Description Genetically nodified m croorgani smand

process for production of nmacrolide conpound using

the mcroorganism Field of the invention The present

invention relates to reconbi nant m croorgani sns

having the ability to produce 16-position hydroxyl

macr ol i de conpounds, dmbks¢wnipeidods for producing

16- posi ti on hydroxyl macrolide conpounds using those

m croorgani snms. Rel ated art |nportant bioactive

subst ances have been di scovered anong the various
Gernreet iatzol 1 it @m0 i okt edi dyo ¢ hgamatsm nomy cet esess | fior

particul ar, many conpounds have been found having a
prosbigtkiatn def imadihel hdsi compownd unel fdetleendic rcat @i sm

pol yketi de conpounds). Conpounds havi ng vari ous

bi ol ogi cal functions are known including for exanple

the anti bacterial agents erythronycin, josanycin,
Figld oxf then decemycdm and nycinanicin, the antifungal

agents nystatin and anphotericin, the insecticida

agdmtes priclstserhy diny sarid oravea et ot dmimuren t

_suppressors tacrolinus and rapanycin and the

1R rIampInadgent sndaumengiel hit ndié apyeflnge 16-position

acl aci nonycin and the |ike. The pol yketi de conpounds
hyqrrt v enaC e bige otommerols deand eonpethddswioh producing

excellent anti-tunor activity called pladienolides.
16 i ol Hdrox gl dngenet bilet eprpPoRda uginaptbpse

. compounds discovered in culture of the Streptonyces

MIGHPONERIYINDT strain, and nore than 50 relatives are

known, beginning with 11107B (al so call ed

pl adi enolide B), which is represented by the formula

{A% bel ow (See WD 2002/ 060890). Jo OH OH OO
Related art

Important biocactive substances have been discovered
among the various metabolites produced by the actinomycetes.
In particular, many compounds have been found having a
polyketide in the basic structure (hereunder called
polyketide compounds). Compounds having various biological
functions are known including for example the antibacterial
agents erythromycin, Jjosamycin, 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 agehts daunomycin, adriamycin,

aclacinomycin and the like.

The polyketide compounds include a group of macrolide



OOCH (A O these pladienolides, the 16-position
hydr oxyl substance represented by the foll ow ng
formula (1) has excellent properties including strong
anti-tunor activity and the like, but it has been
difficult to produce it efficiently because its

COP YL i Wity ¢3cehiertorntdb-thmpropctivioy8ca2led Jo R
HOOOH OH (Il (wherein Ris a hydrogen atom or

Plagr eyt 99F oup) Planecrohboandifrepr eseared bgrihéor a
formula (1) may be called ME-282 when R is a hydrogen

IT AN AnTCR20TES 0Pl sppuEredolndeubtuhenorR thea
hydroxyl group. A research group including the

ST eREmes $R- tHer—phteQénstappni canfomokgsthan 50

ubsequent|y di scovered actinonycetes which

retR bt BxS| AT RskPABN16PRGENRIBE BEtRh118F7B7BbielgAi chlaed
not pl adi enol i de- produci ng organi snms (see WO

Plf?%b%l?%gg@%%ndwmboea/ 0Sp8eeFNtREVEYObhEI Aedmahd ()
|dentified DNA participating in a 16-position

beL?ﬂr%%??a?@o%0052969ﬁ8ﬁ>of 11107B (DNA encoding for
16-position hydroxylating enzyne and those
ferredoxins) fromthese actinonycetses, and have
submtted a patent application therefor (see WO A
2005/ 052152 published on June 9, 05rp VW have al so
obtai ned and identified fromthe
pl adi enol i de- producing strain Streptqg es 6

(A)

Of these pladienolides, the 1l6-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.



on January 26, 2006). It has thus becone possible to
produce 16-position hydroxyl substances nore
efficiently than before by producing 11107B or the
i ke using the Streptomyces sp. Mer 11107 strain or
variants thereof and then converting the resulting
11107B into 16-position hydroxyl substances using

ot her actinonycetes capabl e of the - position
hydr oxyl ati on reacti on. However, C e of the
two-stage reaction, the operational difficulty is
doubl ed, and it has been therefore dedjredgrto
establish a nore efficient producti
are known in which a gene coding foi an epzynme which
nodifiQ5Ha pol yketi de conpound has Peen i oduced so
as to bp expregged in a strain pr '
de _eOnpound, resul ti i Q the

- g, it has been reported
that direct productio Iaf 6- hydroxy-tetracenonyci Iy
can be achieved by introducing the hydroxylation gene

(WiyeretnoBi bityeeRYFFa8PRe2FOP 727 hHESOXBLr 5PERYces |
gl aycescens GLA. 0 that produces tetracenonycin C (see
J. BttErRund gep /ARt AF 70V 691%- BITBYLa Chkbshay ebe
S 0 i n,which, ,a pol yketi de conpound
Ca@#%@yﬁ?ﬁ%@?swagﬂeRhé§ gegﬁdFHEFBdBEBH 8pdad 1§ 7Beor
expresse LN strain hayi an_enzynme which nodifies
pl?ﬁgeﬁ8i§a$tPdgﬁeeohpéﬁna,hV@%BFV?nQrPdeirect
pr uqééon q% a onketLdg. conpound dified by an
enzyne ori g hat T 9 prEdenteihd t HeS 425t C3RFai 12 Fof
I it has been reported that direct production
o PSP b oE Lo PataRoRyoFfakebal Ybd - SCAVEVEd by
' ' e tetraceno in bi osynt hesi.s gene_of
2k aRPHE B M CRUABRETEERED Fhéo & Pepiongecer 101078
r adi 2 : ,eh_possesses an.enzyne t hat
oul AR 2t bafPher PR B B F oo B Bl o Rpeiae (sse WO
2 i 9 , 6-6136). I.n_same
04348258 P olid Pan20P Y20 38aP P o RRER, REERRpet" R
identified DNA participating in a 16-position hydroxylation
reaction of 11107B (DNA encoding for 1l6-position
hydroxylating enzyme and those ferredoxips) 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



conmpound can be achieved with a strain of a different

speci es by introducing the pol yketi de conpound

bi osynthesis gene and a gene encodi ng an enzyne which

nodi fies the polyketide conpound together into a

strain of a different species. For exanple, it has
onpéapud Yot Ped2PRAat -direct production of

8, 8a- di hydr oxy-6-erythronolide B was achi eved by

i ntifodts ngbdtPe et s hitohol tdep B dios yht tiess st geme

of Saccharopol yspora erythraea and a P-450 gene of
hydgerpt oﬁyleégaaﬁ?ﬁbm@rﬁcaé fAFCertd91thanobstpept biyces

| i vidans_K4-114 as the_host (see J. Antibiot. 2000,
Prefpycing 11592B508) theséfksuneine the Shventpwrces sp. Mer

object of the present invention to provide

11?@%0%%Fﬁéﬂt°ﬁiE?Béﬁﬁéﬁi§ﬁ§rﬁ8§iﬁ@dtﬁéeabPPpV?rténg the

roduce he_16-position hydroxyl macrolide conmpound
re?%%?é@%n%i8859 iphe abovestbirbl BYEFPxyAnsthetasppecusing
is to provide a nethod of producing a 16-position
OthSHr 3Ry AREFEF FHeCBPRBAB0RAd NS A§-PRESELPBCONDI nant
h gicrOﬁ%ﬁanisns. In an effort to resolve the
YAF 3FénBht PBnEB2GF 6B ens HOVERE T nP8REBFS QSe8hgehpretage
nmet hods to_prepare breed) m croorgani snms

<< R0 B LR BRRar ot Sachs st LTS halh et e Tnes
ticipati in bi t [ f 11107B d DNA
oo B EPe BhoFRg P A 5= 165 BoS Lt Py LAJdRoRGF &t PR FaREEI on
oé 111078B d .t hey have found that a 16-position
pr%y%? %9? WﬁgB8Prde conpound accunul ated in |arge
qqutities i@ the resulting culture broth, Thus, they
accohpri shed “PRET pHEsEAt S nd eRBRONCOTHAY TQT Fhesnzyme
el [ | at to the follow 1) t
o SO FRLEPL. OOy FERLSR, L2k Shb heRn Fhrbuced oo

w5101 BRLOULIRLN- 0L LLLY LocRLodhce i BOSLLL,.
co%ﬁ&ﬂﬂ&? réghlfiAS in the direct production of a
polyketide compound modified by an introduced enzyme. For
example, it has been reported that direct production of 6-
hydroxy-tetracenomycin C can be achieved by introducing the
hydroxylation gene of Streptomyces fradiae Tu2717 into
Streptomyces glaucescens GLA.O that 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
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R OHOOOOH OH (wherein R represents a hydrogen
atom or hydroxyl group), and, which conprises: (a)
DNA encodi ng wholly or partially a polypeptide 6
participating in biosynthesis of the macrolide
conpounds represented by the fornula (I1): OR OH O
hogy G—'P(EHY) (WierexamiRl ¢ ept e sens sbechydepgenedt onaordirect
dr oxyl group) and (b) DNA encodi ng wholly or
Prcréwfﬂa@m Vi oot ydepry deet havemon6iposi chonbe achieved by
hydroxyl ati ng enzyne activity with respect to the
m‘h%&ﬁ“&ﬂ% eprpothiaceeprestnt @do bysyhehabbyegéne nof a
). (2) The reconbi nant m croorgani smdescribed in
St{%BtomMW%ﬁegkaW%%Sanﬁd@%%r@be@tonsth%pabmyee$aﬁraélae
DNA encoding wholly or partially a pol ypeptide having
Tu?p%ﬂ/ke‘f%féh RYTEPEEAS caRCERVYRY, thapohypeptytethavihg 6
-position acetylase activity, a polypeptide having
poalstli@n po5i tsorrcepoRYebReCatseei dy Badtarpolypepphdevol.
having transcriptional regulator factor activity. (3)
17ﬁhe6}g%oﬁ%§§hnt m cr oor gani sm described in (1) or
(2) wherein the DNA described under (a) above is DNA
i9y: Ca(Saesfr) Rlﬁ?éj‘&ﬁtqrh%%sa ARG et ¢ H e Slagitriricde

f nu Ieotldes 8340 to 27935 in the sequence No. 1,
coéboung can be achleved with a strain of aqdlfferent

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 l6-position hydroxyl macrolide compound represented by
the above formula (I). Another object is to provide a

method of producing a lé-position hydroxyl macrolide



(a-2) the continuous nucl eoti de sequence of

nucl eotides 28021 to 49098 in the sequence No. 1;

(a-3) the continuous nucl eoti de sequence of

nucl eoti des 49134 to 60269 in the sequence No. 1;

(a-4) the continuous nucl eoti de sequence of
COMPRITEDY I B89 fecessdranh nherceguentendo. 1;

(a-5) the continuous nucl eoti de sequence of

nudPeddi @& omB8160 nas B G-l afnr gmpsmederdylens,

(a-6) the continuous nucl eoti de sequence of
they g e ofes USEB 6Bt 5829001 Reeheng enakheds Noo Rrepade

(a-7) the continuous nucl eotide sequence of
(bR edbi Geor yo7psms ch 700 Pathheheecpnenteupby isobated

a variant thereof. (4) The reconbi nant m croorgani sm
an SR bl ¢H P39 BRr{3Firakinei hntheCoENAt Hestsi 6d11107B

under (a) above further includes DNA encodi ng wholly
anchDNarR3 5t Gl R by ptpt # dE6-PAFi hyoB- hrdrerphation

hydroxyl ati ng _enzyme activity. (5) The reconbi nant
re%%%%%%r%%n1%ﬁ?ﬂ%sc?@%eﬁhﬁﬁ baye fomederpathe biaposition

ncodj ng wholly or partially a polypeptide having

hy ?ﬁﬁité%ﬁr%§8¥%x9P%PPH@deﬁ%?H%ubégﬁﬁi%9 farpriaquantities
,_C ri sing the continuous nucl eotide sequence of
lnhﬁgge%ﬁ?ﬂggl%%7@?lFBr%6§69tbn t heugeqhieAreampompligheq
thvariant thereof.,é6) The reconbi nant m croorgani sm

YRTTTDRU TAVERYIGR- (1) to (5), wherein the DNA

described in.the above (b above is. DNA sel ected from
R Atas ot GEoRRTr e toay L Tu | T s

fo #é&ggéhgﬁkzgﬁgfggf_of nucl eotides 1322 to 2548 in

(b-2) the continuous nucl eotide
sequence of nycl eotides 420 to, 1604 in the sequence
hb.Hé;%%ﬁaﬂfﬁ? N3He ROHES MBS Hrc | 'Eot Fiet Sefuence of

. id 72. 383, i h No. .4,
5L ERLASES, 0:n O30, 0 LG sqTuEncE 1o, 8, 0 @
i b ' f (1)t 6 int
ryHESFLLRcABA Y, 0B hob Lhob0c Bhua Ry il PSR

(IPpnprising t he continuous nucl eoti de

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

and, which comprises:

(a) DNA encoding wholly or partially a polypeptide



sequence of nucl eotides 1322 to 2548 in the sequence
No. 2 which has 1 or 2 or nore nodified sites
selected fromthe group consisting of 1) to 6) bel ow
1) a nodified site wherein the sequence cgc of
nucl eotides 1592 to 1594 is nodified to a codon
PALhiGYPAGLIRA aRi RACSYREhesiker Tt hls Argiteilide Zpmgpounds
nodi fied sjte wherein the sequence atg of nucl eotides
re@éggePBe?6EY t8enmb@irfivéd t(d1d ‘codon encoding an anino
acid other than nethionine; 3) a nodified site
wherei n the sequence cgc of nucl eotitfles 1904 to 1906
is nodified to a codon encodi ng an ino acid other
than arginine; 4) a nodified site erg n the sequence
cgc of nucleotides 2027 to 2029 is nodified to a
codon encoding an anmino acid other thar_ac®ini ne; 5)
a nodified site wherein the sequenceg[ atc P

nucl eotides 2054 to 2056 is nodifi codon
encodi n eh i gpl edrgi ne; and
6) a nog =

nuckeq eqdon

encodi ng a ani no acifd i NG, (9PHThe
reconbi nant m croorgani sm descrfi bed in any one of fﬂ?
to (6), wherein the DNA represented by (b) above ig a

Lant cof DNA conpri_sing the continuous nucl eqtide
(S oRcE GFPRAGSEOt: del Vi385 50 228H5 i PEHE C3dquenoer)

2 which has 1 or 2 or nore nodified sites
sel ected fromthe group consisting of 1) to 6) bel ow

1) g yodiki gd.si in th A
o Pab e T80 e o 17654, &2 nBAFF Ea Y o acegBRpTide
Egd D€, i, qni. line. 2) a .

T B R P R e Ao BT N Cue e

reifses oo KL LacmALLL g GR0gD, SASRig L Son N5

or serine; _ te whe e
fotRG19f (R4§l eotides

(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 i1s DNA

comprising:

(a=1l) the continuous nucleotide sequence of nucleotides




1904 to 1906 is nodified to a codon encodi ng | euci ne,
i sol eucine, proline, tyrosine or phenylal anine; 4) a
nodi fied site wherein the sequence cgc of nucleotides
2027 to 2029 is nodified to a codon encodi ng | euci ne,
I sol eucine or proline; 5) a nodified site wherein the
834 gt t9 4t clvf thricseseeres NQo5hito 2056 is nodified
to a codon encodi ng phenyl al anine or valine; and 6) a
(a1l FhedcQRE BN wpies S rC pet sdgueneieceey of mucleotides
10 2528 to 2530 is nodified to a codon encodi ng
280wt nFdnt 1898 Hystled necdrencel Baci he. (9) The
recombi nant m croorganj sm described in any one of (1)
(aT%)(%§? PR ER RO R he pRC P eplesendeaney ¢b)nabbvetidesa
variant _of DNA conprising the continuous nucl eotide
49%€%u%%c@8%§9nh%l%%%i%%%UQQQ? Y¥®- 2548 in the sequence
Ng. 2te which has 1 or 2 or nore nodified sites
(258 CRRCPPDIMERRS Yrolpotbrei serngner 2f reckyobiiles:
nodifjied site wherein the sequence cgc of
60%%%?%%t?%éé§ 15990¢ 05949918 Nodified to a codon
( ggco i ng cgsteine; 2% a npdified site wherein_the
2 5ehuEhT eC At GO NTIcT R0t Paksde 1885UeRCe6SY PYChDRtifed
co ncoding threonine; 3)_ a nodified site
68%%%?%?nggﬁégs%%u%?%esﬁﬁﬁe%?enﬁere%fides 1904 to 1906
i dified to a codon encodi ng | euci ne or tyrosine;
(235 TRt uF e e 67 e e BatErC oo fgRIB coTL et
| eot j 2027 to 2029 is nodified to a codon
69%%%6%?négﬁzgc%ﬂth%)s%QB%H??iga'sifeaﬂﬂere!n the
(2 SPAUED ecgﬁgiof nucleo£|des 2054 to Zggg)ls nodi fi ed

to a codon ehcddl ig” PHeRyHafanf REIS1GRd°6) "aChaT Fed
T2 4 SUOTHEL0, Lhccas B, sLael ful ot fesy 25281 0coc

Iheu ST Al L 00T SRL A 1 ) o
(3gggﬁﬁ?ﬁégﬁSE%QL5ﬁAh§§sQ§er&n88éggr?g?daﬁgget¥ﬁ}ther
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:



(b) above derived froma mcroorgani smof a different

11 species. (11) The reconbi nant m croorgani sm

described in (1), conprising a host having the DNA

descri bed under (b) above into which has been

incorporated the DNA descri-bed under (a) above
(bder W& Fem el § fereheoshdei 8equeney Jhenvetenbidant

nm croorgani smdescribed in (1), conprising a host
13%%%&%%@%&%@%@@@%% ?bedi under (a) and (b)

bove into which has been incorporated the DNA

<b"3’e>sct§1%e¢o%w0%ﬂhu@a§%h@e(@e;qlam@ QBriyeledtbres 420

gi{ferent species. (13) The reconbi nant m croor gani sm
to i'Pedhie sRRErCe (N9- t 37 (329, wherein the

reconbi nant m croorgani smhaving the ability to
(b'p%gootﬂ%e T I YOS | FRORE P HED x§EIWRIRFD| ¢ Henuehbapbimes 172

r esented by the forpula (1) is a strain bel onging
to Hébﬂgﬁid%%qiﬁﬁﬁﬁ.N?i4§fT%é @e%%ﬁ%@%%n?hereog-
m crqorgani sm descri bed in any of (1) to (13),.
V\,hér7§i E%&WOJ?DW OH FHRC TR o8} t4HTT oXylany one
rol i de.compound. represented by the formula (1) per.
of 1TV it B0 o AT Bl br 0RO BRP P DRMIERY Rehbt habove is
recgﬁﬁ%n t_.mcroorganismis inoculated into a 250 nL
B j%f ?$%s%9%%ﬁ}%}%?n@h%ocﬂﬂtb?u?%% POF199F hge
medium _cultured. at 2 or 4 s.,wWith rotary
se e | S TS S ot « bt 2o by Raie | SraBInOTONAY 2
0 cetonitrile,_and the . resulting extract is
Wh%ﬁbﬁV¥%3pﬁ?:ﬁLﬁ§iﬁﬁﬁ$ Tﬂ%lgf%?lﬁ %Y Pentutefehfon the
[ 1] to as the unt of the 16-position
T T TPl T et bonpouhd T BT i

necrolide co esented by the 12

b Y <AL Spl sl stereh, St olpcese
15§§”Egti§@§)isqﬁ¥§f§i9§hégagzgogg%céégﬁgfng 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 siﬁe 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
20277 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



Col um: Develosil ODS UG 3 ((p 4.6 mm x 50 nmm 3 pn)
Mobi | e phase: 45% 55% net hanol (0-5 min), 55% et hano
(5-13 mn), 55%to 70% net hanol (13-21 mn), 70%
met hanol (21-25 min) Flowrate: 1.2 niL/mn
Detection; UV 240 nm Injection volune: 5 L Colum
othehpdianr wreeleawciras)and met hod of produci ng
16-posjtion hydroxyl macrolide conmpounds represented
0) i’y L Fipdnt B¢ | yhoreiphbheasetogical tygacteptabsetides
salts thereof, or hydrates of them wherein the
2528t htht 1§ BedbF HaRi 5o desedppeen¢adingyanfapinotacid
(14) is cultured in nutritious nedium and the
OLRFE Jfgedh i LA R oxyl macrol i de conpounds represent ed
by the formula (I) are collected fromthe culture
br ot e r&SOM YN tTHE. GrANEIR Hiesde rd el iveq 18) .any one
erein cycl odextrin is present in the culture
of hirb ht.o(?%' THeShet Robnecllf | BRErepept ey, bihép i abehe is
cyclodextrin is a cyclodextrin selected fromthe group
a ‘i%“c%}?]%i% i P of Ry BT Bdekbei ponyiryeradereteatide
artially neih%lated P-cgclodextrin,
SCHITRIPYPE PR CPOLEREF i A32Zt FPneeh§ | 1p- Bhel saenerFa, No. 2
l.ycosyl - p-cygcl odextrin and_|, ,
th%%?%& h*d%?l5F@Ey@?5®e§???ﬁ?e?1%}t%§v§??§ﬁF66ffEﬁ@\the
conprising the contjinuou nucl eoti de sequence of
gr?ﬂ%l%ﬁﬁ?ﬂgglﬂ%zagti52%288?nb?h%wzsequence No. 2 which
1)@9%% &.gr % or, nore nodifjed sites selected fromthe
ot JUp e oheT st hy BRCATIRo BT BREVHACE) CACnBli Predestiges
er ei e. sequence cgc of nucl eotides, 1592 to,K 1594
15?2 %%d??%gdl?o A gﬂ%ﬁ gﬂc%d?ﬁ O%ne%ﬁ?%bnﬁc?HSt%%ﬂ%r
me{%@ghf%gigigg%oglng_nndified site wherein the sequence
atg o

nuc fdes " 1655 to 1657 is nodified to a
2) CQUR0LPELST 09 8N AOLEP, 3ELE < Q4NN LNAD, MELNT 000 D8} 5 e
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



3) anodified site wherein the sequence cgc of
nucl eotides 1904 to 1906 is nodified to a codon
encodi ng an am no acid other than arginine; 4) a
nodi fied site wherein the sequence cgc of nucleotides
2027 to 2029 is nodified to a codon encodi ng an am no
2528cit® ZotHeris Mg ahi e @ 5jode ol ¢ &N G et ket giey
t he sequence ate of nucleotides 2054 to 2056 is
CYSHSHITG &F t A LU encodi ng an anino acid other than
i sol eucine; and 6) a nodified site wherein the
seddendéec i COMHnEdo figes o rEprg sm dEs3T libedhddi faned one
to a codon encoding an ami no acid other than |eucine.
of 1)1 b harihfreBt T RbhpreRFaTeR hed dent (Muckkove is
nucl eoti de sequence of nucleotides 1322 to 2548 in the
3 VS iEHc P NPND GRRA Have Bherconpinpere mwel¢olekde
sites selected fromthe group consisting of 1) to 6)
SeqG e 01§e DUGHRR FIERP st 327 vherer #8 t He Sheuendecnee H- 2
nucl eoti des 592 to 1594 s nodified to a codon
Whleﬁj%&tﬁ%gl Ystei te, MoTRt PR Shi hed of 1 ppdl $akecyd gfrom the
nodi fied, site wherein thg sequence atg of nucl eoti des
ITMEB B 45 LChoth FFRdPt °&l@Bdon encodi ng t hreoni ne
1y oS r%ﬂe' 3% a nodifjed site wherein the sequence |,
) BT ot Foed Y 1S 1996 PRCHOBYF | @l Pecheotides

1569900 FEEPT DG Lobelag. ol solcuch e, ol Lne, (41 5| ne

2) EHEIEE 950l el ot Oe3. 2027.12,2029 L modi (s,

168, FurpOLLL o8 pldeenhsreln, (b seauencs, 2o ol v,

o) N8, Bhevl e ke oLpyalLasinand.8) o Rl fiste.

19%§§$%:%%@%?i%;og%%g%%%?ggog gggggiggcggigéoféggine 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




(20) A variant of DNA conprising the continuous
nucl eoti de sequence of nucleotides 1322 to 2548 in the
sequence No. 2 which have 1 or 2 or nore nodified
sites selected fromthe group conprising 1) to 6)
bel]ow. 15 1) a nodified site wherein the sequence cgc
SPYflTticl eotides 1592 to 1594 is nodified to a codon
encQodi n cystelne 2) a nodified site wherein the
seduencd gt F SFOMRICIH iTHedr o ABER 1 1BSTC Boamdir i 6 ,
to a codon encoding threonine;, 3) a nodified site
COW@&&%&?Qt%eh%%au%%%bn%gEh%fDﬂﬁcdgéﬂrabgd ungdrt gbl9gbove
dified to a codon encoding |eucine or tyrosine;
m?ﬁ ‘gt? Ty it dPesh el WheFRPR2EAE SRquBNRedegerdbed under
| eotides, 2027 to 2029 is nodified to a codon
(a A HLTEhEPRel TeY 3 AbAfrert sFPeciherei n t he

seq atc of nucleotides 2054 to 2056 is nodified
0 (@ 2odBI HRERIRIG Her GIfH 97 1 STare BT Loerboi | 61
te wherein the sequence ctg _of nucl eotides 2528 to
CO%%bsjr%g n%dh‘f’?"ed BRI coddn ehcblrngVAetnsenined updey
y tide encoded by the variant of DNA descri bed

af‘§ % H%f ?H%Yet%n%%oyhxﬁﬁe ?%rﬁﬁePnl?ﬁ@rB@éééﬁﬁ the DNA
flcatlons a i ne follows. A "reconbi nant

aeSPER oS PER A T8l cP80r Ghi SRPvEpaREeVFa. from

mycet e east, mould or the like) conprising a
dl%ﬁéﬁ?%%rlg%%i?¥0n1another organi smintroduced into a

¢ e end 1o At PRI o B AT, SUeP Cher et oir gy of
R R e
onfogel oaays. s at o zﬁ?%%s&n GO ohhant oL
coﬁﬁ%ﬁ%é'fgﬁkggéﬁtégebyo{ﬁglPormu I) is a strain
belonging to Streptomyces genus.
(14) The recombinant microorganism described in any of
(1) to (13), Wherein 50 mg or more of the l6-position
hydroxyl macrolide compound represented by the formula (I)
per 1 liter of culture broth can be produced when the
recombinant microorganism is inoculated into a 250 mL
Erlenmeyer flask containing 30 mL of the following medium,
cultured at 25°C for 4 days with rotary shaking (220 rpm)
and extracted by addition of 270 mL of acetonitrile, and
the resulting extract is analyzed by HPLC under the

following measurement conditions to assay the amount of the

l6-position hydroxyl macrolide compound represented by the

12



(2) DNA with a nucl eotide sequence having 70% or

greater honology wth the nucl eotide sequence of the

original DNA; (3) DNA having a nucl eoti de sequence

conpl enmentary to the nucleotide sequence of the

original DNA, or (4) DNA which does not hybridize
fom*a%* stkingent conditions with the original DNA due
t 0, degeneracy of a gene codon, but which has a

Y&t i de sequence coding for the sanme amno acid

sequen as the am no acid sequence coded for by the
DN%Oﬁé%%ﬁecFﬁ%%ﬁ%of Fcasse ?13%) PIpNananrd Ly i s
under s%jrg’bngent conditions" means for exanple DNA

0. %btt #%el- Dy col ony hybridization, plaque

H]{,}I)S/(Jrori di zati on, Southern hybridization or the |ike

( r M Fe SB7 1 i AAPIPRNECRR) t he probe, and specifically
may. be DNA _which can be identified using a filter
ha envglclﬂﬁAs&mﬁig@ REEm P48 ony or pl aque fixed

th by first hybridizi t 65Cin th
I LD B Sl (e e
(bl (S A MO0 SEA 20 S
Y 0 di hl ori d 15 mM di
SIS0 T LML 0t ds, MR

(2{_[ vvorf characterizing the chem cal structure but
W'tfers in terns of the formof modification or
the..formaf the side, 17 chain. "16-position
hy?rloo%ylraatoﬁen'gqe‘niﬁﬁg%ivity" nmeans the activity of

corverting th snosi tion hydrogen atom of rmacrolide
co%)eouenéﬁ%r})%{\%t%oﬁg rhrﬂl/droxyl group. "6-position

hydr oxyl.atin nzynme activity" neans the activity of
co‘ror\r/ne—Jr Ghig’ 1t %@O%é{%eo'si?i%h hydr ogen at om of the

ma l.i.de quﬂ ongetd res cal | ed ME- 265)
regoceisdenﬂ% e‘% gy el(gfﬁ'olrﬁﬁg formula (B) into a
hydrioxy|a Ga4Rq I8 §%$é%cf%g 16-position hydroxyl

macrolide compounds represented by the formula (I) or

(M

pharmacologically acceptable salts thereof, or hydrates of
them, wherein the recombinant microorganism described in
any of (1) to (14) is cultured in nutritious medium, and
the 16-position hydroxyl macrolide compounds represented by
the formula (I) are collected from the culture broth
thereof.

(16) The method described in (15), wherein a
cyclodextrin is present in the culture broth.

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

cyclodextrin is a cyclodextrin selected from the group

13




O OH (B) "Polyketide synthetase activity" neans the
activity of synthesizing the macrolide conpound
represented by the following fornula (E): OH OH OO
OH (E) "7-position acetylase activity" neans the
activity of convertlng the 7-position hydroxyl group

Coq%%%ﬁﬁ‘él%éb’fiofh%béc A= Eofpound ¢ eptedent etn bypahelally
follown ormula (C) . into an acetyl group. :HR OO
el ?ﬁm@mwm%mes@w%tlayhy%@mho@%mm,
droxyl gro "18, 1g%£05|t|on epoxi dase activity"
Wé‘é@f e %%fif%%t%*n BPRI Ny T epbRYe g blip o
18, 19- 03|t|on doubl e bond in the macrolide
hy 6&ﬁ?¥ P eESEnt @By ihe following fornula (D): Jo

0.0 OH (D (whereln R represents a hydrogen
at dﬁqué (ﬁ‘i’?g@? B comprindag mh%rfscrretgm%@
ity" means the actiyvit ulatin :
nudifdrddd ‘?%‘he%?eljm%‘h%%‘?%bd%s SLTa5eEe| 548 T the
artlc ati In bi os ntheS|s of macrolide, conpoun
Seé)ﬁﬁce %Dr%' LEIy RPES pt Bt PRVBRFE gROdRT1ed sites

selec r§’f¥g% the group consisting of 1) to 6) below:

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

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

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

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

5) a modified site wherein the sequence atc of nucleotides
2054 to 2056 is modified to a codon encoding an amino acid
other than isoleucine; and

6) a modified site wherein the sequence ctg of nucleotides

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

other than leucine.

14



m croorgani sm can be obtained havi ng DNA encodi ng a
pol ypepti de participating in biosynthesis of nacrolide
compound (I1) and having DNA encodi ng a pol ypepti de
havi ng 16-position hydroxyl ating enzynme activity with
respect to macrolide conpound (I1), and capabl e of

di rléd Perigriteati W PP ARG 1619 Teheowintignious

. r ox macrol i de conpound (1). 16-position hydroxyl
N A IS CHTRMEP | eLi BEI0F olBe2 oo 6f $481 Do The by

cul turing that reconbi nant m croorgani sm and
SePEIeTtINy 4 NENTORpRIYR ¥ rof £ her civrareodibied sites
arly, 16-position hydroxyl nacrolide conpound

Parti
Se](qc)t ‘gn‘}%%m privtiude T et s T Enenef yl anto sel deelvet v,
g DNA encodj ng a pol ypepti de whi ch has
f%Iﬁegf%¥%ﬂ Sh?%r%&%¥%&?n@h%n%?ﬁ%e%ﬁ?lVg@yOfl%U%h$%ﬁldeS
e no aci d sequence has been

1562 A aryd nbﬁ.w%ﬂdﬂ%% Thet GBOVe. FBAPHLABACTIBEHbES

{% i ef. descri fn of the drawings Fig. 1 shows the
ne R RSt SPHAt IRy of pl adi enolides in Mer-11107.

ho the corres dence bet ween cosm ds and
2) Bdiodi f oo LIE A EERE e Dt AUTRbE by Hed? St e
di e des [ 11 . 3 shows the structure
16%% ko) Jp%u&%%%l?-ﬁ} £0 6 sFipfant ReCStT BBt CRESORine or
Se€é§8n1d pUC 9aph: :ori T::intphi C31. 20 Detail ed
scrlptlon of the Invention Enbodi nents of the

d i el
3 A e St RS 2?%%{1?%@6. RICLPDSYRE haeF Ldes

101, BcTaly 47, MO, (L), eihe pLosenty Lnvemion,
1ogf40epeclan b gkl o0 JPLBpddesealbed i1

| el e 91{%82@3£%’—ﬁ?3&%2$§a‘?%§ﬁ%’iﬁ$r°d PG50 B e
20LPPEDI £098 15 modified to a codon encoding leucine,
isoleucine or proline;
5) a modified site wherein the sequence atc of nucleotides
2054 to 2056 is modified to a codon encoding phenylalanine
or valine; and
6) a modified site wherein the sequence ctg of nucleotides
2528 to 2530 is modified to a codon encoding methionine,
cysteine or isoleucine.

(20) A variant of DNA comprising the continuous

nucleotide sequence of nucleotides 1322 to 2548 in the

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

selected from the group comprising 1) to 6) below:
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produci ng the macrolide conpound, regardless of
species or strain, but strains belonging to the
Streptonyces genus of the actinomycetes are
preferred. One exanple is the Streptonyces sp
Mer-11107 strain, which has been isolated from soil

1) e muopisfge detst the pose X ebh asheBrRMRNGd 4dgatof heucleotides
National Institute of Bioscience and Human- Technol ogy

15%g ety Bt 1 e d Bl e el @ e ecethen Tetwdl ngycYdtSine;
H gashi 1-chone Tsukuba-shi, | baraki-ken 305-8566

2) Fapadl e dfsimecdferin gtheopoquence taen ©f amst beoetdes
to Internatjonal Deposit FERM BP-7812 at

163ttt nkT onled A EhteDr gant serdme portediyg (HiPCB)nine;
National Instjtute of Advanced |Industrial Science and

) Pediffbl ol (Srshmk ubze bt r Bire 6sequance gasho £ 1nuchereides

Tsukuba-shi, |baraki-ken 305-8566 Japan) as of

190 veétetV @7 s Jopdi T 7ed Bper atPdPR ¢RFODHRAI Mengingeor
target DNA are outlined bel ow using the Mer-11107

LYIQFHIS as an exanple. 21 Reconbi nant DNA obtai ned by
connecting. genom ¢ DNA of Mer- 11107 that has been

4) ;?am%tﬁ%ﬁ%i et Sth o T H at Boi $eBrence ec¥¢ i of | DRC Ry hees
together, with a cosmd vector capable of replication

20414 A Jt%alf‘o%afsl%%eﬁod?g‘é%‘fl% eRePdang sheeabnes

5 restr$f%jo en{%ne is jncorporated into E. coli to

) bt N T Shsticed' R F ot st hTheewieR Pl 2L rahsuebgot ides
r.ai bt ai ned, apoye_are then screened using a

20$4é@%2%35§f1%Wn% gke%yﬁ?oiy?%ﬁ?%ge%%Q?h%g(E@?%ﬁh@bﬁﬁlnei

450 enzyne) gene as the probe, and the transduced

trains that hybridize to the probe are selected. DNA

that hybri di tao the, hydroxyl ating enzyne gene )

6)5%2¥%%¥P{% {%ggiég%%f%ﬁnc %ﬁ1%%qu?écgh%ﬁég%¥agﬁ%ﬁe%ﬁﬁdes
This is_th introd d i E. il, d
25 R T el Dol et ROk hnoTh Shgr Bt petoRlTe -
[ - I ti.on, hydroxyl ating.,enzynme actiyvit

Cuh SRSHAAR DO PG et S
deéﬁ?&ﬂ%&iQE?da@% 5Pe Pé?bgoi?z ut hern hybridization to

sel ect, cosmds conprisinhg a tacrolide conpound

?hg@%é?%eﬁﬁss iglenc%eclﬁ&séseémpeé.p%hctﬁofrfcnagci% Caordei ncgegior{ed as

follows.

an

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 1like.
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posi tion hydroxyl ating enzyme fromthe nmultiple
positive clones (cosm ds) obtained above, and the
target DNA is obtained by organi zing these cosim ds.
Details of all these operations are described in
Reference Exanple 1 and also in WO-A 2006/ 009276
speditfiléat otfs BUnitaadd by the applicants in this
case, and these can be used for reference. A
(LnddiZedihafe Behbhtesdptrderedst nindest wagndapd eos aeith the
22 sequence in the coding sequence) conprising the
Or¥®gidh PN¥AT r oundi ng of DNA coding for a pol ypeptide
participating in biosynthesis of macrolide conpound
(2)1INA el blapp ciept @et 16§ $PeUSREEcheelng. 7Q%| artdeeater
sequence, | i sting. The DNA represented by the Sequence
hom@logy jRetydelae snuehent  dads pguerasest (ORFEsYrigldal | DNA;
(nucl eotides 8340 to 27935), pldA Il (nucleotides
(3hdhP RV 4ePoB) NUplRAL19¢ S¢Avenedt FeRRLaDeBYATy to the
GOZGQ% pl dA IV (nucl eoti des 60269 to 65692), pldB
nug Rtk | 3RIUBBID7OF 0t BB993I 91 PR AN huRF eot | des 68160
to 697Q¥, pl.dD (nucl eoti des 69568 to 68270) and pldR
(4 SOt e sd997 280t oh YRBDBY 2e rngREset DAAgeNp| gangitions
. p1dA 11 | dA ill an | dA LV have severa
Wi éﬁgiréﬁfgb%a egﬁﬁngu r BAedeSARRTRAYI Q8 AgISBRECHAON,
nore. repeating units called nodules in the sane way
bu%ﬁﬁ?ﬁ%ﬁfh%ﬁoﬁmnﬁﬁ#ﬁ?E% YeSBAOEYREhesisngehes. thg same
eﬁﬁgaiqu belom% eacE?nDdule codes for all or sone
A ohe] E” sEFBRERTC P ot hd™he§I 2E4rr PEAURTBE eFRARACPPL bY
R- oacyl ACP. syntheta (KS), .acyl transferase (AT)
th%oﬁ&%ﬁ§§¥%ﬁ?§ﬁanp PYi@ pzfé Fﬁ éaﬁdensation reactions
In. tide .synthesis nd the ketoacyl reductase
(R SRR Gy R neyiSe R e g Teans

o OB T BELE | S1PRY <0 ROBLLAZD,ERLECTH)
o fghiee, e LOLPRoLE!AOEc IR HOTRL B, ARLCh, LOTRYES cne
orEifhad ISy becbosyt hepiogpattuese ol sercrel Lo
whidubes pe identified using a filter having DNA derived |
from a colony or plaque fixed thereon by first hybridizing
at 65°C in the presence of 0.7 to 1.0 M sodium chloride,
and then washing the filter at 65°C using an 0.1 to 2x
concentration SSC solution (an SSC solution with a 1x
concentration comprising 150 mM sodium chloride and 15 mM
sodium citrate).

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

terms of the form of modification or the form of the side
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23 the | oadi ng nodul e has the central cysteine

replaced by glutam ne, indicating that pldA I

participates in the initial reaction. Mdule 10

i ncludes a thioesterase (TE) domain, indicating that

pldA IV participates in the final reaction of
Cha&imt hesi zi ng the basic pol yketide skel eton. Once the

basi c skel eton of the pol yketide has been formed in

t hi s GvRPstians g ekpbhing renagnd | ¢olsi ttiyh means the

epoxi dase coded for by pldD, the 7-position acetylase
aCtehtbede hycpraert hnd H);@ 65pBepitbanhhudosgeasetom of

encoded by pldB to biosgnthesize macrol i de conpound
maqye)idepeempedad cobhpbuhbto (1 RYFROHKL cHTRIPS a

hydr ogen atom can be produced by either deleting pldB

or AIViHPT th ¥ PRataFINHoRRZ iR 2@xpiidey” ineans the

function, P1dR, which has high honology with the aveR
aCiybhkt BnebdF iy ar t+BAsERPpPTBASE EganabBRrPaERORLPR OF the

ave ctin biosynthesis, encodes a DNA transcription
ma?lé%{]ﬁ? of CFRLERY pAFPFEIPEti AgliAdbiBsyhP hesprrBFENted by
thnaﬁrgiide cg ounds. | n the present invention, DNA

encdr Agtad p 3?% £ 4B) RRYPng BBIBBIYLi BHOUP-

hydr oxyl ati ng enzyne activity with respect to

macr ol i de conpound (11) can be obtalkhed by nethods

well known in the field (such as thg col ony

hybri di zati on nethod described in ul ar C oni ng,

2nd Edition) fromcultured nycelia of|a m croorgani sm

havi ng 16-position hydroxyl ation abi ith respect

to the nacrolide conmpound. Any m cjfoor gdni sm havi ng

the ability to convert the 16-posi §i on drogen atom

of the ﬁﬂtroli%g 24 conpound to

Streptonyces sp. A-1544 strainland the Streptonycqu
sp. Mer-11107 strain and the Streptonyces sp. A-156

st r‘af_i’cﬂk ké%&'%‘\?n%%é‘{é% n%)ég?]g\ﬁ?@%osrhéa?gs a%ée[:?l;%ja\ﬁ/ty of

P-18943 at Internation gani sm Dep
syﬁ@%é@f?hn§n§ﬁétMggrolide compdund represented by the

following formula (E):

(E)

“7-position acetylase activity” means the activity of

converting the 7-position hydroxyl group in the macrolide
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of Advanced Industrial Science and Technol ogy (Tsukuba
Central 6, 1-1, Hi gashi 1-Chone, Tsukuba- shi
| bar aki - 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
CoRRYHMT STTREPORT ESF Py | Pop) frbiPohag fowaeiauf@) ofnto an
Advanced | ndustrial Science and Technol ogy (Tsukuba
c r&fO% - 1-1, Higashi 1-Chone, Tsukuba- shi
| bar aki - ken 305-8566 Japan). The A-1560 strain was
deposited as FERM P-19585 at [ nternatiOfhl Patent
Organism Depositary National Institute of Advanced
Industrial Science and Technol ogy ( kubaRcentral 6,
1-1, Higashi 1- Chome, Tsukuba- shi
305- 8566 Japan) as of Novenber nd t hen
transfe@ikd to | nternational pSi

a

gy
1-1, Higashi 1-Chone! Tsukuba-shi, | baraki-ken (C)
305-8566 Japan). The operations for obtaining the
e are 25 out]lined bel ow using the A- 1544
RO R eRr ERaipr o PUioAre DR off A iSRORYE PR ouR)

pr e and .subj ected t PCR .using ,priners prepared .
basg?’gt% rg)eslg,telqéunenec,peoxJicfc‘)PfSoer (it i ot o? H}f%v‘vﬁle activity
ing e nme gene cytochr 450 enzyne) to
fo(%ggﬁygﬁ%%e%?flééfYy 5%%?i$?%d€h%»£§$}g§ﬂ%ﬁ%t ?C%OV%le
sepu T eoti,de sequence of the .
ba%%?ghborl§g£§%%}%ﬁgu€§$¢%%%gaﬁ%pﬂ%ﬁ%%€?§aﬂ¥ Fronfehtoving
forsh d“BNA fragnent is then anplified by an inverse
Pé%Q%Ce | Technol ogy Vol. 14, pp. 591-593, 1995)
based on the resulting sequence and.cl oned, and the
sequence i s analyzed. Details of alff these operations
are described in Reference Exanpl eld2 (A-1544 strain),
Ref erence Exanple 3 (Mer-11107 strai® and Reference
Exanple 4 (A- 1560 strain), and also ijln WO-A

2005/ 052152 published on June 9, 2 t hese can
be used for reference.

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 (I1).

According to the present invention, a recombinant
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The DNA (i ncl udi ng nei ghboring region) thus obtained
from A-1544 strain which encodes a pol ypepti de havi ng
16- position hydroxylating enzyne activity with
respect to macrolide conpound (I1) is represented by
. the Sequence No. 2 in the sequence listing. The DNA
M1 GrONESERHEY RN thite olgeuEatt d1avoln® DNFe |erdesiing @pen
readi ng frames (ORFs), psmA (nucleotides 1322 to
Po lypemit igled s (imad lewt i ide P ixsam thers 12764 maghichide
encode 16-position hydroxylating enzyne and
coMRYTEodin, arek geeting|BNA Singadimy,a mNA Yderd idk fpving
nei ghboring region) encoding a polypeptide having
16-RR g3 1Y IBRIFOHAN T R %Sy e 267 el i Wi ity x@spect to
respect to macrolide conpound (I11) obtained from
MaquLife FPMRCYKhr Eslent e dycarrd Sequeribierae: B imentrtive
seqyence listing. This DNA represented by the Sequence
PTQERCtiPn (1] udfea ok e Y Eeri Yy Ma @ikt (ORRRo WpdA(T) -
nucl eoti des 420 to 1604) and bpnB (nucl eoti des 1643
16R9sifgon) hyghi @H e ftasee Wi amr Bty dF o xsamteergeroduced
ferredoxin, respectively. DNA (including

nzyne an . !
efﬁé%lg%'dryu r Yt IoHy 1 e o th th gt @C OO BATEp t e drmd 3Rt s and
6- posi tiqn hydroxylating enzynme _activity with
COIIJ'leescﬁ:eld}g t%mq%gﬂ%u% (FH) LR R f rom
A- 1560 .i s _repres %#Eg hy the Sequence No. 4 in the
seqaehdE Lt g L oTIRCS IBRATY diceSantle a5y ¢l essqmantmd
(I)No. i)incl%ges WO qgen geadin frames (ORFs), tpnmA
(R Bt IR IRA 1P B3 T HniF 7 phvB 3T &bt ideee 1oy
t.0...15 whi ch, encode 16-posjtion hydroxylating . .
=PI LATHE i A o o TaRTae s oy Cr U here - pdeition
rj.ants. of the above-nentioned various whi ch
hyae/rﬁocX S5 A D STVpEPT | Hem havi frg 18- Postl iplypeptide the
hydroxyl ating enzynme activity can pe obtained by the
am r%? !ao%v('\hdngg_ep?’lge_cnec uress %ﬁ?gtgyﬁiﬁe&s&é@ Jr%ﬁ(_g'd Vo ' (e
abég%uﬁéﬁ§ﬂdﬁ’ |§E%@§9ycted, based on the orlglnal DNA
sequence 1 nfornation, and then the resulting

site-directed variant of DNA is introduced into the
host. Thus, the

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

pUCl9%aph::oriT::intphiC31.
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obj ective variants can be sel ected and obtai ned by
using the highly selective and active 16-position
hydroxyl ating enzyme of the variant of DNA of the
resul ting reconbinant 27 m croorgani smas the index.
The site-directed nodification, for exanple, can be
DetcpnrE t ke byiRis} iy, ohistlae t Empeateona  pl asnid cl oni ng
the original DNA and using the primer constructed
ba$EP AsH e s exfudiice naFHatiorentiearecire ailwmired in
commercially available kit such as Qui ckChangeTM
detgiib-Bt@¢t ed Miut agenesis Kit (Stratagene Co.). Anpng
these variants, as those having high 16-position
hy AN AT Hg e i yafel wran b dy rmawt fairmaterndiigh
. selectivity, for exanple, in the case of psmA
bihaydiedy 160 hoererohidayaperrRt| h§I bnkynkhansr ety
., Obtajned fromA-1544 strain, the variant of DNA
IR HYP t FRP Rt PRtdiReAuRY edt PeBhod eljneriteinf the field
nucl eotides 1322 to 2548 in the Sequence No. 2 and 1
(sugh 2% thgreohory  hearsft eat senceetlodr daFEhEbgR oip

consjsting of the following 1) to 6) may be included:
M%SE%L%Q‘EE%EQ@H% WHELELRTY hé roBqdfc udgarer mycelia
nucl eotides 1592 to 1594 is nodified to a codon_
of BT R EP BhPRoCaRRALe DE cPEPEABFINEyERRT MBacBPhbde
t han rgin%ne; 2% a nodified site wherein the sequence
COTRYSE - nuchEdt THesCC18881 88 188 7PF seABdFfPalle o0
g$don encoding an aaino acid, preferably threonine,
PrOTHet Y hahe et AF 8hi f18; CRYPIURDdi FPEAT S 8BS WAEr BPRCERE OT
- S€ uen%e cge of nucliotides 1904 to 1906 is nodified
ST CHon® BhTlF ngSan anifot8cFae ShFePePEEFyS| etkiReot
thgrat%{ogineé ot her than ar?iaine' 4) a nngifled Site
Whet et AP hec EequdhtePEglebi e lucl BREI 68820275t b19029
s odified to co ncodi ng an_amno acjd,
St R S R ocPRE TSI RLr SERan ar B ok 5gbggn a1 solated
difjed sj i n_the sequence_ at u i des
e Rt 5 o Fr IR0 PraaeB S d ESRonSchEty: P tn ant hothe
' y.ph Lani ne, other than
N E P LB Ko PR SRt B e HRErbI R e hao ooy
AgéﬁHyGSE318&9s9£iQ90589£5985and 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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2528 to 2530 is nodified to a codon encodi ng an am no
acid, preferably nethionine, other than |eucine. The
reconbi nant of the present invention is a reconbinant
m croorgani sm havi ng the aforenenti oned "DNA encodi ng
a pol ypeptide participating in biosynthesis of
Re%%bbmw’g edhpebhdiped) byandnneNdieacodnogia DNA of Mer-
ol ypepti de having 16-position hydroxylating enzyne
11501 i Ve Derehbeppspettieblyndiobstedconpbuadsityble
and, can be prepared b t he net hods shown under A) to
regyrhet o %@ZY@mM¢@ﬁ@gHGﬁgWétboaypepmidevhaVDngcapable of
16-position hydroxylating enzyme activity with
repbiprEtoR ol Amabr oFpdé thahpbandbeen)dipesiadovpohated
into a host that originally has "DNA encoding a
SupbRbRpF AR PEEL PRI PREVRG LA i1bFosparhtefisivto E. coli to
macr ol i de conpound (I11)". B% "DNA encoding a
obhatypeptraeupaft FEFpatfng The BrésyAlResrangfluced strains
macrol i de conmpound (I1)" is incorporated into a host
obtaLRedr RHPHEI RehhBenDRATeABBEI H§1RIpal fpeprede of a
havi ng  16- positi on hydroxyl ase activity with respect
kneyn }H%EEF%F dBCEBAPBOARUTE] (FYLoChropRAPARLoANAYME) gene as
ol ypeptide participating in biosynthesis of
th%a%%%?gdeaEsnﬁaﬁnHrﬁpF?mcﬁﬁdStDNAnénébéanybéldlZe to the
ol ypepti de having 16-position hydroxylating enzynme 29
prg%?igfgys '?ﬁt?@speENAtBhﬁEcPMPFéélééﬁpéanagFII)" are
h §Oth igcorporated into a host that originally _
Y3bEEE3b AePPRETS BRAS FRESABSt LPoFhEh&cteEbRBi AAAMLAS
. _0of. the esent, i nvention y be any m croorgani sm
5 LRI BPhT L RRoP RO AERRERERE. ¢ SPg8: BNAPGRA pFaREFRY
in%heEtargzt 16-gosition h droggl macr.ol i de conpound,
Ut “an“8xanpPBloP G pl&f BAFe8SChi EPBOFLGRAFSATIRE §he

L RE RERL S A IE T M T L .
el OLphho LR oc o DB e LA O BN
en%%@%g%;g;bgggsggrggt9H¥CS§O%8'iﬁ_%ggghg%g §b%§8925@ion
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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method C), a strain of Escherichia coli or the like
can be wused. There are no particular limts on the
nmet hod of incorporating the target DNA and causing it
to be expressed in a host, but for exanple the
met hods described in Ml ecular Coning, 2na Edition
segremig remt tie otedbhg sequabterutanpBisingytbanreégion
used. There are no particular limts on the host and
suptasti Ny eef oPNAyce@imasioong melyheptidegearbDNAipaning
. be stably maintained and expressed in the host. The
in phesyetheyis nef udecsel {de epbinpatindg (§8huéacespresented
pronot er sequences, term nator sequences,
by dehgy-Fegneranco . gené’ the sheuenke Lhshddigtion to the
ta%ﬁft DNA, and the lasm d may be either a
sellhe dpi4 C@Hl‘r@%ﬂ%&w drharSequrreg di¢ vel pirsshides 8
havi ng_a sequence honol ogous to a 30 specific region
OP%h ¥%%db%%o%€a%¢sth@REﬁiFCPb@BeB toscleThédesabgéd DNA
nag be incorporated into a site either on the plasmd
271312 bn PheAghhofeustcphednsse8h2tr bor 9APSIN PEARNBII
host is _an actinomycete or related strain, the
(neel gt bPes caPiAf VecPBEOPl J6P2IA( BBnénuebertides168G269 to
%%295)) or the_genone integration vector KC515 (The
65 BXet erPhd®ofnugleophdepi 667 E7 pEodaéPAg) st PégEonyces
éfd' Queener, S.E. and Day, L.E.), pg. 119- 158,
(nueLleRhidepr 88550 FPahAB7 OF aplehn (nBelaskadesxaARpABsTO
68 a self-replicating sequences_include res pl Jl ul
5()%8?“‘3.? Rt érrefectidns 463404681Y00g8p - SCP2
(1981, J. Gen. Mcrobioi., 126, 427-442) UC19 (Cene,
33 Oi%lt)}}esfbé)-%@ (%%B)?)r AR hel iﬂﬂef}Ameearé@(a?ﬁp%sIV
h of gronn%eg seguences i nclude ernEp (Mdl. M crobial.
AY907°VeRNOY; 1AL S L 1BBECY 5T AP Ap L FIeBatRER 61CLEg9DY
May; 174(9): 2797-2808) and._the |ike, exanples of
on?e¥ﬁi%%f%rrg8%aﬁéﬂge§nF EIEaéa?grPﬁﬁ?;eécéﬁthigg?We way

oo 200559 1y 380,28 gL Sl LIS Bk 0 82 B2
oo 249" L53% Sh0RGSC9E08Es| ELLLS, DY UNCLSL 08! et
from the acyl carrier protein (ACP), B-ketoacyl ACP
synthetase (KS), acyl transferase (AT) domains, which
participate in condensation reactions in polyketide
synthesis, and the ketoacyl reductase (KR), dehydrogenase
(DH) and enoyl reductase (ER) domains, which participate in
B-position carbonyl group modification reactions, and the
final module includes the thioesterase (TE) domain, which
removes the polyketide chain from the polyketide synthetase.
Fig. 1 shows the biosynthesis pathway of a macrolide

compound in the Mer-11107 strain. Unlike the other modules
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Gen. Cenet., 199(1), 26-36 (1985)) and the like. The
m croorgani sm of the present invention can be easily
prepared by a person skilled in the art follow ng the
descriptions of the present specification. A
reconmbi nant m croorgani smprepared in this way can be
theuyleagdey Bedupe cet tvetgentrab- pysieine hydiaxgd B¢
macr ol i de, conpound (%ﬁ can be eval uated and sel ected
glytamine, obtdi prbing rdhat ibi#Ral hpghtieyphtes in the
. productivity of the macrolide conpound. That is, a
1n¥ekdhbf PadE 1 of ganfiedhavi Aginehedapi &i thioespevasee (BD)
ng, or nore of the macrolide conmpound per 1 liter of
dorggd t ur NPt e hieantbet opt @k néd merhichbghesaie biie abbusl
40% while one having the ability to produce 100 ny
reaftinn Cpefyntiesbring euttbreierpphvkahite skbtatoed
at a high rate of about 30% (Method of eval uating
Ongt o tP3F15) SHReckeeopbi hant Pal kkebiganham been formed
._inoculated into a 250 nlL Erlennyer flask containing
10 Jgthg BRY nedlf ubd 1eBEGbee P¥tBRehl894 9gpasbséonogpoxidase
(fh r manedi a 3@% CaCC8_0.1% pH 7.5), cultured with
co %‘?aﬁ L ShRkPhED ( 28BS r priposbElandagetEiaggcengaded by pldC
xtrac%ed bi addi tion of 270 nL acetonitrile, and the
anq it t PO kARt PYSr eyl 938 deBFORPECOYNB B Be
.follomﬁng neasurfnent conditions _to assay the
PLYHEERET AEF Ao 6FO L 4de unnifaPead 161 posi t MBATAY EfBXxgPmPOUnd

crolide copgpound (1I). HPLC neasur enent conditions)
(TEEVR "B et nRg2n ﬁﬁﬁ@%ﬁéﬁ 2hPUNR3N DR ePESARCEBSPVIG- 3

ei%@?ﬁ.g%fg%éngopgghfﬂgn%%gggglIe hasg: ﬁ5965596 ot

a o 18885 YiBEhahoPO(5REb 18 AP,
SRR ITHIEL 12 heogh oty rosermtienel (28 Lo,
thén£§g§i8Qn¥oéHg§aiggLasgrggggggp Eggeiggg g%oﬁoggctor in
avermectin biosynthesis, encodes a DNA transcription
regulator factor participating in biosynthesis of macrolide
compounds.

