcggegtge
caggataccg

agtttgagtg

Pseudomonas putida W619

acgacctgac
ccaacacctg
tcatcggecag
gtcgcgecgg
agggcagcaa
gegecggcaa
gcgecategt
acagcgtcac
tgaagggeag
geetegacgy
ccggtaacga
tcggecagga
agggtgtgtt
tgctgaagtt

gcgatggaat

Ser Leu Thr Trp Ala Arg Gly Ser

Leu Arg Tyr Leu Lys

20

i0

Ile Arg Asn
25

Arg Ala Asn Leu Ala Ala Thr Thr

40

Glu Glu Pro Pro Met Asn Met Pro

55

Ser Gln Leu Lys Leu Asp Ala His

70

Asn Phe His Arg Asp

85

75

Pro Axrg Leu

90
-54-

cagcaaggac
ggtgcaggat
cgacgccaac
caacgacacc
tacgctggac
tetgtacatt
caccaaagag
ggccagtgge
caacggegcce
caacgatcat
tctgatggayg
tecgggtggtyg
gcctggegat
cggeggegat

tgtgategec

tcgacgatca
ctcaaccgea
gatctgattc
tttcgegaca
ttgcagaagt
cgcgatgeca
ccgggettec
ttgaaggtcg
gacacgétca
ctgateggeg
teegggggcy
ggattcacgt
gacttecgag
tcggtgacat

tga

Gly Arg Arg Leu Ile

15

Val val Phe Phe Arg

30

Ser Ile vVal Ala Tyr

45

Glu Thr Ala Pro Ala

60

Trp Met Pro Tyr Thr

80

Ile Val Ala Ala Glu

95

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1853




Gly Asn Tyr Leu

100

Ser Gly Leu Trp

Glu Ala
130

Gln Phe
145

Leu Thr

Glu Cys

Lys Gly

His Gly
210

Arg Lys
225

Val Leu

Ile Ala

Ser Asn

Val Leu
290

Thr Gln
305

Gly Axg

115

Val Alé
Gly His
Pro Gly
Ala Asp

180

Gln Ala
195

Vgl Asn
Met Phe
Pro Val
Leu Ala

260

Ile Ala
275
Pro Pro

His Asn

Met Gly

val

Thr

Arg

Pro

AsSp

165

Thr

Thr

Ile

Gly

Asn

245

Asp

Ala

Pro

Ile

Ala
325

Agp

Cys

Gln

Leu

150

Leu

Ala

Lys

Ala

Gln

230

Ala

Glu

Val

Lys

Leu

310

Met

Asp

Gly

Leu

135

Ser

Asn

Leu

Thxr

Gly

215

Leu

Phe

Met

Ile

Gly

295

Leu

Thr

Lys

Ala

120

Gly

Phe

His

Lys

Lys

200

Thr

Leu

Ser

Leu

Val
280

Tyr

Ile

Gly

Gly

105

Gly

Thr

Gln

val

Met

185

Ile

Ser

Asp

nys

Lys

265

Glu

Leu

Phe

Ala

Arg

His

Leu

Leu

Phe

170

val

Ile

Leu

val

Gly

250

Leu

Pro

Lys

Asp

Glu
330

Arg

Thx

Asp

Ala
155

Tyr

Arg

Gly

Gly

Asp

235

Leu

Ile

Leu

Arg

Glu

315

Ala

-55-

Ile

Arg

Tyr

140

Glu

Thr

Ala

Arg

Gly

220

Hig

Pro

Glu

Ala

Leu

300

Val

Phe

Phe

Lys

125

Ser

Lys

Asn

Tyr

Ala

205

val

Leu

Glu

Leu

Gly

285

Arg

Ile

Gly

Asp

110

Glu

Pro

Ile

Ser

Trp

190

Arg

Asn

Pro

Glu

His

270

Ser

Glu

Thr

Val

Ala

Ile

Ala

Thr

Gly

175

Arg

Gly

Gly

His

Gly

255

Asp

Ala

Ile

Gly

Thr
335

Leu

Thx

Phe

Ala

160

Ser

Leu

Tyr

Asn

Thr

240

Gly

Ala

Gly

Cys

Phe

320

Pro




Asp

Gly

Pro

Ala

385

Gln

Glu

Arg

Asp

Gly

465

Phe

Glu

Leu

Ala

Thr

370

His

Arg

Lys

Asn

Ala

450

Phe

Asn

Asn

<210>

<211>

<212>
<213>

<400>

Met

val

355

Pro

Pro

Glu

Leu

Tyr

435

Ile

Tyxr

Thr

Leu

20

460

PRT

20

Cys
340

Ile

Glu

val

Asn

Leu

420

Gly

Val

val

Thr

Asn
500

Ile

Ala

TYY

Ala

Leu

405

His

Leu

Arg

Arg

Pro

485

Leu

Ala

Ser

Ala

Cys

330

val

Gly

Ala

Pro

Phe

470

Gln

Tle

Lys

Ser

val

375

Ala

Gln

val

Gly

Tyr

455

Gly

Gln

Asp

Gln

Glu

360

Glu

Ala

Ser

Lys

Ala

440

Glu

Gly

Leu

val

345

Ile

Phe

Gly

Ala

Gly

425

Tle

val

Asp

Asp

Pseudomonas aeruginosa PAOL

Met Thr Ala Gln Leu Asn Pro Gln Arg

1

5

Thr

Tyr

Pro

Ile

Ala

410

Thr

Gln

Ala

Thr

Arg
490

Asp
10

Leu Asp Ala Ala His His Ile His Ala Phe

20

25

Asn Arg Glu Gly Pro Arg Val Met Val Arg

Asn

Gln

His

Ala

395

Glu

Lys

Ile

Met

Leu

475

Leu

Thr Arg Asp

Leu Asp Gln

Gly

Thx

Gly
380

Ala

Leu

Asn

Ala

Lys

460

Gln

Phe

Ala

Phe
365

Tyr

Leu

ala

val

Ala

445

Leu

Phe

Asp

Ile
350
Met
Thr
Asp
Pro
Val
430
Trp

Gly

Ala

Tyr

Pro

Asn

Tyr

Leu

His

415

ASp

Asp

Lys

Pro

Val
495

Met

Gln

Ser

Leu

400

Phe

Ile

Gly

Ala

Thr

480

Gly

Gln Gln

15

Lys Ala Leu

30

Gly Asp Gly Leu Gln Leu

-56-




Trp

Cys

65

Arg

His

Asp

Glu

Pro

145

Thr

Gly

Ala

Leu

Ala

225

Pro

val

Glu

Asp

50

Thr

Gln

Pro

His

Val
130

Gln

Leu

Gly

Asn

Gln

210

Phe

Gln

Leu

Trp

35

Asn
Asn
Leu
Ala
Tyx
115
Leﬁ
Lys
Gly
Met
Gly
195
Leu
val
Ser

Leu

Phe
275

Asp Gly Lys Arg

Leu

Glu

Val

100

Ser

Ile

Lys

Ser

Gly

Gln

85

val

His

Arg

Ile

Thxr

165

Leu

180

Gly

Glu

Ala

TYr

Cys

260

Ala

Pro

Glu’

Glu
Glu
Trp
245

Ala

His

TYY

70

Leu

Glu

Ala

Thr

Met

150

Ala

Asp

Leu

Lys

Pro

230

Pro

Asp

Glu

55

Gly

Pro

Leu

Ile

Val

135

Ile

Leu

Phe

Ser

Ile

215

Phe

Glu

Glu

His

40

Tyr

Arg

Tyx

Ser

Tyr

120

Axg

Gly

Gly

Ala

Pro

200

Leu

Gln

Ile

val

Phe
280

Leu

Gln

Tyr

Glu

105

Thr

Arg

Arg

Gly

His

185

Ala

Glu

Gly

Gln

Ile

265

Gly

Asp
Asp
Asn
90

Met
Asn
TYY
Trp
Met
170
Ile
Glu
Leu
Ala
Arg
250

Gly

Phe

Gly

Leu

75

Met

Leu

Sexr

Trp

Asn

155

Lys

Asp

Phe

Gly

Gly

235

Ile

Gly

Gln

-57-

Met

60

Ala

Phe

Phe

Gly

Gln

140

Gly

Phe

Glu

Gly

Ala

220

Gly

Cys

Phe

Pro

45

Ser
Ala
Phe
Ser
Ser
125
Ile
Tyx
Met
Pro
Arg
205
Glu
Met
Arg

Gly

Asp
285

Gly

Ala

His

Leu

110

Glu

Leu

His

His

Tyr

190

Arg

Asn

Ile.

