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(57) ABSTRACT

An expression vector capable of expressing a foreign gene in
Pseudonocardia autotrophica; a transformant of Pseudono-
cardia autotrophica produced by using the expression vector;
amethod for producing a protein by using the transformant; a
method for producing an active form of vitamin D3 from
vitamin D3, which comprises highly expressing a gene
encoding an enzyme involved in the synthesis of the active
form of vitamin D3 in a transformant by using the expression
vector or the transformant; a method for producing 25-hy-
droxyvitamin D2 from vitamin D2; and a method for produc-
ing pravastatin from compactin, which comprises highly
expressing a compactin hydroxylase gene in a transformant
by using the expression vector or the transformant.
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EXPRESSION VECTOR FOR
PSEUDONOCARDIA AUTOTROPHICA

TECHNICAL FIELD

[0001] The present invention relates to: an expression vec-
tor capable of expressing a foreign gene in Pseudonocardia
autotrophica; a  transformant of  Pseudonocardia
autotrophica produced by using the expression vector; and a
method of producing a recombinant protein by using the
transformant.

[0002] The present invention also relates to a method of
producing an active form of the vitamin D group and pravas-
tatin by using the above-mentioned expression vector and
transformant.

BACKGROUND ART

[0003] Pseudonocardia autotrophica is one of actino-
mycetes and is known to have an ability to convert the vitamin
D group such as vitamin D3 from an inactive form to an active
form (K. Takeda, J. Ferment. Bioeng., 78(5), 380-382 (1994);
Non Patent Document 1).

[0004] Vitamin D3 synthesized in biological synthesis sys-
tems is usually in an inactive form and shows little physi-
ological activities without further treatments. The inactive
form of vitamin D3 is hydroxylated at positions 25 and 1o in
the liver and kidney, respectively, and is converted into the
active form of vitamin D3 (1a,25-dihydroxyvitamin D3)
which shows various physiological activities. Therefore, the
hydroxylation reaction from the inactive form to the active
form is a particularly important step in expression of a func-
tion of vitamin D3.

[0005] The active form of vitamin D3 is known to promote
absorption of calcium into the body and deposition of calcium
to bone tissues, and deficiency of vitamin D3 causes a variety
of diseases due to an abnormality of calcium metabolism,
such as osteoporosis. Further, in recent years, involvement of
the active form of vitamin D3 in cellular differentiation induc-
tion and immune regulation has attracted attention. There-
fore, the active form of vitamin D3 can be used as a drug for
improving or treating a disease caused by the abnormality of
calcium metabolism, cellular differentiation, immune regu-
lation, or the like.

[0006] As mentioned above, the active form of vitamin D3
can be used as a drug for treating a variety of diseases, but in
the case where the active form of vitamin D3 is industrially
produced, there are problems such as complex production
steps and low yield in chemical synthesis. Therefore, estab-
lishment of a more efficient method of producing the active
form of vitamin D3 has been desired.

[0007] Inrecent years, an ischemic heart disease caused by
coronary arteriosclerosis is increasing in accordance with
aging of population and westernization of diets. The inci-
dence rate of the ischemic heart disease is known to increase
in the case where a serum cholesterol value exceeds a certain
level (W. B. Kannel, Ann. Inntern. Med., 74, 1 (1971); Non
Patent Document 2). Cholesterol present in the body includes
cholesterol absorbed from a diet and cholesterol biosynthe-
sized in a living body. In the case of humans, it is reported that
the amount of cholesterol biosynthesized is 3 to 4 times larger
than that of cholesterol absorbed from a diet (J. M. Dietschy,
N. Engl. J. Med., 282, 1179 (1970); Non Patent Document 3).
Therefore, it is expected that suppression of biosynthesis of
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cholesterol lowers serum cholesterol value to thereby obtain
preventing and treating effects on ischemic heart diseases.
[0008] As inhibitors of 3-hydroxy-3-methylglutaryl-coen-
zyme A (HMG-CoA) reductase, which is a key enzyme of
cholesterol biosynthesis, compactin and pravastatin obtained
by hydroxylation of compactin at position 6 have been dis-
covered (JP 61-13699 B (U.S. Pat. No. 4,346,227, etc.)
(Patent Document 1), U.S. Pat. No. 4,346,227 (Patent Docu-
ment 2), U.S. Pat. No. 4,410,629 (Patent Document 3), and
U.S. Pat. No. 4,448,979 (Patent Document 4)). Pravastatin
exhibits an excellent cholesterol biosynthesis inhibitory
activity and organ-selective inhibitory activity and hence is
used as an anti-hyperlipidemia agent for treating or prevent-
ing the ischemic heart disease such as arteriosclerosis.
[0009] As methods of synthesizing pravastatin, microbio-
logical methods each including converting compactin used as
araw material into pravastatin by hydroxylation of compactin
at position 6f are known (JP 62-54476 B (U.S. Pat. No.
4,346,227, etc.) (Patent Document 5), U.S. Pat. No. 4,346,
227 (Patent Document 2), U.S. Pat. No. 4,410,629 (Patent
Document 3), U.S. Pat. No. 4,448,979 (Patent Document 4),
and U.S. Pat. No. 5,179,013 (Patent Document 6)). However,
the microbiological methods are insufficient in terms of prav-
astatin production ability and production efficiency, and
hence establishment of a more efficient method of producing
pravastatin has been desired.

[0010] The reaction from compactin into pravastatin is
hydroxylation as in the case of the reaction from vitamin D3
into the active form of vitamin D3, and the use of Pseudono-
cardia autotrophica 1o be used in industrial production of the
active form of vitamin D3 (K. Takeda, J. Ferment. Bioeng.,
78(5), 380-382 (1994); Non Patent Document 1) has been
expected to provide an efficient pravastatin production sys-
tem. However, an expression vector for Pseudonocardia
autotrophica serving as a host has not been reported.

CITATION LIST

Patent Documents

[0011] [PATENT DOCUMENT 1] JP 61-13699 B
[0012] [PATENT DOCUMENT 2] U.S. Pat. No. 4,346,227
[0013] [PATENT DOCUMENT 3] U.S. Pat. No. 4,410,629
[0014] [PATENT DOCUMENT 4] U.S. Pat. No. 4,448,979
[0015] [PATENT DOCUMENT 5] JP 62-54476 B
[0016] [PATENT DOCUMENT 6] U.S. Pat. No. 5,179,013
Non Patent Documents
[0017] [NON PATENT DOCUMENT 1] K. Takeda, J. Fer-

ment. Bioeng., 78(5), 380-382 (1994)

[0018] [NON PATENT DOCUMENT 2] W. B. Kannel,
Ann. Inntern, Med., 74, 1 (1971)

[0019] [NONPATENT DOCUMENT 3]J. M. Dietschy, N.
Engl. J. Med., 282, 1179 (1970)

DISCLOSURE OF INVENTION
Problem to be Solved by the Invention

[0020] An object of the present invention is to provide: an
expression vector capable of expressing a foreign gene in
Pseudonocardia autotrophica; a transformant of Pseudono-
cardia autotrophica produced by using the expression vector;
and a method of producing a protein by using the transfor-
mant.
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[0021] The present invention also relates to a method of
producing an active form of vitamin D3 from vitamin D3 by
highly expressing a gene encoding an enzyme involved in
synthesis of the active form of vitamin D3 in a transformant
by using the above-mentioned expression vector and trans-
formant. The converting enzyme also has an activity to
hydroxylate vitamin D2 at position 25, and hence the present
invention also relates to a method of producing 25-hydrox-
yvitamin D2 from vitamin D2.

[0022] The present invention also relates to a method of
producing pravastatin from compactin by highly expressing a
compactin hydroxylase gene in a transformant by using the
above-mentioned expression vector and transformant.

Means to Solve the Problem

[0023] Recently, production of the active form of vitamin
D3 using a microorganism has attracted attention instead of
production of the active form of vitamin D3 by chemical
synthesis. The method includes: giving an inactive form of
vitamin D3 to amicroorganism capable of converting vitamin
D3 from an inactive from to an active form to produce the
active form of vitamin D3 in the cells; and separating and
puritying the resultant product. One of the microorganisms to
be used is Pseudonocardia autotrophica.

[0024] An enzyme of cytochrome P450 group is known as
an enzyme which catalyzes a hydroxylation reaction, and
enzymes belonging to cytochrome P450 family have been
discovered in a variety of bacteria.

[0025] The inventors of the present invention have made
intensive studies to perform production of an active form of
the vitamin D group using Pseudonocardia autotrophica
more efficiently, and as a result, the inventors have found out
that the active form of the vitamin D group can be produced
more efficiently by: introducing a gene of an enzyme involved
in synthesis of the active form of the vitamin D group into
cells of Pseudonocardia autotrophica to be transformed; and
expressing the enzyme protein in the transformant.

[0026] Further, the inventors of the present invention have
made intensive studies to establish a method of producing
pravastatin using Pseudonocardia autotrophica as ahost, and
as a result, the inventors have established a method of highly
efficiently producing pravastatin by: introducing a gene of an
enzyme involved in synthesis of pravastatin into cells of
Pseudonocardia autotrophica; and expressing the enzyme
protein in the transformant.

[0027] An expression vector for Pseudonocardia
autotrophica serving as a host has not been known, and hence
the inventors of the present invention has constructed a novel
expression vector capable of introducing and expressing the
target gene in Pseudonocardia autotrophica. Moreover, in
order to efficiently produce the target protein in the transfor-
mant, the inventors has constructed a novel promoter capable
of inducing expression of the target gene by an easy method,
and thus completed the present invention.

[0028] Thatis, the present invention relates to the following
items [1] to [12].

[1] An expression vector, including a replication initiation
region derived from Pseudonocardia autotrophica, a multi-
cloning site for introducing an exogenous gene, an exogenous
gene introduced into the multicloning site, a promoter, a
terminator, and a selection marker, which autonomously rep-
licates in cells of Pseudonocardia autotrophica to enable
expression of the exogenous gene introduced.
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[2] The expression vector according to [ 1] above, in which the
replication initiation region comprises a base sequence rep-
resented by SEQ ID NO: 49 or a complementary sequence
thereof, or a base sequence having 80% or more homology to
the above base sequence or a complementary sequence
thereof.

[3] The expression vector according to [1] or [2] above, in
which the promoter is induced by acetone to express the
exogenous gene.

[4] The expression vector according to [3] above, in which the
promoter region comprises a base sequence represented by
SEQ ID NO: 26 or a complementary sequence thereof, or a
base sequence having 80% or more homology to the above
base sequence or a complementary sequence thereof.

[5] The expression vector according to any one of [1] to [4]
above, further including a replication initiation region derived
from Escherichia coli, and being autonomously replicable in
both Pseudonocardia autotrophica and Escherichia coli, and
can be used as a shuttle vector.

[6] The expression vector according to [5] above, having an
oriT region and can perform transformation by conjugation of
Escherichia coli S17-1 and Pseudonocardia autotrophica.
[7] The expression vector according to any one of [1] to [6]
above, in which the exogenous gene is a gene encoding vita-
min D hydroxylase or a gene encoding compactin hydroxy-
lase.

[8] A transformant of Pseudonocardia autotrophica having
introduced thereinto the expression vector according to any
one of [1] to [7] above.

[9] A method of producing a protein comprising: introducing
the expression vector according to any one of [1] to [7] above
into Pseudonocardia autotrophica to be transformed; and
expressing the exogenous gene in the resultant transformant
to produce a protein.

[10] A method of producing an active form of vitamin D
including: transforming Pseudonocardia autotrophica with
the expression vector according to any one of [1] to [ 7] above,
having introduced thereinto a vitamin D hydroxylase gene as
an exogenous gene; and using the resultant transformant.
[11] The method of producing an active form of vitamin D
according to [10] above, in which the active form of vitamin
D is 25-hydroxyvitamin D2, 25-hydroxyvitamin D3, or
1a,25-dihydroxyvitamin D3.

[12] A method of producing pravastatin including: transform-
ing Pseudonocardia autotrophica with the expression vector
according to any one of [1] to [7] above, having introduced
thereinto a compactin hydroxylase gene as an exogenous
gene; and using the resultant transformant to produce prav-
astatin from compactin.

Advantageous Effects of Invention

[0029] The expression vector of the present invention has a
replication initiation region which enables autonomous rep-
lication in Pseudonocardia autotrophica, and hence can
introduce and express the target gene into Pseudonocardia
autotrophica.

[0030] Moreover, when a transformant of Pseudonocardia
autotrophica having introduced thereinto the expression vec-
tor of the present invention is used, an enzyme gene involved
in synthesis of an active form of vitamin D3 in the transfor-
mant can be highly expressed. Therefore, it is possible to
produce the active form of vitamin D3 from vitamin D3 more
efficiently and at a higher yield compared with a conventional
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system for producing the active form of vitamin D3 using
Pseudonocardia autotrophica.

[0031] Inaddition, when the transformant of Pseudonocar-
dia autotrophica having introduced thereinto the expression
vector of the present invention is used, an enzyme gene
involved in synthesis of pravastatin in the transformant can be
highly expressed. Therefore, it is possible to produce pravas-
tatin from compactin highly efficiently at a high yield using
Pseudonocardia autotrophica.

BRIEF DESCRIPTION OF DRAWINGS

[0032] FIG. 1 is a schematic view illustrating vectors of a
plasmid pTNR-oriT-repl and a plasmid pTNR-oriT-rep2.
[0033] FIG. 2 is a table showing identification of replica-
tion initiation regions.

[0034] FIG. 3 is two-dimensional electrophoresis images
showing identification of acetone-inducible proteins.

[0035] FIG. 4is a gene map showing a sequence of aregion
from an aceR gene to an aceA gene (AceR-Pace-AceA; SEQ
ID NO: 27).

[0036] FIG. 5A is a diagram illustrating construction of
VDH expression vectors. FIG. 5A continues to FIG. 5B.
[0037] FIG. 5B continues from FIG. 5A. FIG. 5B is a dia-
gram illustrating the construction of the VDH expression
vectors.

[0038] FIG. 6 is a diagram illustrating construction of
BoxAB expression vectors.

[0039] FIG. 7 is graphs showing the results of a VDH
expression test by a reduced carbon monoxide-binding spec-
trum analysis.

[0040] FIG. 8 is graphs showing the results of a BoxA
expression test by a reduced carbon monoxide-binding spec-
trum analysis.

[0041] FIG. 9 is a diagram illustrating conversion from
compactin to pravastatin.

[0042] FIG.101s graphs showing the results of' a compactin
production test using a Box AB-expressing strain.

[0043] FIG. 11 is a graph showing production of pravasta-
tin.

DESCRIPTION OF EMBODIMENTS
[0044] Hereinafter, the expression vector, transformant,

and method of producing a protein of the present invention are
described in more detail.

1. Expression Vector

[0045] The expression vector of the present invention is an
expression vector, including a replication initiation region
derived from Pseudonocardia autotrophica, a multicloning
site for introducing an exogenous gene, an exogenous gene
introduced into the multicloning site, a promoter, a termina-
tor, and a defective selection marker, and autonomously rep-
licates in cells of Pseudonocardia autotrophica to enable
expression of the exogenous gene introduced.

[0046] (1) Identification of Replication Initiation Region
[0047] First, the replication initiation region of Pseudono-
cardia autotrophica in the expression vector of the present
invention is described.

[0048] The term “replication initiation region” as used
herein refers to a region essential for replication of a plasmid
in cells of Pseudonocardia autotrophica (hereinafter, in this
description, also referred to as “essential region for replica-
tion”). That is, a plasmid including the “replication initiation
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region” replicates in the cells of Pseudonocardia
autotrophica, and the plasmid is distributed to daughter cells
in cell division and replicates in the cells.

[0049] The replication initiation region can be identified by
isolating a plasmid carried by a bacterium belonging to the
genus Pseudonocardia, and identifying the replication initia-
tion region in the plasmid. Bacteria belonging to the genus
Pseudonocardia, which have been isolated and retained hith-
erto, are collected from the culture collection or the like and
cultured to extract plasmids, and a bacterial strain carrying
the plasmid is identified. The DNA sequence of the plasmid
extracted is determined, and homology search is performed to
predict a replication initiation region. The replication initia-
tion region is identified by transforming Pseudonocardia
autotrophica with the plasmid having introduced thereinto
the region, and confirming that Pseudonocardia autotrophica
carries the plasmid.

[0050] According to the above-mentioned method, the base
sequence of a replication initiation region, which is derived
from Pseudonocardia autotrophica and is represented by
SEQ ID NO: 49, can be obtained.

[0051] The replication initiation region derived from
Pseudonocardia autotrophica in the expression vector of the
present invention preferably includes a base sequence repre-
sented by SEQ ID NO: 49 or a complementary sequence
thereof, or a base sequence having 80% or more, more pref-
erably 90% or more homology to the base sequence or a
complementary sequence thereof.

[0052]

[0053] The expression vector of the present invention is
constructed so as to include the replication initiation region
derived from Pseudonocardia autotrophica, a multicloning
site for introducing an exogenous gene, an exogenous gene
introduced into the multicloning site, a promoter, a termina-
tor, and a defective selection marker.

[0054] The multicloning site and terminator to be used in
the expression vector of the present invention are not particu-
larly limited, and the promoter may be an acetone-inducible
promoter, a thiostrepton-inducible promoter (N. Nakashima,
Appl. Environ. Microbiol., 5557-5568 (2004)), an ermE pro-
moter (T. Schmitt-John, Appl. Microbiol. Biotechnol., 36,
493-498 (1992)), or the like. In addition, the defective selec-
tion marker may be a gene which is used for a general plas-
mid, the host of which is a microorganism, such as an ampi-
cillin-resistant gene, a kanamycin-resistant gene, a
chloramphenicol-resistant gene, or an apramycin-resistant
gene.

[0055] When the expression vector of the present invention
is used, an exogenous target gene can be introduced into
Pseudonocardia autotrophica 1o be transformed. Further,
when the expression vector of the present invention is used,
the exogenous gene can be expressed in the transformant of
Pseudonocardia autotrophica to produce a gene product such
as a protein of interest.

(2) Construction of Expression Vector

2. Promoter

[0056] The promoter in the expression vector of the present
invention is not particularly limited, but preferably has the
sequence of a promoter which is induced by acetone and is
derived from Pseudonocardia autotrophica.

[0057] When the expression vector of the present invention
has the above-mentioned acetone-inducible promoter, it is
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possible to induce expression of the target gene by addition of
acetone and to produce a protein of interest by a low-cost and
easy method at a high yield.

[0058] (1) Identification of Acetone-Inducible Promoter
[0059] First, a promoter induced by acetone is identified as
a promoter which is derived from Pseudonocardia
autotrophica and can induce the target gene easily and at a
low cost.

[0060] Acetone is added to a culture medium of Pseudono-
cardia autotrophica at a concentration of 1% (v/v), and
Pseudonocardia autotrophicais further cultured. Then, a pro-
tein highly induced, compared with a case where acetone is
not added, is identified as a band of two-dimensional electro-
phoresis. An acetone-inducible promoter can be identified by
analyzing the amino acid sequence of the band to perform an
analysis of a gene encoding the protein and identifying a
promoter sequence present in the upstream of the gene encod-
ing the protein.

