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particular™s systems for the inducible expression of a DNA sequence,

PagieHAYSHEXSAENOUSCENAGRENERCEHBAEK ERQY MR ARIDS OF USE

Techniques in molecular and cellular biology often involve the introduction
10 of an exogenous genetic sequence into a cell, for example encoding an
operOIERGNYL. frapng and the expression of the exogenous sequence

ithin th It te th ded ti tein, Typically, t
e e ie e SRt PR LA DB R

cagehef mdemaletiskarenssiandf priNaiaeqlemengsridtitabiefordibgenous

bi% ing of aeprg)ropriate transcription factors and RNA polymerase. In 15 the
SEequUeEnce, © .. . .

way, the Jector utilizes the expression machinery of the host cell to

co-ordinate expression. Such expression systems may be broadly divided

int@ A@é@ﬁm Iug- constitutive expression wherein the degree of

expression cannot be controlled, and those that enable inducible

expressidisohmigrshithadespar astcrbitashinlean diep onvehshe dagpduction
extenal AcIrs MANGIDIe RXREESHION SYSIEERS BERRAICHIRRY 4568Uh reading

where it is desirable to carefully control expression of a foreign protein in a

holere R ihe:@ipishsieg Sl SECBCROME EHEB JaHil dhe gstbigpeerate the
Prefiledba QthakcCHcpRsiancespiiNCiple R¥RrRsaian MaN.alanesasatid)into

of proteins whose constitutive expression might not be tolerated by the

hoAsSBERP IR ESHRE WHie G FRERESE AREBIAFWASIEGE ABAREC RS RIEDGRS
a IRGARLIRAMHALHRCID L piIoh SXRIESSR S PRISHIERIBIS atfl RNIS&6lFmerase. In
inducible sgéstem which is maintained in the, off sta{e at. most 'ﬁmes, such

the e U PRORIHUZFS M fo PIRSIRR AN o} e diosh &gl Jg igeprainate

ongxmetbiedime of the experiment. Some expression systems of the prior

art are deyived from prokaryotes, and, s ro‘ca{ﬁ‘es 2 BAQNAYe RIVERLt invoive

partlcula%/iﬁsg : namefy Sl Ehdthe 1o gperons. M&re recenﬁy,

anathsitindecibieesyiste mhhesnbibe nicpve lo exbessiectosadt ibeUnittrdiled, and
those that enable inducible expression wherein the degree of expression can be
controlled by external factors. Inducible expression systems are particularly useful
where it is desirable to carefully control expression of a foreign protein in a host
cell, for example to simulate a normal, endogenous expression profile. In other
circumnstances, inducible expression may allow the study of proteins whose
constitutive expression might not be tolerated by the host cell. In some
circumstances, the only way to generate a cell line or a recombinant viral vector
that expresses this protein, is to use an inducible system, which is maintained in the
off state at most times, such that expression is turned on to a desired level, or for a
desired period, only at the time of the experiment.

Some expression systems of the prior art are derived from prokaryotes, and
of these two have proved particularly useful: namely the /ac and the fef operons.
More recently, another inducible system has been developed as disclosed in United
States patent publication 2004/0205834 published October 14, 2004, corresponding
to US application no. 10/135,362, filed 31 May 2002, which is incorporated herein
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States patent publication 2004/0205834 published October 14, 2004,
corresponding to US application no. 10/135,362, filed 31 May 2002,
which is incorporated herein 1 WO 2006/037215 PCT/CA2005/001508

2006/437215 : ) : - BCT/CA2005/001508
“R/ FOREHRLR. In preferred embodiments, this system is suitabre tor s

rpameralian: cells, fof aiange-phapplcations; iNGURY hosgHBRL rRQUINe in
tight control or the need high-level expression. This new gene-switch is

dimmaratemesiadeny? #age of eralistERTe) slidinsiess tabteiyraifiertorol
bicteriaksenieaser sdesivrekiiom THe Reeuamanas PUlRRIE RBayBently

operon. In P. p ﬁda, the degradative pathway for p-cymene to its

hesz datesgecivativeyp-cumdte consisisdiffGage hastaighragedsin deri apefiom
(cym). The cym operon is followed by the cmt operon that is responsible
fée fhefdptherid et itialiba-erecin arer Thelep redidoniss dagr ylahes mthway

b@%%g%ra{ﬁ&tm%@g QY B IRRIEISH R UGB MR YLEWECHRRI RS in an
about 28

kD that binds operator 10 sequences downstream of the start site
oTRFETDIEOtERE e AR 1h RINAS Bintim §eorrigRahisnibrisPR tHe for

ahsenaeLfLymena A SuWnales. traclartatid3A: Bldnelrsule vblRitadrons is
States patent publication 2004/0205834 discloses the transformation of

RIS B Yo THRERS S5 PRSI B Ein A iy P A RAIHA AR ORF RiRr

15 context of ad nowrah\{ggtors relativ él%%:low amoupRis 8f AQCMVCT e

SEOUENC ownstredng .o start stig of romoter . 15 1M 8
rEGUIFeE to" Achieve high expréssion 18vels from the cumate-regulate

PrgRRter GRSkl Gapirantsio theehel-switehwhers:largeamountsel.tor
reporter and % tivator virus (AdCMVLtTA) are required to achieve the

Sﬁ,mgclgyaé’ activation. Furthermore, the CR5/cTA system performs
better than the strong promoter CMV5 in all cell lines 20 tested. Thus, cell
lines stabiyiakPreesingt @l Aube asufAToF 620580h disnlexan die pratefprmation

e ince ima, I jon sy ' atipla. .
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this system is not as readily 25 amenable to large-scale production since
tHenHatietiontbs &gtémltggc}l@ﬁé% };gqgi,aégounts of reporter and activator virus

{AACMVITA) are required to achieve the same levels of activation. Furthermore, the
CRS5/cTA system performs better than the strong promoter CMV5 in all cell lines
tested. Thus, cell lines stably expressing ¢TA are useful for achieving maximal
protein expression. Since maximal protein production is presumably incompatible
with maximal cell growth, the ability to down-regulate protein production in cTA
cells in the presence of cumate during clone selection facilitates the selection of high
producing clones. However, in its current configuration, this system is not as readily
amenable to large-scale production since the induction of protein secretion requires
the removal of cumate, a process that is cumbersome n large-scale culture.

There remains a continuing need for inducible expressions system that permit
tight regulation of expression of associated exogenous sequences. In particular,
there is an increasing need for inducible expression systems that permit regulation of
the level and / or duration of expression. Ideally, such expression systems may

permit near total silencing of gene expression as desired.
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sequences. In particular, there is an increasing need for inducible
expression systems that permit regulation of 30 the level and / or duration
pDIhexprassion. tegathvstehigxpression systems may permit near total
silencing of gene expression as desired. 2 WO 2006/037215
PCPI€A2605/001888 Di8BEOBERENOF THE INVENTION Disclosed is
an iIndy RIS CXPIESRIANRYBIE MRS AISCIORAHh IS ABHNARGHIC OXPIESSIAN of
system in which a level and/or cﬁjratlon of expression can be regulated. In
eXPISTRPREHLRE 'EREASR provided an isolated polypeptide comprising a
sequeneasyatianiefi«Gymidsthat Mhibﬂﬁowb@h% afﬂmﬁy;;ﬁ@raae@wﬁ variant of
nse.eleme nJn a.nresence rather an absence of an
C B B T RS B e

an 2B a8 Hlaren SuieRiRidn RidTsheatvdigsag ﬁt@&lﬁ%ﬁﬁ@iﬁ@@@q E@RRses &

trané«ﬁ%fi@d’ifoﬁfd@ﬁﬂil&ok@léﬁlﬂmﬁﬂcﬁwﬁqhetﬂ@l@ﬂ&w&iﬂm @pigolated

pownUCIEh%trI%g ecgc‘%dm the\P é)e peptl%%(gﬁsg Iﬁ%ﬁ?ﬁ?ﬁé}% é?ér?%(%iqnaﬁr![ge polypeptide

aspec "Fheré R “provided & constriict
discppotgnigcimotide as disclosed herein, in operable association with a

promoter sequence suitable for causing expression of said polvnucleotide

to géheretersaitpolype ptike e n suisregremutsiagrinssolarePanfydeotide as

disbeslicgli-in, apothrraspesiotham iw&oyi%grﬁo?&k%s&iﬁmama for causing
transformed with the construct as disclosed herein. Preferably, the host

R TS P AR H A AT S P B B P RSB HSIRG (& Hansformed

intprdwsotet;, (i) at least one CymR response element; and (iii) an open

readip %Uﬁ@?%s%@&og}&g £ HRIG 10D, SXRESRE N IRGEARLS with the construct

association with said promoter and said at least one CymR response
25 ARSIRSALSIEreby in an absence of an effector molecule said CymR

variaptgxatiiistre tlacinglbip dingdonsalfloahledstith 2 second construct comprising:

(i) a2 promoter;

{ii} at least one CymR response element; and

(i1i) an open reading frame encoding a protein to be expressed, in operable
association with said promoter and said at least one CymR response eiement, whereby in an
absence of an effecior molecule said CymR variant exhibits reducing binding to said at least
one CymR response element to cause little or no expression of said open reading frame, and
in a presence of an effector molecule said CymR variant exhibits increased binding to said at
1east one CymR response element to canse expression of said open reading frame, thereby to

generate said protein.