In the present inventidn, 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

to convert the l6-position hydrogen atom of the macrolide
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The reconbi nant m croorgani smof the present invention
can be inoculated into a nutrient nediumand culture
aerobically, and 16-position hydroxyl nacrolide
compound - (1) or a pharnmacol ogically acceptable salt
thereof, or a hydrate of them can be obtained from
conprundsit ta Ny dubxvik egT bt dan | pe pusedi ptgatdkess of
reconmbi nant m croorgani smcan be cultured by ordinary
speel e urer nek hobls, flort niles borlghai exanpleut inol tde es unadens
aerobpic conditions such as culture with aeration and
be%ﬁﬂQ%ﬂ%nt@rt%%a¥¢h§n@®Y¢@t@sin Ekenphse of Bhe$é¢qundlude
culture is normally preferred. As the nediumused for
the ut tF/REPBYCeangP melit Lvd frayt belusendi pbef At restomyces sp.
contains nutrients which these m croorgani snms can
MextiliQe, stamtn vand otRe sYhE PRt PBY ARdli s Behbolyatheine
ned|un1and organic nmediummay be all utilized. As the
Therdyi bt 4 cOrPRLT t Yon, A9RPFbbed cas bBRRYoBr k@84 3ueh as
gl ucose, sucrose, fructose, glycerin, dextrin,
InEﬁ%ﬁ%%ﬂO%%&a%%%%nhn%rg@@yﬁ@aﬂeﬁpﬁlhayyb@ansgﬂabuIhétltute
ly or in _conbinations. As the nitrogen source,

Oft@ﬁﬁ%n%%% bedyserial sPagpecorand Eorbnakeypn (Bsukuba
an| nj trogen sources such as Phar manedi a,
Ce?ﬁi% , heht 2%¥23Rt, Is6h)Pean Renkubeaskin, [aaraki-ken
30§ %!? Xeast extract or urea, and |norgan| C nltrog
ot ces k) a8 SbdTuhYnifratk0ér aﬁﬁnﬁh%ﬂwsa@mé grred
N Aﬂdltlonallg for exanE there can be added and
© USREEEAF SO %%hD%EO§bH FRYCRPoPfde, aﬁo?ﬁs%?hﬁ13o 2003,
c g oride g m car bonat e, nmagnesi um 33 sulfate _
2t o %m?)%%ﬂ t at’ﬁ‘&?a%%ﬂ%ﬁﬁo BRABLCBFY cohRPP) National
chl oride; _heavy neta alts; tam ns such as vitamn
Ing-oruti ot | fﬁg"%(ﬁﬁ%c&éaﬁrlﬁ r PREFPCGneRdt bafthglPey
rk r vatlon i ous antjfoamn
(R e rat hpor St f%??hédae@[‘?’ﬁet B ttPanEht,
C e for i rug-resistant
ToghERLS %%f@ % éoéié‘% Godtnhe Aegelshosl wheRtEnass
n d uired to
oo LTI PO B0 455U, e LT BELLT 81
Deﬁ6999§£§oﬁa9iogglo?ﬁggﬁkxgesg?sgg Sced Industrial
Science and Technology (Tsukuba Central 6, 1-1, Higashi 1-
Chome, Tsukuba-shi, Ibaraki-ken 305-8566 Japan) as of
November 13, 2003 and then transferred to International
Deposit FERM BP-10102 as of August 19, 2004, at
International Patent Organism Depositary (IPOD) National
Institute of Advanced Industrial Science and Technology
(Tsukuba Central 6, 1-1, Higashi 1-Chome, Tsukuba-shi,
Ibaraki-ken 305-8566 Japan).

The operations for obtaining the target DNA are
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The concentration of the accunul ated 16-position
hydr oxyl macrolide conpound can be increased by
addition of cyclodextrins in the culture broth when
produci ng 16- position hydroxyl macrolide conpound (1)
by, cultivation of the reconbinant m croorgani sm of
ou o Rehew | wyEnRd | e AEkakp| ssraincys| edegxanpset o
be used in the ?resent i nvention include
Geromie| fexef i Ay 1y4eyes ofibxsti preparedaphg swefagtadeto
R-cycl odextrin, dinethyl-R-cyclodextrin,
PCR ri v hyPL ROy | HRREF A, PyFg@oey| tiRecyetodeseri n and
. hydroxypropyl - R-cycl odextrin. Each of them nmay be used
INEPHBR VIR TR a2 chdrRakVerowy t At ARt peEYyMTFheensount of
cyclodextrin added to the culture broth is preferably
(CHESahfeob 4 AddeRrBRe ] stpreberabl § épet:héic@ggynampgified
of cultivation or during cultivation. The culture
DNR& ot 9T ons ¥ahChel SeFebetcappropdi at BNy nuEimphidae
range at _whi ch the m croorganismgrows well and can
Se%ﬁ%ﬁﬁ%e°§6t%%sP??%ﬁbﬁyaF%xyﬁghﬁﬁr6P$Eéeé@n9©@néown§tream
£ 34 For efangle the pH of the nmediumis kept at 5 to 9
IR HearClardebls fredmettraf Fangeamwhéfénft byean

.t [ [ly 20 to 40C f bly 23 t
inwEEPE FR] (ot TbnlSFEnal §8Y 150 8aysd or PRor RRLF 053, t 599D)
bada%s._CI coursel the wvarious culture conditions _
Hed P bEdC above! LRI bESEHERGRd2En8 . BpERnap BoRBEt i Ons
| ect ed iately d di the t f
SeqNETCor HANTARF EEA:  NE- okt or NAl 2ConkNe PBNYbaRALiPRE are
like. t hod d i solati d
Ao g ool h one bFE PR BT aTo et 2borT £ 241 FoRR£ni ¢ uRBFerence
h b to | t d ify th
ox L 7 AR Ry T 00, ernat) o aoRe e onnhrE PR RARCA (A~
in,th Lt b . i bl t
150 CHIRRRATY RRAVATRS: HhatOsnon0hd o bR an bie TS hag on
t i i I th [,, -but I t hyl
suBE 8204400, Wb PELDRNEL, BLNaTSl: eRUTAneL ety

' f _j.an- t [, .
Vaer%JSDI\fZQr @lucﬁjgtg% S%%Pﬂlgoerf grsg%%a%oe;)aﬁg%gﬁ?tqmed

filtration chromat y~ using
fr%‘?]gz?»(f:%%i@jﬁjsgff’%%gnwﬁEEH”BﬁQQ&QBhX Y81 D9 BELLYALED i ng 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
Seqqence No. 2 includes two open reading frames (ORFs),
psmA (nucleotides 1322 to 2548) and psmB (nucleotides 2564
to 2761), which encode 1l6-position hydroxylating enzyme and
ferredoxin, respectively.

Similarly, DNA (including neighboring region) encoding

a polypeptide having 1l6-position hydroxylating enzyme
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gel, adsorbent resin (D aion HP20) or the I|ike,

adsor ption- desorption by thin |ayer chromatography

and hi gh- performance |iquid chromatography using a

reverse-phase columm and the |ike, and are not

limted to the nmethods indicated herein. These
achevhodswirhly bespset sbnghyroiida compbiindt i(obhs obthined

or nore in an optional order or repeatedly, which
fromkiéerii1pogsibl eepoessotatiebandhpuskefiyentbeNbar getn the

16- position hydroxyl macrolide conpound (1). 35
se@xempe esisThegpr eSkhts DNReneporsksterdpbsi nbd Bagdehakl No.

bel ow usi ng exanpl es, but the present invention is not
3 inedudesbywot hpse exadphesfrhmeshdéOBXp) anapinAns bel ow,

concentrations of nedium conponents are expressed as
(nyelgptigescénAbages160A) essdobheBwi(secipetiflieed1643 to

Ref erence Exanple 1. Qbtai ni ng DNA encodi ng
18p8) ypehirbeeniadel YedrpaibiosyhvHeskyletinger ehizgme and

conmpound (I11) (1) Cultivation of Mer-11107 and
fersoflarinn 6fSpeabhivelDNA Hyphae of Streptonyces sp.

Mer-11107 were inoculated into 25 nmL of Tryptic Soy

Br diN aiectuding egeiwhiposhaki ngoian) 28C:6aingd aays.

Genom ¢ DNA was prepared fromthe resulting culture
PobypeRt AeeohdVhgJt dorReskbiRodbydeserilbedngundeyme

"Isol ation genom ¢ DNA" (pp. 162-170) in D. A Hopwood
acetVaFYsWhbFBcrPERECS EephaRyedsdeerempesndThHéIJohhtained

I nnes_ _Foundati on, Norw ch, England, 2000). (2)
fromedarabPohSof eRERSERE09 B¥nbhec SEAbeary N60 PLiof the

sterile purified water, 200 pL of Mer-11107 genone
SCERANSHI LEFEANE1 nyliE) DNAorgprepentrdcbicEher AERBANNE NO.

bu%;er solution (100 mM Tri s- HC1 (ggﬁ?.S), 100 mM
4 Wer29e 3ot VANPRPENFBRAABPL SFamsE0 (RRFRAC FPEAd 1 pL of

restrjiction nzy Sau3Al (1 unit/pL) were m xed and
(np e LGBhE 8 al 74760 13F 3 ARAUEEEE 4DUSLeRkddeRen PaKER

and.extracted with 50 pL of phenol -chl oroform
15§$ituv lCFpﬁEHBS?cﬁ?aPBFaFﬁPPsBaﬁypxgﬂééﬁaszgszzWE1ﬁnd
fegglane.ratioé C&Fe ?gueous | ayer was col | ected and
BXTr3EtBd AgaPR WY RTB0

Further, variants of the above-mentioned various DNA
which encodes a polypeptide having l6-position
hydroxylating enzyme activity can be obtained by the
following procedures. First, the site-directed
modification is conducted, based on the original DNA
sequence information, and then the resulting site-directed
variant of DNA is introduced into the host. Thus, the
objective variants can be selected and obtained by using
the highly selective and active 1l6-position hydroxylating

enzyme of the variant of DNA of the resulting recombinant
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36 pL of chloroform, and the aqueous |ayer was again
collected. 5 pL of 3 Msodiumacetate (pH 6.0) and 150
pL of ethanol were added to the Iiquid, which was
then left at -80C for 30 mnutes and centrifuged to
collect the precipitated DNA. After being washed in
mi 09 egdranoh ,as hilse DNdexas Thssoiveddi ne@eplmofiification,
sterile purified water, and incubated at 37C for 3
fohotranmie ercandie i oondfictl€d phy ofisifg, tases template, a
concentration BAP buffer solution (500 nM Tris-HC1
plgpH @ Q)oniy nhdhCiyimat BNpLand bacherild atkadine
phosphatase (0.5 unit/pL, Takara Bio Inc.). The
conghct¢iord haerd domashexseacerde wihhio 08t phnothereof,
phenol -chl orof orm m xture (phenol:chl orof ormisoanyl
usHig¢ohotapsepdidl lyohuaklabhei bit shehagseQuiscka@yangad’s
. collected and extracted again wth 100 pL of
Sltedtbiotorey Mathgeecagsebus (ayeataasnagapn) .
collected. 10 pL of 3 Msodium acetate (pH 6.0) and
30pIng gfhegeharliante aRlddhase thawing quigh Whipdsition
was then left at -80C for 30 mnutes and centrifuged
hydegoxsl 2eErat lezype eerpivatedaDNATuUNEher héghgseashedvity,
in 70% ethanol, this DNA was dissolved in 20 pL of TE
fopuprarr kol ut R obhe 102aM ofr PSMAMCEINCpE BI0Y 6-Ro At EDTA) .
Meanwhi | e, 10 pg of SuperCos cosmid vector (Stratagene
hy@eo¥Y bkl ey gesE ¥He wRRA Peshg| ebronnedzynemxPalSéh strain,
accordance with the Stratagene manual, the DNA
the g¥at hals ofePBAdRaphBgphBryFarEdnWPER BEFLePRidsti nal
al kal i ne_ phosphat ase (Takara Bi o Inchzé, and after
SeHEERGC dPHeREeHCOW ERSr 638 EPI 4R4BnEYnE BafieAuUgRge No. 2
u ifieg, this was 37 dissolved in_10 pL of TE buffer
an@o{ uP¥ of. ©3.BOpE BPIthecdsalBaF paterhfddfgest the group
sol ution o% I\/Er-%l#(l)? DNA descri bed above was added
CORJLFPENGF Ot hFREcHSHAWERA Sb1 hPi Bh, MaKdPe. SnChrdse:
1 sterilef urified ter, SEL of DNA Ligation Kit )
) (FaRAPATEFD FhES) "SBF Bt Poh PI S§AHCRBSpEI6F OSonUE!BATEdes

15487 £ F9950, bl 2aer, andipeubated, & 23CLer 10 .,
prgfégggg§_cysteine, other than arginine;

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

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

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

preferably leucine, other than arginine;
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phage using G gapack Il XL Kit (Stratagene Co.). Wen
the resulting packaged liquid (total 500 pL) was
subjected to a transduction test, colony fornation
ability was tested at 380 cfu (colony form ng
units)/pL. (3) Preparation of various probes (3-1)
S) P epedihil ot oiterobesetonphessagukete syatbétaseleotides
codi ng regions The following two priners, KS-3F and
20 Kb-UR 20kp els sypdhesedetiobaseddon seqoeéncgsathahiapeacid,
normal |y conserved in the keto synthesis domains of
Preyg yidet v deheynt abdnses, ¢tkert heaSefseheechNos; sndnd
6). KS-3F:. 5'- GACCGCGGCTGGGACGTGGAGEG 3 KS-4R
6) R IETECCEATSTTECACTTEARCEAe 35eThesee petger§ meckeasides
to carry out PCR under the follow ng conditions. (PCR
252%a%@i%%3@iHﬁimoébﬁp©@itPoﬁ)CQﬁéhiEedeiHGied waiep 3¢id,
pL 2x_concentration GC buffer 50 pL dNTP m xed
pPrefbeuabby potsigmMeachotpgp, tieTPledTiPeand 38 dCTP)
16 pL KS-3F (100 pnol/pL) 0.5 pL KS-4R (100 pnol/plL)
0. 5. regquiaiingTt tof athPNAr§IOE niipdntioplis LA Taq
pol ymerase (5u/pL, Takara Bio Inc.) 1 pL (Reaction
re¢hpErattir B1e5AArYRBAST hosing AhAuREer V8Tt 2onedc) DNA
63C 30 sec, 68C 2 mn) 30 cycles 72C 5 m nutes The
eneRPpipg BNACLYRGRERES BAPFifirdtasgairebipsyothenis of
reaction were el ectrophoresed on 0.8% agarose_gel, and
maghalideofareauodo (bp) DNANEr aBMEnEBCRELBIeRCP PR 1de
collefted and purified using SUPREC-A (Takara Bio
hayipg)loepagtinh RydepxvhetiBguPnrHgeDRALLVAGHeNEshas
the tenplate, 930 bp DNA fra%nen;s conprising the
re%%?ﬁtsngtﬂ@Fég 1d8dFAYPPERFoNLL) -7 and can be prepared by

the methods shown under A) to C) below.

A) “DNA encoding a polypeptide having 16-position
hydroxylating enzyme activity with respect to macrolide
compound (II)” is incorporated into a host that originally
has “DNA encoding a polypeptide participating in
biosynthesis of macrolide compound (II)”.

B) “DNA encoding a polypeptide participating in
biosynthesis of macrolide compound (II)” is incorporated
into a host that originally has “DNA encoding a polypeptide
having lé6-position hydroxylase activity with respect to
macrolide compound (II)”.

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

a polypeptide having l6-position hydroxylating enzyme
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were anplified again under the sane PCR conditions as
above except that the nunber of reaction cycles was
changed to 20. These DNA fragnents were concentrated
and purified using SUPREC- 02 (Takara Bio Inc.), and
50pt of the resulting TE solution was taken as the
actprobey sol tt i omsp¢ St 2jo Pnapas bt dencohppunde (TOPr a8& Ngoth
cytochrome P450 gene region Two known cytochrone P450
ingeresraked ompdidilkedstronat actigbnytey esof 9&s pais pOSESher
of preparing a cytochrone P450 gene probe. That is,
DNAhe two prinmers CB-1F and CB-2R conprising the
sequences showed bel ow (see the Sequence 39 Nos.7 and
8) Ther dropintfesitder foronpuiposeso Dft e idydmy idthention
ORF- A gene derived from Streptomyces thernotol erans
ma WGC 1Ay 61 BF @scgan Bswt eghable BF otheorps9at 583- 688,
1995) CB-1F: 5' - ATGACAGCTTTGAATCTGATGGATCCC- 3" CB- 2R
tamye T CAGGIBEGACCBECACACTICY TCAGASSG B6- -pdeannbn| Bydtbeyl
two priners PKC-1F and PKC-2R conprising the
ma gt esorapownd bebow ¢8eexehel Seqiieacerdlbsrrddand 10)
were synthesized for purposes of anplifying the pik-C
mi gepfer g} e dl $ rans Sraept bayersgiventzuehaeS ATECLEWB0e s
(Chem Biol. 5: 661-667, 1998). PKC 1F:
ge@ﬂs CTCCECBTACCCACEACGRAATEEDB ¢, PRCr@REomyces sp. Mer-
' - TCACGCGCTCTCCGCCCGCCCCCTECC- 3" These priners were
111u%d01f otRartikeucapCreunded ihemetbpdioM ngbovadi vhohs.
(PCR reaction liquid conposition) Sterile purified
StIRREIMBACHLSP 2xPhbatént ggreﬁﬁomc@af $pr Berulll@NTer
m xed solutlonF£2 5 mM each dATP, dGIP, dTTP and dCTP)
STEGPIRNY §7F gl - FAT 1060 pfidh/ BE) useE pr mpEhadrBR ghgge. In
nol / L 0.5 pL, ATCC11416 or ATCC15439 genone DNA
me‘i()}i ¢|<‘r1;)s1'1rfa£n PR Faghebighirasel{sarpthe Fakaragan be
usg%o Inc.) 1 pL

There are no particular limits on the method of
incorporating the target DNA and causing it to be expressed
in a host, but for example the methods described in
Molecular Cloning, 2™ Edition or Current Protocols in
Molecular Biology can be used. There are no particular
limits on the host and plasmid vector system as long as the
target DNA can be stably maintained and expressed in the
host. The plasmid may include self-replicating sequences,
promoter sequences, terminator sequences, drug-resistance
genes and the like in addition to the target DNA, and the
plasmid may be either a self-replicating plasmid or an

integrative plasmid having a sequence homologous to a
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(Reaction tenperature conditions) 95C, 3 mnutes (98C
20 sec, 63C 30 sec, 68C 2 mn) 30 cycles 40 72C, 5
m nutes The two 1.2 kb DNA fragnents anplified as a
result of this reaction were purified by Q AGEN PCR
Purification Kit (Q AGEN Co.), and a m xed sol ution
speair ¢ stegidd g/ phe ofen @i ho DNAh & r agest p¥esd Prepar edrhe
and used as the probe. (4) Screening using probe
tawppridh nopkebve Byod hed asecgothtg aregtOne Aohdr 60ifhe
XL-1Blue MR host (Stratagene Co.) was transduced with
plasmel dvbor 1drd 07hgenonend®NAE | ¢ e ahys packagedrgsel sihi on
prepared in the above (2) in accordance with the
St rlet agenéramnual .arAfderi ddnansductd onrd hecdpcderdial, the
suspensi on was di spensed and spread onto ten LB-50
se gt mdpl Bopt Tind | veelo 5% agad2 hedcenepl ases (BRAEB7 (1995))
di aneter 90 mm height 15 nm, and cultured for 18
or howe sgamoBy CinThegratbbonvest gr oMt hgsonTracbaptateawepe. 9,
transferred to HybondoN+ filters (Amersham
AntBiloset etcesddual kal 8t asdtomeot s aledir eahednsngdes. Eheand
condi tions described in the mnanual for the HybondoN+
Dayiltelis), ap. di12dl$®r RchoemscaPre88C OonléhdoPDNALa) can
derived fromthe colonies onto the filters. The genone
be pNredii brary was screened by colony hybridization
usi ng an Al kPhos Direct System (Amersham Bi osci ences)
wi tExargol ey of sehlef 93t bicDNAd regpmestice s aimprihsdagrdhe
ket o synt hetase regi on prepared under (3-1) above as
PIdHel pfoHes, Hybr Barzarion. was7per £684edcbdi, 2rehosSCB2 at
65C at a salt concentration of 0.5 MNad . The
(12%hdi ¥i ofsnf oMifaypbidizat 100, ahd7déé 2Lt i pHCher éGehese33
41 described in the manual attached to the Al kPhos
(1D reed-15)stef$>0r ane tbaghiyer, 8obleoksainptesesfed,
59 col onies which hybridized strongly with the al kal
PrYfresphatadecnrapel edl ploberner e (Medt allédroboehi dsldefe

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

174(9): 2797-2808) and the like, examples of terminator
sequences include ter (mmr) (Gene, 1987; 58(2-3): 229-41),
fd terminator (Nucleic Acids Res., 5(12), 4495-4503 (1978)
and the like, and examples of drug-resistance genes include
hyg (Nucleic Acids Res., 4(14), 1565-1581 (1986)), tsr (Mol.
Gen. Genet., 199(1), 26-36 (1985)) and the like. The
microorganism of the present invention can be easily
prepared by a person skilled in the art following the
descriptions of the present specification.

A recombinant microorganism prepared in this way can

be cultured, and productivity of 16-position hydroxyl

31



purified fromE. coli clones derived fromthese
colonies. (5) Selection and verification of cosmd
cl ones having pl adi enolide biosynthesis gene region
usi ng probe conprising cytochrome P450 gene region
Two pL of each of the cosm d DNA sol uti ons obtai ned
magnakide heompoved( 4)) wasnspet tedlaatedaahgbesdeblted for to
filter, alkali and neutral treated under the
obtahdi 2i ohsatleseithed hiight hevafit athpdodanuakitgndf the
dried for 2 hours at 80Cto fix the DNA on the
ma¢iptede ¢gbpodindati Bhatnasspenf oempdbinahh thgaaism having
filters under the same conditions as in the above (4)
thesipglihe tytpchdone PA50ggemembragnEnthdesaricbédde
under the above (3) as the probe. One cosm d that
comppundi ped st tdhgkyofi thltheepbobehwasnsbkeobediasdaat a
result and nanmed pKS58. The pKS58 DNA was partially
highgestedohi ehosausfk, whsiei oneohagnpygnthel epgafédywibh
the BanHl -Cl AP treated phage vector Zap Express
progeeat 4genegcer) moandrpackagéderi nfocalkambdarphagean be
using a Ggapack Il XL Kit (Stratagene Co.). E. coif
obt@ingf et MRFhighsraRfeefedbriith30Ri.s phage sol ution,
and made to form a plaque. Plaque hybridization was
(Mpeho@dr aEdeuslngting eypduRoNEtRPAS0 gene probe
prepared in the above (3-2) to subclone an
appriski PRERNyipanp nepghod2aDNANf E agheptutanedi hithg a 250
cytochrome P450 gene. This cytochronme P450 gene DNA
mL{bhgRRRY S haélaskuenatdiniafgd 3PwsLlppitneed iPDL58SOEURAE
PDL58- 2R (see the Sequence Nos. 11 and 12) haV|ng t he
St§EﬁﬁeﬁeesgéHGQﬁebéfomﬁﬁé?@am§9ﬁﬁh§§vz€éCﬂBo%wi%e 7.5),
C.ternnals, ich are considered to be the
CUiEPBEﬂrBﬁﬁhpﬁséaéadﬁﬁgkﬁégudﬁ@o pPIsgfeE: 4 days at 25°C
g égG%KFG%NWG%Mjﬂjes' PDL58- 2R:
S EEACT ACTCALCPEREETerARBAGHACTFCRge tomp 554 lsm fBfs the
used ry out PCR under the follo
re S hEi P ofis CoPER FeaEERSAErT Ui HPGONBBSPE GRE SPeipHEng

i ed_wat er
megsurement Condlglogs to assay the concentration of

accumulated l6-position hydroxyl macrolide compound (I).
(HPLC measurement conditions)
Device: Shimadzu HPLC 10Avp
Column: Develosil ODS UG-3 (@ 4.6 mm x 50 mm 3 pm)
Mobile phase: 45%-55% methanol (0 to 5 min), 55%
methanol (5 to 13 min), 55%-70% methanol (13 to 21 min),
70% methanol (21 to 25 min)
Flow rate: 1.2 mL/min

Detection: UV 240 nm

Injection volume: 5 pL
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2 x concentration GC buffer 50 pL dNTP m xed sol ution
(2.5 mM each dATP, dGIP, dTTP and dCTP) 16 pL
PDL58-1F (100 prnol/pL) 0.5 pL PDL58-2R (100 pnol/plL)
0.5 pL pKS58DNA (10 ng/pL) 1 pL LA Taq pol ynerase
(5u/pL, Takara Bic Inc.) 1 pL (Reaction tenperature
corfié bironsem@SiG t@ren MR &S (98C 20 sec, 63C 30 sec,
68C 2 min) 20 cycles 72C, 5 mnutes The 1.2 kb DNA
fr dfrentecondifared mcrooesahisofof hilse peestnton masntion
purified with QAGEN PCR Purification Kit (Q AGEN
cagpby, iandudagedt édtwi ahnideieandnSdelmr @aatir caltape43
enzymes. After the reaction the DNA was
aeppeecrbplior esddlbnpobis¥onghydsexgel mathelisel abedotnd
kb DNA fragnent was excised and DNA was col | ected and
(IpuprfpephasnagopaGENLl gehExepaebilensKit €REAEEN, Cor) a
This DNA fragment was inserted into the Ndel and Spe
hydraes of themcgencheonbtabns0 gene ekpressiudnhipbasmldure
PT7NS-camAB (see Reference Exanple 5 and WO
broBheg7381) to construct pPDL96. E. coli BL21 (DE3) was
transforned using this plasmd and cultured in MICG
medt i rk {40 @804 NaiHPOYe FEHROL nagn 8% KPRy an Ds10 586 NaiGE
0. 1% NHAC11 1% casami no acid, 0.4%qglucose, 1 nM
cupgered @EOOENMGEEIZCUSDHPQIWEtQQQScfbklm}Ctooagdemsmsy
of 0.8 OD600 (optical density at 600 nm.
bu‘s %Eﬁrévunﬁﬁrcaea@bac\Amnéaaéanﬁonghpg/srrr;uéndrepwsth
0.1 mM_ and cultivation was continued at 22C for
aeﬁgtﬁﬁﬁréngoaghaéé@n PResSBpkéBEr 6HRtPES01pr bhei aasaAf péra
i nd ctlon the nycelia were collected and suspended
119\%1% it BFr?:VlBuFPéWaééVuPiféﬁefFSQ nmMVARaP& ([pHH rn3yised
nNLEDWA 10% cherol 1 MM glucose). 1 nL of this
fo§u§ hivBhiqAs ENeﬁeﬁﬁuﬁ Fe¥t PEuBecdanassipE af at
O sol ution é of ME; 265 (the 6- position
COPed %PaeHBFera ?eHB Fae Bfsfalisgaedvandsmacapat Bailize,

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 0il may be used either singly or in combinations.
As the nitrogen source, there can be used a single or a
combination of organic nitrogen sources such as Pharmamedia,
peptone, meat extract, soybean meal, casein, amino acid,
yeast extract or urea, and inorganic nitrogen sources such
as sodium nitrate or ammonium sulfate. Additionally, for
example, there can be added and used salts such as sodium

chloride, potassium chloride, calcium carbonate, magnesium
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at 28C for 15 hours. 1 nL of acetonitrile was added

and mixed with this reaction solution, which was then

centrifuged and supernatant anal yzed by HPLC under the

followi ng conditions to confirmconversion to

Eladienolide B. These results | ead the pladienolide
supfasgnt Rediismgehesphegeon pios aissvohy etioisphpk858r 4ébalt

&HPLC anal ysis conditions) Device: Shimdzu HPLC
chiionigecohgriiy Detelosill teDSvUGaBifEp s4ch am xi5@mim B or

.pm  Mobile phase: 45%to 55% nethanol (0 to 5 mn)
bigsippethanscessary - 13 Fuirtthe55%hen7 féamnhaisl rehdrikable

21 min)_ 45% nethanol (21 to 25 mn) Flowrate: 1.2
dugingi AUlbévetiron: vBVipge amtilfoednigongealtsmeansbpl

Col unmm tenperature: 40C Analysis tinme: 25 mnutes
APREPBAL PSR LY AEdeNEiR6She20ediinm . Pl Slieenckilde nBcek3amiyn for

(6% Sel ection of cosm d conprising biosynthesis gene
magnpg3teinAe AgHBOEERGSERNGCIcoOmS P450 agenebA edsieidd as

conprising the biosynthesis gene cluster neighboring
negREsSay¥ochiore PAS02gEAS cobtiaionegeinty tise agldede 1i(t5)is

was sel ected fromthe 59 cosnmi d DNA sanpl es obtai ned
regHireHetabfe f4) 2 TRECSOtEGSHOR DNA sarpheyewsedy

digested with restriction enzynes EcoRl and BanHl,
aféﬁgtﬂﬁg BRE BBPdrREdoN Rieash opdsstias elubstropkor esed

on agarose gel and subjected to Southern

hy bt 8 2R FORt 63T #9 a8t pEBBedcErBUKS  edohrRODNALON
éaveAﬁ KS6 donmi n) and the AT domain DNA (aveAl  AT2
hydEREY h) M6 PHhe A5y EPRBOUPA &Gy &6né Nisir6yRENSYI edgémdon of

%%eg Prog. Natl. Acad. Sci. USA 96 (1999) 9509-9514,
CY§PORCAE T30 545467 CUSE D BELPSH60bFNaRg ofkeing 16—

po%X£989r8§Srg§§9 %gg%olide compound (I) by cultivation of
the recombinant microorganism of the present invention.
Examples of cyclodextrins to be used in the present
invention include B-cyclodextrin, y-cyclodextrin, partially
methylated B-cyclodextrin, dimethyl-f-cyclodextrin,
trimethyl-B-cyclodextrin, glycosyl-B-cyclodextrin and
hydroxypropyl-f-cyclodextrin. Each of them may be used
singly or in a combination with another.

The amount of cyclodextrin added to the culture broth
is preferably 0.5% to 5%. Addition is preferably at the
beginning of cultivation or during cultivation.

The culture conditions can be selected appropriately
within the range at which the microorganism grows well and

can produce lé6-position hydroxyl macrolide compound (I).
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obtained in the above (5). Those cosm ds havi ng DNA
fragnments that hybridized at the sane |length were
grouped on the basis of the electrophoresis patterns
of DNA digested with restriction enzynes EcoR and
BanHl , and the hybridi zati on band patterns using the
Foyaexausler obles. pif of heke, matii ubut s okept oftt hetcosSnbdSnear
exhibiting simlar patterns were deleted, and the
noympavhl ni Hee coswi dsl weaerger gafhzeduateoedtagptvature is
partially natchlng band patterns. Beginning with the
no yrSLBY %@sh@d4@oﬁp©rspngfehebtytaahtonﬁBPQSO gebeivation
obtained in (5), pKS54 was selected as a cosnid
lSn%lb%bbﬁ|®QY$h©rsndematban|Bon@Otd&ypoly@étcderse, the
synt hetase gene fromthe cytochrone P450 gene side,
VazheupkS3btwae cenditédnasdascrobaiidaheirghbani hg pKShded
pKS23 was al so selected as a cosnid nei ghboring the
ane o3t dnpkssend i biwegt seheohedPaprogenetsidedepehtiéng on
side not conprising the pol yketide synthetase gene.
thast¥e el micagOEHBMASINUFEgUr Bhe, epKS2Bal pKSB8tions and
pKS54 and pKS35 were selected as cosm d cl ones
thentbhpassFognenenprhdiansredefbrosyal hesps gede
cluster, (7) Determ ning nucleotide sequence of
Puﬁ%%ﬁ?%%b@@d% Bi659hi AesNstgeneittasfepmThelhuckebrbte
sequence of a DNA coding for the pladienolide
Carbl%%y%%%%s% @%ﬁéagﬂsaaét BHAL A¥EdthEath-positden hydroxyl
selected in the above was first isolated by the
MACEIT e CHPRPIAR Aet hﬁElChnaCFH@ﬁléh@ar éd tbeapoltute
kb u3|n% 46 HydroShear (Genomic Solutions K K.) and
Praubel ofeds it fgtathere kneledakats Brevwpnsefhotmesuch as
resultlng subcl ones were subjected to_a cycle
Or%%ﬁh%n%% Y%%Et?%ﬁr?%ﬁé?§h§h¥ i BeEhaneés €%b§n9éinQUtanOl:
. orescent-lagﬁled grlnErs and t he_nucl eoti de
© %% URNCER S of CRHhRTPESPBCt PR PREgNERL 4RI 8T dEREY Hilied
Va§ aB CE 100 Amer sham Bi osci ences Co.). Thus, a
b%gﬁl OIS | Bt hoRT 8B a%ggeﬁﬁéﬂ@ét86ﬁﬁPh¥rn@ebNA

fifé %?h?%gghf%%%t?ﬁ%g@égzg%%gg ﬁggégeﬁﬁ§2%agr the like,
adsorption chromatography using activated charcoal, silica
gel, adsorbent resin (Diaion HP20) or the like, adsorption-
desorption by thin layer chromatography and high-
performance liquid chromatography using a reverse-phase
column and the like, and are not limited to the methods
indicated herein. These methods may be used singly or in
combinations of two or more in an optional order or
repeatedly, which makes it possible to isolate and purify

the target 1l6-position hydroxyl macrolide compound (I).

35



No. 1). (8) Preparation of pladienolide 6-position
hydr oxyl ase gene (pldB)-deficient strain. It has been
shown that a pladienolide is biosynthesized by the
bi osynt hesi s pathway shown in Fig. 1 fromthe roughly
75 kb nucl eoti de sequence conprising DNA
Exmlﬁf%l pating in pladienolide biosynthesis which was
g[glnced in the above (7) (see the Sequence No. 1). A
defieiant Srventiovasl 8 e riepad eth bjetdiel below
foIIovv| ng nethods with the idea that a strain
Usm%d%@lﬁlgl%ﬁ}yb% P8BS pehens- poseéntbondésxnde bfmited by
pl adi enolide B) could be obtained by destroying only
thepe eyewehedne Pa5DhgensPphoBtiThe Pelpwpr capcsntrations
pl dB- L- Bg12F, pl dB-L-H nd3R, pldB-R- H nd3F and
of JneIBl { BEARRONSRES t ABS seEDERBeeA0ss 181 glH, péBcerndges
16) having the sequences shown bel ow were synthesized
unpzedobheivesauepesifédedsequence of the sequence no.
1. pl dB-L-Bgl2F;
Re%@rm@#m@@ccwam@rmmgmogmmpolypeptlde
pl dB-L- H nd3R: 5' - GGGAAGCTTGCGATGAGCTGTGCCAGATAG- 3'
lnﬁb?Jd‘Be@ H nB3es Bt hesmAACE TTEAACT BBECOSREATTETCTT) 3!
gl dB- R- Bgl 2R 5' - GGGAGATCTGCAGCGGATCGTCTTCGAGACCCTT- 3'
cﬁl%\}%"%%%r AedMardét 1P heardl Lonlngieondft penemusi AgA
these prinmers. (PCR reaction |iquid conposition)
St ét41 epﬁﬁf?%ﬁemr@:YC%@ P MYer-kbhbntere i bro@tated
buf%}gr 5%}9L dNTP m xed_sol ution (2.5 nM each dATP,
By a?%ayaéﬂrﬁ)S% BEOtBPdEnE gyLppred with shaking
t%gBRHln 3F (50 pno @ 18L pl dB- L- Hi nd3R or
a RIgEH- pnﬁﬁm 1DB WREr P1ERBYSHof AP DNAS
1 L L rase (5 u/pL, Takara
re%ﬁgtm%? ltwag pRERE: FORCLRNPEr BbuFBocBRANPREnSesGEIbed
un%@%}ggggfaéggg %gng%gc A”sgpgecl698%%%)nlg)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-HCl (pH 7.5), 100 mM MgCl,, 10
mM dithiothreitol, 500 mM NaCl) and 1 pL of restriction
enzyme Sau3AIl (1 unit/pl) were mixed and incubated at 37°C
for 3 minutes. 50 pL was then taken out and extracted with
50 pL of phenol-chloroform mixture
(phenol:chloroform:isocamyl alcohol=25:24:1, volume ratio),

the aqueous layer was collected and extracted again with 50
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72C, 5 mnutes As a result, a 1.57 kb DNA fragnent
(DNA fragnent LI) conprising nucleotides 64756 to
66302 in the Sequence No. 1 was anplified by the
reaction using pldB-L-Bgl 2F and pldB- L-H nd3R while
a 1.54 kb DNA fragnent (DNA fragnent R1) conprising
RL neE| et ddeSos8849an0 EB868qAothelSgquenas Blgaid was
anplified fromthe reaction using pldB-R-H nd3F and
coblB-¢d Bg12RILDNA BrHgeedisml dcandtRl (pér 6. pur ahded50 pL
with a Q AGEN PCR purification Kit (Q ACGEN Co.), and
of segeanel Wwerf a@deéstpltheohlqnzﬂneshsghlWaandhen left at
HondlIl. The DNA fragments LI and Rl which had been
-8@| @eé@?éd30v\m-hutést phdt tentenfyges Bgl tblaadtHehdl | |
a 2.3 kb h nycin B resistance gene (derived from
Pr%ﬁ#&%@ﬁ%@@hggA G%ﬁéeIQDelBQ5wa$ﬁed199770%oaéhanei, this
abbrevi ated hereunder as "hyg") which had been
DN yest @dsaptHetlestir PBt PbnoEnzymeile ndkifieddwaher, and
shuttl e vector pkKU253 (see Fig. 3) which had been
ingiigekeddati 8R° ?e§PF|éth@ﬁrénéﬁﬁérBadﬂntweneOélﬂO fibupt 10
connected to DNA ligation kit Ver. 2.1 (Takara Bio
tineg. Fonacrbhght gnsB PKBUDRATf FadHEADPNhAUPAGMMhEris-HC1
ronycin resi stance gene inserted between DNA
p@r%g%ﬁnt§oLTMaMachk hils ¢hserceariat cabraRB3set o
construct a_roughl 21 4 kb plasmd called
PhoRepas2 8- ﬁ995RPnl¥ﬁéLregakPFﬁgBﬁﬂuieg VI - hygeRxeaaglon
transfornmed into conjugated E. coli S17-1
Ligridi Yoporatranted uh a.aogle yﬁpabzssltghﬁygoﬁmrmThe
resultlng 1£e FEKU253 LI -hyg-R. was inoculated into
mi buﬁi op E% g ﬁwr?f%’é‘aétsea{“ﬁf}p?éﬁ€h0162§9/@§eést volume
{ %h 5% NadCl nprising_25 pg/nL of kananycin
ra%h% ﬁg?ﬂﬁesth @VSﬁyHPﬁ BO&%&C§ﬁ§kﬁﬁe eggregEed again

s RO Do mrel g vere Slected D
s T LS R R
ofl%égg?ﬁ?s |nocu| ”%Bléolghugﬁ T%Elnﬁdwas 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-HC1 (pH 8.0), 1 mM EDTA).

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

with restriction enzyme BamHI and purified, this was
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broth: Ni ssui Seiyaku) and shaking cultured at 30C for
5 49 hours, and the nycelia were collected, washed
twice with 10 nlL of sterile water and suspended in 1
m. of sterile water. This was the recipient '
_suspension. 500 pL of the S17- 1/pKU253-L1-hyg-R
digpmoyeduspehsi oh 9AsTH keffert holOtpbnof 2thepl of the
Mer - 11107 reci pi ent suspension, and applied to Actino
SangRl upaNoial dgaeshedplntisnt ef Macubaled BNA30&Epibed
18 hours, this was covered with 2.5 nL of SNA (0.8%
abeie rvent addedi ben 1L eb, tDid4% agai) DBApPsbduhPoR, nghall. 5
ri bostanycin, and incubated at 30C for 7 days to
BL obf af el t¢ bogT AfAyeilnwatesi sbant. pRURBB- LighyheRIKit
transformant strain. The resulting pKU253-L1-hyg-R1
(TRkahafBimhRCst raphuthen Thoenaleduinop 360lutiofi TSBere
medi um contai ning no ribostanycin, and shaking
addeft inebhat godeforngd4inpubstedMptelBACwWEpe tOl hecteds.
fromthe pKU253-L1-hyg-Rl transformant culture broth,
4 Washedthos seaGrian1blapidfwast prikhged hateraahambda-
suspended in 10 nL of sterilized water. After being
Phage upedndppt opPrakel §I XheKstspehspbaonas Cappli edhen the
YMS agar medium (0, 4% yeast extract, 1% wheat germ A
re%&%?h’gg ,Poackagedl Lbreidt AFeral20PAguk) #8snikbakctead to a
chloride) conprising 200 pg/nL hygronycin B, and
Crangdpatedn HesS8occPoPnY Q@?@?tSPﬂgF@Hé’FEnWéé geehkdgat
n the Y agar nedi um conprising hygronycin B were
38@r%ﬁ%pﬁ§%§%ﬂytgorm%ﬁgaﬁﬁﬁt dvhm conpri sing 200 pg/ b
of _hygronycin B_and , YMS agar nedi um conpri sing 200
(3bg?ﬁ%gﬁfg¥?865?SnyéFh?uﬁnHroPﬁéubated at 30C for 2
(3gf%s After lncubgted, a hygronycin B -resistant,
r1 boSTaRYERhISRNST t PYRPEEr GPAPRASIBE Sefecewathahase
co&esultin? strain, called Mer-11107 pldB::hyg, was a
praB- Ge?Tel'8nt strain lacking 546 bp (nucl eoti des

SER. L0 PORELL AP, SeTcs, M0y ) 01, L, pLeB gene
sy BERE 0S8 80 Bl agplaces, [2),PLad! SBOLLSE, 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
2x concentration GC buffer | 50 ulL

dNTP mixed solution (2.5 mM each dATP, dGTP, dTTP and
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hydr oxyl ase gene (pldB)-deficient strain 200 pL of

frozen seed of the Mer-11107 pidB::hyg strain

obtained in the above (8) was inoculated into 20 nL

of seed nedium (soluble starch 2% soy bean powder

( ESUSAN- MEAT manufactured by Ajinonoto Co. Ltd.) 2%
dCEast extract 0.5% K2HPO4 0.1% MySO4. 7H20 0. 25% 6 uL

CaC® 0.3% pH not adjusted) and incubated at 25C for

2 &aysSF 300 plprofl A48 resul ting seed culture broth.s pL

was i noculated into 30 nL of seed culture nedium (5%

solkgbldR stldrchpmolvbigllucose, 3% Pharmanedia, 2% 0.5 ulL

Q cyclodextrin, 0.1% CaCC38, pH 7.5) and cultured at

25@efrorl 14 Gend- B aday3NA Af T rtdvaalgonpl etion of thel pL

cultivation, 20 nL of the resulting culture liquid was

extifadteed Hoyl vakdiawe arbwual Tavourd Rifo doetonitrile pL

thereto. Part of this extract was taken and dil uted
(RGAGHL B th eremexdieuranoomdibfomasketonitrile, and | evels

of pladienolide B and ME-265 were neasured by HPLC

under G e Mfiglute®d ng conditions. The neasur enent

results are shown in Table 1. (HPLC anal ysis

condit iCor’d) semoviGe:C SH mtzu HPIC 2 @lvp Col udf: cycles

Develosil ODS UG3 (p 4.6 nmx 50 nm 3 pm) 51 Mobile

phdge C AS®mittHtafgh 55% met hanol (0 to 5 min) 55%

nmet hanol (5 to 13 mn) 55%to 70% et hanol (13 to 17

m M 20% kit HiHol £ qaumens: S5 ) 4Shamtcharmdu(t3% £ ochis

40 mn) Flowrate: 1.2 niL/mnute Detection: UV 240 nm
TeRG et i B of tpet raphpresed| om0t @hpegarese: g4DC and the
_ #algsis time: 35 minutes Retention time: ME-265: 22
TSQhHEP| At ol PR Bragmenim wandl exained-andogollected

| dB:; hyg strain ME-265 é'mg/ L) Pl adienolide B (ng/L)
anc&@q@r 4 orS YnYaYerR o6 hbufE3kapa7Bioolge. ) . 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 SOuL of the resulting TE
solution was taken as the probe solution.
(3-2) Preparation of probe comprising cytochrome P450 gene
region

Two known cytochrome P450 genes were amplified from
actinomycetes for purposes of preparing a cytochrome P450
gene probe. That is, the two primers CB-1F and CB-2R

comprising the sequences showed below (see the Sequence
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cultured for 5 days (120 hours) 1316.6 0.0 Reference
Exanpl e 2: DNA-1 encodi ng pol ypepti de having the
16- position hydroxylating enzyme activity on the
macrol i de conpound (I11) (1) Preparation of genomc
DNA of Streptomnmyces sp. A-1544 strain The A-1544
Nost7admdwds wapeukaheHeshtzedafordpurbosest afnkngl ity ofig
glucose, 0.4%of malt extract and 1% of yeast extract
thandRFrBubpateddari28€ foom3sdayptomheesobhairnedoculbHEe
broth was centrifuged at 3000 rpmfor 10 mnutes to
ATCOl1ét6 t(Reécmydel BaotAcgendnm BibNAewas5prepapedsdy 1995) .
using Blood & Cell Culture Kit (Q AGEN Co.) fromthe
Ny : (2)-X0 i AheC DI TEANECTCATGEGRTUEDE® of a DNA
encoding a protein having the activity in
hy d¥BndR at d 'ngl CAAARCCRAGTEEORGRETC TRC AGRE G+ 3 de
compound 11107B The following m x prinmers (5Dm 3F and
S5DHSR)vivee, tdesi gnedorine ps oBKICeUF oand ePKT€2RE t O
the amno acid sequence assuned to be that of the
Copp¥ b8 hnonehP460quetyYPE05D6)nobeSbreptrpcehecOehiienker Nos.
A3 (2) (see the Sequence Nos. 17 and 18). 5Dm 3F:
9 sndT¥ SCERTT eSS TESATCETBATPE5es5bM 8Rplifying the
5" - GTTGATSAYSGASGTSGAGAA- 3" I n order to pronote
Plkeactenet gerakedgirhe Sltueptanyoss vbnazoeder RMCO15439
account, m xed bases S(=C+@ and Y(=C+T) were used.
(Chemt , BipdseSt woStyped  ofl 9pB) mers (5Dm 3F and 5Dm 3R)
and the A-1544 strain genom c DNA as a tenpl ate
obtZH Gl 1 o’ 1PECEHevel 2AFCAGERRAGCERREGAGC TN a PCR
reaction. The PCR reaction was acconplished by
repedlt T4R) & thr -Gt agEC T et T FCTHeTEEE Ny denat uri ng
carried out, at 98C for 20 seconds, annealing carried
out BRSSO FHRTD e Rt @SCANEC @2 DRy onPERr widelr othe
#%68C for 30 seconds 35 times by using Takara LA Taq
for¥award 8PRALALOTSand a PCR anplifier

(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

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

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

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

95°C, 3 minutes

(98°C 20 sec, 63°C 30 sec, 68°C 2 min) 30 cycles
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(T Gadient, Bionetra Co.). As a result, a DNA
fragnment (hereinafter referred to as a DNA
fragnent-Al) having a size of about 500 bp was
anplified. It is highly possible 53 that this DNA
fragment-Al is a part of the DNA encoding a protein
haviaftg hysimoxyhedd ng activity. The DNA fragnent - Al
anplified by a PCR reaction was recovered fromthe

r edttd ofwo SO) UtKOMONY SURRESH PERudg Bk &4 Bi® 4 NEedult Nof
order to obtain the DNA fragment- i n an anount

thesobghact boanaéyeepthefngal Bot pdacsrquenceudf riB8tion Kit
obtained DNA fragnent-Al, the DNA fragment was
(QTAEDN ned. W t bnd aphasstdsyectebnpEéBbuesIngNoOvaggnpL of
Co.) by using DNA Ligation kit ver.2 (Takara Bi o
eatmcDYAt bragaast owasEpeephredMiO9 skeadi Bs Ther pabber,
the transformed E. coli was selected using a L-broth
(4 ngacreeding(isOiigbaebbet cyppeteing0ke¥oyegathexhtactoding
0.5% NaCl, 1.5%agar) containing anpicillin (50
regioh), X-gal (5-brono-4-chloro-3-indolyl-R-
D-gal actoside; 40 g/ nlL) and I PTG (isopropyl-R-D
t hiZogal actopyrihosbdec MROhdAL . (Theatobomy ©F. f heas
transfornmed E. coli thus isolated was cultured in a
tranpdotad vighi dheedeurl(197bgehomer PpRoORebrAr$Ypyeasted
extract, 0.5% NaC) containing anmpicillin (50 pg/ni).
sopupiasnpdeDiAevasn sbparbbed f(Romihhecopeebhnacofvithethe
proliferated transformed E. coli and purified by
Stpstageaephasuid - pubiftpirng reinsda@kAonf thtebaPltasihd
Mdi Kit, QAGEN Co.), to obtain enough anount of the
sugppnfragneas- Al spe8peAnahysisprefdt hetnutkeolBds0 ng/mL
sequence of the cloned DNA fragnment-Al The nucl eotide
amBeguentr-of SbhagprAnedagmeptafes dbnaemedibnethe abowe,
(2% was anal yzed using a DNA 54 nucl eoti de sequence
hepglfyzar"OPE Bhesyyiénsed7EXE) 18aboordi ng 83 °&.dy8he
term nator cycle sequence nethod. As the result of
Co{pRiABCPEBYIHE SBgEERBePARARyTRSE tranaSerckdr ikhi ed

that the DNA fragnent-A anplified by a PCR
HybondoN+ filters {Amersham Biosciences), alkali and

neutral treated under the conditions described in the
manual for the HybondoN+ filters, and dried for 2 hours at
80°C to fix DNA derived from the colonies onto the filters.
The genome DNA library was screened by colony
hybridization using an AlkPhos Direct System (Amersham
Biosciences) with 100 ng of the 930 bp DNA fragment
comprising the keto synthetase region prepared under (3-1)
above as the probe. Hybridization was performed for 2
hours at 65°C at a salt concentration of 0.5 M NaCl. The

conditions for hybridization and detection were those
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reacti on had an exact size of 528 bp though it had
been found to have a size of about 500 bp by the
above neasurenent using el ectrophoresis (see the
nucl eoti de sequence 1775 to nucl eoti de sequence 2302
of the Sequence No. 2). Sinces DNA sequences

desmmim§®0nﬂrﬂ@et@aﬁ@§lt&@ta&ﬂ@&st@ftﬁé|ﬂ?k?h@§e§1£@cﬁhe
above PCR reaction were found at both ends of the

Sysibave abdonete S2E8uhPl PNA, sequenteniet +¥88c8) asvfistonies
that the DNA fragnent-Al was singularly anpllfled by

whidieseyl modt yeessofoRgl rew st SPe 351 rAU: SPAb 3R athfet he
above PCR reaction. (4) Analysis of the neighboring

labelpdrpoibd hee DNAL §6 agoeat - AbsAsdeRtenedt aheved Lhe
partial sequence of the DNA encoding a protein having

puthei dydfoxy| At | aglactiyhéy ddefiygdrieamhbse Acdbddies.
strain was determ ned. Therefore, the anplification,
(Skl Pmiagt aon sedqueacefdoat yshsoof cobridnytbeeti Heving
sequence in the neighboring region extending to the
plapstmehinisikitoapdt dovnst geaa sédeonf utbegchosed
fragnent were acconplished by an inverse PCR net hod
confiel $ inJechinotlogymeoP4504gepe 5945983, 1995).
Specifically, the A- 1544 strain genom c DNA (see the
abdiwe (D) Jofnessa ah gesStidte byo snies paA | scel wesdid Gt ned
enzymes Pstl and Sall in a H buffer 55 solution (50 mV
undey stiHClabewe 7(5) 48s nivbdytaa, odBondM Hedbbhiokhr €itokr,
and 100 mM NaCl ). The obtai ned each DNA fragnent
alled bavaed byeeheat esteatedonnéazynbs wasdselibns described
circularized by using DNA Ligation Kit ver.2 (Takara
in gike aweaghedmamhal e, anfiedf dbHlofbng2 phonessat 680 Re 2Fo
and 6PIN-2R) were designed and produced based on the
fipuehedtfieoreuenteltof . DNAYbragieatish ¢seepéhformed
Sequence hbs 19 and 20). 6PI N 2F:
witg T CCCTGECECTCEACGACATEEACAToBU 1t 6P 2R in the
5'- CTGTTCCTCGAAGAACTCGTGGTCGECGTA—3 Next, these two
ab@Fe mets ¢BPPN- DIe aft PR RPER) PARE phee abageese| flescribed

circularized A-1544 strain genom c DNA as a
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. Plaqgue hybridization
was performed using the cytochrome P450 gene probe prepared

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

m nutes was repeated 35 tines by using Takara LA Tag
DNA Tekagme Bt ocbntainiagdcatBERrafipl Phber gehe G adi ent,

Biometra Co.). As a result, a DNA fragment (DNA

fr agnenteBlgclabame PE5G dbpe i NI Zeaghche NA §sqeumendd,

(DNA fragnent-Cl) about 2.8 kbp in size were
an@nmpvof pedimetrs ®ASSBYRI ynpossiLbBe 2Rt haket RS SBNAence Nos.

fragnents were a DNA encoding a protein having '
11 hgddokxg) ahamgngcthei tgqandcasDNAchavbegoa PAAe

sequence including the upstream and downstream regi ons
syothesheeflofmem DNA. NThenBNA-teagiral sBlwandht heeDNA

fragnent-C were 56 recovered fromthe PCR anplified
copgaderen sol bei bhebyytSURREePER5(Takdl agBireglibas) .

