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WO 2006/046152 PCTIIB2005/003650 1 Methods for heterologous
“expression of secondary metabolites The invention relates to methods for
heterologous expression of secondary metabolites. Background Man
@@%W%’%etabolites, including commercially important aﬁﬁgﬁ@g%ﬁ’vﬁ“"

cytotoxins, are 5 produced in diverse prokaryotes and eukaryotes from

enzymatic pathways encoded by gene complexeg, which are often found

in a large MRS I8 STIS s Y SR FETaR e B A B ek Wiicture of
The iNERESORIALY LAkl MRdURLef & Riosypihstic. RAwAY S rlirgcted by

the specificity of the enzymes along the pathway, mutagenesis of the

genes encoding the enzymes is potentially an advantageous way to alter
Bacligesghdmical product. Hence, variations in secondary 10 metabolites,
formerly limited to the applied science of organic chemistry, can be |
Mar%{d?ré\vgmm&@ﬁ“ﬁ?e BHBiEarEESRIAY HOPH RN ENS He g e eligKins, are
prodivegepathway roMdhetea arargakicy chae Mistryeisyimitie dptohthey smodifieation gene
com BRI ARG ALRRAA FIES 8141, CGRNOAKMRIARAUE RN MHIAGEORE e

an theoretically alter everg bond in a Secondary metabolite. Therefore
strughpea oh thagerredrip raeiabrbte et il provigEhdicurabaratiotraiqd by the
specfidgting taenchihesrdatio o hnbwsyseccandacyisnéthbelites facddingthe enzymes is

potegv%iggi@%?v@@gegﬁwye{y-a]iépwszﬁém%&{%m&ﬁagfl@&%g %ﬁ@@&é&?%mdaw

( ghly developed for E.coli, is poorly developed for the diverse
metghodifesoforalelniEdss ‘éé‘é“o%éw ?ﬁ’éf‘éﬁBﬁféﬁﬁfbﬂﬂ?ﬂ%ﬁ‘%f%ﬁ,aﬁ’ﬂ}ﬁ’@ﬁtﬂ‘iﬁugh
the giflihask byrhosthapproechestfemeiagdresianiagcondary metabolite
pathways are limited to individual mutagenesis that is often labour
Whirensigenio Ghang ptier itol it smBhe ot BpEipis dseisbisnstiitanghaites on the
secdHai@ChiaGHy Thnatuiabseeoandary Reskakelile MaduaRgdiastsiSucasdary
mettgRRCINES m-se‘:f) enetic manipulation. QéQeerih,%Ha%%ﬁ%‘s"e“%rhﬁ%tsaf%&"?m of
_ %_een investigated. E. coli T1as beeh a preferred host cell as techniques tor
exishpgfovidiNg @RoHgoAnGyeetitlsnafipabalitns ifpEies pati@igdipn and discovery.
Howskabliskad inthe s rerexpmplevitdaleyreihbt. déRieshdction Bta, is poorly
ol ide natural product in nonpol ketrLge- roduciy rokatr.xoti%ggd 25
oo BRSO R TR B, AP
in s praWEchoRAsY sherdarigaliopalyletirs i dhsgapdulcphE it BHWRK) 4R limited to
indibRIRIegRuHs saliisyeratandrpansieells. Further, Pfeifer et al.,
(‘Biosynthesis of complex polyketides in a metabolically engineered strain
In @iE . tcolitrSoierbe (RO 2GIodRO0- W P bintisd essnheityehatitural secondary
metSNIIRGREINGRE BdRrvative SfdsiordliciBsvidtichdhr rrsvfingicebirr satalistous
cqnverts exogenous propignate into the polzg%tidte?i er%trﬁromé/c' .
oSS ARFORBEe B THE LS of £ o BhEincariig LaupI B2
clorBigaptogeydesTasithééxpression fostdiestidlisheddndhivat! byrseimpistdeonley el
al., therd @B dRNES: | pstitkigain nMﬁW%dﬁb?M%&t;ﬁhyk_@ﬁ&%r@&ﬁ{g(;)rokaryotic and
eukz?r%_:t‘ﬁzt?\ry%sq??’Igggedgglaﬁ%g%?,ng.%ds%@%b%i adgggrggég toﬁ:mpaf(l)%uction of the fungal
polyketide 6-methylsalicylic acid {(6-MSA) in heterologous E. coli, yeast and plant cells. Further,
Pfeifer et al., (‘Biosynthesis of complex polyketides in a metabolicaily engineered strain of E.
col¥’, Science (2001) 291: 1790-1792) describes the genetic engineering of a derivative of E. coli
in which the resulting cellular catalyst converts exogenous propionate into the polyketide
erythromycin (6-deoxyerythronolide B). The use of E. coli for engineering coupled with
Streplomyces as the expression host has been described by scientists at the John Innes Institute in

Norwich in Gust ef al., ( PCR-targeted Streptomyces gene replacement identifies a protein domain



2 needed for biosynthesis of the sesquiterpene soil odor geosmin.' PNAS

USA (2003) 100:1541-1546). However, the absence of certain precursor

production pathways and enzymes required for biosynthesis limits the

value of E. coli and the other heterolggous host cells described in the art

for heterologous expression of secondary metabolites. For example, E.
neadefl 1&ekiatiedistitwd dbtivitiepitetpsitedsdor niost polyketidddnd USA (2003)
10095y fiheggmal peptide (NRP) pathways. Whereas these activities can be

introduced into E. coli, these engineered hosts produce only small

Hoameknts %@Iaﬁomtﬂméadlsqrﬁmdﬁwmt@haﬂt%aﬁww@am@zﬁn@@}'ehmsea for
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art ﬁ@thdﬁqv@a)hﬁgm@@mmé natbﬂimhsy @mﬁmlmwgeuswomtﬁmsédad@at least
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W alternative and improved methods for heterologous expression which
Whegeas i eheasvisiseaga Lo R BINA huta e riBeis Snerigintesting shmsenly
smﬁmabiﬁﬂ@tg(b@dthﬁteiﬁlf&p@éﬁﬁfdﬁ@y m&a@mwctm%ﬁeﬁ@nﬁawr has a low GC
metabolites, Su pl(of the i Inver |%n n a first asgdgtwﬁherg %téfrow ed a,
0 a

enom C ten EROMES tnonvcetes 1a. [he major
g EOC?I% he1|11 eterologous expreSS|on O a secondary me tae !

Secpﬂ@@il(yc@@tﬂgﬂhtmﬂﬁdg@né bistsynthisti opétthaes 2 doghpfisingnipng erfénatingdon
usdBeds TSt posticalli s ingleNes ioESempsingAll i sompanenk genes of
the biosynthetic pathway, wherein the vector is constructed using

Tharangupleseaffdseeﬁmhuﬂeerm@ ithpianpsfaretingsarseaenthhost cellpnihidhavhich

co %:Eg a \I'f]aenriglrésth (r)r%tgfeelalulagma alr:a) e%dogle?nasw%lls czbhnr yood host
yxo% tenu?n I urlng he second host cell'tndeér "conditions whi ﬁ

progestise fieihe mpéwth@gfs@@ﬁmfgen@ﬂbtdﬁquetabollte, and whereln the
genes of the biosynthetic pathway are transcribed under the control of

Supipmetersihaivargickound naturally in the second host cell. In a second
aspect, there is provided a method for the heterologous expression of a

In sedomdasyarietdisolites produdet bynsetmultifgenadiosynthetapatiprayion of a

sec%%'a}[? 'Wa@olgg 1)?‘5%“@9% E{r%ﬁlf’h é{tel %"b §%%gtlv §5%\% m%”?rlng%ahl i)

the component genes of the "biosynthétic pat ay,w rein the vector is
ceropbng cted [Usidy pristiples e ereevnisivmeriatgiip trinstormimg et secone the

bid9steal Wittiihgvecial.ruhergip thesgcopd foshcrlcls 3. BR8UINMNARRS of

or Myxobacterium; iii) culturing the second host cell under 2a “conditions
re%bwe&félsuiﬂéﬂ@lﬁépwﬁméss%ceﬂ@h@%@@hdﬁw e tedseite WARKS Wikt sipond

ho§NQIMOEE RN IDFhe hiogynihate-RathwaydadnderiRecamiolat 2B under
coflrgi?tlijc%lglsvh%grQ;%tesarmable for synthesis of the secondary metabolite; and wherein the
genes of the biosynthetic pathway are transcribed under the control of promoters that are
found naturalily in the second host cell.

In a second aspect, there is provided a method for the heterologous expression of a
secondary metabolite produced by a multi-gene biosynthetic pathway, comprising: i)
generating in a first host cell, a single vector comprising all the component genes of the
biosynthetic pathway, wherein the vector is constructed using principles of

recombineering; i) transforming a second host cell with the vector, wherein the second

host cell is a Pseudomonas or Myxobacterium; iii) culturing the second host cell under



Also disclosed is a method for the heterologous production of a secondary

metabolite encoded by a biosynthetic pathway, comprising: i) generating

in a first host cell, a. single vector comprising the component genes of the

biosynthetic pathway; ii) transformin? a second host cell with the vector;

and iii) culturing the second host celffinder conditions which are suitable
corfoitisynthigis ot thasddedndantimataliclitesawbedenn thaapeties aidheherein one

biosynthetjc pathw re transcribed ncéﬁ:‘r the cantrol of proamoters that
o T M R AR A LY S FRL TR D PSR RR P aRe
Aldordisd st time nhthekgressiomotrdraplexonedtaboticopathveaydavyithiptabolite
enddast E¥%@IE®$H%%QR%&W%HSA§%Q: and able to support both the

expression and activity of the proteins that form part of such pathways.
This metheehtegmbingsithessiplicity o ganeticompnipid atio ol dirst fast of

cell, used for clonin oses, with the properties of a second host cell

that is ﬁnﬁﬁé‘%@ﬂ%@%&%@éxpre%ion and screening of secondary
metabolites Thismethedeingy alicws e @xpsrignce and technology
acquired over many years of working with cloning hosts, such as E. soli

ang Salkpenaliasoberxpiaited, whdstdatiliging $gcmaehdtBleaietynthesis of
capacit¥hgf other, less Wbelliyenderstood species as expression vehicles for

generatlonseg?%oaﬂpifleeiasgcohdary metabolites. The secondary metabolite

CYRLRSS G LINES %?tﬁ;%db‘i%%ﬁq?t?&i% BAKDE KDOWRRLHRKNOWRL BHE Wnirol of

most cases the invention will be utilised in the pursuit of novel, bioactive
cOpEidRe el sBE SR et athershoréfethbly bioactive, and thus

has useful biologjcal properties. For example, the secondary metabolite =~
The me%] c{ (!{.IG ? q;]/%was\‘/e?{gnf%’loﬁ%totrngﬁt ot 8}(%1"%618% é% @w&iex metabolic

may a vantﬁ@é%u
patbpmpowitﬂ'sl nhayt @sm@swmywpmswtwaﬁc ety tensgged byt the
ex P16 980F A DIosYN G ARtMWAYGRCORRT BY 1AIe, 008 98NS, ethod

Preferably, the biosynthetic pathway is encoded by more than"one gene.
compigge e siBBlTHHept IS EESIHRIRER A HEShhethedblewy Hiseloaiag pHERpses:
wiSOmPFs e, dhiee: faghdive:nrimoraRiiha;genes ohthephiesynthatiGreening

I__path a%, If not Itl of the enes, f the iosy&}hetic athwa darehcoptgiqed ed
O S IRE VRIS IS othdr JENES Petlifed tor ACRY SP R Bathinay Tray B8
ovprovided either onodkieom ithotadditiosial wedtors br ndydoé ifitégratéd. to be
exPBIRINEIERIQMASAME: ¢f e second host cell, either naturally, or through

directed chromosomal integration. Preferably, all the genes of the
biosynthetic pathway that are not already present in the second host cell

are encoded on a



single vector. Preferably, all of the genes of a particular biosynthetic
pathway are encoded on a single vector. The establishment of a
secondary metabolite pathway on a single DNA molecule is not only
relevant for pathways that exist naturally as single contiguous clusters, but
also for pathways that exist in more than one part, often in distinct regions
0 thef%eno The parts can be clo ed tag ether into.one

greater ¢ (Hg oiher ] 5SS WC derstoo sgec;e as G}gin' ?13101’1 VeNcie %%)i‘ generation
sim ndling. For examp e, the presence of e enzymes on one

of %‘?ﬂ"dﬂﬁ/%e&’d’ld%rﬁdﬁfé@?ﬁée%econd host cell to be transformed so as to

ThE QB erRAINERYHpRER SiRgIR SleRolicRNiasnRrins RELMENOdRndRn, but
in ﬁ%@!@&ﬁ@s YNGR on &ﬁ!'&%ﬁfh?&ﬂm@gﬁ?&wo‘%%@&” él&%&i‘%@%énﬁ%unds The
eco thllgl% h‘?@{%hr?e?y z‘i-ct?SIS h(? }husuﬁ!'sllssgsefs ? ?g% Pcalsrp(l) gré[:%s For
i Ee en into y coliand’ tﬁ Ave required mufl ? prop

ex%ﬂ%foﬁﬁafﬁ&ﬂ@?ébs‘(ﬁaéioﬁfe @Fan.?@vaﬁﬁg%@owsu%%m%s%nCéffomxw

prapstEpothilone Gene Cluster' (2000) Science 287: 640-642). Further, in

Suéﬂ%éﬁ%ﬂlﬁ%ﬁ? l%%y i%%gmﬁgs%pcﬁ SRy in lﬁ}%@\%{%e{neag’éﬁl@ ? g%%ﬂﬁeﬁ%@‘ﬁ’%é?e gene or
a Gost etlc Yoty than gne gerie, the,presence of allhe Pt thetic
@T HIEETH f #He"bio %’ ?h\R/gny

e Vect r enapies the various enzymes O Syn
Patﬁtéf%kﬁré%%@&da{’hﬁ*%a&‘i\?aléﬁ? il ety }hetﬁ%ways%@l the

meghgsdegiofiviakrd gertesanppesserally taguivalsntigovermett by the prirsipdl the
bicefwbekingatity rantl innodt oifluepoed dititheipotential pyadifeyent capyined on the
vedibimpeafediffarent yeriorsGrENIRD differantiwaria Sf tbegenedclitsielon one or
mo'?e(%HRIS&P@%&%QJ? ﬁ{%‘?ﬁ% el rQs%é‘&RWﬁlEocm%%e%%‘Hf %é@@a@ﬁ‘d #hd cent,

eltggzr %atura?ele(:t rou 6};“81@9?! Elt 2 ?H%ggem% gcermentSFQe% ﬁﬁtlf‘lj? genes of the
account in orma ncfwn apou

‘@é&‘iﬁé‘h‘b@%‘ﬁ’é él’tﬁ'hé‘ae BeE %{}B%%f%‘”é%&h&‘ HBSE5RAE M Bf‘é?ﬁ%ﬁmaﬂﬂj on 4
SN 906/046152 PCT/1132005/003650 4 so on. Of particular suitability

Pré’i’él'aQS eB!SS’fnlﬁé %@9&"6‘1‘5 %Elt\{&ﬂaw%%ﬂﬁﬁag%%%ﬂ]&!%m% Q%%E?J&%!a on & i«,mge
I’IO e, COS ids an ids, and bacter rtificia
Vegﬁro[rfnkgs%’%ge%s g)‘g TBREL D %ﬁlcuﬁ)g{regﬁm AP S ti d%i golecule is
noHEIVe IaYer ﬁ"a@ﬁli‘@"r% 87%%&%&91‘&5% ﬁe“%‘ﬁt&“i’ﬁ@@”&ﬁ%l cé%?@sé@a%ﬁo for
pathpias fhR SBiThe Bera pemeritcguie s bintie bideyhthetiospathwayneay. e parts
caicbmpoisetoyitthiny atsansposable: elemehfy(ltnadsposbor pranpéd thy phaence of
allMeEazyhhe arRBRRl-0f anspesablaLienantonwas deserthediByned so as to
col PR MGGHN EPSKe'Q]U’{f% % @&qr&é% during AeEJIREERHT in which .

co}r%gg%ggﬁtli%gd %IZCG ort om contr, eleme s 10

tai nes 0 nlr ni: Igr erv}%”l %4%1‘5 @mtﬁSiS have

fransposons; ar ara C |no rize!

UURRGd S8V A ST AR FBSETE é & H‘B’iﬁh ‘E&%g a‘r?é’ sl e fﬁep’f%“é’é'i‘?fjuﬁl“ tiple
fraﬁ@“&ﬂ;}ﬁﬁ%?@aﬁ@m flont-proRgsstel @ domay brascsHenelines fpathrane Gene
CHiBierg(2D0B) Saichcel i VK2 1 9B MGbitb DA I aghfigtne Dok S Mbere
thPbRESHEFAh Nk tiakn2Q02 by more than one gene, the presence of all the genes on
a single vector enables the various enzymes of the biosynthetic pathway to be expressed at an
equivalent stoichiometric ratio of 1:1. In this way, the expression of the genes is generaliy
equivalent, governed by the principal of co-hinearity, and is not influenced by the potentially
different copy number of different vectors carrving different parts of the gene cluster,

Examples of suitable vectors will be known to those of skill in the art, and may be selected
rationally to suit the requirements of any particular system. taking into account information

known about the length of sequence to be cloned, the type of second host system to be used,
and
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"Mobile DNA 11", Washington, DC: ASM Press; Merlin C, et al., 2000, <
(Gene recruiters and transporters: the modular structure of bacterial
mobile elements”, In The Horizontal Gene Pool, ed. CM Thomas

k(eRiivi ﬂ?ﬁsterdam Harwood Acaglemic). The simplest tre{)r(f%giggﬁlig}%‘ss‘}
15 segment of DNA flanked by sequences (often these are inverted

50 S T APPSO e P B S A SHGBE der i G becera
plasatidd) lesthijrapsposoilicirapisgesddsT el thanspasasfdahdomiysomes (BACs).

