WO 03/ 062419 PCT/ DKO3/00044 1 Methods for nultiple paraneter screening and
evolution of cells to produce small nolecules with nultiple

functi onawiotaz®@s24I%i s application is a continuation in partPCaiDK03/00044

PCT/ DKO2/ 00057 filed 25 January 2002, 5 and clains priority from Danish
pat ent application no. PA 2002 01174 fi lfd 1 August 2002, both of which
are hereby incorporated hy reference in their entirety. Al patent and

non- pat ent rWethasdsdes neyltiple P?fam%e’aWPPB'&Slw eﬁ?'“?'ﬂ"tﬁé%‘ﬁé@eﬁﬁ’t"duce

appl i cat iron, gAaR nRISculESWRRYMuIBR! RAEAbR4lities reference in their entirety.
10 Field of invention The present invention relates to the field of

sel ecting cells producing conpounds that fulfil at |east 2 predeterm ned

functionalitygs aFJ IRBtidrN¥ &NSrBAURTINTR Pl Yf b@crm/mawem bmnf 9002
screeni ng of cel for two or npre functionalities rel

mol ecul @s gedist gligg AEpritydeam Panish pajenhaprigatonfih & Aa%‘l‘@n@ﬂl”éé"edThéuﬂ‘é? hods

in one aspegio0bothREwhitM@ié hebRiRofRENBHreMreRcdRithaf sntirefy. evol ution of
cells to acquire at l|least two predeterm ned functionalities'related to

smal |l nol ecul es. Furthernore, the invention relates to nethods for

gener ati on ofj lpafsmt %ﬁmh%ieﬁth@?eréﬁc%sséie@%emeZQth@éUcfh RIri ifethy rla'él&'lt' on
and at | east one further secondary function., The nethod according to the

i nvent i on nedPRIiFAL9Rr Are@lgoerely insergoiatedhyysiarenagdh ar %rﬁ'f%énl ng.

Backgregnd of invention 25 Screening and sel ection Methods for screening of
cells for a given functionality using automated screening nethods are
known from tHeldefiisyentian Exanpl es of such nethods include: 30 US
20010041333 Al (Short & Keller) discloses among other thing a method for
screening a _B?I ynucl eotide library transformed jnto a suitable organismin
a FAGS (Flu S BESAUSNWRAtO) Jedtescie the disld e selectig qql'ﬁr%?‘iﬂcifﬂyc%@o%ﬂ%ened

to deter m nemai¥agi AQBadt eprtidtbHhiRed AhcAsHIifds. TRE SrveRisH blidriRedduses bes -
Anot her possibility is to screen scvf (single-chain fragnent variabl e

i brar 155 agapieds fen sppang, aideal PR THRIEr Mere BstionaIbeTCeialsHoty sools 2

(multiple eprhbl@@@e§§@r¢ér§t%d bVIHotsi &118 WithGRRE! en%l%@,érﬂﬁl)est @h@me%'ld%isan one
multiplicity of scf whi have different binding OE{GCI ities.

6,174, 673 (ﬂ%?kﬁ)th%iweﬂmﬁww With E@I'@Héé?fsw tiog rpf Gelisatol @%Pﬁ?y and

an at least two predetermined functionalities related to small molecules. Furthermore,

the invention relates to methods for generation of lead compounds that are selected

20 for a primary function and at least one further secondary function. The methods
according to the invention may in particular be used in high troughput screening.

Background of invention
25 Screening and selection

Methods for screening of cells for a given functionality using automated screening
methods are known from the prior art. Examples of such methods include:

30 US 20010041333 A1 (Short & Keller) discloses among other thing a method for
screening a polynucleotide library transformed into a suitable organism in a FACS
(Fluorescence activated cell sorter). The library may be screened to determine
whether the mixture has one or more specified activities. Another possibility is to
screen scvf (single-chain fragment variable) libraries against multiple binding targets



5 assay together with FACS. It is speculated that one could enploy m xtures
of substrates to sinultaneously detect nultiple enzyne activities of

i nt er est weimsbbaneously or sequentially. FACS instrunent SCTaKd@beat

nol ecul es that fluoresce at different wavel engths, hence substrates, which
fluoresce at different wavel engths and pndicate different enzyne

activities can Q . 10 8 Di. ver, i . i ng
mot hods ver e SPRord fibsied gt 1eBBloR socfiekTd Bl 33 ARSTRT oF 60

descri pti on whiombavediffeteet irging spexifities. yi el d backbone structures, which
can then be decorated in netabolically rich hosts, and finally screened

for an activity of interest. Alternatively, clones can be expressed to
yield 15 snalU$ 616746618 E3ivetsa)edistlgsesvibe alseod reobencapswaiondoff alibrary and ani ty of

i nt . F A i N t
o1 ow - B ¢ 9] Ho0BAE: Wi ~ACS RS RREERN Het SRS RRRERIbY e bt ©
and/ or enri c$ubstrategedms sinhitaneansly idetentr ewiftiphyy emayher ativitiehi oty intarestor e

than one desuERbiau B dlols| PhBs RAGANLEs 16 slay tAnaols, seheens:

20 US 5, 837, to recursrve seqguence
reconbi nat i offuoreddef dteditferentvageelerigtiss; rhemne raybsirales elviich iflooreace atl elifteréded,

anong t hese 0, . 1 1 rter cell
i ncor por at ed\Rll n I%@%seénﬁgﬁggggﬁ%%ﬂ%ﬁggg@fé?%Ibgﬁnp;lcg{%gt es to formng a
popul at®on of gel mcrodroplets encapsulating a popul ation of biol ogical
entities (SLWq V] - M@r o 0
m cr odr ops eac aé/r?ggépfl’sﬁ?'g%(%g):d'gﬁ%%gg %‘%%Iﬁlﬁ%/ :meéon a\gé[??lr?gﬁ'{ rgg§ré)oos%u§§ltjlson of
m cr odr ops vé,1 74,67 prAstcerdivg torhé gbsdrigtisr slones earc benekpraeseadchioyyield bgckhooe i n an
entity in at 0, ' L.sQl.at i : Q :
m crodr op. vﬁg‘@gﬁé%o‘%c%%bgﬂég?”er e?%’[rée%et'g 'b%tgbéltsb g"@?'céﬁgsf oér}'%sgr?a(eﬁtgni ng
expressi on dadréeredifos an ity aiaytetest. ditearatiagly,utlenasdcan ibéd ekpressesicioedelti. WO
03/ 062419 P 4 . [,32829 ' ' o] t hod
for scﬁ%eni %ﬁggﬁélggﬁ%s dfrg%t&oa‘%ﬂim% 6’%2? égelﬁéqh’gg’ ggﬁ\ﬁt& éfzntgﬁe{gﬁ into
"sanpl e" andrurtrermers; etiltiple giroprsodarc tbel désignadhand asifisesl e atlew €oudtiplexsi ng
fl uorescence A ¢ e [.Sh . . f
correl ati on"s%%%%n@hregﬁ@%ﬁ eg‘él 'Iim}-ggjcerxetss }C(;?e%lng] GAW‘%’ «%’r{rm:Sﬁ\ggQE%%% t%e 5
means for cooneeisaacreaming andiorphryishioglford mote thac lonagesiratiie mutamebiomdulbe ween
the parallel and simultaneous screens.
20
US 5,837,458 (Maxygen) relates to methods for recursive sequence recombination.
Different ways of screening and selection are described, among these the use of gel

microdrops and facs with a reporter cell incorporated into the geldrop.

25 WO 00/08212 (Cellay) relates to forming a population of gel microdroplets
encapsulating a population of biological entities (such as cells, vira, chromosomes),
whereby at least some microdrops each encapsulate a single entity, contacting the
population of microdrops with a probe which hybridises to a complementary
sequence in an entity in at least one microdrop, and isolating the at least one

30 microdrop.

WO 98/58085 (Diversa) relates to the use of FACS for screening expression

libraries, which may be co-encapsulated with the “screen”.



sanple and the fluorescent |abel. The advantage is that the connection
between cell and secreted product is not lost. As can be seen fromthe
above, no@®D 3foe1dhe prior art focuses on devel opnent of 1@®CcmmddiBioewsenzymes
and on nodified anti bodies. Comon for all the references is that they
focus on screening the cells for one fungtionality at a tinme. O her

references f the devel opnent of reporter syste ntion the
bose bi 1ty SO RIGRREY (e MBI BREBses = pERBR ST ¥ aiite Frd @y BBridcan be
15 di sti ngui BNAdibrasfs Bhé BOstlc@ls akdputentdi ‘sample” Rhdrthel agcretddradfgsrotiuct intoani sed
green fluoregcent protein enes, |t is nmeptione hat. Ps.that pr.oduce
i frerent congaprel B Sue P inRe nubeernt e irPRT featPes Feidel il A
an exanpl e i& “mears fat eorrélhtidn” efWeanand hystaell @ucretior? GndtHestiuvesscbrcaelJed t o
identify multiple,.cell pul ations in m xed cell culture. er tions
ol udet r ace’ KichensH 4th 6 Bva JokibSh <82 snptich! By Belfkn @B hin s
singl e cel |, sdmsis aad the fucgesteanibeli THedadrhtagk ipthattieesonaactioy bietvden ostli ch
gene expression frtognt tdifftelretnt pronoters is deternmined in the sane
cell, tissuebtSe%TG Rfoﬁf "3R8 'PACS sorting of mixed cell populations. The
concept of using 25 distinguishable reporter genes for the sinultaneous
screening fof different traits_, harboured,in the nme _cell s not
G sclosed. | MEe o pocteay S i bdltl ARk BE yicDoddicart REsECoR coReifithent o o1 o
del eti doal mmbdifies enzyineds aid avwnbdifiedsantibotien cOoramos doradll the kdfenehees is iaatt er

di scl oses several

genes and Wgod et al 1989 . 30 i.ence .244: 700- 702).

| uci f erase gtg]%go%f)e}’?cfﬁﬁg@gi%e %@%if?reqngsfgnéﬁpglﬂy 8&&@@3& fferent colours
when biolum nescent. It is stated that these could be useful in
experinments jpn which nultiple repaorter genes arge needed. WO 03/062419

b K03/ 0o0aher Aetprhelis eiefed 8N b clevEPP Tyl BRecHRE sisteDa g e
screeni ng f opodsivdityrafs bavieg odifferent eepdren systeras zyhereinn tide sigrlals wah bbey do
not quHS on.screenigg for properties related to snmall nol ecul es produced

by the 'host ‘(i,'ﬁtl'rlgé‘!Shg WO 98/ 41869 (Chronaxone) discloses an approach to drug
screening that is designed to couple a screening assay both tenporally and

spatially to a oduct thesis.in m cr.oorgani sm_ The, reference
orovi des” a P dHeien RIner B8 el iyl S A5 Dibngeckhy PREIR g
speci es t hat genesdi tsrmentidnet ahat GiFRethiat rofiaoe differedr cujowss perit simotarssouassay
system that det ects

e ! 8PP RO el AP RS LB Bl AR K Yool
20 GFPs can be used to identify multiple cell populations in a mixed cell culture. Other

options include tracking and determining the location of multiple proteins within a

single cell, tissue or organism; differential promoter analysis in which gene

expression from two different promoters is determined in the same cell, tissue or

organism; and FACS sorting of mixed cell populations. The concept of using

25 distinguishable reporter genes for the simultaneous screening for different traits

harboured in the same cell is not disclosed.

Metcalf et al 1993 (Gene 129:17-25) discloses E. coli multiple deletional mutants
that allow the simultaneous use of multiple reporter genes and Wood et al 1989,
30 (Science 244:700-702) discloses several luciferase genes which produce luciferase
which cause different colours when bioluminescent. It is stated that these could be

useful in experiments in which multiple reporter genes are needed.



systemin a screening unit when the producing species is at a phase inits
life cycle that is optinmal for producing natural products, such as
secondar ywoaBabnoihi9t es. The produci ng species is spatial | yquasasioonad
relative to the assay systemin the sane wunit such that conpounds produced
by the produci ng species can cone into cgntact 15 with the assay system |If

a compound ssesses the d esire activit enerate
a signal tha e@ﬁa’BF@gle 7RO %fe?'}'tsfj ch'??'cﬂ‘?y‘a%wﬁf” P%’Sfé%wi tﬁ? Qrﬁ%encg eeni ng
unit. The r emerecthar ctheasnzpob umdohfeﬂsbutahégedo fnohfocue alsctéephgabr properties
conpounds tha i der to optimse a

phar maceut i cgr tg{%r%g{]ﬁad%ﬁﬁgs P@gﬂ%@%’f ﬂ8§e°segfve screens will have to be
carried out and nost 20 of the compounds found in the first rounds will not
meet. alL th Ik el seen in ndard dru SSONEr Ve Furth t he
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standard drug discovery. Furthermore, the system is dependent on the cell cycle,
since there is no control over gene expression in the producing species.

US 20010047029 (Handelsman et al) discloses triaryl cationic compounds that

25 exhibit broad spectrum antibiotic and antifungal activity, pharmaceutical
compositions containing the compounds, and methods of treating bacterial and
fungal infections using the compounds. The compounds were initially isolated by
screening a 25,000-member bacterial artificial chromosome (BAC) library of
environmental (eDNA) from soil. At least one clone produced a dark brown melanin-

30 like compound that was found to have antibiotic activity. The compounds were
isolated and synthesized de novo. From within the positive clone, a single open
reading frame that shares extensive sequence similarity with members of the 4-
hydroxyphenylpyruvate family of enzymes was found to be necessary and sufficient
to confer the production of at least one of the subject compounds on E. coli.

35



measurenent. This invention al so conprises gel mcrodroplets containing
mar ker 10 entities which enhance the neasurenent of gel mcrodroplets, as
are proceweoas/obmm9 form ng and usi ng such gel m crodropl etrET/DMD3006417643
(Cellomcs Inc) and WD 98/ 38490 (Bi odx Inc) disclose systens, nethods and
screens for nonitoring the physiol ogicalsresponse of cells to the 15

addi tion of hi | R 0, LI hi gh

t hr oughput vﬁqgh%%f’%ch\ﬂ’%gﬁ%\bg’g’&% IW&&% g)ﬁ:d iFBPR@E%%U&g?b (%da
subcel | ul ar preveds fas capldringsmoteeaipsrat! bindihgrsites i withim bgelitmictoalrgpdsts.i Mhe

physi ol ogi cal , bi ochem,cal and npl ecul ar ctivities are disclosed. These
ot hods ol | MRS, Ak SIEg 5o o8 TRDER pRisqdh  dfoheRT B, O g e tured

si mul t aneousihylecllae Fspeoesssinvblees traadors wf gabicrédropleisr (gek mic28droplets)
charactegrisation of |ead. conpounds or faqr nitoring envitgnomental sanples
for the® praklihBiode iFs darvialies setaied o sl o ikt BERSiP'dE pend
on fixation ain optlealye bk sineubdted, earidhthen deedsursrt forethanutesenceodf mbleowes he
recovery of Ll screeni ng

e cell,s t her ef or,e, maki ng..t he. system usel ess for
en e obroplied Bt 1 go MR SR BREPE Bitd, T BloRER ARG Bebfrafieh
conpounds. Fard hisolatimne dof heellsy dased e embaseem@®, oor rallbws wisblatibror withicut of 96
or 386 wells d are t , sui ted .t he I | igh .thro ut
edoq when DeRSndhen! BHR AVniH'aisl oo fbridecod ik Eplad cdfhainlddl BUHEP
al so om0y abénditieowlick @nharazr thratmeasutement bof gell eicasipapddts, asf arerpoogessesfoounds.
They do not { m sing small nolecules with respect

[ QVi ny neans . for ti

to multipl eggﬁl\ﬁg%ﬁ? g?'ég 85%] %Ilﬂcﬁg&g'%ﬁjmnt Drug devel opnent begins with
the identification of a | ead conpound, based on the ability of the
conmpound to i~Rj ire I Ql oqi f , h, a h bility to 35
ingipb:Jt bact@:ﬂl“gp) 12?&\3??“‘1"?\'%‘? Er:uﬁ ?rﬁjleﬁ\gétq%éaﬁgbo 'ogd&t Qngscgﬁgyﬁlﬁ{,aﬁgﬂcrease
or nodul at e M&ho8¢ @BA4kDedSTIADKAABMIAEIOG 4he phybielogichb kespohsan@fircetls anshett er s,

d the_like.,Biolqgaical. activity is typi term ned .on .t he basis of
o0 155" el Ao bR el b bl BEPGRBHECNEE OSBRSS0t
drugs. Typi cwilh pightchetesesmatial mforowatioreai theheil@aband subycehales levélcassweleas  only
a snall|l percentage.aqf the c unds_tested,.since further development is
Fow' o t hr ougREan ouidtn SHERR SReRdsCR BivsioRiel SCHstbar i MRRHRL o
opti m si ng vantiyitied aw dideldgedc Thpsamathops rallove elultigln typea of @slililatakactions tead

conpound hasbebes Udiége%ﬁtﬁl{aﬁgo@sﬁ]ﬂ Sll%leeCstyg't%rr}c O ftHerrte%?er suitable for further

20 characterisation of lead compounds or for monitoring environmental samples for the
presence of bio-active substances. However, these methods depend on fixation of
the cells and are thus destructive and do not allow the recovery of live cells,
therefore making the system useless for screening with the purpose of recovering
the cells that produce the desired compounds. Furthermore the systems are based

25 on multiwell formats of 96 or 386 wells and are thus not suited for the extremely high
throughput needed when screening very large populations (10%-10'%). The systems
are also only able to give information on multiple aspects of known compounds.
They do not provide any means for optimising small molecules with respect to
multiple parameters.

30
Drug development

Drug development begins with the identification of a lead compound, based on the
ability of the compound to exhibit a desired biological effect, such as the ability to
35 inhibit bacterial growth, inhibit the activity of a target enzyme, increase or modulate



devel opnment, its ADVE/ PK characteristics are determ ned. ADVE/ PK concerns

the 10 absorption, distribution, nmetabolism excretion and

phar macokweasioestiof drugs in the body. The ADVE/ PK proper tACasDKIf3/0a04dr ug are

critical, and often serve to distinguish pharmaceutical products from nere

| ead conpounds. For exanple, a drug thatgis poorly absorbed orally may
ctive,

require intravenous (Qr other parentera adm nistration .to be eff

whioh may bePEndaaRn SprErprn SR A then e 100FkaL Bati B BTG unc
effective asdeerndmdd bn dhe basimyf re vitroedxpedrhentatidroot assays iesigaed ad rapdiy ngi ti s
if its distribution.doeg not_carry it to the central nervous system A
conpound tha'fjeri?t@y quﬁiﬂﬁd §rt1,g§tgxg>(5qql%ghe SHggten Cé'%é%}aéfa bﬁrﬁryn rsl'|1 é’s i the
body | ong enaigh strall peedentaaget of thétemp@chdp vegped; esinc2Gurtiersgevélopmantciengeund t o
be useapl e a dr it rmust fulfil nultiple functiopnal . requirenents. It
must | nber atauePRLtng el Siaertye o Sepphdh 51 mECRIRE RS OMRHERE:  »
t he desired fewn(na) copolrius peameeki me it should not interact with nmany ot her
(often simlar) targets or have mmjor non-specific effects. And then it

must further have the right physical-chenical paraneters and be
met abol i sed Oycd heahdidgtel or lead cdmpaand: phsalbeen niemtited aBe Galestedofor firirer

et abol | sed Opod b | p i a _
Hovel oni g digsEBimett FARIERIE SatdererdtEs RIeG8 i o, ATNE K dPEpiRne
expensiige ]géiﬁemﬁgn,p@striBMMmes?ﬁauollimn@@mg); Iaan thuslmgcokifgﬂcs:@rtﬁugn' inghé C.
8-12 ro r 0..cl 1,ni ) . C I rimayy. Screens
O eaunenS e The APRAERE tedetids 4 i alf etk el Med deBonBritnd s Eory 1
et Pt s i m et e
ar nace | Ca CcO a S nas - S S V
ot fort for STy ARORBEH STV ey TRt dnatehals (ar eef pafentessl Arainisialen,
Cﬁrrpani es arte, be rffectivee quniainc enayf e I%nagcéptn\?\}gatto‘rcfhenmmdﬂiougm bé¢ ttdated. 35 rate
they r ors

[ i sfy. their |n 2\ 3/.062419 PCT/ DKO3/ 00044.. 7
Thete 191 niipoRBR AP dn bR Bbina iR Yo remaray g
conmpounds.  i8ydistebitivnt daes, nodparryiitste dhe oeftrail ndsobaegsted. Auddmpount lthatfs e
bott| enacks RN DaperAEr S8l My Do eRB Re R Tond el W of < e

present i nvesdrvedits ihtended pemposel | s or conpositions of cells for two or nore
desired properties or functionalities. The principle behind the screening
of cells

20 Thus, for a compound to be useable as a drug it must fulfii multiple functional

requirements. It must interact with the target(s) and affect the function of the target

in the desired manner. At the same time it should not interact with many other (often

similar) targets or have major non-specific effects. And then it must further have the

right physical-chemical parameters and be metabolised by the body in an
25 acceptable manner.

Because of this intrinsic difficulty and complexity, the process of discovering and
developing drugs has a very poor success rate and is thus extremely expensive
($600mn per successful compound) and very time consuming (c. 8-12 years from
30 discovery to clinic). Only c. 1 in 15 primary screens produce a compound that makes
it into pre-clinical development and only 1 in 10 of these compounds then make it to
market. The average pharmaceutical company spends 250 man-years of research
and development effort for every compound that enters the clinic. Most
pharmaceutical companies are, in consequence, failing to launch new drugs at the

35 rate they require to satisfy their investors.



10 according to the invention is to produce a great diversity of genes in
each cell and a great diversity of genes anong cells in a conposition of
cell s, suwpoestocishe conposition to screening, and opti onalPcy/paoslonad4on. The
genes may be exchanged anong the cells to evolve cells produci ng one or
more conpounds with the two or nore desjred properties or functionalities.
15 In a first aspect the invention relates to a nethod for screening a cel
produci ng at | east one conmpound, said screening being for two or nore
functional i tThese tsftheaiameedo'mmwmio sevelbpeiethods ¢arnpoduinygletd eospeprsdsof 20

R Tt

sequences adurleatiaterting adtiresses chehd ties mlajog botlesexky éndreg degelopméntcat ed on an
artifi Cé chronosone in said cell at least 2 cells of the conposition
contain“different heterol ogous expre55|ble nucl eoti de sequences, said

cel | s bei ng Slenontaeylopinedntien cel |l s, 25 b) perform ng one screening of said
popul ation of cells for at |least 2 paraneters related to the
functionalities, and determ ning a selection criterion for each paraneter,
30 c¢) sel ectit iegncz&zhlotﬁthm&béengirabnﬁomastscme cpliscratoenpositions sededis farawo or

Combinat| onaheredbSERd bRReRES Bt fFSichalies" e biloids BEURA R sserl Y FosEnc:

cells Wth scremirngtg tlmef invergioe i<t |brsducfeoa gteabdiversitp biegdnendmn ieactatelt areka caused

by smal |l nol ecul e5|sed b ost 35 cells. By ¢ i ning, two or
mor o Tunct | SHER EVERHY noloRE e ARREn G Polh . CoEoHEsm iRy s bise: 'S

PCT/ DKO3/ 00(b4>4wp08|t|sn n@emeagng,rmufeﬁtldnallyspmiutem\ The ayades h&ayl bek ek¢Hanged of
identifying co ndsI }ul fi Iv enlg 4 Ccri terira irse ioncr ea i 'It'ﬁetl nvention
al so perm t &Y aecr?? catd 3n°(5 PLEtYeLe %r?p%bmg of "RPHP %g\'g % ‘%%l%ounds
t hat are notmareldesiaed properdigabnfsinctionglitie®. phar macol ogi cal target, but at the
same ti%E fulfil another criterion, e.g. related to 5 ADVET paraneters or
phar macoki netic paraneters. The corrpounds synthesised by the cells
identified Hy & firet aaxichoithe imientible rglates ent methied forassrasaingtanoell prddaciag ahi gher
degree of |I|ke| i hood to rrﬁ into %ru S Qeca se thteﬁ ar e.not onl(y
identified P87 PRSGITRLL v?"‘l' S&’&&P'ﬁ'gt eé'ggpFPé R 1 BYeCHMHRANSS O3 cel 1 s
as defined idongioapd,aaidc@bthobeompfiging ta stepsasf pr oducer cells because they
produce the conpounds screened

20 a) providing a composition of cells, said composition of cells comprising cells each
with at least two heterologous expressible nucleotide sequences, at least one of
said heterologous sequences being located on an artificial chromosome in said cell,

at least 2 cells of the composition contain different heterologous expressible
nucleotide sequences, said cells being denoted producer cells,

25
b) performing one screening of said population of cells for at least 2 parameters
related to the functionalities, and determining a selection criterion for each
parameter,

30 c) selecting cells meeting at least one predetermined selection criterion.

The invention provides a method for generation of novel gene combinations through
insertion of multiple heterologous genes into host cells with screening of these cells
for two or more functionalities caused by small molecules synthesised by the host
35 cells. By combining two or more functionalities in one screening round, the



10 and selected for. This is to distinguish themfromreporter cells which
can be used in connection with the screening and sel ection. According to
one pref ewoaed/oenbodi ment, the pronoters of the expressi on pcagsaisioesi4 are
controll able, so that gene expression can be controlled. In such a system
gene 15 expression is not dependent on ghe cell cycle and the chance of

expr esei on - RLEV ELo R 31 HeaBlt WPrERRIRE e Re S Penlfle SEREEUEs U
oF the predent L AVeNtian O her vectarsoapart 1rom ar Lt kLAl chtamosonee
gan be 5sed ?agﬁblﬁagﬂggﬁﬁh.ﬁﬂ%ﬁec?{ﬁf%%gfso%’ggsargxﬁ?teghs@b%détfvﬁugséig?cti §8 g
sequences ]E)_lphamnaéc&mgid:ﬂl yargeth suiaat thal dayneafime mﬂfiltimﬂteraxiteriphae.gd radatedne or

[ chr r into :
artitichal CAPBRDCERERE R BGH Rl bR e, Ehbardl M res,
stably ijn. t{'tB/ thel ¢etls?id?'fliﬁ§adilby§»tha/rmetr SO%SSEHeepneaMte'nwﬁen i)mayrmm. Cehlea/eaa e
e oot BaBle s P PR BB BB MR o M e v
;:ﬁlal i g\r/ egtei e‘mthetragti\ﬁty@gaisaﬁ mlplgmh'iacolfgifayl_rtdﬁgzg Ttrhe gal(lzqoas(;dd'megm stfip‘?q)ggmrent of
activity, i ISP RREY BiecEn e B beshlsd Tl BB et BRENEE shifered e
or coh@ert eahdmelaxted foagthisoat dintnguishpghemdrim rapottérecetie wbichexhinde! dsed ilvbr e
preferably, c%nng?&’mwﬁqh?g&?ér%é‘ggé gelgg“aoni_ nvention is produced by the

'es of a €as

conbi ned activi enzynes, at |east one of those enzynes
bei ng encoded by a heterol ogous expressible nucleotide sequence, which is

erbodi ment vReoty R Ry eisired St e RARR s Plitsidat Sadebhes
PCT/ DKO3/ 00Gaté cobtraiablenpatiat gehy axpression cisbecontrodled|latsucnasystdogigsne On t he
or ot ¢i 1 anc BB bitengited shn 3t ble e HFRE A EPuflnadfif®inn o

from di f f er estimpeond @essintreisédiese are not directly selected for. 5 One of
the many applications of the present invention is the devel opnent of drugs
or drug candidates. Therefore often at | east one paraneter is a paraneter
related to TEwt desigry aadadassembly gthexpressidrogassattes apniained Twittsn dlellattiflo@l | N t he

Sﬂg?%gﬁrggﬁ%ﬁrﬁ% ?c% ?g ,V\];e r%em%ﬁee r;\epn%/npgs%?olg Ss%ﬁﬁ:tes Ogret@e%cﬁgeraein detailed
20 description part of the present invention. Other vectors apart from artificial
chromosomes can be used for harbouring the heterologous expressible nucleotide

sequences but preferably substantially all of these are placed on one or more

artificial chromosomes inserted into the host cell, because artificial chromosomes

can harbour large genetic inserts and replicate stably in the cells especially when

25 selectable genetic markers are inserted into the artificial chromosomes.

The compound for which the screening and selection is performed can either be
contained within the cell or be excreted from said cell. According to a preferred
embodiment of the invention the compound selected for is a product of enzymatic
30 activity, i.e. a non-native primary or a secondary metabolite synthesised or
converted by at least one enzyme present in the selected cells. More preferably, a
compound according to the invention is produced by the combined activities of at
least 2 enzymes, at least one of those enzymes being encoded by a heterologous
expressible nucleotide sequence, which is preferably located on an artificial

35 chromosome. According to this embodiment the definition of a compound does not



10 screening for the activation/deactivation of a transcription factor and
for the expression of one or nore genes regulated by the transcription
factor. Iwoasoetityey enbodinent it could be screening for @cdasa®do44

phar macol ogi cal activity and the absense of an undesired phamarcol ogi cal
activity. In another enbodiment of this gaspect, at |east one paraneter is

t | ated t . t d at
ebot “one. 1 FERGPRPaNERIHEY 0f Py omﬁgﬁeﬁ §hirer hoahedh ey ™" *
provi des scragyiaigp meslibds thlei cgbnertahdm st Advel corptdimatandn entyntdte thaghve

araneters, i.n a . B unds ltiple

(F:)ri teria, a%ﬂg)%aé'ﬁal Eéjt'fgeé %aq{otgﬁw PPe n{ tjf%g (fff?én?r% éceéﬂ)q%&%a Wance
of getting tdircothgbeledtbfazost!|y clini caI trials. 20 The paraneters rel ated
to acti¥i ty agai nst a pharnacol ogical target may be one or nore of

I nteraction or non-interaction with a |ligand pharmacol ogi cal target.

i nteracti on Otie ahaenmy@fppiimuemswftth@pré@hhn@htuenmﬁe ds{radspsmmloﬂgh@alolr |
target. i nteractio nteraction wth rece ar, ogi ca
target. i cRRGES T ARRBENRN 6 Bas e Sirbefr 'S g eBr BRI oones
encoding a aﬂﬂautwagahagacﬁiarmae@egncal takyet.i mhusbcdeIdereorn mamaeammu of
expressi on may be caused ﬁ]ﬁthe ablllttyo rr};)l I| qtothe

pr onot er qslf\é‘?ﬁp@go or{1Ha"e 180 Png) arRect Hf ﬁesagfﬁ ?Sr,na[c(g og% BFWEYt §%r not
bi nd t ¢0t r arssegdniig dor treec tagtigationidedidtivatiororof 04 tedrisctiptivni Caetarf a@:l ok hh@f a
reporter cell such as a reporter cell ﬁ?eﬁ )p rticul ar, Bh%t Io c st age.
Thi s reporte?xpf:eesfsion frﬁeos@P@cg%ﬂ?sfng f eb nsgréq{g) ?ﬂg BN eria,
fungi, | pr ot omtml | dirhentnit Klblhlﬂ kel gaeer;ulmg fort s, dﬁsmdephabw_“aablegmal a!(ﬂllvlt)EbhdttES,
manmmal i an cell s t c human cells at.hogeni ¢_m_croor gani sns ,

o oul t ur o280 O B B ERCR Feriyyo iR SR, dn PORIB sARRUGER: of tis
virus-inf ec]tafyﬂecteldtsl,eamoasl parahtter PETA DE&ane 4 delatdd tbuaﬁtrV|t¢eddaan]:(Téle
report ce ve 0O ni s ung :

b bt 0238, ol e besfagival Mo, 8R4 b leaptne [ ABRE BBl i g7 ATV pAtaetio
agricul tur a|THEe|ETI@1t|05 alogireviadd ycréélﬁng nmmﬂ'smmmurmse Sﬁ'ﬁc@ﬂblﬂ@ﬁdrﬂﬁf thé cel S
rreetlngapr determndvau n.ane ararre

HD % . r@é , srch a@ .
sel ection of? 6’¥? PEraREP T nG: ga"b?’éVd%’ T mvn m'?)'%é?ﬁ MmBeUE Gy pYPBIRet s |
early roundsdro§ candigftes ﬂan bt idenyifilethabbadnah imsrelét thance of getting through

the costly clinical trials.

20
The parameters related to activity against a pharmacological target may be one or
more of
e interaction or non-interaction with a ligand pharmacological target.
e interaction or absence of interaction with an enzyme pharmacological target.
25 ¢ interaction or non-interaction with a receptor pharmacological target.
¢ inhibition or enhancement of expression of a gene or set of genes encoding a
pharmacological target.
¢ the inhibition or enhancement of expression may be caused by the ability of a
compound to bind to the promoter sequence of the target gene, or the ability to
30 bind to or not bind to transcription factors.

e inhibition or stimulation of growth of a reporter cell such as a reporter cell at a
particular physiological stage. This reporter cell may be selected from the group
consisting of bacteria, fungi, protozoa, helminth, algae, plants, invertebrates,
vertebrates, mammalian cells, somatic human cells, pathogenic microorganisms,

35 agricultural pests, cells infected by an intracellular pathogen, virus-infected cells,



cells neeting one or a few of several selection criteria and in |ater
rounds of screening cells neeting all selection criteria are often

sel ected wo a3lobugerated in 10 Figure 1. Any nunber of scrrearxaayodbe
performed on the cells sinultaneously. For exanple one may screen for at
| east 3pararreters related to the two or gore functionalities. One may

al so screen for S araneters r o, the two . or S
functionaliti esn‘mPﬁr @%g I]'%ﬁ%)éalrtgr agllemay ?E 31?5 Pl IIVQ@fgéH}ﬁm,t%g-, ﬁ@%‘ﬁﬂ@
conpri ses per ftofidgli Ppeotdiod, esigde, oplentsprumwmewtés)rnnsécté,emalgﬁdaarparﬁtes,s
related to the two or nore functionalities, such as at |east 6 paraneters,
for exanpl e at 39Egdiurg peaér ameters, such as at |least 8 parameters, for

exanpl e at Ieast 9 paraneters, such as at |east 10 paraneters for exanple

t | h t t. 20,20 t t
fleaste a; par Ear%gg'g%%ﬁ’ﬁ’ﬁ ?5??%'(’5“[1%@3%? éﬁoﬁaﬂfﬁﬁg@ﬁg%;h%dﬁ '“&ﬁd’ ?eﬁgth

of the sel ecoi more tHanesneparatrietdr) mﬂme/sblecmmaafg@éllsaﬁdétmg a prjetaserdf or at
| east sone of the, repeats as described further bel ow. @FAno he a ect of

the inventi oV rheaN PREGIIE L FHY OYRISChaTeaUNad g2 rﬁS‘&S‘F’b“ ‘E)tl vi ng
a cell produgélrgmebtingcant @ng fewngiossvdral swlecbnc@rammnadarhwvm Mget W6urRle ofmor e

predeterm ned functiopalities, said method co n ste of a
D oviding. o SURHOSS el refetBe a1 SIPR SBHA ST ohRn SRt 8 dbapRied;
cel | s wot h afigud01.l east two het erol ogous expressi bl e nucl eotide sequences,
at | east one of said heterol ogous sequences being | ocated on an artificial

chronosone in said cell, at least 2 cells of the conposition containing
di fferent henry almperust semhew yleeperfonakbe oh itl@c@lscwﬁmmougﬁiﬁbr@Qérhﬁlebei ng

denot ed producer cells, 2419 PCT/ DK erf.or

e e o e g 1S {6} B oe Saaraeters ratog Sl tworok mitke REIESNATNES, 00°
t he functl on@hetma;z alemdscr:wnfafdm ati mtgsta4sghreﬁtelte1t§ :@ratéderto gnefWo_ e&ghore
aramat ect | ce rree I N S (0] re et er nea,

IOeI ectil n cr éyqr@htesd)l?m sﬁ"b"‘lsg’{rl ﬂ'@f AYBRISSS t he
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CcO osition o C t here obt a 1 N east on new C ositio

SOt (L et dundlnabiiss, stien 281 LAY & pariariae oy | SiamA B leptogt v
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20 parameters, for example at least 25 parameters, such as at least 50 parameters.

The type and strength of the selection criteria/criterion may be changed and/or
increased for at least some of the repeats as described further below.

25 Another aspect of the invention relates to optimising compounds using a method for
evolving a cell producing at least one compound, said compound having two or
more predetermined functionalities, said method comprising the steps of

a) providing a composition of cells, said composition of cells comprising cells with at
30 least two heterologous expressible nucleotide sequences, at least one of said
heterologous sequences being located on an artificial chromosome in said cell, at
least 2 cells of the composition containing different heterologous expressible

nucleotide sequences, said cells being denoted producer cells,



expressi bl e nucl eoti de sequences, 15 e) optionally repeating steps b) to d)
until at | east one cell has acquired a conpound having the at |east two

pr edet er nwoad/obunmet i onal i ti es. The evol ution net hods accorrditrmKamotde
present invention conbine the potential for evolution of cells based on
assenbly or insertion of a large coll ectjijon of 20 het er ol ogous genes into

artificial CAr OIS ONBS vectors that can be . ins d,int or
co- or di nat ed?eRYILININGFCERUNG & ﬁég'dl %Qpé'f ! ocﬁ ﬁ foa{rqtq??sgsélparame%rs
chr onosones. relhed & pthes Sedtigeiidss, i ah@rdmérnwmh@ g asdleaibhecritanich Vot heatche
genes of the hos{ cells and create novel or nodified synthetic pathways.
The heterol o@ﬁfag‘ee&enes are conbi ned with other heterol ogous genes form
other host cells (and as the 25 case may be fromother sources) in a

st epwi sg evol ut of ,the I to ac re the ility roduce a
compoung f ul Phaeeii tols RastBe of e e tpclerien frdiohbulsels bl e sequence”
is used with its normal neaning, i.e. a sequence capable of being

d he h | | nbi f
cxpr ossi bl ¢ YedUERENS rEy b M o R L

process of sexpeeaibl@tr&pfeomﬁe maquegcesr frommahmihag dohfpoeuupn esfscéllse themwences,
i ndependent th t} I t i nati o fa el% 59c nbi nati on f cell
expressi bl e 1 a'U@ﬂc% egg g%wem C%'B?r%ﬁ H)ﬁ'tf) Re'Sr S8 pP%‘gs(foﬂpoéggge?t%eésor 35
conbi ndoi on cﬂmmtsmgrnw@ms at lé@sﬁﬁzbﬂ@%dl@g&@é@l@h%ltﬂ@%eotma ssqwsmceé amay be
r epeat ed untI t gﬁ] | esired unctll oagal iLties Oh

Ther eby st ep 8} 98 B%' 8%%9%%“%%98%96"%5&95’[9 €9 9388 3t 'r?@éc fBF‘é’F%rP%m y
fromO to linOsdid mseﬂs atsleast 2<%efls ofntie tompOitidn o@gainimgcdifferent heterdlogoas 80
times, such as fr imes, such as fromO to 20 tines. The

S ﬁ) mao Ie5 tit8360u
screeni ng f uFRE PSS E“f“y Qe SRAUINEREL | onal | ty during the screening rounds.
The screening functionality is nornmally different fromthe desired final
functiqpality, but in_ some enb gi nts. the screeni functionalit
dont 1 981 wi Sherieatydep RS sR AL LY pi15aSh8 SBL Pe ARG oA BNy 1 s
al so ref err eavirg ths at leastiwepesduternmied fuhctivoblitiesal ity in the present
context. The said another conposition of cells may conprise cells that
contain expressible nucleotide sequences likely to confer at |east one of
t he functi onahe b\'vmlohcmétheds:ed:dosdih@to e mesimt utvenihorca:c&mlee tHeepdtetial fdnood of
reaching the X | ution } tg']a in as fe\%/ round as
evolution  of cells based on "assembly or hZedidn of a large collection of
20 heterologous genes into artificial chromosomes vectors that can be inserted into
host cells for co-ordinated expression of the genes located on the artificial
chromosomes. The expressed genes interact with each other and with the genes of
the host cells and create novel or modified synthetic pathways. The heterologous
genes are combined with other heterologous genes form other host cells (and as the
25 case may be from other sources) in a stepwise evolution of the cells to acquire the

ability to produce a compound fulfilling the selection criteria.

The term “expressible sequence” is used with its normal meaning, i.e. a sequence
capable of being expressed in the host cells in question.

30
In step d) the combination of expressible sequences may be combined in a one-step
process, or by a process of several steps of mixing or combining the expressible
sequences, independent of whether the combination relates to combination of
expressible sequences as such or combination of expression cassettes or

35 combination of chromosomes.



possi bl e. The another conposition of cells may al so previously have been
screened for a third functionality, or said another conposition of cells
may conprwea3loelddis capabl e of expressing at | east one predetnaosionsd
protei n/enzyme or synthesising at |east one predeterm ned conpound or
substance. Further, said another conposik%on 20 of cells may be chosen at
random or may be chosen to contain genes honol ogous to the genes
contributing to the desired functionality or it may be chosen from
expressi on sSEEs) Mapve résegdsd dotil @eloRPaMmMte ddsirbd Alindiedditiecoar: Gftainbe.

desired functiopaljties. id another co i t] al s he first
Conpost t i on. THEGHY sleR Tay e gl b BF bastiow Brbe ueRety hoB it e
sequences W b imebesushie fiim papubetimes, dueadisiieon 0 t68bltimnes| slichraaviedm 0
conbi nati ons oéq het er ol og%)gamre@{é;a ssi bl e nucleotide sequences. In a

furt her 2aspeld 59 {Bes. sueh %% a screening system conprising a
producer cell and at | east two reporter systens, wherein each of the
reporter 30_systens.is, directed t raneter related to a functignality
of "one. conpoliy SiOgCMACtsales (Be fREREE g Wi SoreeBRb caH G Meed 1 or
mul tiple par acrebsing feceelifds m?tmw?dimdmt f@woihé}ldeénedfﬁhél@?i‘ﬁcltiamw, c:biu?zg L 0
the invention WO 03/062419 PCT/ DKO3/00Q44 . 13 The si cal . out, of the
screeni ng syS?8fh ﬁ@éoﬁ@e{"ﬁ PR §oERhng qﬁncﬂj’@T‘gW dpl @Xt'ﬁaigw%%emﬂ?ﬂf%e at
| east t1Qo0 r efumktishaliyy Therseredningyicidraitylie atscc fférréditcnas ane prsdletdimired a
l'iquid envi rfnrqant |'§'Ofgﬁ'} her with the at |east two reporter systens. Further
exanpl es of [HS'PRIYXLIC RESHNECOUEXY he screening system are disclosed in
the 5 detailed description part of the present invention. In a further
aspect the inyvention relates ta a pethod for generation of aptimsed |ead
compounds. 511 S i Snmiesfing oL e Bafrh GomPttn Ak Fruforuh SOeStEe cel | s
for at | eashudlsmidpaeqosioes sikelgtataterta ladst llamsitth"e\i\@wdﬂbmiiﬁéefdméedlls in

said 10, co S C

f ti liti it f . i Si || h with at
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said cell, a¥ | east f2 cells of the conposition.containin di fferent
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conpounds i scambid oftdxptesting at aBDOILSebgteemifed BrotéiaRneyiBe oPSEERIsRINY ated
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{ust have aclerstare RrdetRnindd pomEPoHIST GgPance, EFrRgr, ST ApRiReT SRTRRSHONead

20 of cells may be chosen at random or may be chosen to contain genes homologous

y

to the genes contributing to the desired functionality or it may be chosen from
expression states known to produce compounds with at least one of the desired
functionalities. Said another composition may also be the first composition, resulting
in mixing of heterologouos expressible nucleotide sequences within the same
25 population leading to cells with novel combinations of heterologous expressible

nucleotide sequences.

In a further aspect the invention relates to a screening system comprising a

producer cell and at least two reporter systems, wherein each of the reporter
30 systems is directed to a parameter related to a functionality of one compound

produced by the cell.

The screening system can be used for multiple parameter screening methods and

evolution methods according to the invention



conmpounds are identified together with the cells capable of synthesising
the I ead conpounds and as the | ead conpounds are screened for two or nore
funct i onawioto3ms2429 t hey have a hi gher chance of becon ng ecg/mK03@oug. As
expl ai ned above, this nethod al so speeds up the process of devel oping | ead
conpounds. Preferably the | ead conpoundsigre drug | ead conpounds and at
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enzyme, dt er.st 0o every. .ass is specific and the activity
measur e§ %F{\)%g %fq‘g Py o ealr}{’}q@e 8'?38%/{" Mg ZX’&. ferent. However, preferably
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20 they have a higher chance of becoming e.g. a drug. As explained above, this

method also speeds up the process of developing lead compounds.

Preferably the lead compounds are drug lead compounds and at least one
parameter is related to absorption, distribution, metabolism, excretion or toxicity and
25 at least one further parameter is related to activity against a pharmacological target.

Throughout the present invention it is intended that screening for two or more
functionalities also includes the possibility of screening the cells for two closely
related functionalities at the same time, such as using two assays for the same
30 enzyme, it being understood that every assay is specific and the activity measured
in two closely related assays are diferent. However, preferably the two or more

functionalities relate to more different functions.

Definitions
35



20 the invention. Expressible nucleotide sequence: a nucleotide sequence
capabl e of being transcribed and optionally translated in the rel evant
host cel IwspBm®bEg9 25 A igonucl eotides Any fragnment of nu®dcainksobeld havi ng
approximately from2 to 10000 nucleic acids. Restriction site For the
purposes of the present invention the al@reviation RSn (n=1,2,3, etc) is

30 used to dssi ghat e.a nucl eotide segtﬁeﬂc?}| ang’réi"Si n% aresfriction site. A
restriction C8Ft¥ 9N Ml BIFSEN SERIGH M MPTEL qUEh S84 9a BFURV AR site.
The cl eaVagﬁsiﬁhhﬁnou@&)&rd@ﬁinbpéﬁérﬂdiﬁw bipiaviag a0 ldast deo tiffereneassayi dyistems,
sequence. The apbreviation . "rs," or "rs2" js us to designate . th Wwo
ends of a re¥1§ IO @R Pa[ametes; FE‘?N@P%%HF&’Qé’Qe{FﬁéW"Eﬂﬁ%&ﬁ'geas'8%0,0.3%50 ?'fsgget her
desi gnate a suwaaHigf @roas parapiétonarsd then saheeWg(dr ttHdrpdraeloKOXHdeiokd 15
The cl eavage site of a rest{hi tion fjte ey Iegve a doEbI e stranded t

pol ynucP eot | ¥ SERYIRHTEANS AT 87¢ Rl is|sEpiseted to Ly diRgTenh jeerfig assars &ty o
"rs2" may demegameaing.ther a blunt or a sticky end. 5 In the notation used
t hroughout the present invention, fornulae |ike: RSl

- RS2- SP- PR- X- TR- SP- RS2- RS1 shoul d be interpreted to nean that the

i ndi vi dual smepetee asystedr: | 1aVihe NpreSent cdatheaxt e aernt i“@portdhbpstelatss nséd axcl ude

that part of ;the recognition sequence of e.g. RS2 overlap with the spacer
sequeﬁce, buiescpiog ﬁnea&gwtioggnraé ér?Bﬁlfu'}‘;Hg?al&'% 59983?& FEeM Brogluces ¢ pRSl
and Eglio ar edételﬁﬁﬁ)léﬁ@adiomnﬁefe@&myf 'rzaI fﬂuunﬁsxdeamdadamlt @f(rjdiﬁélﬁavmrtagdyl/stans f
asse age. Furthernore e for e npt .exclu t ossibility o

havi ng gddi eSar %&Lpéﬂ%gs iqé@t%@ﬁto(pbeg?rﬁglgﬁlupﬁgc?rﬁg{eélﬁo{}tt Esﬁﬁh Cﬁl)?lggxarrpl e
introns can duhtaindaeiunt@dr a8 hdessiogdusccontrolldbis expressible mublebiive sexiehces. her
spacer sequepces can b'% |n%er(t:ed b L?V\@en E% and RS2 Itand lgv%tween TR and
RS2. | npor t ahteSeEXPIRseiole RequeRCasy cDg el i PIPdHER QIR oW EMPREN o r e,
when ref er enTige tamposhes tan tHea istezaet afth tHeediffersht repbrtarsystetrs amadéant totthe

speci f'é% bases wi.thin_ it bases in the recognition sequence are

t.h
referr to.pro%Ct'@QﬁFg%Qe{F%cr%ﬂL%l%F%&ﬁh expression state is a state in any

specific tissue of any individual organismat any one tine. Any change in
condi tions | §czzirg!err1]|ﬂg tur?it:(m ﬂ'nnegpertsesénrt] cgr(xatg)% tﬁé Perr%s‘gti:rggnikg %gl% ig ?Jsed to describe a
microenvironment wherein the compound and the reporter systems may be brought
in contact with each other for facilitating the interactions necessary for the method of

20 the invention.

Expressible nucleotide sequence: a nucleotide sequence capable of being
transcribed and optionally translated in the relevant host cell species.

25 Oligonucleotides
Any fragment of nucleic acids having approximately from 2 to 10000 nucleic acids.

Restriction site
For the purposes of the present invention the abbreviation RSn (n=1,2,3, etc) is
30 used to designate a nucleotide sequence comprising a restriction site. A restriction
site is defined by a recognition sequence and a cleavage site. The cleavage site
may be located within or outside the recognition sequence. The abbreviation “rs,” or
“rs,” is used to designate the two ends of a restriction site after cleavage. The
sequence “rs;-rs;” together designate a complete restriction site.
35



anot her expression state. Different expression states are found in
different individuals, in different species but they may al so be found in
di f f erentworogansiidn the 25 same species or individual, anédrpklisfohenrent
tissue types in the sanme species or individual. D fferent expression
states nmay al so be obtained in the sane4grgan or tissue in any one species

or individu Sd. t | SSuUes or qQrgans i £f i r.qnnent al
condi tions 2%%%%?%’??% 't%fao fnagfesfr!cﬁﬁ.?r{ 8@6 {ngygﬁ%ﬁg%g%ﬁ%lgasgrg,%%qé%lydrgt@’eonge
i nfection, dvegughte withugitidir tjunt sasticky eyds. Shpesus tot ‘isX erayldesighate, either a

physi ol ogi ¢ ff . O tenperature, pressure, pH, light, gaseous
envi r onnent ,agl%rﬁe%gccstg?‘{j%nuogh as toxins. Artificial chronpbsone As used

herein, an artificial chronosonme (AC) is a piece of DNA that can stably

replicate a I I en eno hr ... For eukaryotes
t he 35gart Plﬂ itﬁ?egétggﬁ @Sﬁ@éﬁ@gahﬁ thaGI ;grgg%ng "ﬁ%rs]é?q’gégﬁ%gs@%ehucl eoti de
sequence o -a8044 16 substantia ength conprising a
f RE-RS2062-PEOX-AEGHS PHIER-B8 b ial | h i Si

functional c I, [ t el es,. . a one t us
repl i cat | ng SRYRORE dmetf 4 18 feert B0 il BnereBE I B P08
het er ol ogousspgeified. This dpéedot dretuge rihatl gari of the frecagaition segseracenairmgl RS2
artificial c ] LNs._.an i i .
centronere. @eﬁ?@ﬁlxﬁﬂgtp % :\@%?rgb uﬁb%emc)bg‘gﬁtng‘ga atﬁf:tnggéjlrg'ﬁ?'tﬁi#if’leclfll!aﬁ%cﬁ?na?rosone
( BUGAC)Or ef eaxcept R8hrandd3®tese firational @dnddemairafunctorel iafiereceavagatandnmer s,
respectively n 1.fici ( refers a sone
t hat includesS hurmar ~ centroneres, refer Y0 avi artitrcra

h “nel ud asséInBIé Fuﬁﬁérho'rec tﬁg fﬁ@f&@? %gpﬁot &%@de. tﬁﬁ 6osgﬁn(|?|ty of Fg\ﬂr%)
chr onosones. additippalsseqaenddsiinseried betwermabe isted ads. Fef examplointbnooasberes ar e

functional i. S . S t i t
cont tonore.  HielEaRs getfited b A8 1 RL AR BTk B LG BB can b o
her ei n, st abhsertedi bateaem &S 1oénd RSE rarslobetween dIR andWiRS2. dinpbrtand tis deduibe 85%

preferaply 909 I f ] 95% nore preferably 99% of the cells
retai n%lS t%ﬁ‘%ﬁ%&ﬁ%@%ﬁésﬁ@?h Ii lity is measured in the presence of a

sel ective agent. Preferably these chronpbsones are also maintained in the
absence of I Y t, e chr I in their
structure dﬁ':rllﬁﬁ‘éeﬁﬁzéﬂlel a’@ﬁﬁ? gfré}enné:? 'gﬁédeer Qn@gnsﬁleelméﬁtehfe ?e%{rpgéfﬁf @%Qg}r?ﬁlto nor
i nt er chr onosspeaific beses withireiteoristhe 2Aséy indbe ecogmitian ssjueaces preaefesredto.cel |
with two or nore heterol ogous expressible nucleotide sequences contai ned
W th expression cassettes. Detail ed description of the draw ngs

20 Expression state

An expression state is a state in any specific tissue of any individual organism at any
one time. Any change in conditions leading to changes in gene expression leads to
another expression state. Different expression states are found in different
individuals, in different species but they may also be found in different organs in the
25 same species or individual, and in different tissue types in the same species or
individual. Different expression states may also be obtained in the same organ or
tissue in any one species or individual by exposing the tissues or organs to different
environmental conditions comprising but not limited to changes in age, disease,
infection, drought, humidity, salinity, exposure to xenobiotics, physiological effectors,
30 temperature, pressure, pH, light, gaseous environment, chemicals such as toxins.

Artificial chromosome

As used herein, an artificial chromosome (AC) is a piece of DNA that can stably

replicate and segregate alongside endogenous chromosomes. For eukaryotes the
35 artificial chromosome may also be described as a nucleotide sequence of



25 Fig. 1 shows an exanple of nmultiple paraneter screening for conpounds
synt hesised by cells. In the exanple each cell was engineered with 3

di f f erentworspersier systens. Each reporter system produce®ca/mkdfoeosnt
fluorescent readout Each cell also conprises a nunber of heterol ogous
expressi bl e nucl eotide sequences. Thesggheterol ogous nucl eotide sequences
enabl e the cel ound

|, t roduce 30 nmultiple new conmpounds,. The co an
Cnteract i tavesiaate BRSPS Pelorel SaiRhet Migiett P APBR808 ) 1 n
t he speci fi desstaonel aytosonmeureghticdtihgtsequéndal it hdsotheZcapadityNie- K&oamdodtte not
ihibit Coxl are desired. |n the specific exanple, 1t | hown that. in
early roundsa}ndg@fplr%sst rheg?rolgggys Sﬁrée% |{1§%'\e(grt 8rlelr'n?t"h'Fé8fte5r1eatt?1§S&'rin?é'magi'a%r e
sel ect ed. | rarifidia@ rchtavostsne MAEZ) ovblehsit chisttinki dn attivet imanseliao tdeattoroeiet er i a
are sel gcted,, 35 03/ 062419 PCT/ DKO3/00044. . 17 Fiqg. 2 n_exanpl e of
o ulti Bl e et lraC Sy REIreamp A S erbaarica sfridpmp HRRCE R Whee o
aur eus gr owtdhrombsdmés that iDNddPplaptanadsiasédt| centromierd, | reapectingly. PASBuman
non-i nhi bi ti op. assays. The secr, i s _assenbl ed b f or, exanpl e
t r ansf or ni ngarﬁf'q"?ﬁb?]irrog’ocﬁ?mﬁr M@grref}ﬁ alné E‘W‘cét—’ﬁ‘er &% rfnén’ﬁ‘d?%%%nfor
t he non 5 i ndenboiiecss, OAVACS ewferetoecviad hnifieial RPhBDsosonibst ok yealst Lartificah of
reconbi nant Baci | | us ilis Pol 111, The library.is then ated and
over ayed wiTRonReReA A R el ) PHOtibes 1o < bRiD 4b st oS
)strai m0 Thechcompsomeksthatinelutie acyeasisceritromeps. Oithecatifictal dldmasahlesanaly beach
t he MRSA strlai n thus }he screen will also select for conmpounds that have a
reasonabl e sg‘ﬁﬁb?rﬁ"tcyabr ofile. Producer cells in zones 10 cl eared of MRSA

cells and which produce the desired conbination of fluorescent colours are
selected. Fig, 3A |llustrates a. nmultiple paraneter screen se far cancer
chenopr ot ectAnHEEY herfy e e ienge B nBN ERRER ccBiteriikr) & WRgifout
encapsul at edBss6, frbiztrabin 9686 magepretetdibly 95%¢ apselpefdralsly DIpy ofdbie eelicetdin The
owed t w for e tiqQns jn

cells ip the drgplets aredthe, all r a fe ner

order 15 naveerdtenpraiEoslabinge fipidulic i ofsefios & RielVe doal
conpound bei Prgfepalsiy tioesd. chftrassontdsoarel alse hiairtained irathe atveende wb laesadtive
encapsl uated w erneabi | i sed yeast, expressi ng _hunma t opQj soner ase
1 bther ¢ redfn B ERGERSome St SRH wal SRy P TR iR b R RIeRETS ono
1 poi son antkitBer iatrastirlm@bsdnal riohatesgreombsamaloedrangstreatsd br eaks produced by
this enzyme. Gel droplets where yeasts in both inner and outer droplet

have survived and that are not stained are sel ected.
20 Producer species: a species of cell with two or more heterologous expressible

nucleotide sequences contained with expression cassettes.

Detailed description of the drawings

25 Fig. 1 shows an example of multiple parameter screening for compounds
synthesised by cells. In the example each cell was engineered with 3 different
reporter systems. Each reporter system produces a different fluorescent readout
Each cell also comprises a number of heterologous expressible nucleotide
sequences. These heterologous nucleotide sequences enable the cell to produce

30 muitiple new compounds. The compounds can interact with the reporter systems
and lead to fluorescent readout(s). In the specific example, compounds that inhibit
Cox-2 and NF-kB and do not ihibit Cox1 are desired. In the specific example, it is
shown that in early rounds, cells that meet one, two or all three of the criteria are
selected. In later rounds, only cells that fit all the selection criteria are selected.

35



Fig. 3B shows a nmultiple paraneter screen set-up for novel chenotherapy

agents 25 that are selective DNA topoi sonerase |l poisons. Fig. 4 shows a
mul ti pl e waroamelsey screen set up where the gel encapsul at ipan/nxKo3moo4pr oducer
species library reporting RXR-RXR activation with a mamralian cell |ine

reporting RXRa- PPARy activation. Gel drgplets that indicate RXRa- PPARy 30
activation but not - re sel,ected .. Fig. 5 sh e of

mul tiple parﬁﬂ'e[éersr@?rgeéﬁ(%x%rm p<J;\ SA(;I’ St wgn'pgn%agam%ﬁﬁ‘r'%ﬁ%ﬁ %ﬁ’gg%orag?‘f@i ty.
By using a dardibactatidglsirleinsipsiesi®. ancbus ignowty inHiitibn, RNAPobebdrasesl iabibitiom, it
I's possible o sglect broducer | l.s that have t '

phar macol ogi naq %z;éﬁi b?f&ﬂ%#g’%aaégaya' gﬁgo%%rfg%n'spggﬁeﬂszé.é \3& dg?cf‘é‘ﬁﬁ‘fbe

PCT/ DKO3/ 000uiahsfat@inigi & .libiins bbpsodaperestains it iGFP sepogtenisygjersy Soretievdtne h

im he, . f al j i .
api dl yo ot ADRPHERE Bow seReRRmAR BXR A MRSt astled' 2 oo
Ieadz H)Stegesulbitiﬁmw yabflllc Ghpolibmary & tHeat[ialated am;r:iliscwerlzagfadewitlgielaimg/IRSAOWS R
schomt i o rceudibdevsit, SeBhagteh sl B st e A B B e 15, fo¥ T on o
gvalbtjat e ltartgetpr@ctm:én’/e:. sl waibaadboéa'cbnhdz)y/IFl}Z\Estrai_ndhwtgetsn:xéeni ww:alddiséei@tal 10
o Phe OFlacRE BB YA, HISS Reld sl e R Bl 5 Rl
DVEs, 46d i rclédred of MRS cdilsopha whinheprheyezt theydesired iconibingtios of flleresaenscr een
for target accotléq\‘;% g'%,sehar 4. et abol i sm and hapatotoxicity simultaneously. 15

Fig. 8 shows™a OW C of the steps |eading froman expression state to
i ncorporation of the expressible nucleotide sequences in an entry library

I . . : : . q. I
hart of -t ne gy eI Blad BT Ab b bR st BYE BB R bt ol PO Rl e’ b o
nucl eot i de sledhbeassay, 4 producénspbties raryfis geldncapsudated sodisat CR\AKE)age each

transforned | p i .ﬂ_ls _Flg. .9 é
or oduci hg. + HebeetRs WAbER: Tof RS T oot 3PS ol i S
I nsertion i new gemeeatibn$ ircor@ler tac havenmslipie copEsoof.thé&ipgoduBbr spemies andathes st ep
procedure fo 0 i a | gat 0 f ye N tg o I, 0 ACs.
s Fi g 10 Shaits CaPRETR! 8o Penueed: aRs2ont CEEInRE Fanfieg el &l
i nserting encapsluated with a permeabilised yeast expressing human DNA topoisomerase ||

other than its native gene. The gel droplet environment contains a topo Il poison and

20 a marker for the specific double strand breaks produced by this enzyme. Gel
droplets where yeasts in both inner and outer droplet have survived and that are not

stained are selected.

Fig. 3B shows a multiple parameter screen set-up for novel chemotherapy agents
25 that are selective DNA topoisomerase |l poisons.

Fig. 4 shows a multiple parameter screen set up where the gel encapsulation of a

producer species library reporting RXR-RXR activation with a mammalian cell line

reporting RXRa-PPARy activation. Gel droplets that indicate RXRa-PPARy
30 activation but not RXR-RXR are selected.

Fig. 5 shows an example of a multiple parameter screen for absorption and a

pharmacological activity. By using a dual culture system and timing the time of cell

selection, it is possible to select producer cells that have the desired
35 pharmacological activity and a good absorption profile.



expressi bl e nucl eoti de sequences. Anp Ris the gene for anpicillin
resistance. Col E is the origin of replicationin E <coli. RL and R2 are
restrictiwooangyme recognition sites. 30 Fig. 11 shows amrcaaaploeosaf an
entry vector according to the invention, EVE4. MET25 is a pronoter, ADHL
is atermnator, f1 is an origin of replygcation for filanentous phages,
e.g. ML3. Spacer 1 and spacer 2 are constituted by a few nucleotides
deriving fromthe nmultiple cloning site, MCS, Scfl and Ascl are restriction
35 enzyne r efiggBishb@s ai &xesnpl@idhar sabdimy systéranshicts ednifiges the. nubfber fquence

of the vect is set forth in SEO |ID 1. WO 03/ 062419 PCT/ DKO3/ 00044 19
Bl g 15 showsan reelinn ST te Buippotadi it arbapm dbageiedlsed By e Rvmen.