[0061] The acetone-inducible promoter sequence which
was represented by SEQ ID NO: 26 and was derived from
Pseudonocardia autotrophica was obtained by the above-
mentioned method.

[0062] The promoter sequence in the expression vector of
the present invention is preferably a base sequence repre-
sented by SEQ ID NO: 26 or a complementary sequence
thereof, or a base sequence having 80% or more, more pref-
erably 90% or more homology to the above base sequence or
a complementary sequence thereof.

[0063] (2) Construction of Acetone-Inducible Expression
Vector
[0064] An acetone-inducible vector is constructed by

inserting the acetone-inducible promoter into the upstream of
amulticloning site in a plasmid. A strain transformed with the
acetone-inducible vector constructed is cultured for about 2
days, and 0.5% or 1% acetone is added to the culture medium,
to thereby highly express the gene inserted into the multiclon-
ing site.

[0065] The acetone-inducible expression vector of the
present invention has the above-mentioned acetone-inducible
promoter sequence. Therefore, when acetone is added to the
expression system, it is possible to express the exogenous
gene inserted into the downstream of the promoter region in
Pseudonocardia autotrophica inductively at high efficiency.

3. Construction of Shuttle Vector

[0066] The expression vector of the present invention may
be a complex vector (shuttle vector) to adapt the vector to a
plurality of host cells.

[0067] Examples of the shuttle vector to be used in the
present invention include a vector which can be introduced
into both Escherichia coli and Pseudonocardia autotrophica
and can express a foreign gene in cells of the hosts.

[0068] In the case of using the expression vector of the
present invention as the shuttle vector, the shuttle vector is
preferably an expression vector which includes not only the
above-mentioned replication initiation region derived from
Pseudonocardia autotrophica but also a replication initiation
region derived from Escherichia coli, and can autonomously
replicate in both Pseudonocardia autotrophica and Escheri-
chia coli. The replication initiation region derived from
Escherichia coli is preferably the on for E. coli (the base
sequence at positions 2,372 to 3,487 in SEQ ID NO: 46)
illustrated in FIG. 6.
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[0069] The shuttle vector can be prepared by constructing a
plasmid including a replication initiation region derived from
Escherichia coli and a replication initiation region derived
from Pseudonocardia autotrophica. In FIG. 6, the on for E.
coli and rep5 are the regions.

[0070] In order to conjugate Escherichia coli and Pseud-
onocardia autotrophica, the vector preferably includes a con-
jugation region. For example, in the case of Escherichia coli
S17-1 and Pseudonocardia autotrophica, a shuttle vector
having an oriT region can conjugate and transform the bac-
teria.

4. Exogenous Gene

[0071] The expression vector of the present invention
includes an exogenous gene. The exogenous gene which can
beused in the present invention is not particularly limited, and
examples thereof include a cytochrome P450 gene typified by
a gene encoding vitamin D hydroxylase and a gene encoding
compactin hydroxylase, and a hydrolase and dehydrogenase
to be used for conversion of another compound. Of those, the
cytochrome P450 gene such as the gene encoding vitamin D
hydroxylase or the gene encoding compactin hydroxylase is
preferred.

5. Construction of Transformant

[0072] Next, construction of a transformant of Pseudono-
cardia autotrophica using the expression vector of the present
invention is described.

[0073] The transformant of the present invention is
obtained by introducing the above-mentioned expression
vector of the present invention into Pseudonocardia
autotrophica.

[0074] Inthepresentinvention, a method of introducing the
vector is not particularly limited, but may be a known genetic
engineering technique, and conjugation, a protoplast method,
a competent cell, an electroporation method, and the like are
preferably used. Of those, the conjugation and protoplast
method are more preferred. For example, in the case where
the expression vector of the present invention is the above-
mentioned shuttle vector, a transformant of Pseudonocardia
autotrophica can be obtained by introducing the expression
vector into Escherichia coli S17-1 to transform the bacterium
and performing conjugation using the resultant transformant
of Escherichia coli S17-1 and Pseudonocardia autotrophica.
[0075] First, Escherichia coli strain S17-1 transformed
with the expression vector of the present invention and Pseud-
onocardia autotrophica are separately cultured until the
respective logarithmic growth phases, and the culture media
are mixed. The bacterial cells are precipitated by slow cen-
trifugation and cultured in an LB plate medium containing no
antibiotics for 1 day to perform conjugation. The bacterial
cells are scraped off and cultured in an LB plate medium
containing an antibiotic to select a transformant. In this case,
in order to grow only Pseudonocardia autotrophica trans-
formed, nalidixic acid which inhibits growth of Escherichia
coli is added in advance to the LB plate medium.

6. Method of Producing Protein Using Transformant

[0076] A protein of interest can be produced by introducing
an exogenous gene into Pseudonocardia autotrophica using
the expression vector of the present invention and expressing
the exogenous gene in the resultant transformant of Pseud-
onocardia autotrophica.
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[0077] As a technique for expressing the target gene in a
transformant to produce a protein, a known technique may be
appropriately selected and used depending on properties of
the promoter or the like in the expression vector.

[0078] (1) Method of Producing Active Form of the Vita-
min D Group Using Transformant

[0079] Next, a method of producing an active form of the
vitamin D group using the expression vector and transformant
of the present invention is described.

[0080] The term “the vitamin D group” as used herein
refers to vitamin D3, vitamin D2, and the like.

[0081] The method of producing the active form of the
vitamin D group of the present invention includes: inserting a
vitamin D hydroxylase gene into the above-mentioned
expression vector to transtorm Pseudonocardia autotrophica
with the vector; and inductively expressing the vitamin D
hydroxylase gene in the resultant transformant to convert the
vitamin D group into the active form of the vitamin D group.
[0082] Compared with the vitamin D group, the active form
of the vitamin D group has a structure hydroxylated at posi-
tions 25 and 1a. Specifically, the active form of vitamin D3 is
25-hydroxyvitamin D3 or 1a,25-dihydroxyvitamin D3, and
the active form of vitamin D2 is 25-hydroxyvitamin D2.
[0083] In this case, the vitamin D hydroxylase which may
be used in the method includes VDH derived from Pseudono-
cardia autotrophica, P450SU-1 derived from Strepromyces
griseolus, and CYP2R1, CYP27A1, and CYP27BI derived
from mammals, all of which have been reported to catalyze
hydroxylation of vitamin D3 (N. Sawada, Biochem. Biophys.
Res. Commun., 320, 156-164 (2004), E. Uchida, Biochem.
Biophys. Res. Commun., 320, 156-164 (2004), N. Strush-
kevich, J. Mol. Biol., 380, 95-106 (2008)). Of those, VDH
which is a causative enzyme of production of the active form
of vitamin D3 using Pseudonocardia autotrophica is prefer-
ably used.

[0084] The method of producing the active form of the
vitamin D group using a transformant of Pseudonocardia
autotrophica has been established by adding a step of induc-
tion by acetone to a method of producing the active form of
the vitamin D group using a wild-type Pseudonocardia
autotrophica. Pseudonocardia autotrophica transformed
with the expression vector obtained by inserting vitamin D
hydroxylase into the multicloning site is cultured for 2 days,
and 1% acetone is added to inductively express the vitamin D
hydroxylase, followed by culture for 1 day. The vitamin D
group preliminarily mixed with cyclodextrin is added to the
culture medium to perform conversion, to thereby produce
the active form of the vitamin D group.

[0085] According to the method of producing the active
form of the vitamin D group of the present invention, it is
possible to introduce an exogenous hydroxylase gene into
Pseudonocardia autotrophica and to highly express the
hydroxylase gene in Pseudonocardia autotrophica by induc-
tion of expression, and hence the active form of the vitamin D
group can be produced more efficiently at a high yield com-
pared with a conventional system for producing the active
form of the vitamin D group using a microorganism.

[0086] (2) Method of Producing Pravastatin Using Trans-
formant
[0087] Next, a method of producing pravastatin using the

expression vector and transformant of the present invention is
described.

[0088] The method of producing pravastatin of the present
invention includes: inserting a compactin hydroxylase gene
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into the above-mentioned expression vector to transform
Pseudonocardia autotrophica with the vector; and induc-
tively expressing the compactin hydroxylase gene in the
resultant transformant to convert compactin into pravastatin.
[0089] Compactin and pravastatin are cholesterol biosyn-
thesis inhibitors. As shown in FIG. 9, pravastatin can be
obtained by introducing a hydroxy group into compactin.
[0090] Pravastatin is preferably produced by converting
compactin by adding compactin to a culture medium of
Pseudonocardia autotrophica transformed with the expres-
sion vector obtained by inserting a compactin hydroxylase
gene into a multicloning site.

[0091] As the compactin hydroxylase gene, boxA derived
from Strepromyces sp. TM-7, P450sca-2 gene derived from
Streptomyces carbophilus SANK strain 62585 (JP 06-70780
A), or the like may be used.

[0092] The method of producing pravastatin using a trans-
formant of Pseudonocardia autotrophica has been estab-
lished according to the method of producing the active form
of vitamin D using a transformed strain of Pseudonocardia
autotrophica. Pseudonocardia autotrophica transformed
with an expression vector obtained by inserting boxAB genes
encoding compactin hydroxylase and ferredoxin which is an
electron transport system protein of P450 present in the
downstream of the compactin hydroxylase into a multiclon-
ing site is cultured for 2 days, and 1% acetone is added to
inductively express the compactin hydroxylase, followed by
culture for 1 day. Compactin is added to the culture medium
at a final concentration of 4,000 mg/L. to perform conversion,
to thereby produce pravastatin. If the amount of compactin
decreases by conversion, compactin is added again to perform
conversion, to thereby accumulate 13 g/, of pravastatin.
[0093] According to the method of producing pravastatin of
the present invention, it is possible to introduce an exogenous
hydroxylase gene into Pseudonocardia autotrophica and to
highly express the hydroxylase gene in Pseudonocardia
autotrophica by induction of expression, and hence pravas-
tatin can be produced more efficiently at a high yield com-
pared with a conventional system for producing pravastatin
using a microorganism.

EXAMPLES

[0094] Hereinafter, the present invention is described in
more detail by way of specific examples. However, the
present invention is not limited to the examples. It should be
noted that the percent (%) in the following examples means a
percent by weight in the description of media and means a
percent by volume in the description of mobile phases for
HPLC.

Production Example
Construction of Expression Vector and Transformant

[0095] (1) Extraction of Plasmid from Pseudonocardia
autotrophica DSM 43082 Strain

[0096] 25 strains of Pseudonocardia autotrophica (respec-
tive strains of DSMS535, DSM43082, DSM43083,
DSM43084, DSM43085, DSM43086, DSM43087,
DSM43088, DSM43090, DSM43091, DSM43094,
DSM43095, DSM43096, DSM43097, DSM43098,
DSM43099, DSM43100, DSM43102, DSM43103,
DSM43104, DSM43105, DSM43106, DSM43107,

DSM43129, and DSM43558) obtained from Deutsche Sam-
mlung von Mikroorganismen and Zellkulturen GmbH
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(DSMZ) were each inoculated in an LB medium (1.0% Bacto
Tryptone, 0.5% yeast extract, 1.0% sodium chloride) and
subjected to shaking culture in the presence of two glass
beads (diameter: 5 mm) at 30° C. After culture, the collected
bacterial cells were suspended in P1 buffer (Plasmid Mini-
prep kit, QIAGEN) containing lysozyme at a final concentra-
tion of 1 mg/ml and allowed to react at 37° C. for 30 minutes,
and P2 buffer was added to lyse the bacteria, followed by
purification of plasmids according to the instructions of the
kit. The purified DNAs were subjected to agarose electro-
phoresis to detect plasmid-like DNA bands from 11 strains
(DSM535, DSM43082, DSM43085, DSM43085,
DSM43087, DSM43095, DSM43102, DSM43104,
DSM43105, DSM43107, and DSM43129). The purified
plasmids derived from the strains DSM43082, DSM43085,
and DSM43095 selected from the above-mentioned strains
were treated with a restriction enzyme, and DNA cleavage
types were compared. Then, the DNA plasmid derived from
the strain DSM43082 was further analyzed.

[0097] It should be noted that Pseudonocardia
autotrophica strain DSM43082 was obtained from Deutsche
Sammlung von Mikroorganismen und Zellkulturen GmbH
(DSMZ; Inhoffenstrasse 7 B, 38124 Braunschweig GER-
MANY) on May 9, 2005 (contract date), but the place of
sampling, date of sampling, isolation source, isolator, and
date of isolation are unknown.

[0098] Theplasmidderived from the strain DSM43082 was
digested with a restriction enzyme Kpnl to prepare DNA
fragments, and fragments of about 0.9 kb and about 2.0 kb out
of the resultant DNA fragments were separated and purified
by an agarose gel and cloned into pBluescript SK(+) (Strat-
agene Corporation). The purified plasmid was subjected to a
sequence reaction using T7 and T3 primers (SEQ ID NOS: 8
and 9) to determine a partial sequence of the cloned DNA
fragment. Subsequently, primers were newly designed based
on the partial information, and a sequence analysis was per-
formed using the plasmid purified from the strain DSM43082
as a template. The sequencing was performed by a primer
walking method, and the analysis was repeated until base
sequence analysis initiation points of both the sense and anti-
sense strands were confirmed, that is, until the DNA was
confirmed to be a circular DNA. As a result, the resultant
plasmid pPA43082 was found to be a circular DNA of 8047
bp (SEQ ID NO: 12).

(2) Identification of Essential Region for Replication in
Pseudonocardia autotrophica in Sequence of pPA43082
[0099] The DNA sequence of the plasmid pPA43082
derived from Pseudonocardia autotrophica DSM43082
shown in SEQ ID NO: 12 was suggested to include a Sso
(single-strand origin)-like sequence (SEQ ID NO: 52), a Dso
(double-strand origin)-like sequence (SEQ ID NO: 51), and a
Replicase gene (SEQ ID NO: 50) at about 4 kb to 6 kb region
and to have a replication pattern of Rolling circle (S. A. Khan,
Microbiol. Mol. Biol. Rev., 442-455 (1997)) (FIG. 2). In
order to create an expression vector, it is necessary to include
a region essential for replication, and a region at least neces-
sary for replication was identified. That is, a test was per-
formed to examine whether Pseudonocardia autotrophica
was able to be transformed with a plasmid constructed by:
amplifying DNA fragments with different lengths using the
pPA43082 as a template by PCR; and replacing the DNA
fragments using an istAB gene and BsrGI and BgllI sites of
pTNR-oriT (K. I. Sallam, Gene, 386, 173-182 (2007)).
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[0100] First, pTNR-oriT was digested with BsrGI and
Bglll, and a DNA fragment of about 4.0 kb was cut out by
agarose gel electrophoresis and purified by Wizard SV Gel
and PCR Clean-Up System (Promega KK.), to thereby obtain
DNA fragment-1.

[0101] Next, in order to amplify essential regions for rep-
lication of pPA43082 by PCR, sets of primers: rep-1F (having
BamHI site: SEQ ID NO: 17) and rep-7R (having BsrGI site:
SEQIDNO: 18); and rep-1R (having BsrGl site: SEQ ID NO:
19) and rep-7F (having BamHI site: SEQ ID NO: 20) were
created. The two sets of primers were used to perform PCR
reactions using pPA43082 as a template. The PCR reactions
were performed using KOD plus (TOYOBO CO., LTD.) and
a PCR amplification device (Biometra, T Gradient) by repeat-
ing a three-step reaction including: denaturation at 98° C. for
20 seconds; annealing at 55° C. for 30 seconds; and elonga-
tion at 68° C. for 3 minutes, 25 times. As a result, DNA
fragments with lengths of about 2.4 kb were amplified. The
fragment amplified from rep-1F and rep-7R was defined as
DNA fragment-2, and the fragment amplified from rep-1R
and rep-7F was defined as DNA fragment-3. The PCR reac-
tion solutions were subjected to agarose gel electrophoresis,
and DNA fragments of about 2.4 kb were cut out and col-
lected by Wizard SV Gel and PCR Clean-Up System (Prome-
gaKK.). The collected DNA fragments were ligated to DNA
fragment-1 using DNA Ligation kit ver 2.1 (TAKARA BIO
INC.), and Escherichia coli strain DH5a (TAKARA BIO
INC.) was transformed. After that, LB agar medium (1.5%
agar) containing kanamycin (25 pg/ml) was used to select
transformed Escherichia coli. The thus-separated colonies of
the transformed Escherichia coli were cultured in LB liquid
medium containing kanamycin (25 pg/ml). The plasmid
DNA was purified from the proliferated transformed Escheri-
chia coli using Wizard Plus SV Minipreps DNA Purification
system (Promega KK.), to thereby obtain a plasmid pTNR-
oriT-repl having inserted thereinto DNA fragment-2, and a
plasmid pTNR-oriT-rep2 having inserted thereinto DNA
fragment-3 (F1G. 1). Escherichia coli S17-1 was transformed
with pTNR-oriT-repl and pTNR-oriT-rep2, and the trans-
formed strains were cultured in LB medium containing 25
ng/ml kanamyein at 37° C. for 10 hours. 200 pul of the culture
medium of the transformed strain of Escherichia coli S17-1
were mixed with 500 pl of a culture medium of Pseudono-
cardia autotrophica cultured in LB medium at 30° C. for 80
hours, and the mixture was centrifuged at 7,000 rpm for 30
seconds. 500 pl of the supernatant was discarded, and the
precipitates were suspended in the residual supernatant, and
the whole was applied to LB agar medium. In order to trans-
form Pseudonocardia autotrophica with pTNR-oriT-repl
and pTNR-oriT-rep2 by conjugation, culture was performed
at 30° C. for 24 hours, and the bacterial cells on the agar
medium were suspended in 2 ml of LB medium. 200 ul of the
suspension was applied to LB agar medium containing 200
pg/ml kanamycin and 50 pg/ml nalidixic acid to select a
transformed strain of Pseudonocardia autotrophica. The
cells were cultured at 30° C. for 10 days, and as a result, a
strain of Pseudonocardia autotrophica transformed with
pINR-oriT-repl was obtained, but a strain of Pseudonocar-
dia autotrophica transformed with pTNR-oriT-rep2 was not
obtained. The results suggested that the direction of the essen-
tial region for replication in pTNR-oriT was important, and it
was decided that the following identification of the essential
region for replication was performed in the repl direction.
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[0102] In order to identify the essential region for replica-
tion, primers rep-2F (SEQ ID NO: 21), rep-3F (SEQ ID NO:
22), rep-4R (SEQ ID NO: 23), rep-5R (SEQ ID NO: 24), and
rep-6R (SEQ ID NO: 25) were created. The primers were
used as sets shown in FIG. 2 to perform PCR using pPA43082
as a template. PCR reactions were performed using KODplus
(TOYOBOCO., LTD.) and the PCR amplification device (Bi-
ometra, T Gradient) by repeating a three-step reaction includ-
ing: denaturation at 98° C. for 20 seconds; annealing at 55° C.
for 30 seconds; and elongation at 68° C. for 3 minutes, 25
times. As a result, DNA fragments with lengths shown in FI1G.
2 were amplified. DNA fragments amplified in the same way
as described above were inserted into the BsrGI site and BglII
site of pTNR-oriT to create a plasmid, and Pseudonocardia
autotrophica was transformed by conjugation. In the range
examined, a DNA sequence including rep5S (nucleotides at
positions 4,201 to 6,300 of pPA48032; 2.1 kb) was considered
to be essential for replication in Pseudonocardia
autotrophica.

