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PCTI GB99/ 02158 POLYKETI DES, THEI R PREPARATI ON, AND MATERI AL jE(dar 5603

. THEREIN The present invention rel‘wmmummulmm ketides, their _ preparation,
and materials for use therein. 5 are a large and structurally

di verse cl ¥90P18at ural products t hagegonc! udes many conmpouREYGH3YEHSE| ng

anti biotic or other pharmacol ogi cal properties, such as erythronycin,

tetracyclines, rapanycin, avernectin, 10 pol yether ionophores, and FK506.

In particular, polyketides are abundantly produced by Streptonyces and

rel ated actinonycete bacteria. They are synthesised by the repeated

st epwi se condens@OLYREITDES , a0WHIR CRIFNRATIONS HNDN O TRIRIAOGOEDR! sEhat  of

fatty acid biosynthesis. The greater structural diversity found anong

. natural polyketides arises fromthe sel &8BREHNof (usually) acetate or

propi onate as "starter" or "extender" units; and fromthe differing degree

of ZO processing of the (3-keto group observed after each condensati on.

- Exanpl es of prBbespragestepsventiodereédtesi bn polyBehydeoxyabglixr, -
reduction foll owed by dehydration to.2-enqyl-, and conplete reduction to

the sat urat ed BEGPPRARBESTer 219 BILEE! B3ENaRFcAPEOPEBRE ol 25 ¢ hese

processi g steps is also specified for each cycle of chain extension. The

bi osynt hesi s of Eolyketides is initiated by a group of chain-form ng

enzynmes known Belpbeykeepdarsynt Razes 30d( PReyytuTadly| dédvessef cpapgketi de

synt hase have SRL i.n [ S n ' meoe
6 January 2003R%E968%0%%993955P5$%E838%%@% $$m8§?§§é??8g§8§n§¥§%g%ggs S
whi ch are the anbjibdbtat blreophesepharmaenioghcaél piteparthky,t sutipasT
PKSs, represented the  PKSs for the _ nacrolides erythronycin, rapanycin

et i neETy HEOIY BiGs E6HEACH o HErT o GHETYEt Do SV RABREL Nof - enpyimes

and avernectin.
for eachgcycl epgli yatpakykehbpeotlal N ae4t eRsban (fortes, J. et al. Nature
(1990) 348:176-17§; Donadio, "S. et al. Science (1991) 252:675-679; McNeil,
D. J. et al. Gene (1991) 115:119125; Schwecke, T. et al. Proc.Natl. Acad.
Sci. USA (1995) 92:7839-7843 an ee.e.g. _Figure herein r. Fi.gures 2a 10
and 3 of V095 OTSRES L iHbAas PR Eer i darcas okl rEL En Pra iy sy

synt hases for sterptbayecespamddsecandeconicaiinooncyta bbhageeiaet Thegnaymatic
activities for chain extension, These are re-used as appropriate in
successi ve cycP¥BEhesigedomy &he FsBGRS oG StaPrAger GPPIRBEGELPBNn °ont ai ns a
ket oacyl rsACP sypiNasg obKSkr40TRl By RSy lhnedbhbelk RHOLeLR d@MihR c(ACP); an
acyl - CoA: ACP acyltransferase (AT) for | oading of the extender unit; and a
20 ket or educt agei@KRiosanddiepdsat addre DHMeaded St ragdyiradddévessitPR) domai n
for acconpl i shigent, jof, 1 %%%%E%%‘@Qﬁ&&eEQ%eé3a§§% SQEQgREcﬁ'”%%l%E%ign
domai ns have enzymc actrvity, the y al'so berererre 0 hereéin as
"enzynes", thoogh (Usualily)neicdtaitendad gropikplay cangt Mstgr2erdbout their
structural relationship to other PKS domains. Similarly, the nucleic acid
sequences encod g eRder domditTs RRY SRSy B fidirgd "G 989 e§eRds”, t hough

this is pot inpeadedsiog G YHRNE- KA RV RSRVeILATe 2 aldper wi se of
separate regulatory regions for the
condensation. Examples of processing steps include

reduction to B-hydroxyacyl-, reduction followed by

dehydration to 2-enoyl-, and complete reduction to the

saturated acylthioester. The stereochemical outcome of
25 these processing steps is also specified for each cycle

of chain extension.

The biosynthesis of polyketides is initiated by a group
of chain-forming enzymes known as polyketide synthases
30 (PKSs). Two classes of polyketide synthase have been

described in actinomycetes. However the novel

AR
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30 different domains of a PKS. 6 January 2003 WO 00l 01$27 -3
PCTI GB99/ 02158 The present invention particularly relates t8 Jpneag2883 for
. preparing pol yketides by replacing the reductive |loop (the segnent fromthe

end .of the @W§ dopighe beginning of the ACP conprising either geKposnaskR
and a DHor a KRl a DH and a ER) in a selected nodule of a Type | 5

pol yketi de synt hase gene cluster by the equival ent segnent fromthe sane or
froma different PKS gene cluster, or by a nutated or synthetic segnent,
t hereby generating new hybrid pol yketide syhthases that produce pol yketi des

wth different extent of reduction and/or 10 stereochenm stry in

predi ct abl e wap® P%Fttllﬁ]t?sa\?&ddé’r?&?e(ﬁsecﬁ)dﬂll,‘:‘}f HEF S %ilﬂa%’s‘f o‘ﬁ“?n'b]&%I e",
as used herei ngflelont’ 8hRMEH O Rt WP S OfmdeliPeprsSKS, each
havi ng enzymi c activity, which participate in 15 oné cycle of polyketide

chai n ext ensi oxrepvussentaed byultdue PKSen foat drdg ovagrsdulde s oyt Re@mRSIin AT, a
reductive | 0op Leomprls! 19,008 QWG Of e O And, BRI 20 ACP. 20
Get  STAEIUde’ ot K d or

Rarely, the re e Toop may 1nc onai ns. exanpl e -
yer si ni abact er diiffietfenposees e2s “amotdwled’ RIES eandymped Viizaptaaeh syyt haset
possesses a net hﬁl transferase domain. 25 ]t has been reported that

repl acenent of kegdder iche ino S tEMSiRiul € oX 557 DEBSEE ank t N Here
equi val ent Segﬁ%o@f IpdylR 3 Af; tﬂ&d@(d%,ed) YT iyl A £KB, gene i el ds

a triketide ketolactone when expressed 1n S. coelicolor CH999 (Bedford, D.
et al. Chemi st 2p2aEdSBi6dI9%gMacNeGa), 30. 3T 824 88ll) Gene 6(Uallar Y1 20089 WO

00/ 01827 PCT/ GB99/0215% -4 Simlarly,. replac f the reductjive of
modul 6 2 in DERSPTE SEPME e dquiShal®nt eposreog"rrgﬁrﬂ?tr%f T S orogh o585
erythronyci n PKS .yiselqdsea 3t Hetdede d agt anaywd i therdiedi 6t e ghrest 2 e

and stereochem stry when expressed in . S. coelicolor CHI99 (MDaniel, R
et al . Chtti stryprshd 2BWNSY\P (51F07) whesgrs7ayRe Gt tHESe @ ary, when the

e e T LR PSSR Sl o, g B (e
Chemi stry and Ricoltagyh only a single set of enzymatic activities for
chain extension. These are re-used as appropriate in
successive cycles.
15
A complete module dictating full reduction contains a
ketoacyl-ACP synthase (KS) domain; an acyl carrier
protein domain (ACP); an acyl-CoA:ACP acyltransferase
(AT) for loading of the extender unit; and a
20 ketoreductase (KR), a dehydratase (DH) and an
enoylreductase (ER) domain for accomplishment of the
processing of the PB-keto group. Since these domains ha&e
enzymic activity, they may also be referred to herein as
“enzymes”, though this is not intended to imply anything
25 about their structural relationship to other PKS domains.
Similarly, the nucleic acid sequences encoding such
domains may also be referred to as “genes”, though this
is not intended to imply anything about the presence or

otherwise of separate regulatory regions for the

30 different domains of a PKS.



(1997) 4:667-674). 10 In a further experinent it has been shown, that the
reductive loop of nodule 2 in a trinodular system conprisingjihgn 9658 ng

. domain, the first, second and third extension nodule and the TE of the ery
gene can 1 e substituted by the equival ent segnent of
t he rapanygi(ﬁd@wcorrpri sing a KR and DH domain yielding a %ﬁ?gtﬂé@iléie W th
the predicted doubl e bond when expressed in S. coelicolor CHI99 (MDaniel,
R et al. J. Am Chem Soc. (1997) 119:4309-4310). In the sanme 20 system
the reductive | oop of nodule 2 has been repl aced by the equival ent segnent
of nodule 1 of the rapanycin PKS conprising a KR a DH and a ER donain

yi el di ng a t eflhgkBFEGENF tLRVERE ige dHadttdEBadt i1oh 3t | E AP B SR
expressed in c i .Qr t, al ) Rem .

- (1997) 119: 11255- %%Z’%)%Q’&gtéﬁg%ggﬁﬁéasr%y\% nalfgﬁ”r?g i e;rcé(ﬁnrcespondluo%
segnent of nodihe 4egimenlte feopt hemesich FKSgedd o yelee pgldetime aofith a
doubl e bond at the rel evant. positi.on coul d be obs%&yed nd t, as one
woul d predi ct FPEUPCE EQTRELSHPEKED ERET W %t Al Praft %ﬂe‘?ﬁ B
(1997) 119:11339ul1 530k ER)6 idARUHN 2003 WBRAIOIR % -B,RCTY GB99/ 02158 In
two simlar experinments the reductive | oop of nmodule 2 in the trinodul ar

syst em Has be®?l¥ilfestiideysed thasch g rdspsrd ddmesauivfalgidul e 2 of the

iy
rapamyci n PKS i, ni an_ r@g% | ve olur:l ﬁggi he KR_
domai n of nndtjsl%%ra1 %otf f?%ggrtalﬁg %%%e( {}‘hlle reduct idvq'e_t oop l!(;f ri%nérmdul e 4
contai ns a KRdAndterDHodomy @) mbeited anstawatisetare seperited tleenelel d a
triketide |actone with a different. ster at G 3 (Kao, C

hem st M et
al. J. Am Ch&Rnessting oew) hy S ish Be LR Ao By Tk ge Heh &k drfpsrdiace ©

described aboyp1t/e SR WA IBlH TSt aSee it lo And KRR s olhiaysa agen used
to join the ragnents (the location of the Pstl site is identical to

t he Pst 10 sit e s¥segdahentie taystiemad aseyd vdchibed oveyand the Xbal site is in
the sane place as the Bsu36l site). 15 A nodel has been proposed for the
structure of the DEB synthase, where the reductive domains forma | oop
whi ch |ies outirde Hhevedrdaricy e dpubthe dis  tAemante then £AGEh dasde s,
(Staunton et al. Nature structural biology (1996) 20 3;188-192), in
addition it h& p&Esd fehtd nafdehEBSL§%° §%y?jr§ﬂtys%’a ‘W“ams of a Type

proteol ytic. enz\gies &aciPefd iy '&Pzé!r&f&‘saé’ﬂxﬁﬂ ] rdfhiél‘?g;?é’f‘@f’@f h@se ofn t he
domains (Aparicio, J. F. et al.”J. Biol. Chem (1994) 269: 8S24-8528).
These pibt eol yariec &yidles ofr @dlathat ig ndhaim ditkegiorgi dierand 25 it seens

therefore ideal_ta jain-the fra nts. in close nei ghbourh to.t hese
sites. Exanpl FET5t ug‘iasrl r'e ad]oc%(rrr%erﬁseldxf n 01 TR glg%' azgrp’ec? t he
invention proweRfctiue dicomC{dbmprising one or more of KR, DH and ER),

and ACP.

206 Rarely, the reductive loop may include other domains.
For example yersiniabacter, which possesses a mixed PKS

and polypeptide synthase, possesses a methyl transferase

domain.

25 It has been reported that replacement of the reductive
loop of module 2 in DEBS1TE with the equivalent segment
of module 3 of the (Type I) erythromycin PKS gene yields
a triketide ketolactone when expressed in S. coelicolor
CH999 (Bedford, D. et al.Chemistry and Biology (1996)

30 3:827-831).



30 (particularly DNA) encoding at |east part of a Type | pol yketide

synt hase (PKS), said part conprising at |east 6 January 26G0RNWEYAS081827
. -6 PCT1GB99/ 02158 part of an extension nodul e, wherein the nucleic acid has
a pol yl'i nkegyoWololiszaul tiple restriction enzyme sites in , plagerRipodiaser
nore genes encodi ng enzynes associated with reduction. 5 In another aspect
the invention provides nucleic acid (particularly DNA) encoding at |east
part of a Type | polyketide synthase, said part conprising at |east part of
an extension nodule, wherein the nucleic acid has a polylinker with
multiple restriction enzyne sites which ' 10 connects nucl ei c. aci d encodi ng
(at | east partSbT}fﬁﬁfYO ﬁﬁEi@F@mﬁBFdogn588iﬁ§ C4ViEy oﬂﬁan(ﬂgéhiﬁiz Such
hucl ei ¢ aci ds pRYpRBYeTENWREH thenahuivalehe addhenthic iirades ¥ e
nore reductive enzynes, inserted 157into the polylinker as described in
nore detail betowthBponcinsBKsi yheldspretaiiislty deelfagtane Mylthowiley
digestion of thg.polyLhnkerscenlal DhA9 AUGLE s ARIATPY AP LESITILE T,
enzynes. In order t6 provide-a Choi'Ce &f i nsertion sites, t he péifilnker
preferably incbudesedicdlotreanbobhrmepaadtrli,CR.ortSiadleChamirsa fyf efret abl y at
| east four, and, further greferablg at |l east six or eight restriction sites.
The pol yfi nker BHaYCBE pt897 el : BF /i B A3dulPnd Hex SR FEE Y25 dihg, same
synthetic) nuckgplr2fibfeiJhg ER2rTLAColePHS sERe QNG dMILhSive addh S MY
be provided by ehgi neering the existing sequence of the Type |I PKS-encodi ng
nucl ei ¢ aci d. wmodukzgafpbé, the achibvenyirdn KSeronlyest rhedtdleT Xirteescae\d be
engi neered (e._g..by sjte-djirected_ 30_nutagenes|,s) .into se ces up-

and/ or dommstrggn%fé}@kﬁsagM§DBBPﬁ}'oP“wﬁér@Hrﬁ%“%B§%ﬁ9’Fggﬂggi hzyme

6 January 2003 (Y% 60! 01887-B¢a)GB99/ 02158_ _7_ encodi ng sequence woul d
normally lie, particularly into sequences whi ch encode pol ypeptide |inkers
bet ween Phe reductive enzynes) and adj acent domai ns. The pol ylinker
desirably include t . he .5f.Ql Low ri,Gtj ites:
Al Sot PoEfRR BERalen g0 el ARl Ry 2
desirably the peliuttmker loopl ndesmodullee@stinf @urt mimdddser ssysasem Pref erabl y

at |l east sone of the restrjction sites 10 .inclyded..in the pol i nker are
absent fron1thE°W8ﬁé?ﬁ88rtbF ﬁédﬁﬁglQQP%hﬁwjéﬁﬁE}%ﬁﬁ§ﬂ1§%%9 an ‘

i ncorporated. Pasipabkyefkibaafbdtaee aold e SiE &F ivHd Wisd ddhd ean _
pol yl i nker are uncommon in or absent fromnaturally occurring nucleic acid

sequencds$ whi cBleacbdespbatdtiutted by the equivalent segment of module 4
of the rapamycin PKS comprising a KR and DH domain
vielding a tetraketide with the predicted double bond
when expressed in S. coelicolor CH999 (McDaniel, R. et
al. J. Am., Chem. Soc. (1997) 119:4309-4310). In the same

20 system the reductive loop of module 2 has been replaced
by the equivalent segment of module 1 of the rapamycin
PKS comprising a KR a DH and a ER domain yielding a i
tetraketide with the predicted oxidation level at C-5
when expressed in S. coelicolor CH999 (Kao, C. M. et al.

25 J. Am. Chem. Soc. (1997) 119:11339-11340). On the
contrary, when using the corresponding segment of module
4 of the erythromycin PKS gene only a polyketide with a
double bond at the relevant position could be observed

and not, as one would predict, full reduction (Kao, C. M.

30 et al. J. Am. Chem. Soc. (1997) 119:11339-11340).



| S enzynmes of other (preferably Type |) PKSs. Desirably at |least two of the
sites are absent fromat |east about half, nore desirably ag.ﬁﬁ&§&2@99Ut
.three quarters, of known nucleic acid sequences encodi ng reddctive “enzynes
of PKSs. Preferably the restriction sites are rich in A 20 and T residues,
since PKS g¥R¥MIEHY to be rich in G and C residues. DesirabPGT/CHEMRIE ei c
acids of the invention encode a | oadi ng nodul e and/ or one or nore extension
nodul es. 25 More detail concerning varieties of |oading nodul es nay be
found in our copending international patents-application, entitled

"Pol yketides and their synthesis", filed 29 June 1999. 30 In another aspect
the invention pnovwdesimitaei experdmganer ahky ragucndiveatlexbpalodyv eckdutl ehavi ng

further nucleic Januar 003 WO 00101827 PCT/ GB99/.021~8 cid
encodi ng one o?nnﬁgg EEHW8¥P£@reﬁ¥§H§@ g@?gﬁeﬁﬁ &h FGECBHeQnE%EF%ER}
inserted into tberp8p¥hinkgr sedienktnser edunuchebs agied ARURRGPIBKENE OF
nore reductive enzynes of the sanme pol yketi de synthase as that of the

‘nucl ei ¢ aci d i APBEMNERTt AeKBorpHi AReRNRSLiNSePHedompdn B din &hei KRer ent
ext ensi on modulgy,, f,t SENALEYELY 41 @ EREeE%ﬁggﬁ ?N?h% %%b%c@%¥ebﬁﬁ§ép%§nous’

encodi ng one or nmare reductrve enzynes fro i fferent natural

fatty acisd synrhpsepdolemaycbataynshet K& anhdmay DHe douwbdngéd Boat a natural ly

occurring nucleic acid which 10 encogss oneegr nor e &Qducti e enzynes of a
i

PKS or fatty atPBSEYHEhEsBrepreParabrly tot e Silfsér tedkrlidrs dagtraeemdsdes

one or nore redugtEyereAgyBRerEheREIG$9MRLOC-aNQikher PP | RKFj0r Sfatty
acid synthase, but alternatively it may éncode one or nore reductive

enzymes i 5 frofma Fhee.| BopKS(dP9Bat ity 0alid8syrt/Rase. The genes encodi ng
nuner ous exanples of Type | PKSs have ' been sequenced and t hese sequences
di sclosed in publicly avail able DNA and protein sequence dat abases

i ncludi mg 20 Genbabk, t EB¥BexamplleSWdespiabedFaboéatplee st Seatenees o e
avai l abl e for the PKSs overnin% t he synthesis of, respectively,
erythromycin (EBdFE8x, P§tlepnd| XDRdr uhaveLPs6R 3889116- 173 dd€edPon nunber

X52569, Donadi @ragmefits@l(thaChBReei6hIBE) t#22 p8(T- §h%e AGCEIRIQY JAYThey 25
M63677); rapanycin (Schwecke, T. et al. Proc.Natl. Acad. Sci. USA (1995)

92: 7839- 7843, ébéeggténSﬁﬂﬁbeseﬂ86ﬂ8®ﬁﬁ §Mﬁtbahﬁeﬁwrﬁkmgh$mleml@hd t1e98) ;
cCceas) On TS B0RT 0L B SO S B XSS o
aci d sequsence encoding the first two
A model has been proposed for the structure of the DEB
synthase, where the reductive domains form a loop which
lies outside the core formed by the KS, AT and the ACP
domains (Staunton et al. Nature structural biology (1996)
20 3:188-192) . }n addition it has been found that DEBS1 is
hydrolysed by proteolytic.enzymes at specific locations
which mark the boundaries of the domains (Aparicio, J. f:
et al. J. Biol. Chem. (1994) 269: 8524-8528). These
proteolytic sites are found mainly in linker regions and
25 it seems therefore ideal to join the fragments in close

neighbourhood to these sites. Examples of this are

documented in W098/01546.

In one aspect the invention provides nucleic acid
30 (particularly DNA) encoding at least part of a Type I
polyketide synthase (PKS), said part comprising at least



nmodul es of the avermectin PKS fromS. avernmitilis; this 6 January 2003 wo
0o/ 0~s2~ -9 PCT/ GB99/ 02158 may be used as an al ternative solfranuppr2G03e
-inserts used in certain of the exanples. It is apparent to those skilled in

the.art th t overall sequence simlarity between the i ids 5
encodi ng cg‘krrgé)p}gbq% domai ns or nodul es of different Type | 3@8?29/&%9

sufficiently high, and the domain organisation of different Type | PKSs so
consi stent between different polyketide-produci ng m croorganisns, that the
processes for obtaining novel hybrid pol ykét-i des described in the 10
present invention will be generally applicable to all natural nodul ar Type
| PKSs or theiPaHerpfagnvestenpieyr vpdplaspwbeseiphghpr sgspeicne@id as
provi des vectors 1 p i : a .era l; i ,

el udi ng. muc &1 8° SETaaRar PEF 51 PipPRCPERCEREE  BhoBhYvhe BERE N
(particularly pia&reptongces speei gehesr ansbdihgdenzi/mesuabsoudlagied aci ds
or constructs. 20 In still further aspect, the present invention provides
pol yket i de sanﬁ5§e§e§§ﬁFé9§ible by host cells as defined above. Such-

pol yketi de synthases may if desired be isolated fromthe host cells by
routine nmethods, though it is usually preferable not to do so. 25 In
further éspect§ntﬁ%OFg9§n@$BﬂCbrbbﬁdé@vﬁﬁthﬁﬂspﬁpvédééthﬁglﬁéVeﬁCﬁ@nctional

PKS' s and nucl ¢j j odi n [ tign_ow cleic acid
encodi ng reduc?#%ﬁég%§§%§2§iﬁ#%gp%ﬁggbgégggéazeggai@%?édogoaagggé;Iand
novel pol yketigesykstpdedagatdhlyesushi@KGast cofiptantiagy a2008astO0phrrta
still further aspect, the present invention_ provides novel processes for

the specific offpfBfe¥EREFAPpPEEULE oKREFepar EPBUPHFLBAPYRELFIESS dsi ng

the materials ﬁaﬂyﬂ%negsw%hdﬁhe@gl%nreéeﬂee%oaseﬁ%yﬁqe Egﬁ:e@(mlc?v the

present invention provides processes for the generation by direct

fermentdfi on ofomec23ndehgicoavédnencpaAsigsieh dsastepartt f)(2dete. g.
avermectine (soabtte BlidoratodyRaniabeySaih Roflr PRL AsBhect . the present
invention provides a nmethod for producing a nucleic acid
Such nucleic acids may -have an additional nucleic acid,
which encodes one or more reductive enzymes, inserted
15 into the polylinker as described in more detail below.
Such insertion is preferably performed following
digestion of the polylinker-containing nucleic acids by
two restriction enzymes. In order to provide a choice of
insertion sites, the polylinker preferably includes at
20 least three restriction sites, more preferably at least

four, and further preferably at least six or eight

restriction sites.

