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Met hods for heterol ogous expression of secondary

nmet abolites The invention relates to nethods for
whedosnadisgous expressi on of secondary netabol i PEBIB2005/003650

Background Many secondary netabolites, including

commercial ly inportant antibiotics and cytotoxins, are

producqg kg s?fﬁ}‘ ﬁ£t%?ol§’é°kagl¥n%£s?§n mgco%%ﬁr Xn%&%%lv\{} om

enzynatlc pa conpl-e
oft.en fo uous Qm C

The i mv% 108 ﬁelatgse%)arhlué;goc{ E%rqﬁs?kero %dus% r?isfo‘q ec&g%%h%a meta%gﬂ

net abolite product of a biosynthetic pathmay |s
Bad{dqufted by the specificity of the enzynmes al ong the

5%8 way, nutagene5|s of the genes encodlng the enzynes
Many éﬁcdrihg%rglm%tgboé&/eé mcﬁg}fl%géoﬂgngqgg IX Ongorgﬂfe‘ %netlg)bor%lgs ail/d cytotoxins, are
produgut iabdibérse prokhyprranyt dukadybdtes fiom theynappl padtvaysicatreled by gene

of or i c chenm.stry, can be achi eved through the
complggs FERE OB IR Hi? A8 eSPEe BTG GG Fesils Because the
structR@tITWRY SecoflifH ERstabyl B prsdu6 8frashibyynthetit ipaikivag it Qlifebed by the
nodi fi cation of high energy bond S|tes on the

specifigy @ﬁ@lgﬁyzmszﬂ{)cmglt e pathypy, mﬂtagggﬁésq fdheggpes encoding the enzymes is

potent‘ah? Qh eatd'vé}ﬁééebfusaivﬁ}e fo A¥ENe BRAM! Produse CRARAS Varlatlons in secondary
abolite.” Therefore DNA nutagenesis presen S

metabelites lerimsrizlimpted i the appdied s¢iencglof erganic gheraistryepr b¢ arfpieved through
the ap@l%%lgmg‘f ISNK%[!HQ%HQJIS tgec# %Cgézmg@s%élowe%er olites for

optim zat1 very

Wher ﬂ:ez?ljle?n gtgp Fknﬁlgﬂgé’ o \MLJ ﬁpglrfﬁﬁglg g% Yi égeyn%k%g?%dggfes on the

evel oped
secondaej/ emazrho«htet d)NAClomzlge‘ryesnmabbéoretEaby Gdtucteve{ryl boAtl inestsecondary

metabﬂlldt% ;Sﬁ%eégfgg QM s¢hﬁ%{s%@so F)r«{?:gg%gf ﬁw e ?r the alteration of

existirlg] ﬁhd (5t dr@atioﬁCHﬂMgdA,laécomietrgigﬁenﬂﬂhﬁestfbﬁﬂrwgSomfﬂlﬁﬂloh aho discovery.
i nt jve. I n aorder over ¢ h robl e

Howeygls SV At BUtagmen’ tindp O o Cgaﬁaie Y 4VRIRRER o Ecoli s poorly

develo%@@ AR Fivered R dftrleindtéCleDchdR Sh&aliolied prdduction. At best, current
tre mycetes for genetic_nanipul ation, other

in sthbgbh%@ BRRIOIHSY For MuasCRRsisPli srepadary gaahe liicpathyyp afgaémited to
mdnv@ﬁ?ﬂluﬁiga{eﬁs %{aE ROMAHboGEhlend@e.t €ChNi ques for

performng cloning and genetic nanlpulatlon in E col

In ord@F %o Wérl:orﬁéh@b% 5['351@ asﬁ)cfansg @ftﬁ thd™ 9511@&(%5;5%%/ olﬁ%ﬁiuﬁa\f secondary
ction of a polyketide nat r oduc

metabplnte nvmﬁyeing thests d@chmso%m:otqngcgtpbfmrgymtuconwké@ktam@t he&erologous
hosts %S/%EE) Cr{ m g?tyc? AE {o} %?ag )beeng%_’ 9%9&&3 Qx%%tlceﬁ %E ?&{c |§esttpte%erformm g

ungal et
cloningend gc(rﬁtm\/BAbnpuhatldﬁehle’f wblbgmu&ll&stabbiﬁed lrytéastt ﬁmdeminal'et Kealey et

cells. Furth f t th
at., Bhition oot yRlkrilserarioL Siogbtiin TooBy Fie BT Rlugipg rokaryotic and
eukar}fbhb ’o’ﬂo@thf PI’EAES ag$A, %193&) @56595(@991668(?‘%5 5&79%31&9)?1) of the fungal
descri bes the en I C _engl neer (0] a erivatl ve
polykgtide Smathy FAI\GHACAF G $9eMS B3 0 Rarerg ogesiLsioaf. Yeas: ang piont s Further,

PfelfeP an(we r(tlﬁoﬁ%ﬂﬂﬁﬂ %F%o:ﬁbl@ﬁ'p@%&tﬁieb M Q th&foohieINK&lgidered strain of E.
C|n oxyeryt hronolide B). The use of E.

coli’, %mce( 1329 g%&}-,l?ﬁ;}% deispbesdhgenstic 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

Streptomyces as the expression host has been described by scientists at the John Innes Institute in

Norwich in Gust et al., (‘PCR-targeted Streptomyces gene replacement identifies a protein domain
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Streptonmyces as the expression host has been descri bed
by scientists at the John Innes Institute in Norw ch

WO n0o@osdiset al ., (' PC R-targeted Streptonyces BENEB2005/003650
repl acenent identifies a prdbtein domai nneeded for

L blosyn [: t i tar I
necde I RARRIS o6 e 1EGLEEREH $B,BFP Epdli PR SRTTUM doo:1541-
1546).0f certain precursor production pathways and enzymnes

required for biosynthesis Iimts the value of E coli
Howewdnd tHehabsendeeof hetan gpragoos phakittiae phtawdgs and kegymes ieheired for
. rt. for. heterol ogaus expressjon of secondar o
biosyrifei 5t B, Valki PP fox ST s othgppaterplogpes St fells descrifg in the art
for heed1bgdub icRPressRstUbf 8dcdn@éiry TRGAbANRIsY K&t &xARpRNE. coli lacks at least two

. .non-ri bosomal pepti.de (NRP) pathways, Wereas these
activities fgapired fo5 moghpahketiths 3nlaipaatbopaial peptide SNRP) patlays. Whereas these

activitREGANREMEII RS Irto BT QUGB e SERhbstSBYRE %nfé,fsnrah%moums of the
) I ntended secondary netabolite. Furthernore, E. coli i
intendpch secgndasyvme@bglitao hueherseredt colijhts kbovt BE grapmireerntsht, unlike the

e . .
genonfel of ATKAE) s S8 ML RAREh“tlnaibl ol mEREARP ffoMing hosts
whichdotit leave a higtu€C wodon Tisagedps usagt iomitioptimedd im EEcol/icehén a gene
p tF\lnen a lgene fromthese organisnms is expressed. There
rom e 31858 a‘sfsoﬁxp%?egrnative and i nproved net hods for

het er ol ogous expressi on i C 0 e t he advant ages ,of
There £ BFEY B S B AHLAT SO AL ERGT o SE PR AT ISRy coupe
the adgftidEeh 0B flught OPEX Hriueehedls dnb @nginexting twhilst énhablsCgudd doyt properties

mst‘?bol [ tgs. SurmarX Og.f the invention Accordingly, in
for thepredyctipn ghssandary gahalitssnt i on provi des a nethod for

t he heterol ogous production of a secondary netabolite

encoded by a bi osynt hetic pathway, conprising: i)
Summaxy of hejip¥ention, ¢ st host cell, a single vector

onprj si t he component genes of the biosynthetic .
Accor%agfﬁwaﬁ fi 38%%%?6?%%09%' SedPEhebEE YEdIeerpags praduction of
a secoM@@y Rfeiab8Ite chddddd Bh biekynlektit Pethdeg ebphaag: cel | under

condi tions which are suitable for synthesis of the
i) SecoRdahiindMt20Q1 hdse celMaiRidWdche cORPaSin®thelddponent genes of the
bi osynt hetl c pathway are transcri bed under the control
of presptherspat®y; are found naturally in the second
_host cell. The nmethod of the invention allows, for the
ii)f j r dranpforrping yecond hps seli with dfe veotepilaek net abol i ¢
mgat hways wi t hi n host za/stems that are conpatible wth
liignd caBiEng e seqopd hestisell Hnder sonditinmes sdiiddrare seitaktet for $ynghesis of the

of ts@ﬁmﬂﬁ trﬁétﬁb%lile'?at formpart of such pathways. This
nmet hod conbines the sinplicity of genetic nmanipul ation

wl%t %ffi‘ t}reio%ﬁés &%é b@?)uthetiU %ﬁ(ﬂvx%g EreCtLanF%rn)tgﬁ gb’éeﬁ’ Qi‘?‘eeccb’ntrm (;fq)romoters

pr erties of a sec St ce IS nNore
thgurd abhdendtonlly mghesgoombisisteelland screeni ng of secondary
net abol i tes.
The method of the invention allows, for the first time, the expression of complex metabolic

pathways within host systems that are compatible with and able to support both the expression
and activity of the proteins that form part of such pathways. This method combines the simplicity
of genetic manipulation in a first host cell, used for cloning purposes, with the properties of a
second host cell that is more suitable for the expression and screening of secondary metabolites.
This methodology allows the experience and technology acquired over many years of working

with cloning hosts, such as E. coli and Salmonella, to be exploited, whilst utilising the much
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Thi s met hodol ogy all ows the experience and technol ogy
acqui red over many years of working with cloning
whosbs461s2zch as E. coli and Sal nonella, to be PCT/IB2005/003650

exploited, whilst utilisingthe nuchgreater capacity

of of. S - [ SSi .
greater ceH)agle thgr ?ees%\’g&lreg t%ggrg{oﬁa gge%ﬂb%gag%gg%%sﬁo}a?@;@cﬁees f%} %Qneratlon of
cmnﬂﬂﬁkﬁhﬁhbhﬁ&ahﬂhﬁ secondary netabolite expressed in the

met hod of the invention may be known or unknown, but
The sdcﬁnd]iB}Stnethalets ek;h‘essbdmemt: ingethod dflthd)elveﬁtlohilﬁzﬁ_/dbd Knotwneor unknown,

suit novel Bloac ve co e .secondar

but in HE}S%&%‘F% %lqvgntmne\zr'l bgkﬂtlytsaéil 185I&etr?L\;%11t oj'ﬁlavet lagaoﬁxgg comgounds The

second#$e indtabbiie! i@%r@i@}ab@r PRedtiveSend HRAE HXARBE bidldigcal properties. For
secondary netabolite ma advant ageous| have

examplg theseeandary spetelplits ok advpitagrapsly Bave antiRipticofRyMIRHSPieRgties.
be synt hesi sed by a biosynthetic pathway encoded by a
Such egintpgbiedsiape be syrahasised pnethiesyathpria Patky2YepReadRebY swakeegene or a
e f [ t
ioont 80 BRSPS RS o k! PRIEADELIE FALIEY. by
encod¢dhey mersttioan ansedng. nintsheh mltdqimmtx;g}p vsftot h@dumt}@mqthﬂdolOgy of the
mvent1 yma§lo nﬁmp{ Ee t o:’\%ffsr’ee ug,ﬁ'livg 09 g}roﬁe (El‘I HE %:?1 n%@hg H&g)g‘&lﬂ:t%ﬁ gathway. If
not algeﬁm grhest b thei bjss;ynﬁlhmt paihway Iamagonﬂm:dcmntlmwedr,ahe tother genes

requlrﬁ;g{%ﬁ tﬁég tl%g]ag}%zglerg%%bereﬁ?r ﬁllgfr: giﬂ'reg ﬁ% %g«% Iorr\{rllgg)é a%tiitllogzﬁ vectors or
may b@didtegtawdad)nw ed olirsmesoniayf R debbrRigh@t @elll,odither hit@rally, or through
chronosone of the secaond hoshﬁgell |ther n

dlrecteéirchqu{p%se@ﬁ misegatiop Peserahiy<y fthg bigsynt tetlc patLX/ay that are

not alx%i(ﬁ'f;ﬁéﬁm i ,theadebmm@stg:en 8% afodeBon Rispglencbet.i ¢ pat hway
that are not already present in the second host cel

Prefer1€ £NSAHE FerRB of aSaRBURr BRI Mhetic F;’faﬁlfv@? akd ¥ncoddd orPh anEE vector.
genes of a particular biosynthetic é are encoded

The egpblishmpmgifen gesendary mPF?é”b@tFé‘HlWaé’Mf’eﬁtS‘”@fe Neegoieguleyis not only
|

o LS RPN L A TR EE 0 5] pveys o

exist igi morkghaoone ga:t;uxftenllmsltseng reblutls af the geoompathenparts dahdte cloned

togethgrx 1|nf‘ohone e to_Fﬁ-nepl rpd"lair% F(g rpgl’e tgg P?’etséer{QEtof gl?glt %ﬂzc'ymes on

enorre.
one sn@@e vmbxe:mables the sSd:cmpIhoﬁtycehan (12 Itnagsfoﬁmtl sexangkataih lee pathway in

one s SRR IR TS OBt A DS OTB I D4V T PRALY By R gebBeeggodified o

contaih Qh€ @&ied i fBr it MBdeyythfonBiE Sintghie, Rdve[utilised several plasmlds to
contrast, prior zrt met hods, for ex Ie i n which
transforg) ﬁhergagesu@@rﬁrfe iand dlpisy V%WHF%”I“ gpfslormation sips (Li et al,

‘Cloni@P ahd HERRRo s EEMERIANB ChE SIS Tefie cn@tée @bod)issRece 287: 640-
several plasmds to transformthe genes into E. col

642). dhivgthem irs theamethpdaiayr efcthenaresens ivveptiem sthsravie i igsysthetisspathway is
déd-by Shoré@khan §d Ong ek 0G0 Yends* 8 & SRR Rfortdifbles th
enee %p(lﬁ’ Ellg(ironeaneeﬁa éynCFust reb ° % 000 Sc:ég%ce 287: ggﬂ‘(l)- or es e
varioug 4@ymeFaf thia diosyintheticathvay o He b)gggssqf attah @qp\welg@tn;tmchlometrlc ratio
[ ntion, where.th bIOS
of 1:1 ]l?] thi fiis way, ‘i'}]le ex%ressmn oef the %ei,r]m :kgrtééer%l \)M%I\(‘ gt%}/] %H&Pl%ﬁt%e principal
of co- kim:aatys amdbjis eaot/mﬁhmcede bﬁbieqmtehhﬂlwcaffemu&o@yl ayimber ctffdlﬂfdwent vectors
[ at hway to be expressed at an equi val ent

.b t het
Carry'%&l%?%%f’b%é%?’f CERG QU 1:1. In this way, the

of the eneraII val ent

Exam@s{;gtre éggyveﬂ?és ml?ﬁe‘i’%g‘vn to those of s%ﬂl 1% lhe 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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of co-linearity, and is not influenced by the
potentially different copy nunber of different vectors
waeaoepia1g2 di fferent parts of the gene cl ust er. PEREBROIF®3I650
of suitable vectors will bet known to those of skill in
S0 on. H}g)axq{chlar ?d?gb whfbeS ls%ﬁIaf“?ndr s %@m/e!dyslygtgm§ Héxjiveh%m bacterial
urrenents o any particular system
plasmids,dmatetiophagaravemids rnd pbagemadso amd b:h:eeriaé nlgltﬁhlabﬁhrsmmme(BACs)
BACsdg egga?tlc% &Qrgéjy %lscr)] %@:téﬁgoﬁ?ye]é Sec?e?l Posltr lﬁl'S %teg&g} qtfol%lgg than can be
contamﬁmleﬁnerm;bre@ldixm/ammmder| ved syst errs deri ved from
bacterial plasm ds, bacteriophage, cosm ds and
The c&’ﬁp@%ﬂi dénes aTdhb Midseiithetic pathwiy edagl b&bﬁrﬂﬁﬁ@@%&m a transposable
(BACs). BACs m(rgrt cul ar al so be en‘gr oyed t
elemenfaf rrwoqoar)g@%m? YriRfivEctas PeygReRL Al énS@ambéﬁ flggents was
descrnl?erdd) b5 MREIhdcR iPhag m(ﬂ and h@s%%ﬁg@ﬁ&tdl.&%w oPlrardsP6sition in
i 0S hetlc pat hway ma%/ be conprise
malzet(%ﬁé@b Qb?@ler%rﬁﬁmon(m ‘P&ﬁ@ﬁ@ﬁ@ﬁo )traeswpsqnédBaryamH‘écClmtock and

t o0of 0S
the N P e S 2 IS Pidh oS0 SO uBighfis o they are
presentl i ieady hik prgamsmef/rem;prdfarxqt@srtg pd@rxqtcsnint:hdimaihzmans (Berg, D.E. and
( of 0 nt rol |
Howe’t &glgi;po%oggﬂloéqe a]l\;Aa |$? OCP& ‘égﬁhﬁreﬁ% f"gP{r\lq‘z ef:t al., 2002,
“MobiTer BNASII Bi WashémptonSAIC: %SM%‘eﬁ?Merﬂh‘ enspas @060,a¢ Gene recruiters and

t dth [
eanspis e ROy R iR af b PP REGSE oY ThiEitignnyy Gene Pool
ed. CMUTF&)ﬁﬁis( ﬁﬁ%?& 409, EAm@thiahb\l\ﬁerdl\Acad%&&Q ThdVeihiplest %poson is a

M\as hi 0 DC. ASM Press; Craig et al., 2002,
scgmeni oA Rged by SCaYRASRS (9GFDeSeRee lrﬂsmd:?eegaés Ut i rRcagnized by a

proteiffl th@ltransp%%}sg - whléﬁeé?ﬁbléﬁ% l#ahﬁfo§orﬁt’3C{ra'h§}ﬁ‘ﬁ§ PPhd ﬁﬁl%postagherandomly
nmodul ar structure of bacteri al | e el ements”

integrafescthe-gsanspesen dto therpdramspme.ed. CM Thorras pp. 363- 409
Anst erdam Harwood Academic). The sjnpl est transposon
Transpositign seshneipgy isfwidna usadansradaysylts erplissions inchidedm vmetsee%posntlon
i e r s 0
g1 O SRR ) ISR GRS B L By
and gelnr: tmsyhos é?rené'ltmnifqrrdnyspmalsfeshamgaﬂtwt)i ”ﬁttaeegloatrehaStbh@ used in gene
s n{ O r Qsi .
terapy (RRERGA < 8t-uy iy AR RABaing ™ TRE® Py Jp Nawera Gene
TransfenObibgltheiSteepingBeatty dnappsbh CamsesTtiageResessiohand Dhffoves Survival

o R T b ST 58! shesd o i

and itdsiRNBtiChashedSidigd inhem&lse el fige @R Y etldl a@(ﬂosmed'ﬂsacﬁf insert size
been .used in gene therapy (OChlfest JR et

al
on transpa¥ipth i i5ienay ol skisBing hemty teBtREsomiBr mpYFeIsF!KioMer: rBiprechnol.