In another aspect. there is provided a method for producing a recombinant protein in the

host cell as disclosed above, the method comprising the steps of:
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one CymR response element to cause little or no expression of said open
reading frame, and in a presence of an effector molecule said CymR

woValiogdyephibits increased binding to said at least one CynMR Tes{omsentsos
element to cause expression of said open reading frame, thereby to
generate said protein. In another aspect. there is provided a method for
produci recomlﬁiﬂ nt.protein.in.t ' above. the
meth%cbgc%‘?nf%rr%‘uﬁ% i e?‘%?ﬁﬁ%@ngp va\‘/%&fggg}?)ﬁs%%c %%005/001508
(a) transforfningtbmdiosteg@ingdth a second construct comprising: (1) a

promoter s %}’nggt@%e%mtr%%&é’%%%e element; and 5 (jii)
In

an open re g frame encoding Said recombinant protein in operable

association(WitArsaRsTetrke B HBESHOEPa SAIS ARqom st SR i RPeTable
asé%%ﬁgg§ S Blement Rl adiaing ancelirciondanlesy eyinal regulatasement;

ymR-mediated expréession into the transformed cells of step (a) to induce
the expression of said open reading frame thereby 10 to generate said

recomBipantinsHeim, Biefesabiyictie ernstxicherruptEesiaipearakiecssion into
association with said isolated polynucleotide, at least one C

mF
eepiemelsipling IRBabiP BT AT SOISHCBERUR'S fragg thereby
tocgghg%%%%@mg@dyﬁp&g;jge can be regulated at least in part through
binding of CymR to said response element. Preferabl¥., the .%)gt.ge%lsléﬁmd
furthe a5 RS TOH TR THth R BR TR LB BREERRER e SSing TYymR,
n¥iberebyin.an absecefsricksphiaetormalecutersaideSyrRiexpfessed
from said expression cassette binds.to said coqstruc and ip i

hibits , ..
PEERELREAO A PO T A AL R ST I 18 e 0 P

o said
(1§86eRdipnsHLCt Afhinkhildite wepressiornf Saitopsy, ibadioy ¢rinrefurther

encoding said recombinant protein, and in a.pre ence ogfaid effectar -

' | eby I a ¢ of said
UHISHOENRE G %%8’6?6?%%%"%?8%%% RIRERY %8 oF said CymR to said
RPN ualitotasse CxpiRssiproEd ol saitogFdsbimdiassetadByniRsaid construct
(oPOISe Sioments vt ead second consel IR rGlliRiR HanaREABRN Blone
agg; B&ﬁ%”afa? g frame ‘causing expression of said recombinant protein.
dmanetheriashiaot theresivproiisiddpentetioefGeregenatifig iremd Eprsiomnant
H?egéa%% g%@%;%%&%%ﬁ?g}%d{h QRELANE Assaciationwith s pramatetansldls binding
of said CymR to said construct to cause expression of reTA, said reTA binding said CymR
response elements in said second construct to facilitate transactivation of said open reading
frame causing expression of said recombinant protein.

In another aspect, there is provided a method for regulating transcription of

an open reading frame in operable association with a promoter and at least one CymR
response element, the method comprising the steps of:

(a) providing a polypeptide comprising 2 CymR variant exhibiting reversed DNA
binding capability in that the CymR varian exhibits stronger DNA binding activity in the
presence rather than the absence of an effector molecule such as cumate or an equivajent
thereof; and

(b) altering a concentration of said effector molecule.
In another aspect, there is provided a kit for generating a eukaryotic cell
comprising an exogenous gene selectively upregulatable m response 10 & presence of an

effector molecule, the kit comprising;
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25 response element, the method comprising the steps of: (a) providing a
polypeptide comprising a CymR variant exhibiting reversed DNA bindin
WORBEPITAYSN that the CymR variant exhibits stronger DNA BRI
in the presence rather than the absence of an effector molecule such as

Shans

cumate or §h &HTHARAY i ARA"8Y fn) altering a concentration of
said effecten malecwtemdteanother aspect, there is provided a kit for
generating a eukaryotic cell cpmprising an exogenous gene selectively
upreguiataf)‘llé Ei"hiFé‘ép?fﬁ:s%e arﬁrgg%%%e% 0 eanrtf%é-f ector molecule, the kit
comprising{i# YWRRAA6IA37E2 15 RETIQARQ(B/06 1BOBI (ks fiestthal said open
polynucleotide comprising: (1).a first promoter; g%ige&% one GXIMR said
repd @Bequ?ﬁ@ﬁf’;’tg%r%f?i%téag?oﬁ?ﬁénsitse é)gr an’ pen readtl)ng frame
pioasittioned stichtthatisaid OpeR Syeadingeframe once positioned at said
cloning site is in operahle associ t}& ith said promoter, and said at
Ieast%?ﬁ%séglorrﬁ‘gproegﬁ%cﬁ%oené?ﬁecrﬁg%t; Ft&)\ a second polynucleotide
comprising;(i{d sesaebpaproenoter; (it) an open reading frame encoding a

fCTA In OPerapiS 55@99@3&&@ WilhSgigo Q-0 R0r0les MaRielY: QachRisaith said

first and se ynucleofides are suitable for being transformed into a
peukaryotic host cell, and in an absence of an effector molecule, said rcTA

exnbipgsAueingringina daalt ald R CumR.reseease Rieman! o

cause rno expression of said open reading frame, and in a S reTA
tprefeTIcs ot wifeTio TRoREalL SHldTapRIs s AFRMEERRBIFRY ccule, said e

IRGre inding 4 el i fe reehine glementiqaaydatie or no
e&%&%ﬁ%%%ﬂg%ﬁ;tﬁr?e%%ﬁgﬁ%e%s@ﬁc)%rd polyttucleotide comprising;

efiprashirtios ROHAGRS? EREINE HABKC AN B FERERSART R AR MEFUREONIRG LS AR (YR
HBEA %ﬂ@ﬁ%’]ﬁ&?@i&%@%inding to said at least one CymR response element 1o cause
Preferably, the kit further comprises.
(c) a third polynucleotide comprising:
(1) a third promoter; and

(i) a second open reading frame encoding CymR or an equivalent thereof,

whereby in an absence of said effector molecule said CymR expressed from said third
polynucieotide binds to said at least one CymR response siement in said second
polynucleotide to inhibit expression of rcTA therefrom, and optionally binds to said first
polynucleotide to inhibit expression of said open reading frame, and in a presence of said
effector molecule, said effector moleculs inhibiting binding of said CymR to said at leasi one
CymR response element in said second polynucleotide thereby to cause expression of IcTA,
said reTA binding said at ieast one CymR response element in said first polynucieotide
thereby to facilitate expression of said open reading frame.

In another embodiment, there is provided a biological material derived
from a deposit filed on September 1€, 2005 at the Canadian International Depository
Authority in at the National Microbioiogy Laboratory, Health Canada, 1013
Arlington Street, Winnipeg, MB, Canada R3E 3R2, said deposit having an accession

number selected from: 160905-01, 160905-02, and 160905-03, Also disciosed

(¥
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20 whereby in an absence of said effector molecule said CymR expressed
from said third polynucleotide binds to said at least one CymR response
welespestig said second polynucleotide to inhibit expressiopefkcdAoseo1508

therefrom, and optionally binds to said first polynucleotide to inhibit
aregxpressidni ofdsaict dpendegdah g dtamefardip@ipresenos ofxaid 25
effector molecule, said effector molecule inhibiting binding of said CymR
to said at least 01 CymR response element in said second polynucleotide
thereby to cause expression of rcTA, said rcTA binding said at least one
P Rieshapselemetn s fiFgtpelynucleotide thereby to facilitate
expression of said open reading frame. In another embodiment, there is
provided a biological material derived 30 from a deposit filed on
FRERIEMBRLARNZIAm AkiNG Garatirndnternatinral L2eRasiRRe AUROETYIBA cells

at the National Microbiology Laboratory, Health Canada, 1015 Arlington

WS BERHIBEL, B O CAHTAEIAR B2 3R DL RAHIoRIT isrigaAnd 8 Ul of PEI

r %Eﬁé%&e@éf@@ﬁﬁ@@l% ok HOOPAPAT0-26090Rr07wanRdnbeIRAR Oio of 1-
Also disclosed 5 WO 2006/037215 PCT/CA2005/001508 are products

I derrbetetofr the i gt aR ristarAlorth Y g8 g R Atishe & siopdl vation, and

VBRI PRGRIBIAON ot B BRAVMINGS: on Rigiticod Widueléabvirus containing
characteristics of various 293A-CR5-LacZ subclones. 1X106 293A cells

thdhei oA fith Wb of ik felir be arpiaRria BRIATSAB CIRBIgCR  fe gummate:

TARG &l OlRE théaagenhandseleniod odRnthaipiesenemel@dks: cTA and a
(600-800 ug/ml) with the diluted ratio of I- 1.3 cell/well in 96-well plates.
SPKSTRREN P RIS WIPEsH - REHUP LsFe8Seek cultivation, and 10 verified

by measurement of reporter (3-Gal activity upon infection with adenovirus

ontaini the fusion transactivator CYymR-V.P16 i € presence. or
. : 1ated
e e T
clisploysitheShigie 28GR trangactivater cTikcatba ADVaMHMibitorr rationbinant

40-fold diff . ' : Vi I ISOf
Rl e e P T

9B ORBeEe? Ll virsiaimiasidd bisaeoruc T rAddsmbirdrt, with cumate
ANEMVEMEETAIN QDRI RIates FEsBREIVE NN 208, Pk bndRH@Lhfence of

conditions of
cumate, which displays many blue viral plagues. (B) Screening of Library Ne. 3: CymR

mutants changed the features of ¢TA such that with cumate, a few blue plaques are visible 1n

the plate. In contrast, several blue plagues are visible in the plate without cumate addition.