The polylinker may be provided by introducing exogenous
25 (usually synthetic) nucleic acid into the Type I PKS-
encoding nucleic acid, or may be provided by engineering
the existing sequence of the Type I PKS-encoding nucleic
acid. For example, to achieve the latter, restriction
sites may be engineered (e.g. by site-directed
30 mutagenesis) into sequences up- and/or downstream

(preferably both) of where the absent reductive enzyme-



encodi ng a novel pol yketide synthase, the nethod including the steps of: i)
providing a nucleic acid as defined in any one of clains 1 %Qj\?lﬁhaﬁ%ohi)
incorporating into said nucleic acid a nucleic acid sequence I ch encedes
at | east one reductive enzyne. In a further aspect, the present invention
provi des a HRPHYEF or producing a direct fermentation pr odubt Ve St vit ng a
pol yketide, the nethod including the step of culturing a host cell as
defined in the above aspect. In a further aspect, the present invention
provides a direct fernmentation culture whith produces a C22-C23

di hydroavernectin, substantially free of other nmacrolides. In a further
aspect, the predsEsting vesiesisep vovilde foamedryedisti MR EHWRAEY ditd ned
fromthe cult j b nt ai Qi i.ddi 03y, [

substanti al | ytgfer u%%%%@o?ﬁlgf% n%\é}%(?l(a%d%g.ﬂ’llpﬁ%aﬁ? Gr tlﬁen?( )ég{sspeebcetet,r% tJglreesent

i nvention prowiedegtavel reectynfedsierpingt lacl acetturdenatiineh produces a Bl
avernectin substantially free of B2 avernectins. In a further aspect, the
present invention provides a fernmentation nedium as obtained fromthe
culture as desg{d hedaklewe CRIAIMIDIY Saicd BleAWRN MREIIN Sikstantdil |y free
of B2 avernectins. In a further aspect, the invention provides a nmethod for
produci nfy a pdisgidamidy nassnisttien isidlesdi dynlHe $HBgd iofSnaBlsg Regfdary 2003
-10a i) providsi[zgl_a j.rect, fermentati.on _pr t- resul ti I t hod
as descri bed above, l\fogrllgf esrurfégﬁa?\?‘gr%'rrg |dtj?nﬂ%sl 'de?éjrlltebeq%srilnroﬁllggetﬂge

i nvention; angadlyliatkdredsiclpaids altl i et fighug f poledeetd ideed r om sai d
fermentation product.|n another aspect, the present invention provides
novel pol yketides and novel stereoisoners of polyketides, such as

particul ar polpskatd,dgs productdd BRkCYdanee Mddi-one M dmre&; of the
Exanples. In order to énable the exchange of the reductive loop in nodule 2

of the &yt hr omaliuvderkKI mydie ipeliyia NBEBSEFE \xtemh (Frxmm @she) . remaigidexy 1995)

268: 1487- 1489) ol yl inker (multi.ple claning. .site .nts has been inserted
in place of thoetartg1 USSR Ry iy lé]necr?e]‘)raa?]fa?ltgecg' ni ni nal

modul e conpri Deh ey an hanGoae ACP.c Hel ik sy SitrRibudedtin ltHaunct i onal
and produces a ketol actone (see exanples 2 and 4).) The nts contains uni que
recognition siRYY¥gkey @A MAAEPeAZY M¥s 2Pafdte TR matyietivn sites

are situated pardlphidy PNRAIRNCOUNG adduikRied G iU NG ROSH A RIS wher e
t he pol yketide synthase is hydrol ysed by proteol ytic enzynes (vide supra).

Whi | e sdfre of ermymesstaf cititmr sipef driadlivn TIE enc RHSwy r e onsalofy |adw

?g{"gjtfgy’l ;)t h Sast Gl LGS 1 A sneading, T ghly Gonpelyed i Sdl ons
half, more desirably at least about three quarters, of
known nucleic acid sequences encoding reductive enzymes
of PKSs. Preferably the restriction sites are rich in A

20 and T residues, since PKS genes tend to be rich in G and

C residues.

Desirably the nucleic acids of the invention encode a
loading module and/or one or more extension modules.

25 More detail concerning varieties of loading modules may
be found in our copending international patent
application, entitled “Polyketides and their synthesis”,

filed 29 June 1999.

30 In another aspect the invention provides nucleic acid

generally as indicated above but having further nucleic



6 January 2003 WO 001 01827 PCTI GB99/ 02158 -11 introduction of recognition
sites for the enzymes Avrll, Bglll, Bsu36l and Nhel does not {eRdaye00Re
.amno acid sequence in DEBS nodule 2. In the other five cases (SnaBl, Pstl,
Spel, Nsi, WBahhidhe am no acid sequence is changed (Figure 2rq/cHi6H5 58
changes do not a?sftzect the 5 activity of the protein (see exarrpb[re 6?.
Because two of the restriction sites cover the sane bases it was decided to
construct two plasm ds containing different ncs (pJLK114 and pJLK117). 10
The use of an nts offers the fol | owing advaht ages over a single restriction
site on each side_of the reductive loop: IS 1) suitable posjtions to join
t he DNA fragneﬂ?%d(ﬁﬁcﬁgﬁpgrQHF 85me%%ir JQﬁﬁ?tﬁ?%ﬁméénJ?tﬁjé@%ry .
di fferent redughiysr! 8APahRZEELYERIVAINELIE ddnfigm e ©SRANTSSed N tHig am no
acid sequence 20 2) enzynes that cut within the |oop can be avoided; and 3)
| oop i nsertioninagrbeedpantdemed aich da MayneNEHdsT iqdle iy . M3 Thrdye eisemt
i nventors have he f her. sutpri ) i i ffe t. results
may be obt ai neaggg}%ﬁg ?ﬁe%é%n%aﬁ%l %lméee;&gg%nfs&i%\rﬁ{n%s%uc eﬁgécﬁggnta}h%-t he
same nucl ei ¢ aagudledneodcig @neocowhinhe thedpetliywia réery nes , inderc édie el ei ¢
acid encodi ng gne or nopre reductive enzynes Sg is incorporated at different
dl

sites i nothe pbFyMi AkErLLeTEnTafrkeySicns "Ro g2t ST P GEIY 02158
For exanple, ip,Exapphes,siand %ciﬁh%arye@éme'%é%ps,Ofeﬁé'&ifﬁg?a&l/é:'& _
nodul e 13 was I nserted 1nto ery nodule 2 to bri'ng about conplete reduction
of the pol yket indeechaidncas vehenayimesnd roin ehd ifdcormahtextansiaoh PEdIwe. The
desired . trikgt'ge Iacgone g oduct s _were gptaiqsgluy. qulxiehg. S
However) in EX ﬁ% 8s357%RY"3835Che LalBr &Fuct ei&ﬁ%,:%r Pet°Df domai ns,
fromrap nmodul gutdtwas firbmeat ad tiuiad 165 sitirating e lsaie O5d twipicn n ery
nodule 2 as in exanples 7 and 8, save that different restriction sites ° of
t he pol yPi nker eREPECEs OBE( A¥r MPTEnF it ivigs eary™sts 1of By §HS L f&F4Y and
significant a kS —prod &ﬁ;pbkﬁkﬁ%ﬂl = Qﬁyc . 4 ncl uded
triketide I.ac{%ggg F%B\%E%g%c %9%33\%‘” ér keto osr y rt(}%(llf/cf)fs ovéénlgdthat
sinply alteringnthdesi bes uvzecdolrer redapiivg tereymeducirore tloopsaresieot he
di fference between obtajnin he 15 desired product .and ohtai ni ng an
JebRBetotahiet A

undesi rabl e m PAFBest TYRE fPed p PR TIUREE of i nconpl et e
reduction. alternatively it may encode one or more reductive enzymes
15 from a Type II PKS or fatty acid synthase.

The genes encoding numerous examples of Type I PKSs have
been sequenced and these sequences disclosed in publicly
available DNA and protein sequence databases including

20 Genbank, EMBL, and Swissprot. For example the sequences
are available for the PKSé governing the synthesis of,
respectively, erythromycin (Cortes, J. et al. Nature
(1990) 348:176-178; accession number X62569, Donadio, S.
et al. Science (1991) 252:675-679; accession number

25 M63677); rapamycin (Schwecke, T. et al. Proc.Natl. Acad.
Sci. USA (1995) 92:7839-7843; accession number X86780) ;
rifamycin (August et al. (1998); accession number
AF040570); and tylosin (Eli Lily, accession number
U78289), among others. Furthermore, figure 7 herein

30 shows the nucleic acid sequence encoding the first two

modules of the avermectin PKS from S. avermitilis; this



Simlarly, in Exanples 31 and 32, when the sites Pstl and 20 Bsu36l were
used to insert the reductive donmains of avernectin nodule 1 0%@%812@0@%2)
.in place of the reductive |oop of ery nodule 2, the expect eg product was

pr oduced, a substantial anmount of ketolactone. In th i_prent
of Exanpl eg‘l’e]bé)%gn 730, when the sites 25 Bglll and Nhel wer gcﬁécg%;@/%lis smd
pJLK30) hardly any ketol actone byproduct was produced, although the anounts
of lactone were in a simlar range in each case. ' Wen, entirely

anal ogously to the Exanples 29 and 30, in-380 Exanple 14 the sane sites
Bgl Il and Nhel were used to replace the reductive | oop of ery nodule 2 with
t he reducti ve nayodpeofuisd oxt nmorlt @eriaf praseddr¢d LK35)the hensed- g amsad y
2003 WO 001 01827 99 58 -13 s target triketide | actones were
produced as inl%xcga%a% éé)pgt#]deB?%"L‘Rfe\r}\ngth much hi gher yield, albeit
acconpani ed by sone ketol actone, denonstrating that different reductive

| oops nmay be npst, advant ageously inserted into different restriction sites.

"S In Exanpl es Y3 HhPRRATGiben ¢ heheF¢ ekl §¢ A AT et st to i-nsert
the reductive gaogins @q@%ﬁ&ihﬂl@g%%gt&@éﬁs d RILK3y ddbggexpect ed

products were produced as the major products. In the experinment of Exanpl es
35 and 19 36, eweedinge odrpsrBphE| danalBs uds| megunkesisetl dpf bendnk JGNSBA?

I f. i id ' | d. be obt ai ned. Thus,
The’ pr ecent i nberti o Briovh et (REL BoRbrtuntey, s SHBOTE RHke DAt T LT and

predi cted proddietsi Ndrder Obfpe NEAPKEENsE Pahsi StéRE HEEEdh Vi f RO tS
inserted into ag{a}gtipul ar PKS, of sinple adjustnent of the insertion site
by use of diffR?EAECHEdR TPERTRIRAPHEECARIRNYSEFt 8Nk EhR PPSEFTREr. As

denonstrat ed b??"ter;‘?’f%ﬂyfn OnSQgPaxé?%%ﬁdﬁéﬂgéfiﬂeé.“%Qséf L yis{frene can

dramatically a e outcone an etide synthesis. Exanple
1 25 Constructpossait plesemdi pd LIKIL1Y PEagandrplliKlddpl scabhCJiR24abhsed

pl asm d contai ni n PKS, gene conprisj the ery.loadi ng nodule, the first
Bnd the second Bxensi Brtnhtl B¥Pat I (RRYar T PRES KRRV RS %0
chain-term nating thioesterase except that the DNA segnent between the end

of the acyltransferase and the begi nning of the ACP of the second ery
ext ensi on nodufe hasteenrspestst ukkd Byeaesynineveneion| poavictedtide 6

January 2003 WD.0DL03827, BETACRI0L G180 14y biaker COPLALBIP Lhe

recognition sites of the ng restriction enzy Balll,
SnaBl, Rstl, SpkhsmiddNsj|in8budbhgandcHpat. atidmasscoatinedt enl vha several
internediate plasmds as follo Figure.3). 5 Constructipon of plasmd
KOS The: Sprt e et arec S s RO BRACE ThE mire bt ceker LYy "gone of &
erythraea was goapbptbmgcby EEB-USENTr2anBELABES /DenSyithehhi€leic acids

ol i gonucl eoti des: 10 5 - TACCTAGGCCGGECCCGACTGGTCGACCTGCCGEGTT- 3" and

5' - ATGTTAACCGRTEGRIAGEICTCCGICT- 3' and pl asnid pNTEP2

20 In a still further aspect, the present invention provides
polyketide synthases expressible by host cells as defined
above. Such polyketide synthases may if desired be
isolated from the host cells by routine methods, though
it is usually preferable not to do so.

25
In further aspects the invention provides methods of
creating novel functional PKS’s and nucleic acids
encoding them by means of insertion of nucleic acid
encoding reductive enzymes into polylinkers as indicated

30 above; and novel polyketides as produced by such PKS’s.



(Aiynyk, M et al., Chenistry and Biology (1996) 3:833839; W98/ 01546) as
tenpl ate. The PCR product was treated with T4 pol ynucl eoti de ki nase and
-then ligated with is plasmd puUd 8, which had been |inearisedjdayafi@@3ti on
with Smal and then treated with al kali ne phosphatase. The ligation m xture
was used to transform el ectroconpetent E. coli DH1OB cells and indivi dual
col oni es were checked for their plasm dqgantent. The desired plasm d pJLKO2
was 20 identified by its restriction pattern and DNA sequenci ng.

Constructi ] : i A ] of
the eryAl g&%'ﬁgﬁ?’%ﬂ?@?%ﬁ%ﬁ?mgn‘% ir??‘?ggdﬂ%v%i é%&g%%isng aéggrllrrerrs the
synt het i ¢ prefejentiat peasiuctinsof peTticNipGPY! arEtCAmDBe©ds 'asand

5' - CTTCTAGASHA %@Wﬁgﬁe ' i s-dhe
PCR product vva:sgt e-gte wWth T4 Bdéf)n ygﬁég‘)%%tgﬂﬂ @Fé&‘ﬁﬁi@g@@ﬁ%%%ﬁé(ﬁfggt ed
wi t h pl asnthe geoeragonidiractfauneandation af 622rG2kdinydroanegosetingnsughtas Smal and
then treat e i I i | ; to
transf or m SP IRt Ere S, BFrfReg BPEhaY) shdbr bt SRR BT s

PCT/ GB99/ 0B2 mgermestintiseB ec@ | Exammpies 2hand/28ual col oni es were checked for
their plasmd content. The desired plasm d pJLKO3 was identified by its

restriction pattern and DNA sequenci ng. Construction of plasmd pJLKO4 5
Pl asm d pJlk@urihasastiegh sheepregentinvestion preyideip @imethed fan graduging ldgpicleisesid  was

lTgated w Iehco%‘i@sé‘%&eﬁ’égug'@%g\é{k&ﬁmagé%éﬁfeiho%ii%&&iﬁ th‘éﬁ&e@bg’o??' and Hpal . The

ligation mXxture was uSec ansform el ectroconpet ent coli DH1OB 10
cell's and i ndi vi)dual pewiding @sueleic acigrascledided iranyrasierof glaimsrl o 8mandent . The

desired plasm d;;pJLK i ik P s T (ot o :
Construction of ")gl as%%g%ﬁﬂgggﬁl%gglgﬁg:gﬁcdé%ﬁER%?IE%%}H%%%%@@S? was

di gested with Pst| ardcouesiat leaatoneveddgielppzymeert was |igated with plasmd
pJLKO4 which had been digested with Pstl and Avrll. The ligation m xture
was used to transform el ectroconpetent 20 E. coli DHLOB cells and

i ndi vi dual Ircafustheesgspest, thepreseridnviention providep laaaethed too prastvcing Brdiredesi r ed

| i d o] ; vt Crinti Lan of
D1 o d o aeri5fan.pRBL: ConinBll a phfcfiee) Wele HBa RdRidne SRAT FiElind
pl asnm d pNFBPst eeliasdiefjeed dhebovengipectand Scal and these two fragnents were

|igated with plasm d pCIR24 which had been digested with Ndel and Xbal. The

|igation m xture
In a further aspect, the present invention provides a direct fermentation culture which

produces a C22-C23 dihydroavermectin, substantially free of other macrolides.

In a further aspect, the present invention provides a fermentation medium as obtained
from the culture described above containing said dihydroavermectin substantially free of
other macrolides.

In a further aspect, the present invention provides a direct fermentation culture which

produces a B1 avermectin substantially free of B2 avermectins.

In a further aspect, the present invention provides a fermentation medium as obtained
from the culture as described above containing said B1 avermectin substantially free of

B2 avermectins.

In a further aspect, the invention provides a method for producing a polyketide, the
method including the steps of:



30 was used to transform el ectroconpetent E. coli DH1O0B cells and
i ndi vi dual col oni es were checked for their plasm d content. The desired
-plasm d pJLKO7 was identified by its restriction pattern. 66adaaya0032003
WO 00/ 01 827 - 16 Construction of plasm d pJLK114 PCT/ GB99/ 02158 The two
synthetic oligonucleotides PIf and Plb (Figure 4) were each dissolved in
TE-buffer. 10 ul of each solution (0.5mM0al-/ ~Cl) were m xed and heated for 2
mnutes to 65C 5 and then slowy cooled down to roomtenperature. Plasmd
pJLKO7 was di gent ed miobidmﬁvddjlfeonfﬁﬂmbbﬁtlomﬁld)dhbtgaélﬂtﬂwg/ﬁ'dd‘itﬁ&meﬁbﬂ%@ ed
ol i gonucl eot i des. ﬁ_:on mxtgere Wtaf |_rk?gtotrans orm
el ect r oconpet ent E "E'ﬁci” gf ¢ EermapafioRy MediiThes 88iCHRFLY Risr e checked
for their plasm d 10ingemtiornand The desired plasm d pJLK114 was identified by
its restrlctlon patt

18" B Pst BB TR e PPOARIES M SPGB dacarraset

construction of"
derivati veSnQQp@faspeaamelpfe@ntﬁgemlmﬂd@m&b&ﬂolymleeysmﬂnémt ransform 20

prot opl asts,_of . S. strai eposi t as No. NCI MB 40802.
08! 0154655 aaRmers i RPER: Put onborbe et ranoldasapiiiadin aorasdinteed.  From
sever al coWitinbas of MbAd of NAEXGBpledt ai ned and anal ysed by Sout hern bl ot

hybri di sation, to confirmthat the plasm d has integrated 25 into the TE
gene. JC2/pJLK114 was plated onto SM3 agar (5.0 g glucose, 50.0 g MD3OE

mal t odext r inerd@Go@ngblAtkasahargy of the @wuctn’u’e Bog iMMbagis %f (heaihrorlyd® 9

K2HPO" 2.5 3 H=7

cont ai ni ngpg§ ggnamﬁett(})ﬁ&ﬁ%zﬂsgeﬁn g(jﬁ?il 14 mﬁ%’d 19%%%%\%83?1%8) ?\HQ?YU'@‘eﬂays at
3oct 1 C”?“ﬁ"'ﬂf”“’@““b”{“ﬁ sitB empé)Rhas besh :ggémﬁo | ?p&e_d ofithé rgdlﬁd_’lt_lﬁélcﬁ)@ dﬁﬁrﬁc{du% 2

m xture o e ace ul. formc a nt was
Gecant od_aarEhsptaEg 2205 SRbl Smetsne o e AT areSBRcEy (R

January ZO%témlsﬂﬂiIIer&ﬁanalhﬁd produces a ketolactone (see examples 2 and 4).) The mcs

contains unique recognition sites for 9 restriction enzymes.

These new restriction sites are situated partly in DNA encoding a linker region near
positions where the polyketide synthase is hydrolysed by proteolytic enzymes (vide
supra). While some of the restriction sites lie in DNA encoding regions of low homology,
others are situated in DNA encoding highly conserved regions (Figure 1). The



PCTI G B9910215%  net hanol and anal ysed by GC/ M5 and el ectrospray nass
spectroscopy. The major products were identified as (4S, 6 Janua 03
. BR) - 5- hydr oxy- 2, 4- di et hyl - 3- oxo- n- hexanoi ¢ aci d- Sl act one an(f as ?3% :

5R) - 5- hydr oxy- 2, 4- di met hyl - 3- oxo- nhept anoi ¢ aci d- b-| act one. 25
o,." i~~~" ‘l%@o@?gﬂml e 3 Construction of plasmd pJLK117 PI Sg'ﬁﬁ‘%g‘g%g’ﬂ 17 is
a pCIR24 based plasm d containing a PKS gene conprising the ery | oading
nodul e, the first and the second extension nodul es of the ery PKS and the
ery chain-term nating thioesterase except.fjhat the DNA segnent between the
end of the acyltransferase and the beginning of the ACP of the second ery

ext ensi on noduji gt hagudeedn SeibSté et n as Syed hedt coigd | §oiiad €AV EET | | nker
containing the recognition sites of the follow ng restriction enzynes.