Gln

Arg
270

Thr

Leu

Ala

Thr

95

Leu

Ala

Gly

Gly

Glu

175

Trp

Ala

val

Phe

Tyr
255

Thr

Leu

Trp

Sexr

80

Thx

Pro

Asn

Lys

Ser

160

Met

Tyr

Ala

Ala

Pro

240

Asp

Gly

Ser




Ile Ala Lys Gly Leu Thr Ser Gly Tyr Ile Pro Met Gly Gly Leu Val
290 295 300

Leu Gly Lys Arg Ile Ala Glu Val Leu Val Glu Gln Gly Gly Val Phe
305 310 315 320

Ala His Gly Leu Thr Tyr Ser Gly His Pro val Ala Ala Ala Val Ala
325 330 335

Tle Ala Asn Leu Lys Ala Leu Arg Asp Glu Gly Val vVal Thr Arg Vval
340 345 350

Arg Glu Glu Thr Gly Pro Tyr Leu Gln Arg Cys Leu Arg Glu Val Phe
355 360 365

Gly Asp His Pro Leu vVal Gly Glu val Gln Gly Ala Gly Phe val Ala
370 375 380

Ala Leu Gln Phe Ala Glu Asp Lys Val Thr Arg Lys Arg Phe Ala Asn
385 390 395 400

Glu Asn Asp Leu Ala Trp Arg Cys Arg Thr Ile Gly Phe Glu Glu Gly
405 410 415

Val Ile Ile Arg Ser Thr Leu Gly Arg Met Ile Met Ala Pro ala Leu
420 425 430

val Ala Gly Arg Ala Glu Ile Asp Glu Leu Ile Asp Lys Thr Arg Ile
. 435 440 ' 445

Ala val Asp Arg Thr Ala Arg Glu Ile Gly Val Leu
450 455 460

<210> 21

<211> 448

<212> PRT :
<213> Pseudomonas aeruginosa PACL

<400>" 21

Met Ash Gln Pro Leu Asn Val Ala Pro Pro Val Ser Ser Glu Leu Asn
1 . 5 10 15

Leu Arg Ala His Trp Met Pro Phe Ser Ala Asn Arg Asn Phe Gln Lys
20 25 A 30

-58-



Asp
Lys
Ala
65

Gly
Phe
His
Lys
Lys
145
Thr
Met:
Thr

Leu

val
225

Tyr

Ile

Gly

Pro

Gly

50

Gly

Thr

Gln

Val

Met

130

Leu

Ser

Asp

Arg

Lys

210

Glu

Leu

Phe

Ala

Arg Ile Ile Val

35

Arg

His

Leu

Leu

Phe

115

Ala

Tle

Leu

val

Gly

195

Leu

Pro

Gln

ASp

Glu

Lys

val

TYY

Ser Arg Lys

Asp

Ala

100

Phe

Arg

Gly

Gly

Asp

180

Met

Ile

Met

Axrg

Glu
260

Tyr

Tyr

85

Glu

Thr

Ala

Arg

Gly

165

His

Ala

Glu

Ser

Leu

245

val

Phe

70

Ser

Lys

Giy

Tyx

Ala

150

Ile

Leu

Gin

Leu

Gly

230

Arg

Ile

Gly

Ala
Asp
55

Glu
Pro
Ile
Sexr
Trp
135
Afg
Gly

Pro

.Thr

His

215

Ser

Glu

Thx

val

Ala

40

Ser

Ile

Gly

Ala

-Gly

120

Arg

Gly

Gly

His

Gly

200

Asp

Ala

Ile

Ala

Thr

Glu

Leu

Gln

Phe

Gly

105

Ser

Leu

TYyr

Asn

Thr

185

Gly

Ala

Gly

Cys

Phe

265

Pro

Gly

Ser

Glu

Gln

90

Leu

Glu

Lys

His

Arg

170

Leu

val

Ser

val

Asp

250

Gly

Asp

Ser

Gly

Ala

75

TYxX

Leu

Cys

Gly

Gly

155

Lys

Gln

Glu

Asn

Leu

235

Gln

Axrg

Leu

-59-

Trp

Leu

60

val

Gly

Pro

Ala

Gln

140

val

Met

Pro

Leu

Ile
220

val

His

Leu

Met

Leu
45

Trp
Ala
His
Gly
Asp
125
Pro
Asn
Phe
Gly
Ala
205
Ala
Pro
Asn

Gly

Asn

Thr

Thr

Arg

Pro

Glu

110

Thr

Gin

Val

Gly

Met

1380

Asn

Ala

Pro

Ile

Thr

270

val

Asp

Cys

Gln

Leu

95

Leu

Ser

Lys

Ala

Gln

175

Ala

Glu

val

Val

Leu
255

Tyr

Ala

Asp
Gly
Leu
80

Ser
Asn
Ile
Thr
Gly
160
Leu
Phe
Leu
Ile
Gly
240
Leu

Ser

Lys




Gln
Glu
305
Glu
Ala
Gln

Gln

aAla
385

Glu

Gly

Leu

vVal
290

Ile

Phe

Gly

Ser

Gly

370

Ile

Ala

ASp

AsSp

<210>
<211>
<212>
<213>

<400>

275

Thr Asn Gly Ala

Ser
Leu
Ala
355
Ala
Gln
Gly
Thr
Arg
435

22
444
PRT

His Gly
325

Ala Ala
340

Glu Leu

Lys Asn

Ile Ala

Met Lys
405

Leu Gln
420

I,eu Phe

Tyr Asp Thr Phe

310

TYyr

Leu

ala

Val

Pro

390

Leu

Phe

Asp

val

295

Met

Thr

Asp

Pro

Ile

375

Arg

Trp

Gly

Ala

280

Pro

Asn

Tyr

Ile

His

360

Asp

AsSD

Gln

Pro

val
440

Met

Gln

Ser

Leu

345

Phe

Ile

Gly

Gln

Thr

425

Gly

Pseudomonas aeruginosa PAQL

22

Met Thr Met Asn Asp Glu Pro Gln Ser

1

5

Gly
Ala
Ala
330
Ala
Glu
Axrg
Asp
Gly
410

Phe

Glu

Ser
10

Met Pro Phe Thr Ala Asn Arg Gln Phe Lys

20

25

Glu :Ser aAla Glu Gly Ile His Tyr Ile Ala

35

40

Ala Vval
300

Leu Pro
315

His Pro
Arg Asp
Lys Gly
Asn Cys

380

Pro Thr
395
Phe Tyr

Asn Ala

Ala Leu

Ser Leu
Ala Arg

Gln Gly

-60-

285

Ile

Glu

val

Asn

Leu

365

Gly

Val

Val

Arg

Asn
445

Asp

Pro

Ala
His
Ala
Leu
350
His
Leu
Arg
Arg
Pro
430

Gly

Asn

Arg
30

Ser Ser

Ala val
" 320

Cys Ala
335

vVal Gln
Gly Leu
AlalGly
Pro Phe

"400

Phe Gly

“415

Glu Glu

Ile Ala

Phe Trp
15

Leu Leu

Gly Arg Arg Ile

45




Leu

Arg

65

Ala

Arg

Asn

VY

Glu

145

Met

Asp

Gly

Val

Met

Asp
50

Glu
Pro
Leu
Ser
Gln
130
Leu
val
His
Leu
Thr
210

Ser

225 -

Arg

Glu

Arg

Leu

Val

Trp

Gly
Ile
Pro
Thr
Gly
115
Arg
Gly
Agn
Leu
Pro
195
Leu
Gly
Arg
Ile

Gly
275

Thr

Ser

Phe
Glu
100
Ser
Ala
TYyY
Asn
Pro
180
Glu
His
Ser
Glu
Thr
260

val

Ala

Glu

Gln

85

Ile

Glu

Ile

His

Arg

165

His

His

Gly

Ala

Ile

245

Gly

val

Gly

Ala

70

Met

Ala

Sex

Gly

Gly

150

Lys

Thr

Gly

Ala

Gly

230

Thr

Phe

Pro

Leu
55

val
Gly
Pro
Ala
Gln
135
Val
Ala

Leu

val

Glu

215

Va).

Arg

Gly

ASD

Trp

Ala

His

Pro

Asp

120

Gly

Gly

Phe

Asp

Glu

200

Asn

val

Lys’

Arg

Leu
280

Cys
Arg
Pro
Ser
105
Thr
Thr
Phe
Ser
Val
185
Lys
Ile
Leu

His

val

265

Leu

Cys

Gln

Leu

90

Leu

Ala

Arg

Gly

ala

170

Ala

Ala

Ala

Pro

Gly

250

Gly

Thx

Asn
Ile
75

Pro
Asn
Leu
Thr

Gly
155

.Asn

Arg

Glu

Ala

Pro

235

Ile

Glu

Cys

-61-

Ala
60

Ala
Phe
Lys

Lys

Arg
140

Leu

Leu

Asn

Glu

val

220

Lys

Leu

Ala

Ala

Gly

Thr

Glu

val

Ile

125

Leu

Ser

Leu

Ala

Leu

205

Ile

Gly’

Leu

Phe

Lys
285

His

Leu

Leu

Phe

110

Ala

Ile

val

Pro

Phe

190

Glu

val

Tyr

Ile

Ala

270

Gly

Gly
Asp
Ala
95

Phe
Leu
Gly
Gly
Gly
175
Thr
Axrg
Glu
Leu
Phe
255
Ala

Leu

Arg

Tyr

80

Ala

Thr

Ala

Arg

Gly

160

val

val

Leu

Pro

Gln

240

Asp

Gln

Thr




Asn

Ala

305

Leu

Glu

val

Pro

385

Cys

‘Ala

val

<210>

Gly
290
Ala
Thr
Asp
Gly
Val
370
His
Phe

Met

Glu

<211>

<212>
<213>

<400>

Ser

Phe

Tyr

Ile

Tyr

355

ASp

Ala

Trp

Serx

Arg
435

23

468
PRT
Pseudomonas aeruginosa PAOL

23

Ile

Met

Ser

Tyr

340

Trp

Ile

Asp

Glu

Pro

420

Leu

Pro

Gln

Gly

325

Arg

Gln

Arg

Gly

His

405

Pro

Ala

Met
Gly
310
His
Arg
Asp
aAla
Pro
390
Asp

Leu

Gln

Gly

295

Pro

Pro

Asp

Ala

val

375

Gly

Leu

Tle

Ala

Ala

Gln

val

Asp

Leu

360

Gly

Lyé

Met

Ile

Ile
440

vVal

Gly

Ala

Leu

345

Phe

Leu

Arg

val

ASp

425

Arg

Phe

Ala

Cys

330

Phe

Ser

val

Gly

Arg

410

Lys

Ala

Met Asn Ala Arg Leu His Ala Thr Ser Pxro

1

val Arg Ala asp Gln 2Ala His Tyr Met

20

5

25

Asp His Arg Val Asn Gly Ser Leu Asn

35

40

Tyr Ile Tyr Asp Thr Ala Gly Asn Arg

50

55

10

His

Ile

Tyr

val

Ile

315

Ala

Gln

Leu

Gly

TYY

385

val

Pro

Ser

Leu

Gly

Ala

Leu

-62-

Asp Glu
300
Glu Phe
Ala Ala
Arg Ala
Arg Asp
365
Gly val
380
Asp Val
Thr Gly

His Ile

val

Gly Asp

Tyr His

Ala Gly
45

Asp Ala
60

Lys

Phe

Leu

Val

350

Leu

Gln

Phe

Asp

Asp
430

Ala

val
30

'Asp

val

Ilé
His
Ala
335
Glu
Pro
Leu
Glu
Ile

415

Gln

Asp

Phe

Gly

Gly

His
Gly
320
Thr
Leu
Asn
Ala
Arg
400

Ile

Ile

Leu
AsD
Ala

Gly




Met

65

val

Met

Ala

Ala

Gly

145

Gly

Pro

Pro

AsSp

Asp

225

val

Gln

Gly

Pro

Trp Cys Thr

Ala

Ala

Pro

val

130

Lys

Ser

Ala

Tyr

Gly

210

Arg

Ile

Arg

Arg

Asp
290

Glu

Asn

Gly

115

Asp

Arg

Thr

Glu

Tyr

195

Leu

val

Val

TyYx

Leu

275

Ile

Gln

Pro

100

Asp

Thr

Ala

Phe

Phe
180

Tyx

Vval

Gly

Pro

Asp

260

Gly

Ile

Asn
Thr
85

Arg
Leu
Ala
Lys
Leu
165
Asp
Arg
Asp
Ala
Pro
245
val

His

Leu

Ile

70

Arg

Ala

Asp

Ile

Lys

150

Gly

Phe

Ala

Glu

Phe

230

Ala

Leu

Phe

Thr

Gly

Leu

Ile

His

Arg

135

His

Met

Leu

Pro

Phe

215

Ile

Gly

Tyr

Phe

Ala
295

Leu
Leu
Glu
val
120
Leu
Val
Sex
Asp
Glu
200
Glu
Ser
Tyr
Ile
Ala

280

Lys

Gly

Ala

Leu

105

Phe

Met

Ile

Leu

Glu
185

Gly

Arg

Glu

His

Ser

265

Ser

Gly

Arg

Tyr

90

Cys

Leu

His

Thr

Gly

170

Arg

Leu

Lys

Pro

Arg

250

Asp

Gln

Leu

Glu

75

Ser

Arg

Thr

Tyxr

Axg

155

Gly

Ile

cly

Ile

val

235

Arg

Glu

Ala

Thr

-63-

Glu

Asn

Lys

Thr

Tyr

140

Ile

Lys

His

Glu

Leu

220

Phe

Met

val

Val

Sex
300

Met

Pro

Leu

Gly

125

Gln

Asn

Sexr

His

Ala

205

Glu

Gly

Trp

val

Phe

285

Gly

Ala

Phe

Ala

110

Gly

Asn

Ala

Ala

Leu

190

Glu

Leu

Ser

Glu

Thr
270

Gly

Tyr

Arg

Cys

95

Glu

Ser

Cys

Asp

175

Ala

Phe

Gly

Gly

Leu

255

Ser

val

Gln

Thr

80

Asp

Leu

Thr

Arg

His

160

Arg

Cys

Leu

Ala

Gly

240

Cys

Phe

Gln

Pro




Leu Gly Ala

305

Pro
Pro

Glu

Asp

val

Gly

Leu

370

Met
385

Ala

Ala

Met

Arg

aAla
" 465
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Gln
230

val

Phe

Arg

Asp

55

Glu

Pro

Leu

Gly

Phe

135

val

Pro

vVal

Glu

Phe

215

Asn

Ser

Thr

Gly

Gly

Leu

val

Ala

Gly

120

Lys

Ala

Ala

Pro

Ala

-200

Glu

Ala

Lys.