Figure 3: Induction characterisiics of various cTA mutants. Stable 293A-CR5-LacZ cells
were transiently transfected with pladmids pAdJCMV5-1-1BcTA, pAdCMV3-3-1B¢TA and
pAdCMV5rcTA respectively. Each transfection carried out with 2 ug of carrier DNA and
400 ng of plasmid DNA. As a positive control, the transfection of wild type pAdCMV5cTA
was performed under similar conditions. Two days later, the transfected cells were subjected
fo P-galactosidase staining using the B-Galactosidase Reporter Gene Staining Kit. (A}
Mutant 1-1B almost diminished the transactivator activity with the phenotype of no
expression of B-galactosidase activity with or without cumate induction. Mutant 3-1B
displayed a completely reversed phenotype of 1-1B mutant. Regardiess of the presence or

absence of cumate this mutated transactivator always initiated the reporter LacZ gene
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absence or presence 200 ug/ml cumate. (A) Recombinant virus

AdVCMVCTA, with cumate inhibition, no blue viral plaques appear in the

ate compared with the one in the absence of 20 cumate, which displays
Eﬁ@usus

P
Wmazr{%’/('gﬁfe}\“}iral plagues. (B) Screening of Library No. 3: Cyrﬁﬁ”ﬁiﬁtﬁ%\

&parged. (1s eatumes of cTRSHE hthal Mt reHmaiE R D WBHIRONEE type

are visible in_the plate. In contrast, several blue plagues are visible in the
pates WRIRH AT Gulriader dBRinerct PRl BaiRdURN Tk dimsdshiespprer LacZ
gdadeHseAdndtants. Stable 293A-CR5-LacZ cells 25 were transiently
transfected with pladmids pAdCMV5-1-IBcTA, pAdCMV5-3-IBCcTA and
pAdCMV5rcTA respectively. Each transfection carried out with 2 ug o,
ratices Dibnpnts o4O bghofiplasmithDéfAcide apostiraeanitahdloes cTA and
transfection of wild type pAdCMVSCTA erformed under similar .
N0 T QT S (et Ry cansteced
WHgelkesouosi A Ba AT usih g A€ BVGalbstositd sg RepsideniGendng for the

ining Kit, (A Mutant 1- I t dimini the fransactivatqr .

F A S B L AR R g
withcatlewithioupreaenete indectiom Ritagnd- DB cdisplaysia ¢dmpléiehyion, the cells
reversed phenotype of |-1B mutant. .Regardle e presence or . oa
e e B, RO 00 ) L MR s woins -G
Fepoktén Lackgeneas Weeed6/B37 2451PETOAL085/00150® exprassior:.
(LMD G svaaleR e LRXGLRIMIRHAR COmRRIRANIBEN U YRR e ana
transacivator cTA”Under the induction of cumate, mutant 3-4C turne the
rapbiakiratle geeks birs s aedsed Serigine. 4B THRHyENSorcd cumateble pool

IyGHon, SHIGIRDRYDGReRR MRESASIYRIArSEAaRd o rokA-t{AL FRABIERT vectors
&

r

ansfection: Stable 293A-CR5-LacZ cells were transiently transfected
WrepIaSHYS pAGENIA e et SRRICSRISS A With flaySorkTplaeftids were
cadingdonthex &y atithericl Arbshrbshbihe PALGMYEReapREERRdehyde.

Transfections were done in triPIicate, in the presence or absence of

BootThCDrasinindhediisr 48!l W ARA tReCame hnpelle e stheresult
24 {3n0Alclasidanei as vtk uas sl e Mamatheaelliextsacisusiftes.

(3-Gal ELISA Kit and seap was measured . Seap levels were used as
control to normalize the transfection efficiency. The figure shows the

regponsaE-cusn atepecietitorm of TA Actinkérs antha ¢hhidirkes. The eebrsiable

rd deviation ctivity of rcTA in a stahl o)
T e B S e R VRS Ter g 10 100

tersiiratpeeotarls, and were grown in CD CHO medium with or without cumate at the
concentration of 30 ug/ml, and in the temperature of 30°C or 37°C respectively. After 48 h
incubation, the cells were harvested, fixed and filtered, the same procedure as described as in
Fig. 4B, and subjected to FACS analysis for reporter gene GFP expression initiated by rcTA
rransactivator. The result shows an induction factor of 1.5 to 2 foid at 37°C, much iower than
in stable 293 cells (Fig.4B). However, the induction of expression by cumate is no longer

apparent at 30°C while the overall expression is significantly increased.

Figure 6: Double regulation of rcTA-switch system. Left panel represents
theconfiguration in the double regulation in which rcTA expression is controlled by
CymR binding to the CuO operator downstream of the CMV'5 promoter as the first

level of regulation. Upon addition of cumate, rcTA is produced and binding of



15 encoding CMV5-CuO-rcTA and CR5-GFP respectively. Two days later,
the cells were harvested and fixed by using final concentration of 2%
methanol free parafommaldehyde. Before FACS analysis, the fixed cells

WHSEHIERA to remove the cell clumps. The result shows ah@VEragE 15
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induction,faatarpfialmest-204ddn & prrttedion Abalahia glenesytes the

Figure 5: Effect of temperature on rcTA activities in the stable rcTA CHO
CEIROTS A5 ERIenMERE ¢ SRtrnUiSE i RfCRPAth RSOV RAE or
A RS GK Befit thaM@Us 100, @bl respastinel/randonedangtonnn iy of

CD CHO medium with or without cumate at the caoncentration of 30 ug/ml,

ARl ithaAdYerte Bido S A0 me s P A BRred4g?Ad b gIsATEHY

thaaealls werehanesiesl (Hyrdiarg fitesatdhevvanaprosed WOBEM
described as in 25 ?@ﬁ 4B, and subjected to FACS analysis for report\%r
' S

gBHE R POBIPLYS Hﬁﬁﬁ’t@&d TR (1B s AR iErY e elsiP e

aRdRdisetintfacdakaf doBvidie (olgeab&ébeauch lower than in stable 293
cells (Fig.4B), However, the induction of expression by cumate is no

longer apparent at 30C while the overall expression is significantly
increased. 30 Figure 6: Double regulation of rcTA-switch system. Left
panelreepreseblisréheenntigfiretiarsw thesgioerl e reghltatithpiooitth gekated

expression is contro Iedg CymR binding,to the CuO operator .
- . y h
dg&%rt‘rtgéln% of the" CIRY Xﬁ%’#o@r@ ipﬁlgileg?rfésié# 0118 reé%’fgt%ﬁa.tﬁlﬁoorg e

addittde aiclamatepreTAlisprédergedssiad _tsinm'mgabéf? bM@_}Q@EG?O@M@ the
PEIH-A209/001508  cUMAte, I0EhA Il tRepayctionaf dheGiRRion.
promotéjr that then expresses the reporter gene. This constitutes the”

sddpmdadlisbofodeguration: TA thereghepsaansl b2eBpe of/pmRigells tridopaiiktes

2‘%%6iﬁ‘aU&}@;ﬁrgftrazes@&'ypvcanée‘&%ﬁgt%%5 RG0f PlaSRYGker gene. This
PAJCMV5CUO-rcTA, 500 ng of plasmid pAdCR5-LacZ and 2 g of seap 5
pleemiduses i sreinsbisiell b sttty ImherTi St IRavsré dulivatablpools of

D M- mRdium goptaining 209 4gho} of ehreats. ferd8 drAlarharuestinged

the cellS, f3- galactosidase and seap activities were measured 10 Figure
7: Dot ReBRRABIR SR SRR A SySE iR SBRC 283 dorRIREAD Tevels

geRefated Rydentivitat esterdtansduetioend eft prRNatieRRseMsdNe In 293-
configuration of the .double regulation in which rcTA expression is

contFeltetrlsy ESHHRBI N6 TR0 Sk o oS AN o HRepromoter

CMS pramater-asrine fiistd evel glire@uiBtivRreased while maintaining the same

level of expression of the reporter gene.

Figure 8: Selection of 293SF-CymR/rcTA clones. 293-¢cTA and selected 2935F-
CymR/tcTA clones were infected with AGCR5-GFP at a MOT of 10 and analyzed 48
h post-infection for GFP expression with or without 25 ug/mL of cumate. Numbers

on bars indicate the ON/OFF ratio.