(NY)., @@5)‘?41_!5?"@51%5 siZ8d RinshbGbR! SERInRY SERH WeYe IJc@é&ﬁﬂ? Q@ed for in vitro
Causes Tunor Regression and | nproves Survival

mutagenesis inpegiatad byaknSdraingnosasq dondeepio sl @fs 2600 “Rapig Preﬂh@rof BAC-based
humarﬁggﬁ’gzﬁ? Qhﬁom%gﬂg bva@tz)?sa% Otfranggdsm&) wﬁﬂ kgh%ms ' ﬁ%a—es%ug]htte arrays”

en studred \na m 1 ne ar si
NucleiglAcids Reptrch! B3R RE87s59F). i nsert si ze on transp05| tion
ef ficiency of the sleeping beauty transposon in nouse
Howewe) thett Halie beddi wd Enphﬂ@bn theNDSE . of a3fBspdddd +& ntrodegeglerge sized DNA

molec@g gaq?og;iea Inﬁgeéis ?blsl?l aes t%%nstlzsed(lglgkb)‘frawéen{e%tss)um s Séshetflel:rlol)()gous 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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nmut agenesi s nedi ated by Tn5 transposase (Joydeep B. et
al ., 2005, "Rapid creation of BAC-based human
wareoecfoucisal chronosonme vectors by transpositi oPCWIB2005/003650

synthetic al pha-satellite a¥rays" Nucleic Acids

these lﬁ)%t%ei‘g %vh %‘e?c)om%%zls EE%QEI%OSFBWC\E%OIO&QPV% Q@z}d’q algﬁ]%ﬂvepx%ethod for
uce large

lmge§MB4gdeﬁw#MHnﬂ ecul es (al so descrlbed herein as | arge

sized DNA "fragnments”) into a heterol ogous host.
Thus, edmaheon alsgpranides tht agr @t tenspobabi@clgctita aﬂiroHN% one or more large

st BRACHHEERe! Bt Ao s R SR PR BEESHFEbftotof the invntion
thus pmmg NAetRod BFTh@Eng 66 RIZADNA ndéIRSBNMS chrdnfosome of a
| ow. To overcone thjs, transposition technolog serves

heterolagounhost ynshiransRostRlE islsment T he rggesizsd LINA applequiesis értgoduced into

the chfOHSsonleRithfAVE qpa‘n%sfﬂ@ QleReRY icaierRd tﬂ}ea UetoPf ThRe large sized DNA
transposabl e element to introduce one or nore |arge

molecyle zie f1aDkid by | teanspasen isequsneel dhathare reeagizedfbyaa transposase enzyme.
0 v '

Prefer%g%,ecfné) gls&asli%griﬁéé r?oT&hfen(??lgogﬁcgﬂeg r(;\hfeaérrg eo?g?dzréé gowgm genes of

a biosymheﬂmma&wamfm $yinehesibing msmnéargﬁneaauwhteeas)d&sgmcd hecgn. Preferably,

e it Bofhuba @ SRE PRHGCisan FRE M md Vi, BhBEesbl oty Protrably. the

vectortif aBA0S Aldeeorrll IRigede] mayr bd Msfbymad with ttigs vectbn eoﬂnﬁﬁgﬁg large sized

le is flanked trans uences
DNA fefeulsy BKER 55111 Geny°a FRES o SRS EH gy e Hadsposie sing any
sunabBrx@eft@Jcathxéxarh,he byddogRgaionts cleblfopsritiogul € or nol ecul es
provi de one or nore conponent genes of a biosynthetic
Particl iy Wedferk @ travepbAS IS 14 A SRCADEROY BERIMLR! thtEmadfer family of
descri bed herein. Preferab%y t he whol e bi osynthetic
transpgshle Qdenatier The mManpeglemilypfitingposthde elemsatpds agned for the original
elemeﬁtI ersr&ﬂ/tered Pnrnebe rnﬁ}%z)’mnci ?l? rgeﬁtﬁ)rar{dsH@ngf;l MA‘ $HE0 RAfobile DNA”,
host cel | be transtoried with the vector
Washipgtepy iRG: ng\SlNérEressat,l z dlieDNte namadlc glemehisa atoand bl3@thép long with
appro% @@Pgﬁ%ﬂsﬂl r}‘ér%ﬁm{l ;gc%' §§odt£§ ctoP@m %;’?s@gegéﬁeiateacgng frame
encodimg aetfaas;iasmap@lf aboum 845 #aimbiacids éRdb;rtmneHeM ,ek99B,r‘2§rrlns powmazselement

s wicG e S i BB Vi Bt 24 o MR R T A 19 o 1T 1ol -mariner

superfam iy S dsadposors|ig mamtads”| 3. msdte PhPsasl., 1A DHIoI0SYi rrab mariner family is

most cfl!eﬁ%gle rrge tq%: %%E@%rglegan’d}b?f t@nmlgg‘(l)rssl fa v%ﬁll r&?aé(ﬁjD &fﬂs%%w and fish

(RobeR&QlSSH MTm%’S &'Re Wnlzarﬁ')eﬁglﬂfét‘ﬁmﬂ? Q)lﬂriﬂlngpog&g RRnkRAS’, J. Insect
r oxi natelg ) bp.inverted term nal repeats,
af

th a
Physménﬂil PPr>:ciderikath kb di0-r &3 ngrineaeid SHpssYitiey matrices
from pﬁ‘ott:fnaJléoQ?S i Qa1 APRML S 475 28Y 1100 B¢ @ 9f Robertson, H

he mariner elenment is wdespread in

The n'lc{lé_ﬁg)&t_lfé-red {}Eﬂs bon 3P %ra ? ? f/farg‘fR%Q% 598 mblectes e 'MycoMar

ner super tr ansposons I n
transpasableslleient, Jvh1¢lnls e@narlphytmn@woson @iubQQEleIEaﬂ 1999 “Imai Vorteansposition

of maE Qép tlagecf gelqgnftounlaﬂgr% Macﬁe?{aag %q’n c%bgcﬂgrl #Drg,caWa éyfllgsdh Sci. USA,,

ransposons I'n nena osoph
9616{5%ﬂ@@btson H M 1995, "The TeI -mariner superfamly

of transposons in animals", J. Insect
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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Physi ol . 41:99-105; Heni koff, A and Henikoff, J.G,

1992, "Amino acid substitution matrices fromprotein
whb@ekss1s2 Proc. Natl. Acad. ScL USA. 89: 10915- BOBIE2)05/003650

The nost preferred transposon for transferring | arge

i zed ] les | e oMar transposabl e
technelgsbh At CVAIDEE T8 s I 5O PR EEC R A s fgo for large
size DBIA engkR9@ng." I N vi vo transposition of mariner-based
el enments in enteric bacteria and mycobacteria”, Proc.

Wherd\hanom?;@ﬂdlt gSﬁds ofUEAb;osﬂﬁhelﬁ‘l&tmoére Bnptike thma transposable
si zed DNA nmpl ecul " i s neant DNA nol ecu

of
elemewweémm AR arﬁun@#@tfwsp?sa%e ‘éR%?ﬁﬁfPté‘Y 3'@0 !FB‘EFf‘P{B“eF‘H‘tO the second
host deBNIFHr eﬁegnpléoQK&e'tﬂe |l\ﬂﬁ%§\/hiar t%'s&galﬁ@ él&nén@ngttﬁed a&he MycoMar

so on. Large sized DNA nol ecul es are prefera

transppsase @eRec ésd alsptrsetersblyt tfémgmg@ rntef e ssxeiidp hest qeﬁt oPteﬁ@ably, the
I & ) [

eSS ANSROSEN G SR NSt SERTRIREL b v n

seconcblb@a;r Ebwdssmml afithe Redp&ETser dteo Hisi weator omteltsebdnmbtuiglyost gellalmtegrates

the trang)os%brl]ee gl marfétﬁétg tfg g}r%r%oséeosyn Efygﬁw veﬁtgr comaprlsmg tHe transposon

also ccmpmessﬁcd trahdphsase gerel aﬂc&p@aaiplee thed empmsaszaagemeeld pferably cloned

sl S o R S SREERE S SRS e s on

itself iWBREE ihBe MyE-eYfitativlane iR Hadkbend ite BEEssion idIBechftet (A€ initial phase
coMar transposase gene is also preferably

My
of expressinR fiihfretondhbestt he second host cell. Preferably, the
transposase i s under the control of a pronoter that is
Enginggsing o gpife cluptet gacodingsthe Hiiawnthetis pptdiway tfpy gyithesising a secondary

metabS§te QS NO&tor FEXRESShMIpREbIE REntHANFRABRSRICAREURE ehdlfeered gene
vector enters the second host cell integrates the

clustet intreshstesaloBeusdiogtnenens & nevy wittdlewcthr dive devriopnrnednsr pipdugtion.
the vector conprising the transposon al so conprises
Preferalip aqcattdmo@at@e igsntion, Ry seeendany enctabiolitet iszgeopratsddy a polyketide

pathwgf r;(;"nons'rl % éngptlb&é (ﬂqlﬂ’@ %gth%% ‘Bf g?atgf cﬁ&SatW%n&p g%ﬂmme%lsed by a

enent e’‘inverted repeats
pathway wh'&p(marbmeg emgymics $hT twosorpnars effithe pathweys encoding these secondary

n r one, its expression is
memb?@: ﬂgQ?g ﬁ 2W§H¥P@§V“$ﬁ§§§pof expre33|on |n t he
Whereb%gg%{laagfz Frgtaggﬁtﬁagggn%% Céijl %Evay i$ preferably
a typeﬂlﬁioﬁi}h@hdé patlaﬂﬁ}o Hocga@_t ,Qhe iS(ohIQl‘IbtlaS naayttfeéué@pﬂ‘ieabj'plé of polyketide, for

enent, and i ntroduci the en eered gene ¢ st er
example, @ofyBe ik OB PolYBY Jllspofesstice. opEnS 3 flaiolini Raokerle figecondary
metab8R¥ 8k RRAEN by RAChrRS RIUCHIQNRPHagIWR éi'{pllnyxodﬂﬁﬁﬂﬂé“m n‘i)&ochromlde
e invention, e secondary netabolite is generated
th t th d t [2 t t

gene %lgﬁtea ipa PyrfeTIdaapake i pbiosintiel patbsy el cap dptexpleited\ggoprding to

mepn%@hhM@Mu%% a fatty acid pathway or is synthesised by a
i ch conmbi nes enzynmes fromtw or nore of the

PreferQ@EI hﬁK\?Ml% a)%ﬁ&‘gg 'th‘ﬂwE#ﬂ 3ot g«%% E&Q (#Th(gs‘tel?ell rthls it is meant

yket e- NRP. ere the secon
eltherm*etlt a‘lmbaltltvem l@egiemehafom doytamep ohyhevictie, patohmayrallv ﬂmswn in the

second ﬁost V\@Y or tha? ror% & r%ck))rleyof 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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a type | polyketide pathway. However, the pol yketide
may be any ot her type of pol yketide, for exanple a
wo ype/ohd1sor a type |11 pol yketide, such as fl ap€DIB2005/003650
An exanple of a secondary nktabolite generated by a
Accor?rny}{xg ﬁtpg thé(s#&fag%z Agﬁﬁgﬁﬁéﬂy@afhg %%ﬂée(s‘r) ?Eé@'xb E‘\f)r]tl;ge% pathway are
transcbbcmlay\del’rthd: C@at:pémﬁmamommtlatmfomd axtplally irethe zecnd diuost@ell This is

to the e i nvent f erabl t.he.biosynthetic . .
an impSa eI PTGE o b TS RRdeR by €1 Bler gy, 60 sop R el Seription
machihdtly Sf e deSortElRnt cel tohedioghhaﬁts tolvé raibisyandt hed franstiibe the genes
. ,thg_f%rn1%§ntalned on the vector, is not naturally
implicgted iththe mefabaliceatlmry Wysistuddt | or hat one or nore of

the genes that nake up the athmg i not known_.in the
In preg@em@%dé'ts coBgapt hgsy @@rtetreameyprei WHKEH daTSAd sty PR @lemative

mecha‘n?SnBOCB e&v@wé@késmomo@dw%hmy Bhﬁn&@s@ omcmﬁt/e @.{e tneralN&d to the
of the invention allows the stu ways

produwtwatof arlq.w @dhlmféheecieylrwwwh Asrprigfly m@fm@%’ tOtalbeveh é‘$°th stratepies have
t

i T 0 T ARG i 7 RIS, Al e & ot

deriveel rpeomcvtanssene b@jdlsaddartagehé thig rsmamgy of that Bnotliers sneshansuited to the

expresglon ofo n?éylflthe ic aJth fagri E}gl%% rqu.retst in *he ?]onltje)é of the present

1nventlldmv e\mbthemtra{tccgy ik tto akd m\ﬁﬂlotsthlﬁ \t/llnal’n ser gept ichistendc hatnetly expressed,
he second host Ise its o

elying R R EePRIS BRSO BHET -5 APy i ot Homwever, he

majormebiam{slmat maﬁxmmgemae rcoxﬁbcudms of mtewseys (SEERTS) E&npéd?.ugs are either
ncep t has not been expresse wor kers i nstead

complﬁf@lywrﬁfgdtsﬁ ofl veBr bifdle is Ao ahaiithsrs (opexample bagisrinl calopigsys of sea
spong&f aﬁchﬁlepﬂﬁéjv‘@ﬁéa&lﬁg 'tﬁHt QBﬁﬁtcultM@'a‘ﬁa ﬁﬁ'}l létfbngﬁln%allabér%ry is not
production of | ow | evel desired
possnbéﬁr oHu%tmakps speh af $tg/at¢gef bmfted) te ¢ amjv@na“s@elnctWr af dgitessuch as
mainly relied on the mani pul ation of heterol ogous
Strept &\58
in E. coli hosts so as to use E. coliderived
i

The u?{]mﬁﬁf ﬁt IQQEF Snp %éctﬂ %ﬁ%}ljclarpgrgglﬂat%nh& Ql@pl?é@@\k%ﬁ% Jflératlon of the
promatgs tin heossenndh etll,cwplaiub wayhe: titbeular étamﬂard rtbels gsay be usdik for this
mampf,l%m)r? Xi‘r:l%loém g’gtRo rPeSfe\Aﬁ%Ble/hﬂveegvteagrﬁcéo 'gf?ir?etqur rﬁcetsthoﬁ o o%reg Ialre: used to
alter exppeaneds, isehyieagro(sdehintandgein patsntexpslizasosn W(D%m9837 and

worl b SR REOTRI St 18k ROt p VB e

6,509,156 e4rsts,33S,402.0a68 | Mo cmmtsndﬁp ar eetebl ,heooe OGTBTfﬂl&hb{g Think
unst udi ed or ver’y: little is known about t hem (

Recorabigandl b B IunE oM ohi3e T 208 Muso@pdRytiedin 4908 Hl echniques:
Recodlﬁlk(%enlcgfrg%‘ﬁe@gné el §dishs fGPlctldle%j%H@ Mblﬂh@u%]'mA' Mrends in

ory I's not OSSI i's makes suc

Biochemy $eti-edfys 325k ghaltgoYa?fVé:r%POQ @NF\ odertinghy kmalpgans sgcembination in

Escheagfﬁg A5, %fu?@b%(f&:%c'm -lriblq f'ﬁ? Trg ly rPS t JJO%%(P ﬁiomtlrﬁlutatxon of
géneti ¢ mani pul ation |s S e

bactergll aElﬁatal ciwrombsantes by ET recombination, EMBO Reports, 1, 239-243), Muyrers J.P

et al., 2000 (RecE/RecT and Redaa/Redfa 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 al., 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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pronoters in the second cell, w thout undue

difficulty. Standard tools may be used for this
worevepudiat i on, including PCR Preferably, howeR€T/1B2005/003650

reconbi neeri ng nmet hodol ogi e& are used to alter the

o 2B B 5y PO S0 ESP AE B on ni

homolpgcblsnéco&nmainomsy'smms Cﬁbn& Theiap® .66 4444 ) OB ZHang? Y. knalt, @003 (BMC

412 n I
Mo IBNS;%J%OZ)? SIE agbe gt(E,) Bé eng 915%8% 1f6 %g’efg%ﬂlb%?frgéeaq?ﬁﬁeﬁﬁ%l that has not yet
found Fﬁ%ﬁ@rﬁbhﬂﬂi&dtt@iﬂ Ehlﬂ?tbecal.\@@nt@tpofenﬁﬁlghas no®lbeer? Jidely +&Biked, and also
yrers, J.P et a 2001 (Techni, ques Reconbi nogeni ¢
becauweﬁ@?@ of REPeFigRe 3Pe PIREISE byreqitsAiimgrdsna cxelRit gapaenting fully-
DNA, Trends in_Biochem Sci., 26, 325-31), Zhang, Y et
One ogmore pfidi gemRRINIhS IoRYNBStiIcnPABN B EAY be &danediuides bp cppfrol of an

mduanQCs}@Hofcp' ’ﬂn?%ﬂ be [Mﬂtc‘draﬂ Bld04:R5dtous Jvﬁere]ﬂ?ié-@ec]o%yr}’metabollte is

Muyrers Poi nt nutation of bacteri al
toxic terthe S¢C@D@1|h051§ m&mnﬁwﬂbmem thabthe m@thm\amcem be gnmadished in the host
while 5& }% t g? Vyrh%)gg?ﬁfe%}e#lf @t B 1al2tg)? it G?,n 8f H‘le secondary

metabbliteak repal r by specifically inter act| ng with their
respective partners, Cenes Dev., 14, 1971-1982),
This Mg/lrapps)aeh 1saddvantal@9® ¢veafhioge orchintly meedd mrth@ﬁrt baxtseng' gystems that
artificial I ONDSONES ET- r onbi nat | -
mvolv&éliledexlﬁéegsmn % toiyg%nigrgggct gL @ cvcungf/enél & prq 5@ 0{ %xncnty by an
alternftB JtQ@EE, ﬁamﬁeljalﬂ&taﬂgdor@@rdsﬂgg laSieﬁll@taﬁ@C@emél thad traxidpbrts the toxic
Escherichia coli 3-128) Nar ayanan
produsg ouget e cel?( K # ﬂﬁ%fucgﬁa t'ﬂﬂ‘ éléﬁcgge‘b%“gf“ﬂeéf’ CRRGTsioq ' gpesistance
gene bend@'f%sﬂJPé s THERRLRAGE BYei @hlyagdiddtially dbxi®NdecosMBAMetaBolite being
E. coli DH OB using an i nducibl e honol ogous
expressed it KeQWbiorssramgle Wi dh erWéﬁhaéys usgd toagreessay librgryof secondary
metab%h??g)) an aﬁtmcﬁJcnbde B&%t&w%o%}% %ssno@%@%né%@ m&e dF the genes
3 Reconbi neering is a tech ﬁ gr eat
necessaot &ntpreductibmiof itees sagondage mefabolitd agylewertbﬁ cdbpﬂou grawi torg high cell
. e [ : \
densit) Yefard J4°FUTRg ok BE 8K, Tno (85 lth AOE Tl RELoF e gecondary
metabehkteas bhlyendieed eqthar paind. if the ceatatiotitecix pd2a¢.tthe tells will die, but while
. potential fully..One or re.of the S.in.th .
ayims ST Rrophat' 3D i ot lssbibry Aol e e analysis o
purifi@tio@n i nduci ble pronoter. This will be particularly
advant ageous where the secondary netabolite is toxic
Preferted ihl\R i€ pAMIdROS/1] BEtHose §hidh @rd indidel Iby¥BaN rhdladuldshBxamples of
at hway can be establi shed

in.t st il . )
suitable systems; asg kpewp fe thfoat %ﬂdemglwevﬂl ?%améegwlﬁm lREpmoter in

