;. 101234e3eLXLHH dNZVP@X6v XTX9QAND 00/ 0061 8 Pol yketi des 3Bg{their ﬁﬁg%hesis
30 Decenber 2002 PCTI GB991020~4 i ~r~ow~~a The present i nvamSCERPEE sto
processes Wh¥A88eri al s (i ncl udi ng enzyme systens, nucl ei cPSECHFD Nt or s
and cultures) for preparing novel polyketides, 5 parti cul 12- 14- and
16- menbered ring macrolides, by reconbi nant synthesis antm%imwmwum,‘mal

pol yketi des so produced. Pol yketi de bi osynthetic genes o t hem
whi ch may be derived fromdifferent polyketide biosynthetic teme  cl usters
are mani pulated to allow the 10 production of specific novel polyketides,
such as 12-, 14- and 16EReH¥ SaST gL SVORERIS ed structure. The
invention is particularly concerned with the replacenent of genetic

- material encoding the natural starter unit with other genes in order to
prepare 15 macrolides with preferentially an acetate starter unit; or
preferential |y BproprorRteltivientiop peépErentPaPFYCRFEASaAnEnusual starter
unit, in each case mnimsing the formation of by-groducts containing a

di fferent BRaER¥ERLEniinchodipgyRREYBESSHEECRS) aPYElahd 8€idetural Iy diverse
class of natural products that includes nmany conmpounds_ possessi ng

ant i bi ot i cVBFterherNPharhhebedli Ear Preperihgsno¥adhrasykeyidesnycin,
tetracyclines, rapamnmycin, avernectin, nonensin, epothilones and FK506.
~~u~5v-ei pameefeggml?-z 140 prdehbehenbeozefCriniBnaroedidesn by
particul ar, polyketides are abundantly produced by Streptonyces and rel ated
acti nonmycerecoaeieant. sypeheate apdt hestbednpyelheolepehiddsssepw se
condensation of acylthioesters in a manner anal ogous to that of tatty acid
bi osynt hespsodgfiedgr eBoby¥ketidet biapbyathetirt genes or portions of

them, which may be derived from different polyketide
biosynthetic gene clusters are manipulated to allow the

10 production of specific novel polyketides, such as 12-,
14- and l6-membered macrolides, of predicted structure.
The invention is particularly concerned with the
replacement of genetic material encoding the natural
starter 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.

T
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5 found anong natural polyketides arises fromthe sel ectign ofH%ESﬁggiy)
acetate or propionate as "starter"” or "extender" units; APecenrhet

_di ff eri ngW@ewrogé18of processing of the ~i-keto group observEBET&IRIP20d4ch
condensati on. Exanples of processing steps include 10 reduction to

- hydr oxyacyl -, reduction followed by dehydration to 2-enoyl-, and conplete
reduction to the saturated acylthi oester. The stereochem cal outcone of

t hese processing steps is al so specified for each cycle of chain extension.
15 The bi osynthesis of polyketides is initiated by a group of chain-formng
enzynes knowpastpohyRrsti pelyyrthdessardwebehdentdyoprpdhykdt bgte synt hase
(PK5) have been described in actinonycetes. One class, nanmed Type | PKSs,

r epr esent efit bgpt hByPKSs ahdr refetedc pokiidemyzeter batitemiei.n, Thegaadenyci n,
avernmectin and rapanycin, consists of a different set or "nodul e" of
enzynes f symbbasigedebyf thel yepeattedchaepwéstensndanskbioanoéxanpl e , see
Figure 1 (fortes, J. et al. Nature (1990) 348:176 178; Donadio, S. et al.
Sci ence (189¢)tR538s6é5s618; a mabdnbBecanhéngd82t¥Ochat06618aPEY/ GB99102044
- 3 Swan, D.G et al. M. Gen. Cenet. (1994) 242:358-362; Macl leil, D.
J. et al. &ehe L198Nthe5i519- The; gBehweeketrictatraal . dPveesibgt| . Acad.
Sci. USA (1995) 92:7839 7843). The term "extensi on nodul e" as used herein
refegs to folihd smbnafl natnkadupos yiterades, afrieasartdmkeheasyl eAEPosyNt hase
("KS") domain to the next aryl carrier protein ("ACP') domain, which
acconpl i shes oasuaYtle atepakyketi dgeophanatextenssearctéhe perm "l oadi ng
nodule': is used to refer to any group of contiguous domai ns which 10
acconpl i shesxtsadeeadungtef the Ftomt eheuniitrerifngt BegPKS apd thus renders
it available to the KS domain of the first extension nodule. The | ength of

pol yket i depfO£8861iHas ofeeRealit-®etd, girBuphebsasdeafl a@t¥thEeaBKCi N
-bi osynthesi s, by specific relocation using genetic 15 engi neering of the

enzymati c gonatAsatibhe eExhRpa@icor predusksiggPKBepBalneoihiai ns the chain
rel easi ng )
10 reduction to B -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.
15 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 1
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; bonadio, S. et al. Science (1991) 2523:675-679;



t-hi oesterase/ cycl ase activity (fortes et al. Science (19%3) 2685193 - 1489;
Kao, C.M ‘et al. J. Am Chem Soc. (1995) |17:9105-9106) SORFCPHPEL

del eti on WO 00HBSIBNA encodi ng part of the ketoreductase donBFWCSBHH8Hul e 5
of the erythronycin producing PKS (al so known as 6-deoxyerythronolide B
synt hase, DEBS) has been shown to lead to the formation of erythronycin
anal ogues 5, 6-di deoxy- 3-a-nycarosyl -5 30 Decenber 2002 WO 00/ 00618

PCTI GB99/ 02044 - 4 oxoerythronolide-B3 5, 6-di deoxy-5-oxoerythronolide B
and 5, 6-di deoxy, 6 ~3-epoxy-5-oxoerythronolide B (Donadio, S. ' et al.

Sci ence (Bv@n), I5E .67 67b) Mol ke, Genater ati M bf242t 398362 resi dues
in the enoylreductase domain of nodule 4 in DEBS, by genetic engi neering of
the 5 cor Mesplridi nd PKE- extcotll ngeDNA NP3 )t s11 Mt Y bBhuk2 5 onSciwecke,
Sacchar opol yspora erythraea, led to the production of

6, 7- anhydraerett e omioiar .C Ndlohadiaad S.Sett . d1SA PtD2oNat$2: 72ezek Sci. USA
(1993) 90:7119-7123). International Patent Application nunber WO 93/13663
10 descrilyssizaddi tional types of genetic mani pul ati on of the DEBS genes
that are capabl e of producing altered pol yketi des. However nmany such
attenpts are repny ttednt 0 drawen diean mopuloducdis wesddiuiethe s onef&Es Ro and
Fujii, I. Annu. Rev. Mcrobiol. (199S) 99:201-238, at p. 231). The 15

cong et e DNe Ut eaft idieowentsand ind) Fraptong-clest dygy DSERCOPI cus t hat
encode the nodul ar Type | PKS governing the biosynthesis of the macrocyclic

i MunosuppyyeRIRide POIREEL | dignd apatty Ci e hask beasy i 5ot osed fSstwmcke, T. et
al. (1995) Proc. Natl. Acad. Sci. USA 20 92:7839-7843). The DNA sequence is

deposi t ed (wadieg R iGeNbank-1Dal abagsl e dde @gerssépn nunber X86780.
The second class of PKS, named Type Il PKSs, is

polyketide chain extension. The term “loading module’% is
used to refer to any group of contiguous domains which

10 accomplishes the loading of the starter unit onto the PKS
and thus renders it available to the KS domain of the
first extension module. The length of polyketide formed
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-



represented by the synthases for aromatic conpounds. Type |l PKSs contain
only a single set of enzymatic 30 December 2002 WO 00/ 08@Pgcember 2002

. PCT/ GB991Q284¢woe1P Products of the act | genes: first KS; pggrmashiosa
pol ypeptide ternmed the CLF with end-to-end am no acid sequence simlarity

to the KS but in which the essential active site residue of the KS, nanely
a cysteine residue, is substituted either by a glutam ne residue, or in the
5 case of the PKS for a spore pignent_sgcb as the whi E gene product

(Chater, K F. and Davis, N. K Ml. Mcrobiol. (1990) 4:1679-1691) by a

diated for am e ot &g PR Ko o sk Nt
chain that TeURTSIRED b The e e ChaRRl A I (bl B Y Cshen,
oct aketi de S5t THor Rl T s AT T IS Ve, Rt 3 THE R (e
roduct o Gbra4 e thEber & fSh o2 e T A HPTRA | de. o
Lhe oxact URYSEL R £ Gt i AR MG noTencl tur e e
(3008 50 £0es 8K g IR SAACL LR ard i Ane SRS 3% B © 09
Saccharopolyspora erythraea, led to the production of
6, 7-anhydroerythromycin C (Donadio, S. et al. Proc Natl.
Mcad. Sci. USA (1993) 90:7119-7123).
International Patent Application number WO 93/13663
10 describes additional types of genetic manipulation of the
DEBS genes that are capable of producing altered
pelyketides. 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



acetate starter units and acetate extender units are |oaded onto the Type
Il PKS is not known, but it is 30 Decenber 2002 WO 00/ 0@®IBecember 2002
PCT/ GB99/ 0204 ¢sosg activities for chain extension and thesecgichobBrMsed as
appropriate 1 n successive cycles (Bibb, M J. et al. EMBO J. (1989)
8:2727-2736; Sherman, D. H et al. EVMBO J. (1989) 8:2717-2725;

Fer nandez- Mbreno, M A et al. J. Biol. Chem (1992) 267:19278-19290). The
"extender" 5 units for the Type Il pKSs_are usually acetate units, and the
presence of specific cyclases dictates f’he preferred pathway for

CY°L 5L BhoblEs cOUPLEL e PR RS2 £ oFal! SoBEagust, Lt o nson, C
D e e PP O AR, 0P e FA L EACHELLEN g OBeiq TvEe, |1 RS
gene, clust oL e QTR Ea Yt Tht SO SE PONAPELVERS LOmAP pere
cos| 00 o obLfe SEET DEGUOORP BRLSL! A5RPLEICLOB RS, Betlana, og1
RISt BT TR g T T S Nt
oot geLl (e, LR PICE) sy been deLuned Lor, exatble L Lok epaali onal
pOIypeptidegrgngp ?éﬁater, K. F. and Davis, N. K. Mol. Microbiol.
{1990) 4:1673-1691) by a glutamic acid residue (Figure
2); and finally an ACP. The CLF has been stated for
example in International Patent Application Number WO
10 95/08548 to be a factor that determines the chain length
of the polyketide chain that is produced by the minimal
PKS. However it has been found (Shen, B. et al. J. Am.
Chem. Soc. (1995) 117:6811-6821) that when the CLF for
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 KSa 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



30 Decenber 2002 WO 00/ 0061 8 PCT/ GB99102044 specul ated that_the

mal onyl - CoA: ACP acyltransferase of the fatty acid synt hat%Pgfemhes 200
~cell can fWO00¢18e" same function for the Type Il PKS (RevilGUGRRPOM44s; 4
J. Bacteriol. (1995) 177:3946-3952). International Patent Application
Nunber WO 95/08598 5 describes the replacenent of actinorhodin PKS genes by
het er ol ogous DNA from ot her Type Il PKS gene clusters, to obtain hybrid

pol yketi des. The sanme International Pat&nt Application WO 95/ 08548
describes the construction of a strain of Streptomyces coelicolor which
subst ant i al BGE2H1FAERs LPRe CRALPYBX bRl @ (ARG ILHYTE %G TR HOR S, 2%nd t he
use in that strain of a plasmd vector pRMS derived fromthe | ow copy
nunber vect BPPEEPPLALEGt SHCFREM-BE r @yt b cebiRveM cof oref Bi-bo, EMBCJ. and
Hopwood, D. A J. Gen. Mcrobiol. (1981) 126:42?) and in which 15

het er ol ogoud - PKE98R¢ o8- RJ2PNA7RRy Beemyanredded! urkferal h&EMRBMtFol of the
divergent act I/ act |1l pronoter region of the actinorhodin gene cluster
(Fer nandez- VbP8Rd, 8BNRAL17eR73h; FerBindez-Mmmno,( M092) €67all9278-19290). The
plasm d pRVb al so contains DNA fromthe actinorhodin 20 bi osynthetic gene
cluster encBilbhg €Chemgeri@dPa8) a63ped2T8-cl 20)vat dtheprugiendét| | -orf9. The
Act Il-orf4 proteinis required for transcription of the genes placed under
t he controlunitshéoacthe dgpei [IbpKss exte armlaldrproteratandiract s vadmed gene
expression during the 30 Decenber 2002 WO 001 00618 PCT/ GB99/02044 _ 8 _
transition thenpgeseenket ofssperdfidcycyphbsses rditdiea tegdtted i vee famcedd um
(Hallam S. E. et al. Gene (1988) 74:305-320). Type Il clusters in

St r ept onycepathwakndwr cycheésattibuad£dciy qaigMeted pacdin cimlod i arat or genes
(Narva, K. 5 E. and Feitelson, J. S. J. Bacteriol. (1990) 172: 326-333;

St ut zman- Engwelhht ik, p¥odectal(HudchBasdey i©) .R.( 19881 i il44r 1%hnu.

Fer nandez- Moreno, M A et al. Cell (1991) 66:769-780; Takano, E. et al.

Mol . M crobRek. M1893bi6127979280449 Take+ruw3s)E. eymatid MY lyR4€idds ol .

(1992) 10 7:837-845), The Dnrl gene product conplenents a nutation in the
actlieorf4 pawe bkeh, obdalinedl by, thaplytrghidteiorDyt civhdettyporin
proteins act on simlar targets. A gene (srnR) has been described (EP 0 524
832 A2) thabkbsgkaeateatagainyhendypetd RSTganestotdist eforftdinhey 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




15 macrolide pol yketide spiranycin. This gene specifically activates the
production of the macrolide antibiotic spiranmycin, but no3@Desembsrazfi2l es

. have been {gymmosls such a gene. Al so. no honol ogues of the pcr/cB99/02044
Actllorf4/Dnrl/RedD fam |y of activators have been described 20 that act on
Type | PKS genes. Although | arge nunbers of therapeutically inportant

pol yketi des have been identified, there remains a need to obtain novel

pol yketi des that have enhanced propertigs_or possess conpl etely novel

bi oactivity. The conpl ex 30 Decenber 2002 WO 00/ 0061 8 PGTI GB99102044 ¢

pol yket i desgpr ogieesh b dy Pehd dkSRn RIS dR! tA@P"Q&)ﬁYti’é‘ileEQlcgse'th hat they

i ncl ude conpounds w th known ut|I|ty as ant hel m nthics, 1nsecticldes,

ImmnOSUppr%éaﬁa§t¥aaﬁi& e%'%tﬁééé"cé‘ﬂff‘&n E&Egyf %ttheir

structural conpl exi such nov etides are not rea ai nabl e

by total %ﬁakuﬁa@i&?swr @e PHyshert rrggéf friRnSpof %n

pol yketi des ere Is also a need é and speC|$|é ways of

depl oyi ng B ‘hy%§¥§#1¢5§“4f§§5f]fﬁfﬂ%é&%t ?§p that all, or a large

fraction, enes that are constructed, are viable and produce

T AR I AL 0 D,
o 08"t JHEFESOR SRR I LRI R hploEh

organlsa i on of S genes.

(TB:Est' 1y wriehek ﬁ;%‘%é&?s S uﬁ‘ By [ ﬁ% o%gn Ao RBALPES (o9 | oac)
T

an-acyl t7 andet e "2%%@@5@?‘%%% or et TaPehab RL FePatPeq w1

ont’y two o 9@’ 139903»%%2%%5&%&35"“ R DOBIE POty Ea6F D049 210 ¢ he

o T A8 kP SRR PO B ey

hybri d PKS ene assenbl rising a | oading nDduIe and at | east one
ext eh8i on ﬂﬁk%.t%eFQﬁg PBIBLUF o dEREr2peneLRRIr s 2R KRN, A F.

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 actlI/ act II bidirectional

promoter and activates gene expression during the



A. et al. Science (1998) 279:199-202) construction of a hybrid PKS gene
assenbly by grafting the wi de-specificity |oadi ng nodul e f3frDédemnber 2002

.avernectin?@éﬂgﬂékng pol yketi de synthase onto the first ”Ulﬁiﬁﬁﬁﬁﬁﬁo4

conponent ) 10 for the erythronycin PKS in place of the nornma

| oadi ng nodul e. Certain novel polyketides can be prepared using the hybrid
PKS gene assenbly, as described for exanple in pending International Patent
Appl i cation nunber (PCT/GB97/01810). Patent Application PCT/G397/01819 15
further describes the construction of a8hybrid PKS gene assenbly by
grafting t LE e he r L n=pr . ng_ pol yketi de synthase
onto the f?f%%gﬁgFggggggﬁé g%%%&heﬁ? ?Eégggﬁgr?ogﬁ%%% g?yf%%onycin PKS in
pl ace of the no .l oadi.ng.mdyl.e he Loagdi ng, 20, modul e e rapanycin
e G 11 or g I8EAR L ye g‘gﬁfigégﬁoggﬁ‘%%zr&f bool: o Pha aens Llodde paPavel o
it conpris 4a%§?58?§9ase domai n, an enoyl reductase ("ER') _ domain and an
ACP, so that®s a organic acids including the natural starter unit 3,9
30 Decenber 2002_WO O EOO?lS PCT/GBQ§/02044 - 11 dih%groxyqé | ohexane
carboxylic acid M¥9%bétaétPTARES R STEGPERTYRES PR | BN Mgt in, and

Wi th or w thout rgdgc ion ?ﬁ t he ER d%nain ransferred to the ACP for

i ntranol ecu®@t1Y3LEANGYoP2LRYARSSBECE X ENEFEAVADLRI €8T sSt¥RkEY ke KT, et al

Proc._ Natl._ Acad. Sci,. ESA (1995% 5 _92; 7839-7843) . The DNA sequences have
been i scl 0&ed®P8r Fedb&lsPrTyde P-PRS BaRECELDLt ef32PPht! foids b 1 he
production of 16-nenbered_nacrolide pol yketides, including the tylosin PKS
from Strept hyEaBaprEagye llePKo 791 655127 Baetanial dd&h92%h PKS from
Streptonyces cael estis (Kavakas, S. J. et al. J. Bacteriol. (1998)

179: 751S- 75224 : hAd-1Rd /s Feranpdes -Hrsehpomishr ept oay ceSebhb b 2) ens (EP
0791 655 A2). All of these gene sequences have in comon that they show the
| oadi ng nodabe76P-78O :PR8kapodi Ef.eetf adm M651t ditoakioy. ndH®2) of DEBS and
of the avermectin PKS in that they consist of a domain resenbling the KS
domai ns of 6h278%teRdidon Takdubes E.artARldoMaln MhdrabidCP (29 e 3). The
additional N-term nal KS-like domain has been nanmed KSq because it differs
in epgh case:880ABAN)20 &XkeDnirdn géfebprovacspesmbi emérps aganetitiodn t he
active site cysteine residue essential for ~i-ketoacyl-ACP synthase

activity byia ghet a@tIg-0@fun genkgbe lset tekl1nebabirpn)mpB@itgethathe function
of the KSgq domain is unknown (Kavakas, S. J. et al. J. Bacteriol. (1998)
DnrI and ActIlI-orfd4 proteins act on similar targets. 2a
gene (srmR) has been described (EP 0 524 832 A2) that is
located near the Type I 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 ActII-
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