Avril, Bgill, BaghBl, Pepiclgyad NheT |dogsuet chrpddecihe |amine 29Hat ruct ed

via several inLernedlat enPhRsdl fdSadbe 9! | AyS K& GURE: 3 1vS0Lo0st ruction of
plasm d pJLK115 Plasm d pJLK114 was di gested wth Ndel and Xbal and the 6

- January 2003 WOS08BDZBRFtI 18SIPET] QIBDO/ KAl IS8 lappanniioeaely Se@uihpe i-hser t
was |igated wit | asm, d. pUCl 8 i6h had been digested with Ndel and Xbal.
The |igation n?ﬁ?ﬁ?%améglggﬁﬁ %zm)htf%%%? o?]ﬁ?%?ee%t(?%c pet %?C%. te%%l i DHLOB
cells and indi ¥eduaktgobontrs p@@@egﬂnecg@éj ddmpei ¢) pl asm d content. The

desired plasm d pJLK115 5 was 1dentified by its restriction pattern.
Construction of plasmd pJLK116 Plasm d pJLKI 3 (PCT/GB97/01819) was

digested with Bsu3fl.10,an : rgg‘p?t S L i th
pl asm d pJLK115 whic Egg ggégﬂ%i gé;%%%g@h}?'% %Jgtg%%l an X%%?.S#h%a*?%%%\? on
m xture was usét westdansfledntel echsoronpetentpEasnods ObihCBioehgs and

cked for thei d content. The 15 desired

i ndi vi dual col,oni.es were ch r. pl i
plasm d pJ LKll%lgéngHEn?‘FFi ZHJBWHS""?‘ESW%‘@][fiﬂ pattern. Construction of
pl asm d pJLK117

The use of an mcs offers the following advantages over a

single restriction site on each side of the reductive

loop: -

15 1) suitable positions to join the DNA fragments (20
different combinations) can be chosen for every different
reductive loop thereby avoiding unfavourable changes in

the amino acid sequence
20 2) enzymes that cut within the loop can be avoided; and

3) loop insertion may be performed in a combinatorial

way .

25 The present inventors have made the further surprising
discovery that different results may be obtained using
the same polylinker-containing nucleic acid and the same
nucleic acid encoding one or more reductive enzymes, when
the nucleic acid encoding one or more reductive enzymes

30 is incorporated at different sites in the polylinker.



20 Plasm d pJLK116 was digested with Ndel and Xbal and the 9.9 kbp fragnent
was ligated with plasm d pCIR24 which had been di gested wit & Jagnary 2808 Xbal .
The ligation m xture was used to transform el ectroconpetent E. coli DHLOB
cel l-'s and wislhovgrgsal col oni es were checked for 25 their pl agp@ribgeptept -
The desired plasm d pJLK117 was identified by its restriction pattern.
Exanple 4 30 Use of plasm d pJLK117 for construction of S. erythraea

JC2/ pJLK117 and the production of TKL derivatives Approximately 5 ~Cg

pl asmi d pJLK117 were used to transform ©2January 2003 WO 00l 01827

PCT/ GB99/ 02158- 19 prot qpl asts of S eryt hr J and stabl e thiostrepton
resistant col G egw@q s L EREMRE S5in é\ﬂ?% %1 eég"cftiﬁ‘é? V\%

obt ai ned and aml ¥SRAMM iAW Bl Ptydy birighsald ohed %@pnﬁéamé hate g he
plasmd has integrated into the TE. JC2/pJLK117 was pl at onto SMB agar 5

cont ai ni ng 50brgng abieuds aasmlet earreduid o afo tgmquhrkf:tv@ﬁ’/ecmws &%
30C. 1 cn2 (O h I te }Q%S BP eni.se tra th a
m xture of 1. }%r% o)u[th mteagz%eﬁ'?aé}l an u é(;ﬂrssnl’logl g‘c%ldddﬁ( ecfé}g v%\%l?l%%
decant ed and lt&rmaeaddtey lavapsiatgraodwtt Wera esitdilicnat sisol gyesd | yidid .
met hanol and anal sed by GC/ M5 and eI ectrosgpra% mass spectroscopy The
maj or prioduct $IONET déﬁ’t iEpsadp les (U and e same reductive’loop,

SR) - 5- hydr oxy 2, 4sf '&t a0 ﬂ&@ﬁiﬂ)'rﬁo@&l‘@ & %@“ﬁq@é@t@é {Acy

5R) - 5- hydr oxy- 2, 4- di met hyl - 3- 0Xo- nhept anoi ¢ aci d- b-1 act one. ,~, 40. 20
Exanpl e 5 Con@ﬂﬂ@cmn@dlo'f tPleasrame RAKAEL A6 P v dnqml_l@sz |<‘ss al:pJLK114
based plasm d exc DNA fr nt reductive.loop o
the second modgEl 0 o TS Y e R 10 e

mcs. 30 It \Na$3fC(tllﬁat rpdﬂtchinuear seMet alsddit @viErl afred [H@EsIn Hissesad obf ows.
6 Januar 2003 V\D 00101827
| BglII and Nsil) and significant amounts of by-products
were obtained. Such by-products included triketide
lactones in which C-3 was either keto or hydroxy, showing
that simply altering the sites used for swapping the
reductive loop made the difference between obtaining the
15 desired product and obtaining an undesirable mixture of

the desired product with the products of incomplete

reduction.

Similarly, in Examples 31 and 32, when the sites PstI and
20 Bsu36I were used to insert the reductive domains of
avermectin module 1 (plasmid pGMS2) in place of the
reductive loop of ery module 2, the expected product was’
produced, but also a substantial amount of ketolactone.
In the experiment of Examples 29 and 30, when the sites
25 BglIl and Nhel were used {(plasmid pJLK30) hardly any
ketolactone byproduct was produced, although the amounts

of lactone were in a similar range in each case.

When, entirely analogously to the Examples 29 and 30, in
30 Example 14 the same sites BglII and Nhel were used to
replace the reductive loop of ery module 2 with the

reductive loop of tylosin module 1 (plasmid pJLK35), the



-20 Construction of plasmd pJLK118 PCT/ (B99102158 The approximately 1.4
kbp DNA fragnent of the eryAl gene of S. erythraea encodi ng ggﬁuéfggﬁgive

. loop of nodule 2.  was anplified by PCR using as prinmers tﬁe synthetic S
ol i gonucl eot i des: 5' - ATACTAGTCCTCGTGACGAGCTCGACGG- 3' and PCL/GB 58

5' - TAATGCAT CCGGOCCGCTCGCT- 3' and pNTEP2 as tenpl at e, PTHERBER
product was treated with T4 pol ynucl eoti de kinase and then ligated with
plasmi d 10 puUC 8, which had been linearised by digestion with Smal and then
treated with al kal i ne phosphatase. The ligation m xture was used to
transform el ectroconpetent E. coli DH1OB cells and individual colonies were
checked for theamepltasgied cankertidelNactesiesedepleapricdlynHKER iwas 15
identified by [ts restrictio ttern and DNA sequenci ng. nstruction of

pl asmi d pJ L3 EPTRES Bg)LR‘f%'B%%aim&i &é&?“e&“\ﬁ’t R é’g‘c?l%i |atlé’r?&tt he 20
1.4 kbp fragnmeaccoapanigat @f Wore Measilad tphlel Henansthr dtahdyetmtdi gest ed
wth Spel and Hﬁ%l. The Igﬁation m_xture was used to tyansform

el ect r oconpet efit TECTEGE TBHYGE 1¢E 1EORTd "AYdRG J99E SVEN eSS Yehecked
for their plasAngegeridenntoldg fdesiened relsasicd iphl K33 asas 25 identified by
its restriction pattern. Construction of plasmd pJLK25 Plasm d pJLK23 was
digested3Mtﬂ1 Ndel and Xbal and the 30 approximately 11.2 kbp fragnent was

| i gated wi th phasmxémpdi24 whingh 3had Weeen tticgestted wWdih Ndeld améd Xkalre The
ligation m xture was used to transform el ectroconpetent E. coli DHLOB cells
and i ndi vi dual Y€6FPoikiCed NFErE dhec REFucts VEasioRat 0@ Ry TmIartdsy mosiile

PCT/ GB99/ 02158 of qp1thelia Rloax®d eomd ctRe ¢RYFRE PhasiE bt was
identified by its restriction pattern. anple 6 5 Use of plasm d pJLK25
for constructi &Heofmagoreppasigds -J CImp e 5 x@ed ifned thrfd et &5F 35 and

triketi dgs Apprexi nRie! ¥re Ud tUATHBPHKRBMEEE YRS tidd asf-RimAlo

pGMS4) only trace amounts of a triketide lactone mixture

could be obtained.

Thus, the present invention provides the opportunity,

15 should the desired and predicted products not be obtained
when a particular reductive loop is inserted into a
particular PKS, of simple adjustment of the insertion
site by use of different restriction enzymes having sites
in the polylinker. As demonstrated by the above

20 comparative examples, such readjustment can dramatically

affect the outcome and yield of polyketide synthesis.
Example 1
25 Construction of plasmid pJLK114

Plasmid pJdLK114 is a pCJR24 based plasmid containing a
PKS gene comprising the ery loading module, the first and
the second extension modules of the ery PKS and the ery
30 chain-terminating thioesterase except that the DNA
segment between the end of the acyltransferase and the
beginning of the ACP of the second ery extension module

has been substituted by a synthetic oligonucleotide



15 20 25 30 protoplasts of S. erythraea JC2 and stabl e thiostrepton

resi stant colonies were isolated. From several colonies tot & JapNaywQ93

. obt ai ned and anal ysed by Sout hern bl ot hybridisation, to confirmthat the
pl asm d hawo dologfrated into the TE. JC2/ pJLK25 was pl at ed opt-pcdirassar
containing 50 ~.g/m thiostrepton and allowed to grow for twelve days at
30C. 1 cn2 (0.5 m) of the plate was honpgeni sed and extracted with a

m xture of 1.2 m ethyl acetate and 20 ul formc acid. The sol vent was
decanted and renoved by evaporation and tR&-residue dissolved in nethanol
and anal ysed GC/ M5 and . el ectrospray mass .spectroscopy., The ngj or,
product s mereggagﬁFiFPBEa%B9n80ﬁﬁ§rF?GHgﬂFFﬁoguFHEﬁFiegnﬁpérﬁ83§°&§n62R,
3S, 4S, 5R)-5¢3sdirhydienyedzdmdsTehliin- Beiangi snaerd Pskact epeand as
(2R, 3S, 4S, 5R)-5,3-dih¥droxy-2,4dinethyl-n-he tanoic acid b-lactone. (H
H-.r - O "0 ~Neil¢ BsudglpandgBpagyardy z@@e,cmsgmleigﬁv.lgzseygﬁale 7
Construction o BLasHldcpIbKABREY F899-A3L58 FrPhasai 4)pJILK28 is a pJLKLL7
based plasm d except that the DNA fragnent encoding the reductive | o6p of
nodul e 13 of the rap PKS has been inserted into the ncs. It was constructed
via several i l.at e plasm I . (Figure 5) 10 Construction of
pIasnid%pJLKlg%ﬂ%qugggggx%%agggém%§2hk g%%EA segnent of the rapC gene of

S. hygroscopi cus encodi ng the reductive | oop of nodule 13 15 was anplified

by PCR usi ng pri.ners . nt het,i | igQnucl i.de

o T ancaror s R R S, Kp P DR Ao BAE IR e el BBt 5
and cosm d cosf3f.( Bchibckea Wasetamplli fie@OBy PCBcushlagl asApadmeSsi thedSA 20
92:7839-7843)Sast g Eatgu The chtg%pgyct was treated with T4

pol ynucl eot i d&YRIAasé “and BN Ti°§at'€§ i t h pl asmid pud 8, which had been

| i neari®ed by 5di-FASCTACCACEECRTEHCADTEATIIGAdOTEaCedGHTt-B / alakal | ne

phosphat ase. The || i 1L Xt ur transfarmel ectro tent E
D5 col | DHIOB e orE AR LR e G oo eSO Thard c etk O REELR! asr d
content. The desikagkp! asmed pIlLK120\ewds tirde aindl Bedibyyi t(I onest rB3i:GRizen

rn and DNA nci ng. nstr i,on of plasm K2
patte and 839%6%%%8901%46?053:sgabf%teq T%ea%Cdegébug% was treated

with T4 polynucleotide kinase and then ligated with

15 plasmid pUC18, which had been linearised by digestion
with Smal and then treated with alkaline phosphatase. The
ligation mixture was used to transform electrocompetent
E. coli DH10B cells and individual colonies were checked
for their plasmid content. The desired plasmid pJLKO02 was

20 identified by its restriction pattern and DNA sequencing.

Construction of plasmid pJLKO03

The approximately 1.12 kbp DNA fragment of the eryAl gene
25 of S. erythraea was amplified by PCR using as primers the
synthetic oligonucleotides:
5’ -ATGTTAACGGGTCTGCCGCGTGCCGAGCGGAC-3’ and
5 -CTTCTAGACTATGAATTCCCTCCGCCCAGC-3’ and plasmid pNTEPH
as template. The PCR product was treated with T4
30 polynucleotide kinase and then ligated with plasmid
pUC18, which had been linearised by digestion with Smal
and then treated with alkaline phosphatase. The ligation

mixture was used to transform electrocompetent E. coli



30 Plasm d pJLK120 was digested with Bglll and Nsil and the 3.2 kbp

fragnment was ligated with plasmd pJLK117 which had been di ge 1
Bglll and Nsil. The ligation 6 January 2003 WO 001 01827 P%T%h@%¥%@9€58

-23 mxture was used to transform el ectroconpetent E. coli DHLOB cells and
i ndi'vi dual - PQUMEL were checked for their plasnid content. PRHERIEERISE|
plasm d pJLK28 was identified by its restriction pattern. 5 Exanple 8 Use
of plasm d pJLK28 for construction of JC2/pJLK28 and the production of
triketides 10 Approximately 5 ~g plasm d pJsK28 were used to transform
protoplasts of S. erythraea JC2 and stable thiostrepton resistant col onies
wer e isolated.Dﬁ10B1seybsahndohﬁdheidm5lZGoZBnﬁebaweBHAcma&keatabﬂed and

anal ysed by Sout hern ybri di sati t.0 conflr t hat t asm d has

i nt egr at ed intgg?ﬁﬁ R tg S?EE € gﬂﬁlgfgdrSHtB ﬁ@lgggaﬁggktg?ﬁing 50
~g/ m thiostreptient afitledl bpwedst eegeowctabnt pakverdaysdabNAO0CeqheffPng0. 5
m) of the plate was honogeni sed and extracted with a m xture of 1.2 ni
"ethyl acetate and 20 ul form c acid. The sol vent was decanted and renoved
by evapor ati oncandtthetiesi daeplasmeivpdrknanet hanol and anal ysed by GO/ M5

and el ectrospray mass spectroscopy. The major products were identified (by
heptanaié acid b-lactone. conparison with authentic material) as (2R, 4S,

5R) - 2, 4- di net hph abmhyidpoxKon- HaxaBehesaeudwkacrane and 8paf2Rnd4She
5R)-2,4-dinethgl-5 F%drox y-n 30 ~"~"" 6 January 2003 00/ 01827 -24

Exanpl e 9 Constrét KBR dPSBFasHPd ﬁ&ER&deWPGT/GﬁggﬂengéLK°3 which had
been digested with PstI and HpaI. The ligation mixture

was used to transform electrocompetent E. coli DH10B
10 cells and individual colonies were checked for their
plasmid content. The desired plasmid pJLK04 was

identified by its restriction pattern.

Construction of plasmid pJLKO05
15
Plasmid pJLKO01l (PCT/GB97/01819) was digested with PstI
and AvrII and the 460 bp insert was ligated with plasmid
pJLK04 which had been digested with PstI and AvrII. The
ligation mixture was used to transform electrocompetent
20 E. coli DH10B cells and individual colonies were checked
for their plasmid content. The desired plasmid pJLKOS5 was

identified by its restriction pattern.

Construction of plasmid pJLKO0O7
25
Plasmid pJdLKO05 was digested with Scal and Xbal and
plasmid pNTEP2 was digested with Ndel and Scal and these
two fragments were ligated with plasmid pCJR24 which had
been digested with Ndel and Xbal. The ligation mixture
30 was used to transform electrocompetent E. coli DH10B
cells and individual colonies were checked for their
plasmid content. The desired plasmid pJLKO7 was

identified by its restriction pattern.



Plasm d pJLK4l1l is a pJLK117 based plasm d except that the DNA fragnent
encodi ng the reductive | oop of nobdule 4 of the ery PKS has Belnuam2008ed
into the ncs. It was constructed via several internediate plasm ds as

follows. 10,4 fGagks-€ 5) Construction of plasmd pJLK32. 3 Thepappip9srh ely
3.2 kbp DN% seérrer?t of the eryAll gene 15 of S. erythraea encog’?}ng t he

reductive |loop of nodule 4 was anplified by PCR using as priners the

synt heti c oligonucl eotides: 5'-ATAGATCTGCCTACGTACCCGITCGAACACCAGCCCTTC- 3'
and 5' - ATCCTCAGGT TCGECCCTGECCECCT CGECCTGCCAGSCEECECECAGCTT- 37 20 and cosmid
cos4B (cosm d containing the erythronycin PKS) as tenplate. The PCR product
was treated wWORSEFAUSHIPR Qe stlioagald mad&ldifd then |igated with plasmnid
pUC 8, which had been linearised by digestion with Smal and then treated
wi t h al kal i ne phosphatase. The ligation m xture 25 was used to transform
el ect r oconpet die EwoelvintbietiR cdliigerad ardidgsd Rl E egidoilds (Rdrammshedked
for their plasm ent.. ir ] K32. s. dentified by
its restricti gjr?r%a%%gﬁln%grﬁ%%gé&u:%c%ng. 0 %bjdr_lsf'tglr ge Y%ﬁhofso&ufslﬁ%
pJLK38 Pl asni dO0p3nke@d./3 Masetiegestxed wirtd Hegltdd dmd: Bsug6lutarsd tdes 3t 2 kbp
fragnent, was L W _h pl.asm LK116 Janyary 2003 VWO 0182

PCTI GB99) 0215§‘“%g?1 i cshl%“ﬁar t?é’é’;iegf éig)s“fne Owg'"t%o“?sg fi"?i’earr? Bsusel .asﬂfeg
ligation m xt pd&KAds wase dlilge sttregh sdiarimpetrddt raoab myetleninde.1 iepd iedDhididh cel | s

and i ndi vi dual_,col_oni e re .checked far, thei l.asm d content. The desired
pl asnid pJLK3& s & e&io dgéﬁm{l?)rtéﬁeﬁ ct }b% L a5an WXSIHRE MRS i on of
plasm d pJLK4hsddasm @ riahdf3fmas editgesictdardrit elcqaand pihalp awl tdhe
approxi mately 13 kbp, fr. nt s ligated with plasmd | O pCIR24 whj ch had
bobn i gest en At FPRHSHCHR. RO HATe A4 gat ARG e SRR R g 4

transf orgn el ecliomeewnnetert desiG@ld JIHENR CeJdikiand vaydindedital £ el gy es were
checked for their IpI asm d content. The desired plasm-d pJLK41l was

i dentified by %%s TP B4t ™. i 5 Exanpl e 10 Use of plasmid pJLK4l
for construction of JC2/pJLK41l and the production of triketides 20

Approxi mately 5 ~Cg plasm d pJLK41 were used to transform protoplasts of S.

erythraea ,7C2 and stable thiostrepton resistant col onies were isol ated.
From several GQlagipies stotal DNA was obtained and anal ysed by Southern bl ot

15
Use of plasmid pJdLK114 for construction of S. erythraea
JC2/pJdLK114 and the production of TKL derivatives

Approximately 5 pg plasmid pJLK114 were used to transform
20 protoplasts of S. erythraea JC2 (strain deposited as No.
NCIMB 40802. W098/01546.) and stable thiostrepton
resistant colonies were isolated. From several colonies
total DNA was obtained and analysed by Southern blot ]
hybridisation, to confirm that the plasmid has integrated
25 into the TE gene. JC2/pJdLK114 was plated onto SM3 agar
(5.0 g glucose, 50.0 g MD30OE maltodextrin, 25.0 g Arkasoy
soya flour, 3.0 g molasses (beet), 0.25 g K,HPO,, 2.5 g
CaCO, 22.0 g agar distilled water to 1 litre pH=7.0)
containing 50 pg/ml thiostrepton and allowed to grow for
30 twelve days at 30°C. 1 cm® (500px1) of the plate was
homogenised and extracted with a mixture of 1.2 ml ethyl

acetate and 20 ul formic acid. The solvent was decanted

and removed by evaporation and the residue dissolved in



25 hybridisation, to confirmthat the plasm d has integrated into the TE
JC2/ pJLK41 was plated onto SMB agar containing 50 ~g/ml thi gggﬁ@é}%gaognd
allowed to grow for twelve days at 30C. 1 cnz (0.5 m) of the plate was

honogeni sed and extracted with a mxture of 1.2 m ethyl 3 d 20
ul formc 3{‘6(?89’01%@ sol vent was decanted and renoved by evg%(gﬁghe%@lﬁd t he

resi due di ssolved in nethanol and anal ysed by GC/Ms and el ectrospray nass
spectroscopy. The mmj or products were identified (by 6 January 2003 WO
001 01827 -26 5 conparison with authentic waterial) as PCT/ G99/ 02158 (2S,
4S, 5R)- 2, 4-di met hyl - 5- hydr oxy- n- hexanoi ¢ acid Sl actone and as (2S, 4S,
5R) - 2, 4- di net Rdthsmaldasnd) ansdysatdity &6/MD-arskb dRet IeRIRY MRSH 25

Exanpl e 11 Conglductd o0y 0f  Bhis m A WRiuce  were identd 3 dd &3m ¢ PILK29
is a pJLK117 b sect{f%;ol asm d eﬁpta%t hat theucDI\lA‘%err;gr%erﬁn encoé;c% ng tﬁle'

reductive | oopRf- mdthd moxh0 204 -thienatdyy 1PKS dxes rhdw@xanesiar tastidfto t he ncts.

