1 Methods for nmultiple paranmeter screening and evolution of cells to
produce snmall nolecules with multiple functionalities This appli @a;tl n

a continuation in part of PCT/DKO2/00057 filed 25 January 2002, P‘Jlg
clainms priority from Dani sh patent application no. PA 2002 01174 f| led 1
August 2002, both of which are hereby incorporated by reference in their
entirety. Al patent and non- pat ent refergences cited in the application, or
in the present cati are also hereb |nc cein
their entirety¥ etf@gfilf‘ér ﬁ’”glfpi‘? i e T N ?&B{r?lérgtﬁffq%iﬁyweﬁg%%ggto t he
field of sel ecéimaigmeiicukspyitducitiply fooctpowitess that ful fil at |east 2
predeterm ned functionalities. The invention primarily focuses on 15

met hods for screening of cells for two or nore functionalities related to
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evol uti on of cel acquire ' east two predeterm ned functionalities
related to smal?02nbeteeliviieh arFlh}?’feﬁéfWP@ratedtWéefF??\?%%Wlt%{efr@fe ‘es to nethods
for generation of | ead conpounds that are selected 20 for a primary
function and at |east one further second nct i

according to tfié p???\')bﬁf’ﬁ" SAMREY PIHEREP C{J}F%Hn g?e Fg'aa’f“’“ rht[r{e giéa But
screeni ng. Backgieatiod, 06 aishwerby dnorp@ateBty eefnience lamblrs%lhr@@tl on Methods for
screeni ng of cells for a given functionality using automated screening

met hods ale known from the prior art. Exanples of such nethods include: 30
US 20010041333Fikld ¢fSheomttio® Kel | er) di scl oses anong other thing a nethod for
screening a polynucleotide library transforned into a suitable organismin
a FACS (Fluorescence activated cell sorter). The |i brartfl/J may be sc eened
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specul at ed t haf*/5i m Xt
at feast two predetermmed functionalities related to smalt 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 inciude:

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 muitiple binding targets



substrates to sinultaneously detect nultiple enzyme activities of interest
si mul taneously or sequentially. FACS instruments can detect nol gcul,es that
fluoresce at different wavel engths, hence substrates, which fl ue riegeé atvu
different wavelengths and indicate different enzyne activities can be

enpl oyed. 10 WD 98/58085 (Di versa) discloses screening nmethods very simlar
to those of US 6,174,673. According to t2he descrl pt| on cl ones can be
expressed to yiel d backbone strugtures ?? bt en betdle gtq

met abol i cal |y FTERESRIPRE SRETFSt H| piwecegg}rg%%qf PO e ¥/° ‘v
interest. Altexmét haveldfiersl bingisg eanifibes. expressed to yield 15 smal |

nol ecul es directly, which can be screened for an activity of interest.

Furt herm)re, mul ti pl e probes can be designed and utilised to allow

"mul tiplex" sd%&emmidkdsdntiton) damidsehiientse oivistericppiation of ahiangagthan or

enri chment, meaps,¢ r%%Jtethe N@inl BASS! 6 ISB%U% fMat %Hé IBRNEMFISY niF@s td?an one

desirabl e outcorre i ple para si mul t aneous screens. us
5, 837, 458 ( Max3upetmtes eﬂOatSé@ulna@ewéWh@a@mr opuliRie uPEYTE SEH(ERCc o Pieréal

r econbi nat i on. S|mmtafn%8us‘%}“orv@d§er9ﬂ(a S CEREDI iRGrandtsS ehcldian mbiecukas eiidt bed,
anong these the use of m cro

and facs wth a_report el |
i ncor por at ed i HoEsCRE! &gfﬁfﬁnba’aveé@% 36?%%2”@%%% ﬂlf%%ac?eag d('rger?nér mng a
popul ation of galeidhgk @l Malcetesifeaine apstieatiigsaapopamabyen of bi ol ogi cal
entities gjsuch as cells, vira, chronosones), whereby at |east sone
m crodrops each encapsulate a single entity, contacting the population of
m crodrops wi tWQa%meﬁié (Diviesh) Hiptipsedi Seening reetteispleaneintlar ip thewmbiedee in an

entity in at @g‘?{:’%@; %Bb&ﬁg%rtﬂ de gtidns(%r%rs' rgbé Qﬁpr@t‘;‘sehqgteld%%kbo%@

mi crodrop. WO rsa) re use of for screening
expression |i#rustiess whidhi e el dsedessraserc BpgateaeliEalynieh hesie andfigdii . 3

VIO 01/32829 ( Nygarsl SKActidhys&lieRst. mt@ﬁﬂgmg EIQrﬁesS@anH’léiwesB%'to gekls from
a DNAlibrary. The host cell's are ecret%on of

product it o thel SraiRoLies | %’reﬁ@f el ‘i§‘§| Pl% SF[%?B?‘E% ﬁ@ea‘“’{,&*t}f Lﬂ?t'ﬂt@FES eature
i's the establisitRhhoref muiplenpranss tar beatesghed |am"unm\meammanmwex cell

i nk such a8 & EHERCAI Bt B hedhTPRe. ~aarpe e TR A B R Tobel
The advant age b Ghateehihg acdnnecichion fdyetare démncwiel des&rabie outcome in multiple
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 (Celiay) relates to forming a population of gel microdroplets
encapsulating a population of biclogica! entities (such as cells, vira, chromosomes),
whereby at least some microdrops each encapsulate a single entity, contacting the
popuiation of microdrops with a probe which hybridises to a complementary
sequence in an entity in at least one microdrop, and isolating the at least cne

30 microdrop.

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

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



and secreted product is not |lost. As can be seen fromthe above, nost of
the prior art focuses on devel opnent of 10 nodified enzynmes andian /] JR08
modi fi ed anti bodies. Common for all the references is that they focus on”
screening the cells for one functionality at a tine. O her references
focussed on the devel opnment of reporter systens nention the possibility of
having different reporter systens wherein the signals can be 15

di stingui shed. US 6,020,192 (Unjversity of FIorid%% rel ates t umani sed
green fl uor esc¥Rk 0H25R8i (NovagRlerdisk) fipcipsss Reetoh &y Wﬁ@”%ﬁ@?‘ﬁﬂ% "Brdduce
different col opis Iip@RTThe Sibsiellan@aus intdlSanpfe” Bud tHepleeratiepof pretdugénes. As
an exanple it is stated that differently coloure 0] : dto

i dentify nulti%?éawg?ﬂsﬂﬁﬁﬂ@%f$%% (¥%w%¥;'§gJ 8%%F%ghgﬁﬁfg§ggfﬁ§?M%ﬁptions
i ncl ude trackiaygnemd fatebeerion’ ngwebe tHedrat ded seobtiomdndithe 8upesseeiandhevi thin a
single cell, tissye. ot Pha gl ﬁws{cglrlﬁ'ﬂtéu% a@ré)gpén’%al%ﬁb YhweehNndhi ch
gene expression Tr SmTwo™ di £ erent pronoters I's determned in the sane

cel |, tissue osampe gatihs fiyorestantiaeEs Tderdiangaosts ipkiee cewlecipdipied i Shs. The

concept of USiﬂgggémﬂ&Q}&ﬂgHgﬁggghe reporter genes for the sinultaneous
screening for different traits harboured in the same cell is not

di scl osed. Metcalf et al 1993 (Gene 129:17-25) discloses E. coli multiple

del eti Ongl ”Ué/&mﬁn lb& Ratn ﬁltljranMé( btes inakll dramne ptis ausfacuén‘esrﬂlulddvesbmempmlr ter
genes and Wod et _al 1989, 30 (Science, 244:700-702 i scl oses sever

[ uci fer as® gen@%wﬁﬁi%ﬁy@?%ﬂﬁgﬁ‘mﬂ%ﬁ¥€¥ﬁé ‘&Vﬁ?@ﬁme{ﬂfh%ET?%g?gﬁ%ngﬁours
when bi ol um negegfiicus bt sdréensigateckiis fatont hestoneliiivibich free. useful in
experinments in which nultiple reporter genes are needed. 4 These nmultiple
reporter systens may be useful for screening for the presence of nore than
one enzyne in @theeldferehess fohegedionribe deviarsnenh ok cspeBei PigteNsr MeriEPelei es

related to Smé}$ss Oléé%ﬁlf%%ingrﬁﬁﬁ%ﬁtd rPortbNQyReSt Gk the VIEhI8/ 41869

(Chromaxone) di scloses an approach to drug screening that I's designed to
coupl e a Scr eetiptigudsehy both tenporally and spatially to natural product
synthesis in a mcroorganism The reference provides a screening unit
which is a gel droplet conprisi a rog ci.ng species that produces natura
products for tHe &40y é4re %?Wéﬁ%kgﬂgﬂg g?tg8gTgﬂ??%ﬁ?mhﬁfg%?gﬂé¥§%gasures
a 10 desired bp@leagi saherdictddhatyGFRA thatquutica giffsieeciasirs seredemuapseduat ed
with an assay  oystemdd SRS GHILNA MbLnER i DGR RLAWHNGFRERLRT 1S at
a phase inits | PeEVieY €
20 GFPs can be used to identify multiple cell populations in a mixed cell culture. Other
options include tracking and determining the location of muitiple 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) discioses E. coli multiple deletional mutants
that allow the simuitaneous use of multiple reporter genes and Wood et al 1988,
30 {Science 244:700-702) discloses several [uciferase 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.



that is optimal for producing natural products, such as secondary

met abolites. The producing species is spatially positioned relatijyg!ftoztime
assay systemin the same wunit such that conpounds produced by the

produci ng species can conme into contact 15 with the assay system If a
conpound possesses the desired activity, the assay systemw /|| generate a
signal that enables the identification and/or isolation of the screening
unit. The reference does not address othér functionalities of the
conpounds t hanThssardtintd tryiode sysisas. mahbe upsiulgpdes et Dbist i REesepce of

phar maceut i cal me@qm&}memaﬁﬁ .ﬁg%ﬁ%u@ih@%%ﬁﬁﬂ@o@@ér@@n@g wir blopBanve to be
carried out and nost 20 t he conpounds found in the first rounds wll not

meet all the crreiaﬂ@rtpémégmé’@éwe?WOd%‘{eﬁﬁHWOB???ésdl scovery. Furthernore, the
systemis dependent on the cell cycle, since there is no control over gene

S 2001004702 I
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usi ng the conpou e conp re ini y isol by scCreening a
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environnental £l errtQéndﬁﬁ' dcreedt ah@3ftasQRE sEhenRrREUEee Mebldlids Brown

mel anin 30 |ike conmpound that was found to have antibiotic¢ activit The

conpounds!'CGner edeﬁ'rﬁ‘é)lb&’ﬂ@éfiabﬁﬁ‘v%%/rﬁ RESHSIRGY SBRFS50S FOCRTBRHPE M FhaESSH¥si ti ve

clone, a singl @ys%@@m a écﬁ‘ﬁﬁlld@gmft M@”ﬁ tﬂe@bd&ﬁ:h@@@@m@%%nskax&eS@@tslﬁﬁ@Oﬁcie
simlarity with nenbe

he  4- rox(prr r uvat Itof <8zymes
was found to b@ah‘éc‘@g@%' f9f %{Hﬂ“%?ﬁt F‘!eq{? “t0° C@n et PR %?}8 t'on "6 " at
| east one of tpedsdity getics petiadspwitiotzd etkive tosﬁeﬁssmye@mmaee same
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The process 'ngﬁke\ﬁf?%«nucge%aﬁaﬁog sfg%azgsﬁét éﬁaareg@keolegf%gatmeandm %%@lasroei 1%5) 5
wi th binding sites | ecul és secreted or released fromcells

i crodropl et's S@W”@pt‘iﬁﬂ)naw yelpeencaconest 8, 2dHesy REIST neadigraides o‘?]r Wﬁe

presence of noL&gpHLEEs theAPhaHRE0IAIcdl BReY Ehudth Grdd o phtetisddd ﬁhhrﬁgcéuht:ﬁs The
process allows neasurenent, and i1solation of rement,

or allows isol SPTH ERS RN SRR EGPEER SO T \’g'ﬁﬁﬁ‘(?etﬁ%eocﬁrrgﬁs% %Q) P? ses gel

m cr odr opdcet s etk abmpmghdeadsdaeerin the first rounds will not meet all the criteria as seen in
standard drug discovery. Furthermore, the system is dependent on the cell cycle,

since there is no controt 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 compeunds, and methods of treating bacterial and
fungal infections using the compounds. The compounds were initially isclated 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-
hydroxyphenyipyruvate 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



10 entities which enhance the nmeasurenment of gel mcrodroplets, as are
processes for formng and using such gel mcrodroplets. WO 00/ 176435 745
(Cel lomics Inc) and WO 98/ 38490 (Bi odx Inc) disclose systems, nethods and
screens for nonitoring the physiol ogical response of cells to the 15

addi tion of biologically active conpounds. Mthods of conbining high

t hroughput wi th high content spatial information at the cellul ar and
subcel lul ar level as well as npor al i f or mati on_about changes

physi ol ogi cal , W%l@%h@ﬁﬁd&%5§ﬁgﬂﬁ§ﬁggﬁUﬁﬁTwiﬁFfd?ﬁﬂ§§H§9%08ﬁ3§ﬁ8@§ﬁ5aThese

met hods al | ow Sﬂdbééspﬂo? ch¥nesy efolczakd Lﬂtadind’r@agltdsowmrﬁ Qel br@cr&&rﬂpilel%d The
si mul taneously. The systemis therefore SUItabkﬁFﬁﬁr further

char act eri sat i BRCHE ?%h@mﬁﬁhﬁﬁﬁﬁﬁgmﬁwi? [SOIRIHY gb%ﬁ@|qbﬂﬁ%ﬁ?%vmganples

for R the pr eSfem(é@c@és biire- pﬁ@delsy@vaN@Sbr@Qmiﬁof ddonesredropletiggel metcogstdepend
on fixatiaon o t

t t tl d h
recovery of I|W@1E@FP%S“m%ﬁeF@Eﬁﬁg ﬁ%i?%%grﬁ%%se rgﬁ?%Ms?%ﬁﬁ%q@%%@%%;eﬁlng
with the purposa oftionelgyobeeiricnigated, endctbbh sneehered gerotha geetehee désialesgles
compounds. FurLher mpr, thtehgee! ?ﬁ’érBéFr etatgzﬁdlpga§|ﬁe§ ;rzﬁe Fbcg%g jél|oW§| thedsQfeiRing Of 96

or 386 wells and are us” not ed for t throughput
needed when scﬁ@bnstNWeﬁy<E&?d§ﬁﬁépﬂ1dﬂ%ﬁﬁ@”@TUGDUGﬂ?WS Wﬂ@“@y§W5W§ are

al so only abl em%QSLQérH&t' lerr{Wﬁtto@%iQﬁcmrEé@b@! zﬂ&ﬂﬁifdp%t@fzodfﬂ@\ﬂ@ rmmounds
They do not provi de ang nmeans for opt1 m si ng nol ecul es wth L espect

to nultiPe pﬁ'ﬁ%ﬁ%t"@'ﬁ e”'@‘cﬁﬂ?g“%\‘z‘@l”@ﬁh%frﬂei ﬂ%@drﬂﬁqﬁla&ﬁ%ﬁfocﬁﬁﬁ? € with
the identificatjrping@hd asiheatheenniewdepleased on the ability of the
conmpound to exhibit a desired biological effect, such as the ability to 35
inhibit bacterial growh, inhibit the activity of a target enzynme, increase
or nodul ate J WO 00/17843 (Jai@nEs IhtieanspVék 8815845k (Biotx bk distloes systamsel t he

| i'ke. Biological,agiyhiy dfs tféfrp!n Rldr¥ tﬂ.ﬁ %I&b@&! QB rbh& Qﬁ%él% Qf ten vitro
LMt i ary

experinmentation or assays desi g identify candidate drugs.
Typi cal | y15 t heagafcacefi mcwicmallme:if\@ mmura@ \D@fjpdﬁa%fsf“rﬁm?@méé]*@bfhmi@ﬁ%‘i a

smal | per cent aggn Qign LBRie HORAM RIS BST §ldthe %lalﬂ% dndlistB@fugened QpRRNtasi s | ow
5 throughput an very expensive as it depends on nedicinal chem st

opti ni si ng ver?mmah*wfqm@}'%@ﬁ%u%ggeﬁe*ﬁ Wé{élR ogical, biochemical and molecular

activities are disclosed. These methods allow multiple types of cellular reactions fo
be studied simultaneously. The system is therefore 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 desiructive and do not allow the recovery of live cells,
therefore making the system useless for screening with the purpese of recovering
the cells that produce the desired compounds. Furthermore the systems are based

25 on muitiwell formats of 96 or 386 wells and are thus not suited for the extremely high
throughput needed when screening very large populations (108-10"), 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



Once a candi date or | ead conpound has been identified and sel ected for
further developnent, its ADVE/ PK characteristics are determ ned. ADNE/R

ol L h,;j
concerns the 10 absorption, distribution, metabolism excretion an
phar macoki neti cs of drugs in the body. The ADME/ PK properties of a drug
are critical, and often serve to distinguish pharmaceutical products from
nere | ead conpounds. For exanple, a drug hat is poorly absorbed orally
may require intravenous (or other parenteral? admi ni stratjon

ef fective, whi®R Aegke’ uiracteptabee @of hRekConkiPPyioH ?%Vﬁb ?3&%?@3 A 15

conmpound ef f ?C@éte\!rﬁw@ @rﬂth@rﬁalsialdbﬁﬂ G|tr6%)<pé3ﬁ'xdnt’bﬁf)fﬁ echbdsgs Hosifiedab rbgicyeri al
meni ngl tis i

di st t d t t ot h
Systom A complGi FHACeea 45 BRI ek UG TSl el bF TS Pt RS mot
reside in the bﬂﬂyshﬂmgemamagmomnec@ﬂmumdswsmﬁnﬁmmdemﬁm@BpﬂsEmﬁﬁﬁ|Thus for
a_comound 1o [e, URSRBLE 89 Sodlhg abbid soHln?éc{ TLIRBLE ofRehs 983!

requirenments. i't'e the"target e function
of the target feiw{1tSheordesinfepermeaker. At the sane tlne it should not
interact with many other (often simlar) targets or have najor
non-specific effects. And then it nust further have the ght

physi cal - chenl@aWEBéﬁ&%@ﬂ@ﬁ%“ﬁﬁdxﬁ@0W§i5%bP@§bHe@Veqﬁ@dﬁﬁﬁg § rerdHtheis
accept abl fe gﬁnwezo B!éﬁtau§gDQfI‘E/FﬁKIbﬁaradﬂérrshébSar@ ddickhinedl| ADMEIRR coatgphekict y, the
process of discovering. an i ng S a ver oaQr. success rate
and is thiks ex??@ﬁﬁPQ‘Eﬁﬂ%WE”JQEa%ﬁ%ﬁdﬁﬁ“ﬁ@?a§ﬁ@5@§§$ﬁ% @3&%8 Hea)"™ %ﬁd very
ti me consum ngbddy. T8 A@w&af proberten G dtiug emveitiyalt andodfienisedve tOdisyngeishl in 15
ever onment - angndfRciicn DripRRANAL bRk RSt HD'ABbE; Flll B3 is,

devel opnent anl of These conpou .
The aver age phamnﬁe@ambehbwﬁbﬁpanyn$@6ﬁﬁsmﬂﬁa mﬁﬁmVé@ﬁﬁm%ﬁ)?@E@@V@wn and

devel opment effopL J0L eV &h%n %{]W%'Qﬂaééaﬁ%ab%%?rﬁe E&%lt%h'ﬂa' e BBl A

phar maceuti cal conpani es are, consequence, failing | aunch new drugs
at the 3B rateorppreyd elemlive as %a%tﬁ)tqﬂ@ﬁyaytbﬁé?qffepfwﬁé%tr%%‘fé?act%% merREEd | s

thus a need injd B@tr@uﬂontd@)e%me&@@ |mttﬂ@6§wtﬁapﬁerp&@¢y§mmg/xl @athocenpatrds. By
definition, optimsed npoun

have to ful e requirenent Thus,
the current |ﬁW&WﬁF@WbQGﬁPéggééeéﬁﬁmgﬁn®h@ﬁﬁﬁfgu'%Hf Pﬁ&igﬁ%epﬂﬁﬁ?%g
devel opnent . Ss&uem@inenedd punyeet i on

20 Thus, for a compound o 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 (¢. 8-12 years from
30 discovery to clinic). Only c. 1in 15 primary screens produce a compound that makes
it into pre-clinical development and enly 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 conseguence, failing to launch new drugs at the

35 rate they require to satisfy their investors.



It is an aimof the present invention to screen cells or conpositions of
cells for two or nore desired properties or functionalities. Th@quﬁmoﬁgie
behi nd the screening of cells 10 according to the invention is to pfoducé a
great diversity of genes in each cell and a great diversity of genes anong
cells in a conposition of cells, subject the conposition to screening, and
optionally evolution. The genes may be e%changed anong the cells to evol ve
cell s produci ng one or nore conpounds with the two or nore desired
properties or functionalities. 15 In a first aspect the invention rel ates
to a method forhs6ie@M BGedd Fahé afh®deeidpnéhods fBagbd@ng icanmpoundndsai d
screeni ng bein wo or .nore functionali (o40)

for .t . ies of said. nd, .. .sai d
met hod conprisgﬁﬂe%W@mngﬁgs%ﬁCQﬂWOHTEb?%@ﬁ%%ﬂﬁrgﬂ%%%ﬁgg??P%ﬁggﬁung?s, sai d
conposi ti on of cigeint Bvatnprddbags oed bfsheaahr bolildnciatin Heigsievaiepndrét er ol ogous
expressib%ﬁ nucl eoti de sequences, at |east one of said heterol ogous
sequences "being | ocated on an artificial chronosone in said cell, at |east
2 cells of theSommposetinventgent ai n di fferent heterol ogous expressible
nucl eoti de sequences, said cells being denoted producer cells, 25 b)
perform ng one screeninglof said population of cells for at |east 2
paranmeters reltfaRne’ eergsgiidivesiel Presn callidr autRPEHPhT ek eMEi on

criterion for gaghiesPal SBLEEs orJbhcdnasiRlsetid giaicprltesingeet dch@gnaly Jf east one
predeterm ned sel ection criterion. The invention @gfg%des a_met hod . for

generati off of AGPEININE BEAIPhISL? BRS G BG8H VS 6 At iFpr 8

het er ol ogous ggres divatsty hdsgereel drforwl thliss or @eenbmgpstibn t dfesaiscelibjsct ther two
or nore functionalities caused by snall npl ecul synt i sed host
35 cells. By CBW%F'%%? \?\%re%'}'ngrr@%% OEPSOH@FX %‘ﬁiﬁ'??'?@jse %‘(eﬁegﬁiéyzoger %’%ﬁ?%%r ound,
"the 8 screeni agopy teests foseveopye edibderagucagdbnehe nhdrk ebibends afth ittketo dryi ng
compounds  ful fi Ll 93@+% Ghdd &% RidSkdicr eased. The invention also pernmts
the identifcation of cells capabl e o# synt hesi si ng conpounds that are not
only actile against e.g. a pharnmacol ogical target, but at the same tine

ful fil another ;cx kitsehifRB: the-iGentid®l rakRd 16 a rmetIMaT sPasries e815ptiucing at
phar macoki neti ¢ paraneters. The conpounds synt hesi sed cells

. . by the. :
Cdent i 11 ed by EAE St FORESURH. PR GrEEBnTo e FoRET Bh TRy AR &' &3 gher
degree of |ikekbhenddiidrakeocd tontisng tHelgens decause they are not only
identified
20 a) providing a composition of cells, said composition of cells comprising ceils each

with at least two heterologous expressible nucleotide sequences, at least one of

said heterologous sequences being located on an artificial chromosome in said cel,

at least 2 cells of the composition coniain different heterologous expressibie

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 heterclogous 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



for their activity against a pharmacol ogical target. The cells as defined
in step a) can be referred to as producer cells because they produce th
conmpounds screened 10 and selected for. This is to distinguish tﬁeﬂv$r© U
reporter cells which can be used in connection with the screening and

sel ection. According to one preferred enbodi nent, the pronoters of the
expressi on cassettes are controllable, $0 t hat gene expression can be
controlled. In such a system gene 15 expression is endent on the

cel | cycle ands¥prINShaivEeSoF HHogeHl &Pi HY QenHF@m°ddgnﬁ8ﬂﬁﬂP FEMPAEF&ased.

The desi gn andsasisg B lcited @x@@&%al m iBamEet bies p@mﬂtsammednmanbn of tdile
artificial chr onbsones as wel as g nﬁq %f bl e s ur ces . aEe descri bed
p % ne

in detail ed ZOCQP@E'éertSWBResb%ﬂgt C%W?“W \98%? e WHer Yectors
apart fron1artpmnmaamxmmhkmnmgntSUeamnbemusmdnémﬁmhambmumim@!Eh@dto

heter ol 0gqus  expfeeSIDl . 0N SRkl qRARYEPGES BUMPESHEIARL X atthabant i al ly

all of thése are pl ci al ronnsones I nsert
into the host Beltie cdieddanséedabyt hii ethpdscpir BarosesrBlsiNVRIEAN RAVDIBUS NPYT de

genetic insert ﬁ n%rpeglo'f Gk %?ocﬁtt@rh’ilab/e i mtotcnﬁ’g§§ééa§s@§@$§ﬂe@40 ¥nl Rtified S

sel ect abl e gene rkers are inserted into the artificjal nDsones
The conpound fEFWWH@é%mVﬁ@ﬂﬁ%@é@ﬁmﬁ§d8WHm§%F@cfmﬁﬁm$§5ﬁ%WF%Fﬁﬁﬁ3%éﬁ“elther

be contained wtdibied fé)ea§ lobudef chIgs @é@@a@t 8@y fofats aiedcp@olndsAseesdiing to a
preferred enbodinent of &Pe i nvention the co oun i

product ofY enz?W%%?%mﬁﬁo 5 tpylistipgyish ther Jgm W?VE“%FN%E%faBE ga%econdary

met abol i t e synthestwmedviinhe aosenegtzad sbyctah. | east one enzyne present in the
selected cells. Mre preferably, a conpound according to the invention is
produced by the conbined activities of at |east 2 enzynmes, at |east one of
t hose enzynes B&w@ngamﬁelﬂefblyecaemmdéh@tdge@Bﬁmf)ée@ﬁfe@siebwrésﬁmt:?@éﬂede

sequence, -whi o gnpielier abky: MGG & @ hfbichiah 38 SbyaERs

According to this e I ment tion of a conmpound does no
enconpass!$ol yasessioniisiae depertdent) the p@h@ﬁﬁ@ééé@%@»ha@? PRESCEYHIBE 2HRME t he
invention may &hsQnkasthérehdtdt he generation of novel proteins and enzymes
t hrough conbination of different protein sub-units fromdifferent sources
but these are not directly selected for. 5 One of the many applications of
the present inveatdesign iasdtdaeertiey ef eppresdiorotasdetsgscarainedr wig”lim:a}m-:diadiﬁd;iﬁs.

Therefore oft enhr%Fnolsc?rr?esst as?r\!veell paasr f%rerertngrﬁy pgss%éeo%lﬂg&t &l Egs,lcﬁ‘fge%dz Qetailed
20 description part of the present invention. Other vectors apart from artificial
chromosomes can be used for harbouring the heterologous expressible nuclectide

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



activity against a pharnacol ogical target. This could be in the embodi nent
of screening for nore than one aspect of the same pharnacol ogical e
activity, e.g. 10 screening for the activation/deactivation of a T4 UL G
transcription factor and for the expression of one or nore genes regul ated
by the transcription factor. In another enbodinment it could be screening
for a desired pharmacol ogical activity and the absense of an undesi red
phamar col ogi cal activity. In another enbodi nent of th aspec at | east
one paraneter ¢¥CERPREHYRMELAROtdes at EapstEBompeivAS: Q“&B%PW%& haé‘dlt%e hertton

phar macol ogi calpay %Iﬁﬁtresuﬁtniﬁ e |eashtionerf frisvéhefotdney @n&t eﬂfzym%s athrABIVE

paraneter. The |nvent| OVI S .SGreen ich utilise an
combi nati on of C¥PRNANIGR &Y B'ffﬁrgphﬁrg{e& g l@‘tﬁgmf”nd’g?{gmosroa er" ¢ %;/\pop P g Y
conpounds on muitdctpsedectadberi a, drug candi dates can be identified that
have an inproved chance of getting through the costly clinical trials. 20
The paraneters related to activity agai nst a pharnacol ogi cal target nay be
one or nore oPne pitherzoy emicgdionnofibé preserddvidionvd tha davelgngaangof drugs or

phar macol ogi cal, %Egcﬁéates 'ﬂ%%?@@%ﬂ&ﬂaﬁéaé%%@%‘é%n%ﬁer ik hAmidi@neptddhoan

enzynme pharmacol ogical targ I nteraction or non-int eractl on with a
recept or phar ne@ishogpeiast 4 &Pg@tﬁco Og'PFHltBiQﬁ OTH"%FO%?]H)&n@eW@n?m%‘f B%Préssi on

?T‘lh?blg'?ngno{)r 5%%e9ﬁnggﬁﬁe?';§or§ﬁﬁémbﬁt9 a@pecl@fbarﬂﬁm@%@gjhéﬁrhacbla@g@lt act:vﬁyh% g. f

i enhancenent of Si0 be, caused y % of a
conpound t% bi HACEY% & BFofBt'd t&’”@@aﬁ@ﬁt@é‘ %‘cf % H@nstcﬁ‘?tﬁ’gt aﬁ%ﬁ an Fort{%

abi | i ]ty to 3](c)e>tpjrm;oh00f®lhe @ tmdoé gdndscregmlatas(bp it trannscmamhdacﬁor In aftheErt i on or
stimulation o 0 a qrter. rier. .cel
par i cal o phySTraaraal Qi 58 oAies s PHaR dpfh e B8 Leufig e om ¢ ne
group consi st aegned obac tieddsagd btmgzarpoltpmcﬁ! ezlody. Ihednaihat kinbadigae ofghiant s,

| nvertebrates, . \é%trtﬁbregéte§%e rﬁgmltér agd Qe;llaérénetérorr@&b& tﬁugﬁﬂltf%lg!ﬁst a

pat hogeni ¢ mi croor gani sns gricultural pests, cells infected P/
intracel 1A ar pearmegrivgical jargs- ﬁﬁﬁ‘faéc‘ﬁaéﬂo%ﬂuﬁ%er PeMetEirib AN AME ParTg eFeporter

cell may al so bge gvihiehaisbipkfides daBeSm m@’eh@ds whigie Ligisk any cdrbifi@ition pPF B0z 0a,
al gae, plants, invertebrates, insects, tard gr ada, Si tes @e%&rl cul tural

ar
pests. 5 Pref ePRBR\PFRREPRVRALT GRY E‘Eﬁiﬁbﬁys@gm éﬁgefempgw 518 &tfng a
predet er m ned Mahugndidates can be identified that have an improved chance of geﬁmg through

the costly clinical trials.

20
The parameters related to activity against a pharmacological target may be one or
maore of
s interaction or non-interaction with a ligand pharmacological target.
s 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 1o bind to the promoter sequence of the target gene, or the ability to
30 bind to or not bind to transcription factors.

s 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 intraceilular pathogen, virus-infected cells,



of nore than one paraneter, such as selection of cells neeting a “
predeterm ned value of each paraneter. In early rounds of screenln@ U e (7
be chosen to select cells neeting one or a few of several selection
criteria and in later rounds of screening cells neeting all selection
criteria are often selected as illustrated in 10 Figure 1. Any nunber of
screens may be perforned on the cells sipmultaneously. For exanple one nmay
screen for at least 3 paraneters related to the two or nore )
functionalities. ?w@Wéﬁﬁh9h@F@@“@6¥@@WWﬁﬁOQﬁaM@%ﬁﬂWQO@QWéWE?8r§aﬁ@Yhted to
the two or nmore }3df upelo-enabibdd eSantél BREteLRHEERseCR! QadlgBiapassdshbe, SO
that the nethod conpri ses perfornlng at | east one screening for at least 5
paraneters rel at 887t EUENEStSw0 or nore functionalities, such as at |east 6
paraneters, for exanple at |least 7 paraneters, such as at |east 8

paraneters, for ex e.at Jeast 9 ters, s

paraneters, f o%reg%f%ihg '@/en{'c’@ &P Spséaflegﬁrre %frcg’l rﬁ%%ﬁg %} &EEt%rﬁ]%h V%@ 20
par aneters, foofmx@mmb@oaﬁpb@ﬁ&&%Q@mp&ﬁanﬁmmwBQfSﬂ@hwﬁémhﬁ ArecpsermBid
paramet ers. !&é’BPe?cﬂgJa%tnﬁ %}ggrhezmy rh%s%ﬁls@r%ﬁhﬂ@ |tCn'iéyt S biRds6R itd 8ElbQN May

be changed and i ncr ase | east some of the repeats as descri bed
further bel ow. cgll§ mﬁ@mﬁémea@p@éﬁwdfEﬁhﬁaiﬁ$@W9FdWKWéﬁﬁpe@ et 39 i ng

conmpounds  usi ng.g.vR} BAd H04ting&N0dvd e @ikl larPRshickBGedtas! RaShtcaNA
conpound, said conpound having two or nore predeterm ned functionalities,

said met htd cofigkiesi-ng t he steps of a) providing a conposition of cells,
said conposition of cells conprising cells with at 30 |east two

het er ol ogous ex reSS|bI nucl eotide s uence. ast_one
het er ol ogous ség BHERE O 5Fﬁﬁmﬂgﬁépéﬁﬁeﬁq E?Cgﬁgﬁgfanﬁum @%ﬁ%%h%esa d
cell, at Ieasbn&nﬁgbtmemkwbh@mﬂ@npman@ewmeebdﬁ@ﬁmnwgOURWﬁEMBﬁwﬂaﬁms

het er ol ogous eégﬁ r%g%glls% L?é‘é\hl ?o?tétd%a§e9%%§§ers a@e«f? liSe lﬂﬁé ng deot ed

producer cells one screeni ng o sal u ation of cells
for at |etst 2ﬂpanﬁﬁwer§©he%hﬁﬂ@mSﬁGE@h@FP@ﬂﬁ%l%hﬁPtﬂﬁe§e ha# FoBei®En ni ng

a sel ection cr Eérﬁfrfn% aft%as?%ﬁ@ scrE@Ni TR & seast §)pa§aﬁ{e@§r§ rd8eged ke ARG Ng at

| east one predeterm ned selection criteriaon, d) |n|ng expressi bl e
nucl eot i de seqUef dancgpralitfs. serfe@sedt &1 § Rﬁ@ﬁm“%& Pe X WP@ AlucEeEbt’i de

sequences from,aRRlhed sGaMROKiIddson paamestd, or e&ﬁkﬁﬁ%@@Yleaﬁl‘H gdrainegrsatudneast
one new conposi tion of cells, a%d new. co

oL oo CaTP 0% e o Bagh i e R g e e BT b ORI oas e oS S AR o' 0

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 ieast some of the repeats as describad further below.

25 Another aspect of the invention relates to optimising compounds using a method for
evolving & celi 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,



| east one of said heterol ogous sequences being |located on an artificial
chromosone in said cell, at least 2 cells of the conposition coataiini ngiis
di fferent heterol ogous expressible nucleotide sequences, 15 e) optionally
repeating steps b) to d) until at |east one cell has acquired a conpound
having the at | east two predeterm ned functionalities. The evol ution

nmet hods according to the present inventiQP conbi ne the potential for
evolution of cells based on assenbly or insertion of a |arge collection of
20 het er ol ogou® RFSIFERING 9P® SEEETRG 6f B3id PRPUHHSE e8!S BE b et AXR L Be
inserted into chast 1§ahé Suf@bnfBedr shnabeeniaxgr &ssddtonfcritdien genasch ocat ed
on the artificial chronbsones. The expressed genes interact with each

ot her and wit P38 §enes of the host cells and create novel or nodified
synt heti c pat hways. The heterol ogous genes are conbined w th other
het er ol ogQus genes form ot her host .cell - e may be from
ot her sou%ces)‘%isﬁ%ﬁt'@tcg %mgegt'ng\?g%ﬁ%tiogﬁ pgefdg@ﬂﬁgr}%% ﬁt’%ﬁ?%érgg%ﬁ]i re the ability
to produce a conpound fulfilling the selection criteria. The term
"expressi ble sgq oo i It NiRg,sel igequence
capabl e of beiﬁb%gﬁgﬁg‘sgéa?%gﬁ%lﬁ géka%gﬁﬁggkﬁggﬁegﬁiSﬁkdgg ?%gstep d) the
conbi nati on of e@xgEdlesinBtlectide qiRaHERISS YN NCESRTFOABASTeN & difks stheppPy
process, Or bY,RaiRinQCRI8aPfons OGS BdmSsRBS oPleeld, XEaliOnd ce@EbBinNgr tdie
expressi bl e sequences, |nd%§endent of whet her th@ conﬁ;y&tlon reIaHes to
conbi nat i ¥n of CoraXjsing SEIsHYE & kgakhve S&CARLOWYR RARSFSSPSHH AR o I8P " ERpf essi on
cassettes or @bstepBhi erad h@soRborvequEBesBEng b2atSl ep ae prifiey demapeat ed

til | I's hayi t ired ' liti. ' .
) may be T epolt Bl bR B rboar | aaLle 9B thRRsS Rl FIRRD el iFTEY *150

ti mes, such asefprenyin: nuled®® femeses,such as fromO to 80 tines, such as
fromO 5 to 60 tinmes, such as fromO to 20 tinmes. The screening
functionality is the functionality during the screening rounds. The

scr eeni ng!5 unce) awandlly yepestingtersit) jo @i et éast Inecil haeadieded @ OTPRHVAR

functionality, pRity hD ot SATRVLIDQIE MRS ldEhHgdseeni ng functionality is
identical with the desired 10 functionality. The screening functionality is

also referred to as the predetermned functionality in the present
context. The sa@hdle@NabheictitREReSIdih@® B pesbhtSnrBorcambiisiae polehtal tdiat

contain expr esg\ifolﬂljti%n of cells based on assembly or insertion 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 heterclogous

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.



nucl eoti de sequences likely to confer at |east one of the functionalities
to the cells in 15 order to increase the |ikelihood of reaching ghe; Y060
evolution target in as few rounds as possible. The anot her conpo§|¥4bﬁ”ﬂf
cells may al so previously have been screened for a third functionality, or
sai d anot her conposition of cells may conprise cells capable of expressing
at | east one predeterm ned protein/enzy or synthesising at |east one

pr edet er mi ned conpound or substance. Further, said another conposition 20
of cells may be chosen at random or nay be chosen to contain genes

honol ogous  t os{che) eenes repdkdd [t tdng htamng he dderdd Rdctuatits aradttdiyedr it

may be chosen fro ressi on st uce [of0) n h at
| east one of twéer%ssit FE‘EI) quyut}pclieipg%gffr?q@ aé(t?aatp%] herprgorrrarc;[)lljm T\gr%gnay
al so be the fi1&lireapasidsifom 0 et ttasgsuchras ritoxi Gip f tinkest eradl agouos

expressi bl.e nugcl eqtide S c L, the sane 25 popul ation leading to
cells with noV@ﬁﬁHgﬁﬁi% ﬁ%gﬁs gﬁoggﬁgrglogous expressi ble nucleotide

sequences. In a further aspect the invention relates to a screening system

conprising a ?ﬁ@g&@g{mgcﬂnktio‘%gﬁy% tﬂeeﬁsﬁétloh‘c’l\ﬂy HERY Eh%rsééﬁﬁztn%%undéﬁh%g' n each

of the reporter 30 syst irected to a paraneter related to a
functionality @?e%ﬁwféwWE@ﬂHUS”ﬁWﬁﬁﬂé@ﬁmHV“ﬁh@eé@ﬁﬁmfTﬁ@“@éP@@WiHﬁ“gystem

can be used fogohRal drhddlagnddey arﬁﬁets@feeﬁﬁ@ e@ﬁd;ﬂaga myet;mdmaﬁud thEVQ;leUt:le@rI@d met hods
accordlng to the invention 13  The scr qSystem

h a ut 0
may be in'%the FBFIANBHY-al NgetceR 8! fé!f‘g'oﬁ'a’e’tshaé?o %‘?ﬁadttﬁea lﬁ © 1R o
reporter systefmctionblitfmyth@pesetiecrdextel | in a semi-solid or a ||qU| d
envi ronnment together with the at | east two reporter systens. Further
exanpl es of the physical |ayout of the screening systemare disclosed in
the 5 det ai | edToesad iaptthemcopmositiof oft delis prag semprisensadlatthad gontpin expfegsibRer

aspect the invgméoﬂﬁ é Bh&ES. IJKQ & Wl Q0 SR HnIBNEE Alk@haftles PIHeReRed | ead

conmpounds, sai onpri si g screening a conposition of producer cells
for at |'Bast ower jedraiersedisielineared raaghing MNecysltiornigrgst Bt I TPIHER 25

functionalitieggeshl dhé—%&%@ﬁxgéél% PleiGahdsa ﬁpﬁBVlb@!ﬁgﬂVQ%bbl5 s@agfedwi th at
| east two het er ol ogous expressi nucl eoti de_se es, at |east one of

sai d het er ol ogti® Bégdeidedierhgaif GEaTED COBRPSERT fﬁfigpépagﬁF%ﬁﬁgﬁne in
said cell, at Lgask i eg@bisgaft IdabEoreqiifRedrininen peadib/ahyntegor sgithéesignat

et ol R U C e MR R L
20 of cells may be chosen at random or may be chosen to contain genes homologous

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, resuiting

in mixing of heterologouos expressible nucleotide sequences within the same

25 population leading to cells with novel combinations of heterologous expressible

nucleotide seguences.

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



predeterm ned functionality. Traditionally, |ead conpounds are defined as
such if they just have activity agai nst a pharnmacol ogi cal targetj. £ By thrs
met hod | ead conpounds are identified together with the cells capable of™"
synt hesising the |l ead conpounds and as the | ead conpounds are screened for
two or nore functionalities 20 they have a higher chance of beconming e.g. a
drug. As expl ai ned above, this nethod al§o speeds up the process of
devel opi ng | ead conpounds. Preferably thé>I ead conmpounds are dr%g

conpounds and &fe Pegie! it Of)éﬁea?ﬁé?%‘#ﬂgl wysied] Beedet’d b SaP gt ifovE! Op;et

di stribution, @Eﬁ@%&?ﬁiﬂb aB¥a6teNb G’é’boﬂér sly@t)élrn@ ﬂ't)ma@@(éo%'é Adelllieasemeseidf ur t her
par aneter is related to acti vi t%lg al nst CO Ogl ca

g
Thr oughout t he®p? ddift eV &pe “@hth?éﬁﬁﬁﬁt a@p'éﬁégﬁkﬁﬁ ?B?h?MD or
nore functi onakdnﬁpt@soﬁtreOpmygebeu@e@ntdieth@mmebmg|ayytemf agCtiesosedgint the cel | s

for two closel ! ted func nal i ti s at. the same tinme, such as using
Metﬂée %ar{é@ﬁ% t’(10|I|

t wo assayé for G me?yzgfﬂb understood that every assay is

specific and the activity nmeasured in two closely related assays are

di ferent. Howey qurt reafsgéc@gieeyn\}erﬂﬁo& 9@%‘( rto Qpﬁe?nodffHﬂgfetnb%ﬂ@rh bﬁdp%%ls"e@h@atde to

nor e d|fferent unc fini |ons One screening: In the present
context the tec@ﬂ@ned%Gﬁ@eﬁﬂh@?CW@&ﬁ@Q@ﬁ@eﬂﬁgﬁumﬁ@ﬁ§U§‘@dﬁ@éﬁ?h@am or

exenpl i fied by,hauiing, %tareln%ft‘érg rbi¥Rq db bf %Eie%oapfi&ﬁ:yerﬁnma SiFRtion A0, fs@rd each
paramet er, simultaneously together with the as ogﬁose é@t

screeni ng!G or éﬁep%ﬁpﬁﬁﬁﬁe?C%HWSFﬁéﬁm%%WeéﬁFﬁbm?%ﬁw%ﬂ% @Eoﬁﬁ?ﬁﬁﬁ§

gh]g%][ efore, 5 ORgISS ﬂeeeqdégcémenﬁeﬁ!;thafe @ngidakdrolo§os e eaices beiag towated
ifferent screening assays at the time. . Repo stem

pr esent contexP”?ﬂg“ﬁ@Wﬁ¥“WEEBW?g}$¥€ éﬁ¢*§%2& §8¥%800@ %ngﬁ:n?WW@output
of an assay f odiffereet farobianalxpteysiblAnnaeoide eequeystsem pr oduces a 10
det ect abl e readout, preferably a fluorescent readout. |If different reporter
systens are used, each produces a different (preferably fluorescent)
readout. Fach Bekmnmﬁe®k%@0mﬂwpwy$asﬁuﬁbewab$eheﬂeﬁwﬁbdewe“@Wﬁﬁﬁ@l@ﬁ%le

expressi bl e nug e%Q{eFrﬁil @ RAUEINGRY .- Traa-lﬂ@fﬁaﬁy %&H ESapdngs §?‘e%'§ﬁ‘1€@%seé1u@9|ﬂe the

cell to produc e new cohpound he conmpounds_can then interact
with the di ffeﬂem;uﬂegayret e&tlveyeﬁeﬁfé %rwawwaloefea'tﬁéeef 18Y phig dieh b eask

fluorescent readapdimds %ﬁer eemﬂeg té{{é‘tﬁer with th18clBrR8eME of epHtRsisingh@e tieram
"screeni ng uni t" I's used scrib
compounds and as the ead compounds are screened for two or more functionalities
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



m croenvi ronnment wherein the conpound and the reporter systens may be
brought in contact with each other for facilitating the |ntera@t;ons ,
necessary for the nethod of 20 the invention. Expressible nucl éofide <
sequence: a nucl eotide sequence capable of being transcribed and
optionally translated in the relevant host cell species. 25

A i gonucl eoti des Any fragnent of nucleicﬂgcids havi ng approximately from 2
to 10000 nucleic acids. Restriction site For the purposes of the present

i nvention the Qivbrsesgeaingol R8N pleseT, gwpﬂe%%ﬂems“m§05ﬂ§@am1om8@§i@H%te a

nucl eoti de seqyenes o cOIPELRJ)Sxdndifsd by ﬁédlr%nat%ésetwoﬂmﬁ@&ﬁtrds@&y optersd, te i s
defi ned byarec%nltlon sequence and a c g\ﬁhzlte ece aeS|te

may be | ocat ed®V hP?FerPar%?@i &@%’tﬁ'éequé%é‘@% qr %‘:qﬁeén@a Opﬁ‘?‘?@ aBBF&vi at i on
‘rs," or r SZscrée%d@&@rdorteopdﬂ@ﬁetlmﬁﬁhbﬂﬂecrémmdSn@rﬁera)aeren Ehereimrem te

after cl eavage. The uen rsi-rsz" togeth

restriction si?® Sc‘fs%e”f[‘g E%E’it 8%&/%%' 15 g% ecgegftogw? g?? Flﬁ{;f},treeenﬁ‘wgla%%s may | eave

a doubl e stranﬁedam@mMBucleotlde sequence with either blunt or sticky

ends. Thus, "rs," or "rs2" nmay designate either a blunt or a sticky end. 5
In the notation used throughout the present invention, formulae like: RS
1- RS2- S P- P R-Re¥ReS spRS2 IRBel1prebril| c@niget ihﬁtféffbr@lp@aert ystEnnst & ®he

i ndi vi dual Seq%\%@ﬁl?esthg%upg%f'a{h 488 RF 9L fun&%%ﬁlg 'F@@poﬂ@?'s%st@@@ﬁodl@bs excl ude
that part of t recogni tion sequence of a%vath t he spacer

sequence, 10ut @Eﬂe@t%b'%tf%ﬁdpiﬂctpre}f%a@i’ raefH@FﬁSC?’ﬁé?adé’M I§ Wgerﬁrt‘t o ¥RERPt RS1

and RS1' are fuacik@nakn @Mué@mlﬁerémqgﬂerm ik dsesntEleaamageacanll hse
assenbl age. Furthernore,

ot ex ssibili of
having additi %‘éﬂ‘”%%tﬁ‘ﬂ’@ﬁ@e@f r]e??éguqoéja CB%tf U ef‘ﬂrgssld[?q%%@ ﬁ%gr%gqu géé/exarrpl e
introns can beThés@&&bﬁe@sﬂblé@e@i&&@eﬁg dredlei the tietoi it imattipkeheawcanebuhds.t her
spacer sequences can rted bet and
RS2. | nportant S?h% Clnilpé’fm?sh%an %31 'E%E] g\'ﬁ’}({:\i{s%grdeﬁ%n%elnﬁ%unc% y%%g? gﬁ{%g%tg Eoe{rﬁgore
when r ef erzencepricgustadef tuordshent séadeutef the restriction site and/or to
specific bases within it, only the bases in the recognition sequence are

referred to. 20 Expressmn state
Screening unit: In the present context the term “screening unit” is used to describe a

microenvironment wherein the compound and the reporter systems may be brought
in contact with each cther 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 nucieic acids having approximately from 2 to 10000 nucleic acids.

Restriction site
For the purposes of the present invention the abbreviation RSn (n=12,3, eic) 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 o designate the two ends of a restriction site after cleavage. The
sequence “rs,-rs,” together designate a complete restriction site.
35



An expression state is a state in any specific tissue of any individual
organismat any one tine. Any change in conditions |eading to changes 219,«.
gene expression leads to another expression state. Different expression
states are found in different individuals, in different species but they
may al so be found in different organs in the 25 sane species or individual,
and in different tissue types in the sarrﬁ5 species or individual. D fferent
expression states nmay al so be obtained in the sanme organ or in any
one speci es orTliendparpariaie By BRpE MYy PFEsHEsURT Sﬁrﬁéﬁ@%U%‘? S%r ent
envi ronnent al  GRNELIARSIESTIM: 5F StBkbsddsus| irdli bets,t Bag bangas: dimcage,

di sease, infection, drought, humdity, salinity, exposure to xenobiotics,
physi ol ogi cal Rlertt Qg o SHCKY eBp ¢ tenperature, pressure, pH |ight, gaseous
environment, chem cals such as toxins. Artificial chronosone As used

her ei n, art|f|C| ronpso BN hat can stably
repllcategand Egé%ﬁ"éog%t‘[og u3F rou"Eou(tth (5%%3“%898”? rcgor%uorreset For eukaryotes
the 35 arti flfesaRSémPeFPr%S@ﬁ%Sﬁ*a@B?aﬂi@b be described as a nucl eoti de
sequence of n frouid bﬁz%’te]r[[‘:dete?jGEo rﬁé‘epzs{hamrfeaz:n Ll@l@ﬁtﬁq&&ﬁ% kSbRYnané Wpgki onal

centroner, f unc I Oha oneres, and east one_ aut ononous replicating

sequence. |t hepscified Thigoiaestnpt exsiuge dehped &f B1e TarRINEIRD FRIENARPEF-EI BEOUS

genes insert edoJeh% Qith thd bpdcer EQfuBRdLBut @ i st nmaglméms%m thaAlli the abak
chronmosone (MAC) when it contains an active nmanmal Iaﬂ@ rorrere 5 Pl ant

artificial chrwbddre! am Rehseeiungiena Pef 3MAh/ Bes m@e P& to

chronmpbsones t haseinblahsl deurpmmire ahd fomaeet deebt &Xaieesthe pespElty iof eélaying A human
artificial chro

HAC) ref h t hat I
art 1 ictal o SIRERNELLHAC): hEL el O BRI b 2553, P
artificial chnenescselecYAC) ir tkensnta odiow aos dmbsr alaeerfwnaen@ﬁaﬁﬂ bA yeast,

such as 10 Chriﬂ%@?&?\y}%&?&ﬁ nek bds &dy&ﬁg&enc% h@fﬂ%fzefde?%Bfrs%éﬂ gLal

chr onosones nay circular used herein, stabl e naintenance
of chr onvi$onessaveetnes revhen fuattidnelast about 85% preferably 90% nore
preferably 95% nore preferably 99%of the cells retain 15 the chronpsone.
Stability is measured in the presence of a selective agent. Preferably

these chr onpsonedeEP@eaVae HFTPICRI ' EePderiotihR SiEp Sk teereaFIciPnsdiee@YUdC agent .
St abl e chr omosgumBsic 8h<@ Withhad BnlY heidassd ih Uetrdéynibh bat@ie6@) dre eafbiratr tong,

suffering

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 expressicon ieads to
another expression state. Different expression states are found in different
individuals, in different species but they may also be found in different crgans in the

25 same species or individual, and in different fissue types in the same species or
individual. Different expression states may also be obtained in the same organ or
tissue in any cne species or individua! 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 chromesomes. For eukaryotes the

35 artificial chromosome may also be described as a nucleotide sequence of



nei ther intrachronmosomal nor interchronosonmal rearrangenents. 20 Producer
species: a species of cell wth two or nore heterol ogous expreSS|bIe ",
nucl eoti de sequences contai ned with expression cassettes. Detail{édi .ilil. Z8ld
description of the drawings 25 Fig. 1 shows an exanple of nultiple
paranmeter screening for conmpounds synthesised by cells. In the exanple
each cell was engineered with 3 differeng reporter systens. Each reporter
system produces a different fluorescent readout Each cell also cgqgrises a
nunber of het e?UbEEgHRIdeNSNPFEREHEE HIEICEB: FHEOMYe fUEIRTBS telofpeg 2N

het er ol ogous nl\éﬁét%teléi@or@ﬁﬁt!@ﬂé}:ﬁ@atzﬂ@%bd;@nb@at a8l thet@ppdfntyduc&c&ammtél pl e
new conpounds. The conpounds can inter ter Syt e and

lead to fl uore%??e‘?ﬁpr‘?sééﬁ&ﬂl?gﬂjs IPRES: IARP %@B&ﬁr?'?c 5’){3%{5? orrp(%nnm rsT%P hat
i nhi bit Cox 2aramia|hsbﬁrdﬁaasamd (thoChatheh hi birtaiGoxd aative desmabah cenroniees.

specific 'L’fgh ﬂ%l %r];? O(\)Aé%r%ehgl;d m@e&agrlthC!aﬁ Oéﬁf@ﬁqsoﬁ@' B%Jé tfelL one,

two or aII thre erira are ‘sele ter rounds, only cells
that fit all tMom@ml et ociutemiat ang IS@ICé@@fé@meB% regoeciiely. 2 "¥ABRs an

exanpl e of a myhkdq! ErORRaIR! QfialP €A 38 SEU AP olfChnat ARELARC RRTAl S I

i ncludes S. aureus grow ynmerase |1l inhibition and
P450 non- i nhi biantromeress AMACSTRRSers & awigni artitEa epfspBePopiPs forvedXamie®

transform ng acdbheaiwe QYaA®y aducet sib@bssndd bk @F\E’udn@p@f tyesstsyatrens for
the non 5 inhibition of a few sel ect ed human P450 or inhibition of

reconbi nalt  BaeirPmpEomes NG ies\gapptenfPereThie Fr?'ﬁ‘?%l‘:{)r MOSPRER Y #Fed and
overl ayed w t hjjar MRRAua( Met hicil li n-resi stant Staphyl ococcus aureus
)strain. The conpounds have to cross the producer's cell wall and reach
the MRSA strain thus the screen will also select for conpounds that have a
reasonabl e sol abiukéd yepinoktable. mPnteshrce of cebmssimeszaners WEnchidaastcboft VRSA

coll s, and whi chypr QdhEs 1418, JR5E DRt EATLAShL A Ob bl bhesaRTLals tabAL s are

selected. Fig "'ust’rat e aranet er screen setup for cancer
chenopr ot &#ct anthe. chrpmosdiee. aSiakiNty & fm&ﬁd@ée'ﬂ p epESCE | Brasgieriyeg @Sﬂent

encapsul ated s 2y %s@‘éﬁfaﬂ‘%@orﬁ%@re@s&ﬁ%@ﬁ%ﬂwf‘edhﬁ-sthela@d’eﬂé@'@ﬁé s@@l:ﬁve The
cells in the drop ets are the allowed to grow for enerathﬂns in

order to have AggNtiPpde elypnaseHTs %‘Wéeﬁfrbtﬂﬁéétfuc%%ew@@ Cﬁ}ﬁa Rl su

conpound bei ngnpfadiHesshortBRERI fdr@itdthre@béortd! ReSrapgdetndnise doubl e gel
encapsluated wth a perneabilised yeast expressing human DNA topoi soner ase

[
20 Producer species: a species of cell with two or more heterologous expressible

nuclectide 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 nucieotide
sequences. These heterologous nucleotide sequences enable the cell to produce

30 multipie new compounds. The compounds can interact with the reporter systems
and lead to fiuorescent 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 al: the selection criteria are selected.
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other than its native gene. The gel droplet environnment contains a topo Il
poi son and 20 a marker for the specific double strand breaks produced, bjg(“
this enzyme. Gel droplets where yeasts in both inner and outer dropléet'™Vt £8§
have survived and that are not stained are selected. Fig. 3B shows a

mul ti pl e paraneter screen set-up for novel chenotherapy agents 25 that are
sel ective DNA topoi sonerase |l poisons. F.{l g. 4 shows a nmultiple paraneter
screen set up where the gel encapsul ation of a producer species |library
reporting RXR-TXR2a&RIWFaLl of¥aMPieh Ch FrelAvfdl'S aiereredier SPReN §%8fbrien Agve

tI?XtRa- PtPAEyXRac&gwaé&t@msl. %CI%EQE!. Q@n’égé Bt iﬁﬂibmai,@@@al yf%a? mI ﬁﬁiblﬁiﬁlﬁ i vation

ut no - a elected. Fig. oOWs an exanp a ti

par amet er scr %g?(?d}?gﬁ?%tf'ﬁ'o@nagsr?éis'a%?)l"?ﬂeﬁﬁc'él Bﬁe@giegae}f'i {;)}Flt?/’ﬁapr@%’ using a
dual cul ture styskkmagd [torary f ptddecdr isreinefwitb ebHP repeft@ctyisems fot tHesngpessi bl e
to select gpr OdzHr%EigionCSH 4 Fém}sh?‘etcte*aargﬁg%%ssg?%hé ff inh%ﬁioR%ﬂf{Eg%‘B!‘nth' Ay gctivity
and a good absorption profilTe. 1 Ig. shows 'an exanpl e of ‘a Screening

syst em whi ch rdubtiisi B&lé PhiellinUibeibraf is fthgrs glaprois btd weglayenheritat ed MySA
conpounds t hat A i.sed t\he.. ISk Ng
enzymes (DIVEs)(N%rrt.lrgmigr??gg}a\eﬁggg&)tﬁ}g%tdﬁzﬁd?@%ugﬁfal&gﬁggﬁggﬁgﬁégﬁg@gre
active after bB¢Rpdnearassl wakandarraciieccMRAO siaindhusepiuseesh sied'sp select

undi scover ed. 5} Gomgoupl® Wt RaSE REBRIInBLIE ARILBHE NS Bk OProlfice® B REfHrRY SYystem
of the present invention to evaluate tdauré%et activit t abol i sm bq¥ DMES
n

met ab
and cyt ot'8xi ci ¥§predusi MESA °BdS ot B JEpdush dxpetaat iCB'}r‘/ib'E%%”e?ﬁf{Hﬁ@rs‘ée t he
first dropl et @®rcdenrakctkiines of the producer species transfornmed with
t he pharnmacol ogi cal target and DVES, and in the second droplet are
hepat ocytes, it is possible to screen for target activity, DVE netabolism
and hapat ot oxif6g.t3A Blushatdsam entislkypardbbetdi gree8 sshovisr eantérosectvarctectEnts he

t | eadi j ) . i i i bl
uol ot de seqiaRLkey FHARES BloRt By el LREREPALELL B8 Blal PR Bl Per o ©
to the indentidwnyule Fagl podybrnes!l.alhielasle tHbe troplets die th dipwell dadiongof #om an

entry library £onphbstiohs in é%e‘?;éaoﬁﬁé%mipﬁ% @nb‘&ése&tthggro%%&#%ﬁéés %}rﬁb gue! ?/abl e

artificial chronmdsones (EVAC ransformed into an appropriate host cell.
Fig. 9a shows 'B7€ GRHPMNY predtueiodcach el heps/Aealniplc e @rudes debbiea3%nat i on,

si ze sel ecti ongrRBgkIhAASEREH 8 PeiniaBiisdl Wabi &ipfdsdihg human DNA topoisomerase I
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 topoisemerase 1l 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 seiected.

