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Title: Methods and means for regulating gene expression

The invention relates to the field of biochemistry, molecular biology
and food production. More in particular, the invention relates to methods and
means for regulating gene expression. Even more in particular, the invention

relates to CodY target sequences.

The Gram-positive lactic acid bacterium Lactococcus lactis is an
important microorganism in dairy food production. It is part of many starter
cultures used in cheese manufacturing, where its function is to degrade the
milk protein casein into small peptides and amino acids (Kok and Vos, 1993).
L. lactis, like other lactic acid bacteria, is a multiple amino acid auxotroph. It
has a complex proteolytic system to break down the major milk protein casein
into small peptides and free amino acids that are necessary for growth in this
medium (Kunji et al., 1996, Christensen et al., 1999). Initial breakdown of
casein is carried out by the extracellular cell wall-bound serine proteinase
PrtP. Several lactococcal priP genes have been cloned and sequenced (Kok et
al., 1985, Kok et al., 1988, de Vos et al., 1989, Kiwaki et al., 1989). Although
they are over 98% identical on the amino acid sequence level, the proteinases
can have quite different caseinolytic specificities (Visser et al., 1986). For the
production of an active proteinase, the product of prtM, a gene that isin a
back-to-back orientation with prtP, is required. The so-called maturase PrtM
plays a role as an extracellular chaperone, inducing the pro-proteinase to
adopt a conformation in which it is able to autoproteolytically cleave off its pro-
region (Kok, 1990, Haandrikman, 1990). Peptides that are produced by the
proteinase can be internalized by either one of three different transport
systems. Oligopeptides are taken up by Opp, while DtpT and DtpP transport
di- and three-peptides respectively (Tynkkynen et al., 1993, Foucaud et al.,
1995). Intracellularly, the peptides are further hydrolyzed into smaller
peptides and amino acids by the action of over 15 different peptidases (Kunji et

al., 1996, Christensen et al., 1999).
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Proteinase and maturase production is inhibited in peptide-rich medium
(e.g. containing casitone, a tryptic digest of casein) in a number of lactococcal
strains (Exterkate, 1985, Laan et al., 1993, Marugg et al., 1995, Miladinov et
al., 2001). As PrtP expression is not down-regulated in strains that lack the di-
and tripeptide transporter DtpT, it was hypothesized that the internal
concentration of small (di-tri) peptides, or amino acids derived thereof, are
important in the regulation of proteinase production (Marugg et al., 1995). The
genetic information for proteinase regulation was shown to be present on a 90-
bp subfragment of the priP/priM intergenic region encompassing the
transcription start sites of both genes (Marugg et al., 1996). Disruption of an
inverted repeat that is present in this region resulted in derepression of the
prtP and prtM promoters in medium with a high peptide concentration.

The expression of genes of other components of the proteolytic system of
L. lactis is also affected by medium composition. The expression of OppA, DtpT
and DtpP is increased when cells are grown in medium with a low peptide
concentration (Detmers et al., 1998, Kunji et al., 1996, Foucaud et al., 1995).
Moreover, the expression of the peptidases PepX and PepN in L. lactis
MG1363 was shown to be regulated in a similar way (Meijer et al., 1996).
Promoters of pepC, pepN, pepO1, and pej)02 were also reported to be more
active in medium with amino acids than in peptide-rich medium (Guedon et
al., 2001a). In the same study, the prtP promoter was shown to be subject of a
similar regulatory circuit.

Recently, a pleiotropic regulator, CodY, has been identified in L. lactis
MG1363 that represses several genes involved in the processes mentioned
above (Guedon et al., 2001b). CodY, was first identified in the Gram-positive
bacterium Bacillus subtilis, in which it also serves as a repressor of several
genes involved in proteolysis (Serror and Sonenshein, 1996b; Serror and
Sonenshein, 1996a). In B. subiilis, the activity of CodY is dependent on
intracellular GTP levels, thereby sensing the energy state of the cell

(Ratnayake-Lecamwasam et al., 2001). For L. lactis it was shown that the
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repression by CodY is relieved upon a decrease in the intracellular pool of the
branched chain amino acids (BCAA’s) Leu, Iso and Val (Guedon et al., 2001Db).

Like its B. subtilis counterpart, CodY of L. lactis contains a C-terminal
helix-turn-helix DNA binding motif. In B. subtilis it has been shown that the
protein is able to bind to sequences overlapping the —35 and —10 sequences of
its target promoters (Serror and Sonenshein, 1996b; Fisher, Rohrer, and

Ferson, 1996).

Herein we show that CodY represses its target genes by binding to
specific DNA sequences upstream of the respective genes. A conserved target
site was identified by analyzing upstream sequences of derepressed genes in a
delta codY L. lactis MG1363 derivative, as identified in a DNA micro-array
study. The present application furthermore discloses CodY target sequences
from other gram-positive bacteria, like B. subtilis and Streptococcus.

Hence, the invention provides CodY target sequences that may be used

in different applications to repress or derepress gene expression.

In a first embodiment, the invention provides a method for regulating
the expression of a gene of interest in a Host cell that comprises a CodY-like
protein comprising providing said cell with a gene of interest in operable
linkage with a promoter and at least one CodY target sequence.

Regulation of gene expression is a very desirable characteristic of gene
expression systems. For example, when one would like to express a protein
that is toxic for the used host cell, preferably a gene encoding said protein is
under the control of a regulator which can be switched on or off at will.
Typically, for production of such a protein, expression of the corresponding
gene is suppressed until enough biomass has been obtained and then
expression of said gene is obtained for example by providing an inducer.
However, also expression of non-toxic proteins is preferably regulated by an

induction system. Examples of these kinds of expression systems are well
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known in the art and hence no further elaboration on this subject is necessary.
In a method according to the invention a CodY-like protein and at least one
CodY target sequence, control expression of a gene of interest. Binding of a
CodY-like protein to said at least one CodY target sequence results in
repression of expression of the gene of interest that is under control of said
CodY target sequence. In the absence of (sufficient) CodY-like protein or in the
presence of non-functional (i.e. non-binding) CodY-like protein, said gene of
interest is expressed. Hence, the invention provides a way for regulating gene
expression. As CodY-like proteins are typically found in gram-positive
bacteria, for example lactic acid bacteria, the invention preferably provides a
method for regulation gene expression in gram-positive bacteria. However, it is
clear to the person skilled in the art that necessary components of the method
according to the invention, i.e. a CodY-like protein and a CodY target sequence
may easily be transferred to for example a gram-negative bacterium.

CodY proteins show a large amount of homology in gram-positive
bacteria with a low G+C content. A Blast search with the CodY amino acid
sequence of L. lactis shows homology with Bacillus subtilis, Bacillus anthracis,
Bacillus halodurans, Bacillus stearothermophilus, Clostridium acetobutylicum,
Clostridium difficile, Enterococcus faecal‘is, Staphylococcus aureus,
Streptococcus mutans, Streptococcus pneumoniae and Streptococcus pyogenes.
Moreover, these CodY proteins all comprise a DNA binding motif, preferably a
helix-turn-helix DNA binding motif. It is furthermore shown that CodY
proteins comprise putative GTP binding motifs as summarised in Table 1.
Furthermore, binding of these CodY proteins to their target sequences is
typically under the influence of the energy level of the cell (GTP) or the
intracellular pool of branched chain amino acids or the nutritional value of the
medium (nitrogen source like casitone).

A CodY-like protein is typically a CodY protein or a functional
equivalent and/or a functional fragment thereof, obtained/derived from a gram-

positive bacterium, which CodY protein comprises the above outlined
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characteristics, i.e. capable of binding to a (consensus) CodY target sequence
and sensitive to a change in the energy level of the cell, the intracellular pool
of branched amino acids or the medium composition. Examples of CodY
proteins are the CodY proteins from Lactococcus lactis (Guedon et al, 2001b))
or Bacillus subtilis (Serror and Sonenshein, 1996b; Serror and Sonenshein,
1996a). It is clear that for example a CodY protein from L. lactis can be
modified without significantly changing the above outlined characteristics, for
example, by introducing point mutations or (small) deletions. Hence, a CodY-
like protein is a Cod protein obtained from a gram-positive bacterium such as
Bacillus subtilis, Bacillus anthracis, Bacillus halodurans, Bacillus
stearothermophilus, Clostridium acetobutylicum, Clostridium difficile,
Enterococcus faecalis, Staphylococcus aureus, Streptococcus mutans,
Streptococcus pneumoniae, Streptbcoccus pyogenes, and Lactococcus lactis,
possibly comprising mutations which do not interfere significantly with for
example the binding of said CodY-like protein to a CodY target sequence and
furthermore is sensitive to the energy state of a cell, the intracellular pool of
branched amino acids or the medium composition.

The location of the CodY target sequence with regard to the promoter
sequence is flexible. The CodY target seqﬁence may be either located
upstream, downstream or overlapping with regard to the —35 and —10
sequences. Furthermore, at least one CodY target sequence is used in a
method according to the invention. As disclosed herein within the
experimental part, an increase in the number of CodY target sequences results
in a more pronounced regulation of expression and hence introduction of more
than one CodY target sequence is useful depending on, for example, the
characteristics of the gene of interest.

The promoter used in a method according to the invention is preferably
a promoter that is functional in the used host cell. For example, a promoter
that is functional in a gram-positive bacterium is used, in operable linkage

with a CodY target sequence and a gene of interest, for regulating expression
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of said gene of interest in a gram-positive bacterium. The prior art provides a
large amount of promoter sequences, both from gram-positive as well as gram-
negative bacteria, and hence no further elaboration on this item is necessary.

In a preferred embodiment, said promoter and/or said CodY target
sequence is heterologous with regard to said gene of interest. In yet another
preferred embodiment, said CodY target sequence is heterologous with regard
to said promoter. Hence, the invention preferably makes use of combinations
in which at least one component (i.e. promoter sequence or gene of interest or
CodY target sequence) is different when compared to wild type/matural
situation. The gene of interest may be an endogenous gene or a heterologous
gene. For an endogenous gene that is already in operable linkage with a
promoter, only at least one CodY target sequence has to be introduced (in
operable linkage with said promoter and said gene). After introduction of said
at least one CodY target sequence, expression of said endogenous gene will, in
the presence/absence of CodY-like protein, be repressed/derepressed and hence
expression of said endogenous gene is regulated. Furthermore, it is within the
scope of the present application to introduce an extra copy of an endogenous
gene in operable linkage with its own promoter and/or at least one CodY target
sequence or with another promoter and/or at least one CodY target sequence.
Hence, at least two copies of said endogenous gene are then present. A
heterologous gene in operable linkage with a promoter and at least one CodY
sequence may for example be introduced via a plasmid. However, it also
possible to only introduce said gene of interest and further provide said gene of
interest with the necessary means for homologous recombination to an
endogenous gene that is under control of a CodY target sequence. In this way
an endogenous gene is replaced by another gene, which is, then under control
of a CodY target sequence.

The introduction of new and/or extra genetic information into a host cell

may be accomplished by methods known in the art, for example by
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electroporation, protoplast transformation, transfection, transduction or any
other known method.

Any sequence can be used as sequence of interest. Preferably, said
sequence enables the production of a protein of interest not present as such or
present in a (too) low concentration, in said cell. For example, a sequence/open
reading frame (ORF) specifying an enzyme (protease or peptidase), a vitamin
or an anti-microbial peptide is used. Preferably, said gene of interest is a gene
from a gram-positive bacterium. Even more preferably, said gene of interest is
a gene from a lactic acid bacterium, like Lactococcus, Lactobacillus,
Streptococcus, Leuconostoc, Pediococcus, Bifidobacterium, Carnobacterium or
Propionibacterium. An example of a gene of interest is a gene that encodes a
protease or a peptidase or an anti-microbial peptide or a vitamin. Other
examples of gene products include, but is not limited to, hydrolytic enzymes
selected from proteases such as chymosin, peptidases including
endopeptidases, lipases, nucleases and carbohydrases; lytic enzymes such as
lysozyme or phage lysins; flavour enhacing substances; bacteriocins including
nisin, pediocin and bavaracin; amino acids; organic acids; and
pharmacologically active substances. Further examples comprise genes of
which the products make host cells more ‘resistant to advere conditions, for
instance conditions to which micro-organisms are confronted at various stages
during industrial use, e.g. starvation, lactic acid accumulation, oxygen stress,
drying-stress, temperature stress. For example probiotic formula's are made
more robust during and/or after production, e.g. by optimising the survival of
cells of probiotic strains. As another example, the re-growth of starter cultures
is made more reliable.

In a preferred embodiment the invention provides a method for
regulating the expression of a gene of interest in a host cell that comprises a
CodY-like protein comprising providing said cell with a gene of interest in
operable linkage with a promoter and at least one CodY target sequence,

wherein said CodY target sequence comprises a sequence as depicted in the
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upper part of Figure 6A, or a functional equivalent and/or a functional
fragment thereof. The upper part of Figure 6A discloses a consensus CodY
target sequence. In another preferred embodiment the invention provides a
method for regulating the expression of a gene of interest in a host cell that
comprises a CodY-like protein comprising providing said cell with a gene of
interest in operable linkage with a promoter and at least one CodY target
sequence, wherein said CodY target sequence comprises a sequence as
depicted in Figure 6B, or a functional equivalent and/or a functional fragment
thereof. Moreover, the invention provides in Table 4 and Table 4A multiple
examples of L. lactis CodY target sequences that provide non-limiting
examples of combinations of W, R, D and H as depicted in Figures 6A and 6B.
Until the present patent application, no (consensus) sequence for CodY binding
was disclosed. Now that the consensus sequence and some of its variants are
disclosed herein (see upper part of Figure 6A, Table 4 and Table 4A) a person
skilled in the art is very well capable of obtaining a functional equivalent
and/or a functional fragment of said consensus sequence. A functional
equivalent and/or a functional fragment must still be capable of binding a
CodY-like protein. A functional equivalent is for example obtained by
screening other bacteria for the presence'of the herein disclosed CodY target
sequences. For example, the present inventors have identified CodY target
sequences in Bacillus subtilis, Streptococcus pneumoniae and Streptococcus
agolacticiae, as disclosed herein within Figure 6A lower part, Table 5, 6, 7 or 8.
The lower part of Figure 6A discloses the CodY target consensus sequence in
B. subtilis and Table 5 and 6 show multiple examples of the typical CodY
target sequences. Table 7 and 8 disclose multiple examples of Sireptococus
CodY target sequences. It is clear that point mutation and deletion studies
lead to further functional equivalents and/or functional fragments and hence
these also within the scope of the present patent application.

One embodiment of the present invention provides a method for

regulating the expression of a gene of interest in a host cell that comprises a
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CodY-like protein comprising providing said cell with a gene of interest in
operable linkage with a promoter and at least one CodY target sequence,
wherein said CodY target sequence comprises an ATGTTCA sequence and an
inversely repeated ATGTTCA sequence. An example of such sequence is shown
in Figure 1. As is shown in the examples, said CodY target sequence is
involved in CodY-mediated regulation of PoppD. Preferably, said nucleic acid
sequence comprises a spacing of about 9 base pairs between said ATGTTCA
sequence and said inversely repeated ATGTTCA sequence. More preferably,
said nucleic acid sequence comprises the sequence
ATGTTbAGAAAATTCATGAACAT.

Based on the herein disclosed (consensus) CodY target sequences it is
furthermore possible to construct for example constructs comprising two or
more (identical or different) CodY-like target sequences. In this way a more
stringent regulation of expression is obtained. For example a gene of interest
in operable linkage with a promoter and two (identical or different) CodY
target sequence is used to obtain more stringent control of expression.
However, it is also possible to introduce a construct that comprises multiple

CodY target sequences (with or without a promoter and/or a gene of interest)

" in a cell that comprises CodY regulated genes and hence a competitive binding

of CodY to said construct that comprises multiple CodY target sequences and
binding to a CodY target sequence in operable linkage with a gene of interest
and a promoter takes place. In this way a gene of interest is derepresses and
said gene of interest is expressed.

The method according to the invention allows both active as well as
Inactive/passive regulation of gene expression of a gene of interest. Said
regulation is preferably based on influencing the binding between a CodY-like
protein and at least one CodY target sequence. An example of
passive/indirect/inactive regulation is a gene of interest in operable linkage
with a promoter and a CodY target sequence that is introduced into a host cell

that comprises CodY-like protein. During exponential growth of said host cell
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said CodY-like protein binds to said CodY target sequence and hence
expression of said gene of interest is repressed. After the exponential phase,
said CodY-like protein will release from said CodY target sequence and hence
expression of said gene of interest is induced. Such an approach is extremely
useful in cases in which one would like to have expression of a gene of interest
after exponential growth. Active regulation of gene expression of a gene in
operable linkage with a promoter and a at least one CodY target sequence is
for example obtained by regulating binding of a CodY-like protein and a CodY
target sequence by subjecting said cell to a change in a growth condition,
preferably to a‘growth limiting condition like a limited availability of a
nitrogen source. In case, a CodY-like protein or a functional fragment and/or a
functional derivative thereof of L. lactis is used, means that result in a
decrease in the intracellular pool of the branched amino acids Leu, Iso and Val
results in relief of CodY repression. The CodY protein of B. subtilis is for
example actively regulated by a means that influence the level of GTP in a
host cell. Hence, actively subjecting a CodY-like protein comprising host cell
that further comprises a gene of interest in operable linkage with a promoter

and at least one CodY target sequence to a medium with a limited availability

" of a nitrogen source results in derepression and hence expression of said gene

of interest.

