Description Genetically modified microorganism and process for
production of macrolide compound using the microorganism Field of the
invention The present invention relates to recombinant microorganisms
having the ability to produce 16-position hydroxyi macrolide compounds,
and to methods for producing 16-position hydroxyi macrolide compounds
using those microorganisms. 5%‘%}%9 a{til(gnnportant bioactive substances
have been discovered among the Varfous etabolites produced by the
actinomycetes. In particular, many compounds have been found having a
poiyketide in the basic structure (hereunder called poiyketide
Geempodnds). empoundsntiaving varioLiss biclogicakfupetienstare known
including for example the antibacterial agents erythromycin, josamycin,
pr gdosiin, pridedamycin @hddaycinamisindhe shntifurigas agentsanstatint sm
and amphotericin, the insecticidal agents miibemycin and avermectin, the
immune suppressors tacrolimus and rapamycin and the anti-tumor agents

Figiuénoor?yg adriargx%igbnaciacinomycin and the like. The poiyketide

& . .
compounds include a group of macroiide 1 compounds with excellent

antiqtymar actiuiy-callede pladienalides « Fladignolidesis a.general term

for a group of compounds discovered in culture of the
microorganisms having 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 bicactive substances have been discovered
among the various metabolites produced by the
actinomycetes. 1In 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 11107B (also called pladienolide B), which is
represented by the formula (A) below (See WO 2002/060890). Jo OH
OH O O O OH (A) Of these pladienolides, the 16-position hydroxyl
substance represented by the following formula (I) has excellent

roperties including str anti-tumor activity and the like, but jt has been
CO‘E |élurftét% pW(l)guﬂce [ ng'l%lerrll y%rélgéﬁgél its ép/roacicu%'l\\ﬁf)l/C 5 iﬁ%ir%)? o that of

p1341Q7813 Je R OHQ OQ0-QH) QH ) swherein R is.a hydrogep atom or

hydroxyl group). The compound represented by the formula (I) may be
gr 6alle b E=282 vihenR s a hydeagen atoncand 41208 arhpladienolide D
when R is a hydroxyl group.
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) .

OH O

(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.



A research group including the applicants in the present application has
subsequently discovered actinomycetes which hydroxylates the
16-position of 11107B but which are not pladienolide-producing
organisms (see WO 2003/099813 and WO 2004/050890), have obtained
and identified DNA participating in a 16-position hydroxylation reaction of
11107B (DNA encoding for 16-position hydroxy@ting enzyme and those
ferredoxins) from these actinomycetes, and havig submitted a patent
application therefor (see WO-A 2005/052152/pﬂi(ished on June 9, 2005).
We have also obtained and identified from thé plac
strain Streptomyces sp. Mer-11107 polypeptides p

idnolide-producing
ticipaging in

publishe({ﬁiﬁn January 26, 2006). It has t 4g BECOmE po
16-positio ntIy thain before by

16-position hydroxyl substanCeg using other actinomycetes capabqu@f)
the 16-position hydroxylation reaction. However, because of the
(whea-stager reactionh the-operatianandificulty srdoubled;rangoif has been

therefore desired to establish a more efficient production method.

The compound represented by the formula (I) may be
called ME-282 when R is a hydrogen atom and 11107D or
pladienolide D when R is a hydroxyl group.

A research group including the applicants in the
present application has subsequently discovered
actinomycetes which hydroxylates the 16-position of 11107B
but which are not pladienolide-producing organisms (see WO
2003/099813 and WO 2004/050890), have obtained and
identified DNA participating in a 1l6-position hydroxylation
reaction of 11107B (DNA encoding for 1l6-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



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-
Onhgdrr%g-tetr%eno%)q In C can be achieved by introducing the
hy&roxyl%&lion gene of Streptomyces fradiae Tu2717 into Streptomyces

glaugesgens GLAO that praduces tetracenomycin, GAsee . Bactariob,,

1995, Vol. 177, 6126-6136). Cases are also known in which a polyketide
hyaempeund ubieswitbesisigene hasthearintrodueed solestohe expressed

in a strain having an enzyme which modifies the polyketide compound,
pr peBudtinginldireet roductibe of aysolyketide tompdune modifiest:by aipn. Mer
llenz_é/me originally present in the 4 host strain. For example, it has been

ridrthat diréct” protitictisn of 6f/dtoxd tbtiat8RomMyCIASE tah e e

reggllieved by, inyoducing he Letiacenomyein ¢ biosynthesiz gene of . .o 1
%?rep%orgyces glaucescens LA D nto t?ept\émyce radiae TU2717,

ot Which.passesses ap enzyme-that h%@%ﬁ'ét%m?éo@ Position of
tetracenomycin C (see J. Bacteriol. 1995, Vol. 177, 6126-6136). In some

hy6ases; preduciionaf @medifiedmolgketide termpassd cantiesachieved: age
with a strain of a different species by introducing the polyketide

regompound bissypiitasis gene and afdarmencoding anwnkzgmhe whidhit has
modifies the _ _ o

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



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 Post ee J. Antibiot. 2000, Vol. .53,
052 o8] Disclosite 5 hdantion f Rear SEfoct SFhe ressh - CL7ect

pr BYERHQR 0 provide, Jacombinant MICToprganisms having the ability iQ,eq py
produce the 16-position hydroxyl macrolide compound represented by

inthe-ahevenferuta () Anothercabjeatds to pravide aneethodyehprodacing
a 16-position hydroxyl macrolide 5 compound using these recombinant

St nvicroomyarisms Uataresffort to résdive thetafofementiormedqsrebleras 1te
inventors used genetic engineering methods to Erepare (breed

Tunidrborgdhisinis RARTGHHUR tRE prévidsly eaygﬁ@rax_éhﬁﬁ)@&m 6
P e o on b iOn ISactionof LL1078) aiiiey Tk tound thal’s -

position hydroxyla ey have'foundthat a
1 736-positions hydroxyi macrolide compound accumulated in large quantities
in the resulting culture broth. Thus, they accomplished the present

inventiopombatds sthe, presediinyentiornorelates tol thei dallgywing Kb tod21).
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 1l6-position hydroxyl macrolide compound represented by
the above formula (I). Another object is to provide a

method of producing a 1l6-position hydroxyl macrolide



(1) A recombinant microorganism, which is a microorganism having ability
to produce 16-position hydroxyi macrolide compounds represented by the
formula (I): JoR OH O O OH OH (I) (wherein R represents a hydrogen
atom or hydroxyi group), and, which comprises: (a) DNA encoding wholly
or partially a poiypeptide 6 participating in biosynthesis of the macrolide
compounds represented by the formula (1) JO R, OH.Q OH~) (wherein
represen%s ahydrogen atom or ﬁy&roxy group); néli'bs)nifl\'lA encoding
whofly of pagtially,a pelypeptide having-16-positign,lydroxylating enzyme
activity with respect to the macrolide compounds represented by the
thabeverentors used genetic engineering methods to prepare

CcO

(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 16-position
hydroxyl macrolide compound accumulated in large quantities
in the resulting culture broth. Thus, they accomplished
the present invention.

That is, the present invention relates to the
following (1) to (21).

(1) A recombinant microorganism, which is a
microorganism having ability to produce 1l6-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



formula (I1). (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
-[Elorachiy.(3) The rscombinant miciooiganism deseubed (1,01 (2)
Panereih the DN Hescrﬂaﬁunfer](a) above s DRA comprising: (a- 5] e
refRRtNYOUs NUSlegtide seauences of pugleotides 7 8340 to 27935 in the
sequence No. 1; (a-2) the continuous nucleotide sequence of nucleotides
28021 to 49098 in the sequence No. 1; (a-3) theontinuous nucleotide
sequence of nucleotides 49134 to 60269 in the gequence No. 1; (a-4) the
continuous nucleotide sequence of nucleotid 9 to 65692 in the
sequence No. 1; (a-5) the continuous nucleotide sequence of nucleotides
68160 to 66970 in the sequence No. 1; (a-6) the iQu nucleotide
sequence of nucleotides 69568 to 68270 in the|seque 0. 1; and (a-7)

sequencelNb. 1, or a variant thereof. (4) Th inantymicroorganism
described|in (2) g 0

(1)

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

(b) DNA encoding wholly or partially a polypeptide
having 1l6-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



(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
83ggnt{nouoy.?mleotidghsquence of nycleotides 65707 to 66903 in the

in e e enc . . .
sequence’NB. 1, 0r a variantthereot. (6) THe recombinant microorganism

(adescribed inany;of,6h) 4o (5). whereindhe DNA desciibed,in the aAbaye(b)
above is DNA selected from the group consisting of: 8 (b-1) the
2 g cantinupusaurbeatidetseguenge oh ducheotides 1322 to 2548 in the
sequence No. 2; (b-2) the continuous nucleotide sequence of nucleotides
(2420 to60Zointthasegaence NeoBldrd He3) theceomtinuvus treleotice
uence of nucleotides 172 to 1383 in the sequence No. 4, or a variant

se
49 {ntredl (PR rédontifiatEirieasigatlidm déscribed in any one of (1)

to é?) herein the DNA represented by (b) above is a varian ongA
(g i LRy Biaram oo e

602848 inthesseguence N %ggﬂj@}lg@s NPr 2 or more modified sites

selected from the group consisting of 1) to 6) below: 1) a modified site
(awbgereindéhe sequence.cgtoiduciedtitless 4592 1@ 4594 isimotiiedlitosas
codon encoding an amino acid
68160 to 66970 in the sequence No. 1;
(a—6) the continuous nucleotide sequence of nucleotides
69568 to 68270 in the sequence No. 1; and
(a—"7) the continuous nucleotide sequence of nucleotides
72725 to 70020 in the sequence No. 1, or a variant thereof.

(4) The recombinant microorganism described in (2) or
(3), wherein the DNA described under (a) above further
includes DNA encoding wholly or partially a polypeptide
having 6-position hydroxylating enzyme activity.

(5) The recombinant microorganism described in (4),
wherein the DNA encoding wholly or partially a polypeptide
having 6-position hydroxylating enzyme activity is DNA
comprising the continuous nucleotide sequence of
nucleotides 65707 to 66903 in the sequence No. 1, or a
variant thereof.

(6) The recombinant microorganism described in any of

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

above is DNA selected from the group consisting of:



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
nucleptides 2027 to 2029 is modified.to a codon encoding an amjno acid
(0 or i BT ) & O S et T Belerbe oy e
13hyclegtides, 2064 101205645 medifieqtp a godon encoding an amino acid
9 other than isoleucine; and 6) a modified site wherein the sequence ctg
(bobnueleetides) 252840 25304 swadified tocargeder eacoding BAAMEMOs 420
acid other than leucine. (8) The recombinant microorganism described in
toany ofielof {)to Bawhiersiniite DNA sepresented by (b) above is a
variant of DNA comprising the continuous nucleotide sequence of

(brideleblifies 2357 1619548 P he St dncé N D 9hicH has T st o mdre 72
ified. sites selected from the grqup consisting of 1) to 6) below: 1) a
oo e ihesi 16 Gaat hbe o ot i cleaaL 15

site'w ce c¢gc of nucleo to 7594 is
modifigd {9,a coden.Rncading cysteine, MEIRIoNINE QI OIRG 2/ any one

modified site wherein the sequence atg of nucleotides
of (1) to (6), wherein the DNA represented by (b) above is
a variant of DNA comprising the continuous nucleotide
sequence of nucleotides 1322 to 2548 in the sequence No. 2
which has 1 or 2 or more modified sites selected from the
group consisting of 1) to 6) below:
1) a modified site wherein the sequence cgc of nucleotides
1592 to 1594 is modified to a codon encoding an amino acid
other than arginine;
2) a modified site wherein the sequence atg of nucleotides
1655 to 1657 is modified to a codon encoding an amino acid
other than methionine;
3) a modified site wherein the sequence cgc of nucleotides
1904 to 1906 is modified to a codon encoding an amino acid
other than arginine;
4) a modified site wherein the sequence cgc of nucleotides
2027 to 2029 is modified to a codon encoding an amino acid
other than arginine;

5) a modified site wherein the sequence atc of nucleotides

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



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
ot reoling g%almociifie%%%whae@n the sequence atc of nucleotides 2054
0 20 élls modified t6 & cddon encoding phenylalanine or valine; and 6) a

6) modified: site wherein the, sequencectg of pucleotides ;10,2528,10 2530 is.
modified to a codon encoding methionine, cysteine or isoleucine. (9) The

2 5 peromnbinantomicsoarganism deseriteddnddty ene-@f (h)tode),anhereinacid
the DNA represented by (b) above is a variant of DNA comprising the

othentiruous nileotite .sequence of nucleotides 1322 to 2548 in the
sequence No. 2 which has 1 or 2 or more modified sites selected from the

group Londiting 6P TN 6 Beldw T8 AiGHified sits WRBf&ifi the . 21y one

S ence cgc, of nuycleotides, 159 1594 is modifie a on .
Ofezg§dinﬁ8 c;%i)einev;q Iéerrlwgdfﬁéﬁ sgl)tlé%wﬁeer%ﬁet %“s%%%etﬁ&cé%g of' bove 1is

a Duclegtides, 46580 16p71s modified, 1o a soden encading thieoning 3) a
modified site wherein the sequence cgc of nucleotides 1904 to 1906 is

semoslifies tofa aodor encading lIexine or 2548 in the sequence No. 2

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

group consisting of 1) to 6) below:

1) a modified site wherein the sequence cgc of nucleotides

1592 to 1594 is modified to a codon encoding cysteine,

methionine or proline;

2) a modified site wherein the sequence atg of nucleotides

1655 to 1657 is modified to a codon encoding threonine or

serine;

3) a modified site wherein the sequence cgc of nucleotides

1904 to 1906 is modified to a codon encoding leucine,

isoleucine, proline, tyrosine or phenylalanine;

4) a modified site wherein the sequence cgc of nucleotides

2027 to 2029 is modified to a codon encoding leucine,

isoleucine or proline;

5) a modified site wherein the sequence atc of nucleotides

2054 to 2056 is modified to a codon encoding phenylalanine

or valine; and

6) a modified site wherein the sequence ctg of nucleotides

10



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

codin thionine. (10) The , recombinant microorganism described in
Eageabbilom Tl Hciicpla b Slo e bt

cyWhich has been incorpargted the DNA described under (b) above derived
from a microorganism of a different 11 species. (11) The recombinant

micropygamismraesstibed dn 1)y comprisingra Bosthaving heiDNA any one
described under (b) above into which has been incorporated the DNA

of désaribed Urtder (d)above derivedfrons adifferent spedies. (2) Fheve 1is
recombinant microorganism described in (1), comprising a host having

2 Hehe of the’DNAGesibbB Uhtde? (a)and By abovd intd Whidthas Geen
neorporled the DNA, descriedyndet ot o) ar 1) bove dere
[ in

SSffom different élpceues. The recombinant mlcroorganlssn%%%gc?nebe
wh@B¥% 0, 1) 10 :2) owherein the recombinantdmicroorganisp baving dhet ne

ability to produce the 16-position hydroxyi macroiide compound

gr tepresenied byithe fermula (Hds a)stiad ow :

1) a modified site wherein the sequence cgc of nucleotides

1592 to 1594 is modified to a codon encoding cysteine;

2) a modified site wherein the sequence atg of nucleotides

1655 to 1657 is modified to a codon encoding threonine;

3) a modified site wherein the sequence cgc of nucleotides

1904 to 1906 is modified to a codon encoding leucine or

tyrosine;

4) a modified site wherein the sequence cgc of nucleotides

2027 to 2029 is modified to a codon encoding leucine;

5) a modified site wherein the sequence atc of nucleotides

2054 to 2056 is modified to a codon encoding phenylalanine;

and

6) a modified site wherein the sequence ctg of nucleotides

2528 to 2530 is modified to a codon encoding methionine.
(10) The recombinant microorganism described in (1),

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

into which has been incorporated the DNA described under

(b) above derived from a microorganism of a different

11



belonging to Streptomyces genus. (14) The recombinant microorganism
described in any of (1) to (13), wherein 50 mg or more of the 16-position
hydroxyi macrolide compound represented by the formula (I) per 1 liter of
culture broth can be produced when the recombinant microorganism is
inoculated into a 250 mL Erlenmeyer flask containing 30 mL of the

< goél%véng medium, cultured at 25C for 4 days with rotary shaking (220
prpm) and extracted by addition of 270 mL of acetonitriie, and the

resulting exiractis analyzed by HRLCHndes the; follonipg measurgment |

conditions to assay the amount of the 16-position hydroxyi macroiide
coR@PMPeund representedyithe I tormuma () sMedism)Golekle starchbove

5%, glucose 1%, Pharmamedia 3%, CaC03 0.1%, pH 7.5 (HPLC
inhreashiahehieconditions) nDevieershiathdzusHPNE |IO0AypGélamnunder

Develosil ODS UG-3 (q 4.6 mm x 50 mm 3 pm) Mobile phase: 45%-55%
(3 ethas (B Mt 559 Methahof (BIE miMP 5596 % 70% methanol

(13-2Lin), 0% methianol (21:25 min) Flow rate: 1.2 mLimin, Dtedtiq
uv gx;lmhlnjecﬁon voﬁume: E 6ol%mr?faempera re: £68 !
comprising a host having none of the DNA described under
(a) and (b) above into which has been incorporated the DNA
described under both (a) and (b) above derived from
different species.

(13) The recombinant microorganism described in any of
(1) to (12), wherein the recombinant microorganism having
the ability to produce the 16-position hydroxyl macrolide
compound represented by the formula (I) is a strain
belonging to Streptomyces genus.

(14) The recombinant microorganism described in any of
(1) to (13), wherein 50 mg or more of the 1l6-position
hydroxyl macrolide compound represented by the formula (I)
per 1 liter of culture broth can be produced when the
recombinant microorganism is inoculated into a 250 mL
Erlenmeyer flask containing 30 mL of the following medium,
cultured at 25°C for 4 days with rotary shaking (220 rpm)
and extracted by addition of 270 mL of acetonitrile, and
the resulting extract is analyzed by HPLC under the

following measurement conditions to assay the amount of the

l6-position hydroxyl macrolide compound represented by the

12



(15) A method of producing 16-position hydroxyl macrolide compounds
represented by the formula (I) or pharmacologically acceptable salts
thereof, or hydrates of them, wherein the recombinant microorganism
described in any of (1) to (14) is cultured in nutritious medium, and the
16-position hydroxyl macrolide compounds represented by the formula (1)

eodre %Ileggd from the culture broth thereof. (16) The method described in
fﬂﬁ wherein a cyciodextrin is present in the culture broth. (17) The

(vethad described in (16), Wherei_n t_he cyciodextrin is.a cyciodextrin _
selected from the group 13 consisting of a-cyclodextrin, y-cyclodextrin,
partiallyupiethyatedarcgelpdexttinodimethyl-aeyclodextna 3%, CaCos;
trimethyl-a-cyclodextrin, glycosyl-a-cyclodextrin and

0. hydroxitpropyl-a-cyclodextrin. (18) A variant of DNA comprising the

continuous nucleotide sg\%gence of nucleotides 1322 to 2548 in the
(HEEQUEIRESNG S WhicIFRAVE T 67253r more modified sites selected from

the géq]uipctéqnsé tiln 0 ZlJ tﬂ@igefd%vl a modified site wherein the
sequence cgc 0 Alcleotides 1592 1o 1594 is modified to a codon

enceding-an. amine.acid ; othep than-arginipe;a2)ea medifiedssitewhergin
the sequence atg of nucleotides 1655 to 1657 is modified to a codon
encudinglan amirccacid Sethep thanemiediioningdD-5 min), 55% methanol
(5-13 min), 55% to 70% methanol (13-21 min), 70% methanol
(21-25 min)
Flow rate: 1.2 mL/min
Detection: UV 240 nm
Injection volume: 5 UL
Column temperature: 40°C
(15) A method of producing 16-position hydroxyl
macrolide compounds represented by the formula (I) or
pharmacologically acceptable salts thereof, or hydrates of
them, wherein the recombinant microorganism described in
any of (1) to (14) is cultured in nutritious medium, and
the 1l6-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



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 en ocgng an.amino acid .other I;Chan isoleucine; and 6)
4] &30

=R oanéd st wherdin ciedtides 2528 fo 2

Re Sequence étgof iudles

meMogifiadto & caden gpeading an aminowacid -giher thap Jeucine 14 (19) A
variant of DNA comprising the continuous nucleotide sequence of

tr nelentidep 1322102548 inithe sequencel Np-2 wichibave 1r0rzher
more modified sites selected from the group consisting of 1) to 6) below:

hy dy anodified sité wherdindhe 'segoence cge of nucleotides 1592 to 1594
is modified to a codon encoding cysteine, methionine or proline; 2) a

modifiéd site WHetéin the Seqlén &Ry ofhiutiedtitesC 9655 15 9657 is
dified t d 0 threoni ne: fod si
nusnvfeéjcelcgﬁo 289520 egc%drjngucrfgg%i%%rigggr% 1%8% B‘é’gg'gﬁns't&e

erein the Sequence cgc of nucleot IS'modified to a
seGRdOR-engeding leycine, isglaucing, praling, tyrgsine of phenylalaning4)

a modified site wherein the sequence cgc of nucleotides
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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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

vari f DNA_comprising t ontinuous nucleotide sequence of
P Enile 1355 Dot T Sehs NEE 2 hch P S0 o
numgﬁ%%ﬁ%%at&%&&'%ﬁe%{{eﬂb@@ﬁ@gpf@ﬂyorw%ht@ 6)belgw: 15
1) a modified site wherein the sequence cgc of nucleotides 1592 to 1594
setsuandidieddo accadoncencaoghing cysieing; 3y armedifiedsite whereinibe
sequence atg of nucleotides 1655 to 1657 is modified to a codon
se génacadifg fhreonines 3yadnodified site Whereinfthé sefaende bgd of :
nucleotides 1904 to 1906 is modified to a codon encoding leucine or

L) tyroBiRe: 41L& thothfisy Yrewhdrein tie SEGUEIKE Y6 MiclddtiesC6 97 S
2029 i dified to a.cod ding leucine; 5) a modified sit
15202 i pedledi sy seningloiene 9 amediedle,

erein the sequence atc of nuc es
me €04, €RcOding Phenylalanine; and 6) a modified site wherein the

sequence ctg of nucleotides 2528 to 2530 is modified to a codon

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

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

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

15



(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

1 recombination, and, the genetic inireduction techniques used therpforare.
not Timited to genetic récombination u3|ngq§1asm|ds and Gther Vectors bu

15elude teehniques of homalogaus recambination. and the like. 16, \ariant
of DNA" means: (1) DNA that hybridizes under stringent conditions with

2) the msiginad EINA; (23 DINAs withra Ruelestide:sequencechaiinhd0% =0 ides
greater homology with the nucleotide sequence of the original DNA; (3)

16 DNA havifg a rucleotitief segueneeaconmplementarydo thie Huckeotides ;
sequence of the original DNA; or E%DNA which does not hybridize under

3) sirgefit Eoriditions- with theoriyindl DNA die6 Yegenercy ofa gérte 9€S

don, hich has a nucleotide sequence coding, for the same amino

o R e o8 R ST s e LA o By (16 BNR Gefhed

ty'%%rg%gf;(l) to (3). "DNA that hybridizes under stringent conditions"
means for example DNA obtained by colony hybridization, plaque

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

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

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

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

The terms in the present specifications are defined as
follows.

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

and the like.
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hybridization, Southern hybridization or the like using the original DNA as
the probe, and specifically may be DNA which can be identified using a
filter having DNA derived from a colony or plaque fixed thereon by first
hybridizing at 65C in the presence of 0.7 to 1.0 M sodium chloride, and
then washing the filter at 65C using an 0.1 to 2x concentration SSC
solqtkgnr(anr%sggo Iop with a Ix concentration comprising 150 mM

. Va eans: . . .
sodiuni chforide @n mM “Sodiuim citrate). A "relative" is a compound

(1$hatpasthe sameframework \characterizing the, chemjcal struclure buh, +he

that differs in terms of the form of modification or the form of the side 17
or €haina 1'163position hydroxyiating enzyme activity" means the activity of

converting the 16-position hydrogen atom of macrolide compound (Il) into
(2a Hyldkoxyi group. Né-pesitichydrexyiating enzymedactiVity'omeans ther

activity of converting the 6-position hydrogen atom of the macrolide

hopghpaUnd {Sométime talied ME2655 rartesEnted by thePfollgwitlyt DA/
I BN, 12 0.0 O QUIBL TSI 1
nucleotide sequence of the original DNA; or

(4) DNA which does not hybridize under stringent conditions
with the original DNA due to degeneracy of a gene codon,
but which has a nucleotide sequence coding for the same
amino acid sequence as the amino acid sequence coded for by
the DNA defined in any of (1) to (3).

“DNA that hybridizes under stringent conditions” means
for example DNA obtained by colony hybridization, plaque
hybridization, Southern hybridization or the like using the
original DNA as the probe, and specifically may be DNA
which can be identified using a filter having DNA derived
from a colony or plaque fixed thereon by first hybridizing
at 65°C in the presence of 0.7 to 1.0 M sodium chloride,
and then washing the filter at 65°C using an 0.1 to 2x
concentration SSC solution (an SSC solution with a 1x
concentration comprising 150 mM sodium chloride and 15 mM
sodium citrate).

A "“relative” is a compound that has the same framework
characterizing the chemical structure but that differs in

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

17



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

maorglide,campeynd ﬁ%@'@é@ﬁ}tfgtk% edRlowing, farmyla (12): Jo R Ok o
O O OH (D) (wherein R represents a hydrogen atom or hydroxyl group).
activity of converting the 1l6-position hydrogen atom of
macrolide compound (II) into a hydroxyl group.
“6-position hydroxylating enzyme activity” means the
activity of converting the 6-position hydrogen atom of the
macrolide compound (sometimes called ME-265) represented by

the following formula (B) into a hydroxyl group.

