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 Impertantihioactive 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.stuctyre (hereunder galledpolyketide compounds). Compounds
having various bio ogica ?unctlons are known mclupdfng or example the
aptibacteriab agentseptbnormy¥CiBe JSAMYCIO s iHeSIBh dNitecatayCa @Neh
mycinamicin, the antifungal agents nystatin and amphotericin, the
insecticidal agents milbemycin and avermectin, the immune suppressors
t%cjfte)ﬂgwosfar%ql raq%r\ggg@i gfrgd the anti-tumor agents daunomycin,
adriamycin, acFacmomycm and the like. The polyketide compounds include a

group ofynagralidend compaunds with excellent anti-tunmaraetivity called
pladienolides. "Pladienolide"” is a general term for a group of compounds
discovered #m caltgrerefithes Streptehiycesysp. Mer-44107 stfaincand more
than 50

hydroxyl macrolide compounds, and to methods for producing
l6-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



relatives are known, beginning with 111073 (also called pladienolide 3),
which is represented by the formula (A) below (See WO 2002/060890). Jo
OH OHO 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
progitee: Hdefficientlyebeeausenits praductivity-sdaferior i@ thatokd11073. 2 0
JOR OHO OO OH OH () (wherein R is a hydrogen atom or hydroxyl
gPaas) THeldsimpoundieprésernéddsy thesfornifa ¢H hay Hem chfiéd ME-282
when R is 2 hydrogen atom and L1070 or pladignolide puhen Ris a
h%ro | group. ATesearc group inc udllng the app(ﬁcants in 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) .

(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.



present application has subsequently discovered actinomycetes which
hydroxylates the 16-position of 111073 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 111073 (DNA encoding for 16-position
hydroxylating enzyme and those ferredoxins) frof@ these actinomycetes, and
have submitted a patent application therefor (seg¢ WO-A 2005/052152
published on June 9, 2005). We have also obtainedgnd identified from the
pladienolide-producing strain Streptomyces sp. Mer-11107 _polypeptides
participating in biosynthesis of 111073 and DNA entCodipgthose

become possible
than before by

hydroxyl substamces using ‘oth@Hactinomycetes capable of the 16-gdsjtion
hydroxylation reaction. However, because of the two-stage reaction, the
operational difficalty is:doublet andhithas beendhgfeforedesired to
establish a more efficient production method. Cases are known in which a

gene codifigToFRRBlTzymE whRH modities & polyketite®cdmpdlind I1ss been

"g§¥%§§Q@9282 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 l6-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 1l6-position hydroxylation
reaction of 11107B (DNA encoding for l6-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



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.O
that preduees tegacenomycin C (see J. Bacteriol. 1995, Vol. 177,
6126-6136). Cases are also known in which a polyketide compound

biosynthésisgertd hastretimtiericed so A 6B eksesselomia Stain
hﬁvﬁ‘ﬁo%@d?“éé{g‘s%%’avﬁé%hf mn?od”il,e%IJ}%BQQ’I'ffid%tfﬁom%’é’%‘é’fere%“'“”9 in

diréct production of a po yketfde compound modi ied by an enzyr%e originally

presentdnthe A hostssteaine ker example i it hasHeen repoarted thad directver
production of 6-hydroxy-tetracenomycin C can be achieved by introducing
tHe tétracerionycifi C higsyithesishyarne 6f St ptdmyces giardestens'GLA.0

into Streptomyces fradiae Tu F7_17 which possesses an enzyme that .
RGO he'd Bos of (4Eenomy e Gas 3, BAGILA. 199857

147, 6126:6130){n-seme cases, rroduction of @ modified,polyketide
compound can be achieved with a strain of a different species by introducing
they polyketide icompeand biosyntHesisvgenelahagenefenbedingarstage
enzyme which modifies the polyketide compound to%ether into a strajn of a

difféteht Epecid FEFEHAMPBRE 1t Fas besh repored tRRPUFEEt Produttidr df
Sngg”Bﬁg96¥é%éﬂﬁgg¥¥éﬁeé%W§§%§B@§¥§da 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



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
ahiity tapreduce therlG=pasitiva, hydroxylsmaceslide-gompatinthepresenied
by the above formula (I). Another object is to provide a method of producing
aPrepositiorrhydrokylicreiide 5 'eorffaaRd Tihg tHese Reombihantd by
migtoorganisms. \n.an effot to fesolve the aforemenyigned problems, the
inventors used genetic englneerlnd/ methods to p¥epare ](Brge
mieragrganismas having-beththe previausly isolated: gnshideatfied DNAe
participating in biosynthesis of 111073 and DNA participating in a 16-position
hydrokylation icdctiohs 6 E67 3 narsd BY&ye hAle folind tivatya 4 6epodition ©

hyro) macrolide compound accumujated in laige guanfities jngbe
r susltllng clilthire bfoth” us, i/hey accompfished the present invention. %at

is, the presentinvention relates to the following (1) to (21). (1) A recombinant
microorganism, which is a microorganism having ability to produce
16-positions hydroyes aracrplidd conipounds eepresehteriby the fermdla (1) :

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 l6-position hydroxyl macrolide



JOR OHO OO OH OH (l) (wherein R represents a hydrogen atom or
hydroxyl group), and, which comprises: (a) DNA encoding wholly or partially
a polypeptide 6 participating in biosynthesis of the macrolide compounds
represented by the formula (I1): JoR OH O O O OH (ll) (wherein R
represents a hydrogen atom or hydroxyl group); and (b) DNA encoding
whetlyareartiaiy. @ polypeptide chaing rib-posttioadydroxylating enzyme
activity with respect to the macrolide compounds represented by the above

formulalll)2[2)Fhé Fécombifaiit hirréoryahisthdescribers @) owfsten
desgribed in the above.(a) is DNA encodirg{ge tv%%%lg or partially a

:a%?“y%glg\%%%“hﬁxﬁﬁgup%‘?y e%%éetsiy(ﬁthe&gégeae&ﬁ/ﬁ , & polypeptide ﬁg\?i%%re
7{@RSIAN microorganisms having both the previously isolated
and identified DNA participating in biosynthesis of 11107B
and DNA participating in a 1l6-position hydroxylation
reaction of 11107B, and they have found that a 1l6-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 l6-position

hydroxyl macrolide compounds represented by the formula

(I):

(I)
(wherein R represents a hydrogen atom or hydroxyl group),
and, which comprises:

(a) DNA encoding wholly or partially a polypeptide



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;
(22 the coatinngus muclectide: seguence ot nucleptitlesi a8024rtp 42098 in
the sequence No. 1; (a-3) the continuous nucleotide sequence of nucleotides
49384966026 Irthe SediremeeNo( 11 (a-4) the continuous nucleotide
sequence of nucleotides 60269 to 65692 in the sequence No. 1; (a-5) the
continuous nucleotide sequence of nucleotides 8160 to 66970 in the
sequence No. 1; (a-6) the continuous nucleoti@eii%ence of nucleotides
69568 to 68270 in the sequence No. 1; and (a-7) thejcontinuous nucleotide
sequence of nucleotides 72725 to 70020 in the segagence Ro. 1, or a variant
thereof. (4) The recombinant microorganism de 2) or (3), wherein
the DNA described under (a) above further<inclygdes DNA encoding wholly or
ptide having 6-position hydr xylatifly enzyme activity. (5)
lgroprganism.descriked in {4), wherein the DNA encoding

The recombipant

activity is DNA

(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



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
sequenee No.93Hb42) theeconrttnuausenueleotige sequence of nucleotides 420
to 1604 in the sequence No. 3; and (b-3) the continuous nucleotide sequence
of Auélectide sy 1BUBEB MARECSSG N NS AC o afvarisittRerstTs (7)

T%?é%o%biQ%(B@igf%;{(%%nism described in any one of (1) to (6), wherein

th A represente above is_a variant bf DNA comprising the
coatinyous auglaotiden sequenee of Nudleatidas 1322 4a 25481i8dhede s
sequence No. 2 which has 1 or 2 or more modified sites selected from the
gfddp eohsisting ot tot@)belowsd) eemdeified site wherein the sequence

g%c_ol nucleotides 1592 to 1594 is mgglfled to a codon_encoding an.amino

a the continuoug, nuc ride sequence, o ¢} 1des
| othérthan arginine; 5) a moditied Sit€ Wherein the sequence a% of

ngolessides 468510:165%.is medified-to asodon encoding an amino acid
other than methionine; 3) a modified site wherein the sequence cgc of
nleleotidese 1904 1619065 istmodified! ttra codoprercoding anlaminolasid
ogg¥ggagéﬂgggg%;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:



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
madified ta@ cedan encadinguan amina«acie caiket ¢hart leucine o(8)dEwe
recombinant microorganism described in any one of (1) to (6), wherein the
DA tepresentéd by (B abdveisrasaiant 6f DNA comprising the

continuous nucleotide sequence of nucleotides 1322 tq 2548.in (tjpe
sdquanios No. 3 Whidh has 1 o1 2 oF more modiiad sites Sdlected famtha”
greup eonsistingref 19dg@elows 1) &;medified site wherein the sequence
cgc of nucleotides 1592 to 1594 is modified to a codon encoding cysteine,
methionifé or profine @is modified sittawhersintiie sefueneesayofes 172
ngglelo%i S, %65 eto818657eiscrgo§]1(i;‘ied4to a rcoglonaerncaoqain% tgreoon'ne or
SErine; )?almoal ied Site wherein the éequencevcgcl of nucféo]fi%es "1904 to
1906 is medified to-a £QEORLNRCAMiRG deucing i ispledeine; pealing, tyrgsing or
phenylalanine; 4) a modified site wherein the sequence cgc of nucleotides
2027 t6)2029 istrhodiflert toia codenbélicoding degcined isolelbineedoproline;

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



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
representechby by abavers ;a yadant of DNA comprising the continuous
nucleotide sequence of nucleotides 1322 to 2548 in the sequence No. 2
whickt hBeE 61 2brihbfe WHiGdifiéd sites seteitedFfornttfieC§rolly e6ASsEAG of

1% ) below:.1) a modifieg site wherein 'gge sequence cgc of nucleotides

1R85 0 o0 Bt o & Caon EncOttal e B mathheg St
whetrein thessequencenatg of nucleotides 1655 to 1657 is modified to a codon
encoding threonine; 3) a modified site wherein the sequence cgc of

nucleotides M9D4rtCcPade isfodified & atoticineAcsdingledcine eny one
tyrosine; 4) a modified site wherein sequence cgc of nucleqtides 2027 to
o e S R R e e e G0

W [SHB . . aoove S
mo t6 a'codon encoding leucinie; 5) a modi wherein the

sgaquence atc of ngleatides: 2054402056-istmodifiedto,a codonsercoding
phenylalanine; and 6) a modified site wherein the sequence ctg of
necleotides 25281012530 isemodified tora cotidnienddding methicingo (10)

The recombinant microorganism described in (1),
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

10



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
(a2akove dedved fromaidiffesantspeciesddi?) e tgcombindni onine,
microorganism described in (1), comprising a host having none of the DNA
degéfised ander L&) ditriB)sabove into which has been incorporated the
DA, degeriged urdler horh (e) and (b) abous deriver from, diferer species.
(13) The recombinant microorganism escrived in any of 13 toj(izi herein
ther regombinan ymicreerganisrhaving. theghilitytoderogiicedhe i-pesition
hydroxyl macrolide compound represented by the formula (1) is a strain
belomjingté Stieptbfyeesrydrius: {14 Theretbmbinannifcroorgasism

described in apy of (1) to.(13), ein 50 or, more of the 16-position
S T MR TS e od By Ane Ton i (B s of

culture broth canbe preduced whenthe: secembinanfamicrerganism ishe
inoculated into a 250 mL Erlenmeyer flask containing 30 mL of the following
negium, coulturediat25C fon 4 tdays)witk Yotary shaking (220 rpm) and
extracted by addition of 270 mL of acetonitrile, and the resulting extract is

aﬁéw%é&ﬂ%}ﬁﬁﬁi:%%H%rﬂggrein 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

11



following measurement conditions to assay the amount of the 16-position
hydroxyl macrolide compound represented by the 12 formula (1). (Medium)
Soluble starch 5%, glucose 1%, Pharmamedia 3%, CaCO3 0.1%, pH 7.5
(HPLC measurement conditions) Device: Shimadzu HPLC IOAvp Column:
Develosil ODS UG-3 (T 4.6 mm x 50 mm 3 um) Mobile phase: 45%-55%
megthanek(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 Injétion Y&rike > HP 1 ColinmAitehfeeiatires B0es p15) R ethdd Gf) -

progucing 46;pgsifion.nydroxyl, macrolige compounds repiesented) by ing.
formula ( or p%armaco ogically acceptable salts thereof, orehydra es of
themowherein thesesembinantmicreorganisne deseribed #r iayuotithde (14)
is cultured in nutritious medium, and the 16-position hydroxyl macrolide
codmporisrepresentedisprthe feirhbfr @y areesitééted from the culture

broth thereof, (16) The method described in (15), wherein a cyclodextrin is
e B e

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 l6-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

l6-position hydroxyl macrolide compound represented by the

12



cyclodextrin is a cyclodextrin selected from the group 13 consisting of
3-cyclodextrin, y-cyclodextrin, partially methylated 3-cyclodextrin,
dimethyl-3-cyclodextrin, trimethyl-3-cyclodextrin, glycosyl-3-cyclodextrin and
hydroxypropyl-3-cyclodextrin. (18) A variant of DNA comprising the
continuous nucleotide sequence of nucleotides 1322 to 2548 in the
sequence Na. )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
cg¥dt Hifeleotides 1592 to 1594 is modified to a codon encoding an amino

acid otper than arginine; 2)a m?ified site wheyein the sequence
mcleots TCS 150 B otiad ts & e SEEAo A Aedino
otherghapamettgonine; 3) a modified site wherein the sequence cgc of
nucleotides 1904 to 1906 is modified to a codon encoding an amino acid
otigtlthanarginingcaf a yroditieticsite) wherein the sequence cgc of
nucleotides, 2027 t0.2029 is madified to a codon encoding an amino acid
other th%envéfgelﬁinse%ﬁ?aa%rﬁ%d%gdé sﬁg)év\f‘})erein the sequence atc of

nucleotides;R9540t0,2096 is mashified; 1o a godornsepgodingcamamingacid
other than isoleucine; and 6) a modified site wherein the sequence ctg of
nucleotitiesi 2528 tos2530 iss nigdifiew tdrarcodof ehcading arp atnine tdoidio 1

other than leucine. _
(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 UL

Column temperature: 40°C

(15) A method of producing l6-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

13



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
stevdiereim the sequerce aig of nucleotidegc1666:10:11657 isamodified to a
codon encoding threonine or serine; 3) a modified site wherein the sequence
ce ot ntretestidess 19b2%@*ta66 s Migtified to & codorPefedding leucine,
isoleuci rajine, tyrosine or phenylalanine; 4) a modified site wherein the
T R P 238 s o g o o Lo Ehcoding

leugine < isleusineprproline:2) aimodified site wherein the sequence atc of
nucleotides 2054 to 2056 is modified to a codon encoding phenylalanine or
valine; 4hd)6)%a riodified sité \Wwhérehetine segnenté ety of huicledtitles 2528

to 2530 is modified to a codan encoding methionine,. cysteine or isqleucine.
(iﬂf eo%{g ??ﬂﬁﬁnce O .Haﬁgeéﬁﬂ e f%@l T %%%% in é%e

S
variant o comprisi € continuous nucleotide sequence of

nygleatides 1322 to 2a481in the csequence Ne. Zavhichhave 1orL eemore
modified sites selected from the group comprising 1) to 6) below: 15
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.

14



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 whernein the seguente gcooinueleptides n202 70 2029:ismedified to a
codon encoding leucine; 5) a modified site wherein the sequence atc of
nbErebtitesl2052 482056 RImbdfietPiotd tddbhZendsting phehyldiafine;
and 6) a modjfied site, wherein the sequence ctg of nucleotides . 2528 to 2530
T oo B S A A oL e R & aied by
the vadantoftDHA descrbedin anyHDf{18)to (20)1 rhestesmsygaitbe present
specifications are defined as follows. A "recombinant microorganism" is a
mi¢roorgafishi sbatidia, dtirohydete, yeasteniculdst the ikey leorprising
,gene deriyed from another, arpanism intraduced nto  speciic .
microorganism by geneotlc recombination, and the genet?c introduction

techniques ysed.thgrefor agg not limited to genetic recombination using
plasmids and other vectors but include techniques of homologous

rédorabimationl ethdsthedikeh 46" Maridrt of DNAt¢ggeans, 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:

15



(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
DINA dluectoi degeneracy aftaegene cogons dautawbichdyas amucleotide i des
seqguence coding for the same amino acid sequence as the amino acid

segtente coeled foF by the bAA tefireflGAdhyeoCAY 18 {3 Y DA Rat

thridizesO{J er stringent %onditiong' means for example DNA oPtai eg b
th €
colony hybric .%Eﬁir?fp%%q‘deeﬁ%ﬁdlzaﬁoﬁ? Bﬁﬂ%%m%%r? ization %?ﬁ%e ﬁﬁi

usiesthes original I2NAaS the prabe,and spacifically may baRINAi méjch
can be identified using a filter having DNA derived from a colony or plaque
fixed eheebht by firstiiybridizing L at 6B€ ipaiegiresense of 0.7t 1s@ M des

Sogiym tCQ'.%fEeS anrﬁQSEE’V%%P'” the g'c'%t Lar %{?C(::o 0 %%8@11%1%2&
concentration (J: solution (Lan S solution with a'Ix concentration
copyising 150 mM sodium chloride and 15 mM sodium citrate). A “relative”
is a compound that has the same framework characterizing the chemical
sttucturedsut thatldiffers inhtermsrofithe ferrwimedification orthédotmatthe
side 17 chain, "16-position hydroxylating enzyme actjvity" means the

20277 to 2029 is modifiéd 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.
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activity of converting the 16-position hydrogen atom of macrolide compound
(1) 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
(3) into a hydroxyl group. Jo OH O O O OH (B) "Polyketide synthetase
activity™ meansnthecgctivity"oimsynthesizing the macrolide compound
represented by the following formula (E): OH OH O O OH (E) "7-position
acetylZ8E attivity ieahd the activity of SESHVEHIRG tRe T pbsition Mdrbxyhe
group ilnngle HL?Ac,rolide 18 compound represented by the following formula
(&) into an- acetyl group. OHR OH O O O OH

(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

17



(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): JoR OH O O OH (D) (wherein R
represents a hydrogen atom or hydroxyl group). "Transcription regulator
activityt'.means the activity of regulating the transcription of DNA encoding a
polypeptide participating in biosynthesis of macrolide compound (11).
AccordintPtoPthielpresent iiientiohe biregofiifiaft A midrovdrgdsidit cafbe
obtained having DNA encodin p eptide participating in biosynthesis of
e S A S ST s e el AR o
le:positiondhydeampdatiag enzymenaetivitynwithdespegt-toumacrolide
compound (I), and capable of direct fermentative production of 16-position
hydroxylimaeslideccornpeuad D2 tigrpositiorisy drokylmaciolithe esmpound

(Ig cggvbec ro u%eodnveeffri%iggtlyg}/ec turin%gchlat reﬁi)]g;;binant m'croo[)gfar]ci?‘rg
and- colle : Ion

e —0 n ogen, aro

ting the compoun%l from the"culturé bro ar?lculary,l_nL6-p05|
hydroxyl macrolide comPQuthet imes called ME-265) represented by
the following formula (B) into a hydroxyl group.

0]

A

H\/
|
@)
(B)

“Polyketide synthetase activity” means the activity of
synthesizing the macrolide compound represented by the

following formula (E):

(E)

“T7T-position acetylase activity” means the activity of

converting the 7-position hydroxyl group in the macrolide

18



(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
cotespondeneg betwaeaLasmitsanth achi obORRsafl BNA participating in
biosynthesis of pladienolides in Mer-11107. Fig. 3 shows the structure of
phESHId pRO298: Fig. 4 shows the structure of plasmid
pUCI9aph::oriT::intphiC31. 20 Detailed Description of the Invention
Embodiments of the present invention are explained {H1detail below. DNA
encoding a polypeptide participating in biosynthesis.af maggolide compound
(1) in the present invention can be obtained by a;methogNgnown in the field

strain, but straing belonging tg the Streptomyces genus of the actlninaxcetes
are preferred. One example is the

(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) :

(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
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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
DepositdrbRM BP-Z8121ad |nteraatieaahRatent Onganistao Depesitary (IPOD)
National Institute of Advanced Industrial Science and Technology (Tsukuba
Centrdt B2 11 teHRpash A1 eiome, TeuRkdb& 8kt 1patakiker"3058566°Japan)

as of Novem 27, 2001. T.he operations for obtaining the target DNA are
e o e R RGPS Nl 20 AT IS Bst e Bte
DINA ebtainedrby canpeeting gegontic PNALLfMer-t11107% thatdiasbeer o

partially digested with a suitable restriction enzyme together with a cosmid
vBer capdhle ofneplicatidn in E2edli thathas beénddigestediwith e suiitabe

restriction enzyme is incor rated{;r;%t E. c%i to_obtain fransduced straips.
e RIS 4ol SRS oBVAHGH ABoUE 56 MER SCrEBAel deinb 4

fragmentiofia known bydioxylating eazymercytechrome P450rnzyme).gene
as the probe, and the transduced strains that hybridize to the probe are
seleltied sDNBvtHat hybtidizesto thea hydeoxylating ehzyare gene presentind
the selected cosmids is then obtained and sequenced. This is then

iftrodced ifto B ScoP i B it Had Beeri tonfirmed that the transformed
E'CO”@%%@ﬂ%%ﬂggqyydﬂ@géggﬁl§ngﬁ§hroxyl macrolide compound

(I) can be produced more efficiently and selectively, by
applying DNA encoding a polypeptide which has l6-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

pUCl19aph::oriT::intphiC31.
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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 sbetailsiehalb these operatieris are described in Reference
Example 1 and also in WO-A 2006/009276, specifications submitted by the
applicaRfPROths Base Cand e s 8afibe dSe® Tor! PefetéficE R Frthsstide
sggggnigegebf%ivr}.ed in this way (amino acid 22 sequence in the coding
sequence) comprising the region surrounding of DNA coding for a
polypepide padicinaiing ipbigeyrbesis fanackalisiercergponnd (1) is
represented by the Sequence No. 1 in the sequence listing. The DNA
répresented by the SempreitcelNe. tanelidesd 8 IdpenreddiAgiiafies {ORFs):

pldA | (nucleotides 8340 to 27935), pldA Il (nucleotides 28021 to 49098),

P et EAS TS 3 B bl IR e 580 0 0eko2),
pldB, éaucleotides 657010r86903); pIAG o(nugleatides68160Q te §69/0), pldD
(nucleotides 69568 to 68270) and pldR (nucleotides 72725 to 70020). Of
thiesee DNAS, sldAi ptoA BT pidA 4 amd Bhoan\t Hraveuséverad transefiption
reading frames each including_one or more rep_eatinggunits called modules in

7 santl way ad BHHEF kWA polyketide Bibsyntitedis Yereis AR 'explained

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
l-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.