Fig. 5 shows an example of a multipie parameter screen for absorption and a
pharmacoclogical 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 pharmacolegical activity and a good absorption profite.



chronpsone vector.

ligation of vector arms to obtain EVACs. 25 Fig. 10 shows a nodel &nt

vector. MCSis a nulti cloning site for inserting expressible nucl eo
sequences. Anp Ris the gene for anpicillin resistance. Col E is the
origin of replication in E. coli. RL and R2 are restriction enzyne

recognition

sites. 30 Fig. 11 shows an %xarrpl e of an entry vector

according to the invention, EVE4. MET251s a pronoter, ADHl is a
term nat or, fl is an origin of replication for filamentous phages, e.

ML3. Spacer

fromthe rrultrfp

gdfi SRAELEN %x@ﬁ&e %@@%ddeﬂﬁw@dsyﬁ}éma‘vrfrﬁv\ﬂmm@eﬁmel rﬁiﬁﬁpeﬂ@fl
e cIonrn restriction

LYl
tide”

g.
vi ng

Fig. 9b shows a one step procedure for concatenation and

’JL ,r-.‘(“s.
ng

enzyne recogni gisBmosi Vte§§ gPV&BfBP%%ﬂdamagﬂ%e ra%@é ”ﬁt%m“ 5. by'Iiﬁ‘cé hgr@a ence of
the vector i SdrS@'tnefabbﬁsi’hg ehzﬁﬁ@ {OMEND zhd ok IFddg td hesdiowsergnf exappings of an

entry vec OI'
a term na

ori rep PEatT oh f Or ["3fent ous phages

r’J\ﬁctora(rje J tlve aghe b'gl?}é’ent agghs Evan% wgg 1 oul§ hgr(w?sremre%am ADI;'ZI.gl S

ML3. Spacer 1 @anigscsypamer 2 are constituted by a few nucl eoti des 5 deriving
fromthe multiple cloning site, MCS, Scfl and Ascl are restriction en
recognition sites. Other abbreviations, see Fig. 10. The sequence of

vector is set Fiflof tshovn assemplinmeeseriaon of 3HGReNRA YRERDPef PERE BNt ry

vect or accor diRgnkibn r&aaruar&a@epast.v@/%%tab@rmby bEsSard @idﬂfﬁlﬁt?ﬂdsm@:)hl is a
termnator, f1 is an ori

i‘cation for f|| ages
ML3. Spac@r3 %ubleseRh epgs rfa*gq?eﬁe% 8t “PeRYH A SiTEGE© ar@r‘iﬁh”@ e% O‘céfi‘acem is
a ARS1 SequenC@onémpéeree transS@rfiled aumd tl%&rﬂiarrﬁdc@!o@ﬁélttﬁﬂg@ft Ar@irm MR wne in the
recognition srte |at|ons & Seque
vector is set 8?‘& EIOP% §§QP Ci\%eé "{i%p?—“?s e hogsgﬁen foraﬁrggxgclr{r'pnltye 0 Ea
entry vector aeegbdismgntmapdtetokiciyesmbilaneclBYES. Met 25 is a pronoter,
is atermnator. Spacer 5 and 6 are | anbda phage DNA. The nucl eoti de

vector (P9aca kB bls' £ RE! Gl B BER i 8 Sibidseigr HAPHE
chr onosone (EVA@‘)FptiWﬁ?m ﬂhrff@m eapr@efn@at W’ﬂ@c@éﬂwnﬁ@ tith arhenihviery dd can be

20

25

30

35

nucleotide library according to the invention).

Fig. 9 shows a flow chart of the steps leading from an entry library comprising
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 info an artificial
chromosome vector. Fig. 90 shows a one step procedure for concatenation and

ligation of vector arms to obtain EVACs.

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.

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 multiple cloning site, MCS, Scfl and Ascl are restriction
enzyme recognition sites. Other abbreviations, see Fig. 10. The sequence of the
vector is set forth in SEQ ID NO 1.

zyme
t he

t he
n
ADH1

a



cloned. TRP1, URA3, and H S3 are yeast auxotrophic narker genes, and AnpR
is an E CO|I anti biotic marker gene. CENA is a centronere and TEL aréil
telomeres. ARSL and PMBl allow replication in yeast and E coli
respectively. BanH | and Asc 25 | are restriction enzyme recognition sites.
The nucl eoti de sequence of the vector is set forthin SEQID NO 4. Fig.
16. shows the general concatenation strai gy. On the left is shown a
circular entry vector with restriction ftes, spacers, pronoter
expressi bl e nucleotide 30 sequence and term nator. These are exci sed and

li gat ed randon?c.}ju'sﬁmfén ex%ﬂr{a%/oleazéﬁdrylve%%%amwt@twaen@am EVEEIG:UBi/Z 91/5

20 Legend: Lane™™ nol ecul ar wei ght mark Pstl
Lanes 1-9, coﬁéhP@H@FVoﬁDHéét?ﬂ%ﬂﬁmﬁﬁap %EﬁmeFh§H§HW§thﬂyg% EF/Y) as
[ nt Lab| et h5 Fi gn a]gng’zl @@dmié'bs;aacbd ulSEtnﬁaetp@Sert:hera odregadi lpna déw mnieattdeﬂatl on
Wi synt hesi s _ o 0LDS n r size
can be control ?%H*”Bﬁm%ﬁt’?@ﬁ 8“?%5% a“ﬂs% 3 vngdﬁg%ﬁgger %Wgtgo%e&ﬁ&@g;
cassettes, as desgiticheded. Otrexabpk@atioh8.sed® |an@ The se@@¥AC: glghe M@gyrﬁjae‘r pFGE of
EVAC contalnln%ﬁﬁlqﬁgﬁanb%pes a: Yeast DNA PFCGE markers(strain YNN295),

b: | anbda | adder, non- transformed host yeast, 1 - 9 : EVAC contai ni ng
clones. EVAGCs in S|ze range 1400- 1600 kb. Lane 2 shows a cl one containing

2 EVAGs sized %‘rﬁggh&ps %ﬂ%an‘ﬁ)@oofiéﬁ enfr)?%tabéb%hﬂ{g to tREinvR kR, ENACCUS1

comgrating with the 56 east chromosonme 15 and. is resulting in an
i ncreased!U nt eigsd pypmstert ABHbdna t@imimsd. Koisra® gty r\/@*c tegliEHe S @gﬁenﬁ%ﬁds in

the lane. Arrowg:qeldl. M. t%a@fé\@ hapdlsp frﬁgﬁentlﬁ iBiewphage OxANpdgeneof.

eneration of an EVAC caontainin
g Spacerd is a ARST sequ nce #rom R/%QSL“ g fll and Ascl are restriction enzyme

recognition sites. Other abbreviations, see Fig. 10. The sequence of the vector is set
forth in SEQ {D 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 evoivable 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 1D NOC 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 FIY
1 100/1
2 50/1
3 201
4
5

10/1
5/1




EVACs (Evolvable Artificial Chronosone) are artificial chronpbsones corrposed
of 20 concateners of expression cassettes containing heterol ogous ;D)
that each gene is under the control of an externally controllable
pronoter. Large nunbers of heterol ogous genes fromnultiple sources can

thus be conbined in a single host cell. 25 Fig. 20 shows the general
principle for screening EVAC cont ai ni ng é:dal | popul ations. The cell
popul ation is_anplified and subjected to a panel of screens that are

rel evant to #.desit&d functional i ty. Positive subpopul ations are sel ect ed.
Fig. 21 shows|how cel/l_popul ations evol ve through a tiered set of selection
condi - 30 tioh%,—alwHys taking the best performng cell popul ations further
in the process 9 unt i1 5an opti mal functionality/property is evolved. 21
Fig. 22 shows general screening strategy. |ndependent GFopul ations are

subjected to ‘t%@”‘ééﬁﬁe %’le’E“Ok?PU'%’d’F%ﬁg‘a’k&ﬁ& BleavstiNA Hagded Wi St bR ehe

di fferent sel efheashnsabnatin®Ridbidns ORGiolos rERENI B dat-0GRHNET avinthni®iovel genetic
diversity introduced between selection rounds. 5 Fig. 23 shows physi cal
rem xi ng of EVACs. EVACs are isolated fromthe host and used for

t ransf or mat i onFigf17ai érhiemerrmsyraha@sthe O&b@rﬁtitﬂf of eondaterpsfinonimatdyotheod diost
cells already e nt.ai ni.n 0 anbi nat | ACs i n each
ost cel I 10 BP0 A URBLE RS e B CONCT O SEeDere CUBIESD on i a
cel | popul at i owntabrg tharalio mfvéehGsneraxptesslon rasyelmsad depcrizoide ekaonple
carotenoi d synthetic enzynes. The expression cassettes contain either a
Met 25 or a CUP' | pronoter. Orange and red colonies ar obtained as a
function of the pronoter activation. Intensity of colour and nunber of

col our ed 4gol Ont@%a'w;orce@e?@@gén'a ﬁﬁf@EBp&v@d\baﬂalﬂﬁg%nesCUP + Met > CUP > 15
Met. Uni nduced col onies are white. ail ed Description of the Invention

The fol | owi ng L}iﬂ”@%l9d§§35éDHW&%WHHG@&@MY&W?@@ 8n'aﬁ’89@ te89ppINYNt he
screening 20 mwkheadsd i&%ﬁ%a@t Ag- ¢ A cdnfaeRy Eiombst BYAYOIn\ERetaldest4bbat

Vol Loy TOLAPU G e RSB REET B OH o b U COREPTT Sl PrBl Gadi Bo e wel |
as producti on ratpectiraholibe S8kbEY/Aafis canpatinglsittothe S6tieeastalhrondisomal ue.

15 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 controllabie 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

o a desired functionality. Positive subpopulations are selected.

Fig. 21 shows how celi 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 functicnality/property is evolved.



Thus, by "Evolution of a cell" is neant change of a cell's phenotype
towards a novel phenotype due to expression of a novel conbinati onkoflll 2
genes. By "evolution of a conposition” is neant change of the properties
of a composition due to a novel 30 conbination of cells expressing a novel
conmbi nati on of genes. The novel conbinations are selected using the

sel ection nethods of the current inventign. In seeking to evolve nol ecul es
wi th defined phar eutical, jndustrial, nutritional or other properties
bne mist have B BBl Gocakp LTI GrephduierteRal v stp et heuBRARS 35
encode for phenabypase shiadf @reeneonsi ginett maletibl tdie se @ffoperdalees:d 2B- Each
cell in a cell tLo i At tically diff from

ot her cells, %@ggg{%ﬂ%i '%tCEWH%F%?%ghggbiﬁﬁ] :ﬁfj ?atg%ga%c%ge?%%t'%tn diugl% ;Blgtgv)%%'ﬁ ess
itself in one s¥echwreuwdsys. For the purposes of the current invention the
term Qut pyt shall be taken to nmean a 5 property of the cell that is
consequent to the expression of one or nore expression cassettes.

Qptional I'y theGrop¥iowy PUSCHEEYNS EGEENT St/ St He IR Ekiied Bt 6fd one  or
mor e eXpOrJ essi Qkeq a&g@shgfeﬁnaaseﬁi of a@ne%@p@msmn@t)r_ far G@’(sf&ﬁr?@tio‘ﬁeéf Hokt et0st

genes. t puts_can be neasur ccording to.vario ifferent criteria.
Those oritori IR SRR oy Aes B MR TRERPy S € asereS et onal
or structural properties that are being optimsed. Alternatively they my
be inversgly |inked f 1.an r uct ur operti th re not
desi red. Sl?l]t pu’iil%kzgkasrrf16 Sea}rilr%é’%t‘%srh@%%F %(ﬁrﬁzaﬁbqed er”ée%%?s%?“ ﬁya l];retallgﬁ)guI'ca)?cgna&)rnepor ter
construct. Fortaining EVEEspanripoeiels gefiet hirscadie domesnetendie synérativ Reponase he

Const ruct Shal%p%sé&@h&%eﬁ& & Aneagkt oo Qfa@‘:)JlPQ%&rﬁ&terd%Y%r%% e
measuring whether a given cell or subset of cells in a cell "population
vary in respec®losfesar gpigiead asepircion i preErtes 8FYvaliay Indenstepiscalfréat | s in

the cel |l popul af{RPor EerARRl &I RRAR 8458 AL MRl IgdrudBPa: GeNSHLP ~
construct that -produces a fluorescent protein in response to the

activati dA of Mett ¥apdeei 6olpes #'8¢88-. 20 Anot her exanpl e of a reporter
construct is a coloured/flurorescnt enzynme substrate, to which an enzyne
i s added thatstion.x‘%{gjs t.hfe su ?Itrate to another nolecule with a different
col our/ f1 uor eSCEAEE PECHPHAY PUMENYEPERRr t er system coul d be an enzyme
converting a substrate into a coul oured/fluorescent product. Should the
cell produce i_nfj bi will
not occur. 25 %@h@tﬂ&vﬁrﬁpgﬁa @tres gyg%cg#éﬁ%%a%&ﬁ%r%dgé\?ﬁ? %g{j}? L{fﬂla %Brt%ggﬁ%n t he
survi val 28f ceh¢thodsudrjceriinado the invhetioseb evplve el theepiodycecednmpuath with o

net abol i se a phefAst ehRRSHiesubst ance, cells

The screening and/or evoiution may lead to the production of novel optimised
moiecules as well as preduction at various scales of compeunds 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 “evoluiion 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 seiection metheds of the current invention.

in seeking to evolve molecuies 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.



able to produce a substance that preferentially absorbs el ectromagnetic
radiation at one or nore frequencies, cells having enzymatic efficacy Ln..
the media etc. 30 The term Proxi mal shall be taken to mean a | oc&t™ 6=t Rt
is either within the sanme cell as the expression construct or which is
sufficently close to said cell such that the concentration of a nolecule
or nol ecules diffusing froman intact or,jysed cell, or being actively
punped fromthe cell, is at |east one pi com)le in the vici nity of the 35
| ocation 23 Reporter constructs can be placed proximal to a cell either
before or afteEadhhei irexp;EEss;i:Ldmmﬁo@@etnrﬂueﬁit hayem ctiaen dfaghnieen ecthdr otits, t he
fe" Methods of, W&Pﬁs‘?@&a%a{;ﬂgmft o ‘%&%a;yex %%Qﬁ%eﬁ Aehnd tr%?or%m%g‘”ﬁoﬁa'
ocation |ncIu Y arée no 1’1o ard trans rati

t echni ques, t hibe matpcags of themrrdmtfift‘@ﬂ@m th;ﬁetastx Grpuit shalt Ypdaende Meysa ens
pr ovi di N sphy Sk RA o 48 ket l&é&aa@@c{aeﬁﬁblth@%rés%ﬁ ok Bfe GORST UplessibOT

exanmpl e gel nicrodropl et co-encapsul ation of reporter construct.
Qut puts of cel qﬁsqtﬁétowalﬂéh?r@e%ﬂ?yéﬂak‘i’@t %ﬁewﬁﬁp@?lhﬁﬁ? SYREPTHAET OBBNt r uct s

or by 10 ot heg RaBRorbRUInUHEsetiBhnBhe efAREsddnBr b eErtdifset oNBYR hesRect 1 al
properties |Induced cytochronme oxidase activity Changed size, norphol ogy,

sticki ness or adhesive properties or |ack thereof Superior growh 15
Ability to gr o@utpmtssarbSé rahesed heyrdanokrinerdiedrdnt cgeosy Thase chbiid inby to

grow in tBe pr recﬁ"yhor in seﬁ/ in e fb‘l%é- %u%%,{t%otngl cgr uctﬁrgl psrgperﬁesq%at a%élgg at es

Ab|I|tyto growm e a nor mal” essen qui renent’s ility
to grow on nemmﬁmdpﬁlt@“naﬁqebnféebmamb&e invetselyi inbed tQOURCAmallqrystwgtuga* ow

under changed physi&ahacanghiitbg such as tenperature, osnolarity,
el ect r omagnet |pg ér(adﬁgat?on i ncll5 %I ng light of certain wavelengths. Ability

to grow under magnetic field of certain force. Secretion or the |lack of
it fromthe cebltputdbsn bé‘ﬁb@du’fréooé?th@rrdn@&i%%/&fbﬂ/|n%n§)f3f d ﬂ@bbrmrtcbmm@ff Faénhenzyne

25 The aCt | vat | on of f %lsr g{g:c%%ent the term Rgroert\é?ggks?rr&ctosha? | be tglgénvt%ttjnga% ol ecul e
bi ndi ng t'8 a rREREDP!
genetic or molecular device for measuring whether a given cell or subset of celis 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 fluarescent protein in response fo 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 molecuie with a
different colourffluorescence. 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 coiour change will not occur.

25
Other reporter systems could include without limitation the survival of celis subjected
to the selection criteria, celis able to metaholise 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 io 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



The inhibition or pronotion of binding of small nolecules or proteins to
nucl ei ¢ acid or peptide sequences. The inhibition or pronotion of s i
transcription or translation of post translational 30 processing. th

T
angeé
in the transport or localisation of nolecules within the cell or within
organel l es. Changes in the DNA content or norphology of the cell. 24  The
production of small nolecules with certapn properties that allow their
selective isolation (e.g. all the chronmatography principles available to
the skilled practitioner). The production of small nolecules with certain
spectroscopi ¢ Remper torestructs chdefel pleckdopogdialy td @ defditielebafbs bl eftdritght ,

m cr owaves, | - X- I 0 e cell,
i ncl udi ng thel%(tp té\\/ég'ﬁf’( icéﬁé{rg?tq%&%)ﬁ%ﬁ %ﬁp%?édc@ﬁ t%gi%?lplea};eg’% |Sacﬂ(n(§(r8#0¥a$ﬁ%

i nducti on of apeptrorteccopalrivivaiesa proxiCieleraiah ichvde Gat aye notlonivdILT biRDdRrd _
PARAVETER s SCREENL NG i RoGRRQUAE habe olflft\@é‘bc!li@eré’rﬁ @eagt: lfrl%ttlhée t?ﬂg%t gulfil

mul tiple functional require- nents. It nust interact” w get(s) and
af fect the funtfiegls 8PVielRe pAFigEt PioWMithetefBeade sy @B rraPRIEY . conplrictheloSane

time it shoul dexagipld d¥ BicRsHropMt ch-cAfipsOBIRIof COf drRNesdrigh bdfekuctt ar gets or have
maj or non-specific effects. Further, it nust have the right physical-
chem cal paraneters and be netabolised by the body in an acceptabl e nmanner.
Because of t hi@&utpnitrof ngisahatirhdy puineys agtteit@npy eixing rdpbeeptacess coby

di scoveriqlag ant herzrrgea%g\gghgg,ib@gar%rngplﬁnig%%:a very poor success rate and is
extrenel y "expensi ve N per “successful conpound) and very tinme
consum ng (c. 8- &2 Nowarspeftrabpnogderseovery to clinic). Only ¢. 1 in 15

primary screens prqg&%g? %’tﬁ%@?eugﬁdatsg%&wﬂakes it into pre- clinical

devel opnent and only ese cor%ounds then make it to market.
The aver age phar macéangebdize; owpgainipgs péckses? b0admsivygapastief orasetared and de
25 vel opnent effortS ggfﬁor?yo%p( conpound that enters the clinic. Most

. . . . .
pharmaceutical conpanies are, in consequence, failing to | aunch new drugs

at the rdbe theyer éilityte gravoorsatobisdtys thhe tannpinveeseigrgow on
o Ability to grow in the presence of a toxin
« Ability to grow on sublethal substrates
¢ Ability to grow in the absence of normal essential requirements
» Ability to grow on media comprising one or more inhibitors
20 + Ability to grow under changed physical conditions, such as temperature,
osmolarity, electromagnetic radiation including light of certain wavelengths.
« Ability to grow under magnetic field of certain force.
« 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.
» The prevention of an activating molecule binding tc a recepfor.
¢ The inhibition or promction of binding of small molecules or proteins to
nucleic acid or peptide sequences.
s The inhibition or promotion of transcription or translation of post translational
30 processing.
+ Changes in the transport or localisation of molecules within the cell or within
organelles.

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



An alternative to the current process is the evolution of small nol ecul es
conpounds 30 towards nultiple properties simltaneously, with thegei .. i
properties being related, ei ther directly or indirectly to the therapeuﬁ“i*’*t‘:
target(s) the small nolecule has to inter- act with, the targets it should
not interfere with, the ADMET properties it should fulfil, etc. 25

Mul ti pl e Pharmacol ogi cal Activities Due 5{) t he vast nunber of known targets
and rel ati onshi ps hetween those targets hat are currently known, it is
not in the scope®of "EHRECHICEYRAL STHVBRIECYRS 18N FeE=P inpepegies téatkﬁ*i@W e get s
and their correl at iserstiveTiadhtnLed. Saﬂ|tﬂ@@ﬁroma{dgﬁatph\‘{)fpriﬁ@ﬂzl@é/@Mila@!@&b ol -
ogi cal targets. Thekliidst iﬁ. i ncluded nerely to illustrate exanpl es of
targets and i s not >t B8 'R?Etpreted as limting the scope of the

i nvention. Tabl e« 1:ThBrprgdictsget Small In@éRyditroxy i e rspecrodedpd hagenase

3- hydr oxyz3- net hyl g ryl coenz A. 5-adenosyl ho ei ne  hydr ol ase
5-HT3 recaptor 5- kﬁﬁ%g%é%‘ta@ A q’H%“C@%%"ersi ﬁgﬁglr%ﬁf%h" 30S r RNA
from 50S ri bosomal Gmanges iB0® morplosayyedf theret!, ibdlunthionige sreventa? captanpliasm n
a-adrenergi c receptor anmiigit, of Na /K ATPase (3 isoforns) a-anylase

a- gl ucosi dase ACTH receptor denosi ne deanmi nase Adrenocortical steroid
synt hesi s Adr enscoheinsostiosrodpeppiatic @ptorys. Adr energi ¢ receptor 3i, QZ

Adr enocorti cotropi GRREIAPAG cator.
10

MULTIPLE PARAMETER SCREENING

For a compound to be useable as a drug it must fuifil multiple functional require-
ments. [t 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 physicai-

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}. Oniy 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

1o 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 directiy or indirecily 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 fuifil,

etc.



Androgen receptor Angiotensin-converting enzyme (ACE) Angiotensin Il
formation Angiotensin |l receptor Anti platelet/antithronbotic aqent PR,
Ar gi ni ne vasopressin receptor Angiotensin receptors, ATl, AT2 ‘ Wi 20D
ATP-sensitive K channel Antigcoagul ant protein C Antigcoagul ant protein
S Androgen receptor Apoptosis Am noacyl tRNA site on 30S ribosomal unit
(tetracycline) Acetylcholinesterase Adr ergic receptors al, a2, (31, (32,
33 Aronmatase ATP sensitive K channels éﬁlscorbl c acid 26 (i -arryl oi d

3- adrener gi ¢ r ¥eliNOFhargarglegicabAeivities. subunit of DNA- dependent RNA

pol ymerase 13- adrenergl c receptors, bl 13-tubul | n subunit of m crotubul es
Eﬁgzg‘g' o D e oD Vet n%l#r{tbébé r{]?(\?\}nlt?%gt%ge{n SRlacns mg'{ﬁwe@n rtr%%s%géé BL,
Vol t age- act i vathedaz@{;tlryqﬁely k@atre ¢ loohot @ thre stnpktof tirfreeseasavenan t§>|<:te@¢f|bﬁ all

5 know targets and their correlations. Table 1 discloses a list of relevant pharmacol-

ogical targets. The list is included merely to illustrate examples of targets and is not

to be interpreted as limiting the scope of the invention.

Table 1: Drug targets

10
3B hydroxysteroid dehydrogenase
3-hydroxy-3-methylgiutaryl coenzyme A
5-adenosyt homocysteine hydrolase
5-HT, receptor
5-HT, receptor
235 rRNA of the 508 ribesomal unit
308 rRNA from 508 ribosomal unit
508 ribosomal unit binding site

o2 antiplasmin

o-adrenergic receptor

a-subunit of Na™/K” ATPase (3 isoforms)
g-amylase

o-glucosidase

ACTH receptor

Adenosine deaminase

Adrenocortical steroid synthesis
Adrenocorticosteroid receptor
Adrenergic receptor B, B2
Adrenocorticofropic hormone

Androgen receptor
Angiotensin-converting enzyme (ACE)
Angictensin [l formation

Angiotensin Hl receptor
Antipiatelet/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 308 ribosomal unit (tetracycline}
Acetyicholinesierase

Adrenergic receptors o1, a2, 81, B2, B3
Aromatase

ATP sensitive K" channels

Ascaorbic acid



Cel |l surface receptors for sulfonylureas on pancreatic (3 cells Cell
surface receptors for glitinides on pancreatic /3 cells Chol ecyst ékilhi n'in
(CCKA, CCKB) Choline acetyltransferase Cholinesterase Carnitine

Cal cineurin Corticosteroid nuclear receptor Cyclophilin, cyclosporin

bi nding protein CD3 glycoprotein on T |ynphocytes CD33 receptor CD20
receptor CGrich DNA (actinonycin) Coagyiation factor 11, VII, IX X
Corticosteroid adrenocorticotropin recep?ors Cycl ooxygenase 1, 2 (COX-1,
COX-2) Cycli cPaOwloEot i de Phosphodi esterase Oycl ooxygenase Cytochrome P450
reduct ase Cyt beRrE6AEICPA%SP!O11(3 (1113 hydroxyl ase) Cytochrone P450 17a
Cl7-20 | yase @Zﬂﬂcmﬁﬁérre P450 al do, al dosterone synthase Cytochrone P450
si de chain cl eboaigjit c5RN -dengnfeat Ry PY¥R#ERe P450- dependent sterol 14

a- demet hyl ase DBadieanjic 'ereRloshiPAe synt hetase Di hydropt eroate synt hetase
Deoxycyti di ne Rkiwbabesucpnhgdrieetbtete dehydr ogenase Di hydrofol ate reduct ase
Dopani ne D1- D5BeQEBEHE eBN0 chai n el ongation factor DNA cross-|inking
DNA- dependent BIaVisapipReipse

Bradykinin feceptors, B4, and B,

Carbonic anhydrase, type tV, ||

Ca** channel

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

Calgitonin

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

Calgineurin

Corticosteroid nuclear receptor

Cyclophitin, cyclosporin binding protein

CD; glycoprotein on T lymphocytes

CD33 receptor

CD20 receptor

CG-rich DNA (actinomycin)

Coaguiation factor I, VII, IX, X

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

Cyclic nucleotide phosphodiesterase

Cyclooxygenase

Cytochrome P450 reductase

Cytochrome P450 11B (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

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

DNA methylation

DNA polymerases i+l



DNA gyrase, subunit a DNA net hyl ati on DNA pol ynerases 1+111 27 5 DNA
primase DNA t opoi sonerase DNA al kyl ati on DNA topoi sonerase |V
al kyl ati on (oxami qui ne) Erythropoietin Endo-(3-d-g |ucuroni dase E§’t fo@% :
receptor Factors VII; VIII Fusion protein (respiratory syncytial virus)
FKBP, tacrolinus binding protein, FK506 binding protein Folic acid

Fol l'icle-stinulating hornmone (FSH) FSH receptor dycerol phosphate oxidase
GABAA 1 ecept or (6a variants, 3(3, 28, 37 variants GABA transani nase

GABAA- associ at BYAIPSRa8hannel G utamic acid decar boxy' ase

a ut amat e/ aspapPtatt Orsé?E\?b?tSSrs AVPA, GLU 1-4, KA, GLU 5-7, NVDA 1, 2A-D,
WG:-U 1-7 d yrlgﬁ %0908 ®honucl eoti de transfornyl ase Granul ocyte

col ony-stinul a r GHRH receptor G ucagon receptor

G ucoanyl ase il g?n &’X@ra”'q‘éf&e ptor (GR GIERH recept gr P

Erythropoietin
Endo-B-d-glucuronidase
Estrogen receptor

Factors VII; VI

Fusion protein (respiratory syncytial virus)

FKBP, tacrolimis binding protein, FK5086 binding protein
Folic acid

Follicle-stimulating hormone (FSH)

FSH receptor

Glycerol phosphate oxidase

GABA, receptor (6a variants, 3B, 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,
mGLLU 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
Guanyiate cyclase (nitroprusside)

Guanylyi cyclase (NO)

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

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

H*, K" ATPase, proton pump
H; histamine receptor

H. histamine receptor

HC1 secretion by gastric cells
Helicase

HIV Protease

HSV thymidine kinase
Hemoglobulin protease



Gonadotropin rel easi ng hornone (GWHR) CGuanylyl kinase G protein coupled
adenosi ne receptor Ganglioni c adrenergi ¢c neurons/ norepi nephrine transporter
Guanyl ate cycl ase (nitroprusside) Guanylyl cyclase (NO G anul 9gytie| 2aps
col ony-stinulating factor G anul ocyte-nacrophage col ony-stinulating factor
G owm h hornone receptor G owth hornone-rel easi ng hornmone (GHRH) d yci ne
receptor a, 0 H, K' ATPase, proton punp,g H, hi st am ne receptor H2
rl—]IISSt ahm nedreceﬁé%@gﬁlaﬁéecretl on by gastric cells Helicase HV Protease

V t hym di ne ohul i ease 200 28 Heparin antagoni st
Hypoxant hi ne- gﬁé@%xﬁ@hgﬁagﬁﬁﬁ}?rﬁﬁ%’lﬂ"g?sry W%Faige Her -2 recept orng st ani ne
receptors Hi Fg ull—lf otransferase as a catalyst Intercellular
adhesi on nol ecg'lsg’"l“elr[lia ! JLegeptor Interleukin (IL-1, -2, -3, -4,
-5, -6, -7, -8 °RYCSY anseffseasﬁca?% erl eukin-2 receptor I GF-1 receptor,
| G--2 receptor |odothyrinine-59-deiodi nase,type 1, type 2 Influenza A

virus M prot Cnthreellular adhesion molecule 1
interleukin 1 receptor
Interleukin {(iL-1, -2, -3, -4, -5, -6, -7, -8, -8, -10, -11, -12
Interleukin-2 receptor
IGF-1 receptor, 1GF-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, [GF-2)
Insulin receptor, o and B subunits
Insulin transporter

Kallikrein, aprotinin, C-esterase, o2 macroglobutin
Kinin

L-alanyl racemase

l.-aromatic amino acid decarboxylase

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

Leukotriene A hydrolase

Leukotriene B, receptor

Leukotriene Csreceptor

Leukotriene C synthase

Leukotriene D/E, receptor

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

Lactamase

Lipoprotein lipase

M; receptor, muscarinic cholinergic
i and & receptor in gastrointestinal tract
Macrophage colony-stimulating factor



| nosi ne 5' phosphat edehydrogenase Insulin-like gromh factor 1
Interleukin-2 receptor Inosinate dehydrogenase Interferon a Intérfeynpniag
receptor | nosi ne nonophosphat e dehydrogenase |Integrase Interferon a
Interferon a receptor Interferon 7 Insulin Insulin-like growth factor
(I1G-1, 1G-2) Insulin receptor, a and a subunits Insulin transporter
Kal | i krei n, aprotlnln C-esterase a2 magrogl obulin Kinin L-alanyl
racenase L-aro G decar boxylase L-type voltage-sensitive Ca
rﬁVH&D %?‘?

2+ channel Le %8 FUt'8fkot ri ene A hydrol ase Leukotriene B4
receptor Leuk 'EE tor Leukotriene C synthase Leukotriene
D4/ E4 receptor N g i nhi bits phosphol i phase A2

Li poxygenases %%goﬁg]a{elets) 5-1i poxygenase (| eukocytes)
LFVchorlogonako%&Qhﬂe se'( ﬁg gor Luteinizing hornone (LH) Lactanase

Li poprotein |i RAS&irric receptor, M;, 3 subunits
Muscarinic receptor, M; , 3 subunits
Muscarinic receptor, My , 3 subunits
Muscarinic receptor, M, , 3 subunits
Mycobacterial RNA polymerase

W—QDQ’

N-acyl hydrolase

Na' channel, o1, §1, p3

Na' channel «, B, v

Na'/Cl-symporter

Na'/K'2Cl-symporter

Niacin receptor

Nicotinic acid

Nicotinic receptor

Nicotinic cholinergic receptors, muscie Ny o, B, 9, v, €
Nicotinic cholinergic receptors, neuronal, Ny o2, o3, od, ab, ob, o7, o8, a9,
B2, B3, 4

Neuramidase

Neuropeptide Y, Y1, Y2 receptors

Noradrenaline {ransporter

Opioid receptors tiy.y, 812, K1.3
Oxytocin & receptor

Platelet-derived growth factor

Parathyroid harmone (PTH)

Peroxidase

Progesterone receptor

Prolactin

Prolactin receptor

Parasite $-tubulin

Parasite dihydrofolate reductase

Parasite glutamate gated Cl" channel
Penicillin-binding protein 1a (PBF 1a, 1b), franspeptidase
PBP 23, 2b

PBP 3,4 56,7

Platelet giycoprotein lIb/llla {fibrinogen receptor)
Plasma protein transferrin (31 glycprotein)
Pyridoxine receptor

Penicilloyl enzyme

Peptidy! site of the 505 ribosomal unit

Primase

Phosphodiesterase (type IV, cyclic nucieotide phosphodiesterase)
Phospholiphase A,, C

Platelet-activating factor

Prostacyclin synthase



M receptor, nuscarinic cholinergic p and 6 receptor in gastrointest, nﬁ;(-ﬁ;‘
tract Macrophage col ony-stimulating factor 29 M crobial di hydrefiolate”
reductase M crotubular protein M neral ocorticoid receptor

M ner al ocorticoid receptor (MR) Mnoam ne oxi dase (MAO) -A NMbnoam ne

oxi dase (MAO -B Miscarinic receptor, M, 3 subunits Miscarinic receptor,
M2 , 3 subunits Muscarinic receptor, M3,y 3 subunits Muiscarinic receptor,
M4 , 3 subunit M’ﬁ'oﬁﬁme” al RNA pol ynerase N-acyl hydrol ase Na' channel,
al, (31, (33 S 8t ghiFale RPYMeRRsey  Na' / Ol - synporter Na'/K /2 Cl -synporter
Ni aci n recepto ro%%?ce,’gp?ﬁ?c@p%i d Nicotinic receptor Nicotinic cholinergic
receptors, mnus Kré Olﬁl@fa E) , 8, y, e Nicotinic cholinergic receptors,
neuronal, NN a U?Fé;@gpg%;%%, a6 8, a9, (32, (33, (34 Neurani dase

Neur opepti de Yo Yl go %«;ﬁ%éa?‘gﬁ"\}i" eg?ﬁgrtoe;nal ine transporter Opioid
receptors kl-25, e% SER ytocin receptor Platel et-derived growth
factor Parat h%ggdwﬁ%m@g (PTH)

Prostaglandin 15-OH dehydrogenase

Prostaglandin D-DP receptor

Prostaglandin E1, E2, E3-EP receptor

Prostaglandin F-FP receptor

Prostaglandin 12-1P receptor

Prostaglandin ; (PGl;) receptor

Prostaglandin F; receptor

Prostaglandin synthetase

Prostaglandin 1, recepter

Reverse transcriptase

Ribosomal protein from 503 ribosomal unit (streptomycin)
Rh O

Riboflavin receptor

Retinoic acid o, X receptars

Ribonucleoside diphosphate reductase

Ribonucelotide reductase

Somatostatin

Somatostatin receptors, several
Steroid b o reductase 1, 2

Sucrase

Squalens epoxidase

Stemn cell factor, c-kit ligand

Serotonin receptors (5-HT) 5-HT ar, 5-HToac, 5-HT3, 5-HT.
Succinic semialdehyde dehydrogenase
Spindle formation

Scission of DNA

Secretion of vasepressin K receptor

Topoisomerase |, I, 11, IV

Tubulin

Thrombopoistin

Thrombin

Tissue plasminogen activtor

Thymidylate synthetase

Tachykinins, NK1, NK2, NK3

Tryptaminergic receptor

Thromboxane A, TP receptor, platelet and non-platetet
Thromboxane synthase

Thyroid-stimulating hormeone (TSH) receptor, TRa 1,2, TRB 1,2
Tumor necrosis factor receptor

Trypanothione reductase



Per oxi dase Progesterone receptor Prolactin Prolactin receptor Parasite
(3-tubulin Parasite dihydrofolate reductase Parasite glutamate gatgd, GG
channel Penicillin-binding protein la (PBP la, 1b), transpeptrdase PBP 2a,
2b PBP 3, 4, 5, 6, 7 Platelet glycoprotein IIb/Illa (fibrinogen receptor)

Pl asma protein transferrin ((31 glycprotein) Pyridoxine receptor
Penicill oyl enzynme Peptidyl site of the 0S ri bosomal unit Primse
Phosphodrester%se ( c clic nucleotrde phosphodi est er ase)

Phosphol i phase ﬂ%”“@é éq;hQQ??ﬁ@S?actor Prostacyclin synthase 30
Pl asnodi al he e receptor Pyridoxi ne Phospholi pase
C(3 Purine rec iy Aﬁd§8 qﬁf@ Pty Peroxisone

proliferator-a anma ase gmggmmfancrelrpase Pot assi um channel
Pr ost agl andi n gﬁ Prost agl andi n D-DP recept or
Prost agl andi n Efjgm re eptor Prost agl andi n F-FP receptor

Uridine monophosphate pyrophosphorylase

Vascular cellular adhesicn molecuie 1 receptor
Vasopressin receptors Via, Vi, Vs,

Viral DNA polymerase

Vitamin A nuclear receptor

Vitamin E

Vitamin K & receptor

Vitamin B4, receptor

Vitamin D nuclear receptor

Voltage-activated Ca®* channel, L-type

5 Below are examples of diseases and the different targets invclved 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 I, 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 hacterial 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 Sftaphyfococcus aureus (MRSA} is now the most prevelant
nosocomial pathogen in the United States, and the enterococci, as cpportunistic
pathogens, are among the top four causes of nosocomial infection. Indeed, the per-

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

25



Prostagl andin 12-1P receptor Prostaglandin 12 (PQ 2) receptor
Prostagl andin F2 receptor Prostaglandin synthetase Prostaglangin L2 s

AL S

receptor Reverse transcriptase Ribosomal protein from 50S ribosonal” tinit
(streptonmycin) Rh O Riboflavin receptor Retinoic acid a, X receptors
Ri bonucl eosi de di phosphat e reductase Ri bonucel otide reductase Somatostatin
Somat ostatin receptors, several Steroi d..3 a reductase 1, 2 Sucrase

Squal ene epoxi dase Stemcel| fact %r, c-kk Iiu,j%and er ot oni n hegeptors
(5-HT) 5- HTI A_P; a8eris & &Y IBnpfiait hymprepthogeq fpdiNA tavarahieH ot yrda acter-

dehydr ogenase Spigvdt esefiohaithronghpScicssindy. 0fe dNA Seeicetlesittaof staas@pressi n K
receptor Topoi sonprasecl vl whld ool o Tuoul b0, Thiombogeistin Thronbin

Ti ssue pl asm nbgen ac ivpor 'Fﬁym éylya%ge synt het ase acthyl%l hins, NK1, NK2,
NK3 Tryptam nergic receptor Thronboxane A2 TP receptor, platelet and

non-pl atelet  FRAOIDINRAE BYIELNESE polymerase-exonuclease (Pol-Exo) that is essential

for the replicative DNA synthesis of Gram positive organisms. Since DNA Pol il is
essential for the replication of Gram positive bacteria, the inhibition of DNA Paol Il

offers a specific and alternative way to freat antibictic resistant gram posiiive bacte-

ria.
10

Many patients with severe disease may be adminisiered 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 profiie.

s  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 fiora. Therefore, more disease-specific antibiotics might

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

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

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

s Safety. The ideal drug candidate would be microorganism-specific and devoid of
significant side-effects and drug interactions within at ieast 10-fold of Chacin the

30 therapeutic dosing range.

Multiple parameter screens:

A multiple parameter screen would thus include S. aureus growth inhibition, DNA

35 Polymerase llf inhibition and P450Q inhibition. A screen could he assembled by, for



Thyroi d-stinmul ati ng hornone (TSH) receptor, TRa 1,2, TR(3 1,2 Tunor
necrosis factor receptor Trypanothione reductase 31 Type | cychig yj| 2608

nucl eoti de phosphodi esterase Type Il cyclic AMP phosphodi esterase Type V
cyclic nucl eoti de phosphodi esterase Transpepti dase Thym c | ynphocyte

anti bodi es Tunour necrosis factor al pha Thiam ne Ui di ne nonophosphate
pyrophosphoryl ase Vascul ar cel |l ul ar adheabon nol ecul e | receptor
Vasopressin receptors V.a, Vlb, V2, Viral""DNA polynerase Vitam n A nucl ear
receptor Vit af#HnEe: ViepslRinnge kprﬁ@@émoavcequ'ww BIZNRiRRE FRETUS YPtlgni n D

nucl ear recept @NA P@IIE m%tmm%@ﬂcl@&ﬁofmﬂ BE}ymds-dnY P& ome Balbevatad B
exanpl es of di seases and th Eperent t@gﬂgﬁ_@s i nvol ed in ¥he e di seases

and strat egi es "&f “HOW 'Y 5‘5 4o 3R PP, W Hﬁ&uﬂ%‘@ and ovylaypd ¥R Es ent ed
in out- line evg esmirofinhovayndwrptt enmhpalindd hagstofearss tieesedicargedisvatoul d be

screened - and/ ah q Fh Xh%drﬁéj'% ?Qtré P% R eseelrg‘;{) oPXS%‘éou%ﬁ? h%PEﬁx)gc?%%&ﬂ%gl farget:

Bacterial 1nf ec i ons nmer ase tion
and Mul ti - dr ug selelitg pefiee S. aureus grow h inhibition) The w despread
energence of resistance has significantly limted the efficacy of

classical antibjiotic therapy for bacterial disease. Fuelled I|ar gel y by the
excessive 15 ah@ust ?e‘%ﬁ‘eiﬁ‘ﬁlﬁ@ééé‘%raymtl%'@eo[faff’d?ﬂt?fbi;%%ﬁ?rbé’h?rﬁ HOgHERS Callvdin

ani mal's, anti b!z@t’ids(b erawcsmm@n@ﬂs BASwhies Plotied thé dbdieH easBidatatdr @idres-

nor bidity, nortal,i ﬁ over aLe ﬁost of health care.

Met hi ci |1 1%- re§?”§t°8 Wsétoaﬁrﬂ*?ﬁ& §€€us aureus (MRSA) is now the nost

prevel ant nosocom al pathogen in the United States, and the enterococci,

as opportuni st bf Disease target: Cancer - Inhibition of solid tumour growth and prevention

of metastasis {inhibition of NF-«B, inhibition Cox-2, no inhihition Cox-1)

15 Cancer is the second leading cause of death in the US, causing one in every four
deaths. Existing treatments for surgically inoperabie cancers include chemotherapy
and radiation treatments. These are highly toxic because they are non selective or
at best only partially selective. There exisis a critical need for new therapeutics to
inhibit tumer growth and prevent metastasis. A premium is placed upon maolecules

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

aveid or minimize side effects.

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

of multiple inflammatory and immune genes, plays a critical rale in host defense and
25 several pathegenic processes. lts most commeon inducible form is composed of the

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

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

kB include TNFo, IL-1B, IL-2, IL-6, IL-8, INOS, COX-2, intercelluiar adhesion mole-

cule-1 {(ICAM-1), vascular-cell adhesion molecule-1 (VCAM-1) and E-selectin {Can-
30 cerJ., 1998, 4, 392; Int. J. Biochem. Cell. Biol., 1997, 29, (6), 867).

Activation of NF-«B 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 carcincgenesis. Several population-based studies



pat hogens, are anong the top four causes of nosocom al infection. |ndeed,
the per 20 centage of enterococcal isolates resistant to essentlaﬁly_ﬁweﬁ :
antibiotic, including vanconycin, continues to increase. Thus a prem um’i's
pl aced upon the discovery of inhibitors that function by a novel or at

| east di fferent nmechanismthan currently ap- proved antibiotics, as these
woul d be expected to circunvent current @gcterial re- sistance nechanisns
25 32 S. aure ? ey, ortant hu ] $ | % favorab

growt h charact e Jetriea PPl %ecf‘?%’sﬁu"bﬁ%‘ﬁ 8%&%&?0“‘6 éé?ﬂ“ﬁ" " E%%O”Sf an
antibiotic- resm@@ammmEWnaewemmmbndoﬂpfNSAKBseHQUNSMdeHWM&aﬁhandhamﬁ

AL YLy a0al he A del LGRS L B Mol SliBh o Pa PN RAL L AG bk, S
DNA pol yner ase- exonucl ease I's essentia for t rep i cative
DNA synt hesi s grPressdiapegl el er gyl r%ﬁ%WGSPWE%WBNNEPdNWﬁqh%%owé%E@nt|m

for the replicatib@BnOfcEX- Q—@x?ﬁé%b!brh VendRaghehhied t@ezhb%ah&é@ma@fcm Pol
1l offers a speC|f”c an ternatlvegﬂqy to tr aggg?ég t@ |stant
gram positive BQET%rO?Wém O] AR YA P 9@??@? a
?dm ni s]'E ered makgitippkeo &ﬂﬁb[tsll\gf e@&meéeslnaagshmeb |su@§es@ih€8rnh®m|ﬂ§3\lﬁ~ﬂ3 tnLaeat
non-in ectlous in i sease. I.n this case r.uyg asses that are
not met abol i zeld™V @gq'ﬁ fﬁﬁﬂﬁPaﬂigﬁgﬁewavfﬁﬁ HﬂgyQﬂgmg}g?gﬁﬁﬁpgﬁt?§eDeS|red
t her apeutic prmWoWedw1@manmpgsmmswebﬁpemxmm@c@@ﬁsmeamnmﬁﬂm@mn@tKamb@ﬂ of
agents w Y., by ve t he d Si.r d ef f
creating ﬁ25|sfg%cg£¥h§€h%?ﬁ %angﬁﬁﬁ? %% '?b?% S6i Rl E?WS?qﬂﬁ?ﬂBrefore
nor e di sease- speilf bycoranurtiergtrecess smcgahrt led@s tdves @@X&dndmeage)tednorgabml ng
hospital formu p I d a active:
The i deal dr ug!ﬂ@dﬁ&% ﬁ'[h%\ﬁ%k g&b@%sg ead_ ac%rq m%Feasc%: %n reNe{:roC% H\é{or

formul ati ons f@ﬁ”ﬁM@EBWEMUUS&BHQBHWMEBB@MemdMSmﬂg i s accept abl e however
anyt hi ng 25 approachi ng conti nuous infusion requires very careful
consideration. Inprove- nment or equivalence with dosing regi nens of

conpet i tilfe t hErBpIseSPE i by deypied to gaplspipg MeWemdiersies tptige disndingidi-e woul d

be m croorgani %&Qﬁ&bﬁzy%a@@gct@ﬁw@ﬁ eﬂo;@:fz HelaRE fdn%teﬁnaﬁ\yéﬂgpp%afcﬁ%e fad drug
interactions within at least 10-fold of Cmax in the her apeuti ¢ dosi ng
range. new agents that can prevent expression of the respective genes codmg for the ac-

fivities 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:

o  NFxB 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-xB inhibitor would have to be selective.

» 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
piatelet aggregation via thromboxane A2, the funciion and integrity of guf 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.



Mul tiple paranmeter screens: A nultiple parameter screen would thus include
S. aureus growth inhibition, DNA 35 Polynerase IIl inhibition and P48Q g
i nhibition. A screen could be assenbled by, for 33 exanple, transformng a
| i brary of producer strains with reconbi nant Bacillus subtilis DNA Pol 111
conbined with the inclusion of P450 enzynmes and reporter substrates in the
surroundi ng nedium The library woul d th% be pl ated and overlayed with an
MRSA strain. An assay where the conpoundS™have to cross the producer's cell
wall 5 and reach the reporter strain wll also select for compounds that
have a reasonabl eraigabiei Givey e 0bidri§- ofth@Wieicdl B8RRI izhi B81ySieh augul tiple
paranet er screen \/\@gée gr.oggjcer cel | s, ln zones cl eared of MRSA cells and
whi ch produce t h#O488F PR 8 SHYI &8 of f1 uores- 10 cent col ours woul d be
selected. 2) Disease target: Cancer - Inhibition of solid tunour growh and

preventi o of , tasis (i nhibition qof NF-x6, inhibitjion Cox-2 .no

i biti or’ Cox’ T?gail v r‘?c'%éra' i"%”%‘??@e AT ﬁeéeégY%a”J;%&}’?E’I SISHULER 9t he Us,
causi ng one i n ewdegts bodidrugdisttdetionsExioseven ggainegiverethk ssef@ity sumghg abi-y

| noperabl e cancers.l e e CHEaBLE B B LANALANLLE A TBAERythes e
are highly toxic because t?wey are non selective or at best only partially
sel ective. Ther e UeBtp&tlessathei-idepidmiheproespet®r new t herapeutics to inhibit
tumor growm h and prevent netastasis. A premiumis placed upon nol ecul es 20
that prevent netastasis and which work through a sel ective nechani smso as
to avoi d%r mHilREFEANIY 3988t s. Nucl ear Factor KB (NF-KB) is a
transcription factor that, by regulating the expression of nmultiple

i nfl ammat ory apd i ne_ genes | ays a itical role ip host defense and 25
several pat hoggﬁ’i’ué%ggr"%aé@g%t&?dr?et%ss %POL@%WWW%%IB%%I%“?'&QH $CARGosed of
the proteins {Gbofamopssr spmes lisug] Jith 2aifetst msmaalfal et uhar Teompt gx W th

one of several i_nhi bi t.or ecules, the | KBs, in the cytopl Pr ot ei ns
that are regul %%pgglegghhﬁox@%%k% ioga%ér‘fﬂlg?fdl,a ey gan ?%—rﬁe(o erg_ @?‘q{b@-ng, i NOS,
COX- 2, i ntder ceChull énhitiidhegiilenhensdoend cafsele wqUdCAMEEL) a seasduhanmeakdnl ceidhesi on

| le-1 (W = ol . . . J.
B ochem 00 & pirPorhg5 5B Mg e oy e bR sl 1
t he synt hesis Bft WoHE bierfgigéieBl e form of cycl ooxy- genase (COX-2). This

enzynme has a critical role in the response of tissues to injury or

infectious agents, and are essential conponents of the inflammuatory
r esponse, 3) Disease target: Cancer (survival in the presence of DNA Topoisomerase |I

20 o poisons, no production of DNA double strand breaks and inhibition of

human DNA topoisomerase l activity)

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 1o

prevent further chemotherapy.

An underlying probiem 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 celis as well. This side effect effectively iimits 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 centrai problems of cancer
chemotherapy.

35



35 the ultimate repair of injury, and carcinogenesis. Several B
popul ati on-based studies 34 have detected a 40-50% decrease in rglatliedils
risk for colorectal cancer in persons who regularly use Aspirin and other
NSAI Ds. Attenpts to determ ne the nol ecular basis for these observations
found that both human and ani mal col orectal tunors express high | evels of
COX- 2, whereas the normal intestinal nmucgsa has low to un 5 detectable

COX- 2 expressigg These findings led to the hypothesis that COX-2 plays a
role in colon ¢AREEF FHIMRNWENY FHERGF dsFRoMe PERSENS, O £8U$T CAPNOtEER) ! £ Si nce
Aspirin al so i mhiobk ts oNFeriB]chﬁFd%h\ferynéijsfHB@s @biSAcresgoRs tspbdidity ifrsthdabid i ng

NF- KB may preyent tumu ression

COX-2 seens to q% HP%@@ %h?wﬁggﬁgng 85%%§ﬁ "Pgmﬁgt%§6?%@¥WHEEMEFIS from
apoptosis (J. NQMBI@am&eagamﬂHthme$@9&hmﬁahaemimpzﬁﬁﬁbEimhemmkmme$

i nhi bi ti ons of s t rocess
since it F%adng%MFgggﬂmggb ﬂ%{ B@gﬁggﬁg%ﬁ“%?gﬁ%egﬂﬁr%%%iQF&F% Ri bi tion
of NF-KB al so fusgiipgatis t%ﬁ‘ﬁnﬁ@r@é%é\ nWbPﬂﬁbeoﬂﬁéféﬂkﬁlpg)a%taﬁ@ in ¢imE)usghi ch i n
turn | eads to gyaj.ncrease in apoptosis. 15 Imense effort is being devoted
to devel opi ng new nol ecul es that are direct inhibi- tors of the enzymatic
activity of COX-2. However, an alternative approach is to find new agents

t hat can prevemfranexmmmmmemé a@érﬁs reegﬁm@rmlrg@mﬁstgmmheﬁgwé@rlaighq}am-
tivities nce are xanp that, _inhibitio

nedi at or es H%o[?]e're?x'crﬁynﬁf’% (%/ § t‘étﬁ@ ) GHedo &hesé%?gm("}'% 'Ina\ﬁli}ffh %%

1997, 46, 282) :podnDéEwi Bwﬁtehémmmmerasepiﬂ ofii leezymeNMAtKBa icnltidbi rbler inwifieh

i ncreased sele r al I

i nhi bition of %&hﬁggxzmghﬁﬁﬁnémﬁSQ SJ@&D@§ggﬁC%P@CJ@&§ 8¥ %%%h&ggggtlons
25 with ot her tntargediate D\Mdenwev‘ailug@omhlhr béreging vinubig- sltfaxv@dt oebles Belhect i ve.
Sel ective COX- Bnianki bid0dq Welid) & Gobend! §ox L détmctecjr%nta'ctal g' %m&%% Ofh¥

activity as low as possible: Prostanoids that are derived fromthe COX-1
pat hway regul af @oioMmeaseell caglyieguts 6h ofiea PPRISoRDIBR dbfele AP dheot eiRelei on and

integri tyI of gu@uUEBJst%Qd@@@NA @;a&skrrelé@ymfou@gég @xncowp@u&@&ba@ﬁ@aehs@ 62 and
prostacyclin.

S ex various cell types, .includ
nonocytes, fi b?%ctg‘l égﬁrf‘%ﬁdhg’yﬁﬁwlisﬁld'fgeé Y points; I ”Peegwffngém?&” I8t rﬁrﬁ’r%? Tory
stinuli. Cbn§eqmmntHyaeﬁﬁxnmummhu@TMpomcbytNSAbE&Joﬁgt&@&ﬁ@p@kﬁdbpmyh
gastr0|ntest|n€$(§@d renal toxicity, whereas, COX-2 inhibition limts the

formation of pro-inflamuatory cytokines at the site of the inflammtory
20

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

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

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

cacy of existing chemotherapy drugs and reduce side effects.

Desired therapeutic profile:

35



35 response and has anticancer effects. 35 Oally-active: Gven the
severity of the nedical problem an orally-active drug would be desired
but not essential. 5 Safety: The ideal candi date woul d be selectlyé Anld 206
devoid of significant side- effects and drug interactions. However again,
given the severity of many can- cers and | ack of therapeutic options, there
is significant history of conpounds that_are |ess-than-ideal in these
aspects. 10 Multiple Paraneter Screen: A"nultiple paraneter screen set up
coul d for exanpl &V¥eiaRECHSEEE d GEMbERCADSTARCOTRWAT 9PUE Ve dubesndpeci es
library with 2 ditifiier &tfnoiBFBBbet FhElAmki nes. The first gel capsule would
contain the producer cell and a manmalian cell reporting NF-KB and 15 Cox-1
i nhibition while the second capsule would contain a second mamal i an cel
line reporti ng-CO%vBrsi'blfmhbrbItib@Bf ncﬁe;la/ EHIQPbRL STHY €rebdBi dlghd BRig desiia edly

fl uorescence out 4 put vou be s ect e tar Cancer
(surV|vaIQ$n the % ggﬁc%%%f e§§ﬁgb§g%ew$ﬁeﬁﬁﬁgf68?@ons
producti on of DNA double strand breaks and inhibition of hunman DNA

t opoi soner ase || y not her.ap S

approaches to thgﬁﬁgagbﬁeb\%ﬁqheng”ﬁ’%:%f{mmﬁ@ﬁQDESWaﬁ§(H?&§?‘$%P@Pfere
w th cell grow hwowsde terngd bl prikapy mbessefiigl.m of 25 side effects. These
vary fromthe highly undesirable to side effects so severe as to prevent
further chenotherapy. An underlying problem of chenotherapy is that cancer

celI's arejgnot 1t hadyrdi-fHhengnat canfdfdg‘!@ W&Ed”ﬁ’éve%@gtﬁ@% gtéu@ﬁ Bkt Qrdoééﬁ t tg7 OWi ng
ti ssues and therefore, killi a cancer 30 cell tends to kill such cells as

wel | . This side @F?'E@?C%”f@é‘i“f)%lt%'cw Ryrelen @q@e@g@t at  whi ch t he
chenot herapeutic can be applied, and hence limts the efficacy that can be
achi eved. Consequently, there is a need for the devel opnent of novel
chenot her apeut Maltinlgéntsndter Savashcone t hese central probl ens of cancer
chenot herapy. 35 a 36 The nbst conmon way to address the above probl ens of
cancer chenotherapy is

15 A muitiple parameter screen set-up for DNA topoisomerase || catalytic inhibitors is

illustrated in Fig. 3A. In the assay, a producer species library is get encapsulated 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 fine. These cell lines are then
double gei 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 [l poison and & stain specific for DNA double strand breaks. Gel
dropiets where celis 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 ll a to survive. The gel dropiet 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-PPARYy, adipocyte differentiation).



to | ook for compounds or delivery systens that increase the specificity for
cancer cells. However an alternative approach is to use conpounds ghaty;
protect vulnerable normal tissue against the proposed chenotherapéutlt'”
agent. Such protectants 5 should of course not be harnful to the norma
cells and either not reach, or not be functional in the cancer cells. A
nunber of protectant approaches are in c% ni cal use today. Many

chenot herapeuti c agents, e.g., Doxorubici'n and Etoposi de have a | arge part
10 of their toxicity (and hence clinical utility) due to the specific way
in which they ‘tpg Eﬁsabetésh@ oa@amﬁ@mB@meﬁrwmaﬁ@ dideas@arRiNg Y& cmietiRvid
crucial role in thelg el ongﬁhlon and atlgg sta es of DNA regllcatlon

These drugs st 8BTTRE SR SUE% PREHY a %De 2 Easlovagtilat i ng
doubl e- strandedisbaseaks in the DNA of treated ceIIs. A second cl ass of
structures; act by blocking the 15 Topoi sonerase Il catalytic cycle at other
points in the cycle and do not create double-stranded DNA breaks. These
two types of cOapsEnds paiteradetaatotddseseptas (REAds) atchetingd Koecaphey (RtRabi | i se
di fferent poingg tfdﬁsérfﬂ;ﬁor?%z@tloﬁs be|ofngﬁﬂ?o @%miy of f rb%n??rﬂ@&b e%?@@é’rtrece-gﬂﬁé efore,

inhibitors of Topo Il can be used’to of

poi sons. 20 Tmﬂhﬂpqﬁ?9“@%ﬁﬂ?@@6ﬂ§d§§%$5WW§5dF”%%ﬁﬁﬁRﬁﬁﬂmt85&R§5ﬁ¥¢%§e | |

have been i depd Prag-damrtd iRl &l H@ero&;@gﬁ@?&gﬂﬁfﬁw Thés@re(cé;?t@rskr@@at@nd
t opoi sonerase 11 3 {180 k Da and At assj Ant | ncer

Dr ugs, 1987, 8exmEqspl %ﬁ)ge”%% é’\’/ﬁS’ in; f%‘o?%jr RO Fpler mf“’ﬁb%‘@%ﬁ&@ B5i B¥HEni cal
and phar macol 0gmoRY rdihdipesdeb®ss asStiein asmbmophiciBindidkbin aoNcRMré@hegn for

invitro catalytic IVI t her mal tabl d sens tivit

tent posi do. (a NEnTP ARl Bk BRI el BR Lot 28R B Wi B toner ase
Il a is the napﬂmn@nagmumﬁgeﬂmnamﬁmmnmenmamnnal|an cells (Sehested et a
Cancer Research, 1998, 58, 1460-1468). 30 The discovery of nem/inhibitors
of DNA topoisonerase Il would enable the protec- tion of certain vul nerable
ti ssues agai nstPABYBXRIheprirEmasregndich edpegenepiaridtimrlinfensitiviabgthofhesxi sti ng
chemot nerapy dadfsed ot aRidn A ee Soarbstd atabler ARAHIL G Bl | o0 35

37 DNA t opoi soneras new co ave t'o be an
in such as the drugs from the thiazoli dlnedlone class (TZDS) exert their antidiabetic

effects through a mechanism that invoives activation of the gamma isoform of the
nuclear receptor (PPARY).