It was constr Vi Vi i nt edi 157 ,dS5 - falyl ¢ Figure 5)
Construction l(-)ﬁfcatﬁgzlq}ansém%dﬁ%ﬁe%g(lff'l %ﬁ;ﬂ%@nﬁ%%%ﬁ%%@& gﬁoxséegﬂnent of
t he rapB gene lept&ndiygragsich{di -dusstenendi ng t he reductive | oop of nodule 10
was anplified by PCR using as priners the synthetic oligonucleotides:

5' - TAAGATCTTCCGACGTACGCGITCCAGC- 3'  and

5' - ATGCTAGCCACTGCGCCGACGAATCACCGGTGG 3" and as tenplate an 30 approxi nately
7 kbp fragment, which has been obtained by digestion of cosmd cos 26
(Schwecke, T. et al. (1995) Proc. Natl. Acad. Sci.,USA 92:7839-7843) with
Scal and Sphl. The PCR product wag treated w t,tl T4]pol ynucl eot i de

ny,,

",

o

W
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Example 3
15 Construction of plasmid pJLK117

Plasmid pdLK117 is a pCJR24 based plasmid containing a
PKS gene comprising the ery loading module, the first and
the second extension modules of the ery PKS and the ery
20 chain-terminating thiocesterase except that the DNA
segment between the end of the acyltransferase and the
beginning of the ACP of the second ery extension module
has been substituted by a synthetic oligonucleotide )
linker containing the recognition sites of the following
25 restriction enzymes. AvrII, BglII, SnaBI, PstI, Spel,

NsilI, Bsu361 and Nhel.

It was constructed via several intermediate plasmids as
follows (Figure 3).

30
Construction of plasmid pJLK115

Plasmid pJLK114 was digested with Ndel and Xbal and the



6 January 2003 WQ 00101827 _27_ PCT/ G B99/02158 ki nase and then |igated
with plasmid pud 8, which had been linearised by digestion @iJenuasigP03nd
then treated with al kali ne phosphatase. The ligation m xture was used to
transformghaghfgsonpetent E. coli DHLOB cells and indivi duptt/cabmoriss were
checked for their plasmd 5 content. The desired plasm d pJLK121.1 was
identified by its restriction pattern and DNA sequenci ng. Construction of
plasm d pJLK29 10 Plasm d pJLK121.1 was digested with Bglll and Nhel and
the 2.2 kbp fragnment was ligated with pl a‘s‘gfd pJLK117 whi ch had been
digested with Bglll .and Nhel. The li.gatiqon m xture was used to transform
el ect r oconpet &R r@?{lgggleléfoOIg (}:(gﬁ sl%zfﬁcf%l W(ﬂ%/ilcﬁ%t%%l%ﬁ Spﬁ%%gl hecked
for their 15 pluaysi edhdeht @rld beee dagasddan didall KX3 iksal deThie f i ed by
its restrictiqn pattern.. anple 12 20, Use of plasm d pJLK29 for
construction %%@lgfymfggg%&lspjﬁ%%}n&ﬁaﬁ% SY T O BFOTRF KA des
Appr oxi mat el y b uglp! asitioss pd1K20 awel & ridsied it raslsdrioied weod ogthesitesd of  S.

erythraea JC2 aand stabl e.thiastrepton 25 resistant coloni es were jsolated.
From several d& rort_r?@&rt SHLAE™BRA SRES BWt-ai T %ﬁfrﬁélgﬂs‘%’ﬂ“’o@ B et n bl ot

hybri di sat i onwals0 igenfiifhedhaty tite Measididdiam igdegaied into the TE
JC2/ pJLK29 was used to inoculate 30 Ml of SM3 nmediumcontaining 5 ~.g/m
thiostrepton in a 250 mM flask 30 with a single spring to reduce cl unping,

shaken at 300 dpigea@talor3 e pAll@ri B giaya e broth was centrifuged, the
supernatant adjusted to pH 3 and extracted three times with an equal vol une
of ethyl acetate. The sol vent was 6 January 2003 WD 001 01827

PCT/ GB99/ 02158 122%ii d @FNas hpcavaiayatdan Andddeifsidige @ ssobyessi n

met hanol and anal ysed by HPLC and el ectrospray nass spectroscopy and,

after céhversidgd tpalhendetlp ledt dbrmiftrpamentetia siigated apbrlet hane by
o al ) aeitliaendf SRS ek diflehid ieth (DG AURN 0N Midellentic S

material) as (4S, _ roxy- 2, 4-di met hyl - i- hex- 2-enoic acid and as
(4S, 5R) - 5- hy&t@dy- The didgethipromixtapte 2asnolgeddial. ty@nsEerpH ~ ~~ \OH | S

Exanpl e 13 20 ecl‘f%r&:trrol&%tnip%q;e%t Fﬂ_a%@ﬂ_ 9)“‘1@ cells and individual
colonies were checked for their plasmid content. The
15 desired plasmid pJLK116 was identified by its restriction

pattern.
Construction of plasmid pJdLK117

20 Plasmid pdLK116 was digested with NdelI and Xbal and the
9.9 kbp fragment was ligated with plasmid pCJR24 which
had been digested with NdeI and XbaI. The ligation
mixture was used to transform electrocompetent E. coli
DH10B cells and individual colonies were checked for

25 their plasmid content. The desired plasmid pJLK117 was

identified by its restriction pattern.
Example 4

30 Use of plasmid pJLK117 for construction of S. erythraea
JC2/pJLK117 and the production of TKL derivatives

Approximately 5 pug plasmid pJLK117 were used to transform



Prasm d pJLK35 is a pJLK117 based plasm d except that the DNA fragnent
encodi ng the reductive |loop of nobdule 1 of the tylosin PKS §3snfepoo3
.inserted into the nts. It was 25 constructed via several internedl ate
pl asm ds as, faollows. (Figure 5) Construction of plasmd pJLK33.1 30 The
appr oxi rratgpy‘)%’f."g?kbp DNA segnent of the tylosin PKS gene o1& B ae
encodi ng the reductive |loop of nodule 1 was anplified by PCR using as
prinmers the synthetic 6 January 2003 WD 00/01827 -29 oligonucl eoti des:
5' - TAAGATCTCCCTACGTACCCCTTCAACCAC- 3' and- BGTI GB991 021$8
5' - GCTAGCCGCCGCGCCAGCTCGEEEC- 3" and cosmd 6T (cosm d containing the
tyl osi n- produe¥eigoPkesgenet) Saserehhrace_JTheardRspablacthiastrepeerd with
been |1 noar i Soi By o Gece PAart Rebeml ah e Hen  Fonar Sh it ot RAfH S
phosphat ase. ThealiQddieasnpktairedasndsadaipsedabyf §ontbeent bbebnpet ent E.
coli DH1OB ce | L pdi yvi dual e r h . f.0 hej 1d 10
content. The 33y Fabhiiet P8 eRaE ek Rt EnE BN b he L "Phke PN ]
pattern and DNAtseghentEngdCEAndiKut?i wasoblptadnbdtplBM35ag&SrPl asmi d
pJLK33. 1 was di ted w Bal, | d Nnel and the 1 kb ragnent . was
i gat i ‘g?‘gg%lﬁ”ﬁ%L%l‘?%ﬁ%‘#cﬁ%%ﬁ%%@nogi 38, AyRalief E‘algf"%nﬁoﬂhel .
ThflligaéipndQWgzueFdM@? asedofc.tlaﬂmfﬁﬂnﬁ$MGdtEﬂtoﬂggqﬂnueEyaeoli DH10B
cells and indjvidual .col.oni es re cked, for_their plasm d content.
The deaired praeiiansStRsahiae FRERERR: tachy Sl FARFUERTPEL Ton Bht FaPhE
Exanpl e 14 25atlseadbé phdaspddupJEbEBScf acidonsheueblonnof wSs deyahteda
DJLK35 were USBH FBPPYSHSPS, FYBPBFBbRaS: Sndr (B BFGLAelisea ag Siabl e
t hi olst rept on ﬁ@tt:)haﬁ'b$é anadaﬁhm?b@adbgr eci/sxsIhahadgllEr:aEbgpygyainaggl oni es
total DNA was obtai ned and apal yse Squt hern ot, - ridisation, to
confirm that FBECEF8§ﬁP8Yha§thW€QP§téHOBHFBStH@r?E?dﬁ Fﬁ&E%SBSméésp!aped
ggt o Cg}vl% a?ﬁ_rsxz% 653?9@5&52@??-digA@caS}/lO388%0953h@!ﬁ995321581?3§620ntl ai pnlz ng
~ iostrepton and allowed to grow for twelve days._a : c
(0.5 m) of tﬁ@CBPEFeaR&saﬁor&ﬂsgn?§§¢|5aﬁéfdés%f<k’aétféddWﬁ%éflﬁ?xPﬁ?énbf 1.2
m et hyl acetﬁégtaﬂgigoa@hdtgnqh@tgﬁbd. The solvent was decant ed and
removed by evaporation and the residue dissolved in 5 nethanol and anal ysed
by GC/ N8 and el ectrospray nmass spectroscopy. The major products were
identified (by conparison with authentic material) as

o o l\\\“'

20
Example 5
Construction of plasmid pJLK25

25
Plasmid pJLK25 is a pJdLK114 based plasmid except that the
DNA fragment encoding the reductive loop of the second
module of the erythromycin PKS gene has been inserted
into the mcs.

30

It was constructed via several intermediate plasmids as

follows.



(2R, 3R, 4S, 5R)-5, 3-di hydr oxy- 2, 4-di nmet hyl - n- hexanoi ¢ acid b-|actaone and

as (2R 3R 4S, 5R)-5, 3-di hydroxy-2, 410 di net hyl - n- hept anoi & JaByafy 2003

. b-lactone. 15 20 25 30 HH~, '. 0 O Exanple 15 Construction of plasmd
pRI.F7 H phj,,~ Plasmd pRIF7 is a pJLK117 based plasm d t he

DNA fragnent Oé)n(':o&i ng the reductive | oop of nodule 7 of theﬁdr‘lﬁ?g%rgﬁ%?%t PKS

has been inserted into the nts. It was constructed via several internedi ate

pl asm ds as follows. (Figure 5) Construction of plasm d pUCRI F7 The

approximately 2.1 kbp DNA segnment of the -rbfanycin PKS gene of

Anycol atopsi s nediterranei encoding the reductive |oop of nodule 7 was

anplified by PERsEIus§igh of drasmik pIl&18nuary 2003 WD 001 01827 - 31

synt hetic oligonucl eotides: 5'-CCTACGTACGCCTTCGACCACCAGCACTT-3" and

PCT/ GB99/ 02158 5' - CGGCTAGCGEECGT TCCAGGCCGECCGICCT and cosmd 6 (cosmd

starting at 35727appdogdimagedeydnd 30 PNAnFrsamengc odr dibeg eryAdc gsgsd on

e ooy 2 mﬁeﬁeﬁ%édad vﬁﬁ%ﬁ?}%m Brﬁg%é%(% his ul-f%j&'been

pol ynucl eoti de ki nase an gat , whic
| i neari sed by vwdisgeswilof iwid lySRIR armdnchers prdatas Wwheh salntdletie

phosphatase. 8 i M xfure was used to transform el ectroconpetent E.
coli DHIOB ce[glisggﬁlgﬁflﬁg}%l@cﬁ%l 10 col onies were checked for their plasmd

content. The ¢GésATad TNGIOTCGNEERIGAGCRECSACHERDI‘f aad by its restriction
pattern and A [ ' s d RIE] Pl asm d

pUCRI F7 was %e??%m%%@mgﬁﬂﬁé Z?i’%klg Zrﬁ}égr?fnt was
|igated wth pleaptatep]TREL Pomifodiat been tdiegesdediw IT4SnaBl and Nhel .
The ligation nmxture was .used to transform el ectroconpetent E. .coli 20
DHLOB cel | s aﬁ&ﬁiyﬁ‘dﬁq}ied%%dsecg?Hfﬁ% EWé{etr@ﬁ‘ecll&%’t]e %ﬁé‘i rptlﬁisggﬂ d content.
The desioed plpagmsd pRifch Wasl iskeit i firdhdgdd Hyr ddbelsttiioon wiat &mal
Exanpl e 16 and then treated with alkaline phosphatase. The ligation
mixture was used to transform electrocompetent E. coli
DH10B cells and individual colonies were checked for

their plasmid content. The desired plasmid pJLK118 was

15 identified by its restriction pattern and DNA sequencing.
Construction of plasmid pJLK23

Plasmid pJLK118 was digested with Spel and Nsil and the
20 1.4 kbp fragment was ligated with plasmid pJLK11l5 which
had been digested with Spel and Nsil. The ligation
mixture was used to transform electrocompetent E. coli
DH10B cells and individual colonies were checked for
their plasmid content. The desired plasmid pJdLK23 was

25 identified by its restriction pattern.
Construction of plasmid pJLK25

Plasmid pJLK23 was digested with NdeI and Xbal and the
30 approximately 11.2 kbp fragment was ligated with plasmid

pCJIR24 which had been digested with Ndel and Xbal. The

ligation mixture was used to transform electrocompetent

E. coli DH10B cells and individual colonies were checked



25 Use of plasmd pRIF7 for construction of S. erythraea JC2/pRIF7 and the

production of triketides Approximately 5 ~. g plasm d pRI F7 {0
. transform 30 protoplasts of S. erythraea JC2 and stable thi %%&éﬁgﬁo

resi stant colonies were isolated. From several colonies total DNA was

obt ai ned aM® 8%¥B¥%ed by Southern bl ot hybridisation, to cobfIPRIYHA® t he
pl asm d has integrated 6 January 2003 WO 00101827 -32 PCT/ (B99/02158 into
the TE. JC2/ pRI F7 was plated onto SMB agar containing 50 ~Cg/ m
thiostrepton and allowed to grow for twelwe.days at 30C. 1 cnR of the plate
was honogeni sed and extracted with a mxture of 1.2 nml ethyl acetate and 20
ul form c aci dorThéhesiot yeEtsmias ddecantted Taed degnioneet diya sendad GrREIKIN wasand

t he residue di,ssol.ved ip.nmethanaol and anal ysed by GC/ M5 and el ectrospray
Mass spectrosclé%fl.t]#ee Yor* pt Jfie rslc%é‘ro ip&‘gtr'ftelyrfnl‘ed (by conparison with
authentic material) as (2S, 3S, 4S,

5R) - 5, 3-di hydr oxy- 2, 4- di net hyl - n- hexanoi ¢ 10 acid S-lactone and as (2R, 3R,
- 4S, 5R)-5, 3-di -2, 4di met hyl - n- hept anoi ¢ acid b-lactone. OH nH 15

~~ir. ~dd\ ~~~~i~ ~pttl O O 20 Exanple 17 25 Construction of plasm d pJLK52.

Plasm d pJLK52 is a pJLK35 based plasm d containing a PKS _ gene conpri sing
the ery oadi MFSfulRiagHe mIdi2S thar SEGTFstdahet | + Erasatemaaon

modul es of t e po el AnBl NS IOERA TRt NO thi oester ase
except that the segnent between the end of the acyltransferase and the

begi nning of the ACP of the second ery extension nodul e 6 January 2003 WD
00101827 -33 Eﬁﬁhﬁﬁgﬁéﬂﬁééﬁ S pg plasmid pJLK25 were used to transform

protoplasts of S. erythraea JC2 and stable thiostrepton

10 resistant colonies were isolated. From several colonies
total DNA was obtained and analysed by Southern blot
hybridisation, to confirm that the plasmid has integrated
into the TE. JC2/pJLK25 was plated onto SM3 agar
containing 50 pug/ml thiostrepton and allowed to grow for

15 twelve days at 30°C. 1 cm® (0.5 ml) of the plate was
homogenised and extracted with a mixture of 1.2 ml ethyl
acetate and 20 ul formic acid. The solvent was decanted
and removed by evaporation and the residue dissolved in
methanol and analysed by GC/MS and electrospray mass

20 spectroscopy. The major products were identified (by
comparison with authentic material) as
(2R, 38, 4S, 5R)-5,3-dihydroxy-2,4-dimethyl-n-hexanoic
acid &6-lactone and as (2R, 3S, 4S, 5R)—5,3—dihydroxy—2,4:
dimethyl-n-heptanoic acid &-lactone.

25
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has been substituted by the equival ent segnent of nodule 1 gf t he éééosi n
PKS. It was constructed via several intermediate plasmds aSJpRyaryg@d . s

. Construction of plasm d pJLK50 The approximately 6.1 kbp DNA segnent of the
erythronyciyp flims.9ene cluster of S. erythraea encoding the pNdGBoSETERN
fromthe beginning of the ACP of nodule 2 to the beginning 10 of the ACP of
nodul e 3 was anplified by PCR using as priners the synthetic

ol i gonucl eoti des: 5' - TACCTGAGGGACCGECTAGCGGGTCTGCCGCGTG 3" and

5' - ATGCTAGCCGT TGTGCCGGCTCGCCGGTCGGTCC- 3' -#nd pl asmi d pBAMR25 as tenpl ate.
The PCR product was treated with T4 i5 pol ynucl eoti de ki nase and then
ligated with piasmd pud 8, which had been linearised by digestion with
Smal and therk?(t ted with al kaline phosphatase. The ligation mxture was
used to transtorm el ectroconpetent E. coli DHLOB cells and i ndividual

col onies were checked for their plasmd 20 content. The desired plasmd
pJLK50 was identified.by its restr.icti ttern and DNA sequenci ng. )
Constructi ondcgc}nsﬁrélf%l(?ﬁpﬂiﬁ'afg‘ﬁ%%q{ﬁJLK50 was digested with Nhel and
the 6.1 kbp insert was ligated with plasm d pJLK35 whi ch had been di gested
with Nhel. The Ii ion m xture was used to transform el ectroconpetent E.
coli DI-i10B P?‘aﬁ"g‘af{d@d’ﬁlﬂ?rcﬁ Vit FalPHdHoh! R8s epn%ﬂt%@eoe’f%@‘i heet gt d
30 content. TN dasignRhDlcardadi iy L M@sud iend i fdsl by méguiesizistion
pattern. Exanple 18 6 January 2003 WD 00101827 PCTI GB99/ 02158 -34 Use of
pl asmi d pJLKE2S drrR difst Mg iRsiebrinse kst e NER™®E38/ PULKE2 and t he
production ofcditakalddes AntvB ol ikesrmedladd Z AR APPEOXFFRI&LY. 5 ~. ¢
pl asm d pJLK52 were used to transform protoplasts of S. erythraea NRRL2338
and stable thi"dﬁ‘%ré?pt%n resi stant col onies were isolated. From several
coloniegytotal DNA is obtained and anal ysed by Southern bl ot hybridisation,
to confirmthat the plasm d has integrated into the TE. S. erythraea
NRRL2338/ pJL KB stz qisian 1f imioremed e2BNRL #di um cont ai ning 5 ~g/ ni
thiostrepton and allowed to grow for seven to twelve days at 28-30C. After
this time the broth was centrifuged and the pH of the supernatant adjusted
to pH=9.5. THehsprametiarmtedas 3 herkkxtP¥kcteebnentecof i e WP agneqehl

vol une of et hyl X vent S rati The
resi due was |‘ss}g§f£"1ecc?iécleor?l %%geﬁz)fgalnﬁ a%%?ygée%unggwéjbyl\%g%sg %P@%lﬁ/ge a%l%
MS- MB. Tetr akeds desplidried dantPER eds byd G& NB: imdes nellor sgobpehéats were | i

HHHr i 30 e 1 crolide was identified by HPLC/ M5, Ms-MS and
IH- NMR (it mérﬂa%%@n%)g%%gj% products of inconplete processing by post-PKS
enzymes) 6 arTARAGATIODBCGACCTACGCCTTCCAAC-3 and

5/ -TAATGCATCGACCTCGTTGCGTGCCGCGGT -3’ and cosmid cos 31
(Schwecke, T. et al. (1995) Proc. Natl. Acad. Sci. USA

20 92:7839-7843) as template. The PCR product was treated
with T4 polynucleotide kinase and then ligated with
plasmid pUC18, which had been linearised by digestion wigh
SmaI and then treated with alkaline phosphatase. The
ligation mixture was used to transform electrocompetent E.

25 coli DH10B cells and individual colonies were checked for
their plasmid content. The desired plasmid pJdLK120 was

identified by its restriction pattern and DNA sequencing.

