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ABSTRACT

A method for the preparation of 2,4-dihydroxybutyric acid
from homoserine includes a first step of conversion of the
primary amino group of homoserine to a carbonyl group to
obtain 2-ox0-4-hydroxybutyrate, and a second step of reduc-
tion of the obtained 2-oxo-4-hydroxybutyrate (OHB) to
2,4-dihydroxybutyrate.

Specification includes a Sequence Listing.
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METHOD FOR THE PREPARATION OF
2,4-DIHYDROXYBUTYRATE

[0001] The present invention relates to a novel method for
the preparation of 2.4-dihydroxybutyrate (2,4-DHB) from
homoserine comprising a two-step pathway:

[0002] a first step of conversion of the primary amino
group of homoserine to a carbonyl group to obtain
2-o0x0-4-hydroxybutyrate, and

[0003] asecond step of reduction of the obtained 2-oxo-
4-hydroxybutyrate (OHB) to obtain 2,4-DHB.

[0004] The carboxylic acids cited within the present appli-
cation are equally named under their salt (e.g. 2,4-dihy-
droxyburyrate) or acid forms (e.g. 2,4-dihydroxybutyric
acid).

[0005] 2,4-dihydroxybutyric acid (equally 2,4-DHB or
DHB) is a compound of considerable economic interest.
DHB can be readily converted into a-hydroxy-y-butyrolac-
tone in aqueous media by adjusting the appropriate pH.
a-hydroxy-y-butyrolactone is a prominent precursor for the
production of the methionine substitute 2-hydroxy-4-(meth-
ylthio)-butyrate (HMTB) (US 2009/318715) which has a
large market in animal nutrition. At present, a-hydroxy-y-
butyrolactone is derived from y-butryolactone by a multi-
stage process that implies halogenation of the y-butryolac-
tone in position «, and subsequent substitution of the
halogen atom by a hydroxyl group in alkaline medium (US
2009/318715).

[0006] From growing oil prices the need for the produc-
tion of DHB from renewable resources arises. Microorgan-
isms are capable of transforming biomass-derived raw mate-
rial, e.g. sugars or organic acids, into a large variety of
different chemical compounds (Werpy & Petersen, 2004).
With the growing body of biochemical and genomic infor-
mation it is possible to modify microorganisms such that
they overproduce naturally occurring metabolic intermedi-
ates with high yield and productivity (Bailey, 1991). Opti-
mization of production microorganisms often requires ratio-
nal engineering of metabolic networks which ensures,
among others, overexpression of enzymes required for the
biosynthesis of the metabolite of interest, and alleviation of
product feedback inhibition. Another possibility is the
implementation of novel enzymatic systems that catalyze the
production of a metabolite of interest.

[0007] Metabolic engineering approaches and enzymatic
catalyses require detailed knowledge of the biochemistry
and regulation of the metabolic pathway leading to the
metabolite of interest. In the case of DHB production, this
information is not available. Only few studies report the
occurrence of DHB in patients with succinic semialdehyde
dehydrogenase deficiency (Shinka et al., 2002) without,
however, identifying enzymatic reactions implicated in
DHB production. The zymotic or enzymatic production of
DHB, therefore, requires (i) the identification of a thermo-
dynamically feasible pathway which transforms an acces-
sible precursor into DHB, (ii) the identification or construc-
tion of enzymes that are capable to catalyze individual
reaction steps in the pathway and (iii) the functional expres-
sion of the pathway enzymes in an appropriate production
organism. The present invention has as an objective to
satisfy these needs.

[0008] Accordingly, one object of the present invention is
a method of preparation of 2,4-DHB from homoserine
comprising a two-step pathway (see FIG. 1):
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[0009] a first step of conversion of the primary amino
group of homoserine to a carbonyl group to obtain
OHB, and

[0010] a second step of reduction of the obtained OHB
to 2,4-DHB.

[0011] The first and/or the second step(s) of the method of
the invention can be catalyzed either by an enzyme encoded
by an endogenous or a heterologous gene.

[0012] In the description, enzymatic activities are also
designated by reference to the genes coding for the enzymes
having such activity. The use of the denomination of the
genes is not limited to a specific organism, but covers all the
corresponding genes and proteins in other organisms (e.g.
microorganisms, functional analogues, functional variants
and functional fragments thereof as long as they retain the
enzymatic activity).

[0013] Within a further aspect of the invention, the
enzyme converting the primary amino group of homoserine
to a carbonyl group to obtain OHB can be homoserine
transaminase, homoserine dehydrogenase, or homoserine
oxidase.

[0014] Within a further aspect of the invention, the
enzyme having homoserine transaminase activity can be
identified among enzymes having aspartate transaminase
(EC2.6.1.1) activity, branched-chain-amino-acid transami-
nase (EC2.6.1.42) activity, or aromatic-amino-acid
transaminase (EC2.6.1.57) activity.

[0015] Within a further aspect of the invention, the homo-
serine transaminase can be the branched-chain-amino-acid
transaminase from Escherichia coli, Ec-IIVE, and Lactococ-
cus lactis, L1-BcaT, the aromatic-amino-acid transaminases
from E. coli, Ec-TyrB, L. lactis, LI-AraT, and Saccharomy-
ces cerevisiae, Sc-Aro8, or the aspartate transaminase from
E. coli, Ec-AspC.

[0016] The second step of the method of the present
invention is catalysed by an enzyme having OHB reductase
activity. Within a further aspect of the invention, the enzyme
having OHB reductase activity can be identified among
enzymes having 2-hydroxyacid dehydrogenase activity, in
particular among enzymes having lactate dehydrogenase
(Ldh) (EC1.1.1.27, EC1.1.1.28), malate dehydrogenase
(Mdh) (EC1.1.1.37, EC1.1.1.82, EC1.1.1.299) activity, or
branched chain (D)-2-hydroxyacid dehydrogenase (ECI1.1.
1.272, EC1.1.1.345) activity. More specifically, the enzyme
having homoserine transaminase activity is encoded by
genes ilvE, tyrB, aspC, araT, beaT, or AROS.

[0017] Inan even more specific aspect, the enzyme having
homoserine transaminase activity is encoded by sequence
set forth in SEQ ID No.59, SEQ ID No.61, SEQ ID No.63,
SEQ ID No.65, SEQ ID No. 67 or SEQ ID No.69 or any
sequence sharing a homology of at least 50% with said
sequences or corresponds to SEQ ID No.60, SEQ ID No.62,
SEQ ID No.64, SEQ ID No.66, SEQ ID No.68, SEQ ID
No.70 or any sequence sharing a homology of at least 50%
with said sequences.

[0018] Within a further aspect of the invention, the OHB
reductase enzyme can be the (L)-lactate dehydrogenase from
Lactococcus lactis (L1-LdhA), from Oryctalagus cuniculus
(Oc-LldhA), from Geobacillus stearothermophilus (Gs-
Lldh), or from Bacillus subtilis (Bs-Ldh) , the (D)-lactate
dehydrogenase from Escherichia coli (Ec-LdhA), the (L)-
malate dehydrogenase from Escherichia coli (Ec-Mdh), or
the branched chain (D)-2-hydroxyacid dehydrogenase from
Lactococcus lactis (L1-PanE).
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[0019] Inan even more specific aspect of the invention the
OHB reductase enzyme is represented by the amino acid
sequences SEQ ID No. 2, SEQ ID No. 4, SEQ ID No. 6,
SEQ ID No. 8, SEQ ID No. 10, SEQ ID No. 12, SEQ ID No.
14, SEQ ID No. 288, SEQ ID No. 30, SEQ ID No. 32, SEQ
1D No. 102, SEQ ID No. 104, SEQ ID No. 106, SEQ ID No.
108, SEQ ID No. 110, SEQ ID No. 112, SEQ ID No. 114,
SEQ ID No. 116 or SEQ ID No. 118 or any sequence sharing
a homology of at least 50% with said sequences, or is
encoded by the nucleic acid sequences represented by SEQ
ID No.1, SEQ ID No. 3, SEQ ID No. 5, SEQ ID No. 7, SEQ
ID No. 9, SEQID No. 11, SEQ ID No. 13, SEQ ID No. 287,
SEQ ID No. 29, SEQ ID No. 31, SEQ ID No. 101, SEQ ID
No. 103, SEQ ID No. 105, SEQ ID No. 107, SEQ ID No.
109, SEQ ID No.111, SEQ ID No. 113, SEQ ID No. 115 or
SEQ ID No. 117 or any sequence sharing a homology of at
least 50% with said sequences.

[0020] Ina further aspect, the invention also deals with the
use of an enzyme reducing OHB to 2,4-DHB as above
described.

[0021] Proteins sharing substantial homology with the
above enzymes are also another aspect of the invention such
as functional variants or functional fragments.

[0022] The expression “substantial homology” covers
homology with respect to structure and/or amino acid com-
ponents and/or biological activity.

[0023] More generally, within the meaning of the inven-
tion the homology between two protein sequences can be
determined by methods well known by the skilled man in the
art. It is generally defined as a percentage of sequence
identity between a reference sequence and the sequence of
a protein of interest.

[0024] As used herein, “percent (%) sequence identity”
with respect to the amino acid or nucleotide sequences
identified herein is defined as the percentage of amino acid
residues or nucleotides in a candidate sequence that are
identical with the amino acid residues or nucleotides in an
enzyme sequence, after aligning the sequences and intro-
ducing gaps, if necessary, to achieve the maximum percent
sequence identity, and not considering any conservative
substitutions as part of the sequence identity. Methods for
performing sequence alignment and determining sequence
identity are known to the skilled artisan, may be performed
without undue experimentation, and calculations of identity
values may be obtained with definiteness. See, for example,
Ausubel, et al., eds. (1995) Current Protocols in Molecular
Biology, Chapter 19 (Greene Publishing and Wiley-Inter-
science, New York); and the ALIGN program (Dayhoff
(1978) in Atlas of Protein Sequence and Structure 5:Suppl.
3 (National Biomedical Research Foundation, Washington,
D.C.). A number of algorithms are available for aligning
sequences and determining sequence identity and include,
for example, the homology alignment algorithm of Needle-
man et al. (1970) J. Mol. Biol. 48:443; the local homology
algorithm of Smith, et al. (1981) Adv. Appl. Math. 2:482; the
search for similarity method of Pearson, et al. (1988) Proc.
Natl. Acad. Sci. 85:2444; the Smith-Waterman algorithm
(Meth. Mol. Biol. 70:173-187 (1997); and BLASTP,
BLASTN, and BLASTX algorithms (see Altschul, et al.
(1990) J. Mol. Biol. 215:403-410). Computerized programs
using these algorithms are also available, and include, but
are not limited to: ALIGN or Megalign (DNASTAR) soft-
ware, or WU-BLAST-2 (Altschul, et al., Meth. Enzym.,
266:460-480 (1996)); or GAP, BESTFIT, BLAST (Altschul,
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et al.), supra, FASTA, and TFASTA, available in the Genet-
ics Computing Group (GCG) package, Version 8, Madison,
Wis., USA; and CLUSTAL in the PC/Gene program by
Intelligenetics, Mountain View, Calif. Those skilled in the
art can determine appropriate parameters for measuring
alignment, including algorithms needed to achieve maximal
alignment over the length of the sequences being compared.
Preferably, the sequence identity is determined using the
default parameters determined by the program. Specifically,
sequence identity can be determined by the Smith-Waterman
homology search algorithm (Meth. Mol. Biol. 70:173-187
(1997)) as implemented in MSPRCH program (Oxford
Molecular) using an affine gap search with the following
search parameters: gap open penalty of 12, and gap exten-
sion penalty of 1. Preferably, paired amino acid comparisons
can be carried out using the GAP program of the GCG
sequence analysis software package of Genetics Computer
Group, Inc., Madison, Wis., employing the blosum 62 amino
acid substitution matrix, with a gap weight of 12 and a length
weight of 2. With respect to optimal alignment of two amino
acid sequences, the contiguous segment of the variant amino
acid sequence may have additional amino acid residues or
deleted amino acid residues with respect to the reference
amino acid sequence. The contiguous segment used for
comparison to the reference amino acid sequence will
include at least 20 contiguous amino acid residues, and may
be 30, 40, 50, or more amino acid residues. Corrections for
increased sequence identity associated with inclusion of
gaps in the derivative’s amino acid sequence can be made by
assigning gap penalties.

[0025] The enzymes according to the present invention
having the same activity (either OHB reductase, or the
enzyme converting the primary amino group of homoserine
to a carbonyl group to obtain OHB) share at least about 50%,
70% or 85% amino acid sequence identity, preferably at
least about 85% amino acid sequence identity, more pref-
erably at least about 90% amino acid sequence identity, even
more preferably at least about 95% amino acid sequence
identity and yet more preferably 98% amino acid sequence
identity. Preferably, any amino acid substitutions are “con-
servative amino acid substitutions” using [-amino acids,
wherein one amino acid is replaced by another biologically
similar amino acid. Conservative amino acid substitutions
are those that preserve the general charge, hydrophobicity/
hydrophilicity, and/or steric bulk of the amino acid being
substituted. Examples of conservative substitutions are those
between the following groups: Gly/Ala, Val/lle/Leu, Lys/
Arg, Asn/Gln, Gluw/Asp, Ser/Cys/Thr, and Phe/Trp/Tyr. A
derivative may, for example, differ by as few as 1 to 10
amino acid residues, such as 6-10, as few as 5, as few as 4,
3, 2, or even 1 amino acid residue.

[0026] The term functional variant encompasses enzymes
that may present substantial sequence modifications when
compared to the sequences specifically described within the
present application but that still retain the original enzymatic
activity.

[0027] It also means that the sequence of the enzyme may
comprise less amino acids than the original one but said
truncated enzyme still retains the original enzymatic activ-
ity.

[0028] According to an aspect of the invention, the activ-
ity of the enzyme catalyzing the first and/or the second step
of the method of the present invention is enhanced. This
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enhancement can be measured by an enzymatic assay as
described in Examples 1 or 4.
[0029] Improvement of said enzymes can be obtained by
at least one mutation, said mutation(s) (i) improving the
activity and/or substrate affinity of the mutated enzyme for
homoserine or OHB respectively, and or (ii) decreasing the
activity and/or substrate affinity of the mutated enzyme for
their natural substrate.
[0030] Within the present invention, the expression
“improve the activity and/or substrate affinity” means that
the enzyme before mutation, was either
[0031] unable to use the substrate, and/or
[0032] synthesized the product of the reaction at a
maximum specific rate at least three times lower, and/or
[0033] had an affinity for homoserine or OHB that was
at least three times lower, and/or.
[0034] had a maximum specific activity on the natural
substrate that was at least three times higher, and/or.
[0035] had an affinity for the natural substrate that was
at least three times higher.
[0036] In a still further aspect the invention encompasses
the nucleotide sequences encoding the enzymes catalyzing
the first and the second step of the method of the invention.
[0037] Inan even more specific aspect of the invention the
OHB reductase enzyme is encoded by the nucleic acid
sequences represented by SEQ ID No.1, SEQ ID No. 3, SEQ
ID No. 5, SEQ ID No. 7, SEQ ID No. 9, SEQ ID No. 11,
SEQ ID No. 13, SEQ ID No. 287, SEQ ID No. 29, SEQ ID
No. 31, SEQ ID No. 101, SEQ ID No. 103, SEQ ID No. 105,
SEQ ID No. 107, SEQ ID No. 109, SEQ ID No.111, SEQ ID
No. 113, SEQ ID No. 115 or SEQ ID No. 117 or any
sequence sharing a homology of at least 50% with said
sequences.
[0038] The OHB reductase according to the invention
corresponds in a specific aspect to (L)-lactate dehydrogenase
A comprising at least one mutation when a compared to the
wild type enzyme in at least one of the positions V17, Q85,
E89, 1226, or A222. These positions are conserved in the
lactate dehydrogenase family, and they are defined in this
text by reference to the Lactococcus lactis (L)-lactate dehy-
drogenase A (SEQ ID No. 6). The skilled man in the art will
then easily identify the corresponding amino acid residues in
other lactate dehydrogenases by an alignment of the corre-
sponding amino acid sequences. Therefore, the invention
also provides for changes of these amino acids in other
lactate dehydrogenase enzymes.
[0039] The OHB reductase according to the invention
corresponds in a specific aspect to (L.)-malate dehydroge-
nase comprising at least one mutation when compared to the
wild type enzyme in at least one of the positions 112, R81,
MBS, D86, V93, G179, T211, or M227. These positions are
conserved in the malate dehydrogenase family, and they are
defined in this text by reference to the sequence of the E. coli
(L)-malate dehydrogenase (SEQ ID No. 2). The man skilled
in the art will easily identify the corresponding amino acid
residues in other malate dehydrogenases by an alignment of
the corresponding amino acid sequences. Therefore, the
invention also provides for changes of these amino acids in
other malate dehydrogenase enzymes.
[0040] In accordance with this invention, a “nucleic acid
sequence” refers to a DNA or RNA molecule in single or
double stranded form, preferably a DNA molecule. An
“isolated DNA”, as used herein, refers to a DNA which is
not naturally-occurring or no longer in the natural environ-
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ment wherein it was originally present, e.g., a DNA coding
sequence associated with other regulatory elements in a
chimeric gene, a DNA transferred into another host cell, or
an artificial, synthetically-made DNA sequence having a
different nucleotide sequence compared to any naturally-
occurring DNA sequence.

[0041] The present invention also relates to a chimeric
gene comprising, functionally linked to one another, at least
one promoter which is functional in a host organism, a
polynucleotide encoding anyone of the enzymes catalyzing
first and second step of the method as defined according to
the invention, and a terminator element that is functional in
the same host organism. The various elements which a
chimeric gene may contain are, firstly, elements regulating
transcription, translation and maturation of proteins, such as
a promoter, a sequence encoding a signal peptide or a transit
peptide, or a terminator element constituting a polyade-
nylation signal and, secondly, a polynucleotide encoding a
protein. The expression “functionally linked to one another”
means that said elements of the chimeric gene are linked to
one another in such a way that the function of one of these
elements is affected by that of another. By way of example,
a promoter is functionally linked to a coding sequence when
it is capable of affecting the expression of said coding
sequence. The construction of the chimeric gene according
to the invention and the assembly of its various elements can
be carried out using techniques well known to those skilled
in the art. The choice of the regulatory elements constituting
the chimeric gene depends essentially on the host organism
in which they must function, and those skilled in the art are
capable of selecting regulatory elements which are func-
tional in a given host organism. The term “functional” is
intended to mean capable of functioning in a given host
organism.

[0042] The promoters which the chimeric gene according
to the invention may contain are either constitutive or
inducible. By way of example, the promoters used for
expression in bacteria may be chosen from the promoters
mentioned below. For expression in Escherichia coli men-
tion may be made of the lac, trp, lpp, phoA, recA, araBAD,
prou, cst-1, tetA, cadA, nar, tac, trc, lpp-lac, Psyn, cspA, PL,
PL-9G-50, PR-PL, T7, [lambda]PL-PT7, T3-lac, T5-lac, T4
gene 32, nprM-lac, VHb and the protein A promoters or else
the Ptrp promoter (WO 99/64607). For expression in Gram-
positive bacteria such as Corynebacteria or Streptomyces,
mention may be made of the PtipA or PS1 and PS2 (FR91/
09870) promoters or those described in application
EP0629699A2. For expression in yeasts and fungi, mention
may be made of the K. /actis PLAC4 promoters or the K.
lactis Ppgk promoter (patent application FR 91/05294), the
Trichoderma reesei tefl or cbhl promoter (WO 94/04673),
the Penicillium funiculosum his, csl or apf promoter (WO
00/68401) and the Aspergillus niger gla promoter.

[0043] According to the invention, the chimeric gene may
also comprise other regulatory sequences, which are located
between the promoter and the coding sequence, such as
transcription activators (enhancers).

[0044] As such, the chimeric gene of the invention com-
prises in a specific embodiment at least, in the direction of
transcription, functionally linked, a promoter regulatory
sequence which is functional in a host organism, a nucleic
acid sequence encoding a polynucleotide encoding anyone
of the enzymes catalyzing first and second step of the
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method as defined according to the invention and a termi-
nator regulatory sequence which is functional in said host
organism.

[0045] The present invention also relates to a cloning
and/or expression vector comprising a chimeric gene
according to the invention or a nucleic acid sequence of the
invention. The vector according to the invention is of use for
transforming a host organism and expressing in this organ-
ism anyone of the enzymes catalyzing the first and/or the
second step(s) of the method of the present invention. This
vector may be a plasmid, a cosmid, a bacteriophage or a
virus. Preferentially, the transformation vector according to
the invention is a plasmid. Generally, the main qualities of
this vector should be able to maintain itself and to self-
replicate in the cells of the host organism, in particular by
virtue of the presence of an origin of replication, and to
express anyone of the enzymes catalyzing the first and/or the
second step(s) of the method of the present invention
therein. For the purpose of stable transformation of a host
organism, the vector may also integrate into the genome.
The choice of such a vector, and also the techniques of
insertion of the chimeric gene according to the invention
into this vector are part of the general knowledge of those
skilled in the art. Advantageously, the vector used in the
present invention also contains, in addition to the chimeric
gene according to the invention, a chimeric gene encoding
a selectable marker. This selectable marker makes it possible
to select the host organisms which are effectively trans-
formed, i.e. those which incorporated the vector. According
to a particular embodiment of the invention, the host organ-
ism to be transformed is a bacterium, a yeast, a fungus.
Among the selectable markers which can be used, mention
may be made of markers containing genes for resistance to
antibiotics, such as, for example, the hygromycinphospho-
transferase gene. Other markers may be genes to comple-
ment an auxotrophy, such as the pyrA, pyrB, pyrG, pyr4,
argd, argB and trpC genes, the molybdopterin synthase gene
or that of acetamidase. Mention may also be made of genes
encoding readily identifiable enzymes such as the GUS
enzyme, or genes encoding pigments or enzymes regulating
the production of pigments in the transformed cells. Such
selectable marker genes are in particular described in patent
applications WO 91/02071, WO 95/06128, WO 96/38567
and WO 97/04103.

[0046] The present invention also relates to modified
microorganisms.

[0047] More specifically, the modified microorganism of
the invention allows the preparation of 2,4-DHB from
homoserine by a two-step pathway comprising:

[0048] a first step of conversion of the primary amino
group of homoserine to a carbonyl group to obtain
2-o0x0-4-hydroxybutyrate, and

[0049] asecond step of reduction of the obtained 2-oxo-
4-hydroxybutyrate to obtain 2,4-dihydroxybutyrate.

[0050] The enzymes involved in the two steps are those
above described.

[0051] The term “microorganism” is intended to mean any
lower unicellular organism into which the chimeric gene(s),
nucleic acid(s) or vector(s) according to the invention may
be introduced in order to produce 2,4-DHB. Preferably, the
host organism is a microorganism, in particular a fungus, for
example of the Penicillium, Aspergillus and more particu-
larly Aspergillusflavus, Chrysosporium or Trichoderma
genus, a yeast, in particular of the Saccharomycetaceae,
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Pichiaceae or Schizosaccharomycetaceae, most preferen-
tially Saccharomyces cerevisiae, Schizosaccharomyces
pombe, Kluyveromyces lactis, Kluyveromyces marxianus, or
Pichia jadinii, Pichia stipitis or Pichia pastoris, a bacterium,
preferentially selected among Enterobacteriaceae, Clostridi-
aceae, Bacillaceae, Streptomycetaceae, Streptococcaceae,
Methylobacteriacae, and Corynebacteriaceae, most prefer-
entially Escherichia coli, Bacillus subtilis, Corynebacterium
glutamicum, Clostridium acetobutylicum, Methylobacte-
rium extorquens or Lactococcus lactis.

[0052] The present invention also relates to modified
microorganisms containing at least one chimeric gene
according to the invention, either integrated into their
genome or carried on an extra-chromosomal genetic ele-
ment, for example a plasmid. In a more specific aspect of the
invention, the transformed host organism comprises a
nucleic acid of the invention encoding a polypeptide con-
verting the primary amino acid group of homoserine to a
carbonyl group to obtain OHB and/or a nucleic acid encod-
ing a polypeptide reducing OHB in 2,4-DHB or a chimeric
gene comprising a nucleic acid encoding a polypeptide
converting the primary amino acid group of homoserine to
a carbonyl group to obtain OHB, and/or a OHB reductase or
an expression vector comprising a nucleic acid encoding a
polypeptide converting the primary amino acid group of
homoserine to a carbonyl group to obtain OHB, or a
polypeptide having a OHB reductase activity.

[0053] Within a further aspect of the invention, the syn-
thetic pathway for the conversion of homoserine into DHB
is expressed in a microorganism with enhanced production
of homoserine. Enhanced production of homoserine in
microorganisms can be achieved by (i) overexpressing the
enzymes aspartate kinase, aspartate semialdehyde dehydro-
genase, and homoserine dehydrogenase, (ii) by rendering the
aspartate kinase enzyme insensitive to product inhibition
that can be brought about by lysine, methionine, or threo-
nine, and (iii) by deletion of metabolic pathways that branch
off the homoserine biosynthesis pathway. Overexpression of
aspartate kinase, aspartate semialdehyde dehydrogenase,
and homoserine dehydrogenase can be achieved by express-
ing the enzymes from a multicopy plasmid under the control
of an appropriate constitutive or inducible promoter. Alter-
natively, overexpression of said enzymes can be achieved by
deletion of transcriptional repressors that limit the transcrip-
tion of genes coding for aspartate kinase, aspartate semial-
dehyde dehydrogenase, and homoserine dehydrogenase.
Aspartate kinases can be rendered insensitive to inhibition
by aspartate-derived amino acids by introducing appropriate
mutations into their amino acid sequences. Entry points into
metabolic pathways that branch off the homoserine biosyn-
thesis pathway are catalyzed by enzymes having O-succinyl
homoserine or O-acetyl homoserine synthase activity (entry
into methionine biosynthesis), homoserine kinase activity
(entry into threonine biosynthesis), or diaminopimelate
decarboxylase activity (entry into lysine biosynthesis). Dele-
tion of genes encoding proteins having said enzymatic
activities avoids formation aspartate-derived amino acids
and therefore aids homoserine formation.

[0054] Accordingly, deletion of the genes metA, thrB, and
lysA in E. coli attenuates pathways that branch of the
homoserine biosynthetic pathway. The increase of enzy-
matic activities of the homoserine pathway in £. coli can be
achieved, for instance, by the overexpression of the bifunc-
tional aspartate kinase-homoserine dehydrogenase mutant
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thrA S345F (insensitive to threonine inhibition) and asd
(both genes from E. coli); or by the overexpression of the
monofunctional aspartate kinase mutant lysC E250K (insen-
sitive to lysine), asd (both genes from E. coli), and the
homoserine dehydrogenase gene HOMG6 from S cerevisiae.

[0055] The microorganism of the invention may also have
attenuated capacity to export homoserine which increases
the intracellular availability of this amino acid. In order to
achieve decreased homoserine export from the cells, per-
meases capable of exporting homoserine can be deleted.
Such permeases may be identified by overexpressing
genomic libraries in the microorganism and cultivating said
microorganism at inhibitory concentrations of homoserine
or structurally similar amino acids such as threonine, leu-
cine, or aspartate (Zakataeva et al. 1999/FEBS Lett/452/
228-232). Genes whose overexpression confers growth at
increased concentrations of either of said amino acids are
likely to participate in homoserine export.

[0056] In afurther aspect, the microorganism of the inven-
tion being Escherichia coli carries deletions in the homos-
erine efflux transporters rhtA, rhtb, and/or rhtC.

[0057] Efficient production of DHB can be ensured by
optimizing carbon flux repartitioning in the metabolic net-
work of the host organism with respect to the optimization
of cofactor supply for DHB synthesis, and attenuation of
competing pathways that cause formation of metabolic
by-products other than DHB. An important tool for strain
improvement provides constraint-based flux balance analy-
sis. This method allows calculating the theoretical yield of a
given metabolic network depending on cultivation condi-
tions, and facilitates identification of metabolic targets for
overexpression or deletion. The experimental techniques
used for overexpression and deletion of the metabolic target
reaction are described (Example 8).

[0058] Accordingly, the microorganism of the invention
may also exhibit enzymatic activities chosen among phos-
phoenolpyruvate carboxylase, phosphoenolpyruvate car-
boxykinase, isocitrate lyase, pyruvate carboxylase, and hex-
ose symporter permease which is increased, and/or at least
one of the enzymatic activities chosen among lactate dehy-
drogenase, alcohol dehydrogenase, acetate kinase, phos-
phate acetyltransferase, pyruvate oxidase, isocitrate lyase,
fumarase, 2-oxoglutarate dehydrogenase, pyruvate kinase,
malic enzyme, phosphoglucose isomerase, phospho-
enolpyruvate carboxylase, phosphoenolpyruvate carboxyki-
nase, pyruvate-formate lyase, succinic semialdehyde dehy-
drogenase, sugar-transporting phosphotransferase,
ketohydroxyglutarate  aldolase, homoserine-O-succinyl
transferase, homoserine kinase, homoserine efflux trans-
porter, diaminopimelate decarboxylase, and/or methylgly-
oxal synthase which is (are) decreased.

[0059] In afurther aspect, the microorganism of the inven-
tion being Escherichia coli overexpresses at least one of the
genes chosen among ppc, pck, aceA, galP, asd, thrA, metl,
lysC all E. coli; pycA from L. lactis, and/or has at least one
of the genes deleted chosen among 1dhA, adhE, ackA, pta,
poxB, focA, pfIB, sad, gabABC, sfcA, maeB, ppc, pykA,
pykF, mgsA, sucAB, ptsl, ptsG, pgi, fumABC, aldA, 11dD,
icIR, metA, thrB, lysA, eda, rhtA, rhtB, rhtC.

[0060] The present invention also encompasses a method
of production of 2,4-DHB comprising the steps of
[0061] culturing the modified microorganism of the
invention in an appropriate culture medium,
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[0062] recovering 2,4-DHB from the culture medium.
Said 2,4-DHB can be further purified.

[0063] Product separation and purification is very impor-
tant factor enormously affecting overall process efficiency
and product costs. Methods for product recovery commonly
comprise the steps cell separation, as well as product puri-
fication, concentration and drying, respectively.

[0064]

[0065] Ultrafiltration and centrifugation can be used to
separate cells from the fermentation medium. Cell separa-
tion from fermentation media is often complicated by high
medium viscosity. Therefore, we can add additives such as
mineral acids or alkali salts, or heating of the culture broth
to optimize cell separation.

[0066]

[0067] A variety of ion-exchange chromatographic meth-
ods can be applied for the separation of DHB either before
or after biomass removal. They include the use of primary
cation exchange resins that facilitate separation of products
according to their isoelectric point. Typically, the resin is
charged with the solution, and retained product is eluted
separately following increase of pH (e.g. by adding ammo-
nium hydroxide) in the eluent. Another possibility is the use
of ion-exchange chromatography using fixed or simulated
moving bed resins. Different chromatographic steps may
have to be combined in order to attain adequate product
purity. Those purification methods are more economical
compared with a costly crystallization step, also providing
additional advantages and flexibility regarding the form of
final product.

[0068]

[0069] The purification process can also comprise a drying
step which may involve any suitable drying means such as
a spray granulator, spray dryer, drum dryer, rotary dryer, and
tunnel dryer. Concentrated DHB solutions can be obtained
by heating fermentation broths under reduced pressure by
steam at 130° C. using a multipurpose concentrator or thin
film evaporator.

Cell Separation

Product Recovery

Product Concentration and Drying

BRIEF DESCRIPTION OF THE FIGURES

[0070] FIG. 1: Method of preparation of 2,4-DHB from
homoserine comprising a two step pathway which employs
a first step of conversion of the primary amino group of
homoserine to a carbonyl group to obtain OHB, and a
second step of reduction of the obtained OHB to 2,4-DHB.

[0071] FIG. 2: Specific activities of purified L. lactis
lactate dehydrogenase mutated in position Q85. (A) specific
activities on OHB, (B) specific activities on pyruvate, (C)
Substrate specificity expressed as ratio of Vmax values on
OHB and pyruvate. Values higher than 1 in graph C indicate
preference for OHB (no saturation of enzymatic activity was
obtained on either substrate for mutated enzymes between 0
and 50 mM OHB or pyruvate). Activities were measured at
a substrate concentration of 20 mM.

[0072] FIG. 3: Specific activities of purified E. coli malate
dehydrogenase mutated in position R81. (A) specific activi-
ties on OHB, (B) specific activities on oxaloacetate. Activi-
ties were measured at a substrate concentration of 20 mM
OHB or 0.5 mM oxaloacetate.

[0073] The following non limiting examples illustrate the
invention.
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EXAMPLES
Example 1

Demonstration of OHB Reductase Activity

[0074] Construction of plasmids containing wild-type
genes coding for lactate dehydrogenase or malate dehydro-
genase:

[0075] The genes coding for (L.)-malate dehydrogenase in
Escherichia coli, Ec-mdh (SEQ ID No. 1), (D)-lactate
dehydrogenase in E. coli, Ec-ldhA (SEQ ID No. 3), (L)-
lactate dehydrogenase of Lactococcus lactis, L1-1dhA (SEQ
ID No. 5), (L)-lactate dehydrogenase of Bacillus subtilis,
Bs-ldh (SEQ ID No. 7), (L)-lactate dehydrogenase of Geo-
bacillus stearothermophilus, Gs-1dh (SEQ ID No. 9), the
two isoforms of the (L)-lactate dehydrogenase of Oryctala-
gus cuniculus, Oc-1dhA (SEQ ID No. 11 and SEQ ID No.
13), were amplified by PCR using the high-fidelity poly-
merase Phusion™ (Fermentas) and the primers listed in
Table 1. Genomic DNAs of E. coli MG1655, L. Lactis
11,1403, and B. subtilis strain 168 were used as the template.
The genes Oc-IdhA, and Gs-ldh were codon-optimized for
expression in E. coli and synthesized by MWG Eurofins.
The primers introduced restriction sites (Table 1) upstream
of the start codon and downstream of the stop codon,
respectively, facilitating the ligation of the digested PCR
products into the corresponding sites of the pET28a+ (Nova-
gen) expression vector using T4 DNA ligase (Fermentas).
Ligation products were transformed into F. coli DH5a cells
(NEB). The resulting pET28-Ec-mdh, pET28-Ec-1dhA,
pET28-L1-1dhA, pET28-Bs-1dh, pET28-Gs-1dh, and pET28-
Oc-ldhA plasmids were isolated and shown by DNA
sequencing to contain the correct full-length sequence of the
E. colimdh, E. coli 1dhA, L. lactis 1dhA, B. subtilis 1dh, G.
stearothermophilus 1dh, and O. cuniculus 1dhA genes,
respectively. The corresponding protein sequences are rep-
resented by SEQ ID No. 2, SEQ ID No. 4, SEQ ID No. 6,
SEQ ID No. 8, SEQ ID No. 10, SEQ ID No. 12 and SEQ ID
No. 14, respectively.