20
Activation of RXRa 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 retincic 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-hinding
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 celi 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 PPARYRXR heterodimer.



hi bi tor and not a poison of the enzynme. Reversible inhibition of nornal
cell growh: The effects of the drug should only 5 last Iong enough to off
set the effects of the chenotherapeutic agent Orally-active: G @a%,i‘;tijjj._egg@;;
severity of the medical problem an orally-active drug would be desired
but probably not essential. 10 Safety: The ideal candi date woul d have
nodest toxicity such that it does not by, itself place an additional
toxicity burden on the patient. Miultiple Paraneter Screen: 15 A multiple
paranmeter screen set-up for DNA topoi sonerase |l catalytic inhibitors is

il lustrated i nDEsigd ti@Aapdutic pbBleassay, a producer species library is gel
encapsul ated so that on average each capsule has 1 cell. Each encapsul ated
cell is allowed to grow for a few generations in order to establish a
clonal cell |imne.SeEatgly: RER bgdristeshcadestseentivedaubd EPgRY/RERGapsadiaéred Wi th a
per neabi | i:sed yeast that relies on a human DNA 20 topoi sonerase Il gene to
survive. The gel droplet environnent contains a DNA topoisonerase ||

poi son and a st aiGralpreid: iTbe fdeel dDMAcaddidbleevostdrtmmdalpraetiles. Gel  dropl et s
where cells have survived in both conpartnents and that are not stained
are selected. 25 An inproved nultiple paranmeter screen set-up for cancer
chenopr ot ect ant i%fefﬂiﬁﬁﬁﬂeﬁb@fé@jc@ iqategwoigBbe pevoichel simiaynt sideprfediaced
species library iggeneapsiisated so that on average each capsule has 1 cell
and is allowed to grow for a few generations. These clonal lines are then
doubl e en@apsul ated with a perneabilised yeast that relies on a human DNA
Topo Il a to sMuNbM®arahhge @Rlecdr opl et envi ronnment contains a 30 poison and
a DNA doubl e strand break stain. Gel droplets where the yeast cells in the
outer |ayer have survived and that do not fluoresce or are stained are

sel ected. 4) Dhsedfd: pangeter sDeabettes {dudantheant ievatpsantiodf of RXRaduddrgand

specific activg-, tji - ipocyte. differentiation). 38 Type 2
aPabetes 1e ondoskt MRet B Ao AuRein e e i el S0 reoP o i ¢ 1
co- nor bi didt i esPPARRIcRXEschlbsi aywelhyptOensbitm, Gelygrepibis phad éndicatcaPRARy-

cardi ovascul ar i L i ferator-activat receptors
(PPARs) and relﬁ(ﬁg?tﬁaﬁﬁ} %@Qgﬁﬁﬁ% Q&%!rtééi t% 'rggltf?sdé’:?)%%m“%c{)eﬁ gi?:?g}lsggﬁ‘el ongi ng

to the famly of |igand-inducible nuclear receptors.
Absorption, Distribution, Metabolism, Excretion & Toxicity (ADMET)

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 fow throughput

25 processes of physicochemical, pharmacokinetic and foxicity 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 evoiutionary strategies and cell based systems, the present
30 invention enables the inciusion 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



There are three related but distinct PPARs call ed PPAR-al pha,

PPAR-beta/del ta and PPAR-gamma that form heterodimers with RXR These 7
receptors regul ate 10 expression of genes involved in fat and carBohyHfaténs
metabolism RXR is unique anong retinoid receptors as it can form

honodi mers and it can formheterodiners wth nultiple nuclear receptors

i ncl udi ng PPARs, ret| noic acid receptors,(RARs), vitamn D receptor, and

t hyroi d hornon t.or RXR het rodi ner ul at es adi ogene5| s
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retinoids (LGLO0268) +TZDs increases insu- |lin sensi IVI ucose
upt ake by 60% YBETRIMPRNIHERE ?é‘@@ﬁf‘cﬂegreﬁéﬂllia@@"lcﬁbémbﬂﬁ't@glt@eﬂe'f@fﬁ‘rtéftts of
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I nds interact wth iffe ro i_ncl udi ng menbers

fi)lgﬁovm nlg pr ot BERCTEM F?%?[g %&Fﬁieg?&qfﬁ&g@g B EELPECEM Br SEED R %d

or phan recept otelr(sRm)encasyﬂhepﬂrleasfrﬂmsrbﬁi fradibe oa(r:brdpdmnﬂchnﬂg'lenbé (ﬂ’ﬁeelamaunt
retinal -bjndi ngxfa%tﬁé fir nﬁer ?tgmeWquglep Tﬁggxtgr)(t o?é ulg%xr{dlnga? f?:%rél{-ll-’l Qrﬁtglnsot ency

expression |eve teins1s |

and efficacy ©ds Er@{mmpﬂl@ppﬁaﬂﬁaﬁﬁlmt@n@eﬂlthe ti\wmgarﬁiﬂfmnnbldm trragpoHame

undesi rabl e ef f;getsiopedi ated by RXR honodi mers or heterodiners partners

ot her than PPARy. Rexinoids for treating type 2 diabetes 35 should thus be
selective for the PPARy/ RXR heterodiner. AL 20M 39 5 10 Desired

t herapeutic proid ;br@sent Redioh byésté/hos@@cﬁgQﬂb@&ﬁ:e@t@éﬂnﬂ)ogﬁdss?n' £6lktevgqf or the
PPARy/ RX hetero drug_candi date woul d be

oral | y-acti ve. gﬁmﬂ} ft ”Pﬁ%a?sd‘}é{%?"tﬁrﬁﬁ'g&’&%HP%FF&SWJ% ig i iehesent

significant sipket ef fhecprscaando 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



drug interactions. Miultiple Parameter Screen: A multiple parameter scrggn
set up could be the gel encapsul ation of a producer species I|braﬁ% L
reporting RXR-RXR activation 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 system Absorption Di stribution,4 ft?bogisnl Excgetiond& TinC|ty
ADVET) 20 Maj or ailure o ead conpounds in devel opnment
gften i)nvolveJW gwﬁﬁfﬁét%9%r1 L”%§p%ﬁm¥8ﬁﬂ&WE§@$tWU@“?%@@%’“@méﬂ§trong
need to obtainup@kaﬁﬁkmyant information as early as possible in the

di scovery process in order to spend as little as possible on inadequate
conpounds. The pharmaceutical and biotech industries are thus currently
focusing on tr &iestfoedring abhepliandaioiviednalideyofweliyed, ownbiwliseybeliat widéh processes
of physi C@hem}@@érallypﬁ@étmpﬂmaﬂ% lofi AR thé' &l B%d c%?Fe'lzﬂhE%th %@s&hb‘&' §s 1nto

hi gh throughp sel éction nmethods 1 n or er 0"
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uirenents in | ead

nvention enables .th usi
bexeratlon pro@5§§méﬁﬁo@ﬁ ﬂ?ﬁﬂ%%ﬁgogﬁﬂﬂ?ﬁq éﬁ?ﬁ?eMﬁ@”ﬁFﬁHUEFF%h“%ﬁﬂ
screeni ng of tbausen¥HOK and@m@wh nﬁlt%sttnbai’gngaregzldrw&shd:roﬂ&r Ede{ﬁﬁ)raxﬁo%éét&!els;tx 35
40 For drugs ective they must be to reac eir targets in
eHeMJvJ ¢ E%@%?W éqY E%&%NE%W@W&VW@W?%W&W?RNE “sts in
this regard |sa@henweﬂvemeMHMMShgmimhmhmhymimmhﬁ@pm&s&yﬁbﬂﬁéﬁbommed

cel | - based assggg?Pkgbeg&%{gﬁﬁghuhﬁgé% rgﬁﬂéeo %elfm 3&% o%scoggéynds to

di ffuse across nmenbranes 1 s tition
into and out o@”qﬂWﬁdaﬁm&W%ﬁ@nbﬁﬁﬁ@BQEEHfﬁwpnﬁasgbbwshmgmeréifmemmwﬂ when

Cormounds haveina é}ﬁ’d’aﬁl@'ld&a%%fﬁﬁc Bimp,| p@@@ép’rét@nt el Hol‘?&g ol 48y RELNY

suffi- ntly water-soluble t he cel ture nmedi um contal ns proteins
(such as %r om PHE" Fe%'@%ﬁf@edfaﬂfs%%r@r sl tfa@@@rtﬁ&)fort el @gvled asfinpiaseng of

t he conpound t@mar) Urai -0 Y aineine® N ddituenaes %B@nafcb/e@pyrr@r f1f99§lés|161é5 act ion

of conpound an the a ai| abl |nteract|on wth

target. The ex%iO n? §' Gagﬂﬁ’oﬁﬁtﬁ rttg}q E&’ "?p)?sof'%q nd1: $1438. ]aaWﬁ%té?O'Sf

i nportant i npl érzgtnesiiBjoige $ heaidlee ., olbganisMdésacdidiunged bansERKt Dand
Pharm Res, 1991; 8: 1441-1443] are all functionally 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 alfter the absorption, disposition and elimination
of co-administered drugs and can enhance bicavailability 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-



distribution. The present invention uses a host species to produce.the; LT
conpounds. In a preferred 15 enbodinent it uses assays external td the - 9
producer species. Thus it is an inherent part of the process to evaluate

the ability of -conpounds to diffuse across cell nenbranes. The presence of
medi um 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 resi nc This can be one by placing an externally
control | abl e gﬁ%¥‘fggﬂpFW§ﬂ?”8Pm§3§@af ﬁd&m56d° g PR RIS Ei-st ance
punp. This conPKobelmbh@mﬁyslgnlflcant secretion of the conpounds produced
inthe first rounds of screening, when the solubility of conpounds

produced is not a key selection criteria. 25 In later rounds of screening
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ki dney Q@ %ne ,%CEEE and everted intéstinal rings an
menbr ane Vesi ci'&sCHHSBBIRY. XSfRESE s RIY SftiUARS CRHRRICHWRA ard @Uéﬁﬁfﬁﬁ@nt
monol ayer and mhyfdbdiphpelbrmmpalaidlslfﬁoyn eassH anpitbes Whibchoaane fasesizen the
rate of appear st co u t he receiver conpartnent. The
api cal surfacef?%}%g? e ?roonr?o ayrggﬁ’; tgnﬁpﬁi:ﬂ% MM Thapnels H’gﬂﬂﬁﬁg‘er? é%aims many
characteri sti cehwfl in the dimineten ofaletdaifies Hrugandegated; umhdpertrd peospholipids or
bile acids, and even the initiation of antiviral immune-reaction or specific self-
20 destruction in various cell types. Moreover, members of the ABC fransporter 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), car catalyze the chemical conversion of a par-



the apically located efflux punp, P-glycoprotein, the nonocarboxylic acid
trans 15 porter, the dipeptide transporter, the transporter for l% )
neutral am no acids (LNAA) [lnui K-1, Yamanmoto M Saito H T, J harn‘éc("i
Exp Ther, 1992; 261: 195- 201; Lu S, Guttendorf RJ, Stewart BH, Pharm Res,
1994; 11: S-258] and netabolic enzynmes [Bjorge S, Hal el ehle KL, Homan R
Rose SE, Turluck DA, Wi ght DS Phar m Ig s, 1991, I8 f1441 1|4:13]|are al |
functionally e [ es ed. 20 gure 5 shoms an exanple of a multiple

par anet er s>c/re ¥o ru%ﬁ%c?r“ﬁtt‘ﬁso(ﬁ‘eéﬁ"?él ites) WHelt AEfc BotsyredscuEse ¥9e tapd geng a

dual cul ture systigmareded han thg paket dlugeoefwiesl theﬁ@ere'd@ﬁ\ﬁédoﬁla daterk 8rugossi bl e
to sel ect prod the desired

I hay rodyced, co S
phar macol ogi ca actrfé@ éetéb%%a”y goot atﬁ@g?%'?i)%r? W?IC%T 'éet'ci’%hWeSUCh as
specifically, é%@apgmtl$t@fmahom }dumcyn beasion eeped byl Giodvalabiing deheveced-l s i n

connecti ors W t Ber,dATind floleigd mﬁmﬁrﬁcgﬁlthémﬁﬂgrngg;ggtk- ol he{?PSIﬁ{ Gl Of

the conpound or a netabolite o ecelver
The cultured [RiFbPicaTiRUIRY oiepd §ar@mte§én Grismp idantdy c@)mduuémthahummltlayer and

conpounds Wi t hout3®hglesidorlenReKmeai-biidd es be selected. Drugs that inhibit
P-gl ycoprotein can alter agtmhe absorption, disposition and elimnnation of

co-adm ni stered drugs and can enhance b| oavail ability or cause unwanted
drug- drug i nteraidtibonsudichinsranedtaiisth tee bid@sds Ffﬂ§|i%@@€;1 O?%S@B%Qﬁlﬁ&-ﬁrgg t
studies i.g to 5 i i nhi bi tor irec
measur e 011‘% i nhﬂ%tr%[ﬁ%rﬁs 3m CE’%@ Cﬂ%gegynjf?g%)cgttogge 8‘%@8% %Pqnl‘gé“d% BB‘W”&‘E%&S@OH

pol ari zed hunawdeeREDNAG-drRpTtesstiong obtCwhBKivcce I horaomopayes SQm;bene Ml s,

funct oni ng of ¢ e B nik b arnany BN he (Y B Al PAERu b digfres o ¢ ne
ki dney, liver, o[ aRRyor &REE Pfibesomprinde fivblved.isametivbd sccoMDRY ﬁascw;;zmze&sed
normal |y on aptbl@@i Eevémmﬂfcﬁré?@ oQtErdE%'f ke ﬂ@rraf)&ﬁﬂ f.ﬁcwar 8XEL fygé%’agfnﬁﬁ s,

wel | as og the, |l um n surface cerebral capil y ce esman et

al ., 19932 Cori¥9R C@%ﬁaé Prggeeg with f*l@wsfamﬁ/@hitua'ﬁa oMRPInhdliierheftesisral 8% t he

epithelia of tdenpehedsobith spbemdisrug GRlapashgh@biindO transporters participate
in the bl ood-CSF perneation barrier (Rao et al., 1999). MDR1-Pgp

contributes to the drug-perneation barrier in cerebral capillary endothe-
lial cells andvarakes yiarhethodsedre avatable anichfareganiheegatdonsorpdidicy ai@bi ot i cs

from the drug discovery strategies. Among the most popular and widely utilized systems in

20 use today are hepatic microsomes. These preparations retain activity of those en-

zymes that reside in the smooth endoptasmic reticulum, such as cytochromes P450
(CYP), flavin monooxygenases (FMOs), sulfotransferases, UDP-glycosyl fransfer-
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 HY, Penman BW, Langenbach R,
Chem Res Toxicol, 1991; 4: 566-572]. These systems have been used to ascertain



central nervous system (CNS) (Rao et al., 1999; Schinkel et al., 1997).

MRP1 con- tributes to the basol ateral broad-specifity drug-pernmeati,on:; s
barrier in CP, protects 15 this epitheliumfrom xenobiotics and extrﬁgéy =
organi ¢ anions and probably al so sone hydrophobi c conmpounds fromthe CSF
(Wjnholds at al., 2000). Some ABC transporters formand regulate specific
menbrane channels, while others are in- | ved in the elimnation of

det oxifi ed drug-%gﬁj gates transport phosphol i pids or bile acids, and
even the initi ZUFOR BFCAMUNi'S &1sUPsHatm r@é&@FP@ﬁCH IsgrsERfang. §&pf Wik
destruction i nmegbbides gebltctyppemt ehyrreover, nmenbers of the ABC transporter
famly were shown to provide nmultidrug resistance in pathogenic bacteria
and parasites (e.g. Plasnodium and Lei shmani a species), while al so

al | owi ng mul t i ReSFEHI O%INE feeomighart ahewsarf MYR)chiomes Waﬁge(mahﬁegycnpzosganisns

living inz chegavpat!yapk euﬁtﬁﬂn@rﬁi‘fball% egg%ga)t ad 1SN %l g};su ngdiseg%wg 1992).

25 In order to predict the penetrat oun erent
phar macol ogi cafPechiasridre, a”éi mﬁtﬁ@“ﬁeéﬁg@méﬁomﬂr@\{er m@?ﬁ@ﬂ’taép@par@hmwnd

interactions apeviad s@uirgd Mebrmb@st@gardBg @ test RARLMARL, ¢ thig ifYERonMR3,
MRP3, NRPS, MXR (BCRP, ABOGD). 30 Nt a@gllsm AD%?US,' once it enters

6
an organi sm {aéxperi ence a variety of biological fates. Drug
met abol i zi ng enzynes i ncl udi ng cytochrones P450, (present at high |evels

35 | ther or can catal e the chem ca
Lgnvers:gﬁrof Qqﬁaréﬂ%HrW?@u %Wﬁ@ q%%?”?F@?”%ﬁﬁt %@PFW%@%WE%?%ﬁ are
nmore agueous- sféjiamﬂrethamde!mrl& trmeadmbg/ wdtk & ehgel ot badyniebenarent hdmbg from
whi ch they mrrﬁeﬂﬁ%‘s}ﬁeq'heéef i rﬁéése%e H%M%a c%fsfallsgéjﬁg veé;sgenghag?cﬁglﬁlpc%%xlplr Iyat ely

unst abl e, undesira har macoki netic Vi of
short durati onPfdatel @fﬁ reidip owtabolised OyiteraandraDVES by alealfeabetcoﬁhe@sser ved.

It is therefor@) QIBA &rnagfm €8l dtiil rabout
t he qgol iC gtergbl y 3 dr caﬁd?gg%rggh%lﬁtﬁﬁ%?b&gsre@?oﬂ%l ent | ytggonpounds

that may ‘turn WWEFF?Bm%évﬁmﬁﬁ P PR IgHEcoki netic profiles. In addition,
studies in drug netabolismcan address the issue of possible drug-drug 10
i nteractions, mhlch are cl o the safe use of drugs in
ol yt her api es, " MBS CLHRES; Ci?grﬂﬁ %V?ﬂh q‘mcﬁ;@g MEtEBP LG BREMBT 816rin 0o or
poly p
nor e Corrpoundsirat;elﬂ’cpmt@thfa(smal molecule producer cell in either cell free or cell based assays.
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 fargets since several of these enzymes are known to be associated with sev-
eral diseases.

35



t he sane drug-netabolizing enzyne. The result is usually altered

phar macoki netics for one or nore of the conpounds involved, sonetiifes! i
accounting for conpound blood |evels which are outside of the therapeutlc
wi ndow. These types of interac 15 tions can be foreseen with the assistance
of studies of the inhibitory effects of test conpounds with specific drug
nmet abol i zi ng enzynmes. Various in vitro 11:13 hods are avail able which are
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Furt her nore, b&&p“he @{ %}§ P é slices are capable o

enzyme i nduct 1oAY = 19reg %1@: ?éP@P%ﬁHEHmﬁﬁﬁﬂWYEVﬁd@h@9ﬁ@§jhave
been available for several years, being expressed fromcDNA in yeast
(Sacchar cesq i , 30 bacterial (Escherichia co/i), and manmali an
(B—Iynphggrast g?ﬁ&h Fgﬁ%nes [Chgiya S, Konori M Fujitani T, Mura T,
Shinri ki N, Kanataki T., BiochemInt, 1989; 18: 429- 438; Wnters DK,
Ceder baum Al , Brtedteme Biefbrigisinadn AUM@B e drU5EetatBizigy er@ymspind Blzym@enzal ez

FJ, Steinel DlnaiTuy NgSed B mSed B idkdiY, ?dkﬁ?i &9—% ) m Res
TOXICO| 1991; 2 5866857211ﬂ These s sfsP Qgﬁﬁégh%ﬂ R?gﬁgggg? a?n 44

whet her a conpdaFacycisAg iBombaranet A Thesslesi bl ate newbdlits 0§ weachiddnici f so,

what  netigbol i da. inut@RAe irAtyesthRind PA%0 GEHEY TR deMASRLS JHNEhAREORRI Rant
human cyt ochro i ncludin &CYP2C19 t hat ar

ponnDrphlcaIIVmBﬂES§¥d¥£§E’Wﬁ“?)%?*ﬁ%%d?ﬁwﬁglﬁﬁxﬁ§b%ﬁﬂ%'%Bé@kﬁ@%ﬁ@@bstrate
and net abol i t esegenabéanatrs einse ikBsd gn@memmmm;bromraﬂ@geab tPdPcisRfans provi de
val uabl e information regarding a test conpound's drug-drug interaction po-
tential. 10 In the present invention the generation of small nolecules is
carried out byCHYHO apeyhes in thedtveceatalydeehs elitizesiep @ the aloshasforedtioi bfikea r ange

of enzyneg | nVr%b%ﬁgcérﬂp(ﬂHH%rhclmtgarp&gt'dﬁJ% %@@ésnﬂnﬁh TS eEmblg o?g@geé of
fal se p03|t|ves genera ed
of mixed- functlon oxidases that catalyze the introduction of an oxygen atom

inte 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 scluble so it can be excreted in the urine. Many
P450s add a hydroxy! group in a Phase 1 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-
farities. 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.



pounds that are rapidly metabolised by the human DMEs and al so | eads to the
di s- covery of conpounds that are active after being metabolised and whi chg
woul d oth- 15 erwi se remain undi scovered. (see figure 6). In another aspect
of the invention the drug netabolising enzynes are included ex- tracellular
to the small nol ecul e producer cell in either cell free or cell based
assays. In still another enbodi nent, so drug netabolising enzyne are
included intra 20 lul arl extracellularly to the small nol ecul e
producer cell. %$ﬁédﬂﬁVBﬂ?ngm2€§“%W%F s SORRPSs | REAUCAPRSUS use of 2, 3, 4, 5,
6, 7, 8, 9, 10CBFZMUmﬂHm¢k#&en@nmoﬂmug3ﬁemammb$SB@gn@ﬂZ@ do&§myhen usi ng
cell based ass O ch is.the use epatocytes. In yet
anot her aspect%%?Gdﬁgﬁn&5&ﬁ§%6$gwggﬁﬁte?em?s%gﬁ%m?%¥' ctivity of the drug
me- taboI|S|ngCgﬁﬂyﬁé@ﬁpmaﬁ@dmnéﬁWd@drnmammden5smﬁ@amﬂsnmbenmﬁmDQBm@n
enzyme inhg bit yegbnes)l N yet another aspect of the invention, conpetition
assays for dru%tﬁru interactions 30 can be carried out. In specific
cases, some of “t'ha BFMporReAonErsRy Tenbiimds Tzeaet hensel ves t he dis- ease
targets since sevesale afid hR$ENENZYERSa Ao th sev-
eral diseases. 35 JUL 2130 4% Cbndgﬁfua |y%ﬂ?ﬁgﬁﬁgﬂggﬁgﬁiﬁﬁﬁﬁgﬁﬁb nzymes
are divided |nF§nP X groups. xidative drug netabolizing enzynes, which

i ncl ude CYP450§Yaﬁﬁbﬁwﬁmemh@mahwieamh@hwﬁ®®@se@u@bﬁﬁWyﬁ%n&@rOXygen atom

into subs{yate I I ti |n hydr oxy- Iatlon or
denet hyl ati on. C$E5E§Hmﬁﬁc%§|r%n% £¥%g l% ¥) nci ude the UDP 5

gIycosyltransfQVB@%ém%%mﬂ@9%m@$ﬂsﬁtmm&mwyhmamsferases (GSTs),
sul fotransfer agep t§t§leudTb$c)s’yrztﬁQ§s &'S%B%W,eg r?rj{h%f grases (NATs). The
y

conj ugative dru g met abol IZIQ% en- % ze t he coupling of endogenous
smal | ol ecul eS7EY Kenrbbisyitbesis Hau fat}ﬁmdl depe} Bsalphashyidroxylaee f or mat i on of
sol ubl e conpoupde1d figbidafiyRRESs (1eadiahly el)&rng)tfﬁgmat%ge 9/&9&4%!095’%? P458S

Cytochro P45 oteins in humans are Izl ng enzynes an
enzynes qghat gYEE%gﬁﬁmWBﬂﬁﬁW¥‘@ﬁéW@@N@ﬁ@ﬁmﬂster0|ds and ot her inportant
|i pi ds such ascvmm@rammsymesmw@ dubapiRaxzne, AbeudhiRss) | ast two are

nmet abol i tes of ns |n cytochrone P450 genes or
defi ci enci es d?gﬁ%g %ﬁgb ¢§°ngmpg”mw= gene)

CYP26A retinoic acid hydroxylase important in deveiopment (1 subfamily member)

CYP26B probable retinoic acid hydroxylase (1 subfamily member)
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 CYP38 unknown function (1 subfamily member)
CYP46 cholesterol 24-hydroxylase (1 subfamily member)
CYPS51 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
irt tissues such as the intestine and lung is also recognized.



sponsi bl e for several human di seases. Induction of some P450s is a risk
factor in several cancers since these enzynes can convert procarcj fiogé%n&
to carcinogens. CYP450 enzynes in the liver catalyze the initial step in
t he biotransformati on of xe- 20 nobiotic conpounds, including nost drugs.
These enzynes are nenbers of a large famly of m xed-function oxi dases that
catal yze the introduction of an oxygen atom into substrate nol ecul esb I
often resulting,j X aIk ated met abolites. The netabolism
t akes place i n%!9 Qe#%asgg}gt é@@ §a<5*n ?ﬁr%%?at%cﬁof‘iD@a‘{rPt@WstaBC%%ﬁ ing
functional grot Etfhiai@lawn rifigulusiddR] by atihgehraasraanpugahaix il he WCH‘rldn!#zgélt ed
makes the 25 mpdj flad SRR 0L Luble so 1t e excreted in
the urine. Many P450s  add ;Hah @g} rﬁ[a‘l\@én%ﬁ%?m g speanlcu%PeBEB?ramrﬁg
net abol i sm Thé&Nyar &?fl'dopftaﬁf@ﬁ reéires cammphly rsﬁaitred foos !fnum‘dsh@&s nmedaxfeldcatl ons
in Phase % dr ngdﬁﬂh@d@ﬁ'dz‘&ﬁ‘bre&@ﬁé fEdafdhsf ﬁcfrﬁyn %y %Qedt%%%cg}:a dé‘rﬂ v

[ into am

exi st in humans Cg ave been 30 cl ass |es and 43
subfamilies ba§%33 ﬁ'9%ﬁ%/aﬁb"a&@P'éityé'é8’6%%@%48&?@ &F individgal iszpmes, ioweverm t he
same fanily ar eorge eabetlizhan éf@%ds@l@l@t (@@hgéﬂcht he. 3%9@9 CcysdhtbrlLyahe. while
those in the sggg % identical (Nelson, D R

b are eat er n>S
(1999) Arch. BYoch Erg M%rﬂan m ang ) ry %?OF &LPRn GARRIEh OFeRfEPAtYr e, t he
famly is desi @ﬂldtl:é@ﬂmﬂeaf\/%aumtwo Ffa’ndnomedzb%ma\;d)ret?pr%admsn %aii(@f)ﬁpnbt he f
subfam |y, 35 at- i denti i vi dual nenber o
t hat sub?‘ﬁaom I yP%a@Dé gﬂ e,mi%?ﬁ'i%ﬁﬂ g)r;?]a(vgrag @?ﬂo p“@sﬁunjg S j&Hggsedin
pseudogene) CYPRtdrimgndive 0§ﬂ%$tmf@erfelt0admlIscsznm@aaAQumemBBJteszclcﬁlb@&nes 16

pseudogenes)  GYB3s ity 6% aRGbESM £ %E?f%ﬁ‘tﬂne\’%é%bg%@g;a/ﬁ%%ﬁos /ﬁoge“es)

CYP4 arachidonic acid or fatty aci'd metabol I sm _ genes,
pseu- 5 dogenes) CYP5 Thronmboxane A2 synthase (1 subfamly, 1 gene) CYP?A

bile acid bi osymithesks |r71p§ﬂd3zh§sd%}é%ff¥l¥é/ﬂ3@§)§ léJﬂ‘hatS;Scﬁin%rSm% é%}éé s%;fuf;é famly
menber) QEWBVI% ain specific a hydroxyl ase

menber) 10 CYPSADF s'f‘a‘?f&}%ﬁ‘?%a%fyﬁf’ H‘é@é P@EU iaipnt WPRF'%W) mcfzwdg@ t@u l e
aci d bi osynt heséigid¢d AspdyirampHism mm&;md rénce@YBﬁA St drek %uﬁ? @ﬁy‘fﬁo}ﬂﬁ?h&l o)
subfam i es, er oi ynt hesi s subf am
17-al pha hydr ox%?@g%% %E%é d%{eéerng?sdmbq)@gfﬁgw&? §aé %eagd%fjgfﬁfel{‘&es ' §ede)
aromat ase f or ngetebelismgen 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 & poor metabolizer. A cytochrome P450 allele website is available from
Sweden at http:/fwww.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 pe

30 addressed during the drug generation process.

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

(1985) 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:



15 CYP20 Unknown function (1 subfamly, 1 gene) CYP21 steroid biosynthesis
(1 subfaml y 1 gene, 1 pseudogene) CYP24 vitami n D degradation (1@ L oo
subfam |y, 1 gene) CYP26A retinoic acid hydroxylase inportant in o LR
devel opnment (1 subfam |y nenber) CYP26B probable retinoic acid hydroxyl ase
(1 subfam |y menmber) 20 CYP26C probabvle retinoic acid hydroxylase (1

subfam |y nenber) CYP27A bile acid biosynthesis (1 subfamly nenber)

CYP27B Vitam n D3 1-al pha hydroxyl ase ac‘%l vates vitanin D3 (1 subfamly

mem ber) CYP2EdqhatiokrloRH + @2 ¢ NAGRPH A Hs ubR@IHH2Gre MA&FP} 25 CYP39 unknown
function (1 subfam |y nenber) CYP46 chol esterol 24- hydroxyl ase (1 subfamly
menber) CYP51 chol esterol biosynthesis (1 subfamly, ene, seudogenes)
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2A6, 21365 theardGusDAH-2a%0 tedycts2Chr, it i20hve@ bsBateamdingCl 9), 2D6, 2EL, and
the 3A subfamly (3A4 and 3A5). Another very inportant aspect of the P450s
is that pol ynorphi sns cause significant 15 differences in drug netabolism
f rom popul at i offatio Moopaxygdriases @hDs) ndi vi duo to

Flavin monooxygenases, like the CYP450 enzymes, are associated with the endo-
20 plasmic reticulum and catalyze the oxidation of organic compounds using molecular
oxygen 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 1o
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 ali that is reqguired for completion of the catalytic cycle
(Rettie, A.E. and Fisher, M.B. (1999) in Handbook of Brug Metabolism, pp131-147,
edited by Thomas F. Woolf, Marcel Dekker, Inc, New York). The capacity fo 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 EFMO3 is the most abundant form in human liver and is believed to be the dominant
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donai n of NADPH P450 re- ductase to the hene domai n of the CYP450 where the
activati on of cu a X en _occuns. act with one of the
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oxygen atons a to wat er n sone cases, the second
el ectron can conme from NADPH via cyto- chrone b5 reductase and cytochrone

b5. During in Oq%ﬁ@nrélﬁw&%éﬁb“ge waéés%eta@Pha@é/ﬂ REMLEMR DhLase

stimul ate netab varil ou trates some CYP450 isozynes,
notably 344, mwna@afte@ﬂ-"%\ﬁi@mentth@a?f@dﬁ%tﬁb@ﬁﬁnofm@rﬁf @@Pvﬂ%ﬂ @%n 10 is

not clearly undersi &%@oxﬁ@t&‘ﬁﬂe@&ﬁ@‘%@ DeadpsossBAWIndtiend eraps eidteat bve as
the holoenzyme In stimulating reconstituted CYP3A4 rig b (e)fn s cftﬁt | east
GHEI G PR

in this in- st3#sEnidatedd5&aMpBE ohbRass PP £9PNGE
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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 variahility 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., ef al. (1999) Drug Metab. Rev. 31:817-
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UDP- gl ucur oni c%allc;,glytﬁf":1 JaE%L?fDP + R-gl ucuroni de Although gl ucuronidation
generally is classified as Phase Il netabolism- the phase 15 occurring
after CYP450 dependehd raxdrdladedsyesrgt abol i sm - many conpounds do not require
prior oxidation because they already possess functional groups that can be

U:

20 Glutathione transferases catalyze the formation of thioether conjugates between
glutathione (GSH) and reactive xenchiotics 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 {0, Mu (p), Pi (n), and Theta (8). The o isoform (GST A1-1) is restricted to a few
tissues in mammals, including kidney, intestine, lung and liver. The p isoform {GST
M1-1) is found in the liver, but relatively few other tissues. In contrast, the r 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 celis.

35
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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, SULT1A3, SULT1E and SULT2A1). It is expected
that other new genes encoding sulfotransferases will be identified. The nomencia-

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-acetyitransferases (NATs) catalyze the biotransformation of aromatic amines or

hydrazines to the respective amides and hydrazides (Equation 6) using acetyl co-




xenobiotics. As wth the CYP450s, classification of the UGTs based on
substrate 15 specificity is somevx/nat limted since there is a great deal of
overlap in the biotrans- formation capacity for nost of the humam UGHE. 2005
G ut at hi one transferases (GSTs) 20 G utathione transferases catal yze the
formati on of thioether conjugates between glutathione (GSH and reactive
xenobi otics by direct addition (Equation _3) or dis- placenent of an

el ectron-w t hdrawi ng group (Equation 4). 5%quati on 3: GSH + R ->GS-R 25
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(McCal |, T8, e(198F) Piaro83yedetichEekiorChipivers2BPEE9Ned; Yawk)l | er, J. A, 15 (1994)
Chem Bio. Interact. 92: 329-41). Several sulfotransferase enzynmes with dif-
ferent biochem cal properties have been characterized in animal and human
tissue. Two géR¥IEHY cl asses exist in tissue fractions: the cytosolic
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One of the main forms of toxicity is hepatotoxycity. Freshly isclated human hepalo-

20 cytes represent the best in vitro tiological 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 vive
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. Broadiy
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



sidered inportant in drug metabolism and the nmenbrane bound enzymes, which
are involved in the sulfonation of glycosam noglycans and gl ycoproteins
(Wi nshil 20 bourn, R M, at aL(1997) FASEB J. 11:3-14). The hunard UL 200
cytosolic sulfotransferase i sozynes function as honodi ners of 32-35 kDa
subunits. There are currently 10 known sul fotransferases in humans, five
of which are known to be expressed in adylt [iver (SULTIAL, SULT1AZ,

SULTI A3, SULTIE and SULT2A1 It is expected _that other new %;enefs encodi ng
sul f ot r ansf er ad@®I&ye! eNERPSHAERR FYSted) WhiFeln oSt Prerish ot Fien @b fiNehel Wef f er ent
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exi st and st uthpblisgn &r’mﬁalpaﬁ)foenquency and functional role in dr ug disposition
is a very  active area of research. 30 N-acetyl Transferases

N-acetyl transferases (NATs) catal yze the biotransformation of aromatic

am nes or hydMatdaesigityo t he respective anmi des and hydrazi des (Equation 6)
using acetyl co |l 52 enzynme A as a donor, They also wll cat alyze the

O acetylation of N hydrox aromati c am nes to acet ox est g uation 7).
Equation 6: R- NMpmMitagpic 8pi COWN@@@-B”"—F’”%@W%H@ Bt etﬂﬁi Ff’gs‘ﬁ RHOH +
COA- S- COCH3 - Ra NHQGehidery pfagm . The hetaieRictye ammumnlmv@mmdm humans

| I ed NAT1 and NAT2; bth t f d
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expressed onl yoi moteheefbiabgrmiemndrgguitms. THoe example, Siodfre mrssdvanaediff@redi ftfagsent |

but over| appi n%ltégg‘grﬁﬁn §d8| 'mtaht%b}se%? VItYegistt@?&g i Q%Qer&%er@&%n@rﬂpea“ ng

to be exclusive |so ormo

pol ynor phi sns Belmonbladg@tigliratni.on are wel | docurrent ed, and may play a role
in the susceptibility of cer- tain individuals to bladder and col on cancer,
as the NATs are involved in both the activation and detoxification of

het erocycld ¢ aMOHIRLE RARNEETER SCREGMNG FRRHRTHERPUREDSES997)

Phar macogenetics, Oxford University Press, New York). Toxicity One of the

main forms of toxicity is hepatotoxycity. Freshly isolated human hepat o-
Screening for herbicides.

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 simultanecusly with the first group
include: uptake (using hairy root cultures, organ cultures (inctuding 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
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very toxic w Btrempinglfer ine¢aticided or detected since it will kill the host
organism Broadly speaking, toxicity can be screened for using a cell
proliferation assay. A nore accu 30 rate human toxicity assay can be

i ncor porat ed i RIAY REEENSpINslugar BRetBrYs dpedifi Acligr GEdhtr @RPURGT 2Exanpl e

encapsul ating hepakiaey tiesScaMabed ARaP R dERy (ReE £5paid speiiseasfodpasiget (s)
and sel ect_ screeni ng) uni ts that actl%é/)at 5@2 t he_di sease tar eﬁ%s% ,EIH . the
desired way andPIr55&" HSECS RRMBI BSSHEHLSE HOVHR" g TREHC S35 MR JU *BhYks a
schemati c r epr esetinabfl nectf, oainlsicitieediragodystrem of the present invention to
eval uate target activity, nmetabolismby DVEs and cytotoxicity: Using a 53
doubl e gel encapsul ation systemwhere in the first droplet are clonal |ines
of the producBecawpeyi exednsanaf droived witakes inhepepifiarnecbbughe alsingag-ged and
DMEs, and in tb&quuyﬁ%%;bgza £0RiEde AL fis h@ﬂﬂgﬂﬁg@%% whith b2 RQSBLM R h@eSCT een

for target activit tabol i sm and hapatotoxicity. 5 Mitagenicity
The nut agkhi ¢ e He A brthel sesrpaEhEes BieliBisHeRY asgse BeiabpR enFaset © iBe

addressed in grethHOmdiBHEYRTHY 4P6 AdiaaTRd of NRIVEHPEL Hebd. tHir@Emr& aMaound
can be evaluated by 10 neasuring the reverse-nutation rate i.n_an organi sm

The or gani sm cEEYBB! BnPeaEs for gAY EX[51he P A brar nte b SP G AP Y. gt

exanpl e, ther ea@maisseiaer aumdh flbRgendnotiter aikadple W thsedbddagr sdigeraiddack of

conpl enentary fﬁemti\/idﬂ s to FOt Enti | mutagens of the bacterium

Sal nonel | a t ypXir PURCS PEEREREFIERL '”ﬁ‘?ﬁ%ANETER SCREENI NG FOR OTHER PURPOSES

Screeni ngid or herbicides. The effect of a conpound as a herbicide can be

screened with gPreékﬁgqmagﬁssg%/e%i.cs 20 Primary screens that test the effect as
clude: 2

a herbicide in t OXI ClI i nhi bition of

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
pharamaceduticals, 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
nases, 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 technigue is also know as artificial oifactometry.

Secondary screens typically inciude toxicity, mutagenicity, teratogenicity,

metabolism (by e.g. saliva enzymes).



phot osynt hesi s, inhibition of central metabolic enzynmes. Exanples of
further screens that can be assayed sinultaneously with the first group

i ncl ude: uptake (using hairy root cultures, organ cultures (InC|Udlng}Sh Gk
cultures), 25 metabolism lack of toxicity towards other plants (in
particul ar crops) or towards other organisns (aninmals, humans, insects,
fungi). Screening for fungicides (agriculéural) 30 Primary screens are nuch
| i ke the ones used in screening for or eV | vi ng herbicides except that
fungal cells aF@eugemics: rioraxempieeldf gndiide Meramp akEeenSec ol &¥YulEdr eens
are al so nmore o LesR QbiulitifaRfdRsdnhB Sor fRBRNAREEL GHOPENSBES SRS, @@rform
is lack of toxicity towards plants, in particular crop plants. 35

Scr eeni ng for FHakei ci des Primary screens include the assays for the
function of the compounds as insecticides, i.e. cell based assay for
toxicity towar des or group of 5 species of insects,

and/ or as§gys ggﬁg ﬁﬁ&%%FFgHﬁgﬁgspeC|flc enzynes in key netabolic

functions of insects, or inhibition of reproduction. Secondary screens nay
i ncl ude upt akej, f u f ol ayer
of insect cellg ?P%E&@héngganﬁﬁé ng%ﬁ%¥%%%F%%€E?F§?%gﬁﬁgSk%ﬁﬁé“ﬂggtaken
up. A further Qalvemsl‘flvm@ptﬁdé@rvwetcabw PRYPIcBYY ispiseth pAsttiapoleilc |wyyaes to

test whether PB@E\%QTHHQQQQ% g aze%a&oémﬁ@ a%ay@%séeaaned by these.
Furt her nor e, rel evant to screen for K of toxicity or mutagenicity

or teratodenicity towdr O%L'f""éﬁluirﬁﬁ?Ereé?ﬂf/ed’ﬂ‘}l’i‘ﬁﬁﬁ?ﬁt%@?ﬁgs Anot her exanpl e of

a secondary screen ispl askvi@fl in the¥iesbics of ener digarddnhier speci es of insects.
15 Screening for cosnetics Pr|p§@§%scrﬁens are diPectq% to the fun tion of

the conpounds as cosméti FEPRFS SOPRenS MicPudldChRHE" 851E BE £ or

screening for or evol ut |mn@‘vmgpﬁaireafmsmmsé p@alisce a viel prateso e gt, QDT f

rel evant), distribution (if relevant), netabolism excretion (if relevant)

and toxicity, nutagenicity and teratogenicity. Screening for flavours 25

Primary stieenshymigel sevetiodef mustioreds camssdyiery theowsetdie desired flavour.

Artificial a. FACS & intracellular reporter 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 [cel! 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 commeon to analyze very large numbers of celis 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 cylometer, 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 soried 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



noses" have been devel oped that can assay for particular flavours or

tastes. Artificial noses, or olfactory or vapor-selective detectgrs can . .
detect |ow | evels of odorants. Exanpl es of such noses are di scl oséd+in 2085
e.g. US 6,368,558 and references cited 30 therein. The technique is also
know as artificial ol factonetry. Secondary screens typically include
toxicity, mutagenicity, teratogenicity, netabolism (by e.g. saliva
enzynmes). 55 Fine chem cals: other exanﬁpes of multiple paraneter

screeni ng and €eislagtiuion froirioMuttomelrs resashiemieots canld beanekridigletoenidalyle

cher cal s, { 00d i e ANl Edei 85hg ALAY K8 Sy Be SORFENLANGTERFN QUES
The selectlon of e positive cells can e achi eve |sh|ng screens
where only po§ptiedePEapTigs siiioyisgrardpe vabﬂ§sﬁtdFPVm§@le@%?ngbﬁgiﬁﬁve
cell's. Survivakug@bscep@sidti-med 6dionAaRgEAACS. g. be achi eved by using assays
based on #g a. Survival in the presence of toxic substances b. Survival in
t he presence of other organisns c. Use of nutritional reporter genes, e.g.,
His, or of repenbemc@eeeemmhﬁmenm@ﬂmg@mwmlgpdeMyeﬂmﬁesmomsermnmﬁuﬁﬂ a

vital pr ot ei n, 5 election o tive be
done by the usaTP! el 28 T RO ool SUETE e Heal i s SRR BT ve
or englneered)C@BEﬁA@@a&M@@bmeﬁ@Eﬁ@uk@tm@ﬂC@@BM@heﬂm@bwmﬁéa@bomﬁp%wm&
extracel lular fepopbery éé’%tr%céliﬁﬁr lohpsdhid nak tYr@lr q{rsf: @hnegr &d) car cell
free] c. Qverlay assay & extracellul ar reporter sy cell based (native
or engi n¥er edpoRatiea] Fioy yemely spe kibagitaterainualy %W %Uﬁé??&taff%‘) Prapersi ¢igl e
clonal cell |i B8l &gaell®MBRIch tifrds GIfRblck&int PloBt Bor ol lias&lckdcar reporter
systens [cell based (native or engineered) or cell free] & picking (nanual
or automatic) e. Plating & picking (manual or automatic) Flow cytonetry In
tradi tional fl gul @glrteasfrwnrr;andbtcerir &m@meﬁaa@mbmwe@eu@ peacgenauber s of

;ﬁ;: f/zlenaﬁd 228{(& gb qeas?tjﬂ bbdmer secondymgree\{)%fgr%giy a{ Ieast ?8568(5mtresle§on%an

Gel microdroplet encapsulation

The gel microdroplet technology has had significance in amplifying the signals
availlable in flow cyiometric 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 aliows the rapid and quantitative screening of >10° yeast cells for
enhanced secretion of Aspergillus awamaori glucoamylase. The method provides a

400-fold single-pass enrichment for high-secretion mutants.

25
Gel microdropiet or other related technologies can be used in the present invention
to tocalize as well as amplify signais 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 avolution. However, it is also possible to isolate the expression cassetlles 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 ar palymers can be used

35 with the present invention. An encapsuiation of particular relevance is the



30 100,000 cells per second. In a typical flow cytoneter, individual
particles pass through an illum nation zone and appropri ate detectors,
gated el ectronically, neasure the magnitude of a pul se represeqt4n@;th&
extent of light scattered. The nmagnitude of these pul ses are sorted

el ectronically into "bins" or "channels", permtting the display of

hi st ograns of the nunber of cells posses%5ng a certain 35 quantitative
property versus the channel nunber. It was recogni zed eag%% on that the 56

data accruing PREwRYIRl it (7 evB plainateibede A RoAT aPRIGHTEY- Hur AR, Sycium

(el ectronicall }éDglnafeaBéﬂis)’c@nW%db hatrogheeiponiuee eal Ibesasddireg pr geedur es
could be used to sort cel roperties into separate

"buckets", a pPG@%ﬁﬁ?%EEQW%WFﬁ”%ﬁﬁdﬁeggggﬁ$ﬁ%rescence activated cel

sorting (FAGS) 5 Fluorescence activated cell sorting has been primarily
used in studie cont.r el
culture pr%ces?@p {%I%o?% gamgﬂ gﬁFmngtFéb&gﬁmgp%ﬁ%Qﬁ}a@gfg%%%ﬁﬁ %

fl uor escence camﬂng@e@haMhﬁiémﬁwewﬁaﬂaﬁéﬁo@tmgb%émﬁﬂ¢mp@ﬁﬁg@?tﬁdﬂ@ﬁhles or
subcel I ul ar coppaneat Srrﬁ&gnsfuté%'tﬁazogn%mrméme%ol o iR 16 8ld s QR @Hdl on.

Fl ow cytometry can quantitate virtual g | - associ at ed F ge ty or
cel | organel | etfaihavppreciondiedvgeas %{OWC@E)F@ éféfhf"mB‘ gECHigr’s Aigt {fsaAurig

fluorescence). sGebhing9fd HihgemBeafdliepiesl | sorting at rates of at |east
10, 000 cel |l s per second, nore preferaBIy at | east 50,000 per second, nore

preferabl%jat | east 100, 000 per second. 15 Gel m crodropl et encapsul ation
The gel mecr Ode(ﬂ@ép%UIah@Ctléalﬂhc@@y niaSehathlSegn braiansignal nevenph tdsgs ngetehe
signal s avallaq ein |OM/E%£OnEtrIC analysis, and in permtting the
screeni ng of nicEroht 8Y P8t &i ns in strain inprovenent programs for

bi ot echnol ogy. Wttrup et al. (Bi ot echnol o. Bioeng. (1993) 42:351-356)

devel oped | th #api d and
quant | tati ve SorLON Rk A1 SELEIN LM 2RIl k@ aapt d an

s for enhan ed secretion of
Asper gi | | U awaivopinpgjibiec deaip a@e casese ofrefabird getovingess raicrodmpst serde as

singl e-pass enrnﬂzlﬁlé'tﬁﬁigd b dhslhggl'b%@é:urs@tde@rb d‘q%h@%?es {etﬁﬁe@ﬂéxt%%&ﬂr&rﬁgret or

other related technol ogies can be used in t resent invention
| ocal i ze as welallov§ag dsRRAtOR yofsielpabased Pt RiEN®i @ﬁ"‘ffhhr 66 g iR %?@eﬁ?%ga of

cell's.  Pref eraph¥icdedszfdeeeniatemaBiheds 1odh theudgppers emdls | v egrichgizagce | ai d
out to ensure _ _ . -
together with substrates and particles containing a positive clones are sorted.
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 celis or
macrophages, liposomes, or any other means of encapsulating and localizing

moiecules.

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.



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 chronpsomes fromthe télligl atigs
re-insert these_.into other host cells should this be necessary if the
cells are killed by the screen. Different types of encapsul ation strategies
and conpounds or polyners can be used 35 with the present invention. An
encapsul ati on of particular relevance is Bhe 57 encapsul ation in cal ci um
al gi nat e due t dh¢ rcslisharmatheappiriec apitemisy maFuret treppsitaied §dd oheitayeabbbelat e
beads can be Mgdeical 1ho@d) FEBRD MU dildn 4hs SGkl 6nBYo08BHE and ot

procedures | eaving the encapsul at ed I's alive feature of
particul ar i nt BPESINGr8PAiee SRR iSHiNCRRSY 51D I8 GRPAGAYNET Beatie (i dgelet

m crodropl et s) |Wahdle@ethbdifledtay @S 1vEr edfi®ked Bl dnbednel Bp@bREaRbeert O

smal | nol ecul es. GL gnsur es, that small nol ecul ea‘ do tnot r{eak tto ﬁhe

sur r oundi r‘?gs aRB T RA LT ASSEYRHRY iCBRPHREERBE AT BREHTIL RPN el RS ST |

nol ecul e i s notnd (asﬁordlu)r Brngird sclfaehi mgudnd iser ttomgriet gel ominoweonhpo@éret s. 10

Encapsul ation te ﬁl#ﬁl%hem}greagwreecrrp’agiy%geFﬁé)agatﬂgt%b ﬂn e é ?% theggiecfrl?ﬂwi cases

where cells a% onger Vi 25 to
200 pmin di arreméa)‘lrspaamrtm wstermdd enwipshiaiad lfﬂ.@dﬂi‘&!’)@ﬁ'p@ctth‘bIS@mﬁ'Qtaerier’GtI n

cases of viabl g,£6] Lgs a%%@érﬁi C?Qg{/é?@% i &1k :?]LﬁaﬁecmnfU %&%Ebtﬁ@aﬁ?tof thedi shes

because cell progeny are retai next to each ot her l'owi ng isolation
of cells Bhseds¥ne gelskalietgrowt h. The basic method has a significant degree
of automation and high throughput. Cells are encapsulated together with
substrates and parti cI es containing a positive clones are sort

e¥rgdi

d. 20
Fl uor escent subSt P&W'9, Ji581088 oGP's gRonesmaye gerheescalfeey s$'d%@‘?'t he
GWDs. In casesio®f 5680994, a;riga aaeldna 5,6M8316,a56 hell esptheyed df aipesstaseto

I i [ f

temper at Ur o agEPBEReae GaN T Of BEFBUFPS. "ARAE"TTOh ADar S0k Obe7eatthor i de.
car bohydr#t e, alegpaas.es, 56343?:3.9@@%&8171 chia7oisan, E2poehl vf gseginperituses,
dextran, or F’%X&&r'{ayér%”'bﬁﬂ n%yﬂl (?We%“éiﬂng%n@@%%]srh%g bB!er‘?BQscﬁﬁéé Sa]s%e

nacrophages posones, encapsul ati and locali zing
mol ecul es. Gel J@nmb@bﬂapl@d BietHesiginy4. f‘iﬂrﬁtﬁﬁér(?ﬁ%?}brﬁwfbg-@dteﬁ e Igvay s

essentiall y noearﬁsﬂg%rv%'& mamfobrxr CORERIP AN PRLAG BfiLRARM: EReseby it
is ensured that the conpounds
dielectric breakdown of the membrane have also been described (reviewed in lhler,

20 G. M. (1983) J. Pharm. Ther). These technigues are useful in the present invention

to encapsulate samples for screening.

An environment suitable for facilitating motecular interactions include, for example,
fiposomes. 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 dipalmitoyiphos-phatidylcholine. Representative steroids include cholesterol,
30 cholestanol and !anosterol. 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.



remain within the vicinity of the cell and that the physical connection
between cell and conpound is not |ost. Furthernore | eakage fromg

droplet to gel droplet is prevented. The non-penetrable materi al iﬂ&“ 08k
lipid material. 58 The cells and the reporter system(s) nay be

encapsul ated into one |layer of gel droplets. The cell may al so be

encapsul ated in one | ayer of the gel droplet and at | east one reporter
systemis encapsul ated i n another |ayer ¥ the sane gel droplet. In anoter
enbodi ment, on@thexqpereenipgpybiess the cells and one or nore reporter 5
systen(s), and a second |ayer conprises one or nore different reporter
systen(s), and optionally a third or fourth or further |ayer ri ses one
of nore report 8§ a”@%’f‘@ﬁ‘?éﬁ gel iRl epiesiiad thermsleetian of PR e® ﬁ&'fﬁg[g)@?ed in
one | ayer of t’é‘teiegﬁbndrs@@bﬁin crm@nanéy lbéberfdﬁrlﬁ@cﬁ b@rm@yistoeﬁhlosemcma}ul at ed

i n anot her | ayer.  of it e g E anf d ast. a sg ond reporter
system i s “encapilPATEY aF?ﬁYOCOV f's'%Eﬁp g?r PHEGE) 6" trﬂ Uah ¢ & '5éjllC |gopl et .
For exanpl e, neftgwetise ofisprepari ng |i posones have been described (i.e., U S
Pat. Nos. 5,653,996, 5,393,530 and 5,651,981), as well as the use of

| i posomes to encapsulate a variety of nolecules U S. Pat. Nos. 5,595, 756,
5, 605, 703, 5, 62thel 5%tens 5, s6B2nipg BicluBe 3y sdgdion #f 2e8tiB7eElls Hrepiry EUPO%t

Ent rapnent of @égt&fe%&ecﬂdrf tr&n anlanggrrfdrﬁie@r&g n@ﬁ“”rs'olfI p%EM& f&ré?@fé gn4luri ng
endocytosi s has been descri bed, as wel (Journal  of ochem stry

4, 418-43% (1983lne @%\frﬁ'idwtr@gfowﬁfn‘%%adage” Ce%JPW‘%&'?PPTFPF\?N%t?‘E SorfAn vi vo
for substancesm@ntidl ap peEmatic blﬁ@ﬂ@ﬁpﬁosﬁlﬁﬁﬁbﬂlsc ThMSsly&emrtakéy alvesthgd of tmreeakdown
of the nmenbrane have al sp been descrl

(1983) J. Phar REMTREIYTS CRERREY el %%%I@gﬂ 60 atdf fﬂﬁ'vsi'snoft”ﬂ%ﬁof&?@%é%
invention to encapsulate sarrpl es for screening. An environment suitable
for facilitati m)leuar [ ions inclu | e ones.
Li posones can Eg” p'}‘@b%?%a‘ %é,@p,gqeyf o @ Gd%dséwe |C(r91|f:slC g% edj %d BRR
phosphol i1® ds, atgbryxe‘miailypmfdmnueltyer oi ds, long-chain alkyl esters; e.g., alkyl
phosphates, fatty acid esters; e.g., lecithin, fatty am nes and the |iKke.
A m xture of fatty material may be enpl oyed such as conbi nati on_of neutral
steroi d, a chafgls amphibphe lPagiasrdedso AbaPHhBedite dells F @btertatsu@/cekiargl es of

phosphol i pids paogl el diRliuid HRALRYBEYElIdN and
di pal m t oyl phos- prqjéégl dyg‘?ﬂlo |"|'[Ir}Jel Regr es%t ative steroids include

chol esterol, 30 chol estanol and | anosterol. Representative charged
anphi phi ldoc  coppsiufics towgeaematilpye paraimatdis f rom 12- 30 carbon atons. Mno- or

di al kyl phosphate esters, or
Evolution at its most general is a process, whereby a set of replicating and varying
patterns are subiected 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 nucteotide sequences (DNA or — in some vira — RNA) and the criteria on which



al kyl amnes; e.g., dicetyl phosphate, stearyl am ne, hexadecyl amlne

di lauryl phosphate, and the like. 14 JUL 2006 59 Ot her screening sygm@ns‘
As an alternative to gel droplet screening the selection of positive Cekiig
nmeeting the at |east one selection criterion nay be perforned by neans of
an overlay assay, 5 said overlay assay conprising reporter systen(s), and
manual or automatic picking of positive_cells. Qther systens for screening
include the selection of positive cells eting the at |east one selection
criterion and s@e@s@nﬁ@tﬁm@mwyﬁ@éwéeddhr%%@tiwgn@!%wughéﬁémamotl‘m@@| li ne

in one well of (a daatéah@trhét%dme@t 8nd mc%wécr&ﬁa@cme@ RS £r8RILL&IY BYsken(s),
and nmanual or automatic pickin ositive cells. This systemtakes

advant age of tH@jaﬁﬁ%§a§V§?%ﬁ@egﬁW@'dﬁéHmFgw aut omati ¢ handl i ng and
analysis of mcrotiterplates. Cells nmay also sinply be plated on nedi um and
positive I'ls icked either ut omat i c I'ls
may al so be en&]ﬁ%ﬁ’%aﬁgghTﬁgFE§Wﬁ?“$%g?8"' nﬁ%ﬁgH%%ggaﬁfln%ong PJgee
These cel | s natptdseangrioawariation piowihethreetictioroacthis tpticelie dbut 20t Evitddute) e
towards nutlip | Ut 1 i : SS,
wher eby a set %@ r epﬁf%fﬁﬁ%ﬁﬁggﬁ da{?r{/}? %%Cdd%(g%) ¥ er nrgggg‘r%gé %htbjbé%g?ee{ Irt8 g@a

sel ection procesigditdsit- f avours the replication of certain of the variant
patterns. The selection process acts on an energent property 25 (phenotype)
that is encoded by the pattern and that varies as a conse%uence of the
under | yi ntf var "B 2BHYi % atwéteﬁh@trépfﬁateoo& iV s Sl eadrpmesias BRTERE et 1S
replication evemdrs reféfs® @@&ﬁeerfmﬁeswmsmer@mbmcammm tH P®Ségdréatons ed cone

to dom nate the ul.ation. Var in.the rns pecur t he result
of changes in Fﬁ@1 Eﬂﬁﬁpmﬁﬁg¥%ﬁt@p5? pm@ﬁmt%: ggﬁf? %?eﬁﬁy eBﬁm

i ndi vi dual pat tieegsof My giberpastteet, Nse gosmerttoe doaricadt eilit fredyveparieatn oorel s
partly a Conse%ﬁ&c[ﬁ ;t%%f ttlnf-:ehz?l?er%% htﬂwlu‘be?'& é ﬁfes% Vilike a%}??epﬁwroﬁbé/e And {HénCt I on
of the starting 'popula 'S an edom nant
replicatity pattwer fhectmgist wilgfe de&sosrﬁddir@otq rdplicedaquénedd grpNmtopmaticiin some
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For instance the mating calls of many male insects are optimised to attract females

of the same species whilst not attracting predators.

