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 incaltgreofthey the ability to produce 16-position

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



Streptomyces sp. Mer-11107 strain, and more than 50 relatives are known,
beginning with 111073 (also called pladienolide 3), which is represented by
the formula (A) below (See WO 2002/060890). Jo OH OH O O O OH (A) Of
these pladienolides, the 16-position hydroxyl substance represented by the
following formula (I) has excellent properties including strong anti-tumor
activityantkthei like , outdt has beentdifficuticto preducedt, efficieatly because
its productivity is inferior to that of 111073.20 JoR OHO O O OH OH (I)
(@ﬁéﬁéﬁﬁwkié%ﬁ/droéé’ﬁ%@éﬁp@rlﬁg@r” g'fﬁgﬁnﬁﬁmrﬁélcdiﬁﬁ@uﬁer a
represented pyhe fomuia,(Lmay, by Galled 5282 e R is a hydrogen

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.



pladienolide D when R is a hydroxyl group. A research group including the
applicants in the present application has subsequently discovered
actinomycetes which hydroxylates the 16-position of 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) from these actinomycetes, and
have submitted a patent application therefor (s€e -A 2005/052152
published on June 9, 2005). We have also obtained and identified from the
pladienolide-producing strain Streptomyces sp. Met<T3 Rpolypeptides
participating in biosynthesis of 111073 and DNA| hose

polypeptides, and have submitted a patentgpplication therefor (see WO-A
2006/009278 d thus|become possible
to produce 16 C Rces ;qre efficientbrthan before by
producing 111073 or the like ptomyees sp”Mer @H107 strain or

variants thereof and then conv@tig the resulting 111073 into 16-p@gijion
hydroxyl substances using other actinomycetes capable of the 16-position
hyaregatioRréactiorm Howeeer, because dftheawplstageureaction, the

operational difficulty is doubled, and it has been therefore desired to
egab"§$§rﬁ8ﬂggﬁﬁﬂﬂﬁepresented by the formula (I) may be

called ME-282 when R is a hydrogen atom and 11107D or
pladienolide D when R is a hydroxyl group.

A research group including the applicants in the
present application has subsequently discovered
actinomycetes which hydroxylates the 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



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-
hydragnrieitacenomycind can be achieved by introducing the hydroxylation
gene of Streptomyces fradiae Tu2717 into Streptomyces glaucescens GLA.O
that probfucedsetracenbifitlt C{86é I Bacted0d998, Vol PPFAtion

1%2&(61}{3@) Scu%setsa%rce also knowr} in Whlchc'il %pqﬁylkethoe com okl)md

synth sis gene has %een |ntroauce SO as € expressed In a strain

having.an enzymewhich madifies the peolyketides compaunsh yesuyltisg inMer
direct production of a polyketide compound modified by an enzyme originally
ph&kﬁﬂiﬁ&ﬁéimhé@tyﬂfﬁanéﬁeyaﬁﬁﬂéfn@@@lﬁﬁavnﬂﬂﬂﬁaiﬁ%ﬁqﬁﬁﬁﬁ

produ tion of XY -tetracenomycin,C c e ach eve mtroducm
ction of G-fYigxy fetragenomycin, ¢ oy o,

thef race mycin blosyn es geneo O CE‘S ucescens

inferGtreptomyces, fradiae JuR7l7. v@ﬁcmu@@@@s&%@e@}zyme that

hydroxylates the 6 position of tetracenomycin C (see J. Bacteriol. 1995, Vol.
177¢622816138) Iy sonie. cases, oroduetion lof ecemedified polyketidestage
compound can be achieved with a strain of a different sgemes by introducing

tHe polyketide CompBana bic&mnasis™ - cuity 1s doubled, dnd it has

been therefore desired to establish a more efficient
production method.

Cases are known in which a gene coding for an enzyme
which modifies a polyketide compound has been introduced so
as to be expressed in a strain producing the polyketide
compound, resulting in the direct production of a
polyketide compound modified by an introduced enzyme. For
example, it has been reported that direct production of 6-
hydroxy-tetracenomycin C can be achieved by introducing the
hydroxylation gene of Streptomyces fradiae Tu2717 into
Streptomyces glaucescens GLA.0 that produces tetracenomycin
C (see J. Bacteriol. 1995, Vol. 177, 6126-6136).

Cases are also known in which a polyketide compound
biosynthesis gene has been introduced so as to be expressed
in a strain having an enzyme which modifies the polyketide
compound, resulting in direct production of a polyketide

compound modified by an enzyme originally present in the



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 ATCCIH89 1dptmSireptamyees Ivddans dbitdasthechast(see
J. Antibiot. 2000, Vol. 53, 502-508). Disclosure of the invention It is an object
oP RS prEsetit iffertidly t5 provide tiete SRt icrattgahiznis hagirr they
ability to,produce the 18-position, hydroxyl magrolide compayind represented
by the above formula (T) Another Bject is to provide a method of producing

askG-pesitiondaydrexylimactelide Bicompeund using theseecombinant.e
microorganisms. In an effort to resolve the aforementioned problems, the
invehtors used genefie Engiteeriny ATETHDds t6 Prepar (brded)es the 6
micro,otrganisn%s pa\t/in both the,previo(usly isolatBed and ,id?nti [ N,\Af\ 1
pRRicipating i biosyhthesls of 111073 3Rd DNATPATticipating ina 16-position
hyeroxydation kgacfion of 111073, and they have found that a 16-position
hydroxyl macrolide compound accumulated in large quantities in the
resultingrcudture brete sShhus; they accomplishedothie” prasemnt Inveriticte That

is, the present invention relates to the _ ,
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



following (1) to (21). (1) A recombinant microorganism, which is a
microorganism having ability to produce 16-position hydroxyl macrolide
compounds represented by the formula (I) : JoR OHO O O OH OH (I)
(wherein R represents a hydrogen atom or hydroxyl group), and, which
comprises: (a) DNA encoding wholly or partially a polypeptide 6 participating
icbigsyathesis of the maecrolide eopipowtds.repeesentad dysthe formula (11):
JoR OHO O O OH (Il) (wherein R represents a hydrogen atom or hydroxyl
group); T and by DNA tencd diifg #hatly et pattialPapolypestde Teakfg s -

1‘9?1%03:&%9/grb‘¥9£%x¥!%%%g geg%xg]iecace:tril\{giynvevgging methods to prepare
(breed) 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



respect to the macrolide compounds represented by the above formula (l1).
(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
aeolypepiide hayinghtranserpitonal i kegidator daetor aetiviy. (S)rfd@inds
recombinant microorganism described in (1) or (2), wherein the DNA
dESErBEG Uirefer Pd) Ab6vé I INA ddrhprising: (a-1) the continuous
nucleotide sequence of nucleotides 7 8340 to 27935 in the sequence No. 1;
(a-2) the continuous nucleotide sequence of nuclgotides 28021 to 49098 in
the sequence No. 1; (a-3) the continuous nuclgmﬁde equence of nucleotides
49134 to 60269 in the sequence No. 1; (a-4) the continuous nucleotide
sequence of nucleotides 60269 to 65692 in the segaence Rlo. 1; (a-5) the
continuous nucleotide sequence of nucleotides §8160 tp~66970 in the
sequence No. 1; (a-6) the continuous nucleqQtide sequerige of nucleotides
69568to682?HintheépquenceIﬂo.1;and( 7) th&contifuous nucleotide
sequence of nuclegtides 72725 1o 70020 in the sequence No. 1, or a variant
thereof.

(1)
(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



(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
aetvity tsoDNA xxomprising thegoninwions .nucleotide sequence of
nucleotides 65707 to 66903 in the sequence No. 1, or a variant thereof. (6)
The retoifinaAfmicrovrganisht Bescfised RTERY ST CD tBYS)ARhérs A the

D% Qfs%ibggd%éh% ab@r\{ee (Sbg %t%%\éee i%]lé)l‘\lq ;selected from the group
consisting of: 8 (b-1) the continuous nucleotide sequence of nucleotides

132239 2548 wuthei sequence:Noe 2; {(B2) dbgcontiaueasmucieotideic s
sequence of nucleotides 420 to 1604 in the sequence No. 3; and (b-3) the
céAfindotis ntiekotidersédirericeioPnaGeledtides 172 to 1383 in the sequence

Nﬁ. 4, or q}variant thereof. (7) The recambinant microor, anisme%%ﬁt(:{ibsed in

a ?/_o4n)e % ?1)c?orl Eé)?l\?v%uesrelrhuﬁeeﬁ}i&?eﬁree ented bﬁ? bf“éﬁove is & variant

of PNA comprising the contindeysdncleatide sequence of nucleotides 1322
to 2548 in the sequence No. 2 which has 1 or 2 or more modified sites

sélected flom the tgroupiconsisting bf 43 te 6y betow: Dfa modified isites
Wheein e S8aURNes ceR Of Dugieotides,, . 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:



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
madified site wherein the sequenee cyeofsugleatides 202:-16:20294s
modified to a codon encoding an amino acid other than arginine; 5) a
mothfied Sitd Merein #he seqtisfheeatt ®f nticleotides 2054 to 2056 is
moadified to a codon encoding an aming acid 9 other than isoleucine; an

A Roded St Mt e e 8 SrA I Ghar e 356 £ padita 12"
medified 40 arcaden engading-amaming agid other than leucine. (8) The

recombinant microorganism described in any one of (1) to (6), wherein the
DA Fepiesented b (b)) abovedscatvadiant of BNATomprsiAgipagides 172
conting%gs nuc ehotide sequence of nEcIeotides 1322 t%2 48 in the

to 1 le e Squenfe . or a ¥ar1ap T erFo
sequenceé No. 2 whichhas I or 2 or nfore modified sites selected from the
group censisting ethinbhhelow: 19-a moglified sitebersin the sequence.e
cgc of nucleotides 1592 to 1594 is modified to a codon encoding cysteine,
nqﬁhkﬁﬁnngkﬁmuneﬁerein the DNA represented by (b) above is
a variant of DNA comprising the continuous nucleotide
sequence of nucleotides 1322 to 2548 in the sequence No. 2
which has 1 or 2 or more modified sites selected from the
group consisting of 1) to 6) below:

1) a modified site wherein the sequence cgc of nucleotides
1592 to 1594 is modified to a codon encoding an amino acid
other than arginine;

2) a modified site wherein the sequence atg of nucleotides
1655 to 1657 is modified to a codon encoding an amino acid
other than methionine;

3) a modified site wherein the sequence cgc of nucleotides
1904 to 1906 is modified to a codon encoding an amino acid
other than arginine;

4) a modified site wherein the sequence cgc of nucleotides
2027 to 2029 is modified to a codon encoding an amino acid
other than arginine;

5) a modified site wherein the sequence atc of nucleotides

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



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
madified ta ancaden encading lengine, isoleucine or proline; 5) a modified
site wherein the sequence atc of nucleotides 2054 to 2056 is modified to a

cbdon erbHiig phehnyrldMAES 6F valite S&d ) amotiffictf sie whfsteititie
segyence c&g% nucleotléie? 18 2C528 to 2330 is mocgfled toa leno qcid
g (93n'lche recombinz

encoding methlonlne cystelne or ISO eucine. ant

mieraorganisin deseribed in any one of (1) to (6), wherein the DNA
represented by (b) above is a variant of DNA comprising the continuous
nucleotide sEtfierrReBIHUCestidEs 1322982548 frihersdpierice Ny 20ne

Wh ch ? sl or %))or more modltaﬁd Sbtﬁi selecrtgggrr](%mc}hg (rg% p glgn&stlng of

e?ow a mogJﬁea site wheréin th sequence c uciedtides

1§93491]§%4 isemogdified tg.a coden encoding cysteine; 2).a nedified site

wherein the sequence atg of nucleotides 1655 to 1657 is modified to a codon
epeadingcthrednimes 33 atmaodificdB Site WheteibBthensadpeernceiogoof No. 2
n%ﬁ%%%mggs 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



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
npeledtides2 2528 e 2630 isimadifiedata-a codoarenrending maethieninge (10)
The recombinant microorganism described in (1), comprising a host having
the’ DINPA e seFibéd Urieri@F above into which has been incorporated the
DNA desgyineg.nder. (B) above derivedfiom.a migrooraapiem of a different
11 species. f) The Tecombinant mlcroo?ganlsm escribed in (l Y
cemprising & hest,hawirg the DIVA describegundert(by abpvesintawshieh has
been incorporated the DNA described under (a) above derived from a
différent spécies. M1 Teepecsmbindritinicrodryamisid deschibeding(l),

ComRIg 2 oo naving none affhe DNRdesTTed piceL @Lend B 2
th descri th'(a

eqgquenc
above into which has been INncorporated the Cribed under bo

apdi(b) abovedeyived fromy differeny speciess (13 Therecembinant, the
microorganism described in any of (1) to (12), wherein the recombinant

nicroarganism Having diie lability t6 proddee the 16-position hydroxyl
macrolide . . _ , ,

a modified site wherein the sequence cgc of nucleotides
1592 to 1594 is modified to a codon encoding cysteine;
2) a modified site wherein the sequence atg of nucleotides
1655 to 1657 is modified to a codon encoding threonine;
3) a modified site wherein the sequence cgc of nucleotides
1904 to 1906 is modified to a codon encoding leucine or
tyrosine;
4) a modified site wherein the sequence cgc of nucleotides
2027 to 2029 is modified to a codon encoding leucine;
5) a modified site wherein the sequence atc of nucleotides
2054 to 2056 is modified to a codon encoding phenylalanine;
and
6) a modified site wherein the sequence ctg of nucleotides
2528 to 2530 is modified to a codon encoding methionine.

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

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

into which has been incorporated the DNA described under

(b) above derived from a microorganism of a different

11



compound represented by the formula (1) is a strain belonging to
Streptomyces genus. (14) The recombinant microorganism described in any
of (1) to (13), wherein 50 mg or more of the 16-position hydroxyl macrolide
compound represented by the formula (1) per 1 liter of culture broth can be
produced when the recombinant microorganism is inoculated into a 250 mL
Eslenmeyer flask containing 30 mL of the following medium, cultured at 25C
for 4 days with rotary shaking (220 rpm) and extracted by addition of 270 mL
of acetdritrile T&Ad T ePFISHAY etk SECRTAITAIY2Ed BYIIPLESGndEr the) /

following measurement canditions.to y the amount of the 16-position
Y oM A ot DN B G T ot ) CMatos

Solitklewstaroh 5% ghdcose 1%, harmamedia 3Mm2Cacty3 (480, x5

(HPLC measurement conditions) Device: Shimadzu HPLC IOAvp Column:

DevelGSirODSIUIG BT 4:mm x50 fere3 undPMdlsife phase: 45%-55%

methan -5 min), 55% methanol (5-13 min),.55% to 70% methanol (13-21
u%&&ﬁ] 5 %} oV 0Feec

min), 709 ethandl” (2125 in) Flow ate~1.2 LI Detéction: UV 240
NEdPiectionvlumes ® 8kving 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



Column temperature: 40C (15) A method of producing 16-position hydroxyl
macrolide compounds represented by the formula (I) or pharmacologically
acceptable salts thereof, or hydrates of them, wherein the recombinant
microorganism described in any of (1) to (14) is cultured in nutritious
medium, and the 16-position hydroxyl macrolide compounds represented by
tie foraula (I))are collected from the culture broth thereof. (16) The method
described in (15), wherein a cyclodextrin is present in the culture broth. (17)
THéSHEWRI described in (16), wherein the cyclodextrin is a cyclodextrin

selected from the group, 13 .consisting of 3-cyclgdextrin, y-cyclodextri
partially T e e S Sy AR R StP o,
trimethyl3:cycledextrin, glycosyl-3-cyclodextrin and
hydroxypropyl-3-cyclodextrin. (18) A variant of DNA comprising the
codAfiRGols aniclentae sequehté Bfhucleotides 1322 to 2548 in the
sequence No. 2 ich h ve %ﬁg rmore modified sites selected from the
group conss%n'g opﬂnfsb é) below: 1) a modified site wherein the sequence

cge of nuclegtides 292t 1594 ds mrodified ta ascegdon engogdingsanmino
acid other than arginine; 2) a modified site wherein the sequence atg of
nucleotitiesi 1655 t0sE857 iss nigdifiew tdrarcodof ehcading arp atine tdoidio 1

(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



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
ndcleoticlesng054 tp-20h6! isdaedifiad, to/a epdondeneading amaminag agid
other than isoleucine; and 6) a modified site wherein the sequence ctg of

nugledfitiese 2528 1 253tr st modifictiftra totioh encodiAg Anramino acid

otherihan euging, 14.(2) 4 variagt oL BNA cpmprising, e coptinous
nucleoti esec?ue ce of nucleotides 132210 2548 tn the sequence No. 2

whijeh baye dogk, 2-gr-more pedified sites selected from the group consisting
of 1) to 6) below: 1) a modified site wherein the sequence cgc of nucleotides
1592 t0(1594 4s Hrsdified to & cotdorreneading cystéines anetivaine or

proline; 2) a modified site wherein the sequen g of nucleotides_ 1655 to
T P10 & 5o br BN b SBanar CErines 5] o oo sit

wheseimthe sequence,¢ae of aucleotides, 190491906, isimodified ta-3
codon encoding leucine, isoleucine, proline, tyrosine or phenylalanine;
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.
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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) cysteinenrtsoleucire.{20pAivanantofdd NAneampeisig the
continuous nucleotide sequence of nucleotides 1322 to 2548 in the
seytéfes Ne ZaHicRavel 82 Bt Hhofe madified Stted Sdéletted ftBm the

group comprising 1) to 6).below; 15 1) a modified site wherein the sequence
e e e S T8 i i ocrto Ssidh Sty £ eane: 2)
agnodifieshsite- whetrain thessgquence atgiabnueleotides 1654 4657 is
modified to a codon encoding threonine; 3) a modified site wherein the
séquenee eyt isihuciéstides 10y {0 £966 i pidified to afcadon entodng

leucine or sine; 4) a madified_site wherein the seguence cgc of
ibits! 205755 03516 Mmoo s EohoR Sncouir ICIORGIS) a

nucleotides iS mod codon enco

medified sitewhergin the seguence atc of nucleotides 2054 to 2056 is
modified to a codon encoding phenylalanine; and 6) a modified site wherein
the sequendé cty of htieledtilesin the sequence atg of nucleotides

1655 to 1657 is modified to a codon encoding threonine or
serine;
3) a modified site wherein the sequence cgc of nucleotides
1904 to 1906 is modified to a codon encoding leucine,
isoleucine, proline, tyrosine or phenylalanine;
4) a modified site wherein the sequence cgc of nucleotides
2027 to 2029 is modified to a codon encoding leucine,
isoleucine or proline;
5) a modified site wherein the sequence atc of nucleotides
2054 to 2056 is modified to a codon encoding phenylalanine
or valine; and
6) a modified site wherein the sequence ctg of nucleotides
2528 to 2530 is modified to a codon encoding methionine,
cysteine or isoleucine.

(20) A variant of DNA comprising the continuous
nucleotide sequence of nucleotides 1322 to 2548 in the
sequence No. 2 which have 1 or 2 or more modified sites

selected from the group comprising 1) to 6) below:
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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
specificnmicr @akganismdwgenetie recembination anch the geneticeot ides
introduction techniques used therefor are not limited to genetic

rdcombirfatibh’dsing prasthidsand dthef Y&etorRBRAAERIdetRERARTUES Of

homologous recambination and.the like. 16 "Variant of DNA" means: (1
S e R 13

DINA withha icieqtidensaguence having:-£8%n 0ok geeateh hamelagyi with the
nucleotide sequence of the original DNA; (3) DNA having a nucleotide
séqueneetohipiéntferitaryioetirl hudlsotikaseqeencs of tHe Brigiree DNASor

(4).DNA whj oes not hypridize under stringent conditions with the original
R oSty o Gt bt R AP s AR
sequenee 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

hybridizesdindersstaagentoomditionshmemmsience cgc of nucleotides

2027 to 2029 is modified to a codon encoding leucine;

5) a modified site wherein the sequence atc of nucleotides
2054 to 2056 is modified to a codon encoding phenylalanine;
and

6) a modified site wherein the sequence ctg of nucleotides
2528 to 2530 is modified to a codon encoding methionine.

(21) A polypeptide encoded by the variant of DNA
described in any of (18) to (20).

The terms in the present specifications are defined as
follows.

A “recombinant microorganism” is a microorganism
(bacteria, actinomycete, yeast, mould or the like)
comprising a gene derived from another organism introduced
into a specific microorganism by genetic recombination, and
the genetic introduction techniques used therefor are not
limited to genetic recombination using plasmids and other
vectors but include techniques of homologous recombination

and the like.
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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 65C in
the presence of 0.7 to 1.0 M sodium chloride, and then washing the filter at
65C usingean §ht to 2xprancestraton SSC solution (an SSC solution with a Ix
concentration comprising 150 mM sodium chloride and 15 mM sodium

citrate PH& "felativevisal €aFpouRRat has tHeFame frafnéwene with the

cggracit%gﬁin]gNt e chemical structure but that differs in terms of the form of
modification or tHe form of the side 17 chain. "16-position hydroxylating

enzymeNactivityn reans the activity efcenvertingtheql 6rposiionshydrogen
atom of macrolide compound (ll) into a hydroxyl group. "6-position
hiyaradtating’ éhzyimecactivitye pidales frslaetivity of cohvertingthess-polition

h¥9r5°% ac;qomfi()f the macrolide gompound (sometimes called ME265)
represente %y thé faollowmg formula @f} intoa hyarc?xy? group. Jo GHO 0
Q\QH £BY i e 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
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"Polyketide synthetase activity" means the activity of synthesizing the
macrolide compound represented by the following formula (E): OH OH O O
OH (E) "7-position acetylase activity" means the activity of converting the
7-position hydroxyl group in the macrolide 18 compound represented by the
following formula (C) into an acetyl group. OHR OH O O O OH (C)
(whetein 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-positictP dbtbR" DorfdrirrthehatrolRrRZEEIRpdthd fepresétited by tHe

f%@%@@?t§”§¥“%é%@é%%f%éagﬁg(Qézgosition hydrogen atom of
macrolide compound (II) into a hydroxyl group.

“6-position hydroxylating enzyme activity” means the
activity of converting the 6-position hydrogen atom of the
macrolide compound (sometimes called ME-265) represented by

the following formula (B) into a hydroxyl group.

0]

OH 0]

TR o) OH
(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



(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 (I1). According to the present invention, a recombinant
19 microorganism can be obtained having DNA encoding a polypeptide
pattigipatiag iebiosyathesis iof maerofide 1 eampounsk-(hh) Bind(khavingddNAn
encoding a polypeptide having 16-position hydroxylating enzyme activity with
résisect to IrfadPolide compound (I1), and capable of direct fermentative
production of 16-position hydroxyl macrolide compound (I). 16-position
hydroxyl macrolide compound (I) can be produced ﬂiently by culturing that
recombinant microorganism and collecting the compaund from the culture
broth. Particularly, 16-position hydroxyl macrolidgcompdtad (1) can be
produced more efficiently and selectively, by appglying DNA encoding a
polypeptide WHEh has 16 -position hydroxylating enZyme ax
polypeptide the amipe Cld sequence has begn part IIy madifi

correspondence between cosmids and

(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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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 pUCI9aph::oriT::intphiC31. 20 Detailed Description of
the Invention Embodiments of the present invention are explained in detalil
below. DNA encoding a polypeptide participating in biosynthesis of
macrelide gonipaunrd ()da theqresent raveniipmran he-obtainred by a
method known in the field (such as the colony hybridization method
desénbed i I oRstlitacCRing 92Ad Editshfrofsthe aditdreanyéeia of a

migiporganism eapable elpraducing thatmaerolide sompound JThig,,.,,
mlcroporganlsm may be any cagable of pro ucnc{g thé maérolide compoung,

regarsdessebspesias Ofystain, Hut strairs belonging tarthe, Steptermyces
genus of the actinomycetes are preferred. One example is the
Streptemides spivend1 107 straimvhsheds beéndselated fromesdipt ive
Mer-11107 was depasited as FERM P-18144 at the National Institute ?{) '

roduction S o) ro Crol compoun
Bioscience and umarﬁ‘f‘e(l:hnol%gyy %\ge%y ottndastriar Science and
Techpelogy: (dx3nkigashi1 1:chome Teukubarshinaraki-kem 395-85661uceq
Japan) as of December 19, 2000, and then transferred to International
DepositicERM BP:781 2tatd aternatienal-Ratemt Oryahnisrc Depositaiys (| POD)
National Institute of Advanced Industrial

collecting the compound from the culture broth.