TABLE 1

Primer sequences and restriction
sites used for amplification and
cloning of candidate enzymeg

Forward and reverse Restriction
Gene primer sequence 5' - 3! sites
Ec-mdh TATAATCATATGAAAGTCGCAGTCCTC NdeI

(SEQ ID No 15).
TATAATGGATCCTTACTTATTAACGAACT
C (SEQ ID No. 16)

BamHI

L1-1dhA TATAATCATATGGCTGATAAACAACGTAA Ndel
AAAA (SEQ ID No. 17) BamHI
TATAATGGATCCTTAGTTTTTAACTGCAG
AAGCAAA (SEQ ID No. 18)

Bs_1ldh TATAATGCTAGCATGATGAACAAACATGT Ndel
AAATAAAGT (SEQ ID No. 19) BamHI
TATAATGGATCCTTAGTTGACTTTTTGTT
C (SEQ ID No. 20)

Gs-1dh Gene was delivered by MWG NdeI

Eurofins™ in pET28a vector BamHI
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TABLE 1-continued

Primer sequences and restriction
sites used for amplification and
cloning of candidate enzymeg

Forward and reverse Restriction
Gene primer sequence 5' - 3! sites
Oc-1dhA TATAATGCTAGCATGGCGGCGTTGAAAGA Nhel

C (SEQ ID No. 21) EcoRI
ATTATAGAATTCTTAAAATTGCAGTTCTT

T (SEQ ID No. 22)

TATAATCATATGAGAATTACAATTGCCGG Ndel
(SEQ ID No. 23) BamHI
TATAATGGATCCTTATTTTGCTTTTAATA
ACTCTTCTTTGC (SEQ ID No. 24)

Ll-panE

Ec-1dhAa TATAATCATATGAAACTCGCCGTTTATAG Ndel
(SEQ ID No. 25) BamHI
TATAATGGATCCTTAAACCAGTTCGTTCG

G (SEQ ID No. 26)

[0076] Expression of enzymes: E. coli BL21 (DE3) star
cells were transformed with the appropriate plasmids using
standard genetic protocols (Sambrook, Fritsch, & Maniatis,
1989). Enzymes with an N-terminal hexa-His tag were
expressed in 50 mL LB cultures that were inoculated from
an overnight culture at ODy, of 0.1 and grown to ODy, of
0.6 before protein expression was induced by addition of 1
mM isopropyl p-D-1-thiogalactopyranoside (IPTG) to the
culture medium. After 15 h of protein expression, cells were
harvested by centrifugation at 4000 g at 4° C. for 10 min and
discarding the supernatant. Cell pellets were stored at —20°
C. until further analysis. Growth and protein expression
were carried out at 25° C. Culture media contained 50
ng/ml kanamycin.

[0077] Purification of enzymes: Frozen cell pellets of
expression cultures were resuspended in 0.5 mL of breakage
buffer (50 mM Hepes, 300 mM NaCl, pH 7.5) and broken
open by four successive rounds of sonication (sonication
interval: 20 s, power output: 30%, sonicator: Bioblock
Scientific, VibraCell™ 72437). Cell debris was removed by
centrifuging the crude extracts for 15 min at 4° C. at 4000
g and retaining the clear supernatant. RNA and DNA were
removed from the extracts by adding 15 mg/mL streptomy-
cin sulfate (Sigma), centrifuging the samples at 13000 g for
10 min at 4° C. and retaining the supernatant. Clear protein
extract was incubated for 1 h at 4° C. with 0.75 mL (bed
volume) of Talon™ Cobalt affinity resin (Clontech). The
suspension was centrifuged at 700 g in a table top centrifuge
and supernatant was removed. The resin was washed with 10
bed volumes of wash buffer (50 mM Hepes, 300 mM NaCl,
15 mM Imidazole, pH 7.5) before proteins were eluted with
0.5 mL of elution buffer (50 mM Hepes, 300 mM NaCl, 250
mM Imidazole, pH 7.5). Purity of eluted enzymes was
verified by SDS-PAGE analysis. Protein concentrations
were estimated with the method of Bradford (Bradford
(1976, Anal. Biochem. 72: 248-54). To stabilize the lactate
dehydrogenase enzymes, the elution buffer was systemati-
cally exchanged by 100 mM phosphate buffer adjusted to pH
7. The protein sample was transferred to an Amicon™ Ultra
centrifugal filter (cut-off 10 kDa), and centrifuged during 8
min at 4000 g at 4° C. to remove the buffer. The protein was
diluted into phosphate buffer and the procedure was repeated
4 times.

[0078] Enzymatic assays: The reaction mixture contained
60 mM Hepes (pH 7), 50 mM potassium chloride, 5 mM
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MgCl,, 0.25 mM NADH, (optionally 5 mM fructose-1,6-
bisphosphate) (all products from Sigma), and appropriate
amounts of purified malate or lactate dehydrogenase or cell
extract. Reactions were started by adding appropriate
amounts of 2-oxo-4-hydroxybutyrate (OHB), pyruvate, or
oxaloacetate (OAA). Enzymatic assays were carried out at
37° C. in 96-well flat bottomed microtiter plates in a final
volume of 250 pl.. The reactions were followed by the
characteristic absorption of NADH at 340 nm (e, ,=0.22
mM™ cm™) in a microplate reader (BioRad 680XR).
[0079] OHB was synthesized by incubating 125 mM
homoserine with snake venom (I.)-amino acid oxidase (1.25
U/mL, Sigma) and catalase (4400 U/mL, Sigma) in 100 mM
Tris buffer at pH 7.8 for 90 min at 37° C. Subsequently, the
reaction mixture was purified on an Amicon™ Ultra cen-
trifugal filter with a cut-off of 10 kDa to ecliminate the
enzymes (method adapted from Wellner & Lichtenberg,
1971).

[0080] OHB was quantified by mixing 100 uL. of the tested
solution with 1 mL of a solution containing 1 M sodium
arsenate and 1 M boric acid at pH 6.5. The mixture was
incubated at room temperature for 30 min and the absor-
bance at 325 nm was used to quantify OHB. The relation
between absorbance and concentration of the ketone was
calibrated using pyruvate solutions of known concentrations
(method adapted from (Wellner & Lichtenberg, 1971)). The
typical OHB yield of the method was 90%.

[0081] Results: The kinetic parameters are listed in Table
2 for the tested enzymes on their natural substrates and
OHB. Significant OHB reductase activity was found for all
lactate dehydrogenases of different biological origin. Malate
dehydrogenase, Mdh, of . coli only had very minor activity
on OHB. The branched chain 2-oxo-acid dehydrogenase,
PanE, from L. lactis also had significant activity on OHB.

TABLE 2

Summary of kinetic parameters of selected candidate
enzymes on their natural substrate and OHB

Max. specific activity Substrate affinity, Km

[umol/(mg min)] [mM]
Natural Natural

Enzyme substrate® OHB? substrate® OHB
Ec-Mdh 95.6 0.01 0.04 ns
LI-Ldh 184 18 2.7 ns
Gs-Ldh 87.7 66.8 1.2 1.3
Bs-Ldh 170 15.7 nd ns
Ll-PanE nd 2.58 nd ns
Oc-LdhA 68.3 6.5 1.5 13
Ec-LdhA 265 0.56 1.8 4.8

“Natural substrates for Mdh and Ldh are oxaloacetate and pyruvate, respectively

"When enzymes could not be saturated, maximum specific activity refers to the activity
estimated at 20 mM substrate concentration
ns—not saturated

nd—not determined

Example 2

Construction of Lactate Dehydrogenase Enzymes
with Improved OHB Reductase Activity

[0082] Site-directed mutagenesis of the L. lactis 1dhA gene
was carried out using the pET28-L1-1dhA plasmid as the
template. Point mutations to change the amino acid
sequence were introduced by PCR (Phusion 1U, HF buffer
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20% (v/v), dNTPs 0.2 mM, direct and reverse primers 0.04
UM each, template plasmid 30-50 ng, water) using the
oligonucleotide pairs listed in Table 3. The genes mutated by
PCR contained a new restriction site listed in Table 3
(introduced using silent mutations) in addition to the func-
tional mutation to facilitate identification of mutated clones.
The PCR products were digested by Dpnl at 37° C. for 1 h
to remove template DNA, and transformed into competent
E. coli DH50. (NEB) cells. The mutated plasmids were
identified by restriction site analysis and were verified to
carry the desired mutations by DNA sequencing.

TABLE 3

Oligonucleotides used to
mutate lactate dehydrogenase 1ldhA from
L. lactis (nnk denotes a degenerated codon
with k representing either thymine
or cytosine)

Primer sequences Restriction

Protein Mutation 5' - 3! site

L1-LdhA Q85nnk GTCTTGACTTCTGGTG Mlul
CTCCANNKAAACCAGG
TGAAACGCGTCTT

(SEQ ID NO. 27)
AAGACGCGTTTCACCT
GGTTTMNNTGGAGCAC
CAGAAGTCAAGAC

(SEQ ID NO. 28)
L1-LdhA 1226V CGTGATGCTGCTTACT Pvul
CGATCGTCGCTAAAAA

AGGTG

(SEQ ID No. 99)
CACCTTTTTTAGCGAC
GATCGAGTAAGCAGCA

TCACG

(SEQ ID No. 100)

Mutant enzymes were expressed, purified and tested for
OHB and pyruvate reductase activity as described in
Example 1. The activity measurements for both substrates
are summarized in FIG. 2. The results demonstrate that the
replacement of GIn85 by preferably alanine, cysteine,
asparagine, or methionine yields an increase of the enzyme’s
specificity for OHB, and/or an increase in maximum specific
OHB reductase activity.

The mutation Q85N in L1-L.dh was combined with mutation
1226V. It was demonstrated that this exchange had a major
positive impact on substrate affinity for OHB.

TABLE 4

Summary of kinetic parameters of L. lactis lactate
dehydrogenase A, LI-LdhA, mutants on pyruvate and OHB

Max. specific activity Km
Mutant [umol/(mg min)] [mM]
Enzyme Seq ID Pyruvate OHB Pyruvate OHB
Q85N SEQ ID No. 30 184 63.9 22.1 29.2
Q85NI226V  SEQ ID No. 32 11.5 4.9 14 33
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Example 3

Construction of Malate Dehydrogenase Enzymes
with Improved OHB Reductase Activity

[0083]

as the template.

TABLE 5

Site-directed mutagenesis of the mdh gene from .
coli was carried out as described in Example 2 using the
primers listed in Table 5. Plasmid pET28-Ec-mdh was used
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TABLE 5-continued

Oligonucleotides used to mutate
malate dehydrogenase mdh from E.
(nnk denotes a degenerated codon with k
representing either thymine or cytosgine)

coli.

Protein

Mutation

Primer sequences
5' - 3¢

Restr.
site

Ec-Mdh

Ec-Mdh

Ec-Mdh

Ec-Mdh

Ec-Mdh

Ec-Mdh

R81nnk

R81AMS5E

R81AM85Q

112V

G179D

R81AD86S

TTATCTCTGCAGGCGT
AGCGNNKAAACCCGGG
ATGGATCGTTC

(SEQ ID No. 33)
GAACGATCCATCCCGG
GTTTMNNCGCTACGCC
TGCAGAGATAA

(SEQ ID No. 34)

TTATCTCTGCAGGCGT
AGCGGCTAAACCGGGT
GAGGATCGTTCCGACC
TG

(SEQ ID NO. 35)
CAGGTCGGAACGATCC
TCACCCGGTTTAGCCG
CTACGCCTGCAGAGAT
AR

(SEQ ID NO. 36)

TTATCTCTGCAGGCGT
AGCGGCTAAACCGGGT
CAGGATCGTTCCGACC
TG

(SEQ ID NO. 37)
CAGGTCGGAACGATCC
TGACCCGGTTTAGCCG
CTACGCCTGCAGAGAT
AR

(SEQ ID NO. 38)

GTCGCAGTCCTCGGCG
CCGCTGGCGGTGTCGG
CCAGGCGCTTGCAC
(SEQ ID NO. 39
GTGCAAGCGCCTGGCC
GACACCGCCAGCGGCG
CCGAGGACTGCGAC
(SEQ ID NO. 40)

CCG GTT ATT GGC
GGC CAC TCT GAT
GTT ACC ATT CTG
CCG CTG CTG

(SEQ ID NO. 41)
CAGCAGCGGCAGAATG
GTAACATCAGAGTGGC
CGCCAATAACCGG
(SEQ ID NO. 42)

GGCGTAGCGGCTAAAC
CGGGTATGTCTCGTTC
CGACCTG

(SEQ ID NO. 43)

Smal

no
Smal

no
Smal

Narl

Eael

no
Smal

Oligonucleotides used to mutate
malate dehydrogenase mdh from E. coli.
(nnk denotes a degenerated codon with k
representing either thymine or cytosgine)

Primer sequences Restr.
Protein Mutation 5' - 3! site

CAGGTCGGAACGAGAC

ATACCCGGTTTAGCCG

CTACGCC

(SEQ ID NO. 44)

Mutant enzymes were expressed, purified and tested for
OHB and oxaloacetate reductase activity as described in
Example 1. The activity measurements on OHB and oxalo-
acetate are summarized in FIG. 3. The results demonstrate
that replacement of Arg81 by alanine, cysteine, glycine,
histidine, isoleucine, leucine, methionine, asparagine, glu-
tamine, serine, threonine, or valine confer significant OHB
reductase activity, and concomitant decrease of oxaloacetate
reductase activity.

The mutation R81A in Ec-Mdh was combined with addi-
tional changes in the protein sequence. The results are listed
in Table 6. It was demonstrated that the introduction of
mutations M85Q, M8S5SE, 112V, D86S or G179D result in an
increased activity on OHB.

TABLE 6

Summary of kinetic parameters of E. coli malate
dehydrogenase mutants on oxaloacetate (OAA) and OHB

Max. specific activity Km
Mutant [umol/(mg min)] [mM]
Enzyme Seq ID OAA“ OHB? OAA OHB
Wild-type SEQ ID No. 95 0.01 0.04 ns
2
R81A SEQ ID No. 1.16 1.8 ns ns
102
R81A SEQ ID No. 0.5 4.99 ns ns
M85Q 104
R81A SEQ ID No. 1 3 ns ns
MS85E 106
R81A SEQ ID No. 1.84 18.9 ns 15
M85Q 112V 108
R81A SEQ ID No. 2.2 12.54 ns ns
MS5E 112V 110
R81A SEQ ID No. 0.37 4.16 ns ns
G179D 112
R81A D86S SEQ ID No. 0.67 14.6 ns ns
1114
R81A 112V SEQ ID No. 0.5 4.9 ns ns
115
R81A SEQ ID No. 0.54 19 ns ns
G179D 118
Dg6S

“activity was measured at 0.5 mM oxaloacetate
bactivity was measured at 20 mM OHB
ns—not saturated at concentrations of up to 50 mM of OHB and 0.5 mM of oxaloacetate

Example 4

Demonstration of Homoserine Transaminase
Activity for Selected Transaminases

[0084] The genes coding for different transaminases in E.
coli, S. cerevisiae, and L. lactis were amplified by PCR using
the high-fidelity polymerase Phusion™ (Finnzymes) and the
primers listed in Table 7. Genomic DNA of E. coli MG1655,
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S. cerevisiae BY4741, and L. lactis 111403 were used as the
templates. The primers introduced restriction sites (Table 7)
upstream of the start codon and downstream of the stop
codon, respectively, facilitating the ligation of the digested
PCR products into the corresponding sites of the pET28a+
(Novagen) expression vector using T4 DNA ligase (Bio-
labs). Ligation products were transformed into E. co/i DH5a
cells. The resulting plasmids were isolated and shown by
DNA sequencing to contain the correct full-length sequence
of the corresponding genes. The references to the corre-
sponding protein sequences are listed in Table 7.

TABLE 7
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[0087] The reaction mixture contained 60 mM Hepes (pH
7), 50 mM potassium chloride, 5 mM MgCl,, 4 mM
2-oxoglutarate, 0.1 mM pyridoxal-5'-phosphate (PLP), 0.25
mM NADH, (optionally 5 mM fructose-1,6-bisphosphate)
(all products from Sigma), 4 Units/mL of auxiliary 2-hy-
droxyacid dehydrogenase, and appropriate amounts of puri-
fied aminotransferase or cell extract. The auxiliary dehydro-
genase enzyme was purified PanE from L. lactis in case of
the amino acids phenylalanine and leucine (Chambellon,

Primer sequences and restriction sites
used for amplification and cloning of

candidate enzymes
organism: Ec - E.
Ll - L. lactis).
pET28a+ (Novagen),
Hexa-HisTag.

coli,

(Abbreviations used for source
Sc - S.

cerevigiae,

All the genes were cloned into
adding an N-terminal

Forward and reverse Gene Protein Restriction

Gene primer sequences 5' - 3! seguence sedquence sites

Ec-ilvE tataatgctagcatgaccacgaagaaagctgattaca SEQ ID SEQ ID Nhel
(SEQ ID No. 47) No. 59 No. 60 BamHI
tataatggatccttattgattaacttgatctaace
(SEQ ID No. 48)

Ec-tyrB Tataatgctagcgtgtttcaaaaagttgacg SEQ ID SEQ ID Nhel
(SEQ ID No. 49) No. 61 No. 62 BamHI
Tataatggatccttacatcaccgcagcaaac
(SEQ ID No. 50)

Ec-aspC Tataatgctagcatgtttgagaacattaccgce SEQ ID SEQ ID Nhel
(SEQ ID No. 51) No. 63 No. 64 BamHI
Tataatggatccttacagcactgecacaatceg
(SEQ ID No. 52)

Ll-araT Tataatgctagcatggatttattaaaaaaatttaaccctaa SEQ ID SEQ ID Nhel
(SEQ ID No. 53) No. 65 No. 66 BamHI
Tataatggatcctcagecacgttttttagtcacataa
(SEQ ID No. 54)

Ll-bcaT Tataatgctagcatggcaattaatttagacty SEQ ID SEQ ID Nhel
(SEQ ID No. 55) No. 67 No. 68 BamHI
Tataatggatccttaatcaactttaactatce
(SEQ ID No. 56)

Sc-AROS8 Tataatcatatgatcatgactttacctgaatcaaaaga SEQ ID SEQ ID Nhel
(SEQ ID No. 57) No. 69 No. 70 BamHI
Tataatggatccctatttggaaataccaaattetteg
(SEQ ID No. 58)

Enzymes were expressed and purified as described in
Example 1, and tested for homoserine transaminase activity
under the conditions described below.

[0085] Enzymatic assays: Transaminase activity of several
candidate aminotransferases was quantified with 2-oxoglu-
tarate as the amino group acceptor. Transaminase reactions
were carried out using homoserine and the preferred amino
acid of the enzymes. The reactions were followed by the
amino acid-dependent oxidation of NADH in the coupled
dehydrogenase reaction.

Transaminase Assays (Reaction Scheme)

[0086] Transaminase: Amino acid+2-oxoglutarate->2-
oxo-acid+glutamate

Dehydrogenase: 2-ox0-acid+NADH->2-hydroxy-acid+
NAD*

Rijnen, Lorquet, Gitton, van HylckamaVlieg, Wouters,
&Yvon, 2009), malate dehydrogenase (Sigma) in case of
aspartate, and rabbit muscle (L)-lactate dehydrogenase
(Sigma) when homoserine was used as the starting substrate.
Reactions were started by adding 50 mM of the amino acid.
[0088]
96-well flat bottomed microtiter plates in a final volume of

Enzymatic assays were carried out at 37° C. in

250 pL. The reactions were followed by the characteristic
absorption of NAD(P)H at 340 nm (g5, ppy—6.22 mM™"
cm™) in a microplate reader (BioRad 680XR).

[0089]
notransferases are listed in Table 8. Significant homoserine

Results: The kinetic parameters of different ami-

transaminase activity was found for the listed transaminase
enzymes.
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TABLE 8

Transaminase activities of tested candidate enzymes on homoserine and
their preferred amino acid substrate (Abbreviations used for source
organism: Ec—E. coli, Sc—S. cerevisiae, LI—L. lactis).

Max. specific activity on different substrates
[umol/(min mg,,_.)]

Enzyme Homoserine* Preferred amino acid
Ec-IVE 0.077 10.3%
Ec-TyrB 0.057 9.03®
Ec-AspC 0.082 740314
LI-AraT 0.109 11.72®
LI-BeaT 0.028 30.394
Sc-ARO8 0.076 20.5®

*activity measured at 50 mM homoserine,

Example 5

Construction of Plasmids for Overexpression of the
Homoserine Pathway Enzymes

[0090] Construction of the Plasmids pTAC-op-HMS1 and
pACT3-0p-HMS1

[0091] The plasmid pET28-LYSCwt was constructed by
amplifying the lysC gene by PCR using high fidelity poly-
merase Phusion™ (Finnzymes) and the direct and reverse
primers SCACGAGGTACATATGTCTGAAATTGTT-
GTCTCC* (SEQ ID No. 71) and *CTTCCAGGGGATC-
CAGTATTTACTCAAAC? (SEQ ID No. 72) that intro-
duced a Ndel and BamHI restriction sites upstream of the
start codon and downstream of the stop codon, respectively.
Genomic DNA from E. coli MG1655 was used as the
template. The PCR product was digested with Ndel and
BamH]I, ligated into the corresponding sites of the pET28a
(Novagen) expression vector using T4 DNA ligase (Bio-
labs), and transformed into E. coli DHS5a. cells. The resulting
pET28-LYSCwt plasmid was isolated and shown by DNA
sequencing to contain the full-length lysC gene having the
correct sequence (SEQ ID No. 73).

[0092] Site-directed mutagenesis of lysC to alleviate inhi-
bition by lysine was carried out using the pET28-LYSCwt
plasmid as the template. A point mutation to change the
amino acid sequence in position 250 from glutamate to
lysine (E250K, SEQ ID No. 36) was introduced by PCR
(Phusion 1U, HF buffer 20% (v/v), dNTPs 0.2 mM, direct
and reverse primers 0.04 uM each, template plasmid 50 ng,
water) using the oligonucleotides >GCGTTTGC-
CGAAGCGGCAAAGATGGCCACTTTTG?* (SEQ ID No.
74) and °'CAAAAGTGGCCATCTTTGCCGCTTCG-
GCAAACGC? (SEQ ID No. 75). The PCR product (SEQ
ID No. 35) was digested by Dpnl at 37° C. for 1 h to remove
template DNA, and transformed into competent E. coli
DHS5a. (NEB) cells. The mutated plasmid pET28-LYSC*
was identified by restriction site analysis and verified to
carry the desired mutations by DNA sequencing.

[0093] The plasmid pET28-ASDwt was constructed by
amplifying the asd gene of E. coli by PCR using high fidelity
polymerase Phusion™ (Finnzymes) and the direct and
reverse primers > TATAATGCTAGCATGAAAAATGTTG-
GTTTTATCGG® (SEQ ID No. 76) and *TATAATGGA-
TCCTTACGCCAGTTGACGAAGC? (SEQ ID No. 77) that
introduced a Nhel and BamHI restriction site upstream of
the start codon and downstream of the stop codon, respec-
tively. Genomic DNA from F. coli DH5a was used as the

10
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template. The PCR product was digested with Nhel and
BamH]I, ligated into the corresponding sites of the pET28a
(Novagen) expression vector using T4 DNA ligase (Bio-
labs), and transformed into E. coli DH5a cells. The resulting
pET28-ASDwt plasmid was isolated and shown by DNA
sequencing to contain the full-length asd gene having the
correct sequence (SEQ ID No. 98).

[0094] The plasmid pET28-HOMO6wt was constructed by
amplifying the HOMG6 gene of S. cerevisiae by PCR using
high fidelity polymerase Phusion™ (Finnzymes) and the
direct and reverse primers > TATAATCATATGAG-
CACTAAAGTTGTTAATG” (SEQ ID No. 78) and
STATAATGGATC-CCTAAAGTCTTTGAGCAATC?

(SEQ ID No. 79) that introduced a Ndel and BamHI
restriction site upstream of the start codon and downstream
of the stop codon, respectively. Genomic DNA from S.
cerevisine BY4741 was used as the template. The PCR
product was digested with Ndel and BamHI, ligated into the
corresponding sites of the pET28a (Novagen) expression
vector using T4 ligase (Biolabs), and transformed into E.
coli DH5a. cells. The resulting pET28-HOM6wt plasmid
was isolated and shown by DNA sequencing to contain the
full-length HOM6 gene having the correct sequence (SEQ
1D No. 97).

[0095] The plasmid pET28-LYSC* was used as the back-
bone for the construction of the pTAC-op-HMS plasmid that
enabled the expression of lysine-insensitive aspartate kinase,
aspartate semialdehyde dehydrogenase, and homoserine
dehydrogenase from an inducible tac promoter.

[0096] The asd gene was obtained by PCR from pET28-
asdwt. The whole coding region and part of the upstream
region comprising the pET28 ribosome binding site (rbs)
and the in-frame N-terminal His-Tag were amplified by PCR
using high fidelity polymerase Phusion™ (Finnzymes) and
the direct and reverse primers >TATAAGGATCCGTT-
TAACTTTAAGAAGGAGATATACCATGGG® (SEQ 1D
No. 80) and °TATAAGAATTCTTACGCCAGTTGAC-
GAAG® (SEQ ID No. 81) that introduced a BamHI and
EcoRlI restriction site upstream of the rbs and downstream of
the stop codon, respectively. The PCR product was digested
with BamHI and EcoRl1, ligated into the corresponding sites
of pET28-LYSC*, using T4 DNA ligase (Biolabs), and
transformed into E. coli DH5a cells. The resulting pET28-
LYSC*-ASD plasmid was isolated and shown by DNA
sequencing to have the correct sequence.

[0097] The HOMS6 gene was obtained by PCR from
pET28-HOMG6wt. The whole coding region and part of the
upstream region comprising the pET28 ribosome binding
site and the in-frame N-terminal His-Tag were amplified by
PCR using high fidelity polymerase Phusion™ (Finnzymes),
the direct primer >TATAAGCGGCCGCGTTTAACTT-
TAAGAAGGAGATAT? (SEQ ID No. 82), and the reverse
primer STATAAACTCGAGCCTAAAGTCTTTGAG-
CAAT? (SEQ ID No. 83) that introduced a Notl and a PspXI
restriction site upstream of the rbs and downstream of the
stop codon, respectively. The PCR product was digested
with Notl and PspX], ligated into the corresponding sites of
pET28-LYSC*-ASD, using T4 DNA ligase (Biolabs), and
transformed into E. coli DH5a cells. The resulting pET28-
op-HMS1 plasmid was isolated and shown by DNA
sequencing to have the correct sequence.

[0098] The 5' upstream promoter region simultaneously
regulating the expression of the three genes (i.e. the T7
promoter in pET28a+) can be replaced with any other
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promoter, inducible or constitutive, by digesting the plas-
mids with Sphl and Xbal and cloning another promoter
region with suitable restriction sites.

[0099] In the present non-exclusive example, the T7 pro-
moter of the pET28a+backbone was replaced by the artifi-
cial IPTG-inducible tac promoter (de Boer et al., 1983). The
tac promoter was obtained from plasmid pEXT20 (Dykx-
hoorn et al., 1996) by digesting this plasmid with Sphl and
Xbal. The DNA fragment containing the promoter was
purified and cloned into Sphl and Xbal digested pET28-op-
HMS1 obtaining pTAC-op-HMS1. The resulting pTAC-op-
HMS plasmid was isolated and shown by DNA sequencing
to have the correct sequence.

[0100] The operon containing the coding sequences of
lysC*, asd, and HOM6 was PCR amplified from the plasmid
pTAC-op-HMSI1 using the primers 5-TATAAAGATCTTA-
GAAATAATTTTGTTTA-3' (SEQ ID No. 84) and
5'-TATAATCTAGACTAAAGTCTTTGAGCAAT-3' (SEQ
ID No. 85) which introduced a BglII and a Xbal restriction
site at the 5' and the 3' end, respectively, of the PCR
fragment. The fragment was purified, digested with BglIl
and Xbal and cloned into the corresponding sites of pACT3
(Dykxhoorn et al., 1996) to obtain the vector pACT3-op-
HMSI1. The resulting pACT3-0p-HMS1 plasmid was iso-
lated and shown by DNA sequencing to have the correct
sequence.

Construction of the Plasmids pEXT20-op-HMS2 and
pACT3-0p-HMS2

[0101] The plasmid pET28-thrAwt was constructed by
amplifying the E. coli thrA gene encoding bifunctional
enzyme aspartate kinase/homoserine dehydrogenase 1 by
PCR using high fidelity polymerase Phusion™ (Finnzymes)
and the direct and reverse primers 5'-TATAATCATATGC-
GAGTGTTGAAGTTCG-3' (SEQ ID No. 86) and
5'-TATAATGGATCCTCAGACTCCTAACTTCCA-3'
(SEQ ID No. 87) that introduced a Ndel and BamHI
restriction sites upstream of the start codon and downstream
of the stop codon, respectively. Genomic DNA from E. coli
MG1655 was used as the template. The PCR product was
digested with Ndel and BamH]I, ligated into the correspond-
ing sites of the pET28a+ (Novagen) expression vector using
T4 DNA ligase (Biolabs), and transformed into NEB 5-alpha
competent £. coli cells (NEB). The resulting pET28-thrAwt
plasmid was isolated and shown by DNA sequencing to
contain the full-length thrA gene having the correct
sequence (SEQ ID No.88). The corresponding protein is
represented by SEQ ID No.89.

[0102] An aspartate kinase’homoserine dehydrogenase
with strongly decreased sensitivity for inhibition by threo-
nine was constructed by site directed mutagenesis, replacing
serine in position 345 with phenylalanine (S345F). Site-
directed mutagenesis was carried out using the direct and
reverse primers 5-TGT
CTCGAGCCCGTATTTTCGTGGTGCTG-3' (SEQ ID No.
90) and 5'-CAGCACCACGAAAATACGGG
CTCGAGACA-3' (SEQ ID No.91) and the pET28-thrAwt
plasmid as the template. A single point mutation to change
the amino acid sequence was introduced by PCR (Phusion
1U, HF buffer 20% (v/v), dNTPs 0.2 mM, direct and reverse
primers 0.04 UM each, template plasmid 30-50 ng, water).
Plasmids created by PCR contained a new restriction site for
Xhol (underlined) introduced by silent mutation in addition
to the functional mutation to facilitate identification of
mutated clones. The PCR products were digested by Dpnl at

Apr. 30, 2020

37° C. for 1 h to remove template DNA, and transformed
into DHSa competent . coli cells (NEB). The mutated
plasmid pET_Ec_thrA_S345F was identified by restriction
site analysis and verified to carry the desired mutation by
DNA sequencing.

[0103] The thrAS345F coding region of the bifunctional
E. coli aspartate kinase/homoserine dehydrogenase was
obtained by PCR using the plasmid pET_Ec_thrA_S345F as
the template (SEQ ID No. 92). The whole coding region was
amplified by PCR using high fidelity polymerase Phusion™
(Finnzymes) and the direct and reverse primers 5-TATAAT
GAGCTCGTTTAACTTTAAGAAGGAGATATACCATG
CGAGTGTTGA AGTTCGGCG-3' (SEQ ID No. 93) and
5'-TATAATCCCGGGTCAGACTCCTAACTTCCA-3'
(SEQ ID No. 94) that introduced a Sacl and Xmal restriction
site (underlined) upstream of the start codon and down-
stream of the stop codon, respectively. The direct primer
includes the ribosome binding site (bold face) sequence of
pET28. The PCR product was digested with Sacl and Xmal,
ligated into the corresponding sites of either pEXT20 or
pACT3 (Dykxhoorn, St Pierre, & Linn, 1996), using T4
DNA ligase (Biolabs), and transformed into . coli DH5a
cells. The resulting pEXT20-0p-HMS2_stepl and pACT3-
op-HMS2_stepl plasmids were isolated and shown by DNA
sequencing to have the correct sequence.

[0104] Escherichia coli aspartate semialdehyde dehydro-
genase asd was amplified by PCR using high fidelity poly-
merase Phusion™ (Finnzymes) and the direct and reverse
primers S'-TATAAT
CCCGGGGTTTAACTTTAAGAAGGAGATATACCATG
AAAAATGTTG GTTTTATCGGC-3' (SEQ ID No. 95) and
5'-TATAATGGATCCTTACGCCAGTTGACGAAG-3'
(SEQ ID No. 96) that introduced a Xmal and BamHI
restriction site upstream of the start codon and downstream
of the stop codon, respectively(SEQ ID No. 98). The direct
primer includes the ribosome binding site sequence of
pET28. Genomic DNA of E coli MG1655 was used as the
template. The PCR product was digested with Xmal and
BamH]I, ligated into the corresponding sites of pEXT20-op-
HMS2_stepl and pACT3-op-HMS2_stepl, directly down-
stream the E. coli thrA gene, using T4 DNA ligase (Biolabs),
and transformed into E. coli DHSa cells. The resulting
pEXT20-0p-HMS2 and pACT3-op-HMS2 plasmids were
isolated and shown by DNA sequencing to have the correct
sequence.

Example 6

Construction of Plasmids for Overexpression of
Phosphoenolpyruvate (PEP) Carboxykinase, PEP
Carboxylase, Pyruvate Kinase, Pyruvate
Carboxylase, Isocitrate Lyase Enzymes and the
Galactose Symporter Permease

[0105] The plasmid pACT3-pck harbouring the PEP car-
boxykinase encoding pck gene of E. coli was constructed by
amplifying the pck coding sequence using genomic DNA
from E. coli MG1655 as the template and the forward and
reverse primers, respectively,
STATAATCCCGGGATGCGCGTTAACAATGGTTT-
GACC? (SEQ ID No. 119) and >*TATAATTCTAGATTA-
CAGTTTCGGACCAGCCG® (SEQ ID No. 120). The DNA
fragment was digested with Xmal and Xbal, ligated into the
corresponding sites of the pACT3 expression vector (Dykx-
hoorn et al., 1996) using T4 DNA ligase (Biolabs), and
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transformed into . coli DH5a cells. The transformants were
selected on solid LB medium containing chloramphenicol
(25 pg/mL). The resulting plasmid was isolated and correct
insertion of the pck gene was verified by sequencing.
Plasmids pACT3-aceA, pACT3-ppc, pACT3-galP, pACT3-
pck and pACT3-pycA harbouring, respectively, aceA, ppc,
galP, or pck (all E. coli) or pycA from Lactococcus lactis
were constructed analogously using the primers listed in
Table 9.