20
Cells containing genetic material are thus in principle able to evoive 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.



to) proteins, nmetabolites, and structural macronol ecul es that are encoded
by the nucleotide sequence either directly or indirectly. 5 In gegnetie Sanp
algorithms the replicating pattern consists of software defined nmagnétic*"“*
states and the variation on which selection acts is typically (but not
limted to) the solution of a mathematical al gorithm encoded by the
magnetic states either directly or indirectly. 10 The ability of a pattern
to replicate in a given set of envi r onneft al paranmeters is often referred
to as the "fitHhesa!beofindertoqahateny selFilionaxsecesaporseciee gacdédmay thgrefore
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mat heneti cal or &l@ébtai c equation that cal cul ates a score and where the
vari able elenents in the equation are output variables that vary between
different cells within 30 a cell population. For the purposes of this

i nvention the ttéran MPpttad depckos peevosiyar Fhab@etcﬁ@"@@ﬁl*"@‘cgéﬁ@?'ﬂ PAYEs BY t he

fitness functi gheRsV@lel Bifer Sokierrstis sfiahtlarparnunder mtpiacpk ey c@byorsehast i on
process conducted on cel|s may therefore, be conducted aceor di n% to the
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this to measur %%Ia%isﬁxairnarrq&%segg a result of industrialisation, the evolution of pedigree dogs
with various properties and the evolution of plants with e.g. enhanced levels of
20 commercially valuable oiis 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 & further feaching that fitness functions and consequent selection pressures can
lead to the organism expressing phenotypes that impose high costs on (and even in
some cases kill) 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 predaters, 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



5 Each cell or group of cells is neasured on one or nore paraneters .. Ft.or.
the cell is calculated according to the neasured paraneters ThOS@‘C®FH84&Ud
with the highest F scores are renoved fromthe screening locality and
allowed to grow. Cells with lower F scores are discarded. By the highest F
score is nmeant a predeterm ned percentage of the cells with the highest
score, 10 such as the best 1% 5% 10 % 5 50% or for very high sel ection
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popul ati on at reasonable | evels. One exanple of this is 62 the naintenance
of the sickle ealh aonagaia imshatid e clhavwest abadisen shurapablpoputatiions. The

heterozygote formof the mutation.confers king the «carrier
nor e reS|stanteY%hﬁﬁf%F?%Tnﬁﬁﬁ?g «fﬁgn%a%gzygﬁﬁgpksmégépga (causi ng severe
20
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 exampie 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. asuitable set of diverse genetic patterns ang 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 aiso
3. a way of generating novel genetic patterns from those patterns that were

selected in step 2.



anaem a). The positive benefit of the heterozygote results in the
underlying pattern 5 being maintained in the population at a rel aﬁj\éel,}yi b
high frequency. It is a further teaching that nultiple selection pressures,
acting on a population at different |ocations and tinmes help devel op and
maintain the variability of replicating patterns in the population. 10 It
is a further teaching that if two identigal selection pressures are applied
to two independent but apparently identical populatio t hen al t2$u9h such
popul ati ons wi M['eSee$ieh? ngiw kg ﬁ%/m%li“ed;ﬁ%%'&f” %?*’%Bafé‘@%é{ri“& *BRFtEYHs t hat
come to dom natssehhgly ipeput absionTapdséhatvenont @ys tdue hewob vatiiephemoey pe)
may differ between th% 15 popul ations. An exanple of different genetic
patterns confeferqiuﬁegm?%% same phenotype is streptonycin resistance in
bacteria. Fromthe above it should be clear that organisns are capabl e of
conpl ex ol utj ; r Wk i Ssur es.
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generating novel genetlc patterns fromthose patterns that were selected
in step 2. 63 aThes&ingdans ofmpya Hem liksdheashdi plidnise qeset PalPPgites Men B5ar al | el
or in sone othem.e8seMddqal |y iterative basis. The present invention |ays
out how to achieve these requirenments. 5 In another aspect of the

i nvention!®the nethods may be applied to the generation of a pathway
derived from sadhessmubly@Bsdkd b Blresdahttoal (FKicageo&ined et aneipsasderts i n

desired phenotype of the cell and mathematically relates this to one or more

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 celi can
survive, muitiplied 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 celt populations the best 1%o, the best 0.1 %o, the best 0.01

35 %o, the best 0.001 %, or the best 0.0001%. Alternatively an absolute fitness score



the host cell. An exanple of this would be the generation of a pathway to
produce retinoids or other nolecules by neans of introduction of gedesil Zi
encoding for the production of carotenoid pathways (obtained fromfungi,

al gae and/or plants)-as well 10 as genes encoding for the synthesis of
Vitam n A (obtained from mammals) or genes encodi ng for the production of
vi sual pignments (obtained frominsects). such targeted selection and
conbi nati on of el enments of bi em ca t across_ ki ngdo phyI a
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hi ghest F score & ean det er m ne percentage w th the highest
score, such asiheHindseseorda.0y 5% 10 % or 50% or for very intense selection
or very large cell populations the best |1%0, the best 0.1 %, the best 0.01
35 %, the best 0.001 %, or the best 0.0001% Alternatively an absol ute
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score are sel e%@ﬁbnaﬁytﬁrmgﬂﬁ thea@we@s’m@robh& @Q:Iy@@s’lbfaagﬁeﬁﬁg@ﬁdi ksledthatTrar e
sel ected may var

In a err g nt o
screeni ng and §t§¥%€fei Qﬁ’ﬁe%‘?cg @55‘@ ase[émgﬁg 8"t h@o 8“’84%8%3'33’ P%Spg tive or
iterative basi syolwdd! bugheashreptaedibi %eastbmca,gsucn@achadnaedthm taneraeglit & at
popul ati on. least four times, such as at least five times, such as at least ten times, such as at
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 ieast 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

i



For each iteration of the screening step, the fitness score that the cgtlc
are categorised upon is defined and the cell population subjected o - 2l
screening. Over a 10 series of iterations the fitness score is el aborated
such that it progressively approaches the desired target value. The
fitness score may be el aborated either by being increased or by having
addi tional factors added into the equatigp that derives the fitness score.
15 The selection criteria are hence reSS| tlnl ed.towards the
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until at | east P@rages|quch ppdght @ﬂh%ﬂeﬁé§§P?0Fﬁ@€“§é%¥‘m?%%§”93F;%$WWeast 10

cel | lines, hayhdigstbheedorkad abunehdtonaddalriét faver besmedbivvekiepsatl n a
preferred enbodlnent at least a part of the cell lines evolved have

different genetic patterns or genotypes, in a nore preferred enbodi nent al
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conponents in fRe, g Mgbdﬂ@ééhaanenn A AEHESAZH ek @tésan FiMdibi¥s Of e@i@ghm ty of
a reporter construct exanples of 14 JUL 2 |ncrea3|ng criteria

may be relfetit PV acﬂ?ﬁ?fg%fssccﬁmp@ﬁ%ﬁ%tﬁt%Cv%%wét“rteﬁgtaéagﬁ mppstrggtifeasi ng

dependi ng on t Fe%uﬁs&i &hatéd@xsm%%@@ete&étefos@mee@dmm dofritz@d iha gasamatadnsc»v@hange
char act er per %eat such a st al’tlanfgn a 5 c¢co

cheni cal subst Ari€8e R EHESGr DR RIHE eséﬁ&”&daﬁﬁae %ﬁt?é?"@!ﬁ ;BaVPu“
such as |ight, ﬁb@et@ﬁmmﬁxhsﬁepmaﬁkxnbastmmtvmmpmmnuhaﬂuagummm@ﬂ$h98®£t|V|ty

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 aliow low level responses to be built upon over a
series of selection cycles. By selecting marginal improvements iﬂn the fitness score
such an approach maximises the genstic diversity at each stage in the selection

35 process.



agai nst one enzyne and adding activity agai nst another enzynme in the next
repeat. It is also within the scope of the present invention that &elegtlo
criteria may be a 10 mixture of the criteria discussed above, ie.***

i ncreased concentration of a chem cal conbined with changes of physical
paranmeters, and/or increased concentration of one chem cal conbined with
changed concentration of another. Throughgthis approach and in accordance
with the general principles of evolution, 15 over a series of screening
and sel ection cycles host lines that nost denonstrate the required

char act eri st i ceensraticeberdwd Geasticdbempasioriso dom nate the popul ati on. Over
a series of screens the required fitness score is raised or el aborated,
favouring those conbinations that have led to an inprovenent in the
expression of Iiiea desienesht othahdictay potésss fRONdnpdisensearbodnareiat et host
cell lineg thaFnd(?ET ﬁieﬁtoofn Qé’querl?tﬁl {oe?!(ﬁgctBrQs s. I'ﬂtsggt%&ts'\ﬂ%ré fle BatiedsvaB target
are selected an e selected Il nes evol ve a series of screens as
set out in Flgﬁﬁ@dZIiQQEWPHﬁ%ﬁ%Fﬁéwséﬁﬁﬁﬁﬁﬁ%ﬁt@$ﬁknﬁﬁﬁﬁﬁ§5h9P§m5ﬁea%f an
escal ator of sghegidken: RIVESTMIRitoMSHRYIsEH £RB% ddadnteaeerdatarartdag. general /
| ow activity to the specific / high activity wth the generation of new
genetic patterns between each step. In another enbodi nent the fitness score
i's deliber at el y thaipsantameytisrangi patdrys cadbdbgihiseentsalgaaiian nm:yebfem,e such

b 0 % %
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aIIOM/Iom/Ievebmceﬁgmggesmmgnbﬁcbmbmahm@ohm@msmoacogﬁnmesmoﬁOSQDGB@mon
cycles. By sel a h an
appr oach waxi npaRe HEREDr rd ERBKERROL Bl 8 b e B S on 35
process. 66 GCetherseieiction foDCEN@\ﬁ@Ij GerRtsred tl@mﬁvés\ﬁhﬁh @ﬁ@ havifgselgmerdy gf Hément  of

evol utionary pﬁ@ﬁ@t@%%&fﬂﬁ&loﬁﬁw AL LEENR LAY B £%B§rﬁb%ﬂth€'oéﬁ%sltloﬁs'dhd
parallel to or sequential to s€lection steps, stens where t gatterns

are based'%on geistarally B Ereart 8- 10hisych agat Pé%t lo’hastucﬁlaﬁ [Fé redsleqy® g%‘t*Fé‘t‘?SC

elements are joRLiroHuCEedaObt 1BLNV1CRMPINBEIGNS, &fcoplbsidnagTi@eBet Dauglt@ment s
are created or _both. In the present inv ntngn nem/ att rns .can b hi eved

t hrough one or PRBf@0BENRHE taken tp S19a6\d 554 PR beia dd Spfﬁ PRARY 95 'C% ’ng or
rem xi ng shal | diget@encth tho¥easdisan one or more cell populations that had a fitness score

above a certain threshold and that is further characterised by most of the celis in the

20 daughter population having been generated through a remixing step.

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 aiso be
introduced as part of this process, aliowing 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 nove! combinations, and introducing the



process of generating new conbi nations of expression constructs usjng one
or nore of these approaches. The conbinati on or rem xi ng nay be condubta@bu
at any step of the selection process and a preferred timng is when cells
having el enents-of the predeterm ned functionality have been found in at

| east one of the conpositions, and 15 preferably in at |east 0.1% such as
at |east 1% such as at |east 2% such a§7at | east 5% such as at | east
10% or at |east 50% o0 osi tions P t ] hal | be
Laker: to meantaE BESUPAer O ERarT € b L Aarery o erB i e
descendant fromnthogientells in one or nore cell populatlons that had a
fitness score above a certain threshold and that is further characterised
by nost of the cells in the 20 dauqhter popul ati on havi ng been generated
through a reni Rimép Seaspmmon syEetHE Pltke ereessORsRrRittoACOrdNeivi X PIRG Ry be

conduct ed sby atmbsastnttdrand %v’eﬁ‘t‘r’éﬂnn&ee Qiﬁ@%@cﬁi@h%ﬁarﬂ@ﬁ@&% “Coatdniepsn), and

rem xi ng of expression cassettes i,sol ation and

artificial chr%ﬁﬁ%ﬁﬁé§aﬁaﬂﬁh@ﬁﬁﬁﬁf@%%%@ﬁE?bﬁ”ﬁé@@BﬂF@?535§§§§%bapg@?osses
cel |- or protogleasit fdruisd ers(gVetsﬁi&tld}ﬂugtear,atcoﬁﬁmgeopﬁmgmt,\sd%x inertion tde@ymeSi nchen
G (1994). Cenom c and YAC-ducti Ld a

Bugej a VC (199%c)‘3(:§'f€/192f2'(ﬁ%ﬁ3 %5?2 re@”éﬁ '0 Y 1S PR 7 F%eeéu\g%ﬁje%we ﬁym cal
rem xi ng is il fikeStaodtcdutting ﬁosglgeeorﬁxe DWOfr@rmrﬂ,ﬁjwuﬁne age svfilap iy Eiecede of
isolattiop is he

o i ng Bt el BRI RS A LRGN Bifosd SRS oD

i ntroduced as parmixed witi otheroewsessioal FQﬂﬁﬁﬁfﬁj fOBrS'm'N?é ﬁfﬁtcﬁ%@u@ﬂ o8 &

intracel lul ar o RBRRLEH 1 ABRANS nomecorn%rﬂaﬁbr&gaddsre%%h@mm ¥ndtRdrTHABdcQuUt i n
vitro by isolating t expressible sequences romat |east two different
f

cell's, conbi ni REnPker sadTRAtan aEatsy X BRIBSEYHH Y WHHLIEREEIVTR SEPSro i nto
novel combinations, and introducing the yi, 67 conblned expreSS|bIe
sequences_into cell's to obtain a&) | east two cel |l | g g ¢

Combi nat i Bns. BT iHEn ChRREFoLI FeL e Hfaytoﬁao%%? 8abF 67 orkUel ¥
accordi ng to afupreiyerdeshosomesbode pest sweh atkembinstentdf erifi¢isiedrdimsosest | on
starting page 98 "Concat ner s ey eaS|Iy I f e host
cells again us ﬂ'&blgattwé]s? thﬁmfl?%ra!erclgrfl)rr?gso@pe0| be &?ev ﬁgﬁ ?ag%ars{s%%%ﬁ
restriction sitepeAdicgrditeghdsbed! heTmEes@mhyﬂmI@mtaﬁgm Cmrsée%rmzqt@mast §pEni fic
for the rsl-rs I I Lte | referably a rare cutter therefore the
| i kel i hood of gm[??%éjhﬁ%?%g&%%ﬁ?%ﬁ%ﬁh fragnents with a size simlar to the
size of 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 chromesomes 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



10 the expression cassettes is very limted. After excision the afpre&Sh@nﬁ
cassettes nmay be m xed with other expression cassettes of siml & o AU
structure and be re- concatenated to produce novel conbinations and
re-inserted into another host cell in another conbination creating a
greater diversity during the evolution steps. 15 The conbi nati on of
expressi bl e sequences nay of course al soghe a conbination of fuII Iength
chronosones in t S conbi nati on, of artlf ci al onDs

Conbi nation of ™f Olg?’t?qufp ei@ﬁ?‘(?n‘?f’éibv}‘%sornﬁv el ¢ v&fy t?]e 5 e@aaét 4
ways dependi ngandomt he host ceIIs These are physical isolation, crosses,
protoplast fusion and YAC-duction as described herein. 20 An alternative
way of physically rem xi ng expressi on cassettes is to isolate the .
artificial chrbnbsorewofiment §ne depirahs & erlduchapledtian iibris saiifg plelspirigdst or m

new host el l §on Hiend 1081 aShbS pRRYNObgdIRY Jnek ﬂeéyrrea@@lyndégmo%hw aydiiddi ci al
chr onosones cont al ni nﬂlﬂ expressi on cassettes. new ’%eneu C

conposi ti ons nHSEMHdra4e @V%H@BV”tWHH%%WdW“ﬁ?mHW¥F%@@H?Sﬁﬁﬁ? BPIEVAE in the
two (or nore) pepdbatifers: §lciovetkghyinseuBim of pa3Rs cybieldh) gt eeh kisent hat

are diploid for, t f chronosones and contains the
artificial PSW@&HE@@E@PﬂﬁﬁvN”ﬁ&?&H%ﬁ% in the cross. 30 Addition of new
genetic naterlal The remixing is preferably conducted with addition of new

genetic % eri ﬁ]lano(h%%mggé?r]h@rgghecr%glljlbcﬁf%%? ntdnotﬁ'/o o}rnw%reo(gcm?ﬂosﬂ&qgg%%}édon may

be chose rom conmpositi ons expressin ["east
pr edet er m ned phemﬂthmﬁp@Ewﬁu@gnacwa@ﬁ@ﬂwr6mdae@swnmﬁﬁa@bW$m@mmwgéwven

met abol i ¢ pat huay, ¢ Padithat e #efesPlq il ciBBYio0e chosen at  random In one
embodi nent it %@ Jgsprgi " g conduct s%{ec?Fon in a series of isolated 5

popul ations that are then brought together once they have independently

evol ved usef ul REécﬁhﬁlﬁatloﬁ By th@'eﬁpr@%ﬁl@ﬁeqb@r@:eb‘ﬁ% Qfanbé’@ﬁ@l@éqg@ﬁhc ﬁ'@{e‘ﬁﬁﬂﬂyons for
same phenotype prOV|d erent %Snetl%‘?7l groun aral l e

evol ution)® thaﬁ“@éﬁ“?ﬁéﬁm&ﬂﬂﬂampy l Eﬁ%ﬁgﬁmi?%wgﬁgh r. 10
| n anot her enbgetidieMseitd)en pstlidr spéczﬁeb@,@hb@nag)wtaﬂ wdmto@gﬁmm%bti ons

I's m xed to suppress recombination in the celis. Thereby combination of intact genes or
cDNA material is favoured, with lesser risk of destroying the function of the genetic
material due to recombination.

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 o the cells evolved having the desired
functionaiity. In a preferred embodiment the cells evolved have a genstic
construction as defined above in relation to the starting material, however often
30 having another combination of heterclogous genetic material than the starting

population.

The evolved cells may be subjected io 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.



at a certain step of evolution to create further nodified conpositions when
aimng for at l|least one cell having the desired functionality. e e
Reconbi nati on of the expressible sequences, i.e. changes of the de%eﬁﬁcﬁﬂﬂﬁ
material by 15 for exanple cross-over, may be optionally avoided, through
the construction of the genetic inserts, in particular spacer sequences, as
well as due to a general attenpt to supgpess reconbi nation in the cells.
Ther eby conbi nati on of intact genes or ¢ material is favoured, with

| esser risk of destroying the function of the genetic nmaterial due to
reconbi nati on. Ha@elAY thagcabtraaynado d&ug:tﬁdeﬁs pogiubatdransti@x béili tapaglet dfe
desired functlon | i.t ter ti o t hen .be s dto
further steps 8?’%%?%%HP%§”&%%m%§8f§ V ﬁa%wadr qagfm$egluﬁfg%9%%iﬁ%élls

25 Evol ved Cel ths: dets ambetiere aﬁ@amablterﬁ@ praahaetitini iofor erm!@@rm@?taﬂw teeds] s

evol ved hayving the desired functionality. In a preferred enmbodi ment the
cells evolved have a genetic construction as defined above in relation to
the starting nhipeeliMgleciHenandbPatbvpysh 30 havi ng anot her conbi nation of

het er ol ogous genetic material than the starting population. The evol ved
cells my be subjected to analysis with respect to the ene&;ﬁ res onsi bl e
for the deS|redh?ﬁﬁbgt@h@FW¥9”Fﬁ”@?d@?"@@gﬁdg%P@P?HBH?WEWé% 8VgEREs 35

| eadi ng to thecgesie stppbenat M@@ subQardeveyven, ad hev asdthisolirmy nal sootbes, used as
such as production cells capable of producing a novel netabolite or a
novel pat Hay. AHCLRVEINEYREEY ™S is preferred that the cells evol ved are
cells suitable for productlon in for exanple fernentation tanks. 5 Novel

Vol ecul es and RRLINRXS,T0E-alm B0 pthEnaHRLL] AR IELNO, B680S BlRddiyt he

present invention'is to ev produci ng new subst’ances,
such as new netreboklist egoivatewcpréneitasthe R@SQﬁdeﬁﬂhavﬁﬁg PHORIAPEE NRGHES .

Thus, in a fur @chfaé@ep%zew%a%ﬁﬁﬁﬁgs plax,egﬁd &l@oéé‘chﬁér%@s tRdRuSHRSLARCE

produced b the cells "evol ved accordingt present ‘i nventi on, sald
subst ancelbei n§incaspapef meegteraﬁwtséhais@rod@a@ H@wd?'amé%ow%@e meAted by

ol i gosacchari dggzyrRRG iBukd\eingt M6 iréksdt will include novel compounds with chiral centres,

which are especially difficult to produce via chemical synthesis.

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-evelved cell.
Specific strategies for pathway generation

25 in another embodiment the approach is to walk down a specific muiti-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 *hoid” by
increasing its refative 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



15 Since sone of the interactions that produce the novel phenotypes are
medi ated by enzymes it is likely that the result will include Aovelil Zis
conpounds with chiral centres, which are especially difficult to produce
via chem cal synthesis. Creation of novel pathways, nay lead to the
capability of creating cells capable of 20 nmetabolising, i.e. converting,
a conpound, which is not netabolisable b Othe native, un-evolved cell.
Specific strategies for pathway qeneration 25 I'n, anot her enbogine t the
approach is toSYaItRAIIRARACES EJ8R £ ROPHII costelpsai g ionPiERa! 54 ﬂ"ﬁa@r}h?rn a
manner anal ogoysndtio nt@ibisngeahal Adricagehinner. pdned drtiethki mest butsibepstaf ist he
pat hway i s obtained the genetic material faor. that step is put, on "hold" by
i ncreasing i t s 2FUFE Wgcgﬁﬁﬁ?a%%%pgﬁghﬁ?iﬂa? hig S Ce?:se'lslrgpelaﬁedt ntél! {(%glelnn%

popul ati on conpathway is@bthirgdneti c material and the other genetic materials
are then varied (spun or 30 pernmed) until the second step is achieved,
which is then also put on "hold". This process is repeated until the
entire pathwayAlss @perabindign of bothpePedEnedrBBYibRSANIUCHE. SphrUERRNEaY 5 go
backward in the,gapsbiussthendef a specific nulti-step pathway. Once the

| ast step of the pathway is obtained the 35 genetic material for that step
is put on "hold" by increasing its relative abundance 2J 70 such that nost
cells in the cel bnepapiddahéronf Benthaniorsii degemetsusietad ar inalseathrt digerat her
genetic erials are then varied (spun or, permed) until the next t |ast
step is rTEjf:hi e\l/%%e,r %ﬁ‘ij'i‘?lnsl gqafﬁ‘éaﬁ('n%{%es epﬂPmB‘Eﬁ)r “nefE e@ﬁﬁsgé%?ogcﬁgscﬁqg’
repeat ed unti |l irchgingnhé rgenep athwehetdrdogphisatontdd. celis. ANsojatieely dibicalist Bien  of
bot h enbodi nent s . e ed. ' I, Lt from
"bot h ends". |%&ﬁ%%¥£ﬁ%%g%E@ﬁﬁ%dgm?ﬁg”%%@%ﬁ@ﬁgﬁPﬁ%g$@%T%gmgpgyéh%Jegked to
the sel ection eeicernagen of DO aisdeset cdritié tdeons behat hetergioppweta e Keivbaie of
genes expressegmygskge cells, including the genes being heterol ogous to the

cells. Alternatively the cells are subjected to the selection criteria
under contfitions that ensure that only a certain percentage of or a subset

of the genes beisRguihet er@dra8stat e bB&blcscidstire §Xitr2%$86hcdft 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 inherenily 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 fo 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 reascnably high probability of assembling over &

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



It should be understood that the above approaches are general in concept
and lend thenselves to the construction of many variants, depen@uhg’@n iﬂe
desired goal. Furthernore, it should be understood that by using a o
cel |l -based systeman 20 advantage is that the conpounds may be sel ected

al so on paraneters not being included in the fitness function, in that the
systeminherently pronotes evol ution of gonpounds exhi biting properties
such as not being toxic to the cell unds. t hat diffuse
rapi dly withinSi8t *E@fdlertoﬁ"@ﬁﬂ%\”@%fo&f’arﬁ%@ béﬁ%l”tﬁf%% er@nﬁ@@lr‘wﬁ W%\ﬁm or
structural cl agat frecasedhgpall pvpystionar erdaso beddntsthe Bathwsyraddkwhaismedi um

si zed pat hways, i.e. pathways of up to 6-7 steps fromnetabo- lites of the
host cell, the screening strategy relies on enriching the founder popula 30
tion wth rel evaraxageleds tremdsen’ retreid dasomabilngsliiig velpkrswabhéticegpteyfoids
assenpl i ngihOVeﬁrearnetgk?cﬂ&&%)pgpe%ﬁ%:ﬁgubg|?1 g@Hmﬁa%E Bf"@%%l&h@b &5&%9@& a low

| evel of e desire ropert l'arg . nore
steps) the scr e tgs %ﬁ 9@%9@393 odifst evrie @/@0?%“9” Hﬁ Wﬁbprﬁﬁlf%?t?r}ﬂdé

subsets and a) a@lﬁfh'eﬂInngtr@cgeﬁ@@bﬂals%b@maﬁ@)svﬁmﬁoseaﬁa dapu;ztlonéataas@tedl n
order to build a{gat wa orwards or nt er redi a

n
met abol i t es BP9 ﬁa?%iWHQSEEWPE%%BWFéﬂFBﬁa %1®?H%PdW%fﬁEE%%%@e t he
pat hway backmataﬁmn50§ exanple in the case of retinoid |ike conmpounds it is
wel I kno that carotenoids 5 are netabolised by specific tissues in
specific asses of organisns to produce reti noids. It is thus possible to
first evol ve aApapel ekimple iethecalsk of That lipr oohwenda fotvéidi s exasidiasien m x

the genes of thi.g, B&R&d%@&%?ﬁ&%ﬂgjﬂa&é@d% o8 SBARKAGH baRis) enyched  f or

retinoid genes and I's manner evolve a population that produce retinoid
li ke conpoundsmwmaﬁﬁﬁﬁﬁﬁﬁwﬂé%ﬁﬁﬁwémpﬁeﬁh@ﬂ%ﬁgéﬂ@?hqﬁﬁﬁmeﬁﬁwémﬂwﬁwﬁﬁnds

for which the pxadlecRliQRisl iDL GoRAID WMk By RQLINK ROMBaBMie that Rre@ihcted to
be sonewhere between 12 and 20 enzymatic steps from yeast metabolites and

several of° t heSEat B@rﬁﬁartaﬂreor@@wﬁd@ﬁﬁ@@ a H%’—\V@t'%@hcﬁ“é 8P'§tt%8r0dF’fe 1ot Hs

possible to stashpdimad aesi g pﬁ\ed’iﬂaetoawﬂxdettﬂ st;@@tme\&;dathfeegénéé r@dp@ﬁ@bié rferm Taxol
in order to |dent|fg/Ibﬁ g pul ati on of cel roduce Taxol

conmpounds f r onf"Phi'E MC@ﬁ%ggtHﬁgyﬁggg H?é@% QET?@?é@HEQmP@§ﬂ0n5|bIe
for that smalin awtchaw\ayora@@n{e@@kafbh Hgtgeveld thitegatiaticaty ihay bheir masbst selgenone,
or incor por at ednd a second evolution process is started. This time the precursor being fed {o 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
» Controlling the genetic basis of the diversity and how it expresses
35



inartificial chronosones at such high levels that statistically they occur
in nmost cells and a second evolution process is started. This fiinmelthélis
precursor being fed to the 20 cell population is an earlier netabolite from
t he Taxol biosynthesis. By repeating these partial evolutions a nunber of
times, it is possible to evolve a population of cells that produce Taxol

|'i ke conmpounds starting with host metabokites. Finally it should be said it

is also possible to produce a class of compounds usi 25 conbi nati on of
bot h approache§e@%¥@FP%@@?9?“@9ﬁ“ﬁ?“¥P5W%ﬂﬁé°§Pﬂﬁ¥%gﬁ%%ﬁ§ﬂ538%UWF@ﬁ%
grocesses t hat ot@eenrréhenyeatidiwayo bavkear sipuanch bioraiaiids embBbdies s @e@einet i C
atterns 30 G vyen th volution is a,statistlical acess. bt 1S ssary
to provide suf fjivﬁrisﬁr’hﬁ%e geéWeP?%e%gg?V?’éS?¥ or?leagﬁ% tg%t%&%@C@iCS%S ?)’J? géfgg%g‘s can
act. In the prasént thayermpron, difdies geeapaidesidentisaebemsntizder Rooydldéfing a

suf fici ent | i 4 | Li I+Ce i f
4y gfr‘f]fgﬁﬂﬁe&nt%i \é%ﬁs%gg"%g&i‘%é%@nt Sogwteg, Lidoukhgnaenetdc.drasis o

the diversity and how i ection requires genetic
di versity on wiitighy tepraspels &t @enotype sot wereperHed inrasy i’ thsneiher cedf Pheouesar r ent

invention is tguPfv dEisRnRIBNLALIRLY Rfsueahhitaiy Batticanbodi es a genetic
diversity. The term"genetic diversity' neans that substantially all cells

are different, in that they conprise different genes, and/or identical
genes under comhé @rmotCed Fdblibemerhalcontakon tsyabem pdputiorasf cHilk futeanit

T I oy

represent ue i'vi'sion a
few cells may be’ slibsuants al lbyst ittt cakh aTheletwrif tddel ducPepal Baitod™ shal |

be taken to neapn,.a pul atj f I e 11 e 0 i3 such
2s ot least 1080EorPRR B RliT OB Ak HER TRl o ulkRRh A PR B 5
cell's, such assath ¢eaideast 08 “ceuchss afuedst 48 dfor pxaate #DBageldl's sududthaias at

| east 1010 celdys; ]Osqﬁ tfhei;%fgﬁatiérﬁéﬁﬁeségjajgeﬁ&wesmot?%ﬁ%e%ﬁed% ahyP&he dd2

cells, such as at |east such as at | east such as at | east

1016, for'exampdls at | east 1018, such as at |east 1020 in the popul ation

represent a genotype not represented in any of the other 15 cells. Thus,

the principle of the evo] ution nethod ag&grdin to %he invention.is to
ghe

obtain a popul’8t% &1 BICE& 9'SPhAPIHIG™ &R P ori" EITENRVEILPIHT 20 one
particul ar enbedpumiat odfelit haeingdd Lerghghgenictdivepitpduce cells with
conbi nati ons of
20 One particular embodiment of this principle is to produce cells with combinations of
concatemers comprising cassettes with expressible nucleotide sequences from a
number of different expression states, which may be from any number of unreiated
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



concatemers conprising cassettes with expressible nucl eotide sequepces, from
a nunber of different expression states, which may be from any nurider Ut 265
unrelated or distantly or closely rel at ed species, or from species from

di fferent kingdons or phylae such that novel and random conbi nati ons of
gene products are produced in 25 one single cell. By inserting novel genes
into the host cell, and especially by inserting a high nunber of novel

genes fromdifferent expressjon state fron1a

speci es into a”ﬁﬁ%?r8§?“GVPH@‘ﬁéﬁé%ﬁP@ﬁﬂt¥§t?Pgﬁ?ﬁﬁﬁ@pﬁ?Fﬁﬁwgﬁgﬁggiﬁ genes
w1l interact 8h-wédutatibhenzppgl s@:fh et aboddtibes Toé  $utepdpoiatiorcélabingnsliod t h
each ot her and. nodif

known . boI| @s. _and/qr _in gpﬁ$ S..| ovel ways
to create novef“%%ﬁ%%nﬁﬁémwﬁd mo?ﬂ@ ﬁmﬁ °Hi é {% subgég ?WQ‘¥5%
di fferent cel | sishtf, sah dset gonet@iels, aastheg atnr@st T@tch!@dsuwmqsgw o the

present invent EQI@ ?Jcﬂras%%(ﬁawl R abis! &ﬁ’:ﬁtas %@ﬁqo&eﬂob éellsséiféh aé‘%’f m@kt 10easts 105

cells, such as at least 106 cel Is, such as at | east ells, such as at
35 | east 108, SUESH 18l | east 109, for exanpl e at Ieast 10t0, such as at

| east 1012, it is 73 nore or less inevitable or at least likely that such
| ar ge populatlﬁns wi | Iead to a sub-population having such an

i nteraction ulatlon havi ng such interaction may conprise at
nost 10' 0 ceIIs such as at nost 109 cells, such as at nobst 108, such as

2 oSt 1 Cobhe g SUall 3oy TSk 100SE A ey B0 B BBl 10RGR ) b

such as at” nost t 102
cells or just IabGratzej/ tanditibiaSTsirgRitiBlai0cuThe dooditonsesuct as elapdarddnefdsyanchi s

purpose are prg ({C%P:l Mre?elr’ét}ld)} 1;{131?1%& clér'sd EE@QQ%%antléﬂpﬁéc}f%%lb’lm%olﬂ%rﬁdhons

usi ng standard con I ons as stan and protocols
Preferably t hetHﬁ?o@InG@téﬁn% @Oy n@@twegiuf@wamﬁra’fmnﬁ ywf selapivisiogeln|a piitggle i n

which the congatRlrek s SaomPedMBbM Rk nasansRlduedsr hnd&hlatéh ¥i si on
in a suitable manner. It is also of 'great advantage that standard

t echni que f or ther Ber fCalsraie; Brpiafte. 1®pf3‘ﬁ@fyh@§1t MEBPHS Ak ENAYAfqrdpiegtion of

especi al | y t habinBhhadsn@bBekinOe hedt cbiRsBEtOR ¢ als@bérdtddciraduceheepsnsomes
into the host cells. Host cells are al so denoted producer cells. It is also

of advantage if the host cells are capabl e of undergoing neiosis to perform
sexual reconbi nad dlenof ddvaritagedit e hastvaitt ageapsld dfandengbiog neidss tepatiorol | abl e

t hrough 20 externa at ot I re.. i.al
advant ageous hast” 'mF?mbB%' h%?%ﬁg mﬁgﬁ%ﬁ§W%m§gh%§S§é% eﬂﬁ%ﬁ§gﬁﬁ§#%d
t hr ough et er nakiermahinpolbalaficrn ofitg oell culture. One especially advantageous host cell

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

different mating types.

The host celi 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 eukaryctic 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.



different mating types. The host cell should preferably be condltlonally s
deficient in the abilities to undergo 25 honol ogous recombi nat i on} LTHel s
host cell should preferably have a codon usage simlar to that of the donor
organi sms. Furthernmore, in the case of heterol ogous genom c DNA, if
eukaryotic donor organisns are used, it is preferable that the host cel

has the ability to process the donor nessgnger RNA properly, e.g., splice
out introns. 30 The cells can be bacterial, archaebacteria, or eukaryotic
and can constitute a honogeneous cell line or mxed culture. Suitable

cel I's include Preerraicrrelenatic ape organlees it Hut kieres livtermiorisphersea in

genet i ¢ engi negs n@aang RABHE! NSXRARTSIAD. 5 Sebbab! &EBRIBLANRBNLS

i nclude those from e.g., nouse, rat, hanster, prinate human, both
cell lines andSH?FPTPr’ﬁV%PSCLHO?LﬁO& PepUBpReRSSY e@f“&”&?ér yHYIEorySt XGRGER s
may include buRnad®otnk, | |Sﬁeb@}d1ybéte£SCh@trdoﬁﬂb@es CObosynB@aIitdrbUS sabuslis, B
licehniforms . Cereus %%dans Strqp ces co color,
Pseudononas aeFaaFWSE%?Sﬁvia © ORI 8L %FP%%&%H%cetes,
Act i nonmycet es, c@oayhpbalcs eubtiis aﬁadedchhes:l by B@&nmoafrcahascleﬁal wonehda]4and

Erw nia. The c coli and Bacillus subtilis
are descri bed gggéfkﬁ?%gpagﬁ ﬁﬁg&ﬁgg%%%%£1§??5 1454- 1462 (1997); Kunst et

al ., Nature 390, 249-256 (1997)). 10 Preferred eukaryotic host organi snms

are mame{$, | baferdNSRGYStic R@BlgBnisAt daemanfhalst B8Dinse&X aieSai@le sRMMBI i an
cells include those from e.g., nonkey, nouse, rat, hanster, prinmate, and

hunan, both cefU9tines and primary cul tures. Preferred 15 mammlian host
cells |nclude but are not limted to those derived from humans, nonkeys

and rodents, |nese hanst er. qv cells FV3T3 , 293,

VERG el et o EeBatk BTarE Ao BONE Trherap Sha EaMes s AT

Laboratory I\/anuafnster Neiwmargr &d Rueemabots 0. ind® H0y, pramaty stuéunes.e Plederred

i ncl udi ng enbr Qni ietd cel.

1brobi acts. 1 TRt uE &b R AR e S DR Pkl 3 % S N RS

Exanpl es of i nmtes@ein_ﬁ@demst gl dsaminese hepsiefopest &HEalmp NG/ 368, @hant

cell's include 5Bl zgrrbi ¢R1La WiEMee RAIHGM. SPYREAN TrAEEr SHEAGRASIN: A
Laboratory Manual", New York, Freeman & Co. 1990}, and stem cells, including
embryonic stem cells and hemopoietic stem cells, zygotes, fibroblasts, lymphocytes,

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

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 niduians,
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 Hansenuia polymorpha {methylotropic yeasts).

The choice of host will depend on a number of factors, depending on the intended
use of the engineered host, inciuding pathogenicity, substrate range, environmental

35 hardiness, presence of key intermediates, ease of genetic manipulation, and



25 Plant cells such as those derived from Ni cotiana and Arabi dopsis are
preferred Exanples of fungi include penicillium aspergillus, su¢ch dgi 7005
Aspergill us nidul ans, podospora, neurospora, such as Neurospora crassa,
saccharonyces, such as Saccharonyces cerevisiae (budding yeast),

Schi zosaccharonyces, such as 30 Schizosaccharonyces ponbe (fission yeast),

Pichia spp, such as Pi chia pastoris, q,SHansenuI a pol ynor pha
(met hyl otropic The choi Ge 9 nd .on rof
factors, depenﬁ%ﬁg { e ﬁ?ugHﬁecf”S%%é’?&?en? 'rg%rﬁfﬁ%rbrt%aotﬁ%sPr%glﬁ‘ﬁ%]?'udi ng

pat hogenicity, Psulbsltamyat advaaiage;usenwsisormnental C<3|5 laatobagiks sStrgpteasysaiee. of key
i nt er nedi at es, {?r?)‘?nry%t?ggr%eﬁlérﬁem'fﬁ)ﬁﬂ ation, and 75 |ikelihood of

pronlscuous tran eneti ¢ Tnformation to ot her organisns.

Particul arly advant ageous hosts are E. coli, lactobacilli, Streptonycetes,
Actinonyced es andeflb@RBRLEME y(eHQg:fue 1 tHd f@ﬂfcﬁfl@r ér%elacm.gmcscehg fabiSgry@ingt due
to the followi ng characteristics: oW n otic, allows

| r
scal abl e cul t uFBEEdaRPIE |S%§ab'9g@1‘{@f€i Eap@B@t,eg, gﬁ”r@“%@g[sl aé?)la?éa %EF & g
tabolically fl exolday fiedte hamenaae reetetttivale pyrrpebledd| reercighbhe/ nalirhndanedswal |

and folds nore heter ous eukar yot i rrect|y than prokaryotic
cells. 10 Thus,moéﬁ’ﬁ“%et Iﬁ’gg?saef%karéfm'cn%me (Fre&if gp& s C%?JI t abl e yeast

host cells corrprise baker's yeast, Kl uyveronyces rrarX| anus, K lactis,

Candi da utjli S,Thg’%‘l ,”lu rgt,QQgﬁ§X&$mzt gﬂ&%?@*@%%%tbﬂé{'%asdﬁim rih: %k?rfl ni ca,

pastoris, nsenu arr a para
Schwanni onyces yeagt éluwaromme@ hinarxenisi i ?Ct'%d&é uidiReRaeEe, rh@%@ﬂor ul a

glutinis, Li pORMKESS dniyeed e%ou!é%zh’pbeﬁ@c%9§or%”Mﬁﬁéé%ulac‘%ﬂlglﬁng%hé5 mn@w'a(e g.
C. palmoleophlla) Yarrow a |ipolytica, Candid 9 | Li ermondi i

ui di da
Rhodot or ul a spﬂpo'yt%cgﬁ%‘%ﬁé@ﬁ@i‘:@ §ﬁﬁ"a““/@ﬁ‘|‘°"é‘?§’b%€§°‘l‘°ﬁi' uRPEI VTN Ean d| da

brunptii, Candishénaied RasaRGOkWIRIRIsCEporyates liogsi, s:ryp@m@hoda:utvms; Catdid
Sacchar o es cereV|S|ae

h
mohbyii B oni SkgBS CrpamI AL o v e Py B s B o
yeast), 20 Kl uﬂ]%\hedcojwtaespp Heeserandraycopdin epker Ayretiashien M@h@asoﬁemﬁicsapp., or
Torulopsi's bogpjcq Bﬁﬁ(ﬁéaer chcan%pﬁﬂéaI Cih uicBQEP! IS8 5iaat gﬁséénsone

nutatlonlnacentral I osynt het S mutation can
conpl enent ed bﬁamf@rmycmri@rwé@ct%ﬁ@tom K@?‘f@ Pandligs dievert Epmethaskimyect or

conprising the beterelageys %Hl%ep%%io% esd?l%lsé‘c%érgr%y&e% poAHRNEES0S Gedshat
cell s cont ai ni n? the vector(s) can be sel ected
20 Kluyveromyces, Hansenula, Kioeckera, Pichia, " Pachysolen spp., 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-

guences 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
nuclectide 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 exprassible nucleofide sequence.

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

35 concatemers can be mainiained and the expressible nuclectide sequences can be



In any one host cell it is possible to make all sorts of conbinations of
expressi bl e nucleotide sequences fromall possible sources Further ﬂ
it is possible to nake 30 conbi nati ons of pronoters and/or spacenélagglof
introns and/or termnators in com bination with one and the sane
expressi bl e nucl eoti de sequence. In a preferred enbodinent the cells to be
evol ved are produced by inserting concatenmers conprising the nultitude of
cassettes into _a host .cel L& C i.nt ai ned
ond the: expr esSBFEEIET eopidib Ao ThC Eii  RRAPL T BB R

co- or di nat ed way cuffhé fromgbehest seltanmpreiaseeniled duretodogiciatiene pisuatay Withe cut

out fromthe h I niformstructure with
- preferably -8§%ﬁ%a¥|b?@g?QEF?§§§§Eﬁ%%fgﬂg%@gTigfﬁ&Fﬁe cassettes. 5 The
cells as defined in the present invention are preferably collected into
popul ati ons forhys&is Nad Q@f tﬁdeﬁﬁﬂiﬁe I et ilrﬁléntlo-ﬁh%rd:wﬁm@%blyi Ocﬂle&fad cietd s
subjected to evol t|o gpiﬁroduced e ectin

b
popul ation or PP%LH"? ?B%/ édseé’h Gjeqil 'ﬁt’?ndlﬂ K BB g‘tchf g? SFtH%Ft?/d Bual
cells is a popelatticons ten emueasbmfmmtmlacﬁrbm a prpepderedr fooreveardord y

assenbl S?u?al °PeHuARRE . SORIAth SHREARE] DL HThaRklcler HhaamuanpaRfert ved
nucl eot i de seq@m@@d fanﬂe r@"piema/bﬁi%ﬁe@.té‘@é(ﬂ!‘ @t\f@d vaqafﬁﬂﬁ@gtﬁxateéti'?{erfé@ieéw t hat

drives exgy eSS'SQ eﬁf:est 'aem%%ﬂptr&ﬁsé tHILﬁelW%'f eQhhide o‘?ef%‘r\@rn%%f%nlsﬂtsann apropri ate
host cell. The I's used are capabl e of produci gﬁ uncti onal gene

products of t ﬁépréﬁ%? n%‘?'@%ﬁ'ﬁ? SABUENCROR eé%?ﬁraé’g’sﬁséﬁc'@tﬁd B r*’thbrti?fm’ré‘é’F@'O“Sgene

Erodlﬁct S 0}‘ t hehAlenass exjprlses@bg@ﬂltl‘ﬁd'fé@)red%%}é hiRKies be t@ncteerimarm@ropnate
i ochem ca

The ul atjon accs rdj 0 enbodi t of th
i nvention nay i thﬂsl‘at:ﬁ&r Tdﬁémégffqlﬂs UEENPFiceRR ge #n?rg%'nﬁr{dmg?'eaﬁ 8?%%?&9&#%?18
conbi nat i on of ti@ dbnghormgunibas. fon eamreseesrndhe cas el tgese baidngs rmetrero@horgous to
t he host Ils. Thr% h trlntgra(r:ta Odnrnn%ge dé ?5! gmwg expressi on cassettes
novel and ni qOSTPE ST AR Par e bt ai ned i n each cell .

onsof gene
Such popul ations are especially adapted |n the discovery of novel

met abol i ¢ pat h\?ﬁé/%o?dl%ﬂﬁ%a&ginglt@ﬂtéQﬁbdb@rﬂerﬂ%ﬁ‘ kRECIn G H%S/'H‘P'aﬁy oﬁ’é c8ene

products. 25 In a preferre odi nent a popul ation ma defined as a
popul ati on conpPMBisega Wigds PREtASAraBY [eAERT) i epinaiie] |4 @ tﬁ%‘ GEPPY Bei ng

denoted cell,, ¢gfddston cassettesCiiidg hetdh®gBldtd thé rhst @aiBh Tﬁ@ubh eREPEAdRINg at
| east one_concat ener  of ]g ndi vi dual ol |é;sonucl eot i de
20 combination of expression cassettes novel and unrque combinations of gene
products are obtained in each cell. Such populations are especiaily 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 cel's, the cells being denoted
celly, cells, ..., cell, wherein iz 2,
each cell comprising at least one concatemer of individual oligonuclectide
cassettes, each concatemer comprising an oligonucteotide of the following
30 formula:
[rs,-SP-PR-X-TR-SP-rs,],
wherein rs; and rs, together denote a restriction site, SP denotes a spacer of at
least two bases, X denoctes an expressible nucleotide sequence, PR dencies 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 =z 2, and



cassettes, each concatener conprising an oligonucl eotide of the follomnng
30 fornmula: [rs2-SP-PR-X-TR-SP-rs 1]n wherein rs, and rs2 toget fief .dendies a
restriction site, SP denotes a spacer of at | east two bases, X denotes an
expressi bl e nucleoti de sequence, PR denotes a pronoter capable of
functioning in said cell, capable of regulating the expression 35 of X in
said cell, TR denotes a termnator, and B7>_ 2, and 77 mherein at | east

f || diff I h
o oo et ekl P AT % PP B Lot e

rsjln is also referred to as an expressi on cassette of the formul a
[rs2- SP- PR-X- Tir .3 gégeﬁt%o]ﬁext t%ﬁu@émeé @éddéﬂée S ARG S sﬁﬁ*d g-TRssplef i ned

above for popu atl t he cel a sub-po ulation will have
at | east one tf%&ﬁS@ﬁDEﬂﬁﬁﬁﬁoa§@6WX@§S%@hﬁﬁﬁﬁ“b@UH%ﬁ§WU@dﬁ%ﬁ%ﬁ?R5H§?
genetic nmeferigpfnoma common species, a conmon 10 phenotype or the Iike.
The function of the popul ations and sub-popul ations is to act as a source
of diversity when obtaining the conposition of cells to be evol ved. Thus,
in one enbodi mSob-pbigatione Mz Siotripdse tels ascufiharabwn fof peulatomposi tostys,
wherein a subcamposl i oyl s, Ratid iPhAvEGH 100 6 taRd Al Gl dshohpyiing at
| east one phenotype i myBn. 1’ a preferred nment "t he conposition
conpri ses at Iemtotez ccrmhnwidnml genghie ol tfioon S, cyaien SPabeB NP OPMIWBNS

bei ng difhgreng O@§e%kaleast 5 individual sub-conpositions, such as
at least 10 indivi u sub- conpositions, wherein each sub-conposition
conprises at | east 10 genetically different cells, such as at |east 50

genetical ly 20T1db finefind: trfeqjdpaean@ueahd a6b- a@pdnamaﬁs; s 108c genebiicalot yvatiityf er ent
cells, such as ceIIs such, as %$ | east

| east netica fere
T4 conety cai Tyt prapad oo tay Sl obe PREL it S Sty
different cell somsmmthans zatcolleefkst oﬂ@tﬁaogmpesuma,l erdinf § evubcdmmeltibs ,is assuch as

el }égel | §° %g 1o o r?élvm{ua{c%ﬂg i rfgge!tliesa‘st %lég) yp%t ?Fmgn 108 p?eefglr’?ézdScal ly

di fferent eH & €as ene erent ce
conposi ti on of ecbbdimepttbé eoramwhoompr@@ﬁtéﬂasi éa@nwdzlei gonenpesdiony sgid f er ent

cell's, such a% &gnj*pﬁgﬁc'gﬁ% I%epﬁ&r'eﬁtal Eé’h di 4 ?%a%p% :ﬁ&l/ J:h?al s%H%Bmﬁ%tﬁHnsl east

100 genetlcall such as at |east 0 geneticall
di fferent cell sychsaelat daasht!O| lgna\gtjuag@gb compositions, whereln each sub-composition

comprises at least 10 genetically different cells, such as at least 50 genetically
20 different celis, such as at least 100 genetically different cells, such as at least 100
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 107 genetically different cells, such as at least 10° geneticaily

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 ieast 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



genetically different cells, such as at |east 250 genetically different
cells, such as at 30 | east 500 genetically different cells, such as ,at,

| east 750 genetically different cells, such as at |east 1000 genét Fceﬁfiyﬁr?{;
different cells, such as at |east 104 genetically different cells, such as
at least 105 genetically different cells, such as at |east 106 genetically
different cells, such as at |east 10' gengtically different cells, such as
at least 108 ge i.cal | i e , B 9. tically
Giferont coll 8o greRd fuSlinFt B ST LB fite bl RublyGRN AL LBERR ' O

t he i ndi vi dual gestic gattriveordiehfterasntherefe rrprdsentiata @eaisiversityenot ypes, t her eby
representing a great diversity. The term "foundi ng popul ati on" or a
“founder popul ations" shall nmean a Cell 5 Population that has not itself
been subj ect ed TE® @5 elcrdtOROPERIRG, O R {TREISF SSRHBIRENEERL MEP80? r'efler r ed

to as conposit PefuISfonaRdtl s HOPlMBehysUbREte@XPHESTCOh RNSL IHULE Presuhtt hi n
the cell popul ati on gée constructed such ial from species

t hat .genetic materi
that are KnowncHHGREBPrarTa e oo BPuiiee’ EUaatRag vFe Rueslh g eifor ur e
cl ass, or conpabindise télapophbtien aredessirated sinotthanshelef Metetial fom apeies
associ ated wit [ ) t I [ edge of
t he conpounds, 91pa?l% 3‘:‘?10‘?{@9 8@1@%&?{3%8 gﬁgﬁ{j@ﬁdﬁg%Iggﬁ%g%%?tgieaﬁc}g%r
popul ation haveergpdeen thetibjeca desited fanctibreh stfectorears @berstatashwitfoad@siradn t he
present cont ext, bigaAaanh&heRAPVLANLRR IS ANS QorfRLBES, BhdolPafRS @ further
nodi fied conposition. 15 Cor?trol l1ng The Genetic Basis of the Diversity
Sources of CGenes 20 The natural world contains a significant anount of

genetic di ver sirhyierMagd@H@r paildteniid b esi gpliat®! eavirgdech bejectdl © aaleabeast
107 different species, and t eci es contains Qn average

. hat each of these s [
at |east 10 gefl %?E'E?FQHma‘i”fjo%ﬁﬁegpﬁeﬁ?”ttcﬁ%te’ﬁé%ei gﬂ’%g}erp o8 ¢s fIR L Genes are
rel atively consesveflrtbatmekirdspepostmont hi s represents a high | evel of
genetic d{'é/ersi ty. 25 One approach that can be envi saged for the purposes
of the current invention is to source genetic material so as to nmaxim se
t he taxononi c GountrplingThefGenhtic Basieof thetlivéradyl. 30 A second is to
preferentially source genetic material fromorganisns that are known

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 fevel 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,



or reputed to produce nol ecules of the structural class or with the
functional effects desired or are known or reputed to have a desjred
functional effect without the nolecule being known, or are taxonofi-GAl 145
related to any such organism 35 A third approach is selection of genes of
particular interest. 79 A fourth approach is to select genes that generally
extend the host netabolic pathways. 5 Opgionally these approaches can be
conbined in any suitable nanner. CGenes can be sourced through the

col l ection and processing of genetic material of various forns. The
expressi bl e nuél feotth deroaguiésnveseiediateneathah aenergbtr eXand mico Nevemetgadicor s,
concateners, a g{h\gg)}sl.s according to this invention enconpass any type of 10
nucl eoti de such as RNA, DNA. Such a nucl eoti de sequence coul d be obtained
e.g. fromcDNA, which by its nature is expressible. But it is also

possi bl e t5 useptiGRaUeBSES pRdacBeNeim e DNBines N Guitanle Bpeer.fi C genes.
Preferably, the expressible nucleotide sequences correspond to full |ength
genes such as substantially full |ength cDNA but nucl eoti de sequences
codi ng for shofeees pepid shesset anugrhtibe opliegiioradndliBodagkihg loegrytchc clatamiesoimay

al so be used. QUL RIpRCAtd URResIBE lclebliad &hAbibel 12y 8l 8L Yidofiea B 1kl LY Of
the native protelns. gPhus, apre erred enbodi nent of this invention is to
source and col Veders.messEegeE. Adaipie APrEny wRNANVEBYONGHICAMARIIR Y IR °TAnot her

way to obi@ai n BXIMARES kHea WIGA EOYA dslch @QUAURRERE: deSubieQeul pehwrbiteale.g.20
synt hesi s of nucl eati de sequences coding for known peptide or protein

sequences. ThuBoTheP ¥xptRiesitl s BRiACs Batrefeabled 5% mbt a'ﬁ%\PQS‘{i%gbt@ ‘&e
nat ural | y occugdéduafcessggeasitie DN tcb@ibg forisbediftygebes. (Rrekenablre de@respibiact i cal
purposes to primarily use naturall courri nucl eot.i de sequences.
Uhet her t he DNATESY paiEnst™ aaimre™™ & Taed® ers adgbra BRCoNa G el or
system used. 2&ngy dDhiéd, bermcle@idersegseroes sadatgdtr shoriemamtides tbtrathe cofingene
expression (i.e,t ki i i i ; b hic .
i Ssue. oot o amTEDes hE7RRGHRI RN FLARDI. by uERESh Mo, i es
as sanpl ed at asliyitoplethe inatve mPteiner B, @ppriersst anbodipent €5 iy Bvediand fon
di fferent indi yjgeabRycodéct hasddhGeSiBoripRdintny &dr oBlairfld Joent point in 30
time, or in the sane individual "at di ffperent points its life-cycle or in
the sanme individual under differing external conditions. The expression
states of givepn&Béd &apric dHt58UBGredEiba Glckndd ndhwindedlis whrblgralcaeneary w th
respect t2c%J other cells or tissues of the . .

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 nuclectide seguences. 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 externai 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 cne species or individual by exposing the tissues or organs to

35 different environmental conditicns comprising but not limited to changes in



sanme individual. Different expression states may al so be obtained in the
same organ or tissue in any one species or individual by exposing the
tissues or organs to 35 different environnental conditions conpri $irig- Buts
not limted to changes in 80 devel opnental stage, age, disease, infection,
drought, humdity, salinity, exposure to xenobiotics, physiological
effectors, tenperature, pressure, pH |ight, gaseous environnment,

chem cal s such as toxins... 5 ln the followng the |ny ion.i s _de i bed in
Che order | n wAPBloPitalTzas s Beeat A S R bR e MukRER R b
cont ai ni ng an eswbictitd, eprasivichicai affectns, oteoperaturemypreseire.perf dohtedjaseaiarti ng
with the entry xeehQknqt Eﬁnﬁﬂ@ﬁnﬁﬁ%f%x%?? orientation with respect to the
pronoter of an expressible 10 nucleotide sequence will be such that the
coding strand is transcribed into a proper nRNA. It is however conceivable
that the sequente AYwRE tHeAMRHE&Ts A8RAH&T inMg: @Ber IAMhICE GSRedsARB@IMINGL 1N

der to bl ock [ f ifi .. E .cell of th |1
opul aton | 5 PrFEITS POdERei g SbAB AOV3BoHL L APERsh S 8ot P at

| east one expr essorond statirg;. withtthé sntofveciour se al so possi ble fromthe onset to
conbi ne genes fromtwo, three, four or nore expression states in one host
cell or to conbine genes fromdifferent organisns in one cell. In sone
enbodi nent s of In st icasasnthi ofrientatips withefeepgeedo ttoe duvrhiteie ohgenesxpfaseiea | ar ge

vari ety ofg or ganRiSBe 5848 whiitBGEn ReBthe cBdiRg BRAMIGE r8RchbR] inRACHop& |
conprises at |least two expressible 20 nucl eotide sequences, said sequences
bei ng het er ol ofBUA ttds bereevertqnoeivate thahjge seBGliehTaY Pare st IPBUANYIET t he

native cell typgiseAsaMHQcipRIN Rl tOhloSOsBIdRabI enssikifieyeressi bl e nucl eoti de
sequences fromall possible sources may occur in the cells. Furthernore,

it is possible to nake 25 conbi nati ons of pronoters and/or spacers and/or
i ntrons and/ or Eke&r telnatttbe Sel popaiohiis altiadn padtdedanecantdnitd gersaneslected

expressib nugl eot.i de. sequence, Th i n ne,cell . referably
be expr es{sﬁ’lebl e% rtr}cait éeoeislt de’ g)éocﬁse‘c"r?gessté{%r Il(t)% gfta\/é\’g'%aiaﬁ%eroéaﬁ%ggfiog? g%g?r%ﬁgs?t at es.
Furt her nore, t heskint senadiffofrementhreexjoregsian estratss genmyonbdobiraaiooive

speci es or adveamﬂgggﬁésyfrﬁ QfetAP oL LL AL Hbne BACH P fomd B IFen @F fnCe! |

my al so conpri se expressi nuc ( € sequences . t e_ast ) ree
speci es, such &yeftiopri iatPraiereask tofeembinefaepes ram@, lageverely of gRIPNSASHEO G ten
species, or fEagkmyse it RamadRer SREHaE SaSHCHI 38m bRl ADEAstt thdNedhsBPRCI es,

for exanple from nore than 30, 40 or 50 sg_em es, such as fromn r%than
100 di ff et®nt gb(g%gngg Seflggces, said sequences being heterologous to the cell, i.e. the

sequences are not found in the native cell type.