Arg

Glu

Leu

Ala

Trp

Asn

105

Gly

Leu

Tyx

Leu

Asn

185

Phe

Gly

Gly

Asp

10

Met

Gly

Ser

Glu

Ser

90

Tyr

Glu

Gln

His

Lys

170

Thr

Gly

Pro

Gly

Leu

Ser

Thr

Gly

Thr

75

TyY

Ala

Ala

Gly

Gly

155

Ala

Asn

Arg

Glu

Cys
235

-73-

Ser

Ser

Tyr

Leu

60

Ala

Ala

Pro

Val

Lys

140

Thr

Pro

Ile

Trp

Thr

220

Phe

Arg

Tyxr

Ile

45

Phe

Phe

His

Gly

Glu

125

Pxo

Pro

Phe

Tyr

Ala

205

vVal

Pro

Thr

Glu
30

Tvr
val
Lys
Pro
Asp
110
Thr
Thr
Gln
Glu
Arg
190
Ala

Ala

Pro

Ala

15

Asn

Asp

val

Gln

Lys

95

Leu

Ala

Lys

Gly

Pro

175

Ala

Asp

Ala

Pro

Tyr

Ala

Asp

Gln

Aia

80

Ala

Asn

Trp

TYY

Ala

160

Leu

Pro

Gln

val

PXo
240



Gly

" Leu

Phe

Lys

Asp

305

Gly

Asn

' Asn

Ile

Val

385

Arg

TYY

Pro

Arg

<210>
<211>

Tyr

vVal

Ala

Gly

290

Arg

VY

Leu

Glu

Val

370

Lys

val

Cys

Leu

Gln
450

Phe

Ser

Cys

275

Met

Ile

Thx

AsSp

Ser

355

Gly

Asp

Leu

Arg

Ile

435

val

29
450

<212> PRT

Gln

Asp

260

Asp

Thr

Ala

Phe

Leu

340

Ala

Asp

Lys

Tyr

Ala

420

Ser

Leu

Arg

245

Glu

Lys

ser

Glu

Gly

325

Phe

Phe

Val

Ala

Gly

405

Asp

Asn

Thr

val

val

Phe

Gly

Pro

310

Gly

Glu

Leu

Arqg

Thr

390

Phe

Asp

Glu

Arg

Tle

Gly

Tyr

295

Phe

His

Arg

Thr

Gly

375

Lys

val

Arg

Ser

Ala
455

Glu

Cys

Tyx

280

Ser

YyY

Pro

Glu

Thr

360

Asn

Glu

Ser

Gly

Thr
440

Trp

Ile

Ala

265

vVal

Pro

Lys

Val

Gly

345

Leu

Gly

Thr

Lys

Asp

Cys

250

Phe

Pro

Ile

Gly

Sex

330

Leu

Gln

Phe

Phe

Lys

410

Pro

425

Phe

Thr

Asp

Lys

Asp

Gly

Asp

Gly

Asp

315

Ala

Asn

Lys

Phe

Thr

395

Leu

val

Glu

Leu

-74-

Gln

Arg

Met

Ala

300

Asn

Ala

Gln

Leu

Tyx

380

Asp

Phe

Ile

Ile

Tyr
Leu
Ile
285
Cys
Thr
Val

His

His

365

Gly

Glu

Glu

Gln

Glu
445

Asp

Gly

270

Thr

Ile

Phe

Gly

val

350

Agp

Ile

Glu

Tyr

Leu

430

Ser

Vval

255

Thr

Cys

vVal

Leu

Val

335

Leu

Leu

Glu

Ser

Gly

415

Ser

Ile

Leu
Met
Ala
Ser
His
320
Ala
Asp
Pro
Leu
Glu
4900
Leu

Pro

Ile



<213>

<400>

29

Streptomyces

Met Thr Pro Gln Pro

1

Asp

Pro

Gly

Gly

65

Ser

Ala

Phe

Ala

Tyr
145
Arg
Pro
Cys

Pro

Gly

Arg

Leu

Arg

50

Tyr

Leu

Ala

-Phe

Arg

130

Hisg

Trp

Tyr

Glu

Gly
210

Ile

Ala

Ala

35

Arg

Gln

Thx

Arg

Thx

115

Ile

Gly

Ala

Leu

Arg

195

Thr

Met

His
20

val

VY

His

Thr

Leu

100

ASI’)

His

Gly

Ser

B

180

Ala

Ile

Val

5

val

Ala

Leu

Pro

Phe

85

Ile

Gly

Th:

Thr

Asp

165

Arg

Leu

Ala

Pro

avermitilis

Asn
pPhe
o
Asp

Lys

70

Ala
Ala
Gly
Gly
Gln
150
Ser
Ser
Glu

Ala

Pro

Pro

His

Ala

Phe

55

Vval

Pro

Glu

Ala

Axrg

135

Gln

Ala

Arg

His

Ile

215

Pro

Gln
Ser
Glu
40

Thr
Val
Ala
Axg
Asp
120
Pro
Ala
Ser
Phe
Leu
200

Val

Gly

MA 4680

val

Trp

25

Gly

Ser

Ala

Phe

Thr

105

Ala

Lys

Vval

Ala

Tyr

185

Glu

Leu

Tyr

Gly

10

Ser

Ser

Gly

Ala

Ala

90

Pro

Ile

val

Asn

Gly

170

Ala

Thr

Glu

Leu

Ala

Ala

TYyY

Leu

Ile

75

Val

Gly

Glu

Leu

Ile

155

val

Glu

Thxr

Thr

Ala

Gln

Phe

val

60

Gln

Glu

Asp

His

Ser

140

Thr

Val

Thr

Tle

val

220

Ala
-75-

Gly

Val

Glu

Trp

45

Phe

Glu

Ala

Leu

Ala

125

Ala

Gly

His

Glu

Ala

205

Pro

val

Lys

Leu

30

Asp

Thr

Gln

Arg

Asp

110

Val

Tvr

Asp

Phe

Gln

190

Phe

Gly

Ala

15

Ile

Tyx

Asn

Ala

Ser

95

Lys

Arg

Arg

Pro

Trp

175

Gln

Glu

Thr

Glu

Ala
Asp
Asp
Ile
Ala
80

Glu
Ile
Met
Ser
Arg
160
Ala
Giu
Gly

Ala

Leu



225

Cys

Phe

Pro

Leu

Arg

3065

'Ala
Glu
Glu
Met
Leu
385

Phe

Asn

Lys-

<210>
<211>

Asp

Lys Tyr Gly

Gly Arg Thr

Asp

Gly

290

Ala

Ala

Asn

Leu

Phe

370

Val

Gly

Arg

Glu

Thr

450

Leu
275
Gly
VY
Ala

Ala

Ala
355

Trp

Pro

Ala

Thr

Gly
435

30
446

260

Met

val

Pro

vVal

Ala

340

Glu

Ala

Tyr

Ala

His
420

Leu

1245

Gly

Thr

Ala

Gly

Ala

325

Asn

Arg

Leu

Asn

Ala

405

val

Ala

230

Ile

Glu

Phe

Ile

Gly

310

Thrx

Leu

His

Glu

Ala

390

Lys

val

Ala

val

Trp

Ala

Ser

285

Leu

ile

Gly

Pro

Leu

375

Ala

Ala

Pro

Leu

Phe

Phe

Lys

280

Gly

Thr

Asn

Ala

Ser

360

val

Gly

Asn

Pro

Asp
440

Val

ala

265

Gly

Lys

Tyr

val

Arg

345

Val

Lys

Glu

Gly

Cys

425

Ala

Léu

250

Ala

Val

Ile

Ser

Met

330

val

Gly

Asp

Ala

Leu

410

Asn

Ala

235

Asp

Asp

Asn

Ala

Gly

315

Ala

Ile

Glu

Aryg

Asn

395

Trp

val

Leu

-76-

Glu

Leu

Ser

Glu

300

His

Glu

Glu

val

Glu

380

Ala

Pro

Thr

Ser

Val

Phe

Gly

285

Thr

Pro

Glu

Pro

Arg

365

Thr

Pro

Phe

Glu

Val
445

Met
AsSp
270
Tyxr
Phe
Leu
Gly
Gly
350
Gly
Arg
Met
Ile
Ala

430

Ala

Ala
255
Val
val
Gly
Ala
val
335
Leu
val
Glu
Ala
Asn
415

Glu

Asp

240

Gly

Thr

Pro

Lys

Cys

320

val

Arg

Gly

Pro

Ala

400

Met

Ala

Glu




<212> PRT
<213> Chromobacterium violaceum ATCC 12472

<400> 30

Met Asn His Pro Leu Thr Thr Arg Ser Glu Phe
1 5 10

Arg Ala His Trp Met Pro Phe Ser Ala Asn Arg
20 25

Pro Arg Leu Ile Val Ser Gly Glu Gly Asn Tyr
35 40

Gly Arg Arg Ile Phe Asp Ser Leu Ser Gly Leu
50 55.

Gly His Ser Arg Lys Glu Ile Ala Glu Ala Ala
65 ’ 70 75

Thr Leu Asp Tyr Ser Pro Gly Phe Gln Phe Gly
85 90 .

Arg Leu Ala Glu Arg Val Ala Ala Met Ala Pro
' 100 105

val Phe Phe Thr Asn Ser Gly Ser Glu Cys Ala
115 120

Met Ala Arg Ala Tyr Trp Arg Leu Lys Gly Gln
130 135 -

Leu Ile Gly Arg aAla Arg Gly Tyr His Gly Val
145 150 155

Ser Leu Gly Gly Met Asn Gly Asn Arg Lys Leu
165 170

Asp Ala Asp His Leu Pro His Thr Leu Leu Pro
180 185

Arg Gly Leu Pro Glu Gln Gly Ala Glu Leu Ala
195 , 200

Leu Ile Glu Leu His Asp Ala Ser Asn Ile Ala
210 215 .

