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Description 

 

Genetically modified microorganism and process for 

production of macrolide compound using the microorganism 

 

Field of the invention 

 The present invention relates to recombinant 

microorganisms having the ability to produce 16-position 

hydroxyl macrolide compounds, and to methods for producing 

16-position hydroxyl macrolide compounds using those 

microorganisms. 

 

Related art 

 Important bioactive substances have been discovered 

among the various metabolites produced by the 

actinomycetes.  In particular, many compounds have been 

found having a polyketide in the basic structure (hereunder 

called polyketide compounds).  Compounds having various 

biological functions are known including for example the 

antibacterial agents erythromycin, josamycin, tylosin, 

midecamycin and mycinamicin, the antifungal agents nystatin 

and amphotericin, the insecticidal agents milbemycin and 

avermectin, the immune suppressors tacrolimus and rapamycin 

and the anti-tumor agents daunomycin, adriamycin, 

aclacinomycin and the like. 

 The polyketide compounds include a group of macrolide 

Description  Genetically modified microorganism and process for
production of macrolide compound using the microorganism  Field of the
invention The present invention relates to recombinant  microorganisms
having the ability to produce 16-position  hydroxyi macrolide compounds,
and to methods for producing  16-position hydroxyi macrolide compounds
using those  microorganisms. Related art Important bioactive substances
have been discovered  among the various metabolites produced by the
actinomycetes. In particular, many compounds have been  found having a
poiyketide in the basic structure (hereunder  called poiyketide
compounds). Compounds having various  biological functions are known
including for example the  antibacterial agents erythromycin, josamycin,
tyiosin,  midecamycin and mycinamicin, the antifungai agents nystatin
and amphotericin, the insecticidal agents miibemycin and  avermectin, the
immune suppressors tacrolimus and rapamycin  and the anti-tumor agents
daunomycin, adriamycin,  aciacinomycin and the like. The poiyketide
compounds include a group of macroiide  1 compounds with excellent
anti-tumor activity called  pladienolides. "Pladienolide" is a general term
for a  group of compounds discovered in culture of the  
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compounds with excellent anti-tumor activity called 

pladienolides.  “Pladienolide” is a general term for a 

group of compounds discovered in culture of the 

Streptomyces sp. Mer-11107 strain, and more than 50 

relatives are known, beginning with 11107B (also called 

pladienolide B), which is represented by the formula (A) 

below (See WO 2002/060890). 

 

 Of these pladienolides, the 16-position hydroxyl 

substance represented by the following formula (I) has 

excellent properties including strong anti-tumor activity 

and the like, but it has been difficult to produce it 

efficiently because its productivity is inferior to that of 

11107B. 

Streptomyces sp. Mer-11107 strain, and more than 50  relatives are
known, beginning with 11107B (also called  pladienolide B), which is
represented by the formula (A)  below (See WO 2002/060890). Jo OH
OH O O O OH (A)  Of these pladienolides, the 16-position hydroxyl
substance represented by the following formula (I) has  excellent
properties including strong anti-tumor activity  and the like, but it has been
difficult to produce it  efficiently because its productivity is inferior to that of
11107B. 2 Jo R  OH O O O OH  OH (I)  (wherein R is a hydrogen atom or
hydroxyl group). The compound represented by the formula (I) may be
called ME-282 when R is a hydrogen atom and 11107D or  pladienolide D
when R is a hydroxyl group. 
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(wherein R is a hydrogen atom or hydroxyl group). 

 The compound represented by the formula (I) may be 

called ME-282 when R is a hydrogen atom and 11107D or 

pladienolide D when R is a hydroxyl group. 

 A research group including the applicants in the 

present application has subsequently discovered 

actinomycetes which hydroxylates the 16-position of 11107B 

but which are not pladienolide-producing organisms (see WO 

2003/099813 and WO 2004/050890), have obtained and 

identified DNA participating in a 16-position hydroxylation 

reaction of 11107B (DNA encoding for 16-position 

hydroxylating enzyme and those ferredoxins) from these 

actinomycetes, and have submitted a patent application 

therefor (see WO-A 2005/052152 published on June 9, 2005). 

 We have also obtained and identified from the 

pladienolide-producing strain Streptomyces sp. Mer-11107 

polypeptides participating in biosynthesis of 11107B and 

DNA encoding those polypeptides, and have submitted a 

patent application therefor (see WO-A 2006/009276 published 

A research group including the applicants in the  present application has
subsequently discovered  actinomycetes which hydroxylates the
16-position of 11107B  but which are not pladienolide-producing
organisms (see WO  2003/099813 and WO 2004/050890), have obtained
and  identified DNA participating in a 16-position hydroxylation  reaction of
11107B (DNA encoding for 16-position  hydroxylating enzyme and those
ferredoxins) from these  actinomycetes, and have submitted a patent
application  therefor (see WO-A 2005/052152 published on June 9, 2005).
We have also obtained and identified from the  pladienolide-producing
strain Streptomyces sp. Mer-11107  polypeptides participating in
biosynthesis of 11107B and  DNA encoding those polypeptides, and have
submitted a  patent application therefor (see WO-A 2006/009276
published 3 on January 26, 2006). It has thus become possible to produce
16-position  hydroxyl substances more efficiently than before by
producing 11107B or the like using the Streptomyces sp. Mer  11107
strain or variants thereof and then converting the  resulting 11107B into
16-position hydroxyl substances using  other actinomycetes capable of
the 16-position  hydroxylation reaction. However, because of the
two-stage  reaction, the operational difficulty is doubled, and it has  been
therefore desired to establish a more efficient  production method. 
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on January 26, 2006). 

 It has thus become possible to produce 16-position 

hydroxyl substances more efficiently than before by 

producing 11107B or the like using the Streptomyces sp. Mer 

11107 strain or variants thereof and then converting the 

resulting 11107B into 16-position hydroxyl substances using 

other actinomycetes capable of the 16-position 

hydroxylation reaction.  However, because of the two-stage 

reaction, the operational difficulty is doubled, and it has 

been therefore desired to establish a more efficient 

production method. 

 Cases are known in which a gene coding for an enzyme 

which modifies a polyketide compound has been introduced so 

as to be expressed in a strain producing the polyketide 

compound, resulting in the direct production of a 

polyketide compound modified by an introduced enzyme.  For 

example, it has been reported that direct production of 6-

hydroxy-tetracenomycin C can be achieved by introducing the 

hydroxylation gene of Streptomyces fradiae Tu2717 into 

Streptomyces glaucescens GLA.0 that produces tetracenomycin 

C (see J. Bacteriol. 1995, Vol. 177, 6126-6136). 

 Cases are also known in which a polyketide compound 

biosynthesis gene has been introduced so as to be expressed 

in a strain having an enzyme which modifies the polyketide 

compound, resulting in direct production of a polyketide 

compound modified by an enzyme originally present in the 

Cases are known in which a gene coding for an enzyme  which modifies a
polyketide compound has been introduced so  as to be expressed in a
strain producing the polyketide  compound, resulting in the direct
production of a  polyketide compound modified by an introduced enzyme.
For  example, it has been reported that direct production of 6-
hydroxy-tetracenomycin C can be achieved by introducing the
hydroxylation gene of Streptomyces fradiae Tu2717 into  Streptomyces
glaucescens GLA.0 that produces tetracenomycin  C (see J. Bacteriol.
1995, Vol. 177, 6126-6136). Cases are also known in which a polyketide
compound  biosynthesis gene has been introduced so as to be expressed
in a strain having an enzyme which modifies the polyketide  compound,
resulting in direct production of a polyketide  compound modified by an
enzyme originally present in the 4 host strain. For example, it has been
reported that direct  production of 6-hydroxy-tetracenomycin C can be
achieved by  introducing the tetracenomycin C biosynthesis gene of
Streptomyces glaucescens GLA.0 into Streptomyces fradiae  Tu2717,
which possesses an enzyme that hydroxylates the 6  position of
tetracenomycin C (see J. Bacteriol. 1995, Vol.  177, 6126-6136). In some
cases, production of a modified polyketide  compound can be achieved
with a strain of a different  species by introducing the polyketide
compound biosynthesis gene and a gene encoding an enzyme which
modifies the  



 5 

host strain.  For example, it has been reported that direct 

production of 6-hydroxy-tetracenomycin C can be achieved by 

introducing the tetracenomycin C biosynthesis gene of 

Streptomyces glaucescens GLA.0 into Streptomyces fradiae 

Tu2717, which possesses an enzyme that hydroxylates the 6 

position of tetracenomycin C (see J. Bacteriol. 1995, Vol. 

177, 6126-6136). 

 In some cases, production of a modified polyketide 

compound can be achieved with a strain of a different 

species by introducing the polyketide compound biosynthesis 

gene and a gene encoding an enzyme which modifies the 

polyketide compound together into a strain of a different 

species.  For example, it has been reported that direct 

production of 8,8a-dihydroxy-6-erythronolide B was achieved 

by introducing both a 6-erythronolide B biosynthesis gene 

of Saccharopolyspora erythraea and a P-450 gene of 

Streptomyces antibioticus ATCC11891 into Streptomyces 

lividans K4-114 as the host (see J. Antibiot. 2000, Vol. 

53, 502-508). 

 

Disclosure of the invention 

 It is an object of the present invention to provide 

recombinant microorganisms having the ability to produce 

the 16-position hydroxyl macrolide compound represented by 

the above formula (I).  Another object is to provide a 

method of producing a 16-position hydroxyl macrolide 

polyketide compound together into a strain of a different  species. For
example, it has been reported that direct  production of
8,8a-dihydroxy-6-erythronolide B was achieved  by introducing both a
6-erythronolide B biosynthesis gene  of Saccharopolyspora erythraea and
a P-450 gene of  Streptomyces antibioticus ATCC11891 into
Streptomyces  lividans K4-114 as the host (see J. Antibiot. 2000, Vol.  53,
502-508). Disclosure of the invention It is an object of the present
invention to provide  recombinant microorganisms having the ability to
produce  the 16-position hydroxyl macrolide compound represented by
the above formula (I). Another object is to provide a  method of producing
a 16-position hydroxyl macrolide 5 compound using these recombinant
microorganisms. In an effort to resolve the aforementioned problems,  the
inventors used genetic engineering methods to prepare  (breed)
microorganisms having both the previously isolated  and identified DNA
participating in biosynthesis of 11107B  and DNA participating in a
16-position hydroxylation reaction of 11107B, and they have found that a
16-position  hydroxyi macrolide compound accumulated in large quantities
in the resulting culture broth. Thus, they accomplished  the present
invention. That is, the present invention relates to the  following (1) to (21).
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compound using these recombinant microorganisms. 

 In an effort to resolve the aforementioned problems, 

the inventors used genetic engineering methods to prepare 

(breed) microorganisms having both the previously isolated 

and identified DNA participating in biosynthesis of 11107B 

and DNA participating in a 16-position hydroxylation 

reaction of 11107B, and they have found that a 16-position 

hydroxyl macrolide compound accumulated in large quantities 

in the resulting culture broth.  Thus, they accomplished 

the present invention. 

 That is, the present invention relates to the 

following (1) to (21). 

 (1) A recombinant microorganism, which is a 

microorganism having ability to produce 16-position 

hydroxyl macrolide compounds represented by the formula 

(I): 

 

(wherein R represents a hydrogen atom or hydroxyl group), 

and, which comprises: 

 (a) DNA encoding wholly or partially a polypeptide 

(1) A recombinant microorganism, which is a  microorganism having ability
to produce 16-position  hydroxyi macrolide compounds represented by the
formula  (I) : Jo R  OH O O OH  OH (I)  (wherein R represents a hydrogen
atom or hydroxyi group),  and, which comprises: (a) DNA encoding wholly
or partially a poiypeptide  6 participating in biosynthesis of the macrolide
compounds  represented by the formula (II): Jo R  OH O OH ~u)  (wherein
R represents a hydrogen atom or hydroxyl group);  and (b) DNA encoding
wholly or partially a polypeptide  having 16-position hydroxylating enzyme
activity with  respect to the macrolide compounds represented by the
above 
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participating in biosynthesis of the macrolide compounds 

represented by the formula (II): 

 

(wherein R represents a hydrogen atom or hydroxyl group); 

and 

 (b) DNA encoding wholly or partially a polypeptide 

having 16-position hydroxylating enzyme activity with 

respect to the macrolide compounds represented by the above 

formula (II). 

 (2) The recombinant microorganism described in (1), 

wherein the DNA described in the above (a) is DNA encoding 

wholly or partially a polypeptide having polyketide 

synthetase activity, a polypeptide having 7-position 

acetylase activity, a polypeptide having 18,19-position 

epoxidase activity and a polypeptide having transcriptional 

regulator factor activity. 

 (3) The recombinant microorganism described in (1) or 

(2), wherein the DNA described under (a) above is DNA 

comprising: 

(a-1) the continuous nucleotide sequence of nucleotides 

formula (II). (2) The recombinant microorganism described in (1),  wherein
the DNA described in the above (a) is DNA encoding  wholly or partially a
polypeptide having polyketide  synthetase activity, a polypeptide having
7-position  acetylase activity, a polypeptide having 18,19-position
epoxidase activity and a polypeptide having transcriptional  regulator
factor activity. (3) The recombinant microorganism described in (1) or  (2),
wherein the DNA described under (a) above is DNA  comprising: (a-1) the
continuous nucleotide sequence of nucleotides  7 8340 to 27935 in the
sequence No. 1; (a-2) the continuous nucleotide sequence of nucleotides
28021 to 49098 in the sequence No. 1; (a-3) the continuous nucleotide
sequence of nucleotides  49134 to 60269 in the sequence No. 1; (a-4) the
continuous nucleotide sequence of nucleotides  60269 to 65692 in the
sequence No. 1; (a-5) the continuous nucleotide sequence of nucleotides
68160 to 66970 in the sequence No. 1; (a-6) the continuous nucleotide
sequence of nucleotides  69568 to 68270 in the sequence No. 1; and (a-7)
the continuous nucleotide sequence of nucleotides  72725 to 70020 in the
sequence No. 1, or a variant thereof.  (4) The recombinant microorganism
described in (2) or 
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8340 to 27935 in the sequence No. 1; 

(a-2) the continuous nucleotide sequence of nucleotides 

28021 to 49098 in the sequence No. 1; 

(a-3) the continuous nucleotide sequence of nucleotides 

49134 to 60269 in the sequence No. 1; 

(a-4) the continuous nucleotide sequence of nucleotides 

60269 to 65692 in the sequence No. 1;  

(a-5) the continuous nucleotide sequence of nucleotides 

68160 to 66970 in the sequence No. 1; 

(a-6) the continuous nucleotide sequence of nucleotides 

69568 to 68270 in the sequence No. 1; and 

(a-7) the continuous nucleotide sequence of nucleotides 

72725 to 70020 in the sequence No. 1, or a variant thereof. 

 (4) The recombinant microorganism described in (2) or 

(3), wherein the DNA described under (a) above further 

includes DNA encoding wholly or partially a polypeptide 

having 6-position hydroxylating enzyme activity. 

 (5) The recombinant microorganism described in (4), 

wherein the DNA encoding wholly or partially a polypeptide 

having 6-position hydroxylating enzyme activity is DNA 

comprising the continuous nucleotide sequence of 

nucleotides 65707 to 66903 in the sequence No. 1, or a 

variant thereof. 

 (6) The recombinant microorganism described in any of 

(1) to (5), wherein the DNA described in the above (b) 

above is DNA selected from the group consisting of: 

(3), wherein the DNA described under (a) above further  includes DNA
encoding wholly or partially a polypeptide  having 6-position hydroxylating
enzyme activity. (5) The recombinant microorganism described in (4),
wherein the DNA encoding wholly or partially a polypeptide  having
6-position hydroxylating enzyme activity is DNA  comprising the
continuous nucleotide sequence of  nucleotides 65707 to 66903 in the
sequence No. 1, or a  variant thereof. (6) The recombinant microorganism
described in any of  (1) to (5), wherein the DNA described in the above (b)
above is DNA selected from the group consisting of: 8 (b-1) the
continuous nucleotide sequence of nucleotides  1322 to 2548 in the
sequence No. 2; (b-2) the continuous nucleotide sequence of nucleotides
420  to 1604 in the sequence No. 3; and (b-3) the continuous nucleotide
sequence of nucleotides 172  to 1383 in the sequence No. 4, or a variant
thereof. (7) The recombinant microorganism described in any one  of (1)
to (6), wherein the DNA represented by (b) above is  a variant of DNA
comprising the continuous nucleotide  sequence of nucleotides 1322 to
2548 in the sequence No. 2  which has 1 or 2 or more modified sites
selected from the  group consisting of 1) to 6) below: 1) a modified site
wherein the sequence cgc of nucleotides  1592 to 1594 is modified to a
codon encoding an amino acid  



 9 

(b-1) the continuous nucleotide sequence of nucleotides 

1322 to 2548 in the sequence No. 2; 

(b-2) the continuous nucleotide sequence of nucleotides 420 

to 1604 in the sequence No. 3; and 

(b-3) the continuous nucleotide sequence of nucleotides 172 

to 1383 in the sequence No. 4, or a variant thereof. 

 (7) The recombinant microorganism described in any one 

of (1) to (6), wherein the DNA represented by (b) above is 

a variant of DNA comprising the continuous nucleotide 

sequence of nucleotides 1322 to 2548 in the sequence No. 2 

which has 1 or 2 or more modified sites selected from the 

group consisting of 1) to 6) below: 

1) a modified site wherein the sequence cgc of nucleotides 

1592 to 1594 is modified to a codon encoding an amino acid 

other than arginine; 

2) a modified site wherein the sequence atg of nucleotides 

1655 to 1657 is modified to a codon encoding an amino acid 

other than methionine; 

3) a modified site wherein the sequence cgc of nucleotides 

1904 to 1906 is modified to a codon encoding an amino acid 

other than arginine; 

4) a modified site wherein the sequence cgc of nucleotides 

2027 to 2029 is modified to a codon encoding an amino acid 

other than arginine; 

5) a modified site wherein the sequence atc of nucleotides 

2054 to 2056 is modified to a codon encoding an amino acid 

other than arginine; 2) a modified site wherein the sequence atg of
nucleotides  1655 to 1657 is modified to a codon encoding an amino acid
other than methionine; 3) a modified site wherein the sequence cgc of
nucleotides  1904 to 1906 is modified to a codon encoding an amino acid
other than arginine; 4) a modified site wherein the sequence cgc of
nucleotides  2027 to 2029 is modified to a codon encoding an amino acid
other than arginine; 5) a modified site wherein the sequence atc of
nucleotides  2054 to 2056 is modified to a codon encoding an amino acid
9 other than isoleucine; and 6) a modified site wherein the sequence ctg
of nucleotides  2528 to 2530 is modified to a codon encoding an amino
acid  other than leucine. (8) The recombinant microorganism described in
any one  of (1) to (6), wherein the DNA represented by (b) above is  a
variant of DNA comprising the continuous nucleotide sequence of
nucleotides 1322 to 2548 in the sequence No. 2  which has 1 or 2 or more
modified sites selected from the  group consisting of 1) to 6) below: 1) a
modified site wherein the sequence cgc of nucleotides  1592 to 1594 is
modified to a codon encoding cysteine,  methionine or proline; 2) a
modified site wherein the sequence atg of nucleotides  
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other than isoleucine; and 

6) a modified site wherein the sequence ctg of nucleotides 

2528 to 2530 is modified to a codon encoding an amino acid 

other than leucine. 

 (8) The recombinant microorganism described in any one 

of (1) to (6), wherein the DNA represented by (b) above is 

a variant of DNA comprising the continuous nucleotide 

sequence of nucleotides 1322 to 2548 in the sequence No. 2 

which has 1 or 2 or more modified sites selected from the 

group consisting of 1) to 6) below: 

1) a modified site wherein the sequence cgc of nucleotides 

1592 to 1594 is modified to a codon encoding cysteine, 

methionine or proline; 

2) a modified site wherein the sequence atg of nucleotides 

1655 to 1657 is modified to a codon encoding threonine or 

serine; 

3) a modified site wherein the sequence cgc of nucleotides 

1904 to 1906 is modified to a codon encoding leucine, 

isoleucine, proline, tyrosine or phenylalanine; 

4) a modified site wherein the sequence cgc of nucleotides 

2027 to 2029 is modified to a codon encoding leucine, 

isoleucine or proline; 

5) a modified site wherein the sequence atc of nucleotides 

2054 to 2056 is modified to a codon encoding phenylalanine 

or valine; and 

6) a modified site wherein the sequence ctg of nucleotides 

1655 to 1657 is modified to a codon encoding threonine or  serine; 3) a
modified site wherein the sequence cgc of nucleotides  1904 to 1906 is
modified to a codon encoding leucine,  isoleucine, proline, tyrosine or
phenylalanine; 4) a modified site wherein the sequence cgc of nucleotides
2027 to 2029 is modified to a codon encoding leucine,  isoleucine or
proline; 5) a modified site wherein the sequence atc of nucleotides  2054
to 2056 is modified to a codon encoding phenylalanine  or valine; and 6) a
modified site wherein the sequence ctg of nucleotides  10 2528 to 2530 is
modified to a codon encoding methionine,  cysteine or isoleucine. (9) The
recombinant microorganism described in any one  of (1) to (6), wherein
the DNA represented by (b) above is  a variant of DNA comprising the
continuous nucleotide sequence of nucleotides 1322 to 2548 in the
sequence No. 2  which has 1 or 2 or more modified sites selected from the
group consisting of 1) to 6) below: 1) a modified site wherein the
sequence cgc of nucleotides  1592 to 1594 is modified to a codon
encoding cysteine; 2) a modified site wherein the sequence atg of
nucleotides  1655 to 1657 is modified to a codon encoding threonine; 3) a
modified site wherein the sequence cgc of nucleotides  1904 to 1906 is
modified to a codon encoding leucine or  
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2528 to 2530 is modified to a codon encoding methionine, 

cysteine or isoleucine. 

 (9) The recombinant microorganism described in any one 

of (1) to (6), wherein the DNA represented by (b) above is 

a variant of DNA comprising the continuous nucleotide 

sequence of nucleotides 1322 to 2548 in the sequence No. 2 

which has 1 or 2 or more modified sites selected from the 

group consisting of 1) to 6) below: 

1) a modified site wherein the sequence cgc of nucleotides 

1592 to 1594 is modified to a codon encoding cysteine; 

2) a modified site wherein the sequence atg of nucleotides 

1655 to 1657 is modified to a codon encoding threonine; 

3) a modified site wherein the sequence cgc of nucleotides 

1904 to 1906 is modified to a codon encoding leucine or 

tyrosine; 

4) a modified site wherein the sequence cgc of nucleotides 

2027 to 2029 is modified to a codon encoding leucine; 

5) a modified site wherein the sequence atc of nucleotides 

2054 to 2056 is modified to a codon encoding phenylalanine; 

and 

6) a modified site wherein the sequence ctg of nucleotides 

2528 to 2530 is modified to a codon encoding methionine. 

 (10) The recombinant microorganism described in (1), 

comprising a host having the DNA described under (a) above 

into which has been incorporated the DNA described under 

(b) above derived from a microorganism of a different 

tyrosine; 4) a modified site wherein the sequence cgc of nucleotides  2027
to 2029 is modified to a codon encoding leucine; 5) a modified site
wherein the sequence atc of nucleotides  2054 to 2056 is modified to a
codon encoding phenylalanine;  and 6) a modified site wherein the
sequence ctg of nucleotides  2528 to 2530 is modified to a codon
encoding methionine.  (10) The recombinant microorganism described in
(1), comprising a host having the DNA described under (a) above  into
which has been incorporated the DNA described under  (b) above derived
from a microorganism of a different 11 species.  (11) The recombinant
microorganism described in (1), comprising a host having the DNA
described under (b) above  into which has been incorporated the DNA
described under  (a) above derived from a different species. (12) The
recombinant microorganism described in (1),  comprising a host having
none of the DNA described under  (a) and (b) above into which has been
incorporated the DNA  described under both (a) and (b) above derived
from  different species. (13) The recombinant microorganism described in
any of  (1) to (12), wherein the recombinant microorganism having  the
ability to produce the 16-position hydroxyi macroiide  compound
represented by the formula (I) is a strain 
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species. 

 (11) The recombinant microorganism described in (1), 

comprising a host having the DNA described under (b) above 

into which has been incorporated the DNA described under 

(a) above derived from a different species. 

 (12) The recombinant microorganism described in (1), 

comprising a host having none of the DNA described under 

(a) and (b) above into which has been incorporated the DNA 

described under both (a) and (b) above derived from 

different species. 

 (13) The recombinant microorganism described in any of 

(1) to (12), wherein the recombinant microorganism having 

the ability to produce the 16-position hydroxyl macrolide 

compound represented by the formula (I) is a strain 

belonging to Streptomyces genus. 

 (14) The recombinant microorganism described in any of 

(1) to (13), wherein 50 mg or more of the 16-position 

hydroxyl macrolide compound represented by the formula (I) 

per 1 liter of culture broth can be produced when the 

recombinant microorganism is inoculated into a 250 mL 

Erlenmeyer flask containing 30 mL of the following medium, 

cultured at 25°C for 4 days with rotary shaking (220 rpm) 

and extracted by addition of 270 mL of acetonitrile, and 

the resulting extract is analyzed by HPLC under the 

following measurement conditions to assay the amount of the 

16-position hydroxyl macrolide compound represented by the 

belonging to Streptomyces genus. (14) The recombinant microorganism
described in any of  (1) to (13), wherein 50 mg or more of the 16-position
hydroxyi macrolide compound represented by the formula (I)  per 1 liter of
culture broth can be produced when the  recombinant microorganism is
inoculated into a 250 mL  Erlenmeyer flask containing 30 mL of the
following medium,  cultured at 25C for 4 days with rotary shaking (220
rpm)  and extracted by addition of 270 mL of acetonitriie, and  the
resulting extract is analyzed by HPLC under the  following measurement
conditions to assay the amount of the  16-position hydroxyi macroiide
compound represented by the 12 formula (I).  (Medium) Soluble starch
5%, glucose 1%, Pharmamedia 3%, CaC03  0.1%, pH 7.5 (HPLC
measurement conditions)  Device: Shimadzu HPLC lOAvp Column:
Develosil ODS UG-3 (q 4.6 mm x 50 mm 3 pm)  Mobile phase: 45%-55%
methanol (0-5 min), 55% methanol  (5-13 min), 55% to 70% methanol
(13-21 min), 70% methanol  (21-25 min) Flow rate: 1.2 mL/min  Detection:
UV 240 nm  Injection volume: 5 L  Column temperature: 40C 
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formula (I). 

(Medium) 

 Soluble starch 5%, glucose 1%, Pharmamedia 3%, CaCO3 

0.1%, pH 7.5 

(HPLC measurement conditions) 

 Device: Shimadzu HPLC 10Avp 

 Column: Develosil ODS UG-3 (φ 4.6 mm x 50 mm 3 µm) 

 Mobile phase: 45%-55% methanol (0-5 min), 55% methanol 

(5-13 min), 55% to 70% methanol (13-21 min), 70% methanol 

(21-25 min) 

 Flow rate: 1.2 mL/min 

 Detection: UV 240 nm 

 Injection volume: 5 µL 

 Column temperature: 40°C 

 (15) A method of producing 16-position hydroxyl 

macrolide compounds represented by the formula (I) or 

pharmacologically acceptable salts thereof, or hydrates of 

them, wherein the recombinant microorganism described in 

any of (1) to (14) is cultured in nutritious medium, and 

the 16-position hydroxyl macrolide compounds represented by 

the formula (I) are collected from the culture broth 

thereof. 

 (16) The method described in (15), wherein a 

cyclodextrin is present in the culture broth. 

 (17) The method described in (16), wherein the 

cyclodextrin is a cyclodextrin selected from the group 

(15) A method of producing 16-position hydroxyl  macrolide compounds
represented by the formula (I) or  pharmacologically acceptable salts
thereof, or hydrates of  them, wherein the recombinant microorganism
described in  any of (1) to (14) is cultured in nutritious medium, and  the
16-position hydroxyl macrolide compounds represented by  the formula (I)
are collected from the culture broth  thereof. (16) The method described in
(15), wherein a  cyciodextrin is present in the culture broth. (17) The
method described in (16), wherein the  cyciodextrin is a cyciodextrin
selected from the group  13 consisting of a-cyclodextrin, y-cyclodextrin,
partially  methylated a-cyclodextrin, dimethyl-a-cyclodextrin,
trimethyl-a-cyclodextrin, glycosyl-a-cyclodextrin and
hydroxypropyl-a-cyclodextrin. (18) A variant of DNA comprising the
continuous  nucleotide sequence of nucleotides 1322 to 2548 in the
sequence No. 2 which have 1 or 2 or more modified sites  selected from
the group consisting of 1) to 6) below: 1) a modified site wherein the
sequence cgc of nucleotides  1592 to 1594 is modified to a codon
encoding an amino acid  other than arginine; 2) a modified site wherein
the sequence atg of nucleotides  1655 to 1657 is modified to a codon
encoding an amino acid  other than methionine; 



 14 

consisting of β-cyclodextrin, γ-cyclodextrin, partially 

methylated β-cyclodextrin, dimethyl-β-cyclodextrin, 

trimethyl-β-cyclodextrin, glycosyl-β-cyclodextrin and 

hydroxypropyl-β-cyclodextrin. 

 (18) A variant of DNA comprising the continuous 

nucleotide sequence of nucleotides 1322 to 2548 in the 

sequence No. 2 which have 1 or 2 or more modified sites 

selected from the group consisting of 1) to 6) below: 

1) a modified site wherein the sequence cgc of nucleotides 

1592 to 1594 is modified to a codon encoding an amino acid 

other than arginine; 

2) a modified site wherein the sequence atg of nucleotides 

1655 to 1657 is modified to a codon encoding an amino acid 

other than methionine; 

3) a modified site wherein the sequence cgc of nucleotides 

1904 to 1906 is modified to a codon encoding an amino acid 

other than arginine; 

4) a modified site wherein the sequence cgc of nucleotides 

2027 to 2029 is modified to a codon encoding an amino acid 

other than arginine; 

5) a modified site wherein the sequence atc of nucleotides 

2054 to 2056 is modified to a codon encoding an amino acid 

other than isoleucine; and 

6) a modified site wherein the sequence ctg of nucleotides 

2528 to 2530 is modified to a codon encoding an amino acid 

other than leucine. 

3) a modified site wherein the sequence cgc of nucleotides  1904 to 1906
is modified to a codon encoding an amino acid  other than arginine; 4) a
modified site wherein the sequence cgc of nucleotides  2027 to 2029 is
modified to a codon encoding an amino acid  other than arginine; 5) a
modified site wherein the sequence atc of nucleotides  2054 to 2056 is
modified to a codon encoding an amino acid  other than isoleucine; and 6)
a modified site wherein the sequence ctg of nucleotides  2528 to 2530 is
modified to a codon encoding an amino acid  other than leucine. 14 (19) A
variant of DNA comprising the continuous  nucleotide sequence of
nucleotides 1322 to 2548 in the  sequence No. 2 which have 1 or 2 or
more modified sites  selected from the group consisting of 1) to 6) below:
1) a modified site wherein the sequence cgc of nucleotides  1592 to 1594
is modified to a codon encoding cysteine,  methionine or proline; 2) a
modified site wherein the sequence atg of nucleotides  1655 to 1657 is
modified to a codon encoding threonine or  serine; 3) a modified site
wherein the sequence cgc of nucleotides  1904 to 1906 is modified to a
codon encoding leucine,  isoleucine, proline, tyrosine or phenylalanine; 4)
a modified site wherein the sequence cgc of nucleotides  
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 (19) A variant of DNA comprising the continuous 

nucleotide sequence of nucleotides 1322 to 2548 in the 

sequence No. 2 which have 1 or 2 or more modified sites 

selected from the group consisting of 1) to 6) below: 

1) a modified site wherein the sequence cgc of nucleotides 

1592 to 1594 is modified to a codon encoding cysteine, 

methionine or proline; 

2) a modified site wherein the sequence atg of nucleotides 

1655 to 1657 is modified to a codon encoding threonine or 

serine; 

3) a modified site wherein the sequence cgc of nucleotides 

1904 to 1906 is modified to a codon encoding leucine, 

isoleucine, proline, tyrosine or phenylalanine; 

4) a modified site wherein the sequence cgc of nucleotides 

2027 to 2029 is modified to a codon encoding leucine, 

isoleucine or proline; 

5) a modified site wherein the sequence atc of nucleotides 

2054 to 2056 is modified to a codon encoding phenylalanine 

or valine; and 

6) a modified site wherein the sequence ctg of nucleotides 

2528 to 2530 is modified to a codon encoding methionine, 

cysteine or isoleucine. 

 (20) A variant of DNA comprising the continuous 

nucleotide sequence of nucleotides 1322 to 2548 in the 

sequence No. 2 which have 1 or 2 or more modified sites 

selected from the group comprising 1) to 6) below: 

2027 to 2029 is modified to a codon encoding leucine,  isoleucine or
proline; 5) a modified site wherein the sequence atc of nucleotides  2054
to 2056 is modified to a codon encoding phenylalanine  or valine; and 6) a
modified site wherein the sequence ctg of nucleotides  2528 to 2530 is
modified to a codon encoding methionine,  cysteine or isoleucine. (20) A
variant of DNA comprising the continuous  nucleotide sequence of
nucleotides 1322 to 2548 in the  sequence No. 2 which have 1 or 2 or
more modified sites  selected from the group comprising 1) to 6) below: 15
1) a modified site wherein the sequence cgc of nucleotides  1592 to 1594
is modified to a codon encoding cysteine; 2) a modified site wherein the
sequence atg of nucleotides  1655 to 1657 is modified to a codon
encoding threonine; 3) a modified site wherein the sequence cgc of
nucleotides  1904 to 1906 is modified to a codon encoding leucine or
tyrosine; 4) a modified site wherein the sequence cgc of nucleotides  2027
to 2029 is modified to a codon encoding leucine; 5) a modified site
wherein the sequence atc of nucleotides  2054 to 2056 is modified to a
codon encoding phenylalanine;  and 6) a modified site wherein the
sequence ctg of nucleotides  2528 to 2530 is modified to a codon
encoding methionine.  
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1) a modified site wherein the sequence cgc of nucleotides 

1592 to 1594 is modified to a codon encoding cysteine; 

2) a modified site wherein the sequence atg of nucleotides 

1655 to 1657 is modified to a codon encoding threonine; 

3) a modified site wherein the sequence cgc of nucleotides 

1904 to 1906 is modified to a codon encoding leucine or 

tyrosine; 

4) a modified site wherein the sequence cgc of nucleotides 

2027 to 2029 is modified to a codon encoding leucine; 

5) a modified site wherein the sequence atc of nucleotides 

2054 to 2056 is modified to a codon encoding phenylalanine; 

and 

6) a modified site wherein the sequence ctg of nucleotides 

2528 to 2530 is modified to a codon encoding methionine. 

 (21) A polypeptide encoded by the variant of DNA 

described in any of (18) to (20). 

 The terms in the present specifications are defined as 

follows. 

 A “recombinant microorganism” is a microorganism 

(bacteria, actinomycete, yeast, mould or the like) 

comprising a gene derived from another organism introduced 

into a specific microorganism by genetic recombination, and 

the genetic introduction techniques used therefor are not 

limited to genetic recombination using plasmids and other 

vectors but include techniques of homologous recombination 

and the like. 

(21) A polypeptide encoded by the variant of DNA described in any of (18)
to (20). The terms in the present specifications are defined as  follows. A
"recombinant microorganism" is a microorganism  (bacteria, actinomycete,
yeast, mould or the like)  comprising a gene derived from another
organism introduced  into a specific microorganism by genetic
recombination, and  the genetic introduction techniques used therefor are
not  limited to genetic recombination using plasmids and other  vectors but
include techniques of homologous recombination  and the like. 16 "Variant
of DNA" means: (1) DNA that hybridizes under stringent conditions with
the  original DNA; (2) DNA with a nucleotide sequence having 70% or
greater  homology with the nucleotide sequence of the original DNA;  (3)
DNA having a nucleotide sequence complementary to the  nucleotide
sequence of the original DNA; or (4) DNA which does not hybridize under
stringent conditions  with the original DNA due to degeneracy of a gene
codon,  but which has a nucleotide sequence coding for the same  amino
acid sequence as the amino acid sequence coded for by  the DNA defined
in any of (1) to (3). "DNA that hybridizes under stringent conditions"
means  for example DNA obtained by colony hybridization, plaque  



 17 

 “Variant of DNA” means: 

(1) DNA that hybridizes under stringent conditions with the 

original DNA; 

(2) DNA with a nucleotide sequence having 70% or greater 

homology with the nucleotide sequence of the original DNA; 

(3) DNA having a nucleotide sequence complementary to the 

nucleotide sequence of the original DNA; or 

(4) DNA which does not hybridize under stringent conditions 

with the original DNA due to degeneracy of a gene codon, 

but which has a nucleotide sequence coding for the same 

amino acid sequence as the amino acid sequence coded for by 

the DNA defined in any of (1) to (3). 

 “DNA that hybridizes under stringent conditions” means 

for example DNA obtained by colony hybridization, plaque 

hybridization, Southern hybridization or the like using the 

original DNA as the probe, and specifically may be DNA 

which can be identified using a filter having DNA derived 

from a colony or plaque fixed thereon by first hybridizing 

at 65°C in the presence of 0.7 to 1.0 M sodium chloride, 

and then washing the filter at 65°C using an 0.1 to 2x 

concentration SSC solution (an SSC solution with a 1x 

concentration comprising 150 mM sodium chloride and 15 mM 

sodium citrate). 

 A “relative” is a compound that has the same framework 

characterizing the chemical structure but that differs in 

terms of the form of modification or the form of the side 

hybridization, Southern hybridization or the like using the  original DNA as
the probe, and specifically may be DNA  which can be identified using a
filter having DNA derived  from a colony or plaque fixed thereon by first
hybridizing  at 65C in the presence of 0.7 to 1.0 M sodium chloride,  and
then washing the filter at 65C using an 0.1 to 2x  concentration SSC
solution (an SSC solution with a lx  concentration comprising 150 mM
sodium chloride and 15 mM  sodium citrate). A "relative" is a compound
that has the same framework  characterizing the chemical structure but
that differs in  terms of the form of modification or the form of the side  17
chain.  "16-position hydroxyiating enzyme activity" means the activity of
converting the 16-position hydrogen atom of  macrolide compound (II) into
a hydroxyi group.  "6-position hydroxyiating enzyme activity" means the
activity of converting the 6-position hydrogen atom of the  macrolide
compound (sometimes called ME-265) represented by  the following
formula (B) into a hydroxyi group. Jo  OH O  O O OH (B)  "Polyketide
synthetase activity" means the activity of  
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chain. 

 “16-position hydroxylating enzyme activity” means the 

activity of converting the 16-position hydrogen atom of 

macrolide compound (II) into a hydroxyl group. 

 “6-position hydroxylating enzyme activity” means the 

activity of converting the 6-position hydrogen atom of the 

macrolide compound (sometimes called ME-265) represented by 

the following formula (B) into a hydroxyl group. 