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 cne and the same expressible nuclectide 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 alsc 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 exampie 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



35 exanple fromnore than 300 different species, such as fromnore than 500
different 81 species, for exanple fromnore than 750 different specigs,,. . .
t her eby obtaining conbinations of |arge nunbers of expressible nUEl ot i<des
sequences froma large nunber of species. In this way potentially
unlimted nunbers of conbinations of expressible nucleotide sequences can
be conbi ned across different expression Hqstates. These different
expressi on states. represe at_|e i rent j h as at
enst tv or gaRl BuH SEnEE ot 1A (bl bEEites, MRYE SpaR s
genera. The di Efrebinzriions pé&iresnyraierbef xoeasiie nucieptide wenugnedseranta ipiogl ae,

such as from af,}&asts eWls dhithig Rt pdtdRERLSIInHEE MuABerk! @ MBoRlbidaB&Rt off WO
different divisions, nore preferably fromat |east two different

sub- ki ngdons, SUYESSHE® PHYPALAE Je6HRICeE BN 15 eAMEIRGde AT 08 ARG SXPIRRFLON
expressi bl nueleQt iTHese QffRNE &SpatioD etaeBNMRh adptiaim at degiikabyati@eand a

pr okaryot e intqf') one and theI slgme cel | . A&corqi g%ﬁio anot her Enbog%metnt of
the invention, '$HES SXAY 8E &1 I5FE MiRE198DY IS 2S5 (EEH MESSHRETS bE°F Aa i GRS and
t_he sanme expr essi gamest ate diffdieet smeoidmm’ra;; befromtwmsﬂi@osi:émmnpre&ecmmhim eract
Wi th the pr Odu?r&r% a?TLeaE%Qﬁo gl é?%s&?% mgstfro%gt]blegs@ ov\fliftfé} r?radw %%ion@t J%Szfe and
form new enzyne conbi nati ons 1 eadl ng t'8' novel “biochem car pat hways. Sources
of genetic di verdirelyly 20mErtatepbletoofiffgeoiupd-digdopeched andoimdli gpglulio
speci es kppwn e Rin0g ngom%,;@zg?essiwetrmc@&twécgeag%eQFna{,%e%!nem@b b LTty

include wthout imtation 25 30 Bacteria Streptonyces ; M crononospora,

Nor cadi a, Acti AGHERIKIEANAE PiokapPigde one @idBpey¥epeRlangi um M crobi spor a,
Ki t asat ospori am Azobacterium Rhizobium Achronpbacterium

Ent erobacterium Brucella, Mcrococcus, . Lactobacillus, Bacillus B t.
Foxi ne) G ost RGNS (f GRPHE] ETRPQUFDLEE 8% tiHEn BYe o hoNES adioaaEser
Vi bri o, Hal obagientasrmayMiecioph aserand Dgtsaph agpresdidrxaaie cTusprbuungs ofAhedel t a
muscari a |y agar.li i ha i (o) i Psi e i i,.n)
Phyear i rt® Ful aberfirabs et oBih Sp R B hends R Rl BRA ATK) |
(penicillin), Chpramiferm RvaamyoehasboatiohsiedogituneveCaptigrisapoatinmgys.
Trochoderma, Hel m nthosporium Fusarium Alternaria, Mrothecium
Saccharonyces Al gae Di genea sinplex (kainic acid, antihelmnthic),

Lani nari a anqu$eHtcgs f depeticitiversi8s hypot ensi ve)

20 Examples of groups of species and individual species known fo produce compounds

with structural or functiona! utility include without imitation

Bacteria Streptomyces  , Micromonospora, Norcadia, Actinomadura,  Actinopianes,
Streptosporangium, Microbispora, Kitasatosporiam, Azobacterium, Rhizobium,
25 Achromobacterium, Entercbacterium, Brucella, Micrococcus, Lactehacillus, 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, Aspergilius, Penicillium
(penicillin), Coprinus, Phanerochaste, Acremonium {Cephalosporin), Trochoderma,

Helminthosporium, Fusarium, Altermnaria, Myrothecium, Saccharomyces

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

35 hypotensive)

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



Li chens Usnea fasciata (vul pinicacid, antimcrobial; usnic acid, aptitunor).
5 10 15 82 Higher Plants Artenmisia (artenmisinin), Coleus (forskokir)ybl «
Desnmodi um (K channel agonist), Catharanthus (Vinca al kaloids), Digitalis
(cardi ac glycosides), Podophyllum (podophyllotoxin), Taxus (taxol),
Cephal ot axus (honoharri ngtoni ne), Canptotheca (Canptothecin), Canellia
sinensis (Tea), Cannabis indica, Cannabi gysativa (Henp), Erythroxylum coca
(Coca), Lophophpracid | 1805kl §Be¥ALEMIES iG] rRGRRNS 1 NhiR Bhonisy),

N coti ana, Papaver somniferUm.(Cpl.um.£BRy) pERalall.s arindinaces,, fReed
canary grass) Protozoa PtYeRodT stus Brevis: PBrnof Tagel {"ates” (brevitoxin
cardi ovascul ar) Sponges WEFEEPEnd *BF SPPY R PCEEE YRR AR Pnf 2TRE5IES )
Crypt ot et hya cryta (D ar@diristeci. feanasindes TeCoerepit ezt SenPok tayue'ser’Man o
War & othef jellyfish anttmedusoed t@xinsoch@ovral silidseudoberogoni gospeci es
(Pseudot eraci ns, anti -i nfkadalicetay, ,pafahdf tsBhaReslidEm 25y tHEals] Ae8nacea
anti-inflammatory) Aschegipt.hs,Neyrat ode secretory conpounds 20 Ml | uscs
Conus toxins, sea slug toxins, cephal apod neurotransmtters, squid inks
Annel i da Lunbriconereis heteropa (nereistoxin, insecticidal) 25 Arachnids
Dol omedes (" fi SKI°HY spid@?mﬁ@%g%ﬁfyaffﬁﬁ?ﬁﬁgﬁm?@ﬁﬁﬁﬁﬁﬁﬁﬁg (skin adhesi ves)

| nsects Epilachna (nexican bean beetle al kal oids) 30 Spinunculida Bonellia
viridis (bonel Bpagsmeur oatddckas) pBiifyaz GansinBugulicaniner Grivioayd bryrostatbims, ant i
cancer) 35 Echi noder ns s&¥dofk@b)d chem stry Tuni cates Tri di detmum sol i dum

(di demin, anti-tunor and anti-viral; Ecteinascidia turbinata

ect ei nasci di ns nti-tunpr) 40 Vertebrates Eptatretus stoutii
(eptatretin,capgﬁﬁég?ivgﬁng?%%"fH%E 8&%@&“56W§W%¥%§§EEUS t oxi ns, reduce

bl ood pre Sure, respiration and reduce heart rate). Dendrobatid frogs
Corals Pseudoterogonia species (Pseudoteracins, anti-inflammatory),  Erythropodium

(erythroiides, anti-inflammatory)

Aschelminths Nematode secretory compounds

20
Melluscs 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 atkaloids}
30
Spinunculida Bonellia viridis (bonellin,neuroactive)}
Bryozoans Bugula neritina (bryostatins,anti cancer)
35 Echinoderms Crinoid chemistry
Tunicates Trididemnum solidurn {didemnin,anti-tumor and anti-viral; Ecteinascidia turbinata
acteinascidins, anti-tumor)
40 Vertebrates Eptatretus stoutii (eptatretin,cardicactive), Trachinus draco {proteinaceous foxins,

reduce blood pressure, respiration and reduce heart rate). Dendrobatid frogs
(batrachoioxins, pumiliotoxing, histrionicotoxing, and other polyamines), Snake

venom toxing; Crinthorhynohus anatinus (duck-billed platypus venom), modified



(batrachot oxi ns, pumiliotoxins, histrionicotoxins, and other polyani nes);
Snake venom toxins; Ointhorhynohus anatinus (duck billed platypu§f ehoﬂ}@
nodi fied 83 caroten0|ds retinoids and steroids; Avians:

hi strioni cot oxi ns, modi fi ed car ot enoi ds, retinoids and steroids
Control Il ing Gene Expression - Expression Cassettes 5 Genes primarily give
rise to sel ectabl e phenotypes through tragscription of the gene to RNA and
translation of the RNA QQmQ&ﬁEQ&ﬁmmaHf&Q@&”RkﬁsRQ@Q&&%&@SWQ#QfQEE&ﬂmthe
result of interactions qnW%amSsz i pl e genes and their gene products 10
Thus it is an el ement of Tha “GUTTERt invention that the het er ol ogous genes
are provided in a format whereby their individual and collective

expressi on (tr @enaebilipliGhe Exprd3didh -Edrdaeionardssetided. 1t is likely that

t hrough t conbi nati on of a high nunber of non-native genes in a 15 host
cell combinations of genes or single genes are inserted that are |ethal or
sub | ethal to teeehpstartedile risEhp calgtiablhehewhpes imatgbdraexpiptssoidne génet he
genes in the h?cf&NA%% ‘ h%atfoﬁ on%%fr:!r\Pn% PQLin Ot ford p%én'oﬁfgss 5#&%&@% (£SSi on
of any subset B eﬁ}ess such expressi | et ha
or sub-I et hal g@ﬁ@@f In’@mcvmﬁch@@weéxmtéfmmeﬂﬁégm aeir GWWFOQWéB pr ormt er S
controlling the expressible nucleotides sequences novel and non-naturally
occurring conbinations of expressed genes can be obtained. Since these
novel and'thon- d&gfdp aé‘o%mﬂr&t‘i’fotﬁg HfregeRendrbdirt the hplerolagsus @enes 8ife and
the same cell, ptdme&e{eefdah@tgmésetgem ipdiaaue bad el ctat fegebsdidietranatipie! i sm of
the host cell ﬂ vel ‘é %ng thus cause it to produce novel primary 25
or secondary nﬁ%% | LS RRY'SP known netabolites in novel amounts and/ or
known netabolites in novel conpartnents of the cell or outside the cells.
The novel net I S be
obtained it hoﬂ??h&e {?%% M}‘%ﬁﬁlt@"%n?&%awé(% a h%mnbtet gg&cg%g dafh@é’ bﬁe% m%ﬁya
segnent i P t he hhgsell g@m@n@tlon@pf ganegpl siogle g@fze& ¥e irsgsed tel dre !btjﬂa!arg svel | as
Wi thout i ntra- s XhE AoSQURE ARk COSQrdmg@@@%r@@s%nO& thYerRBVH 4 host

expressi bl e nucleotlde sequences “under the control a nunber of
i ndependent | y cAtitgiPEs®d'®Poirae iEiak tae pronTsioers an»asqba?tgvégﬁﬂlﬁ%wa'&f to

di fferent eXpEﬁ@ds@Ucﬁé@F&%aoﬁ%gbﬁleﬂ"l’a@@’fé%@ -dthSigdgesone single cel | by
selectively turning on and 35 off groups of the inserted expressible

nucl eoti de sequences. The nunber of
20 Through external regulation of the promoters controlling the expressible nucleotides

sequences novel and non-naturally 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 f¢ preduce 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 exfra concatemeric

30 recombination.

By having expressible nucieotide sequences under the controi 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



84 independently inducible and/or repressible pronoters in one cell may
vary from1 to 10, such as 2, 3, 4, 5, 6, 7, 8 or 9, or even upito ﬂgﬁ
20, 25 or above 50 pronpters. In the evol uti on steps the functloharlTy
the controllable pronoters of the cells is 5 used, since due to the
controllable pronoters it is possible during the screening and sel ection
step to switch pronoters on and off, thereby creating a greater diversity
of expressed i i r i ng,

of  exPressed HE05upMIAAERD SLATRLALS:®, H3ASN b3 101 IR 50
transcri ption. 1HhHechpdiot érd del & ﬁi?\éﬁ everireUp tp AP a4l £y oipgbov €0 pmﬁ%@m pt by
speci fying which strand will be transcribed. Bacterial pronoters normally
consist of -35 and -10 (relatjve tgo the transcriptional start) consensus
sequences whi cH’ %?reeeVB%‘?{US"B@F the dppceprgliy of dhgyRRptclRN % ProgRiPrRRIANE ST ase.

15 Eukary®tic u@ardoant@ﬁ@ farnee CoirelbRMrbestersNDIS hofialekshdltdrédradandn
expressi on vect anscr

transcription F%E%g g?éﬁﬁgiz r?@&e%fw&”§6§Ch¥n§y§@8U5H%%?aﬁégwe?Wﬁd
transcri pti onakxmeset gamsb. t hen recruit the binding of RNA polynerase H In
addition to these mnimal pronoter elenents, small sequence elenents are 20
recogni zed specifically by nodul ar DNA- blndlng / trans-activating proteins
(e.g. AP-1, SPThg taimirspmetegigluaedwithés geriay megnied. 8. giDIEnsasikemmsttewhichvi r al
pronot er sygray @ﬂmvﬁo!)frh@ra%%d@ %ﬂgtlhl%e@%ap&ﬁ%%ﬁn' ghe %&Ek@éﬂéﬁﬁlh@s the
pronoters. Upon viral infection of their hos viral pronoters direct

transcription EW?WéPf%9”ﬁ@FH@iﬁé@?“@WéN@&PﬁE@WﬁW&PeH@Eﬁﬂﬁ@*y or by

suppl yi ng 25 viral | gateodeemabzy ABsndip oHbist ot ubse par t1ofddige @Sthe
machinery. Viral pronoters are reco ni sed bxéthe transcrl ti onal nachlnery

of a large nunber BI"SH 'P”%rséaéﬂlcgﬁie SHSHHEN RVt oRE AR PYLR &8eG Tl
cl oning and expressw@ﬂaﬁm&mbmrENA®BWR@amsters nay furthernore conprise
regulatory el enent s

Conunctt Bh i th o SHE0ETS. ARGOB AT THE, CoPaRT oTos: SrEogs" ety MLac 1 g
repressor system i nedgressiohi yealmm mdu@enss:nb@i by, R |polyn@@ddst ilindGeseralsyst em

0 yeast) Tn el tnefaRanfion LABACTIRELPNALS T LHAIY ccllibeldca yatl! the

promoter is derepresse tced ran cr|p ion is "turned
35 on". The choi ce EANspirdAAl start anct ﬁ’énda@,“slétheebih@HQin RBIA popyrerspeentleitt on

t he host addition to these minimal promoter elements, small sequence elements 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 conjunclion with promoters and bind either
repressors (e.q., lacO/ LAC Ig repressor system in E. coli) or inducers (e.g., galt
{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



85 organisminto which the cassette is intended to be inserted. dﬁ
inportant requirenent to this end is that the pronoter should pk fe%%bhqu
be capable of functioning in the host cell, in which the expressible

nucl eoti de sequence is to be expressed. 5 Preferably the pronoter is an
externally controllable pronoter, such as an inducible pronoter and/or a
repressible promoter. The pronoter may beseither controllable
(repressibleli I h ugh rese

Chom cal i ndubdrge o WETER fehaud EPnRhud o B MERA S5 CRREAN e s
The pronoter nﬁ%ﬂummwﬁk?évxﬁh%erbiel%ﬁ@t il Ipecyicderbyhogidr Pf‘af@ma%h@@l@@lablpa@farret ers

such as tenper gl Ui&ingPhlthe ﬁ@éﬁ%éll St i th@é%ﬁb@ ﬁ%otz@@géju%%@@ttglbeﬁ age,

or the pronoter nay Be inducible/repressible by a synthetic
|nducer/repres§6¥e%ﬁ€h as the gal inducer. In order to avoid unintentional
|nterfereQ§e with the gene regul ation systens of the 15 host cell, and in

order to inprove controllability of the co-ordinated gene expression the
pronot er is prEfa¢raby jheaprepaiehietancextarotptenrollBig prabioterpruoles endndariele

described in , i ui tabl e
synt hetic euka?@%?%%%ﬁggﬁ%ﬂeg§g§%§gﬁﬁ&§%Tgg% Rﬁﬁﬁ%gﬁ%gg%éﬂ%%fgﬂﬂgggé877 018

or US 6, 072, 0503PTetsity/ieebipic by shericels csugiuldsr iiatabsesetieesass of shetie

regul ation of tnﬁamgr we%om&s BLGRREs, msammef@ mng@wm@lp;lombeérsn@f
protein 6§£FESSIOH %I | evel s op?gene ressi on.
Y

S
pronot er s' pr ef BfEey ecB‘Fﬂ”éf E?P"’ag R PPYRFRU PR RRFEM Sik a?st«?g‘p@fat“r?e@'ﬂll atory
el enent's, usuatddpx b@tatn@dgfdmatstaqj@, Qievekop\aéntadesuag@rmt éhe cothateni mgy e of
t he |ndu0|ble el.e nts EéP erti% of t?@ i nduci.bl e el enents.

For exanple, 2593ddFITREn tap" E%‘Bﬁ%cue\r/reeprﬁséorsH 27 R 8) ARG or

gl ucocorticoid responsive elenents (GRES) may be provided to native

pronoters. Addjf, g@qé'axe.d Q}%te?u orEP n‘?erfeFe‘?xBé Gth ‘tﬂe{ gqngg%@mfak %y&@%s BEthe

functional Iy disa to prOV| | 'ower bas of “gene
expressi of. 30NEHetlbEpd M @fé%frf@lr@@wﬁf copireiedilier e thenes-erdigatsa wens exsessionn t ed

to those prondigrsohekng préfagis;%@@ym@l{c%nﬁ&@r e5iaB[ P¥maR Jrét%&rnbé@inect ed
fromthe group co r|S|ngtS car gal act gse; | ow i norganic

phosphase | evels; {¥msér SE 7, 9§6 PringRiy 8t d?ﬁ"%‘l‘f‘gtsé‘ﬁ?%‘? SYTRIC SHETYOCrrpt al s

or netal ions, per@tersapRRBcosaNS; UEh@B&D(DEG’sUSQS g7,01dbhydrai7ess0st er one;
deoxycorticosterone; heat shock (e.g. 39C); nethanol; redox 35 status;
grow h stage, e.g. devel opnental stage; synthetic inducers, e.g. gal
i nducer. 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 etements [R:Es) and/or glucocorticoid responsive
elements (GREs) may be provided {o native promecters. 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; temperaiure, e.g.
low or high temperature shift; metals or metal ions, e.g. copper ions; hermones, e.g.
dihydrotestosterone; deoxycorticosterone: heat shock (e.g. 39°C); methano!; redox-

35 status; growth stage, e.g. developmental stage; synthetic inducers, £.9. gal inducer.



86 Exanpl es of such pronoters include ADH 1, PGK 1, GAP 491, TPL, , PYK e
ENO, PMA 1, PHO5, GAL 1, GAL 2, GAL 10, I\/ET25 AD|—|2 MEL 1, CUP*l* “HSE S
AOX, MOX, Sv40, CaM, Opaque-2, CRE, ARE, PGK/ ARE hybrl d, CYyd GRE hybrl d,
TPI /a2 operator, AOX 1, MOX A. 5 Mire preferably, however the pronoter is
selected fromhybrid pronoters such as PG/ ARE hybrid, CYC/ GRE hybrid or
fromsynthetic pronmoters. Such pronotersggcan be controlled without

terfering to,auah W Lk 6t AU ALioRoRl 19K veHBTgs B, dle Sypr essi on

host. 10 In the nowni yeast “pronoters 't y be
used in conj ufft¥i bR @PtLh’e %ie%éiﬂt 1&1%@250%13@2 éﬂ@hbw‘fUP ThidSexEMgl es are

by no way i mvdgs\aid By geveat @agnﬁhﬁab%maé RnRK (?\}CQ@R@"%FM | oner

how to sel ect or design pronpters that are useful accorfding to t'he 'present

i nvention. 15 ﬁf’%&@qﬁatﬁhﬁ@%héﬂqxfénscrl ptional promoters which are

functionalsin yeasts have been described in the Ilterature only some of

t hem have provE{i effﬁectl v??ﬁfor t he F%)oductl on of ypepti des by the
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constitutive ptemxpesgonnosal ternatively the regul atabl e pronmoter CYCl which

is repregsed in the presence of glucose or PHOG which can be regul ated by

thiam ne. However, for reasons which are often unexpl ained, they do not
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pronoters in ogﬂ}?r to 8rﬁnerate new effective host/vector systens.
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makes it possi blogoteds wiavars ageutdaeorping et beReqfinantidnl pl e proteins in this
sanme cell,(for exanple several enzynmes of the same netabolic chain) while
30 avoi ding the probl ens of reconbinati on between honol ogous sequences. In
general , a proAithegh megiesns itsnsdripliatae dromtdrhevhsh are diretioraf it heasgemae and

conprises all R%%ﬁ?d%l:%ﬁ%%%hé'i'itg%\ﬁ'flr@gorﬁ)hgorﬁé BNFSH VLWl &eENA fr aament

pl aced under t .
production of polypeptides by the recombinant route. There may be mentioned in

particutar the promoters of the PGK genes (3-phosphoglycerate kinase, TDH genes
20 enceding GAPDH (Glyceraldehyde phosphate dehydrogenase), TEF1 genes
(Elongation factor 1), MFa1 (a 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 PHOS 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
celi also makes it possible to envisage the production of muitiple 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:



control, in particular: 87 (1) a so-called mninmal pronoter region
conprising the TATA box and the site of initiation of transcription, which
deternmines the position of the site of initiation as well as tHe;hasalog:
| evel of transcription. In Saccharonyces cerevisiae, the |ength of the

m ni mal pronoter region is relatively variable. |Indeed, the exact |ocation
of 5 the TATA box varies from one gene t@zanother and may be situated from

scrunt, 1085, " Evg 50 REhEBAR G, L, Blhelh datar bl B R AN, of ¢
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sequences, may be12|gfrpu§%\9§¢ ﬁluDS{]%%g %P g%eer nitiafef; Bra”d %H‘:’ER 1«%’55
i nducer, repressorMBid. Fa§27iBexpond to 15 cellular factors or varr ed

cul ture conditigns u@g@%’%ﬁ eoog;isﬁﬂégy? Jj}rtﬂw rASboE)'(r %Q?a%éﬁ%osﬁ?%p B he

pronoters disclose otein
ri bosonmal pr ot ei rfegTagmeress Gpregotides) Wlfcbmel Ihpmb@mﬂlﬂ&fﬂ@ an gffeetiveOX 4

promoter gnd two Ié@ﬁ@ﬂ%s@fpﬂ&péiﬂe%&éﬁg ) (i céns@é?r@le%ei'd?tr%&%n%%umm )
di sclosed in US 5, 952, her useful pronoters include the 0

promoter di scl osé”tﬂ qoﬁ‘g\?@ %FB%%S‘@Q%W%SSM@BSWHW P! Relyre)oF Brbtegkistagiiescl osed

in US 4,870,013 asarel | a@SattoheofPrr&qs@nﬁro%Ruﬁepﬁ@é@kere alli BGlosesnd/ s EP 0
329 203 Al. 25 More ref era the nventi on E%S t he use of synthetic
pronot ers. Synt hétF'€ S‘?ﬂ B st P EEnSe 8 EPEREONSE BRBS BB NisAYP Ehe

m ni mal pronot er typegi activefor, orniebrtcgearma\n,i:érh irtdheer U ppréseammaiice gidyatekfigrdseauences
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specific sequences I n amreégulating sequences, e.g. through
substitution or deletion or through inserting nultiple copies 30 of

specific regul éianﬁrgesssﬂéreﬁCpeemgQaearﬁqlr\/eaﬁmgsn@fzzﬂé‘ %&é«@tch%rdsgdﬁreﬁmefs

is that they can be control out Inter erln t oo muc
native pronpt ep§4HP0 T Hee Efflog pragein prom@@er 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 EF 0 329 203 AT1.

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.



One such synthetic yeast pronoter conprises pronoters or pronoter elenents
of two different yeast-derived genes, yeast killer toxin |eader ,_:pgpt[i“deﬁ, "
and amino termnus of IL-1(3 (WD 98/54339). 5 Anot her exanpl e of? ‘%ﬁéasifgﬁi‘f
synthetic pronoter is disclosed in US 5,436,136 (H nnen et al), which
concerns a yeast hybrid pronoter including a 5 upstream pronoter el enent
conprising upstream activation site(s) ofggt he yeast PHO5 gene and a 3'

downst ream pro ] t i t cleotide

1300 o180 oha webrRIRNL et RSpEE S HR B ARHERY B b ey

exanpl e of a y&¥sdifieEnt veastdeprednunnes. veastikifel txindiepderUSr8de8anB9gino

(Rosenberg et ; Fe_di escribes a pronoter with the general
Byt e g

formula - (P. erein: 15 P.R (1) is the pronoter
region proximl to the codi ng sequence and having the transcription

initiationssitanothBeexBNpieRPhYaB: a5fndit PiMBersd diSsiosaBth U9 6ludlbg HiRgnTATA
box, the CHAT seg encﬁ’é as well as transl ational regul a,tor%/ signals, e.g.,
cappi ng sequefit8) WU ENICERIFI Byest pyRd(gmpter inqdipg Snpt WEIPRyIPEHSi ned t o
the 5' -end of PeRe(il}orasisngimbsechnviativati?0siend)anchangedsheHebfdeokenaya of

transcription ﬁlgﬁ | r indi ng. .reqi on: - US 4,945, 046 (Horii
et al) discl osgé\"w]éf"rar ar't rerﬁ&%ieggrrnﬁ%zggﬁ%e H%E\ﬁt t% @ Pg%s%’eé]ﬁ Sgﬁ'“gfﬁPﬂg%‘?@ey@gst
pronot er. Thi stes{iéepfd endnomioteeotidenpoiiteeSABPdmeter el enents derived both
fromyeasigand froma mammal . The hybrid pronoter consists 25 essentially

of Saccharonyces cerevi siae PHOb or GAP-DH pronoter from which the
upstream act i vAPPBH &raerlq YAS) versd yelepticderostodd iandsaasgt de eldS by0§htear | y

enhancer regi ofR&benbar@dt hif OmMmsSH4Gbsvite gsscrife-05dinBat adh %J@@sah ahrmafa gene
subsets can al f&ﬁﬁgﬂyﬁl |ised to identify which 30 heterol ogous genes are
' p

responsible fo ddiction of a gi ven phenotype. In the follow ng the
sequence of stepsemho be taken when starting with the isolation of nRNA

Mventi o s degert Bod® PReEdmaReERL e Rl et dee THe RO B ng
steps 35 i) i stbmciipigniRibon sientherRNX prlessharbisdiag Ste, ShdliBcluding the TATA
box, the CAAT sequence, as well as translational regulatory signals, e.g., capping
sequence, as appropriate;
P.R.(2) is the promoter region jcined 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 (MHorii et al) discloses a further example of how to design a
synthetic yeast promoier. 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 inciude the following steps

35 i) isolating mRNA from an expression state,



89 ii) obtaining substantially full length cDNA clones corresponding to
the nRNA sequences, iii) inserting the substantially full Iength CDNA
clones into a cloning site in a cassette in a primary vector, said™
cassette being of the general fornula in 5 -#3" direction:

[ RS1- RS2- SP- PR-CS- TR-SP-RS2' -RS 1'] wherein CS denotes a cloning site.
Expression cassettes The expression casseptes according to the present
i nvention are prefe(ablyb@“ t 0 uec eotld n ahlghly
ordered sequence, He cagsse't'?é’;gﬁ&amﬂafyqﬁlp%ﬁggn&e)(rﬁa &?orrru E%SPO“ §g tqgh
direction: [RS 1- RSZ SP-rPfRN@SeqtRnseaP- RS2'-RS 1'] 15 wherein RSl and RSl
denote restriction gjtespsdi®y tﬁ@guﬁ%nalg%‘ipbﬁgtﬁ%‘f\m &&1@9%0 S éa&%ngdéﬁfef erent

fromRS1 and RS1', SP denotes a spacer Sequence of
nucl eoti des, PR denot es & AF5M0EdT 2 ROSaRE YRGS easspieniping ‘?fethe SAErTR
denotes a5 terminator, a‘meLﬂH‘mt’ihSBﬂdb@tttlﬂg. as discussed el sewhere in this

specification. 20 It is ve 1 different restriction
sites flanking both si déggz)%%%ﬁ%tsg%g%%%d%%%truct By treating the
primary vectors w th restherat Conlepstzyaelsningbieavi ng both restriction sites,
t he expression construct and the primary vector will be left with two
non-conpati ble ends. This facilitates a concatenation process, since the
enpty vectors Eépfﬁéﬁlop&ﬁw%ﬁepate in the concatenation of expression
constructg 25 30 In principle, any restriction site, for which a
restriction enz me i s known can be used. These include the restriction
enzynes gener al T§PRMSAIRN sARPetieeircpiding e theipggsgnighventie weareirably elraggedsuch as

t hose descri begs lar@aﬁ;@ﬁ@bﬂ%leoﬁdﬂésllﬁféhilgHWi&UéﬂeU%e uefce | tADOLALRL Yallpal *. 2"d
edition. Cold %@ g}gl—labor _g)bgratory Press, % The restriction site
recognition sed mHRdt 8 ECHP® of a substantl al length, so that the
l'i kel i hood of occurreemmzoetp AR-GIleRIGFeRE2 FEStri ction site within the
cassette j.s i |rs est n site may conprise at

| east 6 bases," eur? 'n%%ea”%k%’f eE%ﬂS’I retsf{@{'cfrbﬁ‘ F{ﬁgcﬁﬁ‘ds%%éitﬁ’%@ech%?tioges at
least 7 or 8 ba'@esﬁffemngrmino%bancsssm Besichatet RGspac@IsefDirRe OBt Nabages in
the recogniti OfLichBHYENER c?e%&e@%’b%rﬂ&%é{ CS denotes a cloning site, and TR denotes a

terminator, ali of them being as discussed elsewhere in this specification.

20 It is an advantage to have two different restriction sites flanking both sides of the
expression construct. By freating 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
moiecular biology such as those described in Sambrook, Fritsch, Maniatis, “A
laboratory Manual”, 2™ edition. Cold Spring Habor Laboratory Press, 1980.

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



90 known as "rare restriction sites" (see exanple 17). However, jtpe
recognition sequence may al so be at |east 10 bases, such as at Ieastflap
bases, for exanple at |east 16 bases, such as at | east 17 bases, for &
exanple at | east 18 bases, such as at |east 18 bases, for exanple at | east
19 bases, for exanple at |east 20 bases, such 5 as at |east 21 bases, for
exanple at | east 22 bases, such as at |eagt 23 bases, for exanple at |east
25 bases, suchy t el t S t least 35 bases such
2s at Tenst a0 Tgules FAY' OCRTR R Gl B ST o 00, I8 P 50
bases. PreferaﬁP?ﬂﬁﬁ%WFVﬁ§Pbﬁé%ﬁﬁﬁd@ﬂ@ﬁE%ﬁU@?ﬁﬁmlaﬁdﬂRS$m5|@reenmgmased by

a restriction |kt BNFILEE AENSS ARG 1PhARL f@ﬂ%n&sfe atzma%sfj%’@és%s SEIHE@QQSﬁ
nucl eoti de seq encﬁ’a'i’ gfﬁreneratl ng béunt ends at this t hat
i

the vector part Fampifyd nt LRwRcar @h’ﬁiﬁ‘ 7t ‘F%St éPé’é’é@SyS'#@duced
The first & est mkat ieast Xl HeresTayr @(b&@ie@lt%%st 72 B&ek Osush b6 kY 168148 h RS, hhese
are then prefer atlbleto resulting fromthe
second restri ct?%"nas?ﬁgas(%% R HRe 3 2 {T%Stié%‘?%l f??be)faﬁqpée?f EEPY BRpes:
enbodi ment of ®sheh dsrf et Brhasehdéorseaopld af lesit b bhsasnsightae at ieRSZ0aAcL RS2
conprises a rare restriction site, Thus, the longer the recognition
sequence of the rare restriction site the nore rare it is and the | ess
likely is it tREeepg the dst reidtion séaRaTeartEFghissiasgoritedwhy o ehatios t he
nucl eoti dm sequenaR @éneﬁﬁtnh@rblmt 2RaBAgRI dfRbie- str%f?@écf h%tldé—g@q&?%er 8 it ois
y it i

restriction site I’T’Hég urthernore serve as a CR primng sit
c

possible to cof§¥HEIcHLlephdss alithls ptiR ff@cﬁ?ﬁ i sthaneecton urprligingitase it lay

"excise" the emseﬁdnes(arfcéem@nvegrteeﬂ;y re&@:e&lﬂ@f@st%gtﬁ@ﬂ@@xt&%?%b%\% ends
may be created di.gestion with restriction en- z%]éps For concatenation a

preferred enzyfe Por Caxdiosi Y 11958 2Bl PreitaRis (phcsarakble g fhe gkt eds | . e.
an enzyne that raselbm@ﬁnmrs@@ @cgeqasghnidienafe, RArand®3@ . nucl eoti des. Exanpl es of
enzynes tfit cut very rarely are the neganucl eases, many of which 30 are
intron encoded, like e.g. 1-Ceul, I-Sce |, I-Ppo |, and PI-Psp |I (see
exanpl e 17d f6‘?00ﬁ$ﬁ*€e)0 aﬁqﬁfedp@r@ﬁ@ﬁm%@l Oem;ﬂmtwredbﬂgmwedaesmmema of 8

nucl eotides |i ke ) ,
Pac 1. Sbf 1. Saa 1oTs ROz Wmbrect %,ré res?s?e%é%g'ﬂf RS e 1R ! e Mo 0ot o

create single %?quﬁ'?ﬁ?ecﬁ%‘ep’é'iei rﬁ%F’QﬁW SiteBfpare preit 'Séﬁ]déhe 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 casseties 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 I, and P1-Psp 1 {(see example 17d

for more). Other preferred enzymes recognize a sequence of 8 nucleotides like e.g.
Asc |, AsiS |, CciN [, CspB |, Fse {, MchA |, Not [, Pac |, Sbf I, Sda |, Sgf [, SgrA |,
Sse232 |, and Sse8387 |, all of which create single stranded, palindromic compatible
ends.

35



35 91 Qher preferred rare cutters, which may al so be used to control
orientation of individual cassettes in the concatemer are enzyngs;that
recogni ze non-palindromc sequences like e.g. Aar |, Sap I, Sfi I, Sd‘i
and Vpa (see exanple 17c for nore). 5 Alternatively, cassettes can be
prepared by the addition of restriction sites to the ends, e.g. by PCR or
ligation to linkers (short synthetic dsDiA nol ecules). Restriction e?zgmes
that ‘many of soale navar e SR ATUnER AL LRD RO T boreioh gl Bhaed
conpati bl e endé’d&’@éé'r@isﬁﬁjfe’é@ hheomateseantard enzemes tat retOgriize i -mongeinicabl e
that single steandasbarapat MY EsgNdsy cap; lbﬁw %F@eﬁh%?eﬂ]ﬂ%rtrﬁ fip). Voot o
with synthetic cutters. Thus, a reactive chem'cal grou at w normal | 'y
be able to cleave DNA unspecifically can cut at specific positions when
coupl ed t & ananehemnv@@] egbttost datbe @@9@@@ %?&h@@@lﬁltkﬁnn&%%tﬂct%ﬂa%@%&tshéa ences
are DA PN TR CBnBEROT I Oheld) DapEe TS o e a0 g
Armitage, B. (1@989!ct_@hemzyrﬁ@/are QStinddligly- tileﬂ@O|,sthd edﬂs@fardam_ isph@h@ G gggage
Gt Gpin. “Cnan PR ARG B g e eI e & eI st

rr.
pol yani des to BNRICAFaMRAERle epdEaccozOLy theuresenCpyantion20 Bi ot echnol . 12:
16- 20 deswri bes the speC| fic binding of PNA to DNA, and Chem cal Reviews
speci al themat] L€ |sns ebi %NA CIr eavage (19{98) voEIl $898 3 Blaghkltrll}e\] K.
(ed.) ACS publ it Ba196HEP Bt g %‘S%P%wpaékear?ﬁﬂ%@ roPe EREFrPY: sl At

cl eavers. Si ngleets twitangatetonpatsi Dhe, @ngsctit®Ynahisd Q%BQH&%@gor%j[ﬂy thK using
roduct Wi

E?gc:olr : gﬁbrb\sgl 3%%%%%%% %g]?‘ ”rﬁge%gcﬁg’gg@?bééte f)slpg Bﬁgggﬁ“%‘ér“t’heﬁf CRURIE P mer .
Al ternatively, artod)“rqnamlémuea thads:cogasesbandeinst ®dsgayifit aedmemges?}(ﬁxla ke orect or

[ i T n r se
(Chang. L. Bap FEIR LR iR Qb EM: HER s ERat’ T el s BRRe I G uence
| ocat ed bet weetoppfOtRSIesH paPidee. PR aeideretee 6.5 5mfagea$1l(1,998a0hem Rev.
non-transcri beg: 3@@@3@0@%8@&%@;@@10@%r g%{é adin @eg SPAC&LinEIY nIaCG\QS) I'S

to nmininise reconbinatlon between con teners present i 't he
same cell or '98E WEERNE % BEER B 45981 Cim Dhie %@ﬁfe Bing £88rM8rdesbibesi t  nmay

al so serve theth@Ltrpe(:lp@Sﬁ}dﬂfg BR bl?‘:ﬂmﬁ@@ HUSNABONIeBR S 8qtenses tirt kein,
cassett e%ormr eBtotegnnoi 1'2' %<6620 descr;bes tﬁe specific binding of PNA to DNA, and Chemical
Reviews special thematic issue: RNA/DNA Cleavage (1998} vol. 98 (3) Bashkin J.K.

(ed.) ACS publications, describes several examples of chemica! 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 Uraci-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 nuciectides
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 preferabiy
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 nuclectide sequences in the cassettes more “host” like. A further

35 purpose of the spacer sequence is to reduce the occurrence of hairpin formation



35 purpose of the spacer sequence is to reduce the occurrence of hairpin,
formation 92 between adjacent palindrom c sequences, which may 0écur Uvhéwit
cassettes are assenbled head to head or tail to tail. Spacer sequences may
al so be convenient for introducing short conserved nucl eoti de sequences
that may serve e.g. as PCR priner sites or as target for hybridization to
e.g. nucleic acid or PNA or LNA probes 5Hrallowng affinity purification of

cassettes. The opt.i Y rise anot her cer
sequence of atbﬁggif%ﬁﬁgﬁﬁﬁhc{@%?§§£§8%ﬁ%%égﬁ9¥% g Emﬁ£ﬁhmV®%ﬁg@§%@?ttes
are cut out fr8HRCEPREdESE faAerd Yol it teihalnaden sruoeven ory eer s afnvesisiget t es,
t he spacer Seqmﬁr}ﬁzﬁau&@%ﬁefm%ﬁ&rrﬂmge@‘{léé"%que&%g%dt%a@ LRt gnasdlbéﬁance

bet ween two successive | 9 pronoter or term nator sequences. This
di stance may cBMBY;Yes ar 851 t@@@f Oébybé'g%@” 3 GShngEeinpcid pegNA %@Nﬁa%@@ for
exanpl e atd | easltowitly difadte surifienitdh Asagkttdseast 100 bases, for exanpl e at
| east 150 bases, such as at |east 200 bases, for exanple at | east 250
bases, such as at |east 300 bases, for exanple at | east 400 bases, for
exarrpl e at 15 eneasssBonaagesoptionsly eamprte dredst s7a0r bagesce dar Eeextawpl e at

| east 1000 basﬁﬁ:ieo%&@shbetﬁéenafR aﬁ@%&lg‘\gﬁ%nl@%%ﬁ?s E%rc%%ﬁm?o fo‘éﬁctgggtg 1200

bases, such as at |least 1300 b east such
as at | east 156W5ﬂ5§§§jmFUF“@%@ﬁﬁﬁ@fﬁﬁﬁﬂkea@ﬁSm@@ﬂS@agegmt&MnMw&s&ae | east

1700 base®, f OhaHRAPLEL adlertpadbar@O0eNRESSwo SHERSAS | #pQ, bases,
for exanple at, | east 2000 baseslasucheas atwoeast E'ooaéﬁkﬁgééga ?

exanpl e at | ea§iMBYPoSHHERES E@%HSE§C%FmWé§§P“?86bbﬁﬁ§%hb%$erﬂ@Raﬁﬁﬂe at

| east 2400 basesst @umeasfoabxéraaetat 2@@075)@5%, sh@r a%empke 1@ LhRASE, 2600
bases, such 8ﬁ$b §qémt$&993 ases, for |l e at | east 2800 bases such
ases

as at | east 29 or “EXANPICE 2! '%afs 85 aswemrE ineas 280 | east
3200 bases, fdrasexaup as atleadt 888 ba8500r basese asieadl 489 hated @RsikaBBOQL bases,

for exanﬂbe at eés@@@@ bég%g 5 RASES: Iﬁgsﬁ Y%H%Q?eﬁsfo?e%ﬁagesat lea QQG&%%SE%%r of

exanpl e at Ieas bases, such as at bases
t he nucl eoti de¥ @éﬁ%ﬁééﬁ% hasespi exampie a depst1200basee, RRhseqaideae 13and t he

one |l ocated 3'pakss WJF%XJIR)I@%QH%Q@OG@%G)@%U é(s {TOWEY &S0 bdsks '?@ryexgr%pl%%
advant ageous to%g%@{ hat at | east one o e spacer Se uences Coerrl Ses
rieP B%t%eé

bet ween 100 a sSUCH asfad feqst 97%1?%%'0’2@@%8?2'3@@ 1588 dssesnor e

preferably betsuerens &Q@asamgboaﬂe@@s B REmpIe UERaADODEbNRE N AR Gs %ﬂl@aé‘t%@@[) bases,

nore pretgrabl be ween 00 bases, such as between 600 and 1500
P 58 PhsE bp éxamp e at Ieas 2%3 0 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 ieast 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 ieast 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 seqguence
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.
35



bases, nore preferably between 700 and 1400 bases. 35 93 |If the jntended
host cell is yeast, the spacers present in a concatener should péléféi:fabj?@?;gs
conprise a conbination of a few ARSes with varying | anbda phage DNA
fragnents. 5 Preferred exanpl es of spacer sequences include but are not
limted to: Landa phage DNA, prokaryotic genom c DNA such as E. coli
genom ¢ DNA, ARSes. The cloning site in phe cassette in the primry vector

shoul d be desig - N i can be cloned into it.
10 The cl oning gﬁ€$§9§%?ﬁgmgg§£§t esgﬁﬁ%gﬁgﬁﬁﬁﬁggﬁﬁm@ %F?@%@?%ﬁé%ow oni ng.
Hereby is ensBf&RIheRMRBARSEMPIEIGTP rfew ARSss Witk varying |yt @hrgdDNAOM t he
codi ng strand fragridres. i ntended direction and that the translated peptide is
identical to the peptide for which the original nucleotide sequence codes.
15 However according to sonme enbodinents it nay be advantageous to insert

the sequénce Prfopdosatpledidf ephtornseghaees dionget it theset arbadideRbs
so-called antj C t iinserted which. % functi onal
expr essi on of %p g?fﬁ‘i“c%g‘é‘f‘{g@ nn\%\flcv% %’ur? gﬁgf?lﬁ%nﬁﬁfcmg\gsﬁﬁereby it may
becone possible to divert 20 netabolic internediates froma preval ent

pat hway to anotfiefiodifpsitedeMenaitette mﬁw@m}ﬁarg-cgﬁop%pgﬂlid 4 G%L‘fk}?g & hle cassette
I I'Ty nown "as or

may conprise nultiple cloning sites, gener poaln?fl i nker
sites, which i%“cé?og%ﬁeﬁé?'i‘c@ PR §0FetAE encodi ng a 25 series of
restrictiion endonucl ease recognition sites. These sites are engineered for
conveni ent cl vector at a specjfic position and for

di recti onal %ﬂ?lﬁlag%%y‘?ﬁ%%egg%sﬁe BIGHERNY BTV BRestiange SlaRbg. IisedbYtie
i nvol ve the usesofedrtesittansdription ienzycesel ©pagsrmedCrom iHerddahl \L@asy §iBEB
whi ch uses. r ecennisat Bl Ed i v RE Bk et BERieRR YR et o5
(att-X), such tasotigies! Gatlesidy Fdqusyst ene$r om Li fe  Technol ogi es.
15
However according to some embodiments it may be advantageous 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 metaboiic 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.



35 Both of these systens are directional. 94 The role of the term nator
sequence is to limt transcription to the length of the coding. $equencai
An optimal term nator sequence is thus one, which is capable of performng
this act in the host cell. 5 In prokaryotes, sequences known as
transcriptional term nators signal the RNA polynerase to rel ease the DNA
tenpl ate and stop transcription of the nagcent RNA. In eukaryotes, RNA

nol ecul es are transcri bed well beyond the end of the mature 10 nRNA

mol ecul e. New transcripts are enzymatically cleaved and nodified by the
addition of a I"BRdCIe&Yihismiprioademance isats it dendtistonkinahe lastit hietheol y- A

tail. A pol yadeny @édu@rﬁbecﬂﬁ%ﬁnﬁéﬁerﬁmr&% udnse bORaL 85k, %%tgs 10-dpf 30 bases
upstream fromthe ac ava&e site. Preferred exanpl es o yeast

deri ved ternlngﬁgymggdmeﬁ@e%tﬁﬁe F8&, but are not limited to: ADNl, CYCL,
GPD, ADH1 @l cohol dehydrogenase. Depending on the nature of the host cell,

it may be advapt h t ast one__cas conprises an intron

bet ween t he prghggggygﬁ% ?%ggg§8ﬁbggngﬁ Eﬁﬁ@]@@?13@“?ﬁm¥%dﬁ@ﬁh§m Rife
preferabl e thapo W@@@faﬁ@trelaﬁﬂejh@DNAdaBSemtaes siop rpnscsieticartf et meetent Belween t he
pronoter and the expressible nucleotide sequence. The choice of intron

sequence depends on requirenents of the host cell. Thus, optionally the
cassette in th® Hasies CRNPrIcRslesmre fansshbeseyeibbryend Wi e oiije n2Burbe

| ocated 50 or BRNROmblaEy! @Wﬁ%h@r@s%&|e‘ﬁ%rhad1@al@%@@%n?%n‘%@sd fheand
| ayout of |ntrqﬁﬁwn own in the art’, The choice of Intron de5|g

| argel y depend®’®6 fﬁ@'OW%?%ﬁﬁgﬁaWB%F”E@FFM'eﬁdWﬁiHWWFﬁet@%wﬁ@§tﬁﬁlé
nucl eoti de sequeyetienylatiosvensanald yedenbeis BxRE@S66d. 10Thesebhast sosebahavi ng

intron sequencg, t n cassettes are those generally associated
with intron sethﬂ%ggﬁmgﬁgﬁﬁgg fes of yeast introns can be found in the

literature and in specific databases such as Ares Lab Yeast I ntron

ot ahae EVer a2y HaABoundobe ah 4P AR 000 s FGLST ekl 005 o

t he dat abase as wel | as extract ASE NAVE bee
"Genone-wi de DiNgieALs vt @Yﬁﬁ\o@ﬁ%l%ﬂﬂl aleohahddhydiogerekei ntrons in 35
Saccharonyces cerevisiae." by Spingola M Gate L, Haussler D, Ares MJr.

(RNA 95 . :
Depending on the nature of the host cell, it may be advantageous that at least one

cassette comprises an intron between the promoter and the expressible nucleotide
20 sequence, more preferabie that substantially all cassettes comprise an intron
between the promoter and the expressible nuclectide 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
sl be located 5 or 3' to the expressible nucieotide 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 infron sequences.
30
Examples of yeast introns can be found in the fiterature and in specific databases
such as Ares Lab Yeast Intron Database (Version 2.1} as updated on 15 Aprii 2000.
Barlier versions of the database as well as extracts of the database have been
published in: “Genome-wide bioinformatic and moiecular analysis of introns in
35 Saccharomyces cerevisiae.” by Spingola M, Grate L, Haussler D, Ares M Jr. {RNA



1999 Feb;5(2):221-34) and "Test of intron predictions reveals novel spI ice
sites, alternatively spliced nRNAs and new introns in neiotical}y i 2448
regul ated genes of yeast." by Davis CA, Grate L, Spingola M Ares M Jr,
(Nucl eic Acids Res 2000 Apr 15;28(8):1700-6). 5 Primary vectors (entry
vectors) By the termentry vector is nmeant a vector for storing and
anplifying cDNA or other expressible nugkeotide sequences using the

cassettes accofgigged. @(2# 22 éﬁ)eﬁ%mregtoof ImYO%n[BFGQP’CIOnS r{e\czeap %\19 %@fcgg%ggt her

prinmary vectors are pre bl é to propaga
sui tabl e standaF@dnﬁ%s't/ spbterd. MRNAS Hol dewonrétfoeas ab| ngeittiealyngufatcablencanet

ble t t i r e nt r y
Tector may be o O TR ARSI MRIREERHSRe 200 5
PPl

being able to Stself in at |east one swtable host organlsm and
b) all ows & nsertion of forei gn DNAV\:hiCh is then replicated together with

the vector andpg), %{ 3‘94 sel ection of vector nol ecul es that
contain inserti ons;"'oe sog'% t Vec °ﬁvgs DNA. In a preferred enbodi nent the

vector is able to replicate in standard hosts |ike yeasts bacteria and it

shoul d pref er ag) ihehé\‘{?erﬁryme%r glpé’allnghl@?c%r f8re§tortn% and a pnéfmg %Zg}gﬁlrso

preferred that the vector in a Speci
replication, ®OMEPIsIEEPOBHe gRaeotey e@m ctlaat p&meiﬂ@r a{azoszilfr@gtcetr&t paneed

virus, such asin@ren. tT'H@ ebdry @édtcgs Br prMy fdc o%%tp?#ﬁaﬂgggig% %rEB%]gie uII':I al | ow

t he productlon%ﬁf Si ng e stranded nuclelc for
nor mal i sati on @& ERY PERMEHEPIE sledddhest it féﬁwpre@e&?éyebﬁ:e‘sp“ffa\blemﬁ nunber

of cloning vecimermbhay stabe:ed ndeaBsdtbe dndbirk Amaftdraadgasmonl y used and
references may be given to e.g. Sanbrook,J; Fritsch, E.F, and Maniatis T.

(1989) Mol ecul ar A oning: A |laboratory manual Col d Spring Harbour
Labor at ory Pr el enugAgcthetnhe bk ahdsy §pé DUIHA&I@tIhestHeOtﬁthfre&ﬂﬁéh%rnisaof a)

b ht r obi Geneti cs,
Nat | onat ot | TUCeoF CRLER WO el of S PBEb AT, SEales AR Dsits - yapan
30 (ww. shi genn§fripna®f. fpisideviedd orhiasvie dtar rehlicatdd. togeth@witly re-exmnphes) t hat
are the pareﬂﬂ@‘eﬁéﬁiy@é\ys Qé?édﬂb@&f et ¥Rk ESHaH u%ﬂrﬁﬂ?{rg) ns%\‘)gégfdrelanbda gt

10, and pYA anpl es of rlnar{ vectors I nc are no Hited to
ML3KO7, pBR3 pUEPEeRIEHP 18 vegioxia ae ipsPiupte ip SREGadIGERHiBE

pGEM 3Z, pGEMeSﬁfs (b'a):ten@%/lt 4hodR§ﬁMe{"a%ly H@Q@'&%ﬂgh&%byﬁ%f)ér%r hdst cgfgg%)\l 4A, X
, 35 CHABQ\I 2:Ia'laso preterred tha% thg':/'éctor in addltgﬁcl?oa\lhgst speczﬂc ongm 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 Shizucka 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, pSPE5, pGEM-3, pGEM-3Z,
PGEM-3Zf(-), pGEM-4, pGEM-4Z, mAN13, pBluescript 1, CHARON 4A, A",

35 CHARON 21A, CHARON 32, CHARON 33, CHARON 34, CHARON 35, CHARON




96 40, EMBL3A, X2001, XDASH, XFIX, Xgt10, Xgtll, Xgtl8, Xgt20, Xgt22,
XORF8, XZAP/ R, pJB8, c2RB, pcosl EMBL Met hods for cl oning of cDNA;ar 2066
genomic DNA into a vector are well known in the 5 art. Reference may be"
given to J. Sanbrook, E.F. Fritsch, T. Mniatis: Mlecular Coning, A
Labor at ory Manual (2nd edition, Cold Spring Harbor Laboratory Press,
1989). One exanple of a circular nodel emkry vector is described in Figure

RL- Ro- Spicer - P oot BT ORI G BaF ol St BOUHbr Wt G oS MRB2REORThe

vect or further mehR/RcpiMi&aicPRB acge@fior anpicillin resistance, AnpR, and an
origin of replication for E coli, ColEl. The entry vectors EVE4, EVES, and
EVE8 shown in Figures 11, 12, and 13. These 15 all contain Srfl as Rl and
Ascl as R2. BotlTefs {diekaingiof eBNAre geadmindiirint andctar areveganded iaser ar e

restrictian si IaQSRéraﬁéh&grr%y%Sg%n 8 4 @%m%f%%?gﬁ'ﬁ EAGr? W tﬁ%‘%%"‘é‘it ors

re contain mpicillin resistance gene,
](c)lrjlr E;lh ﬁrglr) r epl QWO%W@GPM Mapu%{ézmédlf'o%sc?"i SPrg éﬁrtios Labprehonngsaf _
replication forosdil ament ous phages, such as ML3. 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. EVES (Fig.
12) contai ns tAee EdPIrIppronpitetar andeltdney Vé@m}sE%Cimbétah?gurﬂﬁ&e%e?eg?r’g)%
na . e.s ; )

are a 550°0p | ansde RauE el ebRRatAE R LR Koo B uER T My cast
(spacer 4). ZSTNW%ﬁPé@eFTR%th e(téﬁmqqfunthebmaneyt)onmlnﬁca@maelf@r hdnpitigihr at i on

of the steps | adian Wiom, GPEPSH 0 SHERSHHE Sflucheotide |ibrary are

illustrated in figure 8. 30 Methods as we ~as su 'e vectors and host
cells for constructing and maintaining a library of nucleotide sequences

in a cell are e éntlynevorsi E\/E-flh%VEBtandTé\E%HoerFgDr%g"Wrfinélmrlléﬁ?frg:tsgﬁunbe

of pri vary veclsi BTt ot TheRT ARt AGTH S harre PnpemAigomch e or 3 67
(constructs) cr@g‘cpdec‘saslgarexmr&:ﬁm bilea Havieh @8oids6e insiE UeRg/sorf sQeade. e@st one
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 shart sequences deriving from
the multiple cloning site, MCS. EVES (Fig. 12) contains the CUP1 promoter and the
ADH1 terminator. EVES (Fig. 13) contains the CUP1 promoter and the ADH1
terminator. The spacers of EVEB 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 wall 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



Xxpression state and wherein at |east two vectors (constructs) are

gi Fferent One specific exanple of such a library is the well kn@\mj;apdn
wi dely enployed cDNA 5 libraries. The advantage of the cDNA library
mainly that it contains only DNA sequences corresponding to transcribed
messenger RNA in a cell. Suitable methods are also present to purify the
i solated MRNA or the synthesised cDNA so gzhat only substantially

B&6h f
full-length c o] r 10 Met hods _f or optlmsatlono
the pr ocgss t%ngﬁdﬂgubsté,ﬁ% P}Fpgsfs nﬁcé%m 'R BIMR Ry TOBoRprERse Yieze

sel ection, e.g® @P%'S(‘ﬂ”r%?iﬂéﬁ%wh@e'“@hE@ﬁﬁ\n{@g@caphgconﬁmﬁs) ) pietceftdr@n. or may
conpri se Waysgof i ncreaS| ng the likelihood of getting full |ength cDNAs,

th onet ech or the CapTrapTM net hod (Strat agene)
i5gpr ef gr abl yRBﬁe SPr%Cffh’ ﬁg“que %Wﬁd %ﬁ)é'SﬁfﬂR:W@Hﬂowe apfl idatyyenmdmmed icHNS

obtaining ‘a slibstesniThalddyarftagel of tae GOINACTINAY pl\}gmair@} mgn,rt;c@marngscsn[}gst Antially
t S re prefe

FUl 1| ength cDRA Basal-r ryRaing YA SBEEL Rssdhar ulh oot csdimblarvampdsr. cona

speci es char ac®@ralss presest Kaptglfw‘@ﬁ isogatt @RSiAam tisd anehesigéd NomABbitsALLYN

d
reduces the reduadanay iliediORSSA ISRIHET FRS fnigpaRundant mRNA_ speci es an
i ncreases the rel atlv% re%fdesent atsl or? o?ﬂ 1ones fromrare nRNA species. 25

Met hods for normalisation of cDNA libraries are well known in the art.

Ref er encel0 mayMbtogs ﬁoeapﬁrﬁxsgiégtggble r@é\?‘ééh %PA?!%; BQg\}%ﬂgg\ﬂ@g ée}g,{h 5% uch as
527) iﬁgggscghge‘%’”!‘&é‘ﬁ%lé'ze Eéﬁ%’ﬁ 6. Qsé{'a?f@g Or@%ﬁ&‘?@”ﬁéﬁﬁmm@ggﬁﬂtl%079133/806

All, Hol | oway, comaykemayPloaitcradbing BIhethethﬁmlotﬁft@"ftmgzﬂmq)entggﬂrgcé@@s @%ht{q%g e
Enri chnment net r to i te clones represen in

chalr acteristi cggfﬂﬁgﬁpngertﬁgae@lgoﬁteg ST "R A Ethon( %Wﬂe)of variations of
the method broadly terned as subtractlve hybrlsatlon are known in the art.