Particularly, 1l6-position hydroxyl 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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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 Recombinant DNA obtained by
connecting genomic DNA of Mer- 11107 that has been partially digested with
asititable aestrictioinpenzymetogetherwvith aieasmid vector capable of
replication in E. coli that has been digested with a suitable restriction enzyme
is incorpBRABHIRIS-E. ebli t6 oftaft fraRsdired straihs TFheitifigleed in
trggggugeg esirgtins obtained above are then screened using a fragment of a
knownlhy roxyi'é’ting enzyme (cytochrome P450 enzyme) gene as the probe,
and thepitansduced strainsdthay hypridize testhe: prebe arg selected. DNA that
hybridizes to the hydroxylating enzyme gene present in the selected cosmids
iPtheryobiaited antl Setjichcede THSRCtheh infrbdutedt fto ety aind
once it has been canfirmed that the transformed E. coli has 6-position
Sty CREye SOy BN A Aot e e feittn A oAting
enzyme can beused as the prebe in Southem:shybridization ;ta-selegt,
cosmids comprising a macrolide compound biosynthesis gene cluster
niéighboringr DN soding o tHisl6t positiohrivydrokylatingtenzamefom the
multiple positive clones (cosmids) obtained abqgve, and the target DNA is

) |
oBtaifiett by Sigatising thesk Eosimids. Details o i -hat macrolide

compound. This microorganism may be any capable of

producing the macrolide compound, regardless of species or
strain, but strains belonging to the Streptomyces genus of
the actinomycetes are preferred. One example is the
Streptomyces sp. Mer-11107 strain, which has been isolated
from soil. Mer-11107 was deposited as FERM P-18144 at the
National Institute of Bioscience and Human-Technology
Agency of Industrial Science and Technology (1-3, Higashi
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.
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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 22 sequence in the coding sequence) comprising the region
surrounding of DNA coding for a polypeptide participating in biosynthesis of
nraciofide conpaund dbtis representednby the SequeneeiNopiidn die Mer -
sequence listing. The DNA represented by the Sequence No. 1 includes 8

opehtéatitif fraffe LEORFRFPIHAL Uit 8346 fo 279352 bidA |1
(nucleatides 28021 to 49Q098), pldA 11l .(nucleotides.49134 to 60269),. pldA |
e B ot ks i e e D oa Aty
(nugleotides 68160 te 66970), pldD (nucleptides £9568te4682¢0) and pldR

(nucleotides 72725 to 70020). Of these DNAs, pldA I, pldA IT, pldA IIl and
piIA PoRgve several trarscriptivhaeading franiesrescd incltiding - oAelor to

rere eatlggsucgltse%allsetd modules g}f‘ghems%rtne way, as Igé%er known

ng %é ﬁf %c ra1q&. 1 yced s&ra%ns
polyketide biosynthesis genes. As explaine below, each module codes for

allor sonae domains seleqtedn frony the agyl carrigr protein (AGP) .3-ketoacyl
ACP synthetase (KS), acyl transferase (AT) domains, which participate in
cbndensatiolr peadtionsiin polyketide csymnthesisnand4hé keteaoyl redastases

(KR), deh;gdrogenase (DH) and enoyl reductase (ER) domains, which
pgﬁﬁjﬁ&%|ﬁ' and the transduced strains that hybridize to the

probe are selected. DNA that hybridizes to the
hydroxylating enzyme gene present in the selected cosmids
is then obtained and sequenced. This is then introduced
into E. coli, and once it has been confirmed that the
transformed E. coli has 6-position hydroxylating enzyme
activity, DNA coding for this 6-position hydroxylating
enzyme can be used as the probe in Southern hybridization
to select, cosmids comprising a macrolide compound
biosynthesis gene cluster neighboring DNA coding for the 6-
position hydroxylating enzyme from the multiple positive
clones (cosmids) obtained above, and the target DNA is
obtained by organizing these cosimids. Details of all
these operations are described in Reference Example 1 and
also in WO-A 2006/009276, specifications submitted by the
applicants in this case, and these can be used for
reference.

A nucleotide sequence obtained in this way (amino acid
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3-position carbonyl group modification reactions, and the final module
includes the thioesterase (TE) domain, which removes the polyketide chain
from the polyketide synthetase. Fig. 1 shows the biosynthesis pathway of a
macrolide 23 compound in the Mer-11107 strain. Unlike the other modules
the loading module has the central cysteine replaced by glutamine,
incdicating thatpldAd participates iuthe-dnitiabreactiom deduerkdingludes a
thioesterase (TE) domain, indicating that pldA IV participates in the final
rSACHOOFMRhe S ZNG IO BABRE S6lykétidhe SKeRt6A SOmee thebasiet NI
skeleton of the polyketide has been formed in this , it is maodified hy the
ot bl corat ot T bl g o
epgoded hyepldén @ndithe 6-position:hydrpxylase enceded by pldB to
biosynthesize macrolide compound (I1). Macrolide compound (II) in which R
is a hydrbgeRtonreas prprstiucedthye dterdeteting pldB b plodifang it

so that it does not express |6%£u c.tionlglle,Whic has i6qh Q%%’l%%y with
2 HanSCHptoH Bgulator facior T ay

open reading fr L. .
the aveR gene %ncoalng a transc |pt|8n regula orin” avermectin
bjosynthesis, enacades aNAFanseription regdlaiontagior padicipating in

biosynthesis of macrolide compounds. In the present invention, DNA
encodinera pohpeiftide! havirg 269 ositidihydroxylating ehzgare 46tAE with
"S3ResE 1o magielide cornpoynd (1hgag pe aPtalngd Y L1
(nucleotides 68160 to 66970), pldD (nucleotides 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 thioesterase (TE) domain, which
removes the polyketide chain from the polyketide

synthetase.

Fig. 1 shows the biosynthesis pathway of a macrolide
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methods well known in the field (such as the colony hybridization method
described in Molecular Cloning, 2nd Edition) from cultured mycelia of a
microorganism having 16-position hydroxylation ability with respect to the
macrolide compound. Any microorganism having the ability 24 to convert the
16-position hydrogen atom of the macrolide compound to a hydroxyl group
caniused regartiess of 1ISpeciesor strain, hut tesirable: exampleattnlude
strains belonging to the actinomycetes. Examples of these include the
Stiehtdrresspn it ba4lstmin dhd et Saéptomyeds 8pr Mért:d07%train

Zg%;l[gg ﬁtée??'[so§r2§cl:%sa]%@n%-]tEEGaQCstr?@A 'Ehe Ar-%§44 strtaig was Igggosited

nternational Patent OPgaanlsr%lﬁgpgsitary ational

Institutes of Advanced . Industrial Science, anddkechnalagy {Esukiha Gentyal
6, 1-1, Higashi 1-Chome, Tsukuba-shi, Ibaraki-ken 305-8566 Japan) as of
JaR23 002 Carsch tHerw trahsferred Ao IHternatioAalrBepssit FERM BPrg8446

as of July 30, 2003, at International Patent Organism Depositary (|IPOD)
T ohEnd T R S B Tha g S b

Cantral 6, d-baHigashi d:ehome, T sukiibasshik dbaakirken 3@a:85€6-dapan).
The A-1560 strain was deposited as FERM P-19585 at International Patent
Organisit DepositaryiNatiodalflinstitute of dviahced-indeistrialn Seiercedand
Technology (Tsukuba Central 6, 1-1, Higashi 1- Chome, Tsukuba-shi,

IGARFKER 3088566 Japah] as ot NoveMbé“£3 Y2605 andthéRtransendd

t%nggﬁngEHosition hydroxylase encoded by pldB to
biosynthesize macrolide compound (II). Macrolide compound
(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, 2™
Edition) from cultured mycelia of a microorganism having
l6-position hydroxylation ability with respect to the

macrolide compound. Any microorganism having the ability
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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). 25 The operations for obtaining
the target DNA are outlined below using the A-1544 strain as an example.
GenamicbNA ohA-1%44 issfinst preparecbana subjected to hRGR usihgi de
primers prepared based on the sequence information for a known
hyaRBaH&Thd Bn2y MECGERY Y cTtsteHoRTE PASOETPA/ MEPRr Obtais a° L
speciiealy amalified; DA, ffagment which s then,sequsneed, N6 ;.

Fc g B ﬁqlr lfl S
eotide sequence of the neighboring region upstream an ownstream

frem e clonedbDNAs fragmentns deer amplifiedhby an inverse RCR{&elbe
Technology Vol. 14, pp. 591-593, 1995) based on the resulting sequence
ahdclEhed Pard tive ssegquerfeel isdndlzed rDe sl stdfeal PthHesetoperationsr -

e described in Reference Example 2 (A-1544 strain), Reference Example
2 ien 11107 Sty ant ReCronte EXARIR 1 (% 1580 SFalm &

rgin. .
7 a erence strain), and also in

WQ=A2005(Q52152 published o JupeH,200%randthesescan pe used for

reference. The DNA (including neighboring region) thus obtained from
ALD544 straiewhick eheoteSzopolypeplide davirg 16N positionlhydrokylating
enzyme activity with respect to_macrolide compound (1) is rzgresented by

e SeQURNCE NG P theedliercaistiy, THE BRI fépreseRtéd By the

Central 6, 1-1, Higashi 1-Chome, Tsukuba-shi, Ibaraki-ken
305-8566 Japan) as of July 23, 2002, and then transferred
to International Deposit FERM BP-8446 as of July 30, 2003,
at International Patent Organism Depositary (IPOD) National
Institute of Advanced Industrial Science and Technology
(Tsukuba Central 6, 1-1, Higashi 1-Chome, Tsukuba-shi,
Ibaraki-ken 305-8566 Japan). The A-1560 strain was
deposited as FERM P-19585 at International Patent Organism
Depositary National Institute of Advanced Industrial
Science and Technology (Tsukuba Central 6, 1-1, Higashi 1-
Chome, Tsukuba-shi, Ibaraki-ken 305-8566 Japan) as of
November 13, 2003 and then transferred to International
Deposit FERM BP-10102 as of August 19, 2004, at
International Patent Organism Depositary (IPOD) National
Institute of Advanced Industrial Science and Technology
(Tsukuba Central 6, 1-1, Higashi 1-Chome, Tsukuba-shi,

Ibaraki-ken 305-8566 Japan).
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Sequence No. 2 includes two open reading frames (ORFs), psmA
(nucleotides 1322 to 2548) and psmB (nucleotides 2564 to 2761), which
encode 16-position hydroxylating enzyme and ferredoxin, respectively.
Similarly, DNA (including neighboring region) encoding 26 a polypeptide
having 16-position hydroxylating enzyme activity with respect to macrolide
compoung (khpebtainech framMerddilOims repeesenigdbyotive Sequence No.
3in the sequence listing. This DNA represented by the Sequence No. 3
intiides frlo UpEtIreating frates (ORES)ShpmiA (REicRbtRERU2CGto 1604)

apd bpmB (quglectides, 1633 fg??r 1834), Whé%%&?&%d8§£;§%§iii§9ted to

hyaroxy atinge enzyme an edoxin, respectively uding

neighhoringsregionk-encediag-a folypeptide having Le-pesition hydroxylating
enzyme activity with respect to macrolide compound (Il) obtained from
ALDE601S Fepresepted by the SeyissirceyNot 41ig the zgegueree listing. This

E)Cgléé\‘:t;%%esentegg%/othe Se%u nce NaQ. g i'rrllcludes twg) fopcceﬁr}dﬁee\g%@g{%gf@g

prrﬁﬂe(nuc eofidéd 172 t61 and faprﬁge(%ucfe
15Q3).cwhigh-encade: 16-position hydexylating enzyme and rfesredaxin,

respectively. Further, variants of the above-mentioned various DNA which
epeades @epolypeptde havirp 1 6rpositian cy droxylating ey rmeactivity @an
be obtained by the following procedures. First, the site-directed
from the cloned DNA fragment 1s then amplified by an
inverse PCR (Cell Technology Vol. 14, pp. 591-593, 1995)
based on the resulting sequence and cloned, and the
sequence is analyzed. Details of all these operations are
described in Reference Example 2 (A-1544 strain), Reference
Example 3 (Mer-11107 strain) and Reference Example 4 (A-
1560 strain), and also in WO-A 2005/052152 published on
June 9, 2005, and these can be used for reference.

The DNA (including neighboring region) thus obtained
from A-1544 strain which encodes a polypeptide having 16-
position hydroxylating enzyme activity with respect to
macrolide compound (II) is represented by the Sequence No.
2 in the sequence listing. The DNA represented by the
Sequence No. 2 includes two open reading frames (ORFs),
psmA (nucleotides 1322 to 2548) and psmB (nucleotides 2564
to 2761), which encode l6-position hydroxylating enzyme and

ferredoxin, respectively.

Similarly, DNA (including neighboring region) encoding
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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 27 enzyme of the variant
of DNA of the resulting recombinant microorganism as the index. The
siethregted modifinatiamg farrexample, cambe condueatechby ¢isiigyas a
template, a plasmid cloning the original DNA and using the primer
cofstidfed Hased bARB FequerntedhformaiciPietedf sihy &btained

oA alAne KL an QU ke ool Bl D e
utagenesis Kit tratager]ioe 80?). Amonﬁ these variants, as those having
highylerpasitians hydroxytating enzyme getivity, end fotther bigh selectvityo .
for example, in the case of psmA encoding 16-position hydroxylating enzyme
ahdibeing Gbtained feonATISHY swaify afesvalfartof DRAMRaving the

cqpnies ol seauenes oL picsoiop Lz g o e

uc P
Sequence nd 1or ore mo es selected rrom

copsisiing.af the fallewing 1):to.6maybe includedabramedifiedsite ang
wherein the sequence cgc of nucleotides 1592 to 1594 is modified to a
cbdonehroding ansarnirioideidy -preferably cysteine, other than arginine; 2) a
modified site wherein the sequence atg of nucleotides 1655 to 1657 is

modifiedt0 & ¢B8HoH EHEddily BR AN adiad raterabli thrB8nihe, other

ﬂﬁ@l?ﬁ@gk&@%ehaving l6-position hydroxylating enzyme
activity with respect to macrolide compound (II) obtained
from A-1560 is represented by the Sequence No. 4 in the
sequence listing. This DNA represented by the Sequence No.
4 includes two open reading frames (ORFs), tpmA
(nucleotides 172 to 1383) and tpmB (nucleotides 1399 to
1593), which encode 16-position hydroxylating enzyme and
ferredoxin, respectively.

Further, variants of the above-mentioned various DNA
which encodes a polypeptide having 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
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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, 28
preferably leucine, other than arginine; 5) a modified site wherein the
segquenee atc ohaucleotigies 20548 2056:isampdiied thha codenenceding
an amino acid, preferably phenylalanine, other than isoleucine; and 6) a
niodified sieihereis théSedlense ctd of nditlcvtitese 2528 BEHIV et ion,
dified to a codon encoding an amino.acid, preferably methionine, other
HAaH 16GETS Fhe FEomBirARL of THE Pradentiniahtion 1S - resorbiart
mictaorganisi having the aforgmentioned "DNAuensgding-a polypaptide

participating in biosynthesis of macrolide compound (ll)" and "DNA encoding
aqeolypeptide chaving d 6~positiondnairexyating erzyate activing witht respect
t% mlarl]crolide com%oculnd ill agq can bee Erie%pasredhby Stheurggihodasnsrégwn
URder A) Fo CYBEOW By DNA Tncoditg A'polypeptids having 165565 ion
hydraxyiating. enzyme-aclivitywith gespecitppageglidec gompound (1) is
incorporated into a host that originally has "DNA encoding a polypeptide
participatingdn thiesynthesis:of macrelidé ceompounichd)hiBh"DRACerdading
a polypeptide participating in biosynthesis of macrolide compound (I)" is
"ﬁ%968ﬁﬁéatlng enzyme activity and further high selectivity,
for example, in the case of psmA encoding l6-position
hydroxylating enzyme and being obtained from A-1544 strain,
the variant of DNA having the continuous nucleotide
sequence of nucleotides 1322 to 2548 in the Sequence No. 2
and 1 or 2 or more modified sites selected from the group
consisting of the following 1) to 6) may be included:

1) a modified site wherein the sequence cgc of nucleotides
1592 to 1594 is modified to a codon encoding an amino acid,
preferably cysteine, other than arginine;

2) a modified site wherein the sequence atg of nucleotides
1655 to 1657 is modified to a codon encoding an amino acid,
preferably threonine, other than methionine;

3) a modified site wherein the sequence cgc of nucleotides
1904 to 1906 is modified to a codon encoding an amino acid,
preferably leucine or tyrosine, other than arginine;

4) a modified site wherein the sequence cgc of nucleotides

2027 to 2029 is modified to a codon encoding an amino acid,
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into a host that originally has "DNA encoding a polypeptide having
16-position hydroxylase activity with respect to macrolide compound (I1)". C)
"DNA encoding a polypeptide participating in biosynthesis of macrolide
compound (II)" and "DNA encoding 29 a polypeptide having 16-position
hydroxylating enzyme activity with respect to macrolide compound (Il)" are
bpttx inearpoyateshinio @, hesittbat erginadly possesses neither DNA. The
host for the recombinant of the present invention may be any microorganism

capable'erintofsorating tHectaget DINA ardisiotkiciig the targ et $65pckition

h%ﬁ%ozf‘yt'om%!s%!'diesc%@é’% ?Qa but an example of a preferred 0o acid,
microorganisim is a strain betonging to the Streptomyces’ genus 6

agtinemygsiss. frorgxamale; streptemyeessh Meb kL0, er thelike can be
used in method A) above, while Streptomyces sp. A-1544, Streptomyces sp.
Mer- 21 107 of iStteptomyeds spiA-1560 eafdusngsed iy nedthod Brabdvesin

%‘?dit% ain of Escherichia coli or the like can be used. There are no
T

), a st
particular Iir%é onthe wethdd of iRcrporatiig the tardet DNAZARE RallSihy it

1o, be expressed.Jpa hash but ferexample the methads described in
Molecular Cloning, 2nd Edition or Current Protocols in Molecular Biology can

be usedlFherecareono particdlar Himits epcthe hiostandiplashtidavector

system as Iong as the _ , _
recombinant microorganism having the aforementioned *“DNA

encoding a polypeptide participating in biosynthesis of
macrolide compound (II)” and “DNA encoding a polypeptide
having 16-position hydroxylating enzyme activity with
respect to macrolide compound (II),” and can be prepared by
the methods shown under A) to C) below.

A) “DNA encoding a polypeptide having 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 l6-position hydroxylase activity with respect to
macrolide compound (ITI)”.

C) “DNA encoding a polypeptide participating in

biosynthesis of macrolide compound (II)” and “DNA encoding
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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 30 integrative
plasmid having a sequence homologous to a specific region in the genome

ok the antieipaierd hnst: ithe targetHNAcmay e heprperated dntoyasite either
on the plasmid or on the genome of the host microorganism. If the host is an
aefiiomyeetd’ oF Pelafed S ain: the@2salRtepifcatiriPrecttr PIIB0212(GeRre
166, 133-137 (1995)) or the genome, integration vector KC515 (The Bacteria
VTG Aot prokcin S ot O S o Baer o

Lokwa,. pp. 119-158, Academic Press, Orlando, Fla) can be used. Examples of
self-replicating sequences include rep plJ101 (1988, J. Bacteriol., 170,
4634-485¢),reptSEP2 (1981 X @eA MNcrobiol 126427244 2), pleC L 9on

(Gene, 33 (1), 103-119 (1985)) and the like, while examples of promoter
R teheag HUITaS SR (ool HERGURLT. 230 N LA o) Bk o)
ShpARU. Bacteral. 1992.May; 1144(Da2497-2808)and the likeexampples
of terminator sequences include ter(mmr) (Gene, 1987; 58(2-3): 229-41), fd

teravnaiordducteicAcids Res:, 5(12)x44054503 (1 9728)f andatie like, and
examples of drug-resistance genes include hng(NucIeic Acids Res., 4(14),

1%6§5ﬂ§§9ﬁﬂi%5)ﬁira strain belonging To the Streptomyces

genus of actinomycetes. For example, Streptomyces sp. Mer-
11107 or the like can be used in method A) above, while
Streptomyces sp. A-1544, Streptomyces sp. Mer-11107 or
Streptomyces sp. A-1560 can be used in method B) above. 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
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(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 31 be cultured, and productivity of
16-position hydroxyl macrolide compound (I) can be evaluated and selected
fartoe gbtain-asisamswith anbighrlgvel etprogdustivityof theiomactalide
compound. That is, a recombinant organism having the ability to produce 50
NP BF hicre sRBeTRacholicte® cOPSHI G peF 19itérP6f EdiRiretirdtit tan be e
optaine high rate of about 40%, while_one having the ability to produce
OB e s 15 o SF ST B Lo B ot it SR High L o

apodta0%0.dMethodef exaldating preductivity) Theseseninant .
microorganism is inoculated into a 250 mL Erlenmyer flask containing 30 mL
of medilitn,t(z8ldisié tsthfcli 598 lhieese A% cPharmahrddid 3% reac0o3he

0.1%, pH 7.5), cultured with rotary. ing (220 rpm) for 4 days at
TR By LR of 570 e EtoAIa AR thd et Sedodt )

apalyzed by HRILC undey the fellowing: measurementcongitions-to,assay, the
concentration of accumulated 16-position hydroxyl macrolide compound (I).
(HPLS tdasuremeant ednditions} DenterShimadad HRLE ¢0Avp Colimand

Develosil ODS UG-3 (T 4.6 mm X 50 mm 3 um)
Day, L.E.), pp. 119-158, Academic Press, Orlando, Fla) can

be used.

Examples of self-replicating sequences include rep
pIJ101 (1988, J. Bacteriol., 170, 4634-4651), rep SCP2
(1981, J. Gen. Microbiol., 126, 427-442), 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
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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 32 Injection volume: 5 gL Column
temperature: 40C The recombinant microorganism of the present invention
can be inoculated into a nutrient medium and culture aerobically, and

16epasition hydyoxl aeralidetcompeund (1) opagharsiacolagically
acceptable salt thereof, or a hydrate of them can be obtained from the
réS\itifg tdfufeBrowdn Principle the reéambinafAt AfiCrodRgaNisAY cARbe ©

cultyred by ordinary, cyltyre methods far micrepraanisis, but gulttye ynder
aerobic conditions such as culturé with aeration’an agitaion or s%aklng

criurenithe casgehadliquidicudture js acrmallypraterred As thesmediunhg
used for cultivation, any medium may be used insofar as it contains
nbbferits Whith these midrssrganistas eantstiizes fartd 9arodas syntitetic

medium, semi-synhetic medium ang organic medium may be alutijzed. As
the medium compaositon, various carbon sources suchas glucose, sucrose,

fructgse; glycerin, dextrin sstarch;molasses angd, iseybean eibmayhe used
either singly or in combinations. As the nitrogen source, there can be used a
Spgpgum@_loo mg or more per 1 liter of culture broth can be
obtained at a high rate of about 30%.
(Method of evaluating productivity)

The recombinant microorganism is inoculated into a 250
mlL 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
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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 33 salts such as
sodium chloride, potassium chloride, calcium carbonate, magnesium sulfate,
sodiumphesphate, petassiimsphasphate or cobalt chloride; heavy metal
salts; vitamins such as vitamin B or biotin, if necessary. Further, when
foaming 73 FeHafieae tirineculfiYation, various antifoaming agents can be
appropriately addedin the medium, Ghemicals negessary for maintainipg,
drug-resistant genes may also be added as necessary. When the

aptifoanaingh agent isadded it is reguirechto setata congeptrationefor not
adversely affecting the production of an objective substance. The
coAtektratidn vf thedctamitated Pa-positiohahydretyl agrliderssripdund

can be increased by addition of _cyclodextrins in the culture broth when
e A O R e P P o7 8 he

recRmbinant micrearganismofdhe presentinventian. Lxamplesofculture
cyclodextrins to be used in the present invention include 3-cyclodextrin,
ykoyetddextrin, partially methylated 3-cyclodextrin, dimethyl-3-cyclodextrin,
trimethyl-3-cyclodextrin, glycosyl-3-cyclodextrin and ,
hydroxypropyi-3< }Sdé%ﬁnF EGRROFtRBM May B tdag™ s can be

cultured by ordinary culture methods for microorganisms,
but culture under aerobic conditions such as culture with
aeration and agitaion or shaking culture in the case of a
liquid culture is normally preferred. As the medium used
for cultivation, any medium may be used insofar as it
contains nutrients which these microorganisms can utilize,
and various synthetic medium, semi-synthetic medium and
organic medium may be all utilized. As the medium
composition, 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
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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 34 within the range at which the microorganism grows
well and can produce 16-position hydroxyl macrolide compound (I). For
exampie sthenhpH ofdhe meditim is kept, abb ta 9safunean nermadly the neudral
range. The culture temperature is normally 20 to 40C or preferably 23 to

35€ TRV Ao A8 i 12 day s ot forntaif 3 %o Riordays: (oF cap'ses tHem

various cyfture, condiions described above can e dhanged and optimal
conditions selécted appropriately depending on' the type of microorganism

usednthasexternaliconditiens andi the like nceannan ynethogstused farmen
isolation and purification of microbial metabolites from culture broth can be
uSedntdisolate andpUrRy e d6cposition Hydrexylomactelide edmpound (1)

which gccumulates in the cultugee broth. Possipl met inclug% all known

d
ehvatlastflcin it ot el Sl alted s et

ety agetateg gbloreform, acetane Ltpluene gk the like; yarigusforms oftant
ion-exchange chromatography, gel filtration chromatography using

SephatdexdyH20or the hkeleadserptiorechmmatography usigadtivateding
charcoal, silica gel, adsorbent resin (Diaion HP20) or the like, adsorption-

dagSﬂﬁkﬁFbﬁﬁ%%qayéFCﬁﬁﬂﬁgﬁﬁﬁﬁﬁﬂy%%dﬁ%&h?t a concentration

for not adversely affecting the production of an objective
substance.