Figure 9: High expression and tight regulation of GFP in CHO-CymR/rcTA clones
A. CHO-CymR/rc¢TA clone #10 cells were infected with AJCRS5-GFP and cultured
in the presence and absence of 50 pg/mi cumate for 48 h. Fluorescence (GFP) or
phase contrast micrographs of the cells under induced (+ cumate) and ﬁn—induced

conditions are shown. B. Selection of sub-clones of CHO-CymR/rcTA cione #10
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Upon addition of cumate, rcTA is produced and binding of cumate to rcTA
activates 15 the induction of the CR5 promoter that then expresses the

e. This constitutes the second level of regulation, In the right
"5%%% ﬁé‘"’gﬁf 05 stable pools of 293-CymR-rcTA/CR5-SEAP- SR pFo0sv01508

AABE AR SEM SRR GRS yiaie Gultsed JRrARN R the Rresenss

and absence of 25ug/ml of cumate for 48 h and SEAP levels measured in

{Het@pdfRe §lﬂ?§§ﬁﬁ?&ﬁ§@f%é"éﬁ%€%%ﬁa@§§wm 2l 2bsengy of
GymR cellscraauiating therexprassianR skthedeladvth theeMYR-CUO

promoter allows the induction factor to be significantly increased while
wiREahIRYFthe same level of expression of the reporter gene. Figure 8:
Selection of 293SF-CymR/rcTA clones. 293-cTA and selected 293SF- 25

ﬁgﬁ?RAY%TBfﬁﬁn@iStWﬁﬁerﬂﬁi&CT@d MHQM@B5&GJ%%@#@WT@0§&@$W&@
analy 48 h post-infection for GF essi or Wi t 25
SP O R o B ok i SRIGE YR g SE R TE
expreEsirTAnsFigir S RUioref GEk m@dﬁ%ﬁ@n%ﬁﬂ%ﬁdﬁm BithAor
O-CymR/rcTA clone #10 cells nfected with AACR5-GFP
AT S A TR B PR G AL KT e R S0°C or
Flooresgrese:(GRHHeor3 phase @antrastdﬁrycmgﬁa@iaa of Hrepcelisreser was
B B s e S s e et
BCH&B&ZODHLOQI@O&?HGR#SWMP Cytd REETA Clarie 1t 0 aNd/HEmeER S -
%%%%@% Q@%% Algﬁf@;@ga |Iut|or11BTI‘k11e wcgotrﬂe?n ere ir mfected with

e preserice and absshce of cumate as desarbed above.
CHO-cTA clone 5FI was used as a reference for induction level. 5 Figure
10. Effect of temperature on the expression of the inducible genes in the
stable CHO cells. Stable CHO pools
CHEIONEVINFcTA/10#-35/CR5-SEAP-GFP  and
CHO-cTA/5FI/CR5-SEAP-GFP, were grown in CD CHO medium with or

without cumate at the concentration of 50 %ml and at the temperature of
30C orFP0 By CufessertiisIyr At i ention thadesar piyp iribabilien s Sesa p number of

EXRIEFORIWAS recombinant DNA technology. In order to provide 2 clear and consistent

understanding of the specification and claims, including the scope given to such terms, the

following definitions are provided.

Construct: refers to any recombinant polynucleotide comprising a vector and an open
reading frame to be expressed as required under the control of a promoter. For example, a
construct may comprise ‘naked’ DNA such as a plasmid, or may take the form of
recombinant DNA encapsulated within a viral particle. Typically, a construct is designed for

insertion of the recombinant polynucleotide into a bost cell.

CymR response element: refers to any DNA or polynucleotide that is able to bind CymR and
/ or a mutant variant of CymR. Preferably, the capacity of the polynucleotide to bind CymR
or a mutant variant of CymR is dependent upon a level of an effector molecule such as

cumate or an equivalent thereof. Most preferably, the CymR response element is CuO,
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measured in the cell culture medium. Panel A shows the levels of SEAP
production in stable CHO-cTA/5F1/CR5-SEAP-GFP and
CHO- Cng/rcTA/lO# -35/CR5- SEAP-GFP cells at 30C and 37C, a

W&aﬁ'@? dHows the induction ratios. 15 DEFINITIONS: For the'| b?ﬁf)%’ég"bllmg

t@f@m—%1&\&'@'91@Mags%l\?%meﬁ&é%kf%'mm% PELEL ISR ity of

that refer to recombinant D technologéeln order to provide a clear and
cosBient 267 Rt BTSRRIy br s SpBaIfERfsATEHY C RIS iPCID i tHent thereof.

ssapeginendpsurhiaaRsninRf i wingAalintians, eREARdminobenzoic acid
Construct: refers to any recombinant Eolynucleotlde comprising a vector

MR BB e THAERY L 18 S X HELOat ¥ At Ber e deR Y BEATO! 4

ok premaeiamoarcexanflgg ar 25 RNEHIIG AN BaMEGORKSSuIAaKAdsONRCted from
ach as a{)lasmld oggnfgftak he form oz{“rec binant DNA
Viral Bartic

PSR Rt Rt 8‘}?5‘}?15?@% BIgRER AT 4
insertiore afcdtire, r@bembiﬂmbmlmmlﬁqmﬂemm mkmspﬁebtyb“eyﬂﬂatc 4-n-

g) (z?x e}llem%f %flersbto an \ 'ﬁ f:?Ie tid at IS able to bind
TR R 4 T or SRR varlant o? referd ‘,Q‘Ifﬁ%aéapamty of
tmeqnmymm&(mdeato Bmdi@ym%amzaammanmarmetbﬁﬁg&mﬁtts 4-ethyl-m-xylene,
dg}%’%’p %n&e QOE IPOfI aen effe omc’lec tllsol{‘gh olu em?t l%ro ua*ic and
8 f‘y,

equiv ent thereof, preT%r’a response elémen
9%@@@@6%@3@@5@@31@}0@@0@@@@5@@ Eﬁ&mme@tmenﬁﬂmmgmwmd, p-

n@%@%@za@'s& ipflusnogdbe. P NAbInding, capasity.af, ﬁx&%ﬁ; %tﬁ% esfe&@t

thereof. Such effector molecules mciude cumate or an equwa ent

s*e}&wfmalé%ﬂs rereintraie ipcingbs gt ereidat imeid tsniakatyk acid, p-N-
PARINOReRASILARIN (DY RABML Mty eI ety RNz ate,

or a salt thereof, mainly para- or 4 5'substituted benzoate consisting of a
bﬁ‘lw?ij%‘éﬁ?%ﬂ‘?é’cé%tom such a those selected from the group
consisting of 3,4-dimethylbenzoate, 4-ethylbenzoate, 4-t-butylbenzoate, 4-
phenylbenzoate, 4- benzylbenzoate 4-ethox Fg{benzoate

AERISSR B0 A A0 BEWARR B SHBEARICHIS AT BN capable of inducing

4tb§QHﬁ@£[&D@ﬁ@MAQMb@§1BS@IQldhebﬁﬁQOﬁgﬂY}b@ﬁgﬁﬂ&ﬁon into a host cell. The
34 d| robenzo -trif uorom IberlJ é 4-eth F?é B%ene 10
Y

pas R R gig) cortain regulatory

BSehiﬂrﬂep-stmbhaatercm‘mkers or enhancers. Promoters sequences maybe constitutive, inducible

or repressible.

Gene: As used herein, "gene" refers to any nucleic acid sequence that undergoes transcription
as the resulit of promoter activity. A gene may encode an open reading frame of a particular
protein, part thereof, or a particular peptide or polypeptide or, alternatively, may encode an

RNA sequence that is of interest in itself, e.g. because it acts as an antisense inhibitor.

Host: Any prokaryotic or eukaryotic cell that is the recipient of a vector is the host for that
vector. The term encompasses prokaryotic or eukaryotic cells that have been engineered to
incorporated a gene in their genome. Cells that can serve as hosts are well known in the art as
are techmiques for cellular transformation (see e.g., Sambrook, et al., Molecular Cloning: A

Laboratory Manuai, 2nd ed., Cold Spring Harbor (1989)).

10
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4-hromo-m-toluate, an analogue of cumate such as Benzoic acid,

p-methylbenzoic acid, p- ethylbenzoic acid, p-Propylbenzoic acid, cumic

acid, p-isobutylbenzoic acid, p-tert- butylbenzoic acid, ibuprofen, )
“B)-Q{Pﬂgﬁ)‘gﬁgﬁzoic acid, p-N-methylaminobenzoic acid, p-N- dﬁﬁ&ﬁ?ﬁi’ﬂ?ﬂmmg

0bpAZ8ly GALd: Pablranathylthyiaeanebenzoic Aid.ad B kRith refers to
ethylaminobenzoic acid. Expression vector: This and comparable terms
réfSets SITBERGT WAiBH 9 5P AbRIG A TATEFIG M SRR B O F TN AUHAEE T normal

hag,beeR. donediinie ikaltes sansiapmatinsdnio: dhasieellnthas @atedption is
DNA is usually placed under the control of (i.e., operably linked to) certain
ré’@é%ﬁ&ﬁﬁ?@t@saﬁ BRSO WP rSRTARS BIPERR ARt ec s hamisErR normally
SeRiRIRE®S Maybr:constitutive, inducible or repressible. Gene: As used

herein, "gene" refers to any nucleic acid sequence that undergoes

transcription as the result of promoter activity. A gene may encode an
opetutagding amedhaparticulat 2Epratemntart e e ofjdeia gl ticatl&r formed by
peptide or palypeptide or, alternatively, may encode an RNA sequence -

P B R e e S S DS Fecomoinant
Hast: wonldokapiotit erevkaryotmobindraniscthe retipiehtheftarvetrtopishinart

the host.for.that vector. T term engompasses prokaryotic or eukaryotic
cgﬁ%t?%trﬁ%\i/se%%gé%?%%Slrﬁ%%:reed%]t\{) 30 incgrp'orated a gene in their

genome. Cells that can serve as hosts are well known in the art as are

te§t 't%‘?ﬁéfﬂhﬁ%'B%L@ﬂﬁ@élﬁfﬂérﬂéém@ﬁ?'*&Bsta%ﬂmgfﬁ&l&' %tf af:nzn’i fied" means that

Molecular Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor

(198 g¥pired MACRDDETES PR A RE FHSATEDSITe 1508 coperam tinkabiahe
term,RREsRbY Jinkesh ats T.oReiakle Reseciationyith ideiriR iR, 98B6kGates and

elements that are joined in such a manner that enables them to carry out
thisdsoRtRamairRdi Sl e rERa BRI HEriA BT R BIPIRRE AT & DY

PIOERRLRRWRER iits: thanseriptionsiso NaciorthrIsonRlefdeLPIOMRIBAERE by the
such transcription produces the protein normally 5 encoded by the gene.