PseudBﬂBﬁJ}tsb@dlestdé&@rﬁ)b@ Yy Abrif BEA $£60N989 Yké%ta@&%ﬁl eRzymelpScificities of
novel Qgroach I s advant ageous over_ those currently

the T@d o gplasmic-ensodgd uppeéxp@hWWg fary degradationaef japamitig e hydyecarbons and
SER LM ISRt e Df kife 91%6% §. @EClio N8R 6283)Y which i le of
exPanm rcum/ént rt é pg%ob erﬁglo tygm cl tyloby an a%)f ‘évrlr?a lSl %/neexampeo
a prefegrradandugible prameiey. t hat of co- expressing a resistance
gene that transports the toxic product out of the
One adwdnitage|af the sgcsofezm Bdediblasprerheter, gegicnliatiedn ther @intext phe screen for
pres f S|st ene bl e
bloact{ve meta od?ees @1 o? e(orﬂsy mg%r%eng IYVh]C OXII% ghé)cs:%r’\{vdﬁl antibiotic or
cytotomtp&b]mrmds)hshbétﬂ@sta)eb rdests @gon ﬁroﬁ@terkﬂitﬁMﬁlon Addy aeex pjfﬂ]}nfmary screen

for ML SR NG PR NOT dtndtSeducd@user een @ library of

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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nmet abolites. Using an inducible pronoter to govern
expression of one or nore of the genes necessary for
w@e@doeiison of the secondary netabolite all owsPth#EB2005/003650
cells to growto a high cel9 density before the
is bio 'cﬁgel'.' Cﬂ{wn?ﬁ%%% hdv% s@%ﬁ?q Iy 3 detﬁﬁre@ér?hlﬁmgq};e ﬁr Igésg gf cell death due
A°eVel of gn‘a/t oltte 1s only 1 quced at
to thetthsit spaindary métabdim rtbdz adzohd thesti @lltisxstill, ableh® peldie the Iskcondary
Le, . but il in i1 ffici
metabifif g iyl feveEufih By Bheseabone o DTt b S pylioger witl b
one that ciiibé frégiﬂ?dté@mth Rieifileligmds istdnet i pokentiplr pRRE effcetswofl the Rpressed
Mse whi ch are i nduced by small nol ecul es. Exanpl es
secondgfy Wiiaplie eanrdpaspgedyith di&wn in the art, and include
he tol uic aC| d.i nduci bl e Pm pronot er | n Pseudononas
Stand%@elpbgrt JOR rqloning pgthadelpgiegran iy prificipal peagiycq RO\ clopesy that are

large Q:ﬂgu@n Y "BarSP &AL CidebfRinPf midSolilOpaahas sl disnsed eglch cloning
upper pathway for degraddti on of aromatic hydrocarbons
methodelagiex peeneingdm giroqepsss Svibls ne goetrolamaiatagiedtqyer phet pygaypoints of the
A
eamely G583 A0 BUPILAS il AR, Rl Dt vy
omit, @tf ognendnaiuthe bitm:rpmm{ab partspalf the whamltystersnmt msstmmtaed/br include

ﬂankm%ﬁegyenc%s en&oJu?g miev%&\%ﬁﬁlﬁis t]'g‘:f‘ C?lh I'OVO %lé]ﬂ%CSl{& comphmons

In corslrrgsg,oﬁg mﬁt&a i | 5 n S c Prese ihgwg:]} n. rﬁreeflgli,a?/g/ Ig&glg#? f elg;ombmeermg
methoﬁdﬂeg;les ochigtoblteds 1drfeabtratdhies of DINA hﬂfodlln’gVﬂhStgegabr @énes encodmg the
i nvention is use

ere a. nmethod of the ent
CNZymey Og%v@%sé/“ﬁ'e‘é‘é B%}EH%% {p Fﬁsf'ﬁﬁg{ F"?“ét‘t/ HytntP ONE yRFier- tRcS’C?'HBmee“"g
enableS 86Q0¥Es BOPNACH Vario§:eides BB dlor¥BYNtD Qedts8dradEin@tom very short genes
i ndication that the secondary netaboliteis bioacti

up to gy Kilebesss. etsntiglVeeneqmpassiag agieyelustsrief morathaa 8 rlfbop“@f FWPIC 30-
150 kbNE 191%9@6@1@% Qr‘%'léng@?aﬁ‘i&(ﬂl&@ d& Qerfchte atnexéocon?et@%da{gYneered and
met abo second host cell is stil
eXPrququbmlLa:QStehethsteadbmahgxr srbseAYOt] m@uatlatwnméfaualwléxf@lr example, this
' P [
allows\g{r?(!gcntg% 2?9( VtVI ﬁ&ﬂéﬁgh a?necél ﬁfo n%lgzlt}\é lﬂa{l'{a\%a/ ag qldﬁpts%:g(rgﬂslthe type 1
polykdtidgsa'mdsasinngtehabtopoTleanaabltlteomot:pcfsﬁrbbcprswotﬁsl)t foe would require such

ndar ab te ed with
exteaofd{R 368 15 57 BF PPt} LS EnBATE SR RRARR Shindues gurrenty
used in thepakt] sth¢zaldo powddiooesubiNArge! s&ﬁleBestdﬁﬂNAitcﬁbd engpeecredqiough
to carry known secondary netabolite pathways. However,

The n‘Eeltliﬂd ddvixed vy thetihedotofivelveate tlisaﬁiform:(ﬂﬂlﬁﬁ@ﬁlﬁgﬁo Wildn the genes
ont r ol i nt ai ned over the e%gé%mts of t

encodglggt RRZYP58 R ther PigsXnthstie PRfhERY, P £atg| ¢ sing rvgeétor Thus, the

vectorS€ 8RR Ge i theaMORdsY cdll @RteldMbinteriag (e ABove). RécoBtheering is a
end or the other, essential parts of the gene clusters

method pf q[p@gg, [INA \alﬁgl; geesi N0t FSAYEE i Hike; tﬁ‘ij’“@@'tﬁ%@’ﬁb destriction enzymes or

DNA ﬁg&@? Litis thérSfoRY ANHadENAR &t GOH fhe %Ea%%‘%ném&h%%egﬁe%%f DNA
o Ications. In contrast, the nethod of the pres

clonin'gn\Télnme@wdgplﬁsan@pgthwquo[@lq@g@rp[gpmb@ptilqngm E. coli involving the

reck (gl?c}olagcqggs 8%07"@11%} amula?}ﬂvg E%geglgil %%éé ?{g@@&? frgrfn t%\lﬁac prophage, or

€Nnco e gen genes
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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enzynmes of the biosynthetic pathway to be cl oned
effectively into one vector. Reconbi neering enabl es
watoostoed1ies of DNA of various sizes to be cl oneBCT/M2005/003650
vectors, ranging fromvery18hort genes up to nmany
i. Nt al . > i . .
enaymhBRERER: HRROR™THR IR TP IR0 M HEAce WS Ghehiftlaing lorge
stretch®-of nOdkib acid, e résirichOn 80alkdls beromemghfeasiblndOso swh,advantage of

i, . and d.i t that all
recomP gt e eRInD HEN PETar PRt imaEga O 5 O
I t hi | f the.first ti the facilit .
Aot X Resie <o SR PRt oa iy B eiipiragoREr g Hppsh win be
enginderddOloy k@it Gixszld RioAeA tiat A BptiuRietdfor thei evifis bl bEEcreening for
not possible previously, or would require such

secondary rBHeMitear gl wiare . Wikrepy cpevantipnahctioning matpdplegiss require the

sequentfo ARl dibrRd Wit} £ RNUNBG ! RCAR sBHRBies i R elsienétP®Undrfipulate the
the art, as these do not allow such |arge stretches of )

genes PRIMterestyecamijngseiag deles nok ecqwise el arrbyliogwsdaigy strefehes of nucleic acid
' i =@nbi neering to cl one

Ofun%nﬁgﬁgé(ﬁggceéﬁ\éggl}éﬁgd a:rﬁ?alé{ z;l/a(rPr%th gffm)'t he bi osynt hetic

A furB@t ma epéque&fnaghéérlggmﬂf%ﬁ§ ksntg!itethé{ E&B&%ineﬁ l%lcctor. éatﬂq)e integrated
vector 1% constructedsin the first host cell usi ng

into theezemamind ofabe seagnd lesecedibgivimg risRedtombioneedt stragsiod thas Imst Wkl a stable

e o PRR0S Y LE0 RBER oo M § o B8 o gt

of theisscdnd éwostfwittea plase Riheailahdigs cingining thefgeasn dfhie Bibsymdrrid pathway,

. .met hodol ogi es of DNA cl.oning. The nethod relies on a
which B 20 GGG SRR oRD AR TEHOP Cndigyisor B¢ 163 from the
transforiiéalsiain duitifiecul bl drNaaauc! ease) and recT (phage

anneal i ng protein) gene products fromthe Rac

The fiPst ABRARBIE s (RéfetabR o IRABcANHat2H6Rs SRNRnBBGSHEdSmdiAteRMnce of a vector
Lanbda p nd functi onal I,l% equl val ent
R

) hage, a [ ] . gene
for usg rl]b&hfclflgthp(? @ﬁ{h@tm@s,ems@mrﬁl@g._ dirgichosieelk iggpreferably a host cell for
which! REQTHUBRRLH emﬁfueg%ciwn 1GRWn! i $heMrt. Nplefer il (WALt host cell is

~advant ages of enabling both small and |arge . )

one infhiglcigrembinesring methyidalegice thax hel casesl, smasoiaHgw aanénulation of large

; e . ) At ’ Y certi
sec1E SUEE 1O GHTSRUBNSEL! 008 910y WBSPLINE i culy
necessagsiefinghéntreniz ynpomneeppladendntf ashi on. This facility

is of great significance when mani pul ating | arge

The fisst hextt célbs absb praferhidy @ hasti cd]] thal srableate tconjogato effiaally with the second

mes_unfeasi bl e. e ch, advant age of .
nost o, CEERRHBIF: gt & A HETCER o 8T FRONGEr S itgblp §rspost cels
includﬁaﬁtihpul gaz_trﬁdnégﬁtiw | HacteAM) O phreicul @iy &hbsgg&aco:mESwf:m Os’filldi&E such as
eal i sation that in many cases, randomstarting clones .
Pseudginppady cindl, S BEF 1A SR 667 o SRS T cECBRls SREIRMEATE ik eoli and
SalmoRBlld ffeZRstrbed it RAI MGG 18b8RGdy MinuakIBEMN b thaf BY Sambrook et al,,
secondary netabolites of interest, \Wereas

Molecgils (-anings Adkaberagnty ManHadt RuebEditee@0PBgui re t he
sequence of the cloned material to be known, so that
Preferghly othe g¢cend bas cplb it s¢lhrybigh mermalyi gxarestes seqeadayy mesabgtites of the
ih e Rkre s SRANREIL a2l o It hat is bei
e e SR QL E Rah B S3ioRRy LUl (L SIS that i being
expressed) (len generatech by NRdhpathwag, ty@nilpw!l)dqeédbsalatlvway!s £etcA. An appropriate
choice{ ﬁf Ehrc]:esrecoarrﬁgw%% Qeqlew?f errls%(r:eo{ﬁtéé ﬁ;?sefl(])s?gs U&%g%?ﬁted ?orter%%}ession of the
e reconbi ned vector can be integrate
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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into the genone of the second host cell, giving rise
to transforned strains of this host with a stable
wo ewenidion of the genes of desired bi osynt hetiBCT/IB2005/003650
pathway. This is an advantdge over transformation of
Certalﬁn t?1%st ceeﬁggg Or\t&?fi%] th)lﬁ' ére?%q&f n])r m8 (E)lJ f%§ %vﬁs%raﬁeg %a@'apglf R:glunred for
bnosyreheaﬂmlf eertdireclasey mfanqmdaxumlmboﬂnwa rl“sf exammle oypeclqmdiykbndmsynthases
the t [ tra

t f
cataly{:eu}hfe uswc%ésn%f:ném@{:l&ag% a1 o&y{l‘e%%hrgglflgeéefu fqm. t@elr substrates such as

malonPl-€6 81228 ¥ty IMaBhylc@dA. t Mallongl-Consis tahaibgene f@t priviar@ miktabolism
mai nt enance of a vector for use in the rre} hod of the
pathway @adrit Proferintyi ah bagisea.f j Hawewspsinethyimalonyl-Gpat @r sgopyd gommon

precun@&%tf p66kdtide®is M'nﬁﬂlrﬂ@%dueecﬁlﬂgﬂ wWigé FdnEQoit BeRRLGMERs.ar €
khown in the art. Preferably, the first host cell

A hetEt%lo%G@s 'thtmkcahl kfﬁ%’@' POPRELifd o gﬁet RRde! QQFI%&JH%&% synthesize

d, so as to all owmanlpu ation of arge

methybtlad@ty&lﬁ?@é ofThugitheeseeonddiogt esfl i prafyehly éreqsf@nmé witfs genes pncoding
r ngc

the er@zg?ng xfeg féb Eﬁz{k?nsgs glﬁ“os r{%tf:se EHzfrt eag" Jéd Mad f %ﬁl?e}[s%e t?e secondary

metabblits bunelhnbh ars nat saturplhyeéxpreakrdyin ahehm:kt -type Isdcotlchhd)st call. dyeferably, the

genes ﬁ% ncl:tggjgﬁ,g lartgg tb%fc I&ogll?o%grtnlg X%WB%%Pé$ E%SZ clfr,gltterﬁ l%/t%ﬂbstrate which
is not Irbmmll@rexpﬁbdéﬂ lin @i seedldehobt detitmdobd indadedso iba (elxpt@lﬁed)ﬁnh&k second

m negative pacteria, particularly those that are .
host oGty ERSH 8h 0 oo moelapRERE SO TE IR & e approprat
gene Wil& SpropHRicRagithidve GaenRicible FOBLRESINHBE bPlulkuringal iinder specific

and Sal nonella are described in full in known
conditfoRfor at ory nmnual s such as that by Sanmbrook et al,

Mol ecul ar Cl oni ng; A Laboratory Mnual, Third Edi tion
Examplog of )suitile fspons) bOSttOﬁHS & derdemerass ehgtinomygetese(for example, a
StreptSRp D, NITRAEbAXRE SEERraBRS OE 2L oRBLRRO! ik L £SPRfadrtf:

TP )} Ebln whi c}lﬁ&stheré1 i's an |13>}r:1terest0 partlclul arly @
Myxog@tﬁmdary metabolites of the class that is being

expressed (i.e. generated by NRP pathways, type |
Advanagegisdy, ithtescqral osagall iet &syudopanesp pFhepnicatas biusi esteblished that the
use oftlhs lltfo?n%g asgm? ia?s(l‘fglﬁ( P\gélg(!) Cﬁ\nl’?e?irs? hhe%@éon%gﬁasingﬁisothte is advantageous
for a matn{mbxobf trﬁlsoriéhé’rmexpa)lndmhmgtheselli thegy uiﬂekeamosll $ecoiiagh metabolite

oo R s i SRS R85 35 PSR i

is scamatewoaluhcmstemppﬁ)ﬂactame FafthdidbR, Flsedddohasbsietiat @k pdnatically more
are required for b| o?)ynt hes s of cert es of

I
similag 4 Qs HRTyYesise 46 YTP@PHERS. dli i3I, sewaégfﬂgﬁ b\ progecing hosts,

than HY8 R@SRSE CalathZ RavleSoRMGREBRRVE fot PRotRIBES bOSucATcompounds. For
car boxylic acid residues fromtheir substrates such as

exampig| defipomgestesa A Mmpqtqmaob@ﬁh -hayna gh dﬁ% geggypici gongent, as does
Pseuddimbrls’ @Bé’reefsg{ lc% hi® BwEE %obmnhé B Rakh thts i codon u€age being

present in acteri a. wever, nethy nyl -
more s@icisnt] irc Grawdorneras dbars oy Eotolp@lh\;«é’tsézde@ynasshancan endOgenous codon

usage Lb?tfﬂg ?llalt Xs 9{10%%1 q tb it ngﬁm W(goe f%{‘lﬁ %ﬁ& Ak kalnycetes The codon

ter ol ogous
usage pmlﬁyekﬁtthete sppeiee ictensdidicreaxionies sf Enco@houl d synt hesi ze
nmet hyl mal onyl - CoA. Thus the second host cell is

Pseudpmehsr pididg, tR anstart rmad M bivingenese gaaiediarlg 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 industrial scale. Furthermore, Pseudomonas

putida has, in particular, surprisingly been found to generate very high protein levels, when tested
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the enzynmes required for making substrates that are
required to synthesise the secondary netabolite but
wohiosl4@se not naturally expressed in the w | dPCT/E2005/003650

second host cell. Pr eferablly the genes are integrated
by the fil 10 RART QRLes iREURAR %P AL inCk! t ti h
Y AF' éehrt%'g Tvec Y, g sut?stersé eu\/\,ﬁ&mﬁ s not norpﬁ%se?ymven fon, as the

quantiémfecsaﬂsmltum thitenese ¢w hel preparied @ed fedneegl Hyetoiasditdeeas ¢ thitsieof what

ess host cell by replacenent of
WOU]d%ﬁ reqeu'racg“'%al ematl%?rtfeermsgovern| ng expression of the

As menti %ﬁgpé{)vaet gn Iy 8?1 tﬁeﬁ % %QB(:)S?BNr%Irlglngn i I ﬁé‘ é(},/ far ¥ that certain
host capeml ot Expee3B did bransre olfxl&r'ﬁpb:&ﬁte@fthas unetrabiued &&dﬁmglnmaﬁi of certain

classe%?tlrsgﬁq %ﬁ?}lc’rgé?eb%?iom SFMP&@%%% gg oetty?ezpéﬁq %rsql gr)é%\f va’linofzJl as the sole
carborB QAR Rt tHeSe SondRRMS PRRUIBHoRSs AayMIrs@RRGh&RYIMEonyl CoA, one of
Advant ageousl y, the second host cell is a Pseudonbnas.

the suppfgatesn irahirest omavlykeide apmihssied Inhiie prseengg @f gther carbon sources
meth Eﬁeﬁm@gﬁqﬁ 1%§51$rh&)uhp§ct lnﬂﬁbe%?%k &ﬂa%ﬁh@ﬁh@@ncﬁ)gﬁlous promoter
secondary netabollte I s advant ageous for a nunber of
goverrieg SEPressidry ph ghepabproprintgy geire svithi an @ppropriain [coRwsityiystor inducible
promoﬁf/.c qggsié%fe%ieaggéolr&lﬁ % %uiﬁl/&gion Otgttﬁmsip ot L!!ﬁe PRYA5m with the
xobacteria grow ea and rap n culture an
genes tiveding tlseenzgmesoafateddao ﬁmheslsdusmylnailorpfﬂ 6dActi on.
Furt hernore, Pseudononas species are genetically nore
Anothei erdvhtaaget thatAb¢ invemycdtes idantifidilin abiag tPecudasmotdyers meseamd host cell

n metabolite duci ng.hosts, than_hosts. such
in thea%on g (98 t|1e ipyention, Is, gP E?lg@&)ﬁcﬁgﬂwflé CctaPQPée 1oglproc}ucmg Uheterologous
secondhipdﬂahbdhfbsofroﬁuﬁhtlelﬂﬂip(adxlﬁﬂﬁx Foe eaep| dat require the activity of

es and Myxobacteria bo have h GC. i
phosp@@ﬁafﬁs%% bhpan dea%"da'btéé”lﬁé @tﬂﬂ%ﬂ%ﬁggse e o aetungiignally actve
by trafid& oF thOW-EFanURBRY Foa Wk ine AN Srdef o IpbFkéteGORAAkes and non-

usage being nore efficient in Pseudononas than in E.
ribosogg per§1dﬁ c¥nthase de rfb‘f?&@“ hakhinptep it 6fabiaids by ga sHzyngelled P-pant
transfdhsRf 'F‘oPepIanﬁ)'ie kR A %rfé{m?b Alﬂ{etlﬁé)sir%tse of R% R} synthesized from their
Myxobact eri'a and Acti nonycetes. "The codon usaé.e .
gene qhustefr aral l@ﬁortvnég@togbeboleébnns by eddingld phaspeepantedicinflbiP-pant) moiety
P o)
to a s%'rmec 2%5ﬁadgeaoff§fﬂgarqyll or gﬁ{fdyp%?rgfe Iprc’ottghho sdtP glg?FSE) fdomams P-pant
transfeeaqorlesnsi prododedtihen g&hesngwf oﬁ e teloin b styairishaidi so 1pa1alyV1Eynecessary to
r ow

h h b
ransF AT FSCR WG T R B BORH o (P BB Aoy Eiene encoding a P-pant
transfdrmuSGé’rieaillly,Sﬁla;breonsUWbﬂ@rdﬁdﬂbzﬁed Rs< Pparrarmsteagds ithae haén used to

catalyverﬁ%%ﬁfléﬁf“ % s, Moy @*gl'%ﬁgﬁ?r@? gggyvtemﬁigfe‘?t%é’ﬂ?%s” stutzeri

and PTHrighd RatilaMy COitikhQr 688d bjesifily PpiMitltiah¥efa thasSEfdchvdiP @ctivates
present invention, as the quantities of cell culture

peptldt/h%ﬁm%wemé (BP9 raep g Fagrics Praseing GACRY) [ses example3]y dhus, these
Pseud@r%oﬂ:ts niHeElgs %fre %l%t toV\QHt\gtebﬁetét%ﬁgoﬁseq)d@' 4 ﬂb‘?ﬁf\!@ﬁﬂ 'C’o@\ using

syste nment i oned above pr obl em t hat . ‘
endogenqusthattédmsfn@seeaWntw Aidnig aiadity inekes Begudamonids pirticularly suitable

second E&%s&saf‘op hlg%§éyre§s? (?f é)%%lk@&ﬁe &é%ﬁ%ﬁ%ﬁﬁﬁwﬁ{ TRLE wﬂ% ! Bgeudomonas

require hesi
is used ey thais¢rond 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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cl asses of secondary netabolite. Pseudononas, on the
ot her hand, can grow on valine as the sole carbon
waowemes1stnder these conditions Pseudononas mapCpIRRI@3650
nmet hyl mal onyl CoA, one of tibe substrates required for
ket . : .
elect@g{ﬁ’ngg SI{ %g ﬁ%%&%@@h@ﬁhd%ﬂggj)rr ggtzel%g?]ﬂlggﬁ)ll%ogglreic%gﬁlgggm, which
enableb \effidient nmpgratn:(m’rmm tlmfentlbgnemjg@emdsr pirldemtagtenance of introduced
[»“xgo ernlng expression of the appropriate gene mnth an
Briate constltutlve or |ndu0|ble pronot er .