[0103] Pseudonocardia autotrophica transformed with the
plasmid pTNR-oriT-rep5 was cultured in 25 ml of LB
medium containing 200 pg/ml kanamycin and 50 pg/ml nali-
dixic acid at 30° C. for 72 hours. 7 ml of the culture medium
were centrifuged, and a plasmid DNA was purified using
Wizard Plus SV Minipreps DNA Purification system
(Promega KK.), to thereby obtain plasmid-1. The plasmid
solution was subjected to agarose gel electrophoresis, and as
a result, no band was observed. However, when Escherichia
coli DHS5a (TAKARA BIO INC.) was transformed using the
plasmid solution, colonies were obtained on LB agar medium
containing 25 pg/ml kanamycin. The colonies were cultured
in LB medium containing 25 pg/ml kanamycin, and a plasmid
DNA was purified using Wizard Plus SV Minipreps DNA
Purification system (Promega KK.), to thereby obtain plas-
mid-2. When pTNR-oriT-rep5 and the extracted plasmid-2
were digested with BsrGI and BglII respectively, DNA frag-
ments of 5.1 kb and 1.1 kb were obtained from the samples.
The results suggested that the plasmid pTNR-oriT-rep5 did
not undergo a structural change in Pseudonocardia
autotrophica and was conserved.

(3) Identification of Acetone-Inducible Promoter Sequence

[0104] Pseudonocardia autotrophica strain NBRC12743
was inoculated into 150 ml of LB medium and cultured at 30°
C. for 102 hours while shaking at 220 rpm. It should be noted
that Pseudonocardia autotrophica strain NBRC12743 was
obtained from Institute for Fermentation (IFO, now National
Institute of Technology and Evaluation (NBRC, Department
of Biotechnology, NITE Biological Resource Center; 2-5-8
Kazusakamatari, Kisarazu, Chiba 292-0818, Japan)) before
1987, but the place of sampling, date of sampling, isolation
source, isolator, and date of isolation are unknown. 10 ml of
the culture medium were inoculated into two flasks each
containing 200 ml of LB medium, and the bacterium was
cultured at 30° C. for 70 hours while shaking at 220 rpm. 1 ml
of acetone was added to one of the two culture media, and the
bacterium was further cultured at 30° C. for 24 hours while
shaking at 220 rpm. The culture media were centrifuged at
7,000 rpm for 10 minutes to obtain bacterial cells as precipi-
tates. The cells were suspended in 20 ml of CV buffer (50 mM
potassium phosphate bufter, pH 7.4, 10% Glycerol) to pre-
pare 10-fold concentrated cell suspensions. A procedure of
vigorously shaking 1 ml of the cell suspensions using Fast-
PROTEIN BLUE kit (Funakoshi Corporation) by FastPrep
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FP120 (BIO101, SAVANT) at a speed of 6.0 for 40 seconds
was repeated three times, to thereby break the cells. The
broken cell suspensions were centrifuged at 13,000 rpm for
10 minutes, to thereby obtain cell-free extracts as superna-
tants. 25 pl of each sample was mixed with a swelling solution
(7 M Urea, 2 M Thiourea, 20 mM Dithiothreitol (DTT), 2
mMTris-(2-cyanoethyl)phosphine, 2% CHAPS, 0.2% (v/v)
BioLyte 3-10) containing Bromophenol Blue (BPB) to pre-
pare a sample for two-dimensional electrophoresis. IPG
ReadyStrip gel (7 cm, pH3-10NL, BIO-RAD; hereinatfter,
referred to as IPG gel) was swollen for 12 hours with 125 ul
of the sample for two-dimensional electrophoresis. The gel
was subjected to electrophoresis (first dimension, isoelectric
focusing electrophoresis), and the IPG gel was equilibrated
with an equilibration bufter A (50 mM Tris-HCI buffer, pH
8.5, 6 M Urea, 30% Glycerol, 2% SDS, 1% DTT, and 0.005%
BPB) for 15 minutes and then with an equilibration buffer B
(50 mM Tris buffer, pH 8.5, 6 M Urea, 30% Glycerol, 2%
SDS, 4.5% lodoacetamide, and 0.005% BPB) for 15 minutes.
After that, the equilibrated IPG gel was set on 12.5% homo-
geneous gel (7x6.5 cm), and the second-dimensional electro-
phoresis was performed (second dimension, SDS polyacry-
lamide gel electrophoresis). After electrophoresis, the gel was
stained with SYPRO Ruby (Invitrogen), and images were
captured by Molecular Imager FX (BIO-RAD). After that,
spot patterns of the respective samples were compared by
visual observation. As a result, three kinds of bands of pro-
teins, the expression each of which increased by addition of
acetone, were observed (FIG. 3: Spots 1 to 3). The expression
level of Spot 1 estimated to have a molecular weight of about
55 kDa most increased by addition of acetone. Therefore, a
part of the gel corresponding to the protein band was cut out,
and Tris buffer of pH 8.5 containing lysylendopeptidase was
added to the gel piece to perform a treatment at 35° C. for 20
hours. After that, the whole solution was subjected to
reversed-phase HPLC to separate fragment peptides. As a
control, a part of the gel containing no spot was cut out and
treated in the same way as described above.

[0105] [Reverse-Phase HPLC Conditions]
[0106] Column: TSKgel ODS-80Ts (2.0x250 mm,
TOSOH),
[0107] Solvent A: 0.1% trifluoroacetic acid, 2% acetoni-
trile,
[0108] Solvent B: 0.1% trifluoroacetic acid, 90% acetoni-
trile,
[0109] Flow rate: 200 ul/min,
[0110] Temperature: room temperature,
[0111] Detection: 210 nm, 280 nm,
[0112] Gradient:
TABLE 1
(minutes) (% B)
0 0
2 0
7 10
82 50
87 100
92 100
97 0
[0113] Fractionation: 200 pl/Fraction.
[0114] For five peaks which were obtained by the reverse-

phase HPLC and were considered to be derived from Spot 1,
amino acid sequence analyses were performed using Precise
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494 HT Protein Sequence System (Applied Biosystems). As
a result, the amino acid sequences shown in SEQ ID NOS: 1
to 5 were obtained. The amino acid sequences were subjected
to homology search by BLAST search and were found to have
high homology to internal sequences of a variety of aldehyde
dehydrogenases.

[0115] In order to determine the sequence of the gene
encoding the protein of Spot 1 induced by acetone, aceA-1F
(SEQ ID NO: 6) was created as a degenerate primer based on
a fractionated peptide sequence GQYFENPTPITG (SEQ ID
NO: 1), and aceA-1R (SEQ ID NO: 7) was created as a
degenerate primer based on a peptide sequence
MLDHYQQTK (SEQ ID NO: 2). Next, the two kinds of
primers were used to perform PCR reactions using a chromo-
somal DNA of Pseudonocardia autotrophica strain
NBRC12743 as a template. The PCR reactions were per-
formed using KODplus (TOYOBO CO., LTD.) and the PCR
amplification device (Biometra, T Gradient) by repeating a
three-step reaction including: denaturation at 98° C. for 20
seconds; annealing at 55° C. for 30 seconds; and elongation at
68° C. for 2 minutes, 25 times. As a result, DNA fragment-4
with a size of about 1.3 kb was amplified. Unless otherwise
specified, the following PCR was performed under the above-
mentioned conditions. The PCR reaction solution was sub-
jected to agarose gel electrophoresis, and a DNA fragment of
about 1.3 kb was cut out and collected by Wizard SV Gel and
PCR Clean-Up System (Promega KK.). The DNA frag-
ment-4 was phosphorylated using BKL kit (TAKARA BIO
INC.) and ligated to pBluescript 11 (Stratagene Corporation),
which had been digested with EcoRV and dephosphorylated
with Calf intestine alkalinephosphatase (New England
Biolabs). Escherichia coli strain DH5o was transformed with
the ligation solution. After that, Escherichia coli strain trans-
formed with the plasmid integrated with DNA fragment-4
was selected on LB agar medium (1.5% agar) containing
ampicillin (50 pg/ml), X-gal (5-Bromo-4-chloro-3-indolyl-
p-D-galactoside; 40 pg/ml)), and IPTG (Isopropyl-p-thioga-
lactopyranoside; 0.1 mM). Colonies of the Escherichia coli
were cultured in LB medium containing ampicillin (50
ng/ml), and the plasmid DNA was purified from the prolifer-
ated transformed Escherichia coli using Wizard Plus SV
Minipreps DNA Purification system (Promega KK.). The
sequence of the DNA was analyzed by a dye-terminator cycle
sequencing method using the resultant plasmid as a template
by a DNA base sequence analyzer (Applied Biosystems;
3130) using two kinds of primers (SEQ ID NOS: 8 and 9)
according to the accompanying protocol.

[0116] Based on the resultant sequence, primers for inverse
PCR, aceA-inv-1F (SEQ ID NO: 10) and aceA-inv-1R (SEQ
ID NO: 11), were created. Further, a chromosomal DNA of
Pseudonocardia autotrophica strain NBRC12743 was
digested with Clal, and a self-circularized product was pre-
pared as a template. The inverse PCR reactions were per-
formed using KOD plus (TOYOBO CO., LTD.) and the PCR
amplification device (Biometra, T Gradient) by repeating a
three-step reaction including: denaturation at 94° C. for 1
minute; annealing at 65° C. for 30 seconds; and elongation at
72° C. for 3 minutes, 30 times. As a result, DNA fragment-5
with a size of about 2.0 kb was amplified. The PCR reaction
solution was subjected to agarose gel electrophoresis, and a
DNA fragment of about 2.0 kb was cut out to collect DNA
fragment-5 by Wizard SV Gel and PCR Clean-Up System
(Promega KK.). The DNA fragment-5 was phosphorylated
using BKL kit (TAKARA BIO INC.) and ligated to pBlue-
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script 11 (Stratagene Corporation), which had been digested
with EcoRV and dephosphorylated with Calf intestine alka-
linephosphatase (New England Biolabs) Escherichia coli
strain DHS5a was transformed with the ligation solution. After
that, Escherichia coli strain transformed with the plasmid
integrated with the DNA fragment-5 was selected on LB agar
medium (1.5% agar) containing ampicillin (50 pg/ml), X-gal
(40 pg/ml), and IPTG (0.1 mM). Colonies of the Escherichia
coli were cultured in LB medium containing ampicillin (50
ng/ml), and the plasmid DNA was purified from the prolifer-
ated transformed FEscherichia coli using Wizard Plus SV
Minipreps DNA Purification system (Promega KK.). The
sequence of the DNA was analyzed by a dye-terminator cycle
sequencing method using the resultant plasmid as a template
by a DNA base sequence analyzer (Applied Biosystems;
3130) using two kinds of primers (SEQ ID NOS: 8 and 9)
according to the accompanying protocol. As a result, an
analysis of the upstream part of a gene encoding an acetone-
inducible protein (AceA) was achieved.

[0117] Based onthe resultant sequence, primers for inverse
PCR, aceA-inv-2F (SEQ ID NO: 13) and aceA-inv-2R (SEQ
ID NO: 14) were created. Further, a chromosomal DNA of
Pseudonocardia autotrophica strain NBRC12743 was
digested with Aatll, and a self-circularized product was pre-
pared as a template. Inverse PCR reactions were performed
using KOD plus (TOYOBO CO., LTD.) and the PCR ampli-
fication device (Biometra, T Gradient) under the same con-
ditions as those in the above-mentioned inverse PCR. As a
result, DNA fragment-6 with a size of about 1.0 kb was
amplified. The sequence of the DNA fragment-6 was ana-
lyzed by the same procedure as described above. As a result,
the sequence of the upstream part of the gene encoding the
acetone-inducible protein (AceA) was obtained.

[0118] Based onthe resultant sequence, primers for inverse
PCR, aceA-inv-3F (SEQ ID NO: 15) and aceA-inv-3R (SEQ
ID NO: 16), were created. Further, a chromosomal DNA of
Pseudonocardia autotrophica strain NBRC12743 was
digested with BamHI, and a self-circularized product was
prepared as a template. Inverse PCR reactions were per-
formed using KOD plus (TOYOBO CO., LTD.) and the PCR
amplification device (Biometra, T Gradient) under the same
conditions as those in the above-mentioned inverse PCR. As
a result, DNA fragment-7 with a size of about 3.0 kb was
amplified. The sequence of the DNA fragment-7 was ana-
lyzed by the same procedure as described above. As a result,
an analysis of the upstream part of the gene encoding the
acetone-inducible protein (AceA) was achieved (SEQ ID
NO: 48). The plasmid used as the template for the analysis
was considered to include an unanalyzed part of the upstream
of the aceA gene, and hence a sequence analysis was per-
formed by the primer walking method to determine the DNA
sequence of the open reading frame of a protein (AceR)
present in the reverse direction to the upstream of the aceA
gene and the sequence to the stem-loop structure present on
the downstream of aceR (FIG. 4, SEQ ID NO: 47). The results
suggested that the promoter region for expression of aceA
was present between the aceA gene and the aceR gene, and
hence a sequence of about 0.45 kb (Pace; SEQ ID NO: 26)
was used as an acetone-inducible promoter region for the
following vector construction. It should be noted that BLAST
search using the amino acid sequence of AceR showed that
the sequence had homology to GAF sensor protein and a
transcriptional regulator (M. Y. Galperin, Environ. Micro-
bial., 6(6), 552-567 (2004)). Thus, the sequence of the region
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from the aceR gene to the ace A gene (AceR-Pace-AceA; SEQ
1D NO: 27) shown in FIG. 4 was determined.

(4) Construction of Acetone-Inducible Expression Vector
Capable of Transforming Pseudonocardia autotrophica
(Construction of VDH-Expressing Vector)

[0119] In order to amplify the oriT gene, primers oriT-1F
(SEQIDNO: 28) and oriT-1R (SEQID NO: 29) were created.
The primers were used to perform PCR reactions using
pINR-oriT (K. I. Sallam, Gene, 386, 173-182 (2007)) as a
template. As a result, a DNA fragment with a length of about
1.1 kb was amplified. The DNA fragment was digested with
BsrGI and BamHI and subjected to agarose gel electrophore-
sis, and a DNA fragment of about 1.1 kb was cut out and
collected by Wizard SV Gel and PCR Clean-Up System
(Promega KK.), to thereby obtain DNA fragment-8. A plas-
mid pTNR-AA (Tamura Tomohiro, et al., Journal of Environ-
mental Biotechnology, 7(1), 3-10, 2007) was digested with
BsrGI and BamHI and subjected to agarose gel electrophore-
sis, and a DNA fragment of about 6.2 kb was cut out and
collected by Wizard SV Gel and PCR Clean-Up System
(Promega KK.), to thereby obtain DNA fragment-9. The
DNA fragment-9 and DNA fragment-8 were ligated using
DNA Ligation kit ver 2.1 (TAKARA BIO INC.), to thereby
obtain pTNR-AA-oriT (FIG. 5).

[0120] Subsequently, the following procedure was per-
formed to remove an ampicillin-resistant gene from pTNR-
AA-oriT. In order to amplify an apramycin-resistant gene of
pTNR-AA and an essential region for replication of pTNR-
AA in Escherichia coli, primers pTNR-AA-apr-1F (SEQ ID
NO: 30) and pTNR-AA-ori-1R (SEQ ID NO: 31) were cre-
ated. The primers were used to perform PCR reactions using
pTNR-AA as a template. The PCR reactions were performed
using KOD plus (TOYOBO CO., LTD.) and the PCR ampli-
fication device (Biometra, T Gradient) by repeating a three-
step reaction including: denaturation at 98° C. for 20 seconds;
annealing at 55° C. for 30 seconds; and elongation at 68° C.
for 3 minutes, 25 times. As a result, a DNA fragment with a
length of about 2.4 kb was amplified. The DNA fragment was
digested with BamHI and Kpnl and subjected to agarose gel
electrophoresis, and a DNA fragment of about 2.4 kb was cut
out and collected by Wizard SV Gel and PCR Clean-Up
System (Promega KK.), to thereby obtain DNA fragment-10.
A plasmid pTNR-AA-oriT was digested with BamHI and
Kpnl and subjected to agarose gel electrophoresis, and a DNA
fragment of about 3.7 kb was cut out and collected by Wizard
SV Gel and PCR Clean-Up System (Promega KK.), to
thereby obtain DNA fragment-11. The DNA fragment-11 and
DNA fragment-10 were ligated using DNA Ligation kit ver
2.1 (TAKARA BIO INC.), to thereby obtain pTNR-A-oriT
(FIG. 5).

[0121] Next, the following procedure was performed to
remove the istAB gene of pTNR-A-oriT and to insert the
essential region for replication in Pseudonocardia
autotrophica (rep5) identified in Production Example (2) into
the site. In order to amplify the essential region for replication
of pPA43082 (rep5), primers rep-4F (SEQ ID NO: 32) and
rep-6R (SEQ ID NO: 25) were created. The primers were
used to perform PCR reactions using pPA43082 as a template.
The PCR reactions were performed using KOD plus
(TOYOBO CO., LTD.) and the PCR amplification device
(Biometra, T Gradient) by repeating a three-step reaction
including: denaturation at 98° C. for 20 seconds; annealing at
55° C. for 30 seconds; and elongation at 68° C. for 3 minutes,
25 times. As a result, a DNA fragment with a length of about
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2.1 kb was amplified. The DNA fragment was digested with
BsrGI and Kpnl and subjected to agarose gel electrophoresis,
and a DNA fragment of about 2.1 kb was cut out and collected
by Wizard SV Gel and PCR Clean-Up System (Promega
KK.), to thereby obtain DNA fragment-12. A plasmid pTNR-
A-oriT was digested with BsrGI and Kpnl and subjected to
agarose gel electrophoresis, and a DNA fragment of about 3.5
kb was cut out and collected by Wizard SV Gel and PCR
Clean-Up System (Promega KK.), to thereby obtain DNA
fragment-13. The DNA fragment-13 and DNA fragment-12
were ligated using DNA Ligation kit ver 2.1 (TAKARA BIO
INC.), to thereby obtain pTAOR (FIG. 5).