RENSHBITEAE DEEB R IR TH&MB8m "recombinant” refers to nucleic
acid that is formed by experimentally recombining nucleic acid sequences
and sequence elements.. A recombinapt “anst would be ang?gost recelvn’l?g‘l(jt are

a YOIt RIRISIEEE Y art eIt %%V%‘Hﬁ?%ﬁ B Parsyd
pratéirprotusedehyraueicadiddNA or RNA sequences into a host cell. The vectors maybe

utilized for the purpose of transferring DNA 1nto cells either in vitro or in vivo. Viruses that
have been commonly used for the latter purpose include the retroviruses, adenoviruses,

parvoviruses and herpes viruses.

Preferably / preferred: refers to preferred features or aspects of the broadest embodiments of

the invention, unless stated otherwise.

Promotor: A DNA sequence that initiates the transcription of a gene. Promoters are typically
found §' to the gene and located proximal to the start codon. If a promoter is of the inducible
type, then the rate of transcription increases in response to an inducing agent. Expression:
Expression is the process by which a polypeptide is produced from DNA. The process
involves the transcription of the gene into mRNA and the translation of this mRNA into a

polypeptide. Depending on the context in which used, "expression” may refer to the

11
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Substantially pure or purified: As used herein, "substantially pure" or
"purified"” means that the desired product is free or at least essentially

v{)rge?ﬂ&(/)ur}]uc:&ntaminating cellular components. Contaminants ma IJQ‘FI%Q%%OS
ut are not Timited to, proteins, carbohydrates and 15 Iipids.PC?ne Aethod™

foy ARIesmIRRANDE Rk Qf 8dotein or nucleic acid is by electrophoresis
in a matrix such as polyacrylamide or agarose. Purity is evidence by the

appearance of a single band after staining. Viral vector: As used herein,
"Virahy¥eetar anebsguivaleniierng wiepdpideusasdihalirarg20eidizegddse of
transferring selected DNA or RNA sequences into a host cell. The vectors

Ry T RS HR D ST R U BRI IR A IB LRI RHEP RIS
OBl ViMe tMifsineis dhah dTamerdesnrrcamerprisissat! fofethRdaifdParpasebly

include the retraviruses, adenoyiruses rvoviruses and herpes viruses.
PSSR | LR oo SRR G D RERLARS B e
breacleshemiyadimentsisfothedriuentionrisiessGyatBd athetwisgart thereof,
Promoter: A A sequence that.initiates.the, tfranscription of ne.
fomy el Fa Ch s A LR B A JE T
steaatiendoay prevpiorstianis BNhdimbugisiev B0 tpdeyitherethersdtbofttached
U selIPNNIR SRS BORANSRIRANANCING Aenk PARIRSSIRon
Expression'is the procesg y which a polypeptide is produced from DNA.
THerproceserirhotebmas beassdripterruiite gethahinwr mrpinies the

tr%pgg@gmmam PRNGIN:2s RANREPIHC, RERERAGING %zm% cantRdt AR m
which used, "expression” may refer to the 11 WO 2006/037215

PcF/ionosoonduatisegaeton vl RNAF profei g bé: T rehsadtivatiod
daimains; defers 1Q:eny-Rentida: Bilsin el partherepfcanabitiof iSamert will

form of interaction with transcription factors and / or and RNA po]?!émerase

to2BPTadiiia ALK SRAIHER BF AV BHSMERERIR S Ssbist e sea eBlaiRudF

DiNAQReIaRlY linkaddharaia For axamplgoi selected embodiments the
polypeptides of the invention may include fusion proteins comprising a

CymR variant, or part thereof, covatently attached to a transactivation
domain. In such embodiments, the CymR variant may provide selective
DISADATORDY BENIRTRIIO WG TEG R Rl EheB ADvefIsdstivation
domain may provide transactivation activity. Any transactivation

To address the increasing demands from both basic researchers and industry,

the development of regulatory gene expression systems has made progress in the past
20 years. Several inducible gene switch systems have been reported in the last few
years (12-18). The‘invention disclosed herein provides, at least in preferred
embodiments, for a novel inducible gene expression system based on the cumate
gene switch system (19). This previous system displayed high-level acfivity in
mammalian cells compared with the Tet-inducible system, a widely used tool for the
studies of gene function. However, despite these attractive properties, the cumate
system has limitations for certain applications. A major drawback is the need to
remove cumate (the inducer) to induce gene expression, since this is cumbersome for
large-scale cuitivation. As an alternative, the inventors have developed a modified
cumate-dependent gene switch or reTA gene switch, wherein cumate addition, rather
than removal, is required to activate gene expression. The modified activator, reTA,

in preferred embodiments continues to display the desirable strong activation

12
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domain or part thereof may be used in accordance with the polypeptides
of the present invention. For example, such transactivation domains may

Vﬁ@%ﬁgﬁ%ﬂom the following non-limiting group: VP-16, Tﬁr\]gagc ﬁ‘)gs'/%énsos

-2, SH2, and B42 acidic activator transactivation domain.

HRWRNET o PRISORR Af gl i fenilieilrlo RBRISGIAR b MaBY @HGEplay

transactivation domains would achieve desirable results in accordance

WRAHSREAREM Y DIARIS EE0R A TIE TARED BIERS CRIPT ISR 915iable
PREEERRER&NMBODIMENTS 20 To address the increasing demands
from both basic researchers and industry, the development of regulatory

gene exite LB Y LRI HRY AesRes HrETREY TR thaT TR oseh BRpgeration

Ssvena! ingdueivlepaneswitghisy sigmsinare Besnirepomaddactbe Bsttew
years (12-18). The invention discloseéib[ir:%ein _pr%vide,s, at least in
I

P& AO TSRCE AT SRt B SO FBIR R U8 PR G G R e Wl B re s Dt m
basgdns. Walcproptege nelswialy syatprs(loscIdisoprexens 3ystem
displayed high-level activity.in . mammalian cells compared.with_the
T S S b i R R R R O P oon
Howevs rgaiespiit th @SR atindetiveprgpertie s, hdkcumatek By stetarnascoded

limitations, for cer &h%gPHgéﬂgalfmAnmg& Qggmggwé stbrscnss%ée the
rer¥1ove cu?dgate (t e Inducer) to md%ce gene xpre Sion, since thisis
cumbersomedorolargendonlensidtivetiorepararhalibremliveyrgrecirventoreere

h%&?@@yﬁi%ﬁdn%m&aw%@u%tmgggﬂ%ﬁ%%eeae;_swxi}fé? o {51 Aga0e
switch, wherein cumate addition, rathér than removal, IS required to
athivehtengeref Ergres fisrpmeerasdifisen etiVegerneTaeniy prafesebysed to

e ngﬁl@tﬁb@%@#wﬁ%h@ ' el;@xqmﬁ@@%iga%%@ngsq,_gmsigm%éé/@ a
2006/037215 PCT/CA2005/001508 potential of the cTA in that for

e XEATPRECIETACA CHVRHRD ERB BRItV PIEY: TEHSaPRSHH FigM L

rARSOERRBRIRSEIRNi I} MarIERalian Caltsciari abientiAk&igdlSive to cumate
expression systems. The inventors utilized mutagenesis techniques as an
apipstéaRfor generation 5 of rcTA gene switch. In general, the DNA

binding demain eh.aR irducible sysieacplayeiRA Kpariaskhiilaried that the

rez?r?i 12: g}i T}%l%ggigggg rc]:%fgohtagea lﬂpglggremrt%%lélllg ta&:gv%!}l)épotential than tTA, the
transactivator that activates the tetracycline-responsive promoter (19). The new reTA
{ransactivator, af least in preferred embodiments, maintained an infrinsic activation
potential comparable to ¢TA. In particularly préferred embodiments the inventors
improve the performance of this system even further, by incorporating one or more
additional regulatory elements {e.g. CuQ, the CymR hinding site), downstream of a
promoter such as CMV 35 promoter and upstream of an open reading frame for rcTA.
The goal for this design was to very tightly control the expression of the open
reading frame for rcTA, since CymR binding is capable of suppressing promoter
activity (19). In the absence of cumate, CymR protein binds to the CuQ efement to
inhibit rcTA expression. As a result, the promoter CR5 is not activated, and the
transgene under its control is not transcribed. With the cumate induction, however,
the repressor CymR is released, and reTA is then expressed and binds to the CuO
repeats upstream of the minimal CMV promoter in the CR5 promoter (19). The

activated CR 5 promoter initiates franscription of the gene of interest. The results

13
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%ﬂ“ﬂ‘r’&@?ﬁencoded 10 by a 600-bp gene. Without detailedfih

sequence. With proprietary technology of a positive selection system (20),
the inventors were able to establish adenovirus libraries for the screening

of CymR mutants generated by PCR random mutagenesis. C¥émR isgﬂggos

regarAing theslue L WBR. hg-dnveRiorsiandariogloa randem
mutagenesis apﬁrqach. Three libraries of CymR were established with

NS H e ediglregonaiothets FrefSysdskEeE Increase the

chancesGf fipding: tha:aRRERIBLR soUTetss IS BXRSHBEMAbRIgRCO
used to generate the library with the highest mutation frequency (7-13 per