16: 10937;
D at chonhor ) aoctedthy B, B f6r mpf G Bl i Goaineasoobienri e
Shi bat a, Hayat%‘bs’fa'@giﬁbﬂ% IR Cmmpumb{l 88mpridhglbddtmalsedBematseatiok@nnon,
Soares, GenomepReseabads. 1098 p@éfgr%*lysgmsubé!ahﬁally full length cDNA population

comprises a normalised representation of cDNA species characteristic of a given
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
2,763,239 (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 isclate 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, Campbeli

35 et al. PNAS, 1996, 93:6025-6030; Carninci, Shibata, Hayatsu, Genome Res, 2000,



Hol | oway, Taylor, Plant Ml Biol Reporter, 2000, 18:123-132. For exanple,
enri chnment may be achi eved by doing additional rounds of hybridizs LIQQ
simlar to normalization procedures, using e.g. cDNA froma |ibrary* %
abundant clones or 5 sinply a library representing the uninduced state as a
driver against a tester library fromthe induced state. Alternatively nRNA
or PCR anplified cDNA derived fromthe pression state of choice can be

used to subtra ces fro ester ice of
driver and tes1t gggvga?ﬁ?@ﬁﬁm‘?” ﬁé}ﬁreeﬁd HOT%e:{er?a rgljr; Ee%% %‘ &?Q A

expr essi bl e nutdileety, deaydeq Rt eoli BickaRépopar, t 20| aB: @RSk rf@htexamlel;i nal |y,
enrichment may i [a col ony
pi cking. In thggﬁhrﬁ%ﬁrﬁa\{{g% Qe%leﬁlg(g%i/ ?hb\éﬁdlr]ae/o |Oglg§§£e)11 %H%gétlggvﬁrﬂﬁga?% one
peptide is 1510g7nelfzemcabpr§bcefctym$d UBIng ¢S feNEnirom i l%@ﬁrmqfaﬁbuv%ﬁ&@%ﬁ’aer t he

control of di fgnﬁﬁl?@thbl%rr@%];&ér%mg RreelgrBby sthldasl 4 EM'V@F MQéEWBrtbéi@‘SibaérW east
three primary vec

ors wt expressible n cI eot | (ﬁg genc qk;gg for
the same pept ift Wﬁd&“c?%%a%dﬂﬁef'@“v%lf MRAYEE (ﬁ?”ﬂ%"ﬂ% t 'g‘g '?m
preferably t heex:pie@él@rﬁ Yia@QiTRRdiSLSnde Use@st subBatt cpminBmEdquenastionsa tdsteh an

Cont ol of -1 oPl (FErENE B BNGLEP e AP L) OBy PRE' FVaAy ebRpr i <es

at | east fivexprdsaiakeyhuvectidorssquentds iaraexprassr bkr@rlmanﬂ eot| de sequence
coding f the sane peptide under the control of five different pronoters,
such as conprises at lest six primary vectors with an expressible
nucl eoti de sedftirailyesreiobinery nfayrbetdsbicveshiy subsprtivel Byhuidigeiiont Reoves iy rglonef  si x
di fferent prorg? >?s for exanple conprises at |east 25 seven prinmary
vectors with an expressible nucleotide sequence coding for the sane
pepti de under the control of seven different pronoters, for exanple
conprises at |Leagt nt%rgh&n Fé&bﬂg&flme Vrﬁ!éte@ﬁc?e \ébcsden@@ QUG e@ﬁld&bepmeé apt i de
seqguence COdI ng for the i de under 8ntro e\;aighcb~T di ftferent
pronot er s sudheg@blofyps §%sd %re”tl %sst’m}lﬁrn\éecﬁlrr? RS W@c?‘?ﬂi@ e
expr essi b| e n%ﬁbiﬂ@ﬁet@@r@‘@f@d?ﬂlﬁ‘@lltﬁ@r@ld‘cngpfﬁ@dfs éth&sB%rS@mﬂB@plelcﬁes witden t he
control of nine differen onot e i se t ten
pri mary vector?‘pﬁsﬁhieﬁc@%{ %G§P%HC§ ‘%%’8‘894%%3%83 %(ﬁ’ug%ﬁd(’?e g%ﬁfh% = %} tf
sanme peptide uhcéerdﬁelmzommmm Mifre pesferaldl§ fherieraty qmmmettseatseasggaur nmeary
SXpr eSSl bl e MUCLRRH P T SRLSRER ARG L8loIdcosATR REPLIEDAEL Srab! ¥
?YV t'he de sequenc

COFI’pI’I Ses essent sane nuc (? nor e er abl Yy t he
sane 20 the controE of four different promoters. More preferably the library comprises at least

f}ﬂ, \(\
FAAEED)

five primary 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.



nucl eotide sequence. 5 By having a library with what may be terned one gene
under the control of a nunber of different pronoters in dlffereng % QtOI’
it is possible to construct fromthe nucleotide |ibrary an array b/ UL 200
conbi nati ons of genes and pronoters. Preferably, one |library conprises a
conplete or substantially conplete conbination such as a two di nensi onal
array of genes and pronoters, V\/nerei n supstantially all genes are found 10

under the control of substa S u ters.
According to dh§t BEYess| OHP‘Q&W €0 qP‘?{écel C(?anlgft :Foéﬁtﬁ% h%rr{r%ugpggiﬁ %r Félr rary
conpri ses conﬂamlpaﬁesomemfall)emm blLgeqiide |segtdrde SegueBEsd\cB1RbFaR i n

different vectors cye\a"seg gferent spacer sequences and/or different intron

nlcieoi . : . h
sequences. Thds“&n expressi bl e nucl eoti de sequence nay be conbi ned

in a two, three, four or five dinmensional array with different pronoters
and/or digfer hmgrlr%ra‘?‘ﬁwi:ﬁ”wlﬂt Ha‘?ﬁ%ﬂermécﬂ"bh@@%n@@dﬁ@r thei dohesiedtta

termnators. The two, three, four or_five dinmension r th%ge

conpl ete or |ﬁt§’5}?ﬁl’%ft%ﬁer@1tﬁf9én%§ Ingfifferen ¥B7HE T 5eS IT’? ‘ﬁogétéung be present .
20 Ihe l'i brar M}UFE@M‘E&C&UM@P&N abgy sfabmbabned ofger&asfmsmwﬁitérsdﬁ’ﬂi@rab@ nge
prokaryotic cells or eukar

organi snms may 'PREY GYBPHEE 2 '%6 l?g‘gt Wbﬁ%app CSF“E% |h§t[(?r(§:l(l)(ﬁ1 ctﬂgo%am | | us
subtilis, st renhemmraSarray\uf dars anSproeptampdesin s,t@éwhtrﬁﬂb/@ﬁ oEReS IR YRS
aerugl nos@ (bu d@ Pt%gggnt?%?% SGH%CFH.% Jﬁcﬁ%tse%%ﬁ'nﬁﬁbw roRfoteracchar onyces

cerevisia zosaccharonyces ponbe (fission yeast),
Pichia pastoris, and Hansenul a pol ynorpha (nethylotropic yeasts) nmay al so

be used. Fil a”@%};% t@%%@t'ﬂlérc&%@o%amer%ﬂheaﬁvewwm@p@&iaotcdreaﬁasaay adi‘rdprlses
Aspergillus ni ans may al so be used. Plant cells I?E‘égffg%%ﬁfg ose dgrlved

from Ni cot i anaCOmWaA@%Pfd%%‘i’%'bﬁr BUGHFAYFR SPUPICHY S7TRY AhETT 4R host
celI's include dﬁér@ntnﬂ;lacéﬂ éth@ﬁbeEs antihosgfedar inted sbauemdér Thns any moakeys

and rodents, such as chi hanst er e H , 293,
VERO, Hella et c®Pe&s&PR | Bﬁoﬁ‘f e e £ @H}e}/ﬁ@%ﬁ er%aén %j%eees%s%-ﬂgnorq&@

Labor at ory MangigkfsiorNewrXowks duﬁememmm&te@oandmQﬁﬁerenlemacem@”&t/@rﬁ@’f%efﬁ g. 9
shows a flow Chiacgbst ?r}%orhdeff %n‘?rt)ermx ?o‘?é e tcvgmh% %11%’ oY fll/e% an?ernlﬁtoQQrE?rrayS' ng

expressi bl e null (B L Yo avolvabl e attiticial chronosones ( EVACQ)
5 transfornmed inag be esmagpLOpProE @temme nob#ll conpingtiongail RRRs© R EREY: of
produci ng the EVACs which includes concatenation, size selection and

insertion into an artificial
20 The library may suitably be maintained in a host cell comprising prokaryotic celis 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 alsoc 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) cels, NIH/3T3, COS,
293, VERO, Hela eic (see Kriegler M. in "Gene Transfer and Expression: A
Laboratory Manual", New York, Freeman & Co. 1990).



chronosone vector. Fig. 9b shows a one step procedure for concatenation and
l'igation of vector arnms to obtain EVACs. 10 For the purposes of providing a
met hod for assenbling nultiple expression cassettes ("cassetted")initldsa
single host cell, and allowng their facile rem xing between cells, the
expression cassettes are assenbled into concateners. A concatener is a
series of linked units. The concatenersqggcording to the invention 15 nmay
conprise a sel ection of expressible nucleotide sequences from just one

expr essi on st Q?CE%H“%%n thus be assenbl ed fromone library representing
this expression state or it may conprise cassettes froma nunber of
different expressd S S i LA tion
are especialI;%gﬁiggﬁfkgﬁ%g(mﬁﬁgﬁgﬁﬁggﬁﬁﬁ%Egﬁfﬁ%ﬁ%?ﬁ%ﬁgﬁkgﬁigﬁgggﬁg? whi ch
may be i nsert edpieptige anusipetidec spqueners X0 erelvidn walied sRprmesaneh.(EEOF) t hi s
purpose, the Vani@ihRNn@Ehpfdpfalteiosesd. Figass idweSoniByayRd Botklingshd 0

m nim se the chance of cross over.as the h cell.givision

f ¢ , qét.cell .ungerqges oA
such as t hr oudtY S HE!s INAYIeshePCRIGRTIOB ST pRaion 8RR LITeRS” "6e 0 FKE i n any
one concat enerchrhdat@e iviectos Hrptobashoelj®obe afept hocederbiodicomm@tenafiort hed
invention to qbtai n_.reconbi nation ncatemers with a segnent in the host
25 genone or ﬂa%ﬁf#5%3m5¥m%'%9#%%€bA§$IS nor is it an object to obtain
intra- or extra concateneric reconbination. According to a preferred

erbodi megh of Ftopqr].é nﬁldﬁwsbg Myt %vigiggcgtrﬁéf%d CF&”BQeﬁfBﬁngaquIt‘pg@%txpr%sgi&r\’ st

cassette and a second cassette, d first cassette being different from 30
sai d second casswttee . (‘chneded) btepatinge hpfecel oALhPENETY EWifpierite e et t s,

wher ei n subst aptjdhl ¥t SPESST S5s@lR ofH ddsenBil intd benclliehbay ence bet ween
the cassettes may arise fromdifferences between pronoters, and/or

expressi bl e nucl eoti de sequences, and/or spacers, and/or introns and/or

term nators. IdoncdlBeenidrefiendf i6aBISLIHE The icOn@teiangh@ociipcatieneventisn | ar gel y
deternin?g by the host wh
d i

h i i_nt i.ch th ' ) Iy t
be. | noer 8 ArtF RENOEE: Broc LG BRAER® (P fiCer Rl Bhes aar rag But | The
concat ener t huspreayloc cra kse cab thusebs BssEihbirgisk@t tass, libsarg eprssaating &ast 15,
for exanpl e at Lr%%&éxbgtgte o?li{q‘r}ﬂay ?ﬁpi%%&%%tte%%mm% ﬁxﬂﬁﬁbe‘?)ét?‘ﬁfgelg%maé pleg@st 30,

such as from 30"t or nore-t 0, such as at least 7 or exanpl e at
| east 100, suctetes Hie bensstemRGOacdostngiais Evantion eagt esegallys siéigdigsoat

l'east 750, for; exampleafb thiGaSthrdREBmeS Whlth agayabe R88dd HaP8. hokOEeleAMPl € at
| east 2000 cagsettes. , -
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
oceurring 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 cassetie, said first cassette being different from
30 said second cassette. More preferably, the concatemer comprises casseties,
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.



10 Each of the cassettes may be laid out as described above. 15 20 Thus,
a preferred enbodi nent a concatener is used to denote a nunber (;% Seri,al.
| i nked nucl eotide cassettes, wherein at |east two of the serial lfy* H ik et
nucl eotide units conprises a cassette having the basic structure
[rs2-SP-PR-X-TR-SP-rs1 ] wherein rs, and rs2 together denote a restriction
site, SP denotes a spacer of at |east twg;nucleotide bases, PR denotes a
pronoter, capable of functi nln rEXRLEssi bl e
nucl eot i de sea’ﬁgﬁéjg'be&ﬁ 038?1 8s' a Egr%#ﬁg%teiﬁgj 4 4arg%§b9§Q9$ ﬁ(§eds§32 spacer of at
| east two nuclspetiédatbades. thedreneitemerhie avantialyl sbofinsened @ad Sbg tvectiave t he
meani ng as defyn %hlﬁﬁ%el%gerh(gh Ehéa§rled2c§st Sﬂ%céofnbﬁ%bpmus g?aty' é?)'ﬂﬁl)'ngé’af he

cassettes conpri s% an i ntron sequence between pronot er and t
expr essi bl e nu‘%ﬁlseﬂ)@ Fafsetiasgtien @ 2Alkapiold E?é?ﬁ%?‘le '?tH%aStt ép- rﬁ“ﬁ%@%@t 'eﬁsﬁ&5t he
expressi bfe nygl sakpdert %@Q&lﬁ)ﬂg&h@% f@hﬁ%ﬁa%@d)ramsy&]aneocsmmlaegt kestgse aspect

of the invention, a con e ssettes w Xp bl e
nucl eoti de fr dth BPFPER teﬁ}ér E\lécgn% tt%@ %8@%‘? QS%S@QQUSP& ?g%{
occurring conhbéazarb@risr @{ammwwatnaest\neomgcnmbm Rata Grast tF00ejopreasspibl 2 lemat:l eoti de
sequences are 2%96%1 g&les According to a preferred enbodi nent of the

i nvention t he <CoOn&at ener conprises at 35 |least a first cassette and a
second cassette, said first cassette being different from 102 said second

cassetteqqMre Fefm&%@és\éﬁeérhey5@@@%%@9&%@%@@@& cassettes, wherein
substantl ally all cassettes are different. The difference between t he

cassettes nmay arise fromdifferences between pronoters, and/or expressible
nucl eoti de seqyRBCESa pRREHAN esBRAMRES . a acmﬁla@rnet@ mdmtoo(n@q,oteaad%m@r trons. 5

The concat enati gn e carrjed out in diffe Cassett be
concat enat ed aﬁeealwo'f’%ﬁﬁ?lrvd@? CsEFF eﬁmwge(?e‘c?g eaatr \{\a%é){/ i é'e”%'%} {nﬁ és)l sed
t hrough PCR Afutlestidexeits tamprishea cassitd hasngnay bdx: separeat ed from t he

15 [rSo-SP-PR-X-TR-SP-rs4}

wherein

rs, and rs, together denote a restriction site,

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 termirator, 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 -
oceurring combinations or non-native combinations of expressible nucieotide

seguences 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



10 vector through size fractionation such as gel filtration or through
taggi ng of known sequences in the cassettes. The isol ated cassgttes, My,
then be ligated together either through interaction between stf cky”én &
through ligation of blunt ends. Mire preferably the cassettes may be
concatenated wi thout an intervening 15 purification step through excision
froma vector with two restrlctlon enzyr{g one IeaV| ng stlcky ends on the
cassettes and the ot hg VI n? E?é ,]% qv An

al ternative way%of*® dfﬁ?ﬁ% ?ﬂ?a BIRGY £ Pee 06'f9a @Et 8Pm§ré8(fue%883§ Soul d be
to 20 PCR arrpvhef-e;mtdmesteaaﬁetalesaa‘sem aresidifigheat. ST hantifederpei beivgervdid or. The
POR produet MBksddac| HaP 09 (R AIc0n Rien Rimold! Eiifor WREL,
subsequent |y cleaved Its cognate enzyne ncatenation can then be
performed usi Mycepidediegextces 3”W€l¥9@ﬁ@§tﬁﬂdmf@é@@ﬁﬁ%ﬁﬂ@/‘?wt{%ut interference
fromthe gingle stranded primary vector tenplate or the small double
stranded fragments whi ch have been cut form 25 the ends. Wen the vectors
conprising the Thegobeienadonray B¢ TR Wt RSN Wal® cassettes may be exci sed
and be made doubl e stranded through PCR techni ques, which only pr| rre t he

cassette sequence nd not the. vector se ky e made
by cleaving w %S% etgt}?? E?HCSFneng% ﬁfﬁ qoﬂg@& %XC‘SF%J yyez“n\ées&%ncf tthgg Casset t es
can be assenblsedthwssdfdointougmﬂ?’éﬁaeﬁemxcfsmrﬁne basssitasghay s ﬁ@mmgld Vrewtibe _
fragment 30 Th% CRP GRS |zer¥Pz¥ét1Q%t| d% Qe! ﬂﬁraﬁ&PS%ﬁ)ﬂ pé G enat i on
of at least two cassettes nucl eot | equences eac cassatte conpri sing
a first stickyseanences inds Ca§$fﬁ*@erﬂ“§e'ﬁ@@ﬁ¢é§333@ﬁ9$ orrttesn b%ﬁgf@%ﬁ)ﬁ‘@@&%l e

nucl eoti de seqwaBGRouGh ﬁnﬁe@é@tnﬂﬁﬁ&ﬁveen ARRY éhas o PRslighlibAleM cePidnt eNlis er

concat enati on has been conpleted, concateners of the desired size may be 5
sel ected through size selection, such as selection for concateners having

at Ieast 10 Caﬁ@'@t bt@fe,ralﬁwctlhle &Ssﬁtteb eﬁisﬂi @coﬁ@[enemnwliémuatad aatstve@fg such
as at @}g {é | e hat {( % tg 58] %On 9 Oesor fore

t han 60 uch Pé‘é' %ﬁ‘“’”é 8789 %CHS‘O” U R %’? “i R GERES 8P east
200, for exanmptaviratsticleastdsS@0thesazctetias aatl thd etast okbRaviipbluekamngsl ie the | east
1000, such as V%EL‘ east 1500, for exanple at |east 10 2000 cassettes. The
nunber of casse ttes in each concatenmer may be controlled by size
fractionation after concatenation, since the size of the concateners is

appr oxi mat el'y 4y 9perkilORa) of GFolihtegReEmat 2898 f4d&Sequences would be to
20 PCR amplify the cassettes from a single stranded primary vector. The PCR product

‘For

must include the restriction sites RS2 and RS2" which are subsequently 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 casseites 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 assembied or concatenated by concatenation of at least

two cassettes of nuclectide sequences each cassette comprising a first sticky end, a



Preferably at |east one inserted concatener in each cell conprises at |east
one 15 selectable marker. Sel ectable markers generally prOV|de¢@fne ns_to
select, for growmh, only those cells which contain a vector. The’ detect dBle
markers are inserted into the concatenmers to conplenent one or nore
mutations in a central biosynthetic pathway, these mutations being
inserted into the host cells. Such markepg are of two types: drug
resi stance and auxotrophic. A drug resist enabl es .cel | Sort
detoxify an e@@%%ioﬁ?gv%cadaé’aowﬂg ap ﬁéPrea%a@?d““@?%t@Pvﬁe&Be%ei P indlay )
Auxot rophi ¢ rmelkesesoral dtioy @l | s grow in nedi a | acking an essenti al
conmponent by enabling cells to synthesise the essential conponent (usually
an amino acid). Illustrative and non-limting exanples of common sel ectable
markers w t h aAfer iceficatePBtictelsasr ligghicompefedt picatemstiecidhe detiiedsiZanfohe

Prokaryot ic ’A"ﬁ@cfé'd t‘wr’ngh 5iDd SEIEGHASsuth t s@let:@fn%ﬂé‘éncé@ﬁ@?é Vidgnathest eri al
cell wall synthesis he resistance gene (bla) encodes beé@ I aczﬁaa se
®hg it.

whi ch cl eaves ‘t%‘“easb%teﬁ» $usE 28Rl 1PRg Yo Ortel"i%m%ﬁﬁt 58t 1% SHHUSS Fefddti
30 Tetracycli r&aw@re%«(@abssdo@@dh@slfmm B0 L6 it nsyetHaARSDSsUay abuaméamqa fort he 30S

ri bosomal subunit. tance ecifi
modi fi es the BREMEE aﬁez??g aigh &ﬁ@gﬁﬁﬂébédr% igrteixgrﬂglso t'?eagfs e u?ﬁ%lsbai otic
into the cell leadﬁaﬂamcemmdw adieastol (0D.esuld Ssrat barsbNed), dordexeansed ledstr eadi ng

of messenger re t

pr eventsqgnt eng@ |08?159“e‘°f ?{Ihg Hg%?'gogsgsﬁee tgsgg@agq?&l(:%{eﬁ%r HA? b% dtpd l%b anos
ri bosomal subusiiet fracimusiiong affers ceradieangtiat mséﬁgéﬁe MAtheTh@Wqﬁ@éﬂ%% aﬁce
gene (S o0t L e, BRbbAbMLFnantnpLey pitant eracti on i th the

ri bosone. Zeo _ | eonyci n- antibiotic intercalates into
the DNA and cleaves it. The Zeocin resi stance gene encodes a 13, 665 Bal ton

protein. This %@ﬁiwama&e&r@ ih&sieat RASRerhE @%@h @ewoﬂapmélsrtg &t onel IN -
s 104 the antibiotic and preventing it fro

ef f ecti véd®on nipdactakler BBIET cefpdabm g BE“er%E’e‘Eon'g‘? s@fa%r?:st }Zoﬁ&e r?ém‘ral i an

|—§| | lines, yegsivth, angtHbas teivaich cAntsiota aptor CTheelketse ntukas yotingrted
gronycin clitol that inhibits t : tin

ri bosone trans'P@éQ %ﬁatﬁﬂﬁrs JP GRBPENG g OF g’r?g ﬁpﬁt'%qq’ﬁ%&t&s‘Pkss'?g-'rtltc%gygeneg

(hph) det oxi f i Eshweygthess oiutatierB-bejriyaseed intethe opst cells. Such markers are of two

types: drug resistance and auxotrophic. A drug resistance marker enables cells to

20

20 detoxify an exogenously added drug that would otherwise kill the cell. Auxotrophic
markers allow cells grow in media lacking an essential component by enabling cells

to synthesise the essential component (usuaily an amino acid).

llustrative and non-limiting examples of common selectable markers with a brief

25 description of their mode of action follow:

Prokaryotic

»  Ampicillin: interferes with a terminal reaction in bacterial cell wail synthesis. The resistance gsne (bla)
encodes beta-lactamase which cleaves the beta-lactam ring of the antibictic thus detoxifying it.

30 «  Tetracycline: prevents bacterial protein synthesis by binding lo the 30S ribosomal subunit. The resistance
gene {tet} specifies a protein thai modifies the bacterial membrane and prevents transport of the antibiotic
into the cell.

. Kanamycin: binds o the 708 ribosomes and causes misreading of messenger RNA. The resislant gene
{nptH) modifies the antibiotic and prevents interaction with the ribosome.

35 «  Streptomycin: binds to the 303 ribosomal subunit, causing misreading of messenger RNA. The resistance
gene (Sm) modifies the antibiotic and prevents interaction with the ribosome.

»  Zeocin: this new bleomycin-family antibiotic intercalates into the DNA and cleaves it The Zeccin

rasistance gene encodes a 13,665 dalton protein. This protein confers resistance to Zeacin by binding to



Hi stidinol: cytotoxic to mammalian cells by inhibiting histidyl-tRNA
synthesis in histidine free nmedia. The resistance gene (hisD) product .q..
i nactivates histidinol toxicity by converting it to the essential%ati-ng’"
acid, histidine. 10 Neonycin ((418): bl ocks protein synthesis by
interfering with ribosomal functions. The resistance gene ADH encodes

am no glycosi de phosphotransferase whi chygdetoxifies G418. Uracil:
Labor at or y yeas. Stth':; g"tit')’i]o%c Cn grerv n!inngfro?'n blgyr:[ %&Egeogr?ingfa Yi\/x;” rglnosteagrgb%qgé angléaqtbé di ne_
-5' - phosphate decafboxyl ase, %n enzyme_‘essen ial for uracil biosynthesis,
are unabl e to grow ThotHE AbLERRE Bf " EX0genous uracil. A copy of the

wi |l d-type gene (Uur&#49°r'8™¥8nbe or URA3 S. cerevisiae) carried on the 15
vector will caonpherent this defect in transforned cells. Adenosine:

caporatory Stains Gar i N 8,98 . ClBCYc N, AAeNP8L NG, SUALDESL S, mYDe
COITp| ement ed by a ¥/(]6‘C{‘¥ Ori C?FonXLquistgnceeen\ém(J e M:LQ% %{lﬁt&ﬁ o%latisn. Am no aci ds:
Vectors carr yl ng t r-ér-ﬂw?lmafafsai e Jenes fgo‘rh‘ E’ ?TWJ H IEN ! Pthl is ithEgne fre(glgneJﬁiY'l% 2 may
be used to conpl efBHE> XA E%%?@”%%évfagﬁi%l%nt ?%eiQQ§e gqes.'%ENA
Zeocin: this new bI"€BHFSHITAMTY "BREFLIGHTY ¢ht &7 ¢alYat’es Tt o the and
cleaves it. The Zed&Fff resistance gene encodes a 13, 665 dalton protein.
Thi's prot!8i n conf eMemyESFEY-ERER LY S‘Z@?ﬁk‘i?yrimaﬁﬁi’”gowﬁﬁﬁ’?sﬁ'g' prgionst He &t B8t i ¢ and
preventing it fromBi HelHH§ DRESTRGE & e Feeti&"8n nost aerobic cells
and can be used- f ®racis edowatoi yont frrinsrran@ b iMapEdcETel VhIch preses JREESTY- MTEee
bacteria. 25 The nusberiegf aconTatemer's Yo trehs nygluete & Fovnaye B et °'| east
one concat ener per exgedub yrachp ebea’ ibdiyympenk east S Pmpon e Ererseperecelt, nore
preferablty 3 per cebdowisuphreagisdeecpyarnsigatdosis. nore preferably 5 per cell,
such as at | east .5 ApRéEin€ elbdrgionfs@iins @89 P Hacisady inla@aste Grtnegperyse elrbemegeidha as 7,

8, 9 or 10 per cel lyeof Bfiniampeerime2t han 10 per cell. As descri bed
above, each concat @RS iRyt efeE ably ye0RRE bseulrrtOHdBBAycasset tesy 30 and

it is envisages thal, Qa6 GANGALERRE MRY: &IPri se up to 2000 cassettes. By
inserting up to 10 concateners into op,cswi]ep Ieme I taQis cell Y.} hus be
enti ched a1 h’ub. -2 030w dud BIEBr e 8l b Bher Blleal
condi tions may be "PEFHEHEHSHd>of (B%ZOD?'% UPAtT on-of " the rﬁgybl at arhte

€ g

he id>of ation- of req|
promoters. However "PEHEy = bEe Wi/ & hy e aBTE" £ 6™provde ™ cel T< “havi n

anywher e bet ween 10ARFTHO0 "HETEN 557 J&fed’ &fch as 20- 900 novel genes,
for exanple 30 to 800 novel genes, such as 40 to 700 novel genes, for

exampl e 58 to B0, PRHEeLr GFREEmeRUS Bn@%in%lé(&ml Ry e a8@8st devhcgenesper The
genes may advant ageously be | ocated on

to 10 suc{émromﬁ to 5
di fferent concelepraiesabiyptiqnst 2encatemessaier o ERfenEle” BAVERtAGR8YS I y
conprise from g b rkPOPreaen®ss psiteh, sash b aimedkds her dilfogeresle stuedst 8s from

égnég 4190r500 g;?er;ecseh, ssu% asaL?r é,r r(?r %8 pte(r) chQC%orgg@?nsp’ie rsn%(r:ehth%rsw ‘Td’ BQP 399 59\8 100

described above, each concatemer may preferably comprise up to 1000 cassettes,
30 and it is envisages that one concatemer may comprise up to 2000 casseites. 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 suftable 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.



exanple from30 to 60 genes. 'U 105 The concateners may be inserted into
the host cells according to any known transformation technique, , é Lgrabay
according to such transformation techniques that ensure stable an
transient transformation of the host cell. The concateners 5 nmay thus be
inserted as an artificial chronosone which is replicated by the cells as
they divide or they nay be inserted int he chronosones of the host cell.
The concatener may al so be inserted in the formof a plasm d such as a

pl asm d vector, a phage vector, a viral vector, a cosmd vector, that is
replicated by Theecarehbtemeasmbhey insirieddiete #ayhasbrblisnatcoaingofo the kbdwee

insertion met Q%%?fﬁrmat%ksté’cnﬁ%%ﬁé' @l %r%b@%c%hng)o{o sxﬂ:ﬁ 14 ﬁﬁﬁigﬁrtéchmn& hus be

integrated into e Cchronbs one or nore
concat ener s nehatpesiras@bleadd @Qt trﬂﬂa@ﬁﬁf@@SfQFWﬁ'ﬁﬂ me@Ih@fft C@‘hrT OAESHIHEEIS'S One or

hore concgt em%géy tﬂﬁyb@ﬁqsé&b%egsteﬁqdarﬁﬁ 286trbhb&nf witd @m@@f;@éf@@ bR RNear nore

my be insert into the sanme cel via a Iasm S| C re wrerrents

for a functi orB$y @V@Pfqréh%ﬂ méfhlbér’r‘if?f?% 'rﬁ‘é\Vée %@WOWWQHE %O?t ncqs M
4,464,472, th%oﬁ@élé@éﬁ{ﬁapéisd/\ﬂ% Blerleg |{h$1l’9@@’yh @f@mm @Lﬁ(ﬁdzslhypiﬁﬁ’iﬁlelvw@e An

art fic aI chr onosone or ncti onal n C 0

Fermed must CORFRPEEE BRACISEqe REE TAAE e a1 PP et eapr B AN Sraf o
mtotic nai ntm@ey comsindtios tof theltﬂree:msrqerrsmrsnnatgocas iDil&o segpitentCreadinmge f or
centronere-|ike, agem rEs'n\{aly}% g%'lﬂg%g%ﬁ (?rﬁb %heott,hrc?rﬁb g@tof%@?gsb%aﬁ@quence

codlngfo areplcalon si't le artificial
chronpsones i nekeudancie Yoacaterqrs |nfaiydqeanse@qﬁ @ﬁﬁ%ﬁ’éjs(wmﬂc(aéé@omésﬁne%r ray

et al, Nature ér%sorlr%grel(%catg%erg%ély BEthsbrid) as BrtifBABNNRRBbMAE bhd gk @k 25

Chrormsorre (mega YAC), a Bacterial Artificial Chronosone (BAC), a nouse
artificial chropestyde insenahing hasame £5kyiz? 8PFSTHr onosone (MAC) (see e.g. US
6, 133, 503 or US 6, 077 697), an Insect Artificial Chronpbsone (BUGAC) an

Avi an Art|f|C|aI nosone Bact eri o hae tificial nosone,
a Bacul dvi r us! N&RE5Ei r@ﬂk&”@ﬁ‘?&%@@ﬁ@*o“@ %{fﬁ‘?ﬂ SRIPPPFIT BFVedHE TR %1”89( us
5,270, 201), a in3(s BJ4BAG7Y .ot aontehdS &b vhICh, @%}eb@rln@rwa\tam bixr refefénce ahn

chr omosone ( HAG o[B8 oREENTY O 3l RALEIDRRMR oS MET LM ARy 29 batgpahhat the

host cell perc real ronosone and nal t an
transmts it asust chmpisesenBNAFeequpeesstcapainiel @t haptication t alsl staitstmigeci es,

this wll often,fanLesARRtRPRLCHERER) Y B EBEMSAZRding for centromere-like
20 activity 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

Artificial  Chromosome (AVAC), a Bacteriophage Artificial Chromosome, a

Baculovirus Artificial Chromosome, a plant artificial chromosome (US 5,270,201), a
30 BIBAC vector (US 5,877,439) 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



106 of the smallest native chronosone in the species. For Saccharonyces,
the smallest chronosone has a size of 225 Kb. MACs nmay be used Lg i “M
construct artificial chronpbsonmes from ot her species, such as |n“$ec‘t

fish species. The artificial chronosones preferably are fully functl onal
stabl e chronosones. Two types of artificial chronosones nmay be used. One
type, referred to as SATACs [satelliteqgstificial chronpsones] are stable
het erochromati ¢ chronpsones, and the t er m ni chr based
on ampl 1 11 cat i HEaHe EU RN RITH=0T8 VBFIT N 4 Eor FaT A e e bees

provi de extr a-genatbeespesisike of 225tkgr ati on sites for introduction of genes
encodi ng proteins of interest and permt negabase size DNA integration,
such as integration of concateners according to the invention. 15 Accor di ng
to anot her enbdTseny betisechie comirntdrdivial ehiememitesti@rertherespepes SUeft 8yr at ed

into the host r?éé'épmﬁgﬁe%egfesCf@@ﬂﬂd&tc@ro@ﬁd@@r’heé YRES A ayeeﬂﬂi@ﬁ‘tﬁwctlmh as a

pl asm d vector, hage vector, a viral vector of a cosm d g)t
preferabl e ar tﬁtﬁ‘q'%FfﬁPm@WDE‘ﬁ?rﬁ/p%Eft%?ﬂqaé CIRBOFIRRS Y E%H%ﬁﬁjl ”Sﬁypﬁel ng 20
condi tional | y ragpbi td 8dsAnatdpalast are@id chrem@sonhds] yeasible Tibercanmphiafic cat i on

preferably is | east a 10 ion. Fur r.nor

advant ageous t‘ﬁ&’cmqsﬂ@eﬁl%‘r]q t%c’&'?‘i@n%ﬁe WW&EQP}OSW%? é? 8%0 l'if)“?raem\ﬁ/faa(f:tor can
be nodi fied t cuepopiiise the sane restriction site as the one bordering the
cassetteg.descri bed above, i.e. RS2 and/or RS2'. 25 It is also conceivable
that recoftbi nation can be used to generate concateners, e.g. through the
modi fi cati on Oflarteelemi aytifes bhrla@%dmesapre‘ad@@xtwr@mc(@Ie@*ﬁ@ Hee0ratoni RS uses

the Cre-loxA WEP!HFPQ%%X&( Bie%ene?ae%g di arr%%sl\@t rbc@r@?;t Erﬂjz?{ it @Q&bgws 900) to

directionally join reconbi nati on or ke t he Gateway
system (Life Oh&hirsraighesich %'”@9%*8” PR CReNAY qoéqf‘ﬁiﬂ%t"atf‘? Y8 hment sites
for directional 30 reconbl natl on (Landy A 1989, Ann Rev Bi ochem 58:913). It

is envi sa ed that al so site syst ens devel oped
to al | ow'eoncatEAEt1% a*i*WEe Sﬁ\ga@gﬁ‘ﬁ@r %@/fb%’ea%%‘e&% 3“8?18 g]aa[yeﬁat ed by
concat enat i on ifgated iftastie hdsnehromssetdses cofeding cﬂb@rltyt@ssaéqmswcbaah

cassette corrpr | iﬁ%ﬁlgg?étlaégtge%?l vCelé eanv(xj%al v%ct%er éo%ﬂw?aevecﬁf’quence a pronoter,

an expressi bl € ence. second sticky end. A flow
chart of the procedure is shown in figure 9a.

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 foid 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 aiso 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 225:820-900) to
directionally join DNA molecules by recombination or like the Gateway system (Life
Technologies, US 5,888,732) using lambda aff 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 casseties of nucleotide sequences each cassette comprising a first sticky end, a



nator, Preferably concatenation further conprises 5 starting froma primary
vector [RS1-RS2-SP-PR-X-TR-SP-RS2'-RS1'], wherein X denotes an exprgssiLble
nucl eoti de sequence, RS1 and RSI' denote restriction sites, RS2 ant “Re2xiE
denote restriction sites different fromRSl1 and RS1', SP denotes a spacer
sequence of at |east two nucleotides, 10 PR denotes a pronoter, 15 TR
denotes a termnator, i) cutting the prif](g@ry vector wwth the aid of at
| east one restriction enzyne specific for RS2 an.(a RS2' aobtai ning,cassettes
havi ng the oE&R¥EAISCHGIRRYI S PIOFSE Sl BRRMESTE 8pRifdt SR 6P n® F%T””%ﬁocﬁ' rs2
toget her denghe aaefdnactiti@ral. A Bsd thzet df 0w BodeduBRE2stomwnRSRYure Pa) assenbl i ng
the cut out cassettes through interaction between rs, and rs2. According
to an especially preferred enbodi nent, vector arns each having a RS2 20 or
RS2' in one emmdefardyazonmeratorplaimecbapyseever hang or a blunt end in the
other endsare added; g B LORGAL GRak I AbXIpR kogeshets Bl he
cassettes descri be aBove to further sinplify the procedure (see Fig. 9b).
One exanpl e of a suhe&bedenpistadrexpieesipe 6v5eRtHe STREIS arns is disclosed in

Fig. 15 TRP1, URA3RsanddHs%3deab@ regitiotoh siggahi ¢ marker genes, and AnpR is an

anti biotic marker gene. NA 1s a 25 centroper d ar el oneres. ARS1L
and PMB1 al | ow repl%sgaqﬂ"‘ij%% ??”9@55%“95‘% S'ES J}Eeéefq?ﬂf’@-s%lgc?r‘id\%%y. BanH | and
Asc | are restri ctispricatzy aRpacec egiehdcon asleb® $wo Thgeotidrsc| eot i de sequence of
t he vect is set forth in SEQ D NO 4. The vector is digested with BanH
and Ascl ?{]o i ber al’ (‘ieﬁg[e\sig Oc%mga?rrrs, which are used for ligation to the
concatemer. 30 The Tgeteooiab atomi@toeenat i on strat egy is illustrated in Figure
16. The ratio of v CtOrcutﬁr{g”%et&inﬁgﬁ%ét&e%itﬁ%@%_{@ Best ag sRxXidanmiavunber of
cassettes in the concatener as Illustrated in figure. 17. The vector arns

preferably are artifici elzyewroreiom RY%eatdRSEr AEAEHE P eleRde¥ ™ ad %% r i bed

inFig. 15 35 general formula [rs,-SP-PR-X-TR-SP-rs.] wherein rs; and rs; together
15 denote a functional restriction site RS2 or RS2,
ii) assembling the cut out cassettes through interaction between rs, and
ISo.

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, URA3, and HIS3 are
auxoirophic 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 veclor is
digested with BamH1 and Asct to liberate the vector arms, which are used for ligation
o 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



2008 108 It is of course also possible to add stopper fragnments to the
concat enation solution, the stopper fragnents each having a RS2%ar .iRS2%fin
one end and a non- conplenentary overhang or a blunt end in the other end.
The ratio of stopper fragnents to cassettes can |ikew se control the
maxi mum si ze of the concatener. 5 As an alternative to providing vector
arms for the concatenation procedure is,,possible to ligate the concatener
into an artificial chronosone selected fromthe oup ¢ ri si_ng. yeast
artificial chﬂbﬁﬁ%é%ﬁ?aﬁ%@é@?éﬁ%?EﬁFFFPP@ﬁ&@”@HPdﬁggﬁﬁﬁcagﬁggﬁégg% ’
artificial chrpaosees raBwses agdehf havingl a CREDDSRIR, inhemearndrardf acicat 10
chronosone. The nunber of concateners.in o i e - east
one concateneﬁﬂmﬁém?%ﬁwaﬁﬁgﬁbpbﬁlngfgpégg?éfﬂgt%@gtz%%?g%pgfﬁ@gff, nor e
preferably 3 pedgreatsto cassettesamndikewies cangrbl the merieupirdfecy Hisi GPnpes”- cel | |
such as at. least 5 per cell, for exanple at |least 6 15 per cell, such as 7,
8, 9 or 10 per cell, for exanple nore than 10 per cell.

As descri hed
above, each coﬁ%é@eﬁ@ﬁwﬁﬂ?t%ﬁ@?@*%bNVmﬁoﬁﬁﬁi@%thCPWETW@H“bQ§§8@F8§? and
it is envisageg,tiftio0idseRt ot @iEier RY HOMT:S enfpot@ne0f6cteassmtthes. By
inserting up to 10 concateners Lgtq ne single cellaﬁ%ﬂ%aapahzn d hus be
enriched w t he"GpP COMPHSOARREY %?d%&@gﬁgwgrg§%?5?e genes, “whi ch™ under
sui tabl e condi gicessl a2BicaRyhemdstinaethoose anificaf fchiymasegal auimen otificidie
regul atabl e prognoters, Oten it is nore preferable to provide cells having
anywher e Bet we¥HOT8°%41fd 1000 het er ol ogous genes, such as 20- 900
het er ol ogous genes, for exanple 30 to 800 heterologous genes, such as 40

to 700 heterol 8&9%)%%8%ﬁ§?n028 e%xiﬁrmls%inég de® n20Qe%R |28t SeOiReQESORIES,

such as from 6 erol ogous genés or from 100 to 400, he erglogous
genes whi ch ar eell proteratstataepsp? eepcatesiers #ar plaImEhPEHb B8RP U8Rt ai ni ng

one concat emer ,of ..0GRSS prefdtSoIPEPEScATBYiCREY BNLATSQUB LY, e ekpaat edean6 1 to
10 such as froﬁ1 i i

2 to 5 different concate s in the cells. ongat ener
may advdﬁ&age@%é%wré%ﬁb@i§e8¢?8ﬁﬁ§d”¥§egg%r8§ﬂ@§?ngﬁ%ﬂugsﬁfﬁgﬂféb %o 100
genes, for 304&xardl &dve 0sacBofieiciibr garygsefeablyfcommigOut tv 100 cgesediss,
EXAMPLES OF MULT| PLE PARAMETER SCREENS Exa - t,] Pas.anmt e, Screen
for ligand act F‘\‘/detd? En‘fﬁagﬁ%\%@t 8Rd Coﬁéﬁﬁdégvn%réﬁ%%ér%%@o settes: B
inserting up to 10 concatemers into one single cell, this cell may thus be enriched
with up to 20,000 heterclogous expressible genes, which under suitabie 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 1600
heterologous genes, such as 20-800 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 RARS and

35 P450s metabolism




109 A yeast strain expressing the P450's CYP3Ad4a, CYP2C9, CYP2D6, RAR(3 and
containing a retionoic acid (RA) responsive pronoter driving the 1 9005
transcription of the H S3 marker is mated with a producer yeast ééti* Z00E
(conprising a population of cells 5 each containing a set of heterologous
expression cassettes |located on artificial chronosones). Wen the diploids
are plated on H' S selective nedia, only | s that produce RAR activators
will survive. Al construct assenbly and handling done ac- cording to
standard procedures described in Current protocols in nolecular biol ogy
1999, John WI @\yy&s‘,g@ﬂﬂan ekﬂél@ssit?}é)%rﬁxmseCQPBMbl tayaoPararebe RABGr gen for
P450s net abol i sm. an ands t act
di pl oi d yeast &Rrigng & ?%On&?ﬁﬁﬁgp‘ireé%@ﬁ’te W‘H‘&?te“t‘ﬂé{'”lgétb%f’f”éﬁm'@@ﬁéjffht?r RAR( 3
15 is GFP (G e¢tiSFnadeess crtdd Fittod eionjicenlyeast etge (coamncaips blpapadtiont df kkelanot her
east cellglin S <C SV ter
riving tre trSa So R &5 o o R R BT B itet TRRETLY BeRERMT
encapsul ati on PBFOEP@W%[% When Bakploidstarg plated 004 S SGEPTO’WW@WBW@HES ’raa?al ysis
of entire m croRjsabe RAROMRIIRIrs Wt LRI W Céx%trugtlé%sgr%g% aﬁg%agﬁﬂng %F% Leles are

then sorted for high Geen Fluorescence intensit l ow” Yel | ow

Fl uor escence i APEIEI'? ylangsrd pprcedges fgactipgs i CF“EF&W?T@FO'SS&@@Eﬁcq'%rb'%*o

met abol i sm and 1bggamgswidiad Somciicvat e RARI 3 but not RARa or RAR? 25 The
sanme gel ,Hj’;ll‘tl cles as in exanple 2 are double encapsulated with a yeast
cell line that expresses RARy and contains a RA responsive pronoter
driving the tr&ramplerd: Me@hrﬁ&e( Syraan Fdrun56s eestabdisol siidiigantiBahgioubl e
gel encapsul at |aoin altsﬁgggg g@génm pal as in Gft et al., 1996, Nature
Bi ot echnol ogy, . , he gel particles are then sorted for
hi gh green fluorescence intensity and | ow yellow and 30 cyan fl uorescence
intensities. le 4. Multiple Paranet T Screen f 4 bal i sm and
| {gands that 401 FUST P BIAR™ ZaE SRARKTTE hSTHERRAR 'Shroe) 3T S 16 ~ARD
producer Veast isskffaiGreenhpoiestang Pevtgdoput at-jerenodpsclddsvitbacbtheoniat siing a

f h [ ted tif |
and oxpross. | N CHE=BAR0E “AVRSHEARhS aaoeon o B Gre chblfenr Koda w th

a nmammal i an cebkdription of YFP (Yellow Fluorescent Protein). The gel encapsulation is done as in

Sahar et al., 1994., Flow cytometric analysis of entire microbial colonies. Cytometry
156: 213-221. The gel particles are then sorted for high Green Fiucrescence intensity

20 and low Yellow Fluorescence intensity.

Example 3: Multiple Parameter Screen for P450 metabolism and ligands that
activate RARJ but not RARw 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 vyellow and

30 cyan fiuorescence intensities.

Example 4: Multiple Parameter Screen for P450 metabolism and ligands that

activate PPARy and PPARg in a mammalian system




line expressing PPARy, PPARa, and containing a PPARy responsive pronoter
driv 5 ing the transcription of YFP and a PPARa responsive prognten;d&grlng
the tran- scription of CFP. Handling and mani pul ation of mamal’i anf’ ‘tekl s
done according to standard procedures described in Current protocols in
nol ecul ar bi ol ogy 1999, John WIley & Sons, Inc. The gel particles are
sorted for high yellow and cyan fluores-,gence intensity. 10 Exanple 5:

Mul tiple Para terdScreen f i.-dru reS|st nt S. aureus (NRSA) growt h
b bit on ana RRABET JRBY aLEn B N 15 Berderoniinng Aot of
(conprising a pepulegousrxpbssel tassats hoa@atai atifog ahrsebsdhedh@id expbess-

er ol ogous expr ﬁﬁ?p hr.onpsone ge
encap sul ated 3§ﬁh9a3%%§??F%%§]% ﬁﬁé % a@&%é&@%gﬁgﬁ% FQ%W?WB%PC%Ead as
described in U$9ﬂxm%lr@11%P/-\Rl?h@F’fbféacmwda:petaplngcaeléPmRndespwemei|ptdn®:ma drikat

all ow the prod e nes to, be
exprggsed §The%§§gﬁgggggkﬂé Fygﬁgwg2£§5%E a ﬁ §gﬁﬁ%%ggwwgﬂhe§ﬁa'in t he
presence of a §@H§@F§f§F6fH@$WWp@kym2@pmgmasénhhmwmhmtmmh@neHeuawqhksed
produces fl uor egment fhRLEGHE 88scrifE in @UQQ!IV[ &o or@k éfb@é@r §Hpéy é@ég

col oni es and mhlch are not f| uorescent ar ec e pIe
Par anet er Scr e&H'e¥ & SBNA IPfoJ 8F SEhitides #e ﬁoﬁfﬁﬁj lﬁ@rth'%hye”amﬁf’@rw HUpisRi bition
of HelLa cells 2bnckheemsipducer strains (conprising a population of cells
each cont%Bnlng a set of het- erol ogous expression cassettes |ocated on
artificial chr ones) .in. d|a Cons ta| |no a . taln t at o|nds to DNA
doubl e strand %Qg%vﬂe. igle Jearag Ch-e5LS 5 s ¢
strains. ProduﬁﬂE_ALmawM&JKmﬂEmEﬂ&lﬂﬂéﬁEMQmﬂﬁgiﬂﬂﬁthQ;0Wﬂh 30 was
inhibited and which are coloured are sel ected. See figure 3B Exanple 6B:
Mul tiple Paraneter Screen for specific DNA Topoi sonerase Il poisons 111
The producer sthapifsugasshping sdongrieingepabéatioon' ofliseebh sodainhg ecnt af mitng a

set of heter obRERWSs EXNERRH (%@séﬁ%§$§'cta¥e%50nl 2558 Qo ntlfé ol ﬁ!el encap-

chronosones) are gel encapsul ated using conditions t ve~on average
one strain perSH%QHLE@Q{E%@%¥F5@ﬂg“ﬁCwsﬂﬁﬁggwnzfgmnﬁﬁébb ds desasbed Bced

under conditions £had, 26&1 10 b2Rs 2r@ RGBSt EdSnd CheBT0% aRd dhdiRicer
het er ol ogous genes to expresse The beads

strains to grow and eferologous genes 1o be expressed. The beads are double

encapsulated with a MRSA strain and in the presence of a substrate of DNA poly-

20 merase lll that when metabolised produces fiuorescent molecules. Gel droplets that

have smali or no MRSA colonies and which are not flucrescent are selected.

Example 8A: Multiple Parameter Screen for DNA Topoisomerase Il inhibition

and growth inhibition of Hela cells

25
The producer strains (comprising a population of ceils each containing a set of het-
erologous expression cassettes focated on artificial chromosomes) in a media con-
faining a stain that binds to DNA double strand breaks are plated. HelLa celis 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

poisons




are doubl e gel encapsul ated with yeast cells bearing the topisonerase |
mutant top2-1 (like JN394t2-1), expressing GFP and yeast cells Q@Ieg§Qyﬁqr
yeast topoisonerase | (like JN394t1), expressing DsRed. The beads are
sorted for green and red fluorescence on a FACS. Beads with do not produce
red or green 10 fluorescence produce produced topoi sonerase | specific

poi sons. Beads producing only green flugypescent have topoi sonerase |

speci fic poiso orter strains des ri bed are pbased on the sirains
doscr i bed | n_ NATRGUSTEH HEH S0 pPRP S DRy 681 O 15, cph Coug ™S fdFkoaD. 15
EXAVPLES OF OPTiefr GABLONPRESESSESs IS NGEaTddE oCURREENT chEdiidsbifleONARY gel
APPROACHES Exarénllﬁ'%h‘llg{ed hQ%r%QSH&MHEeTHEt hge\!ecw 'agclgagea%ngest}ﬁne%e]; ODe%HOJ:l

cells with potentia ceut 1 cal noni ¢ AUtTi ti onal
utility are noWepreed ubeS 4993181 T b@ﬂd@faresp@@f#d vrcdeswmitous datcllawdes vi a

short to medi Ufﬁ:’to’iﬁué@d‘;trﬂﬁ% hwvass, @eaﬁplh@te70|og%mgb@ﬁésqe b@fexg%g%em%eéwe
conpounds 25 UTILI Caroten0| s are natural pignents displaying yellow,

orange, pink, ¢ B S CaRyladish with reashioelts t?"t?ﬁ@g e lpiseaeErdn AgEhst
oxi dati ve damagmz Canet enedds-1ar exppakihg ehar mejétaétCaéIHSYdéQﬂe@Vﬁiﬁtye(aﬂtSEd to

treat bronchi al th ng. i din the vention of ncer) and of
comerci al val u@O%gﬂnpﬁégﬁF Qlégéfy[ EPECTPOR %%I%%‘Tﬁweag?ﬁ gﬁ %ﬂ"

di fferent col oandbgd Hostescalck . orSar EADS . dBaadsmavituald yotbyrogla ireny or ayekrpi cki ng
Anti - oxidant p ucer of
35 S|ngle??oxy3g%8§%g%?gg €{qﬁ&¥%§g§ﬁéégﬁﬁﬁ%?ggﬁfﬁ %EggﬁhF?g?ﬁQQ? %P | engt h
cDNA i s made f PBbharens Tigmspans hive tohesdriasase 15 spacigipdisdnd. Mhe krertexstrgiise.  STEP

2 CDNA i brari gssibéa %%sb‘@brﬁ‘%eastl%qelde%nbéd%M@%oﬁ?ﬂﬁ&%cu!eﬁ’r@@@y gBEVES,
pEVE8 and pEVEQ in asproportlon of 30:3
315-327. See figure 3B

15 EXAMPLES OF OPTIMISATION PROCESSES USING THE CURRENT
EVOLUTIONARY APPROACHES

Examples of how the current invention can he 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 dispiaying yellow, orange, pink, red and blue
colours. A major role is protection against oxidative damage. Carotenocids are both
pharmaceutically relevant (used to freat bronchial asthma and involved in the
prevention of cancer) and of commercial value.

30

SCREENING & SELECTION STRATEGY
¢ Production of a different colour by host cell. Screen done manuaily by plating
and picking
* Anti-oxidant protection. Screen done using methylene blue as a producer of

35 singlet oxygen species.



Figures 11, 12, 13, and 14. 10 15 20 25 30 35 STEP 3 Each cDNA library is
nornmal i sed essentially as nmethod 4 described in Bonaldo, MF et al. (1996)
Genome Res. 6: 791-806. STEP 4 Coding sequences from a non-norjml iged,yeast
(Saccharonyces cerevisiae) cDNA library are anplified by PCR and ar eused
as driver for subtractive hybridization against single stranded circul ar
DNA prepared fromthe normalized |ibraryqproduced in step 3, in order to
renmove househol d genes. Renmining single stranded circles are purified,
converted to double stranded DNA and used to transform E.coli. STEP 5 EVAC
(Evol vabl e Art iPRQEGEIUREhr onbsone) contai ning cell popul ations are nmade
using 10 different nornalised and enriched cDNA libraries in each.
Preparation of expression cassettes 1. inoculate 5 mi of LB-medi um (Sigm)
cont ai ni ng 100 YFE Tanpi cFisentipinifehlenpthr diNA is mseelfom der presigsnidithg So a 10+
fold representation of |prbvidddyin i Q@pwer night. 2. nmake plasmd mniprep
froml.5 mM of culture (E.g. Qaprep spin mniprep kit) 3. digest plasmd
w. Sr' 1 4. dephosphorylate fragnments and heat inactivate phosphatase( 20
mn, 80'C) 5. SdEgeést w. cODA$Clibréries am rhadluafg ngaot con dniry veboagacose, gel to
estimate amount of fra P rat | DYACA- ar 1. ..1hocul ate 150
m of LB nedium (Si gna)gn%‘}tﬁ’?’é{si ng?rﬁad %glvg%y'go? %ﬁ@%ﬁﬁ%ﬁ“ﬁgﬁ‘p AC4- Ascl
2. grow to QD600 - 1, hafrigws: TodRl B, andl14rake pl asmid preparation 3. digest
100g pYACH Ascl w. BanHl and Ascl 113

STEP 3 Each cDNA fibrary is normalised essentially as method 4 described in
Bonaldo, MF et al. (1996) Genome Res. &: 791-8086.

STEP 4 Coding sequences from a non-normalised yeast (Saccharomyces

15 cerevisiae) cDNA library are amplified by PCR and are used as driver
for subtractive hybridization against single stranded circular DNA

prepared from the normalized library produced in step 3, in order to

remove household genes. Remaining single stranded circles are

purified, converted to double stranded DNA and used to transform

20 E.coli.

STEP 5 EVAC (Evolvable Artificial Chremosome) containing cell popuiations
are made using 10 different normalised and enriched cDNA libraries
in each.

25 Preparation of expression cassettes

1. inoculate 5 mi of LB-medium {Sigma) containing 100 ug/L. ampicilin with library
fnoculum corresponding to a 10+ fold representation of fibrary. Grow overnight.
make plasmid miniprep from 1.5 mi of culture (E.g. Qiaprep spin miniprep kit}
digest plasmid w. Srf 1

30 dephospharytate fragments and heat inactivate phosphatase( 20 min, 80°C)

digest w. Asc1

S

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 & single colony of DH5¢ containing
35 pYAC4-Ascl
2. grow to ODeen ~ 1, harvest cells and make plasmid preparation
3. digest 100pg pYAC4-Asci w. BamH1 and Asc?



4. dephosphoryl ate fragnments and heat inactivate phosphatase( 20 m n, 80C
5. purify fragnents(e.g. Qaquick Gel Extraction Kit) 6. run 1 °oaga7ro,w)
gel to estimate anmount of fragnent Preparation of EVACs 5 1. m"x¥ UL Zle
expression cassette fragnents with YAC-arnms so that cassette/armration is
-1000/1 2. if needed concentrate m xture (use e.g. Mcrocon YMBO) so
fragnent concentra- tion > 75 ng/L of re@(p?tion 3. add I U T4 DNA |igase,
incubate 16C, 1-3 h . Sto reatl n 1 TA 4. run
pul sed field gel (CHEF 11%’ep K efraﬁxe”% oL he%‘”a%tivaten[’&?ﬁ%ha%é%%ﬁ’nyfjg 120,
tenperature 12 C, vol tage ‘B“'%(ﬁgffﬁ‘i‘s%w{a‘éiﬁk'tg? FEafeifing 5 - 25 s, run tine
30 h) Load sanple in 28 ates% sGrosSieaf petipay amopf otfhenegiel t hat cont ai ns

nol ecul ar wei ght mar ker $repdriichof Egats sanpl e | anes corresponding to MV 100 -

500 kb 20 25 30 7. agar asem@elprebsdn bdsghe M@nts&ﬂﬁ?@ﬁﬁﬂ@dftﬁaﬂassetteﬂarr#{aﬁng%r ase /
100 ng gel 8. concentrate_ggparation to < 20 L 9. transformsuitable

ooul ated vi th one yeadt DELGH SR GBI T CiBsa o et g g
culture is harvested by ce??ﬂh*’fﬂ%‘ﬁf@eaa‘t"” 4000 x g and 4C. The cells are re-
suspended in 16 m sterid eak20.T4A0d I@sarincubBe X6CTE3 bu$tiﬁpe*eacnqmrbly #ddbg andofswi r |
tomx. #dd 2 m 10 x lithoumeacetate solution (1 M pH 7.5) and swirl to
m x. Shake gently 45 msn at &Q&eid’%@ﬂj@ﬁfﬁ@m%& QAPSangQT,EsM%tE ?BES\QMe” 5'9
Shake gently 15 min at 30G

sterile water. The cells ar
4000 x g, resuspending the Oﬁ%ﬂai”@‘i'”?ﬁ”qgo n1 |ce col d sterile water,
centrifuging at 4000 x @, vYesegpdmrde g ehdnspeleiust wdont Brkads | ce-col d sterile
wat er, cewtrifuging at 4000t sxmge lardcrresuspendingotbewpel let in 0.1 n
ice-cold sterile | Msor b&gtaredegeamgnﬁé@%arréapmﬁat i ORpaMES 1610RReUST NY A

Bi o-Rad Gene Pul ser. Inga steril crocentrifuge tube 40 pi
concentrated yeast cells wer e traﬁ Eree?fhéj ﬂﬂ%orﬂl 1: 10  diluted EVAC

preparation. The yeast - DNARK™ FEa5er a8 ¥ 8’893{%"%‘”9 LEIPTPE™0. 2-cm

100 ml of YPD is inoculated with cne yeast colony and grown to ODgee = 1.3 to 1.5.

with

empera%re 1¥§ voit[aae y&/‘?m swﬂ%% tim Efpiﬂgﬂlgj Cldd t’fﬂug Wg at

20 The culture is harvested by centrifuging at 4000 x g and 4°C. The cells are re-
suspended in 16 ml sterile HpO. Add 2 ml 10 x TE buffer, pH 7.5 and swirl to mix.
Add 2 mi 10 x iithiumn acetate solution (1 M, pH 7.5) and swirt 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 ml with sterile water. The cells are washed and
25 concentrated by centrifuging at 4000 x g, resuspending the pellet in 50 m! ice-cold
sterile water, centrifuging at 4000 x g, resuspending the peliet in 5 ml ice-cold sterile
water, centrifuging at 4000 x g and resuspending the pailet in 0.1 ml ice-cold sterile 1
M sorbitol. The electroporation was done using a Bio-Rad Gene Pulser. In a sterile
1.5-mi microcentrifuge tube 40 ul concentrated yeast cells were mixed with 5 pi 1:10
30 diluted EVAC preparation. The yeast-DNA mix is transferred to an ice-cold 0.2-¢m-
gap disposabte 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 B The EVAC containing cell libraries produced in step 5) are pooled

into one screening population.