O

A

H\/
|
§ JQ\
0
NN 0 OH
(B)

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

following formula (E):
OH
\J/A\\E

j\J\
X XN 0 OH
(E)

“T7T-position acetylase activity” means the activity of

O

converting the 7-position hydroxyl group in the macrolide

18



"Transcription regulator activity" means the activity of regulating the
transcription of DNA encoding a polypeptide participating in biosynthesis
of macrolide compound (ll). According to the present invention, a
recombinant 19 microorganism can be obtained having DNA encoding a
polypeptide participating in biosynthesis of macrolide compound (Il) and
having DNA encoding a polypeptide_having . 16-position hydroxylati
CORRAITIE AEBiny i TEShect 16 Racronds Borbou e 1} Snd Capdble of
acdirest fermpentative production of 16-position hydroxyl macrolide
compound (I). 16-position hydroxyl macrolide compound (I) can be

produced efficiently by culturing that recombinant migroorganism and
collecting the compound from the culture broth. Particularly, 16-position
hydroxyl macrolide compound (I) can be produce re effciently and

correspondenge between cqsmids and each of ORFs of DNA C
participating in biosynthesis of pladienolides in Mer-11107. (<)

(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) :

OH O

N TN 0 OH
(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 (ITI).

According to the present invention, a recombinant

19



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
macrolide compound (Il) in the present invention can be obtained by a

s TEth0 known in the ield (such as fne colony hbicization mefhod
described in°Molécular Clonlng,rén cﬁtlorrl} rom ecul?urelaqnycelia of

po@yBicraorganisay ¢apable of prpduging; that macralide sempoupd This

microorganism may be any capable of producing the macrolide
corpmpatnd rregasdlassefspeciesar strasy hud stains beterging o thering
Streptomyces genus of the actinomycetes are preferred. One example is
1 6 theo Stiteptomi)eely spyVle -1 2P0 2B HHING WiidhiNas bewn idolatedpfrom to
soil. Mer-11107 was deposited as FERM P-18144 at the National Institute
M3 6§ Biosefence HNd HimahiPectdfodyP BY_hEy Of Irftitistifat Stieie 4 1 ve
Technalogy (1-3, Higashi . 1-chome Tsukuba-shi, Ibaraki-ken 305-8566
T S ot Dekemiar 15: S000 SRt PN ras to B ataral )
16Deposit FERM BR-£812 ap Intemafignal Ratent Qiganisme. Dengsitayoduced

(IPOD) National Institute of Advanced Industrial Science and Technology
e f €istikethaGendkal &g 11, HigashinatChemembsukiba-shi cbaaldkensm and
305-8566 Japan) as of
collecting the compound from the culture broth.
Particularly, l6-position hydroxyl macrolide compound
(I) can be produced more efficiently and selectively, by
applying DNA encoding a polypeptide which has 1l6-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

pUCl9aph::oriT::intphiC31.
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November 27, 2001. The operations for obtaining the target DNA are
outlined below using the Mer-11107 strain as an example. 21
Recombinant DNA obtained by connecting genomic DNA of Mer- 11107
that has been partially digested with a suitable restriction enzyme
together with a cosmid vector capable of replication in E. coli that has
Deggg gcg éesd \évilth aigrt{it%kt%letrﬁ%tri HQ,% enzyme is incorporated into E.
colito ob aln(frangauced strains. The mﬁ}tlfﬂer%ransduced strains
obtaingd abgue ate then seregned using;a,agMERLOLR KNOWN 4 ined in
hydroxylating enzyme (cytochrome P450 enzyme) gene as the probe,
deaad thexrassduced strains that hybridize to the probe are selected. DNA
that hybridizes to the hydroxylating enzyme gene present in the selected
coshilds 4 thedhiolstamedcandosefueteedaThisds Heantimrodaced into E.
coli, and once it has been confirmed that the transformed E. coli has

P1gpositioithytrotyIRing enzyifie CABRAYONAOdingG forthiste-positibn

i nfludioxylating enzyme can pe ised as the.profie in Sguthem fybridization
{0 select, cosmids comprising a macrolide compound Blosynt esis gene

(sswt%gﬂe&q@%w@@%@&q@!ﬂgﬁq S PH{%‘HHB@VQ@%’JL%%BSQ@%V“G
from the multiple positive clones (cosmids) obtained above, and the

MolargetiRNACs cahtainedby erganizing)thesecosimidsuDetails ©f all thesa
operations are described in Reference Example 1 and also in WO-A

0£2606/009276 cspecifications submitfedbypthecing that macrolide

compound. This microorganism may be any capable of
producing the macrolide compound, regardless of species or
strain, but strains belonging to the Streptomyces genus of
the actinomycetes are preferred. One example is the
Streptomyces sp. Mer-11107 strain, which has been isolated
from soil. Mer-11107 was deposited as FERM P-18144 at the
National Institute of Bioscience and Human-Technology
Agency of Industrial Science and Technology (1-3, Higashi
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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applicants in this case, and these can be used for reference. A nucleotide
sequence obtained in this way (amino acid 22 sequence in the coding
sequence) comprising the region surrounding of DNA coding for a
polypeptide participating in biosynthesis of macrolide compound (11) is
represented by the Sequence No. 1 in the sequence listing. The DNA

represente e uence No. 1 includes 8 open reading e B
R OREL LA Tt A0 o 35055, LA T et e
1149998), ploa Ul (Bucleotidas 49134 0,A0269) old I {nyclegtides 60269

to 65692), p1dB (nucleotides 65707 to 66903), pldC (nucleotides 68160
re b 86240)o pldbh hpsteatides 89568we t6:827 0) anrdipldR ftucteatidesble of

72725 to 70020). Of these DNAs, pldA |, pldA 1l, pldA IIl and pldA IV have
repévearaktranscription reading frames eachareiuding coriecor morér a

repeating units called modules in the same way as other known ,
SuhbRRefide Bivsyrthesageiesy RS explaifed Betow tesch fiddufer codest t©

or all or some, domains selected from the acyl carrier protein (ACP) .
O R T AT St orio (K5), acy PN AT SO a2 102
opPaHicipate in,cendgnsatign reactions n polykefide -sythesis.and e,

ketoacyl reductase (KR), dehydrogenase (DH) and enoyl reductase (ER)
kndamainsi nieh padictpaie iy reepasiten catheny! grosp rnadiieationyene as

reactions, and the final module includes the thioesterase (TE) domain,
theyhigtpbe, 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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removes the polyketide chain from the polyketide synthetase. Fig. 1
shows the biosynthesis pathway of a macrolide 23 compound in the
Mer-11107 strain. Unlike the other modules the loading module has the
central cysteine replaced by glutamine, indicating that pldA | participates
in the initial reaction. Module 10 includes a thioesterase (IE) domain,

Seinlgé%aéieng.tgag?llgAclv ?olehrticiggtes ip1 tkeuz figalm rea}Lcé:ign of tsl){ntheésizir(l) the
Hasic poly]keti e Skefeton. Oncd the basic skefeton of the pglyﬁetﬁjle as

i thi o ified b —ngsiti ) _

S e or o D, T 7 20SHan acetylate ohooed by PG nd g1
in6rposHion-mydsoxylase eaeedad by pidBnio biesynthesizesmastatideent ed
compound (I). Macrolide compound (Il) in which R is a hydrogen atom
by cahdeJradecettby ceither deleting pidR o mysdifyirit 86 that it does not
express its function. PIdR, which has high homology with the aveR gene

encobimgA fransetition regiatyr falor it AVeRneciiPbiokyrthesistes 8

encodes.a DNA transcription . requlator. factor, partici a&n in, bi thesis
O AR coMaBCRda INIAL DrEseht Imohian DN SAgsdid £

27D9lypeptide; having 16-position fydroxyiating enzyime agtivity \with 111
respect to macrolide compound (II) can be obtained by methods well

(nkaows in thesfield (Such as teclpny diyxidizatiopnunethodidessribed 8 to
Molecular Cloning, 2nd

65692), pldB (nucleotides 65707 to 66903), pldC

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

68270) and pldR (nucleotides 72725 to 70020).

Of these DNAs, pldA I, pldA II, pldA IITI 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), PR-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
B-position carbonyl group modification reactions, and the
final module includes the thiocesterase (TE) domain, which
removes the polyketide chain from the polyketide

synthetase.

Fig. 1 shows the biosynthesis pathway of a macrolide
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Edition) from cultured mycelia of a microorganism having 16-position
hydroxylation ability with respect to the macrolide compound. Any
microorganism having the ability 24 to convert the 16-position hydrogen
atom of the macrolide compound to a hydroxyl group can be used
regardless of species or strain, but desirable examples include strains

cofg90ina.0 e 2cinomysstes. Bxamples offhoss indyde te . podules

omyces sp. 44 strain an omyces sp.

tnstraigand the Streptamyses speA-La60 strain., The A d 544 strainwas.,

deposited as FERM P-18943 at International zatent Organism Depositary
gl Mesianaldnstitutel ©f Atvaneed tihdustizal Scienceianigdeelnalagy he

(Tsukuba Central 6, 1-1, Higashi 1-Chome, Tsukuba-shi, Ibaraki-ken
in3058566<kapanyas of Yoy 23 20021 and tiderstransfetredstoerase (TE)

International Deposit FERM BP-8446 as of July 30, 2003, at International
dopatdht Grydnisht Depositary (FPOD) NatBRAI sttt ©Ff Advahtéd f1al

Industrial Science and Technol (Tsukuba Central 6, 1-1, Higashi
o Crise Lo e . Ak o SO BeeEabaa). e A 1200 i
OnW@Stﬁ%p%%@g&%EQBM8ﬁ19§§5c%te|n%@?ﬂ%&@%@@mr@ormed
Depositary National Institute of Advanced Industrial Science and
inTeshrolagy (Tsukuba Gentiad H:d-byHigashills,Geme sTsukibasghixidase
Ibaraki-ken 305-8566 Japan) as of November 13, 2003 and then
cotradsferredy Intedhationad DeposititERM BP<I0AD2sas ehaggiest 19y pldC

2004, at _International Patent Organism Deposita%(IPOD National
and the 6-position 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 l6-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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Institute of Advanced Industrial Science and Technology (Tsukuba
Central 6, 1-1, Higashi 1-Chome, Tsukuba-shi, Ibaraki-ken 305-8566
Japan). 25 The operations for obtaining the target DNA are outlined
below using the A-1544 strain as an example. Genomic DNA of A-1544 is
first prepared and subjected to PCR using primers prepared based on the
sequence_informatjon for a known hydroxylating enzyme gene .
0 (SHbHrbine P50 EnByie) o Sbtain & Sgeciialy) brplfied DR =L 1d=
coffpgment which isfhen sequenced. Thenucleqtide; sequence ofdhe, ¢
neighboring region upstream and downstream from the cloned DNA
spagmendis thenamplifiedtoyian iinverse RGR{cel Iechnology Vel rb4ns
pp. 591-593, 1995) based on the resulting sequence and cloned, and the
be sequaente isanalyzedcDetaiRyofelllthese bperatibns avdé ddseribedislude
Reference Example 2 (A-1544 strain), Reference Example 3 (Mer-11107

Ehetrainy Rt WetefehceExdmple 4 (A UB60 strdlf), Bha alss FPWOHACEs Sp-
2005/052152 published.on . Jung 9, 2005, and these ¢ ed. for .

e oidenio. TH DA GG RGO reglon s obeaed Ha"

Th@-%&%@t@ig%% e@ﬁ%@%@&é’%’@&“% haying Jp@lrwht@nat _
hydroxylating enzyme activity with respect to macrolide compound (Il) is

Inteprasenteddy thetSaequence Na. sz imthesaquengeNistingnBle DINA itute
represented by the Sequence No. 2 includes two open reading frames

of (BRFs)cpsmAn@uclenviidds $322 ¢ 2548Pand psmBL(iclettides 2564

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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to 2761), which encode 16-position hydroxylating enzyme and ferredoxin,
respectively. Similarly, DNA (including neighboring region) encoding 26 a
polypeptide having 16-position hydroxylating enzyme activity with respect
to macrolide compound (II) obtained from Mer-11107 is represented by

the Sequence No. 3 in the sequence listing. This DNA represented by the

Seguence No. 3 includes two open reading frames (ORF pmA
S RETE0 1 T80 ind oAl (hLiebliGes 2575 to TR} shich
Ou@Fjg%%%@péﬁ%@l%p@ﬂ@"}gﬁ%@?@/rg%ggqnfegr§dgf§]ne§%§1&§‘fg\(ely.
DNA (including neighboring region) encoding a polypeptide having
Gedbrpositmmehysifoxylatingienzynie ractivily svithrespecidodnacretided to
compound (I) obtained from A-1560 is represented by the Sequence No.

PCR im then Seiguenes Histinge This DNA repesented oy tha Ssguence No. 4
includes two open reading frames (ORFs), tpmA (nucleotides 172 to

10§ 883PAnPtbmBnGclEBHdEs 1365 (< 1593), Wwhith @HE6dE $BSosition

hydroxylating me and ferredoxin, respectively. Further,.variants of. _.
(i above.menioned Vards DNA Wiih encodés & pobpepide having'

pnASROSHIRN, hydroxylating enzymeactiyity can be abfaingdby:the; qe

following procedures. First, the site-directed modification is conducted,
sebased endtie originat DiNfo seghgnee informatit, addnihen dhelesuliing am

site-directed
from the cloned DNA fragment is then amplified by an
inverse PCR (Cell Technology Vol. 14, pp. 591-593, 1995)
based on the resulting sequence and cloned, and the
sequence 1is analyzed. Details of all these operations are
described in Reference Example 2 (A-1544 strain), Reference
Example 3 (Mer-11107 strain) and Reference Example 4 (A-
1560 strain), and also in WO-A 2005/052152 published on
June 9, 2005, and these can be used for reference.

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

ferredoxin, respectively.

Similarly, DNA (including neighboring region) encoding
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variant of DNA is introduced into the host. Thus, the objective variants
can be selected and obtained by using the highly selective and active
16-position hydroxylating 27 enzyme of the variant of DNA of the resulting
recombinant microorganism as the index. The site-directed modification,
for example, can be conducted by using, as a template, a plasmid cloning

the original. DNA and. using the primer constructed based on the
« B A B o e T Y S 8 as

acQuickGhapger, Site;Riracted, M&g@%qeﬂ%Kg&%%amn@ﬁq-)-d%mg@ged
these variants, as those having high 16-position hydroxylating enzyme

f r ativiyrand further Bigheselectivrity « dJongxarmples nthercasens psmAn the
encoding 16-position hydroxylating enzyme and being obtained from

seAuESAZEstidiaL the varidmict DNA hasirgetherdortinbous hecleetidence No.
sequence of nucleotides 1322 to 2548 in the Sequence No. 2 and 1 or 2

3 BPﬁﬁdﬂé?ﬁodiﬂ’éﬁ Qﬁ’(?srlsé@é@ﬁrfﬂ)_rﬁ}fﬁgﬁﬁou@ _ﬁéistiﬁ@%@the following
(10,6 may be oclugied: 1) modified s wherein the sequene,cag.of

nucleotides a codon enco ing an amino acid,
18 9@?@%%@9@@9@% than,argining; : _l%%%'??g\é’h@?i%!ée and
sequence atg of nucleotides 1655 to 1657 is modified to a codon
f eepeading @n anvine<acid,vpreferably threonine, other than methionine; 3) a
modified site wherein the sequence cgc of nucleotides 1904 to 1906 is
moditiéd tc.a cbdon encodingrdrrarmiro acidion) encoding a

polypeptide having 1l6-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 l6-position hydroxylating enzyme and
ferredoxin, respectively.

Further, variants of the above-mentioned wvarious DNA
which encodes a polypeptide having lé6-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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preferably leucine or tyrosine, other than arginine; 4) a modified site
wherein the sequence cgc of nucleotides 2027 to 2029 is modified to a
codon encoding an amino acid, 28 preferably leucine, other than arginine;
5) a modified site wherein the sequence atc of nucieotides 2054 to 2056
is modified to a codon encoding an amino acid, preferably phenyiaianine,

engiet e isgleucine; and 6).2 ogified ste wherein e sequence g of

IS modified to a'codon ‘enco an amino acid,

mi Preigrably,methigaingy athey than leugine. TheJegambinang 0&%1@%88@& on,

invention is a recombinant microorganism having the aforementione
£ o 1DNA: epceding arpaiypeptideparteipating i bigsyathesistafmmagtaligea
compound (II)" and "DNA encoding a poiypeptide having 16-position
plhapdroyiating enzymecactivity with réSpect toimasigiide tdoen pouind:(),"
and can be prepared by the methods shown under A) to C) below. A

CONSRAUSHRIRPE PoiyDRpHBE hasmySIE:Boiih e Sating 8R8me

activity with respect to macrolid mpound (11)" is incorporated into a-.
95588 tat STRANT FabFONA enE b0y B foiy HEblde:p oS 1o

51 Plosynthesisof maerolide compownd (15 B) {RNAenceding a poiypeptide

participating in biosynthesis of macroiide compound (ll)" is incorporated
intozanbes) thateriginally: has HNALncrding & potypeptiderhavingosition
16-position hydroxyiase activity with respect to
hydroxylating 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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macroiide compound (I)". C) "DNA encoding a poiypeptide participating in
biosynthesis of macroiide compound (I1)" and "DNA encoding 29 a
polypeptide having 16-position hydroxylating enzyme activity with respect
to macrolide compound (I)" are both incorporated into a host that
originally possesses neither DNA. The host for the recombinant of the

prg%eese t ;(Il}XeTgon .may bet?}?é’ microorganism ca able of incorporating the

argg and' Srlo%eu’cin% ertarge?EG?ﬁcquTt?olnn ydroxyl macrolide

5) campoyng.; hut an example. of g preferred MICrQrggRismyis 8, 3kaiot i des

belonging to the Streptomyces genus of actinomycetes. For example,
20Streptomyces sps Merd 14104 of she like ean berisediingnethody)abave: d,
while Streptomyces sp. A-1544, Streptomyces sp. Mer-11107 or
pr Sreptdmyceshsm A-4560 tan beadsetrinthethod<B) labovendry metthod C),
a strain of Escherichia coli or the like can be used. There are no particular
6) limits orrithé Sethdl of ViRBofpbratiitpthedrict BNA Ehdtaukitiglie fo-pe e s
a host, gut or ex mple thedmgthods dfiscribed in Molecular

2 g 2HDETON S CulTeht Prolocole m MOIGAar Holobyr i s o
présed-aHereare poparticular lipits qn,the host anddplasmid vector
system as long as the target DNA can be stably maintained and
expressedda dhe> hosh tTher plasmie mayaneludeselfteplicatinga
seqguences,
recombinant microorganism having the aforementioned “DNA
encoding a polypeptide participating in biosynthesis of
macrolide compound (II)” and “DNA encoding a polypeptide
having 1l6-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 (II)".

C) “DNA encoding a polypeptide participating in

biosynthesis of macrolide compound (II)” and “DNA encoding
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promoter sequences, terminator sequences, drug-resistance genes and
the like in addition to the target DNA, and the plasmid may be either a
self-replicating plasmid or an 30 integrative piasmid having a sequence
homologous to a specific region in the genome of the anticipated host.
The target DNA may be incorporated into a site either on the piasmid or

. 9nthe genome of the host microorganism. If the host is an actinomycete
brelated's rain, hid seqﬁ-repli%atlng ve&org Bﬁﬁ(éene?lg& 1342137

actLagB)), OJ@{%gge%%@é@tegéam\f%ﬁ%lécée%mﬁ<§3a terigVak-Opoth
Antibiotic-producing Streptomyces (ed. Queener, S.E. and Day, L.E.), pp.

ind394568: AcademicPeesse Otlander Fleg Cannbe ugseddsxampples afeither
self-replicating sequences include rep plJ101 (1988, J. Bacteriol., 170,
DN4634-4651), rep SCP2 (1981, J. Gen. Microbiol., 126, 427-442), pUC19
(Gene, 33 (1), 103-119 (1985)) and the like, while examples of promoter
seqlBfcéLintiuteerrEp IMGPidropitt., 1594 Ndv* 9463)t 53598 LoD
nagBAP L), Becteriol 1002, May, 174(0), 2707-2808) and the e,
gxampfésyoﬁermina{o? sequence@ Include er%mmr f)@ene, fQ%?;
58(2-3);1229:41), Jd derminator (Nucleic Acids Res,5(12), M95AB03 1
ta(l%%%) and ?@ié,g%gyexaﬁélesg ol%prrl;%g%-lr'gesifs%te;ﬁ(:og( ggneoﬁr?gﬁjde h)%g
ma OXualeigAcidsResn #(14):1560-158In(31 986} rist (Mtelr&eneenet.,
199(1), 26-36 (1985)) and the like. The microorganism of the present
miventioncanbelgasilystrain 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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prepared by a person skilled in the art following the descriptions of the
present specification. A recombinant microorganism prepared in this way
can 31 be cultured, and productivity of 16-position hydroxyl macrolide
compound (I) can be evaluated and selected for to obtain a strain with a
high level of productivity of the macrolide compound. That is, a

in eecormk%ing]rét orggg;gmdh vig nthe abiliet}ééo 1Qrod ce SOol[)n ) or_more gf the
macrolide co]%poun%] pera.L literof cuiiture broth can be obtained at a high

spkate f abput 40, while,onehaving. thecability t9,produce 409 MEYE . The

more per 1 liter of culture broth can be obtained at a high rate of about
t a30%t (Methothof ealuating-productvity) dhe recembinast rieroosganris®
Is inoculated into a 250 mL Erienmyer flask containing 30 mL of medium,
Pl ésohibsle ostareh 5% glicosad % IPharendmeéediar89%rCacodr0. 0, -pH 7.5),

cultured with rotary shaking (220 rpm) for 4 days at 25C and extracted b%
additionSF2 ML acetéHitrite EnetRBCrdstilting éxtratt iafdlyzed by the

s JELG.nder the following measuemant conditions o assay the,; 1qs )

e
concerntration o cumu -posi yﬁrdxy macro € compoun

or (LnHBEG neasurement conditigns) Revigesshimagzy HRLCIOAYPy .1
Column: Develosil ODS UG-3 (g 4.6 mm X 50 mm 3 pm) Mobile phase:

9, 4a%:r-55%omethanod (O toi b gin), 5594 cmethanol &ito 13edRk 5p%6-78% and
methanol (13 to 21 min),

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), pUC1l9 (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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70% methanol (21 to 25 min) Flow rate: 1.2 mL/min Detection: UV 240
nm 32 Injection volume: 5 L Column temperature: 40C The recombinant
microorganism of the present invention can be inoculated into a nutrient
medium and culture aerobically, and 16-position hydroxyl macrolide
compound (I) or a pharmacologically acceptable salt thereof, or a

hydrate of them can be obtained from t ulting.culture . broth. In
o T e e s By ey

ma Colture methods for,micregraanisms. butqulture ynderaerobic.conditions +
such as culture with aeration and agitaion or shaking culture in the case

obohanliquid culiure is normallypegierredcAs e medium tised tfprof the
cultivation, any medium may be used insofar as it contains nutrients

mawhichithese ehierorganisfisadanitilize, andoraribussynthetiemediuhmving
semi-synthetic medium and organic medium may be all utilized. As the

the, L EImpBsiisR VEroustdffor Solifces stich ds5yIBesse leiittose,

coff 193G gireern.dedin, Sareh Molassse Ay savbenr banbe st
efther sin ly orin combinations. As the nlf?ogen source, there can ‘be

nhiyged asingle of g, cembinationof argapic nifegen;seuices sWeh as +o
harmamedia, peptone, meat extract, soybean meal, casein,

produce 100 mg or more per 1 liter of culture broth can be
obtained at a high rate of about 30%.
(Method of evaluating productivity)

The recombinant microorganism is inoculated into a 250
mL Erlenmyer flask containing 30 mL of medium, (soluble
starch 5%, glucose 1%, Pharmamedia 3%, CaCOs; 0.1%, pH 7.5),
cultured with rotary shaking (220 rpm) for 4 days at 25°C
and extracted by addition of 270 mL acetonitrile, and the
resulting extract is analyzed by HPLC under the following
measurement conditions to assay the concentration of
accumulated 16-position hydroxyl macrolide compound (I).
(HPLC measurement conditions)
Device: Shimadzu HPLC 10Avp

Column: Develosil ODS UG-3 (¢ 4.6 mm X 50 mm 3 um)

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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amino acid, yeast extract or urea, and inorganic nitrogen sources such as
sodium nitrate or ammonium sulfate. Additionally, for example, there can
be added and used 33 salts such as sodium chloride, potassium chloride,
calcium carbonate, magnesium sulfate, sodium phosphate, potassium
phosphate or cobalt chloride; heavy metal salts; vitamins such as vitamin
B or biotin, if necessary. Further, when foaming is remarkable during
cult&%ﬂgﬁ,t\?a‘ﬁ?)ugoa%ﬁfﬁ}%ml g-agents can be appropriately added in the

medium, Ghemicals necgssary fgrmaintaining drug-resistant genes may
also be added as necessary. When the antifoaming agent is added, it is

required to=seinab anconcentration for nakadverselyaffecting the invention

production of an objective substance. The concentration of the
capchmalatet 16pesitiont hydroxyitrhaertide cdmpoumaccar e inceeased

by addition of cyclodextrins in the culture broth when producing 16-

e8GR hyHroxgT fatholiRTComSountY Ay B ElitivadT of te Compound

ecombinant microorganism of the present inyention. . Examples of
(T i 2

hnyHGngfnkhQﬁnEgM %@ﬂBw@ggﬁEGMQQ@%ﬁﬁ%e resulting culture
dimethyl-a-cyciodextrin, trimethyl-a-cyciodextrin, glycosyl-a-cyciodextrin
brasd .hydroxypropyl-a-cyciodextrin. Each of them may be used singly or in
a combination with another. The amount of cyciodextrin added to the
cultdie proimciple the recombinant microorganism can be
cultured by ordinary culture methods for microorganisms,
but culture under aerobic conditions such as culture with
aeration and agitaion or shaking culture in the case of a
liquid culture is normally preferred. As the medium used
for cultivation, any medium may be used insofar as it
contains nutrients which these microorganisms can utilize,
and various synthetic medium, semi-synthetic medium and
organic medium may be all utilized. As the medium
composition, various carbon sources such as glucose,
sucrose, fructose, glycerin, dextrin, starch, molasses and
soybean 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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is preferably 0.5% to 5%. Addition is preferably at the beginning of
cultivation or during cultivation. The culture conditions can be selected
appropriately 34 within the range at which the microorganism grows well
and can produce 16-position hydroxyi macrolide compound (I). For
example, the pH of the medium is kept at 5 to 9 of near normally the
utral range. The culture erature is_normally 20 tq 40C or .
et 23 o 380 CLIANSn a7 10 £F daye oF norially 4ts 165581
caPfsRurse; the, yarous culture-conditionsdescriped aboye canhe o s s i um
changed and optimal conditions selected appropriately depending on the
phtypeneftaiceaorganisit used, dhe @xternal=conditionsiangk the kikezitamins
Common methods used for isolation and purification of microbial
sumetalsolites froancdlture beotht can befusedae ssclate-and purifythe when
16-position hydroxyi macrolide compound (1) which accumulates in the
Fogptare Br%tﬁ.elﬁ@s%?ﬁi@rﬁeﬁ%é%IG&&EHKHBWﬂ%eﬂ%H%%ﬁéh as
r.gtacpic §%Ivegt ee>grtasctio<ra11 r\l/vigwemethancg)l,relt<tj11%reuil bgt&riloi %trfllylt %etate,
cﬁlor%rm?ac&one, toftiene or tﬁg%ﬁe,pvanous }]orms of lon-exchange
me8RRgMatogranhy . gels filtation chromatagraphy, using Sephadex LH:20 01 4 i
the like, adsorption chromatography using activated charcoal, silica gel,
geadsorbent eesiv (RiaionddPa0ker thedikes adsarptimRedesorptiam by thitming
layer chromatography and high- performance liquid chromatography using
agarevérseashdse, calumisand thellike] and are thot timited 1o e ethads

an

for not adversely affecting the production of an objective
substance.

