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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; 
a method 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 
PSEUDONOCARDAAUTOTROPHCA 

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 anability 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 1C. in 
the liver and kidney, respectively, and is converted into the 
active form of vitamin D3 (1C,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. In recent 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 
a raw material into pravastatin by hydroxylation of compactin 
at position 6 B 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 to 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. 
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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 a microorganism 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 
purifying 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 agene 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 a host, 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. That is, 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. 

Oct. 27, 2011 

2The 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. 
4The expression vector according to 3 above, in which the 
promoter region comprises a base sequence represented by 
SEQID 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. 
9A 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 Dhydroxylase 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 
1C,25-dihydroxyvitamin D3. 
12A 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. In addition, 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-rep1 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. 4 is a gene map showing a sequence of a region 
from an aceR gene to an aceAgene (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 Box A 
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.10 is graphs showing the results of a compactin 
production test using a BoxAB-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. 
0.052 
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 to 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 agene 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 autotrophica is further cultured. Then, a pro 
tein highly induced, compared with a case where acetone is 
not added, is identified as aband of two-dimensional electro 
phoresis. An acetone-inducible promoter can be identified by 
analyzing the amino acid sequence of the band to performan 
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 
a multicloning 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. 

Oct. 27, 2011 

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 
be used 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. In the present invention, 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 transform 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 1 O. Specifically, the active form of vitamin D3 is 
25-hydroxyvitamin D3 or 1C,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 Streptomyces 
griseolus, and CYP2R1, CYP27A1, and CYP27B 1 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. 
I0086 (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. 
I0089 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 Streptomyces 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/L 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 DSM535, 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 eachinoculated 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, 3.8124 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. The plasmidderived from the strain DSM43082 was 
digested with a restriction enzyme Kipni 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 (SEQID 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 (SEQID 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 (SEQID NO: 52), a Dso 
(double-strand origin)-like sequence (SEQID NO:51), and a 
Replicase gene (SEQID 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 BglII sites of 
pTNR-oriT (K. I. Salam, Gene, 386, 173-182 (2007)). 
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0100 First, pTNR-oriT was digested with BsrGI and 
BglII, 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: SEQID NO: 17) and rep-7R (having BsrGI site: 
SEQID NO: 18); and rep-1R (having BSrGI site: SEQID 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 Geland PCR Clean-Up System (Prome 
gaKK.). The collected DNA fragments were ligated to DNA 
fragment-1 using DNA Ligation kit ver2.1 (TAKARA BIO 
INC.), and Escherichia coli strain DH5O. (TAKARA BIO 
INC.) was transformed. After that, LB agar medium (1.5% 
agar) containing kanamycin (25 ug/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 g/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-rep 1 having inserted thereinto DNA fragment-2, and a 
plasmid pTNR-oriT-rep2 having inserted thereinto DNA 
fragment-3 (FIG. 1). Escherichia coli S17-1 was transformed 
with pTNR-oriT-rep1 and pTNR-oriT-rep2, and the trans 
formed strains were cultured in LB medium containing 25 
ug/mlkanamycin at 37°C. for 10 hours. 200 ul of the culture 
medium of the transformed strain of Escherichia coli S17-1 
were mixed with 500 ul 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 ul of the supernatant was discarded, and the 
precipitates were Suspended in the residual Supernatant, and 
the whole was applied to LBagar medium. In order to trans 
form Pseudonocardia autotrophica with pTNR-oriT-rep1 
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 
ug/ml kanamycin and 50 g/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 
pTNR-oriT-rep 1 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 inpTNR-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 (SEQID NO: 21), rep-3F (SEQID NO: 
22), rep-4R (SEQID NO:23), rep-5R (SEQID 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 FIG. 
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 rep5 (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 ug/mlkanamycin and 50 g/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 DH5O. (TAKARA BIOINC.) was transformed using the 
plasmid solution, colonies were obtained on LBagar medium 
containing 25 ug/mlkanamycin. The colonies were cultured 
in LB medium containing 25 g/mlkanamycin, 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 NBRC 12743 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 buffer, 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 (BIO 101, 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. 25ul 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; hereinafter, 
referred to as IPG gel) was swollen for 12 hours with 125ul 
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 buffer A (50 mM Tris-HCl buffer, pH 
8.5, 6 MUrea, 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% Iodoacetamide, 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), 
01.07 Solvent A: 0.1% trifluoroacetic acid, 2% acetoni 

trile, 
0.108 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) 