[0122] Next, the following procedure was performed to
insert the acetone-inducible promoter sequence and vdh gene
(SEQ ID NO: 44) into the multicloning site of pTAOR (WO
2008/096695 Al). First, in order to amplify the acetone-
inducible promoter sequence, primers Pace-HindIII-1F (SEQ
ID NO: 33) and Pace-Ndel-1R (SEQ ID NO: 34) were cre-
ated. The primers were used to perform PCR reactions using
a genomic DNA of Pseudonocardia autotrophica as a tem-
plate. The PCR reactions were performed using KOD plus
(TOYOBO CO., LTD.) and the PCR amplification device
(Biometra, T Gradient) by repeating a three-step reaction
including: denaturation at 98° C. for 20 seconds; annealing at
55° C. for 30 seconds; and elongation at 68° C. for 1 minute,
25 times. As a result, a DNA fragment with a length of about
0.4 kb was amplified. The DNA fragment was digested with
HindIII and Ndel and subjected to agarose gel electrophore-
sis, and a DNA fragment of about 0.4 kb was cut out and
collected by Wizard SV Gel and PCR Clean-Up System
(Promega KK.), to thereby obtain DNA fragment-14. Subse-
quently, in order to amplify the vdh gene, primers VDH-1F
(SEQ ID NO: 35) and VDH-1R (SEQ ID NO: 36) were
created. The primers were used to perform PCR reactions
using the genomic DNA of Pseudonocardia autotrophica
NBRC12743 as a template. As a result, a DNA fragment with
a length of about 1.2 kb was amplified. The DNA fragment
was digested with Ndel and Nhel and subjected to agarose gel
electrophoresis, and a DNA fragment of about 1.2 kb was cut
out and collected by Wizard SV Gel and PCR Clean-Up
System (Promega KK.), to thereby obtain DNA fragment-15.
AplasmidpTAOR was digested with HindIII and Nhel and
subjected to agarose gel electrophoresis, and a DNA fragment
of'about 5.7 kb was cut out and collected by Wizard SV Gel
and PCR Clean-Up System (Promega KK.), to thereby obtain
DNA fragment-16. The DNA fragment-16, DNA fragment-
14, and DNA fragment-15 were ligated using DNA Ligation
kit ver 2.1 (TAKARA BIO INC.), to thereby obtain pTAOR2-
vdh (FIG. 5).

[0123] Next, the following procedure was performed to
insert a terminator sequence into the multicloning site of
pTAOR2-vdh. In order to amplify the terminator sequence of
pTipQT2 (N. Nakashima, Appl. Environ. Microbial., 5557-
5568 (2004)), primers Terminator-1F (SEQ ID NO: 37) and
Terminator-1R (SEQ ID NO: 38) were created. The primers
were used to perform PCR reactions using pTipQT2 as a
template. The PCR reactions were performed using KOD
plus (TOYOBO CO., LTD.) and the PCR amplification
device (Biometra, T Gradient) by repeating a three-step reac-
tion including: denaturation at 98° C. for 20 seconds; anneal-
ing at 55° C. for 30 seconds; and elongation at 68° C. for 1
minute, 25 times. As a result, a DNA fragment with a length
of about 0.2 kb was amplified. The DNA fragment was
digested with Mfel and Aflll and subjected to agarose gel



US 2011/0262978 Al

electrophoresis, and a DNA fragment of about 0.2 kb was cut
out and collected by Wizard SV Gel and PCR Clean-Up
System (Promega KK.), to thereby obtain DNA fragment-17.
The plasmid pTAOR2-vdh was digested with Mfel and AfIlI
and subjected to agarose gel electrophoresis, and a DNA
fragment of about 7.3 kb was cut out and collected by Wizard
SV Gel and PCR Clean-Up System (Promega), to thereby
obtain DNA fragment-18. The DNA fragment-18 and DNA
fragment-17 were ligated using DNA Ligation kit ver 2.1
(TAKARA BIO INC.), to thereby obtain an acetone-induc-
ible VDH-expressing vector, pTAOR3-vdh (SEQ ID NO: 45)
(FIG. 5).

(5) Construction of BoxAB Expression Vector

[0124] Genes of boxA and boxB (hereinafter, also referred
to as box AB genes) derived from Streptomyces sp. TM-7 was
acquired as a gene of an enzyme which catalyzes hydroxyla-
tion of compactin into pravastatin by Tadashi Fujii et al. (WO
2002/099109 A1). It should be noted that Streptomyces sp.
strain TM-7 is a strain isolated by MERCIAN CORPORA-
TION and has been domestically deposited with International
Patent Organism Depositary, National Institute of Advanced
Industrial Science and Technology (Central 6, 1-1-1, Higashi,
Tsukuba, Ibaraki 305-8566, Japan) (FERM P-18312) on Apr.
25, 2001 and transmitted to an international depositary
authority on Apr. 5, 2002 (FERM BP-8003). The place of
sampling is soil in the Fujisawa factory of MERCIAN COR-
PORATION at Johnan, Fujisawa, Kanagawa, Japan, and the
date of sampling, isolation source, isolator, and date of isola-
tion are unknown.

[0125] In order to construct an acetone-inducible BoxAB
expression vector of Pseudonocardia autotrophica, the fol-
lowing procedure was performed. First, in order to amplify
the boxAB genes, primers BoxAB-1F (SEQ ID NO: 39) and
BoxAB-1R (SEQ ID NO: 40) were created. The primers were
used to perform PCR reactions using Streptomyces sp. TM-7
as a template. As a result, a DNA fragment with a length of
about 1.5 kb was amplified. The DNA fragment was digested
with Ndel and Spel and subjected to agarose gel electrophore-
sis, and a DNA fragment of about 1.5 kb was cut out and
collected by Wizard SV Gel and PCR Clean-Up System
(Promega KK.), to thereby obtain DNA fragment-19. A plas-
mid pTAOR3-vdh was digested with Ndel and Spel and sub-
jected to agarose gel electrophoresis, and a DNA fragment of
about 6.3 kb was cut out and collected by Wizard SV Gel and
PCR Clean-Up System (Promega KK.), to thereby obtain
DNA fragment-20. The DNA fragment-20 and DNA frag-
ment-19 were ligated using DNA Ligation kit ver 2.1
(TAKARA BIO INC.), to thereby obtain an acetone-induc-
ible BoxAB expression vector, pTAOR3-boxAB (FIG. 6).
According to the method shown in Production Example (6)
described below, Pseudonocardia autotrophica was tried to
be transformed with pTAOR3-boxAB, but no transformed
strain was able to be obtained. Therefore, the structure of the
BoxAB expression vector was changed by the following pro-
cedure.

[0126] First, in order to amplify the acetone-inducible pro-
moter sequence, boxAB genes, and terminator sequence,
primers PBT-1F (SEQ ID NO: 41) and PBT-1R (SEQ ID NO:
42) were created. The primers were used to perform PCR
reactions using pTAOR3-boxAB as a template. As a result, a
DNA fragment with a length of about 2.0 kb was amplified.
The DNA fragment was digested with Kpnl and subjected to
agarose gel electrophoresis, and a DNA fragment of about 2.0
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kb was cut out and collected by Wizard SV Gel and PCR
Clean-Up System (Promega KK.), to thereby obtain DNA
fragment-21. Subsequently, in order to remove the promoter
sequence, boxAB genes, and terminator sequence from the
plasmid pTAOR3-boxAB, the fragment was digested with
HindIII and AfiIl and subjected to agarose gel electrophore-
sis, and a DNA fragment of about 5.6 kb was cut out and
collected by Wizard SV Gel and PCR Clean-Up System
(Promega KK.), to thereby obtain DNA fragment-22. End
blunting and self-ligation of the DNA fragment-22 were per-
formed by BKL kit (TAKARA BIO INC.), to thereby obtain
pTAORA4. The plasmid pTAOR4 was digested with Kpnl and
subjected to agarose gel electrophoresis, and a DNA fragment
of'about 5.6 kb was cut out and collected by Wizard SV Gel
and PCR Clean-Up System (Promega KK.), to thereby obtain
DNA fragment-23. The DNA fragment-23 was dephospho-
rylated with alkaline phosphatase (Calf intestine) (TAKARA
BIO INC.) and collected by Wizard SV Gel and PCR Clean-
Up System (Promega KK), to thereby obtain DNA fragment-
24. Escherichia coli DH5a. was transformed with a reaction
solution in which the DNA fragment-21 and DNA fragment-
24 had been ligated using DNA Ligation kit ver 2.1
(TAKARA BIO INC.), and colonies of transformed strains
were obtained on LB agar medium containing 60 ng/ml apra-
mycin. Eight colonies of the resultant colonies were arbi-
trarily selected and cultured in 2 ml of LB medium containing
60 pg/ml apramycin, and the plasmid DNA was purified from
the proliferated transformed Escherichia coli by Wizard Plus
SV Minipreps DNA Purification system (Promega KK.).
Analyses were performed by the dye-terminator cycle
sequencing method using the resultant eight samples of plas-
mids as templates by the DNA base sequence analyzer (Ap-
plied Biosystems; 3130) using a primer (SEQ ID NO: 43)
according to the accompanying protocol. The results showed
that plasmids pTAOR4-For-boxAB and pTAOR4-Rev-
boxAB (SEQ ID NO: 46), into which the DNA fragment-21
was inserted in the reverse directions, were obtained (FIG. 6).

(6) Transformation of Pseudonocardia Autotrophica with
VDH and BoxAB Expression Vector

[0127] Inorder to transform Pseudonocardia autotrophica
strain NBRC12743 with pTAOR3-vdh, pTAOR3-boxAB,
pTAOR4-For-boxAB, and pTAOR4-Rev-boxAB created in
Production Example (4) and Production Example (5) by a
conjugation method, the following procedure was performed.
First, Escherichia coli strain S17-1 was transformed with the
respective plasmids. The resultant transformed strains were
cultured in LB medium containing 60 pg/ml apramycin at 30°
C. for 15 hours to prepare culture media. On the other hand,
Pseudonocardia autotrophica strain NBRC12743 was cul-
tured in LB medium at 30° C. for 72 hours to prepare a culture
medium. 200 pl of each of the culture media of the Escheri-
chia coli strain S17-1 were centrifuged at 7,000 rpm for 30
seconds to precipitate bacterial cells. The supernatant was
discarded, and 200 pl of LB medium was newly added to
suspend the bacterial cells. 500 pl of the culture medium of
Pseudonocardia autotrophica strain NBRC12743 were
added thereto, and the suspension was mixed. The suspension
was centrifuged at 7,000 rpm for 30 seconds to precipitate the
bacterial cells. 500 pl of the supernatant was discarded, and
the bacterial cells were suspended in 200 pl of the residual
supernatant. 150 ul of the cell suspension was spread to LB
agar medium, and the cells were cultured at 30° C. for 24
hours. Growth of the bacterial cells on the surface of the agar
medium was confirmed, and 2 ml of LB medium was added,
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followed by suspension of the bacterial cells using a spreader.
200 pl of the cell suspension was spread to LB agar medium
containing 24 pg/ml apramycin and 50 pg/ml nalidixic acid,
and the cells were cultured at 30° C. for 7 days, to thereby
obtain only transformants of Pseudonocardia autotrophica
strain NBRC12743 transformed with the plasmids pTAOR3-
vdh and pTAOR4-Rev-boxAB.

(7) Protein Expression Test Using Transformed Strain of
Pseudonocardia autotrophica NBRC12743

1) VDH Expression Test

[0128] VDH isanenzyme protein belonging to cytochrome
P450 group. Cytochrome P450 is a collective term of a group
of proteins which are protoheme-containing proteins and
show a characteristic absorbance peak at about 450 nm when
carbon monoxide is bonded to reduced heme iron. Therefore,
if a vdh gene is highly expressed in a transformed strain,
expression of the gene can be detected by a carbon monoxide-
binding spectrum analysis.

[0129] A test for confirming expression in VDH-inducible
bacterial cells was performed by the following procedure.
Colonies of Pseudonocardia autotrophica NBRC12743
transformed with pTAOR3-vdh obtained in Production
Example (6) (P. autotrophica NBRC12743/pTAOR3-vdh)
were inoculated into 100 ml of a preculture medium (1.5%
glucose, 0.3% yeast extract, 0.4% sodium chloride, 0.2%
calcium carbonate, and 1.5% polypeptone) containing 24
ng/ml apramycin and cultured at 30° C. and 220 rpm for 72
hours. As controls, Pseudonocardia  autotrophica
NBRC12743 wild-type strain and Pseudonocardia
autotrophica NBRC12743 strain transformed with pTAOR
were cultured in the same way as described above. 1 ml of
each of the culture media was inoculated into 100 ml of a
main culture medium (1% polypeptone, 2% glucose, 1%
SOYPRO, 0.5% yeast extract, 0.04% K,HPO,, 0.04%
sodium chloride, and 0.3% calcium carbonate) containing 24
ng/ml apramycin. The cells were cultured at 30° C. and 220
rpm for 48 hours, and 1 ml of acetone (final concentration:
1%) was added thereto, followed by culture at 30° C. and 220
rpm for 24 hours. Pseudonocardia autotrophica strain
NBRC12743 transformed with pTAOR3-vdh was further
subjected to a test without adding acetone. The culture
medium was centrifuged at 7,000 rpm for 10 minutes, to
thereby obtain bacterial cells as precipitates. The supernatant
was discarded, and CV buffer was added to the culture
medium in an amount of one-fifth of the medium, to thereby
prepare a five-fold-concentrated cell suspension. A procedure
of' vigorously shaking 1 ml of the cell suspension using Fast-
PROTEIN BLUE kit (Funakoshi Corporation) by FastPrep
FP120 (BIO101, SAVANT) at a speed of 6.0 for 40 seconds
was repeated three times while the sample was cooled on ice
between the procedures, to thereby break the cells. The bro-
ken cell suspension was centrifuged at 13,000 rpm for 10
minutes, to thereby obtain a cell-free extract in the superna-
tant. The cell-free extract was divided into two test tubes with
a cap in an amount of 700 pl, and carbon monoxide was
passed through one of the cell-free extract. Next, sodium
hydrosulfite was added to both the cell-free extracts in a small
amount. The absorption spectrum from 400 nm to 500 nm of
the sample through which carbon monoxide was not passed
was defined as a baseline, and absorption from 400 nm to 500
nm of the sample through which carbon monoxide was passed
was scanned using a spectrophotometer (U-3310 Spectropho-
toMeter, HITACHI, Ltd.). As a result, an absorption peak
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characteristic to cytochrome P450 was observed at about 450
nm, and a VDH expression level in the culture medium was
calculated from the absorption based on the molecular extinc-
tion coefficient of carbon monoxide-bonded and reduced
P450, defined as 91 per mM. The results of the calculation
suggested that 202 nM VDH was expressed per culture
medium (FIG. 7).

2) BoxAB Expression Test

[0130] The boxAB genes derived from Streptomyces sp.
TM-7 were acquired as a gene of an enzyme which catalyzes
hydroxylation of compactin into pravastatin by Tadashi Fujii
etal. (WO 2002/099109 A1l). BoxA is cytochrome P450, and
if the gene is highly expressed, expression of the gene can be
detected by the carbon monoxide-binding spectrum analysis.
In addition, a conversion test of compactin into pravastatin by
BoxAB-inducible bacterial cells can confirm whether the
gene is expressed and functions. Colonies of Pseudonocardia
autotrophica NBRC12743 transformed with pTAOR4-Rev-
boxAB obtained in Production Example (6) (P. autotrophica
NBRC12743/pTAOR4-Rev-boxAB) were inoculated into
100 ml of a preculture medium (1.5% glucose, 0.3% yeast
extract, 0.4% sodium chloride, 0.2% calcium carbonate, and
1.5% polypeptone) containing 24 ng/ml apramycin and cul-
tured at 30° C. and 220 rpm for 72 hours. As controls, Pseud-
onocardia autotrophica NBRC12743 wild-type strain and
Pseudonocardia autotrophica NBRC12743 strain trans-
formed with pTAOR were cultured at the same time. 1 ml of
each of the culture media was inoculated into 100 ml of a
main culture medium (1% polypeptone, 2% glucose, 1%
SOYPRO, 0.5% yeast extract, 0.04% K,HPO,, 0.04%
sodium chloride, and 0.3% calcium carbonate) containing 24
ng/ml apramycin. The cells were cultured at 30° C. and 220
rpm for 48 hours, and 1 ml of acetone (final concentration:
1%) was added thereto, followed by culture at 30° C. and 220
rpm for 24 hours. Pseudonocardia autotrophica strain
NBRC12743 transformed with pTAOR4-Rev-boxAB was
further subjected to a test without adding acetone. S0 ml of the
culture medium was used for conversion of compactin, and
the residual culture medium was centrifuged at 7,000 rpm for
10 minutes, to thereby obtain bacterial cells as precipitates.
The supernatant was discarded, and CV buffer was added to
the precipitates in an amount of one-fifth of the medium, to
thereby prepare a five-fold-concentrated cell suspension. A
procedure of vigorously shaking 1 ml of the cell suspension
using FastPROTEIN BLUE kit (Funakoshi Corporation) by
FastPrep FP120 (BIO101, SAVANT) at a speed of 6.0 for 40
seconds was repeated three times while the sample was
cooled on ice between the procedures, to thereby break the
cells. The broken cell suspension was centrifuged at 13,000
rpm for 10 minutes, to thereby obtain a cell-free extract in the
supernatant. The cell-free extract was divided into two test
tubes with a cap in an amount of 700 pl, and carbon monoxide
was passed through one of the cell-free extract. Next, sodium
hydrosulfite was added to both the cell-free extracts in a small
amount. The absorption spectrum from 400 nm to 500 nm of
the sample through which carbon monoxide was not passed
was defined as a baseline, and absorption from 400 nm to 500
nm of the sample through which carbon monoxide was passed
was scanned using a spectrophotometer (U-3310 Spectropho-
toMeter, HITACHI, Ltd.). As aresult, a clear absorption peak
was observed at about 450 nm in the sample of the strain
transformed with pTAOR4-Rev-boxAB in the culture
medium to which acetone was added, and it was suggested
that 396 nM BoxA was expressed per culture medium (FIG.
8).
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Example
Production of Pravastatin

[0131] A pravastatin production test using a BoxAB-ex-
pressing strain was performed. Compactin is converted into
pravastatin by BoxA (FIG. 9). According to the above-men-
tioned culture method, the pTAOR4-Rev-boxAB-trans-
formed strain was cultured, and induction by acetone was
performed for 24 hours. As a control, a pTAOR-transformed
strain was used. The culture medium in which induction was
performed by 50 ml of acetone was centrifuged to precipitate
the bacterial cells. The cells were suspended in 10 ml of
Buffer A (50 mM potassium phosphate buffer, pH 7.4, 2%
glycerol) to prepare a five-fold-concentrated cell suspension,
and compactin was added thereto at a final concentration of
250 mg/L. to perform conversion for 4 hours. A solvent
(methanol:acetonitrile=1:1) was added to the sample at a ratio
of'1:1 to stop the reaction, and the suspension was centrifuged
at 15,000 rpm for 10 minutes to obtain the supernatant as a
sample for HPLC analysis. Pravastatin was analyzed by
HPLC under the following conditions. FIG. 10 shows the
results of the analysis.

[0132] [Pravastatin Analyzing Conditions]

[0133] Column: Chromolith Performance RP-18e (100x
4.6 mm, Merck & Co., Inc.),

[0134] Solvent A: water:triethylamine:acetic acid=100:0.
1:0.1,
[0135] Solvent B: methanol:triethylamine:acetic

acid=100:0.1:0.1,

[0136] Flow rate: 2.0 ml/min,
[0137] Temperature: 40° C.,
[0138] Detection: 238 nm,
[0139] Gradient:
TABLE 2
(minutes) (% B)
0 50
3.0 90
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TABLE 2-continued

(minutes) (% B)
35 90
3.51 50
5.0 50

[0140] Injection: 15 pl,

Retention time: compactin

pravastatin

3.1 minutes,
1.6 minutes.