The concentration of the accumulated 16-position
hydroxyl macrolide compound can be increased by addition of
cyclodextrins in the culture broth when producing 16-
position hydroxyl macrolide compound (I) by cultivation of
the recombinant microorganism of the present invention.
Examples of cyclodextrins to be used in the present
invention include PB-cyclodextrin, y-cyclodextrin, partially
methylated B-cyclodextrin, dimethyl-p-cyclodextrin,
trimethyl-f-cyclodextrin, glycosyl-P-cyclodextrin and
hydroxypropyl-pB-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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indicated herein. These methods may be used singly or in combinations
of two or more in an optional order or repeatedly, which makes it possible
to isolate and purify 35 the target 16-position hydroxyl macrolide
compound (I). Examples The present invention is explained in detail
below using examples, but the present invention is not limited by these

w1 EX3MPlss, In the explanations below, cancentrations of medium 1) g
components are%xpresse as welg%t percen?a(fes tnlesg othérwise

cafPgsified; Referencekxamplenl; Qbiaining DNA engeding polypegtide ) |

involved in biosynthesis of macrolide compound (lI) (1) Cultivation of
FoMesdahd®Yegndiselatinn ©f genemie BNAn Hyphaexf Sttetomyces sp. near
Mer-11107 were inoculated into 25 mL of Tryptic Soy Broth, and cultured
nowithlshakinge an28CHor 3 tayscGendinic DN was preparedditom ¢he s
resulting culture broth according to the methods described under

nouZgihtign genbmic¢ BNAHpPI6270Y VDA H6pwood et dPS Pradiidat o7
. _Strept Genetics (Th | = tion, Norwich, Engl
lszggg)?o( ces_Genetics ngJi?fO nes l%ur%?gon égﬁl\lil%?mfers\ anghe

Pre%%?at?orno er- genomic i ?y' 16 sterilé

vaPyfied water,, 200 pL.of Mers11107. gepome;DNAslution, (3, mglmb), AQ
pL of 10x concentration M buffer solution (100 mM Iris-HCL (pH 7.5), 100

anthMMa@l2] 10 omdi dithinthreiale50Q mMJItaCl) anddepk, ofirgstreiiong on
enzyme Sau3Al (1 unit/pL) were mixed and incubated at 37C
the type of microorganism used, the external conditions and
the like. Common methods used for isolation and
purification of microbial metabolites from culture broth
can be used to isolate and purify the 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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for 3 minutes. 50 pL was then taken out and extracted with 50 pL of
phenol-chloroform mixture 36 (phenoi:chioroform:isoamyi
aicohoi=25:24:1, volume ratio), the aqueous layer was collected and
extracted again with 50 pL of chloroform , and the aqueous layer was
again collected. 5 pL of 3 M sodium acetate (pH 6.0) and 150 pL of
ethanol were added tq the liquid, which was then left at -80C for.3
e S Bt i ed 16 CHIG TS brataiad DA RS g T
washed in 70% ethanol, this DNA was dissolved in 90 pL of sterile
purified water, and incubated at 37C for 3 hours after addition of 10 pL of
Ex3fptirees concentration BAP buffer solution (500 mM Tris-HCi (pH 9.0),
10 mM MgCi2) and 5 pL of bacterial aikaiine phosphatase (0.5 unit/pL,
Takale Bitrine9nThe neactiohotiquid wwarexttactdd withde 0®pll ope low
phenol-chloroform mixture (phenoi:chioroform:isoamyi aicohoi=25:24:1,
US Y Bbinte F8E0)C frre StredusSs&/eT Wk cotlebfdtait extPacted agair With ©Y
100 pL_of chloroform, and.the agueous sayer was again collected. 1Q pL
NGRS A Bcetatd (o1 6.8 ot o 6 Al werd S e
o £ lighid s whichowas thendleft, %—89%1‘9&@48%6%&%ﬁ%mﬁ@%teages
collect the precipitated DNA. After being washed in 70% ethanol, this
un DS wasiissolved inc20-ple 0EJE buffer solution (10 mM Iris-HCi (pH
8.0), 1 mM EDTA). Meanwhile, 10 pg of SuperCos cosmid vector
Re {Stratagené& xGo) Wwasldigested withn e shiidtioprerzymreoXballincept 1de

involved in biosynthesis of macrolide compound (ITI)

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

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

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

resulting culture broth according to the methods described

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

et al’s Practical Streptomyces Genetics (The John Innes

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

160 pL of sterile purified water, 200 pL of Mer-11107
genome DNA solution (1 mg/mL), 40 pL of 10x concentration M
buffer solution (100 mM Tris-HC1l (pH 7.5), 100 mM MgCl,, 10
mM dithiothreitol, 500 mM NaCl) and 1 pL of restriction
enzyme Sau3AIl (1 unit/plL) were mixed and incubated at 37°C
for 3 minutes. 50 pL was then taken out and extracted with

50 puL of phenol-chloroform mixture
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accordance with the Stratagene manual, the DNA terminals were
de-phosphoryiated with calf intestinal aikaiine 37 phosphatase (Takara Bio
Inc.), and after being digested with restriction enzyme BamHI and
purified, this was dissolved in 10 pL of TE buffer solution. 2.5 pL of the
Sau3Al partial digest solution of Mer-11107 DNA described above was

dded to of this cosmid DNA solution, and 1. of sterjle purified.
& DL ETONA TRt R (Takara o i obton T AH-L0 BL

water, SCp 0 ara olution i an 10tpL o?) ’

tnSoltiondyere, added;inthat, erder:and incubated at 23Cfox 40 minytes, so
4 pL of the reaction liquid was packaged into a lambda- phage using

nL Gigapackdd odolKit (StratageneLe.yuldbes the yesulting pagkaged liquid
(total 500 pL) was subjected to a transduction test, colony formation

coabritytwds testedat 803cfY (eoldhyformtiag ahits)(pltl. (8) Preparatidn of pL
various probes (3-1) Preparation of probes comprising keto synthetase

of c6ding Tegiols The ofGmingwo rime e kK&-3F Bha k 2R, Wisre 1ot at

_osynth sizedq ased on sequences that are normally conserved ,in the keto
oG RnCs GOmne O o HER S ThLAB (o8 (hG S enEE Nos. 5

prafd §) KIS APACGECECLI GECACGEGCAGG=3KosdB1, this
5-GTGCCCGATGTTGGACTTCAACGA-3' These primers were used to

DNBafry outiPER under the follopingeonditensle purified water, and
incubated at 37°C for 3 hours after addition of 10 uL of 10
times concentration BAP buffer solution (500 mM Tris-HC1
(pH 9.0), 10 mM MgCl,) and 5 pL of bacterial alkaline
phosphatase (0.5 unit/uL, 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 uL
of ethanol were added to this liquid, which was then left
at -80°C for 30 minutes and centrifuged to collect the
precipitated DNA. After being washed in 70% ethanol, this
DNA was dissolved in 20 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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(PCR reaction liquid composition) Sterile purified water 31 pL 38 2x
concentration GC buffer 50 pL dNTP mixed solution (2.5 mM each dATP,
dGTP, dTTP and dCTP) 16 pL KS-3F (100 pmoi/pL) 0.5 pL KS-4R (100
pmoi/pL) 0.5 pL Mer-11107 total DNA (100 ng/pL) 1 pL LA Taq
poiymerase (5u/pL, Takara Bio Inc.) 1 pL (Reaction temperature

conditions) 9 minutes (98C 20 sec, 63C 30 sec,,68C 2 min) 30
o e CPe s AR TS 30 B DA ap R s gt
withis @é@%%\é’?&%e@ﬁ&rﬁ?ﬂgo@éﬁﬁ P”aQr@%@rQ%%@cg,elrt%ﬁ‘_jsthﬁa §olated
930 bp DNA fragments were excised and collected and purified using
d i S&PREQ-0In(Takara. Bir Ince). Wsing:=10 sigLafttherresulting DNAof the
fragments as the template, 930 bp DNA fragments comprising the keto
Sagyrithetasetcotingregiont eerewdnplificdfadéin uhdéP thePsEmePCR 1bed
conditions as above except that the number of reaction a/cles was

AbEREnJEFto? 20 FhéSe DRA Rraghiehts ferd'éon ehtrated dhd Purifiedd 1 -
3B PEC B 1ok s andsopt e oalna e
(TSRBPLSIHYLYIORhrome 1430 98NG 1'egid 10 pL of Solution I were
added in that order and incubated at 23°C for 10 minutes.
4 pL of the reaction liquid was packaged into a lambda-
phage using Gigapack III XL Kit (Stratagene Co.). When the
resulting packaged liquid (total 500 pL) was subjected to a
transduction test, colony formation ability was tested at
380 cfu (colony forming units)/pL.
(3) Preparation of various probes
(3-1) Preparation of probes comprising keto synthetase
coding regions

The following two primers, KS-3F and KS-4R, were
synthesized based on sequences that are normally conserved
in the keto synthesis domains of polyketide synthetases
(see the Sequence Nos. 5 and 6).

KS-3F: 5’-GACCGCGGCTGGGACGTGGAGGG-3"'

KS-4R: 5’-GTGCCCGATGTTGGACTTCAACGA-3'

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

Sterile purified water 31 uL
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Two known cytochrome P450 genes were amplified from actinomycetes
for purposes of preparing a cytochrome P450 39 gene probe. That is, the
two primers CB-1F and CB-2R comprising the sequences showed below
(see the Sequence Nos.7 and 8) were synthesized for purposes of
amplifying the ORF-A gene derived from Streptomyces thermotolerans

C11416 (Bipsci Bloteglg % chem. 59: 582-588, 1995). CB-JSFO:
ACAG ARTC ?\rrccc 3' CB-2R:

5 T&ﬁ%ﬁﬁ%@%&ﬁ%@%@é@@ﬂ CAGACS > Mepmvile; e wg, 4

primers PKC-1F and PKC-2R comprising the sequences shown below
dcfsee the Sequence Nos. 9 and 10) were synthesized for purposes ofil6 L
amplifying the pik-C gene derived from Streptomyces venezuelae
ATCEE15439 (ChemnBidiub) 661-667, 1998). PKC-1F: 0.5 pL
5-GTGCGCCGTACCCAGCAGGGAACGACC-3' PKC-2R:
5-TEACBCECFCPREEEECGCCCCCTGCC-3 These primers wer@ -2 PL
use%to c?wﬁlt P% fngﬁﬁth OWIY}%EF?ndItIOHS (PCR reactlori

liquid composition arile pur|f| d wate L 2x concentration GC

buffes 50 pl. INTR-mixedsolution: (2.5 1aM8ach-dATR, dGTP, dTTR aung

dCTP) 16 pL primer-F (100 pm0|}l O 5 pL primer-R (100 pmoi/pL) 0.5
(RpbCATEL 140 ATCE 1543 genome)DNA (100 ng/pL) 1 pL

pL

95°C 3 minutes

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

72°C 5 minutes

The 930 bp DNA fragments amplified as a result of this
reaction were electrophoresed on 0.8% agarose gel, and the
isolated 930 bp DNA fragments were excised and collected
and purified using SUPREC-01 (Takara Bio Inc.). Using 10
ng of the resulting DNA fragments as the template, 930 bp
DNA fragments comprising the keto synthetase coding region
were amplified again under the same PCR conditions as above
except that the number of reaction cycles was changed to
20. These DNA fragments were concentrated and purified
using SUPREC-02 (Takara Bio Inc.), and 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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LA Tag poiymerase (5u/pL), Takara Bic Inc.) 1 pL (Reaction temperature
conditions) 40 95C, 3 minutes (98C 20 sec, 63C 30 sec, 68C 2 min) 30
cycles 72C, 5 minutes The two 1.2 kb DNA fragments amplified as a
result of this reaction were purified by QIAGEN PCR Purification Kit
(QIAGEN Co.), and a mixed solution comprising 10 ng/pL of each DNA

fragment was red and used as the probe. (4) Screening using, probe
ae[{RmenLas ppgaror andysed 45 M BIoke, (oqeening Yo

rising keto synthlefa(se coding Oreﬁlonmﬁﬁ E. Coii ost

co%%@%@e Ga.) was fransduced withitheMer; 11107 genemeINA, e

ibrary packaged solution prepared in the above (2) in accordance with
Nothe7 Sradagenemanual, Aftes sransduction herlacierial csuspensiom\was

dispensed and spread onto ten LB-50 pg/mL ampicillin-1.5% agar
thmedRimZplates €intier diadaetér 90 ndrhr d1eightiiGEmnthand etiitdedsos

18 hours at 37C. The coloniesgrowing on each plate were transferred to

ATHybOAdENL FifteRAMErSRARFBIOREiente )T AfkAli aht’ nebitraPféated??°) -
“”dSGB.t- gp‘%o ‘tl%’&ss%’g;%sg%%??fgz&%w?g%%é}?@@d*—%b"”do'.\'* filters,
and dried for 2 hours a o fix DNA derived from the colonies onto the
filtess The genome RINA libram was sereanes-y-ealeny chypridization
using an AikPhos Direct System (Amersham Biosciences) with 100 ng of
the Q3QbphDNA, fragieeftio primers PKC-1F and PKC-2R
comprising the sequences shown below (see the Sequence Nos.
9 and 10) were synthesized for purposes of amplifying the
pik-C gene derived from Streptomyces venezuelae ATCC15439
(Chem. Biol. 5: 661-667, 1998).
PKC-1F: 5’-GTGCGCCGTACCCAGCAGGGAACGACC-3'
PKC-2R: 5'’-TCACGCGCTCTCCGCCCGCCcceeTaee-3"
These primers were used to carry out PCR under the
following conditions.
(PCR reaction liquid composition)
Sterile purified water 31 uL

2x concentration GC buffer 50 uL

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

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

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

(Reaction temperature conditions)
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comprising the keto synthetase region prepared under (3-1) above as the
probe. Hybridization was performed for 2 41 hours at 65C at a salt
concentration of 0.5 M NaCl. The conditions for hybridization and
detection were those described in the manual attached to the AlkPhos
Direct System. Of the roughly 7,600 colonies tested, 59 colonies which
hybgglg(ed sgro I}/ W|th the alkali phosphatase- labeled probe were
isolated.” Co3mids were P extracted and purified from E. coli clones derived

from these colonies. (3):Selestionsand vegfhication,of cosayd clanes.

having piadienolide blosynthe5|s gene region using probe comprising

cytochrame P4b0ngenrasregion Two pL of each of the cosmid DNA

solutions obtained under the above (4) was spotted onto a HybondoN+

filtef halkaland neukral P¥atetinawies the condilions desaribed irethelt of

attached manual, and dried for 2 hours at 80C to _fix the DNA on the filter.
thH@bﬁ&&ﬁﬁéﬁWa‘%ed%@fo‘?Hﬁﬁfm thEsEfiR&rENirldet the Sarhentftions &

Qﬁ H1e ab ve% usm the ytochrome P450??§ene fra ment des rlped
rthe Above (3) as the pro ne cosmldt fmhyﬁ ized stron E}

@’Hhﬁﬁg PEoheWasselpeted, as aresHit Apd named PSR, ThepliSsS8
eaDNA was partially d|ges.ted(1}5W|thl§§au3AIa restriction enzyme, ligated with

(4thesBaedHClARIseatedppbage veeator Zap kxpresso(Siratagene €0.)caadng
peckaged into a lambda phage using a Gigapack Il XL Kit (Stratagene

region

An FE. 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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Co.). E. coli XLI-Blue MRF' was infected with this phage solution, and
made to form a plaque. Plaque hybridization 42 was performed using the
cytochrome P450 gene probe prepared in the above (3-2) to subclone an
approximately 2 kb lengh DNA fragment containing cytochrome P450
gene. This cytochrome P450 gene DNA fragment was sequenced, and

hoffj3 Primers EDLES-1F and PDLSS-2R (see the Sequpnce Mg, I and,, .
.uLthavmg he sequences shown below were synthesized from the N-

coARd Crisrminals, which are ,considereddo bedhe cyiachime R4r0scoding
regions. PDL58-1F:

de b6 OLLCGCATRAT GATOTGEAAACACAAGHECACKI hBBLE82R:t
5'-GCACTAGTCAGCCGCGCTCGACGAGGAGGTG-3' These primers

Syweeause@fo tary oot PCR undérthecfollowirrpcomditicns. (PERcrebetion s
liquid composition) Sterile purified water 31 pL_2 X concentration GC

W ifter S pEARITR bt SohHion (25 it eath TR WRSPB PP and

1oTE) o PSR IE 00ometel) 95 4 PRLSE 1 (o0 ami)

puBlCNCd kpl(Reaction,tempergine gopdiions): 956 SHULIES (98 2Q |
sec, 63C 30 sec, 68C 2 min) 20 cycles

(5) Selection and verification 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
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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 excised and DNA was collected and purified using
WagglA(eer OrGei xtraction Kit QIA%E%CO. -eTBEg%NA efgla%mer(l) was g
inserted nto the ‘Ndel and peﬁ%l 8s of the cytochro%e 450 genéP P
1n€XPIession-RiasmidR17INS-CamAB (see, Reference sExample 5and WQ, o
03/087381) to construct pPDL96. E. coli BL21 (DE3) was transformed
DNESihgdbisqriasmish aadrculigred /inddACe&mmedinsn (L28%
Na2HPO4-7H20, 0.3% KH- 2P04, 0.05% NaCl, 0.1% NH4CJ, 1%
casamirfo acidPoA9egiuEssE) 1amve MYTI2 F1IGIpRINCaGs 599simiced,
ampicillin) to a density of 0.8 OD600 (optical density at 600 nm). 5-
anAntitGieb i atidilas 4ddéd 1680 B 1PTeRtd 89 AviugREe Nos.
cultivaq(g} was conting%d at 22C for 25 h(s)HroswtrclJ jbndfc% th% cytochrome

= Pﬁgg pr ein. After in uc?io%,et ueerrlncyecselia were collected anc suspended

sy tp s oLGVAuifer - selution (MM NabQ4, (o 7.3),1 MMERTA, 10%

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

cotubeiand8 ptoofiee DMSO sphidion(SAdng/atl) of MEr265-@he Hrposition
deoxide of piadienoiide B) was added and incubated at 28C for 15 hours.
1 mELgf agetdnitrife’ was Caddechand AiRdE WA Geaets S6lltior,

which was then
PDL58-2R: 5’-GCACTAGTCAGCCGCGCTCGACGAGGAGGTG-3"’

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

Sterile purified water 31 pL

2 X concentration GC buffer 50 upL

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

dCTP) 16 pL
PDL58-1F (100 pmol/uL) 0.5 pL
PDL58-2R (100 pmol/uL) 0.5 pL
PKS58DNA (10 ng/uL) 1 pL
LA Taqg polymerase (5u/plL, 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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centrifuged and supernatant analyzed by HPLC under the following
conditions to confirm conversion to piadienolide 44 B. These results lead
the piadienolide biosynthesis gene region is involved in pKS58. (HPLC
analysis conditions) Device: Shimadzu HPLC IOAvp Column: Develosii
ODS UG-3 (g 4.6 mm x 50 mm 3 pm) Mobile phase: 45% to 55%

methanol (0 to 5 min) 55% metha 13 min) 55% to 70% methanol
ol AP0 ) D6 o (01 01 D5 s Flowt Bt £ S HhC AR L
(QP}?&%@&{O@@) Uy, 2%918”&1@@%%\(%98}?5 S TS %Qle%@_WQgé%tyf%c@l%n
Analysis time: 25 minutes Retention time: ME-265: 20 min, Piadienolide B:
eni3mais . (6)Felectiathef casmid comprisinghivsyathesisgeneoshusiersed on
neighboring cytochrome P450 gene A cosmid comprising the biosynthesis
0. g&ne chustere neighbotihg the cytethrdnie P4BD dene dbtaipedrin the s
above (5) was selected from the 59 cosmid DNA samples obtained in the

22 Gh5GE (A2 FhBED dsnit DNASaRTHIES tePe BigesTst With esticichY
c<SEROLERECER 08 Sy he DA RMISNSH, 2pEh e
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,O0, 0.3% KH-
>PO4, 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 ODgpy (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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subjected to Southern hybridization using as probes the KS domain DNA
(aveA2 KS6 domain) and the AT domain DNA (aveAl 45 AT2 domain) of
the avermectin aglycone biosynthesis gene (see Proc. Natl. Acad. Sci.
USA 96 (1999) 9509-9514; JP-A 2000-245457; or WO 00/50605) and the
cytochrome P450 gene obtained in the above (5). Those cosmids having
DNA fragments that hybridized at the same length were grouped .on the
B ot O e LD oSG PAReHECT ONA e s Toa ek Jne
ei%y{ngg EcoRb apd BamH} jandgthe hybridization band patterns using
the various probes. Of these, all but one of the cosmids exhibiting similar
Hpatternsavereideletedd antthe remaining cosmids were organized
according to partially matching band patterns. Beginning with the pKS58
coshvd compriSimgrthe zytdthkéme P480 gene obtained in (5), pKS54

was selected as a cosmid nei hborin%the side comprisi{gﬁdthe polyketide
synitfetadd gemEHBA R c?t%ﬁh%ﬁﬁ P480 yeheSide, FRS35 s

selected as a_cosmid neighboring pKS54, pKS23 also selected as a
oS AONBARG the casml HRESE F i Stoch orie PASE" e ok
to the side not comprisingsthg polyketide synthetase gene. As a result, as
shown in Figure 2, pKS23, pKS58, pKS54 and pKS35 were selected as
cosmid clones encompassingtheqdadiepakde biosysthesisgeneielyster.
(7) Determining nucleotide sequence of pladienolide biosynthesis gene
cluster 45% methanol (21 to 25 min)

r
(

Flow rate: 1.2 mL/min

Detection: UV 240 nm

Injection volume: 5 uL

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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The nucleotide sequence of a DNA group coding for the pladienolide
biosynthesis gene was determined. Each cosmid, 46 selected in the
above (6), was first isolated by the cesium chloride method, and then
sheared to about 1 kb using HydroShear (Genomic Solutions K.K.) and
subcloned using a BKL Kit (Takara Bic Inc.). The resulting subclones
ere subjected to a cycle sequence reaction (Amersham Biosciences
S e A TN i e o

(sthe respective-fragmepts were detefppinesi(MegaRACE 4000, Amersham,
Biosciences Co.). Thus, a roughly 75 kb nucieotide sequence comprising

20 DINA assarcigtedwitio piadienalitke) biesyntbasis wascdetesninedqsee dhee
Sequence No. 1). (8) Preparation of piadienolide 6-position hydroxyiase

obgenaqpldB)-déficiertstain( 3 has been shown that a piadienolide is

biosynthesized by the biosynthesis pathway shown in Fig. 1 from the
roUgHIy 75 KEPRIEEST i e\ oG DA Tt o at

iadienoiide biosynthesis which was sequenced in the e (7) (see the
o g R T A HeRER I of A B ep et By the

e10llowing, spethods wiih-the{dea thahgstaig predicing eplyME:265.(the,

6-position deoxide of piadienoiide B) could be obtained by destroying only
enthaneydoelrore B450 geng pldBad hetfeunptimess plaB: B gb2ind

pldB-L-Hind3R, pldB-R-
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),
pPKS54 was selected as a cosmid neighboring the side
comprising the polyketide synthetase gene from the
cytochrome P450 gene side, and pKS35 was selected as a
cosmid neighboring pKS54. pKS23 was also selected as a
cosmid neighboring the cosmid pKS58 from cytochrome P450
gene side to the side not comprising the polyketide
synthetase gene. As a result, as shown in Figure 2, pKS23,
PKS58, pKS54 and pKS35 were selected as cosmid clones
encompassing the pladienolide biosynthesis gene cluster.
(7) Determining nucleotide sequence of pladienolide
biosynthesis gene cluster

The nucleotide sequence of a DNA group coding for the

pladienolide biosynthesis gene was determined. Each cosmid,
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Hind3F and pldB-R-BgI2R (see the sequence nos. 13, 14, 15 and 16)
having the sequences shown below were synthesized 47 based on the
nucleotide sequence of the sequence no. 1. pidB-L-Bgl2F:
5-GGGAGATCTAGAGGCCGGTTACCTCTACGAGTA-3' pidB-L-Hind3R:
5-GGGAAGCTTGCGATGAGCTGTGCCAGATAG-3' pidB-R-HIind3F:

'-GGGAAGCTTGAACTG CGACAGTGTCTT-3' pidB-R-BglI2R: .
oG A GATC O CACC O OATCATETT COAGACIC T Y PER fascostum
cnPerformed underthe following, conditions using these prmers. (BCR;

reaction liquid composition) Sterile purified water 30 pL 2 x concentration
Hy &£ bulfer50 pendNTP mixedisoiionk2k5 MM each (AT R; 06T R,sd hEP a
and dCTP) 16 pL pidB-L-BgI2F or pidB-R-Hind3F (50 pmoi/pL) 1 pL
BKpidBLL-HiRd3R 0t pidB-R-Bgl2R (50 pmoi/pL) 1 pL Mer-11107 total DNA
(100 ng/pL) 1 pL LA Taq polymerase (5 u/pL, Takara Bic Inc.) 1 pL
(Reabfiort fetiperatiife ToRaitiohs 95 Semittiites RS 20 ek, 63650

seS%%’n6c8eC 2 min%risgncy? ese7%%‘ar5[31 r‘gi{lgtsecsi%s a rgs%lt, 1.57ikb DNA
agment fﬁﬁi ragmen comprising Aucleotides 64756 10 66302 in

£1ihe-sequence No.1 swas amplified bythe reactionusing pigB-LBgI2F ¢ 5
and p1dB- L-Hind3R, while a 1.54 kb DNA fragment (DNA fragment R1)

of the respective fragments were determined (MegaBACE 1000:

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

nucleotide sequence comprising DNA associated with

pladienolide biosynthesis was determined (see the Sequence

No. 1).