30 Decenber 2002 WO 00l 00618 PCTI GB99J02044 - 12 179:7515-5%22?. but its
presence in these PKSs for 16 menbered macrolides is surpr? SEREMBEEH2e t he
_starter unisoomoétsyl osi n, ni ddanycin and spiranycin appear R@/$B99/02044

propi onate, acetate and acetate respectively, that is, the sane type of
starter unit as in DENS. The AT 5 adjacent to the KSq domain is named here
the ATq domain. When the entire | oading nodul e of the tylosin PKS was used
to replace the anal ogous | oading nmodul-ed n the spiranycin PKSin S
anbof aci ens (Kuhstoss et al. Gene (1996) 183:231-236), the nature of the
starting unpblyketidest prediuceddyalfypeed PKHm atetpartioupanpyonate. Since
the role of the KSq domai n was not understood, no specific disclosure was
made t hat rewdakedegi timerthiatte theyyorinadocdeotompeuk@s wWbtrhi known t he possi bl e
utility of these KSg-containing |oading nodules in ensuring the 15 purity
of the pol ykétilde yprasdact helmwiedpdets, ofinshetstadesy unit, even at high

| evel s of macrolide production. The interpretation for their results was
stated as: 'inmnhefsapgressheltissvantidfunghé expentibattedistr abedthere
provi de strong experinmental support for 20 the hypothesis that the AT
domai ns i n BgpausePKE ystionstyelcteiratineoapperptiyat sushbabraie at each step
in synthesis" (Kuhstoss et al. Gene (1996) 183:231-236, at p. 235). These
aut hoss not e 1tyke tdilsogyr enridt tread@nly pboaehable BypeothlPKResyséens and
that the latter 30 Decenber 2002 WO 00/ 00618 PCT/ GB99/02044 - 13 protein
i's thought tsgnttidsiegl wad byn dighdlcainimbditheaehahs benghbwnThey state: "KSqg
may serve a simlar function, although it is unclear why such a function
woul d be negrIsadatiides.he synthesis of these 16-nmenbered pol yketides when
it is not needed for the synthesis of 5 other conpl ex pol yketi des such as
6- DEB or rapanycithede) ianu1eas& hed<ee dsvenbpkebyibBlbeahavol ved in
substrate choice at each step of synthesis." (Kuhstoss et a.l. Gene (1996)

183: 231- 236)spelcti 125 WA o WP IIRBIhgiaai ¢eAELL Cn8AdL B8CE hNPrhstice
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 1) 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,



10 used to renove the | oading nodul e of DEBS, the resulting truncated DEBS
in S. erythraea continues to produce |ow |levels of erythr erergberP02i ni ng

a propi onay@ opbogig er unit (Pereda, A. et al. M crobiol ogy (F99%5B99/02044
144:593-553) . The sane publication shows that when in this truncated 15

DEBS t he net hyl mal onyl - CoA -specific AT of extension nodule 1 was replaced
by a mal onyl - CoA-specific AT from an extension nodule of the rapanycin PKS,
the products were also |ow | evels of_ejythronycins containing a propionate
starter unit, denonstrating that the origin of 20 the starter units is not

decar boxy! ghi-oR; ok ¢t Be (AeEhYkymahopytt O8RS thealsd d9RlyO Mae18NaKeE by the
AT of nodule 1, but fromdirect acylation of the KS of éxtension nodule 1

by prop|onxheC@frsIhb§tb§5hgn0ﬂggﬁ§§t to a previous report, using partially .
purified DEBS1+TE, Decermber 2002 WO 001 00618 PCT/ GB99/ 02044 - 14 a

truncated binod t@/GBE%%/d@@wee{eE&QﬂbQEBﬁl(Jﬁﬁergl Merfils @he J. Am Chem
Soc. (1995) 117:9105-9106) and functlonally equi val ent to DEBS1-TE ( Brown,

M J. B. ebr8huctionBeMh R ?ﬁs §ORBVAs sEABYY) cbm alortes, J.
et al. SC|%ﬁceu%198T) 2523: 875 679), Wwhich %Sstatgdcthé%l%ﬁé%orlglns of the

starter unibaqfqp Rﬁﬁﬁlgaananskug@aggtaﬂén@keeﬁgeoﬂnhbauw@'Ch are | oaded

onto nodule 1 and are decarboxylated by the KS of nodule 1 (Pieper, R et

al . 'Oche@b§9bﬁgeg%g§pe %§86dé$ %b?ét(géé QQEbbﬁS?sE%%“ Lhat when the

DEBS1- TE protein i puri romextracts o recé I nant S.

eyt aca, bl penkal e il s ISP RS e T

et al. Bi'oChenistry er confrrm'ng that
itsaﬁéﬁf at By B BERRsUgreCalbat RYGHT T ThaT Ehe b AR RSP e
i n-parti cu §|f"‘%é8§ts§?’é‘“%fea??5r efs; eeearEbElua bt RO PR e en vive,
when the PKS,¢R0L Bhd LALS £508¢ A8 P94, Sne component (DEBS 1)
10 for the erythromycin PKS in place of the normal loading
module. Certain novel polyketides can be prepared using
the hybrid PKS gene assembly, as described for example in
pending International Patent Application number
(PCT/GB97/01810) . Patent Application PCT/GB27/01819
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-



20 is part of .a PK5 that is expressed either in S. erythr the n al
host for erythromycin production (see for exanple Cbrtesﬁaiixﬁﬁﬁﬁiibgéience

(1995) 26%01W®P6I8489), or in a heterol ogous host such as ECTEHY0¢p| or
(Kao, C. M et al. J. Am Chem Soc. (1994) [16:11612-11613; 30 Decenber
2002 WO 001 0061% PCT/ GB99/02044 - 15 Brown, M J. B. et al. J. Chem b5oc.
Chem Comrun. (1995) 1517-1519). In vitro experinments using purified
DEBS1- TE have denonstrated that propiddyl—-CoA and acetyl - CoA are
alternative substrates that efficiently suppl x propi onate and acetate units

respect i vetinYr PRECY SRR SRR AP X Y iAe max beg apfiveted ihenistry
and Bi ol ogy, (199S) 2:583-589; Pieper, R et al. J. Am Chem Soc. (1995)
117: 11373-3387 49" g BHR A9 tdpadidghpetnd i wht BePhicBhtBevt at e and
propi onate starter units is influenced by the respective intracellular
concent r at FOR&CbEOR i Wiy | ERcgdomad tarfdr atek ST ced ACpr DI AFRgEPR t he host
cell used (see for exanple Kao, C._M et al. Science (1999) 265;509-512;
Pereda, A letramolefielahipading moshhe 48 syB-eebynsienivodnky Het er mi ned
by the |l evel of expression of the host PKS, so that as disclosed for
exanpl e i n{Pehideeke 15T teraht i g - Phteht Agpti cBEL onUPRINbEP95)
PCT/ (B97/ 01819, when reconbi nant DEBS or another hybrid PKS containing the
DEBSS5| oadi #g: h3ut €843%) over-expressed in S. erythraea, the products are
general ly m xtures whose conponents differ only in the presence of either
an 20 acet ate ofhe PNdpiemmncess drawe hgdn dideleseéd Gonesevevalevel op
reliable nethods for avoiding the formation of m xtures of polyketides with
Type I PKS gene clusters that govern the production of
l16-membered macrolide polyketides, including the tylosin
PKS from Streptomyces fradiae (EP 0 791 655 A2), the
10 niddamycin PKS from Streptomyces caelestis (Kavakas, S.
J. et al. J. Bacteriol. (1998) 179:7515-7522}) and the
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 additional 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 KSq domain is

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



both acetate and propionate starter units, and to allow the specif]

i ncor poration of unusual starter units. It 30 Decenber 39 ebé‘ﬁ%GlS
PCTI GB99/W8W@ddos18 16 has now been found, surprisingly, thaCcwaeswmba of the
| oadi ng domains in the PKSs for the 16-nmenbered nacrolides tylosin,

ni ddanycin and spiramycin is different fromthat of the | oading domains of
the avernectin PKS and of DEBS. It has been realised that 5 the KSgq domain
of the tylosin PKS and the associ ated ¥ domai n, which is naned here ATq,
together are responsible for the highly specific production of propionate
starter urlit%s Hecats822he WY its speesdnce fon these cRKEngfa@f 16~

nmet hyl mal onyl - CoOA and not propionyl-CoA as previously 10 thoughts and the
KSq i s resporisitd@ acrohedés ghs ysspeci $ieg decasnbox ytlad | sotmaofert he

enzynme- bound net hyl nal onate unit to form propionate unit attached to the

ACP donai rurgift 4 hef | oatio sign jrodlidéamapeli a pand psp At @hyc b aagek 410 te Bg ansferred
to the KS of extension nodule 1 15 for the initiation of chain extension.

In a |ike peopiesnd e, Addebété hend pacatyiceé nraspe ot tdabhyci thdKSss, and t he

adj acent KSqg, are.responsible for the specific |oading of nalonate units
rat her tharheceimé etypétsfastpresr omsliy fel ieveEBS andTHorAT heir subsequent
specific 20 decarboxylation to provide acetate starter units for pol yketide
chaisn ext enpjarent t tbashal K9qnasndeeni § onadedetieré hetie Eg adna e PKSs for

t he above-nenti oned 16-nmenbered nacrolides, but also the PKSs for certain
14- menber ed nacqloén delte entire loading module of the tylosin PKS
was used to replace the analogous loading module in the
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 KSg 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



30 Decenber 2002 WO 00/ 00618 PCT/ GB99/ 02044 - 17 partigﬁl rl thg >

ol eandonycin PKS from Streptonyces antibi oticus (Figure (;%ﬁgﬁﬁhgg t he
PKSs for ‘E’Qr“f”élpﬂspol yet her i onophore pol yketides particularly e putative
nonensi n PKS from Streptonyces cinnanonensis (Figure 4), possess a | oading
domai n conprising a KSg domain, an ATq 5 domain, and an ACP. In Figure 4 is
shown a sequence alignnent of the KSgq domai ns and of the adjacent |inked
ATq donmi ns that have been identifiéd}' howi ng t he conserved active site

onser vea 17p 651 1¢ cebAudnt EedoR abvedath MerlARMG S8 ) Conser vea
ommi ns. ot heh Sl o, FHFY( R bELI RS Rl ry i o, where the
P ot an R o op bpRedt) 1ETIO N Dol AN SRR ATq | ¢ used
of Ksq 1 NS dii BRCATEE Nt Foe' afiFrats tf G G AREERtE. | n one
et ¢ ad Y GErLPap YRERAS CohEolPho F TS tr TG (ORDIRS Gt oot
(2 Lo 1 qunio. rivti e o LuBpFelePo i Enced Sl S ghmeetmon 2002 v
of oot decBs9Pat FOR 5741 ke WBLIERLY obf o TYHINRA o' SYDSEEREA o

substituted acetyl (which termenconpasses propionyl) residue for transfer

to an ext &MPHFe ndluPeCRafbeB P6) SYREh@Riensi BitdRieLt &1 -ale€ast one
thereof (preferably at | east the one adjacent the |oading nodule), are not
natural | y b%%%@la%éé‘%ﬁihzé6P0ading nodul e that effects decarboxyl ation of
an optionally substituted nmal onyl residue. 10 Generally the |oading nodul e
wi |1 al so incl ulile hasAbpenaghpwaakhakbrwhent eyt idoraigineRrdingr d4i5l y t he
decar boxyl ating functionality of the | oading nodule is provided by a KS
(ket®synt a3 - Egpeenorai hheShpedbny modvleli ¢f HERSr dhen nesuditiagls

conventional extension nodul e by possessing a gl utam ne
truncated DEBS in S. erythraea continues to produce low

levels of erythromycins containing a propionate starter
unit (Pereda, A. et al. Microbiology (1995) 144:543-553)
. The same publication shows that when in this truncated
15 DEBS the methylmalonyl-CoA -specific AT of extension
module 1 was replaced by a malonyl-CoA-specific AT from
an extension module of the rapamycin PKS, the products
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 DEBSI1+TE,



residue in place of the essential cysteine residue in the gctive si It
is termed Ksg. It may be "natural" or genetically engineé*ﬁbﬁCQ£§§T2685

resul ti ngwo@rmeoatist e- di rect ed nmut agenesi s of nucleic aci d ePCDHGBA02044
different KS such 20 as a KS of an extension nodule. Alternatively the
decar boxyl ating functionality can be provided by a ChF-type domain of the
general type occuring in Type Il PKS systens. Preferably the | oading
functionality is provided by 30 Decadber 2002 WO 001 00618 PCTI GB99l 02044
- 19 an AT (acyltransferase)-type domain which resenbles an AT domain of a
convent i onal texensedrbineinlar P¥favdery ved drgmiD¥BS edfatue ¢n Mhe active
site, which is not the case with the AT donai ns of | oader nodul es which

| oad acet a¢e at. pfophonatlesme. Spci n(1IDEBG drl 7a@d0Pe@liod PKnd systens. |t
may be ternmed Atq. Once again, it may be "natural” or genetically

engi neer edfurcii oyl hyt eqeriesl en toft caESE 16fTEan BaxavwensiMon Jiodkl eet Usual |y
the |l oading nodule will be of the form Ksqg-ATg-ACP 10 where ACP is acyl
carrier pratej nJ. |ohanotdms. agpact ddigninmyvetdiosn prsavi-desl &; met hod of

synt hesi si ng a pol yketi de having substantially exclusively a desired
starter untérbysprovidingl a2 RSBl tiiemyne s2ncEENaEtd)Ng ayhoadi ng modul e
as defined 15 above which specifically provides the desired starter unit.
Thi ss may copprégervs ViRl nar iWcl £idr adied KNGAUMGiHites ned t | gy ey and
introducing it into an organismwhere it can be expressed.

include methylmalonate units which are loaded onto module
1 and are decarboxylated by the KS of module 1 (Pieper,
R. et al. Biochemistry (1997) 36:1846-1851). It has now
been found that when the DEBS1-TE protein is fully

10 purified from extracts of recombinant S. erythraea it

contains no such specific decarboxylase activity

(Weissmann, K. et al. Biochemistry, (1998) 37, 11012-

11017), further confirming that starter units do not in
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. coelicoclor (Kao, C.

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



In further aspects the invention provides vectors 20 andﬁ}%mtgr%aﬁ
0
Y

organi sns_and cul tures containing nucleic acid encodi ng yme. A
preferred”%ﬂﬂ@&#ﬁent is a culture which produces a pol yke |agﬂh ﬁﬂé a
desired starter unit characterised by the substantial absence of
pol yketides with different starter 30 Decenber 2002 WO 00/ 0061 8
PC 1'/GS99/ 02044 - 20 wunits. Thus, for exanple, erythromycin can be
produced substantially free fron1anél%@ués resulting fromthe incorporation
of acetate start its in place o I opj. onat Preferably t brid PKS
encodes a%Fgﬁﬁ?nﬁnngguPé gtaﬁ&'f$0n£5gTo %ngt§R§W0nCHHEHPes(E§3g chai n
term nati n (general.ly a thioesterase). It is.particularly useful to
provi de aqgﬁgﬁﬁﬁgﬁﬂvduﬁg 8?t¥ﬂeef9ﬁ51?3ﬂ£§ %ﬁpﬂc?“F6 lﬁdP§ BaéﬁiEassenbly
whi ch produces 12-, 14- or_16-nenbered nacrolide in 10 order to prepare a
12-, 14- Vfﬁ-‘%ﬂ‘ﬁ‘ﬁ‘&t&&tﬁﬁcFBF‘FdBrRm%Y%bﬁ?%i ﬂgge%ﬁﬁéﬁ%&% 8F€al nost
exclusively an acetate starter unjt, even when_such PKS gene assenbly is
expr essed 2HESFOGHF V&Y & siﬁaﬁﬁsaEb?hoﬁﬁﬁb?éeﬂBéy EBPP}YPgFPP&BPQFFy
suitable PKSs for this purpose are the 15 conponents of PKSs for the
bi osynt he§ifd GiCedaren Si RESRBERYMGLY nto oFRENABAFEPA, MOFdSi n
spi ranyci n, mdecanycin, and niddanycin for all of which the gene and
nod® ar or§dGSSHargn s Enolin 8¢ RéastheRiphry. apdr Biedray y‘lg&f’ﬁ abl e
sources of the genes encoding a 20 | oading nodul e of the type KSq - ATqg- ACP
are the | Gadisiyy uPé§P@Froﬁeaﬁ@oﬁ#eiﬁ; Ani r Ghp®i- nSoRi-ddddSn, met hynycin
and nonensin which are specific for the | oading of nmalonate units which are
t hen decarldoxyilat’ed i3 7ddet afbesvutcene unft the c@BpBsi&iioar b2GoReWD
00/ 00618 PCTI CB99/02044 - 21 Simlarly it is particularly useful to
provi de adagdditieg amoldplrepdbntiie sypet&SquriBFgi ACPnEdneacPdSbgehbeassenbl y
whi ch produces the macrolides rifanycin, avernectin, rapanycin, inmunonycin
and FK506 nesysetivadiing raceldlled apossessnnatihasaab fspeopfioaiyilyCoand for 5
all of which the gene and nodul ar organisation is known at least in part?
i nidr der tardpregpEdyd ~Sodh prevrdllidgsinobbai hoay ertlusbed \(see dbmost
exclusively an acetate starter unit, even when such PKS gene assenbly is
expr essed etaniplgh HaevelCs Mn @t adti Aoigoete (hB84) ckb.: 500-Baeti cul arly
sui tabl e sources of the genes encoding a | oadi ng nodul e of the type KSq -
ATQ- ACP areeddun,l dadiatg alodMiegoblobbganddaysh nl44pBbAdMBEN,. nitddanmyci n
nmet hymyci n and nonensin which are specific for the | oading of nalonate
uni ts whi G allesderardiaiyled B theldetsbt 8fcegpabbetionnilfs thet hostsimlarly
useful to provide a | oading nodule of the type KSq - ATQ-ACP for a PKS gene
assenbl y WHSh ¢ atiigesisa didclotédd 6br léxamrpber ¢ paedahigde in order to
prepare a 12-, 14- or 16-nenbered nacrolide which 20 contai ns exclusively
or 1 nost EXd i RN 12 PRItePItORRhe i 8h 8L &R nibkr BCENGHI9aN 03820, PKS gene
assenbly is expressed at high levels in an actinomycete host cell.
Par ti cul anhers Wdcuhig ndik®s DEBS b snBUheoSRyBEedt PESCempeagntisgof PKSs for
t he bi osynthesis of erythronycin,

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



W O 00/00618 - 22 30 Decenber 2002 PCTI GB99102044 met hynyci n,

ol eandonycin, tylosin, spiramycin, mdecanycin, and niddg%VEFﬁ"ﬂEF2%¥ﬁ of

~ whi ch thewganeoasd nodul ar organi sation is known at | east PCT/(B9%02044
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 | oadi ng of nethyl mal onate units which are decarboxyl ated to propionate
starter units. Simlarly it is partieul@rty useful to provide a | oading
nodul e of the type KSg - ATqg-ACP for a PKS gene 10 assenbly which produces
t he macr olhafeqav fleegri fouader acprasinapunythat theunobkycoh @mel FK506
whose | oadi ng nodul es possess an unusual specificity (and for all of which
t he gene akmhdioduldonaiganisathenPK§skhownthe Léamembaredrty in order to
prepare such macrolides 15 containing exclusively or alnbst exclusively a
pr opi onat enstrartistesiniylosien nhddamychn PKSdgepéramgeihl ysi s expressed at
high I evels in an actinonycete host cell. A particularly suitable source of -
t he genes aiftfdieryt af¥omdthgtnodukbeoficadengygemkKsgs- oATHRACP i s t he

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

met hyl mal caadrnentirs BKS candr eEdPEBSboxytahad beeh peapisedtihst arter

units. In the |oading nodule of the type KSq - ATg- ACP t he donai ns or
por tg ons ofhe ESy kymdben defi vhd tyoosihePRamand 8ReDeggobesteder WO

00! 00b18 PCT/ GB99/ 02044 - 23 or fromdifferent sources, and conprise

ei ther natdsmdirgy v@nbclhvees edanledahase ADg, exkagptRethardToesioom ibxan be
repl aced by an AT domain derived from any extension nodule of a Type |I PKS,
havi ng spegddf itdid yheihber specikeadprgdaét tBhopat propibnade §edrtoadi ng of 5
met hyl mal onate units respectively, so long as the KSq domain is chosen to
have a matghit) isdeehdeCcthy howahids spebheicnebhytRel psalien@rosmal onate units
respectively. Alternatively, the KSg donmain in the | oadi ng nodul e provi ded
of the typgetSFlma PIlly A€oRBEnBEnsPBLbEUbRY1 DYoAOakhgr &Aool ypept i de of a
Type Il PKS. It is now apparent that in contrast to its previous

i depd i fi cathfnyis; aahd@ctRe KBLAWE! YedBbREDBDENGochBhE hegriy, the CLF, in
addition to any other activities that it may possess, is the anal ogue of
the KSq doggddy W §8PaPBbx@salidn e@caﬁéoéuk?ﬁs-ﬁgﬁaads bound nal onat e
units. The appreciation that the CLF domain of Type Il PKS s has

decar boxyl g meioNaty hast! €8 ¥srinOpdEpishatechHiti AtesyRadi@ns in Type
Il systens, e.g. to enhance the yields obtainable in sonme fernentations.

