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~iTiiiii~MAOP6I8— —jjHi i~ 166166* Pol yketides and their SYRT/EBNQ204te
present invention relates to processes and materials (including enzyne
systens, nucleic acids, vectors and cultures? for preparing novel

pol yketides, 5 particularly 12-, 19- and 16-nenbered ring rracr\mmwmmmw
reconbi nant synthesis and to the novel pol yketides so produced

bi osynt hetic genes or portlons of then1 mhlch nay be derived from disidser ent
pol yketi de bi osynt heti cEgdX& ¢ thedaniSymtiesdis o al | ow the 10
production of specific novel polyketldes such as 12-, 19- and 16-nenbered
- macrol ides, of predicted structure. The invention is particularly concerned
with the replacenent of genetic material encoding the natural starter unit
wi th ot her geneBhe¢nppesienrttbnperpiee 16latesokpdesowiesheprendrentially an
acetate starter unit or preferentially a propionate unit; or preferentially
with an unmaterialar {bpclndingi eneyos éusﬁemﬁnlnﬂglﬁgcthelﬂevnatlon of
by-products containing a different starter unit. 20 Pol yketides are a | arge
and structveatoys dandreel tvpes) ofonapuepirpnodoecvelt hal ykatliiddes nmany
conpounds possessing anti biotic or other pharnmacol ogical _ properties, such
as ebyt hropgeticulartnci2ti nké; angabfchembaevedneingnpagonénden, by

epot hil ones and FK506. i u~iu~ninp~m WO 00l 00618 s - 2 30 Decenber 2002
PCTI GB99/ O2écenbimaphrsyrthesis pahgketi the novedbpadigketydpsodaced by
Streptonyces and rel ated acti nonycete bacteria. They are synthesised by the
repeat ed spepincedconbehgkét bde dbiasyhthebist gesesnoa panhdéonanafogous to
that of fatty acid biosynthesis. The greater structural diversity 5 found
anong nat uthémpoblykeh ineg lae i desivednfide deffetenth pblyksualky) acetate or
propi onate as "starter" or "extender" units: and fromthe differing degree
of processbigsphthdéieic keewe gr bupt ebsesvedmnahipul etel tondkbsat tha. Exanpl es
of processing steps include 10 reduction to -hydroxyacyl-, reduction

fol Lowed bprddhytiaii of $pPelihoyhevehnfotokpteBes)educhi as 12-§ he
saturated acylthioester. The stereochem cal outcone of these processing
steps is alge speciébimembore@asdiceytid@esf ochappeaxtendi svrutburbe

bi osynt hesis of polyketides is initiated by a group of chain-form ng
enzynes knowe asvestyketisepsynibasasly Tuonekans@swothpohgketi de synt hase
(PKS) have been described in actinomycetes. One class, named Type | PKSs,

repr esent edepya e lfKSsSE f @ené bec st 6t i deserBoginghtRaYAABural eandonyci n,
avermectin and rapanycin, consists of a different set or "nodul e" of

enzymes fogtarter unit with other genes in order to prepare

15 macrolides with preferentially an acetate starter unit;
or preferentially a propionate unit; or preferentially
with an unusual starter unit, in each case minimising the
formation of by-products containing a different starter
unit.

20 Polyketides are a large and structurally diverse
class of natural products that includes many compounds
possessing antibiotic or other pharmacological
properties, such as erythromycin, tetracyclines,

rapamycin, avermectin, monensin, epothilones and FK506.
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each cycle of polyketide chain extension. For an exanpl e 30 DecemnbsriZf0Re 1
(fortes, JIvoebroesis Nature (1990) 398:176 178; Donadio, S. erCEdEBIBIMBNCE
(1991) 2523:675-679; .~ 30 December 2002 WO 001 00618 PCTI GB99/ 02044 - 3
Swan, D.G et al. Mdl. Gen. Genet. (1999) 242:3S8-362; MacNeil, D. J. et

al. Gene (1992) 115:119-125; Schwecke, T. et al. Proc. Natl. Acad. Sci. USA
(1995) 92:7839 7893) . The term "extenspon nodul e" as used herein refers to
S the set of contiguous domains, froma ~3-ketoacyl-ACP synt hase ("KS")

domai n to rhe paettii AN r C ol yke ilddLiatr d "adfidartAiRigtodMieh meconpl i shes
one cycl e of pol yketide chain extension. The term "l oading nodule': is used

to refer tgtay @niteHfamDiid G LAE]dis WYL bakt aceonplirdieadde
| oadi ng of the starter unit onto the PKS and thus renders it available to

the KS dong ﬁt%feslti%cf iy te X el e TRy i s it dh iGforP gy ket i de

formed has geen altered, in the case of erythromycin biosynthesis, by

speci fic rghoqathiige g 9ENEAhnkd GHHIRRIUNE Plerdie dnzgaty ¢ domain of
the erythronycin produci ng PKS that contains the chain rel easing

t hi oest er aggh iR rAHdMIdY ( t nea | 99
288 1487 - 1988, Do yrRhests oI Rl rt ot (196’(51) T17-9105- 9106) .

20 1g-1 ra”gogﬁxldetain%d)frﬁt}ifrag\lﬁ)og A u'i%soga[ggs%fé LO o QY QAR Homai n

i n nodul e t he erythrony cing nown as

G'deoxyef%?r%% 249 %’é@éﬁaﬁ%e’oz[)??p'%gﬁaﬁe% s g4 ggd to the
formati on of eryt roﬁ50|n anal ogue ,él I deoxy- 3-a-mycarosyl -5 30
Ceeener 2R R ANO0IA LU HPOU oskedity AL >
processing of the B-keto group observed after each
condensation. Examples of processing steps include
10 reduction to f -hydroxyacyl-, reduction followed by
dehydration to 2-enoyl-, and complete reduction to the
saturated acylthioester. The stereochemical outcome of
these processing steps is also specified for each cycle
of chain extension.
i5 The biosynthesis of polyketides is initiated by a
group of chain-forming enzymes known as polyketide
synthases. Two classes of polyketide synthase (PKS) have
been described in actinomycetes. One class, named Type I
PKSs, represented by the PKSs for the macrolides
20 erythromycin, oleandomycin, avermectin and rapamycin,
consists of a different set or “module” of enzymes for
each cycle of polyketide chain extension. For an example

see Figure 1 (Cortés, J. et al. Nature (1990) 348:176-

178; Donadio, S. et al. Science (1991) 2523:675-679;



5, 6-di deoxy, 6 ~i -epoxy-5-oxoerythronolide B (Donadio, S0 Decamber 2002

Sci ence (WIDAYOOBBY: 675-679). Likewi se, alteration of actlvé‘§WF?”P@§?dues
in the enoylreductase domain of nodule 9 in DEBS, by genetic engineering of
the 5 correspondi ng PKS-encoding DNA and its introduction into
Sacchar opol yspora erythraea, led to the production of

6, 7- anhydr oeryt hromycin C (Donadio, S. 3et- al. Proc Natl. Acad. Sci. USA
(1993) 90:7119-7123). International Patent Application nunber WO 93/ 13663
10 descri bsamddbdtGonal aypeModt Genet Geneatni pUP&B) oA4af% 368e 3BEBS genes
that are capabl e of producing altered pol yketi des. However many such
attenpts afecNepdytPd J0 bavelbesananplOdart Lyv6: {Hotekbnseahweck® and
Fujii, I. Annu. Rev. Mcrobiol. (1995) 49:201-238, at p. 231). The 15

conpl et e DNA sequencerof. t Netdenraalit osr St rephonyoes) hggrggggpi c~s t hat
encode the nodul ar Type | PKS governing the biosynthesis of the macrocyclic
i munosupprgsspnt pol yketi de rapanmyci n has been di scl osed (Schwecke, T. et
al. (1995) Proc. Natl. Acad. Sci. USA 20 92:7839-7843). The DNA sequence is
deposited in then&EMBbLenbat 8ks Dehakhagaalundgs t1B8daReesshorefEFhef o X86780.
The second class of PKS, named Type Il PKSs, is represented by the

syntfiases fpy %Q@E'éoﬁﬂﬂgﬁélﬁgsdoﬂfﬂ?ﬁsl|fP&§SaCQHkét8a99h¥A@PS' ngl e set of
enzymati c 30 Decenber 2 WD 001 00618 PCTI GB99/ 02044 - 5 activities for

chal n ext afial e 880 (4REEF abfalh- USCEnasneRE! BBYL LAt TeUBEBEaLNC CYCles
(Bi bb, M et al. EMBO J. (1989) 8:2727-2736; Sherman, D. H et al. EMBO

J. (1989) Bsgddiy 233ma i AET NRDERZaMBERPL: shE S ofik 8c1d: oBi Ol . Chem (1992)
267:19278-19290). The "extender" 5 units for the ype II pKSs are usually

acet at e und rkdpflal Neni ASEREEBLoRDCCRAL Cevh a36aatha! AbAR1LAS; B ef erred
pat hway for cyclisation of the conpleted chain into an aronmatic product

(t o NS B - R b fny! 500 rREmc 608! Bbna (3031481 201 236).

Hybri d pol yketi des ave een” obtai ned |ntro uctron of clones Type

| J;(ﬁs geg %%%&Q?O%X%%ﬁéﬁg%?e&hét£€5£’t89”§1ﬂ1%8§t8 @h%f kgnt Type

S ge y introduction o erive ron1the

gene d st g4 g s%w&gpgd;e,aeaﬂggle' gyephedgRobket hdg el o 15

St r ept onyces coerf co an an raqU|none pol yketi de- pro Gcing strain

o onoht ofyese SRLLACHsn (RBBREL, Prnb- 18008 of pBRGLEELEL- (1R

172: 9816 nlna nunber

has been altered, in the case of erythromycin
biosynthesis, by specific relocation using genetic

15 engineering of the enzymatic domain of the erythromycin-
producing PKS that contains the chain releasing
thioesterase/cyclase activity (Cortés et al. Science
{1995) 268:1487-1489; Kao, C.M. et al. J. Am. Chem. Soc.
(1995) 117:9105-9106).

20 In~-frame deletion of the DNA encoding part of the
ketoreductase domain in module 5 of the erythromycin-
producing PKS (also known as 6-deoxyerythronolide B
synthase, DEBS) has been shown to lead to the formation

of erythromycin analogues 5, 6-dideoxy-3-a-mycarosyl-5-



20 pol yketide chain extension on a Type || PKS when expre38&¢cember 2002

St rept ony GRS ofieithd col or host cell (the "mnimal PKS') has beawubefrexad for
exanple in International Patent Application Nunmber WD 9S/ 08548 as

containing the follow ng three polypeptides which are 30 Decenber 2002 WO
00100G18 PCTI GB99/ 02044 - 6 products of the act .l genes: first KS;
secondly a pol ypeptide ternmed the CLF w,th end-to-end am no acid sequence
simlarity to the KS but in which the eSsential active site residue of the

KS, nanel i Ldug, ES,S ig.uted el tam.n

resi due, )c/)r&f%é?%@gggéggagf ﬁf hg' E’K‘gﬂ%éi% %p%’?‘seé%hnlggn?@lsg%% I?tg; ?(ﬁe whi E
ene produc K. -F i l . opiol. .. 90 .
2 1670. 1691§’§)—y%§é§ ﬁmmﬁcﬁa%?‘gx?géf%ﬁ%%ﬁ%@%%é\é ;éndpi;’?’h%‘ﬂ‘if( AP, The
CLF has been,stated for ex i n natl.onal. PRat ent i cat,ion Nunber
WO 10 95/ 0884 T o %%1§n?§c?grgbfhagsgé%zgr'nﬁ\ée)s' t ﬁél"’ceh‘é’r%e'lAg YR e

ol yketide chain_that i roduced by the m nimal PKS. However, it has been
Pou%d ( Sher? E?.‘Ctelcv%flg?pﬁﬁ‘?l%ﬁ%ﬁ\ ¥%o@?e (ﬁ%%r?rﬁuf%ﬁﬁ%ﬁn tHat when
t he CLF for %cge ocC aketf'8 aclt)i norhodin is used to replace the CLF 15 for
the decaketT®tett abnBiyes n°Y nIFRSH ¢ HILIRFeENE R %®s gl aucescens,

t he pol yketide product is_pot found to-be altered froma decaketide to an
oct a%et%/de,c%ﬁr%)%o%‘ih’&? ?g 'éeB‘Fo‘.gf‘Pn‘é A a}'bcarﬂ'rt‘r% W%ﬁ??t%ﬁf‘ AR nat i ve
nomencl ature has been ﬁro osed in which KS is 20 designated KSa and CLF is

desi gnat ed fEECIEORPRIYERPIR nEEYERERSR IGd v ddie MVEAustian @} a3

Chem stry and Biol ogy (1997) 4:433-443). The mechani sm by which acetate
starter uni%s’/ Athyleearetrenyigbn Gnikanagiol dadet onto Biec Nadd 41 PKS i s
not known, but it is 30 Decenber 2002 WO 00l 00618 PCT/ GB99/ 02044

specul at ed Ard . t$el neVoHY(1EBN ACP/ BT ¥2Hsf erase of the fatty acid

synt hase of the host cell can fulfil the
International Patent Application number WO 93/13663

10 describes additional types of genetic manipulation of the
DEBS genes that are capable of producing altered
polyketides. However many such attempts are reported to
have been unproductive (Hutchinson, C. R. and Fujii, I.
Annu. Rev. Microbiol. (1995) 49:201-238, at p. 231). The

15 complete DNA sequence of the genes from Streptomyces
hygroscopicus that encode the modular Type I PKS
governing the biosynthesis of the macrocyclic
immunosuppressant polyketide rapamycin has been disclosed
(Schwecke, T. et al. (1995) Proc. Natl. Acad. Sci. USA

20 92:7839-7843). The DNA sequence is deposited in the
EMBL/Genbank Database under the accession number X86780.

The second class of PKS, named Type II PKSs, is
represented by the synthases for aromatic compounds.

Type II PKSs contain only a single set of enzymatic




sane function for the Type Il PKS (Revill, W P, et al. J30Becempei,£002
(1995) 177WIDM@WEISs2) . | nternational Patent Application NunBeFGR8¥Agsas
5 describes the replacenent of actinorhodin PKS genes by heterol ogous DNA
fromother Type Il PKS gene clusters, to obtain hybrid pol yketides. The
sanme International Patent Application WO 95/08548 describes the
construction of a strain of Streptonmyces coelicolor which substantially 10
| acks the native gene cluster for actinorhodin, and the use in that strain
of a pl asnmi @ckd¥idd esRID &thiaidd eptensine RBY- EBpyenarBel evises asCP2+

i solated from Streptonyces coelicolor (Bibb, M J. and Hopwood, D. A J.
"Gen. M crobipbroprdgbe 1ire sArpesside ayeheeh (Bibhet ¥r oVeg@ds aRKSEMBEL I ng
DNA may be expressed under the control of the divergent act Il act 11
pronot er regdi.on188Xhd MA@ Medi $hgemane| Dst Hr eFerdan8H¥BOMIr.eno, M A. et
a.l. J. Hol._Chem. (1992) 267:19278-19290) . The plasm d pRMS al so
cont ai ns DNA16B8OM Bhe7act-2¥@%10dlerndfdbizodyneéhef i M.enetcldst . encodi ng
the gene for a specific activator~protein, Actll-orf4. The Act Il-orf4
protein is peglir €hebr (tIre@eycr2Agot:iioa7ef10peogeneshpl aeedendder’ t he contro
of the actl/ act Il bidirectional pronoter and activates gene expression

during the un3@sD&eeniigie G2 WD @REE08KE REUATCBY9402044e_u@itstransi tion
fromgrowh to stationary phase in the vegetative nycelium(Hallam S. E.

et al. CGenethid98%ksehci0o3dpecibBiechblakust @isthBeSt LAt pHeEesTrade known
to be activated by pat hway-specific activator genes (Narva, K 5 E and

Feitel son, patBway fBACIRIHIAIsatibRIGY tKE: 88kpB8BedStHhifmAnkRIWAl |, K J.
et al. J. Bacteriol. (1992) 174:144-154; Fernandez-Mreno, MA et al. Cel

(1991) 66: 7@%omd@icT ctE. (it chlinsdR] - cM rr obhal. F(3997) 16: 3ARG-.2804;
Takano, E. et al. MI. Mcrobiol. (1992) 10 7:837-845), The Dnrl gene

product conmpgMeRtTrapi¢iatl iQRds) 4he28¢tbbepr f 4AHgBREd0hboPyke@desO! Or
i npl yi ng t hat
10 have been obtained by the introduction of clones Type II
PKS gene-containing DNA into another strain containing a
different Type II PKS gene cluster, for example by
introduction of DNA derived from the gene cluster for
actinorhodin, a blue-pigmented polyketide from
15 Streptomyces coelicolor, into an anthraquinone
polyketide-producing strain of Streptomyces galileus
(Bartel, P. L. et al. J. Bacteriol. (1990) 172:4816-
4826) .
The minimal number of domains required for
20 polyketide chain extension on a Type II PKS when
expressed in a Streptomyces coelicolor host cell (the
“*minimal PKS”) has been defined for example in

International Patent Application Number WO 95/08548 as

containing the following three bolypeptides which are



Dnrl and Actll-orf4 proteins act on simlar targets. A geng0 Decerderi2@82been
descri bed ( 4 832 A2) that is |located near the Type |

cl uster fopﬁgﬁ& ?é‘n&crollde pol yketi de spiranycin. This geﬁ§ﬁ§§%§| ?gally
activates the production of the macrolide antibiotic spiramycin, but no
ot‘her exanppl es have been found of such a gene. Al so, no honol ogues of the
Actllorf4/Dnrl/RedD famly of activators have been described 20 that act on
Type | PKS genes. AIthough Iarge nunber & of t herapeutical l'y inportant

pol yketi des hﬁéycﬁeen t here renain need to obtaln nove

pol yket i desPt avele ﬁné‘é gr%SBFP‘. e£16P EpbSes ST & v novel

bi oactivity he ¢ e 2 001 00618 PCT/ 99/ 02044

g _ pol yket PBIWEPESESegeBVe yégelggﬁsg gg eBQrW‘% Cl?lnéir Ia§7‘1\?z§ﬂ in that
they include co ounds E own gﬁ é ? ant hel gg |nsec i ci des,

i mmunosuppr ESFHARYSE ﬁﬁP ﬁﬁb b? LRej BacPBEi ar xbd e E5688 R Y hei r
structural | exi t such .novel ol yketi des are not readi | y obt ai nabl e
by t ot al chéﬁggﬁ? §§ﬁ?h5§?§du8r°5y EE ﬁgcaPaWﬁ&Nch§Ns5ﬁ§n@fr@ﬁdﬂﬁ

pol yketi des. There is al a need to develop reliable and specific ways of
depl oyi ng i hdi TPBRLE tHBA |§§thﬁer&C?l geutpnipe gesigdue, or n ihge
fraction, of hybrid PKS genes that are constructed, are viable and produce
t he d§S|redCE§PyR§tFB§ BE%dG@F aP%HﬁFﬁgPFﬂ?épﬁa§“§haP5P§P@nﬁmA§bBP@&t|on
nunber PCT/ GB97/01819 di scl oses that a PKS gene assenbly articularly
of Type |) pneddes &ChabgrngKnobul @nghPerips Nelﬁbm@@“byMaFrpg ot .one
extensi on nodul e. Thus Figure 1 shows the organi sation of the DEBS genes.
The first oﬁéﬁ99éaﬂrhg79rgﬁﬂlbh@md@sginéamnﬁsacwdlﬂﬁseﬂpyndEbgu@assette
(DEBS 1) which consists of three nodules: the 20 | oading nodul e fiery-I|oad?
and-two ext @hsi andnbdnbdiy(anddCRs 1ThadCRY. hale beeadishg tedddloe conpri ses
an acyltransferase and an acyl carrier protein. This may be contrasted with
Fig. 1 of \Wex88pl18668 [ntérnational aBaveht AppdichdionOREkbes #POnsi st of
only two nodul es, 30 Decenber 2002 - WO 00! 0061 8 PCT/ GB99/ 02044 - 10 the
firstoof whbb6hKoBS4Bntbabe bofactbde tbati dgtevainesardet chafinr dengihensi on
nodul e. PCT/ GB97/ 01819 describes in general terns the production of a
hybrid PKS génehaspelbkygtidapchsingthatoadi pgonndelde bandhat Miadasmthlone
extension nodule. 5 PCT/(@B97/01818 al so describes (see al so Marsden, A F.

A. et al. SpkenceH¢w868)r 2¥Md9B6R) foandt NBhknonBaf et layhridd BKS gene
assenbly by grafting the wi de-specificity |oading nodule for the

aver mect i n- gheducsag. PeL9Bs] | UE7 s§81Da682 0Nt ehklte whiehs theulClirefay me
conmponent (DEBS 1)
the octaketide actinorhodin is used to replace the CLF
15 for the decaketide tetracenomycin in host cells of
Streptomyces glaucescens, the polyketide product is not
found to ‘be altered from a decaketide to an octaketide,
so the exact role of the CLF remains unclear. An
alternative nomenclature has been proposed in which KS is
20 designated KSo and CLF is designated KSB, to reflect this
lack of knowledge (Meurer, G. et al. Chemistry and
Biology (1997) 4:433-443). The mechanism by which

acetate starter units and acetate extender units are

loaded onto the Type II PKS is not known, but it is



10 for the erythromycin PKS in place of the normal | oadi ng3hbecgnaber@8P2ai n

navel pol yked bfggiscan be prepared using the hybrid PKS gene msp€p®digessas
described for exanple in pending International Patent Application nunber

(PCT/ GB97/01810). Patent Application PCT/GB97/01819 15 further describes
t he construction of a hybrid PKS gene assenbly by grafting the |oading
nmodul e for the rapanycin-producing pol yketide synthase onto the first

mul ti enzynme conponent (DEBS 1) for the erythronycin PKS in place of the

pormal | oaduRac(edeLe. (AAE tRA0hAGoAG: IBAN.CARD LG HBRABALIL JAG Ai TTers

fromthe | oading nodul es of DEB the avernecti I'n

compri ses acRRACLLa9acdATaLAenaloeRRY LRRIMELAS O TERY AR N and an AP,

so that suitable organic ac Irnclu e natural Sstarter “uni , 9 30

Decenber. 200, 040109845PETLEEORL02044 pikL(spidr opycys! olixpe

car boxylic aci e activa uonth oadi ng donai'n, and
wWith or without_r hon e ) i nsferred to the ACP for
i ntranol ecu arg Sggggéiéf(?ﬁggﬁslo ’ggggngPé%?ﬁodule 1 (Schwecke, T. et al
Proc. Natl. Acad Cl. A (19 5,.92: 7839-7843) T?e DINA %ﬁﬁ%ﬁgﬁ have
been di scl osed f5P§§593#;Pn%%pgg%eﬁksgﬁgﬁgcggﬁgpeP at govern {§S
produgtion qf 16:penbered_nmacralide, pol.yketi.des, including the | osi n PKS
fron1§trept ﬁﬁggéggfagﬁgerfggﬁﬁeyﬁﬁtGgg v }npﬁgofﬁnn%%§a ISP PRS from
Streptonyce aelestis ( aﬁgs S,,J. gt _al.__J acteriol. (1998)
179: 7515- 7553%3583093855613% QrnobRer Eé{ﬁwesi[f[eﬁﬁgnﬁ@é‘? SSTREESend o EP
0791 655 A2 Al of these gepe, sequencegs have in common .t hat they show t he
oadi ng_ moahiPEaon RRetpisopSYRRERST  oieschRe HBLGTAG bHstAle FACAREES. and
of the avernec&in PKS in thgt éggg onsi st of % domai n resenbling the KS
dormmi ns of fRBLASREASPONCONBA(PERIBaAeAFT4BREI KNENGORS LAES Oy Ale 3) . The
additional N-termnal KS-like domain has heen naned KSg because it differs
in each cas&8tFprdm 9h S6TeRtemM¥res raehyCcPRershBirh subsseRtd@ddtyY of the
active site_cysteine residue essential for (3-ketoacyl-ACP synthase
acti #Pty bylackfuthfi Rativei gesenglastert éprnachiponnoddsi-dg@d the function
of the KSg domain is unknown (Kavakas, S. J. et al. J. Bacteriol (1998)

use in that strain of a plasmid vector pRM5 derived from

the low-copy number vector SCP2* isolated from

Streptomyces coelicolor (Bibb, M. J. and Hopwood, D. A.

J. Gen. Microbiol. (1981) 126:427) and in which

15 heterologous PKS-encoding DNA may be expressed under the

control of the divergent act I/ act III promoter region

of the actinorhodin gene cluster (Fernandez-Moreno, M.A.

et al. J. Biol. Chem. (1992) 267:19278-19290). The

plasmid pRM5 also contains DNA from the actinorhodin

20 biosynthetic gene cluster encoding the gene for a
specific activator protein, ActII-orf4. The Act II-orf4
protein is required for transcription of the genes placed

under the control of the actiI/ act II bidirectional

promoter and activates gene expression during the




30 Decenber 2002 WO 0010061 8 PCTI GB99/ 02044 - 12 179: 751537 5R2ymbet2ogat S
presence in t PKSs for 16 nenbered nacrolides is surprigj e the
starter unggi&%ﬁgy§losin, ni ddanmyci n and spi ranyci n appear §g?ggaﬁﬁﬂﬁ§
propi onate, acetate and acetate respectively, that is, the sane type of
starter unit as in DEBS. The AT 5 adjacent to the KSq domain is named here
the ATq domain. When the entire | oading dul e of the tylosin PKS was used
to replace the anal ogous | oading nodule Tn the spiramycin PKS in S

anbof ac. i en Kuhst.oss et al. e 11996) .183: 23| ;236) .. the nature of the
starting unﬁfgﬂﬁé%iﬁngt f@bgFEgﬁ: éfféagélppgﬁﬁéggﬁgFelpotgFopionate. Si nce

the role of the KSgq._domain.was n nder st oQd, no specific di osure was
nmade t hat rgeasFégq&%nm¥C%Hh¥ﬂrﬁﬁﬁ% eibf 'h@QKg ’dgﬁﬁﬁn}qgégbhe possi bl e
utility of &h@gg K§%-§ontaining | oadi ng nodul es in ensuring the 15 purity
of the poly 4¢Pl pr@duct in respect of the starter unit, even at high

| evel s of macrolide production. The interpretation for their results was
stated as: "Ther &¥8e Ife PASTEFS 1S tUeRLOBYEESBRes kBeWBr tBeBeher e

provi de strong_experinental support for 20 the hypothesis that the AT
domai ns i n ¥FpevVRteRShY Padhwaysispaciiie aspAgpiPat gevgbstNar®aat Keach step

in synthesis" (Kuhstoss et al. Gene (1996) 183:231-236, at _ p. 235). These
aut ho?s notBd apd Awditedyponi-t ¥ -t e @-FBacdesiinli-n ($988)| L 7RK826y388ns and
that the latter 30 Decenber 2002 WO 001 00618 PCT/ G3B99102044 - - 13

protein i s Shvtgnan-gngwaldyoksed .i etdetler Wi-nBagtendodhailh9P@hgt h. They
state: "KSqg may serve a simlar function, although it is unclear why such a
functi on woli7d: bd 4rdSdss dley namdelze Moenlogs Ms Aof ethede C61derthepdi

pol yketi des when it is not needed for the synthesis of 5 other conplex

pol yket i des6suiboag 86 ;:DERkano,afamat al.l MoanyMiasebtibe . K$gopa)unlikely to
be involved in substrate choice at each step of synthesis."” (liuhstoss et

a.l. CGene (8996»71830231-Ta%Gho, IH. has dneemoihownctBBlioMenigengtic _
engineering is 10 used to renove the | oading nodul e of DEBS, the resulting

trungcgt ed DEBE377n835)6r Y iTihiea®h ra0 RicnaU pF-clid clRl eOMEE eh@WtkeXehit 8t ion
erythronycins containing a propionate starter unit (Pereda, A et a3.

