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(54) HYDROXYLASE GENE AND USE THEREOF

(57) A vitamin D3 hydroxylase is purified from Pseu-
donocardia autotrophica cell, and a primer is designed
based on amino acid sequence obtained from hydroxy-
lase. Subsequently, PCR is conducted using genomic
DNA of Pseudonocardia autotrophica as a template to
clone a gene for the vitamin D3 hydroxylase. By conduct-

ing a conversion reaction using a microorganism in which
the vitamin D3 hydroxylase gene is expressed using a
proper expression system, a hydroxide of vitamin D or
the like (e.g., hydroxy vitamin D3) can be produced with
high efficiency.
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Description

TECHNICAL FIELD

[0001] The present invention relates to hydroxylase such as vitamin D, a gene that codes for hydroxylase, an isolation
method thereof, transgenic organisms wherein the genes are introduced, and a method for producing a hydroxide of
vitamin D or the like (e.g., 25-hydroxy vitamin D3 and 1α,25-dihydroxy vitamin D3) .

BACKGROUND ART

[0002] Vitamin D is an essential fat-soluble vitamin group mainly for higher organisms and formed by biosynthesis
from cholesterol. vitamin D plays important roles in organisms due to its wide variety of physiological activities such as
stimulating absorption of calcium, metabolic stimulation, inducing cellar differentiation and immune regulation and the like.
[0003] In a main vitamin D biosynthetic pathway in human beings, after 7-dehydrocholesterol (provitamin D3) is first
synthesized from cholesterol, vitamin D3 is produced in the skin by ultraviolet ray and thermal reaction. 25-hydroxy
vitamin D3 is obtained by 25-hydroxylation of vitamin D3 by mitochondrially-located cytochrome P450 (CYP27A1) in the
liver. Then, through further 1α hydroxylation by another cytochrome P450 (CYP27B1) in the proximal convoluted tubule,
1α,25-dihydroxy vitamin D3 (activated vitamin D3) is produced. It is confirmed that this substance regulates expression
of specific nuclear genes involved in expression of physiological activities by being bound to an intracellular receptor.
[0004] Accordingly, when the liver or kidney becomes dysfunctional, normal vitamin D metabolism may be inhibited.
Regarding the patient with such symptoms, the level of 25-hydroxyvitamin D3 or 1α,25-dihydroxy vitamin D3 in the blood
may extremely reduces, and it is necessary for treatment to supplement 25-hydroxyvitamin D3 or 1α,25-dihydroxy vitamin
D3 by the administration.
[0005] Meanwhile, rickets is known as being caused by a low level of 1α,25-dihydroxy vitamin D3 due to dysfunction
of hydroxylation resulting from a congenial genetic mutation in cytochromes which is involved in hydroxylation of vitamin
D3. 1α,25-dihydroxy vitamin D3 and analogous compounds having similar physiological activities have significant im-
portance as therapeutic agents for diseases due to lack of 1α,25-dihydroxy vitamin D3 including acquired rickets and
osteoporosis as well as congenial rickets.
[0006] Furthermore, owing to various physiological activities of the vitamin D group, various derivatives thereof have
been studied as candidate agents and developments of antineoplastic agent, antipsoriatic agent, immunostimulating
agent and the like are also expected. Seen from this view point, hydroxylation is important as one method for modifying
by derivatizing the vitamin D group. In such a case, the importance of hydroxylation is not limited to 1α- and 25-positions
but great needs may arise for hydroxylation at other positions. To meet such needs for manufacturing and discovering
drugs, there has been rising demand in the pharmaceutical industry for improving production method of a hydroxide of
vitamin D and the like in order to manufacture and supply a hydroxide of vitamin D more efficiently at lower cost.
[0007] Referring to 1α,25-dihydroxy vitamin D3, which has particularly strong physiological activities and therefore
has high value among the vitamin D group, the production method thereof includes an organic synthesis method, a
method using cytochromes P450 of human beings and a method using hydroxylase of microorganisms. Among these,
a method for synthesizing 1α,25-dihydroxy vitamin D3 from cholesterol through 17 steps has been known in the organic
synthesis method. In the method using cytochromes P450 of human beings, biological and biochemical findings have
been accumulated relating to genes involved, technology for expression and the nature of cytochromes P450 enzyme
(Review by T. Sakaki et al., Frontiers in Bioscience, 10, 119-134, 2005; Non-patent document 1). However, both of the
two methods are quite unsuitable for practical use owing to high production costs and low productivity.
[0008] Meanwhile, a method using hydroxylase of microorganisms is a relatively promising production method.
For example, Sasaki et al. of Taisho Pharmaceutical Co., Ltd. isolated actinomycete, Pseudonocardia autotrophica,
producing 1α,25-dihydroxy vitamin D3 by hydroxylation of vitamin D3 in the course of search for microorganisms (J.
Sasaki et al., Applied Microbiology and Biotechnology, 38, 152-157, 1992; Non-patent document 2). As a result of
improvement in breeding of the strain and development of the production processes at Mercian Corporation, the method
for producing 1α,25-dihydroxy vitamin D3 by microbial conversion was established (K. Takeda et al., J. Ferment. Bioeng.,
78, 380-382, 1994: Non-patent document 3) and has been put to practical use.
[0009] Laid-Open Japanese Patent Publication No. 2003-325175 (Patent Document 1) by Mitsubishi Chemical Cor-
poration discloses a method for producing 25-hydroxy vitamin D3 by hydroxylation at 25-position of vitamin D3 using
Bacillus megaterium. However, the amount of accumulated 25-hydroxy vitamin D3 in the culture medium is small by this
method and the publication does not describe the production of 1α,25-dihydroxy vitamin D3.
[0010] Regarding the finding on a gene for the vitamin D3 hydroxylase derived from microorganisms, a gene for
hydroxyvitamin D3 hydroxylase at 25-position derived from Pseudonocardia autotrophica is reported in 1994 (H. Kawauchi
et al., Biochimica et Biophysica Acta, 179-183, 1994; Non-patent document 4), which is apparently different from the
gene of the present invention in terms of the nucleotide sequence and the characterization of the enzyme encoded by
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the gene. Also, Sawada et al. reported in 2004 that P450SU-1 (CYP105A1) encoded by cytochromes P450 gene derived
from actinomycete, Streptomyces griseolus ATCC 11796, showed weak activity for hydroxylation of vitamin D3 to 25-
hydroxy vitamin D3 and that of 25-hydroxy vitamin D3 to 1α,25-hydroxy vitamin D3 (N. Sawada et al., Biochemical and
Biophysical Research Communications 320, 156-164, 2004; Non-patent document 5).
[0011] Thus, various findings have been shown on microbial transformation of vitamin D3 by hydroxylation. Among
these, only the method for producing 1α,25-dihydroxy vitamin D3 from vitamin D3 using Pseudonocardia autotrophica
strain for transformation has been put into practical use industrially (Laid-open Japanese patent publication H02-469
(U.S. Patent No. 4,892,821); Patent document 2 and Laid-open Japanese patent publication H02-231089; Patent doc-
ument 3). However, issues to be solved by improvement for a more efficient production process still remain in this method.
[0012]

[Non-patent document 1] Review by T. Sakaki et al., Frontiers in Bioscience, 10, 119-134, 2005
[Non-patent document 2] J. Sasaki et al., Applied Microbiology and Biotechnology, 38, 152-157, 1992
[Non-patent document 3] K. Takeda et al., J. Ferment. Bioeng., 78, 380-382, 1994
[Non-patent document 4] H. Kawauchi et al., Biochimica et Biophysica Acta, 179-183, 1994
[Non-patent document 5] N. Sawada et al., Biochemical and Biophysical Research Communications 320, 156-164,
2004
[Patent document 1] Laid-Open Japanese Patent Publication No. 2003-325175
[Patent document 2] Laid-open Japanese patent publication H02-469
[Patent document 3] Laid-open Japanese patent publication H02-231089

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0013] In the above-mentioned method for producing 1α,25-dihydroxy vitamin D3 from vitamin D3, after incubating
Pseudonocardia autotrophica in a fermenter, vitamin D3 is added to the culture medium as a reactive substrate so as
to conduct a reaction by the action of hydroxylase in the bacteria to thereby recover and purify 1α,25-dihydroxy vitamin
D3 accumulated in the culture medium.
[0014] This production method requires a long-term production due to the use of actinomycete which has a long
growing period. In addition, the action for vitamin D3 transformation of the bacteria includes not only the aimed hydrox-
ylation but also undesirable side reactions. Such reactions include, for example, hydroxylation at 26-position and hy-
droxylation at 24-position. Also, the transforming bacteria has a degradation activity of vitamin D3 and 1α,25-dihydroxy
vitamin D3 as substrates.
[0015] In particular, degradation of 1α,25-dihydroxy vitamin D3 is a very important issue directly affecting the accu-
mulated amount of the objective product. In addition to this, the presence of byproducts leads to the increase in the
purification steps for recovering 1α,25-dihydroxy vitamin D3 from the culture medium, which results in lowering the
product yield. Given these circumstances, suppressing side reactions and increasing the accumulated amount of the
objective product have been major issues in the conventional production method in order to achieve more efficient
production method.

Means to Solve the Problem

[0016] As a result of an intensive study to improve the production method, the present inventors first cloned a gene
encoding the enzyme which involves in hydroxylation at 1α- and 25-positions of vitamin D3 from Pseudonocardia au-
totrophica NBRC12743 strain having substantial capability for hydroxylation of vitamin D3. Subsequently, the gene is
expressed into a host cell such as Rhodococcus erythropolis and Escherichia coli, which has no or few side reactions
and little degradation activity in order to accomplish the present invention.
[0017] The present invention enabled breakaway from conventional trial within the limitation for regulating the com-
plicated physiological and metabolic mechanism of Pseudonocardia autotrophica to the advantage of production. That
is, isolation of a gene for the hydroxylase for hydroxylation at 1α- and 25-positions enabled abundant expression of the
hydroxylase in an optimum host for production using genetic engineering technology and thereby to solve the conventional
technical problems. In addition, while the technologies available for breeding a strain for transformation include improve-
ment of the enzyme function through an advanced gene expression system and gene modification, these technologies
would not be possible without the use of the gene of the present invention. The hydroxylase has novel properties which
are quite suitable for industrial use among the hydroxylase for vitamin D and the like reported up to the present. Con-
sequently, the present invention can provide a method for producing the hydroxide of vitamin D or the like, which is
industrially quite useful and efficient.
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[0018] That is, the present invention relates to vitamin D3 hydroxylase, a gene encoding that hydroxylase, an isolation
method thereof, transgenic organisms wherein the genes are introduced, and a method for producing a hydroxide of
vitamin D or the like (e.g., 25-hydroxy vitamin D3 and 1α,25-hydroxy vitamin D3) as follow:

1. A gene derived from actinomycetes encoding a hydroxylase capable of hydroxylation of at least one of vitamin
D3, vitamin D2 and 7-dihydrocholesterol.
2. The hydroxylase gene as described in 1 above, which is derived from Pseudonocardia autotrophica.
3. The hydroxylase gene as described in 2 above, which is derived from Pseudonocardia autotrophica NBRC12743
strain.
4. The hydroxylase gene as described in 1 above, which is coded from 320th to 1531st nucleotide sequence
represented by sequence ID No. 1.
5. A variant or a homologous gene of the hydroxylase gene as described in 4 above represented by the following
(1) or (2) :

(1) A variant of the hydroxylase gene described in 4 above, which hybridizes with the DNA coding nucleotide
sequence described in 4 above under stringent conditions and the hydroxylation activity against the vitamin D
compounds and the substrate spectrum of the hydroxylase coded by the variant are regarded equivalent as
those of the hydroxylase coded by the hydroxylase gene described in above 4; and
(2) A homologous gene with the hydroxylase gene described in 4 above, which is derived from microorganisms
other than Pseudonocardia autotrophica NBRC12743 strain and codes polypeptide having hydroxylation activity
against the vitamin D compounds, and hybridizes with the DNA coding nucleotide sequence described in 4
above under stringent conditions and the hydroxylation activity against the vitamin D compounds and the sub-
strate spectrum of the hydroxylase coded by the variant are regarded equivalent as those of the hydroxylase
coded by the hydroxylase gene described in above 4.