 

 “Polyketide synthetase activity” means the activity of 

synthesizing the macrolide compound represented by the 

following formula (E): 

 

 “7-position acetylase activity” means the activity of 

converting the 7-position hydroxyl group in the macrolide 

synthesizing the macroiide compound represented by the  following
formula (E): OH  O OH (E)  "7-position acetylase activity" means the
activity of  converting the 7-position hydroxyi group in the macroiide  18
compound represented by the following formula (C) into an  acetyl group.
OH R  OH O O O OH (C)  (wherein R represents a hydrogen atom or
hydroxyl group).  "18,19-position epoxidase activity" means the activity of
converting an epoxy group for the 18,19-position double  bond in the
macrolide compound represented by the following  formula (D): Jo R  OH
O O OH (D)  (wherein R represents a hydrogen atom or hydroxyl group).  
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compound represented by the following formula (C) into an 

acetyl group. 

 

(wherein R represents a hydrogen atom or hydroxyl group). 

 “18,19-position epoxidase activity” means the activity 

of converting an epoxy group for the 18,19-position double 

bond in the macrolide compound represented by the following 

formula (D): 

 

(wherein R represents a hydrogen atom or hydroxyl group). 

 “Transcription regulator activity” means the activity 

of regulating the transcription of DNA encoding a 

polypeptide participating in biosynthesis of macrolide 

compound (II). 

 According to the present invention, a recombinant 

"Transcription regulator activity" means the activity  of regulating the
transcription of DNA encoding a polypeptide participating in biosynthesis
of macrolide  compound (II). According to the present invention, a
recombinant  19 microorganism can be obtained having DNA encoding a
polypeptide participating in biosynthesis of macrolide  compound (II) and
having DNA encoding a polypeptide having  16-position hydroxylating
enzyme activity with respect to  macrolide compound (II), and capable of
direct fermentative  production of 16-position hydroxyl macrolide
compound (I).  16-position hydroxyl macrolide compound (I) can be
produced  efficiently by culturing that recombinant microorganism and
collecting the compound from the culture broth. Particularly, 16-position
hydroxyl macrolide compound  (I) can be produced more efficiently and
selectively, by  applying DNA encoding a polypeptide which has
16-position  hydroxylating enzyme activity, in which polypeptide the
amino acid sequence has been partially modified, to the
above-mentioned method. Brief description of the drawings Fig. 1 shows
the biosynthesis pathway of pladienolides  in Mer-11107. Fig. 2 shows the
correspondence between cosmids and  each of ORFs of DNA
participating in biosynthesis of  pladienolides in Mer-11107. 
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microorganism can be obtained having DNA encoding a 

polypeptide participating in biosynthesis of macrolide 

compound (II) and having DNA encoding a polypeptide having 

16-position hydroxylating enzyme activity with respect to 

macrolide compound (II), and capable of direct fermentative 

production of 16-position hydroxyl macrolide compound (I).  

16-position hydroxyl macrolide compound (I) can be produced 

efficiently by culturing that recombinant microorganism and 

collecting the compound from the culture broth. 

 Particularly, 16-position hydroxyl macrolide compound 

(I) can be produced more efficiently and selectively, by 

applying DNA encoding a polypeptide which has 16-position 

hydroxylating enzyme activity, in which polypeptide the 

amino acid sequence has been partially modified, to the 

above-mentioned method. 

 

Brief description of the drawings 

 Fig. 1 shows the biosynthesis pathway of pladienolides 

in Mer-11107. 

 Fig. 2 shows the correspondence between cosmids and 

each of ORFs of DNA participating in biosynthesis of 

pladienolides in Mer-11107. 

 Fig. 3 shows the structure of plasmid pKU253. 

 Fig. 4 shows the structure of plasmid 

pUC19aph::oriT::intphiC31. 

 

Fig. 3 shows the structure of plasmid pKU253.  Fig. 4 shows the structure
of plasmid  pUCl9aph::oriT::intphiC31. 20 Detailed Description of the
Invention Embodiments of the present invention are explained in  detail
below. DNA encoding a polypeptide participating in  biosynthesis of
macrolide compound (II) in the present  invention can be obtained by a
method known in the field  (such as the colony hybridization method
described in  Molecular Cloning, 2nd Edition) from the cultured mycelia  of
a microorganism capable of producing that macrolide  compound. This
microorganism may be any capable of  producing the macrolide
compound, regardless of species or  strain, but strains belonging to the
Streptomyces genus of  the actinomycetes are preferred. One example is
the  Streptomyces sp. Mer-11107 strain, which has been isolated  from
soil. Mer-11107 was deposited as FERM P-18144 at the  National Institute
of Bioscience and Human-Technology  Agency of Industrial Science and
Technology (1-3, Higashi  1-chome Tsukuba-shi, Ibaraki-ken 305-8566
Japan) as of  December 19, 2000, and then transferred to International
Deposit FERM BP-7812 at International Patent Organism  Depositary
(IPOD) National Institute of Advanced Industrial  Science and Technology
(Tsukuba Central 6, 1-1, Higashi 1- Chome, Tsukuba-shi, Ibaraki-ken
305-8566 Japan) as of  
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Detailed Description of the Invention 

 Embodiments of the present invention are explained in 

detail below. 

 DNA encoding a polypeptide participating in 

biosynthesis of macrolide compound (II) in the present 

invention can be obtained by a method known in the field 

(such as the colony hybridization method described in 

Molecular Cloning, 2nd Edition) from the cultured mycelia 

of a microorganism capable of producing that macrolide 

compound.  This microorganism may be any capable of 

producing the macrolide compound, regardless of species or 

strain, but strains belonging to the Streptomyces genus of 

the actinomycetes are preferred.  One example is the 

Streptomyces sp. Mer-11107 strain, which has been isolated 

from soil.  Mer-11107 was deposited as FERM P-18144 at the 

National Institute of Bioscience and Human-Technology 

Agency of Industrial Science and Technology (1-3, Higashi 

1-chome Tsukuba-shi, Ibaraki-ken 305-8566 Japan) as of 

December 19, 2000, and then transferred to International 

Deposit FERM BP-7812 at International Patent Organism 

Depositary (IPOD) National Institute of Advanced Industrial 

Science and Technology (Tsukuba Central 6, 1-1, Higashi 1-

Chome, Tsukuba-shi, Ibaraki-ken 305-8566 Japan) as of 

November 27, 2001. 

 The operations for obtaining the target DNA are 

outlined below using the Mer-11107 strain as an example.  

November 27, 2001. The operations for obtaining the target DNA are
outlined below using the Mer-11107 strain as an example.  21
Recombinant DNA obtained by connecting genomic DNA of Mer- 11107
that has been partially digested with a suitable  restriction enzyme
together with a cosmid vector capable of  replication in E. coli that has
been digested with a  suitable restriction enzyme is incorporated into E.
coli to  obtain transduced strains. The multiple transduced strains
obtained above are then screened using a fragment of a  known
hydroxylating enzyme (cytochrome P450 enzyme) gene as  the probe,
and the transduced strains that hybridize to the  probe are selected. DNA
that hybridizes to the  hydroxylating enzyme gene present in the selected
cosmids  is then obtained and sequenced. This is then introduced  into E.
coli, and once it has been confirmed that the  transformed E. coli has
6-position hydroxylating enzyme  activity, DNA coding for this 6-position
hydroxylating  enzyme can be used as the probe in Southern hybridization
to select, cosmids comprising a macrolide compound  biosynthesis gene
cluster neighboring DNA coding for the 6- position hydroxylating enzyme
from the multiple positive  clones (cosmids) obtained above, and the
target DNA is  obtained by organizing these cosimids. Details of all  these
operations are described in Reference Example 1 and  also in WO-A
2006/009276, specifications submitted by the  
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Recombinant DNA obtained by connecting genomic DNA of Mer-

11107 that has been partially digested with a suitable 

restriction enzyme together with a cosmid vector capable of 

replication in E. coli that has been digested with a 

suitable restriction enzyme is incorporated into E. coli to 

obtain transduced strains.  The multiple transduced strains 

obtained above are then screened using a fragment of a 

known hydroxylating enzyme (cytochrome P450 enzyme) gene as 

the probe, and the transduced strains that hybridize to the 

probe are selected.  DNA that hybridizes to the 

hydroxylating enzyme gene present in the selected cosmids 

is then obtained and sequenced.  This is then introduced 

into E. coli, and once it has been confirmed that the 

transformed E. coli has 6-position hydroxylating enzyme 

activity, DNA coding for this 6-position hydroxylating 

enzyme can be used as the probe in Southern hybridization 

to select, cosmids comprising a macrolide compound 

biosynthesis gene cluster neighboring DNA coding for the 6-

position hydroxylating enzyme from the multiple positive 

clones (cosmids) obtained above, and the target DNA is 

obtained by organizing these cosimids.  Details of all 

these operations are described in Reference Example 1 and 

also in WO-A 2006/009276, specifications submitted by the 

applicants in this case, and these can be used for 

reference. 

 A nucleotide sequence obtained in this way (amino acid 

applicants in this case, and these can be used for  reference. A nucleotide
sequence obtained in this way (amino acid  22 sequence in the coding
sequence) comprising the region  surrounding of DNA coding for a
polypeptide participating  in biosynthesis of macrolide compound (II) is
represented  by the Sequence No. 1 in the sequence listing. The DNA
represented by the Sequence No. 1 includes 8  open reading frames
(ORFs): pldA I (nucleotides 8340 to  27935), pldA II (nucleotides 28021 to
49098), pldA III  (nucleotides 49134 to 60269), pldA IV (nucleotides 60269
to  65692), p1dB (nucleotides 65707 to 66903), pldC  (nucleotides 68160
to 66970), pldD (nucleotides 69568 to  68270) and p1dR (nucleotides
72725 to 70020). Of these DNAs, pldA I, pldA II, pldA III and pldA IV  have
several transcription reading frames each including  one or more
repeating units called modules in the same way  as other known
polyketide biosynthesis genes. As explained  below, each module codes
for all or some domains selected  from the acyl carrier protein (ACP),
a-ketoacyl ACP  synthetase (KS), acyl transferase (AT) domains, which
participate in condensation reactions in polyketide  synthesis, and the
ketoacyl reductase (KR), dehydrogenase  (DH) and enoyl reductase (ER)
domains, which participate in  a-position carbonyl group modification
reactions, and the  final module includes the thioesterase (TE) domain,
which  
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sequence in the coding sequence) comprising the region 

surrounding of DNA coding for a polypeptide participating 

in biosynthesis of macrolide compound (II) is represented 

by the Sequence No. 1 in the sequence listing. 

 The DNA represented by the Sequence No. 1 includes 8 

open reading frames (ORFs): p1dA I (nucleotides 8340 to 

27935), p1dA II (nucleotides 28021 to 49098), p1dA III 

(nucleotides 49134 to 60269), p1dA IV (nucleotides 60269 to 

65692), p1dB (nucleotides 65707 to 66903), p1dC 

(nucleotides 68160 to 66970), p1dD (nucleotides 69568 to 

68270) and p1dR (nucleotides 72725 to 70020). 

 Of these DNAs, p1dA I, p1dA II, p1dA III and p1dA IV 

have several transcription reading frames each including 

one or more repeating units called modules in the same way 

as other known polyketide biosynthesis genes.  As explained 

below, each module codes for all or some domains selected 

from the acyl carrier protein (ACP), β-ketoacyl ACP 

synthetase (KS), acyl transferase (AT) domains, which 

participate in condensation reactions in polyketide 

synthesis, and the ketoacyl reductase (KR), dehydrogenase 

(DH) and enoyl reductase (ER) domains, which participate in 

β-position carbonyl group modification reactions, and the 

final module includes the thioesterase (TE) domain, which 

removes the polyketide chain from the polyketide 

synthetase. 

 Fig. 1 shows the biosynthesis pathway of a macrolide 

removes the polyketide chain from the polyketide  synthetase. Fig. 1
shows the biosynthesis pathway of a macrolide  23 compound in the
Mer-11107 strain. Unlike the other modules  the loading module has the
central cysteine replaced by  glutamine, indicating that pldA I participates
in the  initial reaction. Module 10 includes a thioesterase (IE)  domain,
indicating that pldA IV participates in the final  reaction of synthesizing the
basic polyketide skeleton.  Once the basic skeleton of the polyketide has
been formed  in this way, it is modified by the 18,19-position epoxidase
coded for by pidD, the 7-position acetylase encoded by pidC  and the
6-position hydroxylase encoded by pidB to  biosynthesize macrolide
compound (II). Macrolide compound  (II) in which R is a hydrogen atom
can be produced by  either deleting pidB or modifying it so that it does not
express its function. PldR, which has high homology with  the aveR gene
encoding a transcription regulator factor in  avermectin biosynthesis,
encodes a DNA transcription  regulator factor participating in biosynthesis
of macrolide  compounds. In the present invention, DNA encoding a
polypeptide  having 16-position hydroxylating enzyme activity with
respect to macrolide compound (II) can be obtained by  methods well
known in the field (such as the colony  hybridization method described in
Molecular Cloning, 2nd  
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compound in the Mer-11107 strain.  Unlike the other modules 

the loading module has the central cysteine replaced by 

glutamine, indicating that pldA I participates in the 

initial reaction.  Module 10 includes a thioesterase (TE) 

domain, indicating that pldA IV participates in the final 

reaction of synthesizing the basic polyketide skeleton.  

Once the basic skeleton of the polyketide has been formed 

in this way, it is modified by the 18,19-position epoxidase 

coded for by pldD, the 7-position acetylase encoded by pldC 

and the 6-position hydroxylase encoded by pldB to 

biosynthesize macrolide compound (II).  Macrolide compound 

(II) in which R is a hydrogen atom can be produced by 

either deleting pldB or modifying it so that it does not 

express its function.  PldR, which has high homology with 

the aveR gene encoding a transcription regulator factor in 

avermectin biosynthesis, encodes a DNA transcription 

regulator factor participating in biosynthesis of macrolide 

compounds. 

 In the present invention, DNA encoding a polypeptide 

having 16-position hydroxylating enzyme activity with 

respect to macrolide compound (II) can be obtained by 

methods well known in the field (such as the colony 

hybridization method described in Molecular Cloning, 2nd 

Edition) from cultured mycelia of a microorganism having 

16-position hydroxylation ability with respect to the 

macrolide compound.  Any microorganism having the ability 

Edition) from cultured mycelia of a microorganism having  16-position
hydroxylation ability with respect to the  macrolide compound. Any
microorganism having the ability 24 to convert the 16-position hydrogen
atom of the macrolide  compound to a hydroxyl group can be used
regardless of  species or strain, but desirable examples include strains
belonging to the actinomycetes. Examples of these include  the
Streptomyces sp. A-1544 strain and the Streptomyces sp.  Mer-11107
strain and the Streptomyces sp. A-1560 strain.  The A-1544 strain was
deposited as FERM P-18943 at  International Patent Organism Depositary
National Institute  of Advanced Industrial Science and Technology
(Tsukuba  Central 6, 1-1, Higashi 1-Chome, Tsukuba-shi, Ibaraki-ken
305-8566 Japan) as of July 23, 2002, and then transferred  to
International Deposit FERM BP-8446 as of July 30, 2003,  at International
Patent Organism Depositary (IPOD) National  Institute of Advanced
Industrial Science and Technology  (Tsukuba Central 6, 1-1, Higashi
1-Chome, Tsukuba-shi,  Ibaraki-ken 305-8566 Japan). The A-1560 strain
was  deposited as FERM P-19585 at International Patent Organism
Depositary National Institute of Advanced Industrial  Science and
Technology (Tsukuba Central 6, 1-1, Higashi 1- Chome, Tsukuba-shi,
Ibaraki-ken 305-8566 Japan) as of  November 13, 2003 and then
transferred to International  Deposit FERM BP-10102 as of August 19,
2004, at  International Patent Organism Depositary (IPOD) National  
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to convert the 16-position hydrogen atom of the macrolide 

compound to a hydroxyl group can be used regardless of 

species or strain, but desirable examples include strains 

belonging to the actinomycetes.  Examples of these include 

the Streptomyces sp. A-1544 strain and the Streptomyces sp. 

Mer-11107 strain and the Streptomyces sp. A-1560 strain.  

The A-1544 strain was deposited as FERM P-18943 at 

International Patent Organism Depositary National Institute 

of Advanced Industrial Science and Technology (Tsukuba 

Central 6, 1-1, Higashi 1-Chome, Tsukuba-shi, Ibaraki-ken 

305-8566 Japan) as of July 23, 2002, and then transferred 

to International Deposit FERM BP-8446 as of July 30, 2003, 

at International Patent Organism Depositary (IPOD) National 

Institute of Advanced Industrial Science and Technology 

(Tsukuba Central 6, 1-1, Higashi 1-Chome, Tsukuba-shi, 

Ibaraki-ken 305-8566 Japan).  The A-1560 strain was 

deposited as FERM P-19585 at International Patent Organism 

Depositary National Institute of Advanced Industrial 

Science and Technology (Tsukuba Central 6, 1-1, Higashi 1-

Chome, Tsukuba-shi, Ibaraki-ken 305-8566 Japan) as of 

November 13, 2003 and then transferred to International 

Deposit FERM BP-10102 as of August 19, 2004, at 

International Patent Organism Depositary (IPOD) National 

Institute of Advanced Industrial Science and Technology 

(Tsukuba Central 6, 1-1, Higashi 1-Chome, Tsukuba-shi, 

Ibaraki-ken 305-8566 Japan). 

Institute of Advanced Industrial Science and Technology  (Tsukuba
Central 6, 1-1, Higashi 1-Chome, Tsukuba-shi,  Ibaraki-ken 305-8566
Japan). 25 The operations for obtaining the target DNA are  outlined
below using the A-1544 strain as an example.  Genomic DNA of A-1544 is
first prepared and subjected to  PCR using primers prepared based on the
sequence  information for a known hydroxylating enzyme gene
(cytochrome P450 enzyme) to obtain a specifically amplified  DNA
fragment which is then sequenced. The nucleotide  sequence of the
neighboring region upstream and downstream  from the cloned DNA
fragment is then amplified by an  inverse PCR (Cell Technology Vol. 14,
pp. 591-593, 1995)  based on the resulting sequence and cloned, and the
sequence is analyzed. Details of all these operations are  described in
Reference Example 2 (A-1544 strain), Reference  Example 3 (Mer-11107
strain) and Reference Example 4 (A- 1560 strain), and also in WO-A
2005/052152 published on  June 9, 2005, and these can be used for
reference. The DNA (including neighboring region) thus obtained  from
A-1544 strain which encodes a polypeptide having 16- position
hydroxylating enzyme activity with respect to  macrolide compound (II) is
represented by the Sequence No.  2 in the sequence listing. The DNA
represented by the  Sequence No. 2 includes two open reading frames
(ORFs),  psmA (nucleotides 1322 to 2548) and psmB (nucleotides 2564  
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 The operations for obtaining the target DNA are 

outlined below using the A-1544 strain as an example.  

Genomic DNA of A-1544 is first prepared and subjected to 

PCR using primers prepared based on the sequence 

information for a known hydroxylating enzyme gene 

(cytochrome P450 enzyme) to obtain a specifically amplified 

DNA fragment which is then sequenced.  The nucleotide 

sequence of the neighboring region upstream and downstream 

from the cloned DNA fragment is then amplified by an 

inverse PCR (Cell Technology Vol. 14, pp. 591-593, 1995) 

based on the resulting sequence and cloned, and the 

sequence is analyzed.  Details of all these operations are 

described in Reference Example 2 (A-1544 strain), Reference 

Example 3 (Mer-11107 strain) and Reference Example 4 (A-

1560 strain), and also in WO-A 2005/052152 published on 

June 9, 2005, and these can be used for reference. 

 The DNA (including neighboring region) thus obtained 

from A-1544 strain which encodes a polypeptide having 16-

position hydroxylating enzyme activity with respect to 

macrolide compound (II) is represented by the Sequence No. 

2 in the sequence listing.  The DNA represented by the 

Sequence No. 2 includes two open reading frames (ORFs), 

psmA (nucleotides 1322 to 2548) and psmB (nucleotides 2564 

to 2761), which encode 16-position hydroxylating enzyme and 

ferredoxin, respectively. 

 Similarly, DNA (including neighboring region) encoding 

to 2761), which encode 16-position hydroxylating enzyme and  ferredoxin,
respectively. Similarly, DNA (including neighboring region) encoding  26 a
polypeptide having 16-position hydroxylating enzyme  activity with respect
to macrolide compound (II) obtained  from Mer-11107 is represented by
the Sequence No. 3 in the  sequence listing. This DNA represented by the
Sequence No.  3 includes two open reading frames (ORFs), bpmA
(nucleotides 420 to 1604) and bpmB (nucleotides 1643 to  1834), which
encode 16-position hydroxylatinge enzyme and  ferredoxin, respectively.
DNA (including neighboring region) encoding a  polypeptide having
16-position hydroxylating enzyme  activity with respect to macrolide
compound (II) obtained from A-1560 is represented by the Sequence No.
4 in the  sequence listing. This DNA represented by the Sequence No.  4
includes two open reading frames (ORFs), tpmA  (nucleotides 172 to
1383) and tpmB (nucleotides 1399 to  1593), which encode 16-position
hydroxylating enzyme and  ferredoxin, respectively. Further, variants of
the above-mentioned various DNA  which encodes a polypeptide having
16-position  hydroxylating enzyme activity can be obtained by the
following procedures. First, the site-directed  modification is conducted,
based on the original DNA  sequence information, and then the resulting
site-directed  
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a polypeptide having 16-position hydroxylating enzyme 

activity with respect to macrolide compound (II) obtained 

from Mer-11107 is represented by the Sequence No. 3 in the 

sequence listing.  This DNA represented by the Sequence No. 

3 includes two open reading frames (ORFs), bpmA 

(nucleotides 420 to 1604) and bpmB (nucleotides 1643 to 

1834), which encode 16-position hydroxylatinge enzyme and 

ferredoxin, respectively. 

 DNA (including neighboring region) encoding a 

polypeptide having 16-position hydroxylating enzyme 

activity with respect to macrolide compound (II) obtained 

from A-1560 is represented by the Sequence No. 4 in the 

sequence listing.  This DNA represented by the Sequence No. 

4 includes two open reading frames (ORFs), tpmA 

(nucleotides 172 to 1383) and tpmB (nucleotides 1399 to 

1593), which encode 16-position hydroxylating enzyme and 

ferredoxin, respectively. 

 Further, variants of the above-mentioned various DNA 

which encodes a polypeptide having 16-position 

hydroxylating enzyme activity can be obtained by the 

following procedures.  First, the site-directed 

modification is conducted, based on the original DNA 

sequence information, and then the resulting site-directed 

variant of DNA is introduced into the host.  Thus, the 

objective variants can be selected and obtained by using 

the highly selective and active 16-position hydroxylating 

variant of DNA is introduced into the host. Thus, the  objective variants
can be selected and obtained by using  the highly selective and active
16-position hydroxylating 27 enzyme of the variant of DNA of the resulting
recombinant  microorganism as the index. The site-directed modification,
for example, can be conducted by using, as a template, a  plasmid cloning
the original DNA and using the primer  constructed based on the
sequence information thereof,  using a commercially available kit such as
QuickChange'"  Site-Directed Mutagenesis Kit (Stratagene Co.). Among
these variants, as those having high 16-position  hydroxylating enzyme
activity and further high selectivity,  for example, in the case of psmA
encoding 16-position  hydroxylating enzyme and being obtained from
A-1544 strain,  the variant of DNA having the continuous nucleotide
sequence of nucleotides 1322 to 2548 in the Sequence No. 2  and 1 or 2
or more modified sites selected from the group  consisting of the following
1) to 6) may be included: 1) a modified site wherein the sequence cgc of
nucleotides  1592 to 1594 is modified to a codon encoding an amino acid,
preferably cysteine, other than arginine; 2) a modified site wherein the
sequence atg of nucleotides  1655 to 1657 is modified to a codon
encoding an amino acid,  preferably threonine, other than methionine; 3) a
modified site wherein the sequence cgc of nucleotides  1904 to 1906 is
modified to a codon encoding an amino acid,  
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enzyme of the variant of DNA of the resulting recombinant 

microorganism as the index.  The site-directed modification, 

for example, can be conducted by using, as a template, a 

plasmid cloning the original DNA and using the primer 

constructed based on the sequence information thereof, 

using a commercially available kit such as QuickChange
TM
 

Site-Directed Mutagenesis Kit (Stratagene Co.). 
 Among these variants, as those having high 16-position 

hydroxylating enzyme activity and further high selectivity, 

for example, in the case of psmA encoding 16-position 

hydroxylating enzyme and being obtained from A-1544 strain, 

the variant of DNA having the continuous nucleotide 

sequence of nucleotides 1322 to 2548 in the Sequence No. 2 

and 1 or 2 or more modified sites selected from the group 

consisting of the following 1) to 6) may be included: 

1) a modified site wherein the sequence cgc of nucleotides 

1592 to 1594 is modified to a codon encoding an amino acid, 

preferably cysteine, other than arginine; 

2) a modified site wherein the sequence atg of nucleotides 

1655 to 1657 is modified to a codon encoding an amino acid, 

preferably threonine, other than methionine; 

3) a modified site wherein the sequence cgc of nucleotides 

1904 to 1906 is modified to a codon encoding an amino acid, 

preferably leucine or tyrosine, other than arginine; 

4) a modified site wherein the sequence cgc of nucleotides 

2027 to 2029 is modified to a codon encoding an amino acid, 

preferably leucine or tyrosine, other than arginine; 4) a modified site
wherein the sequence cgc of nucleotides  2027 to 2029 is modified to a
codon encoding an amino acid,  28 preferably leucine, other than arginine;
5) a modified site wherein the sequence atc of nucieotides  2054 to 2056
is modified to a codon encoding an amino acid,  preferably phenyiaianine,
other than isoleucine; and 6) a modified site wherein the sequence ctg of
nucleotides  2528 to 2530 is modified to a codon encoding an amino acid,
preferably methionine, other than leucine. The recombinant of the present
invention is a  recombinant microorganism having the aforementioned
"DNA  encoding a poiypeptide participating in biosynthesis of  macrolide
compound (II)" and "DNA encoding a poiypeptide  having 16-position
hydroxyiating enzyme activity with  respect to macroiide compound (II),"
and can be prepared by  the methods shown under A) to C) below. A)
"DNA encoding a poiypeptide having 16-position  hydroxyiating enzyme
activity with respect to macrolide  compound (II)" is incorporated into a
host that originally  has "DNA encoding a poiypeptide participating in
biosynthesis of macroiide compound (II)". B) "DNA encoding a poiypeptide
participating in  biosynthesis of macroiide compound (II)" is incorporated
into a host that originally has "DNA encoding a poiypeptide  having
16-position hydroxyiase activity with respect to  
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preferably leucine, other than arginine; 

5) a modified site wherein the sequence atc of nucleotides 

2054 to 2056 is modified to a codon encoding an amino acid, 

preferably phenylalanine, other than isoleucine; and 

6) a modified site wherein the sequence ctg of nucleotides 

2528 to 2530 is modified to a codon encoding an amino acid, 

preferably methionine, other than leucine. 

 The recombinant of the present invention is a 

recombinant microorganism having the aforementioned “DNA 

encoding a polypeptide participating in biosynthesis of 

macrolide compound (II)” and “DNA encoding a polypeptide 

having 16-position hydroxylating enzyme activity with 

respect to macrolide compound (II),” and can be prepared by 

the methods shown under A) to C) below. 

 A) “DNA encoding a polypeptide having 16-position 

hydroxylating enzyme activity with respect to macrolide 

compound (II)” is incorporated into a host that originally 

has “DNA encoding a polypeptide participating in 

biosynthesis of macrolide compound (II)”. 

 B) “DNA encoding a polypeptide participating in 

biosynthesis of macrolide compound (II)” is incorporated 

into a host that originally has “DNA encoding a polypeptide 

having 16-position hydroxylase activity with respect to 

macrolide compound (II)”. 

 C) “DNA encoding a polypeptide participating in 

biosynthesis of macrolide compound (II)” and “DNA encoding 

macroiide compound (II)". C) "DNA encoding a poiypeptide participating in
biosynthesis of macroiide compound (II)" and "DNA encoding  29 a
polypeptide having 16-position hydroxylating enzyme  activity with respect
to macrolide compound (II)" are both  incorporated into a host that
originally possesses neither  DNA. The host for the recombinant of the
present invention  may be any microorganism capable of incorporating the
target DNA and producing the target 16-position hydroxyl  macrolide
compound, but an example of a preferred  microorganism is a strain
belonging to the Streptomyces  genus of actinomycetes. For example,
Streptomyces sp. Mer- 11107 or the like can be used in method A) above,
while  Streptomyces sp. A-1544, Streptomyces sp. Mer-11107 or
Streptomyces sp. A-1560 can be used in method B) above. In  method C),
a strain of Escherichia coli or the like can be  used. There are no particular
limits on the method of  incorporating the target DNA and causing it to be
expressed  in a host, but for example the methods described in  Molecular
Cloning, 2nd Edition or Current Protocols in  Molecular Biology can be
used. There are no particular  limits on the host and plasmid vector
system as long as the  target DNA can be stably maintained and
expressed in the  host. The plasmid may include self-replicating
sequences,  
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a polypeptide having 16-position hydroxylating enzyme 

activity with respect to macrolide compound (II)” are both 

incorporated into a host that originally possesses neither 

DNA. 

 The host for the recombinant of the present invention 

may be any microorganism capable of incorporating the 

target DNA and producing the target 16-position hydroxyl 

macrolide compound, but an example of a preferred 

microorganism is a strain belonging to the Streptomyces 

genus of actinomycetes.  For example, Streptomyces sp. Mer-

11107 or the like can be used in method A) above, while 

Streptomyces sp. A-1544, Streptomyces sp. Mer-11107 or 

Streptomyces sp. A-1560 can be used in method B) above.  In 

method C), a strain of Escherichia coli or the like can be 

used. 

 There are no particular limits on the method of 

incorporating the target DNA and causing it to be expressed 

in a host, but for example the methods described in 

Molecular Cloning, 2nd Edition or Current Protocols in 

Molecular Biology can be used.  There are no particular 

limits on the host and plasmid vector system as long as the 

target DNA can be stably maintained and expressed in the 

host.  The plasmid may include self-replicating sequences, 

promoter sequences, terminator sequences, drug-resistance 

genes and the like in addition to the target DNA, and the 

plasmid may be either a self-replicating plasmid or an 

promoter sequences, terminator sequences, drug-resistance  genes and
the like in addition to the target DNA, and the  plasmid may be either a
self-replicating plasmid or an 30 integrative piasmid having a sequence
homologous to a  specific region in the genome of the anticipated host.
The  target DNA may be incorporated into a site either on the  piasmid or
on the genome of the host microorganism. If the host is an actinomycete
or related strain, the  self-replicating vector pIJ6021 (Gene, 166, 133-137
(1995))  or the genome integration vector KC515 (The Bacteria Vol.  9,
Antibiotic-producing Streptomyces (ed. Queener, S.E. and  Day, L.E.), pp.
119-158, Academic Press, Orlando, Fla) can  be used. Examples of
self-replicating sequences include rep  pIJ101 (1988, J. Bacteriol., 170,
4634-4651), rep SCP2  (1981, J. Gen. Microbiol., 126, 427-442), pUC19
(Gene, 33  (1), 103-119 (1985)) and the like, while examples of  promoter
sequences include ermEp (Mol. Microbiol., 1994,  Nov; 14(3): 533-45),
SnpAp (J. Bacteriol. 1992, May;  174(9): 2797-2808) and the like,
examples of terminator  sequences include ter(mmr) (Gene, 1987;
58(2-3): 229-41),  fd terminator (Nucleic Acids Res., 5(12), 4495-4503
(1978)  and the like, and examples of drug-resistance genes include  hyg
(Nucleic Acids Res., 4(14), 1565-1581 (1986)), tsr  (Mol. Gen. Genet.,
199(1), 26-36 (1985)) and the like. The  microorganism of the present
invention can be easily  
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integrative plasmid having a sequence homologous to a 

specific region in the genome of the anticipated host.  The 

target DNA may be incorporated into a site either on the 

plasmid or on the genome of the host microorganism. 

 If the host is an actinomycete or related strain, the 

self-replicating vector pIJ6021 (Gene, 166, 133-137 (1995)) 

or the genome integration vector KC515 (The Bacteria Vol. 

9, Antibiotic-producing Streptomyces (ed. Queener, S.E. and 

Day, L.E.), pp. 119-158, Academic Press, Orlando, Fla) can 

be used. 

 Examples of self-replicating sequences include rep 

pIJ101 (1988, J. Bacteriol., 170, 4634-4651), rep SCP2 

(1981, J. Gen. Microbiol., 126, 427-442), pUC19 (Gene, 33 

(1), 103-119 (1985)) and the like, while examples of 

promoter sequences include ermEp (Mol. Microbiol., 1994, 

Nov; 14(3): 533-45), SnpAp (J. Bacteriol. 1992, May; 

174(9): 2797-2808) and the like, examples of terminator 

sequences include ter(mmr) (Gene, 1987; 58(2-3): 229-41), 

fd terminator (Nucleic Acids Res., 5(12), 4495-4503 (1978) 

and the like, and examples of drug-resistance genes include 

hyg (Nucleic Acids Res., 4(14), 1565-1581 (1986)), tsr 

(Mol. Gen. Genet., 199(1), 26-36 (1985)) and the like.  The 

microorganism of the present invention can be easily 

prepared by a person skilled in the art following the 

descriptions of the present specification. 

 A recombinant microorganism prepared in this way can 

prepared by a person skilled in the art following the  descriptions of the
present specification. A recombinant microorganism prepared in this way
can  31 be cultured, and productivity of 16-position hydroxyl  macrolide
compound (I) can be evaluated and selected for to  obtain a strain with a
high level of productivity of the  macrolide compound. That is, a
recombinant organism having  the ability to produce 50 mg or more of the
macrolide  compound per 1 liter of culture broth can be obtained at a  high
rate of about 40%, while one having the ability to  produce 100 mg or
more per 1 liter of culture broth can be  obtained at a high rate of about
30%. (Method of evaluating productivity) The recombinant microorganism
is inoculated into a 250  mL Erienmyer flask containing 30 mL of medium,
(soluble  starch 5%, glucose 1%, Pharmamedia 3%, CaC03 0.10, pH 7.5),
cultured with rotary shaking (220 rpm) for 4 days at 25C  and extracted by
addition of 270 mL acetonitrile, and the  resulting extract is analyzed by
HPLC under the following  measurement conditions to assay the
concentration of  accumulated 16-position hydroxyl macrolide compound
(I).  (HPLC measurement conditions) Device: Shimadzu HPLC lOAvp
Column: Develosil ODS UG-3 (q 4.6 mm X 50 mm 3 pm)  Mobile phase:
45%-55% methanol (0 to 5 min), 55%  methanol (5 to 13 min), 55%-70%
methanol (13 to 21 min),  
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be cultured, and productivity of 16-position hydroxyl 

macrolide compound (I) can be evaluated and selected for to 

obtain a strain with a high level of productivity of the 

macrolide compound.  That is, a recombinant organism having 

the ability to produce 50 mg or more of the macrolide 

compound per 1 liter of culture broth can be obtained at a 

high rate of about 40%, while one having the ability to 

produce 100 mg or more per 1 liter of culture broth can be 

obtained at a high rate of about 30%. 

(Method of evaluating productivity) 

 The recombinant microorganism is inoculated into a 250 

mL Erlenmyer flask containing 30 mL of medium, (soluble 

starch 5%, glucose 1%, Pharmamedia 3%, CaCO3 0.1%, pH 7.5), 

cultured with rotary shaking (220 rpm) for 4 days at 25°C 

and extracted by addition of 270 mL acetonitrile, and the 

resulting extract is analyzed by HPLC under the following 

measurement conditions to assay the concentration of 

accumulated 16-position hydroxyl macrolide compound (I). 

(HPLC measurement conditions) 

Device: Shimadzu HPLC 10Avp 

 Column: Develosil ODS UG-3 (φ 4.6 mm × 50 mm 3 µm) 

 Mobile phase: 45%-55% methanol (0 to 5 min), 55% 

methanol (5 to 13 min), 55%-70% methanol (13 to 21 min), 

70% methanol (21 to 25 min) 

 Flow rate: 1.2 mL/min 

 Detection: UV 240 nm 

70% methanol (21 to 25 min) Flow rate: 1.2 mL/min  Detection: UV 240
nm 32 Injection volume: 5 L  Column temperature: 40C The recombinant
microorganism of the present invention  can be inoculated into a nutrient
medium and culture  aerobically, and 16-position hydroxyl macrolide
compound  (I) or a pharmacologically acceptable salt thereof, or a
hydrate of them can be obtained from the resulting culture  broth. In
principle the recombinant microorganism can be  cultured by ordinary
culture methods for microorganisms,  but culture under aerobic conditions
such as culture with  aeration and agitaion or shaking culture in the case
of a  liquid culture is normally preferred. As the medium used  for
cultivation, any medium may be used insofar as it  contains nutrients
which these microorganisms can utilize,  and various synthetic medium,
semi-synthetic medium and  organic medium may be all utilized. As the
medium  composition, various carbon sources such as glucose,  sucrose,
fructose, glycerin, dextrin, starch, molasses and  soybean oil may be used
either singly or in combinations.  As the nitrogen source, there can be
used a single or a  combination of organic nitrogen sources such as
Pharmamedia, peptone, meat extract, soybean meal, casein,  
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 Injection volume: 5 µL 

 Column temperature: 40°C 

 The recombinant microorganism of the present invention 

can be inoculated into a nutrient medium and culture 

aerobically, and 16-position hydroxyl macrolide compound 

(I) or a pharmacologically acceptable salt thereof, or a 

hydrate of them can be obtained from the resulting culture 

broth. 

 In principle the recombinant microorganism can be 

cultured by ordinary culture methods for microorganisms, 

but culture under aerobic conditions such as culture with 

aeration and agitaion or shaking culture in the case of a 

liquid culture is normally preferred.  As the medium used 

for cultivation, any medium may be used insofar as it 

contains nutrients which these microorganisms can utilize, 

and various synthetic medium, semi-synthetic medium and 

organic medium may be all utilized.  As the medium 

composition, various carbon sources such as glucose, 

sucrose, fructose, glycerin, dextrin, starch, molasses and 

soybean oil may be used either singly or in combinations.  

As the nitrogen source, there can be used a single or a 

combination of organic nitrogen sources such as 

Pharmamedia, peptone, meat extract, soybean meal, casein, 

amino acid, yeast extract or urea, and inorganic nitrogen 

sources such as sodium nitrate or ammonium sulfate.  