The concentration 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 R-cyclodextrin, y-cyclodextrin, partially
methylated B-cyclodextrin, dimethyl-fB-cyclodextrin,
trimethyl-f-cyclodextrin, glycosyl-f-cyclodextrin and
hydroxypropyl-f-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
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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 35 the target
16-position hydroxyl macrolide compound (I). Examples The present
inverion istexplained iatdetai belaw ecusingexamplesshuytharpresent and
invention is not limited by these examples. In the explanations below,

cBABeRFAHGNS dfmBafih tOMpanERE dreqiressed asamerjrd (1) -
rcentages . unless otherwise, specified. Reference Example, 1: Qbtainin
f}\?ﬁ e%%%ra?nlgebofﬁe p]%% o? tﬁf ec{j Qegt aat % ﬁa (3 oa% ngad;

p e &1 um lSh
D ypeptide involved in biosynthesis of macrolide compoun

(o Lulivatien o Mera111Q4gad isoladiopaf-geromicibdA tdyphae of
Streptomyces sp. Mer-11107 were inoculated into 25 mL of Tryptic Soy
Bretrinahbvcditured with Shakingyr af 280 for 3 days. Genemic DNAWas on

prepared frgm the resulting culture broth according to the_ methods described
e eI o AR, Tog Tra UK. Houoosth Srafet e

Practical Streptomyceszenetics {The JohnjonesyEoundationNerwiche o
England, 2000). (2) Preparation of Mer-11107 genomic library 160 uL of
starile pririfiedlwaterd 200 alsosMerItelD 2 gename DINAs olgtiom (1 mag/pl),
40 uL of |Ox concentration M buffer solutione(loo mM Tris-HCI (pH 7.5), 100

nﬁ%ﬁwﬁﬁﬁ%,iﬁ microorganism used, the external conditions and
the like. Common methods used for isolation and
purification of microbial metabolites from culture broth
can be used to isolate and purify the 1l6-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
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mM dithiothreitol, 500 mM NacCl) and 1 uL of restriction enzyme Sau3Al (1
unit/uL) were mixed and incubated at 37C for 3 minutes. 50 uL was then
taken out and extracted with 50 uL of phenol-chloroform mixture 36
(phenol:chloroform:isoamyl alcohol=25:24:1, volume ratio), the aqueous
layer was collected and extracted again with 50 uL of chloroform , and the
agueousdayer was@gain collectedh Syl oh 3dvsodiemcaecgtiate oH 16.0) and
150 uL 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
\/\ﬁaxsabrgglig 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
concentratiop:BARhuffersolution (500 a1 EHsHHCli {pld<.8),11081Mw
MgC12) and 5 uL of bacterial alkaline phosphatase (0.5 unit/uL, Takara Bic
I Y.IEh e Feaitions Aigaith walscexaracted twith 160tulobf pRensl-chlbréform Py
mixture (phenolichlorofprmisoamy alconol=25:24:4, volume ratio). the
aqueous la erwas collected ‘and extrac edLagain with 100ULS6F chforaform,
apd theaquequsrigygE Was againe spllectedq 194ul,0f 31V sodivaracetate (pH
6.0) and 300 uL of ethanol were added to this liquid, which was then left at
-80C 4ok 30rhinutes andcentfififged to collect the precipitated DNA. After
being washed in 70% ethanol, this DNA was dissolved in 20 uL of TE buffer
SOfUtion LG MmN “FRd-HCI (PR BOY 1AM ED FA 0ding polypeptide

involved in biosynthesis of macrolide compound (II)

(1) Cultivation of Mer-11107 and isolation of genomic DNA
Hyphae of Streptomyces sp. Mer-11107 were inoculated

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

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

resulting culture broth according to the methods described

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

et al’s Practical Streptomyces Genetics (The John Innes

Foundation, Norwich, England, 2000).
(2) Preparation of Mer-11107 genomic library

160 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—-HC1 (pH 7.5), 100 mM MgCl,, 10
mM dithiothreitol, 500 mM NaCl) and 1 pL of restriction
enzyme Sau3AI (1 unit/plL) 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
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Meanwhile, 10 ug 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 37
phosphatase (Takara Bio Inc.), and after being digested with restriction
enzyme BamHI and purified, this was dissolved in 10 uL of TE buffer
sohtione 2: 2l afdherbauséd partial idigestisolation of Met-114607:BNA0) ,
described above was added to IuL of this cosmid DNA solution, and 1.5 uL
of 8ferleperified\iafer, Bt 6PDNS LRFAtRIKRXCrakaraBisdnél) Sulttion I
and 19.uLof Soltion | were, added.in that,order and incubated gt 23C for 10
minutes. 2 Ul of the reéction quw%l was pacf(ageg into a lambada- phage using

Gigapack HE XL Kity(Stratagene €3l Whendbeteesulting packaged ligoid. L.
(total 500 uL) was subjected to a transduction test, colony formation ability
was testediat 380" efurEbiony: fordiag Lirfits /L. (B) Prepiaratiohesf Vieridusat

Probes.(3:1) Prparation of prabes comprising keto synfhetase. coding

1n S .
regions The fo Iowmglfwo primers -4R, were synthesized

based o sequencasthat are normallyconsarved 1in theketorsythesisn ;i s
domains of polyketide synthetases (see the Sequence Nos. 5 and 6). KS-3F:
SRFAGECCESOTEGEGACCTGEGAGCGBELIrKS:4Rurified water, and

5'-GTGCCCGATGTTGGACTTCAACGA-3' .
incubated at 37°C for 3 hours after addition of 10 pL of 10

times concentration BAP buffer solution (500 mM Tris—-HC1l
(pH 9.0), 10 mM MgCl,) and 5 pL of bacterial alkaline
phosphatase (0.5 unit/pL, Takara Bio Inc.). The reaction
liquid 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 ligquid, 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 pL of TE buffer solution (10 mM
Tris-HC1l (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
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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 38 2x
concentration GC buffer 50 uL dNTP mixed solution (2.5 mM each dATP,
dGTP, dTTP and dCTP) 16 uL KS-3F (100 pmol/uL) 0.5 uL KS-4R (100
pmol/uL) 0.5 uL Mer-11107 total DNA (100 ng/uL) 1 uL LA Taq polymerase
(pwbbpTakara Biaone )i Wi (Reaction tempetatuee cobditions) R5E &
minutes (98C 20 sec, 63C 30 sec, 68C 2 min) 30 cycles 72C 5 minutes The
98B DNA FregfmentsSarnphified 285 resiit BPihid eActioh Weréa s

electrophoresed o % a S and t |solated
fr%egmégrjllts v%ere e>£:Q|s 83 an%at:fgllgf:t (.Ji: “and purl?ea using S%IBHRE’}AO he
(FakaraiBioalhei)a Using d §: ngafithedesultingsbNA fragments @sstheibed

template, 930 bp DNA fragments comprising the keto synthetase coding
regierewere araghified-againtundertthessamerPCROEBNdifidHS Bstabeves! 1-5

hat th ber.of, I 20, Th DNA
ferﬁ(feptt agt he number. of.re c;[}o cycesswgs Pz%gégé) aotzl ese.

agments were concentrated an puﬁfled using akara Bio

Inezx1@nd: 58ul, of the ) resuiting TE salutign was takesras the prebe solution.

added in that order and incubated at 23°C for 10 minutes.
4 uL of the reaction liquid was packaged into a lambda-
phage using Gigapack III XL Kit (Stratagene Co.). When the
resulting packaged liquid (total 500 plL) 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
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(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 39 gene probe. That is, the two
primers CB-1F and CB-2R comprising the sequences showed below (see
the Sequence Nos.7 and 8) were synthesized for purposes of amplifying the
ORF-A genesderved fom Streptomyces thermotolerans ATCC114%6 L
(Biosci. Biotechnol. Biochem. 59: 582-588, 1995). CB-1F:
5-ATGACAGETTIG AATCTGATGGATECE33h cB\BR: dGTP, dTTP and
Sag%GAGACGGACCGGCAGACTCTTCAGACG-B' Meanwhile, t e two
primers PKC-1F and PKC-2R comprising the sequences shown below ](]see

the Sequernme Noso9@nel 1O} were synthesized for purposes of amplifgingr
the pik-C gene derived from Streptomyces venezuelae ATCC15439 (Chem.

Biol. 5:6614867,1 2998 PKBLIF: 0.5 pL
S O CRSSESIACASATISRITE T PO e e
carry oghPeRupder the following conditigRs (PERyeaction liquid 1 1,
composition) Sterile purified water 31 uL 2x concentration GC buffer 50 uL
dNFRprfiked sotution (2.6:mmMreadh diforR)dGTP, dTTP and dCTP) 16 uL
pimer- (400 pmoliuE) 0.5 uL

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

72°C 5 minutes

The 930 bp DNA fragments amplified as a result of this
reaction were electrophoresed on 0.8% agarose gel, and the
isolated 930 bp DNA fragments were excised and collected
and purified using SUPREC-01 (Takara Bio Inc.). Using 10
ng of the resulting DNA fragments as the template, 930 bp
DNA fragments comprising the keto synthetase coding region
were amplified again under the same PCR conditions as above
except that the number of reaction cycles was changed to
20. These DNA fragments were concentrated and purified
using SUPREC-02 (Takara Bio Inc.), and 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
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primer-R (100 pmol/uL) 0.5 uL ATCC11416 or ATCC15439 genome DNA
(100 ng/uL) 1 uL LA Taqg polymerase (5u/uL), Takara Bic Inc.) 1 uL
(Reaction temperature conditions) 40 95C, 3 minutes (98C 20 sec, 63C 30
sec, 68C 2 min) 30 cycles 72C, 5 minutes The two 1.2 kb DNA fragments
amplified as a result of this reaction were purified by QIAGEN PCR
Pasificabop it (QIASEN €50 ) hand adnpednselstion-camprisingel @ rg/ul of
each DNA fragment was prepared and used as the probe. (4) Screening
USHIgPprobe EornprisiRFIKEICSntRB RIS coGihg  rdfiBh AR E. LORELIBIue
h0§t Zg%gagajgene Coé)yvryggetranggu%%q: with the Mer-11107 genome DNA

library packaged solution prepa?éé in the ab%%p(af?nsagcora ce with the

Stratagene marual. Ater tansgustion the basigiials SUSRENSIOn Wasins
dispensed and spread onto ten LB-50 ug/mL ampicillin-1.5% agar medium
pletes {inher didiheter’90 Rimt dwdightl 15Pmghand cubttured foro88 holiPs at -

37C. TE%_%@?”@S_%V%‘Q@% ggﬁg%ﬁjfgéq%%%%ﬁ%@%eg to HybondoN+

filters (Amersham Bioscience reated under the

conditigns descriped-in thes manualfor the yhongoith filters; and dried for 2
hours at 80C to fix DNA derived from the colonies onto the filters. The

genom&ENAlibrary Was screened by col6iy -1F and PKC-2R

comprising the sequences shown below (see the Sequence Nos.
9 and 10) were synthesized for purposes of amplifying the
pik—-C gene derived from Streptomyces venezuelae ATCC15439
(Chem. Biol. 5: 661-667, 1998).

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

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

These primers were used to carry out PCR under the
following conditions.
(PCR reaction liquid composition)

Sterile purified water 31 pL

2x concentration GC buffer 50 puL

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

dCTP) 16 uL
primer-F (100 pmol/uL) 0.5 uL
primer-R (100 pmol/uL) 0.5 uL

ATCC11416 or ATCC15439 genome DNA (100 ng/upL) 1 uL
LA Tag polymerase (5u/uL), Takara Bio Inc.) 1 pL

(Reaction temperature conditions)
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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
41 hours at 65C at a salt concentration of 0.5 M NaCl. The conditions for
hybridization and detection were those described in the manual attached to
the AlkRbos Directibystein. Of the roughly 7,600 colonies tested, 59 colonies
which hybridized strongly with the alkali phosphatase- labeled probe were
isolated! tBosmids Wefe ekiractetP aff pufified from B lcofikcl6ies eerived
from thg?e, golqonirensl. &%)eg.election and verification of cosmid clones having
pladienolide 'biosyntﬁesis gene region using probe comprising cytochrome

P450 gene regionm Twokw of eachofitbacosmigd BNAssoldtions obtainedo £
under the above (4) was spotted onto a HybondoN+ filter, alkali and neutral
trefaied onder tve conditionsdeseribedy ir e BtaBRed Handalc ahddriéd for

2 r 80C to fix the DNA on the filter. Hybridization was performed with
o R e (b BT o 35 T e 1 o g %"

cytochrome RP4ag.gene fragment descrbgdunderthesabave {3),8s the
probe. One cosmid that hybridized strongly with the probe was selected as a

result sndepames pK$S58. ThelsK S68MNAIWES ipartialty digested withoding
Sau3Al restriction enzyme, ligated with the BamHI-CIAP treated

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 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
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phage vector Zap Express (Stratagene Co.), and packaged into a lambda
phage using a Gigapack Il XL Kit (Stratagene Co.). E. coli XL1-Blue MRF'
was infected with this phage solution, and made to form a plaque. Plaque
hybridization 42 was performed using the cytochrome P450 gene probe
prepared in the above (3-2) to subclone an approximately 2 kb lengh DNA
fragmentaordaining eytociiome-B450gene: idis eytachsometR450 gene:
DNA fragment was sequenced, and two primers PDL58-1F and PDL58-2R
(se@ the Sedpiehee NOST 13147 121 halihg thiecsédureh ces shdwA Bielow

were synthesized (éom the N- and,C-terminals, which.are considered to be
(S5 ot PHSD OO Tegiond. BDLSaTE e SEBRELES

S5 CGCATAEGLGALET G GAMMLC CEAAC ET CILsBFDES8uRonies
5-GCACTAGTCAGCCGCGCTCGACGAGGAGGTG-3' These primers were
used b carBrodiPER ahdenthe folléwirg condiiohs. (PCRMYeakHBA liquid

c olsét(ijoré)r% erile gurifieg *%tteé lu ZS X, groncentratéor]aQCJ%JUf er 50 uL
d mixed solution ffSlm each dATP S dG TP, dT7P ahd dCTP) 18§
PRL58-1E(100pmel/uk), 0.5 Uk PRI 58:2R MHH0:RmN k) 95 dbionies .
pKS58DNA (10 ng/uL) 1 uL LA Taq polymerase (5u/uL, Takara Bic Inc.) 1 uL

(Réactien ternperatamne conditibhs)tion of cosmid clones having
pladienolide biosynthesis gene region using probe
comprising cytochrome P450 gene region

Two pL of each of the cosmid DNA solutions obtained
under the above (4) was spotted onto a HybondoN+ filter,
alkali and neutral treated under the conditions described
in the attached manual, and dried for 2 hours at 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

42



95C, 3 minutes (98C 20 sec, 63C 30 sec, 68C 2 min) 20 cycles 72C, 5
minutes The 1.2 kb DNA fragment amplified as a result of this 43 reaction
was purified with QIAGEN PCR Purification Kit (QIAGEN Co.), and digested
with Ndel and Spel restriction enzymes. After the reaction the DNA was
electrophoresed on 0.8% agarose gel, the isolated 1.2 kb DNA fragment was
exeisedartd DINA was eallected anthputitied usiti) QJAGEN rGetExtragiiaored
Kit (QIAGEN Co.). This DNA fragment was inserted into the Ndel and Spel
sit8s B theegitiehfeme P4505gefé BxpréssioRPIasHI: pTYN S chhABS8e
Fﬁﬁg%re ce Eé(&mglgn%gggiwo QB{%SC%?}SQ Jo construct gPDL96. E. coli
B (%I?g)mwas trans ormeac{lsﬁg this p(fasml and cultured in MOCG
mediunl.28% Na2hHBd. PH20, 3% Kik 2PQ440,05%6 NalddqQck¥ed,
NH4C1, 1% casamino acid, 0.4% glucose, 1 mM MgC12, 100 uM CaC12, 50
ughAL tarmpiillifetos dénsity bf 6:80DB00 (cticat density at 800amny. 5los -
inolevulipic acid,was added to 80 ug/mL and IPTG to 0.1 mM, and
A vatan ks Soifed 1 KSR RoTETS' IRGLSK tE Sptochvome PAS0
proteimAfterinddstionthe mycelia were spiected and suspended in 5 mL
of CV buffer solution (50 mM NaPO4 (pH 7.3), 1 mM EDTA, 10% glycerol, 1
niMrglidese)d 1tmlLief thisssusperdionnvas takencipda testr titbeoand 5 ul of a

DMSO solution (50 mg/mL) of ME-265 (the 6-Gposition deoxide of
pladienbhitte 3) Wds adasdard CATATCCATCTGGARACCCAACTICTC 37

PDL58-2R: 5’-GCACTAGTCAGCCGCGCTCGACGAGGAGGTG-3"
These primers were used to carry out PCR under the
following conditions.
(PCR reaction liquid composition)
Sterile purified water 31 pL
2 X concentration GC buffer 50 uL

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

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

(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
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incubated at 28C 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 44 B. These results lead the pladienolide biosynthesis gene
region is involved in pKS58. (HPLC analysis conditions) Device: Shimadzu
HRI:C 1QdwvpuwGelumn:ibevealosil{DDSIHGEGES (Fok 6rani X S0 3 BAw
Mobile phase: 45% to 55% methanol (0 to 5 min) 55% methanol (5 to 13

miRY 5854't& 70% niethafdPEST /52 Hhim) Nalsds, ﬁf&héﬁ@ﬁ(zaet%tzsiﬁﬁﬁymOW

rate: 12mL/r%cr}) Det |on UV 240 nmhlnjs on vol ume; guL Column
& Analy et

teer%%rature ySIS tlme JZ%“mlnutes etentlo% tlme ﬁ/ipél%lé%sig mln

Pladienglide Ssd 3q@in (6hSelection ehcasmid sonyrising biesynthesis gene
cluster neighboring cytochrome P450 gene A cosmid comprising the
bﬁjsgfh%ﬁ@siglgéri@ﬂéiugﬁe? Aelghboring thiedcyabehiome PU50 geRésbtdined

[ bove

st LA e sled e 9 Hpia g1 sl ofaed
inserted into the Ndel and Spel sites of the cytochrome
P450 gene expression plasmid pT7NS-camAB (see Reference
Example 5 and WO 03/087381) to construct pPDL96.

E. coli BL21 (DE3) was transformed using this plasmid
and cultured in M9CG medium (1.28% Na,HPO,-7H,0, 0.3% KH-
oPO4, 0.05% NaCl, 0.1% NH4Cl, 1% casamino acid, 0.4%
glucose, 1 mM MgCl,, 100 uM 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
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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 45 AT2 domain) of the avermectin aglycone biosynthesis
gene (see Proc. Natl. Acad. Sci. USA 96 (1999) 9509-9514; JP-A

2000- 245457 ;1ar W0 00120605)and thel cytochiame? 450 genes Obtajaed in
the above (5). Those cosmids having DNA fragments that hybridized at the
saffeL hgts weregrotipedror e Basis of the electrophoresis patterns of
D[\lg%ﬁ'éq%sntg vgi}h r%%trrligtligri]o%%ymes EcoRI and BamHlI, and the
hybridization and patterns using the various probes. Of these, all but one
of the costmids exbihiting simitat patternsowere deleted, and the remaining
cosmids were organized according to partially matching band patterns.
Beginnif@glwith th@preS58 idosihid E6mprisingttife &ftochfdmeP4501gene

obtain_eb%ioi .(f% D%IFSM ng%selec@gj%a% gt%osmi g%'gpgogn% fg? side

comprlsmg]t ﬁkseeti:de syntﬁ%tase gene rom th cytochrome P450 gene
side, and pKS35 was selegiged as-a ;6@sMidsneighporing pKS54. pKS23 was
also selected as a cosmid neighboring the cosmid pKS58 from cytochrome
P450 gene side to the side hot eoiiiFrising the polykktideo syathetase gene.
As a result, as shown in Figgre 2, pKS23, pKS5h8, pKS54 and pKS35 were
selected as cosmid cloned 8n518r§1%%§§i]ng(1%]e ﬁl%d?e%dilijd%)biosynthesis gene

clusterrioy rate: 1.2 mL/min

Detection: UV 240 nm

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
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(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, 46 selected in the above
(6), was first isolated by the cesium chloride method, and then sheared to
about 1 kb using HydroShear (Genomic Solutions K.K.) and subcloned using
an BKLaKit{Takaezx Bic inG ) cthe rasulting subelonesiweke subjecteditmma
cycle sequence reaction (Amersham Biosciences Co.) using

fllsrsscehttabélied priférs! antrthe Hidledfidé settiente’” of thigtiespective

agmens stere dgterined (MepsBACEA00: Amershem Biosrignees co)

us, a‘roughly’ 75kb nucleotide sequence com associated with

plastienalide biosynthesiswas determined (see the Sequence No. 1). (8)
Preparation of pladienolide 6-position hydroxylase gene (pldB)-deficient
strain. [fhagbesrrshewnthat apladrenblidenis sidsyhthesized byl thed at

bjasynthesis pathway shown in Fig. 1 from the roughly 75 kb nucleotide
e S o TR, AR i SRS Erosyfthesss which

was serugneeddn the above () {seethe Sequence No«1). A HldBdefigient

strain was thus prepared by the following methods with the idea that a strain
peoducing oy ME 265 Fthels-paositibrt deokiderdfipladierolideaBycould be

patterns using the various probes. Of these, all but one
of the cosmids exhibiting similar patterns were deleted,
and the remaining cosmids were organized according to
partially matching band patterns. Beginning with the pKS58
cosmid comprising the cytochrome P450 gene obtained in (5),
pKS54 was selected as a cosmid neighboring the side
comprising the polyketide synthetase gene from the
cytochrome P450 gene side, and pKS35 was selected as a
cosmid neighboring pKS54. pKS23 was also selected as a
cosmid neighboring the cosmid pKS58 from cytochrome P450
gene side to the side not comprising the polyketide
synthetase gene. As a result, as shown in Figure 2, pKS23,
PKS58, pKS54 and pKS35 were selected as cosmid clones
encompassing the pladienolide biosynthesis gene cluster.
(7) Determining nucleotide sequence of pladienolide
biosynthesis gene cluster

The nucleotide sequence of a DNA group coding for the

pladienolide biosynthesis gene was determined. Each cosmid,
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obtained by destroying only the cytochrome P450 gene pldB. The four
primers pldB-L-Bg12F, pldB-L-Hind3R, pldB-R- Hind3F and pldB-R-Bg12R
(see the sequence nos. 13, 14, 15 and 16) having the sequences shown
below were synthesized 47 based on the nucleotide sequence of the
sequence no. 1. pldB-L-BgI2F:
55:6GGAGATCTAGAGLGCEGGT,TAGETETACGAGT A:3d pldB-thHingk3R um
5-GGGAAGCTTGCGATGAGCTGTGCCAGATAG-3' pldB-R-Hind3F:

5 EOC ARG ETTOAACTEGEGE GACAGTG TC PR3 HldBKR-Bfi RS

S OCAGATCTECAGCCOATORTCTIGRAGACCETT 3 POR et

. b .
petformed under the following conditions usw)]g these primers. (PCR réaction

ligeid camposiion Sterile purdfied water 30 uL 2 x concentration GC buffer
50 uL dNTP mixed solution (2.5 mM each dATP, dGTP, dTTP and dCTP) 16
uL pldBheBetzm b pldB-RUMIAE3FE {50931R0RFURY ¢ ¢ite PIEB-Ll2 HIG3R or
pIdB-R-BCqIZR (SOg)moI/L{%Q“l ul_h Me:é11107. total DI%A( 00 nq{uL) l1uL LA
Taq polymerase (5 WL, Takara Bic nc) T UL (Reaction température

cenditions Q5¢ -3 minutes {(38&2055e6, 08¢ 130 $.G RBG Zamin)30,cxeles
72C, 5 minutes As a result, a 1.57 kb DNA fragment (DNA fragment L1)

comprising asefeotides 64756t 663021r thie Sequernte N¥edaBACE 1000:

Amersham Biosciences Co.). Thus, a roughly 75 kb
nucleotide sequence comprising DNA associated with
pladienolide biosynthesis was determined (see the Sequence
No. 1).

(8) Preparation of pladienolide 6-position hydroxylase gene
(pldB) —-deficient strain.

It has been shown that a pladienolide is
biosynthesized by the biosynthesis pathway shown in Fig. 1
from the roughly 75 kb nucleotide sequence comprising DNA
participating in pladienolide biosynthesis which was
sequenced in the above (7) (see the Sequence No. 1). A
pldB-deficient strain was thus prepared by the following
methods with the idea that a strain producing only ME-265
(the 6-position deoxide of pladienolide B) could be
obtained by destroying only the cytochrome P450 gene pldB.

The four primers pldB-L-Bgl2F, pldB-L-Hind3R, pldB-R-
Hind3F and pldB-R-Bgl2R (see the sequence nos. 13, 14, 15

and 16) having the sequences shown below were synthesized
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was amplified by the reaction using pldB-L-BgI2F and p1dB- 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 48 pldB-R-Bg12R. DNA fragments L1 and R1 were
purified with a QIAGEN PCR purification Kit (QIAGEN Co.), and digested
withs ¢estsiction € nzymes Bolik and dieddk The DNA Fagments Liband R1

which had been digested with restriction enzymes Bglll and Hindlll, a 2.3 kb
hpgromycindB 1Esistance"géfié {aéntéd Hari pHP4Sametahyg T /Gene 190,
315-317, 1997, sometjm ' "hyg"), which had been
d‘?g%ds%le ngﬁ%nge%?ﬁcﬁon gﬁ%%%gﬁgﬁéﬁg t @é} %Egtétl% vécht}égp%UZSS (see
Fig.43)-whichn hiad :been digested withhrestrictionr enzymecsBamidlwere all four
connected to DNA ligation kit Ver. 2.1 (Takara Bic Inc.). A roughly 5.4 kb
DNABrayrRert Raving the Hygrdmyeiit 43 redistancelgené mserted bétween

DNA fr ents L1 and R1 was thus ipserted .into pKU253 to.construct a,
roughh ST 4" BB AN Cafled BRUPT 1R R the tEsitag - Coins
PKA253-b11Ryg-R1 was transformed into conjugated E. coli S17-1 by
electroporation to obtain 517- 1/pKU253-L1-hyg-R1. The resulting

SIFCR/ pkld25341-hygrRE wasiiroculated into 10 mL of LB medium (1%
bacto tryptone, 0.5% yeast extract, 0.5% NaCl) comprising 25 ug/mL of
kanam)%(/:ﬁ)ﬁ 168 UhimE “of fiygromycin B and shaking cultured at 30E5or

2 hours; apdtheoycelia wetece purfer 50 pL

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

dCTP) 16 pL
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/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) 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
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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- 49 11107 was inoculated into 10 mL of TSB
medium (Trypto-Soya broth: Nissui Seiyaku) and shaking cultured at 30C for
5 hours, and the mycelia were collected, washed twice with 10 mL of sterile
watepandsyispendednn Irrdgokstesile waier Rhiswas theregipientwith a
suspension. 500 uL of the 517- 1/pKU253-L1-hyg-R1 donor suspension was
nAXeE it €6 itusf the Mérr1X0? réeibiéhtsuspehsioiicartti applied torith

Actino_Medium No. 4 agar %? m. After in ted at 30C for 18 hours, this
e S R AR IA (586 Aittant mectum: Difco, 0.40% agan
comprising Mg/ mtakdbestamycin o aadrincubatad at3d0Eden 7dayssta=abtain
a ribostamycin- resistant pKU253-L1-hyg-R1 transformant strain. The

resdlting prU253-Lanhgg-RIeransforarmstrain Wds inocéulated fitp 10 mL
of TSB med.iunh]containi@g no ribostarr(1 cin, and shakin I&gé[gred at 30C for
240UTSY Mycelia weré collected from the pKT?25 -I?T—F%/g- “Hansforant
culture beath, washed-twice with 10l of stetilized waterand suspended
10 mL of sterilized water. After being diluted appropriately, the suspension
wasvappliethtoo¥ MS @ges enediuae (0.490 yebbt exisact: 19% owheat geem
extract, 0.4% soluble starch, 2% agar, 10 mM calcium chlorideS))compriiing

2BONML AYGromycif B ¢ YeChor PRU253 " (see Fig. 3) whic

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-Rl1 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-
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incubated at 30C for 4 days. Single colonies growing on the YMS agar
medium comprising hygromycin B were transplanted to YMS agar medium
comprising 200 ug/mL of hygromycin B and YMS agar medium comprising
200 ug/mL of 50 ribostamycin, and incubated at 30C for 2 days. After
incubated, a hygromycin B -resistant, ribostamycin- sensitive strain was
selerted.wEhe resultingsteainn called Mer-2110ZmpldBabye, wasw@to-Soya
pldB-deficient strain lacking 546 bp (nucleotides 66303 to 66848 in the
SeriehceNNos 1) of theE PrYB goife ferttiedgendrmer adtihe’ hygrémycih B
resistance_gene jnserted in.its place. (9), Pladienolide production test of
s i wl GO et Ch Lt I
frozepsegckefithe Mer<ld LOVapleBs hwiga straim obtained in the above(8) was
inoculated into 20 mL of seed medium (soluble starch 2%, soy bean powder
(EBUSANSs MEAT rASABIR ety AjinbRioto CEOLL) 2%, Yeast extract

0,5%, K2HPO4 0.1%, g§o4.7Hzo 0.25%, CaC03 0.3%, pH.not adjusted)
RGeS A G e g e gL

waseinaculated into3Q mk of sead-eulturesmedium (5%p soluble stareh; 4%
glucose, 3% Pharmamedia, 2% 3-cyclodextrin, 0.1% CaCO03, pH 7.5) and
cYkdrednati25C4ordeand 5days. Affertthe completiondbfathes8iivation 120
mL of the resulting culture liquid was extracted b addin%)an equal amount of

aGetBritrilé therétds Part of fiiis Extract wastaken antf diffted with 5" +"*

medium: Difco, 0.4% agar) comprising 2 mg/mL ribostamycin,
and incubated at 30°C for 7 days to obtain a ribostamycin-
resistant pKU253-L1-hyg-R1 transformant strain.