BA&t?QrﬁéﬁE&ﬂ? HAPSRASEN RN QW@&HQ&OI%% o FARRRARIGNIRANIAIO W, be

is widely used nowadays. Its applications include in vitro transposition
Conﬁfﬁ?éﬁéﬁ%ﬁ?féﬁd[ﬁf\?ﬁ'@@a@encmg, in vivo insertional mutagenesis for

functlonal gene. n transfer, G ransfer sin
STee |n Emégauty %Hransgggorﬁint% (?(ne%rl{ lfs?f Bfnbaegrﬁe P&eg?gspy ?&%% {ra%s e
eleragrd| ( r@BRISIA GIHEIANBaMRFOYSIE GBIfeTHEREY BY KopRAFabIG elseents was

desﬂf*f@é&ﬁf@ Beibig e HIReRIGHB aaaly aheR 0O SFHE AUSESHUROST transposition in
mmée] %?'OW%{)“WE%%S’ Sugw al | |\/|IC l%eﬁﬁrllnrg Intra anial H IPAN & and

astoma er. 200 ub a prlntbean Its size
the [Neheh sisBe frsrdeliBidaresy- nSéus”é éé‘ﬁu’ﬁe (Raﬂgpww alic, gt fregtthey are

predBSar @&@y%ﬁ &%ﬂﬁ%ﬁﬁﬂﬂﬁﬁ@ﬂl@ﬂi@i@ﬁ@éﬂ&@@t&eﬁmr@ﬁﬁﬂﬁns (Berg, D.E. and
Hogd RPOSOIbE M C?JﬁAt g %fggb technol.. (NXk P353s) ?Cdf-c%"ﬁ?N 298 2002,

SIZ anspoéa emen fvere successfu dséd for In‘vitro

“MphileaB8reis Westiiagen, W@nssﬁﬁﬁma@élwé?yaéeb BO 41 Gopomeruiters and
sranéﬁé}mqmaﬂeahmf BAthasedaditinpmdiiHisiahehiso Mo IRNQ RGNS Gdhe Pool,

SH\OSItalongg)q’ég%Hé tIC alpha- S&te”ggﬁirrea emr’c\io eI%frAnC est trans oson is a

esearc OWGVGI’ ave een no epors

segm@t@‘é%fﬁaﬂwl@bsmwwm@eﬁw@ham%izéwmﬂpemﬁl&@aPég wwmd by a
pm%scmetehks%@&aea&dmwjmg BN RGP LN ISR 2 NRISHIGEONS randomly

host. Eransferrln ration of large sized DNA molecules into the
inte atest e tran eposo mtot ec {% [«; t{n
omosome In many bacterial strains is difficult because the efficiency of

mﬁ QUSRS l@g@a@ﬁs&mw@w 1 Y6 2POROAGAR2: virro transposition
T/1B2005/003650 5 these hosts is.low. To overco[r%r hIS

m“f?ﬁﬂkeﬁé ‘froR BoPBREG SR Y A S R RS 1Rt TS i egigestudving
andgsme tremferCTiusndie vertiohalio:pravittest iy ansposfrebaabrsposeble gene -

thef fQdntoduge @@@M@%i@&gﬁa@@@.@%moﬁwﬁp WHNGiral Gene

oso fahe rologous host. This aspect qof the mvent n 5thu§ i
T 0 S ol T DA S e S DUEEIEE A TRBONG Corvive
in MiroHesopietof aridBnoley Glisthottrasingd TensPdsdisie e ldipdrhedef print])

and ¥ OE-SERE RNRR chﬁﬁéﬂf}d% IRGRAUEeHHDIR atheAchr aMeseMe YU Binsert size

transposableEelementfc‘ErH ﬁ%aggector The large sized DI\]A J}Polegulte ol
o0 IO R S RS U R S SRR RS APEP BB IR TR By & TralidfioR g s e
(Nﬁénz%(ii)éél1F&?efé£m$ﬂwzt¢1bt¢arg@®|1zied!ammsrﬁ%bmeemml@@i&#&smﬁxﬁden vitro

muPi3Enei UKL BPINS HLAGRES OfidRia PiDY N elaDarnEY AQkion of BAC-based

sy nthesfjsmg a secondary metanllte as described herein. Preferabl
human artificial”chromosome vectors by transposition with synthetic alpha-sateflite arrays”

Nucleic Acids Research. 33(2):587-596).

However, there have been no reports on the use of a transposon to introduce large sized DNA
molecules (also described herein as large sized DNA “fragments™) into a heterologous host.
Transferring and integration of large sized DNA molecules into the chromosome in many

bacterial strains is difficult because the efficiency of endogenous homologous recombination in
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the whole biosynthetic gene cluster is integrated into the transposable
element. Preferably, the vector is a BAC. A second host cell may be
transformed with the vector comprising large sized DNA molecule flanked
B’f/’ﬁ?@ﬁff)éﬂéﬁoson sequences recogqised by the transposasgqfé’fﬁﬁ)%?ﬁ 3630
suitable method, for example, by conjugation or electroporation. 15
thesphpgisiitdry-preRFEPTa e HEBie THP U S e sRRrtis B &l e msthed for
largisiientamilfof transposable elements. The mariner family of
transposable elements is named for the original element discovered in D.
Thuga theritisensigBelsg, Py Edes e Msob 2 MrMposabgociergiile IDRpduce one or more large
sszey\/@ﬁml 'nﬁémumhéwlﬁfsﬁﬁ}oﬂae%y @?t@fﬂ@é&ﬁ?ﬁ&@ﬂ%@bﬂéﬁtbﬁ@@ #Rention
ong with approximately 30.bp inverted terminal repeats, angd t contain
o S BT TR G B o e T R of
hetegphine:abivs (Reeraseposeblovplemnons Th s gn aidp PRIS miglseuls is introduced into
the WIHSSRESAE INiiRSEEtTanRtHbR 3RZ:Sf Loddiod RRberisenr. HrM . 11995%izddheNA

Tel -marine erfamily of transposons in animals” nsect Physiol.,
Ol S0 G SRS O oML o ARl (3 R, capyme.
Prefraahbyp dsohsstotrd PNTemeltsdisrDralsodnlaroaitd fish o Rotseresenenpnt genes of

a bi%%&@}%ﬁ%gﬁggﬁﬁw " ?%\Ub{n@gﬁjﬂ@ﬁﬁﬂ.k ﬁa%s%;ru@%msz@éa/'ie@;mmmbly,
siol. 41:99- ; Heniko; .a enikoff, J.G. , "Amino ac
e SO AR BEE SN gt ORI BRGNP Rt Dseatly. e
vec®9 it QISCL 08 k8yofhoshost profbrertentfamspbudih foy weinsferringdaegerse sized
DNAIZRGIRNA MAESWEIHS haMYEP ML HRDSRARANEI AG MR MalpiRBsiS\Bing any
.mariner transposon (Rubin, E. et al., 1999, "In vivo transposition of
S”‘*ﬁ?%rfﬁ%‘rh-%cgg%fc%ﬁm ¥ GRNHSEIRE BREEEHEPRRY My cobacteria”, Proc. Nall.
Parm{ysﬁiefejl%"tra;)hgp%@&sﬁéé':l@éqg' BY {heisin 'HQEQIE %Z% DM veer family of

molecule” is meant a DNA molecule of more than 20kb in length, for .
transROSHFCMAED KB HaRgER, DI OB SARS IR, chengtisds s, R griginal
clesenontidcargedired. DMArimele dBles, atetpratdrdbblydnfvblilce bt G Muwdile DNA”,
waHARSBRSPLOL svapRlE). intesbe Mycaliar éran&aps&hlﬁ@lewtwq% with

recombineering (also known as "Red/ET recombination WO 2006/046
appEEiEin AR BO B H NI ISTRHS L ddbRYiSeHHRIBY "R et reading frame
encrdbgmbiaagom e ofiniglugi/ fsaannic ealitgBblortharg él. Sizel BINA Brgmeeringlement
is WAREHRIHeiFAmRIBeN 85068 B SheRioSYRbRLLPHNWEY 888 CamPisEdnariner

within a transposable, element carried by the vector, a suitable -
SUPREHEING S4B TSHSPER LK) S trAnBrSiie i (hE"Setbra haw gy, family s
moftai@xBnnglecdubelie Taé Myde Midrrinamspos dbledele nrentagessBeystipdila, and fish

RMYEQY9) thanspesase,gene. s As0 QE%.E?@PM transiomed B0 e 38C0N G sect
host cell. PreferabTK‘,P{tge transép{osase is under the control of a gromoter

Phygial 13- LG HRROTE frseRbEHR Sotn e the-RERAE RyBption matrices
frof ppressidncks thedraNsposagesaftéisthe X eeeo5-dhfafs.the second host cell

integrates ) .
The most preferred transposon for transferring large sized DNA molecules is the MycoMar

transposable element, which is a mariner transposon (Rubin, E. et al., 1999, “In vivo transposition
of mariner-based elements in enteric bacteria and mycobacteria®, Proc. Natl. Acad Sci. USA,
96:1645-1650).

By the term “large sized DNA molecule” is meant a DNA molecule of more than 20kb in length,
for example 30-150 kb in length, 40-100kb in length, 50-80 kb in length, and so on. Large sized
DNA molecules are preferably introduced into the transposon (for example, into the MycoMar

transposable element) using recombineering (also known as “Red/ET recombination
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the transposable element into the chromosome. Preferably, the vector
comprising the transposon 10 also comprises the transposase gene. For

examé)le, the transposase gene is preferably cloned outside of the

WEAPYLHB element flanked by theinverted repeats. Whe {EB2005/603650

transposase gene itself is present in the non-replicatable vector
techsglogydhas if*seSéseB?ééaefaw-isgfedgﬁsz@quélm&%n pTaRAOBY Eiftddetbioh thielaree
sizeSBNON¢hfiastrifngineering a gene cluster encoding the biosynthetic

pathway for synthesising a secondary 15 metabolite into a vector such as
Whererthesposetsieneisasart Wadiptrodetmepieaymimesrensseidthénsteprresable
elerAeRELERAIA G0 Uk ROShrOPRASHE: ReMpviagdawplereibly seyelopmantand the second

roduction. Preferably, accordin the inventjon, the secondatry .,

o ol SR Er A Dy AR SAUEITAY, SIS (oL e MyoMar
tran(RIREp pretinisyabie spfalty Blzidryafhwey drts Byntteeidebopy wiipafipfagpbly, the
traﬂéfagda&@mﬁg%%z%ﬁmssgfp?m&v%pm m&ﬁ@fﬂmﬁw’mw Rtive in the

these secondarn etabolites, for example a rid polyketide-NRP.
o i BTy i U 8 56 S D SRR Lo el icerats
thethig spathiieas/imprefsedhtycheomyprempoRkEtdd yp b wepioridomienaitg the transposon
aEs@QMﬁ%@ ﬁ}l:akﬁ‘ﬁ@ GO%QI%!. %&ﬂﬁ %&%ﬂf@@@vaﬁ%ﬁof@é@r@m@ & yeeddipktioned

atyp olyketide, such as flavialin,. An example of a secondar,
o B S Ty A VERS e KBRS e Ransposase gne
itseffiin@esam imithe. Theemligrisblirerviddabhgandte kpressionmiplestadiettodaitig|ghase
of @haliesynihelichathway that can be exploited according to the present

invention. Preferably, the biosynthetic pathway is not endogenous to the
Engeening hostreekhByrthigitisgribatiosittietith patineap aiinaytitsetingnahrecondary

mel BMEURNGERR 118 VRS OFa iS AR ALKKAAWVERIR ADEns 8RORARSted gene
cell, or that one or more of the genes that make u(%\é%e pathw%{ IS not,

R AEREC BUS ReThP PROS A ErestRY BTy e S RO AR S BRAH s
Pre@eqatnﬁtlﬁ@m(dﬂl@g&jﬁ%dlﬁQem%lﬁetﬁgQ%QQM%HHEB@:@%%&Q@Q%@%}/ a_polyketide

invention allows the study of pathways that are completely unknown in
patemraow%-@%gw&my@tsﬁ&}watw g5 ad W E-BhREI Ay £5 25 synthesised by a
patRET HBRE0IB08656nzirAacbsaingd@the rmethbd plogyaef theddive niisn sthendary

me%%Qﬁ%s?foﬂh&Qh%?é’QH}ﬁﬁﬁ bway. Akep transcribed under the control of

promoters that are faund naturally in the second host cell. This is an
wieapodasislemenisidie Bethostedagyaglothie:ttscantionfanit pitaws,thepreferably

transcription _magchinery of the second host cell 1. recognise Its oW 4 oiide.
. t{ﬂ%n%'tig}(g gr?ap %Wsaﬁanggﬁ\ﬁeé’% Begesl 5 ?F]naglic%te%pin thgy?ﬁeta onG e for

examplwaondbrstadypanThrevidgidrorketme BNt nAg kstmrisPf a secondary
me@wra@ggﬁxwkg%me@my@ymm@kmimnmeahmﬁmﬂe mifegthromide
ger%x (5?2 %Eetg?rpc?‘ é)r(]é%apYe%ff N H)ei(ggysrgthe E]cl %@tﬁ \f{)? HLOENE2 L:l&)go];%c}qgcording to

the present invention.

Preferably, the biosynthetic pathway is not endogenous to the second host cell. By this it is meant
either that the pathway itself, in the form contained on the vector, is not naturally known in the

second host cell, or that one or more of the genes that make up the pathway is not known in the

second host cell.

Preferably, the secondary metabolite is not naturally produced in the second host cell. The method
of the invention allows the study of pathways that are completely unknown in either of the host

cell systems that are used.
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production of a low level of the desired product. As briefly referred to

above, such strategies have mainly relied on the manipulation of

heterologous genes in E. coli hosts so as to use E. coli 10 derived

‘ﬁ]r%ﬁqgf@g.l%ne big disadvantage of this strategy is that E. CorTEEHEaP03650

unsuited to the expression of most biosynthetic pathways that are of
AcCRiARBS I TheEIEBR Y e deumtiary disigrreA St Siparaliytie rythyay are
trankitetedsintfzivinichitivg geperohustahas amafunal ynexpridssetie salynddian ¢bié This is
an FRUBAED AT EXPIFSHOMERBUAALY BIYHSSR BHRTORES NN ransoription

However, the majority of hosts that naturally generate compounds of
maﬁh%ﬁféé%ﬁm}@gd}ﬁb%ﬁa%%% ERITEM IR BRsTetal RistaaTedbothe senes
impViesyeditilatis aabali apeut themefandxample, bacterial colonisers of sea

sponges and the like), meaning that their culture and manipulation in the
In pspyiregorgris HiE HsRblEs THisheAKESHEH.a stRE Gy TitAttael R Yeajienative
meﬁmﬂilﬁe!@@tiﬁet%bﬁsimnswthma&v@pmcmwhﬁ,h%mﬂm@ firgthest galko the

in whic netic ipulation is simple allows the alteration of the 20 .
Pl e L R R Bt e R S R R W haty e
maiply ueled for thismarimilotitationbdtseolptivis BORS PréferelbRosfotwetfelo use £. coli-

derFRQODIRRLLThENathedRl0giasase iR o3t HBE TN AlarSsOfnsuited to the

necessary (see International, patent applications W0O99/29837 and
AR5 00 AT ek FEA s DEESP 854 Sl Oh Qs pesen
investited Sribes yratemtds 8369 thsdeshdnondBh 4he gavdachisier Nusaerslly pypessed,
reiﬁﬁj;abm m&&&@gemsmmr{a@mmbm;&mﬁ&iﬁﬂ\laeté@sﬁmwever, the

vol. 22 77-98), Muyrers, J.P at at., 2001 (Technigues. Recombinogenic .
e A R S P AL TR 5N DR o it
conBilsthe misiSéied 2@, RRELGE) isAnang aveit shep0be Ranmiel baitrjighcolonisers of sea
spoll BANQIRD QLS RSO MBIRALOMIN tfﬁﬁcbﬁfgﬁgi@n@malﬁ*ﬁlﬁfﬁfmﬁmtw-lililg&alzory lis not
1314-1317), Muyrers J.P at at., 2000, (Point mutation, of bacterial artificia
PSR o By e rE AN BN B B S 15500545, WitDrats? *
StregpRcgeeat al., 2000 (RecE/RecT and Redaa/Red(3a initiate

double-stranded break repair by specifically. interacting with their i
ThedspeLi AP diierd! et §h[¥89?,"iﬁ‘}ai‘§’?‘i"‘-’i‘§é?)?'MH&%&%‘%%g‘ﬁ, afigggon of the
profRapidimddificatioh wflbadlenaladifciaffcifom Sswrded typls may be used for this
maﬁﬁrﬁmmm}iﬁg PRHCIBIGANH, RRSvev@? ndmsibedting 4RaRANoAsBre used to

8 (A new logic for DNA engineering using recombir]ation in

alioE PR  PROMISIESHT, il C ML, 5, TUFAHBF N RPAR e, WERERTT 2nd
WQIRGRE8Es Eemgine eringt WRI20DS/0UE 1 52P6 THE0IE/TUBE50!E Sfates patents

6,58995¢D %@'%@éﬂ&f{}aa@%@amﬁgﬁ!ﬁﬂ@msgmei%oﬁ- %}J}ir[@r&l@%: Think

using an inducible, homalogous recombination syste en rapy, 6,.

Re%?@ﬁ?&‘ﬁ“agﬁsihgﬁa?‘ﬂ?. P Y9003 ( 'M‘%)’ BTG ?&f%'fzn {@149%&1(;%3.