O O 
2 O 
7 10 

82 50 
87 100 
92 100 
97 O 

0113 Fractionation: 200 ul/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 SEQID 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 
(SEQID 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 Geland 
PCR Clean-Up System (Promega KK.). The DNA frag 
ment-4 was phosphorylated using BKL kit (TAKARA BIO 
INC.) and ligated to pBluescript II (Stratagene Corporation), 
which had been digested with EcoRV and dephosphorylated 
with Calf intestine alkalinephosphatase (New England 
Biolabs). Escherichia coli strain DH5C. 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 g/ml), X-gal (5-Bromo-4-chloro-3-indolyl 
B-D-galactoside; 40 ug/ml)), and IPTG (Isopropyl-B-thioga 
lactopyranoside: 0.1 mM). Colonies of the Escherichia coli 
were cultured in LB medium containing amplicillin (50 
ug/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: 
3.130) 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 (SEQID NO: 10) and aceA-inv-1R (SEQ 
ID NO: 11), were created. Further, a chromosomal DNA of 
Pseudonocardia autotrophica strain NBRC 12743 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 II (Stratagene Corporation), which had been digested 
with EcoRV and dephosphorylated with Calf intestine alka 
linephosphatase (New England Biolabs) Escherichia coli 
strain DH5C. 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 amplicillin (50 g/ml), X-gal 
(40 g/ml), and IPTG (0.1 mM). Colonies of the Escherichia 
coli were cultured in LB medium containing amplicillin (50 
ug/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: 
3.130) 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 on the resultant sequence, primers for inverse 
PCR, aceA-inv-2F (SEQID NO: 13) and aceA-inv-2R (SEQ 
ID NO: 14) were created. Further, a chromosomal DNA of 
Pseudonocardia autotrophica strain NBRC 12743 was 
digested with Aat, 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 on the resultant sequence, primers for inverse 
PCR, aceA-inv-3F (SEQID NO: 15) and aceA-inv-3R (SEQ 
ID NO: 16), were created. Further, a chromosomal DNA of 
Pseudonocardia autotrophica strain NBRC 12743 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, SEQIDNO: 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 aceAgene (AceR-Pace-AceA: SEQ 
ID 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 
(SEQID NO: 28) and oriT-1R (SEQID NO:29) were created. 
The primers were used to perform PCR reactions using 
pTNR-oriT (K. I. Salam, 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 
midpTNR-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 ver2.1 (TAKARA BIO INC.), to thereby 
obtain pTNR-AA-oriT (FIG. 5). 
0120 Subsequently, the following procedure was per 
formed to remove an amplicillin-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 (SEQID 
NO:30) and pTNR-AA-ori-1R (SEQID 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 
KpnI 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 Kpnland 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 plasmidpTNR 
A-oriT was digested with BSrGI and Kipni 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 ver2.1 (TAKARA BIO 
INC.), to thereby obtain pTAOR (FIG. 5). 
I0122) 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 A1). First, in order to amplify the acetone 
inducible promoter sequence, primers Pace-HindIII-1F (SEQ 
ID NO: 33) and Pace-NdeI-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 vah 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 
NBRC 12743 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 ver2.1 (TAKARABIOINC.), to thereby obtainpTAOR2 
vdh (FIG. 5). 
I0123. 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 
pTipOT2 (N. Nakashima, Appl. Environ. Microbial. 5557 
5568 (2004)), primers Terminator-1F (SEQ ID NO:37) and 
Terminator-1R (SEQID NO: 38) were created. The primers 
were used to perform PCR reactions using pTipOT2 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 AflII and subjected to agarose gel 
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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 Mfe and AflII 
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 BIOINC.), to thereby obtain an acetone-induc 
ible VDH-expressing vector, pTAOR3-vdh (SEQID NO: 45) 
(FIG. 5). 