Many hi gh 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 l6-membered macrolides, but

also the PKSs for certain l4-membered macrolides



20 yielding industrial fermentations tend to give m xtur | t he
i ncorporation of undesired starters. This is parti cul arl@s?%%\%ﬂ%gZB&

Se I'n
syst ens WHOOK99648e auxiliary genes for generating unusual FATAGR90L044

genes may act to produce undesired acyl species, |leading to products 30
Decenber 2002 WO 00100618 - 24 incorporating the undesired aryl units.
PCTI GB99/ 02044 For exanple the production of oxytetracycline involves an
unusual mal onami do starter. However ‘tRd undesired activity of a CLF domain
causes sone decarbo ion, leading to the inco;§9ration of acetyl 5

| at
i nst ead. BRRFHAIAF ?ﬁlh%sqlseqqq@wcs@ BRI EFeR A RARIATHCest art er which is

liable to the "parasitic" activity of a CLF domain. The active site (for
~ decar boxyl&tiidielociys A gormi b qarkradigoy bhee |IBidss fo1gIaardmiife resi due. W
find 10 that the decarboxylating activity of the domain can be renoved by a
nut ati on BP WAL E HOTPPRO RS | ket idasy @ardd qudag JF dheeparppltdyeAl a. Thus
ina further aspect the invention provides a system and process for
synt hesi s msmensiypPHG {remn@trentas/qes yderianonansighi (i oargl d)resi due of
a CLF domain of the type Il PKS is nutated to suppress decarboxylation
activity. PPesassiesl @iding edepeigl fdampmitsdgenes kS dyonsiicoh &ni 8Tgan be
achi eved are by now well known to those skilled in the art. 20 The | oading
mod@ e of ddamaitnypearkBpn A0R- AR iygure |4 riksedshtowma ahywequenkS produced f Qr
exanple as in PCT/GB97/01819 and PCT/ GB97/01810. It is particularly useful
to |ink swdhgnnieydadiol el K3 tdompeims asskerlf] itdhe tabitacemdode nkeldr i d PKSs
t hat produce novel derivatives of
ATqg domains that have been identified, showing the
conserved active site glutamine (Q) residue in the KSq
domains, and an arginine residue which is conserved in
10 all extension AT domains and is also completely conserved
in ATq domains. This residue is characteristically not
arginine in the AT domains of either DEBS or of the
avermectin PKS loading modules, where the substrate for
the AT is a non-carboxylated acyl-CoA ester (Haydock, S.
15 F. et al. FEBS Letters (1995) 374:246-248) . The
abbreviation ATq is used here to simply to distinguish
the AT domains found immediately C-terminal of Ksq from
extension ATs, and the label has no other significance.
In one aspect the invention provides a PKS
20 multienzyme or part thereof, or nucleic acid (generally
DNA) encoding it, said multienzyme or part comprising a
loading module and a plurality of extension modules,

wherein

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



30 Decenber 2002 WO 001 00618 PCTI GB99I 02044 - 25 14-nenbered nacrolides as
described for exanple in PCT/GB97/ 01819 and PCT/ GB97/ 01850 Deprmbend@iz i on
further pwaveodesissuch PKS assenblies furnished with a | oadP@yGBeU0d4 of t he
type KSg - ATQACP, vectors containing such assenblies, and transformant 5
organi snms that can express them Transformant organi sns may har bour

reconbi nant plasmds, or the plasmds may integrate. A plasmd with an int
sequence will integrate into a specifil8 attachnent site (att) of the host's
chronosone. Transformant organi sns may be capable of 10 nodifying the
initial pr@éuéﬂb?tégub?dcmﬁgyhmg pesicie and siumen ofo téiBfecbsynt hetic
nodi fi cations normal in the production of erythronycins (as shown in Figure
5) and fordecasbopylakéondes. tiseloageder pmiituaftonprevidegani sms such t hat -
sone of the normal pathways are 15 bl ocked, e.g. to produce products wthut
one or noracehulueal subpgliibryedr aapbybr (whubeh tpowupsncdheasseenti on furt her
provi des novel polyketides as producible, directly or indirectly, by -
transf or nepropiganilsnsesthue focrl tidesspet yketanesx idnshomavedubder gone
enzymatic 20 nodification. In a further aspect the invention provides both
previ ousl yan@it ai ned pol yketi des and novel polyketides in a purer formwth
respect to the nature of the starter unit, than was hitherto possible.
Thes® include 12b), the3exbensibrrm@@Pe N0 @O0 6llEa FCTOBIONO2O48 - 26 14-
and 16-menbered ring nacrolides which are either "natural” or may differ
fromthe coprespoabilggatnakasal theoopouad) a@dnt nthidel @xdihagi on state of one
or nore of the ketide 5 units (ie selection of alternatives fromthe group:
-CO, -CH(mbfiuled| kane nGd nadodal Glzasjoaheted tetister eosheng stry of any
-CH(OH)- is also independently selectable; 10 b) in the absence of a
"natural" medtiyk shde- effdfiertsodecarbox et Sderepchendstion@iiynatural

met hyl ; and/or ring substituents other than nethyl. It is also possible to
prepare deghMativasedf mhdonylbSrddidawd 16-nmenbered ring nacrolides having
the differences fromthe natural product identified in two or nore of itens

a) 10 c) above.Generally the loading module will also include an
ACP (acyl carrier protein) domain.

Preferably the decarboxylating functionality of the
loading module is provided by a KS (ketosynthase)-type
domain. Suitably this differs from a KS of a

15 conventional extension module by possessing a glutamine
residue in place of the essential cysteine residue in the
active site. It is termed Ksq. It may be “natural” or
genetically engineered, e.g. resulting from site-directed
mutagenesis of nucleic acid encoding a different KS such

20 as a KS of an extension module.

Alternatively the decarboxylating functionality can
be provided by a CLF-type domain of the general type
occuring in Type II PKS systems.

Preferably the loading functionality is provided by



Derivatives of any of the afore-nentioned pol yketi des whjch have rgone
further processing by 20 non--Pli S enzynes, eg one or nﬁ#% %ﬁemberﬁagf

hydr oxyl aWOd00&8oxi dati on, gl ycosyl ati on and net hyl at i on BB Mhe
prepared. The present invention provides a novel nethod of obtaining both
known and novel conpl ex pol yketi des 30 Decenber 2002 WO 001 00618

PCTI GB99/ 02044 - 27 wthout the formation of m xtures of products
differing only in having either an acét’ate or a propionate starter unit. In
addition the present_jnvenftion provides a nethod to obtain novel

pol yket i dd (A %ﬁl?ﬁae“%%%?%& UniRe jdongin, resgrbdesuabt Alhich i s
derived by the 5 action of KSq donmai n on the enzyne-bound product of an
AT of unuéﬂ%?a%%e%ff?c??ﬁy%ék* FERFRTH Wk ST 1Ro AAVETGF 2] nat ur al
Type | PKS. In particular the AT of extensjion dul e 4 of the FK506 PKS
gene cl ust¥rIIRERLr RTINS 1B iyt RN S WAl & @R4i khethe AT 10 of
extensi on nodul e, 6 of the niddamycin PKS gene c]uster preferentially

i ncor por at&&S% ¥ Hecke Ahrddtaing ki - moghd gshahAfS dragxt ensi on
nodul e 5 of spiramycin and of extension nodule 5 of nonensin incorporate an
ethyl sideededhe Ph RERLREL 1 He kSoridtEd S Ats aVsIgestdne fFKSal | y one t hat
is naturally propionate-specific. Alternatively, any KS from an extension
nodi e of WSYeBST PKE Ray bR tomed thddl i ntnag RIG idonditn MeaphBl e of

decar boxyl ati ng a bound carboxyl ated acyl thioester, by site-directed

mut agenesi NFUERL" go¥ | genet i@ blgtenFineradsicge ty mudageaesisby anot her
residue, preferably glutamne. It is known that the animal fatty acid
synthase,<mﬁi®m‘%ﬁa@gsaﬁnﬂwt%mﬁianﬂmﬂinﬁeatures with Type | PKS, in the
absence of acetyl-CoA, has a denonstrabl e nmal onyl - CoA decar boxyl ase
activity iKreszZésuallp teeehprtimpowdd ®0tiddete RETILBROFOIRG44 - 28 G B.
et al. Eur. J. Biochem (1977) 79:191-199). Wen treated with an al kylating
agent such as iodoacetani de the fBsayARETrH#CBynt hase is inactivated by
specific nodification of the active site cysteine of the KS, and the
resifti ng yhrerei ACRass aacphheaceie mpsid irtGoA 5 decar boxyl ase activity. The
conversion of a fatty acid K5 domain into a decarboxylase mrrors the
geneti cal | ydet efmi ardthénngsprdet viden ek aopriovs desd a metksd édnain in
Type | PKSs. Indeed, the size and polarity characteristics of a glutam ne
si de chai nsyetihesisinfya 190 hpke okdershay irhp saulft asdrilsd¥ani do- cyst ei ne. The
KSg to be used for decarboxylation of an unusual al kyl nal onate unit is

pr ef er abl yeselesivdlfr andeserednet axtensinrt dntwmvdidinge ss®KE Type | PKS

that provides the unusual AT, in order to optim se the decarboxyl ation of
t he unusuahultienzyme 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 expre§sed.

In further aspects the invention provides vectors

20 and transformant organisms and cultures containing
nucleic acid 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



15 al kyl mal onate, and the ACP to be used is preferably also the ACP of the
same extension modul e. Suitable plasnmid vectors and genet30d2gaeihengPPeer ed
cel | s sui Wabbosdobtsr expressi on of PKS genes incorporating aRCHGBE9/8344 oadi ng
nodul e are those described in 20 PCT/ GB97/01819 as being suitable for
expression of hybrid PKS genes of Type |I. Exanples of effective hosts are
Sacchar opol y$pora erythraea, . Streptomyces coelicolor, Streptomyces
avermtilis, Streptomyces griseofuscus20 Streptonyces ci nnanbnensi s,

St rept onyces fradi ae, 30 Decenber 2002 - 29 Streptonyces

ongi spor of fR#kES - St Flaps onfek sexgmp bec opi yihsyomairo raaro Sporprgdiisedr ubi da,
Streptonyces .lasaliensis, Streptonyces venezuel ae, Streptonyces

ant i bi ot i cesbsisanipabhyceset | iemmmaRigugs ommeist imgrobuen Sheept onyces
a.lbus, Anyco.latopsis -nediterranei, and Streptomyces tsukubaensis. These
i ncl ude hoswsorpownt chn STP2Eceleate exk gt tesmiwdsl tay el rkvace oo fepl i cat e

aut ononously, such as for exanple S. coelico3or, S. avermtilis and S

gri seof uscpsopiammabéher hosts such as Sacchar opoi yspora erythraea in which
SCP2*-derived plasm ds becone integrated into the chronosone~t hr ough

honol ogous r ecofbe hatabhy bt eweyb siad) UBKE en@nidshe picshing imsénleand on t he
“chronpsone: and all such vectors which are integratively transforned by
sui c$ de plandi firomwc2ots. 7l exterisiai rashelsts drite 4 rokemin one prbnatesga type
pol yketi de synt hase which conprises a | oading nodule and a plurality of

ext ensi on anduhes(gaherally sai thliessktawpswdul e is adapted to | oad an
optionally substituted malonyl and then to effect decarboxyl ation of the

| oaded residue 1o psopatei@ularlespoafling o Pronald ya suhisdihgt ed acetyl
residue for transfer to the first of said extension nodul es, and wherein at
| east sai dmbdudé €Kt ENSI DYPATKISY - i BT QAUCM A &l IPKASHOE ad €embl P a

| oadi ng nodul e that effects decarboxylation; with the proviso that the
target polykethdgrbauses a 1#-rembersd ragiaiddedadadb pids- gt hyl group
due to incorporation of an (unsubstituted) acetate starter unit. 30

Decegrber 28Pde2% 0| prapses ondiaspers~ dihel 6-neeisd iy Myt sesaa type |
pol yketi de synt hase which conprises a |oading nodule and a plurality of

ext ensi on wREhesonvhehsi xsphsli vOR g AMeBHte dxecndaptery tanl oad an
optionally substituted nmalonyl and then to effect decarboxylation of the

| oaded reshdueate Hta¥tde @nte) re&sdoneidiy A o lgersdibss sénbed asetyl
residue for transfer to the first extension nodul e, and wherein at | east

part of thexpreske@xhensigh 106el s 15 detRiolRaausetd 1sed€d toadi ng nodul e
or at |east a domain thereof; with the proviso that (a) the synthase is not

conposed opat-bect0adi PIsAPEAb Ee OPrEErdy | 1a5i ) RS L8 £Ret he spiranycin
PKS mnus its natural |oading nodule; and (b) the synthase is not adapted

to ggrect EBRpSHBHESSHE Pksd #4r MBNDes £k R 1 Sl havi Peh Aoy B hyl group

due to incorporation of an unsubstituted ‘acetate starter unit. In a third

aspect, thgetRAVRPELAN Bi XA i j hase enzyme or part
t her eof corrgri ishlggg a Ioag%{ng%n%gtl}ép?i?ﬁ%%g{ﬁn%ﬂ%ecﬁ box) (AT) (ACP)

where (ACPhiHEBERIETHS BRAPRYHASRYELS!sof U "bf(vfe}pyctg *Ri£SG8hs AAd

acyl transferase donmain operativ selectiv rate sel ected

from opt! ofghlyya?Bkhhybefi OR! P8kEuIdE DI L0 p?“%};t and (decar box)

represents a domain Operative to decarboxylate an o nal |y substituted

BN s e S R R e S R
Gondpne. | AORCTRAr FRUAEE RF bR HURE SRrach AFEAGEE (RIVIPARIPGRE: TGe

domains. In a aspec ventron pr keti de

synt hase rehn_t E i.n.had_be eti i neered to suppress
t he decarg@@?ﬁggﬁng%agkfegggﬁg?lgaiﬁptf%hiégkﬁrﬁfﬁéggfggéfh aspect, the

i nvention proyi : | ei Ld encaoding the . Le me as descri bed
inthis in@ggxkgﬁil ngggsﬁgﬁﬁggggegﬁgcgh%g?Hﬂ%ﬁ?lohgg%%%igéé a vector

cont ai ni ng l.ei.c acid,as_descriibed in this invention n nt h
aspect, théggﬁﬁgﬁtPgnhgggé?ggs%élg?ogéégﬁf%?ep?% %c?%635£8§§}%§¥?de whi ch
conpri ses | turi a rgani sm.as described in this invention and
optionalIy%%é€5§§g%ﬁgg5%ggﬁglyﬁéﬁfde. In an eighth aspect, the invention
provi des a pol yketi de produced according to the process as described in
this invention. In a ninth aspect, the invention provides a nmethod of
produci ng a synthase according to this invention including carrying out
site-directed nutagenesis of nucleic acid encoding a KS domain of an
extension nodule so that it enclodes glutamne in place of cysteine in the
active site; and expressing a protein conprising said ketosynthase-type
domai n in a | oading nodul e. 30 Decenber 2002 29b In a tenth aspect) the

o r



which: Fig 1 is a diagramshow ng the functioning of 6 oxyer vt . li de
B-synt hase (DEBS), a nodul ar PKS produci ng 6-deoxyeryt h?ﬁwé#ecﬁb%z?g?DEB) a
precur sorwofoosesis hr onycin A. Fig 2 gives the amino acid sd§IésRag 0 pari son
of the KS donmains and the CLF domai ns of representative Type Il PKS gene
clusters. The active site Cysteine (C) of the KS donmains is arrowed in the
Figure and aligns with 30 Decenber 2002 WO 001 00618 PCT/ G3B99102044 - 30
the Gutanmine (Q or glutamc acid (E)2bf~ the CLF donmins. The
abbrevi ati ons used, _.and the rel evant Genbank/ EMBL_ accessi on nunbers are:
GRA: granati ci nSERGARELY ept oy cRITbigubrieby ulhRiut X634BVPVigRRR unknown
pol yketi de fronlsaccharopoiysgora hirsuta (M8258); ACT, 5 actinorhodin
from Streptl8aPdBE BEELLecBfofhexb¥RadSa o NATATRABWAChof yRE | @@ne r om
Strept onyces ci nnanonensi s (211511% VNZ: jadonycin from Streptonyces
venezue3ae a6E88PAE) Whichy PEAEHEGE Y ERE RaCF¢ bigl&s r 6hEBNYELB, nogal at er
(Z48262); TCM tetracenonycin fromS. gl aucescens 10 éN80674); DAU:
daunonyci naVesReStispt 6APeBY¥CEp, WMURAMERD) ; arE(FKBRovhdsei n from
Streptonyces peucetius (L35560); WH : Whi E spore pignent from Streptonyces
coe. | i col oRogRgpgampdul gEgPgsshdhsan henyapal ofpe@l Eheibn 6andhEoPKSs for 15
three 16-nenbered ring nacrolides, tylosin, spiramycin

5 all of which the gene and modular organisation is known

at least in part) in order to prepare such macrolides
containing exclusively or almost exclusively an acetate
starter unit, even when such PKS gene assembly is
expressed at high levels in an actinomycete host cell.

10 Particularly suitable sources of the genes encoding a
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 decarboxylated to

15 acetate starter units.