-77-

Asp

Asn

Leu

Trp

60

TYx

His

.Gly

Asp

Ala

140

Asn

Phe

Aia

Asp

Ala
220

His

Phe

Thr

45

Cys

Arg

Pro

Ala

Thr

125

Ser

Ile

Gly

Asn

Asp

205

val

Leu

Gln

30

Asp

Cys

Gln

Leu

Leu

110

Ala

Lys

Ala

Pro

Ala

190

Leu

Ile

Asp

15

Arg

Ala

Gly

Lieu

Ser

95

Asn

val

Thr

Gly

Leu

175

Phe

Leu

val

Leu

Asp

Asp

Ala

Ser

80

Phe

His

Lys

Lys

Thr

160

Met

Ser

Axrg

Glu




Pro
225
Gln
Asp
Asp
Thr
TVx:
305
Ala
-Leu
Ala
Leu
Gln
385
Ala

Ala

Ser

<210>
<211>
<212>
<213>

Met

Arg

Glu

His

Asn

290

Asp

His

Ala

Glu

Pro

370

Ile

Met

Leu

Leu

Ala

Leu

Val

Phe

275

Gly

Ala

Gly

Ala

Leu

355

His

Ala

Ala

Gln

Phe
435

31
11539
DNA
Artificial

Gly Ser Ala

Arg

Ile

260

aly

Ala

Phe

Tyr

Leu

340

Ala

Val

Pro

Leu

Phe

420

Asp

Glu

245

Thr

val

val

Met

Thr

- 325

Asp

Pro

Ile

Ser

Trp

405

Gly

Ala

230

Ile

Gly

Thr

Pro

Ala

310

Tyr

val

His

AsD

Gly

390

Arg

Pro

val

Gly
Cys
Phe
Pro
Met
295
Gln
Ser
Leu
Phe
Ile
375
Gly
Lys

Pro

Gly

val
Thr
Gly
Asp
280
Gly
Ala
Ala
Glu
Glu
360
Axg

Asp

Gly

-Phe

Glu
440

Ile
Gln
Arg
265
Ile
Ala
Thr
His
Gln
345
Axg
Asn
Ala
Phe
Thr
425

Thr

val

His

250

Thx

Met

val

Pro

Pro

330

Glu

Gly

Cys

Ile

Tyxr
410

Ala

Leu

Pro Pro

235

Gly Ile

Gly Ser

Asn Leu

val ala

Gln

Leu

Leu

Ala

285

Ser

300

Glﬁ ™vYr

315

Vval Ala

Asn Leu

Ile His

Gly Leu
380

val Arg

395

Val Arg

Thr Pro

Ala Lys

-78-

Ala

Cys

val

Gly

365

Ala

Pro

Tyr

Gln

Leu
445

Gly

Leu

Phe

270

Lys

Ser

val

Ala

Ala

350

Leu

Gly

TYr

Gly

Glu

430

Ala

Tyr

Ile

255

Gly

Gln

Glu

Glu

Ala

335

Arg

Lys

Ala

Glu

Gly

415

Leu

Leu

240

Phe

Ala

Leu

Ile

Phe

320

Ala

‘Ala

Gly

val

Ala

400

Asp

Asp



<220>
<223>

<400> 31
gaaaaccgee

tgagcgcata
tctcaggege
attacteget
cagacgecte
tgegttttte
acaggccacyg
ggacggattt
ttgtgggacy
ccaatggttt
cagcggatcg
gtgatgtatt
tcctacaace
>caagégccca
atcatectacce
tacctgacgg
gacageacce
cgcgaaatag
atcaaggact
cecgetacagyg
agttttggac
gggaagattt
geeegegete
T ¢ecggecetge
ggatacatat
gccatcegte
tgcccgccac
cctactcaég

ctgagccettt

Vector

actgcgecegt
cgctacttge
cgctggtgee
tecectgegece
ceeegeeect
gegtttecac
taatcecgtgg
gttgttaaga
cagatacagt
acaaaagcaa
ttetggecetyg
cagtgacggce
agctcaaaga
atggcaagdg
gggagggtga
aactcaccaa
acgcgatcag
aaattgacca
tcaagttgeg
tggagtggge
cgaagaagcc
cagatgctga
gactaaccca
ctttcaggcet
ttgaatgtat
éggatggcct
ccteoegggee
agagegttca

cgttttattt

taccaccqct
attacagttt
gctggttgga
tctecaggegyg
tcaggggcac
ccttttette
cctgtagagt
agggacggat
gtcccéttat
tgccétggtc

tattagccag

‘ggaggacata

ageggecectg
gaaaagaccyg
gggccgtgta
acagttcacc
gctttacgag
gctgcgaaag
agtgcttgat
gcagcgaaag
cgccaaggceg
gapcgcgaaa
gatgccgctg
gcattattga
tﬁagaaaaat
tctgcttaat

gttgcttcge

ccgacaaaca.

gatgcctggce

gegttceggtce
acgaaccgaa
cgcecaagggt
cgatagggga
aaatgecggcec
cttttccett
ttaaaaaggg
ttgttgttgt
acacaaggaa
gaggccgegt
gtgaagagga
gegacgatgg
cgcctgaaac
agtgtgatga
gaactéaggt
aaatacgccet
ctgctcatgce
tggtttcaac
ccagecgtga
accgggcegea
gtgggtaagy
caggctegee
gatctggect
agcatttatc
aaacaaaaga
ttgatgcctg
aacgttcaaa
acagataaaa

agttccctac

-79-

aaggttectgg
caggcttatg
gaatccecgect
ctggtaaaac
ccaacggggc
ttaaaccttt
acggatttgt
aaagggacgg
tgtcgaacgt
atcgectcag
gcgagectgt
cgggtgtecece
ggcgggaagt
ttaccggcetyg
tcaccaaaga
tggctgacgt
aatgggacayg
tggaaggccg
cgcagatcaa
aggtcacaca
ccccagcegaa
ctggtgagac
agaggccgtyg
agggttattg
gtttgtagaa
gcagtttatg
tecegeteeeg
cgaaaggecce

tctegeatgy

accagttgeg
tcaattcgee
cgataccctyg
ggggattgcce
cacgtagtgg

taggacgtct

tgccattaag.

atttgttgta
ggcctcacce
tgttcaggaa
caccgatgaa
tatcgaatct
ccggttaace
ggtgcaaaca
catgctgccg
ggccaagatg
catcggccag
gtatcccteg
cgagcacagc
tctgttgtte
gegcaaggece
atgggaagcg
gccaccacgg
tctcatgagce
acgcaaaaag
gcgggegtece
gcggatttgt
agtctttcga

ggagacccca

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

960

1020

11080

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680

1740



cactaccatc
ccgegetact
tbtgtatcag
caagcgetga
tt;ttatttt
tagagcacat
tecteaaage
atatggccac
cttggaggtt
aagcttgteg
tttggcgaag
aagtcaagct
caaggcgtac
'ttacaatccg
ttgcggcaaa
cctgtggggt
tttcttgatt
catctgaaat
tcgagggaga
atgcccaatc
cceecttatt
cactctecta
cggagcaggt
agtgcactct
atcgaccgec
tatgaccagc
tttggatctt
taaaccactg
gcaggccggyg

agtgccgcetg

ggegetacgg
gccgeccagge
gctgaaaatc
atgggtatcg
gtcctgaatt
agtecttctte
gagtacctgg
aagtaataca
gagttttata
gcgcaaccac
tatgggttga
tgtctcgaac
ctggagaaaa
ggcatttata
tttgegttat
gctcgcctga
aagtgggatc
accactttcc
ateccgcecgaga
tttggggata
ttcatcatag
ttaactcagce
cgecttcaaa
ttgtgagagce
gggetetgeg
actactagtg
attaaggtca
aggaatcétc
aaaatcccga

aaggtggaac

cgtttcactt
aaattctgtt
ttct&tcatc
gcactagagt
acctagaatg
cgtageccceyg
agtaaaaccc
tatccacttce
tagatcttgg
tgettcagca

ggtgacgcecc

ggcgcaatceyg

cceccteatge
gctagccata
ttatttctca
tcaagaactt
actaattctg
gagttggcaa
aagataaagt
tcattcecagce
atatactgac
gttagtcget
gcaattacag
tttcaacgcece
tgctcacata
ccaaattttt
ccaccagecc
gccatcaaaa
agtgactgat

agcactagat

ctgagttcgg
ttatcagacc
cgccaaaaca
ttaacttggé
acttgaagtt
caatccggac
tcggectcat
aagtatgcectt
cctttaacgt
gttaaacttg
ttttcaccta
gggcagcace
acattacecg
ctcatcacca
tcttettect
gagtcttagc
cggcﬁaaaac
gctgactatt
ccaccttgte
tggtgttcgg
aatctggaca
gctcégacaa
agaggcaatce
gcacataéaa
actacgatgc
tcaaataggt
aatctactac
atgcaccagg
aagaacgtgt

tagagacgat

-80-

catggggtca
gcttctgegt
gaagcttgge
taggctaatt
t£aatcttca
agcaccagtc
cgcccaacge
tcecegeettg

cggecactagg

tgccactaac

cgeegetete
aatcctcagyg
cactctecatc
tgtcaaattg
tgtggaagat
cgcacagcec
tgccatteca
cécccctagc
tcgaactgeg
gtggaéacct
ctggtacctt
cttecatcaga
aaccctcage
ttgaagcact
taccgcagag
ttctegeate
cttgggétcc
gtaaccecgte
tggatgcgeg

gtgattacta

gétgggacca
tctgatttaa
tgcaggtcga
ggtatggtca
cttttccteg
atcaggaata
ctcatcatat
ggcatcagac
caatttetct
ctcggaﬁaaa
aattaacatg

aataaggtgce

ataaacataa

ttattttgeg
tttettacaa
tcatttttat
gttggagtag
tgtgtttott
cagtceggge

tcgtgegget

gacattectee

gtgtaactat
actttagcga
tattgtaaat
gtactcgaac
gaatcatcaa
ataactgatc
ggaaéagccg
tggtgatceg

ttccaagaat

1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520

2580

12640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540




ggtgcggett
gttcaatata
acaccagcat
tcattggttg
gttgttcectc
tataaatgcet
gatgaccctt
tggccatcca
ctagtecegtt
gctgagttce
gatatgtcaa
gattattaaa
gcaataccag
tcggagtagd
ctggagcgga
aattagtcge
cactctcact
cgggtagttt
taccgegage
tgacccggty
cttcagacct
agttttaata
agcataatga
attacgactc
gcggatggag
gttgctottyg
tctttaagag
gaaactttcy
ttgcgagacc
gtttgtttgg