KB RS THESAIS OB R S BB TG ERUB A r B eHCIReASIRI Yo
highyrdketsidMerestingem utantse wenetgieked, ram (Oisdibmny reashiviitaise
differe E?ctiéi%%/ in, regpon?ive to cumaﬁe in%Jct'on. The previously

dBVE P RURSAEGE FESRIAEN SRR SRR Rarat TR Hpfimasiesses
tranaagliviadares Tthaska inighectintr fosit alsiivabiom potentiali faantT Audhes
20 transactivator that activates the tetracycline-responsive promoter (19).
A Ao A B BB prones
maintaimed amagtiansicaasgrratonprgotemtiaCEiinpdsabla: toodT &irtryeline- and
particularly preferred embodiments %lin tors _impr ve. inole or
L e e S B T SR CEE. s
addithdn edadefathronp aterisrits @ep ocCudathee@pniR bindibgrsitey, activity for
d%ﬂ%&@%@%x%%&%%ﬁmﬁﬁ&ﬁ‘%éﬁaﬁé%@:ﬂ@ﬁ&ﬁ%@@%ﬁ%&?ﬁ%% in

an open reading frame for rcTA. The goal for this design was to very

tighehpesherah tHEneRBrass e St lte csPdic laasirigansrse do ofdTapsineids
CyRR-Divdingds $aPaRio REENPPERSHRE RISPRE AR @b A reTA

absence of cumate, CymR protein binds to the CuO element to inhibit

rctereLineEsiE s Hydayte mMEipHHRIOTREIEABE activives, thn@hhaate

3Qiranggensdndesdis coplealishnetitamscdngd. With the cumate
induction, however, the repressor CymR is released, and rcTA is then

expressedSHTESEM dL E3 A8 BEfefore P Hpatrsain B PIREHAh FGrements:
propasterindhe GREeIPiomotanilayhevashiatad, RS RERNSIET Riliakes
transcription of the gene of jnterest. The results 13 WO 2006/037215
PEFTERSD }t?ﬂf%gg r%“é’&leB%’b‘ REYSIRS SN RS TG SRt ShiPsI Biehiging

rcdifnesfegsigrpindesskession for academic research purposes. Moreover, the
inventors have succeeded in the development of an expression system that, at least in
preferred embodiments, permits the induction of expression of an exogenous
sequence in a eukaryotic host cell in response to the addition, rather than the
withdrawal, of an effector molecule such as cumate (or an equivalent thereof) from a
cuiture media. In this way, protein expression (and optionally secretion) may be
activated in eukaryotic host cells through the expression systern without the need to
withdraw cumate from the culture media. The expression systems of the invention
provide greater flexibility in selected applications than the expression systems of the
prior art involving cumate withdrawal for expression activation. In preferred
embodiments, the expression system of the invention permits a high level of
expression when desired upon addition of cumate, and yet the expression is virtually

elinunated upon removali of cumate. In other preferred embodiments, the expression

14



contributes to reduce the background in these preferred systems. It is

reported that, today about 60-70% of all of recombinant protein
“pharmaceuticals are produced in mammalian cells, and most of them are

rﬂ%%/(g’@(%ressed in immortalized Chinese hamster ovary%‘éﬁ%%é?—?@%ﬂ”ﬁos

i; égc}akm RESRARR IR CRI NG RAS SAIpRI 6 Rl R ARRTRYA 4T 8iSO

ause this cell tine possesses some properties that make it attractive
fopariedhio-pharmaceutical industry, such as rapid growth, and ease of

adaptatin g ey wecfirearawthaiaRAdeitiom Rragress Mas Resn, Maskule ve
regulate transgene expression in CHO cells with both tetracycline- and 10

strefb Giairin BARiP R ETRRHAGRITAH IR BYSTEFAEY (319, ORRRPATE R % FA e
5 Siaﬁgwpa%b&ia@%m@%bﬁxé@v@ﬁ&ﬂh&%ﬁwmggaﬁm@@mmaih f,iﬁ )

cumbersome activity for_ the large-s protein production, Therefore, the

inGeRiUR ae}efsaﬁsﬁéti@&éjfoaﬁéag%g?}? ’éﬂ%ﬁ%ﬁ%ﬁ%&?ﬁ%m&%&fﬁﬁ%eﬁ@

calidingbybeentianciesiion Ghtha:plasmiasad NSOl Axditdt slightly
PAdCMVS- info CHO cells, One CHO-CymRIrcTA 15.clone (see
T QDR ARy R B B o PP B AR e
arioNig hicbngrol bk gbnmexpfessian. iditkdg el stataliMhptprdsemtention
invention therefore, provid t least in preferr 8 diment L
10 R S S SRl S RS TEE N bincing
appleations virdhasthsiorophattioncofmetsngsinanCprdievas ants dnsadastrial

SCAlgAR LG Hnedy @L@ﬁié%%f HelEIQINgRYS SIRDSEXRIERSION far Anadgmic

research purposes. Moreover, the inventors have succeeded in the

denetepeiaNAoRsrPRSYBERION VSRR AT HEAL 2AUTERRIE AnEfarnsactivation
embodiments, PEiLs (P& GOk ISR Rl AMEXRASRRYSinc luding

sequence in a eukaryotic host cell in response to the addition, rather than
15 theulyithdraiirs fof A efelaBitfiolcenfssen of Sal cliritertoyilrrgefalfehet

thareaf ftarmadsh caliie Mmedia. Jnihis WaYaaratnRYPISSSIoR (ATt
optionally secretion) may be activated in eukaryotic host cells through the

exfIRESI ARV &Y LB m WA ST HratoR S mMHarER ArHERY fro R Bt rgom
magiaabine: SXREESSIRN SYSRME PN INYRBTIR IrewEe GF eatal:f axhiliy
in selected applications than the expression systems of the. prior art
inVORFAE! S WRRAPAREIT P TESHSIP B BN i prisréiresiedo
20 embodimeiisdengxpeession sysiganaldre Mvpriompamits.a bighilevel
of exp ession when cIt sire(ljuu on adtstLon of ctlﬂrr}ate, vgr]fllélnet“}he the art
ex%i’%ésf%ﬁ?g’\%tﬁgﬂ?/ er muulagenesis iecnngues that are we own in the .
may be utilised to generate CymR variants with or without fused transactivation
domains that exhibit similar or equivalent reverse DNA binding activity compared to
the wild-type CymR protein. The generation of such mutant variants, and the testing
25  of such mutant variants, is enabled either through the teachings presented herein, and
also through other mutagenesis systems and kits as available for example from
companies such as Biorad and Promega.
For this reason, the CymR variants of the present invention include any
CymR variant that exhibits reverse DNA binding activity, including but not Jimited
0 to
(i) a polypeptide with the sequence of CymR Val125/Glyl142/1le144,
(i1) a polypeptide comprising at least a part of CymR Vall25/Gly142/1le144 that

exhibits a higher affinity for Cu( or any other CymR response element, 1n a presence rather
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eliminated upon removal of cumate. In other preferred embodiments, the
expression 14 WO 2006/037215 PCT/CA2005/001508 system of the

inventi rmits inducible expression for a desired level a fj
wisnien B L R

ough specific mutant variants of CymR are described herein,

#8n BRBddhat thenryeniemis ot imies ituthiss M dqand BNGRRRASEES
any CymR 5 derived polypeptide that exhibits a reverse DNA bin

¢ § \ ing
capacityisaaimepidekaTis: Aghd? éﬁﬁﬁ?%@&*ﬁﬁ@m@ﬂwg&ﬁaﬁg at
slarprot i dher PIESRNES, Cather dhastibecihsenes ofecweaien SushBigiastather
variants include_those that exhibit slightly increased DNA bindi athiVi{X ferred
SRR G S eth U AoGUEHAE DY AIHARET T HEoL I prefee
abseneecofctmaeninadlettied enbedithritentie invepiRn further preferred
encompasses CymR. variants that exhihjt the afore tianed reverse
R T ATl AR e e S AR A rctered
mﬁaﬁﬂaéusemmmpnshﬁmIEdﬁ%ﬁMﬁgﬂa@sﬂ@ymim@m@e’m@d
CYmRyarankLindsR SUtable DING.Leshonse clfmepLwithin or near a
promoter. 5ny transactivation domain may be usedO in‘accordance with
the pqlgrp@mmres, mQWeﬁﬁM§ |:nultfd$ngx psomjnmi fhmitegtboa \rsphm
&%’E&%ttﬁ&%%ﬁ&’@%‘;‘i%ﬂj&%@1&#&]&%%&%&%@%%&@%%‘iﬁ’-%‘ri&é!“

omain may be utilized in order to achieve an rcTA of the present
fAvaRtisie ouen strapisaevariBn domain may be derived, for example,

from  apy.kpewn dranaGEPLaR farQeaRd Savh sosRecHicalidssigned for

the intended host cell or tissue type towards which expression using the

Retsole SRS & 196 pe ¢l EhhBY PGB prRitaGemdsitsanfighés that

feunRashof hisispesiicalionuss dnethal.pluiagrrasisgrshirigues that
are well known in the art, may be utilised to generate CymR variants with

SPRAHBIREBA 1SN Ao PR TR FRS T8 W Rore Rt e g e O RS AREREr

igygkse BNAkipttnghaetivity compared to the wild-type CymR protein.
The generation of such mutant variants .an(ﬁ the-testin%{%%of such

Ve A ol BTG S GhPISE RS ALl U A osioe
alsecthrougfenihes mukgenisisisysionSanit kit assaydil abledornexaaipldogy is
fégsrgrigg ? Q}!%}S\%FQ} %ﬁ%%%?%,%i%r{‘s‘gg% September 16, 2003, and US Patent
6,642,052 issued November 4, 2003, the disclosures of which are incorporated herem by
reference). The library was successfully screened for CymR mutants with reversed DNA
binding properties, as described in the examples.