The resulting pKU253-L1-hyg-R1 transformant strain was
inoculated intp 10 mL of TSB medium containing no
ribostamycin, and shaking cultured at 30°C for 24 hours.
Mycelia were collected from the pKU253-L1-hyg-R1
transformant culture broth, washed twice with 10 mL of
sterilized water and suspended in 10 mL of sterilized
water. After being diluted appropriately, the suspension
was applied to YMS agar medium (0.4% yeast extract, 1%
wheat germ extract, 0.4% soluble starch, % 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
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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. 51 (HPLC analysis conditions) Device:
Shimadzu HPLC IOAvp Column: Develosil ODS UG-3 (g 4.6 mm x 50 mm 3
tam) Mobile phase: 45% through 55% methanol (0 to 5 min) 55% methanol
(2 imd Sumin)bHhP)p tant0%uetanal (38 todemin): 70% dgethanol {E£ to 35
min) 45% methanol (35 to 40 min) Flow rate: 1.2 mL/minute Detection: UV
240% 2 frfjéeticn wmfﬁéwfer}x@ caﬁﬁﬁﬁ%é%eré&ﬁ@%@emﬁatysis time:
35 mlnuies Retgntlon tlme M Pladlengjtde 3: 16 min Table 1

Mer-T 1107 pldB: Tyg strain M (% mg/L) Pladienalide B (Smg/f-)L Cultured
forA daysy96-hours) 12445 010,eyltured for Sidaysi€2Q-heurs) sk316.6 0.0

Reference Example 2: DNA-1 encoding polypeptide having the 16-position
h%@@@@tinﬁfén@?méf@@tmtdﬁ% practolide Eompdund (HyELSequence
Rigpargfion;of.genomic, DIV OF Beptomyces SR A 128 e

hygromycin B resistance gene inserted in its place.

(9) Pladienolide production test of pladienolide 6-position
hydroxylase gene (pldB)-deficient strain

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

strain obtained in the above (8) was inoculated into 20 mL
of seed medium (soluble starch 2%, soy bean powder (ESUSAN-
MEAT manufactured by Ajinomoto Co. Ltd.) 2%, yeast extract
0.5%, KyHPO,; 0.1%, MgSO4+7H,O0 0.25%, CaCO3 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
seed culture medium (5% soluble starch, % glucose, 3%
Pharmamedia, 2% B-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.
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strain The A-1544 strain was inoculated into a medium containing 1% of
glucose, 0.4% of malt extract and 1% of 52 yeast extract and incubated at
28C for 3 days. The obtained culture broth was centrifuged at 3000 rpm for
10 minutes to collect the mycelia. A genomic DNA was prepared using
Blood & Cell Culture Kit (QIAGEN Co.) from the mycelia. (2) Cloning of a
parial seguenceiof a&bINA eneeding a protein having the activity in
hydroxylating the 16- position of the macrolide compound 111073 The
followingembe primarsT s By-3E &hd BB=3R) were designed and produced

on reference to the amino acid. s nce asspimed to be tgat of the
cytochrEoe(rjnéJ Paso ?8%0150%%3 c%‘orsblt(?e|§tm(6)}/pces'n(%:orenﬂqcolor5 Sm&) E(ljs(]é’}én )the
Sequem%bNDé-ﬁﬂéﬁﬁilab%ﬂimt%ﬁgh 55% methanol (0 to 5 min)
5-TTCGCSCTSCCSGTCCCSTCSATGGTSAT-3' 5Dm-3R:
5'-GTTGATSAYSGASGTSGAGHASB i ofdertto proriéie) reactivity taking the
fluctuation of a codon intg account, mixed base Sé: +G Y(=C+T)
were used. Next, these tvgc?a;"ypteos cr)71Q 6rirnrllee?§ ?gﬁsrln- and 5 nﬁ] §and the

A-1544 strain genomic DNAcas,aitgmpiate abtained in theabove (1), were
used to run a PCR reaction. The PCR reaction was accomplished by

repeating a three-stage réagtior ihcloding(@enaturihg) carried out at 98C for
20

Flow rate: 1.2 mL/minute

Detection: UV 240 nm

Injection volume: 10 pL

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
l16-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
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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 53 (T Gradient, Biometra Co.). As a result, a DNA
fragment (hereinafter referred to as a DNA fragment-Al) having a size of
about 500 bp was amplified. It is highly possible that this DNA fragment-Al is

aypart of the DINA enceding-apprateinhavigg-hydroxylatingsactivitye The DNA
fragment-Al amplified by a PCR reaction was recovered from the reaction

seRitiohsy SUPRECCPER tTakam BRI el 1 ofdérto’ atain e BNALO

fragment-Al in an amount_enough to analyze the nucleotide sequence of th
LG NN ERR Al e DHTA g bt i & g

vestr pEBUe & (Nevagen Ga.) byrising DINAEigasion kitwer.2 {(Eakara Bio
Inc.) to transform E.coli JM109 strain. Thereatfter, the transformed E. coli
wiascsélected using a L-broth agar media (1.0% bacto tryptone, 0.5% yeast

ex%act l0.5% NaCfI, 1.5% aFgar%containing am icillgjn 50 g/mL), X-gal

(8- foro2 “AMorot33ndsly kA D-gafhtdside 40 Y/ml) and TEY @
(isoprepyl-a:Bs thiogalactgpyranpside; 110Q, JIM). yihe: calonyf the.
transformed E. coli thus isolated was cultured in a L-broth liquid medium (1%
bactol tryptone 0:5% yeastaexitract 0o uNACI)L edntaining ampicillin (50
g/mL). A plasmid DNA was separated from the mycelia of the proliferated
transforfied T ¢6i aRE Puritied by tsihg' 3 Ptashid pariRfiflg %{))(dﬁre

designed and produced on reference to the amino acid
sequence assumed to be that of the cytochrome P450
(CYP105D5) of Streptmyces coelicolor A3 (2) (see the
Sequence Nos. 17 and 18).

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

5Dm-3R: 5'-GTTGATSAYSGASGTSGAGAA-3'

In order to promote reactivity taking the fluctuation
of a codon into account, mixed bases S(=C+G) and Y (=C+T)
were used.

Next, these two types of primers (5Dm-3F and 5Dm-3R)
and the A-1544 strain genomic DNA as a template obtained in
the above (1), were used to run a PCR reaction. The PCR
reaction was accomplished by repeating a three-stage
reaction including denaturing carried out at 98°C for 20
seconds, annealing carried out at 50°C for 2 minutes and

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

using Takara LA Taq (Takara Bio Inc.) and a PCR amplifier
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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 54
fragment-Al The nucleotide sequence of the DNA fragment-Al obtained in
the above (2) was analyzed using a DNA nucleotide sequence analyzer (PE
Biosystems 377XL) according to a dye terminator cycle sequence method.
AsrT the sesuhef, thei pueleotide sequence analysis) it was mlarified thatribe

DNA fragment-Al amplified by a PCR reaction had an exact size of 528 bp
tHOLRHE it Held-BEen Sforfield have a siz@ Bt abbaeBen b by thé abeved

measureme t using electrophoresis (feg.th nucleotide , sequence 177 10
D Do e Ta08 o e e tas No B, S DhA C2gaehiss

cergspendingimtherwandypes of psimersaisedin the-above PCRdeaetien

were found at both ends of the above cloned 528 bp DNA sequence, it was
clarifiedlithalt e DNA YrgrHere Al vasasigulbly - aniplficetBy fiesergns —AL
tyapmeslgtfpriﬁ]ekgs (%DEEE%.F and 5Dm-3R) in the abovg PCR rea}clzéiorg.eg@t L on

Analysis of the ﬁelghborlnrge?ecg%r? 'of the ﬁﬁ/g(waegrrﬁen -r,&lmAg‘ mentione

abgvertheparfiat seauenseof the RNA eneoding g protein having the
hydroxylating activity derived from the A-1544 strain was determined.

Therefore, thésamplification cldmiagaid Sequewrce ahalysis efitinount

enough to analyze the nucleotide sequence of the obtained
DNA fragment-Al, the DNA fragment was combined with a
plasmid vector pT7Blue T (Novagen Co.) by using DNA
Ligation kit ver.2 (Takara Bio Inc.) to transform E.coli
JM109 strain. Thereafter, the transformed E. coli was
selected using a L-broth agar media (1.0% bacto tryptone,
0.5% yeast extract, 0.5% NaCl, 1.5% agar) containing
ampicillin (50 MWg/mL), X-gal (5-bromo-4-chloro-3-indolyl-f-
D-galactoside; 40 pug/mL) and IPTG (isopropyl-B-D-
thiogalactopyranoside; 100 uUM). The colony of the
transformed E. coli thus isolated was cultured in a L-broth
ligquid medium (1% bacto tryptone, 0.5% yeast extract, 0.5%
NaCl) containing ampicillin (50 Mg/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
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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 55 Technology vol. 14, p.591-593, 1995).
Specifically, the A- 1544 strain genomic DNA (see the above (1)) was
digested by respective restriction enzymes Pstl and Sall in a H buffer
sokHign(o0-mM Tris-HCI, pH 7.5, 10 mM MgCI2, 10 mM dithiothreitol and

100 mM NacCl). The obtained each DNA fragment cleaved by the restriction
enzymés'fasiself CiredfarbAe By ¢Rirtf DN LRt RaW&H2 (Fakara Bic

'n% . Meagwhilet he followin Primers (aGPIll\l-ZFdemd 6P|N_2F@EB ere
et b Ol b g e v T el el

fragmentitAbiseedthe-sequanca Nas: 10-and 203.,6R N2 77xL)
5-GCTGCGCCTGGCCCTGGAGGACATCGAGAT-3' 6PIN-2R:
5aCTGTTCT TCGAABAACTOGTGGT CBGEGTAIRNER, Tiésetvo pifiners
(QEIeN]:ZF %’,@%\BﬂN-{Z"R) and thetgggve self- circularized A-1544 strain

genomic DNA a5 a témplate, wére tsad 1o Tuna PCR féaction: in the PCR

reagtion; the cygle-otadworstagedgactionincluding: denatyying caried out at
98C for 20 seconds and annealing and elongation carried out at 68C for 5
minatesiwasheepeated 835 timesasy asingZBakaratbAUdy (Takera Biednc.)
and a PCR amplifier (T Gradient, Biometra Co.). As a result, a DNA fragment

(DRIA ftabetit 31) ot 3% kBP T Sz dnda BRIA faghEht{DNA
W%QQEﬂPéBBﬁ%N%Eing electrophoresis (see the nucleotide

sequence 1775 to nucleotide sequence 2302 of the Sequence
No. 2). Sinces DNA sequences corresponding to the two
types of primers used in the above PCR reaction were found
at both ends of the above cloned 528 bp DNA sequence, it
was clarified that the DNA fragment-Al was singularly
amplified by these two types of primers (5Dm-3F and 5Dm-3R)
in the above PCR reaction.
(4) Analysis of the neighboring region of the DNA fragment-—
Al

As mentioned above, the partial sequence of the DNA
encoding a protein having the hydroxylating activity
derived from the A-1544 strain was determined. Therefore,
the amplification, cloning and sequence analysis of the
nucleotide sequence in the neighboring region extending to
the upstream side and downstream side of the cloned

fragment were accomplished by an inverse PCR method (Cell
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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 56 sequence including the upstream and downstream
regions of the former DNA. The DNA fragment-31 and the DNA fragment-Cl
were recovered from the PCR amplified reaction solution by SUPREC PCR
(TakaradBiedicy)o Next,4as to. e obtaaned BNA fragmest-81land DNAhe A-
fragment-Cl, in order to obtain each DNA fragment in an amount enough to

ahal/zestheruclE6fd8 ise dliences 6tHe 6hnted DNA Fratie At Ze5Ia_hiaY
vector pT73lue T (Novagen Co.), DNA Ligation kit ver.2 (Takara Bic Inc.), E.
R B AR D e g PR

T .
09 Strain and a plasmid p ilter t,

QIAGENL0.) werevused -thel sagse mannercasitheigboye (29, tavwobtain
enough amount of each DNA fragment. (5) Analysis of each nucleotide
segtienes of thé DNAflaghfert! 8 Negdout 3.5kbpriptsizepandake DNA

fragment-Cl (about 2.8 kbp in size) Each nucleotide sequence of the DNA
EONGRES1 S DA Rar e T Chbhatn TS SDE0e (3 vt dnalyzed

using-a DNARuclegtide seguenae anglyzes (Pk Biogystemsr3iZXk) io
according to a dye terminator cycle sequence method. The nucleotide
ségaence was thus analyzed to obtain the information of the nucleotide

sequence of 3793 bp shown in the Sequence No. 2 from each sequence of
thel)N%ﬁﬁ%ﬁ%éﬁ?’ the following primers (6PIN-2F and 6PIN-2R)

were designed and produced based on the nucleotide sequence
of DNA fragment-Al (see the Sequence Nos. 19 and 20).
6PIN-2F: 5’'-GCTGCGCCTGGCCCTGGAGGACATCGAGAT-3’

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

Next, these two primers (6PIN-2F and 6PIN-2R) and the
above self- circularized A-1544 strain genomic DNA as a
template, were used to run a PCR reaction. In the PCR
reaction, the cycle of a two-stage reaction including
denaturing carried out at 98°C for 20 seconds and annealing
and elongation carried out at 68°C for 5 minutes was
repeated 35 times by using Takara LA Taq (Takara Bio Inc.)
and a PCR amplifier (T Gradient, Biometra Co.).

As a result, a DNA fragment (DNA fragment-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
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31 and DNA fragment-CI. An open reading frame (ORF) in this 3793 bp was
retrieved, to find that the two proteins were coded. Each 57 amino acid
sequence of these proteins was retrieved by the BLAST search, and as a
result, an ORF (hereinafter referred to as PsmA) coding a protein consisting
of 409 amino acids having high homology to cytochrome P450 existed in the
baseud3d22 ta.hasedds48 ohthe:Seguencedda. 2olhe psazh hashthen highest
homology (homology: 72.6%) to the amino acid sequence assumed to be that
of égtoch¥aitre PH50 (CYP105D5) of the Streptmyces coelicolor A3 (2) and to

e amipn ct, sSugns gosimed o tatologome P4

(CYP1 reptmyces R/ldans, and a e ati\yezﬁ%igh

heawalogy dhomelagye9.40@) tangytochrome £A50 sy (SoyG)eh by
Streptmyces griseus. It was considered from this fact that the psmA was

higHiy pessibly algerse eoding Rydrokylatifgxenzymeof theecytbeRiciné DNA
P-450 type. Also, a ereinafter referred to as psmB) encodin
FSHRAS a High Rindibgy o e o5 tpe erisied st

prgt%?n ﬁavmg a omolo oxin of a ype existe

dewinstreamdtne base g56ddonbasa 2781 etthengequence Na,2)efdheqe

psmA. The protein encoded by the psmB consists of 66 amino acids, and
hadahen highest Homology {88B8%)to fhreamtint acid ségarnde assumed to
be that of ferredoxin just downstream of the aming acid sequence assumed

t& bEThAP of cytdehrdme PAs0 (CYPL05D55) 0f thé Streptmyces €oticdlsr©
A%%%l?Ddéi“%gﬂﬁewiﬁ@@e@train 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-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
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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 58 participating in hydroxylation together with
the psmA. (6) Construction of a plasmid pTC-DM pT7NS-CamAB (see
Reference Example 5 and WO 03/087381) was digested by respective
restriction enzyses:Ndet and Spebin atd baffes selitions(50 M J risyHG e
pH 7.5, 10 mM MgCI2, 10 mM dithiothreitol and 200 mM NacCl) to obtain a
pldsiitl digestey protlicts. Meanfthile; a3srimBF DNisNigépatter referred
(3 BOCOCEATATGACGEAMCTRACGRACATCA 3, sge the Seguence No.
3 fo%taineg y ad mgga Ndel site to the b-terminal and a primer I\ﬁ-épeR
(P LEGCLARTAGICAGL C6GGELGT TG BITAS isaa dheSequencese
No. 34) obtained by adding a Spel site to the 5'-terminal were designed and
ptodifcédPohaeferenée tothéhsuélestide seqience -of thesSeguéndeNot e

ext, these two types of primers (DM-NdeF and DM-SpeR) and the A-1544
ghé%h%t homﬁlﬁ\?%%b?égm% Iﬁ%g £\|% ) ‘Qo I% e QIP rzo ac <§

. 5 1
genomic ine € above (1) as atemp ate; were used to

run g ReRereaction. I hecPER reagtionwas-aceemplisked by repeating 9
two-stage reaction including denaturing carried out at 98C for 20 seconds

ap anredlinge adveloagatien tarrded ot at 68CG ol Z minbtesa80 times- by

using Takara LA Tag (TAKARA HOLDINGS INC.) and a PCR amplifier (T
GiadiEHt CBicHEWACo SOoFfm the PR afipiificatiBh reaction %%T’p o,

3&%@@?5%@%%@%\498& size of ahout 1,3:khp and,containing the-psmAngd,
€ psm
homology (homology: 69.4%) to cytochrome P450 soy (Soy C)of

Streptmyces griseus. It was considered from this fact that
the psmA was highly possibly a gene coding hydroxylating
enzyme of the cytochrome P-450 type.

Also, an ORF (hereinafter referred to as psmB)
encoding a protein having a high homology to ferredoxin of
a 2Fe-2S type existed just downstream (the base 2564 to
base 2761 of the Sequence No. 2) of the psmA. The protein
encoded by the psmB consists of 66 amino acids, and had the
highest homology (83.3%) to the amino acid sequence assumed
to be that of ferredoxin just downstream of the amino acid
sequence assumed to be that of cytochrome P450 (CYP105D5)
of the Streptmyces coelicolor A3(2) and a relatively higher
homology (homology: 57.6%) to ferredoxin soy (soyB) of
Streptmyces griseus. Therefore, it was considered that the

psmB serves to transfer electrons and codes ferredoxin
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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 59 aforementioned pT7NS-camAB plasmid digest were
connected using DNA Ligation Kit Ver. 2 (Takara Bic Inc.). Thus, a roughly
9.5 kbp plasmid (sometimes called plasmid pTC-DM) was constructed
comprising the pd 7NSicaniAB plasmich cappectesktona BNAHeagent.
containing both the psmA and the psmB. Reference Example 3: DNA-2
eneddirPEérypeptiae haviry e sre-positionthydroxylating enzyme activity

on the margalide, campound (1).() Frepatation of genomic Nl 31,

Streptomyces sp. strain er- 7 strain was inoculated

inte A megiume goplainigot¥rofgluceser0 4% of nalt extractiand 1h0f
yeast extract and incubated at 28C for 3 days. The obtained culture broth
wazeCenthifiiget ar8000 rpm-fri1d minuted!td eblettGhe micélia-A10 mM

ggnamic DA as Biepared using Blogd & Cell Sl KL (QIAGEN Co)

a alLn a
from thé mycelia. oning of a partial sequénce of a’DNA éncoding a

prateimhaving theactivitydn vdroxylating the 16- position.ef themageelide
compound 111073 The following mix primers (5Dm-3F and 5D-1R) were
desigriedcand prodeeed ohrreferriceAcA e amiho acid the Sequence No.

33) obtained by adding a Ndel site to the 5’'-terminal and a
primer DM-SpeR (5’-GGGCCACTAGTCAGCCGGCCGGTTCGGTCA-3': see
the Sequence No. 34) obtained by adding a Spel site to the
5’'-terminal were designed and produced on reference to the
nucleotide sequence of the Sequence No. 2. Next, these two
types of primers (DM-NdeF and DM-SpeR) and the A-1544
strain genomic DNA obtained in the above (1) as a template,
were used to run a PCR reaction. The PCR reaction was
accomplished by repeating a two-stage reaction including
denaturing carried out at 98°C for 20 seconds and annealing

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

by using Takara LA Tag (TAKARA HOLDINGS INC.) and a PCR
amplifier (T Gradient, Biometra Co.). From the PCR
amplification reaction solution, a DNA fragment having a
size of about 1.5 kbp and containing the psmA and the psmB
was recovered by SUPREC PCR (TAKARA HOLDINGS INC.). The
resulting DNA fragment was digested with restriction

enzymes NdeI and Spel, and the digest and the
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sequence assumed to be that of the cytochrome P450 (CYP105D5) of
Streptmyces coelicolor A3(2) (see the Sequence Nos. 17 and 21). 60
5Dm-3F: 5-TTCGCSCTSCCSGTCCCSTCSATGGTSAT-3' 5D-1R:
5-AGGTGCCCAGCGAGATCATGTT-3' In order to promote reactivity taking
the fluctuation of a codon into account, mixed bases S(=C+G) and Y(=C+T)
wefe tsesh tNexdetheseno-perrerS (D Do and &-1R)andtthehected
Mer-11107 genomic DNA obtained in the above (1) as the template were
uséde ril’a PER Fé&&tdH. TR PCR réaéticit avad acEBmplishedBip: 2

repeating a three-stage reaction including denaturing carried .out or
e O e B e e o]

caried-evtatG8EJor 3O-gacaonds;3% tines by usingdakara deA Jaq (Takara
Bic Inc.) and a PCR amplifier (T Gradient, Biometra Co.). A roughly 300 bp
DNAfefifent theteGNdef iled DNACRAgRTEHI ADWas Bisplifisthas ad
reC%uelt. Itsin§B highly possible that this DNA fragment A2 is a part of the DNA
encodﬁ\g a protein having hydroxylation activity. The DNA fragment-A2

amplified Dy the. RGR teactionwas recovered; fromthegeagtion selution hy
SUPREC PCR (Takara Bic Inc.). Next, in order to obtain the DNA
fragrreritiA2 on almy dntounteenoyg eto analyzetthe rucleotidé segaence ofithe
obtained DNA fragment-A2, the DNA fragment-A2 was combined with a
pREEIRIIAEELSF pT73lue T (Novagen Co.) using DNA

(1) Preparation of genomic DNA of Streptomyces sp. Mer-
11107 strain

The Mer-11107 strain was inoculated into a medium
containing 1% of glucose, 0.4% of malt extract and 1% of
yeast extract and incubated at 28°C for 3 days. The
obtained culture broth was centrifuged at 3000 rpm for 10
minutes to collect the mycelia. A genomic DNA was prepared
using Blood & Cell Culture Kit (QIAGEN Co.) from the
mycelia.
(2) Cloning of a partial sequence of a DNA encoding a
protein having the activity in hydroxylating the 16-
position of the macrolide compound 11107B

The following mix primers (5Dm-3F and 5D-1R) were
designed and produced on reference to the amino acid
sequence assumed to be that of the cytochrome P450
(CYP105D5) of Streptmyces coelicolor A3(2) (see the

Sequence Nos. 17 and 21).
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Ligation Kit Ver. 2 (Takara Bic Inc.), to transform E. coli JM109 strain. The
transformed E. coli was subsequently selected using a L-broth agar
media(1.0% bacto tryptone, 61 0.5% yeast extract, 0.5% NaCl, 1.5% agar)
containing ampicillin (50 }xg/mL), X-gal (5-bromo-4-chloro-3-indolyl-(3-
D-galactoside; 40 }xg/mL) and IPTG (isopropyl-(3-D- thiogalactopyranoside;
100rtabf): The-transfornedde.scaltc cotanies Tsolatedrvsthis way were cultured
in a L-broth liquid medium (1% bacto tryptone, 0.5% yeast extract, 0.5%
NEHCIY BonfainieCinpicilin (BOGAGIAL S X pfasmid DNA was isolated and

purified.from tgermggelia of the prolife_rcalted trgg%ormecH;. c%

.&n.o S omptérreacd va;y Rﬁ@wg%%ion
plasmi purlﬁ/lng kit (QDI,K fifter Pfasmid mi 1°Kit, [AGEN Co.) 1o obtan

epeughcamauntof DNAJragmentAZ {3hAsalysis of thy nueleotidec+T)
sequence of the cloned DNA fragment-A2 The nucleotide sequence of the
DA fragfir€nt-A2 obtained in the above (2) was analyzed using a DNA

nucleotde sequence analyzer (PE: Blosysterys 377X1, actarding to a dye

terminator cycle sequence me he ragment- ampllﬁed by
aRCRreagtiopanas imeashires et aheyt 300-hpby electrophoresis; itawas

clarified by the nucleotide sequence analysis to be exactly 325 bp in length
(Seenthe hacleotidesserfuenter837 o Biiicleotide seguentes I8IRof hect ion
Sequence No. 3). Since DNA sequences corresponding to the two types of
pWﬁﬁy%%ﬁ%QP%lShed 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 Taqg (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,
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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 62 these two types of primers (5Dm-3F and
5D-1R) in the above- mentioned PCR reaction. (4) Analysis of the
neighboring region of the DNA fragment- A2 Once the partial sequence of the
DINA £ngeding axpratein having thediydroxyglatingactivity derivetisfom the
Mer-11107 strain had been determined as described above, the nucleotide

sefiéndé bf thd neighthdting régien extendingm the! upstreant sideraird v1—F-
downstream side of cloned, fragm as amplified, cloned and
]9— iac 51cFe, m? gléa% arg el eSC nroﬁggf\% %

seqagnce %y an invers metho y Vol. 14, pp.

