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Description

Technical Field

[0001] The present invention relates to a novel promoter capable of expressing a gene product of interest conven-
iently, at a low cost and at a high level, and a method for producing a protein using the promoter.

Background Art

[0002] Expression systems are utilized for producing useful gene products by genetic engineering depending on the
purposes. In the expression systems, hosts for which techniques for their cultivation have been established such as
microbial cells (Escherichia coli, Bacillus subtilis, yeast, etc.), animal cells, insect cells and plant cells, and promoters
suitable for the hosts are used. Among these, an expression system in which Escherichia coli as a host and the lac
promoter or a derivative thereof are used is one of the most commonly used systems because of the operational
convenience.
[0003] However, the expression system in which the lac promoter or a derivative thereof is used has a drawback in
that it is industrially disadvantageous because it requires induction of gene expression for expression of a gene product.
For example, induction of gene expression from the lac promoter, the tac promoter or the like requires use of an
expensive reagent, isopropyl-β-D-thiogalactopyranoside (IPTG). Therefore, such a system has a drawback in that it
is disadvantageous to performance on an industrial scale.
[0004] An expression system in which a promoter derived from xylose operon and a bacterium of the genus Bacillus
as a host are utilized is also used. However, the system is disadvantageous to performance on an industrial scale
because it requires addition of xylose for the expression induction.
[0005] Expression vectors that utilize thermoinduction of the phage λ promoter are generally used.
[0006] However, overexpression of recombinant gene products by thermoinduction may be disadvantageous in the
following points:

(a) difficulty in rapidly achieving shifting-up of a temperature;
(b) increased possibility of forming insoluble inclusion bodies due to a higher cultivation temperature; and
(c) induction of several proteases in Escherichia coli upon heat shock.

[0007] Bacillus subtilis is known to produce and secrete a number of catabolic enzymes such as amylases and
proteases as a result of a stationary phase-specific response. If one could express a gene only during stationary phase
after full growth of a host utilizing the stationary phase-specific expression mechanism, the burden on the host might
be decreased, and an exogenous gene might be efficiently expressed. However, no gene expression technique in
which such a mechanism is utilized has been established.
[0008] Thus, a technique that enables efficient expression without artificially inducing gene expression has been
desired.

Objects of Invention

[0009] The main object of the present invention is to provide a promoter, a recombinant DNA, a vector for expressing
a gene, an expression vector and a transformed cell that enable expression of a gene at a high level in a stationary
phase-specific manner without artificially inducing the expression of the gene, as well as a method for producing a
protein which can be carried out conveniently and at a low cost, and a kit for the method.

Summary of Invention

[0010] The present invention is outlined as follows:

[1] an isolated DNA selected from the group consisting of:

(a) an isolated DNA having a nucleotide sequence of any one of SEQ ID NOS:1 to 6 or a fragment thereof
which exhibits a promoter activity in a Gram-positive bacterium in a stationary phase-specific manner; and
(b) an isolated DNA hybridizable to the DNA or a fragment thereof of (a) under stringent conditions which
exhibits a promoter activity in a Gram-positive bacterium in a stationary phase-specific manner;

[2] the isolated DNA according to [1], which is capable of expressing an exogenous gene in a stationary phase-
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specific manner in the absence of an inducer when the DNA is placed upstream of the gene;
[3] a recombinant DNA in which the DNA defined by [1] and an exogenous gene are placed such that the exogenous
gene can be expressed;
[4] the recombinant DNA according to [3], wherein the exogenous gene is a nucleic acid selected from the group
consisting of nucleic acids encoding proteins, nucleic acids encoding antisense RNAs and nucleic acids encoding
ribozymes;
[5] a vector for expressing a gene which contains the DNA defined by [1];
[6] the vector for expressing a gene according to [5], wherein the vector is one selected from the group consisting
of plasmid vectors, phage vectors and virus vectors;
[7] an expression vector which contains the recombinant DNA defined by [3];
[8] the expression vector according to [7], wherein the vector is one selected from the group consisting of plasmid
vectors, phage vectors and virus vectors;
[9] a transformed cell which harbors the recombinant DNA defined by [3] or the expression vector. defined by [7];
[10] a method for producing a protein, the method comprising:

culturing the transformed cell defined by [9] ; and
collecting a protein from the resulting culture; and

[11] a kit for producing a protein which contains the DNA defined by [1] or the vector for expressing a gene defined
by [5].

Detailed Description of the Invention

[0011] A DNA derived from Bacillus subtilis DB104 (Gene, 83:215-233 (1989)) containing an element that is located
upstream of an open reading frame (ORF) for a gene expressed in a stationary phase-specific manner, and exhibits
an promoter activity can be used as the DNA of the present invention. The present invention is based on the surprising
finding by the present inventors that if an exogenous gene (also referred to as a gene of interest) is placed downstream
of the DNA, the gene product of interest can be expressed at a high level, i.e., 100 to 500 mg per liter of a medium, in
the absence of an expression inducer.
[0012] The DNAs of the present invention include DNAs having nucleotide sequences of SEQ ID NOS:1 to 6. The
DNA of the present invention is preferably an isolated DNA that exhibits a promoter activity in a stationary phase-
specific manner in a Gram-positive bacterium, more preferably an isolated DNA that exhibits a promoter activity in a
stationary phase-specific manner in a bacterium of the genus Bacillus or Escherichia coli as described below.
[0013] According to the present invention, "a promoter" comprises a Pribnow box, a TATA box or a region similar to
the TATA box which is located about 10 to 30 base pairs upstream from a transcription initiation site (+1) and is re-
sponsible for a function of allowing an RNA polymerase to initiate transcription from an exact position. The promoter
is not necessarily restricted to such a region or surrounding regions, but may comprise, in addition to the region, a
region necessary for association of a protein other than an RNA polymerase for controlling expression. As used herein,
the term "a promoter region" refers to a region containing the promoter according to the present invention.
[0014] As used herein, "a promoter activity" means that when a construct obtained by placing a gene downstream
of a promoter such that the gene can be expressed is introduced into a host, the promoter has an ability and a function
of production of an expression product of the gene inside or outside the host.
[0015] Generally, "a promoter activity" can be measured using a process comprising:

(1) a step of connecting a DNA to be subjected to measurement to upstream of a gene encoding a protein that
can be readily quantified or observed (hereinafter also referred to as a reporter gene);
(2) a step of introducing the resulting construct into a host;
(3) a step of culturing the resulting transformed cell to express the protein; and
(4) a step of measuring the amount of the expressed protein. For example, the presence of "a promoter activity"
can be determined by connecting a sequence that is presumed to have a promoter sequence to upstream of a
reporter gene, introducing the. construct into a host, and observing the expression of the gene product inside or
outside the host. The observation of expression serves as an index of the promoter activity of the promoter in the
introduced host.