Construction of plasmid pJLK28

30
Plasmid pJdLK120 was digested with BglII and Nsil and the
3.2 kbp fragment was ligated with plasmid pJLK117 which
had been digested with BglII and NsiI. The ligation



wo 00/0182 -35 5 H(~ . .. CH 10 Exanple 19 Construction of plasm d pJLK53
H3h H3 PCT/ CB99/ 02158 Plasm d pJLK53 is a pJLK28 based pl asgldn¢apbabsi ng a
PKS 15 gene conprising the ery |oading nodule, the first, the second and
the third i nodul es of the ery cluster and the ery

chain-ter m% d?ﬁéﬁ?hl oesterase except that the DNA segnent %%{/(vflg%gr/\oztl sé end
of the acyltransferase and the begi nning of the ACP of the second ery
extensi on nodul e 20 has been substituted by the equival ent segnent of

nodul e 13 of the rapamnmycin PKS. It was comstructed as follows. Plasmd
pJLK50 was digested with Nhel and the 6.1 kbp insert was ligated with

pl asm d pJLK28 xshireh waed useeh t26 tdiagesicath w ltdr tidoedampBEieerdt dat icelim xt ur e

was used to orm.el ectyaconpet ent, E. .col.i DH10B cel | i_ndi.vi.dual
col oni es wer ?}g&ecfgg%sorarﬁelinr l&légﬁld CoFERE e cfzk?qﬁ%eg{]%oéfsgﬁh&lﬁJ LK53
was identifieddymiid £aresint .ctlihen dqeatitrerd.p 3GnBAMIIK 2D wab ibanitarii 003
WO 001 01827 PCTIg.%QQlO 158 -.36 Uset of dﬁl asm d pJLK53 for construction of S.
eryt hraea NREY2338) FHiHas Hndt k8 Wrddlict i on of TKL derivati ves -
Approxi mately 5 ~, g plasm d pJLK53 were used to transform protoplasts of S.
erythraea N 2333 a%d stable 5 thiostrepton resistant colonies were

i sol ated. Fr colonies total DNA is obtai ned and anal ysed by

Sout hern bl ot hybridisation, to confirmthat the plasm d has integrated
into the TE. S. erythraea NRRL2338/ pJLK53 was used to inoculate SM3 10

medi um cont aitfih® B PIFTmid mBt3% dtn antf IS (f gt B8 %evidil to ten

days at 28-3(Ge AfdRiuddliich tdim dihediqth was centrifuged and the pH of
adjusted to pH=9.5. The supernatant three tinmes with an equal volunme of 15

sol vent was renobved by evaporation. dissolved in nethanol and anal ysed
o e PAghen 0, e S ROTERNSC: M5 20 SRSl vos
protoplasts of S. erythraea JC2 and stable thiostrepton
resistant colonies were isolated. From several colonies
total DNA was obtained and analysed by Southern blot
hybridisation, to confirm that the plasmid has integrated
15 into the TE. JC2/pJLK28 was plated onto SM3 agar
containing 50 pg/ml thiostrepton and allowed to grow for
twelve days at 30°C. 1 cm? (0.5 ml) of the plate was
homogenised and extracted with a mixture of 1.2 ml ethyl
acetate and 20 ul formic acid. The solvent was decanted
20 and removed by evaporation and the residue dissolved in
methanol and analysed by GC/MS and electrospray mass
spectroscopy. The major products were identified (by
comparison with authentic material) as
(2R, 4S8, 5R)-2,4-dimethyl-5-hydroxy-n-hexanoic acid o&-
25 lactone and as (2R, 4S, 5R)-2,4-dimethyl-5-hydroxy-n-

heptanoic acid &-lactone.
30 /II'-,,_. I/:h..., EI
NN rﬁ. 0 0



by GC/MS by HPLC/ MS and by GO Ms. The major 25 The foll owi ng nmacrolide was
identified by HPLC/ M, MS-MS and 1H NMR (it was acconpani ed®gnydny@eds of
i nconpl ete 30 processing by post-PKS enzynes) 6 January 2003 wo 00101827
-37- (, PCTivERDIH3L58 N(CH~~ '~ HOO CH O S CH3 o bH ExampBcgofd2iss,
Construction of plasmd pJLK54 10 Plasm d pJLK54 is a pJLK29 based plasm d
contai ning a PKS gene conprising the ery |oading nodule, the first, the
second and the third extension nodul es of4the ery cluster and the ery
chain-term nating thioesterase except that the 15 DNA segnent between the
end of the acyltransferase and the beginning of the ACP of the second ery
ext ensi on nodul e has been substituted by the equival ent segnent of nobdul e
10 of the rapanycin PKS. It was constructed as follows. 20 Plasm d pJLK50
was digested with_Nhel and the 6.1 kbp insert was ligated with plasmd
pJLK29 whi ch B¥a#P&e? di gested with Nhel. The ligation mxture was used to
transform el ectroconpetent E. coli DHLOB cells and 25 individual col onies
were checked for their plasmd content. The desired plasm d pJLK54 was
i dentified byonssuedtione ofom pantist PIUKEdnpl e 22 30 Use of plasmd pJLK54
for congtruction of S. erythraea NRRL2338/pJLK54 and the production of
tetraketide derivatives and nacrolides

Plasmid pJLK41] is a pdLK117 based plasmid except that the

DNA fragment encoding the reductive loop of module 4 of
the ery PKS has been inserted into the mcs. It was
constructed via several intermediate plasmids as follows.

10 (Figure 5)
Construction of plasmid pJLK32.3

The approximately 3.2 kbp DNA segment of the eryAIIl gene
15 of S. erythraea encoding the reductive loop of module 4
was amplified by PCR using as primers the synthetic
oligonucleotides:
5’ -ATAGATCTGCCTACGTACCCGTTCGAACACCAGCGCTTC-3’ and
5’ -ATCCTCAGGTTCGGCCCTGCCGCCTCGGCCTGCCCGGCGGCGCGCAGCTT-3
20 and cosmid cos4B (cosmid containing the erythromycin PKS)
as template. The PCR product was treated with T4
- polynucleotide kinase and then ligated with plasmid pUC18,
which had been linearised by digestion with Smal and thenv
treated with alkaline phosphatase. The ligation mixture
25 was used to transform electrocompetent E. coli DH10B cells
and individual colonies were checked for their plasmid
content. The desired plasmid pJLK32.3 was identified by

its restriction pattern and DNA sequencing.
30 Construction of plasmid pJLK38

Plasmid pJLK32.3 was digested with BglII and Bsu36I and
the 3.2 kbp fragment was ligated with plasmid pJLK116



6 January 2003 WD 0010l 827 PCTI GB99/ 02158 -38 Approximtely 5 ~Cg plasmd
pJLK54 were used to transformprotoplasts of S. erythraea 2

stable , thiostrepton resistant colonies were isolated. From several
colonies total DNA is obtained and anal ysed by Southern bl ot hybridisation,
to confirmWRAMOHAL plasmid 5 has integrated into the TE. SPCERFPHIZE,
NRRL2338/ pJLK54 was used to inoculate SM3 nedi um containing 5 ~, g/ n

thi ostrepton and allowed to grow for seven to ten days at 28-30C. After
this time the broth was centrifuged and tfw pH of the supernatant 10
adjusted to pH=9.5. The supernatant was then extracted three tines with an
equal vol une wiiieh hydd alsednt @i gesk ddiavisdl \FyitT Wwashd eassedll byrtevapor at i on.

The residue s di ssol ved i n net hanol . and anal ysed b M5 by HPL and
VNS Tty ekl T et T o 149 SH) oy R St R S T SRR e 20
25 The fol | owtowi newer ok | kel Wasandleiid fvethdly ddRICMs wWwWiedietandgiddd MR (i t
was acconpani ed b oducts of inconpl et rocessing b si.- PKS enzynes)
30 6 Janua‘fe‘}e?%olg{?/@“ | I8 39 ,e.‘?eﬁlf‘?de@/ikﬁg‘f%%éﬁ%%d”ﬁanpl e 23
OH (~H3h ~Li Miedt O &8l by B8t O-rdbtdtion pattern.
5
Construction of plasmid pJLK41

Plasmid pJLK38 was digested with Ndel and Xbal and the
approximately 13 kbp fragment was ligated with plasmid

10 pCJR24 which had been digested with NdeI and Xbal. The
ligation mixture was used to transform eiectrocompetent E.
coli DH10B cells and individual colonies were checked for
their plasmid content. The desired plasmid pJdLK41 was
identified by its restriction pattern.

15
Example 10

Use of plasmid pJLK41 for construction of JC2/pJLK41 and
the production of triketides

20
Approximately 5 pg plasmid pJLK41 were used to transform
protoplasts of S. erythraea JC2 and stable thiostrepton
resistant colonies were isolated. From several colonies
total DNA was obtained and analysed by Southern blot

25 hybridisation, to confirm that the plasmid has integrated
into the TE. JC2/pJdLK41l was plated onto SM3 agar
containing 50 pg/ml thiostrepton and allowed to grow for
twelve days at 30°C. 1 cm® (0.5 ml) of the plate was
homogenised and extracted with a mixture of 1.2 ml ethyl

30 acetate and 20 ul formic acid. The solvent was decanted
and removed by evaporation and the residue dissolved in
methanol and analysed by GC/MS and electrospray mass

spectroscopy. The major products were identified (by



Construction of pJLKI 36 PCT/ G B99142158 15 Plasm d pJLK136 is a pWHVB based
pl asni d conprising the upstream and the downstream fl anki ng6ri@gveny 2903t he
reductive | oop of nodule 2 of the avernmectin PKS gene and the erythromnycin

resi st ance inserted into the ncs which connects these B ts.
. 18 ! . _ éé‘P/c Y56 1B
Plasm d pvﬂ%&?}s 220 described in Vara J et al, J Bacteriol f 89, 171. 5872

5881. Plasm d pJLK136 was constructed via several internediate plasm ds as
follows (Figure 6). Construction of pJLK130 25 The approximtely 2.4 kbp
DNA segnent of the avernmectin PKS gene 0f26S. avernitilis encoding the

regi on upstream of .the reductive | oop of nodul.e 2 was anplified by PCR
using as pri ﬁ@f@atrﬁéogyh’tlﬁg‘[ PUthe U MaEEEiadd: 250

S' ‘@mARE@TW§@W—w&y-n—hexanoic acid &-
GAGCTAGCAGGT GGECAGATCTAGGT GGGTGTGEGT GI TGGITGIGGTGGTGG 6 January 2003
WO 001 01827 -lAFteaf eeg‘g,aﬁzl@éﬁfcﬁém-%m‘&né-g\%ﬁﬁwlﬁlwmxﬂmy, . S
(1998) Thesi hepdRintaESialck Ofs -Gadige, UK) as tenplate. The PCR product
was treated with T4 pol ynucl eotide kinase and then ligated with plasmd
pUC B, which had been linearised by digestion with Smal and then treated
wi th al kal i ne phosphatase. The 5 ligation m xture was used to transform

el ectroconpetent E. coli DH1OB cells and individual colonies were checked
for their plasmd content. The desired plasm d pJLK130 was identified by
its restriction pattern and w8nci ng. 10 tructi on of pJLK131 The
approximately 2.0 kbp DNA segne f the avernmgcti PKS gene of S
avermtilis encoding the regien t ream ofp"t reductive | oop of nodul e
2 was anplified by PCR 15 using as priners tHe synthetic oligonucl eotides:
5' - GCCCGGCTAGCCGGECCAGACACACGAACAACAGC- 31 and

5' - GGGARTTCCTCGAGGATGACGTGGECGTITGGTGC- 31 and plasm d pl &5 (Galloway, 1. S.
(1998) Thesis, University of Canbridge, UK) as tenplate. The PCR product
was treated with T4 20 pol ynucl eoti de ki nase and then ligated with plasmd
pUCI B, whi ch hagedaeen il i neari sed by digestion with Smal and then treated
wi t h al kal i ne phosphatase. The ligation m xture was used to transform

el ectroconpetent E. coli DH1OB cells and individual colonies were checked

fox their plagist 2R GOH 1 pIHndeshF@e ol asm d pJLKL31 was identified by
its restriction pattern and sequenci ng. Construction of plasm d pJLK132

30 Plashid pJLK130 was digested with Nhel and Xbal and the
Plasmid pJLK29 is a pJLK11l7 based plasmid except that the

DNA fragment encoding the reductive loop of module 10 of
the rap PKS has been inserted into the mcs. It was
constructed via several intermediate plasmids as follows.

20 (Figure 5)
Construction of plasmid pJLK121.1

The approximately 2.2 kbp DNA segment of the rapB gene of
25 S. hygroscopicus encoding the reductive loop of module 10

was amplified by PCR using as primers the synthetic

oligonucleotides:

5! -TAAGATCTTCCGACGTACGCGTTCCAGC-3' and

5’ -ATGCTAGCCACTGCGCCGACGAATCACCGGTGG-3’ and as template an
30 approximately 7 kbp fragment, which has been obtained by

digestion of cosmid cos 26 (Schwecke, T. et al. (1995)

Proc. Natl. Acad. Sci. USA 92:7839-7843) with Scal and

Sphl. The PCR product was treated with T4 polynucleotide



approximately 2.4 kbp insert was ligated with plasm d pJLK131 which had
been digested with Nhel and Xbal. The ligation m xture was giﬁgh%ﬁ%
transform el ectroconpetent E. 6 January 2003 WD 00l 01827 - P%?
B99102158 col i DHLOB cells and individual colonies were checked for their
pl asni d con?@’®'8he desired plasnid pJLK132 was identifi edPhy/GRoQ/02158
restriction pattern. Construction of plasmd pJLK133 5 Plasm d pJLK117 was
digested with Bglll and Nhel and the approximately 0.1 kbp insert was
ligated with plasm d pJLK132 whi ch had been. digested with Bglll and Nnhel.
The ligation mxture was used to transform el ectroconpetent E. 10 col

DH10B cel | s aknitnaseli and uahes ol onaesd wei ehcpeakeidf puCl Bei whpthshad beatent .

The desired plasmd. pJLK132.was jdentified. by its.restrigctio attern.
Gonst ruct | on bEETIAE T2 Hhasabhr o thleP T o5 8nh ernE seghel vofP he
erythronyci n gekel thelsplessphataser yrhe abagettoni nixt heeewsshuesyicta

resi stance was_a ified by PCR using as_priners synt hetic

O 1 gonucl ot | HECDE SO S A aH TN P BB TETHa R gL I e

5' - ATGCT ACCCTAME T LA CRGEEGrdre atNepkadnt dr pRIMBi ¢ Dpilkkand N, et al
Mol ecul ar M crobio 1414) as tenplate. The P roduct was .pol ynucl.epoti de
ki nase. and  HERRHPaar oihe SGRTERCEABBL PYHSOEFsbavBy arBBLLFoRT: Peat od
wi t h al kal i nejpsosphat aseiolhgavesrysefdt DNAr asghiensiagect roconpet ent Logy
{1989) 3:1405treated with T4 with plasmd pud B, with Smal and then

ligation mxture E. coli DH1OB cells and individual colonies were checked

for their plasshdteantesh. ofhprdepiacgspkasm d pJLK134 was identified by
its 30 restriction pattern and DNA sequenci ng. Construction of plasmd
pJLK135 6 January 2003 wo ool ol s2~ - 42

10 Plasmid pJdLK121.1 was digested with BglII and Nhel and the
2.2 kbp fragment was ligated with plasmid pJLK117 which
had been digested with BglII and Nhel. The ligation
mixture was used to transform electrocompetent E. coli
DH10B cells and individual colonies were checked for their

15 plasmid content. The desired plasmid pJLK29 was identified

by its restriction pattern.

Example 12

20 Use of plasmid pJdLK29 for construction of S. erythraea
JC2/pJLK29 and the production of triketides

Approximately 5 pg plasmid pJLK29 were used to transform
protoplasts of S. erythraea JC2 and stable thiostrepton

25 resistant colonies were isolated. From several colonies
total DNA was obtained and analysed by Southern blot
hybridisation, to confirm that the plasmid has integrated
into the TE. JC2/pJLK29 was used to inoculate 30 ml of SM3
medium containing 5 pg/ml thiostrepton in a 250 ml flask

30 with a single spring to reduce clumping, shaken at 300 rpm
and at 30°C. After 8 days the broth was centrifuged, the
supernatant adjusted to pH 3 and extracted three times

with an equal volume of ethyl acetate. The solvent was



PCTI GB99102158 Pl asmi d pJLK134 was digested with Bglll and Nhel and the
approximately 1.9 kbp insert was ligated with plasm d pJLK1®3aphagy2003d
been digested with Bglll and Nhel. The ligation m xture was used to
transform onpetent E. coli DH10B cells and individ I wer e
checked fo?ogﬁ{‘)#e}‘?r pl asm d content. The desired plasmd pmggbﬁv\dﬂ%%
identified by its restriction pattern. Construction of plasmd pJLK136 10
Plasm d pJLK135 was digested with EcCoORI and the approxinmately 6.3 kbp
insert was ligated with plasm d pWHAM3 whi-2h- had been digested with EcoR
and then treated with al kal i ne phosphatase. The ligation m xture was used

to transfor mremestachdumpstannrat iew| andHles rFidiatt sEplved vindual
coloni es wer golieehad Ll 4ef fodtt A5y ApLEM e le1 MGG S M d

pJLK136 was identified by its restriction pattern. Exanple 24 20 Use of
pl asm d pJLKERSAgIssanmmtand, 10 iy pfasyiess pIn KIS heemetindd asar ansf orm

prot opl asts qf; 1yt gl d 3 I i o, M_. Jour nal of
| ndustri al M%lrtilﬁﬁﬁ%g%%éﬁ%ié?% %%%qg?a(ﬁ@%ﬂhi’ro%r@ on and

eryt hr onyci n presiwttahtweanst orest iletedi by atetpartimtivividdt aditmnitese wer e

sel ected and n%%l%ctgllgﬂreads four tinmes in non-selective |iquid nmediumfoll owed
by preparation and regenerati on of protoplasts 30 (nmedia according to

MacNei | T. et(4d, BR)Baci-grydioxy1998)dive: 2Eb2n 2563672 -Hriist raaptdramsdnssti ve
and erythronygcihn resi nt.colonie re isplated gnd characteri sed by
Sout hern bl Ot&hé;/bl’l ié%ﬁ%%’?m%% ’s%?: 1%‘%$%¥1§6 Wétgjep%% antary az‘b‘d% - WO
00/ 01827 PCTI GB99/ 02158 -43 designated S. avermtilis/JLKlL. Exanple 25
Construction of plasmd pJLK137 5 Plasm d pJLK120 was digested with Bgl Il
and Nsil and the approximately 3.2 kbp insert was ligated with plasmd
pJLK133jo0mhi ch had been digested with Bglll and Nsil. The ligation m xture
was used to transform el ectroconpetent E. i0 coli DHLOB cells and

i ndi vi dual col oni es were checed for §t heir pRasmnid ntent. The desired
plasm d pJLK137 was identifi by~{ts\y estrict .8rn. Construction of
plasm d pJLK138 15

15

Example 13
20 Construction of plasmid pJLK35

Plasmid pJLK35 is a pJdLK117 based plasmid except that the
DNA fragment encoding the reductive loop of module 1 of
the tylosin PKS has been inserted into the mcs. It was

25 constructed via several intermediate plasmids as follows.

(Figure 5)
Construction of plasmid pJLK33.1
30 The approximately 1.6 kbp DNA segment of the tylosin PKS

gene of S. fradiae encoding the reductive loop of module 1

was amplified by PCR using as primers the synthetic



Plasm d pJLK137 was digested with EcoRl and the approximately 7.6 kbp
insert was |ligated with plasmd pWHVB whi ch had been di gestgefhnohiyobgoRl

and then treated with al kal i ne phosphatase. The iigation m xture was used
20 to transform el ectroconpetent E. coli DH1OB cells and in

col oni es WMX00MHETked for their plasnmid content. The desi re%&Td?gg"Z‘iza”
pJLK138 was identified by its restriction pattern. 25 Exanple 26 Use of

pl asm d pJLK138 Approximtely 10 ~, g plasm d pJLK138 were used to transform
30 protoplasts of S. avermitilis (MacNeil.g9D.J. and Kl apko, C. M Journal of
| ndustrial M crobiology (1987) 2:209-218) and stable thiostrepton and

eryt hronyci n sksgenhantectoidases were isol ated. | ndividual col onies were

Subcul tured o0t EIRE T TSI FTECMITERS eahith  of | owed by

preparation ahd-GEOREECALCOOCOCAPCDCOpEast s fnddeasmidoecdi fgokmiliacNei | T.
et al J. Bacteriol, (199 175; 2552- 2563% Thlosgregton nd erythﬁ HZCIn
sensitive col OAPEIIIERS T8 BYLASARaPERAPGEPSr PERd ﬁ?e§ ubfieFR™Br8tes

lhybr| gu saéI i ONTh&NBCE op Boju O \Sasgt/ﬁéﬁtéw W§£BJ'ﬁéK1§81yﬁﬁcm§@dl]§@ kmaggéat e
iquid nedia rnentation accordjng . to Pan -H. et of Antibiotics
(1995) 48: 59- %%5 t?ﬁ%aih$?ﬁ?éswﬁﬁﬁe8h3FWé tggcéﬁd ¥hecPr BatdcPsersol at ed and
purified as desgeabesed byyh@idbbeishunwerhPang1 &ndl tBEnakrdQedd Qfich

Anti bi otics (1995% 48: 59- 66 The products were anal ysed by HPLC/ M5 and

1H NMVR and t halk3t i85 RgeeBhabana- cBﬁFdlbﬂaFﬂﬁﬂtWFFEHrelyaéouﬁﬁénﬁPe 27 25

Construction efaptashhde PdbKid8ohbasshd RJILKL21. duves dbgest gadgwi th Bgl ||
and Nhel and the 2,2 kbp fragnent was ligated with Rlasnld pJLK133 which 30

had been di gesP@#VIfeal BgPIPRARE NAEE. Cﬁﬁ%kﬁﬁggPFoﬁ ikt Blaswas used to

transf ofgn el eghheeRPPETRAt 4Esi £k pPHLABICEhL.R38Nd wagl ya@u@hf%b%yes ver e
checked for their plasmd content. The desired plasm d pJLK1

January 2003 VWP 0DEBEBRetign Pééh??ﬂléﬁdb9N5t§eﬂE§D¢F69|on pattern

Construction of plasmid pJLK35

15 Plasmid pJdLK33.1 was digested with BglII and NheI and the
1.6 kbp fragment was ligated with plasmid pJdLK117 which
had been digested with BglII and NheI. The ligation
mixture was used to transform electrocompetent E. coli
DH10B cells and individual colonies were checked for their