STERP 7 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).



gap di sposabl e el ectroporation cuvette and pul sed at 1.5 kV, 25 pF, 200 Q
1 mM ice- cold 1 Msorbitol is added to the cuvette to recover %Ue ye 3@@
Aliquots are spread on selective plates containing 1 Msorbito #

at 30C until colonies appear. 35 STEP 6 The EVAC containing cell libraries
produced in step 5) are pooled into one screening population. 40 STEP 7
The screening popul ation is divided into;{po equal portions. One of the
portions is screened for anti-oxidant propertles (step 8) and the other
for differential colour production (step 9). 114 STEP 8 Anti - oxi dant
screen: a. TheSgﬁPéEninQMb@WWha$jamnis anplified ten tines and divided in
10 portions. 5 b. The Lat i r. nder
selective conditions for tﬁ§&%V®I¢#@%gﬁ{chro m%%ﬁ%% %%yagdf@%%% gfﬁb 6 -
1.0. c. The heterol ogousPaj@iés are i nduced/ de-repressed by re-suspending
the cells 4n a medi umyl ap 3% web AR e %ﬂmmﬂ hq@@%u%@%%@ﬂ sefalfl. et he

cells are incubated under ind UC|ng conditions for 24 hours 10 prior to
screening. d. Each sub popaifensfenhe ety saegopemas g Qeudl P&rgelof 5
concentrations of Met hyl Hrehdrrtiegousrgraed @teedzqac@cf/ﬁ@fepeésp@ﬁbl{ - é&p%rM&tghW ene
blue, the cells are irragiat d with a W ha| oge 2 hours. 15
e. Aliquots of each popaﬁ%P? H“FbmﬁwﬁPﬁﬂ%Vﬁ‘Hgk P%ﬁPdgﬁP&Pgdﬁécaﬁﬁhzo
remai i ng popul ation stonaﬂthécdSumvnM&bamauﬂSmah@mﬂ@t@mﬂmﬂﬁﬂ&ﬁhﬁ&muéﬁ

hour s. Thﬁ)SUFVIVIng celrmrgo ul ation exposed to the highest concentration

of Met hyl ene bl ue, wher@ el reeg'tn%tlstlcally representing 10% of the
parent cell lines sudvilel, sits melletineds SP&RIItDIf feat erit batangel ours

broducti on screen: a. The,scraaning REPVEAL I 15BN, RePLaLes upder

selective conditions for e arti ronosones t f 0.6 -
1.0. Methy!ene blue, the cells are irradiated with a 200 W halogen lamp
for 2 hours.
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 statisticaily representing 10% of the parent cell lines

20 survived, is selected.

STEP 9 Differentiai colour production screen:
a. The screening population is grown on plates under seiective
conditions for the artificial chromesemes to an Qg 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,S0O, for
24 hours prior to screening.
¢. Coloured cells are selected.
d. The cells representing (by statistics) the 10% strongest colour

30 expressing celt 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



25 b. The heterol ogous genes are induced/ de-repressed by re-suspending the
cells in a nmedium | acking nethionine and with 200 pM Cu2SO4f or .24 hourg:
prior to screening. c. Coloured cells are selected. d. The cells’ = *-*
representing (by statistics) the 10% strongest colour 30 expressing cel
lines are selected. Rem xing of genetic diversity selected in steps 8 and 9
is done by excising the expression casselt es, m xi ng them and religating
into new EVACs. This process is described in steps 10 to 13: 35 115 STEP
10 Each of theSp6BUPat i orrsh<¥ |t pe/alianspesgrdedsinatiepse ped AnpMPIEE 2d equal
amounts of each anplifi eshupopwduats PBa@ £nioel gsbulaBorlfre bool2. 25 STEP 11
Total DNA is isolated foll owi ng standard procedures. STEP 12 The total DNA
is digested with Ascl and DNA fragnments of the appropriate size (2-10kB)
are isol ated. STEP 113 NévalBWXOs isoeddepitiwig dtdrelapuprodedets DNA f ragnent s and
10% of cagsettes (ww) that have not been used to assemble EVACs in any
previous synthesis are synthesised essentially as described in step 5. STEP
14 Steps 7 to B3ERr@ replut ttpl PN¥A rie sliogriRay4Tt ARG rajdf BNGRFRHE Bedte 10%
of cell lines from each §ef@ebte sBEER13Mm) Eheshigwgcel | popul ation resul ting
fromthe conpletion of the fifth cycle is not divided and is grown in

| iquid culture under selective conditions for the artificial chronpbsones
to an OD600 of S9EE 13 1. ONewW IBY/ATet@tohiog ohis pgeiRe SDEA erdgndutedideotept essed
by re-suspending the «cells . in a nedium!lacking methioni with 200 M
Cu2Son STED 16 The conbiCﬁéﬁet%éé‘ﬁ’lwgt%}aéﬁa‘fesm S aurEaR ey are BuRgh aa??é
anti-oxidant activity spretidusayeibess yre sThibedsosmtntiatyi asmesfriokBtrhsierehe bl ue
used is

STEP 14 Steps 7 to 13 are repeated 5 times always taking forward the best
10% of cell lines from each screen.
15
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 ODgy 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 1M CuSOy,

STEP 16 The combined population is now screened for colour and anti-oxidant
activity simuitaneously. The concentration of Methylene biue 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.



t he hi ghest concentration where, after 2 hours of exposure to the

net hyl ene blue, the nunber of surviving coloured cells represents 1.,5% L
the cell lines in the original population. Cells that survive tohi /UL 205
concentration of MB and are col oured are selected. STEP 17 The sel ected
popul ation is anplified and new EVACs are produced 30 as described in

steps 11 to 13. STEP 18 Steps 15 to 17 & repeat ed 30 tines always taking
forward cells g;{J)resentl ng. the best 5% of cell lines. 116 STEP 19 Cell
lines that can EE Vive delloirehiighesn BBHKeAtOXtTHIE" 6P oRBTH D sh deiniREet han

t he original popul ati on mrdhhawe oﬂ@earpbyuamaﬁldaljea\mmtmty v}s&id oWt ye@iowed
col ours are taken out of th??gevo ut i %](egr ?0§§he O%t%enes eﬁponm ble for

these activities are subgl’ 8‘05rﬁdarchara er) $&0° 5 *%e ueﬁ%r?er?g 10

STEP 20 Cells with the ckamwagblerfersthpesadedes pizeslbciongt epd M@aracviehaehatw have
significanfly different gen e re anal ysed using standard natural
product chem stry in order ?%)q}é?dcznfl fy the conpound(s) responsible for the
phenot ype. PRI ORI TI SED SPECI ES AND TAXONOM C GROUPS Sour ced species are

divided into: gPpeebes tdt WHhOMHCRafRlcAtiREQlddsibep! idtey 1@lBaanasese fungli
and 15 photosynthetic bacteria f§ peci es that nodify carotenm%s@g pr oduce

ot her carotenoids: some SHRITHRNY d eé%@@??qt@eééiﬁ%gneé)ﬁéeluéggtsﬁ’gfja

carotenoi ds: 20 Pl ants: pheducnir@msstrdel draeras aeqifly Wie) compoadai( Qo&mo&smlbacbrl ana;
Brassi ca | @pa, Taget es Lrecta, (1 Marigold flowers), O ea europaea (olive),
Lactuca sativa var. romaine (er mai ne | ettuce), Quercus robur (oak), Pinus
pi naster (maritine pine), Capsicum annuum (Pepper), Bixa orellana, Sarcina

LUt oa, o o1 2 L pRRgkGIeer GRGESANTPROM a1 Babamx Tegia, zea mys (mai ze),

Eschschol zia calitfornica, Carica papaya (papaya), 25 Daucus carota
(carrot), Lycop@¢s¢tesciesei @aeiiet omat o), Crocus sativus (saffron),

Ver bascum phl onoi,desyecRay st Brodlideek@RGtnoideeNbhAB2 AR, » sdhe Ouh@naarisabacum
15 photosynthetic bacteria
» Species that modify carotenaids to produce other carctenoids: some animals

+ Specific genes

Species that produce carotenoids:

20 Plants: Actinidia deliciosa (Kiwi); Arabidopsis thaliana; Brassica rapa, Tagetes
srecta (Marigoid flowers), Olea europaea (olive), Lactuca safiva var. romaine
{romaine lettuce), Quercus robur (oak), Pinus pinaster {maritime pine), Capsicum
annuum (Pepper), Bixa orelfana, Sarcina lutea, Viola tricolor, Lonicera faponica,
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 fabacum,
Pittosporum fobira
Algae; Rhizophora mangle (red mangrove), Haematococcus pluvialis (Green Algae),
Enteromorpha linza {Patagonian macroaiga), Ulva laciuca {Sea lettuce), Caulerpa

30 mexicana, Gigartina sp, Polysiphonia sp, Porphyra sp, Macrocystis pyrifera (Giant
kelp), Sargassun sp., Nanochiorum eucaryotum, Dunaliella bardawil, Scenedesmus
obliquus, Oscillatoria rubescens, Phormidium luridum, Arthrospira spp., Astasia
ocellata, Fucus vesiculosus, Bathycoccus prasinos, Micromonas pusilla,

Botryococcus braunii,



Pittosporum tobira Al gae: Rhizophora nangle (red mangrove), Haenatococcus
pluvialis (Geen Al gae), Enteronorpha |inza (Patagonian nacroalgg) Ji:U ¥as
| actuca (Sea | ettuce), Caulerpa 30 nexicana, Ggartina sp, Pol yS| phonl a
sp, Porphyra sp, Macrocystis pyrifera (G ant kel p), Sargassun sp.,

Nanochl orum eucaryotum Dunaliella bardawi |, Scenedesnmus obli quus,

Gscil latoria rubescens, Phorm dium |l uri d Art hrospira spp., Astasia

ocel l ata, Fucus vesi cul osus, Bathycoccus prasi nos, M cronmpnas pusi l I a

Bot ryococcus bedifHi *a””?%mﬂ’fmycqﬁuq?@fj” o @@é(ﬁt’ﬁ%‘?ﬁ?f”f aoasC @%ﬁ?ﬁ?@fs

Neur ospora crassgonfyadd hatielsledsnie] baddcing, grE?lﬂMiBOﬁEpte&cbdnakﬁsl,eeaﬂ‘ugsla

Pucci nia gram ni g?ﬂ%ﬁ?l coccum spp., Lycogola epidendron Bacteri a:
Rosei f | exus ca§t’ Strept ococcus faeci um Rhodopseudononas

aci dophi l a, FEr ﬁ;ﬁﬂ@@h@@d@lﬂemsa caAgrholzac Beeptorncaus favciuaic UiooblaicorodTEDI r a
abdel mal egﬁol ro{; ?@}QQOS@M@E halaghLor i Pob%@rﬁﬁ?ngurp%c G20 pbdMh R 0R UM

t epi dum XUS aur anti acus. The fl exi bacter spp.
Rhodobact er capb¥fias/eld HEPPRpSEED Cpshas: e@ab@éﬁng@&cﬂé’or defilgabiFA@ns,

Mei ot hernus r U‘Ra%l’dumd"bﬂéiﬂff ERXUSsuiMiankl acusmdd Spesdpefust hﬁéxniﬁ@ﬁr f S’pp
carotenoi ds: Bir

g Carduelis tr|§t|s Cardinalis ard| nal i s abjéfa

Fi shes: Car assiI9IoRaFSE uBPEYBIEf i mhyom@yﬁp@lgp% é’f”ﬁﬁ‘?‘:&éﬁ [© 'f?”f}ass)
Par achei r odon ameiticoliis (oar dhpalfieiBtauadniiaddgphi prion ocellaris (conmon

cl own), ?'lq's Zebrasoma fl avescens (Yellow tang), Synchiropus spl endi dus
(mandari nfish), Lactoria cornuta (long-horned cowfish) Invertebrates:
Cucumari a | apofpedeytbaetanalifg oarbendids:| ant hel | a baste (sponge), d i banarius

erythropus (he r@}% p aneri canus (Lobster),
Par al i t hodes br%'g&v%joc% {fmg% BQ}G?’ s‘?}rﬁadlngrgﬁ%exus (seashel | {( 20

Hal i chondri a okisHes: (@p@ﬁfgé) aurglype (9@ g F(f@b%)ng%’)m’d%nfbé?@ bagidtral i s
(sea cucunber bq ReoUAeR ekl l{%arﬂiﬁ@!r ﬁ@ SAmbﬁ.' @om@aﬂam (c&PRbyr @vga spp.

brittle st il th
missel ). & asbBRPENA REES(bPEN o1 e §ﬁ1§335%‘§§%3g$w§) IFroma

el egans (star {h&ba cobtlid Pfdry-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), Ophiurcidda spp. (brittie 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 :

gaps, psy, pds, zds, lcy-b, ley-e, bhy, zep (Gentiana sp.), idi, crtC, crtF
30 (Rhodobacter capsulatus), crtk, criB, crtl, crtY, criZ (Erwinia uredovora), zds

(Nostoc anabaena), pds (Synechococcus PCC7942), criE, crtB, orll, crtY, criZ

(Erwinia  herbicola), crtM, cortN  (Staphylococcus — aureus), cortl,  crtYp

(Xanthophyllomyces dendrorhous), ccs, ctl (Capsicum annuum), cril, bchy

(Nicotiana tabacum), lcy-b, icy-e (Prochlorococcus sp.), idi (Saccharomyces



equi ne (strawberry beadl et anenone), Anenonia viridis (anenone),

Hi ppol ysmata 25 gragham, (shrinp), Lysmata debelius (shrinp), hﬁlocynt
papi | | ose (sea squirt), Crossaster papposus (starfish) Specific Gaféteﬁ%id
genes : ggps, psy, pds, zds, lcy-b, lcy-e, bhy, zep (Gentiana sp.), idi,
crtC, crtF 30 (Rhodobacter capsulatus), crtE, crtB, crtl, crtY, crtZz
(Erwinia uredovora), zds (Nostoc anabaepg), pds (Synechococcus PCC7942),

crtE, crtB, crtl, crtY, erbicola), crtM c¢rtN .

( St aphyl ococcusrativagis fri- éﬁ%? %ﬁt?BEbKQQWFWBB %moﬂVCé§yﬁe&ﬂg%?ﬁﬁﬁ§), ccs,
crtL (Capsi cuneanruim), mtn%mnmb@bwmmémlcotlana tabacun), lcy-b, lcy-e
(Prochl orococcus sp.), idi (Saccharomyces 118 cerevisiae), crtl, crtYe,
crtYf, crtEb (Cbrynebacterluntsp ) psy 1 (Lycoper5|con escul entum, al
(hburospora cr Bxanb { , 61 Hpandatty acid |ike
conpounds gUTI LI TY Unsaturated fatty aC|ds are inportant conponents for

nor mal ceIIuIar function, are involved in cell nenbrane fluidity and serve
as precursors PEL@icosanoids, i ncluding prostaglandins and | eukotrines. In
mamal s, thes eUﬁé&@ﬁ@ﬂ@étﬁiﬁaoﬁd’s&aré mdreatcdripobbnth Rdr| rRFAAT@NYar @sQNSEaS,

regulatlon of Dl su dre ductive funct

SELECTI ON STRA*FE% Berl Mg nac 31%?‘13?3{‘9? TREH R {?neé?05§n%%sr <'a*‘é’n%)d'”g

Tol erance to cplstagigndvd hnd@saayl)indS |PROCEDUREhesd keosaweispreciedived ias t hat
descri be n f I hanges are
made to t 0|e fclﬁﬁ ﬁowkﬁtc}?y ,Je§ D(Ga)](rg(gedlPer Gﬁﬂm %%%Bérésg%“ er@?%‘?r[égﬁji“ﬁ%w“gg‘t?ﬁ‘ lation is
divided into 2 equal portions. Cne of the portions is screened for

tolerance to ¢ for cell nenbrane fluidit ste
9) 25 30 35 ObHEERIRP s BELRBHIONISTRATES Y y (step

« Cell membrane fluidity (Flow cytometry screen)
» Tolerance 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 chremosomes to an ODgg of 0.6 — 1.0.
¢. The heterologous genes are induced/de-repressed by re-suspending
30 the cells in a medium lacking methionine and with 200 uM Cu,50,
and the cells are grown under inducting conditions for 24 hours prior
o 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



Step 8 Tolerance to cold: a. The screening population is anplified ten
times and divided in 10 portions. b. The sub populations are grown.in
liquid culture under selective con- ditions for the artificial chf:onds ofds
to an OD600 of 0.6 - 1.0. c. The heterol ogous genes are

i nduced/ de-repressed by re-suspending the cells in a nmediuml acking
nmet hi onine and with 200 kM Cu2SO4 and t cells are grown under inducting
conditions for 24 hours prior to screening, d. Each sub population.is
plated and grown at temS&EPMEILARRErGHRR! AYNPFFIGIH A" PoPreBRe MBS WPt Bt ance i s
determ ned when the fir SineGacanéls staBPREBTe@BsaRtigH VER ophabeyifatceldlirgsven

tenperature). The cell popul ation JUL 119 rom.ng at the | owest
tenperature after a pr e@é&éw '?1%8 SB@Pidgﬁpegfp%” ?‘Fé'%ve\}h'esrsgegteeij'l s statistically
representing 10% of the original cell lines growwthin the sanme defined

period of tine te%@ sel e¢t8thonrart@Ridh %%4 .menbrane fluidity screen: a. The
screeni ng poqua ionis grown 1n liqu culture under selective conditions

for the artificial chrRomfd$cWEsNNG PRAUIEINEOE d5FWDINGliduid] cuffurepundpp gelective

het er ol ogous genes are iBAuGHAsIend 8RiRSsRImBYrfi@tsHsReRdiongs the cells in
a medi um | acki ng nmethionine and with 200 pM Cu2SO4 10 The cells are grown
under inducting condi i dig NElFOISHPUR §EPSS %Ef"ﬁ*“ﬁe EHERresTeh erersiaﬁﬁ’eé]gvgbei ng
anal Iysegj by H ow cyt onmetikey/ cabliek neétmd rny!azkiln@m[rﬁoﬁm@.adgqg/itremhf Nlo}‘CUF$@ sub. ]
popul ati ons ow cytonmetry is used to isolate .the 1 of _ce ines wt
Phe most T ui d cel | montiGels B ST CRSBIeci Sty gt ol Ty
This is done essenti al | yeras ofl@scitirdrgbeing anBenateby fitvercyinett afibr, e@yy Gnetry,
2000, 39(2), 151-7 Stepr%omEach of the popul ations selected in steps 8) and
9) is anplified. For eaCh "of the sel ected popul ati ons, steps 11-13 are
repeated 20 separ at eby.FoRBach of the sub populations flow cytometry is used to isolate the

10 % of cell lines with the most fluid cell membranes but which are
15 still growing normally. This is done essentially as described in
Benderitter M. et al, Cyfometry, 2000, 39(2), 151-7

Step 10 Each of the populations selected in steps 8) and 9) is amplified. For
gach 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 originai 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 characierised by
subclening and DNA sequencing.
35



30 Step 16 The conbi ned popul ation is now screened for ethanol resistance
and increased nmenbrane fluidity. The concentration of ethanol U§§d§m§‘%$@e
hi ghest concentration where, after overnight exposure to ethanol®™ the “*
nunber of surviving cells whose nenbrane fluidity exceeds the average
fluidity by nore than 2 x the standard deviation at 30 C represents 5% of
the cell lines in the original populatio Step 19 Cells that can survive a
1.5 x higher concentration of Ethanol th the ariginal population and

have a cel |l mefMHAREIFHUPBEEHESHHEL TAXCHENC CRRYPaverage fluidity of the

origi nal popul ationpRyisMRartkhaneady the standard deviation at 30 C are
taken out of the evolution process. The genes responsible for these

activities are cHarAefefsi(@gdtisyar adinssP 47458 and DNA sequencing. 35 120
PRI ORI TI SED SPECI.ESFAND TAXONOM C GROUPS Plants (in particul ar seeds)

Animals (in particular adipose tissues%{, Fish 5 Random group of
t axonomi cal |y di Vier 88kAPYR P iRxo8 pBcRbINERA (¥R YRIGPESBRci fi c structural

cl asses via | onger pathways Exanple 9: Evolution of Retinoid |ike conmpounds

10 UTILITY: Retipaids.are.derivatives of vitani are nodul ators of
cellular proli E@?@ﬁ?%ﬁf R \’/\?e?tfucgtéra}é? ?%Scetsgyasloggz%@ﬁ‘ﬁ%geni ¢ changes.
Activity of retinoids as antineoplastic agents has been denonstrated in

several in viV%X%§B$Qy@gg&ﬁ%ngggﬁﬁggggegaq6$§“g5 (rmainly for skin
respiratory tr , ' ; ) stive tract) Cellular
responsesi®o retinoids are generally nediated by two fanilies of nuclear
receptors (RARs;ad RXRs) that belong to the steroid-thyroid hornone (or

nucl ear) receptor superfam |y and behave as |igand-actjvated transcription
factors that biR§HNUES P HBFGtvese!viRmieifsakqs My drlaSporice! Uretidiit s ' ¥r 2% ar get
genes. 20 well as effectors of morphogenic changes. Activity of retinoids as antineoplastic
agents has been demonstrated in several in vivo experimental carcinogen models
15 (mainly for skin, respiratory tract, urinary bladder, breast, digestive tract) Cellular
responses to retincids are generaily 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, RAR« being the most ubiquitously distributed. RARR 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 carctenoid like compounds screens for colour production and anti-
oxidant protection are used (see example 7).
+ To obtain retinoid like compounds an activation assay of retinoic acid
30 receptor, RARR is used. This assay employs a reporter system. Reporter

construct is initially placed intra-cellularly and later on extra-celiularly.

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.



Different retinoic acid receptor isotypes display a characteristic pattern
of tissue distribution, RARa being the nost ubiquitously distributeg: RAR
plays an inportant role in |ung devel opnent and has been proposéd {6 “have
a tunour suppressor function in lung. 25 SCREENI NG & SELECTI ON STRATEGY
To obtain carotenoid |ike conpounds screens for col our production and anti -
oxi dant protection are used (see exanple1§). To obtain retincid like
conpounds an activation assay of retinoi ¢ acid 30 receptor, RARf1 is used.
This assay enploys a reporter system Reporter construct is initially

pl aceg intra-Cﬁieblﬂdarl ymb d Icam@rnm@ni:@memamhé ;drardnzde RB‘B@EWRE‘ferJMﬁ sane
procedure as that described in Exanple 7.i rforme excep at_the 35
fol | owi ng changes are néﬁgn@@eqH%%fSPW%ﬁPnémﬁgn%ﬁ¥§a @t&ﬁ%? %¥%e§tgﬁ 5 EVAC
contai ning cell popul at itensfoamse! intde: s poguldtdn didifeirientammef mal | sed and
enriched GDNA |ibrari @84, EaRRnoidYGHg &l SooubfRRSfiOETEL 1d° RI hNRiskeh]

popul ation evol ved in exampig, /... 3.Lo, Fombhe cacotencld. Rroduelng cel |
popul ation to md | og, ﬁ.x 6" t0 Xt ‘cerlsfﬁf in qqu|d nmedi um at
30C and with aeration? SifideriesElsect yelomtiri‘one sF5the EVACs. 2. Spin
to pellet cells at 400 Besygrehorelsinm miat &fs? mdTs edr’d: Seipér rdt aple ang dsRdsuspend
cells in a total of 9 msupkbatappH 7. 5. Spin to pellet cells and discard

supernataqf. 10 4. Gem.tée}fftiyrr&%ﬁléggé’ﬂgin €6l d.‘rSVIIi_itﬂéu:alcmumacelatd\éolhtiotn,hbi—!Um Cesi um

Acetate solution, pH 7.5 0 eedipgURat e at 30C for 1 hour with
gentle shaking. 6. S glc@ﬁé%S%Qﬁth or. R o, pellet cells and

pin. for 5 mnutes t
di scard supernat ant. 9Fm@§HW?§géﬁgﬂ¥§%ﬁ8wﬁﬁgﬁaWW$$Ef P95, Cells are now
ready for transformat {-diFnty rguseeng ingd mi 15 P 5 Cells @ eaHBIdh e "arsfOriHl yeast cel | s

8. In a 1.5 ml tube combine:
15 s 100 pl yeast cells
o 5 uicarrier DNA (10 mg/mi)
+ 5yl Histamine Solution
s 5/100 of an EVAC preparation in a 10 yl volume {max). (One EVAC preparation
is made of 100 ng of eniry 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 ml 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 yl 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 (RARR) and cultured under selection for the haploid cells, the

reporter system and the EVACs. The reporter gene used is [-



5 pl carrier DNA (10 ng/m) 5 pl Histamine Solution 5/100 of an, EVAC,...
preparation in a 10 pl volunme (nex). (One EVAC preparation is ndde @ﬁ»%
g of entry vector library plasmd mxture) 9. Gently m x and incubate at
roomtenperature for 30 mnutes. 10. In a separate tube, conbine 0.8 mMl 50%
(wv) PEG 4000 and 0.1 ml TE and 0.1 ml of 1 MLiAc for each transformation
reaction. Add | m of this PEG TE Li Ac n1 to each transformation reaction.
Mx cells into solution with gentl e pipe Inc%Pate t 30C,for 1
hour. 12. Heat shock at %@@%gﬁselghfgnrﬁ‘gf@ésw b CW% e3P et cel | s
in a mcrocentrifuge at sdiigh is peethofeonl. Somenodes AansiRee g 5b4-72uper nat ant .
Resuspend in 200 pi of |a and t e i medi a
15. I ncubate at 30C for @er}fg‘a%o e Cunt |?arg?nrdgﬁ% {T§§ %:‘%I bg/n%egggg%gégr Step
7The screeni ng popul ati dme cdlsriot rdedmrnlwkxsge’rmtmcﬂeme aol ¢itA2Yd LReCepar
Activatio a. The scree f t The
EVAC cont% ning cell pogﬂ@?g:te?on g%wn %dgﬂn@ﬂﬁ!@h Cbgﬁoc}rntgzorr @Fﬁllrsn%ﬁc\gtﬁt ai ni ng
a reporter construct in aad Bymosvbse ©¢tlvahdr8$3§e3@§tlﬂ &r-welirreisrstien pletegs mi d
containing the cDNA for f Hr@g I r C redROR d
cul tured under selection P Gl dgﬁlg%”ﬁg%{ahgn éﬁ ol ﬁg%gr%r((er s?sktaagﬂrm and
the EVACs. The reporter P@éﬁf@cﬁjs@@ W §3€”§2 G 5 10 15 122 gal act osi dase. The
reporter strain is coestééagm%%%em%@s ygagctgseaasa%megrégye%@derno et al.
1996, Nucl eic Acids Res. 24(4) he het erol ogous genes are
i nduced/ dé! repressed by re-suspending the ceI s in a medi um | acki ng
met hi oni ne andswiptch 200 Mefid 894tep 9The cel | s are grown under induction
conditions for g hours. G owmh and 3-gal actosidase activity are assayed
in 96 well mcrotiter plates

Remixing of genetic diversity selected in step 8 is done by physical re-isolation and

re-transformation of EVACs.
15
Step 10 The population selected in step 8 is grown in 5 ml of YPD to an ODggp
> 1.0

Step 11 Two 100 p! 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 cui and loaded inte 3 slots of a pulsed field ge!
b. Run PFGE
25 i. For EVACs < 1000 kb : Chef Ill, 1% Agarose, 1/2 strength TBE, 6Viom,
14°C, 120° angle, 50 — B0 sec. Switch time, 22 h runtime.
i, For EVACs > 1000 kb. Chef I}, 1% Agarose, 1/2 strength TBE, 6V/cm,
14°C, 120° angle, 60-120 sec. Switch ime, 24 h runtime
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. Concenirate agarased preparation to 100 ulL by ultrafiltration.{e.g. Microcon
YM-30, Millipore)
35 f.  add 400 TE to retentate and repeat concentration step. Repeat and concentrate
to 25 b



essentially as described in Coldhamat al., 1997, Environ. Healths . B 9npe
Perspect., 105(7), 734-42. d. Cells with the 10% hi ghest (3-gal act bsi dase""
activity are selected. Step 9 There is no step 9. Rem xi ng of genetic
diversity selected in step 8 is done by physical re-isolation and
re-transformati on of EVACs. Step 10 The popul ation selected in step 8 is
growmm in 5 mM of YPDto an OD600 > 1.0 ep 11 Two 100 | plugs of total
DNA are produced as described in BioRad's™ 20 "CHEF genom ¢ DNA plug kits"
manual , Procur 8€R.13 St ep- W SERARSH R (] Y528 A5 $sol ated: a. Plugs are
cut and |loaded into 3 slots of a pulsed field gel b. Run PFGE 25 i. For

EVACs < 1000 kh, : ef 111, .,1% Agarqgse, 1/2 strength TBE, 6V/ ¢ C 120
angle, 50 - QOBEE&;.%hSWi téé%d ?i"?‘ﬂ?,s ﬁgaqﬁ r?%eﬁfieidn%u.t ”I].g oFFOpI%% %05'5>C°%559e§b. Chef
111, 1% Agarose, 1/2 st rtegejtcn WitBE, ref¥tar rsfrain 1@r skRBtorafegbeth 60ing20husec.
Switch ti , 24 h runti , ai,n.one. n i.dent] 08t} EVACs
30 d. cut r"E)gorrespondi ngnt%gﬁ?u%% 'lttr%é ?%étgoﬁﬁgﬁainﬁ\gdk%\geynetg g%\d}eglg%@sg? t he
agarose by agarase tredtyAwntiid olordsnitngost hadel depbreoeddheorasluger sPainsed

Field Gel Electro- phoregizfg, fmRfAGbd Gih B050ACHsCRtkd ) BandrnacahisOxf ord
University Press 1995. e. Concentrate agarased preparation tOoQ]j‘Oig@g@L by

ultrafiltration. (e.g. MREeesewis aiows 30s sMUtplgegs spress fer agiyefion 0

retentate and repeat co%ﬁggﬂ,{ggegﬂeﬁ,@}pandﬁﬁfg@%etmsrﬁ_oncentrate to 25 ftL
In IM5 10 15 123 Step 13 EVACs are transfornmed into yeast as before.

Step 16 Stp 8 is essentially repeated but the cell population is
co-cul tured Step 19 Commencing with the tenth cycle, in step 16, cells that show a similar

activation of RARB as 0.1 pM of retinoic acid are taken out of the
evolution process. The genes responsible for these activities are

characterised by subcloning and DNA sequencing

15

PRIORITISED SPECIES AND TAXONOMIC GROUPS:

+ 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. Taxcl promotes assembly of microtubules and prevents
depolymerization. This induces bundles of stable microtubules and blocks celi cycle

mitosis.

30 SCREENING & SELECTION STRATEGY
» Stabilisation of microtubule assembly. The microtubule assembly is scored
by FACS using ge! encapsulation and measuring light scatter,
e Growth inhibition of murine fibroblast cells. The growth inhibition assay is

done using gel microdropiets and flow cytometry.
35



together with a reporter strain under selection for both strains. Thus
conpounds that activate RAR3 now have to be reasonably hydrophj? .
order to cross the cell nenbranes. The producer strain is also f’”rg‘ﬂ ‘6qﬂﬁed
Wi th P450s as described in exanple 1. This procedure allows the

si mul t aneous screen for activation of RAR(3, conpound perneability and
P450 netabolism Step 19 Commencing with4she tenth cycle, in step 16, cells
t hat show a m% % ?_‘%lvatlon of RAR3 as 0.1 pMof retinoic acid are
taken out of t hBP“EPHRG i on process. The genes responsi ble for these
activities ar eTaMabmymés&e@ﬂbfyaysmb@ﬁ@hﬁ tognane tf@lﬂ#eaemjemm@namhe(ﬂal TI SED

SPECI ES AND T éﬁlg{f t S
retinoids: M P2 SIE clia %\?fﬂ” ggr%lnﬁ géqéirt]{%a i s%ig%'frﬂﬁtg&%ﬁ% e | ver)
i nsects and ot f@ema’fmmmfrwxsl n\@@/eEﬂmlci@atL@T OfE@rﬂﬂwa@ﬁyi@fphWéie F\ﬁfkfeﬁ f@‘@rrpounds

UTILITY.  gTaxOlyoles efirtik Yst&sf %ﬁtfhﬁé%n@dutb%%n@oeraa%auauu%qy%@ﬁeﬁ Rist he
treatnent of various  carcinonmas, nelanomas and sarconas. The uni que node

of action of t ¥madigy s agise {{e rengwapbledaiwal SPURZA #Y CﬁBti%H?ctS? PER &8 4Taxol

one of the nos re@ur%brctaqbélﬂ§ céiﬂbd);ﬁﬁdl;@ﬁrn or@gieftbt@olvﬁ aC;btﬂdu%Iﬂbn uh eslls Eaxob
pronot es asse of m rotubu e mer | zat| on. This

i nduces bundl egr kBl 58%%?%%‘5%3%&%%3 e(%l?g %‘@dy{hgﬁgnes eRifiets. 30
SCREENI NG & SE&ECﬁT‘b@ﬁSE‘S—ﬁRA\a%Y!OC@aEFhé ingaberool gépsrirenat yéasd ensgsdtebioy. The

m o1 ot Ubuje aSaenbl] S SGOLECa Y FACS UBLNG RSt SNSRI ARA0 Y

nmeasuring {ion ast cells. The
growt h i nhi b| tfi@hgmaﬁ thes patisae whish mep Q@W”mcéh_: oRivepsInetsyntaaee) PRy can

cytometry. 35 |oddfa DERCERRARG e TRk Srobl@SydiMaRishyPabiaeNath Stakisght to

i nvol ve between 1 and 20 enzymatic steps starting from ger anyl ger anyl
di phosphat e. TRetifasp gnd daxanipne aghydrey das- NF% a geep iR PEHe of ewohkiBl Mharfol ves

the cyclisati 0f, Qfre YRIAM AR BNYeddbPRRSRAG 81 cAist Ble 3o TeMuce 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 foliowing changes are made to the following numbered
steps.
20
Step 7 The screening population is divided into 2 egual 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,S0,
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.



5 nore enzymatic steps, an internediate called Baccatin-111 is synthesised.
This internediate is available fromrenewabl e natural sources and gzﬁn 1 hus
be used as a precursor to feed a cell population in order to evolvella 2006

popul ation of cells able to produce Taxol |ike conmpounds. Once this has
been achi eved, the genes identified in the process should be | ocked. The
nunber of steps froma yeast netabolite 10 Baccatin-Il11 can be reduced

by incorporating in the Taxol producing popul ation the first genes of the
pat hway which are knofin:!" 8pEe! EEReERBUSY R N AYETCARRT B ECRUCRIBEIT {'°a yeast
rna*éI abol i Ej e, I PP, to prodiuge EeaBMigesanythediophasphahessetianadieme fogynt hase
and taxadi ene 5a- hydroxgcld%se.,{ @f &S%apl?s@%%ﬁ?@cdgnpdfurln% 0%1; S%yeglc%t LR where no
precursor feeding is useéd "8 PoP n cefl € A€ D" Prodice “raxol |1 ke
15 conpounds wi || have hegmess¢dibbiished. For each nodul ar evol ution the

ol | owi ng Shanges ar o rmE TSI RaT B Tours Aerbbr o s ahe Fo5 &S 7 The
screeni ng popul ation i s m@ivipdEd 4 lighbscRttealrsesijeihy ISR scattieoolhe CRRSUISSor t i ons
is screened for stabilisghiahdOfoljihdried WphlieisaesVarSteResddd radnt he
other growth inhibition of nurin Tibroblast cells (step 9) 25 Step 8
Stabilisation of m cr ot iR ¥ assenbl y: a. The heterol ogous genes are

i nduced/ de-repressed by THe- sespe&NBENg( fdpelatel Mathi the ahigredi ugntl sakend

met hi oni n§0 and with 200 Nlo#sozl and the cells are grown under inducting
condi tion$’ for 24 hours HtG to screening. 30 b. The EVAC contai ni ng
cells are co-encapsulated with 5 ng tubulin /m. c. Gel capsules are
suspended in p risatd N at 37 Cfor 1 h. A
fraction of thgleé(;r%ul ati%ﬁ&hgh‘%@{g@e@g%ﬁb%ﬁ% &%ﬁgelﬁ' ow cytoneter to
determine the average al i \giet sosesaingenopulzlia® iscirow p &gl Feliure uedmitsesictive

popul ation of i crocapsylasiidiSor AE HRALAGhiomobiifesBER AL {20 6-acki ng GTP.
The popul ation is passed through the flow monet er to establish |ight

scatter of® ni cr ocapsulPes"EoHIAPRIHG IgBES FEIIvEST dstpriashed Phre-suspending

the cells in a medium lacking methionine and with 200 uM Cu;S0,4 a.
An EVAC containing cell population is grown under induction
conditions.

c. Murine fibroblast celis 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.



5 e. The suspension is cooled to 5 C for 30 mn. and m crocapsules 10 15 20
25 30 maintaining a light scatter closest to the light scatter on the
capsul es containing polynerised tubulin is recovered and proces§ed-itibr étigh
step 10. f. The 10% of the cell population with the highest |ight scatter
is selected. Step 9 Gowh inhibition of nurine fibroblast cells: a. The
screeni ng population is grow in liquid @él ture under selective conditions
for the artificial chronpsones to an OD600 of 0.6 - 1.0, b. The

het er ol ogous g&if8s'%ar e i@ﬁﬁﬂ/%ﬁ%@@%’%&' P i A FBRIEFAGY Fnd B¥i1s in
a medi um | acki ng mnet hi orioRenaatbnwit Tax2I0&e ubkeBUR B0 theaevolubinn [EXAEsT diteai ni ng
cell population is grown under in ti.on_ it . , i i_brobl ast
cells are co-encapsul at ed W ?eﬁpcfnﬁ@%gefﬁ%sgoaﬁ \gﬁeﬁiaﬁg&sﬁé&éﬁq‘?rg%h}/ S%CTG”P‘Q

m crodroplets in fibroblagDNrewuénangdi a. d. Incubation is conducted for 24
hours, aftgr which the droplets are screened by flow cytonetry and the

| evel of cell proliferation of the nurine fibroblasts in each droplet is

neasured. e. DrBpPRYSEN $7E¢'Re ANWERICWGMIC 5ROYPFer ation are sel ected such
that 10% of hegslircé®ideckkBRSIRMEBRONY the screen are selected. Step 10 Each

of the popul ations gsel ected in steps 8 nd_9) s anplifjed. For each of
the sel ected popdl a F?e@f?é,thagto?ﬁgcel%g‘??réro er‘éﬁ%%l”@o“%@b ately. Step 16 The
entire popul ation iSrgaeMms ehReJR6tIG Istddanerusky prafucstabi | i sation  of

T ool e gL LGRS, oo

anticancer
» Specific genes coding for enzymes known to be involved in the Taxol

biosynthesis

15 Species that produce Taxol:
Plants: Taxus brevifolia, Taxus cuspidata, Taxus yunnanensis, Taxus canadensis,
Taxus baccata, 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), Aflium cepa {Onion, bulb}, Aloe vera



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 ‘g?Dﬂ@?
responsi bl e for these activities are characterised by subcl oning an
sequencing. 5 PRI ORI TI SED SPECI ES AND TAXONOM C GROUPS Sourced species are
divided into: Species that produce Taxol and other Taxol |ike conpounds,
Organi sns phyl ogeneticly rel ated to the JIgxol producers 10 Organisnms known

to have rel evant pharnacol ogi cal Léw t ant cancer ific
Ganes. cod ng. 1 BB T AR AO B D PRy 8o BT E RGeS Brosy HeRest 5 15
Speci es t hat p(@ﬂﬂé@e Tiowed)| Cabbiant/s: (S'EabéuSedDTae\Befad))l iGoptid akmmm@tmdﬁea

Taxus yuf‘”af‘e”%@ﬂ c{f” 4 z%%gg%eo,?% E! om(:‘raa uang ﬁ%cﬁﬁ g{jméggé@%sv% b%pé (e,

Taxus mairei, ERSY Gngi i andreanae
Taxonyces wal | iGohittaes, RF@ODWC@@VM@@&D e(Fuma'\m(brﬂk@‘é)s E@Qf?@d@'ﬁél@“@@’ma

O gani s phy| eagnE CBbbhy HBLEI IRk EAKP! (BIRAUEELS: SaRp Pan

Taxus globosa Taxus Taxus caespit osa Taxus recurvata Taxus
urbr acul i f er a, STAR(PSE IRPBIT &, OP%X%@”%UH%[YQ%?H@ myierEa(Ginasai SOMABfr eya

nuci fera; Cupr essacea_umanl métum Calhlreb# | Rhidahnr Raat) %%ECyﬁﬂédoSepalus
| awsoni ana, 25 Cu ressgﬁﬂpﬁ oni ca, Juni er us EEI nens
cu cf

recurvus, Tetr & AHS a(ﬁggmafra]-hrfﬁng Heei dBRPYPP's, FQQWtfjd eﬁa‘i’ oﬁ"f'?f
cupr essoi des; Podpcamgnceaeatariabyis v@odmc{apzmgsf\dbelsr?ﬁlmtheus Araucari aceae

Fam | y: th| r aria i nbri Agﬁ]}'s rali.s, ~Pl eae
Fam | y: %‘a?‘é%?%ﬁ %e%ééor\?g rgibsg’naf% E&C v'd ‘%é’o%?#g%o? %grs ’XDIE%JE@%aea,
Pi cea rubens Pivhremivau stlyfishi sCarpidaa sragionis Coysadre N4 qBeciiied, | Prafiaies;,

Pseudot suga ta&\'cf.'i%' @ u:ﬂ_agugiﬁve%g@dWJssi ifeepbal Pépﬁ?&acp%%ﬁerfz@sm D¢ sobhila
fortunei, C urlngt ni ¢, Sci adopityaceae family: Sciadopitys verticillata

Qr gani sms r eporeogasiafaEodYs rﬁé?fiﬁ‘l’sas/ﬂﬁ’% nagitferai LgeanppaNTSaetrs| PRISTSum

maj us ( Cel andi ngraplantadraioRRed rm&Béde@sm@b@fa( quo@@@s& Baukaabs: 8khdRaals)

Rheum rhabar bar um ( Rhuhar b,  Root liumc (?n Al oe vera.
Ionglta(rsus Tachypieus tri entatus L?ca Iat orms: Scﬁrstosgma mansont,

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



2Q06 127 (Al oe, plant), Arachis hypogaea (G oundnut, Seed), Brassica

ol eracea var. capitata (Cabbage, Leaf), Cassia fora (Sickle Senna, Seg c!?\
Copti s chinensis (Chinese Goldthread, Rhizone), Coptis japonicéi Jui 2l
(Huang-Lia, Rhizone), Coptis spp (CGeneric Coldthread, Rhizone), Corydalis
spp (Fumewort, Plant), Eschscholzia californica 5 (Cal i forni a Poppy,
Shoot), @ aucium flavum (Horned Poppy, Rpgt), Papaver somiferum (Opium

Po , Pl ant Pol num nu nese Cor nbi

bal ot um ( Chi né%evéﬁebers%sur%ﬁs&@ytw'tm@n@%%%eaﬁswags el AL Bt )
Sfmgw) na/rA\ :j a can@dﬁnsfbetrﬁtslo@eerméasemmte)ﬂuo&enm dgt atich théRn hgpvordigeBigs h,
Pl ant oni s na I . :
Cortici um sp, iuyzzatg e ﬂkgo? epc,% uégBéH %% dtqp'ﬂ')e. en]zgmé{gbmg st@;&ﬂgﬁ&e
eryt hraenus; | il Wﬂ@heﬂoeafsymgemhe@,t %F@pﬁidur@hfoys?ab?tfalcttﬂﬂ Rleflled e918a2©

anenones: 5 Act %;ioérﬁ"‘me%:'flﬂ?en@'ﬂf?ﬁ@?@ét%n\Hf hughS imhisReidencParid hoRed yxanes,
Drosophila nelanogaster, Rhodnius prolixus, Apis nellifera, Lacanobia

ol eracea; Spi dBIION of HONRPIFORAREHRR AT BNAIME, CANERHEHR) esorEi%’sép t §“9%o%oscel es

recl usa; Crabspa&biFparas s g8 drerdidrarsies.2odzchypheus tridentatus, Uca
pugil at, Worns: Schi stosoma mansoni; Snails: Lippia sidoides, Lymaea
stagnalis, Stylocheilus |ongicauda, Bionphalaria glabrata; Snakes:

Bot hr ops j ar ar aBReCEOUREal us duri ssus, Vipera aspis, Sistrurus Mlarius
Bar bouri ;,Sea yrchin: Tox fdl I

inerms, %}sst er:rlféleas%r@% m% C?era ﬁ]@?ae&lr L&P’nfﬁamﬁ I‘:‘%ﬁf}hﬂt‘a‘%}%ﬁy‘%} ?P@
t owar ds speci fdeiowinglgharaﬁ@erlesn@amleédE’Wjﬁgwmb@!teﬂ@F@Def H V prot ease
inhibitors 25 UTILITY. Acquired imunodeficiency syndrone (AIDS) is a fatal
pat hogeni ¢ di sease caused by the HV virus. AIDS is prevalent in al nost
every country S#Pthe gl b SCRRNNG PORUALIORSNONEVERE-t hat 36 million people are
infected worldwi de. H'V Protease is an enzyne expressed by the HV Virus.
Mol ecul es, that _j nhi bit ease have uti eatnment of HV
i nfecti ont®. DeSi gol e athlelg é§°@?'”§‘8cﬁ‘?”ﬁ8p% “e‘§ qr‘ﬁ%r? u?femtaéwr?/W o

agai nst HI'V, specificit yohgitiorsl tatpinditoeas@ressitn.| A tapotter essag socetuctenaasbr anes
In order to reach the Ve{ble\lfjes zs%]corpora'?ed’ 5r’oxi%%ﬁ%l':r§\\g Nc%t &lﬁﬁla%lo%p%I%LEGY
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 popuilation 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



128 Assays that nmeasure the activity of H'V Protease can be constructed by
| abel ling the protein substrate of the protease with a f 1 uor esceht, dyle 7008
such that in the undigested substrate the fluorescence is quenched but in
the enzymatically digested substrate the fluorescence is unquenched.
Procedures for constructing such screens are 5 given in "Activity and

di meri zation of human i mmunodeficiency vjgus protease as a function of

PR SRt A £ M Rt
procedure as that descrisheatm conExargibe ae isgeperf of imedgvokkae ptocesratThehe

soreeni ng populati on. i 5 St GriTSnls oL BRI BRTFRE N Bhabehie
popul ation is grown for ang Dhdwgeguensdhér conditions that induce expression.

A reporters assay constructed as above is incorporated proxinmal to the host
cell in a mcrodroplet. The mcrodroplet is incubated in screening nedium
At 2 hour inteP$5N§ﬂSﬁ@%QﬁUFﬁ@N9Yﬁ%éh%%“%%§ogfg run through a flow
cytoneter and 20 .scrRERBRLGrb@ ofkevedmidiyidiaiceskenaer.spbdleeach 2 hour batch

those droplets with the | owest |evel of fluorescence are sel ected such
that statistically 10% of host cell lines are represented in the sel ected

cel | s. Sel ect eHxampled 2aEelutioresfi B & Typgbacadse HPoisopdi a that halts

inductionIOf t he heterol ogous genes. The selected cells fromeach 25 batch
are poole& Step 9 There is no step 9 Step 10 The popul ation selected in
step 8 is anpl UfiLeld.30 Step 16 Cells are now screened sinultaneously for

P450 net abol i Sg@;&ﬂ%ﬂé@ée 1Pk G @RSShMHALE 1O chs?ons—elit%édlé%Qs Glitbsdidg are
set such that oof the «cell lines entering the screen are sel ected 129
Step 19 Cel |'s ©HalAiapfirpartiqyiay PGSR IOEesS e edy HecUbsxrReRtdogRle ISHarIeEvi

does at a 25nMpfAnGRBidsabiditr iRt ak@lg®Uke Bfedkhaneupénitré@aispihecessk. The
genes responst B e s (U s okbribioh S i SpoSa] A5 EUsS e BhoSERS!a0hNg
enzyme to generate but not seal these DNA double strand breaks have proven utility
as anticancer 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 11 poisons (such as doxorubicin and etoposide) are preferentially
toxic to cells that have high leveis of topoisomerase 11 — 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 fopoisomerase poisons
30
Yeast host cells are described in the scientific literature that conditionally express
functional human topoisomerase I, Wasserman R. et al, Cancer Research, 1993,

53, 3591.

35 PROCEDURE



and DNA sequencing 5 PRI ORI Tl SED SPECI ES AND TAXONOM C GROUPS Random gr oup
of taxonom cally diverse eukaryotic species Exanple 12: Evolutl@n of, .. DNA
Topoi sonerase |1 Poisons 10 UTILITY. Topoisonerase Il is an esSenti-al 205
enzynme in cell division - it regulates the topology of DNA and in
particul ar perforns a process whereby it cuts open double stranded DNA,
passes another strand through the break, ,and then reseals the break. 15

' 1
Compounds (such as doxorubi cin and etoposide) that c use the t joner ase
Il enzyme to 6@%@@5%@“5@?”%8%“E%QF*FW%%@Eﬂﬂﬂpﬁouﬁl e?n&“ﬁpggﬁé "fave

proven utilityfo @&n?ﬂtﬁdng@@élz‘éeﬁad@g@ﬂlb%l owe]\g/rm@mpr@u@c@swth such activity but
different pharmacol ogi cal properties have utility as conpounds for the
treatment of cancer, and indeed other proliferative diseases. 20 SCREEN NG
& SELECTI ON STBR&PEGY To@difsbmenasingl belpeopdaimné sare hmage dokgr Ubi difererind

etop05|de) are preferentjally L %é&mﬁ&j&ﬁﬂiﬁw&ﬂét have high levels of

top0|sonerase Il - their toxic e I's achieved by causing the
t opoi sonerase enzynme to generate double strand breaks in DNA. 25 Their

effects are angagoni sed iy £RERAY BOSILSH & hAGvieBd.or oqui ne and  dexr azoxane)
that act on the enzyne w thout causing the double strand breaks. These

properties can be used to construct a process for selecting and evol vi ng
cells that preedpae COWWB@SmMQ@éIn&ﬂbttor@lﬁcttv@poi soner ase poi sons 30 Yeast

host cel lf%ﬁr e descrl bedT Ie?pgtg%g%ozwc el%:[an fqu %ﬁurgt\ﬂdgr H@@t ve%%ﬁ&“ c}ea%]al ly

expr ess ctional
Research, 1993, 53, 359&ea®ﬁwﬂ@@@&@@ﬁ§ﬁﬁ@@nCIhaC%Qﬁ%—b@ocedure as that

described in Exanple [N %‘Egrﬂgé@gsgeﬁésc%tm&ule%/dé heresbQ bW d@p&hianoes are

made to the foll ow ng nu ered
the cells in a medlum lacking methicnine and with 200 uM Cuy;S04

and at 35°C. The cells are grown under induction conditions for 12

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 fiow 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 liguid culture under selective conditions for
the artificial chromosomas {o an ODgg of 6.6 — 1.0,

30 b. The heterologous genes are induced/de-repressed by re-suspending
the ceils 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.



Step 5. EVAC containing cell populations are nmade using 10 different 5
normal i sed and enriched cDNA libraries. Step 7 The screening popuﬁaiubnﬁgs
not divided. Step 8 Topoi sonerase Inhibitory activity: 10 a. The populatlon
is grown in liquid culture under selective conditions for the artificial
chronmosones to an OD600 of 0.6 - 1.0. b. The heterol ogous genes are

i nduced/ de-repressed by re-suspending thg cells in a nmediumlacking
met hi onine and with 200 M Cu2SO and at 35C. The cells are grown under

i nduction conditions for 12 15 hours. Every 3 hours 25 % of the cel

popul ation is Sepaéned fite pbhlAaticdariged bystéds@rarchd amatplfiedThe 25% of cel | s
in each titre showing |east DNA damage are discarded and the renai nder

i mredi ately placed in non-inducing media that contains dexrazoxane at 100
m - cronol ar coisedftrati’oas 26 @opdtaisse icalows serateds gindltgeecaill BreDY8I ect ed

fromstep8b are resus- igendaftraad) GhEWsH WA §rafChhigNoe ondiidoasisl or a
further 12 hours, but this tinme with dexrazoxane at 100 m cronol ar

concentration throughodﬁmﬂﬁémf@eﬁSU?Cﬁ€WP8@‘ﬂﬁe?ﬁe end of the period the
cells are screened for DNA danage by flow cytonetry and cells representing
25 the 25% of |1, 1nes,show n e ed, Step 9

I nhi bition of g% cér ceICf “%W'tge%ﬁeﬁ?g Céf% @54{8% S%OW%r{\g%aW’? (i%f aﬁl d

cul ture under selective e@owdlem emg toothat t:m&eartw thecaajztlcmhpbﬁfo@@rmsoiaro an
QD600 of 6 - 1.0. 30 - hdesnrepressed
by re- susﬁ%ndlng t he ce?%£gﬁ%ggéﬁ%g%ﬁh1 ﬁ%@ﬁ&m@&ﬁp%ﬁ?ﬁgﬁgn no 200 UM
Cu2504 and at 35C. The teebyaiutign @rgseag: é@e@ﬁ@psgﬁémsaaﬁd@rrthpfﬁﬁj%w'%a@onm
tions for 48hours. A canggfaclelidd dylslagdbrﬁné)é/r%r[bmggh@ﬂmﬁdﬁe i nduced cel |
popul ati on. Yeast cells present in zones clear of cancer cells are se- 35
|l ected. JUL 131 5 10

PRIORITISED SPECIES AND TAXONOMIC GROUPS
15 + Plants that produce podophyliotoxins

e 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 cccur and
the oncogenic cell proliferates. A large proportion of tumours have dysfunctional pb3
protein,

25
p53 protein acts as a transcription factor. Many forms of dysfunctional p&3 have fost
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 nct
occur. In such tumour celis, 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
pb3 is a transcription factor. A standard intraceliuiar reporter system for p53

35 comprises a) a genetic construct whereby a gene encoding for GFP or a similar



15 Step 10 The popul ation selected in steps 8 and 9 are anplified Step 16
The cell population is now screened sinultaneously for DNA topoi soneilasdic
Il inhibition and for growmh inhibition of cancer cells using a double gel
encapsul ati on system Step 19 Commencing with the tenth cycle cells that
show DNA damage of an equivalent |level to that caused by the addition of 5
m cronol ar et oposi de and t hat show canc 5 cell growt h i nhi bi ti on are taken

out of the evolutlon gjiﬁ g es rets 05| for th C@Ewtles
are character f%’@ﬁerbf?m R 8% @QFT‘? PECI ES AND
TAXONOM C GROURSmotd?) atmjaheirhartth phs)odxucmdpoblepbgrhelnot ooasitget  Spedings fgemer al |y

known 10 have ant SANGPLRCHINI 1 XRARIPLE 03, el dLLancpleoppd. et hyat or s

20 UTILITY p531s a we unour ressor gene t

apopt osi s i n ottizeiteetransatiigeni e &P s. Dysfunctl onal p53 can nean that
the apoptasis does not occur and the oncogenic cell proliferates. A large
proportion of tunours have dysfunctional p53 protein. 25 p53 protein acts
as a transcri pPROWEPA Y or. Many forms of dysfunctional p53 have lost the
ability to act TS s@né bRISEUE BE Rl dbaeibar in B 7 Gejdridrmivdd, xSt haathe

dysfunctional _form accunul ate rotein but. transcription and hence
apopt osi s does HB¥ N9 §igrs areﬁnasc{?gﬁtrfﬁ%g’ng@élmb%re% &5Pounds that restore the
ability of such dysfunctional 30 p53 to initiate transcription, and hence
2popt osi sypoul 4 iave Ut hiAd el RIS PLoR e B Aler
transcri pt i on factor. A roraslgeddnd enrichectDNA Byrariaspo paey Té@@@b@ﬂ?ﬁ@iﬁmﬁw 35

conprises a) a genetic %Q%ﬁefn%ﬁhé%%%%ne% &%Bz%m@ﬂ&%%‘nﬂ&df&étoéﬁ&&ﬁ ad
simlar 132 reporter protein is placed under thé control of a heterol ogous

p53 induci bl e pronoter P@é@&”ﬁéﬂﬁﬁiﬂ?ﬁ%ﬁ”&?@l%‘?ﬂ%l bl e genetic construct
encodi ng for a dysfunctional p53. Such a construct can be used to screen

For Corrp_oa.lbrlds %Pe%t'/ 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 ODgg

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 ¢. 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 Thereisno step 9

Step 10 The populations selected in step 8) is ampiified



activate the transcription of the GFP. 5 PROCEDURE The sane progedyr.e as.
that described in Exanple 7 is performed, except that the folldwimg-> 2462
changes are nade to the follow ng nunbered steps 10 Step 5. EVAC contai ni ng
cell populations are made using 10 different normalised and enriched cDNA
libraries in each. The cell populations are then further transforned
agcording to standard protocols with a pp3 reporter systemas described
above 15 Step 7. The screenjng popul ation 1s not diyjded 20 25 30 St 8 p53
activation scralh:’a, T%@Cbﬁghﬁé@i%ﬁa?§£ﬁﬁiﬂﬁi?%W?¥EU¥QN§hFFUF ”@ﬁﬂgf P
sel ective conditions forpoptibgnar Ciohai qloaliatdns cn® siontes ganshchiee: gdEBwitle por t er
systemto an G600 of Q.6 - 1.0. b. .Th 0 r -

i nduced/ de-r epressed byQFQQ%ﬁE%gﬁaﬁﬁéhe?ﬂ@ﬁ%ﬁ#ﬁ%ggﬁ%gmﬁﬁﬁﬁﬁﬁﬁﬁggﬁﬁﬁ“

met hi oni ne and wi th 200 vl GuRSOn of aprptasive Toebdlertian ertgficown seirfdier thahefect i on

conditions for 36 hourswﬁﬁ@%e”ﬁ%gkgkﬂﬁggquﬁgngﬁﬁw%k%ddiscarded. c. The
dysfunctional p53 is induced and induction maintained for 5 days,

al ongsi de i nduction/de-repression of the EVAC genes. Cells are observed
for productionseh 16FP af¢ear thathputu@ndrPhemniat 1 duhefirindictidreraval isduce

t hroughout the five days. Those ceg S th?t p{oduc GFP_are | ected. Step
9 There is no step 9 St &G THE®p Bﬂ?éW|dﬁsh§eF%%FQa P?C§¥e;ﬁ§)g?%ﬁ
anplified 5 10 15 133 StgpndibleEacthewehdtivitiss gel cherscipsad ayt edbcamohgadridowed t o

grow to fﬂfnlclonal sub

DNA sequencing.

PRIORITISED SPECIES AND TAXONOMIC GROUPS
+ Organisms reported to have anticancer properties (see list in example 10)
s Random group of taxonomically diverse eukaryotic species
15

Example 14: Evolution of Fumarate Reductase inibitors

UTILITY
Fumarate reductase reduces fumarate to succinaie 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 conirolling such diseases. Because fumarate reductase does not occur in humans,

such compounds should not have significant toxicity to humans.

SCREENING & SELECTION STRATEGY

Fumarate reductase activily 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



popul ati ons. C onal popul ations are doubl e gel encapsulated with a tunour
ce’,l line and the gel droplets are screened for GFP production &andy ou..
i nduction of apoptosis. The selection criteria are set such thaf”SWV"éfﬁf%%
cell lines entering the screen are selected. Step 19 Cells that produce G-P
Wi thin 1 hour of induction and induce apoptosis are taken out of the
evol ution process. The genes responsiblg,for these activities are

ﬁ

characterised by subcl oning an se ci ng._ PRI ORI TI SED SPECI ES AND
TAXONOM €. Croubls SRS RRTREe Aot e oo Have TR CArCar st SEF| s Esee
l'ist in exanpl &ldbhg chdhaadamngrdeuptheffolbakxamombe@tisiepsdi ver se eukaryoti c
speci es Exanple 14: Evolution of Fumarate Reductase inibitors UTILITY
Fumar at e reductase reduces fumarate to succinate and is an essential step
in 20 anaer obi Stepet abol i $wmsEeninmpgrugtigasinghdvidere| udi ng pat hogens from such
genera as; Lei shmani a, Helicobacter, Staphylococcus and Streptococcus.