[0016] As used herein, "a stationary phase-specific promoter" refers to a promoter that directs transcription only
during stationary phase after logarithmic growth phase. "A stationary phase-specific promoter" can express a gene
placed downstream of the promoter only during stationary phase without induction using an inducer such as IPTG.
[0017] The DNAs of the present invention include fragments of the isolated DNAs having nucleotide sequences of
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SEQ ID NOS:1 to 6 as long as the fragments exhibit promoter activities in a stationary phase-specific manner. "A
fragment" can be appropriately selected such that it exhibits a promoter activity in a stationary phase-specific manner.
Such a fragment can be selected using the above-mentioned process comprising the steps (1) to (4).
[0018] The DNAs of the present invention further include a DNA that has a nucleotide sequence in which at least
one nucleotide, specifically one or several nucleotides are substituted, deleted, inserted or added in any one of the
nucleotide sequences of SEQ ID NOS:1 to 6, and has a promoter activity in a stationary phase-specific manner. In
general, the activity of a DNA having a short sequence may be altered if it has a mutation (substitution, deletion,
insertion or addition) of at least one nucleotide. However, "a DNA having a mutation" is encompassed by the present
invention if a promoter activity is observed for the DNA in a stationary phase-specific manner using the above-men-
tioned process comprising the steps (1) to (4). The mutation may be either a naturally occurring or artificially introduced
mutation.
[0019] An artificial mutation can be introduced according a conventional site-directed mutagenesis method or the
like. Examples of the site-directed mutagenesis methods that can be used include the gapped duplex method which
utilizes an amber mutation (Nucleic Acids Research, 12:9441-9456 (1984); the Kunkel method in which a host deficient
in the dut (dUTPase) and ung (uracil-DNA glycosylase) genes is utilized (Proceedings of the National Academy of
Sciences of the USA, 82:488-492 (1985)) and a PCR method utilizing an amber mutation (WO 98/02535).
[0020] The present invention also encompasses an isolated DNA that is hybridizable to the complementary strand
of the DNA of the present invention under stringent conditions or, for example, obtained using an oligonucleotide probe
or primer that is designed and chemically synthesized according to conventional methods based on the DNA of the
present invention, and that has a promoter activity in a stationary phase-specific manner, preferably in a Gram-positive
bacterium.
[0021] For example, a DNA for which a promoter activity is observed in a stationary phase-specific manner using
the above-mentioned process comprising steps (1) to (4) may be selected as such a DNA. There is no specific limitation
concerning the nucleotide sequence of the oligonucleotide probe as long as the oligonucleotide probe hybridizes to
the DNA or a DNA having a nucleotide sequence complementary to the DNA under stringent conditions.
[0022] "Stringent conditions" are exemplified by those as described in a literature such as Sambrook et al., Molecular
cloning, A laboratory manual 2nd edition, 1989, Cold Spring Harbor Laboratory Press. For example, the stringent con-
ditions are incubation at a temperature of [Tm of the probe to be used - 25°C] overnight in a solution containing 6 x
SSC (1 x SSC: 0.15 M NaCl, 0.015 M sodium citrate, pH 7.0) 0.5% SDS, 5 x Denhardt's (0.1% bovine serum albumin
(BSA), 0.1% polyvinylpyrrolidone, 6.1% Ficoll 400) and 100 µg/ml of salmon sperm DNA.
[0023] There is also no specific limitation concerning the nucleotide sequence of the primer as long as the primer
can anneal to the DNA or a DNA having a nucleotide sequence complementary to the DNA to initiate an extension
reaction with a DNA polymerase under conditions used for a conventional PCR.
[0024] Tm of an oligonucleotide probe or primer can be determined, for example, according to the following equation:

wherein N is the chain length of the oligonucleotide probe or primer; %G+C is the content of guanine and cytosine
residues in the oligonucleotide probe or primer.
[0025] If the chain length of the oligonucleotide probe or primer is shorter than 18 nucleotides, Tm can be estimated,
for example, as the sum of the product of the number of A+T (adenine and thymine) residues multiplied by 2(°C) and
the product of the number of G+C residues multiplied by 4(°C), i.e., [(A+T) x 2 + (G+C) x 4].
[0026] Although it is not intended to limit the present invention, it is desirable that the chain length of the oligonucle-
otide probe or primer is preferably 6 nucleotides or more, more preferably 10 nucleotides or more in order to avoid
nonspecific hybridization or annealing. Furthermore, it is desirable that the length is preferably 100 nucleotides or less,
more preferably 30 nucleotide or less in view of synthesis of the oligonucleotide.
[0027] Designing of an oligonucleotide is known to those skilled in the art and can be carried out, for example, with
reference to Labo Manual PCR, pp. 13-16, 1996 (Takara Shuzo). Alternatively, a commercially available software such
as OLIGO™ Primer Analysis software (Takara Shuzo) may be used.
[0028] The oligonucleotide can be synthesized according to a known method. For example, it can be synthesized
using a DNA synthesizer Model 394 (Applied Biosystems) according to the phosphoramidite method. Alternatively, the
phosphate triester method, the H-phosphonate method, the thiophosphonate method or the like may be used for the
synthesis.
[0029] Using the DNA of the present invention, a recombinant DNA in which the DNA and an exogenous gene are
placed such that the exogenous gene can be expressed is provided. Such a recombinant DNA is encompassed by the
present invention.
[0030] Examples of the exogenous genes include, but are not limited to, nucleic acids encoding proteins (e.g., en-