20 plasmid content. The desired plasmid pdLK35 was identified

by its restriction pattern.
Example 14

25 Use of plasmid pJLK35 for construction of S. erythraea
JC2/pJLK35 and the production of triketides

Approximately 5 ug plasmid pJLK35 were used to transform
protoplasts of S. erythraea JC2 and stable thiostrepton
30 resistant colonies were isolated. From several colonies
total DNA was obtained and analysed by Southern blot
hybridisation, to confirm that the plasmid has integrated

into the TE. JC2/pJLK35 was plated onto SM3 agar



Construction of plasm d pJLK140 PCTI G B99/ 02158 Pl asm d pJLK139 was
digested with EcoRl and the 5 approxi mately 6.6 kbp insert Gadanupy208d with
pl asm d pWHM3 whi ch had been digested with EcoRI and then treated with

al kal i ne phggrbeisgase. The ligation m xture was used to trangi@aidnB9onziss

el ectroconpetent E. coli DHLOB cells and individual colonies were checked
for their plasm d 10 content. The desired plasm d pJLK140 was identified by
its restriction pattern. Exanple 28 15 Use of plasm d pJLK140 Approxi mately
10 ~Cg plasmi d pJLK140 were used to transf¥mprotoplasts of S. avernmitilis
(MacNei |, D.J. and. Kl apko C.Q/l Journal of Industrial M crobiology (1987)
2:209-218) 20CRRH2INIBPeSPhEgét e bPORSEFEPECR RAGMPdilRWEss it& SFOY d1%8ni es
were isol at ed.ewen@eviadyal agobgrcesivent el eahed endisaibsuhtaresdsfour tines
in non-selective liquid mediumfollowed by preparation and regeneration of
protopl asts (ROIPIRLEEAJPRY EStNRERED Withe@ FRxyurggeferi-@ My £33y 25
175: 2552- 2563 cERbest kARt 00 and reiyibr QEME N THRNSL VLR € WaNiRE R

i solated and characterised by Southern blot hybridisation. One colony of S.
averm tilis/pfPR1EGVGYSIubEJevaprPratira: énd &Eﬁlﬁd reedidae Cdsmedved gm
according to RaRBan61Hand! afhlysell pANBYMAL b6 61884828 Gfks the 30
cultures were harvested and the products isolated and purifi'ed as descri bed
in the |iteratSRPeetrPaagpyc- Bheemajpr] profduntssi bege ddentddsedidbyo- 66). The
products were I by : HPL 1 : e foll ow ng compound 6
January 2003 V%H%S%%Fg%wlgg g{lg/geggglcd ag'}é:% gggi %iged: MO ~e~- HO~.. \ M
"ii ~~~H i/ H{RRUH3R, OHSEXaRpPI-&, 29 dihyGmestyr-i2c ti-dn meft hyllagmihg xahiod30 PCTI G
B99/ 02158 pJL I S 1 ased as mid ce t hat, _ PNA_encodi_ng
the reducti velél%ggp%o arrgéﬁ%egfgo?gt Aghév?ﬁﬁegiéi'nggksghtgs dggl ni r’é’gr%t'gd into
t he pol yibi nkedigeithylt heh2ptrestici eciidn dsileesoBgl-1 | and Nhel. It was
constructed via several internediate pl asn~ds.

i H
) 4, o ..
15
o o 0 o 0

Example 15
20
Construction of plasmid pRIF7
Plasmid pRIF7 is a pJLK11l7 based plasmid except that the
DNA fragment encoding the reductive loop of module 7 of
25 the rifamycin PKS has been inserted into the mcs. It was
constructed via several intermediate plasmids as follows.
(Figure 5)
Construction of plasmid pUCRIF7
30

The approximately 2.1 kbp DNA segment of the rifamycin PKS
gene of Amycolatopsis mediterranei encoding the reductive

loop of module 7 was amplified by PCR using as primers the



Construction of plasmd pl G7 25 The approximately 1.7 kbp DNA segnent of
the gene of the avermectin PKS of S. avermtilis encoding t§gafafyoboye
. loop of nodule 1 was anplified by PCR using the follow ng synthetic :

ol i gonucl eg% E prinmers: 5 - CCTAGATCCGCCCACCTACCCCTT z?llss and
30 5 -T TGTGCAACTCCGCCGGTGGAGIG- 3' and as tenpl até e|? er
pl asm d pl G155, which contains the first two nodul es of the avernectin PKS
cloned into plasmd pT7-7, 6 January 2003 WD 001 01827 -47 PCT/ C B99/ 02158
or chronmosomal DNA of Streptonyces avermigildis. The PCR product was treated
wi th T4 pol ynucl eoti de ki nase and then ligated with plasm d pud 8, which
had been | i nesyntdest by @l gestuoheati idesSmal and then treated with al kali ne

phosphat ase. érhﬁé,f%dfﬁ& FhHE Lo C&E&&ho_s},r annscg orm 5 el ectroconpet ent

E.coli DHLOB TelI's and indrvi dual~ coroni es were checked for their pl asm d
content. The %esiCEUrATEEEGUCPICHGORRGCUETECT i@t byosibsd res{ecomhidn

pattern and b sequenci | 0, Construction smd pJLK30 Plasmd

pl G7 was di g%%%%?‘#gg’?% a?fad I@]oe]rn%#%e)f%d ?%%%‘p PYEgERt was I-i gat ed

wi th plasm d gpdédddimght ¢ hadads bbean whmjest exiod 447 Bgldd aedpNited . Thiee
ectyroco coli DH1OB

| i gation m xt | S ywas_used to transform et en .

cor s o o dte ey RFe s et LT SO TR Elte -t e it The
desired pl asntltenJl K3 adiswi tienpldsmtd yutis, rasich ciadnbpeh t Bimeardsed
Exanpl e 30 Use of. plasm d pJLK30 for the construction of S.. eryfhraea
ot ka0 oy ShSe el Poropma 1 e e e stnst out ta: a SAL G “of

pl asm d pJLK3Ghy@pieatised. t ohér BDgA©1 &f PRk OPtaSISs Ois&d €6Vt harepodh2 and
st abl e thi ost re%t on resistant colonjes were isolated. From several col onies

total DNA was®bBtHF redBRbueRhaly seet byPshR reshl 1 < Bt ¥i €4t on to

confirmghat &8eowl@smér30chadkedt £gF atesh i b Paddied TEonSene! Yihe aea

JC2/ pJLK30 was pl ated onto SMB agar contai ni ng, 50 n%—m _thiostrepton and
6 January opoodesired plasmid pUCRIF7 was identified by its restriction

pattern and DNA sequencing.

Construction of plasmid pRIF7

15
Plasmid pUCRIF7 was digested with SnaBI and Nhel and the
2.1 kbp fragment was ligated with plasmid pJLK117 which
had been digested with SnaBI and NhelI. The ligation
mixture was used to transform electrocompetent E. coli

20 DH10B cells and individual colonies were checked for their
plasmid content. The desired plasmid pRIF7 was identified

by its restriction pattern.

Example 16
25
Use of plasmid pRIF7 for construction of S. erythraea
JC2/pRIF7 and the production of triketides
Approximately 5 pug plasmid pRIF7 were used to transform
30 protoplasts of S. erythraea JC2 and stable thiostrepton

resistant colonies were isolated. From several colonies
total DNA was obtained and analysed by Southern blot

hybridisation, to confirm that the plasmid has integrated



Wwo 00i 0oi s2~ -48 PCTI G B99/ 02158 all owed to grow for twelve days at 30C.

| cn2 of the plate was honbgeni zed and extracted with a m xt m
ethyl acetate with 20 ml form c acid. The sol vent was decan'ltytge'garﬂ]fa(r)ylzg03
evapor at ed.ywdbforgesi due was di ssolved in nethanol and anal peesidyesise V5
and el ectrospray mass 5 spectroscopy. The maj or products were identified as
(2R, 3R, 4S, 5R)-5, 3-di hydroxy- 2, 4-di net hyl - n- hexanoi ¢ acid bl actone and as
(2R, 3R, 4S, 5R)-5, 3-di hydroxy- 2, 4di net hyl - n- hept anoi ¢ acid b-I|actone
(total of 25 ng/1). Al nost none of the cot¥esponding 3-ketol actone coul d be
10 detected. Exanple 31 Constyuction of plasnmd pGvws2 15 pGWS2 is a pJLK117
based pl asmi dibdpte et & W"er}“(:%%il:ﬁg“ erge %ﬁ%%eaé)%pcwtmm% 1
of the avermepy iy MS daiohaepddiseii@hliltwed heo ppton | idercwsivg ddps
restriction sites Pstl and Bsu36l. |t was constructed via 20 several

i nt er medi at e 3 aniTds ! EBhsPfubbroR1BEepras ' amBPeBsstHe 2BApPELIRELEy 1. 7

kbp DNA segnggitt iofa trhistgane off 1t he b avgfimecddthdXKSd H averdihidi s
encodi ng the reductive |oop of nodule 1 vvasr?g}rrcgl ified by PCR using the

fol | owi ng syrtdieli RS i te staeteanysid removed "by evaporation

5" - TCECKGCAGA(H A (ALA XL LA FEARTIGEH Tl FnetBMhol and analysed b

5' - TTTCCTCAGGT CCCCCGGT GGAGT GEGGECGCTGGAC- 3" and as tenpl ate 30, ei t%er

plasmi d pl GLE¥/Mhiand IRHTRPRIRY fT3%8 SRASTHARAQRY of ThenadR¥ nectin PKS
cloned into plasict PTede ;adhddad Y20 Coa P0I S2rt 1 4% ALTAGR9Y/ 02158
or chronosonmal DNA of Streptonyces avernitilis. The PCR product was treated
with T4 pol yrieatiewitdlde ag nase and then ligated with plasnmid pud 8, which
had been |ineayd s by, di ti W @@1_@%1%% ted W1 kal ine _
phosphat ase. %ée’ ﬁ%g'at%%'ng%gxt%rhe%wa@ lsed to trans or)ﬁ?g?gf%%trs%g%metent
E.coli DH10B azid & armttiond varlas cOhni R vt e Thieckel dorydheky-plasni d

content. The i asm 4 { dentdfied by its restriction
pattern and b@ﬁ%ﬁf&%gﬁ%%ﬁdﬁg%ﬁﬁ uction %T plasm d pGvsl Pl asmd
pl G68 was digested with Pstl and Bsu36l and the 1.7 kbp fragnent was

|igated with plasm d pJBK116 whi ch had been digested with Pstl and Bsu36l.
The ligation

H H
15 s, . o Y, :[I“
- w7
0 |\\ 0

MO
o

W Y

20
Example 17
25 Construction of plasmid pJLK52
Plasmid pJLK52 is a pJLK35 based plasmid containing a PKS
gene comprising the ery loading module, the first, the
second and the third extension modules of the ery cluster
30 and the ery chain-terminating thioesterase except that the

DNA segment between the end of the acyltransferase and the

beginning of the ACP of the second ery extension module



15 m xture was used to transform el ectroconpetent E.coli DHLOB cells and

i ndi vi dual col oni es were checked for their plasmd content. gThgustp2008d
plasm d pGvBl was identified by its restriction pattern. 20 Construction of
plasmd pGw2 Plasm d pGWSl was digested with Ndel and Xbal I

appr oxi mat eV9 2441327 khp fragnent was Iigated with plasnid pd’%ggm /:Bzclﬁs had
been digested with Ndel and Xbal. The 25 ligation m xture was used to
transform el ectroconpetent E.coli DHLOB cells and individual colonies were
checked for their plasm d content. The degsisred plasmd pGus2 was identified
by its restriction pattern. 30 Exanple 32 6 January 2003 _ WD 00/0182?
-50 PCTI GB99/ K24 S8edis esulbs il tsted pEMRze f oqui el eonstegaeénono6f mGdule 1
eryt hr aea JCZ/&B 2 an]gothe é)roducti on of triketides. Approximtely 5nmg of
pl asm d pGVBF CUSEPTH t Y st orm protopl asts of S. erythraea JC2 and

stabl e thi ostreptos SoleShetvdd €Dh 08&ESrAEl ent SHhad et e FpDALAENET 8k

col oni es tot ﬁ% H\IA was obt ai ned and anal ysed by Sout hern bl ot hybridisation
to confirmthaf tR% plasnmid had integrated into the TE. S. erythraea-

JC2/ pGvB2 was pl ated onto SM3 agar contai ning 50~g/ m thiostrepton and

allowed to grow 10 for,K twel ve dags.&t 30C. lcnmR of the plate was
honogenized antPEXTYacted A A5 %tBYRKSP 1.2 m ethyl acetate with 20 n

form c acid. The sol vent was decanted and evaporated. The residue was

di ssolved in nethanol and anal ysed by GC/ M5 and el ectrospray nass )
spect r oscopy. THRePRBT ¢F bee LY wer b FBenPNA| 8goment oRE ke grythromycin

SR) - 5, 3di hydr py - ZeAe Ak TRE O} - Hr hEXaBPL ENREES éﬁé@&iﬁ?etﬁédDﬁﬁ £2Bgmdi 4S,
5R) - 5, 3-di hydr oxy- 2, 4-di net hyl - n-heptanoi c acid S-lactone (total of 17
ng/ 1), and al 5678 Skdshesipatnanefinthef ACRecEorp@dpondi hg Bhrebegirnbng

(5.5 nmujdl) . 29r EXRAPAEP 33t module 3 was amplified by PCR using as

primers the synthetic oligonucleotides:
5' -TACCTGAGGGACCGGCTAGCGGGTCTGCCGCGTG-3* and
5' ~-ATGCTAGCCGTTGTGCCGGCTCGCCGGTCGGTCC-3 and plasmid
pPBAM2S as template. The PCR product was treated with T4

15 polynucleotide kinase and then ligated with plasmid pUC18,
which had been linearised by digestion with Smal and then
treated with alkaline phosphatase. The ligation mixture
was used to transform electrocompetent E. coli DH10B cells
and individual colonies were checked for their plasmid

20 content. The desired plasmid pdLK50 was identified by its

restriction pattern and DNA sequencing.
Construction of plasmid pJLK52

25 Plasmid pJLK50 was digested with NheI and the 6.1 kbp
insert was ligated with plasmid pJLK35 which had been
digested with NheI. The ligation mixture was used to
transform electrocompetent E. coli DH10B cells and
individual colonies were checked for their plasmid

30 content. The desired plasmid pJLK52 was identified by its

restriction pattern.

Example 18



6 January 2003 wo ool ol s2~ -51 Construction of plasm d pJLK31
PCTI GB99/ 02158 pJLK31 is a pJLK117 based plasm d except thag johgarMbo3
encodi ng the reductive |oop of nodule 2 of the avernectin 5 PKS has beéen

inserted i w(?o%ngzpol ylinker using the restriction sites Bg;,hlncqi;?mﬂ?gl :
ucte p

It
was constr via several internediate plasm ds. Construction o asm d
pl G69 10 The approxi mately 2.4 kbp DNA segnent of the gene of the
avermectin PKS of S. avermitilis encoding the reductive |oop of nodule 2
was anplified by PCR using the foll ow ng-8nthetic oligonucl eotides as
primers: 15 5'- CCTAGATCTCCCCACCTACCCCTTCCAACACCACCACTACTG 3' and
5' - COGGCTAGCEseceET BdASmiGEIEEE TiorCeryet BN &f tenaftdieaeser

plasm d pl Gl ggrrrWhixgly B ihd ehd | g8l ¥ SR A aSe(ofa )l d18 RverdqRet i n PKS
cloned into plasmd g 77, or chronosonmal DNA of Streptomyces avermtilis.

The PCR 20 pmag¥et i treated with T4 pol ynucl eoti de kinase and then
ligated with plasm d pud 8, which had been linearised by digestion with
Smal and then treated with al kal i ne phosphatase. The ligation m xture was
used to trandpnexdimadtalot dnpet antaEned| PIEKEDBvaks [wsethd-9 rdfansiieim 25

col oni es wer for i roRhasm 4y comt T i pl asm d pl G59
was i de§ti fi g’({g&%ﬁ:&%%trsgs%% ihéz't ieoI:}L pat téei? n-an 3y8 é@j g%;%%ﬁégi ng.

Const ruct i on tdfigsitasaytebrp Hed€8ils 3 Pl eshdmli g8 Gadrenaissali gesd edFmadrth Bgl | 1,
Nhel and Dral nuary ,200 00l 0 7. PCT/ (B99/ 02158 =52 the 2.4
kbp fragnent Sv?/a%rs&lallggc[oégmvﬁaﬁ% tpc?ota%m %Jtﬁl S Ille(c:%r %%(g “/b%aelrli"sd‘?%g)s\f ed with
Bgl Il and NhéoutHeerr ibgadt drylngddis et ivars, us@dedrf trmandiaor mied el awciohpet ent
E.coli DH10B,cell.s ,and ined' vi dual _,col.oni es were checked for their plasmd

content. The h(fessilrnet(fgpﬁaats d”b P{Btle S'identified 5 by its restriction
patterno Examl ex34 Hisee0NRR 530 &/ pILKSd was ddeed comsimowil e afMS.

medium containing 5 ug/ml thiostrepton and allowed to grow
for seven to twelve days at 28-30°C. After this time the
broth was centrifuged and the pH of the supernatant
adjusted to pH=9.5. The supernatant was then extracted

15 three times with an equal volume of ethyl acetate and the
solvent was removed by evaporation. The residue was
dissolved in methanol and analysed by GC/MS by HPLC/MS and
MS-MS. Tetraketides were identified by GC/MS. The major

components were

20
121 H
H
25 g
H -
30 The following macrolide was identified by HPLC/MS, MS-MS

and 1H-NMR (it was accompanied by products of incomplete

processing by post-PKS enzymes)



10 erythraea JC2/ pJLK31 and the production of triketides. Approximately 5

nmg of plasmd pJLK31 were used to transform protoplasts of @ jaLyPoaga JC2

-and stable thiostrepton resistant colonies were isolated. From| S several
col onies total DNA was obtained and anal ysed by Southern blot_h brldlsatlon

to confirmYRHNW plasnid had integrated into the TE. S. &St 2158

JC2/ pJLK31 was plated onto SM3 agar containing 50 ng/m thiostrepton and
allowed to grow for twelve days at 30C. IcnR of the plate 20 was
honogeni zed and extracted with a mxture.ef- 1.2 m ethyl acetate with 20 m

form c acid. The sol vent was decanted and evaporated. The residue was

di ssol ved in nethanol and anal ysed by GO/ M5 and el ectrospray nass
spectroscopy. The major products werg identified as (2R 25 3R 4S

5R) - 5, 3-di hydr oxy- 2, 4-di net hyl - n hex
5R) - 5, 3- di hydr oxy- 2, 4di et hyl - gt acid b-lactone (total of 30
ng/litre). 6 January 2003 the Exanpl e 35 Construction of
plasm d pGVB4 5 PCTI G B99102153 . RSVE4, i 5\E pJLK117 based plasm d except

" modul e Nofi) he aver mectin PKS

has been inserted into the pol H ction sites SnaBl and
Bsu36l. 3t was constructed V|a110 in Cpl asm ds.
Construction of plasmd pl Gr0 ox) mately 2.4 kbp DNA segnent of the

h
gene of the IS avernectin PKS of%S
of nmodule 2 was anplified by PCR usi
ol i gonucl eoti des as priners: 5'-CCCTACGTA
and 5' - GAOCCT CAGGT GGGOGCOGT TGT CCGCACCACCGETA- as tenplate 20 either

pl asm d pl G155, which contains the first two nDduIes of the avermectin PKS
cloned into plasmd pT7-7, or chronosormal DNA of Streptomyces avermtilis.
The PGQqN(th%amm$etl%ated with T4 pol ynucl eoti de ki-nase and then |igated
with plasmd puC 8, which had been |inearised by 6 January 2003

Hgncodi ng the reductive |oop
W ng synthetic

Construction of plasmid pJLK53

Plasmid pJLK53 is a pJdLK28 based plasmid containing a PKS
15 gene comprising the ery loading module, the first, the
second and the third extension modules of the ery cluster
and the ery chain-terminating thioesterase except that the
DNA segment between the end of the acyltransferase and the
beginning of the ACP of the second ery extension module
20 has been substituted by the equivalent segment of module

13 of the rapamycin PKS. It was constructed as follows.

Plasmid pJLK50 was digested with Nhel and the 6.1 kbp
insert was ligated with plasmid pJdLK28 which had been

25 digested with NheI. The ligation mixture was used to
transform electrocompetent E. coli DH10B cells and
individual colonies were checked for their plasmid
content. The desired plasmid pJLKS3 was identified by its
restriction pattern.

30
Example 20



WO 001 01827 PCTI GB99/ 02158 -54 digestion with Smal and then treated with
al kal i ne phosphatase. The ligation mxture was used to trangfRhiary 2003
el ectroconpetent E.coli DH1OB cells and individual col onies were checked

for.their Rlgep@rontent. The _ desired plasmd pl G700 was péeiidobioBds by
its restriction 5 pattern and by DNA sequencing. Construction of plasmd

pGVB3 Pl asm d pl G70 was di gested with SnaBl, Bsu36l and Dral and 10 the 2.4
kbp fragment was ligated with plasm d pJLK116 which had been digested with
SnaBl and Bsu36l. The ligation nixture wa®¥¥-used to transform

el ectr oconpet ent caol i OB cells_ and individual colonies re checked
For thotr bl dGR PTaMAsG B 1500 SRR b et 1Y doraee | od by
its restrict iR IS PULKENHid Al hrfdydtaissn NS4 & asva i wed/B2 was

digested with Ndel and Xbal and the 20 approxi mately 12.4 kbp fragment was
|igated with plasm d pCIR24 which had been digested with Ndel and Xbal. The

li gajti on m th&d@ﬁn&\% tep ;Ig{]agﬂsefé?ﬁifﬁ Eﬂﬁﬁtf@%ﬂ@tt_ﬂé&d &@%fam&ﬁnce! l's
and i ndi vi dual col oni es were checked for their :1D| asm d content. The desired

pl asm d pOVBLYRICPERSRem] 1§ eB-hiacsd MR IH At e Exanpl e 36 Use

of plasng d pQfthdOFepdish GUSLIUAT UbIYNniS s fitdraen 3bd CHRGYVEA and the
production of triketides. 6 January 2003 WD 00/01827 -SS PCT/ G599/ 02158

Appr oxi mat el yS&veRpbfCplAbins frevE4 R el LishF 2 01ed and o braedpbast s of
S. erythraea J&6e1dheh BN eyti QSIS ARIAD, N&S T &Sire Ol 1oAY eshdves Badmph at ed.