M cr obi ol 0gyn( £885) k24345 e dEh%:S%@%lH%Bhb99tEﬂBl?@H?ﬁtBQEt when in
this truncated 15 DEBS t he net’hyl mal onyl - CoA -specific AT of extension

modul e 1 ""aﬁnffphgﬁeﬂéﬁﬁoﬁ' Ogst\ijot%‘iﬁ'ssl%‘ii B}xés\/ﬁiﬁ.ﬁ?%ﬁ?g@f&?nskon rmodul e

of the rapanycin PKS, the products were al so evel s of “eryt hronyci ns

cont ai ni N9 §eREORANAE RIAEY WildorsARIPNEY 8 559 bl abherRLLos of 20

the starterunits 1s not ylation of the ) mal onyl "groups

| oaded onto, LAg, SAZYIR PYRENGYBE 1 PKS gene cluster for the

15 macrolide polyketide spiramycin. This gene specifically
activates the production of the macrolide antibiotic
spiramycin, but no other exampples have been found of
such a gene. Also, no homologues of the ActlI-
orf4/DnrI/RedD family of activators have been described

20 that act on Type I PKS genes.

Although large numbers of therapeutically important
polyketides have been identified, there remains a need to
obtain novel polyketides that have enhanced properties or

possess completely novel bioactivity. The complex



of nmodule 1, but fromdirect acylation of the K5 of extensidiesenther 2002 by
pr.opi onyl - Gpd.oe/ddsts 1S in contrast to a previous report, usipay/GEasOREE] Yy
purified DEBS1+TE, 30 Decenber 2002 WO 00/ 00618 PCTI GB99/ 02044 - 14 a
truncated bi nodul ar PKS derived fromDEBS (Kao, C M et al. J. Am Chem
Sec. (1995) 117:9105-9106) and functionally equival ent to DEBS1- TE ( Brown,
M J. B. et al., J. Chem Soc. Chem Congun. (1995) 1517-1518; Cortes, J.

et al. Science (1991) 2523:67S-679), which 5 stated that the origins of the

starter uni tgolte RS qaroduncsdidsy By | MaikaRAe Ut (Wi 1Yy 185 € | oaded
onto nodule 1 and are decarboxylated by the KS of nodule 1 (Pieper, R et

al . Bi ochemiwtinyadld9 An 3GidiB4thdiB5hclude Rmpaamidaean tfhoumbuhat when the
DEBS1- TE protein is fully 10 purified fromextracts of reconbinant S.

erythraea i tutGont&y nes Entheinspacidd,C ideeantheidease activity (Wi ssmann,
K. et al. Biochemstry, (1998) 37, 1101211017}, further confirm ng that

starter uni tismithd¥ippred ity i st fingadeed’ hevnibaldr@rifi exgepntai on units
15 nedi ated by the KS of extension nodule 1 . It is known that the DEBS

| oadi ng nodH&Aase 6! t1did Vs thfgadffa 15 Rmphieklitty, t RarnPRRiQnate only, and
in particular acetate starter units are used both in vitro and in vivo,

when the PKY L0t ildW 446 snd0adi 85 1P dWta ia@K1e PR ttotfald Jéhildaat is

expressed either in S. erythraea the natural host for erythronycin

pr oduct i on eaﬁ&ﬁégiﬁxwlﬁy @ difitat moli f3catIoneNee Kndem)

268: 1487- 1489}, or in a heterol ogous host such as S. coelicolor (Kao, C M

et al. J. Ag,y s RAc. (1994} 116:11612-11613; 30 Decenber 2002 WD
00/ 00618 PC$¥E§Q§¥%504d - - 15 Brown, M J. B. et al. J. Chem Soc. Chem

vt e ST ) 4 AP ETRAD Y1gpRe i S TE

specific ways of deploying individual modules in practice

10 so that all, or a large fraction, of hybrid PKS genes
that are constructed, are viable and produce the desired
polyketide product.

Pending International Patent Application number

PCT/GB97/01819 discloses that a PKS gene assembly

15 {particularly of Type I) encodes a loading module which
is followed by at least one extension module. Thus Figure
1 shows the organisation of the DEBS genes. The first
open reading frame encodes the first multi-enzyme or
cassette (DEBS 1) which consists of three modules: the

20 loading module (ery-load} and- two extension modules
(modules 1 and 2). The loading module comprises an
acyltransferase and an acyl carrier protein. This may be

contrasted with Fig. 1 of WO 93/13663 (referred to

above). This shows ORFl to consist of only two modules,



alternative substrates that efficiently supply propionate 3Receowen2e02nits

respecti vely cb@osife | oading nodule 5 (Wessmann, K E  H ebci&posiga stry
and Biol ogy (1995) 2:583-589; Pieper, R et al. J. Am Chem Soc. (1995)

117:11373-11374). The outcone of the conpetition between acetate and
propi onate starter units is influenced by the respective intracellular
concentrations of propionyl-CoA 10 and;gcetyl-CoA prevailing in the host
cell used (see for exanple Kao, C M et al. Science (1994) 265:509-512;

Pereda, A g #lrsM GORINAIPOY s 11%9%&Hﬂb@ﬁ%ﬁ@h-@&ﬂﬁS@é&éﬂ%ﬁcﬁ m ned

by the | evel of expression of the host PKS, so that as osed for

exanpl e i nBangi; RG +1% Jrahelikat kdadh «Pat ent Application nunber
PCT/ GB97/ 01819, when reconbi nant DEBS or anot her hybrid PKS containing the

DEBS | oading mogkhg dey 0\(AeX RISR3a et iR oBRLANARrdIq L 0duct s are

general ly m xtures whose conponents er only in the presence of either

ol fable M RAE RSN Sdoral Ny ke Far RO OASCE Bl e ol Bl vket | des

reliable or avoi di tion o po i?etides W th

both acet a&%aﬁ@ﬂgph%@uq@ataﬂds%%r tl%ras‘d”'bhﬁi eﬁ@%gts%g?ulﬂ?ﬁ& e specific

i ncorporation of “unusual starter units. er )02 WO 00! 0061 8

PCT! G899/ ERMcrotf01tas NAWsBPBRLOYREs IHER LSR0MG I, the g0l e of the

| oadi ng domains in’the or t éred macrolides ‘tylosin,

ni ddanyci nyand  spi,r aryGin i s diglhker ) n t of the l.oading domains of
t he aver rre%t‘i ﬁtPﬁé‘a%gggcﬁEég?g{B? %2?%%2%?2 | COBE TG 01 ﬁ% K¥Sq domai n
of the tylopsin.PKS and the associated AT mai n, . whi ch is naned here ATq,

t oget her aggbfé9p§ﬁ§ingefgﬁsﬁﬁﬁlﬁi H|9f§ggéﬂﬂiEhﬁu&ﬁﬂﬁiﬁﬁ?Qﬁ Wl onat e
starter units because the ATq.is specifi¢c.for the l.oading of |

et hy| il ORPROEHA. BRAIS: T0F ST En gV eBIRCEAPPEDRGIRY RS IOHRIGHS and t he
KSg is responsjble for th highl¥ sBiclfic decar boxyl ati on _of the

enzyme- bouS¥MEBRRGI PREN EArSt But b rPpYBEi GREPETERT EREBRHEd to the
ACP domai n of the | oading nodule and appropriately placed to be transferred
to the KS bPTrekhensratbrodycdni PKS £8r PLAES| At LRI R TIR IcHEadi®a ensi on.
In a |like manner the ATq of the_spiramycin and ni ddanycin PKSs, and the

adj acent KBAUdre r E€FSRINHPEVEIr PPREKBHEERFI EaNoRE MF ebaLfAd MY units

rather. than acetate units as previously )
the hybrid PKS gene assembly, as described for example in

pending International Patent Application number
(PCT/GB97/01810) . Patent Application PCT/GB97/01819

15 further describes the construction of a hybrid PKS gene
assembly by grafting the loading module for the
rapamycin-producing polyketide synthase onto the first
multienzyme component (DEBS 1) for the erythromycin PKS
in place of the normal loading module. The loading

20 module of the rapamycin PKS differs from the loading
modules of DEBS and the avermectin PKS in that it
comprises a CoA ligase domain, an enoylreductase (“ER”)
domain and an ACP, so that suitable organic acids

including the natural starter unit 3,4-




bel i eved, and for their subsequent specific 20 decar boxyl38 Pesemker@0d?i ge
acet ate sWQ&P6nits for pol yketide chain extension. It hESTEHEYOHAY been
found here that not only the PKSs for the above-nentioned 16-nenbered
macrol i des, but also the PKSs for certain 14-nenbered nacrolides 30
Decenber 2002 WO 00/ 00618 PC T/ GB99/ 02044 - 17 particularly the

ol eandonycin PKS from Streptonyces antibioticus (Figure 9) and also the
PKSs for certain polyether ionophore polyketides particularly the putative
monensi n PR YITHRE GEFEIRRFFRRS ?ﬁ?ﬁ%ﬁﬂ#kﬁs?%l?PP@Mr934?Ftb8§£6§slﬁ | oadi ng
domain conprising a KSg domain, an_ATq 5 domain, and an ACP. In Figure 4 is
shown a sedtiehc afhgy tleading dasipbomeand whbhoprt Néthaphcent | nked
ATg donmmi ns that have been identified, showi ng the conserved active site
gl ut ani ne ¥eYuGEeRRY i Hhe HeR ket Fans tee e} kPgthenBCPe&Prue which is
conserved in 10 all extension AT domains and is al so_conpletely conserved
in ATq dondrheamodfculasitrading arthe dfF o f caxtonabenargfuinaelin the AT
dormai ns of either DEBS or of the avernectin PKS | oadi ng nodul es, where the
substrate f¥thverkerT Ts @f mh- RrvoxWaltled 2esd- BAlesV8Rr (HA§Hbck, S. 15
F. et al. FEBS Letters (1995) 379:246-248) . The abbreviation ATq is used
here5to si®13BIY W43 ngui sh the AT domai ns found imedi ately C-ternina
of Ksqg from extension ATs, and the |abel has no other significance. In one
aspect the invefthé dNpraadquences IKE bern tdesezlosedr fpar sevéeakof, or
nucleic acid (generally DNA) encoding it, said nultienzyne or part

conpri si ngTypd cadRKR) gatkil @lwsites pthatalgeyeof ehé epsodactbonl @8, wherein
(a) the loading nodule is adapted to | oad a nal onyl 30 Decenber 2002 WO
00/ 00618 '1é&aidnBRIFE D Aarel ide mol whdisidds)t eDhahhdbyy tksi tpbosdd then to
ef fect decarboxylation of the | oaded residue to provide an acetyl or

substi t ut epKsiC ef ydm (-t drey e £ nExghbss es(BF opi pay| psbes duecthor transfer
to an extension nodule; and 5 ('b) the extension nodules, or at |east one

t heg@of ( piEdemaftin aKY epsdm ther spteompli s erde 1 B8tk 9adkagak®dpl €), are not
naturally associated wth a | oading nodul e that effects decarboxyl ation of

an optionafly sphstityt eshemd oyl . resdshie. 119, enerabby) theq! @gdi ng nodul e
will also include an ACP (acyl carrier protein) donain.
spiramycin PKS from Streptomyces ambofaciens (EP 0791 655
A2). All of these gene sequences have in common that
they show the loading module of the PKS to differ from
15 the loading module of DEBS and of the avermectin PKS in
that they consist of a domain resembling the KS domains
of the extension modules, an AT domain and an ACP (Figure
3). The additiopal N-terminal KS-like domain has been
named KSq because it differs in each case from an
20 extension KS by the specific replacement of the active
site cysteine residue essential for PB-ketoacyl-ACP
synthase activity by a glutamine (Q in single letter

notation) residue. The function of the KSgqg domain is

unknown (Kavakas, S. J. et al. J. Bacteriol. (1998)




Preferably the decarboxyl ating functionality of the | oadi3fPrAeE 2002
provi ded wy 0d/06638( ket osynt hase) -type donmai n. Suitably thi spdT/GBeye2044 om a
KS of a 15 conventional extension nodul e by possessing a gl utam ne residue
in place of the essential cysteine residue in the active site. It is terned
Ksq. It may be "natural” or genetically engineered, e.g. resulting from
site-directed nutagenesis of nucleic-ar2d-encoding a different KS such 20
as a KS of an extension nodule. Alternatively the decarboxylating

functi onalli19: TanS-He2pr ovbdediby pré&véantypéndohasa PKSshéogebheral type
occuring in Type Il PKS systens. Preferably the |loading functionality is
provi ded membafedatanbel id062i\=00pPD618gPLELEB98/ OR84dtartedr9 an AT
(acyl transferase)-type domai n which resenbles an AT domain of a

convent i onalitextehst phosbdyl piddahgvingand apgiampeinesppeeri totlhe active
site, which is not the case with the AT domai ns of | oader nodul es which

| oad acet gr>miomd 0P cnateate. gndi acOEBSe oreapectotin, Pkhab systens. It
may be termed Atq. Once again, it may be "natural” or genetically

engi neer edbhee. Shmdyt b agenssastor aniATaof ianDEREensThs Avdul e. Usual |y
the | oading nodule will be of the form Ksqg-ATqg-ACP 10 where ACP is acyl

carrs er praifident nt@nehersgs@eshihhesi ¥l Rarpr eNedEBgadsRihed of
synt hesi sing a pol yketi de having substantially exclusively a desired

starter unit bywne®VvigénenaiPKS)HabingByaBR1ENEET PREAENGsEn ! PRSI ng nodul e
as defined 15 above which specifically provides the desired starter unit.

Thi's may QﬁﬁpﬁhﬁﬁipE@VthDQCBUEhS'§n§£b€o€§099haﬂn§hﬁoﬂyié'fﬂzﬂﬁg and
introducing it into an organismwhere it can be expressed
spiramycin PKS in S. ambofaciens (Kuhstoss et al. Gene
{1996) 183:231-236), the nature of the starting unit was
10 stated to be altered from acetate to propionate. Since
the role of the KSq domain was not understood, no
specific disclosure was made that revealed either the
importance of the KSq domain, or the possible utility of
these KSg-containing loading modules in ensuring the
15 purity of the polyketide product in respect of the
starter unit, even at high levels of macrolide
production. The interpretation for their results was
stated as: “Therefore we believe that the experiments
described here provide strong experimental support for
20 the hypothesis that the AT domains in Type I PKS systems
select the appropriate substrate at each step in
synthesis” ({(Kuhstoss et al. Gene (1996) 183:231-236, at
p. 235). These authors noted the analogy with the CLF

protein in Type II PKS systems and that the latter



In further aspects the invention provides vectors 20 and3pégﬁﬁﬁﬁﬁhﬁﬁgz
organisns“ﬁﬁ O8] ur es contai ning nucleic acid encoding the nultienzyne. A

preferred enbodi nent is a culture i ch produces a pol yketide having a
ir ef d enbodi [ I whi ch d | yket i de havi
desired starter unit characterised by the substantial absence of
pol yketides with different starter "1 0 Decenber 2002 WO 00l 00618
PC T/ GB99/ 02044 - 20 units. Thus, for-gxanple, erythronycin can be
produced substantially,free.fraom anal ogyes resulting fromt i ncor poration
of acetatepg?%$%8rlﬁn%@?WgﬁtpFgg%eoﬁnggggfgnéPede%FgPéPéﬁﬂygﬁﬁe hybrid PKS
encodes a Igadin nng%le % and fr nyz“kg 7 _extension nDdulgs and a chain

n

termi nati ng én?y Brier APFY 50N oestRMalaY. SPFVRs2patRtLaFarly useful to
provi de a Loading _nodyl.e of the t.ype KSq_ - ATq-ACP, for .a PKS gene assenbly
whi ch prodtgggkégf2-?ﬂf%9u n fg-&ﬁnBBFigaﬁa8P§|F88hiﬁ EBnSFﬁeﬁ to prepare a
12-, 14- or l6-nmenbered macrol.ide.which contain clusiyely or_ alnost
exclusivelvogﬁdgggt egegfgfyéfnuﬁpf,s@?éﬁeﬁﬁénozugﬁe Rsﬁééﬂémgﬁggﬂbly i's
expressed at . hi l.evels in.an.actinomycet ost, cell. rticularly
suitabl e PR%%Y%gElgﬁﬁswgﬁPpégelérQoﬁhg%fge?OEBBnEh?SSXFgﬁﬁﬁ%sfBf t he
bi osynt hesi s of erythronycin, nethymycin, ol eandonycin, tylosin,
opi ranyci noEhPaCERMpAR PRt Ktadany SRRNF 35 T PEBf OnF BROFHELB enelang
nodul ar organi sation. is _known at |l east in part. Particularly suitable
sources of 2RKeCgéResPENESS A§ ANId kRdNdERgPROADN BRI BB FYRELREEE- ATQ- ACP
are the | oadi ng nodul es_of ol eandonycin, spiramnycin, niddanycin, nmethynmycin
and monensFRokREcRtacecdpster; ot synthesisadi AKubsteasl 6hadd- UAFR] whi ch
are then decarboxyl ated to acetate starter units. 30 Decenber 2002 WO
00/ 00618 PEYPELY91630481-23F) .Sinilarly it is particularly useful to
provi de a | oading nodul e of the type KSgq - ATqg-ACP for a PKS gene assenbly
whi ch produces Thehmgcbelendsdownt &mati wheavegeneticnengapaaytna, i$ munomyci n
and FK506 whose | oadi ng nodul es possess an unusual specificity (and for 5
alllef whivhedh&ogermoxied threddloadioggmadudei ofi PEBERnotheatesebkingn part)
in order to prepare such macrolides containing exclusively or al nost
excl usi vel yrancatetdaDEBSt ant & enivthreeencehénnseshtPKSrgduee aksenbly i s
expressed at high levels in an actinonycete host cell. 10 Particularly
sui tabl e sbaveds of ehmytheomycensodongaanlingdangropilohatefstheteéeype KSq -
ATqg- ACP are the | oadi ng nodul es of ol eandonycin, spiranycin, niddanycin,
met hynyci nuaht rPeeesian Wi elt ale Mpecobiolbgy {h89bpatldags543-5BBpnate
units which are decarboxylated to 15 acetate starter units. It is simlarly
useful to prodedeanmel paihligatidun eholst hRatyphReKSin- tAIg- Ahéated PKS gene
assenbly which produces a 12-, 14- or 16-nenbered macrolide in order to
prepsre a DEBS the aeth§imribenddCoAcrepedsfibi A @60 ervéashsnexcl usively
or al nost exclusively a propionate starter unit, even when such PKS gene
assenbl y imoaupeessedsatreplagbedevy a mhlanydcCoResp6ELEiBOBT £Ebh.
Particularly suitable PKSs for this purpose are the conponents of PKSs for
the bi osynaheeksefkiohy Modalec o, the\\Papa@m)e8h8PKs22th8Opbegesber 2002
PGT/ GB99/ 02044

were also low levels of erythromycins containing a

propionate starter unit, demonstrating that the origin of
20 the starter units is not decarboxylation of the
(methyl)malonyl groups loaded onto the enzyme by the AT
of module 1, but from direct acylation of the KS of
extension module 1 by propionyl-CoA. This is in contrast

to a previous report, using partially purified DEBS1+TE,



met hynycin, ol eandomycin, tylosin, spiranycin, nidecamyci R PEREMREMfy cin
for all ofwowieki& he gene and nodul ar organi sation i s knowPGYGCBRH2A44| n
part. A particularly suitable source of the genes encoding a | oadi ng nodul e
of the type KSg-ATg-ACP is the loading 5 nodule of tylosin which is
specific for the | oading of nethyl mal onate units which are decarboxyl at ed
to propionate starter units. Simlartyl4t-is particularly useful to provide
a |l oading nodule of the type KSq - ATg-ACP for a PKS gene 10 assenbly which
produces t hetmubretiedebimptindpei BKS aderivgedi fivom apBER§ ci( Kao mundnyci n and
E' K506 whose | oadi ng nodul es possess an unusual specificity (and for all of
whi ch the g¢neland.mbdul Ehewr gdnicsall199S] slkhoWwhn0at91east and part) in order
to prepare such macrolides 15 containing exclusively or alnost exclusively
a propi onatenstavhed lynetipigaéanheo BEBHLPRES (BnewassMnbly Bs etpressed at
high I evels in an actinonmycete host cell. A particularly suitable source of
't he genesagngodi.nghemnl.ogdtngcheniul eombut he (19pe) KBHL7-ASG8ACP is the

| oadi ng 20 nodul e of tylosin which is specific for the | oadi ng of

net hyl mal opgieedni s Wi ah.aseidgpear poyyl pt 2sh 3 06 PsopT oAt ewgltiadht er units.
In the | oading nodule of the type KSgq - ATqg-ACP the domai ns or portions of
t heny may b%tﬁ%éhV%ﬁaErQﬁsteiggﬂg of 3fhdesespesr 2002t YO0/ PRBE8 can

PCT/ GB99/ 02044 - 23 or fromdifferent sources, and conprise either natural

or engi nee; ad) {QERKBEHyTRA1EXFER! Gnibs MIOCKOMBL "1 530e8C0heD! Abad1RY an AT
domai n derived fromany extension nodule of a Type I PKS) having

speci fici ty ghhngtel aloch9Bek)9aPLaBl OfRL ey ol o 1! QpYERA,Of 5

met hyl mal onate units respectively g as the KSq domain s ¢hosen to

have a UGN B SRECELLEhLY; LOMGT §o8hi NoE. TEIEU 4L prate gnphgnate units

respectively. ernative domair n" 1 n the 1Toadi ng nodul'e provided

f th KSO.p- AT b Lt uhed by, 10 | i de of
Type 11 peeeer spunhlEAE ikn EpicpEnst e padectn 1R Eppal o 0 ' °
i depyi ficati o f act i quel y deternining ghaj th, .the CLF, i
2datD] on' BRASEBENEF HBrGFEPEY Phat cronbyRostooerFEodkg akal ogue of

the KSq domain and can act as a,l5 decarhoxyl ase towards, bound nal onate
units. Thecaﬁg?éEFaPPoﬁuF anFﬁé%thgﬂﬁﬁg?%X%fa%?p%g€+VPR§'s has

decar boxyl ating activity has Led_us to devise | Lpteryentions in Type
| systens,wé?g§m?8nen an@g Phe 9%%?%%m%%¥%¥hagf§£$h éznelxg} Ent at i ons.
Many high 2 industrial fernentations tend to give m xtures, ow ng

to the inc&gﬂg%iiggﬁ% ehngRRE L ERLRY oF Rt sStahter i unphF i ARuPAL 0t he case

in systenms which have auxiliary genes for generating,unusual starters. CLF
genes nay fact arise from decarboxylation of extension units

15 mediated by the KS of extension module 1 .

It is known that the DEBS loading module has a
slightly broader specificity than propionate only, and in
particular acetate starter units are used both in vitro
and in vivo, when the PKS containing this loading module

20 is part of a PKS that is expressed either in S. erythraea
the natural host for erythromycin production (see for
example Cortés, J. et al. Science (1995) 268:1487-1489)},
or in a heterologous host such as S. coelicolor (Kao, C.

M. et al. J. Am. Chem. Soc. (1994) 116:11612-11613;



to produce undesired acyl species, |leading to products 33(9e5§mber20022002 -
WO 001 006%8 984918899/ 02044 - 24 incorporating the undesir%ﬁi”ﬁé%B fits.