(5) Construction of Box AB Expression Vector 
0.124 Genes of boxA and boxB (hereinafter, also referred 

to as boxAB 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, Ibaraki305-8566, Japan) (FERMP-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 MERCIANCOR 
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 (SEQID NO:39) and 
BoxAB-1R (SEQID 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 Speland 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 
midpTAOR3-vdh was digested with NdeI 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 Geland 
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 BIOINC.), 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-box AB, 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 (SEQID NO: 41) and PBT-1R (SEQID 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 KpnI 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-box AB, the fragment was digested with 
HindIII and AflII 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 BIOINC.), to thereby obtain 
pTAOR4. The plasmid pTAOR4 was digested with KpnI 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 DH5O. 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 g/ml apra 
mycin. Eight colonies of the resultant colonies were arbi 
trarily selected and cultured in 2 ml ofLB medium containing 
60 ug/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 
I0127. In order to transform Pseudonocardia autotrophica 
strain NBRC12743 with pTAOR3-vdh, pTAOR3-box AB, 
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 ug/mlapramycin 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 ul 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 ul of LB medium was newly added to 
suspend the bacterial cells. 500 ul of the culture medium of 
Pseudonocardia autotrophica strain NBRC 12743 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 ul of the supernatant was discarded, and 
the bacterial cells were suspended in 200 ul 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 ul of the cell Suspension was spread to LB agar medium 
containing 24 g/ml apramycin and 50 g/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-box AB. 
(7) Protein Expression Test Using Transformed Strain of 
Pseudonocardia autotrophica NBRC12743 

1) VDH Expression Test 
0128 VDH is an enzyme 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 NBRC 12743 
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 
ug/ml apramycin and cultured at 30° C. and 220 rpm for 72 
hours. As controls, Pseudonocardia autotrophica 
NBRC 12743 wild-type strain and Pseudonocardia 
autotrophica NBRC 12743 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% KHPO, 0.04% 
Sodium chloride, and 0.3% calcium carbonate) containing 24 
ug/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 (BIO 101, 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 ul, 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 
0.130. 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 
et al. (WO 2002/099109 A1). Box A 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 g/ml apramycin and cul 
tured at 30° C. and 220 rpm for 72 hours. As controls, Pseud 
onocardia autotrophica NBRC 12743 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% KHPO, 0.04% 
Sodium chloride, and 0.3% calcium carbonate) containing 24 
ug/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. 50 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 (BIO 101, 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 ul, 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, 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 Box A (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 
0.133 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 
0.136 Flow rate: 2.0 ml/min, 
0137 Temperature: 40°C., 
0.138. Detection: 238 nm, 
0139 Gradient: 

TABLE 2 

(minutes) (% B) 

O 50 
3.0 90 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 51 

<21 Os SEQ ID NO 1 
&211s LENGTH: 12 
212s. TYPE: PRT 

<213> ORGANISM: Pseudonocardia autotrophica 

<4 OOs SEQUENCE: 1 

Gly Glin Tyr Phe Glu Asn Pro Thr Pro Ile Thr Gly 
1. 5 1O 

<21 Os SEQ ID NO 2 
&211s LENGTH: 9 
212s. TYPE: PRT 

<213> ORGANISM: Pseudonocardia autotrophica 

<4 OOs SEQUENCE: 2 

Met Lieu. Asp His Tyr Glin Gln Thr Lys 
1. 5 

Oct. 27, 2011 

TABLE 2-continued 

(minutes) (% B) 

3.5 90 
3.51 50 
S.O 50 

0140. Injection: 15ul, 

Retention time: compactin 
pravastatin 

3.1 minutes, 
1.6 minutes. 