Additionally, for example, there can be added and used 

amino acid, yeast extract or urea, and inorganic nitrogen  sources such as
sodium nitrate or ammonium sulfate.  Additionally, for example, there can
be added and used 33 salts such as sodium chloride, potassium chloride,
calcium  carbonate, magnesium sulfate, sodium phosphate, potassium
phosphate or cobalt chloride; heavy metal salts; vitamins  such as vitamin
B or biotin, if necessary. Further, when  foaming is remarkable during
cultivation, various antifoaming agents can be appropriately added in the
medium. Chemicals necessary for maintaining drug-resistant  genes may
also be added as necessary. When the antifoaming  agent is added, it is
required to set at a concentration  for not adversely affecting the
production of an objective  substance. The concentration of the
accumulated 16-position  hydroxyi macrolide compound can be increased
by addition of  cyclodextrins in the culture broth when producing 16-
position hydroxyi macrolide compound (I) by cultivation of  the
recombinant microorganism of the present invention.  Examples of
cyciodextrins to be used in the present  invention include a-cyciodextrin,
y-cyciodextrin, partially  methylated a-cyciodextrin,
dimethyl-a-cyciodextrin,  trimethyl-a-cyciodextrin, glycosyl-a-cyciodextrin
and  hydroxypropyl-a-cyciodextrin. Each of them may be used  singly or in
a combination with another. The amount of cyciodextrin added to the
culture broth  
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salts such as sodium chloride, potassium chloride, calcium 

carbonate, magnesium sulfate, sodium phosphate, potassium 

phosphate or cobalt chloride; heavy metal salts; vitamins 

such as vitamin B or biotin, if necessary.  Further, when 

foaming is remarkable during cultivation, various 

antifoaming agents can be appropriately added in the 

medium.  Chemicals necessary for maintaining drug-resistant 

genes may also be added as necessary.  When the antifoaming 

agent is added, it is required to set at a concentration 

for not adversely affecting the production of an objective 

substance. 

 The concentration of the accumulated 16-position 

hydroxyl macrolide compound can be increased by addition of 

cyclodextrins in the culture broth when producing 16-

position hydroxyl macrolide compound (I) by cultivation of 

the recombinant microorganism of the present invention.  

Examples of cyclodextrins to be used in the present 

invention include β-cyclodextrin, γ-cyclodextrin, partially 

methylated β-cyclodextrin, dimethyl-β-cyclodextrin, 

trimethyl-β-cyclodextrin, glycosyl-β-cyclodextrin and 

hydroxypropyl-β-cyclodextrin.  Each of them may be used 

singly or in a combination with another. 

 The amount of cyclodextrin added to the culture broth 

is preferably 0.5% to 5%.  Addition is preferably at the 

beginning of cultivation or during cultivation. 

 The culture conditions can be selected appropriately 

is preferably 0.5% to 5%. Addition is preferably at the  beginning of
cultivation or during cultivation. The culture conditions can be selected
appropriately  34 within the range at which the microorganism grows well
and  can produce 16-position hydroxyi macrolide compound (I).  For
example, the pH of the medium is kept at 5 to 9 of near  normally the
neutral range. The culture temperature is  normally 20 to 40C or
preferably 23 to 35C. Cultivation  is 2 to 12 days or normally 3 to 10 days.
Of course, the  various culture conditions described above can be
changed  and optimal conditions selected appropriately depending on  the
type of microorganism used, the external conditions and  the like.
Common methods used for isolation and  purification of microbial
metabolites from culture broth  can be used to isolate and purify the
16-position hydroxyi  macrolide compound (I) which accumulates in the
culture  broth. Possible methods include all known methods such as
organic solvent extraction with methanol, ethanol, butanoi,  ethyl acetate,
chloroform, acetone, toluene or the like,  various forms of ion-exchange
chromatography, gel  filtration chromatography using Sephadex LH-20 or
the like,  adsorption chromatography using activated charcoal, silica  gel,
adsorbent resin (Diaion HP20) or the like, adsorption- desorption by thin
layer chromatography and high- performance liquid chromatography using
a reverse-phase  column and the like, and are not limited to the methods  
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within the range at which the microorganism grows well and 

can produce 16-position hydroxyl macrolide compound (I).  

For example, the pH of the medium is kept at 5 to 9 of near 

normally the neutral range.  The culture temperature is 

normally 20 to 40°C or preferably 23 to 35°C.  Cultivation 

is 2 to 12 days or normally 3 to 10 days.  Of course, the 

various culture conditions described above can be changed 

and optimal conditions selected appropriately depending on 

the type of microorganism used, the external conditions and 

the like.  Common methods used for isolation and 

purification of microbial metabolites from culture broth 

can be used to isolate and purify the 16-position hydroxyl 

macrolide compound (I) which accumulates in the culture 

broth.  Possible methods include all known methods such as 

organic solvent extraction with methanol, ethanol, butanol, 

ethyl acetate, chloroform, acetone, toluene or the like, 

various forms of ion-exchange chromatography, gel 

filtration chromatography using Sephadex LH-20 or the like, 

adsorption chromatography using activated charcoal, silica 

gel, adsorbent resin (Diaion HP20) or the like, adsorption-

desorption by thin layer chromatography and high-

performance liquid chromatography using a reverse-phase 

column and the like, and are not limited to the methods 

indicated herein.  These methods may be used singly or in 

combinations of two or more in an optional order or 

repeatedly, which makes it possible to isolate and purify 

indicated herein. These methods may be used singly or in  combinations
of two or more in an optional order or  repeatedly, which makes it possible
to isolate and purify 35 the target 16-position hydroxyl macrolide
compound (I).  Examples The present invention is explained in detail
below  using examples, but the present invention is not limited by  these
examples. In the explanations below, concentrations  of medium
components are expressed as weight percentages  unless otherwise
specified. Reference Example 1: Obtaining DNA encoding polypeptide
involved in biosynthesis of macrolide compound (II) (1) Cultivation of
Mer-11107 and isolation of genomic DNA  Hyphae of Streptomyces sp.
Mer-11107 were inoculated  into 25 mL of Tryptic Soy Broth, and cultured
with shaking  at 28C for 3 days. Genomic DNA was prepared from the
resulting culture broth according to the methods described  under
"Isolation genomic DNA" (pp. 162-170) in D.A. Hopwood  et al's Practical
Streptomyces Genetics (The John Innes  Foundation, Norwich, England,
2000). (2) Preparation of Mer-11107 genomic library 160 pL of sterile
purified water, 200 pL of Mer-11107  genome DNA solution (1 mg/mL), 40
pL of 10x concentration M  buffer solution (100 mM Iris-HCL (pH 7.5), 100
mM MgCl2, 10  mM dithiothreitol, 500 mM NaCl) and 1 pL of restriction
enzyme Sau3AI (1 unit/pL) were mixed and incubated at 37C  
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the target 16-position hydroxyl macrolide compound (I). 

 

Examples 

 The present invention is explained in detail below 

using examples, but the present invention is not limited by 

these examples.  In the explanations below, concentrations 

of medium components are expressed as weight percentages 

unless otherwise specified. 

Reference Example 1: Obtaining DNA encoding polypeptide 

involved in biosynthesis of macrolide compound (II) 

(1) Cultivation of Mer-11107 and isolation of genomic DNA 

 Hyphae of Streptomyces sp. Mer-11107 were inoculated 

into 25 mL of Tryptic Soy Broth, and cultured with shaking 

at 28°C for 3 days.  Genomic DNA was prepared from the 

resulting culture broth according to the methods described 

under “Isolation genomic DNA” (pp. 162-170) in D.A. Hopwood 

et al’s Practical Streptomyces Genetics (The John Innes 

Foundation, Norwich, England, 2000). 

(2) Preparation of Mer-11107 genomic library 

 160 µL of sterile purified water, 200 µL of Mer-11107 

genome DNA solution (1 mg/mL), 40 µL of 10x concentration M 

buffer solution (100 mM Tris-HCl (pH 7.5), 100 mM MgCl2, 10 

mM dithiothreitol, 500 mM NaCl) and 1 µL of restriction 

enzyme Sau3AI (1 unit/µL) were mixed and incubated at 37°C 

for 3 minutes.  50 µL was then taken out and extracted with 

50 µL of phenol-chloroform mixture 

for 3 minutes. 50 pL was then taken out and extracted with  50 pL of
phenol-chloroform mixture 36 (phenoi:chioroform:isoamyi
aicohoi=25:24:1, volume ratio),  the aqueous layer was collected and
extracted again with 50  pL of chloroform , and the aqueous layer was
again collected. 5 pL of 3 M sodium acetate (pH 6.0) and 150 pL  of
ethanol were added to the liquid, which was then left at  -80C for 30
minutes and centrifuged to collect the precipitated DNA. After being
washed in 70% ethanol, this  DNA was dissolved in 90 pL of sterile
purified water, and  incubated at 37C for 3 hours after addition of 10 pL of
10  times concentration BAP buffer solution (500 mM Tris-HCi  (pH 9.0),
10 mM MgCi2) and 5 pL of bacterial aikaiine  phosphatase (0.5 unit/pL,
Takara Bic Inc.). The reaction  liquid was extracted with 100 pL of
phenol-chloroform  mixture (phenoi:chioroform:isoamyi aicohoi=25:24:1,
volume  ratio), the aqueous sayer was collected and extracted again  with
100 pL of chloroform, and the aqueous sayer was again  collected. 10 pL
of 3 M sodium acetate (pH 6.0) and 300 pL  of ethanol were added to this
liquid, which was then left  at -80C for 30 minutes and centrifuged to
collect the  precipitated DNA. After being washed in 70% ethanol, this
DNA was dissolved in 20 pL of TE buffer solution (10 mM  Iris-HCi (pH
8.0), 1 mM EDTA). Meanwhile, 10 pg of SuperCos cosmid vector
(Stratagene  Co.) was digested with restriction enzyme XbaI in  
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(phenol:chloroform:isoamyl alcohol=25:24:1, volume ratio), 

the aqueous layer was collected and extracted again with 50 

µL of chloroform , and the aqueous layer was again 

collected.  5 µL of 3 M sodium acetate (pH 6.0) and 150 µL 

of ethanol were added to the liquid, which was then left at 

–80°C for 30 minutes and centrifuged to collect the 

precipitated DNA.  After being washed in 70% ethanol, this 

DNA was dissolved in 90 µL of sterile purified water, and 

incubated at 37°C for 3 hours after addition of 10 µL of 10 

times concentration BAP buffer solution (500 mM Tris-HCl 

(pH 9.0), 10 mM MgCl2) and 5 µL of bacterial alkaline 

phosphatase (0.5 unit/µL, Takara Bio Inc.).  The reaction 

liquid was extracted with 100 µL of phenol-chloroform 

mixture (phenol:chloroform:isoamyl alcohol=25:24:1, volume 

ratio), the aqueous layer was collected and extracted again 

with 100 µL of chloroform, and the aqueous layer was again 

collected.  10 µL of 3 M sodium acetate (pH 6.0) and 300 µL 

of ethanol were added to this liquid, which was then left 

at –80°C for 30 minutes and centrifuged to collect the 

precipitated DNA.  After being washed in 70% ethanol, this 

DNA was dissolved in 20 µL of TE buffer solution (10 mM 

Tris-HCl (pH 8.0), 1 mM EDTA). 

 Meanwhile, 10 µg of SuperCos cosmid vector (Stratagene 

Co.) was digested with restriction enzyme XbaI in 

accordance with the Stratagene manual, the DNA terminals 

were de-phosphorylated with calf intestinal alkaline 

accordance with the Stratagene manual, the DNA terminals  were
de-phosphoryiated with calf intestinal aikaiine 37 phosphatase (Takara Bio
Inc.), and after being digested  with restriction enzyme BamHI and
purified, this was  dissolved in 10 pL of TE buffer solution. 2.5 pL of the
Sau3A1 partial digest solution of Mer-11107 DNA described  above was
added to lpL of this cosmid DNA solution, and 1.5  pL of sterile purified
water, 5 pL of DNA Ligation Kit  (Takara Bio Inc.) Solution II and 10 pL of
Solution I were  added in that order and incubated at 23C for 10 minutes.
4 pL of the reaction liquid was packaged into a lambda- phage using
Gigapack III XL Kit (Stratagene Co.). When the  resulting packaged liquid
(total 500 pL) was subjected to a  transduction test, colony formation
ability was tested at  380 cfu (colony forming units)/pL. (3) Preparation of
various probes (3-1) Preparation of probes comprising keto synthetase
coding regions The following two primers, KS-3F and KS-4R, were
synthesized based on sequences that are normally conserved  in the keto
synthesis domains of polyketide synthetases  (see the Sequence Nos. 5
and 6). KS-3F: 5'-GACCGCGGCTGGGACGTGGAGGG-3'  KS-4R:
5'-GTGCCCGATGTTGGACTTCAACGA-3' These primers were used to
carry out PCR under the  following conditions. 
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phosphatase (Takara Bio Inc.), and after being digested 

with restriction enzyme BamHI and purified, this was 

dissolved in 10 µL of TE buffer solution.  2.5 µL of the 

Sau3A1 partial digest solution of Mer-11107 DNA described 

above was added to 1µL of this cosmid DNA solution, and 1.5 

µL of sterile purified water, 5 µL of DNA Ligation Kit 

(Takara Bio Inc.) Solution II and 10 µL of Solution I were 

added in that order and incubated at 23°C for 10 minutes.  

4 µL of the reaction liquid was packaged into a lambda-

phage using Gigapack III XL Kit (Stratagene Co.).  When the 

resulting packaged liquid (total 500 µL) was subjected to a 

transduction test, colony formation ability was tested at 

380 cfu (colony forming units)/µL. 

(3) Preparation of various probes 

(3-1) Preparation of probes comprising keto synthetase 

coding regions 

 The following two primers, KS-3F and KS-4R, were 

synthesized based on sequences that are normally conserved 

in the keto synthesis domains of polyketide synthetases 

(see the Sequence Nos. 5 and 6). 

 KS-3F: 5’-GACCGCGGCTGGGACGTGGAGGG-3’ 

 KS-4R: 5’-GTGCCCGATGTTGGACTTCAACGA-3’ 

 These primers were used to carry out PCR under the 

following conditions. 

(PCR reaction liquid composition) 

 Sterile purified water      31 µL 

(PCR reaction liquid composition) Sterile purified water 31 pL  38 2x
concentration GC buffer 50 pL  dNTP mixed solution (2.5 mM each dATP,
dGTP, dTTP and dCTP) 16 pL  KS-3F (100 pmoi/pL) 0.5 pL  KS-4R (100
pmoi/pL) 0.5 pL  Mer-11107 total DNA (100 ng/pL) 1 pL  LA Taq
poiymerase (5u/pL, Takara Bio Inc.) 1 pL (Reaction temperature
conditions)  95C 3 minutes (98C 20 sec, 63C 30 sec, 68C 2 min) 30
cycles  72C 5 minutes The 930 bp DNA fragments amplified as a result of
this  reaction were electrophoresed on 0.8% agarose gel, and the  isolated
930 bp DNA fragments were excised and collected  and purified using
SUPREC-01 (Takara Bio Inc.). Using 10  ng of the resulting DNA
fragments as the template, 930 bp  DNA fragments comprising the keto
synthetase coding region  were amplified again under the same PCR
conditions as above  except that the number of reaction cycles was
changed to  20. These DNA fragments were concentrated and purified
using SUPREC-02 (Takara Bio Inc.), and 5OpL of the  resulting TE
solution was taken as the probe solution.  (3-2) Preparation of probe
comprising cytochrome P450 gene  region 
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 2x concentration GC buffer     50 µL 

 dNTP mixed solution (2.5 mM each dATP, dGTP, dTTP and 

dCTP)          16 µL 

 KS-3F (100 pmol/µL)      0.5 µL 

 KS-4R (100 pmol/µL)      0.5 µL 

 Mer-11107 total DNA (100 ng/µL)    1 µL 

 LA Taq polymerase (5u/µL, Takara Bio Inc.)  1 µL 

(Reaction temperature conditions) 

 95°C 3 minutes 

 (98°C 20 sec, 63°C 30 sec, 68°C 2 min) 30 cycles 

 72°C 5 minutes 

 The 930 bp DNA fragments amplified as a result of this 

reaction were electrophoresed on 0.8% agarose gel, and the 

isolated 930 bp DNA fragments were excised and collected 

and purified using SUPREC-01 (Takara Bio Inc.).  Using 10 

ng of the resulting DNA fragments as the template, 930 bp 

DNA fragments comprising the keto synthetase coding region 

were amplified again under the same PCR conditions as above 

except that the number of reaction cycles was changed to 

20.  These DNA fragments were concentrated and purified 

using SUPREC-02 (Takara Bio Inc.), and 50µL of the 

resulting TE solution was taken as the probe solution. 

(3-2) Preparation of probe comprising cytochrome P450 gene 

region 

 Two known cytochrome P450 genes were amplified from 

actinomycetes for purposes of preparing a cytochrome P450 

Two known cytochrome P450 genes were amplified from  actinomycetes
for purposes of preparing a cytochrome P450  39 gene probe. That is, the
two primers CB-1F and CB-2R  comprising the sequences showed below
(see the Sequence  Nos.7 and 8) were synthesized for purposes of
amplifying  the ORF-A gene derived from Streptomyces thermotolerans
ATCC11416 (Biosci. Biotechnol. Biochem. 59: 582-588, 1995). CB-1F:
5'-ATGACAGCTTTGAATCTGATGGATCCC-3'  CB-2R:
5'-TCAGAGACGGACCGGCAGACTCTTCAGACG-3'  Meanwhile, the two
primers PKC-1F and PKC-2R  comprising the sequences shown below
(see the Sequence Nos. 9 and 10) were synthesized for purposes of
amplifying the  pik-C gene derived from Streptomyces venezuelae
ATCC15439  (Chem. Biol. 5: 661-667, 1998). PKC-1F:
5'-GTGCGCCGTACCCAGCAGGGAACGACC-3'  PKC-2R:
5'-TCACGCGCTCTCCGCCCGCCCCCTGCC-3' These primers were
used to carry out PCR under the  following conditions. (PCR reaction
liquid composition) Sterile purified water 31 pL  2x concentration GC
buffer 50 pL  dNTP mixed solution (2.5 mM each dATP, dGTP, dTTP and
dCTP) 16 pL  primer-F (100 pmoi/pL) 0.5 pL  primer-R (100 pmoi/pL) 0.5
pL  ATCC11416 or ATCC15439 genome DNA (100 ng/pL) 1 pL  



 40 

gene probe.  That is, the two primers CB-1F and CB-2R 

comprising the sequences showed below (see the Sequence 

Nos.7 and 8) were synthesized for purposes of amplifying 

the ORF-A gene derived from Streptomyces thermotolerans 

ATCC11416 (Biosci. Biotechnol. Biochem. 59: 582-588, 1995). 

 CB-1F: 5’-ATGACAGCTTTGAATCTGATGGATCCC-3’ 

 CB-2R: 5’-TCAGAGACGGACCGGCAGACTCTTCAGACG-3’ 

 Meanwhile, the two primers PKC-1F and PKC-2R 

comprising the sequences shown below (see the Sequence Nos. 

9 and 10) were synthesized for purposes of amplifying the 

pik-C gene derived from Streptomyces venezuelae ATCC15439 

(Chem. Biol. 5: 661-667, 1998). 

 PKC-1F: 5’-GTGCGCCGTACCCAGCAGGGAACGACC-3’ 

 PKC-2R: 5’-TCACGCGCTCTCCGCCCGCCCCCTGCC-3’ 

 These primers were used to carry out PCR under the 

following conditions. 

(PCR reaction liquid composition) 

 Sterile purified water      31 µL 

 2x concentration GC buffer     50 µL 

 dNTP mixed solution (2.5 mM each dATP, dGTP, dTTP and 

dCTP)          16 µL 

 primer-F (100 pmol/µL)      0.5 µL 

 primer-R (100 pmol/µL)      0.5 µL 

 ATCC11416 or ATCC15439 genome DNA (100 ng/µL) 1 µL 

 LA Taq polymerase (5u/µL), Takara Bio Inc.) 1 µL 

(Reaction temperature conditions) 

LA Taq poiymerase (5u/pL), Takara Bic Inc.) 1 pL (Reaction temperature
conditions)  40 95C, 3 minutes (98C 20 sec, 63C 30 sec, 68C 2 min) 30
cycles  72C, 5 minutes The two 1.2 kb DNA fragments amplified as a
result of  this reaction were purified by QIAGEN PCR Purification Kit
(QIAGEN Co.), and a mixed solution comprising 10 ng/pL of  each DNA
fragment was prepared and used as the probe. (4) Screening using probe
comprising keto synthetase coding  region An E. coli XL-1Biue MR host
(Stratagene Co.) was  transduced with the Mer-11107 genome DNA
library packaged  solution prepared in the above (2) in accordance with
the  Stratagene manual. After transduction the bacterial  suspension was
dispensed and spread onto ten LB-50 pg/mL  ampicillin-1.5% agar
medium plates (inner diameter 90 mm,  height 15 mm), and cultured for
18 hours at 37C. The  colonies growing on each plate were transferred to
HybondoN+ filters (Amersham Biosciences), alkali and  neutral treated
under the conditions described in the  manual for the HybondoN+ filters,
and dried for 2 hours at  80C to fix DNA derived from the colonies onto the
filters. The genome DNA library was screened by colony  hybridization
using an AikPhos Direct System (Amersham  Biosciences) with 100 ng of
the 930 bp DNA fragment  
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 95°C, 3 minutes 

 (98°C 20 sec, 63°C 30 sec, 68°C 2 min) 30 cycles 

 72°C, 5 minutes 

 The two 1.2 kb DNA fragments amplified as a result of 

this reaction were purified by QIAGEN PCR Purification Kit 

(QIAGEN Co.), and a mixed solution comprising 10 ng/µL of 

each DNA fragment was prepared and used as the probe. 

(4) Screening using probe comprising keto synthetase coding 

region 

 An E. coli XL-1Blue MR host (Stratagene Co.) was 

transduced with the Mer-11107 genome DNA library packaged 

solution prepared in the above (2) in accordance with the 

Stratagene manual.  After transduction the bacterial 

suspension was dispensed and spread onto ten LB-50 µg/mL 

ampicillin-1.5% agar medium plates (inner diameter 90 mm, 

height 15 mm), and cultured for 18 hours at 37°C.  The 

colonies growing on each plate were transferred to 

HybondoN+ filters (Amersham Biosciences), alkali and 

neutral treated under the conditions described in the 

manual for the HybondoN+ filters, and dried for 2 hours at 

80°C to fix DNA derived from the colonies onto the filters. 

 The genome DNA library was screened by colony 

hybridization using an AlkPhos Direct System (Amersham 

Biosciences) with 100 ng of the 930 bp DNA fragment 

comprising the keto synthetase region prepared under (3-1) 

above as the probe.  Hybridization was performed for 2 

comprising the keto synthetase region prepared under (3-1)  above as the
probe. Hybridization was performed for 2 41 hours at 65C at a salt
concentration of 0.5 M NaCl. The  conditions for hybridization and
detection were those  described in the manual attached to the AlkPhos
Direct  System. Of the roughly 7,600 colonies tested, 59 colonies  which
hybridized strongly with the alkali phosphatase- labeled probe were
isolated. Cosmids were extracted and  purified from E. coli clones derived
from these colonies.  (5) Selection and verification of cosmid clones
having  piadienolide biosynthesis gene region using probe  comprising
cytochrome P450 gene region Two pL of each of the cosmid DNA
solutions obtained  under the above (4) was spotted onto a HybondoN+
filter,  alkali and neutral treated under the conditions described  in the
attached manual, and dried for 2 hours at 80C to  fix the DNA on the filter.
Hybridization was performed  with these filters under the same conditions
as in the  above (4) using the cytochrome P450 gene fragment described
under the above (3) as the probe. One cosmid that  hybridized strongly
with the probe was selected as a result  and named pKS58. The pKS58
DNA was partially digested with Sau3AI  restriction enzyme, ligated with
the BamHI-CIAP treated  phage vector Zap Express (Stratagene Co.), and
packaged  into a lambda phage using a Gigapack III XL Kit (Stratagene  
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hours at 65°C at a salt concentration of 0.5 M NaCl.  The 

conditions for hybridization and detection were those 

described in the manual attached to the AlkPhos Direct 

System.  Of the roughly 7,600 colonies tested, 59 colonies 

which hybridized strongly with the alkali phosphatase-

labeled probe were isolated.  Cosmids were extracted and 

purified from E. coli clones derived from these colonies. 

(5) Selection and verification of cosmid clones having 

pladienolide biosynthesis gene region using probe 

comprising cytochrome P450 gene region 

 Two µL of each of the cosmid DNA solutions obtained 

under the above (4) was spotted onto a HybondoN+ filter, 

alkali and neutral treated under the conditions described 

in the attached manual, and dried for 2 hours at 80°C to 

fix the DNA on the filter.  Hybridization was performed 

with these filters under the same conditions as in the 

above (4) using the cytochrome P450 gene fragment described 

under the above (3) as the probe.  One cosmid that 

hybridized strongly with the probe was selected as a result 

and named pKS58. 

 The pKS58 DNA was partially digested with Sau3AI 

restriction enzyme, ligated with the BamHI-CIAP treated 

phage vector Zap Express (Stratagene Co.), and packaged 

into a lambda phage using a Gigapack III XL Kit (Stratagene 

Co.).  E. coli XL1-Blue MRF’ was infected with this phage 

solution, and made to form a plaque.  Plaque hybridization 

Co.). E. coli XLl-Blue MRF' was infected with this phage  solution, and
made to form a plaque. Plaque hybridization 42 was performed using the
cytochrome P450 gene probe prepared  in the above (3-2) to subclone an
approximately 2 kb lengh  DNA fragment containing cytochrome P450
gene. This cytochrome P450 gene DNA fragment was sequenced,  and
two primers PDL58-1F and PDL58-2R (see the Sequence Nos.  11 and
12) having the sequences shown below were  synthesized from the N-
and C-terminals, which are  considered to be the cytochrome P450 coding
regions. PDL58-1F:
5'-GCCCCGCATATGGATCTGGAAACCCAACTTCTC-3'  PDL58-2R:
5'-GCACTAGTCAGCCGCGCTCGACGAGGAGGTG-3'  These primers
were used to carry out PCR under the  following conditions. (PCR reaction
liquid composition) Sterile purified water 31 pL  2 X concentration GC
buffer 50 pL  dNTP mixed solution (2.5 mM each dATP, dGTP, dTTP and
dCTP) 16 pL  PDL58-1F (100 pmoi/pL) 0.5 pL  PDL58-2R (100 pmoi/pL)
0.5 pL  pKS58DNA (10 ng/pL) 1 pL  LA Taq polymerase (Su/pL, Takara
Bic Inc.) 1 pL (Reaction temperature conditions)  95C, 3 minutes (98C 20
sec, 63C 30 sec, 68C 2 min) 20 cycles  
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was performed using the cytochrome P450 gene probe prepared 

in the above (3-2) to subclone an approximately 2 kb lengh 

DNA fragment containing cytochrome P450 gene. 

 This cytochrome P450 gene DNA fragment was sequenced, 

and two primers PDL58-1F and PDL58-2R (see the Sequence Nos. 

11 and 12) having the sequences shown below were 

synthesized from the N- and C-terminals, which are 

considered to be the cytochrome P450 coding regions. 

 PDL58-1F: 5’-GCCCCGCATATGGATCTGGAAACCCAACTTCTC-3’ 

 PDL58-2R: 5’-GCACTAGTCAGCCGCGCTCGACGAGGAGGTG-3’ 

 These primers were used to carry out PCR under the 

following conditions. 

(PCR reaction liquid composition) 

 Sterile purified water      31 µL 

 2 × concentration GC buffer     50 µL 

 dNTP mixed solution (2.5 mM each dATP, dGTP, dTTP and 

dCTP)          16 µL 

 PDL58-1F (100 pmol/µL)      0.5 µL 

 PDL58-2R (100 pmol/µL)      0.5 µL 

 pKS58DNA (10 ng/µL)      1 µL 

 LA Taq polymerase (5u/µL, Takara Bio Inc.)  1 µL 

(Reaction temperature conditions) 

 95°C, 3 minutes 

 (98°C 20 sec, 63°C 30 sec, 68°C 2 min) 20 cycles 

 72°C, 5 minutes 

 The 1.2 kb DNA fragment amplified as a result of this 

72C, 5 minutes The 1.2 kb DNA fragment amplified as a result of this  43
reaction was purified with QIAGEN PCR Purification Kit  (QIAGEN Co.),
and digested with NdeI and Spel restriction  enzymes. After the reaction
the DNA was electrophoresed on  0.8% agarose gel, the isolated 1.2 kb
DNA fragment was  excised and DNA was collected and purified using
QIAGEN  GeiExtraction Kit (QIAGEN Co.). This DNA fragment was
inserted into the NdeI and Spel sites of the cytochrome  P450 gene
expression piasmid p17NS-camAB (see Reference  Example 5 and WO
03/087381) to construct pPDL96. E. coli BL21 (DE3) was transformed
using this piasmid  and cultured in M9CG medium (1.28%
Na2HPO4-7H2O, 0.3% KH- 2PO4, 0.05% NaCl, 0.1% NH4CJ, 1%
casamino acid, 0.4%  glucose, 1 mM MgCl2, 100 pM CaCl2, 50 pg/mL
ampicillin) to  a density of 0.8 OD600 (optical density at 600 nm). 5-
Aminoievuiinic acid was added to 80 pg/mL and IPTG to 0.1  mM, and
cultivation was continued at 22C for 25 hours to  induce the cytochrome
P450 protein. After induction, the  mycelia were collected and suspended
in 5 mL of CV buffer  solution (50 mM NaPO4 (pH 7.3), 1 mM EDTA, 10%
glycerol, 1  mM glucose). 1 mL of this suspension was taken in a test
tube and 5 pL of a DMSO solution (50 mg/mL) of ME-265 (the  6-position
deoxide of piadienoiide B) was added and  incubated at 28C for 15 hours.
1 mL of acetonitriie was  added and mixed with this reaction solution,
which was then  
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reaction was purified with QIAGEN PCR Purification Kit 

(QIAGEN Co.), and digested with NdeI and SpeI restriction 

enzymes.  After the reaction the DNA was electrophoresed on 

0.8% agarose gel, the isolated 1.2 kb DNA fragment was 

excised and DNA was collected and purified using QIAGEN 

GelExtraction Kit (QIAGEN Co.).  This DNA fragment was 

inserted into the NdeI and SpeI sites of the cytochrome 

P450 gene expression plasmid pT7NS-camAB (see Reference 

Example 5 and WO 03/087381) to construct pPDL96. 

 E. coli BL21 (DE3) was transformed using this plasmid 

and cultured in M9CG medium (1.28% Na2HPO4·7H2O, 0.3% KH-

2PO4, 0.05% NaCl, 0.1% NH4Cl, 1% casamino acid, 0.4% 

glucose, 1 mM MgCl2, 100 µM CaCl2, 50 µg/mL ampicillin) to 

a density of 0.8 OD600 (optical density at 600 nm).   5-

Aminolevulinic acid was added to 80 µg/mL and IPTG to 0.1 

mM, and cultivation was continued at 22°C for 25 hours to 

induce the cytochrome P450 protein.  After induction, the 

mycelia were collected and suspended in 5 mL of CV buffer 

solution (50 mM NaPO4 (pH 7.3), 1 mM EDTA, 10% glycerol, 1 

mM glucose).  1 mL of this suspension was taken in a test 

tube and 5 µL of a DMSO solution (50 mg/mL) of ME-265 (the 

6-position deoxide of pladienolide B) was added and 

incubated at 28°C for 15 hours.  1 mL of acetonitrile was 

added and mixed with this reaction solution, which was then 

centrifuged and supernatant analyzed by HPLC under the 

following conditions to confirm conversion to pladienolide 

centrifuged and supernatant analyzed by HPLC under the  following
conditions to confirm conversion to piadienolide 44 B. These results lead
the piadienolide biosynthesis gene  region is involved in pKS58. (HPLC
analysis conditions)  Device: Shimadzu HPLC lOAvp Column: Develosii
ODS UG-3 (q 4.6 mm x 50 mm 3 pm)  Mobile phase: 45% to 55%
methanol (0 to 5 min) 55% methanol (5 to 13 min) 55% to 70% methanol
(13 to 21 min)  45% methanol (21 to 25 min) Flow rate: 1.2 mL/min
Detection: UV 240 nm  Injection volume: 5 pL  Column temperature: 40C
Analysis time: 25 minutes Retention time: ME-265: 20 min, Piadienolide B:
13 min  (6) Selection of cosmid comprising biosynthesis gene  cluster
neighboring cytochrome P450 gene A cosmid comprising the biosynthesis
gene cluster  neighboring the cytochrome P450 gene obtained in the
above  (5) was selected from the 59 cosmid DNA samples obtained in  the
above (4). The 59 cosmid DNA samples were digested with  restriction
enzymes EcoRI and BamHI, and the DNA obtained  in each case was
electrophoresed on agarose gel and  
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B.  These results lead the pladienolide biosynthesis gene 

region is involved in pKS58. 

(HPLC analysis conditions) 

 Device: Shimadzu HPLC 10Avp 

 Column: Develosil ODS UG-3 (φ 4.6 mm × 50 mm 3 µm) 

 Mobile phase: 45% to 55% methanol (0 to 5 min) 

    55% methanol (5 to 13 min) 

    55% to 70% methanol (13 to 21 min) 

    45% methanol (21 to 25 min) 

 Flow rate: 1.2 mL/min 

 Detection: UV 240 nm 

 Injection volume: 5 µL 

 Column temperature: 40°C 

 Analysis time: 25 minutes 

 Retention time: ME-265: 20 min, Pladienolide B: 13 min 

(6) Selection of cosmid comprising biosynthesis gene 

cluster neighboring cytochrome P450 gene 

 A cosmid comprising the biosynthesis gene cluster 

neighboring the cytochrome P450 gene obtained in the above 

(5) was selected from the 59 cosmid DNA samples obtained in 

the above (4). 

 The 59 cosmid DNA samples were digested with 

restriction enzymes EcoRI and BamHI, and the DNA obtained 

in each case was electrophoresed on agarose gel and 

subjected to Southern hybridization using as probes the KS 

domain DNA (aveA2 KS6 domain) and the AT domain DNA (aveA1 

subjected to Southern hybridization using as probes the KS  domain DNA
(aveA2 KS6 domain) and the AT domain DNA (aveAl 45 AT2 domain) of
the avermectin aglycone biosynthesis gene  (see Proc. Natl. Acad. Sci.
USA 96 (1999) 9509-9514; JP-A  2000-245457; or WO 00/50605) and the
cytochrome P450 gene  obtained in the above (5). Those cosmids having
DNA fragments that hybridized at  the same length were grouped on the
basis of the  electrophoresis patterns of DNA digested with restriction
enzymes EcoRI and BamHI, and the hybridization band  patterns using
the various probes. Of these, all but one  of the cosmids exhibiting similar
patterns were deleted,  and the remaining cosmids were organized
according to  partially matching band patterns. Beginning with the pKS58
cosmid comprising the cytochrome P450 gene obtained in (5),  pKS54
was selected as a cosmid neighboring the side  comprising the polyketide
synthetase gene from the  cytochrome P450 gene side, and pKS35 was
selected as a  cosmid neighboring pKS54. pKS23 was also selected as a
cosmid neighboring the cosmid pKS58 from cytochrome P450  gene side
to the side not comprising the polyketide  synthetase gene. As a result, as
shown in Figure 2, pKS23,  pKS58, pKS54 and pKS35 were selected as
cosmid clones  encompassing the pladienolide biosynthesis gene cluster.
(7) Determining nucleotide sequence of pladienolide  biosynthesis gene
cluster 
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AT2 domain) of the avermectin aglycone biosynthesis gene 

(see Proc. Natl. Acad. Sci. USA 96 (1999) 9509-9514; JP-A 

2000-245457; or WO 00/50605) and the cytochrome P450 gene 

obtained in the above (5). 

 Those cosmids having DNA fragments that hybridized at 

the same length were grouped on the basis of the 

electrophoresis patterns of DNA digested with restriction 

enzymes EcoRI and BamHI, and the hybridization band 

patterns using the various probes.  Of these, all but one 

of the cosmids exhibiting similar patterns were deleted, 

and the remaining cosmids were organized according to 

partially matching band patterns.  Beginning with the pKS58 

cosmid comprising the cytochrome P450 gene obtained in (5), 

pKS54 was selected as a cosmid neighboring the side 

comprising the polyketide synthetase gene from the 

cytochrome P450 gene side, and pKS35 was selected as a 

cosmid neighboring pKS54.  pKS23 was also selected as a 

cosmid neighboring the cosmid pKS58 from cytochrome P450 

gene side to the side not comprising the polyketide 

synthetase gene.  As a result, as shown in Figure 2, pKS23, 

pKS58, pKS54 and pKS35 were selected as cosmid clones 

encompassing the pladienolide biosynthesis gene cluster. 

(7) Determining nucleotide sequence of pladienolide 

biosynthesis gene cluster 

 The nucleotide sequence of a DNA group coding for the 

pladienolide biosynthesis gene was determined.  Each cosmid, 

The nucleotide sequence of a DNA group coding for the  pladienolide
biosynthesis gene was determined. Each cosmid,  46 selected in the
above (6), was first isolated by the cesium  chloride method, and then
sheared to about 1 kb using  HydroShear (Genomic Solutions K.K.) and
subcloned using a  BKL Kit (Takara Bic Inc.). The resulting subclones
were subjected to a cycle  sequence reaction (Amersham Biosciences
Co.) using  fluorescent-labeled primers, and the nucieotide sequences  of
the respective fragments were determined (MegaBACE 1000:  Amersham
Biosciences Co.). Thus, a roughly 75 kb  nucieotide sequence comprising
DNA associated with  piadienolide biosynthesis was determined (see the
Sequence  No. 1). (8) Preparation of piadienolide 6-position hydroxyiase
gene  (pldB)-deficient strain. It has been shown that a piadienolide is
biosynthesized by the biosynthesis pathway shown in Fig. 1  from the
roughly 75 kb nucieotide sequence comprising DNA  participating in
piadienoiide biosynthesis which was  sequenced in the above (7) (see the
Sequence No. 1). A  pidB-deficient strain was thus prepared by the
following  methods with the idea that a strain producing only ME-265  (the
6-position deoxide of piadienoiide B) could be  obtained by destroying only
the cytochrome P450 gene p1dB. The four primers pldB-L-Bgl2F,
p1dB-L-Hind3R, p1dB-R- 
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selected in the above (6), was first isolated by the cesium 

chloride method, and then sheared to about 1 kb using 

HydroShear (Genomic Solutions K.K.) and subcloned using a 

BKL Kit (Takara Bio Inc.). 

 The resulting subclones were subjected to a cycle 

sequence reaction (Amersham Biosciences Co.) using 

fluorescent-labeled primers, and the nucleotide sequences 

of the respective fragments were determined (MegaBACE 1000: 

Amersham Biosciences Co.).  Thus, a roughly 75 kb 

nucleotide sequence comprising DNA associated with 

pladienolide biosynthesis was determined (see the Sequence 

No. 1). 

(8) Preparation of pladienolide 6-position hydroxylase gene 

(pldB)-deficient strain. 

 It has been shown that a pladienolide is 

biosynthesized by the biosynthesis pathway shown in Fig. 1 

from the roughly 75 kb nucleotide sequence comprising DNA 

participating in pladienolide biosynthesis which was 

sequenced in the above (7) (see the Sequence No. 1).  A 

pldB-deficient strain was thus prepared by the following 

methods with the idea that a strain producing only ME-265 

(the 6-position deoxide of pladienolide B) could be 

obtained by destroying only the cytochrome P450 gene pldB. 