21



below, each module codes for all or some domains selected from the acyl
carrier protein (ACP), 3-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 3-position carbonyl group
nredifieation reaciionsy iandithed final madiude tnclydes thenthioesterase EE)
domain, which removes the polyketide chain from the polyketide synthetase.
Fid- 1 $héiathe o SptheBis pathivay 6f8piacrdlidéteompouhieifilthe
Mer-LL107 strain, Unlike the,other modules. 23 e Jgading module gs ths .
centraircystelne repﬁgced ygg utamine, indicating that p? A?partlflpates in
the dnitiah reastion, Module 10 includes a thicesteraseslek) domain,
indicating that pldA IV participates in the final reaction of synthesizing the
basictpélyRetigs skeltorn Grice/tife basicskaleoreditelpdlgkétideshas to
been formed in this way, it is modified by the 18,19-position epoxidase .
CORGA Thr b HID. T 7 SO aceTonc ShEHLA by BT et -2 ine
6-pesition hydrepdase enceded Ly pldR:to biasynthesizeghagrolide o
compound (II). Macrolide compound (ll) in which R is a hydrogen atom can
bensredutedbyx elther deletirny pll B or hrodifyintg itksbothatitzdoes noene as

express its function. P1dR, which has high homology with the aveR gene
ehtGdiig R tran&eriplioh regarktorfactor r%%?m%%ﬁﬁ ﬁ&%ﬁﬁﬂéé%,%ﬂc&ﬁ&

aRNAetrapscription. regulatgffactar paricinating, inbiosypthesis of macrolide
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
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compounds. In the present invention, DNA encoding a polypeptide having
16-position hydroxylating enzyme activity with respect to macrolide
compound (Il) 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
hydemanation abilite witharespest torthe-amackalideicompound. AByion
microorganism having the ability to convert the 16-position hydrogen atom of

tHie AfattBide 24°%domPbuftit6 P hyaroxy| §rdviPeah becused régariéss of

sgec'es or st %in but desirable exa ples includ tﬁi s. belonging to the
~Chinomycbles. Examples of those Include: the Strbptomyees 9o, A1EAd”

siraircand dhe Gireptomyces spy Mer-EbHhé strain and the Streptomyces sp.
A-1560 strain. The A-1544 strain was deposited as FERM P-18943 at
InternafibgaliPatert Drganisia Dépoditery Ieatisrist Indtitutd ofkdvatred

Industrial Science and Techn (Tsukuba Central 6, 1-1, Hj i
RO R oot 0 06 bob6 ST L AT 3602,
apddben transfarred tqintemational Deposit EERM BR-B4461a5 of July 30,
2003, at International Patent Organism Depositary (IPOD) National Institute
of Advanaceddndudtiial Scienceddnd Mechhdlody (TsukubatGelstraltd,2b-q, to
Hi%ashi 1-Chome, Tsukuba-shi, lbaraki-ken 305-8566 Japan). The A-1560
S

firivhs Beposited asFERM P-19585 at IntetrdidnalPatent Organism
Depositary Nationab institute @f:Advanced industtigh cot ides 69568 to

68270) and pldR (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), B-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
R-position carbonyl group modification reactions, and the
final module includes the thiocesterase (TE) domain, which
removes the polyketide chain from the polyketide synthetase.

Fig. 1 shows the biosynthesis pathway of a macrolide

compound in the Mer-11107 strain. Unlike the other modules
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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,
Higashida=€homectisukubarshi, hbaraki-ken 3058266.dapap).athel by
operations for obtaining the target DNA are 25 outlined below using the
A48t as s ERarmple.t GendthPDNABF ALTS 24 i$first prépared and

subjected tg BCR using primers prepared based on the sequence LFE)
information Tor & Known hyaroxy?atlng enzyme gene cytoc%rome P4

eqzyae) fo ohtaina specifically anaplified LNAfragmeat which issthenal
sequenced. The nucleotide sequence of the neighboring region upstream
ahgedownstredms Tromh et eliored- DN A fragmentlizthén tanplificde by an

inyerse RCR(Cel Technology val. 14, pp, 991.595,1995) based on the,
resuﬁﬁng sequence and cloned, and the equence is ana yze%. Detaifs 6f all

these-aperations are deserbed indReference Example Z(A-1544513iNkase
Reference Example 3 (Mer-11107 strain) and Reference Example 4 (A-
1560sstrdiny, and alkdlin WIG=-A/2005/05245 2amalblishetcor N9, A0 dAd

these can be used for reference. The DNA (including neFi)E)hboring region)

S obtiinéd PirSm AT b 4% Shr B whith ERESEES a Polypeptide having 16-
DQ§EiQ%WQ¥¥l§tEHQ&%Zly{H% a&é‘ME)Sl‘MH‘ r@f)pt Qacrolide ¢ ompound

(IT) 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. P1ldR, 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
l6-position hydroxylation ability with respect to the
macrolide compound. Any microorganism having the ability

to convert the l6-position hydrogen atom of the macrolide
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macrolide compound (Il) 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)

eacadingh@ polypeptide having;16+position by dieadatirg enzyses26 activity
with respect to macrolide compound (Il) obtained from Mer-11107 is
répresente®by the Sequetite NBS3HARME SEGUERES listird.UFisis TINAL RS
represented by the. Sequence No. 3 includes two openr. ing frame
Y e e e P e LA e

1834) . whishrengades 16rpositiars hydgaxydatinge enzymesand Jfesegdoxin,sp .
respectively. DNA (including neighboring region) encoding a polypeptide
hHeingl 18 positicrr hpdroxyldtity EhZpmecacivity with Rsspeettehiatiolide

compound () obtained rom A:1560 s represented by fh Seaence No. 4 n

the seguence g. epresented by equence No. 4 includes

twa apenareading frames, (ORRSIntRMAD fpicleetides 14219-383)and tamB
(nucleotides 1399 to 1593), which encode 16-position hydroxylating enzyme
apd felvedoxin, fespectivel/! FRrthercvadantsicicthecdlyoue-tientioned

various DNA which encodes a polypeptide havin 16-%Qsition hydroxylating

enayieactity can b Otaled by HAr Louibe-Shi,  Lbaraxi-ten

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).

The operations for obtaining the target DNA are
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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 enzyme of the variant of DNA of the
resifting ¢acambinant2h mictoorganism asthe index. Ehe siterditected
modification, for example, can be conducted by using, as a template, a

pleiniicloRNty the Sriinaf DNA Bhetising the primeér ComshietedBased on

t ecﬁfgu%ce inforrgragionrtgeraeof Lgsgg%&l %ommercisaell uaevrga(illable kit such as
uic ﬁanaeﬁ/ll%lte-Dﬁ)rec%eg Wutagenesisﬁ(it?gtrataéggene %o.). Among

these-varants, asdhose having high-16-positiony hydroxylatsgenzyme
activity and further high selectivity, for example, in the case of psmA
eheBdrgh 16 position feroRpating enzyrie andeing bbtained frowmlAlSAY

strain, _.the variant of DNA haying the continuous nuycleotide _sequence of
Ry 15l T b SN adda 875 S Thars modified

sifes selected framdhe group ocansjsting of the following 11 Gonayhe am
included: 1) a modified site wherein the sequence cgc of nucleotides 1592 to
1694nis mhedifiedrtech 8ddor enecodirty an damino aoid] preferably eysteine,
other than ar(?inine; 2) a modified site wherein the sequence at

of
nUBiEBties” 16556 Te57 1 Mdfidd t6°4 cotidh &fcoding a 9a9mi&c? acid,
pﬁ@?&@ﬂgﬁhgﬁgﬂggsgﬁ%qﬁga@é&%@%@@nghd cloned, and the

sequence 1s 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 l6-position hydroxylating enzyme and
ferredoxin, respectively.

Similarly, DNA (including neighboring region) encoding

a polypeptide having l6-position hydroxylating enzyme
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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, other than arginine; 28 5) a modified site wherein the
sequence ate of huclegtides 205440:20561s medifiechtd a coposmencading
an amino acid, preferably phenylalanine, other than isoleucine; and 6) a
nicdifled{She WAEreiA the SefEEARE g BY ntiefeotRiése 25288 2530 s the

madified to codton encoglirglg a ino acid lg)retgr%bly metlg'onine oth%r
. ented by Jth 9! .
A1 v “THG Focombinan of | e présent inventiof is a_recombinant

mycraQrganisim hayingthe atorementionads DNArReBeodingma polypeptide
participating in biosynthesis of macrolide compound (ll)" and "DNA encoding
a polypeptideisraving 182positibh Hyttokpaling erzimed &evity With Fespect

t rolide compound. (Il)," and can be prepared hy the methods show
%ggallc) W cblgn enc%g, —~ 031%}r<])gna{16£o]a 5%€th%%lengefé me ang

under A) to elow. Afenco 3]785—:‘{ e -ypositlon
hydraxdating, enzyme-aetivity1with respect to macrolide compound (I1)" is
incorporated into a host that originally has "DNA encoding a polypeptide
participatihg innbibsgathesis of haorolide comipound(1DSIBRUDNA encoding
a palypeptide participatin%in bios,)g}thesis of macrolide compound ()" is

t

ifcorperated “int AHAS that Brginaty hds “BRAYERCodAg A pellpeptide

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 wvarious DNA
which encodes a polypeptide having l6-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 1l6-position hydroxylating

enzyme of the variant of DNA of the resulting recombinant
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having 16-position hydroxylase activity with respect to macrolide compound
(IN". C) "DNA encoding a polypeptide participating in biosynthesis of
macrolide compound (II)" and "DNA encoding a polypeptide having
16-position hydroxylating enzyme 29 activity with respect to macrolide
compound (II)" are both incorporated into a host that originally possesses
neither RDNAL The hestdpe the secombinant of the presentdavention imayibe, ,
any microorganism capable of incorporating the target DNA and producing
tHe targee1Blsositen hydrexdiidraerslide compuint Hut arcEdmpRe ofa
preferred . microqrganjsm is a.strain b ging {o the Streptomyces genus of
Sy et ot oot b e G By T o e e can he

used dn methad Akabavenwhile StgptorRyces sprAatadh SHeptamyces sp.
Mer-11107 or Streptomyces sp. A-1560 can be used in method B) above. In
method @), @rstraincefEscherichia Tolicorithe likectarrbeQused CThereeare no
particular limits on the method of incorporating the target DNA and causing it

{6 beeprésSed in' hOdE Bt Tor Example tie HTEiGdS described in
Moleculgf{aloning, nd, Edition gr Curent Brotecqls i, Molgeular Biolggy 6an
be used. There are no particular limits on the host and plasmid vector
systeneaglondgras thez yarget ONAGan bestably thaintained arsd expressed,
T e P e T S e s om
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, other than arginine;

28



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 integrative plasmid having a sequence
homologous to a 30 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 genpote ofi the Bestmigreoeganisik Iktheukosids anractinemyceteote s
related strain, the self-replicating vector plJ6021 (Gene, 166, 133-137
(£995)) ter tHec§ensmedifidgrationvett6rR 5 15 (e BacttiaaWonogacid,

Antibjotic-producing Streptomyces (ed. ener, S.E. and Day, L.E.), pp.
it bt it Cs R e

self-replicating seqyencesinchide rep plddQl{1988:dgBactariol, d40i des
4634-4651), rep SCP2 (1981, J. Gen. Microbiol., 126, 427-442), puUC19
(Geng, 88 £D3208s119¢1I85)) anel thedlikeswisifecegamples ofrpromaoterd,
sequences include ermEp (Mol. Microbiol., 1994, Nov; 14(3): 533-45),
SPpAD [ Bactdiol 1992 May: - 174(9)"279752808) 4nd the like, examples

of terminator- sequenges includerter(prnreizene 1384538(2:3) 229-41), fd
terminator (Nucleic Acids Res., 5(12), 4495-4503 (1978) and the like, and
exampiées of drug-resistarcengened inclode thyg {NaclkeicAtids'Res | 2N 4),
1565-1581 (1986)), tsr (Maol. Gen. Genet., 199(1), 26-36 (1985)) and the like.
TRRC Riicfsbrgahisnof the preséritinvéRtion 2an e Basiy Préparéd By a

p§§%¥b§gmgdé%&@%@%BKM@Ydmg&m%.“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 l6-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 1l6-position hydroxylase activity with respect to
macrolide compound (ITI)”.

C) “DNA encoding a polypeptide participating in
biosynthesis of macrolide compound (II)” and “DNA encoding

a polypeptide having l6-position hydroxylating enzyme
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descriptions of the present specification. A recombinant microorganism
prepared in this way can be cultured, and productivity of 16-position hydroxyl
31 macrolide compound (1) 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
magcrolide ycampound fperck lites of cutvre deothosardbedbtained ata highn
rate of about 40%, while one having the ability to produce 100 mg or more
pef19itePBREGRUrEBIOtR cantie totairdt 4t ahigh raRS6ra56H 36Ut her
(I}élﬁ&hod of evaluating productivity) The recombinant microorganism is
inoculated into a 250 mL Erlenmyer flask containing 30 mL of medium,

(solublerrstarchs5%s glueose 1% dnhhamaamesia 8fe, GaC3h0.1%vpht1&),

cultured with rotary shaking (220 rpm) for 4 days at 25C and extracted by

aditidrroP270 MiC aeetsrittiie rand B re saftingextractis analy Zét by
PLC undﬁ@he following measyrement conditions to assay the

coRtentration of sccumalated 16-positioh hydroxylmacrolide compaund (1).

(RELC-Mmeasurement conditions) Device;-himadzu HRLLE 104yp Column:
Develosil ODS UG-3 (T 4.6 mm X 50 mm 3 um) Mobile phase: 45%-55%

methanok (B:tol 5rming, 85% metharol (5496 13 rhin)t BS%6-709% methanel (13
to 21 min), 70% methanol (21 to 25 min) Flow rate; 1.2 mL/min

genus Of actinomycetes. For exXample, 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. 1In
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, 2" 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

integrative plasmid having a sequence homologous to a
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Detection: UV 240 nm Injection volume: 5 gL 32 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 eecambinant icraergamnis g aasde odultinedn: ardiparyeculiitretnethods
for microorganisms, but culture under aerobic conditions such as culture with
abPatis aRbiZadifaior or SharimPediine ihthe casedfra Sidiid euRlre i
noimally preferred. As the mediumused for cultyation. any medium may be
used insofar ast contains nutrients which these mlcroorganlsms'can utilize,
and varigus sgnthstic mediim ssemirsythetic medium angh arganichnedism
may be all utilized. As the medium composition, various carbon sources
s@eh asrglnedsef sugroses farctode fglyerigcdextrint stareh3 moldsse ahd)

sgybean oll may.be used either singly or n gauinations.. As the nitrogen

'_e acC eruta
source, e can be used a single ora com of organic nitrogen

sourcas:such as Pharmamedia, spepionsyyeeat extsactyseybean meal, and
casein, amino acid, yeast extract or urea, and inorganic nitrogen sources

sbel aslsddium mitratelGr-amhmonicmi sulfate? Additiofallys fopexaple there

cgn be agded and used salts such as sodium chloride, potassium
e used.

Examples of self-replicating sequences include rep
pIJ101 (1988, J. Bacteriol., 170, 4634-4651), rep SCP2
(1981, J. Gen. Microbiol., 126, 427-442), pUClS (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

be cultured, and productivity of 1l6-position hydroxyl
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chloride, calcium carbonate, magnesium 33 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
alsoche adged-ammecessary. \Mherdheantifoaming agenids added, itds to
required to set at a concentration for not adversely affecting the production

oPahoBjeétivie sabstantel TheldoRtettratibredf thecacttmiifsited a6-position

"yl macrolige cempoung, can be increased by adition of exelodextrins
in the culture broth when producing 16- position ygroxyl macrolide J

cempauid (1)} by calltivation-ef the secembinant rsicreerganismfithe present
invention. Examples of cyclodextrins to be used in the present invention
irfehoee 3oy dtedextrihl yeayciddexttinUpartiallyt methplaeed Seeyclogexttih, 2

dimethyl-3-cycladextrin, trimethyl-3-cyclodextrin, glycosyl-3-cyclodextrin and
AR A i AR e e el R et

cgmhination withnanetheroFaeamount of eycledextrinaddedto,the eulturee
broth is preferably 0.5% to 5%. Addition is preferably at the beginning of
cahivationdraduring:caltivation. Phe dudture ¢ohditions can be selected
agﬁropriately within the range at which the microorganism grows well and
c

Prodtic 16p84ioh MadrBxyIhatrolite’dompound (1).

The recombinant microorganism is inoculated into a 250
mL Erlenmyer flask containing 30 mL of medium, (soluble
starch 5%, glucose 1%, Pharmamedia 3%, CaCO; 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 1l6-position hydroxyl macrolide compound (I).
(HPLC measurement conditions)
Device: Shimadzu HPLC 10Avp

Column: Develosil ODS UG-3 (¢ 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),
70% methanol (21 to 25 min)

Flow rate: 1.2 mL/min

Detection: UV 240 nm

Injection volume: 5 UL
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34 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 externakepeadiionsandi dhe like. Common methods used for
isolation and purification of microbial metabolites from culture broth can be
used tolisBlafe ErpaRfythe 1E-posHdmINroky - Masrofidetompaand {Hn
which accumulates.in he culture profh. Besgible methads inglude all known
methods such as organic solvent extraction with methanol, et ano?, butanol,

ethyl asetate; ¢hloraforns -acetone Solugne ok ihe liker variousdormps @fa
ion-exchange chromatography, gel filtration chromatography using
Sephagiexa BP0 Be el ke, cadsgrptiorreliromatography bsirrPactivated

charcoal, silica gel, adsorhent resin, (Diaion HP2Q) or the like, adsorption-
CRL B bty 67 Bniom AL ARy s hon Berfor ot e e Tore
chreypgtography 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 cémbinatiohscdftwidrer nrorenih iarroptionalrordes on irepeatedlye which
makes it possible to isolate and purify the target 16-position hydroxyl

nﬁﬁﬁgﬁag%oﬁﬁxﬁﬁﬂ}aiﬁgs%3é%ﬁﬂgsmetho s 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, wvarious carbon sources such as glucose,
sucrose, fructose, glycerin, dextrin, starch, molasses and
soybean o0il 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 salts such as sodium chloride, potassium

chloride, calcium carbonate, magnesium
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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
(IHu(l) Lulfivation oh Mere:b107 anddsekationaf geremicaDNA Hyphae of
Streptomyces sp. Mer-11107 were inoculated into 25 mL of Tryptic Soy
Bestho ahePculitredvvitly shakiy! &t 28C fo3 BaysUSendmit DRAWaS or
prepared from the resulting culture broth according to.the methods described
e olaton SEACHHE DA (i a2 1907 1 OoR it S eaoLe
Pyactical StraptomycesnGengties (Ehe dohndanesqFeyadationaNopwich,
England, 2000). (2) Preparation of Mer-11107 genomic library 160 uL of
staTie peirifiededsterd2ed ulnof-Merretiom gerfome DNASSOlgtEs ¢8 mg/hely),
40 uL gf (@) congentrgtion Mthftlief solution (100lmM Tris-H%I gJH 7.5), 100
M MGE12 19 WNdithisthreitdl, 590 mi RECIf ahd UL Gt Testrittion
epgymesgay3Al {dhunitiuly werke mixed apddpedbated at3idg, for3 minutes.
50 uL was then taken out and extracted with 50 uL of phenol-chloroform
mixture r (ehenolchtoreform: isoamyltaledbhol=25024 11 vohaneratidy, the
agueous layer was collected and extracted again with 50 36 uL of chloroform

, AhHTHE AHLeots RYeF Was 8FaiR” cBlle R4S S UL 6f 3N Eodfiiin-acetate (pH

ao)anQQ§Qﬁ%m£ntration of the accumulated 1l6-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 PR-cyclodextrin, y-cyclodextrin, partially
methylated B-cyclodextrin, dimethyl-f-cyclodextrin,
trimethyl-f-cyclodextrin, glycosyl-R-cyclodextrin and
hydroxypropyl-R-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
within the range at which the microorganism grows well and

can produce l6-position hydroxyl macrolide compound (I).
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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 uL of sterile purified water, and
incubated at 37C for 3 hours after addition of 10 uL of 10 times concentration
BAP buffer solution (500 mM Tris-HCI (pH 9.0), 10 mM MgC12) and 5 uL of
brcteriat atkaline phosphatase: ((:Snnitfuk, TakaroBicalncs). dheoreattinnar
liquid was extracted with 100 uL of phenol-chloroform mixture
(PRerslichiorot6rmasdamy| aARBABI=25-28: CWblime FafiPC e agBedés

ayer s gollected anlexacted aagin, wil100 yLafehloralan. oo e

agueous layer was again co ium acetate (p

and 30Q yL1of ethanad wereradded, tasthis liguids avhich was then-left a¢x80C
for 30 minutes and centrifuged to collect the precipitated DNA. After being
wesheelin 70%bethaneh st DNA wes dissehiedrirr2@ utasf PE bifferged

solution (10 mM Tris-HCI (pH 8.0), 1. mM EDTA). Meanwhile, 10 ug.of
S er e G 8 EHOr (ST EoRhe- o FHRE BbeBetin EREih o

epgyme, Xbabin Rceordance,with thesstratagenemanyal, the LNAitermingls

were de-phosphorylated with calf intestinal alkaline phosphatase (Takara Bic
Irfd1};, dnickafter Beimpdigestér dmithy sestriction enziate BamHtand purified,
this was 37 dissolved in 10 uL, of TE buffer solution. 2.5 uL of the Sau3Al
PRIt tigast'SBlufidn Bt M&rR1 107 DR Hedctibet” dBovE WaS 2ddea B luL