0.141. As is clear from FIG. 10, in the case of the BoxAB 
expressing strain, production of 244 mg/L 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 Box AB. 
0.142 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 of the 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. 
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SEQ ID NO 3 
LENGTH: 14 
TYPE PRT 

ORGANISM: Pseudonocardia autotrophica 

<4 OOs, SEQUENCE: 3 

Ala Lieu. Asp Ala Ala His Gly Ala Ala Pro Ala 
1. 5 1O 

<210s, SEQ ID NO 4 
&211s LENGTH: 19 
212. TYPE: PRT 

<213> ORGANISM: Pseudonocardia autotrophica 

<4 OOs, SEQUENCE: 4 

Ser Pro Asn Ile Phe Phe Asp Asp Val Ala Ser 
1. 5 1O 

Tyr Asp Llys 

<210s, SEQ ID NO 5 
&211s LENGTH: 16 
212. TYPE: PRT 

<213> ORGANISM: Pseudonocardia autotrophica 

<4 OOs, SEQUENCE: 5 

Met Ala Asp Arg Ile Glu Ala Asn Lieu. Glu Ala 
1. 5 1O 

SEQ ID NO 6 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

<4 OOs, SEQUENCE: 6 

ggs cartayt tygaraay cc 

SEO ID NO 7 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (15) . . (15) 
OTHER INFORMATION: n is a or t C 9. 

<4 OO > SEQUENCE: 7 

tgctgrtart grt cnarcat 

SEQ ID NO 8 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

<4 OOs, SEQUENCE: 8 

taatacgact cactataggg 

13 

- Continued 

Trp Gly Lys 

Glin Glin Asp Ala Phe 
15 

Wall Ala Ile Ala Glu 
15 

synthetic oligonucleotide 

Synthetic oligonucleotide 

Synthetic oligonucleotide 
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gtcgt.cgagg accgcggtgt 

acgcggctgc ggtggtgcgg 

Cagggtgatc tdtc.cgggit 

gatcagg 

SEQ ID NO 13 
LENGTH: 30 
TYPE: DNA 

18 

- Continued 

actitcgaccc gcc.ccgc.gcc ggacgtaccg C9gggacct c 

ccaccggctic ggc gaccgcg accggcaccg gcgtc.ccggg 

gctg.cgggtg Ctcgacgggc gtgtcgt.cgt tacgacgacc 

cgaggctg.cg acgggct cog gct cqcttgc gct cagc cat 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Synthetic oligonucleotide 

SEQUENCE: 13 

at Caccgggg agaact tcac Caggit cqcc 

SEQ ID NO 14 
LENGTH: 30 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Synthetic oligonucleotide 

SEQUENCE: 14 

cggggtgggg ttct cqaagt actggccCtt 

SEO ID NO 15 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Synthetic oligonucleotide 

SEQUENCE: 15 

gggtgc cct c gacgagct cq a 

SEQ ID NO 16 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Synthetic oligonucleotide 

SEQUENCE: 16 

acgcgatggg caccgc.gctg. it 

SEO ID NO 17 
LENGTH: 30 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Synthetic oligonucleotide 

SEQUENCE: 17 

gccggat.ccc. tcc.cgc.cgcc cc.gcacggca 

SEQ ID NO 18 
LENGTH: 30 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

786 O 

7920 

798 O 

804 O 

8047 

3 O 

3 O 

21 

21 

3 O 
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19 

- Continued 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 18 

gcctgtacat gaccc.gcacc cqC caggcgt 

<210s, SEQ ID NO 19 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 19 

gcctgtacac toccgc.cgcc cc.gcacggca 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 2O 

gccggat.cct gaccc.gcacc cqC caggcgt 

<210s, SEQ ID NO 21 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 21 

gccggat.ccg gttctgacct gcatt caca 

<210s, SEQ ID NO 22 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 22 

gccggat.ccg atcgctggcg gtgct catg 

<210s, SEQ ID NO 23 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 23 

gcctgtacac aggcgcggcc tictt.cgggg 

<210s, SEQ ID NO 24 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 24 

3 O 

3 O 

3 O 

3 O 

3 O 

3 O 
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22 

- Continued 

tgggct tctt Ctgatggggc 

<210s, SEQ ID NO 28 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 28 

gcctgtacat cqcggacgtg ct catagt cc 

<210s, SEQ ID NO 29 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 29 

gccggat.ccc ctgatagaala Cagaa.gc.cac 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 30 