EVES. CUPl drag angtatmoiisingrenzxibetl (DIMES) dre also ddals to e discauenpof ¢onpaninds
replication for filanentous hages, .e.q., ML3. cer and spacer 2 are
Const | LBt ed B8l &9 eAHCALS: PROE ERlasBichen gnp; witPh oty BMardRE Bmdia s f o,
MCS, Scfl anghdhksolerade restriction enzyme recognition sites. O her

abbrevi ations, see Fig. 10. The sequence of the vector is set forth in SEQ

ID NO 2. Fig 13 shows an exanple of an entry vector according to the
invention, ENgG87 dbdE a ldehematic peppessnttion AIDH screeningesysteratarthe fgresentan

origin of replication for, fila t QuS es ML3, acer3.is a 550
bp. {1 agment YRR HagdeoRRE MY arBEaRE by BMES S oyoBREEE TR ' om
yeast. 1&6cf | doubleAgell ermapsulatizinr systdnowherez inmbe firstcdrgplet aos clontlelhes @fhtee
abbrevi ations, ;see Fig. 10. .The se nce of the vector | forth in SEQ
TD NG 3 15 Py TR sbes o e AR Braragh BligH FEteR p PR B et el e

i nvention, Eé6nd digil@Sareshepapocytes] @ris paBkiblei ® scréar forntatget .acHpyc ®ME and 6
are | anbda phalgg DINA, H’hetr}ucl. ot. i dlgag‘[seeﬁé{ence of the vector is set forth
in SEQID NO"8" Qﬁn?i?rbd PRLRYRY A 8 Y‘pYAC4-AscI) for providing arns
for an evolvable artificial chronmsone (EVAC) into which a concatener
accorditfg t cFighe showenta tlowcetvarbef tod ciepd. IcBRAY, froiRAZn @pieddlon3 skate tyeast
auxot r ophi ¢ .marker

Bt PN ¢ R e 2B TB! Sl oSt BT TS @
replicati on nutleptides tibrarydadeordirgy to thieempationyel y. BanH | and Asc 25 | are
restriction enzyne recognition sites. The nucleotide sequence of the vector
> Fig. 9 shows a flow chart of the steps leading from an entry library comprising
20 expressible nucleotide sequences to evolvable artificial chromosomes (EVAC)
transformed into an appropriate host cell. Fig. 9a shows one way of producing the
EVACs which includes concatenation, size selection and insertion into an artificial
chromosome vector. Fig. 9b shows a one step procedure for concatenation and
ligation of vector arms to obtain EVACs.
25
Fig. 10 shows a model entry vector. MCS is a multi cloning site for inserting
expressible nucleotide sequences. Amp R is the gene for ampicillin resistance. Col
E is the origin of replication in E. coli. R1 and R2 are restriction enzyme recognition
sites.
30
Fig. 11 shows an example of an entry vector according to the invention, EVE4.
MET25 is a promoter, ADH1 is a terminator, f1 is an origin of replication for
filamentous phages, e.g. M13. Spacer 1 and spacer 2 are constituted by a few
nucleotides deriving from the muitiple cloning site, MCS, Scfl and Ascl are restriction
35 enzyme recognition sites. Other abbreviations, see Fig. 10. The sequence of the
vector is set forth in SEQ ID NO 1.



set forth in SEQID NO 4. Fig. 16. shows the general concatenation
strategy. On the left is shown a circular entry vector with restriction
sites, spwoaB®e24py onot er, expressible nucl eotide 30 sequeCTKI3BO044

term nator. These are excised and ligated randomy. Lane F/Y 1 100/1 2
50/1 3 20/1 4 10/1 5 5/1 WO 03/0624199PCT/ DKO3/00044 20 6 2/1 7 1/1 8
1/2 9 1/5 Legend: Lane M nvol ecul ar wei ght marker, X-phage DNA di gested w.
Pstl. Lanes 1-9, concatenation reactions. Ratio of fragnments to

yac- ar ms( F/ Wig a8 shows arblexaam;ﬂe bt an éﬂm/ wuteraEbordirigltuﬂter mtzmiothVEBlt(HgPat i on
of concatenation WI vaple artific sones and
how concat ede? BP7E eéaﬁﬁg'g 'Ecﬁj“?@ma&f g&/'s %’bﬁ’f'g'quf rﬁB"Ctah%nP it mS?tok}%ct or
arns to exprpfagegne gabHet Sﬁacera‘s addssnabéeel ara canantptled byl8. feWOnuEJI@tniHBs EVAC

o ker“’%str sPeivontogs e wiRPahng sie MES, st M8 Hset are BN S0P VB ast 1

- : EVAC aecdgnitionrsfes. |Gthersabbidftions,rsegi Fig mamgesécmaee dbbe viebtor iseee 2
shovvs a clone.co EVACs sized -1500 kb and -550 kb respectively.
The 550kb E@Q@ ”gé%%a&agl ng with the 564kb yeast chronpbsone 15 and is
resulting in an increased intensity of the band at 564 kb relative to the
ot her bands..i e lane. Arra

oxampl e of gihds sheuh At Pariehen B kedi Ascoie R B Menth v 0PT° "
(Evol vl e Asta priomotdr, mt-brmsmtmmlrmm &r tsi &n origih othleplmasmm ﬁ]ampmsesi of

20 concateners of ex ont ai pi teraolo so t hat
cach gone | ARy SH TS HEPeRT BT b Be FERENT b Hmipe GhRsS AU rEdGeat
Large nunmberSpagbrd lseh eARS Dgegueenge rfesn fyeast 1Befitarp Asdloarecestriction ehagnde
combined in rgcgan%nesitre]g%ther abbreviations, see Fig. 10. The sequence of the vector is set

forth in SEQ ID NO 3.

15
Fig. 14 shows an example of an entry vector according to the invention, EVES.
Met25 is a promoter, ADH1 is a terminator. Spacer 5 and 6 are lambda phage DNA.
The nucleotide sequence of the vector is set forth in SEQ ID NO 5.

20 Fig. 15 shows a vector (pYAC4-Ascl) for providing arms for an evolvable artificial
chromosome (EVAC) into which a concatemer according to the invention can be
cloned. TRP1, URA3, and HIS3 are yeast auxotrophic marker genes, and AmpR is
an E. coli antibiotic marker gene. CEN4 is a centromere and TEL are telomeres.
ARS1 and PMB1 allow replication in yeast and E. coli respectively. BamH | and Asc

25 | are restriction enzyme recognition sites. The nucleotide sequence of the vector is
set forth in SEQ ID NO 4.

Fig. 16. shows the general concatenation strategy. On the left is shown a circular
entry vector with restriction sites, spacers, promoter, expressible nucleotide

30 sequence and terminator. These are excised and ligated randomly.

Lane F/Y
1 100/1
2 50/1
3 20/1
4 10/1
5 51




cell. 25 Fig. 20 shows the general principle for screening EVAC contai ni ng
cell populations. The cell population is anplified and subjected to a
panel of worreeestit hat are relevant to a desired functi on&CTiDKo3PBost i ve
subpopul ations are selected. Fig. 21 shows how cell popul ati ons evol ve
through a tiered set of selection condi 5930 tions, always taking the best
perform ng :é;!' "“Hlaﬁons further in the process until an optinal

functi onal i 3+ rty—Hs evol ved. WO 03/062419 PCT/ DKO3/ 00044 21 Fig. 22
shows a genja! 7vni g strategy. |ndependent popul ati ons are subjected
to the sarre-%e-t——ei%.:ﬂns, and genetic material fromthe different

sel ected sub? _popul@ions is conbi ned together with novel genetic diversity

introduced between selection rounds. 5 Fi g. 23 shows physical rem xing of
EVACs. EVACs-egead;lasedd:aroleeuan weightiparkerahdphagg &INA Gﬁgeﬁtﬁﬁr\i‘éféﬂrrh@“% of
either enptyi.Qoghokthhtorteabihs! RARSSGFaBRIchRNo 9ho ARRL(FAA!dsTh 1abld. cady
contai ning EVACS to obtain new conbi natrons of |n each host cell. 10
Fig. 24 shows an exanple of controllable gene expre55| on in a cell

popul at5on_cag-1 1l NeroE YishaRAT ineNtbdrdlicR e EodanaBiti Qi by e &0t d
synt hetic enzynes expressi on cassettes contaln either Met or a
CUP | pronptevolvabieaariticialnehreragsorees and dwwagonspteanaictizensan beuerntroted bV t he
promot er _actiofbiig thel Bie BFVdclormS & Bkiredlith cdRBREY a8bicELlaUliPBsAbiENi es

i ncreases i n | om ng order: Met. Uni nduced
colonies are fimhl te. Det ai | ed Descrl pt| on of the I nvent| on The foll ow ng
provides a background description on how to apply the screening 20 nethods
according to the invention to evolve cells that produce conpounds with

mul ti pl@ fundgil8nBYAEigesLegrnd: REGEOhENGCaontaningGleneg i on may lead to the
production qan@e\@'ve(aatmmwte HBF@?%L@&WNNQ%) ba%nﬁfdgqléﬂ‘ote'rcmnéﬁ various

scal es of conpounds of commerci al val ue "Evol ution of a cell"
i s meant chafajsfasmed hest|yeast, pehoEyHe @W#W'@%@EEP‘CS%@F&%{W@ 140€- t o

expressi on ofgod KBOV&de ﬁ@ﬁ%@@%bﬁ@ chfutaﬂﬁﬁﬁstVEMs i%&’I Y5GPKb Shd 8550 kb
conposi tion" 1s meant_ch properties of a conposition due to a

novel 30 conispprRativeln Tdre ng §Vé>€3p'|5§§§i'9i§“f& wig\ibe Seditpyenst Flyamesomenes. The

novel 45 and is resulting in an increased intensity of the band at 564 kb relative to the other

bands in the lane. Arrows point up to EVAC bands.

Fig. 19 shows an example of generation of an EVAC containing cell population.
EVACs (Evolvable Artificial Chromosome) are artificial chromosomes composed of
20 concatemers of expression cassettes containing heterologous DNA, so that each
gene is under the control of an externally controllable promoter. Large numbers of
heterologous genes from multiple sources can thus be combined in a single host

cell.

25 Fig. 20 shows the general principle for screening EVAC containing cell populations.
The cell population is amplified and subjected to a panel of screens that are relevant
to a desired functionality. Positive subpopulations are selected.

Fig. 21 shows how cell populations evolve through a tiered set of selection condi-
30 tions, always taking the best performing cell populations further in the process until
an optimal functionality/property is evolved.



conbi nati ons are sel ected using the selection nethods of the current
invention. In seeking to evolve nol ecules with defined pharmaceutical,

i ndust ri aWwo a3wbz4iiei onal or other properties one nust haveca/prishoasof
selecting for those genetic patterns that 35 encode for phenotypes that
are consistent with these properties. W3403/062419 PCT/ DKO3/00044 22 Each

cell in a cell popul ation [ven that it i enetically different. frgm
other cel | 5. FiorBa it ndpnad| sroentnrateay, dkzenient Poptlafier subiepedss
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nor e exgressi on cassettes and the expression of a certain set of host
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These criterfig. 2BghdWs bRydidal eerhixing @t BVALY. EMAQs reriksigtet! dronh thef howt landnal  or

structural propertjes_ that. ar ein optim sed. Alternatively they may be
Chversel v 1| VARt bETHERBR e ofier Shase PeatHeT Bt spannrBahatigof spa oRp
desired. Qutgitdasly comamngnENA&08 eslotstainhreiv cbinftgdtioys of EMXCERadschafosbedliepor t er
construct. For the 15 purposes of this docunent the term Reporter

Construct shall be taken to nmean a genetic or nol ecul ar device for
measur ii0g whEigh24 sleows s exaraple ob costediable geneaxptession ima cektlpbpylation edn-on

vary in respect o iven out put fromother cells qr subsets of cells in
Uhe) celt " ongiing byRACE ehfitht iisoet WTBHE For S areioid yBICES Binitass The
construct t halpregsiondeazsesttes ddntei eisiae i Mpr 28 o & GUP I propnsteOtangelsnd red
activation of a.transcription factor,. 20 Another. exanplge o reporter
Const rues ™ Sadhigs STaHAES b8 3, 1L&TRE oL aolR Ser AR ey G by o
i s added t hajuraisdr\? icoButdtPcsiohisd indteaséinathe tiBiRwingPbder | UMt Nete> CUH $er ent
colour/fluorescence. Sim rlg the reporter system could be an enzyne

mla
conver fiPng aMelbeindyeed poleyesate¥iur ed/ f | uor escent product. Shoul d the
cell produce an output that inhibits the enzynme, the col our change w |
not occur. 25 G her. reporter stens,could include without Iimtation the
survival of Petafled Des 89?%“1 IpyeNtign ection criteria, cells able to
nmet abol i se a predeterm ned substance, cells able to produce a substance
t hat preferentiall% absorps el ectromagnetic radiation at one or nore

frequenci es, T&fQlgWing, Proyides A, RaFKIFOUE: FRSSERNIONNOR HeWniogRRPIethe SA6ERRE t er m
Proxi mab shamhkthdas taadk&raingOtomBainntier & ieobilvé kalls that prddiee dshipdunds hsame

multiple functionalities.

The screening and/or evolution may lead to the production of novel optimised
molecules as well as production at various scales of compounds of commercial

25 value.

Thus, by “Evolution of a cell” is meant change of a cell’s phenotype towards a novel
phenotype due to expression of a novel combination of genes. By “evolution of a
composition” is meant change of the properties of a composition due to a novel
30 combination of cells expressing a novel combination of genes. The novel

combinations are selected using the selection methods of the current invention.

In seeking to evolve molecules with defined pharmaceutical, industrial, nutritional or
other properties one must have a method of selecting for those genetic patterns that
35 encode for phenotypes that are consistent with these properties.
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either before or after the expression construct have been engineered into
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Cut puts_of cells. t nmeasur ed b ro reporter contructs
o By g S orapeviclihe BB el is SRRRa s B b Grores B & o kRS katin
properties dalsdmdowcbmmrmmopm)dma? ba(bbns/eduynt t&tﬁaﬂgtﬁd expessionof phel ogy,
sti cki ness or erjor, growh 15
iy o airBexngsebh 2Rgetis By e Rbieson bER o SR dos R 1y o
grow in the presence of a toxin Abi I|ty to grow on subl et hal substrates
Ability to ow in the abse esse u

Lo grow on HTPHECaRIR Brrg e aciardoovarRrs ettt TR e BRbw
under thanges giracty oaindaemwmhkmm the ttlchnemal toeswcnatbulsrepertues trat ard baing

electrorragnetlcradl tion ing [ of et i.n wavel engt hs. ility
Co or ow undePtSSe AU eV o ke invesPele irke el ARHEREDH Buchil o
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25 The activation of a receptor. The prevention of an activating nol ecul e
binding to a receptor. The inhibition or pronotion of binding of small

nol ecul es orOwpoiseian betreasnredl ether dicsctly or b;pmptahsief esmpu&émmru&hleor the

i b1 44 on o BLODY 80 L. LLARETLAL BeBols SEMRLALAbLaRTS mean a
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transl ati ondl!’
genetic or molecular device for measuring whether a given cell or subset of cells in a

cell population vary in respect of a given output from other cells or subsets of cells in
the cell population. Example reporter constructs include a genetic construct that
produces a fluorescent protein in response to the activation of a transcription factor.

20 Another example of a reporter construct is a coloured/flurorescnt enzyme substrate,
to which an enzyme is added that converts the substrate to another molecule with a
different colour/fluorescence. Similarly the reporter system could be an enzyme
converting a substrate into a couloured/fluorescent product. Should the cell produce
an output that inhibits the enzyme, the colour change will not occur.

25
Other reporter systems could include without limitation the survival of cells subjected
to the selection criteria, cells able to metabolise a predetermined substance, cells
able to produce a substance that preferentially absorbs electromagnetic radiation at
one or more frequencies, cells having enzymatic efficacy in the media etc.

30

The term Proximal shall be taken to mean a location that is either within the same

cell as the expression construct or which is sufficently close to said cell such that the

concentration of a molecule or molecules diffusing from an intact or lysed cell, or

being actively pumped from the cell, is at least one picomole in the vicinity of the
35 location



Changes in the transport or |ocalisation of nolecules within the cell or
within organelles. Changes in the DNA content or norphol ogy of the cell.
WO 03/ 062wDD3pe1PK03/ 00044 24 The production of snall mroTaxid3®somi t h
certain properties that allowtheir selective isolation (e.g. all the
chromat ography principles available to the skilled practitioner). The
production of small nolecules with certaln spectroscopic properties 5
(defined broadly to include visible light, mcrowaves, IR WV, X-ray,
etc.). CharRgsrien cohstruety pawlbegylacéd prexina! to, aidettleMbn@etdre opra#teenhé on or

pronotion of cel] dlffer ntiation. The inductio tic hvvay
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ot her (oft ersysiems @rovidiry geisicalr ptoamtyrraemmenoceusaecl feportef temdtact, Ffurt her,
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Lhe body | n et eslMisPRPoRlen feenSatsUlatR of G AR Epel Poniel i 111 cul ty and
conpl exity, the process of dlscoverlng and 20 developlng drugs has a very
poor success~rate i xtr succes

conpound) an(a %‘P pﬁe%@ Eurgg %erw S’ X th”sef:&)/'ét s[8r Ly
clinic)o mlqtha.méansnndﬂidqobumb)nosﬁ:mm produce a corrpound that makes it

into pre- clinic vel o nd only 1 in 10 of these conpounds then
make it to mar Ret eﬁwc};{sg{'ﬁ @?ﬁ?tar maceutical conmpany spends 250 man-years

of research and dﬁd%d\@t&ﬁwﬁoﬁéafs@rdctnﬁlgr every conpound that enters the
clinic. Mdst pharnmaceuti cal ntj))anl es are, in consequence, failing

| aunch new drufis @angrd sizgt ’é‘otﬁ’i‘@ gyéd'ﬁt"ﬁ%ss Qr@d§8¥'Y%PS¢’P?'ﬁ'§P pr ?ﬁ'@gﬁ‘féﬂfs An
alternative to, ttg]p%%,:gggmprocess is the evolution of small nol ecul es
conmpounds 30 towar | e properties sinmultaneously, with these
proper fibes bei mg At@utmca@rowecmsthtgateathey@png}otmorma;lty igrewony to the

e SPeUL L€ L LI AP B RS RO, L0 e SEL T Lhe
fulfil, » Ability to grow on sublethal substrates
¢ Ability to grow in the absence of normal essential requirements
o Ability to grow on media comprising one or more inhibitors
20 e Ability to grow under changed physical conditions, such as temperature,
osmolarity, electromagnetic radiation including light of certain wavelengths.
o Ability to grow under magnetic field of certain force.
o Secretion or the lack of it from the cell
e The inhibition or prevention of inhibition of an enzyme
25 ¢ The activation of a receptor.
e The prevention of an activating molecule binding to a receptor.
¢ The inhibition or promotion of binding of small molecules or proteins to
nucleic acid or peptide sequences.
¢ The inhibition or promotion of transcription or translation of post translational
30 processing.
e Changes in the transport or localisation of molecules within the cell or within
organelles.

¢ Changes in the DNA content or morphology of the cell.



etc. WD 03/062419 PCT/ DKO3/00044 25 Muiltiple Pharmacol ogical Activities
Due to the vast nunber of known targets and rel ationshi ps between those
targets was/oazse9 currently known, it is not in the scope pafi/niRs/0pos@sent

invention to describe all 5 know targets and their correlations. Table 1
di scloses a |ist of relevant phar macol @gi cal ‘targets. The list is included
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5- adenosyl honocy %the wd L}ase 5-HT3 receptor 5-HT4 receptor 23S rRNA
of the 50S riboso Gt rRNA from50S ribosomal unit 50S ribosomnal

unit binding st e padﬁubﬁld)rﬁ%lfnslmallanﬁlébﬁlﬁgr\ﬁirﬁ cé@éﬁﬁ tr@s@pt@umbembs
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Adrener gi c receptORarfRé.in iRé mAHBhEIBEE B the eel,ti rm&nq1%rm@@enn&mef pafptibgcept or
Angi ot ensi n-converting enzynme (ACE) Angi otensin 11 formation Angi ot ensi n
Il receptor of cell differentiation.

e The induction of apoptotic pathways.

e Chemical indicator.

10

MULTIPLE PARAMETER SCREENING

For a compound to be useable as a drug it must fulfil multiple functional require-
ments. It must interact with the target(s) and affect the function of the target in the
15 desired manner. At the same time it should not interact with any other (often similar)
targets or have major non-specific effects. Further, it must have the right physical-
chemical parameters and be metabolised by the body in an acceptable manner.

Because of this intrinsic difficulty and complexity, the process of discovering and
20 developing drugs has a very poor success rate and is extremely expensive ($600mn
per successful compound) and very time consuming (c. 8-12 years from discovery to
clinic). Only c. 1 in 15 primary screens produce a compound that makes it into pre-
clinical development and only 1 in 10 of these compounds then make it to market.
The average pharmaceutical company spends 250 man-years of research and de-
25 velopment effort for every compound that enters the clinic. Most pharmaceutical
companies are, in consequence, failing to launch new drugs at the rate they require

to satisfy their investors.

An alternative to the current process is the evolution of small molecules compounds
30 towards multiple properties simultaneously, with these properties being related, ei-
ther directly or indirectly to the therapeutic target(s) the small molecule has to inter-
act with, the targets it should not interfere with, the ADMET properties it should fulfil,

etc.



Anti platelet/antith rombotic agent Arginine vasopressin receptor

Angi otensin receptors, AT1l, AT2 ATP-sensitive K channel Antigcoagul ant
prot ei n GvoAdsmevagul ant protein S Androgen receptor Ap@orass/0004i noacyl
tRNA site on 30S ribosomal unit (tetracycline) Acetylcholinesterase
Adrenergic receptors al, a2, (31, [32, 83 Aromatase ATP sensitive K
channels As ' | CT/ DK0O3/ 00044 26 13-anyloid

P- adr ener gi c&?ie@é%fg%"%%ﬁ?é%%ﬁ%éasubuni t of DNA-dependent RNA

pol ymerase (3-adrenergic receptors, bl 3-tubulin subunit of mcrotubules
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to be interpreted as limiting the scope of the invention.

Table 1: Drug targets

10
3B hydroxysteroid dehydrogenase
3-hydroxy-3-methylglutaryl coenzyme A
5-adenosyl homocysteine hydrolase
5-HT; receptor
5-HT, receptor
23S rBRNA of the 508 ribosomal unit
30S rBRNA from 508 ribosomal unit
50S ribosomal unit binding site

o2 antiplasmin

o-adrenergic receptor

o-subunit of Na*/K* ATPase (3 isoforms)
a-amylase

a-glucosidase

ACTH receptor

Adenosine deaminase

Adrenocortical steroid synthesis
Adrenocorticosteroid receptor
Adrenergic receptor B4, B2
Adrenocorticotropic hormone

Androgen receptor
Angiotensin-converting enzyme (ACE)
Angiotensin Il formation

Angiotensin Il receptor
Antiplatelet/antithrombotic agent
Arginine vasopressin receptor
Angiotensin receptors, AT1, AT2
ATP-sensitive K* channel
Antigcoagulant protein C
Antigcoagulant protein S

Androgen receptor

Apoptosis

Aminoacy! tRNA site on 30S ribosomal unit (tetracycline)
Acetylcholinesterase

Adrenergic receptors al, o2, 1, B2, B3
Aromatase

ATP sensitive K* channels

Ascorbic acid



Chol i nesterase Carnitine Calcineurin Corticosteroid nuclear receptor

Cycl ophilin, cyclosporin binding protein CD3 glycoprotein on T | ynphocytes
CD33 recepas/0&ia29 receptor CGrich DNA (actinonycin) CoagainKasmnodiact or
1, VII, I X, X Corticosteroid adrenocorticotropin receptors

Cycl ooxygenase 1, 2 (COX-1, COX-2) Cyclhigc nucl eoti de phosphodi est erase
Cycl ooxygen % chronme P450 reductase Cytochrone P450 11(3 (1110

hydr oxyl ase)!"” hrome P450 17a Cl17-20 Iyase Cytochrone P450 al do,

al dost er one %gﬁteﬁ‘é@é: reeSRchr ome P450 side chain cl eavage (scc) enzyne

Cyt ochrone €ndent sterol_14 a-denethylase D-alanyl D-al anine

synt het ase EﬁﬁM Q%@@eﬁ‘g?ﬂtm%ﬁgyfﬂ%ﬁycyt i di ne ki nase Di hydroorotate
dehydr ogenasfEadmenpigigrrecentarsedt educt ase  Dopami ne D1-D5 receptors DNA chain
el ongati on fRxtubolin subNAitof oussotubuwiké ng DNA- dependent RNA pol ynerase DNA
gyrase, sububPgnzodiapinertechptoat i on DNA pol ynerases 1+111 WO 03/ 062419

PCT/ DKO3/ 000ButyryRiolinesterase
Bradykinin receptors, B4, and B,

Carbonic anhydrase, type IV, II

Ca* channel

Ca* channel, Voltage-activated T-type
Catechol-O-methyltranferase

Calcitonin

Cell surface receptors for sulfonylureas on pancreatic 3 cells
Cell surface receptors for glitinides on pancreatic 3 cells
Cholecystokinin (CCKa, CCKg)

Choline acetyltransferase

Cholinesterase

Carnitine

Calcineurin

Corticosteroid nuclear receptor

Cyclophilin, cyclosporin binding protein

CD; glycoprotein on T lymphocytes

CD33 receptor

CD20 receptor

CG-rich DNA (actinomycin)

Coagulation factor Il, VII, IX, X

Corticosteroid adrenocorticotropin receptors
Cyclooxygenase 1, 2 (COX-1, COX-2)

Cyclic nucleotide phosphodiesterase

Cyclooxygenase

Cytochrome P450 reductase

Cytochrome P450 11p (11 hydroxylase)

Cytochrome P450 170 C17-20 lyase

Cytochrome P450 aldo, aldosterone synthase
Cytochrome P450 side chain cleavage (scc) enzyme
Cytochrome P450-dependent sterol 14 o-demethylase

p-alanyl p-alanine synthetase
Dihydropteroate synthetase
Deoxycytidine kinase
Dihydroorotate dehydrogenase
Dihydrofolate reductase
Dopamine D1-D5 receptors
DNA chain elongation factor
DNA cross-linking
DNA-dependent RNA polymerase
DNA gyrase, subunit a

DNA methylation

DNA polymerases I+lil



DNA primase DNA topoi sonerase DNA al kyl ati on DNA t opoi sonerase |V DNA

al kyl ati on (oxammi qui ne) Erythropoietin Endo-13-d-gl ucuroni dase Estrogen
recept or wbaster4so VI I; VII1 Fusion protein (respiratory sPampiKmlooosir us)
FKBP, tacrolinus binding protein, FK506 binding protein Folic acid
Follicle-stimulating hormone (FSH) FSHoreceptor G ycerol phosphate oxidase

GABAA receptor,(6a variants, 30, 28, 3y variants GABA transam nase
GABAA- assocCi %" ﬁechannel G utam c aci d decar boxyl ase
G utamate/ a Ptors, AMPA, GLU 1-4, KA, GLU 5-7, NVDA 1, 2A-D,
naLU 1-7 d bonl:s}cl eotide transfornylase G anul ocyte
col ony-sti %aﬁg’sg’ﬂle[’ ec%pi GHRH receptor d ucagon receptor
G ucoanyl as B {PRmngUrE eptor (GR) GhRH receptor Gonadotropin
rel easing h i(tSnHR) Guanyl yl kinase G protein coupled adenosine
recept or L OE"Rdr ener gl Cc neurons/ norepi nephrine transporter
GQuanyl ate ¢ strogenﬁﬂep o%r‘ﬁﬁﬁ side) Guanylyl cyclase (NO

Factors VII; VIII

Fusion protein (respiratory syncytial virus)

FKBP, tacrolimus binding protein, FK506 binding protein
Folic acid

Follicle-stimulating hormone (FSH)

FSH receptor

Glycerol phosphate oxidase

GABA, receptor (6a variants, 3, 28, 3y variants
GABA transaminase

GABA,-associated ion channel

Glutamic acid decarboxylase

Glutamate/aspartate receptors, AMPA, GLU 1-4, KA, GLU 5-7, NMDA 1,2,
mGLU 1-7

Glycinamide ribonucleotide transformylase
Granulocyte colony-stimulating factor receptor
GHRH receptor

Glucagon receptor

Glucoamylase

Glucocorticoid receptor (GR)

GnRH receptor

Gonadotropin releasing hormone (GnHR)
Guanylyl kinase

G-protein coupled adenosine receptor

Ganglionic adrenergic neurons/norepinephrine transporter
Guanylate cyclase (nitroprusside)

Guanylyl cyclase (NO)

Granulocyte colony-stimulating factor
Granulocyte-macrophage colony-stimulating factor
Growth hormone receptor

Growth hormone-releasing hormone (GHRH)
Glycine receptor a, B

H*, K* ATPase, proton pump
H,4 histamine receptor

H, histamine receptor

HCI secretion by gastric cells
Helicase

HIV Protease

HSV thymidine kinase
Hemoglobulin protease



G anul ocyte colony-stinulating factor G anul ocyte-nmacrophage

colony-stimulating factor G owh hornone receptor G owth hornone-rel easing

hor nrone (WARB)624@ yci ne receptor a, R 5 H+, K+ ATPase, pr ®CamMKIBOP044H,

hi stam ne receptor H2 histam ne receptor HCl secretion by gastric cells

Hel i case HI V Protease HSV thym di ne ki nagge Henogl obulin protease WO

03/ 062419 P /DI§03/ QO%%I 28 Heparin antagoni st Hypoxant hi ne- guani ne

phosphori bos FPTNANIE %%e Hg "E) g ptor H stam ne receptors H,, H2, H3
pie-Uen e PRSEaorpS arfe

Hepatic sul f grfo ﬁeg / & @PCel | ul ar adhesion ol ecul e 1
| nterl eukin il ceS@r J‘?nstﬁrl'_fa%in (re-12, -2, -3, -4, -5, -6, -7, -8, -9,
-10, -11, - a e%t?@‘ [ezés%{s’eac%aqél%t | GF-1 receptor, |GF-2 receptor

| odot hyrinin eRaiC FHIIRNRS e, type 1/ type 2 Influenza A virus M2 protein
| nosi ne 5 phosphat edehydrogenase Insulin-like gromh factor 1

I nterl euki n-l%terrge%%;g(rjhésrilo%srmg&ﬁeqehydrogenase Interferon a Interferon a

receptor Interleukin 1 receptor
Interleukin (IL-1, -2, -3, -4, -5, -6, -7, -8, -9, -10, -11, -12
Interleukin-2 receptor
IGF-1 receptor, IGF-2 receptor
lodothyrinine-59-deiodinase, type 1, type 2
Influenza A virus M, protein
Inosine 5’ phosphatedehydrogenase
Insulin-like growth factor 1
Interleukin-2 receptor
Inosinate dehydrogenase
Interferon a
Interferon a receptor
Inosine monophosphate dehydrogenase
Integrase
Interferon o
Interferon o receptor
Interferon y
Insulin
Insulin-like growth factor (IGF-1, IGF-2)
Insulin receptor, a and B subunits
Insulin transporter

Kallikrein, aprotinin, C-esterase, 02 macroglobulin
Kinin

L-alanyl racemase

L-aromatic amino acid decarboxylase

L-type voltage-sensitive Ca®* channel
Leukocyte integrins

Leukotriene A hydrolase

Leukotriene B, receptor

Leukotriene C,receptor

Leukotriene C synthase

Leukotriene D4/E, receptor

Lipocortin (protein), inhibits phospholiphase A,
Lipoxygenases (12-lipoxygenase (platelets), 5-lipoxygenase (leukocytes)
LH/choriogonadotropin (CG) receptor
Luteinizing hormone (LH)

Lactamase

Lipoprotein lipase

M; receptor, muscarinic cholinergic
u and d receptor in gastrointestinal tract
Macrophage colony-stimulating factor



I nosi ne nonophosphat e dehydrogenase |Integrase Interferon a Interferon a
receptor Interferony Insulin Insulin-like growh factor (I1G~-1, |G--2)

I nsul i n reoaper4i9a and O subunits Insulin transporter KadTikcosiong44
aprotinin, Cesterase, a2 macroglobulin Kinin L-alanyl racemase L-aromatic
am no acid decarboxylase L-type vol t agggsensitive Cat, channel Leukocyte

integrins L nedA drol ase Leukotriene B4 receptor Leukotriene C4
recept or Ezﬁ% RTRLCEASe eukot ri ene D4/ E4 receptor Lipocortin
(protein), i '§ef hoI | hase A2 Li poxygenases (12-1ipoxygenase

receptor, % 0’8 ?ﬁel and 6 receptor in gastrointestinal tract
Macr ophage pig et r WO 03/ 062419 PCT/ DKO3/ 00044 29

M crobi al di ‘ﬁir:”mc receptor sub crot ubul ar protein

Muscarinic receptor, M3, 3 subumts
Muscarinic receptor, M, , 3 subunits
Mycobacterial RNA polymerase

(platelets), 8 ocytes) LH choriogonadotropin (CQ
receptor Lut f‘ﬁ Lact amase Li poprote| nlipase 5 M

U
2,

N-acyl hydrolase

Na* channel, a1, $1, B3

Na* channel a, B, v

Na*/Cl-symporter

Na*/K*/2Cl-symporter

Niacin receptor

Nicotinic acid

Nicotinic receptor

Nicotinic cholinergic receptors, muscle Ny a, B3, 8, v, €
Nicotinic cholinergic receptors, neuronal, Ny o2, a3, o4, ob, 06, o7, a8, 09,
B2, B3, p4

Neuramidase

Neuropeptide Y, Y1, Y2 receptors

Noradrenaline transporter

Opioid receptors uy., 61.2, K13
Oxytocin & receptor

Platelet-derived growth factor

Parathyroid hormone (PTH)

Peroxidase

Progesterone receptor

Prolactin

Prolactin receptor

Parasite B-tubulin

Parasite dihydrofolate reductase

Parasite glutamate gated Cl"channel
Penicillin-binding protein 1a (PBP 1a, 1b), transpeptidase
PBP 2a, 2b

PBP 3,4,5,6,7

Platelet glycoprotein lIb/llla (fibrinogen receptor)
Plasma protein transferrin (B1 glycprotein)
Pyridoxine receptor

Penicilloyl enzyme

Peptidyl site of the 508 ribosomal unit

Primase

Phosphodiesterase (type 1V, cyclic nucleotide phosphodiesterase)
Phospholiphase A, C

Platelet-activating factor

Prostacyclin synthase



M ner al ocorticoid receptor M neralocorticoid receptor (MR) Monoan ne

oxi dase (MAO) -A Mnoanm ne oxi dase (MAO-B Miscarinic receptor, M, 3
subuni t s wBlsmez4iini ¢ receptor, M2, 3 subunits Miscari ni c PCEOEQBODY44ME, 3
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5 Below are examples of diseases and the different targets involved in these diseases
and strategies of how to develop optimised compounds. It is also presented in out-
line examples of how new potential drugs for these targets would be screened

and/or evolved using the present invention.

10 1) Disease Target: Bacterial infections (inhibition of DNA Polymerase lll, P450
inhibition and Multi-drug resistance S. aureus growth inhibition)

The widespread emergence of resistance has significantly limited the efficacy of
classical antibiotic therapy for bacterial disease. Fuelled largely by the excessive

15 and often unnecessary use of antibiotics in humans and animals, antibiotic resis-
tance has resulted in increased patient morbidity, mortality and overall cost of health
care. Methicillin-resistant Staphylococcus aureus (MRSA) is now the most prevelant
nosocomial pathogen in the United States, and the enterococci, as opportunistic
pathogens, are among the top four causes of nosocomial infection. Indeed, the per-

20 centage of enterococcal isolates resistant to essentially every antibiotic, including
vancomycin, continues to increase. Thus a premium is placed upon the discovery of
inhibitors that function by a novel or at least different mechanism than currently ap-
proved antibiotics, as these would be expected to circumvent current bacterial re-
sistance mechanisms.

25



Rh O Riboflavin receptor Retinoic acid a, X receptors Ri bonucl eoside

di phosphate reductase Ri bonucelotide reductase Somatostatin Somatostatin
recept orswogsmwerdad Steroid 5 a reductase 1, 2 Sucrase Seaalinxis/oepaxi dase
Stemcell factor, c-kit ligand Serotonin receptors (5-HT) 5-HT, A F,
5-HT2A_C, 5-HI3, 5-HT4.7 Succinic sem apdehyde dehydrogenase Spindle

formati on Sgissi f SO C

Topol soner ase So04 s 4y R AnEiREn By BREBIERE: BErebRr G R cramaters

pl asm nogen istidsifort wse inAighathdydghpet yeeningt dse of Eaahtytkotm-nesn,stdﬁt(&t,rauNML aNK3

Tryptam nergic r 0X TP r r and

non- pl at el etP” ’Of’l’?gFeﬁg} 'ts 0’? E%{haach A%grabr]s&a R'gtr?%ét%htgértﬁao e (TSH)

receptor, TRa 1,2, TR( 3 1,2 Tunor necrosis fact or receptor Trypanothi one

reduct agse 19062419 PCT/ DKQ3/ 1T t

phosphodi e\sl\qéﬁg oY %&e ﬁTfs % ‘ngfm@’ ﬁbeé(éﬁ%cdé a@%t@?agé&ut%ateg ‘%7%%%

nucl eot i de ﬂboﬁphedﬁaaﬂﬂeﬂ&@esynthesrs of Gram positive organisms. Since DNA Pol Il is
essential for the replication of Gram positive bacteria, the inhibition of DNA Pol IlI
offers a specific and alternative way to treat antibiotic resistant gram positive bacte-

ria.
10

Many patients with severe disease may be administered multiple anti-infectives as

well as other drugs to treat (non-infectious) underlying disease. In this case, drug

classes that are not metabolized via the major P450 liver enzymes are preferable.
15 Desired therapeutic profile:

e Gram positive-specific: Systemic administration of agents with a very broad
spectrum may have the undesired effect of creating resistance in the normal
host Gastrointestinal flora. Therefore, more disease-specific antibiotics might

20 have an advantage in gaining hospital formulary approval and overall wider ac-
ceptance.

e Orally-active: The ideal drug candidate would be orally-active with additional
formulations for intravenous use. Multiple dosing is acceptable however anything

25 approaching continuous infusion requires very careful consideration. Improve-
ment or equivalence with dosing regimens of competitive therapies is important.

o Safety. The ideal drug candidate would be microorganism-specific and devoid of
significant side-effects and drug interactions within at least 10-fold of Cpa in the

30 therapeutic dosing range.

Multiple parameter screens:

A multiple parameter screen would thus include S. aureus growth inhibition, DNA
35 Polymerase Il inhibition and P450 inhibition. A screen could be assembled by, for
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15 Cancer is the second leading cause of death in the US, causing one in every four
deaths. Existing treatments for surgically inoperable cancers include chemotherapy
and radiation treatments. These are highly toxic because they are non selective or
at best only partially selective. There exists a critical need for new therapeutics to
inhibit tumor growth and prevent metastasis. A premium is placed upon molecules

20 that prevent metastasis and which work through a selective mechanism so as to

avoid or minimize side effects.

Nuclear Factor kB (NF-xB) is a transcription factor that, by regulating the expression

of multiple inflammatory and immune genes, plays a critical role in host defense and
25 several pathogenic processes. Its most common inducible form is composed of the

proteins p65 and p50, and usually exists as a molecular complex with one of several

inhibitory molecules, the 1kBs, in the cytoplasm. Proteins that are regulated by NF-

kB include TNFq, IL-1B, IL-2, IL-6, IL-8, INOS, COX-2, intercellular adhesion mole-

cule-1 (ICAM-1), vascular-cell adhesion molecule-1 (VCAM-1) and E-selectin (Can-
30 cer J., 1998, 4, S92; Int. J. Biochem. Cell. Biol., 1997, 29, (6), 867).

Activation of NF-kB can lead to the synthesis of the inducible form of cyclooxy-
genase (COX-2). This enzyme has a critical role in the response of tissues to injury
or infectious agents and are essential components of the inflammatory response,

35 the ultimate repair of injury, and carcinogenesis. Several population-based studies
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and P450 inhibition. A screen could be assenbl ed , for WD 03/062419
PCT/ Dkb3/ 0odaunenss e@?ﬁr’ﬁ)\’%ng devpied H’rﬂ‘i"?@{?pﬁ‘g neyY WCHPSFS'P%M%@F ecttiphibins wi t h
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tivities since there are already examples that inhibition of a single mediator does not
eliminate all symptoms of a disease (Inflamm. Res., 1997, 46, 282).

20
Desired therapeutic profile:

e NF«B inhibitor with increased selectivity: There are several drugs that act by
partial inhibition of NF-xB but they all produce side effects due to interactions

25 with other targets. Any new NF-kB inhibitor would have to be selective.

e Selective COX-2 inhibitor with a Cox-2/Cox-1 differential inhibitory activity as low
as possible: Prostanoids that are derived from the COX-1 pathway regulate
platelet aggregation via thromboxane A2, the function and integrity of gut mu-

30 cosa, and kidney function via prostaglandin E2 and prostacyclin. Cox-2 is ex-
pressed in various cell types, including monocytes, fibroblasts and synovial cells,
in response to inflammatory stimuli. Consequently, COX-1 inhibition by NSAIDs
is associated with gastrointestinal and renal toxicity, whereas, COX-2 inhibition
limits the formation of pro-inflammatory cytokines at the site of the inflammatory

35 response and has anticancer effects.
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Chemotherapy is one of the most common approaches to the treatment of cancer.
All chemotherapy drugs interfere with cell growth, and they all have some form of
25 side effects. These vary from the highly undesirable to side effects so severe as to

prevent further chemotherapy.

An underlying problem of chemotherapy is that cancer cells are not that different
from normal undifferentiated or fast growing tissues and therefore, killing a cancer

30 cell tends to kill such cells as well. This side effect effectively limits the dose at
which the chemotherapeutic can be applied, and hence limits the efficacy that can
be achieved. Consequently, there is a need for the development of novel
chemotherapeutic agents to overcome these central problems of cancer
chemotherapy.

35
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Two highly homologous isoforms of mammalian topoisomerase |l have been
identified in tumor cells, topoisomerase Il a (170 kDa) and topoisomerase |l § (180
kDa) (Malonne, H. and Atassi, G., Anti-Cancer Drugs, 1997, 8, 811-822). The two
isoforms differ in several biochemical and pharmacological properties, such as

25 optimal salt concentration for in vitro catalytic activity, thermal stability and sensitivity
to teniposide (a non-intercalative DNA topoisomerase Il poison). Topoisomerase Il o
is the major drug target isoform in mammalian cells (Sehested et al, Cancer
Research, 1998, 58, 1460-1468).

30 The discovery of new inhibitors of DNA topoisomerase Il would enable the protec-
tion of certain vuinerable tissues against Topo Il poisons and hence expand the effi-

cacy of existing chemotherapy drugs and reduce side effects.

Desired therapeutic profile:

35



that are less-than-ideal in these aspects. 10 Multiple Paraneter Screen: A
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normal tissue agial nst the_ proposed chenot herapeutic agent. Such protectants
5 shoul d of Mdltivle BarametarsSergenif ul to the normal cells and either not reach,
or not be functional in the cancer cells. A nunber of protectant
approaches are in clinical use today. Many chenotherapeutic agents, e.g.,
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hence cli ni Galstrifedlin 'Fbg). 3AUen e 4538y, FAR6HEdeF spEed IIbrik i€ Beller8ipsulated so
that on average each capsule has 1 cell. Each encapsulated cell is allowed to grow

for a few generations in order to establish a clonal cell line. These cell lines are then

double gel encapsulated with a permeabilised yeast that relies on a human DNA

20 topoisomerase Il gene to survive. The gel droplet environment contains a DNA
topoisomerase 1l poison and a stain specific for DNA double strand breaks. Gel

droplets where cells have survived in both compartments and that are not stained

are selected.

25 An improved multiple parameter screen set-up for cancer chemoprotectant is
ilustrated in Fig. 3B. In the assay, a producer species library is encapsulated so that
on average each capsule has 1 cell and is allowed to grow for a few generations.
These clonal lines are then double encapsulated with a permeabilised yeast that
relies on a human DNA Topo Il a to survive. The gel droplet environment contains a

30 poison and a DNA double strand break stain. Gel droplets where the yeast cells in

the outer layer have survived and that do not fluoresce or are stained are selected.

4) Disease target: Diabetes (ligand activation of RXRq, ligand specific activa-
tion of RXR-PPARY, adipocyte differentiation).
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such as the drugs from the thiazolidinedione class (TZDs), exert their antidiabetic

effects through a mechanism that involves activation of the gamma isoform of the

nuclear receptor (PPARYy).

20

Activation of RXRo increases activation of PPARy and insulin sensitivity. Clinical

studies show that co-administration of retinoids (LG100268) +TZDs increases insu-

lin sensitivity and glucose uptake by 60%

25 The retinoid receptors mediate the biological effects of natural and synthetic vitamin
A derivatives, such as retinoic acid. RXR ligands interact with many different
proteins, including members of the following protein families: RXR, RAR, retinoic
acid receptor-related orphan receptor (RZR), cytoplasmic retinoic acid-binding
proteins, retinal-binding protein, P-glycoprotein and cytochrome P450. The

30 expression level of each of these proteins is likely to affect the potency and efficacy

of retinoids in various cell types.

Rexinoids may have undesirable effects mediated by RXR homodimers or
heterodimers partners other than PPARy. Rexinoids for treating type 2 diabetes

35 should thus be selective for the PPARY/RXR heterodimer.



15 Amultiple paraneter screen set-up for DNA topoisonerase Il catalytic
inhibitors is illustrated in Fig. 3A. In the assay, a producer species
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to establish a clonal cell line. These @gll lines are then double gel
encapsul ated with a perneabilised yeast that relies on a human DNA 20

t opoi sonerase Il gene to survive. The gel droplet environnment contains a
DNA t opoi sdhesired ¢hdrhpautic pagiilsand a stain specific for DNA doubl e strand
breaks. CGel droplets where cells have survived in both conpartnments and
that are not stained are selected. 25 An inproved nmultiple paraneter
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fluoresce or are stained are selected. 4) D sease target: D abetes (ligand
activation of RMIAMeracyedfd specific activa tion of RXR-PPARy, adipocyte
differemtiation). WO 03/062419 PCT/ DKO3/ 00044 38 Type 2 di abetes is one of
t he nbst comon chronic diseases and is associated with co-norbidities,
such as obedVukipleRarametendere@n: hyperl i pi deni a and cardi ovascul ar  di sease.
5 Peroxisone proliferator-activated receptors (PPARs) and retinoid X
receptors (RXR) are transcription factors belonging to the famly of

| i gand- i nduch FIUWIRR EREAIeI9reRcERANOPEY. UP Go1dd Bedhe dehpae@Psuplieeal BURTOGCSE i nct

PPARs cal | e%p@@lé&@%%%pﬁ%ﬂ#ﬁ#@(ﬁ%bfi\ihtioﬁm\ﬂthpfﬁﬁngﬁﬂﬁﬂ deNaiefrepditing
het er odi mers with . These receptors regulate 10 expression %@A%gnes
tinoid

i nvol v i n FRARGRYRAstiviiep @savedl afelb4binhibion ;i@ dreplelsiteatdndieais
. . _ : 5 ' : th
receptors asgkpk oeMatibR bR Hb@%-ﬁghsarégglﬁ%?%gué%&a@| d@&llcﬂ‘%rﬁ/ste‘f‘ﬁ

mul tiple nuclear receptors I ng tinoic acid receptors (RARsS),
vitamin D receptor, and thyroid hornone receptor. 15 PPARy/RXR heterodi ner

regul at es adfpsrptien, Bistiitutions Metabalisms iExclatiop &doNiciMdADMER) | vat ed by
PPARy |igands and/or RXR |ligands. For exanple, insulin sensitizers,

20 Major reasons for the failure of lead compounds in development often involve
inappropriate kinetics or toxicity, thus there is a strong need to obtain the relevant
information as early as possible in the discovery process in order to spend as little
as possible on inadequate compounds. The pharmaceutical and biotech industries
are thus currently focusing on transforming the traditionally very low throughput

25 processes of physicochemical, pharmacokinetic.and toxicity optimization studies into
high throughput selection methods in order to obtain the relevant information as
early in the discovery process as possible.

Through the use of evolutionary strategies and cell based systems, the present

30 invention enables the inclusion of ADMET requirements in the lead generation
process and thus reduces significantly the production and screening of thousands of
compounds that are not drug like.

Solubility
35
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reporting RXstERoacti vation with a mammalian cell line reporting 15
PPARy- RXR activation as well as P450 inhibition. CGel droplets that indicate
PPARy RXR activation but not RXR-RXR are selected. Figure 4 exanplifies
such a syst efhe prébsdinyention udes st hdsbspiacs, to peidabe thesscompgauodetin ampréerfedi ci ty
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need t o obt gant phéher plogessito evaluate the ability of compounds to diffuse across cell
membranes. The presence of medium proteins is also an inherent part of the

system.

20 Another aspect of the invention is the control of the expression or activity of the
host’s drug resistance pumps. This can be done by placing an externally controllable
promoter in front of a sequence coding for a drug resistance pump. This control
allows significant secretion of the compounds produced in the first rounds of
screening, when the solubility of compounds produced is not a key selection criteria.

25 In later rounds of screening the expression of the pumps can be progressively
turned off in order for the compounds that reach the disease targets to have to cross
the host’s cell membrane and thus have a reasonable solubility profile.

Absorption

30
The preferred route of drug delivery is oral administration. The intestinal membrane
permeability is a critical characteristic that determines the extent and rate of drug
absorption and ultimately the bioavailability. Other cells which are relevant for drug
uptake include epithelial, epidermis, nasal, blood-brain and blood-testis barriers, as



information as early as possible in the discovery process in order to spend
as little as possible on inadequate conpounds. The pharnmaceutical and

bi ot ech iwdustoczees are thus currently focusing on transf@ampkp3tooet4
traditionally very | ow t hroughput 25 processes of physicochem cal,

phar macokinetic. and toxicity optimzatiygn studies into high throughput

sel ection net ods a nformat qn. as

rd vant
he di scovertFlrobedcy Tyst nfidl Shinglay PRt G RET I Are flperer ¥
strategi es amptakesdfldrizggsed systens, the present 30 invention enables the
i nclusi on of ADVMVET requirenents in the | ead generation process and thus
reduces significantly the production and screeni ng of thousands of
conpounds th\acbstanﬁcmeliwcbf absogtion losolv&Stheulisd oftoultuida, M&@ﬁa{h@ﬁfd&& which are
PCT/ DKO3/ 00044 Ft [ %\[/ugs to be e f ctive thg %i{ be to reach
their t rget%e”eF? Erpteeyn @”%H’Su‘m dWhicf quq f gopdgore 881‘@“ "
limtation tunat Mbetmbmblenambmg;trreagarejCaSotzheellsahat qlmmedr‘om adiundmri ¢dlgni n the
assay buffer, ILn cel ase S Wit | ar bility
o " conmpounaE LT FRLING. ST SoSElene Hhie, CHrCS Pet Hadereitr s vesib Bog
ability to paes warlablsonpnbmsmdrésam dog kidnhey cIeIIrhncehtheel‘WMua-rm@sby Chnise pldoey;-ss i's
nore efficien e.a certain e pof ophilicit
2ad t o+ o BUiRE (GG HRE Bited igede Bid{ambR BBl g B bedtoteat um
cont ai h@ pr qBBMW. Tesehcelidinks are gloavn |praaecmflluent0ﬁorﬁc&ayaalr aodldsedéamm)rmtehe
degree of binding of the und to er teins ces the freely
i 7t osi bl e (IR PeRsubheafiihee el nodrt P okttt dF Shebits
i nteracti on imttierechieet eurgmnme'ﬁha' hexdpgo smfaaéroighé)mdolagertamnmrsmicmwn ei ns
has a nunber_ of, | nport ant ns in the |.iving or ncl ud| ng
franeport ard bSrRPbS R BadtiEs ot e, flenihd SluC OB SRR, o
produce t he thempaligdocalted affjax giuep, elkglytSdpretdirg dheandndcarbosgic acsdat;&ns-

er ent art. of t

o ocost o APRELAYE HREPISR FReganer cmplbtntrd 8o il Ao douch obingpods
menbr anes. ThRAA) BamrK:-e Yaimamesio MNSaitotHei TS Plaarmksa BEp Thehero9as 2¢)1ar1t959f the
of “acti vi ty S e CBEReal S BE Ehal Rplbartl'sS an  med HErEoR; " "
pl aci ng an estizgmeal[Blyrgeo8f Haldlehiid &L, ploarant By Rose fSE)Murlotk HAS &g d2S codi ng
for a drug rlghalrr%tﬁensc?ggf'l r£p14z-1|-1h 343 %Pet aIPtJunctlonaIIy expressed.
20
Figure 5 shows an example of a multiple parameter screen for absorption and a
pharmacological activity. Using a dual culture system and timing the time of cell se-
lection, it is possible to select producer cells that have produced compounds with
the desired pharmacological activity and a good absorption profile.
25
More specifically, one functionality may be screened by culturing the cells in
connection with immortalised mammalian cells and detecting the effect of the
compound or a metabolite of the compound in a receiver compartment. The cultured
immortalised cells can be grown in a confluent monolayer and compounds with
30 desirable permeabilities be selected.

Drugs that inhibit P-glycoprotein can alter the absorption, disposition and elimination
of co-administered drugs and can enhance bioavailability or cause unwanted drug-
drug interactions. Thus another important aspect of absorption studies is to deter-
35 mine if a compound is a PGP inhibitor by a direct measure of inhibition of PGP-
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20 destruction in various cell types. Moreover, members of the ABC transporter family
were shown to provide multidrug resistance in pathogenic bacteria and parasites
(e.g. Plasmodium and Leishmania species), while also allowing multixenobiotic re-
sistance (MXR) in a large variety of organisms living in a chemically polluted envi-

ronment (Kurelec et al., 1989; 1992).

25
In order to predict the penetration of a compound through different pharmacological
barriers, a wide range of ABC transporters-compound interactions are also being
tested, e.g., Pgp/MDR1, MRP1, MRP2, MDR3, MRP3, MRP5, MRP6, MXR (BCRP,
ABCG2).

30
Metabolism

A drug, once it enters an organism, can experience a variety of biological fates.
Drug metabolizing enzymes, including cytochromes P450, (present at high levels in

35 liver, kidney, gut and other organs), can catalyze the chemical conversion of a par-
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and pag@si t ase today are hepatic microsomes. These preparations retaln actlwty of those en-
zymes that reside in the smooth endoplasmic reticulum, such as cytochromes P450
(CYP), flavin monooxygenases (FMOs), sulfotransferases, UDP-glycosyl transfer-
ases, glutathione transferases and N-acetyl transferases. Isolated hepatocytes ap-
pear to retain a broader spectrum of enzymatic activities, including not only reticular
25 systems, but cytosolic and mitochondrial enzymes as well. Liver slices, which like
hepatocytes retain a wide array of enzyme activities, are also increasingly used.
Furthermore, both hepatocytes and liver slices are capable of assessing of enzyme
induction in vitro. Isolated heterologous human CYP enzymes have been available
for several years, being expressed from cDNA in yeast (Saccharomyces cerevisiae),
30 bacterial (Escherichia coli), and mammalian (B-lymphoblastoid) cell lines [Ohgiya S,
Komori M, Fujitani T, Miura T, Shinriki N, Kamataki T., Biochem Int, 1989; 18: 429-
438; Winters DK, Cederbaum Al, Biochim Biophys Acta 1992; 1156: 43-49; Crespi
CL, Gonzalez FJ, Steimel DT, Turner TR, Gelboin HV, Penman BW, Langenbach R,
Chem Res Toxicol, 1991; 4: 566-572]. These systems have been used to ascertain
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t he i ndustr yedt@al.gai n knowl edge about the netabolic stability of |ead
candidates in order to identify conpounds that may turn out to have poor
phar macoki netic profiles. In addition, studies in drug netabolism can

addr esfp t he i gRYResdnt PRBALIY the dendtatbinigf snid) moleeulesisicanied ouhbg hoaicellc! osel y
| inked to the safe use of ru%%g'n %I\%Lhera ies. Mdst .un esi.rahble

drug- drug i th&rcgR: themselyes Ap 1RRERM HE e InPRImES | gt 18 hugpan ¢ e
Sﬁm% dr ug_— ”ﬁ‘ﬁe_ﬁ@&ili&?ﬁ. %e@@zﬁsﬁﬁﬁniséEhme][ ﬁ@rﬁlbér bfs falkel pbiitives| g@fegﬁed by com-

phar macoki neti c or one or nore. of the conpo i nyol ved,  sonetines
account i ng fPGHN Wabamapﬂﬁ/daataf’@@sﬂé’ym EH@P%E?%@HSES?%FI?ZO? ofigpeut i ¢
wi ndow. The?c@vérzW%o@nbobrﬁ&sethétcaréicti\ié)éﬁerm@mefabbmdlivhi&\ oeldasthi st ance
of studies of the inhibitor ecIfects of test compounds with specific drug
met abold zi n§rWise yemaIN updisteieied. (Se¢ IO Net hods are avai | abl e which are

being increasingly incorporated into drug discovery strategies. Anong the

nost popular and wdely utilized systens in 0. use today are tic
mi crosones. MRBQLepReRSEt gt theraventieathe %’t‘gi"@?t?éo|t§1“9t%¥@e ﬁr%WﬁE’(ég‘?ﬁéi
reside in t hRcENMAS tHNEaRl MelBtde PRIdussH d8Min Bitidt cal frey bPESINFed abddys.

In still another embodiment, some drug metabolising enzyme are included intrace-

20 lularly and some extracellularly to the small molecule producer cell.

The invention may employ the simultaneous use of 2, 3, 4, 5, 6, 7, 8, 9, 10 or more

different drug metabolising enzymes.
25 When using cell based assays, one preferred approach is the use of hepatocytes.

In yet another aspect of the invention reporter systems for activity of the drug me-
tabolising enzyme(s) are included in order to gain information on enzyme inhibition.
In yet another aspect of the invention, competition assays for drug-drug interactions

30 can be carried out.

In specific cases, some of the drug metabolising enzymes are themselves the dis-
ease targets since several of these enzymes are known to be associated with sev-
eral diseases.

35



(CYP), flavin nonooxygenases (FM3s), sulfotransferases, UDP-glycosyl
transfer- ases, glutathione transferases and N-acetyl transferases.

| sol at ed wepatentyt es ap- pear to retain a broader spectrumcafDiBoynmt i C
activities, including not only reticular 25 systens, but cytosolic and

m tochondrial enzynmes as well. Liver sligges, which |ike hepatocytes retain

a wde array~.of enz activities.. are also ingreasingly used. ~ .. .

Fur t her mor o, CHISERUABA T YD JaetaliRliznp pipyTugs weligetl ol dISURS: Quidalig ng of
enzynme i ndudrug oretaboliring reazyrhes lvdtickdinblatie OYPagosi and livtDs, CHfalyze zfeirgrdaav e
been available.. for several years, i expressed fromc i n ast
(Sacchar ony cutien PLaf B¥HeR atf s spBRalF @Sy SenraR sl It Wil i an
(B-1ynmphobl dstian dy dehéthilati@s [Rbgcorgudative Kemgme K4mikes i ihelode the MUDIPa T,
ShinrikL N, Kanataki T., Bi Int, .1989: 18: 429- : Wnters DK
Codor batim A SRR RNsiTasebHOE TR, Al YandPrass€ s eV, sl o¥afitrass, o) o
FJ, Steinel (SULTS)YrandrN-déetylCEahdieianediNATFNTEe cBWigdtar girad acdiatiglizinGresmn Res
Toxi col, 1991: 4. 6-572]. These.systens have been used to ascertain W
03/ 069419 PCAHTSROPRNE 1 SHPRIG ot ronoTong el FetectRS ho; ferBBRffy Bt

parti cul ar Qddallysezsyitenamsformaticoof soluble comgioabdd thakaleangereadilyestciayed hat
enzyne. Assays using reconbi nant human cytochronmes P450, (i ncluding CYP2D6
5 & CYP2C19 that are pol ynorphically-encoded) as well as assays using

| sozymd speCytbclvomeliRts0at e and net abolite conbinations in [iver mcrosonal
preparations can provide valuable information regarding a test conpound's

drug-drug i Cli - tential . 10 In the nt_Lavention th

generat i on oreipme R @t humdis a8 SAFrBEREEo ONAES i dimes

t hensel ves Ubat nenséad e dnakiet thakesternl esterbide neandnether rimpbnad lipidsh sudn as

met abol i sm These m nim se he. nu of [fal Sitly rat.ed by com
bounds. ¢ hat MIPEEPEINgi0d HEBmbOr boA otk dod NG ek el ie S S RAGEY o The
di s- coyery arfid.ddurptinnsda dytoghrosmes PA80 igeresadt deficimmicieg ofehaleakyrsesiamne- whi ch
woul d oth- 15 erw se renai,n undi scovered.. (see figur .. I n_.anpt her. aspect
of "t he i nverTeBHbErE" SR T EeYsRy BiugiEcorat Fabdis o Meiart b ar
to the snal | savetatcancergsingbutbese emdyimesitaricbhent mretarcihogensap camdinogeas.ed
assays. In still another enbodi nent, sone drug netabolising enzyne are

i ncluded intrace- 20 lularly and sone extracellularly to the small nol ecul e
producer celCYPA3keenzgmestin te livey catalyk®het intialsstopint theddatanstematior2of X 4, 5,

6. 7. 90 9 nlo%io?irc cg%rpgunéjsi, fir}cc:iaurd?nngt mgétuogugns?ﬁte)gel ier?:'iyrrlr%seanr(za (&Hbers of a large
family of mixed-function oxidases that catalyze the introduction of an oxygen atom
into substrate molecules, often resulting in hydroxylated or dealkylated metabolites.
The metabolism takes place in two phases. Phase | is chemical modification to add
a functional group that can be used to attach a conjugate. The conjugate makes the

25 modified compound more water soluble so it can be excreted in the urine. Many
P450s add a hydroxyl group in a Phase | step of drug metabolism. The hydroxyl
then serves as the site for further modifications in Phase 2 drug metabolism.

More than fifty CYP450 isozymes are known to exist in humans and they have been
30 classified into 18 families and 43 subfamilies based on amino acid sequence simi-

larities. Proteins from the same family are greater than 40% identical at the amino

acid level, while those in the same subfamily are greater than 55% identical (Nelson,

D.R. (1999) Arch. Biochem. Biophys. 369:1-10). In the standard nomenclature, the

family is designated by a number followed by a letter designation for the subfamily,
35 and a second number that identifies the individual member of that subfamily.