OEQHS§@SH§QJDN6f%ée&%@ea%%&u@urify the l6-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

the target 16-position hydroxyl macrolide compound (I).
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uL of sterile purified water, 5 uL of DNA Ligation Kit (Takara Bic Inc.)
Solution Il and 10 uL of Solution | were added in that order and incubated at
23C for 10 minutes. 4 uL of the reaction liquid was packaged into a lambda-
phage using Gigapack Il XL Kit (Stratagene Co.). When the resulting
packaged liquid (total 500 uL) was subjected to a transduction test, colony
formatiareability was tested at 380 cfu (colony forming units)/uL. (3)
Preparation of various probes (3-1) Preparation of probes comprising keto
synthetd8é EadirgregioVS TheFolléwirine prifters! K& 8FiandPRSUR,
were _synthesized based on sequences that are normally conserved .in th
e o 5 Dot e e e the Bt e oS
aﬂﬂe@s)e Ké{&ﬁ]_b Se6ACCHEGS @E@ﬁ@%@ﬁ@ %G@JG'%'O K&4Rrations
5-GTGCCCGATGTTGGACTTCAACGA-3' These primers were used to carry
otf PCR Linitle? ehe cfatioing eonditionss tPE R reattiohlliquid comsasitien)
Sterj'[leespsurg' dewat%r 31uL 2§ .C(zfpcentration GC buffer 50 uL dNTP mixed
sofution (275 MM €ach GATP, dGTP, dTTP and 38 dCTP) 16 uL KS-3F (100
pﬁsﬁl_é)ﬂfrilb_é U KSAR (100 BMalALD. Btk Merd 1197 0ta)RNALO0
ng/u u

involved in biosynthesis of macrolide compound (IT)

(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 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 Tris-HC1l (pH 7.5), 100 mM MgCl,, 10
mM dithiothreitol, 500 mM NaCl) and 1 pL of restriction
enzyme Sau3AI (1 unit/pL) were mixed and incubated at 37°C
for 3 minutes. 50 plL was then taken out and extracted with
50 pL of phenol-chloroform mixture
(phenol:chloroform:isoamyl alcohol=25:24:1, volume ratio),

the aqueous layer was collected and extracted again with 50
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LA Tag polymerase (5u/uL, Takara Bio Inc.) 1 uL (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-O1
(Takara Biolkneot dising 1onhagrofdhegesulitn gl DNA-fragmenis as the
template, 930 bp DNA fragments comprising the keto synthetase coding
régiohefere amplifidd adaih thderthelsanePER dondifioAs adébdv® KL

except that the number of reaction. cycles was changed to 20..Thes A
e e g el S o SOPRER D Pkt s bior
Ing ) @and-50uk ofthauresslting: TE-selution y¥as takervas dhe prake solution.
(3-2) Preparation of probe comprising cytochrome P450 gene region Two
kRo®MiEitberomeNP450 §énes ikreramphified frot détincrhpeetel fokhis

purposes of preparing a cytochrome P450 gene probe, That is, the two
HH& W%f89ﬁ§a§%%§@{ﬁg(§g]pg10f ﬁFenge ﬁurlfﬁeg ﬁ%ﬁﬁSﬁ/ nd

primers comprising the séquences showe (see

the, Segxenge39 Nosc/ apd 8) were-synthesizegsfor pusposes o amplifyingo
the ORF-A gene derived from Streptomyces thermotolerans ATCC11416
(Bioser BiotechmotaBibcheh 5N E8A58801995pCBIP: mM Tris-HCL
5-ATGACAGCTTTGAATCTGATGGATCCC-3' CB-2R:

5P EAGABACE CRCEEGCABKRCTCHTCAGK Gy a1 alkaline

phosphatase (0.5 unit/pL, Takara Bio Inc.). The reaction
ligquid was extracted with 100 pL of phenol-chloroform
mixture (phenol:chloroform:isocamyl alcohol=25:24:1, volume
ratio), the aqueous layer was collected and extracted again
with 100 pL of chloroform, and the aqueous layer 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 -80°C for 30 minutes and centrifuged to collect the
precipitated DNA. After being washed in 70% ethanol, this
DNA was dissolved in 20 uL of TE buffer solution (10 mM
Tris-HC1 (pH 8.0), 1 mM EDTA).

Meanwhile, 10 pg of SuperCos cosmid vector (Stratagene
Co.) was digested with restriction enzyme Xbal in
accordance with the Stratagene manual, the DNA terminals
were de-phosphorylated with calf intestinal alkaline
phosphatase (Takara Bio Inc.), and after being digested

with restriction enzyme BamHI and purified, this was
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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:
5TECACGEGCET QTCECGCECGCREEET GCCa3'iHhese primears warectsed to
carry out PCR under the following conditions. (PCR reaction liquid

cOmtpositigiStetile pLrified warer 3100 Zx UshcénttatioRXBC Hffer SoedL

dNTP mixed solution (2.5.mM each dATP, dGTP, dTTP and dCTP) 16
R 1500 DALY 0 DL ChrmGLR (100 by B L. RreeTiate’
o ATGCL5439 gename DNA (190419/uk) dulo A ANAq pelymerase {5u/ul),
Takara Bic Inc.) 1 uL (Reaction temperature conditions) 95C, 3 minutes (98C
2075863 80 skts 6BC21Min) B0 éyclesdad 72a; B mifatestTive twove2kb

OLROTet ol o8 resLel 08 eRcl 0N Pl B,
camprising 40ng/ukaf: each DNASragmept wasprepared andiused as the
probe. (4) Screening using probe comprising keto synthetase coding
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)/uL.
(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 pL

2x concentration GC buffer 50 pL

dNTP mixed solution (2.5 mM each dATP, dGTP, dTTP and
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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 ug/mL
ampicillin-1.5% agar medium plates (inner diameter 90 mm, height 15 mm),
andmaultured for 18 hours at 37C. The colonies growing on each plate were
transferred to HybondoN+ filters (Amersham Biosciences), alkali and neutral
treated tider theé Coneions deéscribed in the manual for the Hybon8oR+L
filters, ied far. 2 hours at, 80C to fix DNA derived from the colopies onto
the filte?s%i Ige glegfén%“ éﬂl\ﬁ& |E)rary was screened by colony hybridlzétio%ﬂ
using anAlkPhosDireetzSystem (Anershamr Biosciences) with 1001ng: of the
930 bp DNA fragment comprising the keto synthetase region prepared under
(3-1) abbvéas thelprobes HybtfdiZation Walsagerférined for-2 hourslatesC at
a salt C(%ncentgation of 0.5 M NaCé..'lt'he cr%nditions for hybridization and

dé &ction were those 41 'described’in the Thanual attached to the AlkPhos
Direct System. Qf the £aughly 7,600 colonies tested, 59 colonies which
hybridized strongly with the alkali phosphatase- labeled probe were isolated.
Cosmid&weéfe efktracted add Cpafified front & €oli clames deriviEd fromlthese
colonies,_ (5) Selection and verification of cosmid clones having pladienolide

biosynthésis gefis Pedioh using probe

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 50uL 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
gene probe. That is, the two primers CB-1F and CB-2R

comprising the sequences showed below (see the Sequence
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comprising cytochrome P450 gene region Two uL 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
invthe. above @) using the sytochrame P450genesikagment gescribgdngnder
the above (3) as the probe. One cosmid that hybridized strongly with the
pkdise WS Seleertl 465 rextiltt 4AB ndmed PRSEE STHE pRSEP HNA Iras

g%&;}&ﬁ%_’giggﬁ(ﬂ&‘é@&s%%'t ée%téicﬁi‘?“r:&”ozé’ﬁ'é?z liggged WIN NG, 1995 .

treated phage vector Zap Express (Stratagené Co.), ar

packaged-inte aslambda phageusing ecGigapackritcXL Kit (Stratagene Co.).
E. coli XL1-Blue MRF' was infected with this phage solution, and made to
form a pRguR: PlaquéehybrRuZatdnC Was peformedAshig the cytochrome

450 ggne piabe prepated i the above (3:2) g subglong an gpproximately

2 kb leng agment aining cytochrom% gene. This

cytoghrorne 8450 geneRNA-fragmentvas sequeneed . ndsiwve, pHMErSos |
PDL58-1F and PDL58-2R (see the Sequence Nos. 11 and 12) having the

ségaenceéd showrebelonwese zsyhthesizedfromahedd- and G-terminatdie

which are considered to be the cytochrome P450 coding regions. PDL58-1F:
SR OCECEGEATATEBATETB AR CEARCTTOTC 4 POLES SR 179

STELACTAGTICAGCEGCEOT CEAMGAGGAGGTG-3'
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 L
primer-F (100 pmol/uL) 0.5 uL
primer-R (100 pmol/uL) 0.5 uL

ATCC11416 or ATCC15439 genome DNA (100 ng/uL) 1 pL

LA Tag polymerase (5u/plL), Takara Bio Inc.) 1 uL
(Reaction temperature conditions)

95°C, 3 minutes

(98°C 20 sec, 63°C 30 sec, 68°C 2 min) 30 cycles
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These primers were used to carry out PCR under the following conditions.
(PCR reaction liquid composition) Sterile purified water 31 uL 2 X
concentration GC buffer 50 uL dNTP mixed solution (2.5 mM each dATP,
dGTP, dTTP and dCTP) 16 uL PDL58-1F (100 pmol/uL) 0.5 uL PDL58-2R
(100 pmol/uL) 0.5 uL pKS58DNA (10 ng/uL) 1 uL LA Taq polymerase
(5u/uL, TekaraBisincd dsuL (Reaction temperature conditions) 95C, 3
minutes (98C 20 sec, 63C 30 sec, 68C 2 min) 20 cycles 72C, 5 minutes The
1.2 kb BRA fragmient afipified 45 20FsstiltoPRR. Feagfonr vas parfied with

Qtlﬁ\GEI}le%CC:E{.%urificq:tion Kit. %(gle&ﬁ?egg a%)i%)%%gp%iﬁ?&erdl \@/ith Igdel agcll ‘

Spel restriction 43 enzymes. After was electrophoresed

ono0:8%nagarose gelgthe isolatad do2 kbiBNAfragment:was excised. and
DNA was collected and purified using QIAGEN GelExtraction Kit (QIAGEN
COEITHIY DNAFesRanent dasP irsertedlintd the didk | s d-BpePsitds of the

cytochrome P450 gene expression plasmid pT7NS-camAB (see Reference
S BRGSO o o SRt RPULTS £ 2 BLT{Decs) ks
trapsformed using this plasmid and cultured in MO9CG medium (1.28%

Na2HPO4.7H20, 0.3% KH-
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 pg/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
hours at 65°C at a salt concentration of 0.5 M NaCl. The

conditions for hybridization and detection were those
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2P04, 0.05% NacCl, 0.1% NH4C1, 1% casamino acid, 0.4% glucose, 1 mM
MgC12, 100 uM CaC12, 50 ug/mL ampicillin) to a density of 0.8 OD600
(optical density at 600 nm). 5- Aminolevulinic acid was added to 80 ug/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
calectedmnd susperded HudImbtof LY huftes sakition(BRanM NaRr®@4 (pH
7.3), 1 mM EDTA, 10% glycerol, 1 mM glucose). 1 mL of this suspension

vv%}é‘"’fa%n in%f testetubeUad s ul: pfa L@Mlgojs%ﬁ;trcﬁﬂ%img?%\mifq\mé%s
Q}? siti eox i?de Qf gla enolldcehS)E}/lvasa dqqd anﬁl cklﬁbated at 28C

for ou S. fmJLo acetonlt was adde mixe IS reaction

sohutione wvhieh yeasithen centrifuged ammgmaamata@teaaalwgdtb;@HaL@
under the following conditions to confirm conversion to pladienolide B.
Theséfrésdlts fead fhe plabliendlidebiosyhihiesis Gere Fégion istdvalved in

p 58 44 HPLC an ysis d|t| Device: Shimadzu HPLC I0OAvp

CE) umn beve oSl ]3{‘ <r)nm xysﬁosmlg]u%)orf\ﬁgbl ea\éﬁgge: 45%

1o, 9% Mmethanel &&?ﬂemsﬁé"/@@}%hég@l@t%%%ﬂzgin}éé% to 70%
methanol (13 to 21 min) 45% methanol (21 to 25 min) Flow rate: 1.2 mL/min
Detecticres iUV 240 nphidnjectiBAMOlgrie: Snglgion

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 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
was performed using the cytochrome P450 gene probe prepared

in the above (3-2) to subclone an approximately 2 kb lengh
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Column temperature: 40C Analysis time: 25 minutes Retention time:
ME-265: 20 min, Pladienolide 3: 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
sanples ebiaineddnnthei abhove (). dhie-bcosnid RNAssamples were
digested with restriction enzymes EcoRIl and BamHI, and the DNA obtained
in each’Cdise WASIEEREEhEEsRAIGH agaidse gepaRa tsubjectsfitsSeathern
hybridization using a sthe K in aveA2 KS6 domain) and
AT oA BROA (USAT AF2 SOainy o 1 st S sedtr agpanir s R,
biosystlaesis geney (see frecsNatleAcad. SEbISADG {1929)9509-9514;
JP-A 45 2000-245457; or WO 00/50605) and the cytochrome P450 gene
ob¥dined n TI8€ above (B)eThose edsmids havirgDNATragments that
hybridized at .the same length were group. % n the basis of the

T B i 5T DA ot B St B3R EcoR
and Bapil; angrthechyhiidization bandcpatiems nainadheariots probes. Of
these, all but one of the cosmids exhibiting similar patterns were deleted,
and thePfdmainiig cosmids Wieke Brganizedacsordirgitaspaetiahsmatching

P P Begiing ih the PS5 cosmd comerising e cxtpghrome
P450 g obtai in<(5),

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, dTITP and

dCTP) 16 pL
PDL58-1F (100 pmol/uL) 0.5 pL
PDL58-2R (100 pmol/uL) 0.5 uL
PKS58DNA (10 ng/uL) 1 pL
LA Tag polymerase (5u/pL, Takara Bio Inc.) 1 uL

(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
reaction was purified with QIAGEN PCR Purification Kit

(QIAGEN Co.), and digested with NdeI and Spel restriction
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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
residtyassshowmie Figue 2epkS23n pe58NpKSS4 and pKS3IGweseed on
selected as cosmid clones encompassing the pladienolide biosynthesis gene

clustér. 2gpDéRrAfiding HitfcléStide seguénée B pfAdieABRIEBibSsYAthesis
gene clu%lter T£1eDrIQI cleotlde e sepuenc a,DNA oup g codln fqﬁ Ery
e il bt died ot

pFad:enollde Blosyn esis gene was cosmi , Se ected in

the above {6}, \was first isolatedbydbe cesiumi ehiovidermethed.tand then
sheared to about 1 kb using 46 HydroShear (Genomic Solutions K.K.) and
stiberedcusinga BKL Kie(T akzta Bie Ine) LFhRe eéstilfingBibridnes were

ted to a cycle se uence reaction ersh Bosme ces Co.) using
flgglr%ic%nﬁabé%%reﬁnsﬁ]ers Fand the Fﬁeénﬁgfe idé sgyg%e ces of %e res%pectlve

fragments wergdetgsmined (MegaPAGE J000: - Amersham Biosciences Co.).
Thus, a roughly 75 kb nucleotide sequence comprising DNA associated with

pladiendlide bicsyiitAesisiias deterntineds(Seenthe Sequence: INo rLy €8).d
Preparatlon of pladienolide 6-position hydrogylase ene H(pIdB)-degcienE
Sﬁgﬁ]cu tured 1n M9CG medium 28% Naz , 0.3% KH
oPO4, 0.05% NaCl, 0.1% NH,C1, % casamino acid, 0.4%
glucose, 1 mM MgCl,, 100 pM CaCl,, 50 pg/mL ampicillin) to
a density of 0.8 ODggp (optical density at 600 nm). 5-
Aminolevulinic acid was added to 80 pg/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 NaPO, (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 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

B. These results lead the pladienolide biosynthesis gene

region is involved in pKS58.
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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 patrticipating 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
preufucing axnly, MEs- 265 {thei 6-position deoxide of pladienolide B) could be
obtained by destroying only the cytochrome P450 gene pldB. The four
primersPFiaB-E-BFIAFapidB- EFind 3R HdB-R- Hind3F and pldB-R-Bg12R

(see th sequence nos, 13, 14, 1 d.16) having the seguences shown
below v%greusfﬁthegfé%doﬁaseg os?\ g% %uél%oatﬂﬁdg s%%uen%g gﬂh% élé?q)uence

no. 1. M@%&Eéng%Eé: 45% to 55% methanol (0 to 5 min)
5-GGGAGATCTAGAGGCCGGTTACCTCTACGAGTA-3' 47 pldB-L-Hind3R:
5'-GGGAAGCTTGCGATGAGOFETRGCLACGATAGR' méI@B-R-HindSF:

5'-GGGAAGCTTGAACTGGCGCGACAGTGTCTT-3! ITQIB- -Bgl2R:
5'-GGGAGATCTGCAGC% A%&g@CTHf'% ﬁ‘\&%cg%g? 3 Féh%%/\? s
performed under the following gendiions using-these primers. (PCR reaction
liquid composition) Sterile purified water 30 uL 2 x concentration GC buffer

50 uL d@NIP pixed sélution (218 mM each dATP, dGTP, dTTP and dCTP) 16
uL pldB-L-BgI2F or pldB-R-Hind3F (50 pmol/uL) 1 uL pldB-L-Hind3R or
pldB-RBGISR GO PmoNutf 1 (" Mer-11107 total DNA (100 ng/uL) 1 uL

Injection volume: 5 pL

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 (aveAl
AT2 domain) of the avermectin aglycone biosynthesis gene

(see Proc. Natl. Acad. Sci. USA 96 (1999) 9509-9514; JP-A
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LA Tag polymerase (5 u/uL, Takara Bic Inc.) 1 uL (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 pldB-L-BgI2F and p1dB- L-Hind3R, while a 1.54 kb
DivA dragrpest/(DNA fragment 6l) 5 comnpiisiing nugleatides G684t 68368 in
the Sequence No. 1 was amplified from the reaction using pldB-R-Hind3F
apft pldBR-BylZReDAP Fraghtents L1 and R1 were purified with a QIAGEN

PCR purification Kit (QIAGEN Co.), and digested with 48 restrictign enzymes
gl Al FET TR DA T aG e T AR hich Toac bAoA e e
witheresiriction-apzymes:Bglyang Eindii, a3 kbs hygeamyeia B resistance
gene (derived from pHP450megahyg: Gene 190, 315-317, 1997, sometimes
abbreViatsehherstintler st 2 hyg") afhiehhatl Been digested withs resteiction

enzyme Hiﬁjglﬁl)lR %tr&e %Q%ﬁlf vectngEFV%Jerg/%%sief%Eiaqéi?,gryvhich had been

S . . n a
digested with restriction enzyme Bam all four connec?ec?fio DNA
ligatien kit efs 2:1; (TakaraBico e A weughlycr 4dd DNA fragment having

the hygromycin B resistance gene inserted between DNA fragments L1 and
RIf Wasthussinserteekintdo pKURE Stonédrstruetta Foughly 214 Ak plasinid
called pKU253-L1-hyg-R1. The resulting pKU253-L1-hyg-R1 was
t@ﬁgﬁﬁ%ﬁé&ﬁﬂ8lnlng cosmids were” organized according to
partially matching band patterns. Beginning with the pKS58
cosmid comprising the cytochrome P450 gene obtained in (5),
pPKS54 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,

selected in the above (6), was first isolated by the cesium

chloride method, and then sheared to about 1 kb using
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conjugated E. coli S17-1 by electroporation to obtain 517-
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 ug/mL of kanamycin and 100 ug/mL of
hygromycin B and shaking cultured at 30C for 2 hours, and the mycelia were
callectedhwasheddmies withb1Q b :of L. medivmiant suspendesinng nL of
LB medium. This was the donor suspension. While the donor suspension
wWHSLh&ihg prepared, Mép- I1£07 was inoculated into 10 mL of TSB medium

(Tryptoﬁ%){[% ebsrgy%: .Nissg{lgg'iyakeug amrrledrshaki cultgéecé at 30C f?{ 549

Y9 S
hours, and the mycejlllégwere coﬁgcted, washed t%velge with L0 “mLof sterile

watefandsuspesdedrin Iardrehsierie wateknthis was the seeigient
suspension. 500 uL of the 517- 1/pKU253-L1-hyg-R1 donor suspension was
mMixe@ vAeT 20 utlebPahe Merineo? reéipierthsuspension, idwd apphied & s

Actino. Medium No. 4 agar medium. After incubated at 30C for ours, this
2o COore0 Wi 25 i b SNIA (0 88 ROHBNE rGdi: S5 0280 SOAY

was covere mL t medium: Y ag
camprising: 2snghnkdikaestamycin, and:ircubated al3QC fer ¥dlays to obtain
a ribostamycin- resistant pKU253-L1-hyg-R1 transformant strain. The
resfing pkle253-duchyg-Rbransfornmaitisirain yvas. dheculatediintp 10 mL
of TSB medium containing no ,ribostamécin, and shaking cultured at 30C for

DRSS MyCeliware Colletted #om thepRUDBIL 1 hyy-RT° ranghsiivant
cylture broth, washed twice with 10 mL of

(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
based on the nucleotide sequence of the sequence no. 1.

pldB-L-Bgl2F: 5’'-GGGAGATCTAGAGGCCGGTTACCTCTACGAGTA-3'
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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 ug/mL hygromycin B, and
incubated at 30C for 4 days. Single colonies growing on the YMS agar
medisr.campiising bygramyeiod wereAransplactecton ¥s@gar medium
comprising 200 ug/mL of hygromycin B and YMS agar medium comprising