Next, as to the obtained DNA fragnent-Bl and DNA

frapem=101; 5N erUeCGEATADEGANCEGEAAADNAAACRTORCE3Y N

an anmount enough to anal yze the nucl eotide sequence

of RENed BRI n2t-ERECTRAQTOREECGCRGPT SRt EAGRREGTG-3’

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

( Take e Bboimgne. yer € used i tJMOOr gt vat nP@Rduadgt asié d

&L;rifyi ng kit (QAfilter Plasmd Mdi kit, Q AGEN
fotboyingreondeédiiPnsthe same manner as the above (2),

to obtain enough ambunt of each DNA fragnent. (5)
(P@Rar§3Frsien eaeHiAuchbmppedéiseguence of the DNA

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

fr lewurhbbed waBekbp in size) Each nucl eotidé pL

se%gence of the DNA fragnment-Bl and DNA fragnent-Cl

obtai’hedPni¢entheataboveGE Huivdsr anal yzed using a DNAO uL

nucl eoti de sequence anal yzer (PE Biosystens 377XL)

ac COVER it ¥9F aseiyet i @ ni ha? orM cgere dAEBend@T het @BHP and

The nucl eoti de sequence was thus analyzed to obtain

dCThe information of the nucleotide sequence of 37936ppL
ER&%$¥%£h%%P?1&gqgggf?pﬁp; 2 fromeach sequence ofofgeuL
PDL58-2R (100 pmol/uL) 0.5 pL
PKS58DNA (10 ng/uL) 1 upL
LA Tag polymerase (5u/uL, Takara Bio Inc.) 1 uL

(Reaction temperature conditions)
95°C, 3 minutes
(98°C 20 sec, 63°C 30 sec, 68°C 2 min) 20 cycles
72°C, 5 minutes
The 1.2 kb DNA fragment amplified as a result of this
reaction was purified with QIAGEN PCR Purification Kit

(QIAGEN Co.), and digested with NdelI and Spel restriction
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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 am no acid sequence of
these proteins was retrieved by the BLAST search, and
as a result, an ORF (hereinafter referred to as Psnmh)
enyoHNg APrat eiine constsiongtios BOR wad Ol &6t BSpBdresed on
havi ng hi gh honol ogy to cytochrome P450 existed in the
0. Hfaseyad322 del pasiee 25481 oted he. Serpenc® NoagrRenThgas
psmA had the highest honol ogy (honol ogy: 72.6% to
exdimeciramb BA dvsequehtecassusrd porbeiéhatsOfig QIAGEN
cytochronme 2450 (CYP105D5) of the Streptnyces
Ge ldtrel i oot ‘ovn ABL 2) Q BRGEN oCo hp. anTnos aDNA £ BLGUERE Ewas
assunmed to be that of cytochrone P450 (CYP105D4) of
ingde 3t rigptony/ites Niel dans, Spald ai seshafl ehé et at byelyme
hi gh honol ogy (honol ogy: 69.4% to cytochrone P450
P4 Fbywr8oye Q) uéssBom ept ayces griNsdsamAl (@sc CRasEdened
fromthis fact that the psmA was highly possibly a
Exajanles codimd) WY do 9498 a8 hy tenzynetofict hePBy®6Chr One
P- 450 type. Also, an ORF (hereinafter referred to as
psiB) cadricddidly DY )otvein thean ip andd ghs ihapodloigy diasmid
ferredoxin of a 2Fe-2S type existed just downstream
ang t¢el pased 2664MPEG basie ua7a1l .@fb % e ,Bequenies Na . ) f,Po,,
the psmA. The protein encoded by the psnB consists of
0.8 dmho ati Hs, NRutd halk tdes anhirghestidyorfol 48gyg (8 B9) 1
to the am no acid sequence assuned to be that of
M MGG ledoxXi0P s tCafons bPeam/of. eheianiladnacitd asedguence
assunmed to be that of cytochrone P450 (CYP105D5) of
of the® KNept MRescebefi¢edioy AB(E8)0anmd) a rebakiiedyevulinic
hi gher honol ogy (honol ogy: 57.6% to ferredoxin soy
ackg gias) %ﬁde@n¢%p$éy@@émér@%@ugPTGhb®e$olemMitamas
considered that the psnB serves to transfer electrons
Culingl Fokrs Y7 redokinucparti 2 pat fag 2h hydroxydaindace
together with the psmA. (6) Construction of a plasmd
Che, 1Y YIRS CArAP TekeiRef chERRE ExAWPE £OB, ahldeWycelia
03/ 087381 58 s digested, by respective restriction
we%%ivﬁk%g q %%%BSuspended in"5 mL of CV buffer solution

(50 mM NaPOg4 (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) wés added and incubated
at 28°C for 15 hours. 1 mL of acetonitrile was added and
mixed with this reaction solution, which was then
centrifuged and supernatant analyzed by HPLC under the
following conditions to confirm conversion to pladienolide
B. These results lead the pladienolide biosynthesis gene

region is involved in pKS58.
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Spel in a H buffer solution (50 MM Tris-HCL, pH 7.5,
10 MM Mgd 2, 10 mM dithiothreitol and 100 M NaCl) to
obtain a plasnmd digested products. Meanwhile, a
primer DM NdeF (5' - GCCCCCATATGACGGAACTGACGGACATCA- 3':
see the Sequence No. 33) obtained by adding a Ndel

(HEIQ eartal ydies ottt evad) and a  prinmer DM SpeR
(5' - GBGECCACTAGTCAGCCGECCGGTTCGGTCA- 3' @ see  the
Se (pasrice :NGh i3d)d nbteRTed dwmddi ng a Spel site to the
5'-term nal were designed and produced on reference to
t h€olnuel :edldvitd ceeiduere Uf-3 hgp Secpience ND
these two types of prinmers (DWVt NdeF and DM SpeR) and
t hlohilsdphaster:aidbigenoriie Ao« ngd dd 3 heirgbove
(1) as a tenplate, were used to run a PCR reaction.
The PCR reaction a5 meiccaonpl i shego by3 repeat i ng a
t wo- stage reaction including denaturing carried out
at 98C for 20 secomdstantDammeahamgl andl &b ohpahion
carried out at 68C for 2 mnutes 30 tinmes by using
Takara LA Taq (TAGRANGHOLDINGS(2NG.9 2ahdnan PCR
anplifier (T Gadient, Bionmetra Co.). Fromthe PCR
anpllicW csticon T.gaatlionirsol uti on, a DNA fragnment havi ng
a size of about 1.5 kbp and containing the psmA and
t h@gpmm iagas Wecemed by SUPREC PCR ( TAKARA HOLDI NGS
INC.). The resulting DNA fragment was digested with
r edinydiesttiiom enizyees Ndgl and Spel, and the digest and
the aforenentioned pT7NS-camAB plasnm d digest were
cofrrdéey tarparp DR Li4gatG on Kit Ver. 2 (Takara Bio
Inc.). Thus, a roughly 9.5 kbp plasm d (sonetines
calﬁ@dl&tﬁlésrﬁldnﬁb“r@mlwaﬁas constructed conprising
the pT7NS-camAB plasm d connected to a DNA fragnent
corﬁ%erﬂtrﬂgﬂbd%lﬁnethé\“%saﬁ@ amd niHe pRhBliReferdnde: 13 min

| e 3: DNA-2 encodi ng pol ypeptide having the

(6 RFEH oM %d%%w@t%@pémw héepyntheanst pene
macr ol i de ~conpound ( ]2‘ Pr egar ation of genomc

c W%fn%%g%%w%egyggc We §420798Rfai n The

I\/Er-11107 Cf,tral n was inoculated into a nmedi um
cosmid comprising the biosynthesis gene cluster

neighboring the cytochrome P450 gene obtained in the above
(5) was selected from the 59 cosmid DNA samples obtained in
the above (4).

The 59 cosmid DNA samples were digested with
restriction enzymes EcoRI and BamHI, and the DNA obtained
in each case was electrophoresed on agarose gel and
subjected to Southern hybridization using as probes the KS
domain DNA (aveA2 KS6 domain) and the AT domain DNA (aveAl
AT2 domain) of the avermectin aglycone biosynthesis gene

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

45




contai ning 1% of glucose, 0.4%of malt extract and 1%
of yeast extract and incubated at 28C for 3 days. The
obtai ned culture broth was centrifuged at 3000 rpm for
10 mnutes to collect the nycelia. A genom c DNA was
prepared using Blood & Cell Culture Kit (Q AGEN Co.)
20000347 ; ngcel®a00(2)6Cbpnang oheacpasthabmsemguBOCene
of a DNA encoding a protein having the activity in
obtyihrexylmtting dbevd6{5position of the macrolide
conpound 11107B The following m x priners (5Dm 3F and
5D-THR)s enerasmidiss i lgneth @ noNzpr Dckupesh ton teferensei dozddeat
am no acid sequence assuned to be that of the
theysaodr beaeg P450eré QYPAOSES) onf tBer bptinyces €hel i col or
A3(2) (see the Sequence Nos. 17 and 21). 5Dm 3F:
el&tt AAUBCSET BEOSETCE0SI CSATOMSATg85te8Dvikh restriction
5' - AGGTGCCCAGCGAGATCATGIT-3" In order to pronote
enzyaes i ViojItakdnganhé, f hkudt bhti bgpbr60ivktaonodaendi nt o
account, m xed bases S(=C+G and Y(=C+T) were used.
pPapextnst hesegt Woepranepss( bbob8E.andf5bhaRe, andllt het one
Mer - 11107 genomi c DNA obtained in the above (1) as the
of t ehpl avemipgds ecnbeditonguniniPER peateiron. wdhe BEReted,
reaction was acconplished by repeating a three-stage
ang ehleg | pamainthadEngnddnararengrganized satoatli®gCtbor
20 seconds, annealing carried out at 50C for 2
Papt hat &% Babcklipaghehdnracaerned oBegannés8g forh30he pKsS58
seconds 35 tines by using Takara LA Tag (Takara Bio
cosmtd) CaREr A4S POR ABRpl FYEerhEPmer B4P8noeneBpbhetnadCon) (5),
A roughly 300 bp DNA fragnent (hereunder .called DNA
PKEP4gtient SadFchad afpki Fredidsngipbbakingl thiessideghl y
possible that this DNA fragnent A2 is a part of the
COIFRAL 2hEOdFRG BOpYEEELAChaYNRGChpaeoggnat EopmaEhRvi ty.
The DNA fragnent-A2 anplified by the PCR reaction was
cYtechveredt4pP ofifRResSitdget PBA §5§§§i6ﬁ8b§e$@PRE@ PERa

éTakara,Bio Inc.). Next, in order to_obtain the DNA
co méﬁnﬁﬁ%ggaorhngnpK854. PKS23 was also selected as a

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

The nucleotide sequence of a DNA group coding for the
pladienolide biosynthesis gene was determined. Each cosmid,
selected in the above (6), was first isolated by the cesium

chloride method, and then sheared to about 1 kb using
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anount enough to anal yze the nucl eoti de sequence of

the obtained DNA fragnment-A2, the DNA fragnment-A2 was

conbined with a plasmd vector pT7Blue T (Novagen

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

to transformE. coli JMLO9 strain. The transforned E
HydobPhems $Gbsemuensbyutsehscker.yushng aubchonth agang a

nmedi a(l . 0% bacto tryptone, 0.5% yeast extract, 0.5%
BKINaCL T  1T&RemgaBjocdnta)ning anpicillin (50 pg/nl),

X-gal (5-brono-4-chloro-3-indolyl-R D gal actoside; 40

pg/Tg rrhIRTE (39oplapys - R 6dubjected to a cycle

t hi ogal act opyranosi de; 100 uM. The transforned E
segednce cotantesni $dharedamnBihssinayewnece. cubkiungd in a

L-broth liquid nmedium (1% bacto tryptone, 0.5% yeast
fleqreacent 0l8beladChyinensai ahdgthsphaclbbni60sughehtes

A plasnmd DNA was isolated and purified fromthe
of nykeel raspect heepfohphenatederer dastonimddE(MeghBAUEI DQOO:

a plasmd purifying kit (QA filter Plasmd Mdi Kit,
Angy AeEN Bhojcienobsala. enoufhusameunbughl PNAS kb

fragnment-A2. (3) Analysis of the nucleotide sequence
nugtephide| spedeDNA chraghenngARNEhesrucheveiddeiskquence

of the DNA fragnment-A2 obtained in the above (2) was
PlagbeyobtdeshhgsanbiasiauekeotitterségadncecanahyzeqPlce

Bi osystens 377XL) according to a dye term nator cycle
Nosehhence met hod. While the DNA fragnment-A2 anplified

by a PCR reaction was neasured at about 300 bp by
(8bl%%?P%ﬁﬁE%@§i§? Pladasnotlidei fredsbyibhehpdebeplade gene

sequence anal ysis to be exactly 325 bp in length (see
(p%%%)ﬁ@%fé%%?ﬂé §b§BéRee 837 to nucl eotide sequence

1161 of the Sequence No. 3). Since DNA sequences

corredFondisR tT e Ehet typekedieprl e sizised in  the
b.aforerrentioned PCR reaction were found at both ends of
1O HRRYEZ R ORBdEBOSPhBSPNANGEHEeReENWRY @hASWR| anj Fied 1
£ that. the fﬁggnent-AQ had been specifically
TARpHRR | BAUBYLYt ArsEPt BCLGPREIBT SPANABES C9DAT B3FiRAIDNA

5D-1R) _in_the above- nentioned PCR reaction.
partlclga%yng En p?aglenngde biosynthesis which was

sequenced in the above (7) (see the Sequence No. 1). A
pldB-deficient strain was thus prepared by the following
methods with the idea that a strain_producing only ME-265
(the 6-position deoxide of pladienolide B) could be
obtained by destroying only the cytochrome P450 gene pldB.
The four primers pldB-L-Bgl2F, pldB-L-Hind3R,. pldB-R-
Hind3F and pldB-R-Bgl2R (see the sequence nos. 13, 14, 15
and 16) having the sequences shown below were synthesized
based on the nucleotide sequence of the sequence no. 1.

pldB-L-Bgl2F: 5’ -GGGAGATCTAGAGGCCGGTTACCTCTACGAGTA~3’
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(4) Analysis of the neighboring region of the DNA
fragnment- 62 A2 Once the partial sequence of the DNA
encoding a protein having the hydroxylating activity
derived fromthe Mer-11107 strain had been detern ned
as descri bed above, the nucleotide sequence of the
plortighibbrd 3ly: r 2yt GBGRXEETTUGOGATCheCTPSECerarsAdes and
downst ream si de of the cloned fragment was anplified,
Pl aB oireld BRIE 5 eflieBEENABYTARARAVEESCCRCRGTeT 0T~ § Cel |
Technol ogy Vol . 14, pp. 591-593, 1995). Specifically,
pPlibreRWRgla3107’ S@@@A@A’Q@ﬁéﬁﬂﬁcBERTCG'E@TTGGAGB@O@’ET(»1) )
was digested with a restriction enzynme BanH in a K
buffEt v e (5e) ride seHCIfo pHbBily ddhaivt MyGl A3sing
1 nmMdithiothreitol, 100 M KA ) and with a
theestpFERe¢BRA- enzyme Sall in a H buffer solution (50 mV
Tris-HO, pH 7.5, 10 mM MgC12, 1 nMdithiothreitol,
P%orwm@)llqhed obrapaétieath DNA fragnent cl eaved
by the restriction enzynmes was self-circul arized by
usiStEONR Inwatfiord Kiataer. 2 (Takara Bic Inc.). 30 pL
Meanwhile, the following priners (7PIN-2F and 6Pl N-2R)
werde % eTHRRE Tavd o cparkit feom t he nucl eot i de 50 pL
sequence of the DNA fragnent-A2. (see the Sequence
NoéjN B minge ol ytmiee 2(2. 5 mM each dATP, dGTP, dTTP and
~ CCATGATOCTGCTGGTGEOOGGOCATGAGA- 3 6PI N- 2R
dC%P)-CTGTTCCTCGAAGAACTCGTGGTCGGCGTA-B Next, these t®6 pL
types of prinmers (7PIN-2F and 6PI N 2R) and t he above
seIH‘ld&Dr TR R4 2 e NeYAB 1ROV REFRI MO Qerromd 1L DNA aslapl
gbp]tcf were used to run a PCP reaction. In the PCR
Bk~ AT e DR R Wi 5ige>? eaited OFL ) ncl udi ngL
tud carrl ed out at 98C for 20 seconds and
a]n]gl ot i bk° %a??%@d out at 68C for 51 ML

re eat ed 35 tines usi ng Takara LA Ta
(T%?%%l%o%m 5as%nﬂ5 a }F@R "T”F‘-’r‘ e?gff &% adi ent 1 gL
(RBi ometr N 23 ,gs a a DNA fragnment (DNA
??%@h%%t B LRbHTe ‘ioé bbLPRSsi ze and a DNA fragnent

(VA 4 20grepit; Q). about

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

72°C, 5 minutes

As a result, a 1.57 kb DNA fragment (DNA fragment L1)
comprising nucleotides 64756 to 66302 in the Sequence No. 1
was amplified by the reaction using pldB-L-Bgl2F and pldB-
L-Hind3R, while a 1.54 kb DNA fragment (DNA fragment R1)
comprising nucleotides 66849 to 68368 in the Sequence No. 1
was amplified from the reaction using pldB-R-Hind3F and
pldB~-R-Bgl2R. DNA fragments L1 and Rl were purified with a

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

48



1.4kbp in size were anplified. It is highly possible
that these DNA fragnents 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
resthel PN rerpenes B2ghht ONA Riadghent - C2 were recover ed
fromthe PCR anplified reaction solution by SUPREC PCR
( Takgr ¥NBi Fnagment Ndxtt ,ares R1o whiectobitaad risgbrDNN gested
_fragment- B2 and DNA fragment-C2, in order to obtain
W1tdhche PNAL C kel nemt Yes aldg AhbuatdeRdudhI I p anal yzebt he
nucl eotide sequence of the obtained DNA fragnent, a
Ny g1 e h Ve cto? 1 s pATSE ugelTe ( Kdvagead Cordm BN bomathlbng :
kit ver.2 (TAKARA HOLDINGS INC.), E. coli JMLO9
Genrg rbj v 23pl ash?P 7, peen¢yingskabbt€ratediteereunder as
W Plasmd Mdi Kit, QAGN Co.) were used in the sane
hyfnnerhEzh tid dpeee ¢2yestedobi bhnreshoughi anoent yoé
~each DNA fragnent. (5) Analysis of each nucl eotide
Hinghtlermnd ofh¢ hehpiNaLe fyaghent PRP28 Abosee 1FBgkbp) i which
si.ze) and the DNA fragnent-C2 (about 1.4 kbp in size)
hatReFhudt vt Tk “eguehest b cthen DAz ynaghentil Beeaadall
64 DNA fragnment-C2 obtained in the above (4) was
foun FRrtedi iy BVbNAL gkl @bt kile Yequedck 4RakgrerB{PE
Bi osystens 377XL) according to a dye term nator cycle
Ingdquerfe e OMEt hod® ThekKRubN2of Fadgmsegueatisy wehe hnasomycin
anal yzed to obtain the information of the nucl eotide
B SHUetr of 99329 nHpr sRduAcF iepReDR gfiengeenbs B1f piogh R1
each sequence f the DNA fragnent-B2 and DNA
wagy nlt-%%t%g bpen PRAEPAGEPrafeStORFY anreneklp32d. 4
by, was, .retrjeyed find that the two kinds of
kb;#Qﬁ%ﬁﬁgvﬁﬁii%%d%%vﬁg%ﬁkh"%ﬁgﬁ%lacid sequence of these
t he BLAST search, and as a

P ghel Ve MRS oL YR by e BLAST search and a5 2
o AR R B Hohol BbY 1 0P Ryt DERBRRORASRORRT 81 GEta 1 517-
1/88% PRS0 420, 10y basg;, 1604, 01 Lhe sequence Moy 3y The oo
was inoculated into 10 mL of LB medium (1% bacto tryptone,
0.5% yeast extract, 0.5% NaCl) comprising 25 ug/mL of
kanamycin and 100 pg/mL of hygromycin B and shaking
cultured at 30°C for 2 hours, and the mycelia were
collected, washed twice with 10 mL of LB medium and
suspended in 5 mL of LB medium. This was the donor
suspension.

While the donor suspension was being prepared, Mer-
11107 was inoculated into 10 mL of TSB medium (Trypto-Soya

broth: Nissui Seiyaku) and shaking cultured at 30°C for 5
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bpmA had t he hi ghest honol ogy (honology: 67.4% to the
am no acid sequence of the psmA isolated fromthe
A-1544 strain and also had a relatively high honol ogy
(honol ogy: 64.8% to cytochrome P450 soy (Soy C)of
Streptnyces griseus. It was considered fromthis fact
hountsat arte Wpmihtieghly weos sidl e enedded styett oxwl @ iwigch 10
enzyme of the cytochrome P- 450 type. Also, an ORF
nL (Herdigiftervattderand swspendpiB)n krdoddhgsteepi ot eiater.
having a high honology to ferredoxin of a 2Fe-2S type
Thifhataexiis etk §istenownstpeas it he MG enll 648 the dkse
1834 of the Sequence No. 3) of the bpmA. The protein
1/ eotfed- Ioyh IR bphdh e nsispens bén 6daamhoedcidish B5 uL of
and had the hi ghest honology (81.0% to the amno acid
thes dpienicel bf Teelphes | soipeesi¢én onatdheappIbdd ¢ rAdnino
and had a relatively higher honol ogy (honol ogy:
Medzgimpoljo ¢ of t3@#AT dneblmci &gmem@m@@wwtt@o%@ fdvatls
of ferredoxin just downstream of the am no acid
howefyueritles déastneelV o Bevl eyt dchrioheo PASOA ( CYPAD5DS) r bént
Streptnyces coelicolor A3 (2) Therefore, it was
meigiy] deketP 1 Hat4 ¥ ROPphB e esitg 2 tmaish er iled stcamyeisn,
and participated in hydroxylation together with the
anpC Ui ete e3 Exanpbe 4: APRA- B0 epleorll iiga pol Hpepamgeli n-
havi ng the 16-position hydroxylating enzyme activity
reHS R HE Ritt ot ¢ del ~RoAPRUNEr T HoymanPrepaadki on of
genom ¢ DNA of A-1560 strain The A-1560 strain was
i nddH FEEF LY miH A~ Idoritd R g reR i uevseE gimpkn was
. Wheat rmextract_and 1% yeast extract, and
ln‘?‘?’}&ﬁota%gdl%?p 28C Toros T2 smedham opar #bdingune ur e
..broth was centrifuged at 3000 rpmfor 10 mnutes to
TR Y ERF e ?ﬁ‘/‘%e?l?%}.{l%g genbIFESPNAL of O JAC 1580 <t rapwrs-

1y SRR (ST AN B0 k2 oR enirgLorva - Bhr i al

e JENENCE. 0l DA encoding, a. protel n hay no, phe, o
sterilized water and suspended in 10 mL of sterilized water.
After being diluted appropriately, the suspension was
applied to YMS agar medium (0.4% yeast extract, 1% wheat
germ extract, 0.4% soluble starch, 2% agar, 10 mM calcium
chloride) comprising 200 pg/mL hygromycin B, and incubated
at 30°C for 4 days. Single colonieé growing on the YMS
agar medium comprising hygromycin B were transplanted to
YMS agar medium comprising 200 pg/mL of hygromyciniB and
YMS agar medium comprising 200 pg/mL of ribostamycin, and
incubated at 30°C for 2 days. After incubated, a

hygromycin B -resistant, ribostamycin-sensitive strain was

50




posi tion of the macrolide conpound 11107B The
follow ng mxed prinmers (5Dm 3F and 5Dm 2R) were
desi gned and produced on reference to the am no acid
sequence assunmed to be that of the cytochrone P450 66
(CYP105D5) of Streptonyces coelicolor. A3(2) (see the
selSetgeence THes.reblulanch R PtrabDm IRl1led Mer-11107 pldB::hyg,
5' - TTCGCSCTSCCSGTCCCSTCSATGGTSAT- 3" 5Dm 2R:
washb'a- CIGBATSEIGLERECSERERE Jadkimy dert tap plramdietides
reactivity taking the fluctuation of a codon into
66 38Sc N t6,6 8fiSx eich idse S eSiyesrCeGNandl )Y (=EHE pwl eyaused.rom
Next, these two types of prinmers (5Dm 3F and 5Dm 2R)
theagenohre , AWLS680 tgen dryar dDiNA iobtRi reedi s trartdee g@bovelr(srted
as the tenplate, were used to run a PCR reaction. The
in PCR pleast.i on was acconplished by repeating a
three-stage reaction including denaturing carried out
(9)atP1e8Q eyl i2r mwewbrusi oranrest |0y weaadiew loude -G tion
for 2 mnutes and elongation carried out at 68C for
hyROxsdeRrd g8 t (miedd byde st imptTakarai A Taq (Takara
Bio Inc.) and a PCR anplifier (T Gradient, Bionetra
Co2P0 AlLr edginy zE30 SleedDA fihag et 1 1(Uer edoder: hyal | ed
DNA fragment-A3) was anplified as a result. It is
stiighlogp s bl tiHw aliee DNA fragnemciRted ntpari0 mL
of DNA encoding a protein having hydroxyl ating
of Faqd/ingAiurhel PNA kaghert N BnpidY i keRbyP @R (ESUSAN-
reaction was recovered fromthe reaction solution by
MEASUPREC Facrt u g ke A BHePmafe? )Co Nelxtd - § re'or dggaglp extract
obtain the DNA fragment-A3 in an anount enough to
0. HalKpPECe he - hiicl ¥ebPde’ Bdyertcd rofCadns OoBtai REdNPRA
fragment - A3, DNA fragnment-A3 was conbined with a
ad S RSt RCYITERdAeA T {Nvaben €3vey udbhgiongaf e7he
Ligation Kit Ver. 2 (Takara Bio,lnq%ﬁ%to transforma
regpi i 1998 JMBOr R EP Y 3% rhtagehrt €. ynto 30 mL of

Ther eaf t er, e transforned colibacil]us was sel ect ed
Se‘?}gi(ﬁ@l"g}l{e- I :ﬂum (5% soluble starch, 1% glucose, 3%

Pharmamedia, 2% B-cyclodextrin, 0.1% CaCO3, pH 7.5) and
cultured at 25°C for 4 and 5 days. After the completion of
the cultivation, 20 mL of the resulting culture liguid was
extracted by adding an equal amount of acetonitrile thereto.
Part of this extract was taken and diluted with 5 times the
amount of acetonitrile, and levels of pladienolide B and
ME-265 were measured by HPLC under the following conditions.
The measurement results are shown in Table 1.
(HPLC analysis conditions)

Device: Shimadzu HPLC 10Avp

Column: Develosil ODS UG-3 (¢ 4.6 mm x 50 mm 3 pm)
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agar nedia (1.0% bacto tryptone, 0.5% yeast extract,
0.5% Nad, 1.5%agar) containing anpicillin (50
pg/ m.), X-gal
(5-brono- 4-chl or o- 3-i ndol yl - R-D-gal act osi de; 40 pg/niL)
and | PTG (i sopropyl -p-D-thiogal act opyranosi de; 100
PMModile: miod ©xy 053 t fierdtignss ©% nest-eghdbacd | 41S5 min)
isolated in this way were cultured in a L-broth
l'iquid nmedium (1%bachethayptons, to015%ygast extract,
0.5% NaCl) containing anpicillin (50 pg/nL). A
pl asmi d DNA was i Sekated7aadmpuhbhbed (igoabt he min)
mycelia of the proliferated transforned colibacillus
by wusing a plasn7dspuethyhog kit €¢Q Asfimliter Plasmd
Mdi Kit, QACEN Co.), to obtain enough anpbunt of DNA
fragnment- A3. (3) Anal yeiranblt hesnuel eot nde)sequence
of cloned DNA fragnment-A3 The nucl eoti de sequence of
t hel DNA fatagnmenht 2 ABL/mbhateed in the above (2) was
anal yzed using a DNA nucl eoti de sequence anal yzer (PE
Bi d3yseenbsoB77XL)24acowording to a dye term nator cycle
sequence method. Wiile the DNA fragnment-A3 anplified
by BnRER teactobumaaslOnmghsur ed at about 750 bp by
el ectrophoresis, it was clarified by the nucleotide
seduehern apathysigttoebed@X@ctly 741 bp in length (see
the nucl eotide sequence 616 to nucleotide sequence
135natyshe Semaende Wonu#es Since DNA sequences
corresponding to the two types of prinmers used in 68
t heRefonehent toned PERZPeackioniner BlAduadodidboBh 16 min
ends of the above cloned 741 bp DNA sequence, it was
Tabllarilfi ed that the DNA fragment-A3 had been
specifically anplified by these two types of priners
(5Dm 3F and 5Dm 2R) 1 n tHe aforenenti gned PCR
r &art1 6H07 plB Anyg stsain of| Mie266i (ohw'b) | [fRladiEgiolided (mg/L)

the DNA fragnent- A3 Oncg the partial gequence of the

OMuRIERS 18ags (96 Bopts) avi ng2okydr oxyllating acg pvi ty
st rai-i—had-—begn-determned as |
cldiredifedSatayse|120teoursyqdl eot @468 querice of t g0

(0]
H 1ol + o H et o
'l gIIUUI I Ilg I Cgl UlT TATTITU gyt

o
e

LIL)

Reference Example 2: DNA-1 encoding polypeptide having the
lé6-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
yeast extract and incubated at 28°C for 3 days. The
obtained culture broth was centrifuged at 3000 rpm for 10

minutes to collect the mycelia. A genomic DNA was prepared
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upstream si de and downstream si de of the cloned
fragnment was anplified, cloned and sequenced by an
inverse PCR nethod (Cell Technol ogy Vol. 14, pp.
591-593, 1995). Specifically, the A-1560 genom c DNA
(see the above (1)) was digested with a restriction
usiany Yo @Bandl cé Nl Kbuffies K50l whineE 500 MM firds-HKd, pH
8.5, 10 MM MyC12, 1 mM dithiothreitol and 100 ni
myd€l)a.wth a restriction enzyme Kpnl in a L buffer
solution (10 MM Tris-HC1, pH 7.5, 10 M Md 2and 1 mM
(2)didhoothg edf od )pandiad t fequeestr ot & ODNENEYSBI1SRl 4 i n
a H buffer solution (50 mM Tris-HCl, pH 7.5, 10 mM
protd?, hdvimg dihidi ethtel t ol iandyd06x pivh Nakdy ) thdhee-
obt ai ned each DNA fragnent cleaved by the restriction
pognzyomreso fiashe seh ¢ rcl t dall avmpednby1 Ls0My DNA Li gati on
Kit Ver. 2 (Takara Bic Inc.). Meanwhile, the
f ol Theani Tl Jporvi ey Sni(>:SRI N san ¢ Gk NF 2R)d  A9nvER)e were
desi gned and prepared fromthe nucl eoti de sequence of
des hegn®Nlahd agnedtcdd ¢seecfheeSequencehdlosmid antld20) .
5PI N- 2F: 5' - CGGAATCCACCAGT GCCTCGGCCAGAACCT- 3" 6PI N- 2R:
se@1eIGTSTT COTCSAAGAACT CETSGCTOECR Acgtoblexbme t RéS@ t wo
types of prinmers (5PIN2F and 6PIN-2R) and the above
(CBR19SRP ) cof aftzedtnyd&60cset acnlgendii ¢2DNAseasthe
tenplate, were used to run a PCR reaction. In the PCR
SeqearteoNpst heé’/cgofleldf -a t wo-stage reaction including
denaturing carried out at 98C for 20 seconds and
SDmnpkal P hglTaRdSeTorgaETorRCEEEPREEGBERTaB’ 68C for 5
m nutes was repeated 35 tines by using Takara LA Tag
SDmT3kar a’” BFOTEAESRAYSGAGGESPERAANBl i fier (T G adient,
Biometra Co.). As a result, a DNA fragnment (DNA
f r dghertdB3) tabpiemoe sredpt 1 il by Zeak sn@ONAL ¢ r Bhreeation
(DNA fragment-C3) about 3.0 Kkbp in size and a DNA
oL agREAT LDNA RFEGHBA: - DBXedbbares. 3 (SKbp) i Angi ¥é=Gele
anplified. It was highly possible that these DNA
we¥eagRefits were a DNA encoding a protein having

hydroxyl ating activity and a DNA havi n&ﬁa DNA sequence
i nAYUHF ngt PRt YR tHRetipt rrahTaRY HoWASETF caind r e opR)

angfthe 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 Taqg (Takara Bio Inc.) and a PCR amplifier
(T Gradient, Biometra Co.). As a result, a DNA fragment
(hereinafter referred to as a DNA fragment-Al) having a

size of about 500 bp was amplified. It is highly possible
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the former DNA. The DNA fragnent-B3, the DNA
fragnment-C3 and the DNA fragnent-D3 were recovered
fromthe PCR anplified reaction solution by SUPREC
PCR (Takara Bio Inc.). Next, as to the obtained DNA
fragnment-B3, DNA fragnment-C3 and DNA fragnment- D3, in
thadr dérist ONgbtfaiayreach-ONA § ragrent ¢h e DNRIdncehoughs
to anal yze the nucl eotide sequence of the obtained 70
prdiNA f regniery ,hyad yd sl toi rvee cd ot 1 WiltABl uerhle (D¥OY afyeigment -Al
Co.), DNA Ligation kit ver.2 (Takara Bic Inc.), E
ampclal fii eEME)P stRGH nreamdi on plas ntecpusiddy/ i frgprkithd Qédfaction
filter Plasmd Mdi Kit, QACGEN Co.) were used in the
solsEnemEnnefURREQ heCRabOVek4{ 23 ,Bid olrobi)ai n enough anount
of each DNA fragnment. (5) Analysis of each nucl eotide
seduepceeaf tohebDNANn fthegmai# -B3 qrednauAa 14.im kbp anount
size), the DNA fragnent-C3 (about 3.0 kbp in size)
encargh ttve DNA fzagrentr D3l €abodd dequekdyp ¢h she edbmihed
nucl eoti de sequence of the DNA fragnent-B3, DNA
DN rfagpesrantCR land: NN & afnegieDB it atorgol ned thetlabove
(4) was anal yzed using a DNA nucl eoti de sequence
Pl el d/ Zegc{RE P B Bsys t BnENGTINe) Gecoriol ngs trog aDNy e
~termnator cycle sequence nethod. The nucl eotide
Ligadgiandel wase t hus (Basd yz edlio t Dnobt af tiens fidon nft ¢ohi
of the nucl eotide sequence of 1860 bp shown in the
IMIgsurdicel N0, Theremd each Slequenaes bbrmedhel DNAoli was
fragment - B3, DNA fragnent-C3 and DNA fragnment-D3. An
selser ¢ aati g 3 remer ¢ ORI 9 h mddsa 18600 hpoawiso tryptone,
retrieved, to find that the two kinds of protein were
0. ¥homrprett REcreci nd- 2ti MeSkquent® afathesenpr brbias
was retrieved by the BLAST search, and as a result,
amppktIGRA D (el el ler ¥ed@l r €o-booms-4 prt) o ercddi mgo by 1 -B-
protein consisting of 404 am no acids having high
D-grohst gt 4o %@/tm%rbheamwl?’é&i sisebiopy hefblrse 172
to base 1383 of the Sequence No. 4. The tpmA had the
th gt t PR RS A€ hoh®? oY) - 77TAg)ceborhectintm® aci d

sequence qﬁsuned,to be 71 )
transformed E. coli thus isolated was cultured in a L-broth

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

o\

NaCl) containing ampicillin (50 pg/mL). A plasmid DNA was
separated from the mycelia of the proliferated transformed
E. coli and purified by using a plasmid purifying kit (QIA
filter Plasmid Midi Kit, QIAGEN Co.), to obtain enough
amount of the DNA fragment-Al.
(3) Analysis of the nucleotide sequence of the cloned DNA
fragment-Al

The nucleotide sequence of the DNA fragment-Al

obtained in the above (2) was analyzed using a DNA
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that of cytochronme P450 (CYP105D5) of Streptnyces
coelicolor A3(2) and al so a high honol ogy (honol ogy:
76.6%9 to the ami no acid sequence of the psmA
isolated fromthe A- 1544 strain. It was considered
fromthis fact that the tpmA was highly possibly a
nucgens: ierrC eAidig: vy raaxyilyadd Mg Pre By Sfertdie3 THtIoC hr one
P- 450 type. Also, an ORF (hereinafter referred to as
acdopmBng encedidig: a qumilred tohawidige asdyighhdomia®dyd .t o As
ferredoxin of a 2Fe-2S type existed just downstream
the s as e f139 trauclhasel dbXepfeddie Sequenice, Nao s of
the tpmA. The protein encoded by the tpnmB consi sted
cleofi fidarihen atielONANTE dheknt+rel hingdlest 1 O} agyPCR
(87.3%9 to the am no acid sequence of the psnB
reacgdlat éthd raamdsteectA- 4540 s reEd f whdredsgh aithigdd been
honol ogy (honol ogy: 82.5% to the am no acid sequence
fousbunehave ke d4ihad of deyutedodd rop usg tdoswnsdswam of
the am no acid sequence assuned to be cytochronme P450
me JsCMRIGHT5 Ju soifn St lept tygEso woel § codas A3 (R)cleotide
Therefore, it was considered that the tpnB served to
sedueanst €/ T eot nmonsleanite ooteghdrere ettt no pattie chgpaidmge
in hydroxylation together with the tpmA. Reference
No .BExanpl & BiceGonia ustquenods ptasme sb @TINGy camiBhe Theo
prinmers PRR-1F (see the Sequence No. 29) and PRR- 2R
tyqeseet e iSeguenceeNoin 30)e ik dve heCR eqrrericiesn shawe found
bel ow were used to carry out PCR under the foll ow ng
at dondi tdrohs.of vithd Fsewel orbrrasd pel § dap ANCT 49453 genoite
DNA as the tenplate. 72 PRR-1F:

, ARG NCATG 351inPRR 2Ry
5" - GCGGATCCTCAGGCACTACTCAGITCAGCTTTGEC- 3" (Reaction
amp } gk & donpdse 3¢ ofyo SEere$ eo pupt fners wabem-3H5amd SDR-3R)
. concentration GC buffer 1 (TAKARA HOLDINGS INC.) 25 pL
in dNTP IR KER] BeR ufedmt{2n5 nM each of dATP, dGTP, dTTP

and dCTP) 8 pL PRR-1F priner (100 pnol/pL) 0.5 pL
(4) Analysis of the neighboring region of the DNA fragment-

Al

As mentioned above, the partial sequence of the DNA
encoding a protein having the hydroxylating activity
derived from the A-1544 strain was determined. Therefore,
the amplification, cloning and sequence analysis of the
nucleotide sequence in the neighboring region extending to
the upstream side and downstream side of the cloned
fragment were accomplished by an inverse PCR method (Cell
Technology vol. 14, p.591-593, 1995). Specifically, the A-
1544 strain genomic DNA (see the above (1)) was digested by

respective restriction enzymes PstI and Sall in a H buffer
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PRR- 2R primer (100 pnol/pL) 0.5 pL Pseudonbnas putida
ATCC 17453 genone DNA 0.5 pL (10 ng/pL) LA Tag (5
uni ts/ pL, TAKARA HOLDINGS INC.) 0.5 pL (Tenperature
conditions) 95C, 3 mnutes (98C 20 sec, 63C 30 sec,
68C 2 mn) 30 cycles 72C, 5 mnutes The resulting 1.5
sokdx oWl {50 el fTRQSEME ] [ COMAB. 5§ r@@mtwg@pﬁprﬂcﬁim the
put i daredoxi n reductase gene (canmA) and the
ditpuito tarettoxi nageneo  ust Wewnst r ean:f s9Put HaY < SEREDNA
(canB) was digested with restriction enzynmes Nde | and
frBami , c bedlved s r opbor esedi 601 On83h agae 9sgageke1 Al t er
el ectrophoresis, the camAB fragnment was col |l ected and
cipuriditetedshygu SUPREONA 1L { FAKARA KIOLDHAGS | NEakafs om @
gel section conprising that fragment which had been
Inexjci sed fromthe gel. The fragnent was connected by
T4 DNA ligase to the Nde | site and Barn H site of
E. Meeiniwhillasmitthey eftd Drowih P EIt {ree f St (6t Bgere 5od )6p@BbR)
then transformed into E. coli DHS5a to construct
wend ades tgpdd - sadBroflexed Bakédken dhennhetubeiabt abfednce
by annealing the two synthetic oligo DNAs SP-1 (see
of tI¥A Sepenert Nb1 Biyeande SPeQuésee Kbe. Sequenee20No.
32) with the sequences shown bel ow was connected to
oPINe2 F N2’ +GRTE@GOLT6heCpTasA:drAbRTTAABNA-BT gase and
transformed into E. coli DH5a to construct plasnid
P PFTNS camABT GBPCQTCERATARCICT UACTAGTOGESAST GCGT TA- 3
SP-2: 5' - TATAACGCACTCCCGACTAGTGACCCA- 3" Exanpl e 1:
Pr élsartat itdre of i s tngpPap 6B -H3F caomh e€R N2 Rf arpd dédne
pronoter and psmAB The pi dA pronoter region of the
abgieadiehbt | dereulbdrbzgdt Aesb44geheanasgenonict BHAt s a
psMAB in order to express psmAB in conjunction wth
tenihka e advehel kded Btobrosyat REBi segehéonTheIlthwohpr PGRr s
pdl Apr o- SpeNdeF (Spel and Ndel sites added to
rexrly@R i Hae: c¥etet A€ Sefueneeafle. 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 usiﬁg Takara LA Taq (Takara Bio Inc.)
and a PCR amplifier (T Gradient, Biometra Co.).

As a result, a DNA fragment (DNA fragment-Bl) about
3.5 kbp in size and a DNA fragment (DNA fragment-Cl) about
2.8 kbp in size were amplified. It was highly possible
that these DNA fragments were a DNA encoding a protein
having hydroxylating activity and a DNA having a DNA
sequence including the upstream and downstream regions of

the former DNA.

The DNA fragment-Bl and the DNA fragment-Cl were
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25) and pl dApro-NdeR (Ndel site added to 5 -term nal:
see the Sequence No. 26) conprising the sequences
shown bel ow were synthesized based on the nucleotide
sequence informati on of the Sequence No. 1 for

pur poses of anplifying the pi dA pronoter region.

reé&&¥¥% -SPedele PCR amplified reaction SO}%thH Rﬁ
- GGECATATGACTAGTA GICCTGECCCGECC- 3 Apr o- NdeR

SUﬁREéi¥%§$TAE§ﬁ§£EI¥K¥3H§%9TTCATEQE%3 aECBamﬁﬁﬁcé%Eéfﬁed DNA

out under the follow ng condltlons usi ng these

fr&@m@ﬁ%531(£K§3bﬁﬁCEkQ@méhQUtﬂ C@HDQ?&&&OBO 8§tQ9nTQ¥8h
Boseki KOD- 74 plus-)~ Sterile purif water: 71

DNAOf%a§@@§€niﬁa&hoﬁmgﬁﬁ%b@ﬁ&%ﬁh i9 QhalQ%@PtHéxﬁgcleotlde
solution (2 mM each dATP, d CTP and dTTP): 10 pL

sedBiStYe (36 M dbPhinK@DHNR Blkaghbd P§§H§E Gégtor
prol /pL) 1 pL pl dApro- NdeR (58 pL 1 pL pKS35

pTiReherentialafxanpbe) l 68A L18a QéﬁLklé pPLr. fReagkhen Bio
condi tions: using Blonetra T DI ENT) 95C, 5 m nutes

In¢9BC 20 geTi 6@C08 BtRaifh8End H‘ﬁla§§1@y§h§§fyz§§ k§t
m nut es The 360 bp DNA fragnent anplifi as a result

(ODA thiserreagthon magicrhtecpedcwit boa) Cbéﬁé'ﬁgegcﬁn the
Purification Kit (Q AGEN Co.). The resultlng 360 bp

saAnénagreat was dbgest ed) W tB pBShEhCERhBAGRNZNMBEBNt of
Ndel. The plasmd pTC-DM (Reference Exanple 2(6)) was

eashnDNAr Fyadingasted with restriction enzyne Ndel. The
resulting 360 bp DNA fragnent digest and plasmd

(50i yeslyweseoconaent adcUsbnfdBNAchugateonf Khe MRA. 2.1
(Takara Bic Inc.). A roughly 9.9 kbp plasm d pPapsnAB

fregmpntsBhg (aheupl dASpkbpotar scaaneahedthe psSAABraymsnt-C1
constructed in this way.
(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 frém each sequence of the DNA fragment-
Bl and DNA fragment-Cl.

An open reading frame (ORF) in this 3793 bp was
retrieved, to find that the two proteins were coded. Each
amino acid sequence of these proteins was retrieved by the
BLAST search, and as a result, an ORF (hereinafter referred

to as PsmA) coding a protein consisting of 409 amino acids
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Exanpl e 2: Preparation of plasmd for reconbination
The pPapsmaAB plasm d prepared in Exanple 1 was 75

di gested with restriction enzynme Spel, and bl unt-ended
using BKL Kit (Takara Bio Inc.). The resulting DNA was
el ectrophoresed (Mipid-ex: Advance Co.) on 0.8%

haWteaul g hdial ¥t PSS &t O BAD)ex B4 hen th
ai séfaté%{1.8 kgg%%NA fragnment conpris??g t he pldi\e pase

1327 ot s b 45 B {150 neddi@sce O | €. PapsdMBima had the
hereunder) was exci sed and col |l ected and purified

highd g Borkd Ashy Clhdmb L &x§ 1 ave i o9) Kid (K3 AGRMEoadia The
reconbi nati on vector pUC 9aph::ori T::intphi C3 shown

seduendd Gasdut@s ©d See dilgest 8 W tbcKeshd | £45ON(ENZYHEDS)
BanH , and blunt-ended with BKL Kit (Takara Bio

of Itte )StAdhermeses tEd@l i ¥eTH Br AN PapsdE W€ amino acid
"connected using DNA Ligation Kit Ver. 2.1 (Takara Bio

seduenge diwisned t@Cesbinati 60 PlasshHom® A 0 Papsr D)
was constructed having PapsmAB inserted into the

of ridvonbi naptycyect by i Pais Saghd: 81 sd hadt®hi&Bdtively high
Exanpl e 3: Introduction of reconbination plasmd

honpAKyy PapsmdBodgnt 063k 11407cFbechestbt PAYO soy (Soy C)of
pPAQCC: : PapsmA3 was transformed into conjugated E. col

Sty ¢S CRATOE3 . byl el eesroposdtiepadt Orombtiai & fact that
S17- 1/ pACC: : PapsmAB. The resulting S17-

the /pAUC. wPapsiodBl waso s sibio Ui ak edehat 0od Onglh pdi r &By heEi e
(1% bacto tryptone, 0.5% yeast extract, 0.5% Nad)

enzyom abhi tige QHt pghndméahadyCi hyaad shaki ng cul tured at
30C for 2 hours, and the mycelia were coll ected,
waghiexb t rc ©RE t el iria tfer LB fradiann emd s yspehided i n
5 nL of LB nedium This was used as the donor

engedpedsi oproViki h ehahéndoaohighshensiogy tasféeradoxin of

repared, Mer-11107 was inoculated into 10 nL of 76

a Aedivpe (9xypted Shyat bdovhstKessuil tisei jake)2ahd to
shakin i ncubated at 30C for 5 hours, and the nycelia

ba%%r%76go@fe%h%d$e%BSh@§ Noi cé) wefhthe psmbf sTeeibieedin
wat er and suspended in 1 nL of sterilized water. This

engededsky Bie PHBBreenpieht sfspensihdone 500dpL ahdthed the

517-
highest homology (83.3%) to the amino acid sequence assumed

to be that of ferredoxin just downstream of the amino acid
sequence assumed to be that of cytochrome P450 (CYP105D5)
of the Streptmyces coelicolor A3(2) and a relatively higher
homology (homology: 57.6%) to ferredoxin soy (soyB) of
Streptmyces griseus. Therefore, it was considered that the
psmB serves to transfer electrons and codes ferredoxin
participating in hydroxylation together with the psmA.