In a preferred embodiment, the invention provides a method for
regulating the expression of a gene of interest in a host cell that comprises a
CodY-like protein comprising providing said cell with a gene of interest in
operable linkage with a promoter and at least one CodY target sequence,
wherein said host cell is a cell from a food production species and even more
preferably a dairy food production species. Preferably, said species is selected
from the gram-positive species and even more preferably said species is a lactic
acid bacterium such as Lactococcus or Lactobacillus or Streptococcus or
Leuconostoc or Pediococcus or Bifidobacterium or Carnobacterium. An example

of a gram-positive, non lactic acid bacterium is Propionibacterium. Amongst
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others, these species are used in the production of food, for example in a
fermentation step for the production of a dairy product. Hence, by providing
these species with a gene of interest under the control of a promoter and at
least one CodY target sequence and either indirectly/passively or
directly/actively influencing the binding between a CodY-like protein and its
target sequence results in repression or derepression (i.e regulation) of gene
expression of said gene of interest. This may be used for the metabolic
engineering of various catabolic pathways by a rerouting strategy consisting of
the controlled overproduction and/or disruption of genes. For example, genes of
which the products, directly or indirectly, are involved in the production of
compounds that are involved in the formation of off-flavours during
exponential growth during a (dairy) food production, are repressed by
providing said genes with a CodY target sequence. Food or dairy food
production species in which said genes are under the control of a CodY target
sequernice, will produce less (or preferably no) off-flavours and hence these
production processes are improved. It has for instance become possible to alter
flavour formation in cheese, yoghurt and/or other fermented (dairy) products
by altering the expression of enzymes that, when present in different
quantities, give rise to re-routing of specific pathways. Examples of such
enzymes are enzymes involved in e.g.
1) lactose, citrate and diacetyl metabolism, and alcohol metabolism,
2) lipid degradation, modification and synthesis,
3) polysaccharide synthesis,
4) amino acid degradation,
5) protein and carbohydrate utilisation and conversion,
6) cell lysis (e.g. bacteriophage and host cell-encoded cell wall hydrolases and
DEAD-box helicase proteins) and cell wall synthesis.

In an analogous way it is also possible to induce expression of a gene of
interest after the exponential growth and hence provide said species with

altered flavour formation, altered cell lysis capabilities or induce production of
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antimicrobial substances and/or health promoting substances (such as
vitamins) or provide said species with means to at least in part prevent
acidification of the same or another species. For the latter possibilities, a gene
of interest (for example a gene involved in cell lysis or flavour formation or a
gene encoding a vitamin) is placed under the control of a promoter and at least
one CodY target sequence and after the end of exponential growth, CodY-like
protein will be released from said CodY target sequence and hence expression
of said gene is induced. Furthermore, CodY-like proteins are released from
their target sequences by providing cells with for example synthetic CodY
targets. Said CodY target may be added to the medium, taken up by the cells
(for example B. subiilis) and the CodY-like proteins are released from their
targets and will bind to the synthetic CodY targets. With a method of the
invention it has for instance become possible to induce the production of
antimicrobial substances (for instance antimicrobial peptides) of which the
production would be detrimental during the fermentation process but is
benificial after exponential growth to prevent spoilage organisms in the
fermented product. A method of the invention is for instance suitable for
inducing bacteriocin (e.g. nisin) production in cheese, yoghurt and/or other
fermented (dairy) products after exponential growth thereby preventing that
the fermenting micro-organisms are affected during fermentation.

In another aspect a method of the invention is used in order to decrease
the expression of a gene in a stationary phase culture or equivalent of said
culture. This is for instance done by providing a host cell with an antisense
nucleic acid sequence in operable linkage with a promoter and at least one
codY target sequence. In the presence of CodY, expression of said antisense
nucleic acid is repressed during exponential growth. Upon transcription of said
antisense nucleic acid during the stationary phase, produced RNA will bind
mRNA of said undesired gene, thereby preventing translation of said
undesired gene. Said undesired gene for instance comprises a gene involved in

post-acidification. Said gene for instance comprises a gene involved in carbon
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catabolism, glucose and lactose catabolism (such as for instance glycolytic
enzymes/lactate dehydrogenase) and lactose uptake. It has also become

possible to prevent undesired CO, production by inhibiting citrate catabolism,

to prevent off-flavour production or re-routing of specific pathways by
inhibiting expression of a gene encoding undesired proteins/peptides, and/or to
extend the shelf life of fermented (dairy) products by decreasing metabolism,
((post-)acidification, glycolysis, lipolysis, proteolysis, peptidolysis) and/or cell
lysis.

Hence, with a method of the present invention expression of a gene can
be regulated at any stage of growth, for instance during exponential growth
and/or during the stationary phase. In a further aspect a method of the
invention is used in order to decrease expression of a gene, wherein binding of
a CodY-like protein to a CodY target sequence is regulated by subjecting said
cell to a change in a growth condition. Preferably, said cell is subjected to a
growth limiting condition. In a preferred embodiment said growth limiting

condition is a limited availability of a nitrogen source.

Now that the invention discloses multiple (consensus) CodY target
sequences it is furthermore part of the invention to modify endogenous CodY
sequences, to for example increase or decrease (or more generally alter)
binding of CodY to one of its endogenous target sequences and hence
production of an endogenous gene that is under control of the CodY/CodY
target sequence regulation may be altered. For example, proteins which
expression is under the control of CodY (and hence are not or hardly not
produced during the exponential growth phase) but whose product provides
advantageous uses when present during exponential growth may now be
amended such that binding of CodY to said CodY target sequence is not or
hardly not possible under the exponential growth phase conditions. Hence,
said protein is expressed during exponential growth and advantage is taken of

the properties of said expressed protein.
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In case a host cell does not comprise or does not comprise enough CodY-
like protein or comprises non-functional (i.e. CodY protein that is not capable
of binding to a CodY target sequence) CodY-like protein, the invention
furthermore provides a method for regulating the expression of a gene of
interest in a host cell that comprises a CodY-like protein comprising providing
said cell with a gene of interest in operable linkage with a promoter and at
least one CodY target sequence wherein said host cell is further provided with
a nucleic acid encoding a CodY-like protein. Examples of CodY sequences are
already outlined above and hence no further details are provided. In case a
host cell does not comprise/express enough CodY-like protein said cell may be
provided with either endogenous and/or heterologous CodY-like protein.

In yet another preferred embodiment, the invention provides an isolated
or recombinant nucleic acid that éomprises at least one CodY target sequence
or a functional fragment and/or a functional equivalent thereof. It is clear from
Figure 6A (lower and upper part), Figure 6B and Tables 4 to 8, that the length
of said nucleic acid generally comprises about 15 to 30 nucleotides. A
functional fragment and/or a functional equivalent thereof is defined as a
fragment and/or equivalent that is capable of binding a CodY-like protein. A
functional fragment is for example obtained by introducing an N-, C- or
internal deletion. Examples of suitable CodY target sequences are provided
herein (Fig. 6A, Fig. 6B and Tables 4 to 8). A nucleic acid that comprises
multiple (either identical or different) CodY target sequences is also included
herein. Furthermore, artificial or synthetic CodY target sequences are also
included herein.

In a preferred embodiment said isolated or recombinant nucleic acid
that comprises at least one CodY target sequence or a functional fragment
and/or a functional equivalent thereof, further comprises a promoter sequence
and/or a promoter sequence in operable linkage with a gene of interest.

In case a host cell does not comprise or does not comprise enough

endogenous CodY-like or comprises non-functional CodY protein, the invention
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furthermore provides an isolated or recombinant nucleic acid that comprises at
least one CodY target sequence or a functional fragment and/or a functional
equivalent thereof wherein said nucleic acid further comprises a gene encoding
a CodY-like protein or a functional fragment and/or a functional equivalent
thereof.

In a preferred embodiment, said promoter and/or said at least one CodY
target sequence is heterologous with regard to said gene of interest and in
another preferred embodiment, said CodY target sequence is heterologous with
regard to said promoter.

Again, as already outlined above, said gene of interest may either be an
endogenous and/or a heterologous gene. Preferably, said gene of interest is a
gene from a gram-positive bacterium, such as a gene from a lactic acid
bacterium for example Lactococcus or Lactobacillus or Streptococcus or
Leuconostoc or Pediococcus or Bifidobacterium or Carnobacterium. An example
of a gram-positive, non lactic acid bacterium is Propionibacterium.

A gene of interest may be any gene, preferably said gene of interest
encodes a protease or a peptidase or an anti-microbial peptide or a vitamin.
Other suitable examples include hydrolytic enzymes selected from proteases
such as chymosin, peptidases including endopeptidases, lipases, nucleases and
carbohydrases; lytic enzymes such as lysozyme or phage lysins; flavour
enhacing substances; bacteriocins including nisin, pediocin and bavaracin;
amino acids; organic acids; and pharmacologically active substances.

In a preferred embodiment, the invention provides an isolated or
recombinant nucleic acid that comprises at least one CodY target sequence or a
functional fragment and/or a functional equivalent thereof, wherein said CodY
target sequence comprises a sequence as depicted in Figure 6A and/or Figure
6B, or a functional equivalent and/or a functional fragment thereof. The upper
part of Figure 6A, and figure 6B disclose a consensus CodY target sequence.
Moreover, the invention provides in Table 4 and Table 4A multiple examples of

L. lactis CodY target sequences that provide non-limiting examples of
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combinations of W, R, D and H as depicted in Figure 6A and Figure 6B. Until
the present patent application, no (consensus) sequence for CodY binding was
disclosed.

In a further preferred embodiment, the invention provides an isolated or
recombinant nucleic acid that comprises at least one CodY target sequence or a
functional fragment and/or a functional equivalent thereof, wherein said CodY
target sequence comprises a sequence as depicted in Table 4, Table 4A, Table
5, Table 6, Table 7 and/or Table 8, or a functional equivalent and/or a
functional fragment thereof.

In another preferred embodiment the invention provides an isolated or
recombinant nucleic acid that comprises at least one CodY target sequence or a
functional fragment and/or a functional equivalent thereof, wherein said CodY
target sequence comprises an ATGTTCA sequence and an inversely repeated
ATGTTCA sequence. Preferably, said nucleic acid sequence comprises a
spacing of about 9 base pairs between said ATGTTCA sequence and said
inversely repeated ATGTTCA sequence. More preferably, said nucleic acid
sequence comprises the sequence ATGTTCAGAAAATTCATGAACAT.

Now that a consensus sequence and some of its variants are disclosed
herein (see Figure 6B, upper part of Figure 6A, Table 4 and Table 4A) a person
skilled in the art is very well capable of obtaining a functional equivalent
and/or a functional fragment of said consensus sequence. A functional
equivalent and/or a functional fragment must still be capable of binding a
CodY-like protein. A functional equivalent is for example obtained by
screening other bacteria for the presence of the herein disclosed CodY target
sequences. For example, the present inventors have identified CodY target
sequences in Bacillus subtilis, Streptococcus pneumoniae and Streptococcus
agalacticiae, as disclosed herein within Figure 6A lower part, Table 5, 6, 7 or 8.
The lower part of Figure 6A discloses the CodY target consensus sequence in

B. subtilis and Table 5 and 6 show multiple examples of the typical CodY
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target sequences. Table 7 and 8 disclose multiple examples of Streptococus
CodY target sequences. It is clear that point mutation and deletion studies
lead to further functional equivalents and/or functional fragments and hence
these also within the scope of the present patent application.

Moreover, the present inventors have identified alternative sequences in
the upstream region of CodY regulated genes that may also be included in a
method for regulating the expression of a gene of interest in a host cell that
comprises a CodY-like protein (Figure 7). These sequences may also be used in
a method and/or nucleic acid according to the invention.

In another embodiment the invention provides a vector comprising a
nucleic acid as described above. Said vector may further be provided with
means for homologous recombination. With these means said at least one
CodY target sequence and/or a gene of interest and/or a promoter and/or a
gene encoding CodY-like protein may be integrated into the genome of a cell
and hence a more stable situation may be obtained. In yet another
embodiment, the invention provides a éene delivery vehicle comprising a
nucleic acid or a vector according to the invention. Gene delivery vehicles are
well known in the art and hence no further details are provided on this subject
matter.

In a further embodiment the invention provides a host cell that
comprises a nucleic acid, a vector or a gene delivery vehicle according to the
invention. Preferably, said host cell is a cell from a food production species and
even more preferably said host cell is a cell from a dairy food production
species. Non-limiting examples of said species are gram positive lactic acid
bacteria such as Lactococcus or Lactobacillus or Streptococcus or Leuconostoc
or Pediococcus or Bifidobacterium or Carnobacterium. An example of a gram

positive, non lactic acid species is Propionibacterium.

In another embodiment, the invention provides use of at least one CodY

target sequence for regulating the expression of a gene of interest. Preferably,
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said at least one CodY target sequence is selected from Figure 6A. Figure 6B
or Tables 4 to 8. For example, the use of at least one CodY target sequence in
operable linkage with a promoter and a gene of interest in a Cod-like protein
comprising host cell result, for example under exponential growth in
repression of expression of said gene of interest. After exponential growth,
CodY protein will be released from its target, resulting in depression of

expression of said gene of interest.

In yet another embodiment the invention provides a method for
producing a food product comprising a nucleic acid or a vector or a gene
delivery vehicle or a host cell as described above. Preferably said food product
is a dairy food product. As a non-limiting example, the use of a host cell is
described in more detail. A lot of (dairy) food production processes involve the
use of a (fermenting) host cell. These host cells may now be manipulated with
regard their protein products. For example, genes of which the products,
directly or indirectly, are involved in the production of compounds that are
involved in the formation of off-flavours during exponential growth during a
(dairy) food production, are repressed by providing said genes with a CodY
target sequence. Food or dairy food production species in which said genes are
under the control of a CodY target sequence, will produce less (or preferably no
(detectable)) off-flavours during exponential growth and hence these
production processes are altered. In an analogous way it is also possible to
induce expression of a gene of interest after the exponential growth of said
host cell and hence provide said species with altered flavour formation, altered
cell lysis capabilities or induce production of antimicrobial substances and/or
health promoting substances (such as vitamins) or provide said species with
means to prevent acidification of the same or another species. For the latter
possibilities, a gene of interest (for example a gene involved in cell lysis or a
gene involved in flavour formation or a gene encoding a vitamin) is placed

under the control of a promoter and at least one CodY target sequence and
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after the end of exponential growth, CodY-like protein will be released from
said CodY target sequence and hence expression of said gene is induced.

Furthermore expression of undesired genes during the stationary phase
can be, at least in part, decreased.

With regard to a fluid dairy product a method to at least in part
decrease lysis of bacteria and/or acidification after production of said fluid
diary product, i.e. after exponential growth of the used bacteria, is very
advantageous with regard to the shelf life of said fluid dairy product. First,
genes that are capable of at least in part preventing lysis and/or acidification
are identified. After identification, such genes are placed under the regulation
of at least one CodY target sequence. Said genes are expressed and hence lysis
and/or acidification is at least in part prevented (and more preferably
completely inhibited) and hence the shelf life of said product is increased.

Moreover, in case integration of said nucleic acid or vector is desired,
use may be made of food grade integration techniques (for example see

Leenhouts, 1995, herein incorporated by reference).

Preferably, the invention provides a method for producing a (dairy) food
product comprising a nucleic acid or a vector or a gene delivery vehicle or a
host cell as described herein, wherein said dairy product is a cheese or a
fermented milk product. The production of a lot of dairy products involves
fermentation of lactic acid bacteria and hence the application of modified host
cells as described herein are particularly advantageous. The term "dairy
product" include but is not limited to cheese, fluid dairy products like milk and
yoghurt, fermented milk product, ice cream, butter, buttermilk, margarine and

milk powder.

In another embodiment the invention provides food or a dairy food, such
as a cheese or a fermented milk product, obtainable by a method according to

the invention. Such a product comprises for example a different or extra taste
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or comprises specific compounds/structures (such as health improving
compounds as vitamins) not present in food or dairy food product not obtained
according to a method of the invention. Food or dairy food products prepared
by a method according to the invention may comprise different amounts or
different kinds of enzymes, peptides, amino acids, flavour enhancing or

pharmacologically active substances or organic acids.

In yet another embodiment, the invention provides a method for at least
in part preventing the formation of off-flavours during a process for the
production of a (dairy) food product, comprising providing at least one CodY
target sequence in operable linkage with a gene which product is, directly or

indirectly, involved in the formation of off-flavours.

Now that the present inventors have disclosed CodY target sequences,

interesting leads are provided in the fight against food-spoilers and pathogens.

PpmA is a recently identified pneumococcal protein with significant

sequence homology to the proteinase maturation protein (PrtM) of lactic acid

bacteria. PrtM is a trans-acting protein involved in the processing of

precursors of serine protease PrtP into active enzymes and belongs to the
family of peptidyl-prolyl cis/trans isomerases. These enzymes are thought to
assist in protein folding by catalyzing the cis/trans isomerization of the petidyl-
prolyl bonds in peptides and proteins. The pneumococcal proteins(s) that is
activated by PpmA is currently unknown. PpmA of Streptococcus pneumoniae
was demonstrated to be involved in virulence. Inactivation of ppmA
significantly reduced the virulence of strain D39 for mice as judged by the
survival time after intranasal challenge. The present inventors identified a
CodY target sequence upstream of ppmA (Table 7) indicating that the
expression of this gene probably is under the control of CodY. Hence, the

invention provides a method for regulating the expression of ppmA.
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Spore-forming bacteria (e.g. Bacillus) can cause serious problems in
industrial food fermentations as the spores can survive most processing
conditions. In Bacillus subtilis it was shown that the target genes of CodY
generally encode proteins useful to the cell in adapting to poor nutritional
conditions, but also include several genes whose expression is critical to the
acquisition of genetic competence and the initiation of sporulation. The present

invention provides a method for influencing the expression of these genes.