gtc.ccggcaa cqctgggtgg atggatcc at 

<210s, SEQ ID NO 31 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 31 

gccgg taccc caaaatcc ct taacgtgagt 

<210s, SEQ ID NO 32 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 32 

gccggit accc. tcc.cgc.cgcc cc.gcacggca 

<210s, SEQ ID NO 33 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 33 

gccaagcttgtc.ctggcct gct cqgcc.gc 

<210s, SEQ ID NO 34 

32OO 

3 O 

3 O 

3 O 

3 O 

3 O 

3 O 
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23 

- Continued 

&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 34 

gcc catatgt ggt cct tccc gtgggggatg 

<210s, SEQ ID NO 35 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 35 

gccCCC cata tigcgctgac Caccaccggc 

<210s, SEQ ID NO 36 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 36 

gcc.gctagot Caggcgctgc gcggc cc cat 

<210s, SEQ ID NO 37 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OO > SEQUENCE: 37 

gcc caattga citagt cqacc caccc.gcacc 

<210s, SEQ ID NO 38 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 38 

gccCttalagt agagtc.ccgc tigaggcggcg 

<210s, SEQ ID NO 39 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 39 

gcc catatga cc.gaga.ccgt tacgacgc.cc 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

3 O 

3 O 

3 O 

3 O 

3 O 

3 O 
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32 

- Continued 

tggc.cgacac Ctggacgatc agc.ccgctga t cc.gc.cccct gctg.cgcaag Ctcgatgagc 7380 

gcggaggctg cgc.ctacccg Caggactitcc cqc actgcca C9gcgc.cgag atc.ca.gcaca 744. O 

ccgacggcac cqc.cgaatgc titcaa.ccc.cg gcc agcc ctg. CCC ct accca Cacccggcg 75OO 

cgcacgc.ctt cqtccacacc togcgctgacg to acccaccq gct cacccac cqctgcaccc 756 O 

gctg.ccgctg attcaccaca ggc catgcac ctatogcattg cccaatgatg atctt cqgct 762O 

gctgacgt.cg togatacgac gacattactic aattctgttgtcc cataaag catctggcct 768 O 

Ctaat 7685 

<210s, SEQ ID NO 47 
&211s LENGTH: 390 
212. TYPE: PRT 

<213> ORGANISM: Pseudonocardia autotrophica 

<4 OOs, SEQUENCE: 47 

Met Met Ile Val Thr Asp Glu Arg Gly. His Ile Lieu. Trp Arg Glu Gly 
1. 5 1O 15 

Ala Arg Glu Val Lieu. Arg Arg Ala Glu Arg Val Glu Lieu Val Glu Gly 
2O 25 3O 

Thr Arg Trp Ser Glu Asp Ser Val Gly Thr Asn Ala Met Gly Thr Ala 
35 4 O 45 

Lieu. Ser Asp Asp Arg Pro Val Arg Ile His Ser Ala Glu. His Lieu Val 
SO 55 6 O 

Ser Ala Tyr His Pro Trp Thr Cys Ala Ala Ala Pro Val His Asp Pro 
65 70 7s 8O 

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

Ser Phe His Pro Met Thr Lieu Ser Leu Val Thr Ala Ala Ala Arg Lieu. 
1OO 105 11 O 

Ala Glu. His Arg Lieu Ala Ala Lieu. Lieu. Glu Asp Arg Asp Arg Arg Lieu 
115 12 O 125 

Arg Asp Thir Asn Lieu Pro His Lieu. Ser Arg Lieu. Gly Asp Val Pro Gly 
13 O 135 14 O 

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

Arg Phe Pro Val Arg Val Thir Lieu Pro Glu Arg Gly Asp Arg Ile Lieu 
1.65 17O 17s 

Lieu. Asp Gly Gly Ala Glu Ala Val Lieu. Glu Pro Lieu. Gly Glu Gly Trp 
18O 185 19 O 