6. A variant or a homologous gene of the hydroxylase gene as described in 5 above, obtained from actinomycete
using at least 20 consecutive nucleotides in the 320th to 1531st nucleotide sequence represented by sequence ID
No. 1 or the complementary strand as a probe.
7. A hydroxylase coded by the gene described in any one of 1 to 6 above.
8. A hydroxylase containing the amino acid sequence represented by sequence ID No. 2.
9. Transgenic organisms obtained by introducing the gene described in any one of 1 to 6 above into a host organism.
10. The transgenic organisms as described in 9 above, the host organism of which is Escherichia coli or actinomycete.
11. A method for producing a hydroxide of the vitamin D compounds; precursor, metabolite, derivative or steroids
thereof; or a modified compound thereof, wherein a conversion reaction is conducted by adding the vitamin D
compounds or 7-dehydrocholesterol as a reactive substrate to the culture medium or a processed goods thereof.
12. The method for producing a hydroxide as described in 11 above which coexpresses hydroxylase gene and
Redox Partner genes in the transgenic organisms described in 9 or 10 above.
13. The method for producing a hydroxide as described in 12 above, wherein the Redox Partner genes are repre-
sented by any one of the following (1) to (3):

(1) thcCD gene;
(2) a variant of the thcCD gene described in (1) above, which hybridizes with the DNA coding nucleotide sequence
of the thcCD gene under stringent conditions, wherein the redox partner coded by the variant is capable of
transferring electrons to the hydroxylase coded from 320th to 1531st nucleotide sequence represented by
sequence ID No. 1;
(3) a homologous gene with the thcCD gene, which is derived from microorganisms other than Rhodococcus
erythropolis NI86/21 strain and hybridizes with the DNA coding nucleotide sequence of the thcCD gene of (1)
above under stringent conditions, wherein the redox partner coded by the homologous gene is capable of
transferring electrons to the hydroxylase coded from 320th to 1531st nucleotide sequence represented by
sequence ID No. 1.

14. The method for producing the hydroxide as described in any one of 11 to 13 above, wherein the hydroxide of
the vitamin D or the like is 1α,25-dihydroxy vitamin D3.
15. The method for producing the hydroxide as described in any one of 11 to 13 above, wherein the hydroxide of
the vitamin D or the like is 25-dihydroxy vitamin D3.
16. The method for producing the hydroxide as described in any one of 11 to 13 above, wherein the hydroxide of
the vitamin D or the like is 1α,25-dihydroxy vitamin D2.
17. A method for obtaining hydroxylase genes from genomic DNA or cDNA of microorganisms using at least 20
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consecutive nucleotides in the nucleotide sequence represented by sequence ID No. 1 or the complementary strand
as a probe.

BEST MODE FOR CARRYING OUT THE INVENTION

[0019] In the present specification, the gene for the vitamin D or the like hydroxylase of the present invention may
refer not only to the gene coded by the DNA sequence represented by sequence ID No. 1 derived Pseudonocardia
autotrophica NBRC12743 strain but also a variant and a homologous gene thereof (hereinafter they may be abbreviated
as "vdh genes"). The vdh gene can be cloned by PCR (polymerase chain reaction) using the oligo DNA primer synthesized
based on the N-terminal amino acid or the internal amino acid sequence of the isolated hydroxylase of vitamin D or the
like (hereinafter it may be abbreviated as "VDH") from the cultured Pseudonocardia autotrophica or the closely-related
microorganisms and conducting hydroxylase.
[0020]  "Vitamin D or the like" used in the present invention is recognized as a substrate by the VDH of the present
invention; indicates those to which an oxygen atom can be added to a carbon atom at 1α-position, 25-position and
another position; and includes the following substances:

(1) vitamin D group such as vitamin D3 and vitamin D2,
(2) precursors, metabolites and other derivatives of vitamin D or the like (which include 7-dehydrocholesterol, 25-
hydroxy vitamin D3 and 1α-dihydroxy vitamin D3); and (3) steroids or modified compounds thereof.

[0021] With respect to the strain to obtain the vdh gene of the present invention, any microorganisms can be used
regardless species and kind of the strain as long as they are capable of hydroxylation of vitamin D or the like. However,
Pseudonocardia autotrophica is preferable and more preferable examples include those strains listed in the following
Table 1 in which the presence of the vdh gene is confirmed by the PCR method as well as the disclosed strains (see
Laid-open Japanese Patent Publication Nos. H02-469 and H02-231089). The strains containing vdh genes are not
limited to those listed in the Table. In the Table, Pseudonocardia is abbreviated as "P.".

[Table 1]

Strains containing a vdh gene

P. autotrophica DSM535 P. autotrophica DSM43102

P. autotrophica DSM43082 P. autotrophica DSM43103

P. autotrophica DSM43083 P. autotrophica DSM43104

P. autotrophica DSM43084 P. autotrophica DSM43105

P. autotrophica DSM43085 P. autotrophica DSM43106

P. autotrophica DSM43086 P. autotrophica DSM43107

P. autotrophica DSM43087 P. autotrophica DSM43108

P. autotrophica DSM43088 P. autotrophica DSM43128

P. autotrophica DSM43090 P. autotrophica DSM43129

P. autotrophica DSM43091 P. autotrophica DSM43558

P. autotrophica DSM43093 P. autotrophica ATCC13181

P. autotrophica DSM43094 P. autotrophica ATCC19727

P. autotrophica DSM43095 P. autotrophica ATCC33795

P. autotrophica DSM43096 P. autotrophica ATCC33796

P. autotrophica DSM43097 P. autotrophica ATCC33797

P. autotrophica DSM43098 P. autotrophica JCM4010

P. autotrophica DSM43099 P. saturnea IFO1449

P. autotrophica DSM43100 P. saturnea FERM BP2307

P. autotrophica DSM43101 P. autotrophica 4M1067
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[0022] Generally, these strains can be cultured at 30°C for about three days using a culture medium suitable for the
culture of microorganisms in general such as L-liquid medium (1.0 % of Bacto-tryptone, 0.5 % of yeast extract and 0.5
% sodium chloride) in order to prepare bacterial cells to purify DNA and enzymes.
[0023] Methods required for performing the invention of the present specification: e.g. experimental manipulations of
microorganisms including genetic engineering techniques such as extraction of DNA, cloning and expression of genes,
PCR, obtaining complete genome sequences by inverse PCR can be carried out according to the methods described
in "Molecular Cloning" of the second edition. Also, the similar manipulations regarding actinomycetes in particular can
be performed according to the methods described in the experiment manual authored by Kieser et al. (Practical Strep-
tomyces Genetics, The John Innes Foundation, Norwich, England, 2000).
[0024] The above-mentioned article by Sawada et el. (N. Sawada et al., Biochemical and Biophysical Research
Communications 320, 156-164, 2004) showed that the active component involved in hydroxylation was highly like cy-
tochrome P450 monooxygenase. VDH was also considered to be cytochrome P450 from its characterization and known
relevant information.
The general method for purifying cytochrome P450 enzyme from the microbial fungus body can be performed according
to the procedure described in the documents relating to P450SU-1 (N. Sawada et al., Biochemical and Biophysical
Research Communications 320, 156-164, 2004) or modified procedures thereof. That is, a cell-free extract of bacterial
cells is prepared by French press treatment or ultrasonic fragmentation treatment after suspending the cells in an
appropriate buffer solution. Then, by performing two- or three-steps of chromatographic purification, almost pure enzyme
can be obtained. The columns can be used here include ion-exchange column chromatography, gel filtration column
chromatography and affinity column chromatography.
[0025] Next, the gene coding the enzyme protein can be obtained according to the following procedures. That is, by
subjecting the purified protein to SDS-PAGE (SDS polyacrylamide gel electrophoresis), a band of the protein to be
observed is cut off and transferred to a PVDF (polyvinylidene difluoride) membrane. Using this membrane as a sample
of an amino acid sequence analyzer, the N-terminal amino acid sequence of the objective enzyme can be determined
according to the Edman method. Also, using the polypeptide generated after the protease digestion in the same way,
the internal amino acid sequence of the objective enzyme can be identified.
[0026] By conducting PCR using the primer synthesized based on the N-terminal amino acid sequence and the internal
amino acid sequence, a fragment encoding the objective gene can be obtained. Judging from the region where the
primer is constructed, this DNA fragment encodes the polypeptide from the N-terminal to a part of the amino acid
sequence inside the gene, it is necessary to obtain a DNA fragment containing the entire gene. For this purpose, inverse
PCR is performed to obtain the sequence information of the whole gene and then PCR is conducted to amplify the DNA
fragment with the primers constructed from arbitrary both terminals or the coding region of the reedited sequence so as
to ultimately obtain an objective fragment. The nucleotide sequence of the PCR-amplified DNA can be determined by
a DNA sequence analyzer.
[0027] As explained in details in Example 6 described later, the vdh gene can be represented by the nucleotide
sequence described in sequence ID No. 1 and encodes amino acid sequence of VDH described in sequence No. 2. An
oxygen binding site and a heme binding site are present in the amino acid sequence of VDH as well as the internal
amino acid sequence determined in Example 4, which confirms that VDH is a gene coding the purified enzyme. As a
result of the homology search of the VDH amino acid sequence, the VDH sequence had 50 % similarity to that of
cytochrome P450RubU derived from Streptomyces collinus DSM 2012 and assumed to be cytochrome P450 belonging
to CYP107 family.
[0028] Upon obtaining the vdh gene of the present invention, some problems have been revealed which are difficult
to solve by usual methods the one skilled in the art may try.
One of the problems was that a shotgun cloning, which is a gene cloning method most often tried, was not effective.
That is, individual clones of Streptomyces lividance having random recombinant DNA fragments of Pseudonocardia
autotrophica constructed by using a host-vector system established with regard to Streptomyces lividans were screened
using hydroxylation activity for vitamin D3 as an index. However, though the screen test was performed for a number of
the clones, it failed to obtain a clone having hydroxylation activity.
[0029] Later, it was found that there is strict specificity in the electron transfer cofactor protein which is essential VDH
activity. In fact, while a reaction proceeds in a reconstituted protein synthesizing system containing ferredoxin derived
from spinach, ferredoxin reductase and purified VDH, electron transfer reaction did not proceed in a synthesizing system
containing putidaredoxin and putidaredoxin reductase derived from Pseudomonas putida, which is considered to be
capable of transferring electrons to a number of actinomycetes P450.
In the present invention, the electron transfer cofactor protein which is essential for activating VDH may be referred to
as "redox partner".
[0030] As a result, cloning of a gene encoding VDH was attempted by using the amino acid sequence information of
the purified VDH as an another approach. Though the purification of VDH was difficult due to very low expression level
of VDH in a cell, the inventors have found that VDH expression is induced by addition of cholesterol and have succeeded