 The four primers pldB-L-Bgl2F, pldB-L-Hind3R, pldB-R-

Hind3F and pldB-R-Bgl2R (see the sequence nos. 13, 14, 15 

and 16) having the sequences shown below were synthesized 

Hind3F and pldB-R-Bgl2R (see the sequence nos. 13, 14, 15  and 16)
having the sequences shown below were synthesized  47 based on the
nucleotide sequence of the sequence no. 1.  pidB-L-Bgl2F:
5'-GGGAGATCTAGAGGCCGGTTACCTCTACGAGTA-3'  pidB-L-Hind3R:
5'-GGGAAGCTTGCGATGAGCTGTGCCAGATAG-3'  pidB-R-Hind3F:
5'-GGGAAGCTTGAACTGGCGCGACAGTGTCTT-3'  pidB-R-Bgl2R:
5'-GGGAGATCTGCAGCGGATCGTCTTCGAGACCCTT-3' PCR was
performed under the following conditions using  these primers. (PCR
reaction liquid composition) Sterile purified water 30 pL  2 x concentration
GC buffer 50 pL  dNTP mixed solution (2.5 mM each dATP, dGTP, dTTP
and dCTP) 16 pL  pidB-L-Bgl2F or pidB-R-Hind3F (50 pmoi/pL) 1 pL
pidB-L-Hind3R or pidB-R-Bgl2R (50 pmoi/pL) 1 pL  Mer-11107 total DNA
(100 ng/pL) 1 pL  LA Taq polymerase (5 u/pL, Takara Bic Inc.) 1 pL
(Reaction temperature conditions 95C, 3 minutes (98C 20 sec, 63C 30
sec, 68C 2 min) 30 cycles  72C, 5 minutes As a result, a 1.57 kb DNA
fragment (DNA fragment L1)  comprising nucleotides 64756 to 66302 in
the Sequence No. 1  was amplified by the reaction using pidB-L-Bgl2F
and p1dB- L-Hind3R, while a 1.54 kb DNA fragment (DNA fragment R1)  
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based on the nucleotide sequence of the sequence no. 1. 

pldB-L-Bgl2F: 5’-GGGAGATCTAGAGGCCGGTTACCTCTACGAGTA-3’ 

pldB-L-Hind3R: 5’-GGGAAGCTTGCGATGAGCTGTGCCAGATAG-3’ 

pldB-R-Hind3F: 5’-GGGAAGCTTGAACTGGCGCGACAGTGTCTT-3’ 

pldB-R-Bgl2R: 5’-GGGAGATCTGCAGCGGATCGTCTTCGAGACCCTT-3’ 

 PCR was performed under the following conditions using 

these primers. 

(PCR reaction liquid composition) 

 Sterile purified water      30 µL 

 2 x concentration GC buffer     50 µL 

 dNTP mixed solution (2.5 mM each dATP, dGTP, dTTP and 

dCTP)          16 µL 

 pldB-L-Bgl2F or pldB-R-Hind3F (50 pmol/µL)  1 µL 

 pldB-L-Hind3R or pldB-R-Bgl2R (50 pmol/µL)  1 µL 

 Mer-11107 total DNA (100 ng/µL)    1 µL 

 LA Taq polymerase (5 u/µL, Takara Bio Inc.) 1 µL 

(Reaction temperature conditions 

 95°C, 3 minutes 

 (98°C 20 sec, 63°C 30 sec, 68°C 2 min) 30 cycles 

 72°C, 5 minutes 

 As a result, a 1.57 kb DNA fragment (DNA fragment L1) 

comprising nucleotides 64756 to 66302 in the Sequence No. 1 

was amplified by the reaction using pldB-L-Bgl2F and pldB-

L-Hind3R, while a 1.54 kb DNA fragment (DNA fragment R1) 

comprising nucleotides 66849 to 68368 in the Sequence No. 1 

was amplified from the reaction using pldB-R-Hind3F and 

comprising nucleotides 66849 to 68368 in the Sequence No. 1  was
amplified from the reaction using pidB-R-Hind3F and 48 pldB-R-Bgl2R.
DNA fragments L1 and R1 were purified with a  QIAGEN PCR purification
Kit (QIAGEN Co.), and digested with  restriction enzymes BglII and Hindlll.
The DNA fragments L1 and R1 which had been digested  with restriction
enzymes BglII and Hindlll, a 2.3 kb  hygromycin B resistance gene
(derived from pHP45omegahyg:  Gene 190, 315-317, 1997, sometimes
abbreviated hereunder as  "hyg") which had been digested with restriction
enzyme  Hindlll and the shuttle vector pKU253 (see Fig. 3) which  had
been digested with restriction enzyme BamHI were all  four connected to
DNA ligation kit Ver. 2.1 (Takara Bic  Inc.). A roughly 5.4 kb DNA fragment
having the hygromycin  B resistance gene inserted between DNA
fragments L1 and R1  was thus inserted into pKU253 to construct a
roughly 21.4  kb piasmid called pKU253-L1-hyg-R1. The resulting
pKU253-L1-hyg-R1 was transformed into  conjugated E. coli S17-1 by
electroporation to obtain S17- 1/pKU253-L1-hyg-R1. The resulting
S17-1/pKU253-L1-hyg-R1  was inoculated into 10 mL of LB medium (1%
bacto tryptone,  0.5% yeast extract, 0.5% NaCl) comprising 25 pg/mL of
kanamycin and 100 pg/mL of hygromycin B and shaking  cultured at 30C
for 2 hours, and the mycelia were  collected, washed twice with 10 mL of
LB medium and  suspended in 5 mL of LB medium. This was the donor  
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pldB-R-Bgl2R.  DNA fragments L1 and R1 were purified with a 

QIAGEN PCR purification Kit (QIAGEN Co.), and digested with 

restriction enzymes BglII and HindIII. 

 The DNA fragments L1 and R1 which had been digested 

with restriction enzymes BglII and HindIII, a 2.3 kb 

hygromycin B resistance gene (derived from pHP45omegahyg: 

Gene 190, 315-317, 1997, sometimes abbreviated hereunder as 

“hyg”) which had been digested with restriction enzyme 

HindIII and the shuttle vector pKU253 (see Fig. 3) which 

had been digested with restriction enzyme BamHI were all 

four connected to DNA ligation kit Ver. 2.1 (Takara Bio 

Inc.).  A roughly 5.4 kb DNA fragment having the hygromycin 

B resistance gene inserted between DNA fragments L1 and R1 

was thus inserted into pKU253 to construct a roughly 21.4 

kb plasmid called pKU253-L1-hyg-R1. 

 The resulting pKU253-L1-hyg-R1 was transformed into 

conjugated E. coli S17-1 by electroporation to obtain S17-

1/pKU253-L1-hyg-R1.  The resulting S17-1/pKU253-L1-hyg-R1 

was inoculated into 10 mL of LB medium (1% bacto tryptone, 

0.5% yeast extract, 0.5% NaCl) comprising 25 µg/mL of 

kanamycin and 100 µg/mL of hygromycin B and shaking 

cultured at 30°C for 2 hours, and the mycelia were 

collected, washed twice with 10 mL of LB medium and 

suspended in 5 mL of LB medium.  This was the donor 

suspension. 

 While the donor suspension was being prepared, Mer-

suspension. While the donor suspension was being prepared, Mer- 49
11107 was inoculated into 10 mL of TSB medium (Trypto-Soya  broth:
Nissui Seiyaku) and shaking cultured at 30C for 5  hours, and the mycelia
were collected, washed twice with 10  mL of sterile water and suspended
in 1 mL of sterile water.  This was the recipient suspension. 500 pL of the
S17- 1/pKU253-L1-hyg-R1 donor suspension was mixed with 10 pL of  the
Mer-11107 recipient suspension, and applied to Actino  Medium No. 4
agar medium. After incubated at 30C for 18  hours, this was covered with
2.5 mL of SNA (0.8% nutrient  medium: Difco, 0.4% agar) comprising 2
mg/mL ribostamycin,  and incubated at 30C for 7 days to obtain a
ribostamycin- resistant pKU253-L1-hyg-R1 transformant strain. The
resulting pKU253-L1-hyg-R1 transformant strain was  inoculated intp 10
mL of TSB medium containing no  ribostamycin, and shaking cultured at
30C for 24 hours.  Mycelia were collected from the pKU253-L1-hyg-R1
transformant culture broth, washed twice with 10 mL of  sterilized water
and suspended in 10 mL of sterilized  water. After being diluted
appropriately, the suspension  was applied to YMS agar medium (0.4%
yeast extract, 1%  wheat germ extract, 0.4% soluble starch, 2% agar, 10
mM  calcium chloride) comprising 200 pg/mL hygromycin B, and
incubated at 30C for 4 days. Single colonies growing on  the YMS agar
medium comprising hygromycin B were  
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11107 was inoculated into 10 mL of TSB medium (Trypto-Soya 

broth: Nissui Seiyaku) and shaking cultured at 30°C for 5 

hours, and the mycelia were collected, washed twice with 10 

mL of sterile water and suspended in 1 mL of sterile water.  

This was the recipient suspension.  500 µL of the S17-

1/pKU253-L1-hyg-R1 donor suspension was mixed with 10 µL of 

the Mer-11107 recipient suspension, and applied to Actino 

Medium No. 4 agar medium.  After incubated at 30°C for 18 

hours, this was covered with 2.5 mL of SNA (0.8% nutrient 

medium: Difco, 0.4% agar) comprising 2 mg/mL ribostamycin, 

and incubated at 30°C for 7 days to obtain a ribostamycin-

resistant pKU253-L1-hyg-R1 transformant strain. 

 The resulting pKU253-L1-hyg-R1 transformant strain was 

inoculated intp 10 mL of TSB medium containing no 

ribostamycin, and shaking cultured at 30°C for 24 hours.  

Mycelia were collected from the pKU253-L1-hyg-R1 

transformant culture broth, washed twice with 10 mL of 

sterilized water and suspended in 10 mL of sterilized 

water.  After being diluted appropriately, the suspension 

was applied to YMS agar medium (0.4% yeast extract, 1% 

wheat germ extract, 0.4% soluble starch, 2% agar, 10 mM 

calcium chloride) comprising 200 µg/mL hygromycin B, and 

incubated at 30°C for 4 days.  Single colonies growing on 

the YMS agar medium comprising hygromycin B were 

transplanted to YMS agar medium comprising 200 µg/mL of 

hygromycin B and YMS agar medium comprising 200 µg/mL of 

transplanted to YMS agar medium comprising 200 pg/mL of  hygromycin
B and YMS agar medium comprising 200 pg/mL of 50 ribostamycin, and
incubated at 30C for 2 days. After  incubated, a hygromycin B -resistant,
ribostamycin- sensitive strain was selected. The resulting strain,  called
Mer-11107 pLdB::hyg, was a pidB-deficient strain  lacking 546 bp
(nucieotides 66303 to 66848 in the Sequence  No. 1) of the p1dB gene
from the genome, with the  hygromycin B resistance gene inserted in its
place. (9) Piadienolide production test of piadienolide 6-position
hydroxyiase gene (pldB)-deficient strain 200 pL of frozen seed of the
Mer-11107 pLdB::hyg  strain obtained in the above (8) was inoculated into
20 mL  of seed medium (soluble starch 2%, soy bean powder (ESUSAN-
MEAT manufactured by Ajinomoto Co. Ltd.) 2%, yeast extract  0.5%,
K2HPO4 0.1%, MgSO4 7H2O 0.25%, CaCO3 0.3%, pH not  adjusted)
and incubated at 25C for 2 days. 300 pL of the  resulting seed culture
broth was inoculated into 30 mL of  seed culture medium (5% soluble
starch, 1% glucose, 3%  Pharmamedia, 2% a-cyclodextrin, 0.1% CaCO3,
pH 7.5) and  cultured at 25C for 4 and 5 days. After the completion of  the
cultivation, 20 mL of the resulting culture liquid was  extracted by adding
an equal amount of acetonitriie  thereto. Part of this extract was taken and
diluted with 5  times the amount of acetonitriie, and levels of  piadienolide
B and ME-265 were measured by HPLC under the  
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ribostamycin, and incubated at 30°C for 2 days.  After 

incubated, a hygromycin B -resistant, ribostamycin-

sensitive strain was selected.  The resulting strain, 

called Mer-11107 pldB::hyg, was a pldB-deficient strain 

lacking 546 bp (nucleotides 66303 to 66848 in the Sequence 

No. 1) of the pldB gene from the genome, with the 

hygromycin B resistance gene inserted in its place. 

(9) Pladienolide production test of pladienolide 6-position 

hydroxylase gene (pldB)-deficient strain 

 200 µL of frozen seed of the Mer-11107 pldB::hyg 

strain obtained in the above (8) was inoculated into 20 mL 

of seed medium (soluble starch 2%, soy bean powder (ESUSAN-

MEAT manufactured by Ajinomoto Co. Ltd.) 2%, yeast extract 

0.5%, K2HPO4 0.1%, MgSO4·7H2O 0.25%, CaCO3 0.3%, pH not 

adjusted) and incubated at 25°C for 2 days.  300 µL of the 

resulting seed culture broth was inoculated into 30 mL of 

seed culture medium (5% soluble starch, 1% glucose, 3% 

Pharmamedia, 2% β-cyclodextrin, 0.1% CaCO3, pH 7.5) and 

cultured at 25°C for 4 and 5 days.  After the completion of 

the cultivation, 20 mL of the resulting culture liquid was 

extracted by adding an equal amount of acetonitrile 

thereto.  Part of this extract was taken and diluted with 5 

times the amount of acetonitrile, and levels of 

pladienolide B and ME-265 were measured by HPLC under the 

following conditions.  The measurement results are shown in 

Table 1. 

following conditions. The measurement results are shown in  Table 1. 51
(HPLC analysis conditions)  Device: Shimadzu HPLC 10Avp Column:
Develosil ODS UG-3 (T 4.6 mm x 50 mm 3 pm)  Mobile phase: 45%
through 55% methanol (0 to 5 min)  55% methanol (5 to 13 min) 55% to
70% methanol (13 to 17 min)  70% methanol (17 to 35 min) 45% methanol
(35 to 40 min)  Flow rate: 1.2 mL/minute Detection: UV 240 nm  Injection
volume: 10 pL  Column temperature: 40C  Analysis time: 35 minutes
Retention time: ME-265: 22 min, Piadienolide B: 16 min  Table 1 Mer-1
1107 pldB::hyg strain ME-265 (mg/L) Pladienolide B (mg/L)  cultured for 4
days (96 hours) 1247.7 0.0 cultured for 5 days (120 hours) 1316.6 0.0
Reference Example 2: DNA-1 encoding polypeptide having the
16-position hydroxylating enzyme activity on the macrolide  compound (II)
(1) Preparation of genomic DNA of Streptomyces sp. A-1544  strain The
A-1544 strain was inoculated into a medium  
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(HPLC analysis conditions) 

 Device: Shimadzu HPLC 10Avp 

 Column: Develosil ODS UG-3 (φ 4.6 mm × 50 mm 3 µm) 

 Mobile phase: 45% through 55% methanol (0 to 5 min) 

    55% methanol (5 to 13 min) 

    55% to 70% methanol (13 to 17 min) 

    70% methanol (17 to 35 min) 

    45% methanol (35 to 40 min) 

 Flow rate: 1.2 mL/minute 

 Detection: UV 240 nm 

 Injection volume: 10 µL 

 Column temperature: 40°C 

 Analysis time: 35 minutes 

 Retention time: ME-265: 22 min, Pladienolide B: 16 min 

Table 1 

Mer-11107 pldB::hyg strain ME-265 (mg/L) Pladienolide B (mg/L)

cultured for 4 days (96 hours) 1247.7 0.0

cultured for 5 days (120 hours) 1316.6 0.0
 

Reference Example 2: DNA-1 encoding polypeptide having the 

16-position hydroxylating enzyme activity on the macrolide 

compound (II) 

(1) Preparation of genomic DNA of Streptomyces sp. A-1544 

strain 

 The A-1544 strain was inoculated into a medium 

containing 1% of glucose, 0.4% of malt extract and 1% of 

containing 1% of glucose, 0.4% of malt extract and 1% of  52 yeast extract
and incubated at 28C for 3 days. The  obtained culture broth was
centrifuged at 3000 rpm for 10  minutes to collect the mycelia. A genomic
DNA was prepared  using Blood & Cell Culture Kit (QIAGEN Co.) from the
mycelia. (2) Cloning of a partial sequence of a DNA encoding a  protein
having the activity in hydroxylating the 16- position of the macrolide
compound 11107B The following mix primers (5Dm-3F and 5Dm-3R)
were  designed and produced on reference to the amino acid  sequence
assumed to be that of the cytochrome P450  (CYP105D5) of Streptmyces
coelicolor A3 (2) (see the  Sequence Nos. 17 and 18). 5Dm-3F:
5'-TTCGCSCTSCCSGTCCCSTCSATGGTSAT-3'  5Dm-3R:
5'-GTTGATSAYSGASGTSGAGAA-3' In order to promote reactivity taking
the fluctuation  of a codon into account, mixed bases S(=C+G) and
Y(=C+T)  were used. Next, these two types of primers (SDm-3F and
SDm-3R)  and the A-1544 strain genomic DNA as a template obtained in
the above (1), were used to run a PCR reaction. The PCR  reaction was
accomplished by repeating a three-stage  reaction including denaturing
carried out at 98C for 20  seconds, annealing carried out at 50C for 2
minutes and  elongation carried out at 68C for 30 seconds 35 times by  
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yeast extract and incubated at 28°C for 3 days.  The 

obtained culture broth was centrifuged at 3000 rpm for 10 

minutes to collect the mycelia.  A genomic DNA was prepared 

using Blood & Cell Culture Kit (QIAGEN Co.) from the 

mycelia. 

(2) Cloning of a partial sequence of a DNA encoding a 

protein having the activity in hydroxylating the 16-

position of the macrolide compound 11107B 

 The following mix primers (5Dm-3F and 5Dm-3R) were 

designed and produced on reference to the amino acid 

sequence assumed to be that of the cytochrome P450 

(CYP105D5) of Streptmyces coelicolor A3 (2) (see the 

Sequence Nos. 17 and 18). 

5Dm-3F: 5’-TTCGCSCTSCCSGTCCCSTCSATGGTSAT-3’ 

5Dm-3R: 5’-GTTGATSAYSGASGTSGAGAA-3’ 

 In order to promote reactivity taking the fluctuation 

of a codon into account, mixed bases S(=C+G) and Y(=C+T) 

were used. 

 Next, these two types of primers (5Dm-3F and 5Dm-3R) 

and the A-1544 strain genomic DNA as a template obtained in 

the above (1), were used to run a PCR reaction.  The PCR 

reaction was accomplished by repeating a three-stage 

reaction including denaturing carried out at 98°C for 20 

seconds, annealing carried out at 50°C for 2 minutes and 

elongation carried out at 68°C for 30 seconds 35 times by 

using Takara LA Taq (Takara Bio Inc.) and a PCR amplifier 

using Takara LA Taq (Takara Bic Inc.) and a PCR amplifier 53 (T
Gradient, Biometra Co.). As a result, a DNA fragment  (hereinafter
referred to as a DNA fragment-Al) having a  size of about 500 bp was
amplified. It is highly possible  that this DNA fragment-Al is a part of the
DNA encoding a  protein having hydroxylating activity. The DNA
fragment-Al  amplified by a PCR reaction was recovered from the reaction
solution by SUPREC PCR (Takara Bio Inc.). In order to obtain the DNA
fragment-Al in an amount  enough to analyze the nucleotide sequence of
the obtained  DNA fragment-Al, the DNA fragment was combined with a
piasmid vector pT7Blue T (Novagen Co.) by using DNA  Ligation kit ver.2
(Takara Bio Inc.) to transform E.coli  JM109 strain. Thereafter, the
transformed E. coli was  selected using a L-broth agar media (1.0% bacto
tryptone,  0.5% yeast extract, 0.5% NaCl, 1.5% agar) containing
ampicillin (50 g/mL), X-gal (5-bromo-4-chloro-3-indolyl-a- D-galactoside;
40 g/mL) and IPTG (isopropyl-Q-D- thiogalactopyranoside; 100 AIM). The
colony of the  transformed E. coli thus isolated was cultured in a L-broth
liquid medium (1% bacto tryptone, 0.5% yeast extract, 0.5%  NaCl)
containing ampicillin (50 g/mL). A piasmid DNA was  separated from the
mycelia of the proliferated transformed  E. coli and purified by using a
piasmid purifying kit (QIA  filter Piasmid Midi Kit, QIAGEN Co.), to obtain
enough  amount of the DNA fragment-Al. 
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(T Gradient, Biometra Co.).  As a result, a DNA fragment 

(hereinafter referred to as a DNA fragment-A1) having a 

size of about 500 bp was amplified.  It is highly possible 

that this DNA fragment-A1 is a part of the DNA encoding a 

protein having hydroxylating activity.  The DNA fragment-A1 

amplified by a PCR reaction was recovered from the reaction 

solution by SUPREC PCR (Takara Bio Inc.). 

 In order to obtain the DNA fragment-A1 in an amount 

enough to analyze the nucleotide sequence of the obtained 

DNA fragment-A1, the DNA fragment was combined with a 

plasmid vector pT7Blue T (Novagen Co.) by using DNA 

Ligation kit ver.2 (Takara Bio Inc.) to transform E.coli 

JM109 strain.  Thereafter, the transformed E. coli was 

selected using a L-broth agar media (1.0% bacto tryptone, 

0.5% yeast extract, 0.5% NaCl, 1.5% agar) containing 

ampicillin (50 µg/mL), X-gal (5-bromo-4-chloro-3-indolyl-β-

D-galactoside; 40 µg/mL) and IPTG (isopropyl-β-D-

thiogalactopyranoside; 100 µM).  The colony of the 

transformed E. coli thus isolated was cultured in a L-broth 

liquid medium (1% bacto tryptone, 0.5% yeast extract, 0.5% 

NaCl) containing ampicillin (50 µg/mL).  A plasmid DNA was 

separated from the mycelia of the proliferated transformed 

E. coli and purified by using a plasmid purifying kit (QIA 

filter Plasmid Midi Kit, QIAGEN Co.), to obtain enough 

amount of the DNA fragment-A1. 

(3) Analysis of the nucleotide sequence of the cloned DNA 

(3) Analysis of the nucleotide sequence of the cloned DNA  54
fragment-Al  The nucleotide sequence of the DNA fragment-Al obtained in
the above (2) was analyzed using a DNA  nucleotide sequence analyzer
(PE Biosystems 377XL)  according to a dye terminator cycle sequence
method. As  the result of the nucleotide sequence analysis, it was
clarified that the DNA fragment-Al amplified by a PCR  reaction had an
exact size of 528 bp though it had been  found to have a size of about 500
bp by the above  measurement using electrophoresis (see the nucleotide
sequence 1775 to nucleotide sequence 2302 of the Sequence  No. 2).
Sinces DNA sequences corresponding to the two  types of primers used in
the above PCR reaction were found  at both ends of the above cloned 528
bp DNA sequence, it  was clarified that the DNA fragment-Al was
singularly  amplified by these two types of primers (5Dm-3F and 5Dm-3R)
in the above PCR reaction. (4) Analysis of the neighboring region of the
DNA fragment- Al As mentioned above, the partial sequence of the DNA
encoding a protein having the hydroxylating activity  derived from the
A-1544 strain was determined. Therefore,  the amplification, cloning and
sequence analysis of the  nucleotide sequence in the neighboring region
extending to  the upstream side and downstream side of the cloned  
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fragment-A1 

 The nucleotide sequence of the DNA fragment-A1 

obtained in the above (2) was analyzed using a DNA 

nucleotide sequence analyzer (PE Biosystems 377XL) 

according to a dye terminator cycle sequence method.  As 

the result of the nucleotide sequence analysis, it was 

clarified that the DNA fragment-A1 amplified by a PCR 

reaction had an exact size of 528 bp though it had been 

found to have a size of about 500 bp by the above 

measurement using electrophoresis (see the nucleotide 

sequence 1775 to nucleotide sequence 2302 of the Sequence 

No. 2).  Sinces DNA sequences corresponding to the two 

types of primers used in the above PCR reaction were found 

at both ends of the above cloned 528 bp DNA sequence, it 

was clarified that the DNA fragment-A1 was singularly 

amplified by these two types of primers (5Dm-3F and 5Dm-3R) 

in the above PCR reaction. 

(4) Analysis of the neighboring region of the DNA fragment-

A1 

 As mentioned above, the partial sequence of the DNA 

encoding a protein having the hydroxylating activity 

derived from the A-1544 strain was determined.  Therefore, 

the amplification, cloning and sequence analysis of the 

nucleotide sequence in the neighboring region extending to 

the upstream side and downstream side of the cloned 

fragment were accomplished by an inverse PCR method (Cell 

fragment were accomplished by an inverse PCR method (Cell 55
Technology vol. 14, p.591-593, 1995). Specifically, the A- 1544 strain
genomic DNA (see the above (1)) was digested by  respective restriction
enzymes PstI and Sall in a H buffer  solution (50 mM Tris-HCJ, pH 7.5, 10
mM MgCl2, 10 mM dithiothreitoi and 100 mM NaCl). The obtained each
DNA  fragment cleaved by the restriction enzymes was self- circularized
by using DNA Ligation Kit ver.2 (Takara Bio  Inc.). Meanwhile, the
following primers (6PIN-2F and 6PIN-2R)  were designed and produced
based on the nucleotide sequence  of DNA fragment-Al (see the
Sequence Nos. 19 and 20). 6PIN-2F:
5'-GCTGCGCCTGGCCCTGGAGGACATCGAGAT-3'  6PIN-2R:
5'-CTGTTCCTCGAAGAACTCGTGGTCGGCGTA-3' Next, these two
primers (6PIN-2F and 6PIN-2R) and the  above self- circularized A-1544
strain genomic DNA as a  template, were used to run a PCR reaction. In
the PCR  reaction, the cycle of a two-stage reaction including  denaturing
carried out at 98C for 20 seconds and annealing  and elongation carried
out at 68C for 5 minutes was  repeated 35 times by using Takara LA Taq
(Takara Bio Inc.)  and a PCR amplifier (T Gradient, Biometra Co.). As a
result, a DNA fragment (DNA fragment-Bl) about  3.5 kbp in size and a
DNA fragment (DNA fragment-Cl) about  2.8 kbp in size were amplified. It
was highly possible  that these DNA fragments were a DNA encoding a
protein  



 56 

Technology vol. 14, p.591-593, 1995).  Specifically, the A-

1544 strain genomic DNA (see the above (1)) was digested by 

respective restriction enzymes PstI and SalI in a H buffer 

solution (50 mM Tris-HCl, pH 7.5, 10 mM MgCl2, 10 mM 

dithiothreitol and 100 mM NaCl).  The obtained each DNA 

fragment cleaved by the restriction enzymes was self-

circularized by using DNA Ligation Kit ver.2 (Takara Bio 

Inc.). 

 Meanwhile, the following primers (6PIN-2F and 6PIN-2R) 

were designed and produced based on the nucleotide sequence 

of DNA fragment-A1 (see the Sequence Nos. 19 and 20). 

6PIN-2F: 5’-GCTGCGCCTGGCCCTGGAGGACATCGAGAT-3’ 

6PIN-2R: 5’-CTGTTCCTCGAAGAACTCGTGGTCGGCGTA-3’ 

 Next, these two primers (6PIN-2F and 6PIN-2R) and the 

above self- circularized A-1544 strain genomic DNA as a 

template, were used to run a PCR reaction.  In the PCR 

reaction, the cycle of a two-stage reaction including 

denaturing carried out at 98°C for 20 seconds and annealing 

and elongation carried out at 68°C for 5 minutes was 

repeated 35 times by using Takara LA Taq (Takara Bio Inc.) 

and a PCR amplifier (T Gradient, Biometra Co.). 

 As a result, a DNA fragment (DNA fragment-B1) about 

3.5 kbp in size and a DNA fragment (DNA fragment-C1) about 

2.8 kbp in size were amplified.  It was highly possible 

that these DNA fragments were a DNA encoding a protein 

having hydroxylating activity and a DNA having a DNA 

having hydroxylating activity and a DNA having a DNA 56 sequence
including the upstream and downstream regions of  the former DNA. The
DNA fragment-B1 and the DNA fragment-Cl were  recovered from the
PCR amplified reaction solution by  SUPREC PCR (Takara Bio Inc.).
Next, as to the obtained DNA fragment-B1 and DNA fragment-Cl, in order
to obtain each  DNA fragment in an amount enough to analyze the
nucleotide  sequence of the obtained DNA fragment, a piasmid vector
pT7Blue T (Novagen Co.), DNA Ligation kit ver.2 (Takara Bio  Inc.), E. coli
JM109 strain and a piasmid purifying kit  (QIA filter Piasmid Midi kit,
QIAGEN Co.) were used in the  same manner as the above (2), to obtain
enough amount of  each DNA fragment. (5) Analysis of each nucleotide
sequence of the DNA  fragment-B1 (about 3.5 kbp in size) and the DNA
fragment-Cl  (about 2.8 kbp in size) Each nucleotide sequence of the DNA
fragment-B1 and  DNA fragment-Cl obtained in the above (4) was
analyzed  using a DNA nucleotide sequence analyzer (PE Biosystems
377XL) according to a dye terminator cycle sequence method.  The
nucleotide sequence was thus analyzed to obtain the  information of the
nucleotide sequence of 3793 bp shown in  the Sequence No. 2 from each
sequence of the DNA fragment- B1 and DNA fragment-Cl. An open
reading frame (ORF) in this 3793 bp was  
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sequence including the upstream and downstream regions of 

the former DNA. 

 The DNA fragment-B1 and the DNA fragment-C1 were 

recovered from the PCR amplified reaction solution by 

SUPREC PCR (Takara Bio Inc.).  Next, as to the obtained DNA 

fragment-B1 and DNA fragment-C1, in order to obtain each 

DNA fragment in an amount enough to analyze the nucleotide 

sequence of the obtained DNA fragment, a plasmid vector 

pT7Blue T (Novagen Co.), DNA Ligation kit ver.2 (Takara Bio 

Inc.), E. coli JM109 strain and a plasmid purifying kit 

(QIA filter Plasmid Midi kit, QIAGEN Co.) were used in the 

same manner as the above (2), to obtain enough amount of 

each DNA fragment. 

(5) Analysis of each nucleotide sequence of the DNA 

fragment-B1 (about 3.5 kbp in size) and the DNA fragment-C1 

(about 2.8 kbp in size) 

 Each nucleotide sequence of the DNA fragment-B1 and 

DNA fragment-C1 obtained in the above (4) was analyzed 

using a DNA nucleotide sequence analyzer (PE Biosystems 

377XL) according to a dye terminator cycle sequence method.  

The nucleotide sequence was thus analyzed to obtain the 

information of the nucleotide sequence of 3793 bp shown in 

the Sequence No. 2 from each sequence of the DNA fragment-

B1 and DNA fragment-C1. 

 An open reading frame (ORF) in this 3793 bp was 

retrieved, to find that the two proteins were coded.  Each 

retrieved, to find that the two proteins were coded. Each  57 amino acid
sequence of these proteins was retrieved by the  BLAST search, and as a
result, an ORF (hereinafter referred  to as PsmA) coding a protein
consisting of 409 amino acids  having high homology to cytochrome P450
existed in the base  1322 to base 2548 of the Sequence No. 2. The psmA
had the  highest homology (homology: 72.6%) to the amino acid sequence
assumed to be that of cytochrome P450 (CYP105D5)  of the Streptmyces
coelicolor AS (2) and to the amino acid  sequence assumed to be that of
cytochrome P450 (CYP10SD4)  of the Streptmyces lividans, and also had
a relatively high  homology (homology: 69.4%) to cytochrome P450 soy
(Soy C)of  Streptmyces griseus. It was considered from this fact that  the
psmA was highly possibly a gene coding hydroxylating  enzyme of the
cytochrome P-450 type. Also, an ORF (hereinafter referred to as psmB)
encoding a protein having a high homology to ferredoxin of  a 2Fe-2S type
existed just downstream (the base 2564 to  base 2761 of the Sequence
No. 2) of the psmA. The protein  encoded by the psmB consists of 66
amino acids, and had the  highest homology (83.3%) to the amino acid
sequence assumed  to be that of ferredoxin just downstream of the amino
acid  sequence assumed to be that of cytochrome P450 (CYP105DS)  of
the Streptmyces coelicolor A3(2) and a relatively higher  homology
(homology: 57.6%) to ferredoxin soy (soyB) of  Streptmyces griseus.
Therefore, it was considered that the  
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amino acid sequence of these proteins was retrieved by the 

BLAST search, and as a result, an ORF (hereinafter referred 

to as PsmA) coding a protein consisting of 409 amino acids 

having high homology to cytochrome P450 existed in the base 

1322 to base 2548 of the Sequence No. 2.  The psmA had the 

highest homology (homology: 72.6%) to the amino acid 

sequence assumed to be that of cytochrome P450 (CYP105D5) 

of the Streptmyces coelicolor A3 (2) and to the amino acid 

sequence assumed to be that of cytochrome P450 (CYP105D4) 

of the Streptmyces lividans, and also had a relatively high 

homology (homology: 69.4%) to cytochrome P450 soy (Soy C)of 

Streptmyces griseus.  It was considered from this fact that 

the psmA was highly possibly a gene coding hydroxylating 

enzyme of the cytochrome P-450 type. 

 Also, an ORF (hereinafter referred to as psmB) 

encoding a protein having a high homology to ferredoxin of 

a 2Fe-2S type existed just downstream (the base 2564 to 

base 2761 of the Sequence No. 2) of the psmA.  The protein 

encoded by the psmB consists of 66 amino acids, and had the 

highest homology (83.3%) to the amino acid sequence assumed 

to be that of ferredoxin just downstream of the amino acid 

sequence assumed to be that of cytochrome P450 (CYP105D5) 

of the Streptmyces coelicolor A3(2) and a relatively higher 

homology (homology: 57.6%) to ferredoxin soy (soyB) of 

Streptmyces griseus.  Therefore, it was considered that the 

psmB serves to transfer electrons and codes ferredoxin 

psmB serves to transfer electrons and codes ferredoxin 58 participating in
hydroxylation together with the psmA.  (6) Construction of a piasmid
pTC-DM pT7NS-CamAB (see Reference Example 5 and WO 03/087381)
was digested by respective restriction enzymes NdeI and  Spel in a H
buffer solution (50 mM Iris-HCL, pH 7.5, 10 mM  MgCl2, 10 mM
dithiothreitoi and 100 mM NaCl) to obtain a  piasmid digested products.
Meanwhile, a primer DM-NdeF
(5'-GCCCCCATATGACGGAACTGACGGACATCA-3': see the Sequence
No.  33) obtained by adding a NdeI site to the 5'-terminai and a  primer
DM-SpeR (5'-GGGCCACTAGTCAGCCGGCCGGTTCGGTCA-3': see  the
Sequence No. 34) obtained by adding a Spel site to the  5'-terminai were
designed and produced on reference to the  nucieotide sequence of the
Sequence No. 2. Next, these two  types of primers (DM-NdeF and
DM-SpeR) and the A-1544  strain genomic DNA obtained in the above (1)
as a template,  were used to run a PCR reaction. The PCR reaction was
accomplished by repeating a two-stage reaction including  denaturing
carried out at 98C for 20 seconds and annealing  and elongation carried
out at 68C for 2 minutes 30 times  by using Takara LA Taq (TAKARA
HOLDINGS INC.) and a PCR  amplifier (T Gradient, Biometra Co.). From
the PCR  amplification reaction solution, a DNA fragment having a  size of
about 1.5 kbp and containing the psmA and the psmB  was recovered by
SUPREC PCR (TAKARA HOLDINGS INC.). The  resulting DNA fragment
was digested with restriction  
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participating in hydroxylation together with the psmA. 

(6) Construction of a plasmid pTC-DM 

 pT7NS-CamAB (see Reference Example 5 and WO 03/087381) 

was digested by respective restriction enzymes NdeI and 

SpeI in a H buffer solution (50 mM Tris-HCl, pH 7.5, 10 mM 

MgCl2, 10 mM dithiothreitol and 100 mM NaCl) to obtain a 

plasmid digested products.  Meanwhile, a primer DM-NdeF 

(5’-GCCCCCATATGACGGAACTGACGGACATCA-3’: see the Sequence No. 

33) obtained by adding a NdeI site to the 5’-terminal and a 

primer DM-SpeR (5’-GGGCCACTAGTCAGCCGGCCGGTTCGGTCA-3’: see 

the Sequence No. 34) obtained by adding a SpeI site to the 

5’-terminal were designed and produced on reference to the 

nucleotide sequence of the Sequence No. 2.  Next, these two 

types of primers (DM-NdeF and DM-SpeR) and the A-1544 

strain genomic DNA obtained in the above (1) as a template, 

were used to run a PCR reaction.  The PCR reaction was 

accomplished by repeating a two-stage reaction including 

denaturing carried out at 98°C for 20 seconds and annealing 

and elongation carried out at 68°C for 2 minutes 30 times 

by using Takara LA Taq (TAKARA HOLDINGS INC.) and a PCR 

amplifier (T Gradient, Biometra Co.).  From the PCR 

amplification reaction solution, a DNA fragment having a 

size of about 1.5 kbp and containing the psmA and the psmB 

was recovered by SUPREC PCR (TAKARA HOLDINGS INC.).  The 

resulting DNA fragment was digested with restriction 

enzymes NdeI and SpeI, and the digest and the 

enzymes NdeI and Spel, and the digest and the 59 aforementioned
pT7NS-camAB piasmid digest were connected  using DNA Ligation Kit
Ver. 2 (Takara Bic Inc.). Thus, a  roughly 9.5 kbp piasmid (sometimes
called piasmid pTC-DM)  was constructed comprising the pT7NS-camAB
piasmid connected to a DNA fragment containing both the psmA and  the
psmB. Reference Example 3: DNA-2 encoding polypeptide having the
16-position hydroxylating enzyme activity on the macrolide  compound (II)
(1) Preparation of genomic DNA of Streptomyces sp. Mer- 11107 strain
The Mer-11107 strain was inoculated into a medium  containing 1% of
glucose, 0.4% of malt extract and 1% of  yeast extract and incubated at
28C for 3 days. The  obtained culture broth was centrifuged at 3000 rpm
for 10  minutes to collect the mycelia. A genomic DNA was prepared
using Blood & Cell Culture Kit (QIAGEN Co.) from the  mycelia. (2)
Cloning of a partial sequence of a DNA encoding a  protein having the
activity in hydroxylating the 16- position of the macrolide compound
11107B The following mix primers (5Dm-3F and 5D-1R) were  designed
and produced on reference to the amino acid  sequence assumed to be
that of the cytochrome P450  (CYP105DS) of Streptmyces coelicolor
A3(2) (see the  
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aforementioned pT7NS-camAB plasmid digest were connected 

using DNA Ligation Kit Ver. 2 (Takara Bio Inc.).  Thus, a 

roughly 9.5 kbp plasmid (sometimes called plasmid pTC-DM) 

was constructed comprising the pT7NS-camAB plasmid 

connected to a DNA fragment containing both the psmA and 

the psmB. 

Reference Example 3: DNA-2 encoding polypeptide having the 

16-position hydroxylating enzyme activity on the macrolide 

compound (II) 

(1) Preparation of genomic DNA of Streptomyces sp. Mer-

11107 strain 

 The Mer-11107 strain was inoculated into a medium 

containing 1% of glucose, 0.4% of malt extract and 1% of 

yeast extract and incubated at 28°C for 3 days.  The 

obtained culture broth was centrifuged at 3000 rpm for 10 

minutes to collect the mycelia.  A genomic DNA was prepared 

using Blood & Cell Culture Kit (QIAGEN Co.) from the 

mycelia. 