[0141] Asis clear from FIG. 10, in the case of the BoxAB-
expressing strain, production of 244 mg/[. pravastatin was
detected. In the case of the controls, production of pravastatin
was not confirmed, and the results showed that pravastatin
was produced by the reaction of BoxAB.

[0142] Compactin (ring-opened form) was fed to the trans-
formed BoxAB expressing strain (P autotrophica
NBRC12743/pTAOR4-Rev-boxAB) of Pseudonocardia
autotrophica NBRC12743, which had been cultured and
underwent induction by acetone in the same way as described
above, to examine the accumulation of pravastatin. A solution
of'25 g/l compactin (ring-opened form) was added to 25 ml
of'the BoxAB-induced culture medium in an amount of 4 ml
at the start ofthe reaction, in an amount of 1 ml at 9 hours from
the start, in an amount of 2 ml at 21.5 hours from the start, in
an amount of 2 ml at 33.5 hours from the start, in an amount
of 3 ml at 48 hours from the start, in an amount of 3 ml at 55
hours from the start, in an amount of 3 ml at 71 hours from the
start, and in an amount of 3 ml at 80 hours from the start. FIG.
11 shows time-dependent conversion of concentrations of
compactin and pravastatin in the medium. As the result, 13
g/L pravastatin was accumulated for 100 hours in the conver-
sion solution, and a highly efficient pravastatin production
system was constructed.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 51

<210> SEQ ID NO 1

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Pseudonocardia autotrophica

<400> SEQUENCE: 1
Gly Gln Tyr Phe Glu Asn Pro Thr Pro Ile Thr Gly

1 5 10

<210> SEQ ID NO 2

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Pseudonocardia autotrophica

<400> SEQUENCE: 2

Met Leu Asp His Tyr Gln Gln Thr Lys
1 5
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<210> SEQ ID NO 3

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Pseudonocardia autotrophica

<400> SEQUENCE: 3

Ala Leu Asp Ala Ala His Gly Ala Ala Pro Ala Trp Gly Lys
1 5 10

<210> SEQ ID NO 4

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Pseudonocardia autotrophica

<400> SEQUENCE: 4

Ser Pro Asn Ile Phe Phe Asp Asp Val Ala Ser Gln Gln Asp Ala Phe
1 5 10 15

Tyr Asp Lys

<210> SEQ ID NO 5

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Pseudonocardia autotrophica

<400> SEQUENCE: 5

Met Ala Asp Arg Ile Glu Ala Asn Leu Glu Ala Val Ala Ile Ala Glu
1 5 10 15

<210> SEQ ID NO 6

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 6

ggscartayt tygaraaycc 20

<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (15)..(15)

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

<400> SEQUENCE: 7

tgctgrtart grtcnarcat 20
<210> SEQ ID NO 8

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 8

taatacgact cactataggg 20
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<210> SEQ ID NO 9
<211> LENGTH: 21
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 9
attaacccte actaaaggga
<210> SEQ ID NO 10

<211> LENGTH: 30
<212> TYPE: DNA

a

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 10
cggatcegagyg cgaacctcga
<210> SEQ ID NO 11

<211> LENGTH: 30
<212> TYPE: DNA

ggcggtegeg

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 11
gtcggecate ttgttcagga
<210> SEQ ID NO 12

<211> LENGTH: 8047
<212> TYPE: DNA

tgttcgeeeyg

<213> ORGANISM: Pseudonocardia autotrophica

<400> SEQUENCE: 12

actcctegat cagceteggac
ctegggagac ggcgaacteg
getgetegge ccacgeccge
ggagcagcege cgeggtcage
getegacege tgccaggtece
ggctcatege ctgggtgage
cgtagtcgat cagcatcgga
cgatgcageyg atccgeegge
ggtcggggtce ggcgtegacyg
gecaccgeegt cgtggtettyg
tcactccgee getgtegteg
acccegeage atgteccegyg
cttetgeate gectgecgee
ggtcatccce tegecgecce
agcggcacge atttectege

gtaatctteg tegttgttta

agcacggtct

atgaggtgcc

gectegecty

dgcgacaggy

gegeeggtgg

aggttcgggt

cggagetgec

caatcecgegyg

agcagegtec

ccegttecge

tatcgtcgac

tegtegtecyg

cgcegagetyg

atttcaggge

acatacggaa

ctegtttatg

cgtagtegec

gCantgggC

cggactteca

cgteggecte

gtegecagegg

tctteggece

gggccaggtyg

cctectgega

ggcectgacy

ctttgaggtyg

actaccgtca

cegegtggec

geegtegacy

tcgcaacaga

caaagcggcet

aaaaacatcc

Synthetic oligonucleotide

Synthetic oligonucleotide

Synthetic oligonucleotide

caggtettet

agtcatcgte

ceggetgteg

ggccgcgagce

caccaccagg

gacgtcgate

CngthgCg

ccaggccaac

dgcgaggcecg

ccccacegty

cgacggtgtg

geggtgagece

gecteggega

tccegetegt

gectegecat

agatagtccg

ggcgeggtge
gggatctect
acgtcgacca
tcaaagaccc
tgctcggaca
accacgtggyg
gettegatga
geceegtect
agcgccaggt
agtctcatga
cegetgetge
ggttccacceg
cctgetgeca
agaaatcgge
tggtaaactc

cgctgtgett

21

30

30

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960
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tgcaaccgtg tcggaatgcect cgatctecte tgccgggaat tecctecccca gcacttecag 1020
ggcttceetyg atctcecatac gtcaatcata cgacgacagce gecgtcegtgt caaccttacyg 1080
acgatataga cggcaaaccg tttgtacggt tagacggcaa accgtactgg tcgttcegggt 1140
cgactagttg gaatgcggag cctccccgta tcecgttactta ggtaccaggce aacaacaggt 1200
agcteggtte ggccgagcag gaggcaagag gaatggcage gaacaagatc cagcgagtag 1260
accceceegta cgtgcagatce gtcaacgcga tcactgageg catcgectece ggggatcectgg 1320
cggtcggtga tecgtgtgecg actgaggctg agatccggga gacctggggce gtctcacgtg 1380
ccacggccaa caaggtcgceg gecgaactga aggegtceegyg cctggectac accegecccyg 1440
ggtacggact catcgtccga gggcagtccce gcaacgtcge cteccggtect gcggccatgt 1500
ggcagcgeat cgectcgace ggctcgatcet atctgeccaa tgagcactcce gagaggaaga 1560
cgggtgagge gccggecace gacgccecegg atgtegtggt cgcagetetyg gatgecaccyg 1620
ttttctetca getegtttat cggcaccgceg tcatctaccg cgacgcgcac ccgttcacta 1680
ttgctgtecte ctggtttetyg cccgcactge tggaccagca aaagccgatce acggaacgac 1740
tcetgecggaa cgagegtatt ccggaaggca ccccccgceta catcgecgat cagetceggte 1800
gagacctcac agagacgacc gagatcgttg gggtagttceg cgcaacggcc gaggaggcag 1860
tggcgctcaa catcaacgag ggggacccgce tcctgcgegt catctcgacg atcttegecg 1920
agggctggcece gatcgaggtce ggtgtctace tctaccecga agcgcccgag atcctgacga 1980
gtcgeccacga cctectgaate tceecccageta gaacgaggta tctaggtagce ttgtceccetgt 2040
ggtactgttg aggtacctag gggagcaggg cctaggtacc tcacacggtc cggcccceggt 2100
ggcggatcga aacacgggag acgccatgtc gaaccagggt ccgaacaget tcaagatcga 2160
ccaggccegeg accttccaga tggtcatggt catggacgtce gegceccgaage tgcgtttegg 2220
cagcgagace gaccaggagt gcatgaagga cggcaccceeyg aagtggacgyg cgcaggtcac 2280
ggcegggtte cggaccttceg gcgecccecgaa gttcecgecgte ctggcgatca ccatcgecte 2340
gcacgaggac ccccgecagg gtgtccagece gggcatgeceg gtegagetgg teggectgga 2400
ggteggegty atggacaaga agatcaagga ccgcgacacce ggccaggaga aggtegtegg 2460
ggcgcaggte tactaccgeg ccgagggcat ccgceccgate ggegecgega gcecacaageg 2520
cggcgagcag gccgcegtgat gtceccggeccg gcecegtectgg tgctggtcectg cacctectge 2580
cagcacgtca ccgagatcgt cgacgacgge gatcggetge ctgatcagtyg cccgeggtge 2640
gacggcetggyg ccttcaccgg aggectegte gecaccacct cgaccgactce gactccgete 2700
geeegegega getgaccatg accacggece cggtceeggag accacctecg gtecggggec 2760
gttectcacga aggggggcce gcgatgggca tctggaccac cgeccgecgg geggagcegag 2820

agcaggaccg ggccgggege gagetggtgg accagcetcac tgacacgtgg cgecgggect 2880

gegagcacgt cgggetgtee cacgeggtge aggtcegecte cggcaccacyg ategtegtge 2940
cgacgttggce ccgggccgac gtcectcecceggte ccgacceggt gectgatcgte aagttgatgce 3000
cgggecaget ccccgeggac tteegggece cggaggtege geageggete teggecgege 3060
tgggctgega ccgcatcegg gtegagecce geggeccgea ctgggteegyg atcgagetge 3120
tgaccggega ccccctegee gtegacgtea ccaccgeget cecggecege gaccactegg 3180

tcagcggage tcaggtecte gtegecegeg acgagetegg cegecegetyg gegatgeagt 3240
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gggaccagge tccgcacacce tgcgtgcagyg gegcgacceg cteeggtaag teggtgtggt 3300
gctactecggt gcectegegcag ctegcecccegece tcgacgacgt cctgatcgece ggatccgacce 3360
cgteeggget getgeteggt cgeccttggg caggecacceg ccaccacgag tggcaggeca 3420
ceggeagecg cgacgtectg geccaccgeg acctgetega cegectggte geggagatgg 3480
acgcgegeat cgccgagetg cecgecacgge aggacaaget cgeegtcette acccccegecce 3540
ggcecgctgat cgtggtecgte ctecgaggagt tggccggcect tttgcgectg gcectcecgacca 3600
ccecegaccee gaagggcegag gecaaggtece gegagcaget cetgcacgeg tteggecgece 3660
tggtctegga gggacacaag gecgggatge ggetgetggt ggtcaccecag cgegeggacg 3720
tgacgattat cgagggcttc gecccgeggte agectcecgggcet geggctgage ttececgegtceg 3780
atgaccccga ggctetggte atgetecacg gecaggacge cegegecgag ctggtcecage 3840
accgccagte ccegeceggt gtegecctgg tcecaggecee cggeatcgee ctcacceggg 3900
cecegeggece gegectgecoe ggeccgtegg aggacgecga ctacgcacgg ttetgggacg 3960
aggtggcagyg ggacgtcceg gegegectee accaggtage ggcectgagca ggcecagagte 4020
agcgaccagg ccgacaaaga agtgagecce caggtgttgg cgcacccagg ggctegecceg 4080
tcggecggaa gtcatcacca tcetgagaacg gatcggaceg gecaacgtgg ctgacctcag 4140
ggtacccacg tgccagcegac teggetctac gecacgeggg cacatctcca ccecccacac 4200
ctceegeege cecgeacgge acgecgteat gacggtcaac cgteggegte gtectatcga 4260
cgacagcacce ggatgccgga cggggaacag gagcaccgece cgtetegace getgecctte 4320
ctcgatacaa ggccgcacga gtgceggggea ggttcagteca agggteggeg cagcecgatceg 4380
cgtagcgacg ccgcaggcege ccttggeggg ttcetgacctg cattcgacac ttagecgeca 4440
tcgaggtagg gcccaccgea gcacgegeta cagcaccegge accgagaaca ccctcagete 4500
tcgegecgea ggcegegegee cggteeggac gggeccggece cgegggeegg aggcaggage 4560
gggceggage cceggecegge cgggegeagyg ccacagcegge ccgategetyg geggtgeteg 4620
atgaccgeeg cgctgacgeg cgtegacgeg ggegtgeceg cgettggtac tgacgcgaaa 4680
agtgcggeca ccgcaggtca ggteccegtyg ggggactggg cagggagett ctgggagegg 4740
caggaccgeg ccttgeggga gaagtacegg geccgeegtg agetggecag gatcacgacg 4800
ctgcgtegeg ttgcacgetg cggacgctcee tcgatgaacg acggcggaga cgtcecgtectg 4860
cgctactege ceggcacegg ggaggacgge teggegtegg cgggtttegg cggactggtg 4920
acctgeggea gectgtggge ctgeceggte tgeteggeca agatcagege ccgecgggec 4980
cgggagetgyg aacacctgat cacctggaac geegecegeg geggcacegt cgegetgete 5040
agcctgacca tgcgecacca cageggecac cgectgegeg acctgegecyg agggcetgage 5100
geegegtgge gecacgtcac cagetecege gggtggaage getggaagag cgtettggga 5160
atggactacg tccgegggat tgaggcecace cacggagcega acggcetggea tcetgcacate 5220
cacgcectge tgatcttece cggegacgte acggaggaga tgcacgcect caccgecgag 5280
atctggacce gectggtegac cggectgegg cgcaaggget tegacgecac gatcgeccac 5340
ggcegtegacyg tcegggtegg caccggegee ctcegaacage teggecgeta catctcecaaa 5400
ctggectteg agaccteegg cggecggtgg aagetgggea agaacggeag ccgtaccceceg 5460

ttccagatce tegecgacge cctggaccga geccgegace gagacctege getcetgggeg 5520
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gagtgggage aggccagcca cggcatgcag cagctegtgt ggtccaacgg actcaaggeg 5580
gectgecage tcgacgagat cgacgacgag acgatcgegg aggaggacga cggtggtgag 5640
ttegtegece agetecccceg ccgcacctgg gagaaggtet acccecgtege cgaagacctg 5700
atcatcgcca cccgecactgg tggccccgaa geaggcecgeg cctggettga cgeccgegge 5760
ctggectatg accacgagcg cgacacgagce gaacgagcag tcectgctega cgagecggac 5820
cegeegtteg cgtggetgag ggccgetete geggecgaag acccecgagcea gcgecgggag 5880
cgacgecgee gctactaccg caccgcacag accaactgag ctcecgatgagyg agcagaacca 5940
cgatggcecga cacctggacg atcageccge tgatccegece ccetgetgege aagctcgatg 6000
agcgeggagg ctgcgectac ccgcaggact teccgcactyg ccacggcegece gagatccage 6060
acaccgacgg caccgcecgaa tgcttcaacce ceggecagece ctgeccctac ccacgacccyg 6120
gegegeacge cttegtccac acctgegetg acgtcaccca ceggctcacce caccgetgea 6180
ccegetgeeg ctgattcace acaggccatg cacctatgca ttgcccaatg atgatctteg 6240
gctgectgacyg tcegtcecgatac gacgacatta ctcaattctg ttgtcccata aagcatctgg 6300
cctctaatgg ccccaaccag tcgactgact ggcccacact tacatatatg tagtttegeg 6360
ctgtaaaggg tattcatccc atttggcggce taccggtcac actatcgatt ttggaagggt 6420
ctgtgaccecg aagtaattcg acctcaagcce actggggect taaatgaaga ctctcgetceg 6480
tceggtcaaa teccgeggcag tatcactcectt ggeggctgte getcectgtteg gtactgegge 6540
agcaagtcct atcgcgcceccece aggcttegge gaacccagtt ggaaactgtg ggggctcetgt 6600
ccagacctat cgccagaacg gcccaattga cgectggegyg gtgegggtca ccggagtgga 6660
tctgatgggg atcatcaggc ctgcggtgcg aggcgagttc aacatgtcga tcagtggacce 6720
ggacggcgaa tcatttctcg ctegttegat tccgttcgat gaatttactg gaccgagtga 6780
tagcgttatce gtcagaggac cggaggtccg ggtctcecggte caggtegttg ctacgcectgce 6840
caacggcagg agctgcagct actactacgt ggcaccctat ccgggtgcgt aagtaacagce 6900
gagagtggga aatgactcat ccagegttgg gccgactcaa gagactgaac gcagcggtca 6960
atgaagtagg gctgtctgag tccgaggaag agccgctgac tgctgaggcce ctcaaagagg 7020
cgatctecgca tttctcaaca ttgttgttce agctcggaat aagtgctgge tacttcaacg 7080
actccgatct agcgaagacg ctagaccttg atgacaagtg gagagacttt ttcaccgatc 7140
tgagcgceggce gcagecgttet gecttttate tactggaggce gagcgtaggt gagagggcetce 7200
cacaggaacc ggatgacggc tctaggccct ggatcggtcecce gcactaatcg aggcttgact 7260
aagggggtat ctctgccttg getggegtge ggttgagage cggtccgccce tgaacactga 7320
gtggtgtegt cgataggacg acggggccgg atatgactac agtcggtgac cacgcgtecce 7380
tcaagatcgt ttgatgcata ggtgtgagtc aattgatctt ggtcgggggt gtgactggcet 7440
gtggtcagac ggggctgacg ccggtcetegg cgttggegtyg ctggcacaga acgaggacgce 7500
gatcgcegte ggtgceccgegg tagatcgtcect ggceccgtcecgta gteggtcagg tggtggatceg 7560
gegegggete gecggagate ttceecggacgg cgtgggtceca gggeggeggyg tgecggtegy 7620
tgatcttecte ggtcatcgece geggcegectg cttgccgate atcgtgacga cctggtegeg 7680
caggctegeg tegteggegg cgagcagcac gagagcggac aggacctega tccggtcecac 7740

gtggcggece agecgtegee gegetacceg ggccaggtge tegaacgegt cgegggtgte 7800
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gtegtegagg accgeggtgt acttcgacce geccegegee ggacgtacceyg cggggaccte 7860
acgceggetge ggtggtgegg ccaccggete ggegacegeg accggcacceg gegteceggg 7920
cagggtgatc tggtccgggt getgcegggtg ctegacggge gtgtcecgtcegt tacgacgacce 7980
tttggtggag gcggcggeceg cgaggctgcg acgggctcecg gectcegettge getcagecat 8040

gatcagg 8047

<210> SEQ ID NO 13

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 13

atcaccgggyg agaacttcac cgaggtegece 30

<210> SEQ ID NO 14

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 14

cggggtgggg ttctcgaagt actggcectt 30

<210> SEQ ID NO 15

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 15

gggtgcccete gacgagcecteg a 21

<210> SEQ ID NO 16

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 16

acgcgatggg caccgcgetg t 21

<210> SEQ ID NO 17

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 17

gecggatece tcecegeegee cegcacggea 30

<210> SEQ ID NO 18

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Synthetic oligonucleotide
<400> SEQUENCE: 18

gectgtacat gaccegcacce cgccaggegt

<210> SEQ ID NO 19

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 19

gectgtacac tcccgeegee cegcacggea

<210> SEQ ID NO 20

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 20

geecggatect gaccegcace cgccaggegt

<210> SEQ ID NO 21

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 21

gecggatceeg gttcetgaccet geattcegaca

<210> SEQ ID NO 22

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 22

gecggateeg atcgetggeg gtgetegatg

<210> SEQ ID NO 23

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 23

gectgtacac aggcgceggece tgcttegggyg

<210> SEQ ID NO 24

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 24

30

30

30

30

30

30
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gectgtacag cgggetgate gtccaggtgt