The ugy fa?séa R P I d g drel e h’?%go%%@tsm{“f’ putida

as thelse€pad Rk dedl is Yrjah@silsle prefehtyd bahBiAtion@oAuseARahé Bresent invention.
advant age that the |nv§,tors have identified jn sin%
Pseudpyengd dhrsAan 43 caniugaio AHICKHOYY Willy £ rait: sAdhis dpgikiiptes granster of the

vectortpli‘é?)afeﬁ\fﬁ@t ¢AMo 't}§a debld Hotti f5r R8dcebh.um i s capabl e of
produci ng het erol ogous secondary netabolites from

In a sB@hfib W%ﬁchCPnMIﬁ%dgpﬁgd&kdiﬁg QFSudelithe VeABE [@nsmﬁed between the
activity of phosphopant et hei nyl (Ppant) - dependent
specieg ahquidprefaradt e ingtnde Bhapproptiaie obginmideniugationi fon gkdqugmonas, such as
\Y y t he P |
oriT (gﬂdrr]lzeq F?E A&éﬁ'ﬁgé 31;?09{1 Cg v il bg?4 ke’?l?eggecgg)? r]s lgcsl, élgsgr@oatam an origin of
replication ﬁoho&owaﬁncpepthedestﬂrpsttdwus dor exanfplm ethen the firk hzossctedalps E. coli,

the prfi‘._fgrrre | rep:llg aton pgg%%?%rre]n eé%ﬁ,y@_g 1&1 g\tGénro%tréslna eYSlS a laboratory
manua r(ZgWSﬁrnn@Hsbtm hed i3y idori¢raongive @ise tgesiagle Icu@)t aichramiich tcreases

| conyerted to the holo form by adding a
plasmigys ﬁ Kbpant et hei nyl (P-pant) nnlety to a serine

esi due, of the acyl or carrier prot ACP
An adgf“OP%Pj dvapiags ﬁs% ‘é“béﬁﬁ‘i‘tpﬁsf efityation i mapy ﬁ? é‘é&ﬂ’"sﬁcondary
metab8litWipeRIutiap AR sRf sdvafal or i3l eﬂérﬁéﬁtﬁssuém ds prorhdterdBd WRrtain plasmid
necessary to transformthe second host that is used in

repllcaéwﬁ@fla@a fanctionavell iy Efreetionds sPECEsgene encodi ng a
P-pant transferase. Generally, in previous work
In thedfz etsp off thogethpgelpgy of tssiteintignsthp second des qgYethoylg be cultured

under E@ﬂd?tli&f@ %vhﬁc%aa% § Ble Phr s&nﬂg%migiptﬁe séllg}’l\@a\‘}eﬁ*netat)glﬁe Su1table conditions
I nventors have SCOVG put i da, P. stutzeri
for gremidh ¢, the hest reghevil detkmaivinyto dloase aif iskidl mrtbadrtséemfénr‘td toyabove, in
fec IR ept |
preferggr%pgteenﬁ; %r@grfdg gﬁg ?lledggrstlgg gm Bbk}éft!lé/ IF%?] ee}( E?stplfsgii Bll ﬁﬁse o‘i%hore of the
genes (MACRsh ;{aﬂ@étl‘&)bmwhthet&] path'liimysmdd:rfsesi@ Rghese oysamass the inducing agent

will p%%%é)lliﬁ? %pltfg h%% % %sgli‘zﬁ/sﬁ ai ed;a?‘l'\ogﬁ ?rg}tg.s'@'ﬁsdwill minimise

cell dedth idvutihy .earligi Stagesabf prowiimlees Rﬁeludxﬁrmwadsl faicity afl th¢ Isycondary
sui t abl e second hosts for the expression of polyketide
metabplitg 20adueRst i ¢ pat hwayss. Thus when a Pseudononas i s used
as the second host cell I.S not necessary t

The ‘WF%%ﬁb}Fﬁ?%@r%%@%}r%ﬁdﬁew&'% whethst 2 ppeondary 6&%@?@“& that is toxic

for a RetB@Mgohd AOR RN 6]§%1oab'mee%§ éahgngrtﬁ‘eggﬂ&@ o?findRRtion of the complete
exogenous P-pant transferase Is desired. Further, in

biosynshsiie ipalbway en fsgrowb b et catl iapdiich thispy Blineplige-host s,
Pseudononas can be readily transformed wi th DNA usin
The trpitpfasiof alcomptetroligsyatheric aathway o aisacpiblgsh thakbdoes not normally contain
f r
that part}q\%gﬁ&{ g#{gﬂtet{?] ggﬁgﬁdsl&%trnoogglﬁe?(éé&% o;?rl)é] c?hftﬂ%tgkﬁghway, but also to the
accumuem:lombf nael derjvatihdsalf tieneddl preduef 61 b eathwaytaed tahowehderivatives of
nfggenous genone for stable maintenance of

blosyntlhe:u? (51}}%%"6 1a
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DNA nol ecul es. The use of a conbination of E. coli as
the first host cell and Pseudonobnas, particularly P.
w@eibdas1sas t he second host cell is a parti cul BeT/1B2005/003650

preferred conbination for use in the present
F fSRUGR S fiife GRALUFSNRe S biosyntheti
or YLAE o FERRIPIRE el BRATLR, SRMINBL § bigsirc en
clusterdffort Hegmeeﬂmaurpntwa te &sdudomtonas pluidita lsadstte tigeavowrdulhtimt of not only
ot SERGAE0 £ B RERRRACS L B3 g vme
group f($te expaple®)s TaésewWothpoumdserepiebant inoedl umbe(oalrmamersmem\aamees and are
mclud@%I L0 %fF a;gg ts %g on;g;sght %vgﬁﬂg]o nl?xaflp?uggs aslﬁc-ﬁq)rér%yxochromlde S
derlvaM%taﬁgth§JéQ}ﬂ|f&nﬁlaSO contain an origin of replication

for nmaintenance in the first host cell. For exanple,
host cell is E. coli, the preferred
repjication is oriS (Blrren et al., 1997, in
| abor at ory manual, Cold Spring

'm order ti® give rise to a single copy

wyctohJ whi'ch frNcr e asmd stability. An

a |onal ad ant thalNH,i n contrast to the
sityatio ny jof the major secondary
a g}'t 2 8 hosts, several E. coli elenents,

such @b prdnoters and certain plasnd replication

origins, fdncti \k\/n\\g ci Rt he
final st@p of[f t he~net hodol ogy oft he > nventi on;” t he
second host Il should be cultured under conditions

whi ch are suitable for synthesis of the secondary
metabolite. Suitable conditions fo h 0 he host
wherelpR 15 9cHEOHEOTR 5 TR CTIGUBE B Cels C1H AT 54#
referred to above, in preferred systens accordlng to
The methodplegy fi the InveRtio iy b Berfrratisrativelyygat suscespixe gpunds of
screenm%ra‘ﬁd Qfledeg i gﬂi@xstotzpl@@v thOmB1eLARL evBfutibh 8 B LSS SE Ihe genes that
pathway under study; in these systens, the |ndu0|n%
particiggfenin the pathwaydpeardisl desitesl faaktiod. bdesd, arhentinopathvweay| dag be evolved in
attained a high cell density. This will mnimnse
this fa ﬁy
death during earlier stages of growh as a result
e
For ex%h‘ng i té]ﬁeggén%%] eh@o)ﬂkn X egg%n{;]%soff‘tﬁg %&g%{tyeitggé gg?ggs%%f oPtlonally be
furthed@ﬂmmlﬂy reggmbﬂtdler thnﬁﬂﬂjafythﬁegeabﬂlemt@imglahe iepzymes is an

advantégel?élf Hvay ttchilteéﬁ?e c&lFmbépPrﬁglﬂfggfchse t#) lstﬁuc?ucr ‘i’xgts%conga\éy metabolite
is direbie@ by nhd1egecitichfbon dRyerefimehef Ge didshnthdtict prehvigs WHeed 1h secondary

metabielgt aiéflgeflﬂrl 7 iscﬁli?p{%pré éFFngt&%tlf yrllgmé%@%ﬁf h@g{ec‘%ﬁjﬁy metabolite

preferﬂﬂﬁ%lt&@tthﬁgfo‘@da}/ pecpRitRl f tthe keddAddry\detsdNtel RRAE, ¥ dxBRple, by
accunul ati on of the expected groduct of that pathmay

altering the syuetyrerof theygolgeide ameaﬁt@ddw the bisgwelietia ppthyay iFoe exagtple, genetic
engmetehﬁg 4 erparb%ddﬁQBche{se'im@le R hw th@&goho‘ar})mé’t%ohte or may increase its

dertvatives of biosynthetic intermed at’es. For exanpl e,
specificrastivifyy dMhave shessegondahyametahelite i A prtibigic, ighretic engineering may for

examprl@/ A%%Pe'a£e°tﬂl f@so §f l}% 9&)’&6&%&% c%%lggred to the 1Csp 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 cell. As
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cluster from Stigmatella auranti aca to Pseudonobnas
pudita | eads to the accunul ati on of not only
worpooeokiie de S, but al so to new myxochrom de BUT/IB2005/003650
derivatives that |ack the tifhreoni ne N-nethyl group
mentidne§ gbﬁéaﬂ'&&@s%)llsezﬂ?o%ﬁasc@ TR BHRIaf RPF 9{:59 NertAia\4@Vances pioneered in
myxochrom de S derivatives and are included herein as
E. coladpeetanpld, remmmwgemtwnhn&erﬁ/ﬁ(@ﬂ“ orefkedeiRedd pliags ypedteins, are also
e rlvatl s are t f or mul a:
potent%lgragplhcagqu s?gﬁl omonas. ¢ :fg% ?’ﬁ élS% Pgi’ﬁeu Qmanas,as r}Se aecond host cell
presenfs-Sptioh® fde iaBMu @rﬁﬁﬁdﬁl‘ﬂg 3f pdtheayedftee dntodgstioal IttiHi€onsidered possible
vention nma erf iterativel W .
that mstﬁe guns fhpe oy olawafé dgp of %’Feé'gﬂmﬂfgaséﬁif"‘éé%/ e@eﬂ%ﬂ hast gellgef this type

might bRo 8t LQel BEthBWikR Gt 3811 §Heeled In RO cRkexPBEhO InvERIcR dRfcribB@herein.
genes that participates in the pathway toward a

Becaug';e@f' the b1t iva QSdeQﬁf Tgerlle.rt‘i@ eeMhipuditioR Mt ihe %ldﬁfhtgmﬁﬁty h&@&vebat is likely that
evolved in th ashi on. For exanple, the genes

in moem_@umﬁgnqehegeeﬁfyweelpblﬁthmellbbesﬁfwwemu the hiatt Hhngfycelepd then the

vector%ﬁa%kﬁﬂﬁéd yacpq?tt) lf{)]é gb%Bn(gﬁ&?EélFEJr syre lgé Qﬁdegefeqtlon The use of a first
tagenesis o e genes enco e enzynes is an

host irad/hhthtgag@iowsghvagmtgdemnmnps 4k everblrﬂewbhﬂxled pnabths gendsscagimeering to

be carBe S;vslgh;gg gﬁ grec o? ?ccu ag)r/] g%‘; }41 n%w?tlcura(?l gb?%s slq’te %u{srl;]gc{ %‘atagcnesw

to be patriedayut Mherder td almed&nehabydanyem&lmﬂolxkesﬂeaﬁcmgef LRandom and/or

i cal erties net i c,eng of e .
combigy S dugEen B RRRH S sy S BT ae AT n Rebeies § thggreation of
llbrarl&f &nﬁﬁttaﬂuﬁ@ iatlutiing appreadHdaEyeh e DO khdfRinit sefklf and §16ppy PCR, and

y altering the structure of the r‘[D gcu e
molecg‘éﬁéw}yw tﬁ/ tppdonpja %fg)hfﬂew&%étmw Forbles dhy3ries of different

seconcgi %iaﬁolﬁ@s@tb%%%k‘a&g may enable an increase in the
life of the secondary netabolite or may increase

The gbﬁe‘ﬁc%‘ﬁ@ﬁxbérh{g SCbA bt YrordBEHeE ik iR 5%%91‘&%5 ypafmxt@br%)} tnevolve any
I's an antibrotic, genetiC engineering may for éxarnple
suitablgetppecofgnutagraesicor efampiee sehstiivipotdelstion ehinsatipm mathgerssis. If the
e fihb N&e2BE | t y, [ p
sequeﬁclg etlcgﬁﬂg Ftl}}%t ﬁner E%rrgerg %&wsc‘ éakér%g% : %gﬁq"é{a}{to\r/]mhg‘ﬁ% oﬁ}de Potentlally
undesmal:thewqmmés; gcrwab epgim@eng yardre dalveedgmt orrdmpye tieteasbglentas from the
vector, Wut%%rﬁng?%/ may L)egz%erﬁa %e‘t)i) St I ngit%ga tgcg{nt} e g%wnr? tl t%e art, for example,
by sntshluédtddl mgtagemastoerbystein@;msadmematehenmmgenmls la.slte gélldd reader will

into the first host cel eﬁ be carried .out
soprecii o SPYRFIE HRUEGEHY OGPkt B THMa npr HERIRbsyies, alter
glycos@ﬁltlbn pAEIRNEhaa8€ Co A PYeTere RRC frd G BpIRedAFBMIf Sntklubinbitions and

simlar to E. «coli, certain advances pioneered in E

50 foneoR?confba}eerésealﬁ@r @lso PetsHBAEEPPRE HFt h RecE/ RecT or
Reda/ Redb phage proteins, are also potentially
The segopd ihestisield npay @uwmmr amhpitaplgecopdisiony, apgellu bsvprerstood by
those Qissl&p?n &%%9@4;15\9& it s r@;"f(eﬁ%@ a? (Y E&{&ShJSPE 11 ﬁ c%llt{nléd between
engi neering o ateﬁvvayspa t'er “introduction. Tt
10°C c candli ﬂ@eﬁ(]adfqnoasmhﬂe telnaten n3t¢Gheandv e8fC. t hht aopartlcularly preferred

now edge of eudo nas es is nded, . host
embogigieps GF 1P Sl ofd CodRES! B 167ETT JBRaSUE fandijons are
partlcﬁl%ﬁl fibelred F\?Héne?sézﬂlo%ﬁasc s affthd REcInAVESL | '&ﬂ Even more
descri bed herein. Because of the relative ease of
prefergldpicthe seaond ihpsticalligoown at ki€ islPopitidy. host , however, it
is likely that
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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in nost circunstances, genetic manipulation will be
effected in the first host cell and then the vector

wo ca@asiaszred back into the second host cell f oPCT/IB2005/003650
screening and sel ection. The use of a first host in

whi ch genet i gerln ech .are wel |
Pseudpfi R e BBl 56 CanBrrko pAERI RS Fod Biluibosalpgpides i
also ilRidtratél b two BxGhpleegr ee of accuracy and in particul ar

enabl es site-directed nmutagenesis to be carried out in

Br,ef@gsg,qf,t,(g,poﬁhg figufele secondary netabolite specifically.
Random and/ or “conbi natori al nutageni c approaches may

F 1gureai ts}ﬁfv@aat soheh¥tiOFepRdettdtiocANa] thy clRrdid 8 f hZErot HEr-f B8R h Qéktriction
of braries of nutations, incCluding approaches such
dlgestd?rqDIﬁA shuffling, STEP and sloppy PCR and nol ecul ar
evol ution. A random and/ or conbi natorial approach
Figureghslipiwsshe PER produst ¢ff they F@E@e%fro@e@%ﬁmty’ahﬁlga%eﬂ Vitleg schematic

represénQatR)?l o?{h%agﬁﬁg%tloﬁhoqt % 8r1?t<ﬂ-t %ecraﬁs@ge g‘Hcd &n@tﬁon@ée@t thereof;

osyn tic pa y may i Vol ve any

S abl e _t e 3
Flgure é’l Bh(iwsteh ch\égueitl ﬁpp%égrg%ﬁ%r(ﬁ: tﬁ% gt:l?ereglﬁﬁ%w H asgl’é)(rzllgrsle gf thle oriT-tet-trpE
cassetﬁeh@psﬁeﬁqmmsteamnﬂngagtmhleof)ne or nore genes contains

redundant, irrelevant and potentially undesirable
Figuresedhoen aesstrigendidest of pdb Aeeiltogtrgitogttberosittr 4 sofieiaric depresentation

. _renove these sequences .fromthe vector Si s .