Tm = 81.5 - 16.6(log10[Na+]) + 0.41(%G+C) - (600/N)
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zymes, cytokines or antibodies), nucleic acids encoding antisense RNAs and nucleic acids encoding ribozymes. Ex-
amples of the origins of the exogenous genes include, but are not limited to, microorganisms (e.g., bacteria, yeasts,
actinomycetes, filamentous fungi, ascomycetes and basidiomycetes); plants; insects; and animals. Furthermore, arti-
ficially synthesized genes may be used depending on the purpose.
[0031] Specifically, examples of the exogenous genes include, but are not limited to, the interleukin (IL) 1 to 12 genes,
the interferon (IFN) α, β and γ genes, the tumor necrosis factor (TNF) gene, the colony-stimulating factor (CSF) genes,
the erythropoietin gene, the transforming growth factor (TGF)-β gene, the immunoglobulin (Ig) gene, the tissue plas-
minogen activator (t-PA) gene, the urokinase gene and the Western firefly luciferase gene.
[0032] As used herein, "a ribozyme" refers to one that cleaves an mRNA for a specific protein to inhibit the translation
of the protein. A ribozyme can be designed on the basis of a sequence of a gene encoding a specific protein. For
example, a hammerhead ribozyme can be prepared using the method as described in FEBS Letter, 228:228-230
(1988). The ribozymes according to the present invention include any one that cleaves an mRNA for a specific protein
to inhibit the translation of the protein regardless of the type of the ribozyme (e.g., hammerhead, hairpin or delta).
[0033] The DNA of the present invention exhibits a promoter activity that enables expression of a gene at a high
level even if the gene expression is not artificially induced. Therefore, it is particularly preferable for expression of an
exogenous gene which is a nucleic acid encoding a protein.
[0034] Furthermore, using the DNA of the present invention, a vector for expressing a gene that contains the DNA
is provided. Such a vector for expressing a gene is encompassed by the present invention.
[0035] It is possible to express a protein as an example of gene products of interest at a level of 100 to 500 mg per
liter of a medium using the vector for expressing a gene of the present invention because it contains the DNA of the
present invention. A gene product of interest can be readily expressed depending on the intended use.
[0036] A plasmid vector, a phage vector or a virus vector, or a vector fragment consisting of a portion of the vector
may be used as a vector in the vector for expressing a gene of the present invention. The vector or the vector fragment
can be appropriately selected depending on the cell to be use as a host.
[0037] There is no specific limitation concerning the cell that can be used as a host. For example, a Gram-positive
bacterium may be used. Examples of the Gram-positive bacteria include bacteria of the genus Bacillus for which trans-
formation systems have been established. Specifically, Bacillus subtilis, Bacillus stearothermophilus, Bacillus licheni-
formis, Bacillus brevis or Bacillus sp. may be used, although it is not intended to limit the present invention. One obtained
by mutagenizing such a bacterium of the genus Bacillus may be used as a host. Also, Escherichia coli may be used
as a host. Transformation systems for Escherichia coli have been established, Escherichia coli cells with various gen-
otypes have been created, and they are readily available. Therefore, Escherichia coli is widely used as a host for
transformation. Specific examples include strains HB101, C600, JM109, DH5α, DH10B, XL-1BlueMRF' and TOP10F
derived from Escherichia coli K-12, although it is not intended to limit the present invention. One obtained by muta-
genizing such an Escherichia coli cell may be used as a host.
[0038] If a bacterium of the genus Bacillus is used as a host, examples of the vectors include plasmid vectors such
as pHY, pUB110 and pE194 as well as phage vectors such as ϕ105 and SPβ. If Escherichia coli is used as a host,
examples of the vectors include plasmid vectors such as pUC18, pUC19, pBluescript and pET as well as phage vectors
such as lambda phage vectors (e.g., λgt10 and λgt11). The vector for expressing a gene of the present invention which
is capable of expressing an exogenous gene in a stationary phase-specific manner can be constructed by appropriately
selecting such a vector and incorporating the DNA of the present invention into it.
[0039] Techniques as described in Molecular cloning, A laboratory manual 2nd edition (supra) or the like can be
utilized for the construction of the vector for expressing a gene of the present invention. Alternatively, the construction
may be carried out according to the construction procedures as described in Examples below, for example.
[0040] The vector for expressing a gene of the present invention may contain a terminator (e.g., rrnBT1T), a selecta-
ble marker gene and the like.
[0041] Selectable marker genes include the ampicillin-resistance gene, the kanamycin-resistance gene, the chlo-
ramphenicol-resistance gene and the tetracyclin-resistance gene.
[0042] The vector for expressing a gene of the present invention may contain the following depending on the intended
use of the gene product of interest. For example, it may contain, in order to simplify the procedure for isolating the
gene product of interest, a sequence that enables expression as a fusion protein with a heterologous protein (e.g.,.
glutathione S-transferase or maltose-binding protein), or a tag sequence that enables expression as a protein to which
a histidine tag or the like is added.
[0043] Furthermore, the present invention provides an expression vector that contains the above-mentioned recom-
binant DNA. Such an expression vector is encompassed by the present invention. The expression vectors of the present
invention include a construct obtained by incorporating a gene of interest into the above-mentioned vector for express-
ing a gene.
[0044] The vector as described above with respect to the vector for expressing a gene can be used for the expression
vector of the present invention.
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[0045] The expression vector of the present invention can be constructed by (a) incorporating the recombinant DNA
into an appropriate vector; (b) incorporating a gene of interest into the vector for expressing a gene; or (c) connecting
a gene of interest to the vector fragment for expressing a gene.
[0046] Using the recombinant DNA or the expression vector of the present invention, a transformed cell that harbors
the recombinant DNA or the expression vector can be also provided.
[0047] "The cell that can be used as a host" as described above may be used as a host.
[0048] For example, a recombinant DNA can be introduced into a host according to the method as described in
Idenshikougaku Jikken, pp. 12-23, Japan Radioisotope Association (ed.) (1991); Virology, 52:456 (1973); Molecular
and Cellular Biology, 7:2745 (1987); Journal of the National Cancer Institute, 41:351 (1968); or EMBO Journal, 1:841
(1982).
[0049] For example, an expression vector can be introduced into a host according to the spontaneous competence
method (Idenshikougaku Jikken, pp. 12-23, Japan Radioisotope Association (ed.) (1991)); the calcium phosphate meth-
od (Molecular and Cellular Biology, 7:2745 (1987)); the electroporation method (Proc. Natl. Acad. Sci. USA, 81:7161
(1984)); the DEAE-dextran method (Methods in Nucleic Acids Research, pp. 283, Karam et al. (eds.) (1991) CRC
Press); or the liposome method (BioTechniques, 6:682 (1989)).
[0050] Using the transformed cell of the present invention, a method for producing a protein comprising culturing the
transformed cell, and collecting a protein from the resulting culture is provided. Such "a method for producing a protein"
is encompassed by the present invention.
[0051] Specifically, a protein can be produced by a method comprising:

(I) a step of transforming a host cell with:

(a) a recombinant DNA in which a nucleic acid encoding a protein is placed downstream of the DNA of the
present invention such that the nucleic acid can be expressed; or
(b) a vector containing the recombinant DNA; and

(II) a step of culturing the transformed cell obtained in (I) and collecting the protein from the resulting culture.

[0052] A method for culturing the transformed cell can be appropriately selected depending on the cell to be used
as a host, the property of the protein to be expressed and the like.
[0053] The thus obtained protein can be purified by a conventional means of purifying a protein. Examples of such
purification means include salting out, ion exchange chromatography, hydrophobic chromatography, affinity chroma-
tography and gel filtration chromatography.
[0054] A kit for producing a protein that contains the DNA of the present invention or the vector for expressing a
gene of the present invention can be constructed and used for the method for producing a protein of the present
invention. Using such a kit, a protein can be produced more conveniently.

Examples

[0055] The following Examples illustrate the present invention in more detail, but are not to be construed to limit the
scope thereof.
[0056] Relationship between and properties of Bacillus subtilis strains used according to the present invention are
described below.
[0057] B. subtilis Marburg 168: the parent strain of strains generally used as Bacillus subtilis hosts in recombinant
DNA experiments.
[0058] B. subtilis DB104: one of derivatives of B. subtilis Marburg 168 which requires histidine. Mutations other than
the auxotrophy (nprR2, nprE18, aprED3) are identical to those of UOT1285.
[0059] B. subtilis UOT1285: one of derivatives of B. subtilis Marburg 168 which requires tryptophan and lysine. Mu-
tations other than the auxotrophies (nprR2, nprE18, aprED3) are identical to those of DB104.