25 When using cell based assays, one preferred approach is the use of

hepat ocytes. In yet another aspect of the invention reporter systens for
activity wbDoleddy ug ne- tabolising enzyne(s) are include®cCrmKms@derist 0 gai n
information on enzyne inhibition. 1In yet another aspect of the invention,
conpetition assays for drug-drug int era%i ons 30 can be carried out. In

specific cas one_of the ising enz s are thensel ves the
di s- ease ta }grl@l %tgb%lg\r}'}a& ﬁu%@m geaﬁiarﬁfuéﬁenﬁﬂom to be associ ated
with sev- er@YPzlusgasestersi muasa/sasaakgbfa&’me@magawm pdéudogecespt ual | y,
the drug met .zl n nme vided ipto t roups. Oxidative drug
nmet abol i zi n eglgi} W@s’ﬂe\%ﬁ%‘%ﬁ' 5ns@%mfy&ﬂﬁ%ﬁsafﬁ8u%?gcat al yze the intro-
duction of amYB«ggEmdanloraadﬁcbrdaﬂwbsmrmétebdheh'e((smtmsamigmenegelnys,rﬁspdmi- ng in
hydroxyz | ation or denet hyl ation. The conjugative enzynme famlies include

t he UDP55 gI?PLQSE transferases (UGTs), glutathione transferases (GSTs),
sul f ot r ansf eC¥B&Fhrofriidixdrsg AZaymthaéea(destupiahmgnsgemea)ses (NATs) . The

conj ugative t abali.zi n | i ng, of, .endogenous
ol | ol ecu £R7A B 3B 0GRS 7 RIbRE Dbt e 81 et RS P SN oo
sol ubl e corrpmannder)t hat are nore readily excreted. 10 Cytochrone P450s
Cytochrone otel ns.l in nzynes and
enzymes tha¢ @é’éfpetcg'c Wé%%lf)@%ﬁgg ﬂassetg B&mlé{rﬁ%rﬁ??{ r inportant
| |toi gs?_@;mh @%Psmpmstaé:ygﬂmlsynmaa@m subfamiyorember\2. TPeSﬁ | ast le\gg are
nmet abolites i i on n cytochrone genes or
defi ci enci ese\él:f)gé ﬁg %ﬂ%ﬁé&”ﬁ?sés 1 Ubg%% ’P%’Péer several human di seases.
| nduction ofC‘ﬁBﬁbst@ﬂﬁcﬂ)Bnosmtl&ema (leubtm:rlllws Bgene&)veral cancers since these
enzynes can r ¢l no c n nzymes in the
liver catal y‘ggﬁff%ér t’ﬁ' ﬁg%n?r%%sggﬁ S?\’b{ ?rélygl{ §%r?e§q§fa§?%& anfsgxe 20 nobiotic
](c:orrpf)undfs |®’CPL&13th>ndTh9$yrdihi&@§1 sﬁbﬁasrelyehggm@armﬁtaaefdnmsassmégal I a][ ge
amly m ncti o es, & catalyze the introduction of an
oxygen1§1tom8§?ﬁ%c¥)H 'ﬂbog‘f”rr%é{[‘é r[}g?ggtﬂfﬁ ’109‘?n 51 resulting in hydroxyl ated or
deal kyl at ed @\él?zbstbrd]cemosynﬂh&snsrmtsanbfmlmllsm yerkesd psleadegdane) t wo phases. Phase |
is chem cal atl nal roup that can be used to
attach a con‘][’]ﬂg}a‘{\é? %e(%?%gg?gﬁﬁﬁﬂ y[,ﬁeqegg nodi fi ed conpound nore water
sol ubl e so iCYR28A Mnexcamdtr@draxwasélenpmanan delelppmBAS0 subfdchilg ngnabrenx y |
group tnh a Pe@ﬁ%é pr%%gae ret|n0| “a%d’"ﬁ“ oa c?@\as%'ﬁ sutr)} mw (rjrlreQn)%r)
20 CYP26C probabvle retinoic acid hydroxylase (1 subfamily member)

CYP27A bile acid biosynthesis (1 subfamily member)

CYP27B Vitamin D3 1-alpha hydroxylase activates vitamin D3 (1 subfamily mem-

ber)

CYP27C Unknown function (1 subfamily member)

25 CYP39 unknown function (1 subfamily member)

CYP46 cholesterol 24-hydroxylase (1 subfamily member)

CYP51 cholesterol biosynthesis (1 subfamily, 1 gene, 3 pseudogenes) lanosterol

14-alpha demethylase

30 The bulk of drugs are metabolised by a few members of the CYP1, 2, and 3 families
and the metabolism occurs primarily in the liver, which contains the highest concen-
tration of CYP450 in the body. However, the importance of extrahepatic metabolism

in tissues such as the intestine and lung is also recognized.
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CYP26B probabl e retinoic acid hydroxylase (1 subfamly menber) 20 CYP26C
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bi osyn €e5| ) subf am | gfao YP27B Vi tam n D3 J}/@ lLase
vt val e vidtatecsoR srab FERREIYm et anieveR 3 RonaRBbas A, T
subfam | y nendietio. A polymorphism is a dlfference in DNA sequence found at 1% or higher in

a population. These differences in DNA sequence can lead to differences in drug

metabolism, so they are important features of P450 genes in humans. CYP2C19
has a polymorphism that changes the enzyme's ability to metabolize mephenytoin (a

20 marker drug). In Caucasians, the polymorphism for the poor metabolizer phenotype
is only seen in 3% of the population. However, it is seen in 20% of the asian
population. Because of this difference, it is important to be aware of a person's race
when drugs are given that are metabolized differently by different populations. Some
drugs that have a narrow range of effective dose before they become toxic might be

25 overdosed in a poor metabolizer. A cytochrome P450 allele website is available from
Sweden at http://www.imm.ki.se/CYPalleles/

Another aspect of the current invention is the ability to evolve drugs designed for
specific populations or even individuos since the drug metabolic aspects can be
30 addressed during the drug generation process.

Oxidation of organic molecules by P450s is quite complex (Ortiz de Montellano, P.R.

(1995) Cytochrome P450: Structure, Mechanism, and Biochemistry (Second Edi-

tion), Chapter 8, edited by Paul R. Ortiz de Montellano, Plenum Press, New York),
35 but the overall reaction can be represented simply by Equation 1:



25 CYP39 unknown function (1 subfamly nenber) CYP46 chol esterol

24- hydroxyl ase (1 subfam |y nenber) CYP51 chol esterol biosynthesis (1

subf am | ywob3gene9 3 pseudogenes) | anosterol 14-al pha demetripKEa®erd30 The
bul k of drugs are netabolised by a few nenbers of the CYPl, 2, and 3
famlies and the netabolismoccurs priggrily in the liver, which contains

t he hi ghest concen-. ty,ati f 4 i e u!ﬁw_ever, t he i nportance
of extrahepa e 'r?é't!’;i rs@hn" &ﬁ#ﬁ§3&sﬁwﬂ+5@¢%y Intestine and lung is

g
al so recogni zed. WD 03/062419 PCT/ DKO3/ 00044 47 The xenobiotic
met abol i zi ng, P450 re a i . |y 50 k ein n i t he
endopl asmi ¢ Q%Fﬁgﬁ?'ﬁ@?\i&gbgﬁ |§E\qu(?ﬁérrggt\?§ﬂ-éez@%}lbr} gﬂrzlaﬁe‘?'hgﬁ‘lsﬁ'*fﬁh‘les o' RS
N-term nus. ductdse tbniecheérnaabmain ofsthe @ Yi45D avrend thedl actigatian dfugalecdar exgsul t s
in particul ate prepagati.ons ri.ched i.n, endopl asm | C C nly
referred to & %Cgféogﬁlﬁ%'?ﬁeﬁjg?éﬂ"@do@ %Q%?no?f;#lr‘%o% aﬁghreoés{hérjrrg%r Oﬁgg? I ons
from many ditbfwatentini sother cakesl shehascahenelactrat cat edmei fgorh INADRIPH waacytabi | ity

ver

[ [ it f _individual i D , ,
gener ol { zat | SFETG/E Bk RO ArEHRm B DEREn PR8EEney BT pmaments
gt r U(F:)t ulr ei? I\%mc:mmrzeanamfl él.iéilnmahenhetabqﬁs(rSefcmtzbuE(ﬁubStmis b@remptee CYP450 edi t ed
au . |z de n : r ess, , . . t

2. (1004 ShlfeenBoHRU R BRT, ord DY BIRAR inO N S T g R sl e
PigOS , i% pr gsi(s5 emb: 'ﬁlearlyadudier?ﬂaudmpddytwhrwmwbﬁi staschotvheo foe dseifenive saeztyergé 1
1A2, , e S m | . an ,
and the 3A 3‘%‘?%@ rlnécﬁe ?ﬁﬁ“”%ﬁ”dg égénggt(%ﬁoéﬁg?p‘%g%a)‘/cq'lbrr}%ogot étﬂe agt)s Be% g‘f' t he
P450; : s t hfaettarpnel, jtmbeq;)h(:xsameaatmstm plhfjng hidirant r_o[hﬂnehjlédtren?mefsr (\_fan_uhzagi, R
met abol1smfro I,0R; | LY
pol ynor phi srri{| T ?’ %Pgﬁgg LPJ eﬁ’é’%%’%%ségggé'ﬁgg Tlfh g&h%étglwgeﬂy 5 lcc)jr'wl%log eg']#q? n a
Sopul ati ?nb t}ﬁ{ata@,eoclircbmerbérmﬂsalliqstdméuysmq?rwmee dmin%eraﬁ?gcb&ﬁvéére@&ﬁﬁéa I n

ru abo] i ] . :
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mephenytoin (a 20 marker drug). In Caucasi ans, the pol ynorphismfor the

poor netabol Lzer ,phenot ype | Ly seen in 3% of the popul ati on. However,
Hedpfesposigehass AR,

it is seen i pul ati on. Because of this difference, it
is inportant to be aware of a person's race when drugs are given that are

e 2o Al B Rbtarbtafh g R PR b SRR e @
over doged i nplasmiooetioukinabod catelyze thecoxidatibn efrergadicCoaipoahds usiig notecukar
available f rcS)xr)r/]gen and NADPH as the source of electrons for the reduction of one of the oxy-
gen atoms (Equation 1). However, they are mechanistically distinct from the
CYP450s in that they react with oxygen and NADPH in the absence of substrate to
form a 4a-hydroperoxy flavin enzyme intermediate. Thus, the FMOs exist in an acti-
25 vated form in the cell, and their interaction with a nucleophilic group such as an
amine, thiol, or phosphate, is all that is required for completion of the catalytic cycle
(Rettie, A.E. and Fisher, M.B. (1999) in Handbook of Drug Metabolism, pp131-147,
edited by Thomas F. Woolf, Marcel Dekker, Inc, New York). The capacity to remain
stable while poised in an activated state is a possible explanation for the extremely
30 broad substrate specificity of the FMO isozymes. It has been proposed that essen-
tially all of the energy required for catalysis is captured in the oxygen-activated in-
termediate, and that alignment or distortion of the substrate molecules is not re-
quired (Ziegler, D.M. (1993) Annu. Rev. Pharmacol. Toxicol. 33:179). It follows that
the active site of FMOs is much less sterically defined than for other enzymes.
35 FMOS is the most abundant form in human liver and is believed to be the dominant



Sweden at http://ww.inmmki.se/CYPall el es/ Another aspect of the current
invention is the ability to evol ve drugs designed for specific popul ations
or even iwdiosioduas since the drug netabolic aspects can beCTAKm®adiessed
during the drug generation process. Oxidation of organic nol ecul es by P450s
is quite conplex (Ortiz de Mntellano, BgR  (1995) Cytochrone P450:

Structure, Mechani .and Biochem str Second Edi-.tipn), apter_8
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el ectron fr%mv)(%f‘iglfa?%e%ﬁg'%f'g‘?ﬁ@%l”wf )T he flavin donmai n of NADPH- P4A50 re-
ductase to the hene domnin of the CYP450 where the activati on of nol ecul ar

oxy- 5 gen o rs. Substrates wi th one of the oxygen atons and the
ot her ifg reoLZ@(gQ?yFBS ifqnsferaggs @gﬁés cases, the second el ectron can cone from

NADPH vi a cyto- chronme b5 reductase and cytochrone b5. During in vitro

reconstituti experinments cytoochrame b5 can stinul at e. net abal i,sm of
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STl at i ng PeaBIETR GRNehRyAf Bl MRt EaB ot R R RELE phlog ance,
it does$0not phiipand thus iherereayilyraxceetet indié or ofire.i n el ectron transfer
(Yamazaki, H, et al. (1996) J. Biol. Chem 271:27438-44). The nost w dely
hel d hypothesis is that cytochrone b5 acts allosterically to enhance the

i nt eract i on Erpiatiear?: ODRHglucuténie adidNABRRHUPPSORrgidcuronide or it i nproves
substrate binding. Flavin Mnooxygenases (FM3s) Flavin nonooxygenases, |ike
t he CYP450 enzynes, are associated with the endo- 20 plasmc reticul um and
cat al yze t haliwuglagiuouronidativrggenetallyosplassifiesd ass Phasenib hrestabotism —-othg gpasand

NADPH h f f duct i f f :

et 58 o mcahioS 5B 20 SaRa g il EUEHIEA e Bl BF 1 2"

CYP450s i n trbadiret prizy axigation betdusetyeyeaready phiddall fumctivhal grogmsntbat cdn be
bstrate t f 4a=hyd flavi i nt iate. Th th
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a nucl eophi lUGTZBBUEpendéntagucaironidation®f nidmplohe (Coffrprgsphat el (1996al0rug hat i s

o WRORE RbaSrE]-ab 7 BEbEReRIE] B sPShHefase b taFl"er
20 inflammatories) (Coffman, B., et al. (1997) Drug Metab. Dispos. 25:1032-8); in the
latter case, glucuronidation was demonstrated to be the rate-limiting step for in vivo
plasma clearance. UGTs are 50-60 kDa integral membrane proteins with the major
portion of the protein, including the catalytic domain, located in the lumen of the en-
doplasmic reticulum and a C-terminal anchoring region of 15-20 amino acids span-
25 ning the ER membrane (Radominska-Pandya, A., et al. (1999) Drug Metab. Rev.
31:817-99.11. Radominska- Pandya, A., et al. (1999) Drug Metab. Rev. 31:817-99).
The aglycone-binding site is believed to be in the N-terminal portion the UGT poly-
peptide, which is the region of the protein that shows the greatest variability in se-
quence among UGT isozymes. The UDPGA binding domain is in the highly con-
30 served C-terminal half of the protein. Although not a certainty, it has been hypothe-
sized that association with lipid is required for UGT activity and may influence the
access of aglycones to the active site. Two UGT families — UGT1 and UGT2 - have
been identified in humans. Although members of these families are less than 50%
identical in primary amino acid sequence, they exhibit significant overlap in sub-
35 strate specificity (Radominska- Pandya, A., et al. (1999) Drug Metab. Rev. 31:817-
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gener at es preisihave bebatobagreedrand linkett & difergpices iirc daydreshorssestiMebegawi. | y
excreted in bj rurine. uation 2. UDP-gl ucyron acid + R ->UDP +

R- gl ucur oni nggﬁt%@ﬁcﬁeﬂgﬁ%ﬁ#&ﬁPB'HeE?E%Pg I@e‘f's\) Cﬁ)asm fied as Phase I
met aboldsm - the phase 15 occurring after CYP450 dependent oxidative

met abol i sm n ds. do not re. prior gxidation be

al r eady possé'geBh %EEE m'&'r' ?Jb@esttﬁ qaé rpqﬁgbmgf%%ﬂj'ﬂﬂgbsﬂ%@ E%j:?ﬂﬁ es of
first-pass netdahelisoormcthbioprizeshtinly ¢da]ingatescplante phierols (KBEZBAE). thefemdemt

gl ucur oni dat r.phi Cof f ma ..et al. (1996) Dru Met ab.,

3 spos. 26 1h8UCHa {ARHE MatEhatS nvale shengcdenpiss SR Romeb Ry o7 VBT & (anc
20 infl amratmnoblsmcs( @af Wittathe BYP4ms a:lassm&ﬁﬁﬁﬁ) othngGB basedDbrs gabstrate

25 30550, AghebE o sBERha o Pl L oot SRR B > 1
i nt egral nerfomaatenmapadiyrisr mostlof tHechumgnodGTeorti on of the protein,
including the catalytic domain, located in the lunen of the en- doplasmc
reticulumand a C-term nal anchoring region of 15-20 am no acids span 25

ni ng the ER @kerdhianetrémderasesy@S¥sPandya, A., et al. (1999) Drug Metab. Rev.
31:817-99.11. Radom nska- Pandya, A., et al. (1999) Drug Metab. Rev.
31:817-99). The aglycone-binding site is believed to be in the N-term nal
porti op0t he GiGhthiohe -trapsfpteisde ,cataﬂy'zehthbeotdmuneqi thivetiier t doajygateisebetwbbat
shows the grge& t?‘n?(;[nev(ﬁ’él-?)bénldl Xctlve Xenobiotics by direct addition (Equation 3) or dis-

placement of an electron-withdrawing group (Equation 4).

Equation 3: GSH + R —-GS-R
25 Equation 4: GSH + R-X —-GS-R + HX

The major biological function of GSTs is believed to provide defense against elec-
trophilic chemical species. The majority of GSTs are cytosolic homodimers com-
posed of approximately 25 kDa subunits from one of four structural classes: Alpha

30 (o), Mu (u), Pi (), and Theta (0). The ¢ isoform (GST A1-1) is restricted to a few
tissues in mammals, including kidney, intestine, lung and liver. The u isoform (GST
M1-1) is found in the liver, but relatively few other tissues. In contrast, the & isoform
(GST P1-1) is widely distributed throughout the body, although it is notably absent in
the liver. Additionally, GST P1-1 is abundant in most types of tumor cells.
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guence anong UGT isozynes. The UDPGA binding domain is in the highly con 30
served C-termnal half of the protein. Al though not a certainty, it has
been hypowlas/osidaed t hat association with lipid is requiredTiDKo30GH4
activity and may influence the access of aglycones to the active site. Two
UGT famlies - UGI1 and UGI2 - have begp identified in humans. Although

menbers of t famlie re,l ess than 50% identical in primry am no
acid sequenc%‘?%ﬁﬂ'é 4G &“?"%’?gni ficant overlap in sub 35 strate

specificity (Radom nska- Pandya, A., et a/. (1999) Drug Metab. Rev. 31:817
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UGT2 famly s not been as eXt%‘fr']'ij%tﬁ‘ljé/) studied, it is known that UGI2B4,

h
2B7, 2810, ﬂ%?xﬁln@dféﬂ'gegpé'p&g in the liver (Radom nska 5 Pandya,
A., et aL (1999) Drug Metab. Rev. 31:817-99.11. Radom nska- Pandya, A, et

. (1999 Met : 817 - LAS f ther d
i ab e, A BB gt SR BB L Pt B wer
expression | ev- els have been observed and linked to differences in drug
b W 997) P . ti f Uni ' P , Ne
(T enes (M byl R b RRS SEBRCE e RS R IR YT H S
[ ?‘ of olr 1o E gdnagio)w by?hmkfetdmyrin_amfmmgugHagfop?wrg?mtéll?Icgyzlse_;sonblngtaéega Ifi;an?r
enol s AB S r in e ani me i,Z vari.ety,o

Pndogenous soef Beipoicdhpilssevan iEpyated Biarptief Tidiane 1 1o KBIHEN ¥ o505,
cl assi fi cat isuifatef canhleatl@ Joineestied «frhighip seéactive nidalsgie dntermeéedigtes sswbmasvhat
limted since th&

bapnet iyt onbdl.cahd  Baffie odiERbN AL g, *Sud” s sulaBl L Al 770"
Se'ltj;[/\gte hi onfa acem?rhizmefm?eamec(aﬁ;?ayz\e, tahaiﬂ. (2982)%. |I\I¢eﬂ _cn:ihsénhiaﬁg?ﬂr@eetrcs;dsglgéry?;\; ﬁs
CEqast T 95t 800 O (2 n e §8350Y SEFRRPL HobRerdf e MR Y o1

4) . Equat i orfei@nt &iBthemital-prégeri2Baviecheshiocbaradteri@&HintarRnXl ar@bhirnan tiBsuEhe

T oo oo ihaetdstos B T ol RSl R s e e g
honodi mer s cidered tspstant irapgugoxetabdkdny, & thBanaubrane tbouhd emzgmes,obhittour
structural Ce{rg ?r;sv%?véd'??lw Eawheasulfonation of glycosaminoglycans and glycoproteins (Weinshil-
20 boum, R.M., et al.(1997) FASEB J. 11:3-14). The human cytosolic sulfotransferase
isozymes function as homodimers of 32-35 kDa subunits. There are currently 10
known sulfotransferases in humans, five of which are known to be expressed in
adult liver (SULT1A1, SULT1A2, SULT1AS3, SULT1E and SULT2A1). It is expected
that other new genes encoding sulfotransferases will be identified. The nomencla-
25 ture of the different genes, their mRNA and protein products has recently been re-
vised so that “SULT” is the accepted superfamily abbreviation (Raftogianis, R.B., et
al. (1997) BBRC 239:298- 304). Allelic variants of sulfotransferase enzymes do exist
and studying their frequency and functional role in drug disposition is a very active
area of research.
30
N-acetyl Transferases

N-acetyltransferases (NATSs) catalyze the biotransformation of aromatic amines or
hydrazines to the respective amides and hydrazides (Equation 6) using acetyl co-



30 (a), Mu (p), Pi (it), and Theta (0). The a isoform (GST Al-1) is
restricted to a few tissues in mammals, including kidney, intestine, |ung
and |iverwobbaeeni9 soform (GST ML-1) is found in the |iverCTIDKo3neaddati vely
few other tissues. In contrast, the i isoform (GST P1-1) is wdely

di stributed throughout the body, although it is notably absent in the

liver. Additianally, T P1-1 is,abundant .in st types of r cells. 35
VO 03/ 06241F"PET? D&O?%&A‘%)noél%h%l fis0 , wils roafaldaes t%@u@i%“)etyiitjgﬁo@fa sferase
enzynmes cat dlydexyaroenatio ajmirgstto anetoky esiésgEquatiarups onto a variety of

xenobi oti ¢ and endogenous substrates that possess acceptor noieties such as

5 hydroxyl and am ne groups (Equation 5). Equation 5. R-XH + PAPS --R-S04 +
phosphoaden@&juation a:1R-NH2 +c06AciSs+COCH3hoRNOA@H30s Cod—BH phosphosul f at e

(PAPS) s requited faor sul- 10 fonati thes S.. t hough
sul fonati one%ﬁ?é'?glﬁ';ﬂ cgﬁb&" ecul ﬁﬁyﬁgem§§§¢%i+o?%i C activity,
several docunented exanples indicate that the addition of sulfate can |ead
to formation of highly reactjive tabolic inter i-at es |
i noxt i1 are AebeleonavAT BoFre a hlbnhn g AT ERUNAY £ s 91 oxy
2- acet yl amkbaf ¢ytasobio pratéibCidungd id the lever. NAT { EABR) exbredded.in Gremgnottas tis791- 3;
Mller, J.A_15 (1994 m Bio. lnteract, .92:329-41 ever al
sul f ot anst SPESEVIRIZGRNETER Rl BpsetoBLhe il adl s SR FOBILS Mave been
char acter i zdifferentabutnaderlappindg sutssirate spacificitiesywithgeoasingle substratesappendng i n
tissue fractions: the cyt i £ .enz whi,ch are con: sidered. i [ tant
i ar g et dbor A SRR AR A SR ERR NG tis e R ROV EP BN s ER ed i
t he sul f onatN-acetpihtig! sieosehdoungientsa) ananthyghiync apoletieithies sysdeptibdity bf @ bour n,
RM, et aL(,1 997). FASEB J. .11:3:14). The h n lic sulfotr f erase
sozymes. 1 urldbIGAEs SBicHEr 4 fov, oAt RS A TE B fiahdd bObRTNY oF 1Y
10 known sudctiddtioarantiatetsdaliion dithetersgyclic amnadtic\d@mind cancimogermsiiV eber Oy .
expressged i t liver (SULTL U T SULT1E and SULT2A1).
It is zipecgé%gﬁbg ﬁ‘gfm%?%gp&hc W56{§ﬁdeg§¥%r§é6¥595§§ﬁ?\%§t%w&nsf erases wll be
identified. The nonencla 25 ture of the different genes, their nRNA and
protein prodluctsI has recently been re- vised so that "SULT" is the accepted
superfam |y a°5‘t5°rgvi ation (Raftogianis, RB., et a/. (1997) BBRC 239: 298-
304). Allelic variants of sulfotransferase enzynes do exist and studying
t hei r frequedmeyofathd niain ddrrsra ltoxictyds hepatotogydity spreshly iisoated hamap hepatot | ve
area OEO reses eCshr'epresent the best in vitro biological system in which to evaluate toxicity. Some

human liver cell lines have been developed that reflect normal human liver metabo-

lism (e.g., ACTIVTox from Amphioxus Inc, and Hep G2 from Cerep). These cell lines

can be used in cell proliferation assays that give very good correlation with in vivo

results.

25

In the present invention toxicity assessment is an inherent parameter of the screens

since the compounds are produced in a host organism. Any compound that is very

toxic will not be selected or detected since it will kill the host organism. Broadly

speaking, toxicity can be screened for using a cell proliferation assay. A more accu-

30 rate human toxicity assay can be incorporated in the multiple parameter screening
procedure by for example encapsulating hepatocytes with the producer species and
disease target(s) and select screening units that activated the disease target(s) in

the desired way and have not inhibit hepatocyte growth.

35 Figure 7 shows a schematic representation of a screening system of the present
invention to evaluate target activity, metabolism by DMEs and cytotoxicity: Using a



30 N-acetyl Transferases N-acetyltransferases (NATs) catal yze the

bi otransformati on of aromatic am nes or hydrazines to the respective

am des anwolmasmad des (Equation 6) using acetyl co WO 03/ ®&2AKN3/00044

PCT/ DKO3/ 00044 52 enzyne A as a donor. They also will catalyze the
0-acetylation of N hydroxyaromatic am ggs to acetoxy esters (Equation 7).
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pol ynorphi snms for N-acetylation are well docunented, and may play a role

i n the suscdpatagehicity of cer- tain individuals to bl adder and col on cancer,
as the NATs are involved in both the activation and detoxification of

het erocyclic aromati c am ne carci nogens (Wber, W 15 (1997)
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t oxi ci ty. Soneasutingithd ieverse-galthtidn mesinhavergheiem. The etgapisth térabe meinhast
normal human i ver é}et @B{O-. [ism ge.sg. ACT] VITO{F] from Anghi ﬁ%us kntc .and Hep
G2 from Cer &BY"OT$RLLEMERY) ficiqoraanisms, Fop exqrupla, nRre.aF sexpisy FaieRt FdNyssay's
t hat gi ve varith differithgcamdroehplancantavy tsbnsitivitids\o potedtiallmgtagéts df the becteriues ent
invention tg icit%l a}ssessrrent is an inherent paraneter of the screens

SArmande

since the co %‘?’Emfﬁ?‘g’&uced in a host organism Any conpound that is
very toxic will not be selected or detected since it will kill the host

or o1 at | AMOGLERE PATAMRTeR RAERNAG AR IRERTINIO5E <2y "Lan be

incorporated in the nultiple parameter screening procedure by for exanple

encapsul at i hepat Qcytes. w,t h the producer species and disease target(s)
and sel ect ;%rgﬁ'ﬁpﬂ °ylﬁ?r§§°'?%at activated the disease target(s) in

The effect of a compound as a herbicide can be screened with in vitro assays.
20 Primary screens that test the effect as a herbicide include: toxicity, inhibition of
photosynthesis, inhibition of central metabolic enzymes.

Examples of further screens that can be assayed simultaneously with the first group
include: uptake (using hairy root cultures, organ cultures (including shoot cultures),
25 metabolism, lack of toxicity towards other plants (in particular crops) or towards

other organisms (animals, humans, insects, fungi).
Screening for fungicides (agricultural)

30 Primary screens are much like the ones used in screening for or evolving herbicides
except that fungal cells are used as reporter cells and for uptake.

Secondary screens are also more or less of the same type. One particular screen to
perform is lack of toxicity towards plants, in particular crop plants.
35



the desired way and have not inhibit hepatocyte gromh. 35 Figure 7 shows a
schematic representation of a screening systemof the present invention to
eval uat e waroget24acti vity, metabolism by DVEsS and cyt ot oxi ®@CITDKB®DIg a WO
03/ 062419 PCT/ DKO3/ 00044 53 doubl e gel encapsul ation systemwhere in the
first droplet are clonal lines of the gyoducer species transformed with
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are al so nortexicity towais@thdrispeciasref ihyamts. One particular screen to perform
is Iaciiof toxicity towards plants, in particular crop plants. 35 WO

03/ 062419 PCT/ DKO3/ 00044 54
Screening for cosmetics
Primary screens are directed to the function of the compounds as cosmetics.

20 Secondary screens include the same as for screening for or evolution of
pharamaceuticals, i.e. absorption (if relevant), distribution (if relevant), metabolism,
excretion (if relevant) and toxicity, mutagenicity and teratogenicity.

Screening for flavours

25
Primary screens may include automatic assaying for the desired flavour. “Artificial
noses” have been developed that can assay for particular flavours or tastes. Artificial
noses, or olfactory or vapor-selective detectors can detect low levels of odorants.
Examples of such noses are disclosed in e.g. US 6,368,558 and references cited

30 therein. The technique is also know as artificial olfactometry.

Secondary screens typically include toxicity, mutagenicity, teratogenicity,

metabolism (by e.g. saliva enzymes).



Screening for insecticides Primary screens include the assays for the
function of the conpounds as insecticides, i.e. cell based assay for

toxi city wowanaxstia specific species or group of 5 speci ePCafDKIISO®HS,

and/ or assays for inhibition of specific enzynmes in key netabolic
functions of insects, or inhibition of rggproduction. Secondary screens nay

i ncl ude uptake in speci.fi,g . Jjnsec rgans,.usi ng_e. g. C | uent nol ayer
of insect cell% @FH}%{"& eétﬁ?ﬂgggamﬁewgﬂu'f'ﬁg P%g@g?elrc a%e”?’g‘; Fﬁgbeevo‘@BRt aken
up. A furt henclsde therevoiutiboided smeeaibg lfordimelohemicads; tfoorkbdrabieed additivesyasdt o
test whet hercaﬁ%]%‘tgorrpounds are netabolised or activated by these.

Furt her nor e, rel evant to screen for lack of toxicity or nutagenicity
or teratogenicity towards aninmals and/or human bei ngs. Anot her exanpl e of

a secongdary | oxicity towards other species of insects.
15 Scr egni ng§¢%rEE@|ol\isérre I CS IQPiE%ry screens are directed to the function of
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detectors can detec Itsgl\gé'&gl\égye é]’%se?‘g ro?g{h%rord;ﬁﬁggl es of such noses are

disclosed in e.g. US a er ences =i 30 therein. The
techni que is al so keowsesofandtiiional edpodef gertesiretgr,\His,Sercafrdponier geneg tist

typically include toxicgy . i G AL Ci t ism (by
e.g. saliva enzynes). W%@ylﬂﬁ?%%Se%ﬁ%é%zs@f%ﬁ%%gﬁﬁrbﬁné eg’e(?n@@&a# S: other
exanpl es of nultiple paraneter screening and evol ution include the
evol ut i,pn agqyé&rg i f% e ;F ' P feed additives, and
cat al yggs. E%P%’\(I%%?‘Ig '{&%I%ﬁ §£eﬂ g% é'?: g’gﬁ‘%o@gt f'e positive cells can
be achi eved by est albl i BACB& isttaceular rdperter assays (native or engineered)
b. FACS & gel encapsulation (single, double or more) & extracellular
reporter systems [cell based (native or engineered) or cell free]
c. Overlay assay & extracellular reporter systems [cell based (native or
20 engineered) or cell free] & picking (manual or automatic)
d. Single clonal cell line confinement to microtiter plate & extracellular
reporter systems [cell based (native or engineered) or cell free] &
picking (manual or automatic)

e. Plating & picking (manual or automatic)

25
Flow cytometry
In traditional flow cytometry, it is common to analyze very large numbers of cells in a
short period of time. Newly developed flow cytometers can analyze and sort up to
30 100,000 cells per second. In a typical flow cytometer, individual particles pass

through an illumination zone and appropriate detectors, gated electronically,
measure the magnitude of a pulse representing the extent of light scattered. The
magnitude of these pulses are sorted electronically into "bins" or "channels",
permitting the display of histograms of the number of cells possessing a certain
35 quantitative property versus the channel number. It was recognized early on that the



only positive cells survive or by physically selecting positive cells.
Survival of positive clones can e.g. be achieved by using assays based on
10 a. Surwowalo6i4mo t he presence of toxic substances b. Sumginmaosionostthe
presence of other organisns c. Use of nutritional reporter genes, e.g.,
H's, or of reporter genes that when giygng desired response produce a
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el ectroni ¢ qubklerabdy at Ia@ptﬁo,@oe@ar sez:mdmdrehneﬁesabrw atdeasdn 00,000 per secohd.
de5|reg properties into separate "buckets", a procedure usually known as
fluore %ence activated cell sorting (FAGS) 5 Fl uorescence-activated cell
sorting has Gelanicpodnopletiencapssdation st udi es of human and

The gel microdroplet technology has had significance in amplifying the signals
available in flow cytometric analysis, and in permitting the screening of microbial

20 strains in strain improvement programs for biotechnology. Wittrup et al,,
(Biotechnolo. Bioeng. (1993) 42:351-356) developed a microencapsulation selection
method which allows the rapid and quantitative screening of >10° yeast cells for
enhanced secretion of Aspergillus awamori glucoamylase. The method provides a
400-fold single-pass enrichment for high-secretion mutants.

25
Gel microdroplet or other related technologies can be used in the present invention
to localize as well as amplify signals in the high throughput screening of cells.
Preferably the screening methods of the present invention are laid out to ensure
survival of the producer cell, so that these can be used for further rounds of
30 evolution. However, it is also possible to isolate the expression cassettes and

possibly even the artificial chromosomes from the cells and re-insert these into other

host cells should this be necessary if the cells are killed by the screen.

Different types of encapsulation strategies and compounds or polymers can be used
35 with the present invention. An encapsulation of particular relevance is the



animal cell lines and the control of cell culture processes. Fluorophore
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20 Fluorescent substrate labeled glass beads can also be loaded inside the GMDs. In

cases of non-viable cells, GMDs can be employed to ensure localization of signal.

Encapsulation can be in beads, low or high temperature agaroses, gel microdroplets
made from agarose, polysacchoride, carbohydrate, alginate, carrageenan, chitosan,
25 cellulose, pectin, dextran, or polyacrylamide, cells, such as ghost red blood cells or
macrophages, liposomes, or any other means of encapsulating and localizing

molecules.

Gel encapsulated cells may further be enclosed in a layer essentially non-penetrable

30 by the compounds being screened. Thereby it is ensured that the compounds
remain within the vicinity of the cell and that the physical connection between cell
and compound is not lost. Furthermore leakage from gel droplet to gel droplet is
prevented. The non-penetrable material may be a lipid material.
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20 G. M. (1983) J. Pharm. Ther). These techniques are useful in the present invention

to encapsulate samples for screening.

An environment suitable for facilitating molecular interactions include, for example,
liposomes. Liposomes can be prepared from a variety of lipids including

25 phospholipids, glycolipids, steroids, long-chain alkyl esters; e.g., alkyl phosphates,
fatty acid esters; e.g., lecithin, fatty amines and the like. A mixture of fatty material
may be employed such as combination of neutral steroid, a charge amphiphile and a
phospholipid. lllustrative examples of phospholipids include lecithin, sphingomyelin
and dipalmitoylphos-phatidylcholine. Representative steroids include cholesterol,

30 cholestanol and lanosterol. Representative charged amphiphilic compounds
generally contain from 12-30 carbon atoms. Mono- or dialkyl phosphate esters, or
alkyl amines; e.g., dicetyl phosphate, stearyl amine, hexadecyl amine, dilauryl
phosphate, and the like.
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20 Evolution towards mutliple parameters

Evolution at its most general is a process, whereby a set of replicating and varying
patterns are subjected to a selection process that favours the replication of certain of
the variant patterns. The selection process acts on an emergent property
25 (phenotype) that is encoded by the pattern and that varies as a consequence of the
underlying variation in the pattern. Over the course of a series of replication events
those patterns whose replication is most favoured come to dominate the population.

Variation in the patterns occurs as the result of changes in individual patterns or as

30 the result of mixing of individual patterns. Which patterns come to dominate the
population is partly a consequence of the selection criteria used and partly a
function of the starting population.

In living organisms and cells the predominant replicating pattern consists of
35 nucleotide sequences (DNA or — in some vira — RNA) and the criteria on which
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Cells containing genetic material are thus in principle able to evolve by virtue of the
variations in the genetic sequence that occur within each cell and the consquences
of this variation upon the fitness of the cell in a given set of environmental
parameters and the ability of the cell to pass these genetic sequences on to
25 descendant cells

For the purposes of this invention the term “Fitness Function” shall be taken to mean
a mathemetical or algebraic equation that calculates a score and where the variable
elements in the equation are output variables that vary between different cells within

30 a cell population.

For the purposes of this invention the term “Fitness Score” shall be the score gener-

ated by the fitness function equation.



For instance the mating calls of many male insects are optimsed to attract
femal es of the sane species whilst not attracting predators. 20 Cells

cont ai ni ngogsneldie material are thus in principle able toprPeTamrs/oby4svirtue
of the wvariations in the genetic sequence that occur within each cell and
the consquences of this variation upongjhe fitness of the cell in a given

set of envirp ta ranmeters and the abi s these
genet o sequbrEl D e EaRy Alfeton ruprdssictafiied nfﬁﬁseed?eof?fw%

i nvention t he doatoetédFateueding E]JﬂheﬁmlbWinngmlePalbﬁDobdkmn to nean

mat henetical o ebrai c.eq n. t hat ul at es SCO ere
variable el® errih? bg’ﬁﬁsfl 8t'c§h@t"? 8%“’!%“@ tﬁ ﬁPOWafﬂﬁeagh%Qe?'W&P%aP Pp &f vveen
different cell ewelllang maditerpatially remJﬂhettbmasEmmd;mamurenoses of this

i nvention the term"Fitness Score"” shall be the score gener- ated by the

fitness® functi BACRERILATIHHP AGCHHIP (REAPIBIROYNSQIIPYEPAFEMHE'S| t shal | be

under stood thap femhescehepéal&ﬂht@dmng:mﬂe%ee@u% éfa PAhé&tep®y therefore be
conducted according to the foll ow ng general procedu The fltness

function (F)* i $hemsf Wilédv'&btheﬂwheﬁt Feenoms %resrem%e@é@m@e ssrRaningylgealty ¢ he

cel | and mat heggd hfcddto bt €8istdlihSiolver ﬁ%@k&rsaé}beléaaro%eegﬂe Rghdagh cel |
or group of cells Is neasured on one or nore paraneters for the cell is

cal cul at ed acc8fUe igmeank & eradeiesmined Resceatagecfdhe valsswitlh e Bighest iscenge

hi ghes{g F scor §x§crﬁéseth6%§t\/ﬁﬁ 59,010 b6y Wke@rﬁbﬂ%r&% 'éeﬂébﬂoﬁ'ﬂﬁbs@br'e@"bﬁéj to
grow. Cells with | ower scores are discarded est score is

nmeant a predet Besti e t"[ifePé%;th Agke. die togst BN "émvﬂ‘@ rbeehQ QQgg%ﬁesQf tedrest 10

such as the beglgod1s 5% 10 % or 50% or for very high selection pressures
the best 1 %), the best 0.1 %, the best 0.01 %, the best 0.001 %o, or
the best 0.0001%. It is an inportant teaching of evolution that the

criteria on W\@'aﬁhnﬁ%ﬁ&rﬂ't@ao‘hﬁigtcﬁre%lu%r?thaﬂﬁlesﬁllt&&t&\dwﬁi\éﬁ'E:en%lﬁ%tté}%ta?é ns is
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with various properties and the evolution of plants with e.g. enhanced levels of
20 commercially valuable oils or more even fruiting times or more attractive scents and

colours. The term “breeding” is often used to describe human imposed evolution.

Such organisms have increased their fitness according to a given set of human

imposed criteria. It shall be obvious from the these examples that it is not necessary

for the fitness function equation to be explicitly described for the evolution to take
25 place.

It is a further teaching that fitness functions and consequent selection pressures can
lead to the organism expressing phenotypes that impose high costs on (and even in
some cases Kkill) the organism. All that is required for this to be the case is that they
30 confer a countervailing benefit that allows the underlying pattern that produces the
phenotype to spread. One example is the evolution of the peacock’s tail, which
whilst making it highly visible and vulnerable to competitors and predators, improves
its ability to attract mates and hence replicate. In organisms with diploid or higher
ploidy and with sexual reproduction it is even possible for patterns that have a net
35 cost to be maintained in the population at reasonable levels. One example of this is
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The evolution according to the present invention is based on a series or cycle of

steps of subjecting a composition of cells to screening and selecting cells exhibiting

a predetermined functionality, as shown in Fig. 21. The cycles are repeated until the

desired functionality, for example a target specificity and activity is obtained. Another
25 example of general screening strategies is illustrated in Figure 22.

In other words, the method of evolution according to the present invention is based
on the provision of
1. a suitable set of diverse genetic patterns and also
30 2. a way of selecting for those genetic patterns within this set that encode for
phenotypes that are consistent with these properties and also
3. a way of generating novel genetic patterns from those patterns that were

selected in step 2.
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measured outputs. For example the fitness function may be defined as the

multiplum of a cell’s absorption at two different wavelengths or alternatively it may

20 be defined as the level of inhibition of one enzyme, divided by the inhibition of
another enzyme, or it may be defined as the level of cytotoxic poison that a cell can
survive, multiplied by the rate or reproduction of the cell in the absence of the

cytotoxin or it may be defined in numerous other ways

25 In each screening round cells are selected that have outputs that correspond to one
or more elements of the fitness function. In a preferred embodiment early screening
rounds only measure one output whilst later screening rounds measure multiple

outputs.

30 Those cells with the highest fitness scores in the population are removed from the
screening environment for later use and/or analysis. Cells with lower F’ scores may
be discarded. By the highest F’ score can be meant a predetermined percentage
with the highest score, such as the best 1%, 5%, 10 % or 50%, or for very intense
selection or very large cell populations the best 1%., the best 0.1 %o, the best 0.01

35 %o, the best 0.001 %o, or the best 0.0001%. Alternatively an absolute fitness score
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score. 15 The selection criteria are hence progressively optimsed towards

the degired functional ity thro t cessary,.round r.cC es. 0
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20 least twenty times, such as least fifty times, such as at least one hundred times,

such as at least two hundred times

In another embodiment the steps are repeated until at least two cell lines, or at least
five cell lines, or at least 10 cell lines, having the desired functionality have been
25 evolved. In a preferred embodiment at least a part of the cell lines evolved have
different genetic patterns or genotypes, in a more preferred embodiment all the cell
lines evolved have different genetic patterns or genotypes. By the term cell lines is
meant cells originating from cells having met the selection criteria related to the
determined screening functionality.
30
The selection criteria (or threshold) for one or more outputs may be increased for
each repetition. Increasing criteria may for example be increasing concentration of a
chemical, such as a toxin, in growth media for each repeat, or decreasing
concentration of one or more nutrition components in the growth media or

35 decreasing sensitivity or proximity of a reporter construct. Other examples of
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principles of evolution, 15 over a series of screening and sel ection
cycl es host Throggh thisadpprosth arehipnadcoatapce lndth the genemd pohcplas bEevduticcs ar e

T oi8 | oI ORGPl e SR iR oo Woa A hpflns o
conbi nat i ongetedd dravactdristicd a)reaerelédtanfovemauomé to ddsraina%embolati@f Qvee
desired char acterl nbodi nent he hos%lag? meséh at are

a priori beld 8V&E Po S%rgen%ﬁér esqtuirﬁ(g fi or° scorge {?e %egr%fe '8'% sel and
t he sel ect edhbsenesnlenations that havaiigh taas énpresernéntde theeaxpresamn b theaddsiredh
Fi gure 21. -
characteristics.
20
In one embodiment the host cell lines that are a priori believed to be interesting for a
given target are selected and the selected lines evolved through a series of screens

as set out in Figure 21.

25 In another embodiment the approach is one of an escalator of selection pressure
using screens that move from the general / low activity to the specific / high activity
with the generation of new genetic patterns between each step.

In another embodiment the fitness score is deliberately raised only marginally
30 between selection cycles, such as by no more than 50% or by no more than 25% or

by no more than 10% or by no more than 5% or by no more than 1%. Such

gradualist selection pressures allow low level responses to be built upon over a

series of selection cycles. By selecting marginal improvements in the fithess score

such an approach maximises the genetic diversity at each stage in the selection
35 process.
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sel ecting margi nal inprovenents in the fitness score such an approach

maxi m ses the genetic diversity at each stage in the selection 35 process.
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In principle the combination or remixing may be conducted by at least the following
approaches: physical isolation and remixing of expression cassettes, physical
isolation and remixing of artificial chromosomes containing expression cassettes,

25 sexual crosses, cell- or protoplast fusion (vide Hugerat Y, Spencer F, Zenwirth D,
Simchen G (1994). Genomics 22(1), p. 108-117), and YAC-duction (vide Curran BP,
Bugeja VC (1996), Methods Mol. Biol. 53, p 45-49. One example of physical
remixing is illustrated in Figure 23.

30 One advantage of physical isolattion is that any accumulating host mutations are
removed by the remixing of genes into new host lines. Reporter genes can also be
introduced as part of this process, allowing for the introduction of intracellular
reporter assays. The remixing is preferably carried out in vitro by isolating the
expressible sequences from at least two different cells, combining the individual

35 expressible sequences in vitro into novel combinations, and introducing the
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20
An alternative way of physically remixing expression cassettes is to isolate the
artificial chromosomes from one or more cell populations and re-transform new host
cells. The host cells may or may not already contain artificial chromosomes
containing expression cassettes.
25
Thus, new genetic compositions may be achieved by induction of different mating
types in the two (or more) populations followed by sexual crosses yielding cells that
are diploid for the normal complement of chromosomes and contains the artificial
chromosomes of both partners in the cross.
30
Addition of new genetic material.

The remixing is preferably conducted with addition of new genetic material from
another cell composition. The other composition may be chosen from compositions
35 capable of expressing at least one predetermined phenotype, such as a protein or a
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20
Having obtained daughter populations exhibiting the desired functionality, the
daughter population may then be subjected to further steps of screening and

selection in order to optimise the cells.
25 Evolved Cells

In another aspect the invention relates to the cells evolved having the desired
functionality. In a preferred embodiment the cells evolved have a genetic
construction as defined above in relation to the starting material, however often
30 having another combination of heterologous genetic material than the starting

population.

The evolved cells may be subjected to analysis with respect to the gene(s)
responsible for the desired functionality in order to possibly optimise the genes
35 leading to the desired phenotype.



30 having anot her conbi nati on of heterol ogous genetic material than the
starting population. The evolved cells nmay be subjected to analysis with
respect twotls@cpene(s) responsible for the desired functipomalKasposs or der
to possibly optimse the genes 35 leading to the desired phenotype. WO
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production cells capable of producing a novel netabolite or a novel
pathway. In this respect it is preferred that the cells evolved are cells
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Creation of novel pathways, may lead to the capability of creating cells capable of
20 metabolising, i.e. converting, a compound, which is not metabolisable by the native,

un-evolved cell.
Specific strategies for pathway generation

25 In another embodiment the approach is to walk down a specific multi-step
metabolite pathway in a manner analogous to playing a slot machine. Once the first
step of the pathway is obtained the genetic material for that step is put on “hold” by
increasing its relative abundance such that most cells in the cell population contain
said genetic material and the other genetic materials are then varied (spun or

30 permed) until the second step is achieved, which is then also put on “hold”. This
process is repeated until the entire pathway is obtained.

In another embodiment the approach is to go backward in the construction of a
specific multi-step pathway. Once the last step of the pathway is obtained the
35 genetic material for that step is put on “hold” by increasing its relative abundance
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screening strate relies_on richi ng the foun ula;: 30 tipn with
el ovant “gerel e B 1 Fee FRRSn A M bR SRR B E e B s ver o
series of salxprssed rounds pat hways that produce a |low | evel of the desired
properg%//. For | arge pathways (i.e. nore than 6-7 steps) the screening
ma

strate y involve dividing the pathway into subsets and a) defining
screeni ng pdt sheldebs uhderstead that\be0ioY6 26 hHaBREd SieGiherH) iiconéépt and lend

themselves to the construction of many variants, depending on the desired goal.

Furthermore, it should be understood that by using a cell-based system an

20 advantage is that the compounds may be selected also on parameters not being
included in the fitness function, in that the system inherently promotes evolution of
compounds exhibiting properties such as not being toxic to the cell, as well as
compounds that diffuse rapidly within the cell.

25 Examples of the approaches to build known or structural class focused pathways

are as follows:

For small to medium sized pathways, i.e. pathways of up to 6-7 steps from metabo-
lites of the host cell, the screening strategy relies on enriching the founder popula-
30 tion with relevant genes and on the reasonably high probability of assembling over a
series of selection rounds pathways that produce a low level of the desired property.

For large pathways (i.e. more than 6-7 steps) the screening strategy may involve
dividing the pathway into subsets and a) defining screening parameters for each



subset in order to build a pathway forwards or b) identifying internediate
netabolites that are fed to the cell population in order to assenble the
pat hway baolosasds? For exanple in the case of retinoid |ikPeTOxpPOMWIdS it isS
wel | known that carotenoids 5 are netabolised by specific tissues in
specific classes of organisns to produceqreti- noids. It is thus possible

to first evolye a popul ati. of., cells that pr.qd of enol ds nd t hen
m X the genesé‘l get e ﬁ[d%r k)"g%ﬂ'?%?%*ﬁ"(%% JOvn\ﬁvel"ﬂs Ph@s@erﬁ){?ﬁ%&%éeﬂh\eg{al&eow @O@ﬁ?i ched
for retinoi dhatemesedcandhe cell gupsiatian iresrdemolasserablpdipeipathivay batiatargs. oduce
retinoid |i ke conpounds. 10 Another exanple is the case of Taxol I|ike
conpounds, for which the exact biosyn- thetic pathway is not known but is

pr ech]t ed t wmgxampnmmee?dsetmmoika&ud»n%undmiz'}srmegl Imcna\lrelpat da'romnqidslast
t it e | i at. . i d.
et 0018125 R ARNER) o ST, B R SBORRRM Msen Yo BRPed AL

from Taxol invids: ttés thue posisivie itd firsheyyeud popudationfof celld thatyirodudeocagpotedeide Taxol
i ke compounds, fromthis precur.sor. ce.this. is ieved,. the

Fespons: bl o et A g darS 55 1S Bppuptbriaylstinoge BF 8'BkFRIREERTRASE he
host' s genonfer retinoidigeaepandirethis manaertevblvei apomiationthatngredade etindid tikg h

| evel s t hat sot atoi S&sl’ cally they occur in nost cells and a second evol ution
process is SPHRCYEYS Thi s time the precursor being fed to the 20 cell

popul at@on is an earlier netabolite fromthe Taxol biosynthesis. By
parti

cvol ve o popdiciiaroanp® al see, oy Bt eshadinch: FEEnS s TR ng

with host nehetitopathweay isfat&hbwyn ibut shaoratidtebleto i sbmawhese abtweepoisariyl 20 t 0

Gescri bed, 19yl SEPLRSE-LT nERpnedins SR b Rl SPRIEREEC, o

t heI pat hway Hzevelbsan (ihblaietdillf srihaes pessitilk westad bdaeding aFattabolits tHad G ¥em t hat
ti . . e . P

genct i 5var b Bnii A BLREBERUY b BEEEY 2alb 4o ™ PloHRe Tl T

i nvention, tdungouadsrfromsidis preoursbe r@ntiesthisAs achidved) the enbs cesonkiblel far ge and

't expr coseanar s n o By Bxb ot 1 soes abitedof Biedlreta®ienet i c
di ver si ty orninwftificial ¢hoormpsoradseat sioch dighHevels that statisiicaltyethreynbccur in most cells
and a second evolution process is started. This time the precursor being fed to the
20 cell population is an earlier metabolite from the Taxol biosynthesis. By repeating
these partial evolutions a number of times, it is possible to evolve a population of
cells that produce Taxol like compounds starting with host metabolites.

Finally it should be said it is also possible to produce a class of compounds using a
25 combination of both approaches described, i.e., by starting simultaneous evolution
processes that cover the pathway backwards and forwards.

Diverse Genetic Patterns

30 Given that evolution is a statistical process it is necessary to provide sufficient
genetic variation on which selection processes can act. In the present invention, this
comprises two elements

¢ Providing a sufficiently large and diverse population
o Controlling the genetic basis of the diversity and how it expresses
35



of the current invention is to provide a popul ation of cells that enbodies
a genetic diversity. The term"genetic diversity' neans that substantially
al | cel | swearog/oci4iid erent, in that they conprise different pgemag3/oend/ or
identical genes under control of 5 different control system such as
different pronoters, such that al nost eash cell initially represents a
genotype not. represented in any of . the other cells. O course due to cell
i vi st on a rEFRRD reoigy steRigurtsiy PP BREras; TR Be st foadiefient

Popul ati on" diltied turbent iraleation & tog@ovide pquopluktion f otliscibht smbbdies aagenefi® | east
104 cells, spch.as_at.|least 105 .cel]l suc S | east 1 | 1. uch as
at least " 10heruf) 1R i ShadiR il meshs huftuBla iy au b 58 Aerads

cell s, such imghatt tHegasdmdrEOdifferEnt genssjcandisr identies sgenE81dndee| dantroswEh as
at least 1012 .cells h at .l east. 1013 such as | east, 1014 uch as
at | eas 101‘%@?'&“@@%’(3&3@ S?%‘agg qtifffi%‘,]t ps'ﬁ@ﬁ%i% %%Chatﬁgtagﬁmfbfgé‘rl’ Helfhe
popul ati on ridfiallyseptesantgengénaigpenudt rerpsargechiredny of theyotdr ddlie. Ot taurse 15
cells. Thus,

t he i,nci pl e of e _eyal uti.on. et ho ccording to the
Coventi o+ b8 6Bl 4R =g s eg K8 sHb BT e 2Ly °hi g genet ¢
diversity. 20 One particular enbodiment of this principle is to produce
cells with I natj.0 Qf .cqonca rs.c risin ssetie i, ¢
expr essi bl e%%t FS@%’BH'&E‘H};&&‘#I %gﬁt]agen ﬁ%@? %g O@Iﬁ?tfoé‘r é:fn?se"gm%éesglt on
st at es10 whi déastrag* dellsf sunm asnat leaste? calis, suvhedsadtdenst 00° chllst suthlag abieast osel y
rel ated speci.e or. f,rom i fromdiff n Hgle(ele] [ I isuch
Chat novel - A ShEhatH Bonbrs (0o reorughas B BRM ' 24 atef Ba al BE{T0'° 26 one
singl e cel | .ceBy, sunbastatrigastd0¥|celie rspsh iastad lédst 105tells educh aaral lesgpd6i®al | y by
inserting a _high_n er .~af _nqvel n 160 Lfferent expressiqn_states,
sUch as. r orfta e oty i & sEEREE 0TI SaibE et Hone Sdha® B oaue: s
fromthis areasy 10 imtheglopglaties repirédent agenatype 86t reptekenthe irpammy ofdifie other
met aboJH%tes co[l' the host cell and with each other and nodify known
met abol Tt es Ghd/ or internediates in novel ways to create novel conpounds.

Due to the high nunber of substantially different cells that can be
generated usjin he . net h according. tq. the pr t. invention,, for
oxanpi e at  T15AS e GangEl g e Sfce’ bl abdFoRS T Bl ovh g cas:
106 cel ls, swophlaten aftcdlleaating @ vepdiigsgersatic ivessityt 35 | east 108, such as at
| east 109, for exanple at |east 1010, such as at least 1012, it is WO
03/ 062419 PCT/ DKO3/00044 73 nore or less inevitable or at |least |ikely
that saeh | Orgepgrigudragrioodimentl df thie pdndipleds tospriodpogp oéliatwitncdmbimatigns wéh an
Interacti On'co-rl;cr:]a ersnléps' 8<9rRHr|is{flr§d 8&33@%@ I\)\/‘i}hSeux(f)pessible nucleotide sequences from a
number of different expression states, which may be from any number of unrelated
or distantly or closely related species, or from species from different kingdoms or
phylae such that novel and random combinations of gene products are produced in

25 one single cell.

By inserting novel genes into the host cell, and especially by inserting a high number
of novel genes from different expression states, such as from a wide variety of
species into a host cell, the gene products from this array of novel genes will interact
30 with the pool of metabolites of the host cell and with each other and modify known
metabolites and/or intermediates in novel ways to create novel compounds. Due to
the high number of substantially different cells that can be generated using the
methods according to the present invention, for example at least 10* cells, such as
at least 10° cells, such as at least 10° cells, such as at least 107 cells, such as at
35 least 108, such as at least 10°, for example at least 10'°, such as at least 10", it is



interaction may conprise at nost 1010 cells, such as at nost 109 cells,
such as at nost 108, such as at nobst 107 cells, such as at nobst 106 cells,
such as awomB®624195 5 cells, such as at nost 104 cells, sw®ech/mas3abosost 103
cells, such as at nobst 102 cells or just 10 cells. HOST CELLS 10 The host
cells selected for this purpose are prefféabl y cul tivabl e under standard

u

| aboratory conditions usin stan ard culture COI]dI tions, .such t andar d
medi a and” pfEYBOHIESS 'ﬁ%tﬁglﬁa%%l 3 kel thate3ych lrigrharylat tigns ijcea e @ | y

stable cell bu@populaudmlr@hmgtb@mcahcaﬁtef&ﬁ@n carnebeumpwménonedaﬁ. such
generations of cell division in a suit al so o r eat

advant age t hitterapignyRAY COBRHSH ALECSY 691@9?'§n§$§{]ﬁ§@f 8}?361489 Gells gy el | s

are avail abl ﬁwosewe@uam by at makt TEtdeNsISuBk @s lanﬁw@t i@?rceuslssabh lagrat @fost 1o5
artificial chr into .t | s are al so

producer cel F&ls, S‘F‘% saNRY 18? E\?ﬁﬁ‘ﬁha@%atl ’f‘oﬁtl‘?@ ﬁ@ls?t sy ?Ssataﬂ"%s"ég 8%' e of

under goi ng nerp;giﬁo@énsperform sexual reconbination. It is also

advant ageous that neiosis is controllable through 20 external manipul ations
of the cell culture. One especially advantageous host cell type is one
where the ceHosTeBLLS nani pul ated t hrough external manipul ations into
different mating types. The host cell should preferably be conditionally
deficient in the abilities to undergo 25 honol ogous reconbi nati on. The

host celol shgné thopt eéiRr sdkcted ¢ ethig mﬁm HRApRferablfidufivatle dndat stafndéﬂme
donor or gani Et? Furth rnore, in % se of (get er ol ogous nom c
eukaryotic d 8Fat?W§8ﬂ HoRs using sia 'dF HYre CRRRYQLSAPHE a@l‘?é?”‘%%"ﬁﬂ?t ceII
has the abi | pigtodofs. PrTERBH thé BostweNs coMpE G stibIiialy staprel sl life,dn whidhl | ce
out introns, 30 The cells é?ngge ba[i?rlal ar chaebacteria, .or euk {yotic

and can consthe gengalemess, £ag intaineq Tqr; grriegations ok gell divisiers in g syitahle

cellI's i ncl udeanher. ha@b%bloﬁbre‘amddvﬁwé’gé’ﬁ‘\@t st@naeebltedhnm@s Wﬁm@fo)’muﬁcﬁﬂoﬂ n
genetl C _engl r ot I n ex ce S

eering Ita
e Lad5: nos e Pt ee® b sy acle, “Secial, dit apohpds i ShowRgoL AFeRGRLS. bot h
cel I 1ines agdifigial cRéosdmdsufieshe M\&t%ﬂ@@%ﬂ&aﬂ@@é 58 3LAREd prodlderdens er red

prokaryotic host organisnms nay include but are not limted to Escherichia
coli, Bacillus subtilis, B licehniforms, B. cereus, Streptonyces |ivi dans

Str ept onyces|tHekd @ﬂé@fama'aeeuel@ Mesaselle ard\HpasRaf uMiX@BIPG THGoNE Y PéHorm
sexual recombination. It is also advantageous that meiosis is controllable through

20 external manipulations of the cell culture. One especially advantageous host cell

type is one where the cells can be manipulated through external manipulations into

different mating types.

The host cell should preferably be conditionally deficient in the abilities to undergo
25 homologous recombination. The host cell should preferably have a codon usage
similar to that of the donor organisms. Furthermore, in the case of heterologous
genomic DNA, if eukaryotic donor organisms are used, it is preferable that the host
cell has the ability to process the donor messenger RNA properly, e.g., splice out
introns.
30
The cells can be bacterial, archaebacteria, or eukaryotic and can constitute a
homogeneous cell line or mixed culture. Suitable cells include the bacterial and
eukaryotic cell lines commonly used in genetic engineering and protein expression.
Suitable mammalian cells include those from, e.g., mouse, rat, hamster, primate,

35 and human, both cell lines and primary cultures.



5 Rhodococcus, Streptomycetes, Actinonycetes, Corynebacteria, Bacill us,
Pseudononas, Sal nonella, and Erwi nia. The conpl ete genone sequences of E.
coli and Bewslob2439 subtilis are described by Bl attner et alpCI/IgazenEe 277,
1454- 1462 (1997); Kunst et al., Nature 390, 249-256 (1997)). 10 Preferred
eukaryotic host organisns are manmal s, f/igsh, insects, plants, al gae and
fungi . Exanples of mammalian cells include those from e.g., nonkey, nouse,
rat, hanmster, primate, and human, both cell lines and primary cul tures.
Preferred 1Prefemmeaegirokanydiiodiosterighsisingahaydecibde batrare mot linited toeldsaherithiase

derived f d h

(CHIOSI cel lrgna%l E?%%SWC%WSS g I'%&%L?S%@@sgel &E?eg er I\/ﬁv m?gne
Tr ansf er andStEqmmrewsomoeﬁcolQrabcﬁsaudwryOMnuaérUQmmN Wyxocoeguse nxantt@usCo.
1990), and i t
1900) 1 800 HRMOESLS, | SFpSh o TORMBSBIE CEblAeAIe ORI © St o
skin cell's. MseadpinesasfSalmeralia, @edIEsrwinia:I'ijeccbaldaﬂeog¢r@mejemlmnaes Ek&rrpl es

of plant cellp JackififBLAR ol GSerdhPal ififlbl Ofla, SQXBRANANdssYGEs cane.