TABLE 9

Primers used for construction of
plasmids for gene overexpression.
Restriction sites used for cloning into
PACT3 are underlined

Gene Primer Linker Sequence

Ec_pck Ec_pck_clon_for Xmal tataatcccgggatge
gcgttaacaatggttt
gacc

(SEQ ID No. 121)
tataattctagattac
agtttcggaccagecyg

(SEQ ID No. 122)

Ec_pck_clon_rev Xbal

Ec_ppc_clon_for Xmal tataatcccgggatga
acgaacaatattcc
(SEQ ID No. 123)
tataattctagattag
ccggtattacgeat

(SEQ ID No. 124)

Ec_ppc

Ec_ppc_clon_rev Xbal

Ec_aceA Ec_aceA clon_ for Xmal tataatcccgggatga
aaacccgtacacaaca
aatt

(SEQ ID No. 125)
tataattctagattag
aactgcgattcttcag

(SEQ ID No. 126)

Ec_aceA clon_rev Xbal

Ll _pycA clon for Xmal tataatcccgggatga
aaaaactactcgtcge
caat

(SEQ ID No. 127)
tataattctagattaa
ttaatttcgattaaca
(SEQ ID No. 128)

L1 pycA

Ll _pycA clon rev Xbal

Ec_galP Ec_galP_clon for Xmal tataatcccgggatge
ctgacgctaaaaaaca
ggggcgge

(SEQ ID No. 129)
tataattctagattaa
tegtgagegectattt
c

(SEQ ID No. 130)

Ec_galP_clon rev Xbal

Example 7

Construction of the Plasmid for Overexpression of
the Homoserine Transaminase and the OHB
Reductase

[0106] The coding sequence of the branched chain amino
transferase, IIVE, from E. coli was PCR amplified using the
forward and reverse primers 5'-ACAATTTCACACAG-
GAAACAGAATTCGAGCTCGGTACCGTTTAACTT-
TAAG AAGGAGATATACCATGACCAC-
GAAGAAAGCTGATTAC-3' (SEQ ID No. 131) and
5'-GGATAACTTTTTTACGTTGTTTATCAGCCATGG-
TATATCTCCTTCTTAAAGT TAAACGGATCCTTATT-
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GATTAACTTG-3' (SEQ ID No. 132), respectively, and
plasmid pET28-Ec-ilvE (Example 4) as the template. The
coding sequence of lactate dehydrogenase, L.dhA, from L.
lactis was PCR amplified using the forward and reverse
primers 5'-TAATATGGATCCGTTTAACTT-
TAAGAAGGAGATATACCATGGCTGATAAAC AACG-
TAAAAAAGTTATCC-3' (SEQ ID No. 133) and 5'-CAAT-
GCGGAATATTGTTCGTTCATGGTATATCTCCTTCTTA
AAGTTAAACTC TAGATTAGTTTTTAACTGCA-
GAAGCAAATTC-3' (SEQ ID No. 134), respectively, and
plasmid pET28-L1-1dhA (Example 1) as the template. The
amplified PCR fragments were fused in an overlap extension
PCR by adding 150 ng of each fragment to 50 pl. of the
reaction mix and running a PCR using primers
5'-ACAATTTCACACAGGAAACAGAATTCGAGCTCG-
GTACCGTTTAACTTTAAG AAGGAGATATACCAT-
GACCACGAAGAAAGCTGATTAC-3' (SEQ ID No. 135)
and 5'-CAATGCGGAATATTGTTCGTTCATGG-
TATATCTCCTTCTTAAAGTTAAACTC TAGATT-
AGTTTTTAACTGCAGAAGCAAATTC-3' (SEQ ID No.
136). The resulting PCR fragment was purified, digested
with Kpnl and Xbal, and ligated into the corresponding sites
of pEXT20 (Dykxhoorn, St Pierre, & Linn, 1996) using T4
DNA ligase (Fermentas). The ligation product was trans-
formed into E. coli DHS5a. The resulting plasmid pEXT20-
DHB was isolated and shown by DNA sequencing to contain
the correct full-length coding sequences of Ec-ilvE and
Ll-1dhA. The plasmid was then transformed into E. cofi
MG1655-derived mutant strains and tested regarding DHB
production.

Example 8

Construction of Optimized Strains for DHB
Production

[0107] Several genes were disrupted in E. coli strain
MG1655 in order to optimise carbon flux repartitioning and
cofactor supply for DHB production. Gene deletions were
carried out using phage transduction method, or the lambda
red recombinase method according to Datsenko et al. (Dat-
senko & Wanner, 2000).

Protocol for Introduction of Gene Deletions Using the Phage
Transduction Method:

[0108] Strains carrying the desired single deletions were
obtained from the Keio collection (Baba et al., 2006). Phage
lysates of single deletion mutants were prepared by inocu-
lating 10 mL of LB medium containing 50 ng/ml. kanamy-
cin, 2 g/L glucose, and 5 mM CaCl, with 100 pL of
overnight precultures. Following an incubation of 1 h at 37°
C., 200 uL. of phage lysate prepared from the wild-type
MG1655 strain were added, and cultures were incubated for
another 2-3 h until cell lysis had completed. After addition
01200 puL chloroform, cell preparations were first vigorously
vortexted and then centrifuged for 10 min at 4500xg. The
clear lysate was recovered and stored at 4° C.

[0109] The receptor strain was prepared for phage trans-
duction by an overnight cultivation at 37° C. in LB medium.
A volume of 1.5 mL of the preculture was centrifuged at
1500xg for 10 min. The supernatant was discarded and the
cell pellet was resuspended in 600 pl of a solution containing
10 mM MgSO, and 5 mM CaCl,. The transduction was
carried out by mixing 100 uL of the solution containing the
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receptor strain with 100 ul. of lysate and incubating this
mixture at 30° C. for 30 min. Thereafter, 100 pL. of a 1M
sodium citrate solution were added followed by vigorous
vortexing. After addition of 1 mL LB medium, the cell
suspension was incubated at 37° C. for 1 h before spreading
the cells on LB agar dishes containing 50 pg/ml. kanamycin.
Clones able to grow in presence of the antibiotic were
confirmed by colony PCR to contain the desired deletion
using the primers listed in Table 11. After the introduction of
each gene deletion, the antibiotic marker was removed as
described above following the method of (Cherepanov &
Wackernagel, 1995). The deletions AldhA, AadhE, AmetA,
AthrB, ArhtB, and AlldD were successively introduced by
the described method.

Protocol for Introduction of Gene Deletions Using the
Lambda-Red Recombinase Method:

[0110] The deletion cassettes were prepared by PCR using
high fidelity polymerase Phusion™ (Finnzymes), and the
FRT-flanked kanamycin resistance gene (kan) of plasmid
pKD4 as the template (Datsenko & Wanner, 2000). Sense
primers contained sequences corresponding to the 5' end of
each targeted gene (underlined) followed by 20 bp corre-
sponding to the FRT-kan-FRT cassette of pKD4. Anti-sense
primers contained sequences corresponding to the 3' end
region of each targeted gene (underlined) followed by 20 bp
corresponding to the cassette. The primers are described in
Table 10. PCR products were digested with Dpnl and
purified prior to transformation.

[0111] E. coli MG1655 strain was rendered electro-com-
petent by growing the cells to an ODg, of 0.6 in LB liquid
medium at 37° C., concentrating the cells 100-fold, and
washing them twice with ice-cold 10% glycerol. The cells
were transformed with plasmid pKD46 (Datsenko & Wan-
ner, 2000) by electroporation (2.5 kV, 200 , 25 uF, in 2 mm
gap cuvettes). Transformants were selected at 30° C. on
ampicillin (100 pg/mL) LB solid medium.

Apr. 30, 2020

[0112] Disruption cassettes were transformed into electro-
competent E. coli strains harbouring the lambda Red recom-
binase-expressing plasmid pKD46. The cells were grown at
30° C. in liquid SOB medium containing ampicillin (100
png/mL). The lambda red recombinase system was induced
by adding 10 mM arabinose when OD,, of the cultures
reached 0.1. Cells were further grown to an ODg,, of 0.6
before they were harvested by centrifugation, washed twice
with ice-cold 10% glycerol, and transformed with the dis-
ruption cassette by electroporation. After an overnight phe-
notypic expression at 30° C. in LB liquid medium, cells were
plated on solid LB medium containing 25 pg/ml. kanamy-
cin. Transformants were selected after cultivation at 30° C.
[0113] The gene replacement was verified by colony PCR
using Crimson Taq polymerase (NEB). A first reaction was
carried out with the flanking locus-specific primers (see
Table 11) to verify simultaneous loss of the parental frag-
ment and gain of the new mutant specific fragment. Two
additional reactions were done by using one locus-specific
primer together with one of the corresponding primers kl
rev, or k2 for (see Table 11) that align within the FRT-
kanamycin resistance cassette (sense locus primer/kl rev
and k2for/reverse locus primer).

[0114] The resistance gene (FRT-kan-FRT) was subse-
quently excised from the chromosome using the FLP recom-
binase-harbouring plasmid pCP20 (Cherepanov & Wacker-
nagel, 1995) leaving a scar region containing one FRT site.
pCP20 is an ampicillin and CmR plasmid that shows tem-
perature-sensitive replication and thermal induction of FLP
recombinase synthesis. Kanamycin resistant mutants were
transformed with pCP20, and ampicillin-resistant transfor-
mants were selected at 30° C. Transformants were then
grown on solid LB medium at 37° C. and tested for loss of
all antibiotic resistances. Excision of the FRT-kanamycin
cassette was analysed by colony PCR using crimson taq
polymerase and the flanking locus-specific primers (Table
11). Multiple deletions were obtained by repeating the above
described steps.

TABLE 10

Primers used for gene disruptions.
Sequenceg homologous to target genes are underlined

Gene Primer Sequence
1dha A_1dhA for gaaggttgcgcctacactaagcatagttgttgatgagtgtaggctggagetgette
(SEQ ID No. 137)
A_1dhA rev ttaaaccagttcgttegggcaggtttegectttttcatgggaattagecatggtec
SEQ ID No. 138)
adhE A_adhE_for atggctgttactaatgtegctgaacttaacgcactcgtagagegtgtgtaggetggagetgette
(SEQ ID No. 139)
A_adhE_rev ttaagcggattttttegettttttetcagetttageeggagecagecatatgaatatectecttag
(SEQ ID No. 140)
ackA A_ackA for atgtcgagtaagttagtactggttctgaactgeggtagttcttcagtgtaggetggagetgette
(SEQ ID No. 141
A_ackA rev tcaggcagtcaggeggctegegtettgegegataaccagttettecatatgaatatectecttag
(SEQ ID No. 142)
focA- A focA-pflB for ttactccgtatttgcataaaaaccatgcgagttacgggcctataagtgtaggectggagetgette
pflB (SEQ ID No. 143)
A_focA-pflB rev atagattgagtgaaggtacgagtaataacgtcctgctgctgttctcatatgaatatcctecttag
(SEQ ID No. 144)
pta A _pta_for gtgtccegtattattatgetgatccctaceggaaccagegteggtgtgtaggetggagetgette
(SEQ ID No. 145)
A _pta_rev ttactgctgctgtgcagactgaatcgcagtcagegegatggtgtacatatgaatatcctecttag

(SEQ ID No. 146)
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TABLE 10-continued

Primers used for gene disruptions.
Sequences homologous to target genes are underlined

Gene Primer Sequence
poxB A poxB_for atgaaacaaacggttgcagcttatatcgccaaaacactcgaateggtgtaggetggagetgette
(SEQ ID No. 147)
A _poxB_rev ttaccttagccagtttgttttegecagttegatcacttecatcacccatatgaatatectecttag

(SEQ ID No. 148)

sad A_sad for atgaccattacteceggecaactcatgeaatttegataaatectgecgtgtaggetggagetgette
(SEQ ID No. 149)
A_sad_rev tcagatceggtetttecacacegtetggatattacagaattegtgeatatgaatatectecttag

(SEQ ID No. 150)

gabD A gabD_for atgaaacttaacgacagtaacttatteegecagecaggegttgattgtgtaggetggagetgette
(SEQ ID No. 151)
A_gabD_rev ttaaagaccgatgcacatatatttgatttctaagtaatcttegatcatatgaatatectecttag

(SEQ ID No. 152)

gadA A gadA_for atggaccagaagetgttaacggatttecgetcagaactactegatgtgtaggetggagetgette
(SEQ ID No. 153)
A_gadAa rev tcaggtgtgtttaaagetgttetgetgggecaatacectgcagtttecatatgaatatectecttag

(SEQ ID No. 154)

gadB A gadB_for atggataagaagcaagtaacggatttaaggtceggaactactegatgtgtaggetggagetgette
(SEQ ID No. 155)
A_gadB_rev tcaggtatgtttaaagetgttetgttgggecaatacectgcagtttecatatgaatatectecttag

(SEQ ID No. 156)

gadC A gadC_for atggctacatcagtacagacaggtaaagctaagcagetcacattagtgtaggetggagetgette
(SEQ ID No. 157)
A_gadC_rev ttagtgtttettgtcattcatcacaatatagtgtggtgaacgtgecatatgaatatectecttag

(SEQ ID No. 158)

sfcA A _sfchA for atggaaccaaaaacaaaaaaacagcgttegetttatatcecttacgtgtaggetggagetgette
(SEQ ID No. 159)
A_sfch rev ttagatggaggtacggeggtagtegeggtatteggettgecagaacatatgaatatectecttag

(SEQ ID No. 160)

maeB A _maeB_for atggatgaccagttaaaacaaagtgcacttgatttecatgaatttgtgtaggetggagetgette
(SEQ ID No. 161)
A_maeB_rev ttacageggttgggtttgegettetaccacggccagegecaccatcatatgaatatectecttag

(SEQ ID No. 162)

ppc A_ppc_for atgaacgaacaatattcecegcattgegtagtaatgtecagtatgetegtgtaggetggagetgette
(SEQ ID No. 163)
A_ppc_rev ttagecggtattacgcatacctgecgcaateceggcaatagtgaccatatgaatatectecttag

(SEQ ID No. 164)

pykA A _pykA for atgtccagaaggettegeagaacaaaaategttaccacgttaggegtgtaggetggagetgette
(SEQ ID No. 165)
A_pykA rev ttactctaccgttaaaatacgegtggtattagtagaaccecacggtcatatgaatatcectecttag

(SEQ ID No. 166)

pykF A _pykF_for atgaaaaagaccaaaattgtttgcaccateggaccgaaaaccgaagtgtaggetggagetgette
(SEQ ID No. 167)
A_pykF_rev ttacaggacgtgaacagatgeggtgttagtagtgeegeteggtaccatatgaatatectecttag

(SEQ ID No. 168)

mgsA A _mgsA for atggaactgacgactegecactttacctgegeggaaacatattgeggtgtaggetggagetgette
(SEQ ID No. 169)
A_mgsA rev ttacttcagacggtecgegagataacgetgataateggggatcageatatgaatatectecttag

(SEQ ID No. 170)

iclR  A_iclR for atggtegcacccattecegegaaacgeggecagaaaacceegeegttgtgtaggetggagetgette
(SEQ ID No. 171)
A_iclR_rev tcagegeattecacegtacgecagegteacttecttegeegetttecatatgaatatectecttag

(SEQ ID No. 172)

icd A_icd for atggaaagtaaagtagttgtteeggcacaaggcaagaagatcacegtgtaggetggagetgette
(SEQ ID No. 173)
A_icd rev ttacatgttttegatgategegtecaccaaactetgaacatttecageatatgaatatectecttag

(SEQ ID No. 174)
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TABLE 10-continued

Primers used for gene disruptions.
Sequences homologous to target genes are underlined

Gene Primer Sequence
sucA A _sucA for atgcagaacagcgctttgaaagectggttggactettettacctegtgtaggetggagetgette
(SEQ ID No. 175)
A_suchA_rev ttattcgacgttcagegegtcattaaccagatettgttgetgtttecatatgaatatectecttag

(SEQ ID No. 176)

sucB  A_sucB_for atgagtagegtagatattetggtecctgacetgectgaateegtagtgtaggetggagetgette
(SEQ ID No. 177)
A_sucB_rev ctacacgtccageagcagacgegteggatettceccageaactetttecatatgaatatectecttag

(SEQ ID No. 178)

frda A_frdA for gtgcaaacctttcaagccgatcttgecattgtaggcegecggtggegtgtaggetggagetgette
(SEQ ID No. 179)
A_frdA rev tcagccattcgecttetecttettattggetgetteegecttatecatatgaatatectecttag

(SEQ ID No. 180)

frdB A_frdB_for atggctgagatgaaaaacctgaaaattgaggtggtgcgctataacgtgtaggctggagetgette
(SEQ ID No. 181)
A_frdB_rev ttagcgtggtttcagggtcegegataagaaagtctttegaactttecatatgaatatectecttag

(SEQ ID No. 182)

frdc A_frdcC_for atgacgactaaacgtaaaccgtatgtacggccaatgacgtccaccgtgtaggctggagetgette
(SEQ ID No. 183)
A_frdC_rev ttaccagtacagggcaacaaacaggattacgatggtggcaaccaccatatgaatatcctecttag

(SEQ ID No. 184)

frdD A_frdD_for atgattaatccaaatccaaagcgttctgacgaaccggtattctgggtgtaggetggagetgette
(SEQ ID No. 185)
A_frdD_rev ttagattgtaacgacaccaatcagcgtgacaactgtcaggatagccatatgaatatcctecttag

(SEQ ID No. 186)

ptsl A _ptsI_for atgatttcaggcattttagcateccegggtategettteggtaaagtgtaggetggagetgette
(SEQ ID No. 187)
A _ptsl_rev ttagcagattgttttttettcaatgaacttgttaaccagegtecatcatatgaatatectecttag

(SEQ ID No. 188)

ptsG A _ptsG for atgtttaagaatgcatttgctaacctgcaaaaggteggtaaateggtgtaggetggagetgette
(SEQ ID No. 189)
A _ptsG rev ttagtggttacggatgtactcateccateteggtttteaggttatcecatatgaatatectecttag

(SEQ ID No. 190)

lacI A_lacI_for dtgaaaccagtaacgttatacgatgtegecagagtatgeeggtgtegtgtaggetggagetgette
(SEQ ID No. 191)
A_lacI_rev tcactgeccegetttecagtegggaaacctgtegtgecagetgecatcatatgaatatectecttag

(SEQ ID No. 192)

114D A _11dD_for atgattatttccgcagccagcgattategegecgecagegecaacgcgtgtaggetggagetgette
(SEQ ID No. 193)
A _11dD_rev ctatgccgecattcectttegecatgggagecagtgeegecaggcaacatatgaatatectecttag

(SEQ ID No. 194)

pgi A _pgi_for atgaaaaacatcaatccaacgcagaccegctgectggcaggcactagtgtaggetggagetgette
(SEQ ID No. 195)
A _pgi_rev ttaaccgegecacgetttatageggttaatcagacecattggtcegacatatgaatatectecttag

(SEQ ID No. 196)

metA A _metA for atgccgattegtgtgeeggacgagetaceegeegtecaatttettggtgtaggetggagetgette
(SEQ ID No. 197)
A_metA rev ttaatccagegttggattcatgtgecgtagategtatggegtgatcatatgaatatectecttag

(SEQ ID No. 198)

thrB A _thrB for atggttaaagtttatgecceggettecagtgecaatatgagegtegtgtaggetggagetgette
(SEQ ID No. 199)
A_thrB_rev ttagttttccagtactegtgegeccgeegtatecagecggcaaatcatatgaatatectecttag

(SEQ ID No. 200)

lysA A _lysA for atgccacattcactgttecagecaccgatacegatcetecaccgecgaagtgtaggetggagetgette
(SEQ ID No. 201)
A_lysA rev ttaaagcaattccagegecagtaattettegatggtetggegacgeatatgaatatectecttag

(SEQ ID No. 202)
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TABLE 10-continued

Primers used for gene disruptions.
Sequences homologous to target genes are underlined

Gene Primer Sequence

eda A_eda for atgaaaaactggaaaacaagtgcagaatcaatcctgaccaceggegtgtaggetggagetgette
(SEQ ID No. 203)
ctcgategggeattttgacttttacagettagegecttetacagecatatgaatatectecttag

(SEQ ID No. 204)

A _eda_rev

recA A recA for atggctatcgacgaaaacaaacagaaagegttggeggcageactggtgtaggetggagetgette
(SEQ ID No. 205)
ttaaaaatcttegttagtttetgetacgecttegetatcatetaccatatgaatatectecttag

(SEQ ID No. 206)

A _rechA rev

asd A_asd for atgaaaaatgttggttttateggetggegeggtatggteggetecgtgtaggetggagetgette
(SEQ ID No. 207)
ttacgccagttgacgaagcateegacgecageggceteegeggeccccatatgaatatectecttag

(SEQ ID No. 208)

A_asd_rev

TABLE 11

Primer pairs used for
verification of gene disruptions

Deleted Sequence (5' - 3')

gene Forwardprimer Reverse primer

K2 for/ cggtgecctgaatgaactge cagtcatagccgaatagect

k1l rev (SEQ ID No. 209) (SEQ ID No. 210)

1ldhA atacgtgtcccgageggtag tacacatcccgccatcagca
(SEQ ID No. 211) (SEQ ID No. 212)

adhE Gaagtaaacgggaaaatcaa Agaagtggcataagaaaacg
(SEQ ID No. 213) (SEQ ID No. 214)

ackA ccattggctgaaaattacge gtteccattgcacggatcacg
(SEQ ID No. 215) (SEQ ID No. 216)

focA _pflB atgccgtagaagccgcecagt tgttggtgcgcagctcgaag
(SEQ ID No. 217) (SEQ ID No. 218)

pta gcaaatctggtttcatcaac tcecttgcacaaaacaaagt
(SEQ ID No. 219) (SEQ ID No. 220)

poxB ggatttggttctcgecataat agcattaacggtagggtegt
(SEQ ID No. 221) (SEQ ID No. 222)

sad gctgattcectegcgaataaac aaaaacgttcttgcgegtet
(SEQ ID No. 223) (SEQ ID No. 224)

gabD tctgtttgtcaccaccecege Aagccagcacctggaagcag
(SEQ ID No. 225) (SEQ ID No. 226)

gada aagagctgccgcaggaggat gecegecctettaagtcaaat
(SEQ ID No. 227) (SEQ ID No. 228)

gadB ggattttagcaatattcget cctaatagcaggaagaagac
(SEQ ID No. 229) (SEQ ID No. 230)

gadC gctgaactgttgctggaaga ggcgtgcttttacaactaca
(SEQ ID No. 231) (SEQ ID No. 232)

sfcaA tagtaaataacccaaccggce tcagtgagcgcagtgtttta
(SEQ ID No. 233) (SEQ ID No. 234)

maeB attaatggtgagagtttgga tgcttttttttattattege
(SEQ ID No. 235) (SEQ ID No. 236)

ppc gctttataaaagacgacgaa gtaacgacaattccttaagg

(SEQ ID No. 237)

(SEQ ID No. 238)
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TABLE 11-continued

Primer pairs used for
verification of gene disruptions

Deleted Sequence (5' - 3')

gene Forwardprimer Reverse primer

pykA tttatatgcccatggtttet atctgttagaggcggatgat
(SEQ ID No. 239) (SEQ ID No. 240

pykF ctggaacgttaaatctttga ccagtttagtagetttcatt
(SEQ ID No. 241) (SEQ ID No. 242)

iclR gatttgttcaacattaactcatcgg tgcgattaacagacaccctt
(SEQ ID No. 243) (SEQ ID No. 244)

mgsA tctcaggtgctcacagaaca tatggaagaggcgctactge
(SEQ ID No. 245) (SEQ ID No. 246

icd cgacctgcetgecataaacacce tgaacgctaaggtgattgea
(SEQ ID No. 247) (SEQ ID No. 248

sucA acgtagacaagagctcgcaa catcacgtacgactgcegteg
(SEQ ID No. 249) (SEQ ID No. 250

sucB tgcaactttgtgctgagcaa tatcgettecegggcattgte
(SEQ ID No. 251) (SEQ ID No. 252)

frda Aaatcgatctcgtcaaatttcagac aggaaccacaaatcgccata
(SEQ ID No. 253) (SEQ ID No. 254)

frdB gacgtgaagattactacgct agttcaatgctgaaccacac
(SEQ ID No. 255) (SEQ ID No. 256

frdc tagcegegaccacggtaagaaggag cagcgcatcacccggaaaca
(SEQ ID No. 257) (SEQ ID No. 258

frdD atcgtgatcattaacctgat ttaccctgataaattaccge
(SEQ ID No. 259) (SEQ ID No. 260

ptsG ccatcecgttgaatgagtttt tggtgttaactggcaaaatc
(SEQ ID No. 261) (SEQ ID No. 262)

ptsl gtgacttccaacggcaaaag cegttggtttgatagcaata
(SEQ ID No. 263) (SEQ ID No. 264)

lacI Gaatctggtgtatatggcga Tcttegectattacgecaget
(SEQ ID No. 265) (SEQ ID No. 266

11dD Cgtcagecggatgtatctggt Gcggaatttcectggttegtaa
(SEQ ID No. 267) (SEQ ID No. 268

pgi Ttgtcaacgatggggtcatg Aaaaatgccgacataacgte
(SEQ ID No. 269) (SEQ ID No. 270

lysA Tctcaaagcgcgcaagtteg Ggtattgatgtaccgggtgagatt
(SEQ ID No. 271) (SEQ ID No. 272)

metA Tcgacagaacgacaccaaat Cactgtgaacgaaggatcgt
(SEQ ID No. 273) (SEQ ID No. 274)

thrB Tgttggcaatattgatgaag Gacatcgctttcaacattgg
(SEQ ID No. 275) (SEQ ID No. 276

eda Gacagacaggcgaactgacg Gegeagatttgcagattegt
(SEQ ID No. 277) (SEQ ID No. 278

rechA Tggcggcagtgaagagaagce Gcaataacgcgctegtaate
(SEQ ID No. 279) (SEQ ID No. 280

asd Acaaagcaggataagtcgca Gacttcaggtaaggctgtga
(SEQ ID No. 281) (SEQ ID No. 282)

rhta CAGAGAACTGCGTAAGTATTACGCA TAGTGGTAACAAGCGTGAAAAACAA

(SEQ ID No. 283)

(SEQ ID No. 284)
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Primer pairs used for
verification of gene disruptions

Deleted Sequence (5' - 3')

gene Forwardprimer Reverse primer

rhtB ATGAAGACTCCGTAAACGTTTCCCC CAAAAATAGACACACCGGGAGTTCA
(SEQ ID No. 285) (SEQ ID No.

[0115] The plasmid co-expressing aspartate kinase, aspar-

tate semialdehyde dehydrogenase, and homoserine dehydro-
genase (pACT3-op-HMS1) was transformed together with
the plasmid expressing the homoserine transaminase and the
OHB reductase (pEXT20-DHB) into the optimized host
strains. Transformants were selected on solid LB medium
containing chloramphenicol (25 pg/ml.) and ampicillin (100
ng/mL). Non-exclusive examples of constructed strains are
listed in Table 12.

TABLE 12

Examples of strains constructed for DHB production

Strain Relevant Genotype
MG1655 Wild-type
ECE73 AldhA AadhE AmetA AthrB

ECE74 AldhA AadhE AmetA AthrB
PACT3-op-HMS1

ECE75 AldhA AadhE AmetA AthrB
pEXT20-DHB

ECE76 AldhA AadhE AmetA AthrB
PACT3-op-HMS1 pEXT20-DHB

ECE77 AldhA AadhE AmetA AthrB AlldD
PACT3-op-HMS1 pEXT20-DHB

ECE78 AldhA AadhE AmetA AthrB ArhtB
PACT3-op-HMS1 pEXT20-DHB

[0116] It is understood that removal of the lacl gene from

the backbone of the above described plasmids along with the
genomic deletion of lacl in the host strain may render protein
expression from above described plasmids constitutive.

Example 9

Demonstration of the Zymotic Production of DHB
Via the Homoserine-OHB Pathway

[0117] Strains and cultivation conditions: Experiments
were carried out with strains listed in Table 12. All cultiva-
tions were carried out at 37° C. on an Infors rotary shaker
running at 170 rpm. Overnight cultures (3 ml medium in
test tube) were inoculated from glycerol stocks and used to
adjust an initial ODg,, of 0.05 in 100 mL growth cultures
cultivated in 500 ml. shake flasks. IPTG was added at a
concentration of 1 mmol/I. when ODg,, in the growth
cultures reached 0.8. One liter culture medium contained, 20
g glucose, 18 g Na,HPO,*12 H,0, 3 g KH,PO,, 0.5 g NaCl,
2 g NH,Cl1, 0.5 g MgSO,*7 H,0, 0.015 CaCl,*2 H,0, 1 mL
of 0.06 mol/LL FeCl; stock solution prepared in 100 times
diluted concentrated HC1, 2 mL of 10 mM thiamine HCI
stock solution, 20 g MOPS and 1 mL of trace element
solution (containing per liter: 0.04 g Na,EDTA*2H,0, 0.18
g CoCl,*6 H,0, ZnS04*7 H,0, 0.04 g Na,Mo04*2 H,0,
0.01 g H;BO,, 0.12 g MnSO,*H,0, 0.12 g CuCl,*H20.).

Medium pH was adjusted to 7 and medium was filter-
sterilized. The antibiotics kanamycin sulphate, ampicillin,
and chloramphenicol were added at concentrations of 50
mg/L, 100 mg/L, and 25 mg/L, respectively, when neces-
sary.

[0118] FEstimation of DHB concentration by LC-MS
analyses: Liquid anion exchange chromatography was per-
formed on an ICS-3000 system from Dionex (Sunnyvale,
USA) equipped with an automatic eluent (KOH) generator
system (RFIC, Dionex), and an autosampler (AS50, Dionex)
holding the samples at 4° C. Analytes were separated on an
lonPac AS11 HC (250x2 mm, Dionex) column protected by
an AG1l HC (50x2 mm, Dionex) pre-column. Column
temperature was held at 25° C., flow rate was fixed at 0.25
ml./min, and analytes were eluted applying the KOH gra-
dient described earlier (Groussac E, Ortiz M & Francois J
(2000): Improved protocols for quantitative determination
of metabolites from biological samples using high perfor-
mance ionic-exchange chromatography with conductimetric
and pulsed amperometric detection. Enzyme. Microb. Tech-
nol. 26, 715-723). Injected sample volume was 15 pl.. For
background reduction, an ASRS ultra II (2 mm, external
water mode, 75 mA) anion suppressor was used. Analytes
were quantified using a mass-sensitive detector (MSQ Plus,
Thermo) running in ESIT mode (split was ¥4, nitrogen pres-
sure was 90 psi, capillary voltage was 3.5 kV, probe tem-
perature was 450° C.).