In Clostridium difficile, the synthesis of two toxin proteins responsible
for antibiotic-associated colitis and pseudomembranous colitis were shown to
be dependent on a RNA polymerase sigma factor TxeR (Sonenshein,
unpublished). Both TxeR and the toxin proteins were not synthesized in
exponential phase cells, probably due to the action of CodY as it was shown to

bind to the toxin regulatory region.

The invention will now be illustrated by means of the following, non-

limiting examples.
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EXPERIMENTAL PART
MATERIALS AND METHODS

Bacterial strains, plasmids and growth conditions

The strains and plasmids used in this study are listed in Table 9.
Escherichia coli was grown in TY medium at 37°C with vigorous agitation or
on TY medium solidified with 1.5% agar, containing 100 pg of erythromycin
per ml when needed. 5-bromo-4-chloro-3-indolyl-p-D-galactopyranoside (X-gal)
was used at a final concentration of 40 pg/ml. L. lactis was grown at 30°C in
M17 broth or on M17 medium solidified with 1.5% agar, supplemented with
0.5% glucose. When needed, erythromycin, chloramphenicol and X-gal were
added at final concentrations of 5 pg, 5 ug and 80 ug per ml, respectively.
Chemically defined medium (CDM) was prepared according to Poolman and
Koning (1988).

DNA preparation, molecular cloning and transformation

Routine DNA manipulations were performed as described by Sambrook
et al.(1989). Total chromosomal DNA from L. lactis MG1363 was extracted as
described previously. Plasmid DNA was isolated by the alkaline lysis
procedure described by Sambrook et al (1989). Minipreparations of plasmid
DNA from E. coli and L. lactis were made using the High Pure Plasmid
isolation Kit from Roche, with minor modifications for L. lactis. Restriction
enzymes and T4 DNA ligase were purchased from Roche. PCR amplifications
were carried out using Pwo DNA polymerase for cloning fragments and Taq
DNA polymerase for checking DNA insert sizes in plasmids from

transformants. Electrotransformation of E. coli and L. lactis were performed

with a Bio-Rad Gene Pulser (Bio-Rad Laboratories, Richmond, Calif.).
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RNA preparation and primer extension

The opp transcript was subjected to primer extension analysis using the
oligonucleotide sto14 (CTTGCCATGGAATCACCCG) essentially as described
previously (Buist et al, 1997). In the reactions, 30 pg of total RNA that was
isolated from L. lactis MG1363 cells as described (van Asseldonk et al, 1993)
was used as template. A DNA sequence ladder was obtained using the T'7
sequencing kit (Amersham Pharmacia Biotech, Little Chalfont, United

Kingdom) according to the manufacturers’ descriptions.

Cloning of oppD promoter fragments

In order to study the regulation of promoter strength upstream of the
oppD a deletion analysis of the respective promoters was carried out.
Combinations of oligonucleotides opp1 (5'
GCTCTAGACACTCACTTGTTTTGCTTCC 8
opp2 (5' AACTGCAGGAAAATTCATGAACATACC 3,
oppl-opp3 (6' AACTGCAGTAAAACAATAATAAAAGCAG 3,
oppl-opp4 (5' AACTGCAGGATAATAAAATTTGGACTG 3,
oppl-opp14 (5' AACTGCAGCGTAATGTTCAGAAAATTC 3,
oppl-opp15 (a) (5' AACTGCAGCGTAATATTTAGAAAATTCATGAACATACC
3" and
oppl-oppl5 (b) (5' AACTGCAGCGTACTGTGCCGAAAATTCATGAACATACC
3") were used to amplify chromosomal DNA from L. lactis MG1363 in order to
obtain fragments encompassing the oppD promoter. The PCR products were
digested with Xbal and Pst] and transcriptionally fused upstream of the
promoterless lacZ gene in the integration vector pORI13 (Sanders et al.,
1998), also digested with the same enzymes. The resulting plasmids were
called pORIopp2, pORIopp3, pORIopp4, pORIopp14, pORIopp15 (a) and
pORIopp15 (b). All pORI constructions were preformed in E. coli EC101 which

contains a chromosomal copy of the lactococcal repA gene needed for
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replication. They were then transformed into L. lactis 11108 and/or L1302

which contain multiple and single chromosomal copies of repA, respectively.

Random mutagenesis of oppD promoter region

PCR fragments encompassing the oppD promoter region containing
randomly introduced base pair substitutions were obtained essentially as
described (Spee, de Vos, and Kuipers, 1993). Chromosomal DNA isolated from
L. lactis MG1363 cultures were used as a template in the amplification step.
Subsequently, the obtained variants were cloned into plasmid pORI13 and
introduced into L. laciis LL108 as described above. Mutants showing distorted
blue coloring on plates containing X-gal were selected and analyzed in more

detail as described in results.

Construction of a codY deletion strain.

A 1400 bp EcoRI/HinDIII chromosomal fragment of L. lactis MG1363,
containing codY, was subcloned in pUC19. The resulting plasmid was digested
with SnaBI and subsequently selfligated. In this way, 423 bp were deleted
from codY. The oligonucleotides cod280A (5’
GGGAATTCGGATTGTCTATCTGCCTCG 3') and cod280B (5
GGGGGATCCAGATCTGACCATGATTACGCCAAGCTT 3" were used to
amplify the AcodY-containing fragment. PCR product was digested with
EcoRI/BamHI (restriction sites are underlined in the oligonucleotide sequence)
and ligated into corresponding sites in pORI280. The resulting plasmid,
PORIAcodY, was introduced together with pVEG007 into L. lactis MG1363. As
this strain does not contain the repA gene, selection for growth in the presence
of erythromycin and increased temperature (37°C) forces pORIAcodY to
integrate into the chromosome by homologous recombination. A number of
integrants were subsequently grown for about 30 generations under

nonselective conditions allowing a second recombination event to occur, which
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results in either the deletion or the wild-type gene codY. The ACodY mutation
was confirmed by PCR.

B-Galactosidase activity assay

In vivo B-galactosidase (B-gal) assays were carried out in a Tecan
microplate reader. Overnight cultures of L. lactis grown in GM17 were washed
twice in 0.9% NaCl before inoculation to 2.5% in 200ul of the appropriate
medium containing erythromycin (5pg/ml) for maintenance of pORI13 in L.
lactis LL108/LL302 and erythromycin and chloramphenicol (2.5 ug/ml each)
(Leenhouts et al., 1996). The media also contained the B-gal substrate 2% B-
trifluoromethylumbelliferyl B-D-galactopyranoside (Molecular probe T-657).
Multilabelling experimental data (absorbance and fluorescence measurements)
were processed using the Magellan software program. p-Gal production due to
the transcription driven from the oppD upstream region was calculated as a
function of light emission. B-Gal assays were performed throughout the growth
of L. lactis grown in media in which growth rates differ significantly as a
function of the nitrogen source i.e. CDM 0.2% casitone and CDM 2% casitone
and measured of the culture. B-Galactosidase activities were determined in
permeabilized cell suspensions as described previously (Israelsen et al, 1995).
B-Galactosidase enzyme activities, calculated as an average of three

independent experiments, were expressed in arbitrary units (Miller, 1972).

Overproduction and purification of Hise-CodY.

The chromosomaly located codY of L. lactis MG1363 was amplified by
PCR with the oligonucleotides HC-5 (5 CTAGACCACCATGGGG
CATCACCATCACCATCACGTGGCTACATTACTTGAAAAAACACG 3",
introducing the underlined Ncol restriction enzyme site upstream of the hexa-
histidine tag (italic) and
HC-6 (5 CTAGTCTAGATTAGAAATTACGTCCAGCAAGTTTATC 3),

introducing the underlined Xbal restriction enzyme site downstream of the
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stop codon (italic) of codY. The purified 833-bp PCR product was digested with
Ncol and Xbal and ligated into the corresponding sites of pNZ8048,
downstream of the nisin-inducible Ppisa. The resulting plasmid, pNH6CodY,
was introduced in L. lactis NZ9000 to enable nisin induction of his6-codY, as
described (de Ruyter, Kuipers, and de Vos, 1996;Kuipers et al., 1998). His6-
CodY was isolated by affinity chromatography in an FPLC procedure
(Amersham Pharmacia Biotech) using Ni-NTA agarose (Qiagen GmbH,
Hilden, Germany).

Electrophoretic mobility shift assays (EMSA’s)

Gel retardation experiments were carried out essentially as described by
Ebbole and Zalkin (Ebbole et al., 1989). Purified PCR products (2 ug) were end-
labelled with polynucleotide kinase (Amersham Pharmacia Biotech) for 1 h at
37°C using 30 uCi [y-32P]-ATP (Amersham Pharmacia Biotech) in a volume of
20 pul. Reactions were stopped by incubating the mixtures for 10 min at 70°C.
Binding studies were carried out in 20 pl reaction volumes containing 20 mM
Tris-HCl (pH 8.0), 8.7 % (v/v) glycerol, 1 mM EDTA (pH 8.0), 5 mM MgCls, 100
mM KCL, 0.5 mM DTT, labelled DNA fragment (3000 cpm), and purified His6-
CodY protein (50-400 ng). BSA (1 pg) and poly(dI-dC) (Amersham Pharmacia
Biotech) were added to the reaction mixtures in order to reduce non-specific
interactions. After incubation for 15 min at 30°C, samples were loaded onto a
4% polyacrylamide gel. Electrophoresis was performed in the Protean II
Minigel System (Bio Rad Laboratories B.V., Veenendaal, The Netherlands)
using a gradient (0.5x to 2x) of TAE buffer (Sambrook, Fritsch, and Maniatis,
1989) at 150 V for 1.5 h. Gels were dried and used for autoradiography at —
80°C using Kodak XAR-5 films and intensifying screens.

Preparation of cells for transcriptome analysis
Cells were grown at 30°C in GM17 supplemented with 0.5% glucose.
Cells were grown till mid-exponential phase (OD600~1.0). Approximately
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5x109 cells (50 ml culture) were harvested by centrifugation for 5 min at 10.000
rpm and 4°C. Cells were resuspended in 2 ml ice-cold growth media and
divided over 4 screw-cap tubes with rubber seal. After the addition of 500 pl
Phenol/Chloroform, 30 ul 10% SDS, 30 ul 3 M NaAc (pH5.2) and 500 mg glass-
beads (diameter 75-150 pm), cells were frozen in liquid nitrogen and stored at

—80°C or immediately used for RNA isolation.

Transcriptome analysis
The DNA micro array experiments were essentially performed as

described earlier (Kuipers et al., 2002), with the following modifications.

RNA isolation

For each RNA isolation, oné aliquot of the stored cell samples was used.
Cells were disrupted by mechanical force using the Savant FastPrep FP120
system (Omnilabo) for 40 seconds at setting 5.0. Subsequently, RNA was
extracted using the Roche “High Pure RNA Isolation Kit” according to the
provided protocol. RNA yield and quality were determined
spectrophotometrically and by performing a RNA 6000 Nano Labchip assay
(Caliper Inc.) on the Agilent 2100 Bioanalyzer (Agilent Technologies,
Amstelveen, the Netherlands) according to the manufacturers description

respectively.

cDNA labeling

Single-strand reverse transcription (amplification) and indirect labeling
of 25 pug of isolated total RNA with either Cy3- or Cy5-dye were done with the
Amersham CyScribe Post Labelling Kit according to the manufacturers

protocol and, subsequently, used for hybridization.
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Hybridisation and scanning

Sylilated slides (Cel Associates) on which 2145 amplicons of L. lactis
strain I1.1403 were spotted in duplicate were used in the hybridization
procedure. In addition, the slides contained 96 amplicons from L. lactis strain
MG1363. Slides were pre-hybridized in Ambion SlideHyb buffer for 15 min at
40°C in a Genomic Solutions Hybstation. After removal of the pre-
hybridization buffer, 10-25 pl of the Cy3/Cy5-labeled cDNA mix in 150 pl
Ambion SlideHyb buffer I was added and incubated for 1 h at 42°C and finally
for 16 h at 40°C. Afterwards, the hybridized slides were washed for 1 min in 2x
SSC, 0.5% SDS and 5 min in 1xSSC, 0.25% SDS. The slides were scanned

using a confocal laser scanner GeneTAC LS IV).

Signal analysis

After scanning of the slides with the GeneTAC LS IV, individual spot
intensities were determined. The raw data, along with the scanning image
were stored in the Molecular Genetics Information System (MolGenIS). A grid
definition was made to enable the spot analysis software Array Pro (Phoretix)
to produce tables containing gene names and signal intensities. Using the
program Excel (Microsoft corporation), signal intensities were corrected for
background and the ratios in signal intensity between the different samples

were determined.

DNasel footprinting analysis

DNasel footprinting was performed essentially according to the description
supplied with the Sure Track Footprinting Kit (Amersham Pharmacia
Biotech). The DNA fragments were prepared by PCR, using Expand DNA
polymerase (Amersham Pharmacia Biotech) and the oligonucleotides opp1 and
opp3, one of which was first end-labeled with T4 polynucleotide kinase
(Amersham Pharmacia Biotech) and [y-32P]ATP as described by the

manufacturer.
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Binding reactions were identical to those used in EMSAs, in a total volume of
40 pl and in the presence of approximately 150,000 cpm of DNA probe. DNAsel
footprinting experiments were then performed as described previously

(Hamoen et al, 1998)

In vitro protein cross-linking 5

Cross-linking reactions were performed in 1x cross-linking buffer (100 mM
KCl, 15 mM Tris- HCl pH 7.5) in a total volume of 40 ul, containing 300 ng of
purified H6-CodY, and, where indicated, GMP (1 mM) or GTP (1 mM).
Formaldehyde was used as the cross-linking agent at a final concentration of
1% (v/v), with a 10 min incubation step at room temperature. Cross-linking
reactions were stopped by the addition of 20 pl of 2x SDS gel loading buffer
[4% SDS, 10% 2-mercaptoethanol, 20% glycerol, 100 mM Tris-HCl (pH 6.0)].
Samples were boiled for 5 min before separation by SDS polyacrylamide (10%)
gel electrophoresis (Laemmli, 1970). SDS polyacrylamide gels were stained
with Coomassie Brilliant Blue (Bio-Rad).
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RESULTS

Determination of the transcription start site of oppD.

It has been demonstrated that the genes of the oligopeptide permease system,
encoded in the opp DFBCA-pepOl1 locus of L. lactis MG 1363, are transcribed
polycistronically. Upstream of both oppD and oppA regions are present that
could serve as promoter elements. To determine the location of the promoter
upstream of oppD, the transcription start site (TSS) was determined. The opp
transcript was analyzed by primer extension, using RNA that was isolated
from exponentially growing MG1363 cells. The mRNA 5' end corresponds to an
adenine residue located 35 bases upstream of the translation start codon AUG
of oppD. The -35 sequence (TTGCAA) is separated by a consensus 17 bases
from the -10 region (TATACT) and a proper lactococcal ribosome binding site;
GAGG is also present. The sequence upstream of oppD contains two regions of
dyad symmetry centered around position -185 (-14.0 kcal/mol) and -62 (-5.6

kcal/mol) relative to the oppD transcriptional start site, respectively.

CodY specifically binds to the oppD upstream region.

In order to examine whether L. lactis CodY directly interacts with
upstream DNA sequences of its main target known so far, oppD, in vitro DNA
binding studies were performed. For this purpose, histidine-tagged CodY was
overexpressed using the nisin inducible gene expression system (Kuipers et al.,
1998) and subsequently purified to apparent homogeneity. A radioactively
labeled PCR fragment spanning the oppD upstream region (Fig. 1) was used as
a probe. The electrophoretic mobility shift assays (EMSA’s) clearly showed
that purified H6-CodY is capable of binding directly to a region encompassing
the oppD promoter (Fig. 2). Multiple retarded fragments were observed,
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indicating that, probably, multimerization of H6-CodY on the oppD promoter
occurs.

Upon gradually increasing the amount of H6-CodY from 10 to 100 ng, four
distinct bands can be observed, indicating a tetrameric state of the protein. In
most of our DNA binding experiments, a band corresponding to single
stranded probe (s.s. DNA) was observed irrespective of the presence of H6-
CodY. The occurrence of this denatured DNA probably results from the high
AT content of the opp promoter region. No H6-CodY binding occurred when
DNA fragments, with similar AT contents, were used that were obtained from
internal gene segments (e.g. from comG of B. subtilis), indicating that Hé-

CodY binding to PoppD is specific (data not shown).

CodY regulates the expression of oppD by binding to a specific
upstream sequence.