(2) Cloning of a partial sequence of a DNA encoding a 

protein having the activity in hydroxylating the 16-

position of the macrolide compound 11107B 

 The following mix primers (5Dm-3F and 5D-1R) were 

designed and produced on reference to the amino acid 

sequence assumed to be that of the cytochrome P450 

(CYP105D5) of Streptmyces coelicolor A3(2) (see the 

Sequence Nos. 17 and 21). 

Sequence Nos. 17 and 21). 60 5Dm-3F:
5'-TTCGCSCTSCCSGTCCCSTCSATGGTSAT-3'  SD-1R:
5'-AGGTGCCCAGCGAGATCATGTT-3' In order to promote reactivity
taking the fluctuation  of a codon into account, mixed bases S(=C+G) and
Y(=C+T)  were used. Next, these two primers (5Dm-3F and SD-1R) and
the  Mer-11107 genomic DNA obtained in the above (1) as the  template
were used to run a PCR reaction. The PCR reaction  was accomplished
by repeating a three-stage reaction  including denaturing carried out at
98C for 20 seconds,  annealing carried out at 50C for 2 minutes and
elongation  carried out at 68C for 30 seconds 35 times by using Takara
LA Taq (Takara Bio Inc.) and a PCR amplifier (T Gradient,  Biometra Co.).
A roughly 300 bp DNA fragment (hereunder  called DNA fragment A2)
was amplified as a result. It is  highly possible that this DNA fragment A2
is a part of the  DNA encoding a protein having hydroxylation activity. The
DNA fragment-A2 amplified by the PCR reaction was recovered  from the
reaction solution by SUPREC PCR (Takara Bio Inc.). Next, in order to
obtain the DNA fragment-A2 in an  amount enough to analyze the
nucleotide sequence of the  obtained DNA fragment-A2, the DNA
fragment-A2 was combined  with a piasmid vector pT7Blue T (Novagen
Co.) using DNA  Ligation Kit Ver. 2 (Takara Bio Inc.), to transform E. coli
JM109 strain. The transformed E. coli was subsequently  
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5Dm-3F: 5’-TTCGCSCTSCCSGTCCCSTCSATGGTSAT-3’ 

5D-1R: 5’-AGGTGCCCAGCGAGATCATGTT-3’ 

 In order to promote reactivity taking the fluctuation 

of a codon into account, mixed bases S(=C+G) and Y(=C+T) 

were used. 

 Next, these two primers (5Dm-3F and 5D-1R) and the 

Mer-11107 genomic DNA obtained in the above (1) as the 

template were used to run a PCR reaction.  The PCR reaction 

was accomplished by repeating a three-stage reaction 

including denaturing carried out at 98°C for 20 seconds, 

annealing carried out at 50°C for 2 minutes and elongation 

carried out at 68°C for 30 seconds 35 times by using Takara 

LA Taq (Takara Bio Inc.) and a PCR amplifier (T Gradient, 

Biometra Co.).  A roughly 300 bp DNA fragment (hereunder 

called DNA fragment A2) was amplified as a result.  It is 

highly possible that this DNA fragment A2 is a part of the 

DNA encoding a protein having hydroxylation activity.  The 

DNA fragment-A2 amplified by the PCR reaction was recovered 

from the reaction solution by SUPREC PCR (Takara Bio Inc.). 

 Next, in order to obtain the DNA fragment-A2 in an 

amount enough to analyze the nucleotide sequence of the 

obtained DNA fragment-A2, the DNA fragment-A2 was combined 

with a plasmid vector pT7Blue T (Novagen Co.) using DNA 

Ligation Kit Ver. 2 (Takara Bio Inc.), to transform E. coli 

JM109 strain.  The transformed E. coli was subsequently 

selected using a L-broth agar media(1.0% bacto tryptone, 

selected using a L-broth agar media(1.0o bacto tryptone, 61 0.5% yeast
extract, 0.5% NaCl, 1.5% agar) containing  ampicillin (50 pg/mL), X-gal
(5-bromo-4-chloro-3-indolyl-a- D-galactoside; 40 pg/mL) and IPTG
(isopropyl-a-D- thiogaiactopyranoside; 100 pM). The transformed E. coli
colonies isolated in this way were cultured in a L-broth  liquid medium (1%
bacto tryptone, 0.5% yeast extract, 0.5%  NaCl) containing ampicillin (50
pg/mL). A piasmid DNA was  isolated and purified from the mycelia of the
proliferated  transformed E. coii using a piasmid purifying kit (QIA  filter
Piasmid Midi Kit, QIAGEN Co.) to obtain enough  amount of DNA
fragment-A2. (3) Analysis of the nucieotide sequence of the cloned DNA
fragment-A2 The nucieotide sequence of the DNA fragment-A2  obtained
in the above (2) was analyzed using a DNA  nucieotide sequence
analyzer (PE Biosystems 377XL)  according to a dye terminator cycle
sequence method. While the DNA fragment-A2 amplified by a PCR
reaction was  measured at about 300 bp by electrophoresis, it was
clarified by the nucieotide sequence analysis to be exactly 325 bp in
length (see the nucieotide sequence 837 to  nucieotide sequence 1161 of
the Sequence No. 3). Since DNA  sequences corresponding to the two
types of primers used in  the aforementioned PCR reaction were found at
both ends of  the above cloned 325 bp DNA sequence, it was clarified that
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0.5% yeast extract, 0.5% NaCl, 1.5% agar) containing 

ampicillin (50 µg/mL), X-gal (5-bromo-4-chloro-3-indolyl-β-

D-galactoside; 40 µg/mL) and IPTG (isopropyl-β-D-

thiogalactopyranoside; 100 µM).  The transformed E. coli 

colonies isolated in this way were cultured in a L-broth 

liquid medium (1% bacto tryptone, 0.5% yeast extract, 0.5% 

NaCl) containing ampicillin (50 µg/mL).  A plasmid DNA was 

isolated and purified from the mycelia of the proliferated 

transformed E. coli using a plasmid purifying kit (QIA 

filter Plasmid Midi Kit, QIAGEN Co.) to obtain enough 

amount of DNA fragment-A2. 

(3) Analysis of the nucleotide sequence of the cloned DNA 

fragment-A2 

 The nucleotide sequence of the DNA fragment-A2 

obtained in the above (2) was analyzed using a DNA 

nucleotide sequence analyzer (PE Biosystems 377XL) 

according to a dye terminator cycle sequence method.  While 

the DNA fragment-A2 amplified by a PCR reaction was 

measured at about 300 bp by electrophoresis, it was 

clarified by the nucleotide sequence analysis to be exactly 

325 bp in length (see the nucleotide sequence 837 to 

nucleotide sequence 1161 of the Sequence No. 3).  Since DNA 

sequences corresponding to the two types of primers used in 

the aforementioned PCR reaction were found at both ends of 

the above cloned 325 bp DNA sequence, it was clarified that 

the DNA fragment-A2 had been specifically amplified by 

the DNA fragment-A2 had been specifically amplified by 62 these two
types of primers (5Dm-3F and 5D-1R) in the above- mentioned PCR
reaction. (4) Analysis of the neighboring region of the DNA fragment- A2
Once the partial sequence of the DNA encoding a  protein having the
hydroxyiating activity derived from the  Mer-11107 strain had been
determined as described above,  the nucieotide sequence of the
neighboring region extending  the upstream side and downstream side of
the cloned  fragment was amplified, cloned and sequenced by an inverse
PCR method (Cell Technoiogy Vol. 14, pp. 591-593, 1995).  Specifically,
the Mer-11107 strain genomic DNA (see the  above (1)) was digested with
a restriction enzyme BamHI in  a K buffer solution (50 mM Tris-HCi, pH
8.5, 10 mM MgCl2, 1  mM dithiothreitoi, 100 mM KCi) and with a
restriction  enzyme Sail in a H buffer solution (50 mM Tris-HCi, pH  7.5, 10
mM MgCl2, 1 mM dithiothreitoi, 100 mM NaCi). The  obtained each DNA
fragment cleaved by the restriction  enzymes was self-circularized by
using DNA Ligation Kit  Ver. 2 (Takara Bic Inc.). Meanwhile, the following
primers (7PIN-2F and 6PIN-2R)  were designed and prepared from the
nucieotide sequence of  the DNA fragment-A2. (see the Sequence Nos.
22 and 20)  7PIN-2F:
5'-CCATGATCCTGCTGGTGGCCGGCCATGAGA-3' 6PIN-2R:
5'-CTGTTCCTCGAAGAACTCGTGGTCGGCGTA-3' 
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these two types of primers (5Dm-3F and 5D-1R) in the above-

mentioned PCR reaction. 

(4) Analysis of the neighboring region of the DNA fragment-

A2 

 Once the partial sequence of the DNA encoding a 

protein having the hydroxylating activity derived from the 

Mer-11107 strain had been determined as described above, 

the nucleotide sequence of the neighboring region extending 

the upstream side and downstream side of the cloned 

fragment was amplified, cloned and sequenced by an inverse 

PCR method (Cell Technology Vol. 14, pp. 591-593, 1995).  

Specifically, the Mer-11107 strain genomic DNA (see the 

above (1)) was digested with a restriction enzyme BamHI in 

a K buffer solution (50 mM Tris-HCl, pH 8.5, 10 mM MgCl2, 1 

mM dithiothreitol, 100 mM KCl) and with a restriction 

enzyme  SalI in a H buffer solution (50 mM Tris-HCl, pH 

7.5, 10 mM MgCl2, 1 mM dithiothreitol, 100 mM NaCl).  The 

obtained each DNA fragment cleaved by the restriction 

enzymes was self-circularized by using DNA Ligation Kit 

Ver. 2 (Takara Bio Inc.). 

 Meanwhile, the following primers (7PIN-2F and 6PIN-2R) 

were designed and prepared from the nucleotide sequence of 

the DNA fragment-A2. (see the Sequence Nos. 22 and 20) 

7PIN-2F: 5’-CCATGATCCTGCTGGTGGCCGGCCATGAGA-3’ 

6PIN-2R: 5’-CTGTTCCTCGAAGAACTCGTGGTCGGCGTA-3’ 

 Next, these two types of primers (7PIN-2F and 6PIN-2R) 

Next, these two types of primers (7PIN-2F and 6PIN-2R)  63 and the
above self-circularized Mer-11107 strain genomic  DNA as a template,
were used to run a PCR reaction. In the  PCR reaction, the cycle of a
two-stage reaction including  denaturing carried out at 98C for 20 seconds
and annealing  and elongation carried out at 68C for 5 minutes was
repeated 35 times by using Takara LA Taq (Takara Bio Inc.)  and a PCR
amplifier (T Gradient, Biometra Co.). As a result, a DNA fragment (DNA
fragment-B2) about  1.3kbp in size and a DNA fragment (DNA
fragment-C2) about  1.4kbp in size were amplified. It is highly possible
that  these DNA fragments were respectively a DNA encoding a  protein
having hydroxylating activity and a DNA having a  DNA sequence
including those in the upstream and downstream  regions of the former
DNA. The DNA fragment-B2 and DNA fragment-C2 were recovered  from
the PCR amplified reaction solution by SUPREC PCR  (Takara Bio Inc.).
Next, as to the obtained DNA fragment- B2 and DNA fragment-C2, in
order to obtain each DNA  fragment in an amount enough to analyze the
nucleotide  sequence of the obtained DNA fragment, a piasmid vector
pT7Blue T (Novagen Co.), DNA Ligation kit ver.2 (TAKARA  HOLDINGS
INC.), E. coli JM109 strain and a piasmid  purifying kit (QIA filter Piasmid
Midi Kit, QIAGEN Co.)  were used in the same manner as the above (2),
to obtain  enough amount of each DNA fragment. 
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and the above self-circularized Mer-11107 strain genomic 

DNA as a template, were used to run a PCR reaction.  In the 

PCR reaction, the cycle of a two-stage reaction including 

denaturing carried out at 98°C for 20 seconds and annealing 

and elongation carried out at 68°C for 5 minutes was 

repeated 35 times by using Takara LA Taq (Takara Bio Inc.) 

and a PCR amplifier (T Gradient, Biometra Co.). 

 As a result, a DNA fragment (DNA fragment-B2) about 

1.3kbp in size and a DNA fragment (DNA fragment-C2) about 

1.4kbp in size were amplified. It is highly possible that 

these DNA fragments were respectively a DNA encoding a 

protein having hydroxylating activity and a DNA having a 

DNA sequence including those in the upstream and downstream 

regions of the former DNA. 

 The DNA fragment-B2 and DNA fragment-C2 were recovered 

from the PCR amplified reaction solution by SUPREC PCR 

(Takara Bio Inc.).  Next, as to the obtained DNA fragment-

B2 and DNA fragment-C2, in order to obtain each DNA 

fragment in an amount enough to analyze the nucleotide 

sequence of the obtained DNA fragment, a plasmid vector 

pT7Blue T (Novagen Co.), DNA Ligation kit ver.2 (TAKARA 

HOLDINGS INC.), E. coli JM109 strain and a plasmid 

purifying kit (QIA filter Plasmid Midi Kit, QIAGEN Co.) 

were used in the same manner as the above (2), to obtain 

enough amount of each DNA fragment. 

(5) Analysis of each nucleotide sequence of the DNA 

(5) Analysis of each nucleotide sequence of the DNA  64 fragment-B2
(about 1.3 kbp in size) and the DNA fragment-C2  (about 1.4 kbp in size)
Each nucieotide sequence of the DNA fragment-B2 and  DNA
fragment-C2 obtained in the above (4) was analyzed  using a DNA
nucieotide sequence analyzer (PE Biosystems  377XL) according to a dye
terminator cycle sequence  method.The nucieotide sequences were thus
analyzed to  obtain the information of the nucieotide sequence of 2329  bp
shown in the Sequence No. 3 from each sequence of the  DNA
fragment-B2 and DNA fragment-C2. An open reading frame (ORF) in this
2329 bp was  retrieved, to find that the two kinds of protein were  coded.
Each amino acid sequence of these proteins was  retrieved by the BLAST
search, and as a result, an ORF  (hereinafter referred to as bpmA)
encoding a protein  consisting of 395 amino acids having high homology
to  cytochrome P450 existed in the base 420 to base 1604 of the
Sequence No. 3. The bpmA had the highest homology  (homology:
67.4%) to the amino acid sequence of the psmA  isolated from the A-1544
strain and also had a relatively  high homology (homology: 64.8%) to
cytochrome P450 soy (Soy  C)of Streptmyces griseus. It was considered
from this fact  that the bpmA highly possibly encoded hydroxyiating
enzyme  of the cytochrome P-450 type. Also, an ORF (hereinafter referred
to as bpmB)  
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fragment-B2 (about 1.3 kbp in size) and the DNA fragment-C2 

(about 1.4 kbp in size) 

 Each nucleotide sequence of the DNA fragment-B2 and 

DNA fragment-C2 obtained in the above (4) was analyzed 

using a DNA nucleotide sequence analyzer (PE Biosystems 

377XL) according to a dye terminator cycle sequence 

method.The nucleotide sequences were thus analyzed to 

obtain the information of the nucleotide sequence of 2329 

bp shown in the Sequence No. 3 from each sequence of the 

DNA fragment-B2 and DNA fragment-C2. 

 An open reading frame (ORF) in this 2329 bp was 

retrieved, to find that the two kinds of protein were 

coded.  Each amino acid sequence of these proteins was 

retrieved by the BLAST search, and as a result, an ORF 

(hereinafter referred to as bpmA) encoding a protein 

consisting of 395 amino acids having high homology to 

cytochrome P450 existed in the base 420 to base 1604 of the 

Sequence No. 3.  The bpmA had the highest homology 

(homology: 67.4%) to the amino acid sequence of the psmA 

isolated from the A-1544 strain and also had a relatively 

high homology (homology: 64.8%) to cytochrome P450 soy (Soy 

C)of Streptmyces griseus.  It was considered from this fact 

that the bpmA highly possibly encoded hydroxylating enzyme 

of the cytochrome P-450 type. 

 Also, an ORF (hereinafter referred to as bpmB) 

encoding a protein having a high homology to ferredoxin of 

encoding a protein having a high homology to ferredoxin of  65 a 2Fe-2S
type that existed just downstream (the base 1643  to base 1834 of the
Sequence No. 3) of the bpmA. The  protein encoded by the bpmB
consisted of 64 amino acids,  and had the highest homology (81.0%) to
the amino acid  sequence of the psmB isolated from the A-1544 strain and
had a relatively higher homology (homology: 76.2%) to the  amino acid
sequence assumed to be that of ferredoxin just  downstream of the amino
acid sequence assumed to be  cytochrome P450 (CYP105D5) of
Streptmyces coelicolor A3(2).  Therefore, it was considered that the bpmB
served to  transfer electrons and participated in hydroxylation  together
with the bpmA. Reference Example 4: DNA-3 encoding polypeptide
having the  16-position hydroxylating enzyme activity on the macrolide
compound (II) (1) Preparation of genomic DNA of A-1560 strain  The
A-1560 strain was inoculated into medium  containing 1% glucose, 0.4%
wheat germ extract and 1% yeast  extract, and incubated at 28C for 3
days. The obtained  culture broth was centrifuged at 3000 rpm for 10
minutes to  collect the mycelia. A genomic DNA of A-1560 strain was
prepared from the mycelia using Blood & Cell Culture Kit  (QIAGEN Co.).
(2) Cloning of a partial sequence of a DNA encoding a  protein having the
activity in hydroxylating the 16- 
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a 2Fe-2S type that existed just downstream (the base 1643 

to base 1834 of the Sequence No. 3) of the bpmA.  The 

protein encoded by the bpmB consisted of 64 amino acids, 

and had the highest homology (81.0%) to the amino acid 

sequence of the psmB isolated from the A-1544 strain and 

had a relatively higher homology (homology: 76.2%) to the 

amino acid sequence assumed to be that of ferredoxin just 

downstream of the amino acid sequence assumed to be 

cytochrome P450 (CYP105D5) of Streptmyces coelicolor A3(2).  

Therefore, it was considered that the bpmB served to 

transfer electrons and participated in hydroxylation 

together with the bpmA. 

Reference Example 4: DNA-3 encoding polypeptide having the 

16-position hydroxylating enzyme activity on the macrolide 

compound (II) 

(1) Preparation of genomic DNA of A-1560 strain 

 The A-1560 strain was inoculated into medium 

containing 1% glucose, 0.4% wheat germ extract and 1% yeast 

extract, and incubated at 28°C for 3 days.  The obtained 

culture broth was centrifuged at 3000 rpm for 10 minutes to 

collect the mycelia.  A genomic DNA of A-1560 strain was 

prepared from the mycelia using Blood & Cell Culture Kit 

(QIAGEN Co.). 

(2) Cloning of a partial sequence of a DNA encoding a 

protein having the activity in hydroxylating the 16-

position of the macrolide compound 11107B 

position of the macrolide compound 11107B 66 The following mixed
primers (5Dm-3F and 5Dm-2R) were  designed and produced on
reference to the amino acid  sequence assumed to be that of the
cytochrome P450  (CYP105D5) of Streptomyces coelicolor A3(2) (see the
Sequence Nos. 17 and 23). SDm-3F:
5'-TTCGCSCTSCCSGTCCCSTCSATGGTSAT-3'  SDm-2R:
5'-CTGGATSGTGTCSCCSGGYTT-3' In order to promote reactivity taking
the fluctuation  of a codon into account, mixed bases S (=C+G) and Y
(=C+T)  were used. Next, these two types of primers (SDm-3F and
SDm-2R)  and the A-1560 genomic DNA obtained in the above (1) as the
template, were used to run a PCR reaction. The PCR  reaction was
accomplished by repeating a three-stage  reaction including denaturing
carried out at 98C for 20  seconds, annealing carried out at 50C for 2
minutes and  elongation carried out at 68C for 30 seconds 35 times by
using Takara LA Taq (Takara Bio Inc.) and a PCR amplifier  (T Gradient,
Biometra Co.). A roughly 750 bp DNA fragment  (hereunder called DNA
fragment-A3) was amplified as a  result. It is highly possible that this DNA
fragment-A3 is  a part of DNA encoding a protein having hydroxylating
activity. The DNA fragment-A3 amplified by a PCR reaction  was
recovered from the reaction solution by SUPREC PCR  (Takara Bio Inc.). 
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 The following mixed primers (5Dm-3F and 5Dm-2R) were 

designed and produced on reference to the amino acid 

sequence assumed to be that of the cytochrome P450 

(CYP105D5) of Streptomyces coelicolor A3(2) (see the 

Sequence Nos. 17 and 23). 

5Dm-3F: 5’-TTCGCSCTSCCSGTCCCSTCSATGGTSAT-3’ 

5Dm-2R: 5’-CTGGATSGTGTCSCCSGGYTT-3’ 

 In order to promote reactivity taking the fluctuation 

of a codon into account, mixed bases S (=C+G) and Y (=C+T) 

were used. 

 Next, these two types of primers (5Dm-3F and 5Dm-2R) 

and the A-1560 genomic DNA obtained in the above (1) as the 

template, were used to run a PCR reaction.  The PCR 

reaction was accomplished by repeating a three-stage 

reaction including denaturing carried out at 98°C for 20 

seconds, annealing carried out at 50°C for 2 minutes and 

elongation carried out at 68°C for 30 seconds 35 times by 

using Takara LA Taq (Takara Bio Inc.) and a PCR amplifier 

(T Gradient, Biometra Co.).  A roughly 750 bp DNA fragment 

(hereunder called DNA fragment-A3) was amplified as a 

result.  It is highly possible that this DNA fragment-A3 is 

a part of DNA encoding a protein having hydroxylating 

activity.  The DNA fragment-A3 amplified by a PCR reaction 

was recovered from the reaction solution by SUPREC PCR 

(Takara Bio Inc.). 

 Next, in order to obtain the DNA fragment-A3 in an 

Next, in order to obtain the DNA fragment-A3 in an  67 amount enough to
analyze the nucieotide sequence of the  obtained DNA fragment-A3, DNA
fragment-A3 was combined with  a piasmid vector p17Biue T (Novagen
Co.) by using DNA  Ligation Kit Ver. 2 (Takara Bic Inc.) to transform a
colibacillus JM109 strain. (Stratagene Co.). Thereafter,  the transformed
coiibaciiius was selected using a L-broth  agar media (1.0% bacto
tryptone, 0.5% yeast extract, 0.5%  NaCl, 1.5% agar) containing ampicillin
(50 pg/mL), X-gal  (5-bromo-4-chioro-3-indoiyi-a-D-gaiactoside; 40 pg/mL)
and  IPTG (isopropyl-a-D-thiogaiactopyranoside; 100 pM). The  colony of
the transformed colibacillus isolated in this way  were cultured in a L-broth
liquid medium (1% bacto  tryptone, 0.5% yeast extract, 0.5% NaCl)
containing  ampicillin (50 pg/mL). A piasmid DNA was isolated and
purified from the mycelia of the proliferated transformed  colibacillus by
using a piasmid purifying kit (QIA filter  Piasmid Midi Kit, QIAGEN Co.), to
obtain enough amount of  DNA fragment-A3. (3) Analysis of the nucieotide
sequence of cloned DNA  fragment-A3 The nucieotide sequence of the
DNA fragment-A3  obtained in the above (2) was analyzed using a DNA
nucieotide sequence analyzer (PE Biosystems 377XL)  according to a dye
terminator cycle sequence method. While the DNA fragment-A3 amplified
by a PCR reaction was  
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amount enough to analyze the nucleotide sequence of the 

obtained DNA fragment-A3, DNA fragment-A3 was combined with 

a plasmid vector pT7Blue T (Novagen Co.) by using DNA 

Ligation Kit Ver. 2 (Takara Bio Inc.) to transform a 

colibacillus JM109 strain. (Stratagene Co.).  Thereafter, 

the transformed colibacillus was selected using a L-broth 

agar media (1.0% bacto tryptone, 0.5% yeast extract, 0.5% 

NaCl, 1.5% agar) containing ampicillin (50 µg/mL), X-gal 

(5-bromo-4-chloro-3-indolyl-β-D-galactoside; 40 µg/mL) and 

IPTG (isopropyl-β-D-thiogalactopyranoside; 100 µM).  The 

colony of the transformed colibacillus isolated in this way 

were cultured in a L-broth liquid medium (1% bacto 

tryptone, 0.5% yeast extract, 0.5% NaCl) containing 

ampicillin (50 µg/mL).  A plasmid DNA was isolated and 

purified from the mycelia of the proliferated transformed 

colibacillus by using a plasmid purifying kit (QIA filter 

Plasmid Midi Kit, QIAGEN Co.), to obtain enough amount of 

DNA fragment-A3. 

(3) Analysis of the nucleotide sequence of cloned DNA 

fragment-A3 

 The nucleotide sequence of the DNA fragment-A3 

obtained in the above (2) was analyzed using a DNA 

nucleotide sequence analyzer (PE Biosystems 377XL) 

according to a dye terminator cycle sequence method.  While 

the DNA fragment-A3 amplified by a PCR reaction was 

measured at about 750 bp by electrophoresis, it was 

measured at about 750 bp by electrophoresis, it was  68 clarified by the
nucieotide sequence analysis to be exactly  741 bp in length (see the
nucieotide sequence 616 to  nucieotide sequence 1356 of the Sequence
No. 4). Since DNA  sequences corresponding to the two types of primers
used in  the aforementioned PCR reaction were found at both ends of  the
above cloned 741 bp DNA sequence, it was clarified that  the DNA
fragment-A3 had been specifically amplified by  these two types of primers
(5Dm-3F and 5Dm-2R) in the  aforementioned PCR reaction. (4) Analysis
of the neighboring region of the DNA fragment- A3 Once the partial
sequence of the DNA encoding a  protein having hydroxyiating activity
derived from the A- 1560 strain had been determined as described above,
the  nucieotide sequence of the neighboring region extending the
upstream side and downstream side of the cloned fragment  was
amplified, cloned and sequenced by an inverse PCR  method (Cell
Technoiogy Vol. 14, pp. 591-593, 1995).  Specifically, the A-1560 genomic
DNA (see the above (1))  was digested with a restriction enzyme BamHI in
K buffer  solution (50 mM Tris-HCJ, pH 8.5, 10 mM MgCl2, 1 mM
dithiothreitoi and 100 mM KCJ), with a restriction enzyme  KpnI in a L
buffer solution (10 mM Iris-HCL, pH 7.5, 10 mM  MgCl2and 1 mM
dithiothreitoi) and with a restriction enzyme  Sail in a H buffer solution (50
mM Tris-HCJ, pH 7.5, 10 mM  
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clarified by the nucleotide sequence analysis to be exactly 

741 bp in length (see the nucleotide sequence 616 to 

nucleotide sequence 1356 of the Sequence No. 4).  Since DNA 

sequences corresponding to the two types of primers used in 

the aforementioned PCR reaction were found at both ends of 

the above cloned 741 bp DNA sequence, it was clarified that 

the DNA fragment-A3 had been specifically amplified by 

these two types of primers (5Dm-3F and 5Dm-2R) in the 

aforementioned PCR reaction. 

(4) Analysis of the neighboring region of the DNA fragment-

A3 

 Once the partial sequence of the DNA encoding a 

protein having hydroxylating activity derived from the A-

1560 strain had been determined as described above, the 

nucleotide sequence of the neighboring region extending the 

upstream side and downstream side of the cloned fragment 

was amplified, cloned and sequenced by an inverse PCR 

method (Cell Technology Vol. 14, pp. 591-593, 1995).  

Specifically, the A-1560 genomic DNA (see the above (1)) 

was digested with a restriction enzyme BamHI in K buffer 

solution (50 mM Tris-HCl, pH 8.5, 10 mM MgCl2, 1 mM 

dithiothreitol and 100 mM KCl), with a restriction enzyme 

KpnI in a L buffer solution (10 mM Tris-HCl, pH 7.5, 10 mM 

MgCl2and 1 mM dithiothreitol) and with a restriction enzyme 

SalI in a H buffer solution (50 mM Tris-HCl, pH 7.5, 10 mM 

MgCl2, 1 mM dithiothreitol and 100 mM NaCl).  The obtained 

MgCl2, 1 mM dithiothreitoi and 100 mM NaCl). The obtained 69 each DNA
fragment cleaved by the restriction enzymes was  self-circularized by
using DNA Ligation Kit Ver. 2 (Takara  Bio Inc.). Meanwhile, the following
primers (SPIN-2F and 6PIN-2R)  were designed and prepared from the
nucieotide sequence of  the DNA fragment-A3 (see the Sequence Nos. 24
and 20).  SPIN-2F: 5'-CGGAATCCACCAGTGCCTCGGCCAGAACCT-3'
6PIN-2R: 5'-CTGTTCCTCGAAGAACTCGTGGTCGGCGTA-3' Next, these
two types of primers (SPIN-2F and 6PIN-2R)  and the above
self-circularized A-1560 strain genomic DNA  as a template, were used to
run a PCR reaction. In the PCR  reaction, the cycle of a two-stage
reaction including  denaturing carried out at 98C for 20 seconds and
annealing  and elongation carried out at 68C for 5 minutes was  repeated
35 times by using Takara LA Taq (Takara Bio Inc.)  and a PCR amplifier
(T Gradient, Biometra Co.). As a result, a DNA fragment (DNA
fragment-B3) about  4.5 kbp in size, a DNA fragment (DNA fragment-C3)
about 3.0  kbp in size and a DNA fragment (DNA fragment-D3) about 1.7
kbp in size were amplified. It was highly possible that  these DNA
fragments were a DNA encoding a protein having  hydroxyiating activity
and a DNA having a DNA sequence  including those in the upstream and
downstream regions of  the former DNA. The DNA fragment-B3, the DNA
fragment-C3 and the DNA  
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each DNA fragment cleaved by the restriction enzymes  was 

self-circularized by using DNA Ligation Kit Ver. 2 (Takara 

Bio Inc.). 

 Meanwhile, the following primers (5PIN-2F and 6PIN-2R) 

were designed and prepared from the nucleotide sequence of 

the DNA fragment-A3 (see the Sequence Nos. 24 and 20). 

5PIN-2F: 5’-CGGAATCCACCAGTGCCTCGGCCAGAACCT-3’ 

6PIN-2R: 5’-CTGTTCCTCGAAGAACTCGTGGTCGGCGTA-3’ 

 Next, these two types of primers (5PIN-2F and 6PIN-2R) 

and the above self-circularized A-1560 strain genomic DNA 

as a template, were used to run a PCR reaction.  In the PCR 

reaction, the cycle of a two-stage reaction including 

denaturing carried out at 98°C for 20 seconds and annealing 

and elongation carried out at 68°C for 5 minutes was 

repeated 35 times by using Takara LA Taq (Takara Bio Inc.) 

and a PCR amplifier (T Gradient, Biometra Co.). 

 As a result, a DNA fragment (DNA fragment-B3) about 

4.5 kbp in size, a DNA fragment (DNA fragment-C3) about 3.0 

kbp in size and a DNA fragment (DNA fragment-D3) about 1.7 

kbp in size were amplified.  It was highly possible that 

these DNA fragments were a DNA encoding a protein having 

hydroxylating activity and a DNA having a DNA sequence 

including those in the upstream and downstream regions of 

the former DNA. 

 The DNA fragment-B3, the DNA fragment-C3 and the DNA 

fragment-D3 were recovered from the PCR amplified reaction 

fragment-D3 were recovered from the PCR amplified reaction  70 solution
by SUPREC PCR (Takara Bio Inc.). Next, as to the  obtained DNA
fragment-B3, DNA fragment-C3 and DNA fragment- D3, in order to obtain
each DNA fragment in an amount enough to analyze the nucieotide
sequence of the obtained  DNA fragment, a piasmid vector pT7Blue T
(Novagen Co.), DNA  Ligation kit ver.2 (Takara Bio Inc.), E. coif JM109
strain  and a piasmid purifying kit (QIA filter Piasmid Midi Kit,  QIAGEN
Co.) were used in the same manner as the above (2),  to obtain enough
amount of each DNA fragment. (5) Analysis of each nucieotide sequence
of the DNA  fragment-B3 (about 4.5 kbp in size), the DNA fragment-C3
(about 3.0 kbp in size) and the DNA fragment-D3 (about 1.7  kbp in size)
Each nucieotide sequence of the DNA fragment-B3, DNA  fragment-C3
and DNA fragment-D3 obtained in the above (4)  was analyzed using a
DNA nucieotide sequence analyzer (PE  Biosystems 377XL) according to
a dye terminator cycle  sequence method. The nucieotide sequence was
thus analyzed  to obtain the information of the nucieotide sequence of
1860 bp shown in the Sequence No. 4 from each sequence of  the DNA
fragment-B3, DNA fragment-C3 and DNA fragment-D3. An open reading
frame (ORF) in this 1860 bp was  retrieved, to find that the two kinds of
protein were  encoded. Each amino acid sequence of these proteins was
retrieved by the BLAST search, and as a result, an ORF  
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solution by SUPREC PCR (Takara Bio Inc.).  Next, as to the 

obtained DNA fragment-B3, DNA fragment-C3 and DNA fragment-

D3, in order to obtain each DNA fragment in an amount 

enough to analyze the nucleotide sequence of the obtained 

DNA fragment, a plasmid vector pT7Blue T (Novagen Co.), DNA 

Ligation kit ver.2 (Takara Bio Inc.), E. coli JM109 strain 

and a plasmid purifying kit (QIA filter Plasmid Midi Kit, 

QIAGEN Co.) were used in the same manner as the above (2), 

to obtain enough amount of each DNA fragment. 

(5) Analysis of each nucleotide sequence of the DNA 

fragment-B3 (about 4.5 kbp in size), the DNA fragment-C3 

(about 3.0 kbp in size) and the DNA fragment-D3 (about 1.7 

kbp in size) 

 Each nucleotide sequence of the DNA fragment-B3, DNA 

fragment-C3 and DNA fragment-D3 obtained in the above (4) 

was analyzed using a DNA nucleotide sequence analyzer (PE 

Biosystems 377XL) according to a dye terminator cycle 

sequence method.  The nucleotide sequence was thus analyzed 

to obtain the information of the nucleotide sequence of 

1860 bp shown in the Sequence No. 4 from each sequence of 

the DNA fragment-B3, DNA fragment-C3 and DNA fragment-D3. 

 An open reading frame (ORF) in this 1860 bp was 

retrieved, to find that the two kinds of protein were 

encoded.  Each amino acid sequence of these proteins was 

retrieved by the BLAST search, and as a result, an ORF 

(hereinafter referred to as tpmA) encoding a protein 

(hereinafter referred to as tpmA) encoding a protein 71 consisting of 404
amino acids having high homology to  cytochrome P450 existed in the
base 172 to base 1383 of the  Sequence No. 4. The tpmA had the highest
homology  (homology: 77.4%) to the amino acid sequence assumed to be
that of cytochrome P450 (CYP105D5) of Streptmyces  coelicolor A3(2)
and also a high homology (homology: 76.6%)  to the amino acid sequence
of the psmA isolated from the A- 1544 strain. It was considered from this
fact that the  tpmA was highly possibly a gene encoding hydroxylating
enzyme of the cytochrome P-450 type. Also, an ORF (hereinafter referred
to as tpmB)  encoding a protein having a high homology to ferredoxin of  a
2Fe-2S type existed just downstream (the base 1399 to  base 1593 of the
Sequence No. 4) of the tpmA. The protein  encoded by the tpmB
consisted of 65 amino acids, and had  the highest homology (87.3%) to
the amino acid sequence of  the psmB isolated from the A-1544 strain and
also a high  homology (homology: 82.5%) to the amino acid sequence
assumed to be that of ferredoxin just downstream of the  amino acid
sequence assumed to be cytochrome P450  (CYP105DS) of Streptmyces
coelicolor A3 (2). Therefore, it  was considered that the tpmB served to
transfer electrons  and coded ferredoxin participating in hydroxylation
together with the tpmA. Reference Example 5: Construction of plasmid
pT7NS-camAB  
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consisting of 404 amino acids having high homology to 

cytochrome P450 existed in the base 172 to base 1383 of the 

Sequence No. 4.  The tpmA had the highest homology 

(homology: 77.4%) to the amino acid sequence assumed to be 

that of cytochrome P450 (CYP105D5) of Streptmyces 

coelicolor A3(2) and also a high homology (homology: 76.6%) 

to the amino acid sequence of the psmA isolated from the A-

1544 strain.  It was considered from this fact that the 

tpmA was highly possibly a gene encoding hydroxylating 

enzyme of the cytochrome P-450 type. 

 Also, an ORF (hereinafter referred to as tpmB) 

encoding a protein having a high homology to ferredoxin of 

a 2Fe-2S type existed just downstream (the base 1399 to 

base 1593 of the Sequence No. 4) of the tpmA.  The protein 

encoded by the tpmB consisted of 65 amino acids, and had 

the highest homology (87.3%) to the amino acid sequence of 

the psmB isolated from the A-1544 strain and also a high 

homology (homology: 82.5%) to the amino acid sequence 

assumed to be that of ferredoxin just downstream of the 

amino acid sequence assumed to be cytochrome P450 

(CYP105D5) of Streptmyces coelicolor A3 (2).  Therefore, it 

was considered that the tpmB served to transfer electrons 

and coded ferredoxin participating in hydroxylation 

together with the tpmA. 

Reference Example 5: Construction of plasmid pT7NS-camAB 

 The primers PRR-1F (see the Sequence No. 29) and PRR-

The primers PRR-1F (see the Sequence No. 29) and PRR- 72 2R (see
the Sequence No. 30) with the sequences shown below  were used to
carry out PCR under the following conditions.  with Pseudomonas putida
ATCC 17453 genome DNA as the template.  PRR-1F:
5'-GCCCCCCATATGAACGCAAACGACAACGTGGTCATC-3'  PRR-2R:
5'-GCGGATCCTCAGGCACTACTCAGTTCAGCTTTGGC-3'  (Reaction
liquid composition) Sterile purified water: 15 pL  2x concentration GO
buffer 1 (TAKARA HOLDINGS INC.) 25 pL  dNTP mixed solution (2.5 mM
each of dATP, dGTP, dTTP and  dCTP) 8 pL  PRR-1F primer (100
pmoi/pL) 0.5 pL  PRR-2R primer (100 pmoi/pL) 0.5 pL  Pseudomonas
putida ATCC 17453 genome DNA 0.5 pL  (10 ng/pL) LA Taq (5 units/pL,
TAKARA HOLDINGS INC.) 0.5 pL  (Temperature conditions) 95C, 3
minutes (98C 20 sec, 63C 30 sec, 68C 2 min) 30 cycles  72C, 5 minutes
The resulting 1.5 kb amplified fragment (camAB  fragment) comprising the
putidaredoxin reductase gene  (camA) and the putidaredoxin gene just
downstream from that  gene (camB) was digested with restriction
enzymes Nde I and  Bam HI, and electrophoresed on 0.8% agarose gel.
After  
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2R (see the Sequence No. 30) with the sequences shown below 

were used to carry out PCR under the following conditions. 

with Pseudomonas putida ATCC 17453 genome DNA as the 

template. 