(8) Preparation of pladienolide 6-position hydroxylase gene

(pldB)—-deficient strain.

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

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

and 16) having the sequences shown below were synthesized
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comprising nucleotides 66849 to 68368 in the Sequence No. 1 was
amplified from the reaction using pidB-R-Hind3F and 48 pldB-R-BgI2R.
DNA fragments L1 and R1 were purified with a QIAGEN PCR purification
Kit (QIAGEN Co.), and digested with restriction enzymes Bglll and HindlIl.
The DNA fragments L1 and R1 which had been digested with restriction
enzymes Bglll and Hindlll, a 2.3 kb hygromycin, B resistance gene
ShrcAigta b btk Lt LR o
p1aBbieviated herepnder @scAerhwhichhadhean-digesiedwith xesfriction
enzyme "Hindlll and the shuttle vector pKU253 (see Fig. 3) which had
plbeen digestexkwith restuctior enzyveBamdtwerealt fonreonisected to
DNA ligation kit Ver. 2.1 (Takara Bic Inc.). A roughly 5.4 kb DNA fragment
P 1#&vikgthedygrony/citr B résiStahicé e ReGnserad BEWEERTDONA'
fragments L1 and R1 was thus inserted into pKU253 to construct a

PLedtghty 91 47 kb piasihic Caiiet PROSSEED Hyg TR TR réditting™ >

pK -L1-hyg-R1 was transfo medénto onjugated E. coli S17-1 by .

clotcor o e 17 TP S5 LT Ry et T asattgr D usins
tnedd-UpKiZp3-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

(Pkanamycin and 10Qpaknlc ofibygromyein) B and shaking cultured at 30C
for 2 hours, and the mycelia were collected, washed twice with 10 mL of
LB feditim andusddperdieddin SrmL of LB medium. This was the doddr nL

2 x concentration GC buffer 50 upL

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

dCTP) 16 pL
pldB-L-Bgl2F or pldB-R-Hind3F (50 pmol/pL) 1 pL
pldB-L-Hind3R or pldB-R-Bgl2R (50 pmol/pL) 1 pL
Mer-11107 total DNA (100 ng/pL) 1 pL
LA Taqg polymerase (5 u/uL, Takara Bio Inc.) 1 pL

(Reaction temperature conditions

95°C, 3 minutes

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

72°C, 5 minutes

As a result, a 1.57 kb DNA fragment (DNA fragment L1)
comprising nucleotides 64756 to 66302 in the Sequence No. 1
was amplified by the reaction using pldB-L-Bgl2F and pldB-
L-Hind3R, while a 1.54 kb DNA fragment (DNA fragment R1)
comprising nucleotides 66849 to 68368 in the Sequence No. 1

was amplified from the reaction using pldB-R-Hind3F and
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suspension. While the donor suspension was being prepared, Mer- 49
11107 was inoculated into 10 mL of TSB medium (Trypto-Soya broth:
Nissui Seiyaku) and shaking cultured at 30C for 5 hours, and the mycelia
were collected, washed twice with 10 mL of sterile water and suspended
in 1 mL of sterile water. This was the recipient suspension. 500 pL of the

7-1 53-L1-hyg-R1 donor suspensio s mixed with.10 pL of t
P LD 2t it S SN o ApICH B AT MEtiNG. 4 F
QI@@@E\IW@W%’L}%@%ﬂBQ&Q@ﬁdI@i@o?o_ff’ﬁéﬁNh@W.s) Eh'%W&lS&Pc)@?%W'tQith
2.5 mL of SNA (0.8% nutrient medium: Difco, 0.4% agar) comprising 2
repgmtgibostamygine anddncubated ati 30€1for 7 days to obtain a
ribostamycin- resistant pKU253-L1-hyg-R1 transformant strain. The
resultieg PRY26Baamhpg-R Liraasfdriiantdtiaih wesd idpeeiated dep 2ed
~mL of TSB medium containing no ribostamycin, and shaking cultured at
wi8HCHBR 54 Hobtd MG RETAReré 8ofettéd froft e g 2531 15nyRPR1
transformanéiculture broth, washed tvyige with %&O plbgf sd[gl%;%iged water
e ute

Y GhStSpended in 10 mL of sidised Watar. Aftef baing diuted "~ 1%’
cedRPropgiately,4he suspension was applied;to, ¥MS agarmedim Q.42 - a5

yeast extract, 1% wheat germ extract, 0.4% soluble starch, 2% agar, 10
“hipgv ) caleiuahchlarde)eeomprisiag 200 pgimh hygsamyeiniBranch zyme

incubated at 30C for 4 days. Single colonies growing on the YMS agar
Hipsediumaoiprising hygrohs/cireBtwwerepKU253  (see Fig. 3) which
had been digested with restriction enzyme BamHI were all
four connected to DNA ligation kit Ver. 2.1 (Takara Bio
Inc.). A roughly 5.4 kb DNA fragment having the hygromycin
B resistance gene inserted between DNA fragments L1 and Rl
was thus inserted into pKU253 to construct a roughly 21.4
kb plasmid called pKU253-L1-hyg-R1.

The resulting pKU253-L1-hyg-R1 was transformed into
conjugated E. coli S17-1 by electroporation to obtain S17-
1/pKU253-L1-hyg-R1. The resulting S17-1/pKU253-L1-hyg-R1
was inoculated into 10 mL of LB medium (1% bacto tryptone,
0.5% yeast extract, 0.5% NaCl) comprising 25 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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transplanted to YMS agar medium comprising 200 pg/mL of hygromycin
B and YMS agar medium comprising 200 pg/mL of 50 ribostamycin, and
incubated at 30C for 2 days. After incubated, a hygromycin B -resistant,
ribostamycin- sensitive strain was selected. The resulting strain, called
Mer-11107 pLdB::hyg, was a pidB-deficient strain lacking 546 bp

11 {yeieotides 66303 to 66848.n the Sequence Mo ) of the p1dB gene, .
rom ﬁlle genome, wi e %ygromycm B resistance gene inser In Its

brpage. (@) Riadienglj QLQdU_gﬂan testiof piadienqlide frpgsitigRoc ror s
hydroxyiase gene (pldB)-deficient strain 200 pL of frozen seed of the

hoes; 11404 plidB:ihyge straimehtained in ¢he abgveEHveas inpcalated itto 10
20 mL of seed medium (soluble starch 2%, soy bean powder (ESUSAN-

mL MEAE hranufactursdeby AjidomorEndetd. )1206] yeastaektrace013%, water .
K2HPO4 0.1%, MgS0O4 7H20 0.25%, CaCO3 0.3%, pH not adjusted)

ThifRd fcubated aF25€ 1612 daySPITO P B the® Psutting Sedd Eultdré™

b inoculated into 30 mL of seed culture medium (5%.s0olubl
R o e aob Bt AT Soh oSy loNBA. & T ot Y, oF
th@"'M_%?}i‘@q oeultured gt 23€ f%%‘éﬁ@ﬁ&@%?- ﬁ‘é@%@%ﬁ@kﬁ"e&@%@pm@o

cultivation, 20 mL of the resulting culture liquid was extracted by adding
Meah@fguabamouatataceianitiie thereierPar @fithis €xtract was takesnrand

diluted with 5 times the amount of acetonitriie, and levels of piadienolide
hoBrand MEL265 avere meastded by HPLO unbeptheSNA  (0.8% nutrient

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

The resulting pKU253-Ll1-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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following conditions. The measurement results are shown in Table 1. 51
(HPLC analysis conditions) Device: Shimadzu HPLC 10Avp Column:
Develosil ODS UG-3 (T 4.6 mm x 50 mm 3 pm) Mobile phase: 45%
through 55% methanol (0 to 5 min) 55% methanol (5 to 13 min) 55% to
70% methanol (13 to 17 min) 70% methanol (17 to 35 min) 45% methanol

. (35 to 40 m.irllg Flow rate; 1.2 mL/minut CB)@ cftlion: %JV 240 nm ]njection
T, O AT Siurd H0t0 Al e B8 mir e

: nRgtention time; ME-265;22,min, Riadienelidg B: 16 mjn. Tablesl,Mer-1
1107 pldB::hyg strain ME-265 (mg/L) Pladienolide B (mg/L) cultured for 4
seflays (9&heuws) 124%A0.8 cuurasifor Sdays{(d20 hours) 1316:6 0,0
Reference Example 2: DNA-1 encoding polypeptide having the
calégbsitionhydkoxylathPenzme actvityzom tiBnraerfolidec compound (1)
(1) Preparation of (genomic DNA of Streptomyces sp. A-1544 strain The
Lapkisyn Sttdinkias!mocdRidd s athedidm-© ©6648 in the Sequence

No. 1) of the pldB gene from the genome, with the
hygromycin B resistance gene inserted in its place.
(9) Pladienolide production test of pladienolide 6-position
hydroxylase gene (pldB)-deficient strain

200 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,0 0.25%, CaCOs; 0.3%, pH not
adjusted) and incubated at 25°C for 2 days. 300 uL of the
resulting seed culture broth was inoculated into 30 mL of
seed culture medium (5% soluble starch, 1% glucose, 3%
Pharmamedia, 2% (-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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containing 1% of glucose, 0.4% of malt extract and 1% of 52 yeast extract
and incubated at 28C for 3 days. The obtained culture broth was
centrifuged at 3000 rpm for 10 minutes to collect the mycelia. A genomic
DNA was prepared using Blood & Cell Culture Kit (QIAGEN Co.) from the
mycelia. (2) Cloning of a partial sequence of a DNA encoding a protein
(pr%i“g th?j activity in ha/df%ogrllastgng the 16- position of the macrolide

compoﬂﬁ 1167689 e owing mix primers (5Dm-3F and 5Dm-3R)

wergdesigned and producash en refgrence to the amino acid sequence
assumed to be that of the cytochrome P450 (CYP105D5) of Streptmyces

coelicolomA3 (Rr(seedbe 1Seguente-Nos.¢l Z4and d8).-63M-3m 3 pm)
5-TTCGCSCTSCCSGTCCCSTCSATGGTSAT-3' 5Dm-3R:
5'-GTHGATSAYSGASGTECGAGAATS |h pFderctoiprombte Pedctivity taking
the fluctuation of a codon into account, mixed bases S(=C+G) and

Y(=C+T) were used. Next tRES& 8RS typks df pritmer@¥8bm-3F and

SDm-3R) and the A-1 §4}st ain.genomic DNA as late_obtained in
the above (1), were us% to PEuon ﬁtﬁ‘?eéﬁ%%ﬂﬁé%%% ?Egoc%r? as

accomplished by repeating abree-stage  {eagtiongaclyging denaturing
carried out at 98C for 20 seconds, annealing carried out at 50C for 2
minutes and elongation sarfies auinat 168G fort3d serands )35 times by

Flow rate: 1.2 mL/minute

Detection: UV 240 nm

Injection volume: 10 uL

Column temperature: 40°C

Analysis time: 35 minutes

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

Table 1

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

cultured for 4 days (96 hours) 1247.7 0.0
cultured for 5 days (120 hours) 1316.6 0.0

Reference Example 2: DNA-1 encoding polypeptide having the
l6-position hydroxylating enzyme activity on the macrolide
compound (IT)
(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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using Takara LA Taq (Takara Bic Inc.) and a PCR amplifier 53 (T
Gradient, Biometra Co.). As a result, a DNA fragment (hereinafter
referred to as a DNA fragment-Al) having a size of about 500 bp was
amplified. It is highly possible that this DNA fragment-Al is a part of the
DNA encoding a protein having hydroxylating activity. The DNA
fragment-Al amplified by a PCR reaction was recovered from thegreaction

Yeg5Iution by SUPREC PER(THKara Blo mc.). 1A Ordet t3%5btain the DNA
obfragment-Alinan amaunt enpughdoanalyze the nucleglidle sequence of o

the obtained DNA fragment-Al, the DNA fragment was combined with a

mi piaserd vectes pTdBtue- T{Noyagen £0.) by ysingHINADhigation kibvep2red
(Takara Bio Inc.) to transform E.coli JM109 strain. Thereatfter, the

ustfragsfotped B coli Was sélected tising EIMEGHN dgar médian(l 096 bacto
tryptone, 0.5% yeast extract, 0.5% NaCl, 1.5% agar) containing

my gfpicitin (50 g/mL), X-gal (5-bromo-4-chloro-3-indolyl-a- D-galactoside;

( 220 Cg{rgrlﬂfand IPTG isorptromil- -D- thiogalac%o@/r%@]%lside; 1%0.AIM). The
olony o u

five Cf?‘canasf rmed E. coll thus isolated was cultdred in a L2broth

prB%@Q@%@Q%@%Q@C@cﬁm%g’ Q-rr?"/%g%@%z%%‘ﬂ%&ﬁé"{%%'af%)—

containing ampicillin (50 g/mL). A piasmid DNA was separated from the

po Biyeeta ob the:prolifesatedtiansfersngeh ym Coli enappurified by using a
piasmid purifying kit (QIA filter Piasmid Midi Kit, QIAGEN Co.), to obtain
enoligh amolntofitherDNASragneerR-A|>Dm-3F and 5Dm-3R) were

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

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

5Dm-3R: 5'-GTTGATSAYSGASGTSGAGAA-3’

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

Next, these two types of primers (5Dm-3F and 5Dm-3R)
and the A-1544 strain genomic DNA as a template obtained in
the above (1), were used to run a PCR reaction. The PCR
reaction was accomplished by repeating a three-stage
reaction including denaturing carried out at 98°C for 20
seconds, annealing carried out at 50°C for 2 minutes and
elongation carried out at 68°C for 30 seconds 35 times by

using Takara LA Tag (Takara Bio Inc.) and a PCR amplifier
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(3) Analysis of the nucleotide sequence of the cloned DNA 54
fragment-Al The nucleotide sequence of the DNA fragment-Al obtained in
the above (2) was analyzed using a DNA nucleotide sequence analyzer
(PE Biosystems 377XL) according to a dye terminator cycle sequence
method. As the result of the nucleotide sequence analysis, it was

(ﬁ'@{@ﬁ? é@lact th;leBI}Ig% %(r%gnl%nt- I an}&pslifiedrbé/sa JF;IQR aregﬁtz'&o %%% ﬁgg 60

exact size of 5 gh'it had been found to have’a size o
(nbpbythe @above -measurement using slegtrophorgsis.(see )th%QU(Elﬁ%ﬁge

sequence 1775 to nucleotide sequence 2302 of the Sequence No.
sidinces DNAseqeences carespenrsing tathe twor typesmaffiigersdiseddne

the above PCR reaction were found at both ends of the above cloned 528
thpp DNA seQliénde; domeastciddfiedsthat v DNACfragmeRNAl wasoding a

singularly amplified by these two types of primers (5Dm-3F and 5Dm-3R)
P i thetaBbve PERTEIERSHY (4] ARdlyaistof thé heighbdfing Yegibhtftre t —21

DNA fragment- Al As mentioned above, the partial sequence of the DNA .
“TAeOang & PG P G hG A ing S el o the o

s o4 sHRIN yyasaeteppinedr Therefore; fthe amplification, cloning and
sequence analysis of the nucleotide sequence in the neighboring region
extending ti: the dpstteamrside,andxwhstieasnside Df the alonetlount

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 wver.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 Mg/mL), X-gal (5-bromo-4-chloro-3-indolyl-f-

D-galactoside; 40 ug/mL) and IPTG (isopropyl-pf-D-

thiogalactopyranoside; 100 puM) . The colony of the

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

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

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

separated from the mycelia of the proliferated transformed

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

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

amount of the DNA fragment-Al.

(3) Analysis of the nucleotide sequence of the cloned DNA
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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 solution (50 mM Tris-HCJ, pH 7.5, 10
mM MgCI2, 10 mM dithiothreitoi and 100 mM NaCl). The obtained each
£~DNA fragment cleaved by the restriction enzymes was self- circularized
%9 using DNA Ligation Kit ver.2 (Takara Bio Inc.). Meanwhile, the

followjng primers (6BIN-2E and.6RIN; 2R} nuergdesigned,and praduced

based on the nucleotide sequence of DNA fragment-Al (see the
obSeguence Noshi9 and20).(BRIN¢2E: analyzed using a DNA

5-GCTGCGCCTGGCCCTGGAGGACATCGAGAT-3' 6PIN-2R:
nugleETCITCCFACANGAATT LR FECGIRTGB UG TA B NexE th&se two

primers (6PIN-2F and 6PIN-2R) and the above self- circularized A-1544
aCstram 'gehoniic DA as'E t8rmpfete fwer dSe TR S PCREFXetion. e

the PCerea ion, the ¢ qe o{aéwo-sta e reaction including d%naturing
the resu ? fe Ié cLlLeO (Jj e e enFe anac?Lé/51s .1 Wa.S
carried out at 98C for 20 seconds and annealing and elongation carried

cl 99'&%&@%@ fora minutes yasy f%%%?é%@ 3p me by f'_?@g TrkarapArTaq
(Takara Bio Inc.) and a PCR amplifier (T Gradient, Biometra Co.). As a

rekesiitoa DNA feagmnsnid DNA fragmentB) akout hdbdibpiin sizejandan
DNA fragment (DNA fragment-ClI) about 2.8 kbp in size were amplified. It
fowag highly possibles that thése DNA fragfhebits Rere ADNA@eoding a

protein _ _ _
measurement using electrophoresis (see the nucleotide

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

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

fragment were accomplished by an inverse PCR method (Cell

55



having hydroxylating activity and a DNA having a DNA 56 sequence
including the upstream and downstream regions of the former DNA. The
DNA fragment-B1 and the DNA fragment-Cl were recovered from the
PCR amplified reaction solution by SUPREC PCR (Takara Bio Inc.).
Next, as to the obtained DNA fragment-B1 and DNA fragment-Cl, in order

tg obtain each DNA fragment.in mouynt.enough to analyze the B
e LAY SaBbnda of o cHE bt DRAC PG ment S e ectof 1 &

15RT7BlueT (Ngvagen CopyRNALigatign kityer,2 (TakaraBio Inc) & £aliny
JM109 strain and a piasmid purifying kit (QIA filter Piasmid Midi Kit,

re AGEN,Eonanereiuserbin the zsame nrayner asthe eibove(2) ta obtaifer
enough amount of each DNA fragment. (5) Analysis of each nucleotide

sosediance (GfahalDNA ifpadiient-BE (dbout 3.8 kb iHsiZe),andtieDNA
fragment-Cl| (about 2.8 kbp in size) Each nucleotide sequence of the DNA

A1 frBgmieht- Bitahd BNA HEGBhtCIObtained it tePaovE th) taas: PNA

analyzed using a DNA nucleotide sequence analyzer (PE Biosystems
e o e forhie By0 Qe e ot g

cipucleqlide sgawgn %W?? thisanalyzed goktain the, information of the,

nucleotide sequence of 3793 bp shown in the Sequence No. 2 from each
1nsequence of the DNA fragment- B1 and DNA fragment-Cl. An open
reading frame (ORF) in this 3793 bp was

Meanwhile, the following primers (6PIN-2F and 6PIN-2R)
were designed and produced based on the nucleotide sequence
of DNA fragment-Al (see the Sequence Nos. 19 and 20).
6PIN-2F: 5’'-GCTGCGCCTGGCCCTGGAGGACATCGAGAT-3"
6PIN-2R: 5’'-CTGTTCCICGAAGAACTCGTGGICGGCGTA-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 Taqgq (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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retrieved, to find that the two proteins were coded. Each 57 amino acid
sequence of these proteins was retrieved by the BLAST search, and as a
result, an ORF (hereinafter referred to as PsmA) coding a protein
consisting of 409 amino acids having high homology to cytochrome P450
existed in the base 1322 to base 2548 of the Sequence No. 2. The psmA

had the highest homology (homology: 72.6%) to the amino acid sequenc
se LG 10 DodRAL S ScHiBime PLh (EYPTOBEE) of 1l SEdpthAees

ssumed to cy ochrbme
+neoelicolor A$(2) and to the amino acid sequence assumed to be that of
cytochrome P450 (CYP10SD4) of the Streptmyces lividans, and also had
a refativeiyNpigh rhomelogyH homedogyn 694%) oreyfaehrontel P458 soy
(Soy C)of Streptmyces griseus. It was considered from this fact that the
repsmArwds highly pbssiblyRa gewd cdding hyeleoxylatings ehzymerofitye
SU%)étochrome P-450 type. Also, an ORF (hereinafter referred to as psmB)

EGdiRG R protdif havinga high-Homoldgs to fétreddxirt BE a25e-283ypeNA
existed just downstream (the base 2564 to. base 2761 of the Sequence
R 5] O T (A (e prOEE Shcbiéd By s Aon B coris of oB oo
DNAM#RQ gkids cand, had the, highest;homelogy, (83,3%8) 1@ the, amine. %ig_t ide

sequence assumed to be that of ferredoxin just downstream of the amino
s e gCidn sequencenassuipted tosbe that of cytpebrame P450:(6YIR1LORS )0 of

the Streptmyces coelicolor A3(2) and a relatively higher homology
pT (hormslogy: (50886 <0 fevedoxiR8dy (soyB)isfnSkeptnvyeesygristasara Bio

Therefore, it was considered that the _ o _
Inc.), E. coli JM109 strain and a plasmid purifying kit
(QIA filter Plasmid Midi kit, QIAGEN Co.) were used in the
same manner as the above (2), to obtain enough amount of
each DNA fragment.
(5) Analysis of each nucleotide sequence of the DNA
fragment-Bl (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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psmB serves to transfer electrons and codes ferredoxin 58 participating in
hydroxylation together with the psmA. (6) Construction of a piasmid
pTC-DM pT7NS-CamAB (see Reference Example 5 and WO 03/087381)
was digested by respective restriction enzymes Ndel and SpelinaH
buffer solution (50 mM Iris-HCL, pH 7.5, 10 mM MgCI2, 10 mM

angioluSiol 00 100 1M Mg .ofiein 2 piasit Igsier RgdgS- e

BLESCCECCEATATGACCGAACTGACGGAGRT CArS; Seaihe SEAHERCEe req
No. 33) obtained by adding a Ndel site to the 5'-terminai and a primer

t o DM:-SpeRn(5'-6&LGREACTAGTEAGCEGGEECGET PEGHPCARS nseen dhels
Sequence No. 34) obtained by adding a Spel site to the 5'-terminai were

hawdesignéd andiproddcet o referdricentocthe RUdi€otidel séquenice dfithe base
Sequence No. 2. Next, these two types of primers (DM-NdeF and
L3BM-Sperd Shdahd h-2544 Nstraif geRbhfic BRA dbtaindtfintiBanove (e
. as a template, were ysed to run a RCR reaction.. The PCR reaction was
e T Sct vopbatg X b stage Fedction iRAluchig: Heratiom

seGariedout at 98C for 20secends apd anpegling And elopgatien carieds
out at 68C for 2 minutes 30 times by using Takara LA Taq (TAKARA

of HUDINGS tNGy)@and aPOR cnplifiex{T Gradiend, Biometea €ainbremid
the PCR amplification reaction solution, a DNA fragment having a size of

sedbemcE Skbprareticdritaiping: thetpsmA andoathb peneB Read recovetdtb byt )
SUPREC PCR (TAKARA HOLDINGS INC.). The resulting DNA fragment

ofmk@qﬁ&&ﬁggg%%q%gn&ﬁgﬁdans, and also had a relatively high
homology (homology: 69.4%) to cytochrome P450 soy (Soy C)of

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

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

psmB serves to transfer electrons and codes ferredoxin
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enzymes Ndel and Spel, and the digest and the 59 aforementioned
pT7NS-camAB piasmid digest were connected using DNA Ligation Kit
Ver. 2 (Takara Bic Inc.). Thus, a roughly 9.5 kbp piasmid (sometimes
called piasmid pTC-DM) was constructed comprising the pT7NS-camAB
piasmid connected to a DNA fragment containing both the psmA and the

mB. Reference Example 3: DNA-2 encodi olypeptide having the
Pa e el Srb G Loy o T ettt Famatiaa (1)