It is similarly useful to provide a loading module
of the type KSq - ATQ-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,



and niddanmycin. Fig 4 shows the am no acid sequence alignnment of KSg-ATq

| oadi ng- di domai ns of the PKSs for niddanmycin, platenolide3GBecenneasi2RP2
monensi n, WO @&KAI8myci n and 20 tyl osin. The sequences for tREVEBMERE44 and

ol eandomyci n | oadi ng di domai ns have not been previously disclosed. Fig. 5
The enyzmatic steps that convert 6 deoxyerythronolide B into erythronycin A
i n Sacchar opol yspora erythraea 30 Decenber 2002 WO 00/ 00618

PCT/ GB99/ 02044 - 31 Fig. 6 is a di agd@m-showi ng the construction of

plasm d pJLK117. Fig. 7 shows the structures of two oligonucleotides. The
present | MPERYTYSIR| ICYRARIRINY G nys trkasdn b P ML mt ended to be
limted, by nmeans of sone exanples. 5 All NWR spectra were neasured in

CDCL13 usi g dg Brmycd 5 GReHD et rigietadrl yhi odsi @t Harsni #ag @aidcat ed and -
peak positions are expressed in parts per mllion (ppm downfield from

t et r anet hiroidudad, orped ifadmiunberknawetli daart NVR Bartucthure i s not
representative of standard 10 nonencl ature, but correlates NVR data to that -

par ti cul aPastdeplar INPIseifahrissapi¢o el s wanemtereedyrgetry 5 C18
2.1mm x 150mm Flow 0.29 nl/m n Mbile phase Gradient: A B (22.78) to A'B
(38:62) oveadingrmegds afhdihe oy KBO-AIW-AGP msvthe Hadimiantain far 1
m nute. Re-equilibrate before next sanple. Wiere A = acetonitrile and B =
0. 0BM ammwwidwhea®©dt dtvd dsiinl vh igdtet iohi apddidf iandf @y 0d$: TRedithed B Col umm
Waters Symmetry 5 C18 2. 1mm X 150mm Flow 0.29 m/mn Mbil e phase
G adi ent : 2@&thY laedtooratte ivret t§ @M diH4OA: dexcbth®yiatedB tm nut es. 50: 50
until 25 mnutes. back to 28:72, reequilibrate for 7 mnutes |Instrunent
Acqui r ed wiropildealtet tstRadiear dinili). LG/ M5 with APCl source
Similarly 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



SUBSTI TUTE SHCOE? (RULE 26) WO 00/ 00618 - 32 5 10 Tap &?b medi
gl ucose tryptone yeast extract EDTA Tap water to 1L tota el
medi um dexonaesesidut ri soy' ~' flour (~4) ySOg NaC CaC03 TaﬂGMﬁR%mmmﬁlL
total volunme pH adjusted to 7.0 Exanple 1 Construction of the Reconbi nant
Vect or pPFL43 Pl asm d pCIR24 was prepared as described in PCT/GB97/01819.
pPFV43 is a pCIR24-based plasmd 50g/litre 30g/litre 3g/litre 5g/litre
6g/litre containing the gene encoding2d hybrid pol yketide synthase that
contains the putative nonensin PKS | oading nodule (isolated fromsS.

ci nnanonepsi £romhalifERS et eyl e oIl FoRpNE e edivdrerthaatshaih- o&r mi nat i ng
thi oesterase. Plasm d pPFh43 was constructed as follows: The follow ng

synt het i c eolgigesreidesiamiias 5' KCARXKERE RCEEQGHonadar<an bhad 5'° 15
GGCTAGCGGGTCCTCGTCCGTGCCGAGGTCA- 3" are used to anmplify the DNA encoding the
put ati ve IepDecedbdry 200 A PCIOMEEI9/d204ed from any extension

module of a Type I PKS, having specificity either for
loading of malonate units or for loading of
5 methylmalonate units respectively, so long as the KSqg
domain is chosen to have a matching specificity towards
either methylmalonate or malonate units respectively.
Alternatively, the KSq domain in the loading module
provided of the type KSq - ATq-ACP may be substituted by
10 the CLF polypeptide of a Type II PKS. It is now apparent
that in contrast to its previous identification as a
factor uniquely determining chain length, the CLF, in
addition to any other activities that it may possess, is
the analogque of the KSq domain and can act as a
15 decarboxylase towards bound malonate units.
The appreciation that the CLF domain of Type II
PKS’s has decarboxylating activity has led us to devise
useful interventions 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 inéorporation 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



5g/litre 5g/litre 2.5g/litre 36ng/litre nonensi n-produci | gadi n dul e
using a cosmid that 30 December 2002 WD 00l 00618 PCTI c%@?)eﬁ%@h%'gz-d@s

cont ai ns woaobosiend of the putative nonensi n-produci ng PKPQEGB®/Md2044m S.

ci nnanonensi s or chronosonal DNA of S. cinnanonensis as tenplate. The PCR
product of 3.3 kbp is purified by gel electrophoresis, treated with T9

pol ynucl eoti de kinase and ligated to plasm d pUC B, which 5 has been

| i neari sed by digestion with Sma | ang4then treated with al kal i ne

phosphat ase. The ligation mxture was used to transform el ectroconpet ent

E. col i DHI{iR-meabdsataimly i tiek warehieed i raddbresy Iwerre tehecked far the desired

pl asm d pPFL40. Plasm d pPFL90 was identified by 10 restriction pattern and
sequence anal ysier &kaspie b Hddudision d iomttiewarafyINEWAVETE -
(PCT/ GB97/ 0181 0) which contains the avernectin | oading nodul e, erythronycin

ext ensi on yebllwss lamneh@swall ddiremi ddistestemse Hiwaidr fHlasnm d
PpNEWAVETE was cut with 15 EcoRI and H nDIlIl and a synthetic oligonucleotide-

li nker wasundeerted idaivengases tdiF alsidimtaiseds Gdngg m nal pol yhi sti di ne
tail to the polypeptide. The follow ng oligonucl eoti des:

5" - AATTCA EARADICHIICAQTAL A A KR ECHHA phAGidn ¥ aftbtyl
5' - AGCTTCTAGATGGCCAGACCTCCTACTAGTGATGGTGATGGTGATGTG- 3" wer e anneal ed

t oges her afgksitdwd dupbgxnavagcin galrfithds3 FAGRewinid Hdllve£ in PNEWAVETE.  The
resulting plasmd was cut with Ndel and Xbal and ligated into plasmd
unusual starter which is liable to the “parasitic”

activity of a CLF domain.
The active site (for decarboxylation) of a CLF
domain generally includes a glutamine residue. We find

10 that the decarboxylating activity of the domain can be
removed by a mutation by which the Gln residue is
converted into (for example) Ala.

Thus in a further aspect the invention provides a
system and process for synthesis of a type II (aromatic)

15 polyketide, in which a gln residue of a CLF domain of the
type II PKS is mutated to suppress decarboxylation
activity. Techniques of site-specific mutagenesis by
which this can be achieved are by now well known to those
skilled in the art.

20 The loading module of the type KSq - ATq-ACP may be
linked to a hybrid PKS produced for examéle as in
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



30 Decenber 2002 WO 00100618 PC TI GB99I 02044 - 34 pCJR§6 %gg\ﬁg‘a@b@een
previously cut with sane two enzynes, to produce plasm E Is. Plasmd
PPFLI0 WO #¥e§6k%t ed with Nde | and Nhe | and the 3.3 kbp FrE§GHeH24ths
purified by gel electrophoresis and |ligated to pND30-H s previously
digested with Nde | 5 and Nhe | and treated with al kal i ne phosphat ase. The
ligation mxture was used to transform el ectroconpetent E.coli DHLOB cells
and i ndi vidual clones were checked-f@b the desired plasm d pPFL43. Pl asm d
pPFL93 was identified by restriction analysis. 10 Exanple 2 Construction
of S. erythi zeenbeped prrrobidgpas desemibedyde rusedmd & righsf or m
S.erythraea JC2 ErotOEIasts. The construction of strain JC2 from which the
resi dent PEBSSBBAE818ES andsREMGEATAPI®dI0%ted is 15 given in Pending Patent
Application PCT/GB97/01819. Thi ostrepton resistant colonies were sel ected
in R2T20 nedi ufieohnEent hep 101 =gy mipren ideiso Scdp Rl aSwamalies ones were
tested for the presence of pPFL43 integrated into the chronosone by
Sout her n Hhonishedi dithata ohoadim maskille gdndiec Ok W3 DIAFq-abel | ed DNA
contai ning the nmon PKS fragnent encoding for the |oading nodule. Exanple 3
Product i oACBf petykesi destabiing Sudy ysiseadd 1862/ PR 4 ansTameanisuspensi on
of strain S. erythraea JC2/ WO 00l 00618 30 Decenber 2002 PCTI G B99102044
- 35 organisms 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 producible,
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

a purer form with respect to the nature of the starter

unit, than was hitherto possible. These include 12- ,



pPFL43 was inocul ated in eryP nmedium containing S ,ug/m i ton.
The inocul ated culture was allowed to grow for seven days:m;qec%g{bgg@&zfter

this ti meWoe/0061Broth was filtered to renove nycelia and t RET{SBOUMMSt ed to
pH=3.0. The broth was extracted twice with two S volunes of ethyl acetate
and the conbi ned extracts were washed with an equal vol une of saturated
sodi um chl ori de, dried over anhydrous sodi um sul phate, and the et hyl
acetate was renoved under reduced pres¥ure, to give crude product. The
product was shown to have the structure 10 shown bel ow, and by M5, GC- M5
and 1H NVR 4Araarid ik nenar ed ot drag¢po hidesitwekth casanpi BheONO Exanpl e 4
15 Construction of S. erYthraea NRRL2338/pPFL43 Plasm d pPFL43 was used to
t r ansf or m"Ratamalt a NRRIDBEBHr o dpl B¢ scomreoRerepRGN " Ratisa kht

col oni es 30 Decenber 2002 WO 00/ 00618 PCTI GB99/ 02044 - 36 were selected
in RRT20 mafrgansbntai ning 10 ~g/ M of thiostrepton. Several clones were
tested for the presence of pPFL43 integrated into the chronosone by

Sout hern bl ot hybridisation of their genomic DNA with DI G| abell ed DNA
containing the nmon PKS fragnent 5 encoding for the | oading nodule. A clone
with an i tlegimatide copydalfiQPrRi 48t evast sereceedidore t df sthaykeExdepl e 5a
Production of 13-nethyl-er5rthromvcin A and B using Sacch. erythraea NRRh
2338 pPFLABIGs Thiee cid kagtel @aczhar bpetyapives ef yoihr blea NRRLE 338CPPFLA3) ,
constructed with the wild-type | oading donmain displaced by a nonensin

| oader - DI FEHINM )i nsextkernpr odiked arsd deSliiy+ DedvhierebEtdvpl e 2, was i nocul at ed
into 30nlL Tap Water nmediumwi th 50 ug/m thiostrepton in a 15 300nil

Er | enneyerstférmsichaiisrry vk eamay s-CiCohat | obs ad 1 29C ndépsnfiéasky was used
to inoculate 300 nil of ERY-P nediumin a 300 nl flask. The broth was

i ncubat ed s#1&9GXe 200 rpm -for 6 days. After this tinme, the whole broth
was adjusted to pH 8.5 with NaOH, then extracted 20 with equal vol une of
ethyl acetate. The ethyl acetate extract was evaporated to dryness at 45C
under a nitrogen streamusing a Zymark TurboVap LV Evaporator, then
recoosti t wedin rncie GaZdeved Uk sa Matdianohl ¥ oneoingens t @éechhgnexdr act
16-fold. The structures of the 25 products were confirnmed by LC/ M5, Method
AL A4.0mn 30 December 2002 WO 00l 00618 PCT/ GB99/ 02044 - 37 retention
time peak was observed as the nmjor conmponent, with nmlz value of 720

(MrH) * 1 efui itk Heor s i et hgth £ it 11 r @y ch it vira XX SRSl peakid\es obser ved
wth a retention tinme of 6.4 mn and with mlz value of 704 (MtH)+, required
for 13- methirlg esuth 4 Dy s Botide Exathdh em&bh L oduct i on and Recovery of

13- et hyl -erythromycin A and B

It is also possible to prepare derivatives of 12-,
15 14- and l6-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



usi ng Sacch. erythraea NRRL-2338 (pPFL43) at 8L scal e Sagghar opol ra
eryt hraea NRRL2338 (pPFL43) was 10 inoculated into 1000n§§%?ﬁﬁ'ggﬁgéir&nedi um

wi th 50 uwadoegbéigost repton in a 2.81 Fernbach flask. AfterP€NGBY/3844S

i ncubation at 29C, this flask was used to inoculate 81 of ERY-P nediumin a
141 M croferm fexmentor jar (New Brunswi ck Scientific Co., Inc., Edison,
NJ). The broth 15 was incubated at 28C with an aeration rate of 81/ m n,
stirring at 800 rpmand with pH mai it @med between 6.9 and 7.3 with NaCH or
HZSO~ (15% . Water was added to maintain volume at the 24 hour vol une

| evel . Theviftdramnttdte ofowest tomt ¢ Hiuetk thuresl 6 hmurductAf tdrf fidriing20 ti ne,
presence of 13-nethyl- erythromycin A and B were confirned by adjusting a
brot h sanpire f riomideii@reerier 4w ptéBate v e Na@hh idrimre eddaraeti ng with
equal volune of ethyl acetate. The ethyl acetate extract was evaporated to
dryness aturd3C urideraddit icmogere spresen tusi mgeret isymgskoRilekurdboVap LV
Evaporator, then reconstituted in 0.25 WO 001 00618 30 Decenber 2002 PCT/ G
B99/ 02044 met3fdbd Vol wissairetievel pol goncieddy aitre vithicclextheacit ad-tie@! d. The
structures of the products were confirmed by LOMS, Method A A 4.1 mn
retention drainte ipealn wasulsker siedlr Gesr turel threjtaircte g ahenityedvidyh tigez val ue of
720 (MtH) +, required for 13-nethyl-erythromycin A A second peak was 5
obseg ved widthian reeft entKSup domeinfol. thar en antk bdunhdiprodddte odf an04 ( MHH) +,
required for 13-nethyl-erythronmycin B. About 35 liters of broth containing
appr oxi matzet yo 2. \hwgwa® SpedBf el byl deriryddirrosiah Awwedrss ipnocessed for 10
recovery of product. Broth was filtered through a pilot sized Ceraflo
ceram ¢ umddngl d Dadath omtH1 arHEOM P 1k resd il @olavthel g prroduct was
el uted using 100% nmet hanol. A 175mlL CG 161 adsorption col unm was prepared
and equi | i dytedresh o thoAPe Nt banehé ersi6 PRKPYdioncnistidie 15 product
solution was adjusted to 20s net hanol and | oaded onto the colum, no

br eakt hr oyghe ff r dHOTHICTy VBSCOBSSF ¥EEs M gL Of i ddhecteiynmined iy up to 40%
met hanol /water failed at renoving any significant |evel of inpurities.

El ufp on widh SQ%H@tdanbdups es GE htigy aoh Cdumdf@id WP éh e ePAstchon 20 of

the product fromthe two major inpurities, 13-nethylerythronycin B and a

degradat i QhrPF OERICHE 3 2 1By MBARYHESPYEE 964 V4 THWLID ¥ stteidi@st cuts were
conbi ned and reduced in volunme by approxi mtely 75% usi ng evaporation to

achi eve <|}‘i’(§tﬁ£'3_t;h%ﬁ@1| ThRNe@y oAt i@&en@oﬁn%ﬂ%‘ieléj et Bﬁhr%yéiﬂt hr OWC! n A
extraction, solid sodi um bi carbonate was added until a total concentration

of 250MM wagd QbE adheshs 1o OnbBELEDST o £ 0k M 101 HRGHS, s ekl B0/ 02044 - 39

The aqueous product |ayer was extracted 2x with nethylene chloride, using

one-hal f then$ Ot q¥ OndEn eaChh tefen diike Vi yasogdiiced to light yellow
solids by evaporation. The 13-nethyl-erythronycin A was purified by

di sggl Vi NGy tOe £ddea 1Y SR Sthitt 01 SeL il R ¢ ihi2si on e AT

tenperature and diluting to 150 nethylene chloride wt
Alternatively, any KS from an extension module of a Type

I PKS may be converted into a KSq 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-CoRA, has a

demonstrable malonyl-CoA decarboxylase activity (Kresze,



hexane. The cloudy solution is placed at -10C for ~30 m nutes wh

liquid is decanted to a 2d flask, leaving the majority ogﬂﬁﬁﬁﬁFP?Fégﬂﬁehind
as an oi IwoDheosis ask is left overnight at -10C) foll owed BETGBPOR440n of
of f 10 whitel 3-nethyl -erythronycin A crystals the next day. ' Approximtely
300 mlligrans of 13-nethyl-erythronycin A were isolated fromthe partial
wor k-up of the 351 broth volunme. Approxi mately 100 grans of evaporated

not her liquor 15 were utilized furthkheR8te isolate 13-nethyl-erythromycin B.
Resi dual 13-nethyl-erythromycin A was renoved with repetitive extraction of
the initi&. Sangte ad t EwguebusBiapdtarc ddiSd 70 pA95 L S 1FAO 99 ubs éeant

nmet hyl ene chl ori de | ayer was chronmat ographed on 700 g of silica gel using
20% 20 nettharadled wintgi hen exisc el toimig egetite sidhmeishyloderytetiaomds n B
enriched fractions, as determned by LCN'S, were conbi ned and evapor at ed
to yield Thd fprtanys afidiasknttdse Tihe isactias teids byl weedirfia m ni mal anount
of net hanol and | oaded onto 500 m of Anmberchrom CG 161 resin. The

13- et hy| 2 d-fritdatoimye i of Bhveasaet iteeGidte 2yisdeivel ofeshpeKhouwndv th 40%
met hanol in deionized water. One bed volunme fractions 30 Decenber 2002 WO
00/ 0061 8 REGE GBS 102044 pratfeimaias ol leatibadcanthadsngyedody LC/ MS.

Fractions 42 through 62 were conbined, diluted to 200 nethanol wth

dei ®ni zed dwdaatboxarih $euwdtal vizteg, t orheH convewistibns odi amfhitear ayiat e. The
resulting solution was extracted once with 41 of nethylene chloride,
concent r atk domdi@) ifto andetfd Gsb0pers S maitpdisothemg@nesiivaigulf ate. After
renoval of the MgS04 by filtration the filtrate was evaporated to give 110
mg of |ighietym@whed| dclttngd e thidernef K& Wdmaldsmabay téey Wpnmyci n B was
dissolved in ~ 3.0 mlliliters of HPLC grade acetonitrile and | oaded onto a
20cm x 20GBmATM) THEKT BHdS Ca GRledd, eRMeAIVR bt podefi tghr omat ogr aphy
(PTLC) plate. The plate was devel oped with 60:40 nethanol :acetonitrile. The

desired pHdrttirsitiéa df andhedulile Rlidfee chia@dl RR Y TUdeSdt i on) was
renmoved and extracted with HPLC grade acetone. The acetone extract was 15

evaRpr at eh g i i¥h e €hdBe Y £ Cé%o:ﬁa?dﬂdé—dy@%tm@ catphen k&g the be
13-net hyl -erythromycin A and 13 nethyl-erythronycin B sanples were

confirmed oy dB%sy Scﬁ)@ééfmtiéfgd\fs a!‘r‘?h@;%u@l ANGNIMB 19R8AL Q8RaPY- The

13net hyl -erythronycin A sanpl e peak had .7 mn rétention 20 tine, with
mz val ue {f Jr’@féﬂ\ﬁﬂy,séf@&é&dﬂcﬁ& éx?e @%&!@yl xRN A Jihe
13-net hyl -erythromycin B sanple peak had a 7.6 mn retention tine, with niz

val ue of 7 (Mid *rype I PXS 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 1. Examples of effective hosts are
Saccharopolyspora erythraea,. Streptomyces coelicolor,
Streptomyces avermitilis, Streptomyces griseofuscus,

Streptomyces cinnamonensis, Streptomyces fradiae,



required for 13-nethyl-erythromycin B. 25 Nt~t, 13-nethyl-erythromycin A
WD 00/ 00618 30 December 2002 PCT/ G399/ 02044 - 41. 5 10 15 %25 30 40 45
PABNH~~~\ ~0oa=siaH~40BHOI 9/9\ ~\30 ceﬂ‘?e!a ~
2\0 ~7\ |l /| ~0 9 Z #13C - ppm#HLH -

ppml221. 910217S. 9903103. 6314. 4S496. 8119. 88583. 7613. 60679. 8614. 10778. 3613. 05
875. S00979. 8701073. 070117Z. 2515. 19127?1. 2S13. 261369. S3I 3. 531469. 2413. 971566.
" Z614.061665. 9612. 481799. 9633. 36189S. 3 ..791945. 0712. 812040. 7332. 322139. 001
3.152235. 3022. 42/ 1. 612427. 2031. 502521.9231. 28262i . 8231. 272718. 993| . 322818. 6

057 1. 753508 SUBL ST 123 30HE RS TG e 42 20 Docenber 2002

PCT/GBQQlQ%Qﬁroscqplcus, Micromonospora griseorubida, Streptomyces
lasaliensis, Streptomyces venezuelae, Streptomyces
antibioticus, Streptomyces lividans, Streptomyces
rimosus, Streptomyces albus, Amycolatopsis mediterranei,
and Streptomyces tsukubaensis. These include hosts in
which SCP2*-derived plasmids are known to replicate
autonomously, such as for example S. coelicolor, S.
avermitilis and S. griseofuscus; 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, whereiq 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.



NVR, 13-nethyl-erythromycin B: 36 47 53 45 25 1719 ~ ~- 48 42 46 ~ 18 23 32
44 11 S 16 41 5 3s ~ 4s 10 22 1 2 0 34 40 ~~ 2 13 29 43 31 6 14 ~ 4 3 7 21
~ 9t 220 26~ 15 ~ 37 28 10 2~~ 36 #I3C - PPM#H att achedPecember 2002
PPML80. 5014. 15240. 6212. 15445. 171 2. 8415584. 081 3. 6269. 8631. 18797. 2614. 888176.
480915. 2531. 22201175. 980123S. 4322. 421 1. 6116103. 7514. 461738. 7722. 09/ 1. 721827
.6731. 312 52073. 0902166. 2014. 062270271 R9882371L2413. 28254S. 4912. 813
02678.2913. 062821.9131. 282919. 033I . 33~30~ 41.6111.65 WD 00l 00618 - 43 5

10 In a second aspect, the invention provudes atypel polyketlde synthase which
31i 8. 7331. 293265. 9412, 5334 . 5213. iﬁé? 203619 lg %63849 3 33,.363970. 1
71 3. 88409. C?m'sg%aiozg'mma ARI 3 ensioNaec 7217 3 8354840.