Lieu. Leu Arg Val Pro Thr Pro Ser Gly Pro Val Lieu Pro Ala Lieu. Thr 
195 2OO 2O5 

Lieu Pro Phe Lieu. Gly Ala Arg Ala Pro Val Ala Arg Arg Asp Gly Arg 
21 O 215 22O 

Pro Lieu. Arg Lieu. Gly Lieu. Arg His Ala Glu Val Lieu. Thir Lieu. Lieu Ala 
225 23 O 235 24 O 

Lieu. His Pro Glu Gly Lieu. Thir Ala Asp Gln Lieu Ala Gly Ala Lieu. Tyr 
245 250 255 

Gly Asp Glu Gly Arg Pro Ile Thr Val Arg Ala Glu Met His Arg Lieu. 
26 O 265 27 O 

Arg Arg Cys Val Gly Glu Asp Thr Val Arg Thr Glin Pro Tyr Arg Lieu 
27s 28O 285 
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- Continued 

Ala Ala Arg Val Asp Ala Asp Phe Lieu. Arg Lieu. Arg Glu Ala Lieu. Arg 
29 O 295 3 OO 

His Gly Arg Val Arg Asp Ala Ala Ala Glu Ala Ala Arg Gly Pro Lieu. 
3. OS 310 315 32O 

Lieu Pro Thir Ser Glu Ser Pro Gly Val Arg Ala Glu Arg Glu. His Lieu. 
3.25 330 335 

Val Ala Ser Thr Arg Thr Ala Val Lieu. Arg Ser Gly Asp Pro Glu Ala 
34 O 345 35. O 

Lieu. Lieu Ala Lieu. Lieu. Arg Ala Asp Pro Asp Ser Asp Pro Asp Thr Glu 
355 360 365 

Lieu. Arg Asp Arg Lieu. Arg Arg Ala Lieu Pro Asp Gly Asp His Arg Asp 
37 O 375 38O 

Lieu Ala Lieu Pro Asp Gly 
385 390 

<210s, SEQ ID NO 48 
&211s LENGTH: 507 
212. TYPE: PRT 

<213> ORGANISM: Pseudonocardia autotrophica 

<4 OOs, SEQUENCE: 48 

Met Ala Thr Tyr Ala Ala Pro Gly Glin Pro Asp Ser Val Val Ser Phe 
1. 5 1O 15 

Llys Pro Arg Tyr Asp His Phe Ile Gly Gly Glu Tyr Ile Ala Pro Ala 
2O 25 3O 

Lys Gly Glin Tyr Phe Glu Asn Pro Thr Pro Ile Thr Gly Glu Asn Phe 
35 4 O 45 

Thr Glu Val Ala Arg Gly Thr Ala Asp Asp Val Glu Lys Ala Lieu. Asp 
SO 55 6 O 

Ala Ala His Gly Ala Ala Pro Ala Trp Gly Lys Thir Ser Pro Thr Glu 
65 70 7s 8O 

Arg Ala Asn. Ile Lieu. Asn Llys Met Ala Asp Arg Ile Glu Ala Asn Lieu 
85 90 95 

Glu Ala Val Ala Ile Ala Glu Ser Trp Glu Asn Gly Lys Ala Cys Arg 
1OO 105 11 O 

Glu Thir Lieu Ala Ala Asp Ile Pro Lieu Ala Ile Asp His Lieu. Arg Tyr 
115 12 O 125 

Phe Ala Gly Ala Ile Arg Ala Glin Glu Gly Gly Lieu. Ser Glin Ile Asp 
13 O 135 14 O 

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

Glin Ile Ile Pro Trp Asn Phe Pro Ile Leu Met Ala Ile Trp Llys Lieu. 
1.65 17O 17s 

Ala Pro Ala Lieu Ala Ala Gly Asn Ala Ile Val Lieu Lys Pro Ala Glu 
18O 185 19 O 

Glin Thr Pro Val Ser Ile His Val Lieu. Lieu. Asp Lieu Val Ala Asp Lieu. 
195 2OO 2O5 

Lieu Pro Pro Gly Val Lieu. Asn. Ile Val Asn Gly Phe Gly Val Glu Ala 
21 O 215 22O 