(6) Construction of a plasmid pTC-DM

PT7/NS-CamAB (see Reference Example 5 and WO 03/087381)
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1/ pACC: : PapsmAB donor suspension was mxed with 10 pL
of the resulting Mer-11107 reci pi ent suspension, and
applied to Actino Medium No. 4 agar medi um (Ni ssui
Phar maceutical). After incubated at 30C for 18 hours,
this was covered with 2.5 nL of SNA (0.8% nutrient
wasTedigest dd i, rdb e 800 ) re £OM @ VN ErZ REMNdeT and
ri bostanycin, and incubated at 30C for 7 days to
Speabtiai i al tier fd hasd amycom- (BSimt antis-HC1, pH 7.5, 10 mM
pPAQC. : PapsmAB-transfornmed strain
MgdiBr, - 10160 dpACCotRaRsSmdB. anXxampl end NaB1aditendytdan a
production test of Mer- 11107:: pAQC.: PapsmAB strain
plaEhe dveri-gklshOsa - oA ¢ Raps e ol 2 e th | ir Ex@rphe- 18 snd
the parent Mer-11107 strain as a control were tested
(5" f-@CCqUarIKTGACECARET PACEERTWT CAle3 B, adk i tise Sequence No.
16-position hydroxi de pladienolide D. 300 pL each of
33)f radzen reee b wfadind 14 OVde PASG: ¢ PapstiB 5 ‘ante Meind 11074 a
was i noculated into 60 nL of seed nmedium (soluble
pristear dM-2%e s 0y/5 bearcheat TAESUSAN MEATGrETEErt A 8d:  Hye
Ajinonmoto Co. Ltd.) 2% vyeast extract 0.3% K2HPO4
thd). dduergESOo 7 H2O) Col26 n€ad83 Ad3M g pdd modT agj usted)the
and incubated at 25C for 3 days. 600 pL of the
5" vemulinalg wees debiomed dnotbhrodscedosnl adedrént® 66 the
nmL of main culture medium 77 (soluble starch 5%
nugleroiste 196 qRaceantdilae 3% qadekandd. 2G 126x0, 0B8gse two
CaC®B 0.1% pH 7.5), and cultured at 25C for 3 days,
tyreslays, phimeys apd-$deBysnd APlefpehe aodptiedi HBAlbi4
the cultivation, the resulting culture broth was
streadn azgreeni pyDNdobt@hnefl #nt fhesabdree afbunésof template,
acetonitrile. The anmpunts of pladienolide B and its
wens-ppad tionr iy ok oRFdereptatpenol Tde BECRnredetiesuvasng
extract were neasured by HPLC. The neasurenent
aceeayl 1shed o ghowped himab et Ro-Thege HREG-heas ui eaknding
conditions were as follows. Device: Shimdzu HPLC
denpypl iyl canr iGdvelibset 8K UGB Jq pekddmandrmaBling
nm Mobil e phase: 45%to 55% nethanol (0 to 5 min)
an£5@@¢ﬁg¢ﬁggm ¢arrved3ontnyt 68°C for 2 minutes 30 times

by using Takara LA Taqg (TAKARA HOLDINGS INC.) and a PCR
amplifier (T Gradient, Biometra Co.). From the PCR
amplification reaction solution, a DNA fragment having a
size of about 1.5 kbp and containing the psmA and the psmB
was recovered by SUPREC PCR (TAKARA HOLDINGS INC.). The
resulting DNA fragment was digested with restriction
enzymes Ndel and Spel, and the digest and the
aforementioned pT7NS-camAB plasmid digest were connected
using DNA Ligation Kit Ver. 2 (Takara Bio Inc.). Thus, a

roughly 9.5 kbp plasmid (sometimes called plasmid pTC-DM)
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55%to 70% nethanol (13 to 21 mn) 70% et hanol (21
to 25 mn) Flowrate: 1.2 nL/mn Detection: U 240 nm
Injection volume: 5 pL Column tenperature: 40C

Anal ysis tinme: 25 mn Retention tinme: Pladienolide B
12.4 mn Pladienolide D4.3 mn Table 2 78

wa VeIorlskhve t X smaps st T NeL dmAd Of1 SEhad n
Pl adi enol i de B Pladleno i de D Pl adi enol i de B

corflatieanald de v/ ﬁﬁaim@ﬁﬂ)c&ﬁ@éﬁlrﬁ%(mmth@%éﬂ ethd
for 3 days 36.2 148.4 180.5 0.0 hours) cul tured

thd grsm days 93.2 289.3 338.1 0.0 (96 hours) cul tured
for 5 days 122.3 420.6 402.2 0.0 (120 hours) cul tured

- Refarerfa psartdBe 33 53151\128-27&30@119? I‘%}@[@QI&& }Vg‘\bixﬂ% the

al nrost no production of pladieno was seen

1 6-tghes ipar@nth wd i @k Yl Met nd 10T yme| @@w@ptyd@n D:M@Smacrolide
produced by the Mer-11107:: pACC. : PapsmAB strai n having

conigmeind nt¥bduced pACC: : PapsmAB. This shows that direct
production of pladienolide D can be achi eved by

1)i mregghicd tigon thie gpdasthedobiaeo B 36rgesbhi08s sp. Mer-
hydr oxyl ase gene psmAB into the pladienolide

11 B prodeecimg strain Mer-11107. Exanple 5: Effects of

(3-CD addition on pladienolide D production by

MeThEl Mer—10AQC: RapsimABrast riaidrtulated 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
(CYP105DS5) of Streptmyces coelicolor A3(2) (see the
Sequence Nos. 17 and 21).
5Dm-3F: 5’ -TTCGCSCTSCCSGTCCCSTCSATGGTSAT-3’

5D-1R: 5’ -AGGTGCCCAGCGAGATCATGTT-3"

In order to promote reactivity taking the fluctuation
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The effects of (3-cyclodextrin ((3-CD) addition on

productivity of pladienolide B and its 16-position

hydr oxi de pl adi enolide D by the

Mer-11107: : pACC. : PapsmAB strain obtained in Exanple 3

were investigated. 300 pL of frozen
of Mereddd®7in phQecHaps B 88€dp1ass i Hosul@f egnbnt 0=3Pr)

nm. of seed culture medium (sol uble starch 2% soy bean
wer@alsed ESUSAN- MEAT nmanuf actured by Ajinonoto Co. Ltd.)

2% yeast extract 0.3% KZHPO4 0.1% MSOH4. 7H20

0. 2%t ,CaG@FsD.3% mH O Notsmef ust o , sk )i noubatiad

at 25C for 3 days. 300 pL of the resulting seed
Mectl 1108 d&0bhiwasNAnesthahed iAt ©hd0aPbveOf1MBh8 the

culture nmediumto which 2% R-CD was added (sol uble
tempaich bdge ghsic@seo 1%nPharornedhat 8%k . adekanotrLEGe4261ion

0.05% RCD 2.0% CaCO3 0.1% pH 7.5) or 30 nL of main
wa < W ¢ asep hesdheam it hepeaRi €D addrdeésotubbershat ebn5%

gl ucose 1% Pharmanedi a 3% adekanol LG 126 0.05%
in&REdBng OddfetpHi dgStaranddi Bgubatedst@re P dayssefonds,

days, 5 days and 6 days at 25C. After the conpletion
aniodalheg cohtivasi ont atheor@stds i o Ciihtdl €add Gali Shydsion

extracted by addition of 4 tinmes the anmount of
caBcBtONbhiti 4€. 6FTNE IO Ss@fonddd aghh enohd SlepB @hd tBakara

16- position hydroxide pladienolide D in the resulting
LAckaqacTahere Reaslined) bynH#PECPCRhempirdsareEntradient,

results are shown in Table 3. The HPLC neasurenent
Bigoadia i ©ns) wer® asufiblliyods0 Devbia: £Shgmadru (HPkEunder

10Avp Colum: Develosil ODS UG 3 (p 4.6 mmx 50 mm 3
caphgd NMBbi feaphase: A35% ke BBRHOEtLhdnes G0rteubtmi nit is

55% nmet hanol (5 to 13 mn) 55%to 70% net hanol (13 to
highlwipyss¥okenehhanohi¢2DNRof26gmeny FRowsr at part. 8f the

m./mn Detection: UV 240 nm Injection volune: 5 pL
DNt napdiegper arareindbevipgahydireoxyilagiop5aptavity. The

DNA fragment—AZ 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(1l.0% bacto tryptone,
0.5% yeast extract, 0.5% NaCl, 1.5% agar) containing
ampicillin (50 pg/mL), X-gal (5-bromo-4-chloro-3-indolyl-p-

D-galactoside; 40 pg/mL) and IPTG (isopropyl-R-D-
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80 Retention tinme: Pladienolide B 12.4 mn

Pl adienolide D 4.3 mn Table 3 2% G3-CD added No
(3-CD added Pl adi enolide B Pl adi enolide D

Pl adi enolide B Pl adienolide D (ng/L) (mg/L) (ng/lL)
(mg/L) cultured for 3 days 199.4 202.0 36.2 148.4

th{dga houtSpyeathdyigd; f 060 4udpys 3RE. Br3rQrorfad 2r282, 31
(96 hours) cultured for 5 days 484.3 580.1 122.3 420.6

coldZlchouss) acslit unethi oryby dayse 43314u¥dd: 1n1d813proth
535.8 (144 hours) As a result, addition of 2% (3-CD

ligesdl hedihh altougbty tdyAtbh8BSOL BEr 9a88ti Bxtract, 0,5%
pl adi enol i de D accumul ati on, showi ng “that addition of

Na@&ﬂIbﬁﬂﬁaﬂﬂiﬁéf@ﬁpi@ﬂlﬂiﬁe@BOpﬁQQMﬁ?LonAoﬁlasmid DNA was
pl adi enol i de D. Exanple 6: Pl adienolide production by

isdbited 1dRd: pRAOE: cRapsoMBrEEraBe( 2} 300tRL pfoffegelted
seed of the Mer-11107:: pAQC. : PapsmAB strai n obtai ned

trans ExenpieE3 vasii ﬁgwl;ataeglhgmd’s@uﬂfgings2@@ (QIA
cul ture nmedium (sol uble starch 2% soy bean neal

£1 [ ESUSANe MEAT Maamfa@turQQAQENAtbnanbOOQBaihtQn&u%&b
yeast extract 0.3% K2HPO4 0.1% MSH. 7H20 0. 25%
am@afttBo 0. Bk pHagmehtadpust ed) and incubated at 25C for
3 days. 300 pL of the resulting seed culture broth
(3aBnahgsilsabedthat oudlesti8d ekquBhBecylt Uhe aBEhEM DNA
(sol ubl e starch 5% glucose 1% Pharmanedi a 3% soy
frbgaanpoeder (J-G |l MIIls: Honen SoyPro)

The nucleotide sequence of the DNA fragment-A2
obtained in the above (2) was analyzed using a DNA
nucleotide sequence analyzer (PE Biosystems 377XL)
according to a dye terminator cycle sequence method. While
the DNA fragment-A2 amplified by a PCR reaction was
measured at about 300 bp by electrophoresis, it was
clarified by the nucleotide sequence analysis to be exactly
325 bp in length (see the nucleotide sequence 837 to
nucleotide sequence 1161 of the Sequence No. 3). Since DNA
sequences corresponding to the two types of primers used in
the aforementioned PCR reaction were found at both ends of
the above cloned 325 bp DNA sequence, it was clarified that
the DNA fragment-A2 had been specifically amplified by
these two types of primers (5Dm-3F and 5D-1R) in the above-

mentioned PCR reaction.

(4) Analysis of the neighboring region of the DNA fragment-
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1% adekanol LG 126 0.05% R-CD 2.0% CaCC3 0.1% pH
7.5), and cultured for 3 days, 4 days, 5 days, 6 days
and 7 days at 25C. After the conpletion of the
cultivation, the resulting culture |iquid was
extracted by addition of 4 tines the anount of

A2 acetonitrile. The anmounts of pladienolide Band its
16- position hydroxi de pladienolide Din the resulting

eXIOTaRd RS HABAT asb dye ¥ & £ Thee MBS W eiBdMnd esul ts
are shown in Table 4. The HPLC neasurenent conditions

protes £n asaviod| oms. h@gyw?la@hhgagéﬂi{#&g agﬁ\ype@ot%ﬂi the
Devel osil ODS UG 3 ((p 4.6 mMm X

Me PHBBED 7 4508 4 On 5536 NBEEANAL L £OmE A8 anhe§§%§388h§59be
(5to 13 min) 55%to 70% methanol (13 to 21 min) 70%

therethahedt {24 S@q&énﬁbnbetﬁé/ﬁé&@hbéanﬁtkgﬁﬂon extending
Detection: WY 240 nm Injection volume: 5 p Col um

the enpet atanes140Candnabysssrehfitside BFNUhescRehent i on
time: Pladienolide B 12.4 mnutes Pladienolide D 4.3

fragmetheswaJabhel 4£82dP adbasal hda BeGuohbidPbadhgnohidese

D (mg/L) cultured for 3 days 378.3 230.6 (72 hours)
PCRuh¢tined foeld daysnb0dg$ §67.914(96phosps) 508l t uped)

for 5 days 480.4 874.2 (120 hours)
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-HCl, 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 (Tékara Bio Inc.).

Meanwhile, the following primers (7PIN-2F and 6PIN-2R)
were designed and prepared from the nucleotide sequence of
the DNA fragment-A2. (see the Sequence Nos. 22 and 20)
TPIN-2F: 5’ -CCATGATCCTGCTGGTGGCCGGCCATGAGA-3"
6PIN-2R: 5’ -CTGTTCCTCGAAGAACTCGTGGTCGGCGTA-3"

Next, these two types of primers (7PIN-2F and 6PIN-2R)
and the above self-circularized Mer-11107 strain genomic

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

PCR reaction, the cycle of a two-stage reaction including
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cultured for 6 days 387.4 985.4 (144 hours) cultured
for 7 days 439.1 1215.9 (168 hours) 50 nL of extract
obt ai ned by addi ng an equal anobunt of acetonitrile to
the aforenentioned culture broth was filtered, and
the nycelia were washed with 30 nL of water. 70 nL of

deﬂﬁ%@%1%@50§99§gdtQuﬁhgtf95‘6 dﬁnmﬁce mﬁ%ﬁﬁ%énﬁﬁaqpeallng

extracted once with

an@tdWdngReet At Sarﬂf'gdeéﬂﬂl a@cggaé € d AYRTS1 W& 35 i ed

conbi ned, washed twice wt nL of brine an

reﬁh&%e@ﬂbydtﬂﬁéssﬁ |ﬁ§1n§UTBﬁE§a Bhtenqgr eMRrLPg BDS Inc
solvent, the resulting residue was purified by t

and ay ePCR hippRL 0gEAPNY GMERCKS) | bE8fet rab8oFP54 0. 5 nm
devel opi ng sol ution; toluene: acet one=l : 1) to obtain

12 2% ny rafsyilwdi £noia der Byrandk 28ona "B Ddme 14 60 2 NOY dgke
D. The 1H NWR analysis results for pladienolide B and

1.pkiadi emobide dnhwesepns Fehbrwst (Bhadienaghbde-B2) about
1H NMR spectrum (CD30D, 500 MHz) : 5 ppn1(|ntegrat|on

1.4ndbpi phislty, weouphinpyiconat ant is(h&bhly%o@s%le that
(3H,d, J=7.OHz), 0.94 (3H,d,J=6.8Hz), O

th¢ 8¢, DNA=Br&biagntd. 4@8ré3He6pdebiSEzy, albﬁﬁ €3bb8ingla?2d
(1HmM, 1.42 (2H mM, 1.53-1.70 (6H, M, 1.79

pr¢B&fin, Jatihizhydrdx$0at3Hgshct2vd2y( dHdnh, DRASBaving a
(2H M, 2.60 (1H, M, 2.70 (1H dd,J=2.4,8.3Hz), 2.76
DNA 1¢bgtedes?. 4n5lidbithg 8hb6e (hHrde, d8t3ecdmdbEY, d3wBBtream
(1H, M, 5.08 (2H,d,J=9.8Hz), 5.60
regietheldpi=0h8, 16r@klz) PNA. 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
( 1o, N9 . Bry d Bz BP| aakil eDiddh i ﬂEa@neﬂHMRv@ﬁ@pfémered
(CD30D, 500 MHz) : 5 ppm(integration, nultiplicity,
fremuphe ngCBoampantidd( Hepytion solution by SUPREC PCR
(Takara Bio Inc.). Next, as to the obtained DNA fragment-
B2 and DNA fragment-C2, in order to obtain each DNA
fragment in an amount enough to analyze the nucleotide
sequence of the obtained DNA fragment, a plasmid vector
pPT7Blue 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
fragment-B2 (about 1.3 kbp in size) and the DNA fragment-C2
(about 1.4 kbp in size)

Each nucleotide sequence of the DNA fragment-B2 and
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0.93 (3H d, J=7.OHz), 0.95 (3H,d, J=6.8Hz), 0.98
(3H,t,J=8.0Hz), 1.23 (3H,s), 1.30 (1H m, 1.36-1.66
(9H, M, 1.70 (1H,dd, J=6.4, 14. 2Hz), 1.82
(3H,d,J=1.0H), 1.90 (1H, dd, J=6.4, 14.2Hz), 2.10
(3H,s), 2.52 (2H M, 62 1Hn) 2.72

DNK 1

2. (
H fghdrZ-dh SBtEIned. 94 €hél, %@96'2&41) Swd§Z3na By 24
(1H, dt, J=8. 3, 4. 4Hz) , 3.82 (1H, m 0 (1H, d, J=9 8Hz),

usindla HNA, i IO Bl ) se §ubcé 1&*1’15@3'2]@_9 8Pé582<5'§%ste§ng4
(1H. dd, J=8. 3, I 5. 2Hz) , 5.92 (1H.d, J=15. 2Hy

37714, dadsd B ) to 6a 5 élfbﬁdlﬁa@QrSCi/élgFBé Eeepl e T
I ntroduction of reconbination plasmd pAOC PapsnmAB
meﬁH&@.T&é-ﬂddI@b@i@@-s@d@eﬁ&é@'ﬁeggethus analyzed to
S17- 1/ pACC: : PapsmAB strain obtained in Exanple 3 was
obtaDe utted eth f ditMadloflo of t b8 Aedl 88t {d&0 baghenté Yt 0ng29
0. 5% yeast extract, 0.5% NaCl) conprising 25 pg/nL 84
bp ksinaunny clm et S@@$éﬂ@ecmbtUBeﬂr$ﬁre3cH0§é§u@ﬁc§05E and
the nycelia were collected, washed twice with 10 nL
DNf £ tBymemch Bin and Bmpﬁﬁéj@dehﬁ S2nL of LB nedium This
was the donor suspension. Wile the donor suspension
waRrbeigun preaphire, fidee M=F)LLL0 7l B 34y gorstwaad n
prepared in Reference Exanple 1(8) was inocul ated
reintevd®, nto of if&Bthedi une (TwypkonSeyar protBinNw&sHi coded.
Phar maceuti cal) and shaking cultured at 30C for 5
Eatlhursinanacitiesaycehta werehestl| pebedinvwashedréniteved by
with 10 nL of sterilized water and suspended in 1 nL
thofBLASBrséazed, waher asThi sewadtt henr @RiFpirateinafter
suspensi on. 500 pL of the S17-1/pACC:.: PapsnmAB donor
resepspetstonasalspmit kedncoilihgld pkobéitheonesstihggof 395
Mer-11107 pl dB::hyg recipient suspension, and applied
amipo Aetide Medinm Nogh4hagatogegdtantytdippone SBii§akakxisted
After incubated at 30C for 18 hours, this was covered
invihe Pasent2of toNAa$0. 890 AuDEi ehe fediiente Dpfcd, O0TU&
a ar) containing 2 ng/nL ribostanycin and incubated
Rad the Fidagsttbowpladr ahpinbbsummy6indsiespsthat
pAOC PapsmAB-t ransf ormed Mer-11107
amppe BRCh§ s epRErce PapsHAB BEMA| hsolated from the A-1544

strain and also had a relatively high homology (homology:
64.8%) to cytochrome P450 soy (Soy C)of Streptmyces griseus.
It was considered from this fact that the bpmA highly
possibly encoded hydroxylating enzyme of the cytochrome P-
450 type.

Also, an ORF (hereinafter referred to as bpmB)
encoding a protein having a high homology to ferredoxin of
a 2Fe-2S type that existed just downstream (the base 1643
to base 1834 of the Sequence No. 3) of the bpmA. The

protein encoded by the bpmB consisted of 64 amino acids,
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Exanpl e 8: Pl adi enolide production test of Mer-11107
pldB: : hyg: : pACC. : PapsmAB strain The Mer-11107

pl dB: : hyg: : pAQC. : PapsmAB strain obtained in Exanple 7
and the parent Mer-11107 pldB::hyg strain as a

control were tested for productivity of ME-265 and its

andllradagid iy oxdifler 2821 . 390 pb erehaRinbrozeq
seed of 85 Mer-11107 pl dB:: hyg:: pACC. : PapsmAB and

sedVRITdel Y7 {H &IB sy 01 syvest éNOEHbRt €k | AL 0580 &L 91 seed
medi um (sol ubl e starch 2% soy bean neal (ESUSAN- MEAT

had@%@@ﬁﬂ@l}b%f@ﬂl@@n@é@o@% Hhemd 1855 : Ye@shs ext b ache
0.3% K2HPO4 0. 1% MSO. 7H20 0. 25% Cx 0.3% pH

amitd ajdisdef)edtd 4Hsubad eto abe 28Kaf 06 £ 3fe HAY¥§ox 3P0 REt
of the resulting seed culture broth was inocul ated

dowrdtore3n £ of herbhmi €0l 481€ sedhsntai & Hs2he R €D padded
thereto (soluble starch 5% glucose 1% Pharmanedi a

cyt396h watek apwd 0 LELL60 9095 % £ ps €= Rr RYe e £aEE81 Ocd Yo r PEB (2) .
7.5), and incubated at 25C for 3 days, 4 days, 5 days

Thersf Gralayst w#btesnsheecoaptettophefpphe sskvéyatbon,
the culture broth was extracted by addition of 4

trdnsbsr tdiee@npont ofid asetovipatée. iTheyareunl st 0bn
ME- 265 and its 16-position hydroxide ME-282 in the
togeshdt ivigtlexthachpmrer e nmeasured by HPLC. The
nmeasurenents results are shown in Table 5. The HPLC
Re feaswre nexdmebadd t | DRE-%eercadihol boWgpePevieéehaving the
Shi madzu HPLC | QAvp Col um: Develosil ODS UG 3 ((p 4.6
161posd Eommh Bdpokyldbbinyeephase: adb% 1oy 556f0 tréhanokol Ode
to 5 mn) 55% nmethanol (5 to 13 mn) 55%to 70%
comediraholITN13 to 17 min) 70% nethanol (1 to 35 mn)
Flow rate: 1.2 nL/mn Detection: UV 240 nm |njection
(1voPrsearsdt pon €6l gemomenpBRAt afeA-24D60 86t Anahysi s
time: 35 mnutes
The A-1560 strain was inoculated into medium

containing 1% glucose, 0.4% wheat germ extract and 1% yeast
extract, and incubated at 28°C for 3 days. The obtained
culture broth was centrifuged at 3000 rpm for 10 minutes to
collect the mycelia. A genomic DNA of A-1560 strain was
prepared from the mycelia using Blood & Cell Culture Kit
(QIAGEN Co.).
(2) Cloning of a partial sequence of a DNA encoding a
protein having the activity in hydroxylating the 16-
position of the macrolide compound 11107B

The following mixed primers (5Dm-3F and 5Dm-2R) were
designed and produced on reference to the amino acid

sequence assumed to be that of the cytochrome P450
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Retention time: Me-265 21.0 min ME-282 15.6 min Table
5 Mer-11107 Mer-11107 pldB:: hyg strain

pl dB: : hyg: : pACC. : PapsmAB strain Me-265 (ng/L) Me- 282
(mg/ L) ME-265 (nmg/L) ME-282 (ng/L) cultured for 3
days 47.8 153.8 485.7 0.0 (72 hours) cultured for 4

(Cﬁ?y§5ﬁ§)5o£2§tie%93m9cgsOcoé9§cBQHESA3QQbt%E@g fpe S
days 70.5 280.5 1534.4 0.0 (120 hours) cultured for 6

Sefayscd INSs 309762283238.0. 0 (144 hours) Wil e al nost
no production of M- 282 was seen with the parent

5Det8Rt nsMertddd8c¢TpbdBerbyosTVEAZ82TWAS-Br oduced by
the Mer-11107 pl dB:: hyg:: pACC. : PapsmAB strain into

5pMhRRA 5pACEEGRapsmiBerasstayredgeed. This shows t hat
direct production of ME-282 can be achi eved by

I NtTodieddty tdep Mano285rd6c P01 £ 0Pz Ry AE oxyé akl M8t uation
enzyme gene psmAB into the Me-265 producing strain

of MercdddfN7iptdBachyantA hikbrabhessaiksd (wascaddad 0 (=c+T)
about 90 nL of extract obtained by addition of an

weeguakednount of acetonitrile to the aforenentioned
Mer - 11107 pl dB:: hyg:: pACC. : PapsmAB cul ture broth,

whindxtwastlides tiwxetypad &fl peiedrshiopgh360an8P5Dm-2R)
Kiriyama funnel (Kiriyama filter paper No. 4) to

andsohat a-1666 ppeehiia. DNAeobyaghied Wer ehwashedew(tth 88 the
nmL of water to obtain a nycelia isolation filtrate.

tefpgatigcelveae8dsesoltat ron &i PCRateawas oext r adkedckw ce
with 100 nL of ethyl acetate. After drying over

reanhydnousssedicompdlilkhatiepyt kepeating 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 750 bp DNA fragment
(hereunder called DNA fragment-A3) was amplified as a
result. It is highly possible that this DNA fragment-A3 is
a part of DNA encoding a protein having hydroxylating
activity. The DNA fragment-A3 amplified by a PCR reaction
was recovered from the reaction solution by SUPREC PCR
(Takara Bio Inc.).

Next, in order to obtain the DNA fragment-A3 in an
amount enough to analyze the nucleotide sequence of the
obtained DNA fragment-A3, DNA fragment-A3 was combined with

a plasmid vector pT7Blue T (Novagen Co.) by using DNA
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sol vent was renoved to obtain the residue. This was
purified by thin |layer chromatography (MERCK Silicage
60 F254 0.5 mm devel opi ng sol uti on;

t ol uene: acetone=1:1) to obtain 0.5 ng of Me-265 and
12.5 ng of ME-282. The 'H-NVR analysis results for

Liddei Me-R60 wed. M- Z@QkﬁﬁéeBﬁé okl owso + ME, 2687 m 15 NVR
spectrum (CD30D, 500 WHz): 6 ppm (integration,

coI&Eé¢£ﬂl@stNMl09U§£kﬁgncomgﬁﬁﬂkaéeﬁétb% ). Thereafter,
0.87(3H,d, J=7.0Hz), 0.90(3H,d

thd. Qdd 3¢k drrled. 86Z)pacP1 9¥E34ad, éeiegk@h using a L-broth
1.08(3H, d, J=7. OHz), 1.17-1.21(1H ), 1. 24-1°36(3H,

agér42ed152(ﬁfb€)baét51ti 863E, My, 531y éé@kkgtéﬁét|F@)5°
1.89-1.96(1H. M), 2.00(3H s), 2.41> 27a7(1H ),

Na@l A3( 1tk ddgd #5. 50&8a9h€%g 3m§1c215§61H5U) g/mL), X-gal
2.56( 1H, dd. J=3. 7, 13. OHz) ., 2. 65( 1H. dd, J=2. 2.8. T Hy) "

(SQbﬁ&mo{4#bﬂloﬂ623215d8E§1 B3D5éélﬂcﬁbsiaé 445 AbZh1) and
3.75-3.80 (1H n), 4.91{1H, dd, J=8.8, 10. 6Hz) .

IPBG 00{ dbhdodz10p6bz): h 42¢cibpgdads8ide}510bZ)M) . Th
5. 48%1?Fd3§§ 952 15. éﬁ§§ 5b%g(frfdé jis: 4, 1% OHz) , ©

coboIB(dH, dhd=tbafikZbrmeB. 33(1Hadd1d540i68018+8HZ)n this way
ME-282; 1H NWVR spectrum (CD30D, 500 WMHz) : 5 ppm

weXée ntegrarednin auLtbpbiai LyqueaupkdRgmcqnst 8attd tryptone,
(Hz)): 0.87(3H,d,J=7.0Hz), 0.90(3H,d,J=7.0Hz),

0. @/QﬂéSktteﬂtfaatk)O 50. 8ZC3H, do&%ﬁlﬁﬂﬁb ampicillin (50
1.21-1.26(1H M, 1.29-1.37(3H, M, 88 1.34(3H,s),

pgAméA- 1. B2p2klsmid1DBAB- ba64(tblated and purified from the
1.65(1H,dd, J=6.2,13.9Hz), 1.77(3H,d,J=1.1Hz),

myde 864 16if ddhé=brd118e9birpd tr88sTo@hetiHen)l ib2cO0(3H, BY,
2.43(1H,dd, J=5.5,13.9Hz), 2.50-2.60(1H m, 2.56

usi{h¢d, addplaSm3d1BudkLying. 86C1KQdE, F=2t2r7 PTHENId2MBE1 Kit,
(I'H dt,J=2.2,6.2Hz), 3.52(1H,dt,J=4.8,8.4Hz),

QIZCHS-GBo8D, teHohfFaia, ebptbhowaplappedwWDNAR D28pmpent-A3.
5.01(1H, d, J=10. 6Hz), 5.42(1H, dd, J=9. 2, 15. OHz),

(3B. ﬂ@@lYBésJeiOtBEEpUCGGSZidelHequeiceloﬁ £500kiz) DNA

Exanpl e 9: Preparation of plasm d pPepsmAB conpri si ng
fragpent-A3

The nucleotide sequence of the DNA fragment-A3
obtained in the above (2) was analyzed using a DNA
nucleotide sequence analyzer (PE Biosystems 377XL)
according to a dye terminator cycle sequence method. While
the DNA fragment-A3 amplified by a PCR reaction was
measured at about 750 bp by electrophoresis, it was
clarified by the nucleotide sequence analysis to be exactly
741 bp in length (see the nucleotide sequence 616 to
nucleotide sequence 1356 of the Sequence No. 4). Since DNA

sequences corresponding to the two types of primers used in

68




pronoter connected to psmAB The ernE pronoter region
was ligated to psmAB in order to cause expression of
psmAB using the ernkE pronoter. The two priners

eDM SphF (Sphl site added to 5 -termnal: see
Sequence No. 27) and eDM SphR (Sphl site added to 5'-

the &8 A6 n t518h € SN e NO: § AB)wEAIPFISAAD%E NSoth ends of
sequences shown bel ow were synt hesi zed based on the

th B BaS | dleonSEUENasy | m;aors”@%&&mc@j Seqpencel Noi £ Zed What
pur poses of anplifying psmB. eDM SphF:
thé'DNTmm%%%één 2D SPIR ed b
5' - CCCGEGECATGCAGACGACGACGTAGAGEAA- 3! fﬁese prinmers Y

thewes ecwsetyges CF ryr o r PCRBINAEF 4H@ sHRIIP NY the
conditions. (PCR reaction |iquid conposition: using

afdwkesret idh JAgpCK Takacai & o Inc.)) Sterile purified
water: 17 pL 89 2x concentration GC buffer Il 25 pL
(4)YINER g xed ol tiid offe { Zhivdt £ag hr dATEh @6THhe AR aRslyment -

dTTP): 5 pL LA Taq 0.5 pL eDw SphF (50 pnol/LL) 0.5
A3 pL eDwv SphR (50 pnol/pL) 0.5 pL Streptonyces esp
A- 1544 genone DNA 1 pL (Reference Exanple 2(1), 10
ngllrice (HReaqidran dlondidiamss dsitg DNERADIENLng a
(Biometra)) 95C, 3 minutes (98C 20 sec, 68C 4 mn) 30
prayeireshatBy bydroxyestThe 4570vbpy Drivagnentm the A-
~conprising psmAB that was anplified as a result of
15¢hi streacthad hesn cottechibdedd 88 Aes€ Nosdl CkbPER, the
Purification Kit (Q AGEN Co.). The resulting 1570 bp
nu@No f T dg neaduerse do feshednad ghboeshgi et gbon eagyarding the
Sphl. The plasnmid pSK117 (J. Bacteriol. Vol. 2002 184,
upHMFarg42B)e wasd silovhatr reagesiéd afthheestonedi OHnagment
enzyne
was amplified, cloned and sequenced by an inverse PCR
method (Cell Technology Vol. 14, pp. 591-593, 1995).
Specifically, the A-1560 genomic DNA (see the above (1))
was digested with a restriction enzyme BamHI in K buffer
solution (50 mM Tris-HCl, pH 8.5, 10 mM MgCl,, 1 mM
dithiothreitol and 100 mM KCl), with a restriction enzyme
KpnI in a L buffer solution (10 mM Tris-HCl1l, pH 7.5, 10 mM
MgClzand 1 mM dithiothreitol) and with a restriction enzyme
Sall in a H buffer solution (50 mM Tris-HCl, pH 7.5, 10 mM
MgCl,, 1 mM dithiothreitol and 100 mM NaCl). The obtained
each DNA fragment cleaved by the restriction enzymes was

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

Bio Inc.).

Meanwhile, the following primers (5PIN-2F and 6PIN-2R)
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Sphl. The resulting 1570 bp DNA fragnent digest
conprising psmAB and the plasm d di gest were
connected using DNA Ligation Kit Ver. 2.1 (Takara Bin
Inc.). A plasmd pPepsmAB conprising the ernk
pronoter connected to psmAB was constructed in this
werwAYie XA enkD p AP @l {0 ofhd e fatdonshastd of
contai ning psmAB connected to ernkE pronoter The
thep &M £k Jensiil prapared i fedxanmd ends wass 44 20) .
digested with restriction enzynes Kpnl and Bglll, and
5PN - JroeshamTg BkiadGtcd Taseeend@incdmnesy) . The
resulting DNA was el ectrophoresed (Mipid-ex: Advance)
6PI0+-2AR 8%’ Ml errt @rc @it agyr dgeseseddt ¢l 3 RAD) , and
the isolated 2060 bp DNA fragnent (hereunder called
PepesiB) themer itsiong it oo iz ipded it P ARG SIHAB o -2R)
exci sed and collected and purified by Q Aquick Ge
andExtheacdbore Kidl £-Q AN £0i 3ed Thel 56 @conbi hat dOfovBE L ONA
pUC 9aph::ori T::intphi C31 shown in Fig. 4 was al so
as i gestelh v t hweestused i o0 emzyser@antbacaneh. In the PCR
bl unt-ended with BKL Kit (Takara Bio Inc.). The
regasiui, nghe vept e w@isa connest &ge t te RepSEMBL sl ngi BINA
Ligation Kit Ver. 2.1 (Takara Bio Inc.). Thus, the
derree0ord dad 4 01 ¢l aswt dat PAEC REPIAB vty FRpSHiMRaling
inserted into the reconbination vector
and W Gagpdt 1 @t | Jazt e Phan €34t Was°C clsisty ugitrethe EXRMPI €
11: Preparation of reconbination plasm d containing
repeitedl 3psniBA lpy i mein@VE8ghFa LA Tag (Takara Bio Inc.)
(5' - CGCCATAGATCTTCACCCGAGCGGGTGATCA- 3': see the
an&Ge Uit eaipl 1 BB3r h&Vi fgadi gt ) | Bsometnaldéd. 1 o t he
5 -end and a prinmer DM Bgl R (5
TCEEGAGAFCTHEAAGGTTECEEHGNEEGT - PNA sfom dren tSekjile redmout
No. 36) having a Bglll site added to the 5 -end were
4. deshygned ahde, pr epdd eBrawmbdnt ef BRBnEragmenheC3) about 3.0
nucl eoti de sequence of the Sequence No. 2. Next,
kbp hesest9® Ppre neerBNA DiF Bginen AndDBM £ BgaRpn B3t hebout 1.7
A- 1544 genom c DNA obtained in Reference Exanple 2(1)
kbpisin heltenprht eaet £fi8ed t btcuppyhbabhlparessible that

these DNA fragments were a DNA encoding a protein having
hydroxylating activity and a DNA having a DNA sequence
including those in the upstream and downstream regions of
the former DNA.

The DNA fragment-B3, the DNA fragment-C3 and the DNA
fragment-D3 were recovered from the PCR amplified reaction
solution by SUPREC PCR (Takara Bio Iné.). Next, as to the
obtained DNA fragment-B3, DNA fragment-C3 and DNA fragment-
D3, in order to obtain each DNA fragment in an amount

enough to analyze the nucleotide sequence of the obtained
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91 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 el ongation carried out
at 68C for 4 mnutes 30 tinmes by using Takara LA Taq

DNA TakymeerBi 0 d nEldsmind we AGR gm’ﬁai\ié er (NoxI@sh erd.), DNA
Bi ometra Co.). A roughly 3.5 kbp DNA fragnent

Liddereunder wat ) 2d(PopsrafB}i conpe | sj ng. neds Uy alM1 @S rain
and psnB was collected fromthe PCR anplification

and eagiliamid quixh byiwgarvse(Qeh £l eesr ophosesd sMadd Kit,
SUPREC 01 (Takara Bio Inc.). The resulting DNA

QIAGEAYENL) Wwasre digest 20l vhé hsaesthathépnaenzysealBgvd !l (2),
The pUC19aph::ori T::intphi C31 reconbi nati on vector

to sivnin refowgh dmowast ab SocdtigesiRdf whdhei€stri cti on
enzyme BanmHI . The resulting vector and PopsmAB were

(5)conmelctets ust ngeENAudigatida Kegudete 2f 1t dakara Bi o
Inc.). A reconbination plasmd pACC:: PopsmAB

£ r ot -SB g ( BopstB. b nelept ed §0te) | hehe r BRANDE AqhéNB-C3
vect or pUC 9aph::oriT::intphi C3] was thus

(alponstd Uetldch Bxaspie) 12nd| hhe oDNBt £ oageént eb®nbabatt on. 7
pl asm ds pUC 9aph::ori T::intphi C31, pACC:: PepsmAB and

KbpAQC. s PopsmAB  into Mer-11107. The reconbi nation
vect or pUC 9aph::oriT::intphiC31 and the
pAGE.ChPepsAR tainte 00 e rRop sSMAB: Tob t i A et 4 gmdaxtaripd £ SDNA
10 and 11 were each transforned into conjugated E

fragientSi73 land ATEA7 058 ehy-BBecbtapoedt ionthe abbtaén(4)
S17 1/ puUd 9aph: :ori T::intphi C31, 517-1/ pACC:. : PepsnAB

wagmh®diyze@ougipdoL: PPbhepsapBosidai asqudheer esalyiag (PE
three strains were inoculated into 10 nL of LB nedi um

Biggvgtperes o3 1/ ¥bt orecondsny east dgxt tarmningdt 59 MNacly
conprising 25 pg/ nL kananycin and shaking cultured at

segon¢ornothedr s, Tt BRChAPERdEheeayertEawaer ehus analyzed
col |l ected, washed twice with 10 nL of LB nedi um and

to Rprhycthe nisfarnatieB AfdFbim nTRéSetdeesereendenof

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

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

An open reading frame (ORF) in this 1860 bp was
retrieved, to find that the two kinds of protein were
encoded. Each amino acid sequence of these proteins was
retrieved by the BLAST search, and as a result, an ORF
(hereinafter referred to as tpmA) encoding a protein
consisting of 404 amino acids having high homology to
cytochrome P450 existed in the base 172 to base 1383 of the
Sequence No. 4. The tpmA had the highest homology

(homology: 77.4%) to the amino acid sequence assumed to be
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Wil e the donor suspension was being prepared, Mer-
1107 was inoculated into 10 nL of TSB nedi um
(Trypto-Soya broth: Nissui Selyaku) and shaking
cultured at 30C for 5 hours, after which the nycelia
were col l ected, washed twice wth 10 nL of sterile
thawatef aydostspeadedson(dypLoebs) sber st eepohees Thi s
was the recipient suspension. 500 pL of each of the
coelbhos 1 stsPeNB) omsd odlsbeaoht ghnedmbhbge (BEHALHGy abpyess)
was m xed with 10 pL of the Mer-11107 recipient
to stispemsion, aahd apphéedet 6f Aehenpsivedi ¥81 Noed4frddathe A-
medi um After incubated at 30C for 18 hours, these
154ver et colrer edIwi Whs 2coneideteSNAroR. 86 Butstenthaedinal
Difco, 0.4%agar) conprising 2 ng/nL ribostanycin, and
tpmhcubat eliglat y 30€s60b1ly daysneoenbbaifgr hhbasbanyst ing
resi stant pUC 9aph::ori T::intphi C31-transforned Mer-
enAyi® 70 f piGE, cpACEh rBepsABSOr apséor med Mer -
11107: : pACC: : PepsmAB and pACC: : PopsmAB- t r ansf or med
MerAlsld,10eh QRO hdopismAB: st rat fsr r&Xx atpl €5 13omB)
Pl adi enol i de production test of Mer-11107:: pACC
engodang, a Merotidif7hapAOg: aPrpghABosbiagn acdfdere83xin of
11107:: pACC: : PopsmAB strain The Mer-11107:: pAOC
a 3feald, tike-41187cdpAOSt: PepsnBeant (aha hade 1399 to
Mer - 11107: : pACC. : PopsmAB strain obtain in Exanple 12
bagereSPeseedther Spaoducei Mot y40f ofl aleehphiide Bheapdotein
its 16-position hydroxylate pladienolide D. 300 pL
engadpdopyf FogehrsBedonfivbed10£085: pADSp beids, and had
11107:: pACC: : PepsmAB and Mer-11107:: pACC: : PopsmAB was
the nbeghasedneneboan rB7oB3sebd hbdi amifsokabbesstiaeohe of
2% soy bean neal (ESUSAN-MEAT manuf actured by
the paBRotectated fdon phe hedbédegtrach On8%lK2HPOAigh
0.1% I\/%;SOKL 7H20 0.25% CaCO3 0.3% pH not adjusted)
homplogycibaredody: 282 P8l 2o 8hgsam300 pLidf sehwence
resul ting seed culture broth was inoculated into 30
asypmad hai Recthetr efnéaruafpsdbhuphet deanehrses gfutbse
1% Pharmanmedi a 3% CaCO3 0.10, pH 7.5) and incubated
amLppo o3el flopequanys. AaFtBRdt he benprEPFBROBE 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-
2R (see the Sequence Nd. 30) with the sequences shown below
were used to carry out PCR under the following conditions.

with Pseudomonas putida ATCC 17453 genome DNA as the

template.
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the cultivation, the culture broth was extracted by
addition of 9 tines the anount of acetonitrile. The
amounts of pladienolide B and its 16-position
hydroxi de pladienolide Din the resulting extract
were nmeasured by HPLC. The neasurenent results are

PRI 5 M-d@dt ecEr T ATen At A ARastK Arentc EeRtt L 3 ons
were as follows. Device: Shinmadzu HPLC | QAvp Col um:

PREDEV®E] o5 4G EE BeACGAA ST AT XA EPrdRE Srprd e Mpbi | e
phase: 45%to 55% nethanol (0 to 5 mn) 55% net hanol

(Rdctt o 3L MU d S88pOs 7O%ipt hanol (13 to 21 nin) 94
70% nmet hanol (21 to 25 min) Flowrate: 1.2 nL/nmn

std¥tlectpon 184 2d9-a@m | njection volunme: 5 pL  Col upm 1,
tenperature: 40C Analysis tinme: 25 mn Retention

2x tddrecert vt 250! GdepBf 4@r 41 mMinAKRRAJIENOIde ENd. B 2% nuL,
Table 6 Mer- Mer- Mer- 11107:: pAO 11107:: pACC

dANTH I7xe pAEIut (oSt (Al B mPepssRBo f PORSMABIST P i ATSPI 8ha
Pl adi enolide B 243.0 309.0 241.3 (ng/L) Pl adienolide

dCT»r)0.0 54.8 18.8 (ng/L) Wiile al nost no productiongofiL
pl adi enolide D was seen with Mer-11107:: pACC i n which

PRROTILY phEmeect DOO wasolypLy oduced, pl adi enolide D was.5 pL
produced by the Mer- 11107:: pAQCC: : PepsmAB and

PRAEZR IdAdOwer p AT : PloapsMmAB) strai ns  having introduced.5 pL
PAQCC. : PepsmAB and pAQCC. : PopsmAB. This shows that

Pseidettnyps qdutt denArdCpladbengkhdre DOKAN be 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
purified using SUPREC-01 (TAKARA HOLDINGS INC.) from a gel
section comprising that fragment which had been excised
from the gel. The fragment was connected by T4 DNA ligase

to the Nde I site and Bam HI site of E. coli plasmid vector
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achi eved by introducing the pladienolide B 16-position
hydr oxyl ase gene psmAB into the pl adi enolide B
produci ng strain Mer-11107. Exanple 14: Preparation
of pPanpsmAB conprising variant psmA 95
pPanpasmAB- CLM pPanpsmAB- CLLM pPanpsmAB- CLFM and
pEMRANPSAB B dray iqeg, yMutatd atser MrdKQahdsiitto E. coli
Qui ckChangeTM Site-Directed Mitagenesis Kit with the
DH SePas 8B spreRar el d 9hni Enmplenhms et enpl @t avere
prepared in order to add site-directed nutations to

mo lpse RHtiEMSe RBYC-Anrand RYLEGHR (5ee e Raguense ODNAs
37 and 38) having the sequences shown bel ow were

SPli r(slee syt IRsjwatie RBELCG-FE) and SP-2 (see the Sequence
5' - TTCGCGGECCGTCTGCGACCGECEEGTG 3 RIAC- R
No .5'320ACAEECEEET GELEAGALKSSCEHEGAARE 1 @ndvds nbatd dedVaS the
i ntroduced using QuickChange''" Site- Directed
NdeMIt agerresifs tKid piiddmipPaps mAB @M% thieyd e @d esransformed
replacing the #91 arginine of PsmA with cysteine to
inter épara 1 ip Paifes mAB-don Nexict pyliaeiisd RIOAS Foams .
R195L-R (see the Sequence Nos. 39 and 40) having the
S Psleque Pl SHna A G @I G&E A T&Ye Tresi zed: R195L- F:
5'- TCGCAAGGGGCGCTCGAGCCIBCTCGAG3 R195L- R
: ] : OOHCEA-83d a nmutati on was
i nt roduced usi ng Q,II ckChangeTM Site- Directed
Exauiptlagenedrekitat ah pPaplsaeil: C pRapdreiR enpl @drepection of
repl acing the #195 arginine of PsmA wth |eucine to
pldfy epameteyParpb oA . Next, primers L403MF and
L403M R (see the Sequence Nos. 41 and 42) having the
sedbeneesiAs pawmaisioweagdoa  ofy rithee silaed.er@d idE0 B+ F:
5' - ACGATCCAGGGGATGATGGAACTCCCCGTGA- 3" LA03M R
b1 o5 yMbREEEEERTET GGAT GATEBECREGATO® SIAB in order to

express psmAB in conjunction with the pladienolide B
biosynthesis gene. The two primers pdlApro-SpeNdeF (Spel
and Ndel sites added to 5’-terminal: see the Sequence No.
25) and pldApro-NdeR (Ndel site added to 5’-terminal: see
the Sequence No. 26) comprising the sequences shown below
were synthesized based on the nucleotide sequence
information of the Sequence No. 1 for purposes of
amplifying the pldA promoter region.
pldApro-SpeNdeF: 5’ -GGGCATATGACTAGTAGCCGTGTCCTGCCCGCC-3
pldApro-NdeR: 5’ -GGGCATATGTTCGGACGTGAATTCATTCG-3"’

PCR was carried out under the following conditions

using these primers.

(PCR reaction liquid composition: using Toyo Boseki KOD-
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and a nutation was introduced using Qui ckChangeT"
Site- Directed Mutagenesis Kit with pPapsmAB-CL as the
tenpl ate, replacing the #403 | euci ne of PsmA with
nmet hi onine to prepare pPanpsmAB-CLM Next, priners
R236L- F and R236L-R (see the Sequence Nos. 43 and 44)

pluayi ng the sequences shown bel ow were synthesized:
R236L-F: 5' - AGCTGGACCGACT CGACGT GGTGECCCTGG 3!

SteR236 PRir i - ACHIUACGCACGTCGAGTCGGTCCAGCTC- 3' and a1 L
nmut ati on was i ntroduced using Qui ckChangeTM Sit e-

10 B reecicethtMataigenasirs WKitfer i h pPapsmAB-CLM as the 10 uL
tenpl ate, replacing the #236 argi nine of PsmA with

dNTIPeuciixee] tsm Jpreipat (2 mRangseifB A M dddext , d@re nefd dTTP) :
1244F-F and | 244F-R (see the Sequence Nos. 45 and 46)
havi ng the sequences shown bel ow were synthesizedio pL
1244F-F: 5' - TGGCGCTGECCGTCTTCCTCCTCGTIGG 3' 1244F- R

Mg B),- CCACENBECAGGAAGACGECCAGCCCCACCA- 3" and a nutati on pL
was i ntroduced using Qui ckChangeT" Site- Directed

KODMUt agenesis Kit with pPapsmAB-CLM as the tenplate,2 uL
repl aci ng the #244 isol euci ne of PsmA with

pldfireryH Hlafare (0 prnepiuk) pPanpsmAB- CLFM  Next 1 pL
prinmers ML12T-F and ML12T-R (see the Sequence Nos. 47

plciyd Ad)ddfavi "y prhel Selguences shown bel ow were 97 1 ulL
synt hesi zed: ML12T-F:

PKFB 5> CARIGRECEGATGACEATIQCCSTCGIA G, 310 MART) R: 1 uL
5' - GAACGACGGGATCGTCATCCECCECTG 3" and a nut ati on was

(Reanttrigru ceehdist hen Ui ekChangeditieSra eF GRARTENT)
Mit agenesis Kit w th pPapsmAB as the tenplate,
reglPai-ng MHOWEEE? net hi oni ne of PsmA with threonine
to prepare pPanpsmAB-T. Finally, primers R195Y-F and
R1I9P-R esache Seduendein Nos3 “AUd amich)5H)5 hawd s t he
sequences shown bel ow were synthesi zed:

C, 5 minutes

The 360 bp DNA fragment amplified as a result of this
reaction was collected with a QIAquick PCR Purification Kit
(QIAGEN Co.). The resulting 360 bp DNA fragment was
digested with restriction enzyme NdeI. The plasmid pTC-DM
(Reference Example 2(6)) was similarly digested with
restriction enzyme NdeI. The resulting 360 bp DNA fragment
digest and plasmid digest were connected using DNA Ligation
Kit Ver. 2.1 (Takara Bio Inc.). A roughly 9.9 kbp plasmid
pPapsmAB comprising the pldA promoter connected to psmAB
was constructed in this way.

Example 2: Preparation of plasmid for recombination

The pPapsmaAB plasmid prepared in Example 1 was
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R195Y- F: 5' - AGGGGECGCGCGAGT ACCTCGAGGAGTACCT- 3!
R195Y- R 5' - GGTACTCCTCGAGGTACTCGCGCGCCCCTT-3" and a
mut ati on was i ntroduced usi ng Qui ckChangeT" Site-
Directed Mutagenesis Kit with pPapsmAB-T as the
tenpl ate, replacing the #195 arginine of PsmA with
digiestesi ne tho rquteparel PamsmiB-shé 1, Bl kit -ended
Preparation of introduction plasm d by doubl e
usimomBKIg®is rEcErnBiomdd. the el iwfsihain P Wifs
vari ants thereof could be introduced by double
el dvamal pdgatess ade cMY drtd 0N Asidrg-a cauc! @oto B sequence r
conprising DNA participating in pladienolide
Bidlicagy Mdwsisse™ had Idherh@) r eady dreen setergd mned kb DNA
Ref erence Exanple 1 (7) determ ning the nucl eotide
f rezpguen cengdr Tdiengl Ech enlodA der dmesymntdres i Ssigeme(somet imes
cluster, along with neighboring DNA thereof, an
calilrtd GthuctniAdh e asum dk r wasa preepar ©eh bynd heo ¥ 1od dtosd nghd
met hods. 98 The Four priners, pldout-L-Bgl2F,
puplfded -UsiSphl &R, QT Aufdtonit -G Sk thr adeh god doiit - RBYEERR Co. ) .
(see the Sequence Nos. 51, 52, 53 and 54) having the
Thes eqpendeis sthioyn bet owy, Wil Bdaslynt dresT zeth hatset bnstidven in
nucl eoti de sequence downstream from DNA partici pating
Fid.n dlwedi end ¢ dbide oisgehthish sré st r dridesn tenaymd i Bymil, and
sequence for purposes of double honol ogous
bluydcemnserhtviorh BRldotit L(Bgt2fa Bio Inc.). The resulting
5' - GGGAGATCTGCAGGT CATCGGGGEGGAAGAACCACA- 3!
veglagownd - IBphg iR B 5 e ICTCIAGSORCATGCOERT COUSGEEIGACCST - 81 t
pl dout - R- Sphl F: 5' - CCCGCATGCGGCTGGAGAT CATCCAGAGCGCA- 3!
Vem dout - REgi PR Bio Inc.). Thus, a recombination plasmid
5' - GGGAGATCTAGAACATGCCGEECCAGAGECTGAC- 3 These priners
PAGLeT & ARTHR 0" uncen PORIGRRI@rhaheng f depowkBginserted into
conditions. (PCR reaction liquid conpositi onJZr Sterile
they i FTeRi Wt B91 30 pLoRxPEoheamit t a® ¥ bh: G bRi@d1ll | 50
pL . dNTP m xed solution (2.5 nM each dATP, dGIP, dTTP
Ex%ﬁﬁp%cﬁ;ﬁanEpgmptlon of recombination plasmld

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 png/ml kanamycin and shaking cultured at 30°C for 2 hours,
and the mycelia were collected, washed twice with 10 mL of
LB medium and suspended in 5 mL of LB medium. This was
used as the donor suspension. While the donor suspension

was being prepared, Mer-11107 was inoculated into 10 mL of
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pl dout - L- Bgl 2F or pl dout-R-SphlF (50 prnol/pL) 1 pL
pl dout - L- Sphl R or pl dout-R-Bgl12R (50 pnol /pL) 1 pL
Mer-11107 total DNA (100 ng/pL) 1 pL LA Taq pol ynerase
(5u/ pL, TAKARA HOLDINGS INC.)I pL (Reaction
tenperature conditions) 95C, 3 mnutes 30 cycles (98C
TS (nestioim 6810 Bt selnyH TG m MisO9 726 yHk nid®SsHeking
2.08 kb DNA fragnent (DNA fragment LZ) was anplified
indulsreadet edtC ofpwsh ngoyt doudind - By 2y @dtia were
pl dout-L-SphlR, while a 2.73 kb DNA fragnment (DNA
colflrexgraeht WRMhevastwiaplwitledl § roin d hesteacl i 080 usdthgr and
pl dout - R-Sphl F and pl dout-R-Bgl2R DNA fragnents LZ
susgrehd®d wier €l pull i §f egit et 1 hi z <€l AGEN PCR But $ firgatiosd Kid
Q ACEN Co.), and digested with restriction enzynes
theBgtd ¢imirh SptspdNexion t hed @ Gwoulr o fretise hyh?-SpeSphF and
hyg2- SphR (see the Sequence Nos. 55 and 56) havi ng
1/ aME sRpRsToAs’s dtiomn s epows en ewsy mesd zedtbhas@dibno £
t he nucl eoti de sequences for purposes of anplifying
the hee iylgrony diewr 151 6T ancelgbaet shygeSpeSphFand applied
5' - GGGGCATGCGGACTAGTACACCGTCGCCTCGGT- 3" hyg2- SphR:
to B\CIEEEAaECET ANGCCECORECERSEETET (181 s Jhe skhaprnacsu e 2l ) .
used to run a PCR under the follow ng conditions.
AfqepCR@da ieh 3 g0 o cHhapoks thonys Stehis evpariédveded with
wat er 30 pL 2x concentration GC buffer Il 50 pL dNTP
2. Hinde P S oPNA | bh- §2. B i melnen : dEreso d TP anag T P)
16 pL, hyg- SpeSphF (50 pnol/pL) 1 pL hyg2-SphR (50
co 7319 "4 Y/ mist ¥ Epe obgeesihy griod coptelst gt 30°C for
4772strain 1 pL total DNA (100 ng/pL) LA Taq
T R e a3 B/ B LE D ARKFRRS HORDF NGSE ¢ HGs Yapt

PAOC: : PapsmAB-transformed strain Mer-11107::pAOC: : PapsmAB.
Example 4: Pladienolide production test of Mer-
11107::pAOC: : PapsmAB strain

The Mer-11107::pAOC: :PapsmAB obtained in Example 3 and
the parent Mer-11107 strain as a control were tested for
productivity of pladienolide B and its 1l6-position
hydroxide pladienolide D.