EP 2 357 229 A1

7

5

10

15

20

25

30

35

40

45

50

55

in preparation of VDH-enriched cells suitable for purification.
[0031] Contrary to all expectations, the activity was not detected with the cell-free extract prepared by cell disruption.
As a result of studies, the activity was recovered by increasing salt concentration to a high level which is quite different
from that of the ordinary reaction conditions of cytochrome P450 enzyme, which resulted in solving problems. Thus, the
inventors went through a number of difficulties before they succeeded in the cloning of vdh genes but, as a result of
intensive studies, they solved all the problems and accomplished the present invention.
[0032] By reproducing the method performed by the present inventors, the one skilled in the art not only can obtain
vdh genes of the present invention but also can obtain vdh genes by common genetic engineering procedures for cloning
the gene capable of hybridizing under stringent conditions by using the DNA sequence of the vdh gene represented by
sequence ID No. 1 as a probe.
[0033] In the present specification, the term "genes capable of hybridizing under stringent conditions" means, for
example, DNA obtained by the colony hybridization method, plaque hybridization method, southern hybridization method
and the like using as a probe RNA or DNA having a part of sequence information of a gene. Specifically, the term defines
the DNA obtained by performing hybridization at 65°C under the presence of 0.7 to 1.0 M sodium chloride using a filter
on which DNA derived from a colony or plaque is fixed, which shows a hybridizing signal even after washing the filter
under 65°C temperature condition.
[0034] In particular, when the homologous gene of the vdh gene to be obtained has high similarity: e.g. the homologous
gene shows 90 % identity compared to the nucleotide sequence of the vdh gene described in sequence ID No. 1, the
vdh gene can be obtained by using as a probe the DNA sequence of the vdh gene described in sequence ID No. 1. A
new vdh gene can be obtained by homology search of existing databases for a sequence having predetermined homology
using the above-mentioned sequence or by performing PCR using a pair of primer which is synthesized based on the
sequence. Such a probe is preferably at least 20 consecutive bases of the DNA sequence of the vdh gene described
in sequence ID No. 1 or a complementary strand thereof.
The thus-obtained homologous gene having high homology may be referred to as a "homolog".
[0035]  During the process of performing a series of genetic engineering manipulations such as recombination of vdh
genes and gene expression, DNA modification such as deletion, substitution, addition or insertion of the DNA nucleotide
sequence composition may be conducted for the purpose of modifying codon in the vdh gene of a foreign host, adding
or deleting restriction enzyme sites or fusing specific polypeptide with VDH without impairing the functions and effects
of the gene. The thus-structured DNA is defined as "a variant of DNA". In the present specification, "a variant of DNA"
means DNA modified by deletion, substitution, addition, insertion or the like of the nucleotide sequence composition or
a derivative thereof, which exhibits substantially equivalent effects of the original DNA though it may often accompany
replacement of the coded amino acid sequence.
[0036] By cloning the obtained vdh gene into an appropriate vector and introducing it in a host, a transformant of the
vdh gene of the present invention can be prepared. As a host, any living organism can be used as long as it enables
stable maintenance and expression of the vdh gene. Recombiant plants containing activated vitamin D3 can also be
obtained by introducing the vdh gene into a plant cell. However, as a host, microorganisms are preferable, which are
free from decomposition and side reactions, able to grow fast by an inexpensive culture method and easy to handle in
a manufacturing setting.
[0037] Specific examples of a host to be used include not only Escherichia coli, Bacillus bacteria and Pseudomonas
bacteria but also actinomycetes (which includes, e.g. Streptomyces bacteria, Pseudonocardia bacteria, Nocardia bac-
teria, Rhodococcus bacteria, Mycobacterium bacteria).
[0038] A vector may be any of integration vectors which are to be integrated into genome or autonomously replicating
plasmids in the selected host. Preferred is a vector which can be stably maintained in the introduced cell, with the vdh
gene supported thereon in a fit state for expression. In order to make the vdh gene express efficiently, an appropriate
promoter functioning in the host may be used. Promoters can be classified into constitutive promoters and inducible
promoters and it is recommended to select the one which exerts the most desirable effect in the production using the
constructed transformed organisms. Specific promoters to be used includes promoters for bacteria such as lac promoter,
trp promoter, tac promoter, T7 promoter, erm promoter, tip promoter and nit promoter; promoters for yeasts such as
ADH promoter, PH05 promoter, ga110 promoter, PKG promoter and GAP promoter; promoters for animal cells such as
SV40 early promoter; and promoter for plant cells such as 35S promoter of cauliflower mosaic virus.
[0039] It is necessary to use a vector suitable for the host cells to which the vector is introduced. Specific examples
available for use include pBR322, pACYC184, pUC18, pKK223-2, pHSG398 (Takara Bio Inc.), pTrcHis (Invitrogen
Corporation) and pET11a (Stratagene Corporation) in the case where Escherichia coli is used as a host; pBBR122
(Mobiotech) and pBHR1 (Mobiotech) for the other gram-negative bacteria; pHW1520 (Mobiotech) and pHY300PLK
(Takara Bio Inc.) for Bacillus; pSH19 (Herai et al., Proc. Natl. Acad. Sci., 101, 14031-14035, 2004), pIJ702 (John Innes
Centre), pIJ943 (John Innes Centre), pIJ8600 (John Innes Centre), pIJ602 (John Innes Centre), 1,pTip-vectors (Na-
kashima et al., Appli. Environ. Microbiol., 70, 5557-5568, 2004), pTYM19 (Onaka et al., J. Antibiot., 56, 950-956, 2003)
for actinomycetes; and pA0815 (Invitrogen Corporation), pAUR101 (Takara Bio Inc.), pAUR123 (Takara Bio Inc.) and
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pAUR316 (Takara Bio Inc.) for fungi.
[0040] In order to make the vdh gene express using host-vector systems as mentioned above and to show hydroxylation
activity, it is preferable to coexpress vdh and the gene coding Redox partner protein which is capable of transferring
electrons efficiently to VDH (specifically, ferredoxin and ferredoxin reductase). The reason is because there is concern
that, depending on the host, intrinsic Redox partner protein is not able to transfer electrons to VDH and therefore fails
to show hydroxylation activity.
[0041] Examples of a gene coding Redox partner protein suitable for coexpression with the vdh gene includes those
derived from the spinach as well as those derived from Acinetobacter sp. OC4 and Rhodococcus erythropolis.
Preferred are thcCD gene (Nagy et al., J. Bacteriol. vol. 177, 676-687 (1995)) or homolog thereof which are a Redox
partner derived from Rhodococcus erythropolis N186/21 strain (NCAIM (P)B. 001020; National Collection of Agriculture
and Industrial Microoraganisms (NCAIM, Budapest, Hungary).
[0042] The thcCD gene refers to thcC gene coding ferredoxin (ThcC) and thcD gene coding ferredoxin reductase
(ThcD), and homolog thereof can be easily obtained by PCR using a pair of primer designed appropriately based on the
gene information described in the above-mentioned documents and DNA isolated from Rhodococcus strain as a template.
Use of such an expression system in which the gene coding Redox partner protein coexpresses enables an enhanced
VDH activity to exhibit in various hosts without limitations depending on the compatibility of the intrinsic Redox partner
protein of the host.
[0043] The culture of a transformed organism is performed in the medium which can be a nutritive medium of the
transformed organism without affecting the transformation of the reaction substrate. Such a medium comprises an
appropriate carbon source, nitrogen source, inorganic salt, natural organic nutrient and the like. As a carbon source,
glucose, fructose, glycerol, sorbitol, organic acids can be used individually or in combination. The concentration of the
carbon source is not particularly limited and preferably 1 to 10 %. As a nitrogen source, ammonium, urea, ammonium
sulfate, ammonium nitrate, ammonium acetate and the like can be used individually or in combination of two or more
members thereof. As an inorganic salt, salts such as monopotassium phosphate, dipotassium phosphate, magnesium
sulfate, manganese sulfate and ferrous sulfate can be used. In addition, as an organic nutrient source having growth-
promoting effects of the bacteria to be used, peptone, meat extract, yeast extract, corn steep liquor and casamino acids
can be used and furthermore, a small amount vitamins and nucleic acids may be contained in the medium.
[0044] In the production method of the present invention, when Rhodococcus erythropolis is used as a transformed
organism, for example, the production method of the hydroxide of vitamin D or the like of the present invention can be
provided by vitamin D or the like as a reaction substrate within the range of usual concentration of 0.1 to 10mg/ml with
the culture medium or the processed goods thereof obtained after cultivating the bacteria at a right temperature for the
bacteria culture: e.g. at 10 to 35 °C in the medium suitable for the growth as mentioned above. The "processed goods"
of the culture medium are the forms made by subjecting the culture medium to various treatments in order to performing
the enzyme reaction efficiently and include a suspension of the bacterial cells, immobilized bacterium cells, crude VDH,
purified VDH, immobilized VDH and modified VDH.
[0045] The transformed organisms obtained by introducing the vdh gene into the host as mentioned above has ca-
pability of accumulating hydroxide of vitamin D or the like more efficiently than ever before.
For example, the transformed organism obtained by introducing the vdh gene into Rhodococcus erythropolis of the
present invention had properties to express abundant VDH and to grow faster compared to Pseudonocardia autotrophica,
which is the original strain of the vdh gene. Also, the hydroxylation rate of vitamin D3 was enhanced.
[0046] Furthermore, checking enzymological data of the VDH of the present invention, that is, Km value and Vmax
value against vitamin D3 and 25-hydroxy vitamin D3 allows comparison of VDH and conventional hydroxylase which
catalyzes the similar reactions. Km values of VDH for vitamin D3 and 25-hydroxy vitamin D3 determined by the method
in Example 11 described below were 9.1 PM and 3.7 PM, respectively, and Vmax values were 243.9 mmol/min/mol of
VDH and 588.2 mmol/min/mnol of VDH, respectively. Table 2 shows the results of the activity comparison of VDH and
P450SU-1 (Sawada et al., Biochem. Biophys. Res. Commun., 320, 156-164, 2004), which is derived from bacteria and
reported to have hydroxylation activity against vitamin D3.

[Table 2]

VDH P450SU-1
Human

CYP27A1
Mouse

CYP27B1

Km for VD3 (PM) 9.1 0.54 3.2 N.D.

Vmax for VD3 (mmol/min/mol of P450 ) 243.9 16 270 N.D.

Vmax / Km 26.8 30 84 N.D.

Km for 25-OH VD3 (PM ) 3.7 0.91 3.5 0.05
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[0047] Regarding Vmax values, the VDH activity against vitamin D3 and that against 25-hydroxy vitamin D3 were about
15 times higher and about 163 times higher compared to those of P450SU-1, respectively. Also, VDH showed Vmax of
hydroxylation activity at 25-position of vitamin D3 equivalent to that of human CYP27A1, which is known to have hydrox-
ylation activity at 25-position of vitamin D3 (Sawada et al., Biochem. Biophys. Res. Commun., 320, 156-164, 2004).
Furthermore, Vmax of VDH showed about one-fifth of the hydroxylation activity at 1α-position of mouse CYP27B1 (Uchida
et al., Biochem. Biophys. Res. Commun., 320, 156-164, 2004) which is known to have hydroxylation activity at 1α-
position of 25-hydroxy vitamin D3. Accordingly, VDH was confirmed to have high hydroxylation activity in one enzyme
at both of 25-position of vitamin D3 and at 1α-position of 25-hydroxy vitamin D3.

EXAMPLES

[0048] Hereinafter, the present invention is described in further detail in reference to examples and comparative
examples, but should not be construed as being limited thereto.

Example 1: Preparation of the cell-free extract of Pseudonocardia autotrophica NBRC12473 strain

[0049] After inoculating Pseudonocardia autotrophica NBRC12473 strain used for fermentative production of the
hydroxide of vitamin D3 (hereinafter referred to as "VD3") in L-liquid medium (1.0 % of Bacto-tryptone, 0.5 % of yeast
extract and 0.5 % sodium chloride) and cultivating at 30°C for three days, cholesterol was then added thereto to a final
concentration of 5 mg/ml and the strain was cultivated at 30°C for another six hours. The obtained culture medium was
subjected to centrifuged using a centrifuge, Beckman AVANTI J-E, at 6000 rpm for 15 minutes to harvest bacteria cells.
The bacteria cells obtained from 3-liter of the culture fluid were suspended in 150 ml of buffer A (50 mM buffer fluid of
potassium phosphate at pH 7.4, 10 % of glycerol and 2 mM dithiothreitol). The cell suspension was subjected to cell
disruption at 4 °C using 0.1 mm glass beads by a cell disruptor, Multi-beads shocker (manufactured by Yasui Kikai
Corporation). In the cell disruption, ten cycles of one-minute shaking at 2500 rpm and one-minute stoppage were con-
ducted. 110 ml of the cell-free extract obtained by centrifugation was dialyzed twice using 1 liter of buffer B (20 mM
potassium phosphate at pH 7.4 and 20 % glycerol). The precipitate was removed by centrifugation at 3000 rpm for 15
minutes so as to make the supernatant into a cell-free extract.