[0119] Results:

[0120] After 24 h cultivation, the DHB concentration in
the supernatant of different strains was quantified by LC-MS
analyses. The strains ECE73, ECE74, ECE7S, and ECE76
had produced 0 mg/L, 3.7 mg/L, 0.67 mg/L, and 11.9 mg/LL
of DHB, respectively.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 288
<210> SEQ ID NO 1
<211> LENGTH: 939
<212> TYPE: DNA
<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 1
atgaaagtcg cagtcctegg cgetgctgge ggtattggece aggegettge actactgtta 60
aaaacccaac tgccttcagg ttcagaactce tctetgtatyg atatcgctcee agtgactcce 120
ggtgtggetyg tcgatctgag ccatatcect actgctgtga aaatcaaagyg tttttetggt 180
gaagatgcga ctceeggeget ggaaggegca gatgtegtte ttatctetge aggegtageg 240
cgtaaaccgg gtatggatcg ttccgacctyg tttaacgtta acgecggcat cgtgaaaaac 300
ctggtacagce aagttgcgaa aacctgcccg aaagcegtgca ttggtattat cactaacccg 360
gttaacacca cagttgcaat tgctgctgaa gtgctgaaaa aagccggtgt ttatgacaaa 420
aacaaactgt tcggcgttac cacgctggat atcattcegtt ccaacacctt tgttgeggaa 480
ctgaaaggca aacagccagg cgaagttgaa gtgccggtta ttggeggtca ctetggtgtt 540
accattectge cgctgetgte acaggttect ggegttagtt ttaccgagca ggaagtggcet 600
gatctgacca aacgcatcca gaacgcegggt actgaagtgg ttgaagcgaa ggccggtgge 660
gggtectgcaa ccctgtcectat gggccaggca getgcacgtt ttggtcetgte tcetggttegt 720
gcactgcagyg gcgaacaagg cgttgtcgaa tgtgcectacyg ttgaaggega cggtcagtac 780
gccegtttet tctectcaace getgetgetg ggtaaaaacyg gegtggaaga gegtaaatct 840
atcggtacce tgagcgcatt tgaacagaac gegetggaag gtatgectgga tacgctgaag 900
aaagatatcg ccctgggcga agagttcgtt aataagtaa 939
<210> SEQ ID NO 2
<211> LENGTH: 312
<212> TYPE: PRT
<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 2
Met Lys Val Ala Val Leu Gly Ala Ala Gly Gly Ile Gly Gln Ala Leu
1 5 10 15
Ala Leu Leu Leu Lys Thr Gln Leu Pro Ser Gly Ser Glu Leu Ser Leu
20 25 30
Tyr Asp Ile Ala Pro Val Thr Pro Gly Val Ala Val Asp Leu Ser His
35 40 45
Ile Pro Thr Ala Val Lys Ile Lys Gly Phe Ser Gly Glu Asp Ala Thr
50 55 60
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-continued

Pro Ala Leu Glu Gly Ala Asp Val Val Leu Ile Ser Ala Gly Val Ala
65 70 75 80

Arg Lys Pro Gly Met Asp Arg Ser Asp Leu Phe Asn Val Asn Ala Gly
85 90 95

Ile Val Lys Asn Leu Val Gln Gln Val Ala Lys Thr Cys Pro Lys Ala
100 105 110

Cys Ile Gly Ile Ile Thr Asn Pro Val Asn Thr Thr Val Ala Ile Ala
115 120 125

Ala Glu Val Leu Lys Lys Ala Gly Val Tyr Asp Lys Asn Lys Leu Phe
130 135 140

Gly Val Thr Thr Leu Asp Ile Ile Arg Ser Asn Thr Phe Val Ala Glu
145 150 155 160

Leu Lys Gly Lys Gln Pro Gly Glu Val Glu Val Pro Val Ile Gly Gly
165 170 175

His Ser Gly Val Thr Ile Leu Pro Leu Leu Ser Gln Val Pro Gly Val
180 185 190

Ser Phe Thr Glu Gln Glu Val Ala Asp Leu Thr Lys Arg Ile Gln Asn
195 200 205

Ala Gly Thr Glu Val Val Glu Ala Lys Ala Gly Gly Gly Ser Ala Thr
210 215 220

Leu Ser Met Gly Gln Ala Ala Ala Arg Phe Gly Leu Ser Leu Val Arg
225 230 235 240

Ala Leu Gln Gly Glu Gln Gly Val Val Glu Cys Ala Tyr Val Glu Gly
245 250 255

Asp Gly Gln Tyr Ala Arg Phe Phe Ser Gln Pro Leu Leu Leu Gly Lys
260 265 270

Asn Gly Val Glu Glu Arg Lys Ser Ile Gly Thr Leu Ser Ala Phe Glu
275 280 285

Gln Asn Ala Leu Glu Gly Met Leu Asp Thr Leu Lys Lys Asp Ile Ala
290 295 300

Leu Gly Glu Glu Phe Val Asn Lys
305 310

<210> SEQ ID NO 3

<211> LENGTH: 990

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 3

atgaaactcg ccgtttatag cacaaaacag tacgacaaga agtacctgca acaggtgaac 60
gagtcctttyg getttgaget ggaatttttt gactttetge tgacggaaaa aaccgctaaa 120
actgccaatyg gctgcgaage ggtatgtatt ttegtaaacg atgacggecag ccgeceggtg 180
ctggaagage tgaaaaagca cggcgttaaa tatatcgecce tgegetgtge cggtttcaat 240
aacgtcgace ttgacgegge aaaagaactg gggctgaaag tagtcegtgt tccagectat 300
gatccagagg ccgttgctga acacgccatce ggtatgatga tgacgctgaa ccgecgtatt 360
caccgegegt atcagegtac cegtgatget aacttcetete tggaaggtet gaccggettt 420
actatgtatg gcaaaacggce aggcgttate ggtaccggta aaatcggtgt ggegatgetg 480
cgcattctga aaggttttgg tatgegtetyg ctggegtteg atcegtatce aagtgcageg 540

gegetggaac tcggtgtgga gtatgtcegat ctgccaacce tgttetetga atcagacgtt 600
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-continued
atctctetge actgeccget gacaccggaa aactatcate tgttgaacga agccgectte 660
gaacagatga aaaatggcgt gatgatcgtc aataccagtc geggtgcatt gattgattet 720
caggcagcaa ttgaagcgct gaaaaatcag aaaattggtt cgttgggtat ggacgtgtat 780
gagaacgaac gcgatctatt ctttgaagat aaatccaacg acgtgatcca ggatgacgta 840
ttecegtegee tgtcetgectyg ccacaacgtg ctgtttaceg ggcaccagge attcectgaca 900
gcagaagcte tgaccagtat ttctcagact acgctgcaaa acttaagcaa tctggaaaaa 960
ggcgaaacct gcccgaacga actggtttaa 990

<210> SEQ ID NO 4

<211> LENGTH: 329

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 4

Met Lys Leu Ala Val Tyr Ser Thr Lys Gln Tyr Asp Lys Lys Tyr Leu
1 5 10 15

Gln Gln Val Asn Glu Ser Phe Gly Phe Glu Leu Glu Phe Phe Asp Phe
20 25 30

Leu Leu Thr Glu Lys Thr Ala Lys Thr Ala Asn Gly Cys Glu Ala Val
35 40 45

Cys Ile Phe Val Asn Asp Asp Gly Ser Arg Pro Val Leu Glu Glu Leu
Lys Lys His Gly Val Lys Tyr Ile Ala Leu Arg Cys Ala Gly Phe Asn
65 70 75 80

Asn Val Asp Leu Asp Ala Ala Lys Glu Leu Gly Leu Lys Val Val Arg
85 90 95

Val Pro Ala Tyr Asp Pro Glu Ala Val Ala Glu His Ala Ile Gly Met
100 105 110

Met Met Thr Leu Asn Arg Arg Ile His Arg Ala Tyr Gln Arg Thr Arg
115 120 125

Asp Ala Asn Phe Ser Leu Glu Gly Leu Thr Gly Phe Thr Met Tyr Gly
130 135 140

Lys Thr Ala Gly Val Ile Gly Thr Gly Lys Ile Gly Val Ala Met Leu
145 150 155 160

Arg Ile Leu Lys Gly Phe Gly Met Arg Leu Leu Ala Phe Asp Pro Tyr
165 170 175

Pro Ser Ala Ala Ala Leu Glu Leu Gly Val Glu Tyr Val Asp Leu Pro
180 185 190

Thr Leu Phe Ser Glu Ser Asp Val Ile Ser Leu His Cys Pro Leu Thr
195 200 205

Pro Glu Asn Tyr His Leu Leu Asn Glu Ala Ala Phe Glu Gln Met Lys
210 215 220

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

Gln Ala Ala Ile Glu Ala Leu Lys Asn Gln Lys Ile Gly Ser Leu Gly
245 250 255

Met Asp Val Tyr Glu Asn Glu Arg Asp Leu Phe Phe Glu Asp Lys Ser
260 265 270

Asn Asp Val Ile Gln Asp Asp Val Phe Arg Arg Leu Ser Ala Cys His
275 280 285
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Asn Val Leu Phe Thr Gly His Gln Ala Phe Leu Thr Ala Glu Ala Leu

290

295

300

Thr Ser Ile Ser Gln Thr Thr Leu Gln Asn Leu Ser Asn Leu Glu Lys
310

305

Gly Glu Thr Cys Pro Asn Glu Leu

<210> SEQ I
<211> LENGT.
<212> TYPE:

325
D NO 5
H: 978

DNA

<213> ORGANISM: Lactococcus lact

<400> SEQUENCE: 5

atggctgata
tacgettttyg
aaagaaaaaa
aaaaagattt
tctggtgete
atcactaaag
getgctaace
aaccgegttyg
gaaaaagttyg
tcagaatttg
caagaaaatg
getgcettact
gctegtatta
caagatggac
gaaggtgttyg
gettetggty
tctgcagtta
<210> SEQ I

<211> LENGT.
<212> TYPE:

aacaacgtaa
ctcttgtaaa
ctcaaggaga
actctgcaga
cacaaaaacc
atgttgtcac
cagttgatat
taggttcagg
atgttgacge
cegtttggte
actaccttaa
caatcatcge
ctaaagcaat
aatatggegt
ttaacccaat
ctcaattgaa
aaaactaa

D NO 6

H: 325
PRT

aaaagttatc
ccaagggatt
tgcagaagac
ctactctgat
aggtgaaact
taaaattgtt
cttgacatac
tacttcactt
tcgttcaate
acacgctaac
cgaagctgaa
taaaaaaggt
tcttgatgat
aagcgactge
ccacattcca

agcaatcatt

<213> ORGANISM: Lactococcus lact

<400> SEQUENCE: 6

Met Ala Asp
1

Val Gly Ser
Glu Leu Gly
35

Glu Asp Leu
50

Ser Ala Asp
65

Ser Gly Ala

Lys Gln Arg Lys Lys

5

Ser Tyr Ala Phe Ala

20

Ile Val Asp Leu Phe

40

Ser His Ala Leu Ala

55

Tyr Ser Asp Ala Ser

70

Pro Gln Lys Pro Gly

85

Val

is

315

cttgtaggtyg

gcacaagaat

ctttcteatg

gcaagcgacyg

cgtettgace

gettcaggtt

gctacttgga

gatactgcac

cacgcataca

gttgctggtg

atcgttgaat

gcaacattct

gaacatgcag

taccttggte

ttgaatgatg

gacgaagcett

is

Val

Leu

25

Lys

Phe

Asp

Glu

Ile

10

Val

Glu

Thr

Ala

Thr
90

Leu

Asn

Lys

Ser

Asp

75

Arg

acggtgctgt
taggaattgt
ccttggeatt
ctgacctegt
ttgttgaaaa
tcaaaggaat
aattctcagg
gtttcegtca
tcatgggtga
ttaaattgga
tgtttgaatc
atggtgtecge
tacttccagt
aaccagctgt
ctgaaatgca

ttgctaaaga

Val Gly Asp

Gln Gly Ile
30

Thr Gln Gly
45

Pro Lys Lys
60

Leu Val Val

Leu Asp Leu

320

aggttcatca
tgaccttttt
tacttcacct
agtcttgact
aaatcttegt
cttecttgtt
tttccctaaa
agcattggca
acacggtgac
acaatggttce
tgtacgtgat
tgtagctett
atcagtattce
agttggtget
aaaaatggaa

agaatttget

Gly Ala
15

Ala Gln

Asp Ala

Ile Tyr

Leu Thr

80

Val Glu
95

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

978
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Lys Asn Leu Arg Ile Thr Lys Asp Val Val Thr Lys Ile Val Ala Ser
100 105 110

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

Thr Tyr Ala Thr Trp Lys Phe Ser Gly Phe Pro Lys Asn Arg Val Val
130 135 140

Gly Ser Gly Thr Ser Leu Asp Thr Ala Arg Phe Arg Gln Ala Leu Ala
145 150 155 160

Glu Lys Val Asp Val Asp Ala Arg Ser Ile His Ala Tyr Ile Met Gly
165 170 175

Glu His Gly Asp Ser Glu Phe Ala Val Trp Ser His Ala Asn Val Ala
180 185 190

Gly Val Lys Leu Glu Gln Trp Phe Gln Glu Asn Asp Tyr Leu Asn Glu
195 200 205

Ala Glu Ile Val Glu Leu Phe Glu Ser Val Arg Asp Ala Ala Tyr Ser
210 215 220

Ile Ile Ala Lys Lys Gly Ala Thr Phe Tyr Gly Val Ala Val Ala Leu
225 230 235 240

Ala Arg Ile Thr Lys Ala Ile Leu Asp Asp Glu His Ala Val Leu Pro
245 250 255

Val Ser Val Phe Gln Asp Gly Gln Tyr Gly Val Ser Asp Cys Tyr Leu
260 265 270

Gly Gln Pro Ala Val Val Gly Ala Glu Gly Val Val Asn Pro Ile His
275 280 285

Ile Pro Leu Asn Asp Ala Glu Met Gln Lys Met Glu Ala Ser Gly Ala
290 295 300

Gln Leu Lys Ala Ile Ile Asp Glu Ala Phe Ala Lys Glu Glu Phe Ala
305 310 315 320

Ser Ala Val Lys Asn
325

<210> SEQ ID NO 7

<211> LENGTH: 966

<212> TYPE: DNA

<213> ORGANISM: Bacillus subtilis

<400> SEQUENCE: 7

atgatgaaca aacatgtaaa taaagtagct ttaatcggag cgggttttgt tggaagcagt 60
tatgcatttg cgttaattaa ccaaggaatc acagatgagce ttgtggtcat tgatgtaaat 120
aaagaaaaag caatgggcga tgtgatggat ttaaaccacg gaaaggcegtt tgcgccacaa 180
ccggtcaaaa catcttacgg aacatatgaa gactgcaagg atgetgatat tgtctgeatt 240
tgcgeceggag caaaccaaaa acctggtgag acacgecttg aattagtaga aaagaacttg 300
aagattttca aaggcatcgt tagtgaagte atggegageg gatttgacgg cattttetta 360
gtcgecgacaa atccggttga tatcctgact tacgcaacat ggaaattcag cggectgeca 420
aaagagcggyg tgattggaag cggcacaaca cttgattctg cgagatteceg tttcatgetg 480
agcgaatact ttggegcage gectcaaaac gtacacgege atattategg agagcacgge 540
gacacagagc ttcctgtttg gagccacgeg aatgtceggeg gtgtgecggt cagtgaactce 600

gttgagaaaa acgatgcgta caaacaagag gagctggacc aaattgtaga tgatgtgaaa 660
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aacgcagctt accatatcat tgagaaaaaa ggcgcgactt attatggggt tgcgatgagt 720
cttgctcgea ttacaaaagc cattcttcat aatgaaaaca gcatattaac tgtcagcaca 780
tatttggacg ggcaatacgg tgcagatgac gtgtacatcg gtgtgccggce tgtcgtgaat 840
cgcggaggga tcgcaggtat cactgagctg aacttaaatg agaaagaaaa agaacagttc 900
cttcacagceg ccggegtcect taaaaacatt ttaaaacctc attttgcaga acaaaaagtc 960
aactaa 966

<210> SEQ ID NO 8

<211> LENGTH: 321

<212> TYPE: PRT

<213> ORGANISM: Bacillus subtilis

<400> SEQUENCE: 8

Met Met Asn Lys His Val Asn Lys Val Ala Leu Ile Gly Ala Gly Phe
1 5 10 15

Val Gly Ser Ser Tyr Ala Phe Ala Leu Ile Asn Gln Gly Ile Thr Asp
20 25 30

Glu Leu Val Val Ile Asp Val Asn Lys Glu Lys Ala Met Gly Asp Val
35 40 45

Met Asp Leu Asn His Gly Lys Ala Phe Ala Pro Gln Pro Val Lys Thr
50 55 60

Ser Tyr Gly Thr Tyr Glu Asp Cys Lys Asp Ala Asp Ile Val Cys Ile
Cys Ala Gly Ala Asn Gln Lys Pro Gly Glu Thr Arg Leu Glu Leu Val
85 90 95

Glu Lys Asn Leu Lys Ile Phe Lys Gly Ile Val Ser Glu Val Met Ala
100 105 110

Ser Gly Phe Asp Gly Ile Phe Leu Val Ala Thr Asn Pro Val Asp Ile
115 120 125

Leu Thr Tyr Ala Thr Trp Lys Phe Ser Gly Leu Pro Lys Glu Arg Val
130 135 140

Ile Gly Ser Gly Thr Thr Leu Asp Ser Ala Arg Phe Arg Phe Met Leu
145 150 155 160

Ser Glu Tyr Phe Gly Ala Ala Pro Gln Asn Val His Ala His Ile Ile
165 170 175

Gly Glu His Gly Asp Thr Glu Leu Pro Val Trp Ser His Ala Asn Val
180 185 190

Gly Gly Val Pro Val Ser Glu Leu Val Glu Lys Asn Asp Ala Tyr Lys
195 200 205

Gln Glu Glu Leu Asp Gln Ile Val Asp Asp Val Lys Asn Ala Ala Tyr
210 215 220

His Ile Ile Glu Lys Lys Gly Ala Thr Tyr Tyr Gly Val Ala Met Ser
225 230 235 240

Leu Ala Arg Ile Thr Lys Ala Ile Leu His Asn Glu Asn Ser Ile Leu
245 250 255

Thr Val Ser Thr Tyr Leu Asp Gly Gln Tyr Gly Ala Asp Asp Val Tyr
260 265 270

Ile Gly Val Pro Ala Val Val Asn Arg Gly Gly Ile Ala Gly Ile Thr
275 280 285

Glu Leu Asn Leu Asn Glu Lys Glu Lys Glu Gln Phe Leu His Ser Ala
290 295 300



US 2020/0131542 Al Apr. 30,2020
25

-continued

Gly Val Leu Lys Asn Ile Leu Lys Pro His Phe Ala Glu Gln Lys Val
305 310 315 320

Asn

<210> SEQ ID NO 9
<211> LENGTH: 954
<212> TYPE: DNA

<213> ORGANISM: Geobacillus sterarothermophillus

<400> SEQUENCE: 9

atgaagaaca atggtggagce gegtgttgtg gtaattggeg cgggttttgt gggtgccage 60
tatgttttcg cgttaatgaa ccaaggtatt gcagacgaga ttgtcctgat tgacgcgaat 120
gaatccaaag cgattgggga cgccatggat ttcaaccacg gtaaagtgtt tgcteccgaaa 180
ccggtegata tctggecatgg cgattacgac gattgtegeg atgecgatcet ggtggtcate 240
tgcgetggty caaaccagaa acccggtgaa actegtetgg atcttgttga caagaacatt 300
gecatcettte ggtctattgt cgaaagegtyg atggcaagtg ggtttcaggyg actgtttetg 360
gttgccacca atccggtaga catcctgacyg tatgctacct ggaaattcag cggettaceg 420
catgaacgtyg ttatcggcag tggtaccatt cttgatacgg cacgtttteg cttecetgttg 480
ggagagtact tctcegttge cectcagaat gtgcatgect acatcattgg ggaacatgge 540
gataccgaat tgccagtgtg gtcgcaageg tatattggtg taatgccgat tcgcaaactg 600
gtggaatcga aaggcgaaga agcccagaaa gacttggaac gcatctttgt caacgtacge 660
gatgcagegt atcagatcat cgagaaaaaa ggtgcgacct attacggcat cgcaatggge 720
ttagctcegtyg taactecggge tattctgeac aacgagaacg cgattctcac agtgtcageg 780
tatctcegatg ggctgtatgg cgaacgegat gtgtacattg gegttecage cgtcatcaat 840
cgcaatggca ttegtgaggt gattgaaatce gaactgaacg atgacgagaa gaatcgette 900
catcactetyg cggctacact gaaaagegtt ctegecacgtg cgtttacgeg ctaa 954

<210> SEQ ID NO 10

<211> LENGTH: 317

<212> TYPE: PRT

<213> ORGANISM: Geobacillus sterarothermophillus

<400> SEQUENCE: 10

Met Lys Asn Asn Gly Gly Ala Arg Val Val Val Ile Gly Ala Gly Phe
1 5 10 15

Val Gly Ala Ser Tyr Val Phe Ala Leu Met Asn Gln Gly Ile Ala Asp
20 25 30

Glu Ile Val Leu Ile Asp Ala Asn Glu Ser Lys Ala Ile Gly Asp Ala
35 40 45

Met Asp Phe Asn His Gly Lys Val Phe Ala Pro Lys Pro Val Asp Ile
50 55 60

Trp His Gly Asp Tyr Asp Asp Cys Arg Asp Ala Asp Leu Val Val Ile
65 70 75 80

Cys Ala Gly Ala Asn Gln Lys Pro Gly Glu Thr Arg Leu Asp Leu Val
85 90 95

Asp Lys Asn Ile Ala Ile Phe Arg Ser Ile Val Glu Ser Val Met Ala
100 105 110

Ser Gly Phe Gln Gly Leu Phe Leu Val Ala Thr Asn Pro Val Asp Ile
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115 120 125

Leu Thr Tyr Ala Thr Trp Lys Phe Ser Gly Leu Pro His Glu Arg Val
130 135 140

Ile Gly Ser Gly Thr Ile Leu Asp Thr Ala Arg Phe Arg Phe Leu Leu
145 150 155 160

Gly Glu Tyr Phe Ser Val Ala Pro Gln Asn Val His Ala Tyr Ile Ile
165 170 175

Gly Glu His Gly Asp Thr Glu Leu Pro Val Trp Ser Gln Ala Tyr Ile
180 185 190

Gly Val Met Pro Ile Arg Lys Leu Val Glu Ser Lys Gly Glu Glu Ala
195 200 205

Gln Lys Asp Leu Glu Arg Ile Phe Val Asn Val Arg Asp Ala Ala Tyr
210 215 220

Gln Ile Ile Glu Lys Lys Gly Ala Thr Tyr Tyr Gly Ile Ala Met Gly
225 230 235 240

Leu Ala Arg Val Thr Arg Ala Ile Leu His Asn Glu Asn Ala Ile Leu
245 250 255

Thr Val Ser Ala Tyr Leu Asp Gly Leu Tyr Gly Glu Arg Asp Val Tyr
260 265 270

Ile Gly Val Pro Ala Val Ile Asn Arg Asn Gly Ile Arg Glu Val Ile
275 280 285

Glu Ile Glu Leu Asn Asp Asp Glu Lys Asn Arg Phe His His Ser Ala
290 295 300

Ala Thr Leu Lys Ser Val Leu Ala Arg Ala Phe Thr Arg
305 310 315

<210> SEQ ID NO 11

<211> LENGTH: 999

<212> TYPE: DNA

<213> ORGANISM: Oryctolagus cuniculus

<400> SEQUENCE: 11

atggcggegt tgaaagacca actgattcat aaccttttaa aagaggaaca tgtgccgcag 60
aacaaaatta ccgttgtagg cgtaggtgca gttggtatgg cetgtgccat tagcatcctg 120
atgaaagact tggcggatga acttgctetg gtegatgtaa tggaggataa actgaaagge 180
gaaatgatgg acttgcagca tgggtcgetyg tttettegea cacccaagat cgtaagegge 240
aaagattact ccgtgactge aaattccaaa ttggtcatca ttaccgeegg agcacgccag 300
caagaaggtyg aaagccgect gaacctggtg caacggaacg tcaacatttt caaatttatce 360
attccgaacyg tggtgaaata ctctccacac tgcaaactec tegttgttag taacccetgtt 420
gacatcctga cgtatgttge ctggaaaatt agcggcettece cgaagaatcyg cgtaattgge 480
tcaggatgca atctggatte ggegegtttt cgetatetga tgggcgaacyg tttaggtgtt 540
catgcactgt catgccacgg gtggattetyg ggtgaacatg gegatagtte tgtgectgtg 600
tggtctggca tgaatgtgge tggtgtgtca ctgaaaacgt tacacccaga acttggcact 660
gacgcggata aagagcagtg gaaacaggta cacaaacagg tggtcgatag cgegtatgag 720
gtcatcaaac tgaaaggtta caccacatgyg gccattggge tgagtgtcege cgatctgget 780
gagagcatta tgaagaatct ccgtcgtgtt catccgatct ccacgatget caaaggtetg 840

tatgggatca aagaggacgt tttcttaagt gtgcegtgtg tectgggtca gaatggeatt 900
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tcggatgtgg tcaaggtgac cttaacctcg gaagaagaag cgcacctgaa gaagagcgcg 960
gataccttgt ggggaatcca gaaagaactg caattttaa 999
<210> SEQ ID NO 12

<211> LENGTH: 332

<212> TYPE: PRT

<213> ORGANISM: Oryctolagus cuniculus

<400> SEQUENCE: 12

Met Ala Ala Leu Lys Asp Gln Leu Ile His Asn Leu Leu Lys Glu Glu
1 5 10 15

His Val Pro Gln Asn Lys Ile Thr Val Val Gly Val Gly Ala Val Gly
20 25 30

Met Ala Cys Ala Ile Ser Ile Leu Met Lys Asp Leu Ala Asp Glu Leu
35 40 45

Ala Leu Val Asp Val Met Glu Asp Lys Leu Lys Gly Glu Met Met Asp
50 55 60

Leu Gln His Gly Ser Leu Phe Leu Arg Thr Pro Lys Ile Val Ser Gly
65 70 75 80

Lys Asp Tyr Ser Val Thr Ala Asn Ser Lys Leu Val Ile Ile Thr Ala
85 90 95

Gly Ala Arg Gln Gln Glu Gly Glu Ser Arg Leu Asn Leu Val Gln Arg
100 105 110

Asn Val Asn Ile Phe Lys Phe Ile Ile Pro Asn Val Val Lys Tyr Ser
115 120 125

Pro His Cys Lys Leu Leu Val Val Ser Asn Pro Val Asp Ile Leu Thr
130 135 140

Tyr Val Ala Trp Lys Ile Ser Gly Phe Pro Lys Asn Arg Val Ile Gly
145 150 155 160

Ser Gly Cys Asn Leu Asp Ser Ala Arg Phe Arg Tyr Leu Met Gly Glu
165 170 175

Arg Leu Gly Val His Ala Leu Ser Cys His Gly Trp Ile Leu Gly Glu
180 185 190

His Gly Asp Ser Ser Val Pro Val Trp Ser Gly Met Asn Val Ala Gly
195 200 205

Val Ser Leu Lys Thr Leu His Pro Glu Leu Gly Thr Asp Ala Asp Lys
210 215 220

Glu Gln Trp Lys Gln Val His Lys Gln Val Val Asp Ser Ala Tyr Glu
225 230 235 240

Val Ile Lys Leu Lys Gly Tyr Thr Thr Trp Ala Ile Gly Leu Ser Val
245 250 255

Ala Asp Leu Ala Glu Ser Ile Met Lys Asn Leu Arg Arg Val His Pro
260 265 270

Ile Ser Thr Met Leu Lys Gly Leu Tyr Gly Ile Lys Glu Asp Val Phe
275 280 285

Leu Ser Val Pro Cys Val Leu Gly Gln Asn Gly Ile Ser Asp Val Val
290 295 300

Lys Val Thr Leu Thr Ser Glu Glu Glu Ala His Leu Lys Lys Ser Ala
305 310 315 320

Asp Thr Leu Trp Gly Ile Gln Lys Glu Leu Gln Phe
325 330
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<210> SEQ ID NO 13
<211> LENGTH: 1014
<212> TYPE: DNA
<213> ORGANISM: Oryctolagus cuniculus
<400> SEQUENCE: 13
atggcaacgc tgaaagagaa attgatcgca cctgtcegecyg ataacgaage ggctgttcecg 60
aacaacaaaa ttaccgtagt aggcgteggt caagtaggca tggegtgtge gatttccatt 120
cteggcaaaa gtttagcgga cgaactggca cttgtcgatg tcettggaaga taaactgaaa 180
ggtgaaatga tggatttaca gcatggttcg ctgtttectce agacacccaa aattgtggeg 240
gataaagatt acagtgtgac tgcgaacagc aagatcgtag ttgtcaccgce cggagtcegt 300
caacaggaag gtgaatcacg cctgaacttg gtgcaacgca atgtgaatgt gttcaaatte 360
atcatcccege agattgttaa gtatageccg aactgcatca tcattgtegt cagcaaccct 420
gagtgtctgyg ttgacatcct gacgtacgtt acctggaaac tctccggact gecgaaacac 480
cgegtaattyg getegggttyg caatctggac agegetegtt tteggtatet tatggecgag 540
aaattaggta ttcacccatc tagttgtcat ggatggatte tgggtgaaca tggcgatage 600
tctgtggcag tatggtctgg cgttaacgtt gegggtgtgt cgttgcaaga actgaatccg 660
gagatgggga ccgataatga tagcgaaaat tggaaagagg tgcacaaaat ggtggtggaa 720
agcgectatg aagtgattaa gctgaaaggg tacaccaact gggcaattgg cttatcagtt 780
gecggatctta tcgagtccat gctgaagaat ctgtcacgca ttcatceggt ttecacaatg 840
gtgaaaggca tgtatgggat cgaaaacgaa gtgtttctgt ctttaccatg catcctgaat 900
gectegtggee tcacttceggt gattaatcag aagctgaaag atgacgaagt tgcccagcetg 960
aagaaaagtg ccgatacgct gtgggacatt cagaaagacc tgaaagacct ttaa 1014

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Oryctolagus

D NO 14
H: 337
PRT

<400> SEQUENCE: 14

Met Ala Thr
1

Ala Ala Val

Gly Met Ala

Leu Ala Leu
50

Asp Leu Gln
65

Asp Lys Asp

Ala Gly Val

Arg Asn Val
115

Ser Pro Asn
130

Leu Lys Glu Lys Leu

Pro Asn Asn Lys Ile

20

Cys Ala Ile Ser Ile

Val Asp Val Leu Glu

55

His Gly Ser Leu Phe

70

Tyr Ser Val Thr Ala

85

Arg Gln Gln Glu Gly

100

Asn Val Phe Lys Phe

120

Cys Ile Ile Ile Val

135

Ile

Thr

25

Leu

Asp

Leu

Asn

Glu
105

Ile

Val

cuniculus

Ala

10

Val

Gly

Lys

Gln

Ser

90

Ser

Ile

Ser

Pro

Val

Lys

Leu

Thr

75

Lys

Arg

Pro

Asn

Val Ala Asp
Gly Val Gly
30

Ser Leu Ala
45

Lys Gly Glu
60

Pro Lys Ile

Ile Val Val

Leu Asn Leu

110

Gln Ile Val
125

Pro Glu Cys
140

Asn Glu
15

Gln Val

Asp Glu

Met Met

Val Ala
80

Val Thr
95
Val Gln

Lys Tyr

Leu Val
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Asp Ile Leu Thr Tyr Val Thr Trp Lys Leu Ser Gly Leu Pro Lys His
145 150 155 160

Arg Val Ile Gly Ser Gly Cys Asn Leu Asp Ser Ala Arg Phe Arg Tyr
165 170 175

Leu Met Ala Glu Lys Leu Gly Ile His Pro Ser Ser Cys His Gly Trp
180 185 190

Ile Leu Gly Glu His Gly Asp Ser Ser Val Ala Val Trp Ser Gly Val
195 200 205

Asn Val Ala Gly Val Ser Leu Gln Glu Leu Asn Pro Glu Met Gly Thr
210 215 220

Asp Asn Asp Ser Glu Asn Trp Lys Glu Val His Lys Met Val Val Glu
225 230 235 240

Ser Ala Tyr Glu Val Ile Lys Leu Lys Gly Tyr Thr Asn Trp Ala Ile
245 250 255

Gly Leu Ser Val Ala Asp Leu Ile Glu Ser Met Leu Lys Asn Leu Ser
260 265 270

Arg Ile His Pro Val Ser Thr Met Val Lys Gly Met Tyr Gly Ile Glu
275 280 285

Asn Glu Val Phe Leu Ser Leu Pro Cys Ile Leu Asn Ala Arg Gly Leu
290 295 300

Thr Ser Val Ile Asn Gln Lys Leu Lys Asp Asp Glu Val Ala Gln Leu
305 310 315 320

Lys Lys Ser Ala Asp Thr Leu Trp Asp Ile Gln Lys Asp Leu Lys Asp
325 330 335

<210> SEQ ID NO 15

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 15

tataatcata tgaaagtcgc agtcctce 27

<210> SEQ ID NO 16

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 16

tataatggat ccttacttat taacgaactc 30
<210> SEQ ID NO 17

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 17

tataatcata tggctgataa acaacgtaaa aaa 33

<210> SEQ ID NO 18
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<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 18

tataatggat ccttagtttt taactgcaga agcaaa 36

<210> SEQ ID NO 19

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 19

tataatgcta gcatgatgaa caaacatgta aataaagt 38

<210> SEQ ID NO 20

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 20

tataatggat ccttagttga ctttttgtte 30

<210> SEQ ID NO 21

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 21

tataatgcta gcatggcggce gttgaaagac 30

<210> SEQ ID NO 22

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 22

attatagaat tcttaaaatt gcagttcttt 30

<210> SEQ ID NO 23

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 23

tataatcata tgagaattac aattgccgg 29

<210> SEQ ID NO 24

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Primer for amplification
<400> SEQUENCE: 24

tataatggat ccttattttg cttttaataa ctcttetttg c

<210> SEQ ID NO 25

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 25

tataatcata tgaaactcge cgtttatag

<210> SEQ ID NO 26

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 26

tataatggat ccttaaacca gttegttegg

<210> SEQ ID NO 27

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (22)..(23)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 27

gtcttgactt ctggtgctece annkaaacca ggtgaaacge gtett

<210> SEQ ID NO 28

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (23)..(24)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 28

aagacgcgtt tcacctggtt tmnntggage accagaagte aagac

<210> SEQ ID NO 29

<211> LENGTH: 978

<212> TYPE: DNA

<213> ORGANISM: Lactococcus lactis

<400> SEQUENCE: 29

atggctgata aacaacgtaa aaaagttatc cttgtaggtyg acggtgctgt aggttcatca

tacgcttttyg ctettgtaaa ccaagggatt gcacaagaat taggaattgt tgaccttttt

aaagaaaaaa ctcaaggaga tgcagaagac ctttctecatg cettggecatt tacttcacct

41

29

30

45

45

60

120

180
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aaaaagattt actctgcaga ctactctgat gcaagcgacyg ctgacctegt agtcttgacg 240
tctggtgete caaataaacc aggtgaaact cgtcttgace ttgttgaaaa aaatcttcgt 300
atcactaaag atgttgtcac taaaattgtt gcttcaggtt tcaaaggaat cttccttgtt 360
gctgctaace cagttgatat cttgacatac gctacttgga aattctcagg tttccctaaa 420
aaccgegttyg taggttcagg tacttcactt gatactgcac gtttccgtca agcattggca 480
gaaaaagttyg atgttgacgc tcgttcaatc cacgcataca tcatgggtga acacggtgac 540
tcagaatttg ccgtttggtc acacgctaac gttgctggtyg ttaaattgga acaatggtte 600
caagaaaatg actaccttaa cgaagctgaa atcgttgaat tgtttgaatc tgtacgtgat 660
getgettact caatcatcge taaaaaaggt gcaacattct atggtgtege tgtagcetett 720
gctegtatta ctaaagcaat tcttgatgat gaacatgcag tacttccagt atcagtattce 780
caagatggac aatatggcgt aagcgactgce taccttggte aaccagcetgt agttggtget 840
gaaggtgttyg ttaacccaat ccacattcca ttgaatgatg ctgaaatgca aaaaatggaa 900
gettetggtyg ctcaattgaa agcaatcatt gacgaagcett ttgctaaaga agaatttget 960
tctgcagtta aaaactaa 978

<210> SEQ ID NO 30

<211> LENGTH: 325

<212> TYPE: PRT

<213> ORGANISM: Lactococcus lactis
<400> SEQUENCE: 30

Met Ala Asp Lys Gln Arg Lys Lys Val Ile Leu Val Gly Asp Gly Ala
1 5 10 15

Val Gly Ser Ser Tyr Ala Phe Ala Leu Val Asn Gln Gly Ile Ala Gln
20 25 30

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

Glu Asp Leu Ser His Ala Leu Ala Phe Thr Ser Pro Lys Lys Ile Tyr
Ser Ala Asp Tyr Ser Asp Ala Ser Asp Ala Asp Leu Val Val Leu Thr
65 70 75 80

Ser Gly Ala Pro Asn Lys Pro Gly Glu Thr Arg Leu Asp Leu Val Glu
85 90 95

Lys Asn Leu Arg Ile Thr Lys Asp Val Val Thr Lys Ile Val Ala Ser
100 105 110

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

Thr Tyr Ala Thr Trp Lys Phe Ser Gly Phe Pro Lys Asn Arg Val Val
130 135 140

Gly Ser Gly Thr Ser Leu Asp Thr Ala Arg Phe Arg Gln Ala Leu Ala
145 150 155 160

Glu Lys Val Asp Val Asp Ala Arg Ser Ile His Ala Tyr Ile Met Gly
165 170 175

Glu His Gly Asp Ser Glu Phe Ala Val Trp Ser His Ala Asn Val Ala
180 185 190

Gly Val Lys Leu Glu Gln Trp Phe Gln Glu Asn Asp Tyr Leu Asn Glu
195 200 205

Ala Glu Ile Val Glu Leu Phe Glu Ser Val Arg Asp Ala Ala Tyr Ser
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210 215 220