20bg/L 6RABBstariyGRCaRE tHcsdedCat 366 ot 3Tdays. Iafter incubated,

a hygro in B_-resist r in: iti ' legted.
T%%%_s%%grfl r1S%Eriaiin}? cé?%[g %ﬁ?%@%ﬁ §§%§/{§ %v%eéxé%%gg ef'_gent
strain lacking 5464p f(Hueleotides66303 ta 66848 .indhe SequencesNes 1) of
the pldB gene from the genome, with the hygromycin B resistance gene
indeesl iwritg'place. (9) Pladienolide production test of pladienolide 6-position
hygrc ylase ?ene (PI.dB .-(glieficient strain 200 uL of frozen seed of the
Mer-11167 % dl?:r:]hygl Strain obtained in the above (8) was inoculated into 20
mL of seed medigm-(soluble,starch 2%, soy bean powder (ESUSANy MEAT
manufactured by Ajinomoto Co. Ltd.) 2%, yeast extract 0.5%, K2ZHPO4
0.1%, Mg8OTHRO 0:25% CHCO®B1.8%, pH not adjusted) and inelbated
at 25C for 2 days. 300 uL of the resultin% seed culture broth was inoculated

into 30 AL of "SeEt cRUrE i (395 Softibié starch; 196 Giucsse’ 308"

Pharmamedia, 2% 3-cyclodextrin, 0.1% CaCO3, pH 7.5) and 16 nL
pldB-L-Bgl2F or pldB-R-Hind3F (50 pmol/uL) 1 pL
pldB-L-Hind3R or pldB-R-Bgl2R (50 pmol/uL) 1 pL
Mer—-11107 total DNA (100 ng/uL) 1 pL
LA Tag polymerase (5 u/upL, Takara Bio Inc.) 1 pL

(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
pldB-R-Bgl2R. DNA fragments L1 and Rl were purified with a

QIAGEN PCR purification Kit (QIAGEN Co.), and digested with
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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
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
resultsrarec showarin viadde dg (HP LG analysts canditions) Device: Shimadzu
HPLC IOAvp Column: Develosil ODS UG-3 (g 4.6 mm x 50 mm 3 um) 51
Mobile phaseNA594 &Bagh 55% methdiol 1O 165 Mik) 55% mMéhaneres to
13.min) 55% to 70% methanol (13 t mi 0% methanol (17 {0 35 min)
e (8 A T Pl St T D R it v 240
NAY JRjestionvalumes 10-hdc£ofumn teraperature: 4QC pAnalysistime; 35
minutes Retention time: ME-265: 22 min, Pladienolide 3: 16 min Table 1
MetnE 1197, plédB2:hyd strdif ME- 268 ¢imre)sP Riekesolick B gLy leWkireds

fqr. 4 days (96 hours) . 1247.7 Q.0 cultured for 5 days (120 hours) 1316.6 0.0
R e B A S the e REaition
hMQF@M@“%@”%M@es@ﬁMWeOQfQ&Hla%fﬁlﬁ@%3 (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-R1l 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 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-
11107 was inoculated into 10 mL of TSB medium (Trypto-Soya

broth: Nissui Seiyaku) and shaking cultured at 30°C for 5
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compound (I) (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 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 52 using Blood
&nhcel Gultire Kih QHAGEN Lovpiremc-tiiel anyeelia. {2y £daningiefea patial 10
sequence of a DNA encoding a protein having the activity in hydroxylating
tHd 165 pdsitioh!6f thetipacrolitiescsmpoting 111073 FhefoRéRing mixater -

p&ig\lesrs_ v(EEESDrrt](-??;eF ggd lSDrgﬁ%R% were degi ped?%rbd B£o%::%ﬁecqj(e)n égigrence to

the amino aci sequcerli%le assumed to be that of the cytochrome 0

(CYPA0SD5)af Siygpimycrs e0elicoloeA3i(@) (see the xSequence Nos 70 £
and 18). 5Dm-3F: 5-TTCGCSCTSCCSGTCCCSTCSATGGTSAT-3'
5Dm-3R 5 IGTTGATSAY SCASBFSSAGAA-3An‘oraer t6 promoté péactivity

taking the fluctuation of a cadon intg account, mixed hases S(zC+G) a
%%%ﬂ Iyo 4a dthlérge gfq:er 1 cubateg(ﬁgm_§§|:%n§c?r ’1%

weie used: Next, two types of primers
SP3R) andsthe-A-1e4A stain.genomic DINA as astemplate obtaipeddn+the

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

acedmplished byorepeatingeay threecstagei sing 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, % agar, 10 mM
calcium chloride) comprising 200 pg/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 pg/mL of hygromycin B and YMS
agar medium comprising 200 pg/mL of ribostamycin, and incubated

at 30°C for 2 days. After incubated, a hygromycin B -resistant,

ribostamycin-sensitive strain was
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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 Bic Inc.) and a PCR
amplifier (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
waslamplified. i highly: possible 53athaf this DNA fragment-&t is a part of
the DNA encoding a protein having hydroxylating activity. The DNA
fragPfenttAR antiiffict! By aEPERE icativh Wwas téBovereifdm the feaction

S(?|Ut|0£l t@ﬁSéJPRE&B’?R X (Takara Bic Inc.) r;%.qorder to o%taln me DN Ahf e

fragmen [in an amount enough to ana yze e'nucleotide sequence

optained<RNA fragment-Ak the ONA fragroest wasreambinedwith & plasmid
vector pT7Blue T (Novagen Co.) by using DNA Ligation kit ver.2 (Takara Bic
Ity fo trapsforat Elcolii UM EA9 Sfrain. Thereafter, the transformed E. coli

cted us aLbrotha ar medl (1.0% bacto trypto e, 0.5% yeast
cSihot Gaok NACIE S S04 CORainig. Amseii (85 GGy Xgat o

% Rla contalnlng am g9 mL)

(5-Drompy4-chiorgsZindelyka; Digalactesider40.agimL) and IPTG
(isopropyl-a-D- thiogalactopyranoside; 100 JIM). The colony of the

transfo@iédE: cofi thusisolated wastfcilharetdn-al LBrathe lidpiid medium (1%

bacto tryptone, 0.5% yeast extract, 0.5% NaCl) containing ampicillin (50
gOIES A PRASTIPENA We¥® s2parstedt oﬁ%ﬁﬁe%%@ﬁ&%?ﬂmelﬁﬁﬂuf fatdl

trapstormed, &.1¢oll aad pupifiedy using,a plasmid purifying kit {QiAsysan-
MEAT manufactured by Ajinomoto Co. Ltd.) 2%, yeast extract
0.5%, KyHPO, 0.1%, MgSO4-7H,0 0.25%, CaCOs; 0.3%, pH not
adjusted) and incubated at 25°C for 2 days. 300 uL of the
resulting seed culture broth was inoculated into 30 mL of
seed culture medium (5% soluble starch, % glucose, 3%
Pharmamedia, 2% P-cyclodextrin, 0.1% CaCOs;, 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.
(HPLC analysis conditions)
Device: Shimadzu HPLC 10Avp

Column: Develosil ODS UG-3 (@ 4.6 mm x 50 mm 3 um)
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filter Plasmid Midi Kit, QIAGEN Co.), to obtain enough amount of the DNA
fragment-Al. (3) Analysis of the nucleotide sequence of the cloned DNA
fragment-Al The nucleotide sequence of the DNA fragment-Al obtained in
the above (2) was analyzed using a DNA 54 nucleotide sequence analyzer
(PE Biosystems 377XL) according to a dye terminator cycle sequence
methodu#si 1he pasult of tte nuslestigie setpiencenanalysis) ittwas elarified
that the DNA fragment-Al amplified by a PCR reaction had an exact size of
528 bp though it had beer “foutfieRale 4%iz€ of abBHE500 bp by the
above measurement using glectraphoresis, (see th leotide sequence
1775 to nucleotide seque%%é g%%z of°th%eggaagr%ce? lrIglvloq.cg).ti gfienréég DNA
sequences correspondingrto: the-twe types of preners used in the above PCR
reaction were found at both ends of the above cloned 528 bp DNA
sequence, it was clarified frratthé IDNArdgment At Wasi singularly amplified
by thesgltwogges _oflpr' e s/snS.DmEBF and 5Dm-3R) in the above PCR
reaction. (217 naﬁﬁéis of thé nelglhnﬁor?ng region of the DNA fragment- Al As
mentiongd abeventhe parial segquence of the DNA encoding a protein
having the hydroxylating activity derived from the A-1544 strain was
determihetk Thievefore L the aniglifidation, cloning and sequence analysis of

the nucleotide sequence in the neighboring region extending to
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
l6-position hydroxylating enzyme activity on the macrolide
compound (ITI)
(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
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
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the upstream side and downstream side of the cloned fragment were
accomplished by an inverse PCR method (Cell Technology vol. 14,
p.591-593, 1995). Specifically, the A- 1544 strain genomic DNA (see the
above (1)) was digested by respective restriction enzymes Pstl and Sall in a
H buffer 55 solution (50 mM Tris-HCI, pH 7.5, 10 mM MgCI2, 10 mM
ditbiothrestod atnds1 @@ mMdNa€hr & hriabtapebeack DNAftragment cleaved
by the restriction enzymes was self- circularized by using DNA Ligation Kit
vBY.29akara Bic Inc.). Meanwhile, the following primers (6PIN-2F and

6PIN-2R) were designed and produced based on nucleotide sequence
o ONK HL T (e e Shor RN o nd ) BB o 2

Spkr EGE GEECaECIGEAGGACATLGAGAT -3 1 BFINTZR 1 6 -
5-CTGTTCCTCGAAGAACTCGTGGTCGGCGTA-3' Next, these two primers
(BRIN-2Fcan® BPINe2R} andthécabove elfd cirelfafzed A-1544 strain

genomlgﬂ%ng {ﬁ[a template, were used thrupgg PCR reaction. In the PCR

. O owilin miXx rimers. a d wer
reaction, Ccycle O% agtwo-sta%e I’eaC%IOI% INCluding dena urlng)carrleg out at

985:fos ZQiseernds-and annealinge. andslengation carried gut at 68C for 5
minutes was repeated 35 times by using Takara LA Taq (Takara Bic Inc.)

apdaPCR amplifierd TtGramient Biomfetkd €0y - resglt Fd INA fragment
(DNA fragment-Sl) about 3.5 kbp in size and a DNA fragment (DNA

frlghent=Cly abut 2 S ROP T SizeWere Smpiified: It \6ds highly Possible that
these DINA fragments were a SNA encoding a protein

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
(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
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having hydroxylating activity and a DNA having a DNA sequence including
the upstream and downstream regions of the former DNA. The DNA
fragment-31 and the DNA fragment-Cl were 56 recovered from the PCR
amplified reaction solution by SUPREC PCR (Takara Bic Inc.). Next, as to
the obtained DNA fragment-31 and DNA fragment-Cl, in order to obtain each
DiYA fragmenbineart ameunienoughstaapalyzedhemnucleotide reegliengesof
the obtained DNA fragment, a plasmid vector pT73lue T (Novagen Co.),
DNA L Fgatidr kit Ver Yeregeara Bid i cdC Bl eoliim 169 3tidid ahtieaprasmi!

PUfivins KU INEEE g Wi i A0EN e wergsed i Lie.sane
manner as the 5bove% , to obtain enough amount 0 each D Kfragment.

(3)Analysis of eachrrucleatide equencesobthenBNA fragment-31 (about 3.5
kbp in size) and the DNA fragment-Cl (about 2.8 kbp in size) Each
nucleotide séqaence of e DNA fragiiéntt32 arrhn DA fiagmentCobtained

in the aboye (4) was analyzed using a DNA nucleotide sequence analyzer
(ﬁﬁ%ﬁ%g ¥o a% ffoxe %%ﬁ%f%?ég uenc oéxFﬂe 5%%alxeg

CF se?[ (S
systems acco ye terminator cycle sequence

method: Jthe puclepfiderseqiience wasdhs analyzagtonabtain the o
information of the nucleotide sequence of 3793 bp shown in the Sequence
Nol 2sfrorh gactt sequénte wf the DNAStagmMEnt-)3band<BNA fiigment-Cl.

An open reading frame (ORF) in this 3793 bp was retrieved, to find that the
nh&?ﬁB&ﬁﬁsbﬁge%%ﬂéﬁ.ﬁ? ara 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 Wg/mL), X-gal (5-bromo-4-chloro-3-indolyl-f-
D-galactoside; 40 Wg/mL) and IPTG (isopropyl-B-D-
thiogalactopyranoside; 100 uUM). 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 pg/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-Al.
(3) Analysis of the nucleotide sequence of the cloned DNA
fragment-Al

The nucleotide sequence of the DNA fragment-Al

obtained in the above (2) was analyzed using a DNA
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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 57 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

assumesktodee that efreydoahtone £450C¥PAObBSImef terStreptmyces
coelicolor A3 (2) and to the amino acid sequence assumed to be that of
CHHEEPFOHEIPAS0 ICYEL O5DA)- b thE Streptt iR EIRAGENS AP also R4d a

relatively high h logy (hamology: 69.4%) to cytochrome P450 say (Soy
SR Sy s GGt 1A cncaou Rom i Tttt B

wasshighhepossibly a gensxeoding dystrexylatingpenzyrae ofthe aytechrome
P-450 type. Also, an ORF (hereinafter referred to as psmB) encoding a
preteit havinga high hsatdlogy: 16 ferfeddrinst AR Sl typesekisrehjust

downstream (the base 2564 to base 2761 of the Sequence No. 2) of the
ngn%. he plégt\é(len “encoded’ gy c'f‘ngéj %%m%}%oﬁro\ ig? og%% fr%?n%eacids, and

hadtbe- bighest homejogy {83:3%h ta-the amina acig seguence @ssumed to

be that of ferredoxin just downstream of the amino acid sequence assumed
tobauhatef ¢ytoehromeuRr450 (CYP 1G5DEN of the Gtreptmyicescorlicoior

A3(2) and a relatively higher homology (homology: 57.6%) to ferredoxin soy
(SBYBY0f- Streptitytel Gsstdl Therefore” it wad Eondidered st thE°psms

sepuesstoransfer electionsand codesferredoxink RATLCIPAIAGBre found
hydroxylation together with the psmaA.

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
fragment were accomplished by an inverse PCR method (Cell
Technology vol. 14, p.591-593, 1995). Specifically, the A-
1544 strain genomic DNA (see the above (1)) was digested by

respective restriction enzymes PstlI and Sall in a H buffer
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(6) Construction of a plasmid pTC-DM pT7NS-CamAB (see Reference
Example 5 and WO 03/087381) 58 was digested by respective restriction
enzymes Ndel and Spel in a H buffer solution (50 mM Tris-HCI, pH 7.5, 10
mM MgCI2, 10 mM dithiothreitol and 100 mM NacCl) to obtain a plasmid
digested products. Meanwhile, a primer DM-NdeF

(5 GCCCeCATATGACGSARCT GACGGACAT GA-3lgsee, thecSeguence No.
33) obtained by adding a Ndel site to the 5'-terminal and a primer DM-SpeR
(SICEECEACTAE FEAGEEGBCEBG TTCEBT R 3 56! the Sedti¥nce

No. 34) ontained by adding 2 Stel site fo e, Sterminal were designed and
produced on Teference 10 the nuclectide sequenceof the Sequence No. 2.

Nexttheseitwes types:iof pgmevs (DM-Ndefn and:DM:=SpeR)andithe A11544
strain genomic DNA obtained in the above (1) as a template, were used to
rd@-PCR reaction. The PCR reaction was accomplished by repeating a

S R R A 0

alnw Ke) OWl1n an
and annealing and e ongation carrie or Z minutes

using-TakarasbAJl ag (TAKARA HOLPING S INEnand,aIRER; @mplifigrdd e

Gradient, Biometra Co.). From the PCR amplification reaction solution, a
DNA Brigmenthaving’d size of abeut¢Bikbpandecontathingdhé psmA and

the psmB. was recovered by SUPREC PCR (TAKARA HOLDINGS INC.).
The  Veiiting DNA FaUinehC WAS digRErs with reaticion enzymes Nae

apd-Sielzand the digest-and the aferementioned RINS-camAB plasmid
digest were connected using DNA Ligation Kit Ver. 2 (Takara Bic Inc.). Thus,
a 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 Tag (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
having hydroxylating activity and a DNA having a DNA
sequence including the upstream and downstream regions of
the former DNA.

The DNA fragment-Bl and the DNA fragment-Cl were
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roughly 9.5 kbp plasmid (sometimes called plasmid pTC-DM) 59 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 (Il) (1) Preparation of genomic DNA of
Streptormyeceas SpoiMend IHEOY stiaini Fhe Mefe2110 é:5tradn wasdnosulated
into a medium containing 1% of glucose, 0.4% of malt extract and 1% of

yeaSRextracFand ctiatéd at P8¢ for 3 Hays/ TRE Sbtaimed elftare BrotANA

a5, couoed 89000 000,10, moute oot D mygol Ao

geno was prepared using Blood Cuiture

froma the: agyeealia. i(?) Sloainguefa pastialisequence1giz DIVA encoding ade
protein having the activity in hydroxylating the 16- position of the macrolide
coApourtE1 2103 Thebfotibning PRk prirmere(BDMR3P tnd8D- MRy Were

designed and produced on refere to the amino acid sequence assumed
16 BETEAE o e Gy ERRoE Panh (A TOADE] of Srrcybes B B
AB(2). (seesthe- SequanceoNes- 17 anghdl) 3PM=3kd purifying kit
5-TTCGCSCTSCCSGTCCCSTCSATGGTSAT-3' 5D-1R:

5%“ABGTGCECACESACATCATETT 30 ofNerto prommote reactivityntakireyg

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

each DNA fragment.

(5) Analysis of each nucleotide sequence of the DNA
fragment-B1l (about 3.5 kbp in size) and the DNA fragment-Cl
(about 2.8 kbp in size)

Each nucleotide sequence of the DNA fragment-Bl 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-
Bl and DNA fragment-Cl.

An open reading frame (ORF) in this 3793 bp was
retrieved, to find that the two proteins 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 PsmA) coding a protein consisting of 409 amino acids

57



60 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 98C for 20 seconds, annealing
cariedh guhath0Cdas 2oainutes andhelongation4 sarried eutat 68Ctoe 3Pase
seconds 35 times by using Takara LA Taq (Takara Bic Inc.) and a PCR
amipltiet ?T@l’%ﬁjiéﬁt‘l SBiométra CEYU&T66AgHIY-360 bpDRAPFEGMEM ©

(her under caII ragment A2) was am I|f| as a result. It.i Is hlghly
posg et that tﬁl Allr%grr%ggnt K7 &g p%;? ?ﬁme INA € encodang a protein

having-hydroxylatiassactivitye Thea DNA fragraent-d-amplified byethePER
reaction was recovered from the reaction solution by SUPREC PCR (Takara
B¢ INE N&XS I BidertosistairttheoDNIS frééine‘mdAz on Eire aRTewst érfdugh

to analyze the nucleqtide uenc he ined D g e
Dﬁ\?ﬁlfrgan mentA2 W wgls(%:ombbme wﬁﬁ%a pia vec?o%%%%l{]%%‘%g(&%vg}gen
Cor) usingsl) Ny tdgation KiW%r?s(T%KﬁIaa@Sdnﬁadtoat@@&fé’i%%l90%1gh
JM109 strain. The transformed E. coli was subsequently selected using a

Lhoroth agiar tedia{b.0% baetat tryptone;v0 cs%lyea@t e4bract 0/5% NaCl) of

1.5% agar) contalnlng ampicillin (50 ug/mL), X-ga
(5-br6ME 4 Chiord-35rR4SIyI1-37 b- ﬁﬁlsac%&aéd%??g/ﬁﬁ‘i%ntﬁﬁréa“ that

0§anﬂgﬂﬂ;g5@1hlghly 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
participating in hydroxylation together with the psmA.