of insGEESH BorhE AP e AR OBy CBEH CaBioe ot B APHOE e BT TRehromide
gene cl3®r aiid a reb@icti@pat thereb site-directed nutagenesis or

by transposon-nedi ated nutagenesis, as the skilled

Figurd' 6 ah6ivs Whé |PCRO PERIGLRDE theSkdoemd idsRGhad gendt ageﬂhes WSthm&Yschematic
be used to insert new restriction sites

represgfltgiianeay thergepsraion af oMrd23 antmtratricdendissst @F@P nce
produce splice variants, introduce nutations and so
Figuref @,slgqus R@@g%pﬁ@@epw QMS‘?hZépgg)etlEfé withed slisBiatic representation of the

generaf:'t‘xBf?()p@Mcﬁﬁ@and-rehr%stﬁ@t?di’irlﬁI d3Pdlres€! | may be cul tured
under any suitable cond|t| ons, as w |l be understood

Flgureby shBu@ 3 8ciRinagk képkesérﬁatwr‘ueof %{etconm}eﬁé{r?Sf a Prh iddRici®l r%&%gcassette
t he second I's cultured between 10C and
and a @Gm@lorfdjgeseshawpf e bet vveen 13C and 18C. In a
particularly preferred enbodi nent, the second host
Figurec® bowsgha BCR prastictaef thePn prometer tgkthen with o seliemiatin sepeasentation of

the mpe%otnl 0 h l-ny %Bh% e? ré{tg %em‘f{]ocﬁ %ﬂer g%@ﬁlé clluatetue?rﬁlda gtr{chgn digest

e secon
thereoﬁost ceII growmn at 16Cis P. putida. The I nvention
wi Il now be described further by way of reference to

Figurea® agkppbhcosnsy £l 6ranchihel Redrgr aacpnnéms:htmosmfd €Meh34, CMch36 and

emendY G 0P REES e YR CEE NG, Ratse B piglysis of cosmid

E196 RRdthd HREDYETOEcsiydne tohad GWch3a00Mchds e Meapt ivithshé dicated
~also illustrated bM two exanples. Brief description of
restrictipgenzygigs wslugingdvulls shows a schematic representation

of the generation_of pZero-oriT-tet and a restriction
Flguredllgegpwg hae,gglopnalysns 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 S;.; (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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Figure 2 shows the PCR product of the trpE gene from
Pseudononas together with a schematic representation
wobkoosloesigener ati on of the pZero-ori T-tet-trpE PEFsEERD0F003650
and a restriction digest thereof; Figure 3 shows a
t PLERE t n
compeﬁ‘fs‘;gﬁ i r{je%g 9t r\]hgﬁi fﬁ)? aklg?hét)ﬁ'na n%g('ataﬁrgttnlﬁoﬁ S %é%cﬁ]cer S. aurantiaca
DW4/3-ds(diadet arcay dhitgpeist at R@ﬁéﬁ@nm){zll‘@mlﬁmcmmdwo substances 1-3 see

ﬂgure '£3 (Lg%elt z?sgung ‘;btse etﬁ% § rlregﬁ\oxg;n% Iags-/& e&lﬁf'ft%efrlv?tﬁ&eeg?rommﬁ and 3; M,
myxothralzJ;tet trpE conj ugati on cassette into cosmds
cont ai ni ng the nmyxochrom de gene cluster and a
Figure 18Sshowe b icombile BBL Ctch@he@grantbOeNtQctd fidhoMputiie+BEB136 (negative
roduct of the zeocin resjstance gene together with a
commi E%é]ﬁﬁpl% YpegTtEs At B dgrt REGELS égwgpr@?ﬁmp ﬁﬁwﬂ Jgwer trace);
a restriction digest thereof; Figure 6 sh
Flgurer b%tsl?qws%tﬁ &M Vispredtmoet rpﬂ%ﬁlﬂ@bﬁroa%pﬁérg% {H 18W§'E:Hé“r?a@’| putida +
pFGl1i#€Rugspnt ati on of the generation of CMch36 and a
restriction digest thereof; Figure 7 shows a schenmatic
Figure BPEHRSEhAbdsaieql1} :Ih% RS UG IO Bl $Pehin 981Cdx ?&&ed mass of
pronoter cassette and a restriction digest thereo
flavioli} §2P& 8 shows t he PCR product of the Pm pronoter
together with a schenatic representation of the
Figurg h& shews theofinal rd 5 RrsapB-orotratasé-facs-zed eongiuot farometign@lonyl-CoA

d a restriction digest thereof; Figure
produ%ﬁ)ﬂ%fjgelﬁﬁ&génaggsm d E 196 and the Red/ ET reconbl nant

Figure gzglugv C?@ESC lgh/%l?%s@l (59'?& gl\/b{l]t%%t ?Aﬂ)&n g)fs‘ Vi Ehy puy tﬁj I%eneration

casset@rialoyB i zsutidh. Tesupper pzhoB shm\d thdhehr&RibYomk| r@cmndiﬁ tha™ putida strains

rarbors G e PG o BB AL AL SR T 8 it 18 Effghindiate th

prlmegﬁilrs abad sV &ifRhtidnia cploRF-LURETHE scﬂlbﬂatﬁd/dﬁ@g‘rh\ﬁ@m}ﬁ&lpﬁer panel is not
ne cluste{ in transfornmants; re 11 shows a

drawnongrlsy T ot EESIDANY “M/RGE‘H?SO a@r@ep%ebw&b.taﬁ amplification

produdt§ 6ftht B&rddpdriig grimd? phirgda/ CMEN37; Figure 12 a,
Structures of rryxochrom des Si- (1-3) produced by the

F 1guren}’95‘99ﬁﬁ\tsQﬁé é‘a[ﬁb@rtloﬁléﬁﬁ'@tdf %y@“ﬂl()ﬁ)ﬁ'tel The amdThGalb & dhb&S on the x
fromextracts of puti'da/ CMch. 37 nutant strain

axis anchibe gsaPISS BRIt i6 Skmwrpalt rh@a/ apjis. dMﬂ galbration spmplengeniaipgd 10 nmol of
intemaméﬁigg;ﬂg d§ npi'l&g%c 8F1e ggth A8t Rl%/vgéréﬂ (fj 30% 20 and 50
ete 4 n% . Nu r

array tion at 20 S correspon
nmol. ﬁﬂbhtpam e%Is mea@uséen fiiglierts, and thada® poims aqsmtdatt avebge of the

co SRONdi I de r at
results; Iﬂ'ﬁﬁure { §I§ ovglsz 0 ﬁrd]'r\lfeq? tent Z ané W?ﬁ’e@fﬁ F\lylmalonate
contert va malmdgemﬁ‘omfthcemmslamhmti f(ﬂnmi IFh thp Httrad:aantnﬁﬁbﬁﬁoo at the given time

point'( negati ve

Figure 19 shows the construction of the myxothiazol gene cluster for expression in P. putida. Fig.
19A: diagram of strategy for stitching of mta gene cluster. Fig. 19B: restriction result 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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control for flaviolin, upper trace) and P.putida
+pFGL54 (rppA expression plasmd, |ower trace); Figure
wddoosloens2 t he UV-spectrum of peak nunber 23 of PE/IR2065/003650
13, lower trace (P. putidal$ pFG 154 extract); Figure
Flgure;{’l S &m%etspxﬁlef?@eidfté)gé(rgn g‘ro&'n) oa?%g6negat ive (-1) M

ectrumo nmass of flaviolinis
Figure 92 sh%lw%u{h% %gst Whts! Frg fl ngelarch of da}tabase with BLASTP with
ASOREB Ted it ase-| ac2- 2ed const ruct
methynﬁﬁlbr)wmLAomytasd:oﬂScpmgiwataelMiomm Bs eefcboaninpatsandFaligoment of top 2
ows PCR checking results for the integration of

17..s
Scoresrﬁé'flhgf ARITOARAUSEGA generati on cassette into P, putida.

e 35, SERE pRREL oI, S, SER S RS, S BEere i

methyﬂﬁél&fyl-@b%bé;ﬁn%ﬂﬁ&‘ SoM BV ENklosih 8o lce3d e%rlﬁpdt RAd Ql@épnﬂlent of top 3
rrmer palrs used or verification in col ony

SCOF@SMH@E%WQU@C& agramin the upper panel is not drawn
to scale The | ower panels show the pictures of

Figureagfhhisgies e bgstgOt Hity FremampRarahi @fathe clatapgss tith BLOSTPheith MeaB of
Sorangtgfnr%? BQ&»] RG o656 T8 fmp%@'aﬁcf’ theFdl H&@nt%é hg}y\@ustc&%s with the query

ation curve of nethyl mal ohate nt ratio
sequencg; shown on the x axis and the response ratio is shown
on the y axis. All calibration sanples contained 10
FigurenPpbhoo¥s thefMircniddar sramapdsesel Dt hyd pd8imedqupedes and e inverted repeat
n%ghyl mal onate quantities were 1, 2, 5, 10, 20 and 50
sequen
Each poi nt was nmeasured in tri plicate and the

Flgureg?()t i5 pdiageam ot 3 {{gg)g)c reo%d ail%e%\lé remulsoﬁar?ggnetgrdn rl:fﬁgs lﬁg}\ shows thaﬂlsertlon
of Myemélh)ansﬂ'd&&e@hé‘lylhﬂﬁglﬂHRtuﬁo erhS expressian pdlainti)d,leirﬂltlhg %Bmhbws the

nt i found 1 n.the xtr t an he OD ooat
integrgteg AR L RS BT-HE% EER (LR ST IS B ot uet on

thlazol ene cl ust for expression in
Flgurf‘pEYfgcfEO%Y}ge deigsiion g agrahrmide; S serBRgrkla n .)&aemuﬁg%ure 278

show%@d&@&%n%&'%ﬁ&%wrf HBeonlpdBndsifSCILL &id on result of gene
cluster before and after stitching. Fig. 19C final

Flgureni@\ %Q%(%{Hh efaﬁg ol?a QdJFrblqaanbl% $9f ﬁHeQ’BnolF s O?noan M. xanthus

gure det ection’ o e nyxot Fazol
DKl6thewkS mutan damefotr rtlaﬁcnreducayn st mpxihebmridésey. ehigoare 28B shows the UV

spectrm%%tel%l?g OAea@ol l9)of A ch%[} yﬂﬂxgtfﬁ)g}]{igggrécte ﬁii?gnzygfx.:hromide

corresponds t he mass pea I'C Nyxo
chromeplgree 2011 shows the mass fragnentation in the
ref erence substance (a) and in P. putida F&G005
Table dx¢hoas tMADBD] FIQE reulls Junshaywsoftthe Psedqomoeels PPattpemoferase activity
from So ce56; Figure 22 shows the best 20 Hits froma
evaluatign, ch of the database with BLASTP with

e EYBULTEL S COR, e o 0 gL SeLLUL OSSR o
comp4it& Ed/thé fUHBECSbtained 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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Fi gure 23 shows the best 20 Hits froma search of the

dat abase with BLASTP wi th net hyl mal onyl - COA epi ner ase
wmboososasyi um cel | ul osum So ce56 as i nput and edT/IB2O®03650

of top 3 scores with the query sequence; Figure 24

o 085 AR ] PR Sy SRR v St o

compriging anputl @nihgetivn ragiognment  of the top 2 scores vv|th
the query sequence Fi gure 25 shows the I\/ycol\/ar

ind “ pea sequences F| gure26 IS ad| agramof
—uc—hg%%%\i?%m de S gene cluster engineering. Fig. 26A

PCR G SRS G iR QUBTEN. o AL sy ecsblg? Conjugation
betwe&SubEerialpedity. e@flatsla(lé’tra{éf/llﬁd'}egdl@f dndl cBn:ﬂ&tbl f tﬁafw E@Qlaﬂﬁ AAd the ret

in front of the hS gene cluge Eure 27A sh
resistan, genfet dB§ PHH- teﬁ"ﬁwuaﬁ P EReried dpibeiRdecs h thor (Invitrogen) by
recomBﬁ‘l@érmgS(Fnél:ﬂregW ENexf Bihe hsgdnB @rofte PRLHbMEMARwas inserted into the oriT-
nmyxochr om de corrpounds in TCL; and Figure 28A shows

tetR cassgtie ysghecoptvinge e Figustd)adde %’E@%‘f isan Hpg Mefagsie used as homology

. t ' e
o WL LTy KPR AR SAS  Egf e oi
tetR-tipKo wsssetiee inthy/ tbpel@SuparGos ofﬁtlealgtne@qugmwactb@leofwetdw @dded in one

recomﬁt@)%ect;l hﬁéﬁg 8&%%&41“19% ngtr Ky {'}\a bfe&i&? %jl @rsg%kj%ﬁﬁbl /h.f.dflT tetR-trpE

cassettee 9id$ ttBens insergrdy irnd thd eveélse bdckioma gart Rbfa pSuper@assVigrabsmide by
i Vity.eva uati on. Table 2 shows the nunber of

recomstnﬁ ¥ * obt ai ned usi ng transposon-nedi at ed

0 red t thenunber obt ai ned usi ng

g Lo = X a3 Exanpl e 1: Synt hesis

of thet p ket i de/ nonri boso I tjde ..
The myxo H‘i”tﬂ%] §é"‘15 l‘ﬁv“cp%ﬁ“F FRsiERdas R PB‘%QF%‘J sraugIcethelhe original
cosmiB &1 98Vdbd3 D cE@XANHeSull Tenpth ;S‘dﬂw@ayodéems@ﬁt% MissRRaRd Bidedlerase (TE)
pat hway for the synthesis of the ty

doma'ﬁ@rf WéF?Qﬂ‘QIWrﬁ iTBGeBRiste the mw%rwﬂeéwwtaelq gene cluster and add

the ne@&gdrp CRARAs I} c%nﬁ:%gﬁonangegtﬁ%ﬂ ahdi 8RELILSH pgé?ldomonads the original
Pseudononas put | conjugation, using a BAC o

cosmid §d A¢ waymedibed sﬁunrmtaﬁy hy re&ﬁmbmwmnjsmgéted(ﬁ? tieefgh'mnatwA In brief,

v B CSECIR B BUAEL AR ARSI ot SRS

for coRfUBatwmspunsesck, the tg&mclaneereastamm g‘Ent éQrFsefelca@nmnP pudvta 'End a DNA

fragmerfct frol?neth% LRSS S, Ig u%zrta ftrp%)ut% Enatle the integration of the construct into

|nt eratl trﬂ C

the genome by homologous recombination, to create the SuperCos derivative CMch34 (Figure 4).
During this procedure, the original ampicillin resistance gene of SuperCos was deleted. To
reconstruct the complete myxochromide S pathway on CMch34, the missing part of the TE
domain had to be added. The sequence of the full-length TE domain was available on pSWMch2,
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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bet ween bacterial species. TetRis a tetracyline
regul on and consists of the tet regulator and the tet

WO e®o®¥dnt gene. The ori T-tetR fragnment was i NBET/1B2d05/003650
into the pZeo2.1 vector (In¢itrogen) by reconbi neering

C. Ge‘aeﬁidt%ﬁro% rom% castsg{& RiseHRA%T ftﬁ Hbf&tﬁy 991 BAStel'Befront of the

Myxocleomideigameclustey (Fi gure 2). The trpE gene isinthis
i nstance used as honol ogy for honol ogous reconbi nati on

As a fimal Reethd ovivicasid ikibwribloPy-ppomstef was insredin frewrdfnige filsegene of the

o P SRS VEETHT b S RERE SUARITH e g and the 1S gere,

the Prﬁ-@m%rﬂ?ﬁﬁmsﬁge&fgﬁiCMyh}ﬂle}e@fél QgchIT chxa i3k ®idn Wak designed to not
asm Fi gure The ori T tR-tr a ette was
only P("W@ ihe ‘Pfg@f)teéelr?cﬁl@'d“ fraat ofdlg BK HE?(IER) eg%ﬁ ivgygenes not involved in

myxo&%mee @ 8ioMMRER (PIFURET)OY hE %erﬁﬁﬁcﬁ'(flﬂcl{ﬁ' @tnsZanly the three
Reconstructi on of the conpl ete nyxochron de

genes ﬁ%%mwrwi@cﬁ Pathivae (epPipS ynd Hwe iR evidy thg them-promoter
placedqigsfgfh‘?gﬂhgbﬁggﬁg@@% sequenced The original cosm d El

oes not c ain"the full-1length pathway because | t

o Bl SRRSO B P RSB

cluster and add the necessary el enents for

D. Cofi jat YR Final HnS@lcR Pse@%jm ression in .
—p&gﬁ&‘—gt—rﬁ—l_@_r—&?&gs udononads e orlg! nal cosmd El 96 was nodified

%inS Xy F ) . . '
e SSRUERE ALl P ROTR S BUPRISER 1 g o,
P. syrvme myd tdragol Q@30§O)ngllre this particwige pxpedment, miyePopiltgianaQqhired the
mxchr# &enes glgsrttfrl( %;f{ef gahéalcgrtﬁj %a 1% L{g at%rlegeglf:g élté tﬁg N ylxgcnhrcl'_)mldlg gene cluster in the
transf@uﬁhtsavamihaazdﬂl\ﬂy édi«ag/nﬁhlt (hsirggnprithers dor homspiiicaionff a ca. 700bp

udi ta , , t abI the jnte tio
raem i R oD e THEAUHE B NOMOTOJBUS |PodBhsH s apsTormants
were APfRIOREL Bankeh@, BUREN §OB. HildaWaildtyR; @Mida%a:(d:n@cup Epiftitla/pCMch37;
this procedure, the original anpicill

Lanesr2e§|a§g dhcl sﬁ%g v&t}dtmgpger@éé aRg ld%|sé1{t7§dz/p(-?|{gch37 Lanes 3, 9 and 15:

P. syrfrBGORALTPE ILah&ies SRR £l &579€ane "gatgm qu% Th |
syr(%ghm tryFhe " ssi ng paré?nn%@%%ﬁdgﬂTE dO?TBI n had ¢ results

show ghpidbe straies Ganplesmed vith pEMchif Fonteinghe, 7@@m§ﬁﬁafsn¢ew§wh is also

AYRhk I Sa PR 1 WEN2, a previously described recovery
presepI din? gm a NRPS nutant strain. To stitch the

E. Progbét n'&?d E&E&%ﬁto‘? %%&hpdn‘?ﬁ@ s P§e'[l§o:ﬂ§i‘flﬁs c| U\?\; gf onto

the reststance

To inrﬁgg%' n{? ees%oﬁ’yfrfﬁfi @ﬁféﬁﬁ%@te?WQ PR, 0%%& hg@ﬂs( @%g%{&mplete

I neering resu ["asm
myxodiremide &o@nkﬂetlsguie/ dllabedr foitacg a@d twak raddndplk/tduﬁﬁres after two hours of

contai,ning ,the TE-z
fermefQitrE AHeD b d i IR R R Gl ool SRt LD- qmpared
to 3090, CtiIBIv@il’orCﬁSIdeéCta‘fteﬂ]Icﬂté ilqﬂsceirohlresmned i BanorBdh DO0D-BID increase of
ronpter i ront of the Myxochr,o ene c| uster_As.
myxobremide § nepdistioFastite 4 BasEE YRGS Pmr ﬁmeﬂyr%e@ rThigls about 5
times | g1eREd %n' thef FARIMuA! BRI fmmsthegﬁﬁlﬁra‘l)fprbdmnng host, S. aurantiaca.
nmyxochrom de S cluster. Together with th