Example 1: Screening of genes expressed in a stationary phase-specific manner using a Bacillus subtilis DNA chip

[0060] PCR primers were designed using the DNA sequence information in the Bacillus subtilis genome database
(http://genolist.pasteur.fr/SubtiList/genome.cgi) such that almost full-length ORFs can be amplified for all the ORFs of
Bacillus subtilis. PCRs were carried out using these primers, a genomic DNA from Bacillus subtilis Marburg 168 (Mo-
lecular & General Genetics, 152:65-69 (1977)) and TaKaRa Ex Taq (Takara Shuzo) or TaKaRa Z-Taq (Takara Shuzo)
in a 96-well plate.
[0061] The resulting PCR products were purified. The purity and the size were checked by agarose gel electrophore-
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sis, and the DNA concentration was then calculated by measuring the absorbance for each one.
[0062] The thus obtained DNA fragment solutions were concentrated by isopropanol precipitation. DNA fragments
each at a concentration of 1.0 µg/ml were immobilized onto a slide glass according to the method as described in WO
00/26404 to prepare a DNA chip.
[0063] Bacillus subtilis UOT1285 (Journal of General Microbiology, 135:1335-1345 (1989)) was cultured in 50 ml of
2 x SG (1.6% Nutrient Broth, 0.05% MgSO4·7H2O, 0.2% KCl, 1 mM Ca(NO3)2 · 4H2O, 0.1 mM MnCl2· 4H2O, 0.001
mM FeSO4 · 7H2O, 0.1% glucose) at 37°C. A portion of the culture was taken 3, 4 or 5 hours after the initiation of
cultivation, and cells were collected by centrifugation. The thus obtained cells were suspended in TRIZOL Reagent
(Gibco BRL). Glass beads were added thereto. The cells were disrupted using Mini-BeadBeater (Biospec Products).
An RNA was recovered by chloroform extraction and isopropanol precipitation according to the protocol attached to
TRIZOL Reagent. The recovered RNA was treated with RNase-free DNase I (Takara Shuzo), and then recovered by
phenol/chloroform extraction followed by ethanol precipitation. As a result, about 90-100 µg of RNA was obtained. The
RNA was used as an RNA as a template.
[0064] A reverse transcriptase reaction was carried out using 15 µg of the RNA as a template prepared as described
above and Cy3-dUTP (Amersham Pharmacia Biotech) to prepare a Cy3-labeled cDNA probe.
[0065] The DNA chip prepared as described above was subjected to prehybridization in a prehybridization solution
(4 x SSC, 0.2% SDS, 5 x Denhardt's solution, 1 mg/ml of denatured salmon sperm DNA) at room temperature for 2
hours, washed in 2 x SSC followed by 0.2 x SSC, and then dried. Then, hybridization was carried out at 65°C overnight
using the Cy3-labeled cDNA probe prepared as described above in a hybridization solution which had the same com-
position as the prehybridization solution except that the concentration of the denatured salmon sperm DNA was
changed to 0.1 mg/ml. After hybridization, the DNA chip was washed in 2 x SSC containing 0.2% SDS at 55°C for 30
minutes (twice) and at 65°C for 5 minutes (once), and in 0.05 x SSC at room temperature for 5 minutes, and then dried.
[0066] The hybridized DNA chip was subjected to fluorescence detection using a DNA chip analysis apparatus Af-
fymetrix 418 Array Scanner (Affymetrix). The signal intensities obtained by the fluorescence detection are expressed
as color ranks in an image as follows: blue < green < yellow < orange < red < white.
[0067] The thus obtained image data were subjected to measurements and analyses of signal intensities using an
expression data analysis software ImaGene (BioDiscovery) according to the instructions attached to the software. The
values of numerically expressed Cy3 signal intensities corrected using the signal for rRNA as an internal standard
were compared, and expression signals for genes at respective growth stages of Bacillus subtilis were determined.
As a result, there were genes for which strong expression signals were observed after 3 hours of cultivation, genes
for which strong expression signals were observed after 5 hours of cultivation, and the like. Thus, it was shown that
the expression patterns of the ORFs were clearly different from each other.
[0068] The growth stage-specificity of expression level was determined by calculating a ratio of relative expression
level by dividing the expression signal after 4 or 5 hours of cultivation by the expression signal after 3 hours of cultivation
in order to examine the difference in expression signals in more detail. Results for representative genes are shown in
Table 1.

Table 1

Gene Signal ratio (4 hours/3 hours) Signal ratio (5 hours/3 hours)

iolJ 4.37 30.5
sigF 1.17 80.3
sipW 0.63 10.9

spoIIB 2.21 26.5
spoIIIAH 0.55 10.7
spoIVA 1.30 26.4
yabS 1.93 42.8
ybcO 1.15 18.0
ybcP 1.86 34.6
ybcQ 1.89 33.1
ybcS 1.30 27.5
ybcT 1.35 23.2
ybdA 1.17 14.3
yjdB 3.11 31.4
yngJ 1.03 6.54
yobH 2.80 4.15



EP 1 371 724 A1

5

10

15

20

25

30

35

40

45

50

55

8

[0069] As seen from Table 1, there were genes for which expression levels were remarkably increased after 5 hours
of cultivation, i.e., during stationary phase.

Example 2: Screening of genes expressed in a stationary phase-specific manner using a Bacillus subtilis
macromembrane

[0070] A digoxigenin (hereinafter referred to as DIG)-labeled cDNA probe was prepared by carrying out a reverse
transcriptase reaction using 15 µg of the RNA as a template prepared in Example 1 and DIG-11-dUTP (Roche Diag-
nostics).
[0071] Next, hybridization to Bacillus subtilis DNA array (Eurogentec; hereinafter referred to as a macromembrane;
putative ORFs derived from B. subtilis Marburg 168) was carried out using the DIG-labeled cDNA probe. For hybridi-
zation, prehybridization was carried out in a solution of DIG Easy Hyb Granules (Roche Diagnostics) at 42°C for 30
minutes, and hybridization was then carried out at 42°C overnight. Detection was carried out using DIG Wash and
Block Buffer and Detection kit (both from Roche Diagnostics).
[0072] The detection results were developed on a photosensitive film. The image was taken into an image analysis
apparatus Model GS-700 Imaging Densitometer (Bio-Rad) using an image analysis software Adobe Photoshop (Ado-
be). The signal intensities were measured and analyzed using an image analysis software MultiAnalyst (Bio-Rad)
according to the instructions attached to the software. Expression signals for genes at respective growth stages of
Bacillus subtilis were measured on the basis of numerically expressed DIG signal intensities. As a result, there were
genes for which strong expression signals were observed after 3 hours of cultivation, genes for which strong expression
signals were observed after 5 hours of cultivation, and the like. Thus, it was shown that the expression patterns of the
ORFs were clearly different from each other.
[0073] The growth stage-specificity of expression level was determined by calculating a ratio of relative expression
level by dividing the expression signal after 4 or 5 hours of cultivation by the expression signal after 3 hours of cultivation
in order to examine the difference in expression signals in more detail. Results for representative genes are shown in
Table 2.