For exanpl e the production of oxytetracycline involves an unusual

mal onam do starter. However the undesired activity of a CLF domain causes
sone decarboxyl ation, |eading to the incorporation of acetyl 5 instead.
Daunonyci n synthesis |ikew se invol ved®an unusual starter which is liable
to the "parasitic” tivity of. a CLE domain. The active site (for

decar boxlea“t‘i‘"Hh)%fa“g‘ &F orfei-n Yge fEEW-| $OCncl & JH Y &eggrfé)si due. W
find 10 that. the decarhboxyl ating activity of the domain can be renoved by a
mut ati on By?WhilcH 3re At ddiog Epes iBgRY S bed o B i fore R 6)TEAl a.  Thus
in a further aspect the invention prqvides a system and process for

synt hesi s V& g4 atad tate PropigsyikEoPdernd RGaH s GPRyIa¥ S esi due of
a CLF domain of the type Il PKS is nutated to suppress decarboxyl ation
activity. Pd@imajiere chehgtratase thate ekl gdenddivs PR AFamiaiatsh be

achi eved are by now wel |, known to those skilled _in the art. 20 The | oading
nmodul e of &tk aggle jesqini tgrdesprctidelie tei fhed 1o g M IS produced
fpr exanple as in PCT/GB97/01819 and PCT/GB97/01810. It is particularly
usefaul to (Winssiupam.a H.oddi iy reddale €CheganérysadebBied adiat (1@fYde hybri d
PKSs that produce novel derivatives of WO 001 00618 - 25 30 Decenber 2002
PCT/ GB99/ 288 -158%veiared ,mikcr @lti @ds ds AmscChiesd fSmc.ex@ff® in

PCT/ GB97/ 01819 and PCT/ GB97/01810. The invention further provides such PKS
assenbl i ed ¥lerldiFised M) .a IThadiongcondubE thet lmerpars HiSm -bATGATP

vectors containing such assenblies, and transformant 5 organi sns that can
express t heratalreanrsid pmpiocwagenistag teay uhdtlboudrs rnedddsenmssd Wt atig ds, or
the plasmds may integrate. A plasmid with an .znt sequence will integrate
into a speacispertatieachiticeldild afatcohcehtirhe ibast 'of Propigo/ie-CoA
Transformant organi sms nay be capable of 10 nodifying the initial products,
eg ity carratdGgdetylaltbopresad 1ahgt ha Bhesysklieided IMadidd caidemor mal in
the production of erythromycins (as shown in Figure 5) and for other

pol yket i descangsiee b, b .mule af Ut 3Bk eAEGANI9YR )S 2HF 13- F@E of the

nor mal pat hways are 15 bl ocked, e.g. to produce products withut one or nore
"natural " PerERXY A QPSR 0N MikGdhisNeYRs (1988 )i nvantg- 938yt herzipr ovi des
novel pol yketides as producible, directly or indirectly, by transfornmant

organi sms.j sTh{1S0 determined by the level of expression of the host

PKS, so that as disclosed for example in Pending

15 International Patent Application number PCT/GB97/018189,
when recombinant DEBS or another hybrid PKS containing
the DEBS loading module is over-expressed in S.
erythraea, the products are generally mixtures whose
components differ only in the presence of either an

20 acetate or a propionate starter unit.

There is a need to develop reliable methods for

avoiding the formation of mixtures of polyketides with
both acetate and propionate starter units, and to allow

the specific incorporation of unusual starter units. It



i ncl udes pol yketides which have undergone enzymatic 20 nodPHecemPenR2002, o
further ady@e¥006He i nventi on provi des both previousl y- obt ai MEdEGEAN0PMEt | des
and novel polyketides in a purer formwith respect to the nature of the
starter unit, than was hitherto possible. These include 12- , 30 Decenber
2002 WO 001 00618 PCTI G899101044 - 26 19- and 16-nenbered ring nacrolides
which are either "natural" or may di ffé&® fromthe corresponding "natural"”
conpound: a) in the oxidation state of one or nore of the ketide 5 units

(i e sel ect P8f BPWaPeE NdUEL (SWRLIENglolp: thadD the GigiaHpL, thikene - CH,
and - CH2- i where the stereochenistry of any -CH(OH)- is also independently
sel ect abl elcadipy Fiﬁ’“‘taﬁélsaﬁébﬁé@ FKSs "o l]Irl’Eﬁ "1gqraanktersidie- chain; or c) in
the stereochem stry of "natural"” nmethyl; and/or ring substituents other
than net hyhacrelideg ylosda, bing. ddpmsicdie e di i AT XGIn difs 12-, 15 19- and
16- menbered ring nacrolldes havi ng the differences fromthe natural pr oduct
i denti fi eddihfeRrgnsr fxore tha Fe‘-rrgll’!ﬁ kogdipatstomaimerdf dteves of any of

t he af ore-nenti oned polyketldes whi ch have undergone further processing by
20 non- PKearpaetine§KSnanst ofo RERS. hyldr dvad didem, resdodedatthar,

gl ycosyl ation and nethyl ation may al so be prepared. The present invention
prov? des athevikbandomadnopfoltha tivigsiot PKon@nd &k rmseiciaded AT

pol yketi des 30 Decenber 2002 WO 00l 00618 PCTI GB991 02044 - 27 without the
formati on démaixi uwbdchbf ipr odmeids hdirfef &Tigng teygether e ngspohbéblan
acetate or a propionate starter unit. In addition the present invention
provi des afoetbhibed hbgbbyaisperd\fdlc pologdeetiides o pavpilorddie stakter unit is
an unusual starter unit which is derived by the 5 action of a KSq domai n on
t he enzymeubbusidopcaduet the ATGALsofspeitial fapeand Qidadiggr byed from an
extension nodule of a natural Type I PKS. In particular the AT of extension
modul e 9 afetielkK56AyPKSogeande nott @iropiehgietbraldsy pree g opgngtes an allyl
side-chain; the AT 10 of extension nodule 6 of the niddanycin PKS gene

cl usg er thought; and the KSq is responsible for the highly

specific decarboxylation of the enzyme-bound
methylmalonate unit to form propionate unit attached to
the ACP domain of the loading module and appropriately
placed to be transferred to the KS of extension module 1
15 for the initiation of chain extension. In a like manner
the ATq of the spiramycin and niddamycin PKSs, and the
adjacent KSq, are responsible for the specific loading of
malonate units rather.than acetate units as previously
believed, and for their subsequent specific
20 decarboxylation to provide acetate starter units for
polyketide chain extension.
It has also now been found here that not only the
PKSs for the above-mentioned 16-membered macrolides, but

also the PKSs for certain l4-membered macrolides




preferentially incorporates a sidechain of structure HOCPIQDecemgeé%qoozATs of
ext ensi onWMRHWPOE85 of spiranycin and of extension nodul e 5PGT/GHY @1

I ncorporate an ethyl side chain. In each case the KSq domain is 15
preferentially one that is naturally propionate-specific. Al ternatively,
any KS from an extension nodule of a Zﬁ PKS may be converted into a KSq
domai n capabl e of decarboxylating a b d‘carboxylated acyl thioester, by
site-directed put esis of the active site cysteine 20 residue to replace
it by anotRfft *%%f%ﬁg ﬁ@f@?ﬁﬁ??oﬁYﬁfﬁn¥%% frém; SERKABLAMYREF the ani ma
fatty acid synthase, which shares many nechani stic features with Type |

PKS, in the? AEECHF AEdgPrechh, andsahselehibnsPKas| EornFoRlRimoA

decar boxyl ase activity (Kresze, 30 Decenber 2002 WO 001 00618

PCTI GB99/ (z®lvethey ignpophoge Rolyketidgs mppthewlarip7ihe 7outstiveg). wwen
treated with an al kyl ati ng agent such as iodoacetanmde ' the fatty acid
synthaseiﬁpﬂeﬁﬁﬁmvé K8dfpgms fécrptomyoeas f ctanapanensi fe(Bigurve 4iie
cysteine of the KS, and the resulting protein has an enhanced nal onyl - CoA 5
decar boxylrsssess | ¥i Ll9adThg domeensconpoising ad t ¥Sacdom&dh dommiATqnt o a
decar boxyl ase mrrors the geneticallydeterm ned change between the KS

dond ns anibndin KSandoani ACPn TYpeFigPkSsd 1smdskowntdessquenamd pol arity
characteristics of a glutam ne side chain very closely 10 approxi mate those
of car boxand dynnegist eo Aieth&hKESKSdonaihe arsddo £ otheleadidoeyt al iwkedf an
unusual al kyl mal onate unit is preferably selected fromthe sanme extension
nodul e of Ahe damzidypehbhtPKSvehbéepr Daetliest 1 d@, usticwihg AGhei n order to
opti m se the decarboxyl ation of the unusual 15 al kyl mal onate, and the ACP
to be useddmsereidradtyval sotehgliCindie t (@) Soeeidud ehsi Eite NSk €.

Sui tabl e plasm d vectors and genetically engineered cells suitable for

expr essi orddria kS, gen@sahneogpAiné i ngs tdual wieiell 19achmge rdskil £n are t hose
described in 20 PCT/ GB97/Q 819 as being suitable for expression of hybrid
PKI@enes (1 Tespeehsidanpl 8smeinsf 08t i ¥ ea et Sormp Be SECE hed 10900 ykpor a
erythraea, . Streptomyces coelicol or, Streptonmyces avermtil.is

Strept onycas mrd SEHMASAYS, THLEEPEOIUEESI §1 FHANDEEHS1 St1 SAT PPty Cces

fradi ae, 30 Decenber 2002 - 29 Streptonyces | ongi sporofl aws,

St r ept ony Gasg INVIHOSLOPERYSAT MIShQIRE 05H 08 Bris + SerBSId fao £ EKEpt onyces
| asal i ensi s, , Streptonyces venezuel ae, Streptonyces anti bioticus,

St r ept ony Gafe dhe/d ERRSPKS! | 8RE OAY CRSAN1 &S Ushe 5t I ERE %W%r@ié)uﬁcr
Anycol atopsis nediterranei, and Streptonyces tsukubaensis. These include

hosts in vﬁné:mscf’@*adﬁbhvedrﬁbﬁwa@lédaé@yicrt@aw éStELPIHEPAScRUtONOMDUS] Y,
such as for exanple S. coelicolor, S. avermtilis and S. griseofuscus: and

ot hey hostps, sgieha S ﬁ@sshﬁéeeekysm%ﬁrwb@@@-zm)Mﬂ Chh&CP2* - der i ved
pl asm ds becone integrated into the chronosone~t hrough honol ogous

reconbi nataméxeia\@fansmaeﬂgeﬁsea LOfe PEASHIHb 1 PS€5 ta AHEi RGuide
chronosone; and all such vectors which are integratively transformed by

sui ci de pl V, f t s a typel
Pl &pdn nﬁ% E&hS ﬁs kBuﬂd iﬁuﬁédﬁé?oadl é@ng £DLo PR DY OFLSIR yp

pol yketi de synt hase conprlses a e and a pIurallty of

ext ensi on é’SP«E%H "%l'?ée' ?néar.ﬂ g&ﬂ%ﬁ%é@%‘ €otife AUSD aﬁ&ﬁoxy x'u?@d an

optionally su stltuted fral en to effect dec ation of the
| oaded residue {0 prQ BtCPRHECSR Mﬁf%nﬁ%é@f&ééya t| tuted acetyl

re5|due for transfer Y%gﬁﬁe first o? sal ensi on no and mhereln at
d
Ioa |nzahndj*éf%%2§$§?§ggpsggeggg %§§1a§l2@&8{@%%y?%f§0?%€$§ga t the
t t I 1 hyl
due o | ncibEl Fcod g 48, (FAITDRREL EEu AT o S PE i PrLgERgA Y OrouP
loading module and a plurality of extension modules,

wherein

(a) the loading module is adapted to load a'malonyl



30 December 2002 29a In a second aspect, the invention pr3%Pgeemben3f9z |
pol yket i dave 9#ed6s8e whi ch conprises a | oadi ng nodul e and a BFUEBIY20440f

ext ensi on nodul es, wherein said | oadi ng nodul e i-s adapted to | oad an
optionally substituted malonyl and then to effect decarboxylation of the
|.oaded residue to provide a corresponding optionally substituted acetyl
residue for transfer to the first exted$i on nodul e, and wherein at | east
part of the first extension nodule is heterologous to said |oading nodul e
or at | easPrasygbediitutird aslonyk residusr apds & tto SEfiewt synt hase is not
conposed of the |oading nodule of the tylosin PKS coupled to the spiranycin
PKS mi nus Pesagioxydial o ﬁhﬁjlﬂ@ﬁeéﬁﬁe(sbﬁuﬁhéoswa&e iah not adapted -
to direct the synthesis of a 14-nenbered nacrolide having a 13-nethyl group
due to i ncecgdydt iodn bl i adetitled whdehatte rst gmaompasgses In a third
aspect, the invention provides a type | polyketide synthase enzynme or part
t her eof coppepdiomyld |wssiidite risdulteasfs fielye tioam ekdersriloox mqdaile ;( ACP)
where (ACP) represents an acyl carrier protein, (AT) represents an

acyl transfendse donmain operative to |oad selectively a substrate sel ected
fromoptionally substituted nmalonate units onto the ACP, and (decar box)
repr&sents a doni)n tdpeerexttansiion decarllesyyloat atal eastti omad |bhextdesf | t ut ed

mal onat e substrate carried by the ACP, the (decarbox) being selected from
KSq and CLRptrgferddrin rest, Weerteithe haed aadiamgniodilee lioaeliodes domai ns or
portions thereof derived fromdifferent sources andl or conprises engi neered
domai ns. | modufieyr,t larss prot ndthe dllvwentsisoripted tdtha at padingdol yket i de
synt hase wherein the CLF donmain had been genetically engineered to suppress
t he decar basyhdlel tghaActd ffi ot DidesRirtbokly adanl Bb.f ah aptildialaspect, the

i nvention provides a nucleic acid encoding the PKS nultienzyne as descri bed

in this ingapsitrutdd anSliodyl ag¥¥eue.t he i nvention provides a vector
containing nucleic acid as described in this invention. In a seventh

aspeot, the inverinedainAWHES chdineC assiufler wRNnaduaiskg iddi/ldek el de which
conprises culturing an organi smas described in this invention and

optional | yaeecqueniin@ 46 d10lpteridifs. domadm .€i ghth aspect, the invention
provi des a pol yketi de produced according to the process as described in

this invention. phie Bl @i fdcaridoskylRtany FunRtavndas tgy vt Ratk of
producing a synthase according to this invention including carrying out
site-direchgaddinPaRiRlle 1 préitied 8¢ @ ®KBCQHeRDsInkRaGYTRIty an
extension nodul e so that it enclodes glutamne in pllace of cysteine in the

active sitgomdith .eXBhESSBIY, & MLOEBIfTsaMFron BgksAlE ket osynt hase-type
domain in a | oadi ng nodul e. 30 Decenber 2002 29b In a tenth aspect, the

| NVGBLI ON BLAGEHARS dhaY WfiShdiUn RIRRAL BY fbo}slé%%s!ilngp%l WRIt A fONPr i si ng

culturing an organismcontaining a type I pol yketide synthase ("PKS)

wher ei n t heowi;lgh ol YRE %{%@g@ l}!r%gléé%%gtaa@% rfa@m WaisGnfeends diy ef f ect

decar boxyl ation to pr sired start wherein said organi sm

contai ns a RS ohicaltd1as feerh GRNSIdF RSy Ol ey B LS he

decar boxyl ating activity sai enbodi ments of the

. ti L . it ¢ . .
et chr Drger S ERAAGLE o o P R o, SAGURATMRAT 2 NS
d th | Jj - . ‘) P j

o deowyor yPasste PR 1RR S desa bRy AU I aveh e
the?_%rri no g%j g uoqnca}% %‘}Q%Jiso%” m%f utlt;_,e. KS domai ns and the CLF domai ns of

represer~tative Type | gene clustérs. The active site Cysteine (C) of

the KS domains is .arrowed in the Fjgure an l.igns..w t.h 0. ,.Dec er 2002
WO 00100618 PeTAAGTTRReLY Jdte t‘*m%atﬁ%l?t"é’ﬂia??em%@sf“ Ctd1°d’ca§1nl1égyea‘%|{% (E) of
the CLF donains. _Th brevi atiqns used, .and rel evant nbankl EMBL
accessi on l?nﬁ’épsfnacfee‘fm @%—m%icﬁw&noﬁ &Z}ﬁ (ﬂﬁpceersa]v%paeceor uber
,(A>C<:'?'3449) ; Iglc%urulr}ll%noivrv{] 'P%é/kief |% fsryosrgesmasc.char opol yspora hi rsuta (M8258);

Preferably the loading functionality is provided by



5 actinorhodin from Streptonyces coelicolor (X63449); C Rplbgggmberzoggz
VNZ: f ﬁ%%pn from

pol yket i d¥Or%@R¢18; r ept onyces ci nnanonensi s (Z11511);
Streptonyces venez~el ae (L33245); NOG anthracyclines from Streptomyces
noga. |l ater (Z298262); TCM tetracenonycin fromS. g3aucescens 10 (MB0679);
DAU. daunonycin from Streptonyces sp. C5 (L34880); PEU, doxorubicin from
Streptonyces peucetius (L35560); WH: YhiE spore pignent from Streptonyces

coel .icolor (X55992 Fi g.3 shows,_t he gene, organisation of the PKSs for 15
Chree 16- FMAT ega?mr%%?%ﬁa@s—,tmo PRI PR LN G MR ST ki n. Fig
4 shows the ami no acid sequence i gnrent . of KSg- ATa. | qadi ng di domai ns of
Che PKSs. TRy R FOTPPAL SARTT COF CERT 4 POREL St deA V| Handormyci 1
and 20 tylosin.. The segyences for the. nonepsin and ol eandomyci n | oadi ng

di domai ns eV HRE BERAIRF el obet yAGE L¥F oS htE” I'—‘i%bl.c% Hdeh tic steps
that convert 6 deoxyerythronolide B pnfo erythr cin Ain

Sacchar opcﬁﬁ‘/%‘i)o‘?”atér%%rgtadom%bni)e‘&tn%%?g?%d%’ %/ Geds ¥sed Geog/ 02044
- 31 Fig. 6 is a diagramshowi ng the construction of plasm d pJLK117. Fig.
7 shows t@%‘f?%t%?egr%?l?%t%‘l i YohuctRoPFRR OF ThHES RSt E|"?£enti on will
now be illustrated, but is not intended to be |imted, by neans of sone
exampl es. SYFFIMANR LheRY LGt rhedshiFed i tRep@Ia ikt dnay beer 500nHz
DWMX spectroneter unless otherw se indicated and peak positions are
expressed TREHAFRL" pRF #eRretbralbpnjnatieeredd ¢ rdmbetrHRdengsisane. - The

atom nunber shown in the NVR structure is not representative of standard 10
nonencl at e, ab AT cof r an seekendioRaredele t hat particul ar exanpl e.

Usually the loading module will be of the form:
Ksg-ATg-ACP
10 where ACP is acyl carrier protein.

In another aspect the invention provides a method of
synthesising a polyketide having substantially
exclusively a desired starter unit by providing a PKS
multienzyme incorporating a loading module as defined

15 above which specifically provides the desired starter
unit. This may comprise providing nucleic acid encoding
the multienzyme and introducing it into an organism where
it can be expressed.

In further aspects the invention provides vectors

20 and transformant organisms and cultures containing
nucleic aéid encoding the multienzyme. A preferred
embodiment is a culture which produces a polyketide
having a desired starter unit characterised by the

substantial absence of polyketides with different starter



HPLC net hods Method 1 Col unm Waters Symmetry 5 _C18 2.1 nm 20 Psoemben 20020, 29
m/mn MobWoeogésse Gradient: A:B (22.78) to A B (38:62) oRGT/GBI¥2M4t es,
then to A B (80:20) by mnute 15. Maintain for 1 mnute. Re-equilibrate
bef ore next sanple. Wiere A = acetonitrile and B = 0. 01M anmoni um acet ate
i-n 10~ acetonitrile and 0.02 TFA Method B Col um Waters Symretry 5 C18

2.1 mm X 150mm Fl ow 0.29 m/mn Mbile phase G adient: 28:72 acetonitrile:

| OrM NH40Ac to 50:50 in 18 mnutes. 50:50 until 25 m nutes. back to 28:72,
reequi |l i branétsor Thospufes ersmpleepnerychmeomedini chnHew eitodRexddard 1100
LG M5 with APCI source SUBSTI TUTE SHEET (RULE 26) WD 00/00618 - 32 5 10
Tap Wat er sabstangliatdyefregpfoom yeabogess raesuEDTAgTApomattdre to 1L total -
vol une ERY - P nedium dextrose Nutrisoy''" flour (NH4 ) 2504 NaCl CaC03 Tap
wat er to lintorpbrabhioneopHaadfiaséestanter Oulckaspin pl&aesiofucti on of the
Reconbi nant Vector pPFL43 Plasm d pCIR24 was prepared as described in

PCT/ GB97/ OppBdPionREL43 is a pCIR29- based plasm d 30 Decenber 2002

PCT/ GB99/ 02044 5g/litre 5g/litre 2.5g/litre 36ny/litre 50g/litre 30g/litre
3g/litre 5g/litpreefgihblyetionhgbni dgpkdeeyende €naolioadinghwvdud epol yketi de
synt hase that contains the putative nonensin PKS | oadi ng nodul e (isol ated

fromgS. ciananeremnspsrot NeeVEBSs exh eRcdOlesOsd es ¢hafl Zexid idtEng
chain-term nating thioesterase. Plasm d pPFh43 was constructed as folloms

The foIIombﬂgyﬁynug@hbgamhyggnuﬁigggtgg§seﬁ CCATATGGCCGCATCCGCGT CAGCGT - 3
and 5 15 GGCTAGCGGEGTCCTCGICCGTGCCCGAGGTCA- 3" are used to anplify the DNA

encodi ng the pugft i ¥epHPRERSLAr Py OMSErAD tOIHHPiaRdY! eoHling @ cosnid that

module of the type KSq - ATq-ACP for a PKS gene assembly
which produces a 12-, 14- or l6-membered macrolide in

10 order to prepare a 12-, 14- or lé6-membered macrolide
which contains exclusively or almost exclusively an
acetate starter unit, even when such PKS gene assembly is
expressed at high levels in an actinomycete host cell.
Particularly suitable PKSs for this purpose are the

15 components of PKSs for the biosynthesis of erythromycin,
methymycin, oleandomycin, tylosin, spiramycin,
midecamycin, and niddamycin for all of which the gene and
modular organisation is known at least in part.
Particularly suitable sources of the genes encoding a

20 loading module of the type KSq - ATg-ACP are the loading
modules of oleandomycin, spiramycin, niddamycin,
methymycin and monensin which are specific for the
loading of malonate units which are then decarboxylated

to acetate starter units.




30 Decenber 2002 WO 001 00618 PCTI GB99102044 - 33 cont ai n8 JHemwe’ 200 of
the put at WQOWeABNSsi n- pr oduci ng PKS genes from S, ci nnanpon8REiGBIYP2044
chromosomal DNA of S. cinnanpnensis as tenplate. The PCR product of 3.3 kbp
is purified by gel electrophoresis, treated with T9 pol ynucl eoti de ki nase
and ligated to plasmd pud 8, which 5 has been |inearised by digestion with
Sma | and then treated with alkaline’pﬁﬁsbhatase. The ligation m xture was

used to transform el.ectrocqmetent E. coli .DHLOB cells and i.ndividual clones
were checked foriHe ad rlz:d 5 é’?rﬁtdcb’gﬁl'f)réf. ulglezféﬁi FPBEAUBE i dentifi ed

by 10 restrjctjon patfern sequence analysis. Plgasmid pHD30H s is a
derivative ld’faci}l{ﬁl\ﬂ\?’éiée( @%?’ﬁ@g%y@%%éﬂ whid A 86ht %Fs & HES s ect i n

| oadi ng nodul e, .erythr.onycin extension nodules 1 and 2 and the ery

t hi oest er a@é%%wﬂ%mr@%ﬁm\?ﬁﬁ%@&a@% EHEPYEESR and HinDI | |
and a synthetic oligonucleotide |inker was inserted that encodes the
addi ti on of2VRIMaiR/n2RFARATSt iLEFHEOMYCA D dnOh &Ko Gy phisede. The
foll ow ng aligonucieotides:

5' - AATTCACATEAEOAT BRSUAPCACPASPACGARGYENEHREATRPAGA1P1 020 @ng for

5' - AGCTTCTAGATGGCCAGACCTCCTACTAGTGATCGTGATGGTGATGIG 3" wer e anneal ed

t ogetther arfd 1 aUpId) thes dengaesd PedrdaR cadaniisabiion dw KBIEPAVETE. The
resulting plasmd was cut with Ndel and Xbal and ligated into plasnid 30
Decenber 2302 M@ 00/i0 9B tPCINCRIGLY2 524 P32PREeR3GChhacked Iskesn previ ousl y
cut with same two enzymes, to produce plasmd pND30H s. Plasm d pPFL40 was
di gest ed mqqnmélun%@dtqsbh@lweérydosrhelgtpgtkﬁgscgu&gmdw W asiatiaftieed by gel
el ectrophoresis and ligated to pND30-Hi s previously digested with Nde | 5
and Nhe | a@dntegatuad tvi ©veal hlennsushofBRaggse. asisemblyatiison ni xture was
used to transform el ectroconpetent E.coli DHLOB cells and individual clones
wer e checkekprsrssete atediiighd Lgivedisi dnpPALA8LiRPbaycied epbPisA3 ogdd -

10 Particularly suitable sources of the genes encoding a
loading module of the type KSq - ATQ-ACP are the loading
modules of oleandomycin, spiramycin, niddamycin,
methymycin and monensin which are specific for the
loading of malonate units which are decarboxylated to

15 acetate starter units.

It is similarly useful to provide a loading module
of the type KSg - ATg-ACP for a PKS gene assembly which
produces a 12—,‘14— or l6-membered macrolide in order to
prepare a 12-, 14- or l6-membered macrolide which

20 contains exclusively or almost exclusively a propionate
starter unit, even when such PKS gene assembly is
expressed at high levels in an actinomycete host cell.
Particularly suitable PKSs for this purpose are the

components of PKSs for the biosynthesis of erythromycin,



identified by restriction analysis. 10 Exanpl e 2 Const r uc89 Becemiser 2002

er yt hr aecawWo@R00OGPFL43 Pl asnmid pPFL43 was used to transfor mPST&BIPI4La JC2
protopl asts. The construction of strain JC2 from which the resident DEBS
genes are substantially deleted is 15 given in Pending Patent Application
RCT/ GB97/01819. Thi ostrepton resistant col onies were selected in 82T20
medi um containing 10 ~.cg/ M of thiostd%epton. Several clones were tested
for the presence of pPFL43 integrated into the chronpsonme by Southern bl ot
hybri di safiedhYSWCim t 1 ganfamys £ ONaY 1@ 530 DI s 1 53BYEE- DNA cont ai ni ng t he
mon PKS fragnment encoding for the | oadi ng nodul e. Exanple 3 Production of
pol yket i d&d-desiapycsn eraich mikddampe o3 3l ¥ rof arhiel pelrej gphofand rain S.
eryt hraea JC2/ WO 00/ 0061 8 30 Decenber 2002 PCT/ GB99/ 02044 - 35 pPFL43
was i nocumediid aim ogigam it i tdnkrewR af Sleagly/ i PArthibstrepton. The

i nocul ated culture was allowed to grow for seven days at 28-30C. After this -
time the Papitdchlaad ¥f ignidratle csewrer e fintded i geres eteoginad) usted to
pH=3. 0. The broth was extracted twice with two 5 volunes of ethyl acetate
and t he cdebidiag awdudst © fnditee viehe KSG1AT@rAGRUBS tlué ubhead¥ngat ur at ed
sodi um chl oride, dried over anhydrous sodi um sul phate, and the et hyl

acetat e wasdudeowdd tyddsin eduicst js eymoific of o viEherloedjmgduct . The
product was shown to have the structure 10 shown bel ow, and by M5, GC- M
and 1H NVRewhylimalwohate hmittenthibeh dme alecutbexyliatsdnpbe. of f n~a.. _.
~1\vr ~ 0 Exanple 4 15 Construction of S erythraea NRRL2338/pPFL43 Pl asm d
pPFL93 wapropadnbde! rsdraaftmmmuhites yt hraea NRRI, 2338 prot opl asts.