PRR-1F: 5’-GCCCCCCATATGAACGCAAACGACAACGTGGTCATC-3’ 

PRR-2R: 5’-GCGGATCCTCAGGCACTACTCAGTTCAGCTTTGGC-3’ 

(Reaction liquid composition) 

Sterile purified water:       15 µL 

2x concentration GC buffer 1 (TAKARA HOLDINGS INC.) 25 µL 

dNTP mixed solution (2.5 mM each of dATP, dGTP, dTTP and 

dCTP)          8 µL 

PRR-1F primer (100 pmol/µL)      0.5 µL 

PRR-2R primer (100 pmol/µL)      0.5 µL 

Pseudomonas putida ATCC 17453 genome DNA   0.5 µL 

(10 ng/µL) 

LA Taq (5 units/µL, TAKARA HOLDINGS INC.)   0.5 µL 

(Temperature conditions) 

 95°C, 3 minutes 

 (98°C 20 sec, 63°C 30 sec, 68°C 2 min) 30 cycles 

 72°C, 5 minutes 

 The resulting 1.5 kb amplified fragment (camAB 

fragment) comprising the putidaredoxin reductase gene 

(camA) and the putidaredoxin gene just downstream from that 

gene (camB) was digested with restriction enzymes Nde I and 

Bam HI, and electrophoresed on 0.8% agarose gel.  After 

electrophoresis, the camAB fragment was collected and 

electrophoresis, the camAB fragment was collected and 73 purified using
SUPREC-Ol (TAKARA HOLDINGS INC.) from a gel  section comprising
that fragment which had been excised  from the gel. The fragment was
connected by 14 DNA ligase  to the Nde I site and Bam HI site of E. coli
piasmid vector  pETlla (Stratagene Co.), and then transformed into E. coli
DHSa to construct piasmid p17-camAB. Next, a linker 1  molecule
obtained by annealing the two synthetic oligo DNAs  SP-1 (see the
Sequence No. 31) and SP-2 (see the Sequence  No. 32) with the
sequences shown below was connected to the  Nde I site of the piasmid
by 14 DNA ligase and transformed  into E. coli DHSa to construct piasmid
p17NS-camAB. SP-1: 5'-TATGCGTCACTAGTCGGGAGTGCGTTA-3'
SP-2: 5'-TATAACGCACTCCCGACTAGTGACGCA-3' Example 1:
Preparation of piasmid pPapsmAB by connection of  pldA promoter and
psmAB The pidA promoter region of the piadienolide B  biosynthesis gene
was connected to psmAB in order to  express psmAB in conjunction with
the piadienolide B  biosynthesis gene. The two primers pdiApro-SpeNdeF
(Spel and NdeI sites added to 5'-terminal: see the Sequence No.  25) and
pidApro-NdeR (NdeI site added to 5'-terminal: see  the Sequence No. 26)
comprising the sequences shown below  were synthesized based on the
nucleotide sequence information of the Sequence No. 1 for purposes of
amplifying the pldA promoter region. 
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purified using SUPREC-01 (TAKARA HOLDINGS INC.) from a gel 

section comprising that fragment which had been excised 

from the gel.  The fragment was connected by T4 DNA ligase 

to the Nde I site and Bam HI site of E. coli plasmid vector 

pET11a (Stratagene Co.), and then transformed into E. coli 

DH5α to construct plasmid pT7-camAB.  Next, a linker 1 

molecule obtained by annealing the two synthetic oligo DNAs 

SP-1 (see the Sequence No. 31) and SP-2 (see the Sequence 

No. 32) with the sequences shown below was connected to the 

Nde I site of the plasmid by T4 DNA ligase and transformed 

into E. coli DH5α to construct plasmid pT7NS-camAB. 

SP-1: 5’-TATGCGTCACTAGTCGGGAGTGCGTTA-3’ 

SP-2: 5’-TATAACGCACTCCCGACTAGTGACGCA-3’ 

Example 1: Preparation of plasmid pPapsmAB by connection of 

pldA promoter and psmAB 

 The pldA promoter region of the pladienolide B 

biosynthesis gene was connected to psmAB in order to 

express psmAB in conjunction with the pladienolide B 

biosynthesis gene.  The two primers pdlApro-SpeNdeF (SpeI 

and NdeI sites added to 5’-terminal: see the Sequence No. 

25) and pldApro-NdeR (NdeI site added to 5’-terminal: see 

the Sequence No. 26) comprising the sequences shown below 

were synthesized based on the nucleotide sequence 

information of the Sequence No. 1 for purposes of 

amplifying the pldA promoter region. 

pldApro-SpeNdeF: 5’-GGGCATATGACTAGTAGCCGTGTCCTGCCCGCC-3’ 

pidApro-SpeNdeF:
5'-GGGCATATGACTAGTAGCCGTGTCCTGCCCGCC-3'  74
pidApro-NdeR: 5'-GGGCATATGTTCGGACGTGAATTCATTCG-3' PCR
was carried out under the following conditions  using these primers. (PCR
reaction liquid composition: using Toyo Boseki KOD- plus-) Sterile purified
water: 71 pL  10 x concentration PCR buffer: 10 pL  dNTP mixed solution
(2 mM each dATP, dGTP, dCTP and dTTP): 10 pL  MgSO4 (25 mM) 4 pL
KOD+ 2 pL  pidApro-SpeNdeF (50 pmoi/pL) 1 pL  pidApro-NdeR (50
pmoi/pL) 1 pL  pKS35 (Referential Example 1 (6), 10 ng/pL) 1 pL
(Reaction conditions: using Biometra T GRADIENT) 95C, 5 minutes (98C
20 sec, 63C 1 min, 68C 1 min) 25 cycles  72C, 5 minutes The 360 bp
DNA fragment amplified as a result of this  reaction was collected with a
QlAquick PCR Purification Kit  (QIAGEN Co.). The resulting 360 bp DNA
fragment was digested with restriction enzyme NdeI. The piasmid
pTC-DM  (Reference Example 2(6)) was similarly digested with  restriction
enzyme NdeI. The resulting 360 bp DNA fragment  digest and piasmid
digest were connected using DNA Ligation  
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pldApro-NdeR: 5’-GGGCATATGTTCGGACGTGAATTCATTCG-3’ 

 PCR was carried out under the following conditions 

using these primers. 

(PCR reaction liquid composition: using Toyo Boseki KOD-

plus-) 

Sterile purified water:       71 µL 

10 x concentration PCR buffer:     10 µL 

dNTP mixed solution (2 mM each dATP, dGTP, dCTP and dTTP): 

           10 µL 

MgSO4 (25 mM)         4 µL 

KOD+           2 µL 

pldApro-SpeNdeF (50 pmol/µL)      1 µL 

pldApro-NdeR (50 pmol/µL)      1 µL 

pKS35 (Referential Example 1 (6), 10 ng/µL)  1 µL 

(Reaction conditions: using Biometra T GRADIENT) 

 95°C, 5 minutes 

 (98°C 20 sec, 63°C 1 min, 68°C 1 min) 25 cycles 

 72°C, 5 minutes 

 The 360 bp DNA fragment amplified as a result of this 

reaction was collected with a QIAquick PCR Purification Kit 

(QIAGEN Co.).  The resulting 360 bp DNA fragment was 

digested with restriction enzyme NdeI.  The plasmid pTC-DM 

(Reference Example 2(6)) was similarly digested with 

restriction enzyme NdeI.  The resulting 360 bp DNA fragment 

digest and plasmid digest were connected using DNA Ligation 

Kit Ver. 2.1 (Takara Bio Inc.).  A roughly 9.9 kbp plasmid 

Kit Ver. 2.1 (Takara Bic Inc.). A roughly 9.9 kbp piasmid 75 pPapsmAB
comprising the pldA promoter connected to psmAB  was constructed in
this way. Example 2: Preparation of piasmid for recombination  The
pPapsmaAB piasmid prepared in Example 1 was  digested with restriction
enzyme Spel, and blunt-ended  using BKL Kit (Takara Bio Inc.). The
resulting DNA was  electrophoresed (Mupid-ex: Advance Co.) on 0.8%
Molecular  Biology AgaroseTM (BIO-RAD), and the isolated 1.8 kbp DNA
fragment comprising the pidA promoter and psmAB (sometimes  called
PapsmAB hereunder) was excised and collected and  purified using a
QlAquick Gel Extraction Kit (QIAGEN Co.).  The recombination vector
pUCl9aph::oriT::intphiC31 shown in  Fig. 4 was also digested with
restriction enzyme BamHI, and  blunt-ended with BKL Kit (Takara Bio
Inc.). The resulting  vector and PapsmAB were connected using DNA
Ligation Kit  Ver. 2.1 (Takara Bio Inc.). Thus, a recombination piasmid
pAOC::PapsmAB was constructed having PapsmAB inserted into  the
recombination vector pUCl9aph::oriT::intphiC31. Example 3: Introduction
of recombination piasmid  pAOC::PapsmAB into Mer-11107 The resulting
pAOC::PapsmAB was transformed into  conjugated E. coli S17-1
(ATCC47055) by electroporation to  obtain S17-1/pAOC::PapsmAB. The
resulting 517- 1/pAOC::PapsmAB was inoculated into 10 mL of LB
medium (1%  bacto tryptone, 0.5% yeast extract, 0.5% NaCl) containing  
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pPapsmAB comprising the pldA promoter connected to psmAB 

was constructed in this way. 

Example 2: Preparation of plasmid for recombination 

 The pPapsmaAB plasmid prepared in Example 1 was 

digested with restriction enzyme SpeI, and blunt-ended 

using BKL Kit (Takara Bio Inc.).  The resulting DNA was 

electrophoresed (Mupid-ex: Advance Co.) on 0.8% Molecular 

Biology Agarose™ (BIO-RAD), and the isolated 1.8 kbp DNA 

fragment comprising the pldA promoter and psmAB (sometimes 

called PapsmAB hereunder) was excised and collected and 

purified using a QIAquick Gel Extraction Kit (QIAGEN Co.).  

The recombination vector pUC19aph::oriT::intphiC31 shown in 

Fig. 4 was also digested with restriction enzyme BamHI, and 

blunt-ended with BKL Kit (Takara Bio Inc.).  The resulting 

vector and PapsmAB were connected using DNA Ligation Kit 

Ver. 2.1 (Takara Bio Inc.).  Thus, a recombination plasmid 

pAOC::PapsmAB was constructed having PapsmAB inserted into 

the recombination vector pUC19aph::oriT::intphiC31. 

Example 3: Introduction of recombination plasmid 

pAOC::PapsmAB into Mer-11107 

 The resulting pAOC::PapsmAB was transformed into 

conjugated E. coli S17-1 (ATCC47055) by electroporation to 

obtain S17-1/pAOC::PapsmAB.  The resulting S17-

1/pAOC::PapsmAB was inoculated into 10 mL of LB medium (1% 

bacto tryptone, 0.5% yeast extract, 0.5% NaCl) containing 

25 µg/ml kanamycin and shaking cultured at 30°C for 2 

25 pg/ml kanamycin and shaking cultured at 30C for 2 76 hours, and the
mycelia were collected, washed twice with 10  mL of LB medium and
suspended in 5 mL of LB medium. This  was used as the donor
suspension. While the donor  suspension was being prepared, Mer-11107
was inoculated  into 10 mL of TSB medium (Trypto-Soya broth: Nissui
Seiyaku) and shaking incubated at 30C for 5 hours, and the  mycelia were
collected, washed twice with 10 mL of  sterilized water and suspended in
1 mL of sterilized water.  This was used as the recipient suspension. 500
pL of the  S17-1/pAOC::PapsmAB donor suspension was mixed with 10
pL  of the resulting Mer-11107 recipient suspension, and  applied to Actino
Medium No. 4 agar medium (Nissui  Pharmaceutical). After incubated at
30C for 18 hours,  this was covered with 2.5 mL of SNA (0.8% nutrient
medium:  Difco, 0.4% agar) containing 2 mg/mL ribostamycin, and
incubated at 30C for 7 days to obtain a the ribostamycin- resistant
pAOC::PapsmAB-transformed strain Mer- 11107::pAOC::PapsmAB.
Example 4: Piadienolide production test of Mer- 11107::pAOC::PapsmAB
strain The Mer-11107::pAOC::PapsmAB obtained in Example 3 and  the
parent Mer-11107 strain as a control were tested for  productivity of
piadienolide B and its 16-position  hydroxide piadienolide D. 300 pL each
of frozen seed of Mer-11107::pAOC::PapsmAB  
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hours, and the mycelia were collected, washed twice with 10 

mL of LB medium and suspended in 5 mL of LB medium.  This 

was used as the donor suspension.  While the donor 

suspension was being prepared, Mer-11107 was inoculated 

into 10 mL of TSB medium (Trypto-Soya broth: Nissui 

Seiyaku) and shaking incubated at 30°C for 5 hours, and the 

mycelia were collected, washed twice with 10 mL of 

sterilized water and suspended in 1 mL of sterilized water.  

This was used as the recipient suspension.  500 µL of the 

S17-1/pAOC::PapsmAB donor suspension was mixed with 10 µL 

of the resulting Mer-11107 recipient suspension, and 

applied to Actino Medium No. 4 agar medium (Nissui 

Pharmaceutical).  After incubated at 30°C for 18 hours, 

this was covered with 2.5 mL of SNA (0.8% nutrient medium: 

Difco, 0.4% agar) containing 2 mg/mL ribostamycin, and 

incubated at 30°C for 7 days to obtain a the ribostamycin-

resistant pAOC::PapsmAB-transformed strain Mer-

11107::pAOC::PapsmAB. 

Example 4: Pladienolide production test of Mer-

11107::pAOC::PapsmAB strain 

 The Mer-11107::pAOC::PapsmAB obtained in Example 3 and 

the parent Mer-11107 strain as a control were tested for 

productivity of pladienolide B and its 16-position 

hydroxide pladienolide D. 

 300 µL each of frozen seed of Mer-11107::pAOC::PapsmAB 

and Mer-11107 was inoculated into 60 mL of seed medium 

and Mer-11107 was inoculated into 60 mL of seed medium 77 (soluble
starch 2%, soy bean meal (ESUSAN-MEAT manufactured  by Ajinomoto
Co. Ltd.) 2%, yeast extract 0.30, K2HPO4 0.10,  MgSO4 7H2O 0.25%,
CaCO3 0.3%, pH not adjusted) and incubated  at 25C for 3 days. 600 pL
of the resulting seed culture  broth was inoculated into 60 mL of main
culture medium  (soluble starch 5%, glucose 1%, Pharmamedia 3%,
adekanoi  LG-126 0.05%, CaCO3 0.10, pH 7.5), and cultured at 25C for  3
days, 4 days, 5 days and 6 days. After the completion of  the cultivation,
the resulting culture broth was extracted  by addition of 4 times the
amount of acetonitrile. The  amounts of piadienolide B and its 16-position
hydroxide  piadienolide D in the resulting extract were measured by
HPLC. The measurement results are shown in Table 2. The  HPLC
measurement conditions were as follows. Device: Shimadzu HPLC lOAvp
Column: Develosil ODS UG-3 (q 4.6 mm x 50 mm 3 pm)  Mobile phase:
45% to 55% methanol (0 to 5 min) 55% methanol (5 to 13 min) 55% to
70% methanol (13 to 21 min)  70% methanol (21 to 25 min) Flow rate: 1.2
mL/min  Detection: UV 240 nm  Injection volume: 5 pL  Column
temperature: 40C  Analysis time: 25 min 
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(soluble starch 2%, soy bean meal (ESUSAN-MEAT manufactured 

by Ajinomoto Co. Ltd.) 2%, yeast extract 0.3%, K2HPO4 0.1%, 

MgSO4·7H2O 0.25%, CaCO3 0.3%, pH not adjusted) and incubated 

at 25°C for 3 days.  600 µL of the resulting seed culture 

broth was inoculated into 60 mL of main culture medium 

(soluble starch 5%, glucose 1%, Pharmamedia 3%, adekanol 

LG-126 0.05%, CaCO3 0.1%, pH 7.5), and cultured at 25°C for 

3 days, 4 days, 5 days and 6 days.  After the completion of 

the cultivation, the resulting culture broth was extracted 

by addition of 4 times the amount of acetonitrile.  The 

amounts of pladienolide B and its 16-position hydroxide 

pladienolide D in the resulting extract were measured by 

HPLC.  The measurement results are shown in Table 2.  The 

HPLC measurement conditions were as follows. 

 Device: Shimadzu HPLC 10Avp 

 Column: Develosil ODS UG-3 (φ 4.6 mm × 50 mm 3 µm) 

 Mobile phase: 45% to 55% methanol (0 to 5 min) 

    55% methanol (5 to 13 min) 

    55% to 70% methanol (13 to 21 min) 

    70% methanol (21 to 25 min) 

 Flow rate: 1.2 mL/min 

 Detection: UV 240 nm 

 Injection volume: 5 µL 

 Column temperature: 40°C 

 Analysis time: 25 min 

 Retention time: Pladienolide B 12.4 min 

Retention time: Piadienolide B 12.4 min  78 Piadienolide D 4.3 min  Table
2 Mer-1 1 107::pAOC::PapsmAB strain Mer-1 1107 strain  Pladienolide B
Pladienolide D Pladienolide B Pladienolide  (mg/L) (mg/L) (mg/L) D (mg/L)
cultured for 3 days 36.2 148.4 180.5 0.0  (72 hours) cultured for 4 days
93.2 289.3 338.1 0.0  (96 hours) cultured for 5 days 122.3 420.6 402.2 0.0
(120 hours) cultured for 6 days 118.3 535.8 372.2 0.0  (144 hours) While
almost no production of piadienolide D was seen  with the parent strain
Mer-11107, piadienolide D was  produced by the
Mer-11107::pAOC::PapsmAB strain having the  introduced
pAOC::PapsmAB. This shows that direct  production of piadienolide D can
be achieved by introducing  the piadienolide B 16-position hydroxylase
gene psmAB into  the piadienolide B-producing strain Mer-11107.
Exampie 5: Effects of (3-CD addition on piadienolide D  
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      Pladienolide D 4.3 min 

Table 2 

Pladienolide B

(mg/L)

Pladienolide D

(mg/L)

Pladienolide B

(mg/L)

Pladienolide

D (mg/L)

cultured for 3 days

(72 hours)

cultured for 4 days

(96 hours)

cultured for 5 days

(120 hours)

cultured for 6 days

(144 hours)

0.0

0.0122.3

Mer-11107 strainMer-11107::pAOC::PapsmAB strain

36.2 148.4 0.0180.5

118.3 535.8 0.0372.2

402.2420.6

93.2 289.3 338.1

 

 While almost no production of pladienolide D was seen 

with the parent strain Mer-11107, pladienolide D was 

produced by the Mer-11107::pAOC::PapsmAB strain having the 

introduced pAOC::PapsmAB.  This shows that direct 

production of pladienolide D can be achieved by introducing 

the pladienolide B 16-position hydroxylase gene psmAB into 

the pladienolide B-producing strain Mer-11107. 

Example 5: Effects of β-CD addition on pladienolide D 

production by Mer-11107::pAOC::PapsmAB strain 

 The effects of β-cyclodextrin (β-CD) addition on 

productivity of pladienolide B and its 16-position 

hydroxide pladienolide D by the Mer-11107::pAOC::PapsmAB 

strain obtained in Example 3 were investigated.  300 µL of 

frozen Mer-11107::pAOC::PapsmAB seed was inoculated into 30 

mL of seed culture medium (soluble starch 2%, soy bean meal 

production by Mer-11107::pAOC::PapsmAB strain The effects of
(3-cyciodextrin (3-CD) addition on  productivity of piadienolide B and its
16-position  hydroxide piadienolide D by the Mer-11107::pAOC::PapsmAB
strain obtained in Exampie 3 were investigated. 300 pL of  frozen
Mer-11107::pAOC::PapsmAB seed was inoculated into 30  mL of seed
culture medium (soluble starch 2%, soy bean meat 79 (ESUSAN-MEAT
manufactured by Ajinomoto Co. Ltd.) 2%, yeast  extract 0.3%, K2HPO4
0.1%, MgSO4 7H2O 0.25%, CaCO3 0.3%, pH  not adjusted), and
incubated at 25C for 3 days. 300 pL of  the resulting seed culture broth
was inoculated into 30 mL  of main culture medium to which 2% a-CD was
added (soluble  starch 5%, glucose 1%, Pharmamedia 3%, adekanoi
LG-126  0.05%, a-CD 2.0%, CaCO3 0.10, pH 7.5) or 30 mL of main
culture medium without a-CD added (soluble starch 5%,  glucose 1%,
Pharmamedia 3%, adekanoi LG-126 0.05%, CaCO3  0.1%, pH 7.5), and
incubated for 3 days, 4 days, 5 days and  6 days at 25C. After the
completion of the cultivation,  the resulting culture liquid was extracted by
addition of 4  times the amount of acetonitrile. The amounts of
piadienolide B and its 16-position hydroxide piadienolide D  in the
resulting extract were measured by HPLC. The  measurement results are
shown in Tabie 3. The HPLC  measurement conditions were as follows.
Device: Shimadzu HPLC lOAvp Column: Develosil ODS UG-3 (q 4.6 mm
x 50 mm 3 pm)  
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(ESUSAN-MEAT manufactured by Ajinomoto Co. Ltd.) 2%, yeast 

extract 0.3%, K2HPO4 0.1%, MgSO4·7H2O 0.25%, CaCO3 0.3%, pH 

not adjusted), and incubated at 25°C for 3 days.  300 µL of 

the resulting seed culture broth was inoculated into 30 mL 

of main culture medium to which 2% β-CD was added (soluble 

starch 5%, glucose 1%, Pharmamedia 3%, adekanol LG-126 

0.05%, β-CD 2.0%, CaCO3 0.1%, pH 7.5) or 30 mL of main 

culture medium without β-CD added (soluble starch 5%, 

glucose 1%, Pharmamedia 3%, adekanol LG-126 0.05%, CaCO3 

0.1%, pH 7.5), and incubated for 3 days, 4 days, 5 days and 

6 days at 25°C.  After the completion of the cultivation, 

the resulting culture liquid was extracted by addition of 4 

times the amount of acetonitrile.  The amounts of 

pladienolide B and its 16-position hydroxide pladienolide D 

in the resulting extract were measured by HPLC.  The 

measurement results are shown in Table 3.  The HPLC 

measurement conditions were as follows. 

 Device: Shimadzu HPLC 10Avp 

 Column: Develosil ODS UG-3 (φ 4.6 mm × 50 mm 3 µm) 

 Mobile phase: 45% to 55% methanol (0 to 5 min) 

    55% methanol (5 to 13 min) 

    55% to 70% methanol (13 to 21 min) 

    70% methanol (21 to 25 min) 

 Flow rate: 1.2 mL/min 

 Detection: UV 240 nm 

 Injection volume: 5 µL 

Mobile phase: 45% to 55% methanol (0 to 5 min) 55% methanol (5 to 13
min) 55% to 70% methanol (13 to 21 min)  70% methanol (21 to 25 min)
Flow rate: 1.2 mL/min  Detection: UV 240 nm  Injection volume: 5 pL 80
Column temperature: 40C  Analysis time: 25 min Retention time:
Piadienolide B 12.4 min  Piadienolide D 4.3 min  Table 3 2% (3-CD added
No (3-CD added  Pladienolide B Pladienolide D Pladienolide B
Pladienolide D  (mg/L) (mg/L) (mg/L) (mg/L)  cultured for 3 days 199.4
202.0 36.2 148.4  (72 hours) cultured for 4 days 362.8 350.5 93.2 289.3
(96 hours) cultured for 5 days 484.3 580.1 122.3 420.6  (120 hours)
cultured for 6 days 433.1 774.1 118.3 535.8  
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 Column temperature: 40°C 

 Analysis time: 25 min 

 Retention time: Pladienolide B 12.4 min 

      Pladienolide D 4.3 min 

Table 3 

Pladienolide B

(mg/L)

Pladienolide D

(mg/L)

Pladienolide B

(mg/L)

Pladienolide D

(mg/L)

cultured for 3 days

(72 hours)

cultured for 4 days

(96 hours)

cultured for 5 days

(120 hours)

cultured for 6 days

(144 hours)
433.1 774.1 535.8118.3

122.3580.1

362.8 350.5 93.2 289.3

420.6484.3

No β-CD added2% β-CD added

199.4 202.0 148.436.2

 

 As a result, addition of 2% β-CD resulted in a roughly 

1.4 times increase in pladienolide D accumulation, showing 

that addition of β-CD has an effect on direct production of 

pladienolide D. 

Example 6: Pladienolide production by Mer-

11107::pAOC::PapsmAB strain (2) 

 300 µL of frozen seed of the Mer-11107::pAOC::PapsmAB 

strain obtained in Example 3 was inoculated into 30 mL of 

seed culture medium (soluble starch 2%, soy bean meal 

(ESUSAN-MEAT manufactured by Ajinomoto Co. Ltd.) 2%, yeast 

extract 0.3%, K2HPO4 0.1%, MgSO4·7H2O 0.25%, CaCO3 0.3%, pH 

(144 hours) As a result, addition of 2% (3-CD resulted in a roughly  1.4
times increase in piadienolide D accumulation, showing  that addition of
(3-CD has an effect on direct production of  piadienolide D. Example 6:
Piadienolide production by Mer- 11107::pAOC::PapsmAB strain (2) 300
pL of frozen seed of the Mer-11107::pAOC::PapsmAB  strain obtained in
Example 3 was inoculated into 30 mL of  seed culture medium (soluble
starch 2%, soy bean meal  (ESUSAN-MEAT manufactured by Ajinomoto
Co. Ltd.) 2%, yeast  extract 0.3%, K2HPO4 0.1%, MgSO4 7H2O 0.25%,
CaCO3 0.3%, pH 81 not adjusted) and incubated at 25C for 3 days. 300
pL of  the resulting seed culture broth was inoculated into 30 mL  of main
culture medium (soluble starch 5%, glucose 1%,  Pharmamedia 3%, soy
bean powder (J-Oil Mills: Honen SoyPro)  1%, adekanoi LG-126 0.050,
a-CD 2.00, CaCO3 0.10, pH 7.5),  and cultured for 3 days, 4 days, 5 days,
6 days and 7 days  at 25C. After the completion of the cultivation, the
resulting  culture liquid was extracted by addition of 4 times the  amount of
acetonitrile. The amounts of piadienolide B and  its 16-position hydroxide
piadienolide D in the resulting  extract were measured by HPLC. The
measurement results are  shown in Tabie 4. The HPLC measurement
conditions were as  follows. 
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not adjusted) and incubated at 25°C for 3 days.  300 µL of 

the resulting seed culture broth was inoculated into 30 mL 

of main culture medium (soluble starch 5%, glucose 1%, 

Pharmamedia 3%, soy bean powder (J-Oil Mills: Honen SoyPro) 

1%, adekanol LG-126 0.05%, β-CD 2.0%, CaCO3 0.1%, pH 7.5), 

and cultured for 3 days, 4 days, 5 days, 6 days and 7 days 

at 25°C. 

 After the completion of the cultivation, the resulting 

culture liquid was extracted by addition of 4 times the 

amount of acetonitrile.  The amounts of pladienolide B and 

its 16-position hydroxide pladienolide D in the resulting 

extract were measured by HPLC.  The measurement results are 

shown in Table 4.  The HPLC measurement conditions were as 

follows. 

 Device: Shimadzu HPLC 10Avp 

 Column: Develosil ODS UG-3 (φ 4.6 mm × 50 mm 3 µm) 

 Mobile phase: 45% to 55% methanol (0 to 5 min) 

    55% methanol (5 to 13 min) 

    55% to 70% methanol (13 to 21 min) 

    70% methanol (21 to 25 min) 

 Flow rate: 1.2 mL/min 

 Detection: UV 240 nm 

 Injection volume: 5 µL 

 Column temperature: 40°C 

 Analysis time: 25 minutes 

 Retention time: Pladienolide B 12.4 minutes 

Device: Shimadzu HPLC lOAvp Column: Develosil ODS UG-3 (q 4.6 mm
x 50 mm 3 pm)  Mobile phase: 45% to 55% methanol (0 to 5 min) 55%
methanol (5 to 13 min) 55% to 70% methanol (13 to 21 min)  70%
methanol (21 to 25 min) Flow rate: 1.2 mL/min  Detection: UV 240 nm
Injection volume: 5 pL  Column temperature: 40C  Analysis time: 25
minutes Retention time: Piadienolide B 12.4 minutes  82 Piadienolide D
4.3 minutes  Table 4 Pladienolide B (mg/L) Pladienolide D (mg/L)  cultured
for 3 days 378.3 230.6  (72 hours) cultured for 4 days 601.4 567.9  (96
hours) cultured for 5 days 480.4 874.2  (120 hours) cultured for 6 days
387.4 985.4  
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      Pladienolide D 4.3 minutes 

Table 4 

Pladienolide B (mg/L) Pladienolide D (mg/L)

cultured for 3 days

(72 hours)

cultured for 4 days

(96 hours)

cultured for 5 days

(120 hours)

cultured for 6 days

(144 hours)

cultured for 7 days

(168 hours)

378.3 230.6

439.1 1215.9

387.4 985.4

874.2

601.4 567.9

480.4

 

 50 mL of extract obtained by adding an equal amount of 

acetonitrile to the aforementioned culture broth was 

filtered, and the mycelia were washed with 30 mL of water.  

70 mL of water was added to the filtrate, which was then 

extracted once with 100 mL and twice with 50 mL of ethyl 

acetate.  The ethyl acetate layers were combined, washed 

twice with 50 mL of brine and dried over anhydrous sodium 

sulfate.  After removing the solvent, the resulting residue 

was purified by thin layer chromatography (MERCK Silicagel 

60 F254 0.5 mm developing solution; toluene:acetone=1:1) to 

obtain 12.8 mg of pladienolide B and 23.1 mg of 

pladienolide D.  The 1H-NMR analysis results for 

pladienolide B and pladienolide D were as follows. 

Pladienolide B; 

(144 hours) cultured for 7 days 439.1 1215.9  (168 hours) 50 mL of extract
obtained by adding an equal amount of  acetonitrile to the aforementioned
culture broth was  filtered, and the mycelia were washed with 30 mL of
water.  70 mL of water was added to the filtrate, which was then  extracted
once with 100 mL and twice with 50 mL of ethyl  acetate. The ethyl
acetate layers were combined, washed  twice with 50 mL of brine and
dried over anhydrous sodium  sulfate. After removing the solvent, the
resulting residue  was purified by thin layer chromatography (MERCK
Silicagei  60 F254 0.5 mm developing solution; toluene:acetone=1:1) to
obtain 12.8 mg of piadienolide B and 23.1 mg of  piadienolide D. The
1H-NMR analysis results for  piadienolide B and piadienolide D were as
follows.  Piadienolide B; 83 1H-NMR spectrum (CD30D, 500 MHz) : 5 ppm
(integration,  multiplicity, coupling constant J (Hz)): 0.93 (3H,d,J=7.OHz),
0.94 (3H,d,J=6.8Hz), 0.98  (3H,t,J=8.OHz), 1.12 (3H,d,J=6.8Hz), 1.23
(3H,s), 1.25  (1H,m), 1.42 (2H,m), 1.53-1.70 (6H,m), 1.79 (3H,d,J=1.OHz),
2.10 (3H,s), 2.52 (1H,m), 2.56 (2H,m), 2.60 (1H,m), 2.70
(1H,dd,J=2.4,8.3Hz), 2.76 (1H,dt,J=2.4,5.7Hz), 3.56  (1H,dt,J=8.3,4.4Hz),
3.82 (1H,m), 5.08 (2H,d,J=9.8Hz), 5.60  
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1H-NMR spectrum (CD3OD, 500 MHz): δ ppm (integration, 

multiplicity, coupling constant J (Hz)): 

0.93 (3H,d,J=7.0Hz), 0.94 (3H,d,J=6.8Hz), 0.98 

(3H,t,J=8.0Hz), 1.12 (3H,d,J=6.8Hz), 1.23 (3H,s), 1.25 

(1H,m), 1.42 (2H,m), 1.53-1.70 (6H,m), 1.79 (3H,d,J=1.0Hz), 

2.10 (3H,s), 2.52 (1H,m), 2.56 (2H,m), 2.60 (1H,m), 2.70 

(1H,dd,J=2.4,8.3Hz), 2.76 (1H,dt,J=2.4,5.7Hz), 3.56 

(1H,dt,J=8.3,4.4Hz), 3.82 (1H,m), 5.08 (2H,d,J=9.8Hz), 5.60 

(1H,dd,J=9.8,15.2Hz), 5.70 (1H,dd,J=8.3,15.2Hz), 5.74 

(1H,dd,J=9.8,15.2Hz), 6.13 (1H,d,J=9.8Hz), 6.36 

(1H,dd,J=9.8,15.2Hz) 

Pladienolide D; 

1H-NMR spectrum (CD3OD, 500 MHz): δ ppm (integration, 

multiplicity, coupling constant J (Hz)): 

0.93 (3H,d,J=7.0Hz), 0.95 (3H,d,J=6.8Hz), 0.98 

(3H,t,J=8.0Hz), 1.23 (3H,s), 1.30 (1H,m), 1.36-1.66 (9H,m), 

1.70 (1H,dd,J=6.4,14.2Hz), 1.82 (3H,d,J=1.0Hz), 1.90 

(1H,dd,J=6.4,14.2Hz), 2.10 (3H,s), 2.52 (2H,m), 2.62 

(1H,m), 2.72 (1H,dd,J=2.4,8.3Hz), 2.94 (1H,dt,J=2.4,5.7Hz), 

3.55 (1H,dt,J=8.3,4.4Hz), 3.82 (1H,m), 5.10 (1H,d,J=9.8Hz), 

5.11 (1H,d,J=10.8Hz), 5.60 (1H,dd,J=9.8,15.2Hz), 5.74 

(1H,dd,J=8.3,15.2Hz), 5.92 (1H,d,J=15.2Hz), 6.18 

(1H,d,J=10.8Hz), 6.57 (1H,dd,J=10.8,15.2Hz) 

Example 7: Introduction of recombination plasmid 

pAOC::PapsmAB into Mer-11107 pldB::hyg strain 

 The S17-1/pAOC::PapsmAB strain obtained in Example 3 

(1H,dd,J=9.8,15.2Hz), 5.70 (1H,dd,J=8.3,15.2Hz), 5.74
(1H,dd,J=9.8,15.2Hz), 6.13 (1H,d,J=9.8Hz), 6.36  (1H,dd,J=9.8,15.2Hz)
Pladienolide D; 1H-NMR spectrum (CD30D, 500 MHz) 5 ppm (integration,
multiplicity, coupling constant J (Hz)): 0.93 (3H,d,J=7.OHz), 0.95
(3H,d,J=6.8Hz), 0.98  (3H,t,J=8.OHz), 1.23 (3H,s), 1.30 (1H,m), 1.36-1.66
(9H,m),  1.70 (1H,dd,J=6.4,14.2Hz), 1.82 (3H,d,J=1.OHz), 1.90
(1H,dd,J=6.4,14.2Hz), 2.10 (3H,s), 2.52 (2H,m), 2.62  (1H,m), 2.72
(1H,dd,J=2.4,8.3Hz), 2.94 (1H,dt,J=2.4,5.7Hz),  3.55 (1H,dt,J=8.3,4.4Hz),
3.82 (1H,m), 5.10 (1H,d,J=9.8Hz),  5.11 (1H,d,J=10.8Hz), 5.60
(1H,dd,J=9.8,15.2Hz), 5.74  (1H,dd,J=8.3,15.2Hz), 5.92 (1H,d,J=15.2Hz),
6.18  (1H,d,J=10.8Hz), 6.57 (1H,dd,J=10.8,15.2Hz) Example 7:
Introduction of recombination plasmid  pAOC::PapsmAB into Mer-11107
pidB::hyg strain The S17-1/pAOC::PapsmAB strain obtained in Example 3
84 was inoculated into 10 mL of LB medium (1% bacto tryptone,  0.5%
yeast extract, 0.5% NaCl) comprising 25 pg/mL  kanamycin and shaking
cultured for 2 hours at 30C, and the  mycelia were collected, washed twice
with 10 mL of LB  medium and suspended in 5 mL of LB medium. This
was the  donor suspension. While the donor suspension was being
prepared, the  Mer-11107 pLdB::hyg strain prepared in Reference
Example  
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was inoculated into 10 mL of LB medium (1% bacto tryptone, 

0.5% yeast extract, 0.5% NaCl) comprising 25 µg/mL 

kanamycin and shaking cultured for 2 hours at 30°C, and the 

mycelia were collected, washed twice with 10 mL of LB 

medium and suspended in 5 mL of LB medium.  This was the 

donor suspension. 

 While the donor suspension was being prepared, the 

Mer-11107 pldB::hyg strain prepared in Reference Example 

1(8) was inoculated into 10 mL of TSB medium (Trypto-Soya 

broth: Nissui Pharmaceutical) and shaking cultured at 30°C 

for 5 hours, and the mycelia were collected, washed twice 

with 10 mL of sterilized water and suspended in 1 mL of 

sterilized water.  This was the recipient suspension.  500 

µL of the S17-1/pAOC::PapsmAB donor suspension was mixed 

with 10 µL of the resulting Mer-11107 pldB::hyg recipient 

suspension, and applied to Actino Medium No. 4 agar medium 

(Nippon Seiyaku).  After incubated at 30°C for 18 hours, 

this was covered with 2.5 mL of SNA (0.8% nutrient medium: 

Difco, 0.4% agar) containing 2 mg/mL ribostamycin and 

incubated at 30°C for 7 days to obtain a ribostamycin-

resistant pAOC::PapsmAB-transformed Mer-11107 

pldB::hyg::pAOC::PapsmAB strain. 

Example 8: Pladienolide production test of Mer-11107 

pldB::hyg::pAOC::PapsmAB strain 

 The Mer-11107 pldB::hyg::pAOC::PapsmAB strain obtained 

in Example 7 and the parent Mer-11107 pldB::hyg strain as a 

1(8) was inoculated into 10 mL of TSB medium (Trypto-Soya  broth:
Nissui Pharmaceutical) and shaking cultured at 30C  for 5 hours, and the
mycelia were collected, washed twice  with 10 mL of sterilized water and
suspended in 1 mL of  sterilized water. This was the recipient suspension.
500  pL of the S17-1/pAOC::PapsmAB donor suspension was mixed  with
10 pL of the resulting Mer-11107 pLdB::hyg recipient  suspension, and
applied to Actino Medium No. 4 agar medium  (Nippon Seiyaku). After
incubated at 30C for 18 hours,  this was covered with 2.5 mL of SNA
(0.8% nutrient medium:  Difco, 0.4% agar) containing 2 mg/mL
ribostamycin and  incubated at 30C for 7 days to obtain a ribostamycin-
resistant pAOC::PapsmAB-transformed Mer-11107
pLdB::hyg::pAOC::PapsmAB strain. Example 8: Piadienolide production
test of Mer-11107  pLdB::hyg::pAOC::PapsmAB strain The Mer-11107
pLdB::hyg::pAOC::PapsmAB strain obtained  in Example 7 and the parent
Mer-11107 pLdB::hyg strain as a  85 control were tested for productivity of
ME-265 and its 16- position hydroxide ME-282. 300 pL each of frozen
seed of  Mer-11107 pLdB::hyg::pAOC::PapsmAB and Mer-11107
pLdB::hyg  was inoculated into 30 mL of seed medium (soluble starch
2%, soy bean meal (ESUSAN-MEAT manufactured by Ajinomoto  Co.
Ltd.) 2%, yeast extract 0.30, K2HPO4 0.10, MgSO4 7H2O  0.25%,
CaCO3 0.3%, pH not adjusted) and incubated at 25C  for 3 days. 300 pL
of the resulting seed culture broth was  
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control were tested for productivity of ME-265 and its 16-

position hydroxide ME-282.  300 µL each of frozen seed of 

Mer-11107 pldB::hyg::pAOC::PapsmAB and Mer-11107 pldB::hyg 

was inoculated into 30 mL of seed medium (soluble starch 

2%, soy bean meal (ESUSAN-MEAT manufactured by Ajinomoto 

Co. Ltd.) 2%, yeast extract 0.3%, K2HPO4 0.1%, MgSO4·7H2O 

0.25%, CaCO3 0.3%, pH not adjusted) and incubated at 25°C 

for 3 days.  300 µL of the resulting seed culture broth was 

inoculated into 30 mL of main culture medium with 2% β-CD 

added thereto (soluble starch 5%, glucose 1%, Pharmamedia 

3%, adekanol LG-126 0.05%, β-CD 2.0%, CaCO3 0.1%, pH 7.5), 

and incubated at 25°C for 3 days, 4 days, 5 days and 6 

days.  After the completion of the cultivation, the culture 

broth was extracted by addition of 4 times the amount of 

acetonitrile.  The amounts of ME-265 and its 16-position 

hydroxide ME-282 in the resulting extract were measured by 

HPLC.  The measurements results are shown in Table 5.  The 

HPLC measurement conditions were as follows. 