25 Plant celTs ‘suc rlve co rand an rabl opsi s are
preferred HA897) Kansdiet alumturetﬁi@DUZi@ 2EN(1OBT)).i um aspergillus, such as
Aspergi |l |l us nidul ans, podospora, neurospora, such as Neurospora crassa,
saccharonyces, such as Saccharonyces cerevisiae (buddi ng yeast),

Schi zo3@cc haﬁ’r@fajneeseukawoﬁp hest30gBismMy aramahemaisnfisbsinpestbepldnts salgamapeast ) |
Pi chi a spp, &h as Pichia pastoris, and Hansenul a pol ynorpha
(nethylotroplc yeasts). The choice of host will depend on a nunber of
factors, depending on the intended use of the engineered host, including

pat hogeni ci E]E’% r@sl'@éto'f %Em{n%ﬁ&? cefiQVhGIQMTRREA! frofP é‘@r %8@%% SRR of

key i nternedi , ease o et1 c mani pul at’i on,
PCT/ DKO3/ 000mstas drimede,i aod)mlmiarprbnm sxeﬁoluwst aradwsnfrlmary)fcugeneet iPeeferred

| nformggi on Fanﬁ{ahSﬂ ggétg&?kﬁﬂauqe bar &/ ECHét"’\fn'u%éd V@B%%gi%ﬁ\?lﬁ%aﬂ%tmﬁérf‘suﬁgi -

coli, lactobaci ctino Ment ous
A preferred moskeysaht ro@@%ast:h daehinese hanfster beaty HGHON sl N33 B €6S,it is

fast grow n yoLi ¢, .al/ G r engtic
tools are a\%zalel m(?’ %Lgsetﬁe(sgﬁ%%fééa $n f F’%&léjbﬁaﬁ&&a%h E%D?éss'(g\ afl vel y
per meabl e celdboradoryrMars/alialNevaXdrk, cHreI@namt&r €0h&9%0) o hod sten eghsaripdudiog

proteins Corérﬁt%/&)(ic Ettéﬂpcé?lrs%lﬂarh\émép&eﬁg He?n cells, zygotes, fibroblasts, lymphocytes,

20 kidney, liver, muscle, and skin cells.
Examples of insect cells include baculo lepidoptera.

Examples of plant cells include maize, rice, wheat, cotton, soybean, and sugarcane.

25 Plant cells such as those derived from Nicotiana and Arabidopsis are preferred

Examples of fungi include penicillium, aspergillus, such as Aspergillus nidulans,
podospora, neurospora, such as Neurospora crassa, saccharomyces, such as
Saccharomyces cerevisiae (budding yeast), Schizosaccharomyces, such as

30 Schizosaccharomyces pombe (fission yeast), Pichia spp, such as Pichia pastoris,
and Hansenula polymorpha (methylotropic yeasts).

The choice of host will depend on a number of factors, depending on the intended
use of the engineered host, including pathogenicity, substrate range, environmental
35 hardiness, presence of key intermediates, ease of genetic manipulation, and



10 Thus, an illustrative and not |limting |list of suitable yeast host cells
conpri se: baker's yeast, Kluyveromyces nmarxi anus, K. lactis, Candida

utilis, PWafBioezanhodozyma, Saccharonyces boul ardii, PichipaTmaaBoni4g,
Hansenul a pol ynorpha, Yarrowia |ipolytica, Candida paraffinica,
Schwanni onyces castellii, Pichia stipitkg, Candida shehatae, Rhodotorul a

glutinis, Liponyvces Jipofer., Cryptococecos curvatus,.. Candi 15 spp. (e.q.
& Ve of odBRIMERS ok FRFaGFupuS, I B Vet B amer rertaProBRRsy: 5.
Rhodot or ul a Pgficularacadvantagygoapshestsppre  Bur eoalhasadobatiliyul Stedptomsycetéandi da
brunptii, ida hydr -hof unar | Torul opsis, Candida tropicalis,
Saccharorrygzgcq'egmév%{g? 5@3{"%%85‘8{’%?@35 rubra, Candida flaveri, Erenothecium
ashbyii, Pichia spp., Pichia pastoris, Schizosaccharonyces ponpe (fission
tor bia S ML BRFRETOT Rpu R U SO e s TR,
mut ati on i n eakaotic,allobs ssalablbeultwe capatsiliteg, gdimtis towls ate available, bés me-

compr i si ng. R REDEHEREIED BT 8RRy RRRaRs 0 TR EhaltEy iy
cel | s cont aimoredetdrelogat ekag/ptic protdies smrteety ddhn drokaayoticeelts.host cell it is
possible to make all sorts of conbi nations of expressible nucleotide

sequences fromall possible sources. Furthernore, it is possible to nmake
30 contd nat iTows, af illpstaatiwe and nanohiting lish at suitabkeneast hash tellsrcomgpnidé:.draker’s

Lo nat o Ve hu R 25 R D ORI FodilihCL L,
inserting cacchdremyces coogtardisi ichichepastoris, t Hdesearfulec apdpghoreba,i faorowviadiost
Ce o e EH0E QR AR, S b e PR e bR CARR" ¢
co- o][ di nat ﬁ(thﬁlaataefﬂﬁilal)dmmatglmmm;dlmmmyﬁesjIipoier(, IGzymtococabe nevstusp@andida cut

t t t ] = . . i i f . ith
L A akuis w ot s R

tairul .presseimdror tsi Auepbisidiainl puliddrse cCamtid
POpUI L1 ONS 10F 1oe LT LhE PEESEIl, L VERL] O (he, ROMPELkEicon of £EI1S
subj ect ed t&'“'lé‘f}‘& ut %?1&'(1%3 tlﬁyg%ug%r%oéﬁgﬁcaby ggfuéo&s;shg @%hé'gafrgé?'ggls’
polo:JI ation cSacharmeesa;wkeviﬂm}, Bloquotartiiao nshra A Gangighaflaven, diremotheciudual
assendl od-oPoBbuh Fidh Sonn KRR Baetes SOBRR B o RAE P RIEREY  vea
from a2@l ur Hluyverahycepe Hamsemfla,dKlveckera,g®ihsaysPachysolan cspp., or Torulopsis
bombicola.

Preferably, the host cell comprises at least one mutation in a central biosynthetic
pathway. This mutation can be complemented by one or more selectable markers

25 inserted into the vector comprising the heterologous expressible nucleotide se-
quences so that cells containing the vector(s) can be selected.

In any one host cell it is possible to make all sorts of combinations of expressible
nucleotide sequences from all possible sources. Furthermore, it is possible to make
30 combinations of promoters and/or spacers and/or introns and/or terminators in com-

bination with one and the same expressible nucleotide sequence.

In a preferred embodiment the cells to be evolved are produced by inserting
concatemers comprising the multitude of cassettes into a host cell, in which the

35 concatemers can be maintained and the expressible nucleotide sequences can be



expressi bl e nucl eoti de sequences are operably associated with regul atory
regions that drives expression of the expressible nucl eotide sequences in

an appr opwioa3@e24host cell. The host cells used are capabl ecaipgBmduai ng
functi onal gene products of the donor organi sns. Upon expression in the
host cell, gene products of the donor 3%g organi sm(s) may int eract to form

novel biochem cal $at hwa T‘i E | ation, accor Jn(g ﬁ tenbodl nment of
t he i nventi SRPHEFET i %ﬁ?/ Finated pay- PRESLAMMGER ™M 8°8P‘éef &7EH 92¥ andom
conbi nati on wfca olut g&nnu@hest oefl anex@besanmed das sethel unieimgtriutdrenathogous to
t he host cel|l sf rouﬁgrH ttq)l S r ﬁe f r}ﬁtl on f expression cassettes
novel and ufl"G§E (J:yonﬁ B ”)enrses bﬁ%?ﬁ? gcgﬁsg B¥t ai ned in each cell.
Such popul ations are especially adapt ed in the discovery of novel

met abol L c hways crea hro h t he non-native co ene

b oductd. balie Sk, dsr defied dhoBR Ristens THEBh A o e apredurie s

gopul atCI [ onI qmpspl ratusmswtpr Lsectheepn’es@m tmfentldnﬁllmedd:tﬁhpdsﬁloh&)f dehesalaéctted i ng
enoted ce

| 1
east -one. caEHFER ep PidtyedE b speb IR PaTe PR SRR T oS By "0
concat ener qmpspra'nsmsag\ pop uidtiog oh indlivithial celsad atpopulitidrl ofiéxpeessdD dopstnudts::

2-SP-P R- X i 1 d 2 d te
Festri ot on pRaed Senhtarprl Serhied o2 SSrAgR S aEElEs Wliashit os an
fexpr tes!a(l) bl e s'eqoémym demtedqtlemca plBRlite obtspecias qir damtreorgaalpabl én okhich
unctioning in sa

ableof requl ating t ess Xin
sai col | | APl STeqsh MBS arh GRArBl Sbob Rl Flsdly g3doRt
PCT/ DKO3/ 00GH#dt drivés véxpresision adf thempreesielecmmmmdmwénoeelm ani sppdopriate ent
froma concate el nt cont ext . t c eot i e segquence
of “the f or mioat prls ThepSpréats yRedafe PASspR o1 ERE whdiorhiet hiodfns S
expr essi on aassiehcbreorgémsrhe lﬂp):rrfmblpaes{sl‘csﬁnf‘bﬁb RestXellRyere @Bduds bf the donor
Sub- popéul ations .na ve for popul ations, but

oot |y To' he SaFTER FRVSTEREHBIPET ne RFh B At avkas: one. frart i n
comon, such as common pronoter conbinations, genetic material froma
conmon speciLgs, a conmon 210 henot ype or th | i ke, .The function o
opul at  ons PSR B FeraPar e sPogitem e fipiegray i apCPog ool "°
comprise a unique and preferably random combination of a high number of
expression cassettes being heterologous to the host cells. Through this random
20 combination of expression cassettes novel and unique combinations of gene
products are obtained in each cell. Such populations are especially adapted in the
discovery of novel metabolic pathways created through the non-native combinations

of gene products.

25 In a preferred embodiment a population may be defined as a population comprising
a collection of individual cells, the cells being denoted
celly, cell,, ...., cell, wherein i = 2,
each cell comprising at least one concatemer of individual oligonucleotide
cassettes, each concatemer comprising an oligonucleotide of the following
30 formula:
[rs2-SP-PR-X-TR-SP-rsq],
wherein rs; and rs, together denote a restriction site, SP denotes a spacer of at
least two bases, X denotes an expressible nucleotide sequence, PR denotes a
promoter capable of functioning in said cell, capable of regulating the expression

35 of X in said cell, TR denotes a terminator, and n > 2, and



when obtaining the conposition of cells to be evolved. Thus, in one
enbodi nent the conposition is a collection of subconpositions, wherein a
subconposwDios61489 a 15 col | ection of individual cells havipag/nosloe®st one
phenotype in common. In a preferred enbodinment the conposition conprises
at least 2 individual subconpositions gai d subconpositions being
different, such ,as.a east 5 indiv i tions suc s at

| east 10 i ndi vivgEEn %td%§338%8gri‘%aig olf\%lérl%aﬁereeg ﬁorg@ocoggm‘;&e{ PF%%Z'

conprises at |least 10 genetically dlfferent cells, such as at |east 50

genetically 20Q different | s h as at t 100 ferent
delTs “auch BdheprepgiiEBhebineSucbfide fioythed FERE (oMAP FESSL RSP oae:
104 geneti Cabl]ylsdils‘of eferrdd toedd an esprodsi@s cadsetté ea e fbﬁﬁulge[ﬂﬁISFCBRl)yTR-
differeant c such as at | east 106 genetically different cells, such as

at |eas % éﬁﬂﬁtl cally different cells, such as at |east 108 genetically
di fferent ceI I S, such as at Ieast 109 genetically different cells. 25 The

corrposition f cel r ef er abl rises.at |l east, 20 genpetical dj.fferent
COMPOSIt1 00 Sl SRR ST AN BOE L35k AR 1 heBATbA Ayl gl [
100 geneti cahé yellscbffafsmabqrwulaebﬂu w;ll haue Iat @astadnel tmtsh chmthope sedh a(saddn}mon

di fferent ceIrI ) I¢ AS 18 o r%ﬁq % different cell ST such as
at |east 250° &’88@& c°£"‘1 f&l‘?’f 8?%?4& E‘éﬁ QL &8 MOM3GPPERyt @ s MON

geneti tal | y phehbwpenot thediké.s, such as at | east 750 genetically different
cells, such as at |east 1000 genetically different cells, such as at |east
104 genetically different cells, such as at |east 105 genetically

di fferent ceTHesfunetbo tof #ee @dpulatiasd add€ub-gEputionsals ty adt éé asemte okliversitpuch as
at | east 107 i.cal different .c | east 10 net i cal |y
i 11 erent oot oo e &mEliBh ol 58ls B nedbBpRoTils inaPlrrmcalind s

03/ 062419 PCEBh[ﬂé@iﬂblﬁ)O@éhﬁl colfdtiom of qnbeémpm@td)nenbmﬂrmm sabcdngasition iged or | ty
of the ndi v e different enetic patterns or genotypes,

Cher enj® 1 eprialedten i nghd Bl ernolRh AlsastHiE FreialPs biicngl SR HEERER: or a
“founder popamladdimertthe bainpositancanyiziset at feal0P individu subedmpusitionst said sel f
been subj ect to a ctio ound, in th r nt,. .co t also.referred
Lo s conposibrpdiebe e diefiapydy”eh & s o6 BoiidBDsC paBpSShidrR, b n
the cell popmuchtdsoat &ast cl0nadnwuoalemtscmi‘ipdshbhs,gwnerceirc eaelt aubabmbbsitiorspeci es
that are known from r| OE ﬁ%‘ (_i%J co?r]poun s aof & dqsgcg)ed sttr cture
class, or CSH{%'EI?\%? eRo¥TPIEN, Bt SHALIRS 3l §8T 4 53

associ 20 ed wdiffdrert ahiis,i suet aslzﬁ IéwdDchmabn@iIV differém defie ralehtasadt léasoubedge of
the conpound eneP ca(ﬁy %werentt cells, such as at least 10* genetically different cells, such as at
least 10° genetically different cells, such as at least 10° genetically different cells,
such as at least 10’ genetically different cells, such as at least 10® genetically

different cells, such as at least 10° genetically different cells.

25
The composition of cells preferably comprises at least 20 genetically different cells,
such as at least 50 genetically different cells, such as at least 100 genetically
different cells, such as at least 150 genetically different cells, such as at least 200
genetically different cells, such as at least 250 genetically different cells, such as at
30 least 500 genetically different cells, such as at least 750 genetically different cells,

such as at least 1000 genetically different cells, such as at least 10* genetically
different cells, such as at least 10° genetically different cells, such as at least 10°
genetically different cells, such as at least 10" genetically different cells, such as at
least 10° genetically different cells, such as at least 10° genetically different cells.

35



The term "daughter population” is a cell popul ation having been subjected
to at least one selection round. In the present context the daughter
popul ati owois/06243® referred to as a further nodified comPeIVDKIGR00415
Controlling The Genetic Basis of the Diversity Sources of Genes 20 The
natural world contains a significant ampgnt of genetic diversity. Various
authorities est| t ’ e t | t i T Cl nd
t hat each of'ﬁat%&Eeter%gp%%@ngén%tgléaﬁsst%owag\a@r%fégzér?dw@%% %ﬁ%ﬁg‘geeﬁﬁé’.e" ven

al | owi ng f orgenktic patterng tregenotypay, thérebh epeespetimpa graat dwkmsity.vel y conserved
bet ween species this represents a high |evel of genetic diversity. 25 One
approach that can be envisaged for the purposes of the current invention is
to source giédwreterm ffatedinglpopalatisnt or maffoondee pdprldtargnehalc mBaneasCel of

t he gengs {.hed. C i.s. to preferentij C i
material fr %t@‘raé'gﬁitg%gnﬁéhg?q '%’rg E bﬁ%%\ﬁﬁbjggt%dﬁgpau%éelg&loé %ﬁﬁ%u@etg%%eég&f es of

t he struct urcahtext alss referred tohas doangfogition ioboells. ©pfiawlly thedegpressbnaronatrect&k nown

or reputed to,.F i f i C i t .e_bei ng
known, or ar"gthpgx%%ngerhpgoytﬁai/igp eaflilgtcC éhém%{eéjﬁ%&cgu% %%&gl@%ﬁgﬁijg% tesﬁlgér'gs
approach i s teatlaze khown dongarite sirtdb ppatuce campouridst o racdasirethStro&LEeA4<s9 or

PCT/ DKO3/ 00 t i | : . I y

ext end the RSQPOARRE R Hate's2Rlas fhclnd Brsth, B bre RRERaleshnbEN By
conbi n#d i n famotiosalieffebl isdepEndent. of Geovdsdgemof the cempoweld, predomipate. he

col l ection and processing of genetic material of various forns. The
expressi bl e nucl eoti de sequences that can be inserted into the vectors,
concat ener s, Thertdrne &ddughtee populativg” tsaa ¢l populatiem havng beerosyidextecioyatiggse of 10

nucl eoti de : . ' : i ned
oa. 't rom CORAEHIR oo i wSEeRL B S e UBLFiRRITRERIBAN HeSFrgfed
possi bl e t o tase a feditpremadiffedafongpesition.c DNA, codi ng for specific genes.
Preferably, the expressible nucleotide sequences correspond to full length
genes such as substantially full |ength cDNA but nucl eoti de sequences
codi ng for Laonttadling@peiGearetic Basist dfdheDiversty 15 full | ength cl ones may

al so be used. Shorter peptides may still retain the catalytic

Sources of Genes

20 The natural world contains a significant amount of genetic diversity. Various
authorities estimate that there are at least 107 different species, and that each of
these species contains on average at least 10* genes. Even allowing for the fact that
many of these genes are relatively conserved between species this represents a
high level of genetic diversity.

25
One approach that can be envisaged for the purposes of the current invention is to
source genetic material so as to maximise the taxonomic diversity of the genes
obtained.

30 A second is to preferentially source genetic material from organisms that are known

or reputed to produce molecules of the structural class or with the functional effects
desired or are known or reputed to have a desired functional effect without the

molecule being known, or are taxonomically related to any such organism.

35 A third approach is selection of genes of particular interest.



activity of the native proteins. Thus, a preferred enbodi nent of this
invention is to source and coll ect nmessenger transcripts (nmRNA) for

obt ai ni ngwolDBs244mot her way to obtain expressi bl e nucl eot irda/mHaGWeNdes i s

t hrough chem cal 20 synthesis of nucl eotide sequences coding for known
peptide or protein sequences. Thus thezgxpressi ble DNA sequences does not
have to be a naturally occurring- sequence, although it may be preferable
for practical purposes to primarily use naturally occurring nucleotide
sequences. Vkdolrtt appeabiNds it selectigenes tidkduddnerallyt exdentk dhevihlobt degteotic on t he
vect or systerglﬁﬁeosl. 25 By the term "Expression state" is neant a state of
gene expressqé ?yi e the nRNA transcript popuilation) in a specific cell,
ti ssue, conbination of tissues or organismor organisns of a given species

i rrorent i o OTaLAREse aios e sHh B comtBieG Aoy uBb R dufln: ' pornt 1n 30
time, or in the same individual at different points its life-cycle or in
tatce of o veinsce e SR bIGBR'BY GsTL ARy RRREMAEP oo1ot B H, Wi ¢
respect to otanieus &einssThe expressite notledtie sepuencenthiat catu bk indsirtetianterthe
expresst on VBl Pierili®, 3g SRiehasHind d Ak IR HBBupsts SSEHE d i

one species of 1 exposi I Ssues or orga ferent
envi r omdrent aluctotide suanas BNAp DN, ISyich at nuetzotitie sequence coalldrgasained ¥O.

03/ 062419 P 100 0.dev ) : s ol S tion,
dr ought hu%%%'ga?eﬁﬁ? tt& 'tgj"ﬁg%rgﬂge &&?éskszoﬁl%glg%tt ?gg,a'g‘#@?g@ﬁ'&gh&?&

ef fectors, tsqpencswfagenpmissBNAgcoditd fdrisgatific gerseso Pseferably, trenexpmessible

chem cal s sy Ln I fol j t i.n t] i crd bed in
the order i nnqj\%ke@%é %ﬁéus Cg?bscocp)rfe g%ﬁldaﬁ)n#@\é\feﬂglht anr?gf %&ﬁeég%gégtagtﬁly flup

cont ai ni ng dengthaDiXaAbbet rarctactide seduenhes cadimgrior shyrtdreepiidesi tbamtrek, orgiraal t | ng

vvithtz ent tQr t t i i Eé e t he
promot &8 of "dih <5} 8bnes. eV it 6855 51uRL bERISRbAEY P BT AT gl e
codi ng st r arattivity ofrthasativdpobteims. O haus pa ppeferredrBiibodihtent sf thisvevemtiondsdei vabl e
that the sequence be re se I t]se transcript in
order to bl O&yrceex%}rag%élfgﬁneggégegSrgﬁ?&ﬁ)@sagﬁeﬁfgﬁa@%tﬁ&ggﬁc 0 A't he cel |
popul ation is initially produced by conbining genes selected 15 from at
| east one expression state,.lt s _of course also Si .gnset to
conbi ne genégn(ﬁﬁ%mw?%ot? {)ﬁ?@efexé%ﬁ?b%rR#il)?og'dgx%?%gg‘i?e()sn%s? %{OQQN} ér?%g‘r']ée)"’“host
cell og0to synthesis of nucleotide sequences coding for known peptide or protein sequences.
Thus the expressible DNA sequences does not have to be a naturally occurring
sequence, although it may be preferable for practical purposes to primarily use
naturally occurring nucleotide sequences. Whether the DNA is single or double
stranded will depend on the vector system used.

25
By the term “Expression state” is meant a state of gene expression (i.e the mRNA
transcript popuilation) in a specific cell, tissue, combination of tissues or organism or
organisms of a given species as sampled at any one time. Different expression
states are found in different individuals, or in the same individual at different point in
30 time, or in the same individual at different points its life-cycle or in the same

individual under differing external conditions. The expression states of given cells or
tissues of a given individual will also vary with respect to other cells or tissues of the
same individual. Different expression states may also be obtained in the same organ
or tissue in any one species or individual by exposing the tissues or organs to

35 different environmental conditions comprising but not limited to changes in



conbi ne genes fromdifferent organisns in one cell. In sonme enbodi nents of
the invention it is preferred to conbine genes froma large variety of

or gani smewonBm6®19 si ngl e host in a manner so that each celPCTomxmpdEES at

| east two expressible 20 nucl eoti de sequences, said sequences being

het erol ogous to the cell, i.e. the seqggnces are not found in the native
cell type. C a r Ac| I
sequences frg\r%'gﬁmgﬁ{a‘ §E¥%| © 8@?&%Hrfréé%%gé%fﬁmnh%?rﬂgwégalﬂ& %@?’%Lﬂgrt%ore,
it is possi bdeeobnotuasamys@bgmahmfﬂeators)ntenwferqourerrmressyrandHorIigbpagaaesuand/ or
i ntrons and/e%m§ d@rfe%éalé BucHQ ;“Hgltl on with one and the sane
expressi bl e nucl'eo ence. usin any one cell there may preferably
be expressi bl e nucI eotl de sequences from two different expression states.
Furt her re, !!Iréq‘}(

speci esénc))r ad van govéo trﬁe hy S{t%ms gé%gﬁl??e'bgﬁ 8@%@?‘%@99 ny %ﬁjseOfr?gs 'RQ

al so corrpr| saetrampfoeaed lb1|09t neltloeotalmr@ sequ@ﬂuable frtibiniab tchtamassontehmey  be

speci es, ve, sSiXx, seven, eight, nine or ten
speci es, gnréaﬁgigrﬁrﬁ%‘!aﬁ?%efn (\:'F%trs)}such as fromnore than 20 speci es,
for exarrpl e from nore than 30, 40 or 50 species, such as fromnore than

100, Ter e SBCLR%e bl oAU Hoalh T ol BARGR0RHG! shsalgpect oo
speci e$Q f ornugleatiqe sedfueone will lee siicirthatipe dgodihg strand sspieariseshed inter @ pyoper
obtaining  GoARh ”ﬁ‘ d ﬁ%ﬁevgt%ﬁeﬂlgpfal{ﬂi}%é sé’éqe%?h%?%eb e@er@? ﬁgﬁaﬂﬁﬁ@ an

sequences froma Tar

unlimted nwrbeersedifansmmma'dbomsblw exevepSIeBbelsaememq;watl de sequences can
be conbi ned across different expression 5 states. These different
expression states may represent at least two different tissues, such as at
| east two orkpehsellafidhe el mopligtien ist ndiakypproidesed byichmbining gerass selectea

gener ayg The ((i{ LEIEH oRPERESIIRUARE i (60 AlrdeCAS) pbUBE RN bnglhY) 2.

such as froma eas ren asses suc rom at east
di f f erent dicombirenggnesdioe tw, dfree abtuqorfrmalmeapressals statesdn dinkfhestesd! or to

sub- ki ngdo : 10_di f i
expr essi bl remd mTZ) ?h ?éa%s fgogﬂ]l?ﬁheé%rgaoﬁng?r%%@s g:noﬂrg% %éelg l?%%))rrﬁé é}ﬂggﬁﬁemgb gﬁﬁ%d
prokar yot e iintentiomé impcefedned taoembieé igendctromdi tagge mara'aa’ty)bhergaelsbmdniwemt of

the inventiqg, é *H%steﬁf;e%%h%re 38%%68%&0'8?" TBmpfites At T8 Bt 0! LIRS, and

t he same expr Si on guenceS 'may | nteract
with té@ pronlnlebtsda)fsequ@e,neanm sequienceso being ehéteringous tth thactellptileerthend

f orm new e“%ﬂﬁer&%@%’#é‘ﬁl&iﬂ}ﬁ}% ikq@éihag/etcg" %g_el bi ochem cal pat hways.

A wide variety of combinations of expressible nucleotide sequences from all
possible sources may occur in the cells. Furthermore, it is possible to make
25 combinations of promoters and/or spacers and/or introns and/or terminators in

combination with one and the same expressible nucleotide sequence.

Thus in any one cell there may preferably be expressible nucleotide sequences from
two different expression states. Furthermore, these two different expression states
30 may be from one species or advantageously from two different species. Any one
host cell may also comprise expressible nucleotide sequences from at least three
species, such as from at least four, five, six, seven, eight, nine or ten species, or
from more than 15 species such as from more than 20 species, for example from
more than 30, 40 or 50 species, such as from more than 100 different species, for
35 example from more than 300 different species, such as from more than 500 different



Sources of genetic diversity 20 Exanpl es of groups of species and

i ndi vi dual species known to produce conpounds wth structural or

functi onawouBiobi4ity i nclude without limtation Bacteria StPegiDIn3oas,

M crononospora, Norcadi a, Actinomadura, Actinoplanes, Streptosporangi um
M crobi spora, Kitasatosporiam Azobactergqyum Rhizobium 25

Ach bact eri ul t teri B - , t i.llus,
Baci 1 us. (B Pe0BE s fraronedram divre g roj ey FREE ardh) ReBonas.
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Amani t ' fl i Ca.ibotenic acid . nMISCI Psj |
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,(Asoge[] g: |l us, exPessisibld Iniﬁdaotic(epeeqﬁgfég n?m t&opomnhined Fd%lm_ediﬁehaeteepreésipenoni um
al pspor i [o]e rna, m_n sporiu usar.i ernaria,
Wr ot net um S8 cREPGTEET G enee A Brtaehf A doh o ulefer?
ant i he:c m nt Hissdes, Isach asiat eaannesirgarss, Sbemasiahkast 85 dpepies.esich\as)atlleashens
Us i at | oini - i bi al - ; . it
031 062410 POIPERDSFDODA Aok spaie ey Ryt S SrSGErERhLTRA o) eus
(forskol i n) ,frdoeatedstuwo difecdrd classesagacti a4 from aCaabbtmardiffarent(didisicrss, more
| kal oids), Digitali di I i,d ” hy| I in),
e L) ool ol S T Ph B GRIRE IR BdeRl o
( Canpt 0@ heci differefiskimjdonss. Ihoe espresgiiie aucleGidensdrjuencesdnan be CambatEdSraat | va
He , 5 Er | h i L1 ii (P t i sti
fragrans (ewen ARER SRl AR R Betial oo um Poppy) . Phal ari s
arundi nacea (Reed canary grass) Protozoa Ptychodi scus brevis;

Di nof | | b [ in, i ; , i
DT 20! | RS AP BRSNS, e hentp S ARt e
f ur anosi des)seGoeheastreaybe frBor dnecaneistbe sameeXpéassi@natdter Thegpriogicts of dnede
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Aschel m nt hsotheraxiddden sew reatywong canbipationddeadity to novel biochemical pathways.
Sources of genetic diversity

20 Examples of groups of species and individual species known to produce compounds
with structural or functional utility include without limitation

Bacteria Streptomyces , Micromonospora, Norcadia, Actinomadura, Actinoplanes,
Streptosporangium, Microbispora, Kitasatosporiam, Azobacterium, Rhizobium,

25 Achromobacterium, Enterobacterium, Brucella, Micrococcus, Lactobacillus, Bacillus
(B.t. toxins), Clostridium (toxins), Brevibacterium, Pseudomonas, Aerobacter, Vibrio,

Halobacterium, Mycoplasma, Cytophaga, Myxococcus

Fungi Amanita muscaria (fly agaric, ibotenic acid, muscimol), Psilocybe (psilocybin)
30 Physarium, Fuligo, Mucor, Phytophtora, Rhizopus, Aspergillus, Penicillium
(penicillin), Coprinus, Phanerochaete, Acremonium (Cephalosporin), Trochoderma,

Helminthosporium, Fusarium, Alternaria, Myrothecium, Saccharomyces

Algae Digenea simplex (kainic acid, antihelminthic), Laminaria anqustata (laminine,
35 hypotensive)

Lichens Usnea fasciata (vulpinicacid, antimicrobial; usnic acid, antitumor)



Mol | uscs Conus toxins, sea slug toxins, cephal apod neurotransmtters, squid
i nks Annelida Lunbriconereis heteropa (nereistoxin, insecticidal) 25
Arachni dswDaBosmdes ("fishing spider” venons) Crustacea Xemagadanug (skin
adhesi ves) Insects Epilachna (mexi can bean beetle al kal oids) 30

Spi nuncul i da Bonel lia viridis (bonellingpeuroactive) Bryozoans Bugul a
neritina (br i.ns, 1. C r chi r ] noj i .

Tuni cat es Tr'?{%?ﬂ%tr?%um@o '%'?ju(%?e ?ﬁ'"}d“%nﬁgﬁugam’g‘g _Em@swgﬁwa{@icﬁ%ﬁpa%%%’

Ect ei nasci di a t ur bi natc@haaius; Ndnea; akairds). o Rigitaliy (Fsdiac Sycasdrs)e 5rdpiadum
Eptatretus stoutii (eproderhdipioxin)ciaxdd Gaxeh iGeehalotafysabérnahergnathniaelo Camptotheca
(protei naceous t oxi ns,(Canfp@thdei®, dmRME sifdnes Ted) ECanhBMdicat CaambRRaliva adgre hear t

St 1 oni cot oxins,  and iR 588 2t Monghl Whit (RFochrsioa ragans

& £t hor hynohus. anat | ANE NBMSH Piedhep e YRRE TORMB AP kAP PR ctigseee

03/ 062419 PCT/ DK0O3/ 00¢2e¢d c@3ry @@pHt enoi ds, retinoi ds and steroids; Avians:
hi strioni cotoxins, nodified carotenoids, retinoids and steroids

Control i ng #zq68a EXPr e5gho8iSeus b&@bﬁaﬁbame&a@ﬁ@mea'sdiovﬁsc@@rﬂes prinmarily give
rise tp(gsel ect abl e phenotypes through transcription of the gene to RNA and
translation of the RNA to protein. Furthernore phenotypes are often the
result of irPBMALti ondMIRSPPEROFA t PPHIPENg SR RRE CARPEN e fd 9 r B@EPe 10
Thus it is an el enent fwdnosidee) current invention that the heterol ogous genes
are provided in a format whereby their individual and collective
expression ( i ptol - Lt is likely that

t hrough_t he %:Og%qb?ﬁéti tophmg?esg&ﬁ'ﬁg@&nﬁ%é}raﬁg%%ﬂ%ﬁ&ngﬁﬁ ?/Xleng'genes in a 15 host
cell c i nati ons of genes or single genes are inserted that are |lethal or
sub- | et hal Goglst he hod$seudd¢rpaonTheradigh ERrydeiesacisdi antrintanmaiopt.e Sottspodidm t he
genes in the host cel@ntirdlidéssaniatishbdt@y)not only to initiate the expression
of any subset of genes but also to repress such expression, e.g. of |ethal
or sub-Iet hal{s genes. %‘gm'l;hJeosggQ ext er I’|I%S| regul ation of the pronoters
controlling tHE expressi bl e hucl ot des. sequences novel and non-naturally
occurr?(hg conbi nati ons of expressed genes can

Molluscs Conus toxins, sea slug toxins, cephalapod neurotransmitters, squid inks
Annelida Lumbriconereis heteropa (nereistoxin, insecticidal)
25 Arachnids Dolomedes ("fishing spider" venoms)
Crustacea Xenobalanus (skin adhesives)
Insects Epilachna (mexican bean beetle alkaloids)
30
Spinunculida Bonellia viridis (bonellin,neuroactive)
Bryozoans Bugula neritina (bryostatins,anti cancer)
35 Echinoderms  Crinoid chemistry
Tunicates Trididemnum solidum (didemnin,anti-tumor and anti-viral; Ecteinascidia turbinata
ecteinascidins, anti-tumor)
40 Vertebrates Eptatretus stoutii (eptatretin,cardioactive), Trachinus draco (proteinaceous toxins,

reduce blood pressure, respiration and reduce heart rate). Dendrobatid frogs
{batrachotoxins, pumiliotoxins, histrionicotoxins, and other polyamines); Snake
venom toxins; Orinthorhynohus anatinus (duck-billed platypus venom), modified



be obtained. Since these novel and non-natural conbinations of gene
products are found in one and the sane cell, the heterol ogous gene
product s way3abfsect the netabolismof the host cell in necaiprBpso4and t hus
cause it to produce novel primary 25 or secondary netabolites and/or known
nmetabolites in novel anobunts and/or knogg netabolites in novel

conpartments of the C%Lrjoteﬁ)cfd Ot gnoI 0| el&wa%s I';l_sh%mma{( mddRE AR RehGids,
o F i g

pat hways and/ or novel or .1 t tes may be o tal ned w t hout
substantial |y reconbi ﬁ?'ﬂ‘ﬂ Staﬁgsfrﬁ' Sroduced genes with a segment in the host
genone or an episone of the host cells by as well as without intra- or

extra concat@gﬁ;‘% ﬂ"gangﬁﬁ%@%ﬁgﬁl BR re§¥|oFladé§§% tgPr essi bl e nucl eoti de

sequences under e~ cont 2 nanb ependent |y i nduci bl e or
repressbbl e pronoters, a Iarge nunber of different expression states can

be creat ed '@éﬁe@?r%‘?l %0@ e goe% Ie&%léﬁh&f&t \éagltléfrob ﬁ%ﬂ&:r rr}%gel‘?éf

groups of the'in essli bl e nuc sequ nces. of WO
03/ 062419 PGEF/HDIQDBVI@U@MUOBM|thﬂj8tiéﬁd@mt¢l9 Fwtﬁwo'hbleeprmdfypes a@mf‘@sshe)l e

4, 5, 6, 7, 8§,
o1 0, or ey eotieipcl pdtker TR dehen 2o URHTGEA DI | 0 oo it on

steps the functionality of the controllable pronpters of the cells is 5

used, %ncenﬁw@ it 9 fap eugfa@@{ gf I'?ebl:@rre%HtQHMn%ﬁ thét 18 W&é@'lo%#aﬁf ‘E#éﬁ%ér‘g%% he

screening a selection's noters on : re
creating a gireddes indi foemsi wlyerelby tf@xmcb\s@@diag@n@@ctmmexn@mrp@r@mr@tloms used
with its nory NATRAA! a DNA sequence to which 10 RNA pol ynerase

bi nds and i n?t&i at esntbr%g:r?s{crreptl on. The pronoter determnes the polarity of
the transcript by specifying which strand will be transcribed. Bacteri al

promoters nog il tﬁQPt‘F\'rciFsgh\Ahe cBmbfatlon %Pg(r@ Abrhi& 5fq10t1ﬂ?atlvé k H?s;fn' Ptional

start) consensus equenc Ich are boun a specific ctor and
RNA poll§ner awst calbeorihikatiopstof gepevansiagle genes mleswqoﬂhekarel\l@t@tal PresPot er s

uLiLrzed | 0 1ofEPGAAS HAn LRCH bR dolRRGIHARH KGR ROLIER AT Ads

General transcription factors rst bi peC| I ¢ sequences near
t he transcrdglititipnassikie aotorintd initiate theexuessiarhef anyisdbsrj cbgerrRebUbBlspi@r ase

el erent s ar & 9 S SRS bt I b B e B i mg T
trans-activating proteins (e.g. AP-1, SP—l) whi ch regulate the activity of
a gi VEBGPr Omﬂ‘ir&ﬁgh external regulation of the promoters controlling the expressible nucleotides
sequences novel and non-npaturally occurring combinations of expressed genes can
be obtained. Since these novel and non-natural combinations of gene products are
found in one and the same cell, the heterologous gene products may affect the
metabolism of the host cell in novel ways and thus cause it to produce novel primary
25 or secondary metabolites and/or known metabolites in novel amounts and/or known
metabolites in novel compartments of the cell or outside the cells. The novel
metabolic pathways and/or novel or modified metabolites may be obtained without
substantially recombining the introduced genes with a segment in the host genome

or an episome of the host cells by as well as without intra- or extra concatemeric

30 recombination.

By having expressible nucleotide sequences under the control of a number of
independently inducible or repressible promoters, a large number of different
expression states can be created inside one single cell by selectively turning on and

35 off groups of the inserted expressible nucleotide sequences. The number of



Viral pronoters may serve the sane function as bacterial and eukaryotic
pronoters. Upon viral infection of their host, viral pronoters direct

t ranscri pwioas/oetsimer by using host transcriptional machi n@CI/mKo3wyo44
supplying 25 virally encoded enzynmes to substitute part of the host
machinery. Viral pronoters are recogni ggd by the transcriptional nachinery

f I b h i h f f d i
ol oni g and oRadely NSNS BIGEH STFesBir HomdiE i ot Faldhab el 36! e
regul at ory elOeseei as 2\3)idch, &17¢8 MM, osevprauce 16, POEIH or abbive BO podmoters.

conjunction wth pronoters and bind either repressors (e.g., lacQ LAC Iq
repressor systemin E. coli) or inducers (e.g., gall /GAL4 inducer system
in yeast). lin teé ehautiarasteps theafusctioratitycai the contrdllablel prothstens obfte"cellarig i |t he

pronoter is derepressed induce at ich point transcription is “turned
5 on 5 The (5RE: Basaliiedie pRRHREls pEbmdlBtCl e Bbis d R TS Kredinedng ' on

t he host WO $2Bc06@4tED t&SWitEPKOBN D4 4n 2B offf theenebyoreating andrieater tilversitpeget t e
is intended to be inserted. An inportant requirenent to this end is that
the pronot er®CHSEPU9BEY erabl y be capable of functioning in the host cell,
in which the expressible nucleotide sequence is to be expressed. 5
Preferably the pronoter, is an externally, controll abl ronoter,, such as an
‘nduct ole BB PraebR EeeFiralfame fRahEB:S B MR R e

ei t her 1@ont rRNA gizlyener@se pireissaral aitiatebu trabdceiptidry THee pranadter detetmiass tthe
absence/ presence o heni ca inducers,.e.a. netabolit ubstrates,

nmetal s, hor ,ﬁ?,'ﬁ;'zy °ffs‘[]§ér52?°"?LEV %‘FeSﬁ%ﬁ%Whl?Efg'in Wlﬁ)e%r%négﬁ%edzont rol | abl e by
certain physical Ratal@etgosmois mamalenqoasist Wwfe;35pknd F1@dgielaivat t¢s thgr owt h
st age, devel oprre:}t al sttaael, or, the Erormt er na Re i nduci Ie/rgsprefsi bl e
by a synthetic i nHUSETRUPER | HaLLronsg ?Fsa§e‘1”1‘?8°‘”g%l” ICRAIEROUNE PYo? FBPCTD avoi d
uni nt enti onal i nteigrh&fzztandifANA pdigngase. regul ati on systenms of the 15 host
cell, and in order to i.nprove controllability of the co-ordinated gene
expres$fon the priRBOEE POMARF e RLHI O] §9’ﬁ‘¥|€éti'\4°?§r8fﬁ5‘?‘é?(s tiizedp i
pronoters are desdptdaidni Necttfs ard IBarstibedSoyp, RRA, PBymertidenal. pCRefapr
desi gning suitable synthetic eukgéﬁlgti . _prompters._are disclosed in US
5,559, 027, US 5, Rnseririiog, Rgorg. Psdirsto §Ing, RASEHIF ¢ SEIHANEPD | BEHURBS yoti ¢
pronoters for theardaneetptidhalogta®fantiriass cedroit ittt bidbling GFERRA pomarase @y én

' mproved Tevels o Rion'ts thesd Rinfmal promater eletants, Sl seqtence slomers are
20 recognized specifically by modular DNA-binding / trans-activating proteins
(e.g. AP-1, SP-1) which regulate the activity of a given promoter.

* Viral promoters may serve the same function as bacterial and eukaryotic
promoters. Upon viral infection of their host, viral promoters direct
transcription either by using host transcriptional machinery or by supplying

25 virally encoded enzymes to substitute part of the host machinery. Viral
promoters are recognised by the transcriptional machinery of a large number
of host organisms and are therefore often used in cloning and expression

vectors.

30 Promoters may furthermore comprise regulatory elements, which are DNA
sequence elements which act in conjunction with promoters and bind either
repressors (e.g., lacO/ LAC Iq repressor system in E. coli) or inducers (e.g., gall
/GAL4 inducer system in yeast). In either case, transcription is virtually “shut off"
until the promoter is derepressed or induced, at which point transcription is "turned-

35 on". The choice of promoter in the cassette is primarily dependent on the host



expression. Such pronoters preferably contain at |east two different
classes of reqgulatory elenents, usually by nodification of a native
pronot er worBasmiing one of the inducible el enents by i nsecrinp3tohe4ot her
of the inducible elements. For exanple, 25 additional netal responsive

el ements IR Es) and/or glucocorticoid reggponsive elenments (GREs) may be

provided to L. . IL.onal e, on onst i; |

el enent s nay&géﬁ'%[rﬁng{tﬂ?%e{ﬁ jth(eifkg%g%{é% '?oln%erng‘\%?dteo tfe s%\r/\tgg. %z]sérbbj({’&ea&gl s of
gene expr essiequirent Poether eed iexhaiplttes paimgien sbowd spretecdablyd deboapable bt
limted to tfﬁ]R@ﬁnW ORGhE hasto&Nh whi@f?tfﬁeﬁgﬁé}ggéigé nruSBBf‘r‘éeSSé’(?d%}ﬁfé‘riE’;J ﬁ&t or
sel ected fromthe group conprising carbonydratées, e.g. galactose; Tow

i norgani c phexppdsssd. | evel s; tenperature, e.g. low or high tenperature
shift; metals or netal ions, e.g. copper ions; hornones, e.g.

di hydr obest ost erone; deoxycorticosterone; heat shock (e.g. 39C); nethanol;

nducers, o gy e gloRbRA of sften EORRRAL HhoBhB uct kS ehhageive

éxihlpr %rArEt mrgmmﬂr:lamqt@r Ampae,sm@mm@@me Jprompler nraykbe Eiter capmallable PHOB,

Cawv, , @aqugfww!ng@%g&/ ARE Iﬁ%huéh %@%&%@gﬁ/ﬂl g ncﬁ'%p/)ggfﬁy)%g,r at or,

ﬁoi)(r ila Nrof)( Andgexs ecg- predghotites| %bSH@t@évreetaiSnaomwmxwair% Tbepm@@rs mmto[]net »
y 10 m&@wﬁgsﬁ@@orﬁ%llaﬁgﬂ aﬂVEWsﬁtﬁl gg%ﬁ%%h 45 fér][nge?éiﬂ?e épl,

prormters. Suc ronoters ca e contr ut 1 nter rng f 0 nuch
With the rederex setusf grawthvetagensevelppmental slagicesi de Hsemotel MRy béie

fol | owi ng, eiﬁ&u’%dl?/ﬁag@éssﬁi@%‘?a?éﬁ@ﬁ&ti&ﬁ&u%?ﬁépzﬁég&ﬁgu% tgg g‘FlrSiﬁ&'uée?.

conjunction wt prese ention are es are by no
way |imting and only serve to indicate to the skilled practitioner howto

sel ect or d%i(,%ﬁ' tBraQﬁBtLﬁﬁrﬁeﬁtQﬂél ifteRresHed %itgﬁﬁ?%ﬁé ?%tﬁéiiohﬁlstgh%sﬁ%e

i nvention. 15 hough numerous transcript| pronoters are
functi ddal ihesyeelsesdimeder iodaprauestontralapilithof the cpiardinated gene expressione of
t hem have pr ' r nr i Q@ -

r econbi nant tﬁ%ﬁ’fo en?ét%_ﬁgﬁ;géf@nggﬁ’/bae&ﬁgﬁtuigggﬂﬁ&%@ggél??%l?{g}r@&%%{g?%?%})n%ﬁgf s of
t he PGK genddS GF98RZTpHSgH. §e6P8A. & ricicimescfor Tepipnjeg suitable synthetic eukaryotic

promoters are disclosed in US 5,559,027, US 5,877,018 or US 6,072,050.

20 Synthetic inducible eukaryotic promoters for the regulation of transcription of a gene
may achieve improved levels of protein expression and lower basal levels of gene
expression. Such promoters preferably contain at least two different classes of
regulatory elements, usually by modification of a native promoter containing one of
the inducible elements by inserting the other of the inducible elements. For example,

25 additional metal responsive elements IR:Es) and/or glucocorticoid responsive
elements (GREs) may be provided to native promoters. Additionally, one or more
constitutive elements may be functionally disabled to provide the lower basal levels

of gene expression.

30 Preferred examples of promoters include but is not limited to those promoters being
induced and/or repressed by any factor selected from the group comprising
carbohydrates, e.g. galactose; low inorganic phosphase levels; temperature, e.g.
low or high temperature shift; metals or metal ions, e.g. copper ions; hormones, e.g.
dihydrotestosterone; deoxycorticosterone; heat shock (e.g. 39°C); methanol; redox-

35 status; growth stage, e.g. developmental stage; synthetic inducers, e.g. gal inducer.



20 encodi ng GAPDH (d ycer al dehyde phosphat e dehydrogenase), TEF1 genes
(Elongation factor 1), Mral ((x sex pheronone precursor) which are

consi der eoas/065#1y ong constitutive pronoters or alternati \PETYDK(3®H0044

regul atabl e pronmoter CYCl which is repressed in the presence of glucose or
PHO5 whi ch can be regul at ed by t hi am negg However, for reasons which are

he genes WEEHTY! Stk paT ot iee ééh?ﬁxéﬁﬁ B8 flag” 6N cous
tho b/e abl e tRMAdy @HGSVGALONTEAL 2, GALOIONMETRS, g_lhlerMEda ‘?;@w%ﬂfHSEi ROX,
2 g ven el 0%y S, FAMN OrRl8ia, EHE DABR, Pl BRe bl SO EB BT e

proteins in THio® operater, aX 1,(MOX Axanpl e several enzymes of the sanme
met abol '%c chain) while 30 avoiding the problens of reconbinati on between
honol ogous sequences. In general, a pronoter region is situated in the 5

regi on of thaoggieerabng HoweRed ﬁl@sprombier ﬁsheeleétedrmtrshy?dridombngtetr@euch as

transcriptio fr t aced er th contro i cul ar:
WO 03/ 0624195"@%%5%6%%9‘5@% F& rid OsEO’Ba?W”&? M?waie% %‘fﬁgt@f’ {%5

conpri sing tdad bbAdoMtriamed witttbut irtersdring 166 muchiwithahé esyuldftioh oA RGN genied’in whl ch
det er m nes tH%@?OSI ti Oﬂoect’f the site of initiation as well as the basal

| evel of tra RTBEY'IN¥'n Saccharonyces cerevisiae, the length of the
m ni mahopronoter region is relatively variable. |Indeed, the exact |ocation

of 5 the TATA pox,varies from one ne to another and, nmay be situated from
AR AR A R T A A AT L A
SLr U_fll_lb\irAlg85conjLﬁbﬁia With tHe pBesE&at 33/86t)on( 2je muenneSeﬁammeé edaf b;bsfolr wayn gf

t he 0 at el pst.r ver red nucl eot i des
wht o ke JEREER, Y HrEa o Ko B Sa o i Brodi REERTRR | on
ei t her constprombieveihat arealsaiul ¥€doydiag sthapteseavilemibn! r anscri ption all al ong
t he ceI cycle, regardless of the conditions of culture) or in a

regul atdbl e nanner (activation of transcription in the presence of an
activator arwlthUgh rnﬁﬁfe@@ﬁsi Wwanscriptidn@l proatesrs aviith arg apicBeranin yeddte have

B eS e S e R Sy 5o 2 e e B o B e

cul ture condirbdution dbpalypesiieefbysthe tegumbinarardutel Fhbfeemdy Ab rasstiodddin
PLOTOLOT S O ek s g st IOk bl (oo aire T i he

pronot gp anderfcwngnmmw P(GlyasrgloénydSERhosphate  dehydrogenase), TEF1 genes

(Elongation factor 1), MFa1 (o sex pheromone precursor) which are considered as

strong constitutive promoters or alternatively the regulatable promoter CYCI which is

repressed in the presence of glucose or PHO5 which can be regulated by thiamine.

However, for reasons which are often unexplained, they do not always allow the

25 effective expression of the genes which they control. In this context, it is always

advantageous to be able to have new promoters in order to generate new effective

host/vector systems. Furthermore, having a choice of effective promoters in a given

cell also makes it possible to envisage the production of multiple proteins in this

same cell (for example several enzymes of the same metabolic chain) while

30 avoiding the problems of recombination between homologous sequences.

In general, a promoter region is situated in the 5' region of the genes and comprises
all the elements allowing the transcription of a DNA fragment placed under their

control, in particular:



20 ID No: 1 and 2 in the docunent) disclosed in US 5,952, 195. O her useful
pronmoters include the HSP150 pronoter disclosed in WO 98/54339 and the
SV40 and wBMs/oprenot ers di scl osed in US 4,870,013 as wel | pag/nKs/obRy and
GAPDH pronoters disclosed in EP 0 329 203 Al. 25 Mire preferably the
invention enploys the use of synthetic gyonoters. Synthetic pronoters are

of ten const r4pbedh AR Pl PRl BlmBEAIPHE! TAPLAR Ak REGH dEne

with the ups am Fegul at'1 ng sequenc ced "pronot e
control may beamtlanan 0é ttamscriptiooh, Mpichglesqreindsi tbe seqtmmofdbe isite Dhleltlap@t aeam

regul ating segi %%%ﬁe bSSag ENGAEARAYBR Int S doRENoRY C%E&E{Ilglge% e ah
g iyl UReME besHefftofye Bl

inserting nultiple pecitIc reg
advant age of usfthe rslymdhatanuot@'rregronﬁ@Iatmely IvaltJable Hm}eedatlnekm(actdmatloh lokd

wi thout-interf t ti L cell.
WO 03/ 0%2419 P /%%’b%ﬁq f%& Eegnueg %eﬁéﬁ% gg%ssﬁﬂattreg‘r?rrgpggﬁg%np” ses
pronot ers or pnaduiuelectdesnepstreamf of thwcsutd|dffthe gmitiatipeaChed emndvetdug,etid, yeast

kKiller toxin Igﬂ% pep d amno termnus of IL-1 R (WD 98/54339). 5
Anot her exanpl g 39?7%632 hetic pronoter is disclosed in US 5,436, 136

(H nnen et (a) pequemices) staatee upstreany edishe MATIA toyp (iomoedsately nadstréamgupa t&'
D oA B OO Blora IS § BT AR AR RELMA'Y ARsle! S Shechl 1S,

yeast PHOb gene an trea rono
gene st@rting #vehofdtametripdion B0 constltutmly (eelgtivelydiangtaat Iendcjfe’anscietlerl of

t he GAPDH Al f
di gcl osed ?ﬁnﬁé" é%f}gg@ ésg@ Cy?léba{%ggjlér% Ogtt%a@td'@ﬁgwﬁlhﬂg%)%gﬁlrﬁge%%“sag%l%es a
promoter wth m&mngerﬁecutaatldrolof’rum]senp(tll@n Rn( the- Prdee(idg )of wareragtivator abdlr R. (1)

i's the pronoter redrESHIn RO u'eE@ a&&e@gﬁgnﬁégggﬁu%%ge@w@b Vbi”&v%ﬂ‘?

transcription i I on s nerase
i ncludi ng the TyNEA attivajort MIb@@A'I'errthcmn(mlucats replelssasand avayl eespomdlto

r egul aligry Si g@@lhﬁar fgc}grs 0’9%99%5&&“’93&) gﬁgﬁg (as appro_pri ate; P.R (2) is the

pronoter region |olne end o 1) associated with 20
enhancing the efficiency of transcription of the RNA pol ynerase bi ndi ng

region: In 8 i oPd%n fholer8 brdtne 22RFMaS22A2 blodi&s FaRfBRLSn Ps oW to

design a
5,641,661, the EF1-a protein promoter and the ribosomal protein S7 gene promoter

disclosed in WO 97/44470,, the COX 4 promoter and two unknown promoters (SEQ

20 ID No: 1 and 2 in the document) disclosed in US 5,952,195. Other useful promoters
include the HSP150 promoter disclosed in WO 98/54339 and the SV40 and RSV
promoters disclosed in US 4,870,013 as well as the PyK and GAPDH promoters
disclosed in EP 0 329 203 A1.

25 More preferably the invention employs the use of synthetic promoters. Synthetic
promoters are often constructed by combining the minimal promoter region of one
gene with the upstream regulating sequences of another gene. Enhanced promoter
control may be obtained by modifying specific sequences in the upstream regulating
sequences, e.g. through substitution or deletion or through inserting multiple copies

30 of specific regulating sequences. One advantage of using synthetic promoters is that
they can be controlled without interfering too much with the native promoters of the

host cell.



synt hetic yeast pronoter. This specific pronoter conprises pronoter

el ements derived both fromyeast and froma manmal. The hybrid pronoter
consists WBowerme i al | y of Saccharomyces cerevisiae PHOS @CT@®A®3DbO4pr onot er
fromwhich the wupstream activation site (UAS) has been del eted and

repl aced by the early enhancer region ggrived from SvV40 virus.

Co or di . ¢ R . »
ahi oh 30 her s P SirdiesE eSO AT EBs Profford Ot prolnRd detn €y 1V
phenot ype. Itwot tiferfeot lyeastuigrivdte genes)eyrast d¢flles t@is I¢ardnepaptidenamthemisd art i ng

with the isqglation il..insertion to an entry vector for

provi di ng tﬁtg"ﬁ'aﬁ %ﬂgégmgﬁ%‘%&%he invention is described. In short the
sequence may include the following steps 35 i) isolating mRNA from an
expression sfate, WO 03/ 062419 PCT/ DKO3/ 00044 . 89 ii. i,Qi .
cubst and  al TARTH CAPORE R A0 PTUROS PRGN LR RaPRES P RECHARANERE ences,
i) insertiagl) whicubsicants alybystf hbrid| pogbter ¢idNAlieg arg:upstréam gpremoter ng

3§ ol 8P Slellie ok B SR DS R 905,270
CS denot es adowmstiesrg peorheter elBmpenesithe peast SFROH geddsthhimgeant puesstiden300
cassettes accorgding, to.th resent i nyenti re preferably arranged as a
cassette of tﬂdi@e%rﬁ WQ%@C%P%Q og:f e¢é§B§®ﬁ9§nce, t he cassette having
the ogemeral formula in 5 -43 direction:

[ RS1- RS2- SP- PR CS- TR- SP- RS2 - RS1! . wherein RS1L. and RS1' de

restriction %qt%%, e’ﬁgip'% iaé’faStd%WB%%'Cr BIGMGHRL 15, '80&5?%3"‘ dygfgﬁéﬁ?‘% rom
RS1 and RS1'(RoSéhtieget aly. Ehis pizclosureadpsenites @ proatotérenisit tHengeneraldbrentia des, PR
denotes a pr(gﬁ.@?rp_ﬁ(‘@l)ndenot es a cloning site, and TR denotes a

term nat or, N bei ng as discussed el sewhere in this specification.
20 It is an witkreint age to have two different restriction sites flanking both

Festri 621 on R b MecRRED Bt (€ i Rouny Geluone g Pauodnd’ "
construct anchrisbédptioniinitiatipn sitetthe RNA polyrherabebindingtsite f amal incloding thesTATA e
ends. This fb%(ii, Het &\E? s%q&gn%%?gg r\}vaeﬁlia%r}ra%rs%%gr?aﬁ’regslﬂlgt%(ray signals, e.g., capping
sequence, as appropriate;
P.R.(2) is the promoter region joined to the 5-end of P.R.(1) associated with

20 enhancing the efficiency of transcription of the RNA polymerase binding region;

In US 4,945,046 (Horii et al) discloses a further example of how to design a
synthetic yeast promoter. This specific promoter comprises promoter elements
derived both from yeast and from a mammal. The hybrid promoter consists

25 essentially of Saccharomyces cerevisiae PHO5 or GAP-DH promoter from which the
upstream activation site (UAS) has been deleted and replaced by the early
enhancer region derived from SV40 virus.

Co-ordinated expression of gene subsets can also be utilised to identify which
30 heterologous genes are responsible for the production of a given phenotype.

In the following the sequence of steps to be taken when starting with the isolation of
mRNA until insertion to an entry vector for providing the cells according to the
invention is described. In short the sequence may include the following steps

35 i) isolating mRNA from an expression state,



the enpty vectors do not participate in the concatenation of expression
constructs. 25 In principle, any restriction site, for which a restriction
enzyme i swhrieieedean be used. These include the restricti @CTOKIBOBE
generally known and used in the field of nolecular biology such as those
described in Sanbrook, Fritsch, Maniatigg "A |aboratory Manual ", 2nd
edition. Cold Spr.ing . ry ¢ P . I GLI site
recognition sequeII ces I%?%é'@é%@ﬁ%/tg@%ygflf%ﬁéﬂl}b@\gﬁtcfoggs;Egﬁfj%@?'&'gg%tt é;t t he
| i kel i hood of occurrenmuBNAfsegnenagenti cal restriction site within the
cassette is mnigse : j I rigtl ' : C ' at

| east 6 bases, bd'p] mﬂ%seﬂ&ﬁ?%%gg%%ﬁfﬂlg f@(ﬁ%"gg{r?ﬁ %‘?’g‘r\%‘s@gaﬁﬁé %gmn% |§§€és at

| east 7 or 8 bases. Rastargassettmin3d penansvdciy| sajd Tassetiedrangofrthil geased i n
known 28 "rar e rostri dOTBIE 6 7o il exanpl 6 17). However. the
recogniti on sequence [R8Y-REBBPIRR-ES-TR&F-RIY-MBEEES, such as at | east 15
bases, for exanple at Ieas;ﬁlﬁ bgsescI s.uch.tas at least 17 bases, for
exanpl e at |east 18 badNEENLRJeNQISSFClopindsite 15 pases, for exanpl e at |east
19 bases, for exanple at |east 20 bases, such 5 as at |east 21 bases, for
exanpl e at |east 22 base such as at |east 23 bases, for exanple at | east
25 bases, s rgsIgp °F‘§%"§Iesso bases, for exanple at |east 35 bases, such
as at heast 40 bases, for exanple at |east 45 bases, such as at |east 50

b . Pref bly the fi tricti ite RSl and RS1' i ised b
2 Testricti oerelarseegesios 2R nEreRe Rir verftl s tytelby ARt °°° ™
nucl eoti de s eassette oByuclgetivesat artigH) onderezhskzjuahcd, ithe casdette hakiagrthek t hat

t he vector partiaiH)at Fs i_n .subsequent concatenation is greatly reduced.
The first r@PIIIHANN O Rdllegi¥b give rise to sticky ends, but these
are then preferaljRg1Rep-SPARUIITR-JPoREMERST] cky ends resulting fromthe

second, restricti.o jte, nd RS2' . 15 Acc g ng .t rg%grr d.
ebodi ABnt AR RSl SRS GBI BRLIRtOT SUE% (AEF GRC oS, Sonpiesresiiptoes,
conpri ses ? sﬁtﬁé Qiffesrit Flotl RGN drdt BRS1' TBPSderiohss 4 8pasr sef@erioCsiGitilédsd two
sequence of the rare restriction site t npre rare it is g he | ess
el y 1o i NuSealiogs £ BT & POt STIEe TR 8 FTIAGSIe 308 1T CTIRRA ¢ he
nucl eoti de sefmIRANEE aflof Plehtbeing 2 didtlitesd EREwherRAS tHis Spestificatigh. r ar e
restriction site may furthernore serve as a PCR primng site. Thereby it is
20 It is an advantage to have two different restriction sites flanking both sides of the

expression construct. By treating the primary vectors with restriction enzymes

cleaving both restriction sites, the expression construct and the primary vector will

be left with two non-compatible ends. This facilitates a concatenation process, since

the empty vectors do not participate in the concatenation of expression constructs.

25
In principle, any restriction site, for which a restriction enzyme is known can be
used. These include the restriction enzymes generally known and used in the field of
molecular biology such as those described in Sambrook, Fritsch, Maniatis, “A
laboratory Manual”, 2™ edition. Cold Spring Habor Laboratory Press, 1989.