S5O11%93, 1199 vopecifically, the Mertl1107sirain genosicdaNA. (seeithe
above (1)) was digested with a restriction enzyme BamHI in a K buffer
seRtONLGD MW TRissHClLrpABLS, Y8 MNENRCIZ L v dithicthieits! o100

M KCI) and.with a restriction enzyme Sall in a H buffer solution (50 .
e B S R S oS Ton « o0 RCT. Ther®
ohtaingd each-RDNM fragment cleaved by the restyiction gNZYMES WRS was
self-circularized by using DNA Ligation Kit Ver. 2 (Takara Bic Inc.).
Meanwliiite! thedolowing primiars(7PIN-2 and 6P IN-2R) ewere desigred-and
prepared from the nucleotide sequence of the DNA fragment-_AZ.( see the

SEURMCRNGS. 52 ang'so)isind @ plasmid purifylng kit

filter Plasmid Midi Kit, QIAGEN Co.) to obtain enough
amount of DNA fragment-A2.
(3) Analysis of the nucleotide sequence of the cloned DNA
fragment-A2

The nucleotide sequence of the DNA fragment-A2
obtained in the above (2) was analyzed using a DNA
nucleotide sequence analyzer (PE Biosystems 377XL)
according to a dye terminator cycle sequence method. While
the DNA fragment-A2 amplified by a PCR reaction was
measured at about 300 bp by electrophoresis, it was
clarified by the nucleotide sequence analysis to be exactly
325 bp in length (see the nucleotide sequence 837 to
nucleotide sequence 1161 of the Sequence No. 3). Since DNA
sequences corresponding to the two types of primers used in
the aforementioned PCR reaction were found at both ends of
the above cloned 325 bp DNA sequence, it was clarified that

the DNA fragment-A2 had been specifically amplified by
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7PIN-2F: 5'-CCATGATCCTGCTGGTGGCCGGCCATGAGA-3' 6PIN-2R:
5-CTGTTCCTCGAAGAACTCGTGGTCGGCGTA-3' Next, these two types of
primers (7PIN-2F and 6PIN-2R) 63 and the above self-circularized
Mer-11107 strain genomic DNA as a template, were used to run a PCR
reaction. In the PCR reaction, the cycle of a two-stage reaction including
denatwingyearrigtbeubat 98Crer 20 SERontis and anneaking iand etongation-
carried out at 68C for 5 minutes was repeated 35 times by using Takara LA
TEE(TERaPE Bi€ the §a4rid @ PCR amplifier (T Gradient, Biometra Co.). As a

re It, A fra DNA fragment-32) about 1.3kbp in nd a DNA
DA i BHECS) S T ARbLoR s Gor Moo by
passible that these DNA fragments were respectively a DNA encoding a
protein having hydroxylating activity and a DNA having a DNA sequence

includirigttoselia theripstiedin andewnstrem Hegictiscotthesformer DNA.
he DNA fragment-32 and DNA fragment-C2 were recovered f the PCR

a]?ﬁf(ﬁledn re%%}]on%o%tlorg %y@ﬁﬁ?‘%ﬁé%ﬁcglakar% Bio ey l\%n

the ebtained DNAfragment--32 andRNAfragment- %%SIBIQJQ@N%QQI@D

each DNA fragment in an amount enough to analyze the nucleotide
seéfaence bf tie dbtained<DNA fraginent na plasmidivectoe P P7BRretEnding

(Novagen Co.), DNA Ligation kit ver.2 (TAKARA HOLDINGS INC.), E. coli
Jk/i‘foélgt?éﬂﬁeé‘ﬂ‘d ApIashid parkitg RETQTAHite? PI1&SRid ViR, QIAGEN

C%%Egment was amplified, cloned and sequenced by an inverse

PCR method (Cell Technology Vol. 14, pp. 591-593, 1995).
Specifically, the Mer-11107 strain genomic DNA (see the
above (1)) was digested with a restriction enzyme BamHI in
a K buffer solution (50 mM Tris-HCl, pH 8.5, 10 mM 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)
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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

64 fragment-32 (about 1.3 kbp in size) and the DNA fragment-C2 (about 1.4
kbp in size) Each nucleotide sequence of the DNA fragment-32 and DNA
fragment-C2 obtained in the above (4) was analyzed using a DNA nucleotide
sequenae asiadyzer{PE Biosystamsi 3€d Xk acconding 4@ sadye terminator
cycle sequence method.The nucleotide sequences were thus analyzed to
oBtdin 3Re Inforfiativhcof thehfucleéside Segtnée WiR32%7 bpisHown 1 thée
S[e encgéNEO 3 fro each aequefnce f the DNA fragment-32.an dlDél\lln

fragment SR’ open re: ng frame( vlE?F) in this 2326 pwa%n?etrlevea to

findthatthe,twe kinds-of proteinwereccaded.doach anine acid seaHence of
these proteins was retrieved by the BLAST search, and as a result, an ORF

(rereirdfteraefeved to msiispmA) encodifj@ protein consistingwefs395 amino
acids having high homol y to, cytochro me P eX|s |n the ase 420 to
basgelagmfq fhiwe éequen ell\fo r% %L %adatﬁe% Kese h(?mology S
(hemology: B 74%) te the amln@r%%lgeﬁeg,ue@f@n%fttbg I@Sﬁ.\é\. isolated from
the A-1544 strain and also had a relatively high homology (homology:

64.8%)A46 cytochwohte PASONSOVf (Say<Cjof Siiépthmasas=gliséus. lehast

con5|dered from this fact that the bpmA hlghl%ﬁossmly encoded
ﬁﬁgmmﬁﬁJéhﬁﬁnﬁﬁ a DNA fragment fragment-C2) about

1.4kbp in size were amplified. It is highly possible that
these DNA fragments were respectively a DNA encoding a
protein having hydroxylating activity and a DNA having a
DNA sequence including those in the upstream and downstream
regions of the former DNA.

The DNA fragment-B2 and DNA fragment-C2 were recovered
from the PCR amplified reaction solution by SUPREC PCR
(Takara Bio Inc.). Next, as to the obtained DNA fragment-
B2 and DNA fragment-C2, in order to obtain each DNA
fragment in an amount enough to analyze the nucleotide
sequence of the obtained DNA fragment, a plasmid vector
pT7Blue T (Novagen Co.), DNA Ligation kit 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

64



of the cytochrome P-450 type. Also, an ORF (hereinafter referred to as
bpmB) encoding a protein having a high homology to ferredoxin of 65 a
2Fe-2S type that existed just downstream (the base 1643 to base 1834 of
the Sequence No. 3) of the bpmA. The protein encoded by the bpmB
consisted of 64 amino acids, and had the highest homology (81.0%) to the
anineraaid -seruencesaf thespsmB isolaied dnorrihe Ard Sddzstraia qneh thacba
relatively higher homology (homology: 76.2%) to the amino acid sequence
as3GRigd th-He vt dffefretdkin just downstream of the amino acid

dtob toch P450.(CYP105D5) of S
Seduence assymad o be. oytoctigme PAS0(CHRLO0E) oL Srepimyces

coelicolor re, it was considere pmB served to
transferelgetrans endopardicipated in hiydrexydation 4pgetherawith ghe dpmA.
Reference Example 4: DNA-3 encoding polypeptide having the 16-position
hyaioxg/lating'@nzymecactivity Gie thie ncrolide YEsmpoBRdE LY ¢L)s tems

ngg Eastiogcofog%nomictQNaA gf eA-,}SGO strg,grg) rThe -%56(63 streari]r(lz was
inocufated into medidm contal?ﬁlng %" éfbcose, 0% Wﬁegtugerm extract
andlbyeast extract andiincubated at 28¢-far 3 daysaThe phtained culture

broth was centrifuged at 3000 rpm for 10 minutes to collect the mycelia. A
gehbmiic DNA oftfA-d560tstrainafas herepased from¢he myceliecusing Blodd &
Cell Culture Kit g IAGEN Co.).

bp shown in e Sequence No. 3 from each sequence of the
DNA fragment-B2 and DNA fragment-C2.

An open reading frame (ORF) in this 2329 bp was
retrieved, to find that the two kinds of protein were
coded. Each amino acid sequence of these proteins was
retrieved by the BLAST search, and as a result, an ORF
(hereinafter referred to as bpmA) encoding a protein
consisting of 395 amino acids having high homology to
cytochrome P450 existed in the base 420 to base 1604 of the
Sequence No. 3. The bpmA had the highest homology
(homology: 67.4%) to the amino acid sequence of the psmA
isolated from the A-1544 strain and also had a relatively
high homology (homology: 64.8%) to cytochrome P450 soy (Soy
C)of Streptmyces griseus. It was considered from this fact
that the bpmA highly possibly encoded hydroxylating enzyme
of the cytochrome P-450 type.

Also, an ORF (hereinafter referred to as bpmB)

encoding a protein having a high homology to ferredoxin of
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(2) Cloning of a partial sequence of a DNA encoding a protein having the
activity in hydroxylating the 16- position of the macrolide compound 111073
66 The following mixed primers (5Dm-3F and 5Dm-2R) were designed and
produced on reference to the amino acid sequence assumed to be that of
the cytochrome P450 (CYP105D5) of Streptomyces coelicolor A3(2) (see the
SeqpreaceNogok/ and2dx bbmBFust downstream (the base 1643
5-TTCGCSCTSCCSGTCCCSTCSATGGTSAT-3' 5Dm-2R:

5LETBEATSE TGTICSCTSCHYTTS IR order fbfpﬁ'd“rﬁoﬂ%pf%%ctivﬁ??aking

the flgctuanon of adcohgoncmto account, rggsed bas eff andl\ég—C+T)
were used. ?\?ext ﬁwese two typeps of prlmers m-3F andaglb 2?5) and the

A=1560 genoraictRNAehtained nthe abave €1) as the demplate, sere used
to run a PCR reaction. The PCR reaction was accomplished by repeating a
tiregustage rdactioh mmiﬁg@bfnm@riﬁqwrﬁé@ obit &b 98Csfor 201 seednds,

o aﬁ;ﬂllng c?ég%% oy 50}(1361‘rc)r 2 mniutesl_ r%gi)azl%gatlon] éaErJgd out %QSC

Secon using’ Kara'Bic'The.) an

PGR amplifier CE&Gr @Q&Dta Biometraicon Adeughlr 750 bp-BNA fragment

(hereunder called DNA fragment-A3) was amplified as a result. It is highly
paswibte teanthist DNZe fraghmentsA3 s < parrof<DNAseneoding aprotein

having hydroxylating activity. The DNA fragment-A3 amplified by a PCR
réé%ﬁb rome°P450 (CYP10D5D5) of Streptmyces coelicolor A3 (

Therefore, it was considered that the bpmB served to
transfer electrons and participated in hydroxylation
together with the bpmA.
Reference Example 4: DNA-3 encoding polypeptide having the
16-position hydroxylating enzyme activity on the macrolide
compound (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
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was recovered from the reaction solution by SUPREC PCR (Takara Bio
Inc.). Next, in order to obtain the DNA fragment-A3 in an 67 amount enough
to analyze the nucleotide sequence of the obtained DNA fragment-A3, DNA
fragment-A3 was combined with a plasmid vector pT73lue T (Novagen Co.)
by using DNA Ligation Kit Ver. 2 (Takara Bic Inc.) to transform a colibacillus
JM109 strairt  Siratagene Ga:)l Thereafter, ( the transforned.colibaciles avas
selected using a L-broth agar media (1.0% bacto tryptone, 0.5% yeast

es%ﬂaéﬂreeafy@rr@aerqdewégaf) dtﬁﬁsmﬁg?aﬂmcmm%ﬂ}ifgqmqiﬁ -gal
5-bromo-4-chloro-3-indalyl-(3- lactoside; 40 ug/mL) a
(|508ropyﬁ38[§ thiog C{ % Jg& %99 g g(g tal\c/ﬁ/ H]C}

galactopyran05|de 1 he col onyo the

transforosed coliFacilus jsolateedn thisswayowere riltpred dra L-heoth liquid
medium (1% bacto tryptone, 0.5% yeast extract, 0.5% NaCl) containing
ahfsiciirc@GARRYmML). Anslasmid DNA was isolated and purified from the

cell of the y.ysing a plasmid
pur| r% kltE](Q%?fHFe E‘%smlcfs’ %5? %%%Egé%%ﬁ )3 to obtain enough
aguniof DNA fragmentrA3c63)Analysis_of the nucleotide sequence of
cloned DNA fragment-A3 The nucleotide sequence of the DNA fragment-A3

obtaine@ninadhésabdve (2)was anabredinsing & BNA Nidleotide segaehce
analyzer (PE Biosystems 377XL)

codon into account, ‘mixed bases S (=C+G) and Y (=C+T)
were used.

Next, these two types of primers (5Dm-3F and 5Dm-2R)
and the A-1560 genomic DNA obtained in the above (1) as the
template, were used to run a PCR reaction. The PCR
reaction was accomplished by repeating a three-stage
reaction including denaturing carried out at 98°C for 20
seconds, annealing carried out at 50°C for 2 minutes and
elongation carried out at 68°C for 30 seconds 35 times by
using Takara LA Taq (Takara Bio Inc.) and a PCR amplifier
(T Gradient, Biometra Co.). A roughly 750 bp DNA fragment
(hereunder called DNA fragment-A3) was amplified as a
result. It is highly possible that this DNA fragment-A3 is
a part of DNA encoding a protein having hydroxylating
activity. The DNA fragment-A3 amplified by a PCR reaction
was recovered from the reaction solution by SUPREC PCR
(Takara Bio Inc.).

Next, in order to obtain the DNA fragment-A3 in an
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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 68 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
ceftespondingitghthectwo typescofprimens used iadcthecafosementioneddPCR
reaction were found at both ends of the above cloned 741 bp DNA

segtieneecit Wis élaﬁﬂ@artﬁaﬁ%he PRAFFEgHeRE-ABhdd beerrdpeficalt b
amplified by thes 5Dm-3F a Dm e
a?or%qasmld Qﬁ p;Ana?y(a o?t%F b |%e &I}l

mentioned. actlo he neig bon gion of the

ELN@aﬁrteﬁgmemmAS/@ﬁn.cezthemaﬁha&seguema@ of the Di%@mﬁmgaa protein
having hydroxylating activity derived from the A- 1560 strain had been
deterifined ds deséHsed ébé@énthe Pitichdatitnse§ence oﬁﬂﬁfﬁé@fﬁ)@ring

region extending th trea e and dow strea side of the cloned
f%%merﬁa{}vsa% é%mnp fle§ f61one%i sgaﬁeﬁggﬁ %y an inverse %ng fiethod

(Gel Teghnology Vol 14 PR &%é%%nle?%). s8peeificallytheAd560, 55

genomic DNA (see the above (1)) was digested with a restriction enzyme
BamH | inl K3sufferasolutiontG0nm TaisrE ClL13H 8.5 5 20 maNmMyClZ - tanM
dithiathreitol and 100 mM chfwnh a restriction enzyme Kpnl in a L buffer

sé%ﬂ%ﬁ%Tb|%hﬁH$%fﬁcﬁ oA %Yi bafroalactoside; 40 pg/mL) and

IPTG (isopropyl-p-D-thiogalactopyranoside; 100 pM). The
colony of the transformed colibacillus isolated in this way
were cultured in a L-broth liquid medium (1% bacto
tryptone, 0.5% yeast extract, 0.5% NaCl) containing
ampicillin (50 pg/mL). A 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
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MgCl2and 1 mM dithiothreitol) and with a restriction enzyme Sall in a H
buffer solution (50 mM Tris-HCI, pH 7.5, 10 mM MgCI2, 1 mM dithiothreitol
and 100 mM NacCl). The obtained 69 each DNA fragment cleaved by the
restriction enzymes was self-circularized by using DNA Ligation Kit Ver. 2
(Takara Bio Inc.). Meanwhile, the following primers (5PIN-2F and 6PIN-2R)
were desigred andrerepared frond ¢he atgcleotidessequernce ob the DNAct 1y
fragment-A3 (see the Sequence Nos. 24 and 20). 5PIN-2F:
5LEGEAATCEATEAGTGECTCGBTEAGAAECRUBPIR-ZRS o

5 CTATICCTCOAMBANGICETAGTCOBORTAY Next fese ivp e

primers ( and the above self-circularized

straif.ganemic BNA sas adtemplate, merecused 1@ eun aPCRi reactions &3 the,
PCR reaction, the cycle of a two-stage reaction including denaturing carried
obbat 98CcrfIrPD-seesd aRd aamealing dad<eléngation cahidd oande68E€

f91 minutes was repeptec 35 s, by yeing Takara LA Tag (Takara Blo,

S
Inc.) an amplifier (T Gra lometra do.). S aresult, a

fragmenta(DNA fragrent:33) abut 4.2 kbpi ipisize 1§ DINAfragregnt(DNA

fragment-C3) about 3.0 kbp in size and a DNA fragment (DNA fragment-D3)
abbes¢. Tt bprinesize wenerameplified SBwas higindy possible that these DNA
fragments were a DNA encoding a protein having hydroxylating activity and

aDRACAShG A BNA SBqligRcE ittuding those in the upstream and

dqmeﬁﬁ§q§§§Qk%@(ghe neighboring region of the DNA fragment-
A3

Once the partial sequence of the DNA encoding a
protein having hydroxylating activity derived from the A-
1560 strain had been determined as described above, the
nucleotide sequence of the neighboring region extending the
upstream side and downstream side of the cloned fragment
was amplified, cloned and sequenced by an inverse PCR
method (Cell Technology Vol. 14, pp. 591-593, 1995).
Specifically, the A-1560 genomic DNA (see the above (1))
was digested with a restriction enzyme BamHI in K buffer
solution (50 mM Tris-HCl, pH 8.5, 10 mM 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
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the former DNA. The DNA fragment-33, the DNA fragment-C3 and the DNA
fragment-D3 were recovered from the PCR amplified reaction 70 solution by
SUPREC PCR (Takara Bio Inc.). Next, as to the obtained DNA fragment-33,
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
obtainedNRDNA: fiqgerent; adplasmicyectar pedBluect (Novagen€a:), BAA
Ligation kit ver.2 (Takara Bio Inc.), E. coli JIM109 strain and a plasmid
pBfifying K(HAfiftPragntd Midi Kit: OISGENTI L vel&tised in ThE Fate
as he above (2), to obtain enough amount of each DNA fragment.
rgl&naff/gs of each nucleotide sequence of the DNA fragment-33 (about 4.5

kbp in size); #he RNAHrRgment-G3i (gbput 3d-kbp #r size} anghhesBPNA-2R )
fragment-D3 (about 1.7 kbp in size) Each nucleotide sequence of the DNA

fraghferte33, DRA Frahrhearescand DNA frgment-D3tébrirsdirrthecabbve
(4)h W%ﬁqgn%gzed usmgg DIS\IéA n%gclfeogdguergbue%e anablxzer QDI;
ye fe

Blosys ems accordmg oa minator cycle sequence rﬁéthod.

Themuclectide seguenee was Huissanalyzedctosghtain the information of the
nucleotide sequence of 1860 bp shown in the Sequence No. 4 from each

séguEnée& of stheMNAT fiagAtemB3 DNATFaghtertcdad antd DNA

fragment-D3. An open reading frame (ORF) in this 1860 t%p was retrlevetho
find that the twb'Kitds b Brotélitivers Prifers (SPIN-2E and 6PIN-ZR)

and the above self-circularized A-1560 strain genomic DNA
as a template, were used to run a PCR reaction. In the PCR
reaction, the cycle of a two-stage reaction including
denaturing carried out at 98°C for 20 seconds and annealing
and elongation carried out at 68°C for 5 minutes was
repeated 35 times by using Takara LA 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
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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 71 consisting of 404 amino acids having high homology to
cytochrome P450 existed in the base 172 to base 1383 of the Sequence No.
4. The tpmA had the highest homology (homology: 77.4%) to the amino acid
sequenceassumetrirbertirat of geytochreme P450)(CYREGDD5)6f to the

Streptmyces_coelicolor A3(2) and also a high homology (homology: 76.6%)
1@ e affifio 'dtid SEqEBREE OF the P8 A Tsolae-from tPAPH B4 steaIR Nt~

cansidered from this fact that th was highly passibly a gene
iy B Sy g, Srie L By b bt P B0 L pe M am ORF

(kersinaftergefersed 1o asipmB)- encoding afreteindhaving achighthomelogy
to ferredoxin of a 2Fe-2S type existed just downstream (the base 1399 to
basé 1593 6ktHe Sequéncs Nb. WBftheRpriiA.UFhe pfdieir aaicsoed by thié

tpmB cansisted of 65 aming acids, and had the highest ho (87.3%) to
%l CE.J_OI’I H{ t er.En Bgaﬁhaérgs%éolsg%cie 59 &%ﬂi@g sZral

the aming ‘acid seauence from the strain'an
alsosa high shamelqgy:-thomalogy: 82 &) ta the amine agid sequence ; t
assumed to be that of ferredoxin just downstream of the amino acid
seqhente @ssumed to becytdchrohte PABO (ENVPL05D5)okSHRptmydes /
coelicolor A3 (2). Therefore, it was considered that the tpmB served to

transfer @leBrohS “dhd T8aRA efredox i paitipatitg i hydroxylation

(5) Analysis of each nucleotide sequence of the DNA
fragment-B3 (about 4.5 kbp in size), the DNA fragment-C3
(about 3.0 kbp in size) and the DNA fragment-D3 (about 1.7
kbp in size)

Each nucleotide sequence of the DNA fragment-B3, DNA
fragment-C3 and DNA fragment-D3 obtained in the above (4)
was analyzed using a DNA nucleotide sequence analyzer (PE
Biosystems 377XL) according to a dye terminator cycle
sequence method. The nucleotide sequence was thus analyzed
to obtain the information of the nucleotide sequence of
1860 bp shown in the Sequence No. 4 from each sequence of
the DNA fragment-B3, DNA fragment-C3 and DNA fragment-D3.

An open reading frame (ORF) in this 1860 bp was
retrieved, to find that the two kinds of protein were
encoded. Each amino acid sequence of these proteins was
retrieved by the BLAST search, and as a result, an ORF

(hereinafter referred to as tpmA) encoding a protein
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together with the tpmA. Reference Example 5: Construction of plasmid
pT7NS-camAB The primers PRR-1F (see the Sequence No. 29) and PRR-
72 2R (see the Sequence No. 30) with the sequences shown below were
used to carry out PCR under the following conditions. with Pseudomonas
putida ATCC 17453 genome DNA as the template. PRR-1F:
SeGEEECCGATATBAALCGEAARACEABGAAGH THIGTCAIBO RFRER2R:
5-GCGGATCCTCAGGCACTACTCAGTTCAGCTTTGGC-3' (Reaction liquid
cémpzﬁfﬁmest%ﬁ& p%ﬁﬁéaewlat'é?- IHeaLP2xcontentratibrse ClBdftert the

KARA H(BLDI (lirNC ) 25 dNTP m| ed solucn n (2,5 MM each of

an

%’qﬁle&é‘?P dTTP EdPHE grlmer (18 pmgﬁuL)OSUL

PRB&R@@mem(io&,pm@&lutbl@.@MLnBS@@ﬂ@mmautédaésmr@dlwaoe
genome DNA 0.5 uL (10 ng/uL) LA Taq (5 units/uL, TAKARA HOLDINGS
INCAL0 Sfulc Y[TerhperstuRrAeanditidRs P 95€) 3ahinititeSK¥9BE 20 sec, 63C 30

SEESEC S InShacts TG S e eSS b anmiles.
(camay anghtheputidaredoxin-gene justdwpstreamfromthat rrom the a-
1544 strain. It was considered from this fact that the
tpmA was highly possibly a gene encoding hydroxylating
enzyme of the cytochrome P-450 type.

Also, an ORF (hereinafter referred to as tpmB)
encoding a protein having a high homology to ferredoxin of
a 2Fe-2S type existed just downstream (the base 1399 to
base 1593 of the Sequence No. 4) of the tpmA. The protein
encoded by the tpmB consisted of 65 amino acids, and had
the highest homology (87.3%) to the amino acid sequence of
the psmB isolated from the A-1544 strain and also a high
homology (homology: 82.5%) to the amino acid sequence
assumed to be that of ferredoxin just downstream of the
amino acid sequence assumed to be cytochrome P450
(CYP105D5) of Streptmyces coelicolor A3 (2). Therefore, it
was considered that the tpmB served to transfer electrons
and coded ferredoxin participating in hydroxylation
together with the tpmA.