Thi ostrepton resi stant col oni es 30 Decenber 2002 WO 00l 00618

PCTI GB99/ 02044 sim3&arly it is particularly useful to provide a

loading module of the type KSq - ATq-ACP for a PKS gene

10 assembly which produces the macrolides rifamycin,
avermectin, rapamycin, immunomycin and FK506 whose
loading modules possess an unusual specificity (and for
all of which the gene and modular organisation is known
at least in part) in order to prepare such macrolides

15 containing exclusively or almost exclusively a propionate
starter unit, even when such PKS gene assembly is
expressed at high levels in an actinomycete host cell. A
particularly suitable source of the genes encoding a
loading module of the type KSq - ATq-ACP is the loading

20 module of tylosin which is specific for the loading of
methylmalonate units which are decarboxylated to
propionate starter units.

In the loading module of the type KSq - ATg-ACP the

domains or portions of them may be derived from the same



. . o : . 2002
were selected in R2T20 nmedi um containing 10 ~g/m of thi c:)sgtoreé:épgzge‘;zo%ever al

cl ones weW@ ®¥8418d for the presence of pPFL43 integrated i R¢H 44
chronmosone by Sout hern bl ot hybridisation of their genomic DNA with

DI G | abel | ed DNA contai ning the non PKS fragnent 5 encoding for the | oading
nodul e. A clone with an integrated copy of pPFL43 was selected in this way.
Exanpl e 5a Production of 13-methyl-ery¢hromycin A and B usincr Sacch.
er~rthraea NRRL 2338/ pPFL43 10 The cul ture Saccharopol yspora erythraea

NRRL 2338 ( [RFLipm %EE?F%EFeEOW?ﬁSt handi Fompybee | dhbh el ‘R di%pl aced
by a nonensin | oader-DITE DNA insert, produced as described in Exanple 2,
was i noculetEdge¥es AemaiRs- waler edaRhe whe ABAdemdin Fasthepton in a
15 300nl Erlenmeyer flask. After three days incubation at 29C, this flask
was used teRYIRsEA ¥ IoorFideraRyder hged ubrem angoexkengiask. The broth
was incubated at 29C at 200 rpm-for 6 -days. After this time, the whole
brot h was mdwsr f t PAP8. & BKEh havpot sleeckkiehlY erfi e mikdr equal vol une
of ethyl acetate. The ethyl acetate extract was evaporated to dryness at
45C under lpadingpgeh B2ledatasitngta oynfek TeadbvapefyV Evaporator, then
reconstituted in 0.0625 vol unes nethanol to concentrate the extract

16- 5ol d. TeEhitlmpckopate oinihe pespeotive by wese btomd i aselthe K99 MS, Met hod
AL A4.0 mn 30 Decenber 2002 WO 00l 00618 PCTI GB99102044 37 retention

ti me peak deasigbsies veltbaent he hayeracoapombng , spe ¢ hf ¢zt walawamsfs 720

(MtH) +, required for 13-methylerythromycin A. A second peak was observed

Wi th a retedritheon nietiey bfia Bora hé normnwa W ét el unises eespe Mg I-H) +, required
for 13-methyl-erythronycin B. 5 Exanple 5b Production and Recovery of

13- net hyl - er yt ixldiermanivebnd BheskKdg Eawzin Bm ytle abzadNRRL 1R3B3 o pPFL43)
at 8L scal e Saccharopol yspora erythraea NRRL2338 (pPFL43) was 10 inocul ated
i nto 1000moviajed\at £rtinedt vpewksd SOATIgIACP thapdbe epilastitutee 81 Fer nbach
flask. After three days incubation at 29C, this flask was used to inoculate
81l 1 ERY-thensiilipolyped¥idd of cheTypé eITEPKDr | Br {NavovBrapmmmesk
Scientific Co., Inc., Edison, NJ). The broth 15 was incubated at 28C with
an aer ati ahatatin aforBdxrast, tstitsi pgewiodd0i demt afidcat idn 4 mai nt ai ned
between 6.9 and 7.3 with NaOH or H2SO~ (15% . Water was added to maintain
vol une at fidetcdd holgue by udet ¢ enbhind hehd 2 nbeat @t h ontvaCENtimued for 167
hours. After this 20 tinme, presence of 13-nethyl- erythromycin A and B were
confir med dadiadjdtstt dgany b bhér sagpi ei £ 1@ tihet f 2t Ny Qsodsegyd] &5 wWith
NaOH, then extracting with equal volunme of ethyl acetate. The ethyl acetate
extract wahe\@wiehes 60 ehyNkS§ asmdbi amdecam adt ragen streamusing a
Zymark 25 TurboVap LV Evaporator, then reconstituted in 0.25 WO 001 00618
- 3§ 30 Rresiix YlALe PEIWET 89 B OaRd inayDdbnaes wkit@nol to concentrate the
extract 4-fold. The structures of the products were confirned by LC/ M5,

Met hod A. A 4. I’HE napst€eiaelohi B8apetlfe VESF OlGH4 1€ b STy 1N®j or
component, with mz value of 720 (MtH)i, required for

13- met hy| -pst ey Cdc Ay bdx § B8 g PEEKi Wasy Sh&HSEEY agks W d Mierilst enti on
time of 6.6 mn and with nmz value of 704 (MrH)', required for
13- met hy| +Ryemtd OfW€d PuEations in Type II systems, e.g. to enhance
the yields obtainable in some fermentations. Many high-
20 yielding industrial fermentations tend to give mixtures,
owing to the incorporation of undesired starters. This
is particularly the case in systems which have auxiliary

genes for generating unusual starters. CLF genes may act

to produce undesired acyl species, leading to products



About 35 liters of broth containing approximtely 2.8 grarf Rgcenbengddy| -
eryt hr omycwo obvoveagse processed for 10 recovery of product. Bsoit/Byscross
filtered through a pilot sized Ceraflo ceramc unit and | oaded onto a 500ml
XAD- 16 resin colum. The product was eluted using 100% nmet hanol. A 175mil
CG 161 adsorption colum was prepared and equilibrated with 20%

nmet hanol /water. A portion of the 15 pr@duct solution was adjusted to 200
nmet hanol and | oaded onto the col unm, no breakthrough of product was
observed. \iashimpprdtime dod wmdesdifedupdya 4@%twet hanol /water failed at
renoving any significant level of inpurities. Elution with 50 a

net hano~. / wat er Faahieyeh I rors ipd@idaRitiions e ladyit@t rak Wi dde product from
the two major inpurities, 13-nmethylerythronmycin B and a degradation

product, 13nvelldgely dimaiudihmmaiahifo SRERETESt Howevterg,ombi ned and
reduced in volume by approximately 750 using evaporation to achieve <l 0o
met hanol  comeativald ettt ik tgnkANge cLd- MBhAYh 23u8kY! Ry cin A extraction,
sol id sodi um bi carbonate was added until a total concentration of 250nM was

obt ai ned. de3@ rBeseIRari cH)02 Wi PG/ QQGltﬁeP%t:Gﬁg%%Q%géﬁ bé%ceﬂr}ﬂ agueous

product |ayer was extracted 2x wi th nethyl ene chlori usi ng one-hal f the

totals vol ummseael .t i Paunbifciol WRtwasikedukedike Lot v l.gw solids by
evaporation. The 13-nethy|-eryth?§nycin A was 5uri%P§§ g§g%f§§olving t he

crude crysiuahsublt @ tBita e ®hhar 19apak a80igAL “Bal %H?i%t'“re and
C

diluting to 150 net hyl ene chloride wth hexane. Th oudy solution is

placed at »REvEQK ‘030 Mt epmalign the liquid is decanted to a 2"d flask,
l eaving the majority of inpurities behind as an oil. The flask is |eft

ight at -1 ol ; fyi ' .
a%s;gig-ne?hyl-g§$tﬁ?gkﬁﬁf%lﬁﬁc#;é%;?%hgﬁg8%¥£%£&é§? pfASpF%%}nately 300

i1l - . LN_A ik sQl h i al
wor k- o of OCRa s TR ke L G e e 52, B85 pbke oS AR ot e

t i 1 Bl Lt . ' 13- et hyl - t h inB
Rostaual 15 at MyE. o RS, AEE EEL oG TR AalBL B Bl act i on of
the initi i t.h {] i 5). T b t
mothyl ene. CRPOr PP ager SAe an, BRarhEraohn  Bhhobnedtie 87 ca ool using

20% 20 ”EtEBHQErEEdWEBQ Iq@grpgkgﬁéggtc; e 13-net hyl -erythronycin B

enriched fractions, as det'érm ne , were conbi ned and evaporated to
yield ""11.0 gr of. dar il. The oi S dissolved in a.miniml anount
of met hanol and%ﬁggde %n%gggbﬁrnﬁs%?cgnﬁg?cﬁ?gﬁ?€i9363r98%5h§ fhe
13-nethy|2§ gEX%hgggchn B was eluted at. 2 bgd vol unes pgr hour with 40%
met hanol i RYdeFOnf28dPREFEPS ERE B¥ALROFIeCt ractyBRsIT darplatiser 2002 WO
001 9P618 P 99,Q2044 - 40  were. collected apd assayed by LC/ M5

Fraggions §§i§ﬁ?§ﬁ R 62" WEPACRoALTHR T e st %?eﬂgtﬁ GE@OSﬂEFKBnSF hen

dei oni zed ter, d.neutralized to pH 7.5 with sodi um bi carbonate. The
resul ting gx&%t?%npggslngPéekgé gﬂc%“é@f?ﬁ%&&%?aﬁ%?ﬁyi@HEOEhIoride,
concentrat ed to.£'500 m . and drifd pver 5 aphydrous magnesi um sul fate.
After rembart®tt¥ne TgshRigyes ot rstterreciiicputagenesisaPyrated to

gi ve 110 of, l pght brown soljds. The 110 ng of crude
13-nethy|gg?fﬁ?ohﬁ&?ncgnagg ﬁFéé%Y@%da¥% by ew vell| keaws Ep Hpeeegrade
acetonitrilg.ﬁfd Ioadgg onto a 20cm x 20cm 2mm 10 thick, silica gel
prepar at i v&*t ﬁdlé9e Ehﬁﬁﬁatography (PTLC) plate. The plate was devel oped
wi th 60: 40 neth?ﬂol'acetonitrile. The desired portion of silica fromthe
PTLE pl ate (iodife YPegdipgsmevks qfstheoves oxATacheB MaYhPRPLC grade

acet one. Tﬂe gcgtone extract was 15 evaporated to ¢ive 12.1 ng of clear
solid. |dentPkeSatPort BYPERE ERS pprodiceq yEoF opgamplea anding

PCT/GB97/01819 and PCT/GB97/01810. It is particularly
useful to link such a loading module to gene assemblies

that encode hybrid PKSs that produce novel derivatives of




e i dssppel 293

- I,h B sanpl es were confirned by mass spec9p

Rgtﬂgg g;ygﬁgﬁ 8spectrggcopy. The 13nefhy|-$r¥égr?szﬁ62 AfiEﬁT?z%m?gr had
' etention 20 time, with nmfz value o _ :

iB?HZtH;P ;rythronycin A. The 13-nethyl -erythronycin B sanpledpfar had a

7.6 mn retention tinme, with mlz value of 704 (MH)+, rqulri- OMD

1;’*3- met hyl -erythromycin B. 25 H ~lIt.-1385net hyl -erythromycin A

0 45 a
G B99/02044 - 41 5 10 15 20 25 30 35 4
S iy e T e e R S
0 ~ a

\3 ~0\ /2 s /t13C - ppnCHLH -

i)\ \o /~\ \OOs
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' .Q701172. 2515. 191271. 2S13. 2 . . . . .

?2595833225?53i .%B%?X@P ggg.§BIB&§¥3@4@vﬂ@a@g§gﬁﬁég§§1§ggngggégizgéggigog
2235. 3022, 92/ 1. 61 2427. 2031. 502521. 9231. 28 . . . . .
83%?%%281298?%1? §§0V5F58§11999¥quEQQMlQGSQlﬁhéZBQpé9§§§.60§§q153439.0021
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~ - 42 460 18 23 32 14 11 5 16 41 5 3s
17 1§ N orégnlsms that can express them. Transformant organisms

may harbour recombinant plasmids, or the plasmids may
integrate. A plasmid with an int sequence will integrate
into a specific attachment site (att) of the host’s
chromosome. Transformant organisms may be capable of

10 modifying the initial products, eg by carrying out all or
some of the biosynthetic modifications normal in the
production of erythromycins (as shown in Figure 5) and
for other polyketides. Use may be made of mutant
organisms such that some of the normal pathways are

15 blocked, e.g. to produce products withut one or more
“natural” hydroxy-groups or sugar groups. The invention
further provides novel polyketides as pProducible,
directly or indirectly, by transformant organisms. This
includes polyketides which have undergone enzymatic

20 modification.

In a further aspect the invention provides both

previously-obtained polyketides and novel polyketides in
a4 purer form with respect to the nature of the starter

unit, than was hitherto possible. These include 12-

1



10 22 1 ZO 34 40 ~ 2 13 29 43 31 14 ~ 4 7 21 el vs 1z 20 FLPespmbRy 200234
#13C - PPMeH0gB6i8chedl1H - PCT/GB99/02044
PPML80. 5014. 15240. 6212. 15445. 1 712. 8415584. 0813. 6269. 8631. 187972614. 888176. 4
80915. 2531. 222 0l

175.980123S. 4322. 42!i . 611 6103. 7514. 461738. ?7' 22.09/1.721827. 6731.51252073. 0
9021662014. 0622702715. 582371. 2413. 282526. 4912813

026782913. 06282L9131. 282919. 0331. 333041. 6111.65 WD 00100618 - 43 5 10
3118. 733| . PH326%d 904G 2mEE3e69d 521839 563652031682636h3 cb33te2 #384@r9733. 363970. 1
713. 88409. 2730. 954129. 1221. 731 1. 284321. 8031 . 274439. 8713. 074740. 7432. 354840.
T432. 35499 2t w3zl 040 Sn& afpf Ees BPoBetbrbeprze6poRGINGBIHa0244
Construction of the Reconmbi nant Vector ~PFL42 Plasm d pPFl,42 is a

pCIR24- basesinphasadi d cont ai ni ng the gene encodi ng a hybrid pol yketi de

synt hase that contains the tyl osin-producing PKS | oadi ng nodul e, the 20
erythromycin extension nodules 1 and 2 and the chain term nating

t hi oesterase. Plasm d pPFL42 was constructed as follows: The foll ow ng

synt heti ¢ @) i Qonticd eot i dietlsi o2 5s bat €CATATRACET CleARAEAGCECEREChEAGHA- 3' and

5' - GGCTAGCGGCTCCTGGECTTCGAAGCTCTTCT- 3" were used to anplify the DNA

encagli ng tureity/| oisé nsel echitongof calit egnabdubs @gomg thkt heoupasetota cosm d
that contains the tylosin-produci ng PKS genes fromS. fradiae) or 30

chr onosoned CIDMH ¥ + pna Bkene adCie, asndenphat €. wiherdGthe 30 Decenber 2002 WO
00/ 00618 PCT/ G3B99102044 - 44 product of 3.3 kbp was purified by gel
el ect r ophastesisochidivbd €6y Vo £ hardp poCy o) eot i deaksBasadapdndieattod to
pl asm d puUC 8, which had been linearised by digestion with Sma | and then
treated wddnadtkahie®e phosphatase. The ligation mxture was used to
t.ransform el ectroconpet ent

10 b) in the absence of a “natural” methyl side-chain; or

c) in the stereochemistry of “natural” methyl; and/or
ring substituents other than methyl.
It is also possible to prepare derivatives of 12-,
15 14- and l16-membered ring macrolides having the
differences from the natural product identified in two or
more of items a) to c) above.
Derivatives of any of the afore-mentioned
polyketides which have undergone further processing by
20 non-PKS enzymes, eg one or more of hydroxylation,
epoxidation, glycosylation and methylation may also be
prepared.
The present invention provides a novel method of

obtaining both known and novel complex polyketides



5 E.coli DH10B cells and individual clones were checked f%ﬂo?ﬁ%m%%399%d

pl asm d pPhBBoo6H asmi d pPFL39 was identified by restricti RETERI8Mdbience
anal ysis. Plasm d pPFL39 was digested with Nde | and Nhe | and the 3.3 kbp
fragnent was purified by gel electrophoresis 10 and |igated to pND30
previously digested with Nde | and Nhe | and treated with al kaline
phosphat ase. The ligation m xture was 28ed to transform el ectroconpet ent
E.coli DH10B cells and individual clones were checked for the desired

pl asnm d pRFLélRou®| bsei GopeeLdgnwa$ mishorésedf bpré8ucest diffeningnal ysi s.
Exanpl e 7 Construction of S. erythraea JC2/~~PFL42 Plasm d pPFL92 was used
to transfooml . irrjahingaclCRepr shoptatake dhi asprepiionatesssanantr col oni es
were selected 20 in R2T20 nedi um containing 10 E,cg/ m of thiostrepton.
Several clames. weIre ddditilohothehprpsesenceveht pPhLpZovitdegrated into the
chronmosone by Southern bl ot hybridisation of their genomc DNA with

Dl G | abel | melthddh condlataingnotielt pblPkst fdagnent weilchdthg vbartée | oadi ng
30 Decenber 2002 WO 00100618 PCT/ (GB99102044 - 45 nodule. A clone with an
i nt egr at edusdpyi of apPEhdRuandsstdebeirf urit i whibhsivagerbtadpbe Bhér oducti on
of polyketides using S. erythraea JC2/ pPFL42 A frozen suspension of strain
S. eyt hr agat IR/ pPFh4RS§ demalisednt bhé nesziaéebeny® pedidust contam ni ng S
E.cg/m of thiostrepton and allowed to grow for seven days at 28-30C. After
this tine aAheobronbiswas spetefedity denbvednfecehni anasdtéheiphl adj usted to
pH=3. The broth was extracted twice with two volunes of ethyl acetate and
the conbi ngsdexérects Adtueat 1epbed pPKSh BA pavelcudhunehefasassirated
sodi um chl ori de, dried over anhydrous sodi um sul phate, and the et hyl

acet ate wasxt&n®Ved Mbdeler 2duEedhpr BR50I6 EPKE Og@h¥ectubderproduct. The
product was shown to have the structure shown %eloma and was identical, as

judged by Meer&feMbiadlg iRcdrpbVRC¥k!t &nagl 2yt hepdeccham} ethe k.- \~~~ \0

10 of extension module 6 of the niddamycin PKS gene cluster
preferentially incorporates a sidechain of structure
HOCH,-; and the ATs of extension module 5 of spiramycin
and of extension module 5 of monensin incorporate an
ethyl side chain. In each case the KSq domain is

15 preferentially one that is naturally propionate-specific.
Alternatively, any KS from an extension module of a Type
I PKS may be converted into a KSqg domain capable of
decarboxylating a bound carboxylated acyl thioester, by
site-directed mutagenesis of the active site cysteine

20 residue to replace it by another residue, preferably
glutamine. It is known that the animal fatty acid
synthase, which shares many mechanistic features with
Type I PKS, in the absence of acetyl-CoA, has a

demonstrable malonyl-CoA decarboxylase activity (Kresze,



WO 001 00618 - 46 Exanple 9 Construction of S, er~hraea l\ﬂiﬁ%‘éﬁ?@t}er&g@lz 30
Decenber WOOPOE| GB99102044 Pl asnid pPFL42 was used to t rEnEEBP992844

eryt hraea NRRL2338 protoplasts. Thiostrepton resistant col onies were
selected in R2T20 medi um containing 10 lcg/m of 5 thiostrepton. Several
clones were tested for the presence of pPFL42 integrated into the
chronosone by Sout hern bl ot hybri di satZ8nmnm of their genomic DNA with

DIl G| abell ed DNA containing the tyl PKS fragnent encoding for the | oading
modul e. A @l dhe & t&lanEnnt edr aBbeckepy GO PRFIAZ Ml M) derfthéhed in this
way. Exanple 10 Production of t-~ol yketides using S. erYthraea

NRRL2338/ pRraed) Vi bh ean saibkphat bmg ofgegtlr sfucts aseriyadoagat aBide

NRRL2338/ pPFL42 was used to inocul ate eryP medi umcontaining 5 iug/m of

t hi ostrepttdre dintty | aokd synghase f by e vkhesd &ty 2080 iAfter this tine
the broth was filtered to renove nycelia and the pH adjusted to pH=9. The
super nat amodiasi adieorxe f achedacthiee sitmescysttdinen 0 WogudS yvohnde of et hyl
acetate and the solvent was renoved by evaporation. Products were anal ysed
by HPLC/ MEhendressuieicing i poheo teasn i ldestarf iesdharided tdad dmofll-aeAng struct ure,
identical with that of authentic erythronycin A (together w th other
product s, dduadboreykbaseeatiividyas THe condfedboeniodr a2 HA YAO HEID0618

PCT/ GB99102044 - 47 corresponding erythronycins B and D, the result of

i nconpl et KpakimaAKS jmbe es sdercy rbdxaingd ee nlilr rGarss thhiec tgeare taifcgl g d pPFL35
Plasm d pPFL35 is a pCIJR24-based plasm d containing a 5 PKS gene conpri sing
a | oadi ng deithtneinddiechangé ettveat aik K eltiadmsmedid ahaofKIFBS and t he
chain termnating thioesterase. The | oadi ng nodul e conpri ses the KSq donain
D13A fromddmairadi Muyp@dul BKE . t iEnddeRBN AN GizePiSnd YRkt § he

mal onyl - CoA-specific AT of nodule 2 of the rapanycin 10 PKS, in turn |inked
to the DERhd:eadidwi soi@s nAGP. gRiaadint pRde3Thasn st IdigHsl i a several

internediate plasmds as follows: A 411 by DNA segnent of the eryAl gene

fram S. er Wdrsa it €Nehdde fd Ot 011 cLE42 i@ .NuchROtkgle € H&90
(Donadi o, S. et al., Science (1991) 2523:675-679) was anplified by PCR

glsi_ ?%GtA he dd %ﬂﬁ&;ﬁ%ﬁ@@ Pa@i&ﬁ%‘&?%{t%%agrn ié:l’I@{ryS.L:malonate unit
is preferably selected from the same extension module of
the same Type I PKS that provides the unusual AT, in
order to optimise the decarboxylation of the unusual
15 alkylmalonate, and the ACP to be used is preferably also
the ACP of the same extension module.

Suitable plasmid vectors and genetically engineered
cells suitable for expression of PKS genes incorporating
an altered loading module are those described in

20 PCT/GB97/01819 as being suitable for expression of hybrid
PKS genes of Type I. Examples of effective hosts are
Saccharopolyspora erythraea,.Streptomyces coelicolor,

Streptomyces avermitilis, Streptomyces griseofuscus,

Streptomyces cinnamonensis, Streptomyces fradiae,



- i ndi vi dual

5' - CCTGCAGGCCATCGCGACGACCGCGACCGGTTCGCC- 3" 20 The DNA frﬁga]lgs\gqu&smg
desi gnated pKSW derived from pT7-7 and DEBS1-TE in whic eri2002 4

H ndlll sites had been introduced to flank the KS1 of the first extension
nodul e, was used as a tenplate. The 991 by PCR product was treated with T9
pol ynucl eoti de kinase and ligated to 30 Decenber 2002 WO 001 00618

"PCT/ GB99/ 02044 - 48 plasmd pud 8, whigh_had been linearised by digestion
with Sma | and then treated with al kal The phosphatase. The ' ligation

m xt ure vvaggllt%égg}n&gterbaqg i@ggf‘??tlﬁ%ggp%?%tgf’%g@s DH10B cell s and

re checke r the desire md, pPFL26. The new Me

[/ Avr 11 sj I j NQt i r i . Lo o R sitein
the pol y1 | ARGFoBFORuEr FrisdemsRRbsd Gx2SkHERPY AL, S8y PEomesR on
pattern ang sequence angﬁ)ksii. An Me | res rict%gn site is |ocated 112 by
from the 5128Rd16P5LRe -BYA BB fg Yﬁgeﬁl"ﬁg?ﬁhy LESRERPBCES tr ansf erase of
t he | oadi ng m)gul e ,of DE% Plasm d pfsvv,gas.di gested with Me | and Pst |
and | i gat e@bi PROEAEUF11 I ePhEBYEeShE AVALaREy AF§EREPRYCEFasni d pPFL26
wth Me | and Pst |. The ligation m xture was used to transform,

el ect r oconpeleRUSE. S§rEPERIYEBESe L RUEndANKAP Y2 BORF1E| BREL tegraded, checked
for the desired plasmd, pPFl,27. Plasm d pPFL27 contains a PKS gene
conpr i si nga@RAeSbEEBtPRYEERg LAY UPaenshE. f | 'F%%Sénﬁnﬁsb@@ﬁdh@ﬁténénon modul es
of DEBS and the DEBS chain terninating thioesterase. Plasmid pPFL27 was

i dentifieawhichtSCP2irderived phaseids 20e Pkaewn dtpPrep¥igatedi gested with
Nde | and Avr Il and ligated to a 9.6kbp insert derived from di gesting

pl asm d phdet¢maToEsly/ 0$8€h) agi for NeamphedS Aveoelic®lasni &. pMI6 cont ai ns
a PKS gene conprising the DEBS | oadi ng nodule, the first and second

ext ensi on aveuhesidisDaBE8 SndgrheePEBScus; and other hosts such as

Saccharopolyspora erythraea in which SCP2*-derived
plasmids become integrated into the chromosome -through
homologous recombination between sequences on the plasmid
insert and on the chromosome; and all such vectors which

are integratively transformed by suicide plasmid vectors.