FurthesPoess B¢t REnPdeemide Sidstivatives epuirbboidentificd 1&9169 gaigets by HPLC/MS
analysis (Figure 12). In addition to myxochromides S1-3, 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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the Pm pronoter was inserted into CMh36 to create
CMch37. This insertion was designed to not only place
wo b@opuanpt er directly in front of the PKS butPel/sge003003650
del ete five genes not invol2¥ed i n nyxochrom de S
[
expongg%tc%é&n R&*ﬂ% ﬁqe{aghlﬂgsr ﬁJt Q” the-egglz sAfIJrqlgértrl]c %ﬁ %&5&)?8%%%/|§ntb$gducgon in P.
puditafie¥bhiEymtome rd?b’ﬂs &mdtm\moduﬁiﬁ?ﬁsmamhl Wh’&reﬁh’mfb afierdd-2 days, which

| aced .in front . .of. the PKS ( triction
surpai A 1R LTS P B b EP U SR PR s
Exanples is shown in Figure 9. D. Conjugation of the
final construct into Pseudononas Three Pseudonobnas
strains were used for conjugation (P. pudita KT2440,
—lﬁnﬂggstutzerl DSM 10701, P. syringae pv. tomato DC3000).
In this particul ar experinent, only P. putida acquired
Pse“df’i’i’én?ﬁ(‘éHE‘S‘@%’P@"%IW@FE}I P} ter the conj ugation, the
presence of the Myxochrom de gene cluster in the
A) Int ormants was anal yzed by col ony PCR (using

primers for the anplification of a ca, 700bp fra
In ther poyfise e thRRPIS9Ing grapme TRAMCPEIBEIRTQecr of SHBUF I rre V@éﬁné So ce56

homol%@y s&h‘@w‘é alitPUR BLﬁQ?f ﬁﬁg@ﬂt %en‘é‘eﬁ&foﬁﬁeé OAJl Q)\fﬁn réa%ﬂ%sframe was

1dent1@qﬁ, M@hﬁthol&#ﬁggy@ ng)oé:,)f/{gg’QQp f?quf ?)gqtcmaz gh(p ericoded protein has
bt e
about \é\f’d/d %ﬁl‘gi h &esiﬁgﬁkg%gralﬁfoﬁh%h@{ (g.p{fgﬁ dm several

strept@yydetesaip@iving s re&xmnsblﬁefor @9$mddctEoﬂ 0f9163 6 Wetraheéngkyrslphtalene
whlchtsﬂx?(\fv %B%E)ntgnhe%us Ly a\\/NHltmr aFr}Sf oa éa)éten ofh hcpntm 0%3{0 ﬁp /{ could be
assumed Sthitd thEb&ﬁiuctEof Rh@d’aﬁxitlloﬁ nczazﬂyhedebyécthlso anzyine would be 1,3,6,8-
chro de S_.in Pseudonmon To i nduce expressi on
tetrah QRS AOHBARIE, 37 MDY TESPOPRA D SR s CLb R o8 fsteAtat o date in
Soranbia® &UNBkHH So Y)Y allicagh @& SSrdehdE prddieh iperfg@id ﬁlkm&isesrmams was
toluic acid mas added to cultures after two hours

extenyyer Han CAPPURY haF B peshipyed X EbAsteiBe s %§6‘H‘I‘R§‘°Bés that the
corresg@ﬂo‘?x%g%?le RsildkGn {h@v\gk!rt?pell) Conpared to 300C,

cultivation at 160C after the induction resulted in a

B) ColRf RGNl OQR{igh flaih@r ease of myxochrom de S
production réeaching a nmaxi numyield of approximtely

The BRedBhding PSS whs aﬂBQﬁ’éd By PR sndtiRaE ity BRmhd RBplicon verified by
ﬁHXIﬁUﬂ1%0und w th the natural producing host %
nucleagide seaveaciag. Fhe heq wos exlonsdviongoneretr anf-gamal intein-chitin binding

domalﬂlg@grﬁgld asﬁg 32&%@9 @?cldl??g r\'&éfa b?(?adlh% dt djgr?%%eveg%t‘ ba&h Sn lﬂ(Z to allow

mdepemylxmcdaphxmndlesn Qsé.ud&mokudm/r'f hé rfoml .coasiman{pk{ecl®4) mae tMBsferred by
racts‘%ndlcate the presence of the

t
CO””%@P?@%%%%@?X m%%ﬁﬁluhds Iacklng t he threoni ne Nnet hyl

.hug re%r . nxochrom de S

Z

iy detected in the

s; o i n e f tation .medi i ndi catjn
Pseuf'?ﬁg«?aswuﬂgﬁﬁﬂ g Pﬁsw'divﬁgﬁ S B P ety Efap pors and he
culturmt.pd@fﬂtm efteputidBicatidhe caflcled Wit el iaGet@tk. MHX @EgHnRMEdIent was

roduction in P. pudita/CMch37 mutants reveal s that

compl@ﬁ praeratt iaph Ut R R diSFl Y msthanst Bhegmethgrolic Extract was
subjec\mj' sPLC 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.



10

15

20

25

30

surpasses the 6 days required for S . aurantiaca to

reach maxi mum production. Exanple 2: Pseudononas is
wabdoe/os@sexpress Type [11 PKS A) Introduction POTABRE05/003650

course of the ongoing genone sequenci ng project of

Examﬁggangi um cel | ul osum So ce56 honol ogy searches with
* BLAST program were perforned. An open readi ng

fr.ang s identifi.ed ' ho honpl.Q to type I11

evato TR AR M B o AN BB ORER AR, o VES
about 70% i {i Lth the . .

we oo R EHR LR et ide KRR Lo aegnpay oringt - omato

DC306®vird dsemlonepisosyieet a3SMTOTS wngysteansiatisratip aetvdy @ardfrier protein
the_production of 1,3,6, 8-tetrahydroxynaphtal ene, .

comai, ot ROt SEENSpo iR aisaufPeraY ISHUTGER S ETG di synthase by

their iRXhSObh@bhdpanRteEy! frahsRPRE, Thel apeauintl iDdBodifisd e hbidtform of the
t he product of the reaction catalﬁéed by this enzyne

carrierygipten Jhroyels agaghmepte of Anphnsphapapisiee engiclr firmagodsryme A to a
conservEE BGRE! &Y ofSHE Raiict %9H%oh§inﬁn\g'@tc¢&k§‘4hé Sl Geglidh of the
Sorangi um cel  ul osum SO ce56, although the screenin '
respechiyodomagmpierckdsr fregenpiateHCtemingnab fusinh withageigschigindiinding dcmesin. The
constr&cgfgrRr%ll?FjsugcelénelaoLnt«%3 eae%rofag ul[ﬂo%t ' ”¥ec%/1x8$’cf‘%taﬁ£f%r&&{8 i-wethe three
assunption s that the correspdhdi ng gene 1I's Si ent in
Pseudbinenasihbsts.tResdtinBiec@ohipantuttadomoshs dthdnsexqre edsvaed and each fusion

proti RSB ey SBRPERE AR | con ver i Tied by

The oG st CIE 1 HEBRTS e PR A Qi . PLSIEies] 10 mass

units expOIEILY B theyphoshobantakkindhoict. Brondthetasier pRAHS t¥&k Sik could be
ed on RK2 to allow,i ndepgndent replication in

puriﬁq%?%wa ErevAynas pHEdg, whigh veas s8e5ef @f t}tergg@ﬁrglél ost,Llut of the six domains
five weFcRdbai €19 ActNatEIO Uhbga bOte IsEP dbRSH SARDSRLIAKE pddin Ghs in the

Det ection of flaviolin production from'P. putida+pFG
holo-fsm@ead@lﬁ@ﬁayemlwaxmﬁs%mihﬁ@tlpﬂr@étﬁﬁnatnﬁﬁ@@ﬂgﬁMALDUTOF
analysiUkduity e&owh PR £d af ter 32 hours and the cul ture

supernatant after acidification extracted with ethyl

acetate. The organic solvent was conpl etely evaporat ed
Examﬁ@g- the residue was dissolved in nethanol. The
met hanol i ¢ extract was subjected to HPLC anal ysi s

o eIl d d d by P.
Pmd“p%ﬁ%n?gg'i'ﬁé@lgﬂl éédcfdgﬁ#fgflﬁgﬂﬁ%%??g U{J/Egpggfr umy(Fi gure

o oSEHATISR . HEEl S BT RTELAE R AL Ut s

SLEhIR
enpnstrate y O

Pseudétsenndg nforedsh sones aigading\the pgnidtoto synthesize methylmalonyl-CoA may be
integrated into Pseudomonas strains. An operon from Sorangum cellulosum So ceS56 (So ce56) 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_2547) and meaB (sce 20050509 2548) were identified in silico by homology
searches with the BLAST software. The sequence of the operon from So ce56 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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DC3000 and Pseudononas stutzeri DSMLO701 to
posttranslationally activate carrier protein domains
w@boopoheiRet | de synt hases, nonri bosonal pepti dePCT/IB2005/003650
synt hetases and fatty acid28ynthase by their intrinsic
bAan . .
(Zp 09&%’3?&@%@1@%@% EEO/EZ(} 86{8(%? %sﬁ{v@?ﬁ%ﬂégzg r(l?(g)?)') a% ﬂebltﬁspzra interrogans
serovar HEapagfmgenit 96 Hitesrtz df1 - BOpOA HDPEntidentitiésn e46ﬁt6|7ét(§7%b, opnsitives:
539/6.}:70(??%1?% A to a conserved serine residue of the
r protein (domain). We cloned the coding region

he respecti omains in der .t ener at
The pRediclimb B AR E Do iRt B SIoLRiaiGRafs R Theo bt fesults and
alignmei® 60 Ridufdl QB Ssho@r thas Wikc ldedield ipﬁét@ma(lbizoaiﬁiinbaﬁzids} ah@es highest
vect or q%ggﬁ?({a ferr into, the three Pse do

homolggjes do xYlaeshisonypin msisnenemnes ooy ﬂgta%\na (LGSH)

lyaseSCfaHnlyy atopd BNEaeAChsifats Pilinbd78t BAM 0VRD6HLN 1dfehtﬁfésb398/149 (65%),
|n|t¥)£chromato raphy Thes%urlf“ed carrier pro

POSltl‘(ﬁasli’éH §¥@) 8¢ C«ndmeﬁm:‘ &t (AP PR668Thcidenities: 0?8/ 151 (38%)
posﬁn%‘smSﬂPSsl S(S’?%b)ta%d FHGE ta%ﬁ‘ecﬁ&ecpﬁlefhpﬁn &g@ @BQQ@%&EQ%(S@ bGéeobacter

. Fromthe carri'er protelns te I X coul
Sulfurfgdmem BAAT(NB Y S €1 ddambitiessd P01 (debo), whiitvesudi 1 HE8%M. as
the general host. Qut of the six domains five were
The opanpshding fipmactfimeaBeid 99hnaeleetiies fongh el hei besh refultaiand alignynents of

Flgure 2{? a'fo“} {l\gt ¢ %tegﬁcgd elhR#d}S‘PE‘elra%h SPEHOWs h(f esthl%;?dl&gsies to argk

al SO exp resse ernat|
(lysméITirgmMMdahltthG:(Iaqi\@) ymn$ortqm]ﬂetrs faatily) shwonwSolibacfablisgtatus Ellin6076

e e BT
PR TIY NGRSk T S——

whnchﬂﬁ§%lubt|e&dpﬁl|tly keethyHeal @8MEodl metase, rd mné?@@uﬁmyafdﬁwlogy searches
E enes encodi ng)(qt he peptides to s nt hesi z
(Ha“efre&'cﬂy g Sapick SoRasehs QIXWéE%téleeéfoacr%{lb Pong, Hofle REpgionyl-CoA
metab§l‘i§n§‘io%rds@£‘cc%@-@8!& Vid RRIhSREARGLTLAE! | ul osum So ce56
(So ce56) is predicted to encode the enzynes for

The oﬁs%méb,ﬂ@.ln%ybzx@oé}om Qeléedid P frofd BERLRHE BNRL G- ST '3@56 was used for
met hyl mal onyl - CoA epinerase (epl, sce_20050509_2546),

downsgrearh ek paginisnisi -T@eﬂnmn@g@tlpmremet@ae a 2055 O5gH tesaFlasard is shown

in Flgﬂgerarg?.g;%?tsegg%g 09%" (ﬁa)eho\@(e@EoAgﬁiﬂgg‘lf {nl Hj t%agefiﬁgllaérﬁ{a, QaYCB -neo, a

countfsesqlueirmececsﬁettbheva@p:ézooch ihr foont Sof d*eseplmgrangﬁm ity dFivgjLthe operon

pen rea [[ane of. the
exprestp R TP P ETRR L U8 T s che B TEREGTh R eong fr roppgting he
Tn5 pbinﬁﬁér Wlﬁsluﬂlﬁﬁ:s adngkned. ITg\mumﬁfmt(ﬂogyf arhis @Hﬂcﬁatﬂ& fishORCR lp&tducts of trpE

educ rotejn m a shows hi ghest
gene R IToghEEa BEEnGORE Myl VAT gt (o poeR e T st lacZzc0. fo
homolohbuRr PitdgtXis iater amuuaaun%zﬁumﬁ%mnem dﬁ@tﬁlatshﬁcs ‘name, the final
460/ 670 (680 positives: 537/670 (80%) and

constrE«“ép»lyzg;s%l,llf;qjl pi é@%mugﬁl@%ge%@ﬁﬁ% ibinding site was placed in
betwetl 9&:[1‘6? thel Tr53fko(ahd PHRRIR: gehdleMel thidH and*RE7 Géifes( Sl %he lacZ and

pOSI ives:
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 pl15A-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 ml LB medium in a 1.5 ml reaction tube were inoculated with 30 pl of a
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539/ 677 (79% ). The predicted nethyl mal onyl - CoA

epimerase i s 519 nucl eotides |long. The blast results
waneasdignnent s of Figure 23 show t hat the dedeecBiB2005/003650

protein (172 anino aci ds) ghows hi ghest honologies to

satura%P %g i fﬁ{j? utu{a{et 2&@?{%@2&@ zﬁigggéstﬁ) feﬁ ?"\f%ﬁ?&se&ez%"c with shaking.

The céﬂslwdnrawaﬂled t=ice mth scefelold wﬁ@r?ﬁd(rﬁ@smsedl_m The last washing step after

o L\ _ o
e YT B 0 i s
neo- mﬁ%éLE&Z-(z&B%as apdesli dridveéds ceﬁ%hs}ﬁisnéﬁﬁ%sfer&ﬂdotd’]emrﬁ (Bleatroporatlon

cuvenl i DEHEEGHEAPR? A5 733, K HLAR FRPF BT rcepgoror 2510, then

500 pK BB HediupPHbiel MO&d, t&gdeﬂgﬁal(s?quéi)to anl NS 1APRActioRateMhd incubated for
rame of meaB is 993 nucl eotides | on The bl ast

f
60 min as3)°Csvighehaking demphenatyir expigenan. The &Resfprmed celishwere spread on a
LB agg%ﬁ ESP géﬁf%lgfng l(jiﬁéﬂnlségkﬁga}ng}%g?%?d nlg%l%?%fi P%’l ;ﬂi:gsozvemﬁht To further
verify twhgthsphe tclgpepare iimadt armPI pYtidarchronBsbmpaginers wetetugedifor colony-PCR
[ 1] ( 2 [ 298 1 )
reactlcﬁos l?e?%rglgg t§ 1%12% 7?7@% g)r%%}% &seg Sft)r gpggtge %’éﬁ @aﬁmn were 5’-
GGA%@GMGMG@TCEGM -®gaek 5t-0 GI(E}ATT%"E"EGAE(GWCEQOS Primers used

T A i I

GATTWI(EWGOQXB(H@KE@MG$T(3F'@|HrBﬁer§t usad . for2P&31 @o PCRk réaction were 5°-

acrigtErgRTEOR ARG T ity TRAREEAT GO P3G AT primer

used T8 ahéraiponytR CRAetiohn 8veédd €5 V0GAAUNEEOGOGARRSGCAATE-3" and 5'-
ener at ed fron1%enonlc DNA of So ce56 was used for

CGTCHI MGG et sPCRrkeckingagsulthere ghawn Brigus st t e
in a pI5A orlgln based plasn1d is shown in Figure 16.
Deigy "_I ofg dRHIY l AIOAYY -4 0 h i HEHIEerce A 1% “’g I‘S -0ri g| n based
pl asm d, sacB-neo a counter-sel ection cassette, was
Methogk aced in front of the epinerase gene to drive the
___operon expression and | acZ-zeo was placed at the end
C-i) Semplepegpanationto G& neaB gene) for reporting the Tns
pronoter which drives 6 genes. Two honol ogy arns
Methydraalenate exds ftrapsfomed i@tcoém tyl ghter bpa preerslufer basedpon the method of
SalamPrHtaEg%Wegd @a ﬁ% qt P g/lu%rllngé 1975, "Quantitative method for the
neo- e zeo honDI 8
gas thﬂ’@ﬁphm alnwlb’!ﬂs Psfeutimhms monmodab.owa salndr ﬂearbbh}énc acids in

fermeﬁt:a%xl glg%l t er()]c Io a%%(%) ?2% 8l1|5:t mié[%ﬁ;la(:ﬁ@ '“Hd?f c&ll extract was

transf&tddao W@Eas:phab(ecﬁ inf), behmelest thxamtbrmﬂ stafidard Afzthybd3-atutbnic acid were
rase genes, t he nmeaB and .l acz enes and t

added g Do TS SeBe BT e & Sho B B Pe e & g g ol

we adBdd 460 I fRenE hnd €0@IIPHMBE] ANI-bRahd)! BG Akl WerdEapped with Teflon-
nmet hyl mal onyl - CoA generati on cassette into Pseudonobnas

lined PRIEW @aps Wé“@&bﬁﬁeé i38TF ﬁqra?sm After cooling down to room temperature, the
reactid MALREGEs AGRaBLHARET §0@% of %Paé@@&s SoRSh OF ﬁ%@dﬂg% %), and the

putida by electroporation and kanamycin resistant
vials pesnesntnfeged tvehehddve deconfiinte ahasst sepergtipet Bret upner |osgankr 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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prepared as follows: 1.4 mM LB nediumin a 1.5 nl
reaction tube were inoculated with 30 nl of asaturated
wor@ecnight cul ture of P. putida KT2440 and i ncROBIEM005/003650
for 2 hours at 280C with shkhaking. The cells were
illapRS k 58 nl £8.28 9t Dl g@-wﬁﬁymﬁ@dﬁ héifyl Bdsts), and
capt a\t\ﬁ J}ﬁgsl((y\ﬁv\g g step aft ér }p% loff t he wat g’ralwrl] sts), an
the catrlve gaewas hq:ln@ hi g flod.rate ofi 1. bml/@nipj ‘Hleenfechperature gradient used was as
parat A- sacBneps tas C o
followf MY SRAN SRR, RoBAE RETENTHEG TS SCRT G W8 300°C
0°C/|ﬁlneeoa°om)hﬁﬁ lisothefriyl ethee codling dbednl ® MeC at poACG@bh. A pddseal splitless

mjectl?rg s %go‘ﬁgsfﬁ's]éﬂé“}lff\é/ﬂ%&n %a‘@eﬁﬁgg iy lf:ore@l]fg%htéo lg rtﬁé cgrﬁass detector was

conﬁgh{eam&fsﬁfgﬂeeﬂn hRnAdring SIVM), sééi‘lﬂ(-‘ntgh&% /e he1,a08 ahdposta b @dhell time of
for 60 mn at 300C with shaking for phenot ypi c

100 mgpsr éags japsh thergieantifalipns s Patdc th e af dsrteat Qfithg iqns m/z 101

(Meth@8alonRE} £r{d ;ﬁlzﬁm gﬂ%?l'—dy Hglogéﬂamyra%n WARY B é&‘ﬁ:lg trlphcate

I ncubat ed at over ni ght further verlfy

samplestod 1¢2.0néde, %)ra@dﬁﬁtnmpﬂ miethypmalpnate with ¢ nowbsethi! d%om@hmts in each
P [

samplawglﬂaqa% Hﬁ‘aqgs sf %élrltgrgt{hog'nny d cgﬁn{ltgﬂ&f kx% @%ﬁg@t?g{lﬂk&egﬂtﬁ{eﬁ&mmn
softwa@GACCAGAT GAAGATCGGTA- 3 and 5' - TGTTCATCGITCATGICTCC- S

; Primers used for panel B PCR reaction were
Results' - CGACTTCCAGTTCAACATCA-S ' and 5' -

GATTCGAGCAGGTACGAGTIT-3"; Prinmers used for panel C PCR
C-iii) GEAS iQalibragsre 5' - GCTTCGCCCACGTCGCCTACC- 3" and

5' - CGACGATGCCECCGAGGAGGTIT-S' ; Prinmers used for panel
MethyDn£6iRte gaokd tineaney éveb the CBAGACSERTCAGBEEAAED-99). dtvsveSer; the best

b S oSt 6T AT E LA R i

Recovely mguooe/emdﬂ% wmbtadan s&maanwMaﬁ @ B3A) ABaambretion samples
aration | mal onat e was tranimor med i nto

contamftdsp%ram%o é‘é‘?@?l wdardamhﬂdi}r@ala%%of hgmatinemalgpae quasfities were

1,2,5 ?d QU'aﬁJS’Oﬁ’HQI M e d ab RRhRd ih @iplitad. and Miirhead,
975, "Quantitative nethod for the gas

C- wL@DA’n‘ﬁE‘ﬁBRQFI@Rmvﬁmﬂ&@a‘tJS' s of short-chain monocar boxylic
dicarboxylic acids in fernentation nmedia." Appl.