Ile Ile Ala Lys Lys Gly Ala Thr Phe Tyr Gly Val Ala Val Ala Leu
225 230 235 240

Ala Arg Ile Thr Lys Ala Ile Leu Asp Asp Glu His Ala Val Leu Pro
245 250 255

Val Ser Val Phe Gln Asp Gly Gln Tyr Gly Val Ser Asp Cys Tyr Leu
260 265 270

Gly Gln Pro Ala Val Val Gly Ala Glu Gly Val Val Asn Pro Ile His
275 280 285

Ile Pro Leu Asn Asp Ala Glu Met Gln Lys Met Glu Ala Ser Gly Ala
290 295 300

Gln Leu Lys Ala Ile Ile Asp Glu Ala Phe Ala Lys Glu Glu Phe Ala
305 310 315 320

Ser Ala Val Lys Asn
325

<210> SEQ ID NO 31

<211> LENGTH: 978

<212> TYPE: DNA

<213> ORGANISM: Lactococcus lactis

<400> SEQUENCE: 31

atggctgata aacaacgtaa aaaagttatc cttgtaggtg acggtgctgt aggttcatca 60
tacgcttttyg ctcttgtaaa ccaagggatt gcacaagaat taggaattgt tgaccttttt 120
aaagaaaaaa ctcaaggaga tgcagaagac ctttctcatg ccttggcatt tacttcacct 180
aaaaagattt actctgcaga ctactctgat gcaagcgacyg ctgacctegt agtcttgacg 240
tctggtgete caaataaacc aggtgaaact cgtcttgace ttgttgaaaa aaatcttcgt 300
atcactaaag atgttgtcac taaaattgtt gcttcaggtt tcaaaggaat cttccttgtt 360
gctgctaace cagttgatat cttgacatac gctacttgga aattctcagg tttccctaaa 420
aaccgegttyg taggttcagg tacttcactt gatactgcac gtttccgtca agcattggca 480
gaaaaagttyg atgttgacgc tcgttcaatc cacgcataca tcatgggtga acacggtgac 540
tcagaatttg ccgtttggtc acacgctaac gttgctggtyg ttaaattgga acaatggtte 600
caagaaaatg actaccttaa cgaagctgaa atcgttgaat tgtttgaatc tgtacgtgat 660
getgettact cgatcgtcge taaaaaaggt gcaacattcet atggtgtege tgtagcetett 720
gctegtatta ctaaagcaat tcttgatgat gaacatgcag tacttccagt atcagtattce 780
caagatggac aatatggcgt aagcgactgce taccttggte aaccagcetgt agttggtget 840
gaaggtgttyg ttaacccaat ccacattcca ttgaatgatg ctgaaatgca aaaaatggaa 900
gettetggtyg ctcaattgaa agcaatcatt gacgaagcett ttgctaaaga agaatttget 960
tctgcagtta aaaactaa 978

<210> SEQ ID NO 32

<211> LENGTH: 325

<212> TYPE: PRT

<213> ORGANISM: Lactococcus lactis

<400> SEQUENCE: 32

Met Ala Asp Lys Gln Arg Lys Lys Val Ile Leu Val Gly Asp Gly Ala
1 5 10 15
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Val Gly Ser Ser Tyr Ala Phe Ala Leu Val Asn Gln Gly Ile Ala Gln
20 25 30

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

Glu Asp Leu Ser His Ala Leu Ala Phe Thr Ser Pro Lys Lys Ile Tyr
50 55 60

Ser Ala Asp Tyr Ser Asp Ala Ser Asp Ala Asp Leu Val Val Leu Thr

Ser Gly Ala Pro Asn Lys Pro Gly Glu Thr Arg Leu Asp Leu Val Glu
85 90 95

Lys Asn Leu Arg Ile Thr Lys Asp Val Val Thr Lys Ile Val Ala Ser
100 105 110

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

Thr Tyr Ala Thr Trp Lys Phe Ser Gly Phe Pro Lys Asn Arg Val Val
130 135 140

Gly Ser Gly Thr Ser Leu Asp Thr Ala Arg Phe Arg Gln Ala Leu Ala
145 150 155 160

Glu Lys Val Asp Val Asp Ala Arg Ser Ile His Ala Tyr Ile Met Gly
165 170 175

Glu His Gly Asp Ser Glu Phe Ala Val Trp Ser His Ala Asn Val Ala
180 185 190

Gly Val Lys Leu Glu Gln Trp Phe Gln Glu Asn Asp Tyr Leu Asn Glu
195 200 205

Ala Glu Ile Val Glu Leu Phe Glu Ser Val Arg Asp Ala Ala Tyr Ser
210 215 220

Ile Val Ala Lys Lys Gly Ala Thr Phe Tyr Gly Val Ala Val Ala Leu
225 230 235 240

Ala Arg Ile Thr Lys Ala Ile Leu Asp Asp Glu His Ala Val Leu Pro
245 250 255

Val Ser Val Phe Gln Asp Gly Gln Tyr Gly Val Ser Asp Cys Tyr Leu
260 265 270

Gly Gln Pro Ala Val Val Gly Ala Glu Gly Val Val Asn Pro Ile His
275 280 285

Ile Pro Leu Asn Asp Ala Glu Met Gln Lys Met Glu Ala Ser Gly Ala
290 295 300

Gln Leu Lys Ala Ile Ile Asp Glu Ala Phe Ala Lys Glu Glu Phe Ala
305 310 315 320

Ser Ala Val Lys Asn
325

<210> SEQ ID NO 33

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (21)..(22)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 33

ttatctctge aggcgtageg nnkaaacceg ggatggateg tte 43
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<210> SEQ ID NO 34

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (22)..(23)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 34

gaacgatcca tccegggttt mnnegetacyg cctgcagaga taa

<210> SEQ ID NO 35

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 35

ttatctctge aggcgtageg gcetaaaccgg gtgaggatceg ttecgacctg

<210> SEQ ID NO 36

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 36

caggtcggaa cgatcctecac ceggtttage cgctacgect gcagagataa

<210> SEQ ID NO 37

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 37

ttatctctge aggcgtageg gctaaaccgg gtcaggateg ttecgacctg

<210> SEQ ID NO 38

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 38

caggtcggaa cgatcctgac ccggtttage cgctacgect gcagagataa

<210> SEQ ID NO 39

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 39

gtegcagtee teggegecge tggeggtgte ggecaggege ttgeac

43

50

50

50

50

46
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<210> SEQ ID NO 40

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 40

gtgcaagcege ctggecgaca cegecagegyg cgccgaggac tgegac 46

<210> SEQ ID NO 41

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 41

ceggttattyg geggecacte tgatgttace attctgecge tgetg 45

<210> SEQ ID NO 42

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 42

cagcagcgge agaatggtaa catcagagtg gccgecaata accgg 45

<210> SEQ ID NO 43

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 43

ggcgtagegg ctaaaccggg tatgtcetegt tccgacctg 39

<210> SEQ ID NO 44

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 44

caggtcggaa cgagacatac ccggtttage cgctacgece 39

<210> SEQ ID NO 45

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 45
acggatccag aacgccgget atgaagtggt tgaageg 37
<210> SEQ ID NO 46

<211> LENGTH: 37
<212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 46

cgcttcaace acttcatage cggegttetg gatcegt

<210> SEQ ID NO 47

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 47

tataatgcta gcatgaccac gaagaaagct gattaca

<210> SEQ ID NO 48

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 48

tataatggat ccttattgat taacttgatc taacc

<210> SEQ ID NO 49

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 49

tataatgcta gcgtgtttca aaaagttgac g

<210> SEQ ID NO 50

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 50

tataatggat ccttacatca ccgcagcaaa ¢

<210> SEQ ID NO 51

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 51

tataatgcta gcatgtttga gaacattace gc

<210> SEQ ID NO 52

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

37

37

35

31

31

32
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<400> SEQUENCE: 52

tataatggat ccttacagca ctgccacaat cg 32

<210> SEQ ID NO 53

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 53

tataatgcta gcatggattt attaaaaaaa tttaacccta a 41

<210> SEQ ID NO 54

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 54

tataatggat cctcagccac gttttttagt cacataa 37

<210> SEQ ID NO 55

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 55

tataatgcta gcatggcaat taatttagac tg 32

<210> SEQ ID NO 56

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 56

tataatggat ccttaatcaa ctttaactat cc 32

<210> SEQ ID NO 57

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 57

tataatcata tgatcatgac tttacctgaa tcaaaaga 38

<210> SEQ ID NO 58

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 58

tataatggat ccctatttgg aaataccaaa ttcttcg 37



US 2020/0131542 Al

39

Apr. 30, 2020

-continued
<210> SEQ ID NO 59
<211> LENGTH: 930
<212> TYPE: DNA
<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 59
atgaccacga agaaagctga ttacatttgg ttcaatgggg agatggttceg ctgggaagac 60
gcgaaggtge atgtgatgte gcacgegetg cactatggea ctteggtttt tgaaggcatce 120
cgttgctacyg actcgcacaa aggaccggtt gtattcecgece atcgtgagea tatgcagegt 180
ctgcatgact ccgccaaaat ctatcgette ceggtttege agagcattga tgagetgatg 240
gaagcttgte gtgacgtgat ccgcaaaaac aatctcacca gegectatat cegtecgetg 300
atcttegteg gtgatgttgg catgggagta aacccgccag cgggatactce aaccgacgtg 360
attatcgetg ctttecegtyg gggagegtat ctgggcegeag aagegctgga gcaggggatce 420
gatgcgatgyg tttectectyg gaaccgcgca gcaccaaaca ccatcccgac ggeggcaaaa 480
geeggtggta actacctcte ttcectgetg gtgggtageyg aagcegegecg ccacggttat 540
caggaaggta tcgcgetgga tgtgaacggt tatatctetyg aaggcgcagyg cgaaaacctg 600
tttgaagtga aagatggtgt gctgttcacce ccaccgtteca cctectceege getgecgggt 660
attacccgtg atgccatcat caaactggeg aaagagctgg gaattgaagt acgtgagcag 720
gtgctgtege gegaatccect gtacctggeg gatgaagtgt ttatgteegg tacggcggea 780
gaaatcacgce cagtgcgcag cgtagacggt attcaggttg gegaaggcecg ttgtggeceg 840
gttaccaaac gcattcagca agccttecttce ggectettca ctggcgaaac cgaagataaa 900
tggggctggt tagatcaagt taatcaataa 930

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 60
H: 309
PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 60

Met Thr Thr
1

Arg Trp Glu

Gly Thr Ser
35

Pro Val Val
50

Ala Lys Ile
65

Glu Ala Cys

Ile Arg Pro

Pro Ala Gly
115

Ala Tyr Leu
130

Ser Ser Trp

Lys Lys Ala Asp Tyr

5

Asp Ala Lys Val His

20

Val Phe Glu Gly Ile

Phe Arg His Arg Glu

55

Tyr Arg Phe Pro Val

70

Arg Asp Val Ile Arg

85

Leu Ile Phe Val Gly

100

Tyr Ser Thr Asp Val

120

Gly Ala Glu Ala Leu

135

Asn Arg Ala Ala Pro

Ile

Val

25

Arg

His

Ser

Lys

Asp

105

Ile

Glu

Asn

Trp

10

Met

Cys

Met

Gln

Asn

90

Val

Ile

Gln

Thr

Phe

Ser

Tyr

Gln

Ser

75

Asn

Gly

Ala

Gly

Ile

Asn Gly Glu

His Ala Leu
30

Asp Ser His

Arg Leu His
60

Ile Asp Glu

Leu Thr Ser

Met Gly Val

110

Ala Phe Pro
125

Ile Asp Ala
140

Pro Thr Ala

Met Val
15

His Tyr
Lys Gly

Asp Ser

Leu Met
80

Ala Tyr

95

Asn Pro

Trp Gly

Met Val

Ala Lys
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145 150 155 160

Ala Gly Gly 2Asn Tyr Leu Ser Ser Leu Leu Val Gly Ser Glu Ala Arg
165 170 175

Arg His Gly Tyr Gln Glu Gly Ile Ala Leu Asp Val Asn Gly Tyr Ile
180 185 190

Ser Glu Gly Ala Gly Glu Asn Leu Phe Glu Val Lys Asp Gly Val Leu
195 200 205

Phe Thr Pro Pro Phe Thr Ser Ser Ala Leu Pro Gly Ile Thr Arg Asp
210 215 220

Ala Ile Ile Lys Leu Ala Lys Glu Leu Gly Ile Glu Val Arg Glu Gln
225 230 235 240

Val Leu Ser Arg Glu Ser Leu Tyr Leu Ala Asp Glu Val Phe Met Ser
245 250 255

Gly Thr Ala Ala Glu Ile Thr Pro Val Arg Ser Val Asp Gly Ile Gln
260 265 270

Val Gly Glu Gly Arg Cys Gly Pro Val Thr Lys Arg Ile Gln Gln Ala
275 280 285

Phe Phe Gly Leu Phe Thr Gly Glu Thr Glu Asp Lys Trp Gly Trp Leu
290 295 300

Asp Gln Val Asn Gln
305

<210> SEQ ID NO 61

<211> LENGTH: 1194

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 61

gtgtttcaaa aagttgacgc ctacgctgge gacccgatte ttacgettat ggagegtttt 60
aaagaagacc ctcgcagega caaagtgaat ttaagtateg gtctgtacta caacgaagac 120
ggaattattc cacaactgca agccegtggeyg gaggcggaag cgcgectgaa tgegeagect 180
catggegett cgetttattt accgatggaa gggcttaact getategeca tgccattgeg 240
cegetgetgt ttggtgegga ccatceggta ctgaaacaac agegegtage aaccattcaa 300
acccttggeg geteegggge attgaaagtyg ggegeggatt tectgaaacg ctactteceg 360
gaatcaggcg tctgggtcag cgatcctacce tgggaaaacc acgtagcaat attegeeggg 420
getggatteg aagtgagtac ttaccectgg tatgacgaag cgactaacgyg cgtgegettt 480
aatgacctgt tggcgacgcet gaaaacatta cctgeccgea gtattgtgtt getgecatcca 540
tgttgccaca acccaacggg tgccgatcte actaatgatce agtgggatge ggtgattgaa 600
attctcaaag cccgegaget tattccatte ctegatattg cctatcaagg atttggtgece 660
ggtatggaag aggatgccta cgctattege gccattgeca gegetggatt accegetcetg 720
gtgagcaatt cgttctcgaa aattttctee ctttacggeg agegegtegyg cggactttet 780
gttatgtgtyg aagatgccga agccgetgge cgcegtactgg ggcaattgaa agcaacagtt 840
cgecegcaact actccagece gecgaatttt ggtgegeagg tggtggetge agtgetgaat 900
gacgaggcat tgaaagccag ctggctggeyg gaagtagaag agatgegtac tcgeattetg 960

gcaatgcgtce aggaattggt gaaggtatta agcacagaga tgccagaacg caatttcgat 1020

tatctgctta atcagcgcegg catgttcagt tataccggtt taagtgccge tcaggttgac 1080
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cgactacgtg aagaatttgg tgtctatctc atcgccageg gtcgcatgtg tgtcgecggg 1140
ttaaatacgg caaatgtaca acgtgtggca aaggcgtttg ctgcggtgat gtaa 1194
<210> SEQ ID NO 62

<211> LENGTH: 397

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 62

Val Phe Gln Lys Val Asp Ala Tyr Ala Gly Asp Pro Ile Leu Thr Leu
1 5 10 15

Met Glu Arg Phe Lys Glu Asp Pro Arg Ser Asp Lys Val Asn Leu Ser
20 25 30

Ile Gly Leu Tyr Tyr Asn Glu Asp Gly Ile Ile Pro Gln Leu Gln Ala
35 40 45

Val Ala Glu Ala Glu Ala Arg Leu Asn Ala Gln Pro His Gly Ala Ser
Leu Tyr Leu Pro Met Glu Gly Leu Asn Cys Tyr Arg His Ala Ile Ala
65 70 75 80

Pro Leu Leu Phe Gly Ala Asp His Pro Val Leu Lys Gln Gln Arg Val
85 90 95

Ala Thr Ile Gln Thr Leu Gly Gly Ser Gly Ala Leu Lys Val Gly Ala
100 105 110

Asp Phe Leu Lys Arg Tyr Phe Pro Glu Ser Gly Val Trp Val Ser Asp
115 120 125

Pro Thr Trp Glu Asn His Val Ala Ile Phe Ala Gly Ala Gly Phe Glu
130 135 140

Val Ser Thr Tyr Pro Trp Tyr Asp Glu Ala Thr Asn Gly Val Arg Phe
145 150 155 160

Asn Asp Leu Leu Ala Thr Leu Lys Thr Leu Pro Ala Arg Ser Ile Val
165 170 175

Leu Leu His Pro Cys Cys His Asn Pro Thr Gly Ala Asp Leu Thr Asn
180 185 190

Asp Gln Trp Asp Ala Val Ile Glu Ile Leu Lys Ala Arg Glu Leu Ile
195 200 205

Pro Phe Leu Asp Ile Ala Tyr Gln Gly Phe Gly Ala Gly Met Glu Glu
210 215 220

Asp Ala Tyr Ala Ile Arg Ala Ile Ala Ser Ala Gly Leu Pro Ala Leu
225 230 235 240

Val Ser Asn Ser Phe Ser Lys Ile Phe Ser Leu Tyr Gly Glu Arg Val
245 250 255

Gly Gly Leu Ser Val Met Cys Glu Asp Ala Glu Ala Ala Gly Arg Val
260 265 270

Leu Gly Gln Leu Lys Ala Thr Val Arg Arg Asn Tyr Ser Ser Pro Pro
275 280 285

Asn Phe Gly Ala Gln Val Val Ala Ala Val Leu Asn Asp Glu Ala Leu
290 295 300

Lys Ala Ser Trp Leu Ala Glu Val Glu Glu Met Arg Thr Arg Ile Leu
305 310 315 320

Ala Met Arg Gln Glu Leu Val Lys Val Leu Ser Thr Glu Met Pro Glu
325 330 335

Arg Asn Phe Asp Tyr Leu Leu Asn Gln Arg Gly Met Phe Ser Tyr Thr
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340

Gly Leu Ser Ala Ala Gln Val
355

Tyr Leu Ile Ala Ser Gly Arg
370 375

Asn Val Gln Arg Val Ala Lys
385 390

<210> SEQ ID NO 63

<211> LENGTH: 1191

<212> TYPE: DNA

<213> ORGANISM: Escherichia

<400> SEQUENCE: 63

345 350

Asp Arg Leu Arg Glu Glu Phe Gly Val
360 365

Met Cys Val Ala Gly Leu Asn Thr Ala
380

Ala Phe Ala Ala Val Met
395

coli

atgtttgaga acattaccge cgctectgee gaccegatte tgggectgge cgatctgttt

cgtgecgatyg aacgtcccgg caaaattaac ctegggattg gtgtctataa agatgagacg

ggcaaaacce cggtactgac cagcgtgaaa aaggctgaac agtatctget cgaaaatgaa

accaccaaaa attacctegg cattgacgge atccctgaat ttggtegetg cactcaggaa

ctgctgtttyg gtaaaggtag cgccctgate aatgacaaac gtgetegecac ggcacagact

ceggggggea ctggegeact acgegtgget gecgatttece tggcaaaaaa taccagegtt

aagcegtgtgt gggtgagcaa cccaagetgg ccgaaccata agagegtett taactctgea

ggtctggaag ttcgtgaata cgcttattat gatgcggaaa atcacactcet tgacttegat

gcactgatta acagcctgaa tgaagctcag gctggcegacg tagtgetgtt ccatggetge

tgccataacce caaccggtat cgaccctacg ctggaacaat ggcaaacact ggcacaacte

tcegttgaga aaggctggtt accgetgttt gacttegett accagggttt tgccegtggt

ctggaagaag atgctgaagg actgegeget ttegeggeta tgcataaaga getgattgtt

gccagttect actctaaaaa ctttggectyg tacaacgage gtgttggege ttgtactetg

gttgctgeeyg acagtgaaac cgttgatcge gcattcagee aaatgaaagce ggegattege

gctaactact ctaacccacc agcacacggce gcttetgttg ttgccaccat cctgagecaac

gatgcgttac gtgcgatttg ggaacaagag ctgactgata tgcgccageg tattcagegt

atgcegtcagt tgttegtcaa tacgctgecag gaaaaaggeg caaaccgega cttcagettt

atcatcaaac agaacggcat gttctectte agtggectga caaaagaaca agtgcetgegt

ctgcegegaag agtttggegt atatgeggtt gettetggte gegtaaatgt ggecgggatg

acaccagata acatggctce getgtgegaa gegattgtgg cagtgetgta a

<210> SEQ ID NO 64

<211> LENGTH: 396

<212> TYPE: PRT

<213> ORGANISM: Escherichia

<400> SEQUENCE: 64

Met Phe Glu Asn Ile Thr Ala
1 5

Ala Asp Leu Phe Arg Ala Asp
20

Ile Gly Val Tyr Lys Asp Glu
35

coli

Ala Pro Ala Asp Pro Ile Leu Gly Leu
10 15

Glu Arg Pro Gly Lys Ile Asn Leu Gly
25 30

Thr Gly Lys Thr Pro Val Leu Thr Ser
40 45

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1191
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Val Lys Lys Ala Glu Gln Tyr Leu Leu Glu Asn Glu Thr Thr Lys Asn
50 55 60

Tyr Leu Gly Ile Asp Gly Ile Pro Glu Phe Gly Arg Cys Thr Gln Glu
65 70 75 80

Leu Leu Phe Gly Lys Gly Ser Ala Leu Ile Asn Asp Lys Arg Ala Arg
85 90 95

Thr Ala Gln Thr Pro Gly Gly Thr Gly Ala Leu Arg Val Ala Ala Asp
100 105 110

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

Ser Trp Pro Asn His Lys Ser Val Phe Asn Ser Ala Gly Leu Glu Val
130 135 140

Arg Glu Tyr Ala Tyr Tyr Asp Ala Glu Asn His Thr Leu Asp Phe Asp
145 150 155 160

Ala Leu Ile Asn Ser Leu Asn Glu Ala Gln Ala Gly Asp Val Val Leu
165 170 175

Phe His Gly Cys Cys His Asn Pro Thr Gly Ile Asp Pro Thr Leu Glu
180 185 190

Gln Trp Gln Thr Leu Ala Gln Leu Ser Val Glu Lys Gly Trp Leu Pro
195 200 205

Leu Phe Asp Phe Ala Tyr Gln Gly Phe Ala Arg Gly Leu Glu Glu Asp
210 215 220

Ala Glu Gly Leu Arg Ala Phe Ala Ala Met His Lys Glu Leu Ile Val
225 230 235 240

Ala Ser Ser Tyr Ser Lys Asn Phe Gly Leu Tyr Asn Glu Arg Val Gly
245 250 255

Ala Cys Thr Leu Val Ala Ala Asp Ser Glu Thr Val Asp Arg Ala Phe
260 265 270

Ser Gln Met Lys Ala Ala Ile Arg Ala Asn Tyr Ser Asn Pro Pro Ala
275 280 285

His Gly Ala Ser Val Val Ala Thr Ile Leu Ser Asn Asp Ala Leu Arg
290 295 300

Ala Ile Trp Glu Gln Glu Leu Thr Asp Met Arg Gln Arg Ile Gln Arg
305 310 315 320

Met Arg Gln Leu Phe Val Asn Thr Leu Gln Glu Lys Gly Ala Asn Arg
325 330 335

Asp Phe Ser Phe Ile Ile Lys Gln Asn Gly Met Phe Ser Phe Ser Gly
340 345 350

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

Ala Val Ala Ser Gly Arg Val Asn Val Ala Gly Met Thr Pro Asp Asn
370 375 380

Met Ala Pro Leu Cys Glu Ala Ile Val Ala Val Leu

385 390 395

<210> SEQ ID NO 65

<211> LENGTH: 1176

<212> TYPE: DNA

<213> ORGANISM: Lactococcus lactis

<400> SEQUENCE: 65

atggatttat taaaaaaatt taaccctaat ttagataaaa ttgaaatttc attgattcgt 60
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cagtttgacc aacaggtttc atctattcct gatgttatta agttgacttt gggagaacct 120
gatttttata cgcctgagca tgttaaacaa gcagggattg tggcgattga aaataatcaa 180
agtcattata ctggaatggc tggtttacta gaactacgtce aggcagctag tgaatttatg 240
aataaaaaat atggtttatc ttatgcagca gaagatgaaa ttttagttac tgttggagta 300
acggaagcca tttctagtgt tttgttatca attttggttg ctggtgatga agttttgatt 360
ccegegectyg catatectgg ttatgageca ttaattacge ttgetggegyg ttetttggtt 420
gaaattgata caagagctaa tgattttgtt cttacgectg agatgcttga acaagcgatt 480
gtegagegty agggaaaagt taaggcecgtt attttgaatt atccagcaaa tcectacaggg 540
gtaacttata atcgggggca aattaaggct ttagctgaag ttttgaaaaa gcatgaagta 600
tttgtgattyg ctgatgaagt ttattctgaa ctaaattata ctgaccaacc gcatgtgtca 660
attgctgaat atgcacctga gcaaacaatc gttcttaatg gtttatcaaa atcgcatgeg 720
atgactggtt ggcggattgg attaatcttt gecagegegtyg aattagtgge acagattatt 780
aagactcacc aatatttggt gacttcgget tcaactcagt cacagtttge agcgattgaa 840
gctttgaaaa atggtgctta tgatgetett ccgatgaaaa aagaatatct taaacgtegt 900
gattatatta ttgaaaagat gtcagacctt ggtttcaaaa ttattgaacc agatggaget 960

ttctacattt ttgcaaaaat tccagctgat ttagaacaag attcattcaa atttgctgtg 1020
gattttgcaa aagaaaatgc agttgccatt attcctggta tcegettttgg tcagtacggt 1080
gaaggatttg tccgcttatce ttatgcggcet tcaatggata tgattgagca agcaatggca 1140
agattgacgg attatgtgac taaaaaacgt ggctga 1176
<210> SEQ ID NO 66

<211> LENGTH: 391

<212> TYPE: PRT

<213> ORGANISM: Lactococcus lactis

<400> SEQUENCE: 66

Met Asp Leu Leu Lys Lys Phe Asn Pro Asn Leu Asp Lys Ile Glu Ile
1 5 10 15

Ser Leu Ile Arg Gln Phe Asp Gln Gln Val Ser Ser Ile Pro Asp Val
20 25 30

Ile Lys Leu Thr Leu Gly Glu Pro Asp Phe Tyr Thr Pro Glu His Val
35 40 45

Lys Gln Ala Gly Ile Val Ala Ile Glu Asn Asn Gln Ser His Tyr Thr
50 55 60

Gly Met Ala Gly Leu Leu Glu Leu Arg Gln Ala Ala Ser Glu Phe Met
65 70 75 80

Asn Lys Lys Tyr Gly Leu Ser Tyr Ala Ala Glu Asp Glu Ile Leu Val
85 90 95

Thr Val Gly Val Thr Glu Ala Ile Ser Ser Val Leu Leu Ser Ile Leu
100 105 110

Val Ala Gly Asp Glu Val Leu Ile Pro Ala Pro Ala Tyr Pro Gly Tyr
115 120 125

Glu Pro Leu Ile Thr Leu Ala Gly Gly Ser Leu Val Glu Ile Asp Thr
130 135 140

Arg Ala Asn Asp Phe Val Leu Thr Pro Glu Met Leu Glu Gln Ala Ile
145 150 155 160
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Val Glu Arg Glu Gly Lys Val Lys Ala Val Ile Leu Asn Tyr Pro Ala
165 170 175

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

Glu Val Leu Lys Lys His Glu Val Phe Val Ile Ala Asp Glu Val Tyr
195 200 205

Ser Glu Leu Asn Tyr Thr Asp Gln Pro His Val Ser Ile Ala Glu Tyr
210 215 220

Ala Pro Glu Gln Thr Ile Val Leu Asn Gly Leu Ser Lys Ser His Ala
225 230 235 240

Met Thr Gly Trp Arg Ile Gly Leu Ile Phe Ala Ala Arg Glu Leu Val
245 250 255

Ala Gln Ile Ile Lys Thr His Gln Tyr Leu Val Thr Ser Ala Ser Thr
260 265 270

Gln Ser Gln Phe Ala Ala Ile Glu Ala Leu Lys Asn Gly Ala Tyr Asp
275 280 285

Ala Leu Pro Met Lys Lys Glu Tyr Leu Lys Arg Arg Asp Tyr Ile Ile
290 295 300

Glu Lys Met Ser Asp Leu Gly Phe Lys Ile Ile Glu Pro Asp Gly Ala
305 310 315 320

Phe Tyr Ile Phe Ala Lys Ile Pro Ala Asp Leu Glu Gln Asp Ser Phe
325 330 335

Lys Phe Ala Val Asp Phe Ala Lys Glu Asn Ala Val Ala Ile Ile Pro
340 345 350

Gly Ile Ala Phe Gly Gln Tyr Gly Glu Gly Phe Val Arg Leu Ser Tyr
355 360 365

Ala Ala Ser Met Asp Met Ile Glu Gln Ala Met Ala Arg Leu Thr Asp
370 375 380

Tyr Val Thr Lys Lys Arg Gly
385 390

<210> SEQ ID NO 67

<211> LENGTH: 1023

<212> TYPE: DNA

<213> ORGANISM: Lactococcus lactis

<400> SEQUENCE: 67

atggcaatta atttagactg ggaaaattta ggattcaget atcggaactt accttttegt 60
tatatcgcte gttttaaaga tggaaaatgg agtgctggag aactaacagyg agataatcaa 120
cttcatatta gtgaatcatc acctgctttg cattatggte aacaaggttt tgaaggatta 180
aaagcctate gaacaaagga tggttcaatc caacttttec gtectgacca aaatgetget 240
cgtttgcaaa atacggcgceg tcgactttge atggcagaag ttccaactga aatgtttatt 300
gatgcagtta aacaagtggt gaaagcaaac gaagattttg tgcctectta cggaacgggt 360
gcaacgctet atctececgtece acttttgatt ggggttggtyg acgttattgg ggtgaaacct 420
gctgatgaat atattttcac cgtttttget atgccggttg gttecttattt taaaggcgga 480
ttggctectt caaaatttgt aatttcaaga gattatgata gggcagctcce acttggtaca 540
ggtggtgcca aagttggagg aaattatgca gettctttac aagcagaagt tggtgccaaa 600
gcttcagget atgcagatge aatttatctt gacccaagca cacatactaa aattgaagaa 660

gtcggggeag caaatttctt tggaattaca gccgataatg aatttatcac accattgagt 720
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ccatcaatct taccttcaat tactaaatat tctcecttettt atttagctga acatcgtttg 780
ggactcaaag cgattgaggg tgaagtttat gccaaagatt taggtaaatt tgttgaagca 840
ggagcettgtyg gcacagcgge aattatctcet ccaattggte gtattgacga tggagaagat 900
tcttacattt tccattcaga aacagaagta ggaccaacgg ttaaacgttt atatgatgag 960

ttggttggca ttcagtttgg tgatgttgaa gcaccagaag gctggatagt taaagttgat 1020
taa 1023
<210> SEQ ID NO 68

<211> LENGTH: 340

<212> TYPE: PRT

<213> ORGANISM: Lactococcus lactis

<400> SEQUENCE: 68

Met Ala Ile Asn Leu Asp Trp Glu Asn Leu Gly Phe Ser Tyr Arg Asn
1 5 10 15

Leu Pro Phe Arg Tyr Ile Ala Arg Phe Lys Asp Gly Lys Trp Ser Ala
20 25 30

Gly Glu Leu Thr Gly Asp Asn Gln Leu His Ile Ser Glu Ser Ser Pro
35 40 45

Ala Leu His Tyr Gly Gln Gln Gly Phe Glu Gly Leu Lys Ala Tyr Arg
50 55 60

Thr Lys Asp Gly Ser Ile Gln Leu Phe Arg Pro Asp Gln Asn Ala Ala
65 70 75 80

Arg Leu Gln Asn Thr Ala Arg Arg Leu Cys Met Ala Glu Val Pro Thr
85 90 95

Glu Met Phe Ile Asp Ala Val Lys Gln Val Val Lys Ala Asn Glu Asp
100 105 110

Phe Val Pro Pro Tyr Gly Thr Gly Ala Thr Leu Tyr Leu Arg Pro Leu
115 120 125

Leu Ile Gly Val Gly Asp Val Ile Gly Val Lys Pro Ala Asp Glu Tyr
130 135 140

Ile Phe Thr Val Phe Ala Met Pro Val Gly Ser Tyr Phe Lys Gly Gly
145 150 155 160

Leu Ala Pro Ser Lys Phe Val Ile Ser Arg Asp Tyr Asp Arg Ala Ala
165 170 175

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

Leu Gln Ala Glu Val Gly Ala Lys Ala Ser Gly Tyr Ala Asp Ala Ile
195 200 205

Tyr Leu Asp Pro Ser Thr His Thr Lys Ile Glu Glu Val Gly Ala Ala
210 215 220

Asn Phe Phe Gly Ile Thr Ala Asp Asn Glu Phe Ile Thr Pro Leu Ser
225 230 235 240

Pro Ser Ile Leu Pro Ser Ile Thr Lys Tyr Ser Leu Leu Tyr Leu Ala
245 250 255

Glu His Arg Leu Gly Leu Lys Ala Ile Glu Gly Glu Val Tyr Ala Lys
260 265 270

Asp Leu Gly Lys Phe Val Glu Ala Gly Ala Cys Gly Thr Ala Ala Ile
275 280 285

Ile Ser Pro Ile Gly Arg Ile Asp Asp Gly Glu Asp Ser Tyr Ile Phe
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290 295 300

His Ser Glu Thr Glu Val Gly Pro Thr Val Lys Arg Leu Tyr Asp Glu
305 310 315 320

Leu Val Gly Ile Gln Phe Gly Asp Val Glu Ala Pro Glu Gly Trp Ile
325 330 335

Val Lys Val Asp
340

<210> SEQ ID NO 69

<211> LENGTH: 1503

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae

<400> SEQUENCE: 69

atgactttac ctgaatcaaa agacttttct tacttgtttt cggatgaaac caatgctegt
aaaccatcce cattgaaaac ctgcatccat cttttccaag atcctaacat tatctttttg
ggtggtggee tgccattaaa agattattte ccatgggata atctatctgt agattcaccc
aagcctectt ttecccaggg tattggaget ccaattgacg agcagaattyg cataaaatac
accgtcaaca aagattacge tgataaaagt gccaatcctt ccaacgatat tcctttgtca
agagctttge aatacgggtt cagtgetggt caacctgaac tattaaactt cattagagat
cataccaaga ttatccacga tttgaagtat aaggactggg acgttttage cactgcaggt
aacacaaatyg cctgggaatc tactttaaga gtettttgta accgaggtga tgtcatctta
gttgaggcac attcttttte ctcttcattg gettetgcag aggctcaagyg tgtcattacce
ttcccegtge caattgacge tgatggtate attcctgaaa aattagctaa agtcatggaa
aactggacac ctggtgctece taaaccaaag ttgttataca ctattccaac gggccaaaat
ccaactggta cttccattge agaccataga aaggaggcaa tttacaagat cgctcaaaag
tacgacttce taattgtgga agatgaacct tattatttet tacaaatgaa tccctacatce
aaagacttga aggaaagaga gaaggcacaa agttctccaa agcaggacca tgacgaattt
ttgaagtcct tggcaaacac tttectttee ttggatacag aaggcegtgt tattagaatg
gattcctttt caaaagtttt ggccccaggyg acaagattgg gttggattac tggttcatec
aaaatcttga agccttactt gagtttgeat gaaatgacga ttcaagccce agcaggtttt
acacaagttt tggtcaacge tacgctatce aggtggggte aaaagggtta cttggactgg
ttgcttggee tgcgtcatga atacactttg aaacgtgact gtgecatega tgccctttac
aagtatctac cacaatctga tgctttegtg atcaatecte caattgcagg tatgttttte
accgtgaaca ttgacgcate tgtccaccct gagtttaaaa caaaatacaa ctcagaccct
taccagctag aacagagtct ttaccacaaa gtggttgaac gtggtgtttt agtggttccce
ggttcttggt tcaagagtga gggtgagacyg gaacctccte aacccgetga atctaaagaa
gtcagtaatc caaacataat tttcttcaga ggtacctatg cagctgtcete tectgagaaa
ctgactgaag gtctgaagag attaggtgat actttatacg aagaatttgg tatttccaaa
tag