In a first aspect, the invention provides a type I polyketide synthase which
comprises a loading module and a plurality of extension modules, whereirl said loading
module is adapted to load an optionally substituted malonyl and then to effect
decarboxylation of the loaded residue to provide a corresponding optionally substituted
acetyl residue for transfer to the first of said extension modules, and wherein at least
said first extension module is not naturally associated with a loading module that effects
decarboxylation; with the proviso that the target polyketide is not a 14-membered
macrolide having a 13-methyl group due to incorporation of an (unsubstituted) acetate

starter unit.



30 Decenber 2002 WO 00/ 00618 PCT/ GB991 02044 - 49 chain term nating

thi oesterase, except that the DNA segment encoding the 30 December 2002

met hyl mal onat e-specific AT within the first extension nodul e has been
specifically substituted by the DNA encodi ng the nal onat e-specific AT of
module 2 of the rap PKS. The ligation m9g ure was used to transformb5

el ectroconpetent E. coli DH1OB cells and individual clones were checked for

the desired pl agd siecoaa’lahaé*ct the imahﬁbﬂ%haﬁs QWHeqlﬁkaétldé’évnt%sBWug\ene

conprising the DENS | gadin onat e-speci fic ATl of nodule 2 of

the rap PKEMprises Adeading F‘HgU'BEBQ a wal'*MQf ﬁﬁe{}%ﬂ WPP&W@'&PW spigl loading r st
and secondmgytie rbsamtéa)t@%aﬁar% tidRBy éUBéthBi! Mﬁ%ﬁymalmeﬁ Rfdiebpt i Ng

t hi oest erase. Pl asmni P<})PFL28 was identified restricti on anal gSI S.

segment endsarhryYiatien aidhe iRaded Fesidustomrevids %AP"@%R‘P@C"GQ opfionaly sEbRteds
extendi N9 45chiTy 4o rdiidiid tnd MstidasHirdranbads, ha8hetain o lBaki fdrest thy PCR

using the follow ng synthetic oligonucl eot i de prinmers:
5' - CCACATArelxtensisnnesitessdisierolpgounte said loadingmaduleeret derstasemeinaceros 3

and chr onogargek: vidNAné bﬂmsgttﬁﬁ%(hﬂmé GHAthask isRioPEbRpSsedof %Qﬁaélﬁmoﬂh% of The
PCR product was treated wth ynucl eoti de kinase and li1gated t

pl asni d pUhedylosih PKS qespledde they §H'fé&'ryp'§(?d<33?“'t!isg'ésna?l6ﬂ' lo@ding @ﬁﬂuip. %ﬂﬁj(bb hen

treated W B sphthasd @%pa@mmm@a tFB%BhthGQE bl 1$r%éd46é‘re&’%%c\=§i@9 hhﬁng a,
transform el eCtroconpetent E. co3i |'s and Decenber

00/ 0061 8 PE-mettsberogp dyg ta insorporatign ¢f an Hnsubrstittes %@t?ée éﬁé@ke@t for the
desired plasm d aOtRF@}%L*pecThﬁe W%Mﬁ)rbwaéé §t3}b‘érl%fykgﬂiet é}ﬁtH%@%ﬁEymé or

adj acent to the Eco yl'inker

Bt depat heeec PomisNg & Jardingimegis ot tha G (4RErhOXMATS APEIRETS: s
| dent 11 clo) 85bEirs bARcARETRPBURAREA LSS Sn BYRSHGrRE bR birt=s

digested with he I'nser asmd

pPFL28 t haQPelﬁ%iﬂ’eB@B?@dcﬁe&@HY@da \ﬁH'PW%%B'WtQ% HOMt'PPa'gﬁ\@Sﬂ'tP@thgﬂ"ﬂWxt ure
was used t&uttsro?sfbsti@wme'a%@k&é&%ﬂ&ﬂé?ﬁéseﬁ@&hbmgﬁ%r&ﬁé kS décibdiatd gh vi dual
cl ones were checked for the desired plasmd

optionally substltuted malonate substrate carried by the ACP, the (decarbox) being

selected from KSq and CLF-type domains; wherein the loading module includes domains

or portions thereof derived from different sources and/or comprises engineered domains.

In a fourth aspect, the invention provides a type II polyketide synthase wherein
the CLF domain had been genetically engineered to suppress the decarboxylating
activity of said CLF domain.

In a fifth aspect, the invention provides a nucleic acid encoding the PKS
multienzyme as described in this invention.

In a sixth aspect, the invention provides a vector containing nucleic acid as
described in this invention.

In a seventh aspect, the invention provides a process for producing a polyketide
which comprises culturing an organism as described in this invention and optionally
recovering the polyketide.

In an eighth aspect, the invention provides a polyketide produced according to
the process as described in this invention.

In a ninth aspect, the invention provides a method of producing a synthase
according to this invention including carrying out site-directed mutagenesis of nucleic
acid encoding a KS domain of an extension module so that it enclodes glutamine in
place of cysteine in the active site; and expressing a protein comprising said
ketosynthase-type domain in a loading module.



pPFL32. Plasm d pPFL32 was identified by restriction anal 5| s. Plasmd
pPFL32 was digested with Nde | and Xba | and the insert PF@J’BP%’d?Opg

pl asm d pCIR24, which had been 15 digested with Nde i and Xba | and
purified by gel electrophoresis. The ligation m xture was used to transform
el ectroconpetent E.coli DH1O0B cells an@9bndi vi dual cl ones were checked for
the desired plasmd, pPFL35. Plasm d pPFL35 was identified by restriction

anal ysis. 20 Emalrléﬁhﬂaapgarla&rmhuaﬂp@w&a webéft@@re&ané atfiid 85 Pl asnid
pPFL35 was used to transformS. erythraea J asts. trepton

resi st ant PObKetifeconpiisings@ituingan pigagisTeeniaiaing A BPIKS efasnt%aa? m of
t hi ost r epgiks”) wﬁ@reﬁ?ﬁﬂ‘w@rmﬁrt ypD&AtHace Miifdes %&B@ér@ﬂ%@&%ﬂds toffecSever al

clones were tested for the presence of pPFL35 integrated into the
chr onmosomsiepgrbaxiiatianta predice WWG?'%%‘W’O‘P’“‘%’E@I sra'cb%’ﬂaﬂ'?@ ORRIRG 3 RKS
DI G | abel hagrH Eéé'ﬁtéﬁnetn&]%ﬂehéméér@d?&&6&@&@8%@&5@%}@&?&“@%Bbiﬁ 2

acyl transferase. A clone wi an i ntegrated copy of was identified
in this w&kF domeipl e 13 Production of t~ol yketides using S. erythraea JC2 /
pPFL35 A frozen suspension of strain S. erythraea JC2 / pPFL35 was used to

inocul ate eryP ngghé"em068 §nSh g éfuﬂéﬂlr;\%rﬁfldﬁ“\ﬁsii epdwnpand alloved to

grow for seven days at 28 30C. After this tine the broth was filtered to

renove nyceldd: & hgi ol eéwﬁéﬁéet@opéﬁéa%bﬁnﬁﬁ ‘?’Z‘%{s mggetfﬁ twce

with two vol unes of ethyl acetate and the co washed
with an equygliMpl une of I5 saturated sodiumchloride, dried over anhydrous
sodi um sul phate, and the ethyl acetate was renpved under reduced pressure,

Stract ur o, and vasd Thukd By TSR YRPLENP/the RIS g Tot 4170,
authentic rgdfi¢élyti¥Fbnolide B -synthase (DEBS), a modular PKS
producing 6-deoxyerythronolide B (6-DEB) a precursor of
erythromycin A.
Fig 2 gives the amino acid sequence comparison of
the KS domains and the CLF domains of representative Type
IT PKS gene clusters. The active site Cysteine (C) of

the KS domains is arrowed in the Figure and aligns with



R 20 ~0 WO 00006l 8 - 52 Exanple 14 Const PYBEFYAPE:2082

er Yt hr aeawgRea&38/ pPFL35 30 Decenber 2002 PCTI GB99/ 02044 MCI¥GBI/0pRREL 35
was used to transform S.erythraea _ , NRRL2338 protopl asts. Thi ostrepton
resi stant colonies were selected in R2T20 nedi um ( Yamanoto et al.)
gontaining 10 5 E.cg/m of thiostrepton. Several clones were tested for the
presence of pPFL35 integrated into thaahyonosone by Sout hern bl ot
hybri di sati on of their genomic DNA with DI G | abelled DNA containing the rap
PKS fr agnarie éhloddimignd ofQinurul gl it alic AacidnéeéEw 6h Bhei GLEQr at ed copy of
pPFL35 was 10 identified in this way. Exanple |15 Production of

13- et hyl -dameirsonmy cihre Aakdne B alsi srgs Sasedh, eangtt bhaene NRRBn2338 ( pPFL35)
The cul ture Saccharopol yspora erythraea NRRL2338 | S (pPFL35), constructed
Wi th the widnbank@EMRIadaue il muhnsgt aicade byGRA: ogerandbingdnn from

KSQ rapamyci n AT2- D1TE DNA insert, prepared as described in Exanple 19, :
was i noculsitespt oviyas &9 niti ol sttt ibe e 63 49 X h IR - agknbwhhi ostrepton in a
300nl Erl ennmeyer flask. After two days incubation at 29C, 20 this flask was

used to i e iaite RO0Efim Baddha HopEey spdira B 80088 {MesksgTheabrpth was
i ncubated at 29C at 200 rpmfor 6 days_ After this tinme, the whole broth

vas fdj usted i i Birp Mdl Nadp e dlipde £XES5AET 85184t (x8B48ayal cYRLune of

ethyl acetate. The ethyl acetate extract was evaporated to 30 Decenber

2002 V0 OQH081, RIS Wy #8:cideupsss oLiAREnAdRS 8 i T ogen

stream using a Zy K TurboVap LV rator, en reconstituted in 0.25

vol umes metangly 0 MRS IR e S35k T80t ed bl des ThEnSLLUS LY @

(L33245) ; NOG: anthracyclines from Streptomyces nogalater
(248262) ; TCM: tetracenomycin from S. glaucescens
10 (M80674) ; DAU: daunomycin from Streptomyces sp. C5
(L.34880) ; PEU, doxorubicin from Streptomyces peucetius
(L35560); WHI: WhiE spore pigment from Streptomyces
coelicolor (X55942).
Fig 3 shows the gene organisation of the PKSs for
15 three l16-membered ring macrolides, tylosin, spiramycin
and niddamycin.
Fig 4 shows the amino acid sequence alignment of
KSq-ATq loading didomains of the PKSs for niddamycin,
platenolide (spiramycin), monensin, oleandomycin and
20 tylosin. The sequences for the monensin and oleandomycin
loading didomains have not been previously disclosed.
Fig. 5 The enyzmatic steps that convert 6-
deoxyerythronolide B into erythromycin A in

Saccharopolyspora erythraea




_ er 2002
of the products were confirmed by LC M5, Method A A pea%om%geg served with

a retenti WoOWOMES0f 4.0 min and with an 5 m z val ue of 720PCRIGEPY 02084y r ed
for 13-nmethyl-erythromycin A (C36H65NO13) A second peak was observed with
aretention time of 6.4 min and with nmlz value of 709 (MtH)+, required for
13- net hyl -erythronycin B (C36HssN~~ﬁ: Exanpl e 16 10 Construction of
Reconbi nant Vector pPFL44 Pl asm d pPFL44 is a pCIR29- based plasm d
contai ni ng the gene encodi ng a hybrid polyketide, synthase that contains the
ol ramyci PRSP ahd g fotEan, KROREDBN bRy CPASEEHER P Encdul oo 1 and 2
and the chai,n 15 term nating thioesterase. Plasm d pPFL44 was constructed
as fcﬂlﬁﬁﬂﬁmkﬁu?*ﬁﬁiﬂﬂm ng synthetic oligonucl eotides:

5' - CCATATGTCT.GGA TTT GT- 3' gng 20 . . .

5' - GGCTA Cé?@i%@%c BEFE ALl PoCliBPREGLIERELIBRA  encodi ng

t he spiranycin producing. | oadi ng nodul e usi chr onpsonal fromthe

spi raﬁyci nrry le:‘éersaé?t %?%tlrg’ﬁswbrgpﬁpgdggcégiﬂggﬁaFSd‘{ mﬁet hod

descri bed by Hopwoo t. al. (1985). The PCR 30 _Decenber 2002 WO 00l 00618
PCTJGBId7 &’Et%’%fecgr%&? é%mé.%gdkblﬁymﬁgaﬁﬁr PEi sampy cgamples.

el ectrophoresis, treated with T4 polynucl eoti de kinase and ligated to

p? asni P pUdMR Wﬁ‘bﬁf%d&e%‘%e‘ﬁeﬁﬁgﬁgi BB Ly oh BF¥¥eBma | and then
treated with al kal i ne phosphatase, The |igation m xture was used to

t r ansf oG 2 Mo e ome BeE. eol esprebRetwire Andiradrd andl cl ones were
checked for the desired plasm d pPFL4l. Plasm d pPFL41 was identified by
restri AgdH Rk tekanami S cepiRrheesafalPsPartpl Rsm BipbEpnl (WRB) di gested with
Nde | and Nhe | and the 10 3.3 kbp_fragnent was purified b%@gel

eIectrcﬁﬂﬂﬂﬁ%ﬁkﬂeﬁﬁpmi%ﬁﬁ%ﬁﬂ@bhbﬁEQGHF-a‘Eb&sﬁi@mdéﬂmpéé BRekpl asm d
CIR24
P in the NMR structure is not representative of standard

10 nomenclature, but correlates NMR data to that particular
example.

HPLC methods

Method 1
Column Waters Symmetry 5 C18 2.1lmm X 150mm
Flow 0.29 ml/min
Mobile phase Gradient: A:B (22.78) to A:B (38:62)
over 12 minutes, then to A:B (80:20)
by minute 15. Maintain for 1 minute.
Re-equilibrate before next sample.
Where A = acetonitrile and B = 0.01M
ammonium acetate in 10% acetonitrile
and 0.02% TFA
Method B
Column Waters Symmetry 5 C18 2.1mm X 150mm
Flow 0.29 ml/min

Mobile phase Gradient:28:72 acetonitrile: 10mM
NH40Ac to 50:50 in 18 minutes. 50:50
until 25 minutes. back to 28:72, re-
equilibrate for 7 minutes

Instrument Acquired with Hewlett Packard 1100
LC/MS with APCI source

SUBSTITUTE SHEET (RULE 26)



having as insert the ave PKS | oadi ng nodul e and ext ensi on3%86emEer20924 2
or DEBS amb vdm»6I3EBS t hi oest erase) (PCTGB97/01810) previ ougicy/ahisgestded with
Nde | and Nhe | |5 and treated with al kali ne phosphatase. The |igation

m xture was used to transform el ectroconpetent E.coli DH1OB cells and

i-ndi vi dual cl ones checked for the desired plasm d pPFh44. Plasm d pPFh49
was identified by restriction anal ysi 33 20 Exa~~le 17 Construction of S
erythraea JC2/t~PFL44 Pl asm d pPFL44 was used to transform S. erythraea JC2
pr ot opl astEap W06 reedOAmr esi st ant col onies were selected in 82720 nedi um

containing 10 ~g/m of thi osty 30 Decenber 2002 WO /Jqq: 8
PCTI (B99102044 - 55 Several S were tested for the pr % pPFL44
integrated into the chrormsorﬁer)ﬂ&%t hern bl ot hybridi sati Sheir

genonmi ¢ DNA with DI G| abel | et ®HITAGY ng t he srm PKS fr%gﬁﬁa(ritltém:odl ng
for the loading nodule. A cl®Rraith an integrated copy of Jffg/A4 twses 5

identified in this way. Exanpt#fp L& tRodectitonodfaineloiksld des usiny S
eryt hraea JC2/ pPFL44 A frozen suspension of strain S. erythraea JC2/ pPFL44

10 was us o inoculate eryP nmediumcontaining 5 ~.cg/m of thiostrepton
and all omﬁj{—e—qg—w seven days at 28-30C. After this tine the broth was
filtered to renove nycelia afextirogsH adj usted to pH=3. TheSBgélhtwes
extracted twice with two vol Wms iafoyd® fllowrcet ate and the coolhynetrextracts
15 were washed with an equal n@f yM®o0f saturated sodium chlggige rgrl ed
over - anhydr ous sodi um sul pha and % he et hyl acetate was rﬁn% é under
reduced pressure, to give crucfie roduct. .The product was s b€have the
structure shown bel ow and by @@ENS and 1H 11R anal ysis was PaéhitEal 20 to
authentic material: WO 0010eg &vatext toOHL Itiotal. volbuamepl e 19 Construction

of S. erythraea NRRL2338/ pPFlA# a3 daaeeiper 72002 PGTI GB99/ 02044 0 Pl asm d
pPFL44 was used to transform S. erythraea

Example 1
Construction of the Recombinant Vector pPFL43

5 Plasmid pCJR24 was prepared as described in
PCT/GB97/01819. pPFL43 is a pCJR24-based plasmid
containing the gene encoding a hybrid polyketide synthase
that contains the putative monensin PKS loading module
(isolated from S. cinnamonensis) the DEBS extension

10 modules 1 and 2 and the chain-terminating thioesterase.

Plasmid pPFL43 was constructed as follows:

The following synthetic oligonucleotides: 5'-
CCATATGGCCGCATCCGCGTCAGCGT-3*' and 5'-

15 GGCTAGCGGGTCCTCGTCCGTGCCGAGGTCA-3"
are used to amplify the DNA encoding the putative

monensin-producing loading module using a cosmid that



5 NRRL2338 protoplasts. Thiostrepton resistant col onies \?Igroeecgrer\bg&g%% in
R2T20 medW%9e18ai ni ng 10 ~g/ ml of thi osGepton. Several BEHGBIYNRIME
tested for the presence of pPFL44 integrated into the chronosone by

Sout hern bl ot hybridisation of their genomic DNA with DI G| abelled DNA 10
containing the spiramycin PKS fragnent encoding for the | oading nodule. A
clone with an integrated copy of pPFL®B was identified in this way. WO
00! 0061 8 - 57 Exanple 20 30 Decenber 2002 PC TI GB99102044 Production of 13
net hyl - er FHdMFcitheA San@r8 efi kbe Bakahl vemanensda -RRROVEEB8 (pPFL941 The
cul ture Saccharopol yspora etythraea NRRL2338 (pPFL44), constructed with the
wi | d-t ype Bishdiangsddimeith S Giapagesandys s ahromesooade PNBITE BNA i nsert,
was inocul ated into 30nl Tap Water nmediumw th 50 Ecg/m thiostrepton in a
300nil Er | eprenasrorfanssic. asf tempilatee dBlys BGR wbaduet aff 298, kbhi $sfl ask was
used to inoculate 300 m of ERY-P nediumin a 300 m flask. The broth was

i ncubat ed phix idiie20 ®yatge20@ leptrbphobesley,s .t vifatted whitk Tane, the whol e broth
was adjusted to pH 8.5 with NaOH, then extracted with equal volune of ethyl
acet ate. T wilnlleoddekeatke neser antt Wiagateadhpor plledmtid gughesswhicH5C under a
nitrogen stream using Zymark TurboVap LV Evaporator, then reconstituted in
15 . 0625 hed s deinkardlsebobgodd gas t vdre wilth exiar dctndéthehd. The
structures of the products were confirnmed by LC M5, Method A A 9.0 mn

retention grascoeald theal®adeheeghasphdadm Orrheonpgaenbn Mikbupdz val ue of
?20. (MtH) +, required for 13-nethyl-erythromycin A (C31i651J013) . A second

peak was ZhPhgeidved wWrbhsEoirfl enbiFoddnprtehtb 24 coiin pAdow 8114z val ue of
704 (M+H) +, required for 13-nethyl-erythromycin B ( Cg6H6~~12 ) . 30

Decenber 2009 iWRiQQ0A61810n58 wExa Bl ik GRSt hECkbop ref Pl asmid pILKL14
PCTI GB99I 02044 Pl asm d pJLK114 is a pCIR24 based plasmd containing a PKS 5

gene conprdisidnd 4t bereay .| oadi 88 FodbEea0 tWhe fildesik i 29dgt second extension
nodul es oggthe ergﬁbKS and the érygcﬁg%nternﬁngtiﬁg gﬂiggsterase except

(hal the DNASSRRRhL PRiween bhe cogdudlcd MpadgKitransierase and the
eginning of the ACP Of the second éry extension nodul e has been
Plasmid pHD30His is a derivative of pNEWAVETE
(PCT/GB97/01810) which contains the avermectin loading
module, erythromycin extension modules 1 and 2 and the
ery thioesterase domain. Plasmid pNEWAVETE was cut with
15 EcoRI and HinDIII and a synthetic oligonucleotide linker
was inserted that encodes the addition of a C-terminal
polyhistidine tail to the polypeptide. The following
oligonucleotides:
5'-ARTTCACATCACCATCACCATCACTAGTAGGAGGTCTGGCCATCTAGA~3"
20 and
5'-AGCTTCTAGATGGCCAGACCTCCTACTAGTGATGGTGATGGTGATGTG-3"
were annealed together and the duplex was ligated to

EcoRI-and HinDITII-cut pNEWAVETE. The resulting plasmid

was cut with Ndel and Xbal and ligated into plasmid



2002
10 substituted by a synthetic oligonucleotide |inker con?ngr?cemb?r 0

recogni t i WA 08PA6dE of the following restriction enzynes: AvPFIG B‘Q’M"f“
SnaBl, Pstl, Spel, Nsil, Bsu36l and Hpal. It was constructed via several
interntediate plasmds as follows (Figure 6). 15 Construction of plasmd
PILKO2 The approximately 1.47 kbp DNA fragnment of the eryAl gene of S.
erythraea.was anplified by PCR using &% priners the 20 synthetic

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

5' - ATGT TAACJIRZT CERaCATRE The ICQETOTE @is lahdoyd! asitild gadeER>Q A i ynyk, M et
al., Chemstry and Bi ol ocw (1996) 3:833839; W98/ 01546) as tenplate. The
PCR pr oducnzymest r at pdodsgce plasmigp@NIMMilieot i de ki nase and then |igated
with plasmd puC 8, which had been |inearised by digestion with Smal and
30 Decenber 2002asmi\® DPEDAGt @aPCT1 @B Wiizh -N&D I tdreh Nheeak echdn t h

al kal i ne phosphatase. The ligation m xture was used to transform

el ect roconpet 8nB8 EbpcbrageiOBva=s| her iafniced rr wedu ad 1 excl mophesresdise checked
for their plasm d content. The desired plasm d pJLKO2 was identified by its
restricti egmdpatigatadand PRNB3 &l Nefavg.ous 1Gorbitgasttdd wiah pldasimi d pJLKO3
The approximately 1.12 kbp DNA fragment of the eryAl gene of S. erythraea

was anpl i farrd Npy PCRndStPEaBsd mmrasmeﬂenﬂé) PhodpRit 450l | gaucl eot i des:
5' - ATGTTAACGGGTCZGCCGOGT GCCGAGCGGAC- 3 and

5' - CTTCTAGAGEAT AN A EGRLMEEa Fo avthrid syl GIRNE-doapeltenk! ate. The

PCR product 'was treated with T4 pol ynucl eotide kinase and then ligated with

plasni d pUOlR ;1Basbibclelipd Breniddfipanined bhell 4Rsd Omatiddy Sapl and then

treated wWith a I ne p osphatase The |1 gation mxture was use

transform VI dual col onies were
checked féérjil %%?gggpéggn%lgopnlf@h 3 The%dsg@ Zﬁ lasm (f pJLKO3 was

identifie and DNA sequenci ng. Construction
of plasm g‘d?%’ %ieﬁl a %JL%{Z&F a%aa es%t ‘ed with Pstl and Hpal and the

1. Aflt79 25 k%o i nserf, was Ilgated W th pI asmd pJLKO3 whi ch had been di gested
w th Pstl . The ligation m xture was used 30 Decenber 2002 WO

001 00618 PCTI GB99/ 02044 - 60 to transfo m_el ect roconpetent E. coli DHLOB
cel | s and S599$NEREELLN Ot Bni @B thaeT Wedle P23 heir pl asnid content. The
desired plasm d pJLKO4 was identified by its restriction pattern. 5
Constructi on oflpismédi BPFD4K®as used to transform S.erythraea JC2

protoplasts. The construction of strain JC2 from which
the resident DEBS genes are substantially deleted is

15 given in Pending Patent Application PCT/GB97/01819.
Thiostrepton resistant colonies were selected in R2T20
medium containing 10 ug/ml of thiostrepton. Several
clones were tested for the presence of pPFL43 integrated
into the chromosome by Southern blot hybridisation of

20 their genomic DNA with DIG-labelled DNA containing the
mon PKS fragment encoding for the loading module.
Example 3

Production of polvketides using S. erythraea JC2/pPFL43

A frozen suspension of strain S. erythraea JC2/



Pl asni d DJHE?MO%’Q/ GB97/ 018191 was digested with Pstl and0Mecembendddze
460 by insert was ligated with plasm d pJLKO4 whi ch had beePCHGH%028d4 Wi t h
Pstl and Avrll. The ligation 10 m xture was used to transform

el ectroconmpetent E. coli DHLOB cells and individual colonies were checked
for their plasm d content. The desired plasm d pJLKO5 was identified by its
restriction pattern. 15 Construction of35pl-asmi d pJLKO7 Plasnmid pJLRO5 was
di gest ed V“tékf? | and. Xbal and plasm d pNrEPH was di gested with Ndel and
Scal and t Hese twe'3% agistiatingr dn| epeR erpdiiumy gioatwiidipG) B24gvhich had
been 20 dige telfl..with Ndel and Xbal. The ligation m xture was used to
transfor m &1 ectFotoms&&R- EThgolnogpliaimd sl vamdwasdiatidwal €6l oni es wer e
checked for _thei | asmi d content. The desired plasm d pJLRO7 was

i dentified BYY té"‘?e’iﬁvﬁf’cﬂadﬁ pht 2&r30°C25 Ebbetrtiis onimé gHeasni . d pJLK114
30 Decenber, 2%8_& - V\? 0/ 00618 PC'fl G3B99102044 - 61 The two synthetic

ol i gonucl edFiHds "B epel fei pemrevermymeddacant thespHvediistd&- buf fer.
10 ~1 of egﬁp igjution &g.Snn01/~C1) were m xed and heated for 2 mnutes to
65C and t her? &) Wfél‘)?'co dbgeth was rexdmacsepetwniceewiPhaswbd pJLKO7 was

di ge§t ed wittl Avrll and Hpal and ligated with the 5 anneal ed

ol i gOnucl edCrYBES Pife ethyat R6At G & tande thascosbilnéd éxERsEOE Were

el ectroconpetent. E. coli DHI OB cells and individual colonies were checked
for thei rngﬂaégﬁfid“'ééht eht eaThb Welsimeedfpbasutat ed LiddAunechistendd fied by
its restriction pattern_ 10 Plasm d pJLK117 is a pCIR24 based plasmd
containingdglpﬁsogéﬁeaﬁﬁﬁér®@$nyxﬁhmlen&ph&fﬁﬂrmhdﬂﬁhéf%tﬂ§fafirst and the
second extension nodul es of the ery PKS and the ery chai nterm nating

t hi oest er a3€eErtepyashuemoved Ditesegrrnted phaiel) the SRR Urddle

acyl transferase and the beginning of the ACP of the second ery extension
modul e hasPBREHCEubsThe upredint avasyshbehi €o BAEONHL efthfig Jidker
containing the recognition sites of the following restriction enzynes.