égSZt 354?“m8dtﬁ§ls;a'ﬂhpfé€! t&%aﬁ%f{ﬁtn\@/nﬁ[{y%@bﬂgﬁtﬁggﬁg?r%@%d fHeh/t6BRe 02044
nstructli e Reco an ect or as

O B b BgathoxiiRion N BRRShiESIANg o BB GaTasgoRIng BricsabyriheBiutash
synt hase tdwatyl fredRfudifotrdrRfer ke thoFirdt eiiePdioiniaiul¥<and Ondidhg atmesstipart df i 20
eryt hromycj n ext ensi on, nod

t hi oest er 48 extﬂ%?ﬁ'ﬁp%ﬁj‘?‘%@@&%&é?@@?én%@ H%E {eglﬂ%‘g‘li"ggf‘ oW ng

g ynthé%tT IA C tAbredP Wﬂ%ﬂo@i@é thGC?a 5h%gawss¢é\wmmmwme oftnd
the tylosin PKS coupled to the splramycm PKS minus its natural loading module; and (b)
the synthase is not adapted to direct the synthesis of a 14-membered macrolide having a
13-methyl group due to incorporation of an unsubstituted acetate starter unit.

In a third aspect, the invention provides a type I polyketide synthase enzyme or
part thereof comprising a loading module of the form; (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 (decarbox) represents a domain operative to decarboxylate an
optionally substituted 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.



were used to anplify the DNA encodi ng the tyl osi n-produci ng | oadi ng nodul e
using either cos6T (a cosmd that contains the tyl osin-produci PKS genes
fromsS. fradiae) or 30 chronmpsomal DNA from S. fradzae as0tless n'gleéZO(T e PCR
30 Decenber 2002 WO 001 04618 PCTI GB991 02044 - 44 product of 3.3 kbp was
purified by gel electrophoresis, treated with T4 pol ynucl eoti de ki nase and
ligated to ' plasm d pUCd B, which had pe&en |inearised by digestion with Sma
| and then treated with al kal i ne phosphatase. The ligation m xture was used

to transform e|egtenfiraspeet, & inPerftiof r<3\hdé3|‘é\19ch§€£%|fblf‘-?pr@ﬂé’nr1gf‘éjiy]zSIeSIIUal cl ones

were checked for the desired pl asm EPFLS Pl asm g was identified
by restri E?'V'&ﬁﬁ'dﬁﬁﬂ"@éﬁfﬂéﬁt"@"ﬁ'ﬁzﬁ”ﬂg@' IPICRBIAININgtYPe eﬂﬁ'eg%\@ﬁ ewi th Nde

| and Nhe PKeryduﬁéa&nshe?whd)@pérs@ﬂﬁm indfa8edd OLF dRfhdiy whigh tédaes egedior esis 10

and Ilgated to pND30 previously digested with Nde | and Nhe | and treated

with al kaﬂ???éb%@é'%éﬂ Brogucerp undegifed starter wherein faid ofgasisn 6°'it1"“aﬁ &t

el ect r ocogpRh®Ak bkef genetiehihPehdificréd fRNslipbRAs WeldartoxPa sfhasidked for
the desired plasmd gPFeL42 Pldggmrd pPFIE)EZ was identi ?lﬁ? by 15 restriction

anal ysi s. CER&®pan.7 Construction of S. ezythraea JC2/ pPFL42 Pl asnid pPFI, 42
was used to transformS. erythraea JC2 protoplasts. Thiostrepton resistant

coloni es were selpfe ik tslE B Yavearishni9110.5 e/ M of

t hi ostrepton. Several clones were tested for the presence of pPFL42

52;397: gt %ﬂe\%ﬁ‘_}%&)% G%W %e?glrﬁ giﬁﬁp ﬁgbte Eggﬁgﬁh%kg%%r ag nt eﬁlcrz)dl ng
for the | oggiidg .
Fig 1 is a diagram showing the functioning of 6-
deoxyerythronolide 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



30 Decenber 2002 WO 00! 0i 1618 PCT/ GB99102044 - 45 nodule. A clone with an
integrated copy of pPFT,42 was identified in this way, BEdrRaembepedRicti on
of pol ykelwodesosdsi Ng S. erythraea JC2/ pPFL42 A frozen suspepOs/GBaY/@4st rain
S. erythraea JC2/ pPFL42 5 was used to inoculate eryP nedium containing 5
~g/m of thiostrepton and allowed to grow for seven days at 28-30C. After
this time the broth was filtered to renove nycelia and the pH adjusted to
pH=3. The broth was extracted tw ce-wgph-two vol unes of ethyl acetate and
t he conbi ned extracts 10 were washed with an equal volunme of saturated
sodi um chittrel ddutdmied dQer oankhyditans cs@diidm (B) piatthe a0 t he et hyl
acetate was renoved under reduced pressure, to give crude product. The
product wasmaiown t Cheawbbireeiathdwaisuigeshowndaw reradravgs | dentical, as
judged by M5, GC-MS, and 15 1H NMR with an authentic sanple:. OH "0 WO

00l 00618 Gehbank/EZmBIe alcesdsbhudi®eref aZe :eGRA agaaMRRIZGE38 ydrL42 30
Decenber 2002 PCTI GB99/ 02044 Pl asm d pPFL42 was used to transform S.

er yt hr aca SNRRIPEIES ¥ Ot 1a%ie®.rubairo (X63AU®) ;r eHIRS! afkrahoni es wer e
selected in 82T20 nedium containing 10 lcg/m of 5 thiostrepton. Several

cl ones werR1tRstede Gro &aRic@aeReR 19fspgifEl 4 dhfegr @b iat 0 Adwe,
chronosone by Sout hern bl ot hybridisation of their genomc DNA with

DI G4 abel |24 ;R¥AneRRRAIEHORY sithedtbhy/des IdRamRYI ancadmdpr ¢he | oadi ng

unknown polyketide from Streptomyces cinnamonensis
(Z11511); VNZ: jadomycin from Streptomyces venezuelae
(LL33245) ; NOG: anthracyclines from Streptomyces nogalater
(248262); TCM: tetracenomycin from S. glaucescens
10 (M80674) ; DAU: daunomycin from Streptomyces sp. C5
(L34880); 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 l6-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



nodul e. A clone with an integrated copy of pPFL42 was 10,4 i in this
way. Exanple 10 Production of polyketides usincl S. ery?:hdrlggéz}:’tnmelr%Oi

NRRL2338/w&BtEds18\ fr ozen suspensi on of strain S. erythr aeaPClEGB9/02044

NRRL2338/ pPFL42 was used to inocul ate eryP nmedi umcontaining 5 ~cg/m of

thiostrepton and allowed to grow for seven days at 28-30C. After this tine

the broth was filtered to renove mycelia and the pH adjusted to pH=9. The

supernatant was then extracted thr 8¢ tinmes with an 20 equal vol une of ethyl

acetate and_t he solvent was rem%c;(ﬁbryq evaporation. Producis were anal ysed
i

by HPLC M5 &R -a omd&r 61 eI S i T HF D hg struct ure,

identical wi,th that of authentic erythronycin A (together with ot her
pr oducPasiiAc RIS /i-dentified as the 30 December 2002 WO 00100618

PC /3899102044 - 47 correspaonding erythromycins, B and D, . the result of
i nconpl et e padt- PKENGMS &G r@?ucégﬁﬁj%leoélt TIRRYOHEDF s i d nPFL35

Plasm d pPFL35 is a pCIR24-based plasm d cqontaining a 5 PKS gene conpri sing
a | oadi ng nodk§ ETesER Y INMen Py M i](#wr%aﬁﬂre & %%EBS and the

chain termnating thioesterase. The | gadi ng nodul e conprises the KSq donain
DNA frdii ¢ HEdEghd@uRe ot 2 dBrRRS 1P PSR sSPPIRL ¢ he
mal onyl - CoA-specific AT of nodule 2 of the rapanycin 10 PKS, in turn |inked
to t he ’BEBYMB SRS TPo S LGP AP SWed iy %{335‘5\;%9 oGt ed vi a sever al
i nternedi ate pl asm ds as . L

500mHz DMX spectrometer unless otherwise indicated and

peak positions are expressed in parts per million (ppm)
downfield from tetramethysilane. -The atom number shown
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 Cl18 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

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

SUBSTITUTE SHEET (RULE 26)



follows A 411 by DNA segnent of the eryAl gene from S. erythraea extendi ng
from nucl eotide 1279 to nucl eotide 15 1690 (Donadio, S. &0 Rgcembar2@ite
(1991) 2SR® dAd61879) was anplified by PCR using the foll ocmGBIpreReEt i C

ol i gonucl eotide prinmers: 5 - TGGACCGCCGCCAATTGCCTAGGCGGEECCGAA. CCCEECT- 3" and
5' - CCTGCAGGCCATCGECGACGACCGCGACCGGTTCGCE- 31 20 The DNA froma plasmd

desi gnat ed pKSW derived from pT7-7 and DEBS1-TE in which new Pst | and
Hindl Il sites had been introduced ta ghank the KS1 of the first extension
nodul e, was used as a tenplate. The 441 by PCR product was treated with T9
pol ynucl eatdgeidddiasedingn | i gated to 30 Decenber 2002 WO 001 00618

PCT/ GB99/ 02044 - 48 plasmd RYE.8c Which had been Iinearigsgipyr?igestion

with Sma | and then treated W th_ _al kaline phosphatase. The | gation
m xture was used to transfor M&P&EPFoconpet ent E. coli DHLOBIE Jr%’éeand
i ndi vi dual cl ones were check&@asr exhk&agésired plasm d, pPEL28/1ThEEenew M e
I/Avr Il sites 5 bordering t B®TAnsert are adjacent to the BEémgRlListée in .

the polylinker of pUC 8. Pl asgidwpikEk26oWas tdeati fbedmby restriction
pattern and sequence analysis. An Me | restriction site is located 112 by

fromthe 5 .end of the DNA encodi ng the propionyl-CoA: ACP 10 transferase of
t he | oadi 5 LWEBS. Plasnmid pKSWwas digested with Me | and Pst |
and ligated with the 411 by dextrose 50g/litre

Nutrisoy™ flour 30g/litre

(NH,) ,S0, 3g/litre

NaCl 5g/litre

CaCo, 6g/litre

Tap water to 1L total volume
pH adjusted to 7.0

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



i nsert obtained by digesting plasm d pPFL26 with Me | Pst 1.

ligation mxture was used to transforn1e|ectroconpetent%%ﬂgaﬁnmﬁﬁfég?celIs
and i ndi Weeemosts ones 15 were checked for the desired pl aS&TGBPBIMI 7.
Plasm d pPFL27 contains a PKS gene conprising the DEBS | oadi ng nodul e, the
first and second extension nodul es of DEBS and the DEBS chain term nating
t hi oesterase. Plasm d pPFL27 was identified by its restriction pattern. 20
Pl asm d pPFL27 was digested with Nde 33and Avr Il and ligated to a 9. 6kbp
insert derived fromdigesting plasm d pM6 (PCT/GB97/01819? with Nde | and
Avr ||. Pcashpénpnbbe cght%ﬁdlsog thes ryéRs i ve Mpenen fi e duEBS 9l oadi ng
modul e, the first and second extension nodul es of DEBS and the DEBS 30
Decenber PEE299we90fDOB18. POTNERYIDIZ044 49 clivepmpsamati Ml of thi oest er ase,
except that the DNA segnent encodi ng the nethyl nmal onate-specific AT within
the first céxnemshenshodas etdmsldimon FpecPERcardductulyst i3.& édbpbyist he DNA
encodi ng the nmal onate-specific AT of nodule 2 of the rap PKS. The ligation
m xt ure wapsrufeddtloytgahsé beatomicgesiocohpedtest vE thcdd DHLOB cel | s and

i ndi vi dual cl ones were checked for the desired plasm d, pPFL28. Plasmd
pPFL28 copbaynschediyhde dk RKGegemel dagptedi by b hesrkBUCABII mpichdul e, the
mal onat e- speci fic AT of nodule 2 of the rap PKS, the ACP of the DEB5

| oagi ng nmbhdgl beefiol i naeri ad 19y tdigydsitish ahth semoml «and edsinon nodul es of
DEBS and the DEBS chain term nating thioesterase. Plasm d pPFL28 was
identifiedrbute@switict hDkabited HosphAt DBA. sepwenti e fg xitheeKSq domai n
fromthe ol eAl gene of S. antibioticus extending from nucl eotide 167l to 15

nucl eot i dgad385ecWaso atphhs f&eh té’.lé%@%o@&igg_gtérb@ £ ot oMipRd o3y Reheki C
ol i gonucl eoti de prinmers: 5" - CCACATATGCATGI CCCCGGCGAGGAA- 3" and

5" - CCCTCT QRECNANANGAN I L3 chdBle 4 NEOPOgEl MRS rom Streptonyces
antibioticus as a 20 tenplate. The PCR product was treated with T9

pol ynucl eghidg; i papgaend piaat & JearRbaggl di @b Ss1 higgh had been
| i nearised by digestion with Srua | and then treated wi th al kaline

phegphat asesc TRt i bSabhOfe i XidH & %_nEéeQﬁng&”Sf orm el ectroconpetent E.
coli DH10B cells and 30 Decenber 2002 WO 007 006l 8 PCTI GB99l 02044 - 50

individual clopgg \enepANSEeY {9ra Idig 19881 (e P! AeiibERPFL3l . The new Nde
| site bordering the insert is adjacent to the Eco Rl site of the pud 8

pol y! i nker pphi/bgot 161880 BAPLdH Wrlt@iROr B6E Satdiguddtidhbhdihbe of the

| i nker region.
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'-AATTCACATCACCATCACCATCACTAGTAGGAGGTCTGGCCATCTAGA-3"
20 and
5" -AGCTTCTAGATGGCCAGACCTCCTACTAGTGATGGTGATGGTGATGTG-3"'
were annealed together and the duplex was ligated to
EcoRI-and HinDIII-cut pNEWAVETE. The resulting plasmid

was cut with Ndel and Xbal and ligated into plasmid



Plasm d pPFL31 was identified by restriction and sequen&&l? anﬁ ¥gg§2
Plasm d pPFL31 was digested with Nde T and Avr and t

| i gat ed Wwobtpgbsssnm d pPFL28 t hat had been digested wi t h NPETIGRIG2044r | | .
The ligation m xture was used to transform el ectroconpetent E.coli DHLOB
cells and 10 individual clones were checked for the desired plasmd,

pPFL32. Plasm d pPFL32 was identified by restriction analysis. Plasmd
pPFL32 was digested with Nde | and Xsul-and the insert was ligated to

pl asm d pCIR24, which had been 15 digested with Nde | and Xba | and
purified pgJRed ehatcthraahlisreaspsevibesliygattonibhhxsame s used to transform
el ectroconpetent E.coli DH1OB cells and individual clones were checked for

t he desiredzphas/ith pRigke pRbhasitidpPBEOBbswas identified by restriction
anal ysis. 20 Exanple 12 Construction of S. erythraea JC2 / pPFL35 Plasmd
pPFL35 was useHlasmid grBFIIOnWas eliykbitadawl€R pret dpbhadt NheThi asdr ept on

resi stant col onies were selected in RRT20 nedi um containing 10 I,cg/ m of

t hi ostreptas. 3.3 3kbPefmtent?20@2 YOr00i0a688 HET| 6Ba8toAMdresfsl Sever al
clones were tested for the presence of pPFL35 integrated into the

chr onosomanhby 1 Sgatt deerio IND30hHEEI greatibesl of di hestegenpim CNENA Wi t h

DI G| abell ed DNA containing the rap PK5 fragnment encodi ng for nodule 2

5 and Nhe I and treated with alkaline phosphatase. The
ligation mixture was used to transform electrocompetent
E.coli DH10B cells and individual clones were checked for
the desired plasmid pPFL43. Plasmid pPFL43 was
identified by restriction analysis.

10 Example 2

Construction ofS. erythraea JC2/ pPFL43

Plasmid pPFL43 was 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 pug/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 polvyketides using S. erythraea JC2/pPFLA43

A frozen suspension of strain S. erythraea JC2/



acyltransferase. A clone with an integrated copy of pPF i tified
inthis v&& E(ﬁ?gpl e 13 Production of polyketides usi nglaégb%'e %ﬁ%ggmz /
p4 u pF’E

pPFL35 A spension of strain S. erythraea JC2 / Wwas used to
i nocul ate eryP medi umcontaining 5 Lcg/m 10 of thiostrepton and allowed to
grow for seven days at 28 30C. After this time the broth was filtered to
renove nycelia and the pH adjusted to pH=3. The broth was extracted tw ce
with two vol unes of ethyl acetate a‘ndﬁ)h'e conbi ned extracts were washed

with an e ol une.of 1 aturat ed_sodium chl ori de,, dried over anhydrous
sodi um suﬁ%ﬁi‘éé, wﬁﬁdl{lﬂ‘éuz‘?ﬁ?ﬁ e SEYP MR e rfeRAL R A H Sréfﬁ{&réd pressure,
to give cryde product, The product ho to have the fo]low ng

struct ur ef’%aﬁgl\?ﬁ IeBLAR- by ,“’@é—u\ﬂw\%§5‘idcmﬂf\?atwatsb ablgci‘”ﬁaéJnttiOcal to
authentic material: O4 "-. "~ "1, r r, 20 ~ 0 001.00618 - 52 Exanple 14
Const r uct 95 Yof 08, SEVIPhHa%s %I*RI%L%@@B?'pPﬁ%@rSG BEc &ABEr tg@oz

PCTI @991%044 Pl asEi,g EPF 35 was used to tra% ormS. erythraea , NRRL2338
pr ot opl asPEOtRnWESt F&pEERef g HemvecBYoRl 2 R Rt YSEeRT20 medi um
(Yamanoto et al.) containjng 10 5 E.cg/nl of thiostrepton. Several clones
vere testé&® PH 3t Re nggeﬁE‘gUbfwaﬁpﬁ% aFE‘ngg‘F‘é’t%“d ity §¥ chr onosome by

Sout hern bl Qt hybri di sation of their %enon‘ic DNA with DI G
5 volumes of ethyl acetate and the combined extracts 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

10 shown below, and by MS, GC-MS and 'H NMR was found to be

identical to an authentic sample.