<210> SEQ ID NO 70

<211> LENGTH: 500

<212> TYPE: PRT
<213> ORGANISM: Saccharomyces cerevisiae

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

1503
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<400> SEQUENCE: 70

Met Thr Leu Pro Glu Ser Lys Asp Phe Ser Tyr Leu Phe Ser Asp Glu
1 5 10 15

Thr Asn Ala Arg Lys Pro Ser Pro Leu Lys Thr Cys Ile His Leu Phe
20 25 30

Gln Asp Pro Asn Ile Ile Phe Leu Gly Gly Gly Leu Pro Leu Lys Asp
35 40 45

Tyr Phe Pro Trp Asp Asn Leu Ser Val Asp Ser Pro Lys Pro Pro Phe
50 55 60

Pro Gln Gly Ile Gly Ala Pro Ile Asp Glu Gln Asn Cys Ile Lys Tyr
65 70 75 80

Thr Val Asn Lys Asp Tyr Ala Asp Lys Ser Ala Asn Pro Ser Asn Asp
85 90 95

Ile Pro Leu Ser Arg Ala Leu Gln Tyr Gly Phe Ser Ala Gly Gln Pro
100 105 110

Glu Leu Leu Asn Phe Ile Arg Asp His Thr Lys Ile Ile His Asp Leu
115 120 125

Lys Tyr Lys Asp Trp Asp Val Leu Ala Thr Ala Gly Asn Thr Asn Ala
130 135 140

Trp Glu Ser Thr Leu Arg Val Phe Cys Asn Arg Gly Asp Val Ile Leu
145 150 155 160

Val Glu Ala His Ser Phe Ser Ser Ser Leu Ala Ser Ala Glu Ala Gln
165 170 175

Gly Val Ile Thr Phe Pro Val Pro Ile Asp Ala Asp Gly Ile Ile Pro
180 185 190

Glu Lys Leu Ala Lys Val Met Glu Asn Trp Thr Pro Gly Ala Pro Lys
195 200 205

Pro Lys Leu Leu Tyr Thr Ile Pro Thr Gly Gln Asn Pro Thr Gly Thr
210 215 220

Ser Ile Ala Asp His Arg Lys Glu Ala Ile Tyr Lys Ile Ala Gln Lys
225 230 235 240

Tyr Asp Phe Leu Ile Val Glu Asp Glu Pro Tyr Tyr Phe Leu Gln Met
245 250 255

Asn Pro Tyr Ile Lys Asp Leu Lys Glu Arg Glu Lys Ala Gln Ser Ser
260 265 270

Pro Lys Gln Asp His Asp Glu Phe Leu Lys Ser Leu Ala Asn Thr Phe
275 280 285

Leu Ser Leu Asp Thr Glu Gly Arg Val Ile Arg Met Asp Ser Phe Ser
290 295 300

Lys Val Leu Ala Pro Gly Thr Arg Leu Gly Trp Ile Thr Gly Ser Ser
305 310 315 320

Lys Ile Leu Lys Pro Tyr Leu Ser Leu His Glu Met Thr Ile Gln Ala
325 330 335

Pro Ala Gly Phe Thr Gln Val Leu Val Asn Ala Thr Leu Ser Arg Trp
340 345 350

Gly Gln Lys Gly Tyr Leu Asp Trp Leu Leu Gly Leu Arg His Glu Tyr
355 360 365

Thr Leu Lys Arg Asp Cys Ala Ile Asp Ala Leu Tyr Lys Tyr Leu Pro
370 375 380

Gln Ser Asp Ala Phe Val Ile Asn Pro Pro Ile Ala Gly Met Phe Phe
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385 390 395 400

Thr Val Asn Ile Asp Ala Ser Val His Pro Glu Phe Lys Thr Lys Tyr
405 410 415

Asn Ser Asp Pro Tyr Gln Leu Glu Gln Ser Leu Tyr His Lys Val Val
420 425 430

Glu Arg Gly Val Leu Val Val Pro Gly Ser Trp Phe Lys Ser Glu Gly
435 440 445

Glu Thr Glu Pro Pro Gln Pro Ala Glu Ser Lys Glu Val Ser Asn Pro
450 455 460

Asn Ile Ile Phe Phe Arg Gly Thr Tyr Ala Ala Val Ser Pro Glu Lys
465 470 475 480

Leu Thr Glu Gly Leu Lys Arg Leu Gly Asp Thr Leu Tyr Glu Glu Phe
485 490 495

Gly Ile Ser Lys
500

<210> SEQ ID NO 71

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 71

cacgaggtac atatgtctga aattgttgtc tcce 33

<210> SEQ ID NO 72

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 72

cttccagggg atccagtatt tactcaaac 29

<210> SEQ ID NO 73

<211> LENGTH: 1350

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 73

atgtctgaaa ttgttgtcte caaatttgge ggtaccageg tagetgattt tgacgccatg 60
aaccgcageg ctgatattgt getttetgat gecaacgtge gtttagttgt cctcetegget 120
tctgetggta tcactaatct getggteget ttagetgaag gactggaace tggcgagega 180
ttcgaaaaac tcgacgctat ccgcaacate cagtttgeca ttetggaacg tcetgegttac 240
ccgaacgtta tccgtgaaga gattgaacgt ctgctggaga acattactgt tctggcagaa 300
geggeggege tggcaacgte tecggegetyg acagatgage tggtcageca cggegagetg 360
atgtcgacce tgctgtttgt tgagatcetyg cgegaacgeg atgttcagge acagtggttt 420
gatgtacgta aagtgatgcg taccaacgac cgatttggte gtgcagagec agatatagec 480
gegetggegyg aactggecge getgcagetyg cteccacgte tcaatgaagg cttagtgatce 540

acccagggat ttatcggtag cgaaaataaa ggtcgtacaa cgacgettgg ccgtggagge 600
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agcgattata cggcagcctt gectggcggag gctttacacg catctegtgt tgatatctgg 660
accgacgtcc cgggcatcta caccaccgat ccacgcgtag tttccgcagce aaaacgcatt 720
gatgaaatcg cgtttgccga agcggcagag atggcaactt ttggtgcaaa agtactgcat 780
ccggcaacgt tgctacccge agtacgcage gatatccegg tetttgtcegg ctcocagcaaa 840
gacccacgceg caggtggtac gctggtgtgce aataaaactg aaaatccgec gctgtteege 900
gctectggege ttegtcegeaa tcagactcectg ctcactttge acagectgaa tatgctgceat 960

tctegeggtt tectegcgga agttttegge atcectcecgege ggcataatat ttecggtagac 1020
ttaatcacca cgtcagaagt gagcgtggca ttaacccttg ataccaccgg ttcaacctcce 1080
actggcgata cgttgctgac gcaatctctg ctgatggagce tttccgcact gtgtcecgggtg 1140
gaggtggaag aaggtctggc gctggtcegeg ttgattggca atgacctgtc aaaagcctge 1200
ggcgttggca aagaggtatt cggcgtactg gaaccgttca acattcgcat gatttgttat 1260
ggcgcatcca gccataacct gtgcecttectg gtgcceggeg aagatgccga gcaggtggtyg 1320

caaaaactgc atagtaattt gtttgagtaa 1350

<210> SEQ ID NO 74

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 74

gegtttgecyg aagcggcaaa gatggccact tttg 34

<210> SEQ ID NO 75

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 75

caaaagtggce catctttgece getteggeaa acgce 34

<210> SEQ ID NO 76

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 76

tataatgcta gcatgaaaaa tgttggtttt atcgg 35

<210> SEQ ID NO 77

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 77

tataatggat ccttacgcca gttgacgaag ¢ 31
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<210> SEQ ID NO 78

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 78

tataatcata tgagcactaa agttgttaat g 31

<210> SEQ ID NO 79

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 79

tataatggat ccctaaagtc tttgagcaat ¢ 31

<210> SEQ ID NO 80

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 80

tataaggatc cgtttaactt taagaaggag atataccatg gg 42

<210> SEQ ID NO 81

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 81

tataagaatt cttacgccag ttgacgaag 29

<210> SEQ ID NO 82

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 82

tataagcgge cgcegtttaac tttaagaagg agatat 36

<210> SEQ ID NO 83

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 83

tataaactcg agcctaaagt ctttgagcaa t 31
<210> SEQ ID NO 84

<211> LENGTH: 29

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 84

tataaagatc ttagaaataa ttttgttta

<210> SEQ ID NO 85
<211> LENGTH: 29

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 85

tataatctag actaaagtct ttgagcaat

<210> SEQ ID NO 86
<211> LENGTH: 28

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 86

tataatcata tgcgagtgtt gaagtteg

<210> SEQ ID NO 87
<211> LENGTH: 30

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 87

tataatggat cctcagacte ctaacttcca

<210> SEQ ID NO 88
<211> LENGTH: 2463

<212> TYPE:

DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 88

atgcgagtgt
gecgatatte
gccaaaatca

ttacccaata

geccagecgg

ataaaacatg

gegetgattt

cgeggtceaca

ctcgaatcta

gctgatcaca

gtgcttggac

gattgttgeg

ccegatgega

tgaagttcgg

tggaaagcaa

ccaaccacct

tcagcgatge

ggttceceget

tcctgeatgyg

geegtggega

acgttactgt

ccgtegatat

tggtgctgat

gcaacggtte

agatttggac

ggttgttgaa

cggtacatca
tgccaggcag
ggtggcgatg
cgaacgtatt

ggcgcaattyg

cattagtttg

gaaaatgtcg

tatcgatceg

tgctgagtee

ggcaggttte

cgactactct

ggacgttgac

gtcgatgtee

gtggcaaatg

gggcaggtgg

attgaaaaaa

tttgccgaac

aaaacttteg

ttggggcagt

atcgccatta

gtcgaaaaac

acccgecgta

accgceggta

getgeggtge

ggggtctata

taccaggaag

cagaacgttt

ccaccgtect

ccattagegyg

ttttgacggy

tcgatcagga

geceggatag

tggCngCgt

tgctggcagt

ttgcggcaag

atgaaaaagg

tggctgecty

cctgegaccee

cgatggaget

tctgegtgtt

ctectgeceee

ccaggatget

actecgecgec

atttgcccaa

catcaacgcet

attagaagcg

ggggcattac

ccgeattecey

cgaactggty

tttacgcgee

gegtecaggtg

ttcctactte

29

29

28

30

60

120

180

240

300

360

420

480

540

600

660

720

780
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ggcgctaaag ttcttcacce cecgcaccatt acccccatcg cccagtteca gatcccttge 840
ctgattaaaa ataccggaaa tcctcaagca ccaggtacge tcattggtgce cageccgtgat 900
gaagacgaat taccggtcaa gggcatttcc aatctgaata acatggcaat gttcagegtt 960

tctggtecgg ggatgaaagg gatggtcgge atggcggcege gegtcectttge agcgatgtca 1020
cgcgeccegta tttcecegtggt getgattacg caatcatcett ccgaatacag catcagttte 1080
tgcgttecac aaagcgactg tgtgcgagct gaacgggcaa tgcaggaaga gttctacctg 1140
gaactgaaag aaggcttact ggagccgctg gcagtgacgg aacggctggce cattatctceg 1200
gtggtaggtyg atggtatgcg caccttgegt gggatctcgg cgaaattcectt tgccgcactg 1260
gccegegeca atatcaacat tgtcgccatt gectcagggat cttcectgaacg ctcaatctcet 1320
gtcgtggtaa ataacgatga tgcgaccact ggcgtgcgeg ttactcatca gatgectgtte 1380
aataccgatc aggttatcga agtgtttgtg attggcgteg gtggcgttgg cggtgcgetg 1440
ctggagcaac tgaagcgtca gcaaagctgg ctgaagaata aacatatcga cttacgtgtce 1500
tgcggtgttg ccaactcgaa ggctctgcte accaatgtac atggccttaa tcectggaaaac 1560
tggcaggaag aactggcgca agccaaagag ccgtttaatc tcgggcgctt aattcgecte 1620
gtgaaagaat atcatctgct gaacccggtc attgttgact gcacttccag ccaggcagtyg 1680
gcggatcaat atgccgactt cctgcgcgaa ggtttceccacg ttgtcacgcecc gaacaaaaag 1740
gccaacacct cgtcgatgga ttactaccat cagttgcgtt atgcggcgga aaaatcgegg 1800
cgtaaattcce tctatgacac caacgttggg gctggattac cggttattga gaacctgcaa 1860
aatctgctca atgcaggtga tgaattgatg aagttctcecg gecattcttte tggttcegett 1920
tcttatatct tcggcaagtt agacgaaggc atgagtttcect ccgaggcgac cacgctggceg 1980
cgggaaatgg gttataccga accggacccg cgagatgatc tttctggtat ggatgtggeg 2040
cgtaaactat tgattctcge tcegtgaaacg ggacgtgaac tggagctggce ggatattgaa 2100
attgaacctg tgctgccege agagtttaac gccgagggtg atgttgceccge ttttatggeg 2160
aatctgtcac aactcgacga tcetcectttgce gcgegegtgg cgaaggccceg tgatgaagga 2220
aaagttttgc gctatgttgg caatattgat gaagatggcg tctgccgcegt gaagattgcece 2280
gaagtggatg gtaatgatcc gctgttcaaa gtgaaaaatg gcgaaaacgc cctggcectte 2340
tatagccact attatcagcc gcectgccegttg gtactgcegeg gatatggtge gggcaatgac 2400
gttacagctg ccggtgtctt tgctgatctg ctacgtacce tcectcatggaa gttaggagtce 2460
tga 2463
<210> SEQ ID NO 89

<211> LENGTH: 820

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 89

Met Arg Val Leu Lys Phe Gly Gly Thr Ser Val Ala Asn Ala Glu Arg
1 5 10 15

Phe Leu Arg Val Ala Asp Ile Leu Glu Ser Asn Ala Arg Gln Gly Gln
20 25 30

Val Ala Thr Val Leu Ser Ala Pro Ala Lys Ile Thr Asn His Leu Val
35 40 45
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Ala Met Ile Glu Lys Thr Ile Ser Gly Gln Asp Ala Leu Pro Asn Ile
50 55 60

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

Ala Gln Pro Gly Phe Pro Leu Ala Gln Leu Lys Thr Phe Val Asp Gln
85 90 95

Glu Phe Ala Gln Ile Lys His Val Leu His Gly Ile Ser Leu Leu Gly
100 105 110

Gln Cys Pro Asp Ser Ile Asn Ala Ala Leu Ile Cys Arg Gly Glu Lys
115 120 125

Met Ser Ile Ala Ile Met Ala Gly Val Leu Glu Ala Arg Gly His Asn
130 135 140

Val Thr Val Ile Asp Pro Val Glu Lys Leu Leu Ala Val Gly His Tyr
145 150 155 160

Leu Glu Ser Thr Val Asp Ile Ala Glu Ser Thr Arg Arg Ile Ala Ala
165 170 175

Ser Arg Ile Pro Ala Asp His Met Val Leu Met Ala Gly Phe Thr Ala
180 185 190

Gly Asn Glu Lys Gly Glu Leu Val Val Leu Gly Arg Asn Gly Ser Asp
195 200 205

Tyr Ser Ala Ala Val Leu Ala Ala Cys Leu Arg Ala Asp Cys Cys Glu
210 215 220

Ile Trp Thr Asp Val Asp Gly Val Tyr Thr Cys Asp Pro Arg Gln Val
225 230 235 240

Pro Asp Ala Arg Leu Leu Lys Ser Met Ser Tyr Gln Glu Ala Met Glu
245 250 255

Leu Ser Tyr Phe Gly Ala Lys Val Leu His Pro Arg Thr Ile Thr Pro
260 265 270

Ile Ala Gln Phe Gln Ile Pro Cys Leu Ile Lys Asn Thr Gly Asn Pro
275 280 285

Gln Ala Pro Gly Thr Leu Ile Gly Ala Ser Arg Asp Glu Asp Glu Leu
290 295 300

Pro Val Lys Gly Ile Ser Asn Leu Asn Asn Met Ala Met Phe Ser Val
305 310 315 320

Ser Gly Pro Gly Met Lys Gly Met Val Gly Met Ala Ala Arg Val Phe
325 330 335

Ala Ala Met Ser Arg Ala Arg Ile Ser Val Val Leu Ile Thr Gln Ser
340 345 350

Ser Ser Glu Tyr Ser Ile Ser Phe Cys Val Pro Gln Ser Asp Cys Val
355 360 365

Arg Ala Glu Arg Ala Met Gln Glu Glu Phe Tyr Leu Glu Leu Lys Glu
370 375 380

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

Val Val Gly Asp Gly Met Arg Thr Leu Arg Gly Ile Ser Ala Lys Phe
405 410 415

Phe Ala Ala Leu Ala Arg Ala Asn Ile Asn Ile Val Ala Ile Ala Gln
420 425 430

Gly Ser Ser Glu Arg Ser Ile Ser Val Val Val Asn Asn Asp Asp Ala
435 440 445

Thr Thr Gly Val Arg Val Thr His Gln Met Leu Phe Asn Thr Asp Gln
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450 455 460

Val Ile Glu Val Phe Val Ile Gly Val Gly Gly Val Gly Gly Ala Leu
465 470 475 480

Leu Glu Gln Leu Lys Arg Gln Gln Ser Trp Leu Lys Asn Lys His Ile
485 490 495

Asp Leu Arg Val Cys Gly Val Ala Asn Ser Lys Ala Leu Leu Thr Asn
500 505 510

Val His Gly Leu Asn Leu Glu Asn Trp Gln Glu Glu Leu Ala Gln Ala
515 520 525

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

His Leu Leu Asn Pro Val Ile Val Asp Cys Thr Ser Ser Gln Ala Val
545 550 555 560

Ala Asp Gln Tyr Ala Asp Phe Leu Arg Glu Gly Phe His Val Val Thr
565 570 575

Pro Asn Lys Lys Ala Asn Thr Ser Ser Met Asp Tyr Tyr His Gln Leu
580 585 590

Arg Tyr Ala Ala Glu Lys Ser Arg Arg Lys Phe Leu Tyr Asp Thr Asn
595 600 605

Val Gly Ala Gly Leu Pro Val Ile Glu Asn Leu Gln Asn Leu Leu Asn
610 615 620

Ala Gly Asp Glu Leu Met Lys Phe Ser Gly Ile Leu Ser Gly Ser Leu
625 630 635 640

Ser Tyr Ile Phe Gly Lys Leu Asp Glu Gly Met Ser Phe Ser Glu Ala
645 650 655

Thr Thr Leu Ala Arg Glu Met Gly Tyr Thr Glu Pro Asp Pro Arg Asp
660 665 670

Asp Leu Ser Gly Met Asp Val Ala Arg Lys Leu Leu Ile Leu Ala Arg
675 680 685

Glu Thr Gly Arg Glu Leu Glu Leu Ala Asp Ile Glu Ile Glu Pro Val
690 695 700

Leu Pro Ala Glu Phe Asn Ala Glu Gly Asp Val Ala Ala Phe Met Ala
705 710 715 720

Asn Leu Ser Gln Leu Asp Asp Leu Phe Ala Ala Arg Val Ala Lys Ala
725 730 735

Arg Asp Glu Gly Lys Val Leu Arg Tyr Val Gly Asn Ile Asp Glu Asp
740 745 750

Gly Val Cys Arg Val Lys Ile Ala Glu Val Asp Gly Asn Asp Pro Leu
755 760 765

Phe Lys Val Lys Asn Gly Glu Asn Ala Leu Ala Phe Tyr Ser His Tyr
770 775 780

Tyr Gln Pro Leu Pro Leu Val Leu Arg Gly Tyr Gly Ala Gly Asn Asp
785 790 795 800

Val Thr Ala Ala Gly Val Phe Ala Asp Leu Leu Arg Thr Leu Ser Trp
805 810 815

Lys Leu Gly Val
820

<210> SEQ ID NO 90

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 90

tgtctegage ccgtatttte gtggtgetg

<210> SEQ ID NO 91
<211> LENGTH: 29

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 91

cagcaccacg aaaatacggg ctcgagaca

<210> SEQ ID NO 92
<211> LENGTH: 2463

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: plasmid

<400> SEQUENCE: 92

atgcgagtgt

gecgatatte

gccaaaatca

ttacccaata

geccagecgg

ataaaacatg

gegetgattt

cgeggtceaca

ctcgaatcta

gctgatcaca

gtgcttggac

gattgttgeg

ccegatgega

ggcgctaaag

ctgattaaaa

gaagacgaat

tctggteegy

cgagcccgta

tgcgttecac

gaactgaaag

gtggtaggtg

gecegegeca

gtcgtggtaa

aataccgatc

tgaagttcgg

tggaaagcaa

ccaaccacct

tcagcgatge

ggttceceget

tcctgeatgyg

geegtggega

acgttactgt

ccgtegatat

tggtgctgat

gcaacggtte

agatttggac

ggttgttgaa

ttcttcacce

ataccggaaa

taccggtcaa

ggatgaaagg

ttttegtggt

aaagcgactg

aaggcttact

atggtatgeg

atatcaacat

ataacgatga

aggttatcga

cggtacatca

tgccaggcag

ggtggcgatg

cgaacgtatt

ggcgcaattyg

cattagtttg

gaaaatgtcg

tatcgatceg

tgctgagtee

ggcaggttte

cgactactct

ggacgttgac

gtcgatgtee

ccgeaccatt

tcctcaagea

gggcatttce

gatggtcggc

getgattacyg

tgtgcgaget

ggagccgctg

caccttgegt

tgtcgecatt

tgcgaccact

agtgtttgtyg

gtggcaaatg

gggcaggtgg

attgaaaaaa

tttgccgaac

aaaacttteg

ttggggcagt

atcgccatta

gtcgaaaaac

acccgecgta

accgceggta

getgeggtge

ggggtctata

taccaggaag

acccccateg

ccaggtacge

aatctgaata

atggcggcgc

caatcatctt

gaacgggcaa

gcagtgacgg

gggatctcgg

gctcagggat

ggegtgcgeg

attggegteg

cagaacgttt

ccaccgtect

ccattagegyg

ttttgacggy

tcgatcagga

geceggatag

tggCngCgt

tgctggcagt

ttgcggcaag

atgaaaaagg

tggctgecty

cctgegaccee

cgatggaget

cccagtteca

tcattggtge

acatggcaat

gegtetttge

ccgaatacag

tgcaggaaga

aacggctgge

cgaaattett

cttectgaacy

ttactcatca

gtggegttgg

tctgegtgtt

ctectgeceee

ccaggatget

actecgecgec

atttgcccaa

catcaacgcet

attagaagcg

ggggcattac

ccgeattecey

cgaactggty

tttacgcgee

gegtecaggtg

ttcctactte

gatccettge

cagccgtgat

gttcagegtt

agcgatgtet

catcagttte

gttctacctyg

cattatcteg

tgcecgeactyg

ctcaatctct

gatgctgtte

cggtgcgctg

29

29

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440
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ctggagcaac tgaagcgtca gcaaagctgg ctgaagaata aacatatcga cttacgtgtce 1500
tgcggtgttg ccaactcgaa ggctctgcte accaatgtac atggccttaa tcectggaaaac 1560
tggcaggaag aactggcgca agccaaagag ccgtttaatc tcgggcgctt aattcgecte 1620
gtgaaagaat atcatctgct gaacccggtc attgttgact gcacttccag ccaggcagtyg 1680
gcggatcaat atgccgactt cctgcgcgaa ggtttceccacg ttgtcacgcecc gaacaaaaag 1740
gccaacacct cgtcgatgga ttactaccat cagttgcgtt atgcggcgga aaaatcgegg 1800
cgtaaattcce tctatgacac caacgttggg gctggattac cggttattga gaacctgcaa 1860
aatctgctca atgcaggtga tgaattgatg aagttctcecg gecattcttte tggttcegett 1920
tcttatatct tcggcaagtt agacgaaggc atgagtttcect ccgaggcgac cacgctggceg 1980
cgggaaatgg gttataccga accggacccg cgagatgatc tttctggtat ggatgtggeg 2040
cgtaaactat tgattctcge tcegtgaaacg ggacgtgaac tggagctggce ggatattgaa 2100
attgaacctg tgctgccege agagtttaac gccgagggtg atgttgceccge ttttatggeg 2160
aatctgtcac aactcgacga tcetcectttgce gcgegegtgg cgaaggccceg tgatgaagga 2220
aaagttttgc gctatgttgg caatattgat gaagatggcg tctgccgcegt gaagattgcece 2280
gaagtggatg gtaatgatcc gctgttcaaa gtgaaaaatg gcgaaaacgc cctggcectte 2340
tatagccact attatcagcc gcectgccegttg gtactgcegeg gatatggtge gggcaatgac 2400
gttacagctg ccggtgtctt tgctgatctg ctacgtacce tcectcatggaa gttaggagtce 2460
tga 2463
<210> SEQ ID NO 93

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 93

tataatgagc tcgtttaact ttaagaagga gatataccat gcgagtgttg aagttcggeg 60
<210> SEQ ID NO 94

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 94

tataatccecg ggtcagacte ctaacttcca 30
<210> SEQ ID NO 95

<211> LENGTH: 62

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 95

tataatcceg gggtttaact ttaagaagga gatataccat gaaaaatgtt ggttttatcg 60

gc 62
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<210> SEQ ID NO 96
<211> LENGTH: 30

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 96

tataatggat ccttacgeca gttgacgaag

<210> SEQ ID NO 97
<211> LENGTH: 1080

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: plasmid

<400> SEQUENCE: 97

atgagcacta
ttggatcaat
getgagegtt
getgcetttag
aagacttcac
ttttacacta
tectetgatt
tatcatgaag
caaaccggtyg
ttcaacgagt
gctaaaaaat
gctagaaagg
ttcectgtec
ttggaaaaat
gaaaataagg
ggaattgaaa
atttccatca

getgeegtta

aagttgttaa

tgttagccat

ctttaatctce

cagcctecac

ctaagccagt

agtttgtcga

tggctacctyg

ctaccgtegyg

acgaagttga

tctecactag

tgggttatac

ttaccattgt

agtctttgat

tatctgatta

tattgagatt

agtacgatta

agactaagcg

ctgeegetygyg

<210> SEQ ID NO 98
<211> LENGTH: 1104

<212> TYPE:

DNA

tgttgcegtt
gaagtctace
caaggacttt
tactaaaacg
cattttggtt
aaatggtatt
gaaggctett
tgctggtttyg
aaaaattgaa
tcaagctaac
tgaaccagat
tggtaggata
tccaaaacca
cgataaagat
cattggtaaa
ctcacaccca
ttacaccaat

tgttttgggt

atcggtgeeg
attacttaca
tctecattaa
ttgectttyg
gataacactt
tccattgeta
ttctcaaata
cctatcatca
ggtatcttet
gacgtcaaat
ccaagagatg
tctggtgtygyg
ttggaatctg
ttgactcaat
gtcgatgttyg
ttcgcatcat
cctgttgtea

gatgttatca

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 98

atgaaaaatg

atggttgaag

ggccaggctg

gaggcgctaa

atctatccaa

ttggttttat

agcgcgactt

cgecegtettt

aggccctega

agcttegtga

ngCtggCgC

cgacgecatt

tggcggaacc

tatcattgtg

aagcggatgg

ggtatggtcg

cgcectgtet

actggcacac

acctgtcagyg

caaggttact

gtgttgttgyg
atctagttct
atgttggtte
atgatttaat
ccagcgetta
ctccaaacaa
agccaactaa
gtttcttaag
ctggtactct
tctetgatgt
atttgaatgg
aagttgaatc
tcaagtctge
tgaagaagga
ccaccaaatce
tgaagggatc
ttcaaggtge

agattgctca

geteegttet

tcttttctac

ttcaggatge

geggegatta

ggattgacgce

ttecagettte

tttggctgaa

tgattggaag

tgctcatttyg

cattgetggt

gaaggccttt

cggttttgte

agaaattatt

atcttatatt

tgtcaaagtt

gttggatgtt

tccaacttce

tgatgaattc

agctgecact

tgtgtctgta

agataacgtt

cggtgccggt

aagactttag

catgcaacgce

ttetcagett

ctttgatctg

taccaacgaa

agcatcgtet

30

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

60

120

180

240

300



US 2020/0131542 Al Apr. 30,2020
59

-continued
ctgcgecatga aagatgacgc catcatcatt cttgaccceeg tcaatcagga cgtcattace 360
gacggattaa ataatggcat caggactttt gttggeggta actgtaccgt aagcctgatg 420
ttgatgtcegt tgggtggttt attcgccaat gatcttgttg attgggtgtce cgttgcaacc 480
taccaggceg ctteeggegg tggtgegega catatgegtyg agttattaac ccagatggge 540
catctgtatg gccatgtgge agatgaactc gegacccegt cctetgetat tctegatate 600
gaacgcaaag tcacaacctt aacccgtage ggtgagetge cggtggataa ctttggegtg 660
cegetggegyg gtagectgat tccgtggatce gacaaacage tcegataacgyg tcagagccge 720
gaagagtgga aagggcaggc ggaaaccaac aagatcctca acacatcttc cgtaattecg 780
gtagatggtt tatgtgtgcg tgtcggggca ttgcgetgece acagccaggce attcactatt 840
aaattgaaaa aagatgtgtc tattccgacc gtggaagaac tgctggctge gcacaatccg 900
tgggcgaaag tcgttccgaa cgatcgggaa atcactatge gtgagctaac cccagetgee 960

gttaccggeca cgctgaccac gccggtagge cgectgegta agectgaatat gggaccagag 1020
ttectgtecag cectttacegt gggcgaccag ctgctgtggg gggccgcgga gecgcetgegt 1080

cggatgcecttc gtcaactggce gtaa 1104

<210> SEQ ID NO 99

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 99

cgtgatgetyg cttactegat cgtegctaaa aaaggtg 37

<210> SEQ ID NO 100

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 100

cacctttttt agcgacgate gagtaagcag catcacg 37
<210> SEQ ID NO 101

<211> LENGTH: 939

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 101

atgaaagtcg cagtcctegg cgetgetgge ggtattggece aggegettge actactgtta 60
aaaacccaac tgccttcagg ttcagaacte tctetgtatg atatcgetce agtgactccce 120
ggtgtggetyg tcgatctgag ccatatccct actgctgtga aaatcaaagyg tttttetggt 180
gaagatgcga ctccggeget ggaaggcegca gatgtegtte ttatctetge aggegtageg 240
gctaaacceyg ggatggatceg ttccgacctyg tttaacgtta acgccggeat cgtgaaaaac 300
ctggtacage aagttgcgaa aacctgeccg aaagegtgea ttggtattat cactaacceg 360
gttaacacca cagttgcaat tgctgctgaa gtgctgaaaa aagccggtgt ttatgacaaa 420

aacaaactgt tcggegttac cacgctggat atcattegtt ccaacacctt tgttgeggaa 480
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ctgaaaggca aacagccagg cgaagttgaa gtgccggtta ttggeggtca ctcetggtgtt 540
accattctge cgctgetgtce acaggttect ggegttagtt ttaccgagca ggaagtgget 600
gatctgacca aacgcatcca gaacgegggt actgaagtgg ttgaagcgaa ggecggtgge 660
gggtctgcaa cecctgtctat gggecaggca getgcacgtt ttggtetgte tetggttegt 720
gcactgcagyg gcgaacaagg cgttgtcgaa tgtgcectacyg ttgaaggcga cggtcagtac 780
geeegtttet tetctcaace getgetgetyg ggtaaaaacyg gegtggaaga gegtaaatcet 840
atcggtacce tgagegcatt tgaacagaac gegetggaag gtatgctgga tacgetgaag 900
aaagatatcg ccctgggcga agagttcegtt aataagtaa 939

<210> SEQ ID NO 102

<211> LENGTH: 317

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 102

Met Asp His Arg Ala Met Lys Val Ala Val Leu Gly Ala Ala Gly Gly
1 5 10 15

Ile Gly Gln Ala Leu Ala Leu Leu Leu Lys Thr Gln Leu Pro Ser Gly
20 25 30

Ser Glu Leu Ser Leu Tyr Asp Ile Ala Pro Val Thr Pro Gly Val Ala
35 40 45

Val Asp Leu Ser His Ile Pro Thr Ala Val Lys Ile Lys Gly Phe Ser
50 55 60

Gly Glu Asp Ala Thr Pro Ala Leu Glu Gly Ala Asp Val Val Leu Ile
65 70 75 80

Ser Ala Gly Val Ala Ala Lys Pro Gly Met Asp Arg Ser Asp Leu Phe
85 90 95

Asn Val Asn Ala Gly Ile Val Lys Asn Leu Val Gln Gln Val Ala Lys
100 105 110

Thr Cys Pro Lys Ala Cys Ile Gly Ile Ile Thr Asn Pro Val Asn Thr
115 120 125

Thr Val Ala Ile Ala Ala Glu Val Leu Lys Lys Ala Gly Val Tyr Asp
130 135 140

Lys Asn Lys Leu Phe Gly Val Thr Thr Leu Asp Ile Ile Arg Ser Asn
145 150 155 160

Thr Phe Val Ala Glu Leu Lys Gly Lys Gln Pro Gly Glu Val Glu Val
165 170 175

Pro Val Ile Gly Gly His Ser Gly Val Thr Ile Leu Pro Leu Leu Ser
180 185 190

Gln Val Pro Gly Val Ser Phe Thr Glu Gln Glu Val Ala Asp Leu Thr
195 200 205

Lys Arg Ile Gln Asn Ala Gly Thr Glu Val Val Glu Ala Lys Ala Gly
210 215 220

Gly Gly Ser Ala Thr Leu Ser Met Gly Gln Ala Ala Ala Arg Phe Gly
225 230 235 240

Leu Ser Leu Val Arg Ala Leu Gln Gly Glu Gln Gly Val Val Glu Cys
245 250 255

Ala Tyr Val Glu Gly Asp Gly Gln Tyr Ala Arg Phe Phe Ser Gln Pro
260 265 270
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Leu Leu Leu Gly Lys Asn Gly Val Glu Glu Arg Lys Ser Ile Gly Thr
275 280 285