Reference Example 5: Construction of plasmid pT7NS—-camAB

The primers PRR-1F (see the Sequence No. 29) and PRR-
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gene (camB) was digested with restriction enzymes Nde | and Bam HI, and
electrophoresed on 0.8% agarose gel. After electrophoresis, the camAB
fragment was collected and 73 purified using SUPREC-OIl (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
tethe Nee ksite andBamdHNsite 8b E. cotiplasmid wector cpE THa {Giratagene
Co.), and then transformed into E. coli DH5a to construct plasmid
PT7ECamAB! NiextC alifike? Ut Mo ctiFsktaihéed by arfiiedlingiprectivotons -
Syathetic oligo DNAS. P (see.e-Seqyence No, 31)and OP-2(gee the
Sequence o.%%’)j with the sequences shown elow was connected to the
Ndenbsite ef the plasmid by T4 DNA ligase and transformed into E. coli
DH5a to construct plasmid pT7NS-camAB. SP-1:
SERATECGTCACTAGTEBEERGCTFCEETTN-3AGHQCTCATC-3
5-TATAACGC AGT -3 e 1: Preparation of
STASiE 3PSy S AT Ty oW o ‘SR Bl B G i The pld
premgteriregian gf the plagieralide, By biosynthesis gene was connected to
psSmMAB in order to express psmAB in conjunction with the pladienolide B
biosymthesisgenel Shevinie primers pdIApro-SpeNdeF (Spel and Ndél sifes
added to 5'-terminal: see the Sequence No. 25) and pldApro-NdeR (Ndel
sité addfed o s tbmihalCsE8  the" séqiénté M. L8 coiripridily the®> P*
sgauences showm below, weressynthesized hasedren the friclegtide 5,4
sequence

dCTP) 8 uL
PRR-1F primer (100 pmol/uL) 0.5 pL
PRR-2R primer (100 pmol/uL) 0.5 pL
Pseudomonas putida ATCC 17453 genome DNA 0.5 pL
(10 ng/pL)

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
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information of the Sequence No. 1 for purposes of amplifying the pldA
promoter region. pldApro-SpeNdeF:
5-GGGCATATGACTAGTAGCCGTGTCCTGCCCGCC-3' 74 pldApro-NdeR:
5-GGGCATATGTTCGGACGTGAATTCATTCG-3' PCR was carried out
under the following conditions using these primers. (PCR reaction liquid
compositton:wising ToysrBaseki K@Dk xtus-Y&tentespuriiied yatersn? laubel0
x concentration PCR buffer: 10 uL dNTP mixed solution (2 mM each dATP,
dEFHﬁid@TPOmHW' LISV ﬁ\ﬂgsmn(es%m md K@m Z{eised

pldApr eNdeF ( mol/ul) 1 IdA r% Nd l/ul ), 1 L
pE% egfe?erilatlal 51quélgmﬁe 1 %51 g/u 3 1 ef r(?r? c%lm)éltlgn 95
using-Biometa T GRADENTES5GIH am@tecsf(%c ’é@ﬁecpﬁ%}nldn%(éi@&

1 min) 25 cycles 72C, 5 minutes The 360 bp DNA fragment amplified as a
ré@tﬂﬂéﬁth@tr@@%ﬁ@ﬁ%a§@oﬂect@@%”@lﬁ%l#@tﬁiélﬁ@@R@Gﬁﬁ@ti@n Kiel1

L@ N Co The resup_t[l % NA fragme twgéls dig Ested Wltg
restriction enzyme I Ndel PrRe pjras ( eférence xampﬁe (6))
wasi simiteclygigestediwith anneallng the two synthetic oligo DNAs
SP-1 (see the Sequence No. 31) and SP-2 (see the Sequence
No. 32) with the sequences shown below was connected to the
Nde I site of the plasmid by T4 DNA ligase and transformed
into E. coli DH5a to construct plasmid pT7NS—camAB.

SP-1: 5'-TATGCGTCACTAGTCGGGAGTGCGTTA-3’

SP-2: 5'-TATAACGCACTCCCGACTAGTGACGCA-3’

Example 1: Preparation of plasmid pPapsmAB by connection of
pldA promoter and psmAB

The pldA promoter region of the pladienolide B

biosynthesis gene was connected to psmAB in order to
express psmAB in conjunction with the pladienolide B
biosynthesis gene. The two primers pdlApro-SpeNdeF (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’-GGGCATATGACTAGTAGCCGTGTICCTGCCCGCC-3”
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restriction enzyme Ndel. The resulting 360 bp DNA fragment digest and
plasmid digest were connected using DNA Ligation Kit Ver. 2.1 (Takara Bic
Inc.). A roughly 9.9 kbp plasmid 75 pPapsmAB comprising the pldA promoter
connected to psmAB was constructed in this way. Example 2: Preparation of
plasmid for recombination The pPapsmaAB plasmid prepared in Example 1
wasd digestadawith pestdction enzyme: Spet arwh bitmtzencsd- mising BKL Kit
(Takara Bio Inc.). The resulting DNA was electrophoresed (Mupid-ex:
Advand&-&o"een 0BU% MG etitar Bisiogy RgaroseriiBIORAD)E Aflthe
islg)sl;eitgd Jﬂg}elébep DNAefgaSlgment comprising the pldA promoter and psmAB
(someﬂmes called JI5napsrr'1AB hereunder) was excised and collected and
purified:using adQIAquick &el dmgractionokit (UAGEN G ) sddexi Kop-
recombination vector pUCI9aph::oriT::intphiC31 shown in Fig. 4 was also
diested with restriction enzyme BamHI, and blunt-ended with BKL Kit
( karalBio In(:.)f Thg resyltin_g vector and PapsmAB were connected using
A'Ligation it Ver. 21 (T'akara Bio Inc.). Thus, a recombination plasiiid
PAOG: RapsmABwas construstedbaving PapsmAB inserted into the ;1.
recombination vector pUCI9aph::oriT::intphiC31. Example 3: Introduction of
reétmbiniation plasmid opAOT 1PlapswABLAiEE MeGIR107AC0M e pesultigP) :
pAOC::PapsmAB was transformed into conjugated E. coli S17-1
(ATCCA47055) by electroporation to obtain Sl?-l/pAOC::PapsmAB.lJIj’hEL

resiting 8175w 4 pL
KOD+ 2 pL
pldApro-SpeNdeF (50 pmol/uL) 1 pL
pldApro-NdeR (50 pmol/uL) 1 pL
pPKS35 (Referential Example 1 (6), 10 ng/pL) 1 uL

(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
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1/pAOC::PapsmAB was inoculated into 10 mL of LB medium (1% bacto
tryptone, 0.5% yeast extract, 0.5% NacCl) containing 25 ug/ml kanamycin and
shaking cultured at 30C for 2 76 hours, and the mycelia were collected,
washed twice with 10 mL of LB medium and suspended in 5 mL of LB
medium. This was used as the donor suspension. While the donor
SHSpeRSIDR Wasbeing preparedy, Mer- bbb was inecutateddinte LOsmirof
TSB medium (Trypto-Soya broth: Nissui Seiyaku) and shaking incubated at
30€sfof BRGURS P the FycelidWere collected, washed twice with 10 mL of
sterilized water and sus ended L of ilized water. This was used as
P% red?glen% sufpeﬁsm#%% ul o?fi? fs7%1r?pA6C Zaﬁélmi\JB donor

suspension wasgpixegdrvith d&wk ef-thesresulting Meirdsbl07 regipient
suspension, and applied to Actino Medium No. 4 agar medium (Nissui
Phagmacedticahl hARes incubiated at 30C forSES hours dthid Wis eav@@d with

25mLo 89 utrlen med m: Difc 04%a cont n
rﬁlgsl%n %gsi,\tla%%m tak mé% atedl at éOC ays oB?alﬁ@t%

fl@@ét@dﬁ)ﬂ@ﬁof‘%@@@ntM@«EQPSN%Qﬂ&nﬁQEmeQ&@I@ Meb1ecular
11107::pAOC::PapsmAB. Example 4: Pladienolide production test of Mer-

181070pACQ2PapshAB StraittThe Med-111971:pADBCePapsiARbdibed
in Example 3 and the parent Mer-11107 strain as a control were tested for

proAEviYy o?%?%ﬁe%ﬂ%e@%n%ﬁ@l@%d‘%‘?ﬁc?ﬁ and psmAB (sometimes

called PapsmAB hereunder) was excised and collected and
purified using a 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 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/pA0OC: :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
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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 77 (soluble starch 2%, soy bean meal (ESUSAN-MEAT
manufactured by Ajinomoto Co. Ltd.) 2%, yeast extract 0.3%, K2ZHPO4
0.1%, MgS04.7H20 0.25%, CaCO3 0.3%, pH not adjusted) and incubated
ah2bCsfor ahdays 600, uk ofthedesultingiseadayltures bhsathcwas dnaculatad
into 60 mL of main culture medium (soluble starch 5%, glucose 1%,

PRarfamé&dacsvsadekandl 1xsA$6°0 9598, CaCO3 BELRS pHT5), ARdS

cultured at 25C f or | 3 ays 4 da Su 5 days an%G (1a Afte the completlon
of the cu‘?tlvatlon thegr!esuflfmg c%lﬁture Jb%t’n wag ex%zccted C{by addition of 4

timessthesamouint of Beetonisile cEhe samaunts of pladierolide Buanrd #s
16-position hydroxide pladienolide D in the resulting extract were measured
bynHPLC. The @ﬁe&éiﬁrem@m%s&ﬁm% showrrincTable:2 NTikée VHIPLC

g%?iiﬁrr]}e@entc Were asgl‘aéog/s E) bcoe S |m35dé$ HPLC IO EE%

everfosn mm X 5 um) Sbite’ phase

t58% methapel &nééﬁl&i, 55%%?1’@&*‘%@'&5 1%913531 mip) aB% 0 70%
methanol (13 to 21 min) 70% methanol (21 to 25 min) Flow rate: 1.2 mL/min

Detecticn: 49V 240 am dnjéctioproldme: bull mL of sterilized water.

This was used as the recipient suspension. 500 pL of the
S17-1/pA0C: :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
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Column temperature: 40C Analysis time: 25 min Retention time: Pladienolide
B 12.4 min 78 Pladienolide D 4.3 min Table 2 Mer-1 1
107::pAOC::PapsmAB strain Mer-1 1107 strain Pladienolide B Pladienolide
D Pladienolide B Pladienolide (mg/L) (mg/L) (mg/L) D (mg/L) cultured for 3
days 36.2 148.4 180.5 0.0 (72 hours) cultured for 4 days 93.2 289.3 338.1
0.6 d96heurs} euiuretkfor days 12263 420640220120 alFsyr tured
cultured for 6 days 118.3 535.8 372.2 0.0 (144 hours) While almost no
pRyddctioiPaPpradicholide’D \was seBfid Mfiththergarent strain MEEL1197L 5

plaignolide.Dyvas produced by e Mer-LLIOZ:pAOC; ansmAB stail,
having the “introduced p& C:: apsmf . This sh s%hatdlrect prooﬁJctlon
of plagiienolide Dican be .achieved bydntreducings the plagieaelide 31 ture
16-position hydroxylase gene psmAB into
broth was inoculated into 60 mL of main culture medium
(soluble starch 5%, glucose 1%, Pharmamedia 3%, adekanol
LG-126 0.05%, CaCOs3 0.1%, pH 7.5), and cultured at 25°C for
3 days, 4 days, 5 days and 6 days. After the completion of
the cultivation, the resulting culture broth was extracted
by addition of 4 times the amount of acetonitrile. The
amounts of pladienolide B and its 1l6-position hydroxide
pladienolide D in the resulting extract were measured by
HPLC. The measurement results are shown in Table 2. The
HPLC measurement conditions were as follows.
Device: Shimadzu HPLC 10Avp
Column: Develosil ODS UG-3 (¢ 4.6 mm x 50 mm 3 pm)
Mobile phase: 45% to 55% methanol (0 to 5 min)
55% methanol (5 to 13 min)
55% to 70% methanol (13 to 21 min)
70% methanol (21 to 25 min)
Flow rate: 1.2 mL/min
Detection: UV 240 nm
Injection volume: 5 pL
Column temperature: 40°C

Analysis time: 25 min

Retention time: Pladienolide B 12.4 min
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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 strain obtained in Example 3 were
investigated. 300 }xL of frozersMes-LLLQE :pAQCS: RapsmAB seed was
inoculated into 30 mL of seed culture medium (soluble starch 2%, soy bean
medl 7 ESUSAN-MEAT manufactured by Ajinomoto Co. Ltd.) 2%, yeast
3975, 195, : 25%0, CaCO30.3%, pH ot
jjusted), and incUB8idd ' B¢ PREVESRIGL of thPFdIRIMY 8
llture broth was incuadatesidets 30 Pridicibnaain ke roRE BN Radichia%e
CD was added (solublegstarch 5%, glogdse 1%} Phangiemedia B%mg/L)

F 30 mL of
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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 PB-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
(soluble starch 2%,

mL of seed culture medium soy bean meal
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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 80 Column temperature: 40C Analysis time: 25 min Retention
tinres IRladiemdidend: A2 7 piin r Bladignalide Brd Sominy .Tahle 3 226 (34 st
added No (3-CD added Pladienolide B Pladienolide D Pladienolide B
Pradiendhid® O {mditiRmghl) {mg/lly &g/ Tizculturéd For 35¢as 199% 282.0

R 384, T A 1900 0SR20, 55 )
the resulting seed culture broth was inoculated into 30 mL
of main culture medium to which 2% B-CD was added (soluble
starch 5%, glucose 1%, Pharmamedia 3%, adekanol LG-126
0.05%, B-CD 2.0%, CaCO3 0.1%, pH 7.5) or 30 mL of main
culture medium without PB-CD added (soluble starch 5%,
glucose 1%, Pharmamedia 3%, adekanol LG-126 0.05%, CaCOj
0.1%, pH 7.5), and incubated for 3 days, 4 days, 5 days and
6 days at 25°C. After the completion of the cultivation,
the resulting culture liquid was extracted by addition of 4
times the amount of acetonitrile. The amounts of
pladienolide B and its 1l6-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 pm)
Mobile phase: 45% to 55% methanol (0 to 5 min)
55% methanol (5 to 13 min)
55% to 70% methanol (13 to 21 min)
70% methanol (21 to 25 min)
Flow rate: 1.2 mL/min
Detection: UV 240 nm

Injection volume: 5 pL
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cultured for 6 days 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
Mer-11107iipACCrBapsmAR: :steinmbtained in Example 3 was inoculated
into 30 mL of seed culture medium (soluble starch 2%, soy bean meal
(ESUSARRMEAT rﬁéﬁﬁfécﬁ?re’ﬂiﬁy Ajinomoto Co. Ltd.) 2%, yeast extract
0.3%, I%ZHPO4 0.1%. M 20 0,2506, CaCO3 0.3%, pH 81 not
adjuste fanla incubatec at %8 or 3 dlays 3 O Gl of the resulting seed
culture broth was inoculatedeinte 3948k i @t main caltyre, medium (soluble
starch 5%, glucose 1%, Pharmamedia 3%, soy bean powder (J-Oil Mills:
HotekeSéyPro) 1%, adekanol LG-126 0.05%, 3-CD 2.0%, CaCO3 0.1%, pH

7.5), and cultured for 3 days, 4 days. 5 days, 6 days and 7 days at 25C.
After the completiop of th@eulammdame resuhhng culm@J(cmlgbwm
extracted by additl(. of At b TTourT U FitT uur
pladienolide B and Jsa 8 o) Sl?#lreﬁ pla: g@ﬁ{(ﬁ?&% l%?hﬁdf ll€ gb
extract\were mpncllrpd ClThe n%:q urementr Qll)lfc a
cultured for 3 days
199.4 202.0 36.2 148.4
(72 hours)
cultured for 4 days
362.8 350.5 93.2 289.3
(96 hours)
cultured for 5 days
484.3 580.1 122.3 420.6
(120 hours)
cultured for 6 days
433.1 7741 118.3 535.8
(144 hours)

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::pAQOC: :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%, CaCOz 0.3%, pH
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shown in Table 4. The HPLC measurement conditions were as follows.
Device: Shimadzu HPLC IOAvp Column: Develosil ODS UG-3 (q 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
valumeds wt €oluaritempensdtrel 40C 2Analysistimed 259minutes Ratention
time: Pladienolide B 12.4 minutes 82 Pladienolide D 4.3 minutes Table 4
P%eﬁéﬁ&é@aﬁg&%qﬂiaa}@ﬁmm @Kﬁ@L)’%Iﬂ}Pé@%ﬁB%y%@TB 3036:6

26%’55723 cul%uﬁrg%for 4&1131.}/8 Q1.4 5§ Earg}qu s) cultlured for D days
ours)

Pharmamedia 3%, soy bean powder (J-0il Mills: Honen SoyPro)
1%, adekanol LG-126 0.05%, pB-CD 2.0%, CaCO; 0.1%, pH 7.5),
and cultured for 3 days, 4 days, 5 days, 6 days and 7 days
at 25°C.

After the completion of the cultivation, the resulting
culture liquid was extracted by addition of 4 times the

amount of acetonitrile. The amounts of pladienolide B and

its 16-position hydroxide pladienolide D in the resulting

extract were measured by HPLC. The measurement results are
shown in Table 4. The HPLC measurement conditions were as
follows.

Device: Shimadzu HPLC 10Avp

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

Mobile phase: 45% to 55% methanol (0 to 5 min)
55% methanol (5 to 13 min)
55% to 70% methanol (13 to 21 min)
70% methanol (21 to 25 min)

Flow rate: 1.2 mL/min

Detection: UV 240 nm

Injection volume: 5 pL

Column temperature: 40°C

Analysis time: 25 minutes

Retention time: Pladienolide B 12.4 minutes
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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, 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 layess werelcerabined, washed dwice with 50 mL
of brine and dried over anhydrous sodium sulfate. After removing the

s6Rieht, the resulting residue was purified by thin layer chromatography
(MER(‘I( Qilir‘ngnl 60 EF254 0.5 mm dn\lnlnping olution;

tolueng:acetone=1:1) to obtainy: - {ansl] of
pladienolide D. The lH-NwlggblgaeI%;/gls%ge%)&ﬁﬁg,r rﬁagg%rr?g Ide Iginjrn#ﬂg

pladiencg'lqtem[g(y\fgp%%%wbws. Pladienolide B; §3 1H-NMR spectrum
(CD30p, 500 MHz) : 5 ppm (integraticth3 multipligity, cougiBg@&onstant|(J
(Hz)): (.93 (44 A% OHZY, 0.94 (3H.d,1=6.8Hz)| 0.98 (3H.t.J=8 OHZ)| 1.12
(3H,d,Jbu8He, for2B8q8ys,9), 1.25 %LH”E) 1.42 (RH,m), 1,53-1.70 (6H,m),
1.79 (EH,d,J@é.pd—lIJQ) 2.10 (3H,s), L (1H,m), 2.56 (2H1),"2.60 (1H,m),

2.70
cultured for 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, and the mycelia were washed with 30 mL of water.
70 mL of water was added to the filtrate, which was then
extracted once with 100 mL and twice with 50 mL of ethyl
acetate. The ethyl acetate layers were combined, washed
twice with 50 mL of brine and dried over anhydrous sodium
sulfate. After removing the solvent, the resulting residue
was purified by thin layer chromatography (MERCK Silicagel
60 F254 0.5 mm developing solution; toluene:acetone=1:1) to
obtain 12.8 mg of pladienolide B and 23.1 mg of
pladienolide D. The 'H-NMR analysis results for
pladienolide B and pladienolide D were as follows.

Pladienolide Bj;
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(1H,dd,J=2.4,8.3Hz), 2.76 (1H,dt,J=2.4,5.7Hz), 3.56 (1H,dt,J=8.3,4.4Hz),
3.82 (1H,m), 5.08 (2H,d,J=9.8Hz), 5.60 (1H,dd,J=9.8,15.2Hz), 5.70
(1H,dd,J=8.3,15.2Hz), 5.74 (1H,dd,J=9.8,15.2Hz), 6.13 (1H,d,J=9.8Hz), 6.36
(1H,dd,J=9.8,15.2Hz) Pladienolide D; 1H-NMR spectrum (CD30D, 500 MHz)
: 5 ppm (integration, multiplicity, coupling constant J (Hz)): 0.93

(3Hh e 7sQEZ) 005 (B ah)=6.81H2)1H0)98 {3bkin]=8.aH2z), 423 (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@@@@&@9%4 %@Pii)’l@iz EO3FPS)E 2J52% %zm m) 2 62 (1H,m), 2.72

55 (11795 To (A 410 80, & i A T ) S 80

(J(Hfd,dsJH&@ b@ii—lz)151724 (3H,dd,9=8. 33115 ZHZL). 2392 ﬁal,-ls-d,,] 152Hz),
6.18 (1H,d,J=10.8Hz), 6.57 (1H,dd,J=10.8,15.2Hz) Example 7: Introduction
o1< toambinktibh plaBmid  pAOTPapsSmABint Mér-12167 hldBIhyg Strain

e %01 %épAOC Pap sm%?/m ra|r120gt6a| %%'n xa}n%JS:B 84 w S|5|o%|ated

L 6fLB me acto’ tryp .59 yeast Sxtra t, 0.5%
NaGl) gamprising 253ug/mL zkarmmmpoemjslza&mg cultyed fos2 hours at

30C, and the mycelia were collected, washed twice with 10 mL of LB
mediurtadd Suspénded)in 53mi2of(LB medium OBhisdklas! tieSdédar) , 5.60
Slf? eg%'%]':sa.aa, 15.2Hz), 5.70 (1H,dd,J=8.3,15.2Hz), 5.74
(11,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 (CD30OD, 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
(l1H,m), 2.72 (l1H,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 (lH,m), 5.10 (1H,d,J=9.8Hz),
5.11 (1H,d,J=10.8Hz), 5.60 (1H,dd,J=9.8,15.2Hz), 5.74
(1H,dd,J=8.3,15.2Hz), 5.92 (1H,d,J=15.2Hz), 6.18
(1H,d,J=10.8Hz), 6.57 (1H,dd,J=10.8,15.2Hz)
Example 7: Introduction of recombination plasmid

PAOC: :PapsmAB into Mer-11107 pldB::hyg strain

The S17-1/pA0OC: :PapsmAB strain obtained in Example 3
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While the donor suspension was being prepared, the Mer-11107 pldB::hyg
strain prepared in Reference Example 1(8) was inoculated into 10 mL of
TSB medium (Trypto-Soya broth: Nissui Pharmaceutical) and shaking
cultured at 30C for 5 hours, and the mycelia were collected, washed twice
with 10 mL of sterilized water and suspended in 1 mL of sterilized water.
Thisswasdbe recipieathsuspension. o500 rulmefi then S1751ipAQC: :PapsorvAB,
donor suspension was mixed with 10 uL of the resulting Mer-11107

pltE: hyis redipient 'siisperision?, ARG apphedits ietn® Meditthi™o. 4 agar
medium (Nippon, Seiyaku). After incubated at 30C for 18 houlrs, .this w.
A St S e TSN (0 B b ent Mot Bieb, O gy e
cantaining 28e/mio libestasmycinantdneubated.at:30G dorm?. daysite obtain a
ribostamycin- resistant pAOC::PapsmAB-transformed Mer-11107

PIIBL WY RO S RgistRABIStraint Exampié gieladienolide igrodastich test
of Mer-11107 pldB::hyg::pAOC::PapsmAB strain The Mer-11107
p?&ﬁ%ﬁwrygszyp%ﬁpﬁszzﬁanp'smAB strain obtained in Example 7 and the parent

Mer-11%Q7 RldBibyg strain ass 8nseentrobwern tested fappreductivity of
ME-265 and its 16- position hydroxide ME-282. 300 uL each of frozen seed
oflevet-11407931dB:: hygapACEC i PapsrkB andiverd14:07npid BEhygrwas
inoculated into 30 mL of seed medium_(soluble starch 2%, soy bean meal

( Y
(ESUSARMERT Mahitactth&d by Afiitorbdd Co "t Bos! Vet 8xtiaét
05¥@t%2hﬁ¥9é&l1%ﬁé¥ﬁ§%%%€kﬁgé) 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
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
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0.25%, CaCO3 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
culture medium with 2% 3-CD added thereto (soluble starch 5%, glucose
1%, Pharmamedia 3%, adekanol LG-126 0.05%, 3-CD 2.0%, CaCO3 0.1%,
pH 7.5), and incubated at 25C for 3 days, 4 days, 5 days and 6 days. After
the sempletion of the culivationptheiculture: byothrwes -extracied: byadditon
of 4 times the amount of acetonitrile. The amounts of ME-265 and its

1B95aditieon Rydroxite MED8254 the%gguwﬁageéaba&@véﬁ”eoﬁ@asﬁ?@ﬂi byt

e rements re S alre ShO |n Ta
r%%arsulryrin%e&r?t (%%nt%ltlrg% wel?g %Es fsllg 0\%3 evice: sp‘nma} J(‘:gPOAvff d
Galumnm RevelesibODS MG (I 445 NnyBaa5@4anua, una,)oM%blée pbasenh45%

to 55% methanol (0 to 5 min) 55% methanol (5 to 13 min) 55% to 70%
methafel (I en17enih) (FOUSAEtHEAG (fnat@usf@@mhy%\maféj HNPTRIENin

Dcetect]!d(%n nL}JV 40 nm 8 In ection vo@u%‘lg g g rLte ratu 40C
Analysns 35 mindtes ettentc i6n time’’ ME-265" é?i
minz¥able-3co, 0.39, pH not adjusted) and incubated at 25°C
for 3 days. 300 pL of the resulting seed culture broth was
inoculated into 30 mL of main culture medium with 2% pB-CD
added thereto (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 1l6-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 pm)
Mobile phase: 45% to 55% methanol (0 to 5 min)
55% methanol (5 to 13 min)
55% to 70% methanol (13 to 17 min)
70% methanol (1 to 35 min)
Flow rate: 1.2 mL/min

Detection: UV 240 nm
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Mer-11107 Mer-11107 pldB::hyg strain pldB::hyg::pAOC::PapsmAB strain
ME-265 (mg/L) ME-282 (mg/L) ME-265 (mg/L) ME-282 (mg/L) cultured for 3
days 47.8 153.8 485.7 0.0 (72 hours) cultured for 4 days 63.5 222.1 907.0
0.0 (96 hours) cultured for 5 days 70.5 280.5 1534.4 0.0 (120 hours)
cultured for 6 days 71.8 309.6 2031.3 0.0 (144 hours) While almost no
production; of ME1282owasseen with the parent strain Mer-11107 pldB::hyg,
ME-282 was produced by the Mer-11107 pldB::hyg::pAOC::PapsmAB strain
into which! pRO e PapshaBwasintroduced. This shows that direct
producg%ré fg/l%-zglzm%an ?? %clhri%\éee% by introducing the ME- 265
16-position dlroxylatlng enzyme gene psmAB into the ME-265 producing
strain Mer-:110¢é plaBrbyg. A filteation aid was added to about 90 mL of
extract obtained by addition of an equal amount of acetonitrile to the
aforementioned Mer-11107 BiE: 33y g: pAOTHPapsmAB culture broth, which
V\&ag.bWenSmixed and filtered through 60 cp Kiriyama funnel (Kiriyama filter
paper No. 4) to isolate