<210> SEQ ID NO 25

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 25

gectgtacaa ttagaggcca gatgcetttat

<210> SEQ ID NO 26

<211> LENGTH: 448

<212> TYPE: DNA

<213> ORGANISM: Pseudonocardia autotrophica

<400> SEQUENCE: 26

gtgcctggee tgcteggeeg cggegacgag ggtctccege agcageggca ggacctgege
cagceggatgt ccggegegea geteggegac ctegecegge tggtaggtgt gegagggecg
ggaccgctee ggatcgacgg cggeggecag cgaacgctee caggacgecce ggatcteegg
gegecacctee ggtgeggeeg aaccggtcag cgceggegeca cgegeccget ccageceged
tcgttcacge gtcacgacac tcaccctatg gttagctcag cettacctga atcgaatceg
cgggatcegge actctecegga ggttcaggtt cegeatetge gtgcaaccce tgtgcaacce
ccaccttect agtgtecegge atcacgegea atgcagtgat atctccacgg acatccccca
cggacatcce ccacgggaag gaccateg

<210> SEQ ID NO 27

<211> LENGTH: 3200

<212> TYPE: DNA

<213> ORGANISM: Pseudonocardia autotrophica

<400> SEQUENCE: 27

cactcccgaa acagggatca tgctegeegg ccgggacgag tggggtggat cageegtegg
gecagcegecag gtegegatgg tecccegteeyg gtagegeceg cegcagecgyg tcecgeaget
cggtgteegyg atcgetgtee ggatecggege geageagege gageagegee tceceggatege
ccgagegeag tacggeggta cgggtegagg ccaccaggtg ctegegeteg geccgcacac
ceggegacte cgaggtegge agcaacggac cgegggecge cteggecgeg gegtegegga
cecegecegtyg cegeagegece tegegeagee ggaggaagte ggegtecace cgggeggega
gecgataggg ctgggtacgg acggtgtect cgecgacgca geggegcage cggtgeatet
cggeceggac ggtgateggg cgeccctegt cgecgtagag cgegeeggeg agetggtegg
cegtecagece ctetgggtge agegegagea gggtgageac cteggegtge cgcageccga
gecgecagegg ceggecgteg cgceegggcega ceggegecct ggecccgagyg aacggcaggg
tgagcgeegyg cagcaccgga cccgagggtyg tgggeacceg gagecagecag ccctegecca
geggcetecag cacggecteg gegecgecegt cgagcaggat ceggtegecyg cgetegggea
gegtcacceeyg gacagggaag cggtgegeeg gggtggegge cagcaccegyg cegtgtggtg
acagcagege gecggggacg tegecgagece gggacaggtg cggeaggttyg gtgtceccegea

atcgeceggte acgatcctee agecagegecg ccagecggtg cteggegage cgegeggecg

30

30

60

120

180

240

300

360

420

448

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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cggtgaccag cgacagegtce atcggatgga acgactccte cggecceggtyg acgtcgacgg 960
cgecgatetyg geggeeggte tcegggtegt geaccggage ggecgcegcag gtccacgggt 1020
gataggcget gaccaggtge tceggecgagt ggatceggac cggecggteg teggacageg 1080
cggtgcceccat cgegttggtyg ccgaccgagt cctegcteca gegggtgcece tcegacgagcet 1140
cgaccegete ggcceeggege agcacctege gegeacccte cegecacagyg atgtgeccge 1200
gctegteggt cacgatcate atgtgectgg cctgctegge cgcggcgacg agggtctecce 1260
gcagcagegyg caggacctge gccageggat gtceggegeg cagceteggeg acctegeccyg 1320
getggtaggt gtgcgaggge cgggaccgcet ccggatcgac ggcggeggec agcgaacget 1380
cccaggacge ccggatctcece gggcgcacct ceggtgegge cgaaccggte agcegeggege 1440
cacgcgeccg ctcecagceeg cctegttcac gecgtcacgac actcacccta tggttagetce 1500
agccttacct gaatcgaatc cgcgggatcg gcactctecg gaggttcagg ttceccgcatct 1560
gcgtgcaacce cctgtgcaac ccccacctte ctagtgtceceg gcatcacgeg caatgcagtyg 1620
atatctccac ggacatcccce cacggacatce ceccacggga aggaccatcg atggcecacgt 1680
acgcggcacce gggtcagecg gacagcegtceg tctegttcaa gectecgctac gaccacttca 1740
tecggeggega gtacatcgeg ccggcgaagg gecagtactt cgagaacccece acccecgatca 1800
ccggggagaa cttcaccgag gtcegecegeg geaccgecga cgacgtcegag aaggeccteg 1860
acgcggegea cggegecgca ccggectggg gcaagaccte geccaccgag cgggcgaaca 1920
tcctgaacaa gatggecgac cggatcgagg cgaacctega ggeggtcegeyg atcgecgagt 1980
cctgggagaa cggcaaggcece tgccgggaga cectggegge cgacatcceceyg ctggegatceg 2040
accacctgeg ctacttcecgec ggtgcgatce gggcgcagga gggcggtcte teccagatceg 2100
acgacgacac cgtcgectac cacttcecacg agecgcetggyg cgtegtcegge cagatcatce 2160
cgtggaactt cccgatcectg atggcgatct ggaagctege ceccggegcte gecgcaggca 2220
acgcgatcegt cctcaagccg gecgagecaga cgecggtete gatccacgte ctgetggace 2280
tggtcgecga cctgctgeceg cecggtgtge tcaacategt caacgggttce ggcgtcecgagg 2340
cecggeaagee getggegtcee aacaagegcea tctcgaagat cgecttcace ggtgagacca 2400
ccaccggeceg gctgatcatg cagtacgect cggagaacct gatccceggte accctggage 2460
tgggtggcaa gagcccgaac atcttcecttceg acgacgtcege ctcccagcag gacgegttet 2520
acgacaaggc gctcgagggce ttcecgcgatgt tcgeccctcaa ccagggcgag gtcectgcacct 2580
geeegtegeyg cgegetgate cagggeggca tctaccagga gttectggag caggeggtca 2640
agcgcaccga gcagatcaag cagggcaacce cgetcgacac cgacacccag atcggtgege 2700
aggcctcegaa cgaccagttce gagaagatcce tgtcecctacat cgacatcggt cgtcaggagg 2760
gggccaaggt cctcaccggt ggcgagaagg ccgatctegg cggcgaccte tecggegget 2820
actacatcaa gccgaccgtg ttcgagggca acaaccagat geggatctte caggaggaga 2880
tctteggtee ggtegtcecteg gtggeceggt tcetecgacta cgacgacgece atccggaccyg 2940
ccaacgacac gctctacgge ctecggegecg gegtgtggag cegggacacyg aacaccgect 3000
accgggeggg tegegacatce caggcecggece gggtgtgggt gaacaactac cacgegtace 3060
cggcgeacge tgccttegge ggctacaage agtccggeat cgggcgcgag aaccacaagce 3120

agatgctcga ccactaccag cagaccaaga acgtectgea gagetacteg ccgaacgege 3180
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tgggcttett ctgatgggge

<210> SEQ ID NO 28

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 28

gectgtacat cgeggacgtg ctcatagtee

<210> SEQ ID NO 29

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 29

gecggatcece ctgatagaaa cagaagccac

<210> SEQ ID NO 30

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 30

gtceeggcaa cgetgggtgyg atggatccat

<210> SEQ ID NO 31

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 31

gecggtacce caaaatccct taacgtgagt

<210> SEQ ID NO 32

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 32

gecggtacce tcccgeegee cegcacggea

<210> SEQ ID NO 33

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 33

geccaagcettyg tgectggect geteggeege

<210> SEQ ID NO 34

3200

30

30

30

30

30

30
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<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 34

geccatatgt ggtecttece gtgggggatg

<210> SEQ ID NO 35

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 35

geccecccata tggegctgac caccaccgge

<210> SEQ ID NO 36

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 36

geegetaget caggegetge geggecccat

<210> SEQ ID NO 37

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 37

geccaattga ctagtcgacce caccggcacc

<210> SEQ ID NO 38

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 38

geccttaagt agagtcccge tgaggeggeg

<210> SEQ ID NO 39

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 39

geccatatga ccgagaccgt tacgacgecc

<210> SEQ ID NO 40

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

30

30

30

30

30

30
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<223> OTHER INFORMATION:

<400> SEQUENCE: 40

gccactagte tactcgacga
<210> SEQ ID NO 41

<211> LENGTH: 30
<212> TYPE: DNA

cgcegtaccge

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 41

geeggtaceg tgectggect
<210> SEQ ID NO 42

<211> LENGTH: 30
<212> TYPE: DNA

geteggecge

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 42

gecggtacct agagtcccge
<210> SEQ ID NO 43

<211> LENGTH: 21
<212> TYPE: DNA

tgaggcggcyg

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 43
ctacactaga aggacagtat
<210> SEQ ID NO 44

<211> LENGTH: 1212
<212> TYPE: DNA

t

<213> ORGANISM: Pseudonocardia autotrophica

<400> SEQUENCE: 44

atggcgctga ccaccaccgg

aacccgcate ccgectacge

ceggacggge cggtetgget

cegegectgt cgaaggactg

gecacgceega cgecgatgat

ctggteggca ggtegttcac

atcgccgacyg gectgetege

tacgcgttce agatcceggt

cgcgacgact tcteegegtyg

aacgcggeca tgggcaagcet

gagccegacyg acgegetgtt

ctcteccagyg aggagetegt

acggtcaacce tgatcggcaa

caccgagcag

ggcactcegt

gctecaccege

gegecacacyg

gatcctgatyg

cgteegeagy

cggectgece

acaggtgatc

gtcgtcggtg

gcacggctac

gtegtegety

cgcgatggcg

cggegtecte

cacgacctgt
gecgaggate
tacgccgacyg
ctgecccgagyg
gatccgeegyg
atgaacgagc
accgacggec
tgcgagetge
ctggtegacy
ctgtcegace
ctggeggtge
atgctgetge

gecctgetea

Synthetic oligonucleotide

Synthetic oligonucleotide

Synthetic oligonucleotide

Synthetic oligonucleotide

tctegggeac

cggtacgcaa

tgcgegagge

accageggge

atcacacccg

tggagccgcg

cggtcgacct

thgggthC

actcgecgge

tgctggagcg

ccgacgagga

tgatcgcegy

cgcaccccga

cttetggeag

getegegetyg

gttegtegat

ggacatgccg

getgegcaag

gatcaccgag

gatgcgcgag

cgcegaggac

cgacgacaag

caagcgcace

cggcgaccgg

gcacgagacg

ccagcggaag

30

30

30

21

60

120

180

240

300

360

420

480

540

600

660

720

780
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ctgctggeeg aggacccegte gctgatcage tceggceggteg aggagttcect geggttegac 840
tcteecegtet cgecaggccce gatccggtte accgeggagg acgtcaccta ctceeggegtg 900
accatccecgg ccggegagat ggtcatgcte gggetggeeg ccegccaaccg ggacgccgac 960

tggatgccecg agccggacceg gctcgacatce accecgggacg cctceecggcegg ggtgttette 1020
gggcacggca tccacttetg ccteggtgece cagetggece ggetggaggg cegggtcegeg 1080
atcggacggce tgttcgccga tegcecccggag ctggcgeteg cggtecggcect cgacgagetg 1140
gtctaccggg agtcgacgct ggtecggggg ctgtcgagga tgccggtgac gatggggecyg 1200
cgcagegect ga 1212
<210> SEQ ID NO 45

<211> LENGTH: 7510

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 45

tgtacatcge ggacgtgctce atagtccacg acgeccgtga ttttgtagece ctggecgacyg 60
gccagcaggt aggccgacag gctcatgecg gecgecgecg ccettttecte aatcgetett 120
cgttegtetyg gaaggcagta caccttgata ggtgggetge ccttectggt tggettggtt 180
tcatcagcca tccgettgcee ctcatctgtt acgecggegyg tagecggeca gectegcaga 240
gcaggattce cgttgagcac cgccaggtgce gaataaggga cagtgaagaa ggaacacccyg 300
ctegegggty ggcectactte acctatectg ceccgctgac gecgttggat acaccaagga 360
aagtctacac gaaccctttg gcaaaatcct gtatatcgtyg cgaaaaagga tggatatace 420
gaaaaaatcyg ctataatgac cccgaagcag ggttatgcag cggaaaagcg ctgcettcect 480
getgttttgt ggaatatcta ccgactggaa acaggcaaat gcaggaaatt actgaactga 540
ggggacaggce gagagacgat gccaaagagc tcctgaaaat ctcgataact caaaaaatac 600
geeecggtagt gatcttattt cattatggtg aaagttggaa cctcttacgt gecgatcaac 660
gtectcatttt cgccaaaagt tggeccaggg cttceceggta tcaacaggga caccaggatt 720
tatttattct gcgaagtgat cttccgtcac aggtatttat teggcgcaaa gtgegtceggg 780
tgatgctgcce aacttactga tttagtgtat gatggtgttt ttgaggtgct ccagtggcett 840
ctgtttctat cagctectga aaatctcgat aactcaaaaa atacgcccegyg tagtgatcett 900
atttcattat ggtgaaagtt ggaacctctt acgtgccgat caacgtctca ttttegecaa 960

aagttggccce agggctteccece ggtatcaaca gggacaccag gatttattta ttctgcgaag 1020
tgatcttceg tcacaggtat ttattcggcg caaagtgcegt cgggtgatge tgccaactta 1080
ctgatttagt gtatgatggt gtttttgagg tgctccagtg gecttectgttt ctatcagggg 1140
atccatgececg tatttgcagt accagcgtac ggcccacaga atgatgtcac gctgaaaatg 1200
ccggectttg aatgggttca tgtgcagctce catcagcaaa aggggatgat aagtttatca 1260
ccaccgacta tttgcaacag tgccgttgat cgtgctatga tcgactgatg tcatcagegg 1320
tggagtgcaa tgtcgtgcaa tacgaatggc gaaaagccga gctcatcggt cagcttctca 1380
accttggggt tacccccgge ggtgtgctge tggtccacag ctcecttceccegt agegtcecggce 1440

ccetecgaaga tgggccactt ggactgatcg aggccctgeg tgctgegcetg ggtccgggag 1500
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ggacgctegt catgceccteg tggtcaggte tggacgacga gcecgttcgat cctgccacgt 1560
cgccecgttac accggacctt ggagttgtct ctgacacatt ctggcgcectg ccaaatgtaa 1620
agcgcagcgce ccatccattt gectttgegg cageggggcce acaggcagag cagatcatct 1680
ctgatccatt gecccctgeca cctcactcecge ctgcaagece ggtcgeccegt gtceccatgaac 1740
tcgatgggca ggtacttcete cteggegtgg gacacgatge caacacgacg ctgcatcttg 1800
ccgagttgat ggcaaaggtt ccctatgggg tgccgagaca ctgcaccatt cttcaggatg 1860
gcaagttggt acgcgtcgat tatctcgaga atgaccactg ctgtgagecgce tttgecttgg 1920
cggacaggtg gctcaaggag aagagccttc agaaggaagg tccagtcggt catgectttg 1980
ctcggttgat cecgctccecege gacattgtgg cgacagecect gggtcaactg ggccgagatce 2040
cgttgatctt cctgcatceg ccagaggcgg gatgcgaaga atgcgatgcce getcgccagt 2100
cgattggctg agctcatgag cggagaacga gatgacgttg gaggggcaag gtcgcgctga 2160
ttgctgggge aacacgtgga gcggatcggg gattgtettt cttcagcecteg ctgatgatat 2220
gctgacgete aatgccgttt ggectceccgac taacgaaaat cccgcatttg gacggctgat 2280
ccgattggea cggeggacgg cgaatggegg agcagacget cgtecggggyg caatgagata 2340
tgaaaaagcc tgaactcacc gcgacgtaag cttgtgectg gectgctcecgg ccegeggcgac 2400
gagggtctee cgcagcageg gcaggacctg cgccagegga tgtcceggege gecagetcegge 2460
gacctegeee ggetggtagg tgtgegaggg ccgggaccge tecggatcga cggeggegge 2520
cagcgaacge tcccaggacg cccggatcte cgggegcace teeggtgegyg ccgaaccggt 2580
cagcgeggeg ccacgegece getccagece gectegttea cgegtcacga cactcaccct 2640
atggttagct cagccttacce tgaatcgaat ccgecgggatce ggcactctee ggaggttcag 2700
gttcegcate tgcgtgcaac ccctgtgcaa cccccacctt cctagtgtcecce ggcatcacge 2760
gcaatgcagt gatatctcca cggacatccce ccacggacat cccccacggg aaggaccatce 2820
gcatatggceg ctgaccacca ccggcaccga gcagcacgac ctgttctegg gcaccttetg 2880
gcagaacceyg catcccgect acgeggcact cegtgecgag gatccggtac gcaagctege 2940
gctgecggac gggcecggtcet ggetgctcac cecgctacgec gacgtgcgeg aggcgttegt 3000
cgatcegege ctgtecgaagg actggegeca cacgetgece gaggaccage gggcggacat 3060
geeggecacy ccgacgcecga tgatgatcct gatggatceg ceggatcaca ceeggetgeg 3120
caagctggte ggcaggtegt tcaccgteceg ceggatgaac gagcectggage cgcggatcac 3180
cgagatcgee gacggectge tecgcecggect geccaccgac ggeccggteyg acctgatgeg 3240
cgagtacgcg ttccagatcc cggtacaggt gatctgcgag ctgctegggg tgcccgccga 3300
ggaccgcgac gacttctceceg cgtggtegte ggtgectggte gacgactecge cggccgacga 3360
caagaacgcg gccatgggca agctgcacgg ctacctgtec gacctgetgyg agcgcaagceg 3420
caccgagcce gacgacgege tgttgtegte getgetggeg gtgtecgacyg aggacggcga 3480
ccggctetee caggaggagce tcegtcecgegat ggcgatgetg ctgctgatceg ccegggcacga 3540
gacgacggte aacctgatcg gcaacggegt cctegecctg ctcacgcacce ccgaccageg 3600
gaagctgetg gecgaggace cgtegcectgat cagcteggeg gtcegaggagt tcectgeggtt 3660
cgactctecece gtctegcagg ccccgatceccecg gttcaccecgeg gaggacgtceca cctactcecegg 3720