Example 4
15 Construction of S. e ea NRRL2338/pPFL43
Plasmid pPFL43 was used to transform S. erythraea

NRRL2338 protoplasts. Thiostrepton resistant colonies



| abel | ed DNA containing the rap PK5 fragnent encoding for _nodule 2 . A
clone with an integrated copy of pPFL35 was 10 identifi edOHgcemper :
Exanpl e 1womwmaiugti on of 13-net hyl -erythronycin A and B usPa§GB99/02044
Sacch. eryt hraea NRRL-2338 (pPFL35) The culture Saccharopol yspora erythraea
NRRL2338 15 (pPFL35), constructed with the wld-type | oading domain

di spl aced by an ol eandonyci n KSQ rapamycin AT2- DLTE DNA insert, prepared
as described in Exanple 14, was inoculmged into 30nmL Tap Water nediumwi th
50 ~g/m thiostrepton in a 300nl Erlennmeyer flask. After two days

i ncubat i onveate 28Cec2@dt hinsRPragkmedsudseont oinivog ul @tey 300 od of ERY-P
mediumin a 300nL flask. The broth was incubated at 29C at 200 rpmfor 6
days. Aft erhildsitsepition,. tBevehal echonéd wase atgsisé®dfdo e 8.5 wi th NaOH,
then extracted with an equal volunme of ethyl acetate. The ethyl acetate
extract wasreaemper alfedPFD43 3NtOgeetder iR062t MO Ot diiEldndPGH G899/ 02044 -
53 dryness at 45C under a nitrogen streamusing a Zymark TurboVap LV

Evapor at orsodth@inr aemtshiybit @ilsatifn25f VoheDESgémbiia PNA avicencentrate the
extract 4-fold. The structure of the products were confirmed by LC M5,

Met hod A Bydaalbenasdobsar vefdt¥ifilng tBEenbhopks | fBadierfe O M n and with an
5 mz value of 720 (M+tH)+, required for 13-nethyl-erythronycin A

( C36665N0l)codifgS §6@NEnReAKa MRS g OREQHYET VAt 1 nd hef ign time of 6.4 nin
and with nmz value of 704 (MtH)+; required for 13-nethyl-erythronycin B

(C36F$5N~~fat(%i_%@dec 9#%%?%&9%59”58&5@&@% nats (pg or pPFL4A4
Plasm d pPFL44 is a pC~TR29-" based plasm d contai ning the ‘gene encoding a

hybrid polgkfidide saynt hase that contains the spiranycin PKS | oadi ng nodul e,
the erythronycin extension nodules 1 and 2 and the chain 15 term nating

t hi oesteragse.. Pl asm d pPEL44 tructed as follows:, The follow ng

synt heti c -’*L’ Ot tEs" e AATSTOTAGRAE e Reees8EAsT- 3' and
20 5' - GGCTAGCGGGTCGTCGTCGICCCEECTG 3" were used to anplify the DNA encodi ng
t he spir angmyrthnaedy dRid L334YPHFB®3uUl e usi ng chronpsomal DNA fromthe

spi ramyci n producer S. anbofaciens prepared according to the nethod

desggi bed by Homoaeshigturd! .Sact®82bpolP8pBER erythraea

NRRL2338 (pPFL43), constructed with the wild-type loading

domain displaced by a monensin loader-D1TE DNA insert,
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 Decenber 2002 WO 001 00618 PCTI GB99/ 02044 - 54 product _of 3.3

purified by gel electrophoresis, treated with T4 pol ynucla@d??ct?@t@fﬁ

&@% and

| i gat ed t svgpéeemaisd pUC 8, which had been |inearised by di g&sTiGeaeoth Sna |

and then treated with al kal i ne phosphat ase.

to transform el ectroconpetent 5 E.coli DHLOB cells and individua

were checked for the desired plasm d pPFL4l.
by restriction pattern and sequence -arsl ysi s.

with Nde |

and 2 or

| i gati on nxtuhremnyainudedit gsetoadspesin whecdsmorqabtventh & col

and i ndi vi

medi um cont ai ni ng 1

cl ones

and Nhe | and the 10 3.3 kbp fragnent was purified by gel
el ect r ophoredsing igmd timgapegkt wapNoi3sexved prasitial mieidy ewpripomenpl asni d
pCIR24 having as insert the ave PKS |oadi ng nodul e and extension nodules 1
aF fdupERE 7RPoéYtH} as &BqUPCEABIPL01810FtBY bvi ousl y
digested with Nde | and Nhe | 15 and treated with al kali ne phosphat ase.

dual cl ones checked for the desired plasm d pPFL44. Plasm d
pPFL44 wasretgeritiicn édmgy ofeét #i minoandneltisim/z 2almeamf 047 Construction
of S. erythraea JC2/pPFL44 Plasm d pPFL44 was used to transform S. eryt hraea

JC2 prot oppragt)s, g@ﬁé&pﬁ&ﬂ Imeﬁr@rltewtﬁ%ggcmrg.sel ected in R2T20

~g/ M of thiostrepton

The ligation m xture was used

Plasm d pPFL41 was identified
Plasm d pPFL41 was di gested

The

DH10B cell s

Decenber 2002 WO 00/ 00618

PCTI £B99/ 02044 - 55 Several clones were tested for the presence of pPFL49
integrated into the chronosone by Southern bl ot hybridisation of their
genonm ¢ Dixamrille BbG | abel | ed DNA contai ning the srm PKS fragnment encodi ng

for the | oadi ng nodul e.

identifi edpydliddtidnaha REaBPLEY 18F 13 -methyl-erythromycin A and B

10

15

20

25

using Sacch. erythraea NRRL-2338 (pPFL43) at 8L scale

Saccharopolyspora erythraea NRRL2338 (pPFL43) was

inoculated into 1000mls Tap Water medium with 50 ug/ml
thiostrepton in a 2.8l Fernbach flask. After three days
incubation 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
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,S0, (15%). Water was added to
maintain volume at the 24 hour volume level. The
fermentation was continued for 167 hours. After this
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

TurboVap LV Evaporator, then reconstituted in 0.25

A clone with an integrated copy of pPFL44 was 5



Production of ol yketides using S. erythraea JC2/ pPFL44 A _frozen su nsi on
of strain S. erythraea JC2/ pPFL44 10 was used to inocula@@[¥¥§$bﬁbgﬁﬁm

cont ai ni nggooloosrg/ M of thiostrepton and all owed to grow fror/cGEMeR0days at
28-30C. After this tinme the broth was filtered to renove nycelia and the pH
adjusted to pH=3. The broth was extracted twice with two vol unes of ethyl
acetate and the conbined extracts 15 were washed with an equal vol une of
saturated sodi um chl ori de, dried over 3gnhydrous sodi um sul phate, and the

et hyl acetate was renoved under reduced pressure, to give crude product.

. The prodwectlunes sietivanbd haveohbentstatsc trbiwe exhowot bel ppiandriy GC- MS and
1H NWVR anal ysis was identical 20 to authentic material: WO 0U/ 00618 - 56
OH ili~~. structureBxafplthelprodnsts uotreo conif iSmedr by hE.a44S NRRL2338/ pPFL44
30 Decenber 2002 PCT/ GB99/ 02044 o Plasm d pPFL44 was used to transform

S. er yt hr adethodrRA-2338 4phofMapl ASEEnt oy duimee peal wasi ebaarvedl ahi es were
selected in R2T20 nedi um contai ni ng %g ug/ M of thiostrepton. Several

cl ones wertd's FST&F COFPPRENpy c¥ihR M 425 728giMtBY /i nto the
chronosone by Southern bl ot hybridisation of their genomic DNA with

Dl G | abel |redubMad]l FogoABamathyl t éeytdpiongmyial A . PKSsécagdepealeneaxdi ng for the
| oadi ng nodule. A clone with an integrated copy of pPF |~44 was identified
in Bhis wapserva0 G0td0a]l8etesTiofExzind @©f26 .80mbacandewiB0R/PCTI G

B99/ 02044 Production of 13 nethyl-erYthronmycin A and B using Sacch.

NRRL2336  (PPECA4), Sontrueted v Choihe w |- tyne| Gk g aean o

B.

About 35 liters of broth containing approximately 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 CG-161 adsorption column was prepared and

equilibrated with 20% methanol/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 iwmpurities, 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.



5 di spl aced by spiramycin | oader-D1TE DNA insert, was inoculated into 30ml
Tap Water nediumwith 50 ug/m thiostrepton in a 300nl ErdGRecapeter2082k.
After thred"QW6i8 cubation at 29C, this flask was used to PODGBI®8204800 i
of ERY-P mediumin a 300 m flask. The broth was incubated 10 at 29C at 200
rpmfor 6 days. After this tinme, the whole broth was adjusted to pH 8.5
with NaOH, then extracted with equal volune of ethyl acetate. The ethyl
acetate extract was evaporated to dryneds -at 45C under a nitrogen stream
usi ng Zymark, TurboVap LV Evaporator, then reconstituted in 15 0.0625

vol unes met hARoPTLPLD RIAHUCE dayRE ¥Rs rextraddolak with sirugianes of the

s obsor vel KSR, TR UHY COMORIA O EROAL, vOARBE GRCR2OLM HEhe 1 equi T od
wih a retorrr o (AL B 1o TRGHC A1 on Ao tar cTemomkEpR, r equi r od
Const ructi on ot o acare” 53T RIT S0 A B389 4503/8 2048 bsrr o
Gy loadi ng modul o The T Tstiong TRanaiiond Gidade ) ToaLrBeert (e ory

PKS ahd t hecampershaine ey Nat 1utd dghitQe Siter f t_the DNA segnent
bet ween the end of the acyltransfﬂgrase and t elﬁ;t;l(eégll%nnﬂsﬂr%r S HE AP of the

second ezy hestanwsi drherodubedpasobeeron 0i s UBShELHt g Qﬁoacsywetj(f
ol i gonucl eotide |Iinker containing the recognition sites of e fol |l ow ng

restricti omignbasewhenvthe  1Bglid isSaeBintdSstdo aSpel £1As)k | ’1&%@&} and
Hpal. It was constructed via several internediate plasm ds as follows

(Fi gure 6).thes magestityc Of oAmpRr bt desriebhptiKA2 Fheofppropé netaly ik 47 kbp
DNA fragrrer}{ of the eryAl ag__ene of S. erythraea was anplified by PCR using
as priners tHe VIR idE ot Shudicddoweds by filtration of oOff-

10 whitel3-methyl-erythromycin A crystals the next day.
Approximately 300 milligrams of 13-methyl-erythromycin A
were isolated 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 ~11.0 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



5' - TACCTAGGCCGGECCGGAC hGGTCGACCTGCCGEGTT- 31 and

5' - ATGTTAACCGGTCGOGCAGGCTCTCCGTCT- 3' and pl asmi d pNTEP2 @eiRegagker §802¢¢
al ., Chenmwstoopoaad Bi ol ogy (1996) 3:833839; W98/ 01546) asPCEGPIWMI2844 The
PCR product was treated 25 with T4 pol ynucl eoti de ki nase and then |igated
with plasm d pud B, which had been |inearised by digestion with Smal and
30 Decenber 2002 WD 001 00618 PCTI GB9910Z044 - 59 then treated with

al kal i ne phosphatase. The ligation mi #0ur-e was used to transform

el ectroconpetent E. coli DHLOB cells and individual colonies were checked
for their wiesmodlessiednand sates byd LEVMS ni Frdidomandd itheovphied by its
restriction pattern and DNA sequencing., 5 Construction of plasmd pJLKO3
The appr oxédretedisy cpmbanedy BiAutedgrnt2Qy matdangiavwigdndedpngzedr yt hr aea
\Q@.SA%'# fied by PCR using.as EI‘I mcaé}%,}gﬁe]dqjiotﬁysrgdq%t“{ Cbi%lalr ggggggotl des:

5' - CTTCTAGACTAT TCCCT GC- 3 d pl 1,d pNTEPH. | . Th ‘
PCR produc %Eef}‘i‘éf@% \ﬁﬁ%&npo‘ﬁﬁﬁﬁgfgg??g%&ki e 3?16&[ %@rr]er E;Zt ed \(/avith
plasmd p%&gﬂ%&e""@higﬁ?&g %eh't%ﬁgé{iis&g 126 09hFESEAP UM o9 {Oand then

treated w I ne” phosphat ase. gation m xture Wwas use

tra formgﬁﬁp%rd&o . Iy -DHL L Adiwd cql,oni es were
_chegsi_ed_ for. “their gﬁ%%g%f"gos_r@?rﬁt.e'Th@ﬁ?ﬁ@é’%ﬁa@%ﬁﬁ@% %s _

i denti fi ede Dt deltS oD theSthherhed PR I&Fdbdtt AR 5 AvenehRg. mgoBst ructi on

of plasm d pJLKO4 Plasm d pJLKO2 was digested with™Pstl and Hpal and the
1.47 25 kbpidhtsebrowas kbUaded wWHeh phasmg pdtKQZrudd chibadchpen di gested

with Pstl and Hpal. The ligation m xture was used 30 Decenber 2002 WO
00/ 00618 R&HIHERGHHQAAMM B waB0disSolvadsirormrelceaiinadaigetrenbfERPLOl i DH10B
cells and individual colonies were checked for their plasmd content. The
desired plosadal adekOtitweisld damd i Loedefly drtte reskOcmt xon2fett eRum
10 thick, silica gel preparative thin layer chromatography
(PTLC) plate. The plate was developed with 60:40
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-erythromycin A and 13-
methyl-erythromycin B samples were confirmed by mass
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-methyl-ervthromycin A:




5 Construction of plasmd pJLKO5 Plasm d pJLKO1 (PCT/ CB?S’[)%%@@B&Q’&E}E
digested with Pstl and Avrll and the 460 by insert was 'fgated with plasmd
pJLKO4 wMQH/ek¥ been digested with Pstl and Avril. The | ?ﬂﬁ%ﬂ“’f’é“ m xture
was used to transform el ectroconpetent E. coli DH1OB cells and i ndivi dual
col onies were checked for their plasmd content. The desired plasm d pJLKO5
was identified by its restriction pattern. 15 Construction of plasmd
pJLKO7 Plasm d pJLKO5 was di gested w4l Scal and Xbal and plasm d pNTEPH
was digested with Ndel and Scal and thege tyo fragments were ligated wth
pl asm d pCIR24 whi ch had baen 20 digested with Ndel and Xbal. The ligation
m xture was used to transfolm el ectroconpatent E. coli DHLOB cells and

i ndi vi dual col oni es Wégfzphbeked f omot heiry plasm d content. The desired

pl asnmi d pJLKO7 was identiified bypits rgstrivction pattern. 25 Construction
of plasmd pJLK114 ISQJEEcean 2002 001 0618 PCT/ (3B99102044 - 61 The
two synthetic oliggnuclotidesRIf and Plb (kigure 7) were each dissol ved
in TE-buffer. 10 %SI‘ {égach SAFgfrbn (0. ﬁDIT},l) were m xed and heat ed
for 2 mnutes to gggk_nd t hen sIBmAy cool ed down to roomtenperature.
Plasm d pJLKO7 was_ digested with Awll gnd Hpal and ligated with the 5
anngal ed oligonucleoéggbs. Theg igaﬁhaﬁ mxture was used to transform

el ect roconpetent E, ilDHlOBlcePFE_and i hdi vi dual col oni es were checked
for their plasm d conten® Ibe’dQ§iréqtpl id pJLK114 was identified by
its restriction pattern. EbzPIasnPd pé{K(i? s a pCIR24 based plasmd
contai ning a PKS gene conpﬂising t he y I'6adi ng nodul e, the first and the
second extension nodul es of°the ery PRS and the e~y chainterninating

t hi oesterase except that the DNA segnment 16 between the end of the

acyl transferase and the beginning of the ACP of the second ery extension
nodul e has been substituted by a synthetic oligonucl eotide |inker
containing the recognition sites of the followi ng restriction enzynes.

AvRPI, Bglll, SnaBl, Pstl,# Spel, 1R8i1 pp20 Bsu38l and Nhe|- ppm
1 221.91 0
2 175.99 0
3 103.63 1 4.45
4 96.81 1 4.88
15 5 83.76 1 3.60
6 79.86 1 4.10
7 78.36 1 3.05
8 75.50 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



It was constructed via several internediate plasm ds as %8%0\’\5 %0@ ure 6
) . 25 Construction of plasmd pJLK115 30 Decenber 200 C?)'BP P

PCTI GB99/ waXeb4061864 The desired plasm d pJLK121.1 was i def@T/GBRAM2BAA it S
restriction pattern and DNA sequenci ng. Construction of plasmd pJLK29 5
Plasm d pJLK121.1 was digested with Bglll and Nhel and the 2.2 kbp fragnent
was ligated with plasm d pJLK117 which had been digested with Bglll and
Nhel . The ligation m xture was used tat2ransform el ectroconpetent E. coli
DH10B cel |l s and individual colonies were checked for their plasm d content.
10 The desired plasm d pJLK29 was identified by its restriction pattern.
Exanpl e 24 15 Construction of Plasm d pJLK5S0 The approximately 6.1 kbp DNA
segnent ofNMIkd3-methylieryBpasimBPKS gene cluster of S. erythraea encoding the
DNA fragment fromthe beginning of thesACP of nodule 2 &40 the begi nning 20
of the ACP of nodule 3 was anplified byl PCR using as pri\ners the synthetic
ol i gonucl eoti des: 5'-TACCTGA GC~GGGTCT \’_\I% nd

5' - ATGCTAGCCGT TGT GCCGGCTCECCGGT publ i shed
pBK25 by Best, D J et al. Eur J Biothem ( -—39-49) as tenplate.
The PCR product was treated wWgh T4 i and then |igated
wi t h pl asmid “

3
5

40

10
# 13C - PPM #H 1H - PPM
attached
1 80.50 1 415
2 40.62 1 215
4 4517 1 234
15 5 84.08 1 362
6 9.86 3 1.18
7 97.26 1 438
8 176.48 0
9 15.25 3 1.22
20 11 75.98 0
12 3543 2 2.42/1.61
16 103.75 1 446
17 38.77 2 2.09/1.72
18 21.67 3 1.51
25 20 73.09 0
21 66.20 1 4.06
22 7027 i 5.58
23 71.24 1 3.28
25 4549 1 2.81
30 26 78.29 1 3.06
28 2191 3 1.28
29 19.03 3 1.33
30 41.61 1 1.65




30 Decenber 2002 WO 001 00618 PCT/ GB99/ 02044 - 65 pUCI B, i ch hagOBEen
linearised by digestion with Smal and then treated with 3 REFGTRE

phosphat a¥0.00M6@8| i gati on m xture was used to transform ePETIGBI¥BAPILt ent F.
coli DH1OB cells and individual colonies were checked for their plasmd
content. The desired plasm d pJLK50 was identified 5 by its restriction
pattern and DNA sequencing. Exanple 25 Construction of S erythraea strain
JLK10 10 Strain JLK10 is a variant of &tr-ain NRRL2338 in which the
reductive loop of ery nodule 2 (i.e. the KR domain) is replaced by the

reductive}l ddp Jof thB.78apamjgci 3 noplul e 129 |t s constructed using plasmd
pJLK54 whifch2awdgs congtosucteq asy T of [ ows. 2. ngtruction of plasmd pJLK54
Plasm d pJTRRZ S @ 52y fasoo . ing a PKS, gene conprising
the ery |(ou.31 R TARAH TN AR B : and the third extension
nodul es o m nati ng thioesterase
except thg he acyltransferase and the

begitnni nglof38t He ACP947 t he fsecdond} ery e3densi o nodul e has been
substitut ¢d3by ft he emurval eft siegnent of3ggodul e]10 of 25 the rapanycin PKS.
30 DecenbdT3g0¢2 - T Woggsconstijucted as follows. PCTIG

B99102044 P:4.im ot pt}é :;gc W and the 6.1 kbp insert was

| i gat ed WikieimaH ted with Nhel. The ligation

m xture wg : Q- ran E, coli DH1OB cells and
i ndi®i dual id content. The desired

plasm d pJ pattern. 10 Use of plasmd
pJLK54 f on g . / pJLK54 and the production
of TKL derft JLK59 were used to transform
pr ot opl ast!s —etyt

15 Example 6

Construction of the Recombinant Vector pPFL42

Plasmid pPFL42 is a pCJR24-based plasmid containing
the gene encoding a hybrid polyketide synthase that
contains the tylosin-producing PKS loading 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'-GGCTAGCGGCTCCTGGGCTTCGRAGCTCTTCT-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 chromosomal DNA from S. fradiae as template. The PCR



15 thiostrepton resistant colonies were isolated. Froms ol es
total DNA is obtained and anal ysed by Sout hern bl ot hybr?%ﬁgg?mg 2%%
confirm t¥@abodoess pl asm d has integrated into the TE. 20 Cdﬂ@tGﬂ?@lm(!éﬁ of
S.erythraea strain JLKL.0 and its use in production of

13- et hyl - 10, 11- dehydro-erythronycin A S. erythraea strain JLK10 is a
mutant of S, erythraea NRRL2338 in which the 'reductive |oop' of ery
nodule 2 i.e. the ketoreductase domaiguis substituted by the 'reductive

30 Decenber 2002 WO 0010061 8 PCTI GB99102044 - 67 |oop' of rapamycin nodul e

10. It wapreonst ract Bl sty tWwadg o Sd BYyyHBI aede ARRbBB3Bes1H,0 Whi ch
pl asm d pJLK59 had been integrated. S. erythraea NR RL2338/ pJLK54 was

subj ect edtieasey ewith rounss yefudledtsakerih¥ e 90 i yhit6d t@sulted in
second crossover concomtant with the loss of the 5 integrated plasm d.