The upstream oppD region contains a small sequence that is inversely
repeated with a spacing of 9 base pairs in between (Fig. 1). This region of dyad
symmetry is located just upstream of the —35 promoter sequence. To determine
whether this region is important for the interaction with CodY, a stepwise
deletion analysis of the oppD upstream region was performed. Radioactively
labeled deletion fragments of the region, obtained by PCR, were incubated
with H6-CodY. As shown in Fig. 3, the fragments with an extended deletion of
part of the oppD upstream region showed altered binding of CodY. Two
truncated fragments, shortened from the 5-end of the oppD upstream region
contained in opp162, were obtained by PCR and examined for H6-CodY
binding (Fig. 3A and 3B). Probe 2, spanning the region from -111 to +75, was
still bound by H6-CodY, suggesting that nucleotides that are critical for CodY
binding must reside downstream of the 5-end of this probe. When a 160-bp
DNA fragment was used, of which the 5-end coincides with the center of the
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inverted repeated closest to the RBS of oppD (Fig. 1B), no binding of H6-CodY

was observed, irrespective of the amount of protein added (probe 1 in Fig. 3B).

As the fragments used in the EMSA’s were also cloned upstream of the
promoterless lacZ gene in plasmid pORI13, the in vivo regulation of a
downstream reporter gene (lacZ) could be determined by performing B-
galactosidase (B-gal) assays in a chemically defined medium (Poolman and
Konings, 1988) containing 2% of casitone as a nitrogen source. It was shown
that deletion of the sequence abolished medium dependent repression of lacZ
expression. the fragments were fused upstream of the promoterless lacZ gene
m plasmid pORI13 (Sanders et al, 1998) and introduced in L. lactis LL108. 8-
Galactosidase activities in exponential phase cells growing in CDM
supplemented with 2% casitone, where strong CodY-mediated repression is
ensured, correlated with the observed binding pattern (Fig. 3C), indicating
that at least part of an operator site for CodY must rely in a region between
positions -111 and -68 relative to the oppD TSS.

The introduction of base substitutions in the upstream half-site of the inverted
repeat gave rise to both weaker binding of H6-CodY and resulted in
derepression of the promoter as shown by gel retardation analysis and B-gal

assays, respectively (Fig. 4).

H6-CodY protects an extended region of the oppD promoter.

Although the EMSA experiments using truncated PoppD DNA fragments
pointed to a specific region that is important for CodY binding, the actual area
facilitating binding was rather large (position -68 to -111). Moreover, the
assays did not exclude the possibility that more downstream sequences could
contribute to CodY binding. Therefore, complex formation of H6-CodY with the
oppD promoter region was investigated by DNasel footprinting experiments,
using the labeled promoter fragment (opp162) and binding conditions as used
for the EMSAs (Fig. 10). H6-CodY binding results in the protection of bases
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extending from the -80 to -20 and -80 to -10 positions relative to the
transcription start site of the upper and lower strand, respectively. In addition
to these protected regions, both DNA strands contained hypersensitive sites
when they were incubated with DNasel in the presence of H6-CodY. These
results show that H6-CodY binds to a region encompassing the -35 to -10

sequences of the promoter of oppD.

A region in the oppD promoter containing an inverted repeat is
important for CodY-mediated regulation.

A closer inspection of the area in the oppD promoter to which CodY binds
revealed the presence of a short sequence (ATGTTCA) that is inversely
repeated (IR) with a spacing of 9 bp between the partners (Fig. 1). This region
of dyad symmetry is located 18 bp upstream of the -35 sequence and is entirely
present in probes 2 and 3 to which H6-CodY bound (Fig. 3). The fact that H6-
CodY was unable to form a protein-DNA complex when a probe was used that
lacks the upstream arm of this IR (probe 1 in Fig. 8) implies that this area
might serve as an operator site for CodY on PoppD. To study this region in
more detail, site directed mutations were introduced by PCR using
combinations of oligonucleotide opp1 with oligonucleotides opp14 (WT),
opp15(a), opp(15b) or opp2, respectively (Fig. 4A). The PCR products were
ligated upstream of the promoterless lacZ reporter gene in pORI13 and
introduced into L. lactis LL108. Introducing base substitutions in the
upstream arm of the repeat (opp15(a) and opp15(b)) resulted in both weaker
binding of H6-CodY (Fig. 4C) and in derepression of PoppD-driven lacZ
expression (Fig. 4D). When the unchanged half-site was replaced by an
unrelated sequence (an Xbal endonuclease site, present in opp2), repression
was reduced approximately 30-fold (in cells growing exponentially in rich
medium) and H6-CodY binding was completely abolished (as shown in Fig. 3).

Converting both the C and G residues in this region to adenines resulted in a
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reduction of repression of about 7-fold (opp15(a)), whereas changing 3 out of 6
bases (opp15(b)) led to a derepression of expression of more than 20 times.
These results were in accordance with those obtained from gel retardation
analyses (Fig. 4C), where the order of affinity of H6-CodY for the probes
proved to be: WT probe > opp15(a) > opp15(b). In case of the latter probe,
hardly any protein-DNA complexes were present and all intermediate
complexes that were observed with the WT and opp15(a) fragments were

absent.

Random mutation analysis of the oppD upstream region.

In order to identify bindings sites of CodY in the oppD upstream region,
random mutation was carried out on the smallest oppD promoter fragment
that is still bound by CodY (see Fig. 3). By choosing PCR conditions that allow
mismatches to occur during DNA amplification, DNA fragments spanning the
oppD promoter region were obtained containing randomly introduced base pair
substitutions. The fragments were restricted using the appropriate restriction
enzymes, cloned upstream of the promoterless lacZ reporter gene in pORI13
and introduced in L. lactis LL108. Transformants that show a derepressed
phenotype appear as white or light blue colonies on agarplates containing
excess nitrogen sources (2.5% of casitone) and X-gal. Mutants that showed a
distorted blue coloring on plates were tested for the ability to complex with
CodY in a gel retardation experiment. The strength of binding was determined
by comparing the amount of shifted mutated DNA fragment as compared to
that of the corresponding wild type fragment (Fig. 5). Weaker binding to all of
the mutated promoter fragments was observed. Strikingly, all the mutants
obtained carried substitutions in one or both of the half-sites of the inverted
repeat present in the oppD upstream region, indicating the importance of this
sequence in CodY binding. Sequence analysesof the PoppD variants obtained

in this study revealed that all of them carried one or more base pair
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substitution(s), of which at least one is located in the region from —82 to —56
relative to the TSS of oppD. This, again, is an indication of the importance of

this region for CodY binding.

Identification of additional CodY targets.

In order to identify additional genes that are regulated by CodY, the
transcriptional profile of wild-type (WT) L. lactis MG1363 was compared with
that of a L. lactis MG1363 strain containing a 423 bps internal deletion in the
codY gene using DNA micro arrays containing genes of L. latis I1.1403. These
studies revealed several differentially expressed genes in the delta codY strain.
The genes of which the expression is increased most significantly in the delta
codY strain are listed in Table 2. The genes of which the expression is
decreased most significantly in the absence of a CodY-like protein are listed in
Table 3. As this increased expression (Table 2) could be a direct effect of the
absence of CodY (derepression), the upstream regions were examined for the
presence of conserved nucleotide sequences. It was found that many of these
genes contain an upstream sequence that is homologous to the upstream half-
site of the palindromic sequence found to be important in oppD regulation (Fig.
6A). Interestingly, the upstream region of the gene that shows the highest fold
difference in expression when comparing the codY strain to WT L. lactis
MG1368, optS, contains two copies of this sequence. The sequence identified is
not in all instances part of an inverted repeat. At a later stage, the experiment
was repeated. Results are listed in table 10.

The conserved sequence could not be discerned in the upstream regions
of all the differentially expressed genes. This could mean that the altered
expression in the delta codY strain is an indirect effect of the mutation or that
other sequences or structural determinants also play a role in the
recognition/regulation by CodY. As can be seen in Fig.7 several other

conserved motifs could be identified in the upstream regions of several
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differentially expressed genes. These sequences could play a role in CodY-
regulated expression (e.g. in the case of prtP and priM).

Using a weight matrix constructed from the sequences that comprise the
putative CodY box, a search was performed in a data set containing the
upstream regions of all IL.1403 genes (Table 4). The presence of such an
element could indicate that the downstream gene is under direct

transcriptional control of CodY.

An overrepresented motif is present in the upstream regions of a
number of the CodY-repressed genes

In order to asses whether the lactococcal members of the CodY regulon share a
sequence motif in their regulatory regions, an in silico sequence analysis was
performed using the algorithm of fhe MEME software tool. Firstly, a dataset
was created containing the upstream regions of the genes that were
derepressed to the highest extent in the codY strain in our DNA microarray
experiments, as we assumed that these genes are most likely to be under
direct control of CodY and thus contain a CodY binding site. This dataset was
supplemented with the upstream regions of genes of which it is known that
they are under direct control of CodY (i.e. oppD, pepC, pepN) as is the case for
the intergenic region of the divergently transcribed L. lactis subsp. cremoris
SK11 plasmid-located prtP and prtM genes for which it has been shown that
purified H6-CodY of the closely related lactococcal strain MG1363 is able to
interact with DNA fragments spanning this region in in vitro DNA binding
studies. Since operator sites of regulatory proteins in bacteria are usually
located within close proximity of their target promoters, fragments of 200 bps
were chosen such that they encompassed the known or predicted promoter
sequences of their cognate genes. In cases were a complete operon was found to
be up-regulated in the codY deletion strain, the upstream region of the first
gene of the transcriptional unit was selected (i.e ilv, his, opp and dpp). Of the

latter operon, the region preceding dppA was also included in the dataset,
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since a putative promoter sequence is present in this area that, thus, might
contain a CodY binding site as well.

Subsequently, the dataset containing 14 sequences was examined for the
occurrence of common elements using the MEME algorithm. As there is no
prior knowledge about a possible CodY binding site, MEME was not restricted
with respect to the motif width and number of repetitions and allowed to
search on either of the given or the reverse DNA strand. Moreover, these
settings did prevent that the common upstream elements (-35 and -10
sequences and the ribosome binding site) would conceal the presence of a CodY
binding site. As can be seen from Table 4A and Fig. 6B, application of the
pattern recognition program approach revealed the presence of a distinct over-
represented motif in a number of the DNA sequences of the dataset. Derivates
of this 15 bps AATTTTCWGAAAATT inversely repeated (IR) cis-element are
present in the upstream regions of 11 out of the 14 co-regulated genes that
constitute the input data for the program. In the upstream regions of udp,
hisC, and pepN this over-represented box in CodY-co-regulated genes (C-box)
seems to be absent.

Interestingly, the upstream region of the operons that show the highest fold
difference in expression when comparing the codY strain to WT L. lactis
MG1363, dpp and ilv, contain two copies of this C-box preceding both dppP,
dpp and ilvD, encoding the peptide binding proteins of the uptake system and
the three branched-chain amino acid biosynthesis genes, respectively, whereas

in case of cirA and in front of gltA, even 3 copies of the motif can be found.

Inter-species analysis of the over represented motif

A multi-species string search was performed on several Gram-positive
bacteria in order to assess whether the putative CodY box found upstream of
the genes belonging to the CodY regulon is also present in other bacteria

containing a CodY protein. Such a comparison could reveal subtle differences
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in the consensus sequence of this motif. As depicted in Fig. 7, the comparison
indeed showed that derivatives of the motif are present in the upstream
sequences of CodY regulated genes of B. subtilis (e.g. dppA and hutP). Fig. 6A
shows a graphical representation of a species-specific “weight matrix” that was
built using the aligned sequences of L. lactis or B. subtilis, respectively. These
matrices indicate the importance of specific bases at each position in the motif
and show that the motif detected in L. lactis seems to be highly similar to the
one of B. subtilis. Both encompass the same “core” sequence, but the consensus
of the L. lactis motif seems to be somewhat extended on both sides.

Recently, Molle ef al. (2003) reported the genome wide expression
analysis of a B. subtilis codY mutant strain. Using the upstream nucleotide
sequences of the targets found in that study, we searched for the presence of
the putative CodY box in these seduences. Although the similarity scores with
the consensus where not very high, derivates of the motif could be identified in
some instances in this set of sequences (Table 5). Analysis of the full genome
sequence of B. subtilis resulted in the identification of additional promoters
containing the putative CodY box (Table 6).

A similar search was performed using the genomes of several other
Gram-positive bacteria (Tables 7 and 8). Currently, we are mining the genome

of L. lactis strain MG1363 of which the genome sequence is nearly completed.

Regulation of priP and prtM is derepressed in the CodY-deficient
strain.

As prtP and prtM respond in a similar way to changes in the nitrogen
content of the growth medium as CodY-regulated genes (Miladinov, Kuipers,
and Topisirovic, 2001;Guedon et al., 2001a), the role of CodY in prtP and preM
expression was studied. A fragment containing the pritP/prtM intergenic region
of L. lactis BGMN1-5 was cloned in between the promoterless Escherichia coli
p-galactosidase (lacZ) and the Cyamopsis tetragonoloba a-galactosidase (a-gal)

genes of pGKH10. Thus, translational fusions of priP and prtM with the two
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reporter genes were created, the AUG codons of prtP or prtM serving as a start
codon for lacZ or a~gal. In the resulting plasmid pGKB11, lacZ is under the
control of the prtP promoter of BGMN1-5. In this plasmid the prtM promoter
directs the transcription of the a-gal gene. In the corresponding plasmid
pGKB12, the fragment is present in the opposite orientation. Plasmids
pGKB11 and pGKB12 were introduced in the CodY-deficient L. lactis MG1363
strain (L. lactis MG1363codYAI) and lacZ expression was analysed in CDM
media containing different amounts of casitone, and in peptide-rich M17
medium. In the WT strain, the B-gal activities of the pritP::lacZ and priM::lacZ
fusions were 6- and 8-fold lower in CDM with 2% than in CDM with 0.2%
casitone, respectively. In the codY mutant, B-gal activity in CDM with 2%
casitone was less than twofold lower than that in CDM with 0.2% casitone. -
gal activities in M17 were similar to those in CDM with 2% casitone for both
MG1363 and MG1363codYAI. These results show that repression of these two
gene fusions by medium peptides was almost fully abolished in the codY

mutant.

CodY binds to the prtP/pritM intergenic region.

The prtP/prtM intergenic regions of the L. lactis strains BGMN1-5, E8,
SK11 and Wg2 each contain an inverted repeat (Fig. 8), that is highly
conserved on the sequential level (Marugg et al., 1996). To determine whether
CodY is also able to recognize and bind to the priP/prtM intergenic region, gel
mobility shift assays were performed using purified H6-CodY. A 330-bp y-32P-
labelled PCR fragment containing the prtP/prtM intergenic region derived
from L. lactis BGMN1-5, E8, SK11 and Wg2, respectively, were used as probes.
Addition of His6-CodY resulted in a markedly lower electrophoretic mobility of
all four double stranded PCR products on a polyacrylamide gel as compared to
the situation in which CodY was not added (Fig. 9). Moreover, multiple shifted
bands are present suggesting that CodY migh act as a multimer. These results

indicate that CodY directly binds to the pritP/prtM intergenic regions of all four



10

15

20

25

30

WO 2005/003354 PCT/NL2004/000474

40

lactococcal strains tested. Since the inverted repeats present in the priP/prtM
intergenic region overlaps the —10 sequence of both the prtP and prtM
promoter, they could function as a binding site for CodY, thereby blocking

transcription of both genes simultaneously.

H6-CodY forms multimers in the absence of GTP.

In order to identify whether the active form of H6-CodY, a protein of 29 kDa,
consists of mono- or multimers, cross-linking experiments were carried out on
purified H6-CodY. Initial experiments, using glutaraldehyde as a cross-linking
reagent proved to be unsuccessful (data not shown). The results using
formaldehyde as a cross-linking agent are shown in figure 11 and show that
oligomeric forms of H6-CodY are present. Covalently linked CodY complexes of
sizes close to those expected for dimeric (58 kDa) and, less pronounced,
tetrameric H6-CodY molecules (116 kDa) were obtained. Formation of cross-
linked H6-CodY complexes was not significantly stimulated by the presence of
GTP, a molecule that serves as a cofactor of B. subtilis CodY. These results

indicate that the native form of CodY is a di- or tetramer.

BCAAs affect H6-CodY binding properties. 22

Evidence has been presented that CodY senses the nitrogen supply of the cell
as a function of the BCAA pool. Although BCAAs might act as direct effectors
of CodY activity, the exact nature of this signal remains to be established.
Therefore, in vitro DNA binding of H6-CodY was examined in the presence or
absence of the three BCAAs Val, Leu and Ile (figure 12). The addition of any of
the three BCAAs resulted in severely altered binding of H6-CodY to the PoppD
probe 3 as compared to the situation in which no or another, aliphatic, amino
acid (i.e. alanine) was present. All of the probe DNA was retarded in the
presence of Ile at concentrations of both 0.6 and 2.5 mM, showing that this
amino acid directly stimulates the binding of H6-CodY to its target. Strikingly,
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in the presence of Val and Leu, H6-CodY behaved rather differently. The
addition of either of these BCAAs to a final concentration of 0.6 mM resulted
in a reduction of the amount of shifted, H6-CodY-bound, probe DNA.
Increasing the concentration of these two amino acids to 2.5 mM led to the
formation of a protein-DNA complex of high molecular weight, whereas the
capability of H6-CodY to form complexes of lower molecular weight seems to be
lost.

Similarly, we also tested whether GTP could stimulate the binding of H6-CodY
to lactococcal PoppD, since in B. subtilis GTP serves as an effector molecule
that enhances binding of bacillus CodY to a number of its targets. However, no
effect is seen on lactococcal CodY at a concentration of 2.5 mM GTP (right lane

in figure 12) as well as at other concentrations (data not shown).