(6) Construction of a plasmid pTC-DM

PT7/NS-CamAB (see Reference Example 5 and WO 03/087381)
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thiogalactopyranoside; 100 taM). 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 }.ig/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
obtainenpighe @amguntaib MNA fragmentA2.+(B3) Analysisof thedwcienptide
sequence of the cloned DNA fragment-A2 The nucleotide sequence of the

D& fragménti AU 6beAinéd i the above @Y waslandlyzedUsing a:DNA ™M
nycleptide seguence analyzer (PE Biosystems 377 ccording to a dye
E‘ePQ, eia %HI gl%hlobilrelhgo \Wﬁ% E% [SF’;@AI\)If%Lel? %o Q %a ay

terminator cycle sequence method. ile the ragment-A amlprlllfled by

aRGRueactionavas imeasured at about 300 bp:by £lestigphoresisydteras
clarified by the nucleotide sequence analysis to be exactly 325 bp in length
(Se¥ the  RtEIEDHIIESEHUEHEEISAT t6AidiEdtide segtentde 161doPthes No-
Seguence No. 3)..Since DNA sequences corresponding,to the two types of
oS T e or T O rantor Werd o4t & o e

of theabave closrd 325 bpdoNAsequencs; dbwas slarifiedsthal—the. DNA
fragment-A2 had been specifically amplified by these two types of primers
(5Dm-3Farh§D-1R) ir¥ the abovenatentionedPCR redation. {4F Analysidof
thSe neighb_oring region of the DNA fracgment- 62 A2

"—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 Ndel and Spel, and the digest and the
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)
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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
(Gel TeshaolagyVal. ddhpp 5935598:1995)N sSpeeidicapy sheiMer-11107
strain genomic DNA (see the above (1)) was digested with a restriction
efA2PRRCBEMHHIGN2 alkbuffer EBRitio - GSU Nt s - AT RpHS 5P 307 mfnd
MC%CIZ éLJﬁgnM dithiothreitol, 100 mM KCI) and with a restriction enzyme Sall
in a H Buffer solution (50 mM Tris-HCI, pH 7.5, 10 mM MgCl2, 1 mM

dithiatheitel, H0.mMNaCl)pithe, obtainad each-DNAfragmentcleaved by
the restriction enzymes was self-circularized by using DNA Ligation Kit Ver.
2T akara Bio ndy.MVearnwhilen thee following primméisy(ZRIN-2F arm-6PINDR)
were designed and prepared from the nucleotide sequence of the DNA
fragiiehtoh2. | (sek the Sequence Nos. 22 and 20) 7PIN-2F:

S ELATCANGET GCTEGERGEE G CAT GARA-BRAPINZR, . Mer-
5-CTGTTCCTCGAAGAACTCGTGGTCGGCGTA-3' Next, these two types of
ptitiers (FPiN42F and 6PIN-2R) and the above self-circularized Mer-11107
strain genomic DNA as a template, were used to run a PCR reaction. In the

PCR readfiolicthe cydld ot & fivd-staige résctibrinciudifg s d8iatrg

cagied, out at,98¢ for 20,secands and anpealing and elongation; cagried-out
at 68C for 5 minutes was
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).
5Dm-3F: 5’'-TTCGCSCTSCCSGTCCCSTCSATGGTSAT-3"’
5D-1R: 5’'-AGGTGCCCAGCGAGATCATGTT-3'

In order to promote reactivity taking the fluctuation
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repeated 35 times by using Takara LA Taq (Takara Bic Inc.) and a PCR
amplifier (T Gradient, Biometra Co.). As a result, a DNA fragment (DNA
fragment-32) 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 andan DINA baxinganDNAsequepae érclading:thpsena the-tpstneam
and downstream regions of the former DNA. The DNA fragment-32 and DNA
fragfhtetsc2 were recovered from the PCR amplified reaction solution by

SUPREC PCR. (Takara Bio Inc.). Next,.as to the ohtained DNA fr. ent- 32
S e ancier St e el

enedghto@najyze the nuglectides seguenee ©f dhe pblained)DNA fragment, a
plasmid vector pT7Blue T (Novagen Co.), DNA Ligation kit ver.2 (TAKARA
HOIDINGS NCY, ESedli UMI0D strafitBnd eeplasamid plfifyifg kit (€1ATilter

Plaasmiad M(I)%I '&i_-tﬁs Ie GkI)EN g:eo)e vgelre used !}n the same mannegflg the above
(ﬁﬁ, o o%?alnpenoug amount of eact? DaNﬁi

ree—s ea n

ragmenf?.t ‘{E) ﬁnafyss of each
nuglegtide sequencs of. the PNA. fragryent-32 (ahqutd,3 kbp insize)and the
DNA fragment-C2 (about 1.4 kbp in size) Each nucleotide sequence of the
DiNA draigiment=32 :anet 6D NA fragimentC22obtained:in thedabdve (4 was

analyzed using a DNA nucleotide sequence analyzer (PE Biosystems

377K A coding toH dyeteFmitatdP cpekSsetjuendees Py 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(l.0% bacto tryptone,
0.5% yeast extract, 0.5% NaCl, 1.5% agar) containing
ampicillin (50 pg/mL), X-gal (5-bromo-4-chloro-3-indolyl-fR-—

D-galactoside; 40 pg/mL) and IPTG (isopropyl-R-D-
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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-32 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
ptotetnswast teiiexed Hyathe BhASIvsearchhantasafresubcamr ORB1 1
(hereinafter referred to as bpmA) encoding a protein consisting of 395 amino
atRisRavifig High deholoty t6 1 eyieehraineP 453 existéd i thie baBe47D to

base 1604 of the Sequence No. 3. The bpmA had the highest homolo o
(f?olr%%fé;ymeﬁ%l&%)igo B hcong, %gd asg XtE]f T q}y.So

acto try TLE ct,
o the amino acid sequence of the psmi isolated from
the: Ar1544 straim and alsg hadia relatively, figh. homalogy {henology was
64.8%) to cytochrome P450 soy (Soy C)of Streptmyces griseus. It was
conAsitered from thistagt tHatf therbpiA Rigkhy pessibly-éAceded 1ferated

hgdroxy%atir;rge(;néyme ?f the Cétochrome P-450 E{pief Also, an ORE

(hérdinatter Teferred 15 as BpmB) enEoding a protein having a higtthomology

ta ferredoxin pfna2herdS type thatgxisted just downsiteam (thebase 1643
to base 1834 of the Sequence No. 3) of the bpmA. The protein encoded by

trenbpniB cbnBidted v Gd<arhirfe2acids, 65 and had the highest homology
(81.0%) to.the amino acid sequence of the psmB isolated from the A-1544

sthain &Ra K& A rEfativisly HigHEWomBIoy HHoHiGIoYy: 76°296) 8 Tie "Aino
agid.sequence assumed to be that of ferredoxin just

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
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-
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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
campound (I) (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 @RECL Fhedst idxtraet S fictbatéd 'dt 288 fore3 8ags Pheé obtained

culture broth was ce%rifu ed at BOé)Otr Ignf%rc %O minut%s ta

roti,.el avin r a 1vit lVCeo%Legtrtol?ne he
mycelia. A génomic DNA of A-T560 Strain was prepared from the mycelia

uging-Bloosh & Celk Gultuze Kit dQIAGEN 0. d2) Claving-eha pastiat e,
sequence of a DNA encoding a protein having the activity in hydroxylating
thé ¢ 60 posiivnickthestiaersiRlecéompound  Lhko73 ThefoHowing riged i ng
primers (5Dm-3F and 5Dm-2R) were designed and. produced on reference to
S T b T oS HER 5 10 Dt (HE oLt oA Ras0 66

(C¥EIRoR5)efSteptomyces ceelisplar A3lR)s(sgelthe- SegrenceiNos e
and 23). 5Dm-3F: 5-TTCGCSCTSCCSGTCCCSTCSATGGTSAT-3'
5PrR-2R: 51 CTCEATSEIBTCICECSGG Y TIA3' rardet to promolté 1eactivity

taking the fluctuation _ ,
Spetifically, 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 MgCl,, 1
mM dithiothreitol, 100 mM KCl) and with a restriction
enzyme Sall in a H buffer solution (50 mM Tris-HC1l, pH
7.5, 10 mM MgCl,, 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)
TPIN-2F: 5’-CCATGATCCTGCTGGTGGCCGGCCATGAGA-3'
6PIN-2R: 5’'-CTGTTCCTCGAAGAACTCGTGGTCGGCGTA-3'

Next, these two types of primers (7PIN-2F and 6PIN-2R)
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
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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 98C for 20 seconds,

anpgaling cagried et at SOG:-for 2 panutes,and oelongation carded o at 68C
for 30 seconds 35 times by using Takara LA Taq (Takara Bic Inc.) and a
PCR apnplifiert (P GragienteBiometratCo § A fougHly 750uths DNA fragment

(hereunder called DNA fragment-A as amplified as a_result. It.is highly.
o e amenhe e SIS LA Pattid b2 o)

hamingshydnoxylatingr astivity. The DNA fragmentA3-amplified by a PCR
reaction was recovered from the reaction solution by SUPREC PCR (Takara
Bio Inc)sSNextda order fo BBfaif TRETNA fladhehtASTiardam fehoahPehough

to a ze.the nucleotide se nce of the obtained. DNA fr nt-A3, DNA
i el et e R Ry s e
by using DNA ST Ligation KitVers2 ddakaka Bic INGhtotrapsiorpgma that
colibacillus JIM109 strain. (Stratagene Co.). Thereafter, the transformed

colibacilli¥valsrseleetedbusingea Loty tagarlmedid (B 096 badio tryptone,

0.5% yeast extract, 0.5% NacCl, 1.5% agar) containing ampicillin (50 ug/mL),
X248 (5 bromo-2%C s 6= 3 dBIyE-39D g1kt sTd& %o ﬁg?rﬁﬁ) Bpytne e

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 wver.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
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
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IPTG (isopropyl-3-D-thiogalactopyranoside; 100 uM). 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 plasmid DNA was isolated and purified from the
mycelia of the proliferated transformed colibacillus by using a plasmid
poiKifyifg kif(€1A-filter flasmid Midi Kith QIAGEN Co)), ta obiainieneugh
amount of DNA fragment-A3. (3) Analysis of the nucleotide sequence of
clohetPDN A HaghEnte 23 TRe TriEKSOtitfe 38GdeFee of Hie PRe& fralgpfient-A3

0 IPJQE in _the above (2) was analyzed using a DNA nucleotide sequence
e (P B A S o e

srpguenee method: White the ENA dragrmentA3 amphfied day aRCRyeaction
was measured at about 750 by by electrophoresis, it was clarified by the
nokledtitletseyuerce arfalysis ®6 behexactly P4t bydn tengthr@eethe2 329
2§cleoﬁ|de seﬁugﬂge S616 to %%Clﬁgt'ciﬁ sequence 1356 of the Seggeggg No.

P since DN, sequen%%lslec%rrespoh ing to'the two tfﬁgélgflﬁﬁmers used in

68ithe afargmentigned RCReactigpwere fepnd at both ends of the above
cloned 741 bp DNA sequence, it was clarified that the DNA fragment-A3 had

been specifically amplified byrtese (§RB types ol peiniers{5Dm+BFand
5Dm-2R) in the aforementioned PCR reaction, (4) Analysis of the

nefgHboTiRg rediSn of the DNIA flagmEfE A3nds ©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
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,
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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
Technalogy-Yel. 14q1pps 59893 ,01395)s 1Spegifically, Hhe Ar-lo60-geromic
DNA (see the above (1)) was digested with a restriction enzyme BamHI in K

beffgrsuIation (50 MSTHs-HCL pFE8. 5 a0 MM MECED 4 mM C ditiiotir@itol

d 100 mM KCI), with a restriction enzyme, Kpnl.in a L buffer solution (10
T e B e e B v e
restricion enzymealbin adt buffer selution:-(O0-m TriscHE M .51:40

mM MgCI2, 1 mM dithiothreitol and 100 mM NaCl). The obtained each DNA
fragrineritcleaved bythedesirictioniehArfes v seifugirculadzéd by using

DNA Ligation Kit Ver. ic Inc,). Meanwhile, the followjng pri
PN ST PN B D8 et S ST EreP a8 o 8 b
sequenee of the:DNAfragmenizA3 see the Sequenee Nes-24 and 20).
5PIN-2F: 5'-CGGAATCCACCAGTGCCTCGGCCAGAACCT-3' 6PIN-2R:

StCAGTFCCTICCAABGAACTCGIGGIT TG GG TA-3yNext: these two types of
primers (5PIN-2F ang 6PIN-2R) and the above self-circularized A-1560
st §enomic DNA Ss Ft&iplate, were used to run a PCR reaction. In the

PGR creactions gcycle of e io-stage seactipn inclydingi ge having the
l16-position hydroxylating enzyme activity on the macrolide
compound (ITI)

(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

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
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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
Taqg (Takara Bic Inc.) and a PCR amplifier (T Gradient, Biometra Co.). As a
result, a DNA fragment (DNA fragment-33) about 4.5 kbp in size, a DNA
fragment (DNA fragment-C3) about 3.0 kbp in size and a DNA fragment
(Dhrfragnentdd3sabeut bafy kbp insiza were:amplified. (swasthighly
possible that these DNA fragments were a DNA encoding a protein having
hyare§tang' agtivity’ard@ BNA having a DNA sequence including those in

the upstream,a j f rmer DNA. The DNA
e, b oA Loy An i R Hgmmen-D3 were
recovered fromdhed2GRamptified seactian solution by SUPREC PCR

(Takara Bic Inc.). Next, as to the obtained DNA fragment-33, DNA
fragmenRtC3rasd DIVARERjeAt-D3hiorder té dbtain ddeh DN fraghient in

an amount. enough to analyze the nucleotide sequence of the gbtained 7
A e, SRR G BABRET (Rovaolh o). BRA & igaion ki
vee 24 Takara Bic Inc.), E. coli IM109 strain and a plasmid purifying kit (QIA
filter Plasmid Midi Kit, QIAGEN Co.) were used in the same manner as the
above (®xte obtaincerfouglt antountiofreacheDNA(fragniénta(B) ARalysis) of

each nucleaotide sequence of the DNA fragment-33 (about 4.5 kbp in size)ﬁ
tHEDNAFrdgmeRC3S ot 3 KEP i siZ65 and th %ﬂﬁoﬁf&gﬁwgh D3 e

(Qggﬂh%gekbgégéqﬁ%xito 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
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
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Each nucleotide sequence of the DNA fragment-33, 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
showsntindherSequence No( A=frameeach sequence of tthenDNA-fragment-33,
DNA fragment-C3 and DNA fragment-D3. An open reading frame (ORF) in
this 4 BB B s f¥tricvetf 16 fifd that #ie fW6 kKind<of protéiifwerd ter,

encoded. Each amino aciid sequence of these pro]%eigs was retrieivekg by the
5 ¥ =
BUKGT oo "and as a result. an ORE (hereinafter refarred to as tpmA)

engading=a protein cconsisting of 494 @ninooacids having digh- hemology to
cytochrome P450 existed in the base 172 to base 1383 of the Sequence No.
ANTHEtpMA haaidtive) highesehomotogy(hemdlbgy: (77.496) t-the Zmiigd acid

Sqguence assumed (o.be 71 et of oygohiome P40 (CYRIOSDNE! sap

reptmyces cGelicolor oa rﬁgah omology ‘(hom y:

ta the;amingacig seqyence 1of the psmA isplatedsfram. theph- 1b44 strala. It
was considered from this fact that the tpmA was highly possibly a gene
encadirg lnydroxylating ehzymelofthelbptothiorme RP4504ypel Aldd) ian ORF
(hereinafter referred to as tpmB) encoding a protein having a high homology

18 ferredoXin 6 2Fe-35 tyBe ExistetjustaBRmstBal (the¥5ase 1399 to
base Jo93.0f thesgequence Na..4) of the temnAH18 PERCIN i ning

ampicillin (50 pg/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 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
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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
Sireptmycescoelicolar ASR(2k dherefore ik washcoasidered thad the fpraBe
served to transfer electrons and coded ferredoxin participating in

hyBFSsE/1&toH a8 géthleriwit e HRAAS Rferericé’ERafpte Bt Bshsthiction st

p id pT7NS-c B The primers PRR-1F (see the Sequence Npo. 29)
e S g Rl e R e hiab s o g vl
were usgsklo carmy puhPGR under ke fallowing-cenditianshavith

Pseudomonas putida ATCC 17453 genome DNA as the template. 72
PRRIMBUGCCTCECATATCARCGCAAACGACAACGTGGTCATC-3'

PRR-2R: 8'-GCGGATCCTCAGGCACTACTCAGTT CTTIGGC-3'

(R BRott Hia ot mpoLRion SRS UG dter T (1 2R Mo aEBh
GG buffer 1 (TAKARA HOLDINGS INC.) 25 uL dNTP mixed solution (2.5
mM each of dATP, dGTP, dTTP and dCTP) 8 uL PRR-1F primer (100
pmol/ulone:s hePRR-2Ragrimenyt00 pradl/tHhe0 BN <Pseydomonas putida

ATCC 17453 genome DNA 0.5 ul. (10 n%/_uL)

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 MgCl,, 1 mM
dithiothreitol and 100 mM KCl), with a restriction enzyme
KpnI in a L buffer solution (10 mM Tris-HC1l, pH 7.5, 10 mM
MgClzand 1 mM dithiothreitol) and with a restriction enzyme
Sall in a H buffer solution (50 mM Tris-HCl, pH 7.5, 10 mM
MgCl,, 1 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 (5PIN-2F and 6PIN-2R)
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LA Taq (5 units/uL, TAKARA HOLDINGS INC.) 0.5 uL (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
enzymesNded and Bamth ansoeleetsapboresad-0a . 8%=agarpsengel. After
electrophoresis, the camAB fragment was collected and purified using

SUPREG 01 {7 AMARAPAOL TN GSINETSTROAT A §ElISsectiore8nidtising that

fr 2nt which | ' ent was connected
bsglf] D%EVAY Iigas%gﬁigh%%%%%aé% %%Sm Gs},gltge‘éé&ggzoli plasmid vector
78mixT i (StratagenerCon: anddhenitransformeddntaEs coli DH5a to

construct plasmid pT7-camAB. Next, a linker 1 molecule obtained by
annealiigrthe thigesyinthetic blige DRAsPSPug (sediRéNBeduerict NbIB1$ahd

SP-2 (see the Sequence No. 32) with the se ces shown below w
A R N A e e o e e e o
inte E. caliDHBato censirugtplasmid pT7NS6aMABSPsL.  1n the per
5-TATGCGTCACTAGTCGGGAGTGCGTTA-3' SP-2:

StFATAACGCAETACCSACTAGTCASGBCA-8Example 1nPregaration of

plasmid pPapsmAB by connection of gIdA promoter and psmAB The pldA
p?&%?éﬁ%@‘?oﬁ%?ﬁ?eeﬁldﬂfénéﬁfdegg for 20 seconds and annealing

and elongation carried out at 68°C for 5 minutes was
repeated 35 times by using Takara LA Tag (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
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
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biosynthesis gene was connected to psmAB in order to express psmAB in
conjunction with the pladienolide B biosynthesis gene. The two primers
pdlApro-SpeNdeF (Spel and Ndel sites added to 5'-terminal: see the
Sequence No. 25) and pldApro-NdeR (Ndel site added to 5'-terminal: see
the Sequence No. 26) comprising the sequences shown below were
synthesizefhbased onthesnicleotide sequenseuaformationsefthecsequence
No. 1 for purposes of amplifying the pldA promoter region.

pldasrelSpeNiteF’ 8- GG CRATAT GACTAGTAGCCGTGTCETEE ceGER: 3

p|d ro-NdeR: 5'-GGGCATATGTTC C AATTCAT] -3! PCR.was
P R T P e e |

liguidosampesitione tisingsEays Baseki KEHa- #4plds-) aSterile pusifies water:
71 uL 10 x concentration PCR buffer: 10 uL dNTP mixed solution (2 mM
ebeh WA PR NdSTRIHCTPAEHE dPTPI2Ed LNV ESe4(28tmM) 4 uL KOD+ 2

IdApro- -
e B Rl
usingRiompetsa T GRARIENT) 95C, 5 minutes, (98K« 2616€Cs £36md ARing 8C
1 min) 25 cycles

(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
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
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72C, 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
Ndel. The plasmid pTC-DM (Reference Example 2(6)) was similarly digested
with restriction enzyme Ndel. The resulting 360 bp DNA fragment digest and
ptasmidodigest were coanectad using DBl igatiopt Kitper 2% (Takara Bic
Inc.). A roughly 9.9 kbp plasmid pPapsmAB comprising the pldA promoter
coARééei o psSmAB v@é@lca%ﬁuéte*aiiﬁ%ﬁow%ozmﬁﬂﬂ@czl@r}épa?éticﬁ%bf

plas t;@Ifor recomblnaglon The QPaggncqée éﬁ) %m%grei)taer én Exatlpgleﬁl_
p d K

was dlgested With restriction el enzyme and blunt-ended using
Kit{dakafa Bia Inc.)+ The sesultipgddNAawas ogleetrophpresed Mupid-ex:
Advance Co.) on 0.8% Molecular Biology Agaroselm (BIO-RAD), and the
iSetared R RbiﬁJDN’A Pleagieht consisrising tle plda prorioter and PsiAB
sometlmes ca led Pa AB hereu ﬁ as excised and collected and
punfzgré1 usmg IAdﬁlck éﬂfxtrac ion ﬁ%é]AGEN Co.). The

recombination vectorpUGI9aph:oridaintphie3 L shown ins Figq ik yas also
digested with restriction enzyme BamHI, and blunt-ended with BKL Kit

(FakardiBio ncor Thelresudting: vectdriand PapsheAB weref eomrectedrusiig
DNA Ligation Kit Ver. 2.1 (Takara Bio Inc.). Thus, a recombination plasmid

pPACESPAPsAS WaS E6strd&ial ﬁa‘%ﬁﬁj‘ﬁaepaé%AéhlﬁsBﬁ% into’ thé®
V%Q@Bbﬁgw@Q%€QQépbgagéHBeONE.Wﬁ@“&@lﬂmatpmA. 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 pT7/NS—-camAB
The primers PRR-1F (see the Sequence No. 29) and PRR-
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.
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Example 3: Introduction of recombination plasmid pAOC::PapsmAB into
Mer-11107 The resulting pAOC::PapsmAB was transformed into conjugated
E. coli 517-1 (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,
05%-NaCl)scortannag c25 ngdmh kananycinand shekog sultured at 30C for
2 hours, and the mycelia were collected, washed twice with 10 mL of LB
medioAtand suSpentiedin St CoIB Medie ChrisTWes3sed as the donor
sgﬁggr%%ignh Qileutlh ggpnor su pen§ion was being prepared, Mer-11107
was inocufated into 10 mL of 76 TSB medium (Trypto-Soya broth: Nissui
Seiyaku)and.shakisg incubated at 30C for 5 hours, and the mycelia were
collected, washed twice with 10 mL of sterilized water and suspended in 1
X of stetitizedavater. PRisTwas wiset d Ah&Recipientidlspenion. 500 uk of
th 7- 1/pAOC::PapsmAB. donor suspensign mi ith.10 uL of the
O M1 1207 Seen s S it st Shared BRcita fediorh No.
4agarymedium (Nissui Pharmaceutical). After incubated at 30C ford 8 hours,
this was covered with 2.5 mL of SNA (0.8% nutrient medium: Difco, 0.4%
agaR- Eontainiter2 M@Pnribostanmycin, and incubated at 30C for Pdaysto
obtain a the ribostamycin-resistant pAOC::PapsmAB-transformed strain

Mer-TTT0PIgRET: PapsmRB. / ExAmple 4: Pladienolide production test ot

Mﬁ;é &&&QZHQ@‘%Qt?QBSW Sirﬂ%3 genome DNA 0.5 pL
(10 ng/uL)
LA Tag (5 units/uL, TAKARA HOLDINGS INC.) 0.5 pL

(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
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
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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 uL each of frozen seed of
Mer-11107::pAOC::PapsmAB and Mer-11107 was inoculated into 60 mL of
seed medium (soluble starch 2%, soy bean meal (ESUSAN-MEAT
manufasturedrby Ajoanate.GCo. kith) 2% yeast extrach0B%nK2HRPO401 1
0.1%, MgS04.7H20 0.25%, CaCO3 0.3%, pH not adjusted) and incubated

abBBe for 3:@9;‘% B0 uElﬁStﬁéqLegﬁﬁin@a%% culigret bréthlwassmnodulated

into .60 main culture medium. 77 (s starch 5% Iucos 1%
R B R ot Cae Gy BT o S g s

coltured@t35€Her 3 daysc4 days, 51da3é&1an@@4iay(%ééft&mt@es&iﬂ@lei@n
of the cultivation, the resulting culture broth was extracted by addition of 4
tiﬁfes the) ambuint DR acetshitile SFhe hamoupts: of plathieslideBtasd itg the

itlon hé/dr(%mgﬁepl EllenolcgjeﬁD in th%ﬁgs&lltln‘?a%ﬂ%c vi\:greﬂrg asured

he measurement res %’are snown |n

nl%?e%l rement conglitions were asdollows, bevice; ShimadzuFHRL C IOAvp
Column: Develosil ODS UG-3 (T 4.6 mm x 50 mm 3 um) Mobile phase: 45%

t6B5Y niethBRBHTRS Bl IS5RSARTRAAGITE 10’13 min) 55% to 70%

methanol (13 to 21 min) 70% methanol (gl to 25 min) Flow rate: 1.2 mL/min
—~TATAACGCACTCCCGACTAGTGACGCA-

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 (Spel
and Ndel sites added to 5’'-terminal: see the Sequence No.
25) and pldApro-NdeR (Ndel 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”
pldApro-NdeR: 5’'-GGGCATATGTTCGGACGTGAATTCATTICG-3’

PCR was carried out under the following conditions
using these primers.