 Device: Shimadzu HPLC 10Avp 

 Column: Develosil ODS UG-3 (φ 4.6 mm × 50 mm 3 µm) 

 Mobile phase: 45% to 55% methanol (0 to 5 min) 

    55% methanol (5 to 13 min) 

    55% to 70% methanol (13 to 17 min) 

    70% methanol (1 to 35 min) 

 Flow rate: 1.2 mL/min 

 Detection: UV 240 nm 

inoculated into 30 mL of main culture medium with 2% a-CD  added
thereto (soluble starch 5%, glucose 1%, Pharmamedia  3%, adekanoi
LG-126 0.05%, a-CD 2.0%, CaCO3 0.10, pH 7.5),  and incubated at 25C
for 3 days, 4 days, 5 days and 6  days. After the completion of the
cultivation, the culture  broth was extracted by addition of 4 times the
amount of  acetonitrile. The amounts of ME-265 and its 16-position
hydroxide ME-282 in the resulting extract were measured by  HPLC. The
measurements results are shown in Table S. The  HPLC measurement
conditions were as follows. Device: Shimadzu HPLC lOAvp Column:
Develosil ODS UG-3 (q 4.6 mm x 50 mm 3 pm)  Mobile phase: 45% to
55% methanol (0 to 5 min) 55% methanol (5 to 13 min) 55% to 70%
methanol (13 to 17 min)  70% methanol (1 to 35 min) Flow rate: 1.2
mL/min  Detection: UV 240 nm 86 Injection volume: 5 }L  Column
temperature: 40C  Analysis time: 35 minutes  Retention time: ME-265
21.0 min ME-282 15.6 min  Table 5 Mer-11107
pldB::hyg::pAOC::PapsmAB strain Mer-11107 pldB::hyg strain  
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 Injection volume: 5 µL 

 Column temperature: 40°C 

 Analysis time: 35 minutes 

 Retention time: ME-265 21.0 min 

      ME-282 15.6 min 

Table 5 

ME-265 (mg/L) ME-282 (mg/L) ME-265 (mg/L) ME-282 (mg/L)

cultured for 3 days

(72 hours)

cultured for 4 days

(96 hours)

cultured for 5 days

(120 hours)

cultured for 6 days

(144 hours)

0.0

0.070.5

Mer-11107 pldB::hyg strain
Mer-11107

pldB::hyg::pAOC::PapsmAB strain

47.8 153.8 0.0485.7

71.8 309.6 0.02031.3

1534.4280.5

63.5 222.1 907.0

 

 While almost no production of ME-282 was seen with the 

parent strain Mer-11107 pldB::hyg, ME-282 was produced by 

the Mer-11107 pldB::hyg::pAOC::PapsmAB strain into which 

pAOC::PapsmAB was introduced.  This shows that direct 

production of ME-282 can be achieved by introducing the ME-

265 16-position hydroxylating enzyme gene psmAB into the 

ME-265 producing strain Mer-11107 pldB::hyg. 

 A filtration aid was added to about 90 mL of extract 

obtained by addition of an equal amount of acetonitrile to 

the aforementioned Mer-11107 pldB::hyg::pAOC::PapsmAB 

culture broth, which was then mixed and filtered through 60 

φ Kiriyama funnel (Kiriyama filter paper No. 4) to isolate 

ME-265 (mg/L) ME-282 (mg/L) ME-265 (mg/L) ME-282 (mg/L)  cultured
for 3 days 47.8 153.8 485.7 0.0  (72 hours) cultured for 4 days 63.5 222.1
907.0 0.0  (96 hours) cultured for 5 days 70.5 280.5 1534.4 0.0  (120
hours) cultured for 6 days 71.8 309.6 2031.3 0.0  (144 hours) While
almost no production of ME-282 was seen with the  parent strain
Mer-11107 pLdB::hyg, ME-282 was produced by  the Mer-11107
pLdB::hyg::pAOC::PapsmAB strain into which  pAOC::PapsmAB was
introduced. This shows that direct  production of ME-282 can be achieved
by introducing the ME- 265 16-position hydroxyiating enzyme gene
psmAB into the  ME-265 producing strain Mer-11107 pLdB::hyg. A
filtration aid was added to about 90 mL of extract  obtained by addition of
an equal amount of acetonitriie to  the aforementioned Mer-11107
pLdB::hyg::pAOC::PapsmAB  culture broth, which was then mixed and
filtered through 60  cp Kiriyama funnel (Kiriyama filter paper No. 4) to
isolate 87 the mycelia. The mycelia were washed with 50 mL of water  
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the mycelia.  The mycelia were washed with 50 mL of water 

to obtain a mycelia isolation filtrate.  The mycelia 

isolation filtrate was extracted twice with 100 mL of ethyl 

acetate.  After drying over anhydrous sodium sulfate, the 

solvent was removed to obtain the residue.  This was 

purified by thin layer chromatography (MERCK Silicagel 60 

F254 0.5 mm developing solution; toluene:acetone=1:1) to 

obtain 0.5 mg of ME-265 and 12.5 mg of ME-282.  The 1H-NMR 

analysis results for the ME-265 and ME-282 were as follows. 

ME-265; 

1H-NMR spectrum (CD3OD, 500 MHz): δ ppm (integration, 

multiplicity, coupling constant J (Hz)): 

0.87(3H,d,J=7.0Hz), 0.90(3H,d,J=7.0Hz), 0.94(3H,d,J=7.3Hz), 

0.97(3H,d,J=7.0Hz), 1.08(3H,d,J=7.0Hz), 1.17-1.21(1H,m), 

1.24-1.36(2H,m), 1.42-1.52(3H,m), 1.61-1.66(3H,m), 

1.74(3H,d,J=1.1Hz), 1.89-1.96(1H,m), 2.00(3H,s), 2.41-

2.47(1H,m), 2.43(1H,dd,J=5.5,13.9Hz), 2.51-2.58(1H,m), 

2.56(1H,dd,J=3.7,13.9Hz), 2.65(1H,dd,J=2.2,8.1Hz), 2.72 

(1H,dt,J=2.2,5.9Hz), 3.51(1H,dt,J=4.4,8.4Hz), 3.75-3.80 

(1H,m), 4.91(1H,dd,J=8.8,10.6Hz), 5.00(1H,d,J=10.6Hz), 

5.42(1H,dd,J=9.2,15.0Hz), 5.49(1H,dd,J=9.2,15.0Hz), 

5.65(1H,dd,J=8.4,15.0Hz), 6.08(1H,d,J=10.6Hz), 

6.32(1H,dd,J=10.6,15.0Hz) 

ME-282; 

1H-NMR spectrum (CD3OD, 500 MHz): δ ppm (integration, 

multiplicity, coupling constant J (Hz)): 

to obtain a mycelia isolation filtrate. The mycelia  isolation filtrate was
extracted twice with 100 mL of ethyl  acetate. After drying over anhydrous
sodium sulfate, the  solvent was removed to obtain the residue. This was
purified by thin layer chromatography (MERCK Silicagei 60  F254 0.5 mm
developing solution; toluene:acetone=1:1) to  obtain 0.5 mg of ME-265
and 12.5 mg of ME-282. The 1H-NMR  analysis results for the ME-265
and ME-282 were as follows.  ME-265; 1H-NMR spectrum (CD30D, 500
MHz) 5 ppm (integration,  multiplicity, coupling constant J (Hz)):
0.87(3H,d,J=7.OHz), 0.90(3H,d,J=7.OHz), 0.94(3H,d,J=7.3Hz),
0.97(3H,d,J=7.OHz), 1.08(3H,d,J=7.OHz), 1.17-1.21(lH,m),
1.24-1.36(2H,m), 1.42-1.52(3H,m), 1.61-1.66(3H,m),  1.74(3H,d,J=1.lHz),
1.89-1.96(lH,m), 2.00(3H,s), 2.41- 2.47(lH,m), 2.43(1H,dd,J=5.5,13.9Hz),
2.51-2.58(lH,m),  2.56(1H,dd,J=3.7,13.9Hz), 2.65(1H,dd,J=2.2,8.1Hz),
2.72  (1H,dt,J=2.2,5.9Hz), 3.51(1H,dt,J=4.4,8.4Hz), 3.75-3.80  (1H,m),
4.91(1H,dd,J=8.8,10.6Hz), 5.00(1H,d,J=10.6Hz),
5.42(1H,dd,J=9.2,15.OHz), 5.49(1H,dd,J=9.2,15.OHz),
5.65(1H,dd,J=8.4,15.OHz), 6.08(1H,d,J=10.6Hz),
6.32(1H,dd,J=10.6,15.OHz) ME-282;  1H-NMR spectrum (CD30D, 500
MHz) 5 ppm (integration,  multiplicity, coupling constant J (Hz)): 88
0.87(3H,d,J=7.0Hz), 0.90(3H,d,J=7.0Hz), 0.94(3H,t,J=7.3Hz),  
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0.87(3H,d,J=7.0Hz), 0.90(3H,d,J=7.0Hz), 0.94(3H,t,J=7.3Hz), 

0.97(3H,d,J=6.6Hz), 1.21-1.26(1H,m), 1.29-1.37(3H,m), 

1.34(3H,s), 1.44-1.52(2H,m),1.60-1.64(1H,m), 

1.65(1H,dd,J=6.2,13.9Hz), 1.77(3H,d,J=1.1Hz), 

1.86(1H,dd,J=5.4,13.9Hz), 1.89-1.94(1H,m), 2.00(3H,s), 

2.43(1H,dd,J=5.5,13.9Hz), 2.50-2.60(1H,m), 2.56 

(1H,dd,J=3.3,13.9Hz), 2.66(1H,dd,J=2.2,7.7Hz), 2.89 

(1H,dt,J=2.2,6.2Hz), 3.52(1H,dt,J=4.8,8.4Hz), 3.75-3.80 

(1H,m), 4.90(1H,overlappedwith D2O), 5.01(1H,d,J=10.6Hz), 

5.42(1H,dd,J=9.2,15.0Hz), 6.13(1H,d,J=10.6Hz), 6.52 

(1H,dd,J=11.0,15.0Hz) 

Example 9: Preparation of plasmid pPepsmAB comprising ermE 

promoter connected to psmAB 

 The ermE promoter region was ligated to psmAB in order 

to cause expression of psmAB using the ermE promoter.  The 

two primers eDM-SphF (SphI site added to 5’-terminal: see 

Sequence No. 27) and eDM-SphR (SphI site added to 5’-

terminal: see Sequence No. 28) comprising the sequences 

shown below were synthesized based on the nucleotide 

sequence information of Sequence No. 2 for purposes of 

amplifying psmAB. 

eDM-SphF: 5’-TCCCCGCATGCCGGAACTGACGGACATCAC-3’ 

eDM-SphR: 5’-CCCGGGCATGCAGACGACGACGTAGAGGAA-3’ 

 These primers were used to carry out PCR under the 

following conditions. 

(PCR reaction liquid composition: using Takara LA Taq 

0.97(3H,d,J=6.6Hz), 1.21-1.26(lH,m), 1.29-1.37(3H,m),  1.34(3H,s),
1.44-1.52(2H,m),1.60-1.64(lH,m),  1.65(1H,dd,J=6.2,13.9Hz),
1.77(3H,d,J=l.lHz),  1.86(1H,dd,J=5.4,13.9Hz), 1.89-1.94(lH,m),
2.00(3H,s),  2.43(1H,dd,J=5.5,13.9Hz), 2.50-2.60(lH,m), 2.56
(1H,dd,J=3.3,13.9Hz), 2.66(1H,dd,J=2.2,7.7Hz), 2.89  (lH,dt,J=2.2,6.2Hz),
3.52(1H,dt,J=4.8,8.4Hz), 3.75-3.80  (1H,m), 4.90(1H,over Iappedwith
D20), 5.01(1H,d,J=10.6Hz),  5.42(1H,dd,J=9.2,15.0Hz),
6.13(1H,d,J=10.6Hz), 6.52  (1H,dd,J=11.0,15.0Hz) Example 9:
Preparation of piasmid pPepsmAB comprising ermE  promoter connected
to psmAB The ermE promoter region was ligated to psmAB in order  to
cause expression of psmAB using the ermE promoter. The  two primers
eDM-SphF (SphI site added to 5'-terminal: see  Sequence No. 27) and
eDM-SphR (SphI site added to 5'- terminal: see Sequence No. 28)
comprising the sequences  shown below were synthesized based on the
nucleotide  sequence information of Sequence No. 2 for purposes of
amplifying psmAB. eDM-SphF:
5'-TCCCCGCATGCCGGAACTGACGGACATCAC-3'  eDM-SphR:
5'-CCCGGGCATGCAGACGACGACGTAGAGGAA-3' These primers were
used to carry out PCR under the  following conditions. (PCR reaction
liquid composition: using Takara LA Taq  89 (Takara Bio Inc.)) 
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(Takara Bio Inc.)) 

Sterile purified water:       17 µL 

2x concentration GC buffer II     25 µL 

dNTP mixed solution (2 mM each dATP, dGTP, dCTP and dTTP): 

           5 µL 

LA Taq          0.5 µL 

eDM-SphF (50 pmol/µL)       0.5 µL 

eDM-SphR (50 pmol/µL)       0.5 µL 

Streptomyces esp. A-1544 genome DNA    1 µL 

(Reference Example 2(1), 10 ng/µL) 

(Reaction conditions: using T GRADIENT (Biometra)) 

 95°C, 3 minutes 

 (98°C 20 sec, 68°C 4 min) 30 cycles 

 68°C, 5 minutes 

 The 1570 bp DNA fragment comprising psmAB that was 

amplified as a result of this reaction was collected with a 

QIAquick PCR Purification Kit (QIAGEN Co.).  The resulting 

1570 bp DNA fragment was digested with restriction enzyme 

SphI.  The plasmid pSK117 (J. Bacteriol. Vol. 2002 184, 

6417-6423) was similar digested with restriction enzyme 

SphI.  The resulting 1570 bp DNA fragment digest comprising 

psmAB and the plasmid digest were connected using DNA 

Ligation Kit Ver. 2.1 (Takara Bio Inc.).  A plasmid 

pPepsmAB comprising the ermE promoter connected to psmAB 

was constructed in this way. 

Example 10: Preparation of recombination plasmid containing 

Sterile purified water: 17 pL  2x concentration GC buffer II 25 pL  dNTP
mixed solution (2 mM each dATP, dGTP, dCTP and dTTP): 5 pL  LA Taq
0.5 pL  eDM-SphF (50 pmoi/pL) 0.5 pL  eDM-SphR (50 pmoi/pL) 0.5 pL
Streptomyces esp. A-1544 genome DNA 1 pL  (Reference Example 2(1),
10 ng/pL) (Reaction conditions: using T GRADIENT (Biometra))  95C, 3
minutes (98C 20 sec, 68C 4 min) 30 cycles  68C, 5 minutes The 1570 bp
DNA fragment comprising psmAB that was  amplified as a result of this
reaction was collected with a  QlAquick PCR Purification Kit (QIAGEN
Co.). The resulting  1570 bp DNA fragment was digested with restriction
enzyme  SphI. The piasmid pSK117 (J. Bacteriol. Vol. 2002 184,
6417-6423) was similar digested with restriction enzyme  SphI. The
resulting 1570 bp DNA fragment digest comprising  psmAB and the
piasmid digest were connected using DNA  Ligation Kit Ver. 2.1 (Takara
Bio Inc.). A piasmid  pPepsmAB comprising the ermE promoter connected
to psmAB  was constructed in this way. Example 10: Preparation of
recombination piasmid containing  90 psmAB connected to ermE
promoter 
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psmAB connected to ermE promoter 

 The plasmid pPepsmAB prepared in Example 9 was 

digested with restriction enzymes KpnI and BglII, and 

blunt-ended using BKL Kit (Takara Bio Inc.).  The resulting 

DNA was electrophoresed (Mupid-ex: Advance) on 0.8% 

Molecular Biology Agarose™ (BIO-RAD), and the isolated 2060 

bp DNA fragment (hereunder called PepsmAB) comprising the 

ermE promoter and psmAB was excised and collected and 

purified by QIAquick Gel Extraction Kit (QIAGEN Co.).  The 

recombination vector pUC19aph::oriT::intphiC31 shown in Fig. 

4 was also digested with restriction enzyme BamHI, and 

blunt-ended with BKL Kit (Takara Bio Inc.).  The resulting 

vector was connected to PepsmAB using DNA Ligation Kit Ver. 

2.1 (Takara Bio Inc.).  Thus, the recombination plasmid 

pAOC::PepsmAB having PepsmAB inserted into the 

recombination vector pUC19aph::oriT::intphaiC31 was 

constructed. 

Example 11: Preparation of recombination plasmid containing 

natural psmAB 

 A primer DM-BglF (5’-CGCATAGATCTTCACCCGAGCGGGTGATCA-

3’: see the Sequence No. 35) having a BglII site added to 

the 5’-end and a primer DM-BglR (5’-

TCCCGAGATCTTGAAGGTCCGCGTCACCGT-3’: see the Sequence No. 36) 

having a BglII site added to the 5’-end were designed and 

prepared with reference to the nucleotide sequence of the 

Sequence No. 2.  Next, these two primers (DM-BglF and DM-

The piasmid pPepsmAB prepared in Example 9 was  digested with
restriction enzymes KpnI and BgiII, and  blunt-ended using BKL Kit
(Takara Bio Inc.). The resulting  DNA was electrophoresed (Mupid-ex:
Advance) on 0.8%  Molecular Biology AgaroseTM (BIO-RAD), and the
isolated 2060  bp DNA fragment (hereunder called PepsmAB) comprising
the  ermE promoter and psmAB was excised and collected and  purified
by QlAquick Gel Extraction Kit (QIAGEN Co.). The  recombination vector
pUCl9aph::oriT::intphiC3l shown in Fig.  4 was also digested with
restriction enzyme BamHI, and  blunt-ended with BKL Kit (Takara Bio
Inc.). The resulting  vector was connected to PepsmAB using DNA
Ligation Kit Ver.  2.1 (Takara Bio Inc.). Thus, the recombination piasmid
pAOC::PepsmAB having PepsmAB inserted into the  recombination vector
pUCl9aph::oriT::intphaiC3l was  constructed. Example 11: Preparation of
recombination piasmid containing  natural psmAB A primer DM-BgiF
(5'-CGCATAGATCTTCACCCGAGCGGGTGATCA- 3': see the Sequence
No. 35) having a BgiII site added to  the 5'-end and a primer DM-BgiR (5'
TCCCGAGATCTTGAAGGTCCGCGTCACCGT-3': see the Sequence No.
36)  having a BgiII site added to the 5'-end were designed and  prepared
with reference to the nucleotide sequence of the  Sequence No. 2. Next,
these two primers (DM-BgiF and DM- 91 BgJR) and the A-1544 genomic
DNA obtained in Reference  
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BglR) and the A-1544 genomic DNA obtained in Reference 

Example 2(1) as the template were used to carry out PCR 

reaction.  The PCR reaction was conducted by repeating a 

three-stage reaction including denaturing carried out at 

98°C for 20 seconds, annealing carried out at 63°C for 30 

seconds and elongation carried out at 68°C for 4 minutes 30 

times by using Takara LA Taq (Takara Bio Inc.) and a PCR 

amplifier (T Gradient, Biometra Co.).  A roughly 3.5 kbp 

DNA fragment (hereunder called PopsmAB) comprising natural 

psmA and psmB was collected from the PCR amplification 

reaction liquid by agarose gel electrophoresis and SUPREC 

01 (Takara Bio Inc.).  The resulting DNA fragment was 

digested with restriction enzyme BglII.  The 

pUC19aph::oriT::intphiC31 recombination vector shown in Fig. 

4 was also digested with restriction enzyme BamHI.  The 

resulting vector and PopsmAB were connected using DNA 

Ligation Kit Ver. 2.1 (Takara Bio Inc.).  A recombination 

plasmid pAOC::PopsmAB comprising PopsmAB inserted into the 

recombination vector pUC19aph::oriT::intphiC31 was thus 

constructed. 

Example 12: Introduction of recombination plasmids 

pUC19aph::oriT::intphiC31, pAOC::PepsmAB and pAOC::PopsmAB 

into Mer-11107. 

 The recombination vector pUC19aph::oriT::intphiC31 and 

the pAOC::PepsmAB and pAOC::PopsmAB obtained in Examples 10 

and 11 were each transformed into conjugated E. coli S17-1 

Example 2(1) as the template were used to carry out PCR  reaction. The
PCR reaction was conducted by repeating a  three-stage reaction
including denaturing carried out at  98C for 20 seconds, annealing carried
out at 63C for 30  seconds and elongation carried out at 68C for 4 minutes
30  times by using Takara LA Taq (Takara Bio Inc.) and a PCR  amplifier
(T Gradient, Biometra Co.). A roughly 3.5 kbp  DNA fragment (hereunder
called PopsmAB) comprising natural  psmA and psmB was collected from
the PCR amplification  reaction liquid by agarose gel electrophoresis and
SUPREC  01 (Takara Bio Inc.). The resulting DNA fragment was  digested
with restriction enzyme BgLII. The  pUCl9aph::oriT::intphiC31
recombination vector shown in Fig.  4 was also digested with restriction
enzyme BamHI. The  resulting vector and PopsmAB were connected
using DNA  Ligation Kit Ver. 2.1 (Takara Bio Inc.). A recombination
piasmid pAOC::PopsmAB comprising PopsmAB inserted into the
recombination vector pUCl9aph::oriT::intphiC31 was thus  constructed.
Example 12: Introduction of recombination piasmids
pUCl9aph::oriT::intphiC31, pAOC::PepsmAB and pAOC::PopsmAB  into
Mer-11107. The recombination vector pUCl9aph::oriT::intphiC31 and  the
pAOC::PepsmAB and pAOC::PopsmAB obtained in Examples 10  and 11
were each transformed into conjugated E. coli S17-1  92 (ATCC47055) by
electroporation to obtain S17- 
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(ATCC47055) by electroporation to obtain S17-

1/pUC19aph::oriT::intphiC31, S17-1/pAOC::PepsmAB and S17-

1/pAOC::PoepsmAB strains.  The resulting three strains were 

inoculated into 10 mL of LB medium (1% bacto tryptone, 0.5% 

yeast extract, 0.5% NaCl) comprising 25 µg/mL kanamycin and 

shaking cultured at 30°C for 2 hours, after which the 

mycelia were collected, washed twice with 10 mL of LB 

medium and suspended in 5 mL of LB medium.  These were the 

donor suspensions. 

 While the donor suspension was being prepared, Mer-

1107 was inoculated into 10 mL of TSB medium (Trypto-Soya 

broth: Nissui Seiyaku) and shaking cultured at 30°C for 5 

hours, after which the mycelia were collected, washed twice 

with 10 mL of sterile water and suspended in 1 mL of 

sterile water.  This was the recipient suspension.  500 µL 

of each of the donor suspensions of the obtained three 

strains above was mixed with 10 µL of the Mer-11107 

recipient suspension, and applied to Actino Medium No. 4 

agar medium.  After incubated at 30°C for 18 hours, these 

were covered with 2.5 mL of SNA (0.8% nutrient medium: 

Difco, 0.4% agar) comprising 2 mg/mL ribostamycin, and 

incubated at 30°C for 7 days to obtain ribostamycin-

resistant pUC19aph::oriT::intphiC31-transformed Mer-

11107::pAOC, pAOC::PepsmAB-transformed Mer-

11107::pAOC::PepsmAB and pAOC::PopsmAB-transformed Mer-

11107::pAOC::PopsmAB strains. 

1/pUCl9aph::oriT::intphiC31, S17-1/pAOC::PepsmAB and 517-
1/pAOC::PoepsmAB strains. The resulting three strains were  inoculated
into 10 mL of LB medium (1% bacto tryptone, 0.5%  yeast extract, 0.5%
NaCl) comprising 25 pg/mL kanamycin and  shaking cultured at 30C for 2
hours, after which the  mycelia were collected, washed twice with 10 mL
of LB  medium and suspended in 5 mL of LB medium. These were the
donor suspensions. While the donor suspension was being prepared,
Mer- 1107 was inoculated into 10 mL of TSB medium (Trypto-Soya  broth:
Nissui Seiyaku) and shaking cultured at 30C for 5  hours, after which the
mycelia were collected, washed twice  with 10 mL of sterile water and
suspended in 1 mL of  sterile water. This was the recipient suspension.
500 pL  of each of the donor suspensions of the obtained three  strains
above was mixed with 10 pL of the Mer-11107  recipient suspension, and
applied to Actino Medium No. 4  agar medium. After incubated at 30C for
18 hours, these  were covered with 2.5 mL of SNA (0.8% nutrient medium:
Difco, 0.4% agar) comprising 2 mg/mL ribostamycin, and  incubated at
30C for 7 days to obtain ribostamycin- resistant
pUCl9aph::oriT::intphiC31-transformed Mer- 11107::pAOC,
pAOC::PepsmAB-transformed Mer- 11107::pAOC::PepsmAB and
pAOC::PopsmAB-transformed Mer- 11107::pAOC::PopsmAB strains. 93
Example 13: Piadienolide production test of Mer-11107::pAOC  
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Example 13: Pladienolide production test of Mer-11107::pAOC 

strain, Mer-11107::pAOC::PepsmAB strain and Mer-

11107::pAOC::PopsmAB strain 

 The Mer-11107::pAOC strain, Mer-11107::pAOC::PepsmAB 

strain and Mer-11107::pAOC::PopsmAB strain obtain in 

Example 12 were tested for productivity of pladienolide B 

and its 16-position hydroxylate pladienolide D.  300 µL 

each of frozen seed of Mer-11107::pAOC, Mer-

11107::pAOC::PepsmAB and Mer-11107::pAOC::PopsmAB was 

inoculated into 20 mL of seed medium (soluble starch 2%, 

soy bean meal (ESUSAN-MEAT manufactured by Ajinomoto Co. 

Ltd.) 2%, yeast extract 0.3%, K2HPO4 0.1%, MgSO4·7H2O 0.25%, 

CaCO3 0.3%, pH not adjusted) and incubated at 25°C for 2 

days.  300 µL of the resulting seed culture broth was 

inoculated into 30 mL of main culture medium (soluble 

starch 5%, glucose 1%, Pharmamedia 3%, CaCO3 0.1%, pH 7.5) 

and incubated at 25°C for 4 days.  After the completion of 

the cultivation, the culture broth was extracted by 

addition of 9 times the amount of acetonitrile.  The 

amounts of pladienolide B and its 16-position hydroxide 

pladienolide D in the resulting extract were measured by 

HPLC.  The measurement results are shown in Table 6.  The 

HPLC measurement conditions were as follows. 

 Device: Shimadzu HPLC 10Avp 

 Column: Develosil ODS UG-3 (φ 4.6 mm × 50 mm 3 µm) 

 Mobile phase: 45% to 55% methanol (0 to 5 min) 

strain, Mer-11107::pAOC::PepsmAB strain and Mer-
11107::pAOC::PopsmAB strain The Mer-11107::pAOC strain,
Mer-11107::pAOC::PepsmAB  strain and Mer-11107::pAOC::PopsmAB
strain obtain in  Example 12 were tested for productivity of piadienolide B
and its 16-position hydroxylate piadienolide D. 300 pL  each of frozen
seed of Mer-11107::pAOC, Mer- 11107::pAOC::PepsmAB and
Mer-11107::pAOC::PopsmAB was  inoculated into 20 mL of seed medium
(soluble starch 2%,  soy bean meal (ESUSAN-MEAT manufactured by
Ajinomoto Co.  Ltd.) 2%, yeast extract 0.30, K2HPO4 0.10, MgSO4 7H2O
0.250,  CaCO3 0.3%, pH not adjusted) and incubated at 25C for 2  days.
300 pL of the resulting seed culture broth was  inoculated into 30 mL of
main culture medium (soluble  starch 5%, glucose 1%, Pharmamedia 3%,
CaCO3 0.10, pH 7.5)  and incubated at 25C for 4 days. After the
completion of  the cultivation, the culture broth was extracted by  addition
of 9 times the amount of acetonitrile. The  amounts of piadienolide B and
its 16-position hydroxide  piadienolide D in the resulting extract were
measured by  HPLC. The measurement results are shown in Table 6. The
HPLC measurement conditions were as follows. Device: Shimadzu HPLC
lOAvp Column: Develosii ODS UG-3 ((p 4.6 mm x 50 mm 3 pm)  Mobile
phase: 45% to 55% methanol (0 to 5 min) 94 55% methanol (5 to 13 min) 
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    55% methanol (5 to 13 min) 

    55% to 70% methanol (13 to 21 min) 

    70% methanol (21 to 25 min) 

 Flow rate: 1.2 mL/min 

 Detection: UV 240 nm 

 Injection volume: 5 µL 

 Column temperature: 40°C 

 Analysis time: 25 min 

 Retention time: Pladienolide B 12.4 min 

      Pladienolide D 4.3 min 

Table 6 

Mer-

11107::pAO

C strain

Mer-

11107::pAOC:

:PepsmAB

strain

Mer-

11107::pAOC:

:PopsmAB

strain

Pladienolide B

(mg/L)
243.0 309.0 241.3

Pladienolide D

(mg/L)
0.0 54.8 18.8

 

 While almost no production of pladienolide D was seen 

with Mer-11107::pAOC in which only the vector was 

introduced, pladienolide D was produced by the Mer-

11107::pAOC::PepsmAB and Mer-11107::pAOC::PopsmAB strains 

having introduced pAOC::PepsmAB and pAOC::PopsmAB.  This 

shows that direct production of pladienolide D can be 

achieved by introducing the pladienolide B 16-position 

hydroxylase gene psmAB into the pladienolide B producing 

strain Mer-11107. 

55% to 70% methanol (13 to 21 min)  70% methanol (21 to 25 min) Flow
rate: 1.2 mL/min  Detection: UV 240 nm  Injection volume: 5 }L  Column
temperature: 40C  Analysis time: 25 min Retention time: Piadienolide B
12.4 min  Piadienolide D 4.3 min  Table 6 Mer- Mer- Mer- l 1107::pAO
11107::pAOC: 11107::pAOC:  C strain :PepsmAB :PopsmAB strain strain
Pladienolide B 243.0 309.0 241.3  (mg/L) Pladienolide D 0.0 54.8 18.8
(mg/L) While almost no production of piadienolide D was seen  with
Mer-11107::pAOC in which only the vector was  introduced, piadienolide
D was produced by the Mer- 11107::pAOC::PepsmAB and
Mer-11107::pAOC::PopsmAB strains  having introduced pAOC::PepsmAB
and pAOC::PopsmAB. This  shows that direct production of piadienolide D
can be  achieved by introducing the piadienolide B 16-position
hydroxylase gene psmAB into the piadienolide B producing  strain
Mer-11107. 
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Example 14: Preparation of pPampsmAB comprising variant 

psmA 

 pPampasmAB-CLM, pPampsmAB-CLLM, pPampsmAB-CLFM and 

pPampsmAB-TY having mutations introduced using QuickChange™ 

Site-Directed Mutagenesis Kit with the pPapsmAB prepared in 

Example 1 as the template were prepared in order to add 

site-directed mutations to psmA. 

 Primers R91C-F and R91C-R (see the Sequence Nos. 37 

and 38) having the sequences shown below were first 

synthesized: 

R91C-F: 5’-TTCGCGGCCGTCTGCGACCGGCGGGTG-3’ 

R9AC-R: 5’-CACCCGCCGGTCGCAGACGGCCGCGAA-3’ 

and a mutation was introduced using  QuickChange™ Site-

Directed Mutagenesis Kit with pPapsmAB as the template, 

replacing the #91 arginine of PsmA with cysteine to prepare 

pPampsmAB-C. 

 Next, primers R195L-F and R195L-R (see the Sequence 

Nos. 39 and 40) having the sequences shown below were 

synthesized: 

R195L-F: 5’-TCGCAAGGGGCGCTCGAGCGGCTCGAG-3’ 

R195L-R: 5’-CTCGAGCCGCTCGAGCGCCCCTTCCGA-3’ 

and a mutation was introduced using QuickChange™ Site-

Directed Mutagenesis Kit with pPapsmAB-C as the template, 

replacing the #195 arginine of PsmA with leucine to prepare 

pPampsmAB-CL. 

 Next, primers L403M-F and L403M-R (see the Sequence 

95 Example 14: Preparation of pPampsmAB comprising variant  psmA
pPampasmAB-CLM, pPampsmAB-CLLM, pPampsmAB-CLFM and
pPampsmAB-TY having mutations introduced using QuickChangeTM
Site-Directed Mutagenesis Kit with the pPapsmAB prepared in  Example 1
as the template were prepared in order to add  site-directed mutations to
psmA. Primers R91C-F and R91C-R (see the Sequence Nos. 37  and 38)
having the sequences shown below were first  synthesized: R91C-F:
5'-TTCGCGGCCGTCTGCGACCGGCGGGTG-3'  R9AC-R:
5'-CACCCGCCGGTCGCAGACGGCCGCGAA-3' and a mutation was
introduced using QuickChangeTM Site- Directed Mutagenesis Kit with
pPapsmAB as the template,  replacing the #91 arginine of PsmA with
cysteine to prepare  pPampsmAB-C. Next, primers R195L-F and R195L-R
(see the Sequence  Nos. 39 and 40) having the sequences shown below
were  synthesized: R195L-F:
5'-TCGCAAGGGGCGCTCGAGCGGCTCGAG-3'  R195L-R:
5'-CTCGAGCCGCTCGAGCGCCCCTTCCGA-3' and a mutation was
introduced using QuickChangeTM Site- Directed Mutagenesis Kit with
pPapsmAB-C as the template,  replacing the #195 arginine of PsmA with
leucine to prepare  pPampsmAB-CL. Next, primers L403M-F and
L403M-R (see the Sequence  
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Nos. 41 and 42) having the sequences shown below were 

synthesized: 

L403M-F: 5’-ACGATCCAGGGGATGATGGAACTCCCCGTGA-3’ 

L403M-R: 5’-TCACGGGGAGTTCCATCATCCCCTGGATCG-3’ 

and a mutation was introduced using QuickChange™ Site-

Directed Mutagenesis Kit with pPapsmAB-CL as the template, 

replacing the #403 leucine of PsmA with methionine to 

prepare pPampsmAB-CLM. 

 Next, primers R236L-F and R236L-R (see the Sequence 

Nos. 43 and 44) having the sequences shown below were 

synthesized: 

R236L-F: 5’-AGCTGGACCGACTCGACGTGGTGGCGCTGG-3’ 

R236L-R: 5’-AGCGCCACCACGTCGAGTCGGTCCAGCTC-3’ 

and a mutation was introduced using QuickChange™ Site-

Directed Mutagenesis Kit with pPapsmAB-CLM as the template, 

replacing the #236 arginine of PsmA with leucine to prepare 

pPampsmAB-CLLM. 

 Next, primers I244F-F and I244F-R (see the Sequence 

Nos. 45 and 46) having the sequences shown below were 

synthesized: 

I244F-F: 5’-TGGCGCTGGCCGTCTTCCTGCTCGTGG-3’ 

I244F-R: 5’-CCACGAGCAGGAAGACGGCCAGCGCCACCA-3’ 

and a mutation was introduced using QuickChange™ Site-

Directed Mutagenesis Kit with pPapsmAB-CLM as the template, 

replacing the #244 isoleucine of PsmA with phenylalanine to 

prepare pPampsmAB-CLFM. 

96 Nos. 41 and 42) having the sequences shown below were
synthesized: L403M-F: 5'-ACGAICCAGGGGAIGAIGGAACICCCCGIGA-3'
L403M-R: 5'-ICACGGGGAGIICCAICAICCCCIGGAICG-3' and a mutation
was introduced using QuickChangeTM Site- Directed Mutagenesis Kit
with pPapsmAB-CL as the template,  replacing the #403 leucine of PsmA
with methionine to  prepare pPampsmAB-CLM. Next, primers R236L-F
and R236L-R (see the Sequence  Nos. 43 and 44) having the sequences
shown below were  synthesized: R236L-F:
5'-AGCIGGACCGACICGACGIGGIGGCGCIGG-3'  R236L-R:
5'-AGCGCCACCACGICGAGICGGICCAGCIC-3' and a mutation was
introduced using QuickChangeTM Site- Directed Mutagenesis Kit with
pPapsmAB-CLM as the template,  replacing the #236 arginine of PsmA
with leucine to prepare  pPampsmAB-CLLM. Next, primers 1244F-F and
1244F-R (see the Sequence  Nos. 45 and 46) having the sequences
shown below were  synthesized: 1244F-F:
5'-IGGCGCIGGCCGICIICCIGCICGIGG-3'  1244F-R:
5'-CCACGAGCAGGAAGACGGCCAGCGCCACCA-3' and a mutation was
introduced using QuickChangeTM Site- Directed Mutagenesis Kit with
pPapsmAB-CLM as the template,  replacing the #244 isoleucine of PsmA
with phenyiaianine to  prepare pPampsmAB-CLFM. 
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 Next, primers M112T-F and M112T-R (see the Sequence 

Nos. 47 and 48) having the sequences shown below were 

synthesized: 

M112T-F: 5’-CAGCGGCGGATGACGATCCCGTCGTTC-3’ 

M112T-R: 5’-GAACGACGGGATCGTCATCCGCCGCTG-3’ 

and a mutation was introduced using QuickChange™ Site-

Directed Mutagenesis Kit with pPapsmAB as the template, 

replacing the #112 methionine of PsmA with threonine to 

prepare pPampsmAB-T. 

 Finally, primers R195Y-F and R195Y-R (see the Sequence 

Nos. 49 and 50) having the sequences shown below were 

synthesized: 

R195Y-F: 5’-AGGGGCGCGCGAGTACCTCGAGGAGTACCT-3’ 

R195Y-R: 5’-GGTACTCCTCGAGGTACTCGCGCGCCCCTT-3’ 

and a mutation was introduced using QuickChange™ Site-

Directed Mutagenesis Kit with pPapsmAB-T as the template, 

replacing the #195 arginine of PsmA with tyrosine to 

prepare pPampsmAB-TY. 