Gly Llys Pro Lieu Ala Ser Asn Lys Arg Ile Ser Lys Ile Ala Phe Thr 
225 23 O 235 24 O 

Gly Glu Thir Thr Thr Gly Arg Lieu. Ile Met Glin Tyr Ala Ser Glu Asn 
245 250 255 
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- Continued 

Gly Gly Lieu Val Thr Cys Gly Ser Leu Trp Ala Cys Pro Val Cys Ser 
1OO 105 11 O 

Ala Lys Ile Ser Ala Arg Arg Ala Arg Glu Lieu. Glu. His Lieu. Ile Thr 
115 12 O 125 

Trp Asn Ala Ala Arg Gly Gly Thr Val Ala Lieu Lleu Ser Lieu. Thir Met 
13 O 135 14 O 

Arg His His Ser Gly. His Arg Lieu. Arg Asp Lieu. Arg Arg Gly Lieu. Ser 
145 150 155 160 

Ala Ala Trp Arg His Val Thir Ser Ser Arg Gly Trp Lys Arg Trp Llys 
1.65 17O 17s 

Ser Val Lieu. Gly Met Asp Tyr Val Arg Gly Ile Glu Ala Thir His Gly 
18O 185 19 O 

Ala Asn Gly Trp His Lieu. His Ile His Ala Lieu. Lieu. Ile Phe Pro Gly 
195 2OO 2O5 

Asp Val Thr Glu Glu Met His Ala Lieu. Thir Ala Glu Ile Trp Thr Arg 
21 O 215 22O 

Trp Ser Thr Gly Lieu. Arg Arg Lys Gly Phe Asp Ala Thir Ile Ala His 
225 23 O 235 24 O 

Gly Val Asp Val Arg Val Gly Thr Gly Ala Lieu. Glu Gln Lieu. Gly Arg 
245 250 255 

Tyr Ile Ser Lys Lieu Ala Phe Glu Thir Ser Gly Gly Arg Trp Llys Lieu. 
26 O 265 27 O 

Gly Lys Asn Gly Ser Arg Thr Pro Phe Glin Ile Lieu Ala Asp Ala Lieu. 
27s 28O 285 

Asp Arg Ala Arg Asp Arg Asp Lieu Ala Lieu. Trp Ala Glu Trp Glu Glin 
29 O 295 3 OO 

Ala Ser His Gly Met Glin Glin Lieu Val Trp Ser Asn Gly Lieu Lys Ala 
3. OS 310 315 32O 

Ala Cys Glin Lieu. Asp Glu Ile Asp Asp Glu Thir Ile Ala Glu Glu Asp 
3.25 330 335 

Asp Gly Gly Glu Phe Val Ala Glin Lieu Pro Arg Arg Thir Trp Glu Lys 
34 O 345 35. O 

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

Pro Glu Ala Gly Arg Ala Trp Lieu. Asp Ala Arg Gly Lieu Ala Tyr Asp 
37 O 375 38O 

His Glu Arg Asp Thir Ser Glu Arg Ala Val Lieu. Lieu. Asp Glu Pro Asp 
385 390 395 4 OO 

Pro Pro Phe Ala Trp Lieu. Arg Ala Ala Lieu Ala Ala Glu Asp Pro Glu 
4 OS 41O 415 

Glin Arg Arg Glu Arg Arg Arg Arg Tyr Tyr Arg Thr Ala Glin Thr Asn 
42O 425 43 O 

<210s, SEQ ID NO 51 
&211s LENGTH: 33 
&212s. TYPE: DNA 

<213> ORGANISM: Pseudonocardia autotrophica 

<4 OOs, SEQUENCE: 51 

cc.gt catgac ggt caa.ccgt. C9gcgt.cgt.c 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 claim3, in which the 
promoter region comprises a base sequence represented by 
SEQID 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 can be 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. 

37 
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7. The expression vector according to claim 1, in which the 
exogenous gene is a gene encoding vitamin Dhydroxylase 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 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 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 1C.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. 