(PCR reaction liquid composition: using Toyo Boseki KOD-
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Detection: UV 240 nm Injection volume: 5 uL Column temperature: 40C
Analysis time: 25 min Retention time: Pladienolide B 12.4 min Pladienolide D
4.3 min Table 2 78 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
farididays 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)
Wiife afrostng pt6dudticie6f pladienolide D was seen with the parehtistrain

-11107, pladienolide a duced by the
mgflfﬁ?%&gﬁaqﬁgﬁsr%% Z)tlr%i%eﬁdving the introduced pAOC::IggpéJr%AB.
Thigrshewsdhatdireet: production efpladienclide;Begn beachievedibyp) :
introducing

10 pL
MgSO4 (25 mM) 4 pL
KOD+ 2 pL
pldApro-SpeNdeF (50 pmol/uL) 1 pL
pldApro-NdeR (50 pmol/uL) 1 uL
PKS35 (Referential Example 1 (6), 10 ng/uL) 1 pL

(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 NdelI. 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
pPapsmAR 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

75



the pladienolide 3 16-position hydroxylase gene psmAB into the pladienolide
B-producing strain Mer-11107. Example 5: Effects of (3-CD addition on
pladienolide D production by Mer-11107::pAOC::PapsmAB strain The effects
of (3-cyclodextrin ((3-CD) addition on productivity of pladienolide 3 and its
16-position hydroxide pladienolide D by the Mer-11107::pAOC::PapsmAB
stratreebtained tm Exasple 3 were dnvastigated. 130Q pd of Jrezemded
Mer-11107::pAOC::PapsmAB seed was inoculated into 30 mL of seed
ctRdrInfathufi(solUifé Btarcdhiov 3oy beart Afeal SESOSAN-MBATE S

manufactured by Ajinomoto Co. Ltd.) 2%, yeast extract 0.3%, K2HPO4
I S & e b e Do ot Tt
incubaies at 256 3 days-300 Y- efhihe resulting seed aulturelsotinwas
inoculated into 30 mL of main culture medium to which 2% 3-CD was added
(Solables Btare5 %! glucdsety® PHarpramedRr 396 hdekahp| (g imes

OéO ‘Vlo %%D ZS.O(V, 89603 él%), H 7.65 oirs?é%mL/gf me irie%l%lteu em dium
wﬂ%ou% _COPAddEd (SOITBIE Starch 59, g?ucose 19, Pharmamedia 3%,
agdekanolblkiGnl26 0.Q0%r £AGER 8:1%% pH-Z &)1 8ndincubaiedder 3days, 4
days, 5 days and 6 days at 25C. After the completion of the cultivation, the
rédting coultbier iguidhwas extractéd byaaddition of 4: tinfeshtHe3amouritiof 1n
acetonitrile. The amounts of pladienolide B and its 16-position h]%/droxide

pladiendlide D Tt e Pésififing extract wets rheabdrd By HBIECEHRE! and
measurement Jegults, age shewn iprlable 3sthe HRLG measurement « s ng

conditions were as follows.

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 pUCl9aph::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/pA0C: :PapsmAB. The resulting S17-

1/pAOC: :PapsmABR was inoculated into 10 mL of LB medium (1%
bacto tryptone, 0.5% yeast extract, 0.5% NaCl) containing
25 pg/ml kanamycin 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 used as the donor suspension. While the donor suspension

was being prepared, Mer-11107 was inoculated into 10 mL of
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Device: Shimadzu HPLC IOAvp Column: Develosil ODS UG-3 (g 4.6 mm X
50 mm 3 um) 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 uL Column temperature: 40C Analysis time: 25 min 80 Retention
timen Rladienolider3 24 pugaPladienalide Bs4.3 mil yEahle 3280 £3r0D ng
added No (3-CD added Pladienolide B Pladienolide D Pladienolide B
PladieRalige * (mgILS (gL (MY ImgiEY culttiréd $6r3 Ya§RrE99.4 202.0

36.2148.4 (72 ho rséc ltured for 4 days 362.8 350.5 93.2 2 9.3#96 hours)
T 5 ains de SRR 155 Jh0'E (130 Teabey SrieimeiFior s das
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 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 1l6-position
hydroxide pladienolide D.

300 pL each of frozen seed of Mer-11107::pAOC: :PapsmAB
and Mer-11107 was inoculated into 60 mL of seed medium
(soluble starch 2%, soy bean meal (ESUSAN-MEAT manufactured
by Ajinomoto Co. Ltd.) 2%, yeast extract 0.3%, K;HPO, 0.1%,
MgSQO,+ 7H,0 0.25%, CaCOs; 0.3%, pH not adjusted) and incubated
at 25°C for 3 days. 600 pL of the resulting seed culture

broth was inoculated into 60 mL of main culture medium
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433.1 774.1 118.3 535.8 (144 hours) As a result, addition of 2% (3-CD
resulted in a roughly 1.4 times increase in pladienolide D accumulation,
showing that addition of (3-CD has an effect on direct production of
pladienolide D. Example 6: Pladienolide production by Mer-
11107::pAOC::PapsmAB strain (2) 300 }xL of frozen seed of the
Merel1H0A : pAQL: P apsmAB. stain objaineddndmxamples’d wasikioghtatied
into 30 mL of seed culture medium (soluble starch 2%, soy bean meal

(ESUSANMERT nfafiffacturtd b Ajitomoto 56 198)29%e Jedst xifactor

0.3%, K2HPO4 0.1%, MgS04.7H20.0.25%, C 3 0.3%, pH not adjusted
i T tatod 255C Tor A 500 FLEeT (e i See Ee e Bt
waseinegulated #nten30 aile 81 ofunaimeultirermedivndsaluble starehh%ed
glucose 1%, Pharmamedia 3%, soy bean powder (J-Oil Mills: Honen

Sey Py %60 adekartoltiGer26 00590 BC DR2. 096 cCat D3 D1 F%, pH?.5),

and cuh;éjsred %or ?éﬂgﬁ{ieshﬂdladys, 5 d%y ,.0 da¥ and 7 9a¥§ %tXSC. After the

c%IrThopoé]tlon% the Cultivation, e résu iﬁé: <u tu_rgfi?thdL was extracte eby

agddition-of4 timesthe, amaurntefacetenitdle. The amounts of pladienglide B
and its 16-position hydroxide pladienolide D in the resulting extract were
migdsured ByeHPE G URlsenemgasigemert resalts asenshiowd dp Table 4. The

HPLC measurement conditions were as follows.
HPLC measurement conditions were as follows.

Device: Shimadzu HPLC 10Avp

Column: Develosil ODS UG-3 (@ 4.6 mm x 50 mm 3 um)

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: 40°C

Analysis time: 25 min

Retention time: Pladienolide B 12.4 min

Pladienolide D 4.3 min

Table 2

78



Device: Shimadzu HPLC IOAvp Column: Develosil ODS UG-3 (g 4.6 mm X
50 mm 3 um) 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 uL Column temperature: 40C Analysis time: 25 minutes Retention

time: Pladienolide ﬁé&.ﬁ@ﬁnyA@x-Fﬁgﬁé&Mig@aﬁq 4.3 myeies1Jabieid 82

270 2 9DN

Pladienolide B (mgH) “Iad:encl:d': BD-(mgf—edttgreaHor3-tays3+8-3236-%
(12 hours) cultured| folRAERJEeEB 1] 4%@9@0&% %Pﬂg;ﬂeuﬂmsé fc?r‘%jﬁ%%de
480 4 874 2 (120 hourd"lihired for 6 H3Y5387 4 9g8W/'th a4 |hoX !
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 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 1l6-position hydroxylase gene psmAB into
the pladienolide B-producing strain Mer-11107.

Example 5: Effects of B-CD addition on pladienolide D
production by Mer-11107::pAOC: :PapsmAB strain

The effects of Pf-cyclodextrin (B-CD) addition on
productivity of pladienolide B and its 1l6-position
hydroxide pladienolide D by the Mer-11107::pAOC: :PapsmAB
strain obtained in Example 3 were investigated. 300 pL of
frozen Mer-11107::pAOC: :PapsmAB seed was inoculated into 30
mlL of seed culture medium (soluble starch 2%, soy bean meal
(ESUSAN-MEAT manufactured by Ajinomoto Co. Ltd.) 2%, yeast

extract 0.3%, Ky;HPO, 0.1%, MgSO4-:7H,O0 0.25%, CaCOz 0.3%, pH
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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
canbineduwasheqd twiee withub@tul oftbrineeand eriedl aversanhyrousr, of
sodium sulfate. After removing the solvent, the resulting residue was

ptifified By thid gy et o Atatd g i MERCK Sifiiget 266 ¢ 25450 55 Ml
developing solution; toluene:acetone=1:1) {0 gbtain 12.8 of pladienoglide
oA L Saof e 5. T3 T AMR mnlyas Aot o oTuBid

Ban .1mgo e analysis results for

pladienalide; B anch pladienaljde xweseasifellows. RladianolidedB; 2H-NMR
spectrum (CD30D, 500 MHz): 5 ppm (integration, multiplicity, coupling
con8tat J(HZ)):283 8,93 €319,d,9=F:0HEB)! 0/94 (3Hd,IL68HAT 0rgg n

e e
(2Hm) 260 1Hm) + &fR £1H,dd, )=2 £ 8:3td2), Rer6 fEH g2, 4.5,¢d7),
3.56 (1H,dt,J=8.3,4.4Hz), 3.82 (1H,m), 5.08 (2H,d,J=9.8Hz), 5.60
(DH did, J29.8715. PHANE . 700 (A aleked=& 8r15.2887) 55.74 days, 5 days and
G284 RARIRAIIRL O 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 (@ 4.6 mm x 50 mm 3 um)
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: 40°C

Analysis time: 25 min
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(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=7.0Hz), 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 R=24,8:3Hz); 224 (PhRidtil=b4,51€HR),1 3.55 (liH,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 Riffdau=Bl3a 521z 592 (1H,d,J=15.2Hz),

6 %l(e d,J=10.8Hz), 6.57 (1H,dd,J=10.8,15.2Hz) Example 7: Introduction
of recombination plasmid pAOC PapsmAB |nto Mer-11107 pIdB hyg strain

T [l il WV, VaYalh norm ad [T/ armanla D ard
‘IC DL T LIPgAU.. a OIIII_\I_) OLI alll UULC[IIICU III —AAlTTJ IC J vvao IIIU\JUIGLCU

0 10 mL of LB medium &%haB89Asone, 0.5% ye%lgt[%ﬁlpa%@dﬁ%%

NRCl) comprising 2% ligiBHolfetk sy FasalsriBIiae s PridRa i B o iERlich BRI D
3pC, and the mycglia weiglqollegted, (mgahed tvicemigh L0 mL of (kL)

mEde%éﬁd@'d'm’S ML P CB mediumnT.[ This was the [donor
su%tb%‘ﬁ% ot Wi the dpgy suspensigghvgas being pygpared | the 148 4
Mer-1IZE0optdB::hyg strain prepdred in Reference Example 1(8) was

inocHlat%q mt&ﬁi JNCOT TSB meijlum (Trypto-goya broth: Nissui

Pliarmaceaticaly ard shgking culiuredsgg39C for 5 hggirs, and the sgycelia
were (dfidoed) washed twice

cultured for 5 days
(120 hours)

t

-

484.3 580.1 122.3 420.6

cultured for 6 days
(144 hours)

433.1 7741 118.3 535.8

As a result, addition of 2% B-CD resulted in a roughly
1.4 times increase in pladienolide D accumulation, showing
that addition of B-CD has an effect on direct production of
pladienolide D.

Example 6: Pladienolide 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%, Ky;HPO, 0.1%, MgSO4-7H,O0 0.25%, CaCOsz 0.3%, pH
not adjusted) and incubated at 25°C for 3 days. 300 pL of

the resulting seed culture broth was inoculated into 30 mL
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with 10 mL of sterilized water and suspended in 1 mL of sterilized water.
This was the recipient suspension. 500 uL of the S17-1/pAOC::PapsmAB
donor suspension was mixed with 10 uL 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 withi2.5unk ofoNA(0.8%1nutriens tediuns sDife011049% agar)
containing 2 mg/mL ribostamycin and incubated at 30C for 7 days to obtain a
ripBERERL fesistant PAOCPRRFEB-tfanstormédiMer-1iapyn SoyPro)
AO A e Pl olide production test
;’ Mer?yf%ip %dgéﬁ)%% pﬁg)t Pags 881% sl(:%lln Q&Me@? UI? " 5t§
pldBi:hyg PAQE  RapsmABysirain abtaineds |@£9(§m%|ed7a98dath§ pareay s
Mer-11107 pldB::hyg strain as a control were tested for productivity of
MEE-265"&nd its 16- position hydroxide ME-282. 300 uL each of frozen seed
of 85 er 111 IdB::h pAOC smA nd Mer- 11107 ldB::hyg .was
moculrll\éeat |n]io%%£ 6 SXe%é: d e um oIlJCﬁJIe ]tarc%l%r% SO éob]é%ﬁur%%éflg
(ESUSAN-MEAT: mapifactured by-Alingmote; ieQ oktd:) 2%, yeast extract
0.3%, K2HPO4 0.1%, MgS04.7H20 0.25%, CaCO3 0.3%, pH not adjusted)
apddnotbatedeatc250 1forid days.T360 ghwfthe resSultinglseed caltare3broth
was inoculated into 30 mL of main culture medium with 2% 3-CD added

theréto (salGble"StaPch 595 CGiut6sE 196, Pharmamduia 396 adekahor 9

LG:126 0-09% 360 2:0%0 GACE8:%:1%.10d Tnek sandiRcubated atas G for
3 days, 4 days, 5 days and 6

shown in Table 4. The HPLC measurement conditions were as
follows.
Device: Shimadzu HPLC 10Avp
Column: Develosil ODS UG-3 (¢ 4.6 mm x 50 mm 3 pm)
Mobile phase: 45% to 55% methanol (0 to 5 min)

55% methanol (5 to 13 min)

\O

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

\O

70% methanol (21 to 25 min)
Flow rate: 1.2 mL/min
Detection: UV 240 nm
Injection volume: 5 pL
Column temperature: 40°C
Analysis time: 25 minutes
Retention time: Pladienolide B 12.4 minutes
Pladienolide D 4.3 minutes

Table 4
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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 |IOAvp

ColumpDevelosirODS UG-3(T 4.6 mm x 50 min 3 um)_Mobile phasq: 45%
to 55% methanol (0 to 5 m|rfIdab&aatiddHarol(b)tpP13dreim)|B5%b (onglY
methapal (13 to 17 min) 70% methanaol (1 to 35 min) Flow rate: 1 2 mlymin
Detectjotulluxe@40r 6ndam'e ction volgg%e 5uL Clumn ter%ﬁ(?'\?ature 40C 86
Analygis tim §|50 utes |RetentioR thve: ME-265 21.0 E-282 1%.6
min Tnuw:)W| O7-Mer-1 1167 ptdB-hygstrain
pldB::hygH A%%ijaﬁj 8¥¥AB strain WHF-265 (Mg/l]) ME-288¢mg/L) ME-265
(mg/L) ME 288 (ogA)) cultured for 3 days 47.8 153.8 485.7 0.0 (72 hqurs)
culturgdJQtt<dpds 5 days
480.4 874.2
(120 hours)
cultured for 6 days
387.4 985.4
(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,

70 mL of water was added to the filtrate,

and the mycelia were washed with 30 mL of water.

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 remo

was purified by thin layer chromatography

60 F254 0.5 mm devel

ving the solvent,

oping solution;

the resulting residue

toluene:acetone=1:1)

obtain 12.8 mg of pladienolide B and 23.1 mg of

pladienolide D. The

'H-NMR analysis r

esults for

pladienolide B and pladienolide D were as follows.

Pladienolide B;
'H-NMR spectrum

multiplicity, coupli

(CDs0D,

500 MHz) :

ng constant J
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63.5 222.1 907.0 0.0 (96 hours) cultured for 5 days 70.5 280.5 1534.4 0.0
(220 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
intreduceth  Thisshowszthat direct @adactien ofME-,282. ean be achieved by
introducing the ME- 265 16-position hydroxylating enzyme gene psmAB into

tHe’ IVIE- 265 pPoducing straid Mer14107 PldBrhyg 2A filtt&ticn aid was added

to about 90.mlL_of extract obtaj by addition of a a unt of
a((:gtgdnr?tgrﬂe to EItfg)e gg%fénrilén%érg\éea Z?lﬁ%%%ﬁdBTh?Pglggg(%’gégsr%%@ ’

culture hrothswhich was thepmixegl. and filtered through 60 rcpnkKiriyama
funnel (Kiriyama filter paper No. 4) to isolate the mycelia. The mycelia were
wasShedtwith 504mt.- ofwater? to/ bbtaif iy éeha 4s6latiBn filtrate? The mycelia

B jpolation firate v oxtracted tyice with 100, ofetlyl acclpt After,

dryin§ over anhydrous soflium sulf solvent was' removed to obtain
residueqThisowas 1putified byshirplayen chiomatography (MERCK Silicagel

60 F254 0.5 mm developing solution; toluene:acetone=1:1) to
(14,dd,J=9.8,15.2Hz), 6.13 (1H,d,J=9.8Hz), 6.36
(1H,dd,J=9.8,15.2Hz)

Pladienolide D;
'H-NMR spectrum (CD30D, 500 MHz): O 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
(lH,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 (l1H,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
(14,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/pA0OC: :PapsmAB strain obtained in Example 3
was inoculated into 10 mL of LB medium (1% bacto tryptone,

0.5% yeast extract, 0.5% NaCl) comprising 25 pg/mL
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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=7.0Hz), 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),

IkbArdag i, mhdl 24t 3642t ut 42-F 52 (3HHO)rE.64£1.6668H ,mpd the
1.74(3H,d,J=I.IHz), 1.89-1.96(IH,m), 2.00(3H,s), 2.41- 2.47(IH,m),

23 AR, 35 5, B9 9HY) F2 b1 -2 SR n) 15 6(1H  8d U237 135013),

T58.5 0 k195 4 GYI 49~ 810 B3, 8 OBLI A Ir0 By e

52(H, delde9.25150H2), 5.49(1H,dd,J=9.2,15.0Hz),
5.65(IH,dd,J=8.4,15.0Hz), 6.08(IH,d,J=10.6Hz), 6.32(1H,dd,J=10.6,15.0Hz)
ME-282h1HeNMR spettiting (€300, 300 MHPE1S ppr tintegratiophe
multiplicity, coupling constant J (Hz)): 0.87(3H,d,J=7.0Hz),

B QL PR (s BsT ~6.5y(3h doeb gy Bramele
13251 26(1H.m) 4:29137 3R ) B8t 333N, medium (Trypto-Soya
1.44-1.52(2H,m),1.60-1.64(IH,m), 1.65(IH,dd,J=6.2,13.9Hz),

178k NS #42), Ph 8B (HH: dd 5534 )1 3:0H 2, B BORE 94 (I Ho ) 2. 00(3BI0S);

2,43(IH,dd,J=5.5,13.9Hz), 2.50-2.60(IH,m), 2.56 (IH,dd,J=3.3,13.9Hz),
2TSB(1H, AL IEZ 2, 725 60 (i 4R 95126 FHZ)S 352K i a8 87419),

3Q¥%§j¥% mL of sterilized water and suspended in 1 mL of
sterilized water. This was the recipient suspension. 500
pL of the S17-1/pA0OC: :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 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
control were tested for productivity of ME-265 and its 16-

position hydroxide ME-282. 300 pL each of frozen seed of
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(1H,m), 4.90(1H,overlappedwith D20), 5.01(1H,d,J=10.6Hz),
5.42(IH,dd,J=9.2,15.0Hz), 6.13(IH,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
prigierseDM-5SphE (Sph siteradtted tooSrtesminal: see- Segoencedsa.: 27y
and eDM-SphR (Sphl site added to 5'- terminal: see Sequence No. 28)
CBATrising tHe seguéREas Sshdn beldi srerecsintResized ase P oA TR

2%1 %ﬁ%‘ﬁg é&%ﬁ;@%%ﬂ_%gﬁé‘gﬁﬁﬁ%q uence No. 2 for BPRsEs Ofoto
SedCEEEGCATCGEEGAAGTGACGGALAKGAGC;30 eDM-9phR;, - 71,0
5-CCCGGGCATGCAGACGACGACGTAGAGGAA-3' These primers were
uSed 16 carpfout PCR uritferithé followitg conditibns) (PER: eshctior?iiqiid