30

The restriction site recognition sequences preferably are of a substantial length, so
that the likelihood of occurrence of an identical restriction site within the cassette is
minimised. Thus the first restriction site may comprise at least 6 bases, but more
preferably the recognition sequence comprises at least 7 or 8 bases. Restriction

35 sites having 7 or more non N bases in the recognition sequence are generally



possible to copy the cassettes via PCR techniques and thus indirectly
"excise" the cassettes froma vector. 25 Single-stranded conpati bl e ends
may be crwatoemeiays di gestion with restriction en- zynes. FeCTOXIGAbd@aati on a
preferred enzyne for excising the cassettes would be a rare cutter, i.e.
an enzyme that recogni ses a sequence of gg or nore nucl eotides. Exanples of

enzynes that cut yery, rar he, eganucl ea , h 0 are
i ntron encod‘é’a I FT(eyaer {r%@m%l'tg %@eefam?'eP HJWenvé {heWP%)C% n|
exanpl e 17d sehoenceomay alsablaeat Iqaseﬂ@basaai; snaty aeat Ieasid@inaaesafosexampieat of 8

pac 1. sor - 1oaig BadlnfiSas ey ARt 7 basgl Bboramelf t teastgBibAses M eyt oy
creat e singlleasdtiBahadesl, fonpaxarmule atrieastctmp@etelsbioe example. at 3&as\20 GASEH 24419

cont rol Sor i i aiPeh 20 eef i Fife BEleBafvAbae il 0nTaRE S R0 oo
t hat recogniexampénatpeast lﬂ IDGSBS; sudeapiatriess 30 ibkees fay.exAmplel at |Bep 3P pasfs, |,

e pr bpar ed BN A KA 1 e, B el ibeet 35 e S ATb KE wlrad BATERES B

or ligation to linkers (short synt hetic dsDNA nol ecules). Restriction

enzyes ar e wAL Ay e el Ao Bl AERY a0 HLPTigGLEr RS 81 Idsyichon

anticipated 't ny o suc nove ynes can enera e singl e-
st randeal corqmzynnblgeneralisgetttwmmdagofttbetdwbters;tmdedlm@tnd@meqd@cbs By

concei vabl e %R?Lat@%@hﬁt th'isag? tjs %”&f,ar{ ngk SRYS 158Ne cﬁé:ﬁgc &XeOup %/I ng

the vector etic reactive r hat
wi |l normal Isyubbequeabbcmcatenatmamegrm radﬂqMCThe Giesit ke;stru‘zﬁnn sie maty adspegivé i c

posi tions whgd (GQypl &gtsngp%tg}ﬂ%eh% tH‘é’Jm Fe‘t‘%rﬁbl&'}ﬁk -do @%96\' StS?hea&%k?fe%? to

speci fi c sequences. cogni se spect f1¢” dsDNA
sequences arresullity fréthlthe sddand rq;sltriﬁiptneilmlmw RP2pt i des, and am des. See
e.g. Afgn tage, B.(1998) Chem Rev. 98: 1171-1200, who descri bes

phot ocl'tavage using e.g. anthraquinone and UV light; Dervan P.B. & Burli
R W (1999) AagordingOmi a.préheed eBiboUime’m 06 8% BSem@nc thebsacont restagteni $ifeg

Bi ot echnol . 7 MK 557 Buidbb & BIE FlitioRsteo iR, st irosh eBfipion
Bi ot echnol %ri% %s (P S e?és]sf)”ecglb |S(':tgb?ﬁ I'ng o#”gﬁ <{]re |t|on
Chem cal sequence of the rare restrlctlon site the more rare it is and the less likely is it that the
restriction enzyme recognising it will cleave the nucleotide sequence at other —
20 undesired — positions.

The rare restriction site may furthermore serve as a PCR priming site. Thereby it is
possible to copy the cassettes via PCR techniques and thus indirectly “excise” the
cassettes from a vector.

25
Single-stranded compatible ends may be created by digestion with restriction en-
zymes. For concatenation a preferred enzyme for excising the cassettes would be a
rare cutter, i.e. an enzyme that recognises a sequence of 7 or more nucleotides.
Examples of enzymes that cut very rarely are the meganucleases, many of which
30 are intron encoded, like e.g. I-Ceu |, I-Sce |, I-Ppo |, and PI-Psp | (see example 17d

for more). Other preferred enzymes recognize a sequence of 8 nucleotides like e.g.
Asc |, AsiS |, CciN |, CspB |, Fse |, MchA |, Not I, Pac |, Sbf I, Sda I, Sgf I, SgrA |,
Sse232 |, and Sse8387 |, all of which create single stranded, palindromic compatible
ends.
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Revi ews special thematic issue: RNA/DNA Cl eavage (1998) vol. 98 (3) Bashkin
J.K. (ed.) ACS publications, describes several exanples of chem cal DNA

cl eaver s.woSBngl4e9 st r anded conpati bl e ends may al so be cr earaxkos/og44by
using PCR primers 25 including dUTP and then treating the PCR product with
Uraci |l -DNA gl ycosylase (Ref: US 5,035, 996) to degrade part of the priner.

Al ternativel omatible e can be create il . vect or
and insert v&xghﬁpgﬁﬁrltré%%tea?%%ﬁ%c @'8&'8%%%%85?%3}/ S‘Ftej?{r?l %ﬁf’“’?@%g‘%ﬁ‘?’g&i
(Chang, LMsS,indeidlalroasdetiesd7 1e dorBateimeClaesre2zy$e8(bat. reBQgriteenyppalipdragecuence

|ocat ed bet ueeohlie 1E93 A | BeoTRBPAHENGS, 3o Met/SAY17dAgr mare

non-transcri cer quence. pacer sequen&é(s) i's
to mnimse reconbination between different concateners present in the

same cekl OrAltel?r‘?éti‘O’&?”c&s%%ﬁ?é %Sﬁ.beg&t%ﬁ:%dib@ tEQeao?ﬁirorﬁ SBGRLRIBSites W lind t mRY
al so sefve the pur-“7pose of nmakin e nucl eot1de sequences in the
cassettes noenas; leapt by | PERB. oA lifatianhés liBBemp u(sbod eswthatice dsiplds emoleegiagnce i s
to reduce t urrenc f el r ' /.0 / 1:.00044
92 between a Jsgﬁcglﬁb %gyﬁ?‘ﬁ raégiad(? nﬁ@%ﬁé&cé@ﬁd &%I%% %;59 %(?:aé'}%ﬁeﬁ engcéggslgttes
are assenbladicipeted that ey ofr suchi howed enayrhes Spader used)te gessrateagingleso be
conveni ent r . i r v > .1 de sequences that may
serve e.g. a%%g{;@&%ﬁﬁ#@}é‘%ﬂ%& Cérrd%§ggt?g%§rg?&#g¢\%ﬁ§'/ '?i di zation to e.qg.

nucl ei ¢0acid or PNA or LNA probes 5 allowng affinity purification of

o enee or s RRREFANE v Kinfl20rRRk) BRRbahIC B R ERGUBTY RRRAGINe

are cut out Yectmvathvsyothetic @otersc bhestaereactve dhemica;t@_lmm thatwill r!n‘rmeasset t es,

the spacer sgquENces tqgg 'l{?{s &}?f?c‘éﬁ)g cad dhal sb?&ﬁcﬁ bStichsS GhbRicBudLs ignce
entrea pronot er or er mDna¥o

bet ween two Sutcessive 1 I sequences. This
di st ance nayarotmgrmslecule thatasto@isdsagmes pindadh specific seheerses6Bxdmples of f or

exanpl e.at | h . { e f %@&ml at
| east ?go ba@g%ft‘u%%cﬁgggg%?gﬁ%eéas?? 89@(10 %ﬁ@s,s]e%g?p%éa%ﬁ eﬁg'f" |'east L @‘o
bases, such pwsphothieates, feflides,sas] amhgieseleaplge Atmitages B.(4998) Khees , Révor
exanpl e at A t 0 S SUC I . 0, b : |, e at

| east 1000 E)%s;e‘g'?ﬁ'sﬁ"@ﬁ' V‘}g@ §%°['§%3Fh‘%§8§5\(§ gg@%‘”i%ﬁ'e@%f‘%‘r‘gﬁe PRV 7200
bases, such light;DervanBiB. B3BOrli AW 3999 Gure Qnirpl Ghem. BielaSt 688198 dbswsibes such

1700 bases, 18 bl Boad pLEEFRIESE" o, LR NERE, 22ECTe0d RS GRi uoce.
for exaapl e Bibtdckasdt 120BRMhdssEsibes thehspasifiabiridamsef PNATo PONA apd £hefrigal
exanpl e at lﬁg\%wszg&e%iaﬁ) ﬁ{se?r?atic%’s%g: ﬁﬁAf‘BNA %?esakla&g’ %9@?&9.598 {ﬁ %agm.lb@ at

(ed.) ACS publicatioﬁs, describes several examples of chemical DNA cleavers.

Single-stranded compatible ends may also be created e.g. by using PCR primers
25 including dUTP and then treating the PCR product with Uracil-DNA glycosylase
(Ref: US 5,035,996) to degrade part of the primer. Alternatively, compatible ends
can be created by tailing both the vector and insert with complimentary nucleotides
using Terminal Transferase (Chang, LMS, Bollum TJ (1971) J Biol Chem 246:909).

30 The spacer sequence located between the RS2 and the PR sequence is preferably
a non-transcribed spacer sequence. The purpose of the spacer sequence(s) is to
minimise recombination between different concatemers present in the same cell or
between cassettes present in the same concatemer, but it may also serve the pur-
pose of making the nucleotide sequences in the cassettes more “host” like. A further

35 purpose of the spacer sequence is to reduce the occurrence of hairpin formation



| east 2400 bases, such as at | east 2500 bases, for exanple at |east 2600
bases, such as at |east 2700 bases, for exanple at |east 2800 bases, such
as at | ea®wD BIBDI19 bases, for exanple at | east 3000 bases, peaagKm@so@ | east
3200 bases, for exanple at |east 3500 bases, such as at |east 3800 bases,
for exanple at |east 4000 bases, 25 suclpas at |east 4500 bases, for
exanpl e at l.east 5000 bagses. .such as at |east, 6000 bases. The nunmber of
the nucl eot | RROSSHE ARBERT RN ~5usNspcaion (MTRY RecBriien, GaTReles A ¢ he
one | ocat ed a¥seinblediteealiRo Seqdendal twatgil. Spaaey seddmneye mayi disavby cbevenddit
advant ageou sur e thrgt at | east opg of the s&ager seguences ri ses
¢ ‘%o RN,

tp e
bet ween 100 18hirIBGH G sAGHE cohersed iislep it Soauiced Bsas PR
preferably heimeasiteSoDastaiget ¥0Chybadieationstoadly.aricleét asicdor BRA andNAlf@bBebases,
nore prefer aeﬁll é/ bet 2en gﬁo .ancci) 17@0 bases, such as between 600 and 1500
bases, re prevér pr' Gaben fﬁﬁf 8- 1400 bases. 35 WD 03/ 062419
PCT/ DKO3/ 00044 93 |If the intended host cell is yeast, the spacers present
in a concat r Shot!t” Frfer.abl Ié§co rise tE?corrbi nat i on_of ARSes

d fe
Wi th varyi ng MESRaSTs ey ERoNaRIoRIK sompse B8oBeLaRatpbirblng Pld 1675 thcer
sequences i muicl¢déddrubetaveen Mt ahd RS2eWHeh: cdssettks anghagy@ubDiom pvostar god i C
genom ¢ DNA suct} asﬁg.. cali genom DNAg Aﬁfes. The cloning site in the
Sassette i n PHEBIRSTIS felsdansliperptondss shassr seiishes Baghehaliin | de
sequent@ carthatetheroried icattaini distadde Peveehotwan gusdessive niderttealc peswdtére or

f bl N ' ' .cl.oni ng. by . i h
R R L T L S N S
i nt ended di rleadtiginbases, fdraéxanipde at doast I6dshspepsudieas at ilebshtiD0 dasts fohe

neL e ! Sl o BB Rh, AUE 0N e IR O ity T
sequence i n bspsssuck adiatdedst GO0 bAsesy fatiaxgmipte dtleast 4O0HmsEsEDt sxarsme @al | ed
e erR® CORan A bapdE bR oL EBRY Aol 51 545 LS, BB peRRE SRR " ©f
possi bl e t o ai ateletist?201 0febades| far axatnplenaidicasteR200r bases, puchv as antegsati BO&Y t O
anot her | essoa%‘é’é‘f f(r)]ra g)}ample at least 1400 bases, such as at least 1500 bases, for example at
least 1600 bases, such as at least 1700 bases, for example at least 1800 bases,
such as at least 1900 bases, for example at least 2000 bases, such as at least 2100
20 bases, for example at least 2200 bases, such as at least 2300 bases, for example at
least 2400 bases, such as at least 2500 bases, for example at least 2600 bases,
such as at least 2700 bases, for example at least 2800 bases, such as at least 2900
bases, for example at least 3000 bases, such as at least 3200 bases, for example at
least 3500 bases, such as at least 3800 bases, for example at least 4000 bases,
25 such as at least 4500 bases, for example at least 5000 bases, such as at least 6000

bases.

The number of the nucleotides between the spacer located 5' to the PR sequence
and the one located 3’ to the TR sequence may be any. However, it may be

30 advantageous to ensure that at least one of the spacer sequences comprises
between 100 and 2500 bases, preferably between 200 and 2300 bases, more
preferably between 300 and 2100 bases, such as between 400 and 1900 bases,
more preferably between 500 and 1700 bases, such as between 600 and 1500
bases, more preferably between 700 and 1400 bases.
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pat hway. The cloning site in the cassette nmay conprise nultiple cloning
sites, generally known as MCS or polylinker sites, which is a synthetic
DNA sequewoas@nniogli ng a 25 series of restriction endonuclpeamxosme@gni tion
sites. These sites are engineered for convenient cloning of DNA into a
vector at a specific position and for diggectional cloning of the insert.

C oni ng of does . not have to invqlve the use of .restriction enzywes.
Gher 30 art A ATFRCher BT b verBiidnd apuds Mgt i s Elert BREHTGr T
Cre- 1 oxP sygierferdniyoconiprisetaeaimbindtioolof adew ARSEsnathnatryion laantatial phealge BNA es -
use of Larrbdf at 1 gschrrent sites (att-X), such as the GatewayTM system from
Life Technoiaacggi €S 35 Both of these systens are directional. WO 03/062419
PCT/ DKO3/ 00044 94 The role of the term nator sequence is to limt

Lransor i Pt el reb S FIAL B ShaddSenhORntnaG BFSye A ARREARL: EARAL LT

sequence is thu 'S capa m ng I's actin host
cell. 5 I n phalgaDNA, psokasmtjc gasasiclOMeucsad E.anod genghicddMA, ARSed. nat or s
signal the RNA polynerase to release the DNA tenplate and stop
transcription of the nascent RNA. In eukaryotes, RNA nolecules are
transcri bed Tied ¢lorbey sitedinttieecassdtt®in thb rimatyuvestct Ghodttilbe ekigoad so tHétany

transcripts &J’C?efoﬁggg e-hgéa!:ér}'t()j&klgﬁé@ﬂtoai?d nodi fied by the addition of a
ce 0 I'Cacl

| ong sequen aden residues '‘known as the poly-A tail. A
pol yadébyl ati on consensus sequence is |ocated about 10 to 30 bases upstream

term nator SHRuSREE FHCoie foasted pErEsbl BB R SRR SRV 3,
ADH1 al cohol ergetegdhatarsseptioDepentbst gelbis péréormad droen tfe ¢dunghetndcielthe i t
ey be advaniageons, ddal o ulaf R raiRied ARR8 0SB L RS pARid b ohel neen

the pronoter an e expressibl'e nucleo Sequence; re preferable
t hat subst anthe atigipalalucleotidessgdquescecorasi se an i ntron between the pronoter
and th(?5 expressi bl e nucl eoti de sequence. The choice of intron sequence
depends®on requirenments of the host cell. Thus, optionally the cassette in
t he vector ddoweves@scamdingribrsomes eqivedicesntsiitirodly bayadvantageous to insert the

sequence in opposite direction. According to these embodiments, so-called
antisense constructs may be inserted which prevent functional expression of specific
genes involved in specific pathways. Thereby it may become possible to divert
20 metabolic intermediates from a prevalent pathway to another less dominant

pathway.

The cloning site in the cassette may comprise multiple cloning sites, generally
known as MCS or polylinker sites, which is a synthetic DNA sequence encoding a

25 series of restriction endonuclease recognition sites. These sites are engineered for
convenient cloning of DNA into a vector at a specific position and for directional
cloning of the insert.

Cloning of cDNA does not have to involve the use of restriction enzymes. Other
30 alternative systems include but are not limited to:
- Creator™ Cre-loxP system from Clontech, which uses recombination and loxP
sites
- use of Lambda attachment sites (att-)A), such as the Gateway™ system from Life
Technologies.
35 Both of these systems are directional.



25 be located 5 or 3' to the expressible nucleotide sequence. The design
and layout of introns is well known in the art. The choice of intron

desi gn | awgalBpedapends on the intended host cell, in whi eeTid@3eR@ressi bl e
nucl eoti de sequence is eventually to be expressed. The effects of having
intron sequence in the expression casseghes are those generally associ ated
with intron sequences. 30 Exanples of yeast introns can be found in the
literature and in specific databases such as Ares Lab Yeast Intron

Dat abase ( Verrs mhe 2f e dyminadart sshuencel i #Wplimit t2D8Eriptiokap|therlengtn of dims  of

t he dat abase_as wel | as tract f.the databas ve been . | in:

* Gonone- i ARG SrPUP IR A STt S A aREes LB Shen b O b oF
Sacchar ony c geerfoaniay ithis aet.in theyhdSpeeljol a M Grate L, Haussler D, Ares M Jr.
(RNA 03/ 062419 PCT/ DK0O3/ 00044 95 1999 Feb; 5(2):221-34) and "Test of
intron predictions reveals novel splice sites, alternatively spliced nRNAs
and new i nt rlonsokaryotes,o$equehtes kegul aseadngerngionall terpnirasdrs "signal Deey IRNACA,

Grate L, Spingola r Jr Nucl.el ¢ Acids .2000 r X

2608y 1700. dPoradiend iedelRoRbiEpA R s B R RA e M et et o
is neant a vector for storing and anplifying cDNA or other expressible
nucl eoti de sequenc usihing t e S... i h r n 0

i nvention. ?ngug%tys‘f‘?svéh‘? oS Qgplggfa?en%%ﬁscyg%g{eﬂ ba 8508}%% g?%ﬁf@%a%ﬁté}? o]
propagéd e | rmBENAcmblecole. New warseripts Eré @nkzymnaticaliyl #iedvad sind oebdified by sheul d

preferably be anmpl i.fi e a I r r L.Ssabi N,
enri chnment p%dg@gﬁ rfeas.%Rbhsgag%fcrey&SaecB ¥)"r% %?3‘{/%32&%3 k%ﬁg\'ﬂt%;ggigeofo t'%a'ﬁ hr]gt has
t he basi c r gmljadengatich cdnsapsusl Sedpenog) isaldcatedoatyaep | 1i0ctnt 80 ibased Upstreaat | east
one suitable host organismand b) allows insertion of foreign DNA which is
then repli cgfogﬁﬁ}eo%é%ﬁg%gwq%hs'&ehe vector and c) preferably allows
sel ection of vector nolecules that contain insertions of said foreign DNA.

In a pgeferr enhodi nent the vector j lica {n rd hosts
i ke ;i/gast sﬁrgfﬁérg?e?)fag’pé%sd °Ftye%9ho r'éfe?)r%%r%eﬁ?%ﬁ ge‘ﬁ.‘ge\?‘(%b% '%Cﬁ!ug(#’ cszéy%?%ah er per
host cel |l . llimiies t&CARNE,C YT &fGPD,eADH haltolidi dekngrdgenasa. addi ti on to a host
specific origin of replication, contains an origin of replication for a

single stranded virus, such as e.g. the f1 origin for filanmentous phages.
This wi || alDepsnting qorthd unaturenf tfe kishgéle itshayabel @advaniadesius thatiad leashoodn nay

be useful f Ocrasga{engolrhasrﬁste's%rﬁ iﬁtrr]cgjn gé}\r/v'egrp t enéroﬂ'nro?greadn'ﬁrtﬁg e%re%gigfgergucleotide
20 sequence, more preferable that substantially all cassettes comprise an intron
between the promoter and the expressible nucleotide sequence. The choice of

intron sequence depends on requirements of the host cell.

Thus, optionally the cassette in the vector comprises an intron sequence, which may
25 be located 5’ or 3’ to the expressible nucleotide sequence. The design and layout of
introns is well known in the art. The choice of intron design largely depends on the
intended host cell, in which the expressible nucleotide sequence is eventually to be
expressed. The effects of having intron sequence in the expression cassettes are
those generally associated with intron sequences.
30
Examples of yeast introns can be found in the literature and in specific databases
such as Ares Lab Yeast Intron Database (Version 2.1) as updated on 15 April 2000.
Earlier versions of the database as well as extracts of the database have been
published in: “Genome-wide bioinformatic and molecular analysis of introns in

35 Saccharomyces cerevisiae.” by Spingola M, Grate L, Haussler D, Ares M Jr. (RNA



sequences. A vast nunber of cloning vectors have been described which are
25 commonly used and references may be given to e.g. Sanbrook,J; Fritsch,
E. F;, and wbbnijoetsiis T. (1989) Mol ecul ar C oning: A | abor at ecy/prmswedss Col d
Spring Harbour Laboratory Press, USA, Netherlands Culture Collection of

Bacteria (wwv cbs. knaw. nl /NCCB/ col | ectiggn. htm) or Depart ment of M crobi al

Geneti cs, 0 te tics Shi zu

411- 8540, JQ%QH %?W* ) E‘Hé)nT%f 'mb‘?rb{?%eg'icgf”/‘scv%"@? "%%"%S PceAS‘Pee%N

t ype- exanpl estetriagitelprsplitdte mRNALRahd mdw nimtronspopmietticallyr regatated: gease of
ML3np10, pUCl JLanhda ng, . pYACA.  EX es3, of . pxi.na rs

I ncl ude but §P§t tR%nB?Y'?ng{%#q?tgmé%pé@;gﬂrp@@f%'cpéﬁﬁégs é@@%@r
pUCL19, pSP6k28P600-)GEM 3, pCGEM 3Z, pGEM 3Zf(-), pGEM 4, pCEM 4Z,

i AN13, pBluescript Il, CHARON 4A, A+, 35 CHARON 21A, CHARON 32, CHARON 33,
CHARON 34, CHARON 35, CHARON WO 03/ 062419 PCT/ DK0O3/00044 96 40, EMBL3A,
X2001, XDASHerinthilyXyecxorsi@ntrgettors), Xgtl 8, Xgt 20, Xgt 22, XORF8, XZAP/R,
pJB8, c2RB, pcosl EMBL Methods for cloning of cDNA or genomic DNA into a

vector are well known in the 5 art. Reference may be given to J. Sanbrook,
E. F. Frit sclBy the tdfaneatry gectdvtis ewahtia ve@bofor 8ring ahd ratpditytrgyc v oabthe? " d

dit Col d i Labor at - P 89) . I f
ciroular moddPBRbR hEeel FRRRS IHed R Seeetiee doriiie X 4T sheniG pve
cont ai M thenwnpomsﬁieoentrvamstetdm pririarRZeciira aee pleferanly abletbbtdpaGhternn B9 Sit e-
Term nator-S - f f
T o RIS R B s YRl PSSRt of PR o
Col El . The emienablectotstarsiatdMiatmais4ibn aad énfidfinders bmeeduresFi gures 11, 12, and
13. These 15 all contain Srfl as Rl and Ascl as R2. Both of these sites

are palindromc and are regarded as rare restriction sites having 8 bases
i n the recodrhiet ey wetpanmebe dhany type tob DNA that has tfmrlmsummtq&:remeﬂfte oAlapR

i Ci t the Col E1 | t E. col
P el 1% e (ST, RARS, BSRte, FHK. " 0658 e itk st of BRI N Blelhs goc”'
such as ML3.indeviich ()FfogelngN/cmntcai isghérmeepVEdt28 tpgathart with 2k aectot bed APHL
t t d hor t th
1T st SBRERS dLeRRREER R oSl RS PR B o
the ADHL t DMA.NatagsrefebrddE@m{bodipent e \mtfairaa' dtde tmmpﬁld?élrm‘tammir@hoaedké he

Q;I)H in dt erm r{/aeggtrs be;IE:tt]eenasgn%cl?shou?J pre ergbl ave aﬁ %co y nu er p %F ce[ﬂNﬁ‘ Ié spacer

20 also preferred that the vector in addition to a host specific origin of replication,
contains an origin of replication for a single stranded virus, such as e.g. the f1 origin
for filamentous phages. This will allow the production of single stranded nucleic acid
which may be useful for normalisation and enrichment procedures of cloned
sequences. A vast number of cloning vectors have been described which are

25 commonly used and references may be given to e.g. Sambrook,J; Fritsch, E.F; and
Maniatis T. (1989) Molecular Cloning: A laboratory manual. Cold Spring Harbour
Laboratory Press, USA, Netherlands Culture Collection of Bacteria
(www.cbs.knaw.nl/NCCB/collection.htm) or Department of Microbial Genetics,
National Institute of Genetics, Yata 1111 Mishima Shizuoka 411-8540, Japan

30 (www.shigen.nig.ac.jp/cvector/cvector.html). A few type-examples that are the

parents of many popular derivatives are M13mp10, pUC18, Lambda gt 10, and
pYAC4. Examples of primary vectors include but are not limited to M13KO07,
pBR322, pUC18, pUC19, pUC118, pUC119, pSP64, pSP65, pGEM-3, pGEM-3Z,
pGEM-3Zf(-), pGEM-4, pGEM-4Z, nAN13, pBluescript I, CHARON 4A, A%
35 CHARON 21A, CHARON 32, CHARON 33, CHARON 34, CHARON 35, CHARON



an ARS sequence from yeast (spacer 4). 25 Nucleotide library (entry
library) A schematic illustration of the steps | eading from expression
steps to womaobaetide |ibrary are illustrated in figure @CTAKO®OIGAIIS as
wel |l as suitable vectors and host cells for constructing and maintaining a
| ibrary of nucl eotide sequences in a celgg are well known in the art. The

and anpl i 1y 1 EVELoAE0a, oABl P Tault oo 2008, AgbB, PSR Jidid) 1o

thi's inventiprp/RhpiBeebRBSpISR1 BMBR62419 PCT/ DK03/ 00044 97 (construct s)
conpri sing expressible nucleotide sequences fromat | east one expression
state and wherein at |least two vectors (constructs) are different. One

speci fi c exappihgd®tor cﬁoﬂ EBNATY fgeﬁomeomhﬂnokdwmom wéidedawreirrhey ed
CcDNA 5 libraries. The advanta t he cDNA I|bra§%}|s mainly that it

cont ai n3 onl §t-ORek ere@é‘i]ﬁ@(c%%’g? R Jp SAAPHRPK: &-F-r ey iThddpniatiss MalgeularnA i n
a cell. Suitephpgat pdatord’ Mamiat 2B RRRAL CoRl Bpfing HaTrH’dﬁ Liahotadd D&dA:ra@NA or

the synthesised cDNA so that only substantially full-length c is cloned
into the 1ibt%¥%:. 10 Methods for optinisation of the process to yield
substantially full Tength cDNA may conprise size selection, e.g.

el ectrophoresi s, chromatograph reci pitation or nm conpri se ways of
i ncreasi ng tHee F?“"HBP'PI%éd:“'ﬁ‘f"abépfi&r@trﬁ/d’lefmf Wﬁﬂt@ﬁﬁﬁgtgedo { he vedRIRTTM

met hod4§Cl onEW/E%B}.taﬂfs thE @xpreBdibr At hepchz( %éﬁ%@rﬁ@ﬂar MuRi efoﬁfn@rgi{él y the
met hod for nmaking the nucleotide |i br ar ri ses gbtaining

subst ant i al | eritonSragerREtNa Bpueder ﬁlhe ?l%an?Q{‘SdanQﬁ’}?afqr gpicillin

repr esent at i @Bistihce, CANYR SARCArESHginVOr EpiRagdeforBlasiacsehst antial |y ful
| ength cDNA popul ation conprises a nornalised representation of cDNA

species characteristic of a given expression state. 20 Normalisation

reduces the T@W%@}br@h@%&&%ﬁ EVEQtshG\Sn ﬂer'@dﬂal%H 1”Rb|Aan<§p®CFHé§e and
increases the rel ative representation of clones fromrare mRNA speci es. 25

Mt hoddST or bRk SH ABIToANG ARpL 35 R B! A1e8e\RPP akh BalncromieIAadaare
Ref erence nRyafRdHs\BrR fRtrtbr sidsLhdVir)f 9Babss hahe NeEdHRltiohaeh@éndel The as
those described in US

vectors furthermore contain the AmpR ampicillin resistance gene, and the ColE1
origin or replication for E.coli as well as f1, which is an origin of replication for
filamentous phages, such as M13. EVE4 (Fig. 11) contains the MET25 promoter
20 and the ADH1 terminator. Spacer 1 and spacer 2 are short sequences deriving from
the multiple cloning site, MCS. EVE5 (Fig. 12) contains the CUP1 promoter and the
ADH1 terminator. EVE8 (Fig. 13) contains the CUP1 promoter and the ADH1
terminator. The spacers of EVES8 are a 550 bp lambda phage DNA (spacer 3) and

an ARS sequence from yeast (spacer 4).

25
Nucleotide library (entry library)
A schematic illustration of the steps leading from expression steps to a nucleotide
library are illustrated in figure 8.

30

Methods as well as suitable vectors and host cells for constructing and maintaining
a library of nucleotide sequences in a cell are well known in the art. The primary
requirement for the library is that is should be possible to store and amplify in it a

number of primary vectors (constructs) according to this invention, the vectors



5,763, 239 (DI VERSA) and WD 95/08647 and WD 95/11986. and Bonal do, Lennon,
Soares, Cenone Research 1996, 6:791-806; Ali, Holloway, Taylor, Plant Mol
Bi ol Repwntoa¢242000, 18:123-132. 30 Enrichnent net hods areTmaad/ova4i sol at e
cl ones representing nRNA which are characteristic of a particul ar

expr ession state A nunber of variationgzof the method broadly terned as
subtractive h rlsa known i.n the art., Reference ven to
Si've, “Sohn. (RBFE) e Refestblecningiie SEAMTTRRLOM af Teed (FBR | °ss
et at, PNAS,exﬁ:%&pn%&t@éﬂdiwﬁém atCeast iwe vect@h i(dumistuctparatdifiererftenone Res,
2000, WD 03/062419 PCT/ DKO3/ 00044 98 10: 1617-30, Bonal do, Lennon, Snares,
Genone Research 1996, 6:791-806; Ali, Holloway, Taylor, Plant Ml Biol
Reporter, 20Dfs spb&rﬂﬂ:%Sarth@ of kach akhnap) ie the wall kiedwrearid wialglyleenpicyeideoDNA by

doi ng di tigonal r h |z n simlar. n izatio

o1 19 2601 1R PADS Y B 28N 3l T Bk e B HI BN 1
l'ibrary reprseqeenaeagotrea)amdlngdutredsarbad eneasergyed RNAein aamptli Buitabie methbds
library fraomt |nd St.at vel fle

der 1 ved 11 ot ABS AREIE PR i Rl BRNAE He TDbeREed SONARPHLED Common
sequences f rsobstanticdly fidklengthlmDiNAyis clined achothedibodrydr i ver and tester

popul ation will depend on the nature of target expressible nucleotide

sequences in each particular experinent. 10 Finally, enrichment may be
achi eveédl by Metbodsafor ioptimisation di matpirmesfsmd) Iyirekbshtisyarttiallyoimy lengtic kDNG. may t he

i brary an ey | eot | 0 for one I de 15
or of or ably (O0IRISE §2a cpRehehe uredeRheass, SEPlpbd iy PRaB &l ¥y
different mooposevaysRfdhaeasihy tmdrmkéllhbocaloy getblngrfultehengm cDblAst etdartiee
primary vectgqr i th an ressibl.e S ence coding for the
sane pepti deﬁﬁﬁﬂw rpﬁtﬁog&ﬁl?ﬁ%tpc@for t@%&%ﬁr ?‘Bﬂf?% %?ﬁﬁ@? Mor e
preferably the library conprises at |east four primary vectors with an
expres bl e | eoti de s ding for th ne pe e under. 20 the
Cont rofSof IIEEraK 1 aRRIGE doeres e Sioatie DUy CHEPSEh g B8 br | ses
at d! eas]E flsuastahmemwfml reagmwcum\m\/pbﬁulﬁtroneoqm;ﬁ&&igtd ﬁ?mbﬁptép@&eammeme
codi ng for S the control o ve di rent pronoters,
such 95 comStNeD SPepiePedVorE; RTENGAPln Ay SUSRRTIALY il hleditne. e oy BHSH
nucl eoti de sefrpEBES aCsimalsedoreptdsentation of BBNIAI sieecibadsHarddigristionf raogiverh  Si X
different pronoters, for exanple conprises at |east

expression 'state.

20
Normalisation reduces the redundancy of clones representing abundant mRNA
species and increases the relative representation of clones from rare mRNA

species.

25 Methods for normalisation of cDNA libraries are well known in the art. Reference
may be given to suitable protocols for normalisation such as those described in US
5,763,239 (DIVERSA) and WO 95/08647 and WO 95/11986. and Bonaldo, Lennon,
Soares, Genome Research 1996, 6:791-806; Ali, Holloway, Taylor, Plant Mol Biol
Reporter, 2000, 18:123-132.

30
Enrichment methods are used to isolate clones representing mRNA which are
characteristic of a particular expression state. A number of variations of the method
broadly termed as subtractive hybrisation are known in the art. Reference may be
given to Sive, John, Nucleic Acid Res, 1988, 16:10937; Diatchenko, Lau, Campbell

35 et al, PNAS, 1996, 93:6025-6030; Carninci, Shibata, Hayatsu, Genome Res, 2000,



25 seven primary vectors with an expressible nucl eotide sequence coding for
the same peptide under the control of seven different pronoters, for
exanpl e coopsiosEsy at | east eight primary vectors with anpretmasbie
nucl eoti de sequence coding for the sanme peptide under the control of eight
different pronoters, such as conprises ag |east nine primary vectors with

an expressibl € i S ceacoding for t SA%R %eﬂ% upder the
control of n{oﬁb&gi%(g(e)érden dop(r?‘gﬁo erSSoar?%rag(}%{pr%ngesgg%B“ Ses 1%&5’@ ‘ten
primary vectholeway} Taglor,eBteme sklbb|Bioln Repedén, d2000eqletRe13DdFoy dxamptehe

T/ Dkos) ooctier gy B HBYpd by Fihe s B kR RE Rzl ADRFRE e

pepti de pr efrm*rmbluz;atnonqmqmadu% esiegnd.g.atDMAL fhem saahtwaryuoﬂ glodnddet siegesnce,

what e be TepMantsil Tussingde PuIEBTER oo AR BBER: SreptPlahun
pronoters i rfrc:ln tHecindurted\state oklte,rnatm/elysnl-‘p‘rcbs or BCR amplmedsDNﬂcderrR/ed)fmmee

nuct eot] de | Lt Al A0n 811 Bl cRULANE S 01 SHRAGR BASL REOTBR Bt

Preferably, br ar r| ses a or su corrp ete
conbi nat i on libwari. 'Ehe c«;ahonasmf ddvereamsli testat p@wéalpn(wlll depend carttie patune bEtagget

wher ef n SUbSLABILR Muctldio S8R ALl A dark el BdRIidIe cont Tol of

substanti al | a se ccordi ng to anot her
enbodi M@nt of the invention the nucleotide |ibr ary corrprl ses comnbi natl ons

of expressi bfl' ﬁ ||Sluglllrc?1He%?m%§%§ /a%ﬁeege(? ?g@h&fa%tl{/ s%{ 8,? ollg\%&g %{l%olo y on e

di fferent spac sequences n se uences.

15 expr essi kpiekimgucl eoti de sequence nay be conbi ned inatw, three, four or
five dinensional array with different pronoters and/or different spacers
and/or different introns and/or different term nators. The two, three,
four or fivendtheelhisiaonan axprasgsibleayudeotide ngdapieace rcodimgofqul ene,peplite 6s not

al! Coﬁ' nat r8§§%b& f!)urann d‘if%rgn‘? &Gteaﬁﬂ V%Qtoﬁn%nhép'ir?er XoHB flJ'dIff’éFér'X be

mai nt ai hed in comprising pro aryo cell's” or " eukaryoti
cells. Pref epromdteps. dkrefeyahly mehhmaryocroglap'nsesrmt theast threé pdmabuvedors witt an

limted to Escherl hlac Usisu 0 iVl ,
Streptomyces SXPEa| 908'11%? q'lgg esgﬁg%r,})crg.ea délneqr @E;l"#léog%m(? @ieog%%ezﬁg’(%ﬁ%tﬂ@%%
Yeast speci ehbresudiffierast ffamotess. cMrye pseferabg\the lisrary( dontftisas) at/leasttfour primary

2o e BN S BTG ShhBol Rk ShhuerER a0 s R A 2
asconyget es, the suntinol @ fdve diffesgmb peontoters sbloeenprefessidy the libuay woohplisessatieastal so

be used. Pl afR/te &rﬁrlxelﬁ vectors with an expressible nucleotide sequence coding for the same

peptide under the control of five different promoters, such as comprises at lest six

primary vectors with an expressible nucleotide sequence coding for the same

peptide under the control of six different promoters, for example comprises at least

25 seven primary vectors with an expressible nucleotide sequence coding for the same

peptide under the control of seven different promoters, for example comprises at

least eight primary vectors with an expressible nucleotide sequence coding for the

same peptide under the control of eight different promoters, such as comprises at

least nine primary vectors with an expressible nucleotide sequence coding for the

30 same peptide under the control of nine different promoters, for example comprises

at least ten primary vectors with an expressible nucleotide sequence coding for the

same peptide under the control of ten different promoters.



such as those derived from N cotiana and Arabi dopsis are preferred.
Preferred 30 manmal i an host cells include but are not limted to those
derived fwomsheasans, nonkeys and rodents, such as chi nes@eCramB@nodavary
(CHO cells, NIH 3T3, COS, 293, VERO, HelLa etc (see Kriegler M in "Cene
Transfer and Expression: A Laboratory Mgnual", New York, Freeman & Co.

chart " of t ho"t GGiesals R Rl Shoustes, ooty R P, SaiedomplicBcBintal

nucl eot i de smnmrseesastsmtaﬂyoItlwalsbmeamualéatlde aequéncenmswegsefeEABACIhe Same

transforned | n riate host cell. Fig. 9a shows one way of
pr oduci ng th%u@&&séﬁfe@ﬁgl ncl udes concatenati on, size selection and

insertion into an artificial chromosone vector. Fig. 9b shows a one step
00 For Phe pot pLEE o IBso W et AT ieclr Ry S8 Binst VB depf o
expressi on masksertof dife(eht prosmedteénssr )iiffermmectsrisniglse)dserbte toedohstruoh éroml thewi ng
their facile bet n_cel th X set re

assenl od i s euie IaneTL A8 oferiioatbh oL BPRT GBI oo e

concat eners !&nmradmpgsesnatdomprlma@ntsunsiantthﬂy nalylptemrrpombreamrsaloecas anwof

xpr essi bl e AHEhE8tldRa SAUSNGSR T AIILHE LB, o FAPLRER) AodbRe Bl

t hus be ass rom representing TP Sthfe or
it mayi1@onprursier tmsrs:etrole;zf stibgtant@lipalroba selectdd himbendf peorpotessi on st at es.
The concateners according to the invention are especially suitable for
ligating into an artificial chronosone, which may be inserted into a host
cell for 20 Awording ot aubtieerparelsadiroant dfdhe irfviestiqmmhpmleotidimlilvram aimmiseanong

and between gﬁﬁﬁaqtohgsofr@ &grbfeu ch@gtote s SSO[%’IEI%S& hrﬁnoqf?ergrﬁt vadisg over

as the host ¢ anaer go sCe Vi Sl on mnirm sing the
| evel of repwitt difecantispacer seqoemgasnand/ar diﬂgfemnletromrseanmves Thusnaey iohei s not

an obj tof t i L 0. opt.ain n of
concat %u’}p?‘%?%%’%gggﬂé i %gq%hg??@%%wgg%oen%ned 'SrQa{ﬁb'eg{r% @B} ;3? f'ﬁ host
cells nor i sdlmtensmnaﬂagnagztwﬂhodiﬁemai pro’mﬂteraandﬁor eifferent spaa:mataedbr diferent
reconbi natia ref err the nvention _t he
concat ener n é@cgg'l {i‘ﬂe:{eﬁgget maTthrPS E (%4 Q%a A flgg (B'J%nsé nsaégfrfag sai d
first cassetmay becugpldte‘cBrencmnrtpmepmcé&ﬁbtaalcdmbmam wilhaed toche Prosent.
preferably, the concatener conprises cassettes, wherein substantially all

cassettes are different. The difference between the
20 The library may suitably be maintained in a host cell comprising prokaryotic cells or

eukaryotic cells. Preferred prokaryotic host organisms may include but are not
limited to Escherichia coli, Bacillus subtilis, Streptomyces lividans, Streptomyces

coelicolor Pseudomonas aeruginosa, Myxococcus xanthus.

25 Yeast species such as Saccharomyces cerevisiae (budding yeast),
Schizosaccharomyces pombe (fission yeast), Pichia pastoris, and Hansenula
polymorpha (methylotropic yeasts) may also be used. Filamentous ascomycetes,
such as Neurospora crassa and Aspergillus nidulans may also be used. Plant cells
such as those derived from Nicotiana and Arabidopsis are preferred. Preferred

30 mammalian host cells include but are not limited to those derived from humans,
monkeys and rodents, such as chinese hamster ovary (CHO) cells, NIH/3T3, COS,
293, VERO, Hela etc (see Kriegler M. in "Gene Transfer and Expression: A
Laboratory Manual”, New York, Freeman & Co. 1990).



cassettes may arise fromdifferences between pronoters, and/or expressible
nucl eoti de sequences, and/or spacers, and/or introns and/or term nators. WO
03/ 062419wWB@3/0&4@8/ 00044 101 The nunber of cassettes in RCIIDIYPB3R0044
concatemer is largely determ ned by the host species into which the
concatener is eventually to be insertedi@nd the vector through which the

i nsertion is%&rﬂcrartérﬁg out . The concatener thus nay conprise at |east 10
cassettes, sUch a | east 15, for exanple at |east 20, such as at | east
25, 5 for exanple at |least 30, such as from30 to 60 or nore than 60, such

as at least 45,, f e I t Jeas 0 C S .
exanpl e at |%§'S? Sgg{ofs %ﬁc %@ﬂa?f ﬁ'?ea%éls %G?hléf Q?r?ie@ngkg{rg?@%arfggrgp L%%o,
such as at |expsdssibiE0®ucleotideesaguéreeat tol ewdvable Gitfici seadmesomdy (EXMALR) of t he

cassettgs matYanlg%rJn 5‘%8%}1 éap?)r (?%eriu??%e bf9| .eQa IP%WS o'é‘w% RE BladuERY the
? |susdfodS @eé ':“ sérlgqyﬁned

enbodi nent a concat ener eno nunber™ o
nucl eoti de d26&ed wbikh inflades cormatdnatist, siasosadéctivhendanseatiory intd ak edtificial

nucl eoti de ' c ' C e _havi t [ G.S 1

(a2 Sp. pr e pa6S, el b Shodd a3 ' tGectie forcharkEeaRrndnd  co on
site, SP derigation of veptr armofo atitaih &YANCst wo nucl eot i de bases, PR denotes a
pronoter, capable of functioning in a host cell, 20 X denotes an

expressi bl e nucl eoti de sequence, TR denotes a term nator, and SP denotes a
spacer 10f atFdretst pumposesi aif epovidingb as ewthogh éore assentiding amubiiplee sxgressidre

cassel t e have LA TRAN R85 5T DitletRF WART Snd Tibllhg ey RECiHigay ! on:
Optionally the cass €S conhprise an intron 'sequence bPetween the pronoter
and t he exprbetwédi eellatbe espredgon cagsetierararadsembledtinte ennddt@merer mi nat or  and
t he expressi bl e nucl eoti de sequence as di scussed above. According to one
aspect of the invention, a concatener conprises cassettes with 30

expr essi bl e Acwicateameatds & senesiofflihkedumitseXipe egwiatamers atesding ¢o thiedvention

) Ul by X ; ot i . )
opr b e o RERHES " ERER 3 SPResiind MckBhde! SEHHIE I Mo 0bne o
enbodi ment aixpteassionnstatet amh camehws he assembledoingni geslitrary Bprdseatiig shi$ i r st

cassette and,g S&HRLhtE 3P R HdyTompAbd chidettbs ABRLhiMbd D Mreflint bEErE0Lof oM
states. The concatemers according to the invention are especially suitable for
ligating into an artificial chromosome, which may be inserted into a host cell for
20 coordinated expression. For this purpose, the variation among and between
cassettes may be such as to minimise the chance of cross over as the host cell
undergoes cell division such as through minimising the level of repeat sequences
occurring in any one concatemer, since it is not an object of this embodiment of the
invention to obtain recombination of concatemers with a segment in the host
25 genome or an epitope of the host cells nor is it an object to obtain intra- or extra

concatemeric recombination.

According to a preferred embodiment of the invention the concatemer comprises at
least a first cassette and a second cassette, said first cassette being different from
30 said second cassette. More preferably, the concatemer comprises cassettes,
wherein substantially all cassettes are different. The difference between the
cassettes may arise from differences between promoters, and/or expressible

nucleotide sequences, and/or spacers, and/or introns and/or terminators.



WO 03/ 062419 PCT/ DKO3/ 00044 102 said second cassette. Mire preferably, the
concat ener conprises cassettes, wherein substantially all cassettes are

di f f erentwoOlid@eziing f er ence between the cassettes nay ari sedvnxn3godsier ences
bet ween pronoters, and/or expressible nucleotide sequences, and/or

spacers, and/or term nators, and/or int§ens. 5 The concatenation may be

carried out in different s.. Cassettes to be concatenated are nornally
exci sed f ron*t}f mpgro?&as%’%f, 13 AcSIN ?/ﬁf’ﬂ‘é@?'ggﬁ'sﬁﬂﬁg(?&g%t%mediﬂ te '38%& si on
t he cassett espediey bt #hiehrtat esbntatemet He evéftuaBe tobet insertegh asd zke vector
fractionatiop such . as gel.filtration or ough t i of _known sequences
inthe cassetgfoé‘gﬁ V’ﬁﬂ& ﬁ?o'lnﬁ?éﬁn ésaggrg?‘?@g&'% ?cﬁ'gﬁtae%%r Fﬁ&af"@éﬂ %Ogﬁ)élfﬁ%&l

ei t her t hr oughsti10tcasseattaspsuchetsvat deass t 5 Clioy examisle at letbir20)ghch agat least 2% bl unt

ds. ferably, th b it h
"t o7 veRi ng PRSI Bl e B ST TP o R CORRTare T Givedc) BE FLPER P ¢ wo

restriction fenexaimsle ablkast 108agudrgas hi lekst 200 for @Rample at dxse50@ suahdstahe

ot her one | eavi blunt ends in th vect.ors. . An al ative y. . of

bt oduct ng. cdrtsh iy el Gat fook SGEAS 2 Mhshi 068t X baston i 1y
t he cassett expobroassettesi ngl e stranded primary vector. The PCR product nust
include the restriction sites RS2 and RS2' which are subsequently cl eaved
by its cognate enzyne(s). Concatenation can then be performed using the
di gest ¢d PQRighral dhectassetsesanay bé layd vattdsalsiscribeidetbbee.ence from t he singl e
stranded primary vector tenplate or the small double stranded fragnents,

whi ch have been cut form 25 the ends. Wen the vectors conprising the
cassettes arehsi mylaepretereadeadbodiimenic asatatesendy usée texensteda anuchblee afrade

doubl e stranded, t hrough PCR.techni ques, which, onl rj t he. cass e
Sequence. and-aaly dHEP Bupgpidee s ubrely ALt duf ofesy SHAIE TR0

cl eavi ng w trhucteotids Unitscédnaprises 2 yassdtiedhaving tisd badiy/ sterctiseand t he cassettes
can be,assenbl ed wi t hout_d tion fromthe single stranded vector
fragrreﬁ?s. The concg[?sé’rﬁfr'ph%ﬁ%éég@%’ mbl ed or concatenated by
concatenation of at |whketin two cassettes of nucl eoti de sequences each

cassette conprising a fi r(it §ti ﬁl}g( enq a Vp 03/80t62419 PCT/ DKO3/ 00044 103
spacer seguence, a prr&hﬁ? [S2 1ogg SFQ%SiabrF??:”ﬁt{?@I 26t i de sequence, a
term nat or, SP denotes a spacer of at least two nucleotide bases,

PR denotes a promoter, capable of functioning in a host cell,
20 X denotes an expressible nucleotide sequence,
TR denotes a terminator, and

SP denotes a spacer of at least two nucleotide bases.

wherein the variables of the cassette have the meaning as defined elsewhere in this

25 specification. Optionally the cassettes comprise an intron sequence between the
promoter and the expressible nucleotide sequence and/or between the terminator
and the expressible nucleotide sequence as discussed above.

According to one aspect of the invention, a concatemer comprises cassettes with
30 expressible nucleotide from different expression states, so that non-naturally
occurring combinations or non-native combinations of expressible nucleotide

sequences are obtained.

According to a preferred embodiment of the invention the concatemer comprises at
35 least a first cassette and a second cassette, said first cassette being different from



and a second sticky end. After concatenation has been conpl eted,
concateners of the desired size may be 5 selected through size selection,
such as swbactsnm f or concateners having at | east 10 cas®emipag3/osuah as at
| east 15, for exanple at |east 20, such as at |east 25, for exanple at

| east 30, such as from30 to 60 or norejghan 60, such as at |east 75, for

exanpl e at least 100, such. as,,at | east 20 for exanple at.least 500, such
ne a1 cast b setoyt B MBle pEd&bode Aol forfine SRR of
exanpl e at |whertinluiXidiaty sHietchesetted harendiffieemt.ofThe adiffetenes betweerc the
concat ener nm contral. by ,size fr i onat | fter ncat enat,. on,
since the Si%aésgtfest Héaycgﬁ%egﬁ (ra%ér%'ﬁ?rgﬁceasp%%@gﬁeﬁakéq?@c’tgrfop%}dfqgoggqrg?sibl? he
nunber of cassEotids sedientes, abbfpr apadeess ahd/onterminators,ehdfoirtenener i n each
cell copprises at |east one 15 selectable marker. Sel ectabl e nmarkers
general 'y provide a nmeans to select, for growth, only those cells which
contai n a vethedancdleaatiel reay bbkarried okeingifferentwayerted into the concateners
to conpl ement one or nore nutations in a central biosynthetic pathway,

these nutations being inserted into the host cells. Such markers are of two
types: drug Cassei¢tsine deanchcatenatedopte aornfallgr exgisedsirarh as oectonrds ethee rabl es

cells to 20 det,oxify.an ex s|ly added dru hat uld otherws il
Che cel . AceBrESsRY (8 PEFL AT hiear e S ar il e S p Rl o R ine
essent lal cowgeomemoufly seadtactionption|sush ab @es filtvatias bs throlgh aggiegtaf &hown
conponent (usually an i i.d L rati n-dimiti | es
of rrI(::)on’m)n ge?eé@f‘\ %% Se'nr%ﬁ?}?ggsse%%lst )rqh%'srﬁ)lﬁlf%# Cg%?ﬁggﬁ%i @%P obne @aﬂ%é}g}ggff\%gge of
action f ol | osithePthodaghyinteraction Betpieen lsticky.ends bethireughdigatidrhofebldre endsal
reaction in bacterial cell wall synthesis. The resistance gene (bl a)

encodes bet a-| actanmase which cleaves the beta-lactamring of the antibiotic
t hus det oxi fMoreg préferaBly tHectaaasstidsi may peeventatenatst avithalt @noirdemersiggt hesi s

by bindiLng to the. 30S ribosqgmal .subunit, The resi.stance .gene (tet

ohect 1180 % Rripdion ek aRaT FraSy B a Fafr W EhaRsRerdrEahiS . hee
transport ofleavieg atidkyberalsi an thendasséttes aed the otananey teavingbblantserids ihhtee 70S

ri bosones and causes m sreadi ng of nmessenger RNA. The resistant gene

(npt H) nodi f‘feggor?'he antibiotic and prevents interaction with the ribosone.
35 Streptomycin: binds to the 30S ribosomal subunit, causing m sreadi ng of

nmessenger . Jhe_resistance ene (SmM.nodifies the antibioti n
orevents. i ntah aleiaR il StHiEoy b SornaindR fige of VediP e QUG BISASL PR ar 1y
anti bi @0i c i PCRrangllifjt the casdettet frenDiNSinglectstranded psmaty. vetiee. TreoPCR prodigit st ance
gene encodes_a 13 665 dal t.on. protei Thi raot.ein confers resjistange to
Zeocin by bi’HH?tdEf"f"ge %’6%*/"%5%4‘1‘55 /%@?gd@ﬂi are”stibsqlriy cleaved By

its cognate enzyme(s). Concatenation can then be performed using the digested

PCR product, essentially without interference from the single stranded primary

vector template or the small double stranded fragments, which have been cut form
25 the ends.

When the vectors comprising the cassettes are single stranded, the cassettes may
be excised and be made double stranded through PCR techniques, which only
prime the cassette sequence and not the vector sequence. Sticky ends can be
30 made by cleaving with a restriction enzyme leaving sticky ends and the cassettes

can be assembled without interaction from the single stranded vector fragments.

The concatemer may be assembled or concatenated by concatenation of at least
two cassettes of nucleotide sequences each cassette comprising a first sticky end, a



104 the antibiotic and preventing it from binding DNA. Zeocin is effective
on nost aerobic cells and can be used for selection in manmalian cell

| i nes, yewsto3/oed bacteria. Auxotrophic markers. Eukary®OTmKd3/00044
Hygronycin: a am nocyclitol that inhibits protein synthesis by disrupting
ri bosome translocation and pronoting mygsranslation. The resistance gene

(hph) detoxifies hygr cin. -B-. phosphorylation.  ..Hi stidinol; . cytotoxic to
manmal i an ce?qage%flgcﬂ’r‘fﬁlg%’i %;E)ﬁ%[n%tfgtqnd%g@ eévﬁ{eﬁg(g% éé#urga nﬁ?’s? it %’H%at?rr‘ ee
medi a. The areba sécmdetiggrend( hi sD) product inactivates histidinol toxicity
by converting it to the essential amno acid, histidine. 10 Neonycin

(418): bl ocks protein synthesis by interfering with ribosomal functions.
The resi st ankftergmneateAdidnamesookes cmpiated| goneaiederp bbthehdesired sizermagyebahi ch

uhi o ehcodcepst MR sies SALE lor/ 88 RueBlartel Pai@iint bl ded, 0777

for uracil bi®eyssetiesissich asat leaabll® fooexpmple iah |dasb2@mehas aifleast@28gtonous

cerovi si ae) SR bl BadlarksdcBR AR B RIS ot rBRCRE B S Betrs or

transf or ned eanipe at Adeh 080, seich laghairledsd r2p0s far aixaspleaatr eastgstd, deth esexticy i n

adenosi ne syn i s .nmayh 0 ne d by a t or. revin he .w type
Gene. - ADE 2. Baoliras AL IBRETUEF sl 3= 2354871 800 st B EnbE S dbe R L
TRP 1, 1Bl S 32000 da¥Setesniijie bembsed dassettesripleece odncatanzdrmsayle yaastledibfi ci ent
in these genes. .20.. in, this new.hle ip-fam.l i biati .

i ntercal at ess'$$tf6acf'ﬂ§§%ﬁb&ag rdrégﬁc@ztﬁm §'8+ gﬁ%ge&fegglen& ﬁ@éi és) n%fg&eésér{%
encodes a 13afpséximatelyoproportioml to th&musber ot aiseettasnf er s resi stance to Zeocin
by binding to the antibiotic and preventing it from binding DNA. Zeocin is
effective on nost aerobic cells and can be wused for selection in mammualian
cell lines, Rrefshblyatdedsdanerinserte@Scofcatementiereach et moatpeises at laasboweesi ngl e

ool TH4.0° Sl mE, SRRASTTR5Y o FOTE M o 088 fr 1, o

pr ef er abl y Sgmeth, oalylthossuddiis ahichtcohtairsé vectpe The sklectabler markarspdre irdertedast 6

el 1 s et TBeiraiaves e semeBBieat s e male RIRIRT 0 bR
1000 casset t gthwdy) tkesd motaiiensdiwingsasprtedtimtatthe hest coltec Sueherarkeny aoofpwose up

this cel| - mayPehollesire s SsPabls R PSRl e fes oM feas
V\ﬂi ch Qofje{ a?;albxmytﬂreexngedbmélpaédermgrrubehattmum«btrmwiaeckilldhé cell. Aegtrophicon of
the regul a

cell's havin gmlaﬁxg%:]%[gg}%e@l?{%@ﬁy\rﬁr\égéﬁgécf%éng%?gﬁﬁaﬁ%o%?)glggr{t%?le%aﬁl?ndaéeﬂgi de

to synthesise the essential component (usually an amino acid).

lllustrative and non-limiting examples of common selectable markers with a brief

25 description of their mode of action follow:

Prokaryotic

o Ampicillin: interferes with a terminal reaction in bacterial cell wall synthesis. The resistance gene (bla)
encodes beta-lactamase which cleaves the beta-lactam ring of the antibiotic thus detoxifying it.

30 e  Tetracycline: prevents bacterial protein synthesis by binding to the 308 ribosomal subunit. The resistance
gene (tet) specifies a protein that modifies the bacterial membrane and prevents transport of the antibiotic
into the cell.

« Kanamycin: binds to the 70S ribosomes and causes misreading of messenger RNA. The resistant gene
(nptH) modifies the antibiotic and prevents interaction with the ribosome.

35 e  Streptomycin: binds to the 308 ribosomal subunit, causing misreading of messenger RNA. The resistance
gene (Sm) modifies the antibiotic and prevents interaction with the ribosome.

e Zeocin: this new bleomycin-family antibiotic intercalates into the DNA and cleaves it. The Zeocin
resistance gene encodes a 13,665 dalton protein. This protein confers resistance to Zeocin by binding to



35 genes, such as 20-900 novel genes, for exanple 30 to 800 novel genes,
such as 40 to 700 novel genes, for exanple 50 to 600 novel genes, such as
from 60 two3B0624n0vel genes. The genes may advant ageousl y Pog/DKcabed on 1
to 10 such as from2 to 5 different concateners in the cells. Each

concat emer may advantageously conpriseig4om 10 to 1000 genes, such as from
10 to 750 genes, t@%gﬂio@%ndf Jreqminlgfr&npbirégg é&@z&&ﬂ?&mcﬁ&%%o@%r&k%ﬂ ;ngcgn%ezoo

genes, such as fr ol FENES et le from30 to 60 genes. WO
03/ 062419 PCT/ DKOU%%](S%%&'ZTJ'l m%%%mT e clg?ls(’:‘g{s’té#g)ré%mr%ay be inserted into the host

cel I's according t85RV°’8®%n transformation technique, preferably

accordi ng t ceugamphc t ransformati on techni ques that ensure stable and not
transiept transformation of the host cell. The concatenmprs 5 may thus be
inserted as an’arPPPTET 312 CRYOROEO MR WRTER SEesP Qb P e BY TR TR 1S as
they divide or t SRy BRI tsE P ?f’f“b‘“pt“’ri’é‘°’8'ﬁsrhé$grﬁ3’§‘iﬂfﬁ'§h°5¥‘°’¥'ﬁ'@" host cell .
The concatener rfigidingt yietofsdo navgaliap ess Yy fphipifag higtigi-iNAfyntesiph Higipefea fiedd HWe a

pl asm d vector, resispiragre (Wel)poguct ingctivates piptidinobloxicyrby coavegiogsihtp the geaentiabaminotatiat | s
replicated by theistdrel s as they divide. Any conbination of the three
insertion met hodsnebsycid|as ): PeESHdEingyntredieby Gleridify vith ddsof REA@INS IMBY BsisBy gdnBlUS  be
integrated into tAbe ofbdeOdWHS GIEBKIS profphotrdibradd Gidh s6kids carsd  one or nore
concatemers may hgach Ngehbs JelSsRhP3MidS Altated! dodol dnfch @hcoded) LOIRS BB RosphattNe OF
fmor e CO_I’I cat emer S_ Jl?a)&»@ e,I amseﬁ{y;ng S §a| S%I: ErLctI Ibﬁéyr@lesis@ QIQ%%Q%@W %qgs Q)Qe%ce_ot{f nmor e
may be inserted into the same cell via a plasmd, 1§R;I;QSE basi c requirements
for a functional earg?|°,¥siuc?f'al °°8yhro%sgﬁeegeﬁeéJ%+’béFéc’rT descri '(éeéfv's'ﬁe)ncarlffg °
4,464,432, the coRTBHE LR AT LRREMEB™S ncor porat ed by reference. An
artificial chronD¥ERECIRLOROP §IROE PAFYIHI2 HiCHICE R AGABEOHRE SR EavPe coRRReEddH e be
ternmed nust conpedtsendobrddecpeatiE 2capabl e of replication and stable
mtotic nai nt @enaavde a¢idy: \@ctdrostrying ¢he wildgwprpanessori§U2aTABNAHIS Sgnet$t2 rpp de veef th or
centronere-|i ke 20m@aepirit stiabgof @asf defogntmitteseybres. of sai d host and a DNA sequence

codi n926 or a_ r Qpl i gc%t th rr‘ev§ ngoﬁ"nycin_rf qipgrml}ic%i%ﬁtexﬁ{ate% %‘itodthg' Bﬁ,& 'andséfleia\;e?‘la.l ﬁle %Egmhf icial

chronosones include a Yeast Art I.a ronmpsone ( YAC e .a. . Mirra

ct Al Nt ur o 3057 1G5 oge s jeieh Sy o URAGIE G i iy Hhong U 2
Chronosome (nmega “PACSEI ARt 4pm tjdpg PHA. Pogpin 'tﬁre‘g'v 70 SKE ST BEES" 2 HWdise
artificial chronmo8gseedioNyRIRIPRAs! BPS 115 21981 hr orpsomre (MAC) (see e.g. US
6, 133,503 or US 6,077,697), an Insect Artificial Chronpbsone (BUGAC), an

Avian o8 i T4 bl §TBREMEmEAYAGhe shoRPGAIAREPBEA9TA8! bhd bGidaterdguros O
cell, preferably at least 2 concatemers per cell, more preferably 3 per cell, such as 4
per cell, more preferably 5 per cell, such as at least 5 per cell, for example at least 6
per cell, such as 7, 8, 9 or 10 per cell, for example more than 10 per cell. As
described above, each concatemer may preferably comprise up to 1000 cassettes,
30 and it is envisages that one concatemer may comprise up to 2000 cassettes. By
inserting up to 10 concatemers into one single cell, this cell may thus be enriched
with up to 20,000 new expressible genes, which under suitable conditions may be
turned on and off by regulation of the regulatable promoters. However it may be
more preferable to provide cells having anywhere between 10 and 1000 novel
35 genes, such as 20-900 novel genes, for example 30 to 800 novel genes, such as 40
to 700 novel genes, for example 50 to 600 novel genes, such as from 60 to 300
novel genes. The genes may advantageously be located on 1 to 10 such as from 2
to 5 different concatemers in the cells. Each concatemer may advantageously
comprise from 10 to 1000 genes, such as from 10 to 750 genes, such as from 10 to
40 500 genes, such as from 10 to 200 genes, such as from 20 to 100 genes, for

example from 30 to 60 genes.