In other embodiments, the present invention also encompasses various eukaryotic
host cells comprising the plasmids, constructs and vectors of the invention. For example, the
invention encompasses, at least in preferred embodiments, a host cell comprising a construct
comprising an open reading frame encoding a CymR variant or rcTA of the invention under
the control of a suitable promoter. Further, the host cell may comprise a second construct
comprising: (i) a promoter; (ii) at least one CymR response element; and (iii) an open reading
frame encoding a protein to be expressed, in operable association with said eukaryotic
promoter and said at least one CymR response element, whereby in an absence of an effector

molecule such as cumate or an equivalent thereof, said CymR variant éxhibiting reducing

binding to said at least one CymR response element to cause little or no expression of said
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For this reason, the CymR variants of the present invention include any
CymR variant that exhibits reverse DNA binding activity, including but not

vIKi;)nitedl 30 1t9: (i) a polypeptide with the sequence of CymR PCTICAZ005/001508
AoeIE y142/1lel44; (ii) a polypeptide comprising at least a pértAo? SRR

&%W@a\{ @Jﬂ;é %{llﬁgﬁééﬁ@ oBxhibitsRhigheratlfigily Mﬂ@r%ﬁ%ﬁbiﬁn g

other CymR response element, in a presence rather 15 WO 2006/037215
POTIEAPOBENE0L 50 AHSH D BbIBHY & AR CHEREN HAGRBEGIBBIRA s of said

Syéﬂ%ﬁc@ﬁ Reivalen) thersefaerslid) maelypeptide having at least 70%
identity to the polypeptide of CymR that exhibits a higher a%i’?it for CuOb.
or any%ih@'reﬁ%‘éﬂ@%%g@ HRSFRERAR AU FeRsods A0nRFOPHER i recombinant

phsence okangifestormatecutsueh astumaingisnzestiveent.thereof.
In preferred 5 emhodiments, tP]EB% MR variant has at Jeast 80% identity to

CymR (P YaRH R i g SeiH RHRESTRE CSME VEfiant has at least
90% identity @) @ymoRoler betiecpreferred embodiments, the CymR

variant has at least 95% identity to CymR.,In most preferred
embodimentsgligjf%%ﬁl%gn@% eggggﬁeeé%?%%ol entity to CymR. In this
way, the CymRiyamiapts smadifgsiomp coteidis oftlerénombiiominohimde i gperable
those with amino. acid substitu i% @gg’ggs 2 gsmﬁ]%rg? N5:GMPRAEH {0 ont:
Wi 3%‘7188” &l/m 1§1€g(\¥/(vahr¥?ﬁéeggémpﬁeé%nyrlr1R% 'IEhe invention further . enf
encomfiasstednsingysteffedtor thelesyleabaiopeolatesHetardioydircdanarpysan into

r‘}k?es Jr%%k&ﬂﬁéé”c‘é‘?ﬂé’ &P ﬁ@g/ (‘d??o %@u&)‘tﬂﬁﬁ@@%ﬂ\ﬂ%zﬂd rge\ﬁ%réﬁi %&lf%’rate said

binding capacity. Suc stems enable, at least in preferred 15
eenbolindehpsothié selective induction of expression of the gene in the

presence rathes ihap-iReARse BESDLEUMRIE: AT dasmibplRateiuilas for

inventors utilized roprietgr%/?technolo%y involving positive selection to
geppte e AN Sraktibraly M- BRI & YREStoprietary

technolpgyisy deselled fosexampiaiivh UscRatenb6i0:018Hs8Usbregulating
September 16, 2003, and US Patent 20 6,642,052 issued November 4

STDSTHALNSEIBBAPER BPNRFCHIEIS THRBTHBIS REOREIER by hrRIRHIIE) ihat teast
liary wassyeees sty screenethiarcoypiRimutanie widT. reversed DNA

binding properties, as qescrined i NESXaMOIRR variant exhibiting reversed DNA

binding capability in that the CymR variant exhibits stronger DNA binding activity in the
presence rather than the absence of an effector molecule such as cumate or an equivalent

thereof, and

(b) altering a concentration of said effector molecule.

The invention also provides for systems and kits, for example for generating a
eukaryotic cell comprising an exogenous gene selectively upregulatable in response 1o a
presence of an effector molecule such as cumate or an equivalent thereof. For example, such
a kit may at least comprise;

(a) 2 first polynucleotide comprising:

(1) a first promoter;

(i1) at least one CymR response element; and

(i) a cloning site for an open reading frame positioned such that said open

reading frame once positioned at said cloning site is in operable association with said

promoter, and said at least one CymR response element;
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In other embodiments, the present invention also encompasses various
eukaryotic host cells comprising the plasmids, constructs and vectors of

the invention. For example, the 25 invention encompasses, at least in
WO 20637213 : . ’p%r (AZ005/001508
préterred ‘embodiments, a host cell comprising a construct comprising a

open regdinglrame8eeding & CopRsyasiant or rcTA of the invention

under the control of a suitable promoter. Further, the host cell may

comprise a setBASEOREPIRPUBmprising: (i) a promoter; (i) at least one

CymR responsg)aig it Aah4ib.ak eRitgadibYAfiaRR-eBROARG Rion with said
protein to be expressed, in operable association with said eukaryotic 30
pRPBETand said at least one CymR response element, whereby in an
absence.ataneieetor saoRctiacudmsoimateaiRs advivaleptithesod,

said CymR variant exhibiting reducing . binding to said at least one CymR
GRS LA UL Teeool D SRR R S L SHRRy o eeulE such a
20063 ¢2ab el BT (EA2085/00LR0R Teperhisadngdrame banting ta said at least one
presence.of an effeclor molscule said SYIR variant eXibling. Inceased anain
bi Hi?lg ORI at Tesst one ymR response element to cause expréssion’

obsaichcopéarretfdngr fraaeyitherd iiytoRgenerdtexbdidipgoteina®drending to said at

embodiments of the invention i cludené II](Q ;s,}‘]o(gf%r%i ir‘]]g( -
R G M R S SR I AURE LA Bing rame

comprisirjediedstpsbgal wﬁﬁgfﬁrmm_'g’llh’éiﬁbgtf@éhqwﬁﬁﬁ@ri@@ﬁmm with reference
COMRAKisIAgLy () ARTOMAELSEQURAGSH Ak ALIRRATLONEG F IR LESRONS B readth of the

element; and (iif) an open reading frame encoding said recombinant
protsitipn 6peraplarEecd odiativeRdith aiteukaryotic promoter and said
at least one CymR response element; (h) introducing an effector
molecule that regulates CymR-mediated expression into the transformed
cells of step (a) to induce the expression of said gene and generate said
recgmipapkprotein. Each promoter may be selected from any suitable
promoter such as for 15 example the CMV, VIP, tk, HSP, MLP, and
MMTYV promoters. In other embodiments of the invention, there is

providedear methee:famregulativig 2ranseripiienahanepenreading fame in
operable association with a promoter and at least one CymR response
el BHIBRECRE WRARSd Comprising the steps of,

X 10°293A cells were plated in a 60mm dish with fresh DMEM supplemented

with 5% FBS and 1% L-Glutamine one day prior to the transfection. 4ug of linearized
plasmid DNA pAdCRSLacZ-neo (Mullick et al 2001} was transfected into 293A cells using
§ ul of PEI reagent (obtained from Biotechnology Research Institute, Montreal). After 48h
transfection, the cells were transferred into 96-well plate with the diluted ratio of 1-1.3 cells
per well. 600-800 ug/ml G418 was added to the culture medium for stable cell selection.
Resistant clones were picked after 3 weeks and verified by measurement of the expression

of LacZ enzyme through the infection of adenovirus containing the fusion transactivator

CymR-VP16'%).

Example 2 - PCR random mutagenesis of CymR
A chemically synthesized double-stranded oligonucleotide , encoding a 5 Glycine

peptide and bearing the sequences of a Not I restriction site at the 3’end and one
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(a) providing a polypeptide comprising a CymR variant exhibiting reversed
DNA 20 binding capability in that the CymR variant exhibits stronger DNA
V\Pénzﬁh% %%}Q/ity in the presence rather than the absence of an ’Ie/fog%[t}ggi(}BﬁOS
molecule stich as cumate or an equivalent thereof; and (b) aﬁerlng a

cepcaElatiaR 9fsaid ﬁf&ep@mmpdgﬁgﬁeedm%&m\mgﬁea@é% FARS 0T A which

systems and kits, for example for generating a 2 eukazo ic cell
EWRrFRS b RISt G EIE Vg R S 8RBETRIE A/ I Jutatssid R $p8nge o a

presenpie: Gial@HEGIORIMAUBRLIR SIChHAR GUERILI ik QQH%@&{HMB%EW PCR
For example, such a kit may at least comprise; (ag a first polynucleotide

EOHASFRIFG () & rdastsmitdP g0l AriRairaif HEEBRsR Instructions.
slesnenticarsutiha slenng siecionas npeniteadite frrmesRAA SR A SGR a
that said.open reading frame qn ositioned at said. cloning_site is,in
B G AT B A A0 SRR
MESPANSE BleOENT TITTWIT 2QN63RED ME FICA2005/001508 (b) a
| ising, M cond promoter; (ii). an open

B T R T AR A R wour
prahofergEwhesshppackiof sdid:fistidns decorid Pbleryrteptdashatidferent

itable for being, transformed into. tic host cell,.and in
R R B e o TR
sawnms&mmmgemm@qmm@u@am Iéigsstoﬁeffcbﬁgmm@pﬁcﬁend
RGN 1Q.LRUSGING PRADSXNAFSIN RisaidPRNISAHING HAWRs 3L Vymr
a presence of an effector molecule said CymR variant exhibiting
if9¢ B asEHASHIGAY 20%5ald ade0leRniityAe TS AR FEEHoIHbEe Blanferutations,
CAUE RIS IR AR ARG @%@ﬁr%a%ﬁ%%mﬂmﬁmpggd DNA

the invention will be further described below with reference to numbere
aseanvpibsionficheapisdWay intended to limited the scope and breadth
of the invention as encompassed by the appended claims.