Avr P, Bgl showsnbglowpPsand 18pats, Beiks 264 BsuRFR aad Mogha LL ¥as
constricted via several internediate plasmds as f ollows ( Figure 6 ) . 25
Const r uct i bdetighhstr capJuRhbht ic30amsrenber 20U2

Example 4

15 Construction of S. erythraea NRRL2338/pPFL43

Plasmid pPFL43 was used to transform S. erythraea

NRRL2338 protoplasts. Thiostrepton resistant colonies



WD 001 00618 PGT/ GB99/ 02044 - 62 Plasnid pJLKL14 was di gedd BEYIeH 31 and
Xbal and W@008EI8oxi mately 9.9 kbp insert was ligated with Ppﬁ”é%ﬁ*’f?zm

whi ch had been digested with Ndel and Xbal. The ligation m xture was used
to transfozm el ectroconpetent E. coli DHLOB cells and individual colonies
were checked for their 5 plasmd content. The desired plasm d pJLK115 was
identified by its restriction pattern.3€&onstruction of plasmd pJLK116 10
Plasm d pJLKI 3 (PCT/ GB97/01819) was digested with Bsu36l and Xbal and the
1.1 kbp fregremelested gat RRTHG megiasnricdnyaiKking Wei go/haddolbeen di gest ed
wi th Bsu36l and Xbal. The ligation m xture was used to transform

el ect roconpeiesitréhtarol i BNEOB Icalllonesnwerediteisttedl fool bhees were checked
for 15 their plasm d content. The desired plasm d pJLK116 was identified by
i ts restriptesangmatderpk FIdehsiregiradedofingoashied chibib$3m@0bPl asm d pJLK116
was digested with Ndel and Xbal and the 9.9 kbp fragnent was |igated with )
pl asm d pGdhentri dhldiachyedr idiagdohe d fwithle ikdgkenandcXbHA. witlke | i gati on

m xture was used to transforni el ectroconpetent B. coli DH1OB cells and

i ndi vi dual DTE} ibeelsl ewk IBNZC [eeeited nfiokg tthei mopl @881 dragakadt . 25 The desired
plasm d pJLK117 was identified by its restriction pattern. WO 00/ 00618 -
63 sgranpl énddaiCanstdtiaiHeon ofd ilga sidiath1e] LKA9 c30nbBewefhenn2002

PCTI GB99/ 02044 Pl asm d pJLK29 is a pJLK117 based plasm d except that the 5

DNA fr agnenht@fferBd¢dgie Jfegipdiiiage wagopedbcedulia tRigf whlpe rap PKS has
been inserted into the ncs. It was constructed via several internedi ate

pl asm ds agxdmlleOVsa (Figure 5) 10 Construction of plasmd pJLK121.1 The
approximately 2.2 p DNA segnent of the rapB gene of S hygr oscopi cus

encodi 1o, tREduch] Y AR DU 0B n RPLh! £ a BB O B8

5' - TAAGATCTTCCGAC GTACGCGITCCAGC- 3' - and

5' - ATGCT AGEOA e aCDBATC AL POAREELT 3' and as tenplate an approxinmately 7
kbp fragment) which has been obtained by digestion of cosmd cos 26
(Scheecke, T. erthalculth®ab)sarHrvpolNaiporaAedy.thbaka USA 92: 7839- 7843)
with Scal and Sphl. The PCR product was treat ed with T4 pol ynucl eoti de

ki nase anquﬁﬂﬁz@ t c d n ised b
di gestion wt §I %jtyheﬁotﬂ%gz{t%gewugﬁ [ erghoggﬁa%%és HI Y
i gation Xt ure S usegin o 25 transfor eI ect roco tept E. coI i DH10B
cells andn‘}l &s a\/\/&oé‘e('i‘ﬁé&‘kg]ﬁaflﬁfc PHSF asFertont ent .

produced as described in Example 2, was inoculated into

30ml Tap Water medium with 50 ug/ml thiostrepton in a
15 300ml Erlenmeyer flask. After three days incubation at
29°C, this flask was used to inoculate 300 ml of ERY-P
medium in a 300 ml flask. The broth was incubated at
29°C at 200 rpm for 6 -days. After this time, the whole
broth was adjusted to pH 8.5 with NaOH, then extracted
20 with equal volume of ethyl acetate. The ethyl acetate
extract was evaporated to dryness at 45°C under a
nitrogen stream using a Zymark TurboVap LV Evaporator,
then reconstituted in 0.0625 volumes methanol to
concentrate the extract 16-fold. The structures of the

25 products were confirmed by LC/MS, Method A. A 4.0 min



30 December 2002 WD 00100618 PCTI GB99102044 - 64 The des?® BEC§NRRNA042
pJLK121. 1wamen/dodsnt i fied by its restriction pattern and DNRCIEGRMZM4AQ.
Construction of plasmd pJLK29 5 Plasm d pJLK121.1 was digested with Bgll
and Nhel and the 2.2 kbp fragnment was ligated with plasm d pJLK117 which
had been digested with Bglll and Nhel. The ligation m xture was used to
transform el ectroconpetent E. coli DHI®DB <€ells and individual colonies were
checked for their plasm d content. 10 The desired plasm d pJLK29 was

i denti f i edrehentiony ddmei peiabnwpat bbsarvetaap! ehe 4md forCorsiparsriton of

Pl asm d pJLKS0 The approxi mately 6.1 kbp DNA segment of the erythromycin
PRS gene &igdt &t/ pifvaguespft ARQedMeHe odi FrputiredDin ddgmethylrom t he

begi nning of the ACP of nodule 2 to the beg~n~~ng 20 of the ACP of nodule 3
was anpl i famgahnerycRnudi.ng secphninpeskt was syibsdered witlgenucl eoti des: 5 '

- TACG hGAGGGAC~GCTAGC! GGGTCTECCECGT~G 3 ' and 5'

- ATGCTACCEEEERELEDCEIBET GECE~BGNTh Gal@0v 8t h amdz pralkwe o BAMS5 ( publ i shed
pBK25 by Best, D J et al. 8~r J Biochem (1992) 25 204: 39-49) as tenplate.
The PCR pregugt, Wasqhifad efom 131 ot Al - hsemeenkgnase and then |igated
with plasmd 30 Déecenber 2002 WO 00/ 00618 PCTI GB99/02044 - 65 puUd 8)
whi oh had been iinearised by digestion with Snmal and then treated with

al kal i ne phosphatase. The ligation m xture was used to transform

el ect r ocormmgimpille Bb col i DHLOB cel |l s and individual col onies were checked
for their plasm d content. The desired plasm d pJLK50 was identified 5 by

| ts restrigild yn Jidh! QbR RBACPNA, SEAULIGh Nty AR oy cPRNA! HGtaon of
S.erythtaéa strain JLKIUO I0 Strain JLKI Ia RRL2338 in

whi ch the reductjve. |l oo ery nodule 2 (i.e. the KR domain) is replaced
by the reéﬁ%#@&ééPSEﬁ—GE¥£L€9$%$¥ﬁ%%%%i%%dQﬂﬁﬂé@l—ﬁﬁLﬁés§€é%§tructed usi ng
pl asm d pJLK59 which was constructed as follows. 15 Construction of plasmd
pJLK54 Pl asni d Sy opolyspdri2erptbrdep| BRRAZB IO nipRAli43) wvaBKS gene
conprising the ery |loading nodule, the first, the 20 second and the third
extEnsi on jftw1eted ihBe €OPORLYSTED Wdtthd hadiim m&ihnsbeﬁ?i/mti ng

t hi oesterase except that the DNA segnent between the end of the

acyl t r ansfuriase reptonhénbagk n8l nBenfibddte AGEKf Afterseherd daysextensi on
nodul e has been substituted by the equival ent segnent of nodule 10 of 25

t he rapamigioubakgon at 29°C, this flask was used to inoculate 81

of ERY-P medium in a 141 Microferm fermentor jar (New
Brunswick Scientific Co., Inc., Edison, NJ). The broth

15 was incubated at 28°C with an aeration rate of 81/min,
stirring at 800 rpm and with pH maintained between 6.9
and 7.3 with NaOH or H,SO, (15%). Water was added to
maintain volume at the 24 hour volume 1level. The
fermentation was continued for 167 hours. After this

20 time, presence of 13-methyl- erythromycin A and B were
confirmed by adjusting a broth sample from the fermentor
to pH 8.5 with NaOH, then extracting with equal volume of
ethyl acetate. The ethyl acetate extract was evaporated
to dryness at 45°C under a nitrogen stream using a Zymark

25 TurboVap LV Evaporator, then reconstituted in 0.25



30 Decenber 2002 - WD 00/ 00618 PCT/ GB99/ OZ044 - 66 |t wasSOlfEMPEERY as
foll ows. PYQeMP¥IHILKS0 was digested with Nhel and the 6.1 BdWGBIAR044 Was
ligated with plasm d pJLK29 which had been digested with Nhel. The ligation
m xture was used to 5 transform el ectroconpetent E, coli DHLOB cells and
i-ndi vi dual col onies were checked for their plasmd content. The desired
plasm d pJLK59 was identified by its-r@s8triction pattern. 10 Use of plasmd
pJ1, K59 for construction of S. erythraea NRRh2338/ pJLK54 and the production
of TKh derY9htmeesmeppresl @ ctgnaenigatleasiredepit#ol aefeldiserhd o transf orm
protoplasts of S. erythraea NRRh2338 and stable 15 thiostrepton resistant
col oni es vRTEUFLTES cof Hhe Preduats weseorpasirwedl bpNLC,/MS obt ai ned and

anal ysed ou rn plot_hybridisation, to confirmthat the plasm d has
i nt egr at e?‘?'ﬁ Fthe T&‘? 'éfhs’f?‘iﬁﬂqlﬁﬁ‘ &Ame. pegk hwasaobsexved Jaxl O and its

use in pr t] f 13-nethyl-10,11-dehydro-erythroia~ycin A S. erythraea
strain JL&%Sgi[{slggorr?u 2 Ol%ﬁnné. welr%’t ieﬁ‘-luem'é%@S(m Whi ch t he
"reductive loop' of ery nodule 2 i.e. the ketoreductase domain is

subst it ut FPBAEGRE Fordutmeldyl-srybbrenpein 2002 WediHd Gehk REEl GBI9I 02044
- 67 loop', of rapanycin nodule 14. |t was constructed starting fromsS.
erythr aca T Whth awfeentigsntdmgJoK56. hauiheend iwikgmatzed. S.

eryt hraea NR RL2338/pJLK54 was subjected to several rounds of non-selective
growt h whixghlueeafl tHH | (M+48 ¢ pndeqi DESD VRS qg”ﬁ@ﬁfhi'iﬂér#:h%%ﬁiﬂ oss of the
5 integrated plasmd. Cones in which replacenent of the er romyci n gene
coding foB-DEBS1 with the nutant version had occurred, were identified by
Sout hern bl ot hybridi sation. One of these was naned S. erythraea strain
JLK10 and was % 35 Adkerat of INRtiedontainiy® amstiosimately 2.8

grams of 13-methyl- erythromycin A were processed for
10 recovery of product. Broth was filtered through a pilot
sized Ceraflo ceramic unit and loaded onto a 500ml XAD-16
resin column. The product was eluted using 100% methanol.
A 175m1 (G-161 adsorption column was prepared and
equilibrated with 20% wmethanol/water. A portion of the
15 product solution was adjusted to 20% methanol and loaded
onto the column, no breakthrough of product was observed.
Washing of the column with up to 40% methanol/water failed
at removing any significant level of impurities. Elution
with 50% methanol /water achieved chromatographic separation
20 of the product from the two major impurities, 13-methyl-
erythromycin B and a degradation product, 13-methyl-
dehydroerythromycin A. The purest cuts were combined and
reduced in volume by approximately 75% using evaporation to
achieve <10% methanol concentration. To enhance 13-methyl-
25 erythromycin A extraction, solid sodium bicarbonate was

added until a total concentration of 250mM was obtained.



10 gave simlar results), and allowed to grow for seven t3P Pese rgogg
28-30C. Af WEX00(0R¢18 tine the broth was centrifuged and the pPFHFBIHER044
supernatant adjusted to pH 9. The supernatant was then extracted three
times with an equal volunme of ethyl acetate and the sol vent was renoved by
15 evaporation. Products were anal ysed by HPLC/ M5, MS/MS and 1H NVMR. The
fol l owi ng macrolide C 13 nethyl eryt hr 3%cin A was identified (acconpani ed
by products of inconplete roceSS| ng by post-PKS enzynes). 20 0 suBS~u~
suE~r tRnE Thy aquegysH® 1ag8T ERa e P achrist idh m@té!}'lﬁFISsm d
pPFL50 30 Decenber 2002 PCTI 3899102044 Pl asmid pPFL50 is a pPFL43-based

pl asmi d fr dtRiPEiAe o WNAS r%fbﬁ’retfﬂlferﬂpc?dltﬁéakm’o@i‘iﬁ‘ep%af’}‘ timer dRE nodule 2

of the erythro cin PKS %hro inT A;% been rem)ved 51t was

const ruct ed’3R! I"fatﬁ/\sre gﬁ’é ovﬂl"g‘g'slt AY3OFREART - Xbal to
6. f t, h th

fragment ORPary HEEREE *c‘ﬁr? OB RRrE B et Py AT brke® gt i on

m Xt ure was, ’Hﬁféj Leqsd or g ec gﬁﬂf@% en ,’59 co Dlg%l IIs and

i ndi v! dual <col oni esr&ere LI(':he géc)i f%‘% therr |I§15?n° cont é{r:lt % eg’esi red
plasmg d pP Aatudendid | &ﬁl@&&ﬁg} Sed epid i ﬁ&tﬂﬁl&%t éﬁﬂorfaéswl'éﬁt' on of

S. erythraea JLK10/ pPFL50 15 Approximately 5 ~g plasm d pPFL50 were used to

transf or m pictap astBe 0k18udgr Wohhaesnstkaipladefl Grand gé@bEgyt hizgst r ept on

resi stant colonies were isolated. Fromseveral colonies total DNA was

obt ai ned anmiranalsy s@@rbyhSobitpeid i¥ dechybeddtsad i, £IaBk;onkakinghat t he

plasm d had 20 integrated into the honol ogous chronosomal DNA region. S

eryt hr acsa stheimajdxdixy/ pﬂ!FIiWur\imiesslaehimi iaar atid .SMRen€daghk dsnt ai ni ng
~tg/m thiostrepton (eryP nmediumcontaining 5 ~tg/m thiostrepton gave

5| m | ar resigfits)everaighineatt 016w follawac by of ibhranicn aof 28£860C. After

30 Decenber 2002 WO 001 00618 PCTI GB99102044
10 whitel3-methyl-erythromycin A crystals the next day. !

Approximately 300 milligrams of 13-methyl-erythromycin A

were isclated from the partial work-up of the 351 broth
volume.

Approximately 100 grams of evaporated mother liquor

15 were utilized further to isolate 13-methyl-erythromycin B.

Residual 13-methyl-erythromycin A was removed with

repetitive extraction of the initial sample with aqueous

acetic acid (pH 5). The subsequent methylene chloride

layer was chromatographed on 700 g of silica gel using 20%

20 methanol in methylene chloride. The 13-methyl-erythromycin

B enriched fractions, as determined by LC/MS, were combined

and evaporated to yield 711.0 grams of dark oil. The oil

was dissolved in a minimal amount of methanol and loaded

onto 500 ml of Amberchrom CG-161 resin. The 13-methyl-

25 erythromycin B was eluted at 2 bed volumes per hour with

40% methanol in deionized water. One bed volume fractions



- 69 this tinme the broth was centrifuged and the pH of t A8 DeGEBPRLAA%

adj ust ed twopdH0B18 The supernatant was then extracted three RCTIEBIM204 an
equal volune of ethyl acetate and the solvent was renoved by evaporati on.
Products were anal ysed by HPLC/ M5, M5/ M5 and 1H NVR  The nacrolide C13 5
ret hyl 10, 11- dehydro-erythromycin A was identified (acconpani ed by products
of inconplete processing by post PKS-eapyres) Construction of S. erythraea
NRRL2338/ pPFL50 10 Approxinmately 5 ~tg plasm d pPFL50 were used to

t ransf or m peveopbhtested ®d @spayedebhy NRRIMNS38 Raracttsitanisl @2t hhostghpt on
resistant colonies were isolated. Fromseveral colonies total DNA was

obt ai ned afd HABEyseubhyedo dhbtted|ter RPGr ngitdamiodn with deabhnigedhat t he
plasmd had 15 integrated into the honol ogous region of the chronosonal
DNA. S. er VBRPEea2NRRSURERpFRIE vl (fodd Wik SO bispybarBatam

cont ai ni ng ~g/ M thiostrepton (ez~yP nedi um containing,5 ~tqg/m
t hi ost r ept of€qgi IR9 aPOUEHPR s FaSn e X TR t(?rﬁ:reOV\)g+B}ll s4gveﬂfto ten

the.supor ittt el IR, Rebederifed i Al R BeRec ™
removed by Biigerar bRl fre MseEatbiatirt il bty
L NVR _Thes gRes ol bfiecfs 12i1+-7acld e eioio, 2008 VB 004,006180 PR/ G99/ 02044

- 70 nethyl erythromycin A was I accomnpani by products of

i nconpl et €3 PEAE ISt DYsdIGHs PREnENZY{BSIng * doNSiriidel | 98 -fbrRasMi d
pCB121 Plasmd pCB121 is a plasm d contai nihg the nonensin |oading 5 nodul e

and KS of pepeRsomy 8DE Uk ewds fai d @Y nt hezeby AN oA stara0Eel gPACAT and
part of the erythronycin nodulel KR It was constructed via several

i nt er nedi ageagé andetondsriok| el ISadiadsbnuot izoN20émphasz0dn, pPEkdS The
approximately 1.8 kbp DNA segnent of the nonensin PKS gene cluster of

St r 8t onycebick nnandaeasigelemuapaptiaet tWiin hbay®P chrometobgeaplyyg nodul e
and KS of nodule 1 was anplified by PCR using as priners the synthetic 15

ol i gonucl edPTHE:: BlawsTTCCTIHRGGIAETRGERasAGIeesAoped with 60:40

5' - CGAAGCT TGACACCGCGECECEECECEE
methanol :acetonitrile. The desired portion of silica from

the PTLC plate (iodine visualisation) was removed and
extracted with HPLC grade acetone. The acetone extract was
15 evaporated to give 12.1 mg of clear solid.

Identification of the 13-methyl-exrythromycin A and 13-
methyl-erythromycin B samples were confirmed by wmass
spectroscopy (LC/MS Method B) and NMR spectroscopy. The 13-
methyl-erythromycin A sample peak had a 4.7 min retention

20 time, with m/z value of 720 (M+H)*, required for 13-methyl-

erythromycin A. The 13-methyl-erythromycin B sample peak

had a 7.6 min retention time, with m/z value of 704 (M+H)®,

required for 13-methyl-erythromycin B.

25 NMR, 13-methvyl-erythromycin A:




ntaining the 5 end of the nonensin PKS gggggc?pgﬁzg)_oz
ci nnamonel9, %/ 8alternatively chronmosomal 20 DNA of S, ci RFAMBHERE as
tenpl ate. The PCR product was treated with T4 pol ynucl eoti de ki nase and
then ligated with plasm d pUC B, which had been |inearised by digestion
Mth Smal and then treated with al kal i ne phosphatase. The ligation m xture
was used to transform el ectroconpet ent4ldE.- WO 00/ 00618 - 71 30 Decenber
2002 Ptr Tl GB991 02044 coli DHLOB cells ang ingividual colonies were checked
for their plasm d content. The desired plaiﬁid pPFL95 was identified by its
restriction pattern. Construktion of pl asmyd pPFL47 Pl asm d pPFl ~S was
di gested with Ndel anH\ngzéh\gnd thaoapprdxinately 2.6 kbp fragncnt was
ligatcd into plasmd pBﬁTAS whichehad Bgeﬁ'd$gested with Ndel and asu36l.
The ligation m xture Was|used t § ansf rn1e|qctr~oconpetent E. coli DH OB
cell's and individ co)dni cs mk&g(g d(;gﬁ thcir plasmd content. The
desired plasnmid pPhLZ7 was identi¥ied by I nmetyi ction pattern.
Construction of pI@§QLb pCB135 Pl dsni d pCIR24 was digested with Hi ndlll
the 5' overhang was #rbk{ed in mty%\Kjenqg/fr?ggent DNA Pol ynmerase |1 and
relisgated. The ligation 'xture&m%§/Q§eﬁ'F& ransform el ectroconpetent E.
coli DH10B cell's and isAdilvi dual | 10°Toljoni es] were checked for their plasnid
content. The desired pl a®x d peBi3s MA id ified by its restriction
pattern, |acking the recgghhtion stte f v/ﬁin I1. Construction of plasmd
pKSW Plasm d pKSIWis a pNﬂEPZ (GBQ?/O{81 -derived vector containing a
DEBS1TE-derived triketide s§hthase with thejunique restriction sites
introduced at the limts of KSI. Plasm d pKSIWis obtained via several
internedi ate plasmds as follows. Construction of plasm.ds p~I 009, pM10
and pMd13 For the PCR anplification for plasmd pMd09, the follow ng
synt hetic oligonucl eotides were used as mutagenic priners, one containing a
MU0 site and the other a Pstl sit¥ -SUWBSTI TUTBHSHEET (RUCEPRG~ WO
00100618 - 72 5' - GOGCGCCAATTGOGT TCTCGAT-93' 30 Decenber 2002
PCT/ GB99/ 02044 and 5' -CIT@CAGECCA CEACCEC%ACCEETTCEF&g} 3" For the
PCR anplification for plasgid pM1Ge ghe foll owyng synt hetgg
ol ingonucl eoti des were usedsas nutagsnie prinersy 5 one caneai ning a Hindll
site and the other an EcoR¥ site: 59-§§TCTCAAGCI'TC(IBCATCAGDSHBCACCAA- 3" and

and a cosm d %g

5' -(XSTGIXBAT¥¥TCIX:I(X:TCXBGIX%?GIXECV*—3';2-50 3 3.0

9 74.87 0

20 10 73.07 0
11 72.25 1 5.19
12 71.25 1 3.26
13 69.53 1 3.53
14 69.24 1 3.97

25 15 66.16 1 4.06
16 65.96 1 2.48
17 49.96 3 3.36
18 45.36 1 2.79
19 45.07 1 2.81

30 20 40.73 3 2.32
21 39.00 1 3.15
22 35.30 2 2.42/1.61
24 27.20 3 1.50
25 21.92 3 1.28

35 26 21.82 3 1.27
27 18.99 3 1.32
28 18.60 3 1.22
29 16.07 3 1.19
30 15.08 3 1.19

40 31 14.23 3 1.26
32 12.12 3 1.19
33 9.60 3 1.15
34 39.00 2 1.98/1.75
35 28.90 2 1.72/1.27

45 36 40.94 1 2.05



For the PCR anplification for plasmid pM13, the fol | owi ng®R§cePRemEI92:

al i gonucl ewwDiodess18er e used as nutagenic priners, one contaiPCIGB/R044 sSite
and the other a Hndlll site: 5 -GATGGECCTGCAGECTGCCCEECGGTGTGAGGA- 3 and
5' - GCCGAAGCTTGAGACCCCCECCCGECECEETCGC- 31 15 PCR was carried out on pNTEP2
(G897/01810) as tenplate using Pwo DNA pol ynerase and one cycle of: 96C
(I'mn); annealing at 50C (3m n); and -exd2ension at 72C (I mn), and 25 cycles
of: 96C (I mn); annealing at 50C (I mn); and 20 extension at 72C (Imn) in
t he presence of 18 (vol/vol) dinethyl sul phoxi de. The products were
end-repaired and ' cloned into puUC 8 digested with Smal and the ligation

m xt ure wad™Mfs Bhastbl-alomeinB:E. coli DH 10B. Plasni d DNA was prepared from
i ndi vi dual colonies. The desired plasn ds 30 Decenber ,2002 WO 00l 00618
PCT/ G8991 02044 - 73 for pMd09 (3.8kbp),| pM10 (3.9 kbp) \and pMI 3 (9.3
kbp) were identified by their res¢xictign pattern sequenC|ng

Construction of plasmd pM11l 5 Plasgld2pMNOi3s was gest SW h Hindl 1,
and the 1.2 kbp insert was cl oned |r?i pM t. jch h en di gest ed with
Hi ndl1l. The ligation mxture‘ﬁ@strsfor fed |ntq6 | DH10B. The
desiged plasmd (S. 0 kbp) was idemf LY 5 rictipofl pattern and
desi gnated pM)11. 10 Construction ¢ ST ~i d p!\élz 1 d pMD09 was

digested with Pstl, and the 1.6_k
been digested with Pstl. The I gatior
DH 15 10B. The desired plasmd (6.36" k§p)
pattern and designated pMd12. Constr'tich kasm d pM)12 was
digested with Munl and EcoRV, and the 3.{$ fragnent was cloned into
PNTEPH (see bel ow) which had been di gest®d w th EcoRV. The
ligation m xture was transfornmed into E'"™coli DHAQB. & desired plasmd
(13. kbp) was identified by its restriction pataterr()%]\d desi gnat ed pKSI W
( V000! 00b18 - 74 Construction of pNTEPH 30 Dece®bers 2002 PCTJGB99J02044