Example 2: Reconstitution of the reaction system for hydroxylation of VD3 using the cell-free extract

[0050] The following components were added to VDH partially-purified from the cell-free extract of Pseudonocardia
autotrophica NBRC12743 strain by chromatographies using DEAE Sephacel column (Amersham Pharmacia Biotech
Inc.) and Apative Macro-Prep Ceramic column (manufactured by BID-RAD Laboratories,; column-volume: 5 ml) was
added to the reconstitution system composed of 160 mM sodium acetate, 32 Pg/ml ferredoxin derive from spinach
(manufactured by Sigma-Aldrich Corp.), 0.1 U/ml ferredoxin reductase derived from spinach (manufactured by Sigma-
Aldrich Corp.), 3 U/ml of glucose dehydrogenase, 2 mM of NADH, 2 mM of NADPH, 60 mM of glucose and 10PM VD3
in Buffer B. The resultant was subjected to reaction at 30°C for 16 hours. Area values of 25-OH VD3, 1α and 25-(OH)2VD3
were determined by HPLC anaysis and the area ratio of the hydroxide (25-OH VD3, 1α and 25-(OH)2VD3) to the peak
area attributed to all of the VD3 compounds (VD3, 25-OH VD3, 1α and 25-(OH)2VD3) was calculated as a conversion rate.

Example 3: Purification of VDH

[0051] Dialyzed cell-free extract of Pseudonocardia autotrophica NBRC12473 strain was loaded onto a DEAE Sepha-
cel column pre-equilibrated with Buffer B (Amersham Pharmacia Biotech Inc.; column volume: 20 ml) . Bound proteins
were eluted with a 200 ml linear gradient of 0 mM to 800 mM sodium acetate in Buffer B. The VDH activity in each
fraction was measured and the fractions containing VDH the activity were collected. VDH was eluted at about 400 mM
sodium acetate in DEAE Sephacel column chromatography. The collected fractions (55 ml) were dialyzed twice with

(continued)

VDH P450SU-1
Human

CYP27A1
Mouse

CYP27B1

Vmax for 25-OH VD3 (mmol/min/mol of P450 ) 588.2 3.6 21 2730

Vmax / Km 159 3.9 6 54600

N.D.: Not determined
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750 ml of Buffer C (7.5 mM sodium acetate buffer at pH 5.0 and 0.20% of glycerol). After the dialysis, precipitation was
removed by centrifugation and the supernatant was loaded onto a CM Sepharose column pre-equilibrated with Buffer
C (Amersham Pharmacia Biotech Inc.; column volume: 10 ml). The sample not absorbed by the column was subjected
reprecipitation and the supernatant obtained by removing the precipitate by centrifugation was confirmed to have VDH
activity. A sample (47 ml) sustaining the activity was dialyzed twice with one liter of Buffer D (2 mM potassium phosphate
buffer at pH 7.4 and 20% of glycerol). The dialyzed sample was loaded onto an Apatite Macro-Prep Ceramic column
pre-equilibrated with Buffer D (manufactured by BIO-RAD Laboratories, Inc.; column volume: 5 ml) . Flow through
fractions (75 ml) were loaded onto a Q Sepharose column (Amersham Pharmacia Biotech Inc.; column volume: 7 ml)
pre-equilibrated with Buffer B. Bound proteins were eluted with a 100 ml linear gradient of 0 mM to 800 mM sodium
acetate in Buffer B. The VDH activity in each fraction was measured and the fractions containing VDH were collected.
VDH was eluted at about 550 mM sodium acetate in Q Sepharose column chromatography. The fractions containing
VDH (22.5 ml) was concentrated to 2 ml by ultrafiltration using Amicon Ultra 30000 MWCO (manufactured by Millipore
Corporation) . The obtained sample was loaded onto a Sephacryl S-100 column (Amersham Pharmacia Biotech Inc.;
column volume: 120 ml). The column chromatography was operated by AKTA system (Amersham Pharmacia Biotech
Inc.). The VDH activity in each fraction was measured and pooled active fractions. The pooled sample (1.7 ml) was
loaded onto a Mono-Q column (Amersham Pharmacia Biotech Inc.; column volume: 1 ml) . The column chromatography
was performed using AKTA system, and bound proteins were eluted with a 20 ml linear gradient of 0 mM to 800 mM
sodium acetate in Buffer B (Fig. 3). The VDH activity in each fraction was measured and pooled active fractions. VDH
was eluted at about 550 mM sodium acetate in Mono-Q column chromatography. The elution pattern of the proteins in
each fraction was analyzed by sodium dodecyl sulfate (SDS)-polyacryl-amide gel electrophoresis (hereinafter called
"SDS-PAGE") and the protein consistent with vitamin D3 activity was identified as VDH (Figure 3). In Mono-Q column
chromatography two peaks having VDH activity and heme absorption were observed and a peak presumed attributable
to VDH of about 45 kDa existed in both of the fractions.

Example 4: Determination of N-terminal amino acid sequence and internal amino acid sequence of VDH

[0052] 60 Pl of sterilized water and 1200 Pl of acetone were added to 180 Pl of one of the samples (fraction 51)
containing VDH protein and the resultant was cooled at -20°C for 16 hours to thereby precipitate the protein in the
sample. After removing supernatant by centrifugation at 13,000 rpm for 20 minutes, 20 Pl of sample buffer of SDS-PAGE
(62.5 mM sodium phosphate buffer at pH 7.0, 0.10% glycerol, 2% sodium dodecyl sulfate and 0.001% of bromophenol
blue) was added to dissolve the protein. The sample was subjected to SDS-PAGE and the protein in the gel after the
electrophoresis was transferred to a PVDF (polyvinylidene difluoride) membrane by a semi-dry blotter (manufactured
by BIO-RAD Laboratories, Inc.; TRANS-BLOT SD SEMI-DRY TRANSFER CELL). The protein-absorbed on PVDF
membrane was stained with a staining solution (0.1% Coomassie brilliant blue R-250, 10% acetic acid and 40% methanol)
for two minutes and then destained by a destaining agent (10% acetic acid and 30% methanol) until the protein band
can be confirmed. The PVDF membrane was air-dried, and then the VDH band was cut out and subjected to analysis
of N-termnal amino acid sequence by Edman method using a high-sensitive amino acid sequence analyzer Procise 491
cLC (manufactured by Applied Biosystems Inc.) . The obtained amino acid sequence is described by a single character
code as follows:

(N-terminal)-ALGTEQHDLFSGFFWQNPQPPYAA-(C-terminal): sequence ID No. 3

[0053] In order to determine the internal amino acid sequence of VDH, a VDH sample (fraction 46) precipitated by
acetone was subjected to SDS-PAGE, stained with Coomassie brilliant blue R-250, and then destained by a destaining
solution (25% methanol and 8% acetic acid) until the protein band can be confirmed. The VDH band was cut out and
subjected to in-gel digestion with lysyl endopeptidase and to analysis by high performance liquid chromatography (HPLC)
by conventional means, and then peptides were isolated by a high-sensitive amino acid sequence analyzer Procise 491
cLC (manufactured by Applied Biosystems Inc.). Among the four peptides obtained one sample was analyzed. The
amino acid sequence obtained by the analysis is described by a single character code as follows:

(N-terminal)-LHGYLSDLLERK-(C-terminal): Sequence ID No. 4

Example 5: Preparation of chromosomal DNA of Pseudonocardia autotrophica NBRC12473 strain and Rhodococcus 
erythropolis NI86/21 strain

[0054] Pseudonocardia autotrophica NBRC12473 strain was inoculated in L-liquid medium and cultivated at 30°C for
three days. The cultured cells were harvested by centrifugation at 3000 rpm for 10 minutes. Chromosomal DNA was
isolated from the cells using the Isoplant DNA isolation kit (manufactured by Nippon Gene Co., Ltd.). In the same way
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chromosomal DNA of Rhodococcus erythropolis NI86/21 strain was prepared.

Example 6: Cloning of VDH genes

[0055] In order to amplify the VDH gene by inverse PCR reaction, the following pair of primer were designed based
on the N-terminal amino acid sequence obtained in Example 4:

VDH-I-1E: Sequence ID No. 5
VDH-I-1R: Sequence ID No. 6

In order to increase reactivity considering codon fluctuation, the following mixed nucleotides in equal quantities were used:

N: A+T+G+C, S: G+C, Y: C+T

[0056] Next, a template for conducting the inverse PCR reaction was prepared by using a pair of primer (i.e. VDH-I-
1F and VDH-I-1R). 4 Pg of genome DNA of Pseudonocardia autotrophica NBRC12473 strain prepared in Example 5
was digested with a restriction enzyme, Aat II (manufactured by New England Biolads, Inc.), in 50 Pl of a reaction solution
at 37°C for two hours. The digested DNA after the digestion was purified by the QIAquic PCR purification kit (manufactured
by QIAGEN Genomics, Inc.) and eluted with 200 Pl of the eluting buffer solution (containing 4 Pg of DNA/200 Pl). 50 Pl
of the solution was saved as a template of Linear DNA and an another 150 Pl was added to T4 DNA Ligase (manufactured
by New England Biolads, Inc.) and the provided buffer solution, thereby being subjected to self-ligation at 16°C for 16
hours. The DNA was purified using the QIAquick PCR purification kit and eluted by 100 Pl of 10 mM Tris HCl (at pH
8.5). The self-ligated sample was saved as a template of Circular DNA. Next, the inverse PCR reaction was performed
with a pair of primer (VDH-I-1F and VDH-I-1R) using as templates the Linear DNA template and the Circular DNA
template. The inverse PCR reaction was conducted using KOD plus polymerase (manufactured by TOYOBO Co., Ltd.)
and the three-stage reaction comprising denaturation at 94°C for one minute, annealing at 60°C for 30 seconds and
extension at 72°C for three minutes was repeated 30 times in a PCR amplifier (GeneAmp PCR System 2700; manufac-
tured by Applied Biosystems, Inc.). As a result, a DNA fragment in size about 1.2 kbp (hereinafter called "DNA fragment-
A") was specifically amplified with the circular DNA as a template. After amplified DNA was separated by agarose gel
electrophoresis, DNA fragment-A was cut off from the agarose gel and purified using QIAquick Gel extraction kit (man-
ufactured by QIAGEN Genomics, Inc.). In order to analyze the nucleotide sequence of the DNA fragment-A, isolated
DNA fragment-A was phosphorylated using T4 polynucleotide kinase (manufactured by New England Biolads, Inc.).
Using the DNA Ligation kit ver. 2.1 (manufactured by Takara Shuzo Co., Ltd.), the phosphorylated DNA fragment-A was
cloned into pBluescript II SK(+) (manufactured by TOYOBO Co., Ltd) which was in advance digested by EcoRV and
dephosphorylated using calf intestine alkalinephosphatase (manufactured by New England Biolads, Inc.). Ligated DNA
was transformed into Escherichia coli XL1-Blue strain. Then, the transformants carrying plasmid inserted DNA fragment-
A were selected on the L agar medium containing ampicillin (50 Pg/ml), X-gal (5-bromo-4-chloro-3-indolyl-β-D-galacto-
side; 40 Pg/ml) and Isopropyl-β-thiogalactopyranoside (IPTG; 100 PM) . The positive colony of the Escherichia coli was
cultivated in L liquid medium containing ampicillin (50 Pg/ml) and the plasmid DNA was isolated and purified from cultured
bacteria cells using the QIAprep Spin Miniprep kit (manufactured by QIAGEN Genomics, Inc.) . The nucleotide sequence
of 1201 bp DNA fragment-A integrated in the plasmid was determined using the DNA sequence analyzer ABI PRISM
(registered trademark) 3100 Genetic Analyzer (manufactured by Applied Biosystems, Inc.). Furthermore, in order to
obtain the full-length sequence of the VDH gene, the following pair of primer were newly designed based on the VDH
coding region sequence in the DNA fragment-A and used for the inverse PCR reaction:

VDH-I-2F: Sequence ID No. 7
VDH-I-2R: Sequence ID No. 8

[0057] The inverse PCR reaction was conducted in the same way as in the above-mentioned method except that the
Pseudonocardia autotrophica NBRC12473 strain was digested by Bam HI instead of Aat II. As a result, a DNA fragment
in size about 1.2 (hereinafter called "DNA fragment-B") was specifically amplified with the Circular DNA as a template.
The sequence of DNA fragment-B was determined using the same operation as for DNA fragment-A. As a result of the
nucleotide sequence analysis, a nucleotide sequence of in size 1451bp was confirmed. DNA fragment-B overlaps with
DNA fragment-A (Fig. 4) and full length of the VDH gene was determined by assembling DNA fragment-A and DNA
fragment-B.
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Example 7: Construction of VDH expression vector pVDH-camAB

[0058] In order to construct a vector co-expressing camAB (ferredoxin reductase genes and ferredoxing genes) derived
from Pseudonocardia putida strain and the vdh gene using Escherichia coli BL21(DE3) (Novagen) as a host, the VDH
gene was amplified using the primers as follows:

VDH-LF: Sequence ID No. 9
VDH-1R: Sequence ID No. 10

[0059] The PCR reaction was conducted with a pair of primer (VDH-1F and VDF-1R) using genomic DNA of Pseu-
donocardia autotrophica NBRC12473 strain digested with Bgl II as a template. The inverse PCR reduction was conducted
using Pfu turbo DNA polymerase (manufactured by TOYOBO Co., Ltd.) and the three-stage reaction comprising dena-
turation at 98°C for 20 seconds, annealing at 63°C for 30 seconds and extension at 72°C for two minutes was repeated
25 times in a PCR amplifier. As a result, a DNA fragment in size about 1.2 kbp (hereinafter called "DNA fragment-C")
was amplified. The DNA fragment-C was purified using QIAquick Gel extraction kit and digested with Nde I and Spe I.
This DNA was separated by agarose gel electrophoresis and a DNA fragment in size 1.2 kbp was cut off from the agarose
gel, and then purified using the QIAquick Gel extraction kit. The isolated DNA fragment-C was inserted into the Ndi I
site and Spe I site of the vector pT7NS-camAB co-expressing ferredoxin reductase and ferredoxin derived from Pseu-
domonas putida (Arisawa et al., PCT Publication WO2003/087381) and transformed into Escherichia coli XL1-Blue
strain (manufactured by STRATAGENE). Then, using L-broth agar medium (1.0 % Bacto-tryptone, 0.5 % yeast extract,
0.5 % sodium chloride and 1.5 % agar) containing ampicilline (50 Pg/ml) , the transformed Escherichia coli was selected.
The colony of the thus-isolated Escherichia coli was cultivated in the L liquid medium. Plasmid DNA was isolated and
purified from the bacteria cells of the proliferated transformed Escherichia coli using QIAprep Spin Miniprep kit to thereby
obtain pVDH-camAB. The analysis of the DNA sequence of the obtained plasmid showed that there was no mutation
of the VDH gene and the VDH gene was inserted in the designated site. Escherichia coli BL21 (DE3) was transformed
into BL21 (DE3) / pVDH-camAB using the plasmid.

Example 8: Test of VD3 conversion using Escherichia coli strain BL21(DE3)/pVDH-camAB

[0060] The colony of the transformed Escherichia coli strain BL21(DE3) / pVDH-camAB obtained in Example 7 was
inoculated to 10 ml of the L liquid medium containing ampicilline (50 Pg/ml) and cultivated at 37°C for 16 hours. 5 ml of
the obtained culture fluid was transferred to 500 ml of MCG liquid medium (0.54 % disodium hydrogenphosphate, 0.05
% sodium chloride, 0.1 % ammonium chloride, 1 % casamino acid, 0.4 % glucose, 0.02 % magnesium chloride, 0.0015
% calcium chloride and 100 PM iron sulfate) containing ampicilline (50 Pg/ml) and cultivated with shaking at 37°C for
2.5 hours. After adding 15 ml ethanol and 50 ml of 50 % glycerol to the culture fluid, the bacteria were cultivated at 22°C
for 20 minutes and IPTG (final concentration: 100 PM) and 5-aminolevulinic acid (final concentration: 80 Pg/ml) were
added thereto. Next, the bacteria were cultivated at 22°C for 20 hours and the bacteria cells were harvested by centrif-
ugation. The harvested bacteria cells were resuspended with 25 ml of Buffer A to be 20-fold higher density than that of
the culture fluid.
[0061] To confirm the expression of VDH, reduced-CO difference spectral analysis (Omura et al., J. Biol. Chem., 239,
2370-2378, 1964) was performed. First, the cell suspension obtained by the method previously described was subjected
to cell disruption at 4 °C using 0.1 mm glass beads by a cell disruptor, Multi-beads shocker (manufactured by Yasui
Kikai Corporation). In the cell disruption, ten cycles of 30-second shaking at 2500 rpm and a 30-second break were
conducted. The cell-disrupted solution was centrifuged at 12000 rpm for 10 minutes to thereby obtain a cell-free extract.
700 Pl of the cell-free extract was transferred into each of two test tubes with caps and carbon monoxide was purged
into one of the tubes. Then, a small amount of sodium hydrosulfite was added to the cell-free extract in both of the tubes.
Taking the absorption spectrum at from 400 nm to 500 nm of the sample without the purge of carbon monoxide as the
baseline level, the absorption spectrum at from 400 to 500 nm of the sample purged with carbon monoxide was scanned
using a spectrophotometer (U-3210 SpectrophotoMeter manufactured by HITACHI, Ltd.). As a result, a characteristic
peak at 450 nm in cytochrome P450 was observed and estimated concentration of VDH is 113 nM per culture.
[0062] Using the cell suspension prepared by the method described above, a conversion test of VD3 was conducted.
To 200 Pl of 20 times concentrated cell extract, 775 Pl of Buffer B, 5.2 Pl of 100 mM VD3, 20 Pl of 10 % RMCD (Randomly
substituted methyl-β-cyclodextrin; manufactured by Ensuiko Sugar Refining Co., Ltd.) were added and the conversion
reaction was conducted at 30°C for 16 hours. RMCD used for the conversion reaction of VD3 is an additive used for the
production of HVD. After the reaction, the solution was extracted twice with 1.5 ml and 0.75 ml of ethyl acetate, respectively,
and the ethyl acetate phase was collected and dried using an evaporator. To the residue 150 Pl of methanol was added
and the hydroxide of VD3 was detected by HPLC analysis.
HPLC conditions:
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column: J’ sphere ODS-H80 (I.D. 4.6 x 75 mm) manufactured by YMC Co., Ltd.
mobile-phase: (A) water, (B) acetonitrile
The chromatography was performed with a gradient system of (A) and (B) in time programs as follows:

Flow rate: 1.0 ml/min.
Wavelength: 275 nm
Column temperature: 40°C
[0063] As a result of the HPLC analysis, the hydroxide of VD3 was not observed, which appeared to be caused because
the electron transfer to VDH from CamA (ferredoxin reductase) and CamB (ferredoxin) co-expressed with VDH did not
happen. Accordingly, a cell-free extract of the Escherichia coli BL21(DE3)/pVDH-camAB strain was prepared to conduct
a conversion test of VD3. 160 mM sodium acetate, 32 Pg/ml ferredoxin derived from spinach, 0.1 U/ml of ferredoxin
reductase derived from spinach, 3 U/ml of glucose dehydrogenase (manufactured by TOYOBO Co., Ltd.), 2 mM of
NADPH, 2 mM of NADPH, 60 mM of glucose and 10 PM of VD3 were added to the cell-free extract of the Escherichia
coli BL21(DE3)/pVDH-camAB strain as an enzyme source to perform the conversion reaction in Buffer B. The conversion
reaction was conducted at 30°C for 16 hours. The solution after the reaction was extracted twice with 1.5 ml and 0.75
ml of ethyl acetate and the ethyl acetate phase was collected and dried using an evaporator. 150 Pl of methanol was
added to the residue and the hydroxide of VD3 was detected by HPLC analysis. As a result of HPLC analysis, 25-
hydroxyvitamin D3 (hereinafter called HVD), 1α,25-dihydroxyvitamin D3 (hereinafter called DHVD) and 1α,17,25-trihy-
droxyvitamin D3 (hereinafter called THVD) were detected. This result showed that VDH from Pseudonocardia autotroph-
ica NBRC12473 strain was the enzyme converting VD3 to HVD, DHVD and THVD.

Example 9: Construction of a histidine-tagged VDH (hereinafter called VDH-His) expression vector pET29-VDH

[0064] For analyzing substrate specificity and kinetics of VDH, VDH was expressed as histidine-tagged protein and
purified using an Ni-NTA column. First an expression vector was constructed. In order to amplify the VDH gene, the
following primers are constructed:

VDH-1F: Sequence ID No. 9
VDH-2R: Sequence ID No. 11

[0065] Next, using a pair of primer (VDH-1F and VDH-2R), a PCR reaction was conducted using as a template the
genomic DNA of Pseudonocardia autotrophica NBRC12473 strain digested in advance with Bgl II. The PCR reaction
was conducted using Pfu turbo and the three-stage reaction comprising denaturation at 98°C for 20 seconds, annealing
at 63°C for 30 seconds and extension at 72°C for two minutes was repeated 25 times in a PCR amplifier. As a result, a
DNA fragment in size about 1.2 kbp (hereinafter called "DNA fragment-D") was amplified. The fragment was purified
using the QIAquick PCR purification kit and digested with Nde I and XhoI. This sample was separated by agarose gel
electrophoresis, a DNA fragment in size 1.2 kbp was cut off from the agarose gel. Using the QIAquick gel extraction kit,
the DNA fragment-D digested with Nde I and XhoI was purified. Next, using the DNA Ligation kit ver. 2.1, the DNA
fragment-D was cloned into pET29b which was in advance digested with Nde I and Xhol and purified to thereby transform
into the Escherichia coli. Subsequently, the transformed Escherichia coli was selected on the L-agar medium containing
Kanamycin (20 Pg/ml). The colony of the transformed Escherichia coli was cultivated in the L liquid medium containing
Kanamycin (20 Pg/ml). The plasmid DNA, pET29-VDH, was purified from the bacteria cells of the proliferated transformed
Escherichia coli. The analysis of the DNA sequence of the pET29-VDH showed that there was no mutation of the VDH
gene and the VDH gene was inserted in the designated site. pET29-VDH was transformed into Escherichia coli BL21
(DE3), yielding Escherichia coli Strain BL21 (DE3)/pVDH-camAB.