C ones i npwhkrid rsptegenBiilctohad ®eehy t DhEAY C58d ased €8s HDbr QFitHEBSI Wit h
t he nutant version had occurred, were identified by Southern bl ot :

hybri di salsingn: £RE ©hed oS tias wianed] Bal eayt phasshatagén IO and was
used to inoculate SM3 nmedi um (eryP medi um 10 gave simlar results), and

al | ovned t @3gheYboh Ohi SEYEN o WiRad@ys +8hndBo3RCe1 &bt bcdibstdt™ the broth
was centrifuged and the pH of the supernatant adjusted to pH 9. The

super nat a uas blieds QTR LhES bhIPScYbhLs AlleplughedRldiR,Of ethyl

acefate and the solvent was renmoved by 15 evaporation. Pr oducts wer e

anal ysed Byq Hﬁg Oﬁﬁ(g}{ﬁ SDC{D(F’JL NVRp, IB63 % b%@gwg@c (%dZS met hyl
erythromycin was 1dentifie Cconpanle products 0 |nconp ete
processi ng by pP5] - Fih &Y Reuertd QnM‘ysm.
Plasmid pPFL39 was digested with Nde I and Nhe I and
the 3.3 kbp fragment was purified by gel electrophoresis
10 and ligated to pND30 previously digested with Nde I and Nhe
I and treated with alkaline phosphatase. 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. eryvthraea JC2/pPFLA42

Plasmid pPFL42 was used to transform S. erythraea JC2
protoplasts. Thiostrepton resistant colonies were selected
20 in R2T20 medium containing 10 pg/ml of thiostrepton.
Several clones were tested for the presence of pPFLA42
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



pl asm d pPFL50 30 Decenber 2002 PCTI GB99/ 02044 Pl asm d

pPFL43- bawedopésasm d from which a DNA fragnment encodi ng KRCT(GBPI§ME) | ACP1
and nodule 2 of the erythronycin PIGS and the erythronycin TE, has been
renoved. 5 It was constructed as follows. Plasm d pPFL43 was digested with
Sful and Xbal to renove a 6.5 kb fragnent. The 5 overhangs were filled in
wi th Kl enow fragment DNA Pol ynerase-| 4&8nd the plasm d was recircul ari sed.
The ligation m xture was used to transform el ectroconpetent E. 10 coli

DH OB cel Imodide.i ndi vildoal wibh oan ebn twerra telde clopy fodr pPR&HR whasni d cont ent .
The desired plasmd pPFL50 was identified by its restriction pattern.

Const r uct i ioderdfi f3edednt khaeawdy K10/ pPFL50 15 Approxi mately 5 ~g plasm d
pPFL50 were used to transform protoplasts of S. erythraea strain JLK1O and
stabl e t hiExstmxdiet 81 resi stant col onies were isolated. From several col onies
total DNA was obtained and anal ysed by Southern bl ot hybridisation, to
confirm t hedoduitipnasti Bolbhgke PHéedtwigimat & icdtyathrheahogr)pepus2 chr onosonal
DNA region. S. erythraea strain JLK1O/pPFL50 was used to inocul ate SM3

medi um cont ai mzﬂ@fr%zetng/smspbhgs?éﬁr@pt%a(ﬁf YE "B PN GabPpEgL e ~. 9/ Ml
t hi ostrepton gave simlar results)and allowed to grow for seven to ten days

at 28- 300G Misla to3InBBaETPE" e 2t DI ROGLE nREY SBAGHIZ04E -

thiostrepton and allowed to grow for seven days at 28-30°C.

SUBST1TU~ SHEET ( RULE 26) WO 001 00618 - 68 Exanple E‘%}:ﬁonstrugobﬁ)n of

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
10 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 was identical, as judged by MS, GC-MS, and

15 H NMR with an authentic sample:.




this time the broth was centrifuged and the pH of the su\%ﬁr ataBtrq%ﬁzusted
to pH 9. The supernatant was then extracted three tines &N a

vol ume of wetdopbsidcet ate and the sol vent was renpved by evapOr/&BbyeRod4
Products were anal ysed by HPLC/ M5, M5/ M5 and 1H NVR  The nacrolide C13 5
met hyl 10, 11- dehydro-erythromycin A was identified (acconpani ed by products
of inconplete processing by post PKS enzynes) Construction of S. erythraea
NRRL2338/ pPFL50 10 Approxinmately S p.gapl asm d pPFL50 were used to
transform protoplasts of S. erythraea NRRL2338 and stabl e thiostrepton

resi stant gelmgiesowere i solated. From several colonies total DNA was
obt ai ned and anal ysed by Sout hern blot hybridisation, to confirmthat the

plasm d haghlor it et S€ g_nt%%mggaygg@& of the chronosomal
DNA. S. erythraea p was used to 1 noculate SM3 nedi um
i oot Er opt on-gf VEEMLU PP EPRS A ALY MR o R S B2 B ven (o ten
the: super AT S HET AT o B ontEeBRhy niPiat bt S pat ad™
removed by BUEpor P b S R B R P aB G e, “Ve/ N8 an

15 5 RSB, e T B B ERE R g ot
Pllasi o A1 &% DR GSHAE bt hity CREOORENS: 171 SRt gD gtul o and ks
Che'oryt hrBYPEI S St el R e e e PP SCS LU ] ARy moai at o

7 & Kbp_ DNIPRGEEHEG GPNE neV bl ch RS e ABCOLITCFO B! U r B fcos

ci nnanonensi s encodi ng_part of the ACP of the |oading nodul e and KS of
nmodul e 1 wBR_dakD1 i 12 e@lBye PERRSAh gl e Piatesr sopKecsyRPReiZ vas

ol i gonucl eoti des: 5' - CGI'TCCTGAGGT CGCTGGCCCAGGECGTA- 3

5'- GCTH@ATCACCREEAIBCHEZCEAY 5' and a cosnmid containing the 5 end of
t he nonensin PKS genes from S. cinnanonensis or alternatively chronosonal
20 DNA of Example-Bdonensis as tenplate. The PCR product was treated with
T4 pol ynucl eoti de ki nase and then ligated with plasuiid pud 8, which had

been | i neaptsductionli gf spobyketides Wsdmlg #hd edyehraesat ed wit h al kal i ne
phosphat ase. The
NRRL2338/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 reméve 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



l'igation m xture was used to transform el ectroconpetent 0Ql.00618 -
71 30 Decenber 2002 PCTI (B99102044 coli DH10B cells and5?98?¥ﬁ%ﬁgp89

col oni es wergsoodiecked for their plasm d content. The desi res/@Bgri4d pPFLIS
was identified by its restriction pattern. - Construction of plasrnid
pPFL47 Plasm d pPl1.45 was digested wth Ndel and Bse36l and the
approximately 2. b kbp fragnent was | egated into plasm d pPFt A3 which had
been digested with Ndel and Bsu36l. -They |4 gati o~ mi xture was used to )
transform el ectroconpetent E, coli DH108 cells and individual colonics were
checked f arontresiporgliagnied vtbmboeptindhg aledib.edhe assuiitdopPFL47 was
identified by its nstriction pattern. S Construction of plasm.d pCB135

Pl asm d pGikppdast edipgpedt-@KSwprhcklsaihd): the 5 overhang was filled in

wi th Kl enow fragment DNA Polynerase | and rel egated. The | egation m xture
was used tExdmpdrsfldr m el ectroconpetent E. coli DH1OB cells and indi vi dual
10 col onies were checked for their plasm d content. The desired plasmd
pCB135 wascdrlgithidti®mh f Hissheat ppeiaon pattern, |acking the recognition
site for Hndlll. Construction of plasmd pKSW 1J Plasm d pKSIWis a
PNTEP2 (GB97/ 0183{ s derdpigh oV aGt Qr pegRd 2L 19A Sl %l%@ﬁr%oﬂ%&ﬂ?ﬁg_té' ketide
synthase with the unique restriction sites introduced at the Iimts of KSI.
Plagr d p i i Vi@ 5 S = hat 6 ;pleas S Il ows.
Conatr uct 108 ol T e 8, T T e R P T BB g2t cat o

for plasnigl0%, tWenfigld oW pEnsyanfetic QldgoRuchankedrs were used as

mut ageni c prinmers, one containing a t he ot a Pstl site:

”coococAAT AT EEACRT et G MBS g pEhe 538, 9RAT ana
- OCTCCACGUAT QU GHCTRUAOGRTIRR: the FoledibORuaRY  Fogad i on for

pl asm d

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



synt hetic oligonucl eoti des were used as nutagenic priner ai ni ng
a Hndlll site and the other an EcoRV site: 5 %ODSecem er?dbtz

- GTCTCAAGRS ho/e8dsd TCAGCGGECACCAA- 3' and 5' - CGTGCGATAT CCCT GETaGomAGEGCA- 3'
For the PCR anplification for plasmd pM)13, the follow ng 10 synthetic

ol i gonucl eoti des were used as nutagenic priners, one containing a Pstl site
and the other a Hndlll site: 5 -GATGECCTGCAGGCTGCCCGECGGTGTGAGCA- 3" and
5" - GCCGAAGCTTGAGACCCCCGCCCEECECEGTCEpy 3' 15 PCR was carried out on pNTEP2
(GB97/01810) as tenplate using Pwo DNA pol ynerase and one cycle of: 96C

(I'mn); apediagpat180G.k B8h Mad AN i8RAr9Bea! by2&i LBt dn @lEh 25 cycles
of: 96C (I'mn); annealing at 50C (I mn)~ and 20 extension at 72C (Imn) in

the presengg af ah@r theal Iyeév\.eélmrhﬂmllrm@xbﬁISSEEBea%Qd%ES wire
end-repaired and ' cloned into pUCI B digested wth Smal and the ligation

m xture f I I epared from
|nd|V|du2?§é%t§%?eg ﬁ?ﬁgégggfﬁggﬁpt%gﬁ?ﬁé@@ogg %%g% %%g @&)00I00618 -

P CB99102044 5+ phd onf 8&1?&’091% (ﬁxd%}%alp%%ﬁeé3w8r§b%éﬂgdp%@}3 (4.3

kbp) were | ent| their restriction pattern an sequenci ng.
Const ruct I 1 m 3 S S h HndlIll,
and thg 1It3‘ek%] sﬁﬁ%?r \%g’g@é o%%fars]t g%e%é \P/\%% %9?]9% %een I%ges!ted vmth
Hndlll. at i m. Xt ure was t ansf rned nt .,coli DH, 10 The
desir ed p;’ e&q 8ﬂﬁbp?s g ?Eﬁnﬂ#ﬁqqgﬁ b§° éergg?rﬁithﬁepé?tE¥ﬂ and
desi gnat ed 11, 10 ct en of . pl ND 2 Plasm,d_pM)09 was

di glegt ed ﬁ%ﬁé‘?‘f“-r U ‘!é 34 pr?ﬁi‘?% cP‘éﬁ‘ég Fres B¥D11 which had
been digested with Pstl _The |i atlon nlxturﬁ was transformed into E. col

DH 15 10B.F 1§&dPPeRebFEEN P SHMIBCF *Rel¥aiftified by its restriction

pattern and de5|gna ed pMD12.
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
pPFL27 contains a PKS gene comprising the DEBS loading
module, the first and second extension modules of DEBS and
the DEBS chain terminating thicesterase. 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



Construction of pKSIWPlasmd pM)12 was digested with M and Cﬁg%Z and
the 3.9 20 kbp fragnment was cloned into pNTEPH (see belo D&AFOReT been
di gest ed Wobodt8 and EcoRV. The ligation m xture was traRSTEBI¥RMAt 0 E
coli DH 10B. The desired plasm d (13. kbp) was identified by its
restriction pattern and desi gnated pKSI W WO 001 00618 - 74 Construction
of pNTEPH 30 Decenber 2002 PCTI GB99l 02044 Pl asm d pNTEPH was obtai ned from
PNTEP2 by removing the Hindl Il site.- pfTEP2 was digested with Hindlll, the
5 overhang was filled in wth Kl enow Fragment DNA Pol ynerase | and
reiigated. chhéndesrmiuhatpiras fibd ogt8eBakbp)exasp s tlient the coNdysddnent
restriction pattern. Construction of plasmd pCB136 Plasm d pKSW was

di gest ed wehbolliled tinel Réialylanad ohhéeappeokf at AT ywilth Pn kidpe f fiagent was

| egated with plasm d 10 pCB135 whi ch had been digested with Ndel and

Xbal . The | egathsiom medule ks beed tpetifisdblyn sblest iocospaiertheE. col i
DH10B cel |l s and individual col onies were checked for their plasm d content.
The desir e®Npl asoodipdBld6 meElonatenspécedidyAT tof resdulet2 anf patet ern. 15
Construction of plasmd pCBl 3? Plasm d pCB136 was digested with Sful and
Xbal to remapePHS6. Bh&bl fgatgrenteixttihe ®as owsedabgstnenefdithl ed in with

Kl enow Fragnment DNA Pol ynerase | and rel egated. The 20 | egation m xture was

usedst o transtersceheetdaric @pelogt DE1 0B otél DHLORE cehdsvidehl ndiotiegual
colonies were checked for their plasmd content. The desired plasm d pCBI 37
was ~ idenieirki eHebledt for agild ideli@8dPpla&hid, pPFL28. Plasmid
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 oleAIl
gene of S. antibioticus extending from nucleotide 1671 to
15 nucleotide 3385 was amplified by PCR using the following
synthetic oligonucleotide primers:-
5'-CCACATATGCATGTCCCCGGCGAGGRAA-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



WD 00! 00618 - 75 Construction of plasm d pCH121 30 Decenber 2002
PC Tl GB99102044 Pl asmi d pPFL47 was digested with Ndel and3¢PRegMber£982¢ ne

approxinagﬁiﬁmﬂﬁg kbp insert was ligated with plasm d pCBl3émidHes0aad been
digested wt el and Hndlll. The ligation m xture was used to transform

el ectroconpetent E. 5 coli DHLOB cells and individual colonies were checked
for their plasm d content. The desired plasmd pCB121 was identified by its
restriction pattern. Exanple 10 COnsgrgBtLon of S.erythraea JLK10/pCH121

Approxi mately S ~, g plasm d pCB121 werg used to transform protoplasts of S.

eryt hr aea %Fg%g}égghs&fgﬁg g%k%g&ggg%§¥i&%§i%h%nhegg 88i§§%§§g§uisolated.

From sever oni es T ot al ai ned and "analyse t hern bl ot
nomo! ogousSEkyahbshia! Tkl gl ot CS DTG, 176, ARERESTuE g B
Cont ai ni gt ERS gPED RET ST Bl o B A Mt tPUSE| P8) TBnihal T8hed to 20
dent i TugeBSBnGt  REpHPATIeTR Shdtiak! Gt ed th. BRRGEE THRTHier nat ant

was then extracted three tinmes with an equal volunme of ethyl acetate and

the sol venFlagRi¢ Rblkd! pyr2 iR iigd by odestEikéienapafySeIeRre 30
Decenber 2002 W O 00/ 00618 PCT/ G B99/ 02044 - 76 HPLC M5, MS/ M5 and | H NVR
The facrol PBBL¥ERS net hyl - 10, 11 dehydro-erythronycin A was identified

(acconpani ed by ) )
Plasmid pPFL31 was digested with Nde I and Avr II and

the insert was ligated with plasmid pPFL28 that had been
digested with Nde I and Avr II. The ligation mixture was
used to transform electrocompetent E.coli DH10B cells and
10 individual clones were checked for the desired plasmid,
pPFL32. Plasmid pPFL32 was identified by restriction
analysis.
Plasmid pPFL32 was digested with Nde I and Xba I and
the insert was ligated to plasmid pCJR24, which had been
15 digested with Nde I and Xba I and purified by gel
electrophoresis. The ligation mixture was used to transform
electrocompetent E.coli DH10B cells and individual clones
were checked for the desired plasmid, pPFL35. Plasmid
pPFL35 was identified by restriction analysis.
20 Example 12

Construction of S. erythraea JC2 / pPFL35

Plasmid pPFL35 was used to transform S. erythraea JC2
protoplasts. Thiostrepton resistant colonies were selected

in R2T20 medium containing 10 pg/ml of thiostrepton.



products of inconplete processing by post-PKS enzynes): Exanple 5
Construction of S. erythraea NRRL2338/pCB121 Appr oxi nat el $0 Becqmbes| 2907 d
pCB121 V\Brg,(tl(ﬁ)ﬁ‘,g XY transform protoplasts of S. erythraea NRREEBForzend
stabl e thiOs rep? on resistant colonies were isolated. From several colonies
total DNA was obtai ned and anal ysed by Southern 10 bl ot hybridisation, to
confirmthat the plasmd had integrated into the honol ogous chronobsonal DNA
region. S. erythraea NRRL2338/pPFL50 used to inoculate SM3 nedi um

containing 5 ~.g/m thiostrepton (eryPredi um containing 5 ~. g/ n

t hi ostrept ogﬁg%/aelAfs(%lergnle@r wregg%ggt\'%gngogl %l?é\ﬁggrégerg(gé g;fog};ﬁr?) seven to ten

days at 28- rthistine t r ot centrifug and the pH of

t he supernahqpé%%a'e%\s/tiﬁﬂot Qh?l—lg?ﬁ%lgg&m%a r d@{%rely\?g]otthen extracted three

times with an e ol une o ace e an vent was renoved by

evapor ati on oduct r L V'S . , S/ 1 MR. The
macr ol i de CE -%lr%%ar%r#{gioﬁ iﬂ\%}é%l ?%é%ﬁ%?%@%%n%ﬁi%@ 629%& ?ﬁgcts of

i nconpl ete 0CEeSSi t +wPKS ) : . Dec. 2 WO 001 00618
PCT/ GB99I ozgé‘hgils’b‘f‘rb? ‘%ét% gﬁﬁghgggéﬁe{%@;t ?’h%‘g‘%%ﬁnﬁ%%‘@%t Fated by the
exanpl es |isted abov, t hey shaul d not, be regard s, limti cope of
the i nventi 8ﬁ¥9%aglsa€é(§\?5edes§r ?%?P%n“élﬁ‘ I %tﬂé %cfx?%t?ec% ﬁ:é)qji ros%?p%?ﬁggt he
construction_of.a Type |, PK5, gene assenbly containing a wholly or partly 5
het ergl ogou‘é’aks’qgecrb‘%‘tfgieﬂ A Itgéai K3Ymodul e and its use to obtain pol yketide
products of utiljty as synthetic internedi ates or as bioactive materials
such as ant =1t wll readily occur to the person skilled in the art
that a wholly or partly heterol ngus Ksq 10 contai ni ng | oadi n% nodul e from
ot her PKS gBreduetion @©ff gpalykgsidesusing o$o @ DEBS, or
indeed into a quite different PKS gene assenbly. It will also readily occur
to the person skil feokzem suspemstionhaf sheaiwldbt i endathsperidGZity provi ded
by the nore efficient discrimnation 15 nade between net hyl mal onyl - CoA and
mal onyl - COApBYLa5 Wi, usfenl [towddobylsapecefye medimboxortatindmgoy agked, is
preferable to the inperfect discrimnation between propionyl-CoA and

acet ywlo- CoA bBathisstardpaainusadohll beeDEBRS doadi Hior neakdre dang et @8Ry ot her
PKS | oadi ng nodules, in 20 ~ that it naxim ses the production of a single
product ratBefc.t atea whxtut bmeli fHerbmgH man ddditeathertoi metinbee nat ur e of
the starter unit. The avoi dance of such m xtures increases yields and

avoi ds the ngedliaradiedimupHandjdstédcudt pgepar Biie dorgliiocedur es.