[0074] As seen from Table 2, there were genes for which expression levels were remarkably increased after 5 hours
of cultivation, i.e., during stationary phase.

Table 1 (continued)

Gene Signal ratio (4 hours/3 hours) Signal ratio (5 hours/3 hours)

yqxA 0.10 31.2
yrzE 2.46 38.4

Table 2

Gene Signal ratio (4 hours/3 hours) Signal ratio (5 hours/3 hours)

acoA 4.42 42.8
acoL 7.17 68.2
sigF 0.79 8.18
sipW 8.16 26.3

spoIIB 2.78 11.6
spoIVA 2.15 3.35
yabS 0.80 10.9
ybcO 3.45 14.5
ybcP 6.86 31.8
ybcQ 1.41 51.0
ybcS 6.39 53.1
ybcT 3.13 22.2
ybdA 1.81 8.95
ybdD 0.20 18.8
yfiA 0.55 5.21

ygaB 0.16 1.65
yjdB 4.18 14.4



EP 1 371 724 A1

5

10

15

20

25

30

35

40

45

50

55

9

Example 3: Screening of stationary phase-specific promoters

[0075] For screening of stationary phase-specific promoters, two rounds of the respective screenings as described
in Examples 1 and 2 were carried out, genes for which expression levels were remarkably increased after 5 hours of
cultivation, i.e., during stationary phase were totally judged on the basis of the results, and the following 23 genes were
selected and used for experiments below: acoA, acoL, iolJ, sigF, sipW, spoIIB, spoIIIAH, spoIVA, yabS, ybcO, ybcP,
ybcQ, ybcS, ybcT, ybdA, ybdD, yfiA, ygaB, yjdB, yngJ, yobH, yqxA and yrzE.
[0076] Screening of stationary phase-specific promoters was carried out by connecting an exogenous gene to DNA
fragments from the 23 genes expressed in a stationary phase-specific manner that were presumed to contain promoter
regions for the genes to construct vectors for expressing the exogenous gene.
[0077] Commercially available enzymes for gel purification and plasmid purification and kits for gel purification and
plasmid purification were used for constructing the vectors for expressing the gene. Unless otherwise noted, procedures
were carried out according to the methods as described in Molecular cloning, A laboratory manual 2nd edition (Sam-
brook et al., 1989, Cold Spring Harbor Laboratory Press).
[0078] A total of 46 primers were designed for amplifying about 180-bp DNA fragments containing upstream regions
of the 23 genes expressed in a stationary phase-specific manner. The regions in the DNA fragments were located
upstream from the SD sequences for the genes and presumed to contain promoters. The designing was carried out
on the basis of the sequences in the Bacillus subtilis genome database as described in Example 1 (http://genolist.
pasteur.fr/SubtiList/genome.cgi). In addition, sites for restriction enzymes KpnI and EcoRI were added on both sides
of the respective designed primers in order to simplify the procedures following amplification.
[0079] The genes from which the DNA fragments presumed to contain promoter regions were to be amplified, the
primers used for amplification, and SEQ ID NOS showing the sequences of the primers (in parentheses) are as follows:
the acoA gene, primers aAF1 (SEQ ID NO:7) and aAR1 (SEQ ID NO:8); the spoIIB gene, primers spBF1 (SEQ ID NO:
9.) and spBR1 (SEQ ID NO:10); the ybcO gene, primers ybOF1 (SEQ ID NO:11) and ybOR1 (SEQ ID NO:12); the
yjdB gene, primers yjBF1 (SEQ ID NO:13) and pjBR1 (SEQ ID NO:14); the yngJ gene, primers ynJF1 (SEQ ID NO:
15) and ynJR1 (SEQ ID NO:16); and the yrzE gene, primers yrEF1 (SEQ ID NO:17) and yrER1 (SEQ ID NO:18).
[0080] A genomic DNA was prepared from Bacillus subtilis DB104 (Gene, 83:215-233 (1989)) using ISOPLANT kit
(Nippon Gene) according to the instructions attached to the kit.
[0081] A PCR was carried out using the genomic DNA as a template and the primers designed as described above
as follows: 20 cycles of 94°C for 30 seconds, 50°C for 1 minute, and 72°C for 1 minute.
[0082] The 23 DNA fragments presumed to contain promoters which were amplified as described above were used
below.
[0083] A gene for a hyperthormostable protease PFUS derived from Pyrococcus furiosus as described in WO
98/56926 was used as an exogenous gene to be used for screening stationary phase-specific promoters.
[0084] Bacillus subtilis DB104/pSPO124∆C (FERM BP-6294) is a strain that harbors a plasmid pSPO124∆C con-
taining the hyperthermostable protease PFUS gene as described in WO 98/56926. Bacillus subtilis DB104/pSPO124∆C
was cultured in 5 ml of LB medium containing 10 µg/ml of kanamycin at 37°C overnight. The plasmid pSPO124∆C
was then prepared from collected cells using QIAGEN Plasmid Mini kit (Qiagen) according to the instructions attached
to the kit. In this case, cells suspended in the buffer P1 attached to the kit to which lysozyme was added at a concen-
tration of 4mg/ml were treated at 37°C for 30 minutes.
[0085] A 5448-bp DNA fragment was amplified by a PCR using the plasmid pSPO124∆C as a template and primers
PLF1 (SEQ ID NO:19) and PLR1 (SEQ ID NO:20). The fragment contained the- SD- sequence and the secretion signal
of the aprE gene which encodes subtilisin E from Bacillus subtilis, as well as the structural gene for the hyperther-
mostable protease PFUS. This fragment was used as a vector fragment below.
[0086] Procedures are described below with respect to a DNA fragment containing a promoter region for the yngL
gene as an example.
[0087] The amplified DNA fragment presumed to contain a promoter region for the yngJ gene was digested with
restriction enzymes KpnI and EcoRI (both from Takara Shuzo) and purified. The DNA fragment was mixed with and
ligated to the vector fragment digested with the restriction enzymes KpnI. and EcoRI. The reaction mixture was used
to transform Bacillus subtilis DB104. The transformed cells were spread on LB plates containing 1% skim milk and 10
µg/ml of kanamycin. The plates were incubated at 37°C for 16 hours.
[0088] Primers UBF1 (SEQ ID NO:21) and SBPR1 (SEQ ID NO:22) which can be used to amplify the DNA fragment
containing the promoter region were designed in order to select a clone into which the 180-bp DNA fragment was
inserted from the resulting kanamycin-resistant transformants. A PCR was carried out using the combination of these
two primers and TaKaRa Ex Taq (Takara Shuzo) in a reaction mixture containing 1 mM PMSF as follows: 20 cycles of
94°C for 30 seconds, 55°C for 1 minute, and 72°C for 1 minute.
[0089] Thus, a clone into which the 180-bp DNA fragment was inserted was selected. A plasmid was prepared from
the selected transformant and designated as pND20.
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[0090] The other 22 DNA fragments were subjected to similar procedures. Then, 18 clones in which the promoter
sequences were different from that in pN20 were obtained among clones for which transformants were obtained. A
total of 19 types of plasmids were prepared from the transformants.