Example 10: Purification of VDH-His

[0066] The colony of the transformed Escherichia coli strain BL21(DE3)/pET29-VDH was inoculated to 10 ml of the

[Table 3]

Time Mobile phase (B %)

0 min. → 12 min. 50% → 100%
12 min. → 25 min. 100% → 100%
25 min. → 26min. 100% → 50%
26 min. → 30 min. 50% → 50%
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L liquid medium containing Kanamycin (20 Pg/ml) and cultivated at 37°C for 16 hours. 5 ml of the obtained culture fluid
was transferred to 500 ml of MCG-broth medium containing Kanamycin (20 Pg/ml) and cultivated with shaking at 37°C
for 2.5 hours. After adding 15 ml ethanol and 50 ml of 50 % glycerol to the culture fluid, the bacteria were cultivated at
22°C for 20 minutes and then IPTG (final concentration: 100 PM) and 5-aminolevulinic acid (final concentration: 80
Pg/ml) were added. The bacteria were further cultivated at 22°C for 20 hours and the cultured cells were harvested by
centrifugation. The harvested bacteria cells were resuspended with 25 ml of Buffer A to be 20-fold higher density than
that of culture fluid.
In order to confirm whether VDH expressed as a histigine-tagged protein is still functionally acive, reduced-CO difference
spectral analysis was conducted. As a result, a characteristic peak at 450 nm was observed and estimated concentration
of VPH-His is 163 nM per culture.
[0067] In order to purify VDH-His, 22 ml of the cell suspension of the transformed Escherichia coli BL21(DE3)/pET29-
VDH (20 times concentrated than the culture fluid) was subjected to cell disruption at 4°C using 0.1 mm glass beads by
a cell disruptor, Multi-beads shocker (manufactured by Yasui Kikai Corporation). In the cell disruption, three cycles of
30-second shaking at 2500 rpm and a 30-second break were conducted. The cell-disrupted solution was centrifuged at
3000 rpm for 15 minutes to obtain a cell-free extract. 160 mm sodium acetate, 32 Pg/ml ferredoxin derived from spinach,
0.1 U/ml of ferredoxin reductase derived from spinach, 3 U/ml of glucose dehydrogenase (manufactured by TOYOBO
Co., Ltd.), 2 mM of NADH, 2 mM of NADPH, 60 mM of glucose and 10 PM of VD3 were added to the cell-free extract
as an enzyme source to perform the conversion reaction in Buffer B. As a result of HPLC analysis by the method
previously described, the production of HVD, DHVD and THVD was confirmed (Fig. 6A).
[0068] The cell-free extract of the transformed Escherichia coli BL21(DE3)/pET29-VDH (16 ml) was dialyzed twice
with 500 ml of buffer B. The precipitate during the dialysis was removed by centrifugation and the supernatant was
loaded onto an Ni-NTA column equilibrated by Buffer B (manufactured by QIAGEN Genomics, Inc.; column volume: 2
ml). The bound proteins were eluted with a 100 ml of the linear gradient of 0 mM to 300 mM imidazole in Buffer B. The
VDH-His fractions are collected (19 ml) and dialyzed three times with 500 ml of Buffer B to remove imidazole. Resulting
from the reduced-CO difference spectral analysis, the purified VDH-His solution showed that concentration of the enzyme
in the solution was 2590 nM. As a result of the VD3 conversion test using the purified VDH-His enzyme conducted at
30°C for three hours, the production of HVD, DHVD and THVD was confirmed (Fig. 6B). The purified enzyme was kept
at -20°C until use.

Example 11: Analysis of VDH kinetics

[0069] Using the purified VDH-His enzyme prepared in Example 10, enzyme kinetics of the hydroxylation activity at
25-position to VD3 and that at 1α position to HVD was analyzed. The reaction solution was prepared so as to have
compositions of 259 pmol/ml of VDH-His, 96 Pg/ml ferredoxin derive from spinach, 0.1 U/ml ferredoxin reductase derived
from spinach, 320 mM of sodium acetate, 3 U/ml of glucose dehydrogenase, 60 mM of glucose, 2 mM of NADH and 2
mM of NADPH in 1 ml of Buffer B. At each of the substrate concentrations of 0.1 PM, 0.5 PM, 1 PM, 2 PM, 5 PM, 10
PM, 20 PM, 30 PM, 50 PM, and 100 PM, the reaction was initiated by adding NADH and NADPH. The reaction was
conducted at 180 rpm, 30°C for ten minutes. By adding 1.5 ml of ethyl acetate, the reaction was terminated and the
reaction solution was extracted, and then it was extracted by the addition of 1.5 ml of ethyl acetate. The obtained ethyl
acetate phase was dried by an evaporator and the residue was dissolved with 100 Pl of methanol. By the HPLC analysis
under the same conditions described in Example 8, a calibration curve of the hydroxide was constructed to determine
the quantity of the product. By the HPLC analysis of the prepared samples, the quantities of HVD and DHVD production
were determined using a calibration curve. In the measurement of the hydroxylation activity at 25-position in the case
where the substrate is VD3, the production of DHVD as well as that of HVD was confirmed. The hydroxylation activity
at 25-position was determined in terms of the total amount of the HVD and DHVD obtained per unit (one minute) . Based
on the obtained results, a correlation diagram of the substrate concentration in cases where the substrate is VD3 or HVD
and the activity (mmol/min/mol of VDH : the substrate amount (mmol) catalyzed by VDH in one minute) (Fig. 7). Fur-
thermore, Lineweaver-Burk plot (reciprocal plot) diagram was made to determine the Km value and Vmax value of VDH
to VD3 and HVD (Fig. 8). The Km value and Vmax value of VDH to VD3 were 9.1 PM and 243.9 mmol/min/mol of VDH
and those to HVD were 3.7 PM and 588.2 mmol/min/mol of VDH.

Example 12: Construction of the VDH expression plasmid in Rhodococcus erythropolis

[0070] The fragment of the VDH gene (DNA fragment-C) digested with Nde I and Spe I prepared in Example 7 was
cloned into the Nde I and Spe I sites of pTipQT2 (Nakashima et al., Appl. Environ. Microbiol. 5557-5568, 2004) using
the DNA Ligation Kit ver. 2.1, yielding pTipQT-VDH plasmid in size about 9.4 kbp.
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Example 13: Construction of pTipQT-VDH-thcCD plasmid co-expressing the vdh gene and thcCD gene in Rhodococcus 
erythropolis

[0071] In order to clone the gene coding ferredoxin (ThcC) and ferredoxin reductase (ThcD) derived from Rhodococcus
erythropolis strain NI86/21 (Nagy et al., J. Bacteriol. 676-687, 1995), the following primers (ThcCD-1F and ThCCD-1R)
were designed:

ThcCD-1F: Sequence ID No. 12
ThcCD-1R: Sequence ID No. 13

[0072] Next, DNA was amplified by the PCR reaction using a pair of primer (TchCD-1F and ThcCD-1R) and the
genome of Rhodococcus erythropolis N186/21 prepared in Example 5 as a template. The PCR reaction was conducted
using KOD plus polymerase and the three-stage reaction comprising denaturation at 98°C for 20 seconds, annealing at
55°C for 30 seconds and extension at 72°C for two minutes was repeated 25 times in a PCR amplifier. As a result, a
DNA fragment in size about 1.5 kbp (hereinafter called "DNA fragment-E") was amplified. The fragment was purified
using the QIAquick PCR purification kit and digested with Hind III and BamH I. This sample was isolated by agarose gel
electrophoresis, a DNA fragment in size 1.5 kbp was cut off from the agarose gel. Using the QIAquick gel extraction kit,
the DNA fragment-E digested with Hind III and BamH I was purified. Next, using the DNA Ligation kit ver. 2.1, the DNA
fragment-E was cloned into pUC (manufactured by TOYOBO Co., Ltd.) which was in advance digested with Hing III and
BamH I, yielding pUC18-thcCD plasmid.
[0073] In order to remove the Nde I site existing in the gene coding ThcCD, the following two primers were designed
to conduct the inverse PCR:

ThcCD IPCR-1F: Sequence ID No. 14
ThcCD IPCR-2R: Sequence ID No. 15

Using the two kinds of primers (ThcCD IPCR-1F and ThcCD IPCR-2R), inverse PCR was conducted. The inverse PCR
was conducted using Pfu turbo polymerase and the three-stage reaction comprising denaturation at 94°C for one minute,
annealing at 50°C for one minute and extension at 72°C for seven minutes was repeated 25 times in a PCR amplifier.
As a result, a DNA fragment in size about 4.3 kbp (hereinafter called "DNA fragment-F") was amplified. The reaction
solution containing the DNA fragment-F amplified by the inverse PCR was separated by agarose gel electrophoresis.
The DNA fragment in size 4.3 kbp was cut off from the agarose gel and recovered using the QIAquick gel extraction kit
(manufactured by QIAGEN Genomics, Ltd.). Next, using the DNA Ligation kit ver. 2.1, the obtained DNA, fragment-F
was ligated to yield puC18-thcCD-1. By the analysis of the DNA sequence, it was confirmed that the Ndi I site (CATATG)
in the thcCD gene had been substituted with a non-recognition site (CACATG).
[0074] In order to clone the thcCD gene from pUC18-thcCD-1, the following primers are constructed:

ThcCD-2F: Sequence ID No. 16
ThcCD-1R: Sequence ID No. 13

Next, using a pair of primer (ThcCD-2F and ThcCD-1R), DNA was amplified by PCR using pUC18-thcCD-1 as a template.
The PCR was performed using KOD plus polymerase and the three-stage reaction comprising denaturation at 98°C for
20 seconds, annealing at 55°C for 30 seconds and extension at 72°C for two minutes was repeated 25 times in a PCR
amplifier. As a result, a DNA fragment in size about 1.5 kbp (hereinafter called "DNA fragment-G") was amplified. The
fragment was purified using the QIAquick PCR purification kit and digested with Nde I and BamH I. This sample was
separated by agarose gel electrophoresis, a DNA fragment in size 1.5 kbp was cut off from the agarose gel. Using the
QIAquick gel extraction kit, the DNA fragment-G digested with Nde I and BamH I was purified. Next, using the DNA
Ligation kit ver. 2.1, the DNA fragment-G was cloned into pNitRC2 which was in advance digested with Nde I and BamH
I, yielding pNitRC-thcCD plasmid.
[0075] In order to clone the ribosome binding site sequence from 5’ upstream region of multiple cloning site in pNitRC2
and the thcCD gene sequence, the following primers are constructed:

ThcCD-3F: Sequence ID No. 17
ThcCD-2R: Sequence ID No. 18

Next, using a pair of primer (ThcCD-3F and ThcCD-2R), DNA was amplified by PCR using pNitRC-thcCD as a template.
The PCR was performed using KOD plus polymerase and the three-stage reaction comprising denaturation at 98°C for
20 seconds, annealing at 55°C for 30 seconds and extension at 72°C for two minutes was repeated 25 times in a PCR
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amplifier. As a result, a DNA fragment in size about 1.5 kbp (hereinafter called "DNA fragment-H") was amplified. The
fragment was purified using the QIAquick PCR purification kit and digested with Xba I and ECOR I. This sample was
separated by agarose gel electrophoresis, a DNA fragment in size 1.5 kbp was cut off from the agarose gel. Using the
QIAquick gel extraction kit, the DNA fragment-H digested with Xba I and EcoR I was purified. Next, using the DNA
Ligation kit ver. 2.1, the DNA fragment-H was cloned into pUC18 which was in advance digested with Xba I and EcoR
I, yielding pUC18-RBS-thcCD plasmid.
[0076] To remove the Nde I site existing between the ribosome binding site and thcCD gene in pUC18-RBS-thcCD,
the following primers were designed to conduct inverse PCR:

ThcCD-IPCR-2F: Sequence ID No. 19
ThcCD-IPCR-2R: Sequence ID No. 20

Using a pair of primer (ThcCD-IPCR-2F and ThcCD-IPCR-2R), inverse PCR was conducted using pUC18-RBS-thcCD
as a template. The inverse PCR was performed using Pfu turbo polymerase and the three-stage reaction comprising
denaturation at 94°C for one minute, annealing at 50°C for one minute and extension at 72°C for seven minutes was
repeated 25 times in a PCR amplifier. As a result, a DNA fragment in size about 4.3 kbp (hereinafter called "DNA
fragment-I") was amplified. The reaction solution containing the DNA fragment-I amplified by the inverse PCR was
separated by agarose gel electrophoresis. The DNA fragment in size 4.3 kbp was cut off from the agarose gel and
recovered using the QIAquick Gel extraction kit. The obtained DNA fragment-I was phosphorylated with T4 polynucleotide
kinase and subjected to self-ligation using the DNA Ligation Kit ver. 2.1 to obtain pUC18-RBS-thcCD-1. The analysis
of the DNA sequence confirmed that the Nde I site (CATATG) had been substituted with a non-recognition site (CACATG).
[0077] In order to clone a gene coding ThcCD containing a ribosome binding site from pUC18-RBS-thcCD-1, the
following primers were constructed:

ThcCD-4F: Sequence ID No. 21
ThcCD-3R: Sequence ID No. 22

Next, using a pair of primer (ThcCD-4F and ThcCD-3R), DNA was amplified by PCR using pUC18-RBS-thcCD-1 as a
template. The PCR was performed using KOD plus polymerase and the three-stage reaction comprising denaturation
at 98°C for 20 seconds, annealing at 55°C for 30 seconds and extension at 72°C for two minutes was repeated 25 times
in a PCR amplifier. As a result, a DNA fragment in size about 1.5 kbp (hereinafter called "DNA fragment-J") was amplified.
The fragment was purified using the QIAquick PCR purification kit and digested with Spe I and Bgl II. This sample was
separated by agarose gel electrophoresis, a DNA fragment in size 1.5 kbp was cut off from the agarose gel. Using the
QIAquick gel extraction kit, the DNA fragment-J digested with Spe I and Bgl II was purified using QIAquick Gel extraction kit.
[0078] In order to construct the thiostrepton-inducible plasmid having cloning sites in the order of Nde I, Spe I and Bgl
II sites, the following linkers were designed:

Linker NSBS-1: Sequence ID No. 23
Linker NSBS-2: Sequence ID No. 24

Linker NSBS-1 and Linker NSBS-2 were mixed so that each reached a final concentration of 5 pmol/Pl, heated at 98°C
and cooled to 30°C over a period of 30 minutes. The linkers were introduced into pTipQT2 digested with Nde I and Sal
I (Nakashima et al., Appl. Envrion. Microbiol. 5557-5568, 2004) using DNA Ligation Kit ver. 2.1 to obtain pTipQT--NSBS.
The above-mentioned DNA fragment-J digested with Spe I and Bgl II was cloned into pTipQT-NSBS using DNA Ligation
Kit ver. 2.1 to thereby obtain pTipQT-NS-thcCD.
The fragment of the VDH gene digested with Nde I and Spe I prepared in Example 7 (DNA fragment-C) was linked to
the Nde I and Spe I sites of pTipQT-NS-thcCD using DNA Ligation Kit ver. 2.1 to construct pTipQT-VDH-thcCD in size
about 10.9 kbp (Fig. 9).

Example 14: Transformation of Rhodococcus erythropolis JCM 3201 strain by pTipQT2, pTipQT-VDH and pTipQT-VDH-
thcCD

[0079] Rhodococcus erythropolis JCM 3201 strain was cultivated in 100 ml of the L liquid medium at 30°C with shaking
until it enters the logarithmic phase. The culture liquid was cooled with ice for 30 minutes and centrifuged to recover
bacteria cells. After cells were resuspended with 100 ml of ice-cold water, the suspension was centrifuged to recover
bacteria cells. After cells were resuspended with 100 ml of ice-cold 10 % glycerol solution, the suspension was centrifuged
to recover bacteria cells. After another repetition of this washing with iced 10 % glycerol solution, the bacteria cells were
resuspended with 5 ml of ice-cold 10 % glycerol solution. Each 400 Pl of the suspension was snap frozen in liquid
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nitrogen and stored at -80°C until use. The bacteria cells taken out from the storage at -80°C was thawed on ice and
mixed with 3 Pl of pTipQT2, pTipQT-VDH or pTipQT-VDH-thcCD plasmid (about 300 ng each) was added. The mixed
solution of the bacteria cells and DNA was transferred to electroporation cuvette (0.2 cm gap cuvette; manufactured by
Bio-Rad Laboratories, Inc.) and electric pulses with an electric intensity of 12.5 kV/cm were applied to each sample
using the electroporation system of Bio-Rad Laboratories, Inc., Gene Pulser II, by setting the pulse controller to the
capacitance of 25 PF and external resistance of 400 Ω. The electric pulse-treated solution of the bacteria cells and DNA
was mixed with 1 ml of the L-broth agar medium (agar concentration: 1.5 %) and cultured at 30°C for two hours. The
cultured bacteria were spread onto L-agar plate containing 20 Pg/ml tetracycline (agar concentration: 1.5 %) and cultured
at 30°C for three days to thereby obtain the transformant of each plasmid.

Example 15: VD3 conversion test by the transformant of Rhodococcus erythropolis

[0080] The transformant of Rhodococcus erythropolis JCM 3201 strain produced in Example 14 was cultivated in 20
ml of L liquid medium containing 8 Pg/ml of tetracycline at 30°C. When the cell density reached 0.8 OD at a wavelength
of 600 nm (OD 600), thiostrepton (solvent: dimethylsulfoxide) was added to a final concentration of 1 Pg/ml to express
VDH, ThcC and ThcD. After 24-hour culture, cells were harvested by centrifugation. 4 ml of Buffer A was added and a
cell suspension (five times concentrated than the culture fluid) was obtained. Using the prepared cell suspension of the
transformant, VD3 conversion test was conducted. 767 Pl of Buffer B, 13 Pl of 100 mM VD3, and 20 Pl of 10 % randomly
substituted methyl-β-cyclodextrin (RMCD) were added to 200 Pl of the cell suspension of the transformant and subjected
to reaction at 30°C for 18 hours. RMCD used in the VD3 conversion test is an additive used for the production of HVD.
After the reaction, the suspension was extracted twice with 1.5 ml and 0.5 ml of ethyl acetate, respectively, and the ethyl
acetate phase was collected and dried with an evaporator. 150 Pl of methanol was added to the residue and subjected
to HPLC analysis to detect the hydroxide of VD3 (Fig. 10). As a result of the conversion, the production of HVD was
confirmed in the strain expressing VDH and the concentration of HVD was determined. A cell-free extract was prepared
from the cell suspension of the transformant and subjected to the reduced-CO difference spectroscopy to determine the
expression amount of VDH. As a result, the expression amount of VDH per culture fluid was of the strains transformed
by pTipQT2, pTipQT-VDH and pTipQT-vDH--thcCD were 0, 1747 and 1256 nM, respectively. When adjusting hydroxide-
generating relative activity using the expression amount of VDH, the strains transformed by pTipQT-VDH and by pTipQT-
VDH-thcCD had the relative activity per expressed VDH of 20.2 and 119.2 mmol/min/mol of VDH, respectively. The
results showed that the relative activity of the transformant co-expressing VDH and ThcCD was nearly six-fold higher
than that of the transformant expressing VDH solely (Table 4).

Example 16: Construction of plasmid pVDH-thcCD co-expressing VDH and ThcCD in Escherichia coli

[0081] In order to amplify a DNA fragment containing the vdh gene and thcCD gene, the following primers were
constructed:

VDH-1F: Sequence ID No. 9
ThcCD-3R: Sequence ID No. 22

Next, DNA was amplified by the PCR reaction using a pair of primer (VDH-1F and ThcCD-3R) and pTipQT-VDH-thcCD
prepared in Example 15 as a template. The PCR reaction was conducted using KOD plus polymerase and the three-
stage reaction comprising denaturation at 98°C for 20 seconds, annealing at 55°C for 30 seconds and extension at 72°C
for three minutes was repeated 25 times in a PCR amplifier. As a result, a DNA fragment in size about 3.0 kbp (hereinafter
called "DNA fragment-K") was amplified. The fragment was purified using the QIAquick PCR purification kit and digested
with Nde I and Bgl II. This sample was separated by agarose gel electrophoresis, a DNA fragment in size about 3.0 kbp
was cut off from the agarose gel. Using the QIAquick gel extraction kit, the DNA fragment-K digested with Nde I and Bgl
II was purified. Next, using the DNA Ligation kit ver. 2.1, the DNA fragment-E was joined to pET29b which was in advance

[Table 4]

Transformant
Expression amount of VDH

(nM)
Activity

(mmol/min/mol of VDH)

pTipQT2 N.D. -

pTipQT-VDH 1747 20.2

pTipQT-VDH-thcCD 1256 119.2
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digested with Nde I and Bgl II to thereby obtain pVDH-thcCD plasmid. Escherichia coli BL21(DE3) was transformed by
the plasmid to thereby obtain BL21(DE3)/pVDH-thcCD Escherichia coli strain.

Example 17: VD3 conversion test using BL(DE3)/pVDH-thcCD Escherichia coli strain

[0082] The colony of Escherichia coli strain BL21(DE3)/pVDH-thcCD was inoculated with 2 ml L liquid medium con-
taining Kanamycin (20 Pg/ml) and cultivated at 37°C for 16 hours. 250 Pl of the obtained culture fluid was transferred
to 250ml of L liquid medium containing Kanamycin (20 Pg/ml) and cultivated with shaking at 37°C for 2.5 hours. After
adding 750 Pl ethanol and 2.5 ml of 50 % glycerol to the culture fluid, the bacteria were cultivated at 22°C for 20 minutes
and then IPTG (final concentration: 100 PM) and 5-aminolevulinic acid (final concentration: 80 Pg/ml) were added. The
bacteria were further cultivated at 22°C for 20 hours and then the bacteria cells were harvested by centrifugation. The
harvested bacteria cells were resuspended with 5 ml of Buffer A to obtain a cell suspension of Escherichia coli BL21
(DE3)/pVDH-thcCD (five times concentrated than the culture fluid).
[0083] To confirm the expression of VDH, reduced-CO difference spectral analysis (Omura et al., J. Biol. Chem., 239,
2370-2378, 1964) was conducted. First, the cell suspension of transformed Escherichia coli BL21(DE3)/pVDH-thcCD
obtained by the method previously described was subjected to cell disruption at 4°C using 0.1 mm glass beads by a cell
disruptor, Multi-beads shocker (manufactured by Yasui Kikai Corporation). In the cell disruption, ten cycles of 30-second
shaking at 2500 rpm and a 30-second break were conducted. The cell-disrupted solution was centrifuged at 12000 rpm
for 10 minutes to thereby obtain a cell-free extract. 700 Pl of the cell-free extract was transferred into each of two test
tubes with caps and one of the tubes was purged with carbon monoxide. Then, a small amount of sodium hydrosulfite
was added to the cell-free extract in both of the tubes. Taking the absorption spectrum at from 400 nm to 500 nm of the
sample without the purge of carbon monoxide as the baseline level, the absorption spectrum at from 400 to 500 nm of
the sample purged with carbon monoxide was scanned using a spectrophotometer (U-3210 SpectrophotoMeter manu-
factured by HITACHI, Ltd.). As a result, a characteristic peak at 450 nm in cytochrome P450 was observed, which
showed VDH expression of 258 nM per culture fluid.
[0084] Using the cell suspension of Escherichia coli BL21(DE3)/pVDH-thcCD prepared by the method described
above, a conversion test of VD3 was conducted. To 200 Pl of the cell suspension of Escherichia coli BL21(DE)/pVDH-
thcCD (five times concentrated cell extract), 767 Pl of Buffer B, 13 Pl of 200 mM VD3, 20 Pl of 10 % RMCD (randomly
substituted methyl-β-cyclodextrin) were added and the conversion reaction was conducted at 30°C for 19 hours. As a
control group, cultured cells of the host BL21(DE3) strain cultivated under the same conditions as those for Escherichia
coli BL21(DE3)/pVDH-thcCD. RMCD used for the conversion reaction of VD3 is an additive used for the production of
HVD. The cell suspension after the reaction was extracted twice with 1.5 ml and 0.75 ml of ethyl acetate, and the ethyl
acetate phase was collected and dried using an evaporator. To the residue 150 Pl of methanol was added, thereby
detecting the hydroxide of VD3 by HPLC analysis (in the same way as in Example 8).
As a result of the HPLC analysis, the generation of HVD was observed (Fig. 11). The result showed that the coexpression
of the vdh gene and thcCD gene enabled the hydroxylation of VD3 using Escherichia coli as a host.