CodY‘directly complexes with the asnB and ctrA upstream regions

To distinguish whether repression by CodY occurs directly or indirectly, an
electric mobility shift assay (EMSA) was performed in which purified H6-CodY
was used. Figure 13 shows that H6-CodY, like in the case of the well-studied
oppD promoter, interacted with a radioactively labeled DNA probe spanning

the asnB promoter in vitro.

This result, together with those of the in vivo transcription assays indicate
that expression of asnB is probably under the direct control of CodY. Using
EMSA's, direct interaction of H6-CodY was also shown for a probe
encompassing the upstream region of ctrA. As is apparent from Table 2 and
Table 10, the transcript level of ctrd, a gene encoding a putative transporter
with homology to several cationic amino acid permeases is highly elevated in
L. lactis MG1363Dcody).
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DESCIPTION OF FIGURES

Figure 1 Overview of the opp-pepO1 operon.

Panel A shows a schematic overview of the opp-pepO1I operon. Panel B shows a
detailed view of the upstream sequence encompassing the oppD promoter. The
—35, —10 and ribosome binding site (RBS) sequences are underlined. The
arrows show the positions of the two pairs of inverted repeats. The inverted

repeat that is discussed in the text in more detail is indicated in bold.

Figure 2 His6-CodY binds to the oppD promoter.

Gel retardation assay using HiSG-CodY and the oppD promoter fragment. A
DNA fragment encompassing the oppD promoter was amplified by PCR,
radioactively labelled and incubated with no (lane 2) or increasing amounts of
purified H6-CodY (lanes 3 to 9). Lane 1 contains the same probe, but was
boiled in a 95% formamide solution in order to obtain single stranded DNA

fragments.

Figure 3 Determination of the minimal region involved in CodY binding to the
oppD upstream promoter region.

Different parts of the oppD promoter region were amplified by PCR (panel A),
radioactively labelled and incubated with no (lanes 1), 20 ng (lanes 2) or 200
ng (lanes 3) of His6-CodY protein, respectively (panel B).

Figure 3C: In vivo activity of PoppD variants. L. lactis L1108 strains carrying
lacZ reporter plasmids fused the opp fragments depicted in panel A were
grown in CDM containing 2% casitone. Cells were harvested in the exponential
phase of growth and B-galactosidase activity was measured (solid bars). The
experiments were carried out in triplicate. Error bars indicate standard

deviations.
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Figure 4 Effects of site-directed mutations in the area of inverted repeat in
the oppD upstream region. Three constructs (panel A) were compared for both
B-gal activity (panel B) and H6-CodY binding (panel C). WT fragments contain
no substitutions, whereas fragments Opp15 (a) and Opp15 (b) contain 2 and 3
mutations, respectively (indicated in bold in panel A).In opp2 an Xbal
endonuclease site (doubly underlined) preceded by two adenine residues
replaced the complete left arm. Solid lines mark the inverted repeats. Panel B
shows the effects of mutations on in vivo lacZ expression during growth using
WT (m), Opp15 (a) (x) and Opp15 (b) (o) lacZ fusion constructs. Activity is
depicted as the change of fluorescence per unit time as function of the optical
density. .

Figure 4D: Promoter activity of PoppD variants. L. lactis L1108 strains
carrying the lacZ reporter plasmids were grown in GM17 medium. Cells were
harvested in the exponential phase of growth and B-galactosidase activity was
measured (solid bars). The experiments were carried out in triplicate. Error
bars indicate standard deviations. Open bars indicate a quantitative
representation of the DNA binding assay shown in panel C. The relative
binding affinity of H6-CodY for the PoppD variants was calculated by
comparing the intensity of the shifted, H6-CodY bound complexes with the

total radioactive signal in each lane in the presence of 100 ng protein.

Figure 5 H6-CodY binding to fragments of derepressed variants of lacZ fusion
constructs.

Panel A shows the positions of the basepair substitutions (indicated in bold) of
the mutants that showed distorted repression by CodY relative to the WT.
Solid lines mark the inverted repeat. Panel B shows the relative binding of H6-
CodY (compared to WT) to labelled PCR products encompassing the promoter |

region of the mutants in an in vitro binding assay. The relative affinity was
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calculated by comparing the amount of H6-CodY required to shift 50% of the
labelled DNA in the binding assay.

Figure 6A Weight matrices as deduced from the seperate motifs as observed
in L. lactis intergenic (upper part) and B. subtilis (lower part). IUPAC codes of
the derived consensus are indicated in bold.

Figure 6B Weight matrix obtained by pattern recognition program approach.

Figure 7 Several conserved motifs that can be discerned in the upstream
regions of CodY-regulated genes. Motif 10 represents the consensus CodY

target sequence as depicted in Figure 6.

Figure 8 Comparison of the prtP/prtM promoter regions of L. lactis strains
Wg2, SK11, E8 and BGMN1-5. The regions between bp 201 and 296 are shown
double stranded for each strain, the other (flanking) regions are single
stranded. Differences in the nucleotide sequences between the strains are
depicted in lower case. prtP and prtM start codons are indicated in bold and
with a small arrow. The deletion in the sequence of L. lactis Wg2 is indicated
by a dashed line. The major transcription start sites for prtP (*) and prtM (e)
are indicated above and below the sequence, respectively. Minor sites are
indicated in bold face. Putative ribosomal binding sites (RBSP, RBSM) and -10
(-10%, -10M) and -35 (-35F, -35M) promoter sequences are overlined. Dashed

arrows represent inverted repeats overlapping the promoters.

Figure 9 Binding of H6-CodY to the prtP/prtM intergenic regions of L. lactis
strains BGMN1-5, E8, SK11 and Wg2. The respective labelled DNA fragments
were incubated with increasing amounts of CodY protein (as indicated above
the gels) and subjected to gel electrophoresis. The positions of single stranded
DNA (ss DNA) and free probe are indicated in the left margin.
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Figure 10 . DNasel footprinting analysis of H6-CodY binding to the oppD
promoter region. The left and right panels show the footprint of the upper and
lower strand, respectively. Footprints using radioactively labeled probe 3,
obtained in the absence or presence of 25 or 100 ng of H6-CodY, are flanked by
a Maxam and Gilbert A+G sequence ladder (AG) on the left. Numbers on the
left indicate basepair positions relative to the transcriptional start site.
Protected regions are marked with bars and horizontal arrows indicate the
positions of hypersensitive bonds. The vertical arrows indicate the region of

dyad symmetry closest to the —35 sequence (see Fig. 1B).

Figure 11 Detection of cross-linked H6-CodY multimers. Samples containing
H6-CodY were incubated at 30°C in the presence (marked by an F) or absence
of 1% formaldehyde. GMP was added to the samples in lanes 4 and 5; GTP was
added to samples in lanes 6 and 7. Lane 1 contains a molecular weight marker
of which the sizes, in kilodaltons, are indicated in the left margin. The
positions of monomeric, dimeric and tetrameric forms of H6-CodY are

indicated in the right margin by closed, open and dotted arrows, respectively.

Figure 12 EMSA analysis of the effects of BCAAs and GTP on H6-CodY
binding to PoppD. Radioactively labeled probe 3 (see Fig. 3A) was incubated
alone or in the presence of 50 ng of purified H6-CodY (marked by — or + signs,
respectively). Where indicated, samples were incubated in the presence of 0.6
or 2.5 mM of Val, Leu, Ile and GTP, respectively. The positions of free probe,
single stranded DNA and CodY-probe complexes are indicated in the right

margin.

Figure 13 Binding of H6-CodY to radioactively labeled DNA probes

spanning the oppD, asnB promoter and ctrA upstream region.
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TABLES

Table 1. Comparison of putative GTP binding motifs in

CodY homologs

Small GTPases
Consensus sequences

FtsZ

E. coli

CodY

B. subtilis

B. stearothermophilus
B. halodurans

B. anthracis

C. difficile

C. acetobutylicum
S. pneumoniae

E. faecalis

S. mutans

S. aureus

S. pyogenes

L. lactis

a(uit Ratnayake-Lecamwasam et al., 2001 ), NA; not available.

G1
GXXXXGXT
A

LGGGTGTG

GGERLGTL
GGERLGTL
GGQRLGTL
GGERLGTL
GGMRLGSL
NRERLGTL
SGIRLGSL

AGKRLGTI

GGMRLGSL
GGERLGTL
GGMRLGSL
SGMRLGTF

G3
DXXG
TQ

DAFG

DRVG
DRVG
DRVG
NA=
DRIG
DRVG
DRIG
DRVG
DRIG
DRIG
DRIG
DKIG

G4
NEKXD

TSLD

NKFL
DKFL
DKFL
NAa
NEGI
ILND
LISD
NQQF
NEGI
EKGI
NEGI
TGLF
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Table 2. Genes up in CodY strain

Genes up in
dcodY
optS
ctrA
pepO
citB
OppA
gltD
ilvD
ilviN
asnB
ymdC
hisA
oppB
oppC
oppF
HrH
hisB
serC
hisK
oppD
yahD
leuC
optD
serB
hisH
udp
aldB
hisl
icd
yafC
arcD1
ilvB
optF
lacR
hisD
arcC2
optA
serA
recD
ilvC
ywaD
ydbD
glgD

Fold

8.8
6.3
5.7
5.6
5.3
5.2
4.8
4.5
4.4
3.9
3.8
3.4
2.9
2.8
2.7
2.7
2.6
2.5
2.6
2.4
2.3
2.3
2.2
2.1
2.1
2.0
2.0
1.9
1.9
1.8
1.8
1.8
1.8
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7

Annotation

oligopeptide ABC transporter substrate binding protein
cationic amino acid transporter

neutral endopeptidase

aconitate hydratase (EC 4.2.1.3)

oligopeptide ABC trasporter substrate binding protein
glutamate synthase small subunit (EC 1.4.1.13)
dihydroxy-acid dehydratase (EC 4.2.1.9)

acetolactate synthase small subunit (EC 4.1.3.18)
asparagine synthetase B

kanamycin kinase (EC 2.7.1.95)
phosphoribosylformimino-5-aminoimidazole isomerase
oligopeptide ABC trasporter permease protein
oligopeptide ABC trasporter permease protein
oligopeptide ABC trasporter ATP binding protein
two-component system regulator
imidazoleglycerol-phosphate dehydratase (EC 4.2.1.19)
phosphoserine aminotransferase (EC 2.6.1.52)
histidinol phosphatase

oligopeptide ABC trasporter ATP binding protein
HYPOTHETICAL PROTEIN

3-isopropylmalate dehydratase large subunit (EC 4.2.1.33)
oligopeptide ABC trasporter ATP binding protein
phosphoserine phosphatase (EC 3.1.3.3)
amidotransferase (EC 2.4.2.-)

uridine phosphorylase

alpha-acetolactate decarboxylase (EC 4.1.1.5)
phosphoribosyl-ATP pyrophosphohydrolase (EC 3.6.1.31)
isocitrate dehydrogenase (EC 1.1.1.42)
HYPOTHETICAL PROTEIN

arginine/ornitine antiporter

acetolactate synthase large subunit (EC 4.1.3.18)
oligopeptide ABC trasporter ATP binding protein
lactose transport regulator

histidinol dehydrogenase (EC 1.1.1.23)

carbamate kinase (EC 2.7.2.2)

oligopeptide ABC transporter substrate binding protein
D-3-phosphoglycerate dehydrogenase (EC 1.1.1.95)
exodeoxyribonuclease V alpha chain (EC 38.1.11.5)
ketol-acid reductoisomerase (EC 1.1.1.86)

UNKNOWN PROTEIN

UNKNOWN PROTEIN

glucose-1-phosphate adenylyltransferase (EC 2.7.7.27)
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lmrP
pdhC
mesd
lenD
glgA
trxA
gltA
pepN
arcA
glgC
yohC
ywili
yohD

ycaF
ybhE
rmlA
grpk
yccE
hrcA
pi336
dhaM
ywjC
purC
xynB
lysA
yccF
rmaB
optC
araT
yciA
pi235
yfeC
pepC
yaiB
ybhD
ribA
pyrG
psl120

yahC
ps305
yndG
yahG
uxuA
ps112

1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.4
1.4
14
1.4
1.4
1.4
1.4
14
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
14
1.4
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integral membrane protein LmrP

component of PDH complex (EC 2.3.1.12)

cell cycle protein Mesd

lactococein A ABC transporter permease protein
glycogen synthase (EC 2.4.1.21)

thioredoxin

citrate synthase (EC 4.1.3.7)

aminopeptidase N

arginine deiminase (EC 3.5.3.6)
glucose-1-phosphate adenylyltransferase (EC 2.7.7.27)
transcriptional regulator

UNKNOWN PROTEIN

UNKNOWN PROTEIN

UNKNOWN PROTEIN

UNKNOWN PROTEIN

HYPOTHETICAL PROTEIN
glucose-1-phosphate thymidylyltransferase (EC 2.7.7.24)
stress responce protein GrpE

UNKNOWN PROTEIN

heat-inducible transcription repressor HrcA
prophage pi3 protein 36

dihydroxyacetone kinase (EC 2.7.1.2)
UNKNOWN PROTEIN
phosphoribosylaminoimidazole synthetase
beta-1,4-xylosidase (EC 3.2.1.37)
diaminopimelate decarboxylase (EC 4.1.1.20)
HYPOTHETICAL PROTEIN

transcriptional regulator

oligopeptide ABC trasporter permease protein
aromatic amino acid specific aminotransferase
amino acid amidohydrolase

prophage pi2 protein 35

UNKNOWN PROTEIN

aminopeptidase C

HYPOTHETICAL PROTEIN

UNKNOWN PROTEIN

GTP cyclohydrolase II (EC 3.5.4.25)

CTP synthetase

prophage ps1 protein 20

transcription regulator

UNKNOWN PROTEIN

prophage ps3 protein 05

metal ABC transporter substrate binding protein
ABC transporter ATP binding protein
D-mannonate dehydratase (EC 4.2.1.8)
prophage ps1 protein 12
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hisC 1.4 histidinol-phosphate aminotransferase (EC 2.6.1.9)
arcC1 1.4 carbamate kinase (EC 2.7.2.2)
xylX 1.4 acetyltransferase HYPOTHETICAL PROTEIN
rodA 1.4 rod-shape determining protein
yafB 1.4 sulfate transporter
psll3 1.4 prophage psl protein 13
ruvA 1.4 DNA helicase RuvA
asd 1.4 aspartate-semialdehyde dehydrogenase (EC 1.2.1.11)
sugk 1.4 SugE protein
groES 1.4 10 KD chaperonin
rpsO 1.4  30S ribosomal protein S15
ybdA 1.4 transcription regulator
beaT 1.4 branched-chain amino acid aminotransferase (EC 2.6.1.42)
ybiK 1.4 UNKNOWN PROTEIN
yafd 1.4 HYPOTHETICAL PROTEIN
pi302 1.4 prophage pi3 protein 02
aldR 1.4 regulatory protein AldR
menX 1.4 protein in menaquinone biosynthesis pathway
dapB 1.4 dihydrodipicolinate reductase (EC 1.3.1.26)
yphl 1.4 TUNKNOWN PROTEIN
ydeG 1.3 transcriptional regulator

amtB 1.3 ammonium transporter
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Table 3. Genes down in CodY strain

Genes down in

dcodY Fold Annotation

plpA 3.3  outer membrane lipoprotein precursor

cysK 3.2  cysteine synthase (EC 4.2.99.8)

metB2 2.9  cystathionine gamma-synthase (EC 4.2.99.9)
plpB 2.9  outer membrane lipoprotein precursor

cysD 2.6  O-acetylhomoserine sulfhydrylase

plpC 2.5  outer membrane lipoprotein precursor

plpD 2.3  outer membrane lipoprotein precursor

yndE 2.3 UNKNOWN PROTEIN

cysM 2.1  cysteine synthase (EC 4.2.99.8)

yrbB 2.0 HYPOTHETICAL PROTEIN

yigC 2.0 amino acid ABC transporter substrate binding protein
argH 1.8  argininosuccinate lyase (EC 4.3.2.1)

lysP 1.8  lysine specific permease

gntK 1.8  gluconate kinase (EC 2.7.1.12)

codY 1.7  transcriptional regulator

yshA 1.7  amino acid permease

ymgl 1.6 UNKNOWN PROTEIN

ytaA 1.6 conserved hypothetical protein

pank 1.6 ketopantoate reductase (EC 1.1.1.169)

yhcE 1.6 conserved hypothetical protein

ywdD 1.5 UNKNOWN PROTEIN

ymbC 1.5 UNEKNOWN PROTEIN

rpmD 1.5 508 ribosomal protein 1.30

yWjA 1.5 UNEKNOWN PROTEIN

ynfG 1.5 HYPOTHETICAL PROTEIN

ybiD 1.5 HYPOTHETICAL PROTEIN

ydcB 1.5 amino acid ABC transporter ATP binding protein
ypjC 1.5 UNKNOWN PROTEIN

ytjE 1.5  aminotransferase

pydA 1.5  dihydroorotate dehydrogenase A (EC 1.3.3.1)
ymgG 1.5 HYPOTHETICAL PROTEIN

nrdG 1.4  ribonucleoside-triphosphate reductase activating protein
yxeA 1.4  HYPOTHETICAL PROTEIN

yueD 1.4  conserved hypothetical protein

ymbK 1.4 UNKNOWN PROTEIN

yIfH 1.4  N-acetylglucosamine catabolic protein

yqcA 1.4 UNKNOWN PROTEIN

yudI 1.4 HYPOTHETICAL PROTEIN

yvdF 1.4  amino acid ABC transporter substrate binding protein
yxaF 1.4 HYPOTHETICAL PROTEIN

ymbd 1.4 UNKNOWN PROTEIN

ynfH 1.4 UNEKNOWN PROTEIN

yxbE 1.4  conserved hypothetical protein
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dxsA
murl
ytbC

yceB
yheH

1.4
14
1.4
1.4
1.4
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1-deoxyxylulose-5-phosphate synthase
glutamate racemase (EC 5.1.1.8)
UNKNOWN PROTEIN