Example 4: Production of hyperthermostable protease using stationary phase-specific expression vectors

(1) Cultivation of Bacillus subtilis cells transformed with plasmids containing hyperthermostable protease PFUS gene
and preparation of crude enzyme solutions,

[0091] Bacillus subtilis DB104/pND20 is a strain made by introducing, into Bacillus subtilis DB104, the plasmid pND20
which was prepared in Example 3 and contains the hyperthermostable protease PFUS gene. Bacillus subtilis
DB104/pND20 was cultured in 1 ml of TKRBS1 medium (20 mg/ml of Polypeptone, 2 mg/ml of yeast extract, 10 mg/
ml of meat extract, 40 mg/ml of glucose, 20 µg/ml of FeSO4·7H2O, 20 µg/ml of MnSO4 · 5H2O, and 2 µg/ml of ZnSO4
· 7H2O) containing 10 µg/ml of kanamycin at 37°C. 100 µl of the culture was collected 4, 7, 10 or 13 days after the
initiation of cultivation. The culture was heated at 95°C for 30 minutes, and then centrifuged to collect a supernatant.
The supernatant was used as a crude enzyme solution.
[0092] Crude enzyme solutions were prepared in a similar manner using Bacillus subtilis DB104 harboring one of
the other 18 plasmids.

(2) Comparison of abilities to produce hyperthermostable protease

[0093] Activities of the hyperthermostable protease PFUS were determined by spectroscopically measuring p-ni-
troaniline generated by a hydrolysis reaction with the enzyme using Suc-Ala-Ala-Pro-Phe-p-NA (Sigma) as a substrate.
[0094] Specifically, an enzyme preparation for which the enzymatic activity was to be determined was appropriately
diluted with 100 mM phosphate buffer (pH 7.0). 50 µl of a solution containing Suc-Ala-Ala-Pro-Phe-p-NA at a concen-
tration of 1 mM in 100 mM phosphate buffer (pH 7.0) was added to 50 µl of the sample solution. The mixture was
reacted at 95°C for 30 minutes. The reaction mixture was then cooled on ice to stop the reaction. Absorbance at 405
nm was measured to determined the amount of generated p-nitroaniline.
[0095] One unit of the enzyme was defined as the amount of the enzyme that generates 1 µmol of p-nitroaniline at
95°C in 1 minute.
[0096] The amount of the expressed enzyme protein was calculated on the basis of the determined enzymatic activity
assuming that the specific activity of the hyperthermostable protease PFUS is 9.5 units/mg protein.
[0097] Hyperthermostable protease activities were determined using the crude enzyme solutions prepared in Exam-
ple 4-(1) as enzyme preparations. As a result, expression of the hyperthermostable protease PFUS was observed
using six of the plasmids (pND1, pND6, pND10, pND19, pND20, pND23). Nucleotide sequences of the promoter regions
incorporated into these six plasmids are shown in SEQ ID NOS:1 to 6. Expression levels observed using these six
plasmids are shown in Table 3. In Table 3, the results are expressed as relative values defining the expression level
observed using Bacillus subtilis DB104/pSPO124∆C as 1.

[0098] As seen from Table 3, increases in expression levels of the hyperthermostable protease PFUS were observed
using pND6 (about 1.2-fold), pND10 (about 1.5-fold or more), and pND20 (about 2-fold or more) as compared with the
expression level observed using pSPO124∆C. Using pND6, almost no expression of the hyperthermostable protease
PFUS was observed on day 4 in the early stage of cultivation. The expression level was greater than that observed
using pSPO124∆C on day 10 in the later stage of cultivation.
[0099] For plasmids with which expression of the hyperthermostable protease PFUS was observed, cultivation pe-
riods in days which resulted in the maximal expression levels of the hyperthermostable protease PFUS, and the pro-

Table 3

Cultivation time (day)

Plasmid 4 7 10 13

pND1 0.10 0.21 0.28 0.29
pND6 0.01 0.79 1.18 0.86

pND10 1.51 1.53 1.64 1.04
PND19 0.80 0.60 0.61 0.52
pND20 1.93 2.45 2.17 2.00
pND23 0.98 0.98 1.01 0.95
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ductivities are shown in Table 4 along with the names of the genes from which the promoters originated. The productivity
in Table 4 is expressed as the amount in mg per liter of culture.

[0100] As seen from Table 4, a greater amount of the hyperthermostable protease PFUS was produced using pND6,
pND10 and pND20 in shorter a cultivation period (in days) as compared with the results for pSPO124∆C.

Example 5: Production of alkaline protease, nitrophenylphosphatase, pyrrolidone carboxyl peptidase and methionyl
aminopeptidase using stationary phase-specific expression vectors

(1) Preparation of vectors

[0101] A region excluding the protease PFUS gene as a reporter gene, i.e., a region containing the promoter region,
the SD sequence, the secretion signal and the vector was amplified by a PCR. In the PCR, primers NDF1 (SEQ ID
NO:23) and NDR1 (SEQ ID NO:24) as well as one of the plasmids pND1, pND6, pND10 pND19 and pND23 which
were constructed in Example 3 above, or pSPO124∆C (control), as a template were used. The amplified fragments
were digested with restriction enzymes SpeI and MluI (both from Takara Shuzo) and purified. These fragments were
used as vector fragments below.

(2) Preparation of reporter genes and construction of expression vectors

(i) Alkaline protease gene

[0102] A plasmid A2GR7310 which contains an alkaline protease gene from a hyperthermophile Aeropyrum pernix
K1 was obtained from National Institute of Technology and Evaluation. A region encoding alkaline protease was am-
plified by a PCR using the plasmid as a template as well as primers AP1F1 (SEQ ID NO:25) and AP1R1 (SEQ ID NO:
26). The amplified fragment was digested with restriction enzymes SpeI and MluI (both from Takara Shuzo) and purified.
This fragment was used as a reporter gene fragment below.
[0103] The nucleotide sequence of the alkaline protease gene from A. pernix which was used as a reporter gene is
shown in SEQ ID NO:33.
[0104] Recombinant plasmids (expression vectors) obtained by ligating the reporter gene fragment to the vector
fragments derived from pND6, pND10 and pSPO124∆C were designated as pND6A1, pND10A1 and pSPOA1, re-
spectively.