From several colonies total 'DNA was obtained and anal ysed by Southern bl ot
hybri di sat i lo#s t brleegifated tirtio ttee pfiEasni d had integrated 5 into the TE.

S, erythraea JC2LpGMad, daSulled £tk AMOCENE,AIALs SN S 1o Y- 804
t hi ostrepton a'nd. a om?e%to grow @? twel ve dayss at BOC.%n%tof %e pl ate
was homb@eni zeedbwnl exttaiotiony v tAg Ankr tdigst udptior and eahipwedetat @rowt h
20 M formc i.d l.vent I{y? t n \; T resi due
was di ssol vedglgifl-srreeq an%? ta‘rs'nrli(; % a yﬁ?%y%@%%&eeﬁglg ra‘%)]"s%gef a%/ﬁgnass
spectroscopy. bty wascesntofi fudged i ared tth&k gili def prive ustse weateadet ect ed.
Exanple 37 1S_Construction.of plasmd LR27 Plasm d pJLK27 i LK114
based pl asm da((ga:i%setb?gtth%tp T]ge' %\Izﬁ?er asglrgéen n%tn%%di%%St eé_?e%)ﬁttl':??%'ég oop of
nodul e 13 of three times with an equal volume of ethyl acetate and the
15 solvent was removed by evaporation. The residue was
dissolved in methanol and analysed by GC/MS by HPLC/MS and
MS-MS. Tetraketides were identified by GC/MS. The major

component was

20

25

The following macrolide was identified by HPLC/MS, MS-MS
and 1H-NMR (it was accompanied by products of incomplete

30 processing by post-PKS enzymes)



20 the rap PKS has been inserted into the ncs. It was constructed via
several internediate plasmds as follows. Construction of p a%%gy%bglzoa
25 The approximately 3.2 kbp DNA segnent of the rapC gene o . :
hygr oscopi cu coding the reductive | oop of nodule 13 was anplifi y PCR
usi ng as pr‘?’ﬁ@ﬁ@m?ﬂe synt hetic ol i gonucl eoti des: FC /GB”’%?]S?

5' - TACCTAGGCACCACCACAACCCGEGTA- 3" and 30 5' - TACAATTGGCCCGCGAGT CCCCGACCCT- 3
and cosm d cos 31 (Schwecke, T. et al. (1995) Proc. Natl. Acad. Sci. USA
6 January 2003 WD 001 01827 -56 PC T/ GB99/82158 92: 7839-7843) as tenpl ate.
The PCR product was treated with T4 pol ynucl eoti de ki nase and then |igated
with plasmd pUC B, which had been i neari sed by digestion with Smal and
then treated with al kaline phospQatase. The _ ligation mxture was used to
transform el ectroconpetent E. i PHIEB cells and i ndividual col onies
were checked for their plasmd,X\ ~{.The desired plasm d pJLK120a was
identified by its restriction pattern aj d’ DNA se ging. Construction of
pl asmi d pJLK27 10 Pl asmid pJLKE¥20q Was d?@%ﬁn Avrll and Hpal and the
3.2 kbp fragnent was ligated wthlplagmd p ch had been di gested
with Avrd!l and Hpal. The ligati ® gyused to transform

el ectroconpetent E. coli 15 DH10B cél | si_.andli ndi vi dual col oni es were
checked for their plasm d content. The i @l asm d pJLK27 was
identified by its restriction pattern. amphe 38 20 Use of plasmd pJLK27
for construct PEREFe X2/ pJLK27 and the production of triketides
Approximately 5 ng plasm d pJLK27 were used to transform 25 protopl asts of
S. erythraea JC2 and stable thiostrepton resistant colonies were isolated.
From sever al Cononieat 1ot o~F DN smsd opfbided and anal ysed by Sout hern bl ot
hybridi gation, to confirmthat the plasmd has integrated into the TE

JC2/ pJLK27 was plated onto SM3 agar .
Plasmid pJLK54 is a pJLK29 based plasmid containing a PKS

gene comprising the ery loading module, the first, the
second and the third extension modules of the ery cluster
and the ery chain-terminating thioesterase except that the

15 DNA segment between the end of the acyltransferase and the
beginning of the ACP of the second ery extension module
has been substituted by the equivalent segment of module
10 of the rapamycin PKS.
It was constructed as follows.

20
Plasmid pJdJLK50 was digested with Nhel and the 6.1 kbp
insert was ligated with plasmid pJLK29 which had been
digested with Nhel. The ligation mixture was used to
transform electrocompetent E. coli DH10B cells and

25 individual colonies were checked for their plasmid
content. The desired plasmid pJLK54 was identified by its

restriction pattern.

Example 22

30
Use of plasmid pJLK54 for construction of S. erythraea
NRRL2338/pJLK54 and the production of tetraketide

derivatives and macrolides



30 containing 50 ng/m thiostrepton and allowed to grow for twelve days at
30C. 1 cnZ (0.5 mM) of the plate was 6 January 2003 - WO %04&%%72 03

PCT/ GB99/ 02158 -57 honogeni sed and extracted with a m xture o ) ﬂ et hyl
acet at e andyg@o#iigzf orm ¢ aci d. The sol vent was decant ed andpegwsd218y
evaporation and the residue dissolved in nethanol and anal ysed by GO M5 and
el ectrospray nmass _ spectroscopy. The major products were identified (by 5
conparison with authentic material) as (2R, 4S,

5R) - 2, 4- di net hyl - 5- hydr oxy- n- hexanoi ¢ aci-d8Sl act one and as (2R) 4S,

5R) - 2, 4- di net hyl - 5- hydr oxy- nhept anoi ¢, acid b-|lactone (total of 41 _ng/1l),
o n some of ABRECHIMELDONar ngb 25 KerD GoPOHRE? (rora et d 150 MerasSEREnS 10
hydr oxyl act ongsot{dpladt 8fo L. 8. nE}yt h£hdh| NRRCZBES Sn@ns sisTwience deposits |
referred to herein are 15 explicitly and individually. incorporated herein

by ref er ence. thiOSiF eRlaeR s09S18RaARE AFRECBLIIANUSFS ?%§Id§§§302158_ 1. A
nucl ei c aci d s@l&edl ec8T6RHE80t8tal eBRA PAr bbehiRedYREA | aRQl YKEH | B _
synt hase, said part conprising at |least , part of an extensjon nodul €,
wherei n the ntRREreradPot hyBridhsarier. ofcofenbiriotaagetae RhRSWLAg
enzymes @ssochad echvbdPareduehi8ngha Lyl inker with nultiple restriction
enzyne sites. 2. A nucleic acid according to claim1 wherein the 10
pol yl i nker isSi repyaeasy EﬁﬁbééhéépéhﬁégiW@SeH§9ﬁe§°th%ﬁuh?%ea§§6ciated
Wi th reduct i Ofje @\ Wb 5Ha BHEnGOE MR Y11 PREHEEEehPosaha Xl EO5LANLBOGEbG. 3.
A nucleic acid encoding at least part of a Type | 15 pol yketide synihase,
sai d part conpefsseverttoeher gaves af af-aRfenshbrenvded 2, tiererd the

nuct el c acid PascR POLYCLAKEL sUEEA HHG!LRECOHOSE! LAL! BfioEPAY MRSl Les, which
pol yl i nker connects nuclelic acid encodi ng aP | east part” of an acyl -

transf el@se eadjyweted nocpBie.Aaci ThensvdengabhenkOwheakhepaektvhchadacyl
carrier protein. 4. cleLgc agi or di tgca e I claj erein
ot 1 cast sometBpednethEdrvELE, 35 Call°vHMac 3 R pRL RER L Pe ek e
absent from t heldspe vaporgketedeb@5esppbhaséonncBdengeaudhei waaci d before
t he pol ylinker.was, provided, 5. nucl.ei. ¢ _aci d.agcogdi 0 cedj;ng
clainlmhereindé?s?%gg %%n%eggaPﬁ% ?ggtﬁpgi'ggdsﬁ eég(ﬂgléﬁegﬂgﬁygﬁeggb

pol yl i nker arEstmsonmMenrakeoidabsentref idamotifiéerd by GC/MS. The major

15 component was
OH
20
25 The following macrolide was identified by HPLC/MS, MS-MS

and 1H-NMR (it was accompanied by products of incomplete

processing by post-PKS enzymes)

30



30 naturally occurring nucleic acid sequences which encode reductive
enzynes of Type | pol yketide synthasea. 6. A nucleic acid agggbﬂﬁﬂgoég any
preceding claim 6 January 2003 WO 001 01827 PCT/ GB99/ 02158 - erein the
pol yl i nker includes at |east some of the following restriction sites:

Avrll, Bgl MOOMENEM - Pstl; Spel; Nsil; Bsu361; Nhel; and HpRET/GBIYR1Hicl ei c
acid according to any preceding claim5 which additionally encodes a

| oadi ng nmodul e 8. A nucleic acid according to any precedi ng clai mwhich
additionally encodes one or nore further_gxtension nodules. 10 9. A nucleic
acid according to any preceding claimfurther including a nucleic acid
sequence incorporated into the polylinker, which incorporated nucleic acid
encodes one or nore reductive enzyngs. 15 10. A nucleic acid according to
“claim9 wherein said one or nore reductive enzynes is/are-a
(3-ketoreductase, a dehydratase a onvan enoyl reductase. 20 11. A nucleic
acid according to claim 10 wheaei fjf saild ¢gifé or nore reductive enzynes

i ncludes) at least a ~i ketored) . -12. Anucleic acid according to
claim10 or claim1l 25 whereinlat l,eastjone of sajic¥ne or nore reductive
enzymes is froma different ept'emsi orfgrbdtib sape pol yketide

synt hasé as said at | east parf o[/a Type | pol'yketTde synthase. 30 13. A

ofTlai ms 10 .to 12 wherein at | east one

nucl eic acid according to any opé »
a3different polyketide

of said one or nore reductive enzy
synt hase. 6 January 2003 6D 1.4. A ve Hydi ng a nucleic acid as
def~.ned in any preceding cxaim 5 15. A H transfected, tran$forned
or conjugated with a nucleic acid or vector &defined in any preceding
cla~, m 16. |. according to claim15 which is a cell c~f 10 a
Stxeptonycesﬁg%g%%§§q¥817. A host cell according to claim16 which is a
cell oftoS. erythraea or S. avexmtilis. ~5 18. A nmethod for producing a
nuclLei, c aci%m%ggﬁdigg a novel pol yketzde synthase, the method i ncl udi ng
the steps of T provi‘ding a nucleic acid as defined in any one of o~. ains 1
tt~ 8 ; and

Construction of pJLK136

i5 Plasmid pJLK136 is a pWHM3 based plasmid comprising the
upstream and the downstream flanking region of the
reductive loop of module 2 of the avermectin PKS gene and
the erythromycin resistance gene inserted into the mcs
which connects these two fragments. Plasmid pWHM3 is

20 described in Vara J et al, J Bacteriol 1989, 171: 5872-
5881. Plasmid pJLK136 was constructed via several

intermediate plasmids as follows (Figure 6). -

Construction of pJdLK130

25
The approximately 2.4 kbp DNA segment of the avermectin
PKS gene of S. avermitilis encoding the region upstream of
the reductive loop of module 2 was amplified by PCR using
as primers the synthetic oligonucleotides:

30 5’ -GACGCCGAATTCTTCGGCATCAGCCCCCGCGAAG-3 and
5~
GAGCTAGCAGGTGGGGAGATCTAGGTGGGTGTGGGTGTGGGGTTGGTTGTGGTGGTGG



20 ii. ~,ncorporating into said nucleic acid a nucleic acid sequence which
encodes at |east one reduct~.ve enzyne. 19. A nethod accordi@gaf@ncd@am ~, ~
wherein said nucleic 25 acid sequence encodi ng at | east one reductive
enzyme is asy¢lgfidiged in any one of claims 9 to 13. 20. A net pegfcedseziss
producing a direct fermentation product containing a polyketide, the nethod
~.ncluding the step of 30 culturing a ho$t cell as defined in claim15.

.~1. A direct fernentation culture which produces a C22 &3

di hydrow' er~ecti zu, substantial 7.y free tf-other ma.cxol ides . 35 6

Une- i hydr oaySRIET, o7 PYGRRIAL P C5 JBa IR i o rodiith A4 ned

f rgm the clu: tm?ﬁv@‘rs]glyaiﬁm Zhrr@rrilag]e(;omﬂ@iéllaisgg:deﬁ@:il(étﬁ.hmeo@@{ rm&id'ulra:t
substantially free of other nacrolidee. : irect fernmeptation culture
whi ch producedas [HFefGesl &b tidn P l¥§‘t"‘§ﬁﬁ°§l’1‘1’a fg@ssr apl fhshedigated 25,
Fernent ati on mEdinuplasmE gurad ,f ehdhesuibdere 16heshaigsdld I9H ifh
said Bl avernectin substantially free of H2 avernectins. 15 26. net hod
for produci ng Y 5oiSedt ande there tireeted ML @il lime fhgsphgitage. The
providing a diriegl: iler MERkicOWaR Q@uet tetHdrd¥hrint @Nddia-drmiknd i ¢ ai m
20, or a fexnentatian 20 nedi um accord~.ng to clains 23 or 25; and ii. at

| east parti al ISPFuDHLE, Ged 5o Byde t dder saleresmmas idredesidar 27,
A et hod accongjdid t SEmigN2Ricwher eithd kR A3 RPIpikalidide o @ avaldrectin.
28. A nethod according to claim27 wherein the avernmectin i$ a C22-C23

di hydro aver nEdlefif3d@d by itsmyerdd igddadingg Gt lagidnRA wRausne iree
avermectin is a Bl avernectin.
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restriction pattern and DNA sequencing.
Construction of plasmid pJLK132

30 Plasmid pJLK130 was digested with Nhel and Xbal and the
approximately 2.4 kbp insert was ligated with plasmid
pJLK131 which had been digested with Nhel and Xbal. The

ligation mixture was used to transform electrocompetent E.
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|g°|mmnhb]X]cg cagﬂ ]cafcafgé]cg Eﬁcg] fcafca]ca]ca]
ca]ca]ca]ca]c&dkuﬂafcéaLbya]CaL¢ea]raﬁCaon pattern.
?f<tBA'Y1KZf|mﬁnhcAXU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]caL]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!fjy8A Sghtirn'sg -

"(h)))>*rcorzupkEtidficaf cal eantd] pdlL.EaRda] ca] cal] ca] ca] ca] ca] ca]ca] ca]c

aL]ca]ca]ca]ca]ca]ca]c a] ca] ca] ca] ca] ca] ca] cal] ca] ca! +R+++

,@Qu, ,----- .1 1/+0"000. 112) 3c3384s4444444| w mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]ca]ca]capaahca]paLEalaabaa]dabeatea]watmcagmalcahdahhalcahdakna]ca]ca
' 4-5¢c5677777: 8899 9;*:g:<e ==d==>=>>>777;

@EENA|MﬁnhcAYFF85?§aTé fca]8a]c§?8af8§ﬁ55]Eﬁfcafgﬁfgg]8af9a?caf@afca]ca]ca]
ca] ca] ca] ca] cppeaicaVihathahed] baknalicabNARAABBKBBg111 and NheI. The
C, CEEdFsFF5 HAHHHI 1 1. JJJJJ- Ki KxK wwnhcAY%gcagcaéca ca&cagcagc %ca]ca]ca]
ca] ca] ca] ca] cap8af e8P cf ¥k Eayed] bEfdafCaf EY) EAFELFOSPERFESPEaFx KKKK
AOCPSQRARaRfTEMYQXHMnKK—XéY%¥YhZHZﬂK§ZZ1Bhbﬂ\bbibx&aﬁc%X&ECGMbhﬁéhC@b@a]Ca]
cajc”alcalc gg LcaLcaLca]c a]ca]caUkca]%a]caLga%cagca]c%%%%]ca]ca]ca]ca]ca

] caU] ca] caU] c mid content esi mid 32" was

{\\ 9] q] ] """ XiwentYEieaabbhbhcebdXdddi-dddEpaetbfual gb] X] ] ca] ca] ca] ca] ca] ca
] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca]
ca]caJcal (fffff)g hii;

i Vi ] ] 1] kkkkkkdeklmmaneabanaEnbyakaBuW cau) ca] ca] ca ca] ca] ca] ca] ca] ca] caV] ca
] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! nnnnop"” pp0
qqqgq=sGds8st t ! t t v@OnKwiwXwwvz wwv X/ Xx2Xj x~yt oj e [ V] ca] ca] ca] ca] ca] ca] ca] ca] c
al cal c The approx1mate1 1.9 kbp DNA segment of the erythrom cin,

a] ca] ca] ca] ca] cal] ca] ca] ca] cagca] ca]@ca ca] ca] ca] ca] ca] ca] ca] caU] caJ ca! j xvxx
xxxxnyyyz{{{" PEPg} clhsger-of- 5. werHERYPEPC SPEQPE BPC APEa e CAPEATER] ca] ca]
a]ca]caLﬂca]cak@ahcahea]aakcakﬁthahaabgab@@]gahaa]aa]gahqakcakaa' %46@ nP[

ap\ hj yt oj e’ [ VEYELESEES) el osneafleguliégpca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] capca] call eahedreahepHbatrbagkaalaaidomee-ARagn3QM u=| wql gb] X] ] ca] ca]
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] ca] ca] ca] ca] &d]- MGSE'S@NR@JKF @&F@é?ﬁcé] capdapdajstddc ®REZ] ca) ca] ca
! 4

ki a ] oal oa "‘:ff? i?”la? ghcam SRS %ﬁa} ‘Cl%;] i ?Z];g%]@?a} cal

ca] ca] ca] ca] capd4) ca]sca}em edd].c dhel {p}r‘ W] c

Z]J]c;] 21:1]:21:1]:2]a%%q]]ﬁuﬁ]10a] cg]ecaﬁlcg]sca]acg] cal ca cg]acg]dcaﬁlca'] ge{] ca ca ca cal Tc>

| LY5dns>x28upk ewkiighz by digestion with Smal and then

a] ca] ca] cal Ca]t“z%la%%%i] %lt%a]a‘ifi’éa %alp%@s%%la%%]s%%] T8k ALl HiSahgeal cal ca

] ca] ca]cal ca] ¢
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8&#1098* 8K8' () -Bhasmid '‘QIlHfy3H 00 R 4Hhgeaberk’ I tisHECoRE and3yheos & ()-10% & (
) - @10% & () - éégroximately 6.3 kbp insert was ligated with plasmid

pWHM3 which had been digested with EcoRI and then treated

with alkaline phosphatase. The ligation mixture was used

to transform electrocompetent E. coli DH10B cells and

15 individual colonies were checked for their plasmid
content. The desired plasmid pJLK136 was identified by its

restriction pattern.

Example 24
20
Use of plasmid pJLK136

Approximately 10 pug plasmid pJLK136 were used to transform
protoplasts of S. avermitilis (MacNeil, D.J. and Klapko,

25 C.M. Journal of Industrial Microbiology (1987) 2:209-218)
and stable thiostrepton and erythromycin resistant
colonies were isolated. Individual colonies were selected
and subcultured four times in non-selective liquid medium
followed by preparation and regeneration of protoplasts

30 (media according to MacNeil T. et al J. Bacteriol. (1993)
175:2552-2563) Thiostrepton sensitive and erythromycin
resistant colonies were isolated and characterised by

Southern blot hybridisation. One such colony was
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wx6?/ 10'110"10% " & ()-110" 10%
& () -!Xy) #10%Example3 & &10% U U&' () -! &$f &10% " & () -!
#10% " & ()-zc33384p494r4sd44uj @ 10! #109%&' ()- 10" 10" 10",
Y10% & () -!7"109%°P& () - y4#10% & () - z4#109%&' () - z444444-5dB) _@ -
10! N3 ' 109%&' Qonst@Ukt(ion of plasmid pJLK137
109 () -, #109%& ()-, GLO%& ()-109%& ()--5c566N777z[<j _@ 10! f #F10%&' () -
10%&T()-§ 1096>S>&' () - ! p#LO09%KK& ()-m I #10% ] & ()-m sY10%' ()-777: 8899dE @
)10! 110%54‘) ()-&®:1h@)%&§1( )ngE,K(l)lz@;/&'éa(gs) 'diges/ted éitoh éagléu a(n)d NsiIO and( the 0 10
#109%& () - &10%&' ()-$10%& ()-9p99::::*:/:~ @10' S 109 ()-,# 10% ()- 10 1
10s6#10%& () - APPEPTATRLLY) 3 -3 k@ el :"@&Q—_J—E(f&fdty_l@hlmlmf%)-
&10%& ()-F pJLK133 which had been digested with BglII and Nsil. The
ligation mixture was used to transform electrocompetent E.
10 coli DH10B cells and individual colonies were checked for
their plasmid content. The desired plasﬁid pJdLK137 was

identified by its restriction pattern.