The mM ?fn%?blﬁlte cohtnBivas 3diAu8dd froANth&hidy eﬁanﬁt’%p@um )n t‘ﬂtz efé@a{clt and the
ract vvastransferredtoa%ass vi al .
ODs00 ramblle giifenttimee painte prrhthe sesahislaneshawn iy Figys- Wéﬂ mt@l@emate content
e t Y d. t
o 5. AreR 2 TG M R BBl i go0s, n
methyhﬁ)eﬂormte mtdmmmedradnds@@omtanofromat |t1lme]pdmjtoanlihe wilthéype did not
how i al s Ctﬁ@ﬁa% V\@ '{ fI onl i ned screw caps and
S ?rﬁ’cstﬁ? "t "HEAY® Af ter cooling down to room
t.eerat e, thereact'on X1t nas . n utrallzed W th
NEIRSETING ang - , 1 othia INLALCENE CIMS and

ed. to achi

th | tef ’
g T -,
expresisfbﬁ og a@xcthra@aageﬁ@elaabr ml%hgméwedwl pidida PTR0VL Eteie RIUse®d evaluate

out Bl icate unle
the methylmalonyl oA 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 p/54-Cm minimum vector and another one

was subcloned into the p/54-Km-Zeo minimum vector. At the same time, a Spe [ restriction site



10

15

20

25

30

ot herwi se stated. C-i0 Gas chromat ography - nass

spectronetry Sanpl es were neasured on an Agil ent 6890N
w@2meoienmat ogr aph equi pped with a 5973N mass BET/EB2DOMB3650

detector and a 7683B automgéic |iquid sanpler. The

was mset:r%t Imto %s(% Or Stly\%%ﬁeA r sug(ﬁc)?/@ {))1&( %ﬁpe{ fr\%ﬁ+ﬁ@nt /?1%1? oxl;igﬂ'\ based

vectors &Stng) Redi(E’ﬁ mthﬂmtrohebotga&cmls:nm% iwena aligestedl Ivmzh Sp¢ & and the

of 1.5 mM/mn, er re . gradi . .
fragmy [ Bt cS Eorth (e PEERIR IgmEPERE et e gest b ef B restrction
of the GeMB Elustbteidrd @ndl PftérOstinBitg ¢ s il MigurdqQ0B8C L5gdﬁibﬂ products are at

i sothermal, then cooli n% down to 700C at 3QC/nin

both ofjgitatianss Hie igh slongsy i st d geres skt aprsbgwi ip E@Pfen‘g?BZW'th Pyull

digestioh. m‘ncmgﬁns EP£t1t9+é§QBh§tn%i Qe Velfied By Seqdi @it & WIS The final
configured for single ion nonitorin Sl M, scanni ng

mta congiuct dgrzP Jitida ingegratied 19 g wat indighge HC. Aftatestidghing thenfgnal construct

(F lgurg$§(a1e egg%tegpﬁ)nﬂ{éﬁ@:gg%é@t; o?lgti\g.?ﬁilK?gﬁﬁdjfu%f%ﬂgc%lg?ﬁlogs involving

Red/EiﬁrczcoirMna@mmt}ﬂrstdme reeR-opdte)l camttﬁ lwaamed 1o mbcdﬁné’nbgene in the

stitcheiq%ﬁgth%[] gg/t g %ert]tgtat fi R4 npﬁgw Cﬁojlugatl nh n? 1at§gt’%a?n ma(f g’ putzda To

regulagaia @am@lueter E)qirca;sﬁﬁ&hh y'spzmdapaItolturlatacahmaﬁuilble Pm promoter plus its
uantit Lon vere car ried.out with A t at |d0|i1
regulathr gene rfg{égla?t?@e &ene; v <jre wrﬁg qnﬁgt‘{nfaoﬁ gene irst module of mrta

gene ci\NBteRy | mal onate showed linearity over the full
concentration range (r2 = 0.999). However, the best

E) Prolibdtion@$ ndRb@iar81dn WS pidiatHt@08y.er age response factor of
0.991 +/-3.1% 1 nstead of |inear regression. Recovery

Methowds 100+/ -4% The calibration curve is shown in Figure
18A. Al calibration sanples contained 10 nnol of

E-i) CBMD,@Jt?Bﬁ'of shvandRarsl BRd Hiderddo PaduBAbRads The

nmet hyl mal onate quantities were 1, 2, 5, 10, 20 and 50
The e%@éered@ﬂ%t%@%%&n%ﬁ?&%%sl& if ﬂf’/}\'lgﬁlﬁ)l &eiT- M‘bE Pm-cm was
ntitation of NMeth nat e | mal onat

introduqsdt ke thvaghr@moe@ngwédhqe ridnpytide Kf‘fﬁﬂ% u\alﬁlttvmey ap o\t{ﬁibl ag rinto the
chromtogbqnee&‘ b CIne@l gne{l te%n@x%&ﬁ%]i Zﬁtfgcgﬁ?fmé%?? tﬂcﬂamntal 2B jugation

results a e mal onat e
using d)olpttenllasn(ld) plﬁﬁfwlecgyrS@b)D H..Afndeleligki, Dhidt, H?V?rall@pbctaelon of an

origin- co?tﬁ nlmlgac'egﬁztg{ev(rg oé~ gnats c{] REZ dg W Idea{’il op 2 m;)ga{s C% ﬁusn tlont pr]pwded in trans”.

Proc. thlt AchdreSqpoUt A. pﬁl6 16’4&916&% dl 5 ypleofibdermight elitwesasfyE.coli HB101

ni fi cant neth onat uat|t| . ngi. neef i
comaiZid ARSI 3B SULFh BT b FRAL hyrogee RIS and P
pundacwarﬁrveawdu@trésegpeadedrmxmmlazmImefdnmm 50t 81 gredaeh suspension were
cluster nmust utilize nmethyl mal onyl - Co

mixed} gndedlropResl @4eth LBr a&ww&%.é@m m@léh%@% LS forn h the plate was
transfGRA1 RC88RT afd iRUbhE@ JVeriiie FhéilR EQIsUREd {cPapRY atdiliBe plate,

resuspeded in 100 pl sterile water and plated onto the selection PMM agar plates containing either
tetracycline (25 pg/ml) for selection for the cosmid with the myxothiazol biosynthetic genes or
tetracycline and kanamycin (50 pg/ml) 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’ -gaacgtggtcgtctcgggag- 3’ and 5°- cgaatcaccageccggagac- 3°;
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t he net hyl mal onyl - CoA production. Unfortunately

nmyxot hi azol gene cluster is presented in 2 cosmds. To
wobdacaiomishe full gene cluster in one vector, SPUEIEI005/003650

steps of engineering were carried out using Red/ET

onbj h al ).
e b SERINER BRI o2 kel TR o
checkmg ud@ periears fowatcticticdtgogecgacl 9/and Phreccggtacaegracagasi’er
is presented in two cosm ds. One of the fragnents was
E-ii) Extthaioadednéthiltmatdnate@etectiolr Cm mi ni num vect or and
anot her one was subcloned into the pl5A-Km Zeo m ni num

100 mMeCBOsuppRinehied WANESO Lpnl kanGpgcih west inbaiited vaikt ees0 diluted

serted tot es.for stitching. After
overnigli i HyPorbdi RO H g eubatheb S G 6 4 iy kg iy pm) and
harvesYedC hiO U fffershi NEm&EQral ak CROWRI ﬂaFﬂgQﬂ% 3BOt IThé eeasbidadoflected by
were digested with Spe | and % nments were

centrifupajionebhe esllinstlets teee fsezen @hbwqi mtqog% Hhayedeondpg sesgppended in
PBS -UPI%r &S Yhd %elPﬁys‘é@? V&G@éhféﬁgltelj%l FJeH& A &ﬁ&s&ﬁftlon of 50 ml

efore and after stitc are hown 1 n Figure

methangl gt isespeppiawes mcehateddor bbtmtloatgl@mramdomsn ﬁTﬂ:red thrgllrah a folded
paper fi ﬂs%nﬁ?et nﬁ%t Qno%’ WaE gﬁl;lr%QIe? ﬁznt%cz% H\%ttﬁé reQidfre di Qs%md 11?1 'r:r{l Airanol.

I on. Junc

Ion reg

inte t.ion js. sho er stjitch
The P lhutzd? Stdin produting t ardart(g %g gnmr%g ge mé'x‘g{hla&ofr 615k I%nthetlc gene
clusteit hﬁe@‘ﬁtbd thedtheoﬂﬁbmbubtneu%mQndc\alateﬂuwithaj’venﬁgitfdlmatel OnK0) and

w8 T AR conlang O uRS! Bcefim bl agned incppacyetine @5

pg/mlgmawtm vher 26A Dt1GITed] -2 NS BOWUTWith EHAkslgcaﬁeslayi&hmdl brdaecnon was
d for conjugation and integration into

mduceﬁoWlffe@Ew%\efédﬁ% DMeand the erdtues wesdnsard ip W?C'Fﬂndpmqba‘ad for2 -3

days. ®hd E’élHQ)l/ér@ h&Gtded b@l‘tlk?l*u atfom a‘ﬁﬂ Q%ﬁ&éd WthScdtdr® and methanol. The
regu ator gene an ect ab gene were inserted in

extracfsywsng evgbongted apd g@ns@pe(\dqdrlgtl nﬁg@ﬁyha@obﬁ whogthgepiacts were analyzed by
el Hst g i t |

LS G 0 B Oty o B 1. 12

2 mmg} yst, end pmamhmre@di&rﬁmédsmmemengwlmmrgmsﬂl@no(usng salwed A and B

xot hi,azol gene S [ I 5A,13
with sr%eqt R beglg gL ancF bli /t cfuce((ij andts(())?vteﬂt é lﬁam&mcetomtrllefand 0,1%
formid hﬁad)Ffron}DGt/d Eat KTQMZ’@G 96\%| B tithpre3@mimédllowad by At raint Wigh 95% B. The

mass \‘2@% ea;rr? ngltl%gnggﬁbmy%gﬁj Eat e lggqugb gidgiét}fpelétbiydc%mparison
to the RJté%i6h dmeRI0the M da16f3ké refdperde sutdtlcdgMHrRkE: 4848). R,
1979, "Replication of an origin-containing derivative

Resul®f plasm d RK2 dependent on a plasm d function
provided in trans". Proc. Natl. Acad. Sci. U S A,

E-iv) MOxkRidRs1 bRRiddtionl- 5 M of overnight cultures of E. coli
HBI O containing plasmd wth nyxothiazol gene

The ifttdddt®h: offthe GHxothi#Bb OCbiobyHi ke rdeRd cREEL (i tl@J‘%rE’mosome of the P.
puti da were harvested and resugal%nded in 300 ni LB

putzdan%gﬁqg%wago/eﬁﬁe@gerpggﬂlyslugfféw Waata npy shewny Resitive clones were
cultur%f% @g&?m 1995 aﬁ ﬁlehﬁé@gﬁ&zopgﬁ}rﬁsmﬁfv&ﬁ indBEHRRE ke @kid. Followed

or 4 te was
HPLC-MS has shown in P putzda 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

methylmalonate production, were used. As expected myxothiazol was not detected in extracts of
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transferred to 28C and i ncubated overnight. Then the

cells were scraped fromthe plate, resuspeded in 100
worRoosherisl e water and pl ated onto the sel ecti oPCPWA005/003650

agar plates containing eith®r tetracycline (25 ng/m)

 either o? {he§ee{:<§h(fttoi (s-}pcmfl Rvshsctﬂ (fg 8;8 . age W srynthte Izt drqgt)ﬁgml%&l a(ng C§hus do not

cycl
prOVICh’gMd’ﬂu))sttaDe foebifos:ymhes'sloédtewompﬁmd the cl ones cont ai ni ng
nyxot hi azol genes in the nethyl mal onate producing P
putida FG2005. The obtained cl ones were tested by
col ony PCR usi ng nyxot hi azol specific priners
Examglesi gnated for different parts of the gene cluster to
verify the integration of the whole biosynthetic gene
Introdiictich &9f PKSINRIPE: géhd @ilS&esTinto Tikerdlogbiy hosts &y {isihg the mariner
checki ng nt aB gene are 5' -gaacgtggtcgt ct cgggag- 3'
transpgsaplg element ot caccagcccggagac- 3'; for checki ng nt aE

gene are 5' - tcaagccggatgaggt ct ac - 3 and 5' -
M@@%@@M@é@g@- 3': for checking ntaG gene are

5 - ctcttcttcat catccgac- 3' and 5'-
Mycol{fle@@@rge%aaq dg?temssequeEcqs(gnytf; Iug@tt?cbf?pfaé pfequence are shown in
Figurd®t hyl mal onat e detection 100 m LB supplenented with

50 ng/ M kanamycin were inoculated with 1:1000 dil uted

B) En@U& idb Q0 bny £dbhbdMiBe 9 {mdnis) PiabyndlRtif S8 Qpustdr NCubat ed at
300C on a rotary shaker (180 rpn) and harvested at

The mséfkééh%n%aé svas) %Qﬁerm&stass me@ed JF 3hgy g@né Qnd m@ &sl d ®tal. The
were col lected centrifugation. The Cel
startingeoppstfucbewnprising ﬁhq wiahS relusten geefhescmlwénnt\ﬁamu So |¢t ab “HeterolOgous
u f d
orre BRSPS BTN L0 000 s YRGS e Rese
recomhmbdfra‘rgﬁJ Chmmﬁrﬁ&sﬁbmbm%aﬁ:im%ét diguroR6A shows the insertion of

IRV RN T T
gene pl@Sight &R tthgtank wasgéneraledtly FGR h:adftﬂin frdm an drjgikil M)}tﬁl\/&r ehnsposon

VCCtOf—I(Eéblhe i a d’§8§1 Illglxﬁgtsxigb%églpﬁrg ﬁxggrﬁép;r stels E%ngﬁa enterlc bacteria

and mgamaabm’ﬂ @r&hwanymuh&azpbA icosy L1 BSK)] Thig T d,ﬁb&t&t &bgether with
Integrated into the chronosone was inocul ate

an ampicilifi grHstapen gencePER: podyctaiars Heersst ip ithe pepaifos (Stratagenc)
backbbrieats KiSleeQRd l%lgf(‘)h régntgﬂ)l r@)thé—go%‘%w %M@z‘ngmﬁr@g géMeE Ii]smé Red/ET

tetracycline
recomhingtiorg b & lmeﬂhedsaiara@nigns thadefinyi et Hw éz end pf tbd mﬁﬂ@nnw\dgswr and

the M%J&%‘}?@rg‘yg%@% gg}fg)&{‘s AGrthe(B: M and the culture was

rans |ncubat ed for 2 - 3 days. The

The in\?ﬁeé{z%qtﬁjnvﬁql% 1@@"1)5 g e7?rﬁ %o %gr{é_l(we c“%%ﬁfe%r](aﬁm?gc%qé’s%?akgeq in front of

cetone an ext
the mdeamadlmbraﬂdho\ensunsﬁwndfe%Bn Thenprevietdhansd. caSsetté, ofR-trpE-oriT

e r edb LC- M5, . The . _
(@hang Yres i ARPL VR Torfi b Bt o RebiPbindliSh iy Fsglsichiggsoli, Narure
Bzotecgﬁd»lblﬁl’lsl&lusgﬁq)ﬁlﬂf) iCh8t, ne]:é’s;éary fer m%&ltmana@d wak ecrfi@ledfm the left
, . 5 t
IR plus T eqapa ROUBT frspbinagen Agtihaeel @?Aﬂnég%g%gs@f fied i front o the
mchsS @6iedelu@étd TR 7%:8 Profotbevilg dﬁ(z‘eebgﬁésfsfbh log twﬁe(par;ld)/entcm B cluster
amdL from5%B at 2 minto 95% B within 30 nmn

(Figure goBhwER fipl congirvetyi formabas 8- TnftneomeedsS-IRews feanspasass) prd named
pTps- lﬂgﬁnﬂh¥ g&bhtzlﬂglhé) Bf fhe 8o RO ﬂﬁ%ﬁg@’ntdﬁth%%st chromosome by

y conparison

transposase.
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to the retention tinmes and the M5 data of the
ref erence substance ([ M-H + = 488). Results E-iv)
woRooeidiazol production The introduction of theCT/IB2005/003650
nmyxot hi azol biosynthetic geme cluster into the
, da FGQOO was verified
' ' Positive

ones u he .