Leu Ser Ala Phe Glu Gln Asn Ala Leu Glu Gly Met Leu Asp Thr Leu
290 295 300

Lys Lys Asp Ile Ala Leu Gly Glu Glu Phe Val Asn Lys
305 310 315

<210> SEQ ID NO 103

<211> LENGTH: 939

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 103

atgaaagtcg cagtcctegg cgctgetgge ggtattggece aggegettge actactgtta 60
aaaacccaac tgccttcagg ttcagaactce tcetetgtatg atatcgctece agtgactcce 120
ggtgtggetyg tcegatctgag ccatatccct actgetgtga aaatcaaagg tttttetggt 180
gaagatgcga ctcecggceget ggaaggcgca gatgtegtte ttatctetge aggegtageg 240
gctaaaccgyg gtcaggatcg ttccgacctg tttaacgtta acgccggcat cgtgaaaaac 300
ctggtacage aagttgcgaa aacctgeccg aaagcgtgea ttggtattat cactaacccg 360
gttaacacca cagttgcaat tgctgctgaa gtgctgaaaa aagccggtgt ttatgacaaa 420
aacaaactgt tcggegttac cacgctggat atcattcegtt ccaacacctt tgttgeggaa 480
ctgaaaggca aacagccagg cgaagttgaa gtgccggtta ttggeggtca ctcetggtgtt 540
accattctge cgctgetgtce acaggttect ggegttagtt ttaccgagca ggaagtgget 600
gatctgacca aacgcatcca gaacgegggt actgaagtgg ttgaagcgaa ggecggtgge 660
gggtctgcaa cecctgtctat gggecaggca getgcacgtt ttggtetgte tetggttegt 720
gcactgcagyg gcgaacaagg cgttgtcgaa tgtgcectacyg ttgaaggcga cggtcagtac 780
geeegtttet tetctcaace getgetgetyg ggtaaaaacyg gegtggaaga gegtaaatcet 840
atcggtacce tgagegcatt tgaacagaac gegetggaag gtatgctgga tacgetgaag 900
aaagatatcg ccctgggcga agagttcegtt aataagtaa 939

<210> SEQ ID NO 104

<211> LENGTH: 312

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 104

Met Lys Val Ala Val Leu Gly Ala Ala Gly Gly Ile Gly Gln Ala Leu
1 5 10 15

Ala Leu Leu Leu Lys Thr Gln Leu Pro Ser Gly Ser Glu Leu Ser Leu
20 25 30

Tyr Asp Ile Ala Pro Val Thr Pro Gly Val Ala Val Asp Leu Ser His
35 40 45

Ile Pro Thr Ala Val Lys Ile Lys Gly Phe Ser Gly Glu Asp Ala Thr
50 55 60

Pro Ala Leu Glu Gly Ala Asp Val Val Leu Ile Ser Ala Gly Val Ala
65 70 75 80

Ala Lys Pro Gly Gln Asp Arg Ser Asp Leu Phe Asn Val Asn Ala Gly
85 90 95

Ile Val Lys Asn Leu Val Gln Gln Val Ala Lys Thr Cys Pro Lys Ala
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100 105 110

Cys Ile Gly Ile Ile Thr Asn Pro Val Asn Thr Thr Val Ala Ile Ala
115 120 125

Ala Glu Val Leu Lys Lys Ala Gly Val Tyr Asp Lys Asn Lys Leu Phe
130 135 140

Gly Val Thr Thr Leu Asp Ile Ile Arg Ser Asn Thr Phe Val Ala Glu
145 150 155 160

Leu Lys Gly Lys Gln Pro Gly Glu Val Glu Val Pro Val Ile Gly Gly
165 170 175

His Ser Gly Val Thr Ile Leu Pro Leu Leu Ser Gln Val Pro Gly Val
180 185 190

Ser Phe Thr Glu Gln Glu Val Ala Asp Leu Thr Lys Arg Ile Gln Asn
195 200 205

Ala Gly Thr Glu Val Val Glu Ala Lys Ala Gly Gly Gly Ser Ala Thr
210 215 220

Leu Ser Met Gly Gln Ala Ala Ala Arg Phe Gly Leu Ser Leu Val Arg
225 230 235 240

Ala Leu Gln Gly Glu Gln Gly Val Val Glu Cys Ala Tyr Val Glu Gly
245 250 255

Asp Gly Gln Tyr Ala Arg Phe Phe Ser Gln Pro Leu Leu Leu Gly Lys
260 265 270

Asn Gly Val Glu Glu Arg Lys Ser Ile Gly Thr Leu Ser Ala Phe Glu
275 280 285

Gln Asn Ala Leu Glu Gly Met Leu Asp Thr Leu Lys Lys Asp Ile Ala
290 295 300

Leu Gly Glu Glu Phe Val Asn Lys
305 310

<210> SEQ ID NO 105

<211> LENGTH: 939

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 105

atgaaagtcg cagtcctegg cgetgetgge ggtattggece aggegettge actactgtta 60
aaaacccaac tgccttcagg ttcagaacte tctetgtatg atatcgetce agtgactccce 120
ggtgtggetyg tcgatctgag ccatatccct actgctgtga aaatcaaagyg tttttetggt 180
gaagatgcga ctccggeget ggaaggcegca gatgtegtte ttatctetge aggegtageg 240
gctaaaccgg gtgaggatceg ttccgacctyg tttaacgtta acgccggeat cgtgaaaaac 300
ctggtacage aagttgcgaa aacctgeccg aaagegtgea ttggtattat cactaacceg 360
gttaacacca cagttgcaat tgctgctgaa gtgctgaaaa aagccggtgt ttatgacaaa 420
aacaaactgt tcggegttac cacgctggat atcattegtt ccaacacctt tgttgeggaa 480
ctgaaaggca aacagccagg cgaagttgaa gtgceggtta ttggeggtca ctetggtgtt 540
accattctge cgctgetgte acaggttect ggegttagtt ttaccgagca ggaagtgget 600
gatctgacca aacgcatcca gaacgcegggt actgaagtgg ttgaagcgaa ggecggtgge 660
gggtctgcaa ccctgtctat gggcecaggca getgcacgtt ttggtetgte tetggttegt 720
gecactgcagg gcgaacaagg cgttgtcgaa tgtgectacg ttgaaggcga cggtcagtac 780

gecegtttet tctctcaace getgetgetyg ggtaaaaacyg gegtggaaga gegtaaatcet 840
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atcggtacce tgagegcatt tgaacagaac gegetggaag gtatgctgga tacgetgaag 900
aaagatatcg ccctgggcga agagttcegtt aataagtaa 939
<210> SEQ ID NO 106

<211> LENGTH: 312

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 106

Met Lys Val Ala Val Leu Gly Ala Ala Gly Gly Ile Gly Gln Ala Leu
1 5 10 15

Ala Leu Leu Leu Lys Thr Gln Leu Pro Ser Gly Ser Glu Leu Ser Leu
20 25 30

Tyr Asp Ile Ala Pro Val Thr Pro Gly Val Ala Val Asp Leu Ser His
35 40 45

Ile Pro Thr Ala Val Lys Ile Lys Gly Phe Ser Gly Glu Asp Ala Thr
50 55 60

Pro Ala Leu Glu Gly Ala Asp Val Val Leu Ile Ser Ala Gly Val Ala
65 70 75 80

Ala Lys Pro Gly Glu Asp Arg Ser Asp Leu Phe Asn Val Asn Ala Gly
85 90 95

Ile Val Lys Asn Leu Val Gln Gln Val Ala Lys Thr Cys Pro Lys Ala
100 105 110

Cys Ile Gly Ile Ile Thr Asn Pro Val Asn Thr Thr Val Ala Ile Ala
115 120 125

Ala Glu Val Leu Lys Lys Ala Gly Val Tyr Asp Lys Asn Lys Leu Phe
130 135 140

Gly Val Thr Thr Leu Asp Ile Ile Arg Ser Asn Thr Phe Val Ala Glu
145 150 155 160

Leu Lys Gly Lys Gln Pro Gly Glu Val Glu Val Pro Val Ile Gly Gly
165 170 175

His Ser Gly Val Thr Ile Leu Pro Leu Leu Ser Gln Val Pro Gly Val
180 185 190

Ser Phe Thr Glu Gln Glu Val Ala Asp Leu Thr Lys Arg Ile Gln Asn
195 200 205

Ala Gly Thr Glu Val Val Glu Ala Lys Ala Gly Gly Gly Ser Ala Thr
210 215 220

Leu Ser Met Gly Gln Ala Ala Ala Arg Phe Gly Leu Ser Leu Val Arg
225 230 235 240

Ala Leu Gln Gly Glu Gln Gly Val Val Glu Cys Ala Tyr Val Glu Gly
245 250 255

Asp Gly Gln Tyr Ala Arg Phe Phe Ser Gln Pro Leu Leu Leu Gly Lys
260 265 270

Asn Gly Val Glu Glu Arg Lys Ser Ile Gly Thr Leu Ser Ala Phe Glu
275 280 285

Gln Asn Ala Leu Glu Gly Met Leu Asp Thr Leu Lys Lys Asp Ile Ala
290 295 300

Leu Gly Glu Glu Phe Val Asn Lys
305 310

<210> SEQ ID NO 107
<211> LENGTH: 939
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<212> TYPE: DNA
<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 107
atgaaagtcg cagtecctegg cgccgetgge ggtgteggece aggegettge actactgtta 60
aaaacccaac tgccttcagg ttcagaactce tcetetgtatg atatcgctece agtgactcce 120
ggtgtggetyg tcegatctgag ccatatccct actgetgtga aaatcaaagg tttttetggt 180
gaagatgcga ctcecggceget ggaaggcgca gatgtegtte ttatctetge aggegtageg 240
gctaaaccgyg gtcaggatcg ttccgacctg tttaacgtta acgccggcat cgtgaaaaac 300
ctggtacage aagttgcgaa aacctgeccg aaagcgtgea ttggtattat cactaacccg 360
gttaacacca cagttgcaat tgctgctgaa gtgctgaaaa aagccggtgt ttatgacaaa 420
aacaaactgt tcggegttac cacgctggat atcattcegtt ccaacacctt tgttgeggaa 480
ctgaaaggca aacagccagg cgaagttgaa gtgccggtta ttggeggtca ctcetggtgtt 540
accattctge cgctgetgtce acaggttect ggegttagtt ttaccgagca ggaagtgget 600
gatctgacca aacgcatcca gaacgegggt actgaagtgg ttgaagcgaa ggecggtgge 660
gggtctgcaa cecctgtctat gggecaggca getgcacgtt ttggtetgte tetggttegt 720
gcactgcagyg gcgaacaagg cgttgtcgaa tgtgcectacyg ttgaaggcga cggtcagtac 780
geeegtttet tetctcaace getgetgetyg ggtaaaaacyg gegtggaaga gegtaaatcet 840
atcggtacce tgagegcatt tgaacagaac gegetggaag gtatgctgga tacgetgaag 900
aaagatatcg ccctgggcga agagttcegtt aataagtaa 939

<210> SEQ ID NO 108

<211> LENGTH: 312

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 108

Met Lys Val Ala Val Leu Gly Ala Ala Gly Gly Val Gly Gln Ala Leu
1 5 10 15

Ala Leu Leu Leu Lys Thr Gln Leu Pro Ser Gly Ser Glu Leu Ser Leu
20 25 30

Tyr Asp Ile Ala Pro Val Thr Pro Gly Val Ala Val Asp Leu Ser His
35 40 45

Ile Pro Thr Ala Val Lys Ile Lys Gly Phe Ser Gly Glu Asp Ala Thr
50 55 60

Pro Ala Leu Glu Gly Ala Asp Val Val Leu Ile Ser Ala Gly Val Ala
65 70 75 80

Ala Lys Pro Gly Gln Asp Arg Ser Asp Leu Phe Asn Val Asn Ala Gly
85 90 95

Ile Val Lys Asn Leu Val Gln Gln Val Ala Lys Thr Cys Pro Lys Ala
100 105 110

Cys Ile Gly Ile Ile Thr Asn Pro Val Asn Thr Thr Val Ala Ile Ala
115 120 125

Ala Glu Val Leu Lys Lys Ala Gly Val Tyr Asp Lys Asn Lys Leu Phe
130 135 140

Gly Val Thr Thr Leu Asp Ile Ile Arg Ser Asn Thr Phe Val Ala Glu
145 150 155 160

Leu Lys Gly Lys Gln Pro Gly Glu Val Glu Val Pro Val Ile Gly Gly
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165 170 175

His Ser Gly Val Thr Ile Leu Pro Leu Leu Ser Gln Val Pro Gly Val
180 185 190

Ser Phe Thr Glu Gln Glu Val Ala Asp Leu Thr Lys Arg Ile Gln Asn
195 200 205

Ala Gly Thr Glu Val Val Glu Ala Lys Ala Gly Gly Gly Ser Ala Thr
210 215 220

Leu Ser Met Gly Gln Ala Ala Ala Arg Phe Gly Leu Ser Leu Val Arg
225 230 235 240

Ala Leu Gln Gly Glu Gln Gly Val Val Glu Cys Ala Tyr Val Glu Gly
245 250 255

Asp Gly Gln Tyr Ala Arg Phe Phe Ser Gln Pro Leu Leu Leu Gly Lys
260 265 270

Asn Gly Val Glu Glu Arg Lys Ser Ile Gly Thr Leu Ser Ala Phe Glu
275 280 285

Gln Asn Ala Leu Glu Gly Met Leu Asp Thr Leu Lys Lys Asp Ile Ala
290 295 300

Leu Gly Glu Glu Phe Val Asn Lys
305 310

<210> SEQ ID NO 109

<211> LENGTH: 939

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 109

atgaaagtcg cagtecctegg cgccgetgge ggtgteggece aggegettge actactgtta 60
aaaacccaac tgccttcagg ttcagaactce tcetetgtatg atatcgctece agtgactcce 120
ggtgtggetyg tcegatctgag ccatatccct actgetgtga aaatcaaagg tttttetggt 180
gaagatgcga ctcecggceget ggaaggcgca gatgtegtte ttatctetge aggegtageg 240
gctaaaccgyg gtgaggatcg ttccgacctg tttaacgtta acgccggcat cgtgaaaaac 300
ctggtacage aagttgcgaa aacctgeccg aaagcgtgea ttggtattat cactaacccg 360
gttaacacca cagttgcaat tgctgctgaa gtgctgaaaa aagccggtgt ttatgacaaa 420
aacaaactgt tcggegttac cacgctggat atcattcegtt ccaacacctt tgttgeggaa 480
ctgaaaggca aacagccagg cgaagttgaa gtgccggtta ttggeggtca ctcetggtgtt 540
accattctge cgctgetgtce acaggttect ggegttagtt ttaccgagca ggaagtgget 600
gatctgacca aacgcatcca gaacgegggt actgaagtgg ttgaagcgaa ggecggtgge 660
gggtctgcaa cecctgtctat gggecaggca getgcacgtt ttggtetgte tetggttegt 720
gcactgcagyg gcgaacaagg cgttgtcgaa tgtgcectacyg ttgaaggcga cggtcagtac 780
geeegtttet tetctcaace getgetgetyg ggtaaaaacyg gegtggaaga gegtaaatcet 840
atcggtacce tgagegcatt tgaacagaac gegetggaag gtatgctgga tacgetgaag 900
aaagatatcg ccctgggcga agagttcegtt aataagtaa 939

<210> SEQ ID NO 110

<211> LENGTH: 312

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 110
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Met Lys Val Ala Val Leu Gly Ala Ala Gly Gly Val Gly Gln Ala Leu
1 5 10 15

Ala Leu Leu Leu Lys Thr Gln Leu Pro Ser Gly Ser Glu Leu Ser Leu
20 25 30

Tyr Asp Ile Ala Pro Val Thr Pro Gly Val Ala Val Asp Leu Ser His
35 40 45

Ile Pro Thr Ala Val Lys Ile Lys Gly Phe Ser Gly Glu Asp Ala Thr
50 55 60

Pro Ala Leu Glu Gly Ala Asp Val Val Leu Ile Ser Ala Gly Val Ala
65 70 75 80

Ala Lys Pro Gly Glu Asp Arg Ser Asp Leu Phe Asn Val Asn Ala Gly
85 90 95

Ile Val Lys Asn Leu Val Gln Gln Val Ala Lys Thr Cys Pro Lys Ala
100 105 110

Cys Ile Gly Ile Ile Thr Asn Pro Val Asn Thr Thr Val Ala Ile Ala
115 120 125

Ala Glu Val Leu Lys Lys Ala Gly Val Tyr Asp Lys Asn Lys Leu Phe
130 135 140

Gly Val Thr Thr Leu Asp Ile Ile Arg Ser Asn Thr Phe Val Ala Glu
145 150 155 160

Leu Lys Gly Lys Gln Pro Gly Glu Val Glu Val Pro Val Ile Gly Gly
165 170 175

His Ser Gly Val Thr Ile Leu Pro Leu Leu Ser Gln Val Pro Gly Val
180 185 190

Ser Phe Thr Glu Gln Glu Val Ala Asp Leu Thr Lys Arg Ile Gln Asn
195 200 205

Ala Gly Thr Glu Val Val Glu Ala Lys Ala Gly Gly Gly Ser Ala Thr
210 215 220

Leu Ser Met Gly Gln Ala Ala Ala Arg Phe Gly Leu Ser Leu Val Arg
225 230 235 240

Ala Leu Gln Gly Glu Gln Gly Val Val Glu Cys Ala Tyr Val Glu Gly
245 250 255

Asp Gly Gln Tyr Ala Arg Phe Phe Ser Gln Pro Leu Leu Leu Gly Lys
260 265 270

Asn Gly Val Glu Glu Arg Lys Ser Ile Gly Thr Leu Ser Ala Phe Glu
275 280 285

Gln Asn Ala Leu Glu Gly Met Leu Asp Thr Leu Lys Lys Asp Ile Ala
290 295 300

Leu Gly Glu Glu Phe Val Asn Lys
305 310

<210> SEQ ID NO 111

<211> LENGTH: 939

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 111

atgaaagtcg cagtcctegg cgetgetgge ggtattggece aggegettge actactgtta 60
aaaacccaac tgccttcagg ttcagaacte tctetgtatg atatcgetce agtgactccce 120
ggtgtggetyg tcgatctgag ccatatccct actgctgtga aaatcaaagyg tttttetggt 180

gaagatgcga ctccggeget ggaaggcegca gatgtegtte ttatctetge aggegtageg 240



US 2020/0131542 Al Apr. 30,2020
67

-continued
gctaaacceyg ggatggatcg ttccgacctg tttaacgtta acgccggcat cgtgaaaaac 300
ctggtacage aagttgcgaa aacctgeccg aaagcgtgea ttggtattat cactaacccg 360
gttaacacca cagttgcaat tgctgctgaa gtgctgaaaa aagccggtgt ttatgacaaa 420
aacaaactgt tcggegttac cacgctggat atcattcegtt ccaacacctt tgttgeggaa 480
ctgaaaggca aacagccagg cgaagttgaa gtgccggtta ttggeggeca ctctgatgtt 540
accattctge cgctgetgtce acaggttect ggegttagtt ttaccgagca ggaagtgget 600
gatctgacca aacgcatcca gaacgegggt actgaagtgg ttgaagcgaa ggecggtgge 660
gggtctgcaa cecctgtctat gggecaggca getgcacgtt ttggtetgte tetggttegt 720
gcactgcagyg gcgaacaagg cgttgtcgaa tgtgcectacyg ttgaaggcga cggtcagtac 780
geeegtttet tetctcaace getgetgetyg ggtaaaaacyg gegtggaaga gegtaaatcet 840
atcggtacce tgagegcatt tgaacagaac gegetggaag gtatgctgga tacgetgaag 900
aaagatatcg ccctgggcga agagttcegtt aataagtaa 939

<210> SEQ ID NO 112

<211> LENGTH: 312

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 112

Met Lys Val Ala Val Leu Gly Ala Ala Gly Gly Ile Gly Gln Ala Leu
1 5 10 15

Ala Leu Leu Leu Lys Thr Gln Leu Pro Ser Gly Ser Glu Leu Ser Leu
20 25 30

Tyr Asp Ile Ala Pro Val Thr Pro Gly Val Ala Val Asp Leu Ser His
35 40 45

Ile Pro Thr Ala Val Lys Ile Lys Gly Phe Ser Gly Glu Asp Ala Thr
50 55 60

Pro Ala Leu Glu Gly Ala Asp Val Val Leu Ile Ser Ala Gly Val Ala
65 70 75 80

Ala Lys Pro Gly Met Asp Arg Ser Asp Leu Phe Asn Val Asn Ala Gly
85 90 95

Ile Val Lys Asn Leu Val Gln Gln Val Ala Lys Thr Cys Pro Lys Ala
100 105 110

Cys Ile Gly Ile Ile Thr Asn Pro Val Asn Thr Thr Val Ala Ile Ala
115 120 125

Ala Glu Val Leu Lys Lys Ala Gly Val Tyr Asp Lys Asn Lys Leu Phe
130 135 140

Gly Val Thr Thr Leu Asp Ile Ile Arg Ser Asn Thr Phe Val Ala Glu
145 150 155 160

Leu Lys Gly Lys Gln Pro Gly Glu Val Glu Val Pro Val Ile Gly Gly
165 170 175

His Ser Asp Val Thr Ile Leu Pro Leu Leu Ser Gln Val Pro Gly Val
180 185 190

Ser Phe Thr Glu Gln Glu Val Ala Asp Leu Thr Lys Arg Ile Gln Asn
195 200 205

Ala Gly Thr Glu Val Val Glu Ala Lys Ala Gly Gly Gly Ser Ala Thr
210 215 220

Leu Ser Met Gly Gln Ala Ala Ala Arg Phe Gly Leu Ser Leu Val Arg
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225 230 235 240

Ala Leu Gln Gly Glu Gln Gly Val Val Glu Cys Ala Tyr Val Glu Gly
245 250 255

Asp Gly Gln Tyr Ala Arg Phe Phe Ser Gln Pro Leu Leu Leu Gly Lys
260 265 270

Asn Gly Val Glu Glu Arg Lys Ser Ile Gly Thr Leu Ser Ala Phe Glu
275 280 285

Gln Asn Ala Leu Glu Gly Met Leu Asp Thr Leu Lys Lys Asp Ile Ala
290 295 300

Leu Gly Glu Glu Phe Val Asn Lys
305 310

<210> SEQ ID NO 113

<211> LENGTH: 939

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 113

atgaaagtcg cagtcctegg cgctgetgge ggtattggece aggegettge actactgtta 60
aaaacccaac tgccttcagg ttcagaactce tcetetgtatg atatcgctece agtgactcce 120
ggtgtggetyg tcegatctgag ccatatccct actgetgtga aaatcaaagg tttttetggt 180
gaagatgcga ctcecggceget ggaaggcgca gatgtegtte ttatctetge aggegtageg 240
gctaaacceyg ggatgtcteg ttcecgacctg tttaacgtta acgccggcat cgtgaaaaac 300
ctggtacage aagttgcgaa aacctgeccg aaagcgtgea ttggtattat cactaacccg 360
gttaacacca cagttgcaat tgctgctgaa gtgctgaaaa aagccggtgt ttatgacaaa 420
aacaaactgt tcggegttac cacgctggat atcattcegtt ccaacacctt tgttgeggaa 480
ctgaaaggca aacagccagg cgaagttgaa gtgccggtta ttggeggtca ctcetggtgtt 540
accattctge cgctgetgtce acaggttect ggegttagtt ttaccgagca ggaagtgget 600
gatctgacca aacgcatcca gaacgegggt actgaagtgg ttgaagcgaa ggecggtgge 660
gggtctgcaa cecctgtctat gggecaggca getgcacgtt ttggtetgte tetggttegt 720
gcactgcagyg gcgaacaagg cgttgtcgaa tgtgcectacyg ttgaaggcga cggtcagtac 780
geeegtttet tetctcaace getgetgetyg ggtaaaaacyg gegtggaaga gegtaaatcet 840
atcggtacce tgagegcatt tgaacagaac gegetggaag gtatgctgga tacgetgaag 900
aaagatatcg ccctgggcga agagttcegtt aataagtaa 939

<210> SEQ ID NO 114

<211> LENGTH: 312

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 114

Met Lys Val Ala Val Leu Gly Ala Ala Gly Gly Ile Gly Gln Ala Leu
1 5 10 15

Ala Leu Leu Leu Lys Thr Gln Leu Pro Ser Gly Ser Glu Leu Ser Leu
20 25 30

Tyr Asp Ile Ala Pro Val Thr Pro Gly Val Ala Val Asp Leu Ser His
35 40 45

Ile Pro Thr Ala Val Lys Ile Lys Gly Phe Ser Gly Glu Asp Ala Thr
50 55 60
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Pro Ala Leu Glu Gly Ala Asp Val Val Leu Ile Ser Ala Gly Val Ala
65 70 75 80

Ala Lys Pro Gly Met Ser Arg Ser Asp Leu Phe Asn Val Asn Ala Gly
85 90 95

Ile Val Lys Asn Leu Val Gln Gln Val Ala Lys Thr Cys Pro Lys Ala
100 105 110

Cys Ile Gly Ile Ile Thr Asn Pro Val Asn Thr Thr Val Ala Ile Ala
115 120 125

Ala Glu Val Leu Lys Lys Ala Gly Val Tyr Asp Lys Asn Lys Leu Phe
130 135 140

Gly Val Thr Thr Leu Asp Ile Ile Arg Ser Asn Thr Phe Val Ala Glu
145 150 155 160

Leu Lys Gly Lys Gln Pro Gly Glu Val Glu Val Pro Val Ile Gly Gly
165 170 175

His Ser Gly Val Thr Ile Leu Pro Leu Leu Ser Gln Val Pro Gly Val
180 185 190

Ser Phe Thr Glu Gln Glu Val Ala Asp Leu Thr Lys Arg Ile Gln Asn
195 200 205

Ala Gly Thr Glu Val Val Glu Ala Lys Ala Gly Gly Gly Ser Ala Thr
210 215 220

Leu Ser Met Gly Gln Ala Ala Ala Arg Phe Gly Leu Ser Leu Val Arg
225 230 235 240

Ala Leu Gln Gly Glu Gln Gly Val Val Glu Cys Ala Tyr Val Glu Gly
245 250 255

Asp Gly Gln Tyr Ala Arg Phe Phe Ser Gln Pro Leu Leu Leu Gly Lys
260 265 270

Asn Gly Val Glu Glu Arg Lys Ser Ile Gly Thr Leu Ser Ala Phe Glu
275 280 285

Gln Asn Ala Leu Glu Gly Met Leu Asp Thr Leu Lys Lys Asp Ile Ala
290 295 300

Leu Gly Glu Glu Phe Val Asn Lys
305 310

<210> SEQ ID NO 115

<211> LENGTH: 939

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 115

atgaaagtcg cagtcctegg cgetgetgge ggtgteggece aggegettge actactgtta 60
aaaacccaac tgccttcagg ttcagaacte tctetgtatg atatcgetce agtgactccce 120
ggtgtggetyg tcgatctgag ccatatccct actgctgtga aaatcaaagyg tttttetggt 180
gaagatgcga ctccggeget ggaaggcegca gatgtegtte ttatctetge aggegtageg 240
gctaaacceyg ggatggatceg ttccgacctyg tttaacgtta acgccggeat cgtgaaaaac 300
ctggtacage aagttgcgaa aacctgeccg aaagegtgea ttggtattat cactaacceg 360
gttaacacca cagttgcaat tgctgctgaa gtgctgaaaa aagccggtgt ttatgacaaa 420
aacaaactgt tcggegttac cacgctggat atcattegtt ccaacacctt tgttgeggaa 480
ctgaaaggca aacagccagg cgaagttgaa gtgceggtta ttggeggtca ctetggtgtt 540

accattctge cgctgetgte acaggttect ggegttagtt ttaccgagca ggaagtgget 600
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gatctgacca aacgcatcca gaacgegggt actgaagtgg ttgaagcgaa ggecggtgge 660
gggtctgcaa cecctgtctat gggecaggca getgcacgtt ttggtetgte tetggttegt 720
gcactgcagyg gcgaacaagg cgttgtcgaa tgtgcectacyg ttgaaggcga cggtcagtac 780
geeegtttet tetctcaace getgetgetyg ggtaaaaacyg gegtggaaga gegtaaatcet 840
atcggtacce tgagegcatt tgaacagaac gegetggaag gtatgctgga tacgetgaag 900
aaagatatcg ccctgggcga agagttcegtt aataagtaa 939

<210> SEQ ID NO 116

<211> LENGTH: 312

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 116

Met Lys Val Ala Val Leu Gly Ala Ala Gly Gly Val Gly Gln Ala Leu
1 5 10 15

Ala Leu Leu Leu Lys Thr Gln Leu Pro Ser Gly Ser Glu Leu Ser Leu
20 25 30

Tyr Asp Ile Ala Pro Val Thr Pro Gly Val Ala Val Asp Leu Ser His
35 40 45

Ile Pro Thr Ala Val Lys Ile Lys Gly Phe Ser Gly Glu Asp Ala Thr
50 55 60

Pro Ala Leu Glu Gly Ala Asp Val Val Leu Ile Ser Ala Gly Val Ala
65 70 75 80

Ala Lys Pro Gly Met Asp Arg Ser Asp Leu Phe Asn Val Asn Ala Gly
85 90 95

Ile Val Lys Asn Leu Val Gln Gln Val Ala Lys Thr Cys Pro Lys Ala
100 105 110

Cys Ile Gly Ile Ile Thr Asn Pro Val Asn Thr Thr Val Ala Ile Ala
115 120 125

Ala Glu Val Leu Lys Lys Ala Gly Val Tyr Asp Lys Asn Lys Leu Phe
130 135 140

Gly Val Thr Thr Leu Asp Ile Ile Arg Ser Asn Thr Phe Val Ala Glu
145 150 155 160

Leu Lys Gly Lys Gln Pro Gly Glu Val Glu Val Pro Val Ile Gly Gly
165 170 175

His Ser Gly Val Thr Ile Leu Pro Leu Leu Ser Gln Val Pro Gly Val
180 185 190

Ser Phe Thr Glu Gln Glu Val Ala Asp Leu Thr Lys Arg Ile Gln Asn
195 200 205

Ala Gly Thr Glu Val Val Glu Ala Lys Ala Gly Gly Gly Ser Ala Thr
210 215 220

Leu Ser Met Gly Gln Ala Ala Ala Arg Phe Gly Leu Ser Leu Val Arg
225 230 235 240

Ala Leu Gln Gly Glu Gln Gly Val Val Glu Cys Ala Tyr Val Glu Gly
245 250 255

Asp Gly Gln Tyr Ala Arg Phe Phe Ser Gln Pro Leu Leu Leu Gly Lys
260 265 270

Asn Gly Val Glu Glu Arg Lys Ser Ile Gly Thr Leu Ser Ala Phe Glu
275 280 285

Gln Asn Ala Leu Glu Gly Met Leu Asp Thr Leu Lys Lys Asp Ile Ala
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290 295 300
Leu Gly Glu Glu Phe Val Asn Lys
305 310
<210> SEQ ID NO 117
<211> LENGTH: 939
<212> TYPE: DNA
<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 117
atgaaagtcg cagtcctegg cgctgetgge ggtattggece aggegettge actactgtta 60
aaaacccaac tgccttcagg ttcagaactce tcetetgtatg atatcgctece agtgactcce 120
ggtgtggetyg tcegatctgag ccatatccct actgetgtga aaatcaaagg tttttetggt 180
gaagatgcga ctcecggceget ggaaggcgca gatgtegtte ttatctetge aggegtageg 240
gctaaacceyg ggatgtcteg ttcecgacctg tttaacgtta acgccggcat cgtgaaaaac 300
ctggtacage aagttgcgaa aacctgeccg aaagcgtgea ttggtattat cactaacccg 360
gttaacacca cagttgcaat tgctgctgaa gtgctgaaaa aagccggtgt ttatgacaaa 420
aacaaactgt tcggegttac cacgctggat atcattcegtt ccaacacctt tgttgeggaa 480
ctgaaaggca aacagccagg cgaagttgaa gtgccggtta ttggeggeca ctctgatgtt 540
accattctge cgctgetgtce acaggttect ggegttagtt ttaccgagca ggaagtgget 600
gatctgacca aacgcatcca gaacgegggt actgaagtgg ttgaagcgaa ggecggtgge 660
gggtctgcaa cecctgtctat gggecaggca getgcacgtt ttggtetgte tetggttegt 720
gcactgcagyg gcgaacaagg cgttgtcgaa tgtgcectacyg ttgaaggcga cggtcagtac 780
geeegtttet tetctcaace getgetgetyg ggtaaaaacyg gegtggaaga gegtaaatcet 840
atcggtacce tgagegcatt tgaacagaac gegetggaag gtatgctgga tacgetgaag 900
aaagatatcg ccctgggcga agagttcegtt aataagtaa 939

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 118
H: 312
PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 118

Met Lys Val
1

Ala Leu Leu

Tyr Asp Ile
35

Ile Pro Thr
50

Pro Ala Leu
65

Ala Lys Pro

Ile Val Lys

Cys Ile Gly
115

Ala Val Leu Gly Ala

5

Leu Lys Thr Gln Leu

20

Ala Pro Val Thr Pro

40

Ala Val Lys Ile Lys

55

Glu Gly Ala Asp Val

70

Gly Met Ser Arg Ser

85

Asn Leu Val Gln Gln

100

Ile Ile Thr Asn Pro

120

Ala

Pro

25

Gly

Gly

Val

Asp

Val

105

Val

Gly

10

Ser

Val

Phe

Leu

Leu

90

Ala

Asn

Gly

Gly

Ala

Ser

Ile

75

Phe

Lys

Thr

Ile Gly Gln

Ser Glu Leu
30

Val Asp Leu
45

Gly Glu Asp
60

Ser Ala Gly

Asn Val Asn

Thr Cys Pro
110

Thr Val Ala
125

Ala Leu
15

Ser Leu

Ser His

Ala Thr

Val Ala
80

Ala Gly
95

Lys Ala

Ile Ala
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Ala Glu Val Leu Lys Lys Ala Gly Val Tyr Asp Lys Asn Lys Leu Phe
130 135 140