(6§D Fyepatation;of genemjc &%@{@tﬁg@@_@ypes sp. Mer- 11107 strain

The Mer-11107 strain was inoculated into a medium containing 1% of
glugesene-4% i maltsexiract asd Y% ©f Fyeash extractand moulbatedat381 )
28C for 3 days. The obtained culture broth was centrifuged at 3000 rpm
wafordOyasinatésiy collectethie Wmycetias Ajeriohtic DNV Wessprdgadecend
using Blood & Cell Culture Kit (QIAGEN Co.) from the mycelia. (2
Spefoniflg df & partidiSeqbigndd oPa DNA effdoding S fb%teir?ﬁa\%né) the 0 ™M

Mg? “‘"%‘d‘r*Mr%@é'%ti%gcﬂ}?e%%ﬁos'“o Rfﬁtﬁ'em'gla%gﬁ C%ngﬁfégin
1067B The following mix primers m-3F and 5D- were designe
p138d produced.on refgrensede the aming acich sequengce; assurmed foibe

that of the cytochrome P450 (CYP105DS) of Streptmyces coelicolor
(5A3@)JSee ATATGACGGAACTGACGGACATCA-3’: see 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 Ndel and Spel, and the digest and the
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Sequence Nos. 17 and 21). 60 5Dm-3F:
5-TTCGCSCTSCCSGTCCCSTCSATGGTSAT-3' SD-1R:
5-AGGTGCCCAGCGAGATCATGTT-3' In order to promote reactivity
taking the fluctuation of a codon into account, mixed bases S(=C+G) and
Y(=C+T) were used. Next, these two primers (5Dm-3F and SD-1R) and
the Mer-11107 ge Ic DNA abtained in the above (1) as the template
R CRGd TR & PO A, T BOA raacoa Wi Scoamienga
us By deprating:a threesstage reaction singhiding denaturing casried qutat, 5
98C for 20 seconds, annealing carried out at 50C for 2 minutes and
roglgngation scarred ©uUL ahB3C (e searndse3s timesdiyausing TakarepM)
LA Tag (Takara Bio Inc.) and a PCR amplifier (T Gradient, Biometra Co.).
waA roaghlyr300cispl DA fragmeny (WéreundeiN Salled BB Ao fragmesit A2)
was amplified as a result. It is highly possible that this DNA fragment A2
CORNE paftDf the NN enCodfitFa proteimtiaving Ay drokylation actitity. e
eDNA If{ gment-A2 amplified by the PCR reaction was recovered from the
Fedction solution by SUPREC PCR (Takara Bio Inc.). Next, in order to
Re@BtAI, the DNA fragment-ARAn an.amoynt,engudh 1o.analyze the, s ng the
nucleotide sequence of the obtained DNA fragment-A2, the DNA
16fragment-A2 Was compinadh mithea piaseid vector P 78iue h{Naxagen ide
Co.) using DNA Ligation Kit Ver. 2 (Takara Bio Inc.), to transform E. coli
colM1@9dstrait. )The transformed E. coli was subsequently

th

(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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selected using a L-broth agar media(1.00 bacto tryptone, 61 0.5% yeast
extract, 0.5% NacCl, 1.5% agar) containing ampicillin (50 pg/mL), X-gal
(5-bromo-4-chloro-3-indolyl-a- D-galactoside; 40 pg/mL) and IPTG
(isopropyl-a-D- thiogaiactopyranoside; 100 pM). The transformed E. coli
colonies isolated in this way were cultured in a L-broth liquid medium (1%

bacto trypjo % 9 taining ampicillin (50
5Dr6§?rtrgl_'). i ﬁ%%rcr?ﬁ? éﬁ%%v’ségéggg?egﬁé l}lp%%#g Q#B?’n the mycelia of the
5 pRraliferated, transfarmedEa¢oihusing apiasmid purifying kit (QIA filter
Piasmid Midi Kit, QIAGEN Co.) to obtain enough amount of DNA
fragmeni-A {3)x Anglysiscafdhe aueieotide gsequenceyotthe adoned DNA on
fragment-A2 The nucieotide sequence of the DNA fragment-A2 obtained
ofirethecabuvel(2} wasaralyred usivga DNAcaudieatidesequehce(=C+T)
analyzer (PE Biosystems 377XL) according to a dye terminator cycle
WeEEqUETTE-method. While the DNA fragment-A2 amplified by a PCR

reaﬁkion was ,measured at about 300 bp byB%lec%%p%g%%zi%ag_ fhe

clari iee}élttfyt eensumeov{ldepsrelqueeﬁge émainy&s to be exact pin

Me lengin (spetheucieqtide sequenge 33710 pucieptidesequence 1161 of

the Sequence No. 3). Since DNA sequences corresponding to the two
tetypestaf priserswsed in dhewaiorenrerrioned RGRreactivrewemRfotwgdat i on

both ends of the above cloned 325 bp DNA sequence, it was clarified that
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 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(1.0% bacto tryptone,
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the DNA fragment-A2 had been specifically amplified by 62 these two
types of primers (5Dm-3F and 5D-1R) in the above- mentioned PCR
reaction. (4) Analysis of the neighboring region of the DNA fragment- A2
Once the partial sequence of the DNA encoding a protein having the
hydroxyiating activity derived from the Mer-11107 strain had been

etermined as described ahqve, the nucieotide sequence of the,
O R ohEa g SESTen Ekforiang e UbSirac sid5 Snl doureireH Side of

anfhegloned fragmentwas amplified, dlaned and sequenced,by anjnyarse g
CR method (Cell Technoiogy Vol. 14, pp. 591-593, 1995). Specifically,
D-thelMet-d418¢€ stran genamic DNA (seectheq iabavedd))was digested with
a restriction enzyme BamHI in a K buffer solution (50 mM Tris-HCi, pH
th8&yd banMPgCi2,ols M dithicthréitoi, 100wmM K@isdied with af . coli
restriction enzyme Sail in a H buffer solution (50 mM Tris-HCi, pH 7.5, 10

CO RN MFCI2S 2 MlEdithidthietto?, 108/ miNF RRACTH: The' BbtaifededcPDRA!

. fragment cleaved by the restriction .enzymes was self-circularized by o
L R om0 o (AR B 10 | MESARRIS ahe Tolwing>*
Na@fﬂmeé%_&%l%%%@ng 2IN:2R) werg designed)and prepared frambthe a5

nucieotide sequence of the DNA fragment-A2. (see the Sequence Nos.
is32 e RYndPINr2Ffied from the mycelia of the proliferated

5'-CCATGATCCTGCTGGTGGCCGGCCATGAGA-3' 6PIN-2R:
trgRETGTTCCECCAAGAAETBGRIGGTICBGEGEPAB ying kit (QIA

filter Plasmid Midi Kit, QIAGEN Co.) to obtain enough
amount of DNA fragment-AZ2.
(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

62



Next, these two types of primers (7PIN-2F and 6PIN-2R) 63 and the
above self-circularized Mer-11107 strain genomic DNA as a template,
were used to run a PCR reaction. In the PCR reaction, the cycle of a
two-stage reaction including denaturing carried out at 98C for 20 seconds
and annealing and elongation carried out at 68C for 5 minutes was

repeated 35 times by using Takar Taq, (Takara Big Inc.). and.a PCR
e e B R e S ot e N g0 Ve

m 0.). As aresult, a agment

ne fragmentB2) abput, 1.3khp in size and a DNA fragment (DNA
fragment-C2) about 1.4kbp in size were amplified. It is highly possible

(4thatnthese DNA fragmenis weie cespegtively aobNArenrcedinga praieinent —
having hydroxylating activity and a DNA having a DNA sequence
AZincluding those in the upstream and downstream regions of the former
DNA. The DNA fragment-B2 and DNA fragment-C2 were recovered from

the Waﬁbﬁiﬁ@&?&&&%n%ﬁy SUPRECPEREIHKEA BIG InC.).

Next, as to the obtained DNA fragment- B2 and DNA fragment- in
PTG o BB SacH DNA TS5 0Rt i i S0unt Sl & aeaiie e e
MePUGIEOHde 58@9&%0%9&%%@84{@9@_@%4&9 ment; apiasmichvestor . |

pT7Blue T (Novagen Co.), DNA Ligation kit ver.2 (TAKARA HOLDINGS
thiNGYcEecealidM109 Straittand a piasmitke pyrifying kit (QHAfilter Riaseidiing

Midi Kit, QIAGEN Co.) were used in the same manner as the above (2),
thep obtair €Poughdneunt of @ach DNAfraghsentof the cloned

fragment was amplified, cloned and sequenced by an inverse
PCR method (Cell Technology Vol. 14, pp. 591-593, 1995).
Specifically, the Mer-11107 strain genomic DNA (see the
above (1)) was digested with a restriction enzyme BamHI in
a K buffer solution (50 mM Tris-HC1l, 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-AZ2. (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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(5) Analysis of each nucleotide sequence of the DNA 64 fragment-B2
(about 1.3 kbp in size) and the DNA fragment-C2 (about 1.4 kbp in size)
Each nucieotide sequence of the DNA fragment-B2 and DNA
fragment-C2 obtained in the above (4) was analyzed using a DNA
nucieotide sequence analyzer (PE Biosystems 377XL) according to a dye

terminator cycle sequence method.Th cieqtide ences were thus
an e I e o Iorees MEE oA

pnghawn in the.sequence, Noe3 fromy each sgquenca-af the.PNAYL . 1n the
fragment-B2 and DNA fragment-C2. An open reading frame (ORF) in this

pPCR32Q bpuvas retrievedytolfindothas thedwaskiads of prateinoneren codedng
Each amino acid sequence of these proteins was retrieved by the BLAST
desearnch;j and asarresditpan OGRF (B&reinaftelfefered tolas opmA)nnealing
encoding a protein consisting of 395 amiono acids having high homology
angp YthrdrhePAsTreExisedin the base 420f@hase 604 6FthEa s
Se ence,No 3. The bpmA had tl}e Qi hesmo olog ghomolo :
e times %f sin a %%a ?a T a gX
* 8‘?.%%;3) to the @amino acid Eeqlue%ce of the psmA iSol tedkf%mt e%\-igéfé[)
angtrainand alse had;a relatively. high hemology(hompolegy:64.8%) to
cytochrome P450 soy (Soy C)of Streptmyces griseus. It was considered
from his facs sthat theabpmA Hghlynpassiblypencadedshydroxyatingbout
enzyme of the cytochrome P-450 type. Also, an ORF (hereinafter referred
1.tk&pbpmB)ize and a DNA fragment (DNA fragment-C2) about
1.4kbp in size were amplified. It is highly possible that
these DNA fragments were respectively a DNA encoding a
protein having hydroxylating activity and a DNA having a
DNA sequence including those in the upstream and downstream
regions of the former DNA.

The DNA fragment-B2 and DNA fragment-C2 were recovered
from the PCR amplified reaction solution by SUPREC PCR
(Takara Bio Inc.). Next, as to the obtained DNA fragment-
B2 and DNA fragment-C2, in order to obtain each DNA
fragment in an amount enough to analyze the nucleotide
sequence of the obtained DNA fragment, a plasmid wvector
pT7Blue T (Novagen Co.), DNA Ligation kit ver.2 (TAKARA
HOLDINGS INC.), E. coli JM109 strain and a plasmid
purifying kit (QIA filter Plasmid Midi Kit, QIAGEN Co.)
were used in the same manner as the above (2), to obtain

enough amount of each DNA fragment.

(5) Analysis of each nucleotide sequence of the DNA
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encoding a protein having a high homology to ferredoxin of 65 a 2Fe-2S
type that existed just downstream (the base 1643 to base 1834 of the
Sequence No. 3) of the bpmA. The protein encoded by the bpmB
consisted of 64 amino acids, and had the highest homology (81.0%) to
the amino acid sequence of the psmB isolated from the A-1544 strain and

had a relatiyely higher homo (homology: 76.2%) to t mino acid
fraganueent—aély é/abng% q % zgé/fus?négv)&rbﬁr:%hggo#nﬁagment—C2

1in 1
S nce assumed to be tha ferrecfoxm e amino

(aBeidiseguengce assyumed o pe cytochrome P450 (CYP105D5) of
Streptmyces coelicolor A3(2). Therefore, it was considered that the bpmB

senmeg-to transtes elettrons andrparticipataceinbydr@xdafiom togethamnd
with the bpmA. Reference Example 4: DNA-3 encoding polypeptide
DNRavingdhe n16-pdsitibh dydeskylatingenzyhweractildty onstheanadrotigel
compound (I) (1) Preparation of genomic DNA of A-1560 strain The
us ALEEGD Sidin Was Mot dlated mtd ffedfurf " edntafiing 1% §itiesse (A%

37\3%1](3? ﬁfrrg extract and 1% yeast extract, and mcu?ated at 28C for 3

e i 3005 Fbr for 10

n e inarQr cyc
e obtained cultire broth was centrﬁuge&’ a

mePHRUEsHR Gollectiheimycelia, Asgenamic DNAGLAs136Q srainwas,
prepared from the mycelia using Blood & Cell Culture Kit (QIAGEN Co.).

ob(2)iCloning afrer pattiat sequentetofa DNAL ercodirg acproteindaynpthes
activity in hydroxylating the 16-

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

DNA fragment-B2 and DNA fragment-C2.

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

Also, an ORF (hereinafter referred to as bpmB)

encoding a protein having a high homology to ferredoxin of
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position of the macrolide compound 11107B 66 The following mixed
primers (5Dm-3F and 5Dm-2R) were designed and produced on
reference to the amino acid sequence assumed to be that of the
cytochrome P450 (CYP105D5) of Streptomyces coelicolor A3(2) (see the
Sequence Nos. 17 and 23). SDm-3F:
=TT SCTSCCSGTCCCSTCSATGGTSAT-3' SDm-2R;
* T ATEET O TS CERERITIY I Ha D ahole [ Sackity b
rothefluctyation of agadondnto-accougt, mixed bases S (GhG) and Y
(=C+T) were used. Next, these two types of primers (SDm-3F and
pr Sbm2R)nand &re Ayl56-genamicdINAiohiained in the abave (1) asdbe
template, were used to run a PCR reaction. The PCR reaction was
angdctedplidhedbyrepsatingactheesrstbge - Péaction indladimyidenatgrirg
carried out at 98C for 20 seconds, annealing carried out at 50C for 2

Serifiites antl ElohgafiBr caftPditcat 688 or 30 deconds 35tirfeés by d
e s o Aoughiy 550 B BNK fighoAt (hareunder calid DA
amirAgMeAt-A3) wasamplifiedas.asresyitpl is Righly-possible thaf.this DNA:

fragment-A3 is a part of DNA encoding a protein having hydroxylating
doaetiMitye e IINAHragmentc-A3 ampliied by ecRCRsreagton twade

recovered from the reaction solution by SUPREC PCR (Takara Bio Inc.).
cytochrome P450 (CYP105D5) of Streptmyces coelicolor A3(2).
Therefore, it was considered that the bpmB served to
transfer electrons and participated in hydroxylation
together with the bpmA.
Reference Example 4: DNA-3 encoding polypeptide having the
l6-position hydroxylating enzyme activity on the macrolide
compound (IT)
(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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Next, in order to obtain the DNA fragment-A3 in an 67 amount enough to
analyze the nucieotide sequence of the obtained DNA fragment-A3, DNA
fragment-A3 was combined with a piasmid vector p17Biue T (Novagen
Co.) by using DNA Ligation Kit Ver. 2 (Takara Bic Inc.) to transform a
colibacillus IM109 strain. (Stratagene Co.). Thereafter, the transformed

coiibaciii s selected using a L-broth r media (1.0% bac

tryp?gle he ,%?é\é%oy%%%?e%%gcet?o 506 "Nad, %gé(%_a%%rf%éi ntgoPr?Pﬁ g%l)n piciir
de BYLRYMNL), X-98l o(B:ROMoA4-chicno: 3-indoiyi-a-Prgaiactoside; 40 pg/mL)

and IPTG (isopropyl-a-D-thiogaiactopyranoside; 100 pM). The colony of
sethe-trarsfeyvechealibacillus isalatecbin thisaway twernereiikired: foa L-broth

liquid medium (1% bacto tryptone, 0.5% yeast extract, 0.5% NacCl)
(C¥brtairindyg amipigillireG0opy/aes). AgidsmidlDNAAES isolated ahde

purified from the mycelia of the proliferated transformed colibacillus by

SeUSiRG “phiShid purifitty Kit{QIA filter Piasmid Midi Kit, QIAGEN Co.), to
s pobtain egogqjé_gghodggk% Jr A3 (3L Analysis of the nucieotide

sequence of clone ragment- & nucieotide sequence of the

5 iR NA fragment-Asy, ebtaied-k-theabpye (2) was analyzed using a DNA

nucieotide sequence analyzer (PE Biosystems 377XL) according to a dye
terniinater gyeletsequenee methed Ahile the DINA fragaent-ABaraphifteicbn
by a PCR reaction was
of a codon into account, mixed bases S (=C+G) and Y (=C+T)
were used.

Next, these two types of primers (5Dm-3F and 5Dm-2R)
and the A-1560 genomic DNA obtained in the above (1) as the
template, were used to run a PCR reaction. The PCR
reaction was accomplished by repeating a three-stage
reaction including denaturing carried out at 98°C for 20
seconds, annealing carried out at 50°C for 2 minutes and
elongation carried out at 68°C for 30 seconds 35 times by
using Takara LA Tag (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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measured at about 750 bp by electrophoresis, it was 68 clarified by the
nucieotide sequence analysis to be exactly 741 bp in length (see the
nucieotide sequence 616 to nucieotide sequence 1356 of the Sequence
No. 4). Since DNA sequences corresponding to the two types of primers
used in the aforementioned PCR reaction were found at both ends of the
above cloned. 741 bp DNA sequence, it was clarified that the DN

A ek Ao Boh ShSrcaly arHE by those S Besth pitfers

obEPME3F BRd SPmM2R)R the aferementioned RCRyeqgtion. {41 Analysis: «
of the neighboring region of the DNA fragment- A3 Once the partial

a pequence efdbedMNAEMBOMNgR roteiybaviog hydroxyiaingoadiviy
derived from the A- 1560 strain had been determined as described above,

L1 thet horiddtite Sequerce dhinengeighivorintrreyidrrexteadingahe a
upstream side and downstream side of the cloned fragment was

cohpfpiified, cidnedaRd sehtiended By AhIvErsE PCR ‘hethot Ceir £ ter

Technoiogy Vol. 14, pp. 591-593, 1995). Specifically, the. A-1560_genomi
N SR L o G B et

agKebufiey ;solytion €G,mM Jris:HEJ o 8.5 1mMMgCI2, L mMe | 0. 55

dithiothreitoi and 100 mM KCJ), with a restriction enzyme Kpnlina L
Nabufferisastiory kO mb Hisailn gHaAB; 0 MNMnMgEI2anRd A1mM X-gal

dithiothreitoi) and with a restriction enzyme Sail in a H buffer solution (50
(S niM arig-H4E 3 hgld 705,310l i Ly 1 -B-D-galactoside; 40 pg/mL) and
IPTG (isopropyl-pB-D-thiogalactopyranoside; 100 uM). The
colony of the transformed colibacillus isolated in this way
were cultured in a L-broth liquid medium (1% bacto
tryptone, 0.5% yeast extract, 0.5% NaCl) containing
ampicillin (50 pg/mL). A plasmid DNA was isolated and
purified from the mycelia of the proliferated transformed
colibacillus by using a plasmid 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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MgCl2, 1 mM dithiothreitoi and 100 mM NaCl). The obtained 69 each DNA
fragment cleaved by the restriction enzymes was self-circularized by
using DNA Ligation Kit Ver. 2 (Takara Bio Inc.). Meanwhile, the following
primers (SPIN-2F and 6PIN-2R) were designed and prepared from the
nucieotide sequence of the DNA fragment-A3 (see the Sequence Nos. 24

d 20). . SPIN-2F: 5'-CGGAATCCACCAGTGCCTCGGCCAGAACCT-3'
L o o e AT o DR TAS NS aes Y

74WQLyPES of primers (SEIN+dRand 6PIN2R)-and the.abave 16 +o

self-circularized A-1560 strain genomic DNA as a template, were used to
nutrea PR reaction rxthesBERo feactions theueycle ofia twesstagesince DNA

reaction including denaturing carried out at 98C for 20 seconds and
sednrealiry andetomyatidhreartied bheat68C foics mindtes was repested 1n

35 times by using Takara LA Taq (Takara Bio Inc.) and a PCR amplifier
ther shadietit Bicnetd COF ASaTedit I'BRA fFagientDNARTD ends of

fragment-B3) aboyt 4,5 kbp in size, a DNA fragment (DNA fragment-C3
“HEnGR A ki hchzd ahcd DRk ragant (oNA Tagient D3y aatr 172"

about p In'size and frag
£ hKDB i Size yvere amplified, if washighlypassible fhat theseRNAy by

fragments were a DNA encoding a protein having hydroxyiating activity
thapd atiNARawng a DNA segquenas oncladingrthosein-the) upstrean: and

downstream regions of the former DNA. The DNA fragment-B3, the DNA
affragnrent-C3nand tHeRDR@action.

(4) Analysis of the neighboring region of the DNA fragment-
A3

Once the partial sequence of the DNA encoding a
protein having hydroxylating activity derived from the A-
1560 strain had been determined as described above, the
nucleotide sequence of the neighboring region extending the
upstream side and downstream side of the cloned fragment
was amplified, cloned and sequenced by an inverse PCR
method (Cell Technology Vol. 14, pp. 591-593, 1995).
Specifically, the A-1560 genomic DNA (see the above (1))
was digested with a restriction enzyme BamHI in K buffer
solution (50 mM Tris-HC1l, 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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fragment-D3 were recovered from the PCR amplified reaction 70 solution
by SUPREC PCR (Takara Bio Inc.). Next, as to the obtained DNA
fragment-B3, DNA fragment-C3 and DNA fragment- D3, in order to obtain
each DNA fragment in an amount enough to analyze the nucieotide
sequence of the obtained DNA fragment, a piasmid vector pT7Blue T

No en_Co.), DNA Lij ationoti ver ZW%Takar Bio Inc.), E. coif IM109
eaép Bﬁ% ra meng‘ci %F i% IR $§%rlc éﬁKﬁ?%gﬁﬁfENwas

r
rain and a ptasmid purifying iter Piasmid

se £0.)Were sed indhe same manngias he,abave, (R, 40 -gbiain enough 5

amount of each DNA fragment. (5) Analysis of each nucieotide sequence

B1ioef thedDINA 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)
Eachaniuigotide, seduente bl thel DNACfrageent-B3F DNA HragmemtFCE - 2R)
and DNA fragment-D3 obtained in the above (4) was analyzed using a

"eBRARGEBtide SEquEHEParalfzer(PE BiSsyitems 377XE) 8660t to°
terminat hod. Th ieoti
eng dffeminalor evcle, seauence metiod, he.nypieotids, sequens uas

us ana obtain the information nucieofide sequence

5p1R60 bp showisighe Requence Ne: Adtemeashsegrence of the DNA
fragment-B3, DNA fragment-C3 and DNA fragment-D3. An open reading

6 PirareR(ORF)-ntb isTI860Cbp masA tetoevent; 1o dindahat-the two kinds of
protein were encoded. Each amino acid sequence of these proteins was
retridead bytthe Bt ASTPs¢amehsand asairesul, dPORF2F and 6PIN-2R)

and the above self-circularized A-1560 strain genomic DNA
as a template, were used to run a PCR reaction. In the PCR
reaction, the cycle of a two-stage reaction including
denaturing carried out at 98°C for 20 seconds and annealing
and elongation carried out at 68°C for 5 minutes was
repeated 35 times by using Takara LA Taq (Takara Bio Inc.)
and a PCR amplifier (T Gradient, Biometra Co.).

As a result, a DNA fragment (DNA fragment-B3) about
4.5 kbp in size, a DNA fragment (DNA fragment-C3) about 3.0
kbp in size and a DNA fragment (DNA fragment-D3) about 1.7
kbp in size were amplified. It was highly possible that
these DNA fragments were a DNA encoding a protein having
hydroxylating activity and a DNA having a DNA sequence
including those in the upstream and downstream regions of
the former DNA.