300 pL each of frozen seed of Mer-11107::pAOC: :PapsmAB
and Mer-11107 was inoculated into 60 mL of seed medium
(soluble starch 2%, soy bean meal (ESUSAN-MEAT manufactured
by Ajinomoto Co. Ltd.) 2%, yeast extract 0.3%, K,HPO, 0.1%,
MgS0O4+7H;0 0.25%, CaCOs; 0.3%, pH not adjusted) and incubated
at 25°C for 3 days. 600 pL of the resulting seed culture

broth was inoculated into 60 mL of main culture medium
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100 (Reaction tenperature conditions) 95C, 6 m nutes
30 cycles (98C 20 sec, 63C 30 sec, 68C 2 mn) 72C, 5
m nutes The 1.21 kb DNA fragnment (DNA fragnent hyg2)
anplified as a result of this reaction was purified
with QAGEN PCR Purification Kit (Q AGEN Co.) and
(sadivpdst et anidth Festglwtoon 1enzBmeEriGphddi dhes DNfdekanol
fragnents LZ and RX digested with restriction enzynes
LG-B@id 10 .4yfck ,SptaGO4 e IBNA iy agrient anyg2uditgastced w23 C for
restriction enzyne Sphl and shuttle vector pKU253 (see
3 dayp, B)dahigest etbys tdnd eStdaygsi ond Engy nehBandthp et son of
all 4 connected together with DNA Ligation Kit Ver.
the2 .ch (tTaker oon Bi tthe ncejul Thusg, cal tonghbyo 2?2 ks phasmdced
pKU253- LZ- hyg2- RX for doubl e honol ogous reconbi nati on
by wablidoinst raict £dtinesprhsi agopkt268 haviogitnsket edThe
therein a roughly 6.0 kb DNA fragnment conprising DNA
amdurdghent haié¢mskidedB betdeens Dbfpdsaghent sydZoande
RX. Exanple 16: Insertion of psmAB or variants thereof
pladitencliide ddutt i oine prasul tipKU25Br4Zt hygle RXebyuded bbe
honol ogous reconbi nati on The pPapsnmAB constructed in
HPIEanpllee memgiut ¢eenpPagpshnB- €Ld/] shPanpsmBaicLleMg. The
pPanpsmAB- CLFM and pPanpsmAB-TY constructed in
HPIE g sunemert ecoigesieds weherast fptidon. enzyme Spel .
Each kind of DNA digested with restriction enzyne
Sp&e Vg ‘el Beimasprorigdldd YW d- ex: 101 Advance) on
0.8%CertifiedT" Mdlecular Biology Agarose (BI O RAD),
an@dalfy@rn s dlagteldPsii B Kip W f@g%efrnmm:dnpw i tike)
pl dA pronoter and psmAB or variants thereof (hereunder
soRines Risged %‘g‘ﬁasﬁfmsﬁgpaﬁfp@m@um PFanpSTRB- CLLM
PapmsmAB- CLFM or PanmpsmAB- TY) was exci sed and
col l ected and pu???iBAtRRRAL A AGEP ck3 @inExt racti on
Kit (QAGEN Co.). The resulting DNA fragnents

o

( PapsmAB, Panpsnﬁéé%lRP 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 ulL

Column temperature: 40°C

Analysis time: 25 min

Retention time: Pladienolide B 12.4 min
Pladienolide D 4.3 min

Table 2
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PampsmAB- CLLM PapnmsmAB- CLFM and PanpsmAB- TY) were
connected using DNA Ligation Kit Ver. 2.1 (Takara Bio
Inc.) to the pKU253-LZ-hyg2-RX prepared in Exanple
15, which had been digested with restriction enzyne

‘ ) tive DNA fragnents (PapsmAB
Panps mAB- EaMerPIaITD}S W@@Msmﬁ@ﬁ@ﬂAB' CiviY113R07 strain
PaﬂpSﬂAB-T e +huo lncorfod nncfro

hyg2 of pK %dl@qwgﬁ- RPladienolisetd ([Pladidnoliden Rlagienglide
kb pl asm ds| pKURBGL) Z- hyg2- Rengd)B- RX, (g5 3- |LZ Dhiyrogk)

RX, pRUZ53{LZ- hygZ- PanpSmAB- CCCWRX;
°“'§?<€EE’§’.§B°E§? yg2- RappsmAB- CLFMARK and 180 5 0.0
pE2EBwe)Z- hlyg2- PanpsmAB{ TY- RX for rJl’JI‘ poses of

ntredyc PSTAB Or vaiiants tNereog double
cul u&%r%roéé@grecongé.gatl om. Ex ée 17 E}éqduc |on0(bf
here¢f into’ I\/Ier-lllg
pggm%uag) vayiants t

horotoegeus ecopthat-tefi—Fhe '"D'I*'
CU'&K@QB’J%L@-Yﬁng PapsmAB- RX, pKU253- LZ-
Wﬁ?@ég nAB- CLRERX, phku2533408 hyga- Paﬁﬁ%-RfAB- CLL MK,
n -7- hiyg?- PanpsmAB{ Cl FM RX and JpKU253- LZ- hyg2-
culRae® sonBRal¥} RX wer e each transformed by
el ectroporation 118 o conj ugdd®d E. |coi 378527-1| to 0.0
dBthhAusY 7- 1/ pKU253- LZ 102 hyg2- Paps|mAB- RX,
S17- 1/ pKU253- LZ- hyg2- PanpsnAB- CLMF RX, SI7-
1/ Biddss-Alaafig npayaise-iqn MReladienolide D was seen
Sl7 1/ pKU253- LZ- hyg2- PanpsmAB- CLFM RX and
7-h9 grapsat L%%@ﬂg@ s bl Tvpmdlerrﬁbm@slm ¥3fg
S17- 1/pKU253 LZ- hyg2- PapsrrAB RX, 517-
Aprq_ L?h%y%?r ﬁ%§ﬁ¢¢pﬁﬁﬁﬁpg@psmAB strain having the
S17- 1/ KU253- LZ- hyg2- PanpsmAB- CLLM RX,
iR PR | 7L Ry g2 anpLhhB. CLRWR Réahddi rect
S17-1/ KU%g tz h% 2 PampsmAB- TY- RX were i nocul at ed
ProEHo-1 dPURTt /E?b%a@?o t‘F%t%‘ﬁeacbl%%‘j}e‘agtlntroducmg

ol S tgh i “?%d@?aﬁ?i%ﬁ'%?a%%@ﬁ%%'%né’éaéf‘é‘g%}% aato
ngdbadt ol L, l?hé‘%dw%lﬁg”%%?aiﬁdﬁg%eaﬁﬁbiﬁééinaed "

T :
"W e The Gonol  susparaor- Vet o bBl . B CE Cor- e
prddd O} 4R34 19eHL 21 2671 05 R0LY: Bl Shad 5B IEC U

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

productivity of pladienolide B and its 16-position
hydroxide pladienolide D by the Mer-11107::pAOC: : PapsmAB
strain obtained in Example 3 were investigated. 300 uL of
frozen Mer-11107::pAOC: :PapsmAB seed 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%, KyHPO; 0.1%, MgSO4-7H,0 0.25%, CaCOs; 0.3%, pH
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broth: Ni ssui Seiyaku) and shaking cultured at 30C for
5 hours, and the nycelia were collected, washed tw ce
with 10 nlL of sterilized water and suspended in 1 nL
of sterilized water. This was the recipient
suspensi on. 500 nL each of the '
notSEAJY KIS 3 -drgt g2 iRepsinid: RG ° Sl7ed/ pKIURAES- LAWY gd: of
PanmpsmAB- CLM RX,
theSIEsy1pKWRE 34t gl \RaarpsinedB: Gidad Roculated into 30 mL
S17- 1/ pKU253- LZ- hyg2- PanpsmAB- CLFM RX and
of SEAN /PKUIRES: iEed hyy 2 PanpsehiB2 Y3 RO donoraddspense onsle
was mxed with 10 pL of the Mer-11107 reci pi ent
stagi@pertsi anLucoRe appl | Bhtroamedi @ nd? MegilelnaiNol UG-aljh
medi um (N ppon Seiyaku). After 18 hours of culture at
0.030¢G, Atk Zp/)\d?a%,cdiﬁe@%d Onilt?h 2H TS )oforl B SNA of0 nein
nutrient medium Difco, 0.4%agar) conprising 2 ng/nL
culgrunsg Fesdiay of H-hahlesk-Geraddedubacbdobe 300 ¢lor59,
days to obtain ribostanycin-resistant pKU253-LZ-hyg2-
IlymgramiE: REN PRUEEZ1Z- by g2afahpseAB-EE M RO . 05%, CaCos
pKU253- LZ- hyg2- PanpsmAB- CLLM RX,
0. IiUaEB- 12 hy g Pahipes B LW RG adelys, 4 days, 5 days and
KU253- LZ- hyg2- PanpsmAB- TY- RX transformants. The
6 12§ P kU2 3L LT hylye - FapR hABLRX, o hKLRs3cpktivation,
hyg2- PanpsnmAB- CLM RX, . pKU253- LZ- hyg2- PanpsmAB- CLLM RX,
they BBl 130 6yl Pahp s bk T Fve Re ahBa pke 5y LZd@ighon of 4
. PanpsmAB- TY-RX transformants were each inocul ated into
timgs the nagn: el anrteont B hifg nBhei ¥BIERARYCPH, and
shaking cultured at 30C for 24 hours. Each of
pl%ﬂ&iﬁﬁi&%@h%g@ndp%b§n¥@Fp9§ltlon hydroxide pladienolide D
. pKU253- LZ- hyg2- PanpsmAB- CLM RX, pKU253- LZ- hyg2-
in ﬁé}ﬁ)ﬁ@@&{rﬁﬁ &L hRER5EEEZ- %ﬁaﬁu%ﬁp%m%-g_m?@@and
KU253- LZ- hé/ 2- PanpsmAB-TY- RX transformant cul ture
meq T E T it CoF FRCTEY SAEYTWABHEEO L6 de WER TBLEL of
sterilized V\@ter and suspendj?d in 10 nmL of sterilized
e e e L cRONA LT AP yW BT F U d Qﬁiﬁ\é‘ﬁsi on was applied

to YMS agar.,medi um 4% yeast extract, 1% wheat germ
extactS ‘O.Si%néao#%bll{%&% @lzé‘fﬁ 2% agar, 10 mM cal ci um

t
Cnconatel HESOCTE PUGE e ahre o S by
{7 2 RO IS WRLATPTSSL Mk YS! £ B RLS)
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
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conprising 200 pg/ nL of hygronycin B and YMS agar

medi um conprising 200 pg/ L of

i ncubated at 30C for 2
hygronyci n B-resi stant,

strains were selected. The

ri
days.

bost anyci n,

and

After the cultivation,

104 ri bostanyci n-sensitive

resulting strains were

st Reitesithavi ndmehe HygriemediinileBB rigsidstreimce gene hyg2

and psmAB or variants th

er eof
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cuMdeIQﬂﬁﬁaES hyg2: : Pa
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i%gmulé%%oc; oy bean rre}
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5 M8kt se
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bt ai ned in
od B um
FAT nmanufa

Fxanpl e
sol 440).6
ct ured by

7H2@ 33, £5%
afid4imumd)at gd at 25C fo
resuttTny

yeast extr

CGB 1 3%
3 days 3

Act 0. 3%

PH ¥ 3 adj
DO uL of the

adl

K2HP04
ISt egh5 g

-

DCCU LUILUIC
mL _of nmain

broth—was

+
IIU\JUI (J.L Cu

pH 7.5)

nt
9

a—20
At-6—o9

cul tured nedlun1(soluble starch 5%

Sdyid meRU sk abla roughly

and

ot h was

t e ALRpGhtPEpduction of

gl dose TR Pharifithedion 3oy2s
126 05% R-CD 2.0% kK CaCO3 0.1%
L. ‘f Cﬁ%%% eJdﬂ%er@%% %%rplaa%%ola@% %f%%?uwea%%; ethowing
of t cultivatio t he resu n culture br
thae&tﬁ%%my R0
la fgo é LS The anmounts of pl adienolide D
b adi enol T de” HL13 corresponded the 20-position hydroxyl
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

(ESUSAN-MEAT manufactured by Ajinomoto Co

extract 0.3%, KyHPO, 0.1%,

not adjusted)

(soluble starch 2%,

MgSO0,+ TH,0

soy bean meal

.. Ltd.) 2%, yeast
0.25%, CaCO; 0.3%, pH
300 plL of

and incubated at 25°C for 3 days.

the resulting seed culture broth was inoculated into 30 mL
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pl adi enolide D, pladienolide C2 corresponded the 21-
position carbonyl pladienolide D and pladienolide C3
corresponded the 20-position hydroxyl and 21-position
carbonyl pladienolide Din the resulting extract were
measured by HPLC. The neasurenent results are shown in
of Table JulThee HRECiumassoknehet soadchi bas weteoas 1%,
follows. (HPLC analysis conditions) Device: Shinmadzu
Phappamne @y p3 €ol som: b&eweposiler ODS-QG 3M{ 416 : nHOXehO0SONPro)
3 pnm) Mobile phase: 20%to 35% acetonitrile (0 to 13
m?lfr)\ek%@%tbGiD@% acebdpi prthe2( 03, t 0add; M M), 26967.5),
acetonitrile (17 to 22 min) Flowrate: 1.0 rrL/m n
angetettiuoad vr230daws, | Aj eyspn5Svobyag: 65dpks €obluimdays
tenperature: 40C Analysis time: 22 minutes Retention
att2yeC- Pl adi enolide H13: 5.5 nin Pladienolide C3: 8.3
mn Pladienolide D0 9.0 mn Pladienolide C2: 11.1
m RITE T ecquplet o, Of il touoivation, .t NdsM O ng
L6 O ac n MONQMTEY MtoN t r CCo NOO
cukgu{y)l;gyld 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

oe

to 70% methanol (13 to 21 min)

70

o

methanol (21 to 25 min)
Flow rate: 1.2 mL/min

Detection: UV 240 nm

Injection volume: 5 pL

Column temperature: 40°C

Analysis time: 25 minutes

Retentiqn time: Pladienolide B 12.4 minutes

Pladienolide D 4.3 minutes

Table 4
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g Na m ONQErr Tyg MCoc) LMN N<c6 co
© E-jr NxaTl JU G NCOO mr Nt!) r
r> QNLOtr 00 1- to NNr d O E Co ac ca
N.." ON., mOMcoNMLo. rLQMCCi Wcorr
~} gr aM MNU =UU+0 O0nm-oVwN
Pladienolide B (mg/L) | Pladienolide D (mg/L)
cultured for 3 days
y 378.3 230.6
(72 hours)
cultured for 4 days
601.4 567.9
(96 hours)
cultured for 5 days
480.4 874.2
(120 hours)
cultured for 6 days
387.4 985.4
(144 hours)
cultured for 7 days
439.1 1215.9
(168 hours)

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

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

multiplicity, coupling constant J (Hz)):
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Eai mUornz + to COCOd 'o aaao CL 107 As
a result, large anpbunts of the pladienolide
degradati on products pladi enolide H13, pladienolide C2
and pladienolide C3 were produced together with
pl adi enolide D by Mer-11107-2Zx: hyg2: : PapsmAB havi ng

0. 93t (B utet="PamszAB, 0. i [ BHWIf I=6.8Hz), 0.98
Mer-11107- ZX: : hyg2: : PanpsmAB- CLM Mer-11107-

(X ;. PR 20H PanpsniB- GREML, J=6.8Hz), 1.23 (3H,s), 1.25
Mer-11107- ZX: : hyg2: : PanpsmAB- CLFM and

(1Rven), 111042 Z)H hyg?: 1 PaspsnAe- T8H) m) f oduzed(wifd, J=1.0Hz),
PanpsmAB- CLM PanpsmAB- CLLM PanpsmAB- CLFM and

2. FanpsingB- TY2 . 5| atlit enp) i 21e5O a8, py pdeiced but, m), 2.70

production of the pladienolide degradation products
(1) &dtli E¥d] 4 d. 3138), Pl adi en) ddpr€2. and. phagdj epot ¢ de C3
was reduced to approximately one quarter. These
(1H edul I8 sthighestizd, t ha82 bylHjm) y oluCs Nng2Npd | &a9 ss©f) | he. 60
pl adi enol i de B 16-position hydroxylating enzynme gene
(1ipstdBI+ Nt ®, 1 he2ipt adi 8nol i deH Bdd preglugj ng. 3HE ) N5, 74
Mer-11107 it is possible to achieve direct production
(1Fafdqpl &el? ehol $ deHD whé | B3 r etilicd ng=pr @durt i n3 6f
pl adi enol i de D degradation products. 108 Clains 1. A
(1 i edbndit hatht 1 i Zobr gani sm which is a microorgani sm
having ability to produce 16-position hydroxyl
Plaghieed dée conpounds represented by the formula (1):
.., Jo R OHO OO OH
H-NMR spectrum (CD3OD, 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 (1H,m), 1.36-1.66 (9H, m),
1.70 (1H,dd,J=6.4,14.2Hz), 1.82 (3H,d,J=1.0Hz), 1.90
(l1H,dd,J=6.4,14.2Hz), 2.10 (3H,s), 2.52 (2H,m), 2.62 (1H,m),
2.72 (1H,dd,J=2.4,8.3Hz), 2.94 (1H,dt,J=2.4,5.7Hz), 3.55
(1H,dt,J=8.3,4.4Hz), 3.82 (1H,m), 5.10 (1H,d,J=9.8Hz), 5.11
(lH,d,J=10.8Hz), 5.60 (1H,dd,J=9.8,15.2Hz), 5.74
(1H,dd,J=8.3,15.2Hz), 5.92 (1H,d,J=15.2Hz), 6.18
(14,d,J=10.8Hz), 6.57 (1H,dd,J=10.8,15.2Hz)
Example 7: Introduction of recombination plasmid
PAOC: : PapsmAB into Mer-11107 pldB::hyg strain
The S17-1/pAOC: :PapsmAB strain obtained in Example 3

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

0.5% yeast extract, 0.5% NaCl) comprising 25 pg/mL
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OH (I') (wherein R represents a hydrogen atom or
hydr oxyl group), and, which conprises: (a) DNA
encodi ng wholly or partially a pol ypeptide
participating in biosynthesis of the macrolide
conmpounds represented by the formula (11): Jo R OHO
kai@ry GH (4 sifakenei ouRtuepdesent 8 Rotiydr 8geROACPNMuOE the
hydr oxyl group); 109 and (b) DNA encodi ng whol Iy or
mygatid aléye acpbl ypeptj deashadi hgid6- pOSht LONML of LB
hydroxyl ati ng enzyne activity with respect to the
megvben ok ndes coppodadsinepresenfetlBbyetibemaboveisf eaputBe
(I'1). 2. The reconbi nant m croorgani smaccording to
domgpmi smdpenshenei n the DNA described in the above (a)
is DNA encoding wholly or partially a polypeptide
haWhigl epdityk etdrder syuspret asen acs $ ibé ng epipabypep; i tee
having 7-position acetylase activity, a polypeptide
Meprall ho7 1181 dB: pogit sbnairppxedasedathi RefyrandeakExample
ol ypeptide having transcriptional regulator factor
1(&ktva$ t ynogulThedr obabilAanl nifcT6Br gadism aTegptdbAgoya
to daiml or 2, wherein the DNA described under (a)
breapoyveNissoNAPheonpeesthgal]{aan) shekéogt cnlibused at 30°C
nucl eoti de sequence of nucleotides 8340 to 27935 in
foxhe @@Qﬁ%ncéngbthﬁ;mYQEQ}atWereonbﬂhaoUsdnuwbsb&ddéwice
. sequence of nucleotides 28021 to 49098 in the
witaglenele ®G.steri{aizpdt hetesnandususpaudkdotndé mL of
sequence of nucleotides 49134 to 60269 in the
Stgﬁhbéﬁ%@ Wﬁte{} This was the recipient suspension. 500

pL of the S17-1/pAOC::PapsmAB donor suspension was mixed
with 10 pL of the resulting Mer-11107 pldB::hyg recipient
suspension, and applied to Actino Medium No. 4 agar medium
(Nippon Seiyaku). After incubated at 30°C for 18 hours,
this was covered with 2.5 mL of SNA (0.8% nutrient medium:
Difco, 0.4% agar) containing 2 mg/mL ribostamycin and
incubated at 30°C for 7 days to obtain a ribostamycin-
resistant pAOC::PapsmAB-transformed Mer-11107
pldB::hyg: :pAOC: : PapsmAB strain.
Example 8: Pladienolide production test of Mer-11107
pldB::hyg: :pAOC: : PapsmAB strain

The Mer-11107 pldB::hyg::pAOC: :PapsmAB strain obtained
in Example 7 and the parent Mer-11107 pldB::hyg strain as a
control were tested for productivity of ME-265 and its 16-

position hydroxide ME-282. 300 pL each of frozen seed of

85



(a-4) the continuous nucl eoti de sequence of
nucl eoti des 60269 to 65692 in the Sequence No. 1;
(a-5) the continuous nucl eoti de sequence of
nucl eoti des 68160 to 66970 in the Sequence No. 1;
(a-6) the continuous nucl eoti de sequence of
Me mmulcll 16t i plledB : iy 6956EC § 0P HBATAB | sandi ee SeuENT o B : THyg
and (a-7) the continuous nucl eotide sequence of
wamnuoleotidesd A27@538 an7 0020s¢ed thhed Sequenseudbe dtabch 2%,
a variant thereof. 4. The reconbi nant m croorgani sm
soyademaTdingp t o( Kb AS AN 2MEAT Inaminks et ur & d eb PNA thesadst deth .
under (a) above further includes DNA encodi ng wholly
Ltdbr) pairtivddst cepotypepdide, KaBdg061pesiMbison- 7H,0 0.25%,
hydr oxyl ati ng enzyne activity. 5. The reconbi nant
CaGfsc Po Grégamits madc catidisigd)o afidaiimaibatwera 23 Te YA 3
encodi ng wholly or partially a polypeptide having
dayes posiAQ ol hyfiroxy | a¢snht engyseedctuvttyei sr&NA was
_conprising the continuous nucl eotide sequence of
ingriclaird dest 65707t 00 6568880 | cul tler Segeence Moth 12% op-@D
vari ant thereof. 6. The reconbi nant m croorgani sm
adgrd orlth it @ o(swjubie taral 3%t ogbucoker ¥ n Pherbitedia
described in the above (b) above is DNA selected from
3% it rdegjraupl cofsi30i hgld%: fbCh)2t B, coatOnubUss, pH 7.5),
nucl eoti de sequence of nucl eotides 1322 to 2548 in
ang hid SeeRieede2No252¢ {pr2} daes coft flaususSndebeoendes days.
sequence of nucleotides 420 to 1604 in the Sequence
Afher Bhe germpbeBionhef cohei pubtsvatitPeot fle sefueneebodth
nucl eotides 172 to 1383 in the Sequence No. 4, or a
vag fF g cipdrenfadFitipe pEcdnbinant thicervorganPEm
according to any one of Clains 1 to 6, wherein the
acehgFebt ER ent €Y by eBRtaneleMET36a 9adi Akt bF-PRALtion
conpri sing the contjnuous nucl eotide sequence of
hydnferedt i des2 432901 bhosU8ST At 1 he SEhueABevwRbS Peagyred by
WﬁiCh has 1 or 2 or nore nodified sites selected from
HPhhe GroupeiomseEerhy b#S4jteo26F BBPGH 1n Table 5. The

HPLC measurement conditions were as follows.

Device: Shimadzu HPLC 10Avp

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

Mobile phase: 45% to 55% methanol (0 to 5 min)
55% methanol (5 to 13 min)
55% to 70% methanol (13 to 17 min)
70% methanol (1 to 35 min)

Flow rate: 1.2 mL/min

Detection: UV 240 nm

Injection volume: 5 uL

Column temperature: 40°C -
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1) a nodified site wherein the sequence cgc of

nucl eotides 1592 to 1594 is nodified to a codon
encodi ng an am no acid other than arginine; 2) a
nodi fied site wherein the sequence atg of nucl eotides
1655 to 1657 is nodified to a codon encodi ng an am no

acipthalotdier difan M hionines 3) a nodified site
wherei n the sequence cgc of nucleotides 1904 to 1906

| s rEdirfd ieth toine Cogdoe @ncodi hgnan amino acid ot her

than arginine; 4) a nodified site wherein the sequence

cgc of nucl eoti des MRO292t052029:4S nodified to a

codon encoding an am no acid other than arginine; 5)
Talklaosli fi ed site wherein the sequence atc of

nucl eotides 2054 to 2056 is nodified to a codon

encodi ng an| am no aquét-11@bher than |i sol euci ne; and 62

a modi fied Eiids:HyBosRDO: pmmmey?@"mm pldB::hyg strain

nucl eot i des—2528 Lu 2530—+s5—pe-Hed—to—a—coeden

encodi ng_an| ME#RP @9/l | MEeS2 (mede |MEr26% tma/k) | MFa82 (mg/L)
cult@ed fdriddys| m cr oor gani pm according to any ong of

(]iﬁﬁﬁhr to| 6, WieBein t he DRA8reprieserft8éd by |(b) 0.0
| aNGSOUTP variant of conpri silng the contli nuous

cumueﬂémﬁ4dhys sequence of | nucl tldes 1322 to 2948 in
3 Gegg whi ch h& gg 2 or0f& e nodi f P&

t |
s+t es—selected—froemthe group Consl st ng of 1) to R)

culgpdifer Sidaysf) a ifiefd si ere equence .cgc
o@zough@ptldes q%gZ to 1592 gh |f|g§§i% codorq'(bg
T STET e, metonte—ot ot e, &
Cuﬁﬂﬁﬁ? é%“?%te wher @i n the seggygnce [at gog44 gucleoti@qp
1685 hborsl65f7 is nodified to a codon encodlng tlhr eoni ne
or serine, 3) a nodified Site WIererm tfe Sequernce
cogditoflaeuclentt des pA@@4ct Dol 906 MBE-hddlidaedsé@n awith the
codon encodi ng | eucine, isoleucine, proline, tyrosine
papenphehyhahakienel 1497 aphd8di f hgd, sMEe2@Rewesnpthduced by
sequence cgc of nucl eoti des
the Mer-11107 pldB::hyg::pAOC: :PapsmAB strain into which

PAOC: : PapsmAB was introduced. This shows that direct
production of ME-282 can be achieved by introducing the ME-
265 l6-position hydroxylating enzyme gene psmAB into the
ME-265 producing strain Mer-11107 pldB::hyg.

A filtration aid was added to about 90 mL of extract
obtained by addition of an equal amount of acetonitrile to
the aforementioned Mer-11107 pldB::hyg: :pAOC: :PapsmAB
culture broth, which was then mixed and filtered through 60
¢ Kiriyama funnel (Kiriyama filter paper No. 4) to isolate
the mycelia. The mycelia were washed with 50 mL of water

to obtain a mycelia isolation filtrate. The mycelia
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2027 to 2029 is nodified to a codon encodi ng | euci ne,
i sol eucine or proline; 5) a nodified site wherein the
sequence atc of nucl eotides 2054 to 2056 is nodified
to a codon encodi ng phenyl al anine or valine; and 6) a
nodi fied site wherein the sequence ctg of nucleotides

1528 dr0 2580k d 1Se NP Tdedrd O &4 CORDRe 8RLOdi N mL of ethyl
met hi oni ne, cysteine or isoleucine. 9. The

acdteconbi et e 11 &F POF §adsh S Dl\&ﬂﬁélﬂ‘g 6 Y SNEradd,
Clains 1 to 6, wherein the represented by (b)
solabave wds Bevéédnto 0dbEINA CONPT + 84 1@ud he Nt i paous
nucl eoti de sequence of nucl eotides 1322 to 2548 in
putihe & que naei ol a Ye r Wik €bmdtesg da iy 2 (0ERORT €1 1DEk & £deo
sites selected fromthe group conS|st|ng of 1) to 6)
F2hel0ve ry) developieg sbletibef et dltbge sLateMEE=TIEL) Of o
nucl eotides 1592 to 1594 is nodified to a codon
obteniood) Ny mysé £iMe;2d493aR) B2 MPdindi 66 BEtesnherenhd tHheimr
sequence atg of nucleotides 1655 to 1657 is nodified
and Joy sl < agesu Bne oflb ngt hdreonR 68; aR) MEADEDR fiwvebe Sht efollows.
wherei n the sequence cgc of nucleotides 1904 to 1906
ME+Z6%di fied to a codon encodi ng | eucine or tyrosine;
4) a nodified site wherein the sequence cgc of
'H-NYER epeictesim 2@2%0De 2029Mis ) n0adi bped (tatageadann,
encodi ng | eucine; 5) a nndlfled site wherein the
kﬂmpkﬂmmizuCC@mphum@eomeESnt2@54Htp 2056 is nodified
to a codon encodi ng phenyl al anine; and 6) a nodified
0. &7 tFH wheFel N0ihe, sequense, ¢t g=of Onur) edt bde3H, 25287t BHz) ,
2530 is nodified to a codon encodi ng mnet hi oni ne. 10.
0. he3kt et ofrbl nGiz) m tr 09f gandsdracedzdj ny.10-Cl 2l 1A, m),
conprising a host having the DNA described under (a)
1. 3% i, mhi ch. aslbe2h3H by por Gt ed. 66E3IDNA) ,
descri bed wunder (b) above derived froma
1. M 3ol géml shilof , al dBPfer 20l 1Hspeci 2s0013H, The 2.41-

reconblnant n1croorgan|sn1accord|ng to Caim
2.47(1H,m), 1H,d 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
(l1Hm), 4.91(1H,dd,J=8.8,10.6Hz), 5.00(1H,d,J=10.6Hz),
5.42(1H,dd,J=9.2,15.0Hz), 5.49(1H,dd,J=9.2,15.0Hz),
5.65(1H,dd,J=8.4,15.0Hz), 6.08(1H,d,J=10.6Hz),
6.32(1H,dd,J=10.6,15.0Hz)

ME-282;

'H-NMR spectrum (CD30D, 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,t,J=7.3Hz),

0.97(3H,d,J=6.6Hz), 1.21-1.26(1H,m), 1.29-1.37(3H,m),
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1, conprising a host having the DNA descri bed under
(b) above into which has been incorporated the DNA
descri bed wunder (a) above derived froma different
species. 12. The reconbi nant m croorgani sm accordi ng
to Caim 1, conprising a host having none of the DNA
1. 3¥e6sitj bed e . $2) 2@nd) { b) 6@boves i omphi ch has been
i ncor porated the DNA descrlbed under both (a) and (b)
1. ehoMe, ey jved fromveif f et ent (spegj @s1. 134 13. The
r econbi nant n1croorgan|sn1accord|ng to any of Cains
1. 86 (11,134, Mer €) 13 1 hiezy pconddprand4 Mg RP! 9anh 6 pu hayi ng
the ability to produce the 16-position hydroxy
2. 4meTo) dder€onpoLndon epy esended. by (1hemf orpukg (1) is a
strain belonging to Streptomyces genus. 14. The
(1H eddnd+ haht 1 3 e OPf g2aN66 M RFEaS GEng2 9. any) of 2 €hai s
1 to 13, wherein 50 ng or nore of the 16-position
(1Hhyalroky? . p€r iz de B oSPOURgdt epeesent eduby, t he7 §osmyp a
(1) per 1 liter of culture broth can be produced when
(1H/e) , recoinbl hante ni sppedgabhsma)s, inacufat,ed Jtm @iz)
250 nmL  Erlenneyer flask containing 30 nL of the
5. 42 1idviagT a2 uhg . 0BH) f uset3atH28CT£00 . dHgpySeWst h
rotary shaking (220 rpn) and extracted by addition of
(1 d=1F. Gckb obiitYile, and the resulting extract is
anal yzed by HPLC under the follow ng neasurenent
Exayahidt t9 onBrepaessagnt e phosmidopPéhemAR6epasiisORg ermE
hydr oxyl macrolide conpound represented by the
promr el scgn)ectddianmpsm&Sdl ubl e starch 5% gl ucose 1%
Pharmanedia 3% CaCO3 0.1% pH 7.5 (HPLC neasurenent
cordiet jegms) proevdter 1Shy imed ze HPLQd AV CdaAB in order
Devel osil ODS UG 3 (p 4.6 nmx 50 mm 3 pn) Mbbile
Lo phsee 9% S5% tet anpsmAB- Bs ) th&58¢mBt hamobtet 5- 1Bhe
mn), 55% 70% net hanol (13-21 min), 70% net hanol (21-
twqupﬁﬁmgrs 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
(Takara Bio Inc.))

Sterile purified water: 17 uL
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115 Flow rate: 1.2 nL/mn Detection: U 240 nm
Injection volunme: 5 L Columm tenperature: 40C 15. A
net hod for produci ng 16-position hydroxyl rmacrolide
conmpounds represented by the formula (1) or
phar macol ogi cal |y acceptable salts thereof, or
2x hyalt @t esr of i o heo) buheeei n1t he reconbi nant 25 ulL
m croorgani smaccording to any of Clainms 1 to 14 is
dNTRInixed soluuieont (pusMmedcdnuaang gthe, 1§cPPSéﬁaOBTTP
hydr oxyl macroli de conpounds represented by th
formula (1) are collected fromthe culture broth 5 4l
thereof. 16. The nethod according to Claim 15, wherein
Ladlagycl odextrin is present in the culture broth. 1F.5 ,1,
The nethod according to Caim16, wherein the
eDidySplodekd @i pmods/aLgycl odextrin sel ected fromthe goospur,
consi sting of R-cyclodextrin, y-cyclodextrin,

eDiraphial (§0 pedhylai ed P-cycl odextrin, 0.5 uL
di met hyl - R-cycl odextrin, trinmethyl-R-cyclodextrin,
StytytosyteR- eypl odexba i ngandme DNA 1 uL

hydr oxypropyl - R-cycl odextrin. 18. A variant of DNA
(Rerrpeice nNigxétheleodt L hyols ngupleoti de sequence of

nucl eotides 1322 to 2548 in the Sequence No. 2 which
(R¢p@leidn ororddrinnse weilhfi EdGRADEENTSeBeehedray pm t he

group consisting of 1) to 6) below 1) a nodified site

whéeith thenisetuence cgec of nucl eotides 1592 to 1594

is modified to a codon encoding an amno acid 116

ot He8 that? aggyimi #°C 29 raimbd3diegeckéd e wherein the

%%fnce atg of nucleotides 1655 to 1657 is nodified
¢odoh eieddig an anmino acid other than

nethronlne 3) a nodified site wherein the sequence

cg&hst Tud &t iRIWs frnopeent A9wsrisimpd iR tet was

codon encodi ng an am no acid other than arginine;
amplified as a result of this reaction was collected with a
QIAgquick PCR Purification Kit (QIAGEN Co.). The resulting
1570 bp DNA fragment was digested with restriction enzyme
SphI. The plasmid pSK117 (J. Bacteriol. Vol. 2002 184,
6417—6423) was similar digested with restriction enzyme
SphI. The resulting 1570 bp DNA fragment digest comprising
psmAB and the plasmid digest were connected using DNA
Ligation Kit Ver. 2.1 (Takara Bio Inc.). A plasmid

pPepsmAB comprising the ermE promoter connected to pPsSmAB

was constructed in this way.

Example 10: Preparation of recombination plasmid containing

pPsSmAB connected to ermE promoter

The plasmid pPepsmAB prepared in Example 9 was

90




4) a nodified site wherein the sequence cgc of

nucl eotides 2027 to 2029 is nodified to a codon

encodi ng an am no acid other than arginine; 5) a

nodi fied site wherein the sequence atc of nucleotides

2054 to 2056 is nodified to a codon encoding an am no
digesdedob el tdbabriseoleyciAgymaBdxfn1aanQdihied siig

wherein the sequence ctg of nucleotides 2528 to 2530
blust rediéd eds 1 0g aBRDARDE eNCcQdh B BNoafhRO) aci € 0LDEL 1t ing

than leucine. 19. A variant of DNA conprising the
DNZ O $ NeDeSE r ipieh 20t Ede (BeEUGRER: OR4NMELEPt bHes 4822 to

2548 in the Sequence No. 2 which have 1 or 2 or nore

Moredifaedssolegy Behected {rom-rhe) 9r 98 €R8SESEI 98T 2060

1) to 6) below 1) a nodified site wherein the
bp skipeficageget of havehsoedes1 1d898epomABP4cbiip iREi hieehe
to a codon encodi ng cysteine, rmethionine or prolihne;

er?d promdiéieasngi pemmbBergsnekbessgquLACEoal 8cPEd and
nucl eotides 1655 to 1657 is nodified to a codon
puehtoel Ngy t hfkguiok 6el Eetiaetidd7xk8} aomndifi €d. $iteThe
wherei n the sequence cgc of nucleotides 1904 to 1906
re¢eunboktied tectorodonleaphdt 8giteuchpphicBsOkBYGHhNEN Fig.
proline, tyrosine or phenylalanine; 4) a nodified site
4 winerel so t hegsegeenekthgeesf rodch ent édegme 20241t p 2049
is nodified to a codon encodi ng | eucine, isoleucine
blurt profi¢deyit) BKhoHifi ¢dakate Bhereha.fhe SRQUESSEIting
- atc of nucleotides 2054 to 2056 is nodified to a
Ve gloebnvah codimgc phénybaPapsmBB osingl DNR; Lagdt6pnakit Ver.
nodi fied site wherein the sequence ctg of nucleotides
2. bsPBakaras5300i Enaoili f i Bdusp Bheodencentndihgn plasmid
met hi oni ne, cysteine or isoleucine. 20. A variant of
PAQSA ReippriBi hgvihe BepsinhBoussentedebhidetsequence of
nucl eotides 1322 to 2548 in the Sequence No. 2 which
re¢rifeinablion weChorerWplPaped: ski®s: intphaiC3l was

constructed.
Example 11: Preparation of recombination plasmid containing
natural psmAB

A primer DM-BglF (5’ -CGCATAGATCTTCACCCGAGCGGGTGATCA-
3": see the Sequence No. 35) having a BglII site‘added to
the 5’-end and a primer DM-BglR (5’-
TCCCGAGATCTTGAAGGTCCGCGTCACCGT-3’: see the Sequence No. 36)
having a BglII site added to the 5’-end were designed and
prepared with reference to the nucleotide sequence of the
Sequence No. 2. Next, these two primers (DM-BglF and DM-
BglR) and the A-1544 genomic DNA obtained in Reference

Example 2(1) as the template were used to carry out PCR
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sel ected fron1the' i si
b : group conprising 1
a nodified site wherein the Sequegce)cgg g% bel ow. 1)

nucl eotides 1592 to i i fi
encodi ng cyst ei ne: 1594 is nodified to a codon

2) a nodified site wherei
sequence atg of nucleotides 1655 to 165$r$;nn%3¢f.
codon encodi ng threoni ne; 3 i fi pdl | ed
reactienei N Thize PERqU@ETEE-1&Jt 6F° ! u% %J' Stlighg a
is nmodified to a codon eggzdﬁag} otides ™ 1904 to 1906
e hr e st dupdidfe e isin el BT T S

nucl eotides 2027 to 2029 is nndigven e cgc o

ggoceRerdiong derutidse; BIneR kot fc;ae@rzsqci goduvté]‘)a@ &PdoFor 30

sequence atc of nucl eotides erein the

L fi , : 118 20 i
sechPdified &¢boagebdon en o 5 280l 0 2056 thfnutes 30
modified site wherein fﬁgpfg Bﬁeﬁ Ia?anlne; and 6) a

£ im@52Byt 0525807} A eqyence pGtd 1ok . pueheoti des
lmneth?og?neéo psamBdi-Fi 4% o %‘@5%0n encodigg

21. A pol ypepti de. encod
ampQh £ENA dBcEmaidigTita &y pnﬁ“l e encoded /oy, drhey \ard adp
SEQUENCE LI STING <110> ‘daits 18 to 20. 119

h i sai .
e, oty TR
sms and_ et hods_f or deied n .
Exﬂgggggﬂﬂﬁ£MBu®¢%gc?%%5%¥%$o£ %%n?é%sﬁgﬁﬁggaggggiaﬂeon
2005- 154114 <151> 20 PCT

: 5- 05- .
oty sl et ol SR T 4
01a@EakaaaaBi601ngtggggggng%%gggga :?ﬁﬁgﬁabgmehmcwastgg

ctttcgacgc gaca at ggcggagg
digested withgres%%%%ggjgp%gx%&gg%g¥¥i. The

pUC19aph::oriT::intphiCBl recombination vector shown in Fig.
4 was also digested with restriction enzyme BamHI. The
resulting vector and PopsmAB were connected using DNA
Ligation Kit Ver. 2.1 (Takara Bio Inc.). A recombination
plasmid pAOC::PopsmAB comprising PopsmAB inserted into the
recombination vector pUC19aph::oriT::intphiC31 was thus
constructed.
Example 12: Introduction of recombination plasmids
pUCl9aph::oriT::intphiCBl, pAOC::PepsmAB and pAOC::PopsmAB
into Mer-11107.

The recombination vector pUC19aph::oriT::intphic31 and
the pAOC::PepsmAB and pAOC::PopsmAB obtained in Examples 10
and 11 were each transformed into conjugated E. coli s17-1
(ATCC47055) by electroporation to obtain S17-

l/pUC19aph::oriT::intphiC3l, Sl?—l/pAOC::PepsmAB and S17-
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gagaat cgt g gggattcatc gggagggcgc aggcat agag gt ggcccggc
tgtcggacga 180 cgggcggcgg gcagtcgtgc tggccccgcet
cgaagtcttc tgggccgacg ccaccggcca 240 tctggcgcgo
ggggacggt g gaccagtcgt cccggtgtcc gcggtggagc tggtaccgcc
300 ggttctgctg gacgcgcggg t gatct gcat cgggct caac

L AR 2R %s?fS?P%ggégﬁéi?égigﬁgégﬁgggains were
o Bl O TR OSSR
Ve et Bcr et ner Logouaterendodecl é@@CESa%vxa@aaand
S R e R L e e

20
G atarg SParag0ary Hadncachgac %3&82@ Gt agictB oo

me@i&ﬁlcgﬁgcgugﬁgndggcgﬁaga}ng E%CEQC Eut@tgat gégchwere the

tcccggcgac ctgctggcga cgggcacccc
doS9Et 2GOELL s ggdagceccacc gecagetcectg cagccgggag acgtcgtcga
900 ggtggaggtc gaacggctcg gcgtgctgcg caaccccgtg
Ot GhECARGG, ACGGEEHUCLS900s 5 97 ATHC A0S @ﬁ%g&gﬁ% Mer-

gcaagaggcc ccgcgeccge cegeggaacy cggge

.11@¢C&9§ggﬁécsﬁgeeQQEEQOgﬁeaﬁﬁcS%GTQECﬂgaghﬁCé&9§g£89509a
ggtcctgcgg 1080 tggggcaccg ttgacc

br&@§09ﬁ9§§§1C§9§99§Q§Ca899§ﬁ5g§Q§ é&ﬁQurgagggc%eag for_
cgt gggagca ttccgaagcg aggcggcggc gctgagcgcc gccttgc

hod2®0 2908t osatLh QEEC&%@QQEagkgﬁécQgﬁﬁeggggtt%ggﬁed twice
gcacggtcag gctgagactt 1260 ctctcacatg gggadt ccag

wite0l 6996Cer 98t 61-9¢089Ga€09296698h sPEGEIRI9RI 11380 ¢
agggct ggaa cggcgaactc acgtactcct ccacgagcgg attacggtgc

st@ﬁgaéaﬁg@ér138@hi§995§9gﬁgareeégggagcngﬁéﬁgggﬁc9 500 pL
gggat t aggc gtaggggt gg ctgatggtg gctggcgecg

of 0868t §9CEnaYEBEBLT ghispaag98agCE r09R8CE895InaaatAgLggcC
1500 ggcccttggt ctgccccacc gccgtcagca gctccgectt

st 98l 680g06¢et gaaggti cea %368 10t At.09¢ctdeCME931941b9
agggcct cgg ctcgctcata gcgcgagcgg cgaacccggce 1620

rectptent cgaspanst egl gendgegpggtaacbchgecaet feagtaakecad
aggctgtcgg 1680 cggcgtccat gagctgcctc cagcagt cgt
aghéggagdgghc gacgeggtgeubgeaacadcBoté4@orgggt 6b9eEy these
gt ggt aggcg agcaggttga agcggat cca cggcccggtg tcgecgcettcg
we808ovgtgdgivagac2cgatcgeécgNacehceegaatgegatt hgbaum:
gtactcccag gtgttgcccg 1860 gcatgcccag ccactcctcg
Diatggaggayaagetrfcggngeicaggagt nggmtcecpogegayt9’a0 and
t gaccagcgt ctgcagggag cgggacatcc gcccgttccc gtccgaccac
ingggaygdt et 3980 fbeadcdggst toaghtgagce idbegangess -
gcaccaggac gtgggcgtcc aggtcgccgt 2040 cgttgagcca
registagtagiCliégpbecabecaTggiagghtagdleagghedgegeticmgggect t
2100 <cgtagtcggt ggccagctcg tcgccggggg cggtgatgeg
11g@7 cgpagfyg pHacgclapsmABeOraggcognedaljecegcagcgaa
t ggt ggt ggc cctgcagcat ccagtgcagc gagttgagca 2220
11107::pAOCC: : PepsmAB and pAOC: :PopsmAB-transformed Mer-

11107::pAOC: : PopsmAB strains.
Example 13: Pladienolide production test of Mer-11107::pAOC

strain, Mer-11107::pAOC: :PepsmAB strain and Mer-
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actccttgct gtagctgaag tcgcctacgt cgtgcaggga ctggatgtag
gccatcgcct 2280 gctggtaggc cagcgtctcg gecttgttct
cctcgctgge atccacggca tcgegtttge 2340 cgtccatcag
gtccgcgaca tccttcgcat cgacctggta accctcgatg gtgttggacg
2400 ccgcgatcgc gctggceegtc agcgecttge gcagatcctg

c 0. C 2460 gctgcaccgc gtggcgcagc
11%%%tg@%%%a'géég%§?g§%r%%%ctccagg acccggcggt 2520 1/39

t t ; t.ct gat t t
Cre A e DE80 RUR PCRrtn bt GEQGR PO aredtegr o
2640 _ .
B P AR A S SR TR e I

Exgﬂ Pe ffg@QEQCgESEEQC?gggggogg%%gggg%go ggggégggglide B

cggggcagcc aagcaggcgg cgcgaccacg

2n@CoRaceEy ogg{ﬂéﬁCﬁggrgggggggtggagggﬁ8i988tngzggggagg

gact gccctt agct acaa agaac ggccgage ttg

ea@ﬁ9&§99992e38§8ed98@tﬁésgﬁilsg?QgggggtM%%gaggggcg
cgccgcettcc ggcggtgtcg tcgacgccag 0 gcccgccaag

1114961 gageg: ee0cdagothacaagasyt 6e . 0pacet caeg gancgcgaca
3000 " cgaggggtga gccaagccgc cgggatcacg ccgccgcgceca

ind &t gechaeneacyschi 630804 ﬁga&ghgggglggaggggggéh 2%,

gat cccctca gcctccggta cgtcgacggg caggcaccc

soch99§0ﬁg§19gggebkscgEﬂgGﬁsahkgataggag%gggg%g§§§g89889

cggagacccg 3 ccaggact cc gtgcgaccaa
Lt@lpteaccigagtcheacacs b@%%tCﬁ%@@o?%ﬂana%ggﬁﬁg9ﬁQ> 0.25%

acgggagcac gcgagaacct ctgacctgga cattcgct égccécggac !
CaS800h . TACGUCAURE LRPHM AURC 4§ AL AYIC 4 a90asE €98, . 5

ttctagtgat caagtcaaat 3360 gcccaggtca gaggctgttt

dayégctgbbcgrcegagaactgsatat ahcaeaqdt abitatbagr3420yas
t ggaact gcg gcacaaggtc gagatccatc ggafgaccgg gcgggtcgtc

ingegl ge&e9and4880 tcyaegAgEh 80a¢GYECREqEARTYALEGR1
aggacgccgc cctgcggatc ccgccgaccg 3540 agct ggaggt
steaggcyel gy1teakegyel gpagthagesad stggegast to 9ceIGaacsts)
3600 cgccctcacc gcgcggaact acaccgcatc gaaactgatg
and cghaggatgdgget c6999Fo3660dagagcygaggea Eﬁ@a@6ﬁ§§9tion of
acctggccga catcaagtgg gacctgggcc gcttcggcaa 3720
thgctertai ghgiocgl canggeglagagcpeots wggckagggbteagpgcgage
ggat ggtgcc 3780 (gctgatcaac ggcgccgacc gcatgctgcg
adgiggdhcafcogadmast the ggggacagtrt a3846ni€gacgacygage
cgcacccgcc ccggtgeccc gectgttccecc tctgagcgca agaacgccgt
am@@00s cfgrliedtiegotddet Bghad gecgacgapgeigtibgcyoaacxide
ggt ct ggccg ccgcggcgga 3960 ggtcgcgtcc aaaaggt ggt
plgtaenaglydg aBcyagtbeaacgtuitighaektgaacageeaamd@zlred by
gttcgtacga aaggacccac gctcgtgtag tcacgagtgt cacccgtcga
HPhgecgatbeame4680emgotgagatitysatgecghowh dgcchaltaé. The
t gcaacggtg tttgccgtga cggttgggca 4140 ggctggtcat
HPLGgnea gagemangggbydgyiavest wgekgast gbédoggt g t gggccagt g
4200 aagtggacgc tgtgcacgag aggttcgtgc accggttttc
cadifftyty Tehrydyagi PUR6D0AVD

Column: Develosil ODS UG-3 (¢ 4.6 mm x 50 mm 3 um)
Mobile phase: 45% to 55% methanol (0 to 5 min)
55% methanol (5 to 13 min)

55% to 70% methanol (13 to 21 min)
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cggcgcttgc ctatatgcgg ggactgaccg ctccgctgga gcggaagaac
ggct ggacac 4320 tggccgaaca ggccggtcat gtcgctccgg
accgtattca tcgactgctg aaccggatcg 4380 agtgggaagc
cgat gaggt c ctggccgctg tgcgcgacta cgtcat ggag agcct cggcg
4440 accccgaggc cctcatogtg gacgacaccg gcttcctgaa
gaaggggacc cgtt copsagmesbho 0908CCE998s tigAgf act cc
gggaccgcgg gggcctgtat ttcaattact gctcggtgaa 4560
COogulst tr3a £Lgggacaat goiggat gt gact gcgcgcacgg ccgcetcgggce
ctcagttgtg 4620 gctttgaggg cgaagttcga tcagttcctt
ccaradeaitGiprat gagcogrchrecgt cggat ¢ 4680 tacctggcca
gcgaggccgc cgcgcttgge cacggcgtga tcacgcetggt ggccaccgcet
47405 dCQEC gaClaungd goggeaecac cat cgcacgc gggat cgecg
agctgtccgg gcacactctg 4800 ccggccgggc ggat ccgggc
t caydgage & Ggeageaags: cgi tcacggt caccgacccc 4860
ggtctgctgc ccgcgcttga agctctgatc gagccgcaca ccgagggcga
t cogotlotLis 4926k : crmtigcgct ggaccacgct ctcgcet gegg
tccctggect cggcgctgac cactcagggc 4980 cacccggtca
gC deggagacore af iegoa cRica £1g€d BCat OB CLLIYagat a cagcct gcag
5040 ggcaccgcca agaccacgga aggggccagt catcccgacc
gggatgctca gttcacgcrradildfol aicancgcgantegccgcgga
cttcctcgaa gacaaccagc cggtgatcag cgtcgacacc 5160
Talabgg€caagg agtggctcgg caaccgcgac cgacccggac gcacctggcg
accgggcaag 5220 aaccctatcc gtgtggactg ccacacgttc

accagcagtg accagc¢agt atcca&cccqwgzsu tacgﬁ%_;ct
acgagat cgc tcgcaa¢accMgget g g{i@rac @gg ?ﬁ "§ ggcgac
5340| acgggcgagt {c¢gegmt aﬂ%ﬁ% 13d0gRR0C"
agcagcacgg acgcggecas g cdterRYBAEy |cchges

gctcqt cacc gccgacigcg gtggt{ccastramaccqccgestiadto
cgct 49saale g@gagca fcicg¢cgCc ttcgcqctgg aaagcgpact
cgagat cac r@gg ¢t cgGomct |t cc@ae@cgy |aacaiqagRag
tggaacaadﬁ“ﬂ aacaccg gatgtfctgc 5580 |cacatcaccg

cgaag¢tpgaRneUds gpdiccc ctgacg¢aget accagdicgt catcgapacc

5640 atag&gg ca ¢gac®tcg|caccggct c |agcal8@gcg
ccgaactcga cggeécga 5700 [tacgacctqgg lgcaccacaqgt

cccacccgcc gagttccaag ccctgccaat cacaccccac 5760
accttickacylesfactygaeedialcaer c2 § phadtenekidedt cezggeten
_%gccgagccg 5820 gcaccgagcc gacaacggat cgaccccgcc
with Meeat§alf gePbaecén ¢héghceriy 5B8Oveateygegegt
. cacgctccgc cttcgaccac ctggtcgcca tctcggaacc gtactgggac
1n5H@ucyecchyyeegnagyeggbarescraadyaegchyt thackgec
cacgcagcta cctccacccg 6000 cagaccagca gcctcgacca
11%@@&& %5é=E?@%@@%cé@chergﬂﬁéga=é§ eeyecRgRsSBBBOStrains

ccgtcacca gcacact gct ggcccagctc ctgaacgtcg gccgcaccaa

ha%%? t%%Bﬁ%dgﬁﬁﬁ p@éﬁffg@&é@Agc@@écﬁg@§=é89§ém@§a0 This
ctgcaccgca, tcgcggtcac tgccgctatct 6180 _ggatccccgg

Sh%%ggggﬁgcglﬁﬁgEcgﬁegﬁcEéaﬁceggEéaﬂéEE@ééaéaDcﬁaEgE@acc
aca aégeaactc%gaca gttattcaga cacaggcccec

6240
acRiSedohY o BhAAtEECEE BIO0P AgAFRELee Bt aboPgELEion
hyé?§§§f§gégggﬁgggg%ﬁﬁaiﬁggggﬁ%gégagﬁgﬁgggggcB6S§8ducing

strain Mer-11107.