Re¢ambipoRecomigineeinagdy acigsinmidoe obgrantapdtemtiabihtinhabMot yBends in

Bidand QLQP%%?Q@??@&, RagHy; DesEHaSNIS ARG BeRoNoReRRIMBIEYion in
ec

realised, and_ also use a.de%ree of experience an? e2>(()8ertise IS

g A o P T BTl AR Forer . ef . 2000 (Point mutaion of

bacterial artificial chromosomes by ET recombination, EMBO Reports, 1, 239-243), Muyrers J.P
et al., 2000 (RecE/RecT and Redua/RedPa initiate double-stranded break repair by specifically

interacting with their respective partners, Genes Dev., 14, 1971-1982), Muyrers et al., 1999
(Rapid modification of bacterial artificial chromosomes by ET-recombination, Nucleic Acid Res.,
27, 1555-1557), Zhang Y. et ol., 1998 (A new logic for DNA engineering using recombination in
Escherichia coli, Nat. Genet,, 20, 123-128) Narayanan K. ef al., (Efficient and precise engineering
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One or more of the genes in the biosynthetic pathway may be cloned
under the control of an inducible promoter. This will be particularly
advantageous where the secondary metabolite is toxic to the second h t
(I’Izg(fﬂgg?‘é S1ofill mean that the pathwgay can be established ihtHE 0%{9 S0
while quantities of the host are grown up unaffected by the potential
of 3GRLHY BretHe BEBRRIS A BT R0 ABBIOHAFeine an inducibl
homslvaniageousioventhesmcluetheused)d4Ra 4y angdXisting Systein200agBMC
M ¥R V%o%%%‘%eﬁb 9% mégmngsﬂ?g R QLS ARD SR CGUMPRLLRE not yet

problem of toxicity by an alternative Strategy, namely that of

foupdgsrel anngeatiusispahedgane iabtarahdns Metstcvidrot ialisth gpd also

bedhgecel:dravsysienarsa ahdas phrdtdie safitred hanein tthaptoipasaioniof fily.
resistance 15 gene is not feasible, as the nature of the (only potentially

Onﬁo%id)’@'@défﬁﬂa@ﬁﬂﬁétiatﬁb‘fit@%@?ﬁgﬁém%‘gééd“igr’ St UpRARrEnRsE xapapie] of an

indidaGECpRa s thaskissed fasanaay @UM@@é&fsS@ﬁa@damememgom%bolne is
toxzcstltpglg Qeg:])dgﬂble Ors]?no terttx% %e%ntg)%g eSSI%n r?{ an %resnga Iils;hed H] the host

nes necessary for ’pro Lction Of the seconaary etabolite alows t
thél@%@"@?@\nﬂ@a IigirprectirodEnsityraERsted thi thel oeiritislgeniciy af desgsecondary
meabdigxpression of a high level of the secondary 20 metabolite is only

induced at that point. If the metabolite is toxic, the cells will die, but while
Thidyingevitipsticrie ddemtassoffi ciemttiepsamtiteofi sesshiddhy pretatofites ferstems that
imBIE@E Rabisisnalr PrHficationJarefgrrreiRAURIR QIOMYIRIN MO HRPBy an

which are induced bg/, H%all olecules. Examples of suita Ien%[?temsgg

toxic

altgrARRVR AV HHEYArtRISH iUk hE BRI &t IR B RS REIROS
predsgudonfchaseipdoiesydestrilsbdidyhanldedchibad dieedin, 108 SxRegoliatbr agsbtance

getd1GYHAE @QQQIQCH&%@BQHEGT(@ %9'@&@%&%@%&%%@&%@%@%0]& being

degradation of aromatic hy rocarbo S and %lon of the bstraé. 4
exif%fﬁsgeg BriRE PRIy o5 %té”ﬁ%‘ie erT%“? Pigeh ek offgoneay
mqm’efbmdimwmlecpq@bmmn@neiamma@emtm@wéwﬁaml mdmcttﬁléw genes

ne %HEE%F  REEHICGHArbE 'ﬂé%z@%xﬁ]@{aﬁoﬁ%eﬁﬁmrit;éocalﬁacgt%ﬁ%w to a high cell
me

Iltes (among the most interesting of whijch WI||

R TE Mo CSROVEWE BrEseriists HAHBEFRT sad Eo? Bl g pecondar
merablelation fadrsa@sslequmltmhmmyts&@wf@ﬂbmqs@dgmdhmd@lmﬂm&gentbut while

dyftosn inyestigation: Thtsewhersaymethed QbIe.RIBSAt IRYERHAE ignalysis or

ged to express a secondary metabolite that is toxic to the second host
PUBEEAYEY death may be used as an indication that the secondary

Préﬁ%@c})ﬁmﬁlwop%%@égwﬁ% Rgsy ﬁ%ﬂoﬁéoqgéég b?' E’?‘ngipﬁ\%q%%ie-ﬂ@xamples of

inventors have surprisingly found that even during the process of cell

SURRIR PTG &N 'BeBorittarf tiBtAtisIitEe tol et dHBEPlefiTs Rigpoter in
Psahbientonpy opiuis thecsbabdabyil Metabolite 28D(Bsgflatdevad wirohemayibeaties of

thd eﬁeﬁe'ﬁgy&ﬁéﬁj&’@p lMpE)@le Eﬂﬁ’.%&b"?opr%g%ﬁ\é’;l” be aromatic hydrocarbons and
expansion of the substrate range of the pathway, J. Bacteriol., 171:6782), which is an example of

a preferred inducible promoter.

One advaniage of the use of an inducible promoter, particularly in the context of a screen for
bioactive metabolites (among the most interesting of which will be those with antibiotic or
¢ytotoxic properties) is that host cell death upon promoter induction acts as a preliminary screen

for those compounds that merit further investigation.

Thus, where a method of the present invention is used to express a secondary metabolite that is

toxic to the second host cell, cell death may be used as an indication that the secondary metabolite
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one that can be regulated with small ligands so that potential toxic effects
of the expressed 5 secondary metabolite can be managed with ease.
Standard prior art DNA cloning methodologies can in principal produce
WRAGSHSthat are large enough tp carry known secondary(; ErIREhiEes
_pathways. However, such cloning methodologies are random processes
is bigaE Yoo COntRSFHIATHIRIREY RISl Eoupl PriiftEofures Regimsrtmiisy fath due
to tRnpnaalananAsadedtd], ttargeeelhvents!bfivantoly clonedh&NWe secondary

me%tr%tfﬁé'xt%%s%mitye%%cﬁ%yaép%&%gags;s&%@ﬂrﬁé QLR PGS NEnoter will be

usters In question, and/or include flanking sequences encodin
DneiFF@Ie‘iP&n‘P@éﬁ%?‘ﬂﬁ‘at"é&ﬂﬁ‘%‘rd\%R@suﬁd@éﬁr@ﬂ*‘c‘fﬁﬁfpﬁ?&é‘ﬁ8ﬁ§?‘h°§&ﬁ?r§§ﬂm55@d
secd@eiadiab tae presantdt vehtiar: preferably exploits recombineering
methodologies, which allow large stretches of DNA encoding the gene or
Stangerseprion codifytHeorire yrpibedetagiesisis yn At nsh oyt d B Gloneythat are
larg@ff%béﬁlﬁmt%ﬂ'@e Mmﬁr-s%ﬁﬁﬂbimgt&5@ﬂm streiches QLN Aoning
metﬁefxy gl?gsSaSIZ.eaS égn? < |%|c9enseeg .I\tht% \t/x%cggﬁx‘oliarrx]:g{rqgiﬁrc oveerr h%hgr;&r%gg]%s of the
up to anyr%fo‘f)ase : potsentlal'ly encompassing gene cllisters of more
segnteah fPORb? forvestarlsiee 30s 236U irtsrigemants DEKI ¥ ridnesS B8 kiyally
omit) deR6theANGE $8:-AUndR baanaineries and@xdeassad in qusysiemdiat inciude
R st oauent AN Buatian 00 ARAVSIS L L CXAIRIG IS
TSV MBI R ST HRAE: the Tatility to clone’a biosynthetic pathway as
In %gftmL%X_Er%thﬁ&w@ Ilcngotﬁﬁ)ly};ﬂ%é%?si%@o%iﬁQl'gf;élﬁgt%_r-eﬂ;l@t}é;’ax%@ﬁ?ﬂﬁeering
not possible previously, or would require such extraordinary effort as ta.
meadiingizetiirh At %"nf&ﬁ%ilb“l% sty choR R BinRile "cé?’r‘%%ﬁ‘;}“"%‘“g the
enzyset df teebmityralsetresehdeynot dlolansd cifftatiyelstidtches \wEON Retgrhbineering

enaBROBERIRAMHR ANGhd davised By dRNRHIRUSHIVRANESLR8 K8 Pinort genes

recombineering to clone the genes encodjng the enzymes of the
up BiBEy M IR TRy Br RSP AIG UPE S RS R Dol iBr” a%?ifébé%%ﬂé?&e 30-
150skbonskmgte dinl flo6Hiist lhagh.cé0-8&ikly vedorgbinesting ¢setw disowgineered and

expREGAMPINS ARG s A Iethadchsleniog PNAMNCR dResAMETYIrediple, this

vitro treatments with restriction enzymes or DNA ligases and is {heref re
alloph iR NSt fPotiR SRR PP RTHOG TGN oF SR RdHiA, YPe !
polilieadescitiiod slids wutar phlihwwens oitio mologsilda ecombihatorving repfire such
extlAIMARY dh6: HRCE ﬁ%ﬂd}%ﬁ@%@ and terlsPRAGE AORAHING R currently
ene products from the Rac prophage, oy 30 eda and r,ed/3(9ene
s AR A BEC GO RS RA R B AT roccts
Thd QRN 66 Shd R HRELIIRGVECREDUES NI MEIRARIORY GHE®R: genes

with it the dual advantages of enabling both small and large DNA
enchie e e BE SR gis P St et Enamintyabbe PRt Ao it it fius. the
vedmanipulatiens] subh fastinse ritinsingetetiobienthp Giett ahenaltiols:ctobbeering is 2

meﬁl%éf%m?ﬁguﬂ %]@?’WE’ER%A%Q\&QQ&{% %51%‘5) GJJ&I%%QQ%’{QQ@&ﬁan%Oenzymes or

enzyme-independent fashion. This facility is of %Seat significance when
D%dlfﬁﬁﬁ?a‘fﬂﬁigwd}'@@fom fundamentally distinét from the standard methodologies of DNA

cloning. The method relies on a pathway of homologous recombination in E. coli involving the
recE (endonuclease) and recT (phage annealing protein) gene products from the Rac prophage, or
the reda and redf gene products from Lambda phage, and functionally equivalent gene products

from other sources.

The use of the recombineering methodology carries with it the dual advantages of enabling both
small and large DNA molecules to be engineered and also enabling other more subtle genetic

manipulations, such as insertions, deletions and point mutations, to be performed in a restriction
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stretches of nucleic acid, when restriction analysis becomes unfeasible.

One such advantage of recombineering is the ability to allow promoters to

be manipulated at will. Another advantage comes from the realisation that

iW(?n?QW ¢sés, random starting clon%s will be 5 engineereopfvf)T81}3@31?5/‘}93650

single clones that are optimized for the specific goal of screening for
enzyECoRtrRpItabifes brimfastsy. WREEE IRVERIRSSarEfeniRghipulating large
stramkibh o elopie ncrwiredhestsajuenad of Heeotlonedfmdbdriabio betkabwitage of
recéx%t}m@%fﬁg%ﬁgé%giﬁmpﬁ19&%%%%9‘&&%%&%%&%@@&%ﬂ.es of interest,

recom ering do€s not require this and allows large stretches of nucleic

Andeigd alispieaumeserise neadikaislanednanshnanieuiateshadoyilhglfofes will be

further advantage of recombineering methods is that the recombipned _ .
o R SR T E SRR ol AR B s o

secpiadety taneritenetf diraing oMierHosewRiiansiaplninssaribrriobies gerids the
seqRbd@IFact biosynihelit Rathwaywhis iR.aaradyasiageouesirRaiRaaiNe the
L T T
of yrdnaforpaationcconditlonss epbmdostlrsdrthidl15 transformed strain during

ulturing and storage. The first host cell is preferably a host cell thaf?9 .
A T R SRR R APEIRRALES S OB ESPIBP L SO ee s nigerted
intoflthgepresefitinvantio hos hdfigstimpstcel i praferd bispiasid dhic blisforith a stable

Ins%%%g%%gﬁeg g m@@@mﬂémﬁﬁ}ﬁ{%.w?uigﬁpﬂ@mmggéraver transformation
Preferablﬁ, the first host cell is one in which recombineerin

oF B Do Hh Ay P e LR O HINS i BFIU PL B B s gt
whgthetche dofaaoigic cidafangkdomesegqudnuertas wailla®ie pedotmt from the

rafBRIMEHRLE, B RQuRlNnpeRESIA refinements such as promoter
replacement. The first host cell is also preferably a host cell that is able to

The@r@u@m&@fﬁqgméyaw;th toet seit drad alhost @elgeﬁgmmamplaaﬁtn?amibisOaa vector
forRITRNRE TS APSE GR!IpidQMENEL RIReTBHIRRIG SLIPR! SERSRFWHS: cell for

other gram negative bacteria, particularly those that are well studied such
which genplicangbtotiade BN SHtif oI apR Ml MibtHEBE Ty dhfetitst host cell is
onehgihédringebinecdlg anthoSalpienelia breftlesctikeds i fllkbwnkadwintion of large

strd AROL PRY FDRNNAIS, BUGR. 5 ANRL QY RN0RFOPK £F Al MR GEHAL SIRNG: Lyaty
Laboratory Manual, Third Edition (2001). Preferably, the second host cell

“qusﬁ“@’éﬁ%mtﬁéfﬁ%‘aﬁw&ﬁ?@gg@?%%ﬁdary metabolites of the type in
Thzg]ﬁr'&mégs‘:e{éh R %fs‘og%@#é?%ngﬁﬁﬂ&uc'ai'éﬁa‘?gg%g%@5@&% OlEgS S v ilt%I ASsecond

that is being 30 expressed (i.e. generate ways, t

S: P .
hoiﬁ@f’;&keﬁwééaﬁ@ﬂﬁv%ygle&?)mﬁlﬁﬂﬁiﬁbmé%o%%f%éf@@*c%yﬁa Iodistpt cells
indideeasidre dhat thighnst imwelkagdaptadafor ekpressian ot theliseaondanoch as

metabolite. The.second, host cell m e.a cell which does not naturally .
PLUIRORNE O ShRn. SAEL DOKRRE B8 I b e e
Samqqlllgzm%dggg@ Mi in known laboratory manuals such as that by Sambrook ef al,

Molecular Cloning; A Laboratory Manual, Third Edition (2001).

Preferably, the second host cell is a cell which normally expresses secondary metabolites of the
type in which there is an interest, particularly secondary metabolites of the class that is being
expressed (l.e. generated by NRP pathways, type 1 polyketides pathways etc.). An appropriate
choice of the second host cell will ensure that this host is well adapted for expression of the
secondary metabolite. The second host cell may be a cell which does not naturally express the

precise secondary metabolite of interest,
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Certain host cells do not naturally express one or more of the substrates

that are required for biosynthesis of certain classes of secondary

metabolite. For example, type | polyketide synthases catalyze the

WHagsHEEondensation of carboxylic acid residues from tHREF/EBAISH AitensO

such as malonyl-CoA and methylmalonyl -CoA. Malonyl-CoA is a
Certgigbbeshie fodprimiaigiuridiabaiiss snpathwery aidhe presgaies ibalirbartatiegd for
biosHMGVEF, c%thﬂﬁﬂﬂ@ﬂ%e@&ﬂa@ ﬁ\%%@ﬁlt@omn@[@&yﬁgqrp@fyket;de synthases

eyl}. tldes iS not na ture%I%/ prfoduged in a \%lde rang et‘?_of b%cterl S§trta|nss|.jch as

cata % er(%'fo Swehcc?s fOr AT kifa€'o OXB yke ereétene cluster Eé‘f(ﬁ?'ess?oes
ma!@h@@dﬁsyn@hesﬂzﬁnmmy@qalonm -Cintysisiressbeionel o giricednignetabolism

pathVBfenably %@a@&&pnweaﬂ Wit 9RNesIeneRding e ihBnenanes AeguiRdn®common
makln % is that are re quwgd tg synthesise the econdar .10

Pm%&?&%o‘?‘i@ R ACAPE MK RITATRT Ak presSetss i d P& %cond

A Ha&%&sg ﬂ%@rﬁwn%@eaewyﬁetm@%@mmrﬂ&p%@momﬁ ftthBsize

second host cell. Alternatively, a substrate which is not normall
methy IRl £ th e BREBIPFHOEE diant R %Bf?ﬁ%ﬁﬁ%‘é&'?é‘%%‘@%?&‘éé&“ﬁ% fiygoding
the seecpnes hostred|liy replagemiantief thetendogenous promyobesigovierregndary

metm;fe@%ét%faa the rﬂiensﬂp%g%x,g%&%m%@a@w&%@&ﬁ&muént'\ﬁe@mb;y, the

inducible promoter, and/or by culturing it under specific 15 conditions
gm@%%ﬁr&&@#éﬂf&éﬁé@@&@ﬁ%&éﬁ%ﬁ%@%ﬁo%ﬁ'ﬁ%‘,ﬂﬁbﬁﬁaﬂ?%%tﬁe‘ghwh
is n{loroaxalinpleyrassSitiephenyees hancdeMyxe hactehias Preterakiysthé isabonctond

hos{ 'O B 3HREHANMANAR %cﬁ)g:é’rk}é ohagtsiy o&%ﬂm‘@?%@é@%w Mégé%ﬂ&iate

host cell is a Pseudomonas inventors have established that the .
geng Sty POYRRRRSHIG AARS Y G HARIH AMAEPPIB Sy ADHEY DY thisRgdhipsF specific

contirgiedolite is advantageous for a number of reasons. Principal among
these is that, unlike most secondary metabolite producing hosts,
Exepiss oo iitaicasrrag xbish el Yok edemeant isionrreahfer apgmele. o

.S’z‘rc{ﬂﬂﬁiﬁyU&ﬁ isngcalphipdaeindusisialpraducticrcMmdthesmore; PReudomeanasr a

MyS ec es are genetically more similar to Actinomycetes and Myxobacteria,
yxh ac CrIUMm

e major secondary metabolite producing hosts, 25 than hosts such as E.
AdeRtkdhatave RvendBeiiact verlRnamehistionefisiah GanNoLnUssiealthat the

use O%%B?%mﬁ\gtlﬁ’négn]‘é eOtS:S angi(MXXOb (E%glgéhgtsg ha A hl %%e ig anamcageous
conten oes seudomonas ereas t. r’é%w genomic

for cmm@merrm’?@gmtsﬂﬁ'meférﬁmagéfﬁéqn'g %r@é#ﬁéumsmsecondaw metabolite
profiRAH0RRO PRSHIAD AsEn SOl STEOETRGHEOMANASHIAS M1 LINAOGRAIUE their use

roflle thath \Y; imilar to,that of both M xobacterla an
- 56D RS RE L S tml Oka0 MESRE RO o

Simdméﬁeﬁmoqnmeéﬁs@.nédmyp@wtf@mdhﬁ@mfdacqnd@tm@ewtam: pproducing hosts,

thaSHORY IR RER Eaﬁﬂﬁutﬁamaavef%e@ hestcalis for pR/ueRSI R @Icmeog@ta@ﬁis For
of he iosynthetic ese host.cells h ve nfound to

e ARG E e AT L BOURI o Hcar BT e, CHCRL s do

Psewdprmﬁmw@r@s&;etdniv@ﬁaéow%aeh@miq ﬁommrcuﬁr,sgwﬁrﬁmg?yqﬁeéhge being
mofO LRt ORNEIAIS ¥BR:N BN IRIR B \iiSe WRANISRSIRE has an endogenous codon

usage profile that is very similar to that of both Myxobacteria and Actinomycetes. The codon

usage profile of these species is very different to that of E. coli.