# 13C - PPM #H 1H - PPM
attached
1 80.50 1 4.15
2 40.62 1 2.15
4 | 45.17 1 2.84
15 5 84.08 1 3.62
6 9.86 3 113
7 9726 1 4.88
3 176.48 0
9 15.25 3 1.22
20 11 75.98 0
12 35.43 ] »2 2.42/1.61
16 | 103.75 I 1 4.46
17 38.77 2 | 200172
18 2167 I S | 1.51
25 20 73.09 ] o 1}
21 66.20 P 1} 4.06
22 7027 1 5.58
23 71.24 1 328
I | 45.49 ] 2.81
30 26 78.29 1 3.06
28 21.91 3 1.28
29 19.03 3 133
30 41.61 1 1.65




Pl asm d pNTEPH was obtai ned from pNTEP2 by renoving the 30|I_I?ec81n|bFr 2002

PNTEP2 waWOd0ge&Bed with Hi ndl I 1,

1ilenow Fragnment DNA Pol yner ase |
kbp) was 5 identified by its restriction pattern.
.pCB136 Pl asm d pKSW was di gested with Ndel

and religated.

and

the 5° overhang was fil |%d/¢® W?‘H

The desired plasmd (13.6
Construction of plasmd
Xbal and the approxi mately

11.2 kbp fragnent was ligated wth p’ra‘é?mﬂ 10 pCB135 whi ch had been

di gested with Ndel and Xba gation mxture was used to transform
el ect rocoﬁ nete M s_andl#hdi vi dual col oni es were checked
for their {pl3asrj d coﬁﬁt%nt e Hesfred pizasmd JCB136 was identified by its
restri cti(n3|aa ern. o152 CONK ruptl pCBl37 Plasm d pCB136 was
di gested S PPV TG SJuy AvaEars tr~fjr agnent,. the 5 overhangs
were fill ge WM ': poedse | and religated. The 20
l'i gation 1@ mmm- NaTalaa =Y = aegnpetent E. coli DHLOB cells
and 3 ndi vi l} I hbckgd for3#heir dlasmd content. The desired
pl asmi d p¢BB37 o by i i cti pattern. WO 001 00618 -
75 OonstrUQ| -0-'1 4002 PCTI (B99/ 02044 Pl asm d
pPPFL97 was =t \ugs Prre ~pate e approximately 4.9 kbp
I nsert was W‘ 3 mw been digested with Ndel
and Hi ndl | e 15 280 mm} ansform el ectroconpetent E.
5 a9 i pHioEcdll s aid?indi i dubl kol oni 3% vere |checked for their plasnid
content. Tha7ddsiredddBasni d pCBL2L was 28entifiled by its restriction
pattern. Hkxagplje 10 doomstrudgiion of S. erygsnraea |JJLK10/ pCBI 21 Approxi nately
S ~.g pl agmzg1cE 90ET © UgcU FO_JT st oy protfopl asts of S. erythraea
JhKI O and 'stabt'e—thiostreptdmrrest$tant—cotomi-ed were isolated. From
several colonies total DNA was obtai ned and anal ysed by Sout hern bl ot
15 Examplie 6
Construction of the Recombinant Vector pPFLA42
Plasmid pPFL42 is a pCJR24-based plasmid containing
the gene encoding a hybrid polyketide synthase that
contains the tylosin-producing PKS lbading module, the
20 erythromycin extension modules 1 and 2 and the chain-
terminating thioesterase. Plasmid pPFL42 was constructed
as follows:
The following synthetic oligonucleotides:
25 5'~-CCATATGACCTCGAACACCGCTGCACAGAA~3' and
5" -GGCTAGCGGCTCCTGGGCTTCGAAGCTCTTCT-3"
were used to amplify the DNA encoding the tylosin-producing
loading module using either cos6T (a cosmid that contains
the tylosin-producing PKS genes from S. fradiae) or
30 chromosoral DNA from S. fradiae as template. The PCR



15 hybridisation, to confirmthat the plasm d had integr é,’toe%e%embgrtz %2
honol ogousootmmemsomal DNA region. S. erythraea strain JLKROV/GBENGRM4\as
used to inoculate SM3 nmediumcontaining 5 ~g/m thiostrepton (eryP nedi um
containing 5 pg/m thiostrepton gave simlar results) and allowed to 20
grow for seven to ten days at 28-300C. After this tine the broth was
centrifuged and the pH of the supernagant adjusted to pH 9. The supernat ant
was then extracted three tinmes with an equal volunme of ethyl acetate and

t he sol vepirodastr effo8ed kiyp ewapopati fired Pryodiedl @ lwertaophainesed, by 30
Decenber 2002 - WO 00l 00618 PCTI (899102044 - 76 HPLC/ M5, MS/ M5 and 1H NVR
The macr oltirdat&d3wirehhyd - 46 vrincledotdide &riyfalzeomma N idawasl itdenti fi ed '
(acconpani ed by products of inconplete processing by post-PKS enzynes):
Exanpl e 5pZasmi 8UpUCDS, OfihSch aiyd baaen INRYa33I3BAP 651 Ab gvioni watgl y S~~g
pl asm d pCB121 were used to transform protoplasts of S. erythraea NRRL2338
and st abl gpizhitoghBephen t£6hBé@NN1 €00k ke ighosphladiaed . Frras sever al

col onies total DNA was obtai ned and anal ysed by Southern 10 bl ot

hybri di satjijgatibf RORELFE WAAtuddre 1) asnd Atk icleedrdicespelbatt he
honol ogous chronosonmal DNA region. S. erythraea NRRL2338/pPFL50 was used to

i nogul at e FSWB 17esiyoBCeR] Bl AW thaid/iBuallNicATneaPier o @hikxERdEyM
containing 5 ~g/m thiostrepton gave simlar results) and allowed to 15

0o 0 SRS P B Colialy et T InaigtLoes

centrifug supernatant a

t . ext t [ M th I I f eth
acerato any tRetESFULSH (AL SCHAP shaTFR el i on. “Products werc analy

acetate an poration. Products were anal ysed

by 20 HPLC M5, / cy ol.i.de 3--eryt ey i was
identified (acgc%g{%zggg%g%%cﬁ;&oﬁr%dng&#p elﬁee pIrec%léis]m ngcib;gnéost - PKS
enzymnes): %J 044. Al t hough the

pr esent iﬁ@&ﬁ??ggkggé%??E@%%%?ﬁﬁgaggﬁﬁgggi&%8%@%P%£%§§% 858?l§hey shoul d
0P SRR TR b e FERE ] BB RIS B g 1 s
gene asseqbg%dcgggngangighvgfiéf&ég‘p %g% %tase. The ligation

mixture was used to transform electrocompetent E.coli DH10B

cells and individual clones were checked for the desired

plasmid pPFL42. Plasmid pPFL42 was identified by

15 restriction analysis.
Example 7
Construction of S. e ea JC2/pPFL42
Plasmid pPFL42 was used to transform S. erythraea JC2
protoplasts. Thiostrepton resistant colonies were selected
20 in R2T20 medium containing 10 ug/ml of thiostrepton.
Several clones were tested for the presence of pPFL42
integrated into the chromosome by Southern blot
hybridisation of their genomic DNA with DIG-labelled DNA

containing the tyl PKS fragment encoding for the loading



5 heterol ogous Ksqg-containing |oading nodule and its use:¥%P?ﬂﬂﬂgeﬁzooz

pol yket i dsvepoongeust s of utility as synthetic internedi ates BETEBIYIWAEL | ve
materials such as antibiotics. It will readily occur to the person skilled
in the art that a wholly or partly heterol ogous Ksg 10 contai ni ng | oadi ng
smodul e from ot her PKS gene sets could be used to replace the | oadi ng nodul e
of DEBS, or indeed into a quite differ&nt- PKS gene assenbly. It wll also
readily occur to the person skilled in the art that the additional

speci fi ci tpogubsi detl dhonehavipdy @nefihtegeatedi sepyndhapPBM2 5vamde bet ween
met hyl mal onyl - CoA and mal onyl - CoA by an Atq, followed by specific

decar boxy| adéewhi bied iKsdhiiss wayef erabl e to the inperfect discrimnation
bet ween propi onyl - CoA and acetyl-CoA that is a feature of the DEBS | oadi ng
nodul e andEgampien\B ot her PKS | oadi ng nodules, in 20 that it maxi m ses the
production of a single product rather than a mxture differing from each
other in theod@dtiich f el vkledtities Usihg Fheepyohelass eycd/ppraaam xt ures

i ncreases yields and avoids the need for tedious and difficult separation

procedures. — 3f Peseabesy£0Hei¥R 89 Q96A8LPCTI 6B %9%9&%(:2/@?5’1%2 hough

the present invention is illustrated by the exanples |isted above, they

shoutd not r Iyt | t I N i.0Nn. cThe above
desc!-r’i pti oﬁggil?%gt%gg erﬁjf% grla'?heb? ?Fs@g??%p‘?%?%%ﬁg?? u%?ﬁ))rllﬂ ofOfa Type | PKS
ene asse SO N I o) - tainin
?oading nggh¥% an&ﬁkggggggaﬁggggya?é gg§@kg??d%g%%%d%%%§q§I%ﬁ?fﬁf?y as )
Chetic i At : . o niotics. It
Wl readi toEE A el hS pRc R R eATTREE S o PP s a1y

et e o oooHia ik 1 SRR gl BRLANT SRAULE LR O et LR panA et s

e ["oadi' ng nodul e [ ed into a quite

di ff t P ly.. | i | i .to,th
Skil e | iR TERAEE e el arfhafel SRTkYe e KRR T e

fficient 15 .di J.Jm nat i de. bet th I | - CoA and I I
oy an wSEe Rt S B slelc YGuREs EE PAFREHEET S D of or b ¢
t the i t,di Jm ti t i | - d | - CoA t hat
o o feat LFBIoridde Sl PRk ARREHITE SROEST TR Te t B Foadi ng.
nndules,_in golthat iI maxi m ses the ﬁroduc ioqjof a ggqglqﬁpro%yct rather
than a ni x € HP¥ aﬁ*cf(?teq'tlen_dvarsr 5W8¥8ﬂ BPNET TROUHES At T e ot ¢ e ¥Srter unit.
Lo ous. antoe RRETE eI, PERADE botan TSm0 Fals s S00s e Al ve:

1. Atype ol yketi de synt hase whjich coreiprises I in dul e and a
p7.urality§5$w%ﬂq ot H@FeégegtﬁﬁﬁfeiﬁFs%gggqugﬂﬁ%g ﬁ%ﬁ%&% A3 dapt ed
to | oad en, ionalby substituted raalonyl and then to effect

decirboxyl at i ¥Etthan gubRent e XS -provi de a cc~r xespond~. ng
optionally substituted acetyl res~.due for transfer to the fixst of said
ext ensi on nodul es, and 10 wherein at |east said first extension nodule is
not t~hturally associated wth a | oading nodul e that eff~acts
decarboxylatiori: with the proviso that the target pclyketide is not a

14- menber e~d nmarol i de having a 13net hyl gxoup due to incorporat~.on of an

whi ch conp=k¢ces a Eﬂéding nodul e and a plurality of extension nodul es
oadi rgy nodul e is adapted to | oad an ~U optiona~. 7.y
subst it ut edgmaN zand than to eF~~ect decarboxyl at~.on of the |oaded
resi due to prov,is espondi ng optionally substituted acetyl ses~.due

5t extension nedul e, and wherein at |east part of
the first extengion | e i s heterol ogaus

Nl i



~Sr_o said ~.dad~.ng nodule ar at |east a doma~.n ther eo?o. Dﬁf‘et"ﬁberngZ
Decenber 2aPA/@618 he proviso that (a) the synthase is not RGHHGBYI2HA t he

| oadi ng nodu7~e of the tylosin PKS coupled tQ the spixarnycin fKS m nus
i.ts natural |eading nodules and (b) the syr~thase is trot adapted to
direct the synthesis of a 14-z~enbered macrolide having a 13-nethyl group
dine to incorporation of an unsubsti tutsed -acetate starter unit. 3. Atyper
pol ykati de synthase enzynme ax part thereof conprising a | oad~. ng nodul e of
the formr gRampeeapbox) (AT) (ACP) where i ACP) represents an aryl carr3.er
protein (AT) represents an ac~rltransferase domain o~perat~.~re to 7.vad

sel ectivel yoasppietisheofCleeChedthi-28 QR d Jorihst i t uted nal onate units -

onto the ACI.” and 15 (decarbox) .tepxesents a domain operative tv

AGH . the {de-cal BRAI BoPRrdZ MABCHEKD OFe (B St o iRl e Y T
from af £ ohBRP2s, REBLERERSES;  CRRMOTOR T el aRES chIFRESh WSyt hase
he | ondi niehstbrd 58 Red2p nitEuR' GoreriblRE I RAAY B o o whe. tn
navi 0 a of DLGREFEPERRT QHEVRh™ bl GLELGT A9 ot Ao A e Br o8eaTto. 5 S R
Finct 1 onal PEyPRrERRcSPEREERkf nbhlR ) €5 ORASal By SoBkRery pBitbia-. n

hybridisation of their genomic DNA with DIG-labelled DNA

containing the tyl PKS fragment encoding for the loading
module. A clone with an integrated copy of pPFL42 was
10 identified in this way.

Example 10

Production of polvketides using S. erythraea

NRRIL2338/pPFL42

A frozen suspension of strain S. erythraea

15 NRRL2338/pPFL42 was used to inoculate eryP medium
containing 5 ug/ml of thiostrepton and allowed to grow for
seven days at 28-30°C. After this time the broth was
filtered to remove mycelia and the pH adjusted to pH=9.
The supernatant was then extracted three times with an

20 equal volume of ethyl acetate and the solvent was removed
by evaporation. Products were analysed by HPLC/MS and a
macrolide was identified with the following structure,
identical with that of authentic erythromycin A (together

with other products, which were identified as the



6. ,A synthase according to any of claims 1--5 10 wher ei % PRFeEELAAY
nodul e' s mamdb/evgid unctional ity ~. s provided by an acyl tran®C&®GRI¥0204pe
dormai n having an arg.inine xesidue in the active site. '7. A type |

pol yketi de synt hase according to claim15 6 wherein the acyltransferase
domain is a natural extension nodul e aayltran~sferase claim B. A type |

pol ~keti de synthase according tv any-o4f% ela~.ns 1-'7 wherein the acyl
carr~.er pxotein of sa~.d 20 |oading nodule is naturally associated with
the sa~. d torséspah@nsgoaryditdneycihs BAahdp®, | thel ykstuldeoBynt hase
according to any of clainms 1., 2, 3, ~!, 6, 7 or 8 wherein the |oading and
25 decar bvikytanphgté upost+ P& prdgedsing)ov~, ded by a KSc~-Rtq 30 Decenber
2002 8~ pair derived froma KS-AT pa~.r of domains which naturally occur

t oget her ipxampkst®bsi on nodule. 10. A type T pol yketide synthase according
to sny 5 of clainms 3-8 in which the 7.o0ading funa~.~,onaliC.y is provided

by an acyl ¢bReefeEE86n 0OFBHh I i £ HPrg,3Bet er ol ogous to the KSc~ domain. 11.
A type T pod.yke"~~.de synthase according to any 10 of clainms 6-14 wherein

aid acy7.txari hE | o oA I i i . |. 12. A
fy:oe I );;ol y)liet : g%\gé@%tahggg@ggaioid? g %}?%#?%%doggg%gggm%é%%%%g%n sai d
At~ 0.1 Ss j {si d i . 13.
ATybe | ool E B St SPRAAIG heeBTNHRD M R L a
acyl t xansf [ 0l idde .ory Laading. w gl onyl . 20 14. ~
ty)p/)e ;( p§|§ﬁ€€ﬁ?§%§?ﬁ%§p‘gﬂ%¢g§i r?gldt 5ggng9ﬂg%wc{:g¥ﬁn%#%¢l-% V\%er ein said
acyltransf@ﬁfégsggpgﬁg.'fhe loading module comprises the KSq domain

DNA from the loading module of the oleandomycin PKS fused
to the malonyl-CoA-specific AT of module 2 of the rapamycin

10 PKS, in turn linked to the DEBS loading domain ACP. Plasmid
pPFL35 was constructed via several intermediate plasmids as
follows:

A 411 bp DNA segment of the eryAI gene from
S.erythraea extending from nucleotide 1279 to nucleotide

15 1690 (Donadio, S. et al., Science (1991) 2523:675-679) was
amplified by PCR using the following synthetic
oligonucleotide primers:-
5'-TGGACCGCCGCCAATTGCCTAGGCGGGCCGAACCCGGCT-3" and
5" -CCTGCAGGCCATCGCGACGACCGCGACCGGTTCGCC~3?

20 The DNA from a plasmid designated pKSW, derived from
pT7-7 and DEBS1-TE in which new Pst I and HindIII sites had
been introduced to flank the KS1 of the first exteﬁsion
module, was used as a template. The 441 bp PCR product was

treated with T4 polynucleotide kinase and ligated to



spacxfic for loading wth hydraxynet hyl mal onyl . 30 Decer®Pecepy 288215 A
type | pog/éflob@e Ssynthase according to any of clains 6-1@cHiss®jotossa~. d
acyJ. t xansferase domai n corresponds to the acyltransferase of nodul e 4 of

t he FK506 pol yketide synthase. 5 16. A syntha9e according to any c~f C ains
-.~~.5 wherein the | oadi ng nodul e i ncludes an acyl carrier pro~Cein . 10
17. A synthase according to any of c~. g~ins x-4, 6 ox 7 wherein at |east

t he KS~ donmain of said ~.oading nodul € corresponds to the KSg domain of the

| oadi ng K t h&nz 0j ﬁﬂg? i D ‘ ~ N,

ni ddanyc?ﬁéjﬂrr%%%ré/%’elnﬁ ?’;t/’lqggll hggxxgngrﬁe%\ls%%f 1 yﬁg&lg%%{e g potlpyketi de
synt hase a r di t . L claj r el | c~l.yketi de synt haae -
i s adapt edglﬁo fsjyn eéslllegrg%ar%ggl%?gg??ﬁegggﬁwgﬂ%%‘%yﬁ?-%%d

~. 6- me~nbey ed_ macxal i Wi t h et,ate 20 starter units (b 2,14 and

16- menber ~ Jdgan%JtorréII?l eglsrv?h.w e %%8& %?1agﬁa%%g?%reluen?'{%océoélp 6g/ta tant s of
rifamycin, _ave i rapanyci,n, i,omunonycin and FK506 w t.h acetate
starter unlf:tgo%ﬁ”eé'gi@%ct?ggg%g %ngﬁ’@‘r‘%n?f%nes éf?rﬁeccg?ﬁ)céfecg 84 (d) a
pol yketi de Wherein the startex unif _gave 7rise 1o a si,dechajn selected

P e a1ty T8 ety PPES26R Tondan MHS il dif Sikamse wher ei n
the CLF S d4mairj had been genetically engineered to supp,teas the

deca? boxy| RR¥ERF T i §he rseTdapgeceel aserl nto e A@@}/ﬁ@pﬂl%lﬁl’kéﬂ%e

synt hase according to c7.a,i.m10 wherein the active site glutamrie or

gl ut amat e BOLB¥inkRr QL-PUGdRai R1RaBiBcRIFIMA Ha idendiidfdiatt V1. Nucleic

acid encoding the PKS nultienzyrne of
restriction pattern and sequence analysis.

An Mfe I restriction site is located 112 bp from the
5' end of the DNA encoding the propionyl-CoA:ACP

10 transferase of the loading module of DEBS. Plasmid pKSW was
digested with Mfe I and Pst I and ligated with the 411 bp
insert obtained by digesting plasmid pPFL26 with Mfe I and
Pst 1. The ligation mixture was used to transform
electrocompetent E.coli DH10B cells and individual clones

15 were checked for the desired plasmid, pPFL27. Plasmid
pPPFL27 contains a PKS gene comprising the DEBS loading
module, the first and second extension modules of DEBS and
the DEBS chain terminating thioesterase. Plasmid pPFL27 was
identified by its restriction pattern.

20 Plasmid pPFL27 was digested with Nde I and Avr II and
ligated to a 4.6kbp insert derived from digesting plasmid
pMO6 (PCT/GB97/01819) with Nde I and Avr II. Plasmid pMO6
contains a PKS gene comprising the DEBS loading module, the

first and second extension modules of DEBS and the DEBS



any preceding GaS' um 1S 2z. A vector containing nucl ei 03%9F%e'3%er&89?ned
in clai mxWom®06IR transfornmant organi smwhi ch has been traRET/EBMRE0#4,
conta3,n nuc7.ea.c acid according to cl2~i,m20 Z 1. 2~. A process fox
produci ng a pol yketide which conprises culturing an organi smaacorrling to
el aim 23 and optionally recovering the pvlyketide. 25 30 Decenber 2002 85
25. A process according to claim 24 fvaoproducing a type T pol yketxde with
a desired starter unit with reduced | eve~.$ of by-products differing in the
nat ure of tdlmist &etrevinghiing BhPGes e mrsesesskcapdortdialy tthe dNA meddefibx
produci ng ~, variant type ~ polyketide which differs fromthe parent

pol yke' ~i deeratodiags tthienmehby haa Lorea tie-tdpecdtfarct &T wiitthinl @h27 fiAspo~. xket i de
produced according to the process o cla~.rn 26. 28. A nethod of producing a
synt haae avethahisignt modhdenhdsibasml iwhatg fiaaddivngungt iditteddbyeehed

mut agenesi s 15 0 nucl eic acid encoding a KS domain of an extena~.on nodu7.e
so t hat ~.tDNneodesiighuthai matonat etspeeidficc Bgt @fhenddulieche adtt itie site: and
expressing a protein conprising said ketosynthase-type domain a.n a | oadi ng

nmodul e. 20 24> PKSpr Ghesdifatiqm epatimg avasypsdd ool twkeis fdemeo~t pri si ng
cu7.tuxing an organi smcontaining a type xl polyketide synthaae ("PICS")

wher & n t heeMidtdtobpfpesynt hBseconcIDHiOB a2<Tip derpiihaiichateedsnés ef f ect
decar bvxyl ation to preduce an.undesired starter; wherein 25 said axgani sm

contains awe Wheelkeasobethe g@sielicehlpasmid) Preemser pA@R4Ai86 er ~gi neexed
to supp=ess the dec~rboxylatirig activity of
pPFL28 contains a hybrid PKS gene comprising the DEBS
loading module, the malonate-specific AT of module 2 of the
rap PKS, the ACP of the DEBS loading module, followed by
10 the first and second extension modules of DEBS and the DEBS
chain terminating thioesterase. Plasmid pPFL28 was
identified by restriction analysis.
A DNA segment encoding the KSq domain from the oleAl
gene of S. antibioticus extending from nucleotide 1671 to
15 nucleotide 3385 was amplified by PCR using the following
synthetic oligonucleotide primers:-
5'-CCACATATGCATGTCCCCGGCGAGGAR-3' and
5' -CCCTGTCCGGAGAAGAGGAAGGCGAGGCCG-3"'
and chromosomal DNA from Streptomyces antibioticus as a
20 template. The PCR product was treated with T4
polynucleotide kinase and ligated to plasmid pUC18, which
had been linearised by digestion with Sma I and then
treated with alkaline phosphatase. The ligation mixture was

used to transform electrocompetent E. coli DH10B cells and
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A frozen suspension of strain S. erythraea JC2 /

G

pPFL35 was used to inoculate eryP medium containing 5 ug/ml

10 of thiostrepton and allowed to grow for seven days at 28-
30°C. After this time the broth was filtered to remove
mycelia and the pH adjusted to pH=3. The broth was
extracted twice with two volumes of ethyl acetate and the
combined extracts were washed with an equal volume of

15 saturated sodium chloride, dried over anhydrous sodium
sulphate, and the ethyl acetate was removed under reduced
pressure, to give crude product. The product was shown to
have the following structure, and was found by MS, GC-MS

and H NMR to be identical to authentic material:
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& () 10 /& () J@ﬁm@olf %JZ%A‘(&%HS + required for 13-methyl-erythromycin

A (C;3¢HgsNO,3) . A second peak was observed with a retention
time of 6.4 min and with m/z value of 704 (M+H)', required
for 13-methyl-erythromycin B (C,¢HgNO,,) .

Example 16

10 Construction of Recombinant Vector pPFL44

Plasmid pPFL44 is a pCJR24- based plasmid containing
the gene encoding a hybrid polyketide synthase that
contains the spiramycin PKS loading module, the
erythromycin extension modules 1 and 2 and the chain-

15 terminating thioesterase. Plasmid pPFL44 was constructed

as follows:

The following synthetic oligonucleotides:
5'-CCATATGTCTGGAGAACTCGCGATTTCCCGCAGT-3*' and

20 5'"-GGCTAGCGGGTCGTCGTCGTCCCGGCTG-3"
were used to amplify the DNA encoding the spiramycin-
producing loading module using chromosomal DNA from the
spiramycin producer S. ambofaciens prepared according to

the method described by Hopwood et al. {1985). The PCR
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ligated to pND30 ( a plasmid derived from plasmid pCJR24

having as insert the ave PKS loading module and extension
modules 1 and 2 or DEBS and the DEBS thioesterase)
(PCTGB97/01810) previously digested with Nde I and Nhe I

15 and treated with alkaline phosphatase. The ligation
nixture was used to transform electrocompetent E.coli DH10B
cells and individual clones checked for the desired plasmid
pPFL44. Plasmid pPFL44 was identified by restriction
analysis.