Bacul ovirus Artificial Chronosone, a plant artificial chronposone (US
5,270,201), a 30 BIBAC vector (US 5,977,439) or a Human Artificial

Chr onosormwo(0B&419 The artificial chronmobsone is preferablyprso/msgersthat t he
host cell perceives it as a "real" chronosone and maintains it and
transmts it as a chronobsone. For yeastg@nd ot her suitable host species,
this will often correspond approximately to the size WO 03/062419

PCT/ DKO3/ 00044 106 of the smallest native chronmosone in the species. For
Sacchar onyceFhe chiecateraéisemby hEhinsemedritto hthe tossicels Gicc@@mgKin. aAGrowny be

used to construct artificial chronpsones from ofher cie h.as_ 5
‘neect and fraargalihaechsRvel PeTREY FEtarl Bloe ol B RETESRn e sRBs 1y
functional thhbdisarecitabbloandmestrankiant trapsfsrnidtioat thel misatellc Mhe nosaresersay be
used. e type, . referred to as_ SAT satellite artifici hr 0 ones]
are stable roabmuERedhed S AT oML R aiia Wath Hisblilbn i HEEE
m ni chr onosotveg divickedr theyampy iblei inadrteanintd theeclrbmosarhes .of e Mastedlli dhe
artificial chromsones provide er)ﬁ%cfﬁ-t@?e (?m' queci.fi c integrati.on sites

r

for introductd"6REIS GBS bGP YN SLER A3 APBLY “’?a%gabase

si ze DNA i ni phaget veator, & vicdl vastor, izt axgméd ventorpfhat sireplicateer tsy the celiglasitheyo t he
invention. 15 Accprding.tqQ anoth enbodi nent,, of the inventi . the

Coment ever g Ay tchbithoR AP AT hreB TR R Bhs s s BsS ble. Rlle s Mfare o

ot her tlgpes adncatentess smaystho$ badntegrapddamid thevercdmosorae(shafjtheviesst @el) aadvi r al
vector or a cosmd vector, A preferable artificial chro vector i s one
Uhat is capallobiolsraTatesers oy by SIRENAY 28 paerios. o pftRkignpsates "o g,
i n yeast. Th@nawphdre cahcatemprseiay dbligsartedads attiéeialt craorhBsdrmésiand one or

lifi i on, Lt d h h | oni [ f
The arti fi ci APreutPORE CoRas s e el B VREERHR LR To compri se 1 he same

restriction site as the one bordering the cassettes descri bed above, i.e.

L A MBI A R e e
the Creator iayd$edgaiidttes lk:))rzmghiscdgowbiglg% :lwgeebgiszir??@:‘e:ﬁby\aqbﬂm%h:

S B 1993 t E : - )

ol ocul es. by RABIAIHIE 8 & ToRa b admpSubEras, R e Hsb el g oo,
US 5, 888, 732nustsicogplisaritalaDHAL safjdenchmesyiabta tafs rdpticatibnr @otli stable 3dltotic

reconbi nati on nvi sa_q&g t hat

andy A 1989 n Rev.Bi o 58:913) . . 1t. 1S
s | anbdameBERaNte ME ateAl Cu e ® DIV becraederaspiaticr Geffaras?
concat e0at i oactivity during mitosis of said host and a DNA sequence coding for a replication site
recognized by said host.

Suitable artificial chromosomes include a Yeast Artificial Chromosome (YAC) (see

e.g. Murray et al, Nature 305:189-193; or US 4,464,472), a mega Yeast Artificial
25 Chromosome (mega YAC), a Bacterial Artificial Chromosome (BAC), a mouse

artificial chromosome, a Mammalian Artificial Chromosome (MAC) (see e.g. US

6,133,503 or US 6,077,697), an Insect Artificial Chromosome (BUGAC), an Avian

Arificial Chromosome (AVAC), a Bacteriophage Artificial Chromosome, a

Baculovirus Artificial Chromosome, a plant artificial chromosome (US 5,270,201), a
30 BIBAC vector (US 5,977,439) or a Human Artificial Chromosome (HAC).

The artificial chromosome is preferably so large that the host cell perceives it as a
“real” chromosome and maintains it and transmits it as a chromosome. For yeast

and other suitable host species, this will often correspond approximately to the size



The concatener may be assenbl ed or concatenated by concatenation of at

| east two cassettes of nucl eotide sequences each cassette conprising a
first stiwwsmeazmoa WO 03/ 062419 PCT/ DKO3/ 00044 107 spac@CTOKI®nce, a
pronoter, an expressible nucl eotide sequence, a term nator, and a second
sticky end. A flow chart of the procedupggi s shown in figure 9a.

Preferably c ' fu r i.many..vect or
[ Ro1- Roz- p- NG SERTegs AR rhedibadiie T SBecies 631 SplthaldriEeR, B iRl

nucl eoti de seloewsene R84 asize dR325 Kbenot e restriction sites, RS2 and RS2
denote restriction sites different fromRSl1 and RS1', SP denot es a spacer

sequence of at |east two nucleotides, 10 PR denotes a pronoter, TR denotes
a terni nat or MAGs roay bé nged toecopstrum attificiat cluomaseores fremaitiercipeaies,| smbtasone

the  gofer al "FOR LY el T AREafriiison Ry biehall SAERR 1GRiRY, 1T,
15 denot e a $tabletdhooradsomeest Tvottypms Qilartmclaszhmmdésmes nnay)beaewrﬁ]riertgpe he cut
Out cassett ersef rPJcP %]se %&%@sta e(?lﬁe Eh‘é%?ghrroﬁ'losgﬂgs] ard %tab’fécﬁggg}cngaéﬁa%c RSD"

especially pre erre or arms each havin

in one end acrdomoawnes;caqdltber@ﬂteartgpeoarermiaimgramowmﬂsmaseém amplifibatioot dfer
end are addegLj ri]}‘;ﬁa;}rconcatenat lon mxture together with the cassettes
descri bed ove’ urther sinplify the procedure (see Fig. 9b). One
exanpl d0of a suitable vector for providing vector arnms is disclosed in

19 15 TRP Lyt A0l SholcBomBUHRLIAPBLF: BBLIRE BOR2 PR ArERs' 5 2

antibiotic mar ene centroner ARS1
and PMB1 al Iiwvnrntmuptimt ofogeries gneading amotetds ofdolerest aqurarmxtehe;gabaamﬂnzb and

Aoc | are T eBA e oS XS LREQGN 4 WaBbitie IS G EOR ficeduence of

the vector iS set VEect or est Wi th BanH
and Ascl to liberate the vector arns, which are used for Ilgatlon to the

concat Gger . ﬁQco}&ﬁ%%gﬁﬁ&heP%ﬂfb%hmtt ﬁetgﬂ}eﬂﬂéfn ' the! thrlrtsattérﬁéregndy pb! gure

16. The ratio O ar ne casseites m’'nes maxi mum’nunber of
cassett es i nintdgeatedirdatrentmyst chromosomes or cloned into other types of vectors, such as

a plasmid vector, a phage vector, a viral vector or a cosmid vector.

A preferable artificial chromosome vector is one that is capable of being

20 conditionally amplified in the host cell, e.g. in yeast. The amplification preferably is at
least a 10 fold amplification. Furthermore, it is advantageous that the cloning site of
the artificial chromosome vector can be modified to comprise the same restriction
site as the one bordering the cassettes described above, i.e. RS2 and/or RS2'.

25 It is also conceivable that recombination can be used to generate concatemers, e.g.
through the modification of techniques like the Creator system (Clontech) which
uses the Cre-loxP mechanism (ref: Sauer B 1993 Methods Enzymol 225:890-900) to
directionally join DNA molecules by recombination or like the Gateway system (Life
Technologies, US 5,888,732) using lambda att attachment sites for directional

30 recombination (Landy A 1989, Ann Rev Biochem 58:913). It is envisaged that also
lambda cos site dependent systems can be developed to allow concatenation.

The concatemer may be assembled or concatenated by concatenation of at least

two cassettes of nucleotide sequences each cassette comprising a first sticky end, a



as illustrated in figure 17. The vector arns preferably are artificial
chronbosone vector arns such as those described in Fig. 15. 35 WO 03/062419
PCT/ DKO3/W0M346241908 It is of course al so possible to add ecaompas/obodagnent s
to the concatenation solution, the stopper fragnments each having a RS2 or
RS2' in one end and a non- corrpl errent arygpverhang or a bl unt end in the
other end. The ratio of sto pp(? t gmentsblto C ﬁt es can Li

control the MBEPHIMENTE 3" 'H%e& tRIfRyoe gy © ZPALET & F‘\}S"?Bam’
provi di ng veartda secomdl sticky drite Adlomosiaetrod theopropsduee dshewndn fige 9abl e to

| i gate the concatener into an artificial chronposone selected fromthe
group conprising yeast artificial chronpbsone, nega yeast artificial
chronosone, Phtartbly icahcariatibh tirtder comprigasone, nouse artificial chronosone,

human aptificial chr onpsone, IS e single
col T g be at 1 esiatngABRtRANER Y ERos B PRseIr-BREEEFERF s e,
concat enmers per cehéreinfdenquecheegibysitie paclectelelseqaerade, as 4 per cell, nore

preferably 5 per ﬁgila'???‘%ﬁh%g@gtﬁ? rtfg?né' efﬁper cell, for exanple at |east 6

15 per cell, such for exanple nore than 10 per
cell. As descri szaboﬂsz éarade catrintione siegs Memrfm‘neﬂ&laﬁdmmﬂ se up to
1000 cassettes, envi sages t concat e may corrprl se upto

2000 cassettes. Bsp dFH%tg?f"lsﬁac?fﬁe ¥eNeS o@%hl%%?téwgpgc One single cell,

this cebl may thuBRkienetesiaghedotewi th up to 20, 000 het er ol ogous expressi bl e
genes, which unde sui table con |t|ons 20 may be turned on and off by
regul ation of the ré’SU‘P‘S?SS‘Ff&“'% Bhoters. Often it is nore preferable to
provi de cells haviyjng asunietiee betnagenectdr aitd theCGd diedteleastogmiisegidnion, such

as 20-900 heterol ogous _genes 0 het er ol ogous nes,
such as 40 to 700 het e?'%lyg‘&omecg'gnééﬂ@o?n%% g%nq 52 % aﬁ@@%& ogous
genes, such as from GOgér@raB(ﬂé}n’mm s R-PRX-THBRSSs D whereims]1 @0d tx teither
het er ol, pgous genes whi e in as. 2 1to artyf,icial chronmpbsones each
cont ai ﬂgng one concat e&ﬁﬂp ﬁ%r%a reﬁ%ré&'ﬁgﬁé%Réafr dnt ageously be | ocated
on 1 to 10 such i§s frame&mblnmg thecsut ber eastettasthmughinteractiont between ks .anftach
concatener may advant ageousl y conprise from 10 to 200 genes, such as from

20 to 100 genes, for 3) exanple from30 to 60 genes, or from50 to 100
genes. EXAMPLES OF MULTI PLE PARAMETER SCREENS

According to an especially preferred embodiment, vector arms each having a RS2

20 or RS2’ in one end and a non-complementary overhang or a blunt end in the other
end are added to the concatenation mixture together with the cassettes described
above to further simplify the procedure (see Fig. 9b). One example of a suitable
vector for providing vector arms is disclosed in Fig. 15 TRP1, URAS, and HIS3 are
auxotrophic marker genes, and AmpR is an antibiotic marker gene. CEN4 is a

25 centromer and TEL are telomeres. ARS1 and PMB1 allow replication in yeast and E.
coli respectively. BamH | and Asc | are restriction enzyme recognition sites. The
nucleotide sequence of the vector is set forth in SEQ ID NO 4. The vector is
digested with BamHI and Ascl to liberate the vector arms, which are used for ligation
to the concatemer.

30
The general concatenation strategy is illustrated in Figure 16. The ratio of vector
arms to cassettes determines the maximum number of cassettes in the concatemer
as illustrated in figure 17. The vector arms preferably are artificial chromosome
vector arms such as those described in Fig. 15.

35



Example 1: Miultiple Paraneter Screen for |ligand activators of RARR and 35
P450s net abol i sm WO 03/ 062419 PCT/ DKO3/ 00044 109 A yeast strain expressing
t he P450'wo@sBar4a, CYP2C9, CYP2D6, RAR(3 and contai ni ngpaTroaa3on@ic acid
(RA) responsive promoter driving the transcription of the H S3 marker is

mated Wi th a producer yeast strain (conmpggsing a popul atlon of cells 5 each

cont ai ni ng set, of heterolo us ressiQn cassett e on artificial
chr ompsonas ! IVHRUIEAISH BPOHIE R.a0d HpoRes g ey 45 eetepemanh peldhiof
cells that theostupperRiEYractts vedahr aawng la $!82VIOIERS@<| In opasérndiahdassmorbl y and
handl i ng done aq cordin o) stand sc ed |n r.rent
protocols in W%@E?tﬁw 8?%’%'6’&&/ or f9 gB‘E 3{7 %5{1 ‘Il?we O?J BRRfipl e 2:
Mul ti pl e Parfeagrhaits ficcaseattdsaranfitonise nerﬁtedmcﬂe mamamndm blzgartde cbrlmutemerct i vat e
RARB but not RARa The sane diploid yeast cells as in exanple 1 except that

the reporter gene for RAR(3 15 is GFP (Green Fluorescent Protein) are
co- gel - encapAsilant allermative & @rdwidting @actbr Gemnk fol ithe dohedteratipheproesdUréRa and

contains a RA r r onot dr| VI n SCr

(Yol 1 ow FI uoresBEh Bt o8, PoReafim Gunio. A8 Al FREmaREma et o bghar o
al ., 1994. @bopvo@mpagagryheestaanlaf@isu aqr@rhosmﬁermega geadti artifigal| chroressome,
Cytonetry S5: . 213-221. The qge articles sorted for G, een
 Uor o5 cancebAT B TUplBiafipsp B afiswariat cEtee i affos yAHSAl e ¢
3: Ml tiopl e draomoedras. Screen for P450 netabolismand |igands that activate
RARB but not RARa or RARy 25 The sane gel particles as in exanple 2 are

doubl e encapsul ated with a yeast cell line that expresses RARy and
contains a Rfhe rspbasefwdnpatemetsain aﬂmeis«igﬂgcélhmay berat least bpé icmma@efméil—‘;Fér(q/an

Fl uor escent Pr ot el n T bl e encapsul ati on nci,pal as

U T Cer eibiptakoy Al Rab el Bk eliars PEC. whe Sibierai S Hes oo sHEH AS

particles ar@ertdeennsmrﬁrekérefbﬂysbeugdsellggmrasfaltuwsescpencal Wmteaampremt&rwt Bow

yeI I ow1gnd 30 cyan f|l uor;sie ce ,i.nt ensit | e P ramet er
0

Sor con1Bor FIGEHlo U BB i G of 16, BEC BTy Fiexaliig D hahatd RebPebeRia 1 o
manmal i an sygdserbaiabd/e) @24l BoridatendfOxdyOpr@fetabli tOmprise up to 1000 cassettes,

and it is envisages that one concatemer may comprise up to 2000 cassettes. By

inserting up to 10 concatemers into one single cell, this cell may thus be enriched

with up to 20,000 heterologous expressible genes, which under suitable conditions
20 may be turned on and off by regulation of the regulatable promoters.

Often it is more preferable to provide cells having anywhere between 10 and 1000
heterologous genes, such as 20-900 heterologous genes, for example 30 to 800
heterologous genes, such as 40 to 700 heterologous genes, for example 50 to 600
25 heterologous genes, such as from 60 to 300 heterologous genes or from 100 to 400
heterologous genes which are inserted as 2 to 4 artificial chromosomes each
containing one concatemer of genes. The genes may advantageously be located on
1 to 10 such as from 2 to 5 different concatemers in the cells. Each concatemer may
advantageously comprise from 10 to 200 genes, such as from 20 to 100 genes, for
30 example from 30 to 60 genes, or from 50 to 100 genes.

EXAMPLES OF MULTIPLE PARAMETER SCREENS

Example 1: Multiple Parameter Screen for ligand activators of RARB and
35 P450s metabolism




A producer yeast strain conprising a population of cells each containing a
set of heterol ogous expression cassettes |located on artificial chronpsones
and expr ew®-03ioage he P450s, CYP3Ad4a and CYP2C, is co- gel - eaaapsusioatsad with
a mamalian cell [|ine expressing PPARy, PPARa, and contai ning a PPARy
responsive pronoter driv 5 ing the trangggiption of YFP and a PPARa
responsi ve pronoter driving the tran- scription of CFP. Handling and

mani pul ati on of mammal i an cells done according to standard procedures
descri bed i nAqLeraseetraupr@dpmlng the MO@MAMQWCBQWPMFHAW lagy &

Sons, Inc. The pari{ cl.es g\ sorted. for hi ?nd C. or es-
conce | nt ensfyaiing relific Sad (FAT Eshies vsapraftes cviine e RSl ol R
resi stant S.HEBS @utker [SVRSAY v@thca/\ﬁn’odumwaétlmuraoadmphﬁ}ng’elpmeraa@eoi ¢dlls

cont ai nPng 2SSt SHaER. 3 58T of SeRER s prEES h bheebet tedted oa, TG
artificial cthrompsenes) Whea tlgadiupbmmpe pMéc&breHlISlseléglvém‘iéhlé iapnscdllbahatgi ve
on aver age one str The beads are

1
ol aceq under POONGH FABESVAEE SHRER e d soBRHeE Assoi 2AS RBTEoTme c + he
het er ol OgOUSccgelﬁgStoTsfanldardepﬁ'bém@des'lihbed)&ﬁ@&rr@m@r@tﬁw& ™ merealas blokiggd Wit h
a MRSA strai 'cj \q}l gpasence of a substrate of DNA poly 20 nerase |11
that when nel3BorPULWIBY RANESMP1 uor escent nol ecul es. Gel dropl ets that
have small or no MRSA coI oni es and which are not fluorescent are selected.
Exanpl e 6A: ) r ] .I | nhi b|t|on
and grow h i FABRE ferarameter seicen cIRAL and ligaads that o 4
popul ati on o&cmltégmutmtmnu ng a set of het- eroI ogous expre55| on
cassettes located on artificial chronpbsones) in a nedia con- taining a
stain that binds to DNA double strand breaks are plated. HeLa cells are
pl ated over fheshhodiptdid Eééll@sas n'?@%H;SHSH eXEEtithst tlhé‘re%bﬁérs é’iﬂfé%:eRRﬁBCGr
cell growth 30 was inh |Y)|te and which are col oured are se?ecte
fi gure18B ExiarffiR (@menluoresseat Proteimears cogeHergapsdated ity anathanyaast ce"
Topoi soner as R I;)g%}/ agucer
strains (corr'f:)hrel| t?latngﬁiré&'%.% %&gﬁ@ggﬁéﬂ agﬂ- éa ngtgéflnrp%téﬂd;mﬁq ng
het er ol ogousSQEpr@regfs VEFI (&a@efwewsb@da?rettlfﬁmm geff ¢lmaa$ulctmmlmbom)inar e

gel Sahar et al., 1994., Flow cytometric analysis of entire microbial colonies. Cytometry

15: 213-221. The gel particles are then sorted for high Green Fluorescence intensity
20 and low Yellow Fluorescence intensity.

Example 3: Multiple Parameter Screen for P450 metabolism and ligands that
activate RARpB but not RARa or RARy

25 The same gel particles as in example 2 are double encapsulated with a yeast cell
line that expresses RARy and contains a RA responsive promoter driving the tran-
scription of CFP (Cyan Fluorescent Protein). The double gel encapsulation is done
in principal as in Gift et al., 1996, Nature Biotechnology, Vol. 14, 884-887. The gel
particles are then sorted for high green fluorescence intensity and low yellow and

30 cyan fluorescence intensities.

Example 4: Multiple Parameter Screen for P450 metabolism and ligands that
activate PPARy and PPARc in a mammalian system




encapsul ated using conditions that give on average one strain per bead as
described in US 4,399, 219. The beads are placed under conditions that allow
the 5 prowoasnesitiy ai ns to grow and the het erol ogous genes prca/mi3ma@ressed.
The beads are double gel encapsulated with yeast cells bearing the

topi sonerase ||l nutant top2-1 (like IJNg@gt2-1), expressing G-P and yeast
cells deleteg fo east (o] rase | (like 4 , .essi n Red.
The beads ar pg%ci%céayé%s} sérrgﬁe%o%arﬁwgr%gof)fﬂa% negfggﬁlgeéa(])ch %(1)%%2 7 aB?eeg(fgs W th
do not produnstemnigoos expressiorl Oaddeties Exatedom artificial cdnrg@moshmeestaricogxpressAer ase
| specific paison e | only dr f ce .

t opoi soner as'gg ?rfe E?)Seoc%l ¢?§3§%€g§§? %‘Fﬁegrcép%ll g ﬁ pssp tég‘%’qﬁ‘g'% %I’ansargﬁ{ %'38 Cglrl e
based on t hdliretéxptassing PRARD O AR, Bt lsostaining arPPARY Irespohsioé peymot&Sdriv-

315-327, See figure 3B 15 LE OPTI M SAT] ON PROCESSES US| NG THE
CURRENT® w@%ﬁ%ﬁ%rﬂ%@%@g&@?&%ﬁgadﬁwvﬁHEOE‘BFer’é?{'tV'“Qn'g@rffqnc')n can

be used to espiplén 6ECFP. Méﬁdﬁn?_@h@ﬂﬁérﬂdulat@h&ﬁ RdrewbligPedslls i dofY SeEdraing to
agronomoc, or nutriti onal wuti

jty. are now provi ded. 20 EvoJution o

specific st rﬂé"t‘W‘éP’%P%%’?‘éQeW%’eéHth’"?’H pr’f&&?‘d?ri’b’i“?l?&“'ﬁb‘?'ﬁ\%yé99%98%| e 7:
Evol uti on ofwAlay &t 861, tnd. iR §adrpaeiensESardSsodEl LibrT Kigha/ehb @ NHACSyaf fRioRst ur al
pi gnent s dlgg%%gLng el l ow, orange, pink, red and blue colours. A mgjor
role is prot HH'Eé&inst oxi dati ve danage. Carotenoids are both
pharmaggutically relevant (used to treat bronchial asthma and involved in
the preventEgimple led PAraMhete P 'BERé6H dor \nlilticdrugOresidtariNigNGufeus

I TTerent ]ogg“b host cell. Screen
done manual | {MESAlgrowth inhibition and DNA Po age ILIAWbILOR; ot j on. Screen done
usi ng net hyl ene blue as a producer of 35 singlet oxygen species. WO
03/ 062419 PCJ/ DKO3/ 00044, %12 PROCEDURE STEP 1 Essentially full |ength
cDNA i s made! 19 BRAVERE SUBIBS (GMPPiIRg2 PPN?"°"5°H9PB§/PG§H°‘?’H3'P%9§ 8t 2hpete.

15 erologous expression cassettes located on artificial chromosomes) are gel encap-

sulated using conditions that give on average one strain per bead as described in
US 4,399,219. The beads are placed under conditions that allow the producer
strains to grow and the heterologous genes to be expressed. The beads are double
encapsulated with a MRSA strain and in the presence of a substrate of DNA poly-
20 merase Il that when metabolised produces fluorescent molecules. Gel droplets that

have small or no MRSA colonies and which are not fluorescent are selected.

Example 6A: Multiple Parameter Screen for DNA Topoisomerase Il inhibition
and growth inhibition of Hel a cells

25
The producer strains (comprising a population of cells each containing a set of het-
erologous expression cassettes located on artificial chromosomes) in a media con-
taining a stain that binds to DNA double strand breaks are plated. HelLa cells are
plated over the producer strains. Producer strains in areas where cancer cell growth
30 was inhibited and which are coloured are selected. See figure 3B

Example 6B: Multiple Parameter Screen for specific DNA Topoisomerase |l
poisons




STEP 2 cDNA libraries are made using a pool of 4 entry vectors: pEVE4,
pEVES5, pEVE8 and pEVE9 in a proportion of 30:30:1:30. See Figures 11, 12,
13, and 1wo B®6BTEP 3 Each cDNA library is nornalised esseativid3poad net hod
4 described in Bonaldo, M- et al. (1996) CGenone Res. 6: 791-806. STEP 4
Codi ng sequences from a non-normal i sed ygast (Saccharorryces 15 cerevisi ae)

DNA |ib P d f bt
hybri df zai S BEe Shdifs dabnisnlon FRPREHFE S BRI epYEsapling B Al '
nor nal i zed Ihmfmrogops oejqpmsioinnca;ssepes? lodatecb rodie artificial rchromvasohess enel gelgenes.
R f to
e men oo e A" % cBhEn 8 o0BBLaT | SiBERiE At 'l Rl B
ﬁ\r ]E :c fici ?I Cﬁﬁmrbmbmemswmmmhﬁ'@edﬁabs ramqaplaaéd ander arreiitiﬁsnelghalallng tlhét
iffere nor i se ng enric i p_each. i on
ot twpr Basi oogude? Sita R To B S e Bolaralgad}8 defis 10, P bidssdtl TR IRERE i o
100 g/ L arrplareldduble/\gelhedcabsmatpd wmo;aedstmeldsobeam]gomditnglsbmemséOHm‘utﬂrd

o et BB el PO BB RRRE, af JRT U IR T
1 30 4. dgphtop@bmnydaaee(ﬁheammnns) a«pcbslsmgtDsRmbﬂhe&ieed&bc«sWaelegreéﬁ m n,
80C) 5. di / f t
esti)mate am%es r%q f@f% éﬁgrr'ﬁer %Br% %&%ﬁ gﬁaoc I@A& r)é p/%?ﬁ%r 1, Oﬁ ér&fgate 150
m of U8 lrrecziﬁlumlres(cSn?arrau)od\ace broaiusedp]@belsombmsyIsbed%ﬁaonsm iﬁeladscngrodaang

YACA- As . row - arve a ration
D goer 100 BRI RatREe faktoR ot e B PoRBAS aPedafdts 3508 4S
113) 4. dephomlof rjg;d atecbdsedgmethe straind desartbedriadethadselnpholspliart bislegy, 286, m n,
80C 5. pur'1o,9_/%7r%%§§ ue%Bg Q aquick Gel Extraction Kit) 6. run 1 %

tl t u

agar ose gel nt of fragment

15 EXAMPLES OF OPTIMISATION PROCESSES USING THE CURRENT
EVOLUTIONARY APPROACHES

Examples of how the current invention can be used to evolve cells with potential
pharmaceutical, industrial, agronomic, or nutritional utility are now provided.

20
Evolution of specific structural classes via short to medium sized pathways
Example 7: Evolution of Carotenoid like compounds

25 UTILITY
Carotenoids are natural pigments displaying yellow, orange, pink, red and blue
colours. A major role is protection against oxidative damage. Carotenoids are both
pharmaceutically relevant (used to treat bronchial asthma and involved in the
prevention of cancer) and of commercial value.

30

SCREENING & SELECTION STRATEGY
e Production of a different colour by host cell. Screen done manually by plating
and picking
¢ Anti-oxidant protection. Screen done using methylene blue as a producer of

35 singlet oxygen species.



Preparation of EVACs 5 1. m x expression cassette fragnments with YAC arns
so that cassette/armration is -1000/1 2. if needed concentrate m xture
(use e.g.wblesmenion YM30) so fragment concentra- tion > 75pag/niKosfooss@acti on
3. add 1 U T4 DNA |igase, incubate 16C, 1-3 h . Stop reaction by adding 1 L
of 10 500 nM EDTA 4. run pulsed field g (CHEF 111, 1% LM agarose, '/2
strength TBE, angle 120, tenperature 12 C, voltage 5.6V/cm swtch tine
ranping 5 - 25 s, run tine 30 h) Load sanple in 2 lanes. 5. Stain part of
t he gel thatPBOGEBURE nol ecul ar wei ght markers 15 6. cut sanple | anes
corresponding to MW 100 - 500 kb 7. agarose gel in high NaCL agarase
buffer. 1 u agarase / 100 ng gel 8. concentrate preparation to < 20 L 9.
transform subTEPHe yeadBdsestiallgifall iengih eyiiN/atis omadesfrorg thleesgeacigsoinathieolist 100
m of YPD is inoculated w.th. qQn ast colony and grown to OD600 = 1.3 to
1.5. 20 The culture i%roﬂgé@'ggﬁ'g&xgvpf@entri fuging at 4000 x g and 4C. The
cells are re- suspended in 16 m sterile H2O Add 2 ml 10 x TE buffer, pH

7.5 and swir m X. 2 m 10 x |ithi.umacetate solution (1 H 7.5)
fnd ot et TER2 shak @S iPreion e fage, PG "B B BRI Vo8l neXE R |-
swirling. Shake gent| ypEMESy pEVES 0@ pENES ineaspropusipensi 30:30s1:80.1 8eed to
100 M with sterile vva,l;igar.e?12’315%§h{j$nnag{¥hwashed and 25 concentrated by

centrifuging at 4000 x e pellet in 50 m ice-cold
steril @Owater, centrifuging at 4000 x g, resuspending the pellet in 5 m

i ce-cold stegd wat C i fugi.n 40 X nd resuspepding t.he
pellet in 0%+¢1!1§3i ce- ﬁ‘%ﬁ"& Cﬁ% {'qrggl's ﬂ%ania&;%?g%ﬁe'ngallﬁeaserpgti]?ﬁgé%ls.gr&%gdn was
done using a Bi 0- Rad (Romaldé, Méest.al.l(h926) GempoirlecResl 6579M-808.cr ocent ri f uge tube
40 pl concentrated yeast cells were mxed with 5 pl 1:10 30 diluted EVAC

preparation. The yeast-DNA m x is transferred to an ice-cold 0.2-cm gap
di sposabl e eSHER dopor aloding ceyedrices afrmm pulneachoahalised yedst 2Saqhard®@e® 1 n

ice- cold 1 Msorbitol js,. e 0.t he tt Q aver_the yeast.

Ali quol(:P are spread onCér é‘/éﬁq%%tcﬁv'\}éo‘ ?)qrgrtyea(sgé%%ﬁbf%dtrﬁynﬁgeé al@ﬁsaé% B?"ata/b?sf grl'vr%ubat e

at 30C until col oni es fappebiractis® HybEMz&iohhagdiviGsioglat stramidad drellar IDNA ar i es

produced in step 5) are pooled jnto one screenin opul atian.. STEP.7 The

screeni ng popul ation iR ’9?’ %881 1hﬁtrb°r?\?ﬁzegaltfé?ryr%%@8ﬁ N sgqceg?d? orqeg de

portions is screened fremoa@thousahaldrdenes.oRerairdsy (SBigep s8handedd cirtles are
purified, converted to double stranded DNA and used to transform

20 E.coli.

STEP 5 EVAC (Evolvable Artificial Chromosome) containing cell populations
are made using 10 different normalised and enriched cDNA libraries
in each.

25 Preparation of expression cassettes

1. inoculate 5 ml of LB-medium (Sigma) containing 100 pg/L ampicillin with library
inoculum corresponding to a 10+ fold representation of library. Grow overnight.
make plasmid miniprep from 1.5 ml of culture (E.g. Qiaprep spin miniprep kit)
digest plasmid w. Srf 1

30

dephosphorylate fragments and heat inactivate phosphatase( 20 min, 80°C)
digest w. Asc1

e o & w

run 1/10 of reaction in 1% agarose gel to estimate amount of fragment
Preparation of pYAC4-Asc arms
1. inoculate 150 ml of LB medium (Sigma) with a single colony of DH5«a containing
35 pYAC4-Ascl
grow to ODggo ~ 1, harvest cells and make plasmid preparation
digest 100ug pYAC4-Ascl w. BamH1 and Asct



40 other for differential colour production (step 9). WO 03/062419

PCT/ DKO3/ 00044 114 STEP 8 Anti-oxidant screen: a. The screening

popul ati owoies/oexpd i fied ten tinmes and divided in 10 portiPpem@KB/0b44The sub
popul ations are grown in liquid culture under selective conditions for the
artificial chronpsones to an OD600 of 0463- 1.0. c. The heterol ogous genes
are induced/ de-repressed re-suspendi n th I i di.um lacki ng
met hi onine and with 20 S?ﬁ%&@@e P?Wam? %’é’ h%aéﬁfcgf?aéér%o%pﬁaé%%@&f‘ ’lganégr

i nduci ng conditions fo? 24iHEgmentsay GaayickCetfytraciondthi ng. d. Each sub

popul ation i s exposed &0 rin 106 bgagise gel o@stiete@modnt of ragmeent r at i ons of Met hyl ene
bl ue. Imedi ately aftegep¥fasdieeads0 Methyl ene blue, the cells are
rradiaed with a 200V hal SBElioh dllens filimefts NBHYAS-armtoechinat sl aidh s 22"
popul ation re plated in different Piutions and remali ng popul ation
stored, f. Survival rates'¥Pd determined after 48 hours. The survivi ng cell
popul ati on exposed t o % héf negdghecseentsaimmintpre (use £-orMicsconBIDy saefrpgmerit caacentrinher e
cells statistically reprasentsnggL d08cwh the parent cell lines 20 survived,
|s selected. STEP 9 D {f Ghenhirdlonaql@blinlAGEH.OR. SEI RERey & s ACKEENI N
popul ation is grown on plates under”selective ' conditions 1o the
artifidPal chronosomes t SOUAMEPEDO of 0.6 - 1.0. 25 b. The heterol ogous
genes are induced/ de-répressised fipjd gebCHER pemdiLMg agtrbee, Gelrérgthi TBEaangedR&m

| acki ng met hi oni ne and Witdnperdfdid 191, (U SEBV/EM switcR 4mb Rkhbifig PL- b4, rin@mE 8¢ KENI NQ.
c. Coloured cells are Seng&tsgﬂpleHQIaI&e cells representing (by statistics)
the 10% strongest col our _ 30 expressi ng cell lines are selected. Rem xing
of genetic diversity sl SAPG" P coglaipgoIRFur v lIHBA NP exci sing t he
expresdPon cassettes, G eitsgmrieiares sargsnoedinodaW g0 + AOkbnew EVACs. Thi's
process is described 7.n agdresp gel Ihhighdlad34garase buffer . 1 u agarase / 100 mg gel

8. concentrate preparation to < 20 uL

9. transform suitable yeast strain w. preparation using electroporation:
100 ml of YPD is inoculated with one yeast colony and grown to ODggo = 1.3 to 1.5.
20 The culture is harvested by centrifuging at 4000 x g and 4°C. The cells are re-
suspended in 16 ml sterile H,O. Add 2 m! 10 x TE buffer, pH 7.5 and swirl to mix.
Add 2 ml 10 x lithium acetate solution (1 M, pH 7.5) and swirl to mix. Shake gently 45
min at 30°C. Add 1.0 ml 0.5 M DTE while swirling. Shake gently 15 min at 30°C. The
yeast suspension is diluted to 100 m! with sterile water. The cells are washed and
25 concentrated by centrifuging at 4000 x g, resuspending the pellet in 50 ml ice-cold
sterile water, centrifuging at 4000 x g, resuspending the pellet in 5 ml ice-cold sterile
water, centrifuging at 4000 x g and resuspending the pellet in 0.1 ml ice-cold sterile 1
M sorbitol. The electroporation was done using a Bio-Rad Gene Fulser. In a sterile
1.5-m! microcentrifuge tube 40 uyl concentrated yeast cells were mixed with 5 yl 1:10
"30 diluted EVAC preparation. The yeast-DNA mix is transferred to an ice-cold 0.2-cm-
gap disposable electroporation cuvette and pulsed at 1.5 kV, 25 uF, 200 Q. 1 ml ice-
cold 1 M sorbitol is added to the cuvette to recover the yeast. Aliquots are spread on

selective plates containing 1 M sorbitol. Incubate at 30°C until colonies appear.

35 STEP 6 The EVAC containing cell libraries produced in step 5) are pooled

into one screening population.

STEP7 The screening population is divided into two equal portions. One of
the portions is screened for anti-oxidant properties (step 8) and the
40 other for differential colour production (step 9).



35 WD 03/ 062419 PCT/ DKO3/ 00044 115 STEP 10 Each of the popul ations
selected in steps 8 and 9 is anplified and equal anmounts of each anplified
popul ati owoaseepowl ed. STEP 11 Total DNA is isol ated fol | edirmkestandar d
procedures. 5 STEP 12 The total DNA is digested with Ascl and DNA
fragments of the appropriate size (2-1piB) are isolated. STEP 13 New EVACs
containing the purified DNA fragnents and 10% of 10 cassettes (ww) that
have not been used to assenble EVACs in any previous synthesis are

synt hesi sed SEEReAt | al Anti-@ddahe screetied in step 5. STEP 14 Steps 7 to 13 are

repeated 5 tinmes al ways .t aki far t he t 0% | ) om
each screen. 15 STEP ﬁ‘%ﬁ%‘gﬁﬂw @8&@%%& %'%?@Wdr%glﬁrﬁsné&]f’ rd('})r'éet%ﬁ@ ];6

conpl etion of the fiftdortiagcle is not divided and is grown in liquid

cul ture.under sel ecti ndj ti faor th reificial,.chr 0 1o an
0600 &8 06 -5 o bryfhe & é’r°§f‘§§ 'bss%éee Quifih 'i%@u?%ﬁﬁe‘%@%rﬁ%&g@by
re-suspendi ng the 20 apedtitisns for thermtificialhch@olasngestd am Obighp©f aildd- WOt h 200 pM
Cu2SO4 STEP 16 The 8'onﬁ1i

| af ] i S . r f 0,
anti—oxi dant acti vity S IPERREEEpGFS 4R RRRAERTFEERu by FRRHEI TR b1 e
used is the highest dbacely ina inaaiunh ¢dckingamhbtbionthehand witlo 200XM D180 0 t he
25 net hyl ene bl ue, the nunber of survjvi ol pured cell.s represents 5% of
the cell Tines in the 20 GBS g6hcHpstaR unag [Pduping conghens, Br & aodts
concentg ati on of MB angioateesceedning. ed are sel ected. STEP 17 The sel ected
popul ation is anplifi nd new EVACs are produced, 30 as described in
steps 11 to 13. STEP %%’Cgt &H8 R%O%)/%'OTTSar BP%%?E;?ea St tq?nﬁsraé\gﬁaﬁg %aki ng
forward cells represephtagratibes edieth{end ed.| Inmediately\\&rér34m34aD to
PCT/ DKO3/ 00044 116 STEP, 19 | |ines that c urviv hi gher
concentration of Met hﬁgﬁéen%ﬁh& {r}?a?{j'F e qu‘ﬁ?qﬁilw'téc?pgﬁ)cgw g'%ﬁogﬁ'g 3780 e
clearly visible brightfoyzhbag
15 e. Aliquots of each population re plated in different dilutions and
remaiing population stored,
f. Survival rates are determined after 48 hours. The surviving cell
population exposed to the highest concentration of Methylene blue,
where cells statistically representing 10% of the parent cell lines

20 survived, is selected.

STEP9 Differential colour production screen:
a. The screening population is grown on plates under selective
conditions for the artificial chromosomes to an ODgy of 0.6 — 1.0.
25 b. The heterologous genes are induced/de-repressed by re-suspending
the cells in a medium lacking methionine and with 200 uM Cu,SO, for
24 hours prior to screening.
Coloured cells are selected.
d. The cells representing (by statistics) the 10% strongest colour

30 expressing cell lines are selected.

Remixing of genetic diversity selected in steps 8 and 9 is done by excising the
expression cassettes, mixing them and religating into new EVACs. This process is
described in steps 10 to 13:

35



to red colours are taken out of the evolution process. The genes

responsi ble for these activities are subcloned and characterised by 5 DNA
sequenci ng0 0SMER120 Cells with the characteristics descri red/DKo3ob@Ep 19 and
that have significantly different genotypes are anal ysed using standard
natural product chemstry in order to jgentify the conpound(s) responsible

for 10 the ype.- PRI I PECI ES , AND ﬁ,g{(mf) . ced
species are %ﬂ@?g din %)C:h g@bg(ﬂgggaﬁ%% S ?%%ér}eléﬁ%%? S: pq'g%‘?s%%al gae,
some fungii and 15 phejuasgmoilres btedvhctnaplified pSpeationsare batledodi fy

carotenoi ds to produce other carotenoids: some aninals Speci fic genes
Speci es that produce carotenoids: 20 Plants: Actinidia deliciosa (Kiw);

Ar abi dopsi s $TER il dina; TdaldBINA sasolaied follbadret standaed potcadrbbr i gol d f 1 owers)

a ea eug opaea (olive), Lactuca sativa var. ronmaine (romaine |ettuce),
Quercus” robur (oak), Pinus pinaster (maritinme pine), Capsicum annuum
(Pepper), BiSEERA2] | anthe 8dalcDNA Isutligastedi witha Asci aod dPNA Livagnoants of apeni ca,

Del oni x regia, Zea myasp(?%@%;eegue %s%]@lgpé %E@te%‘f"l i fornica, Carica papaya

(papaya), 25 Daucus car carro ycopérsicon escul entum (tonmat o),
Crocus sativus (saffron), Verbascum phl onoi des, Physalis al kekengi,

Gent i ot | ¢ : i . : .
mangl o (1 od ol Bve) o ARCE Tontlin 3 BhHEd ENA Fellr A o PR MID e
i ma (P&t agoni an nacr aasgetjes (Wwjathaticavecraot (b8ea used taissembBaiVACsan adQ

mexi cana, G gartina sp,. _Palysi i > t.] rifera
(G ant kelp), Sar gassijrlre\élglf%/@ﬂamr%c%]%%r%g%hg%%%r%%? Bﬁ@ly&%%&ﬁé éﬁ EtaeB aw |,
Scenedesnus obliquus, Oscillatoria rubescens, Phorm dium | uridum

Arthrospira Ast as) L Gyl . u
pr asi nos, M%f%jrrg‘r‘\as ;a)%%?? I@,Se]JdB%{e?Tf g%ﬁ%g?gﬁﬁ%%ﬁ@ﬂ%wggé%gﬁ% Best
PCT/ DK0O3/ 00044 117 Fut§k of eélirinke froml éasmsceendendr or hous, Neur ospor a
crassa, Cant harel l us cibarius, Phyconyces bl akesl eeanus, Puccinia
gram ni g Epi coccum spp., Lycogol a epidendron

STEP 15 The new cell population resulting from the completion of the fifth

cycle is not divided and is grown in liquid culture under selective
conditions for the artificial chromosomes to an ODgg of 0.6 — 1.0. The
heterologous genes are induced/de-repressed by re-suspending the

20 cells in a medium lacking methionine and with 200 uM Cu,SO4

STEP 16 The combined population is now screened for colour and anti-oxidant
activity simultaneously. The concentration of Methylene blue used is
the highest concentration where, after 2 hours of exposure to the

25 methylene blue, the number of surviving coloured cells represents
5% of the cell lines in the original population. Cells that survive this
concentration of MB and are coloured are selected.

STEP 17 The selected population is amplified and new EVACs are produced
30 as described in steps 11 to 13.

STEP 18 Steps 15 to 17 are repeated 30 times always taking forward cells

representing the best 5% of cell lines.



Bacteria: Roseiflexus castenhol zii, Streptococcus faecium Rhodopseudononas
5 acidophila, Erw nia herbicola, Agrobacterium aurantiacum Hal orhodospira
abdel nal ewioio3led4ay hodospi ra hal ochl oris, Anabaena PCC 712@®CT@HKmGH0GIUM

t epi dum Chol rof | exus aurantiacus. Thernus thernophilus, flexibacter spp.,
Rhodobact er capsul at us, Staphyl ococcus aygeus, Deinococcus radiodurans,

Mei ot h I t . hat i f

Vel o her mis &30, O BLPHARHa, P4 ISt HPe Sl P B iens

Fi she?‘ Ca(r]I assi usI au(r]I atbluetr(agnhdlbn?nh%l ,pobliatiorptied bawescaéaﬂy: \Tilsilsle(bhblatqlellbnss) :

Par ei rodon axel r odi rdinal tetra), rion.ocellaris

c?osv(r:]) , 15 Zebrasoma tP ge%%%lﬁg a('e{é?‘f%\/\f"ﬁga@h% @ﬁ%%'ﬁf’r%rﬁﬁ SS J“grﬁﬁn(?ﬁs

(rmandari nfish), Lact oresporsibiadidrathése agtivitizsned subaibhed and earactehised eg:

Cucumar %a j aponi ca (se@)\lxucurrber | ant hel | a basta (sponge), dibanarius
a

erythropus (hermt cr "magna, Homarus anericanus (Lobster),
Par al i t hodes brevi pes (King Crab) Fusi nus perpl exus (seashell), 20

Hal i chondri rit S n P ntacta,australis
(en”cucumnSls? 2Bs ey cuaBaiin e aiiElslE apBBd s TSCHRS I SR Sop.
(brittle star), Papi Islgnnmmlnwshf(ebmtttgenétm)s adbyandlysedmmssmmactcﬂ aplargdse sea
nmussel ), Crassostrea 0 d os ris spp. sea s From a
el egans (star fish), A@Pﬁ‘ﬁ‘ﬁ&geé Hﬁ"@&i%@%ﬂ&@‘eﬁ8ﬁﬁ’f’8'€&%’§ﬁ8 ﬁﬁem)nl a
viridi 80(anenmone), Hi ptpelpy\snmywe 25 gragham , (shrinp), Lysmata debel i us
(shrinp), Halocynthia papillosa (sea squirt), Crossaster papposus
(starfish) Specific Carotenoid genes : ggps, psy, pds, zds, lcy-b, Icy-e,
bhy, zep (CGePRICRIAISED PPECHES AND TAX@NOMIC BRQBR8dobact er capsul at us),

crtE, crtB, grtl. . . crtY, crtz. nia uredovora), zds (Nostoc anabaena),
pds (Synecho%%‘%%fjssqgéﬁfﬂ%?'v'oggt'\go crtB, crtl, crtY, crtZ (Erwinia
herbi col a), criM Sgacie (tﬁatamwdimomemmseuqa)ant&rtalgaes:rkdfbe fungii and

(Xanth hyIIorryc end é ccs, crtL (Capsicum annuun), crtl, bchy
(Ni cotl na tabacd?i} oﬁVE{Vehcg fi8& " (Prochl or ococcus sp.), idi (Saccharonyces

WO 03/ 062419 PCT/ §¥dsGRdfodifl Iaraencdd i préduce®ttidr.cafdténtids: edr anintdld Eb

(Corynebacteri um sp. ), psy-1 (Lycopersicon esculentum, all (Neurospora
crassa) e Specific genes

Species that produce carotenoids:

20 Plants: Actinidia deliciosa (Kiwi); Arabidopsis thaliana; Brassica rapa, Tagetes
erecta (Marigold flowers), Olea europaea (olive), Lactuca sativa var. romaine
(romaine lettuce), Quercus robur (0ak), Pinus pinaster (maritime pine), Capsicum
annuum (Pepper), Bixa orellana, Sarcina Ilutea, Viola tricolor, Lonicera japonica,
Delonix regia, Zea mays (maize), Eschscholzia californica, Carica papaya (papaya),

25 Daucus carota (carrot), Lycopersicon esculentum (tomato), Crocus sativus (saffron),
Verbascum phlomoides, Physalis alkekengi, Gentiana spp., Nicotiana tabacum,
Pittosporum tobira
Algae: Rhizophora mangle (red mangrove), Haematococcus pluvialis (Green Algae),
Enteromorpha linza (Patagonian macroalga), Ulva lactuca (Sea lettuce), Caulerpa

30 mexicana, Gigartina sp, Polysiphonia sp, Porphyra sp, Macrocystis pyrifera (Giant
kelp), Sargassun sp., Nanochlorum eucaryotum, Dunaliella bardawil, Scenedesmus
obliquus, Oscillatoria rubescens, Phormidium luridum, Arthrospira spp., Astasia
ocellata, Fucus vesiculosus, Bathycoccus prasinos, Micromonas pusilla,

Botryococcus braunii,



Exanpl e 8: Evolution of Orega fatty acid |like conpounds 5 UTILITY
Unsaturated fatty acids are inportant conponents for normal cellul ar
functi on,wearos/ei4mvol ved in cell nenbrane fluidity and ser PETAXKOPOREMI SOr S
to ei cosanoids, including prostaglandins and |eukotrines. In mamals,
these eicosanoids are involved in 10 i nflammatory responses, regulation of
bl ood pressure, .apd reproductive functio SCREENI NG & SELECTI ON. STRATEGY
Col | mombr artedtidh KaHESPHYIRTGes ABHIA 1Ryiss NPWERFO™ CraTear SARDARIUE S1P86%r owt h
assay) 15 PReKjcboufpces Blakeseeamup) oRgctini® grantihial HBpsocdubedspp), BExaopble 7 i s
performed, exc %that the follow ng changes are made to the foll ow ng
nunber ed ste‘fg e ep 7 The screening population is divided into 2 equal
portions. OnBag¥rid: hBosgiitexus Ocestermokil,r Seepidcdaust faeeiuancBhddvpseldbnisiasp 8)

and the.other .for. celLl .nenmbrane fl uidi step 9 tep 8 Tolerance.to

col d: Zg a. %%Opgé?'ee‘ﬁf"%“aggbﬁﬁa?'F'onAP?%ﬁ%r'PWi ei’zr?@?cg% %Wﬁog?sf{’aed I n
10 porti onsabdeimdlekii sHhlogopos@Etal dratochlogisgr Anabaiena | IPQO d712d t Chierabigher

sel ective cof, ditig:ns ffPr t he ar .ifici,@lé chro somaﬁ. to n.CDEOO of 0.6 -
1.0. c. The FBEHMsl GHBIL YR e 8URPEAG Sy L LRS- MIEMeBRlS. n [IeRAY s 58RI ng
30 the cel | sSRhodohactedi uapdutatls, n@GtapHyhicocduse aumnelsy Oleirddbcal Cadiedfansaind t he
cells are gr o unr%er ibnducajf,irnﬂ c%rédititons for 24 hours prior to

screeni ng. d. g’(% Slon r%fp AP B> é”éfﬂ'ﬁf‘ésd and grown at tenperatures

rangi ngo from 10 to 30C. Cold tolerance is determ ned when the first
colonies 35 ear._on .ven plate (at a given tenperature). The cell
popul ati on \&Pa%%sgéﬁtﬂgg}ﬁ%?f‘ﬁﬂb@9%0044 119 growi ng at the | owest

t enper at ur e Bitdse Casdysvie tistis, r@ardiedlispoardioglispflamingore where cell s statistically
represent i NGO Ol Rl AL fildrsh] "HRoroBloR "l "SR halS] | N

Paracheirodon axelrodi (cardinal tetra), Amphiprion ocellaris (common clown),

15 Zebrasoma flavescens (Yellow tang), Synchiropus splendidus (mandarinfish),
Lactoria cornuta (long-horned cowfish)
Invertebrates: Cucumaria japonica (sea cucumber), lanthella basta (sponge),
Clibanarius erythropus (hermit crab), Daphnia magna, Homarus americanus
(Lobster), Paralithodes brevipes (King Crab), Fusinus perplexus (seashell),

20 Halichondria okadai (sponge), Suberites massa (sponge), Pentacta australis (sea
cucumber), Pseudocentrotus depressus, (sea urchin), Ophiuroidda spp. (brittle star),
Papilio xuthus (butterfly), Mytilus coruscus (japanese sea mussel), Crassostrea
gigas (oyster), Glossodoris spp., (sea slug), Fromia elegans (star fish), Actinia
equina (strawberry beadlet anemone), Anemonia viridis (anemone), Hippolysmata

25 graghami, (shrimp), Lysmata debelius (shrimp), Halocynthia papillosa (sea squirt),
Crossaster papposus (starfish)

Specific Carotenoid genes :

ggps, psy, pds, zds, Icy-b, Icy-e, bhy, zep (Gentiana sp.), idi, crtC, crtF
30 (Rhodobacter capsulatus), crtE, crtB, crtl, crtY, crtZ (Erwinia uredovora), zds

(Nostoc anabaena), pds (Synechococcus PCC7942), criE, crtB, crtl, crtY, crtZ

(Erwinia  herbicola), crtM, crntN (Staphylococcus aureus), crtl, crtYb

(Xanthophyllomyces dendrorhous), ccs, crtL (Capsicum annuum), crtlL, bchy

(Nicotiana tabacum), Icy-b, Icy-e (Prochlorococcus sp.), idi (Saccharomyces



5 Step 9 Cell nmenbrane fluidity screen: a. The screening population is
grown in liquid culture under selective conditions for the artificial

chr onosonwe wBBocam OD600 of 0.6 - 1 .0. b. The het er ol ogouPCcgaas/oarie

i nduced/ de-repressed by re-suspending the cells in a nmediuml acking

met hi onine and wth 200 M Cu2SO™ . 10 ffg cells are grown under |nduct| ng

conditions for our ent of~the || Y. i flow
oyt onet 1y af CEpeladl g St dovre Bl HooheacrBidh s W91 PEHPRRE P o
cytonetry i sestwidtung, aIwNennespzdrecraib@a}’/o of cell lines with the m)st fluid
cell menbranes but which are 15 still growing normally. This is done

essentially as described in Benderitter M et al, Cytonetry, 2000, 39(2),
151-7 Step 1Exdraple 8oEvohutiopai@megafattyswiic ikedompoghdes 8) and 9) is

anplifigd. For each of the selected popul ati ons, steps 11-13 are repeated
20 separately. Step 16 The conbi ned popul ation is now screened for ethanol
resi stance an‘dLlTYncreased menbrane fluidity. The concentrati on of ethanol

used is th t ce re

thanor 25 VR aRadERLRTEL A0 LRy eEF oo Rinn oA BURERHT A8 ceas
t he aver agenvdivaddntegll memm:aree fiidity hdksdrireas peacdesocs tdmmca;anmds,anclaﬂ]ng:
represents 5% I i po: tion, S Cells
hat - can surkiPaeoRhding B ol finds? 1 e, Tite” BBHsRlY e s 457

ori gi na0 popuilaarnmatmr)anedpdm'ee ragalation ofdndudopresdureliatidirgprotiadtive hgwebas t he
average fluidity of the original population by nore than 5 x the standard
deviation at 30 C are taken out of the evolution process. The genes
responsi bl e $®REENH@&6&EUE@TIDBBSH%@TE®W acterised by subcloning and DNA

sequenci ng. 35 V\(%;q%r'066419 fl 03/00044 120 PRI ORI TI SED SPECI ES AND
TAXONOM C GRouUPs ~C'HgRP@neTy! ¥1 P GYOMeLYSGEF™ animal's (in particul ar

adi pose tissues) ToléraAde to cold (growth assay)
15
PROCEDURE.
The same procedure as that described in Example 7 is performed, except that the

following changes are made to the following numbered steps

20 Step 7 The screening population is divided into 2 equal portions. One of the
portions is screened for tolerance to cold (step 8) and the other for
cell membrane fluidity (step 9)

Step 8 Tolerance to cold:
25 a. The screening population is amplified ten times and divided in 10
portions.
b. The sub populations are grown in liquid culture under selective con-
ditions for the artificial chromosomes to an ODgq of 0.6 — 1.0.
c. The heterologous genes are induced/de-repressed by re-suspending
30 the cells in a medium lacking methionine and with 200 uM Cu,SO,
and the cells are grown under inducting conditions for 24 hours prior
to screening.
d. Each sub population is plated and grown at temperatures ranging
from 10 to 30°C. Cold tolerance is determined when the first colonies
35 appear on a given plate (at a given temperature). The cell population



5 Random group of taxonomically diverse eukaryotic species Evolution of
specific structural classes via |onger pathways Exanple 9: Evol ution of
Ret i noi d wiolkes/oenmpounds 10 UTILITY: Retinoids are deri vaticraxosfooosst amin A
and are nodul ators of cellular proliferation as well as effectors of

nor phogeni ¢ changes. Activity of retinoiglg as antineoplastic agents has
been denonstrated in s | 4 8 Vi i t arcl 5
(mainly for skin, resp?r\rég'[ngr?tl {Hrealé‘%@sﬁréﬁﬁg}ra;ﬁ%%(%%r B'%grgfe?%g{ﬁe |§é§tol}ve
tract) Cellular respdcimewhers celis statistitallarepragentingal 0% ofrthei crigiral sl linee

famlies of nuclear re t :ﬁ%@?tld p‘#gs o the
steroid-thyroid hormn@?’o@{hﬁ’utg%egri ofé@ﬂ%p or Jsfﬁg%r‘%an% yotand behave as

| i gand-activated transcription factors that bind as dinmers to the

cis-actgng rgl% Qnse e'(?é]ﬁ%r%bﬁafnetfﬁ[dq todgnes. 20 Different retinoic acid

receptor isotypes display a characterirstrc pattern of tissue distribution,
RARa bei ng t he nost aubThpistreaesing popslatiorbist grewnBARBUS aylitiraninderpsaiective 1ol e

in lung devel opnent an L ur pL &SSor
function in lung. 25 SURERPRE D LpIRARFATRriR g ah YD B8 P o o
| i ke conpounds scr eénsTHehetewwlageus geneliartei inducediesmpiessek byl smsugpendingt i on
are used (see exanple il LN ket naj I ; acid vation
assay of retinoic aci dta:fsusr @c%ﬁ%‘}% @H"@%gh*&"s‘@g.aﬁwg*]g@ @p%lﬁngﬂdys a
reportéf system ReporThe celtsoarstgrawh undei inductiaigl gondltiane dori 20 haursedithul ar | y

and |later on extra-cellulardy. .P DURE Th a rocedur e as that

descri bed in Exanpl e feﬁ%& @e%FdPW%c%"pﬂTV%%HZRV"F%@ Cy%%#%l 7’%\%9H8%c%anges
are made to the foll ovouws.nunbered steps. WO 03/062419 PCT/ DK03/ 00044 121
Step 5 EVAC contai ning_cel | popul ations, are de using.10 djff.erent ‘
nor i i sed and enr i Shacd CORAY T st @R IRV Sediel s Bséd foAfOfB R d 1 neo
the cell population evtd %edf ceil lgveamptheth@ mdst Huid@ellvmermeranas buewbich are
produciigg el I popul at figngt @il ok, 2rrfs 10%cng Bsdont, &€ hodcbed

Benderitter M. et al, Cytometry, 2000, 39(2), 151-7

Step 10 Each of the populations selected in steps 8) and 9) is amplified. For
each of the selected populations, steps 11-13 are repeated

20 separately.
Step 16 The combined population is now screened for ethanol resistance and

increased membrane fluidity. The concentration of ethanol used is
the highest concentration where, after overnight exposure to ethanol,
25 the number of surviving cells whose membrane fluidity exceeds the
average fluidity by more than 2 x the standard deviation at 30 °C

represents 5% of the cell lines in the original population.

Step 19 Cells that can survive a 1.5 x higher concentration of Ethanol than the
30 original population and have a cell membrane fluidity that exceeds
the average fluidity of the original population by more than 5 x the
standard deviation at 30 °C are taken out of the evolution process.
The genes responsible for these activities are characterised by
subcloning and DNA sequencing.
35



liquid nedium at 30C and with aeration, under selective conditions for the
EVACs. 2. Spin to pellet cells at 400 x g for 5 mnutes; discard

super nat awD.03B®624Resuspend cells in a total of 9 mM TE, pHPCTODKISPIN4tO
pellet cells and discard supernatant. 10 4. Gently resuspend cells in 5 m
0.1 MLithium Cesium Acetate solution, pph7.5. 5. Incubate at 30C for 1

o e 9P TN Bheches SR QU droghe®, M T es Lo pel ot cel 1

now ready for ter aPiahisr(imgiarimular sBed)n a 1.5 m tube conbine: 15 100 pl

yeast cells 5 pl car er Di Hi stam ne Solution 5/100
of an EVAC prepar@?g @W@%rm'%?dﬁ%’e@ (One EVAC preparation is
made of 100 g of EBKrYy vector library pl asmd mxture) 20 9. CGently mx and
i ncubate at roomtenperature for 30 m nutes. In a separate tube,

conbi ned0. 8 ni *5097dam groppef teppreraialldiverse eq*erms'e sedesi of 1 M LiAc for
each transformation reactlon Add 1 nl of this PEG TE/ LiAc mx to each
transformation reaction. M X ceIIs into solution with gentle pipetting. 11.
I ncubate at BYRIutign of spegific syyctupal qlé%ﬁess‘ﬂﬁlﬂ{@&f Patw g 15 m nutes; cool
to 30C. 13. Pellet cells in a mcrocentrifuge at high speed for 5 seconds
and renove at ant ,14 Resuspend |n 200 pl of rich nedia and plate in
appropri at e SX3BR%ER; SVRHE n of Fetinoid |ike ROUBBE for 48-120 hours until
transfepned col on| es appear 30 Step 7 The screeni ng popul ation is not
divided Ste @ i \Ftl noi ¢ Acid Receptor Activation: a. The screening

popul ation i H'b ified ten times. 35 b. The EVAC contai ning cell

popul ati on i getiidtrdidehvalives BOVitafiin Al 4 dve iGUIRbIRI o GefuldSRoKRfERtios @gst r uct
in an yeast vect or .and a yeast ex- pression plasm d containing the cDNA for

the human reV¢hap Efigeioss PEMARNAIEPIC FAREFS- ANt VEYIOf (PPiden AR anEREQRAstIEN f or

the hapl oid vﬁn@haé B&en aaa@ﬁét@teosMS§e%}aamd vivb &xBdfikEntal TRRCIRERM fnBHelgENE

used is_13 03/ 062419 PCT/ DKO3/ 00044
15 mainly for skin, respiratory tract, urinary bladder, breast, digestive tract) Cellular

responses to retinoids are generally mediated by two families of nuclear receptors
(RARs and RXRs) that belong to the steroid-thyroid hormone (or nuclear) receptor
superfamily and behave as ligand-activated transcription factors that bind as dimers
to the cis-acting response elements of target genes.
20
Different retinoic acid receptor isotypes display a characteristic pattern of tissue
distribution, RARa being the most ubiquitously distributed. RARRB plays an important
role in lung development and has been proposed to have a tumour suppressor
function in lung.
25
SCREENING & SELECTION STRATEGY
¢ To obtain carotenoid like compounds screens for colour production and anti-
oxidant protection are used (see example 7).
e To obtain retinoid like compounds an activation assay of retinoic acid
30 receptor, RARB is used. This assay employs a reporter system. Reporter

construct is initially placed intra-cellularly and later on extra-cellularly.

PROCEDURE
The same procedure as that described in Example 7 is performed, except that the
35 following changes are made to the following numbered steps.