(ii) Nitrophenylphosphatase gene

[0105] A plasmid A2GR0030 which contains a nitrophenylphosphatase gene from a hyperthermophile Aeropyrum
pernix K1 was obtained from National Institute of Technology and Evaluation. A region encoding nitrophenylphos-
phatase was amplified by a PCR using the plasmid as a template as well as primers AP7F1 (SEQ ID NO:27) and
AP7R1 (SEQ ID NO:28). The amplified fragment was digested with restriction enzymes SpeI and MluI (both from
Takara Shuzo) and purified. This fragment was used as a reporter gene fragment below.
[0106] The nucleptide sequence of the nitrophenylphosphatase gene from A. pernix which was used as a reporter
gene is shown in SEQ ID NO:34.
[0107] Recombinant plasmids (expression vectors) obtained by ligating the reporter gene fragment to the vector
fragments derived from pND10, pND23 and pSPO124∆C were designated as pND10A7, pND23A7 and pSPOA7,
respectively.

Table 4

Plasmid Gene from which promoter originated Productivity Productivity (mg) Cultivation period (day)

pSPO124∆C aprE 342 13
pND1 acoA 92.9 13
pND6 spoIIB 310 10

pND10 ybcO 514 10
pND19 yjdB 243 10
pND20 yngJ 526 7
pND23 yrzE 279 10
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(iii) Pyrrolidone carboxyl peptidase gene

[0108] A plasmid 2708 which contains a pyrrolidone carboxyl peptidase gene from a hyperthermophile Pyrococcus
horikoshii OT3 was obtained from National Institute of Technology and Evaluation. A region encoding pyrrolidone car-
boxyl peptidase was amplified by a PCR using the plasmid as a template as well as primers PH1F1 (SEQ ID NO:29)
and PH1R1 (SEQ ID NO:30). The amplified fragment was digested with restriction enzymes SpeI and MluI (both from
Takara Shuzo) and purified. This fragment was used as a reporter gene fragment below.
[0109] The nucleotide sequence of the pyrrolidone carboxyl peptidase gene from P. horikoshii which was used as a
reporter gene is shown in SEQ ID NO:35.
[0110] Recombinant plasmids (expression vectors) obtained by ligating the reporter gene fragment to the vector
fragments derived from pND10, pND19 and pSPO124∆C were designated as pND10P1, pND19P1 and pSPOP1,
respectively.

(iv) Methionyl aminopeptidase gene

[0111] A PCR-amplified fragment PH0628PCR for a methionyl aminopeptidase gene from a hyperthermophile Py-
rococcus horikoshii OT3 was obtained from National Institute of Technology and Evaluation. A region encoding me-
thionyl aminopeptidase was amplified by a PCR using the fragment as a template as well as primers PH2F1 (SEQ ID
NO:31) and PH2R1 (SEQ ID NO:32). The amplified fragment was digested with restriction enzymes SpeI and MluI
(both from Takara Shuzo) and purified. This fragment was used as a reporter gene fragment below.
[0112] The nucleotide sequence of the methionyl aminopeptidase gene from P. horikoshii which was used as a
reporter gene is shown in SEQ ID NO:36.
[0113] Recombinant plasmids (expression vectors) obtained by ligating the reporter gene fragment to the vector
fragments derived from pND1, pND19 and pSPO124∆C were designated as pND1P2, pND19P2 and-pSPOP2, re-
spectively.

(3) Preparation of transformants and expression of reporter genes

[0114] The respective expression vectors constructed in Example 5-(2) were used to transform Bacillus subtilis
DB104. The transformed cells were spread on LB plates containing 1% skim milk and 10 µg/ml of kanamycin. The
plates were incubated at 37°C for 16 hours.
[0115] A clone into which one of the genes encoding the enzymes was inserted was selected from the resulting
kanamycin-resistant transformants, and cultured in 1 ml of TKRBS1 medium containing 10 µg/ml of kanamycin at 37
°C. A culture collected after 10 days of cultivation (7 days only in case of alkaline protease) was heated at 95°C for
30 minutes, and centrifuged to collect a supernatant. The supernatant, was used as a crude enzyme solution (enzyme
preparation).

(4) Measurements of activities

(i) Alkaline protease

[0116] Alkaline protease activities were measured using gelatin (Nacalai Tesque) as a substrate as follows.
[0117] An enzyme preparation for which the enzymatic activity was to be determined was appropriately diluted with
50 mM sodium phosphate buffer (pH 7.0). The dilution was mixed with an SDS-PAGE loading buffer. The mixture was
allowed to stand at room temperature for 30 minutes or longer, and then subjected to electrophoresis on 10% polyacr-
ylamide gel containing SDS and 0.05% gelatin. After' electrophoresis, the gel was washed in 50 mM sodium phosphate
buffer (pH 7.0). The washed gel was incubated in 50 mM sodium phosphate buffer (pH 7.0) at 95°C for 3 hours. The
reaction mixture was then cooled on ice to stop the reaction. The gel was stained with Coomassie Blue. The gel image
was converted to an image file using an image analysis software Adobe Photoshop (Adobe) and active signals were
numerically expressed using NIH image software.

(ii) Nitrophenylphosphatase

[0118] Nitrophenylphosphatase activities were measured using p-nitrophenylphosphate (Sigma) as a substrate as
follows.
[0119] An enzyme preparation for which the enzymatic activity was to be determined was appropriately diluted with
100 mM Tris-HCl buffer (pH 7.5) containing 1 mM ZnCl2. 50 µl of a solution containing p-nitrophenylphosphate at a
concentration of 2 mM in 100 mM Tris-HCl buffer (pH 7.5) containing 1 mM ZnCl2 was added to 50 µl of the sample
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solution. The mixture was reacted at 95°C for 10 minutes. The reaction mixture was then cooled on ice to stop the
reaction. The amount of generated free phosphate was determined by measuring fluorescence emission at 590 nm
due to excitation at 544 nm using Piper Phosphate Assay Kit (Molecular Probe).

(iii) Pyrrolidone carboxyl peptidase

[0120] Pyrrolidone carboxyl peptidase activities were measured using pyroglutamic acid 4-methyl-coumaryl-7-amide
(hereinafter referred to as Pyr-MCA; Peptide Institute) as a substrate as follows.
[0121] An enzyme preparation for which the enzymatic activity was to be determined was appropriately diluted with
50 mM phosphate buffer (pH 7.0) containing 10 mM DTT and 1 mM EDTA. 50 µl of a solution containing Pyr-MCA at
a concentration of 0.2 mM in 50 mM phosphate buffer (pH 7.0) containing 10 mM DTT and 1 mM EDTA was added to
50 µl of the sample solution. The mixture was reacted at 95°C for 30 minutes. The reaction mixture was then cooled
on ice to stop the reaction. The amount of generated MCA was determined by measuring fluorescence emission at
460 nm due to excitation at 355 nm.
[0122] One unit of the enzyme was defined as the amount of the enzyme that generates 1 µmol of MCA at 95 °C in
one minute.