UNKNOWN PROTEIN
HYPOTHETICAL PROTEIN



PCT/NL2004/000474

WO 2005/003354

52

SNSUSSUOD 8Y3 0} AJLIBTIWIS IIeY} 09 SUIPI0OOE PeLIos ole SFIJOW Pegaaa(]

I0]BINS3T WO)SAS Jueuodwod-0M) HI[[ [YIIOVIIOLoviviovTIovIiTuTy

urejord atedox YN (| NO91 |IIIVYYIIIIVVOVOVDLOVILIIUVL

ATINVA (ANY I HSVATOANOGIY| 190¥A |OvivvLIIvOIvYYIIvOLOI0IVITY
oseIgJsuBII[ASOUWERY ydSI [9YYOVOIDIIIOVYOVOLOVILILIVYY

(82°3'2'¢ DH) oSe[AS00ATS YN(I-oUTpTWIIAdOPIWEeWIo]| AN  [VYIDVIiDLiovnvivs IOV i ToTy
eseprydedourwiel Hded |VVIOVIIOILOOVOVOVOIOVIILVTY

(-'1°66°G D) g 1unqns AJ eserowosiodo) )aed |WYIOVOLOLLIODVOUD I VILITIL

NIHLOYd "TVOLLHELOdAH| HPMA |LIIoVYIvYVYYYVOVOLOVLILIIVL

SISHHINASOIG NVOATHOALLdAd] INW |YYISYOIOIOIOVYOYOLOVLLLVLL

AY0| dgond |YYIOYdIOIDIVYYOYDIOVLIONYY

g 10308] eseolax ureyd opryded| (JId |LIIOVIIVVOVYVYIVOLVYLILIIUYY

osepIxo usdourtAydiodojord] I[WOY |IVIOVIIOLIOOVYOVDIOVILLIVY

NITLOYd TVOILLHHLOdAH| DPSL [¥V¥IOVOIOIOIVYVOVOLOLOLLYOL

A 9SBJONPeIOPIX0| {eIA |YYIIYOIVIOIVYOOYDIOVLILLYYD

NIHLOYd TVOILHHELOJAH| Hedf [9IIVVilvIivYvVYVvYOLIVLLLLIYD

urej0ad Sutpurq sjer)sqns 103i0dsuer) Dy op3dedoSTo| ViAo |IVLIvIOTYLYOVITUOVOLILLI Tl
ATINVA (AN IT HSVATONNOIIY| 1g98A |DDIVVIvOVTIIIOvOLOVIIIIvY

OSEBIOP[B QATJISUSS-IA]| JOIe |VVYIOVOIOIOLISVOVOIOVILLYYL

utejord Suruoryrjred ewoSOWOIYD| yaed |[YYiOVOIOLLIVOVIVOIOVILLUYL

urejoxd Surpulq ojeaIsqns xejrodsuer) Hgy oprdedosio S1do  [OLIVYYYOIVIVYIVYOVOLLLIVYL
u1e101d SUTPUI] djeIISNS Iejrodsuer) Hy oprydedosr]o S1do  |LYIVYOVYOVIVYYYVOVOLVLLYYY
utejoxd Surpurq ojeaisqns 1e3rodsuer) Hgy opr3dedoST[o] vido |BIIvuVVYINYINYOVSIOLILIVTY
NIHLOYd TVIOLLALOdAH| QWA |OVYOVDIVIIVYYYOYDIOVILLIVYL

T9)10dSUEI) PIOR OUTUIE JTUOIIED| Vi  |VYIOVOLOLOIOVYOVOIOVLLIVYL

NIZLOYd NMONJMNN| He1L |IIIVV¥DIoVIVIVYIVOLOILILLVYL

uondixdse(g| ouey souanbaeg

"0VTTII SHOD] T JO SUOLIAT OTUSSIL)UL UI X0 A poy) 9Aarpend oY) Jo soussord oy I0] YoTess oWOUsS S[OYM ¥ 9[qe,



PCT/NL2004/000474

WO 2005/003354

53

OUA
dddp
pjwi
guaul
JobA
did
oeah
dddp
ol
440
SsA|
yddp
YA
404
qddo
vddp
V410
qpau
aubA
Vvos)
vib
404
qlbA
Vi3
Dlss
APO2
dddp
Ju9L)

901
90l
90l
L0l
L0}
L0l
L0l
L0l
80l
80l
80l
801
80l
6°0}
60l
60}
601
L
Ll
Ll
Ay
€Ll
€Ll
€L
€l
€l
8Ll
2.102g

LYYYYYYVYOLLLLVL
YOVYYVYOVYDLLLIVY
LOVYYYVYLIDLLLIVYY
LYVYOVYYOVYDILLLIVY
LIYYYYDLOLLILILO
YIVYYYDYDLLLLLY
YILVYYYDLDLLLLLY
YIVYOYDLOLLLIYY
LIVYYYDLDLLIYYY
LLVVYYYDLLLLLIVY
LIYYYYYYOLLLIYL
LIYYYYDLOLIVYILLY
LLYYVYYYYOLLLLYL
LIYYYYDODLLLLILIY
LIVOVYYDLOLLLIVY
LIVYOYDLDLLLLIY
LIYYOVDYDILOLIYY
IVYYYYDOYOLLLL LY
LIV LYYDLOLLLIVY
LIVYYYOVILLLILOY
YIVYYYDYDLLLIYY
IYYYYYODDLLLLIVYY
LLYYYYDOVYOLLLLLY
LLVYILVDVYDLLLLYY
LIVYILYDLOLLLLIVY
LLYYYYOYILOLIYY

LILVYYYOYDLLLLVYY
aouanboag

Lc0L.LvS
€8625¢
8¢19l
1106081
69188
Go9¢v.
8989L¥
1G0ESGE
6765181
G68v.Lvl
pelese
G601G¢€
00864¢
1444174
¥€0€89
1¢01G€
G60cCL1
16191G1
98€9¢€9
706161
016829
y120S1e
9590981
6C966.1
79GR8GS
¥80%91

61825¢
uonIsod

swousd g9ETHIA STI9¥[ ] UL JIJOW JO oIS Vi O[O,



PCT/NL2004/000474

WO 2005/003354

54

INSAD
440
\v[o =T
440
gegh
440
JpsA
agsA
ani
gloA
nd
giue
Dsle

G ol
G ol
GolL
G0l
G0l
90l
90l
901
90l
901
90l
901
90l

LIVDIVYDLILLLIYY
DILYVYYDLOLLLLLY
DLVYYYVYOIYILYLIYY
DILVVYYVYOVYIIVYLLYY
LIVYYYDYIOVILLLLY
LOYYVYYYLOLLILYY
LYYYYYDLLLILIVY
LYYYYYDLLLLLIVY
LYYYOYDLOLIOILYY
YOVVYYYOVYDLLLLYY
LOVYYYYYILLLIVY
YILVYYYDOVYDLIVIYY
LLYYYYDVYDLIOLYD

¢9.108
0LL61¥
6.261¥y
¥099¢C1
Gc2ool
¢clS0lLe
G/60161
7990261
Glyigci
9r¥100L
Y596¢6
991978
1/8898



PCT/NL2004/000474

WO 2005/003354

55

SNSUSSUOD 91} 0} AJLIBITUTS IISY] 0} SUTPIODOE PIIOS AT SITOUL Paos}a(]

DIHVIVYOVLLOLLI)  DSnA
OVYYYYYOYODLLLL  DSnA
LLIVYOVYIOLLLLL,  HPUL
YOVYYYOOVILIILL YOOI
DIVLIVYOVIOWOLLIY, XA
VYUY IVYIYOLOLLY ALY
LIIVIVYYLOIVLIOl gens
YIVYYVYDIVLLLLL — (JBOA
LIIDIVYOYOIVYIY| A[SO4]
YYYYYYOOVOLLLIY| VB33
OIOVYVYYYOIVLLL  YqJ4
YILIVYYOLOIIVIY] H8q4
OLIVYOUOYOLLIVY| DA
DIIVIVOOYOILLIY| JALSOA
YYIVYYYOYOLLIVY OJIn4]
YIIYDDYOVOLYLIY] XA
LIILIVYOVDIVLIO|  JInyg
DIIVIVYOVIIOLLII] yddp
HLIVYYYOYOLOLLY] q91o
LIIVYYYOVYOIVILY]  NJn4

oouonbas| oues

"2007% 1P 12 OT[OIN £q peyTIuapt seued pejender Xpo) Jo wreaiisdn xoq A poy eanend Jo e0usssid ‘G 2[qe ],




PCT/NL2004/000474

WO 2005/003354

56

ese[AroydsoydoiAd ojeydsoyd-oururery) )iy LLIIVYYOOVOLILLLL

W(uregoxd surpurq-4,1,y) Iejrodsuer) Dy 01 xefiuurs| oAk LLIVIVIOVOLLLLL
surejoxd [eorjey3odAy 07 Ie[IuIs Oi4 VLLLYYYDLOLLLLY]

urejoxd Surpurg-resns ofdrynur 0} IRITIIS OIA DILLIVYYDIOLLILY,
98BOYIUAS YN I-TAONS] gney OLIVIVYOVDLIYIY,

LJaTungns ejeq) eseain|  yean LLIVYYYOIOIVLILL

L(utejoxd Surpuiq-4,y) I03rodsuri) Hgy 03 xefiuis|  XInk OLIYLYYODILLILL
urejoxd punog-oueiquWow  yesd YIYLINYOYDLLLLY

osejnwm oreaniAdiousoydsoyd 03 TeITIIS O1bA LIOVYYYOYOIOILY

uMouyun, =uorounj| Heuk YOIVYYYOVYOLLILLY]

surejoxd [eoreylodAy 01 Tefluars| ysq3 . | IIVYOVYOVOILLLLY]

J(A[rurey yysA) xoje[nsea [euorpdirosuer) 01 Ig[wurs| JANIA OLIVYYOIYIILILY|
DL VIVYYYYOYIIVILL

Npui LLIVINIOVILLLLY]

UMOUUN, =UoTouny| MnyA VYIYVYYOVILLLLIY

Iotrodsuril NGy sutweIns Ours LIOVYYYOVILLLLY

9SBUS30IPAYOp epAyepre APT® LLIVYYYOODLLLILY

oseourzad aurjoid o3 xe[ruars| Yulh DLIYIYYOLOLLLILL

9SBULS0IPAYSD ojeiedA[doydsoyd o} xe[rmis NBOA YLIVIVYOLOLOLLY
A1ATI0% OTYAT [[eM [[00 29 7 oselrydsoyd surjeye CERN] DIVYYYYOVILLLLL
esepImie onjA[oIne 0} Je[iwuis| DA DIVVYYVOYILLLLE

TI9110dsURI) e8NS 0] IB[IUILS 29 UMOUUN,=U0Tjouny PlpL YILIVYYOYOLLLLY|
(utejoxdodiy) xeyrodsuri) HEVYy 01 Ie[TWIS|  NINA LIIVYYYOYOIVILY
uorjejouUUy| OUdYH Jrowr

souonbeg

"Q9T $27129Ns g JO SUOL30I 0TUSZIVIUL UL X0( A POo)) sAnrpeind oYy Jo sousserd oY) I0J Yoress awoussd s[0YM ‘9 9[qe],



PCT/NL2004/000474

WO 2005/003354

57

SNSUISU0D 813 03 AJIIETITILS IO} 03 SUIPIOODE POIOS OI€ SFIJOW Pajoala(]

Jrunqgns g eseuadoIpAyap piow ojey-eydie Ureyo-poyoueiq gduyq | LIYYIVYOIOILILL
«osejeydsoyd eyelredse 1ojemSar osuodsel rpdex LLIYIVYOVOLLIOY

JIMOUSUN, =UO0T)ouNn] rTolk VIIVYYYOYILIOLLIY

surejoxd Teor1ey10dAY o) Tefruais|  xobA DIIYYVYIYOLLILILL

9sBlONpaI 9)eIITU AI0Je[THISSE]  FYOX LLIVYYYIYOLLLILL

UOT)RTLIO] JR[[03eJ I0J pormboa am LLIVIVOOVOLOLIY

surejoxd [eorjeyjodAy o1 Te[Tuas| ABAL DLIVYOVOVOLLLIL




PCT/NL2004/000474

WO 2005/003354

58

OWIAZUS UOTIOLIYSOL | 0dKY Xg SPSY | OIvvvvvvviovevivavsnLiiTyd

utojoxd Tesnyey1odAy| grLoIds IV IOVIVYYYIVVYYYOLOIOLIVIY

9JeIIS(Ns umouzun - 1e)r0dsuer; Dgy| d/u-oqe YYLIVYIVYIIOVYIVOVLOLLLIYYY
ure}0xd UOISTATP POIIIYUI 9S00N[H|  vPIS LY LIV VOOV IVYOVYDIOVILLLIYO

9SBISJSUBII[ASOON]S Jo Z078[NJ0I [eto)dII0STRT] ye6TIds/331]

OVIVYVYOVDLYIIVYOVIIOLIVYY

I9110dsTUreT] JIun yesdel opLIBY00BSOSI[0 oIqeqoxrg eyI1ads VYLIVYVY LY LOVYVYOIYYOLIYVYY|
umousun - urejoxrd Surpuiq-J,1y 1errodsuery Hgv| ddN-DdV | VYYOYVYLISILIVYDIVOVIOVOLLYYD
urojoxd resrjeyjodLy| gzroads DILIVYYYYIVDOVYIVOYILLIIYDL

ATrureyradns [T (] JO I9qUIOWT o[qeqo1]| (OT0gids YYYIVIVOLOLOVYYYOLOLILIIVL

OWAZUS SUIYOURIq UBIN[S-eyd[e-F '] qs31s VLIIYDLIVIVYYYYYDLL I LLIVYD

urejoxd TeorieyjodAyg| ¢9,1ads LYLVYVYYDOVYYVYYOLOIYLIIVY]

(711 Noyd) 1o3en3ex [euon dLdsUBI} 0AIIRINg|  GHOTIdS DLLIVYIVLOLIVYIYOLLIVIINYY
osepIX0 uasoutAydiodojord ywey IYVIVIVDIVIVYYYYDIOILIVYYD

oseu30IpAYep esooni3-Jd psn LY LYY IVYYYYLIVYYOLIOLILIVOY

osesodsuer) ojereueda(q] 18ETS] DLLIVILLLOLLIYYYYOVOLILI LY

XN[JJo opIjoIde™W - 18)d0dsuer) Hgy| mjow OVLIVIIVOLYYYYYYDLIIILIVOL
oreydsoyd-g-opAyepreIsdA]s juspusdep-J (VN Ndes YIVYYYIODLLIVYVYDIOLILIVLL
OSBUIWBSUEI] PIOB-OUTIE-UIBYD-POTOUELy] HATT YIVIVYVYOVLIVYYYDLIOLILIVYD

p1o® outwe uTeYd payouRiq Je3r0dsuer) OV PAT] DLIVIVIODDILIVYIYOIDLLIIIVYD
OWAZUD UOILISAI | odL)|  spsy DOIVYOIVILLLIVYIYOYDIVLIVLL

UoTjBOUNI} ‘@sBYIULSs 018 8W[AdoIdoSI-7 V-noy VYYIOYOLLOLLIVYYYOLOLLLIV LY

urejord UOIjeINJeW oSeUIeIoLy]  ywdd YYYYYOVYLLLYYYYYOYOLILIYOL

uondixoss(| ouox) 2ou9nbog

‘an1uouwnaud

$11220203d2.435 JO SUOIZ0I OTULSIIUT UL X0q X Poy) eAryeind oY) Jo souesord oY} J0J YOIeos owWoues s[OYA *L [qe],



PCT/NL2004/000474

WO 2005/003354

59

SNSUSSUOD 9} 03 AJLIBTIWIIS Arey] 03 S

UIPIODDE PIIOS OIB SFIIOUT Patosia(]

O0UE]SISOI SNIPHNW - Ie3I0dSUeT) DTy AN-OIV LYLYYYYYOLOIYOLYDIOIVLIVYD
UIXOPOAR[] A®C OV ILVYOVYVILIVYYY YYDV L LLIVYY

urajoxd 1eoryepodAR]l 9zg0xds VYLOVLIVILIVYVYIOVY L LLLYOY]

urejoxd TeorgeyjodA| gogoads LYLOVIVYILLLYIOVOYOODLIYYD

OWAZUS UOILI}SaI [ odA3|  gpsy O¥DIVIVVYLLIOVYYDLOVDLIVYY

jusuodmod HIV]] eWAzus 5oads-os0on]3 SId Hsud &L LLYYIDIOVYVYYYOYL L LLLLYY
OSBYIUAS oUIPLIMOPNosd JTUNQNS [[eWS [BWOSOqry ynsa DVLYVYVYYOLYDLIVOYDLLLYYVL
urejord Surpurq-eurjoy)| ydod LYLIVYVYIVIVOVIVYIDLLLIVLL

urajoad reoneyjodLy| (gorads VYLYVYYIOLLLLIIVOLOLILIVY L

eseunjoydsoydoifd 15 Viex LY LYYV IOVOLIVYYYODIDLLLLVO

urajoxd TeorgejodAy| eopTads OLIYIVIVVLIVYOVYDLOLLLIYLY

SpIoB o10Yora] Ut uorjeiodioout surjoysrAroydsoyd| 1 (of YYLIVYYOVYVYYVYYOVLIIYIVYD
oseuesoIpAyep-1 o1eydsoyd-g-osoonyy) mz LYVOYILDIVILYYYYOIDLLLLLIYD