STRPOSUR s Tpogs b T Tl ) Sl ed e
each dATR dGTR, AGHPAnddTAR) n5S b1 LA Tag ok £RM-SphE (68
pmol/uL) 0.5 uL eDM-SphR (50 pmol/uL) 0.5 uL Streptomyces esp. A-1544
geAdate DINK gL (soluble starch 5%, glucose 1%, Pharmamedia
3%, adekanol LG-126 0.05%, PR-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 l6-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 (@ 4.6 mm x 50 mm 3 um)
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

Injection volume: 5 pL

Column temperature: 40°C
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(Reference Example 2(1), 10 ng/uL) (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 QIAquick PCR
Purification Kit (QIAGEN Co.). The resulting 1570 bp DNA fragment was
digestednaitky sestriction enzyme rSplals The plasmid pSK117 (J. Bacteriol.
Vol. 2002 184, 6417-6423) was similar digested with restriction enzyme
Sphl. TReteshkitry 576 bpBNACfragiehtdigest comprising psmAB and
the plasmid digest were co g%u iglg6Dr|§|A%1 Ligation Kit Ver. 2.1 (Takara
Bic Inc.). A plasmid pPepsmAB comprising the ermE promoter connected to
psEAB was constructed in this way. Example 10: Preparation of
recombhination plaqmid r‘nnmining psmAB connected to ermE promater The
plasmid pPepsmAB prepared/gi-EkEhple 9 was | 9Q,di @dﬁ ih iction
ehzymes Kpnl angPBQ1N@RaABiRansaad sirig B&Ig}}%ﬁsﬁa ‘gr%g%sglﬁ\%”)p
The resulting DNAMBg&s ecigaphanesesb (Myfid-se-2edviangze) mE-284mg/L)
elpcrardswipgyAgaroselm (BID-RAD), and the isolated 2060 bp DNA
agm&ath@u% under caltéd PepsmAB)1&8rBprising thé8armE gromofk? and
Saa¥AV 1

wac ovnicohAd and ~Alla~tAaH AanAd irifind vy OIAcunele Aol Evitractinn
PITIZ\L VVUAOD UAUIOEREU UATITu UUITITC Uil AAarTu IJUIIIII\.,UI Jy \(l’_\\dul\ll\ Ol L ALTCAULTVUTT

KIE{BIREERN €¥'F| The ggeombirfationasecior pUC19gphioriT{intphiGal
showPmheigs)
cultured for 5 days
(120 hours)
cultured for 6 days

(144 hours)

f

O =

70.5 280.5 1534.4 0.0

71.8 309.6 2031.3 0.0

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
¢ Kiriyama funnel (Kiriyama filter paper No. 4) to isolate
the mycelia. The mycelia were washed with 50 mL of water

to obtain a mycelia isolation filtrate. The mycelia
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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:
Prepataiiosnofrrecomhbiaatian ptasmic-centaininge natral psmAB. Acprisety 1
DM-BgIF (5-CGCATAGATCTTCACCCGAGCGGGTGATCA- 3" see the
Seefeiehiee No 35 Phadingld BghY Site 2eftiedr - the Slend and Adrfimer e
DM-BAIR (5, TCCCBAGATCTTBAAGGTCCECGTOACCAT S see the
Sequence NG. 3§) ri%avmg a Bglll site aaged t0 the 5-end were Hesigned and
preparedawith yeterence 49 dhe aueleotidesseguenceokthe Sequenge Neo 2.
Next, these two primers (DM-BgIF and DM- BgIR) and the A-1544 genomic
DNA dtainetrinRefererée JE garhple 2(1) &< e templié weaeluded tocarry

ouL PR 97 eation, The PR resction wassondugied by repeating g e

threeefls]tage réaction inc uding denaturing carried out at secon

apnealing carded out at §3C for 30: secondsangselongation.carted QutHts |
68C for 4 minutes 30 times by using Takara LA Taq (Takara Bic Inc.) and a

PER 2amplifier (T Gradient, Biometra Co.). A roughly 3.5 kbp DNA fragment
(hereunder called PopsmAB) com risin%natural psmA and psmB was

coledt&l fiBRT e BCR Amptification " téaction figllid By hgarade gar
%ﬁ@%@%@ﬁ”%é&{ﬁ@ﬁ& 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
(l1H,m), 4.91(1H,dd,J=8.8,10.6Hz), 5.00(1H,d,J=10.6Hz),
5.42(14H,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;

'H-NMR spectrum (CD3OD, 500 MHz): O ppm (integration,
multiplicity, coupling constant J (Hz)):
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),
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01 (Takara Bio Inc.). The resulting DNA fragment was digested with
restriction enzyme Bglll. The pUCI9aph::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 Bic Inc.). A recombination plasmid pAOC::PopsmAB comprising
PopsmAB iaserted aatoithe2 recombination-vectar ppGi9aph::oriT::intphiC31
was thus constructed. Example 12: Introduction of recombination plasmids

pUCI94pR8ATIiMpRIC3L, BEKOC: PepSMABand pABE ) PopsmAB into

er; 7. The recoambination vector, pUCI -oriT::intphi and the
A RS et PAOC P parA oDt et et 15 ad 11
were each, Wanstosmehinte genjugated £ coli S17+) (ATCL47055) by

electroporation to obtain 517 1/pUCI9aph::oriT::intphiC31,
S17H1 G ES PepsmABZand 5175 92H/gA0TC2PéepsmiAB straits) The

resulting three strain re inaculated.into 10 mL_of L B medium (1% hacto
tr3(/s|lo dr%e%, (;%32 3ye%a's%(i,\l%ﬁr’ac#’, 005(\%5}(;ﬁl ﬁa%tl) %ng'gr]fs?ﬁél%)dg il é#\érSn%ycin
andn shaking cutured 3t 30G fer-2 hours afier which theimyceliagvere, ) ,
collected, washed twice with 10 mL of LB medium and suspended in 5 mL of
LB-redidmdThése werkSthel donof stspéhsions- Whiféithe donbe
suspension was bein5g repared, Mer- 1107 was inoculated into 10 mL of
Tgéahﬁjeddiﬂrﬁl(lrrglpgo-s k}é) broth: Nissui Seiyaku) and shaking cultured at

3Q£5KE£% 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 (SphIl 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 Tag
(Takara Bio Inc.))

Sterile purified water: 17 pL
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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 uL of each of the donor suspensions of the obtained three
strains above was mixed with 10 uL of the Mer-11107 recipient suspension,
and applied to Actino Medium No. 4 agar medium. After incubated at 30C for
18:hawysctheses were covesed swth 215 mL of SNA (0.8% nutrient meslivim:
Difco, 0.4% agar) comprising 2 mg/mL ribostamycin, and incubated at 30C
fORVZ BaPs 16 bbtaihitestamycitt afdtafft If, dGTP, dCTP and dTTP) :
pUCI9aph::oriT::intphiC31-transformed Mer- 11107::pAOC,
pPAOC::PepsmAB-transformed Mer- 11107::pAOC::PepsmAB and
PO G sRopsmAB-transformed Mer- 11107::pAOC::PopsmAB straing..5 L
Example 13: Pladienolide production test of Mer-11107::pAOC strain,
MeMEBEOT:: RO PErshAB strain and Mer 93 11107::pAOC::PopSAtAB L
strain The Mer-11107:: C strain, Mer-11107::pAOC::PepsmAB strain and
W@W{%fgﬁ:gkéé?%&gﬁlﬁ B strain obtain in Example 12 were testei fo@
praductivity i nladienolide B sand,its J6spesition hydroxylate pladienolide D.
300 uL each of frozen seed of Mer-11107::pAOC, Mer-
11367¢pACE:: PepsmikB ant) Met-A 11972pAOC::PopsmAB was inoculated
into 20 mL of seed medium (soluble starch 2%, soy bean meal
(ESCSANNMEAT HanitActurd ByPajinGhots €8T 't 566; yehkt extract
0.3%, K2HRO40,19%,,MgS04.7H20 0.25%, CaCO3 0.3%, pH not adjusted)
and incubated at 25C for 2

(98°C 20 sec, 68°C 4 min) 30 cycles

5 pL

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
psmAB connected to ermE promoter

The plasmid pPepsmAB prepared in Example 9 was

90



days. 300 uL of the resulting seed culture broth was inoculated into 30 mL of
main culture medium (soluble starch 5%, glucose 1%, Pharmamedia 3%,
CaC03 0.1%, 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 pladienolide B and its 16-position
hydeexdde dpladienalide:D in the tesultingextiaot weredmeasured bydHPLC.
The measurement results are shown in Table 6. The HPLC measurement
cBhftionsnvere ds $@|ﬁa\ﬁ§<105\1}*‘ee<§ﬁﬁ%azainEequvp Extumpsulting
I05|I O S UG-3 g 4 6 mm r% u@dMOb'lz phas %5% to 55%

£er
met anol Oto nir methan 13 mlnf‘gg toI} 0% methanol (13

t@ﬁ@ldﬁﬂﬂ)a94§ﬂ%d@9thaj&l&%éﬂ0 ZormimabjQwdate: th2 mkiminRetention:
UV 240 nm Injection volume: 5 uL Column temperature: 40C Analysis time:
28min'Refertisietitnet @aam@%e@aneﬁnﬁﬁwmﬁ%n@mm&swiﬁ:hﬁable
6 MeE Mer-111107::p db‘psmA 1107:: Pe B :Po smf\eBcted and

ermE promoter an was exc and
purified by QIAquick 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 was connected to PepsmAB using DNA Ligation Kit Ver.
2.1 (Takara Bio Inc.). Thus, the recombination plasmid
PAOC: :PepsmABR having PepsmAB inserted into the
recombination vector pUCl9aph::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-
BglR) and the A-1544 genomic DNA obtained in Reference

Example 2 (1) as the template were used to carry out PCR
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C strain 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 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
andpAQ&::PopsmABCH his shows thatdirect preductiorny of pladienokde D
can be achieved by introducing the pladienolide 3 16-position hydroxylase
geheFsMABSIRtS B platieAdlide 3 iptedierr Sty Mt FLEO7 Fkarmple

14; Preparation of pPampsmAB comprising variant psmA 95__

R R AL e S BORAR LT MR poABREL B G 3¢
pPampsAR:d Yohaviggdmutations inrgdysed using QuiekChangelMcc s 30
Site-Directed Mutagenesis Kit with the pPapsmAB prepared in Example 1 as

the wsrhplate weredprepared in-drdecto (Gdd site-Birectetmutatichstd BEmA.
Prlm%rs R91C-I§ %d I§91C-R ee the Sequence Nos. 37 }({1{19 %S.)Sh%\ggg the

séaﬁeﬁcés? %héwn beiow wete |%§tm§3t/ﬁﬁ1es?z'ed: RO1CF?

Sl GGeeGREECGREIGHEACCEGES GG &ids )RBGSR sing natural
5'-CACCCGCCGGTCGCAGACGGCCGCGAA-3' and a mutation was

introdu cettusingEQuick ChrahgeheSitérom 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::0oriT::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 pUCl9aph::o0riT::intphiC31 was thus
constructed.
Example 12: Introduction of recombination plasmids
pUC19aph::0oriT::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
(ATCC47055) by electroporation to obtain S17-

1/pUCl9aph::oriT::intphiC31, S17-1/pAO0OC: :PepsmAB and S17-
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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:
SECICBAGCELLREE GAGLGECCChECELGATS iard aHpdtation-wass were
introduced using QuickChangelm Site- Directed Mutagenesis Kit with

pPapSHIABSS asithe tebhptate fréptafingithe #195 Argihme s PSR with- 5%

leucin to prepare pPamp -CL. Next Erimezr L4A03M-F and L403M-R
RS i al A Se Ui o g st i gl MERE

wetek syithesizegk 96 1.403M°kE: for 2 hours, after which the
5-ACGATCCAGGGGATGATGGAACTCCCCGTGA-3' L403M-R:
5NYCACERGEAGTT CTCATECATCECTT GGAFCEL8hand arhutdtidrPwas

introduced using QuickChangeT" Site- Directed Mutagenesis Kit with
ARl SR R Iae, rhinthg te FA 0 o 6 PeiA it
methionine 1o Rrepske pPampsmAB-CLM. Next, primers R236L-F and
R236L-R (see the Sequence Nos. 43 and 44) having the sequences shown
below Wérel syhtlesizedrR286bsfision was being prepared, Mer-

5'-AGCTGGACCGACTCGACGTGGTGGCGCTGG-3, R236L-R:
5L AGCEECALCACETECRE FCEG FECAGETC B ahd™ s Mmiitdhon wis' =

"EEE@@?QH%@QﬁQ@@K@Q@DQ%E&ﬁ@@bking 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 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 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 pUCl9aph::oriT::intphiC3l-transformed Mer-
11107::pAOC, pAOC: :PepsmAB-transformed Mer-

11107: :pAOC: :PepsmAB and pAOC: :PopsmAB-transformed Mer-—
11107::pAOC: :PopsmAB strains.

Example 13: Pladienolide production test of Mer-11107::pAOC

strain, Mer—-11107::pAOQOC: :PepsmAB strain and Mer-—
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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-TGGCGCTGGCCGTCTTCCTGCTCGTGG-3' 1244F-R:

S5 COACGAGCACGAACRACGGLCAGCGCCACCA-3' and a mutation was

introduced using QuickChangeT" Site- Directed Mutagenesis Kit with
pPapsmAB-EEM astAd téRfptateS treplacintfthe ¥2Ud isoRdititiie BF PEMA

W'h%kﬁn%%ga?pet ] gpareg&amgs I?A]giLFM Next, mers M112TF
an 2

equence” Nos, 47'and 4 t8]5?1avmg fhe Sequences

shewndhelonw,weee O7 syathesized pMld2I-Frity of pladienolide B
5-CAGCGGCGGATGACGATCCCGTCGTTC-3' M112T-R:
5aGAACEACGHCATCO TCATCRGRES TTedd<ard adautatiomwashl
introduced usin uickChan Si I% ected ut eneS|s Kit with
E’apsm B'%ast %gte?ﬁﬁcglte Igreé]p; ac%elglt Igﬁet ionine of PsmA with

threopine. &wepaé@sﬁmm%iﬂwm ppmers ,R1Za¥ s apdR195Y-R
(see the Sequence Nos. 49 and 50) having the sequences shown below

mkgecg%mhg@ﬁ@deﬁQBYMFwaf seed medium (soluble starch 2%,
5-AGGGGCGCGCGAGTACCTCGAGGAGTACCT-3' R195Y-R:

52 BGTAET CETCCACETACTEE CEEETCEEETH 3PEna A RUt&lich Was
intreduceghusing QuickChangeTy Site- « xpo, 0.1%, Mgso,-7H,0 0.25%,

CaCOs 0.3%, pH not adjusted) and incubated at 25°C 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%, CaCO; 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 1l6-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 (¢ 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)
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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 pladienolidesbinsynthesis that hadl alseady been determined
in Reference Example 1 (7) determining the nucleotide sequence of the
pladienbfi® bigsythésié géri@éRister, along with neighboring DNA thereof,
an introlgjeuctiggipolas_ i was, prgepared by the following methods. 98 The Four
primers, pﬁout-L-%’gl : pIdout-T.-SphIR, pldout-R-SphlF and pldout-R-BgI2R
(see the Spauense Nesurd, 52,93 and 54) having the sequences shown
below, were synthesized based on the nucleotide sequence downstream
from DNAlp&rticiptipgriatpladiendlide biosynthesis in order to amplify a
sequence fﬁ1)r Eygp%%%seqf gguglfn homologous recombination:
pldout-L-BGIZ3E: '

5-GCGAGATCTHaCAGSTGALE GGEGEEAAGAACGACA-3'
pldout-L-SphIR: 5'-TCTCCAGCCGCATGCGGTCCCGGGTCACCGT-3'
pldout-R-SphlF: 5'-CCCGCATECGEGGTTCSAGATEATCCAGAGCGCA-3'
pldout-R-BgI2R: 5'-GGGAGATCTAGAACATGCCGGGCCAGAGGCTGAC-3'
Th8&Drimers were used to run a PCR under the following conditions. (PCR

ion ligtte-compositiomn)
reaction li ) o, Vior- Vior-
. 11107::pAOC:|11107::pAOC:
11107::pAO| | )
: :PepsmAB :PopsmAB

C strain . .

strain strain

Pladienolide B | =, 44 309.0 241.3
(mg/L)

Pladienolide D 0.0 54.8 188
(mg/L)

While almost no production of pladienolide D was seen
with Mer-11107::pA0OC 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 1l6-position
hydroxylase gene psmAB into the pladienolide B producing
strain Mer-11107.

Example 14: Preparation of pPampsmAB comprising variant

pPSmA
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Sterile purified water 30 uL 2x concentration GC buffer 11 50 uL dNTP mixed
solution (2.5 mM each dATP, dGTP, dTTP and dCTP) 16 uL pldout-L-BgI2F
or pldout-R-SphlF (50 pmol/uL) 1 uL pldout-L-SphIR or pldout-R-BgI2R (50
pmol/uL) 1 uL Mer-11107 total DNA (100 ng/uL) 1 uL LA Taq polymerase
(5u/uL, TAKARA HOLDINGS INC.)1 uL (Reaction temperature conditions)

95C, 3 pHattess3@reyales (PBCR5e6,-65C180 see 8 ABminF9%A2C, 5
minutes A 2.08 kb DNA fragment (DNA fragment LZ) was amplified from the
réacHBP ISy pldBat LBy RE artd plfotd-SHHIR S Avkife- 2. 23 KB g™

fr ent.(DNA fr nt RX) was plified from th reacr:}' usin red in
oIttt SEHIEand. Dot RoBgI2R DRA Fagients 12 and AX were=
pukfied with QIAGEN P&R Purification Kit (QIAGEN Eoo): @ad digested with

restriction enzymes Bglll and Sphl. Next, the two primers hyg-SpeSphF and
hyg2eSphiRg{seediieSeglience Mo B5and 56) having the sequences

shown g)e.low We%i%é%ﬁgg%f%%%%%o? ;Qg r%tf]cele%%sjg% ?s]r)e}ggsep é%%f-) hfg:;

]fllfle]fS
purposes of ampl ygromycin resistance ge

S2RGGHCAIGCECGACTAGTACACCHTGGECEICE GRS g2 SphR:
5-GCCGCATGCGTCAGGCGCCGGGGGCGGTGT-3' These primer were
usgdtbeanzePCR under the

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
Nos. 41 and 42) having the sequences shown below were

synthesized:
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following conditions. (PCR reaction liquid composition) Sterile purified water
30 uL 2x concentration GC buffer 11 50 uL dNTP mixed solution (2.5 mM
each dATP, dGTP, dTTP and dCTP) 16 uL hyg-SpeSphF (50 pmol/uL) 1 uL
hyg2-SphR (50 pmol/uL) 1 uL Streptomyces hygroscopicus JCM 4772strain
1 uL total DNA (100 ng/uL) LA Taq polymerase (5u/uL, TAKARA HOLDINGS
INCopuLr 100 (ReactiondroyeratweTconditions)c8sCca-minutes 30 cycles
(98C 20 sec, 63C 30 sec, 68C 2 min) 72C, 5 minutes The 1.21 kb DNA
fragPeht{ DNA fragiherthyG2amplified Cas alfestit S this reaction was

pgggeg with. QcégnElé\lla%CR Puri ﬁa]ggn Kit g% @GE!\E% ) and, di ecsted with
phl r an

restriction enzyme agment geste with
restrietior cenzyrnes Bgll @H&Sphhﬂhe@uﬁsﬁ@@n@nt Ayg2rdigesteshwith,
restriction enzyme Sphl and shuttle vector pKU253 (see Fig. 3) digested with
reéstreton enzihte BariHIlwers 2l £EoRnedteditoyettrarwith DIRAUdgation
Klt Ver. 2. 1é%akara % ) Thus, a roughly 22 kb plasmid

é‘?ﬁ% or double homologous recombination was constructed

COan”%i@QtD,“é%%%ek@é"@@ nsertedstheraba roghly L. 0dte 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.

Next, primers M112T-F and M112T-R (see the Sequence

Nos. 47 and 48) having the sequences shown below were
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DNA fragment comprising DNA fragment hyg?2 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=dY constructed in Example 14 were digested with restriction
enzyme Spel. Each kind of DNA digested with restriction enzyme Spel was

e@&%ﬂ?ﬁeééd ?W—%AW%%EE%SSBWﬁg%@:’ertifiedlm Molecular
Splogy Agalose (BI0-RAD) and he soaied 1.3 Kop DNA ragment

comprising the pldA promoter and psmAB or variants thereof (hereunder

semetimes called PapsAB: PaapsmAB: Gl oRamesiaAB-GLEM; e -
PapmsmAB-CLFM or PampsmAB-TY) was excised and collected and
phiified veith DIAgaRkGeFEXfrAction Kit[QMWGEN €8.)t ThetresahtigeDNA

f ts (P 1AB-CLM, P AB-CLLM, .
PMEMABLCLIM Bl PATSHAB.TY) Werd Rotiaet 14150 5KA igaton

sm and Pampsm were connec
Kt ek 21 { P akara.Bic Inc.) to the pKU253-LZ-hyg2-RX prepared in
Example 15, which had been digested with restriction enzyme Spel. The
respectiVier DNA fragrieats (RAFSMAB, PampPsSAABICLINMee the Sequence
PampsmAB-CLLM, PapmsmAB-CLFM and PampsmAB-TY) were thus
insetted dp&tteam’” fratfi THE fy g2 orPrUBSAZ-AYGU RR WO CorEtATt the
rQughly <24 kbsplasmids pKU253-LZ-hyg2-PapsmAB-RX, pKU253-LZ-hyg2-
PampsmAB-CLM-RX, pKU253-LZ-hyg2-PampsmAB-CLLM-RX, pKU253-
LZyg2-PampsiAB-GLHEMRX Grd pRUZEI-RZING2FPampsmAB-TY-RX

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,
along with neighboring DNA thereof, an introduction plasmid

was prepared by the following methods.
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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,
pKU2531<Z-hyg2-Ramps A B«CldoM:RX-and pKU253Hus=hyg20h1R,
PampsmAB-TY-RX were each transformed by electroporation into

cBhfifjated EERBIFS £ folobtain S1591KUZ53- LA g0gequence Nos.