Conmpounds that inhibit the activity of fumarate reductase can prevent such
parasites or patRdyens frBIEBMAILERINY ¥Heir |ife cycle and hence are of

utility in 25 controlbim%e%u@bmd@§ﬂﬁ&ﬁﬁnsFﬁQﬁmfﬂﬁﬁuﬂaﬁate reductafe quf
s shoul d not have s oxicity

not occur in humans, such c oun i gni ficant

to humans. SCREENI NG & SEPHEH CRIST RRTEGYS Fshiarierepeatiat Aes Heesiiey | s
measured by the rate at tadhiceR ihta oxdich SeinblAE¥thiomoen and@With P80 addiCuisin, of
fumarate., The progress of the enzymatic rga

spectrophtt onetrical Iy &"43%0%H 2 o@nﬁgf@.Tcﬁhgﬁ%%%?gﬁgﬁgggg%ﬂ%ﬁsgymél.,
Antim crob. Agents Chenoséreening.2002, 2023-2029. PROCEDURE Ip 5 10 15 20 25
30 c. Fumarate reductase is co-encapsulated with EVAC containing cells in
a gel microdroplet.
d. Microdroplets containing fumarate reductase but not EVAC
15 containing cells were incubated in a liquid media containing 100
micromolar NADH and 1mM fumarate and incubated at 30 C.
Aliquotes were analysed by flow cytometry to determine the optimal
incubation time.

e. The micrcdroplet 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 celis 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 ge! droplets

are screened simultansously for fumarate reductase inhibition and



134 The sane procedure as that described in Exanple 7 is perfornmed, except
that the follow ng changes are nade to the follow ng nunbered steps; ;Step J
The screening popul ation is not divided Step 8 Funarate reduct ase sc% é’er‘f'w"Liu
a. The screening population is anplified ten times b. The heterol ogous
genes are induced/ de-repressed by re-suspending the cells in a medium

| acki ng net hi onine and with 200 M CuZSO41 5and the cells are grown under

i nducting conditions for 24 hours prior o_screening. ¢. Fumara

reduct ase i s co-encapsulbacieteipt WOEWA{@'E‘B?R dhassigcieBCriters Are sel @léclh Tt
mcrodroplet. d. M crodrppbrekscaontabmemg thasmeatse sedted ase but not EVAC
containing cells were incubated in a |iquid nedia containing 100

m cronmol ar NADH and 1mM funarate and i ncubated at 30 C.  Aliquotes were
anal ysed by fl swpcigt onetGeys that sretweninibitien dftienapteiredictase aouBadurers dgrowb.  e.
The mcrodroplet is plag a orml ar
NADH and InM fumarate anﬁ%l? {rllog]u a% gMF gor E%t@roé){&?r&né?&ng é‘%dg'%y égd% . The
gel microdroplets are tHeprhplseretp hArderss at ﬂIC@WQE‘V@WFe@fe‘r ”@Fﬁ@“‘"éfbérﬁr ptl on

at 340nm neasured. The agtdvdit ¥r @6 é/@lﬁtnrﬁlr';?fb%@s"ﬁwe Sk Waabesbié rymdsae | evel
of absorption at 340nm The cells with the | owest aﬁ)l vity of enzyne are

sel ected such that cel | SCHElEEERMAMEIsehRY 99sHoBNY @BF PNASREERPeri ng t he

screen with the great est inhibition of fumarate reductase are sel ected

arpl i 11 ed ot epRbaREsERrr b ety TRTTRRE BRoiPSuratcd vith s, aureus and
gel droplets are seeeepbed sinultaneously for fumarate reductase inhibition

d 135 bacteri al wt hi bi t t t t
e that 59 of  HevEEr TR EEP NGRS ST Geh HPESel ected

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 celis. 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 ceils 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 protectanis 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 selscted can be increased

35 PROCEDURE



5 Step 19 Cells that show inhibition of fumarate reductase and S. aureus
growth inhibition of a sanme or greater extent than is achieved by laddingiis
| i cochal cone to the droplets at a concentration of 1 mcronolar are taken
out of the evolution process. The genes responsible for these activities
are characterised by subcl oning and DNA sequencing. 10 PRI ORI TI SED SPECI ES
AND TAXONOM C GROUPS Pl ant roots Rand% group of taxonom cally diverse
eukaryotic species Evolution of functjon independent of specific targets 15

Exanmpl e 15: Evoleffom Picedye ap it detahes nUrRIPeY IsgrpEfogpet racape et Hie

probl ems of cangewing BeimbEekamtets tHelialowidyeuankiedeaspeer 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 treatmprit of THeescomnoerpchalstidnois biéided amd dme douaCorpioon dsne diat

protect ce{ls against s il C I - ef a i i in
reduci ng '?Jhe side eff ec;{ 298? Hl%gsnéseggg%ﬁgﬂ‘%t% ﬁ%fgtﬁ@%rmﬁeﬁ({:eg }g‘)rr%rfdowe n(lg)gth%%t h

t her apeuti ¢ out cone and SsERenehegains ¥neishng ©igp 25 Exi sting exanpl es of such
conpounds i ncl ude dexrazoxane and chl oroqui ne, both of which protect cells
agai ns the cyt gt oXi C effécts,of cancer agents such as etoposide. However
more such prot 88Pdht s ar'dMEEESA®SCREENI NG & SELECTI ON STRATEGY 30 Host
cells can be induced screeneteanmd selurttred fopifisditan waks end tdhélegries@nce of
cyt ot oxi cmamti -cancer agent Ssuch as doxorubicin, taxol, vincristine and
cisplatin.” Over a seriées of 'selection rounds the concentration of

cytotoxi c agent that & clielsubrpestlaus are growo ihiquibt@oteedhdeaneibdive soneased

35 PROCEDURE | | 5 10 15:”’(%98 for the artificial chromosomes to an ODgy of 0.6 —- 1.0,
¢. The heterologous genes are induced/de-repressed by re-suspending
the cells in a medium iacking methionine and with 200 uM Cu,S0,
15 and the cells are grown under induction conditions for 36 hours prior
fo screening.
d. Each sub population is diluted so as to have on average each cell
line represented 3 times.
e. Each sub popuiation is exposed o 1 out of a range of 10 concentra-
20 tions of etoposide. Survivai 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 8 Vincristine screen:

a. The screening popufation 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 ODgg 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 pM Cu,S04
and the cells are grown under induction conditions for 36 hours prior
o screening.

d. Each sub pcpulation is exposed to 1 out of a range of 10 concentra-

35 tions of vincristine. Survival rates are determined after 2 hours. The



136 The sane procedure as that described in Exanple 7 is perforned,;exce
that the follow ng changes are nade to the foll owi ng numbered steps Stép
The screening population is divided into two equal portions. One of the
portions is screened agai nst etoposide (step 8) and the other screened
agai nst vincristine (step 9) Step 8 Etoposide screen: a. The screening
popul ation is anplified ten tinmes and diyj-ded in 10 portions. b. The sub
popul ations are grown in |liquid culture under selective con- ditions for
the artificial chromosome& ™M & p%é@@”dzfo”bt%é h-'gef\‘f?toc.on‘ée:“”ﬁ%‘ Pet&r8iN6gous
genes are induced/ de-r epiess edls Btisahuspeschting 10the tieetd!iSinesn sarvived isum

| acki ng net hi oni ne and W%%pm 00 pM Cu2s™4 and the cells are grown under

i nduction conditions for 36 hours prior to screening. d. Each sub

popul ation is diluted so as to have on average each cell [line represented

3 tines. e Eaeh,sip pontatdan ipusihRsetcda ir%l-si%H% gPhncPoy i@ReRifl A

concentra- tions of etoposide. Survival rates are determned after 2 hours.
The surviving cell popl%eiaruPEchPeReliiperRPUCHCERPPAEY on of et oposi de
where cells statistically representing 10% of the cell lines survived is
selected. 25 Step 9 Vincristine screen: ,a. The screeni opul ation is
anplified ten f%ﬁﬁ? andQFevFﬂgﬁ‘FW“TU”]ﬁbPPWOﬂEQ”ﬁs %ﬁgggﬁﬁﬂﬁﬁﬁﬂ?d?Fan are
grown in liquid culture vndsimesetigatdev@he eddectdhtdritens afeosettdueh &rat i5P4 ¢fi al
chronoso to an OD600 .of 0.6 -_ 1.0 T ol ogous genes are

i nduced/ de-r epressed bytﬁ%Pgugﬁ%ﬁﬁ?ﬁgt§$ﬁ%é%ﬁ$§§9?%&% medi um | acki ng
nmet hi onine and with 200 M Cu2SO4 and the cells are grown under induction

condi tions for our s i j i i iy S
skb 13 @éﬁlg%?t, %c%n&a%c??d"ih@gong%m F?%@tl%t‘r‘,bsi’%@pt‘%?ébﬂuﬂntd

exposed to 1 out of a range o concentra- 35 ns of vincristine.
Survival rates are det erfit'pie]Gafotddtialer Reseatratiph of etoposide, or a 10-fold higher

concentration of vincristine, or a combined 5-foid 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 » Plant species of the genera Vinca

« QOrganisms 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.



137 surviving cell population fromthe highest concentration of
vincristine where cells statistically representing 10% of the celd ,lines
survived is selected. 5 Step 10 Each of the popul ations sel ect edti fi St'epgs”
8) and 9) is anplified and equal anmounts of each anplified popul ation are
pooled 10 15 Step 16 The entire popul ation is now screened for both

et oposide and vincristine resistance. Thg selection criteria are set such
that 5% of the cell lines entering the sCreen are selected Step 19 Cells
that, conpared to the original population, showthe ability to resist a
10-f ol d hi gher sceaeRMG atdmacoforesORasE@e, or a 10-fol d hi gher
concentration Qf vi.ncrjstin or..a _conhin - f i.gher th
Cogether - are Saeeiroar st he RodefETBIERI o FanePgRRel O Bl ) o
for these acti wystdresUser of & hauttiet dnupsesibidy stabdh drd poam dereBNAVIE @grérici ng.
PRI ORI TI SED SP mg%lgé@ 2l es of the genera
Vi nca Ogjgni sgrr%%ﬁg@n&% pro ucvfat‘y axol §(%L§gdrlu§t(%%}aﬁ%gﬁ>@ﬁpl e 10) Exgrrpl e
16: Evolution of antibacterials 25 UTILITY The w despread energence of

resi stance hasysd gfirbdchant bt in ih dx@ehpleh@in @k fapsReto afrangel AssireakgaaRirisbi ot i ¢
t herapy for bac%erlhal di seage. [Fuel l‘?r&ﬁl ar alel y ?%ﬁt hg excessive and often
unnecessary us8M8F MERHHPH Fes sy MUGATTERE TR TERS P RET By g1 ¢ more

resi stance hassd¢lesiovht@eds and meteasaect pathbetniel Mbebdrd inbyprodmirigadontpyuradsd
overall cgst of . 30 health care. There is a strong nedical need for new

t her apeutits tg'ﬂf Feg '%?eglfﬁ%xg'fﬂé'fnti biotic- resistant infections. A prem um
is placed upon inhibitors that function by a novel or at |east different
nmechani sm t han,gu-ieHyy approved antibiotics, as these would be 35

expected to circunmvent current bacterial resistance nechani snms. 138
SCREENI NG & SEMRCToNpSTRATEEY 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-encapsuiated with the EVAC containing
cells in gel microdropiets.
¢. 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 2D6.

Step 10 The population selected in step 8 is amplified.



Screeni ng can be done using gel mcrodroplets and flow cytonetry or an
overlay system Use of a nultiple drug-resistant strain in the prinmgry ...
screen will a priori 5 select for hits that have activity agai nst da»wl £ule
mul ti-drug resistant strain. The approach set out in this exanple can be
applied to a range of mcro-organisns other than the one described here.
Manmal i an cells can be used in one or no £ sel ection rounds and used to
select for host cells that are not produci'ng conpounds 10 with mammal i an
cel | toxicity.SEp180 25 PROCEDIRE IS THE SeERREIPORBIALPE ORaGHE TE¥EE Pbed i n
FXFtlrrpI e 7 ismgerfgr med, imé@ﬁmto;td_?_ﬁiamh@Ymed @wcmgsl’ Q!b@.r‘l‘g@j:‘se@bﬁ)rf%mi_agodt he
ol | owi ng nunbered steps Step ,SCr.eeni opul atjon is not diyvided.
Step 8 Antibacteri al scraé%ﬁ‘% sycht ﬂtqiﬁglﬂ%ﬁ%f‘)ﬂﬂ&ieg?ﬁam@etb? SEOPUTELFER s gr own
under induction conditions. b. Staphyl ococcus aureus is co-encapsul ated
with the AC t.al nin N .Gl | et I L IS
conduct ed%?/or g%rah%urs, g(%iﬁggrlraltﬁ \fec%r%ﬁhég‘mcfﬁg%—ﬂ{eeﬁgg %trngfy egléj?ietg?]e %tt:)ﬂyg%ldow
cytonetry and the | evel voft vwwetdmysinoitisf enegnitretiorbyl 1 ikem! drecthelrdaandt imhédc h
droplet is measured. d. tﬁgcm's@gsar thkert BE: LPWRSvG8ldn Brogkdd el Lonsare
sel ected such that 10% of host cell Tines entering the screen are
sel ected. Step 9 The celBsippbledei Bese actviiahar REF ORI hOCHPCHANS ahdP 209
and CYP 30 2D6. Step 1MNAe:quepshation selected in step 8 is anplified. |
| 139 Step 16 The popul ation is now screened for inhibition of bacterial
growt h and’ i nhibition of CYP 3A4, CYP 2C9 and CYP 2D6. The sel ection
Criteria are SRIORIUEED HRECIESAND TAOKEMIC GRoeSent ering the screen are
selected 5 Step 19 lg:el |l s that have shown an antibacterial activity equal to
that achieved ° ™4

s Random group of taxonomically diverse eukaryofic species

15 Other examples:

EXAMPLE 17: RARE RESTRICTION ENZYMES WITH RECOGNITION
SEQUENCE AND CLEAVAGE POINTS
In this example, rare restriction enzymes are listed iogether with their recognition

20 seguence and cleavage poinis.

W=AorT,N=A C, G orT

17 a) Unigue, palindromic overhang
25
Ascl GGMCGCG_CC
AsiS| GCG_ATACGC
CciNI GCANGGCC_GC
CspBl GCMEGCC_GC
30 Fsel GG_CCGG"CC
MchAl GCAMEGCC_GC
Neil GCAGGCC_GC
Pacl TTA_ATATAA
Shfl CC_TGCAGG
35 Sdal CC_TGCAMNGG
Sgfl GCG_AT*CGC
SgrAl CRMCCGG_YG

Sse232l CGACCGG_CG
Sse83871 CC_TGCAGG
40



W th vancomycin at a concentration of 1 g/m and that do not inhibit the
P450s are taken out of the evolution process. The genes responsible for
these activities are characterised by subcloning and DNA sequen?ig{ngygo‘?@gg
PRI ORI TI SED SPECI ES AND TAXONOM C GROUPS  Fungi Random group of =~
taxonom cal |y di verse eukaryotic species 15 O her exanples: EXAVPLE 17:
RARE RESTRI CTI ON ENZYMES W TH RECOGNI TI ON,, SEQUENCE AND CLEAVAGE PO NTS In
this exanple, rare restriction enzynes att Iisted together with their
recognition 20/®equencho a\fﬁﬂhﬂf‘lgeavage p0| nts. WEAOr T; NEA, G G orT 25 17 a)
Uni que, palindrom.c over han Ascl Asi SI GCGATACGC Cci N
GCAGGCCGC CspBP t Fsel GG CCGGACC MhAl GCAGGECCGC  Not |
GCAGGCCGC Pac CCTGCAAGG 35 Sdal CCTGCAAGG Sqf |

GCG_ ATACGC aanS€2321 CGACCGG CG Sse83871 CC TGCAAGG 40
140 17b) No ovg, %@ng

GTTT"AAAC
Smil ATTTMAAAT
Srfl GCCCMGGGC
10 Swal ATTTMAAAT
17¢) Non-palindromic and/or variable overhang
15 Aarl CACCTGCNNNNANNNN _
Abel CCATCA_GC
Alol ANNNNN_NNNNNNNGAACNNNNNNTCCNNNNNNN_NNNNNA
Bael ANNNNN_ NNNNNNNNNNACNNNNGTAYCNNNNNNN_NNNNNA
BbvCl CCATCA_GC
20 Cpol CGM"GWC_CG
Cspl CGMEWC_CG
PH271 RGMGWC_CY
Ppil ANNNNN_ NNNNNNNGAACNNNNNCTCNNNNNNNN_NNNNNA
PpuMi RGMGWC_CY
25 PpuXl RGAGWC_CY
Psp5li RGAGWC_CY
PspPPI RGMGWC_CY
Rsrll CGMGWC_CG
Rsr2l CGMGWC_CG
30 SanD1 GGMGWC_CC
Sapl GCTCTTCNANNN_
Sdil GGCCN_NNNANGGCC
SexAl ANCCWGG. T
Sfil GGCCN_NNNANGGCC

35 Sse1825] GGMGWC_CC
Sse86471  AGMGWC_CT
VpaK32l GCTCTTCNANNN_

40 17d) Meganucleases
[-Sce TAGGGATAA _CAGGMGTAAT
[-Ceul ACGGTC_CTAANGGTAG
I-Cre | AAACGTC_GTGAMGACAGTTT
45 I-Sce 1l GGTC_ACCCATGAAGTA
-Sce lll GTTYTGG_TAACMTATTTAT
Endo. Scel GATGCTGC _AGGCAATAGGCTTGTTTA
Pl-Sce | GG_GTGCAGGAGAA
Pl-Psp | TGGCAAACAGCTA TTATAGGGTATTATGGGT
50 I-Ppo i CTCTC_TTAAMGGTAG
HO TTITCCGC_AACAMGT

I-Tev | NN_NNANNTCAGTAGATGTTTTTCTTGGTCTACCGTTT



Bst RZ2461 ATTTANAAAT BstSW ATTTAAAAT 5 MspSW ATTTAAAAT Mssl GITTAAAAC
Prel GITT"AAAC Smil ATTTAAAAT Srfl GOCCMGGEEC 10 Swal ATTTAAAAT,17c),
Non- pal i ndrom ¢ and/ or vari abl e overhang 15 Aar] CACCTGCNNNNANNNIQI_**; “Abhel il
CCMTCA _GC Al ol  ~NNNNN_NNNNNNNGAACNNNNNNTCCNNNNNNNNNNNN® -+ Bael

A NINNNN_NNNNNNNNNNACNNNNGTAYCNNNNNNN. NNNNN - BbvCl CCMTCA GC 20 Cpol

CGAGWC _CG Cspl CGAGWC CG Pf1271 RGAGAC _CY Ppi l

A NNNNNNNNNNNNGAACNNNNNCT CNNNNNNNN_NNNNN’\T“PpuM RGAGACCY 25 PpuX! RGAGNC _CY
Psp5l 1 RGAGAC_CY PspPPI RG*GAC CY Rsrll CGAGANC_CG Rsr21 CGAGWC _CG 30
SanDl  GGAGNCCCMoSaiiPgasCHEsES haxe hpiN idesgified, OrGENNNRIANGEIEEN0SEX FCOgMBOWGG T
Sfil  GOCCNNNNANGEHEE hed® dseehed dedEHh Qb MeganssREQALH AGAGNCCT  VpaK321
GCTCTTCN*NNN_ 40 17d) Meganucl eases

5 Example 18: Concatemer size limitation experiments {use of stoppers)

Materials used:
pYAC4 {Sigma. Burke et al. 1987, science, vol 236, p 806) was digested w. EcoR1
and BamH1 and dephosphorylated

10 pPSE420 (invitrogen) was finearised using EcoR1 and used as the model fragment
for concatenation.
T4 DNA ligase (Amersham-pharmacia biotech) was used for ligation according to

manufaciurers instructions.

15 Method: Fragments and arms were mixed in the ratios{concentrations are arbitrary
units) indicated on figures. Ligation was allowed to proceed for 1 h at 16C. Reaction
was stopped by the addition of 1 uL 500 mM EDTA. Preducis were analysed by
standard agarose GE (1 % agarose, ‘2 strength TBE) or by PFGE(CHEF Il 1%
LMP agarose, % strength TBE, angle 120, temperature 12 C, voitage 5.6V/icm,

20 switch time ramping 5 — 25 s, run time 30 h)

The resuits are shown in Figure 17a and 17h.

Example 19: Expression of different patterns “phenotypes” obtained using the

25 same veast clones under different expression conditions

Colonies were picked with a steriie toothpick and streaked sequentially onto plates

corresponding to the four repressed and/or induced conditions (-Ura/-Trp, -Ura/-

Trp/-Met, -Ura/-Trp/+200 M CupSQ,, -Ura/-Trp/-Met/+200 uM Cu,SQO,4). The resuit
30 is shown in Figure 24.



| -Sce | TAGGGATAACAGGAGTAAT | -Ceu | ACGGICCTAANGGTAG |-Crel AAACGTC
GTGAAGACAGTTT 45 |-Sce || GGTCACCCrTGAAGTA |-Sce Il GITTTGG TA@Q"T@ TTAT
Endo. Scel GATGCTGC AGGCMATAGGCTTGTTTA Pl-Scel GG GTGCMGGAGAA Pl :Psi™f 2005
TGGCAAACAGCTA TTATAGGGTATTATGGGT 50 |-Pfd | CTCTC TTAANGGTAG HO
TTTCCGCAACAAGT | -Tev | NN NN'*N NTCAGTAGATGITTTTCTTGGTCTACCGITT 14 141 HI |
More nmeganucleases have been identified, but their precise sequence of
recognition %ot been deternined, see e. g. www. neganucl ease. com 5
Exanpl e 18: Concatemer size limtation experinments (use of stoppers)

Mat eri al s used: , pY. Si . Burke | . 87, i V. 806)
was di gest ede‘W. A@&%t d ‘(Oér?go ﬁgﬁgléeﬁrpcﬁgé%&%agé%%ZQPgﬁgg’%gndpéébzé%OﬁG

(i nvitrogen) wasavinghear oisedreupiedgtefoioBt farmdonmsites, amid hethmoldedmdrisaagntbat  f or
concatengati on. 1;4 DNA | i gase ( Anersham pharmaci a bi ot ech) was used for

| i gation” accor df ﬁ@s?o manuf acturers instructions. 15 Method: Fragments and

arns were mxed in the ratios(concentrations are arbitrary units)
i ndi cated on fi%ures..

Ligation was allowed to proceed.for 1 h at 16C
React ron was stogpoiriy JRaTRalPy efreBr 34 ReBERRT ol mrdalines iz, o
anal ysed by st andatid withaatdsast Glvo (Hetéfobgans sgpresdide stucienidd sd@Ences, 4y
PFGE(CHEF 111, 1% L agarose, '/2 strength TBE, angle 120, te rature 12
C ol tage 5. bl IRES S5oodh T, nelsilof i Py eecss 3a Mg ofaiR e FUHG e The
resul t st@re shown chrontdsgmeeinldaid ased, 47 teasERaogilseoflhe Exrppesit®inocorddining

O er et DL e oL OB YRLAG L SoaBPoB8 et BBR! nghg"es

denoted producer cells,

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

parameter,

¢) selecting cells meeting at least one predetermined selection criterion for each
parameter,
20
d) combining expressible nucleotide sequences of the selected cells with each
other andfor with expressible nucleotide sequences from another
composition of cells, thereby obtaining at least one new composition of cells,
said new composition of cells comprising cells with at least two heterologous
25 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) repeating steps b) to d) until at least one cell has acquired a compound

having the at least two predetermined functionalities.

2. The method according to claim 1, wherein the compound is contained within said
producer ceil or the compound is excreted from said producer cell.
35



Col onies were picked with a sterile toothpick and streaked sequentially
onto plates corresponding to the four repressed and/or induced gonditii ans;
(-Ua/-Trp, -Ual- Trp/-Met, -Ual-Trp/ Eg:go pM Cu2SO4, - Ura/-Trp/*-Ket7+200
pM Cu2SM4). The result 30 is shown in Frgure 24. 142 Cdains 1. A method
for evolving a cell producing at |east one conpound, said conmpound having

(109" o2 B e\ SIS MRED IR 1 S5 S DRl LS, S

steps of a) prov Nng a conpositi al d' conposi

conpri si ng cel | slecting lreld ieecditg leepretietemminbe tseleotiary otitsriex pf asxe Bhan two

nucl eoti de sequer}%ﬁg Aat | east one of said heterol ogous sequences being

| ocated on an art |t§(al 10 chronosone in said cell, at least 2 cells of

t he conposition containing different heterol ogous expressible nucleotide

sequences, Ssgi ell ei_ng .. deno d cel | b f ] e
screeni ?g of %sgrihg rB?)%a?aa{chrﬁim ft%céﬁdgpih%r Hgét%?lggscéa?@s’pgpg%t g{ Lgagggﬁgel at ed
to the functi onaramelesis sapatadietee raidtad padivigedasist o phamidoeiogeal aret.each
parameter, c) selecting cells neeting at | east one predeterm ned sel ection
criterion for each paraneter, 20 d) conbi ning expressible nucl eotide

sequences of 5t lhesmkthot extcorlings tovath ob &uh presetieg dmms owhedietrh aklgastose bl e

nucl eoti de sequences, from anot her QnRosi ti.on. of I i ni ng
at | east one ne’?ﬁr@aﬁ%{)éﬁ £ 51 0F e%éﬁ'#ﬁg@o Sag{n@tynaeq%mgggp%%m%goﬁéﬁz%{é%@%.g
conpri silng cel |andniat teaat ohedstthdrwoarhebter 0 oglatesi RS5ae ) giisepsivhl distibolient | de
sequences, at le one_of, sai d, .heterol ogous sequences being | ocated on an
artificial chro%a%bwm %n(&%ﬁed(cf:eg?rl", at least 2 cells of the conposition
contai ning different heterol ogous expressible nucleotide sequences, 30 e)

naving the ab TERrefied s Bisite RhehERT inmBlackinh: e Gelnd RpaRe

according to clmraméter ther garamtiee relatgdotonal desired phaimaedlogicéihpropsdy dnd
pr oduce{ 5 cell Oénorthheef\ pgparfrxpe (E:‘Jrni(sj related foan Braea%s{réé)gpuér%'ago!%igg"ﬂ)?c?prertﬁ.e .

7. The method according to any of the preceding claims, wherein a parameter
related to activity against a pharmacological target is inhibition or stimulation of
growth of a reporter cell.

20

8. The method of claim 7, wherein the reporter cell is selected from a group
consisting of bacteria, fungi, protozoa, helminth, algae, plants, invertebrates,
vertebrates, mammalian cells, pathogenic microorganisms, agricultural pests,
cells infected by an intracellular pathogen, virus-infected cells and tumor cells.

25

9. The method of claim 7, wherein the reporter cell is a whole live organism, e.g.,

bacteria, fungi, protozoa, algae, plants, invertebrates, insects, tardigrada,

parasites or agricultural pests.

30 10. The method according to any of the preceding claims, wherein the producer cell

has been transformed to produce at least one drug metabolising enzyme.

11. The method according to claim 10, wherein the drug metabolising enzyme is a

Cytochrome P450, such as at least one P450 being selected from the group



35 143 3. The nethod according to any of the preceding clainms, wherein step
c) conprises selecting cells neeting a predeterm ned sel ection éﬂ’rttem ORuss
of nore than two paraneters. 5 4. The hod according to any of the =
precedi ng clains, wherein at |east one qg rameter is a paraneter related to
activity against a phar macol ogi cal target, 5. The nethod according to any

of the precedin n a o) ]y er
related to acti n[Sf %a?f %ﬁgg%hac'?}r?azc Ioség\lfca gt a%%‘lgvanggaﬁ%%% one
further paranet @¥Pba4 rGNRA S ClvE3aR, @QBBRECHIGGTILC 1@isstinthduslicbnyariangt abol i sm
and/ or excretion. 6. The nethod according to any of the preceding cl ains,
wherein at | east one paraneter is a paraneter related to a desired

phar macol ogi tal Ther am&rcﬁyacamcﬁinglﬁo ahot He rwipaeianbe alrug snatalditied ¢rayan is
desi ph f th
undest o8 PharRSELOR SRk BF BRI, ol WU SO RIB DSl gl 1

phar macol ogi cal sdcuegesds, msmltmmmpmttemllor stinulation of growh of a
reporter cell. 20 8. The nmethod of claim 7, wherein the reporter cell is
selected froma group consisting of bacteria, fungi, protozoa, hel m nth,
al gae, pl ant3. Thna/ensettierm at:e:sdmg vier tleibr1at ehereimnarelbastnone ldng n}fmaﬂitﬂigiegi c

m croor gani sms, ricu lls infected b intracel l.ul ar
pat hogen, vi rus® | f&c’? é)ﬁf’ glqu cgen@wetqmcgt#ce&g?lps Wﬁbg"e&é{eﬁﬁg’gﬁﬁ ﬁé%fe%"?’&& aim
7, wher€dn the nepatitieseqantes, and anleattonkeiivplacsdjasids saidesls., bacteri a,
fungi, protozoa, algae, plants, invertebrates, insects, tardigrada,
parasites or agricultural pests. 30 10. The nethod according to any of the
precedi ng cl ®.nFhe Wnethed n atdvedipg obucaimt®E| Wwheleirs die®ast ranstiffersdt drag

produce at |east gne drug et abol i sin nzymne, .. The acecording to
Cl o 10 wher eMREPRISTS R bR M G A sl € a7 egyiBe At et hastn Such
as at | east onead4iS€adé| fogesahme bedadtr7oo suvd gravlgasil®d consi sti ng of
CYP1A2,1 YP2B6, CYP2C19, CYP2C9, CYP2D6, CYP2El1l, CYP3A4, CYP3A5, CYP3A7,
CYP2C8, "CYP2C18 and their allelic variants.

15. The method according to any of the preceding claims, wherein one functionality is

the ability of the compound to be taken up by a mammalian cell, including a
human cell.

20 18. The method according to any of the preceding claims, wherein one functionality is

toxicity.

17. The method according to claim 18, wherein toxicity is screened by using a cell

proliferation assay

25
18. The method according to any of the preceding claims, wherein one functionality is
mutagenicity.
19. The method according to any of the preceding claims, wherein one functionality is
30 teratogenicity.

20. The method according to any of the preceding claims, wherein two or more

functionalities are related to the same target, such as the same enzyme.



12. The method according to claim O wherein the drug netabolising enzyne
is 5 placed outside the producer cells with the heterol ogous expr eg i Blhe-
nucl eoti de sequences, or in the reporter.cell. 13. The nethod asc"'c'idrgiﬁ:@@"‘fo
cl ai mLO, wherein at |east one drug net ag%‘?i sing enzyne is placed outside
the producer cells with the heterol ogous expressible 10 nucleotide

sequences, d at ] I Lnsi de. sai ells...14. nmet_hod
accordi ng t?]Iclﬁr;em%%%%\%i\ﬁggogrgﬁagaﬁgggghe{b\?\%c%gin??dﬁrg%téo rung %rpe%-ﬁéﬁglﬁgsa?ng
enzyne are usedeastuaie asreating dastat 3east & peraamgiére @fatécbastthd, twoucthmons at
| east 5, for ex@ﬂ%{pﬁ lﬂEtSIeast 7, or such as at least 10. 15 15. The net hod
according to an;‘/ fhe precedi ng clains, wherein one functionality is the

ability of the conpound to be taken up by a mammalian cell, including a

human cell. 20 16. Th h ccor di 0._a f . i i @B,
wher ei n%one %Un.f:qel 'Bﬁtg‘fg?gg&?@gg?%éﬁ%?ﬁtﬁg p&effe a‘fﬁﬁé’%ﬁ{g%'%qe? éﬁg@%%&ﬂﬁ%@{cg Og}s aim
16, wherei n t oxheistigction sitariagmiggtiobys insiengpdfocal lbast pomkiof theakpeats.assay 25
18. The method according to any of the preceding clains, wherein one
functionality is nutagenicity. 19. The nethod according to any of the
precedi ng clZi. e wetdnd accorting tmahy arfiahe tpregesiing3Blainey; atregeini tbettype 20. The
met hod according,to any of the precedi cl.al wherein t or nore
functionaliti ess%éercgorr\ 8'?&39%(8”@ %Orf'ﬁg %%?@q?%é}tgeea{g?s%%%ﬁhgg e same enzynmne.
JUL 145i®21. The method according to any of the preceding clains, conprising
perform ng

east,. one screening for at |le . par ers r to the
Poo or more 24 THETERAT eprainede By ofind beerRdid sl o e Bnsne
precedi ng cl ai nelatathizr thentwoher sibrd fupetmglitids int dme eady emiidoaf screening is a
criterial/criterion.is increased for at |eas f the.repeats, 23. The
et hod accor di rFTRES TRUAGHSr Mo B BRI i Toues SRS ha B
sel ection critebuad Bra merei specifispaaareged for at | east sone of the repeats.
15
25. The method according to any of the preceding claims, wherein the number of
parameters screened for simultaneously increases with the number of screening

rounds.

20 26. The method according to any of the preceding claims, wherein at least one
screening is a medium based screen, such as using unusual substrates, growing
cells on toxin comprising medium, or growing cells on inhibitor comprising

medium.

25 27. The method according to any of the preceding claims, wherein at least one
selection criterion is selection on the basis of survival, superior growth, deviating

morphology, stickiness, spectral properties, or {modulation of) enzyme activity.

28. The method according to any of the preceding claims wherein at least one
30 selection criterion is selected from at least one physical criterion, such as
temperature, osmolarity, light, and electricity, leading to cells being selected on
the basis of survival, superior growth, deviating morphology, stickiness, spectral
properties, (modulation of) enzyme aclivity, activation of a receptor, or
prevention of an activating molecule binding o a receptor.
35



10 24. The nethod according to any of the preceding clains, wherein one
paranmeter related to the two or nore functionalities in an earlysround of
screening is a generic paraneter, and ?gg parameter related to the 7+ <7
functionality in a later round is a nore’specific paranmeter. 15 25. The
met hod according to any of the preceding clainms, wherein the nunber of

paraneters ned for. similtapequsly.incr : i u rPf
screening roun S mf&“c’%@ccﬁ?éﬂg $t Rod Ogéljéeo?)ﬁ%%%ﬁgtfméﬁﬁg‘ {A)'E grte eggfeggfejap%g
cl ai ns, wher ei reegdctibeasiterionds tse rcepabilityg dof suavivabdf wellbabed goween madieh as

arowng col s T breesrd chibmierdf? of ach@ios PR e RERHBha b ng

to any of the purecwmifiedgellcan ssryiveherein at | east one selection criterion
is sel ecéi on on the basis of survival, superior growth, deviating

nor phol dgy, stickiness, spectral properties, or (nodulation of) enzyne
activity. 280. The methoddcaadingdo magy bditenyeaddirighaaipsewbelieimgthe ltad s nwier ei n

at | east one 3 election criterion i el ected from aj | geast ysi cal
riterion  suchondtpanserae rE it Bl 8 it GrBlarelER e eHY Laci ng
to cells bei ng sebedirgchetabolifthe basi s of survival, superior grow h,

devi ati ng nor phol ogy, stickiness, spectral properties, (nodulation of)
enzyme activity, activation of a receptor, or prevention of an activating
nmol ecul # bi rali. NThd methodexepidong. to 3my I 6he Precddiieg plainm) dompdsing itteguscoobay of
the preceding clains tv\,he[ein at | east one selection criterion is the
capability of s {/‘?9\73'? BFYEET 1 s when grown in nedia having increasing
concentrations of a substance conpared to concentrations unnodified cell

can survive...5 30. The nethod accordi to any of . the preceding clains,
Wher ein't he Foo! B MRiPY SFRARE Brady i 12 PRrEe Pt SR SR, AT IR
non- nati ve mnet ghsitive esljs peetirgrtablay leaseorensiacfionetiabiod istpesfori€d B methe

met hod %ccordi noc11fiagreggélncgfacﬁvg?ecpée?lcs%ﬁiar%g(Fﬁbgs s, comprising the use of a

33. The method according to claim 32, wherein the sorting is based on a signal from
an intracellular reporter system, said reporter system being native or
heterologous to the producer cell.

20

34. The method of claim32, 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.

25 35. A 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 survival in the presence of other organisms.

36. A method according to any of the preceding claims, wherein the selection of
30 positive cells meeting the at least one selection criterion is performed by means
of having a growth advantage in media where growth requires the expression of
reporter genes that when giving a desired response produces a compound vital
for cell survival, e.g. antibiotic resistance marker, cell cycle control proteins, or
auxotrophic markers.
35



fluorescent analyser. 32. The nethod according to any of the preceding
clains, wherein the selection of positive cells neeting the at.l £ast one
selection criterion is perforned by nea 15 of fluorescence aét‘ar vatedith
cell sorters (FACS). 33. The net hod accag%lr ng to claim 32, wherein the
sorting is based on a signal from an intracellular reporter system said
reporter sy being nativ het.er ol 0go LS ta t s cell. 20 34.
The et hod o o\ Hedod ksl nd g B P R Bt 25 BB VTR B8 ect e
on by nmeans ofcdmiifSes asecdl sy ohthel selestiorBmethiotiein sy drdgr. exanpl e at | east 4
criteria, such as at least 5 criteria, for exanple at least 7 criteria,
such as at least 10 criteria. 25 35. A nethod according to any of the
precedi ng cl38. Mhe mbtboaecdrdieg Sedrgadf itienprefedinpdaitris\as to 6| whereet sehgtivie at

| t | ect t f | h
preggenggeo?eoteﬁ%c‘i"?%rséérhnyg‘r[‘f%n %’%%”%?h?ﬁ?%g%&é?%?ﬁg tg a?l;r\cl):‘ V?hel rr)]rtecgdr ng

clains, wherein the sel ectron of 30 positive cells neeting the at | east

one sel ecti |ter on is orne h ad ant age
T redi & vihore DiEgnPRST et et AT Ly BERER dom MpORrdp SRR s
giving a desi rew}ereesrpsms;e apgcaEntg Nt comppsig ceportbadystenas. cel | survi val
e.g. antibiotic resistance marker, cell cycle control proteins, or
auxotrophi ¢ markers. 35 147 37. The nethod according to any of the

precedity cl4 Whé&etmd%powh@rteimarme:kwwﬂemm trmomﬁijw?.:e%areoencmmddﬁ t he
sel ection net hod ny order. 38. The net hod ac ordin ny

precedi ng cl ai i ngto%t%é:o%@\ngr AI8EPEC R ac%'ae Pf’@ggy‘%ﬁ% cﬂlr%]f' atr on
of the sel ecti ararmgbdregschi@9an, tatuioed bodinacearsdi dirg}dlyacqmamrdé t he precedi ng
claims, wherein the producer cells are enclosed in a screening unit
conprising reporter systens. 10 40. The method according to claim 39,
wherein the 4 Wﬁumh&ﬁédcﬁrcﬁtﬁgﬁo&whﬂiﬁﬂ?d\rﬁemm gl prddefel etls arengiciosedin a

agar ose,_ pol ysacchari d car | nat e, ,carrageen chi t osan,
cel | ul 0%%e, pecﬁ?’f?r st 'f‘"ét"nnorb?e%g'ﬁ@ﬁg’w "ar%‘)u“ﬂibe*rﬂéc%s{’%%d according to
claim 39, wherein the producer cells are enclosed in a 15 |ayer

essential 1y Boq: ReNgtS PRl SN b ain P MELH £ A REEANS Hiaterial is a lipid

material.

20 43. The method according to claim 39, wherein producer cells are encapsulated into
gel droplets comprising reporter system(s) prior to sorting by FACS.

44. The method according to claim 39, wherein the producer cells and the reporter

system(s) are encapsulated into one layer of gel droplets.

25
45. The method according to claim 39, wherein one layer comprises the producer
cells and one or more reporter system(s), and a second layer comprises one or
more different reporter system(s), and optionaily a third or fourth or further layer
comprises one or more reporter system(s).
30

48. The method according to claim 39, 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.



42. The nethod according to claim39, wherein the non-penetrable materi al
isalipid material. 20 43. The nmethod according to claim 39, vr.herer n
producer cells are encapsul ated into ge dropl ets conpri sing re'pdr‘f“er -
systen(s) prior to sorting by FAGS. 44. 4%e net hod accor di ng to claim 39,
wherein the producer cells and the reporter system( s) are encapsul at ed

into one |ay e r opl 25 4 d accordin 0,cl.ai
wherei n_one 47ayEre BB Hdo Gl ing Mepdd ST e Mo A ERaY ¢ o
systen(s), and gostiee aalth rfn&gt&rg theeprerastemaoammnn criterien di pfeffermeu by eans er
systen(s), and ptronahyy gor fourth or further aver Eﬁrrprrges one
or nmore reporte? ¥V si‘ssaéosé‘ﬂ VPHy r?ﬁ?%&"’ﬁ%%’rgdfer?&”fe SIS R 38"

wherei n the prodasnel ocaltbmbic sicidapsigoatieeicelis. one | ayer of the gel dropl et
and at 5east one reporter systemis encapsulated in another |ayer of the
same gel” droplet. 148 47. The nmet hod according to any of the preceding

clai ms, wher48 nTidmetrebertomingdb anpas tid Mecexﬂ:hg sramre,etwhaga:rﬁ e sdledtieast one
selection criterion is

cvert oy hseny citibe eI RbeBThe 2 ol dses iR Bl s e BiRa by el
pi cki ng of posidfipvee;rr@eé bﬁﬂg!e&ldlr&l pfﬂdecémiehdlde atcsmr demgf h@nremyteqilaté heaid

precedi ng cl ai ns n the, sel ectr s neeting.the a
| east one sel ec‘r*?‘b?P”b?rlst“@r*’FB?r‘%r ssy?)tg ‘Lmﬁg 5r?§' ’Cﬁ%‘g\gnﬁ Qg@}“ﬁgl e
cl onal froducercetigl!l line in one well of a mcrotiterplate, said well

conprising reporter systen(s), and manual or automatic picking of positive
10 cells. 49. The nethod according to any of the preceding clains, wherein
sai d report e, $M§tn&lmdd§a&:o€rﬁrhd; thaBPdf Itreaogrercedimgwmm whereingsakatépeetet 0 t he

reporter cell or bein ter Qus t r.ce ., Ihe
et hod- accor di (YSEE B cteeHerBRBE LR USRI B R ol BT
systemis a celHetérb@gotpand gerpoagqscteem 51. The nethod according to any of
t he pre1(‘5edi ng cl ai ns, wherein the selection of

50. The method according to any of the preceding claims, wherein said reporter

system is a cell free reporter system.

51. The method according to any of the preceding claims, wherein the selection of
20 positive cells meeting the at least one selection criterion is performed by means

of plating cells on a medium, and manual or automatic picking of positive cells.

52. The method according to any of the preceding claims, wherain a composition of

cells comprises at least 10°, preferably at least 10° genetically different cells.

25
53. The method according to any of the preceding claims, wherein a composition of
cells comprises a collection of cells from one species.
54, The method according to claim 1, wherein at least one producer cell comprises
30 at least 10 different heterologous expressible nucleotide sequences, such as at

least 15, for example at least 20, such as at least 25, for example at least 30,
such as from 30 to 60 or more than 60, such as at least 75, for example at least
100, such as at least 200, for example at least 500, such as at least 750, for
example at least 1000, such as at least 1500, or for example at least 2000.

35



20 positive cells meeting the at |east one selection criterion is, perforned
by nmeans of plating cells on a medium and manual or autonmatic plé%lﬁg Noviiti)
positive cells. 52. The met hod according go any of the preceding clains,

wherein a conmposition of <cells conpris &at | east 103, preferably at Ieast
109 genetically different cells. 25 53. The nethod according to any of the

precedi ng cl al in.a GOR |t| S i on of
cells fromo enﬁ.be@fag'gg 2°rdﬂ9e Or’r%f] Woggavc\:';é%{ ﬁ ?ﬁe g‘% dué& Ce%v\%%%rfsngat

| east one produeqressdld notenide seguen8és admihg &sth cﬂﬁ)arelmtfa%qalreesxbn kiste ol ogous
expressi bl e nucl eoti de sequences, such as at |east 15, for exanple at |east

20, such as at least 25, for exanple at |least 30, such as from30 to 60 or
nore than G%B.Smbanmcm!tadcemmg pgnyfdrthe peoplieg atairhg agtereid @0bstantciy @& at

east 2000, " uciRemRigBuf exbEiSbigon ot Nellats FEbcaRL onBle) oF SRS EE

The et hod accoartdfmg chonedsames 54, wherein any one producer cell conprises
expressi bl e nucl eoti de sequences com ng fromdifferent expression states.
56. The nethod according to any of the preceding clains, wherein

subst anti al | §7.ahk m@hd&%c&bﬂiir@g@my@xmee:sséddir@ arick ewhdrdia tise gqurepasitnasfe

| ocated on one or, nbre. arti !ea\%ﬁ nmet hod according to

any of the prec%edifﬁamg Rt (I:eﬁi ?‘ﬂ% €[8$%8§?th%°'8‘?”3‘%| | s conprises at

| east ot cell, said at |east one cell conprising: 10 a) at |least two

he fol P- PR X- TR- SP-rs1
o O oo sl DS P Bl Of Bl ol iader ag &p o o)

i ndi vi dual I y de[imt&i?yPR XPaes?-rs;PR denotes a pronoter, capabl e of
functioning i I’lﬂsﬁl d. at |least one cell, X denotes an expressible nucleotide
sequence, and Y&otes a termnator. 20 58. The nethod accor di ng to any
of the precedi ng, ahdirsatogetifeetiendtes beestrictibeasd, two expressi bl e nucl eoti de

sequences are i g Al YeRFLSFLgstel " Om the group
PR denotes a promoter, capable of functioning in said at least one celi,
X denotes an expressible nucleotide sequence, and

TR denotes a terminator.

20 58. The method according to any of the preceding claims, wherein the at least two
expressible nucleotide sequences are individually selected from the group

consisting of genes and fuli-length cDNA sequences.

59. The method according to any of the preceding claims, wherein at least one cell
25 of the composition comprises at least one concatemer of individual
oligonuclectide cassettes, each concatemer comprising an oligonucleotide of the

following formula in 5'—3' direction

[r5,-SP-PR-X-TR-SP-rs4],

30
wherein
rs, and rs, together denote a restriction site,
SP individually denotes a spacer of at least two nucleotide bases,
35 PR denotes a promoter, capable of functioning in said at least one cell,

X denotes an expressible nucleotide sequence,



consi sting of genes and full-length cDNA sequences. 59. The net hod
according to any of the preceding clains, wherein at |east one ceﬁu 365 ﬁ{f
t he conposition conprises at |east one catermer of i ndividual & JUL Z00h
ol i gonucl eoti de cassettes, each concate conprising an oligonucl eotide of
the followng formula in 5 --*3" direction [rs2-S P-PRX-TR-S P-rs1 ]" 30
wherein rs, andrﬁsz Hogeiher genot a restriction site, SP individually
denotes a space 8?“%? PNl eoti de bases, 35 PR denotes a

pronot er, capabligereir fxipciridoni ng in said at | east one cell, X denotes an

expressi bl e nucl eotj de, sequence, JUL 2,006 1 TR denotes a_term.npator, and
anrei nn>_ 2,W%8‘”V\ﬁ(ej%ﬁ%ﬁ p F’éoégﬁs'q%%\d“%?ﬁg‘g%sﬁeﬁP@"cr‘?ﬁc?'@o{rPﬁ’e déf% nces

are fromdiffergepressRupifesi on states. 5 60. The nethod according to claim
55 or59,_wherein the at least two different expression states represent at
| east twd different ti ssues, such as at |least two organs, such as at | east

two speci es,smITHUGRIRSY adcor®as o taimgsnersn, Wikrbid. théhst rRBEhA arresdi ng to
cl aim55 or59, wherejin a%% one producer cell. cong{_i ses e preszi bl e

nucl eoti de sequEREESION SAPRIERTEERT a1 (Pashive diferegbtissyRg ??E%itﬁ?dat BWW¥Png to
clai m 60, wher eprgatd)@uéings alilkdL hRNipesRECHaRIcRES af lkashtab geh&ast two
different phylae, such as fromat least two different classes, such as 15

fromat |east two different divisions, nore preferably fromat |east two

differerg sathTké hatedtBaccorirgskians 5610050, dtheletsihy dnaOprdiifidee ceinéorkibrivgg oS
63. The net hod accordi nrg o.claim57 o wher ein substantially all

1r59,
rsl-rs2 sequenPPEESSPE A¢ sertenges ham ehisast WstAeFie®i on enzyme, nore

preferably 20 wherein substantially all rsl-rs2 sequences are

substantially identical. 64, The nethod according to claim57 or59, wherein
nis at |easté irg? mgfaer accomting toadaim g wheggin et I‘{éf?%‘{?”tl SPESES 2 gg'ﬂ?c&ﬁ as at
| east 25, for exasmive dteréastyladOsudhUefra at least two different classes, such as

15 from at least two different divisions, more preferably from at least two different

sub-kingdoms, or such as from at least two different kingdoms.

63. The method according to claim 57 or59, wherein substantially all rss-rs,
sequences are recognised by the same restriction enzyme, more preferably

20 wherein substantially all rs,-rs, sequences are substantially identical.

64. The method according 1o claim 57 0r59, 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, such as

from 30 to 60 or more than 60, such as at least 75, for example at least 100,

25 such as at least 200, for example at least 500, such as at least 750, for example

at least 1000, such as at least 1500, or for example at least 2000.

85. The method according to any of the preceding claims, wherein the producer cell
comprises a prokaryotic cell selected from the group consisting of bacteria such
30 as Escherichia coli, Bacillus subtilis, Streplomyces lividans, Strepfomyces

coelicolor Pseudomonas aeruginosa, Myxococcus xanthus.

66. The method according to any of the preceding claims, wherein the producer cell
comprises a eukaryotic cell selected from the group consisting of. yeasts;

35 filamentous ascomycetes; plant cells and mammalian host cells.



from30 to 60 or nore than 60, such as at |least 75, for exanple at |east
100, 25 such as at least 200, for exanple at least 500, such as,at |east
750, for exanple at |east 1000, such ag ﬂt | east 1500, or for ex*arprei%}i
| east 2000. 65. The nethod according to q y of the preceding clains,
wherein the producer cell conprises a prokaryotic cell selected fromthe
group consisting of bacteria such 30 as Escherichia coli, Bacillus
subtilis, Streptonyces |ividans, Streptomyces coelicolor Pseudononas
aerugi nosa, 6V xbeometredxantriding.to @&im'ﬁl@ewherbmaﬂemclemﬁﬁa@menmyf atfleddhe

precedi ng clains, wherein the er ce i Ses c._rell

sel ected from t?‘ﬂae éP?)(i?gerﬂ%rns‘?r%Pf% %gy @? ggt{de Sg%?nlp?l f&%ngﬁgé%gé@ r?@cet es;
pl ant cel | s andcomeatriersahaveoisdencadsighed lﬁﬂmrﬁmzseﬁhe levet bfoepeaicgdenggstio cl ai m
59, \/\/her5e| n the_nucl eot i c{e sequence of at |east one concatemer, preferably
t he nucleoti de %@q‘ﬁ“&rﬁ‘?@c? PO subst anti al | y all concateners have been
designed to mnimse the | evel of repeat sequences in 5 any one

concat ermer . The thod accor din o.claim.l1, erein sal

conpos: t1on B Taf eV e O horEudh Sals o PR RRdln L SuPdhsi bl
nucl eoti de seqwaa;@eds) dotrpeibys tals tbﬁrﬁoeraurabxplremme oneeafdet deguénuest likelgabi ti es
to the cells. ?9 The metogg?d ord im1l, wherein said another

conposi tion of %0@ rat{zgst Orﬁr HE?V”E&%&@& g? a third functionality.

70. Thetgret hod according to claim11, wherein said another corrp05| tion

conpri ses terol o ous [ essi bI e nucl eotj de, sequence m ex re55| on

states knowPt o NSPEEa é‘c%%ﬁjﬂg%a@imw tHelein 585']3?”08?%%8?1'3??@0

functionaliti eSpreV&uslﬂ'theasmidffoda adrddurebtiogriityo ¢l ai m 1, wherein sal d anot her

conposition conprises heterol ogous expressible nucl eoti de sequences t hat

code for simlar enzyme 20 activities as heterol ogous expressible

nucl eoti de sEQUENEeRthod dcberdigl tectapel 1, edrmEds shidamother canpssiticfPconifraseset hod
ri ses

accordi to cl aitm . _Wherei n.b§ai d arg.gt her econ%)&m tei ornsofncg Issk COHE
cells cﬁgam e JiCIERITPRUSPIRIeHOE BARTCUGR o BIeREET KPR ESS8" SR ISy e or
synt hesi si ng atprbeéastconipeupdedidt ariaasiede ebinp aenicbdoiunctdubltieance. 73. The
met hod according to claim1l, wherein said another conposition of cells is
71. The method according to claim 1, wherein said another composition comprises
heterologous expressible nucleotide sequences that code for similar enzyme
20 activities as heterologous expressible nucleotide sequences in the selected

composition of cells.

72. The method according to claim 1, wherein said another composition of cells
comprises cells capable of expressing at least one predetermined
25 proteinfenzyme or synthesising at least one predetermined compound or

substance.

73. The method according to claim 1, wherein said another composition of cells is
chosen at random.
30
74. The method according to claim 1, 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.



chosen at random 30 74. The nethod according to claim1, wherein said
another conposition is identical to the selected conposition andj; 1y a5,
expressi bl e nucl eoti de sequences are mixed to obtain new conbinati ong-oful:
t he sel ected expressible nucl eotide seqdé%ces. 152 75. The nethod accordi ng
to any of the preceding clains 1-73, wherein the conbination of

expressible guences, i s a conbipation_ of artifi.cial . cht sqones i,n the
ol 1o 5 76, PnL i RGts ACCTPAENG €BY cifelh P b RS o kia. SORETRAFon of
chronosones i s cabtirdtived &y spsekbrl wqosscdietisean cahbisation?. of Thetitaiilhod
according to anéq of theesﬁp.r«?cedi ng clains I to 76, wherein substantially
al | het er ol ogou® T8RRI XLL BI"E $lET eot i de sequences are located on 10 one or
nore artificial chronobsones. 78. The nmethod according to any of the

pr ecedi cl aj 1 to 77, erein th onhi nat,i on, of _heterol ogous .
bxpress bl o Thatreadof aoetiitg: Baim (o dBrap Fag comhReHet eFuragites i
expressi bl e sequstaiees bf aeexal cloeasdsbiwesn cdisf ferent cells, 15 conbining the

i ndi vi dual het erol ogous expressibl e sequences into novel conbinations, and
i ntroduci ng the conbi ned heterol ogous expressi ble sequences into cells to

obt ﬁi 3 cel | Swavi The &heth@cﬂ%}{ccé’rﬁﬁ‘@ ks angétcbf die}‘ bedcetihg claird na}}d m@$-w1*24ﬁeiﬁ9- The
nmet hod according to the preceding clains | to 77, erein.the

Combi nat i on of THISBRORNGELECEiHRaLS FUNESTIRIE MUBEPHE SRAGRFRS™) BoREd0ct ed
by anptg fyi ng exdsesseantificassebinesoriys. PCR, m xing anplified expression
constructs, conbining the individual expressible nucleotide sequences into
novel conbi nations and introduci ng the conbi ned het er ol ogous expressible

nucl eoti de 2 sHRURRERSY adtofiifkd Sny @f ahé récedRlgl Saimist I tat 74 edisdreid el | s

with different conbinatiaons. 80. The nethod according t ny, of the
precedi ng cl ai n%o”lb”-‘at*?g,OfVQ?Z‘?FQﬁOHO%SaF’éPre ; &?ﬂ&*%ﬁsi%%a”@%?fqd\e/@f i'i?ﬁf"t’Bg
sub- conposi ti onge B&e@logolicexpriRne aeqosrtendirdrd & &agl 8o wifercai ek,
sub-conposition is a co! I ectcl.on ?f i ndi vi dual cells havi ng at. | east one
phenot y in co ning 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.

20 79. The method according to any of the preceding claims 1 to 77, 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

25 sequences info cells to obtain cells with at least 2 cells with different

combinations.

80. The method according to any of the preceding claims 1 - 79, wherein said
composition is a collection of sub-compaositions.
30
81. The method according to claim 80, wherein a sub-composition is a collection of

individual cells having at least cne phenotype in common.

82. The method according to claim 80, wherein each sub-composition comprises at

35 feast 10 genetically different cells.



82. The nethod according to claim80, wherein each sub-conposition
conprises at 35 least 10 genetically different cells. L UW 153 83 JBL 2
screeni ng system conprising a producer cell conprising (i) two or nore

di fferent heterol ogous expressible nucl d88i de sequences, at |east one of
said heterol ogous sequences being |located on an artificial chronosone in
said cell, 5 and (ii) at least tw reporter systens, wherein each of the
reporter systenms is directed to a paraneter related to a functionality of
one conpoundsPr gddeeenipy syblatn eehprisiffa gloeuseragnionpriygt entvacenmtbrag to

claim 83, conprisin roducer cell. 10 en sul ated i el dropl.et
Loget hor wi th t HEeraH NeBeogas Sistbler iR dnscadtond Easteans AbS¥st em
according tohcl IedtsRolgous esqlenséNBeifg PcatbdcsT a@?ﬂéib‘iciiélrbfﬁ%mbim& th sy celgnment
conpri si the at, |l.east two reporter stens. . : e screening system
Cochr di b to ol HIES leahbiiel BBa s cysREr Npeib RS of 18IBBUE AT Bhe
producer cell S8direclitoSCpfamery rdxst eimacadioakingoft sheCdampouBad prodieeeibp a
reporter systen%i ) ﬁ\n extracel lular reporter system which is cell based
or cell free. 2¥®88" The screening systemaccording to claim83, wherein

the screening systemis adapted for being used in a nethod as defined by
any of the cl ai 1- 82, 89. A nethod for enersti on of |ead Cé)rrpoun S,

sai d net hod %nﬁq SCIRGNOEr BB GRCCEING dAnFT £P o FOBP PSR FEPINCET |€lf or  at
least tyw par an@icapsulstet af £gelldPoét tb@aARdr VithahP bEIdstenatdRetef sredrmanal i ti es,
said conposition of cells conprising cells each wth at |east two

het er ol ogous expressi bl e nucl eoti de sequences, at |east one of said

het er ol 0gouSsss eieestrEsniME bytderh QRBERMIOD A&imABS | EdrdraingCh rpomsenteeli h aai d
cell, at least 2 cells of the canpositioon contain different heterol ogous
expressi bl o 30HILTUEPTTEMSORRERBO e FdEastiiD RRIISEYHERST di ng to cf ai m 89,
wherein the | ead conpounds are drug | ead conpounds and at | east one

par aneter i ated to absorﬁaion,.distributi bolism excretion or

S I n, neta
t oxi ci t{° anoaﬁaﬁneeﬁg?e@ﬂ% eI AFCHARS Bt &Iy égr Whelekya; '§Pods i By
agai nst a phar neeat@gitRialthd gogeder cell

87. The screening system according to claim 83, wherein a reporter system is an
extracellular reporter system, which is cell based or cell free.
20
88. The screening system according to claim 83, wherein the screening system is

adapted for being used in a method as defined by any of the claims 1- 82.

89. A method for generation of lead compounds, said method comprising screening

25 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 atrtificial chromosome in said

cell, at least 2 cells of the composition contain different heterologous expressible

30 nucleotide segquences.

90. The method according to claim 89, wherein the lead compounds are drug lead
compounds and at least one parameter is related to absorption, distribution,
metabolism, excretion or toxicity and at least one further parameter is related to

35 activity against a pharmacological target.
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154 91. The nethod according to any of the preceding clains -89- 90 wherein
screening is as defined by any of the clains 1- 67. 5 L Bl e
A ’e,

154

91. The method according to any of the preceding claims -89-90, wherein screening

is as defined by any of the claims 1- 67.