9WAZUS SUIPpPR SUIUR[B/OULIOS| AW LYIIVIOODIOIYYYYDIODLLIVYD

urejoxd reor3eyjodAy pearesuo))| 2GT0ids LOIVIVIOIOIYYIYYOVOLLIIYYD

10308J SuT[dnoo redei-uon}dIIoSULL]] Prm DV LYYOVOVLIVYOVYOVOVLLLOYL

J10dsuer) uorue urejoid SUIPUIG-J [y 1ejiodsuery 0dV AAN-DFV | IYIVYDLIIIVVYYYIYYYOVILIVYY|
Uor}esuns) ‘OSeUIWISP SUTUISTy|  yoxe YYYYYILLLLIVYYYYOLLLILIVLY

9SBIBIPAYOP PIOBAXOIPAYI(] dart LYODDYIVIOLIVYYYOYILLLIYYD

OSBISJSURII[AT[1OTI UOIIBOTIPOW YN (]| JATUAS DDIVVYYVVYOVYOYYYOYOVLLLIVLL
OSBISISURII[AYIOW UOIBITIPOW YN (]| JANTUAS LYLIVIVYYYYOVYIVYIDIVIIVYY

Ggr] urejoxd Tewosoqry SOG| ywdx YOOVVYIVYYLIOVYYOVILOLLIYY

urajoxd reorgeygodLy| Log9oads YYIYLOVYYLIVYYYYOLO LY LIVOY|




PCT/NL2004/000474

WO 2005/003354

60

SMSUSSU0D 53 03 £JLIE[IUITS T8} 03 SUIPIOOOE PIIOS I8 SJIOT peoage(g

19110dsURI) NV 03 IB[TMIG6GZ15GS| LIIvIvODYOILILY

V534 ure101d UOTSTAIP [[90 03 IB[TWIG| VS | LIVVLvVOIOLIIiYg

osewWtId YN (| DBUP | LIVVIVYOIOLLLLY

VIZY U19301d UOT)RTULIO) SULL 7S] JO 10Je[N3el oATJESoU 0] IBTIWIS;(090SYS| YIIVYYYOVLIIILY
Isjrodsuen) Dy op1)dedoST[o 01 Te[TwIs|eH] 0893| 91IVVIVOVDIILIY

suroj01d wMOUNUN 03 IB[TWIG|/,/.G0SAS| 1IIVOVYOVOINLIY

S9T-VNYI,=0uds|ge70593| 1oIvvvvOvOLLILIY,

urejoxd pexury ueoAiSoprided eatjeind ‘eseprydad yg)) 03 Teruuis|;,00Z593| 01 IVIVIOVALILIIY
g eSeuasoIpAYep UI01e98|36R0SYS| YIIVIVYOLOIVILY

1e110dsuer) Dy oprdedoSTo 03 aerwIs PP10SqS| 11IVYYYOIOLIVILY|

I8y10dsuer) )y 03 Te[TIS|90F ST DIIIIvvovoIoLIY

urejoad umousun 01 IBTTWIS|3000SIS| DI IV ITIOLIIIY

9SBU30IPATOp [0YO0S[8 01 TB[IWISFG)0SqS| LIIvvvVevoLiiiy

urejoxd eoejIns o[qIssodlg8% TSqS| LIIVIVYOIOLI LI

9SBUSI0IPAT[OP [0I00A[3 0] TBTIWIS|Z00ZSqS| OLIVIvOIOLIILY]

(uteroad Sutpurq-J1y) Fe1iodsuers gV 03 IeftiIs|z990s3| LIIVYVYOYOIVLLL

urejord umousy[un 0} IeIWIS|GOT [SqS] YIVvVvvvovoIiiiy

I8j10dsuea) Dy poe ourwe Ureyo-poyoueIq 01 IB[IWIS|ZL9TSYS| DIIVIVYOVOIVILY,
uondriosa(g| ousx) Jryowx

souanbeg

2012119D]D5D $11200007d2.3G JO SUOISI OTUSSIOYUT UL X0q X POy earpesnd o3} Jo souesaid oY) I0f YoIees ewouas o[0YM ‘g O[qe],



PCT/NL2004/000474

WO 2005/003354

61

pepTmgns
8q 03 tlen

pepTmgns

oq 03 otlen
(0661
‘UBTWYLIPUREE)
pajyrmaqns

2q o1 ‘gtfen
(8661

“10 70 sxodmyy)

G66T “I0 72 METTP

(6661 “1v 72 o1leD)

(0661 “Yo3))
(3861 “10 72 0110)

(¥861 “10 12 SOA D)
(8661
“10 72 sxadmyy)

(8661

10 70 sxedmyy)
(866T

“ID 72 SJNOYULT)
(8661

“10 12 synoyusay)
(86T ‘wosse)

A[eATjoadsea ‘@ Jo did g pug nwd g £q pefjoayuco
‘Te8-g pue [83-0 107 seuag surejuod “ar) gy
A12a1y00ds01

‘G-ININDY Jo 4 pue Wiy £q pejonuos

‘Te3-¢ pue [e3-0 10f seusd surejuos Lwmo) R
A1eatgoadsar ‘g3 M Jo g pue mig Aq por[oIjuod
‘TeS-¢ pue 1e8-0 10§ soULS SUTRIUOD ) ,Ty

Vi PUTYRq E9ETHIN 2907 T JO X P09-9s1y
Vs Sutdixeo 103094 uorssexdxs alqIoNpul W)

9WOSOTIOITO UL
pereadequr TOA M A wody ydas yatm TOTNP Suey|

+£TGo'd ,10598q ,d1id ‘urens adky piim

g LoeT

GOAMA pruserd eseursjord “o'e ‘sanoqrey 431g
ITTYSsd

pruserd sseursjord “oe ‘sanoqret {,3aJ Lo
9/8gu], uosodsueI) 950I0NS-UISTU

o3 Sururejuos juednfuocosuer) Suronpoad UISIN

s Nded g9eTHIN
STWOSOWOAD 93 U0 9UaS

yda. TOAMA Jo £d0d suo0 SUTALTED ‘COETHIN +ydey
STHOSOWOITD 9T} UI sUsd

Vo4 TOAMA SUTUTEJU0D SATYRATIS 9STHIA ST
GTLOUDN JO 9ATIBALIOD 991—PIWSE] [ A1 L.08]

1TIHd

TTHd
TTE3Hd
APOQ9HNd

8¥087ZNd
Sprwse[q

TOTDH

1700 "o
S-INWDH4
51200]

‘dsqns s17007 T
SH

M

T3S
00L6ZN
0006ZN

G0ETI

80111
E9ETHOHIN

s1Lowa.o ~dsqns s13007 T

sureng

SouaIsIax I0 22108

adAjouss 10 adLjousyd JueAS[eYy

pruseld 10 urexng

uorjedrjdde jusyed styl ur pesn spruse[d pue surer)s [erro10eg "6 9[qe],



PCT/NL2004/000474

WO 2005/003354

62

Jrd - wd g ‘xegowmoad F.4d — 34 g ‘asjowoxd ysiu o[qonpul-vsr g ‘A[earjoedses ‘urordure pue [ooTusdweroyo ‘UnAwWory)Ars 03 90Ue)sISol 1Ay (W) S

-asepIsoloeed-g — [88-¢ ‘esepisojoe[ed-o — [e3-0 ‘1ejomoxd

pepImgns
oq 03 ‘otlen

pojrmqns
8q 03 ‘Ptlen
peyrmqns
oq 03 ‘91eD
866110

72 sI9pueg "f
poyTmqNs
8q 03 9rfen

(9)gTddo

pue [ddo szewrad yym pegrduwe Juswery
zejowoxd (gddo dqpg1 Sutdares ¢TTgOd yag
(e)g1ddo

pue 1ddo srewtxd yyim pegrdue Justse
xsjomoad (yddo dqpgT Surkires g1TqQd LUy
y1ddo pue Tddo szemuird [ITM peygrjduis Justugely
1ajomoxd (7ddo dqygT 3uthares ¢11Od Ly
TOAMA Jo eaneAtISD -ydoyg

‘. IIQ) ‘ZoD] 859TI030TH0Id ‘103094 UOTIRAZOIUL {;UIH
A1parioadsex ‘TTIS jo &g pue WHdg £q poffoOIIU0d
‘Tes-¢ pue [e3-0 10J $9UL3 SUTRJUOD (UI)) YWY

(9) grddorygod

(e) grddorygod
y1ddoTgod
e11g0d

T1S3Hd



WO 2005/003354 PCT/NL2004/000474
63

Table 10. Differentially expressed genes found in microarray expression
analysis of L. lactis MG1363 codY vs. WT. (NA = not available)

Average
regulation (fold in
Gene  codY vs. WT) Significance (p-value)

optS 9.8 7.17E-05
gitD 7.3 2.18E-05
citB 7.1 3.76E-03
asnB 6.0 1.08E-05
ctrA 5.8 3.68E-05
ilvD 5.4 3.81E-05
pepO 5.0 1.93E-05
ymdC 4.9 5.29E-04
hisA 4.9 2.52E-06
ilvN 4.7 6.10E-03
OppA 4.6 1.13E-05
icd 3.1 1.25E-05
oppD 3.1 5.86E-05
hisB 3.0 1.12E-02
leuD 3.0 5.09E-01
udp 3.0 1.89E-03
oppB 2.8 1.69E-04
yahD 2.7 1.15E-01
oppC 2.7 1.67E-03
yohC 2.6 3.00E-02
yveA 2.6 NA

UXUA 25 NA

serC 2.5 2.49E-03
oppF 2.5 2.92E-06
trxA 24 NA

arcC2 2.3 5.03E-03
ilvC 2.3 9.65E-02
serA 2.3 2.86E-02
argG 2.3 2.29E-02
arcD1 2.3 1.80E-04
hisK 2.2 7.72E-02
yxbA 22 NA

ydgD 22 NA

serB 2.2 7.60E-04
leuC 21 NA

optA 21 NA

VilA 2.1 4.31E-01
asnS 2.1 4.31E-02
hisl 2.1 8.82E-05
yxaC 2.1 9.81E-02
groES 21 2.40E-03
yjhC 2.0 1.75E-01
rmeC 2.0 1.49E-01



WO 2005/003354 PCT/NL2004/000474
64

ytdB 2.0 2.31E-01
ysiC 20 NA

yndG 2.0 1.36E-01
optD 2.0 4.14E-02
amiB 2.0 1.67E-04
feoB 1.9 NA

hisH 1.9 2.25E-02
ykcC 1.9 NA

lysA 1.9 1.63E-03
pepN 1.9 1.29E-03
gigC 1.9 3.76E-02
aldB 1.9 5.52E-05
arcC1 1.8 NA

lenD 1.8 NA

hrcA 1.8 1.48E-03
yfiG 1.8 1.27E-01
thrC 1.7 1.30E-02
ydiE 1.7 2.15E-01
ilvA 1.7 NA

yxdG 1.7 1.09E-02
ynaD 1.7 1.08E-03
yedE 1.7 2.28E-01
thrA 1.7 1.86E-02
rodA 1.7 1.18E-01
ydiG 1.7 1.29E-01
yfiD 1.7 2.82E-01
yhfE 1.7 7.89E-02
yahA 1.7 1.30E-01
ydcG 1.7 1.27E-04
gltA 1.6 6.48E-02
yviC 1.6 1.51E-01
ybaD 1.6 1.02E-01
ybjA 1.6 2.65E-01
hisD 1.6 2.76E-01
glk 1.6 7.18E-02
rgpkE 1.6 2.74E-01
thrB 1.6 1.25E-01
clpB 1.6 NA

bcaT 1.6 3.87E-03
hisF 1.6 NA

yvcA 1.6 3.16E-01
ymgK 1.6 NA

yajH 1.6 3.50E-01
yccE 1.6 1.49E-01
yndA 1.6 4.79E-04
ybhE 1.6 1.43E-01
adhE 1.6 1.53E-02
grpkE 1.6 4.25E-02
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yqaB
pgiA
yrhH
ybhC
glgD
yidA
yabF
rimM
yacl
asd
VijE
yccF
agl
optC
malF
yjhB
yibG
ribA
yabE
thil
ycaF
optF
arcC3
ymfD
ps309
ycfl
uvrC
yphC
ybeM
ygfA
yphJ
ynaA
ahpF
aroB
ybhD
hisC
yoaF
dexC
amyY
yueF
ydgH
dapB
ftsZ
ynhA
ygiJ
ptcA
yqeH
yrgl

i T P N N N QN I i Qi G G G G G G
QOO O

-—\-A-AAAA—\—\—\A—‘L-—\—AA—‘LA-—\AAAAA—\.—\—A-—\
PRRARAAAPOICOUOOIOIOIOIOIOIOIOIOI G OO T TN

NA

NA

NA

NA

NA

2.78E-03
1.19E-01

2.97E-01
1.57E-02
1.13E-01
1.54E-02
1.44E-01
2.36E-01

2.02E-01
6.44E-02
1.28E-01
1.91E-02
8.17E-02
4.32E-01
4.78E-04

3.23E-01
2.06E-01
7.56E-02
9.78E-02

2.40E-01
2.41E-01
1.68E-01
2.04E-01
2.67E-01
2.42E-01

1.00E-01
9.20E-02
1.75E-01
1.47E-01
1.85E-01
6.57E-02
3.16E-01
2.59E-02
3.85E-02
5.47E-01
4.84E-01
1.11E-03
1.35E-01
1.07E-02
2.11E-01
1.29E-01
2.45E-02
6.06E-01
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pepC 1.4 2.97E-03
ycfH 1.4 4.66E-01
ybcH 1.4 4. 45E-02
|f>i314152 1.4 3.31E-01
ps 1.4 5.32E-01
yteD 14 NA

ythB 1.4 9.95E-02
yneD 1.4 7.17E-02
pmsR 1.4 7.19E-02
rgpC 1.4 1.34E-01
yjbB 1.4 3.70E-01
ygdF 1.4 2.48E-01
yoaB 14 1.38E-01
yfhfé3 1.4 1.10E-02
yva 1.4 4.18E-01
YajA 1.4 1.45E-01
pi120 1.4 1.27E-03
yliC 1.4 6.76E-02
ydgC 1.4 5.49E-04
rarA 14 1.18E-01
ywdG 1.4 1.11E-01
yfdD 1.4 2.09E-01
ftsW1 1.4 6.18E-03
ybeB 1.4 7.74E-02
yvdDB 1.4 9.09E-03
yme 1.4 2.19E-02
yﬁi?( 14 NA

yhe 1.4 3.80E-01
groEL 1.4 NA

xylM 1.4 1.38E-01
ydgG 1.4 3.77E-01
sng 1.4 1.86E-01
pi360 1.4 3.37E-01
yfhtBS 1.;1 2.97E-01
me : 6.97E-02
yeaC 1.4 NA

COIA 1.4 1.76E-01
butA 1.4 5.62E-03
clpP 1.3 1.82E-01
arc/g 1.3 1.20E-01
yac 3 4.34E-02
kinC 1.3 2.34E-02
ps305 1.3 2.30E-01
ginB 1.3 2.92E-01
ybbC 1.3 3.99E-02
ykhJ 1.3 8.11E-02
dnak 1.3 9.17E-02
dnaG 1.3 2.16E-03
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ybdJ 1.3 3.38E-01
yohD 1.3 1.39E-04
pi130 1.3 NA

yugC 1.3 1.75E-03
ycjH 1.3 3.25E-01
yjaB 1.3 1.33E-01
glgP 1.3 7.93E-02
pi235 1.3 NA

acmB 1.3 1.78E-01
xylX 1.3 NA

ybeH 1.3 1.00E-01
arcD2 1.3 1.82E-03
rgpB 1.3 6.26E-02
asnH 1.3 2.29E-01
yedF 1.3 5.47E-02
accB 1.3 5.35E-02
fhuD 1.3 5.56E-02
yccG 1.3 1.56E-01
ypiH 1.3 2.11E-01
yacC 1.3 2.26E-01
ybeF 1.3 2.13E-01
ygak 1.3 3.66E-01
ygaF 1.3 1.38E-01
ybeD 1.3 2.18E-01
pi302 1.3 NA

ps302 1.3 NA

ydgB 1.3 1.14E-03
hemK 1.3 6.48E-02
ychH 1.3 2.07E-03
yjhD 1.3 6.68E-03
YijA 1.3 2.97E-02
ykhD 1.3 1.11E-02
accC 1.3 1.54E-01
ynaC 1.3 1.95E-02
cdsA 1.3 1.94E-01
mtsA 1.3 2.11E-02
murA2 1.3 1.46E-01
ps120 1.3 8.81E-02
yejd 1.3 1.31E-01
ybhB 1.3 2.25E-01
ysaA 1.3 3.07E-01
yagA 1.3 2.96E-01
pi336 1.3 1.09E-01
yiiD 1.3 3.11E-01
yicA 1.3 1.25E-02
fIrA 1.3 2.06E-01
msmK 1.3 2.57E-01
ybdA 1.3 3.20E-01
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yihF
yrbC
yhfF
yidE
yhcA
yjiB
yiiC
ycfG
ycdF
ymhC
yicF
ps122
ywcC
xylT
aral
ycjG
yigF
clpE
frdC
gpdA
ychD
yniJ
ginP
butB
pyrG
ftsW2
yhhC
noxD
dinP
recQ
IplL.
xynD
pi225
yifG
rheB
pi140
romGC
yxbC
bgIR
yqbl
yghB
YqcA
ynjE
ymbK
ysjD
yweC
galM
ywfC