Pseudomonas putida, P. stutzeri and P. syringae are particularly preferred host cells for
expression of the genes of the biosynthetic pathway. These host cells have been found to grow
fast, facilitating culture on both a laboratory and indusirial scale. Furthermore, Pseudomonas

putida has, in particular, surprisingly been found to generate very high protein levels, when tested
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WO 20061046152 PCT/IB2005/003650 12 by the inventors. This clearly

reinforces its suitability for use in the present invention, as the quantities

of cell culture that need to be prepared are reduced by to as little as a

HRFVFRATER2 would be required using alternative systems. AS Higtfo/ee

above, one problem that has frustratéd those working this field so faris .
by {heRERa BhHoSFR SR HRsckp ke bive 1OF Hirin ShtRcstBSmiomat the
quaati@deofitdOcionkiosyniteisis bé pediaied classdral becoaddecnetabilites what

WOE§%gge%mpegq}§mgg Qﬁagmes&gggg can grow on valine as the sole carbon

source. Under these conditions Pseudomonas may produce
As mattiylesaledy @@%rcﬁﬂ@n&ﬁathﬁMé&tEﬁndWﬂ’ﬁd@Qﬁ@@M'ﬂ%ﬂq@r is that certain

hosfc’xr“ gg Igotln g)hﬁe r:?esence of g su%atrb?:g tl%atugr%%’sﬁurf:l e&'}X %lson%esm cﬁ" certain
expression cou ein y the rep acement (0) e endo ey

claﬁﬁ%ﬁf@f@@f}@f@@iﬁé@‘?ﬁh@eﬁm@eﬁ%f e @agﬁmﬁﬁaﬂlecge AEWith mirne as the sole
car&ﬂpi&ﬂ&atﬂjﬁeﬂstﬂﬁdéi‘éerﬁ[ti&@,UB}BJﬂoﬂEQHBQﬁ%& ;Ltda@&eftem«plﬁaiaﬁmtemgom of

the su% ‘t:"razpe\s/rﬁgg%édtuﬁfrgan%f(ﬁrm?éh%:ﬁti%a‘g tohyﬁ: asr\é’\g%b the 2 ol esr ecrg ns%urces

meﬁw{raﬂt@gwmmesme ﬁwié braipetiereritifide ﬁw@smg:rpeéummbngspaomoter

go@ﬂﬁﬁgckm&sﬁmll ofniHReHpRlRKOTIOR IRVENLIONIBRREINISRARIRHLBrISnducible

pro%la ffarbI?t 15 re(%d agfer:] gdct]c%tr {r? lo thP}S 1v56nstg)(r:10rt]daa¥lsmeta910|I}’?ses?ug’grm)nas with the
particular'c ex genec Usters th requn’e hE At IVity

gefﬁhmﬁéﬂahﬂeﬂmlrﬂqwmﬂ)ﬂaﬂmaemeﬂmm%@@@ﬂs These must be

Anggide unctionally active by transfer of the 4'-Ppant moiety from

B&hY SRR T RS El e AR S8 S R BB S B AP e et ceh
in fntloakas 6 fomdtiontidhis step ibicdtigriect by aacp@hwﬁeroauedgﬁaptamﬂogous

secHiRBferASSodTiR SHE @n%@%&mﬁ afRehelide avnth rgr{%meﬁv@

thesized from th§ ne clusters and is converted to the holo form

P ‘Bﬁnﬁa%ﬂf? JABhEBABS TSATIST ARSI 1 RemaderBgdigaaly active
by tt@@ybﬁtlpéptmyhtamey protemdxGR ¢y ROREdtmpohgefdpayrtthases and non-
r:b&E@Hﬁfeﬁé}ﬁ%éssﬁ%BE@%cﬁ%%ﬂ W*ﬁ%@@&%%ﬁ@ﬁ@dl@&%%ﬁ%%ﬁ%ﬁ Ppant

y be necessary to transform the second host that is used in a method

tray F?éern{?%‘h‘fiiﬁ‘ﬁ‘%?tﬁhﬁ BRSNS BhRLRIHG - DA £ReTBYEde SYElaiRstlyFqm their
gengrevitars andik coeditat édthobbIP pant trambiems esobphrpdnashvinge @) moiety

to Galabeeseaclionsf 1Bi3 B AV RURSINRJIRYE RIS 'EJQY%F’*L GNEIRD P-pant
tlratk;satP putlda P stg}zerl and P. sy rln(%ﬁfe naturally contain a broad

BT B aRT e et agdnaresrrlcRRAT) Al oAt e D apbigieaalfigeeessary to
rapfoteits: (POREanhthady heatirer proiteths (xOPsh{seevekanple Gkolilmgs, P-pant

trakBEERe PIRHAAMONAS SREGES Ake RSt artiv e NalsraigQus RE B ANGd 1o

ACPs with CoA using endogenous Ppant transferase activity. This quality
AEREE PR m'éﬁ%i’&s’i')%‘?’ﬁﬁﬂratﬁ‘f/ BT PSSR E O ol £ sozeri
aneRpressgon witpeliketidarbobymthatecifeathbays. (Fnsfsrashaimactfectively activates

pepti %?PE!QH&PE&M% weeppshecsecane: osteelkAkis f@gé]@ga%ﬁﬁgry] OThus, these

nsform the Pseudomonas with an enzyme enco
Psey g?fgf’é’f'és@eﬁﬁfge%etﬁg;%rg’séﬁt&éaﬁf Bﬁeé?é%‘@ﬁoﬁg?ﬁ ﬁ%t@ﬁsf‘@l’&sg%\ using

enddgsired. Ppant transferase activity. This quality makes Pseudomonads particularly suitable
second hosts for the expression of polyketide biosynthetic pathways. Thus when a Pseudomonas
is used as the second host cell, it is not necessary to transform the Pseudomonas with an enzyme

encoding a P-pant transferase, unless the presence of an exogenous P-pant transferase is desired.

Further, in contrast to most secondary metabolite producing hosts, Pseudomonas can be readily

transformed with DNA using physical methods such as calcium phosphate transformation and
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Further, in contrast to most secondary metabolite producing hosts,
Pseudomonas can be readily transformed with DNA using physical
methods such as calcium phosphate transformation and WO 2006/046152
PeH82¢957003650 13 electroporafion. It also has excelleftSiEaYENGHS®
properties for homologous recombination, which enables efficient . .
electpppruiopntiates this Brsalige relreyEHb PR FEi e R IRPRRIRSRIN AP feE Bination, which
enabidsQdficiest bitativalacules. chiegdsaoiencamnimnation afdntealicsothi@troduced
DNf'rst host cell and Pseudomonas, particularly P. putida, 5 as the second
molectiles. . L .
ost cell Is a particularly preferred combination for use in the present

The VD BonBERHSOBN BN AS 18:skAE WA R SRV gAter el e tlys \WikiEu GOt PSBurida,
his facil'tﬁltes transfer of the . vect r prepar din E.fcolt to.th% seconq host .
as tpe Secoac{ st cell is a particudarl rﬁe eg O mataoln_) Or use in e presen m\a:ntlon.
or production.’In"a SE8Nano ih Which £ &0t and’ Pseu omonas are used,
Pseyideryato istienosmittech e sple extfitienthp adie Lslaolil dpiefefsbiijaipt lphsfemof the
vecRPBFORHRLS o gy of sonibaRtQR(RE Bsaudpenas, such as 10 oriT
(Simon et at., 1983, Bic. Technol., 1, 784). The vector should also contain
In ascorgin of wbplicatiorlifendnainténance mctiecfly shhosttoe raforitodhypleen the
spedilandhg frstheff fRILIR &n GpMkofhadrale 6 d &H&%%J?@'ﬁ?&%%&[@ch as

(Birren et al., 1997, in Genome Analysis, a laboratory manual, Cold .
oriISIHRGHABbU 2o BP i BTl 1o ga%ms‘é% YU UG R OB i piein of
replitatioagesmpiasmidstalifitirst bodirceit diorabadicaniageahis finathdst cohisaStcols,
the PRG-SIHAEAL NIRRT TG B aiorSPeoRdaRs MEEabRlR-RIANE N 1aboratory

hosts, several E. coli elements, such as promoters and certain plasmid
manyaliiCAlfbPPERG ORI b BT SUASHToR s BTy iSRG Hbighstpeases
plaghithgabidthodology of the invention, the second host cell should be

cultured under conditions which are suitable for synthesis of the
An gddiippahpHiatas itethgy b SRUESH dRiBITsSIBBHER Gt ottt HBgptapeondary
metabib e koowsihtoHiras et akilkinte duhaAs, refelrad woakore,nt prateirgdasmid
repﬁé@&%ﬂh%%ﬁ HANL QNG TS OR, A0 %L‘éké%lb'e promoter is used in one

or more of the genes that form part of% e biosynthetic pathway under
In Sludyainthesersy stemsiolbg idugingvagent willpeeiemblydr adderenastured

un hre:: h%?ﬁ&nes”wsh?&vae}easgﬁla%ﬁedﬁ? Q IQH‘I(‘? ?sllocli?nrésé%' ;1r I W}gla@ém@ Lgtag?c“c%uditions
ea?ﬁ uring earlier stages O'F rowth as a resu(i't (0) otent|a| tOXICIty of the

for g Rdeirfhobop tbbiitdploanaea. trere pfventich g interissiatddn ke, in

prefordeipnainingmistRena seeansans melakaliiedhaikisdQxa Hofnd or more of the
heter ous hast cell is hioactive, b uging the effect o indL{ tior(yjot
sy B R B SRR S S A g e

wilhpirderahiys b edRpdPIa g, osecalimsner diiredmbpirhedbideyithtfisputhamise

celfQigaBeaonsk hashidhatgaesmabnarnally eantasn pihat patbiwvayrcas iRashdary
{q)th? aCCéJdeIation of the expected product of that pathway, but also to
me! ﬁe{)h e produced.

The invention thus incorporates a test for determining whether a secondary metabolite that is toxic
for a heterologous host cell is bicactive, by gauging the effect of induction of the complete

biosynthetic pathway on the growth of the host cells in which this is taking place.

The transfer of a complete biosynthetic pathway to a second host that does not normally contain
that pathway can lead to the accumulation of the expected product of that pathway, but also to the
accumulation of novel derivatives of the end product of the pathway, and to novel derivatives of

biosynthetic intermediates.
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accumulation of novel derivatives of the end product of the pathway, and

to novel derivatives of biosynthetic intermediates. WO 2006/046152

PCT/IB2005/003650 14 For example, the inventors show that the transfer

gf?ﬁ@%@?%ﬁhromide S biosynthetic gene cluster from Stigrﬁﬁ%‘%ooy{m%sa

aurantiaca to Pseudomonas pudita leads tg the accumulation of not onl
ForyS53BHrc B S B SRS A A PRI E RGeS MEppktc eene
cluthre filore Srigner N imettupli growpP (eed exram pledl: Ehdsio tempomatision of not only
my SPIERRAL BOUE! QGRS R RINAINES A AR PUREIHERARAIRIVES ethy!

aspects of the present invention. Examples of such myxochromide S
gma%ﬁ%ranwglakégh%eo?%m% FPESIIAVY GRSl vves and are
inclvier dterdhisiselgeied fomhdhegeoupreensistintkah@ 3o CAdNthyxochromide S
der&ﬂﬁ%dg'{ﬁ%g mormggdology of the invention may be perfor_meq

iteratively, with successive rounds of 10 screening and selection in order

to allow the gyolecujar evolution of one or more of the genes that

participates if) the gathway toward a desired function. Indeed, an entire
this faghion. For example, the genes encoding
the enzymes oflthe bigsynthetic pathway may optionally be further

enct ﬁ%@gine Sis@fjthe genes encoding the enzymes

enzymes df the biosynthetic pathway. Where the secondary metabolite
! SS Telle englreering orthe segondary

metabolite prefera cal properties of the secondary

metabolite itself, fo?example, by altering the structure of the molecule

generated by the biosgrgthetic pathway. For exanﬁglg‘#&genetic 20
whersiib sl i) e aiprmerBEsr el félsEEridary

Thi 58 &{Lﬁ%%f Ay ncredss, ‘E%g%%ﬁé%%@é%%‘%@ NSSSANIANY ounds of
me.a olite a_n a_ntI'bIO IC, gen tic e gineering m_ay f example decrease
scrgeing 5! 6¢ asEoaRtvIgac VMY dotiprired Ao B O ANfibRStibe genes that

paiBiphesisad hwid dypeleneyRaguliid RIS g enatiGianptdatiervolved in
hi 5[’1}&a5¥‘icgnfer a new biological property on the secondary metabolite and/or
may delete an existing property. Genetic manipulation of this 25 type may

FoPexeaitiediRUELY SIInG avesianseleciad hidhamaropdiast aall bakally be

furlct:%lcrl) g%r%?%ﬂﬁ%ﬁ%%é?%rew %tbaege%acgﬁeg)fo ngd'éggéb/ Iegigglcﬁn?ge%?en%rggges is an
advantageous way to zlter the chemical product because the structure of the secondary metabolite
is directed by the specificity of the enzymes of the biosynthetic pathway. Where the secondary
metabolite has useful biological properties, genetic engineering of the secondary metabolite
preferably alters the biological properties of the secondary metabolite itself, for example, by
altering the structure of the molecule generated by the biosynthetic pathway. For example, genetic
engineering may enable an increase in the half-life of the secondary metabolite or may increase its
specific activity. Where the secondary metabolite is an antibiotic, genetic engineering may for
example decrease the ICsy of the antibiotic when compared to the 1Cs of the antibiotic synthesised
by wild-type enzymes. Furthermore, genetic manipulation may confer a new biological property
on the secondary metabolite and/or may delete an existing property. Genetic manipulation of this
type may be carried out by shuttling a vector selected in the second host cell back into the first

host cell, or may be carried out directly in the second host cell or in a further host cefl. As
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WO 2006/046152 PCT/I82005/003650 15 mentioned above, because

Pseudomonas is quite similar to E. coli, certain advances pioneered in E.

coli, for example, recombineering with RecE/RecT or Reda/Red(3

bvrgt@??é““é@also potentially appllcq le to Pseudomonas THuE 05@%3870

Pseudomonas as the second host cell present |ons forin situ |
mendioBReRtitg BB éifgogﬁg?ﬁﬁir%ﬁ&ﬁ@ff b pOLSsfRPRRgEed i
E. witheeventjkataumbheertes gatbifsBidoon&sdspReiBshsgxignaaed, are also

pots ‘?%1 e'tLé;z?cfaﬁ?é t&yps%u%';gﬂ;‘icﬁls‘%ﬁ{f‘sg& 156 &SPRQQJA%JEQ%EQRQ ?e%ﬁéeﬁo'{% cell

xt of the invention describe ereln Because of the relative
pfﬁ%@&éﬁeﬂﬁfi@érfeﬁe"rﬁ%%hFﬁ@rairdwsrpfnvétéwm@ﬂ%ﬁffﬁm%r%t.t8|§qnéé1§ffﬁa¥>ss'b
thai inNRSHRKCINRSIANGESY [gdReifPRadipdiatapents heeeftedie chiathgalficgtthis type

mighO LGB &ﬂnseﬁ‘%cﬁh%rs}{%ﬁﬁ% Jansloed .Dagie NG e, é\? S'J%Q% b‘éﬁ therein.

or screening and selection. The'use of a first 10 host in w genetic
Be@D@ @?%Ml&ﬁ@b&%@ﬁg@ﬁ&Wﬁibﬁﬁ%bﬁhﬁdiﬁ&&Mﬁg memveﬂg,l nee nmay that
in fhsPS Sarried out with.a a‘%ilh earee.ql & a&Yd dp E} wlar enables e
? retied hitdgencsis 16 be carrled Out n order e secondary
vectpetebsiitasp besoally tRardohhasiddl feorntsimaneral ﬁﬂﬁﬁg@nf&he use of a first

hostRPHAAGDES N KRR IME QGRS iRl Iys%asm&&ﬂemmeg@.s%i@rgmtemg to

e S L R 08 PP i BNA T L
to borawifrtorial ppidsaciy elabibs oremiiasy ofgenttat spesdtridisiry Random and/or
coﬁ%ﬁﬁ@ﬁiﬂ%@&ﬁc%ﬁﬁ&%&ne@%ﬁﬁ%ﬁ%mﬁ neRNBAHIONR MelREa1IeNESion of
bl the ios tnthetjc thwa mvovew LLt?RJe t%?t%lg)a ddlo PCR d
: r‘rﬂlrietsoenlésfso rmecxamﬁl pro 5 fiidtioh > teletion or In&ertion rﬁut%lgpé)ﬁ 2

malf:«thler @eqmémef’erxwﬂxmgam!éoomermblnﬁ@r@lgemsaebrﬁ@ﬁhwém@amf dlfferent

sechRaley antApGRatatiaine0 undesirable sequences, genetic engineering
can be carried out to remove these sequences from the vector.

Thé/igeagienagisarring bd opsrimdreut pyranynsthitabietedanigpehkngwminitivelve any
suiBlepeX MBS R SiE- SRR IMAgENEISQILR%IANSRas Aaeiateds the

mutagenesis, as the skilled reader will appreciate. Site-directed
SIS ENELLEMES 9B T8 T PR SR ML LEBIN Gibbs TBHEyent and potentially
undglsicdy latiomqgatemss ehgngeigodorbprefecd noeioprouestsplicavarientom the
ved YOS MURINS ARghied SR 501hy RAcOMRINGRIIPIMAY AlsR Be, YSeampie,

b where a%proprlate The second host cell may be cultured under i reader wil
Y S 0 MRS eSS SR IR GEYBad T MEaee Bt skifsiiiih e iid reader wi
appaweyel|ti-iirpriefe medeflsatsinensacdrd Wodt t;ellmseoultwecme‘mmen SIWQC alter

gl 1%9&1 JRIEFAPRIG MR PR ARG AN LB Wi RARHAKIaRYoREBIEH R ions and

embadiment, the second host cell is cultured at 16C. These culture

S0 E%Wdfﬁ%ﬁ%&‘%f&%%‘éﬁﬁmhaﬁy W¥erEa WRER B eudomonas is used as the
Thé%ggcgl% ﬂgssttc% I Eﬁ’%@ Jﬂﬁﬁ?edmﬁé%r %my glﬂ%%,ﬁ;e&ﬁ{a%gff? tagwlﬂr&m&rrstood by

putida. The invention will now be described further by way of
th(ﬁ?féféﬁﬂb‘t’d%xéﬁ?ﬂiﬁﬁs‘}‘/ﬁéﬁ?femd that the second host cell is cultured between

10°C  and 20°C, for example between 13°C and 18°C. In a particularly preferred
embodiment, the second host cell is cultured at 16°C. These culture conditions are
particularly preferred when Pseudomoenas is used as the second host cell. Even more

preferably, the second host cell grown at 16°C is P. putida.

The invention will now be described further by way of reference to an exemplary system

involving expression of the myxochromide gene cluster in Pseudomonas. The suitability of
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involving expression of the myxochromide gene cluster in Pseudomonas.