tttatgttaa

ttgatgctca
gttcgecactg
cttaggtcca
gaggatttca
aagcccccaa
ttcteecate
attatgctca
acgatcaaaa
cacgatacce

gacccaccat

aactcgatag

gtectecacca
cccataaaaa
cggccacaaa
atccagaact
tacgagattt
ctegacatet
ttgctccgtc
tactcgegac

ceegbettea

.tcectagtaa

tttaacaccg
aaataataat
tagtaégtgc
ccgeteccag
cgttcgagtg
ccagttctta
aaatggtaaa
ttgcatctag
ataatattaa

atacaccaaa

tatcgaccgt
gtcagectgcc
aacaaggcaa
ttatcgaaac
gcacgaataa
cgggatgttyg
ataaagaagt
gtectecttet
agtgacaagg
gctgacacaa
taccgcectecet
aacatcgcat
atccecccaac
gttgatagta

ctgtgtttet

aagacgtaaﬁ

taaacctgag
gtetgetgga
ggctgaaage
aaatcggcga
atattttgca
taacctatgg
aaataatgat
caaagttcat

agtatgectt

gctacgecac

cagtgaattt
attcagcegt
tctttggecag
tcatgactta

aaatatcagg

cctecatttt
accaaccgaa
ggagaacggc’
tccaaacgcet
atgctcctgg
caggatccat
gaccgtaccc
tgtgaccgag
caagcgecacc
ttaatgcagc
tctctagttt
caagcaatgg
cagtttcatt
tccagagata
caagcatatg
tttatgecta
ctaateggac
aaaacacgag
accgaaatga
aggccgaagt
ccaccgatca
tgaaaatttc
ttcececggteyg
agttgcatat
tacagagccee
agaacageccg
gatatctgeg
gtgagagagg
agcacctcga
gacﬁtgccét

tttgcagttyg

-81-

tﬁgacggagc
agccatttga
gtaaagaata
ttggccacgg
gatctcacgg
cggtgtageg
tacgacagcc
ttegtgtect
aatttcaagce
gtaatgcata
cggcaccact
aagtgcgcceyg

tgcaagecag

tttcttttta:

gaattctcca
actgagaaag
gettgegeca
ctggccgcaa
gcgagetatce
cggccagaaa
tgccgactac
cagtcagctyg
ctaaggtcgg
atcggccaag
cacctggata
gacgtcctge
cagagattat
gtgtgagcaa
ataacgagat
tgttgcacge

caggcaatac

aagcecgtaat
atcggcagga
actgtgatga
cgcgaaaggce
attgaaaact
acatcacggt
aacacaattt
gtattgagcyg
caagacattg
ggaactgtta
tcttecaggeg
taccatacga
attccgatceca
tctacgtact
atttttatta
ttaagcecgece
actacaccta
gcatgccagyg
tggtcgattt
tagcggccta
écttaagtgt
gcgcgagaat
agcggatcaa
atﬁgagtatc
tgggaaaacc
agtgtggcett
téagcagctt
gcetgegete
agaaacgcta

acttatggag

aataaaaggg

3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860 -
4920
4980
5040
5100
5160
5220
5280
5340

5400




ttctecgcage
agcgcagaag
cagatagaga
aagcgtgagt
gatgaaatat
ctecgattteg
tgtattaagt
cagtttacac
cctgctaaaa
taccagtatg
tctgagagaa
tggctgttag
gcgtgggtat
tcttcacaat
gcaataggta
attagtttat
tttatttttyg
gccgtgaata
caacaagcce
acagacagtc
gagcttgagt
attttagagt
gtgtcagett
gcgaaggcge
atctatcage
gatcataaga
caatcactag
gctattcage
ttggceggag

gcagtggaga

ttaaacttgce
aggcggtggce
ccttggtgea
tgccggccaa
ttgaggcgat
tgacgcectga
atttaagcac
tgcatccagt
gatcctacct
caatacgaat
taattttaga
agctgccgaa
tgtatttcag
ccgataaaaa
aagcaaccaa
ttggggattc
ccagtgagta
aatttgcaaa
tagcaagcgyg
gcgegeagat
tacattatga
tcatttccaa
ggcggettgg
atgcecggttga
gcttagtetyg
ttttctecegy
tgctttececg
aagcccgtaa
cgcaggcagyg

tagcaaaaca

aggcgctatg
gttagcggag
agaagttgag
gcatatttca
tcecgagegce
tcaatacaat
taattacatg
actgcgtaat
gcttaagegt
atccctacgyg
tttgtcattt
gcaggceetgg
tcagcaaggce
aaataaatgg
agatgaaatg
aaacgcagtt
tagatttgca
acaaaatttt
aaaaatgggc
gatggaatcc
attgegetge
tcacggggtyg
aaggagtgac
aaaaaatcta
tcaaggcata
acagcactca
agatcggaac
aattaacgcg
tgccggtgat

gcttcaatge

cgggagtaca
gcagagtctg
gggtggectg
gcagtagttyg
tatcgtgttt
tatgtattca
ttgcttegee
tttctacgag
gcagctttct
gcgaatgact
cgtcagggcg
caccaaaaac
gcgegageag
caagaaaagg
ctttcgagtg
ggaaaagggyg
gagttggaga
gettttggtt
tgggcgaggc
gagtttactt
ttggacacét

acagacgtgt

ctaaatgget

ccaagattgg
acgggcataa

gccccecctaa

tttcatagtg

ggccagetgg
ttaaaaaagg

tttcaaacag
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ccgagaaaga
ttcttggagt
ctecttgtagt
aagtagacaa
ttcttgcaaa
aatgcgtcaa
atgtgagcgg
aaattacttyg
ggcattggcyg
gtcgetggge
aaatagatgc
ccatagtgcet
agaagttaat

aatggctgca

aggagctctg

ccgegetaac

aggtgectggce

ggctgtatgt

agattataac
cgaaaatgtt
cagaagaaaa
tttttteccgt
ccattgagat
aagttatgag
ataatttaaa
aagcacgcecet
ccgcegeacag

aagtccgtgg

ctcagcttaa

ttcttgatga

cttggecttit
tcectgaagaa
tttetttgtta
ttactttagy
ttcttecattyg
tggggtctca
tgagccageg
gactgaaaat
tagaggtgaa
agtcagcatg

gctgagacag

tattagttac

taaagaccta
gettgtgett
taataagtgyg
ctgtttgget
tcaggcccaa
cgegaggttt
tcaagcacgc
tgacgctcta

gctetecaaa

atgccgtgcet

attggagtgg
ccaaattgag
aactecttgaa
gctgecttgtt
agcgttattg
attattgtgt
cattgtttat

agtatgttta

5469

5520

5580

5640

5700

5760

5820

5880

5940
6000
6060
6120
6180
6240

6300

6360

6420
6480
6540
6600 .
6660
6720
6780
6840
6900
6960 .
7020
7080
7140

7200



attgagcgaa
attggggett
gacgctttat
aacaaacaaa
aaaatatttg
caaggaatta
aattatggca
tcgtcaatat
tcagcggect
attaaagcca
tgtatcaatc
tgaaaaattg
‘ actgtctggg
tgtggagagt
agctgcggty
gegegtggtt
tgagttcaag
atgcgtactt
tatcccagag
cgatgatcag
" tagaaatcct
céctcaaatt
gttctggtet
taaactcgtt
ggagcgactyg
gagtataaaa
ggacggcagt
ggccecagget
tttctacgcece
tccgatecatg

gctcatagtc

taataccggce
ttagtcttcc
tgacacggaa
tagcaacaaa
ccaccttgaa
tctaaaataa
atcgttgttg
ggttataaag
cctetateca
gaaggttttt
gacgﬁggggc
attcttgcaa

gtctgctatt

‘gegtetgteg

ggcttaggga
acgccggcag
ctgaatgcga
gaaagtggag

ctagagctgg

atgtgtacat

ttttggggéa
gtcgcaagta
gatcttaaag
gttgcaatta
attgcaactyg
ttacctgatt
tacctgecege
gtﬁatgtggc
acataaatcyg
ttcgagetcet

cacgacgcecec

ttcatgtgaa
gcgaatagtt
gcagattgcet
tatgcatgtc
tgtagtgaat
tcggcattaa
ttggcgetgg
gggaaattég
aggcttttet
atacgaataa
gtaagatagt
éacctgctag
tacgcagtat
ttgtgttggg
agagggtcac
cagcaaactt
aattaacgtc
aagaaattca
caactgaggc

cggatacaag

‘cgatggtacg

gcatcectgtgg
ggatggegcet
ataacgaaac
agacaataaa
agcaétgatg
ceceegeact
gcttgggegy
gtggtggcta
tattcaaata

gtgattttgt

gccttcacayg
gagattggaa
gtcttgaggce
accgaagatg
cgcacgcaag
gtgatatagt
tacagctgga
gatttttagc
gacaagtgég
caatattacc
ttcttctaaa
cgcacgtagyg
ggaagacgcc
cégcggagta
agtgatagaa
agtcagagcc
tataaagggc
ggcggatcetyg
ggeccttgaa
tatatatgca
tttagagaca
cacatcaaca
gcaaggactt
tcttgaacta
tttgcctaaa
ctcagecact
ccgtacgtge
ggaagtattg
tggtgggatt
cactgctgtg

agccetggcec

cagttaattt
agtccgcaga
ttgtaaaagé
ctataaagtg
caacaattga
gaaaagtata

gtaaatgctyg

agggagtctg

attgcagaat
atttcgttaa
gatggaaaag
ttaacctgeg
aaaaatttac
atcgggcttg
geccacceege
cgectggagg
aggaatggece
attgtagttg
gtgagtaatg
atcggcgact
attcataatg
ccagcaccaa
ggtgctctaa
gaagtécttg
cgtcaaggty
cgaaccaacyg
ggaactaccg
ccatatttgg
tcecettgetyg
ttggcggtaa

gacggecage
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égatcaagcg
gaataaagct
ggggtgctca
gcatatgagg
agctgagegt
ccggagagag
cgttctgget
tggcgectta
ccgeagtgece
atacaccgat
aatacgcgta
aggggtectga
gtaggaaact
aagtcgecte
gtgtaatgge
ctgaaggaat
atgttgaaca
gaatcggtéc
gtgttgtggt
gcgeaatgge
cggttacaca
ccccaccacyg
aggactacga
cgtacaagca
cgcttgecagg
gtcgecgatag
cgtaaaatgt
tgatgaccgt
aaatgggaga
gcgttetega

aggtaggccg

7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860

7920

7980

8040
81OQ
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700

8760

8820

88840

8940

" 9000

9060



acaggctcat
agtacacctt
tgcecctcatce
gcaccgceccag
cttcacctat
tttggcaaaa
tgaccccecgaa
tctaccgact
ggatcaatgg
ccctatgegg
ttcegettee
agctcactca
catgtgagca
tttccatagg
gcgaaacceyg
ctcteectgtt
cgtggegett
caagctgggce
ctatcgtett