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:

etitile]

20



30 Decenber 2002 WO 001 00618 PCTI GB99/ 02044 _ 78 _ Although the present
invention is illustrated by the exanples |isted above, the30 Bacamiskr2002be
regarded as limting the scope of the invention. The above Rkl Qns

i TustrateOMPM8 first tinme the construction of a Type | %ﬁiﬁgg%@hﬁp
assenbly containing a wholly or partly 5 heterol ogous KSg-contai ni ng

| oadi ng nodul e and its use to obtain pol yketide products of utility as
synthetic internmedi ates or as bioactive materials such as antibiotics. It
will readily occur to the person skilTetlin the art that a whol ly or partly
het er ol ogous KSq 10, contai ning | oadi ng nodul e from ot her PKS gene sets
coul d be ué@ﬁgﬁgﬁié%ﬁace the | oadi ng nodul e of DEBS, or indeed into a quite
different PKS gene assenbly. It will also readily occur to the person
skilled in SPRSERUCRIOR QY. ey tiddien JRELL3ZZBLPPYBPIy provi ded by the
nore efficient 15 discrim nation nade between net hyl mal onyl - CoA and mal onyl
CoA by an ATq, fbliaswed pPFEPecrdd amstec dobdxphattoon Byeaysogea s preferabl e |
to the inperfect discrimnation between propionyl-CoA and acetyl - CoA t hat

i s a feat urRRIE233 BEBSPIeEding Tidsteephdnofemhayamt eyl d?esl eadeng

modul es, in 20 that it maxi m ses the production of a single product rather
than a m xtsekeaidd ein PT2OmeeHeim qivhenmbhot ke nat Ureocwfairniengsti@r ter unit.
The avoi dance of such m xtures increases yields and avoids the need for

t edi og1s andugiilf i el thseparapticmn Peveedlr e3ones3RebDecesdrsd 2402 th8 CTr Al M5
; 1. A type T polyketide synthase which conprises a | oading nodul e and a
p3. urali.typpésendenst P shil @tedratiear €hBoséhd tRashesom A4 € is adapt ed
to load an optionally substituted nalonyl and then to effect

decaxboxyl agbgtthrm Biet opsiediiRtidne olfOtRERYI dendnts PNESPAM DIBS
optionally substituted acetyl resa.dus for transfer to the fist of said
extensi on npgid efeq AGRA cort IS &h%?rhﬁaﬁkssékgﬂﬁéﬁﬁt &SNP EHodul e s
not t-~aturaZly asgooiated with alording nodule that effects

decar boxyl at.i am .. W thnt hey p = . I = yket i ~et a
14-nenberagﬁﬁégﬁﬁm%d%Thaﬁ?H%R§§$S§ﬁ%?%§|Hg%&?gagﬁg ?§9%6§§#%§§§¥?8ﬁ50f an

(unsybstitti s de~ ac . St er unit. 2. ~1 type | pol yketide synthase
19 onpr 1 AGRLAAIRL RS Y-

whi ch conprises a and a ~alurality o extension nodul es,

wherein saigxhagﬂgngsnvdule is adapted to | oad an

Production of 13-methyl-ervythromycin A and B using

Sacch. erythraea NRRL-2338 (pPFL35)

The culture Saccharopolyspora erythraea NRRL2338

15 (pPFL35), constructed with the wild-type loading domain
displaced by an oleandomycin KSQ-rapamycin AT2~ DI1TE DNA
insert, prepared as described in Example 14, was inoculated
into 30ml Tap Water medium with 56 ug/ml thiostrepton in a
300ml Erlenmeyer flask. After two days incubation at 29°C,

20 this flask was used to inoculate 300 ml of ERY-P medium in
a 300ml 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 with an equal volume of

ethyl acetate. The ethyl acetate extract was evaporated to



~0 option~J.7.y substituted malorryl and then t~o eFtect decarboxylation o
the 7. ~aded residue to provide a correspondi ng optional | y 38leesimbet 200
acetyl ses~.due for transfer '"tp the first extension nodul e ei n at
| east part WE¥9%99618% i r st extension modul e i s het.erol ogous ti%'qgg?9\éi42%adi ng
nodul e or at |east a doma~.n thereof: wth 30 Decenber 2002 80 the
proviso that (a) the synthase is not canposed of the |oading nodu7.e of the
tylosin QKS coupled tc the spi.ranyciri fKS mnus i.ts natural | eading
nmodul e; and (b) the syt~thase is not adapted to direct the synthesis of a
~.4-zztenbered macrolide hav~.ng a 13-nethyl group due '~o incorporation of
an unsubstigﬁﬁﬁﬁsﬁcéFaﬂg‘%tQﬂqﬁﬁ'auﬁPFFOS?nA§§E&ﬂ¥luﬁiﬁﬂyﬁe?NBQrEynthase
enzyme ox part thereof conpris~.ng a |oada.ng nodule of the form Id

(decar box) FRFPOVARPIVWEERROY 2R, rtdisreserPESHAtAA tarG %y viodsmern (~rT)
represents an ac~rltrar~sferase domain operatxrre to 3.vad selective7.y a
subst xat , e BetBaped fPoRPBEENBFALS thaulsstiragtet Rl dnathe whnustyseo t he
13CP. and ~5 (decarbax) tepxesenta a domain operative to deoar boxytate an
optional |y 8fb&hei Profbgtfarohat eoniivhedaby éE(WeoMWQ%éLACfA Peiak

(decar box) b~in~g selected fromKSq arid CLF-type danmai n~s: whereih the

| oadi ng nodWRE PRErLYEY WhkRi asrotetgosokimeons fh@reir and iWidd fnom

di fferent sources _and/or_conprises engineered danmmi.ns. 4. A synthase

accor 8i ng t B/&| ypAue of d203 (MHa »eremired Huedrihdwephytragythrenyeimal ity
of the | eading nmodule 2~ ~, s provided by a ketosynthase~type d9mai n which
differs 38 DEcdhidkh:R00A SedongmpgakSvasmiseyied adithert satenbiomdul e by

having a glutamrrs residue in p~. ac~ of cysta~.ne in the active
time of 6.4 min and with m/z value of 704 (M+H)', required

for 13-methyl-erythromycin B (CicHgNO;,) .«

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



site. 55, A synthase according to any of clains 1-4 whexein the
deaaxbaxyl ating functionality of the |oad~. ng nodule is pre8Hegembpy2Q02

CLF--type | 6. A syrithase according to any of clai nspdmapddhrgdaer ei n
t he Ioadiﬁ@B@@@@?%'s | oadi ng functionality is provided by an

acyl transterase-type domai n; having an arg~.nine xesidue in the act~.~re
site. '7. Atype Z polyke~tide synthase accorda.ng t4 claim 15 6 wherein
the acyltransferase domain is a naturaé extensi on nodul e acyl transferase
cJ.aim 8. Atype | polxketids synthasé according to any c clainms 1-7

sher el 1 LA, Ailo BT % BBl GLD Ol seed P00 I g ety

associ at ed he sa~ xXt'ensi u type I pol yketide

synt hase accordi ng. t.qQ,a ~ 1 1B , 6,,.7.ar_~.wherein the
| oadi ng an&%?%Eéjge‘i}rl%gxglxagél%gdf%or?léi.koz‘Lr’l?éaI it é’nlds lﬁrgg\%g,ddé:é’ by a ~fsg-Atq

30 Cecerber, BOORSETY, BRSLNhd nome S b lulpming Mg
onal ity < o P ka8 bed B Ao e RERET S helr of ogous to
the KSq donﬂ.c_?aiti%% mAixtt & &a OIIS'élé( eéoi CLeraS sr}tor}?ns?alaecc ?:rodcio?n e?t%n%”y
5 E.coli DH10B cells and individual clones were checked for
the desired plasmid pPFL41. Plasmid pPFL41 was identified

by restriction pattern and sequence analysis.

Plasmid pPFL4l1 was digested with Nde I and Nhe I and the

10 3.3 kbp fragment was purified by gel electrophoresis and
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
mixture 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. erythraea 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.



10 of clainms 6-14 wherein sa~,d acyltxansferase dr~mairi ~.s specific fox

| eading with maldny~.. 12. A type | pol yketi de synthase ad@dedembet2002ny o

c~.ainms ~- r.ein said aayl.transferase domain is X5 Sppa}caddtobar

| oadi ng mjﬁﬁ)%@ﬁﬁVInalonyl. 7.~. Atype T pol yketide synthase accorda.ng to

any of clainms 610 wherein said acyltxansf~rase domain is specific for

| oading with ethylmal onyl. 20 14. ~r types r poxxkatf.de syrrthase

according to any of clainms 6-10 mhergigssqid acyl transfexase donmain is

specific for loading w th hydrdxynethylma, loriyl. 30 Decenber 2002 83 15.

Atype | Pdsegbkel dfomdbaaseBEei iy {ift Aeindd AMpeiakd vher ein

sa~,d acy~.txaasferase donain corresponds to the ~cy~.transferase of nodul e

4 of the E'KRPByPLtykelide (B¥NLARSRossind by AsiuHdIas aaficc~rdinc~ Ca any of

G-.aims 1X5 mge?egn thethaﬁing néﬁ%?e‘%neiu es are acyl carrier protein

10 17. A sy : [ canx . Crad T . ein at
K@&Bﬁ&@g&%fnd did tha; g 3§%§n§ln§) il T ek D1h- 100 164G

| east the domain of said ~.oa corresponds to the KSgq dpmain
f the I. ' S ' . [ ' irr,

OF quhe L vacbRg TR 0L e pRESCEMA LN A 0) SR st XYl [

synthasa achgadigy 'R GbhPLARILA0: SEELMUAF S S ATV KRN d°

5 identified in this way.

Example 18

Production of polvketides using S. erythraea JC2/pPFL44

A frozen suspension of strain S. erythraea JC2/pPFL44
10 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=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:



adapted to synthesise a pol yket~.de selected fxom (a) i2~ %?ﬁg 16- ~ g@ggered
macrolides wth acetate 20 stazter units (b) 12, 14 and 1
nacrolldes Mh ‘g ropi onate starter units (c) vax~-ants of ﬁ¢m@mgmnmn,
aver mecti n'? ﬁ£C|n, i mmunonycin and FK506 with acetate starter uni ~Cs or
25 p~ coplonate staxter units 30 Decenber 2002 84 (d) a pol yketide wherein
the atartex unit gave xiee to a sidEChain selected froma, 11yl and
hydr oxynet hyl . , 19. A type Z~ polykejgﬂp_a~rrithase wherein the CT~F S
dormai n had been geneticali~r et~gi.neered to supp~ea~ the decarboxyl ati ng
activity of said CLF domain. 20. A type xr pol yketide synthase according to
cxaim 10 wherein the active site glutanlnﬁggi glutamate 10 O~ the CLF

[

dormai n has been nutated to alanine, ~1. N c ac~.d encoding the PKS
mul ti enzyne of any preceding cla~i. 15 2. A vector contai ning nucleic
acid as defined in claim?21. 23. ~, t .nsfernant or gani sm whi ch has been

transformed to contain nuc-~. ea. c’&zld a i m 20 2~_ A process

fox producing a pol yketide Which conpr . Ing an organi sm accor di ng
to claim 23 and optionally recoveringithe pv dt i de. 30 Decenber 2002 8~

o

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.



25. A process aacc~xding to claim?29 for pxaducing a type ~ pol yketxde with
a desired starter unit with reduced | evel.s of by-product SOdecembeng0d2n t he
nature of the starter unit. 26. ~r process according to d ai

orvduai ng ORI “type | pol yket i de which differs from th&os thobifioss
po~.yke'tide at least in the nature v the starter unit. 1Q 27, A

pv, | yket ~. de produced according to the process of deam 2~ 2B. A nethod of
produci ng a synthase according tQ clai m#4 including carrying out
site-directed nute.genesis 1$ of nucl ei ¢ ’aci d encodi ng a KS domain of an
extensi on maduze . so lhat ~ t encodes glutamne in place of cysteine in the
active site: essing a protein conprising ~a~.d ketosynt hase-type

domain a.n a | oading nodul.e. 20 29. A process, fqor preparing a_ type |1l

ol yket o Seetpnbmetods pEthl-erv GRS 3 BB el Ssa B |

pol yl ~eti de synt has P texein the wild type synthase inc~.udes a
CLp domai n GHYARLEE ARRL—<B08- dDRBLAI Ly xy| ation t4 preduce an ux~d~eired
starter: wherein 25 said organismcontains a PFtS which has been
genetically 30 Thaawdnre@Frosbagergl naeeed ¢y dumade YBREAZ38
decarbc~xylatirig activity of s~:1d CI~F domain. .A AL> A .AQ A

A AL2. A, . ASDEAIM A AGONRE YNCEEI AR R [ thrg(Widld-Alvpe Avading] dagaims . AN A[. A
LA Ae A

{9. A A9. A ARliAPARCA( bX ApimemxcisnlagdertDIRE ANAALnARHEA Waf\LH. Al . Ahr. A3h.
A %AF, .AAA9AUA,

. AA. A3{ 2. A9.inpcailadEed Aste ROmL. BEp AMhier MeodiAm AV1tAg50 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 NaOH, 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 HNO;3) . 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—methyi~erythromycin B

(C136HesNO,) «
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5

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 SmaI 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 pJLKO03 was identified by its

20 restriction pattern and DNA sequencing.
Construction of plasmid pJLK04
Plasmid pJLKO2 was digested with PstI and Hpal and the 1.47

25 kbp insert was ligated with plasmid pJLKO3 which had been

digested with PstI and Hpal. The ligation mixture was used
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The desired plasmid pJLKO7 was identified by its

restriction pattern.
25

Construction of plasmid pJLK114
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transform electrocompetent E. coli DH10B cells and

individual colonies were checked for their plasmid content.
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, SpeI, NsiI,

20 Bsu36I and Nhel.

It was constructed via several intermediate plasmids as

follows (Figure 6).

25 Construction of plasmid pJLK115
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10 The desired plasmid pJLK29 was identified by its

restriction patterm.

Example 24

15 Construction of Plasmid pJLK50

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! -TACCTGAGGGACCGGCTAGCGGGTCTGCCGCGTG-3' and

5' -ATGCTAGCCGTTGTGCCGGCTCGCCGGTCGGTCC-3"' and plasmid pBAM25

(published pBK25 by Best, D J et al. Eur 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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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 PJLKS54
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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Plasmid pJLK50 was digested with NheI 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 pJLK54 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-10,1l1-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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second crossover concomitant with the loss of the
5 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
10 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
15 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).

20
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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 pg 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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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 pg 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 equal volume of ethyl acetate
and the solvent was removed by evaporation. Products were

analysed by HPLC/MS, MS/MS and 1H-NMMR. 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.

10 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
SmaI and then treated with alkaline phosphatase. The

ligation mixture was used to transform electrocompetent E.
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their plasmid content. The desired plasmid pPFL45 was
identified by its restriction pattern.

Construction of plasmid pPFLA47
Plasmid pPFLAS was digested with Ndel and Bsu36]1 and the approximately 2.6 kbp

fragment was ligated into plasmid pPFLA3 which had been digested with Ndel and
Bsu361. The ligation mixture was used to transform electrocompetent E. coli DHIOB
cells and individual colonics were checked for their plasmid content. The desired

plasmid pPFL47 was identified by its restriction patiem.

5 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

10 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 pMOo13
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)



I X0S110%/NV& ()-:!; 0S1109%& ()-: S1109%E& ()-:(dEg\= !0 10% & () -

10% ()-L' 10% & ()-8&+ 10% & ()-!110% & ()-110% & () - ( 7RadEfPecember 2002

| MLO%S & (WoloMas()-010% & ()-10% & () - 10%@& ()-10% & () - HCTFER9/02044

1Y) 10% & ()-' @QO%W & ()- %0% & ()-"10% & ()- #10% & ()-!10% & () - 8cdEg\ =
138y10% & ()-96 10% & ()- 410% & ()- 110% & ()- -10% & ()-+10% & ()-/ W=
11110% & ()-F't!109%5& ()-F 10" 10" 10" :10% & ()-Y"

10% & ()-1!F10% & () - FdE_= - 72 -

119109%6& ()-3109%& ()-, 109%& ()- MLOY%E& ()-10%& ()-!10%& ()-F@V dE_=
!!&&f3"10%§&}fﬁCGCGCCAATTGCGTGCACATCTCGAT— 3!

%U.10%& () -, #@0Y%& ()- F& 1096& ()- 3MLOY%& ()- @10%& ()-"YdE =

1 1 383109 &apyl- §' 1109BECAFGCCATCHERAGACCECERIGEETTICGCCG- 3!

+10968& ()-,) @O0%& ()-J = !10110%& ()-@!10%"& ()- @ 105

For the PCR amplification for plasmid pM0O10, the following
synthetic oligonucleotides were used as mutagenic primers,
5 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
10 synthetic oligonucleotides were used as mutagenic primers,

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

5' -GATGGCCTGCAGGCTGCCCGGCGGTGTGAGCA~ 3°

and 5' -GCCGAAGCTTGAGACCCCCGCCCGGCGCGGTCGC~ 3?

15
PCR was carried out on pNTEP2 (GB97/01810) as template
using Pwo DNA polymerase and one cycle of: 96°C (1lmin);
annealing at 50°C (3min); and extension at 72°C (1lmin), and
25 cycles of: 96°C (lmin); annealing at 50°C (lmin); and

20 extension at 72°C (lmin) 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 pMO1l1l

5 Plasmid pMO13 was digested with HindIII, and the 1.2 kbp
insert was cloned into pMO0l10 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 pMO1l1.

10
Construction of plasmid pMO12
Plasmid pMO09 was digested with PstlI, and the 1.6 kbp
insert was cloned into pMOll 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 pMOl2.
Construction of pKS1W
Plasmid pMOl12 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.
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pig/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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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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ollowed 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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15 acetate starter unit.

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

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

o5 to said loading module or at least a domain thereof; with
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the proviso that (a) the synthase is not composed of the

loading module of the tylosin PKS coupled to the

spiramycin PKS minus its natural leading module; and (b)

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 lpad selectively a substrate selected from optionally
substituted malonats 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 medule includes domains oy
20 portioens 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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from a KS domain of an extension module by having a
glutamine residue in place of cystelne in the active

site.

5. A synthase according to any of claims 1-4

wherein the decarboxylating functionality of the loading

.module is provided by a CLF-type domain.

6. A synthase according to any of claims 1-5
wherein the loading module’s leoading functionality is
provided by an acyltransferase-type domain having an

arginine residue in the active site,

T, A type I polyketide synthase according to claim
6 wherein the acyltransferase demain is a natural

extension module acyltransferase claim.

8. A type I polyketide synthase according to any
of elaims 1-7 wherein the acyl carrier protein of said
loading module is naturally associated with the said

first extsnsion module.

9. A type I polyketide synthase according to any
of claims 1, 2, 3, 4, 6, 7 or 8 wherein the loading and

decarboxylating functionality is provided by a KSg-Atg
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pair derived from a K5-AT pair of domains which naturally

occur together in an extension module.

10. A type I polyketide synthase according to any
of claims 3-8 in which the loading functionality is
provided by an acyltransferase domain which is

heterologous to the KSq domain.

11. A type I polyketide synthase according Lo any
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

gpecific 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.

14. A type I polykatide synthase according to any
of eclaims 6-10 wherein said acyltransferase domain is

specific for loading with hydroxymethylmalonyl.
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FK506 polyketide synthase.

16. A synthase according to any of ¢laims 1-15
wherein the loading module includes an acyl carxrier

protein.

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

15

18. A type I polyketide synthase according to any
preceding claim wherein said polyketide synthase i=
adapted to synthesise a polyketide selected from

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

20 starter units

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

() variants of rifamyecin, avermectin, rapamycin,
immunomyein and FK506 with acetate starter units or

25 propionate starter units
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20. A type II polyketide synthase according to
claim 10 wherein the active site glutamine or glutamate

10 of the CLF domain has been mutated to alanine.

21, Nucleic acid encoding the PKS multienzyme of

any preceding claim.

15 22. A vector containing nucleilc acid as defined in

claim 21.

23, A transformant organism which has been
transformed 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 polyketide.

25
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25. A process according to claim 24 for producing a

type I polyketide with a desired starter unit with
reduced levels of by-products differing in the nature of

the startexr unit.

26. A process according to claim 24 for producing a
variant type I polyketide which differs from the parent
polyketide at least in the nature of the starter unit,

27, A polyketide produced according to the process

of claim 26.

2B. A method of producing a synthase according to
¢laim 4 including carrying out site-directed mutagenesis
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 protein comprising

said ketosynthase-type demain in a loading module.

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

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

gald CLPF domain.