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

fragment-D3 were recovered from the PCR amplified reaction
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(hereinafter referred to as tpmA) encoding a protein 71 consisting of 404
amino acids having high homology to cytochrome P450 existed in the
base 172 to base 1383 of the Sequence No. 4. The tpmA had the highest
homology (homology: 77.4%) to the amino acid sequence assumed to be
that of cytochrome P450 (CYP105D5) of Streptmyces coelicolor A3(2)

Sogig%a(l)srg) %%&{%&%@I%&h?u}%’% 7 .i6£/o to the anmc;{ gcid sequence

e psm rom the strain. 1t was considered from this

obiact that the tpmA was fighly posgikly-a ggne enceding by dseosylating me nt -

enzyme of the cytochrome P-450 type. Also, an ORF (hereinafter referred
D310 as tpmB} rencedigta protemdraving a highyhemology tefeeedaxio of a

2Fe-2S type existed just downstream (the base 1399 to base 1593 of the
engegbence Noa 4y aftheltpnAl Cheoprotein sensodedehpthetthmBbtained

consisted of 65 amino acids, and had the highest homology (87.3%) to
DNthefamifitSadid seqiéRcE of! tHE pshiB ibISted from tHEOAA%AR strain andN2

Ligispan hig"@g]':o. (éh”Pa OA%%Y.1382¢5°{%°|5“F %m‘nﬁoﬁ‘iidfﬁ%%ﬂ% rain
assumed to be that of ferre oxmwsﬁ downstream of the amino acid

angequencesassymed torbe gytochrome PASP; (CXP183DS), of Streptmyces,

coelicolor A3 (2). Therefore, it was considered that the tpmB served to
o1ransfec electroascand eaded ferredaximpaticipatingds hydeoxylatioa (2),

together with the tpmA. Reference Example 5: Construction of plasmid
t0p¢bN§;@mﬁAgugh amount of each DNA fragment.
(5) Analysis of each nucleotide sequence of the DNA
fragment-B3 (about 4.5 kbp in size), the DNA fragment-C3
(about 3.0 kbp in size) and the DNA fragment-D3 (about 1.7
kbp in size)

FEach 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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The primers PRR-1F (see the Sequence No. 29) and PRR- 72 2R (see
the Sequence No. 30) with the sequences shown below were used to
carry out PCR under the following conditions. with Pseudomonas putida
ATCC 17453 genome DNA as the template. PRR-1F:
5'-GCCCCCCATATGAACGCAAACGACAACGTGGTCATC-3' PRR-2R:
COS'éCLSCtCE.L%ATg T4 Ggacl%%TAngsA%g\r]CAG TT];G}?&H?’Il EgRea tion
ﬁqwa con?po& ion) Sterle purﬁ‘Lle(Ji water: 135np0L X CONCENtration G
oy bulfer L{TAKARA HOLDINGS INCy) 25l ANTR mixed,sQlution §2.5JaM 1
each of dATP, dGTP, dTTP and dCTP) 8 pL PRR-1F primer (100
sepmeilpk) 85.pls PRRIZR prinrer{100 pmoilplyBbspl nseudeamonas
putida ATCC 17453 genome DNA 0.5 pL (10 ng/pL) LA Taq (5 units/pL,
(hepeddRA HOLDING S TRCHNG: 5901 (Pemperatardceiditios) 956;3 to be
minutes (98C 20 sec, 63C 30 sec, 68C 2 min) 30 cycles 72C, 5 minutes
thaheésilting 35 REANTphified fragient {cdmAB FagRiMYCSimprising the

tidaredoxi ctase gene (camA) and the putidaredoxin gene ju o
o o Iha e S Bk dIoGhas Gt TRl iRy | 76 - 6%)

toi‘f@t@gn%ﬂ% l.and; Barp il ,and glectrophoresed rb9.806. 8021056 98le 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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electrophoresis, the camAB fragment was collected and 73 purified using
SUPREC-OI (TAKARA HOLDINGS INC.) from a gel section comprising
that fragment which had been excised from the gel. The fragment was
connected by 14 DNA ligase to the Nde | site and Bam HiI site of E. coli
piasmid vector pETlIla (Stratagene Co.), and then transformed into E. coli

2RD Seaeto %%ns reuct gir?gmig{gﬂé mAI% lﬁle&éi Iinger 1nmolsecS I%Wn below
o] tsauneolt yanngghng the two syn hewflcoigo NASISPL (Seethe

wepgayence No. 31)-and SP-24see thesseayencer Now 32) WithdBgqit i ons .

sequences shown below was connected to the Nde | site of the piasmid
wiby 1AL2NAdJigase anditransiormert intp4s.calidadba toxenskuetpiasmid

pl7NS-camAB. SP-1: 5-TATGCGTCACTAGTCGGGAGTGCGTTA-3'
tegPl2:t5-TATAACGCACTCCCGACTAGTGACGCA-3' Example 1:

Preparation of piasmid pPapsmAB by connection of pldA promoter and
PRB§H‘|§D\B ?he’%?o%ﬁ tef Fégion of &éﬁ%%ﬁ&& T%ﬁ)e%%/ﬁﬁ]esis gene

onpec ' e [ junction with
P aconaiG B, ooy ATobe B Ehe s BRners SHApTo-SpeNdeF
(rRESRS! and Ndel sites addeddo:5iderminal: see the Sequence No. 25) and
pidApro-NdeR (Ndel site added to 5'-terminal: see the Sequence No. 26)
st eempesingrthe sequeaees-shown below were synthesized based on the:L
nucleotide sequence information of the Sequence No. 1 for purposes of

2x anmpiifyimg: et pldA pidmotéifregion. (TAKARA HOLDINGS INC.) 25 pL

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

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/uL)

LA Tag (5 units/pL, 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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pidApro-SpeNdeF:
5-GGGCATATGACTAGTAGCCGTGTCCTGCCCGCC-3' 74
pidApro-NdeR: 5'-GGGCATATGTTCGGACGTGAATTCATTCG-3' PCR
was carried out under the following conditions using these primers. (PCR
reaction liquid composition: using Toyo Boseki KOD- plus-) Sterile purified

r: 71 L. 10 tratio ffer ixed solution
P L R Aot HATE ICTE, QLT TR T Mgl (o o 4 gt
5 KOR 20l PIOADIQSRENACF: (B0 pOUDL )1 ol RIAONOER, (B oo
pmoi/pL) 1 pL pKS35 (Referential Example 1 (6), 10 ng/pL) 1 pL
f r freactioneonditionse usingdgpiemetiaab GRARENEH9%S, T minwes(98€se
20 sec, 63C 1 min, 68C 1 min) 25 cycles 72C, 5 minutes The 360 bp
toDiNzefriigmeht aniplified dsRerestlt of tHis reicion wasicalléetediwitivactor
QIAquick PCR Purification Kit (QIAGEN Co.). The resulting 360 bp DNA

PEfrdfeht WaR [hgEstad With restrittioh EmRyme Ndé o The piasthi £+ coli
TC DM E l 2 ilarly digested with tricti
puPl ?\ig (;I_rencte am e % [\;vl\%l% F?ATEI ar){1 ggse VYI Jes riction

enzyme he reﬁj tlng ragmen |gesfaan plasml
mo9EE@EWGH%E%m%%ae%ySgﬁHQQEQﬂ%a%Hb 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 pladienclide B

biosynthesis gene was connected to psmAB in order to
express psmAB in conjunction with the pladienolide B
biosynthesis gene. The two primers pdlApro-SpeNdeF (Spel
and Ndel sites added to 5’-terminal: see the Sequence No.
25) and pldApro-NdeR (Ndel site added to 5’-terminal: see
the Sequence No. 26) comprising the sequences shown below
were synthesized based on the nucleotide sequence
information of the Sequence No. 1 for purposes of
amplifying the pldA promoter region.

pldApro-SpeNdeF: 5’-GGGCATATGACTAGTAGCCGTGTCCTGCCCGCC-3'
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Kit Ver. 2.1 (Takara Bic Inc.). A roughly 9.9 kbp piasmid 75 pPapsmAB
comprising the pldA promoter connected to psmAB was constructed in
this way. Example 2: Preparation of piasmid for recombination The
pPapsmaAB piasmid prepared in Example 1 was digested with restriction
enzyme Spel, and blunt-ended using BKL Kit (Takara Bio Inc.). The

Iti id-ex: 6N 0.8%
01 AU Eielogy AGaroShTH (SIC:HAD). SHETAG KOG L8 Kop DNA
fragment,comprising e pidA prameoterand psmAB (sametings: called

PapsmAB hereunder) was excised and collected and purified using a
us QhAquink &GelExtrastien Kit (QIAGEN Co.). The recombination vector
pUCI9aph::oriT::intphiC31 shown in Fig. 4 was also digested with
(Prastrictiontérmyme BantHIc ang osiuht-ended with BKIo Kit (PakaralBi6OD—
Inc.). The resulting vector and PapsmAB were connected using DNA
plEFgéfion Kit Ver. 2.1 (Takara Bio Inc.). Thus, a recombination piasmid
st g@QC::Pqun%Ai% a%;sa%onstructed having PapsmAB inserted into t

recolrnebiﬁaflfC)ln vector p ?ﬁéaph::oriT::intphiCSl. Example 3: Introduc |orlllL

100k recombination pigsmidt PAQE£BapSMAB into Mer-11107 The resuking,
pAOC::PapsmAB was transformed into conjugated E. coli S17-1
ANATGEC4£055)hy etesiroparationdea cobtarrS] 7 g0 CiPapsariB.dier ) :
resulting 517- 1/pAOC::PapsmAB was inoculated into 10 mL of LB
medium (1% bacto tryptone, 0.5% yeast extract, 0.5% NaCl) contaidihgrL

MgS0O,; (25 mM) 4 pL
KOD+ 2 nL
pldApro-SpeNdeF (50 pmol/pL) 1 pL
pldApro-NdeR (50 pmol/uL) 1 pL
PKS35 (Referential Example 1 (6), 10 ng/uL) 1 pL

(Reaction conditions: using Biometra T GRADIENT)

95°C, 5 minutes

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

72°C, 5 minutes

The 360 bp DNA fragment amplified as a result of this
reaction was collected with a QIAquick PCR Purification Kit
(QIAGEN Co.). The resulting 360 bp DNA fragment was
digested with restriction enzyme NdelI. The plasmid pTC-DM
(Reference Example 2(6)) was similarly digested with
restriction enzyme Ndel. 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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25 pg/ml kanamycin and shaking cultured at 30C for 2 76 hours, and the
mycelia were collected, washed twice with 10 mL of LB medium and
suspended in 5 mL of LB medium. This was used as the donor
suspension. While the donor suspension was being prepared, Mer-11107
was inoculated into 10 mL of TSB medium (Trypto-Soya broth: Nissui

Sei ) and shaking in batl%{ 30C for 5 hours, and the mycelia were
SHin et ek N R fb S o

wad mb of sterilized water 1 Lhis (used as the recipient suspension. 500
pL of the S17-1/pAOC::PapsmAB donor suspension was mixed with 10

Ex phpofthe resultipg MeribhlQyfrecipient isispension cant iapptiedio Actino
Medium No. 4 agar medium (Nissui Pharmaceutical). After incubated at
30CTor 18Hrneg 2 tiis Wasscoveéred withzes milnoESNPoDs8% nifrkent
medium: Difco, 0.4% agar) containing 2 mg/mL ribostam¥cin, and

A1 fetbated'at 30 ﬁtf&%%ﬁaﬁygﬂw A6dstafy/din? resisanpded
5B o 4. Pledianlioe bradiutio teorof MBe 11107 PADC Bapdiike
e 18t Merd110v;:PARG PapsmAB, obtained inExample $and thea -
parent Mer-11107 strain as a control were tested for productivity of
Bipiaslighalide B aad its Hbepasition hydsoxide piagianalide D..300:ph eanh
of frozen seed of Mer-11107::pAOC::PapsmAB
fragment comprising the pldA promoter and psmAB (sometimes
called PapsmAB hereunder) was excised and collected and
purified using a QIAquick Gel Extraction Kit (QIAGEN Co.).
The recombination vector pUClY9aph::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/pAOC: :PapsmAB. The resulting S17-
1/pAOC: :PapsmAB was inoculated into 10 mL of LB medium (1%

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

25 pg/ml kanamycin and shaking cultured at 30°C for 2
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and Mer-11107 was inoculated into 60 mL of seed medium 77 (soluble
starch 2%, soy bean meal (ESUSAN-MEAT manufactured by Ajinomoto
Co. Ltd.) 2%, yeast extract 0.30, K2ZHPO4 0.10, MgS0O4 7H20 0.25%,
CaCO03 0.3%, pH not adjusted) and incubated at 25C for 3 days. 600 pL
of the resulting seed culture broth was inoculated into 60 mL of main

culture medi (soluble.starch 5% ose 1%, Pharmamedia 3%, .
o Skl LG 26 50510 AR08 G L0, g1 750, ad ELT b B i3 1
de@¥S’LABdﬁbé%§u%yasn%ﬂ%§9§‘¥ ﬁd’%ﬁeriﬁheBCQEﬁp!s%orL@f rﬁ'%%lEH!HYat'%i S
the resulting culture broth was extracted by addition of 4 times the
waameswi ohaceinaitiien dhe sampuntsiafpiadignalide Bianddtsnta-position
hydroxide piadienolide D in the resulting extract were measured by
SUBPIC: Ithe measthehmentvestltsrar@ shéwn-ihlTable 22 ThenpiPLGated
measurement conditions were as follows. Device: Shimadzu HPLC |IOAvp

1NEQIUN T BetdodiPB IS B8 (4 LRI 3CSY Mk 3Phy Ndhif phase:
s {OSTITER,0 Cong Sl B0 LI, o
my PMiN Retection;: ALV 249 nm,Jlgjecton yolume:;3 pLyGolymn, £
temperature: 40C Analysis time: 25 min

sterilized water and suspended in 1 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 uL
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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Retention time: Piadienolide B 12.4 min 78 Piadienolide D 4.3 min Table
2 Mer-1 1 107::pAOC::PapsmAB strain Mer-1 1107 strain Pladienolide B
Pladienolide D Pladienolide B Pladienolide (mg/L) (mg/L) (mg/L) D (mg/L)
cultured for 3 days 36.2 148.4 180.5 0.0 (72 hours) cultured for 4 days
93.2 289.3 338.1 0.0 (96 hours) cultured for 5 days 122.3 420.6 402.2 0.0

({30 ours) cultyred for & days 118 3,535 8 272,200 (144 nours) Whle
almos een with't ra

no production of Si%ienoﬁgerf) Wwas e parent strain

py Mes11104, piadienolidg D was praduced bydhe .+ .35, x,HPO, 0.1%,
Mer-11107::pAOC::PapsmAB strain having the introduce

MgpAOCHRapsAR , This.shows.that, disectnproductjors o pipdienlide &hpam ed
be achieved by introducing the piadienolide B 16-position hydroxylase

atgehé psiAB intdathe piadi€Aolide Biprodecing strainiMer-4¢¢d7culture
Exampie 5: Effects of (3-CD addition on piadienolide D

broth was inoculated into 60 mL of main culture medium
(soluble starch 5%, glucose 1%, Pharmamedia 3%, adekanol
LG-126 0.05%, CaCO3; 0.1%, pH 7.5), and cultured at 25°C for
3 days, 4 days, 5 days and 6 days. After the completion of
the cultivation, the resulting culture broth was extracted
by addition of 4 times the amount of acetonitrile. The
amounts of pladienolide B and its 16-position hydroxide
pladienolide D in the resulting extract were measured by
HPLC. The measurement results are shown in Table 2. The
HPLC measurement conditions were as follows.
Device: Shimadzu HPLC 10Avp
Column: Develosil ODS UG-3 (¢ 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 uL
Column temperature: 40°C
Analysis time: 25 min

Retention time: Pladienolide B 12.4 min
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production by Mer-11107::pAOC::PapsmAB strain The effects of
(3-cyciodextrin (3-CD) addition on productivity of piadienolide B and its
16-position hydroxide piadienolide D by the Mer-11107::pAOC::PapsmAB
strain obtained in Exampie 3 were investigated. 300 pL of frozen
Mer-11107::pAOC::PapsmAB seed was inoculated into 30 mL of seed

culture medium

manufactured by Ajlnomo#al

(soluble
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While almost no production of pladienolide D was seen

with the parent strain Mer-11107,

produced by the Mer-11107:

introduced pAOC:

:PapsmAB.

:pAOC:

pladienolide D was

:PapsmAB strain having the

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.

Example 5: Effects of B-CD addition on pladienolide D
production by Mer-11107::pAOC: :PapsmAB strain
The effects of B-cyclodextrin (B-CD) addition on

productivity of pladienolide B and its 1l6-position

hydroxide pladienolide D by the Mer-11107:

:pAOC:

strain obtained in Example 3 were investigated.

frozen Mer-11107:

:PapsmAB

300 pL of

:pAOC: :PapsmAB seed was inoculated into 30

mL of seed culture medium (soluble starch 2%, soy bean meal
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Mobile phase: 45% to 55% methanol (0 to 5 min) 55% methanol (5 to 13
min) 55% to 70% methanol (13 to 21 min) 70% methanol (21 to 25 min)
Flow rate: 1.2 mL/min Detection: UV 240 nm Injection volume: 5 pL 80
Column temperature: 40C Analysis time: 25 min Retention time:
Piadienolide B 12.4 min Piadienolide D 4.3 min Table 3 2% (3-CD added

X ed Pladienolide B Pladienolide D Pladienolide s veast
gﬁ(ﬁ ien E’@*d% (amg )afmgﬁj ngL%(anr)ﬂ“ Tuftured forE 521‘9’9 A
ex292.0:362 148 & (12H)0urs) £ £U|tw<§§d‘0f #day9 3628, 35@%@3 8 289.3 oy
(96 hours) cultured for 5 days 484.3 580.1 122.3 420. 6 (120 hours)
noceuliured o6 days 433inéibitldd.36358°C for 3 days. 300 pL of
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%, CaCOs3 0.1%, pH 7.5) or 30 mL of main
culture medium without R-CD added (soluble starch 5%,
glucose 1%, Pharmamedia 3%, adekanol LG-126 0.05%, CaCOsj
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 uL
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(144 hours) As a result, addition of 2% (3-CD resulted in a roughly 1.4
times increase in piadienolide D accumulation, showing that addition of
(3-CD has an effect on direct production of piadienolide D. Example 6:
Piadienolide production by Mer- 11107::pAOC::PapsmAB strain (2) 300
pL of frozen seed of the Mer-11107::pAOC::PapsmAB strain obtained in
Exapﬁqlze BHW%S ino(glrj!%%d into 30mL of seed culture medium (soluble
starc %1, soyeglgan meaf?ES AN-MEAT manufactured by Ajinomoto
Co. Mgriggg,syeg%@xtrggt 0.8%0, K2HPO4 0.1%, MgS04 7H20 0.25%,
CaCO03 0.3%, pH 81 not adjusted) and incubated at 25C for 3 days. 300
pL cfethenresuliingiseed culttre brath was iBoculatedvinto 30 mL of main
culture medium (soluble starch 5%, glucose 1%, Pharmamedia 3%, soy
bean powder (J-Oil Mills: Pibagn SoyPrdf 19,%adekanni LG-126 0.050,
a-CD 2.00, CaC03 0.10, pH 7.5), and cultured for 3 days, 4 days, 5 days,
Ta@]()%yé and 7 days at 25C. After the completion of the cultivation, the
resulting culture liquid was extracted by addition of 4 times the amount of

acetonitrile. ThelamounBpRpGligagsde B and its 16{poPtioD hydeaxide
piadienolide D iftheresultmy_extractwere mgasured by HPHCThe—
measurement reddRSISHO SRR ACTeRlde PETperole Al Flagisnolide D
conditions were s _f6MSAS. (mg/L) (mg/L) (mg/L)
cultured for 3 days
199.4 202.0 36.2 148.4
(72 hours)
cultured for 4 days
362.8 350.5 93.2 289.3
(96 hours)
cultured for 5 days
484.3 580.1 122.3 420.6
(120 hours)
cultured for 6 days
433.1 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::pAOC: :PapsmAB
strain obtained in Example 3 was inoculated into 30 mL of
seed culture medium (soluble starch 2%, soy bean meal
(ESUSAN-MEAT manufactured by Ajinomoto Co. Ltd.) 2%, yeast

extract 0.3%, Ky;HPO, 0.1%, MgSO,-7H,O0 0.25%, CaCOs3 0.3%, pH

81



Device: Shimadzu HPLC IOAvp Column: Develosil ODS UG-3 (g 4.6 mm
x 50 mm 3 pm) Mobile phase: 45% to 55% methanol (0 to 5 min) 55%
methanol (5 to 13 min) 55% to 70% methanol (13 to 21 min) 70%
methanol (21 to 25 min) Flow rate: 1.2 mL/min Detection: UV 240 nm
Injection volume: 5 pL Column temperature: 40C Analysis time: 25

[ tention time: Piadi ide B 124 tes 82 Piadi [
et SRl e LR e K Ly
£ nfor3.days-378,3230.6 (f2-horrs)suliured for 4 days 601-4 5613 {960 mL,

hours) cultured for 5 days 480.4 874.2 (120 hours) cultured for 6 days

of 3BA A4 ture medium (soluble starch 5%, glucose 1%,
Pharmamedia 3%, soy bean powder (J-0il Mills: Honen SoyPro)
1%, adekanol LG-126 0.05%, pB-CD 2.0%, CaCOs; 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 uL

Column temperature: 40°C

Analysis time: 25 minutes

Retention time: Pladienolide B 12.4 minutes
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(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 sod;j%hrr‘?L dslu?fré?ef.idf?er%e%vb@vin%ltﬁléts%Tvent, the
TaFesulting residue was purified by thin layer chromatography (MERCK

Silicagei 60 F254 0.5 mm developing solution; toluene:acetone=1:1) to

obfain T2-8 Mg of piadiepolide B and 231 mg of piadienolide D. The
1H-NMR analysis result§ RiadiaditoelB¢ngand Rrdipnmidi D e as
follows. Piadienolide B;[83 1H-NMR spectrum (CD30D, 500 MHz) : 5 ppm
(integratipnd foutiplijty,|coupling constant J (H7)): 0.93 (3H,d,J=7.0OHz),
0.94 (3H %:6'8';)?’ 0.98 (3H,t,BBSHz), 1.12 (3H,d,J=836+), 1.23
(3HLs). 198 NPHRN "1 4b (o1 m) 153-1 70 (6H m) 1 70 (3K d 1=1 QHy),
2.10qBkydXG24(tEys)|, 2.56 (2H,m), 2.60 (1H|m), 2.70
(1H,dd. ek B34, 2.16 (1H,dt,893:4 5.7H2), 3.56 (1HRH28.3,4.4H1),
3.82-(4Hm)-5-08(2H-d-3=9.8Hz). 5.60
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
the resulting residue

sulfate. After removing the solvent,

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 B;
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(1H,dd,J=9.8,15.2Hz), 5.70 (1H,dd,J=8.3,15.2Hz), 5.74
(1H,dd,J=9.8,15.2Hz), 6.13 (1H,d,J=9.8Hz), 6.36 (1H,dd,J=9.8,15.2Hz)
Pladienolide D; 1H-NMR spectrum (CD30D, 500 MHz) 5 ppm (integration,
multiplicity, coupling constant J (Hz)): 0.93 (3H,d,J=7.0Hz), 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

1 1.70 (1H,dd,J=6.4,14. .82 (3H,d,J=1.0Hz), 1.90.

A 55 A S 21 (31 6 (2P 62 (1S, 273"

31 96.0=2.4.5.342).2 84 (1M A1L1=2.4,57HB), 3 55 (1H 01,18.3.4.411),
3.82 (1H.m). 5.10 (1H.d,J=9.8Hz), 5.11 (1H.d.J=10.8Hz), 5.60

0. ¢1H,de=9,8415.2H7)) 5.74 . (1H,dd~8,3146.2447),) 5.92 .(4B1,d,J=15.2Hz),
6.18 (1H,d,J=10.8Hz), 6.57 (1H,dd,J=10.8,15.2Hz) Example 7:
(3 httodiretio B tecomBiRatich plasATi@ -BAQC:: PapsmAB ihte Merll 1297

gidB::hy strain The S17-1/pAOC::PapsmAB strain obtained in Example 3
(184Tas iholdlatedlintd 10 2 of LB fHeditify (i)% bﬁct@tr%&[@h@{ 6.50002) /

ast.extract, 0,5% N comprising. 2 /mL k ycin and shaki
2 %E)Ituée 61 2 h%uré;‘,zaf@g‘?(i,m a?r}d gzéb%m)igﬁén\}\lfe’rea%]gﬁgct %}?W%he t'r\}vg}%e
(1WithdlOymb of LB pediumvand syspenged,in 5 mL:of 1B mediumsThis
was the donor suspension. While the donor suspension was being

(1preparedghe, Metrtdd 107 pleiB::hyg strajn prepargd in, Refereneriz), 5.60
Example

(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;

'H-NMR spectrum (CDsOD, 500 MHz): & 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 (lH,m), 1.36-1.66 (9H,m),

1.70 (1H,dd,J=6.4,14.2Hz), 1.82 (3H,d,J=1.0Hz), 1.90

(1H,dd,J=6.4,14.2Hz), 2.10 (3H,s), 2.52 (2H,m), 2.62

(lH,m), 2.72 (1H,dd,J=2.4,8.3Hz), 2.94 (1H,dt,J=2.4,5.7Hz),

3.55 (1H,dt,J=8.3,4.4Hz), 3.82 (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

(lH,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/pA0C: :PapsmAB strain obtained in Example 3
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1(8) was inoculated into 10 mL of TSB medium (Trypto-Soya broth:
Nissui Pharmaceutical) and shaking cultured at 30C for 5 hours, and the
mycelia were collected, washed twice with 10 mL of sterilized water and
suspended in 1 mL of sterilized water. This was the recipient suspension.
500 pL of the S17-1/pAOC::PapsmAB donor suspension was mixed with

10 pL of Iting Mer-11107 ::h ipient [
wa S0Pk st e fesyiting Mer 1407 AL g eciieny.syspension, s,

app ctino rum agar medi elyaku)

0. @%:ugage&até&qg%lﬁ hours, (this Was-cayered with 2.5 mi, of SNA

(0.8% nutrient medium: Difco, 0.4% agar) containing 2 mg/mL
katibestamycihand rHaeubatedat 80cdor 7 slays ta obtain arilzastamyeind the
resistant pAOC::PapsmAB-transformed Mer-11107
my pedBahy pACCLPapsmAB steaihcExamplee8 vRiadieholidé: pedduction
test of Mer-11107 pLdB::hyg:: AOC::PaﬁsmAB strain The Mer-11107

megi - AV PG ES PAREMAB Strdii dbtainEd TR ExAmple Fartd e pareht
Mer-11107 eDLdB::hyg strain as a 85 control were tested for productivity of

domf_zgg sa%dnlfgslfe?-'position hydroxide ME-282. 300 pL each of frozen
seeg;0f 1Mer-11107 pLOB:RygPAQG: PapsmAB agd Mer: , the

pLdB::hyg was inoculated into 30 mL of seed medium (soluble starch

Me 2%, 509 ‘beandpeah{zp USANMEAdeamanstaciured byAjnomotbxEap 1 e
Ltd.) 2%, yeast extract 0.30, K2HPO4 0.10, MgS0O4 7H20 0.25%,