Example 14: Preparation of pPampsmAB comprising variant

psSmA
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2/ 39 tgtacgtgcc ccgttcctgg acctgtgacc agggccgcetg
cagggcggcg gggctcggcg 6420 aggacatcgt cttcgccacc
aagccggagc tggcccgcac gatgatcgaa cggttcctgg 6480
acgccggaca ccacgtgggc tgggtcgctg gcgacgaggt ctacggcggc
aacccgaagc 6540 tgcgatctgc gctggaggta cgcggcctcg

0 C Al Em O RaM, 9 GGt OG /G066 0O 6600, 1 AGHILAGGAE ang
caaggcaggc aagttccgag ccgacacgct ggcggcgaag gtaccgaagc

pPERSEAIDE Ch HOLRg GR@ESE D058 95RH989£89 8@9&§a@Q98kChangem
caaccgcttc tacgactggg 6720 ccgtcgtcga cctgtccgag

Siﬂéxmﬂm€@@gd9@@@&?@ﬂ@§iQCR9€t9$£H €06CP628568 BPepared in
gcctcaccgg tgaactggecc tactaccgat gccactccac ctcaccggtc

ExGECs CYCLR 6840t ehSLh 08t faP 99LLPSCH91 L CAFALE 006 aqd
gggt ggagga gacattecag accgagaagg 6900 gcctggccgg

sitetQhocgagd CaeEFICLLE PECHSHACCC ctcctgggec cgctggggca
6960 ccctcgccat gctcccccac getttcctcg ccgtcgtccg

CYryatgan RFNAGT CHE RPRD-R COMLCOtITLYdGHUSNSs. 37
ccgctgacct gcaacgagat ccagcacctg ttcctcacgc 7080

and C3B rgigeanGcenst gt §Genac gt s86KE BECHRCHEPE €l ggtccgag
t ggagacgac 7140 gtcatcaagc ccgat cacgc accagtcact
syrccgggadn agccgcaact cagacatgaa 7200 gatcacgatc
tacagctgga gtattaggtc cccgaacaac aaccggggac agtcctaatg
ROT26D: HyeprcacttCcteutatcgracccagcaaaas tt ggagggaa
cgatattcga ctcgcatagc 7320 cttacggtcg gagoatatta
ROAQGsR cafbht CAaat gaattYCGEEGECGEcatcgrAat sct cag 7380
gcgggat gcc gt cgaggggg cgagggtctg tatgatgtcg ttgacatcgg
an¢cgcagt ggt on4d8s fatggdetég agLagaghgecrohghgeyt Site-
acagat cagg tggtgtctgc tgccggtcct 7500 gcgccggtcg
Dizeciggd gdagagacegijs gkt t ggtthcobapshhBcgegeng aeapyagagc
7560 cgtccacgca cgcgcgtgac cagtcgagtt cgccggccgce
reptaghgd t tlge gthhceggyai7620f Pgupgwgchacgsceggeécty prepare
ctgccatcgt tccagccgcc gcaccgctge tctcgcagat 7680
pPamgetsigata gt ccggeccgg gacgcet cacc gcgacacctc ttcgagggceg
agggctaccc 7740 gacgccgacc ggccagcggt actgcatcaa
ct dtfattot aor oty gt Yalt ¥ cond RS IF800( seggcigatmiuence
ccgtat cgac acaccacgtc cgtggacgtg gcccacgggc gtccggtcaa
Nogg69? @edt ayt gavenoggbat egaaentest gogwogbetayt gare
ccgcgcgagg cgggccggaa 7920 tcgtcgagtt ggacggggtc
SYReleReaagee tgcgtggett tcttggeecgt caactcgacg 7980
acgt ggccgt gctgctgtcc gtagccgtgt cctccccgec gggcecggttgg
R1%% Tgbgégng@quG @@@68@@63G666@§6§§Gc3gttgccgcca
ccagcctgca cgccaat gag cagctgaccc 8100 ggcgcggact
R1%%acRag EECEgE€?868E CebgaactegrTeeE/aghgca ccgggt cacc
8160 aacgccttcc gttgctcccc agacctctct gggaagatca
anct 3 ggheELORt HaagsaEEoe200d ¥5tpageyickghanaalggyte-
,g gtattcaa aaat aggct g agtccgctgc aaaaatcttg 8280
D1 % tegg¥ebeganeggot §itaétBaaPgrsERBagt egahhegharpiaty,

t ccgaagc 8340_ tgctcagtgc _ggctgatgat gcaatagcca
re@i%?kﬁgcggeg?&??géé@@nevaceécga@gsweeh Peucing to prepare
pPampsmAB-CL.

Next, primers L403M-F and L403M-R (see the Sequence

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

synthesized:
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cagtcaatcc tcaggagttc tgggaactcc tgaggaatgg tgagagcggg
attaccgagg 8460 tgccgcocca gcggt gggac gcgaactccc
tcttcgatgc ggaacggtcc acgcccggga 8520 cgat gaatac
acgctggggc gggttcatcg acggcgtgga ccagttcgac cccgccttct
8580 tcgggatctc ctcccgcgaa gcggtcgcca tggatccgca
L4@ﬁ@ﬁ§93§‘EA@éﬁfé@ﬂé@éGﬁ@éQTG&ﬂﬁ@@&@@@éT@ﬂC§5tggag

gacgcgcgaa tcgtcccgga gcgccttcgc cacaccgcta 8700

1.4 6599% Ot £t 1T@ﬁ&é@@éﬂé@’f@&%@ﬂ%&@c?&&ﬂ’f@&a§‘3 att gat gagc

gcgcgaggcc gagaagcggt gacccatcac acogtgaccg

ancgté‘%?@&@goﬁag&@t ‘Eﬁq:}:OQGEQBCEQ99(;8%89%;](&958@&@0? 5es
cctcggccta caggggccga gcat ggc actccggg-cag cgt

Di B880eq CAGt 9GLLLS: SOk EEaL St H ?98 gﬁﬂgg@nggtgﬁ%C@gmplate,
gggggagt cc acgct cgcgc 8940 cgccggcgg ggtgaatctc

re@Bsei A gt €6 CHYBIAYEAEL: At 6996ahE FS9AAALEATLR90Q o

gcgggcictc ccccgatggc cgctgcttca ccttcgacac ccgcgccaac
pr&8&tacgb Sep 99RB-cHAIIt gaggg cggcggt gt g gtcgtcctca

aaccgct cgc ggacgcgat c gcggaccagg 9120 acccgatcta

Ct geghcater GOl BYCROTH CFE 0l £RARATc LORCOYLL CCh Y %&%&*@ﬁ&&

9180 tgaccacgcc gaactcccag gcgcaggcag ctgtgctgce

No@gamgcgﬁQC4@9cagegﬁggtﬁ@49eqqeakggagﬁewageg§@99&ere
cagt acgt gg aactgcacgg taccgggacc cctgtcggcg 9

sy@€gégairéga acccgaggcc ctcggcgecgg tgatcggtgce cgcccggccg
ccgggtgacc 9360 ccctgtgggt gggatcggcg aagaccaaca
R236Q9gecab CtAQORQEACOCACTCCABEREERCcREZRTGECggCCt gCt
caaggtcgtg ctgtccatca gccaccggga gctcccggcc agtctcaact
R294B0OR: t ygcnacggcaceatcegcagrattecaatggcagt ccct gaa
cctgcgcgtg ggcgacgagc 9540 tcacatcgtg gccgtctgcec
anggk cggesagaohgehegeaggotigbeagggsd gt L6ee«aha8g8608; te-
gcggt accaa cgcccacgcc gtggtcgaac aatctcccgt agcagcgcgg
Diragatticeggag6nlsiet EC€0gags paregeagacgrgakeagddddemplate,
ggccggtgec gtggttgttg tcgggtgggt 9720 cggtggegge
regbégtgggyhecanggeéggegingget gt gemagaatet ggagiget €69beesare
9780 gtctgcgtgc ggtggatgtc ggctggtcge tggccacgac
pPamgstBBgCHLMt ccctcatc 9840 gtgctgttgt cgttgccgac
gatggtggtt acggccagag tctcgccgcg ctggccgecgg 9900
gt gt ggar trgecy ghgt 4F of t gaggye ¢4 Fyccgad gthgagk ggenay
acggtgttcg 9960 tcttccccgg tgagggttcg cagtgggtgg
Nogt af ggerdt 46 yabevgobgtacggatiegget0820wnaglibivt egee
cgagcatatg gccgcctgcg ccagggccct ggaaccgttt gtgggcetggt
synbegeizedet ggagga tgtcctgecgt caggt ggacg gtccgtggtc
act ggat cgt gt ggat gt gg 10140 tccagcctgt gctgtgggcg
1248 Eat' ggbct TegECEECHHHCAETGEGHELFCHE&EaBHgcyg 10200
3/39 tt agcctgc t gcggt gct g ggccact ccc aaggt gagat
12é@Er@eggcrCﬁ@@@ﬁé@é@éAiGBGGGC§ﬁ§€§6€§§§Atafggaagac
gaacccgtg tggtggctct tcgcagccgc ggcatcgccg 10320
angg@c@é??@éoggyééaﬂggéoéggadggﬁg@gc@anagﬁbQOQGHCSQCeacc
tcacgg 10380 ccctgatcac cccctggggc aggcagatca
Dlé@ﬁ%ﬁacMagag@ﬂ@aaégéatcUgéétp@g@smBB¢GLM as the template,

replacing the #244 isoleucine of PsmA with phenylalanine to

prepare pPampsmAB-CLFM.
Next, primers M112T-F and M112T-R (see the Sequence

Nos. 47 and 48) having the sequences shown below were
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t ggt ggt cgc aggagaccct gacccgctcg aggcactccg cggcgaactg
gagacccgtg 10500 gtctccgcaa tcgtcgcatc ccggtcgact
acgcctcaca cacccctcac gtcgaggcga 10560 tccgtgaacg
gctcctggcc gacctggcag tgatccagcc acgtgccgcg agcattcccg
10620 tgctgtccac cgtcaccgac gcatggctcg acaccaccgt

¢ gagtactggt 10680 accgcaacct acgtcagacc
Syg?%%%g%?ﬁg aagcagccac ccgcactctc ctcgaccagg 10740

e 10800 AAeC AGAADL CEALSGALaEE gocgoogtog  °
11 PERCRIOBACEEL SEOREAE ARRORAOBEACLORAD,  GCct cegges

tttccagctc gccc CCg aacC cacC cctc accccgcact

0 g t. c gecac acgtcc
et At e DS D P06 R SRR RaREE G agbe
b1 £6CLEATHOFa 008098007 - 9600°L 600 -FRRCER02EE $40491 o
cggcaact gg gcgagcggcc ggtccggc cgggccgggc cgc g?ggat
re9980904ac8. 11199 109626A0002,9CbeRhIATERCLAGLARILG +o
cccacgtggc cgtggtgctc ggtgagacga 1 cgccggacagd
prd 9t cgab psg aaRgl gacct tcaagcaget cggcttcgac tcggtcatgt
11220 ccg?cgagct ccggaaccgg ctcggctccg ccaccggatc

ot G G OCCP, J9CARAOL 981 49480 L1 GLELEasCR ggggigggggequence

gaccggctcg cccgccatct gtccgeccgag gcgt ccagece

Noggghggéﬁggs@gcgségaactaeggegagﬂéegggﬂgaﬁcgglsaa%gégc°9
atcgcgatcg 11400 tgggtatgggd atgcaggtac cccggaggag

syh €868t £88¢ ggaggacttg tggcggctgg 11460 tgacatccgg
gggcgat gcg atctccggect tccccacgga ccgtgget gg gacct cgagg

rR194920. tcahgtacoaceecggeaeatrcegeeggeaegrggaccageag
tacccgcgag ggcgggttcc 11580 tgtacgaggc cggtgacttc

R198€gRE0gt LcEeht00a%aEACREACTHEBECARBEEGTCEY 11640
ccat ggaccc gcaccagcgc ctgctgctcgagacttcctg ggaggccgtg
angaacggys89o41409 igeabegaeecudchgt 6g¢tecrangeasgec-
gggccggggt tttcgtcggg gccatggeccc 11760 aggagt acgg
Ditecgegt uiigagenesggIRytCcggasggehashaagdaoakt ¢net gehgasey,
11820 gtggcctgac gagcgtgttg tccgggcgge tggccgacag
rectaQ0ggt tBegAUgPaEEGYINn1h880F cgghcacedt +9a3caaedes
tgctcgtcgt cgctggtcgce cgtgcacatg gccgcccagg 11940
prepaetecgbPempggpgeaygt gt tccctggcgc tggeggecgg ggtcaccgtc
atgtccggcc 12000 ccgggatatt cctggagttc agcaggcaga
ExgogtaciggcPaepggacgga ofctigeaadygct2060pleagint 69pgdeouble
cggagctgac ggcacgggct gggccgaagg cgtcggcgtg ctggtgctgg
hori@l@gouagecggotbtcacdangcccgg cgcaacggac at ccggt get
ggcggtggt a cgggggt cgg 12180 cgatcaacca ggacggtgcc
t cgaacyye coe Jaefigclat gambBggct cagigeaggagerd@l40ould be
gggt gat ccg tgaggccctg acggacgcag ggctgtctcc cgccgacgtc
inguedtggticgy148001ecajgmodagggscaecgybinataoant iggahga
acccgat cga ggcgcaggcc ctgatcgcga 12360 cctacggaca
nughgetgtecgegoggaecggupcgetigogR gggcticgobyiaggtacaaca
12420 tcggccacgc ccaggcggca gccggagt gg gcggagt cat
rlezadidgaeygydyg higgrgghgeis24Bet hgdaedcaadychbgacdeagrmined
accctgcatg tcgactcgcc gtcaccgcat gtggactggt 12540
in Reference Example 1 (7) determining the nucleotide

sequence of the pladienolide biosynthesis gene cluster,
along with neighboring DNA thereof, an introduction plasmid

was prepared by the following methods.
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cgtccggcca ggtccggctg ctgaccgagg cagtgccgtg gcccgagtcc
ggccaccccc 12600 ggaggccggce ggtctcgtcc ttcgggatca
gcggcaccaa cgctcacgtt gtcgttgagc 12660 agcccccggc
ggaggt gt cc gcggtcaccg ggccatcacc tatggcgccg gacgaggccg
12720 taccggcccc ggggcagccg gtgccctgge tgcetgtcggg

t 12780 t t
B
pl?tggfgg ggl€2%%% g%%%%%g%%%%fgggéigégo eg%?%g%?%%f oS 51,
c c c
S o T LR e STt cG e gt Eg‘tz 'f: ::"&%g%gc c
- c
iS008, otoctagia, ol otisous. ol ucspnnn eci ot
£r SPUGEA ¢ ggtf&fgg{wgtiﬁggfgg%ﬁglsf&g%gg%%&&é%fg in
tcgt ccggca ggecgaggyc geeccgecge tggaccgoyt —egacgt €yt ¢

1320 g c g.st cc
Gt o R T N
ho&6¥6%§Q§aﬂe8&&8§Q§{£8nPGQCCQCCt9 cgtcgecggt gggcet gacgce
1332 t ggaagacgc cgcgcgggtg gtgtcgctgc ggaccctggc
pl &AL COCCHGR BE ast c@@éﬁGA§§§QCA§@§éﬁ@@&@@e@égﬁ@gg%ﬁu-3r
gt gaccgcgg cccgggaaca ggtcgaggag tggctgctcc
P14 8002990 £209AL b POCRECOEARTEACL PABCHGRRCACOARL SRT1 ©
gt ggtcgccg 13500 gcgatcccga cgcgcectggcg gaattccgceg
p1&SL 994 L §99 a6CIBEAECRTEEQEEIEEALRPERTCOLBREEEORC S

ggt cgattac gcctctcact cggcgcagct cgaggcigtc caccagcgac

plé&@@%—ﬁ?ﬁi 892692:66AGNEISLAnAE KPHEEEEECEARKEESSEAC -3
tacccccctg ctgtcctcgg 13680 tcaccggcca gtggctggac
aC OO G nGOAC AR HAE It Afn CRAIAAC Gl Gge 1 3440
gccggaccgt ggagttcgcc gcggcgaccc gcaccttggc cgacgggggg
foLRSEOEQt €6nd 8806nst cat cgaggt gagctcgcat ccggtgctgg
t cggcgcgat acgggaaacc ctcgaagccg 13860 tcgaggtcca
(PORICEGEE P 6n ITLGYOE CaEmpESTPEHHPa cgacggaggc ctgcggegtt
13920 tccggctctc gecttgecgeg ctcgtcaccc gggggct gge
stectTgastggriccakgeeéet 13980 gcceccggggt gagccg@agg
gacctcccca cctacccttt ccagcgcagc cgttactgga 1404
2x 4¢38cécaceygtoht GCtisggggtcyrcggagecgecy gtgaactcaa 50 pL
cgctgcggac tcacgcttct 14100 gggaggcggt cgacagcgag
dNTR cetgggcsogei ggccgas ggligehengaatbegacyacgdt4t68nd dcTp)
acgcgtcgct cgaaccggtc ttcctggcac tgtoctcgtg gcggcgacgg
caccgggtgc 14220 ggtccaccct ggacgactgg cgttateggg
t gacct ggca gccgctgccc ggcgccgeccg 14280 tcccgttgac
pldoeggbadgt2Et cggaydgat Rt HohL It 59gpRgl gatE cacgagyapy
14340 cctacgtctc ccaggtgctg cgcgggct gg gcgaccgcgg
pldgegabegpiyl Bt cacpttiast 1B4BQ125agbbganga/ptEgcgcgacl ulL
ggccggct cg ccgagcgggt ccgggagggg ctggccggag 14460
Mergyytgaghoteaceygcgt g0cngtphtt gc t ggcgtt gga cgagaggccy
cacccggaac 14520 atccggtcct tcccatgggc ctggcgctca
LA atadggeyrreygsgcdpytnlet GKZHACHOLBEBOS INC.) 1 pL

(Reaction temperature conditions)
95°C, 3 minutes 30
cycles

(98°C 20 sec, 65°C 30 sec, 68°C 3 min)
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aggacgtccg ggctccgttg tggtgcgcca cgcggggcgc ggtgtcggtg
ggccgat ccg 14640 accggctggg cagccctgec caggcgat gg
t gt gggggct cggcctggt g gcggeccctgg 14700 aacacccgcg
gcact ggggc gggctggtgg atctgcccga aaccgtggac gagcgggt gc
14760 tgaaccggct ggtgaccgtg atctcgggcc aacgagtcca

g ! ccccgggec 14820 aggacggcga aaacccgggc
723%13%3%%%@“%§cttgcggt gcgggcgtcc ggagtgttcg 14880

AR LT
{ ccgta
rGaRROret- RO N SRS 0e BTR R e
1 tca
oSS A0S PORMERESBL e RaAgg: o
A o S O R L SN0 Cr PRI IR 1R e ggac
2 .
e e R
QIAGEAYCEHSE L8, DAEOCEL T 6T k%ﬁtg§&§&ﬁNC&SF?a0988 ggﬁg%gégggith
15360 gcagcggcgg gcaggcgg acgccgcgy ccaacgecta

re &€ §OALHE Ce £d &§C§§EI%5§§8 S?ggggtcctc tatgggccag
accgcgacct cagtggcctfg gggt gcctgg ggcgggeccg 15480

99 JLacya 938934000 q§§%%§%% t qg%ggc

atggaaétggm€5540 acc&%%a C gc gtcé%%gggg%%ﬁ gc Egéé
th@ggéggé&aé-@&gpgggggsdgggsCgabﬁggléﬁgosegﬁehkegCgﬁown

cgtcgattgg gcacgcttcg tgcccggctt "cacctcgaac cggcccagtc

be 16660 r£961 981 €89, £8265558GCHn0RHE BGH98,RCHEICLGEn ces
ggaggccgac acccggcccg 15720 ccgtcgatca gggcgggtcg

foHCHsEtSH568 89CQ@?E999iﬁ?999&9598r9&985ﬁ09@§i%@Zﬁge gene:
gggagcgggt cctgctcaac cfggtgctca ccgaggtggc ctcggtactc

hy§otsasgeea 16848ccca96€6080aTA69LEHAEEPECEATEAEECEE
tccctgaact cgggttcgac tcgctgatcg 15900 cggtggagtt

hy§29S898RE€JY 1 gaacgecenedacaaadeicgcgaetgeeTagghkeggt cg
15960 ccttcgacca ccccaccccg gccgagctcg ccggccat ct

gcoggass i idcgcegeat udsd20o £6€ 98 Jat YA CREL JEEAt 9
cccgtgtcgg tgaccaccgc cggggacgac gaaccgatcg 16080
fotTaktayagengat gbast gc cggtacccgg gcggt gt gcg cact ccggag
gacctgtggc 16140 ggctggtggc cgagggccgg gacccgatca
(PCROAshttLOonCcadggadcgemggetggoala 16200 tcgaaagcct
gt at gacccc gacccgggcc ggtccggcac ctcctacacc cggcggggcg
Std62b8 pyetfteticgategacgcggcg gccttcgat c cggcgttoctidr,
ccggatctcc ccccgcgagg 16320 ccctggceccat ggacccgcag
2xcaguggutgetiont €gahgtf fgacgdigggag accctcgaac 1638GL
gggcgctcat cgacccaaca acgctgaagg gcagccaggc cggggtgttc
dNEPcgfgadcgol6446n cacacoticggctt daggegagTrggcdrceaead dCTP)
acgagtcgca gggcgt cgag ggccagcacc 16500 tgttcggcgg
ctcggccgec gtggccgcag gccggatcge ctacacgttc gdectggaag
16560 ggccggcgat gacggtggac accatgtgct cgtcctcgcet
hygg8ggérbtc (6t pingddef.) 16620 gccagt ccct gegcadegdce

gagt cctcga tggcgctcgc cggcggggtc acggt aat gg 16680
hyg2-SphR (50 pmol/uL) 1 ulL

Streptomyces hygroscopicus JCM 4772strain 1 pL

total DNA (100 ng/uL)

LA Tag polymerase (5u/pL, TAKARA HOLDINGS INC.)1 uL
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cacggccgac cgctttcacc gagttcagcc ggcatcgggg actgtccccc
gacggacggt 16740 gcaagtcctt ctccaacgcc gccgacggca
ccggct gggc cgagcgcgecc ggtgtgectcc 16800 ttctcgaacg
gctctccgac gcccgtcgaa acggccaccc cgtgctggec gtcatccgceg
16860 gcagcgccat caaccaggac ggcgccagca acggccttac
cgcacccaaczggcccctccc 16920 agcaacgcgt catccagcag

(ReFEEHYY PR g e ctoRt Lyt @3t c gacgt cgececg 16980
95 gt dETgE 97040 ¢ cgoegoct & cogacaggat. cgccoqiegderes
(O A gttty ¢ G geauicte Eagbt gneagntht gat caag at got Scagg
72 gt te Checceat 99 17220 aclogtecge coget cgta

25 oAtk e EghRbtgho e hygactancE 174067 BebAgHUAgY" PCR
{ tgt ,
U RO Gga gt bacae SORYchBeho™ Doat daae b guehbel gebe et ion
end Cgt§C§ g gcctccgecg 17520 aggcgggcag cat gt gcgac
é%%ggg?ggg cgctggccac cacccgagcc acgctggacg 17580

gadotet gy TAAD CegAgRL DALEGECCEL Ot L pgtEe e o
t 1770 tget gt .
o R ATRcapida SAETERhCEPghdRr nids BRhPhEsd g e
re 7700, 691t 59t S0hogesdan, 9p9et 9369, AGALILICYE o g
ccagciggac ggycacctgg 20 "accggcccct cetgcgggt g

3)gég%é§98§gwﬁgﬂaQSQEEEcﬁgéﬁaéﬁg geiﬁg@hgcgggelg§§04

accagaccgc cttcacccag gccycg cgcggt cga

coPPLOOCYC 9gLLfEECRE £ AiR40; E%EgﬁtﬁﬁkgvgggcﬁtgCgQakara
cccgatttcc tcatcgggca ttccgtaggc gaagtcgggg 1800
B1809ﬁ89?!9tT3592990959 ﬁﬁgtﬁﬁtkﬁg ¢GORGHCHRG293CRGLAOLT Ry
gt cgccccecg 18060 gtcagc gat gcaggcgttg cgtccggcg
foBCa6881 89hoH0E6L0LASaR86899h9898, 18120 ,Ag93a8LaGY
gctgtccctg gcgggact gg aggacgttgt cggcgtcgcc gccctcaacg
conB280ingCHRBYES! fa9aREIL gaLE LtEAl @9e9R%H 8998499689 6.0 kb
cctcccggtg gccgecgcact 18240 ggcgcgcgca gggccgcaag
DNACEEgLRERE LeAREILIAY @9@0g‘iﬁbh@nﬁaﬁ%g’;@c@ﬁ%egf%%gobetween
gt at ggaacc catgttgcac cggttccacg ccgtgctcaa aacgotttcc
DNAt €g668a8€s1836@ndcagccattcc cgtggtctcg aatgtgaccg
gccgt cccge cgagcggacc gaactgtgcg 18420 cggcggacta
Ex&hgQgt gegcIaatgteedde rabaadat ged veklicedkiateaacdt ¢aaed
18480 cgctggaggc cgaaggcgtc agcgcattcc tggagttggg
ingeeagacges ptaskhetcggub8340.7-6gabggkcey €@daslactbgiologous
gacaccagcc gccccgtggt cacggcaccg gttttgcgac 18600
regbgBéagtaencgat gt gt ct gccgcgttga cggcact ggc cgagccgcac
gggcacgggg 18660 tgccggtgga ctgggcgtcg ctcttcgecg
gctTigacspap s8ABgcggbergagetigtagnxadB8gl 1 and the

pPampsmAB-~-CLM, pPampsmAB-CLLM, pPampsmAB-CLFM and
pPampsmAB-TY constructed in Example 14 were digested with
restriction enzyme Spel. Each kind of DNA digested with

restriction enzyme Spel was electrophoresed (Mupid-ex:
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cgtacccgtt ccagcgggaa cacttctggc tggattccgt cacgggcagc
agt gacatga 18780 gcacggccgg actggcgtcc cccgatcatc
cgctgttggg agccgtgacg acggtggccg 18840 gcgaggacgg
cctcctcttc accggcaccc tgtcggtacg gacgcaccca tggctgtccg
18900 accacaggat caccggttcg gtcctgctgc ccggcacggc

R géégt £F1 o3 Mo SPNEEaEE 688 Revatee (a10-
RA G RS R aﬁcbgégﬁﬁﬁgéﬁﬁcé ST acober g1 Cthe
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00 aggccgagca ccctggcagg ttctccectgg tcgacatcg

24cg§C§gggﬁgdga9kegsgggz2Q§é§ pap9Lasl g8g ggegsggaﬁghygz-
gt atccgat g agccacaact cgccctgcgc tgcggccaga 202

pahgaangtoca- Rxgcgkgggg -t.ecalg9aednbsrasacdan- ﬁggt@kgggé—
gagat ccgcg 2028 acgtttgggg tgttgacggt accgtgttga
thnggz9ggﬁgsﬁABCGQFgLQXCbﬁangQQS329§4Q¥g9095ﬁ9§ﬁﬁg TY-RX
tcatctggtc gccgggcatg gggtccgtcg tctgtigetc tgcagcaggce
fo20800pogeggeecti garbaceeeg9gbmaega8t9gadsahagt €46¢68af by
gctcaccgct ctgggtgcgg 20460 atgtcaccgt ttccggctgce
dogatgchgnelogeagggatgrbgabggesgcyg ctcttggaca 20520
ccgttcccge cacgcaccct ctgactggtg tcgtgcatac cgectggtgtc
Exahpgat gacgIr0b8aucetaat gEcaempaceet ¢aet aseegagedear into
t cgacgcggt cctacgcccc aaggtcgccg 20640 ccgtgctcaa
Mecefictalichg dbghtggagaoabgboggettogpcaagebht gtgctcttct
20700 cctccaccgc cgggctcttc ggcggcgcgg gccagggt aa
ct dtlye ggesu JeLaq cokt? 5 20760h y i 2€PSgSOAB-RX | JIRGLBa-1.7.~
caccggcggg ccaacggcct caatgcccag tccctggegt 20820
hyg2-PampsmAB-CLM-RX, pKU253-LZ-hyg2-PampsmAB-CLLM-RX,

PKU253-LZ-hyg2-PampsmAB-CLFM-RX and pKU253-LZ-hyg2-
PampsmAB-TY-RX were each transformed by electroporation

into conjugated E. coli S17-1 to obtain S17-1/pKU253-LZ-
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ggggact gt g ggt ggacgcc agcgggat ga cccggcacct ggacgcggcc
gacctcgccc 20880 gggtggcccg ttccggectc accgcgat gce
ccaccgggga cgggctggcg ctgctcgaca 20940 ccgctcagceg
ggt ggacgaa gccaccctgg tcacggccgc gctggacacc cgggccctgce
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gga’ taccgey cgtcg cgc ggt ggcgtt

c c c caac
SO SRR, Lot Lpsogeec oot
do§8§9§&§§8§ %gggagcggg 22080 gcctggcagce tgatgggcgg
t gcaaag cgcggacgc tgccgacggc accggctggg 22140
c c t CCHC,_
R L R L e
111@ﬁaﬁgéggﬁoeggggeaagﬁteaﬁgghitg@ %%%GQedﬁﬁ&CQ%%gg%o Soya
tggtccttcg ctgcaacggg tgatccaaca ggcgctggcc aat gcggggt

bré&€320y3 580$998996 k89aL3LC AL kInEILIIREY CIGRCEYCRC For 5
gggaacccgg ctgggcgacc 22380 cgatcgaggc gcaagcgttg

hoBF6996ARCENACHYREATAC eGRILEA96GtBRCCUFCHEY 4244Q with 10
t gt ggct ggg ttcgctgaag tccaacatcg gtcacaccca ggccgcecgeg

mL.9969568¢€€012230Q 2186006l GRapRALAGE 9699 @EJRIFIGREGi11ized
acgggactct gccgcccacc ctgcacatcg 22560 accagcccac

wafggccagdic gast ¢uect-aGadeahdCadlspaaaddendCt ¢ oACeIARGEE] of
22620 tgccctggecc ggacagtgac cgcccccgec gggtggcet gt

thet 8CYcqybeUASRITCAGEY 222680 mARH-RKG ARAYC 10GACRSCAL T ~hyg2 -
at cgaacaca ccccacacac cccacacacc acccgcacct 22740

PafipeAABCCLI-RX3aISATCAY ARG TG yaQRaPlgicGed F3gII0RRXYJ

ccggtgccgt 22800 ggctgetgtc ggcgaagacc tcgcggacgc
517999680263 -0gcesYRcCanisgHAtAgUlFry-2X860hd S17-1/pKU253-LZ-
hyg2-PampsmAB-TY-RX donor suspensions was mixed with 10 pL
of the Mer-11107 recipient suspension, and applied to

Actino Medium No. 4 agar medium (Nippon Seiyaku). After 18

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

103



acttgcgagc caccccctat ctgcgttcgg ctgatgtggc gcattccctg
ctcaccacgc 22920 gttctgtcca cgccgagcgcec gccgtcttca
tcgccggtga ccgggatgag gctcttgeccg 22980 ccctggacgce
act ggccgac ggcacccctg cccctcacct cgttcagggc cttgccgatg
23040 tgagtggcaa gacggtgttc gtcttccccg gtcagggttc
SNAyc Yt Yygr gt gyeat ggedyur31DDfcot ghgét gebagpacgygettging 2
agcttttcg ccgagcatat ggccgcctgc gccagggccc 23160
g flg @€ chiPos gryyathgg Teeseggayg avgtbstadgatcagacgfac 7
ggtacgt ggc 23220 cactggaacg cgtcgaagtg gtccagcccg
daygct 9t gggeiggrthoggeoyceycregtgyant8288U2gaci.gtgyca-
ggcacat ggc gttgagcctg ctgcggtgct gggccacttc caaggt gaga
Pa@%@%-m?c g@K@%gécLZ tgegeyhegrgnafccetgaxgt pKggaaghz-hyg2-
cggagcccgc gttgtcgcgec 23400 ttcgcagcca agccatcgcc
PamppapiRct chﬁﬁgaﬁﬁﬁgé3CgéabygéteamﬁaaﬂBg65§M28X6®nd
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PK@%%%TE@C%&G%?,BQEPS@@@r@éa&égtaéagéatcm@gtgt- ggt ggt cg
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Pargfa%’g%%f%%a%aFEé@ééeﬁméaEéct’@mceQSBSQHOtSééééaﬂcggto 10
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gaggagcagc 2472 agt cggacgc cgcgtfgttc cacctccacc

ng PHECRGE Y6 E9ACRCOYRY ¢1O6RGIAYA 24480 %QQQQCBQEE.
gccct€tggcg agcgcggagc agacccggct gccgttcgcg tggcgcggtg

; 0 cget :g6099t,9 c t -
s1F4840ccHaneas! s, abogl g Solonsesse Logaolan.
hy§e683LgaCcE (a9t €99acpIdheant £6IvHECIRGICAE 124760

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

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

for 2 days. After the cultivation, hygromycin B-resistant,
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t ggt ggt ccg gccgctccga caggaggaac tggcggtctg gcaggacgcg
taccgcgact 25020 ggctgtaccg ggtcgactgg cccgagttgc
cggaggt ccc cctggtggct ccggccggge 25080 catgggecgt

cct gggcggg aacgccggeg gcat actcgg caccgat ggc t gggcggggt
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7/ 39 aggtgctgac cgcccggcetg gacctggtgt cgt ccgacgc
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C
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cttcttcggg_ccggtcgeccg 25920 taaccgacca gcgcatggtg
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seed culture broth was inoculated into 30 mL of main

cultured medium (soluble starch 5%, glucose 1%, Pharmamedia

3%, SoyPro 1%, adekanol LG-126 0.05%, B-CD 2.0%, CaCOs; 0.1%,

pH 7.5), and incubated at 25°C for 6 days.
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tcgtactgtt ctcctcggcc gccgcgacgc tgggcagcgc aggccagggce
aactatgcag 27060 cggccaacgc cttcctcgac gccttggcecc
aattccgcca ggcccagggc ctgccggcca 27120 gctccctcgg
ctggggattc tgggccggga gcggtgagat gaccggtcac ctgggggcect
27180 ccgccectgge acggatggca cgttcgggca tccccgecct
gaeggedad eC agg@eitd®r 6344 he eai1gtiteda &, CGgeAGEGul ting
tcgggtgtct gtgcgtcagt gctgccggta cggctggaac 27300
culltnaee Jgaath OEE GSOCHIC O JgPt £49i GE&E g8t 0 Ct Dgeyctgat g
cagggcctgg 27360 tgcgggcacc ggcccggcgg gt ggt ggaaa
am@AEC GAC GO YU geCHE € aragoatd@et 2 /42001 SELaaeVDEE D,
ggcgccgcetg tccggcgecgg accgcgaccg cgccctccaa gagct ggt gt
plaidd(b 1 ighd GCRt gSr GOSEACEG Ot I6d 0RPYSASE: DL I Y EE£QYy 1
at cggt gccc gcgcagcggg 27540 cgttcaagga gctcggcettc
plastdregctd@a Lagelal tgeo Dl dgCcOL aasr LgYSs E@as gt 2o 690-
t ggcgaccgg cctccggcetc cccgcgactc tggtgttcga ccacccgacc
po <icyictrg grageb @E6 o 1 4 gregghbda DciegIshagi agTigétcy
cggacgagat cccggtggcg ccgcaggttt 27720 tggaggaact
coguapyidtd YaggrQgegsit coecigydioxgl cagd cybepgacei 6cage
27780 agtcgggagc cgcggcacgg ctgagggcac tgctgaagcg
cagaircggaalcod igcatide gy 27840e cgg@hyghggas XY gc cgate
ggcctcgccg tagagctcga aacagccacc cacgacgaga 27900
medpttedceetHRaE cgdtigagngaggt aggyy acgh bt gasce gghoggt £gcC
tccccectca 27960 cccctacccc ccgcccggac tagcagcatg
Talyeg gagat e cifalt @ avt gaut gagac cgohd 28080s wégeceaafal lows.
cagagaccac cgaggagaag ctcttctcct acctgaagaa ggccacctcc
(HEghgna yasics ceamedl agagskbgeccg ccgggt ggca gagcet ggagg
cagcggaggc ggaccccatc 28140 gcgatcgtgg gcacggcctg
ccfvACEcg gttt dtP It tidPeggga ggacct gt gg 28200
cggttggt cg cggaagggga gcacgcgatc tccagcttcc cgacggaccg
cogctigguat DEEE s ot cffadied t ¢ atgacce Yhaoe cygan)
cggcccggca agtcctacgc ccggcacggc 28320 ggcttcctceg
acgbikgg@@f@c%jt tafac- Ycrfge giastonicggiglet ct& g cat grigalg
28380 gcgctggeca tg acccgca gcagaggctg ctgctcgaga
cgacgt ggga ggtct@ééagozé@ & aegtgeegyy etd%écé@gé& min)
at cgctccgt ggcagccgga ccggggtgtt cgccggcatc 28500
agccaccagg actacé@ggécééﬁﬁggggéé dgétg@géégméggtctccga
ggggcacctg 28560 _ at gaccggca ccgcggtcag cgtggtgtcc
a9 Ty et at gbct tMegBtRt ggaa 28620 gggccggeca
t gacqgt gga cagggcctgc _tcctcgtcge tggtggegtt gcacctggcec
28 © 'ggcgt gc%%%a%%g t gagt gcacg ctggcggt gg

CaggI 0P GHaGIug deet ggooco 09acogtoe 28800
GOGRANIEt o IBRHC  Hogt Gdae. Ottt ot cga cgegcacege
Fcddtes00 dodiitocabc MUt ct o cggogcccaa Lot ot cg
0 UgIae hgtd coat J90H0 RCUtGY covacdotac

gggaaccegy oot oaee, o9l peqgass 9c49gegLia 29100

Pladienolide D: 9.0 min

Pladienolide C2: 11.1 min
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at cgcgacgt at ggacaggc ccggtcggcg gaccggccgt tgtggctggg
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gacgaact ca tcatgctcac gccgctgacg ctgcccgagc atggtgccgt
gcggatccag 31200 gtcgccgtcg gcggecccgge ccacgacggc
cgccgceccgg tgcacatcca ctccagcacc 31260 tcggacacga
ccggcgacga acagtggacc ctcaacgcca gcggtctgct caccgtcggg
31320 atgaccgatc cgcccgccga tctcaccccc tggceccgecgce
agdeic g s Wldye at anry 813880t s ot € gavg gqolad tdmehade g
gctcgccgaa agcggctacg gatacggccc ggtcttccag 31440
degyrdd yeoe gorogdect ggatadtenggidacHyacaptbdtgnot adggtegand
gatccccgcc 31500 ggcgaccaga ccgacaccga ccgctaccaa
plzdienektdy €YcvececgaodycedcyougtBab60itbapfediendlide D
ccctcca cgacgaggcc ggggccgggc agctgctgec gttcgectgg
by ﬁmlg&%g@gghgw cgBepsmdlchgytoggtyccotiucgdcBhgemAB,
- tcgtcaaggt gtcccgtacc 31680 ggtccggaca ccat ggcggt
whike cgtgycéegathtedgedy: gbradecEgnpeydbachblyt cM8t740107-
gactcactga ctctccggcc gatggccatc gaccagaccg cccggagcac
ZX celyedaccRamBashB-Chhdgcergl 11 63c 85t ggyogct §gmpgsygB-CLEM
%cccaagccc gggagggcaa ccggaccatc 31860 cccctgtccg
angfegegtth? ' yéX gt byedy: jarpambBgfYatotcadutedcyttbeggcec
31920 tggcccgggt cctccgecgca gcggtctgec ggectcgegg
Pamppeiect o gBeRP§ehEacC3iY80PanpgnaByghEMcgytiaBengemAB-TY,
cgtggtactg gcgcccttcc tcccecggega tgecgegecc 32040
plattydentdy Bcyeegegadugedchegapgodegggenged cbgccgct ct
cat caagggc 32100  tggctgggcg acgaccgttt cacctactcg
Pl%@%%@ﬁg%%‘? fegredetegnt jgegeggegriadéenogidactageg
c acga actgcacgac ctggaacact ccacggtctg gggtctggtc
pl%gé%%gl% Bt cggeRe Byadeégagaadecedgyaaggetuegegerge
tcgafctc ctaccgggac 32280 accgtcaccg aactgccgga
ap%@%élaﬁ‘%"c%gyg%@a‘flea@*@eéact gEEgst r@é?é‘éggga@%ﬁsag that by

._gagccget gg gaaacctcc ct ggccaag ggcgctgcga tacaggatcc
L CGARLCHhGt " 35A00T *1 650506t PGSaL GBPACES! Dot byRPEABED
C accg gtgtgctg t gggct cgt c 32460 cccgtcatc
hyﬁ%ﬁgg%@gftgg g§§%§aac8%ne98%@§et st <Pty @géaleaatééa@gac
cctgatgcgc c c .ggago C gccgagctca .
or g Bet Y gob F bloUaroLe 1a0580 1 donureancs tor gegaege direct
accgg.ga ctgg.ccgggctctt caccgtt 32640,
Gt HE A e R G R SRR
27 t caccaccc .t cactcccga gcgcat cgac
pl%%g%%%%?é% gcggggggafl88a8§88588332760 ct caacct cc
at cagct gac ggcgcatctc ggcttgaccc gectttgtget cttctcctcc
32820 gccgecggge tcttcggecgg cgcgggccag ggtaactacg
cggccgccaa cgcecttcecctc 32880 gacgcactgg cgcagctgceg
gaagcggcag ggactgccgg gcgtgtcgct ggcot ggggt 32940
gcct gggt cc aggacggcgg aat gaccgca acgctggacg cgggcgacgt
cgagcggatg 33000 gcgcgcggcecg gtgtgcectgec gctcagccac
gagcagggcc tgaacctgtt cgacctggca 33060 gtggcagggt
ccgagccgcet ggtggcaccg atgcggctgg acaccaccgc gctgcgcgag
33120 tccggtgcca ccgtgeccgga gatgctgecgce gggttggtgce
gt gagcggt ¢ acgccgccgg 33180 gtcggaccct cgcacacgac
gt ccgccgec at ggcgct gg aacaacggtt gtcggggttg 33240
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9/ 39 gtcgaggggg agcgt cgagc ggcgctgcetg gatttggt gt
gtggtcatgt ctcgagggtg 33300 ctggggcacg cggacccgag
cagcattgag gagacccggc ccttcaagga caccggcttc 33360
gactcattga ccgctgtgga gctgcgcaat gtgctgcacg gtgcgaccgg
gttgcggctg 33420 ccggccacge tggtcttcga ctacccgacg
cctgcagctc tcaccgatca cctdtaaecgac 33480 gagcettctgg
gttcccgcga ggacgccgtg ctggccccga tcaccagggc cgcgtacgac
33540 " gagccgatcg ccatcgtagc gatgtcctgc cggtacccgg
gcggtgtctg cact ccggag 33600 gacctgtggc ggctggtggce
cgagggde g adsicyt tt anicygaet dacics g adgiace gcs 383660
ggctgggata tcgactccct gtatgacccc gacccgggcc accccggcac
mig¥eergeatem 33720ng cght fygygcyo gerodutgt t6egasycygag
gtttcgatc cggcgttctt ccggatctcc 33780 ccccgcgagg
hy&getyhceatrgbbde cgempgoeagde gyepgeseygtedgapathgatgtgghag
33840 atgttcgaac gggcgctcat cgacccaaca acgct gaagg
(Iycagccagge cggggtgttc 33900 atcggcaccg ccggecccgg
ct acggcggc cgcat ccacc acgagtcgca gggcgtcgag 33960
gcccagcagc tgttcggecgg ctcggecgcec gtﬂ-cctcag gccggatcto
gtacacgttc 34020 ggcctggaag ggccggqgat gacggt ggac

a_acggccaccc
caggac
cctcgce

ggcgt gehfc tcctcgageg getctcecgasg
ggtgctgpcc 34329 gtcatccgcg gcagcgccg

34440 gaqgt cgacg figaggc cfccgtcacc gggacccéccI
t gggcgcccc gat cgaggcg 34500 caggccctga tcgccaccté )
aca ac c cccgccgg accggecgcet gcggct ggge 34560
W*i‘%g cJEel% %%%lg’fégg %Xﬁgg%@%a@t%caéa YEEOBEYt SHEERY
gt cat caag 34620 atggtccagg cgatccggca cggcctcctc
an%cd@%.%? PRt agGt gga gcagecectcc 34680 cgccacgt cg

ac;%gt%gggaggggié%gvgggggéﬂggtca_égggﬁgcgat gccgtggccg

caccaacgcc, 34800 at gat ca agc
%%%% cgc%% gg%gggg% nt%%%%%g%g h%a%ﬁ%ﬁ%%bg
g aaacaggcc aggccgctgc cgatggtgcc
Fe R Goet oct 034530 T ChBbganh® tot cgoagge cot ggecgcg
caggcccggc gcctgtcage tcacttgcga 34980 gccaaccccg
atctgcgttc ggctgatgtg gcgcattccc tggtcaccac gcggtctgtc
35040 cacgccgagc gcgccgtctt catcgcgggt gaccggggtg

ounds

aagacggtgt tcgtcttccc cggtcagggt tc
cgttgagctg 35220 ctggacggct cggaggfittt
atggccqggf gcgccagggc cctggaac 35

(1)

(wherein R represents a hydrogen atom or hydroxyl group);
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tttgtggact gatccctgga ggacgtccta cgccagacgg acggtacgtg
gccactggaa 35340 cgcgtcgaag tggttcagcc cgtgcetgtgg
gcggtaatgg tctcgctcgc gggactgtgg 35400 caggcacatg
gcgttgagcc tgctgcggtg ctgggccact cccaaggtga gatcgcetgceg
35460 gcttgcgtgg cgggagccct gagtcttgaa gacggagccc
andgcgtt gt cgc gcttcgcagc 35520 caacccatcg ccgaaaccct
cgcaggacac ggcggaat gc tctcaatcgc cgcccccccc 35580
acdgacatiég sosest g athddat ey gy tdadgay ey ge ltypepedideg c
cacggt caac 35640 ggaccgcatt cggtggtggt cgcagacgac
havdeg Tt telpay Jredt o gy aen 3BT (8 ¢ Tl gag acitich
gtggtctccg caatcgtcgc atcccggtcg actacgcctc acacacccct
resw%%o t%argf@ AR e cegirpurdygetent eyveydectigye above
cagt gat cca gccacgtgcc 35820 gcgagctttc ccgttctgtc
fo t%%@c-ggcgoatggc tcgt caccac cgtgatggac 35880
gccgagt act ggtaccgcaa cctacgtcag accgtggagt tcgaagcagc
c§cccg@§bFeﬁﬁmﬁ}n%ﬁﬁxﬂkﬁ%ﬁﬁ?%ﬁﬂﬁﬁﬁxﬁﬁgpKﬂkﬂgt@@t@laim 1,
gagat cagcc. cgcaccccgt actctcggcg 36000 atggtccgeg
wheggige ditfy P eteice  chyt g cabergycbrcche ¥A cogaeding
36060 gaccgtaccg atgccactgc, cgcgttgacg gcactggccg
WhoRalgt gadtitf 'geabhy qy i BEAT 1 de gept e tP gbigegt EdR t
cttcgccgge tcgaccgeccc gggcgttcca cctcccgacg 36180
SYNREIEST A Hgtgtast Pet weRgtdey bRt v ghtRoTigyeagcag
t gacat gagc 36240 acggccggac, tggcgtcccc cgatcatccg
ettty Cogthach e B TYE I T6000 | Gabiegytelon
accicttcac cggcctgetg tcggtacgga cgcacccatg gctggeccgac
€P936 € g‘i%aa%%g@tﬁ?% SRt %g%%ﬁl@g“e%%@@%%ptlonal

t cgt.cqgaact ccgtccgg 36420 gccggggacc aggccggcetg
re%ﬁﬁﬁﬁ%@g&%“%%@f&ﬁ& C¥yct gct ggc tccgetcgta 36480
ctgcccgaag .a agcgt cagggt ccag .at gaaggt gg gggagcccga
cg Cac%%&c r?%%%l%%&&&%&ﬁ%@g&gﬂ} @%%C%&%gﬁh&lalm 1
gc ccc ccggc ga acgctgggt c 36600 ctcaacgcga
or gzil’gdvga gt t%g%g[é%ga e%%%@?%ga%d%]&c&%)ccﬁéﬁv? cttad¥cc
coﬁ% qggjltgccccccgg aaggcggt gt ccccgttccg ctggacggct
ccacgé%bg gctggcggca 36720 cgcggettcg gcectacggtcc
cat.t cc agc cgc gt ¢c_acgcggt gac 36780
o A e e e e TR et e
83RF9Y LopeR; 36040, . clegagecaq, act act cga cget goeet g
cacgccatgg aactccggca accccgeececg 36900 gccggcgacg
gt g tctccctgca cgeatc t
B e e S
28 BAYA LA Co POt 9A0RLT € {020 GG COAL gcca teggt cgece
ggttgcctca gcccgcetcge tggccctgcg ggagetctcg 37080
/ 3% d GGgACEh g5, 950C t c of ;
ettt cop Caneo PER S0 R AT P oes

49199P99¢ 09R0: 4 CLYTIYCL I8 gL c £gccggetgg 37200
gcggt gct gg gccccgat cc getcggegecg gccaacgccc t gaacct cac

kr999a§§§tééhég§$%bstﬁﬁ%f&éﬁf&eaé&&%%@g%toﬁgﬁggfggﬁgdes
at cgcggccg tcgacggcgg agccgeggtg
60269 to 65692 in the Sequence No. 1;

(a-5) the continuous nucleotide sequence of nucleotides

68160 to 66970 in the Sequence No. 1;

(a-6) the continuous nucleotide sequence of nucleotides
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cccgaggccg tactcgcgcec gtacgcggcg gagccagccc cggacgcggg
atctcccgcg 37380 gacgccgtac gggcctcgac cggccgggceg
ctgcaactgc tgcaatcctg gctgtccgag 37440 gaccggttgg
agcgaagccg gctgatcgtg ctcacccggg gggcggt ggc cgtcggtacg
37500 aqgaaggcg t caccgacct ggtgagtgcg tcggtccggg