Myx“ﬁmtwﬁﬁ %5'.7’51@ C&H%eaéq*r RN HITRICKL S p—

bearing 8bh OB artith)YCwilBodinte gfltdifitol the &rorﬂblsiohﬁand:@ﬁ)&@dub eecombmatlon
presence of nyxqthiazol, which coul d be detected

HOWC%n‘ﬁa‘P? sHiFiSAFY AT {1iRerationet diree size AN fementy inte %shromesome is
low, tﬂe%n@&rl:tl(fngl the cRHE ESlRaiMinh Grel Mfégra&’drl@t‘gg mz@@N’)@ kthg@ént, must be
he P. putlda strai n contalni ng nyxothi azol genes, but
selectqdou%mgemeﬁml@e ﬁworindlmlwétﬂasnntrmpwmth% heen used frequently in
myxobgwrgg ?Jé Qs?ﬁlo\eb@?ﬁtgggegg 5 A (¥ RERDES ggegﬁ%ga@rag VAR RO than the
efficiesty ebtmaed whng horaolegcm;tretamhh;natlgn <§andivesn Zeet al., 2004, “Identification

and ar}gglmsbofg%/ gé]r%ébgci)santgl?th( ﬁ]achme ru y\éf)?dg to en[j C)l/{bfsoxm wﬁh potential

anticandet aaigitg't Chmntﬂf*y RLES I 1ge1me1@t I{Smgrl\& dt AL, 2004, “Critical variations

of con&egtgm B&?Aij Stlﬁtgl %&qng%ﬁ?ggﬁoéi}e BH&%E@&;@E gf)ranglum cellulosum

strams'\ﬁ(ﬁ&h@ﬁnd saeéﬁoaa&ﬂ)pm SNCmpYirk-Bhd2d IRAYREGEBU@PEhekib System”, J
verted regeat sequence are shown in Figure 25. B)

Bw“”@ﬁdrﬁ% @ nvxochronide S (nchS) biosynthetic gene
cl uster The nyxochron1de S (nthS) gene cluster is
Compsient gallsyprepmrationand Hransfarmation j s 29. 6kb in total . The
starting construct conpr|5|ng the ncthS cluster, is
A smal|dd cianthes clump\Werz igsh plite was sgraped intial drrg| @@‘BH@ in an eppendorf tube
with aeﬁiﬂﬁﬁe?lsﬁd? of?ftheahmﬁﬁé}aﬁt ﬁd'u'r@l:ul{l]ﬁhg ra?bZ“@' @qutﬁ)O rpm shaking in a

assenbly line in Pseudonbnads vi a
therme-mixsmid Epreadoniy 'the GHisnvere rg{tllgecgabﬂ @@90 rQ()(fgr 11min in an Eppendorf
o8-S ELRLLE, AR, SNRHS L 035 LD s 5 MU i
After Wysholgerwviderveirts goid aH@,gﬁmeelmaust wasghubspeh e d nnaﬁ@rm rain(Bas ug of pTps-
generated by PCR reaction froman original

mchS p}aélﬁgiplaglénmv%tl{ o STMJ”BqquHCE pH&.0 gpffer vicgggddeq tﬂ t@q %ls The cells

plus DNARRSRO 8hAdr G dOhtd R ptI&1d Q@a%boﬁiti%ﬁ%m&te' »Rhﬂ?@t lﬁfn' gap All of the
bacteria and nycobacteria”, Proc. Natl. USA,

above 3Py 645> dBBON., lcerrﬁlsctmmap@ro vag carrigd gétt ﬁelr,ZQﬁ)l lt\hbxa psing Eppendorf
i
e BBAS B LT 0508, R b R IR s
cells weeg tramsfarendt tackiimg theheppzadoef tnbanid |Masrfamiteienwaere plasddasrcieanamycin
enes usi.ng Red/ ET_reconbination. This inpternedjate
plate @ redmilavihhiopi et afigr Sbourhensring s 33 1B st gopdhermomier.
Colon{éh%fee\?stlﬁlg%ﬂ&ﬂ’@da%%h@d’tloﬁ hegeposase gene outside of
e le .

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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The integration of the left IR plus Tn5-neo gene

(whi ch confers kananycin resistance) in front of the
worehgogase cluster is shown in Figure 26B. ThePCT/IB2005/003650

previ ousl y-used cassette, BetR-trpE-ori T (Zhang Y et

al ., 2000, "DNA cloning by honol ogous reconbi nation in

Escherichia coli", Nature Bi otechnol ogy,

18:1314-1317), is not necgggahy for transposition and

so was renoved by the |ef t’@%‘pl us Tn5-neo usi ng

Red/ ET reconbi nation. A ribosomal binding site was

placed in front of the nthS gene cl uster The TnS

v\l\’\ r\v\

e ol uster (7 GUNETSRE)]| PIRETERd) TERUEfucy FOTDIS

formed as | R-Tn5- ngeh$thS- I R- Tps (transposase) and
named pTps-ncthy. The fragnent inside of the tjwo IRs

ansposase. C) [Integratign of nthS|gene cl ustler ir?to
transfqmmots@b@usdxanthus genomg. Myxococdus xant hug (M
fromf&?ﬂxs{% O%:élr\;wﬁ)]e transf orned using gl ectropordtion. The
tl i ng honol ggy arm(s),| will be ilntegrated
plasmidnt 0 t he chr onnsoma vi a honol ogous [reconbi nat|i on.
However, as thg efficiency of intedration of |l arge

Avera%érlllde%?Orn[ eng ed Id]tO tihe hl(éﬁt CthIT%QITE gy

size DNA fragnents into the chronosone is |ow, the
correct clone, i.e., the clone containing the

pTps- ﬂnBﬁ@ﬁra@&ﬁﬂ 3508 t6tal £hdANRirtd RGTBR TEagniFHSTnsiBE of Ble@&b gHs is around
ng a_screening nethod. |Ln contrast, trans 03|t| an

31kb. Hﬁ@oggbﬁs ﬁ%emyé&u@}%{ayom fs %55@[ g}rltge spall integration fragment

(prsllil\‘Z?”it' N RlordUrAGEREs! $nteRidehthah! HRSRARSIEAR integration plasmid
ficiency is much higher than the efficiency obtained
(POPBJ@Dng honol ogous reconbi nation (Sandmann A et al .
2004, "ldentification and analysis of the core
Myxowr@yiﬂqtﬁneompowée larenehayactekized by lthedd yelloav-grangengolour and are easy to
0 0 n i
obse ’:n Elﬁ ké; \;?r?tl fl,%ofrglq y}BﬂJf fﬁé}%éi@ gﬁﬁs}ﬁé’i vyeké 3{)1cked and replated on
kanan@@(héplaté (rhiet photd mvl"agura127Anzsasoakeo<frqnu gatplam aﬁerDNt\lbatlon for 2 days.

Clonet%[_} Sf eh’ nt li’sdf‘g'},@gﬁ s%fc}rgn}%hgnb%% é%ng}é;&éx%g%oﬁp%é%{? transformation.

Colontée\fmhoﬁm&nhctcs‘ transfombiier werasaty tedBh $PiQe@n 7m) taad eeelsqusd cultures
ai%’l @r@p technol, 107(1):29-40). C- O Conpetent

were ZR1rPe's @éﬁd‘f’éﬁ %%)-and transformation A small M
xan clunmp on a fre | at vvassrapedlnt 1.4

MehS ﬁ@a? %c#%eawe@w&\%ﬂ ?g%glénwﬁww e ptﬁﬁc%tf Froide sﬂnmcweds were

extrac{eUdfrorNﬁl&fiurﬂ6&nﬁ°ééll§ Thel EdpoibdsAiveR2Rfe W 4 Rhid, 13 dhﬂmlatography
haking in a therno-m xer ]SEp pendorf), the cel wer e

(TLC)pm eelts ang sfmvno'o@ gush? TBor Lanehi is lqad %Weawég?dwfs Fontrol Lanes 2-7
are mgﬁint:folnésug% aJchQ ?@sbéctf@@%l ﬁ%/xm#mhl% L&%Rﬁ}ﬂﬁ’:ﬁﬂ drd e)fem)\glsh in TLC.

and spun down at rpmfor
Myxoq/va@wdﬂg:ommw@swan Hbec fiuad d2i®, cellseandetlso pxeltllleegrqws medium. The

' T
secrettl%ﬁsogqﬁéjﬁ‘g?(b%ﬁfﬂ%igl m%{[%rg cu:ftll_Jggnalg% H@?ﬁ@?&%@ﬁ@&%%n of the
compduing ag @|nhay. beTélaptudedsmgpﬁousxaBmk weesin, whiihshight leal toridw o feedback

hlbn?re cold el ectroporation cuvette with 2 nmgap. Al of
in above steps were done on ice. El ectropor ation was

D) De?ecticgr{ gtd me)yc}ch%%u}é galgt)er 1ntr0bd¥lcttljosnI or}q 1%@ &patﬁway from S. aurantiaca into
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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el ectroporator for bacterial cells. 1 nm of nmedi um was
added to the cuvette and the el ectroporated cells were
wo ca@adi@asz ed back into the eppendorf tube. 10 PECT/H82005/003650
culture were plated on kanamtycin plate (50 ng/m) wth
ot f tur.d : C wi [ -
Using P 1ROEC ot nestUEE il WhhBihethiapl 3 rbiing Rl 0 uramica
could bagiehtifiddan eatrackCChe Resuhrtigs Matantcitrpms @iat HRLEO Greakog (3, S (S2), 7

59 ST Sy EROS5H S g LR RIS s gt ot s

Due ®NMeHel highapsyoaioni ofi fyashbothidepS- InadZ famirkdy > S5500b mg/l), minor

fragment i.nside of |Rs re e s_control .for
myxoghyoIRaF SrdeHY LIRS oI 2P iﬁaﬁs?teﬂﬁéﬁgs?’eas- Ah& of E@ureo%f‘A)- The uv
spectrP k&8 Shotd mhFiBae 138 hleaypibAR! QREHS for @R RHRh0ALdeRNndIO4ting that
transposition ability in M xanthus was used as
novel prppaundew b Flgtesd strusigsareomadéons t he nunber of
. transformants obtained fromtransformation. The
D-i) HRL&icopditionse aver age transfornmants of 3 transformations
carried out for each éJl asm d. Tabl e 2 pTps-ncthS is
HPLCavasunaerie@ouk bsing atlONEq el vanh systam suthax dipde-frraygdetastor (PDA-100);
|, %4 I ' , i ) )
columh P bR P14 1051 207 2V I BREDam BO0Y Bl SQupy; sobvenes:
water i+t eYrasttiorid (pmdntetépTid -0. he)cetic acid §Bhoelzerdfgtddidng from 50 %
B ac 23yiplsRkE9% Bk B iR, HOS ST Q0PMS BRILH LOM Bl Rofled by 3
(p ). xochrom de conmpoufnds are"characteri ze
min with 95 BeBr flyre kdt@w-dmilanipedaatkion st 4Mamar e easy to observe
in culture. Colonies frompTps-ncthS and pTps-lacZ were
E) Transfokedioant pTepinahSuktoPsekdivaangds N pl ate. The photo in
Figure 27A was taken fromthe plate after incubation
pTps-fohiS Qz}sdﬁyﬁiT fol eomszafion/arflriembst betpdPsniediflo Pseudomonas putida. The
transformation and lacZ js frompTps-lagZ . )
preparafioih & o 4 5 cOBRTIEH 1t wasrnt@rﬁglgﬁcﬁsﬁwah%dr & riaample 4 for
methyWell&mA-Col Yré i e (sbdEIY ey 2P TRARCHSNadnlig WA Giéhd sle@Foporated
) were al so redish (data not shown). MhS and |acZ .
into Popiidasomestentcglls Jragformed edls pyergrdlaied on karpmpysin plate. Colonies were

fomewﬁf}qm@m&@fop&myaﬁ@%fe extracted from nedi um and
cell's. The conpounds were run in a thin |ayer

There %@H@I&HMP&M&JA&Q per T8 faHbA %@{h@sew Halugéd%x%chromide
27/B. Lane 1 1s lacZ clone as negative contrgl. Lan€es
compgungs @e@ net$i@we).ones 1-5 and 7, respectively.
Myxochr om de conpounds are yellow sh in TLC
F) Tranjfroegtioo of pEpsemehfounreddyxebactbiea 6d2nd in the cell s and
also in the gromh nedium The secretion of the
Myxobacsenie (i Bhivdeslse trasformed dyl thel pEpsamchSiponseyct hed deeidup produce the
f.or productiagn t conpound as it may be captured
myxoc&‘s“i’%@? c?”&?ouélgsé d%FaeﬁO?% orwé‘g}i)n, whi ch night lead to |oss
of feedback inhibition. D) Detection of nyxochromde S
after introduction of the nchS pathway from S.

It willbe rugcri]etrlstggaa th!atr{Beo 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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M xant hus A net hanol extract fromthe M xanthus

DK\ 622: nthS nutant strain was anal yzed with HPLC and
woRG/HMISE or t he production of nyxochrom des SPUFIBRG05/003650

the HPLC conditions descrilded bel ow, nyxochrom des S ,

CLAlﬁgwn fromS. aurantica, could be identified in

1.

10.

1.

racts of the M xanthus nmutant strains via HPLC

( peak Si), 5(S2), 7 (S3 hown in Figure 28A),
AGRFBRT GBuME SPeBd bt o o A PG dhoduced by a
bidsyathati h Yohpris to the high production of

rggxoch%vg‘gg S}i)ni:pllé’le xant hus (> 500 ng/1), m nor
i) rryxc%;ehér@mgdm aYideRdsy adli, QM gOklcthr AbmPridies Bete8mbBitnt genes of the

(peaks 1, 3, 4 and 6 of Figure 28A). The uv spectra

r es QYRR RAtAWRYFi gure 28B are typical uv spectra for
_nyxochrom des indicating that novel conpounds wth
ir el drapgfogningaemoad haﬁtéelg’ﬂﬁbﬁheDﬁHOHPLC conditions: HPLC

was carried out using a D ONEX sol vent systemw th a
iiiji ocreltaringiic gecoad heyt ce¢lbpader oonditians Wivieh: arg/spitable for synthesis of the

nm*cbsgg&#‘%?géz%tfoﬁ@ag@S X 2 mm/3 mm(precolum: 8 x 3

vents: water + 0.1 % acetic acid (A

e BTN N - % ' i ' L.ve
W RECLEARL drthe by et bRy refpfordy B n R el of promoters
thftraonfo60d 4tBaky inZRe sdcond lwsd&11% B at 26 nin, foll owed by
3mnwith 95 %B;, flowrate: 0.4m/mn, detection at
A fthodnrccdrding tceeisifrot, vdteredmthe biogyiiplseticpa@wiap isoa multi-gene biosynthetic
Fseudormnads pTps-nthS has no ori T for conjugation and
pa}{ st be transforned i nto Pseudononas putida. The
A BB BRa") i DL S RGBT ot SR sAR 5 s of
bigsyatheGd paatiwdysee E-i). 3 ng of pTps-ncthS plasm d DNA
were el ectroporated into P. putida conpetent cells.
A Teaidgfaedon@iflg &inly Dn¥Bf Be plat @k ARinkaNREYRitRe Bibghthetic pathway is a
Col gnies were forped after, incubatign for one day at
pobykgitde patyay: fBenstiesemat prRFde ORIV oY 8 fatysiclgpathway.
transformati on and these cl ones produced nyxochrom de L
eeREding &e anynste e bgaprycedmg clpimpob st theosseqdary metabolite is

noP AR8ralT} Brodiddan MOseRAhes a1 GT2 Myxobacteria GI2 was
al so transformed by the pTps-nthS construct and found

AH&lﬁfd%‘é&ﬁ@inéﬁ(ﬁ@&@%&%r%dﬁ%mﬂ%eggﬁbﬁe &%hore of éhe genes of

shown). It be under'stood that the invention ha
thbiesynthetie pitbway oder thecanirg! offanéndugiblesprompigr.and t hat

nodi fications in detail may be nade within the scope
A gheth¢rk agoauding topla@n A vehetein sherpydhgiblef prpmptge is activated by a small
m&géugg ol ogous expression of a secondary netabolite

produced by a biosynthetic pathway, conprising:

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

A method according to any one of the preceding claims, wherein the component genes of the

biosynthetic pathway are comprised within a transposable element carried by the vector.

A method according to any one of the preceding claims, wherein the transposable element is

the MycoMar transposable element.

A method according to claim 9 or claim 10, wherein the vector further comprises a suitable

transposase.



10

15

20

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

1) generating in a first host cell, a single vector
conprising the conponent genes of the biosynthetic
w@2atohwes2 i i) transform ng a second host cell RET/IB20656003650

vector; iii) culturing the3%econd host cell under
. o ¢ Cfon svn : ¢ '
A SR LSy B0 of Wt AR MBS s comsmce

ushiggsipniples bf ccpabihewpgar e transcri bed under the contro
of pronoters that are found naturally in the second
A mashodcglcbrding, toAnprehb of tiecgrecadinggelsimsc vhérminlthe wéenéihnst cell is a
the biosynthetic pathway is a nulti-gene biosynthetic
‘RﬁﬁgﬁﬁﬁVF&ﬁkgﬂ%ﬁg?ﬁ@ﬁ according to claim1 or claim 2,
wherein the vector c rises all.the genes of the . .
AP ACSREEIG 1A R 5T PreACded HBTsad BEIF BN ELNORhgPIIgRE coli or
Sddhoneig. precedi ng cl ai ns, wherein the biosynthetic
pat hway i s a pol yketi de pathway, a non-ri bosonal
A RBRRIDEOMIRD) to04nydoff thE tp¥ecading cRahfWaereiRt - thAnfBRIAAE performed in
_according to any one of the precedlng cl ai ms, wherein
iterafive seppofcaregning antbsicctien.i s not natural ly produced in
the second host cell. 6. A nethod according to_any one )
A gpethasdeagsprdingdiorfiy direseaiag alfi@p ayhsregh eheosecornsh kosbs ransformed with
o ol S PIREXTIIEN K6 ol IR (828 billsise he
secdrapimy regtatbvohiter it whicherd et eedogkrouply enpressed insthestcondibasticell.
by a small nolecule. 8 A nethod according to any one
A gfiethdreaqepelediondaiol 46, mehereihdhe sevondbostaet as ai RsewdoBm@as and the
Ps%?do'ﬁnor;rlgg \?&]oganas{;o%r%{ryglwr} tthg ANy gnrgxe)di(r)lf% t ep &n %%gergciu“%d to synthesize
crai s, erern e conponent genes of the
mé&hgmpaiinCoA. pat hway are conprised within a
transposabl e el ement carried by the vector. 10. A
A metHuddoriatoduding@ 1hige ainyd DN mbletlieings the eBiongsahaofiwsheterologous
wherein the tragﬁéosable el enent is the MycoMar

host using A ianspasalle ISRA3.  11. A nethod according to claim
9 or, c|laim,O, erejn the vector fu r conprises
T'?d?‘i‘h‘b‘{ @C?rﬂaﬁégé@%ié’ﬁ*}ﬂ%" Fhﬁtﬁﬁf@a SlgE{t}F’ ] ‘H&‘e ¢ BiY°'8 ﬂ@“ 20 kb

in®dngtthe precedi ng clains, wherein the vector is
constructed using principles of reconbineering. 13. A
THEEMBAE] a6RIiAL BOCclhith #8YwikiEn Qhe 1aRR RFRACBRANGoRERE Bone or more
wherei n the second host cell is a Pseudonobnas or )
copppent &enss pfipbiogunthepic pathyyay fos sxhesisig a sscandpryapdabsfite.
the preceding clainms, wherein the first host cell is

. The methpg aggording to claim 20, wherein the large sized DNA molecule comprises the

whole biosynthetic gene cluster for synthesising a secondary metabolite.

A recombinant Pseudomonas host cell comprising one or more exogenous genes encoding the

enzymes required for synthesising methylmalonyl-CoA.



Sal nonel la. 15. A nethod according to any of the
precedi ng clainms, wherein the nethod is perforned in
WO t@eatd1se st eps of screening and sel ection. 1BCT/FB2005/003650
nmet hod according to any pred¢edi ng clains wherein the
23. A REOHaRRSS def i OPRERRA WL genes encoding the
ng substrates that are
reqU|red to synthesise the secondary netabolite but

with the genes encoding the
i met hyl mal onyl - CoA. 18.

a heterol ogous host using a
i 19. The method according to
cl ai m 18, phere ecuke isgnore
than 20 Kb |
claim 18, wherein the Iarge sized DNA nol ecule is one
or nore conponent genes of a biosynthetic pathway for
synt hesi sing a secondary netabolite. 21. The net hod
whereacR o stilgvged: fooru ftle gro@ conststing oh CHaeClhragd GHl-zedCHyA
nol ecul e conpri ses the whol e biosynthetic gene cluster
for synthesising a secondary netabolite. 22. A
reconbi nant Pseudononas host cell conprising one or
nor e exogenous genes encodi ng the enzynes required for
synt hesi si ng net hyl mal onyl - CoA. 23. A nyxochrom de S
derivative of fornmula wherein Ris selected fromthe
group consisting of CH3, C2H and CH=CHCHS.