Mer-11107 . .
pldB::hyg::pAOC::PapsmAB strain Mer-11107 pldB:hyg strain
ME-265 (mg/L) | ME-282 (mg/L) | ME-265 (mg/L)| ME-282 (mg/L)
cultured for 3 days
47.8 153.8 485.7 0.0
(72 hours)
cultured for 4 days
63.5 2221 907.0 0.0
(96 hours)
cultured for 5 days
70.5 280.5 1534.4 0.0
(120 hours)
cultured for 6 days
71.8 309.6 2031.3 0.0
(144 hours)

While almost no production of ME-282 was seen with the
parent strain Mer-11107 pldB::hyg, ME-282 was produced by
the Mer—-11107 pldB::hyg: :pAOC: :PapsmAB strain into which
PAOC: :PapsmAB was introduced. This shows that direct
production of ME-282 can be achieved by introducing the ME-
265 l6-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
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87 the mycelia. The mycelia were washed with 50 mL of water to obtain a
mycelia isolation filtrate. The mycelia isolation filtrate was extracted twice
with 100 mL of ethyl acetate. After drying over anhydrous sodium sulfate, the
solvent was removed to obtain the residue. This was purified by thin layer
chromatography (MERCK Silicagel 60 F254 0.5 mm developing solution;
talueneiacetane=1:1) 40 nghtain 8.5 eg: ol ME-265wvand 1205 mg of ME282.
The 1H-NMR analysis results for the ME-265 and ME-282 were as follows.
M- 285¢ A HLNMRYSSectrum YE B30 1560 MAzZT €5 pprigintegration,

multiplicity, coupling constant J (Hz)): 0.87(3H,d,J=7.0Hz),
0ISO(AH G L7 Ch1) 0 04 327 APl O 8T G o7 OHef™ o 01!
1:08(8kkd, J=0H®), 347+ 21 M)anh24rb36(2ddnhinl .431E5263Hm)

1.61-1.66(3H,m), 1.74(3H,d,J=I.IHz), 1.89-1.96(IH,m), 2.00(3H,s), 2.41-
2SVA(H4H), P43 EHTRY, 985 81 SI9HA 2B 15g(iidR), This was

SR R S R O R
5:00(IH @, 3= 16, 6ktz) e Bopp2lH,ddh359:2,15.QH7),5490H:4d,459:2,15.QH2),
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)
MB282 DHINMR spetittuft (CBBODL 500 MHZ)T 3 PpABaAntegfationi—NMR
Multpleity, coupling copstant ) ()b ss ana we-282 were as follows.
ME-265;

'H-NMR spectrum (CD30D, 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,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(1lH,d,J=10.6Hz),
5.42(1H,dd,J=9.2,15.0Hz), 5.49(1H,dd,J=9.2,15.0Hz),
5.65(1H,dd,J=8.4,15.0Hz), 6.08(1H,d,J=10.6Hz),

6.32(1H,dd, J=10.6,15.0Hz)

ME-282;

'H-NMR spectrum (CDs0D, 500 MHz): & ppm (integration,

multiplicity, coupling constant J (Hz)):
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88 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(IH,m), 1.29-1.37(3H,m), 1.34(3H,s),
1.44-1.52(2H,m),1.60-1.64(IH,m), 1.65(IH,dd,J=6.2,13.9H2z),
1.77(3H,d,J=l.IHz), 1.86(IH,dd,J=5.4,13.9Hz), 1.89-1.94(IH,m), 2.00(3H,s),
2.43(IH,dd,J=5.5,13.9Hz), 2.50-2.60(IH,m), 2.56 (IH,dd,J=3.3,13.9Hz),
2066(1H ®id, 35 2.277.Tkz), 2 8P (It df,d72216 2H2), 3B2(IH i, J=4:8,8.4Hz2)), ,
3.75-3.80 (1H,m), 4.90(1H,overlappedwith D20), 5.01(1H,d,J=10.6Hz),
5UH(IH te, I=92015 EHz), b: £3(tH, £ 3216.6MH2), 6.5 (AHdd I=11)0,15.0Hz)

Efagqlplgkg Prep?rz;éc_)r OEQI?%[md pPeg%mﬁ%ngpns ng ermE promoter

connected o [SsmA é'erm promoter region was [ngéted to psmAB in

orders ta epuge expressionnfPpsmABusing the ermE pegmoter. The two
primers eDM-SphF (Sphl site added to 5'-terminal: see Sequence No. 27)
ahd €DVESPARI(SpHl/site- ddded té 58tetmital 1§e@8eq%e%é3ﬁd0528)

cgmglfc;(]]e éhe §egugn§ 9§J1 anb;é%wgv%rgz §S|z§d§%ased on the

nucleo seduence in orma ioh equence ' for purposes of

amplifying psmABL €DM-SphB:. 66 (1H,dd, 7=2.2, 7. 7Hz), 2.89
5-TCCCCGCATGCCGGAACTGACGGACATCAC-3" eDM-SphR:
5 CCCGLGEAT GCCAGACGACGACCTACGAGGAA-3HEhese primetsdfere

used to carrg/ out PCR under the fO||0WII’]E9 condltlons £PCR reactlon |IC§UId
comipdBitiont using Takara t#rag" -+ t°

5.42(1H,dd,J=9.2,15.0Hz), 6.13(1H,d,J=10.6Hz), 6.52
(1H,dd,J=11.0,15.0Hz)
Example 9: Preparation of plasmid pPepsmAB comprising ermE
promoter connected to psmAB

The ermE promoter region was ligated to psmAB in order
to cause expression of psmAB using the ermE promoter. The
two primers eDM-SphF (SphI site added to 5’'-terminal: see
Sequence No. 27) and eDM-SphR (SphI site added to 5'-
terminal: see Sequence No. 28) comprising the sequences
shown below were synthesized based on the nucleotide
sequence information of Sequence No. 2 for purposes of
amplifying psmAB.
eDM-SphF: 5’-TCCCCGCATGCCGGAACTGACGGACATCAC-3'
eDM-SphR: 5’-CCCGGGCATGCAGACGACGACGTAGAGGAA-3'’

These primers were used to carry out PCR under the
following conditions.

(PCR reaction liquid composition: using Takara LA Taq
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89 (Takara Bio Inc.)) Sterile purified water: 17 uL 2x concentration GC buffer
I 25 uL dNTP mixed solution (2 mM each dATP, dGTP, dCTP and dTTP): 5
uL LA Tag 0.5 uL eDM-SphF (50 pmol/uL) 0.5 uL eDM-SphR (50 pmol/uL)
0.5 uL Streptomyces esp. A-1544 genome DNA 1 uL (Reference Example
2(1), 10 ng/uL) (Reaction conditions: using T GRADIENT (Biometra)) 95C, 3
mindtes-@O8G 201sec, 6B8C 4 min) 30 cycles 68C, 5 minutes The 1570 bp
DNA fragment comprising psmAB that was amplified as a result of this
réactiontfvaktotetfet Withea ‘QIAquick PCR Purification Kit (QIAGEN C8:).
The resultln 1570 bp ment was digested with restriction yme

Phl “The pasmldlpg %1\1# acte?r%ol Vol. 2002 184, 6417-6423 r%viagﬂ
simitar digestedswithuestrictionenzyne Sphk, Theresulting A 57-bp DIVA :
fragment digest comprising psmAB and the plasmid digest were connected
using DNA Ligation Kit Ver. 2.1 (Takara Bic Inc.). A plasmid pPepsmAB

pi[:a ing the ermE promoter connected to psmAB was construct%d in ttls

way X mple 10: Preparation of recombination plasmid containing

eDM-SphF (50 pmol/uL) 0.5 pL
eDM-SphR (50 pmol/pL) 0.5 uL
Streptomyces esp. A-1544 genome DNA 1 uL

(Reference Example 2(1), 10 ng/pL)
(Reaction conditions: using T GRADIENT (Biometra))

95°C, 3 minutes

(98°C 20 sec, 68°C 4 min) 30 cycles

68°C, 5 minutes

The 1570 bp DNA fragment comprising psmAB that was
amplified as a result of this reaction was collected with a
QIAquick PCR Purification Kit (QIAGEN Co.). The resulting
1570 bp DNA fragment was digested with restriction enzyme
SphI. The plasmid pSK117 (J. Bacteriol. Vol. 2002 184,
6417-6423) was similar digested with restriction enzyme
SphI. The resulting 1570 bp DNA fragment digest comprising
psmAB and the plasmid digest were connected using DNA
Ligation Kit Ver. 2.1 (Takara Bio Inc.). A plasmid
pPepsmAR comprising the ermE promoter connected to psmAB
was constructed in this way.

Example 10: Preparation of recombination plasmid containing
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90 psmAB connected to ermE promoter The plasmid pPepsmAB prepared in
Example 9 was digested with restriction enzymes Kpnl and Bglll, and
blunt-ended using BKL Kit (Takara Bio Inc.). The resulting DNA was
electrophoresed (Mupid-ex: Advance) on 0.8% Molecular Biology Agaroselm
(BIO-RAD), and the isolated 2060 bp DNA fragment (hereunder called
PepsnpAB) camprising the: retmp praptoter and psmAB was excised and
collected and purified by QIAquick Gel Extraction Kit (QIAGEN Co.). The
recombTﬁl&imééétb? PRICREPME ofiTe AR 3SHOWAR Fig, ¥3Fas also

ste V\Ath rec)%rlctlon enzyme BamHImggdK nLH’]t en eBd Mtp BKI%_O[(H

I?ara §IO In Tlfwe resu?tmg vector was C necte epsm using

ch\iﬁrbig@tﬂmliltu\é%gZ Hx(T akata Biedne]. Emus,xﬁkte.rﬁcombﬂeaﬂeeﬂaam@d
pAOC::PepsmAB having PepsmAB inserted into the recombination vector
pUCI9Eph: AT SINtPRAICSI wvas Conziilicted. @%mlb@llepr@pﬁfation of
recambination_plasmid containing, n ABA rimer DM-

iR iy S R et D SRR
36 hﬁngf@ Bgll site added o1 the &-endsand @s&z@?r OMBAIR (B the
TCCCGAGATCTTGAAGGTCCGCGTCACCGT-3'": see the Sequence No. 36)

having 2Byl site addedtnfiie 5aend xvarecdesignied @hte pregarediwith
reference to the nucleotide sequence of the Sequence No. 2. Next, the%(}a1

nﬁgiﬁ&ﬁg%;&%MQ§éﬁyéﬁg[ﬁﬁ Extraction Kit (QIAGEN Co.).

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: :PepsmAB 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-
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91 Bg1R) and the A-1544 genomic DNA obtained in Reference Example
2(1) as the template were used to carry out PCR reaction. The PCR reaction
was conducted by repeating a three-stage reaction including denaturing
carried out at 98C for 20 seconds, annealing carried out at 63C for 30
seconds and elongation carried out at 68C for 4 minutes 30 times by using
Tekarg LAntiag{fakarnssBip thampand aoRER @mpliier (InGradientnBiometra
Co.). Aroughly 3.5 kbp DNA fragment (hereunder called PopsmAB)
cBItPtisHTg nétural pSMA &fPPSHE: Wiz Colletted Hront tHe PORE PCR

amplification reaction liquid by agarose gel electrophoresis and SUPREC 01
b I T e e D Py o e g R gdon
engye-BgHd he: pUCI9aphyeridaintphicdl reeambination vecten shewn in
Fig. 4 was also digested with restriction enzyme BamHI. The resulting
veefer ded PupsrrABniere eonredtedausing DNA bigation Kitert 130

(Takara Bic Inc.). A recombination plasmid pAOC::PopsmAB comprising

POPSHIAB iASENEd Mdthe° Pedsthbiration Vectbr pUICIgaph: it tpRic St
wasdhuispgonstrugtetl Example 2z dntrogustion ©f segombination plasagids
pUCI9aph::oriT::intphiC31, pAOC::PepsmAB and pAOC::PopsmAB into
MerrliTA 7 THE réceombindtiorPvector pJCl9aph:: oA TrintphiG3 B ahdkitre
PAQC::PepsmAB and pAOC::PopsmAB obtained in Examples 10 and 11

wete edctiPaRSTol MEtRRts' Bbnjiatéd E. Qist7-1oomprising natural

psmA and psmB was collected from the PCR amplification
reaction liquid by agarose gel electrophoresis and SUPREC
01 (Takara Bio Inc.). The resulting DNA fragment was
digested with restriction enzyme BglII. The
pUC19aph::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::oriT::intphiC31 was thus
constructed.
Example 12: Introduction of recombination plasmids
pUCl19aph::oriT::intphiC31, pAOC: :PepsmAB and pAOC: :PopsmAB
into Mer-11107.

The recombination vector pUCl9aph::oriT::intphiC31 and
the pAOC: :PepsmAB and pAOC: :PopsmAB obtained in Examples 10

and 11 were each transformed into conjugated E. coli S17-1
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92 (ATCC47055) by electroporation to obtain S17-
1/pUCI9aph::oriT::intphiC31, S17-1/pAOC::PepsmAB and S17-
1/pAOC::PoepsmAB strains. The resulting three strains were inoculated into
10 mL of LB medium (1% bacto tryptone, 0.5% yeast extract, 0.5% NaCl)
comprising 25 ug/mL kanamycin and shaking cultured at 30C for 2 hours,
afterwdich e mycelia werecollecteth washed dyicesanith 10 mL of LB
medium and suspended in 5 mL of LB medium. These were the donor

stispendionswiiketthe: donerdbsdension waPbeing: praparéd, mei- $107

was inoculated into. 10 mL of TSB medium (Trypto-Soya_broth; Nissui
S o S CEad o 208 o & e S atacts B mybeter®
wete collected, washed twiceo withsl 6haali of sterie water andisuspended.insl
mL of sterile water. This was the recipient suspension. 500 uL of each of the
doRer suspénsiohs df thé dhaihedaniree istiaitis Above/ Was mixedvwith 197gL

of he Mer-LLLGY, recinient gusbension, and applied t9 Acting Medium No 4

agar me er incubated at ours, these were covered with
2x, s Of SNA-£0.85%0 nuitrient, mediunmy Rifce, O.4% 8gan campksing 2
mg/mL ribostamycin, and incubated at 30C for 7 days to obtain ribostamycin-
resistant puCl9aphrendeintphiC3 ransféined Mern 11107e:pA@€E e the
pAOC::PepsmAB-transformed Mer- 11107::pAOC::PepsmAB and
PAOEEPBPERAB - tHsformed Mer- 11107::pAOC::PopsmAB strains.

While the donor suspension was being prepared, Mer-
1107 was inoculated into 10 mL of TSB medium (Trypto-Soya
broth: Nissui Seiyaku) and shaking cultured at 30°C for 5
hours, after which the mycelia were collected, washed twice
with 10 mL of sterile water and suspended in 1 mL of
sterile water. This was the recipient suspension. 500 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::intphiC31-transformed Mer-
11107::pAOC, pPAOC::PepsmAB-transformed Mer-
11107: :pAOC: :PepsmAB and pAOC: :PopsmAB-transformed Mer-

11107: :pAOC: :PopsmAB strains.
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93 Example 13: Pladienolide production test of Mer-11107::pAOC strain,
Mer-11107::pAOC::PepsmAB strain and Mer- 11107::pAOC::PopsmAB strain
The Mer-11107::pAOC strain, Mer-11107::pAOC::PepsmAB strain and
Mer-11107::pAOC::PopsmAB strain obtain in Example 12 were tested for
productivity of pladienolide B and its 16-position hydroxylate pladienolide D.
30Qailp leactsof frozen seediofdVpr-dd107pAQEsMerf Mer—11107: : pAOC
11107::pAOC::PepsmAB and Mer-11107::pAOC::PopsmAB was inoculated
it ZoL ML Heseed Medinhfolublerstarch 204 258y Pranineal

( AN- T manufactured by Ajinomoto Co. Ltd.) 2%, yeast extract
o@%ﬁ@zﬁgg@ag}%ﬁﬂ%%éﬁﬁyjb 0.25%, CaCO3 0.3%, pH not adjusted)
and incubategat 25€Cofor 2o tayss80Q1ul, ofthe-nesuiting seed cutture breth
was inoculated into 30 mL of main culture medium (soluble starch 5%,

giticoseM % PR mameédia: 3% CaCOIeNRB, pHIRL) aid incubated at 25C
f%r Aé rga%/s. %ter the com tlet(ijor} of thgo%ﬂti\%atio.r]c, thg gu_ltilre broth was

extracted by addition of 9 times the"amount of écé’tonltrffe.aﬂ%ee nét)rrlul)unts of

pladienelide B and its 16:pasitionRydrexide; pladigpelide Dhin thepresiting
extract were measured by HPLC. The measurement results are shown in
Tabte60Théer piRIC seeaswrentemt-donditionsnefe désfollows. Device:
Shimadzu HPLC IOAvp Column: Develasil ODS UG-3 (T 4.6 mm x 50 mm 3

by Mo Biiase- 2595 to 559 Methariol (0 o8 iRy - °PSmAR e

inoculated into 20 mL of seed medium (soluble starch 2%,
soy bean meal (ESUSAN-MEAT manufactured by Ajinomoto Co.
Ltd.) 2%, yeast extract 0.3%, K,HPO, 0.1%, MgSO4-7H,0 0.25%,
CaCO3 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 um)

Mobile phase: 45% to 55% methanol (0 to 5 min)
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94 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
Retention time: Pladienolide 3 12.4 min Pladienolide D 4.3 min Table 6 Mer-
Mer- Mer- 11107 ::pAO 11107 ::pAOC : 11107 ::pAOC : C strain :PepsmAB
:PopsmAB strain strain Pladienetide® 2430 809103241.:3 (mg/L)
Pladienolide D 0.0 54.8 18.8 (mg/L) While almost no production of
pladienolide D was seen Wi%’n Mér@fl@@%&@@lin WhickPorly theRector was
introduced, pladlenollde uceg t%)ﬂh
11107::pAOC::PepsmAB and IK% aﬂo pAO Popsté strains having
introduced pAQEsPepsmAB anthpAOC::PopsmAB. This shows that direct
production of pladienolide D can be achieved by introducing the pladienolide
3161xﬁﬁﬁﬁ$tion: 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 6
Mer- Mer- Mer-
. 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::pAOC in which only the vector was
introduced, pladienolide D was produced by the Mer-

11107: :pAOC: :PepsmAB and Mer-11107::pAOC: :PopsmAB strains
having introduced pAOC: :PepsmAB and pAOC: :PopsmAB. This
shows that direct production of pladienolide D can be
achieved by introducing the pladienolide B l6-position
hydroxylase gene psmAB into the pladienolide B producing

strain Mer-11107.
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hydroxylase gene psmAB into the pladienolide 3 producing strain
Mer-11107. 95 Example 14: Preparation of pPampsmAB comprising variant
psmA pPampasmAB-CLM, pPampsmAB-CLLM, pPampsmAB-CLFM and
pPampsmAB-TY having mutations introduced using QuickChangelm
Site-Directed Mutagenesis Kit with the pPapsmAB prepared in Example 1 as
the: termpplate averererepased dm osdercvsadd neite-dseptetsibations ko psmA.
Primers R91C-F and R91C-R (see the Sequence Nos. 37 and 38) having the
seéfliénces shown below were first synthesized: R91C-F:

5-TTCGCGGCC CCGG 3 RIAC-R:

o CACH R GO A A B LG AR 3 4l & biaion wad?
idredycachusing QuickChangeim:Site- Direeted: Midagenasisdit witthangem™
pPapsmAB as the template, replacing the #91 arginine of PsmA with
cysteine i prépare pPeempsnAB-Cl INesxtt prifiet sIR PSS Baid FUEISBIARI N
(see the Sequence, Nos. 39.a d40 havm the sequences shown below
;E”e é;ﬂhgazedlﬁi§§ﬁll ére 8] epareélln order to aé%

SsTEGEAAGELLHGETEGAGLLBERCGAG-3' R195L-R:
5'-CTCGAGCCGCTCGAGCGCCCCTTCCGA-3' and a mutation was

introduéed msirg QuickChamgelR? Siter Diretted MutagenesiseKiavith 37

pPapsmAB-C as the template, replacing the #195 arginine of PsmA with
IéUﬁhé%&;ﬁ@ﬁ&&Q the 'sequences shown below were first

synthesized:
R91C-F: 5’-TTCGCGGCCGTCTGCGACCGGCGGGTG-3’
R9AC-R: 5’-CACCCGCCGGTCGCAGACGGCCGCGAA-3'
and a mutation was introduced using QuickChange™ Site-
Directed Mutagenesis Kit with pPapsmAB as the template,
replacing the #91 arginine of PsmA with cysteine to prepare
pPampsmAB-C.

Next, primers R195L-F and R195L-R (see the Sequence
Nos. 39 and 40) having the sequences shown below were
synthesized:
R195L-F: 5’'-TCGCAAGGGGCGCTCGAGCGGCTCGAG-3"'
R195L-R: 5’-CTCGAGCCGCTCGAGCGCCCCTTCCGA-3'
and a mutation was introduced using QuickChange™ Site-
Directed Mutagenesis Kit with pPapsmAB-C as the template,
replacing the #195 arginine of PsmA with leucine to prepare
pPampsmAB-CL.

Next, primers L403M-F and L403M-R (see the Sequence
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pPampsmAB-CL. Next, primers L403M-F and L403M-R (see the Sequence
96 Nos. 41 and 42) having the sequences shown below were synthesized:
L403M-F: 5-ACGATCCAGGGGATGATGGAACTCCCCGTGA-3' L403M-R:
5-TCACGGGGAGTTCCATCATCCCCTGGATCG-3' and a mutation was
introduced using QuickChangeT" Site- Directed Mutagenesis Kit with
pRapsMAB=CL astherenmplate; heeplacingribe #4003 leucirg of PsarA with
methionine to prepare pPampsmAB-CLM. Next, primers R236L-F and
RZ36LERS(Ge-%he Sequence Nos. 43 and 44) having the sequences shown

below were synthesized: R Y

AT OO R A CRTERREISEA R
SEAGHIGECACCARECIELEAG TCGETLCAGETEL8 and & mutation was
introduced using QuickChangeT" Site- Directed Mutagenesis Kit with

pP2PsMABLICGLNPAS Hie templatdu regldemig the#236Ergiting’ of PstmA with
leucine to pr re pPampsmAB-CLLM. Next, primers 1244F-F and 1244F-R
eDlr ctgg ?/J%%agg e31%5%¢]}cd ﬂél'acl'ﬂaeya t%n%lg—gi as t eov%ﬁrwéia%

4
e,
(see the Sequence NoS. Ing the sequences's oW

were 1 synthesized: 4244FE; 8116 GECGLIRGEEC TLITECGIGETCGTGG-3'
1244F-R: 5-CCACGAGCAGGAAGACGGCCAGCGCCACCA-3 and a
nrutatien svad mtrodudedosing QuickChangeT" Site- Directed Mutagenesis

Kit WitthPapsmAB-CLM as the template
ext, primers R236L-F and R236L-R (see the Sequence

Nos. 43 and 44) having the sequences shown below were
synthesized:
R236L-F: 5’'-AGCTGGACCGACTCGACGTGGTGGCGCTGG-3'
R236L-R: 5’-AGCGCCACCACGTCGAGTCGGTCCAGCTC-3"’
and a mutation was introduced using QuickChange™ Site-
Directed Mutagenesis Kit with pPapsmAB-CLM as the template,
replacing the #236 arginine of PsmA with leucine to prepare
pPampsmAB-CLLM.

Next, primers I244F-F and I244F-R (see the Sequence
Nos. 45 and 46) having the sequences shown below were
synthesized:
I244F-F: 5'-TGGCGCTGGCCGTCTTCCTGCTCGTGG-3"
I244F-R: 5’'-CCACGAGCAGGAAGACGGCCAGCGCCACCA-3'
and a mutation was introduced using QuickChange™ Site-
Directed Mutagenesis Kit with pPapsmAB-CLM as the template,
replacing the #244 isoleucine of PsmA with phenylalanine to

prepare pPampsmAB-CLFM.
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replacing the #244 isoleucine of PsmA with phenylalanine to prepare
pPampsmAB-CLFM. 97 Next, primers M112T-F and M112T-R (see the
Sequence Nos. 47 and 48) having the sequences shown below were
synthesized: M112T-F: 5-CAGCGGCGGATGACGATCCCGTCGTTC-3'
M112T-R: 5'-GAACGACGGGATCGTCATCCGCCGCTG-3' and a mutation
was intregtcedosingrQuick Changedr Site-1Direste dsMeltagenesis ikdhwih
pPapsmAB as the template, replacing the #112 methionine of PsmA with
thtednire/ td stepare PPaMPsHAB-TEEHFEINS prifferS RPESYYF BAER195Y-R
(sseeng}lee§egggnce Nos. 49 and 50) having the sequences shown below
were synthesized: R195Y-F:

SMAGGGHECECELEACTARCILGATCHAGIACET-3' R195Y-R:
5'-GGTACTCCTCGAGGTACTCGCGCGCCCCTT-3' and a mutation was
intlodUcetr using @ aickEHarHgETC Hite- IDirected-Vietagenesis Kit with

p?ﬁ&%“?ﬁ%@?éﬁe&g?pi%t?fﬂrgé?%%%{”%é*i‘% #181%"" %'Qggng YDA with
tyrosine o prepare pPampsmAB-TY. Example 15 Preparation o
inreduction plasmyd fysdaulie: homalogeus seeembination ktherbelief that
psmMAB or variants thereof could be introduced by double homologous
recambinationtiising lal huckadtiden sequenicé eomprising DNAQartieipating in
pladienolide biosynthesis that had already been determined
prepare pPampsmAB-T.