6959@%ttg?gt%%?g } t ey gekr a3 B7SB: Necghycard ct ggcaggt t
ctccctggtc gacatcgacg accgggagga gtcctgggcc 37620

(a-gtle ctltfadeay eggjeqiee gyt c e lehdr gageeyeaget cyuckbet godes g
cggccagatg 37680 aaggtgcccc gcctcggetc cgtcgacgtt

727%4@37&(82%@% Jeee gRegjatree ¥ac B/ 740 agratippygtihereof.
tt acg%;ac cgtgttgatc actggcggga ccggtgtgct gggtgggetc
37800 &t FEEEFR Tt GHit e TeRgyeut e Qo dgyiClaim 2

tgttgctctg cagcaggcgg 37860 ggccctgatg cgccgggt ge
or g%rt 7 g‘%%c@%&g@e%ﬁ@%@t@mdg@m yrggaeva7oeother
. gtcaccgttg ccgcctgtga tgcggcagac cgggat gccc tgccceccgcet
1nchidfma FTOBOINGt Yeebht car ceorrttetty gyarehypgpeide

tgcataccg, ctggtgtgct cgatgacgcc 38040 actgtcacca
haéﬁﬂﬁ(éﬁﬁQﬁ%?i%@c@%gf%xbg%@%@@t%%ZY%%g@@Ebﬁht@gtcgacgcc

3%100 gcgct caacc tccatcagct gacggcgcat ctcggcttga

cCcgetHtPr FARIRAE BEABIP T It REGOFGER Gt Eegglaim 4,

wh T g e S the SRR bhr e Bare b€ o dbgbreeptide
ha i K I SRR e et ERe e BBsq0ot b1 g el SA
oM G i e Lt G e o t e ep e et gt yona
A e O o o B d b gt os S an g e ahaser =

va e G 0.t oogoget o0 teot ogagaae S ey

SR SRS D R R
1G4 ghacho 1 Lietebho ST (Pgcobirac: bogetatgete )
R R .
(b-CACCAAIACE, BEE80, 5 95 9L pegeide f@@&g%;g%t of gr"i‘&% S5t Pdes

acgcct gcag ctctcaccga tcacctctac gacg

1339908 tEeLQ £gaggacyes, gl getggecs. cgat caccag ggeegegt ac
39000 gacgagccga tcgcgatcgt ggggat ggcc tgccgctatc

(b-LHPY9AGI IS n 9ORL 6§ €& 9 B9 9??@@881’:@ of gﬁ@%gég‘gide s 420

cgccgacggc cgtgacgcca tctccgactt “ccccgecgac

to COOBYCE Y9 ACL 6GaPRY §5t Ctacgag cccaaccceg accacceegy
caccagctac 3918 acccgtgccg gaggcttcct gcacgacgcg

(b-aS00atd t &G RLLCE9RTL L SEL€089aL £ 32840 ECAGLILHE Qd?s 172

aggcact ggc caccgacccc cagcagcgac tgctgctgga aaccagctgg

to 303D 1.9239E COLYFRBEIPICIY SRl LARLLELnT CLACELL B
agggcacccc caccggcgtc 39360 ttcctcggcg tcatgtacaa

COact ageee RUEGHCAH A0 IUCRIICAA, AIRAM 3L &1 P40 any one

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

is a variant of DNA comprising the continuous nucleotide

sequence of nucleotides 1322 to 2548 in the Sequence No. 2
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gagggccata tggccagcgg tagcgcgggg agtgtggcgt cgggccgggt
ctcgtacacg 39480 ttcggtctgg agggaccggc cgtcgcecggtg
gat accgcgt gttcgtcttc gctggtggcg 39540 ttgcatctgg
ccgcgcaggc gttgcgcaac ggtgagtgca ctctggctct ggcgggeggt
39600 gttgcggtga tgtccactcc tgccacgttt gtcgagttca

whiggh geragt g0 ygggat goere 39680 1gdt gat gggsehgtyedafigom the
cttcgcggac gctgccgacg gcaccggctg gggcgaaggc 39720

Irgir eyt yet1aet ght patgcht tbgley: gacgcgecgee gcaacgggeca
tccggtgctg 39780 gcggtcegttt cgggcagtge tgtcaaccag

1) qacHedbEtad gehbe ggherejacyhegeequsn8dOcyat b fghect ¢otides
cgcagcaac gt gat ccaa caggcgctgg ccaat gcggg gttggcgggg

15%89‘0@) 1@%%9%@ ghedibigdchpggacggegganggdingggyaanteo acid
ggct gggcga cccgatcgag 39960 gcgcaagcgt tgatcgccac

othehchie adrgteeqyyt cgg cggaccggec gttgtggetg 40020
ggttcgctga agtccaacat cggtcacacc caggccgccg cgggcgtcgce

2) cygedthied 49080 wharaiggthe aggugacgcatgcaégygateotides
ctgccgeccca ccctgcacat cgaccagccc 40140 acgggccagg

16335t 4B9é tachest feadgtggagepgent gacegaggoatgemeeet ggid
40200 ccggacagtg accggccccg ccggttggct gtctcctcgt

othefgtlrRafcEhgPRsRaac 40260 gcccacgtca tcatcgaaca
caccccacac accccacaca ccacccgcac ctgcccaatc 40320

3) 3 dRedht tedceebagyiescenchBacegaugraggeacart cygetggt des

1oL 00R BG4 ecraneaiid: tace: Godandoanodipecancencyo acid
OB 00" Rat GLIABE Qoacegiott catcgecagt gaccauoaty
) ettt the0 oPitt Eante doot Lo bBAIPILBagRagE T A0BPBEOt Ldes
20 R Gageey D680 £ BUatdott CoggRgGRrPT BacanageaRe Jcid
o T A" Shat0r ota coocagaco acgotacat o gecact ggaa

) g £ S aRe gD Ab0a0C cRBBGRa g" Goar: fugaRotides
4092
208 I e RaS S bdct e gabrer Baa g degeagaBone acid

otﬂ&ﬁt{9589§585£5898?90a48980 caagccat cg ccgaaaccct
cgcaggacac ggcggaatgc ?ctcaatcgc cgccctggec 41040

6) e CAaa Rt £04 TR0 EeChiRL £0orRaCLag, BR80°08008 . £10FRbE95es

cacggi caac ggaccgca

25561 98CYE Y6 1ggasaﬁéggdcegngggggn4%§98diﬁ§99%9§%°C

gt ggtctccg caat cgtcgc atcccggtcg actacgccrc acacé%8c%?id

otHa220n,K2€89LE9ALQY cgatccgtga acggctcctg gccgacct gg
cagtgatcca gccacgtgcc 41280 gcgagcattc ccgtgcectgtc

Cage Ol CREL QOCIRM QU LEHALACESEH £ 9 é%¥§i¢'3€§ any one
ggag

gccgagt act ggtaccgcaa cctacgtcag accg gaagcaac

of0@£§£ﬁ§a§tt61690whé£8§509380D§ﬂ9§§§ggggnEéécb§C$£? above

gagat cagcc cgcaccccgt actcaccatc
is a variant of DNA comprising the continuous nucleotide
sequence of nucleotides 1322 to 2548 in the Sequence No. 2

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

group consisting of 1) to 6) below:
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ggt ct acagc agaccat cga ggaaaccacc gctccggccc ggaccctctc
caccctccga 41520 cgcaacgaag gcaccctccg gcacctgttc
acttccctcg cccaggccca cgcccacggc 41580 ctgaccatcg
act ggacccc cgccttcacc cacaccgagc cccgcaccac ccccctgcecc
41640  acctacccct tccaacacga acgctactgg ctggacacgg
1) @ygerteiged tyttygoeete w1700 ggagengycagccghcaechtot ides
cgagagcggt ttttgggacg ccgtcgaggg cgaggagtgg 417GQ
15%%9%&9%%%9 kT Beed cygcyt caden gengad ey cc eyt ¢ Cgact ¢
cgtgatgtcc 41820 gccctgtcgt cctggecgget ccgacagegt
€ TR tRRHHaRYg ctggegttac 41880 cggat ccagt
ggaageccgit ccccgececcc gtgtcggcac cggattccgt gtcgggeacc
2) AT HRA gty rereictlye seatgrcyget gachcygateotides
gaga c gcaagccgtg 42000 cggggcacgc tggagtcctc
16 g%%gfggb tygeedht tedt Hgt @ gegadn ggacedyye ctdpesoine or
ctgacgacc gggggtcgct cgaact gaaa ctcagggacg ccgcgaccga
Yogt ccg 42120 ccggecgggg tgetctccct get ggecacce
acgaacgtc ccctccccgg gcatgaggtg 42180 gtgcccgggg
3)gﬁéﬁﬁgEgﬁ%jc%%b%t@@%?eb@c@@%cﬁ@@u%%@¢g@@@g@fc@@gh@gél@es
42240 gccgcege, tctgggt ggg cacctgcecggg gtggtctccg
% g cjgfgf?é: Eydbeght %%g 25309 cgfé@%a@%@@gl@@c ggecte,
. t ct gg ctcggacggg tggtcgccct gtagcacccg
lsiﬁ%&gﬁg%%ggpﬁ%bbg%tg YL egatet 9E cehghybe ErRER accecgegege
t gt ggaa 42420 ctggtgacag tacttgccgc gtcgggcgag
4) g"gd“ ek tehce g&f%%ggig@cg?% g98gIa22B0CIGt @EL RgEfeotides

C c accc gcacgccaag tgccggacgg. cgtgcagtgg
2&%53%% i@%%c%%gggélgb%%gb?c tcﬁﬁ?@a%%ﬁﬁglﬁ?gb?%ﬁb%@r
. ct cgc aggt cgcg 42600 cggtggetgg ctcat ggecgg
lsé%%% %é%rggﬁgfb%gga ccagccgt cg cggcggcet cg 42660

cqgcc f g,cggcc ct gacggacgag ctgcttgccc_tcgggacgga
%) UG 42750 "Rctgbat g %%&gg%ﬁ@m gotides
cgcc tgct cgecega, gcacgcgce . agctc g ,
204 cavaclot toghithcted g cgaﬁént%m,wt PREFyheragine
ct agtcggttct gctgccgaag gtggccgccg
Oré%%ggg%%c %gacgggttg 42900 acgaaggacg caaazgggtc
t C ccceegecagg cgt get cggce .
6)gggg%%g%%%ja%g%%agﬁgée%écgﬁgc%%%u%g%%c%?gc%ft@??ﬁ@%E%@es
4 . gggccg act . cgccce cg.
o Caccigoy soatgt abbe cog: GorgDy as0u0" CPguccat g e
cy DEIRCAACHT; 99f £gaggaa cggctgecgeec acggaggagt ggtccccatg
43140 cgcccgcagc tggcgatcac ggcgctccag cagacgttgg
acego9egga QACHHCIH G ﬁz&ooo%acrﬁts%g Ca%&o@fogitﬁé%gbgany one
gccgcgcetac ctcaccgcgg tcacaccgcg cccatggcetgd

of JENHALE I PC: & YPAGGLEHE1 £ CRYICHEA ¢ r%fg?c&%%g @329@?905199%
tgccccttgec 43320 ggcacagccg ggcagggctc gtccctgcetyg

is OCCERACH € 5§t@1@zgg¢9&gpf£§9&%aeﬁ& 83380, Cﬁ&gﬂg&ide
gact ggt gct cgacctggtc cgtacgaacg tggcggcggt gctcggccac

sedddle Q€COHGE DEQY; QUL CO8S 508, 9P ££P9LC 90, ICEL L GEQCT no. 2
agctgggctt cgactctctg 43500 accgccgtcg agctgcgcaa

wh g aed 9IC 0 HCHISE AREHe FISH PEIOG s BELSACLREL 839FDom the

m

group consisting of 1) to 6) below:
1) a modified site wherein the sequence cgc of nucleotides

1592 to 1594 is modified to a codon encoding cysteine;
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ctggtgttcg actacccgag cgctgccgtg ctccccgatc acctgtacgce
gcaggcgatc 43620 ggttcggacg aggggcccgt ggcggatctg
tcctccggecg ccgatccgge ggccggaccg 43680 gacgacgagc
ccatcgccat cgtgtcgatg agctgccgtt tccccgecgg tgtctcctcc
43740 ~ccggaggagc tgtggcagct gctgctggec ggtgaggaca

) A gttt ofties B80T teegact tg gyt micipotides
cgccctgtac gacccggacc cggaccaccc ggggaccacg 43860

1635tk el Tt gt ed ced gr ceeden geiygediet t thrercyrgac
gctgttcggg 43920 atttcgccgc gtgaggcgct ggccat ggac

3) &d%dgﬂﬁd Gt YCTRRE S Hyagfar geRAABTB0°9 € ggfaget feotides
t cgagc C gggcat cgat cccacctcgg tacgtggcag ccgagccggce

1904300 © & kT gret cBacyC RREARI g cheechny or
tgccccagga accgatcgge 44100 gtggaggggt atctgetggce

ty gcg gccagcgtca tctccggecg tctgtcgtac 44160
acgtttggtc tggagggccc ggccgtcacg gtggacaccg cgtgttcgtc

4) cacg‘b%‘{]g%tecd AR W ERtYcHER $RPeHTTcaoggetthgelrotides

cggc gctccat agc cctggcggga 44280  ggcgt gt cgg
20 Rt X CRIRUOLe (T2 of GURRen (eged g al BRGHIRIC! o
44340 . gcggct gacg ggcggt gcaa ggcgttcgcg gacgcggcgg
5) e?cd@%%]c%g%?cstjg g W400° TR ReR YL E get tiepelgotides
c tccga C ,gccccaacgg tcacccggtg 44460 _
20 R d5E ol TCHOBEA CHoch taNG CHGGHLyB P coanbakEY
ct cacggcg 44520 cccaacggac cctcgcagca acgcgtcatc
gccaggcac tcgttgacgc cgcgctgacc 44580 ggtagcgaca

t cgacaccgt . cgaagcccac caccggga cccggctggg _tgacccgatc
6) Freht g CURagg CERT YAt it SeRTacg gt daghaRegheotides
C ccce 44700 c gct cgg, t caaat ccaa
25 MOAEE R PEATERT G cugaeoR Corediend drauroorine.
12/,39 a agat t.ccaggcgat ccgccatggc gtacttccca ,
agal?c‘ct thg% c%t%g%)cl 41%%006%5852‘8359 dhdty Claim
Ag9¢, 9¢ t_tgctgtcc ggccat gccc 44880
1’tgg cdbagé;%%g%%%%gg%vb %t?@%g g %%T%?%?ﬁ %%&?%gb%bt
4 cgcacaca_ccatc a g gcacct,
L L e B e 0 0 00 R0 e
&&£94869 t tgttct ccgctgccaC cgaggacgc
a0 CF GReagaaC hgceeench e GeRel Tl el ot b tlne
sp@gagecccga gecaagececg 45120 gcecgacatcg ggtcctccct
ggt caccacg cgtgcagccc ttgaccaccg ggcggtggtg 45180
ct agqt 9age aCQICIAGG %ﬁgﬂﬂg,% Lot g6yt get aa
cgggaagt cc 45240 ggté%ggbtg t gf%%%?é%&%gggﬁggggg%%alm
, @Qgﬂggggﬁévfﬁégﬁﬂ@aﬁﬁA4§§99ri@@?03§§gfa'?%
gccagcgact™ gggcat gggc agggagct cc at cgccacc gccggt& c
abcha36th t £ A 1Ed s 1IS9RYIRYGG 98 BLOCE 9% CHEAAGICAL: hed
aactgccggt accgatagcg 45420 gccgcgctgt tcgcgcaggc
undigat VO EAt GCH0BNE £ 8&h CYal 08r SACHYAGLL &5 45480
gcgcagccgg cgttgttcgec gctggaggtg gecgttgtgecc ggacgttgga
gt ict.gcggle 42%4hb iHLAIFCIDINIACHT U LA06H tHP claim
gt cggt gaga tcgcggaggc ccat gt ggcg 45600

1, comprising a host having none of the DNA described under

1

(a) and (b) above into which has been incorporated the DNA
described under both (a) and (b) above derived from

different species.
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ggggtgttct cgctggagga tgcggctcgt ctggtggtgg cgegcggaca
gttgatgcag 45660 gcgttgccgg ccggtggtge gttggtcgeg
ct ccaggt gt ccgaagacga cctcctgcca 45720 tccttgactc
cttggctgga gcaggaccgg ctgggtatcg cggcggtcaa cggcgcagca
45780 tccacagtgg tgtcgggcga_t gaggaggcg gtcctggcgg
tt gcgadde jEg T4 58 AT © TRy Yy e cagutitrey ttey any of
gctcactgtc agccatgcct tccactcacc tcgtatggac 45900
Claighfatlgdic gl accdptety the t ot ecetlyl gagggrat ceoyyan tgugga
gccggccatc 45960 ccggtcgtgt ccagcgtcac cggtcgtgtt
hawgarg ddie P eyt ¢ aer edee g chyacl 460091 t t et ygdt oyl
gccacgtccg tcaaacggtc cgcttccacg acgccgtcca gaccctccag
ma%d@cy?e SR reRpReeRrd Yt Yymabkeonglp cCEoaty a
ggcaactctc ggcaatggcc 46140 caggagacgc tcaccgccca
STIFgE R RI HiE cle? ateEcR copBcagagereygt ct gag 46200
accaccggct tgctcaccgc actggatcaa ctccacacca ccggcaccgt
ccddgactid§ 467600 iqadyc o ndRticdt e aurtiavador any of
tccacacccg tgcccaccta ccccttccaa 46320 caccaccact
Clajngydatigtal Tygeierate Qe catcione 9o tagee cl egeegictey
46380 tcaggagcca accacccgct gctgggggcc gcggtcccgce
hydrRyetly Jiafer YhEdR gebrOUBA 40P ES @?%@3 cy gelggtegrela (1)
t gcggacc cagccctggc tggccgaaga ccaggtcggc 46500
pe%g%g%%%?EQD¥g??b%%@%ng%E?g%%@t%egPéﬁ aeeggriegyt Blegggce

cgttgaccag 46560 gtgcgctgcg gccacgtgga ggagct gacg
re %&%ﬁh&%@gn%%ﬁ?%??ﬁ%%S@ck%gé@%@%lﬂ%?golnﬁﬁcﬁc%g?a%L t
agat acagct. ccggct gcge cgggcggacg aat ccggacg gcgtgaactc
Er]n%gweﬁt%ﬁ@ a%%gbgb@grgg Z%@ @%c@ﬁa@&%tgﬁh @‘?%’tég grfedlumr
ccga gaat ggacc . _cggcacgcca gcggtgta
cu g‘g‘l%@tgcg?%%gz%cﬁcﬁgg cégd?%% ctyh c%’%?? ¥ ;:%11&?][1@“9,68@30 t rl;)m)
ccgt at ggc.cccc agg cgccaccgag_ctcatc a, aggacctcta
Eﬂmgfg(: éﬁ%@2%%6%ggbg§@@c%gcgggcﬁ%c@gc?%gEgﬁ%EE%b%c and
ttcca c_tgcgcgccgce ct ctg 46920 aggacgcgg
th?gﬁ?%@c?? gg%%?@%%%tbsc%g%ggg%%cbﬁg%gkﬁcgﬂggfgg@%gccgg
c C_acccggcgce cf cgacgcc gccctccac
fo{%ﬁ%%%%d% g%g%%@%%gcﬁoﬁgbgb?ngcgﬁc?ﬁgi%tg%%cié?%ﬁg of the
C C cctggag c gttacc
e A et s S A et S It
fodGLcgaggac 47160 gtgtcgctgc tggtcgccga tggttcgggg
gctccggt'gg ccgecggtgaa ctcgctgaag 47220 ctgegcececgg
(mdFgg@dccga cctggecagt gecggtgtcg ccgactcget gttccggetg
47280 gagtggtcga aggcggtcga cgacgagccc ggccgggcecg
aaGEHIPICA 53559&9905%,9 g4_L71§c4 se aJt.&,g ergarr?qufé:%&t gCCaCO3
cgacttcacg cggggcgadg acggcgt cat’ cat’cggaagc 47400
0.18ccegoAca tggccgegtt gaccgacgcg ctcgacaagg gagtcgecgt
cccgaaccgg 47460 gtgttgttgt ccgczggggc g?aggaggag
HERY HRCEAYROCACHSH Y + $859RICICY gt ggacaagg
( ccacgaacgc gctgctcgcatgtg%?ccagc agt ggctgtc cgacgaccgg
AT5RG i ddCcaaciterd 2 C GAFUCt gg6,d 9t gct gacc cgt cacgegg
t gt ccacggc tgggcaggag 47640 "gacgtgacgg accttgccca
COGIGHIEY BH8IaRCt Chid agst £908 HCAGHS I8 4409 1m)

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

25 min)
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catcccgacc ggttcgtgct ggccgacacc gacggcaccc agatcagtca
cgctgccttt 47760 ctgcececgett tgectgtccgg tgagccgecag
gt cgcgctgc gtgacggaac ccggtatgtg 47820 ccgcggctgg
ccagggccgt tgggtccggg gacgggccgg tggcgcgggt ggacccggceg
47880 gggacggtgt tggtgaccgg tggtacgggg actctggggt
ct fdgtt dg¢cadgattlt/gnia7940 gtggttgagc acggggt gcg
gcggttgttg ct%%tgagcc gt cgcggcgg ggagt cggag 48000
gg%ﬁﬁﬁéd@%gt gatgyamt gaget gacc gggat cgggg cggat gt cac
ggt ggcggcg 48060 tgtgat gt gg gggaccgggg ggccgtggeg
gaditgettgerc atpglgatet:icd ggccggt cat 48120 ccgt t gacgg
cggtggtgca tgcctcgggg gtcactgatg acgcggtgat cgaggegttg
48180 Ui ttGERFETE Wt cdyceg ggt get gcgg t cgaaggt cg
at ggggcggt caatctgcat 48240 gagttgacgc gggggct gga
t ctigt-cgde gatthast Ctligtpltct?i‘%ﬁlt’tﬂgg]&‘g{}cﬁﬂgfgltcg: gnzrasmfttt lt
tt cgggaat c cggggcaggg caactacgcg gcggccaatg cc ct gga
ma‘i*’g%&‘?@g%@ﬂ&%‘a@%s HepEggeyeed g@goglgag%@r@@ ggcigeer
cggt cgct cctgtggtgt gt gggaggag gccagcgaga
Pha iRGAROr 5t 1 GPe G0t Gebhabet gy tooarat gt ot cert BeYYCor
48480 ctggttcccc tcaccaccgg gcaagggctc gccctcttcg
the&%rgc%%rc%%g cRakagarb ¥8sab MiaEeeEse phSTagtgetghny to

aggct ggac accccgceccc tgecgetccge, caccggacag 48600
anl%é?ggcggﬁ%%gjgcb% %@c%ac%g‘aué%ggg&lclégerg%@@agre@@lum, and
ccggacgcc, C cc. 48660 _cccgcaccgg acccggccgc
thel ket %%Jabl%gg%gﬁggéélt%@ﬂée%@% EQTRYERDE grAByPeented by
c ccag ct gct accgtacgc ggccacgcgg ccgccgt gct
the JoTaCt R  B7B0° QULtennaag: Edht Chat gh L cone aabode
: httca ggaag cgggcttcga ctccttgagc 48840 gcggtggagt
the e Yyaaccg got gacgt cc accaccggge tgcggat goc ggecaccgt ¢

S350 i S ool B i
v §ee00ccy Lhgibtasta baoUncoL0 ut coatanca «ggacyt coa
coacit ool SR PRTHE art RT b aguttratpahe
Y 00 CGuanti Cany CURLOROETE GLbt ChaRot ChcObpaRbalD
o et Gt Cboabgadct” ot Gahater s b COLCbuty Hgsor-Ly
meSSAL£086 06 0L 0160020 1 CAEROEY, BECL09ELO, paaCat coag

gagct ctacc 4 acccggaccc ggacc g ggcacct ett

r e C1 _49 o g
o SRS B70002-gRRaNICL T GERLIRON- 540D, SOREIUROLL,

h &%%%&b 2969198t 9et et 9 gaaacggcat gggaggcectt
ycgagcgggggﬁggta cgacc 49560 cactccggct ccggggcagc

CYAGL.CIFE T 4 Al 469t CODGI Sl AL ARCYACT AGe AR
t cacccgcct ccggccggec cccgcggact ttgaggggca gctcggcaac

nudBEROLHYE 08 49680 96agGO1 £O€18a5CTFSS90,CHEPECEACA, o
cgttcgggct ggaggggccg gcggtcacgg 49740

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

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

1) a modified site wherein the sequence cgc of nucleotides

1592 to 1594 is modified to a codon encoding an amino acid
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t ggacacggc gtgttcgtcc tcactggtcg ctctgcacct cgccgcccag
gcgctgcgca 49800 acggcgaatg caccatggcg ctggcaggcg
gggt cgccgt gat ggccacc ccggggeccct 49860 tcaccgagtt
cagcgggcag cgcggtctcg cggtggacgg ccggtgcaag ccgttcgcecg
49920 cggcggcgga cggcaccggc tgggcagagg gcgt cggcct
Othef gbryyt 2TgaBEBBEt ¢t 49980 cggacgcccg gcgcaacgga
cacccggtgc tggctgtcat acgcggaacg gcggt gaacc 50040 _
2>a@g%%%@?@%dcagéagaggéeéﬂga EgEeaueraat ggecefcnugéagtages
cgtcatcc 50100  ggcaggcact ggcgaacgcg ggcctgtcgg _
16%%9%%9%@67 ¢§atgey g@dgg@géa@QgQRSQQGlegﬁaéggg@gco acid
cccgctg gg gacccgatcg aggcccaggc cctgatcgcc acctacgggc
otigboph gg@%%@@@@én@gccggccgg ccgttgtgge ttggttcget
aagt ccaac atcggccaca 50280 cccaagccgc cccgggcgcc
3)g%cﬁagbgéﬁdt@éggaW§§FeéEa§§§cﬁ?@uégééaégggQ%SOE@@eOtldeS
cfcc agcct gcac atcgacgcgc ccacgcccca ggtcgactgg.
19@ gbﬁcggﬁg %égﬁedlégaﬁgaaaétC@gpaa@egagl@ecﬁﬂge@gﬂo acid
cacgagac c acc%gccc cgcagggcgg 50460 gcttgtcctc
Ot@%?cbgﬁgtﬁrggPéB acca acgcccacgt gatcatcgag gaggctcccc

50520 C tcccgagggc gtgacggcgc gggcgccget
1) aa0gtieag ggg?%g@%@FegGS%ge asapsapetegag@égggggeotldes
t a ggcc cag ctgcgctcct , ,
2031 CPa 00 dognEagaaet Bgt acoggnaogodt BgacrBtapcagic
50700 at cggcgtt ccagcaccgg gccgtcgtac
Ot?%é?ﬁg%ﬁggrg&ﬁéagfgtc ttcatggccg 50760 ggct ggacgc

o T R e
aacC , .
2ofE SRR SERANTEe O A LEAgRe oo

t tcc C ctccC Ccgaa
o+ BASERR!8.E3LEARL00 | gaaigacey augl sty ol ot o

: ccgaactat 51060 getttcctt .
6)Eggééﬁéggédggéé%i8@%86?ec?§sgssguspe§cggége%gaggﬁsaeéaes
1 - : agct .aggacgccgc .
25 6013608 seonroiateaoRedstEhERSEheaRBELEREEHE e
otGLBOERgHCEggggegcaat gctgtccttc gccctgecga 51240
aggcacgggc ccaggact gg at gacggggc gggcggaacg gctgtcggtc

gcocsggct £a, 21300 @f9§@&088%%§£§§g§tg%@ 858@%88@&9
acgt ggacgc ggt ggaggag ctgcgggcgg 513 agctggeege
nu€98g€948t 9e64edteCg¢a98¢Eheggalk %@@%t@899%4%CQéa§ﬂ%Ct

51420 cgcatgtgga gcggatccgc acacgtctgc tggcggcgc
Se§HE6E69MLC BCGRGEAUARER1480 thgcgggétmgaﬁ%g%gzgﬁtes

tcgtccgtga ccggtggtcc cat cgacacc acgaccat gg

se@é@@égagkamCEgatagagg agnctigeqds 89a699tg9q)aLkegaccag
gcggt ccgca 51600 cctcgatgtc cgacggctac cggttcttca

1) 1 60ROEEEABACEEHEAGHEH 8hI6hEaceRuRAEE0 ¢eI8gCALEIRot i des
ggagaccgcg gagggcgctg accggttcgc ggcggeggtc ggttcgetgce

15562728 1ggqg§bcagai%qgagg60accaa%agghb%aih%aepg%gghe,
cgcggaggct cacgtgcgcg 51780 gcgtgccggt ggagfgggcg

megh@ah@htCcercp@aceaasc cgtgagtcag cccgatctcc 51840

2) a modified site wherein the sequence atg of nucleotides

1655 to 1657 is modified to a codon encoding threonine or

serine;
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cgacgtactc cttccagcgg cagcggtatt ggctggcccc cgacacgttc
cccgeccgacg 51900 acggcggcgg cgacgaacgc tcggagacgc
ggttctggga ggctgtcgag cgccaggacc 51960 tcggcgaact
gagcgagacc ctgcggatcg gtgacgcgga ccggcaggcg tcgttgggtg
52020 agttgttgcc ggccctgtgg acgtggcgtg agcagaaccg
3) qr degrtleed gt tee gggene 52080e getgguggt agccgfghetteotides
gcggeccg tctccececgge gtccgatcca ggecttgecgg 52140
19%£ak%tb%%g batiegd ot ed ctggegggdan cgycgdacgal geaihgggcc
agcgctct 52200 cccgagccgc cgagggcctg ggagaccagg
lSéﬁ%ﬂ%@@@gtP@@b@@@gggzraggg@cgaaghSQQB@lancggccggga
ggagt acgcg gccaggctcg ccgaggcggc ggccggcggt ccggtggecg
1) 523094 'E%@@g%tt@cwh@rgencghe gegyengagggagefggegyaotides
ccgaccc gtgtg cc 52380 cgtatgtcac cagcacgctg
20 %a%@t%@% h@g@@%tgggdceacgcggggnaenggdgngclsadﬂﬂe,
14/ 39 cgct gt ggct ggccacccgg ggcgeggt ct cgat cgggceg
ls%&%%@%%%a@rcﬁgﬁié%@gt 52500 cgacagccgc acaggoccag
ctgtg cc tgggccgggt cat gggact c gaacaccccg 52560
cfa?fg At yybet heregat ehgcegguagaeggtegalcysetgoyiges
acggcccgge 52620 ggccggcat cctggccggc ggtctcggcece
20%%9%@g%§§é @%g%@%@é%@dcg@técﬁ@égnsgeegdlg@gpgeaygalanlne
acggcgtctg gtccgcgcac cgctcgaccg gcgagcgcgg aggccgtcct
oL 5%Fubie ggeadacgt ¢ ccgtacggec ctggtcaccg gt ggcaccgg
tc cgcacgtcg 52800 cccgatggct ggcgagcacc
6) g%%@%‘éfggﬂagdg%%%@ggb%ifeéac*éa@cagguegégg@é@g@%wee@eotldes
ccc acgag ctgtgcgccg aactgtccgc cctcggggtg
g@?g%ggg g g%%d %b@?g@@o?gC@@Q?g?@?@@1630@955a@@lner
act ? C,cacatt gca cgattgaccg 52980 ccgacggcca
Cy%%. % cehtiag @P@g Sc atgccgccgg ggtcagtacg cctggegege

g% agdgqgc acct gggggg%%ag agttcgccg(g%gccq%g%g
nu9§C§€b%%8?ea? 8% S S é%é%i?éfé§4§SiSQEEsac
segEhEEiage gathrebgtavec i?éagééé?éégg%C i5ieacaores
se@%%@%@cggg?gggg; 9586 gttt CCﬂéai2agéigfcﬁeiéﬁigfcgag
1) CE3H3980:CLOBBUEACH-S400, BUSRIREN! LLLOOCHO Do s

gccgacatgg actgggaccg tcc ;
C C C a CC Cc cag
S R LR L R R 8§gsg§§§&§g'
c e g u a ggtc a  des
) e e e P e ERRe el og chb 2Bgtig

tcgg; ¢t gaggs
16§§S§8c%§??t%égéggé?%§8%%§880Cé§?$§é§§?815§t%%%cg%lner

3)9&9&@8@%98d9§§§8CQﬁ@EeQBagﬁggggquBEQQQ E98f5§7 gotides

cgct gcccge caccctggtc ttcgaccac cgatgc ccg cgerctgges

19@£9€3t €686 §§8£Qdigggatgeggtcghgﬁgggggalﬁaggeﬁgﬁﬁé or
cgccggaacc ggcgcgggcg tcggcaccgg 5

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
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acgacgaccc gatcgccatc gtgtcgatgg gctgccgttt ccccggtggt
gtctcctccc 53940 cggaggggct gtgggagctg ctgcetgtccg
gccgtgacgc catgtcgtcg ttcccagtgg 54000 accgaggctg
ggacct ggac agccttgccg gtgacggccc cggacagatc ggcggcggtt
54060 acacccttga gggcggcttc ctcgatgacg cgcccggttt
203y dcyctfiely &3 gredyhged 54429 codorgengodihgasgegglglanine;
ccat ggacc cacagcagcg gctgctgctg gaggcttcgt 54180
allgggaggcctt cgaacgagcg ggcatcccct cggccgacct gcggtccagce
cggaccgggg 54240 tgttcatcgg cgcttcctca cagggatacg
) gt crd cytygaghere ye gylaaggaguedd80ct ¢ cgAgygateot ides
t gt ggt gacc ggt aacgcgg ccagcgtcat gtccggccgt ctgtcgtaca
25%ﬁﬁﬁﬂ)5%%&t%@gﬁ@@gég%@gﬁac@gcgdegteacg@imggm¢aht@mine.
gtgttcgtcg tcgctggtgg 54420 cgttgcacct ggctgcgeag
gegtitge de@AoRprfagty wwmadtddet Ctggoyggoy: 544 8mA
gggt cgcggt gat ggt gacc ccggccgegt ttgtcgagtt cagccggcag
acRygHgutt oy aB40f Chytrgat §gtgcygt gcaaa gecttccegg
acgctgccga cggcaccggc tggggcgaag 54600 gcgtcggt gt
gctgctggtg gagegtttgt cggacgcgcg ccgcaacggg catccggtcc
54660 tggcggtcgt ttcgggcagt gctgtcaacc aggacggggc
cagcaat ggt ctaacggcgc 54720 ccaatggtcc ttcgcagcaa
cgggt gat cc aacaggcgct ggccaatgcg gggttggcgg 54780
gggcggat gt cgat gccgt g gaggcgcacg gcacgggaac ccggct gggc
gacccgat cg 54840 aggcgcaggc gttgatcgcc acctacggac
aggcccggt ¢ ggcggaccgg ccgttgtggec 54900 tgggttcgcet
gaagt ccaac atcggccaca cccaggccgc cgcgggcgtc gccggcegtca
54960 tcaagatgat ccaggccatg ggtcacggga cgctgccccg
tacgctgcat gtcgaccggc 55020 cctcgtccca ggtggattgg
gaagccggcg cggttgagct gctgaccgaa gccatgccct 55080
gccccgaggc cgaccggccc cgccgggcag cagtctcctc gttcggtgtc
agt ggt acga 55140 acgcgcacgt catcatcgaa cacgccccgc
aggt cactcc cgcctcccag gccccggaac 55200 cggtgaagtc
cccggat gct gtggaggctg atcgaccggt cccgtggctg ctgtgcgecg
55260 gcagtgacgc ggogttgggc gaggtggccg accggctggc
cgcctacgcc gaatcgcacc 55320 cggaggtcag tgcggccgag
gtcgcgttct cgctcgcgac cacccggtcc ctgttgeccgt 55380
gccgcgecge cgtcgttgge gcggaccgcg acgagctggt ccagcgcatc
cggtccgt gg 55440 gcgggggcac caccgccccg ggcgtcttct
gccggacggc gagttcggag tgcaccacgg 55500 cgttcctgtt
ct ccgggcag ggcagccagc gactgggcat ggggcatgag ctgtacgccg
55560 cgcacccgga gttcgccgag gcgctcgacg aggtctgegg
tcacctcgac gtgttcgtgg 55620 accggccgtt gaaggaggtg
ctgttcgcgc aggcggat gg ggcggat gcg gggctgatcg 55680
acggggcggg gttcgcgcag ccggegttgt tcgcactgga ggtcgegetg
taccggaccc 55740 tggaagcatg gggcatcacc cccgactatc
t ggccgggca ctcccttggt gagat cgcgg 55800 cggct cat gt
cgccggggtg ttcagect gg aggacgccgce tcgectggtc acggcgcggg
55860 ggcagctcat gcaggccctg ccccgcggtg gcgcgat ggt
ggccgtccag gcctccaagg 55920 acgaggtcct ggccatctcg
- gcgccgt ggc tggaggggga cggggt cgge at cgccgecg 55980
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t caacggt cc
gcgat cgccg

cgcctcggtc gtcttctccg gggacgagga agccgtcctg
56040 ggcactggcg ggcacacgtc cgcaagaccc
gt cggct cag cgtcagccac gccttccact 56100 caccccacat
ggat cccat g ct cgabQUNEE 1 £8Id8&@gggt cgt cgacggec at gcaccttg
56160 tcgagccggt cattccggtc at ctccaacc tcaccggtcg
220 tgaccagcgc cgactactgg
2”8>C§;F§ g% A!P @@g Ligt ccggttc cacgacggcc 56280
tacagacc gcacgatcag ggcgt cacca cctacctgga

<120 ReCPY PRbt 10 oEQE EAABfs éﬁ&ﬂw@thoﬁg%ew&ﬁkg&gﬁé&sgm%ompounds

gusotggHucmicoeaghismea caccgtctcc accctgecgca 5
aaccagcc cgaaaccacc agtctgctca ccacgctcgc gcgactccac
QSO%%@%UE gta 56460 ccacccccga ctggatcacc tacctcaacc
0509§6&99gfﬁg at ccccgaca ccgctaccca 56520 cctacccctt
<151 g cgctactggc cgcgcggcga tgctcaggcc gccgatgtca
5 580 gctccgccgg cttgtccggt gcgaaccatc cactgctggg
<160’agécgcggt c ccgctggccg 56640 acggcgacgg ccatctgttc
accgggcggc tgtcggcacg gacgcaccgc tggctggeccg 56700

<NO%% ccaggt cggcggcaac gtcgtactgc cgggcaccgc cttcgtggaa
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atggtccgeg actgectgga caccageege coggtggtea cggecacccac cctecgacgt 36060
gaccgtaccg atgccactge cgegttgacg geactggeeg aagcgcacgg gcacggggte 36120
coggtogact gggegteget cttogecgee togaccgeee gggeggteca cotgecgacs 36180
taccecttce ageggcaaca ctactggetg gattccggta cgggcageag tgacatgage 36240
acggecggac tggcgtecce cgatcatceg ctgttgggag ccgtgacgac ggtggocgge 36300
gaggacggee acctcttcac cggecggotg teggtacgga cgeacccatg getggocgac 36360
caccagatca ccggttcggt cotgttgocg ggcacggect tegtegaact ggocgtecsg 36420
gocggggacc aggeeggotg cgggegggte gaggagetga cgetgotgge tocgetegta 36480
ctgoeccgaag agggeagegt cagggtcocag atgaaggtgg gggagcccga cgocacgggc 36540
cgecgeacca tcgaggtgta cteocteggac cageaggecec ccggeecggga acgetgggtic 36600
ctcaacgcga gegggatget tgecggcgaa coggtggage ccccgecgag teotcaccace 36660
tggecccogg aaggegetat cocogttcog ctggacgget tocacgacog gotggegeca 36720
cgoggottog gotacggtee gacattccge gggetgageg cogogtggte acgeggtsac 36780
gagatcttcg ccgaagegge goetcccoteg ggccatcgge aggatgccge cecggtteogga 36840
ctccacccgg cgotactcga cgetgecctg cacgccatgg aactccggga accccgeccg 36900
goccggegacg gagtecgget tecgttogec tggaacgget teotccctgea cgegtegegt 36960
gocgaagogg tacggetgeg cotegegeeg acgggcgeog acgototgte ggtgacecte 37020
geocgatgeca teggtogece ggttegcctoa geccgeotege tggocetgeg ggagototeg 37080
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agcgcaggcc agggcaacta cgcagccgece aacgectacc tggacgecct ggecgaacag 43020
cgcagggeog atggactggt cgoccattecg atcgectgeg gegegtgega cggegetesg 43080
ctggocgteg gogacagogt ggtcgaggaa cggetgegec acggaggagt ggtccccatg 43140
cgeecgeage tggogatcac ggegetccag cagacgttgg accgggogga gaccgeggte 43200
gtcatcgetg acgttgactg geegegetac ctcaccgegg tcacaccgeg cccatggetg 43260
goggacctge cggaggtege ccaggecctt aacgecgacg acgeggetgg tgoccottge 43320
ggcacagecg ggoagggetc gteccegotg gecgagegte tetcocgggeg cecggeacce 43380
gagcagegge gactggtget cgacctggtc cgtacgaacg tggoggogst gctcggocac 43440
geeggtgegeg agtcgatcga gteooggcegg gecttecgeg agetgggett cgactctetg 43500
accgeogtog agetgegeaa caggetgget geggecaccg ggotgegget goccaccace 43560
ctggtgttcg actacccgag cgotgeegtg ctegecgate acctgtacge goaggegatce 43620
ggtteggace aggggccogt ggeggatetg toctocggeg cegatcegec ggeccggaceg 43680
gacgacgage ccatcgccat cgtgtogatg agetgecgtt toccoggogg tgtetectee 43740
ccggaggage tgtggcaget gotgctggee ggtgaggaca cgattaccgg gticccggac 43800
gaccgggact gggatgtcga cgeccctgtac gacccggace cggaccacce ggggaccacg 43860
tattcccgea geggegogtt cotgtecgac geggecggtt togacgcgac gotgttogeg 43920
atctcgeoge gtgaggecget ggocatggac cogcageage ggotgotget ggagacggca 43980
tgggaggtet tecgageggge gggoategat cocacctogg tacgtggeag ccgggecggc 44040
gttttegtcg ggaccaacgg ccaggactac goccgecatg tgccccagga accgatcgge 44100
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ggogtgtege tgatgtccac cocggoggeg ttegtggaat tcagecggca geggggacts 44340
goggotgacg ggeggtgcaa ggogttogeg gacgeggegg acggcaccgg ctggggegag 44400
geggttggeg tgotectegt ggagegteotg tecgacgege gocgoaacgg tcaccoggte 44460
ctggoegteg tacgeggeag cgecgttaac caggacggeg ccagcaacgg cctcacggeg 44520
cccaacggac cctcgeagea acgegtcatc cgecaggeac teogttgacge cgogetgace 44580
ggtagegaca tcgacgeogt cgaageccac ggeaccggga ccoggetggg tgaccegate 44640
gaggegoagg ccctgatege cacctacget caggaccgee cggegaaccg goccotgtgg 44700
ctgggetogg tcaaatccaa catcgcacac acgcaggeeg cegegggegt cgeeggegto 44760
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cgeeecgete
ccgecegegg
cctetgecag
aaaggggtgc
ccaggecctg
cggaagtgag
ggtcccccag
ccgegtagge
ggtagetgte

s

Cﬁmt@ﬁ@ggaﬁct@ ﬂaa@ &ag@&cﬁﬁ cER
Lehgaddgacg\cat tEygtthedgobascdts @ttoeucét Q:cé@g%c
éggggtnt ggvﬂzgtxgebcgcnIaQEHiganL@tg
a@g C
C

e

ggﬁ

acatgctca
ttcaccgeeg
ctggaccgge
ccgaccactg
cactggtcca
gogatggtceg
ctgeteacca
gtggegacgg
geceggtacge
acgctgetge
cteccggeaca
gtectgetet
ctcgacatcg
atecggcgece
ttccecegace
atccgeggee
ccgteagtgt
ggtgettteg
ttccagggee
ctceggegac
ggegtegccace
agecgggatic
gacacccgeg
ggagactteg
cggtggagtg
gteggtoget
taccgagatc
ccggagggtc
atagggcagc
gaggacatcec
ggccacgtgt
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acagecgacce
gcecgeataga
tgagtcccgg
tgatctgoga
atgtgetgst
cctatctgge
agctggtgca
ccttectget
tcactctget
ccggegogat
ccetggagee
cgetgtecte
geecgtoceat
cgetegecag
tgeggetoge
cggaateget
cggteceote
actacctegg
agecggecoct
cagttctecg
aggtcecgega
tcaaagaagt
cgaagecggt
acaatgtegt
acccggtgece
tcgagggege
CCgECLecce
cttacgtgta
agcaocggges
gcectoogggt
gecgaggacg

géceg HECWCCgHt gto@ﬁ&C@@C
gclgaacgegseBzOcgacgagogg

acccgaccac
acagcttege
tcaggaggtc
actgctegge
gtcogaccgeg
acagctcatc
agccaccgac
getgtocgee
ccagaacceg
cgaggagcete
ggtegaggtce
ggcgegeccec
cgggggease
getggagggce
ggtccegeeg
gecogtggty
tcecccatace
cgatctgeoog
ccacggtigat
gtaccgggat
cacggcccag
ggegoaccgee
cgtagaccag
agaacgacge
ggaagtcgac
ggcgeaccec
gggeggatce
tctegeecctg
gaaggegett
gatggccgag
ccatcggecce

64020
64080
64140
64200
64260
64320
64380
64440
64500
64560
64620
64680
64740
64800
64860
64920
64980
65040
65100
65160
65220
65280
65340
65400
65460
65520
65580
65640
65700
65760
65820
65880
65940
66000
66060
66120
66180
66240
66300
66360
66420
66480
66540
66600
66660
66720
66780
66840
66900
66960
67020
67080
67140
67200
67260
67320
67380
67440
67500
67560
67620
67680
67740
67800



Gy Asp Ay Leu Leu Asp Gu Leu Val Gn Gn Arg Leu
Asn u Gy 215 220 225 gag etc gac (gg gag gaa ctg

ace 0og ctg gcg atg atc ctg ctg gte 897 du Leu Asp
Gaeryenedcg acgh CGAP%GE@@gmgaca@Bt adgkezaben ciegcddat 67860
et agta éga%étcac’é"c mcaa@gcap@gcazc 67920
’ Bpiceegetic Thr 67980
é&c %ﬁc E é c c3g 68040
TJSH’ac gt Eg g %% gg %‘2 9% %%é%’ 68100
ZQ@geﬁg@c@tcgttgtgggaéagct@@&gﬁﬁ%g@&% Qo 68160
gel tgete egaqptge@98sgakadat gHgdietockl gﬁ:gE’édé a 68220
Tﬁ’frtcsmgip_@mgtctrt cw sogAsuth @tﬁcacg%@%@@@cfﬁ@tmc@g@ 68280
c %@téﬁ ga&ggg@gggﬁg@cew gtweggtee 68340
g} ag@qggzjcagusggmaca\r 68400
g g % gg?;%c @c §g tc 68460
ta g %g g? c 68520
et}&g@%aﬂ“gﬁtﬁ‘é@tﬁa& g g 68580
Asggcﬁmgegtggegcgﬁrgt dbcé‘é @c (Pcc Ca Hg 68640
Atcascoped hgcmﬁaQO@gB%acc@@eat@b@gtgg@cgﬁ%a&gggﬁ@@d 68700
gtaECegases tgéGQCGéa@c@cca@Eaagq @c’enceg@aogttﬁﬁslagtThcotbk’@gﬂr g 68760
Ag% % aﬁ Gt%ég%ﬁtcgﬁrccsgatcm t¢ggngEttt&sm ggg%g

g a a G

g§’>§ gg é?ﬁcg%g %g @ag‘a € ggeAg e 68940
a6RtEddead Bagdd A@i g 69000
Pt(mc tag fa@ag%ﬁ@ct 1500@@(&430@3S cddgS g 2 @gg 69060
ga@ga’e gbcgadict teamccltgog gL eggdgﬁgdiigt a 69120
c@tggat:p,g@@g Reetfbagt Acapchbgna I-gtscg&lﬂ ccAh y 69180
g qqesgteg ‘Fgg g&%@CMgtmfpchQg tmg 13; 8 69240
%@ E@%S% zéagﬁﬁ?{g Rt a@g@ e . 69300
ggc agt tg 69420
cé’g’oggér I@Egda@gbg% g ccal C%g a@éﬁ%& §§ 69480
tedacaeggzmt gtagetacyo@z € dc @B d@ kcdait tat 69540
CE copgea¢ ctisgeecsEhtcchenatee gtdoeticgAl acabb@acPro gf¥age 69600
CE{?% a%?gc 8@5038@3(3@&9&% cgazaaetat MGgigﬁttn El{gl’gttruga Pro gg?gg

c a a g 3 a g 77
c%%a tgr @Ea %g?@ iﬁcgé{cge Té&gtggbgc%c cgg?f:o ctcccegtge 69780
gtgcagagtg gatgggttta tatcegttge cgttcgatga ggtcggcaag gaaaacaatg 69840
tggtttgege gacgetaceg gtgttteecct cteoggggts atcgectteg tegtgecgtt 69900
gattggaggt tccoctgaag attcttttcg gtaatcgeta tggegeegeg caggeetgeg 69960
geoggeatgg tcatgecgee ggggeggeog tgcacccagg tcotgtecgg gtotcoteat 70020
gecgtotggg goagggecag ctggagetog agaggcaact ccteceggeg ggtgatgteg 70080
agettgeggt acacgegggt caggtgotge tccaccgtge tcatcgtgat gaacaacttg 70140
geogagattt cacggttggt cagaccottg gecgecagts cggcaacteg goegoteggac 70200
tcgetcagat tggogecgac gtecgeteog cggaattega gegecgagga catgecacoe 70260
tcgggggage gacgatggct ggagecgate ggotoggacg ggaccteccge actgcaateg 70320
cctgegatet geogegecat atggeggatg gogtoggcac gectgeccac gcoccagttce 70380
togtaggteg acgccaggtc agcgaggace ttggccagtt goageeggtc cccggtetee 70440
tgtaaccget cggeagectg gatgageagt cgtgteogtt cgeccgecte ggegaacate 70500
gogoggacge geagoactge accgtcegte gecgegecta tgceggeogt cgogetgteg 70560
tactcggeca geatcegttc cgectgetee cgatcgttga gecggageea ggcatgggeg 70620
gagtccacct gecagggoag ttctgecgac ggagccagac cccagegetc cgegagecgg 70680
cogatgctga ggaagtcgga gagegegagg tggggccggt tgacggccag ggegtagtgg 70740
ccgeggegcac ggagatacgg gageccgtag acactccgga acagcgcctc gggaaccggg 70800
cggtccagea gatgagegac gtocttgtaa cgteccatet cggtgtagac agtcatcagg 70860
acggtcageg ggccgoegty cagecaggtg ctggacggtt cggcgagece gtcocagggac 70920
atccatgcga acgtctogec cteggteage ttgeoctgte tcagcgegat atcggctege 70980
acggegecga acageogttg ccageceggg ataccccgea cggtogogtt cttcaggaaa 71040
acgtcgcacc acgtagecge cagatccage cggecgacce gegtgagega gttcageteg 71100
gtgaggatga gectgagesgt catgtcggac agoggegtsg tccgoageag tttctcegag 71160
toctggatat cccogggett gogteccage tocttgatec aagtggccag cgeccccage 71220
gogtogetge gegaggtece atcggegeag tectttecgg acagaccgtc cgccagageg 71280
cgggatccgg cacaccagge cgooggeatg ceggteateg gggggaagaa ccacagecac 71340
gtgttgecga cgaccgtcag gtecgttgta ctgogaagac cgegeagggt gggecgtace 71400
teccgeagea gttctccoge ttectccacg cggoccagge tgaccagcag ttggatcage 71460
agaacggoat cgacggggea gagetogeggt cocggtgece gotoccogea gtagcogtcg 71520
agatggtgge gttecgacgga acaggggtcg acgogccace tgacgagtge ccgottcagg 71580
cggatgtgge ccogotocca ggagteggte gaggegteat gggccagttc gaggtacgeg 71640
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390 395 400 ago tgg taa gaggctgccg to atg cat atc gag
atc gac aag gac ego tgc 1428 Ser Trp Met His Ile Qu

IIe Asp Lys Asp Arg s 405 410 atc ggo gee gga cag

t é“c? Gaé@t ef@ae a@tggc@ic otaet ceaccaagedbdgdocd | e

Cgﬂsﬁag&t £epgescty cg\tacggph@
ga f%g g%éi% §§§§

bcﬁ&@aa’e@&ttb%g?&t@g gc élfég % %

%ga‘bﬂiﬁcaﬂrééigcggmc %ﬁgwﬁgg@b@go@ ﬁgﬁgﬁg@%lct%e@gcg
opeetesgose cazagtapsaizcemtd tdb e@tgctiogt AgpeddeergMetiet
@aeagqgac%gaacm aAI SZELtECEy ocagabagse rggamcgmgmsggasg)

aﬁt%%% %%EE C&aﬁ gg}g%@%a egonaiece

tcc
% o § e
@@Emﬁmeg ggCi(‘gﬁ HEESL Scdhd
Mamcwgggt@mQaﬂemt@enﬁ gagaedcd

gaa@éﬂitgﬂ%gﬁﬂﬁaca

71700
71760
11820
71880
11940
12000
12060
12120
12180
12240
12300
12360
12420
72480
12540

@gw«:g’oﬁca ogtgaegecgazattiact ct a 72600
1%@6 t g&c@ @ ¢ cogeeshepgcagoctipres 72660
g %ﬁcg@tc@lwgwga 12120
Yy Mﬁ@ i oo
ttc ¢

Sﬂa@@ég@tgﬁg accggécg %A ; 72900
Reteadgpid 0gcco go%btg tg:gla c S&ifd fbg”é%{ ﬁ%z; 9 72960
<pgaggabtgactigtege taagarpacat gg@tmc &agccégdg@ﬂfgagcg?g & 2473020
ccggccactt ctggceggeg cecgaategt cacgaccgaa accggtcoge accaggatce 73080
atccgagacc caggegoget geacgatcgg goggagtgaa cgtcotocgtc gactccaace 73140
goccgecgea cogttcaagg caccgagtec gtgggstege tcageoggtt gatcageace 13200
toccgeacaa agggggacet cacgeggacg getcggttac toctgotegg cogtoaggac 73260
ggacaggeag tgeocggagtt ccccggectc cgacggecge catgggattc gacgacaagg 73320
agcgeccatc ccegectege gggeogacgg tgacceggga coagatotgg ctggagatca 73380
tccagagege actcgaccgt geaccggetc ctacggegeg gegctgacac gctacgtgea 73440
caccgaagge gtcacggtca tcgaggtcaa ccageocggac taggecacce gocgocgacg 73500
cggcaagacc gacgetecgac geggegecge cgeccaageg gtgctgtecg gocgogocac 73560
cgccaacgec aagaccggeg gcagagacaa ccctgaacgg atggtcageg aggcatcott 73620
cgecgoacte ggoggegtea gocoggtgga gteatcctea gocaggacce aacgocgeag 73680
gttcaaccge ggegecgace gocaagecaa cggtgegacg tcacatgtcg ggaacaccec 13740
googtoagee acgtactgge ggagggtcag gggecgaage cactggttct ggetcccgga 73800
aacgatgtga gegtgecceg ggtoagettc tggatccgeg cacctgegtt gtcacctgog 73860
ggagttgtog ggcactccca togeggegaa caacgegtce gecgoaccac gtacatccga 73920
tgctegeate gegecgagag cotgagegge ctgggccata cacgccacge actcgactgg 73980
gtgagotgea aggegegete cgegtegtoe gtggectecg toggacggee gagacgstea 74040
aggacgtega ccgaacgtcg cgagggccag cgegacgttg cocoggatce cgegtetegt 74100
cgcacaactg ccgggecgta accegotett ggaccaccge atggtagege cttgccgese 74160
tccaggggag gagtggtogs cacgegetet tggattgcce cgegatgete attctggtge 74220
ctogacccaa cottcgageg gatccaggac gttgaacctc agotgcteoct tegtgtgete 74280
cgotgtoaag ccectotgea cgtgacgtge atgaaatctt ccgatgoagg gtgcgttitea 74340
ac 74342

210> 2

<211> 3793

<212> DNA

<213> Streptomyces sp.