The suitability of WO 2006/046152 PCT/IB2005/003650 16

Pseudomonas as a second host for the production of polyketides and

WEHIBBES A peptides is also illust glted by two examples. BrijB2005/003630

description of the figures Figure 1 sfl;ows a schematic representation of
Psewarnpqs patioreonp Resblor tiretatodnerian e nidibidscipé sembrsematipriiédes is
alsod1RRAWEIBe R Bk Rrpguict of the trpE gene from Pseudomonas together

with a schematic representation of the generation of the
Brigdesa-ptidntef #ip goaesette and a restriction digest thereof, Figure 3

shows a schematic representation of the generation of a subclone of the
Figuseit- s s assitdsrrosRaRtnnah estrraiationigb st trersditet g gurestiiction
digeshmwesod restriction digest of p15A-oriT-tet-trpE together with a schematic

representation of insertion of the oriT-tet-trpE conjugation cassette into
Figiwe SnlsrethstBirfnpredecheyxocHidnsie foemd dudteraiid eedstrivtiop schematic
repidigRstisherent Eigrie S shevysdhe R CR1AreE UisehdRRIZERGIACIRSI SlaNRE thercof,

gene together with a schematic representation of the generation of
FigphghRGnarudsehrostiic ticmestge st therdef gis Riguref6: sibelene o€ stk ctidintet-trpE
Cassqu,eggtpqg AMeh23degethes dég@;m@wc@hematic representation of the

generation of CMch36 and a restriction digest thereof; Figure 7 shows a
Figigehiematicaregudsntdigos of ghAconiiBtenetpditafeshBrwithduschsleaprorpotemtation
of ifERRHEr ARSAIRAGHA HIRSHIRGIERE HlaUR AN ONB MR 010 hiae

he Pm promoter togethér with a schematic representation of 20 the
ge“ﬁ]‘élé?’ﬁ&ﬁ“ﬂ?ﬁ‘?é“Wbr‘Bﬁﬁﬁt@F‘i?ﬂB the myxochromide S gene cluster and a

Flgtges g&sdlgesftcwerg)gfx’cl: C?fu Ife ﬁ@cha%§1§§6%snyr% ﬁg'g @hgnqrqﬂ a schematic

/ET recombinant cosmid CMch3 arid CMch37 with virtual
repsfifpreawichie seradiiatel mbjchbtent ﬁﬁ%%“ﬁ‘?’?é'é%%ﬁ%eﬁeﬁﬁalyss of cosmid
FiglEg b s dseatrian e g ORNE OIS MG Gt 38 80hation of the

BERCRZ 7 With the indica %e& 5restfiction enzymes including igure
geng@tsoWS Mchép andysigristitnelisrsslagefof the Myxochromide S gene
.. Cluster in transformants; Figure | howsaTLC detecti
P ORI B SoRFOEIEEI N U ORI Sk AIE MR 0 e
and2atriStioctigess thémpfxochromides SI_3 (1-3) produced by the
myxobacterium S. aurantiaca DW4/3-1. b, HPLC profiles from extracts of

F1gmee8‘:§hgwﬁ &g&%ﬁ@?%&%ﬁf Sﬁ‘bﬁﬁ ipoter together with a schematic representation of

the insertion of the Pm promoter into the myxochromide S gene cluster and a restriction digest

thereof:

Figure 9 a, Maps of cosmid E196 and the Red/ET recombinant cosmid CMch34, CMch36 and

 CMch37 with virtual Pvull restriction, indicated by dotted lines. b, Restriction analysis of cosmid

E196 and the RED/ET recombinant cosmid CMch34, CMch36 and CMch37 with the indicated

restriction enzymes including Pvull;

Figure 10 shows a gel analysis of the presence of the Myxochromide S gene cluster in

transformants;

Figure 11 shows a TLC showing the detection of Myxochromide S production from the mutant P.
putida/CMch37;

Figure 12 a, Structures of myxochromides Si; (1-3) produced by the myxobacterium S
aurantiaca DW4/3-1. b, HPLC profiles from extracts of the P. putida/CMch37 mutant strain in
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WO 2006/046152 PCT/IB2005/003650 17 comparison to P. putida wild
type and the natural myxochromide S producer S. aurantiaca DW4/3-1
gl:liode arra)é detection at 200-400nm). Numbers correspond to )
hEEE? -3 see figure, 4 and 5,are assumed to be the EBF%?S%%%&O
Des-N-methylderivatives from 1 and 3; M, myxothiazol; 5 Figure 13 .
CORRBNG dcOBIRED L BRETBI SO g oPRErARE G BRI’ aurantiaca
DWaRA1 B6odregativeeieorntrokfai0fleditlin). Uppebéraceirepdnl . tputidistances: 1-3 see
figdPE @ 1nd STROASXREGSS00 RASINILL QWG] BECR)mEIQHE 1 AiSIONG 8 3; M,
UV-spectrum of peak number 23 of Figure 13, lower trace (P. putida +-

4 extract); Figure 15 shows the positive (+1) and negative (-1) MS
F;géx%%t%ﬂ@@r!, R&aki A ﬁ?ﬁ?@%‘?g'n-’.%‘gf%%f f%‘%&'é};‘(é‘%‘#@.ﬂ%»?é’ é?ﬁ QUG (negative
shows the final pISA-sacB-neo-mu ase-laCZ-zeo constr ctfor *
congpd iy FARRIHY MERSAI O dnE o AP SaiSid roimerfs exnEFsHS LT ashdy o pee Race);

._chegcking results for the integration of methylmalonyl- eneratio .
Fig g L RO, o o T (HIETE Shc, Ao S et
PEGheARxHsENa strains 15 harboring the integrated DNA-fragment after

. double-cross-over. event. The letters indicate the primer pairs_used for
el Mo TP CR VTHES S RE A o AT T e U ps e gmass of
flavigin dvd0¢n to scale). The lower panels show the pictures of agarose gels

_ with the amplification products of the corresponding primer pairs; Figure
Figyal 8BRSt I ratRAY TR/BBTHEN AtaTtataPsTHE! R dfiPT AR qRY!-CoA
prodinoivmioRshelom@@daxis and the response ratio is shown on the y axis. All

_ calibration samples contained 10 nmol of internal standard
Fighehy SbE3YiIGhheFHE Atk ot MERIAPHifb SHbYEnlopySCy Epperation
cassdtd bith rMekidoathdaipévyas.mersurted darbhiplicalis anebiher dat® DAInES strains
harbGhh Sf%Qt;ﬁ%@ﬁ‘g{@&aﬁﬁ&’ff}h%gﬁs'gﬂ@Jﬁ'&'{éﬁ)%gl s%o%ct,]ig S?Ih\\{% tth he letters indicate the

_metnylmatonate content (&) and OD600 methyimalonate content
Prijgea B Esre fo8 YrERF tHE Aol At ThasehRals direratt Bnke tpopseelgs not
dradhtine galen el NpintiFigone o sbaws reagansirgelioniof the amplification

myxothiazol gene dluster for expression in P. putida. Fig. 19A: diagram of
pmstrategygéroé%tgﬁf‘né g rﬁ?ard)e'rll% cluster. Fig. 1913: restriction result of
FigdRnes chustey defanaandmadierstehing ik BndlCriinahsnta Geostrualon the x

.P.putida integration;.Figure 20. Figure 20, shows the detection of th
o R R i o) A R Rined 10 amot o
inteyppk stmideré ety -dxtrate i The s Foonse guakitsrrespbniis 1dthe and 50
nmBlaBscRgRn0walihentic Myxethiazel af gHECRA 1l SOV MASBverage of the
mg)%gg‘g%?ﬁ'% R0 IISIENSR- KRR 088 L) (S4B B ECE M A malonate
content was caléulated from the nmol quantity found in the extract and the ODjgqo at the given time

m

point;

Figure 19 shows the construction of the myxothiazof gene cluster for expression in P. putida. Fig.
19A: diagram of strategy for stitching of mta gene cluster. Fig. 19B: restriction resuft of gene

cluster before and after stitching. Fig. 19C: final mta construct for P putida integration;

Figure 20. Figure 20 shows the detection of the myxothiazol in the P. putida extracts: a) standard
reference myxothiazol A; b) extract of P. putida FG2005; peak corresponds to the mass peak of
authentic myxothiazol. Figure 2011 shows the mass fragmentation in the reference substance (a)

and in P. putida FG2005 extract (b);
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WO 2006/046152 PCT/IB2005/003650 18 Figure 21 shows the sequence
of operon from So ce56; Figure 22 shows the best 20 Hits from a search
of the database with BLASTP with methylmalonyl-CoA mutase of

0 2006/046152 , . PCT/IB2005/003650
g’oranglum Cellulosum So ce56 as igput and alignment of top 2" scores

. with the query sequence; 5 Figfure 23 shows the best 20 Hits from a
¥ ‘8%%&??’8??&%6&8‘!@%‘&%8 RABLRETS it methylmalonyi-CoA epimerase

Fig&f_es%a%%‘ £EIHIOSUR ARCERG2% IORHLARE AONMEOLOT IR SpBRIMES with
with t gﬁ&% sequence; Figure 24 shows the best 20 Hits from a search

methyipa! & BE ARt alrdat e S Seh iR et glighm ey of top 2
scoBeHa th shingpuetasddie«alignment of the top 2 scores with the query 10
sequence; Figure 25 shows the MycoMar transposase DNA and protein
Figgeqddndsvanddtdisiveletite it degtisticed tguiadess ¥iglaflah¥ ot with
meMYMRRHANICE DY eRe: JUSIRHRGINERIING 8. R6M S St RSARIART top 3

sco?JsM (ghMar trangﬁosase gene plus right IR into mchS expression plasmid

and Fig. 58BN the 15 integration of the left IR plus Tn5-neo gene in
FiglRNEOLibesMhR Ie0eGISiah Fige 21 tehaws.tha setestionrdiwith MeaB of

myxochrgmide S compounds in M xanthus. Figure 27B shows the
SO ERRT Y SEr T o CRBEL TGS Tt B g0 SR SHODe aver
sequiALt€ peaks obtained from analysis of a methanol extract from an M.
_xanthus DKI622:mchS mutant strain for the production of myxochromides

Figaropng thevsaleshuind e BPsas SR AW P BHE AP BY PSS R tfied repeat

seqkALds; chart resulting from the characteristic myxochromide

. chromophores. Table | shows MALDI /TOF res.ults"sum_maré\of the
Figpwel o mbreias pPareiaraié asensctivis ereingeim FisBRi hnsie dagertion

of Mycabei ehisposkargannitue BN IS g ST axspasopadibied H CBBERWs the
int2bON] 9ﬂeﬁozﬁ;%,gwm%%QA@%@%M%@@.@%@:g&m@e9rat'on-

xamples Exam Synthesis of the type | polyketide/nonribosomal
Fieptids sRYRARECTBICRi A B Pitisla30ilbe invapiiaiuisislagcriber. helayuie 278
SR G B R BTG5 D P filhochromide is engineored
Flé&&%%&@%i@é%;& E&TAJ&@% %49@@@59 alfethano! extract from an M. xanthus
DK 1622:mchS mutant strain for the production of myxochromides S. Figure 28B shows the UV
spectra from each of peaks 1-7 of the HPLC chart resulting from the characteristic myxochromide

chromophores.

Table 1 shows MALDI /TGF results summary of the Pseudomonads PPant transferase activity

evaluation.

Table 2 shows the number of transformants obtained using transposon-mediated integration

compared to the number obtained using homologous integration.

Examples
Example 1:
Synthesis of the type I polyketide/nonribosomal peptide myxochromide in P. putida

The invention is described below in an example in which a complete myxobacterial pathway for

the synthesis of the type I polyketide/nonribosomal peptide myxochromide is engineered in E.
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coli and then transferred to Pseudomonas putida by conjugation, using a
BAC or cosmid vector comprising an oriT conjugation region. A.
Englneerln of SSuperCos-Myxochromide to introduce the conjugation
bvr%ﬁq gl %%racycllne |ndu0|ble regyjon. 5 PCR was used t &le@é?g?gﬂgﬁﬁ
oriT-tetR fragment. o the sequence used for,. co ation between
ColG I R MBS Pl ISPt CHIAD PRSI N LB famd veor
comegjsilaten enf dvgulstiresigiamt gene. The oriT-tetR fragment was inserted
A |nto the pZe02 1 vector (Inwtrogen) by recomblneerlng (Flgure 1) Next

ndu&lﬂg@g blneerlng (Figure 2) The IrpE gene is in this instance used as
homology 10 for homologous recombination in Pseudomonas. Homology
PCBriis foseretompifibe it @ te SR Tt prdais Btesists ttfe YSU furegiveation

bet(RbRtAGEAR ) MAGIQN M&Kb@&ewﬁr@eaa@ﬁdl uh@eeqsia@@mmneeegtgasiem@m tet
resnsyanglgﬁ)grtlg 9 lﬂnto Q]ts las %&éed%tl ot?th AR5 OF (‘fr?\ﬁtsrgtgteen) by

then msert into he one part o

recgrsbﬂpemxss(lf\meéhrd}*mﬂeﬂwrr&mﬁfféeﬁpﬁgudﬂwef&yaqewed mto the oriT-
tetRROBKIBITHRHIGE6h B GRTE Dt Ty X QGBI BIdenpativgy. Jmce used as homology
form 121(1% %%g“}%eﬁ SBB{%?%”;IQ ?Jt u%e dﬂ@f%%%ﬁ)mo S beerﬂt;m th qulrlrp en{lﬁ the oriT-

e orig Inal” cosmi oes n
tet%awﬁ@y%@auzse mhg mﬁyﬁnﬁgoméﬁﬁmf@as’éccm@aéﬁm@ﬁn\mrmedded in one

recSBBRRANRES TP aonpiaie the mypreshsanydenidbiesyrthetic g@mnT.tetR-n-pE
cluster and add the necessary elements for conju egration and
co B SO (BT Ve b Bo B e e R et b
recgpbireptiad{Figpetombineering using Red/ET recombination. In brief, the
B.f backbone of CO m|d E196 was mOdIerd b smgle step insertion of the
; rarst T ' es, the tetracycline

ThEeﬁ'ﬂS’E}ﬁSnQSQ% fﬂb%’tﬁ%@%&h‘e%hﬁ%'ﬁ@%ﬁ Dy tap @%ﬁhefé&{“fﬁ@ original

chromosome of P. pudita (trgE) to enable the integration of construct

co3pd Iih%ﬁg‘@%'m'ecw%mﬁfd Jtreteeamn AhtHStot drdaie e s dpareigase (TE)
dotlemvtive sEMchSRAEfoedpi2StRunng dhisrpidce tivsentireiogiginaluster and add

th&&@&'&ﬁb@eﬁ@ﬁ'&%%ﬁcﬁ?ﬂ %n?‘x':ﬁ@éz@&’&n"m? ;I@gggn-ﬁpp;&%%“% thE original

com lete myxochromide S pathway on CMch34, the missing part of the
opiarA Ry ‘fb‘*ﬂ)é%‘&&&ﬂ“ﬁ%‘%@&ﬂ’é??&&?ﬁ thiasFIA g TEOHBHRg I brief,
thevbaskawadlafdesmit [ESYW Mah@ pdifipddyicingly dasorsbeidre€dwanygplagimidster (oriT)

forl ré?»'ﬂ]&Nﬁpﬁrﬂ&%@lkéﬁ@&ﬁﬁé%‘%Et&*ﬂ@e pisRingG JResierREe DBt Al a DNA

the gene cluster onto CMch34, the zeacin resistance gene (zeoR) was 30
fragmentdeerdlesbramresetod grf&"ﬂﬁ’ge(ffé@iﬁ?oeb@\‘ﬁlmfé %V?@Eé’ﬂbﬁfé’gﬁﬁ&t into
tha @sudtingjrhpladogichs pddoh BB aikigLrec ehtelthe Supe 8Co skiz Statiie ddlifrag iieptre 4).

DJ!‘%?QM e feniaipingdhe ThAeaR Lseale was W@EBQ’@@Q Withgeleted. To
ch34 to create CMch36 (Flgure 6). WO 2006/046152

reqSRS I SUD SR T gChrom
domain had to be added. The sequence of the full-length TE domain was available on pSWMch2,

ath]
ssisejv

S pathway on CMch34, the missing part of the TE

a previously described recovery plasmid from a NRPS mutant strain. To stitch the missing
thioesterase piece of the gene cluster onto CMch34, the zeocin resistance gene (zeoR) was
amplified by PCR reaction and inserted into pSWMch2 by recombineering resulting in plasmid
pMch23 (Figure 5). Then, a 3.5 kb Stul/Ndel fragment from pMch23 containing the TE-zeoR
cassette was recombined with CMch34 to create CMch36 (Figure 6).
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C. Generation of Pm promoter cassette and insertion of the inducible Pm
promoter in front of the Mvxochromidegene cluster As a final step the
toluic acid inducible Pm-promoter was inserted in front of the first gene of
e 2ﬂ’?§?§?6?:‘ﬁ?om|de S cluster. Togetb r with the chloramphe?ﬁ: B 2005/003650
reS|stance ene and the xyIS gene g

M\bhﬁtb __t,;ﬁarnelur gty in front of the PKS but also to delete flve genes not

involved in myxochromide S biosynthesis (Figure 7). The final construct

As @ freh 3PRALlAS aFiflins tpdim pErTRaiTy 3fes tReFisghB CFRAfdl fast gene of the
myRedhvRyEEOn eHRKS BhdthatoNR S shivtihshenRey ﬁﬁemmte keplaserin Hoftene,

thequrtthei‘DEnK%r(\Eagiji{s%r@ 1n?0%lf%t3rl’)c %(I)Ocn ureXSC%g %]1181 E’osn%?” eSlClg% {0 not

use |nt ese £Xamples Is shown In onlueatlon of the

onlygageibe nw@wrge@mmdﬁat@wtm@éee’éé%aemeﬁae %tt%tﬁq‘é‘fné?eeaeealwlved in

myﬁ@éﬂk&%@@ (BoHaiiasKFiadd0nP ratutaeri ML) (MchF. SYRIMGASHN the three
C3000), In this rt| Iar X nl cquired the
o RS e R R, L LB iy T Y Rt Rt Bt
PlBWXbéWéﬁﬁée Beh&iust8l in the 15 transformants was analyzed by
colon u3| rimers for the amp |f|c t|on of a ca. 700b
NS R R R T
transformants were as follows: Lanes 1, 7 and 13: P. putida wildtype;
D. Canps it e finalRulidade GMansddokanss 2, 8 and 14: P. stutzeri
wildtype; Lanes 5 and 11: P. stutzeri/pCMch37; Lanes 3, 9 and 15: P.
Theagritagudomdieity peeinsaries Gedrfdr eonipeatipniGastd AR 0 L Aneur g DSM10701,
P. Goopid E»l%mlbetfeﬁtd@ Z%Stm@gnbmwheestﬁatn@etﬁanﬁwmqgtmmcqmm the
b B e A e L s e
tra%mm@nadsait/eemdneelewp?@&{@nmnmw lﬂmibmmetléilctnon of a ca. 700bp

fragrﬁ@ﬁ{mQﬂ@ﬂﬁﬁ@%%rfé@rr’yﬂa%gquﬁscﬂmm tmﬁ’iﬁg@f@.m@ ﬁnous transformants

bios hetlc ene ter I c acid was,adde toc tur rtw
e U RS A Bt e DSt A BT Lo Bt eeha
LamsC, (Figdred 1) si@omipdiditete Boes %amk/bltte‘n av&e@pﬂt@*ﬁe ftndttclttcﬂwaﬂd 15:

P KRl 'ncﬁyﬁaou:entbema&o@p folghingressseh e nidsid proguchosults
shtg\%at maxw?rgrgrs]ﬁ%lxg'la% Q‘Et‘ﬁp C?E(&? q%ﬁtel% atnnf]}gell'?él;)riys Isg %ke)r? Lét %vhlim is also

Qredter A& maximum foun R'theRattra produding
prfaememiheaosrﬁtdrﬁﬁé%ore new myxochromide S denvatlves could be
|dent|f|ed |n these extracts b HPLC/MS 30 analy5| (Figure 12). In