122 gal actosi dase. The reporter strain is constructed essentially as de-
scribed in Salerno et al. 1996, Nucleic Acids Res. 24(4), 566-72. c. The
het er ol ogwo3mernes are i nduced/ de-repressed by re-suspendiPag/DKi3@oei@l | s in
a medi um | acking nmethionine and with 200 tM Cu2SO4. 5 The cells are grown
under induction conditions for 18 hours4qo{dowth and 0O-gal act osi dase
activity are assayed in 96 well mcrotiter plates essentially as described
in Coldhamet al., 1997, Environ. Health Perspect., 105(7), 734-42. d.
Cells with t8epB% hi gh¢AC Gorgaihimgt osll clmpalaticrna' \are ymade ssige ciOediifferdrd St ep

9 There is no step 9. er ep.8 is
done by physical re-i sﬁﬁﬂial %érg)gf(r?]‘ Hé%{rans (')o‘rr@alt%ﬁ ﬁ{‘e‘%bﬁ é\ﬂogé ﬁep 10
The popul ation sel ect etknsforgiedint8 thescalrpopnlation vaitedoh ex@bpled. an CD600 >

1.0 Steg 11 Two 100l 6 7
5 oRad: g 50 " CHER g1]eGrQ\!v H%ar&fen&d%tro%b rB'é'& p%ELﬁauB’rf 1]9%99"2%0 %55% Q&Q/m'l .H

EVACs
are purified and isol atq%'ﬁme‘ﬁ“m 9‘&96’23"8?”@‘ el?[i‘f'°"a‘r‘{ﬂerlsﬁ'§ﬂé90°°i‘dr‘ﬂ°65 foy thg Ed(tggs of a

pul sed field gel b2 Hinto pietsel2 Bt 400 x §lor 5 YRGS discarti@@@rmitent: Chef 111, 1%
Agarose, 1/2 str engtshRéEEi;'EendGééﬁé:ma ol 6}, 9 TR AEARgIE, SR to pAB &AL andSWdchrg h
time, 22 h runtime. iig Lag FVACs > 1000 kb. Chef 111, 1% Agarose, 1/2

streng TBE, 6V/cm C tch ti 24 h runtine
C. staltl one lane t& ?ﬂ@h'}??”f'if"?)‘ffﬂgﬁ%o bv%®@5'§ﬂ§$'at%ﬁ“t' of't &¥pondi ng
part of the two nondsipapred Phried hayswithgepteshakinge agar ose by agarase
treatment foll ow ng 6s$mrl800ck gpdr6 caties @pelet @lis drubisad skpeeladntGel El ect r o-

phoresis. A practical G@qﬂ)pr@%&hd o EEGh TEA\-pR7 sl\évm@aow%dgfodtrédé}b%%oﬁl ty Press
1995. e. Concentrat% @%‘qrs%@]gecorﬁ aration to 100 pL

ultrafiltration.(e.g 30, MII1ipore) 35f add 400 TE to
ret ent dPe and repeat cond¥ht yessticls st ep. Repeat and concentrate to 25 L
e 5 ul carrier DNA (10 mg/mi)

¢ 5 ul Histamine Solution
* 5/100 of an EVAC preparation in a 10 ul volume (max). (One EVAC preparation
is made of 100 ug of entry vector library plasmid mixture)
20 9. Gently mix and incubate at room temperature for 30 minutes.
10. In a separate tube, combine 0.8 ml 50% (w/v) PEG 4000 and 0.1 m! TE and 0.1 ml of
1 M LiAc for each transformation reaction. Add 1 ml of this PEG/TE/LiAc mix to each
transformation reaction. Mix cells into solution with gentle pipetting.
11. Incubate at 30°C for 1 hour.
25 12. Heat shock at 42°C for 15 minutes; cool to 30°C.
13. Pellet cells in a microcentrifuge at high speed for 5 seconds and remove
supernatant.
14. Resuspend in 200 ul of rich media and plate in appropriate selective media
15. Incubate at 30°C for 48-120 hours until transformed colonies appear.

30
Step 7 The screening population is not divided
Step 8 Retinoic Acid Receptor Activation:
a. The screening population is amplified ten times.
35 b. The EVAC containing cell population is mated with a reporter strain

containing a reporter construct in an yeast vector and a yeast ex-
pression plasmid containing the cDNA for the human retinoic acid re-
ceptor (RARB) and cultured under selection for the haploid cells, the

reporter system and the EVACs. The reporter gene used is f-



WO 03/ 062419 PCT/ DKO3/ 00044 123 Step 13 EVACs are transforned into yeast
as before. Step 16 Step 8 is essentially repeated but the cell population
i s co-culworesme2sioget her with a reporter strain under sel @ctrinkv3foor44bot h
strains. Thus 5 conpounds that activate RAR(3 now have to be reasonably
hydrophilic in order to cross the cell ggbranes. The producer strai n i's

al so transformed with s d exan h| S oced
all ows the simul taneou%a%cg?sé‘gq‘fef g'ﬁea{ggqrgeétsitrg %&ﬁ?%‘e GEB%LBE[%
perneability and P450 suveibad il $aemnokDalSt 836, Mc@unmmRag anl(4 566182t ent h
cycle, in step 16, cel ow a s

of retinoic acid aré& tt%eﬁ&a{?{oggyslgﬁ%es %r\%p%cegﬁfepr%r@ég%d &ﬂle S‘&i’ﬁagng .
responsi ble for these tagtdels i @$neéuien ladkiigadbmidnirRdamy withi20bqiM 03,808 DNA

sequencing 15 PRI ORI TI.§ED PECI ES AND TAX es _t

met abol Pse car ot enoi ds'%°§ 'étqr?\Gf%Y%" “%ﬁ@“%%ﬁ%’lﬂ'%"ﬂorl ?@E?“’Saﬁ&"’\aét i na
tissues), fishes (liveing Bbﬁ%@fb%ﬂa@@dctﬂﬁt?_%rre é@é»dWHSn 980vdixmitRdtierlflates

Evol uti on of Taxol |ike conpounds Y. Taxol is a higly effecti ve

anti cancer drug used v#SFEMAlly as Aesaribed imRidham \P&rq'oJ§97’c§F‘\‘i'i°|'?orH¥§

mel anomas and sar COWSPerIB&t“ﬁ‘OS{V?_?BE—QQ. of action of this drug, as 25 well
as its outstandi ng potency nmakes Taxol one of the nost efficacious

anti cancer agents i f- c@?'lsé’ﬁth thad 0%highsist Bragiasiasidass setimily preseledted-ot ubul es
and preggents depolynerization. This induces bundles of stable m crotubules
and blocks cell cycle mtosis. 30 SCREENI NG & SELECTI ON STRATEGY

St abi | i sati o¥teB® ni cr ofheisenasieRAbl y. The microtubul e assenbly is scored
by FACS using gel encapsulation and neasuring light scatter. Gowh
inhibition of nmurine fibroblast cells. The %rowth i nhi bition assay is done
usi ng gel niRemEingmf @esetimdiversinseigetein stop 83 dows bR POBYeR 9e-BOlRtioR@BA 00044

re-transformation of EVACs.
15
Step 10 The population selected in step 8 is grown in 5 ml of YPD to an ODgno
>1.0

Step 11 Two 100 ul plugs of total DNA are produced as described in BioRad’s
20 “CHEF genomic DNA plug kits” manual, Procure n.2

Step 12 EVACs are purified and isolated:
a. Plugs are cut and loaded into 3 slots of a pulsed field gel
b. RunPFGE
25 i. For EVACs < 1000 kb : Chef lll, 1% Agarose, 1/2 strength TBE, 6V/cm,
14°C, 120° angle, 50 — 90 sec. Switch time, 22 h runtime.
ii. For EVACs > 1000 kb. Chef lll, 1% Agarose, 1/2 strength TBE, 6V/cm,
14°C, 120° angle, 60-120 sec. Switch time, 24 h runtime
c. stain one lane to identify position of EVACs
30 d. cut corresponding part of the two non-stained lanes and digest the agarose by
agarase treatment following standard procedures e.g. Pulsed Field Gel Electro-
phoresis. A practical approach.(Ed. A.P. Monaco) Oxford University Press 1995.
e. Concentrate agarased preparation to 100 pL by uitrafiltration.(e.g. Microcon
YM-30, Millipore)
35 f. add 400 TE to retentate and repeat concentration step. Repeat and concentrate
to 25 pL



124 PROCEDURE Taxol's biosynthesis pathway is thought to invol ve between
12 and 20 enzymatic steps starting from geranyl geranyl di phosphate. The
first conwbtiBeek4seep in the formation of taxol involves trlogd/pgoslopsat i on of
ger anyl geranyl di phosphate. After a few 5 nore enzymati c steps, an
intermedi ate called Baccatin-II1 is sym‘qQ@si sed. This internmediate is

avai |l abl e frg @ne\lvab*iﬁAg%%pﬁrt?%ns%q "b?é(ggﬁ%%%e%? s be used as a

pr ecur sor t o~ a ce I"on t'o evo ve a popul ation of
cells able to produce Taxol like conpounds Once this has been achieved,

the genes i dggbl iy ed | 8ol 0% BLOERSG AROHbS 1P lOCkPHon TR ERSLYas oPS

froma yeast bolite cca ere i ncorporatl ng
in the Taxol produci ngtogetpet with arrephmaer étnarrsbndﬁrsekectn:bn tdné)oﬂasﬂmzw Twisch ar e

known (phyt oene synt hase i_ch_can i ast metabolite, IPP, to
pr oduceg\Ser anyl ger anyl © W%Wbﬁmg\ag,a&%'ﬁdi E?f‘ﬁt ﬁa et 483588RY
5a- hydroxyl ase. After Ia/ds@ﬂﬁmdn R e crobs ehentalltrhembrahnes. eThensrogiice Yirsinr
feeding is used, a popul e, Taxol I|k EéS

| 1 duc
conpounds will have be'éna] q%gpgﬁgﬁ.v"s'tﬁop“g%&ﬁs s m?d K\ §X4PPiEnT-

procedure as that descpriobgdlire alb¥anme einfuliaheolReEErobiEer agtati of IRXRE, he
foll ow ng changes are nmade tao the foll ow ngﬁnunb red steps. 20 Step 7 The

screeni ng popul ation |%°’H?QH“E|@8”T‘?EQ9'W23%B O B§HA0olE. One of the portions
is scregned for stabilisation of mcrotubule assenbly (step 8 and the

ot her growt h_] nh| b| tion of nmurin fibroblast cells 25 Step 8

St abi | i sati oneBf'%ni cr ot RERCIAE YRS tenth Cyﬂ?e'rh%?%& B ?%63)@ g & sypiar

i nduced/ de-repressed bycm&now&fpﬁmﬁ% oﬁhﬂwq#lrbﬁqd.@aaadrméltamd 8GtéMNGe
met hi onine and with 200 M Cu2SO4 and the cells are %r own under inducting

condi tions for 24 hour@O¥ioBrProgesss dheedfnes. resoonsibleHer these adivitiss rarag

cells are co-encapsul a&@ad@éﬁgéd@yrggb&g,q% laAd DNA seqeien capsul es are
suspended in polynerisation bufféer and incubated at 37 C for 1 h. A

fracti 8@ of the population is passed through the flow cytometer to
determ ne t heppyRITRAED BPERIES ARDIEAXONOMIS/EHEYRE. PCT/ DKO3/ 00044

e Species that metabolise carotenoids to retinoids: mammals (specially liver

and retina tissues), fishes (liver), insects and other animals.

20 Example 10: Evolution of Taxol like compounds

UTILITY.

Taxol is a higly effective anticancer drug used widely in the treatment of various

carcinomas, melanomas and sarcomas. The unique mode of action of this drug, as
25 well as its outstanding potency makes Taxol one of the most efficacious anticancer

agents in current use. Taxol promotes assembly of microtubules and prevents

depolymerization. This induces bundles of stable microtubules and blocks cell cycle

mitosis.

30 SCREENING & SELECTION STRATEGY
e Stabilisation of microtubule assembly. The microtubule assembly is scored
by FACS using gel encapsulation and measuring light scatter.
e Growth inhibition of murine fibroblast cells. The growth inhibition assay is
done using gel microdroplets and flow cytometry.
35



125 d. In parallel a control population of mcrocapsules are incubated in
the same buffer |acking GIP. The popul ation is passed through the flow
cyt omret erwDo3@seabl i sh | i ght scatter of m crocapsul es contPaITMKIG/ 004

pol ynmeri sed tubulin. 5 e. The suspension is cooled to 5 Cfor 30 mn. and
m crocapsules maintaining a light scatyeg closest to the |light scatter on
t he capsul esPRWﬁ]%_ng pol ynmerised tubulin is recovered and processed

t hrough step 1. The 10% of the cell population with the highest |ight
scatter is TIéxd'slbiasyethesiStpathveayGsdatwight ndiiryvotvedretwéemiRiang 20 bnopimhatst

Il's: a. Th i ' ' ' | Ok | 1. d
col LS, 3, TSeR S R BBl RO o cEMLIHEE 4 B g o
1.0. 15 b. Themhtdreofdaxayowslvge thescialisativn dtigerdhylgenasyrdigmsphdly. Aftersaufspendi ng
the c_el Iss ! ”q%fg%ﬂk tlcag{@'pg,g aﬁeﬁwrrﬂebigﬁ @Q%&‘A’B%Qca%g%qy ds%?h%%e& T E.VAC
containing ce popul’ati on"i’s "grown under “rnduction cohdi't1 ons. c. ri ne
fibrobl ast ctdranediate is @veiabigpbohaemavabida hatutabs@vees arwhtan thusibe udéd eghl s i n

gel mcrodro ' i.hr.o . ia. In | .on i ted
Por 24 hour aPrespdgl B fel PHERp BBA O '8 cyve LEOIBARY 2T RBES, °5
the | evel of podute paal likeecampaundsefOndeghisinas bren Aclievds, st genen idemtifiectinopl et

I s nmeasured. ,e. I | cel | jferat] r 2| ect ed
such t hat 10%% %@E%’fg %ﬁ)os ld\ﬁgépf’&{éﬁhé@ggn ebre?ngé 5{?(%% Lrérr%e%r}) egrgteﬁ’ggq%@te 3 . Step
10 EacHOof t Bacqatipiil aén brgedwleddiyeidcorporstieg i B Baxdl PlodusingupppulbiiadtheFor

each of the d_ o, ' . 8t -1 r e tely. 30
S2on 9% e ARl BERACHCRPLMA Sl b IR S RPER S
st abi | i sat i omodifif anjeastonetabblie a3 ndipyodand geamytgemnyh diphbsiiatd, daxaoifeneur i ne
fibroblast cells usi a.doupl el encapsul ation system 03/ 062419
PCT/ DKO3/ Oooi)ﬁ\thﬁ(;andquadlene ?a—?my&oxylase. AR Ha Lot SHY #H3UE"Sr eVTution wﬁ’ere
no precursor feeding is used, a population of cells able to produce Taxol like
15 compounds will have been established.

For each modular evolution the procedure as that described in Example 9 is
performed, except that the following changes are made to the following numbered
steps.
20
Step 7 The screening population is divided into 2 equal portions. One of the
portions is screened for stabilisation of microtubule assembly (step 8)
and the other growth inhibition of murin fibroblast cells (step 9)

25 Step 8 Stabilisation of microtubule assembly:

a. The heterologous genes are induced/de-repressed by re-suspending
the cells in a medium lacking methionine and with 200 uM Cu,SO,
and the cells are grown under inducting conditions for 24 hours prior
to screening.

30 b. The EVAC containing cells are co-encapsulated with 5 mg tubulin
/ml.

c. Gel capsules are suspended in polymerisation buffer and incubated
at 37 C for 1 h. A fraction of the population is passed through the flow
cytometer to determine the average light scatter.



Step 19 Cells that have an activity simlar to that produced by a 10 nM
concentration of Taxol are taken out of the evolution process. The genes
responsi bwe Bos24ihese activities are characterised by subecamiig/ooamd DNA
sequencing. 5 PRI ORI TI SED SPECI ES AND TAXONOM C GROUPS Sourced species are
divided into: Species that produce Taxgbsand other Taxol Iike conmpounds,

Or gani sns phyl ogenetj c r L)e ted t nis known
to have rel evant phé’]r n‘&%%alr% ?3éﬁ°ngé1tq°\9Flﬁf'%%8Jmcéocapsﬁﬁaé m@a(i'e tggf
genes coding for enzynssnboffer lackirgeGTRYThe populatidnhie paase thrdmgbstbreﬂﬂbwm s 15
Speci es that produce Pl ant [eVi i folia Ta us .cy

Taxus yunnanensi s, Tax%ﬁo@gﬁé%ﬁgﬁgghs—ﬁaﬁiﬁg c%d?'grdc?a%%s ?F'@ﬁl csa%a

Taxus nairei, Taxus chpolgmsiised tilstins nedi a; Fungi Taxonyces andreanae,
Taxonyces malllchlana Tax bacca axo, s _canadensi s 20

Organi s phyl ogenetl c‘|a—1h§§/1 %le&% % Cc{oﬁﬁé’ tloa-g 15 @[ uld&}s3" Mo?ae{)r%u'leﬁ
Taxus gl obosa, Taxus binkmtaigihga lifakscatteaelogast tsthe lifhk scattee onitheatapsule$axus

it forai | Gupr esaacoadt P g Pl Eed AEATE Bl I B/

| awsoni ana, 25 Cupressstepd0i zoni ca, Juni perus chinensis, Juniperus

o et Bt on™ T8 6% Bt BRI o6 ST B e

Fam | y10Agat hi s al ba, ¢eleaiedri a i nbricata, Agat his australis, Pinaceae
Fam |y: Abies bal sanea, Abies webbi ana, Cedrus deodora, Larix europaea,
Pi cea rubens, Pinus australis, Pinus pinaster, Pinus 30 wallichiana,
Pseudot suga $tagi9f ol i a, Gmmmhmmadénsjriee fiﬁ]@plmat crtllaxaceae famly: C

O gani ams reported fo. 1 EoBR A ST B oo o rbL ARG Bl Pl
maj us ( Cel andi ne- pl ant ¢gndiioas for dtid amimailoerc(rﬁdmomeo BhWixsdnf 0.635 1Root ) ,

Rheum ybabar bar um ( Bhupay Re/c901) s oBhbd 1B RERRARYVeBRss Y b ke sd2Ralg @ YO

the cells in a medium lacking methionine and with 200 uM Cu,SO, a.
An EVAC containing cell population is grown under induction
conditions.

c. Murine fibroblast cells are co-encapsulated with the EVAC containing

20 cells in gel microdroplets in fibroblast growth media.

d. Incubation is conducted for 24 hours, after which the droplets are
screened by flow cytometry and the level of cell proliferation of the
murine fibroblasts in each droplet is measured.

e. Droplets with the lowest cell proliferation are selected such that 10%

25 of host cell lines entering the screen are selected.

Step 10 Each of the populations selected in steps 8) and 9) is amplified. For
each of the selected populations, steps 11-13 are repeated
separately.

30
Step 16 The entire population is now screened simultaneously for stabilisation

of microtubule assembly and for growth inhibition of murine fibroblast

cells using a double gel encapsulation system.



127 (Al oe, plant), Arachis hypogaea (G oundnut, Seed), Brassica ol eracea
var. capitata (Cabbage, Leaf), Cassia tora (Sickle Senna, Seed), Coptis
chi nensi swp@sionmse Col dt hread, Rhi zone), Coptis japoni ca PCHDENGAh4a,

Rhi zone), Coptis spp (Generic ol dthread, Rhizone), Corydalis spp
(Fumewort, Plant), Eschscholzia califorgbga 5 (California Poppy, Shoot),

d auci um fl ayum (Hor ne 0 .. Root ), Papaver omiferum i um, Poppy,

Pl ant), Pol yét(?ﬁd nul tﬁ?@oﬁ%%i%?gﬁ‘%&ﬂ@f'?{d% %&r?au%ﬁgﬁ%apéﬁn@ﬁum
(Chi nese Rhubarb, Root gancButrationhyfRixob eatausn ouCahthiegewlutifaotrpbcessamyai nari a
canadensi s (Bl oodroot, Root Se. | at a R ngwor,m Buysh, Pl an Adoni s
vernalis (Spring Adoni %gneﬁlr%%qwgg%go%famﬁg&mgﬁ%heg%rga'ra rl’s[eldaytﬁ‘ﬁ%ls?mgyzzya
cf. fuliginosa, ChondramsDNASequédcirgar nus erythraenus; jellyfish: Carybdea
rast oni E Chrysaora qui nqueci rrha; anenones: Actinia equina, Anenonia
viridi sy Insects: Papilio polyxenes, Drosophila nelanogaster, Rhodnius

prol i xus, ApPRIORITISERSRECIES ANDLUTAXONOMIC&ROIPEders:  Tarantul a
ker at ouvei tiggu Loxoscel es Loxoscel es reclusa; Crabs: dibanari us

ges rtﬂ )
15 | ongi t ar sAUrcad, sRRARSATR dVdeddMPat us, Uca pugilat, Worms: Schistosoma

nmansoni ;  Snai les: Sphedigd thatgiré@idécRaxol 3T GRG Tixalkalcompobihgd, ochei | us
| ongi cauda, Bionphal ari a | abrat a; Snakes: Bot hropsc'éar araca, Crotal us

durissus, Vipera QEaNsMsRhyioggpeficly retated tojke kaxdBlRdUCeSea ur chi n:

Toxopnggst es piel eglganismal nolwdn to ARV CrVa8t aphdriRtdlogical Sdcalitiés i.e.,
pectinifera, Froma nonilis, 20 Evolution of cells towards specific drug
targets Exanpl e aMtiCapeRs| uti on of HIV protease inhibitors 25 UTILITY.

Acqui r ed immnodee\%}'bé“dsfﬁﬁgane%yeg&ﬁ@ﬁox BhBEMed knéwh ababe RAINRECH thediTagase
caused by the HV virusS. AIDS IS prevalent in alnost every country on the

gl obe, and it is biesthasiSed that 36 nillion people are infected worl dwi de.
H V Protease is an enzyne expressed by the HV Virus. Ml ecul es that
inhibit HV Protease have utility in the 30 treatnent of H V infections.
Desi r abPe at PPeYRM B3t RIPduagckaxabl ecul es incl ude activity against HV,

speci ficity pahisHTYxR Blefifshia; Takid édséicfa% OraR8S yafldneHBEPTARRScdnBdaRgier to
reach the viTus and ot hers. SCREENI NG & SELECTION STRATEGY WO 03/ 062419
PCT/ DKO3/ 000khaxusibegcata, Taxus wallichiana, Taxus mairei, Taxus chinensis, Taxus media;
Fungii: Taxomyces andreanae, Taxomyces wallichiana, Taxomyces baccata,
Taxomyces canadensis
20
Organisms phylogeneticaly related to the Taxol producers:
Same family: Taxus globosa, Taxus biternata, Taxus caespitosa, Taxus recurvata,
Taxus umbraculifera, Taxus concorta, Taxus sumatrana, Torreya grandis, Torreya
nucifera; Cupressaceae Family : Callitris arborea, Chamaecyparis lawsoniana,
25 Cupressus arizonica, Juniperus chinensis, Juniperus recurvus, Tetraclinis articulata,
Thuja occidentalis, Widdringtonia cupressoides; Podocarpaceae Family
Podocarpus ferrugineus; Araucariaceae Family: Agathis alba, Araucaria imbricata,
Agathis australis, Pinaceae Family: Abies balsamea, Abies webbiana, Cedrus
deodora, Larix europaea, Picea rubens, Pinus australis, Pinus pinaster, Pinus
30 wallichiana, Pseudotsuga taxifolia, Tsuga canadensis, Cephalotaxaceae family: C.

fortunei, C. Hauringtonic, Sciadopityaceae family: Sciadopitys verticillata

Organisms reported to have antineoplastic activity:
PLANTS:Chelidonium majus (Celandine-plant), Rheum officinale (Chinese Rhubarb,
35 Root), Rheum rhabarbarum (Rhubarb, Root), Allium cepa (Onion, bulb), Aloe vera



Assays that nmeasure the activity of H'V Protease can be constructed by

| abel ling the protein substrate of the protease with a fluorescent dye
such t hatworstbmi1undi gested substrate the fl uorescence i fcqmacshed4but in
the enzymatically digested substrate the fluorescence is unquenched.
Procedures for constructing such screengpoare 5 given in "Activity and

dinerization,Qf h nodefi ci enc ease a f uncti gn, of

sol vent corrpgg??|%%Af%8¥@g@8ﬂ§€@ﬁ?% ee%:]%’?‘a(‘jﬁ'ﬁa racﬁ?gv - FPIER, ke
PL, Kuo LC. {Cdlibage Chear), 26533@06@8682@@538%&1@98}3% PRIEEDURE ensk0 (CHigesgane
POl owi ng ehaRiRread Fiiedee), & phAPRrFa fiidpolihudhEnie) eresep Bongnd®

scr eleni ng pofpisldtiread) Reizovat), dbory/dkig. spbS(FEtrewo8, 'thnt)E\E\s’Ehsmaﬁzwa malafgrnmal I
popul ati.on i L own s ynder ondi t] ons t i nduc ression.
A repor ter i%%&/orﬁﬁngf’?%t §EOC§L di Vf"Wcé R Ea%\f %Io ( q:)t%’a{'?fe host
cel | ihn am eomd#?p:he(OpﬂdnePomwrBldnt))pIFetylgbsum neuliéidreseh ﬁ@hmesee&drﬂgndredi um
At 2 hour interya 109% crodr ot e run, throygh a fl

ot omaror anfoal Ehauherdlnglint Siess” FRGIB. Jasl Rupao dimstntarlis. . on
t Eose dr opl emmarg{réh Rdu), | cswgu:nhﬂa/eba:m‘dehwo(me@c&octe foet)s ebenrize dalgtach
that statisti.ca 0% t, cell n represented in the sel ected
cells. Sel eck %rflf]é kagﬁ“ﬁnég?'ﬂféwa{ﬁ @5 F\H?rﬂ)'gr@ﬁrl%g that halts

i nduct HPndOfS ?Nm,glt@}th&ramlgegm/gemm, Zyirga selfw@trdeh ao@ﬂvclbrmtrépstsmeimiaiﬁarrg& bat ch
are pool e e er.e, i.s, n e _popul ation selected in

St ep o i o anpOlrRehs; e St e i orb itee el ERERORS for
P450 net abol Asiianéqbiny, ﬁnememae vinidig, bilhsents: Wapilel palyxenmes,cr Dtosopldlaar e
set such that_ 5% of the g? g{ogyes enteri

03/ 062419 P 9780471 505 o AR ﬁ"&ﬁ’fe}‘iheLg‘gﬁkﬁ% & %?Sﬁ?ifse%lr gpté‘%gsémfo
t he sane ext Fatanada kerdtovasitis, [dnescetds dezeds riidxosostasviotiata,rabs: Clibakaiusout of
e e BB Toshiod S A g Morh SRR hhodh
Snails: Lippia sidoides, Lymnaea stagnalis, Stylocheilus longicauda, Biomphalaria
glabrata;, Snakes: Bothrops jararaca, Crotalus durissus, Vipera aspis, Sistrurus
Malarius Barbouri; Sea urchin: Toxopneustes pileolus; Starfish: Acalycigorgia
inermis, Asterina pectinifera, Fromia monilis,
20
Evolution of cells towards specific drug targets

Example 11: Evolution of HIV protease inhibitors

25 UTILITY.
Acquired immunodeficiency syndrome (AIDS) is a fatal pathogenic disease caused
by the HIV virus. AIDS is prevalent in almost every country on the globe, and it is
estimated that 36 million people are infected worldwide. HIV Protease is an enzyme
expressed by the HIV Virus. Molecules that inhibit HIV Protease have utility in the
30 treatment of HIV infections. Desirable attributes of such molecules include activity
against HIV, specificity for HIV protease, ability to cross cell membranes in order to

reach the virus and others.

SCREENING & SELECTION STRATEGY



5 PRI ORI TI SED SPECI ES AND TAXONOM C GROUPS Random group of taxonom cally
di verse eukaryotic species Exanple 12: Evolution of DNA Topoi sonerase ||
Poi sons 1WOUWBI0k14TY. Topoi sonerase Il is an essential enzyea/DKI3mMedd
division - it regulates the topology of DNA and in particular perforns a
process whereby it cuts open double str ed DNA, passes another strand

t hrough the break nd then reseals.t @%éjeak. 15 Conmpounds_ (,sucr

oxor abi ci n ArETBing) BeUE ootk SL U RRteaRp saf Brep iR Bt Db e e

ae ANt - cancor adont s New coPounds ¢ b such acthetr e drteeert

i- : w u Wi u i Vi u [

ohar mcol oo Sk AEODE HPBSCATAS Hosnengy bt b s anbatealy Sibkeh wBbfR, o

STRATEGY TopaLSOmar Ao 11 P Sane. (San a8 doxor dLCLn And. &1 GRoST de) ar6
pai Sone, i sans. (s s .dox . Ci Si

ot of or et 1 a Syen PoAetendbAmenpatioh a dvath SRR Pedei gy Wop ord8Re 45k 11 °.

their toxidc felﬁét&mt of &(;minioeﬁ'@dsitidryaﬁ@lm'zme tchacdntfatiors b Jendan SR N2y .1,3 o

generate dou ran reaks A n ' Thei cts are antagoni se y

conpounds (slgéfﬁeiﬁ-’ gH?&Eo%"iQ"S’ﬁ‘%déé&o@z%@é*ﬁéfgﬁ-at act on the enzynme

W t hout causing the double strand breaks. These properties can be used to

construct a '9%8§?®%£é>r sel ecting and evolving cells that produce
conmpounds t ha 't opoi sonmerase poi sons 30 Yeast host cells are

descri bed i nThédrearaeipesdediifecad thaededcribed irhBkarapladi isi penfatrhed, expemdBat the

functional h n_t opoi saner as I serman R et al, Cancer Research,
1993, 53, SB0WIng SREIRER ABTeis tie ORIT I e E5PB0044 130 The. sams
procedure as that described in Exanple 7 is performed, except that the
foll owi ng chan are de to.the follow n red steps Step 5. EVAC

containing ¢ eﬁe/;opul al TORYeEIY Rogy tﬁgi'%ﬁgfﬁvl@ﬂ?dff er ent
15 Step 8 The EVAC containing cell population is grown for 12 hours under
conditions that induce expression. A reporter assay constructed as
above is incorporated proximal to the host cell in a microdroplet. The
microdroplet is incubated in screening medium. At 2 hour intervals
10% of the microdroplets are run through a flow cytometer and
20 screened for level of fluorescence. In each 2 hour batch those
droplets with the lowest level of fluorescence are selected such that
statistically 10% of host cell lines are represented in the selected
cells. Selected cells are immediately placed into media that halts
induction of the heterologous genes. The selected cells from each

25 batch are pooled
Step 9 There is no step 9
Step 10 The population selected in step 8 is amplified
30
Step 16 Cells are now screened simultaneously for P450 metabolism and HIV

protease inhibition. The selection criteria are set such that 5% of the

cell lines entering the screen are selected



5 nornalised and enriched cDNA libraries. Step 7 The screeni ng popul ation
is not divided. Step 8 Topoi sonerase Inhibitory activity: 10 a. The

popul ati owoims/ogr4esn in |iquid culture under sel ective condcrinxs/ober the
artificial chronpsones to an OD600 of 0.6 -1.0. b. The heterol ogous genes
are induced/ de-repressed by re-suspendiRgg the cells in a nmediumlacking

nmet hi oni ne a ith 20 254, nd at 35C, The cells are.qaro under
i nducti on coﬁgﬁpﬂgons fg?ﬁ\él'ggtl'%'%mpr o@%%r?ese)ggr%(%solp d'ﬁﬁ\éw@%qslg
popul ati on i s screenedafasnvDdAcenteativg earbytakérovutc gt theeévojutiomhmoddskh dhecel | s

in each titre show ng _|east DNA damage are. di scarded gnd the r i.nder

i medi ately placed i ng‘ﬂb‘*ﬁ-f??Po"ﬂ‘é'.bE?g°h@&?%a‘?th’ﬂ&es86%%5’%‘%%%%??’3&%@%8‘“& 100
m - cronol ar concentr ahmndDNRGequenthgse cel ls that survive and are sel ected
from stgp 8b are resus- pended and grown under induction conditions for a
further~12 hours, but this tinme with dexrazoxane at 100 m cronol ar
concent r at i ORRIORITBED SPECIES AND NMOXONOMIC@RAUPEBhe end of the period the
cells are screengd for DNA damage by flow cytonetry and cells representing
35 the 25% of | Sl FERSBOIUAGAATG TBLAY ERotss SHETE oo08h cot ed. | Step o

I nhi bition of cancer cell growmh: a. The population is growm in liquid
culture undeExsr%I%c ' oi:nditi ans f t he ar ipfli al chronosones to an

OD600 of 0. G=XamMp'e T3 BYolunon ol W 1opaisomer are—+nduced/ de-repressed by
re-suspending the cells in a nmediumlacking nethionine and with 200 M
Cu2s™ and ﬂfg . The cells are plated and grown under induction condi-
tions for 48 .- A cancer cell line is overlayed on the induced cell

Ipopul Sti 3\;1). O‘gqaﬂetoneghé%# ;M etgg;l:toerigal mg@ ig |oemﬂiv€§°|orﬁalit0'egullal©bltﬁe w’pﬁlldg@- 35
ect ed. 419 P 44 131 Step 10 The. popul ation selected in
LEone s g o ONA S ih BhrEhacoaRors A AOteS Phaghy et aPan asE s e

si mul t aneousbNAf Qrasb¥A anbtheppraRd Mafoagk the brelk.biahd ahemndsdads toe rbdk.

| nhibition of Cantels &G8th Bs daxerafiol S Blopodll) FACERRY! AL SibsiheeSl 1
enzyme to generate but not seal these DNA double strand breaks have proven utility
as anti-cancer agents. New compounds with such activity but different
pharmacological properties have utility as compounds for the treatment of cancer,
and indeed other proliferative diseases.

20
SCREENING & SELECTION STRATEGY
Topoisomerase |l poisons (such as doxorubicin and etoposide) are preferentially
toxic to cells that have high levels of topoisomerase Il — their toxic effect is achieved
by causing the topoisomerase enzyme to generate double strand breaks in DNA.

25
Their effects are antagonised by compounds (such as chloroquine and
dexrazoxane) that act on the enzyme without causing the double strand breaks.
These properties can be used to construct a process for selecting and evolving cells
that produce compounds that act as topoisomerase poisons

30
Yeast host cells are described in the scientific literature that conditionally express
functional human topoisomerase Il, Wasserman R. et al, Cancer Research, 1993,
53, 3591.

35 PROCEDURE



Step 19 Comrencing with the tenth cycle cells that show DNA danage of an
equi val ent |evel to that caused by the addition of 5 mcronolar 10

et oposi dewerd/ottaas show cancer cell growth inhibition arepcakmo3ouid44of the
evol ution process. The genes responsible for these activities are
characterised by subcloning and DNA seqygpci ng PRI ORI TI SED SPECI ES AND

TAXONOM C PS 15 Plants that prodyce _pod | | ot oxi n Speci e

general |y knolh SeBErRARE fe IR EeSaBE i EJMB8T s Gerineh BB AT b pss
Acti vat ors 2flibiting Ichahges3are snaaleve tHe flolawing humbened stgpsr essor gene t hat

i nduces apoptosis in otherwi se oncogenic cells. Dysfunctional p53 can nean
that the apoptosis does not occur and the oncogenic cell proliferates. A

| ar ge propor Bieprb.of t UBWACS chatamirdy skl nudputatiahs ps@ npadet esing b diff8emtr ot ei n
acts as.a transcription factor, ny. for f dysfunctional p53 have | ost

t he abi I5i ty to act as 2o 'ﬁ%%??%??%ﬂeggﬁéﬁ'&%%bur cells with such a
dysfunctional formaccunulate the p53 protein but transcription and hence
apoptosi s do t ocgur. In .such tunmour cel.l. conpounds that restore the
ability of ssgeﬁn}éysf uniﬁ? 8%8?”'@%"8%"" 8% H?ttc,"éﬁeed't ranscription, and hence
apoptosis would have utility as anti-cancer agents. Rastinejad F.,

Sci ence, 199 6, 2507-2510. S NILNG & .SELECTI ON STRATEGY p53 is a
transcriptio%tef)gagtor. ﬁg%?'%%ﬁ%{ﬁﬁcﬁ%.%tw%(ealcﬁﬂﬁar reporter systemfor p53 35
conpri 9€s a) a geneta. cTeepspulatan ispewably liquid ealture nndeh setectivs cdbdRions far
simlar WO 03/062419 PCT/ DKO3 044 132 . re ter protein i s placed under
the control of a heter%o 6&"{'%@@"]%8’6‘8%‘1%rPBPFOBI%{?Qr‘, ﬁp'oget her with b) an
i nduci bl e geneti c cdnsThe beteesiogolisrygnée aresinddgesifdercpressad bp 58-susending
construct can be used to screen for. conpgounds that activate the
Cranscription of tne CEB.CHS FRAPRIKE oM Deionne cBi 2D WiEeuder i bed
in Exanple 7 is perforamdat 883CEPthet dulb ard1grovird LihdeM indLCEIBRRGAGItIGHEIofBge t O

t he foll ow ng nunbered steps o
15 hours. Every 3 hours 25 % of the cell population is screened for DNA

damage by flow cytometry. The 25% of cells in each titre showing
least DNA damage are discarded and the remainder immediately
placed in non-inducing media that contains dexrazoxane at 100 mi-
cromolar concentration

20 c. Those cells that survive and are selected from step 8b are resus-
pended and grown under induction conditions for a further 12 hours,
but this time with dexrazoxane at 100 micromolar concentration
throughout the 12 hour period At the end of the period the cells are
screened for DNA damage by flow cytometry and cells representing

25 the 25% of cell lines showing least DNA damage are selected.

Step 9 Inhibition of cancer cell growth:
a. The population is grown in liquid culture under selective conditions for
the artificial chromosomes to an ODgy of 0.6 — 1.0.

30 b. The heterologous genes are induced/de-repressed by re-suspending
the cells in a medium lacking methionine and with 200 uM Cu,SO,
and at 35°C. The cells are plated and grown under induction condi-
tions for 48hours. A cancer cell line is overlayed on the induced cell
population. Yeast cells present in zones clear of cancer cells are se-

35 lected.



10 Step 5. EVAC containing cell populations are nmade using 10 different
normal i sed and enriched cDNA libraries in each. The cell populations are
t hen furtwerostosansf or mned accordi ng to standard protocol s WATIDK3/0p&G3
reporter system as descri bed above 15 Step 7 The screening population is
not divided Step 8 p53 activation screqgy a. The population is grown in

| iquid culture under selective conditions for the artificial chronpbsones
and the p53 reporter systemto an OD600 20 of 0.6 - 1.0. b. The

het er ol ogousSgpEs ar e Thedomeaticteselezydas Stphs Byarded sresgpepiifleshg the cells in
a medi um | acki ng nmethi onine and with 200 M Cu2SO4 and the cells are grown
under induction conditions for 36 hours. Any cells producing G-P are

di scarded. 2Step.16The dy¥ké ucsilt ipopalbtucpﬁasi aownslmreemboamﬁnblnad\uomélpnformDNAai ned

for 5 ays, al ongside |nduct| on/ res n of

are obsgr ved for produl¥PP ﬂm(?fas@'—'g '15‘!"%'&9“ ?Ln rg'BW{T {nﬁgv'oﬁt lcfnﬁ%r f?q,s

i nterval s throughout t hsing adeublayel entapsdatioel dystenhat produce GFP are
selected. 30 Step 9 There is no step 9 Step 10 The popul ati ons selected in
step 8) is anplified WD 03/062419 PCT/ DKO3/ 00044 133 Step 16 Each cell is
gel encapsul 8tepdiSand aCbowesthcing vigthahe tentti oycie célwtahtmmeDpamahwgecuian

Cl onal popul ations are_daoubl el sul at i,th g..tu | ine and
the gel droplets are sggﬁéﬁ%ﬁ @5?' %:&ag C(%'ﬁ% mheaﬁgd'f'%'bﬁgﬁ 6“'0?91‘“0'”

apopt od0s. The sel ect i etoposide end maasrmvseanceucéil grbwth inbibitibn afe taken oel &f | i nes
entering the screen arﬁwsel Eﬁ"ted Ste 19 Cel {Hepfr ﬂ} P within 1l
hour of induction and 0386"6@8%. geage@etsdﬁ%q?ng Sf "1R& a8t "?f‘t?rgn
process. The genes r espoadetides Hywubtlbriag aadDNA seqe@neing char acteri sed by
subcl oning and 10 DNA sequencing. PRI ORI TI SED SPECI ES AND TAXONOM C GROUPS

Organi sns reported to have anticancer properties (see list in exanple 10)
PRIORITISED SPECIES AND TAXONOMIC GROUPS

15 ¢ Plants that produce podophyllotoxins

¢ Species generally known to have anticancer activity

Example 13: Evolution of p53 Activators

20 UTILITY
p53 is a well known tumour suppressor gene that induces apoptosis in otherwise
oncogenic cells. Dysfunctional p53 can mean that the apoptosis does not occur and
the oncogenic cell proliferates. A large proportion of tumours have dysfunctional p53
protein.

25
p53 protein acts as a transcription factor. Many forms of dysfunctional p53 have lost
the ability to act as a transcription factor. Tumour cells with such a dysfunctional
form accumulate the p53 protein but transcription and hence apoptosis does not
occur. In such tumour cells, compounds that restore the ability of such dysfunctional

30 p53 to initiate transcription, and hence apoptosis would have utility as anti-cancer
agents. Rastinejad F., Science, 1999, 286, 2507-2510.

SCREENING & SELECTION STRATEGY
p53 is a transcription factor. A standard intracellular reporter system for p53
35 comprises a) a genetic construct whereby a gene encoding for GFP or a similar



Random group of taxonomi cally diverse eukaryotic species 15 Exanple 14:
Evol uti on of Funarate Reductase inibitors UTILITY Funmarate reductase
reduces fwoesat®140 succinate and is an essential step inrPCZKBAe4abi C
met abol i sm for many organi sns i ncludi ng pat hogens from such genera as

Lei shmani a, Hel i cobacter, Staphyl ococcusjgand Streptococcus. Conpounds that

inhibit the activity of fumarate reductase.can.p ch arasites or
pat hogens 1 SHSE @By thsep PRl isc pentif A mEBoIuage o iRElGHE ©os
control ling grhotdi, segether Bitic abs earf Unduciile geddict asestdioe semotingcderr a n
humans, suc ompounds, ul d_not have_signifigcan €It 0. h ns.
SCREEN NG & s BREBHA R AU R IBhaPRY Saf U L{dd B %.%r:egﬁlifg&c¥@ang§%8d by
the rate at wablivake the texscipsios oNABKGRIoN 30 the addition of fumarate. The
progr esg of the enzymatic reaction is nmeasured spectrophotonetrically at
0

340nm r detailed protocols see Chen et al., Antimcrob. Agents
Chenot her., PROGEDORB- 2029. PROCEDURE WO 03/ 062419 PCT/ DKO3/ 00044 134 The

same procedu t cribed jn le 7 js,pe ned, except.that the
S P OCeO e e bcdihRS b PR el PR TR, el
screeni ng poplibaingahangesare ntidel tddlik foBovBhg pulberedesterise r educt ase screen: a.
The screening population is anplified ten tines b. The heterol ogous genes

are induced/ de-repressed by re-suspending the cells in a nedium ]l acking
met hi orione altepd.t h 208VNOCCe2®@hindl Celinpbfuietione| dre aradegusing UM ddifferent

roduct a8 | 5 co- encaps IPAFHBATReRAFAEE SBNPR R ey T 4 BhiBions

m crodropl et. d. M cr odreothestfartivarritamisfurmgd facoerding eo rstghdard peotdnets with aEVAC
15 containing cells we ' N | i aui di a contai ning 100
m cronol ar NADH and lr‘n[e/?? te%%ﬁgﬁé%geﬁ@afﬁgﬁ @Fggbg\z?e 30 C

15 Step 7 The screening population is not divided

Step 8 p53 activation screen:

a. The population is grown in liquid culture under selective conditions for
the artificial chromosomes and the p53 reporter system to an ODggy

20 of 0.6 —1.0.

b. The heterologous genes are induced/de-repressed by re-suspending
the cells in a medium lacking methionine and with 200 uM Cu,SO,
and the cells are grown under induction conditions for 36 hours. Any
cells producing GFP are discarded.

25 c. The dysfunctional p53 is induced and induction maintained for 5
days, alongside induction/de-repression of the EVAC genes. Cells
are observed for production of GFP after 1 hour and then at 12 hour
intervals throughout the five days. Those cells that produce GFP are
selected.

30

Step 9 There is no step 9

Step 10 The populations selected in step 8) is amplified



Al'iquotes were anal ysed by flow cytonmetry to determ ne the opti nal

i ncubation tine. e. The mcrodroplet is placed in a |iquid nedia that

cont ai ns WO®3/02191i cronol ar NADH and 1 nM fumarat e and i necraied/oban t he
optimal period of tine. f. The gel m crodroplets are then passed through a
fl ow cytorret er and absorption at 340nm1@§asur ed. The acti vi ty of the

enzyne is ted from:t | evel rp t 340 cells with
The’ 55 | owes I v ity EBEN Erlb S, asT EcarSup B dio8Ro 1 g R BBRALED g
the 10% of cell |ines pop@ationg. Clmalspommlonstdne tdbeblgrmbesapsulamdownm a@an of

popul at ons. Sl acted | WG EgeE SR obf HaPiels o Seiderls Yor o ol

doubl e encapsul at ed w ahd &duauurmisapaptdsigeThecbah@tlen srnteaaarsmtcsecleﬂat 5%

PCTI DKO3 00044 135 bagl P cal Tk iR earh By e sl ect 1 on

criteria are set such that 5% of the cell |ines entering the screen are

sel ected Ste 9 CeI S t t i DLt i f  f duct ase S.
aur eus growt Ete 571 nhi b| r%&“%‘f B%dhg‘%ee%é ﬁ'ﬂ’é’it erh%gjgt Pdf"ﬁé’ﬁ P@éa{ﬂ(ﬁq%%ved by
addi ng |icochal cone t aptpiesisirarpl mkenabutaotdheeevmmdnomrc:desé. ither gendsar ar e

taken out of the evolu PQ for these

activities are char actéérsﬁgesgglgﬁgéﬁgc? %“%‘gega% C?e” é??é(l 8C|°_DL'59 and

PRI ORI TMIOSED SPECI ES ANDNPAssdONEMinYy.GCROUPS Pl ant r oot s Random group of

t axonom cal |y diverse eukaryotic species Evolution of function independent

of specific targets 15 Exanple 15: Evolution of cytoprotectants UTILITY

One of the cE’ﬁl@ﬁﬂl?pﬁb!ﬁﬁﬁiESfAN[hTﬁAk@NﬂW@(ﬁh@UﬂSy is that the anti-cancer

g?em |S| i ﬁg ;J ﬁgdngbﬁ%anl]s?rr\snr%lpo {osha%g a\'\’facanc‘fé}rS pr%%ggler sceee hsts in e-)l(-Qr%plseI 1%? effects
¢ Random group of taxonomically diverse eukaryotic species

15
Example 14: Evolution of Fumarate Reductase inibitors

UTILITY

Fumarate reductase reduces fumarate to succinate and is an essential step in
20 anaerobic metabolism for many organisms including pathogens from such genera

as Leishmania, Helicobacter, Staphylococcus and Streptococcus.

Compounds that inhibit the activity of fumarate reductase can prevent such
parasites or pathogens from completing their life cycle and hence are of utility in
25 controlling such diseases. Because fumarate reductase does not occur in humans,

such compounds should not have significant toxicity to humans.

SCREENING & SELECTION STRATEGY

Fumarate reductase activity is measured by the rate at which it oxidises NADH upon
30 the addition of fumarate. The progress of the enzymatic reaction is measured

spectrophotometrically at 340nm. For detailed protocols see Chen et al., Antimicrob.

Agents Chemother., 2002, 2023-2029.

PROCEDURE



cells can be so severe as to be life-threatening, and frequently nean that
treatnent of the cancer has to be abandoned. Conpounds that protect cells
agai nst swoln3ani4il9 cancer agents therefore have utility i rcTadasiong4t he
side effects of cancer chenotherapy, hence inproving both therapeutic
outcone and patient life quality. 25 Exiqgyi ng exanpl es of such conpounds

i ncl ude dexrazoxane and chl or i ne, .bat.h _ of Lch otegt cel ai ns
Lhe. oyt ot ox! & BrPRE g ogede AL I WiSensdl &rinel® B plNES. efibal Bt HE: o
such pr ot ect éolowirgr changediard msEREHM ffoWinGnLMGEIeaNdtepERATEGY 30 Host cel |'s
can be induced screened and selected for survival in the presence of
cytotoxic anti-cancer agents such as doxorubicin, taxol, vincristine and
cisplatin. Gtgr7a ser iTas sofeesiaf population ieomotidivitee concentrati on of
cytotoxi.c agent that a cell nust survive to be selected can be increased

35 PROCEDURE WD 03/ 062419 PCT/ DKO3/ 00044 136 The same procedure as t hat
descri bed i nSkegdpl e 7 Fumapse fadlunade serxceapt that the follow ng changes are

made to the follown nhered ste St ep 7 The screeni ng population is
divided into two equ%l ?ESISfrieSWQQ peﬁéatﬂﬂn 'Qg"Pﬁﬁe%tSPt“F@ﬁs i s screened agai nst
et oposi de (step 8) andThadetzrdlegoussganes reslinalgeedidd-reprassed byireauésdrelingd)
Step 8 Etoposide screen: a., The screenjn opylation is . i fi t tines
and divided in 10 10 3&??“8&%.3 ’B?d*ﬁ*ﬁb'agﬁ[}gﬂg%ﬂf’%&‘?@ﬁg "&ﬁbn%‘# BWSP#EC& qui d
cul tureounder sel ecti vang @i calls tar® gownolindeh hdtdindg ¢ahidalons Rer@aDIssUI® priéro  an

OD600 of 0.6 - 1.0. c.,The heterol ogous genes are induced/ de-repressed by
re-suspendi ng the cel {359 W'%edi um | acki ng net hi oni ne and with 200 M

Cu2SO4 15 and the agl Famarate gdodiase isd-endagslated Wit @VAC tortainingrcefidinhour s
prior to screening. d. Egch S bI opulation is diluted so as to have on
average each cell |in89PePBICEMIBY 3 tines. e. Each sub popul ation is

exposed to 1 out of & WidrgéropibtslOcarediniagt famafe t redstagé @fuop@si dEVAC
Sur vi Vﬁ|é rates are deter er 2 hours e .surviving cell oo%l ation

ned aft . . The . A
fromt hi ghest concefith a'f"lngnc%lfs \ggrgpggpt&aéed in"a liquid media “containin
micromolar NADH and 1mM fumarate and incubated at 30 C.

Aliquotes were analysed by flow cytometry to determine the optimal
incubation time.

e. The microdroplet is placed in a liquid media that contains 100

20 micromolar NADH and 1mM fumarate and incubated for the optimal
period of time.

f. The gel microdroplets are then passed through a flow cytometer and
absorption at 340nm measured. The activity of the enzyme is
calculated from the level of absorption at 340nm. The cells with the

25 lowest activity of enzyme are selected such that cells representing
the 10% of cell lines entering the screen with the greatest inhibition of
fumarate reductase are selected

Step 9 There is no step 9
30
Step 10 The populations selected in step 8 is amplified.
Step 16 Gel droplets are double encapsulated with S. aureus and gel droplets

are screened simultaneously for fumarate reductase inhibition and



where cells statistically representing 10% of the cell lines survived is
selected. 25 Step 9 Vincristine screen: a. The screening population is
anpl i fi edwDen/0624nes and divided in 10 portions. b. The s®oTmEwloatstons are
grown in liquid culture under selective con- ditions for the artificial
chronosones to an OD600 of 0.6 - 1.0. 3Q3g. The heterol ogous genes are

i nduced/ de-repressed by re-suspendi Jthe I1s in a ned uml acki

met hi onine and with 20 ai&ﬁ@ﬁ%&”‘"ﬁﬁﬁ“%%iﬁ? §e|5f:té°ng?r8w*? ‘Uﬁ&gfsﬁ'%&ﬂ@ti on
condi tions for 36 hour §%pofitee cell lnes @nteeing tige saleerEarelsekagtedpopul ation i s
exposed to 1 out of a range of 10 concentra- 35 tions of vincristine.
Survival rates are determned after 2 hours. The WD 03/062419

PCT/ DKO3/ 00084ep 187 suCellsythagsioet inhjbdioulohtunenaterredudtdee dridgiesireus growth

concentration of vincristine where cells statisti.cally representi 10% of
the cel 1211 nes. survi velMition el'd Same” 6k alsales e han 47 apfigvest BY) astiingns
selected in steps 8) alicbcBiicose totid fiopkktsaada ceqesltratiom whtismiztoraalahare

anplified population a ool ed, Ste 6 The entire popul ation. i W
screened for both et opg)agﬁeﬁeougﬁgthev?ﬁ PAPHRESYe esg‘gwg'er.esﬂ‘?{@'béeefoégﬁ?s&n
criteria are set such ttipities%dr@thard€etiseal medubcloningand MINA serguenbiegscr een are
selected Step 19 Cells that, conpared to the original population, show the
ability to resist a 10-fold higher concentration of etoposide, or a

10- f ol dithi gh@RIOBOHSED ISP&CIBA AND VAKONCOMIC@ROWPSa conbi ned 5-fol d hi gher
dose of both 15 t&g@ hei are taken out of the evolution process. The genes
responsible for t é’%i vities are characterised by subcloning and DNA

sequenci ng. PRIORRah&sR ghitip@f xoAdIichAXERENE Gukdidispedies Pl ant speci es of
t he genera Vinca Organisns known to produce Taxol (see list in exanple 10)

Exanpl e 16: Evolution of antibacterials 25 UTILITY
Evolution of function independent of specific targets

15
Example 15: Evolution of cytoprotectants

UTILITY
One of the central problems of cancer chemotherapy is that the anti-cancer agents
20 used kill normal cells as well as cancer cells. The side effects of killing the normal
cells can be so severe as to be life-threatening, and frequently mean that treatment
of the cancer has to be abandoned. Compounds that protect cells against such anti-
cancer agents therefore have utility in reducing the side effects of cancer
chemotherapy, hence improving both therapeutic outcome and patient life quality.
25 Existing examples of such compounds include dexrazoxane and chloroquine, both
of which protect cells agains the cytotoxic effects of cancer agents such as
etoposide. However more such protectants are needed.

SCREENING & SELECTION STRATEGY

30 Host cells can be induced screened and selected for survival in the presence of
cytotoxic anti-cancer agents such as doxorubicin, taxol, vincristine and cisplatin.
Over a series of selection rounds the concentration of cytotoxic agent that a cell

must survive to be selected can be increased

35 PROCEDURE



The wi despread energence of resistance has significantly limted the
efficacy of <classical antibiotic therapy for bacterial disease. Fuelled

| argel y bwotdamerecessi ve and often unnecessary use of antPidrnKa3m8044n
humans and animals, antibiotic resistance has resulted in increased
patient norbidity, nortality and overal hggost of 30 health care. There is
a strong nedical need for new.therapeutics to treat epnerging antibiotic-
fesi stant | nfeEERBRETORIICAT IR HeSPEr MEERYBR® fit AT COPEd Hgtr iRt T by
a novel or fillowigehangdsfare entiden® tHesblicwing hanberedseaps| y appr oved
antibiotics, as these would be 35 expected to circunmvent current bacterial
resi stance nmechani sns. WO 03/ 062419 PCT/ DKO3/ 00044 138 SCREEN NG &

SELECTI ON STS®WpPEGY Scr Thaisogeniag populdtioreisudivided ¢gred twod @qaalr mplicrtss Omedoff | ow
cytonmetry or an overlay system Use of a nmultiple.drug-resistant strain in
the prifary screen wil %eap%ﬁ?'bsr IS Sqore%rlﬁde%‘?a"?%retﬁ?cfsécpet ﬁsg‘?p ﬁg\?gd 35‘?i@*?‘%’y

agai nst a nulti-drug resesitcidganist aincristii@¢steppy oach set out in this exanple
can be applied to a range of mcro-organisns other than the one descri bed
here. Mammalian cells can be used in one or nore selection rounds and used
to sel ect fo8tédpmst cel Empobide seeennot produci ng conmpounds 10 with

manmmal i an cel | toxici t¥h PROCEDURE.  The sane p@ﬂ\?ocﬁ du&e as tdh t.d%iscq'bbed in
Exanple 7 is perforr‘?ed, %fgreeﬁpmgl_%c{pul[aﬂgn 'Y &M ge"c @ﬁﬁ@g are d& "o the
fol | owitog number ed st epertidfs.St ep 7 The screening popul ation is not divided.
Step 8 Antibacterial_ screen: a. An EVAC containin el | ulation i s grown
under induction 20 bcoﬁé? ﬂ’%Rgpu@.'ongtaé%Iq{'ff%@cllﬂﬁléog%ﬁﬁ”é%g'?ﬁ?% Gt -Ch ecﬁ%rgulgat ed
with the EVAC cont ai ni digonsier the drtifici chrohosomies pd @t ©Dgg of 0i8cuhati on i s
conducted for 24 hour sTha}lt er IWhi ch the dr.ogl ets are sc&gened bpy flow
cytonetry and the | ével "OMEEPIPETPRAG ‘ﬁce@d%"ﬁ@esé% RETEYTFE"PRYeach
droplet is measured. dthelEanpligasmuditm labend mssibnieeahd Wil 200eiMt CISOar e

sel ected such that 10% f host cell lines entering the scre are
sel ect da@. %nc? the cells are grown under inguctlron cgondlftllons or ngours prior

to screening.
d. Each sub population is diluted so as to have on average each cell
line represented 3 times.
e. Each sub population is exposed to 1 out of a range of 10 concentra-
20 tions of etoposide. Survival rates are determined after 2 hours. The
surviving cell population from the highest concentration of etoposide
where cells statistically representing 10% of the cell lines survived is

selected.

25 Step 9 Vincristine screen:

a. The screening population is amplified ten times and divided in 10
portions.

b. The sub populations are grown in liquid culture under selective con-
ditions for the artificial chromosomes to an ODg of 0.6 — 1.0.

30 c. The heterologous genes are induced/de-repressed by re-suspending
the cells in a medium lacking methionine and with 200 uM Cu,SO,4
and the cells are grown under induction conditions for 36 hours prior
to screening.

d. Each sub population is exposed to 1 out of a range of 10 concentra-

35 tions of vincristine. Survival rates are determined after 2 hours. The



Step 9 The cell population is transforned with CYP 3A4, CYP 2C9 and CYP 30
2D6. Step 10 The popul ation selected in step 8 is anplified. WO 03/062419
PCT/ DKO3/W0®34624189 Step 16 The popul ation is now screene@Crarkosmhiddi ti on
of bacterial growh and inhibition of CYP 3A4, CYP 2C9 and CYP 2D6. The
selection criteria are set such that S%Bc?f the cell lines entering t he
screen are selected 5 Ste e sho ha ter|
activity equal to that S%’?,[ ngvcegﬁepo%uka on %‘gfﬁy&%ea Coi]ggrgtﬂ%d@ﬁto é’ﬂcgﬁ'n@f 1
g/m and that do not i wheta ¢ellsts@sﬁb’&ﬂy)semesermagdn°/mftthefcelj heesestovivued N
process. The genes %gqgl ble for these activities are characterised by
subcl oning and DNA seg ?1 'ng 10 PRI ORI TI SED SPECI ES AND TAXONOM C GROUPS
Fungi Random gr oup of taxonom' cal | y di verse eukaryotic species 15 O her

AND OLERVAGE B 10rs. 1 n ARy ¢ T papretions, FANEER Fleps o a0 5) e maifed e og

t oget her vmth t hei r reeqgatiatoants cﬂ@aeteqmahfceel m:pdlatrdxeama:gmlqdm nts. W= A or
T, N=A C G or T 17 a) Unique, palindrom c overhang 25 Ascl G3*CGCG CC
Asi SI GCG_ATACGC Cci NI GCAGECC_GC  CspBl GCMGECC_GC 30 Fsel GG _CCGarCC
MchAl  GCMGGCStepC16 Not | THEEBBRE pepulaRart | is THoW ASEASehad f8inf bdth GRof e GEad

vincristine resistance. The selection criteria are set such that 5% of

10 the cell lines entering the screen are selected

Step 19 Cells that, compared to the original population, show the ability to
resist a 10-fold higher concentration of etoposide, or a 10-fold higher
concentration of vincristine, or a combined 5-fold higher dose of both

15 together, are taken out of the evolution process. The genes
responsible for these activities are characterised by subcloning and
DNA sequencing.

PRIORITISED SPECIES AND TAXONOMIC GROUPS
20 e Plant species of the genera Vinca

e Organisms known to produce Taxol (see list in example 10)

Example 16: Evolution of antibacterials

25 UTILITY
The widespread emergence of resistance has significantly limited the efficacy of
classical antibiotic therapy for bacterial disease. Fuelled largely by the excessive
and often unnecessary use of antibiotics in humans and animals, antibiotic
resistance has resulted in increased patient morbidity, mortality and overall cost of
30 health care.

There is a strong medical need for new therapeutics to treat emerging antibiotic-
resistant infections. A premium is placed upon inhibitors that function by a novel or
at least different mechanism than currently approved antibiotics, as these would be

35 expected to circumvent current bacterial resistance mechanisms.



35 Sdal CC_TGCAMGG Sgf | GCG ATACGC  Sgr Al CRACCGG YG Sse2321 CGMCCGG_CG
Sse83871 CC TGCAGG 40 WD 03/ 062419 PCT/ DK03/ 00044 140 17b) No over hang
Bst RZ246| WATBMAMAT Bst SW ATTTAAAAT 5 MspSW | ATTTAAAAPCIVEEK03GITHTAAAAC
Prel GITTAAAAC Smi|l ATTTAAAAT Srfl GCCCAGGGEC 10 Swal ATTTAAAAT 17c¢)

Non- pal i ndrom ¢ and/or variabl e overhangzgl5 Aarl CACCTGCNNNNANNNN_ Abel
CCATCA_GC Al ol ~NNNNN NNNNNNNGAACNNNNNNTCCNNNNNNNNNNNN® -+ Bael

ANNNNN_ NNNNNNNNNNACNNNNGTAYCNNNNNNN_NNNNNY -+ BbvCd - CCATCA_GC 20 Cpol
CGAGWNC_CG CSQREEBNUAR SELECTION STRGAGAEE CY Ppi I

ANNNNN_NNNNN ICTCNNNNNN NG u 2 X

RGAGAC_CY Pg %ef"ii&% g ﬁ%‘”g%\lg@& g %ﬁ’s“ﬂs%&%ﬁf 3 o &y

CGAGV\C CG 30 sﬁlaﬂl U@é;‘(‘cﬂﬂlrrﬁ(ﬂple drug -resistant straln in the primary screen will a priori
5 select for hits that have activity against a multi-drug resistant strain.

The approach set out in this example can be applied to a range of micro-organisms
other than the one described here. Mammalian cells can be used in one or more
selection rounds and used to select for host cells that are not producing compounds

10 with mammalian cell toxicity.