2-RapsmAB- 7- 1/pKU25 L.Z- hyg2- Pam AB-CLM-RX, 517-
ITKUSSA L2 Pk L PO Gt TIRUDBA 2 Ry e
PapnpsaAB-E4 FMRY and 51¢- MQKL%BIHZ mégﬁ;E’ﬁBépszABsB‘eB%. The
resulting 517-1/pKU253-LZ-hyg2-PapsmAB-RX, 517-
1%&@29@&2—%&@2@9#1%%%8%E%Rﬁ@lﬁsﬂﬁp@%S&@ﬁ%?- in

B-CL X 517- 1/pKU2 -LZ-hyg2-Pamp FM RX and

Si]?éf/f)K 25307 ygf F’Saerﬁ[ﬁserrﬁ %we mocu#nﬁladlln 6 LB medium

(L%ractgdntonecRid% yeast extract, 0.5% NaCl) comprising 25 ug/mL of
kanamycin and 100 ug/mL of hygromycin B and shaking cultured at 30C for

2rhiclast ahdBthe2 my celia Wéeieedlietted Owasha g twitecwithCFRATIAGRLEB '
medium and suspended in 5 mL of LB medium. These were the donor

stispefiSions " Whife the' ddnor saspensions were teirg prepared, Mer- 11107
wasneculated inte. 16 mic of IS8 medivm:HyRte- Soyan Broth: Nissi

Seiyaku) and shaking cultured at 30C for 5 hours, and the mycelia were
collected; washetRwice withcA0AMLTaCstariliZed water andsuspentedsin 1
mL of sterilized
These primers were used to run a PCR under the

following conditions.

(PCR reaction liquid composition)

Sterile purified water 30 pL

2x concentration GC buffer IT 50 uL

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

16 pL
pldout-L-Bgl2F or pldout—-R-SphlF (50 pmol/uL) 1 pL
pldout-L-SphlR or pldout-R-Bgl2R (50 pmol/uL) 1 pL
Mer-11107 total DNA (100 ng/uL) 1 pL

LA Tag polymerase (5u/uL, TAKARA HOLDINGS INC.) 1 uL
(Reaction temperature conditions)

95°C, 3 minutes 30
cycles

(98°C 20 sec, 65°C 30 sec, 68°C 3 min)
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water. This was the recipient suspension. 500 mL each of the
S17-1/pKU253-LZ-hyg2-PapsmAB-RX, 517-1/pKU253-LZ-hyg2-
PampsmAB-CLM-RX, 517-1/pKU253-LZ-hyg2-PampsmAB-CLLM-RX,
S17-1/pKU253-LZ-hyg2-PampsmAB-CLFM-RX and 517-1/pKU253-LZ-
hyg2-PampsmAB-TY-RX donor suspensions was mixed with 10 uL of the
Mer<£1107 reeipierd suspension, and applied to Actino Medium No. 4 agar
medium (Nippon Seiyaku). After 18 hours of culture at 30C, this was covered

with 2.3l 8163 SNA (68% utHenbeditae o, 7490'agad Bomprisiig
2_.mag/mL of ribostamycin. These were incubated at 30C for, 7. _days to.obtain
el ol ok e gt o e R B S
PK&I253-L Zshyg2-BampsmABrEAM R XpRKU263:kZ2ry02%) was
PampsmAB-CLLM-RX, pKU253-LZ-hyg2-PampsmAB-CLFM-RX and
pRU253-LZdhyg2pP dmps maB-TYeR X Fangforhmtits “Rhépesaltingd

P o 53j%;%g%j.ggﬁggiﬂgﬁéﬁ%{%ﬁkzaJ?é(gl%f%g‘ STABIEEMIRS e
P23 LERY @2rPampsmAB: GLEM-RX antipKY253-E4hYi2e sted with
PampsmAB-TY-RX transformants were each inoculated into 10 mL of TSB
myediomicontaining nandbostahiycinnan@shaking cultured at 30C for 24
hours. Each of pKU253-LZ-hyg2- PapsmAB-RX )
pKuzsﬁi%hyéﬁﬁaﬁﬁsﬁf&@?éfm@ﬁé%%%%-L%Hy&éf-g “SphR - (see
PampHARCLLMRX, BKUZ23-54-hya2sPampsmABsCLEM-RX and,
pKU253-LZ-hyg2-PampsmAB-TY-RX transformant culture liquid was
colectedvend; washeéd buicedvith 4&dmbnoftsteritized ewatetcandsusperded in
10 mL of sterilized water. Each suitably diluted suspension was applied to

YMS dgHrnaatin (4% yE st extralt, 198 WHEAL tercexdtract 64ghene

sluble o sonr: 57-GGEGCATGCGGACTAGTACACCGTCGCCTCGGT-3 "

hyg2-SphR: 57 -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 IT 50 pL

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

16 pL
hyg-SpeSphF (50 pmol/uL) 1 L
hyg2-SphR (50 pmol/uL) 1 uL
Streptomyces hygroscopicus JCM 4772strain 1 pL

total DNA (100 ng/pL)

LA Tag polymerase (5u/uL, TAKARA HOLDINGS INC.) 1 uL
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starch, 2% agar, 10 mM calcium chloride) comprising 200 ug/mL hygromycin
3, and incubated at 30C for 4 days. Single colonies growing in YMS agar
medium comprising hygromycin 3 were transplanted to YMS agar medium
comprising 200 ug/mL of hygromycin 3 and YMS agar medium comprising
200 ug/mL of ribostamycin, and incubated at 30C for 2 days. After the
cukivationohygromyeint3-resistant,i 104 fibpstamycin-sensitive strains were
selected. The resulting strains were strains having the hygromycin 3-
résistance §eme'hg§2 and psmAB or variants thereof inserted >Hofnst@am in

the, gepoms (hetwesn.pucigolides 72362 89, 73369 in the Sequence No. 1)
from DNA participating in pladienolide blosynff1e5|s, and were called

Mer-t1167médXiihyg2::PapsmAB, Mer-11107-ZX::hyg2::PampsmAB-CLM,
Mer- 11107-ZX::hyg2::PampsmAB-CLLM, Mer-11107-
ZX::hy g2 P dmpsnikB ICRF Krand ddr-1 PYO7 e dmaye:: ParspsnaaBLTyied

8T denoice moducten b Mer 40 2o e

13107 2 X shyg2: - RampsmrABr&LEM, N%hélégéésted with restriction
ZX::hyg2::PampsmAB-CLFM and Mer-11107-ZX::hyg2::PampsmAB-TY 500

utreacteoffrozen seed of the Mer-11107- ZX::hyg2::PapsmAB,
Mer-11107-ZX::hyg2::PampsmAB-CLM, Mer- , o
11107-2% h%]ﬁ::%%%B%-&Lﬁ,%%ﬁﬂﬁ%?ﬁ?:Hﬂigté? PaRIFsMiAB2"
CLENand Mer11107:Z2X0y 92 PampsmAB: Iv-obtained injExamplg 17; +n

was inoculated into 25 mL of seed medium (soluble starch 2%, soy bean
mead (ESHSAN-MEATenaphfactureédshy AfihomototCa. ktei)22%, (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

restriction enzyme Spel. Each kind of DNA digested with

restriction enzyme Spel was electrophoresed (Mupid-ex:
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yeast extract 0.3%, K2HPO4 0.1%, MgS04.7H20 0.25% CaC03 0.3%, pH
not adjusted) and incubated at 25C for 3 days. 300 uL of the resulting seed
culture broth was inoculated into 30 mL of main cultured medium (soluble
starch 5%, glucose 1%, Pharmamedia 3%, SoyPro 1%, adekanol LG-126
0.05%, Q-CD 2.0%, CaCO3 0.1%, pH 7.5), and incubated at 25C for 6 days.
105 Afterctheceormpbetioreet thei eultivaiiar, dheaesulititgo gultuee becth was o-
extracted by addition of 4 times the amount of acetonitrile. The amounts of

piddie nolide! D; hlatifetaiiee H 3% drRss gOHY e fHE 20 p asititit hydiskyt e

pladienalide D, pladienolide corresponded the 21- position carbonyl
PGl B AR Hram R 8 e e 50, Pt Aoy
apenl-paskions caskomd piadienotidedy i thesresulting exivast werer,
measured by HPLC. The measurement results are shown in Table 7. The
HPIRC sré&sGrehife mtrcatrditiond lretd Jas ol owrss LHPL €rghalysis coiiticns)

D?%/%ea' %@rﬁr}@%ﬁg ghfé_g(é (@) Z)B} %q;)létiﬁmcnr:aD%velos'&I( Ot?j fﬁ%&%« m)m x 50

10n . .
b acetonitrile min % to

160 acstonitrile, (b& 10 A/pin 20% Begtonitile khafte RZminhlow rate:
1.0 mL/min Detection: UV 240 nm Injection volume: 5 uL Column
térape rattife: 4008, ARatysinfifet 22 mimgteBampsmAB-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 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 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-
PampsmAB-TY-RX were each transformed by electroporation

into conjugated E. coli S17-1 to obtain S17-1/pKU253-LZ-
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Retention time: Pladienolide H13: 5.5 min Pladienolide C3: 8.3 min
Pladienolide D: 9.0 min Pladienolide C2: 11.1 min 106 Table 7}} ONLEE
8MOL600 NXanr MEO-ONQO9MEmMV?IDhrLCOO0000CO LL
MN(DXJ NMU C6CONQce)F=Clicl;tco ar~VOOOM MNLON
NXJaldp:U

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 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-L7Z-
hyg2-PampsmAB-TY-RX donor suspensions was mixed with 10 pL
of the Mer-11107 recipient suspension, and applied to
Actino Medium No. 4 agar medium (Nippon Seiyaku). After 18

hours of culture at 30°C, this was covered with 2.5 mL of

103



MMCcOTQ'(PNNDV E~r0OON-(nV~VI(pVNVD) NEac mcw
c,NmLMcoco McoOOV EOIL IL coMcoNNNM 'O"6N a)co00
0= Emom+NNaaa 107 As aresult, large amounts of the pladienolide
degradation products pladienolide H13, pladienolide C2 and pladienolide C3
were produced together with pladienolide D

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-LZ2-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-LZ2-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 30°C 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
comprising 200 pg/mL of ribostamycin, and incubated at 30°C

for 2 days. After the cultivation, hygromycin B-resistant,
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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
wascprodueedibutgereduction of the ipladienalide-degradationpreducts
pladienolide H13, pladienolide C2 and pladienolide C3 was reduced to
approXimstelysorie hartep T Phése pesiit Suggestedthat BY Ctretiucig

variants _of the pladienolide B 16-position hydroxylatin Zyme gene ps
IR MBS A BRI Iy PV Ea SR pereP

direqh predugtion of pladjenslide Dowhilesaducingprodustionfsplagienolide
D degradation products. 108 Claims 1. A recombinant microorganism, which
is’d Mieréorgamismdraling ability té prédase RBEp@siticn ChydroxyPmierolide

et R £ () Jof 0RO 00 OH
CORMPIISES? : : PapsmAB, Mer-11107-2X::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 pL each of frozen seed of the Mer-11107-
ZX::hyg2::PapsmAB, Mer-11107-ZX::hyg2::PampsmAB-CLM, Mer-
11107-Z2X::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%, K;HPO, 0.1%, MgSO4-7H,O0 0.25% CaCOs; 0.3%,
PH not adjusted) and incubated at 25°C for 3 days. 300 upL of
the resulting seed culture broth was inoculated into 30 mL of
main cultured medium (soluble starch 5%, glucose 1%, Pharmamedia
3%, SoyPro 1%, adekanol LG-126 0.05%, B-CD 2.0%, CaCO; 0.1%, pH

7.5), and incubated at 25°C for 6 days.
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(a) DNA encoding wholly or partially a polypeptide participating in
biosynthesis of the macrolide compounds represented by the formula (I1): Jo
R OH O O O OH (Il) (wherein R represents a hydrogen atom or hydroxyl
group); 109 and (b) DNA encoding wholly or partially a polypeptide having
16-position hydroxylating enzyme activity with respect to the macrolide
compowids representec by the abovet fernuuat(ily.a2.ibhe recembinartt ing
microorganism according to Claim 1, wherein the DNA described in the

aPbVEe {aFiILPORNA éffcodifig WioIR orpartiafly &l polypépfide Hasing e

Pohiketipe symihatase,activity, @ Rolypeptide faving - pasiion Acelyigse
activity, a polypeptldelhavmg 18,19- position epomdrfse activity and a

pelypeptide1having 1 transeriptional degulater facteactivityn 3nJdeoxy 1
recombinant microorganism according to Claim 1 or 2, wherein the DNA
desefibed uhtér (8) abdee s DNA deomprisiig: arvthetontmudlis
nugleptide sequence qf nyclgotides ;834Q 9 2793p. fhe Siqayenee No. 1;
corresponded the 20-position hydroxyl and 2l1-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 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: 40°C

Analysis time: 22 minutes

Retention time: Pladienolide H13: 5.5 min

Pladienolide C3: 8.3 min

Pladienolide D: 9.0 min

Pladienolide C2: 11.1 min
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(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
Segpieace No. 1; (a-6) the continuous nucleotide sequence of nucleotides
110 69568 to 68270 in the Sequence No. 1; and (a-7) the continuous

nucleotide sequenc
or a variant thereof.

enzyme activity. 5.
wherein the DNA e

hydroxylating enzyn
sequence of nucleg

thereof. 6. The reco
5, wherein the DNA

the group consisting
nucleotides 1322 to

orn

g e

4 Théec

recombinant microg
or 3, wherein the DNAH&S&iked un
encoding wholly or aﬁ,ia_ﬁ.’y%%o

i

c6dingfvhol

aVd T3l
TTOT]

des

of &

re-activity—g
tides 65707
mBinare

S
Bhe
48 ifj Be

NoO.

thg
acd

)
5 U

2;

Sequence No. 1,

rganism agcording to Claim 2
e fugther jncludes DNA

ing 6-Bositign hydroxylating
nism'acco
polypeptide having 6-position
hg-the-eenfinuous nucleotide
Sequencs
ording to 3
abowe is [
cleottdle sq

ing to Claim 4,

e No. 1, or a variant
ny of Claims 1 to
NA selected from
guence of

Mer-11107-
ZX::hyg2::

PampsmAB-
CLLM strain

13721

243

50.4

28.6

103.3

ZX::hyg2::
PampsmAB-CLM

Mer-11107-

strain

1412.8

28.2

17.5

454

91.1

Mer-11107-
ZX::hyg2::
PapsmAB strain

1315.5

163.3
93.8

180.2

437.3

mg/L

Pladienolide D
Pladienolide H13

Pladienolide C3
Pladienolide C2
Pladienolide D

degradation
products (H13 + C3

+C2)
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(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 according to any one of Claims 1 to 6, wherein
the DNA represented by (b) above is a variant of DNA comprising the
continunssanhucieatide seguencenofunucleotides d 322402648 ithe
Sequence No. 2 111 which has 1 or 2 or more modified sites selected from
the Grotpteasistiryisr Pt 67 Beve L) g mddified siteiwRergiAthe2 and
sequence 6acof nucleotides 1592 10,1594 is modified fo 2, codon encading
an amino acid_ other than ar%mlne; 5) a modified site wherein the sequence

atg;ofipucteotidesz 1655 4o 16 7Hisnmedifiedi toga codepencading geramjno
acid other than methionine; 3) a modified site wherein the sequence cgc of
nuklebtidest h 9td o 190k is7mbdifictl to: & TeremPencdding eramind acid

oer %%%ar%”égﬁs“ —@EEW??T»{AES—‘E‘LV{“EBQJ%Q?-%% NGeCaC Olp ey

ntcleo 9'is modified to a codon‘encoding an amino aci
other thap-argininey ). auyedifietsiteswherein thesequence atewof
nucleotides 2054 to 2056 is modified to a codon encoding an amino acid
ofizercthrahHs Ol cina rardn8 R a thodifiedasiteswhieréintth e asey UertesotgytofTY ,

nucleotides 2528 to 2530 is modified to a codon en,codin% an amino acid
pladienolide D was produced but production oI 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 1l6-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.
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other than leucine. 8. The recombinant microorganism according to any one
of Claims 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: 112 1) a modified site
wherein the sequence cgc of nucleatidess1592 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

encodi ng thr onine or serine; 3 3 a modified site Wher n the sequence cgc of
nucleotldes %9]64 to %é‘élgls modified to 2 ( coci[bn enco mgﬁeucme
ispleucipegprolie, hyresie @bpmeeylaimpeoéhaemgdlfp@issilt&merein the
sequence cgc of nucleotides 2027 to 2029 is modified to a codon encoding
leutine x iSolaacineldrdsrolinePrsy adfod Hiedesienwheérsin thessedquetickaatce of
ng&eptides 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 methiongye, cysteine or isoleucine.
9. The recombinant microorganism according to @ny one of Claims 1 to 6,
wherein the DNA represented by (b) above 0

(I)
(wherein R represents a hydrogen atom or hydroxyl group),
and, which comprises:

(a) DNA encoding wholly or partially a polypeptide
participating in biosynthesis of the macrolide compounds

represented by the formula (II):

(1L)

(wherein R represents a hydrogen atom or hydroxyl group);
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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; 113 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 ({2)mBUiffieertera toeonencoding |erdine dF i rasinel 1P arhodffied
site wherein. the sequence ogc of nudleotides, 2027 to 2029 js modified to a
codon e%codirﬁ)g eucine; g])ya modi |e5 site whérein the seque}(mce atc of

nuelaatidlest 2054 402056-i5imedifiegbtona codeaenreading phepylalanines ve
and 6) a modified site wherein the sequence ctg of nucleotides 2528 to 2530
is‘miotlified td &)codon encoding methionine. 10. The recombinant

microorgani accordin}g.to Cltaim.l, com risingma host h%vin% Lpe %iA
described under (Eﬁca ove into which has’been méaocr%(c)fa edthe DNA™™
described cunderd)mbove-derived from, asicrogrganism, of;a different
species. 11. The recombinant microorganism according to Claim 1,
comprisimg antrost having the DNA deseribedyrrderi®y aboverinto which has

been incorporated the DNA described under (a) above derived from a
dﬁﬁﬁgh?gﬁgaegynthetase 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 according to Claim 1
or 2, wherein the DNA described under (a) above is DNA
comprising:

(a—1) the continuous nucleotide sequence of nucleotides
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
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12. The recombinant microorganism according to Claim 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. 114 13. The recombinant microorganism according to
any of Claims 1 to 12, wherein the recombinant microorganism having the
ability 0 producer thel h6+positienrhydrexyliomackolideicompound represented
by the formula (I) is a strain belonging to Streptomyces genus. 14. The

rdcombindtt rifePéarganism atebrdingtd &REBETCIAIMS 1Me-13 Avkhefsin 50
mg,or mare of {he 16-position. hydroxyl macrojide compound represented by
the ? 3y f cuItL%{re brot [ )

ormula () per 1 liter o h'can bé prod&cgcf‘\?vhen the

recombinantrimicreerganisiuistineculated e 8250 Mk rEflegmeyer flask 2
containing 30 mL of the following medium, cultured at 25C for 4 days with
rétary shakivige(22 0tim PEh dlexteactedchy: additionrof 2PO WL 6Fatemnitrile,

and the res%' g extract is analyzed by HPLC under the following .
ot koA A s oo ST

magrolide copapaund represented by the formula (B-tMedium) Soluble
starch 5%, glucose 1%, Pharmamedia 3%, CaCO3 0.1%, pH 7.5 (HPLC

measuremefitconditions)l DevicariShipvadan HPLE (0Avping to Claim
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 according to any of
Claims 1 to 5, wherein the DNA described in the above (b)
above is DNA selected from the group consisting of:

(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 according to any one
of Claims 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
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Column: Develosil ODS UG-3 (T 4.6 mm x 50 mm 3 um) Mobile phase:
45%-55% methanol (0-5 min), 55% methanol (5-13 min), 55%-70%
methanol (13-21 min), 70% methanol (21- 25 min) 115 Flow rate: 1.2 mL/min
Detection: UV 240 nm Injection volume: 5 gL Column temperature: 40C 15.
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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.

8. The recombinant microorganism according to any one
of Claims 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:
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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.

9. The recombinant microorganism according to any one
of Claims 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;
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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.

10. The recombinant microorganism according to Claim
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
Species.

11. The recombinant microorganism according to Claim
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 according to Claim
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.

114



13. The recombinant microorganism according to any of
Claims 1 to 12, wherein the recombinant microorganism
having the ability to produce the l6-position hydroxyl
macrolide compound represented by the formula (I) is a
strain belonging to Streptomyces genus.

14. The recombinant microorganism according to any of
Claims 1 to 13, wherein 50 mg or more of the 1l6-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
l6-position hydroxyl macrolide compound represented by the
formula (I).

(Medium)

Soluble starch 5%, glucose 1%, Pharmamedia 3%, CaCOs
0.1%, pH 7.5
(HPLC measurement conditions)

Device: Shimadzu HPLC 10Avp

Column: Develosil ODS UG-3 (¢ 4.6 mm x 50 mm 3 pm)

Mobile phase: 45%-55% methanol (0-5 min), 55% methanol
(5-13 min), 55%-70% methanol (13-21 min), 70% methanol (21-

25 min)
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Flow rate: 1.2 mL/min

Detection: UV 240 nm

Injection volume: 5 UL

Column temperature: 40°C

15. A method for producing l6-position hydroxyl
macrolide compounds represented by the formula (I) or
pharmacologically acceptable salts thereof, or hydrates of
them, wherein the recombinant microorganism according to
any of Claims 1 to 14 is cultured in nutritious medium, and
the 1l6-position hydroxyl macrolide compounds represented by
the formula (I) are collected from the culture broth
thereof.

16. The method according to Claim 15, wherein a
cyclodextrin is present in the culture broth.

17. The method according to Claim 16, wherein the
cyclodextrin is a cyclodextrin selected from the group
consisting of B-cyclodextrin, y-cyclodextrin, partially
methylated Bf-cyclodextrin, dimethyl-f-cyclodextrin,
trimethyl-f-cyclodextrin, glycosyl-pB-cyclodextrin and

hydroxypropyl-f-cyclodextrin.
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