SEATDHHE ST OBIRE “H8%fantiaca, the MS data

rﬂ'&h@e"‘éﬁﬁ@stﬁg'%tﬁ the Pﬁ?é?dﬂ?&e?f;W@s%%ﬁﬁ%@%ﬂn%%‘&ﬂ?‘r!@%e complete

Iacklng the threonine N- methyl grou us representing new

wttseﬁt%ﬁdeowétﬂ?a%ﬁt@sdWx«d&ﬁ%ﬁﬁtﬁe@%@ e&ﬁ&ﬂﬂ@t@é@%ﬁfﬁtﬁéﬂm of
feroedisadingl Adtiinthetiermeniaiionitectiunt trdleatid bR, (Fipita lit)nGompared

to %GL%}%M%&QPQ/ Qé@‘?@c? ﬁ;f-:r lilr%%gt%_?{ Qgs%ﬁgcg) in a more than 1000-fold increase of

myxochromide S production reaching a maximum yield of approximately 40 mg/l. This is about 5

times greater than the maximum found with the natural producing host, S, awrantiaca.
Furthermore, new myxochromide S derivatives could be identified in these extracts by HPLC/MS
analysis (Figure 12). In addition to myxochromides Si-3, known from S. aurantiaca, the MS data
from extracts indicate the presence of the corresponding compounds lacking the threonine N-
methyl group and thus representing new myxochromide S derivatives. Myxochromides were only

detected in the cells and not in the fermentation medium, indicating that P. pudita is not able to
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21 export these secondary metabolites out of the cell. A kinetic of
myxochromide S production in P. puditalCMch37 mutants reveals that the
glroduction maximum was reached after 2-3 days, which surpasses the 6 _
RN for S. aurantiaca to regch maximum producti R S
2: Pseudomonas is able to express Type Il PKS A) Introduction In the,
SXPREIEY STHEBN TSI YEHTHY decfitin 5t 8EFET XFamle production in P.
pud@elllldsumnBoace 36 dab ol oigy rsearchaswithntine BisAGThpdodiard e, which
sur OO TR AN QRGIIRRUNG, S WAR. A0SRl droviigh,Shows
homology to type Il polyketides from bacteria. The encoded protein has
about 70% identity with the 1,3,6,8-tetrahydroxynaphtalene synthase
(RppA) from several streptomycetes. This enzyme is responsible for the
Exanrpldidetion of 1,3,6,8-tetrahydroxynaphtalene, which oxidises
spontaneously to flaviolin, From the extent of homology to RppA, it could
it Se%”’ﬁ@'éfﬁf?eﬂd’{ﬁﬁ’t%??ﬂl?&l& ¥Preaction catalysed by this enzyme
A) ngégclggnl,B,_GB 15 tetrahydroxyna_lphtalene or flaviolin, respectively. Such
a compound is undetected to date in Sorangium cellulosum So ce56,
In ehaugh thiewreregping praghansspashoimestotn tliseuainsmaguiosum So ce56
extensjve. The ¢ 0 s not heen found.n a cterium,
nor IR 1A S SR 0lS LY B8 TRUAT G vas
idegtifigdertieisb shoMhBRIBSSI ORPIdsPRIU tThEWD e bn difried PEyein has
aboatpifie dibyi R CRianddhes(k)slityr-of thexaraplictmny eifibekby Rppslediide several

stre%?ogéfly%g elg? h?;he%ﬁren%elsvgéasso%lg e%trotlgeenr(e)@gc 1(‘??1Coftﬁgnalg%l:;lrg@g}é%%t%htalene,
Inding domain fusion and su sequentlgf subcloned into a broad host

whidngedisgisrmisedrdn RIK2OIHIJRPThHEpares Ml replieRgsidrRppA. it could be
assitseidBmanadsodite Bnaheonstmint (Rfbled) wastiiansiamed Byuld be 1,3,6,8-
njugation into Pseydomonas putida. 2 Detection of. flaviplin .
e He it RO iy o e i
Sorghgdrm el s Sos Gtk aerestisd arterepmdorashyitheigsitains was
extGUPRINaiats aflenackdiicatan edracteshwitycibydiateiatehe RQMIFRRIG that the
co ée%lV%Q}nts ec!ggin%lqtlgl}ﬁ ee\\(,ﬁggraéed and the residue was dissolved in
methanol “The methanolic extract was subjected to HPLC analysis
B) (Rgir tod) oflthe fanalish opiMpaund produced by P. putida+pFG154 30
was confirmed by its UV-spectrum (Figure 14) and HPLC-MS (Figure 15).
TheT hersernpbun davasyaalsooiiirine dGR fadidhin filehvel, ¢Q@mplicon verified by

nudQPR046l el RE THR2000/Q03696hed2tEXAMRIE 3 C-terminal intein-chitin binding

domain fusion and subsequently subcloned into a broad host range vector based on RK2 to allow

independent replication in Psewdomonads. The final construct (pFG154) was transferred by

conjugation into Pseudomonas putida.

C) Detection of flaviolin production from P, putidatpFG154

Pseudomonas putida harbouring plasmid pFG1354 was cultivated, harvested after 32 hours and the
culture supernatant after acidification extracted with ethyl acetate. The organic solvent was
completely evaporated and the residue was dissolved in methanol. The methanolic extract was
subjected to HPLC analysis (Figure 13). The flaviolin compound produced by P. putida+pFG154
was confirmed by its UV-spectrum (Figure 14} and HPLC-MS (Figure 15). The compound was

also confirmed as flaviolin by NMR.
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Evaluation of Pseudomonas strains for PPANT transfersase activity We
demonstrated the ability of Pseudomonas putida KT2440, Pseudomonas

@y)r%gg]&?y.ztomato DC3000 and Pseudomonas stutzeri D%M‘}%?z%s /5%3 650
posttrans a?lonally activate carrier pggtein 5 domains of polyketide

Exasygthases, nonribosomal peptide synthetases and fatty acid synthase by
trinsic phosphopantetheinyl transferase. The apo-form is modified
EvalQdfis: RIRSIRIMRR S SR IRE IR PiRughaltachmgnt of a
phosphopantetheine moiety from coenzyme A to a conserved serine
We tRsidhigratdiRecaiisr irRiaim omapn)idie clong Pibaicading segiar o therato
DCZ{&&P %}%‘Yﬁsg Ocmaclvpzcsfslgrg z%?ir Hﬁﬂgé?t?oc'ct:%&%@%%%%\ nscww!fta & carrier protein
Intein-chitin binding domain. The 10 constructs were subcloned into a
domipraif Rodtietidg exnsktess apribas et oartide Miatpises peblitymonaxnthase by
thei PSR R QRtPRG ARCOMBIN A SRR ODR epaI AN mYIRFeday I théaieid-anh of the
each fusion prqtein was purified hy affinity. chromatography. The purifie
e AR S AR B b o o
conypraed s wxgeewidthe paritienstivispliopaietNe fdontdidhy. TofGH tpion of the
respeaitiCi Rl ns dRRIaE poheRUId LR inkd MUUAE G tEoMJTSEIGO BRASdomain. The
conBHlt(i: saw"é’:@cs!‘ i\)N O%C(%{]?%gn a EQS %%&errarll heosx; ie OUt aonfdtQ?ag i%fedo :aitnstggeehree
were comple‘fe?y activa e(f whereas of the sixth domain on yré%o ot the
Pseysrorsireafestin Riaa e eropivmaiufsduraitie hudinng [sere spltagtsdid gaeh fusion
protoi GLaH@INaIVe ATa8kS. chRenMAEPIT OF analysis results are shown in
Table 1. 20 Example 4: Production of methylmalonyl-CoA in
TheRweifidd rrronerds BT lersinppbbgbnesefidml EUr&REifm celhstiomarsmforf 340 mass
unitSIRIRIORY IHE B IRAEEHRRINL aREP MRS & dask Rfteins tested, six could be

hetero-expression of all possibje polyketide gene clusters in . .
P G P G o TS 175 DS LS 5 i 9 s domais
fivermeath enalsjy- @viRatedywbere@bdhtey satbddivieiR sebddimohts shddins wanin the
hol QREFOIFHQNARAIANALA elulgstun b, Ge08 40 AerAlis RIsdicied (AL pyTOR

encode the enz mesé(or mIethyImannyI-CoA production from succinate.
a”al?‘ﬁémr%”&%%/rlerﬁré 8 pimerase (epi, sce200505092546),

methylmalonyl-CoA mutase (mcm, sce_20050509 2547) and meaB (see
Examd@0p0509_2548) were identified in silico by homology searches with the

BLAST software. The sequence of the operon from So ce56 is shown in
ProBigtiva @0r2thylinelopdf réadiRep imeroidthe predicted

methylmalonyl-CoA mutase is 2649 nucleotides long. The blast results

Ne 0 111502 (L L0 ST L0 T4 - L :

SO O SE0CS, O poLdRo

O S W) ““E POt 7
To EIM,FHOWR Nighest homglo '%ésﬁgnth&naﬁt A%l@”%&}%%ﬁdé“ 13Re3%ers in
Chloroflexus aurantiacus WO 2006/046152 PCTIIB20057003650 23
PseygppRiednaBTr At S PONB 1T (BBYFs fostiveesisnmshdrals)) Gadymay be
intek PO BPT RIOTAFROGARNSrains. An operon from Sorangum cellulosum So ce56 (So ce36) is
predicted to encode the enzymes for methylmalonyl-CoA production from succinate. The
methylmalonyl-CoA epimerase (epi, sce_20050509_2546), methylmalonyl-CoA mutase (mcm,
sce_20050509 2347) and meaB (sce 20050509 2548) were identified in silico by homology
searches with the BLAST sofiware. The sequence of the operon from So ce36 is shown in Figure

21.

The open reading frame of the predicted methylmalonyl-CoA mutase is 2649 nucleotides long.
The blast results and alignments of Figure 22 show that the deduced protein (882 amino acids)

shows highest homologies to the methylmalonyl-CoA mutases of Chloroflexus aurantiacus
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serovar Copenhageni str. Fiocruz L1-130 (YP003598; identities: 460/677
(67%), positives: 539/677 (79%)). The predicted methylmalonyl-CoA
epimerase is 519 nucleotides long. The blast results and 5 alignments of
&%ure% dRdw that the deduced prgtein (172 amino acids) gﬁ% %Oaﬁﬂéq’g?‘}

ologies to predic Iases/bleo nr nce genes
é@éyﬁ%ﬁtﬁﬁﬂ‘gﬁﬁ% (’L@gﬁ‘f( %e%"féfﬁ?ﬁx)r%%? %%“50}5? é‘Eﬁ‘Em interrogans
ser@iin 60 PG (ZRO0 5119887 Uit drititids ( 9B/ A 985Jdynt phositke¥e 267148 positives:
534/837bagd Nocardioides sp. JS614 (ZP00656876; identities: 58/151
(38‘% p03|t|ves 87/151 (57%)) and then to a predicted

Thengthiydrad eyl Goepitheraperfiom GedlvastelcolidesulbugredibeetissPEAlts and
a:lémfﬁn{%54§%?gu@eﬁi'tg%§é%{ﬂ?hé“%e{e)m@u%%\@ﬁ 1@\%@%%%9% EET%&Qqnghest

reading frame of meaB is 993 nucleotides long. The blast results and

homplgsisresPerdieiel Ry ovdieip sranira d@m&a Erofsiressylelattioneids st
lyasisotus: ity Hesh hbrbiegie sstarargRllitysinefargiineinitilaaife AR/ 149 (65%),

poéﬁ%§p€{§/Pi@?ﬁf@%‘é’%@?&“dé%’ép%t%éﬁ”}f&'%5&%@?%7%&%!3 9.9%%%%??38%)

identities: 183/ %), positives: 218/29 5’1t was proposed

PO%Waﬁ%h?e?%lﬁhé‘iZ&f@haa# HEM! 6@1@%%6"@9@94%%% SA6 ERTREREN ERBY Ceobacter
sulplieteingys eOIcNEr @ pipsterraniEhsmetbyiralo py:G.od SBUEEEIE.

misidentified by homology searches (Haller et al., 2000; Bobick &
ThRepgheadiog firas o tahdy Qétnetlyetsiens thbeppbapiopsalicand alignments of
Fléﬁl@@b%@ﬂklﬁ@ﬂﬁéd&:ﬁ%@@fW@D@M@lﬂéﬁ@dﬁ@'%wﬁeﬁh?moiogies to argk

ron-contal ne ge te NA of So ce5 ..

(EYSE a{Fsmag{om%bl% ?f/? es)am'%);(”p rﬁtnenfr "qlﬁg%?ﬁal inte gfé‘ffoﬁsggtgge tgnémé
(Zﬁ’n()ﬁfdQgﬁﬂﬁ@ﬂtﬁaﬁé@?ﬁéﬁ%)@w JRRBUCEYE)- After subcloning

the opero p15A ori ased plasmid, sacB-n
T e R e e AT
wfmh*wmh@stperbw“bxm@sm@ip@}ﬁdita’c@m@ms plackdtidiethbydnehology searches
(Hgmr@ral(,em(pfﬂmangﬁ@&)Md@mmmeJ RRAMQBAIREWIRD HEMESyBCoA

£S. Two omologx@aé&n gener ? gj PCR products of trpE 25

m% REORYBEHUER RS I8 e 3t Bt ‘t’ é“of
Th%%ﬁrw%ﬁgfnmgtﬂﬁﬁﬁé&%éeffrbﬁ”&%l&&%%%@%ﬁ%@%%@ was used for

Pseudomonas putida. To shorten the plasmid name, the final construct

oyt 8@5’1‘8%’%3@%@6‘ I‘Hﬁf’é%‘é"ﬁ‘a%f?@o‘“,& RS SHeiR Bivserreans fabown
in plgeedlifi betfeemtedetingfitheopnbanat® anglepindpisdgehedsthid, adBnco, a

ot lReZ 98 NER AR {he ggé@w FGRCIR &ﬁé'%&g&%&%peg%né'l&fdm SiRPSperon

were done byrusmg Red/ET recombination. 30 Bl Integration of
SXFHEERAHA OHYT-Cs0 A BePlaretiBh s Ak TRTE P SEltRInTSARSHRf AT FRRrting the

Tnéxpoesstowipldsnic pd sévsa B bonricgaseniagnzeedviisntratiBforodeds of trpE
2eilGEmPBldRaRY SlERIreRALation ARH kaRany CIRIRSISIARE FANRS WIS - 20 for

selected. The electrocompetent cells were prepared as follows: 1.4 ml L

homRBRAN iI5'SB12HoM I PEn SHEH ISR M o AN atBe WS OB, DR e il
coR0D6/ 46 kb ReP GTT IR 2005/80866H6:-R4Z-zc0. A ribosomal binding site was placed in

between each of the Tn5-neo and epimerase genes, the meaB and lacZ genes, and the lacZ and

zeocin resistant genes. All of the steps were done by using Red/ET recombination.

B} Integration of methylmalonyl-CoA generation cassette into Pseudomonas putida.

The expression plasmid pl5A-sacB-neo-mutase-lacZ-zeo was transformed into P. putida by
electroporation and kanamycin resistant clones were selected. The electrocompetent cells were

prepared as follows: 1.4 mi LB medium in a 1.5 mi reaction tube were inoculated with 30 pl of a
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saturated overnight culture of P. putida KT2440 and incubated for 2 hours
at 28C with shaking. The cells were washed twice with ice cold water and
Wg%%%lg%d after the last washing step after pouring off the water in the

remaining |qU|d I I of a plasmld mlrgpreparatlon of pl5A- ~sadf-H1B2005/003650

neo- mutas -lacZ- a cell su en ion transferred to a
s AR GUIBTN & e TR N e UIGos B B oehaguibpaking
Thejcallk\Wére mﬁpb@n%ﬁ@lmmbb«atmazﬁ I@suﬂnemﬂeé(a@qm 1ht Bineekibing step after
pouligES AdRedaihe calisitransfesrashio anilep Ml ﬁ%r&lqnnﬁyksa@mswét@qaca-

for 60 m| at 30C Wq[%(ihakl%g or_phenotypic exptressmn The
N OHRNETETATAT Feltd WIS S3RSaliorrl RGP SEPGILH dBritalifify ofggtroporation
cum&ﬂ@k&n&wwwﬁs@ﬂﬁhw@d@ et BOEVowernigiventiorfeithiespaerify2510, then
so0VheBerdhec ones RIQ IMackin PanQﬂH‘é@tBWQmﬁﬁ%aﬂfﬁrﬂﬁféa\‘i@{&Mﬁ%ﬁ for

for coloné PCR 10 reaction. Referring to Figure 17, the primers used for

60 ikl PR S AIBR (R i ROt R ERISA TN RGeS TR 4ot pread on a
LBBgTiGET GAT ©BTTEAPGEGT C-B4rBrimensd irsetattdrap il B&G#Rt. To further

verr{%ﬂ&i&laﬂev\%ﬁé%zﬁnQQ.AQHQQﬁ Jlda A GhOSGHAY %ﬂﬂgs&vem used for colony-PCR
GATTCGAGCAGGTACGAGTT-3"; Primers used anel C PCR reaction

reatfighe sREEPFCECEEACETRGREFRCEY ffigpane! A PCR reaction were 57~

(BCEBACBAGRIGCEEBBAGGAGGTHI CRMOESTT CATSEATOCgENE Brers used

forpé&éﬁa@f’w&re R G CHEE CEEERACATEMNTErABRY G and 5
TCTTGTCGCCGAGGATGCT-3'. PCR checking results are shown in

CAE LG BEAS B AEENSH S eﬁ{\mﬁrélo‘r‘?ﬁfi CBA irrBTlgife &SR Peptlifga were 3™
GrageCMathigds CAY Sa0pleapde pafHiidfiGH TG CARCKAG hGiBaalaTdte wWasimers
uscfaRsHopmed @t%@b%xkﬁeﬂewea@re@@\(ﬂcﬁmem@@m&%m and 5'-

Salanitro and Muirhead (Salanitro, J.P. and Muirhead, P.A., 1975
CORARGfE et o thd g%%%mgﬁda%ﬂaﬂ@a’i*fa}g?g&%@gﬁd?t-cha.n
' [ mentation media.” Appl.