Gly Val Thr Thr Leu Asp Ile Ile Arg Ser Asn Thr Phe Val Ala Glu
145 150 155 160

Leu Lys Gly Lys Gln Pro Gly Glu Val Glu Val Pro Val Ile Gly Gly
165 170 175

His Ser Asp Val Thr Ile Leu Pro Leu Leu Ser Gln Val Pro Gly Val
180 185 190

Ser Phe Thr Glu Gln Glu Val Ala Asp Leu Thr Lys Arg Ile Gln Asn
195 200 205

Ala Gly Thr Glu Val Val Glu Ala Lys Ala Gly Gly Gly Ser Ala Thr
210 215 220

Leu Ser Met Gly Gln Ala Ala Ala Arg Phe Gly Leu Ser Leu Val Arg
225 230 235 240

Ala Leu Gln Gly Glu Gln Gly Val Val Glu Cys Ala Tyr Val Glu Gly
245 250 255

Asp Gly Gln Tyr Ala Arg Phe Phe Ser Gln Pro Leu Leu Leu Gly Lys
260 265 270

Asn Gly Val Glu Glu Arg Lys Ser Ile Gly Thr Leu Ser Ala Phe Glu
275 280 285

Gln Asn Ala Leu Glu Gly Met Leu Asp Thr Leu Lys Lys Asp Ile Ala
290 295 300

Leu Gly Glu Glu Phe Val Asn Lys
305 310

<210> SEQ ID NO 119

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 119

tataatcceg ggatgegegt taacaatggt ttgacc 36

<210> SEQ ID NO 120

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 120

tataattcta gattacagtt tcggaccagc cg 32
<210> SEQ ID NO 121

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 121

tataatcceg ggatgegegt taacaatggt ttgacc 36

<210> SEQ ID NO 122
<211> LENGTH: 32
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 122

tataattcta gattacagtt tcggaccage cg

<210> SEQ ID NO 123

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 123

tataatcccg ggatgaacga acaatattcce

<210> SEQ ID NO 124

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 124

tataattcta gattagcegg tattacgeat

<210> SEQ ID NO 125

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 125

tataatcccg ggatgaaaac ccgtacacaa caaatt

<210> SEQ ID NO 126

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 126

tataattcta gattagaact gcgattctte ag

<210> SEQ ID NO 127

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 127

tataatcccg ggatgaaaaa actactegte gecaat

<210> SEQ ID NO 128

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

32

30

30

36

32

36
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<400> SEQUENCE: 128

tataattcta gattaattaa tttcgattaa ca

<210> SEQ ID NO 129

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 129

tataatcceg ggatgectga cgctaaaaaa caggggeggt

<210> SEQ ID NO 130

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 130

tataattcta gattaategt gagcgectat tte

<210> SEQ ID NO 131

<211> LENGTH: 88

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 131
acaatttcac acaggaaaca gaattcgage tcggtaccgt ttaactttaa gaaggagata

taccatgacc acgaagaaag ctgattac

<210> SEQ ID NO 132

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 132

ggataacttt tttacgttgt ttatcagcca tggtatatct ccttecttaaa gttaaacgga
tccttattga ttaacttg

<210> SEQ ID NO 133

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 133

taatatggat ccgtttaact ttaagaagga gatataccat ggctgataaa caacgtaaaa
aagttatcc

<210> SEQ ID NO 134

<211> LENGTH: 83

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

32

40

33

60

88

60

78

60

69
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<220> FEATURE:
<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 134
caatgcggaa tattgttegt tcatggtata tctecttett aaagttaaac tctagattag

tttttaactyg cagaagcaaa ttc

<210> SEQ ID NO 135

<211> LENGTH: 88

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 135
acaatttcac acaggaaaca gaattcgage tcggtaccgt ttaactttaa gaaggagata

taccatgacc acgaagaaag ctgattac

<210> SEQ ID NO 136

<211> LENGTH: 83

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 136
caatgcggaa tattgttegt tcatggtata tctecttett aaagttaaac tctagattag

tttttaactyg cagaagcaaa ttc

<210> SEQ ID NO 137

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 137

gaaggttgcg cctacactaa gcatagttgt tgatgagtgt aggctggage tgette

<210> SEQ ID NO 138

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 138

ttaaaccagt tcgtteggge aggtttegee tttttecatgg gaattageca tggtece
<210> SEQ ID NO 139

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 139

atggctgtta ctaatgtege tgaacttaac gcactegtag agegtgtgta ggetggaget

gette

60

83

60

88

60

83

56

56

60

65
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<210> SEQ ID NO 140

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 140
ttaagcggat tttttegett ttttetcage tttageecgga gecagecatat gaatatccte

cttag

<210> SEQ ID NO 141

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 141
atgtcgagta agttagtact ggttctgaac tgeggtagtt cttcagtgta ggetggaget

gette

<210> SEQ ID NO 142

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 142
tcaggcagte aggcggeteg cgtettgege gataaccagt tettccatat gaatatccte

cttag

<210> SEQ ID NO 143

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 143
ttactccgta tttgcataaa aaccatgega gttacgggec tataagtgta ggetggaget

gette

<210> SEQ ID NO 144

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 144
atagattgag tgaaggtacg agtaataacg tcectgctget gttetcatat gaatatccte

cttag

<210> SEQ ID NO 145

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

60

65

60

65

60

65

60

65

60

65
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<400>

SEQUENCE: 145

gtgtccegta ttattatget gatccctace ggaaccageg teggtgtgta ggetggaget

gette

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 146

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 146

ttactgctge tgtgcagact gaatcgecagt cagegegatg gtgtacatat gaatatccte

cttag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 147

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 147

atgaaacaaa cggttgcage ttatatcgec aaaacacteg aateggtgta ggetggaget

gette

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 148

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 148

ttaccttage cagtttgttt tegecagtte gatcactteca tcacccatat gaatatccte

cttag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 149

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 149

atgaccatta ctccggceaac tcatgcaatt tcgataaatce ctgecgtgta ggetggaget

gette

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 150

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 150

tcagatcegg tctttecaca cegtetggat attacagaat tegtgecatat gaatatccte

cttag

60

65

60

65

60

65

60

65

60

65

60

65
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<210> SEQ ID NO 151

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 151
atgaaactta acgacagtaa cttattcege cagcaggegt tgattgtgta ggetggaget

gette

<210> SEQ ID NO 152

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 152
ttaaagaccg atgcacatat atttgattte taagtaatct tegatcatat gaatatccte

cttag

<210> SEQ ID NO 153

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 153
atggaccaga agctgttaac ggatttecege tcagaactac tegatgtgta ggetggaget

gette

<210> SEQ ID NO 154

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 154

tcaggtgtgt ttaaagctgt tctgetggge aataccetge agtttcatat gaatatccte
cttag

<210> SEQ ID NO 155

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 155

atggataaga agcaagtaac ggatttaagg tcggaactac tegatgtgta ggctggaget

gette

<210> SEQ ID NO 156

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
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<220>
<223>

<400>

FEATURE:
OTHER INFORMATION: Primer for amplification

SEQUENCE: 156

tcaggtatgt ttaaagctgt tctgttggge aataccctge agtttcatat gaatatccte

cttag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 157

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 157

atggctacat cagtacagac aggtaaagct aagcagctca cattagtgta ggetggagcet

gette

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 158

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 158

ttagtgttte ttgtcattca tcacaatata gtgtggtgaa cgtgccatat gaatatccte

cttag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 159

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 159

atggaaccaa aaacaaaaaa acagcgtteg ctttatatec cttacgtgta ggetggaget

gette

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 160

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 160

ttagatggag gtacggceggt agtcgeggta tteggettge cagaacatat gaatatccte

cttag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 161

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 161

atggatgacc agttaaaaca aagtgcactt gatttccatg aatttgtgta ggctggagcet
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gette

<210> SEQ ID NO 162

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 162
ttacagcggt tgggtttgeg cttctaccac ggecagegece accatcatat gaatatccte

cttag

<210> SEQ ID NO 163

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 163

atgaacgaac aatattccge attgegtagt aatgtcagta tgctcegtgta ggetggaget
gette

<210> SEQ ID NO 164

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 164

ttagcceggta ttacgcatac ctgccgcaat cceggcaata gtgaccatat gaatatccte
cttag

<210> SEQ ID NO 165

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 165

atgtccagaa ggcttegecag aacaaaaatc gttaccacgt taggegtgta ggetggaget
gette

<210> SEQ ID NO 166

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 166

ttactctace gttaaaatac gegtggtatt agtagaaccce acggtcatat gaatatccte

cttag

<210> SEQ ID NO 167
<211> LENGTH: 65
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 167
atgaaaaaga ccaaaattgt ttgcaccatc ggaccgaaaa ccgaagtgta ggcetggagcet

gette

<210> SEQ ID NO 168

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 168
ttacaggacg tgaacagatg cggtgttagt agtgecgcte ggtaccatat gaatatccte

cttag

<210> SEQ ID NO 169

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 169
atggaactga cgactcgecac tttacctgeg cggaaacata ttgeggtgta ggetggaget

gette

<210> SEQ ID NO 170

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 170
ttacttcaga cggtccgega gataacgetg ataatcgggg atcagcatat gaatatccte

cttag

<210> SEQ ID NO 171

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 171
atggtcgeac ccattccecge gaaacgegge agaaaacceg cegttgtgta ggetggaget

gette

<210> SEQ ID NO 172

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 172
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tcagcgcatt ccaccgtacg ccagegtcac ttecttegece getttecatat gaatatccte

cttag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 173

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 173

atggaaagta aagtagttgt tccggcacaa ggcaagaaga tcaccgtgta ggetggagcet

gette

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 174

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 174

ttacatgttt tcgatgatcg cgtcaccaaa ctctgaacat ttcagecatat gaatatccte

cttag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 175

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 175

atgcagaaca gcgctttgaa agectggttg gactettett acctegtgta ggetggaget

gette

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 176

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 176

ttattcgacg ttcagegegt cattaaccag atcttgttge tgtttcatat gaatatccte

cttag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 177

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 177

atgagtagcg tagatattct ggtccctgac ctgectgaat cegtagtgta ggetggaget

gette
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<210> SEQ ID NO 178

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 178
ctacacgtce agcagcagac gegtcggate ttecagecaac tetttecatat gaatatccte

cttag

<210> SEQ ID NO 179

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 179
gtgcaaacct ttcaagccga tcettgecatt gtaggegeeg gtggegtgta ggetggaget

gette

<210> SEQ ID NO 180

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 180
tcagccatte gecttetect tettattgge tgettecegece ttatccatat gaatatccte

cttag

<210> SEQ ID NO 181

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 181
atggctgaga tgaaaaacct gaaaattgag gtggtgeget ataacgtgta ggetggagcet

gette

<210> SEQ ID NO 182

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 182
ttagcgtggt ttcagggteg cgataagaaa gtetttegaa ctttccatat gaatatccte

cttag

<210> SEQ ID NO 183

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification
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<400>

SEQUENCE: 183

atgacgacta aacgtaaacc gtatgtacgg ccaatgacgt ccaccgtgta ggctggagcet

gette

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 184

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 184

ttaccagtac agggcaacaa acaggattac gatggtggeca accaccatat gaatatccte

cttag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 185

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 185

atgattaatc caaatccaaa gegttcetgac gaaccggtat tetgggtgta ggetggaget

gette

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 186

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 186

ttagattgta acgacaccaa tcagcgtgac aactgtcagg atagccatat gaatatccte

cttag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 187

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 187

atgatttcag gcattttage atcccegggt ategettteg gtaaagtgta ggetggaget

gette

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 188

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 188

ttagcagatt gttttttectt caatgaactt gttaaccage gtcatcatat gaatatccte

cttag
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<210> SEQ ID NO 189

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 189
atgtttaaga atgcatttge taacctgcaa aaggtcggta aateggtgta ggetggaget

gette

<210> SEQ ID NO 190

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 190
ttagtggtta cggatgtact catccatcte ggttttcagg ttatccatat gaatatccte

cttag

<210> SEQ ID NO 191

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 191
gtgaaaccag taacgttata cgatgtcgca gagtatgceg gtgtegtgta ggetggaget

gette

<210> SEQ ID NO 192

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 192

tcactgcceg ctttecagte gggaaacctyg tegtgecage tgcatcatat gaatatccte
cttag

<210> SEQ ID NO 193

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 193

atgattattt ccgcagccag cgattatege geegeagege aacgegtgta ggetggaget

gette

<210> SEQ ID NO 194

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
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<220>
<223>

<400>

FEATURE:
OTHER INFORMATION: Primer for amplification

SEQUENCE: 194

ctatgccgea tteecttteg ccatgggage cagtgecgea ggcaacatat gaatatccte

cttag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 195

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 195

atgaaaaaca tcaatccaac gcagaccgct gectggeagg cactagtgta ggetggaget

gette

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 196

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 196

ttaaccgege cacgctttat ageggttaat cagaccattg gtcgacatat gaatatccte

cttag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 197

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 197

atgccgatte gtgtgecgga cgagctacce gecgtcaatt tettggtgta ggetggaget

gette

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 198

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 198

ttaatccage gttggattca tgtgcegtag ategtatgge gtgatcatat gaatatccte

cttag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 199

LENGTH: 65

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer for amplification

SEQUENCE: 199

atggttaaag tttatgccce ggcttecagt gecaatatga gegtegtgta ggetggaget

60

65

60

65

60

65

60

65

60

65

60



US 2020/0131542 Al
87

-continued

Apr. 30, 2020

gette

<210> SEQ ID NO 200

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 200
ttagttttce agtactegtg cgcccgeegt atccagecgg caaatcatat gaatatccte

cttag

<210> SEQ ID NO 201

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 201

atgccacatt cactgttcag caccgatacce gatctcaceg cecgaagtgta ggetggaget
gette

<210> SEQ ID NO 202

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 202

ttaaagcaat tccagecgeca gtaattette gatggtetgg cgacgecatat gaatatccte
cttag

<210> SEQ ID NO 203

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 203

atgaaaaact ggaaaacaag tgcagaatca atcctgacca ceggegtgta ggetggaget
gette

<210> SEQ ID NO 204

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 204

ctcgatceggg cattttgact tttacagett agegecttet acagcecatat gaatatccte

cttag

<210> SEQ ID NO 205
<211> LENGTH: 65
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 205
atggctatcg acgaaaacaa acagaaagceg ttggeggeag cactggtgta ggetggaget

gette

<210> SEQ ID NO 206

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 206
ttaaaaatct tcgttagttt ctgctacgee ttegetatca tctaccatat gaatatccte

cttag

<210> SEQ ID NO 207

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 207
atgaaaaatg ttggttttat cggctggege ggtatggteg geteegtgta ggetggaget

gette

<210> SEQ ID NO 208

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 208
ttacgccagt tgacgaagca tccgacgeag cggctcegeg geccccatat gaatatccte

cttag

<210> SEQ ID NO 209

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 209

cggtgeccty aatgaactge

<210> SEQ ID NO 210

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 210

cagtcatage cgaatagect
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<210> SEQ ID NO 211

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 211

atacgtgtcce cgagcggtag 20

<210> SEQ ID NO 212

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 212

tacacatccce geccatcagca 20

<210> SEQ ID NO 213

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 213

gaagtaaacg ggaaaatcaa 20

<210> SEQ ID NO 214

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 214

agaagtggca taagaaaacg 20

<210> SEQ ID NO 215

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 215

ccattggctg aaaattacgce 20
<210> SEQ ID NO 216

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 216

gttccattge acggatcacg 20

<210> SEQ ID NO 217
<211> LENGTH: 20



US 2020/0131542 Al
90

-continued

Apr. 30, 2020

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 217

atgccgtaga agccgccagt 20

<210> SEQ ID NO 218

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 218

tgttggtgcg cagctcgaag 20

<210> SEQ ID NO 219

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 219

gcaaatctgg tttcatcaac 20

<210> SEQ ID NO 220

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 220

tcecttgcac aaaacaaagt 20

<210> SEQ ID NO 221

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 221

ggatttggtt ctcgcataat 20

<210> SEQ ID NO 222

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 222

agcattaacg gtagggtcgt 20

<210> SEQ ID NO 223

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification
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<400> SEQUENCE: 223

gctgattete gcgaataaac 20

<210> SEQ ID NO 224

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 224

aaaaacgttc ttgcgcgtcet 20

<210> SEQ ID NO 225

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 225

tctgtttgte accacccege 20

<210> SEQ ID NO 226

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 226

aagccagcac ctggaagcag 20

<210> SEQ ID NO 227

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 227

aagagctgcce gcaggaggat 20

<210> SEQ ID NO 228

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 228

gccgecctet taagtcaaat 20

<210> SEQ ID NO 229

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 229

ggattttagc aatattcgct 20
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<210> SEQ ID NO 230

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 230

cctaatagca ggaagaagac 20

<210> SEQ ID NO 231

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 231

gctgaactgt tgctggaaga 20

<210> SEQ ID NO 232

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 232

ggcgtgcttt tacaactaca 20

<210> SEQ ID NO 233

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 233

tagtaaataa cccaaccggce 20

<210> SEQ ID NO 234

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 234

tcagtgagcg cagtgtttta 20
<210> SEQ ID NO 235

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 235

attaatggtg agagtttgga 20

<210> SEQ ID NO 236
<211> LENGTH: 20
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 236

tgcttttttt tattattcge 20

<210> SEQ ID NO 237

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 237

gctttataaa agacgacgaa 20

<210> SEQ ID NO 238

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 238

gtaacgacaa ttccttaagg 20

<210> SEQ ID NO 239

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 239

tttatatgcc catggtttcet 20

<210> SEQ ID NO 240

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 240

atctgttaga ggcggatgat 20

<210> SEQ ID NO 241

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 241

ctggaacgtt aaatctttga 20

<210> SEQ ID NO 242

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification
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<400> SEQUENCE: 242

ccagtttagt agctttcatt 20

<210> SEQ ID NO 243

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 243

gatttgttca acattaactc atcgg 25

<210> SEQ ID NO 244

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 244

tgcgattaac agacaccctt 20

<210> SEQ ID NO 245

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 245

tctcaggtge tcacagaaca 20

<210> SEQ ID NO 246

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 246

tatggaagag gcgctactge 20

<210> SEQ ID NO 247

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 247

cgacctgetg cataaacacc 20

<210> SEQ ID NO 248

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 248

tgaacgctaa ggtgattgca 20
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<210> SEQ ID NO 249

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 249

acgtagacaa gagctcgcaa

<210> SEQ ID NO 250

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 250

catcacgtac gactgegteg

<210> SEQ ID NO 251

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 251

tgcaactttyg tgctgagea

<210> SEQ ID NO 252

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 252

tatcgettee gggcattgte

<210> SEQ ID NO 253

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 253

aaatcgatct cgtcaaattt cagac

<210> SEQ ID NO 254

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 254

aggaaccaca aatcgccata

<210> SEQ ID NO 255
<211> LENGTH: 20

20

20

19

20

25

20
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 255

gacgtgaaga ttactacgct 20

<210> SEQ ID NO 256

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 256

agttcaatgc tgaaccacac 20

<210> SEQ ID NO 257

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 257

tagccgegac cacggtaaga aggag 25

<210> SEQ ID NO 258

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 258

cagcgcatca cccggaaaca 20

<210> SEQ ID NO 259

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 259

atcgtgatca ttaacctgat 20

<210> SEQ ID NO 260

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 260

ttaccctgat aaattaccgce 20

<210> SEQ ID NO 261

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification
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<400> SEQUENCE: 261

ccatccgttg aatgagtttt 20

<210> SEQ ID NO 262

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 262

tggtgttaac tggcaaaatc 20

<210> SEQ ID NO 263

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 263

gtgacttcca acggcaaaag 20

<210> SEQ ID NO 264

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 264

ccgttggttt gatagcaata 20

<210> SEQ ID NO 265

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 265

gaatctggtyg tatatggcga 20

<210> SEQ ID NO 266

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 266

tcttegetat tacgccagcet 20

<210> SEQ ID NO 267

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 267

cgtcagcgga tgtatctggt 20
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<210> SEQ ID NO 268

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 268

gcggaattte tggttcgtaa 20

<210> SEQ ID NO 269

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 269

ttgtcaacga tggggtcatg 20

<210> SEQ ID NO 270

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 270

aaaaatgccg acataacgtce 20

<210> SEQ ID NO 271

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 271

tctcaaageg cgcaagtteg 20

<210> SEQ ID NO 272

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 272

ggtattgatg taccgggtga gatt 24
<210> SEQ ID NO 273

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 273

tcgacagaac gacaccaaat 20

<210> SEQ ID NO 274
<211> LENGTH: 20
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 274

cactgtgaac gaaggatcgt 20

<210> SEQ ID NO 275

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 275

tgttggcaat attgatgaag 20

<210> SEQ ID NO 276

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 276

gacatcgcett tcaacattgg 20

<210> SEQ ID NO 277

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 277

gacagacagg cgaactgacg 20

<210> SEQ ID NO 278

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 278

gcgcagattt gcagattcgt 20

<210> SEQ ID NO 279

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 279

tggcggcagt gaagagaagc 20

<210> SEQ ID NO 280

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification
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<400> SEQUENCE: 280

gcaataacgc gctcgtaatce 20

<210> SEQ ID NO 281

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 281

acaaagcagg ataagtcgca 20

<210> SEQ ID NO 282

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 282

cacttcaggt aaggctgtga 20

<210> SEQ ID NO 283

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 283

cagagaactg cgtaagtatt acgca 25

<210> SEQ ID NO 284

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 284

tagtggtaac aagcgtgaaa aacaa 25

<210> SEQ ID NO 285

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 285

atgaagactc cgtaaacgtt tcccce 25

<210> SEQ ID NO 286

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer for amplification

<400> SEQUENCE: 286

caaaaataga cacaccggga dttca 25
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<210> SEQ ID NO 287
<211> LENGTH: 939
<212> TYPE: DNA
<213> ORGANISM: Lactococcus lactis
<400> SEQUENCE: 287
atgagaatta caattgccgg tgcaggageg atggggagte gttttggttt aatgettcat 60
aaaggtggca atgaagtaac ccttatagat ggatggcctyg aacacgttaa agcgattaaa 120
gagcatggtt tgcgagctaa ttacaatgga gaagaactca ccgctcatct atcggttgag 180
ttacaatctg agatttcttc taaagaaaaa acagatttaa ttattttgtt tacaaaagcce 240
atgcaattag ataagatgct acaagatatt aaaccattaa ttgacgagca taccaaggta 300
ctttgcttac taaatggaat tggtcacgaa gatactatag aaaaatatgt ttcgaaaaat 360
aatatcttta ttggtaatac tatgtggact gectggattag aaggtccagyg taaagctaaa 420
ttatttggtg atggttcggt tgagctacaa aatcttattt caggtgagga agaaacagct 480
aaaaagttag cagaaatatt atcagaatcg ggactgaatyg ctaaatattc taacaatatt 540
cattattcta tttatagaaa agcttgtgtt aatggaacaa tgaatgggct ttgtactatt 600
ttagacacta atatggccgg attaggtgaa acaaaaccag cacatgatat ggttgttact 660
attgttaatg aatttgcagc agtagcaaaa tttgagaatg taaaccttga tattgctgaa 720
gtagttcage acgttgaaac atgttttgat ccatctacaa ttggattaca ttacccttet 780
atgtatcagg atttgattaa aaataatcga ttgacagaga ttgactatat taatggggct 840
gtttcacgta aaggtaaaaa atataatgta gccacacctt attgtgattt cttaacacaa 900
ttagttcaca gcaaagaaga gttattaaaa gcaaaataa 939

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 288
H: 312
PRT

<213> ORGANISM: Lactococcus lact

<400> SEQUENCE: 288

Met Arg Ile
1

Leu Met Leu

Pro Glu His

Asn Gly Glu
50

Ile Ser Ser
65

Met Gln Leu

His Thr Lys

Ile Glu Lys
115

Trp Thr Ala
130

Thr Ile Ala Gly Ala

5

His Lys Gly Gly Asn

20

Val Lys Ala Ile Lys

40

Glu Leu Thr Ala His

55

Lys Glu Lys Thr Asp

70

Asp Lys Met Leu Gln

85

Val Leu Cys Leu Leu

100

Tyr Val Ser Lys Asn

120

Gly Leu Glu Gly Pro

135

is

Gly Ala Met
10

Glu Val Thr
25

Glu His Gly

Leu Ser Val

Leu Ile Ile
75

Asp Ile Lys
90

Asn Gly Ile
105

Asn Ile Phe

Gly Lys Ala

Gly Ser Arg

Leu Ile Asp
30

Leu Arg Ala

Glu Leu Gln
60

Leu Phe Thr

Pro Leu Ile

Gly His Glu

110

Ile Gly Asn
125

Lys Leu Phe
140

Phe Gly
15

Gly Trp

Asn Tyr

Ser Glu

Lys Ala
80

Asp Glu
95
Asp Thr

Thr Met

Gly Asp
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Val Glu Gln

150

Gly Ile

145

Ser Leu Asn Leu Ser Gly

155
Ala Glu
165

Ile Glu Ser

170

Lys Lys Leu Leu Ser Gly Leu Asn

Ile
180

Ser Asn Asn His Tyr Ser Ile Tyr Ala

185

Arg Lys Cys

Thr Met Thr Ile

200

Asn Leu Leu Thr

195

Gly Cys Asp Met

205

Asn

Glu
210

Thr Ala Met Val Val Thr

220

His Ile

215

Gly Lys Pro Asp

Phe
225

Ala Ala Val Ala Phe Glu Val Asn

235

Lys Asn

230

Leu Asp

Val Gln Val

245

His Glu Thr Cys Phe Asp Pro Thr

250

Ser

Met Gln Leu Ile

265

Ser
260

Tyr Pro Tyr Asp Lys Asn Asn

Glu Ile Ile Ala

280

Asp Asn Val Ser

275

Tyr Gly Arg Lys Gly

285

Val
290

Ala Thr Phe Thr Gln

300

Asn Pro Tyr Cys Leu

295

Asp Leu

Lys Glu Glu Leu Leu Ala

305

Lys
310

Lys

Glu Glu Glu Thr

Ala

Val

190

Ala

Val

Ile

Ile

Arg

270

Lys

Val

Ala
160

Lys
175

Tyr

Asn Gly

Gly Leu

Asn Glu

Ala Glu

240
Gly Leu
255

Leu Thr

Lys Tyr

His Ser

1-22. (canceled)

23. Amethod for the preparation of 2,4-dihydroxybutyrate
(2,4-DHB) from homoserine comprising:

deaminating homoserine to form 2-oxo0-4-hydroxybu-
tyrate (OHB), where the deamination of homoserine is
catalyzed by an enzyme having homoserine transami-
nase activity, wherein the enzyme having homoserine
transaminase activity is produced via a transformed
host microorganism that comprises a first chimeric
gene including a first nucleic acid sequence encoding
the enzyme having homoserine transaminase activity
for converting the primary amino acid group of homo-
serine to a carbonyl group to obtain OHB; and

reducing the OHB to form 2,4-DHB, where the reduction
of OHB is catalyzed by an enzyme having OHB
reductase activity, wherein the enzyme having OHB
reductase activity is produced via the transformed host
microorganism, which further comprises a second chi-
meric gene including a second nucleic acid sequence
encoding the enzyme having OHB reductase activity
for reducing OHB to 2,4-DHB.

24. The method of claim 23, wherein the enzyme having
homoserine transaminase activity is selected from the group
consisting of enzymes classified in E.C. 2.6.1.1, E.C. 2.6.1.
2, E.C.2.6.142, E.C. 2.6.1.57 or E.C. 2.6.1.88.

25. The method of claim 24, wherein the enzyme having
homoserine transaminase activity is selected from:

a transaminase having a sequence SEQ ID NO: 64 or
encoded by the gene aspC,

a transaminase having a sequence SEQ ID NO: 60 or
encoded by the gene ilvE,

a transaminase having a sequence SEQ ID NO: 68 or
encoded by the gene beaT,

transaminase having a sequence SEQ ID NO: 62 or
encoded by the gene tyrB,
transaminase having a sequence SEQ ID NO: 66 or
encoded by the gene araT,

a transaminase having a sequence SEQ ID NO: 70 or

encoded by the gene AROS,

a transaminase encoded by the gene alaC,

a transaminase encoded by the gene mtnE,

a transaminase encoded by the gene ybdL;
or is selected from any sequence sharing a sequence identity
of at least 90% with at least one of the sequences of said
enzymes.

26. The method of claim 23, wherein the enzyme having
OHB reductase activity is selected from the group consisting
of lactate dehydrogenases classified in E.C.1.1.1.27 or E.C.
1.1.1.28, malate dehydrogenases classified in E.C.1.1.1.37,
E.C.1.1.1.82 or E.C.1.1.1.299, or branched-chain 2-hy-
droxyacid dehydrogenases classified in E.C.1.1.1.272 or
E.C.1.1.1.345.

27. The method of claim 26, wherein the enzyme having
OHB reductase activity is selected from the group consisting
of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID
NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14,
SEQ ID NO: 288, SEQ ID NO: 30, SEQ ID NO: 32, SEQ
ID NO: 102, SEQ ID NO: 104, SEQ ID NO: 106, SEQ ID
NO: 108, SEQ ID NO: 110, SEQ ID NO: 112, SEQ ID NO:
114, SEQ ID NO: 116 or SEQ ID NO: 118, or is selected
from any sequence sharing a sequence identity of at least
90% with at least one of said sequences.

28. The method of claim 27, wherein the enzyme having
OHB reductase activity is selected from the group consisting
of (D)-lactate dehydrogenase from FEscherichia coli (SEQ
ID NO: 4), (L)-lactate dehydrogenase from Lactococcus
lactis (SEQ ID NO: 6), the two isoforms of (L)-lactate

a
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dehydrogenase from Oryctalagus cuniculus (SEQ 1D NO:
12 and SEQ ID NO: 14), (L)-lactate dehydrogenase from
Geobacillus stearothermophilus (SEQ 1D NO: 10), (L)-
lactate dehydrogenase from Bacillus subtilis (SEQ ID NO:
8), (L)-malate dehydrogenase from Escherichia coli (SEQ
ID NO: 2), branched chain (D)-2-hydroxyacid dehydroge-
nase from Lactococcus lactis, and dehydrogenases having
an amino acid sequence sharing a sequence identity of at
least 90% with at least one of said sequences.
29. The method of claim 28, wherein the enzyme having
OHB reductase activity is
a lactate dehydrogenase comprising at least one mutation
in position V17, Q85, E89, 1226, or A222, said posi-
tions being defined by reference to the L-Lactis LdhA
(SEQ. ID NO: 6); or

a malate dehydrogenase comprising at least one mutation
in position A112, R81, M85, D86, V93, G179, T211, or
M227 said positions being defined by reference to the
E. coli Mdh (SEQ ID NO: 2).

30. The method of claim 23, wherein the enzyme having
homoserine transaminase activity is selected from the group
consisting of enzymes classified in E.C. 2.6.1.1, E.C. 2.6.1.
2,E.C.2.6.142,E.C.2.6.1.57 or E.C. 2.6.1.88, and wherein
the enzyme having OHB reductase activity is a lactate
dehydrogenase classified in E.C.1.1.1.27 or E.C.1.1.1.28, a
malate dehydrogenase classified in E.C.1.1.1.37, E.C.1.1.1.
82 or E.C.1.1.1.299, or a branched-chain 2-hydroxyacid
dehydrogenase classified in E.C.1.1.1.272 or E.C.1.1.1.345.

31. A modified microorganism for the preparation of
2,4-dihydroxybutyrate (2,4-DHB) from homoserine via a
two-step pathway comprising:

deaminating homoserine to form 2-oxo0-4-hydroxybu-

tyrate (OHB), where the deamination of homoserine is
catalyzed by an enzyme having homoserine transami-
nase activity, and

reducing the OHB to form 2,4-DHB, where the reduction

of OHB is catalyzed by an enzyme having OHB

reductase activity;

wherein
the modified microorganism is a host microorganism that

has been transformed to enhance production of 2,4-

DHB compared to a non-transformed host microorgan-

ism, the transformed host microorganism comprising:

a first chimeric gene including a first nucleic acid
sequence encoding the enzyme having homoserine
transaminase activity for converting the primary
amino acid group of homoserine to a carbonyl group
to obtain OHB, and

a second chimeric gene including a second nucleic acid
sequence encoding the enzyme having OHB reduc-
tase activity for reducing OHB in 2,4-DHB.

32. The modified microorganism of claim 31, wherein the
transformed host microorganism has been further trans-
formed to enhance production of homoserine compared to
the non-transformed host microorganism.

33. The modified microorganism of claim 32, wherein the
enhanced production of homoserine comprises overexpress-
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ing one or more additional enzymes selected from the group
consisting of aspartate kinase, aspartate semialdehyde dehy-
drogenase and homoserine dehydrogenase, wherein the
overexpression of said one or more enzymes is realized by
expressing the enzymes from a multicopy plasmid.

34. The modified microorganism of claim 31, wherein the
modified microorganism is a bacterium, a yeast, or a fungus.
35. The modified microorganism of claim 31, wherein
the expression of at least of one the enzymatic activities

chosen among phosphoenolpyruvate carboxylase,
phosphoenolpyruvate carboxykinase, isocitrate lyase,
pyruvate carboxylase, and hexose symporter permease
is increased, and/or

at least one of the enzymatic activities chosen among

lactate dehydrogenase, alcohol dehydrogenase, acetate
kinase, phosphate acetyltransferase, pyruvate oxidase,
isocitrate lyase, fumarase, 2-oxoglutarate dehydroge-
nase, pyruvate kinase, malic enzyme, phosphoglucose
isomerase, phosphoenolpyruvate carboxylase, phos-
phoenolpyruvate carboxykinase, pyruvate-formate
lyase, succinic semialdehyde dehydrogenase, sugar-
transporting phosphotransferase, ketohydroxyglutarate
aldolase, homoserine-O-succinyl transferase, homoser-
ine kinase, homoserine efflux transporter, diamin-
opimelate decarboxylase, and/or methylglyoxal syn-
thase is decreased.

36. The modified microorganism of claim 34, the modi-
fied microorganism being Escherichia coli, which

overexpresses at least one of the genes chosen among ppc

(phosphoenol pyruvate carboxylase), pck, aceA, galP,
asd, thrA, metl, lysC all E coli; pycA from L lactis,
and/or

has at least one of the genes deleted chosen among IdhA,

adhE, ackA, pta, poxB, focA, pfIB, sad, gabABC, sfcA,
maeB, ppc, pykA, pykF, mgsA, sucAB, ptsl, ptsG, pgi,
fumABCaldA, HdD, icIR, metA, thrB, lysA, eda, rthA,
rthB, and rthC.

37. The modified microorganism of claim 31, wherein the
enzyme having homoserine transaminase activity is selected
from the group consisting of enzymes classified in E.C.
2.6.1.1, EC. 2.6.1.2, E.C. 2.6.1.42, E.C. 2.6.1.57 or E.C.
2.6.1.88, and/or wherein the enzyme having OHB reductase
activity is a lactate dehydrogenase classified in E.C.1.1.1.27
or E.C.1.1.1.28, a malate dehydrogenase classified in E.C.
1.1.1.37,E.C.1.1.1.82 or E.C.1.1.1.299, or a branched-chain
2-hydroxyacid dehydrogenase classified in E.C.1.1.1.272 or
E.C.1.1.1.345.

38. A method of production of 2,4-DHB comprising the
steps of

culturing the modified microorganism of claim 31 in an

appropriate culture medium,

recovering 2,4-DHB from the culture medium.

39. The method of claim 38 wherein the 2,4-DHB is
further purified.