Construction of plasmid pJLK138
15
Plasmid pJLK137 was digested with EcoRI and the
approximately 7.6 kbp insert was ligated with plasmid
pPWHM3 which had been digested with EcoRI and then treated
with alkaline phosphatase. The ligation mixture was used
20 to transform electrocompetent E. coli DH10B cells and
individual colonies were checked for their plasmid
content. The desired plasmid pJLK138 was identified by its

restriction pattern.
25 Example 26
Use of plasmid pJdLK138

Approximately 10 pg plasmid pJLK138 were used to transform

30 protoplasts of S. avermitilis (MacNeil, D.J. and Klapko,
C.M. Journal of Industrial Microbiology (1987} 2:209-218)
and stable thiostrepton and erythromycin resistant

colonies were isolated. Individual colonies were selected
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KhKi KxKKKbC 1010%VE' () - 109VE! () - " 109 105
10599: I100/<5&"(1“) (%%)&3%% EE’LM%C&/‘&%(&) 21'%, Bacteriol. (1993)

(1;3' E%(g%%&éﬁ%L%mﬁW&Mbs't&e&% Erd YR dmydim' skd¥aR& 9 - #1090
10! 6s' 10%Y& QILarELs oavek. iEelates AR PPERHE S SRYEY ) SHUIS 1YRE () - pv

by 1098 () -/ ;RERARSR SSIdRfe colon of S. avermltllls/ JLK138 was
10! 6s' 10%rY! &10%tu#u&' () - ! &10%&' () - 10%-H-H&' () - le@éu&T()- 10YY 10YY
10YYSHTTUVWMMESPE to inoculate lquld media (fermentation according to

Pang, C-H. et al J. of Antibiotics (1995) 48:59-66). the
cultures were harvested and the products isolated and
purified as described in the literature (Pang, C-H. et al

10 J. of Antibiotics (1995) 48:59-66). The products were
analysed by HPLC/MS and 1H-NMR and the following compound
could be identified:

15

Me

Me

20

Example 27
25
Construction of plasmid pJLK139

Plasmid pJdLK121.1 was digested with BgllI and Nhel and the
2.2 kbp fragment was ligated with plasmid pJdLK133 which

30 had been digested with BgllIi and Nhel. The ligation
mixture was used to transform electrocompetent E. coli
DH10B cells and individual colonies were checked for their

plasmid content. The desired plasmid pJLK139 was
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& ()-"10%& ()-9g10%VE& () - 10 FEEff bC | 1093" 109V ()-f
og/zv& (Y- Llo@%lw%%m%hgfgm (‘%agsg A Yy plasnid

pWHM3 which had been digested with EcoRI and then treated
with alkaline phosphatase. The ligation mixture was used
to transform electrocompetent E. coli DH10B cells and
individual colonies were checked for their plasmid

10 content. The desired plasmid pJLK140 was identified by its

restriction pattern.
Example 28
15 Use of plasmid pJLK140

Approximately 10 pg plasmid pJLK140 were used to transform
protoplasts of S. avermitilis (MacNeil, D.J. and Klapko,
C.M. Journal of Industrial Microbiology (1987) 2:209-218)
20 and stable thiostrepton and erythromycin resistant
colonies were isolated. Individual colonies were selected
and subcultured four times in non-selective liquid medium
followed by preparation and regeneration of protoplasts )
(media according to MacNeil T. et al J. Bacteriol. (1993)
25 175:2552-2563) Thiostrepton and erythromycin sensitive
colonies were isolated and characterised by Southern blot
hybridisation. One colony of S. avermitilis/pJLK140 was
used to inoculate liquid media (fermentation according to
Pang, C-H. et al J. of Antibiotics (1995) 48:59-66). the
30 cultures were harvested and the products isolated and
purified as described in the literature (Pang, C-H. et al
J. of Antibiotics (1995) 48:59-66). The products were
analysed by HPLC/MS and 1H-NMR and the following compound
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Example 29
15 Construction of plasmid pJLK30

pJLK30 is a pJLK117 based plasmid except that the DNA
encoding the reductive loop of module 1 of the avermectin
PKS has been inserted into the polylinker using the

20 restriction sites BglII and NhelI. It was constructed via

several intermediate plasmids.
Construction of plasmid pIGé67

25 The approximately 1.7 kbp DNA segment of the gene of the
avermectin PKS of S. avermitilis encoding the reductive
loop of module 1 was amplified by PCR using the following
synthetic oligonucleotides as primers:

5! -CCTAGATCCGCCCACCTACCCCTTCCAACACCAG-3 ' and

30 5' -TGGGCTAGCGTTTTGTGCAACTCCGCCGGTGGAGTG-3"' and as template

either plasmid pIG155, which contains the first two

modules of the avermectin PKS cloned into plasmid pT7-7,
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2 digestion with Smal and then treated with alkaline

phosphatase. The ligation mixture was used to transform
5 electrocompetent E.coli DHI1O0B cells and individual

colonies were checked for their plasmid content. The

desired plasmid pIG67 was identified by its restriction

pattern and by DNA sequencing.
10 Construction of plasmid pJLK30

Plasmid pIG67 was digested with BglII and Nhel and the 1.7
kbp fragment was ligated with plasmid pJLK117 which had
been digested with BglIl and Nhel. The ligation mixture

15 was used to transform electrocompetent E.coli DH10B cells
and individual colonies were checked for their plasmid
content . The desired plasmid pJLK30 was identified by its

restriction pattern.

20 Example 30

Use of plasmid pJLK30 for the construction of S.
erythraea JC2/pJLK30 and the production of triketides.

25 Approximately 5 mg of plasmid pJLK30 were used to
transform protoplasts of S. erythraea JC2 and stable
thiostrepton resistant colonies were isolated. From
several colonies total DNA was obtained and analysed by
Southern blot hybridisation to confirm that the plasmid

30 had integrated into the TE. S. erythraea JC2/pJLK30 was
plated onto SM3 agar containing 50 mg/ml thiostrepton and
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ethyl acetate with 20 ml formic acid. The solvent was

decanted and evaporated. The residue was dissolved in

methanol and analysed by GC/MS and electrospray mass

5 spectroscopy. The major products were identified as (2R,

3R, 48, 5R)-5,3-dihydroxy-2,4-dimethyl-n-hexanoic acid &-

lactone and as (2R, 3R, 4S, 5R)-5,3-dihydroxy-2,4-

dimethyl-n-heptanoic acid &-lactone (total of 25 mg/l).

Almost none of the corresponding 3-ketolactone could be

10 detected.
Example 31

Construction of plasmid pGMS2

15
pGMS2 is a pJLK117 based plasmid except that the DNA
encoding the reductive loop of module 1 of the avermectin
PKS has been inserted into the polylinker using the
restriction sites PstI and Bsu36l. It was constructed via

20 several intermediate plasmids.
Construction of plasmid pIG68

The approximately 1.7 kbp DNA segment of the gene of the
25 avermectin PKS of S. avermitilis encoding the reductive

loop of module 1 was amplified by PCR using the following

synthetic oligonucleotides as primers:

5' -TGGCTGCAGAGCTCACAGCCGGGTGCCGGATCCGGTT-3 ' and

5' -TTTCCTCAGGTCCGCCGGTGGAGTGGGGCGCTGGAC-3"' and as template
30 either plasmid pIG155, which contains the first two

modules of the avermectin PKS cloned into plasmid pT7-7,
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ligated with plasmid pUC18, which had been linearised by
digestion with Smal and then treated with alkaline -
phosphatase. The ligation mixture was used to transform

5 electrocompetent E.coli DH10B cells and individual
colonies were checked for their plasmid content. The
desired plasmid pIG68 was identified by its restriction

pattern and by DNA sequencing.
10 Construction of plasmid pGMS1

Plasmid pIG68 was digested with PstI and Bsu36I and the
1.7 kbp fragment was ligated with plasmid pJLK116 which
had been digested with PstI and Bsu36I. The ligation

15 mixture was used to transform electrocompetent E.coli
DH10B cells and individual colonies were checked for their
plasmid content. The desired plasmid pGMS1 was identified

by its restriction pattern.
20 Construction of plasmid pGMS2

Plasmid pGMS1 was digested with Ndel and Xbal and the
approximately 11.5 kbp fragment was ligated with plasmid
pCJR24 which had been digested with NdeI and Xbal. The
25 ligation mixture was used to transform electrocompetent
E.coli DH10B cells and individual colonies were checked
for their plasmid content. The desired plasmid pGMS2 was

identified by its restriction pattern.

30 Example 32
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=bC 5 resistant colonies were isolated. From several colonies
total DNA was obtained and analysed by Southern blot
hybridisation to confirm that the plasmid had integrated
into the TE. S. erythraea JC2/pGMS2 was plated onto SM3
agar containing 50pg/ml thiostrepton and allowed to grow

10 for twelve days at 30°C. lcm’ of the plate was homogenized
and extracted with a mixture of 1.2 ml ethyl acetate with
20 ml formic acid. The solvent was decanted and
evaporated. The residue was dissolved in methanol and
analysed by GC/MS and electrospray mass spectroscopy. The

15 products were identified as (2R, 3R, 4S, 5R)-5,3-
dihydroxy-2,4-dimethyl-n-hexanoic acid d-lactone and as
(2R, 3R, 4S, 5R)-5,3-dihydroxy-2,4-dimethyl-n-heptanoic
acid S-lactone (total of 17 mg/l), and also a substantial

amount of the corresponding 3-ketolactone (5.5 mg/1).
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Example 33
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pJLK31 is a pJdLK117 based plasmid except that the DNA

encoding the reductive loop of module 2 of the avermectin
5 PKS has been inserted into the polylinker using the
restriction sites BglIl and Nhel. It was constructed via

several intermediate plasmids.

Construction of plasmid pIG69

10
The approximately 2.4 kbp DNA segment of the gene of the
avermectin PKS of S. avermitilis encoding the reductive
loop of module 2 was amplified by PCR using the following
synthetic oligonucleotides as primers:

15 5'-CCTAGATCTCCCCACCTACCCCTTCCAACACCACCACTACTG-3' and
5" -CCGGCTAGCCGGGCGTGCAGCTGGGCGCCGTTGTCCGCAC-3!' and as
template either plasmid pIG155, which contains the first
two modules of the avermectin PKS cloned into plasmid pT7-
7, or chromosomal DNA of Streptomyces avermitilis. The PCR

20 product was treated with T4 polynucleotide kinase and then
ligated with plasmid pUCl18, which had been linearised by_
digestion with Smal and then treated with alkaline
phosphatase. The ligation mixture was used to transform
electrocompetent E.coli DH10B cells and individual

25 colonies were checked for their plasmid content. The
desired plasmid pIG69 was identified by its restriction

pattern and by DNA sequencing.

Construction of plasmid pJLK31
30

Plasmid pIG69 was digested with BglII, Nhel and Dral and
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plasmid content. The desired plasmid pJLK31 was identified

5 by its restriction pattern.

Example 34

Use of plasmid pJLK31 for the construction of 8.
10 erythraea JC2/pJLK31 and the production of triketides.

Approximately 5 mg of plasmid pJLK31 were used to
transform protoplasts of S. erythraea JC2 and stable
thiostrepton resistant colonies were isolated. From

15 several colonies total DNA was obtained and analysed by
Southern blot hybridisation to confirm that the plasmid
had integrated into the TE. S. erythraea JC2/pJLK31 was
plated onto SM3 agar containing 50 mg/ml thiostrepton and
allowed to grow for twelve days at 30°C. lcm’ of the plate

20 was homogenized and extracted with a mixture of 1.2 ml
ethyl acetate with 20 ml formic acid. The solvent was
decanted and evaporated. The residue was dissolved in
methanol and analysed by GC/MS and electrospray mass
spectroscopy. The major products were identified as (2R,

25 3R, 4S, 5R)-5,3-dihydroxy-2,4-dimethyl-n-hexanoic acid &-
lactone and as (2R, 3R, 48, 5R)-5,3-dihydroxy-2,4-
dimethyl-n-heptanoic acid &-lactone (total of 30
mg/litre).
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Example 35
Construction of plasmid pGMS4

pGMS4 is a pJLK117 based plasmid except that the DNA
encoding the reductive loop of module 2 of the avermectin
PKS has been inserted into the polylinker using the
restriction sites SnaBI and Bsu36l. It was constructed via

10 several intermediate plasmids.
Construction of plasmid pIG70

The approximately 2.4 kbp DNA segment of the gene of the
15 avermectin PKS of S. avermitilis encoding the reductive
loop of module 2 was amplified by PCR using the following
synthetic oligonucleotides as primers:
5% -CCCTACGTACCCCTTCCAACACCACTACTGGCTCGAAAG-3"' and
51 -GGCCCTCAGGTGGGCGCCGTTGTCCGCACCACCGGTA-3 "' as template
20 either plasmid pIG155, which contains the first two
modules of the avermectin PKS cloned into plasmid pT7-7,
or chromosomal DNA of Streptomyces avermitilis. The PCR
product was treated with T4 polynucleotide kinase and then

ligated with plasmid pUC18, which had been linearised by



aBeF ! 4y0109%& ()-/10%& ()-*y 10% & () - of $SH#10%& () - S! Cf $S#10%& () - Sy!

"109%& ()-S TUWu] @!'4S#f10% & ()- 10 10 10,; 6 January 2003
+10%; () - 9109%& () - y2#10%& () -! Hy2#10%& ()-frw' aBj _@ '
14" @O0% ()wdheo@H10%"& ()- @ PCT/GB99/02158

109 & ()- #1096 & ()-109% & ()-10% & ()- VAL <] @

| 41 98$#1096 " & () - X! 9&$#10% { & () - XsS#y 10% & ()-!49S 10%"& ()- @

109% & ()-&109% & ()-LD}ASH= 14! 10 10 10sy8

109 ()-963"10% & ()-S3S10% & ()-! L& #1087 &" & ()-! H& #10% f"f & ()-! [ dESH=
141 108MLO%A. () - . . .

10%-4&' () - " Aﬁﬁ%ﬁﬁ@‘o SHED PredodRd TREM GHERTES. Vi sk Re

10948’ () - 9318UHd&phhth@y# 1a¥HRHAHGat ) ohy #E0YEPE WhsLuseW& o kr&@kFur& () -t 6b
A<SH= 1419 +1Q09®HOH& ()-f!+ ] .

+10%H+HE () SLEFIT9RQTPrrenty-& - OPL1@ BE1ORsR L F- @9 iokigidratdyne 1419

10H 10H 10H 3, ' () -37 10948, - ok o8 () - :
i (O SR (! AU ror Phel@¥ablinl tLAWRL) The

109 () - #10%8eb)i redyR) @i OVRIGT0, MBBYEIENtbFiedNBy its restriction

1 41 s@1Q%& ()-! &L@10%{ & ()-f10L@10%*& ()-f @@

10%1& (-9l @&%Fg“;? éé%‘?ﬂ'ﬁ F2RIYRC A1 LO- $10%&: () - ! >9- $10%h& () -s@
109 ()-sf)s109%& ()-9' 10%& ()-sS&I0%& ()-y{\= !4l FOd0%a& () - #y1l0%g¥ ()- 10

Construction of plasmid pGMS3

Plasmid pIG70 was digested with SnaBI, Bsu361 and Dral and
10 the 2.4 kbp fragment was ligated with plasmid pJLK116
which had been digested with SnaBI and Bsu36I. The
ligation mixture was used to transform electrocompetent
E.coli DH10B cells and individual colonies were checked
for their plasmid content. The desired plasmid pGMS3 was

15 identified by its restriction pattern.
Construction of plasmid pGMS4

Plasmid pGMS2 was digested with NdeI and XbaIl and the

20 approximately 12.4 kbp fragment was ligated with plasmid
pCJR24 which had been digested with NdeI and XbaI. The
ligation mixture was used to transform electrocompetent
E.coli DH10B cells and individual colonies were checked
for their plasmid content. The desired plasmid pGMS4 was

25 identified by its restriction pattern.
Example 36

Use of plasmid pGMS4 for the construction of S. erythraea

30 JC2/pGMS4 and the production of triketides.
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hybridisation to confirm that the plasmid had integrated

5 into the TE. S. erythraea JC2/pGMS4 was plated onto SM3
agar containing 50 mg/ml thiostrepton and allowed to grow
for twelve days at 30°C. lcm’ of the plate was homogenized
and extracted with a mixture of 1.2 ml ethyl acetate with
20 ml formic acid. The solvent was decanted and

10 evaporated. The residue was dissolved in- methanol and
analysed by GC/MS and electrospray mass spectroscopy. Only

traces of putative triketide products were detected.

Example 37
15

Construction of plasmid pJLK27

Plasmid pJLK27 is a pJLK114 based plasmid except that the

DNA fragment encoding the reductive loop of module 13 of
20 the rap PKS has been inserted into the mcs. It was

constructed via several infermediate plasmids as follows.

Construction of plasmid pJLK1l20a

25 The approximately 3.2 kbp DNA segment of the rapC gene of
S. hygroscopicus encoding the reductive loop of module 13
was amplified by PCR using as primers the synthetic
oligonucleotides:
5'-TACCTAGGCACCACCACAACCCGGGTA~3 ' and

30 5' -TACAATTGGCCCGCGAGTCCCCGACGCT-3' and cosmid cos 31
{(Schwecke, T. et al. (1995) Proc. Natl. Acad. Sci. USA
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their plasmid content. The desired plasmid pJLK120a was

identified by its restriction pattern and DNA sequencing.

Construction of plasmid pJLK27

10
Plasmid pJLK1l20a was digested with AvrII and Hpal and the
3.2 kbp fragment was ligated with plasmid pJLK114 which
had been digested with AvrII and HpaI. The ligation
mixture was used to transform electrocompetent E. coli

15 DH10B cells and individual colonies were checked for their
plasmid content. The desired plasmid pJLK27 was identified

by its restriction pattern.

Example 38
20
Use of plasmid pJLK27 for construction of JC2/pJLK27 and

the production of triketides

Approximately 5 mg plasmid pJLK27 were used to transform
25 protoplasts of S. erythraea JC2 and stable thiostrepton
resistant colonies were isolated. From several colonies
total DNA was obtained and analysed by Southern blot
hybridisation, to confirm that the plasmid has integrated
into the TE. JC2/pJLK27 was plated onto SM3 agar
30 containing 50 mg/ml thiostrepton and allowed to grow for

twelve days at 30°C. 1 cm® (0.5 ml) of the plate was
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spectroscopy. The major products were identified (by

5 10
9:5
)_

5 comparison with authentic material) as
(2R, 4S, 5SR}-2,4-dimethyl-5-hydroxy-n-hexanoic acid &-
lactone and as (2R, 4S, SR)-2,4-dimethyl-5-hydroxy-n-
heptanoic acid &-lactone (total of 41 mg/l), with some of

the corresponding 3-ketolactones (total of 12 mg/l) and 3-

10 hydroxylactones (total of 2.8 mg).
/I/,,." ///,l’
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All documents and sequence deposits referred to herein are
15 explicitly and individually incorporated herein by

reference.
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1. A nucleic acid molecule encoding at least part of a
Type I polyketide gynthase, said part comprising at least
part of an extension module, wherein the nucleic acid i
5 has, in place of one or more genes encoding enzymes
associated with reduction, a polylinker with multiple

restriction enzyme sites.

2. A nucleic acid according to claim 1 wherein the
10 polylinker is in place of all genes encoding enzymes
which are associated with reduction and which are

normally included in said extension module.

3. A nucleic acid encoding at least part of a Type I

15 polyketide synthase, said part comprising at least part
of an extension module, wherein the nucleic acid has a
polylinker with multiple restriction enzyme sites, which
polylinker connects nucleic acid encoding at least part
of an acyl transferase enzyme to nucleic acid encoding at

20 least part of an acyl carrier protein.

4. A nucleic acid according to any preceding claim
wherein at least some of the restriction sites included

in the polylinker are absent from the Type I polyketide
25 synthase-encoding nucleic acid before the polylinker was provided.

5. A nucleic acid according to any preceding claim

wherein at least some of the restriction sites included

in the polylinker are uncommon in or absent from other
30 naturally occurring nucleic acid sequences which encode

reductive enzymes of Type I polyketide synthases.

6. A nucleic acid according to any preceding claim
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7. A nucleic acid according to any preceding claim
5 which additionally encodes a loading module
8. A nucleic acid according to any preceding claim

which additionally encodes one or more further extension
modules.

10
9. A nucleic acid according to any préceding claim
further including a nucleic acid sequence incorporated
into the polylinker, which incorporated nucleic acid
encodes one or more reductive enzymes.

15
10. A nucleic acid according to claim 9 wherein said one
or more reductive enzymes is/are a B-ketoreductase, a

dehydratase and/or an enoyl reductase.

20 11. A nucleic acid according to claim 10 wherein said
one or more reductive enzymes include(s) at least a B-

ketoreductase.

12. A nucleic acid according to claim 10 or claim 11

25 wherein at least one of said one or more reductive
enzymes is from a different extension module of the same
polyketide synthase as said at least part of a Type I
polyketide synthase.

30 13. A nucleic acid according to any one of claims 10 to
12 wherein at least one of said one or more reductive

enzymes is from a different polyketide synthase.
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5 15. A host cell transfected, transformed or conjugated

with a nucleic acid or vector as defined in any preceding
c¢laim.

16. A host cell according to claim 15 which iz a cell of
10 a Streptomyces species.

17. A host cell according to claim 16 which is a cell of
8. erythraea or S. avermitilis.

15 18. A method for producing a nucleic acid encoding a
novel polyketide synthase, the method including the steps

of :
i. providing a nucleic acid as defined in any one
of claims 1 to 8; and
20 ii. Jlincorporating into said nucleic acid a nucleic

acid sequence which encodes at least one reductive
enzyme.

19. A method according to claim 18 wherein said nucleic
25 acid sequence encoding at least one reductive enzyme is
as defined in any one of claims 9 to 13,

20. A method for producing a direct fermentation product
containing a polyketide, the method including the step of
30 culturing a host cell as defined in claim 15.

21. A direct fermentation culture which produces a C22-
C23 dihydroavermectin, substantially free of other
macrolides.
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26. A method for producing a polyketide, the method
including the steps of:
1. providing a direct fermentation product
resulting from the method of claim 20, or a fermentation
20 medium according to claims 23 or 25; and
ii. at least partially purifying a polyketide from
said fermentation product.

27, A method according to claim 26 wherein the
25 polyketide iz an avermectin.

28. A method according to claim 27 wherein the
avermectin is a C22-C23 dihydro avermectin.

30 29. A method according to claim 27 wherein the
avermectin is a Bl avermectin.