68

5.21E-04
3.38E-01
1.43E-02
1.95E-02
1.56E-01
1.68E-01
3.30E-02
2.08E-01
4.78E-01
4.73E-01
2.48E-01
4.37E-02
3.77E-01
8.99E-02
1.20E-02
5.87E-02
3.49E-01
2.05E-01
5.17E-03
9.30E-02
1.91E-01
1.91E-02
1.65E-01
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1.31E-01 -

2.66E-01
1.21E-01

5.88E-03

1.59E-01
9.88E-03
1.04E-01
3.54E-01
4.16E-02
2.17E-01
2.73E-01
1.58E-01
1.51E-02
2.45E-01
5.59E-01
6.78E-02
4.10E-01
1.85E-02
1.67E-01
3.18E-01
2.43E-02
3.24E-01
2.66E-01
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ps201 -1.3 3.98E-01

pi216 -1.3 3.19E-01

ykbC -1.3 1.31E-01

yeeB -1.3 9.29E-03
ileS -1.3 2.32E-01

yifB -1.3 NA

yxeA -1.3 2.88E-03
yciF -1.3 1.57E-02
dukA -1.3 1.34E-02
ywjC -1.3 NA

yvdA -1.3 8.07E-02
alaS -1.3 1.01E-01

ndrH -1.3 3.45E-03
gadR -1.3 2.05E-01

yohH -1.3 8.77E-02
ps119 -1.3 1.74E-01

ycgd -1.3 3.16E-02
pi223 -1.3 1.94E-01

yveD -1.3 3.95E-01

sunL -1.3 4.87E-01

yibE -1.3 1.40E-02.
ywbB -1.3 5.42E-01

yteC -1.3 1.24E-01

metE -1.3 2.85E-01

ycbD -1.3 5.14E-03
purN -1.3 2.65E-01

pabB -1.3 6.63E-02
yrgF -1.3 1.22E-01

ycjM -1.3 1.23E-01

yijC -1.3 4.16E-01

yjeF -1.3 1.21E-01

comGC -1.3 2.23E-01

yvel -1.3 6.03E-02
ylcD -1.3 3.25E-01

ditD -1.3 NA

pi343 -1.3 5.49E-01

yueD -1.3 NA

ppiA -1.3 1.43E-01

dut -1.3 1.00E-01

purB -1.3 6.79E-03
ypiC -1.3 3.96E-01

ytaB -1.3 NA

cbr -1.3 2.49E-01

rpmC -1.3 3.99E-01

ycgH -1.3 4.57E-01

ybiE -1.3 2.75E-04

yvdF -1.3 1.24E-01

rpmD -1.3 2.07E-03
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pi124 -1.3 5.76E-01
pb_pZB -1.3 2.74E-01
ypj,;kz -1 g 1.21E-01
ysc -1. 4.69E-01
ymbC -1.3 2.22E-02
birA1 -1.4 1.24E-02
hflX -1.4 1.48E-02
fth - -1 j 1.60E-01
yec -1. 1.13E-01
ycj:l),15 -1 j 1.31E-01
ps -1. 6.96E-02
comX -1.4 2.55E-01
pi215 -1.4 1.81E-01
dcdA -1.4 2.51E-02
glyA -1.4 1.19E-01
yueA -1.4 1.22E-04
hsdM -1.4 1.36E-01
yleA -1 2 6.02E-03
que -1. 6.69E-03
ywaD -1.4 4.66E-01
pi123 -1.4 NA
pi308 -1.4 1.56E-01
ph'nC -1.4 1.79E-01
yCJ.A -1.4 3.16E-02
ypil -1.4 1.99E-01
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Claims

1. A method for regulating the expression of a gene of interest in a host cell
that comprises a CodY-like protein comprising providing said cell with a gene
of interest in operable linkage with a promoter and at least one CodY target
sequence.

2. A method according to claim 1, wherein said promoter and/or said CodY
target sequence is heterologous with regard to said gene of interest.

3. A method according to claim 1 or 2, wherein said CodY target sequence
is heterologous with regard to said promoter.

4. A method according to any one of claims 1 to 3, wherein said gene of
interest is a gene from a gram-positive bacterium.

5. A method according to any one of claims 1 to 4, wherein said gene of
interest encodes a protease or a peptidase or an anti-microbial peptide or a
vitamin.

6. A method according to any one of claims 1 to 5, wherein said CodY
target sequence comprises a sequence as depicted in Figure 6A or a functional
equivalent and/or a functional fragment thereof.

7. A method according to any one of claims 1-6, wherein said CodY target
sequence comprises a sequence as depicted in Figure 6B or a functional
equivalent and/or a functional fragment thereof.

8. A method according to any one of claims 1-7, wherein said CodY target
sequence comprises a sequence as depicted in Table 4, Table 4A, Table 5, Table
6, Table 7 and/or Table 8, or a functional equivalent and/or a functional
fragment thereof.

9. A method according to any one of claims 1-8, wherein said CodY target

sequence comprises an ATGTTCA sequence and an inversely repeated
ATGTTCA sequence.
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10. A method according to claim 9, wherein said nucleic acid sequence
comprises a spacing of about 9 base pairs between said ATGTTCA sequence
and said inversely repeated ATGTTCA sequence.

11. A method according to claim 9 or 10, wherein said nucleic acid sequence
comprises the sequence ATGTTCAGAAAATTCATGAACAT.

12. A method according to any one of claims 1 to 11, further comprising
influencing the binding between said CodY-like protein and said at least one
CodY target sequence.

13. A method according to claim 12, wherein said binding is regulated by
subjecting said cell to a change in a growth condition.

14. A method according to claim 12 or 13, wherein said binding is regulated
by subjecting said cell to a growth limiting condition.

15. A method according to claim 14, wherein said growth limiting condition
is a limited availability of a nitrogen source.

16. A method according to any one of claims 1 to 15, wherein said host cell
1s a cell from a (dairy) food production species.

17. A method according to claim 16, wherein said species is selected from a
Lactococcus or Lactobacillus or Streptococcus or Leuconostoc or Pediococcus or
Bifidobacterium or Carnobacterium or Propionibacterium.

18. A method according to any one of claims 1 to 17, wherein said host cell is
provided with a nucleic acid encoding a CodY-like protein.

19.  Anisolated or recombinant nucleic acid that comprises at least one
CodY target sequence or a functional fragment and/or a functional equivalent
thereof.

20. A nucleic acid according to claim 19, further comprising a promoter in
operable linkage with a gene of interest.

21. A nucleic acid according to claim 19 or 20 further comprising a gene

encoding a CodY-like protein.
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22. A nucleic acid according to claim 20 or 21, wherein said promoter and/or
said at least one CodY target sequence is heterologous with regard to said gene
of interest.

23. A nucleic acid according to any one of claims 20 to 22, wherein said
CodY target sequence is heterologous with regard to said promoter.

24. A nucleic acid according to any one of claims 20 to 23, wherein said gene
of interest is a gene from a gram-positive bacterium.

25. A nucleic acid according to any one of claims 20 to 24, wherein said gene
of interest encodes a protease or a peptidase or an anti-microbial peptide or a
vitamin,

26. A nucleic acid according to any one of claims 19 to 25, wherein said
CodY target sequence comprises a sequence as depicted in Figure 6A or a
functional equivalent and/or a functional fragment thereof.

27.  Anucleic acid according to any one of claims 19 to 26, wherein said
CodY target sequence comprises a sequence as depicted in Figure 6B or a
functional equivalent and/or a functional fragment thereof.

28. A nucleic acid according to any one of claims 19 to 27, wherein said
CodY target sequence comprises a sequence as depicted in Table 4, Table 4A,
Table 5, Table 6, Table 7 and/or Table 8, or a functional equivalent and/or a
functional fragment thereof.

29. A nucleic acid according to any one of claims 19 to 28, wherein said
CodY target sequence comprises an ATGTTCA sequence and an inversely
repeated ATGTTCA sequence.

30. A nucleic acid according to claim 29, wherein said nucleic acid sequence
comprises a spacing of about 9 base pairs between said ATGTTCA sequence
and said inversely repeated ATGTTCA sequence.

31l.  Anucleic acid according to claim 29 or 30, wherein said nucleic acid
sequence comprises the sequence ATGTTCAGAAAATTCATGAACAT.

32. A vector comprising a nucleic acid according to any one of claims 19 to

31.
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33. A gene delivery vehicle comprising a nucleic acid according to any one of
claims 19 to 31 or a vector according to claim 32.

34.  Ahost cell comprising a nucleic acid according to any one of claims 19 to
31, a vector according to claim 32 or a gene delivery vehicle according to claim
33.

35. A host cell according to 34 which is a cell from a (dairy) food production
species.

36. A host cell according to claim 34 or 35, wherein said species is selected
from a Lactococcus or Lactobacillus or Streptococcus or Leuconostoc or
Pediococcus or Bifidobacterium or Carnobacterium or Propionibacterium.

37.  Use of at least one CodY target sequence for regulating the expression of
a gene of interest.

38.  Use according to claim 37, wherein said target sequence comprises a
sequence as depicted in Figure 6A, Figure 6B, Table 4, Table 4A, Table 5,
Table 6, Table 7 and/or Table 8, or a functional equivalent and/or a functional
fragment thereof.

39.  Use according to claim 37 or 38, wherein said CodY target sequence
comprises an ATGTTCA sequence and an inversely repeated ATGTTCA
sequence.

40.  Use according to any one of claims 87 to 39, wherein said nucleic acid
sequence comprises a spacing of about 9 base pairs between said ATGTTCA
sequence and said inversely repeated ATGTTCA sequence.

41.  Use according to any one of claims 37 to 40, wherein said nucleic acid
sequence comprises the sequence ATGTTCAGAAAATTCATGAACAT.

42. A method for producing a (dairy) food product comprising a step wherein
a nucleic acid according to any one of claims 19 to 31, a vector according to
claim 32, a gene delivery vehicle according to claim 33 or a host cell according
to any one of claims 34 to 36 is used.

43. A method according to claim 42, wherein said dairy product is a cheese

or a fermented milk product.
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44. A cheese or a fermented milk product obtainable by a method according
to claim 42 or 43.

45. A method for at least in part preventing the formation of off-flavours
during a process for the production of a (dairy) food product, comprising
providing at least one CodY target sequence upstream of a gene which product
is, directly or indirectly, involved in the formation of off-flavours.

46.  Use of a nucleic acid according to any one of claims 19 to 31 or a vector
according to claim 32 or a gene delivery vehicle according to claim 33 or a host
cell according to any one of claims 34 to 36 for increasing the expression of a
gene of interest in a stationary phase cuiture or equivalents of said culture.
47.  Use according to claim 46, wherein said gene of interest comprises a
gene encoding an antimicrobial substance, such as a bacteriocin.

48.  Use according to claim 46, wherein said gene of interest comprises a
gene encoding a flavour compound, vitamin, or a proteinaceous molecule
involved in cell lysis.

49.  Use of a nucleic acid according to any one of claims 19 to 31 or a vector
according to claim 32 or a gene delivery vehicle according to claim 33 or a host
cell according to any one of claims 34 to 36 for decreasing the expression of a
gene in a stationary phase culture or equivalents of said culture.

50.  Use according to claim 49, wherein an antisense nucleic acid sequence of
an undesired gene is provided in operable linkage with a promoter and at least
one CodY target sequence.

51.  Use according to claim 49 or 50, wherein said gene is involved with

acidification.
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WT CGTA ATGTTCA GAAAATTCA TGAACAT ACC
MUT2 CGTA ATGTTCT GAAAATTCA TGAACAT ACC
MUTF CGTA ATGTTCA GAAAATTCA TGGACAT ACC
MUT4 CGTA ATGTTCA GAAAATTCA TGAGCAT ACC
MUT3 CGTA GIGTTCA GAAAATTCA TGAACAT ACC
MUT10 CGTA ATGTCCA GAAAATTCA TGAACAT ACC
MUT16 CGTA ATGTTCG GARAATTCA TGAACAC ACC
Fig. 5B
H6-CodY binding to PoppD variants
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Fig. 6A
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Fig. 6B
100%
oT
80% WA
’c
60% BG

40%

20%

0%

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

A AT TT TC WG A AA ATT

SUBSTITUTE SHEET (RULE 26)



PCT/NL2004/000474

WO 2005/003354

9/14

L

‘B4

i0SC e 0K S OSw mr Ste OE SgE 00E S2 0T SEE K sz I
! | | ! ! | | | [ | { | [ | | [
w i |E1-a91
: E..rl.ll..;ﬁ £0AIEY
[oe-se6 |
o+ A — | 0.9 |
3 | soregze
By ey |
o B |
: o1 |eoogrs | (nxdad]
: 01 L B ooy 1 | (nodsd
: { ¢ = yOo9LET aammw
! o (€
el SEIHDT | ]
- e (@)
jeeraes | o
: g ()
| STIHEL |
; [¢1-og88 | (adde]
A
—| s1oaL7 | (ngddy]
m I sioeec | (edad]
anea-d |
: IR Tﬁeﬁum gﬁz*

SUBSTITUTE SHEET (RULE 26)



PCT/NL2004/000474

WO 2005/003354

10/14

Q "bi-

G-TNRDY

g4

18

zby

G~TNHOd
84

79S8
zbn

S-THROE  OIYOOLIVIDIOVIOIOVYYOIOLLILIVYY
83 OI¥OOLIVIVIOYOOIOVVVOOLILIOVYY

TIMS  SI¥DOIIVIVOOYDOIOVYYDDLILIOVNTY
ZBM  9IYOOLINIVOOYOOIOYVYIOLILIOVYY

o—

¢ dud  sey

geE~ 01~ *

. LA, )
Umhﬁou%mb%um&@u@u&&m«%mBmw,w_ﬁmwmumﬁmmﬁ&mm_mumpmdﬁmmuﬁ.wmmE@@@U&Qﬁ%@ﬁ&%ﬁﬂw@ﬁd@amaemmmwmmoﬁmmhwug
9I¥II99LIIVOLLI Y BOYIO0OVY IV OV IOVY LRIV I VIO ¥R 1R IV I VL IV IOV IV IV IOV IV Y I Y IV I YL VIOV IVYALI0L IO IIYYOLL

¥ mOHI mMMI

1 01~ .
X H
OYLYYDOVYYLOVYYI00LYODDLIOVIDIVOLIYYOVLIVLIYIL ARl BY LY VWLV LIV IVEV B LY L LY VLIV LY LVOLVLIOYYOVYIVYYLLOVY

IR AP AN NN REIR L AR L LA AL AN A ARSI A ARAN A BB CRE A AR AR AR KA AR ARV AR A AR AR L AR AR ARIL AR A SN RAON AN AA A OV
¥ NGMI mﬂﬂl

g3t~ LI .
QY I¥¥O0VYYI0¥YYDO0IY090LIOY IO ¥OLIVYOVIIVIVL LR IR Y IV I VY IV LIV I VINDLY LIV IV LIV IV IV DIV L IOV YOV YOVYYLIOTY

DIVLIODLLIYOLLICOSVLOOOVYD LY OV IOV LEJ IV IV IV AR A LY L VL L VLV RV TV L OV LNV LY LYY IV IV L OV IVY ORI DL IDI LIV YOLL
¥ O~ SE-

Bt 01 '

DI¥LLODELIYOLLIODOYLO0OVYI LY OV LIV L LIV LY I Y~~~ ARANAMAARAARAR AR SAAAR AN L AR AN ARSI L AR SIAMMA {1 S
¥ L1 J5€-

DBLLLIVYVYLIYOVYIY LYY L LYY VY Y YV LYOVOY LI LYV L LYYV L0D OV VLYY LYVY L D000V VY LDLOLIVIN L) IV OVYYYILLIVYYYYIOO L
HOLLL LYYV L IVOVYOV LYY LYYV VYV LY OV OV LIV LI OV VYV L0900V VI YV LYYV L 09D 0V YYLOLOIOVIVI LY OV VYO L LI YYVYYII9L
I0LLLIVYYELIYOYYOY IVY LI VYV YVYY LDV OV L ALYV LEOVYVY L DS OV LYY LY VYL OD00VY R LOLO LOVI VLI LY OV Y VY LI L YYYYYL09L
OOLLLIVYYYLIYOVYOVI VY LIV Y VY Y YV LY IOV OV LI I VY LI OV VY L.OD OV L VY LYYV L.OD00Y TV LD L OLOVIV IO VOVYY VI LLIVY Y YY1 O9E

mxd —

J
96¢

10¢

101

SUBSTITUTE SHEET (RULE 26)



WO 2005/003354 PCT/NL2004/000474

11/14
Fig. 9
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Fig. 10
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Fig. 11
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Fig. 13
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