taacaggatt

taactacggce

cttcggaaaa
tttttttgtt
gatcttttet
catgagatta
atcaatctaa
atttcgaacc
gétgcgaatc
caagctcttc

ccagcoggee

gceggecgec
gataggtggg
tgttacgceyg
gtgcgaataa
cctgececgge
tcctgtatat
gcagggttat
ggaaacaggc
ctatctgggy
tgtgaaatac
‘tcgetcactg
aaggcggtaa
aaaggceagce
ctcecgeacece

acaggactat

ccgacccectge

tceteataget
tgtgtgcacg
gagtccaacce
agcagagcga
tacactagaa

agagttggta

‘tgcaagcagc

acggggtctg
tcaaaaaggé
agtatatatg
ccagagtceccec
gggagcggceyg
agcaatatca

acagtcgatg

gcegectttt
ctgceccttee
gcggtagecg
gggacagtga
tgacgecgtt
cgtgcgaaaa
gcagcggaaa
aaatgcagga
gaccgaggygc
cgcacagatg
actcgctgey
tacggttatc
aaaaggccag
ctgacgagcea
aaagatacca
cgcttacceygg
cacgctgtag
aacccceegt
cggtaagaca

ggtatgtagg

ggacagtatt

gctcttéatc
agattacgeg
acgctcagtyg
tcttcacéta
agtaaactty
gctcagaaga
ataccgtaaa
cgggtagcca

aatccagaaa

cctcaatcge
tggttggett
gccagcptég
égaaggaaca
ggatacacca
aggatggata
agcgetgett
aattactgaa
tgtegetgcg
cgtaaggaga
ctcggtcgtﬁ
cacagaatca
gaaccgtaaa
tcacaaaaat
ggcgtttécc
atacctgtcé
gtatctcagt
tcagcecegac
cgacttatcg
cggtgctaca
tggtatctge
cggcaaacaa
cagaaaaaaa
gaacgaaaac
gatcctttta
gtctgacagt
actcgtéaag
gcacgaggaa
acgctatgtce

agcggecatt
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tecttegtteg
ggtttcatcé
cagagcagga
cecgetegeyg
aggaaagtct
taccgaaaaa
ccetgetgtt
ctgaggggac
ccaaggecacyg
aaataccgca
cggetgegge
ggggataacg
aaggccgegt
cgacgctcaa
ectggaagct
gcetttetec
teggtgtagg
cgctgegect
ccactggecag
gagttéttga
gctetgcetga
accaccgetg
ggatctcaag
tcacgttaag
aattaaaaat
taccaatcga
aaggcgatag
gcggtcagcc
ctgatagcgg

ttccaccatg

tctggaaggce
gccatceget
ttceegttga
ggtgggcéta
acacgaaccc
atcgctataa
ttgtggaata
aggcgagaga
attggagatc
tcaggcgctc
gagcggtatc
caggaaagaa
tgctggcgtt
gtcagaggtyg
cectegtgeg
cttcgggaag
tegttcgcetce
tatcecggtaa
cagccactgg
agtggtggcece
agccagttac
gtageggtgg
aagatccttt
ggattttggt
gaagttttaa
ttggteggtce
aaggcgatge
cattcgcégc
tccgecacac

atattcggca

9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
10260
10320
10380
10440
10500

10560

110620

10680

10740

10800

10860




© <210>

agcaggcatce
tggcgaacag
caagaccggc
atgggcaggt
ctttctegge
gcagccagte
tcgtggeccag
ggtcggtett
cagagcagcce
ccggagaacc
cttgatcaéa
ttactttgca
32

35
DNA

<211>
<212>
<213>

<220>
<223>

<400> . 32

gcecatgggtce
tteggetgyge
ttccatecega
agececggatca
aggagcaagg
cctteceeget
cecacgatage
gacaaaaaga
gattgtctgt
tgcgtgecaat
tcttgatece

gggcttcece

‘Artificial

Primer

acgacgagat
gcgagecect
gtacgtgctce
agcgtatgcea
tgagatgaca
tcagtgacaa
cgcgectgect
accgggcgec
tgtgcccagt
ccatcttgtt

ctgcgecate

cctcgeegtce
gatgctcttc
gctégatgcg
gcegecgeat
ggagatcctg
cgtcgagcecac
cgteetgeag
cctgcgcectga
catagccgaa
caatcatgeg

agatccttgg

aagggaattc catatgettg agaaacacag agttce

<210> 33

<211> 35

<212> DNA

<213> Artificial
" <220>

<223> Primer
<400> 33

aaaattcgeg tcgacaageyg ctgaatgggt atcecgg

<210> 34

<211> 20

<212> DNA

<213> Artificial
<220>

<223> Primer
<400> 34

tgagacagtyg gctgttagag

gggcatgcgc
gtccagatca
'atgtttcgct
tgcatcagece
cceceggeact
agctgcgcaa
ttcattcagg
cagccggaac
tagectctec
aaacgatcct

cggcaagaaa
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geettgagece
tcctgatcga
tggtggtcga
atgatggata
tcgcccaata
ggaacgcccg
gcaccggaca
acggcggeat
acccaagegyg
catcctgtcect

gcecatecagt

-10920

10980
11040
11100
11160
11220
11280
11340
11400
11460
11520

11539

35

35

20




<210> .35

<211> 35

-<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 35

taataaccgc tcgagaacgce ttaccgccaa cacag

<210> 36
<211> 47
<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 36

gecggegaga acctgtactt tcagatggca agtaagtatyg ccacttg

<210> 37
<211> 28
<212> DNA

<213> Artificial

<220>
<223> Primexr

<400> 37

ggatcctcac ttecttgtget gagecttg

<210> 38
<211> 446
<212> PRT

' <213> Arabidopsis thaliana
<400> 38
Met Val Val Ile Asn Ser Leu

1 5

.His Leu His Ser Lys Tyr Ala
20

Arg Arg Ile Phe Thr Thr Glu
35

Arg Leu Val Ser Ala Ala Val
50 55

His Ser Phe Trp Asn Arg Thyr
65 ) 70

Arg Arg

Thr Cys
25

Ala Ala
40

Glu Gln

Thxr Lys

Leu

10

Met

Pro

Leu

ProO

Ala Arg Thr Thr

Ser Gly Asn Ser
30

Glu Lys Gly 2asn
45

Asn Thr Leu Pro
60

Ser Leu Asp Leu
75

-86-

35

47

28

Gln Val

15

Thr Ser

Glu Pro

Phe Tyr

Ala Lys




val
Thr
Tyx
Arg
Gly
145
Leu
Thr
Ile
Val
Lys
225
Glu
Lys
Ser

Asp

Phe
305

Leu

Ser

Tyr

Lys

130

Leu

His

Glu

Ile

Met
210

val

Val

Tyr

Ala

Val

290

Thr

Leu

Gly

Asn

115

Lys

Pro

Thr

Glu

Lys

195

Gly

Glin

Ile

Asn

Tyr
275

Ile

Tyr

Glu

Gly

100

Asn

Ser

Pro

Asp

Glu

180

Glu

Ala

Ala

Cys

Ile

260

Met

Asn

Ser

Met
85

Phe Thr Ala

Ser Asp Ala

Ala

Tyx

Leu

Cys

165

Phe

Gly

Gly

Val

Ala

245

Lys

Pro

Ser

Gly

Leu

His

His

150

Pro

Ser

Pro

Gly

val

230

Phe

Pro

Ile

Hig

His
310

Gly

Gly

135

Gln

His

Thr

Glu

val

215

Lys

Gly

Asp

Gly

Ser

285

Pro

Asn

Arg
120

Ser

Asn

Tyr

Arg

Thr

200

Ile

Lys

Arg

Leu

Ala

280

Ser

val

Asn

Asp

105

Pro

Thr

Phe

Trp

Leu

185

Ile

Pro

Tyr

Leu

val
265

Ile

‘ Lys

Ser

Lys
90

Thr
Glu
Leu
Asp
Arg
170
Ala
Gly
Pro
Asp
Gly
250
Thr

Leu

Leu

Cys

Met

Gln

Lys

Ile

Leu
155

' Phe

Lys

Ala

Pro

Ile

235

Thr

Leu

Met

Gly

Ala
315
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Ala

Val

Lys

Ser

140

Pro

His

Asn

Phe

Ala

220

Leu

Met

Ala

Ser

val

300

val

Lys

Lys

Lys

125

Ala

Ala

Leu

Leu

Ile

205

Thxr

Phe

Phe

Lys

Gln

285

Phe

Ala

Ala

Leu

110

Phe

Ser

Pro

Pro

Glu

190

Ala

TYY

Ile

Gly

Ala

270

Glu

Ser

Ile

Phe

95

val

Ile

Leu

Phe

Gly

175

Asp

Glu

Phe

Ala

Cys

255

Leu

Val

His

Glu

Phe

Trp

Ala

Ser

vVal

160

Glu

Leu

Pro

Glu

Asp
240

"ASp

Ser

Ala

Gly

Ala
320



Pro

Leu Lys Ile Tyr Lys Glu Arg Asn Ile Glu
325 330
Ala Pro Arg Phe Gln Asp Gly Val Lys Ala Phe
340 345
Ile Ile Gly Glu Thxr Arg Gly Thr Gly Leu Ile
355 360
Val Asp Asn Lys Ser Pro Asn Glu Pro Phe Pro
370 375
Gly Ala Phe Phe Gly Ala Glu Cys Gln Lys His
385 390 395
Val Ala Gly Asp Gly Ile Leu Met Ser Pro Pro
405 410
Glu Glu Ile Asp Glu Leu TIle Ser Ile Tyr Gly
420 : T 425
Thr Glu Glu Lys Val Lys Glu Leu Lys Ala Gln
435 440
<210> 39
<211> 1515
<212>  DNA
<213> Arabidopsis thaliana
<400> 39
atggtcecgtta tcaacagtct ccgacgecttg gegegtacca
aagtatgcca cttgcatgte tgggaactcc acttccagga
gecacctgaga agaaaaacac tgttgggtct aaagggcatyg
getggatgge agagtgctga tttagatccce ttggtcattg
gtgtatgatg atactgggaa aaaatatctt gactctcteg
ttaggaggaa atgagccaag gcecttgtttct gecocgetgttg
ttttatcact ccttttggaa ccgtactact aaaccttcectce
ttagagatgt. tcacggccaa caaaatggcc aaagcatttt
gccaacgata cccaggtcaa gcetggtttgg tattacaata
aagaaaaagt ttatcgcgag aaagaaatcg taccatggct
ttgteccggee ttecceceget acaccaaaat tttgatttac
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val