(iv) Methionyl aminopeptidase

[0123] Methionyl aminopeptidase activities were measured using Met-Ala-Ser (Bachem) as a substrate as follows.
[0124] An enzyme preparation for which the enzymatic activity was to be determined was appropriately diluted with
100 mM potassium phosphate buffer (pH 7.5) containing 0.5 mM CoCl2. 45 µl of a solution containing Met-Ala-Ser at
a concentration of 1 mM in 100 mM potassium phosphate buffer (pH 7.5) containing 0.5 mM CoCl2 was added to 5 µl
of the sample solution. The mixture was reacted at 75°C for 5 minutes. The reaction mixture was then cooled on ice
and 10 µl of 100 mM EDTA was added thereto to stop the reaction. 50 µl of a mixture A (100 mM potassium phosphate
buffer (pH 7.5) containing 0.18 mg/ml of L-amino acid. oxidase, 50 ug/ml of peroxidase and 0.18 mg/ml of o-dianisidine)
was added thereto. The mixture was reacted at 37°C for 10 minutes. The reaction mixture was then cooled on ice to
stop the reaction. Absorbance at 450 nm was measured.

(5) Comparison of abilities of production

[0125] The total enzymatic activities contained in the cultures were calculated on the basis of the enzymatic activities
of the enzyme preparations measured as described in Example 5-(4).
[0126] The expression level observed using an expression vector having the promoter for the aprE gene (pSPOA1,
pSPOA7, pSPOP1 or pSPOP2) was defined as 1. Relative expression levels for the respective expression vectors are
shown in Table 5.

Table 5

Reporter gene Vector Promoter Relative expression level

A. pernix
alkaline protease

pND6A1 spoIIB 6.16

pND10A1 ybcO 23.8

pSPOA1 aprE 1.00

A. pernix
nitrophenylphosphatase

pND10A7 ybcO 2.29

pND23A7 yrzE 1.68

pSPOA7 aprE 1.00

P. horikoshii
pyrrolidone carboxyl peptidase

pND10P1 ybcO 1.43

pND19P1 yjdB 3.73

pSPOP1 aprE 1.00

P. horikoshii
methionyl aminopeptidase

pND1P2 acoA 1.81

pND19P2 YJdB 1.98

pSPOP2 aprE 1.00
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Industrial Applicability

[0127] The present invention provides a promoter that enables expression of a gene at a high level in a stationary
phase-specific manner without inducing the expression of the gene.

Sequence Listing Free Text

[0128]

SEQ ID NO:1; Promoter region on pND1.
SEQ ID NO:2; Promoter region on pND6.
SEQ ID NO:3; Promoter region on pND10
SEQ ID NO:4; Promoter region on pND19.
SEQ ID NO:5; Promoter region on pND20.
SEQ ID NO:6; Promoter region on pND23.
SEQ ID NO:7; Primer aAF1 for amplifying promoter sequence of acoA gene.
SEQ ID NO:8; Primer aAR1 for amplifying promoter sequence of acoA gene.
SEQ ID NO:9; Primer spBF1 for amplifying promoter sequence of spoIIB gene.
SEQ ID NO:10; Primer spBR1 for amplifying promoter sequence of spoIIB gene.
SEQ ID NO:11; Primer ybOF1 for amplifying promoter sequence of ybcO gene.
SEQ ID NO:12; Primer ybOR1 for amplifying promoter sequence of ybcO gene.
SEQ ID NO:13; Primer yjBF1 for amplifying promoter sequence of yjdB gene.
SEQ ID NO:14; Primer yjBR1 for amplifying promoter sequence of yjdB gene.
SEQ ID NO:15; Primer ynJF1 for amplifying promoter sequence of yngJ gene.
SEQ ID NO:16; Primer ynJR1 for amplifying promoter sequence of yngJ gene.
SEQ ID NO:17; Primer yrEF1 for amplifying promoter sequence of yrzE gene.
SEQ ID NO:18; Primer yrER1 for amplifying promoter sequence of yrzE gene.
SEQ ID NO:19; Primer PLF1.
SEQ ID NO:20; Primer PLR1.
SEQ ID NO:21; Primer UBF1.
SEQ ID NO:22; Primer SBPR1.
SEQ ID NO:23; Primer NDF1.
SEQ ID NO:24; Primer NDR1.
SEQ ID NO:25; Primer AP1F1 for amplifying coding region of alkaline protease gene.
SEQ ID NO:26; Primer AP1R1 for amplifying coding region of alkaline protease gene.
SEQ ID NO:27; Primer AP7F1 for amplifying coding region of nitrophenyl phosphatase gene.
SEQ ID NO:28; Primer AP7R1 for amplifying coding region of nitrophenyl phosphatase gene.
SEQ ID NO:29; Primer PH1F1 for amplifying coding region of pyrrolidone-carboxyl peptidase gene.
SEQ ID NO:30; Primer PH1R1 for amplifying coding region of pyrrolidone-carboxyl peptidase gene.
SEQ ID NO:31; Primer PH2F1 for amplifying coding region of methionyl aminopeptidase gene.
SEQ ID NO:32; Primer PH2R1 for amplifying coding region of methionyl aminopeptidase gene.
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Claims

1. An isolated DNA selected from the group consisting of:

(a) an isolated DNA having a nucleotide sequence of any one of SEQ ID NOS:1 to 6 or a fragment thereof
which exhibits a promoter activity in a Gram-positive bacterium in a stationary phase-specific manner; and
(b) an isolated DNA hybridizable to the DNA or a fragment thereof of (a) under stringent conditions which
exhibits a promoter activity in a Gram-positive bacterium in a stationary phase-specific manner.

2. The isolated DNA according to claim 1, which is capable of expressing an exogenous gene in a stationary phase-
specific manner when the DNA is placed upstream of the gene.

3. A recombinant DNA in which the DNA defined by claim 1 and an exogenous gene are placed such that the exog-
enous gene can be expressed.

4. The recombinant DNA according to claim 3, wherein the exogenous gene is a nucleic acid selected from the group
consisting of nucleic acids encoding proteins, nucleic acids encoding antisense RNAs and nucleic acids encoding
ribozymes.

5. A vector for expressing a gene which contains the DNA defined by claim 1.

6. The vector for expressing a gene according to claim 5, wherein the vector is one selected from the group consisting
of plasmid vectors, phage vectors and virus vectors.

7. An expression vector which contains the recombinant DNA defined by claim 3.

8. The expression vector according to claim 7, wherein the vector is one selected from the group consisting of plasmid
vectors, phage vectors and virus vectors.

9. A transformed cell which harbors the recombinant DNA defined by claim 3 or the expression vector defined by
claim 7.

10. A method for producing a protein, the method comprising:

culturing the transformed cell defined by claim 9; and
collecting a protein from the resulting culture.

11. A kit for producing a protein which contains the DNA defined by claim 1 or the vector for expressing a gene defined
by claim 5.
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