<220>

<221> CDS

<222> (1322).. (2548)

220>

<221> CDS

<222> (2564).. (2761)

<400> 2
ctgeagetecg acgtgogget cggacttcac gttgaagtac cagaccggat gettgggcege 60
accgeccagc gaggegaccg ccgegtaact cccctegtge tecgacccgea tcageggegt 120
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<212> DNA <213> Artificial Sequence <220> <223>

STRANDNESS : single <220> <223> TOPOLOGY : li near

<220> <223> Descrlpt|on of Awt|f|C|aI Sequence : KS-4R

PPigegsate @Gﬁget gegct acEatangeg 2dagced> 7
é 9g§§ . 5%“'5 @SC Aﬁ?a Ptqgatac éﬂh@étgcf%?

<¢éige v

I gfh%@gcatﬁ;é;étt Qittb éég E%Ence
c@gédﬁa?rdagﬁftcacfgﬂr@ t ga@ Cé@ %&gtt

2¢thcé§E@D g8ga cted |c§gd% gog

Sé

gggcggcgcc
gogeegecga
cgaccgegee
ccgteacggg
cCgcgeeesc
cctggeggecg
ctegotette
ggtgectegg

Igc E

J'_K

tac

gcccacggtc
ggcgeogetg
gacgggeace
cgtgcgggac
ggtggcageg
ccgeogeoege
ggccacttca
gcatctaatg

¢ atg acg gaa ctg acg

mgea gzgmsgegzg@aa@i&t\mm&ag sggn@tgcc $233pecsd 23>

gecpogpask agascackaicedtpegadte @gcagggtga
SCGCGE%%Q Rgmgmo
gcagse

gcgageoageg
cgecagegagg
gegatgeegt
tggttcctee
ggegtoggcea
accggecaaat
ccgegtacgg
aagatcggcea

ég% ccag

cgtacagcce
tgegggeget
acccggcgag
ggggacggeg
ggagggaggce
gaattacggc
cgatctggcc
cgacgcacct

CEZBORICE
G cgceecgeage
¢ cggeogeage
gteoggeegtyg
gagggagacc
caggcccgeg
gggctgotgt
tgtaggagge
gegttccage
gaacttgetg
cttecgtotge

BERORESIG
gcgag
tgtgccgcga
gegacgeooga
agataggtcc
agcagegege
cggeecggea
atgggccgat
ccceggeogg
tcgecccata
gaggtottte

%aCCaC 99

gac atc acc ggc ccg ggg acc ccg gec gaa
Met Thr Glu Leu Thr Asp lle Thr Gly Pro Gly Thr Pro Ala Glu
1 5 10 15
ace
Thr

cce
Pro

gte
Val

gea ttec

CCC Cag gac Cge acc
Ala Phe

Pro GIn Asp Arg Thr
20

ctg cgc gac ggg cge
Leu Arg Asp Gly AZ%

tgc ccc tac cac ccc coe
Cys Pro Tyr His Pro Pro
25 30
acc
Thr

tac
Tyr

gga
Gly

ttc
Phe

ggC ccg
Gly Pro
35

ggc cgt
Gly Arg
50
ctc
Leu

age ctg tce
Ser Leu Ser

cte
Leu

cge gte
Arg Val

45
£CC acec
Ala Thr

60

acc cte
Thr Leu

gac

gte
Asp

Val

gte
Val

tgg atg
Trp Met

55
cgg ctg
Arg Leu

70

cge tte
Arg Phe

gac
Asp

gag

acg ggec cac
Glu

gce
Thr Gly His

Ala

cge
Arg

ctg
Leu

65
cce
Pro

gcg
Ala

ttc
Phe

80
gcg
Ala

tce
Ser

cce
Pro

geg
Ala

gac
Asp

acc
Thr

gac cgce
Asp Arg

75
gte cge
Val Arg

90

cag acc
Gin Thr

ccg
Pro

gEC
Gly

tce
Ser

gtg
Val

acg
Thr

gce
Ala

85
gac
Asp

gcg
Ala

gGC

gtg
Ala

Val

95
atg
Met

gac cgg
Asp Arg

cgg
Arg

ctc
Leu

ctg

gtc
Leu

Val

gtg
Val
100
tte
Phe

gge
Gly

ccg
Pro

cac
His
105
gcg
Ala

cag cgg
Gin Arg

cgg
Arg
110
cce
Pro

atc
Ile

atg
Met

ccg
Pro

cte
Leu

tecg
Ser
115
acc
Thr

acc
Thr

aag
Lys

cgc
Arg
120
ctg
Leu

ctg cgg
Leu Arg
125
atc gag
lle Glu
140
gtg cce
Val Pro

£CC ggg
Ala Gly

acc
Thr

atc cag
Ile Gin

gtc
Val

Cgg
Arg
130
gce
Ala

gac
Asp

ctg
Leu
135
gce
Ala

gee
Gly

gac
Asp

geg atg
Ala Met

aag
Lys

geg
Gly

ccg
Pro

tte
Phe

tce
Ser
150
ggc
Gly

ctg
Leu

gte
Val

gag

gce
Glu

Ala

ctg cce
Leu Pro
155
gCC gac
Ala Asp
170
CcCcC acg
Pro Thr

tecg
Ser

atg
Met

gte
Val
160
gag gaa
Glu

cte
Leu
165
cgc acg
Arg Thr
180

gag cgg
Glu Arg

tgc
Cys

ctg
Leu

tac
Tyr

ggce
Gly

ttc
Phe

ttc
Phe
175
tcg
Ser

gtg
Val

CCg

cac gag
Pro

His Glu

tece
Ser

cag
Gin

ctg
Leu

ctg
Leu

cge
Arg

ggt
Gly
185
tac
Tyr

gce geo
Ala Ala

gac
Asp
190
atc
e

caa
Gin

ctec
Leu

ggg
Gly

aag
Lys

gCcg
Ala

cge
Arg
195
gag cgg
Glu Arg

ctc gge
Leu Gly

gag
Glu

gag
Glu
200
ggc
Gly

ggeg ctg

Gly Leu
205

ctg gac

Leu Asp
215 220

acc ggc gag ctg gac cga cge gac gtg gtg

Leu Arg Thr Gly Glu Leu Asp Arg Arg Asp Val Val
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gac
Asp

gac

Asp
210
gtc cac cag cgg ctg cgo
VaI His Gln Arg

cag gcc
Gln Ala

gaa
Glu

CCC

gac ctc
Pro

Asp Leu

gac ggc gte
Asp Gly Val

180
240
300
360
420
480
540
600
660
120
780
840
900
960
1020
1080
1140
1200
1260
1320
1366

1414

1462

1510

1558

1606

1654

1702

1750

1798

1846

1894

1942

1990

2038



<211> 27
27/39 <223> STRANDNESS :
r <220> <223> Descrlpt|on of Artificial

<212> DNA <213> Artificial Sequence <220>
single <220> <223> TOPOLOGY
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%2@ e - g Pr| <400> 9 gt ccgta cccagcaggg 2086
>g°27ggg 2gag%§§ azl aac
i C|Aa equeé qe%?i Ala Byt EBY ?}/gs I e
<&é’goato_<2&3_atJ Deeb¥ae dok &3 fotes 3z “ ON 9134
offetAl ta SercilLed GSeqHemge THKG: é% Leu
t cacgcgctc tcdg@ccgcc ccctgchﬁB? <210> 11 °<
£2q BSC ARE icCE (dcal ct8expgesteegcc<@a0pt g<@ad 3Eag 2182
S%ipm J1g Hindee Prodde Leuday-ProckiaLkiadal Clnder
nce
ﬁ% 13.(9“ Eﬁgn gfg c gtglgfclz %I ca’clg c%%qctg gcc ctg 2230
bu sé Efi Asp Gly Leu Leu Arg Leu Ala Leu
295 300
gag gac atc gag atc gcc gge goc acg atc cgg goc gge gag gge gto 2278
Glu Asp Ile Glu Ile Ala Gly Ala Thr Ile Arg Ala Gly Glu Gly Val
305 310 315
ctg ttc tcc acc teg ctg atc aac cge gac gag tcc gtg ttc gac gac 2326
Leu Phe Ser Thr Ser Leu lle Asn Arg Asp Glu Ser Val Phe Asp Asp
320 325 330 335
ccc gac acc ctg gac ttec cac cge tecec acc cge cac cac gtg goec tte 2374
Pro Asp Thr Leu Asp Phe His Arg Ser Thr Arg His His Val Ala Phe
340 345 350
ggt ttc ggc atc cac cag tgc ctg ggc cag aac cta gCC CgC geC gag 2422
Gly Phe Gly Ile His GIn Cys Leu Gly Gln Asn Leu Ala Arg Ala Glu
355 360 365
ctg gag atc gec ctg ggc acg ctc ctg gag cgg ctec coc ggc ctec cgg 2470
Leu Glu Ile Ala Leu Gly Thr Leu Leu Glu Arg Leu Pro Gly Leu Arg
370 375 380
ctg goc gog ccc goc gag gag atc ceg ttc aaa cec g6 gac acg atc 2518
Leu Ala Ala Pro Ala Glu Glu Ile Pro Phe Lys Pro Gly Asp Thr lle
385 390 395
cag ggg atg ctg gaa ctc ccc gtg acc tgg taa gaggctctgg tc atg cac 2569
Gln Gly Met Leu Glu Leu Pro Val Thr Trp Met His
400 405 410
atc gac atc gac aag gac cgc tge atc g8C gcc gge cag tge geg cotg 2617
I'le Asp Ile Asp Lys Asp Arg Cys Ile Gly Ala Gly GIn Cys Ala Leu
415 420 425
gcc goc cog gge gtg ttc acc cag gac gac gac gge tac age acc ctg 2665
Ala Ala Pro Gly Val Phe Thr GlIn Asp Asp Asp Gly Tyr Ser Thr Leu
430 435 440
ctc ccc ggc cgec gag gac ggc ggg ggc gac cog atg gtc cgg gag gog 2713
Leu Pro Gly Arg Glu Asp Gly Gly Gly Asp Pro Met Val Arg Glu Ala
445 450 455
gcc cgc goe tge cog gtg age goc atc cgg gtg ace gaa ccg gece gge 2761
Ala Arg Ala Cys Pro Val Ser Ala lle Arg Val Thr Glu Pro Ala Gly
460 465 470 475
tga ggeggggece ggoggeegeg gocecgetgee gggaccgeeog ttcccagttc agtagg 2820
gtegtgegat gacctcacag gecgggaage ceottectota cgtegtegte tgegeggeog 2880
ggaccgooge cggagteace acgetgatcg gegcegecca ggegoggege tgggaggtag 2940
gggtoctgge cacgecggte gegatgggeg gettettcga cacggectgeg gtegaggaga 3000
tgacgggeog goccatcege teggectgge getegecgge cgatccgege cegttecoge 3060
cgeogggege cgtggtegetyg gegoccgeca cettcaacac cgtcaacaag tgggcggeeg 3120
gtctegeecga cacgetegee gtcggeacge tectgegagge ggegggocte ggcgtgceoga 3180
tcgocgteot gocotgegtg geggacgoge tggccgecca cecegegtac cgggaggece 3240
ttetecgget gegtgegatg ggegtecget toggogagee gtacgecegge cegeegggge 3300
aggacggega ggoggacgege goacggeccg ggttegectg ggagaacgee ctggacctge 3360
- tggageggge ctgaaccege tocccgacee gtagggectg tctgacactg tcagacagge 3420
cctaacggeca ggtcagegee ggeccggeca gcatgecgee ggtgtagagg tectggocce 3480
geggoageca gtageccage ctggagacca cegtggagea gtoaggecog acggtgacge 3540
ggaccttecac cgtoteggza cggooggget goagogegst cagcgecgecag tccagggagt 3600
acgegageeg ggtottogag gtaccggeog accagegget tgacgoageg ggogtogtce 3660



<21

gccccgcata tggatctgga aacccaactt ctc 33
<212> DNA <213> Artificial

<211> 31

<223> STRANDNESS

P

a ag ggt 8 31 28/39 <210> 13

single

<210> 12

Sequence <220>

<220> <223> TOPOLOGY :
PcEdigaglic ¢gagcddges actdsegognce 3720

frseece denostatas gl artcataec besjegrgte eoeagecass

<213> Artificial

0sidhgl e

| a%a CQ%%?&%E@BSCQDGWE

Sequence
<220> <223> TOPCOLOGY

<2112E2329| ption of Artificial
<400> 13 gggagat cta gaggccggtt acctctacga gta
trgggpm

<21
<21

<22

<221

<22

<22
<22
<22

¥OePASR211> 30

equence

2> (420). .

0>
1> CDS
2> (1643)..

<400> 3

ggatccacgg gtggeegeeg
cgegotottc goggegotgg
gtacaccgee taccteggce
cgaggecggea cacgaccget
cggaggegat gaagccgaac
acatgccegg tatccgegge
cgttgeecate tcacacacga

gtg acc
Va{ Thr
ccg
Pro

G

cce
Pro A
gtc
Val

acg
Thr

gag
Glu

gea
Ala

50
ccg
Pro

aac
Asn

65
gtc
Val

A

Cgg
Arg

cge
Arg

cgg
Arg

cgsg
Arg

ccg

Pro G

QRLOGY
(1604)

gaa
gce

tte
Phe
35

cgg
Arg
gce
acg
Thr

atg
Met

gag

<211> 33

<212> DNA

<220> <223> STRANDNESS :

<220> <223> STRANDNESS :

| i near

(1834)

lu
5

gce
Ala
20
tac
Tyr

la

gcg
Ala L

ttc
la Phe
ccg
Pro

85
ctg
Leu
100
ate

lu fle

115

gat
Asp

cag
Gin
130
tcg
Ser

G

cog
Pro
145
gag
Glu

ttc

gag
Glu

ctg

gec

atg
Met

tte
Phe Phe

gag gcg
Glu Ala Glu Asp Ala Arg Leu Lys

atc gco gec

ccg
ly Pro
gtg
Val

gag
Glu
165

gag
180

gce atc cecce
Ala lle Pro

tat cag
Tyr Gln

gac ggc
Asp Gly

ctg ctg
eu Leu

ccg gte
Pro Val

ctg atc
leu Ile

atc ccc
lle Pro

cag cgg
Gln Arg

CCC acc
Pro Thr

atc tgc
lle Cys

150
gag gag
Glu Glu

gac gcc

aag gag

<220>

cgetogecog
gcttccocga
acacccaget
atctggatgg
atgtcacaat
atgaggtgag
gcaactcgag

tac tit
Tyr Phe

cca ctg
Pro Leu

Cgg
Arg

aag
Lys

40
gac
Asp

acc
Thr

55
cce
Pro

ttc
Phe
70

gte
Val

ttc
Phe

ggg
Gly

age
Ser

atc
Ile

gte
Val
120
ctg
Leu

gag
Glu
135
geca ctg
Ala Leu

tcec cge

cgg ctg

Ser Arg Arg

ggtgaccgac
gggegaggeg
cggacatgee
cgtgatcgac
ctgaacgagg
atcggegegg
ccacttigaga

cag aac cgc
GIn A?g Arg

ggg gCc
Gly Ala

cgc
Arg

25
gtg
Val

tgg gog
Trp Ala

ctc
Leu

tte
Phe

75
ceg
Pro

cag
Gln

cga
Arg

gaa
Glu

cge
Arg

gac
Asp

gac
Asp

90
cte
leu

age
Ser
105
gac
Asp

aag
Lys

ctg
Leu

ggg
Gly

tcec gog
Ser Ala

gtc
Val

cte
Leu

gga gte
Gly Val
155
atc ctg
lle Leu
170
ctg gag
Leu Glu

cgc

aag

185

aag aac ccg gge gac ggg ctg ctg

23/39

i near
Sequence :

<220> <223>
pl dB- L- Bgl 2F

<212> DNA <213> Artifici al

single <220> <223>

cggegtateg getatgtege
cgggaccgeg goctgotgge
gtcecgacaga gectgeegge
accctegtac ggccgeoggga
ttggeggaac tgcgegeaga
cgaaacacgg tgcgccacag
ctcgtacggg aggaaattc

tet
Cys

tac
Tyr

15
agce
Ser

acc
Thr

cce
Pro

cac
His

cat
His

ctg
Leu

30
gge
Gly

gac
Asp

ggce
Gly

ccg
Pro

gte
Val

acc
Thr

45
gce
Ala

C@C
His

cce
Pro

tce
Ser

60
gCcg
Ala

cgg
Arg

cag
Gln

ate
lle

gce
Ala

cge
Arg

cgg
Arg

80
cag
Gln

cac
His

aac
Asn

acc
Thr

95
gca
Ala

gag
Glu

acc
Thr

ctg
Leu

Ccgg
Arg

gcc
Ala
110
cgg
Arg

cte
Leu

gac
Asp
125
ttec gece
Phe Ala
140

tca tac
Ser Tyr

atg
Met

ctg
Leu

ctg
Leu

ccg
Pro

gte
Val

cat
His
160
gce
Ala

gce
Ala

gac
Asp

tecg
Ser
175
acc
Thr

GgC ggc
Arg Gly

cgg
Arg

tte
Phe
190

gag tac

gge
Glu Tyr

Gly

gac gag

3780
3793

60
120
180
240
300
360
419
467
515
563
611
659
107
155
803
851
899
947
995

1043



<223> Description of Artificial Sequence pldB-L-H nd3R
Primer <400> 14 gggaagcttg cgat gagctg tgccagatag 30

<210> 15 < %1> 30,, <212> DNA <213> Artificial Sequence
<§§‘b4'e<2g§§‘ SHANINESS AsnsPrieghly Asp@bsLetp bas ATIOROL OGY

24/39

Co ' i cial
: cké N8@Tgag %é%>gfﬁ%§3> o PELO0 Of%cc?_‘? M C'éa t 1091
Sealliané &1 IAdEAre Hielldife ?ﬁ' g@réxa & gr;gg;a %iﬁ DNA
aact d¢egcg acagtgtctdy53 <210> _
<gi@sgdte foccial dBeqienas gte2e ase? >ga%TB¢%NME§§: : 1139
sVages Lep Ada Me9/130 leBA3m VRDPRI2OGY Hid Gnedr TRRADS
<323> Descr | trsirtor?38f Artificial %uence : zgo e
aEg acg >ACLEC &accear ceyeeaatyg
pf 3 ﬁg F;EiP
te é"gija%%&tgﬁg ¥ Tos t5e Hy Loaites by “@23?3 . ”klzé3>
Actd eb€ical cPOUETCE gati% ust2 at%T&og‘NRgE&c ate gas) 1235
<B@0Ala GIn Leu Lys Ala Asp Glu Gly Leu Met Pro Ala Ala lle Glu
260 265 270
gag ctg ctg cga ttc ctg tcc atc geg gac gge ctg ctg cgg gtg geg 1283
Glu Leu Leu Arg Phe Leu Ser |le Ala Asp Gly Leu Leu Arg Val Ala
275 280 285
acg gag gac atc gag atc ggc ggt cag gtg atc Cgg gcc gac gac gog 1331
Thr Glu Asp lle Glu Ile Gly Gly GIn Val Ile Arg Ala Asp Asp Ala
290 295 300
gtc ctg ttec ccc gec tca ctg ate aac cgg gac gag gcc gec tat cog 1379
Val Leu Phe Pro Ala Ser Leu lle Asn Arg Asp Glu Ala Ala Tyr Pro
305 310 315 320
gca ccc gac gag ctg gac ctc gge cgt teg gec cge cat cac gtg gog 1427
Ala Pro Asp Glu Leu Asp Leu Gly Arg Ser Ala Arg His His Val Ala
325 330 335
tec gge ttc geg atc cac cag tge ctg ggg cag aac ctc gee cge geg 1475
Ser Gly Phe Gly Ile His GIn Cys Leu Gly GIn Asn Leu Ala Arg Ala
340 345 350
gag atg gag atc gog ctg cge tea ctg tte ace agg atc ccg cag ctg 1523
Glu Met Glu lle Ala Leu Arg Ser Leu Phe Thr Arg lle Pro GIn Leu
355 360 365
cge ctc geec gtg cog gee gee gag att cog tte aag gac gga gac acc 1571
Arg Leu Ala Val Pro Ala Ala Glu Ile Pro Phe Lys Asp Gly Asp Thr
370 375 380
ctg caa ggc atg atc gaa ctg ccg ctg gcc tgg tag cagccaggac ggcaga 1623
Leu GIn Gly Met Ile Glu Leu Pro Leu Ala Trp
385 390 395
ccaaagaaag gggtccgga atg cgg atc gog atc gac acc gac cgc tgt atc 1675
Met Arg lle Ala Ile Asp Thr Asp Arg Cys lle
400 405
ggC gecc gge cag tgt gee ctg acc geg coc gegg ggt ttc acc cag gat 1723
Gly Ala Gly GlIn Cys Ala Leu Thr Ala Pro Gly Gly Phe Thr GIn Asp
410 415 420
gac gac ggt ttc agt goa ctg ctg ccc gge cgg gag gac ggc gcc gge 1771
Asp Asp Gly Phe Ser Ala Leu Leu Pro Gly Arg Glu Asp Gly Ala Gly
425 430 435
gac ccg ctg gtg cgg gaa gcc gec cge goo tge coe gtg cag goc att 1819
Asp Pro Leu Val Arg Glu Ala Ala Arg Ala Cys Pro Val Gin Ala |le-
440 445 450
gog gtc acc gac gat tag cagcacccce goggacgace cggcagacge gcgegece 1875
ﬁég Val Thr Asp Asp _
ccggetgaca coccggegece gaggeogegee cgagecgtec geocctecac ttgteoctac 1935
ggcatccace ccatccgeta cegcaacace ccttgggtga cgggcagttt cgaggaccee 1995
ggtgtgcceg gggogtactg gtgaccgtca ceggcttcac gecgegattg cccacatagg 2055
cgtegteget cgeggegate acgaagegeg gtcggtgcce cggetogtaa cggtgoacga 2115
tgcccggeag ttecacggtg aaccgeoggg ccacatcggg cacccgggee ggggecaccea 2175
acaggtgcac cagegtottc ctgecgttcg gogegacate gtagagcttg gcegaacagea 2235
ccagottgtc cgecgeatce geggaccget gegocogece ggeotgegge gaggcaacct 2295
tecagegtcac ccteggegeg cccaccacgt cgac 2329
<210> 4



<223> TOPOLOGY : linear <220> <223> Description of

Artificial Sequence : 5Dm 3F Prinmer <400> 17

ft sctsc csgtcccstc satggtsat 29 <210> 18 <211> 21
S1RAB0 DNA <213> Artificial Sequence <220>
12PN, STRANDNESS : single <220> <223> TOPOLOGY
<2“§?nea? $ég > <223> Description of Artificial Sequence
<220> 5Dm 3R Priner <400> 18 gttgatsays gasgtsgaga a 21
<221:2aD3> 19 <211> 30 <212> DNA <213> Artificial Sequence
<222220102) <A$3B3) STRANDNESS : single <220> <223> TOPOLOGY

. linear <220> <223> Description of Artificial

<22 s . 6PIN-2F Prinmer <400> 19 gctgcgcctg

pTIAE Y, 0> 20 30/39 <211> 30
c ga atcgagat 30 <21

<222£i}2 g@b@} . g%gﬁ

S 3> Artificial Sequence <220>
<400> 4
cggggategt acgcegtace gtttcgggge aaccgaatta cgatgcggaa tggatggttc 60
ccagccagat cccgeoaggta gecgatctgg ccgaacttga tgtcgtgcac tggatgecte 120
gggecatctaa tgaagatcgg cacgacgeat ccttegtetg cgaggteotee ¢ atg ?ga 177
et Thr
: 1
gac acg aca gac ctg acc gag ctg tca gat cco gtc tcec ttc cce cag 225
Asp Thr Thg Asp Leu Thr Giu L?g Ser Asp Pro Val S?g Phe Pro Gin
gac cgg agc tge ccc tac cac ccg coc acc ggg tac gac ccg ctg cge 273
Asp Agg Ser Cys Pro Tyr Hég Pro Pro Thr Gly Tga Asp Pro Leu Arg
acc gaa cgg ccg ccc gce cge atc cgg cte tac gac gEC CEC CCC gCC 321
Thr Glu Arg Pro Pro Ala Arg |le Arg Leu Tyr Asp Gly Arg Pro Ala
35 40 45 50 :
tgg cte gtc acc gge cac gec gtc goe cgt gac ctg cotg gte gac ccc 369
Trp Leu Val Thr Gég His Ala Val Ala Agg Asp Leu Leu Val Agg Pro
cgc ctg toc acg gac cge acc cge teg gge ttc ccg gece aca act cce 417
Arg Leu Ser T?B Asp Arg Thr Arg Ssg Gly Phe Pro Ala Tgs Thr Pro
cgc ttc gec gog gte cge gac cge aag ccg geg cte cte gge gte gac 465
Arg Phe Aég Ala Val Arg Asp Agg Lys Pro Ala Leu ng Gly Val Asp
£ac ccc aag cac cgc acc cag cgg tgg atg atg atc ccg agec ttc acc 513
Asp Pro Lys His Arg Thr Gin Arg Trp Met Met Ile Pro Ser Phe Thr
100 105 110
ctc agg cge gee ace gag ctc agg ccg cgc atc cag gag atc gtc gac 561
Leu Arg Arg Ala Thr Glu Leu Arg Pro Arg lle GIn Glu Ile Val Asp
115 120 125 130
gaa ctg ctg gac gtg atg atc gee cag gga cCC ccg gcc gac ctg gtg 609
Glu Leu Leu Asp Val Met Ile Ala Gln Gly Pro Pro Ala Asp Leu Val
135 140 145
cgt tec ttec gog ctg ceg gtg cog teo atg gtg atc tge gee ctg cte 657
Arg Ser Phe Ala Leu Pro Val Pro Ser Met Val lle Cys Ala Leu Leu
150 155 160
ggc gtg ccc tac gece gac cac gag ttc ttc gag gac cag tcc agg cgg 705
Gly Val Pro Tyr Ala Asp His Glu Phe Phe Glu Asp Gln Ser Arg Arg
165 170 175
ctg ctg cgc gga ccg geg goc gag gac acg cag gac gcc cgg gac ogg 153
Leu Leu Arg Gly Pro Ala Ala Glu Asp Thr GIn Asp Ala Arg Asp Arg
180 185 190
ctc gec gog tac ctg gag gac ctg atc gac gag aag cgg cgc Cgg cce 801
Leu Ala Ala Tyr Leu Glu Asp Leu Ile Asp Glu Lys Arg Arg Arg Pro
195 200 205 210
ggt gac ggc ctg ctg gac gaa cte gtc cag cag cgt ctg aac gaa ggc 849
Gly Asp Gly Leu Leu Asp Glu Leu Val GlIn GIn Arg Leu Asn Glu Gly
215 220 225
gag ctc gac cgg gag gaa ctg acc gog ctg gog atg atc ctg ctg gte 897
Glu Leu Asp Arg Glu Glu Leu Thr Ala Leu Ala Met Ile Leu Leu Val
230 235 240
gCg g8C cac gag acc acc gcc aac atg atc tcc ctg ggc acc tac acg 945

25/39



<223> STRANDNESS : single <220> <223> TOPOLOGY :
[ inear <220> <223> Description of Artificial Sequence

:,6PIN-2R Prinmer _<400> 20 ct?ttcctcg aagaact cqgt
gé? Lo rﬁézﬁw%lzlAwnqb 2 Ser<Rdip §1\DRr 94 Jhr
29> <223> STRANBMESS : singl e

|
Amfkigé NGS ces2at -
BT o0 S HRRRYEE it BCamb i e tsnesearg  on
of AR6dfi ci al Seququé 5D 1 zg 512>
a g&gwmag gegagatdrat ghel faaldty 510 & %%Aﬁ e
gu Bxo Ad e il dladl GlSeqluehaeMet<RAORe <P P BerS

-2 E? e, 220> <Z803> TOPOLOGY : 284 near <220> 93>
hoheraEeg

BfCEArqaes §a&i gac gasnets 74 AEQ@Ecdrisracce
iglt' gcgjf‘ @l?@tggg PybechtighbpaAo Gl Iho> 23

¢ ) 05
<@dd at@ hgg ©éd Zgz A g<g%1g’c>g ﬁrct (t)[g %ca.lzlccs?gtug?ccgtc aac
Thr lle Arg Ala Gly Asp Gly Val Val Phe Ser Thr Ser Val lle Asn
310 315 320
CgC gac gag gac gtc tac cog geec coc gac ace cte gac ttc cac cge
Arg Asp Glu Asp Val Tyr Pro Ala Pro Asp Thr Leu Asp Phe His Arg
325 330 335
tcg acc cge cac cac gte gee ttec ggt ttc gga atc cac cag tge cte
Ser Thr Arg His His Val Ala Phe Gly Phe Giy Ile His GIn Cys Leu
340 345 350
ggc cag aac ctc gec cge acc gaa ctg gag atc gecc ctg cge acg ctc
Gly GIn Asn Leu Ala Arg Thr Glu Leu Glu lle Ala Leu Arg Thr Leu
355 360 365 370
ctc gaa cgg ctg ccc acg cte cgg ctc gec gec cca cog gag gaa ate
Leu Glu Arg Leu Pro Thr Leu Arg Leu Ala Ala Pro Pro Glu Glu |le
375 380 385
ccc ttc aaa ccc gge gac ace ate cag ggg atg ctg gaa ctc ccc gte
Pro Phe Lys 558 Gly Asp Thr Ile gég Gly Met Leu Glu Leu Pro Val

400
age tgg taa gaggectgeog tc atg cat atc gag atc gac aag gac cge tgo
Ser Trp %eg His lle Glu Ile 2?8 Lys Asp Arg Cys
’ 0

atc ggc gec gga cag tge gee ctg acc gee cecg ggt gtg tte ace cag

Ile Gly Ala Gly Gln Cys Ala Leu Thr Ala Pro Gly Val Phe Thr GIn
420 425 430

gac gac gac ggc ttc agt gac ctg ttg cocc gge Cgg gag gac gge gce

Asp Asp Asp Gly Phe Ser Asp Leu Leu Pro Gly Arg Glu Asp Gly Ala

415 435 440 445

ggc gac ccg atg gtc cgg gag goc gec agg goc tge cocc gtg agt goe

Gly Asp Pro Met Val Arg Glu Ala Ala Arg Ala Cys Pro Val Ser Ala

450 455 460
atc acg ctg tcc gag gac ggg tag ggggcegage cgegeoegece goeggteege
Ile Thr Leu Ser Glu Asp Gly
465

tgccgoggeg cegtgocgac gcgegeggecg goecggeeegt ceggtgeceg tegegtegee

ccgtggecee ggeggegget gattgactag ggttcceggge tgagcgaaca ggcccagaag

ccctecogggg cgoogeccge gaaagacace gggacggege cogggaaace cottectota

cgtegtegte tgogccgecg geategecga aggegtcage aagctgatca cege

<210> 5

211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> STRANDNESS : single

<220>
<223> TOPOLOGY : Iinear

<220>
<223> Description of Artificial Sequence : KS-3F Primer

26/39

993

1041

1089

1137

1185

1233

1281

1329

1377

1428

1476

1524

1572

1626

1686
1746
1806
1860



<220> <223> STRANDNESS : single <220> <223> TOPOLOGY
. linear 31/39 <220> <223> Description of Artificial
nce : 5Dm 2R Prinmer <400> 23 ctggatsgtg
<4°q§e§g§s t t 21 <210> 24 <211> 30 <212> DNA <213>
AFHCEPEY seeaifionm B2 <220> <223> STRANDNESS : s ngl e
<220> <223> TOPCOLOGY : linear <220> <223> Description
QlofgArtificial Sequence 5PIN-2F Primer <400> 24
<211egat ccac cagtgcctcg gccagaacct 30 <210> 25 <211> 33
21222D0MA> DNA <213> Artificial Sequence <220> <223>
<2133 TARANDINESKS Sedusheryl e <220> <223> TOPOLOGY : | i near
<220> <223> Description of Artificial Sequence :

<2205 tat ga ctagtagcc
<223§ %@?m§el\g E Primer <400> 25 gggcatatg gtagccg

gccc ‘gt <210> 26 <211> 29
<220>
<223> TOPOLOGY : |inear
<220>
<223> Description of Artificial Sequence : KS-4R Primer
<400> 6

gtgcccgatg ttggacttea acga

210> 7

Q211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> STRANDNESS : single

<2207
<223> TOPOLOGY : |inear

<220>
<223> Description of Artificial Sequence : CB-1F Primer

<400> 7
atgacagctt tgaatctgat ggatcce

<210> 8

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> STRANDNESS : single

<220>
<223> TOPOLOGY : linear

<220>
<223> Description of Artificial Sequence : CB-2R Primer

<400> 8
tcagagacgg accggcagac tcttcagacg

<210> 9

211> 27

<212> DNA

213> Artificial Sequence

<220>
27/39

23

24

27

30



<212> DNA <213> Artificial Sequence <220> <223>
STRANDNESS : single <220> <223> TOPOLOGY : li near
2 > Des rlptlon of Artificial Sequence :

<223§I %w@éﬁgeﬁ'ﬁg <400> 26 gggcatatgt tcggacgtga
<po@ttcattcg 29 <210> 27 <211> 30 <212> DNA 3?/39 <213>
<2235 10Pbiogyal |Pegwence <220> <223> STRANDNESS : S|nglg

<220> <223> TOPOLOGY : linear <220> <223> Description
<220f Artificial Sequence : eDM SphF Primer <400> 27

<223 Resegiehatan et dybifitid Saoawat CRKC-AD Prewmek0> 28 <211> 30
<400 2>@DN;@<213> Artificial Sequence <220> <223>

Eg?cc |l e <220> <223> TOPOLOGY : i near

3 ﬁé}g%ﬁ% Pi988YF of Artificial Sequence : 27
eDNLSth Primer <400> 28 cccgggcatg cagacgacga

<{210egtlagaggaa 30

Q211> 727
<212> DNA
<213> Artificial Sequence
<220>
<223> STRANDNESS : single
<220>
<223> TOPOLOGY : |inear
<220>
<223> Description of Artificial Sequence : PKC-2R Primer
<400> 10
tcacgegete tocgecegoe coctgee 27
<210> 11
211> 33
<212> DNA
<213> Artificial Sequence
<220>
<223> STRANDNESS : single
<220>
<223> TOPOLOGY : {inear
<220>
<223> Description of Artificial Sequence : PDL58-1F Primer
<400> 11
geccogeata tggatctgga aacccaactt cte 33
210> 12
211> 31
<212> DNA
<213> Artificial Sequence
<220>
<223> STRANDNESS : single
<2207
<223> TOPOLOGY : linear
<220>
<223> Description of Artificial Sequence : PDL58-2R Primer
<400> 12
gcactagtca gccgegeteg acgaggaggt g 31

28/39



<210> 29 <211> 36 <212> DNA <213> Artificial Sequence
<220> <223> STRANDNESS : single <220> <223> TOPOLOGY
. linear <220> <223> Description of Artificial
Sequence : PRR-1F Prinmer <400> 29 gccccccata
<210bgMmAcgcaaa cgacaacgtg gtcatc 36 <210> 30 <211> 35
Q115292> DNA <213> Artificial Sequence <220> <223>
<2123TINANDNESS : single <220> <223> TOPCOLOGY : |i near
- 2132203 ic223Seddeacd | ption of Artificial Sequence :

RR- 2R Pri ner 33/39 <400> 30 gcggatcctc aggcact act
<220§> % <210> 31 <211> 27 <212> DNA
8223 %@hﬁﬁgﬁfl%‘ gf:e Sequence <220> <223> STRANDNES? ;

i <2 <223> TOPOLOGY : linear <220> <223>
<ZB§€EE?$§¥|oﬁﬂg?rﬁwt|f|0|al Sequence SP-1
<220>
<223> Description of Artificial Sequence : pldB-L-Bgl2F Primer
<400> 13

gegagatcta gaggecggtt acctctacga gta
210> 14
<211> 30
<212> DNA
<213> Artificial Sequence
<220>
<223> STRANDNESS : single
<220>
<223> TOPOLOGY : linear
<220>
<223> Description of Artificial Sequence : pldB-L-Hind3R Primer
<400> 14

gggaagettg cgatgagetg tgccagatag
<210> 15
Q211> 30
<212> DNA
<213> Artificial Sequence
<220>
<223> STRANDNESS : single
<220>
<223> TOPOLOGY : !inear
<220>
<223> Description of Artificial Sequence : pldB-R-Hind3F Primer
<400> 15

gggaagcettg aactggegeg acagtgtett
<210> 16
211> 34
<212> DNA
<213> Artificial Sequence
<220>
<223> STRANDNESS : single
220>

29/39

33

30

30



<400> 31 tatgagtcac tagtcgggag tgcgtta 27 <210> 32
<211> 27 <212> DNA <213> Artificial Sequence <220>
2 (EYRA DNESS @ single <220> <223> TOPOLOGY :
<223§i ﬁ@glr <224%°8223> Description of Artificial Sequence
220> SP-2 <400> 32 tataacgcac tcccgactag_&gapgfa82;uence
<2235 283er ipBi G2 dA Ar 80F; 12zuNa < > A thd ici al Se
S ros B e | é’}g’iﬁ%b L 3DHET TOPOL OGY
<4002 16 near <220> <223> Description of Artifici al t
SERfs#CLs capnagRibesF tottd@irac 38tycceccat at  gacggaact g
acggacatca 30 <210> 34 <211> 30 <212> DNA <213>
10877 ficial Sequence 34/39 <220> <223> STRANDNESS

211singl e <220> <223> TOPOLOGY : linear
<212> DNA
<213> Artificial Sequence
<220>
<223> STRANDNESS : single
<220>
<223> TOPOLOGY : linear
<220>
<223> Description of Artificial Sequence : 5Dm-3F Primer
<400> 17
ttegesctsc csgteeceste satggtsat
<210> 18
Q211> N
<212> DNA
<213> Artificial Sequence
<220> '
<223> STRANDNESS : single
<220>
<223> TOPOLOGY : linear
<220>
<223> Description of Artificial Sequence : 5Dm-3R Primer
<400> 18
gttgatsays gasgtsgaga a
<210> 19
211> 30
<212> DNA
<213> Artificial Sequence
<220>
<223> STRANDNESS : single
<220>
<223> TOPOLOGY : linear
220>
<223> Description of Artificial Sequence : 6PIN-2F Primer
<400> 19

getgegeotg gocctggagg acatcgagat

<210> 20
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<220> <223> Description of Artificial Sequence :
DNLSpeR <400> 34 gggccactag tcagccggcc ggttcggtca 30
0> 35 <211> 30 <212> DNA <213> Artificial Sequence
ég}y g <223 STRANDNESS single <220 <223> TOPALOGY :
2 523> Description o i fi
<213 'A'F@?Yﬁc;aﬁ ngZ?l’S?b 35 cgcat agatc ttcacccgag cgggtgatca
<22030 <210> 36 <211> 30, <212> DNA <213> Artificial
<2235S4RANDNESS «220ple<223> STRANDNESS single <220> <223>
JOPOLOGY : |inear <220> <223> Description of
<2ﬂ) b& |aI Se uence DM Bgl R <400> 36 tocogagatc
<223 TB &8 caccgt 30 <210> 37 <211> 27 <212> DNA
<22Q5213> Awt|f|C|aI sequence <220> <223> R91C-F pri mer

<223x4Q8er iBtfion of Artificial Sequence : 6PIN-2R Primer

<400> 20
ctgttccteg aagaactcgt ggteggegta

<210> 21

211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> STRANDNESS : single

<220>
<223> TOPOLOGY : |inear

<220>
<223> Description of Artificial Sequence : 5D-1R Primer

<400> 21
aggtgecccag cgagatcatg tt

<210> 22

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> STRANDNESS : single

<2207
<223> TOPOLOGY : Iinear

220>
<223> Description of Artificial Sequence : 7PIN-2F Primer

<400> 22
ccatgatcct gotggtggee ggecatgaga

<210> 23

211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> STRANDNESS : single

220>
<223> TOPOLOGY : |inear
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1> 27

ttcgecggecg tctgecgaccg gegggtg 27 <210> 38 <21

<21%>9%NA935/39 <213> Artificial sequence <220> <223>
1C-R primer <400> 38 cacccgccgg tcgcagacgg ccgcgaa

<22 (P A
10> 3 . T «<212> | <213> Artificia
2 sZ%eﬁgﬁiugFmgfzéﬁ'ﬁ%@ %?f@%‘LCPFPBlﬁ'P‘%ér rinefoo> 39
<400bc2fcaagggg cgct cgagcg gctcgag 27 <210> 40 <211> 27
<ote2atdphi te@d3pgyArti fici al sequence <220> <223>
R195L-R priner <400> 40 ctcgagccge tcgagcgece cttccga
7o, <210> 41 <211> 31 <212> DNA <213> Artificial
<210 égUence <220> <223> L403M F prinmer <400> 41
éﬂéaqgmtccagg ggat gat gga actccccgtg a 31 . <210> 42

<213> Artificial Sequence

<220>
<223> STRANDNESS : single

<220>
<223> TOPOLOGY : linear

<220>
<223> Description of Artificial Sequence : 5PIN-2F Primer

<400> 24
cggaatccac cagtgecteg gocagaacct

<210> 25

<211> 33

<212> DNA

<213> Artificial Sequence

<220> '
<223> STRANDNESS : single

<2207
<223> TOPOLOGY : linear

<220>
<223> Description of Artificial Sequence : pldApro-SpeNdeF Primer

<400> 25
gggeatatga ctagtagecg tgtcctgece gce

<210> 26

211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> STRANDNESS : single

<220>
<223> TOPOLOGY : [inear

<220>
<223> Description of Artificial Sequence : pldApro-NdeR Primer

<400> 26
gggeatatgt tcggacgtga attcattcog

<210> 27
<211> 30
<212> DNA
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<211> 30 <212> DNA <213> Artificial sequence <220>
<223> L403M R prinmer <400> 42 tcacggggag ttccatcatc

t. 0 <210> 43 <211> 30 <212> DNA <213>
<2‘%f§'ﬁ??@°.'§? Sggwgﬁce <220> <223> R236L-F priner 36/39
<2205400> 43 agctggaccg actcgacgtg gtggcgctgg 30 <210> 44

J 9 520>
<223=29TRANDNESS <24 @z | HNA <213> Artificial sequence <

<223> R236L-R?§riner <400> 44 agcgccacca cgtcgagtcg
S22t ceagerc 29 <210> 45 <211> 27 <212> DNA <213>
<22 ﬁﬁﬁﬁ%ﬁai'é@ﬁwence <220> <223> 1244F-F'primer <400>
<29¢35 tggcgectgge cgtcttectg ctegtgg 27 <210> 46 <211> 30

<223§25é%3r#ayfbn of Artificial Sequence : eDM-SphF Primer

<400> 27 ‘
teccegeatg coggaactga cggacatcac 30

<210> 28

211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> STRANDNESS : single

<220>
<223> TOPOLOGY : Iinear

<220>
<223> Description of Artificial Sequence : eDM-SphR Primer

<400> 28
cccgggeatg cagacgacga cgtagaggaa 30

<210> 29

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> STRANDNESS : single

<2207
<223> TOPOLOGY : Iinear

<220>
<223> Description of Artificial Sequence : PRR-1F Primer

<400> 29
gocccccata tgaacgcaaa cgacaacgtg gtcate 36

<210> 30

<211> 35

<212> DNA

<213> Artificial Sequence

<2207
<223> STRANDNESS : single

220>
<223> TOPOLOGY : |inear

<220>
<223> Description of Artificial Sequence : PRR-2R Primer
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<213> Artificial sequence <220> <223> 1244F-R pri mer
<400> 46 ccacgagcag gaagacggcc agcgccacca 30 <210> 47
<211> 27 <212> DNA <213> Artificial sequence <220>
@> ML12T-F priner <400> 47 cg%ggggﬁg?<;%gggatccc
7 < >
gA:g 1 %aftg?%ragsgggﬂtgﬁ%égg&g%% T N VPPN orinmer <400>
aacgacggg atcgtcatcc gccgetg 27 37/39 <210> 49
<2“92 > 30 <212> DNA <213> Artificial sequence <220>

RL95Y-F primer <400> 49 aggggcgcgc gagtacctcg
<21 % C 590 p<21o> 50 <211> 30 <212> DNA <213>
<2 gﬁ&? S8ERce <220>
<220>
<223> STRANDNESS : single
<220>
<223> TOPOLOGY : |inear
<220>
<223> Description of Artificial Sequence : SP-1
<400> 31

tatgcgtcac tagtcgggag tgegtta
<210> 32
211> 27
<212> DNA
<213> Artificial Sequence
<220>
<223> STRANDNESS : single
<220>
<223> TOPOLOGY : linear
<220>
<223> Description of Artificial Sequence : SP-2
<400> 32
tataacgcac tcccgactag tgacgca
<210> 33
<211> 30
<212> DNA
<213> Artificial Sequence
220>
<223> STRANDNESS : single
<220>
<223> TOPOLOGY : |inear
220>
<223> Description of Artificial Sequence : DM-NdeF
<400> 33
geccccatat gacggaactg acggacatca
<210> 34
<211> 30
<212> DNA

<213> Artificial Sequence
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<223> R195Y-R prinmer <400> 50 ggtactcctc gagttcctcg

cgcgecectt 30 <210> 51 <211> 35 <212> DNA <213>
€220 tificial sequence <220> <223> pIdout-L-BgIZZ gglner

agat ct g caggt cacc aagaa ccac

<2232§ﬁ8§”@é83221 'gg 1 g<2lgg DNA gzgggg%rt i ficial sequence
<2205220> <223> pl dout - L- Sph1R prinmer <400> 52 tctccagccg
<2235 AMOROIYPEY CC | p@gPt caccg 31 <210> 53 <211> 32 <212> DNA

<213> Artificial sequence <220> <223> pldout-R-SphlF
<220prj mer  <400> 53 cccgcatgcg getggagatc atccagagcg ca
<223§é)eswz'ﬂbi>on5w° Aptifscigd Sequeree ‘DMA-SBER 39 <213> |
<400 4ificial sequence <220> <223> pl dout-R-Bgl2R pri ner

gecactag tcagccggee ggtteggtea

<210> 35

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> STRANDNESS : single

<220>
<223> TOPOLOGY : |inear

<220>
<223> Description of Artificial Sequence  : DM-BglF

<400> 35
cgcatagatc ttcacccgag cgggtgatea

<210> 36

211> 30 .

<212> DNA

<213> Artificial Sequence

<220>
<223> STRANDNESS : single

<220>
<223> TOPOLOGY : |inear

<220>
<223> Description of Artificial Sequence : DM-BgIR

<400> 36
tcccgagatc ttgaaggtee gcgtcacegt

<210> 37

211> 27

<212> DNA

<213> Artificial sequence

<220>
<223> RI1C-F primer

<400> 37
ttecgoggeog totgegaceg gogggte

<210> 38
211> 217
<212> DNA
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<400> 54 gggagatcta gaacatgccg ggccagaggc tgac <210>

55 <211> 33 <212> DNA <213> Artificial sequence

<2 q> <223> hyggpebphF prinmer 33 <400> 55 ggggcat gcg
b é&tcaegse EYcctc ggt <210> 56 <211> 30 <212>
<290NA <213> Artificial sequence <220> <223> hyg- SphR
<22PrRITELR BPimeF400> 56 gccgeat gcg tcaggecgecyg ggggcggt gt

39/ 39

<400> 38
cacccgecgg tcgeagacgg ccgegaa

<210> 39

Q211> 27

<212> DNA

<213> Artificial sequence

<220>
<223> R195L-F primer

<400> 39
tcgcaagggs cgctcgageg gotegag

<210> 40

211> 27

<212> DNA

<213> Artificial sequence

<220>
<223> R195L-R primer

<400> 40
ctegagocge tcgagegece cttcega

<210> 41

211> 31

<212> DNA

<213> Artificial sequence

<220>
<223> L403M-F primer

<400> 41
acgatccagg ggatgatgga actccccgtg a

<210> 42

<211> 30

<212> DNA

<213> Artificial sequence

<220>
<223> L403M-R primer

<400> 42
tcacggggag ttccatcate ccetggateg

<210> 43

<211> 30

<212> DNA

<213> Artificial sequence

<220>
<223> R236L-F primer
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<400> 43
agctggaccg actcgacgtg gtggegeotgg

<210> 44

211> 29

<212> DNA

<213> Artificial sequence

<220>
<223> R236L-R primer

<400> 44
agegecacca cgtecgagteg gtecagete

<210> 45

211> 27

<212> DNA

213> Artificial sequence

<220>
<223> 1244F-F primer

<400> 45
tggcgctgge cgtettocts ctegtgg

<210> 46

<211> 30

<212> DNA

<213> Artificial sequence

<220>
<223> 1244F-R primer

<400> 46
ccacgagcag gaagacggcc agegecacca

<210> 47

211> 27

<212> DNA

<213> Artificial sequence

<220>
<223> M12T-F primer

<400> 47
cagcggogga tgacgatece gtegtte

<210> 48

211> 217

<212> DNA

<213> Artificial sequence

<220>
<223> M112T-R primer

<400> 48
gaacgacggg atcgtcatcc gecgetg
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<210> 49

<211> 30

<212> DNA

<213> Artificial sequence

<220>
<223> R195Y-F primer

<400> 49
aggggegege gagtacctog aggagtacct

<210> 50

211> 30

<212> DNA

<213> Artificial sequence

<220>
<223> R195Y-R primer

<400> 50
ggtactcctc gaggtactcg cgogeccctt

<210> 51

<211> 35

<212> DNA

<213> Artificial sequence

<220>
<223> pldout-L-Bg|2F primer

<400> 51
gggagatcetg caggtcatcg gggggaagaa ccaca

- <210> 52

<211> 31

<212> DNA

<213> Artificial sequence

<220>
<223> pldout-L-Sph1R primer

<400> 52
tctccagecg catgeggtee cgggtcaceg

<210> 53

211> 32

<212> DNA

<213> Artificial sequence

<220>
<223> pldout-R-SphiF primer

<400> 53
cccgeoatgeg gotggagate atccagageg ca

<210> 54
<211> 34
<212> DNA
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VARY, Artificial sequence

220>
223> p\dout—R—Bg\ZR primer

<400> 54
gggagatcta gaacatgccg ggccagagec tgac

<210> 55

911> 33

<212> DNA

VAR, Artificial sequence

<220>
<223 hyg—SpeSphF primer

<400> 55
ggggcatgcs gactagtaca ccgtogoctc ggt

<210> 56

211> 30

<212> DNA

Q213> Artificial sequence

£220>
Q23> hyg-SphR primer

<400> 56
gocgeatece tcaggegccs ggggoggtel
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