Tvr Ala

Gly
350

Ala Ser

Gly Thr

365

Leu

Pro Glu Trp

380

Gly Met Leu

Leu Ile'Ile

Leu
430

Lys Ala

His Lys

445

ctcaggttca
ggattttcac
atatgctfgc

caaagtctga

ctggtttatg

aaéagttgaa
tggatét;gc
ttacaagcgg
acgcacttgyg
ccactctaat

ctgecaccatt

Lys Val

335

Ser Pro

Glu Phe

Gly Val

Val Arg

400

Ser Pro

415

Lys Ala

Lys

tttgcgéagt
tactgaggca
accttttact
éggaagttat
gtgtactgcc
caccttgecg

taaggttctt

tggatcagat

aaggcccgag
atcagcaagt

tgtgttacac

60
120
180
240
300
360
420
480
540
600

660



acagattgee
accagattag
gcttttatag
tttgaaaagg
atatgtgcat
gatcttgtga
atgagccaag
catggattta
étatacaagg
‘ggagttaaag
attcttggga
ggtgttggcg
ggtgatggca
atttctatct

cagcacaaga

<210> 490
<211>
<212>

<213>

DNA

<400> 490
atgagcgtca

gcacctttca’

cagggggtgc
tggtgcgtgg
cgegagetge
gccaaggeca
ggcteccgaag
aagccgcaca
égtgcttgcc
atcgtgcaca
ttecggtatct

gtcgecgect

1362

ctcattattg
ccaagaattt
ctgaaccagt
ttcaagcetgt
ttggaagget
ccttagctaa
aagtggcaga
cttattctgg
agaggaacat
cgtttgecte
ctgagtttgt
cattctttgyg
ttttgatgtce
atgggaaage

agtga

Pseudomonas sp.

acaacccgca
gtgactacaa
atttgtggga
cggtgggtta
cgtactacaa
ttaccgatgt
gcaacgacac
agcagaccat
tgggcggcat
tccegcagee
gggcggcecga

tcatcgececga

gcgttttgat
agaggatcta
catgggtgct
tgttaagaaa
cgggacaatg
ggcactgtct
tgtcataaat
tcatccagtt
accagagtat
tggtagtcct
agacéataaa
agcegagtgce
tccaccgete

attgaaggca

aaccegtgaa
gcagCtgaag
cagcgagggyg
cggecgtgaa
cctgttette
ggcgcececgag
cgtgctgege
catcggcegt
gagcggcatg
gtactggttce
acagctggag

gcctatccag

qtthaggcg
atcatcaaag
gggggtgtga
tatgatatct
tttggetgty
tcagcatata
tctecatagca
tcgtgtgetg
gtcgccaaag
attattggag
tectecgaacyg
cagaagcacg
attatctcac

acggaagaga

tggcaaaccc
gagaaggggc
cacaagatcc
gagctggtte
cagacggccc
gggatgaccé
atggtgegee
atcaacggct
cacgagcagy
ggcgaaggceyg
aagaaaatcc

ggcgcaggcy
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aaacggaaga
aaggaccaga
tacctccacc
tgttcattge
acaaatacaa

tgccgattgg

gcaagctagg

tagcaattga
ttgeccecaag
agacaagagg
aaccatttcc
ggatgttagt
ctgaagagat

aggtaaaaga

tgagcgggga
cgcgcatcat
tcgacggeat
aggcagcaga
acccgectge
atgtgttctt
actactgggce
accacggctc
gceggectgece
gtgacatgac
tcgaagtegg

gegtgatcat

ggagttctga
aactattggt
tgctacctac
tgétgaggtg
cattaagcca
agccattcett
cgttttctece
agcgttaaag
gtttcaagat
aacaggtttg
accagaatgg
ccgtgttgea
tgatgagttg

actcaaggcet

gcaccatctc
caccaaggcc
ggcgggeety
aaagcagatg
actggaactg
caccggctcece

gttgaagggc

caccttcgccv

gatcceggge
cceggatgeg
cgaagacaac

ccéegecgygaa

720
780
840
900
960
1020
1080
1140
1200

1260

1320

1380
1440
1500

1515

60
120
180
240
306
360
420
480
540
600

A660

720



acctactggce
gaagtcatct
aagcccgacce
gtgatcgtge
ttcacctatt
cgcgacgagce
ttgcgtgage
gcgatcgagc
atgatctgecc
atgatcatcg

gcacgcaaat

<210> 41
<211>
<212>

<213>

DNA
<400> 41

atgagcgatt
ttcaccgatt
gtctacctgt
gtcaacctgyg
ctgcecgtact
gegattgeeg
gaggccaacyg
gcgaagaagg
ageceteggty
catatcgacc
gtgcgcatcg
gceettecateg
tggccgeggg
atetgegget
gacctgatgc

gtgcgcgacg

1359

cgaaggtgaa
gtggtttcgg
tgatgaccat
gtgacaaagt
cgggccacce
aaattgtcga
tgcaggacca
tggtgaaaga
gcaccttctg
cgeegeeget

gcctegacct

Pseudomonas sp.

cgcaaaccct
acaaggegcet
gggacagcga
gctatggecy
acaacctgtt
acatcgecgcce
acaccgtgct
tggtcatcgg
gcatgaaggc
agccctactg
ccgaccaget
ccgaacctat
tcaaggaaat

tcggecgtac

cgatecgeccaa

aagtggtgca

ggagattcte
cecgtaccgygc
cgccaagggce
ggccaaggtyg
ggtagcggcey
gaaggcgegt
ccegetggtyg
caaggccacce
cttcgaaaac
ggtecatcage

gacccttgag

gcactggcaa
gaacgccaaa
aggccacaag
cgaggagctg
cttecagacce
ggecgggatyg
gcgecatggtg
ccgetggaat
catgcacgag
gttcecggcgayg
ggagcagaag
ccagggegcec
cctegegege
cggtgagtygg
gggcctgace

cacgctcaac

gccaagtacg
gagtggttcg
ctgaccteceyg
atcagcgaag
geggtgggee
actgaagcgg
ggtgaagtgc
cgcageegtt
ggcctgatcea
catgcggaaa

gcgattcgaﬁ

gcgetgagec
ggcacgcgcea
atcctcgacy
gtegaggecg
gececaceege
aaccatgtgt
cgccattaét
ggctatcacyg
cagggcgacyg
ggtggcgaca
atccttgagg
ggcggcgtga
tacgacattc
ttcggcagcg
tctggctaca

gagggceggceyg

-90-

acatcctgtt
gctctgatta
gttacatccc
gcggtgactt
tggaaaacct
caccgtattt
gcggecttgg
acgagggcaa
tgegtgeggt
tcgacgaact

aa

gcgaccatca
tcatcaccaa
ccatggeegg
cgaccaggca
cggecgtygge
tcttcaccgg
gggcgatcaa
gctcgaccat
gcecegatecce
tgagccegga
tcggcgagga
tcatccegece
tcttcatege
actactacgg
tcecececatggg

agttctacca

cgttgcecgac
ctacgacctc
catgggcggt
caaccacggc
gcgcatecty
gcaaaagegt
catgcttgge
gggegtgggce
gggtgacacc

ggtggaaaag

tctgecgecy

ggcgtcagge

getetggtge
gatgcgcgag

gctggecaag

-cteccggetceyg

gggccagceeyg
cgctggcecgea
cggcatcgag
agagttcggce
caaggtegec
cgagagectac
cgacgaggtc
cetegageeg
cggcgtagtg

cggettcacce

780
840
900
960
1020
1080
1140
1200
1260
1320

1362

60
120
180
240
300
360
420

" 480
540
600
660
720
780
840
900

960



tactcggggc
gagaagatcg
gaactgcteg
gagttggtga
tgtcgecgage
atttcgecege

ttgtgcecteg

<210> 42
<211>
<212>

<213>

DNA
<220>
<223>

<400> 42
atgcagaaac

ccgtttacceyg
ggcgtgtatc
tgcgtgaacy
gaactgcegt
agcctgetgg
égcgaaagég
ccggéaaaaa
gcgagcctgg
gcgeatattg
' ggegtygttg
gcggegtttg
tattggeegg
gtgatttgég
ccggacctgt
tttgtgggea
acctatagcg
gatgaaggca

cgtgaaacct

accccgtgge
tcgagcgggt
agcatccget
agaacaagaa
actgcttceg
cgectggtgat

acgccacggc

1380

Artificial

agcgtaccac
ataccgcgag
tgtgggatag
tgggctatgg
tttataacac
ccgaagttac
tggatacéat
aaaccctgat
gceggcatgaa
aacagccgtg
cggegegttg
tgggcgaacc
aaattgaacg
gctttggceyg
ttaccgcgge
aacgtgttge
gccatcecggt
ttgtgcageg

ttagcegttt

cgcegeggtg
gaagacgaag
ggtaggcgag
gacccgcgaa
caacggcecetyg
cagcgaagag

caaggatgtg

ctectcagtgg
cctgaatcag
cgaaggcaac
ccgtaaagat
cttetttaaa
cccggcaégt
gattcgtatyg
tggccgttgyg
atatatgcat
gtggtataaa
gcectggaagaa
gattcagggt
tatttgecgce
taccggcgaa

gaaaggcectg

ggaaggtctg

gtgtgcggceg
tgtgaaagat

tgaacatgtyg

gcgctggaga
acggcaccct
gcgegeggceyg
cgectttgecg
gtgatgcgtyg
cagatcgacg

ctgggctga

cgtgaactgg
gcgggtgcge
aaaattattg
tttgcggaag
accacccatc
tttgatcgtg
gtgegregtte
aacggctatce
gaacagggcyg
catggcaaag
aaaattctgg
gcgggceggtyg
aaatatgatg
tggtttggece
agcagegget
attgcgggcg
gtggcgeatg
gatattggee

gatgatgtgc

-91-

acatccgcat
atttgcagtc
tcggcectget
atcccggtgt
cggttggega

agctggtegy

codon optimized gerie for expression in E coli

atgcggcgea
gtgtgatgac
atggcatggc
cggcgegteg
cggeggtggt
tgttttatac
attgggatgt
acggcagcac
atctgeegat
atatgacccc
aaatcggecge
tgattgttce
tgétg;tggt
atcagcattt
atctgeecgat
gtgattttaa
cgaatgttge
cgtatatgca

gtggcgtggy

‘cctgegegay

ccgttggeay
tggtgcgctg
gggcatgetc
caccatgatc

caaggtgcgy

tcatctgcat
ccgtggegaa
gggcctgtgg
tcagatggaa
ggaactgagc
caacagcggce
gcagggcaaa
cattggeggt
tcecgggeatg
ggatgaattt
ggataaagtyg
gccggcaacc
tgcggatgaa
tggctttcag
tggcgeggtg
ccatggettt
ggcgctgcagt

gaaacgttgg

catggtgcag.