Example 15: Preparation of introduction plasmid by double 

homologous recombination 

 In the belief that psmAB or variants thereof could be 

introduced by double homologous recombination using a 

nucleotide sequence comprising DNA participating in 

pladienolide biosynthesis that had already been determined 

in Reference Example 1 (7) determining the nucleotide 

sequence of the pladienolide biosynthesis gene cluster, 

97 Next, primers M1121-F and M1121-R (see the Sequence  Nos. 47 and
48) having the sequences shown below were  synthesized: M1121-F:
5'-CAGCGGCGGAIGACGAICCCGICGIIC-3'  M1121-R:
5'-GAACGACGGGAICGICAICCGCCGCIG-3' and a mutation was
introduced using QuickChangeTM Site- Directed Mutagenesis Kit with
pPapsmAB as the template,  replacing the #112 methionine of PsmA with
threonine to  prepare pPampsmAB-I. Finally, primers R195Y-F and
R195Y-R (see the Sequence  Nos. 49 and 50) having the sequences
shown below were  synthesized: R19SY-F:
5'-AGGGGCGCGCGAGIACCICGAGGAGIACCI-3'  R19SY-R:
5'-GGIACICCICGAGGIACICGCGCGCCCCII-3' and a mutation was
introduced using QuickChangeTM Site- Directed Mutagenesis Kit with
pPapsmAB-I as the template,  replacing the #195 arginine of PsmA with
tyrosine to  prepare pPampsmAB-IY. Example 15: Preparation of
introduction piasmid by double  homologous recombination In the belief
that psmAB or variants thereof could be  introduced by double
homologous recombination using a  nucleotide sequence comprising DNA
participating in  piadienolide biosynthesis that had already been
determined  in Reference Example 1 (7) determining the nucleotide
sequence of the piadienolide biosynthesis gene cluster, 
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along with neighboring DNA thereof, an introduction plasmid 

was prepared by the following methods. 

 The Four primers, pldout-L-Bgl2F, pldout-L-Sph1R, 

pldout-R-Sph1F and pldout-R-Bgl2R (see the Sequence Nos. 

51, 52, 53 and 54) having the sequences shown below, were 

synthesized based on the nucleotide sequence downstream 

from DNA participating in pladienolide biosynthesis in 

order to amplify a sequence for purposes of double 

homologous recombination: 

pldout-L-Bgl2F: 5’-GGGAGATCTGCAGGTCATCGGGGGGAAGAACCACA-3’ 

pldout-L-Sph1R: 5’-TCTCCAGCCGCATGCGGTCCCGGGTCACCGT-3’ 

pldout-R-Sph1F: 5’-CCCGCATGCGGCTGGAGATCATCCAGAGCGCA-3’ 

pldout-R-Bgl2R: 5’-GGGAGATCTAGAACATGCCGGGCCAGAGGCTGAC-3’ 

 These primers were used to run a PCR under the 

following conditions. 

(PCR reaction liquid composition) 

Sterile purified water      30 µL 

2x concentration GC buffer II     50 µL 

dNTP mixed solution (2.5 mM each dATP, dGTP, dTTP and dCTP) 

          16 µL 

pldout-L-Bgl2F or pldout-R-Sph1F (50 pmol/µL)  1 µL 

pldout-L-Sph1R or pldout-R-Bgl2R (50 pmol/µL)  1 µL 

Mer-11107 total DNA (100 ng/µL)    1 µL 

LA Taq polymerase (5u/µL, TAKARA HOLDINGS INC.) 1 µL 

(Reaction temperature conditions) 

95°C, 3 minutes        30 

98 along with neighboring DNA thereof, an introduction piasmid  was
prepared by the following methods. The Four primers, pidout-L-Bgl2F,
pidout-L-SphlR,  pidout-R-SphlF and pidout-R-Bgl2R (see the Sequence
Nos.  51, 52, 53 and 54) having the sequences shown below, were
synthesized based on the nucleotide sequence downstream  from DNA
participating in piadienolide biosynthesis in  order to amplify a sequence
for purposes of double  homologous recombination: pidout-L-Bgl2F:
5'-GGGAGATCTGCAGGTCATCGGGGGGAAGAACCACA-3'
pidout-L-SphlR: 5'-TCTCCAGCCGCATGCGGTCCCGGGTCACCGT-3'
pidout-R-SphlF: 5'-CCCGCATGCGGCTGGAGATCATCCAGAGCGCA-3'
pidout-R-Bgl2R:
5'-GGGAGATCTAGAACATGCCGGGCCAGAGGCTGAC-3' These
primers were used to run a PCR under the  following conditions. (PCR
reaction liquid composition) Sterile purified water 30 pL 2x concentration
GO buffer II 50 pL  dNTP mixed solution (2.5 mM each dATP, dGTP,
dTTP and dCTP)  16 pL pidout-L-Bgl2F or pidout-R-SphlF (50 pmol/pL) 1
pL  pidout-L-Sph1R or pidout-R-Bgl2R (50 pmol/pL) 1 pL  Mer-11107 total
DNA (100 ng/pL) 1 pL LA Taq polymerase (5u/pL, TAKARA HOLDINGS
INC.)1 pL  (Reaction temperature conditions) 95C, 3 minutes 30  
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cycles 

(98°C 20 sec, 65°C 30 sec, 68°C 3 min) 

72°C, 5 minutes 

 A 2.08 kb DNA fragment (DNA fragment LZ) was amplified 

from the reaction using pldout-L-Bgl2F and pldout-L-Sph1R, 

while a 2.73 kb DNA fragment (DNA fragment RX) was 

amplified from the reaction using pldout-R-Sph1F and 

pldout-R-Bgl2R.  DNA fragments LZ and RX were purified with 

QIAGEN PCR Purification Kit (QIAGEN Co.), and digested with 

restriction enzymes BglII and SphI. 

 Next, the two primers hyg-SpeSphF and hyg2-SphR (see 

the Sequence Nos. 55 and 56) having the sequences shown 

below were synthesized based on the nucleotide sequences 

for purposes of amplifying the hygromycin resistance gene: 

hyg-SpeSphF: 5’-GGGGCATGCGGACTAGTACACCGTCGCCTCGGT-3’ 

hyg2-SphR:  5’-GCCGCATGCGTCAGGCGCCGGGGGCGGTGT-3’ 

 These primer were used to run a PCR under the 

following conditions. 

(PCR reaction liquid composition) 

Sterile purified water      30 µL 

2x concentration GC buffer II    50 µL 

dNTP mixed solution (2.5 mM each dATP, dGTP, dTTP and dCTP) 

          16 µL 

hyg-SpeSphF (50 pmol/µL)     1 µL 

hyg2-SphR (50 pmol/µL)      1 µL 

Streptomyces hygroscopicus JCM 4772strain  1 µL 

99 cycles  (98C 20 sec, 65C 30 sec, 68C 3 min)  72C, 5 minutes A 2.08
kb DNA fragment (DNA fragment LZ) was amplified  from the reaction
using pidout-L-Bgl2F and pidout-L-SphlR,  while a 2.73 kb DNA fragment
(DNA fragment RX) was amplified from the reaction using pidout-R-SphlF
and  pidout-R-Bgl2R. DNA fragments LZ and RX were purified with
QIAGEN PCR Purification Kit (QIAGEN Co.), and digested with  restriction
enzymes BglII and SphI. Next, the two primers hyg-SpeSphF and
hyg2-SphR (see  the Sequence Nos. 55 and 56) having the sequences
shown  below were synthesized based on the nucleotide sequences  for
purposes of amplifying the hygromycin resistance gene:  hyg-SpeSphF:
5'-GGGGCATGCGGACTAGTACACCGTCGCCTCGGT-3'  hyg2-SphR:
S'-GCCGCATGCGTCAGGCGCCGGGGGCGGTGT-3' These primer were
used to run a PCR under the  following conditions. (PCR reaction liquid
composition) Sterile purified water 30 pL  2x concentration GC buffer II 50
pL dNTP mixed solution (2.5 mM each dATP, dGTP, dTTP and dCTP)  16
pL  hyg-SpeSphF (50 pmoi/pL) 1 pL  hyg2-SphR (50 pmoi/pL) 1 pL
Streptomyces hygroscopicus JCM 4772strain 1 pL 
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total DNA (100 ng/µL) 

LA Taq polymerase (5u/µL, TAKARA HOLDINGS INC.) 1 µL 

(Reaction temperature conditions) 

95°C, 6 minutes       30 cycles 

(98°C 20 sec, 63°C 30 sec, 68°C 2 min) 

72°C, 5 minutes 

 The 1.21 kb DNA fragment (DNA fragment hyg2) amplified 

as a result of this reaction was purified with QIAGEN PCR 

Purification Kit (QIAGEN Co.) and digested with restriction 

enzyme SphI. 

 The DNA fragments LZ and RX digested with restriction 

enzymes BglII and SphI, the DNA fragment hyg2 digested with 

restriction enzyme SphI and shuttle vector pKU253 (see Fig. 

3) digested with restriction enzyme BamHI were all 4 

connected together with DNA Ligation Kit Ver. 2.1 (Takara 

Bio Inc.).  Thus, a roughly 22 kb plasmid pKU253-LZ-hyg2-RX 

for double homologous recombination was constructed 

comprising pKU253 having inserted therein a roughly 6.0 kb 

DNA fragment comprising DNA fragment hyg2 inserted between 

DNA fragments LZ and RX. 

Example 16: Insertion of psmAB or variants thereof into 

introduction plasmid pKU253-LZ-hyg2-RX by double homologous 

recombination 

 The pPapsmAB constructed in Example 1 and the 

pPampsmAB-CLM, pPampsmAB-CLLM, pPampsmAB-CLFM and 

pPampsmAB-TY constructed in Example 14 were digested with 

100 total DNA (100 ng/pL) LA Taq polymerase (5u/pL, TAKARA
HOLDINGS INC.)l pL  (Reaction temperature conditions) 95C, 6 minutes
30 cycles  (98C 20 sec, 63C 30 sec, 68C 2 min) 72C, 5 minutes The 1.21
kb DNA fragment (DNA fragment hyg2) amplified  as a result of this
reaction was purified with QIAGEN PCR  Purification Kit (QIAGEN Co.)
and digested with restriction  enzyme SphI. The DNA fragments LZ and
RX digested with restriction  enzymes BgiII and SphI, the DNA fragment
hyg2 digested with  restriction enzyme SphI and shuttle vector pKU253
(see Fig.  3) digested with restriction enzyme BamHI were all 4 connected
together with DNA Ligation Kit Ver. 2.1 (Takara  Bic Inc.). Thus, a roughly
22 kb piasmid pKU253-LZ-hyg2-RX  for double homologous
recombination was constructed  comprising pKU253 having inserted
therein a roughly 6.0 kb  DNA fragment comprising DNA fragment hyg2
inserted between  DNA fragments LZ and RX. Example 16: Insertion of
psmAB or variants thereof into  introduction piasmid pKU253-LZ-hyg2-RX
by double homologous  recombination The pPapsmAB constructed in
Example 1 and the  pPampsmAB-CLM, pPampsmAB-CLLM,
pPampsmAB-CLFM and  pPampsmAB-TY constructed in Example 14
were digested with 
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restriction enzyme SpeI.  Each kind of DNA digested with 

restriction enzyme SpeI was electrophoresed (Mupid-ex: 

Advance) on 0.8% Certified™ Molecular Biology Agarose (BIO-

RAD), and the isolated 1.8 kbp DNA fragment comprising the 

pldA promoter and psmAB or variants thereof (hereunder 

sometimes called PapsmAB, PampsmAB-CLM, PampsmAB-CLLM, 

PapmsmAB-CLFM or PampsmAB-TY) was excised and collected and 

purified with QIAquick Gel Extraction Kit (QIAGEN Co.).  

The resulting DNA fragments (PapsmAB, PampsmAB-CLM, 

PampsmAB-CLLM, PapmsmAB-CLFM and PampsmAB-TY) were 

connected using DNA Ligation Kit Ver. 2.1 (Takara Bio Inc.) 

to the pKU253-LZ-hyg2-RX prepared in Example 15, which had 

been digested with restriction enzyme SpeI.  The respective 

DNA fragments (PapsmAB, PampsmAB-CLM, PampsmAB-CLLM, 

PapmsmAB-CLFM and PampsmAB-TY) were thus inserted upstream 

from the hyg2 of pKU253-LZ-hyg2-RX to construct the roughly 

24 kb plasmids pKU253-LZ-hyg2-PapsmAB-RX, pKU253-LZ-hyg2-

PampsmAB-CLM-RX, pKU253-LZ-hyg2-PampsmAB-CLLM-RX, pKU253-

LZ-hyg2-PampsmAB-CLFM-RX and pKU253-LZ-hyg2-PampsmAB-TY-RX 

for purposes of introducing psmAB or variants thereof by 

double homologous recombination. 

Example 17: Introduction of psmAB or variants thereof into 

Mer-11107 by double homologous recombination 

 The resulting pKU253-LZ-hyg2-PapsmAB-RX, pKU253-LZ-

hyg2-PampsmAB-CLM-RX, pKU253-LZ-hyg2-PampsmAB-CLLM-RX, 

pKU253-LZ-hyg2-PampsmAB-CLFM-RX and pKU253-LZ-hyg2-

101 restriction enzyme SpeI. Each kind of DNA digested with  restriction
enzyme SpeI was electrophoresed (Mupid-ex:  Advance) on 0.8%
CertifiedTM Molecular Biology Agarose (BIO- RAD), and the isolated 1.8
kbp DNA fragment comprising the  pldA promoter and psmAB or variants
thereof (hereunder  sometimes called PapsmAB, PampsmAB-CLM,
PampsmAB-CLLM,  PapmsmAB-CLFM or PampsmAB-TY) was excised
and collected and  purified with QlAquick Gel Extraction Kit (QIAGEN
Co.). The resulting DNA fragments (PapsmAB, PampsmAB-CLM,
PampsmAB-CLLM, PapmsmAB-CLFM and PampsmAB-TY) were
connected using DNA Ligation Kit Ver. 2.1 (Takara Bic Inc.)  to the
pKU253-LZ-hyg2-RX prepared in Example 15, which had  been digested
with restriction enzyme Spel. The respective  DNA fragments (PapsmAB,
PampsmAB-CLM, PampsmAB-CLLM,  PapmsmAB-CLFM and
PampsmAB-TY) were thus inserted upstream  from the hyg2 of
pKU253-LZ-hyg2-RX to construct the roughly  24 kb piasmids
pKU253-LZ-hyg2-PapsmAB-RX, pKU253-LZ-hyg2- PampsmAB-CLM-RX,
pKU253-LZ-hyg2-PampsmAB-CLLM-RX, pKU253-
LZ-hyg2-PampsmAB-CLFM-RX and pKU253-LZ-hyg2-PampsmAB-TY-RX
for purposes of introducing psmAB or variants thereof by  double
homologous recombination. Example 17: Introduction of psmAB or
variants thereof into  Mer-11107 by double homologous recombination
The resulting pKU253-LZ-hyg2-PapsmAB-RX, pKU253-LZ-
hyg2-PampsmAB-CLM-RX, pKU253-LZ-hyg2-PampsmAB-CLLM-RX,
pKU253-LZ-hyg2-PampsmAB-CLFM-RX and pKU253-LZ-hyg2 
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PampsmAB-TY-RX were each transformed by electroporation 

into conjugated E. coli S17-1 to obtain S17-1/pKU253-LZ-

hyg2-PapsmAB-RX, S17-1/pKU253-LZ-hyg2-PampsmAB-CLM-RX, S17-

1/pKU253-LZ-hyg2-PampsmAB-CLLM-RX, S17-1/pKU253-LZ-hyg2-

PampsmAB-CLFM-RX and S17-1/pKU253-LZ-hyg2-PampsmAB-TY-RX.  

The resulting S17-1/pKU253-LZ-hyg2-PapsmAB-RX, S17-

1/pKU253-LZ-hyg2-PampsmAB-CLM-RX, S17-1/pKU253-LZ-hyg2-

PampsmAB-CLLM-RX, S17-1/pKU253-LZ-hyg2-PampsmAB-CLFM-RX and 

S17-1/pKU253-LZ-hyg2-PampsmAB-TY-RX were inoculated into LB 

medium (1% bacto tryptone, 0.5% yeast extract, 0.5% NaCl) 

comprising 25 µg/mL of kanamycin and 100 µg/mL of 

hygromycin B and shaking cultured at 30°C for 2 hours, and 

the mycelia were collected, washed twice with 10 mL of LB 

medium and suspended in 5 mL of LB medium.  These were the 

donor suspensions. 

 While the donor suspensions were being prepared, Mer-

11107 was inoculated into 10 mL of TSB medium (Trypto-Soya 

broth: Nissui Seiyaku) and shaking cultured at 30°C for 5 

hours, and the mycelia were collected, washed twice with 10 

mL of sterilized water and suspended in 1 mL of sterilized 

water.  This was the recipient suspension.  500 mL each of 

the S17-1/pKU253-LZ-hyg2-PapsmAB-RX, S17-1/pKU253-LZ-hyg2-

PampsmAB-CLM-RX, S17-1/pKU253-LZ-hyg2-PampsmAB-CLLM-RX, 

S17-1/pKU253-LZ-hyg2-PampsmAB-CLFM-RX and S17-1/pKU253-LZ-

hyg2-PampsmAB-TY-RX donor suspensions was mixed with 10 µL 

of the Mer-11107 recipient suspension, and applied to 

102 PampsmAB-TY-RX were each transformed by electroporation  into
conjugated E. coli S17-1 to obtain S17-1/pKU253-LZ- hyg2-PapsmAB-RX,
S17-1/pKU253-LZ-hyg2-PampsmAB-CLM-RX, S17-
1/pKU253-LZ-hyg2-PampsmAB-CLLM-RX, S17-1/pKU253-LZ-hyg2-
PampsmAB-CLFM-RX and S17-1/pKU253-LZ-hyg2-PampsmAB-TY-RX.
The resulting S17-1/pKU253-LZ-hyg2-PapsmAB-RX, S17-
1/pKU253-LZ-hyg2-PampsmAB-CLM-RX, S17-1/pKU253-LZ-hyg2-
PampsmAB-CLLM-RX, S17-1/pKU253-LZ-hyg2-PampsmAB-CLFM-RX
and  S17-1/pKU253-LZ-hyg2-PampsmAB-TY-RX were inoculated into LB
medium (1% bacto tryptone, 0.5% yeast extract, 0.5% NaCl)  comprising
25 pg/mL of kanamycin and 100 pg/mL of  hygromycin B and shaking
cultured at 30C for 2 hours, and  the mycelia were collected, washed twice
with 10 mL of LB  medium and suspended in 5 mL of LB medium. These
were the  donor suspensions. While the donor suspensions were being
prepared, Mer- 11107 was inoculated into 10 mL of TSB medium
(Trypto-Soya  broth: Nissui Seiyaku) and shaking cultured at 30C for 5
hours, and the mycelia were collected, washed twice with 10  mL of
sterilized water and suspended in 1 mL of sterilized  water. This was the
recipient suspension. 500 mL each of  the
S17-1/pKU253-LZ-hyg2-PapsmAB-RX, S17-1/pKU253-LZ-hyg2-
PampsmAB-CLM-RX, S17-1/pKU253-LZ-hyg2-PampsmAB-CLLM-RX,
S17-1/pKU253-LZ-hyg2-PampsmAB-CLFM-RX and S17-1/pKU253-LZ-
hyg2-PampsmAB-TY-RX donor suspensions was mixed with 10 pL  of the
Mer-11107 recipient suspension, and applied to 
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Actino Medium No. 4 agar medium (Nippon Seiyaku).  After 18 

hours of culture at 30°C, this was covered with 2.5 mL of 

SNA (0.8% nutrient medium: Difco, 0.4% agar) comprising 2 

mg/mL of ribostamycin.  These were incubated at 30°C for 7 

days to obtain ribostamycin-resistant pKU253-LZ-hyg2-

PapsmAB-RX, pKU253-LZ-hyg2-PampsmAB-CLM-RX, pKU253-LZ-hyg2-

PampsmAB-CLLM-RX, pKU253-LZ-hyg2-PampsmAB-CLFM-RX and 

pKU253-LZ-hyg2-PampsmAB-TY-RX transformants. 

 The resulting pKU253-LZ-hyg2-PapsmAB-RX, pKU253-LZ-

hyg2-PampsmAB-CLM-RX, pKU253-LZ-hyg2-PampsmAB-CLLM-RX, 

pKU253-LZ-hyg2-PampsmAB-CLFM-RX and pKU253-LZ-hyg2-

PampsmAB-TY-RX transformants were each inoculated into 10 

mL of TSB medium containing no ribostamycin, and shaking 

cultured at 30°C for 24 hours.  Each of pKU253-LZ-hyg2-

PapsmAB-RX, pKU253-LZ-hyg2-PampsmAB-CLM-RX, pKU253-LZ-hyg2-

PampsmAB-CLLM-RX, pKU253-LZ-hyg2-PampsmAB-CLFM-RX and 

pKU253-LZ-hyg2-PampsmAB-TY-RX transformant culture liquid 

was collected and, washed twice with 10 mL of sterilized 

water and suspended in 10 mL of sterilized water.  Each 

suitably diluted suspension was applied to YMS agar medium 

(0.4% yeast extract, 1% wheat germ extract, 0.4% soluble 

starch, 2% agar, 10 mM calcium chloride) comprising 200 

µg/mL hygromycin B, and incubated at 30°C for 4 days.  

Single colonies growing in YMS agar medium comprising 

hygromycin B were transplanted to YMS agar medium 

comprising 200 µg/mL of hygromycin B and YMS agar medium 

103 Actino Medium No. 4 agar medium (Nippon Seiyaku). After 18  hours
of culture at 30C, this was covered with 2.5 mL of  SNA (0.8% nutrient
medium: Difco, 0.4% agar) comprising 2  mg/mL of ribostamycin. These
were incubated at 30C for 7  days to obtain ribostamycin-resistant
pKU253-LZ-hyg2- PapsmAB-RX, pKU253-LZ-hyg2-PampsmAB-CLM-RX,
pKU253-LZ-hyg2- PampsmAB-CLLM-RX,
pKU253-LZ-hyg2-PampsmAB-CLFM-RX and
pKU253-LZ-hyg2-PampsmAB-TY-RX transformants. The resulting
pKU253-LZ-hyg2-PapsmAB-RX, pKU253-LZ- hyg2-PampsmAB-CLM-RX,
pKU253-LZ-hyg2-PampsmAB-CLLM-RX,
pKU253-LZ-hyg2-PampsmAB-CLFM-RX and pKU253-LZ-hyg2-
PampsmAB-TY-RX transformants were each inoculated into 10  mL of
TSB medium containing no ribostamycin, and shaking  cultured at 30C for
24 hours. Each of pKU253-LZ-hyg2- PapsmAB-RX,
pKU253-LZ-hyg2-PampsmAB-CLM-RX, pKU253-LZ-hyg2-
PampsmAB-CLLM-RX, pKU253-LZ-hyg2-PampsmAB-CLFM-RX and
pKU253-LZ-hyg2-PampsmAB-TY-RX transformant culture liquid  was
collected and, washed twice with 10 mL of sterilized  water and
suspended in 10 mL of sterilized water. Each  suitably diluted suspension
was applied to YMS agar medium  (0.4% yeast extract, 1% wheat germ
extract, 0.4% soluble  starch, 2% agar, 10 mM calcium chloride)
comprising 200  pg/mL hygromycin B, and incubated at 30C for 4 days.
Single colonies growing in YMS agar medium comprising  hygromycin B
were transplanted to YMS agar medium  comprising 200 pg/mL of
hygromycin B and YMS agar medium 
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comprising 200 µg/mL of ribostamycin, and incubated at 30°C 

for 2 days.  After the cultivation, hygromycin B-resistant, 

ribostamycin-sensitive strains were selected.  The 

resulting strains were strains having the hygromycin B-

resistance gene hyg2 and psmAB or variants thereof inserted 

downstream in the genome (between nucleotides 73362 and 

73369 in the Sequence No. 1) from DNA participating in 

pladienolide biosynthesis, and were called Mer-11107-

ZX::hyg2::PapsmAB, Mer-11107-ZX::hyg2::PampsmAB-CLM, Mer-

11107-ZX::hyg2::PampsmAB-CLLM, Mer-11107-

ZX::hyg2::PampsmAB-CLFM and Mer-11107-ZX::hyg2::PampsmAB-

TY. 

Example 18: Pladienolide production by Mer-11107-

ZX::hyg2::PapsmAB, Mer-11107-ZX::hyg2::PampsmAB-CLM, Mer-

11107-ZX::hyg2::PampsmAB-CLLM, Mer-11107-

ZX::hyg2::PampsmAB-CLFM and Mer-11107-ZX::hyg2::PampsmAB-TY 

 500 µL each of frozen seed of the Mer-11107-

ZX::hyg2::PapsmAB, Mer-11107-ZX::hyg2::PampsmAB-CLM, Mer-

11107-ZX::hyg2::PampsmAB-CLLM, Mer-11107-

ZX::hyg2::PampsmAB-CLFM and Mer-11107-ZX::hyg2::PampsmAB-TY 

obtained in Example 17 was inoculated into 25 mL of seed 

medium (soluble starch 2%, soy bean meal (ESUSAN-MEAT 

manufactured by Ajinomoto Co. Ltd.) 2%, yeast extract 0.3%, 

K2HPO4 0.1%, MgSO4·7H2O 0.25% CaCO3 0.3%, pH not adjusted) 

and incubated at 25°C for 3 days.  300 µL of the resulting 

seed culture broth was inoculated into 30 mL of main 

104 comprising 200 pg/mL of ribostamycin, and incubated at 30C  for 2
days. After the cultivation, hygromycin B-resistant,  ribostamycin-sensitive
strains were selected. The resulting strains were strains having the
hygromycin B- resistance gene hyg2 and psmAB or variants thereof
inserted  downstream in the genome (between nucieotides 73362 and
73369 in the Sequence No. 1) from DNA participating in  piadienolide
biosynthesis, and were called Mer-11107- ZX::hyg2::PapsmAB,
Mer-11107-ZX::hyg2::PampsmAB-CLM, Mer-
11107-ZX::hyg2::PampsmAB-CLLM, Mer-11107-
ZX::hyg2::PampsmAB-CLFM and Mer-11107-ZX::hyg2::PampsmAB- TY.
Example 18: Piadienolide production by Mer-11107- ZX::hyg2::PapsmAB,
Mer-11107-ZX::hyg2::PampsmAB-CLM, Mer-
11107-ZX::hyg2::PampsmAB-CLLM, Mer-11107-
ZX::hyg2::PampsmAB-CLFM and Mer-11107-ZX::hyg2::PampsmAB-TY
500 pL each of frozen seed of the Mer-11107- ZX::hyg2::PapsmAB,
Mer-11107-ZX::hyg2::PampsmAB-CLM, Mer-
11107-ZX::hyg2::PampsmAB-CLLM, Mer-11107-
ZX::hyg2::PampsmAB-CLFM and Mer-11107-ZX::hyg2::PampsmAB-TY
obtained in Example 17 was inoculated into 25 mL of seed  medium
(soluble starch 2%, soy bean meal (ESUSAN-MEAT  manufactured by
Ajinomoto Co. Ltd.) 2%, yeast extract 0.3%,  K2HPO4 0.1%, MgSO4
7H2O 0.25% CaCO3 0.3%, pH not adjusted)  and incubated at 25C for 3
days. 300 pL of the resulting  seed culture broth was inoculated into 30
mL of main 
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cultured medium (soluble starch 5%, glucose 1%, Pharmamedia 

3%, SoyPro 1%, adekanol LG-126 0.05%, β-CD 2.0%, CaCO3 

0.1%, pH 7.5), and incubated at 25°C for 6 days. 

 After the completion of the cultivation, the resulting 

culture broth was extracted by addition of 4 times the 

amount of acetonitrile.  The amounts of pladienolide D, 

pladienolide H13 corresponded the 20-position hydroxyl 

pladienolide D, pladienolide C2 corresponded the 21-

position carbonyl pladienolide D and pladienolide C3 

corresponded the 20-position hydroxyl and 21-position 

carbonyl pladienolide D in the resulting extract were 

measured by HPLC.  The measurement results are shown in 

Table 7.  The HPLC measurement conditions were as follows. 

(HPLC analysis conditions) 

 Device: Shimadzu HPLC 10Avp 

 Column: Develosil ODS UG-3 (4.6 mm × 50 mm 3 µm) 

 Mobile phase: 20% to 35% acetonitrile (0 to 13 min) 

       35% to 100% acetonitrile (13 to 17 min) 

       20% acetonitrile (17 to 22 min) 

 Flow rate:  1.0 mL/min 

 Detection:  UV 240 nm 

 Injection volume: 5 µL 

 Column temperature: 40°C 

 Analysis time: 22 minutes 

 Retention time:  Pladienolide H13: 5.5 min 

     Pladienolide C3: 8.3 min 

105 cultured medium (soluble starch 5%, glucose 1%, Pharmamedia  3%,
SoyPro 1%, adekanoi LG-126 0.05%, a-CD 2.0%, CaC03  0.1%, pH 7.5),
and incubated at 25C for 6 days. After the completion of the cultivation,
the resulting  culture broth was extracted by addition of 4 times the
amount of acetonitrile. The amounts of piadienolide D,  piadienolide H13
corresponded the 20-position hydroxyl  piadienolide D, piadienolide C2
corresponded the 21- position carbonyl piadienolide D and piadienolide
C3  corresponded the 20-position hydroxyl and 21-position  carbonyl
piadienolide D in the resulting extract were  measured by HPLC. The
measurement results are shown in  Table 7. The HPLC measurement
conditions were as follows.  (HPLC analysis conditions) Device: Shimadzu
HPLC lOAvp Column: Develosil ODS UG-3 (4.6 mm x 50 mm 3 pm)
Mobile phase: 20% to 35% acetonitrile (0 to 13 min)  35% to 100%
acetonitrile (13 to 17 min)  20% acetonitrile (17 to 22 min) Flow rate: 1.0
mL/min  Detection: UV 240 nm  Injection volume: 5 pL  Column
temperature: 40C  Analysis time: 22 minutes Retention time: Piadienolide
H13: 5.5 min  Piadienolide C3: 8.3 min 
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     Pladienolide D: 9.0 min 

     Pladienolide C2: 11.1 min 

106 Pladienolide D: 9.0 min  Pladienolide C2: 11.1 min  107 Table 7 }  o,
E ,~ o >' m co m r  t _ t ('M O l6 00  cx y r r  N cu 0  ~ .. pp c  o N Q f0 a N
I M LL) r t CL CO N 0 Cl)  XEJ N d U jQ E c,4 Cl)  t E M (O cli N M N I N O
~ E J r r  EL U m N V r  
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Table 7 

 

Q '.- c~ OC) r.. - r CO n 1 v N v rn  al j< nN E  m  d c b 'co LO am Cl) 00 N
Co  r Q I M fh O r- M (O m 00 Cl)  r r r E  ~!N1 O_ m  a M M  r M N U  "~O
0) O M a r  o C O C C c  E T) N N N t -0 -0 a m m m a y  n d d 0  a  108 



 109 

 As a result, large amounts of the pladienolide 

degradation products pladienolide H13, pladienolide C2 and 

pladienolide C3 were produced together with pladienolide D 

by Mer-11107-Zx:hyg2::PapsmAB having introduced PapsmAB, 

while with Mer-11107-ZX::hyg2::PampsmAB-CLM, Mer-11107-

ZX::hyg2::PampsmAB-CLLM, Mer-11107-ZX::hyg2::PampsmAB-CLFM 

and Mer-11107-ZX::hyg2::PampsmAB-TY introduced with 

PampsmAB-CLM, PampsmAB-CLLM, PampsmAB-CLFM and PampsmAB-TY, 

pladienolide D was produced but production of the 

pladienolide degradation products pladienolide H13, 

pladienolide C2 and pladienolide C3 was reduced to 

approximately one quarter.  These results suggested that by 

introducing variants of the pladienolide B 16-position 

hydroxylating enzyme gene psmAB into the pladienolide B-

producing strain Mer-11107 it is possible to achieve direct 

production of pladienolide D while reducing production of 

pladienolide D degradation products. 

As a result, large amounts of the piadienolide  degradation products
piadienolide H13, piadienolide C2 and  piadienolide C3 were produced
together with piadienolide D  by Mer-11107-Zx:hyg2::PapsmAB having
introduced PapsmAB,  while with Mer-11107-ZX::hyg2::PampsmAB-CLM,
Mer-11107- ZX::hyg2::PampsmAB-CLLM,
Mer-11107-ZX::hyg2::PampsmAB-CLFM  and
Mer-11107-ZX::hyg2::PampsmAB-TY introduced with  PampsmAB-CLM,
PampsmAB-CLLM, PampsmAB-CLFM and PampsmAB-TY,  piadienolide
D was produced but production of the  piadienolide degradation products
piadienolide H13,  piadienolide C2 and piadienolide C3 was reduced to
approximately one quarter. These results suggested that by  introducing
variants of the piadienolide B 16-position  hydroxyiating enzyme gene
psmAB into the piadienolide B- producing strain Mer-11107 it is possible
to achieve direct  production of piadienolide D while reducing production
of  piadienolide D degradation products. 109 Claims  1. A variant of DNA
comprising the continuous nucleotide sequence of nucleotides 1322 to
2548 in the  Sequence No. 2 which have 1 or 2 or more modified sites
selected from the group consisting of 1) to 6) below: 1) a modified site
wherein the sequence cgc of nucleotides  1592 to 1594 is modified to a
codon encoding an amino acid  other than arginine; 2) a modified site
wherein the sequence atg of nucleotides  
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Claims 

 

 1.  A variant of DNA comprising the continuous 

nucleotide sequence of nucleotides 1322 to 2548 in the 

Sequence No. 2 which have 1 or 2 or more modified sites 

selected from the group consisting of 1) to 6) below: 

1) a modified site wherein the sequence cgc of nucleotides 

1592 to 1594 is modified to a codon encoding an amino acid 

other than arginine; 

2) a modified site wherein the sequence atg of nucleotides 

1655 to 1657 is modified to a codon encoding an amino acid 

other than methionine; 

3) a modified site wherein the sequence cgc of nucleotides 

1904 to 1906 is modified to a codon encoding an amino acid 

other than arginine; 

4) a modified site wherein the sequence cgc of nucleotides 

2027 to 2029 is modified to a codon encoding an amino acid 

other than arginine; 

5) a modified site wherein the sequence atc of nucleotides 

2054 to 2056 is modified to a codon encoding an amino acid 

other than isoleucine; and 

6) a modified site wherein the sequence ctg of nucleotides 

2528 to 2530 is modified to a codon encoding an amino acid 

other than leucine. 

 2.  A variant of DNA comprising the continuous 

nucleotide sequence of nucleotides 1322 to 2548 in the 

1655 to 1657 is modified to a codon encoding an amino acid  other than
methionine; 3) a modified site wherein the sequence cgc of nucleotides
1904 to 1906 is modified to a codon encoding an amino acid  other than
arginine; 4) a modified site wherein the sequence cgc of nucleotides  2027
to 2029 is modified to a codon encoding an amino acid  other than
arginine; 5) a modified site wherein the sequence atc of nucleotides  2054
to 2056 is modified to a codon encoding an amino acid  other than
isoleucine; and 6) a modified site wherein the sequence ctg of nucleotides
2528 to 2530 is modified to a codon encoding an amino acid  other than
leucine. 2. A variant of DNA comprising the continuous  nucleotide
sequence of nucleotides 1322 to 2548 in the  110 Sequence No. 2 which
have 1 or 2 or more modified sites  selected from the group consisting of
1) to 6) below: 1) a modified site wherein the sequence cgc of nucleotides
1592 to 1594 is modified to a codon encoding cysteine,  methionine or
proline; 2) a modified site wherein the sequence atg of nucleotides  1655
to 1657 is modified to a codon encoding threonine or  serine; 3) a modified
site wherein the sequence cgc of nucleotides  1904 to 1906 is modified to
a codon encoding leucine,  
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Sequence No. 2 which have 1 or 2 or more modified sites 

selected from the group consisting of 1) to 6) below: 

1) a modified site wherein the sequence cgc of nucleotides 

1592 to 1594 is modified to a codon encoding cysteine, 

methionine or proline; 

2) a modified site wherein the sequence atg of nucleotides 

1655 to 1657 is modified to a codon encoding threonine or 

serine; 

3) a modified site wherein the sequence cgc of nucleotides 

1904 to 1906 is modified to a codon encoding leucine, 

isoleucine, proline, tyrosine or phenylalanine; 

4) a modified site wherein the sequence cgc of nucleotides 

2027 to 2029 is modified to a codon encoding leucine, 

isoleucine or proline; 

5) a modified site wherein the sequence atc of nucleotides 

2054 to 2056 is modified to a codon encoding phenylalanine 

or valine; and 

6) a modified site wherein the sequence ctg of nucleotides 

2528 to 2530 is modified to a codon encoding methionine, 

cysteine or isoleucine. 

 3.  A variant of DNA comprising the continuous 

nucleotide sequence of nucleotides 1322 to 2548 in the 

Sequence No. 2 which have 1 or 2 or more modified sites 

selected from the group comprising 1) to 6) below: 

1) a modified site wherein the sequence cgc of nucleotides 

1592 to 1594 is modified to a codon encoding cysteine; 

isoleucine, proline, tyrosine or phenylalanine; 4) a modified site wherein
the sequence cgc of nucleotides  2027 to 2029 is modified to a codon
encoding leucine,  isoleucine or proline; 5) a modified site wherein the
sequence atc of nucleotides  2054 to 2056 is modified to a codon
encoding phenylalanine  or valine; and 6) a modified site wherein the
sequence ctg of nucleotides  2528 to 2530 is modified to a codon
encoding methionine,  cysteine or isoleucine. 3. A variant of DNA
comprising the continuous  nucleotide sequence of nucleotides 1322 to
2548 in the  Sequence No. 2 which have 1 or 2 or more modified sites
selected from the group comprising 1) to 6) below: 1) a modified site
wherein the sequence cgc of nucleotides  1592 to 1594 is modified to a
codon encoding cysteine; 111 2) a modified site wherein the sequence atg
of nucleotides  1655 to 1657 is modified to a codon encoding threonine; 3)
a modified site wherein the sequence cgc of nucleotides  1904 to 1906 is
modified to a codon encoding leucine or  tyrosine; 4) a modified site
wherein the sequence cgc of nucleotides  2027 to 2029 is modified to a
codon encoding leucine; 5) a modified site wherein the sequence atc of
nucleotides  2054 to 2056 is modified to a codon encoding phenylalanine;
and 
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2) a modified site wherein the sequence atg of nucleotides 

1655 to 1657 is modified to a codon encoding threonine; 

3) a modified site wherein the sequence cgc of nucleotides 

1904 to 1906 is modified to a codon encoding leucine or 

tyrosine; 

4) a modified site wherein the sequence cgc of nucleotides 

2027 to 2029 is modified to a codon encoding leucine; 

5) a modified site wherein the sequence atc of nucleotides 

2054 to 2056 is modified to a codon encoding phenylalanine; 

and 

6) a modified site wherein the sequence ctg of nucleotides 

2528 to 2530 is modified to a codon encoding methionine. 

 4.  A polypeptide encoded by the variant of DNA 

according to any of Claims 18 to 20. 

 

6) a modified site wherein the sequence ctg of nucleotides  2528 to 2530
is modified to a codon encoding methionine.  4. A polypeptide encoded by
the variant of DNA according to any of Claims 18 to 20.  112 