PROCEDURE
The same procedure as that described in Example 7 is performed, except that the
following changes are made to the following numbered steps

15
Step 7 The screening population is not divided.
Step 8 Antibacterial screen:
a. An EVAC containing cell population is grown under induction
20 conditions.
b. Staphylococcus aureus is co-encapsulated with the EVAC containing
cells in gel microdroplets.
c. Incubation is conducted for 24 hours, after which the droplets are
screened by flow cytometry and the level of cell proliferation by the
25 bacteria in each droplet is measured.
d. Droplets with the lowest cell proliferation are selected such that 10%
of host cell lines entering the screen are selected.
Step 9 The cell population is transformed with CYP 3A4, CYP 2C9 and CYP
30 20D6.

Step 10 The population selected in step 8 is amplified.



Sapl GCTCTTCNANNN_  Sdil GGCCN_NNNANGGCC SexAl AMCOWGSG T Sfil
GGOCN_NNNANGGCC 35 Ssel 8251 GGAGAC CC  Sse86471 AGAGAC CT  VpaK32l
GCTCTTCNANBING/04B197d) Meganucl eases |-Sce | TAGGGATAA CAGBEEDAANB/00044 Ceu |
ACGGTC_CTAAAGGTAG | -Cre | AAACGIC_GIGAAGACAGTITT 45 |-Sce ||
GGTC_ACCCATGAAGTA | -Sce |1l GITTTGG TAAGHTATTTAT Endo. Sce |

TGUCAAACACCT ROPATA GoGTATHFATYALSR 5 G6 SSHReR TR eiRcooy RhReEigs rgyn and

TTTCCGC AACAAGT | - Tev InhiNiONNAISYFCAGT, AT GT 9 Bh8YR2DE T AR CEHIddtlion@rit3/a0624 19
PCT/ DKO3/ 00044 141 More been .identified
el e soguence of 1 oate S SR RaFER S kel dnsseeteh i o oscresa@f%sae&ed

wwmwv. neganucl ease. com 5 Exanpl e 18: Concatener size limtation experinents

(use oF 5t PR VLol 3R oS Bt B 5l o v

dephosphoryl at ed 10 pSﬁﬁaQaﬁcbdmwctrfaxgeaanceaﬁatldnnﬁaarpgsfmuau@tmdElenhamtd used
as the nodel fragnment for gncatenﬁtlon

Aner har maci a
bi ot ech) was used for MEG&ArBH 348 GreR rﬂj‘tt?f t%ﬁﬁ?'agqrhrpé Q:‘?SFnjgﬁuQ %ns. 15

Met hod: Fragnents and adspBnsisie domingesl abtivitiddeart adhafileriobe eftdudtioning amde
arbitrary units) indicated on f.ribggures. Ligation was allowed to proceed for

1 h at 16C. Reaction BUPE¥ by the addition of 1 L 500 nM EDTA.
Producti® were anal ysed by

PRIORITISED SPECIES AND TAXONOMIC GROUPS
e Fungi

e Random group of taxonomically diverse eukaryotic species

15 Other examples:

EXAMPLE 17: RARE RESTRICTION ENZYMES WITH RECOGNITION
SEQUENCE AND CLEAVAGE POINTS

In this example, rare restriction enzymes are listed together with their recognition

20 sequence and cleavage points.

W=AorT;N=AC,G,orT

17 a) Unique, palindromic overhang
25
Ascl GGACGCG_CC
AsiSI GCG_ATACGC
CciNI GCANGGCC_GC
CspBI GCNGGCC_GC
30 Fsel GG_CCGG~CC
MchAl GCNGGCC_GC
Notl GCArGGCC_GC
Pacl TTA_ATATAA
Sbfi CC_TGCANGG
35 Sdal CC_TGCANGG
Sgfl GCG_ATACGC
SgrAl CRACCGG_YG

Sse232l CGACCGG_CG
Sse8387I CC_TGCANGG
40



standard agarose CGE (1 % agarose, 'h strength TBE) or by PFGE(CHEF 111, 1%
LMP agarose, 1/2 strength TBE, angle 120, tenperature 12 C,  voltage
5.6V/cm wbR@3sedsich time ranping 5 - 25 s, run tinme 30 h) PChdKasul4ts are
shown in Figure 17a and 17b. Exanple 19: Expression of different patterns
"phenot ypes" obtained using the 25 sanggygeast clones under different

expr essi on cgz%itti onsNCOIVories were picked with a sterile toothpick and
streaked seq ially ot Srh?lngt es corresponding to the four repressed

and/ or i nduc%%l g‘\/tél al-Trp, -Ual- Trp/-Met, -Ural/-Trp/+200, uM
Cu2SH, -Urag? (’2
28 RCT/

Cu2SH4). The result 30 is shown in Figure
24. WO Q3/06 044 142 Cainms 1. A nethod for screening a
cel |l prdduci | ea npound, said screening being for two or nore
functionalit(&8 of salg ofnd, said method conprising 5 the steps of a)
provi ding a Hﬁﬁositi | s, said conposition of cells conprising
cell s each "hoat | et er ol ogous expressi bl e nucl eotide
sequenggs, a ast o i SArd het er ol ogous sequences being |ocated on an
artificial ch'8hosomeTATAM 10 cell, at least 2 cells of the conposition
contain different heterol ogous expressible nucleotide sequences, said

cel l s being oted pgeducer cells D rfaormng one screening of said
popul ati on o(Til%c}el ls f ngtaﬁr!]dégrg\{c aéid{)oe{zvgﬁ%l%%ewrh?r% ated to the

functiqpaliti,es, and i ection criterion for each 15
par arreﬁ r, cﬁgﬁel ecti 'ﬂ@%’?‘ﬂ’ﬁ@hm | east one predeterm ned sel ection
criterion. 2 he net i

S A

ng clains, wherein step c) conprises
term ned val ue of nore than one paraneter,
The net hod according to any of the

%’ﬁ@ﬁﬁgf@“@ﬁﬁ\ﬁ@%hﬁwhﬁumﬁmmger rel at ed

contained wi fifin 20 S
wherein the I |

accor di2 gto N
sel ecting ce |
fl ch pa

preferably o
precedi ng cl glhs, whe
to activity g@%&PSt a

meet i

25 PpuXI RGAGWC_CY
Psp5li RGNGWC_CY
PspPPI RGNGWC_CY
Resrll CGMNGWC_CG
Rsr2| CGNGWC_CG
30 SanDI GGAGWC_CC
Sapl GCTCTTCNANNN_
Sdil GGCCN_NNNANGGCC
SexAl ANCCWGG_T
Sfil GGCCN_NNNANGGCC

35 Sse1825] GGNGWC_CC
Sse8647f AGAGWC_CT
VpaK32| GCTCTTCNANNN_

40 17d) Meganucleases
[-Sce | TAGGGATAA_CAGGAGTAAT
I-Ceu | ACGGTC_CTAANGGTAG
I-Cre | AAACGTC_GTGANGACAGTTT
45 [-Sce Il GGTC_ACCCATGAAGTA
I-Sce Il GTTTTGG_TAACATATTTAT

Endo. Sce | GATGCTGC_AGGCMATAGGCTTGTTTA
PI-Sce | GG_GTGCNGGAGAA
PI-Psp | TGGCAAACAGCTA_TTATAGGGTATTATGGGT
50 I-Ppo | CTCTC_TTAANGGTAG
HO TTTCCGC_AACANGT
[-Tev | NN_NNANNTCAGTAGATGTTTTTCTTGGTCTACCGTTT



6. The nethod according to any of the preceding clainms, wherein at | east
one paraneter is a paraneter related to activity against a pharnacol ogi cal
target, wod3ab2dlieast one further paranmeter is an ADVE paramaias/00@3 WO
03/ 062419 PCT/ DKO3/00044 143 7. The nethod according to any of the

precedi ng clains, wherein at | east one qaaraneter is a paraneter related to
a desired pharnmacol ogi cal property and another paraneter is related to an
undesi red ph 1 i of the
preced ng o1 BB EGRAGeioed H80F b igBnfleg, AR o, 18G5 ESERISoA Bt feofilor

phar macol ogi tab notamyetdettesrmmtdese&:e gonwermeganucleasecemti on with a |igand
phar macol ogi cal target. 9. The nethod according to any of the preceding
clainms, wherein a parameter 10 rel ated to act|V|ty agai nst a

pharrraccﬂ ogi Exampile 18 - Wpe )
enzyme phar nmacol ogi cal tar get 10. The met hod accor ding to any of the
preceding clainms, wherein a paraneter related to activity against a

phar macol ogi Mﬁtertaawm is interaction or non- 15 interaction with a
receptor pha I I r ge d|n n

precedi ng cl EIW%@Q (V\:%lg?angthe %aérla}re sc'grr?ceelfrg% hégi%tg ?’V\?lsgjﬁ %te %s

phar macol ogi eatl BasnHjeand depho$pHorylated or enhancement of expression of a
gene or, se My t t hod
accor di 1%y ¢ oPSPapaRogRi Nl theRBRPLIRT BLORN SRl ISR me ook fraéfitgwgis. on
i s caused by farlsencgienation. of a conmpound to bind to the pronoter sequence of

factore. 25 13 PR Lokl (R EhAK AnBmiAcht ol ot Ml Il MR Gl t°"

wher ei n a pamamgtasturersd@istiuelibnso activity agai nst a phar macol ogi cal tar get
is inhibition of growh of a reporter cell. 30 14. The nethod according to
any of the preceding clains, wherein a paraneter related to activity

agai nst15a phitethedo Foagnoats asd gats weresmixed|iathe ratiof(cgnaentratiafs are arkipanyt er

coup MBS iR o il geton his MBRESIIprbBSFRer t H & 188! REhGA' O™ @

was stopped by the addition of 1 pL 500 mM EDTA. Products were analysed by

standard agarose GE (1 % agarose, ¥ strength TBE) or by PFGE(CHEF IIl, 1%

LMP agarose, '2 strength TBE, angle 120, temperature 12 C, voltage 5.6V/cm,
20 switch time ramping 5 - 25 s, run time 30 h)

The results are shown in Figure 17a and 17b.

Example 19: Expression of different patterns “phenotypes” obtained using the
25 same yeast clones under different expression conditions

Colonies were picked with a sterile toothpick and streaked sequentially onto plates

corresponding to the four repressed and/or induced conditions (-Ura/-Trp, -Ura/-

Trp/-Met, -Ura/-Trp/+200 uM Cu,SO,, -Ura/-Trp/-Met/+200 uM Cu,SO,). The result
30 s shown in Figure 24. |



35 consisting of bacteria, fungi, protozoa, helm nth, algae, plants,

i nvertebrates, WO 03/062419 PCT/ DKO3/00044 144 vertebrates, mammali an
cell s, pawbagesi4e9 m croorgani snms, agricultural pests, celPica/DKBeot4ed by an
intracel | ul ar pathogen, virus-infected cells, tunor cells. 16. The nethod
of claim 13 or 14, wherein the reporter gell is a whole |ive organism 5
e.g., bacterb . fungi, protozoa, algae, plants, invertebrates, insects,
tardi grada, %ﬂ?ﬁ%ites, agricultural pests. 17. The nmethod according to any
of the preceding clains, wherein-the cell has been transforned to produce

at | east one,dr net abolising enzyne. 10 18. The nethod of claim 17

ther e the. dr o MR RY reBREfe A Xt Bt l eabt Bod GhPRyRb cRE iR PeP0s

Fl avi n nonooxy gmiaskes tiwdBPmghey fuastidnalittessdf eamsasnpoutd usaid imethal ¢onaprisirgr ases,
Sulfotrgnsferasiﬁs,s N-acetyltransferases. 15 19. The nethod according to
claim 18, wherel' 1eRE O rug metabolising enzyne is a Cytochrone P450, such
as at | east one P450 being selected fromthe group consisting of CYPl1A2,
CYP2B6, CYPZ%'LQ CI: P2C9 CYPﬁ.DG, CYI 2E1d CYP?;Iﬁé. fCYI?iSA5 CYiP3A7| C\(}PZCB,
CYP2CL 8 andt HEPYCIRP BSarPasey o £e's: 538 s8MPRSIH RLEP!IRCeBPEFRg Bl Ui m 18,
wher ei n t he dr ugithmattiedss tws hagraogopsexpessibleUieleglije ssylences) st &rassass ofUGTS,

7 Do S PPk RG0SR Ot 0B S0 P

25 21. 1A net hoccelicatdeatt agetioofcthaicomp8sitiothameain diffeeent hetgroledab @xpeissigleenzy me

is a dutathian P‘%Eiﬁn f erases GST ML-1, GST P1-1.
I

GST, such as T -1
22. A method acdtt % Bl ﬁ?'%,e"%ﬁ%%Pﬁnc{t%p@ﬁlﬂﬁerr?@{l%lboI ising enzyne is
a Sultotransferases (SULTs) such as SULT1Al, SULT1A2, SULT1A3, SULTIE, 30
SULT2A1. 23. . The d._accordin .an f.th [ di clains 17 to 22,
wherein the B)r LPge %{agbo&%i s"sc? egnm@g%f;%égi%p@?%%negf g‘?('fﬁ'gfsrng{]% Sttg PAFRINRIS| s
wi th the heteroblatpuso thex furetisndities, nard deterdmirgequssiestion Glerith 638/ &&R419

PCT/ DKQ3/ 00044 145 24. The method according to claim 17 to 22, wherein the
dr ug n@?’abol i sipr?éarg% Ve

c) selecting cells meeting at least one predetermined selection criterion.

2. The method according to claim 1, wherein the compound is contained within
20 said cell.

3. The method according to claim 1 or 2, wherein the compound is excreted from
said cell.

25 4. The method according to any of the preceding claims, wherein step ¢) comprises
selecting cells meeting a predetermined value of more than one parameter,

preferably of each parameter.

5. The method according to any of the preceding claims, wherein at least one
30 parameter is a parameter related to activity against a pharmacological target,

6. The method according to any of the preceding claims, wherein at least one
parameter is a parameter related to activity against a pharmacological target,
and at least one further parameter is an ADME parameter.

35



is placed outside the cells wth the heterol ogous expressible nucleotide
sequences, or in reporter cell. 5 25.-The nethod according to any of the
cl ai ms 17wWoosd&41nherein at | east one drug netabolising @cTRE»3i0804pl aced
outside the cells with the heterol ogous expressible nucleotide sequences,
and at |l east one is placed inside said gghls. 26. The nethod according to
any of the clLai 17 .to 10 different dr

25 erein at |east two g
ot abol | o1 ng erDielid FREIING 1Syt b Ebeedty cipgps RRER Bt lpesieney, 4
such as at | easparamefeoris axparpinetertrelagaisto ,desiedh pharmdcolaefcal pidbertd 7andThe
met hod accordin o _any of the preceding,clai wherein one functionality
' the abi 1ity SOVEHEAAIBUREREaNE ¢ ARdser s PRomECRIotiel PaReRl |
including a 15 human cell. 28. The nethod according to claim27, wherein
one functionali is.screened b culturing the cells in cannection wth
Tror tal sed SRR ERE g bt dbr HEeARiboc Rty PR EBIIRI or a
met abol i te of tremateabnpoaondity ragains?@ phamhacelogivanpangetrestinterittiod her wet-hod
according to cl

al m 28 erein . the cultured i rtalised cells are grown
in a confluent'H@H5%893$ﬂédﬁaﬁ% AiRgglo ?ﬂa@%EFrable perneabilities are
sel ected. 25 30. The nethod according to claim28 or 29, wherein the
cultured i rtalised cells .are |liver, epidermal, epithelial, nasal, or
Tung cel 15, Bn. T Eetsrhtror oy S dhE P Reng, caft aMerefed eI
i mort aloi sed celelatechtoeactisify agdiesttee phdrmacvlbgiealgamep iscintgpadtionrng dbgemse ool on
carci noma cel

C O oGl Bl 5h i BB b fial iEglad o Ger by Cant e i dney
(BBW). 32. The nethod according to any of the clains 28-31, wherein the
C Lo 7S b B 50057 3o Moe o e i a6
nonocar boxyl i ¢ refatetl tto sacsipity tagamst & paptmateldgicansaget ds Snterdctiamsqonder s f or
\rg® TR AeRRBE M SRR i S ([OPI IO, IR VR
any of the preceding clains, wherein the activity of at |east one drug
resi stance p"HmT h%f mte %dhgcsc%rcﬁr?gl Ito ia?'ny Co?%er %lrtlacee in%yclgirr%s?)%h%rré}% le{ }Sarameter
related to activity against a pharmacological target is inhibition or enhancement
of expression of a gene or a set of genes encoding a pharmacological target.
20
12. The method according to claim 11, wherein the inhibition or enhancement of
expression is caused by the ability of a compound to bind to the promoter
sequence of the target gene, or the ability to bind to or not bind to transcription
factors.
25
13. The method according to any of the preceding claims, wherein a parameter
related to activity against a pharmacological target is inhibition of growth of a

reporter cell.

30 14. The method according to any of the preceding claims, wherein a parameter
related to activity against a pharmacological target is stimulation of growth of a
reporter cell.

15. The method of claim 13 or 14, wherein the cell is selected from a group
35 consisting of bacteria, fungi, protozoa, helminth, algae, plants, invertebrates,



control |l able pronoter. 34. The nmethod according to any of the preceding
clainms, wherein one functionality 10 is toxicity. 35. The nethod according
to clai m30,03wbBmei n toxicity is screened by using a cel |l pCurpxasfoersat i on
assay 15 36. The nethod of claim 35, conprising the use of freshly isolated
human hepatocytes, human liver cell lingg such as ACTI VTox and/or Hep &2.

37. The nethod ac any of the rece n, an

functionality Yﬁﬁ{ﬁ%%grﬁlg%l Xn 58"33806“ o' é%’i%’?ﬁu ﬁ%{u‘tuﬁurgl 8?%1337
wher ei n nut agendetls infested hyeasuﬂmdelh}}artplamogea,twue-ﬁnfemeecelds—, tamaxtcellsn i n an
organi sm 39. The nethod of claim38, wherein said organismis an ani nal

cell, or nore 25 preferably a m croorganism 40. The nmethod according to
any of the précBu mgthobaif nlajim waer ¢4, rwhenan thenepoderadellitiy a v&k@ldle/leairgnﬁsrhpi ty.

more. finet i onal ot CeGehRciungy DR aiondoBRE" PhBRetiei TselE BRSNS

enzyne. 42. Theparasitesdagrcolburdl pegtd. 0 any of the precedi ng clains, conprising
perform ng at |east one screening for at |east 3 paraneters related to the
two or nore 35 functionalities. WO 03/062419 PCT/ DKO3/ 00044 147 43. The
met hod accor dVvnthd methoy actorting tp mey efitha prededingslaimenphersinrthe pell hay beemg at

| east one scre ar ters latedtothetwo or nore
functionaliti egtpalrgﬂ%&u%ﬁéroﬁ@?%%tde%sg88$§Eurgdn?t85%w1goﬁnzng precedi ng cl ai ns,
conprisiong performng at |east one screening for at |east 5 paraneters
related to t C I raneters,
for exanple g? ' -fﬁé&;@g {h?g%?aglg'rrré? Zréﬁe%@l}ﬂ&%#@? a%tgﬁ%gﬁsg eﬁﬁzﬁrggé?ré? %}tgg P
exanpl e at | eas@ytécmannanfﬂ@os,, Badh asnabxyb@nhsssst UDP pglycosyttmnsferdses,
exanple at |ea e ters, for
exanple at |eas %’g%g%tf%ra ges ?ﬁgﬂraggfegése%as Ceégraﬁgéé%g?er s. 45. The
nmet hod according to any of the preceding clains, wherein the strength of
15 19. The method according to claim 18, wherein the drug metabolising enzyme is a
Cytochrome P450, such as at least one P450 being selected from the group
consisting of CYP1A2, CYP2B6, CYP2C19, CYP2C9, CYP2D6, CYP2E1,
CYP3A4, CYP3A5, CYP3A7, CYP2C8, CYP2C18 and their allelic variants.

20 20. A method according to claim 18, wherein the drug metabolising enzyme is a
UDP glycosyltransferases, UGTSs, such as at least one UGT selected from the
group consisting of UGT1A1, UGT1A3, UGT1A4, UGT1A6, UGT1A9, UGT2B4,
UGT2B7, UGT2B10, UGT2B11, UGT2B15.

25 21. A method according to claim 18, wherein the drug metabolising enzyme is a
Glutathione transferases, GST, such as GST A1-1, GST M1-1, GST P1-1.

22. A method according to claim 18, wherein the drug metabolising enzyme is a
Sultotransferases (SULTs) such as SULT1A1, SULT1A2, SULT1A3, SULTIE,
30 SULT2A1.

23. The method according to any of the preceding claims 17 to 22, wherein the drug
metabolising enzyme is placed externally to the cells with the heterologous
expressible nucleotide sequences.

35



the selection criteria/criterion is increased for at |east sone of the
repeats. 15 46. The nethod according to any of the preceding clains,

wherei n twe wywpe1of selection criterial/criterion is changed/IiKms/oat44| east
some of the repeats. 47. The nmethod according to any of the preceding
clainms, wherein the strength of 20 the gglection criterion/criteria

i ncreases w he r ats and/or th ectl on eriais
changed for 2{‘1 Itréeag‘te r?gcggngﬁgcmggt%%n)gperf ﬁgf%@eg?&? '&ﬁﬁ@zym? any
of the precedi n;g pIaaedeoutsmerteenceIISemmar #reetheterolbgbuat estptessiblee nugkeotide nor e
functionalities_in an ear. | f screening is a 25 generic paraneter,
and one par anmet FAYPET R 8H'Htr%[’cfr%éc?ﬁncti onality in a later round is a nore
specific parameter. 49. The method according to any of the preceding

cl ai nB, mher t he punber of ara ers, _scr ed.far si Ita eous|
o e e ek e el o Ring BAR A BRI RS affer S IR B8 B i ng
to any of the pmetaedisiy cdrayme, iswipacedn oatsideealsd cufle wﬁnrﬂmnlhegprolsgajsnem um
based screen, such a nusual subst.r .cells.on toxin
e or me e e SRt RUbuP SR By AR R o83t ol R irRile iP5\
03/ 062419 PCT/ DKO3/00044 148 51. The nethod according to any of the

| east_ _on sel.ecti el.e t|on on

di I '

Phe basi s of 28Ul VIR Apdraing 13,45 7, MBCURLE hf 16 e gHiSTOBA BEPcRihess.
spectr alo pr operdifferent qrogdhstatidlising @hyyree ayemeseal buch 4y/at 1Bag 23, fdrhexamgldaid
aCe0Tdl 000 Al S0 B A5 B LB MBLE D ol bR, oLt o
tenperature, osnolarity, light, and electricity, | eadl ng to cells bei ng

I d basi f I t :
bt N e T e e ey
The met hod accads dhengbitity cditlye odmpdumdpto deetdkerg up Ibgiammamntediaeicell aihclldiag ta one
sel ecti %n cri t%ﬁ%‘a@ the capability of survival of cells when grown in

in |

medi a Havi ng hg concentrations of a substance conpared to what the
unnodi fied cell can survive. 15

28. The method according to claim 27, wherein one functionality is screened by
culturing the cells in connection with immortalised mammalian cells and
detecting the effect of the compound or a metabolite of the compound in a

20 receiver compartment.

29. The method according to claim 28, wherein the cultured immortalised cells are
grown in a confluent monolayer and compounds with desirable permeabilities

are selected.

25
30. The method according to claim 28 or 29, wherein the cultured immortalised cells
are liver, epidermal, epithelial, nasal, or lung cells.
31. The method according to claim 28, wherein the cultured immortalised cells are
30 selected from the group comprising human colon carcinoma cell line, dog kidney

cell line, the Madin-Derby Canine kidney cell line (MDCK), everted intestinal
rings, brush-border membrane vesicles (BBMV).

32. The method according to any of the claims 28-31, wherein the cultured
35 immortalised cells express one or more of: the apically located efflux pumps, P-



54. The nethod according to any of the preceding clains, wherein the two or
nore functionalities are related to production of non-native netabolites,
pr ef er ablwo s@camgary net abolites. 20 55. The met hod accordirmkmoomay of
the preceding clains, conprising the use of a fluorescent anal yser. 56.
The nethod according to any of the precggdigng clains, wherein the selection
of positive cells eting the ast qne sel ection crlterlon i S
perforned by nE%mgoprggmg,f 'F‘PU%%%% ﬂgtlt(/a@tsg Lo | dineptidsy SransReRs's. 57

The met hod accottalisportére fot &irge 56utra4/rui*ﬁ|ﬁ<b raclide e ABCGrransgoftérs ese PgprMBRS] gnal

or et o of ogoddP40IBR2: HRES MAREEMEP, Miin aB8 AR 8GR 0% na

selection criteria are selected on by neans of FACS such as at least 3

criteri for anpl | e st i as at crit

For  exanbl e 2o TEaBehed aepidiiado oty ek Srapedtih g Wnerdiy dq aotfisolig ™

03/ 062419 PCT/ Dléﬁs’l/d?féodrﬂng rédittah&e pling dfehéddsncslDisdiongolierl BY annexdérnamher ei n

at | east 10,000@{9@ |Ia}(beare sorted by the cells sorters per second, nore

preferably at plakle B9FYYr second, nore preferably at |east 100, 000

per second, nore pref erably at | east 200,000, nore pref erably at | east

500, 000, nor ef er st 750,000, refera t

1000, 000 pe 4o b RAMOY GoBaclg R gy 2L e o St of LeHe Tl

cl ai nms,10nher ei nistduitgel ection of positive cells neeting the at |east one

selection criterion is performed by neans of survival in the presence of

ot her organisns. 10 61. A nethod according to any of the preceding clains,

wherein the 3elmmemodfaccmsigttb\manme34 whizes ita)irity e seteeh€dby ueing esediiect i on

criterion is perf nmeans of having a growth advantage in nedia

where growt h reﬂﬁﬁ?%ﬁo’f' ﬁ%saé(xpr ession of reporter genes that when giving a

desired response produces a conpound vital 15 for cell survival, e.g.

ant Dl o © T 8! e NS d &f Chieint s, SprRing®Me UseP b YR isofP RN ©
hepatocytes, human liver cell lines such as ACTIVTox and/or Hep G2.

37. The method according to any of the preceding claims, wherein one functionality
is mutagenicity.

20
38. The method according to claim 37, wherein mutagenicity is measured by the
rate of reverse-mutation in an organism
39. The method of claim 38, wherein said organism is an animal cell, or more
25 preferably a microorganism.
40. The method according to any of the preceding claims, wherein one functionality
is teratogenicity.
30 41. The method according to any of the peceding claims, wherein two or more

functionalities are related to the same target, such as the same enzyme.

42. The method according to any of the preceding claims, comprising performing at
least one screening for at least 3 parameters related to the two or more

35 functionalities.



62. The nmethod according to any of the preceding clains to 50 to 61,
wherein selection conprises use of any of the selection nethods in any
order. 20w033/0d4e9 net hod according to any of the precedi n@cainaom®oide 50 to
61, wherein selection conprises any conbination of the sel ection nethods.
64. The met hod according to any of the pguecedi ng clains, wherein the cells
are 25 enclosed in a screening unit conprising reporter systens. 65. The
met hod according to claim®64, wherein the cells are enclosed into

| i posones, beadthe rgbmsd aceddhboodny,ef the mecegi‘mgsctlaumc bﬁrpbﬂ@@gsperﬁﬂnﬁr@ atThe
met hod accor di e cells ar cIo ed |n

dropl et o compifast oy gePBaEs 1Hh i etk b hetane Bus KRG, & Lo Wie) chapere
carrageenan, dbmﬁmeanwscellulose pectin, dextran, or polyacrylanlde 67.
The met hod according to claim64, wherein the cells are enclosed in a | ayer
35 essentially non-penetrable by the conpounds being screened. WO 03/062419
PCT/ DKO3/ 00044. ThE5Aeth8d attmdingtib ady at:ttmrmlecmgintg)clalh&i, nmrﬁénsnvgﬁﬁerﬁirmlrtd‘la

non- penetrabl e eria rial The t h ccordl ng to
Crai m6a " wher AP e sotsafa fob R e d o ReffraetBis, reibdioone B 100

reporter syst er@msgtiopallties, suahaeraltleagt @varléﬁ@ﬁers?fer eﬁmpleret lzast Bp&reméteng to
claim64, wherejin the

orter enca sul at ed
into one |ayer S&Fh ﬁélatj?%sdl e%ramfgers,lfo %aémﬁl%t g% %ﬁfafnﬁ S ol :f}sn%64
wher ei noone | ayenstdowrameters Her pravople et leasehsspaeandeterse sQth m;ra Ie&pazot er
systen(s), and a_se ond a one noJ e d ffer orter
systen(s), and p&{ﬁ'?% S W eéarinm% eg;?f%mrﬁwegers,fswl? ﬁﬁfi |e3§,t pqg% ¥f%es one
or nore reporter systen(s) 15 72. The met hod accordl ng to cl ai m 64,
wherein the uc I S. enca ted in. droplet
And at || eact Ty DeBRERE arcbBiBaR Yt e BsPard dame HheBhehe s erne F he
sanme gel dr opl ehe s&léctitd. crillénie/onedrionds iacieaset fog at leastisaime di4he rspeatel n t he
produc cell is encapsulated in one |layer of the gel droplet and a first

reporteP systemis encapsul ated in another |ayer of the sanme gel droplet
and at | east 46 Thecmethodepamotding $¢ ahgmfithe preceding claims, wherein the type of

selection criteria/criterion is changed for at least some of the repeats.

47. The method according to any of the preceding claims, wherein the strength of
20 the selection criterion/criteria increases with the repeats and/or the type of

selection criteria is changed for at least some of the repeats.

48. The method according to any of the preceding claims, wherein one parameter
related to the two or more functionalities in an early round of screening is a
25 generic parameter, and one parameter related to the functionality in a later

round is a more specific parameter.

49. The method according to any of the preceding claims, wherein the number of
parameters screened for simultaneously increases with the number of screening

30 rounds.

50. The method according to any of the preceding claims, wherein at least one
screening is @ medium based screen, such as using unusual substrates, growing
cells on toxin comprising medium, growing cells on inhibitor comprising medium.

35



encapsul ated into yet another |ayer of the sane gel droplet. 25 74. The

nmet hod according to claim®64, wherein the producer cell is encapsulated in
one gel dwopBet24and one or nore reporter systens are encapsainxmsmdoisa one or
nore separate gel droplets and all these gel droplets are encapsul ated
together in a gel droplet to forma scrggning unit. 30 75. The nethod
according to 0 i cl ai wherein t| ecti of

positive cel PZ‘Wn%eeheﬁl%%t %éé:%gcﬁ'gq Eggpy o%gﬁ%@r%%etdfngndé'r it zﬁeéﬁniagqﬁﬁtf%}ened by
means of an ovsEldctign adtedyn issalettiov en treeybasissafysucdvahrsuperioy greywth; Heviating
system(s), and . i i cki it | 1s, ,\WWO 03/ 062419
PCT/ DKO3/ 00044 m%ﬁ8%%05%‘%@%#%?%%9&%8@%@?%?%%?{“88‘3%0"0‘?&?% n4|c‘?r"5écé'<¥' ‘ng

clainms, wherein the selection of positive cells neeting the at |east one
selectign cri on. uLs. perfor | acin i ngl | gnal

pr oduce?’ cel Féﬁﬂﬁen}eﬁlﬁc’gng&\ﬁ’g‘{'rﬁgg‘? %Vﬁﬁi‘ﬁgth’@ %er"g'fgit%fé‘!"q%%@e'ﬁeﬁi'8%33&%}% si ng
reporter syst emdesctiomnuiteranuial selected tfrmatat degst cdnen ghydicgb asitdrione subh sl | s.

. Th hod [ f [ | qj ' id
eporter syst daparthg e Ryl R 208, SoaGH: o do Tors HORG 805 RHD
reporter cell chebesiagf streival; slpegiougrdvah t deviatieg ondreholag, Istickirsg Sspethal
nmet hod accordi oéé?‘ti@é?i(m%ulétgﬁ 02{,62’%2&6%%59'{@ nms, wherein said reporter

systemis a cel ree’repor he met hod according to any of
t he prd@edi ng clains, wherein the selection of 15 positive cells neeting

the at | east sel [ 1 Lon | rforned ns. of plating
cells on a nggrﬁ% ﬁ‘&n%%’%%ﬁg{'d%r% q0Y gﬁ;?é)g)r%c%gﬁncagﬁ}s% ﬁ"i‘\?é '%%ﬁ;illoé".e 80.
The net hod accetiction tcatezsioy infthe ltepatilidy edi sugvival aif glls whenegrowa inonediai t i on
of cells conpry t 1 cal Ly _djfferent |ls., 20 81. The

met hod accordi ana%?'g gr%:{/éagﬁ\ %t ﬁég%%g‘grg{ééﬁsnéﬁ cf aléurpss‘,?an\e/\éﬁe?érﬁﬁar dc Onpvg%altt%@n of
cel | s conpri sesunatodifiedsell ¢dBsgeime.i cal |y different cells, nore preferably at
| east 4£04, nore preferably at |east 105, nore preferably at |east 106. 25

82. The nethod according to any of the preceding clains, wherein a
conposi ti on 4. Theghéthod angrdisg o aty betet prédedingeciainesawhgreih fHectwendr merel s,

such as at | eaf%nclrigﬁaliéigg {L&é Cr?lla)\{réé f Ho%'ﬁgt'ign 6F hbR-nafi RS, %Feftler%%@t 109

gentically differen
secondary metabolites.

20 55. The method according to any of the preceding claims, comprising the use of a

fluorescent analyser.

56. The method according to any of the preceding claims, wherein the selection of
positive cells meeting the at least one selection criterion is performed by means
25 of fluorescence activated cell sorters (FACS).

57. The method according to claim 56, wherein the sorting is based on a signal from
an intracellular reporter system, said reporter system being native or
heterologous.

30

58. The method of claim 56, wherein at least two selection criteria are selected on
by means of FACS, such as at least 3 criteria, for example at least 4 criteria,
such as at least 5 criteria, for example at least 7 criteria, such as at least 10
criteria.
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exanpl e at |east 1010, such as at |east 1011, for exanple at |east 1012,
such as at least 1013, for exanple at |least 1014, such as at |east 1016,
for exanpwe mateiseast 30 1018, such as at |east 1020. 83. pthKmsiohod
according to any of the preceding clains, wherein a conposition of cells
conprises a collection of cells from ongggpeci es. WO 03/062419

oroducer col 8- Inheltes skPIELE e ishn ot itteE Biodg sHl iR Perledy

nucl eoti de sequbecels saters passedondeaste firsferalflpat Eaanpd,e0@ pet ssrohd 2fpresuch

as at |east 25, X t r_nore

t han 60, such apsrgfa%%aq%égig?LgSﬁ}Ofdo@%ze%f%g?%os’grt%P? @Zesfcte;a%&ggt?igasg%gﬁ%gg BP9 east
2880 for ﬁxanplmefatadlyea@eas(ﬂoo,OQOcdnomglaratere}[uh?atIef’éigggfgooé rgmaar_lpgbterat{[h%]aﬂdeast
1 , S as xanmpl e a eas . . e nmet ho
accordi #5 to cﬁg?érﬁg)}fo’@%%éfs%&hﬁdg di fferent expressible nucleotide
sequences cone fromthe sane or fromdifferent expression states. 10 86.

The net hod aggoy di - of t r i ng. cl aL.ns, er.ei,n substantially
all heterol §§oﬁg$é§§%‘§r g%‘g‘%'f‘@ t%ua&?e&éttﬁéz)%s%gﬁ‘ n@ée'g%arw ef%%ét?eeae%ﬁt'o@ng or
nore artifici glositive celismeetng the 8 easlTore saltdiod categionds perfdronedrby rf)éartshe
precedi ng cl ai i ysie) it . cells conprises at | east one
cell, said at @3&%’%@ t@%bfé%ggﬁprioztﬁ‘%@?&ﬂsﬂsf | east two expression
cassetti®s of the following fornmula: [rs2-SP-PR- X-TR- SP-rs,} 20 wherein rs,
and rs2 togekhe : rjcti i . SP_.indi yvi dual enotes, a
spacer, PR déﬂb’% gge‘?rgﬁpggcr?gglégﬁécaggadgﬁﬁe (sﬁéc%ﬁj'r?gtﬁ%mshév\ﬁfﬂe@gi]%S%Fafoga%ft one
cell, X denot gosiine eglfs rasgiirty the rat tdasbonedse|swiqn eritegipn 265 pdiforohed dityeseans

‘ , : .ol i.d id
sequences. ' ber ) AUl adfrouive BT Rigp Wikus gRA TR BEBHBRER o5 o
any of the preceplrey gehes that wivas rghiing & kesiedd resptsetproduces @r ecsgpduing vital

nucl eotjede SeAUENEEP safal, Wb hilitHcVreSRlaRES Farké®Belt JERClrof pldthihs,
engt h CDNA sequence.

auxotrophic markers.

62. The method according to any of the preceding claims to 50 to 61, wherein
selection comprises use of any of the selection methods in any order.

20
63. The method according to any of the preceding claims to 50 to 61, wherein
selection comprises any combination of the selection methods.
64. The method according to any of the preceding claims, wherein the cells are
25 enclosed in a screening unit comprising reporter systems.
65. The method according to claim 64, wherein the cells are enclosed into
liposomes, beads, ghost red blood cells or ghost macrophages.
30 66. The method according to claim 64, wherein the cells are enclosed in gel droplets

comprising agarose, polysacchoride, carbohydrate, alginate, carrageenan,
chitosan, cellulose, pectin, dextran, or polyacrylamide.

67. The method according to claim 64, wherein the cells are enclosed in a layer
35 essentially non-penetrable by the compounds being screened.



89. The nethod according to any of the preceding clains, wherein at |east
one cell 35 of the conposition conprises at | east one concatener of

i ndi vi duaWwoW 06241962419 PCT/ DKO3/ 00044 153 ol i gonucl eot i deToagB®bG4@S, each
concat emer conprising an oligonucleotide of the following formula in

5 --->3" direction [rs2-SP-PR-X-TR-S P-rygg ]|n 5 wherein rs, and rs2

toget her denote a restriction site, SP individually denotes a spacer of at

| east two nucl eoti de bases, 10 PR denotes a pronoter, capable of

functioni ng 68. Ha nethbd lacesrtingneclaih b4, whérdianiod asn-panatrgbleasstekiblds auipldeot | de
sequence, TR denote | @ termnator, and wherein n >_ 2, and wherein at

| east two exprerggﬁ B%e nucl eoti de sequences are from 15 different

expressi on stat es. 90. The nethod accordi ng to claim85 or 89, wherein the

at | eas tvvo fere sta epress t at | east |fferent
ti ssuest5 suc as afn r}i ?&({6\,\%%5 aH@ g‘g Wh %g‘ 8? 5 ara?s?nct%mg%go'f’ 9eluch
as at | east t\Amrgpiatsr@mpﬁémglepoﬂeesymm(wpamdorsdrtnng by A m 90, V\/ner ein
the two different species are fromat |east two different phylae, such as
fromat |east two different classes, such as fromat |east two different

di vi si ons, n0.£Ther méthod lalcyorfiingro alairh édswhénen tthefcells end thesreperkerraydiengs) such
as fromat |east t | t Ki aps., 25 .92, The nethod according to
cl ai m 90, wher ' ﬁﬁaeo%gﬁie%q'g{s% c?ng I%&i&@?l (5?%et§hd anot her species is a
prokaryi®te. 93. The nethod according to claim87 or 89, wherein
substanti al | enc e recogni sed b
estriction ShayiemBighoopdhar BN ER e RCRUT fom e PBRupey,
sequences are sighsaadbnalol ynore eaporteasystv(s), Ene areddoad Iaee codprigestanecdrai m 87
or 89, wherein .| east .1 for ex | e _at | east
20, such as at rﬁorjgsq'ﬁéigher? éérter Snt%%gsr}a%?q gédté a@‘b?ah'?go ﬁ'érﬁh 8’5%%8%3%' to 60
or nore than 6®onmguises aige at mbmeasportes sy$tem(®xanpl e at | east
15
72. The method according to claim 64, wherein the producer cell is encapsulated in
one layer of the gel droplet and at least one reporter system is encapsulated in
another layer of the same gel droplet.

20 73. The method according to claim 64, wherein the producer cell is encapsulated in
one layer of the gel droplet and a first reporter system is encapsulated in another
layer of the same gel droplet and at least a second reporter system is
encapsulated into yet another layer of the same gel droplet.

25 74. The method according to claim 64, wherein the producer cell is encapsulated in
one gel droplet and one or more reporter systems are encapsulated in one or
more separate gel droplets and all these gel droplets are encapsulated together
in a gel droplet to form a screening unit.

30 75. The method according to any of the preceding claims, wherein the selection of
positive cells meeting the at least one selection criterion is performed by means
of an overlay assay, said overlay assay comprising reporter system(s), and

manual or automatic picking of positive cells.



WO 03/ 062419 PCT/ DKO3/ 00044 154 100, such as at |east 200, for exanple at
| east 500, such as at |east 750, for exanple at |east 1000, such as at

| east 15080 Bos24exanpl e at | east 2000. 95. The net hod accaecainipstoeosany of
the preceding clains, wherein the producer cell 5 conprises a prokaryotic
cell selected fromthe group conprising4ggcteria such as Escherichia coli,

Baci | l us subtpliys, Streptomyces, |ividans, Str.eptor oelicol or
Pacudononas A8r U MELS0 AaHE0ae Ayl 105 et ATt gl the S8efionct o any
of the precedi nsitivaicels mebidrgethe at heasporndseiestiooetiteriot s penfigpmieddsy raeans
eukaryotic cell .selected fromthe grou rising: .yeasts. .. filamentous
msconycet o5 suct PRETLS Siplsornal PrdluebediRB I BoF ek B byotieplf s

cell s such as twakesn@isingedpbdmearnsyblends), and neamthalioradnitoroptd gickinguofrpbsitive host
cells s%ch as tChe se derived from humans, nonkeys and rodents, such as

chi nese "hanster”ovary (CHO cells, NITH 3T3, COS, 293, VERO, HelLa. 15 97.
The met hod according to claim96, being a yeast cell selected fromthe

LSi ' t, Kl . ' K. lLacti
Canl da a1 78 TR SRR tnany B b MG Whareh sBCisbrer
pastoris, Hanseyslea ispotelitmsptiaepovier sysiera, baipmp hativieda theCepdrteiaceaor dflefrigni ca,

Schwanni onmyces ¢ 1] i ¢hi tipitis, Candi da shehatae, Rhodotorula
glutinis, Li pon’yegé;*éﬁ’?%’%go‘?éﬁ‘:g’e%éﬁgia o"?:occos curvatus, Candida spp. (e.g. C

pal m oli®phila), Yarrowa |ipolytica, Candida guilliernondii, Candida,

orampt 11 Catt e RYRPACIPERTRRE! Ry 2P pGARITIARS, At Ko opid ™

Sacchar onyces cysten isiaxe)l fiebogpdrter systemubr a, 25 Candi da fl averi,

Er enot heci um ashbyii, Pichia spp., Kl uyveromyces, Hansenula, Kl oeckera,
Pi chia, Pachysol en spp., Schizosaccharomyces ponbe (fission yeast), or
Tor ul opsi s b@gbiheohathod &ccdrbimgrietang f v prededigg thainas ywihtrein ltke jselectaohi ofg

cl ai s, wher ei e I S | . atign in a

cent 1 ai"bi osynissire CpR HiElpo By =t gt AR sdterB 33lenPhE PRy st fner i n
t he producer celflplatiogpellssesa atedluegsind neemeal orseitdneaticpidkirg atlplositige oalsi ¢

mar ker conpl enenting at | east one nutation, preferably inserted selectable

genetic markes conplenenting all said nutations. 35 WO 03/062419
PCT/ DKO3/ 00084d. The method according to any of the preceding claims, wherein a composition of

cells comprises at least 20 gentically different cells.
20
81. The method according to any of the preceding claims, wherein a composition of
cells comprises at least 10° gentically different cells, more preferably at least
10*, more preferably at least 10°, more preferably at least 10°.

25 82. The method according to any of the preceding claims, wherein a composition of
cells comprises at least 10’ gentically different cells, such as at least 108
gentically different cells, for example at least 10° gentically different cells, for
example at least 10'°, such as at least 10", for example at least 10'?, such as at
least 10'3, for example at least 10", such as at least 106, for example at least

30 10'8, such as at least 10%.

83. The method according to any of the preceding claims, wherein a composition of

cells comprises a collection of cells from one species.



155 100. The nethod according to claim89, wherein the nucleotide sequence
of at |east one concatener, preferably the nucl eoti de sequence from
subst ant iwblog/o6miid concatemers have been designed to m ni PCIDRBR0d4@vel of
repeat sequences in any one concatener. 5 101. A nethod for evolving a
cell producing at |east one compound, saisg conpound having two or nore

q . ¢ . it d . g h

b ovi ding a Snpueresn aspoflia 8¥dm b iendRe Prertlsp et coraRp Al lehly

f:el I ;s with fatS 1®dﬁf\rehm?et??@0k egnrﬁzsri]hﬁgpuelg_eﬁidel sequ:mt?osd;]cﬂlgamgﬁ?n?g,isél at
east one o

chronosone in ?8?8"%’@'%'?,3? I%%??éagfc%zascgﬁ '%ggo#é?? %{agga&ﬁ%&?{gagﬂs@osfﬂchie}ﬁ ng

di fferent het erfodro@ous Gixpr mees thiae 60nsotteas iatleast@bicioc egsamplaiatl lezst H80bei ng

of oot 1 S Tor aiyehgect pted (fpatbl Al pd LT P cBor ) frRBMOR, "

east
determ ni ng a sallexst 1000, csuch es adeadtdb0@dohexapiiaateast,2000. c) sel ecti ng
cells neeting at | east one predeterm ned selection criterion, d) conbining
expressi bl e nucl eoti de sequences of the selected cells with expressible
nucl eot i de s@&guBrecmsthbd arcanaighterclaimngio svhieraim thef diffedeht exprbssid yucledtidel ni ng

I it | i d. iti f |1
corpr i 5i ng.cel | S TRS gerledRf ey aih BBl SRR BnLcl cot i de
seq_ufe_nd_é)sl, at |east one of said Ihet er ol ogous segulelncezf be}ingg | ocat _efli 82 an

icial c S C . :
2:);; ai ni ng glé'?'ft%r @gﬁwﬁe Cé@gﬁggtguésweoig?%g%ﬁ%filﬁg ﬁ%&?g’owv%fé'nssﬁéggﬁ@%@,a"30 e)

optional | y repdutérnipgeus pspiepsible ncleatitie |sequienceasareoioeatedldn has caagorer ed a

conpound havi ng_ b wo predeterm ned functionalities. 102. The
met hod accor di %grhfibgalgﬁﬁﬁ%%]f,& wherei n said anot her conposition of cells

conprises cells that contain expressible nucl eotide sequences likely to 35

T Do oood Teagenbd “eiarkhRdbiRY e eadrd SBTERIA e RO, o

anot her conposidficells comprises at least one cell, said at least one cell comprising:

a) at least two expression cassettes of the following formula:
[rso-SP-PR-X-TR-SP-rs;]

20 wherein
rs; and rs, together denotes a restriction site,
SP individually denotes a spacer,
PR denotes a promoter, capable of functioning in said at least one cell,
X denotes an expressible nucleotide sequence,

25 TR denotes a terminator, and/or

b) at least two expressible nucleotide sequences, said sequences
being heterologous to the cell.

30 88. The method according to any of the preceding claims, wherein the at least two
expressible nucleotide sequences are individually selected from a gene or a full-
length cDNA sequence.

89. The method according to any of the preceding claims, wherein at least one cell
35 of the composition comprises at least one concatemer of individual



of cells was previously screened for a third functionality. 5 104. The

nmet hod according to claim 101, wherein said another conposition conprises
het er ol ogwoes@kpmessi bl e nucl eoti de sequences from expr esPCADKS0at4ds known
to produce conpounds with at |east one of the desired functionalities. 10
105. The method according to claim 101, (gaerei n said another corrposi tion
conpri ses heter 0 expres cleqtide sequences . hat €9 e far
simlar enzyrre '5988?# ?tidééaa%e%ﬁateé}cﬁ|°85%%§m8&‘b SHAS ?4[98[‘%%? @8 °§g'lfuences
in the sel ectedlieanyesimuiadn sob3'emebfon 15 106. The net hod according to

cl aim 101, wherein said another conposition of cells conprises cells

capabl e of expressing, at redeterm ned protein/enzyne or

synt hesi sing at | east Uéﬁé"éﬁ&f@%ﬁ%ﬁgd conmpound or substance. 20 107. The
met hod &ccording to claim 101, wherein said another conposition of cells
is chosen at random 108. The nethod according to claim 101, wherein said

anot her conposition ™®[%&ntical to the sel ected conposition and

expressi bl e nucl eoti de sequences 25 are m' xed to obtain new conbi nations
of the sel ected expressible nucleotide ences 109. The net hod
according to any of thK¥ aﬁﬂé&gagﬁg eé‘ioFﬁsa e{gfySite, wher ei n the combi nati on

of expressible Sequen@@anms.daauymbm@ta pacer ofat Idabi thodlucledfidebasegpsomes in

t he cel I s. 110. The ccord to c wherein sai d conbj nation
of chr'@msones is OE‘FH]‘??%WW%[O a?ap@L%sépf%?%%'”cS@' §t 'G%OUQFG%ZMQ
PCT/ DKO3/ 00044 157 1Xldenbles amedxprstsdriiciiotige séqunge, 0f t he precedi ng
clainms 101 to 110, V\ﬁ.& i n, substantjal l % aI | het erol ogous expressible

nucl eoti de sequences enolse & telBAton A8 nore artificial chronpsones. 5
112. The met hod accor gihagein @>an¥n@f the pr ecedi ng clains 101 to 111,

wherein the conbi nation of heterologous expressi bl e sequences is conducted
by isolating the het &N8eHyAlsleastp i Sxpressibley mupleatider rsﬁﬁ‘l‘%ﬂceﬁ e/8t frefo

differemt cells, conbiffieldtekdtesdiditiétiedual het erol ogous expressi bl e
sequences into novel conmbi nati ons, and introducing the conbi ned

het er ol ogous expressi bl e
90. The method according to claim 85 or 89, wherein the at least two different

expression states represent at least two different tissues, such as at least two
organs, such as at least two species, such as at least two genera.
20
91. The method according to claim 90, wherein the two different species are from at
least two different phylae, such as from at least two different classes, such as
from at least two different divisions, more preferably from at least two different
sub-kingdoms, such as from at least two different kingdoms.
25
92. The method according to claim 90, wherein one species is a eukaryote and
another species is a prokaryote.

93. The method according to claim 87 or 89, wherein substantially all rs;-rs;,
30 sequences are recognised by the same restriction enzyme, more preferably

wherein substantially all rs;-rs, sequences are substantially identical.

94. The method according to claim 87 or 89, wherein n is at least 10, such as at
least 15, for example at least 20, such as at least 25, for example at least 30,
35 such as from 30 to 60 or more than 60, such as at least 75, for example at least



10 sequences into cells to obtain cells with at least 2 cells with
different conbinations. 113. The nethod according to any of the preceding
cl ai mrs 10Wotos/odz4l9 wherei n the conbi nati on of het er ol ogorsETaXEBE8EI DI
nucl eoti de sequences is 15 conducted by anplifying expression cassettes by
PCR, mi xing anplified expression constrygys, conbining the individual

expressi bl e nuc)eotide. s I nt o _novel comi.pati ons a i oduci ng
t he conbi ned heiog)r 8F%b8f|§??e§g?§@sf%%a%@8IaéA?qsggbg’e%ufg'n%segp%ﬁﬁg} trEoelCF 's to
obtain cells wéxanple dtdeatt 100@ eslutls as at lelstdisDO efoeetanguerbt leasti2ons. 20 114.
The net hod according to any of the preceding clainms 101-113, wherein said

conposition is a collection of sub-conpositions. 115. The method accordi ng
t o cl ai m 114 95viter method ascdydiognpany bf the preceding2dainms| Wherkinothe grodusdr selidual

cells having at_|e ne type in.c 116. The nmethod, according to
any of She br ecmmEee AT e RIR T bip, i pr R Bes
| east 20 genet iasalBsghetichfaciceint Baeillliss . suBfilis] 1Strepidreycest hiddaras; cBtreptomgydes any
of the precedin ' 101-116, _wherei p, @ conposi tion of cells conprises
ot | east 103 ganeliRnRy iR 0EE, IR ) o6 | cact h04,
nore preferably at | east 105, nore preferably at [|east 106. WO 03/ 062419
PCT/ DKO3/ 000 5 . . r di to.any of t precedi n

cl ai m 101- 155 T Rebdt rodoiinle A7 piRE T Scedhe TPl e BIEE 88,
geneti cd@ |y di fdompeinés celdukaryotieiodellaselattetl efagh @8 ggmipe icboplising:diyéass;ent

cells, for exa hcal i en |l s for exanple
at least 1010, @%rﬁ%rﬁél"sé %{J‘c%fngégtt%s fg%?gg p%@r:%%g%a%f% %{ﬁd ﬁg%esrglmi%a'gf‘lagfjch as
at | east 1013, dlant celtaspiteasathdseadtrivad rdm Nicotiarmsard Ardbédoytsis] Gimalan
exanple at |ea : o at,_J 1020, 119, Th t hod according to
claim 114, m(gft%gsﬁgégc%%ﬁua%_t@%s%ggriwt%ﬁgfhom ggﬁlsp?’se nl%letyglag‘ésr girﬁs’gsé‘ﬁétaiscal ly
di fferent cell shirnkBe baMsterbearggCHOY celtsg NiHIBNE, @OS 298, VERD] Hebher ei n each
sub-coq%osi tion at least 103 genetically different cells, nore preferably

at | east” 104, nore preferably at |east 105, nore preferably at |east 106.
97. The method according to claim 96, being a yeast cell selected from the group

comprising baker's yeast, Kluyveromyces marxianus, K. lactis, Candida utilis,
Phaffia rhodozyma, Saccharomyces boulardii, Pichia pastoris, Hansenula
polymorpha, Yarrowia lipolytica, Candida paraffinica, Schwanniomyces castellii,

20 Pichia stipitis, Candida shehatae, Rhodotorula glutinis, Lipomyces lipofer,
Cryptococcos curvatus, Candida spp. (e.g. C. palmioleophila), Yarrowia
lipolytica, Candida guilliermondii, Candida, Rhodotorula spp., Saccharomycopsis
spp., Aureobasidium pullulans, Candida brumptii, Candida hydrocarbofumarica,
Torulopsis, Candida tropicalis, Saccharomyces cerevisiae, Rhodotorula rubra,

25 Candida flaveri, Eremothecium ashbyii, Pichia spp., Kluyveromyces, Hansenula,
Kloeckera, Pichia, Pachysolen spp., Schizosaccharomyces pombe (fission
yeast), or Torulopsis bombicola.

98. The method according to any of the preceding claims, wherein the producer cell

30 has at least one mutation in a central biosynthetic pathway.

99. The method according to claim 98, wherein the producer cell comprises at least
one inserted selectable genetic marker complementing at least one mutation,
preferably inserted selectable genetic markes complementing all said mutations.

35



15 121. The nethod according to claim 114, wherein each sub-conposition
conprises at |east 107 genetically different cells, such as at |east 108
geneti calwg o3def4fierent cells, for exanple at | east 109 gememrina3io9o44
different cells. 122. The nethod according to any of the preceding clains
101-121, 20 wherein the steps a) to c) 1@6e as defined by any of the clains

reporier syst®he. -when BF AERRGRie® ol bAElE et Srieofit sdbenty o
paramet er rel atadedsd oaefconcaternar iprafyradly thaeucientidesehyencel trpmplsdmf,tanhellyg ell.
25 124. Th air , cer
B came i SRR RRERR Aot o PR R e BT B e ooy

systens. 125. iflny soe eemuatgneyyst em according to claim 123, conprising a
producer. 30 cell in a liquid environment together with the at |east two
reporter systens. 126. The screening system according to claim 123, wherein
t he screeni ng01.syst emAi methdd foedvdiving becefigorodwaing at astedhe dorapoutef isaield by
any of the clai - . . 35 03/ 062419 PCT/.DKO3/ 00044.. 159 127. . The

SCy eeni ng. syst SRTRSNES MDY 515 o7 O Srevgleruny THSa e Ryt e i s
adapt ed for beicoqpuisiend therstepsret hod as defined by any of the clains

101-122. 5 128. A nethod for generation of |ead conpounds, said nethod
conprising screening a conposition of producer cells for at |east two

par anetlér s ra)] giredding a amposiist of vellspsaidetoepositien of teltst capmalsingi eedls wathi d

conposition of I 0 | Si it h S het er 0l ogous
expressible nucﬁqgéoatsfg\?ao @é@?ﬁ@gg ?ng% £S§?I§§§pe¥)\ﬁn%e %G%LSJ&?E%’ %%I%@(ﬂngé)gagld
sequences bei ndetarclagews saquances bairfg icaled dh arh adificialocheomnssae th sad Icell,at

| east 2 cells qf C Bt in different rol ogous .
expressible nug‘ﬁt é%%?aéz%g}égﬁyﬁc%&p%%@é& c?rﬁtgmr"rq,gt ‘Hﬁ%’%@%‘?@'%&“?SXBﬁea?'RHel28,
wherein the | eaucleotigmsemiencase said calls beiaglderatgubprodscaardliat | east one .
par anmet,gr is related to absorption, 15 distribution, netabolism excretion

or toxicCity and at |east one further paraneter is related to activity
agai nst a phby edotnigg oak dsceaegety. of 1d pdndaticet dfocklladenatdicast 2 pammyetas t he

preceding cl ai r}glage%st'oll?r% functionalities, and determining a selection criterion for each

parameter,
20 c) selecting cells meeting at least one predetermined selection criterion,

d) combining expressible nucleotide sequences of the selected cells with
expressible nucleotide sequences from another composition of cells, thereby
obtaining at least one new composition of cells, said new composition of cells

25 comprising cells with at least two heterologous expressible nucleotide
sequences, at least one of said heterologous sequences being located on an
artificial chromosome in said cell, at least 2 cells of the composition containing
different heterologous expressible nucleotide sequences,

30 e) optionally repeating steps b) to d) until at least one cell has acquired a
compound having the at least two predetermined functionalities.

102. The method according to claim 101, wherein said another composition
of cells comprises cells that contain expressible nucleotide sequences likely to

35 confer at least one of the functionalities to the cells.
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103. The method according to claim 101, wherein said another composition

of cells was previously screened for a third functionality.

104. The method according to claim 101, wherein said another composition
comprises heterologous expressible nucleotide sequences from expression
states known to produce compounds with at least one of the desired

functionalities.

105. The method according to claim 101, wherein said another composition
comprises heterologous expressible nucleotide sequences that code for similar
enzyme activities as heterologous expressible nucleotide sequences in the

selected composition of cells.

106. The method according to claim 101, wherein said another composition
of cells comprises cells capable of expressing at least one predetermined
protein/enzyme or synthesising at least one predetermined compound or

substance.

107. The method according to claim 101, wherein said another composition

of cells is chosen at random.

108. The method according to claim 101, wherein said another composition
is identical to the selected composition and expressible nucleotide sequences
are mixed to obtain new combinations of the selected expressible nucleotide

sequences.

109. The method according to any of the preceding claims 101-107,
wherein the combination of expressible sequences is a combination of artificial

chromosomes in the cells.

110. The method according to claim 109, wherein said combination of

chromosomes is obtained by a sexual cross between cells.
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111, The method according to any of the preceding claims 101 to 110,

wherein substantially all heterologous expressible nucleotide sequences are

located on one or more artificial chromosomes.

112. The method according to any of the preceding claims 101 to 111,
wherein the combination of heterologous expressible sequences is conducted by
isolating the heterologous expressible sequences from at least two different
cells, combining the individual heterologous expressible sequences into novel
combinations, and introducing the combined heterologous expressible
sequences into cells to obtain cells with at least 2 cells with different

combinations.

113. The method according to any of the preceding claims 101 to 111,
wherein the combination of heterologous expressible nucleotide sequences is
conducted by amplifying expression cassettes by PCR, mixing amplified
expression constructs, combining the individual expressible nucleotide
sequences into novel combinations and introducing the combined heterologous
expressible nucleotide sequences into cells to obtain cells with at least 2 cells
with different combinations.

114, The method according to any of the preceding claims 101-113,

wherein said composition is a collection of sub-compositions.

115. The method according to claim 114, wherein a sub-composition is a

collection of individual cells having at least one phenotype in common.

116. The method according to any of the preceding claims 101-115,

wherein the composition comprises at least 20 genetically different cells.

117. The method according to any of the preceding claims 101-116,
wherein a composition of cells comprises at least 10° genetically different cells,
more preferably at least 10*, more preferably at least 10°, more preferably at
least 10°.
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118. The method according to any of the preceding claims 101-117,

wherein a composition of cells comprises at least 10" genetically different cells,
such as at least 10® genetically different cells, for example at least 10°
genetically different cells, for example at least 10", such as at least 10", for
example at least 10", such as at least 10'3, for example at least 10", such as at
least 10'®, for example at least 108, such as at least 10%°.

119. The method according to claim 114, wherein each sub-composition
comprises at least 10 genetically different cells.

120. The method according to claim 114, wherein each sub-composition at
least 10° genetically different cells, more preferably at least 10°, more preferably
at least 10°, more preferably at least 10°.

121. The method according to claim 114, wherein each sub-composition
comprises at least 107 genetically different cells, such as at least 10° genetically
different cells, for example at least 10° genetically different cells.

122. The method according to any of the preceding claims 101-121,
wherein the steps a) to c) are as defined by any of the claims 1-100.

123. A screening system comprising a producer cell and at least two
reporter systems, wherein each of the reporter systems is directed to a
parameter related to a functionality of one compound produced by the cell.

124. The screening system according to claim 123, comprising a producer

cell encapsulated in a gel droplet together with the at least two reporter systems.

125. The screening system according to claim 123, comprising a producer
cell in a liquid environment together with the at least two reporter systems.

126. The screening system according to claim 123, wherein the screening
system is adapted for being used in a method as defined by any of the claims 1-
100.
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127. The screening system according to claim 123, wherein the screening

system is adapted for being used in a method as defined by any of the claims
101-122.

5 128. A method for generation of lead compounds, said method comprising
screening a composition of producer cells for at least two parameters related to
at least two predetermined functionalities, said composition of cells comprising
cells each with at least two heterologous expressible nucleotide sequences, at
least one of said heterologous sequences being located on an artificial

10 chromosome in said cell, at least 2 cells of the composition contain different

heterologous expressible nucleotide sequences.

129. The method according to claim 128, wherein the lead compounds are
drug lead compounds and at least one parameter is related to absorption,
15 distribution, metabolism, excretion or toxicity and at least one further parameter

is related to activity against a pharmacological target.

130. The method according to any of the preceding claims 128-129,
wherein screening is as defined by any of the claims 1-100.
20