1020

1080

1140

1200

1260

1320

1359

60

120

180

240

300

. 360

420
480
540
600
660
720
780
840
sa0
960
1020
1080

1140



gcgtttacce tggtgaaaaa

ggcaccctgt'gccgcgatat

cacattgtgt ctgcaccgcece

gtggcggaac gttgectgga

<210>
<211>
<212>
<213>

43

5143

DNA
Artificial

<220>
<223>

<400> 43
tttaagaagg

cectectecga
" tgaacggcea
agaccgccaa
ceeetecagtt
acttgaagcet
gcggegtggt
tgaagctgeg
' gttgggagge
agatgaggct
tggccaagaa
ccteccacaa
ccaceggega
ctgggaactc
ctgttgggté
atttagatce
aaaaatatct
ggcttgttte
accgtactac
acaaaatggc

agctggtttyg

Vector

agatataccc
ggacgtcatc
cgagttcgag
gctgaaggtyg
ccagtacggce
gtccttcececece
gaccgtgacce
cggcaccaac
ctccaccgag
gaagctgaag
geecgtgeag
cgaggactac
cggcgagaac
cacttcecagyg
taaagggcat
éttggtcatt
tgactctcte
tgeogetgtt
taaaccttct
caaagcattt

gtattacaat

caaagcgaaa
tttttttcge
gctggttatg

agaatttgaa

atgacacaga
aaggagttca
atcgagggcyg
accaagqgcyg
tccaaggecet
gagggcttca
caggactcct
ttceceteceg
cggatgtacc
gacggcggcec
ctgececocggcy
accatcgtgyg
ctgtactttce
aggattttca
gatatgcttg
gcaaagtctg
gctggtttat
gaacagttga
ctggatcttg
tttacaagcg

aacgecacttyg

cgtgaactgt
aacaacctga
acccgtgcgyg

cagaccctga

gggcccacca
tgggcttcaa
agggcgagayg
gcccéctgcc
acgtgaagca
agtgggagcy
ccctgecagga
acggccecgt
cogaggacygy
actacgacgc
cctacaagac
aacagtacga
agatggcaag
ctactgaggce
caccttttac
égggaagtta
ggtgtactgce
acaccttgee
ctaaggttct
gtggatcaga

gaaggceccga

-92-

ttcecggattt
ttatgcgtge
aagtggatga

aagcgcgtgg

tcaccatcac
ggtgegcatyg
ccgececectac
cttcgeectag
cccégccgac
cgtgatgaac
cggegagtte
aatgcagaag
cgecctgaag
cgaggtcaag
cgacatcaag
gegegecgag
taagtatgcc
agcacctgag
tgctggatgy
tgtgtatgat
cttaggagga
gttttatcac
tttagagatg
tgccaacgat

gaagaaaaag

tggcgaaatt
gtgecggegat
aatgctggcecce

cctggectaa

cattccatgg
gaéggctccg
gagggcacec
gacatcetgt
atcecccgact
ttcgaggacy
atctacaagg

aagactatgg

ggcgagatca.

accacctaca
ctggacatca
ggccgcecact
acttgcatgt
aagaaaaaca
cagagtgctg
gatactggga
aatgagccaa

tcettttgga

‘ttcacggeca

acccaggtca

tttatcgega

1200
1260
1320

1380

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200

1260



gaaagaaatc
tacaccaaaa
ggcgttttca
tagaggatct
tcatgggtgc
ttgttaagaa
tcgggacaat
aggcactgtc
atgtcétaaa
‘gtcatccagt
taccagagta
ctggtagtcc
tagacéataa
gagccecgagtg
'ctccaécgct

cattgaaggce

ccggctgcta'

ctagcataac
‘actatatccg
tggctccaag
cgagaacggyg
gactggegat
ccaagcectat
tagatttcat
aaagcttatce
atacgcctaf
ataatattga
ttttgecggea
tgctgaagét

gatccttgag

gctatgtgge

gtaccatggc
ttttgattta
tctteccagge
aatcatcaaa
tgggggtgtg
atatgatatc
gtttggetgt
ttcagcatat
ttcteatage
ttegtgtget
tgtcgeccaaa
tattattgga
atctccgaac
ccagaagcac
cattatcteca
aacggaagag
acaaagcccg
ccettggggc
gceggatatce
tagcgaagcey
tgcgecataga

gctgtcggaa

geetacagea

acacggtgcc
gatgataagc
ttttataggt
aaaéggaaga
ttttgeette
cagttgggtg
agttttegee

gcggtattat

tccactctaa
cctgcaccat
gaaacggaag
gaaggaccag
atacctccac
ttgttecattg
gacaaataca
atgccgattg
agcaagctag
gtagcaattyg
gttgceccaa
gagacaagag
gaaccattte
gggatgttag
cctgaagaga
aaggtaaaag
aaaggaagct
ctctaaacgy
cacaggacgyg
agcaggactg
aattgcatca
tggacgatat
tccagggtga
tgactgecgtt
tgtcaaacat
taatgtcatyg
gtatgagtat
ctgtttﬁtgc
cacgagtggg
ccgaagaacy

ccegtgttga

tatcagcaag
ttgtgttgca
aggagttctc
aaactattgg
ctgctaccta
ctgatgaggt
acattaagcece
gagccattct
gcecgttttcete
aagcgttaaa
ggtttcéaga
gaacaggttt
caccagaatg
tcegtgttge
ttgatgagtt
aactcaaggc
gagttggctg
gtcttgaggg
gtgtagtege
égCQQCQQCC
acgcatatag
ccecgeaagag
cggtgcegag
agcaatttaa
gagaattctt

catgagacaa

-tcaacattte

tcacccagaa

ttacatcgaa

ttttccaatg

cgccgggeaa

-03-

tttgtcegge
cacagattgce
aaccagatta
tgcttttata
ctttgaaaag
gatatgtgca
agatcttgtg
tatgagccaa
ccatggattt
gatatacaayg
tggagttaaa
gattcttggg
gggtgttgge
aggtgatggc
gatttctatc
tcagcacaag
ctgccacecge
gttttttget
catgatcgceg
aaagcggtcg
cgctagcage
gecececggcagt
gatgacgatg
ctgtgataaa
gaagacgaaa
taaccctgat
cgtgtegceec
acgctggtga
ctggatctca
atgagcactt

gagcaactcyg

cttceccege
cctcattatt
gccaagaatt
gctgaaccag
gttcaagctyg
tttggaaggc
accttagcta
gaagtggcag
acttattctg
gagaggaaca
gcgt;tgcct
actgagtttyg
gcattctttyg
attttgatgt
tatgggaaag
aagtgaggat
tgagcaataa
gaaaggagga
tagtcgatag
gacagtgctc
acgccatagt
accggcataa
agcgcattgt
ctaccgcatﬁ
gggcctegtyg
aaatgcttca
ttattececett
aagtaaaaga
acagcggtaa
ttaéagttct

gtcgecgeat

1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1220
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
258OA
2640
2700
2760
2820
2880
2940
3000
3060

3120



acactattct
tggcatgaca
caacttactt
gggggatcat
cgacgagecgt
' tggcgaacta
agttgcagga
tggagccggt
cteccegtate
acagatcget
ctcatatata
gatcecttttt
gagegtcaga
. taatctgetg
_aagagctacc
ctgtccttet
catacctege
ttaccgggtt
ggggttegty
agcgtgagcet
taégcggcag
atctttatag
cgtc&ggggg
ccttttgetg
accgtattac
" gegagtcagt
tgtgcggtat
atagttaagce
caccecgecaa

agacaagctyg

cagaatgact
gtaagagaat
ctgacaacga
gtaactcgec
gacaccacga
cttactctag
ccacttctge
gagegtgggt
gtagttatct
gagataggtyg
ctttagattyg
gataatctca
cccegtagaa
cttgcaaaca
aactcttttt
agtgtagcég
tctgctaatc
ggactcaaga
cacacagecc
atgagaaagc
ggtcggaaca
tcctgteggg
gcggagecta
g;cttttgct
cgectttgag
gagcgaggaa
ttcacaccge
cagtatacac
cacccgetga

tgaccgtctce

tggttgacge
tatgcagtgc
tcggaggacce
ttgategttg
tgcectgecagce
ctteceeggca
gcteoggeect
ctegeggtat
acacgacggyg
cctcactgat
atttaaaact
tgcatgacca
aagatcaaag
aaaaaaccac
ccgaaggtaa
tagttaggcc
ctgttaccag
cgatagttac
agcttggagce
gccacgct;c
ggagagcgca
tttegecacc
tggaaaaacyg
cacatgttct
tgagctgata
gcggaagagc
atatatggtyg
tcegetatceyg
cgegeectga

cgggagetgce

gtcaccagte
tgccataacc
gaaggagcta
ggaaccggag
aatggcaaca
acaattaata
tcecggetgge
cattgcagca
gagtcaggca
taagcattgg
tcatttttaa
aaatcectta
gatcttecttg
cgctaccagce
ctggcttcag
accacttcaa
tggctgctge
cggataaggce
gaacgaccta
ccgaagggag

cgagggagcet

tctgacttga

ccagcaacgc
ttcetgegtt
cecgetegeeg
gcctgatgeg
cactctcagt
ctacgtgact
cgggettgte

atgtgtcaga

-94-

acagaaaagc
atgagtgata
accgettttt
ctgaatgaag
acgttgcgca
gactggatgg
tggtttattg
ctggggecag
actatggatg
taactgtcag
tttaaaagga
acgtgagttt
agatecctttt
ggtggtttgt
cagagcgcag
gaactctgta
cagtggegat

gcageggtcg

caccgaactyg

asaggeggac
tccaggggga
gegtegattt
ggcctﬁttta
atcccctgaf
éagccgaacg
gtattttcte
acaatctgct
gggtcatggce
tgctcccgge

ggttttcace

étcttacgga
acactgcgge
tgcacaacat
ccataccaaa
aactattaac
aggcggataa
ctgataaatc
atggtaagce
aacgaaatag
accaagttta
tcﬁaggtgaa
tegttecact
tttetgegeyg
ttgccggatce
étaccaaata
gcéccgccta
aagtcgtgte
ggctgaacgg
agatacctac
aggtatccgg
aacgcctggt
ttgtgatgcet
cggttcctgg
tctgtggata
accgagegea
cttacgeatce
ctgatgecege
tgegeecega
atccgcﬁtac

gtcatcaccg

3180
3240
3306
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500

4560

4620

4680
4740
4800
4860

4920



aaacgcgcga ggcagctgge acgacaggtt tcccgactgg aaagcgggca gtgagcgceaa 4980.

cgcaattaat gtgagttagc tcactcatta ggcaccccag gctttacact ttatgettcece 5040

ggctcgtatg ttgtgtggaa ttgtgagcgg ataacaattt cacacaggaa acagctatga 5100

ccatgattac gccaagctct agctagaaat aattttgttt aac 5143
<210> 44

<211> 36

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 44

ggaattccat. atgagecgtca acaacccgca aacccyg 36
<210> 45
<211> 37
<212> DNA
<213> Artifiqial
<220>
<223> Primer
<400> 45 i
ccgectecgagt tatcgaatceg cctcaagggt caggtcc 37
<210> 46
<211> 38
<212> DNA
<213> Artificial
<220>
<223> Primer
<400> 46
ggaattccat atgagcgatt cgcaaaccct geactggce 38
<210> 47
<211> 35
<212> DNA
<213> Artificial
<220>
<223> Primer
<400> 47
35

cgcggatqct cagcccageca catccttgge tgtcg

-05-