cgtgaccate ccggecggeg agatggteat getegggetg gecgeegeca accgggacgce 3780
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cgactggatg cccgagecgg accggctega catcaccegyg gacgectecyg geggggtgtt 3840
cttcgggcac ggcatccact tectgectcecgg tgcccagetg geccggctgg agggcecgggt 3900
cgegategga cggetgtteg ccgatcegece ggagetggeg ctegeggteyg gectcegacga 3960
gctggtctac cgggagtcga cgctggtecg ggggctgteg aggatgccgg tgacgatggg 4020
gccgegcage gectgagceta gcgttaacge ggccgcgaat tcaggcectat gcattacgta 4080
caattgacta gtcgacccac cggcaccegt gagecccteg ctgegggtge cggtgegagg 4140
gactgcaaca cgcgaaacct gcacaaacac acggaggttg gaatgagcgce cacggacaca 4200
ccegataceg gegecgttece accceggttg gtgaccaccg ctggggcggce tgacctgceta 4260
cgeccgectca gegggactcet acttaagcag cttgagtatt ctatagtgtce acctaaatag 4320
cttggcgtaa tcatggtcat agctgtttce tgtgtgaaat tgttatccge tcacaattcce 4380
acacaacata cgagccggaa gcataaagtg taaagcctgg ggtgcctaat gagtgagcta 4440
actcacatta attgcgttgce gctcactgce cgctttecag tcgggaaacce tgtcgtgeca 4500
gctgcattaa tgaatcggce aacgcgceggg gagaggcggt ttgecgtattg ggegcetcette 4560
cgcttecteg ctcactgact cgctgcegcecte ggtegttegg ctgcggcgag cggtatcagce 4620
tcactcaaag gcggtaatac ggttatccac agaatcaggg gataacgcag gaaagaacat 4680
gtgagcaaaa ggccagcaaa aggccaggaa ccgtaaaaag gccgcegttge tggegttttt 4740
cgataggcte cgccccectg acgagcatca caaaaatcga cgctcaagtce agaggtggeg 4800
aaacccgaca ggactataaa gataccaggc gtttcccect ggaagctcece tegtgegetce 4860
tcetgttecg accctgcege ttaccggata cctgtceccegece tttceteccecctt cgggaagegt 4920
ggcgcetttet catagctcac gctgtaggta tctcagtteg gtgtaggtcg ttegctcecaa 4980
gctgggctgt gtgcacgaac ccecccgttca geccgaccge tgcgecttat ccggtaacta 5040
tcgtcttgag tccaaccecgg taagacacga cttatcgceca ctggcagcag ccactggtaa 5100
caggattagc agagcgaggt atgtaggcgg tgctacagag ttcttgaagt ggtggcctaa 5160
ctacggctac actagaagga cagtatttgg tatctgcget ctgctgaagce cagttacctt 5220
cggaaaaaga gttggtagct cttgatccgg caaacaaacc accgctggta geggtggttt 5280
ttttgtttgce aagcagcaga ttacgcgcag aaaaaaagga tctcaagaag atcctttgat 5340
cttttctacg gggtctgacyg ctcagtggaa cgaaaactca cgttaaggga ttttggggta 5400
cecteccgee geccecgecacg gecacgecgte atgacggtea accgteggeyg tcegtectate 5460
gacgacagca ccggatgccg gacggggaac aggagcaccg ccecgtctega cegetgeect 5520
tcctegatac aaggecgcac gagtgegggg caggttcagt caagggtegyg cgcagecgat 5580
cgcgtagega cgccgcaggce geccttggeg ggttcectgace tgcattcgac acttagccgce 5640
catcgaggta gggcccaccg cagcacgege tacagcaccyg gcaccgagaa caccctcage 5700
tctegegeeyg caggegegeg cccggtecgg acgggcecegyg cecgegggee ggaggcagga 5760
gegggecgga geceggeceg gocgggegee ggccacageg geccgatege tggeggtget 5820
cgatgaccge cgcgetgacg cgcgtegacg cgggegtgece cgegettggt actgacgcga 5880
aaagtgcgge caccgcaggt caggtccceg tgggggactyg ggcagggage ttcetgggage 5940
ggcaggaceyg cgecttgegg gagaagtace gggcecegecg tgagetggec aggatcacga 6000

cgectgegteg cgttgcacge tgcggacgct cctegatgaa cgacggcgga gacgtcegtcece 6060
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tgegetacte gcceggecace ggggaggacg geteggegte ggegggttte ggceggactgg 6120
tgacctgegg cagectgtgg gectgeeegyg tetgetegge caagatcage geccgecggyg 6180
ccegggaget ggaacacctg atcacctgga acgecgeceyg cggeggcace gtcegegetge 6240
tcagectgac catgegecac cacageggece accgectgeg cgacctgege cgagggcetga 6300
gegecgegty gegecacgte accagetccee gegggtggaa gegcetggaag agegtcettgg 6360
gaatggacta cgtccgceggg attgaggcca cccacggage gaacggetgg catctgcaca 6420
tccacgeect getgatcectte cccggegacyg tcacggagga gatgcacgece ctcaccgecg 6480
agatctggac ccgetggtceg accggectge ggegcaaggyg cttegacgece acgatcgece 6540
acggegtcega cgtceegggte ggcaccggeg cectcgaaca geteggecege tacatctceca 6600
aactggcctt cgagacctcce ggcggecggt ggaagcetggyg caagaacgge agcecgtacce 6660
cgttecagat cctegecgac gecctggace gageccgega ccgagaccte gegetcetggg 6720
cggagtggga gcaggccage cacggcatge agcagctegt gtggtccaac ggactcaagg 6780
cggectgeca gctegacgag atcgacgacg agacgatcege ggaggaggac gacggtggtg 6840
agttegtege ccagcetccce cgccgcacct gggagaaggt ctaccccegte gccgaagace 6900
tgatcatcge cacccgcact ggtggecceg aagcaggeceg cgectggett gacgeccgeg 6960
gectggecta tgaccacgag cgcgacacga gcgaacgage agtcctgetce gacgagcecegg 7020
acccgecgtt cgegtggetyg agggcecgete tegeggcecga agaccccgag cagcegeceggg 7080
agcgacgeceg ccgctactac cgcaccgcac agaccaactyg agctcgatga ggagcagaac 7140
cacgatggee gacacctgga cgatcagecce getgatcege ccectgetge gcaagetcga 7200
tgagcgegga ggctgegect acccgcagga ctteccgeac tgccacggeyg ccgagatcca 7260
gcacaccgac ggcaccgccg aatgcettcaa ccceggecag cectgecect acccacgace 7320
cggegegeac gecttegtee acacctgege tgacgtcace caccggctca cccaccgetg 7380
cacccgetge cgctgattca ccacaggcca tgcacctatg cattgcccaa tgatgatctt 7440
cggctgcectga cgtcgtcgat acgacgacat tactcaattc tgttgtccca taaagcatct 7500
ggcctctaat 7510
<210> SEQ ID NO 46

<211> LENGTH: 7685

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 46

tgtacatcge ggacgtgete atagtccacyg acgcccgtga ttttgtagee ctggecgacg 60
gecagcaggt aggccgacag gctcatgeeg gecgecgeeg ccttttecte aategetett 120
cgttegtetyg gaaggcagta caccttgata ggtgggetge cetteetggt tggettggtt 180
tcatcagcca tcegettgee cteatctgtt acgeeggegg tagecggeca gectegcaga 240
gcaggattce cgttgagcac cgccaggtgce gaataaggga cagtgaagaa ggaacaccceg 300
ctegegggtyg ggectactte acctateetyg ccecgetgac gecgttggat acaccaagga 360
aagtctacac gaaccctttg gcaaaatect gtatategtg cgaaaaagga tggatatacce 420

gaaaaaatcg ctataatgac cccgaagcag ggttatgcag cggaaaageg ctgcttecct 480
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getgttttgt ggaatatcta ccgactggaa acaggcaaat gcaggaaatt actgaactga 540
ggggacaggce gagagacgat gccaaagagc tcctgaaaat ctcgataact caaaaaatac 600
geeecggtagt gatcttattt cattatggtg aaagttggaa cctcttacgt gecgatcaac 660
gtectcatttt cgccaaaagt tggeccaggg cttceceggta tcaacaggga caccaggatt 720
tatttattct gcgaagtgat cttccgtcac aggtatttat teggcgcaaa gtgegtceggg 780
tgatgctgcce aacttactga tttagtgtat gatggtgttt ttgaggtgct ccagtggcett 840
ctgtttctat cagctectga aaatctcgat aactcaaaaa atacgcccegyg tagtgatcett 900
atttcattat ggtgaaagtt ggaacctctt acgtgccgat caacgtctca ttttegecaa 960

aagttggccce agggctteccece ggtatcaaca gggacaccag gatttattta ttctgcgaag 1020
tgatcttceg tcacaggtat ttattcggcg caaagtgcegt cgggtgatge tgccaactta 1080
ctgatttagt gtatgatggt gtttttgagg tgctccagtg gecttectgttt ctatcagggg 1140
atccatgececg tatttgcagt accagcgtac ggcccacaga atgatgtcac gctgaaaatg 1200
ccggectttg aatgggttca tgtgcagctce catcagcaaa aggggatgat aagtttatca 1260
ccaccgacta tttgcaacag tgccgttgat cgtgctatga tcgactgatg tcatcagegg 1320
tggagtgcaa tgtcgtgcaa tacgaatggc gaaaagccga gctcatcggt cagcttctca 1380
accttggggt tacccccgge ggtgtgctge tggtccacag ctcecttceccegt agegtcecggce 1440
ccetecgaaga tgggccactt ggactgatcg aggccctgeg tgctgegcetg ggtccgggag 1500
ggacgctegt catgceccteg tggtcaggte tggacgacga gcecgttcgat cctgccacgt 1560
cgccecgttac accggacctt ggagttgtct ctgacacatt ctggcgcectg ccaaatgtaa 1620
agcgcagcgce ccatccattt gectttgegg cageggggcce acaggcagag cagatcatct 1680
ctgatccatt gecccctgeca cctcactcecge ctgcaagece ggtcgeccegt gtceccatgaac 1740
tcgatgggca ggtacttcete cteggegtgg gacacgatge caacacgacg ctgcatcttg 1800
ccgagttgat ggcaaaggtt ccctatgggg tgccgagaca ctgcaccatt cttcaggatg 1860
gcaagttggt acgcgtcgat tatctcgaga atgaccactg ctgtgagecgce tttgecttgg 1920
cggacaggtg gctcaaggag aagagccttc agaaggaagg tccagtcggt catgectttg 1980
ctcggttgat cecgctccecege gacattgtgg cgacagecect gggtcaactg ggccgagatce 2040
cgttgatctt cctgcatceg ccagaggcgg gatgcgaaga atgcgatgcce getcgccagt 2100
cgattggctg agctcatgag cggagaacga gatgacgttg gaggggcaag gtcgcgctga 2160
ttgctgggge aacacgtgga gcggatcggg gattgtettt cttcagcecteg ctgatgatat 2220
gctgacgete aatgccgttt ggectceccgac taacgaaaat cccgcatttg gacggctgat 2280
ccgattggea cggeggacgg cgaatggegg agcagacget cgtecggggyg caatgagata 2340
tgaaaaagcc tgaactcacc gcgacgtaag ctttaagcag cttgagtatt ctatagtgtce 2400
acctaaatag cttggcgtaa tcatggtcat agctgtttcce tgtgtgaaat tgttatccgce 2460
tcacaattcc acacaacata cgagccggaa gcataaagtg taaagcctgg ggtgcectaat 2520
gagtgagcta actcacatta attgcgttgce gctcactgec cgcttteccag tcgggaaacce 2580
tgtcgtgecca gectgcattaa tgaatcggce aacgcgeggg gagaggcggt ttgcgtattg 2640
ggcgctctte cgettecteg ctecactgact cgctgegcecte ggtegttegg ctgcggcegag 2700

cggtatcagce tcactcaaag gcggtaatac ggttatccac agaatcaggg gataacgcag 2760
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gaaagaacat gtgagcaaaa ggccagcaaa aggccaggaa ccgtaaaaag gecgegttge 2820
tggcgttttt cgataggctc cgccccectg acgagcatca caaaaatcga cgctcaagtce 2880
agaggtggceg aaacccgaca ggactataaa gataccagge gtttecccect ggaagcetcce 2940
tcgtgegete tectgtteeg accctgecge ttaccggata cctgtecgece tttetceectt 3000
cgggaagcgt ggcgctttet catagctcac gctgtaggta tctcagttceg gtgtaggtceg 3060
ttcgctecaa getgggcectgt gtgcacgaac ccecccgttceca geccgaccge tgcgecttat 3120
ccggtaacta tcgtcecttgag tceccaacccgg taagacacga cttatcgcca ctggcagcag 3180
ccactggtaa caggattagc agagcgaggt atgtaggcegg tgctacagag ttcecttgaagt 3240
ggtggcctaa ctacggctac actagaagga cagtatttgg tatctgcget ctgctgaage 3300
cagttacctt cggaaaaaga gttggtagct cttgatccgg caaacaaacc accgctggta 3360
gcggtggttt ttttgtttge aagcagcaga ttacgcgcag aaaaaaagga tctcaagaag 3420
atcctttgat cttttctacg gggtctgacg ctcagtggaa cgaaaactca cgttaaggga 3480
ttttggggta cctagagtcc cgctgaggcg gcgtagcagg tcagccgccce cageggtggt 3540
caccaaccgg ggtggaacgg cgccggtate gggtgtgtece gtggcgctca ttceccaaccte 3600
cgtgtgtttg tgcaggtttc gegtgttgca gtcecctegca cecggcacceg cagcgagggyg 3660
ctcacgggty ccggtgggtce gactagtcta ctecgacgacyg cgtaccgege cggacgggca 3720
cagcgegeceg gettegagtyg ccgccgeacyg gecggecteg cegggttecyg cggecagcac 3780
cgtcaccaca ccgtegtegt cctggtegaa gacctecgge gecgtcaagyg cgcacaggece 3840
cgcteccacg cagaccteece ggtcggecgt cacacgcatg getgctcectt tegecgeggt 3900
caccaggtga ccgggagttc gttcacgcce tggatcgteg tgccecgggeg cagggtcagce 3960
cggtecaceg gcaccgecag ccgcagacceg ggcagcecget cgaacagege cgtgaggatg 4020
accteccagtt cgaggeggge caggttetgg cegaggcact gatgcaccee gtagecgaac 4080
gecaggtggt ggegggecte gegecgcacg tcgaaggegt cegggtegge gaagacggag 4140
ccgtegeggt tggcgatcga gttggtgacg atgacccect cecccecgeceg gatgegetge 4200
ccgtcecgatet cgatgtcege cgtcecgcegatce cgecccgecgg cgatgtcgge gatggccaga 4260
tagcgcagca gctectecac cgecgecggge accagcgacyg gatcggegeyg caacgeggceg 4320
tgctggtegg gatgttcgag gagggtgatg acgctgageg acgtcatcga cgccgtegte 4380
tegtgteegg cgaccagcag caggatcgece gtegacacca gcetectceeceyg gtcegategeg 4440
ccetteteca getgeteect gacgagegtg ctcagcagge ccggccggga ctegectege 4500
aggctgtcca ccagagecgcece cagatagete tecaggtegt ceegggegge acgegcacce 4560
gcecgegteeg gggactggat cagccgtgeg ctggegtcect ggaagaagtc gtggtcecegeg 4620
tagggcacac cgagcagacg gcagatcacc agggacggga cgggcagcege gaactggcetg 4680
accaggtcegg cgggegggcece gectgegate atctegteca ggaagccegtyg cacgatctge 4740
tcgacgtegg ceccgcatgece cttgatgcge cggacggtga actcgcectgat ggtcatgegce 4800
cgttteggee cgtgeteggg cgggtcecagg ctgatgaacyg ceggecggeyg gtceccggaag 4860
ctetecaccee geccggaggt ggcggggaag teggegtgtyg tecggtcegga cgagagecgg 4920
gggtcggeca gcagettgeg tgcegtgteg tacccggtceca ccagccatge ctgeccggecy 4980

tcgtagaggg tgacccgetg cagcgaacce tcceggtece ggaggtcegtt gtaccggtceg 5040
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gggaggtggt aggggcaggt gcggtcactg gggaaggcgg gggcgectga tgtgggegte 5100

gtaacggtct cggtcatcat atgcgatggt ccttececcgtg ggggatgtcce gtgggggatg 5160
tcegtggaga tatcactgca ttgcgcegtga tgccggacac taggaaggtg ggggttgcac 5220
aggggttgca cgcagatgeg gaacctgaac ctecggagag tgcegatcce geggattega 5280
ttcaggtaag gctgagctaa ccatagggtg agtgtcgtga cgcgtgaacg aggcgggctg 5340
gagcgggege gtggegecge getgacceggt teggecgcac cggaggtgeg cccggagatc 5400
cgggegtect gggagegtte getggecgee geegtegate cggageggte ceggeccteg 5460
cacacctacce agccgggega ggtegecgag ctgegegeeg gacatecget ggegcaggte 5520
ctgcegetge tgcegggagac cctegtegee geggecgage aggecaggca cggtacccte 5580
cegecgecacee gcacggeacg cegtcatgac ggtcaacegt cggegtegte ctatcgacga 5640
cagcaccgga tgccggacgg ggaacaggag caccgcccgt ctegaccget geccttecte 5700
gatacaaggc cgcacgagtg cggggcaggt tcagtcaagg gteggegcag ccgatcgegt 5760
agcgacgccg caggcgccect tggcgggttce tgacctgcat tcgacactta gecgcecatcg 5820
aggtagggcce caccgcagca cgcgctacag caccggeacce gagaacacce tcagetcteg 5880
cgeegeagge gegegecoegg tecggacggg cceggeccge gggecggagg caggageggg 5940
ceggageceg geccggecgg goegecggeca cageggeceg atcgetggeg gtgctcegatg 6000
accgecegege tgacgegegt cgacgeggge gtgeccgege ttggtactga cgegaaaagt 6060
geggecaceg caggtcaggt cecegtgggyg gactgggcag ggagettetyg ggageggeag 6120
gaccgegect tgegggagaa gtaccgggece cgcecgtgage tggecaggat cacgacgetg 6180
cgtecgegttg cacgectgegg acgctectceg atgaacgacg gcggagacgt cgtectgegce 6240
tactcgeceg gcaccgggga ggacggeteg gegteggegg gttteggegyg actggtgace 6300
tgcggcagee tgtgggectyg ceeggtetge teggecaaga tcagegeeceg cegggecegg 6360
gagctggaac acctgatcac ctggaacgcece geccgeggeg geaccgtege getgetcage 6420
ctgaccatge gccaccacag cggecacege ctgegegace tgegeegagg gcetgagegece 6480
gegtggegee acgtcaccag ctcecgeggyg tggaageget ggaagagegt cttgggaatg 6540
gactacgtce gegggattga ggccacccac ggagcgaacg gctggcatcet geacatccac 6600
gecctgetga tettececegg cgacgtcacyg gaggagatge acgecctcac cgecgagatc 6660
tggaccecget ggtcgacegg cctgeggege aagggcetteg acgecacgat cgeccacgge 6720
gtcgacgtee gggteggcac cggegeccte gaacagcteg gecgetacat ctecaaactg 6780
gecttegaga ccteeggegg ceggtggaag ctgggcaaga acggcagecg tacceegtte 6840
cagatccteg ccgacgecct ggaccgagece cgegaccgag acctegeget ctgggeggag 6900
tgggagcagyg ccagccacgg catgcagecag ctegtgtggt ccaacggact caaggeggec 6960
tgccageteg acgagatcga cgacgagacg atcgeggagg aggacgacgg tggtgagtte 7020
gtegeccage tccceccgeeg cacctgggag aaggtctace cegtegecga agacctgatce 7080
atcgccacce gecactggtgg ceccgaagca ggecgegect ggettgacge cegeggectg 7140
gectatgace acgagcgcga cacgagcgaa cgagcagtece tgetcgacga gecggacceg 7200
cegttegegt ggetgaggge cgetetegeg gecgaagace cegageageg ccgggagega 7260

cgeegecget actaccgecac cgcacagace aactgagetce gatgaggage agaaccacga 7320
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tggcecgacac ctggacgatc agcccgetga tecgeccect getgegcaag ctcegatgage 7380
geggaggetyg cgectacceg caggacttcece cgcactgeca cggcegecgag atccagcaca 7440
ccgacggcac cgccgaatge ttcaaccceg gecagcecctyg ceectaccca cgacceggeg 7500
cgcacgectt cgtccacacce tgcgctgacg tcacccaceyg gctcacccac cgctgcacce 7560
gctgecgetyg attcaccaca ggccatgcac ctatgcattg cccaatgatg atcttcegget 7620
gctgacgteg tcgatacgac gacattactc aattctgttg tceccataaag catctggect 7680
ctaat 7685
<210> SEQ ID NO 47