1 (Ea0G3 03% cpH Fot ddjusted) dhdiihculbatédat 2SEL for 3 days 300Splya

of the resulting seed culture broth was _
broth: Nissul Pharmaceutical) and shaking cultured at 30°C

for 5 hours, and the mycelia were collected, washed twice
with 10 mL of sterilized water and suspended in 1 mL of
sterilized water. This was the recipient suspension. 500
pL of the S17-1/pA0C::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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inoculated into 30 mL of main culture medium with 2% a-CD added
thereto (soluble starch 5%, glucose 1%, Pharmamedia 3%, adekanoi
LG-126 0.05%, a-CD 2.0%, CaCO3 0.10, pH 7.5), and incubated at 25C
for 3 days, 4 days, 5 days and 6 days. After the completion of the
cultivation, the culture broth was extracted by addition of 4 times the

cofiout ot sceloniyle, The amounts of ME200 and s Je-posiien, . 16

In the resuiting extract were measure he

poBEABYIEMERISIESUlLs aie shown inshable:S.Jhe, HRLG measurement o

conditions were as follows. Device: Shimadzu HPLC IOAvp Column:

Me Develosit QDIRIG13/(§]:4.6A0Mm: % BAFRMAS paY)dMabite phase: 45%H0 : hyg
55% methanol (0 to 5 min) 55% methanol (5 to 13 min) 55% to 70%

wametharol {23 ¢ol 17miin) 310%Imetharskd to8bimin) Flowuhtes 1sxarch
mL/min Detection: UV 240 nm 86 Injection volume: 5 }L Column

2% lerfipdratifidm4BE 2 AndRSisHiNe 148 hmiMGte s TRetemtiBh tinve AMEZEB° O
21.0.min ME-282 15.6 min ,Table 5 1110 o

oy RO PLariA® San Mer L1107/ 508: hyd S0 780

0.25%, CaCO3; 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 culture medium with 2% B-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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ME-265 (mg/L) ME-282 (mg/L) ME-265 (mg/L) ME-282 (mg/L) cultured
for 3 days 47.8 153.8 485.7 0.0 (72 hours) cultured for 4 days 63.5 222.1
907.0 0.0 (96 hours) cultured for 5 days 70.5 280.5 1534.4 0.0 (120
hours) cultured for 6 days 71.8 309.6 2031.3 0.0 (144 hours) While
almost no production of ME-282 was seen with the parent strain
Mer-11107 pLdB::hyg, ME-282 was produced by the Mer-11107
pLdér:l:ﬂ%:t:pl,&BC‘:]:%lapIg?nA strain into which pAOC::PapsmAB was
intreducedy, This.shows that dirgeto production of ME-282 can be achieved
by introducing the ME- 265 16-position hydroxyiating enzyme gene
psAB inte tke tMke26Bprodusingesirain Mer-11107 pLdB::hyg. A
filtration aid was added to about 90 mL of extract obtained by addition of
an émpiat amount of acetolilfriie@d the.aforamentioned Mer-11107
pLdB::hyg::pAOC::PapsmAB culture broth, which was then mixed and
filtered through 60 cp KiryamaSfanhel-Kifjdma filter paper No. 4) to
Ta'sPIeatg 87 the mycelia. The mycelia were washed with 50 mL of water

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
63.5 222.1 907.0 0.0
(96 hours)
cultured for 5 days
70.5 280.5 1534.4 0.0
(120 hours)
cultured for 6 days
71.8 309.6 2031.3 0.0
(144 hours)

While almost no production of ME-282 was seen with the
parent strain Mer-11107 pldB::hyg, ME-282 was produced by
the Mer-11107 pldB::hyg::pAOC: :PapsmAB strain into which
PAOC: :PapsmAB was introduced. This shows that direct
production of ME-282 can be achieved by introducing the ME-
265 16-position 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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to obtain a mycelia isolation filtrate. The mycelia isolation filtrate was
extracted twice with 100 mL of ethyl acetate. After drying over anhydrous
sodium sulfate, the solvent was removed to obtain the residue. This was
purified by thin layer chromatography (MERCK Silicagei 60 F254 0.5 mm
developing solution; toluene:acetone=1:1) to obtain 0.5 mg of ME-265

and 12. 282. The,1H-NMR ana res -265
%2385 WeEf(leEas foll 8\%\;?%[‘2’@2%% EEE %ﬁ% spgl&rum (8?[53% Ber
tothﬂ;t)a“mprg egratign,; multiplicity, ¢quplingconstainty izl 11 4
0.87(3H,d,J=7.0Hz), 0.90(3H,d,J=7.0Hz), 0.94(3H,d,J=7.3Hz),
i s09¥€3d, 357.OH7) 21 P83 L I=cOER) thl1 é<l. 201, M)O0 mL of ethyl
1.24-1.36(2H,m), 1.42-1.52(3H,m), 1.61-1.66(3H,m), 1.74(3H,d,J=1.IHz),
ac¢189-2.96 (1M 2.00(BHS), QAL 247¢d o 2. 43(dHdd, 318.5a139HE) ©
2.51-2.58(IH,m), 2.56(1H,dd,J=3.7,13.9Hz), 2.65(1H,dd,J=2.2,8.1H2z),
SOV LMt JE9 08 9 2‘503 8?61?—%& @@4%9&11 113:75-5186° (1A ),

91(1H,dd,J=8.8,10.6H 1H.,d,J=10.6
e a1 (120 D151 Oe), S BOHATIL0 D 13 BT Silicaoel 60
F2§@5(§1|§ W&%@-ﬁo@lﬂﬁb ngq(l}ﬂ@'r? 1Q@ﬂﬁne acetone=1:1) to
6.32(1H,dd,J=10.6,15.0Hz) ME-282; 1H-NMR spectrum (CD3OD 500

obMHz) Hppmr(integratinn 2 esultiplicity 2couplingconstant J2(Hz))ri88 'H-NMR
0.87(3H,d,J=7.0Hz), 0.90(3H,d,J=7.0Hz), 0.94(3H,t,J=7.3H2z),
analysis results for the ME-265 and ME-282 were as follows.
ME-265;
'H-NMR spectrum (CDsOD, 500 MHz): & 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
(lH,m), 4.91(1H,dd,J=8.8,10.6Hz), 5.00(1H,d,J=10.6Hz),
5.42(1H,dd,J=9.2,15.0Hz), 5.49(1H,dd,J=9.2,15.0Hz),
5.65(1H,dd,J=8.4,15.0Hz), 6.08(1H,d,JdJ=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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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(1H,dd,J=6.2,13.9Hz),
1.77(3H,d,J=I.IHz), 1.86(1H,dd,J=5.4,13.9Hz), 1.89-1.94(IH,m),
2.00(3H,s), 2.43(1H,dd,J=5.5,13.9Hz), 2.50-2.60(IH,m), 2.56
(1H,dd,J=3.3,13.9Hz), 2.66(1H,dd,J=2.2,7.7Hz), 2.89 (IH,dt,J= 2262Hz)

- B0y b D1HIF ALILE0/01) B AS(1H a0 28 5 15 OFay - £ 2

0. §ActH 1M, I=10.6Hz), 6.52 {1H;dd,d311;0,15 OHzpExample Oy )

Preparation of plasmld pPepsmAB comprising ermE promoter connected
1. upSMAB) The emmEpremoter, region.was ligatedita psmAB in order to

cause expression of psmAB using the ermE promoter. The two primers
1. eDM-BphE& (Sphi gitd addéd to 5ltermindt, sbel Sequiénte No. 27) and

eDM-SphR (Sphl site added to 5'- terminal: see uence No. 28)
1. éémbﬁs%rtﬂe Seuériced! showh Below v@eﬂré]s%?ﬁesm?euo@e{s%&ﬁ the

2. Jaleide, seauence igmaton,of Sequence, o, 3 forpuposes o

ng psm

1§ - EGCRCGOATGCGGEAACTEAGGEACADCACS3 7aDM-SphRg

5-.CCCGGGCATGCAGACGACGACGTAGAGGAA-3' These primers were
(1used jearry pat PER undersbe 1fo)lowjno-aaraditians: {P CR3reagtion 80

liquid composition: using Takara LA Taq 89 (Takara Bio Inc.))
(1H,m), 4.90(1H,overlappedwith D,0), 5.01(1H,d,J=10.6Hz),
5.42(1H,dd,J=9.2,15.0Hz), 6.13(1H,d,J=10.6Hz), 6.52
(1H,dd,J=11.0,15.0Hz)
Example 9: Preparation of plasmid pPepsmAB comprising ermE
promoter connected to psmAB

The ermE promoter region was ligated to psmAB in order
to cause expression of psmAB using the ermE promoter. The
two primers eDM-SphF (Sphl 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 Taqg
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Sterile purified water: 17 pL 2x concentration GC buffer Il 25 pL dNTP
mixed solution (2 mM each dATP, dGTP, dCTP and dTTP): 5 pL LA Taq
0.5 pL eDM-SphF (50 pmoi/pL) 0.5 pL eDM-SphR (50 pmoi/pL) 0.5 pL
Streptomyces esp. A-1544 genome DNA 1 pL (Reference Example 2(1),
10 ng/pL) (Reaction conditions: using T GRADIENT (Biometra)) 95C, 3
(T inutesﬁ%C Ig)cs 68C 4 min) 30 cycles 68C, 5 minutes The 1570 bp
D iaragmen compfising psmAB that was amplified as a result of this
st igactionwas ¢allegted with a QlAquick PCR Purification Kit (QIAGEN; .7,
Co.). The resulting 1570 bp DNA fragment was digested with restriction
2xenzyraensphl The miasmidfrskl s (J. Bacteriol. Vol. 2002 184, 25 uL
6417-6423) was similar digested with restriction enzyme Sphl. The
dN{gsuttingets 2 bp DINA fragmeéht eligest eédiiprisiHgl PsniXB Bndtide ATTP) :
piasmid digest were connected using DNA Ligation Kit Ver. 2.1 (Takara
Bio Inc.). A piasmid pPepsmAB comprising the ermE promoter conmedtéd

A0 RSMAB was constructed in this way. Example 10: Preparation of

a L. . . .. 0.5 pL
recombination piasmid containing 90 psmAB connected to ermE H
eDRIOPROEET (50 pmol/uL) 0.5 pL
eDM-SphR (50 pmol/pL) 0.5 pL
Streptomyces esp. A-1544 genome DNA 1 pL

(Reference Example 2 (1), 10 ng/uL)
(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
QIAguick PCR Purification Kit (QIAGEN Co.). The resulting
1570 bp DNA fragment was digested with restriction enzyme
SphI. The plasmid pSK11l7 (J. Bacteriol. Vol. 2002 184,
6417-6423) was similar digested with restriction enzyme
SphI. The resulting 1570 bp DNA fragment digest comprising
psmAB and the plasmid digest were connected using DNA
Ligation Kit Ver. 2.1 (Takara Bio Inc.). A plasmid
pPepsmAB comprising the ermE promoter connected to psmAB
was constructed in this way.

Example 10: Preparation of recombination plasmid containing
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The piasmid pPepsmAB prepared in Example 9 was digested with
restriction enzymes Kpnl and Bgill, and blunt-ended using BKL Kit
(Takara Bio Inc.). The resulting DNA was electrophoresed (Mupid-ex:
Advance) on 0.8% Molecular Biology AgaroseTM (BIO-RAD), and the
isolated 2060 bp DNA fragment (hereunder called PepsmAB) comprising

the ermE promoter and psmAB was excised and collected and purified
ps%%%ﬁgﬂf&ﬁ%%ﬁ%ﬁgﬁ%? @%\%ﬁ Co.). The recombination vector
DU%!ﬁép@i%féRﬂﬁtht%ﬁéﬁﬁ?@’”ﬁ?é@%ré‘d”%%a@%?ﬁ%%e@ withs
restriction enzyme BamHI, and blunt-ended with BKL Kit (Takara Bio
ditnes)y dhewesulting syecierwas conngaied taRepsaAB BgINgIONANd
Ligation Kit Ver. 2.1 (Takara Bio Inc.). Thus, the recombination piasmid

b1 pADCIRETS AR havigLP €asmABaksertedinto e récombiration vettorng
UCI9aph::oriT::intphaiC3l was constructed. Example 11: Preparation of

DNfectitrivifiafior praBid €8 RtainiNg Hatufaf psiAB AGsHmerDir-BaiF
5-CGCATAGATCTTCACCCGAG TCA- 3" h
oS- S0f hing o B CHE GG 1 6 S 0 aAd S her DRRBR(S "

ving a -end and a primer

pp THECEAGHGITGAMGGLGLCCGT CACGET sFingse thepequance Nae

36) having a Bgill site added to the 5'-end were designed and prepared
erwithgetefenee taathe muctedtidesseqrence of they SequencedNel ZMNext,

these two primers (DM-BgiF and DM- 91 BgJR) and the A-1544 genomic
PuUDNA eBtdinedibARefetgndeel Extraction Kit (QIAGEN Co.). The

recombination vector pUCl9aph::oriT::intphiC31 shown in Fig.
4 was also digested with restriction enzyme BamHI, and
blunt-ended with BKL Kit (Takara Bio Inc.). The resulting
vector was connected to PepsmAB using DNA Ligation Kit Ver.
2.1 (Takara Bio Inc.). Thus, the recombination plasmid
PAOC: :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-
3’7: 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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Example 2(1) as the template were used to carry out PCR reaction. The
PCR reaction was conducted by repeating a three-stage reaction
including denaturing carried out at 98C for 20 seconds, annealing carried
out at 63C for 30 seconds and elongation carried out at 68C for 4 minutes
30 times by using Takara LA Taq (Takara Bio Inc.) and a PCR amplifier

oo Pradient Blomeya Go. A 1suahiy 3,5 1op BNAragment (hereynder

opsSMAB) compris atural psmAand psmB was col
ExQ?LﬁFEQRZQTP“%@“QHer?@&ﬂﬁ"ﬂé‘%'%@%@%@é& g€l el@&FP?“B@?'ﬁD%@d
SUPREC 01 (Takara Bio Inc.). The resulting DNA fragment was digested
rewithbrestrictiomenzyreBgldk The pREIaphiivsideintphiCG3peating a
recombination vector shown in Fig. 4 was also digested with restriction
theazyrae BamHE el eesulting veGtopans PopsmAR wese tordected at
using DNA Ligation Kit Ver. 2.1 (Takara Bio Inc.). A recombination
98\ftadrhid pAOES POPSHAB ESRPSAG PoPSRHIAB irsErtetinfoitive for 30
recombination yector pUCI9aph::oriT::int hiCBl\/% géh%s constrycted.
5 or 4

SCEQBMPIE LY MtrdbEetior 8f fetbbitatidh pidsm minutes 30
£ 1 RHCI9APN; orilintphiC31, PACG: PepsMAB ANk RARG-PPPSMAB, iBtor
Mer-11107. The recombination vector pUCI9aph::oriT::intphiC31 and the
ampAOG: RepsmAB andpAQ Cr PopsmAB abtajned in Examples 19. andidd
were each transformed into conjugated E. coli S17-1 92 (ATCC47055) by
DNalettreporition tbobtain&17-called PopsmAB) comprising natural

psmA and psmB was collected from the PCR amplification
reaction liquid by agarose gel electrophoresis and SUPREC
01 (Takara Bio Inc.). The resulting DNA fragment was
digested with restriction enzyme BglII. The
pUCl19aph::0riT::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
pUCl9aph::oriT::intphiC31, pAOC: :PepsmAB and pAOC: :PopsmAB
into Mer-11107.

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

and 11 were each transformed into conjugated E. coli S17-1
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1/pUCI9aph::oriT::intphiC31, S17-1/pAOC::PepsmAB and 517-
1/pAOC::PoepsmAB strains. The resulting three strains were inoculated
into 10 mL of LB medium (1% bacto tryptone, 0.5% yeast extract, 0.5%
NaCl) comprising 25 pg/mL kanamycin and shaking cultured at 30C for 2
hours, after which the mycelia were collected, washed twice with 10 mL

(AEEEQ 7r(’51§9'5ur% and suspended in 5 mL %L%bn%%q%m%il’y_ese were the
orior suspensions. While the donor Suspension was being prepared,

1 /%lm%% was,ingculated inta-1q mtsqfﬂsﬁgﬂ%%@&mggs% beath:
issui Seiyaku) and shaking cultured at 30C for 5 hours, after which the
1/pnoelia mese eoliected raashed twise with 101nhgf sterdewaterants were

suspended in 1 mL of sterile water. This was the recipient suspension.
ins00 pitefleach of the ddnovsubBensidnsiof thesobitained thregostrafns 0.5%
above was mixed with 10 pL of the Mer-11107 recipient suspension, and

yeapplicdtorAtino MediuNol 4 agEPMERIIH. AfteriRclibatea A s0e for 2nd

1§fhours ;tl Se were,coye ith 2.5 mL of SNA (0.8% nutrient. medium:
Sh; %B,go.iblo %Egr dfo?ntprlgsl?n?;\ﬁrlﬁ)éf/m r%&fﬁgmyg%%ﬁdwrl}ﬁ%ﬁ atedat

my 89€far ¢ days 1o pbtain fRostamycins registait ;i +n 10 I of LB
pUCI9aph::oriT::intphiC31-transformed Mer- 11107::pAOC,

me PAQEC  RepsnABdransformedMer- LELQA7R:pALGCuRepsmABsandiere the
pAOC::PopsmAB-transformed Mer- 11107::pAOC::PopsmAB strains. 93

doEsamples 8NRiadienolide production test of Mer-11107::pAOC

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::intphiC31l-transformed Mer-
11107: :pAOC, pAOC: :PepsmAB-transformed Mer-
11107: :pAOC: :PepsmAB and pAOC: :PopsmAB-transformed Mer-—

11107: :pAOC: :PopsmAB strains.
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strain, Mer-11107::pAOC::PepsmAB strain and Mer-
11107::pAOC::PopsmAB strain The Mer-11107::pAOC strain,
Mer-11107::pAOC::PepsmAB strain and Mer-11107::pAOC::PopsmAB
strain obtain in Example 12 were tested for productivity of piadienolide B
and its 16-position hydroxylate piadienolide D. 300 pL each of frozen

seed of Mer-11107::pAOC, Mer- 11107::pAOC::Peps and .
B 13 pAOR AR WS TR Iad Tho 20 L o sebATRddiRR

‘Popsm was inocutated into 20" mL 6 ed

st (splublestarch 26,7 soy hean meeal {ESY SAN-MEAT mapufactured by
Ajinomoto Co. Ltd.) 2%, yeast extract 0.30, K2ZHPO4 0.10, MgS0O4 7H20

110@50; (BaCO33%mAk! Bat-adjusted) and incubated at 25C for 2 days.
300 pL of the resulting seed culture broth was inoculated into 30 mL of
maihleltirrmedidid (salable starehi 8%, Mpucosel104 : Phafhamedias3ve
CaC030.10, pH 7.5) and incubated at 25C for 4 days. After the

STtEBmMpletion SfethelcutiVation te: clifte BrGthivasékiraled by addition

of 9 times_the amount qof acetonitrile. TCge mounts of piadienolide B.and
T b bocHicT AR e BatiEna i L e SSulthy St At e o B

anH‘Q@@%‘@%QﬁdﬂE%@th%ﬁ!ﬁ%@Q@@Qt Fﬂ%@§@1§%§lﬂa\é’nﬂr} Tablg6,,the
itions were as

HPLC measurement con ollows. Device: Shimadzu HPLC
ea @AY CotvaanDevelasib® D& UG-8 1 (74 .60moTx S@gnm 3 pm) Mobile

phase: 45% to 55% methanol (0 to 5 min) 94 55% methanol (5 to 13 min)
11107: :pAOC: :PepsmAB and Mer-11107: :pAOC: :PopsmAB was
inoculated into 20 mL of seed medium (soluble starch 2%,
soy bean meal (ESUSAN-MEAT manufactured by Ajinomoto Co.
Ltd.) 2%, yeast extract 0.3%, K;HPO; 0.1%, MgSO,-7H,O0 0.25%,
CaCO; 0.3%, pH not adjusted) and incubated at 25°C for 2
days. 300 pL of the resulting seed culture broth was
inoculated into 30 mL of main culture medium (soluble
starch 5%, glucose 1%, Pharmamedia 3%, CaCO; 0.1%, pH 7.5)
and incubated at 25°C for 4 days. After the completion of
the cultivation, the culture broth was extracted by
addition of 9 times the amount of acetonitrile. The
amounts of pladienolide B and its 1l6-position hydroxide
pladienolide D in the resulting extract were measured by
HPLC. The measurement results are shown in Table 6. The
HPLC measurement conditions were as follows.

Device: Shimadzu HPLC 10Avp

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

Mobile phase: 45% to 55% methanol (0 to 5 min)
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55% to 70% methanol (13 to 21 min) 70% methanol (21 to 25 min) Flow
rate: 1.2 mL/min Detection: UV 240 nm Injection volume: 5 }L Column
temperature: 40C Analysis time: 25 min Retention time: Piadienolide B
12.4 min Piadienolide D 4.3 min Table 6 Mer- Mer- Mer- | 1107::pAO
11107::pAOC: 11107::pAOC: C strain :PepsmAB :PopsmAB strain strain
Pladienolide B 243.0 309.0 24]‘&%51({1?%['") Pladien ideil%g).o 54.8 18.8

(mg/L) While almost no pr?)dlﬂl(caftlon 0 'aéilenoﬁde Was seen with

Mer-11107::pAOC in which qnly the vegtor was jintreduced, piadjenglide
D was produced by the Mer- 11107::pAOC::PepsmAB and
Mer-11107::pAOC::PoprmARestraiis having inttodaced pAOC::PepsmAB
and pAOC::PopsmAB. This shows that direct production of piadienolide D
canibecachieved by -idtrodueing the piadienolide B 16-position

hydroxylase gene psmAB into the piadienolide B producing strain
ﬁg@fg j%nn %V 240 nm P P g

Injection volume: 5 uL

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 | 5 309.0 241.3
(mg/L)

Pladienolide D 0.0 54 8 18.8
(mg/L)

While almost no production of pladienolide D was seen
with Mer-11107::pA0C in which only the vector was
introduced, pladienolide D was produced by the Mer-

11107: :pAOC: :PepsmAB and Mer-11107::pAOC: :PopsmAB strains
having introduced pAOC: :PepsmAB and pAOC: :PopsmAB. This
shows that direct production of pladienolide D can be
achieved by introducing the pladienolide B 1l6-position
hydroxylase gene psmAB into the pladienolide B producing

strain Mer-11107.
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95 Example 14: Preparation of pPampsmAB comprising variant psmA
pPampasmAB-CLM, pPampsmAB-CLLM, pPampsmAB-CLFM and
pPampsmAB-TY having mutations introduced using QuickChangeTM
Site-Directed Mutagenesis Kit with the pPapsmAB prepared in Example 1
as the template were prepared in order to add site-directed mutations to
EXE élpergngla%g alr(l)ang seet e?Seguer}cleSNos 37 and %8)
aVF/)mg the Seque fices shown b wePe fit synﬁ?esaedn??gl%ff:
pSQATTCGCGGCCGTCTGCGACCGGCGGGTG -3' R9AC-R:
5'-CACCCGCCGGTCGCAGACGGCCGCGAA-3' and a mutation was

intredugedaising QuickChanged MhsHe cDirEctediMuitagenssiskitwith d
pPapsmAB as the template, replacing the #91 arginine of PsmA with
PP eysteinkRopfeparel pPampsatABIC, NetrprimeesiR1950F Qnd FRIOBaRe™
(see the Sequence Nos. 39 and 4 g having the sequences shown below
Slﬁﬁwg%ﬁ%ﬂE%kéﬁﬂﬁ¥gﬁ@pls Kit with the pPapsmAB prepared in

T LA CCETCONGCOCCOTTCORAS 4k o Fion ¥a ™

s1ftroguced usingQuickEhange TM3itg: Directed Mutagenesis Kit with
pPapsmAB-C as the template, replacing the #195 arginine of PsmA with

leugineg te=preprve eRampsmMABtCLRNexE prioress $4030hEantos . 37

L403M-R (see the Sequence
and 38) having the sequences shown below were first
synthesized:
R9IC-F: 5’'-TTCGCGGCCGTCTGCGACCGGCGGGTG-3"
RI9AC-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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96 Nos. 41 and 42) having the sequences shown below were
synthesized: L4A03M-F: 5'-ACGAICCAGGGGAIGAIGGAACICCCCGIGA-3'
L403M-R: 5-ICACGGGGAGIICCAICAICCCCIGGAICG-3' and a mutation
was introduced using QuickChangeTM Site- Directed Mutagenesis Kit
with pPapsmAB-CL as the template, replacing the #403 leucine of PsmA

with methionine to .prepare pPampsmAB-CLM. Next, primers R236L-F
MO8 R2FBLR (2o S SEguHe Tk a3t AN e s ences
syahewn pelow were synthesized: R236L-F:
5'-AGCIGGACCGACICGACGIGGIGGCGCIGG-3' R236L-R:
1, 453AGICGECAGCACGIE CACGHILGRICCAGCICE @pdan rritation was
introduced using QuickChangeTM Site- Directed Mutagenesis Kit with
L4 pPHp8MAB-CLMRES Hie-hepiplate’; Trepldcitg tHeCA2385aryinine of PsmA
with leucine to prepare pPampsmAB-CLLM. Next, primers 1244F-F and

anq A4 FIR fdethe "SEqUENCECNBS S45 Bfid 46) Raving the degliendds

. show low W hesized: -F:
o e e A oo == the tomplate,
repISCARCARCAGEAAGAL BRCCAGLGE CAGHAR: end & mutation was

introduced using QuickChangeTM Site- Directed Mutagenesis Kit with
prpPapsmAB=bMnas tita template, replacing the #244 isoleucine of PSmA

with phenyiaianine to prepare pPampsmAB-CLFM.