Example 18: Hydroxylation test of vitamin D2 (VD2) and 7-dehydrocholesterol using VDH

[0085] Using the purified VDH-His enzyme prepared in Example 10, conversion of VD2 and 7-dehydrocholesterol was
conducted. A reaction solution was prepared so as to be made into the composition of 259 pmol/ml of VDH-His, 32
Pg/ml ferredoxin derive from spinach (manufactured by Sigma), 0.1 U/ml ferredoxin reductase derived from spinach
(manufactured by Sigma), 3 U/ml of glucose dehydrogenase, 60 mM of glucose, 20 PM of substrate (VD2, 25-OH VD2
and 7-dehydrocholesterol), 2 mM of NADH and 2 mM of NADPH in 1 ml of Buffer B. 0.004 % RMCD was added only to
the solution for converting 7-dehydrocholesterol. The reaction was initiated by the addition of NADH and NADPH and
incubated at 30°C and 180 rpm for 60 minutes for the conversion of VD2 and 90 minutes for the conversion of 7-
dehydrocholesterol. By adding 1.5 ml of ethyl acetate, the reaction was terminated and the reaction solution was extracted,
and it was again extracted by the addition of 0.75 ml of ethyl acetate. The obtained ethyl acetate phase was dried by
an evaporator and the residue was dissolved by 100 Pl of methanol. The dissolved solution was subjected to HPLC
analysis for the detection of the hydroxide of VD2 and 7-dehydrocholesterol.
[0086] HPLC conditions (for VD2) :
column: J’ sphere ODS-H80 (I.D. 4.6 x 75 mm) manufactured by YMC
mobile-phase: (A) water, (B) acetonitrile
The chromatography was performed with a gradient system of (A) and (B) in time programs as follows:
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Flow rate: 1.0 ml/min.
Wavelength: 265 nm
Column temperature: 40°CHPLC conditions (for 7-dehydrocholesterol):
column: J’ sphere ODS-H80 (I.D. 4.6 x 75 mm) manufactured by YMC Co., Ltd.
mobile-phase: (A) water, (B) acetonitrile
The chromatography was performed with a gradient system of (A) and (B) in time programs as follows:

Flow rate: 1.0 ml/min.
Wavelength: 240 nm
Column temperature: 40°C
[0087] The result of the HPLC analysis showed that the VDH converted from VD2 as a substrate to 25-OH VD2. It
also showed that the conversion from 25-OH VD2 as a substrate to 25,28-(OH)2VD2 and 25,26-(OH)2VD2. Furthermore,
the conversion of 25-OH-7-dehydrocholesterol from 7-dehydrocholesterol was confirmed by using VDH. These results
show that VDH is capable of producing the hydroxide of various steroids.

Example 19: Acquisition of a homolog of the vdh gene

[0088] In order to amplify the vdh gene or homologs thereof, the following primers were constructed:

VDH-101F: Sequence ID No. 25
VDH-106R: Sequence ID No. 26

Next, DNA was amplified by PCR using these two primers and the genomic DNA prepared from Pseudonocardia au-
totrophica in the same way as in Example 5 as a template. The PCR was conducted using LA Taq polymerase (manu-
factured by Takara Bio Inc.) and the three-stage reaction comprising denaturation at 95°C for five minutes, annealing
at 52°C for 30 seconds and extension at 72°C for two minutes was repeated 30 times in a PCR amplifier. After the
amplification reaction, 4 Pl of the reacted solution was separated by electrophoresis using 0.8 % agarose gel. As a result,
a DNA fragment in size about 1.2 kbp was amplified in all of the tested strains. The 38 strains tested are shown in the
following list. In this list, "Pseudonocardia" is abbreviated as "P.".

[Table 5]

Time Mobile phase (B %)

0 min. → 10 min. 53% → 53%
10 min. → 14 min. 53% → 100%
14 min. → 21 min. 100% → 100%
21 min. → 23 min. 100% → 53%
23 min. → 30 min. 53% → 53%

[Table 6]

TIme Mobile phase (B %)

0 min. → 6 min 50% → 100%
6 min. → 23 min. 100% → 100%

23 min. → 24 min. 100% → 50%
24 min. → 28min. 50% → 50%

[Table 7]

Strains

P. autotrophica DSM535 P. autotrophica DSM43102

P. autotrophica DSM43082 P. autotrophica DSM43103

P. autotrophica DSM43083 P. autotrophica DSM43104

P. autotrophica DSM43084 P. autotrophica DSM43105
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BRIEF DESCRIPTION OF DRAWINGS

[0089]

[Fig. 1] A schematic drawing of the hydroxylation reaction of vitamin D3 by Pseudonocardia autotrophica NBRC12743
strain [Fig. 2] Effect of the sodium acetate concentration on the activity of the vitamin D hydroxylase
[Fig. 3] A graph indicating the elution pattern of Mono-Q chromatography shown as the change of absorbance for
the fraction number
[Fig. 4] An SDS-PAGE image of the purified VDH
[Fig. 5] A view showing the cloning of a gene coding VDH
[Fig. 6] A chart showing the HPLC analysis result of the conversion test of vitamin D3 using a cell-free extract of the
VDH-His expression strain (Fig. 6A) and purified VDH-His (Fig. 6B)
[Fig. 7] A graph showing the correlation of the substrate concentration and the VDH activity
[Fig. 8] A graph showing the Lineweaver-Burk plot (reciprocal plot) of the vitamin D3 hydroxylation activity at 25-
position and 25-OH vitamin D3 hydroxylation activity at 1α-position
[Fig. 9] A view showing the construction of VDH expression plasmids pTipQT-VDH and pTipQT-VDH-thcCD
[Fig. 10] A chart showing the HPLC analysis result of the conversion test of vitamin D3 by the transformed Rhodo-
coccus erythropolis (pTipQT2 in Fig. 10a, pTipQT-VDH in Fig. 10b and pTipQT-VDH-thcCD in Fig. 10c)
[Fig. 11] A chart showing the HPLC analysis result of the conversion test of vitamin D3 by Escherichia coli BL21
(DE3) strain (Fig. 11a) and Escherichia coli BL21(DE3)/pVDH-thcCD strain (Fig. 11b)
[Fig. 12] A chart showing the HPLC analysis result of the conversion test of vitamin D2 and 25-OH vitamin D2 by
VDH ("a" is a chart of the control experiment)
[Fig. 13] A chart showing the HPLC analysis result of the conversion test of 7-dehydrocholesterol by VDH ("a" is a
chart of the control experiment)

[SEQUENCE LIST]

[0090]

(continued)

Strains

P. autotrophica DSM43085 P. autotrophica DSM43106

P. autotrophica DSM43086 P. autotrophica DSM43107

P. autotrophica DSM43087 P. autotrophica Dim43108

P. autotrophica DSM43088 P. autotrophica DSM43128

P. autotrophica DSM43090 P. autotrophica DSM43129

P. autotrophica DSM43091 P. autotrophica DSM43558

P. autotrophica DSM43093 P. autotrophica ATCC13181

P. autotrophica DSM43094 P. autotrophica ATCC19727

P. autotrophica DSM43095 P. autotrophica ATCC33795

P. autotrophica DSM43096 P. autotrophica ATCC33796

P. autotrophica DSM43097 P. autotrophica ATCC33797

P. autotrophica DSM43098 P. autotrophica JCM4010

P. autotrophica DSM43099 P. saturnea IFO14499

P. autotrophica DSM43100 P. saturnea FERM BP2307

P. autotrophica DSM43101 P. autotrophica 4M1067



EP 2 357 229 A1

21

5

10

15

20

25

30

35

40

45

50

55



EP 2 357 229 A1

22

5

10

15

20

25

30

35

40

45

50

55



EP 2 357 229 A1

23

5

10

15

20

25

30

35

40

45

50

55



EP 2 357 229 A1

24

5

10

15

20

25

30

35

40

45

50

55



EP 2 357 229 A1

25

5

10

15

20

25

30

35

40

45

50

55



EP 2 357 229 A1

26

5

10

15

20

25

30

35

40

45

50

55



EP 2 357 229 A1

27

5

10

15

20

25

30

35

40

45

50

55



EP 2 357 229 A1

28

5

10

15

20

25

30

35

40

45

50

55



EP 2 357 229 A1

29

5

10

15

20

25

30

35

40

45

50

55

Claims

1. A hydroxylase gene derived from actinomycetes encoding a hydroxylase capable of hydroxylation of at least one
of vitamin D3, vitamin D2 and 7-dihydrocholesterol.

2. The hydroxylase gene as claimed in claim 1, which is derived from Pseudonocardia autotrophica.

3. The hydroxylase gene as claimed in claim 2, which is derived from Pseudonocardia autotrophica NBRC12743 strain.

4. The hydroxylase gene as claimed in claim 1, which is coded from the 320th to 1531st nucleotide sequence repre-
sented by sequence ID No. 1.

5. A variant or a homologous gene of the hydroxylase gene as claimed in claim 4 represented by the following (1) or (2):

(1) A variant of the hydroxylase gene claimed in claim 4, which hybridizes with the DNA coding nucleotide
sequence claimed in claim 4 under stringent conditions and the hydroxylation activity against the vitamin D
compounds and the substrate spectrum of the hydroxylase coded by the variant are regarded equivalent as
those of the hydroxylase coded by the hydroxylase gene claimed in claim 4; and
(2) A homologous gene with the hydroxylase gene claimed in claim 4, which is derived from microorganisms
other than Pseudonocardia autotrophica NBRC12743 strain and codes polypeptide having hydroxylation activity
against the vitamin D compounds, and hybridizes with the DNA coding nucleotide sequence claimed in claim
4 under stringent conditions and the hydroxylation activity against the vitamin D compounds and the substrate
spectrum of the hydroxylase coded by the variant are regarded equivalent as those of the hydroxylase coded
by the hydroxylase gene claimed in claim 4.

6. A variant or a homologous gene of the hydroxylase gene as claimed in claim 5, obtained from actinomycete using
at least 20 consecutive nucleotides in the 320th to 1531st nucleotide sequence represented by sequence ID No. 1
or the complementary strand as a probe.
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7. A hydroxylase coded by the gene claimed in any one of claims 1 to 6.

8. A hydroxylase containing the amino acid sequence represented by sequence ID No. 2.

9. Transgenic organisms obtained by introducing the gene claimed in any one of claims 1 to 6 into a host organism.

10. The transgenic organisms as claimed in claim 9, the host organism of which is Escherichia coli or actinomycete.

11. A method for producing a hydroxide of the vitamin D compounds; precursor, metabolite, derivative or steroids thereof;
or a modified compound thereof, wherein a conversion reaction is conducted by adding the vitamin D compounds
or 7-dehydrocholesterol as a reactive substrate to the culture medium or a processed goods thereof.

12. The method for producing a hydroxide as claimed in claim 11 which coexpresses hydroxylase genes and Redox
Partner genes in the transgenic organisms claimed in claim 9 or 10.

13. The method for producing a hydroxide as claimed in claim 12, wherein the Redox Partner gene is represented by
any one of the following (1) to (3):

(1) thcCD gene;
(2) a variant of the thcCD gene described in (1) above, which hybridizes with the DNA coding nucleotide sequence
of the thcCD gene under stringent conditions, wherein the redox partner coded by the variant is capable of
transferring electrons to the hydroxylase coded from 320th to 1531st nucleotide sequence represented by
sequence ID No. 1;
(3) a homologous gene with the thcCD gene, which is derived from microorganisms other than Rhodococcus
erythropolis NI86/21 strain and hybridizes with the DNA coding nucleotide sequence of the thcCD gene of (1)
above under stringent conditions, wherein the redox partner coded by the homologous gene is capable of
transferring electrons to the hydroxylase coded from 320th to 1531st nucleotide sequence represented by
sequence ID No. 1.

14. The method for producing the hydroxide as claimed in any one of claims 11 to 13, wherein the hydroxide of the
vitamin D or the like is 1α,25-dihydroxy vitamin D3.

15. The method for producing the hydroxide as claimed in any one of claims 11 to 13, wherein the hydroxide of the
vitamin D or the like is 25-dihydroxy vitamin D3.

16. The method for producing the hydroxide as claimed in any one of claims 11 to 13, wherein the hydroxide of the
vitamin D or the like is 1α,25-dihydroxy vitamin D2.

17. A method for obtaining hydroxylase genes from genomic DNA or cDNA of microorganisms using at least 20 con-
secutive nucleotides in the nucleotide sequence represented by sequence ID No. 1 or the complementary strand
as a probe.
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