Methaasferred toa glass V|aI (1.8 ml), 10 nmol of the internal standard
methyl-d3-malonic acid were 25 added, and the mixture was evaporated

__chﬁzmﬁieﬁs,amgafm@ﬁ concentrator. To the dry sample, we added 400

d of hexane and 100 pl of HC] in 1-butanol. The vials were capped with

Meﬁ*&‘mﬂoﬁﬁédvéscﬁé%sé%{%daﬁﬁ"iHE?uB‘&%’é&Sé?fs‘@baf8f°2ﬁﬁ’“5&h‘&5%8ﬂn‘aed6\ﬁm°d of
Saltpiryomd dniperat ifelahiaoréRctioh hiktued \Was. nEtNFaliQeshtiitivb 0@ thadofor the

2 AR IREANRUS ARLLARAINIZ CRBERM AL RRB IR '%@W&E@rf;&[w;@uga@is in

to achieve complete phase separation. The upper organic phase was

fermsRiaticy fﬁfé%%%ﬁé%%é?&%%hﬂ@ RAlRE R ft%ﬁfe%f%aﬁﬁ“ was
trahfigptichte agies siabth8rmisd Stated o ki) i Gasat sronimtogeapty3-mdssc acid were

ad@ae&taomemgé@ml@éw@mé@ @g%@oaé&%@@&rﬁ%%%g% the dry sample,

chromatograph equped with a 5973N mass selective detector and a
e AEESE MUK AR ARTLARCS I SR e BelttdRy Jraseias s Fppesdnyith Tefion-

lined screw caps and incubated at 80°C for 2 h. After cooling down to room temperature, the
reaction mixture was neutralized with 500 ul of an aequous solution of Na;COj3 (6% m/V), and the
vials were centrifuged to achieve complete phase separation. The upper organic phase was
injected into the gas chromatograph. All quantitations were carried out in duplicate unless

otherwise stated.

C-ii) Gas chromatography — mass spectrometry

Samples were measured on an Agilent 6890N gas chromatograph equipped with a 5973N mass

selective detector and a 7683B automatic liquid sampler. The stationary phase was a HP-5ms
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WO 2006/046152 PCTnB2005/003650 25 capillary column (0.25 mm x

30 no x 0.25 m, Dimethylpolysiloxane with 5 % phenyl rests), and the

carrier gas was helium at a flow rate of 1.5 ml/min. The temperature

8]33 gﬁ% 1484 was as follows: 70C 9smin isothermal, heatln%qf F309%ees0

at 5 C/min, heatin at 30C/mjn, 300C 5 min j a then
S EREt CR R  A T RC  R
the wsedrgctingRiphosafipte rdkopigLantitation Tedamasstastecidewased was as

follGREfigbHed faf; Singlg-ianmenitasing @Iwbospanrslm@;ms H@ééﬁ@l.p 18%00°C at
and, 105 at a_ dwell time of 100 msﬂfer ion, and the titation was

30°Giaing 9 e mato R el dhe seatasslsyimie i‘bE |ér%¥é§daﬁ’ ftless
injeation 1@ 4d@Vieth ylselB-injedongi2 ) Caflibration Wasqﬂenteabynnféctmgmn@t@aoe was
conTigMRIgS: efnére%oém%gna%%mlés) &qaqlr@eﬁylmﬁi@na@a%@ 139 meua | time of

methyl-d3-malonate in each 1.0 sample. Data analysis, calibration and

00 B W FRSCHTSEPBER Wt REToRE ENCHSNAN SR HERLME 10
(M@@wme@m&mammwﬁnamxe stwibeddmearidyousrithietiog trplicate
sanfRRAGANIRLION §aR06§ 20T Ao? AR IANGUR! G REShC MBhYAS ARIRINEDN cach

using the average response factor of 0.991+/-3.1% instead of linear
sl L2 Y Se SHRMAIAES T G PR ERIRBFEED QLU RelliBinfrhfgStation
soffmigare 18A. All calibration samples contained 10 nmol of internal

standard methyl-d3-malonate. The methylmalonate quantities were 1, 2,
Resylt30, 20 and 50 nmol. Each point was measured in triplicate. C-iv)

ot L@gélé@tg& of Methylmalonate 20 The methylmalonate content was
nmol quantity found in the extract and the OD600 at
Metnﬁrgivaaty BEWRAIRHeARY HierigsulisBrR-ahaMuI 'Hanlgwre @81559) However, the best
f_ §' eth onate content (a) and % 60045)% %4h meﬁ} % alonate
‘ ‘f%‘?‘r%ﬁ%‘&da"ﬁri‘-geﬁu G5 EES508! 8rd ;ﬂr*ﬁ'a*i% ate WSARARRession-
Retremal M@d @64 Ye distentibirdiom ﬂmeuméwwmtroﬁgfﬂhé 8l dAYipeididitiiet samples
corthIAYY @@Mﬁb@@tﬂmgnamm% iessantities. A RAENSNSRINGaNTies were

tero- S|on f xothiazol mta ene cluster Production of
L A RBI TOMTRL SR RO TRIRL RN Imalonyl-CoA. Hetero-
C-iSXBIesRIANLEMYXatadgl gene cluster in engineered P. putida FG2005
strain is used to evaluate the methylmalonyl-CoA production.
Thntaritmatehtaynethiazokgenee Usier is: prasbqiediip Busdsmidsexliact and the

OE% tﬁ'&é%@v@ﬁ”‘[w&)ﬁw %‘iﬁf t'lﬂt Q&% 1%9&@{},,0%@{ & E}J@ﬁ?@ §S%f WQEEJf&%te content

were carried 30 out using Red/ET recombination as represente
(@) Rreteociiny hfeigtie Wt')ﬁ(‘ﬁ'%lﬁ'?%fﬁwCBf”étﬁ’aﬂéﬁV‘Pb‘f‘%‘hféh{’né"gﬂ‘ht%(i&@?n‘é and

medlyisielinisRomentidngined 118Ast thasmiiafigenthalusie pitnpras@htedihimodid not
Shogpgmlggnl@&et%m%gggmeer%a\q@%gsubcloned into the pI5A-Cm minimum

vectdr and anotherone
D) Engineering and hetero-expression of myxothiazol {mia) gene cluster

Production of myxothiazol from its gene cluster must utilize methylmalonyl-CoA. Hetero-
expression of myxothiazol gene cluster in engineered P. putida FG2005 strain is used to evaluate
the methylmalonyl-CoA production. Unfortunately myxothiazol gene cluster is presented in 2
cosmids. To obtain the full gene cluster in one vector, several steps of engineering were carried
out using Red/ET recombination as represented schematically in Figure 19. A diagram of strategy
for stitching of mta gene cluster is shown in Figure 19A. The mta gene cluster is presented in two
cosmids. One of the fragments was subcloned into the p734-Cm minimum vector and another one

was subcloned into the pl54-Km-Zeo minimum vector. At the same time, a Spe [ restriction site
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was subcloned into the p15A-Km-Zeo minimum vector. At the same time,
a Spe | restriction site WO 2006/046152 PCT/1B2005/003650 26 was
iwn t{%goigto the sites for stitching. After subeloning of each fra&mgﬂr&t/ 0%%50
p origin hbased vectors using Regd/ET recombination, both
recombinants were digested with Spe | and the fragments were ligated, to
e e bR SteR i S e ReE RBEA B E e BTN A HCGH 8 Posed
vecthe geine BluBtl befordianthafterstitchingranesshowndigdsiglireithOBre 1 and the
fmgnhgﬁtg%er 9&&&%@%&@%%&1&9&'%@4}%&(1@%{4&@; GRRESIERAHCheiction

ene cluster are shown in Figure 19B with Pvu |l digestion, Junction

of hefBHscrLnitiey eﬁﬁhéﬁwﬁweflégfé?.ﬁway%&%ﬂ&nb?ﬁg Sdegiion BRdets 4re at
botimiaeoaristru Fhtoidhtplida witke sriatiod genslbwarimdshowe #GiAkeiIB with Pyu Il
dig G0 INGhIRG M&OM%AF&%&%W%Q@ RSy gs%mg Jlggvélﬁ'tcbﬁtdﬁnal

construct using two further madifications involving 'Red/ET recombination.
miayoRFEpciHarByRUEKEIT I AR So e Wil Himted e plEe tiRb iognt o fienf ponstruct
(Fighe 1903ttehedheordtfuet. tihisichsbaitsiuil hdngsed fornleomudidiienoandvolving
Red%?QE%Q&A%QfAPHPL@%nJ BeRS ?@rﬁ%%?s&m@a%%%‘? Egémg%wgﬁ’ne in the

putida, a toluolic acid inducibl promoter plus its regulator gene and
S“t@ﬁ‘? SOMSEEShIE b FRSSRHET & T der et for S AARA R SRERIRVER AR flPuda. To
regiie geanee uiias). dchifecdi &iion iy xathiaroldeidinputisla P pR6mted blus its
reafiEEPQER il ETIMGRAD R IVRNIARR ARG £IUPIek BB RS PHIOMANAL
he engineered and stitched myxothiazol gene cluster in p15A 138+201
gc“&r‘f"PSltFﬁE-Pm -cm was introduced into the chromosome of the P. putida
_ §T§440 ng -t gt%lazo}/vel},as 'r}}gFtB ogromosome of the
f = (fa FG2005 by tri-parental conjugation
Me;}gdgsmg helper plasmid pRK2013 (Figurski, D.H., and Helinski, D.R.,
1979 Repllcatlon of an orlgln contalnlng derlvatlve of plasmid RK2
Eng avRiaisazid fanct ridechdodrands. Proc. Nall Acad Sci.
US A 76 1648- 165%) 1. 5 ml of overnight cultures of E.coli HB
The, SREHIFRITY BTNt RGREH AR SBI GRS AE %%T@ﬂB‘lE)T“”"E -Pm-cm wag
inttodubalimng pRK20dBcandePof phitida wendd dVestedvantityesuspertlets imto the
chrA0sBl B MR HIT ART) L SAAIL SHSP ISR 35,855y ] B ICRRG aton

onto the LB agagglate After incubation at 37C for 4 h thé plate was
Ui AERST @R TG SRS nEligutsl SrdmightplirskicHg: %ell%gv?eré{%’r‘&ﬁé’& of an
origioRvingnplateyivasuspqdethid REQ @bswntmwatﬂﬁmnd folatdeh pnividbein trans”.

PraIRGHON NN, 29815DI2108. fORUING pENGT tettocyeine (@r:aBb 9%, np101
selection for the cosmid with the myXothiazol blollf{s%‘é]b etic genes or

Cort@wat%/eiﬁ%g"anva"ﬂeafﬁém%m%?fgﬁmefo bertdi R YEPEHRRE G Hdsend P
pultdntairimgrmyxotivdzobi3pegdne sinthelmetmydiiatontte boddudingdpension were
miRAdRy FER200P ol eiPigingd clanes Nete iestetoRYa CoonYiE GR USNdiate was

xothlazo ecmc primers designated for different parts of the gene
traza and incubated overnight. Then the cells were scraped Trom the plate,

resuspeded in 100 pl sterile water and plated onto the selection PMM agar plates containing either
tetracycline (25 ug/mi) for selection for the cosmid with the myxothiazol biosynthetic genes or
tetracycline and kanamycin (50 pg/mi) to perform selection for the clones containing myxothiazol
genes in the methylmalonate producing P. putida FG2005. The obtained clones were tested by
colony PCR using myxothiazol specific primers designated for different parts of the gene cluster
to verify the integration of the whole biosynthetic gene cluster into the chromosome. The primers

used for checking mtaB gene are 5° -gaacgtgpteptetegggag- 3” and 5°- cgaateaccageccggagac- 37;
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to verify the integration of the whole biosynthetic gene cluster into the
chromosome. The primers used for checking mtaB gene are 5'
aac tetcgggag- 3' and 5'- cgaatcaccagcccggagac

B0 }%féqﬁ ) PCTIB2005/003650 27 for checking mtaE gePnCeP}/)él]rnOgm%ﬁso

tcaagccggatgaggtetag - 3' and 5'- cttg acac tate 3'; for checkin
for é"ﬁ ng.ar 9 g 9 for

PRESB"GSHE APE"S ATt totf AR AL S ccg BRsiteaBAISE SRt
che@ing -#jdExeactionsforcimstindmalonmte .’demtﬁbm@@@qatbﬂg&slmémented
Wlth 50 pg/ml kanamycm were inoculated with L1000 diluted 5 overnight
sEntsastisp foramathimatonaigdetectionaiad at 30C on a rotary shaker (180

h rves nt tlan oints as shown i

d if Fi
100031 ){ﬁp I%?o?fgcte éj b it : E%r?fﬁl 1l a'ﬂ%/e Cen/erc 1110CH atelguret I% i-(l)-&? diluted

s'were centr ellets were frozen in

oveffrehdl filtregen, ﬂqéﬁ%\ﬁ@@% |t§l§“*?é&§és@ée?{8§o°maF'BS')b@hPéPFaH@QH@m) and
han@{lamataﬁwv@{e ﬁmpgmsuangmamnﬁh Rress. Afteraddiion R0 dllected by

thano spgnsion was incu f rlh |th |tat'on and then
o AP LR S I HE Al W pprded i
PBY dulierasid the r@&dﬁ@@s@@ma@rﬁp@ml%h&ﬁmh Briiy- Ay siddsiophef 50 ml
meASISLQIRAAYS: AoRORRisZeh RIed eHiOR Inidk apléicia ThedRnuticlas SHBIRh a folded

E-ii

eSS el lonate cn contaning. e mpeiiagol LAHINSHS o
ene Ciu ster integrated Into the cnromosome was Inocula ed

E-iVRRBIGR auliiR (1o i0) and dieulpkechingR0# flasks containing S50 ml
LB medium supplemented with tetracycline (25 15 Vg/ml) and with 2 % of

TheXiA PuliBaferraln DAt SO aitl st a e nmixiokine olyproductibivsyasetic gene
cluiﬂe&j %ﬁf‘e@r&%‘ I%"&Qcéﬂré%ﬁéé\ﬂ)eaﬂﬂsthﬁo‘c‘&i%& Was B@Hﬁfﬂr%gl&?rélfépl 00) and

InCU ate OI’ 2 - 3 he Ce S were arveste centrl u atlon
inc ol s AT i SR Pt LT RPN v e @3
pg/aitchndsvigpe fdetiNAa D rd foetiamel 36° ok thesliexirgcBhwweraainatp? pabdigtion was
md!m%a'\éﬁhT&&&MW%%G'&QQMP@&%S%M%@@?J&&'Qwssm'éilﬁa@&iLﬂ;@a 3

Nucleodur C18 m, and pre-column C18, 8 x 3 mm
daygnf. hsawsﬁfﬁ?d&@ﬁitfaémg@&«%&%*ﬂﬂaﬂ?& BXRRAS BRIt Mg Tethapol. The
extand Qetdefgronicdeid, randpsolednis BhiimghacatSnitrietanckGadGovéarmidyzed by
Lc%@h%@@ﬁ%.@ég%&MG&&%&QW%HAWJ%OMMMJ@H&W@?s 125% .

he mass was detected in paositive ionization mode. T

2 "rﬂwolemazeﬂ Reduga e d wcmpﬁaﬁ'gorﬁﬁmwegfa@m.&ﬁﬁﬁ S8Rl fnend B
withl Sldaia ofitiegrefarenoe Slibstanoe (fMdHiid 488Nt25 Eéewlie:ﬁmm)le and 0,1%
for.M%QtE?%% Regquglion The uwoduction of the ywaihiazol Rigsymhedis B, The

ene cluster into the chromosome of the P. putida FG2005 was verified
ma@*e%m%mg}ﬂéyfba?aﬁw@mawmf -SHEWHTRRUE SEhidenifid by comparison
to thelkitteedointliogsi dnchehd i Sidet o€ theyx Gifeinz ohibpresgidniiyas 4a8luced with
toluic acid. Followed 30 1-IPLC-MS has shown in P. putida FG2005 the
Resyisence of myxothiazol, which could be detected

E-iv) Myxothiazol production

The introduction of the myxothiazol biosynthetic gene cluster into the chromosome of the P.
putida FG2005 was verified genetically by colony PCR (data not shown). Positive clones were
cultured in liquid media and the myxothiazol expression was induced with toluic acid. Followed
HPLC-MS has shown in P. putida FG2005 the presence of myxothiazol, which could be detected
by comparison with the reference standard (Figure 20). As the controls, P, putida wild-type strain,
as well as the P. putida strain containing myxothiazol genes, but no exogenous genes involved in

methyimalonate production, were used. As expected myxothiazol was not detected in extracts of
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by comparison with the reference standard (Figure 20). As the controls, P.
putida wild-type strain, as well as the P. putida strain containing
%xothiazol enes, but no exogenous genes involved in methylmalonate

%8 Reere used. As expected,myxothiazol was not dtELtERpf/003650
extracts of WO 2006/046152 PCT/1B2005/003650 28 either of these

* eithes o Hlesk SAEOWIRIAS AP B RELI Y B SRS RS SISV monas aphitbrgdo not

pro@idindi piawde tthéisubsitatecfahidiosyntiadsis of the compound. Example
5: 5 Introduction of PKS/NIRPS gene clusters into heterologous hosts by
using the mariner transposable element A) Essential elements for DNA
tra gfgr. MycoMar transposase DNA and protein sequences and its

Exam\}gl

INVerted repeat sequence are shown in Figure 25. 10 B) Engineering of
InORREBROR P& SNREG R OSSR BERASHSIRNS REsEBPUURNILE Rariner
(mchS) gene cluster is composed of 3 large genes and is 29.6kb in total.
trapsposaPle Al eBhstruct comprising the mchsS cluster is described in
A)‘}é’s‘?&ﬁ%ﬁ’ anehale, Beteraloggus expression of a myxobacterial natural

products assembly Tine in Pseudomonads via Red/ET recombineering”,
Myehamigtns B0 DYR 2A0Hotki 34QaR6 ald gty rhldsiBpasSsHiRenSaiéaRown in
B ofe the MycoMar transposase gene into the mchS expression plasmid.

e MycoMar transposase gene plus right IR fragment was generated by

B) Beihdaaationfrom.an piginal MdyseMantianspesaRtyector (Rubin, E. et

al., 1999, "In vivo transposition of mariner-based elements in enteric
Thbagtershranderhyoobdgeralynos ciaphsitatl} Baie B3gs, 06.:5645K650)tal. The
stalt S ESftRIQAH G iageRsh MR AR A RicHiBLLRISIANGA a8Ng BCReterologous

product, were inserted into the pSuperCos (Stratagene)ﬁzo backbane to
eXQETER AL 3G ORI IRY TRl PaRbE ARGRRNAMS I TEdLomnoaigeHaReI/ET
recasibigdRedyE Theaderm BnBiideeyT PISIntSrmédidie chptmenisthehisft [Reahthgion of
thesmgl@grt%rﬂ%ggéeg&qg %S{ﬁg ﬁ@%‘ U}ﬁrMMGR grﬁﬁansﬁfésﬁ‘ﬁ%&ﬁﬂ’etransposase
e

outside of the left IR. The integration of the left IR plus Tn5-neo gene
BRGNS P RR AR R IR AN Sy M RO R THER B ) AR Ulfg preposon
vegho(atim Higeird. 2889, Thevyive wiausshpitise df cassettdptedRlenpitonilenRiic bacteria

an&mgal{teﬂaa,l F%Q%at?%ﬁi%@p iU@/P%@%@f’J oy SFB%CP@}@B?@&RQ iEGgether with
Escherichia coli", Nature Biotechnpology, 18:1314-1317{;%5 not necessary

o {GAHER JSRIHIEN 886 WS BRI 5y RS TER g (e ToRRRs st tasene)
balRbOHED rlebonisinegioncdhtribbgoheakbinding Kitemyas plsseckinefontieithRed/ET

redBEBRHERCrElVHIREmERGd PonRIMRISEIN driNR SXRHESPIRR ALRGARLRRM: and
mchsggene cluster (Figure 26B). The final construct is formed as

the YRR SBRRINEC T BEHRRSHES LY and named 30 pTps-mchS. The
Thg%q@%%inmﬁe%fm 9 13e Wil becniparateddnte the Dost ChemAsaMR nt of

the mchS gene cluster is shown in Figure 26B. The previously-used cassette, fetR-trpE-oriT