Finally, primers R195Y-F and R195Y-R (see the Sequence
Nos. 49 and 50) having the sequences shown below were
synthesized:
R195Y-F: 5’'-AGGGGCGCGCGAGTACCTCGAGGAGTACCT-3'
R195Y-R: 5’'-GGTACTCCTCGAGGTACTCGCGCGCCCCTT-3"
and a mutation was introduced using QuickChange™ Site-
Directed Mutagenesis Kit with pPapsmAB-T as the template,
replacing the #195 arginine of PsmA with tyrosine to
prepare pPampsmAB-TY.
Example 15: Preparation of introduction plasmid by double
homologous recombination

In the belief that psmAB or variants thereof could be
introduced by double homologous recombination using a
nucleotide sequence comprising DNA participating in
pladienolide biosynthesis that had already been determined

in Reference Example 1 (7) determining the nucleotide

sequence of the pladienolide biosynthesis gene cluster,
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in Reference Example 1 (7) determining the nucleotide sequence of the
pladienolide biosynthesis gene cluster, 98 along with neighboring DNA
thereof, an introduction plasmid was prepared by the following methods. The
Four primers, pldout-L-BgI2F, pldout-L-SphIR, pldout-R-SphlF and
pldout-R-BgI2R (see the Sequence Nos. 51, 52, 53 and 54) having the
sequeances showsibelovs, werepsynthesized pasad o theinueleotidelasmid
sequence downstream from DNA participating in pladienolide biosynthesis in
ordér foramphiffaReqtiefcé Tol ptifpusecsi@ddble homologous
recomhjnatian: pldout-L-Bgl2F;

5 GGOAGATCTGEAGETCATCEEEOEAREARCEAE A PP 1=

Pl - SphRhO FTEAL GAGLE GEAT GG GILCOGECEILACEGTSS .
pldout-R-SphlF: 5'-CCCGCATGCGGCTGGAGATCATCCAGAGCGCA-3'
pldout-R-BdI2R2 Bl GEGAGATCT AGAATATSTEE GBCCACAGBCTGAE-3'
Thesg}Primersdwgr%eugeg to run a PC‘iR undgr the follogvin%ggggjctiroens. (PCR

rgé/&loneﬁ&lﬁ% COﬁ%pOSItiOP\) Ektlgrilréuﬁurlef%tdl watér 30 Ul 2x concéntration GC

buffer 150, ub dNTE prixed golutig (219 MWh eaeh IAJRHGIR; dTTP and

dCTP) 16 uL pldout-L-Bgl2F or pldout-R-SphlF (50 pmol/uL) 1 uL

pidoist:l -SphiRwor ifldoat-ReBgRR 56 pmeliulddsab  Merdblt0z total DNA

(100 ng/uL) 1 uL LA Tag polymerase (5u/uL, TAKARA HOLDINGS INC.)1 uL

homoYogous recombination:

pldout-L-Bgl2F: 5’-GGGAGATCTGCAGGTCATCGGGGGGAAGAACCACA-3'

pldout-L-SphlR: 5’/-TCTCCAGCCGCATGCGGTCCCGGGTCACCGT-3’

pldout-R-SphlF: 5’-CCCGCATGCGGCTGGAGATCATCCAGAGCGCA-3'

pldout-R-Bgl2R: 5’-GGGAGATCTAGAACATGCCGGGCCAGAGGCTGAC-3'
These primers were used to run a PCR under the

following conditions.

(PCR reaction liquid composition)

Sterile purified water 30 pL

2x concentration GC buffer II 50 pL

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 uL

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

95°C, 3 minutes 30

99



(Reaction temperature conditions) 95C, 3 minutes 30 99 cycles (98C 20
sec, 65C 30 sec, 68C 3 min) 72C, 5 minutes A 2.08 kb DNA fragment (DNA
fragment LZ) was amplified from the reaction using pldout-L-Bgl2F and
pldout-L-SphIR, while a 2.73 kb DNA fragment (DNA fragment RX) was
amplified from the reaction using pldout-R-SphlF and pldout-R-BgI2R. DNA
fragments LZ and RX were purified with QIAGEN PCR Purification Kit
(QIAGEN Co.), and digested with restriction enzymes Bglll and Sphl. Next,
the fv6 pritnéhyd-SpeSithF afd Mg2-SphRifsee the Sequence Nos. 55
aggé/ﬁ) @%@g&@gssequences shown below were synthesized based on the
nucleotide sequences for purposes of amplifying the hygromycin resistance

gene: hyg-SpeSPhNA fragment (DNA fragment LZ) was amplified
5-GGGGCATGCGGACTAGTACACCGTCGCCTCGGT-3" hyg2-SphR:
5fERm3€ﬂ§AT@ﬁ§3TQﬂVP@iRQCKﬂQGMy3@K§9¢2ﬁ3?ﬂyfmﬂﬁﬁpﬁﬁﬁmﬁQmﬁ%r

U%ngg runj)a.gl%ﬁfgn “%; %ﬁ%%v%v'n%IﬁggdgignsmgP%%g?gction liquid

composit?on € purifi x concentration GC buffer 11 50 uL

diNF R mixed sehdion (2 5mlteach dihRdETR, TR 8pedCIRy 16 uL
hyg-SpeSphF (50 pmol/uL) 1 uL

pldout-R-Bgl2R. DNA fragments LZ and RX were purified with
QIAGEN PCR Purification Kit (QIAGEN Co.), and digested with
restriction enzymes BglII and SphI.

Next, the two primers hyg-SpeSphF and hyg2-SphR (see
the Sequence Nos. 55 and 56) having the sequences shown
below were synthesized based on the nucleotide sequences
for purposes of amplifying the hygromycin resistance gene:
hyg-SpeSphF: 5’-GGGGCATGCGGACTAGTACACCGTCGCCTCGGT-3"
hyg2-SphR: 5’ -GCCGCATGCGTCAGGCGCCGGGGGCGGTGT-3

These primer were used to run a PCR under the
following conditions.

(PCR reaction liquid composition)
Sterile purified water 30 pL

2x concentration GC buffer II 50 pL

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

16 pL
hyg-SpeSphF (50 pmol/pL) 1 uL
hyg2-SphR (50 pmol/uL) 1 L
Streptomyces hygroscopicus JCM 4772strain 1 pL
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hyg2-SphR (50 pmol/uL) 1 uL Streptomyces hygroscopicus JCM 4772strain
1 uL 100 total DNA (100 ng/uL) LA Taq polymerase (5u/uL, TAKARA
HOLDINGS INC.)I uL (Reaction temperature conditions) 95C, 6 minutes 30
cycles (98C 20 sec, 63C 30 sec, 68C 2 min) 72C, 5 minutes The 1.21 kb
DNA fragment (DNA fragment hyg2) amplified as a result of this reaction
wascpurifiedh withoQIAGEN. PCR Purification Kit (QIAGEN Co.) and digested
with restriction enzyme Sphl. The DNA fragments LZ and RX digested with
ré3tricicn PeRZYAES Byl Bhd’Sphi AR BNAAGRent A2 digésted with
re&{gigtci%q enzyme SPQJE ang sChOuI;[t e 1}/E:(g:}]osr)pKUZS\’:’» (see Fig. 3) digested with
restriction enzyme]O BamHT were all 4 connected together with DNA Ligation
KitsVer. Z1{Takaeas Bic Inc.). Thus, a roughly 22 kb plasmid 30 cycles
pKU253-LZ-hyg2-RX for double homologous recombination was constructed
codAfprising pKes253 havinglingeftedthéfein afidughly 6.0 kb DNA fragment
c ising DNA fragment hyg2 inserted between DNA fragments LZ and
R%glp&ar%p el%:trensgertion of psmAB or variants thereof into introduction

plasmidrpKU253rL Zrhy@2:RX- by.double hemaloggks nkecopabinatiop ithe e q
pPapsmAB constructed in Example 1 and the

as a result of this reaction was purified with QIAGEN PCR
Purification Kit (QIAGEN Co.) and digested with restriction
enzyme SphI.

The DNA fragments LZ and RX digested with restriction
enzymes BglII and SphI, the DNA fragment hyg2 digested with
restriction enzyme Sphl and shuttle vector pKU253 (see Fig.
3) digested with restriction enzyme BamHI were all 4
connected together with DNA Ligation Kit Ver. 2.1 (Takara
Bio Inc.). Thus, a roughly 22 kb plasmid pKU253-LZ-hyg2-RX
for double homologous recombination was constructed
comprising pKU253 having inserted therein a roughly 6.0 kb
DNA fragment comprising DNA fragment hyg2 inserted between
DNA fragments LZ and RX.

Example 16: Insertion of psmAB or variants thereof into
introduction plasmid pKU253-LZ-hyg2-RX by double homologous
recombination

The pPapsmAB constructed in Example 1 and the
pPampsmAB-CLM, pPampsmAB-CLLM, pPampsmAB-CLFM and

pPampsmAB-TY constructed in Example 14 were digested with
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pPampsmAB-CLM, pPampsmAB-CLLM, pPampsmAB-CLFM and
pPampsmAB-TY constructed in Example 14 were digested with 101
restriction enzyme Spel. Each kind of DNA digested with restriction enzyme
Spel was electrophoresed (Mupid-ex: Advance) on 0.8% Certifiedim
Molecular Biology Agarose (BIO- RAD), and the isolated 1.8 kbp DNA
fragmentccomprisingythe ploA prometer anch@satABIax varignis Hiereof h
(hereunder sometimes called PapsmAB, PampsmAB-CLM,

PEPTPEMAB-CL LWV Z P msMABLEL FMSSH P ampRREABA Y Wasexised and

collected and ified with. QlAquick Gel Extraction.Kit (QIAGEN Co.). B
B R e (Pae mA P mp o n M. Bassboh e Lo
PapmsmAR: GLIEM ansh BaspsmABxTY) wete reannecteddusipg DNAJ igation
Kit Ver. 2.1 (Takara Bic Inc.) to the pKU253-LZ-hyg2-RX prepared in
BxbidpleriBiaiisichdiad eebdigested withtesthiaiciPénZnesSpele The

respective DNA fra nts (PapsmAB, Pamp B-CLM,
BRGNP e, CIER) AD P oo 3 s s
insgrtedupstream from the hyg2 afhpKL2a3:L4-hygd-RX¥toconstuct theng
roughly 24 kb plasmids pKU253-LZ-hyg2-PapsmAB-RX, pKU253-LZ-hyg2-
PamipSraB -CLIM-RX AaK U6 35EZ-Hyrgf2-PaimipsmAB-CLO MAEEY, KlJ253-
LZ-hyg2-PampsmAB-CLFM-RX and pKU253-LZ-hyg2-PampsmAB-TY-RX

for PurposRs o iirolticing i MAB  or VAR AAts thetSOFBY o ubtE homologous
recompbination: Gxample L Aptredugtion of psmARQ variants thereof into

Mer-11107 by double homologous recombination The resulting
pK&IRES:t Zdnygd-RapsmABIR X, pKtU263:LZer . 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-hygZ2-PampsmAB-TY-RX
for purposes of introducing psmAB or variants thereof by
double homologous recombination.
Example 17: Introduction of psmAB or wvariants 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-LZ2-hyg2-PampsmAB-CLFM—-RX and pKU253-LZ-hyg2-
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hyg2-PampsmAB-CLM-RX, pKU253-LZ-hyg2-PampsmAB-CLLM-RX,
pKU253-LZ-hyg2-PampsmAB-CLFM-RX and pKU253-LZ-hyg2 102
PampsmAB-TY-RX were each transformed by electroporation into
conjugated E. coli S17-1 to obtain S17-1/pKU253-LZ- hyg2-PapsmAB-RX,
S17-1/pKU253-LZ-hyg2-PampsmAB-CLM-RX, 517-

1kl 203H-Z4-hygR - RampseAB-C kb s Rt b - bip k253 44-byg24 on
PampsmAB-CLFM-RX and S17-1/pKU253-LZ-hyg2-PampsmAB-TY-RX.
Th@t@sﬁﬂrhifsweﬂpﬁu 2B3LL 7Ry 2-PepspRABIRXS 5171 /PKU253- L2~

o N R L PSS £5- i Bt CLEN X S
Sﬂka@i@im L7, hyg2-RaspsmABIIY-RYX Were-ingeulated inta LB, gnedium

(1% bacto tryptone, 0.5% yeast extract, 0.5% NaCl) comprising 25 ug/mL of
kBRaRFEPaRBFOGRugANE of LAydroriyciA B hhd st akifgenruret at 36& -for

2 hours ang them ll?r)l/vqgt?%%%” ée(}i1 3sged twi ‘Q’Qh OLpL of LB

medium and suspefnded i |uma“Phese weré the donor

suspensions: YWhilg,the-dapersuspensians were beipgprepared, iMgr--11107

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

Seiyakan)zdhd sShakiRg cuitured 4800 forlE Howrs; BadrtheARycélainre and
collected, washed twice with 10 mL of sterilized water and suspended in 1

nﬁ_lg)f Sterffidea water Yits Wﬁ%&&eﬁ?sﬂ?ﬁ@né%c%ﬁ?ﬁﬁ exthof®
the $1(x1/pKU233-LZ-hyg2:-RapsmABsRX, 517 1IpKU253-L Z5hyg2y4c1 )

PampsmAB-CLM-RX, 517-1/pKU253-LZ-hyg2- PampsmAB -CLLM-RX,
SiFRblpkdi253-17-hygRIPam psmABSCLEMRX and 517 /ifpKis253-LZ-
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
mlL, 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-L7-
hyg2-PampsmAB-TY-RX donor suspensions was mixed with 10 pL

of the Mer-11107 recipient suspension, and applied to
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hyg2-PampsmAB-TY-RX donor suspensions was mixed with 10 uL of the
Mer-11107 recipient suspension, and applied to 103 Actino Medium No. 4
agar medium (Nippon Seiyaku). After 18 hours of culture at 30C, this was
covered with 2.5 mL of SNA (0.8% nutrient medium: Difco, 0.4% agar)
comprising 2 mg/mL of ribostamycin. These were incubated at 30C for 7
days to eht@iniikostamyecin-gesistand P23 dlohyg2+1 PapsmABRXer 18
pKU253-LZ-hyg2-PampsmAB-CLM-RX, pKU253-LZ-hyg2-
PAPHESMAB-SHHVHRX 2HK B253: L 2Ty 21PanfsSrABICY FV-RX angt of
pKU253-LZ:hyg2-PampsmAB-TY- ansformants. The resulting_ .

R (5 b b A SKUSEELZ. he o PAmpe A CER R,
PK263-LZ-hyg2-RampsmAB-CildMd<RXere incubated at 30°C for 7
pKU253-LZ-hyg2-PampsmAB-CLFM-RX and pKU253-LZ-hyg2-
PamipPSIABITYARX transforaiarts wereeactrinochlatéd infe?th vt of TSB

medium gonaining g dhostamyoin, and shaking pUred 490 19 34 o,

achof p aps

PKLZR3hE -y a2r PampemiBs CLM-RX s PKLZR3 s kY02 M-RX and
PampsmAB-CLLM-RX, pKU253-LZ-hyg2-PampsmAB-CLFM-RX and
PKUIEEZ L Zhyg2rPampsmNB TYC RXtransforfrramtauttere liquid was
collected and, washed twice with 10 mL of sterilized_water and suspended in

10 mL of'Stetifizéa watér RSt “siitaply driutetPStiéiverision Wak appiéd to
Yﬁﬁ%@ggmc@/ﬂmew@@@%l?{wfle@grgggmz@t&e}w@fé%
soluble starch, 2% agar, 10 mM calcium chloride) comprising 200 ug/mL
hygtorhyeinZzB hand rculbatedat SOT o4 dayspiSingle-talonigsegrowing in
YMS agar medium comprising , ,
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
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hygromycin B were transplanted to YMS agar medium comprising 200
ug/mL of hygromycin B and YMS agar medium 104 comprising 200 ug/mL of
ribostamycin, and incubated at 30C for 2 days. After the cultivation,
hygromycin 3-resistant, ribostamycin-sensitive strains were selected. The
resulting strains were strains having the hygromycin 3- resistance gene hyg2
ansdpsmABnor variants thereaf inseded adgwnsireantini theugenemeat 30°C
(between nucleotides 73362 and 73369 in the Sequence No. 1) from DNA
pé@ﬂ-’ciﬁaﬁ?ﬁ@ﬁw pladierolifle Dicsyrithesisl and WerE ealfed Mé-repaprant,
smAB Mecr 11107 ZX: ﬁ/ 2 Pam ACB (g:LM Mer-

n%%? m eh51

1518 )? IX ampsmA§ C?Llfﬁ‘/ll iiio‘?
Zﬁ%élygilﬁ@reﬁimﬁ%m&l\é and-Mer=1 HLO7-ZX: hyg 2 ParpsoAB-LY.
Example 18: Pladienolide production by Mer-11107- ZX::hyg2::PapsmAB,
MersTBLET-ZX 482 IRERpSAAB-TIAY, Mervariants thereof inserted

11107- X h gZ P smAB CL Mer-11107-
Vhyg ampsm C(ﬁ'—t]\ﬂ andlrgliéer fffbf%%%oajzd%sarﬁp?’g%%ﬁw 500

ubeach @fnfrezi%n segdoftheMer-11107- £ X5y 92::RaRsMABi ng in
Mer-11107-ZX::hyg2::PampsmAB-CLM, Mer-

1210FiZXchyge:: RPampentABsCEL Vi Mem¢1¢0Falled Mer-11107-
ZX::hyg2::PampsmAB-CLFM and Mer-11107-ZX::hyg2::PampsmAB-TY

o%i%m&éﬁ% EXathpie Ty waginothlated o ™s #il: bFUBEE Fneditin ($dfuble
starel 2%y soy, bean.meal (ERHSANIMEAT, manyfactured by Ajinomoto Co.

Ltd.) 2%, yeast extract 0.3%, K2HPO4 0.1%, MgS0O4.7H20 0.25% CaC03
073%; prbAot: adjusted)B-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-Z2X::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-
Z2X::hyg2::PapsmAB, Mer-11107-ZX::hyg2::PampsmAB-CLM, Mer-
11107-ZX: :hyg2: :PampsmAB-CLLM, Mer-11107-
ZX::hyg2::PampsmAB-CLFM and Mer-11107-ZX::hyg2::PampsmAB-TY
obtained in Example 17 was inoculated into 25 mL of seed
medium (soluble starch 2%, soy bean meal (ESUSAN-MEAT
manufactured by Ajinomoto Co. Ltd.) 2%, yeast extract 0.3%,
K,HPO4 0.1%, MgSO4-7H,0 0.25% CaCOs; 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 of main
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and incubated at 25C for 3 days. 300 uL of the resulting seed culture broth
was inoculated into 30 mL of main 105 cultured medium (soluble starch 5%,
glucose 1%, Pharmamedia 3%, SoyPro 1%, adekanol LG-126 0.05%, 3-CD
2.0%, CaC03 0.1%, pH 7.5), and incubated at 25C for 6 days. After the
completion of the cultivation, the resulting culture broth was extracted by
addition-et4 tisas:the( esnavntokacetonitate,. Theiamounts pf pladienskide D,

pladienolide H13 corresponded the 20-position hydroxyl pladienolide D,
phadierhde €2 corrésisérided thé 212 politidhecarbony! plddfendlideé’D and

pladienoli corresponded the 20-position hydroxyl and 21-position
Oty Mo Re B e Foee T SxRcrwre. Sebatidd by HPLC.
The measusement results are shown inndable ¥ The HR| Ctmeasurrment g
conditions were as follows. (HPLC analysis conditions) Device: Shimadzu
HPLC t0ARresiumrsDevélosil BB SPUGST4te AimaE58 mrs antMobile
phase: 20%_to 35% ac?ory’_t;ile ( i[lo 13 min t35%ft0 0Q% ac%.o(yitr' e (13to
17"1Rin) - 20% acetonitile (17 to 22 1in) Flow rats: 10 MmL/min Defection: UV
249 nme Injection Nolune: s dls Golumntemperatuie: 406, ARalysistime: 22

minutes
pladienolide D, pladienolide C2 corresponded the 21-
position carbonyl pladienolide D and pladienolide C3
corresponded the 20-position hydroxyl and 21-position
carbonyl pladienolide D in the resulting extract were
measured by HPLC. The measurement results are shown in
Table 7. The HPLC measurement conditions were as follows.
(HPLC analysis conditions)
Device: Shimadzu HPLC 10Avp
Column: Develosil ODS UG-3 (4.6 mm 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
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Retention time: Pladienolide H13: 5.5 min Pladienolide C3: 8.3 min 106
Pladienolide D: 9.0 min Pladienolide C2: 11.1 min 107 Table7}} ONLEE
8MOL600 NXanr MEO-ONQO9MEmMV?IDhrLCOO0000CO LL
MN(DXJ NMU C6CONQce)F=Clicl;tco ar~VOOOM MNLON
NXJ a

Pladienolide D: 9.0 min

Pladienolide C2: 11.1 min
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As a result, large amounts of the pladienolide degradation products
pladienolide H13, pladienolide C2 and pladienolide C3 were produced
together with pladienolide D by Mer-11107-Zx:hyg2::PapsmAB having
introduced PapsmAB, while with Mer-11107-ZX::hyg2::PampsmAB-CLM,
Mer-11107- ZX::hyg2::PampsmAB-CLLM,
Mer-114687=Z%chyg2:;PampsmAB-GhEM @hdche pladienolide
Mer-11107-ZX::hyg2::PampsmAB-TY introduced with PampsmAB-CLM,
PAPAPSMAB-C1 LIV CBRRTpSRABICERML Affl PAmpsmABIRYo biatiehdlide D
W, roduced but production of the pladienqglide degradation products
St LS, Dot e A o St ade L3 e e ess e
approximatelyoone guatter. . These resultssuggestedtbatiby dntrogisteing
variants of the pladienolide B 16-position hydroxylating enzyme gene psmAB
intbithe pladiendtide B-1pYoduging swain: Merramdy-it idpo¥sibtel tol &chieve
direct production of pladi ide D while reducing productign of [ ide
e SBEOE 1O i 1. o DAt SR Coaty fea
continueus nucteptige.sequence-ahpucliestides 1322:49.,2548 in the
Sequence No. 2 which have 1 or 2 or more modified sites selected from the
greup eoASistihl ofFRntp @) AFeloW.M) aParoeifigdsitée Whereth thensequeéndd ,
cgc of nucleatides 1592 to 1594 is modified to a codon encoding an amino

aRith GtREPthER argiling; 85 a9noaiticd Sitd tiersin e Séquéifce atg of

nﬁggﬁE@§§lide 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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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 sequencecatgiafsnucleotides 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 3 codon encoding,an aming acid, other thap leuging, 2. A variant
of DNA comprising the continuous™ nucieotide sequence of nucleotides 1322

t0.25484n the 110.Qaquence Nac2auvhichdavest orsopmare inodified sites
selected from the group consisting of 1) to 6) below: 1) a modified site
wigerrte sequenceégé of avelebtitles? 1592ters I ibimbelifictitoea

codon encoding cysteine, methionine or proling; 2) a modified sjte wherein
se?ecteg y]rn %e ﬁﬁﬁ%%sci%%éﬁg f%’%) ﬁégﬁ geiow

the sequenceé aig of nuc is mod 0 a codon
engoding-threonineqr: sefiner 3) A madified sitewheregin the seauense; ege of

nucleotides 1904 to 1906 is modified to a codon encoding leucine,
1592 to 1594 is modified to a codon encoding an amino acid
other than arginine;
2) a modified site wherein the sequence atg of nucleotides
1655 to 1657 is modified to a codon encoding an amino acid
other than methionine;
3) a modified site wherein the sequence cgc of nucleotides
1904 to 1906 is modified to a codon encoding an amino acid
other than arginine;
4) a modified site wherein the sequence cgc of nucleotides
2027 to 2029 is modified to a codon encoding an amino acid
other than arginine;
5) a modified site wherein the sequence atc of nucleotides
2054 to 2056 is modified to a codon encoding an amino acid
other than isoleucine; and
6) a modified site wherein the sequence ctg of nucleotides
2528 to 2530 is modified to a codon encoding an amino acid
other than leucine.

2. A variant of DNA comprising the continuous

nucleotide sequence of nucleotides 1322 to 2548 in the
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isoleucine, proline, tyrosine or phenylalanine; 4) a modified site wherein the
seqguence 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
tex2536rsenodified tora eadon encodsig methionine, eystefiiear isaleycine.
3. A variant of DNA comprising the continuous nucleotide sequence of
nBeledtieed 320254814 e CSa§héRce NP2 whidtPhave 382 or more

dified sites . selected from the gr comprising 1) to 6) pelow: 1) a.
o She R e Comhe (s S e es B 5 To8H peies
madified 0 ascadans enecading-eysteing; dddo?) amedified siteswherein the

seqguence atg of nucleotides 1655 to 1657 is modified to a codon encoding
threbhirme 3)sa Afodified site wherein the sequence cgc of nucleotides 1904

tQ 1906 is madified to.a codon encoding leucine or tyrosine; 4) a modified
L e o N S e The R s

codep encoding leucing.B)ra saodified sitewhersindhe sequenseataofor
nucleotides 2054 to 2056 is modified to a codon encoding phenylalanine;
apgrine;

3) a modified site wherein the sequence cgc of nucleotides
1904 to 1906 is modified to a codon encoding leucine,
isoleucine, proline, tyrosine or phenylalanine;

4) a modified site wherein the sequence cgc of nucleotides
2027 to 2029 is modified to a codon encoding leucine,
isoleucine or proline;

5) a modified site wherein the sequence atc of nucleotides
2054 to 2056 is modified to a codon encoding phenylalanine
or valine; and

6) a modified site wherein the sequence ctg of nucleotides
2528 to 2530 is modified to a codon encoding methionine,
cysteine or isoleucine.

3. A variant of DNA comprising the continuous
nucleotide sequence of nucleotides 1322 to 2548 in the
Sequence No. 2 which have 1 or 2 or more modified sites
selected from the group comprising 1) to 6) below:

1) a modified site wherein the sequence cgc of nucleotides

1592 to 1594 is modified to a codon encoding cysteine;
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6) a modified site wherein the sequence ctg of nucleotides 2528 to 2530 is
modified to a codon encoding methionine. 4. A polypeptide encoded by the
variant of DNA according to any of Claims 1 to 3. 112

2) a modified site wherein the sequence atg of nucleotides

1655 to 1657 is modified to a codon encoding threonine;

3) a modified site wherein the sequence cgc of nucleotides

1904 to 1906 is modified to a codon encoding leucine or

tyrosine;

4) a modified site wherein the sequence cgc of nucleotides

2027 to 2029 is modified to a codon encoding leucine;

5) a modified site wherein the sequence atc of nucleotides

2054 to 2056 is modified to a codon encoding phenylalanine;

and

6) a modified site wherein the sequence ctg of nucleotides

2528 to 2530 is modified to a codon encoding methionine.
4. A polypeptide encoded by the variant of DNA

according to any of Claims 1 to 3.
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