<211> LENGTH: 390

<212> TYPE: PRT

<213> ORGANISM: Pseudonocardia autotrophica

<400> SEQUENCE: 47

Met Met Ile Val Thr Asp Glu Arg Gly His Ile Leu Trp Arg Glu Gly
1 5 10 15

Ala Arg Glu Val Leu Arg Arg Ala Glu Arg Val Glu Leu Val Glu Gly
Thr Arg Trp Ser Glu Asp Ser Val Gly Thr Asn Ala Met Gly Thr Ala
35 40 45

Leu Ser Asp Asp Arg Pro Val Arg Ile His Ser Ala Glu His Leu Val
50 55 60

Ser Ala Tyr His Pro Trp Thr Cys Ala Ala Ala Pro Val His Asp Pro
65 70 75 80

Glu Thr Gly Arg Gln Ile Gly Ala Val Asp Val Thr Gly Pro Glu Glu
85 90 95

Ser Phe His Pro Met Thr Leu Ser Leu Val Thr Ala Ala Ala Arg Leu
100 105 110

Ala Glu His Arg Leu Ala Ala Leu Leu Glu Asp Arg Asp Arg Arg Leu
115 120 125

Arg Asp Thr Asn Leu Pro His Leu Ser Arg Leu Gly Asp Val Pro Gly
130 135 140

Ala Leu Leu Ser Pro His Gly Arg Val Leu Ala Ala Thr Pro Ala His
145 150 155 160

Arg Phe Pro Val Arg Val Thr Leu Pro Glu Arg Gly Asp Arg Ile Leu
165 170 175

Leu Asp Gly Gly Ala Glu Ala Val Leu Glu Pro Leu Gly Glu Gly Trp
180 185 190

Leu Leu Arg Val Pro Thr Pro Ser Gly Pro Val Leu Pro Ala Leu Thr
195 200 205

Leu Pro Phe Leu Gly Ala Arg Ala Pro Val Ala Arg Arg Asp Gly Arg
210 215 220

Pro Leu Arg Leu Gly Leu Arg His Ala Glu Val Leu Thr Leu Leu Ala
225 230 235 240

Leu His Pro Glu Gly Leu Thr Ala Asp Gln Leu Ala Gly Ala Leu Tyr
245 250 255

Gly Asp Glu Gly Arg Pro Ile Thr Val Arg Ala Glu Met His Arg Leu
260 265 270

Arg Arg Cys Val Gly Glu Asp Thr Val Arg Thr Gln Pro Tyr Arg Leu
275 280 285
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Ala Ala Arg Val Asp Ala Asp Phe Leu Arg Leu Arg Glu Ala Leu Arg
290 295 300

His Gly Arg Val Arg Asp Ala Ala Ala Glu Ala Ala Arg Gly Pro Leu
305 310 315 320

Leu Pro Thr Ser Glu Ser Pro Gly Val Arg Ala Glu Arg Glu His Leu
325 330 335

Val Ala Ser Thr Arg Thr Ala Val Leu Arg Ser Gly Asp Pro Glu Ala
340 345 350

Leu Leu Ala Leu Leu Arg Ala Asp Pro Asp Ser Asp Pro Asp Thr Glu
355 360 365

Leu Arg Asp Arg Leu Arg Arg Ala Leu Pro Asp Gly Asp His Arg Asp
370 375 380

Leu Ala Leu Pro Asp Gly
385 390

<210> SEQ ID NO 48

<211> LENGTH: 507

<212> TYPE: PRT

<213> ORGANISM: Pseudonocardia autotrophica

<400> SEQUENCE: 48

Met Ala Thr Tyr Ala Ala Pro Gly Gln Pro Asp Ser Val Val Ser Phe
1 5 10 15

Lys Pro Arg Tyr Asp His Phe Ile Gly Gly Glu Tyr Ile Ala Pro Ala
20 25 30

Lys Gly Gln Tyr Phe Glu Asn Pro Thr Pro Ile Thr Gly Glu Asn Phe
35 40 45

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

Ala Ala His Gly Ala Ala Pro Ala Trp Gly Lys Thr Ser Pro Thr Glu
65 70 75 80

Arg Ala Asn Ile Leu Asn Lys Met Ala Asp Arg Ile Glu Ala Asn Leu
85 90 95

Glu Ala Val Ala Ile Ala Glu Ser Trp Glu Asn Gly Lys Ala Cys Arg
100 105 110

Glu Thr Leu Ala Ala Asp Ile Pro Leu Ala Ile Asp His Leu Arg Tyr
115 120 125

Phe Ala Gly Ala Ile Arg Ala Gln Glu Gly Gly Leu Ser Gln Ile Asp
130 135 140

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

Gln Ile Ile Pro Trp Asn Phe Pro Ile Leu Met Ala Ile Trp Lys Leu
165 170 175

Ala Pro Ala Leu Ala Ala Gly Asn Ala Ile Val Leu Lys Pro Ala Glu
180 185 190

Gln Thr Pro Val Ser Ile His Val Leu Leu Asp Leu Val Ala Asp Leu
195 200 205

Leu Pro Pro Gly Val Leu Asn Ile Val Asn Gly Phe Gly Val Glu Ala
210 215 220

Gly Lys Pro Leu Ala Ser Asn Lys Arg Ile Ser Lys Ile Ala Phe Thr
225 230 235 240

Gly Glu Thr Thr Thr Gly Arg Leu Ile Met Gln Tyr Ala Ser Glu Asn
245 250 255
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Leu Ile Pro Val Thr Leu Glu Leu Gly Gly Lys Ser Pro Asn Ile Phe
260 265 270

Phe Asp Asp Val Ala Ser Gln Gln Asp Ala Phe Tyr Asp Lys Ala Leu
275 280 285

Glu Gly Phe Ala Met Phe Ala Leu Asn Gln Gly Glu Val Cys Thr Cys
290 295 300

Pro Ser Arg Ala Leu Ile Gln Gly Gly Ile Tyr Gln Glu Phe Leu Glu
305 310 315 320

Gln Ala Val Lys Arg Thr Glu Gln Ile Lys Gln Gly Asn Pro Leu Asp
325 330 335

Thr Asp Thr Gln Ile Gly Ala Gln Ala Ser Asn Asp Gln Phe Glu Lys
340 345 350

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

Thr Gly Gly Glu Lys Ala Asp Leu Gly Gly Asp Leu Ser Gly Gly Tyr
370 375 380

Tyr Ile Lys Pro Thr Val Phe Glu Gly Asn Asn Gln Met Arg Ile Phe
385 390 395 400

Gln Glu Glu Ile Phe Gly Pro Val Val Ser Val Ala Arg Phe Ser Asp
405 410 415

Tyr Asp Asp Ala Ile Arg Thr Ala Asn Asp Thr Leu Tyr Gly Leu Gly
420 425 430

Ala Gly Val Trp Ser Arg Asp Thr Asn Thr Ala Tyr Arg Ala Gly Arg
435 440 445

Asp Ile Gln Ala Gly Arg Val Trp Val Asn Asn Tyr His Ala Tyr Pro
450 455 460

Ala His Ala Ala Phe Gly Gly Tyr Lys Gln Ser Gly Ile Gly Arg Glu
465 470 475 480

Asn His Lys Gln Met Leu Asp His Tyr Gln Gln Thr Lys Asn Val Leu
485 490 495

Gln Ser Tyr Ser Pro Asn Ala Leu Gly Phe Phe
500 505

<210> SEQ ID NO 49

<211> LENGTH: 2100

<212> TYPE: DNA

<213> ORGANISM: Pseudonocardia autotrophica

<400> SEQUENCE: 49

ctceegeege cecgeacgge acgecgteat gacggtcaac cgteggegte gtectatcga 60
cgacagcacce ggatgccgga cggggaacag gagcaccgece cgtetegace getgecctte 120
ctcgatacaa ggccgcacga gtgceggggea ggttcagteca agggteggeg cagcecgatceg 180
cgtagegacyg ccgcaggege ccttggeggg ttetgacctg cattcgacac ttagecgeca 240
tcgaggtagg gcccaccgea gcacgegeta cagcaccegge accgagaaca ccctcagete 300

tcgegecgea ggcegegegee cggteeggac gggeccggece cgegggeegg aggcaggage 360
gggceggage cceggecegge cgggegeagyg ccacagcegge ccgategetyg geggtgeteg 420
atgaccgeeg cgctgacgeg cgtegacgeg ggegtgeceg cgettggtac tgacgcgaaa 480
agtgcggeca ccgcaggtca ggteccegtyg ggggactggg cagggagett ctgggagegg 540

caggaccgeg ccttgeggga gaagtacegg geccgeegtg agetggecag gatcacgacg 600
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ctgegtegeg ttgcacgetyg cggacgctee tcgatgaacg acggeggaga cgtegtectg 660

cgctactege ceggcacegg ggaggacgge teggegtegg cgggtttegg cggactggtg 720

acctgeggea gectgtggge ctgeceggte tgeteggeca agatcagege ccgecgggec 780
cgggagetgyg aacacctgat cacctggaac geegecegeg geggcacegt cgegetgete 840
agcctgacca tgcgecacca cageggecac cgectgegeg acctgegecyg agggcetgage 900
geegegtgge gecacgtcac cagetecege gggtggaage getggaagag cgtettggga 960

atggactacg tccgegggat tgaggccacce cacggagega acggctggea tctgcacate 1020
cacgecectge tgatcttecce cggcgacgte acggaggaga tgcacgccect caccgecgag 1080
atctggacce getggtegac cggcectgegg cgcaaggget tegacgccac gatcgeccac 1140
ggegtegacy teegggtegg caccggegece ctcgaacage teggecgceta catctccaaa 1200
ctggectteg agacctecgg cggccggtgg aagetgggea agaacggcayg ccgtaccccg 1260
ttccagatee tcegecgacge cctggaccga geccgcegace gagacctege getcetgggeg 1320
gagtgggage aggccagcca cggcatgcag cagctegtgt ggtccaacgg actcaaggeg 1380
gectgecage tcgacgagat cgacgacgag acgatcgegg aggaggacga cggtggtgag 1440
ttegtegece agetecccceg ccgcacctgg gagaaggtet acccecgtege cgaagacctg 1500
atcatcgcca cccgecactgg tggccccgaa geaggcecgeg cctggettga cgeccgegge 1560
ctggectatg accacgagcg cgacacgagce gaacgagcag tcectgctega cgagecggac 1620
cegeegtteg cgtggetgag ggccgetete geggecgaag acccecgagcea gcgecgggag 1680
cgacgecgee gctactaccg caccgcacag accaactgag ctcecgatgagyg agcagaacca 1740
cgatggcecga cacctggacg atcageccge tgatccegece ccetgetgege aagctcgatg 1800
agcgeggagg ctgcgectac ccgcaggact teccgcactyg ccacggcegece gagatccage 1860
acaccgacgg caccgcecgaa tgcttcaacce ceggecagece ctgeccctac ccacgacccyg 1920
gegegeacge cttegtccac acctgegetg acgtcaccca ceggctcacce caccgetgea 1980
ccegetgeeg ctgattcace acaggccatg cacctatgca ttgcccaatg atgatctteg 2040
gctgectgacyg tcegtcecgatac gacgacatta ctcaattctg ttgtcccata aagcatctgg 2100
<210> SEQ ID NO 50

<211> LENGTH: 432

<212> TYPE: PRT

<213> ORGANISM: Pseudonocardia autotrophica

<400> SEQUENCE: 50

Met Thr Ala Ala Leu Thr Arg Val Asp Ala Gly Val Pro Ala Leu Gly
1 5 10 15

Thr Asp Ala Lys Ser Ala Ala Thr Ala Gly Gln Val Pro Val Gly Asp
20 25 30

Trp Ala Gly Ser Phe Trp Glu Arg Gln Asp Arg Ala Leu Arg Glu Lys
35 40 45

Tyr Arg Ala Arg Arg Glu Leu Ala Arg Ile Thr Thr Leu Arg Arg Val
50 55 60

Ala Arg Cys Gly Arg Ser Ser Met Asn Asp Gly Gly Asp Val Val Leu
65 70 75 80

Arg Tyr Ser Pro Gly Thr Gly Glu Asp Gly Ser Ala Ser Ala Gly Phe
85 90 95
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Gly Gly Leu Val Thr Cys Gly Ser Leu Trp Ala Cys Pro Val Cys Ser
100 105 110

Ala Lys Ile Ser Ala Arg Arg Ala Arg Glu Leu Glu His Leu Ile Thr
115 120 125

Trp Asn Ala Ala Arg Gly Gly Thr Val Ala Leu Leu Ser Leu Thr Met
130 135 140

Arg His His Ser Gly His Arg Leu Arg Asp Leu Arg Arg Gly Leu Ser
145 150 155 160

Ala Ala Trp Arg His Val Thr Ser Ser Arg Gly Trp Lys Arg Trp Lys
165 170 175

Ser Val Leu Gly Met Asp Tyr Val Arg Gly Ile Glu Ala Thr His Gly
180 185 190

Ala Asn Gly Trp His Leu His Ile His Ala Leu Leu Ile Phe Pro Gly
195 200 205

Asp Val Thr Glu Glu Met His Ala Leu Thr Ala Glu Ile Trp Thr Arg
210 215 220

Trp Ser Thr Gly Leu Arg Arg Lys Gly Phe Asp Ala Thr Ile Ala His
225 230 235 240

Gly Val Asp Val Arg Val Gly Thr Gly Ala Leu Glu Gln Leu Gly Arg
245 250 255

Tyr Ile Ser Lys Leu Ala Phe Glu Thr Ser Gly Gly Arg Trp Lys Leu
260 265 270

Gly Lys Asn Gly Ser Arg Thr Pro Phe Gln Ile Leu Ala Asp Ala Leu
275 280 285

Asp Arg Ala Arg Asp Arg Asp Leu Ala Leu Trp Ala Glu Trp Glu Gln
290 295 300

Ala Ser His Gly Met Gln Gln Leu Val Trp Ser Asn Gly Leu Lys Ala
305 310 315 320

Ala Cys Gln Leu Asp Glu Ile Asp Asp Glu Thr Ile Ala Glu Glu Asp
325 330 335

Asp Gly Gly Glu Phe Val Ala Gln Leu Pro Arg Arg Thr Trp Glu Lys
340 345 350

Val Tyr Pro Val Ala Glu Asp Leu Ile Ile Ala Thr Arg Thr Gly Gly
355 360 365

Pro Glu Ala Gly Arg Ala Trp Leu Asp Ala Arg Gly Leu Ala Tyr Asp
370 375 380

His Glu Arg Asp Thr Ser Glu Arg Ala Val Leu Leu Asp Glu Pro Asp
385 390 395 400

Pro Pro Phe Ala Trp Leu Arg Ala Ala Leu Ala Ala Glu Asp Pro Glu
405 410 415

Gln Arg Arg Glu Arg Arg Arg Arg Tyr Tyr Arg Thr Ala Gln Thr Asn
420 425 430

<210> SEQ ID NO 51

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Pseudonocardia autotrophica

<400> SEQUENCE: 51

cegtcatgac ggtcaacegt cggegtegte cta 33
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1. An expression vector, including a replication initiation
region derived from Pseudonocardia autotrophica, a multi-
cloning site for introducing an exogenous gene, an exogenous
gene introduced into the multicloning site, a promoter, a
terminator, and a defective selection marker, which autono-
mously replicates in cells of Pseudonocardia autotrophica to
enable expression of the exogenous gene introduced.

2. The expression vector according to claim 1, in which the
replication initiation region comprises a base sequence rep-
resented by SEQ ID NO: 49 or a complementary sequence
thereof, or a base sequence having 80% or more homology to
the above base sequence or a complementary sequence
thereof.

3. The expression vector according to claim 1, in which the
promoter is induced by acetone to express the exogenous
gene.

4. The expression vector according to claim 3, in which the
promoter region comprises a base sequence represented by
SEQ ID NO: 26 or a complementary sequence thereof, or a
base sequence having 80% or more homology to the above
base sequence or a complementary sequence thereof.

5. The expression vector according to claim 1, further
including a replication initiation region derived from Escheri-
chia coli, and being autonomously replicable in both Pseud-
onocardia autotrophica and Escherichia coli, and canbe used
as a shuttle vector.

6. The expression vector according to claim 5, having an
oriT region and can perform transformation by conjugation of
Escherichia coli S17-1 and Pseudonocardia autotrophica.
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7. The expression vector according to claim 1, in which the
exogenous gene is a gene encoding vitamin D hydroxylase or
a gene encoding compactin hydroxylase.

8. A transformant of Pseudonocardia autotrophica having
introduced thereinto the expression vector according to claim
1.

9. A method of producing a protein comprising: introduc-
ing the expression vector according to claim 1 into Pseud-
onocardia autotrophica 10 be transformed; and expressing
the exogenous gene in the resultant transformant to produce a
protein.

10. A method of producing an active form of vitamin D
including: transforming Pseudonocardia autotrophica with
the expression vector according to claim 1, having introduced
thereinto a vitamin D hydroxylase gene as an exogenous
gene; and using the resultant transformant.

11. The method of producing an active form of vitamin D
according to claim 10, in which the active form of vitamin D
is 25-hydroxyvitamin D2, 25-hydroxyvitamin D3, or 1a.,25-
dihydroxyvitamin D3.

12. A method of producing pravastatin including: trans-
forming Pseudonocardia autotrophica with the expression
vector according to claim 1, having introduced thereinto a
compactin hydroxylase gene as an exogenous gene; and using
the resultant transformant to produce pravastatin from
compactin.