Next, primers R236L-F and R236L-R (see the Sequence
Nos. 43 and 44) having the sequences shown below were
synthesized:
R236L-F: 5’-AGCTGGACCGACTCGACGIGGTGGCGCTGG-3’
R236L-R: 5’-AGCGCCACCACGTCGAGICGGTCCAGCTC-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-3T
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-CLEFM.
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97 Next, primers M1121-F and M1121-R (see the Sequence Nos. 47 and
48) having the sequences shown below were synthesized: M1121-F:
5'-CAGCGGCGGAIGACGAICCCGICGIIC-3' M1121-R:
5'-GAACGACGGGAICGICAICCGCCGCIG-3' and a mutation was
introduced using QuickChangeTM Site- Directed Mutagenesis Kit with

PPapeAB 85 e lempate eplaci e 4112 metionine ofema wih

threonine' to” preparé pPampsmAB-I-Finally, prim a

NoR192Y-R {see the §gquenge. INoss 49.and-30Q) having the-sequepces

shown below were synthesized: R19SY-F:
syhtAB&SEGEEGCGCGAGIACCICGAGGAGIACCI-3' R19SY-R:

5'-GGIACICCICGAGGIACICGCGCGCCCCII-3' and a mutation was
Ml introdueced UsimCQGlekChahgeTHrSite-IDiFestéd fnagenesis Kit with

PapsmAB-I as the template, replacing the #195 arginine of PsmA with
M1G20GRE 16 PrepAREPPRREAHAR M- IEkinble 1S Prbparation of

introduction piasmid by .double. homologous recombination In,the belief
204 LA b1 Do ThoteEr SotTs B HbaUeba g gL oo

DiP@@@M%ﬁ%@?ﬂ@%ioﬁf@i%%hn%%ﬁ%ﬁ%@ﬁé%@{ﬁ%& DNA
a

participating in piadienolide biosynthesis t ad already been
refletermined: e Refarenge Bxasipled (F¥ determining the hueleatide to
sequence of the piadienolide biosynthesis gene cluster,
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’-AGGGGCGCGCGAGTACCTICGAGGAGTACCT-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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98 along with neighboring DNA thereof, an introduction piasmid was
prepared by the following methods. The Four primers, pidout-L-BgI2F,
pidout-L-SphIR, pidout-R-SphlF and pidout-R-BgI2R (see the Sequence
Nos. 51, 52, 53 and 54) having the sequences shown below, were
synthesized based on the nucleotide sequence downstream from DNA

a1 BRYCIFRto o pladienalide igsmiests . order to,amplfy 8 sequence.. .

urposes of dou ologous recomBination: pidou

waéff%%ﬁ G GEACGTGATE GEGRGRAMCAACCACA-3
pidout-L-SphiR: 5-TCTCCAGCCGCATGCGGTCCCGGGTCACCGT-3

pidatHR-SphiF H-CLECe CATIGCGGCTEEAGATEAIEEAGAGEGRA-3'

pidout-R-BgI2R:
P18oGGEACATETACGAACKIGCECGGGCOACGASECTIE A UFese Nos .

primers were used to run a PCR under the following conditions. (PCR

> LreattionTiuitFCompositian) Srild furisthwatet 30551°9 cBRcEratibhr ©
M each dATP, dGTP

G(%lbuf.fer %50 L dNTP mixed soIEtion 52 5m

VTP andCTR) 16 . pdbut-L Qi+ or BadutR-SnIF (80 BIcIpL) 1

frBk PGRU -51%%1{%)9%RHQFUEB-%%&@Q&%@@%ekn"élﬁé-éiéolﬁma'

DNA (100 ng/pL) 1 pL LA Taq polymerase (5u/pL, TAKARA HOLDINGS

ortNG.)t pLafiReddtipnatesprrature conditipns)Rh(e,s3 prinuies30e

homologous 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 uL

2x concentration GC buffer II 50 pL

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

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

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

95°C, 3 minutes 30
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99 cycles (98C 20 sec, 65C 30 sec, 68C 3 min) 72C, 5 minutes A 2.08

kb DNA fragment (DNA fragment LZ) was amplified from the reaction

using pidout-L-Bgl2F and pidout-L-SphIR, while a 2.73 kb DNA fragment

(DNA fragment RX) was amplified from the reaction using pidout-R-SphlF

and pidout-R-BgI2R. DNA fragments LZ and RX were purified with

cy ié(SSEN PCR Purification Kit (QIAGEN Co.), and digested with restriction
enzymes Bglll and Sphl. Next, the two primers hyg-SpeSphF and

(9 Bya2-SphR.(seeq the-Seguence Ngs.-55 ang, 56) having the sequences

shown below were synthesized based on the nucleotide sequences for

72 puarposes of applifying the hygromycin resistance gene: hyg-SpeSphF:
5-GGGGCATGCGGACTAGTACACCGTCGCCTCGGT-3' hyg2-SphR:
S'-GCCCTCATGCBTICAGBDGECCGEEEGCEBFRGT-3-FTheve prianer Wereed
used to run a PCR under the following conditions. (PCR reaction liquid

£ eBmpositibRy Sterfte phffied watstat pl B donicetifatiBh € buffer 50}/
wh?k edNaTP%(rgéedﬁﬁolgg n r_.fls {nMn%ﬁcﬂjg]ATPthTP QT@? and %JCTP) 16

pL “hyg-SpeSphi (50 pmidifpL) 1 pL hyg2-Sphik (50 pmovipLy 1 pL
ampIEPIURY GESHY I ASCoRICHS ICM 4642shain & Pht —R-Sph1F and
pldout-R-Bgl2R. DNA fragments LZ and RX were purified with
QIAGEN PCR Purification Kit (QIAGEN Co.), and digested with
restriction enzymes BglII and SphI.

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

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

(PCR reaction liquid composition)
Sterile purified water 30 uL
2x concentration GC buffer II 50 uL

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

16 uL
hyg-SpeSphF (50 pmol/uL) 1 pL
hyg2-SphR (50 pmol/uL) 1 pL
Streptomyces hygroscopicus JCM 4772strain 1 pL
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100 total DNA (100 ng/pL) LA Taq polymerase (5u/pL, TAKARA
HOLDINGS INC.)I pL (Reaction temperature conditions) 95C, 6 minutes
30 cycles (98C 20 sec, 63C 30 sec, 68C 2 min) 72C, 5 minutes The 1.21
kb DNA fragment (DNA fragment hyg2) amplified as a result of this
reaction was purified with QIAGEN PCR Purification Kit (QIAGEN Co.)

n d'!%ste ith restriction enzyme Sphl. The DNA fragments LZ and
to%ﬁdigeste&qvé\i% T §t|}|lc|]§}on enzymes Bgill and Sphl, the DNA fragment

rahyg d@@%&é‘é’ﬁ@ resticHon ,9”?Xﬁl@%§pﬁ|@%§ﬂ@§“§1¥@9t i pKH253
(see Fig. 3) digested with restriction enzyme BamHI were all 4 connected

(Rtogethemwith RNA- bigatien &ither: 2ch fhakara Bic Inc.). Thus, a roughly
22 kb piasmid pKU253-LZ-hyg2-RX for double homologous

95 Pécontbimatiorr @as constructed comprising pKU253 having insértedcles

therein a roughly 6.0 kb DNA fragment comprising DNA fragment hyg2
(fhsertél betveer DNAagiRientsAZ and R Example 16: Insertion of
- 2pémAaB or.v%rjcaents thereof into introduction piasmid pKU253-LZ-hyg2-RX

by ’doubﬂlalﬁlomofogous recombination The pPapsmAB constructed in

Example { and the pRAMPSMABGLMpoRRamPSIABCLULM2) amplified

pPampsmAB-CLFM and pPampsmAB-TY constructed in Example 14
aswere digestebwitihis reaction was purified with QIAGEN PCR
Purification Kit (QIAGEN Co.) and digested with restriction
enzyme Sphl.

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

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

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

pPampsmAB-TY constructed in Example 14 were digested with
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101 restriction enzyme Spel. Each kind of DNA digested with restriction
enzyme Spel was electrophoresed (Mupid-ex: Advance) on 0.8%
CertifiedTM Molecular Biology Agarose (BIO- RAD), and the isolated 1.8
kbp DNA fragment comprising the pldA promoter and psmAB or variants
thereof (hereunder sometimes called PapsmAB, PampsmAB-CLM,

PampsmAB-CLLM, PapmsmAB-CLEM or Pamps -TYggwa excised
re e AT SS B PR ot

reS@Di Ihesesuling RNA fragments @m%lfhg?g@é@ﬁ%&lﬂ'—ex :
PampsmAB-CLLM, PapmsmAB-CLFM and PampsmAB-TY) were

Adocanrected wsmgsRNAdrigatfore Kit ies1 2 dTakami Bicdge.) Algdthese (BIO-
pKU253-LZ-hyg2-RX prepared in Example 15, which had been digested

RARIth restiictibe ehzyhe tSel 1THe kéupetive IRAfragmes{PapsmAB; he
PampsmAB-CLM, PampsmAB-CLLM, PapmsmAB-CLFM and

Pl%n%%ﬁ%%@re%ﬂé%é&teﬂ%ﬂéﬁ% sih the hygeoFunder

KU253-LZ-hyg2-RX to construct the roughly kb _piasmi
oK IR S5 Dok B PRURE L2 - Pk LHRx,
Paﬁﬁéggﬁﬂé%PMg%fkﬁg ABECEHMN-BXpKU25324 and collected and
Z-hyg2-PampsmAB-CLFM-RX and pKU253-LZ-hyg2-PampsmAB-TY-RX
pufor PLEposescof intraducing psaTAR: ot vararitsthereof hy damte co. ) .
homologous recombination. Example 17: Introduction of psmAB or
Theariasts tivéreof Pid Mer 1207 by thhubkmAdmokigonstéormbiation
The resultin KU253-LZ-hggZ-PapsmAB-RX, pKU253-LZ-
P ARy g EiA BECEMSBR Pp KB 3 - h G PSS nTAB- GO -RX,

coRKE2034-40Y92 RAMPIMEBGEEMRE and PRY293HE2 i 1ne.)
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-hygZ2-PampsmAB-CLLM-RX, pKU253-
LZ-hyg2-PampsmAB-CLFM-RX and pKU253-LZ-hyg2-PampsmAB-TY-RX
for purposes of introducing psmAB or variants thereof by
double homologous recombination.
Example 17: Introduction of psmAB or variants thereof into
Mer-11107 by double homologous recombination

The resulting pKU253-LZ-hyg2-PapsmAB-RX, pKU253-L7Z-
hyg2-PampsmAB-CLM-RX, pKU253-LZ-hyg2-PampsmAB-CLLM-RX,

pPKU253-LZ-hyg2-PampsmAB-CLFM-RX and pKU253-LZ-hyg2-
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102 PampsmAB-TY-RX were each transformed by electroporation into
conjugated E. coli S17-1 to obtain S17-1/pKU253-LZ- hyg2-PapsmAB-RX,
S17-1/pKU253-LZ-hyg2-PampsmAB-CLM-RX, S17-
1/pKU253-LZ-hyg2-PampsmAB-CLLM-RX, S17-1/pKU253-LZ-hyg2-
PampsmAB-CLFM-RX and S17-1/pKU253-LZ-hyg2-PampsmAB-TY-RX.

Th It] 7-1/pKU253-L.Z-hyg2- -RX,.S17- .
P RO L2 Ry amp e AR CLRE ROt G RSB 22 o7
in BWHW;A L MRX, ST7-1pIKNZ53-L Z4ya2: Ramps mABS L FM-R
and S17-1/pKU253-LZ-hyg2-PampsmAB-TY-RX were inoculated into LB

hy gediap {h¥Bbactp typtone, Sk%opast extyact-0 Do Na) comuising 17—
25 pg/mL of kanamycin and 100 pg/mL of hygromycin B and shaking

1/ pliired dt Bocyfo? 2Hours réit- Ghé Ynmyiélia Wete tol&sted 3whdhéd twice
with 10 mL of LB medium and suspended in 5 mL of LB medium. These

Pajea e dohdr Stspetsions! Whikkthe doiot stgpénsians were peing X -
repared, Mer- 7-was | lated jnto 10mL of TSB medjum

Th%ry%fso13 8)}5} %roth: I\f’l\zgl% @%%Jaiﬁu afﬁ%%%ai?r%sg}ﬁ u%(g? at g.grg for 5

1/ BRU@S andthe myscepia wear ﬁ‘qﬁﬁ’ﬂ%‘ﬂﬁd R‘!&’?S@Q@P’Y'%W@S%Q Ll Liofgo-
sterilized water and suspended in 1 mL of sterilized water. This was the

Pafecipiept-suspension. 500-ml/ eroch ©f-the -hyg2-PampsmAB-CLFM-RX and
S17-1/pKU253-LZ-hyg2-PapsmAB-RX, S17-1/pKU253-LZ-hyg2-

S1 PampsiAB-CIIM-Rix 98 1 PANKURAG3-T Z-g wPampsnAB-CLL M RMXto LB
S17-1/pKU253-LZ-hyg2-PampsmAB-CLFM-RX and S17-1/pKU253-LZ-

e Hy§2LpahipSAABET VR HBRGT suspehsitns Was ket ith 4071 W the
colSIEHQY regipiens suspension, and aBpied o) 4o L/ of
hygromycin B and shaking cultured at 30°C for 2 hours, and
the mycelia were collected, washed twice with 10 mL of LB
medium and suspended in 5 mL of LB medium. These were the
donor suspensions.

While the donor suspensions were being prepared, Mer-—
11107 was inoculated into 10 mL of TSB medium (Trypto-Sovya
broth: Nissui Seiyaku) and shaking cultured at 30°C for 5
hours, and the mycelia were collected, washed twice with 10
mL of sterilized water and suspended in 1 mL of sterilized
water. This was the recipient suspension. 500 mL each of
the S17-1/pKU253-LZ-hyg2-PapsmAB-RX, S17-1/pKU253-LZ-hyg2-
PampsmAB-CLM-RX, S17-1/pKU253-LZ-hyg2-PampsmAB-CLLM-RX,
S17-1/pKU253-LZ-hyg2-PampsmAB-CLFM-RX and S17-1/pKU253-LZ%Z-
hyg2-PampsmAB-TY-RX donor suspensions was mixed with 10 uL

of the Mer-11107 recipient suspension, and applied to
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103 Actino Medium No. 4 agar medium (Nippon Seiyaku). After 18 hours
of culture at 30C, this was covered with 2.5 mL of SNA (0.8% nutrient
medium: Difco, 0.4% agar) comprising 2 mg/mL of ribostamycin. These
were incubated at 30C for 7 days to obtain ribostamycin-resistant
pKU253-LZ-hyg2- PapsmAB-RX, pKU253-LZ-hyg2-PampsmAB-CLM-RX,
KU253-LZ-hyg2- PampsmAB-CLL M-RX, . .

AR USaIT0 gD Parmpaith CLAM X GHpPon Seivaku) . After 18

hoRKY253-LZ:hyg2-PampsipAB-TY-RX; transformants. Jhereguling 11, of
pKU253-LZ-hyg2-PapsmAB-RX, pKU253-LZ- hyg2-PampsmAB-CLM-RX,

sSNPKUR 584 Zrhyg2-FampsraABrCLDVRY, 0.4% agar) comprising 2
pKU253-LZ-hyg2-PampsmAB-CLFM-RX and pKU253-LZ-hyg2-

mg PanpsmAB o6 Ry adsfermahts seereceachiinoctlateeingg- 16 ONE ofor 7
TSB medium containing no ribostamycin, and shakig% cultured at 30C for

day i NodirS Bt ofprag 253 Y- Papshfas-RpEU<>3-Li-hyg2-
KUR53- -h - NPSMAB-CLM-RX 1253-1.Z-hyg2- o 3

et LR K i e R R

paRESZRB-I4- Y0P ampemAB-TY-RX transformanh eultureiakid was
collected and, washed twice with 10 mL of sterilized water and

pKsaspendedindO-mhngl sterilized veater Fzachr suitably diluted suspension
was applied to YMS agar medium (0.4% yeast extract, 1% wheat germ

extrAbe O4% soluble SEFERS 294 Agan 10 MNPealBRMRERIORHER 53-1.2-

comprising 200 pg/mL hygromycin B, and incubated at 30C for 4 days.
hY ST BBIOHRES GroWTRg n PRI agart et cOmBREFRERGarcHyEh: B

YRS T SR D TRRYRZDY it
PampsmAB-TY-RX transformants were each inoculated into 10
mL of TSB medium containing no ribostamycin, and shaking
cultured at 30°C for 24 hours. Each of pKU253-LZ-hyg2-
PapsmAB-RX, pKU253-LZ-hyg2-PampsmAB-CLM-RX, pKU253-LZ-hyg2-
PampsmAB-CLLM-RX, pKU253-LZ-hyg2-PampsmAB-CLFM-RX and
PKU253-LZ-hyg2-PampsmAB-TY-RX transformant culture liquid
was collected and, washed twice with 10 mL of sterilized
water and suspended in 10 mL of sterilized water. Each
suitably diluted suspension was applied to YMS agar medium
(0.4% yeast extract, 1% wheat germ extract, 0.4% soluble
starch, 2% agar, 10 mM calcium chloride) comprising 200
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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104 comprising 200 pg/mL of ribostamycin, and incubated at 30C for 2
days. After the cultivation, hygromycin B-resistant, ribostamycin-sensitive
strains were selected. The resulting strains were strains having the
hygromycin B- resistance gene hyg2 and psmAB or variants thereof
inserted downstream in the genome (between nucieotides 73362 and

73369 in the Sequence No. 1) from DNA participating in_piadienolide o
ey hic S S MG ELTOR, o My PAPRAB, 1 o 20°C

osyn s, and :.’hyaga :Papsm

FoMes- Z:ZXAQYL%P@H@%%%%%M%F hygromycin B-resistant,
11107- ::hng::PampsmAB-CLLM,Mer-llloy-

riBXsbygcRampsmAB-CLEMs and Meyr-1d:k07-2X 1 hygZ PampsisAB- TY.
Example 18: Piadienolide production by Mer-11107- ZX::hyg2::PapsmAB,

reMerIn@7sZ2X 2hyg?: PantpstABIOMMerng the hygromycin B-
11107-zX::hyg2::PampsmAB-CLLM, Mer-11107- _

e I%ShigeP AMPSMABLEL M aRdMet- PFL07RZX 2Ry g2: PahpsthABT P T ted

do5°e% %:Lﬁe%%‘}:hig :fr%%e‘;':‘geer?gm%f tzég“g%%ﬁg{ﬁgf%éhé’%é EapsmeB: ang

ampsm

73%%@Oﬁ'g&mggé'%ﬁ@@é@%'pq-’w1]3’\4%5%1%%&%7'participatin in
ZX::hyg2::PampsmAB-CLFM and Mer-11107-ZX::hyg2::PampsmAB-TY

p 1 abtained indexanmpleyhit was ingculaiediato? ol 1efsaedr Aerium -
(soluble starch 2%, soy bean meal (ESUSAN-MEAT manufactured by

ZX Afihomoto EarEtthP290yeastleikiract 8.3%.y K2HPRADSI%BMgS04 Mer -
7H20 0.25% CaCO3 0.3%, pH not adjusted) and incubated at 25C for 3

11 48ys. Bo0*pY 8ftheFreBa Mg Pséed - Lultdig brothWds inoculated into 30

ZX?% g@?éqbampsmAB—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-
11107-2X: :hyg2: :PampsmAB-CLLM, Mer-11107-
ZX::hyg2::PampsmAB-CLFM and Mer-11107-ZX::hyg2::PampsmAB-TY
500 pL each of frozen seed of the Mer-11107-
ZX::hyg2::PapsmAB, Mer-11107-ZX::hyg2::PampsmAB-CLM, Mer-—
11107-2X: :hyg2: :PampsmAB-CLLM, Mer-11107-
ZX::hyg2::PampsmAB-CLFM and Mer-11107-ZX::hyg2::PampsmAB-TY
obtained in Example 17 was inoculated into 25 mL of seed
medium (soluble starch 2%, soy bean meal (ESUSAN-MEAT
manufactured by Ajinomoto Co. Ltd.) 2%, yeast extract 0.3%,
K,HPO, 0.1%, MgSO4-7H,O0 0.25% CaCO; 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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105 cultured medium (soluble starch 5%, glucose 1%, Pharmamedia 3%,
SoyPro 1%, adekanoi LG-126 0.05%, a-CD 2.0%, CaC03 0.1%, pH 7.5),
and incubated at 25C for 6 days. After the completion of the cultivation,
the resulting culture broth was extracted by addition of 4 times the
amount of acetonitrile. The amounts of piadienolide D, piadienolide H13

ugreshonded the 20-p0sliqn nydroxy) piadienglide 0 piagienglide €2,y

C .
correspon position carbonyl piadie e D and gdiadienolide

35 C3sgomespanded.the,20;pesition hydraxyhard 23-pesitiong carbonyb
piadienolide D In the resulting extract were measured by HPLC. The

0 . easgrement resalis aienshown é3 Table 8 ° The HPLC measurement
conditions were as follows. (HPLC analysis conditions) Device: Shimadzu
HPEC tGAVp [GolganrDevelosil ODS WG-GUHE it X B0 maig pm)sulting
Mobile phase: 20% to 35% acetonitrile (0 to 13 min) 35% to 100%

cubtetonitile i3 tYA7 Mih) T 2% atetonittie (17 22 mift) Eibiraté"E0

amg‘qu’JE“”o{%tSC “é”ri #\éﬁg nm T{gjjecgggqg “%‘%{P tgka Q'e‘&ﬁrgl ide D
emperature: nalysis time: 2 minutes Retention time: Piadienolide
plEH§é§5ﬁq@E[ﬂ§@988W¥%§§b§é%@"£he 20-position hydroxyl
pladienolide D, pladienolide C2 corresponded the 21-
position carbonyl pladienolide D and pladienolide C3
corresponded the 20-position hydroxyl and 21-position
carbonyl pladienolide D in the resulting extract were
measured by HPLC. The measurement results are shown in
Table 7. The HPLC measurement conditions were as follows.
(HPLC analysis conditions)

Device: Shimadzu HPLC 10Avp

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

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 uL

Column temperature: 40°C

Analysis time: 22 minutes

Retention time: Pladienolide H13: 5.5 min

Pladienolide C3: 8.3 min
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106 Pladienolide D: 9.0 min Pladienolide C2: 11.1 min 107 Table 7 } o,
E~o>mcomrt_t(MOI6E00 cxyrr NcuO ~..ppc oNQf0aN

IMLL)rtCLCONOCI) XEINdUJQECc4Cl) tEM(OCliNMNINO
~EJrr ELUMNVT

Pladienolide D: 9.0 min

Pladienolide C2: 11.1 min
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As a result, large amounts of the piadienolide degradation products
piadienolide H13, piadienolide C2 and piadienolide C3 were produced
together with piadienolide D by Mer-11107-Zx:hyg2::PapsmAB having
introduced PapsmAB, while with Mer-11107-ZX::hyg2::PampsmAB-CLM,
Mer-11107- ZX::hyg2::PampsmAB-CLLM,
Mer-11107-ZX::hyg2::PampsmAB-CLFM_ an . .
Mot P1 107 2R g2 PaEaREAT G s iR PSRakE-cLm,
de BAMPSMARB-GLLM, RampsmAB-CLEM and PasmpsmAB; LY, piadienalide;, 4

was produced but production of the piadienofide degradation products
plp@adienolidedH1y piadienslide G2eand pigglienolide Ghwasdaduerdi tode D
approximately one quarter. These results suggested that by introducing
by vHkants b thie-pradiernplide B p6pbsitioav hydroxyiating engymeageserB,
psmMAB into the piadienolide B- producing strain Mer-11107 it is possible
whid i HEEE produbTioh of BERAErGTIB WG Elacig bradddian

gL O R e s A9l L TN

ISing uous nucleotide sequence of

and548 in the, Seauence No, 2.which have et 2 or mote Medified gites

selected from the group consisting of 1) to 6) below: 1) a modified site
Paberein-the geqrenceseg@oeinucieotivaspy 1622 ta 1594 is:moelifiessterses-Tv,

codon encoding an amino acid other than arginine; 2) a modified site
plaherein thelsefuence atguoiunriedtidesproduction of the

pladienolide degradation products pladienolide H13,
pladienolide C2 and pladienolide C3 was reduced to
approximately one quarter. These results suggested that by
introducing variants of the pladienolide B 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 where&thgmssequence atc of nucleotides 2054
to 2056 is modified to a codon encogﬁng 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 Arvariaintof ONAxaMpsistgithercpntindous mucleoiide
sequence of nucleotides 1322 to 2548 in the 110 Sequence No. 2 which
nupave il semore Adiffedsitelse seledtet] fromahe Yradd 8onsistitg of
1) to 6) below: 1) a modified site wherein the sequence cgc of nucleotides

Se9562 t6 1594 i mddified 9% EodorPéncoding ByStEine> métHidhirid of S

roline;,2).a mo i%ed site wherein the sequen f nucleqtides 1655
TS A Tala A R ot oo A

1) Site whereindhe sequense.coc of pucleqides. 1904 10,1906 is, modified; t9e 5

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 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

seSEyence oty of nucleafides 2528 10 2530 s modified taa godon,
ncoé:mg methionine, cysteine or |soﬁeucme. gl Kvanan (0] A

se$empsing,the coptinuous, Huclsotide sequenge of nucleglides.1322 to
2548 in the Sequence No. 2 which have 1 or 2 or more modified sites

1) selegtegliframdhe greupraemprisinghl) te &y belaye Hamedifiedsiteot ides
wherein the sequence cgc of nucleotides 1592 to 1594 is modified to a

1588darr enédding eysteinef 14d D modifiédsitenwhereivtheysdqienee atg
of nucleotides 1655 to 1657 is modified to a codon encoding threonine; 3)

mebMedified stE wherdintRé sequence cgc of nucleotides 1904 to 1906 is

modified.to.a codan encoding leucine or tyrosine; 4% modified site . .
2 e e S B R el ies

1658don, engeding leucing:; 5) asmedified sitgwherein the-sequencs, (¢, of o -
nucleotides 2054 to 2056 is modified to a codon encoding phenylalanine;

seafde;

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;

111



6) a modified site wherein the sequence ctg of nucleotides 2528 to 2530
is modified to a codon encoding methionine. 4. A polypeptide encoded by
the variant of DNA according to any of Claims 18 to 20. 112

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;

6) a modified site wherein the sequence ctg of nucleotides
2528 to 2530 is modified to a codon encoding methionine.
4. A polypeptide encoded by the variant of DNA

according to any of Claims 18 to 20.
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