(Zhang Y et al., 2000, “DNA cloning by homologous recombination in Escherichia coli”, Nature
Biotechnology, 18:1314-1317), is not necessary for transposition and so was removed by the left
IR plus TnS-neo using Red/ET recombination. A ribosomal binding site was placed in front of the
mchS gene cluster. The Thi promoter will drive expression of the neo and mchS gene cluster
(Figure 26B). The final construct is formed as IR-Tn5-neo-mchS-IR-Tps (transposase) and named
pTps-mehS. The fragment inside of the two IRs will be integrated into the host chromosome by

transposase.
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transposase. WO 20061046152 PCUIB2005/003650 29 C) Integration of
mchS gene cluster into Myxococcus xanthus genome; Myxococcus
xanthus (M xanthus) can be transformed using electroporation. The
Boh&PaEES Baring homology arm(s) Jwill be integrated into fffel/1B2005/003650
chromosome via homologous recom 2brnatron However as the efficiency

) ARTCEBNOER BRSNS g DI 67 Bengmtoamosome is 5 low,

the correct ne, i.e., t eclone contarnln e Lnte ated large DNA
My"f?éﬁ‘f%‘nf“ﬁ‘?ﬂ@ 8 Sl s e r#" NS RP ATy e comsruc,
beatmbfpoei%mha@beohbos@dgme@mmyqmhmwo@acwarbomlmestrmbination
HoWRVIAGRNES ISRt FrARsRRRIion BIICIGRCHISANMEMBIENRESNAD i8mosome is

efficiency obtained using homologous recombin géron Sandman Aetal., "
lowa 85 £t iEation i %?1&‘?9%“8%%8 RIS TS LT RS L R RIpg Gy st be
seleutzlilysing & potemingy tokoked. WithcpatiesitiatabSpasticanssr betivityéd frequently in
myxgmﬁc;r%?ﬂgcﬁ’ I&l%uéécﬂ&?sja% 0 Q'Qns%s%cﬁl efgggndby Chitiesl higher than the

varratrons of conjugatronal DNA transfer into gégondary metabolite
it PR & St RABIRIPE VI RGOS LerainasB 08 1> Shith S b dentificarion
anddemblapictht eba: nasimdretia sedHirans pbd sdunitag enesiscgystam ' wih potential

antr@é%@xcmgﬁty]‘@w&%)%mi &o))&oﬂ]ﬁ gﬁ@' %ﬁ)%@@@“?ﬁb@nqﬂrmcai variations

transformation 15 A small M xanthus cIum on a fresh plate was scraped
of sritggasiom’ MBddrreRiPesERTaRY fBa°With ‘B“ﬂftﬁﬁ%%&l’%@@%‘ﬁ i uosum
strafit S0 16 1R cusSouled indy et GREnwvitha b A0crfrmsahakisgp soremtirensirEyeem”, J
Bm@gglnqggf()l trj@&ﬁlls were pelleted at 10,000 rpm for | min in an

Eppendorf centrrfuge The cell pellet was resuspended in cold dH20 and
C-isgunganncalsiRpaatandormomAfiar washing twice with cold dH20,

the cell pellet was suspended in 50 Id dH20. 3 pg of pTps 20 mchS
A splalbicerins ivhBoplaofsigi mps-pie sossiorefférnepediue Sdatoetisndorf ube
witkellsurddnedomils cp.IusemNAAweredrraﬂLﬁiarre@hmgcaasrzrede@rlrd BleetipROLRLION; in a

cuvette w All of the ahpve, ste re dope on ice.
“e'erec'rréﬁfoi@r%n e SRR TR & B M e i in an Eppencort

cengidiepo b bR REdY rf@irebaeferﬁarseerréedr imeat Ab@umd e dedeatttPRO cormdie [min.

Arghgdigglestionaraied tals wereitansforedubackdata ﬁ@ﬁ;?&ﬂﬁﬁ‘@ﬂfg of pTps-
tube 10(@1 of culture were plated on kanamycin 25 plate (50 pglml) with

mepSPlasm RN B S Kbt S cPlit ket atsdindifigidl: The cells

pluCDiSnieswarenvisikle iaftes Grelaykl ivletbationiat 30CHR eI o egmpdref the
abo%ast}%@&lﬂg 99§e'legéamtﬁ:%grgt%ﬁ%?@?&?n@d INfegraten @ @9@&@%{3%60%

integration plasmid pOPB18 (6.7 kb), a small transposition plasmid
clegifgRoRaty @r.%ﬁcse%akbe g AT IRediEnatrd peRRS) REKecEglE ARIBRfisFfgporated
ceitsfamf:ommafmd'ﬂaecoﬁrrgrﬁal fpeprCasemich B! (@3 kin)plasmigawdhiah hasmycin

plafe {3 gglg? QAR L ARAIIAIRN NOF HARSROS e, AR M AW MR omixer.

Colomes were visible after 6 days incubation at 30°C.

Results

To compare the homologous integration and transpositional integration, a homologous integration
plasmid pOPB18 (6.7 kb), a small transposition plasmid pTps-lacZ (with 5.5 kb fragment inside
of IRs) were used as control for transformation. The original pSuperCos-mchS (43 kb) plasmid
which has neither homologous recombination nor transposition ability in M. xanthus was used as
negative control. Table 2 shows the number of transformants obtained from transformation. The

numbers are average transformants of 3 transformations carried out for each plasmid.
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negative control. Table 2 shows the number of transformants obtained
from transformation. The numbers are average transformants of 3
transformations carried out for each plasmid. WO 2006/046152

Pe INEH9851003650 30 Table 2 Plasmid: pSupercos- pips-Ficiig2005/003650
pTps-lacZ pOPB 18 mchS Average number of 0 127 204 5 transformants
obtained from 3 transformations with plasmid: 5 pTps-mchS is around 35
kb in total and the integration fragr:?q)qt 515|de of the two IRs is around
31kb. Although its efficiency of intégration is lower than for the small
integration fragment (pTps-lacZ), it is more efficient at integrating than the
homologous integration plasmid (pOPB 18). Myxochromide S compounds

Plasatii.Ccharacterized by thesiyelow-oramigeragiour apthanecgasy tpORB18
observe in culture. Cploni &gom pips-mchS and pTps-lacZ were pickeg
and replated on kangmycin plate| The photo if Figure 27A was taken

Avg[r TOELRIE after rjcubatpn for |2 daysy Clornes Iogare frpm s
ps-mchsS transfornmpation and lagZ is from pTjps-lacZ trangformation.

tra"ff?ﬁ%’ﬂ%% PEHSITps-thchsS transfofmation were truly redish (Figure 27A)

froraAdréhefdiquitbosiititles were also redish (data npot shown). 15 MchS and
plad@fZ clones were cultured in 100 ml medium and the myxoghromide

compounds were exfracted from medium and gells. The compounds were

run in a thin layer chromatography (TLC). The results are shown in Figure

27B. Lane tis lacZ clone as negative control. Lanes 2-7 are mchS clones
pTis-BidsTarpanpdstively. twiheodbe mmider attorm hoemers drddpatfohd shvar/RAsLicCaround
31@%99&@@@%%@9@%&%@&@@%%&9 thﬁl%ust@n%w@gmon fragment

medium. The 20, secretlon of the mld s |nt0 the culture
it s more chlg dnte ratin omo mtf: rﬁtlon plasmid
may be'use or pro uction { e compoun )g

(P%’@dﬁ)red using, for example, a resin, which might lead to Ioss of feedback
inhjbition. D) Detectign of myxochromide S after introduction of the mchS

yﬁ%‘t‘?‘f\?}aiﬁ?rérﬁ%“pgﬂPﬁﬁﬁé%&hﬁWSteﬁF%h’t’h‘ﬁg 5 SN PR PRI AP BT casy to
obstine: Nhxauitires B2 fhoh S TipstaritSrainpias laciklyzed piithdHRLGeplmed on

kanhlfy lﬁl 2§ef 0{&@3@%@%?‘@%@5@%%{%@9&& Wi 2006/Q46188 for 2 days.
Ctones-lgl’t3 a?eo 5rc?rg EPp%»mchS transformation and JacZ is from pTps-lacZ transformation.

Colonies from pTps-mchS transformation were truly redish (Figure 27A) and the liquid cultures

were also redish (data not shown).

MchS and lacZ clones were cultured in 100 ml medium and the myxochromide compounds were
extracted from medium and cells. The compounds were run in a thin layer chromatography
{TLC). The results are shown in Figure 278, Lane 1 is lac clone as negative control. Lanes 2-7
are mchS clones 1-5 and 7, respectively. Mywochromide compounds are yellowish in TLC.
Myxochromide compounds can be found in the cells and also in the growth medium. The
secretion of the myxochromides into the culture medium may be useful for production of the
compound as it may be captured using, for example, a resin, which might lead to loss of feedback

inhibition.

D} Detection of mvxochromide S after introduction of the mchS pathway from S. auranticca inio

M. xanthus

A methanol extract from the M xanthus DK1622:mchS mutant strain was analyzed with HPLC
and HPLC/MS for the production of myxochromides S.
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31 Using the HPLC conditions described below, myxochromides S1-3,
known from S. aurantica, could be identified in extracts of the Al. xanthus
mutant strains via HPLC (peaks 2 (S1), 5 (S2), 7 (S3) shown in Flgure
YO ¥Rt could also be verified vig HPLC/MS analysis (dBt ABP0s/003650
shown). Due to the high production of myxochromides S in M xanthus (>

Using hing R Cfipistise prystseiibeshhale s auniveiioddes dicraldl i e dietiranica:
cou(@eali@ﬂnf&d4rmmtﬁt@ﬁnlitgum 20N usTinetany sapestvas IERLEshnn(i), 5 (S2), 7

(S SR %Eezh I GohidY SReEtia. 10! JQQ(?‘Q&W&’HPE%%Q%Q(UM ngp%%kwn}

compoun ed structures are made. C conditions: HP

vaw&s digrrigotusiigm Bl ONERISoR/ds @%Wwﬁﬁngfmo&% éPPay“g“), inor
tﬁ@ﬁﬂﬂé%@&m&)&s ddaal st Mﬂébil’dtl@ﬁ@ﬂil[ G 18 {RF) k2@ TAN)./The uv

specgra gpsuqts 5 %91?1 1%? %y’P%”E&/BS arrne) SE)I% SO| ¥¥?‘£e¥ P])]R%%% Hgsaiﬁﬁﬁcgaf)lg that

and acetoni o acetic ac ent gradle rom
novRl iEPRPBEds VB A rIgah TR 81689 B at 22 min to 95 % B at 26 min,

e b(}z 3 min with 95 % B; flow rate: 0.4ml/min, detection at 400 nm.
’gﬁfam?ormaﬁow n of pTps-mchS into Pseudomonads 15 pTps-mchS has
HpPe QAL IRHLORNIEaHPR AIONERYSEER KRRalONREY HieRSQY IRIMMNAPDA-100);

putida. The preparation of P, putida competent cells was thes meas
Co'ﬁa%c?%aume%&srﬁﬁﬁe(ﬁ% 2Fb thiIPR &l S50 B cﬁ&n“egé By
watpilp§-hidhE:titasiditADNA wersiglettidpbratetit #otd (B);patidat gordpetém 50 %

B #£8/Rin kAR INR A £4llR WRrERiale 9.0 KaRAMY N PAIS £ OIORIBSMRRed by 3
formed after incubation for one da;g at 30C. 20 There were more than 100

min ¥i8hias b PR S T AN E R Aris e %%aél%(}?e%"broduced myxochromide

E) ?&%%@ﬁ&@@%@%a&owe)pﬂa%mmrmaﬂon of pTps-mchS into
yxobacteria yXxobacteria was also transformed by the

p TIPSR SCoNB i ChAdatundda pratbcediformyXagbramidenonas putida. The

preﬂarg%ﬁounfd (da doésgéc\:/tveg}y ce?] It WI” Qﬁeunéjrr%sggog craéetgl & l!lnﬁnllr'l?[l 4 for

een desérib way o exampeonly and that modifications

meihystiamineg b adedenitif the’sts perdPmhachveland BNerameiseroporated
mtmemdld%mﬁtbate&nﬂog@us‘@mﬂa&smdﬁ plaedondanymmetapatiteColonics were

fo rggadaf%%gdc%a% lti- gq\e bl%y@thetlc pathway, comprising: i) generating
in a first host cell, a sing eyvector comprising all the component genes 5

Thék th@@mmmtmmaémmypwh@r@mrMMem 1S CUNStEN GiadudsiNg xochromide

co ;glorh%&)s ?{?ata not shown}.

F) Transformation of pTps-mchS into Myxobacteria GT2

Myxobacteria GT2 was also transformed by the pTps-mchS construct and found to produce the

myxochromide compounds (data not shown).

1t will be understood that the invention has been described above by way of example only and that

modifications in detail may be made within the scope of the invention.
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recombineering; ii) transforming a second host cell with the vector,
wherein the second host cell is a, Pseudomonas or Myxobacterium; iii)
culturing the second host cell under conditions which are suitable for
synthesis 10 of the secondary metaégglite; and wherein the genes of the
biosynthetic pathway are transcribed tnder the control of promoters that

cx%fﬁr&%‘”d naturally in the second host cell. 2. A method for the
e

terologous expression of a secondary metabolite produced by a

. MAItaR5e RO tRsLe RELIY YRR 8ING: skedi ey hatiBaliR ddhiced by 2

host cell, a single vector comprising all the component genes of the

bIBEYhaTRtiCIDRMREHF POHYENn SPRRISEST is constructed using principles of

'S Omp'gﬁl%&%%" q ;SE%’%I‘Q&? Sgsaaq oSt gg%rgﬁV;gi‘n N Ve hponent genes
whereindHe second host cen 16 & Psetdomonas o yxobacteriwn; 20 I
culturingpfttee Suezynthtide paibiven ddreeindigorrsiamie Roastrutitdhbtingarinciples of
synthesig ghilis.sgggndary metabolite; and wherein one more genes in

the biosynthetic pathway is under the control of an inducible promoter. 3.
Aitnethothageanings eeciathhdocelowiiZihe/hesein thieehinsyimthetsd host cell is &
pathwayﬂgea 25098526%%% agpwa% a non-ribosomal peptide (NW) or a

fatty acid pg \Way. . A'me %dgggcdrding to claim 3, wherein the

bmynthﬁﬂﬁxﬁﬁé%@k&fﬁlﬂg& Lo WkEHde nidYom: AHRE e ACEN ARG khesis

any one of claims | to 4, wherein the component genes of the biosynthetic
pathwayPhtRF SRRUWEEY S)etA oo B8R AN DNA of 40-100 kb in length. | 33 6.
A method accordin any. one of the preceding claims,,wherein the _
SRR BT T RN BTN YRR P LI80 et Eforyol of
Agnemativerd et dithigundaraposily of tiaherar® anel 8¢8; wherein one or more
of the genes of the biosynthetic pathway is under the control of an

-infiUERoR om e hesesolngaus sBereiEion dih @ tEPEIRRATY, DRRAIF tRepduced by a

inguibienpaBommdsasiivatad dynprisiagll molecule. 9. A method

according to any one of the preceding claims, wherein the vectorisa
BAC _ 1@eicmisth odacoidisiged, amnghe oftitepracsiiggltibinagmponent genes

wherein 5?%8@%&%&%@%&9}‘ wherein the vector is constructed using principles of

* recombineering;

it} transforming a second host cell with the vector, wherein the second host cell is a

Pseudomonas or Myxobacterium,

iif) culturing the second host cell under conditions which are suitable for synthesis

of the secondary metabolite; and

wherein one more genes in the biosynthetic pathway is under the control of an inducibie

promoter.

. A method according to claim 1 or claim 2, wherein the biosynthetic pathway is a

polyketide pathway, a non-ribosomal peptide (NRP) or a fatty acid pathway.

. A method according to claim 3, wherein the biosynthetic pathway is a type I polyketide

pathway,

. A method according to any one of claims 1 to 4, wherein the component genes of the

biosynthetic pathway are encoded by a stretch of DNA of 40-100 kb in length.



the biosynthetic pathway are comprised within a transposable element
carried.by the 10 vector, 11. A method according to any one of the

preceding claims, wherein the transposable element is the MycoMar
transposable element. 12. A method according to claim 10 or claim 11,

wherein the vector further comprises a suitable transposabe. 15 13. A

method according to any one of the preceding claims, wherein the first

host cell is E. coil or Salmonella. 14. A r3ethod according to any of the
preceding clajms, wherein the method is performed in 20 iterative steps
ofbcrdeiRPS ATSEling IR, fay oncthdhea seeneling telaimg, prdeadinghe secondary
claimwetdbelitinstivg secanly paeuiediankéusmad Mwidtgenes encoding the
enzymes required for making substrates that are required to synthe3|s

thé's %%@%%meﬁmﬁtﬁmﬁéﬁ Hras anebgebmeis| gne grmpsseaf the genes of

the sbebhayhtsticeltiRiml . u%dmﬂaaﬁmmﬂ%&ﬁmr&éowherem the
second host cell is a Pseudomonas and the Pseudomonas is transformed

Swith fegand eesnetingly MerTyhesirchaiiod ey motosiucis sctivated by a small
methpiulaidnyl-CoA.

9. A method according to any one of the precedkﬁg claims, wherein the vector is a BAC. .

10, A method according 1o any one of the preceding claims, whersin the component genes of
the biosynthetic pathway are comprised within a transposable element carried by the

10 vaetor,

20

1. A method according w0 any one of the preceding claims, wherein the transposable
element is the MycoMar transposable eloment.

12. A method according to claim 10 or claim 11, wherein the vector [urther comprises &
suilable transposase,

13. A method eccording (0 any one of the preceding claims, whercin the first host calf is £
coli or Salmonelia,

14. A method according to any of the preceding claims, wherein the method is performed in
herative steps of screening and selection.

13. A method sccording to eny preceding claims wherein the second host is transformed
with genes encoding the enzymes required for making substrates that are required to
synthesige the secondery metabolite bit which are not endogenously expressed in the
second host cell.

16. A method according to claim 15, whersin the second host cell is & Pseudomonas and the
Pseudomonas is transformed with the genes encoding the cazymes required to synthesize
methyimalonyl-CoA.