20 Example 17
Construction of S. e ea JC2/pPFLA44

Plasmid pPFL44 was used to transform S.erythraea JC2

protoplasts. Thiostrepton resistant colonies were selected

in R2T20 medium containing 10 ug/ml of thiostrepton.
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thiostrepton and allowed to grow for seven days at 28-30°C.
After this time the broth was filtered to remove mycelia
and the pH adjusted to pH=3. The broth was extracted twice
with two volumes of ethyl acetate and the combined extracts
15 were washed with an equal volume of saturated sodium
chloride, dried over anhydrous sodium sulphate, and the
ethyl acetate was removed under reduced pressure, to give
crude product. .The product was shown to have the structure

shown below and by GC-MS and 'H NMR analysis was identical

20 to authentic material:
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Example 19

Construction of S. erythraea NRRL2338/pPFL44

Plasmid pPFL44 was used to transform S.erythraea
5 NRRL2338 protoplasts. Thiostrepton resistant colonies were
selected in R2T20 medium containing 10 ug/ml of
thiostrepton. Several clones were tested for the presence
of pPFL44 integrated into the chromosome by Southern blot
hybridisation of their genomic DNA with DIG-labelled DNA
10 containing the spiramycin PKS fragment encoding for the
loading module. A clone with an integrated copy of pPFL44

was identified in this way.
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{pPFL44), constructed with the wild-type loading domain

5 displaced by spiramycin loader-D1TE DNA insert, was
inoculated into 30ml Tap Water medium with 50 ug/ml
thiostrepton in a 300ml Erlenmeyer flask. After three days
incubation at 29°C, this flask was used to inoculate 300 ml
of ERY-P medium in a 300 ml flask. The broth was incubated

10 at 29°C at 200 rpm for 6 days. After this time, the whole
broth was adjusted to pH 8.5 with NaCOH, then extracted with
equal volume of ethyl acetate. The ethyl acetate extract
was evaporated to dryness at 45°C under a nitrogen stream
using Zymark TurboVap LV Evaporator, then reconstituted in

15 0.0625 volumes methanol to concentrate the extract 16-fold.
The structures of the products were confirmed by LC/MS,
Method A. A 4.0 min retention time peak was observed as the
major component, with m/z value of 720. (M+H)', required for
13-methyl—-erythromycin A (C,H¢NO;;) . A second peak was

20 observed with a retention time of 6.4 min and with m/z
value of 704 (M+H)', required for 13-methyl-erythromycin B

(C36HgsNO12) ©
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Plasmid pJLK114 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 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 linker
containing the recognition sites of the following
restriction enzymes: AvrII, BgllIl, SnaBIl, PstI, Spel, NsiI,
Bsu36I and Hpal. It was constructed via several

intermediate plasmids as follows (Figure 6).

Construction of plasmid pJLK02

The approximately 1.47 kbp DNA fragment of the eryAlI gene
of S. erythraea was émplified by PCR using as primers the
synthetic oligonucleotides:

5 ' “-TACCTAGGCCGGGCCGGACTGGTOGACCTGCCGGGTT-3"' and

51 - ATGTTAACCGGTCGCGCAGGCTCTCCGTCT-3' and plasmid pNTEP2
(Oliynyk, M. et al., Chemistry and Biology (1996) 3:833-
839; W098/01546) as template. The PCR éroduct was treated
with T4 polynucleotide kinase and then ligated with plasmid

pUC18, which had been linearised by digestion with Smal and
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O- by its restriction pattern and DNA sequencing.
Construction of plasmid pJLKO3

The approximately 1.12 kbp DNA fragment of the eryAI gene
of S. erythraea was amplified by PCR using as primers the
10 synthetic oligonucleotides:
5' - ATGTTAACGGGTCTGCCGCGTGCCGAGCGGAC-3' and
5' -CTTCTAGACTATGAATTCCCTCCGCCCAGC-3' and plasmid pNTEPH as
template. The PCR product was treated with T4
polynucleotide kinase and then ligated with plasmid pUC18,
15 which had been linearised by digestion with SmalI 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 pJLKO3 was identified by its

20 restriction pattern and DNA sequencing.
Construction of plasmid pJLK04
Plasmid pJLK02 was digested with PstI and Hpal and the 1.47

25 kbp insert was ligated with plasmid pJLK03 which had been

digested with PstI and Hpal. The ligation mixture was used
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5 Construction of plasmid pJLKO05

Plasmid pJLKO1 (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
10 mixture was used to transform electrocompetent E. coli
DH10B cells and individual colonies were checked for their
plasmid content. The desired plasmid pJLKO5 was identified

by its restriction pattern.
15 Construction of plasmid pJLKO7

Plasmid pJLKO5 was digested with Scal and Xbal and plasmid
PNTEPH was digested with NdeI and Scal and these two
fragments were ligated with plasmid pCJR24 which had been

20 digested with NdeI and Xbal. The ligation mixture 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.

25

Construction of plasmid pJLK114
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K710 The desired plasmid pJLK114 was identified by its

restriction pattern.

10
Plasmid pJLK117 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 chain-
terminating thioesterase except that the DNA segment

15 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 récognition sites of the following
restriction enzymes. AvrII, BglII, SnaBI, PstI, Spel, Nsil,

20 Bsu36I and Nhel.

It was constructed via several intermediate plasmids as

follows (Figure 6).

25 Construction of plasmid pJLK115
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5 plasmid content. The desired plasmid pJLK11l5 was identified

by its restriction patterxn.
Construction of plasmid pJLK116

10 Plasmid pJLK13 (PCT/GB97/01819) was digested with Bsu36l
and Xbal and the 1.1 kbp fragment was ligated with plasmid
pJLK11i5 which had been digested with Bsu36I and Xbal. The
ligation mixture was used to transform electrocompetent E.
coli DH10B cells and individual colonies were checked for

15 their plasmid content. The desired plasmid pJLK116 was

identified by its restriction pattern.
Construction of plasmid pJLK117

20 Plasmid pJLK116 was digested with NdeI 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 their plasmid content.

25 The desired plasmid pJLK117 was identified by its

restriction pattern.
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Example 11

Construction of plasmid pJLK29

Plasmid pJLK29 is a pJLK117 based plasmid except that the
5 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.

(Figure 5)

10 Construction of plasmid pJLK121.1

The approximately 2.2 kbp DNA segment of the rapB gene of
S. hygroscopicus encoding the reductive loop of module 10
was amplified by PCR using as primers the synthetic

15 oligonucleotides:

5! -TAAGATCTTCCGACGTACGCGTTCCAGC-3' and

5' -ATGCTAGCCACTGCGCCGACGAATCACCGGTGG-3' and as template an
approximately 7 kbp fragment, which has been obtained by
digestion of cosmid cos 26 (Schwecke, T. et al. (1995)

20 Proc. Natl. Acad. Sci. USA 92:7839-7843) with Scal and
SphI. The PCR product was treated with T4 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

25 transform electrocompetent E. coli DH10B cells and

individual colonies were checked for their plasmid content.
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The desired plasmid pJLK121.1 was identified by its

restriction pattern and DNA sequencing.
Construction of plasmid pJLK29

5 Plasmid pJLK121.1 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 ceils and
individual colonies were checked for their plasmid content.

10 The desired plasmid pJLK29 was identified by its

restriction pattern.

Example 24

15 Construction of Plasmid pJLKS50

The approximately 6.1 kbp DNA segment of the erythromycin

PKS gene cluster of S. erythraea encoding the DNA fragment

from the beginning of the ACP of module 2 to the beginning
20 of the ACP of module 3 was amplified by PCR using as

primers the synthetic oligonucleotides:

5' -TACCTGAGGGACCGGCTAGOGGGTCTGCCGOGTG-3"' and

5' -ATGCTAGCCGTTGTGCCGGCTCGCCGGTCGGTCC-3"' and plasmid pBAM25

(published pBK25 by Best, D J et al. EBur J Biochem (1992)
25 204: 39-49) as template. The PCR product was treated with

T4 polynucleotide kinase and then ligated with plasmid
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puUC18, 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 pJLK50 was identified

5 by its restriction pattern and DNA sequencing.

Example 25

Construction of S.erythraea strain JLK10

10 Strain JLK10 is a variant of strain NRRL2338 in which the
reductive loop of ery module 2 (i.e. the KR domain) is
replaced by the reductive loop of the rapamycin module 10.
It was constructed using plasmid pJLK54 which was

constructed as follows.

15
Construction of plasmid pJLKS4
Plasmid pJLK54 is a pJLK29 based plasmid containing a PKS
gene comprising the ery loading module, the first, the

20 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 has
been substituted by the equivalent segment of module 10 of

25 the rapamycin PKS.
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It was constructed as follows.

Plasmid pJLK50 was digested with Nhel and the 6.1 kbp
insert was ligated with plasmid pJLK29 which had been
digested with NheI. The ligation mixture was used to

5 transform electrocompetent E. coli DH10B cells and
individual colonies were checked for their plasmid content.
The desired plasmid pJLK54 was identified by its

restriction pattern.

10 Use of plasmid pJLKS54 for construction of S. erythraea

NRRL2338/pJLK54 and the production of TKL derivatives

Approximately 5 pg plasmid pJLKS54 were used to transform
protoplasts of S. erythraea NRRL2338 and stable

15 thiostrepton resistant colonies were isolated. From several
colonies total DNA is obtained and analysed by Southern
blot hybridisation, to confirm that the plasmid has

integrated into the TE.

20 Construction of S.erythraea strain JLK10 and its use in
production of 13-methyl-10,11-dehydro-erythromycin A
S. erythraea strain JLK10 is a mutant of S. erythraea
NRRL2338 in which the 'reductive loop' of ery module 2 i.e.

the ketoreductase domain is substituted by the 'reductive
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loop' of rapamycin module 10. It was constructed starting
from S. erythraea NRRL2338 into which plasmid pJLK54 had
been integrated. S. erythraea NRRL2338/pJLK54 was subjected
to several rounds of non-selective growth which resulted in
second crossover concomitant with the loss of the
integrated plasmid. Clones in which replacement of the
erythromycin gene coding for DEBS1 with the mutant version
had occurred, were identified by Southern blot
hybridisation. One of these was named S. erythraea strain
JLK10 and was used to inoculate SM3 medium (eryP medium
gave similar results), and allowed to grow for seven to ten
days at 28-30°C. After this time the broth was centrifuged
and the pH of the supernatant adjusted to pH 9. The
supernatant was then extracted three times with an equal
volume of ethyl acetate and the solvent was removed by
evaporation. Products were analysed by HPLC/MS, MS/MS and
1H-NMR. The following macrolide C-13 methyl erythromycin A
was identified (accompanied by products of incomplete

processing by post-PKS enzymes).
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Example 26
Construction of plasmid pPFL50
Plasmid pPFL50 is a pPFL43-based plasmid from which a DNA
fragment encoding KR1 (in part), ACPl and module 2 of the
erythromycin PKS and the erythromycin TE, has been removed.
5 It was constructed as follows. Plasmid pPFL43 was digested
with Sful and Xbal to remove a 6.5 kb fragment. The 5'
overhangs were filled in with Klenow fragment DNA
Polymerase I and the plasmid was recircularised. The
ligation mixture was used to transform electrocompetent E.
10 coli DH10B cells and individual colonies were checked for

their plasmid content. The desired plasmid pPFL50 was

identified by its restriction pattern.

Construction of S. erythraea JLK10/pPFL50

15 Approximately 5 pug plasmid pPFL50 were used to transform
protoplasts of S. erythraea strain JLK10 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 had

20 integrated into the homologous chromosomal DNA region. S.
erythraea strain JLK10/pPFL50 was used to inoculate SM3

medium containing 5 pg/ml thiostrepton {(eryP medium
containing 5 pg/ml thiostrepton gave similar results)and

allowed to grow for seven to ten days at 28-300C. After
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this time the broth was centrifuged and the pH of the
supernatant adjusted to pH 9. The supernatant was then
extracted three times with an equal volume of ethyl acetate
and the solvent was removed by evaporation. Products were
analysed by HPLC/MS, MS/MS and 1H-NMR. The macrolide C-13

5 methyl 10,11-dehydro-erythromycin A was identified
(accompanied by products of incomplete processing by post-

PKS enzymes)

Construction of S. erythraea NRRL2338/pPFL50

10 Approximately 5 ug plasmid pPFL50 were used to transform
protoplasts of S. erythraea NRRL2338 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 had

15 integrated into the homologous region of the chromosomal
DNA. S. erythraea NRRL2338/pPFL50 was used to inoculate SM3

medium containing 5 pg/ml thiostrepton (eryP medium
containing 5 pg/ml thiost&epton'gives similar results) and

allowed to grow for seven to ten-days at 28-300C. After

20 this time the broth was centrifuged and the pH of the
supernatant adjusted to pH 9.5. The supernatant was then
extracted three times with an egual volume of ethyl acetate
and the solvent was removed by evaporation. Products were

analysed by HPLC/MS, MS/MS and 1H-NMR. The macrolide C-13
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methyl erythromycin A was identified (accompanied by

products of incomplete processing by post-PKS enzymes).

Construction of plasmid pCB121

Plasmid pCB121 is a plasmid containing the monensin loading
5 module and KS of monensin module 1 followed by the

erythromycin module 1 AT and part of the erythromycin

modulel KR. It was constructed via several intermediate

plasmids as follows.

i0 Construction of plasmid pPFL45
The approximately 1.8 kbp DNA segment of the monensin PKS
gene cluster of Streptomyces cinnamonensis encoding part of
the ACP of the loading module and KS of module 1 was
amplified by PCR using as primers the synthetic

15 oligonucleotides:
5'-CGTTCCTGAGGTCGCTGGCCCAGGCGTA-3"
5'-CGAAGCTTGACACCGCGGCGCGGCGCGG—5"
and a cosmid containing the 5' end of the monensin PKS
genes from S. cinnamonensis or alternatively chromosomal

20 DNA of S. cinnamonensis 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 then treated with alkaline phosphatase. The

ligation mixture was used to transform electrocompetent E.
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coli DH10B cells and individual colonies were checked for
their plasmid content. The desired plasmid pPFL45 was

identified by its restriction pattern.

Construction of plasmid pPFL47
Plasmid pPFLAS was digested with Ndel and Bsu36! and the approximately 2.6 kbp

fragment was ligated into plasmid pPFLA43 which had been digested with Ndel and
Bsu361. The ligation mixture was used to transform electrocompetent E. coli DH10B
cells and individual colonics were checked for their plasmid content. The desired

plasmid pPFL47 was identified by its restriction pattern.

Construction of plasmid pCB135

Plasmid pCJR24 was digested with HindIII, the 5' overhang
was filled in with Klenow fragment DNA Polymerase I and
religated. The ligation mixture was used to transform
electrocompetent E. coli DH10B cells and individual
colonies were checked for their plasmid content. The
desired plasmid pCB135 was identified by its restriction

pattern, lacking the recognition site for HindIII.
Construction of plasmid pKSW1

Plasmid pKS1W is a pNTEP2 (GB97/01810)-derived vector
containing a DEBS1TE-derived triketide synthase with the
unique restriction sites introduced at the limits of KS1.
Plasmid pKS1W is obtained via several intermediate plasmids
as follows.

Construction of plasmids pMO09, pMO10 and pMO13

For the PCR amplification for plasmid pMO09, the following
synthetic oligonucleotides were used as mutagenic primers,

one containing a Munl site and the other a PstI site:

SUBSTITUTE SHEET (RULE 26)
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5' -GCGCGCCAATTGCGTGCACATCTCGAT- 3'

and 5' -CCTGCAGGCCATCGCGACGACCGCGACCGGTTCGCCG— 3!

For the PCR amplification for plasmid pMO10, the following
synthetic oligonucleotides were used as mutagenic primers,
one containing a HindIII site and the other an EcoRV site:
5' -GTCTCAAGCTTCGGCATCAGCGGCACCAA- 3!

and 5' -CGTGCGATATCCCTGCTCGGCGAGCGCA-3'

For the PCR amplification for plasmid pMO13, the following
synthetic oligonucleotides were used as mutagenic primers,

one containing a Pstl site and the other a HindIII site:

5' -GATGGCCTGCAGGCTGCCCGGCGGTGTGAGCA~ 3'

and 5' -GCCGAAGCTTGAGACCCCCGCCCGGCGCGGTCGC- 3°

PCR was carried out on pNTEP2 (GB97/01810) as template
using Pwo DNA polymerase and one cycle of: 96°C (1min);
annealing at 50°C (3min); and extension at 72°C (lmin), and
25 cycles of: 96°C (Imin); annealing at 50°C (1lmin); and
extension at 72°C (1lmin) in the presence of 10% (vol/vol)
dimethylsulphoxide. The products were end-repaired and
cloned into pUC18 digested with Smal and the ligation
mixture was transformed into E. coli DH 10B. Plasmid DNA

was prepared from individual colonies. The desired plasmids
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Construction of plasmid pMO1ll
5 Plasmid pMO13 was digested with HindIII, and the 1.2 kbp

insert was cloned into pMO10 which had been digested with
HindIII. The ligation mixture was transformed into E. coli
DH 10B. The desired plasmid (5.0 kbp) was identified by
its restriction pattern and designated pMO1ll.

10
Construction of plasmid pMO12
Plasmid pMO09 was digested with PstI, and the 1.6 kbp
insert was cloned into pMO1l which had been digested with
PstI. The ligation mixture was transformed into E. coli DH

15 10B. The desired plasmid (6.6 kbp) was identified by its

restriction pattern and designated pMOl12.

Construction of pKS1W

Plasmid pMOl2 was digested with MunI and EcoRV, and the 3.9
20 kbp fragment was cloned into pNTEPH (see below) which had

been digested with MunI and EcoRV. The ligation mixture

was transformed into E. coli DH 10B. The desired plasmid

(13. kbp) was identified by its restriction pattern and

designated pKS1W.



#!
#!

#1°
#1171

#!

#!

#!
#!
#!

#!
#!

1098 () -

109& (

" 109%& () -
#11

* 109& (

1098 () -
#°
#°
* 10%& ()
#1 |

109& ()
109& () -

" 1098 (

" 109% ()
#°
#°

109%& () -

109& ()

“109%: () -
1098 ()
1098 () -
#°

1689%& ()

10

15

20

109%& ()-)2\ ! 10%& ()-! 10% ()-!" 10%& () - gnpqr sUUX6WS
Y- 10%& ()-)?\ " 10% ()-! 10% ()-! 10% () - uf} pSIW5
(110% ()-)?\ 1 10% ()-1° 10% ()-!" 10%& ()- uX6w5
)- 100& ()-)?\ " 10% ()-!" 109& ¢)-!" 10% () - pSIW5
(C100& ()-)?\ ! 109%& ()-! 10% ()-!  10%& ()- pSIW5
Consbogetion 29F IPRTREH () -1 10%&' ()- ! 10%' () - pSIw\5
(109 ()-)2\ ! 10%& ()-1" 10% ()-!" 10% ()- pSIW5
PLaAYE PNTEPH wad 09t (indd FOUE ENTEPPOUE (HemoXEwd the
)- 109& ()-)?\ " 10% ()-! 10%& ()-! 10% ()- pPSIW5
HENADYR' ] td 2\ pNTHEPEIAS) -d1 gEOYRA( il hl GRBIATI-TD StNS 5
(> 109%& ()-)?\ ! 109%& ()-! 10%& ()-! 10%& ()-9% ,-.1pSLu\5
ofvetRdRY (Va3 ?Ei11ddD %R With Kl¥Rol) Frabutkkt( DNA/ $51BRpHIvd/5
(100& ()-)?\ 1 10%& ()-! 10% ()-! 109& () - EJLORSVPSIWS
I( ah@%e{jgafed!  1TH& desilreDPRabiild HQABR' o kb)) ] kadgpS1IW5S
(T109%& ()-)?\ 1 10% ()-! 10% ()-! 10% ()- gnot uvypS1ws
iden OV éd-DY\its restriction pattern.

Construction of plasmid pCB136

Plasmid pKSW1l was digested with Ndel and Xbal and the
approximately 11.2 kbp fragment was ligated with plasmid
pCB135 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 for
their plasmid content. The desired plasmid pCB136 was

identified by its restriction pattern.

Construction of plasmid pCB137

Plasmid pCB136 was digested with Sful and Xbal to remove a
6.5 kb fragment,. the 5' overhangs were filled in with
Klenow Fragment DNA Polymerase I and religated. The
ligation mixture was used to transform electrocompetent E.
coli DH10B cells and individual colonies were checked for
their plasmid content. The desired plasmid pCB137 was

identified by its restriction pattern.
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Example
10 Construction of S.erythraea JLK10/pCB121

Approximately 5 pg plasmid pCB121 were used to transform
protoplasts of S. erythraea JLK10 and stable thiostrepton
resistant colonies were isolated. From several colonies
total DNA was obtained and analysed by Southern blot

15 hybridisation, to confirm that the plasmid had integrated
into the homologous chromosomal DNA region. S. erythraea
strain JLK10/pCB121 was used to inoculate SM3 medium

containing 5 pg/ml thiostrepton (eryP medium containing 5
pg/ml thiostrepton gave similar results) and allowed to

20 grow for seven to ten days at 28-300C. After this time the
broth was centrifuged and the pH of the supernatant
adjusted to pH 9. The supernatant was then extracted three
times with an equal volume of ethyl acetate and the solvent

was removed by evaporation. Products were analysed by
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109%&&' () -containing 5 pg/ml thiostrepton (eryP medium containing 5

pg/ml thiostrepton gave similar results) and allowed to

15 grow for seven to ten days at 28-300C. After this time the
broth was centrifuged and the pH of the supernatant
adjusted to pH=9.. The supernatant was then extracted three
times with an equal volume of ethyl acetate and the solvent
was removed by evaporation. Products were analysed by

20 HPLC/MS, MS/MS and 1H-NMR. The macrolide Cl3-erythromycin A
was identified (accompanied by products of incomplete

processing by post-PKS enzymes):
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than a mixture differing from each other in the nature of

the starter unit. The avoidance of such mixtures increases

yields and avoids the need for tedious and difficult

Separation procedures.
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illustrate for the first time the construction of a Type 1
PKS gene assembly containing a wholly or partly
5 heterologous KSq-containing loading module and its use to
obtain polyketide products of utility as synthetic
intermediates or as bioactive materials such as
antibiotics. It will readily occur to the person skilled
in the art that a wholly or partly heterologous KSq-
10 containing loading module from other PKS gene sets could
be used to replace the loading module of DEBS, or indeed
into a quite different PKS gene assembly. It will also
readily occur to the person skilled in the art that that
the additional specificity provided by the more‘efficient
15 discrimination made between methylmalonyl-CoA and malonyl-
CoA by an ATq, followed by specific decarboxylation by a
KSq, is preferable to the imperfect discrimination between
propionyl-CoA and acetyl-CoA that is a feature of the DEBS
loading module and of many other PKS loading modules, in
20 that it maximises the production of a single product rather
than a mixture differing from each other in the nature of
the starter unit. The avoidance of such mixtures increases

yields and avoids the need for tedious and difficult

separation procedures.
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1, A type I polyketide synthase which comprises a
loading module and a plurality of extension modules,

5 wherein said loading module is adapted to load an
optionally substituted malonyl and then to effect
decarboxylation of the loaded residue to provide a
corresponding optionally substituted acetyl residue for
transfer to the first of said extension modules, and

10 wherein at least said first extension module is not
naturally associated with a loading module that effects
decarboxylation; with the proviso that the target
polyketide is not a l4-membered macrolide having a 13-
methyl group due to incorporation of an (unsubstituted)

15 acetate starter unit.

2. A type I polyketide synthase which comprises a
loading module and a plurality of extension modules,
wherein said loading module is adapted to lead an

20 optionally substituted malonyl and then to effect
decarboxXylation of the loaded residue to provide a
corresponding optionally substituted acetyl residue for
transfer te the first extension module, and wherein at
least part of the first extension module is heterologous

o1 to said loading module or at least a domain thereof; with
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the synthase is not adapted to direct the synthesis of a
5 14-membered macrolide having a 13-methyl group due to

incorporation of an unsubstituted acetate starter unit.

3. A type I polyketide synthase enzyme or part
thereof comprising a loading module of the formi
10 (decarbox) (AT) (ACP)
where (ACP) represents an acyl carrier protein
(AT) represents an acyltransferase domain operative
to load selectively a substrate selected from optionally
substituted malonate units onto the ACP, and
15 (decarbox) represents a domain operative to
decarboxylate an optionally substituted malonate
substrate carried by the ACP, the (decarbox) being
selected from KSy and CLF-type domains}
wherein the loading module includes domains oy
20 portions thereof derived from different sources and/or

comprises engineered domains.

4. A synthase according to claim 1, 2 or 3 wherein
the decarboxylating functionality of the loading module

25 is provided by a ketosynthase-type domain which differs
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11. A type I polyketide synthase according to any

10 of claims 6-10 wherein sajd acyltransferase domain is

specific for loading with malonyl.

12. A type I polyketide synthase according to any
of claims 6-10 wherein saild acyltransferase domain is

15 specific for loading with methylmalonyl.

13. A type I polyketide synthase according to any
of claims 6«10 wherein said acyltransferase domain is
specific for loading with ethylmalonyl.

20

14. A type I polykatide synthase according to any

of claims 6-10 wherein said acyltransferase domain is

specific for loading with hydroxymethylmalonyl.
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15. A type I poelyketide synthase according to any
of claims 6-10 wherein sald acyltransferase domain
corresponds to the acyltransferase of module 4 of the

FK506 polyketide synthase.

16. A synthase according to any of claims 1-~15
wherein the loading module includes an acyl carrier

protein.

10 17. A synthase according to any of claims 1l-4, 6 or
7 wherein at least the KSq domain of said loading module
corresponds to the KSq domain of the loading module of
the PKS multienzyme of oleandomyein, spiramycin,
niddamycin, methymycin, tylosin or monensin.

15
18. A type I polyketide synthase according to any

preceding claim wherein saild polyketide synthase is
adapted to synthesise a polyketide selected from

(a) 12~ and l6é-membered macrolides with acetate

20 starter units

(b) 12, 14 and l6-membered macrolides with
propionate starter units

(c) variants of rifamycin, avermectin, rapamycin,
immunomycin and FK506 with acetate starter units or

25 propionate starter units
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21. Nucleic acid encoding the PKS multienzyme of

any preceding claim.

15 22. A vector containing nucleic acid as defined in

claim 21.

23, A transformant organism which has been

tranaformed to contain nucleic acid according to claim

20 21.

24. A process for producing a polyketide which
comprises culturing an organism according to claim 23 and
optionally recovering the peolyketide.

25
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reduced levels of by-products differing in the nature of

the starter unit.

5
26. A process according to claim 24 foxr producing a
variant type I polyketide which differs from the parent
polyketide at least in the nature of the starter unit.
10 27. A polyketide produced according to the process

of claim 26.

28. A method of producing a synthase according to
¢laim 4 including carrying out site-directed mutagenesis
15 of nucleic acid encoding a KS domain of an extension
module so that it encodes glutamine in place of cysteine
in the active site; and expressing a proteiln comprising

said ketosynthase-type domain in a lecading module.

20 29, A process for preparing a type II polyketide
comprising culturing an organism contailning a type II
polyketide synthase (“PKS”) wherein the wild type
synthase includes a CLF domain which tends to effect
decarboxylation to praduce an undesired starter; wherein

25 said organism contains a PKS which has been genetically
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engineered to suppress the decarboxylating activity of

sald CLF domain,