Example 3- Adenovirus screening assay.
. . . . . 4
The adenovirus positive selection system has been described prewously( }. 293A

cells were plated in 100 mm dish one day before the infection which was performed using
modified adenovirus Ad5-APS at 2 MO of 107, 5 h later, 10ug DNA of linerized pAd-PS-
CMV-mut-cTA-IRES-GFP plasmid and 20ul of PEI were transfected into the 100 mm dish
of infected 293 A cells to generate recombinant Ad5-PS-CMV-mut-cTA-IRES-GFP libraries.

3 days later, cells were harvested and frozen/thawed for 3 times to release the recombinant
viruses. The measurement of virus titers was done by plaque assay (5) . Briefly, fresh 293A

cells in 6-well plates were infected with different dilutions (ranging from 107 to 107 of the
recombinant viral stock medium. After 6 h, the infected 293 A cells were overlaid by sea
plaque agarose and counted for the viral plaques after1 5-day culture.

57X 10°% of 293A-CRS5-LacZ were plated ig to each 100 mm dish, cultured overnight
and infected with 100-200 p.f.u. /dish. Afier 6 h infection, cells were washed and 10 ml/ dish
of fresh medium with sea plague agarose (at 1% final concentration) were added in the
presence or absence of 200 ug/mi of inducer cumate. Seven days later, additional 5 ml of the

same conditional medium was overlaid on the dishes and culture was continued for another
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15 EXAMPLES: Example 1 - Generation of a stable 293A cell line with a
reporter gene LacZ and a chimeric promoter CR5 20 | X 106 293A cells

er in a 60mm dish with fresh DMEM supplemente% ith 5%
Wﬁ%g%gé%;%& L-Glutamine one day prior to the transfection. S\g‘/@szt}woﬂlsos

Tineasizadpas g iRNARARERAL 364 BELIA WSk et Alb2ORL X WAS ue-Gal
transfected into 293A cells using 8 ul of PEI reagent (obtained from

seisteRmBIeYY e Sesltcfit R RASHISA TR ARG SR 04 SO et cach

deslismwatairanstirredint a6, well plate witlh heqdiduige: ate phitind-calls

25 per well. 600-800 ug/ml G418 was added to the culture medium f |
el BN FEFAGRY TGN B P U P o emalysis

verified by measurement of the expression of LacZ enzyme through the

D I e Sl on e ALt
Cf/m -VP‘%? 30 xampeﬁ- CRandon mu?ag edis of CymR A
chemitizdlyesymthe gz Baratar is@ttancedsoligemad epBAR aendddiziga ffom the

Glycine. peptide. png,the n f a Not | resfriction.si .

R N S A S L S b e

vinispatohedsNor Biter et ¢h énSiemell ivepsniigated aodabusalyeestaciezing and

z‘%ﬂQ P20 ISR RESREAFRE SION ANSAGHYAREARARNEIAIS Ficd as a
Inkerbetween CymR and VP16. The PCR random mutagenesis of CymR

igva e fie ot usirg uoerrd bR FFFAEPCRIONR AtjaR 881 i {SterbgRbcfore.

HR PR feAraceardingiiaihe MaskipatH e S INSIHUeHAnsd RBUEHYR Bel-

resulting plasmid pAdCMV5eTA-linker (refered to as cTA) was used as a

Nerhpsisites et 0 3mme RbestdS Gt PR Ry b HeR RN tHayemarens were

B FEEARRTBRCETTT BT §I.CC (N terminus) and 5'- 3
GTTTTTCGTACGCGCGCGGCTGTACG (C terminus) under conditions

which W82kl aebs fhegt 8rReIEhEt RS dFRHEHA M AEfere SHBESSIRg btgrgfProtein,
hsee oypuDswithdiffarent dondaarag sIohnUCERlida dHSIBREFRIRLARein (Lenti-

ranging from 0-3 mismatches per kb tq 7-13 mismatches/kb were

. kb
%%?f o> ‘K’H’h‘rr%@érBEﬂbf‘s“ﬁéeré“&i&SQt%Hl\/mﬁ @Wﬁﬂ&dﬁﬂﬁlweﬁg‘&t@@e’ to
derietd sestridad; PAhEEH MVETAIRESGE R0 stibstitvieibesw]lghdypRction was

c%%@dR out three times at 24 h intervals,

For generation of stable CHO cells, 10 ug of linearized plasmid pAdCMV SrcTA- and
10 ug of pPuro (Clontech, CA) for selection were co-transfected to 10X 10° CHO cells using
40 ul of PEI in 100 mm dish. One day afier the transfection, the cells were washed with PBS
and resuspended in CD CHO culture medium and plated into 96-well plates with the ratio of
3000 cells per well under 6 ug/ml of puromycine selection, Three weeks later, the positive
clone pools were verified by infection of adenoviral vector CR5-GFP m the presence or
absence of inducer cumate. The verified positive pools were subcloned using limiting dilution
of 1-1.5 cells/well in 96-well plates and verified again by infection with an adenovirus
AJCRS5-GFP using the same condition as described above.

Stable cells harbouring chromosomally integrated copies of the LacZ reporter
construct pAdCRS-LacZ were transiently transfected with 400 ng of reverse mutant
pAACMV 5rcTA plasmid DNA and 2 ug of carrier DNA mixed with 4.8 ul of PEI under the
induction of 200 ug/ml of cumate. As a comparative control, the wild type of pAdCMV5¢cTA

DNA was transiently transfected into the 293 A stable cells with the same conditions as
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for the mutagenized ones. In order to optimize the diversity of the CymR
mutations, electrophoratic transformation with E.coli DH 5a was carried

i prepared DNA 15 was ready for further applicatj
w@iﬂ%gﬁ%@ ng‘g/\%maosmmsos

xamp Adenovirus screening assay. The adenovirus p

SElealan, system, Q@?gqgéﬂ geserihedieuiousi {4hnd3At 8ellsNRISsidase staining

plated in 100 mm diSh one day before the infection which was performed
ushighof-RdeiedidaseRonia Rase S ala TR0 D5 A IktE:, h g tatve
ge A QL linsrizes PALESGMYADI TR RESICGER digsiid A 2Ulughe p-Gal

| were transtected into the 100 mm dish of infected 293A cells to

GhHekdts (RedmbRantnds: pegmgdprliseTae ResBed wihibRderv S gy
RiehEellbwes ﬂ@é&%ﬁg@aﬁvgsf@zgﬂmvmﬁ@aﬁeuw ipd elrAse habstrate

recombinant viruses. The measurement of virus titers was done by ,
[RERIE RS AY ST IRRaTRisFlp Y8l 9% Marbited Rl iRk et vaors TRreRgRgre with
With diffarent dilviepsraneinadeens 8 iadOtd pafthelracombinatidnaint of the
stock medium. After 6 h, the infected 293A cells. were ov rlaidﬁ{ Sea i etivit
PR R g BREP BRSO A BB SR LR P2 actviy

105 A 293AIGREM @GS Wwar e Ridtaskdndaieashe 40 s s iveudtinedDevices Corp,
overnight and infected with 100-200 p.f.u. /dish. After 6 h infection, cells

ST WAL aRti BN he SRR ISO G R BEACHh LRI it SBIR phdBtfivate the
@H@JQ&%&@SQ" finghaonceat atiaphwesgiaddetindle Areseneeoth medinm and

absence of 200 ug/ml of inducer cumate. Seven daﬁ later, additional 5 ml

orErEsinsccHnaian el urPivaS SVARLTER thed disHseirwiegiite 5. 2 mM
\yﬁ%%‘l?ﬁ‘@%ﬁdl fHBﬁBQx‘%@Ené&M\%@ %@@f@ﬁ?&%@@ﬂ&ﬁ%@@%%&% and the
- a

/ ays until the viral plaques formed. 3 m| of LacZ enzyme substrate )
(poeeptnelcaticabliseny AhiketmmitPlresh WesdsisaE gt aRdaiim 48 min
averlaid.apitbesoriaee ofigrebn dishanddreudaiedde e rnighi APniythie (OD/min),
viruses from plagues that were blue under the induction of c ma‘é%\\//,v(e]r{%_ GEP at
picked 3! SHtEXBLRTRES ThiEe TES RS flrtifes %%ﬁﬁ?ﬁé’.y ‘ 8
Rxennis 4ndnalysis anedehasactesmasion of (RvessaIMutaniabyin® SThe or 37°C
reverse CymR mutant sequence was obgned PCR g\rﬁg%i@on from
{FREPFAEKERY VRIS I EHEEHRY Lbol e SrERY B AEER inr&edted by
thealnaueipwiliosh! viremes \irdshewéer faxrssiaaysithe culture medium

and three cgcles of.Fgeezin
For ientiviral infec

CMV5-CuO-reTA and CRS5-GFP. 48 h fater, all infected cells were subjected to FACS

tion %naa.pyqs,is, normat 293 A cells were co-infected by lentiviruses

analysis following the same procedure as mentioned above.

Virus infected CHO or 293 A cells were harvested with cultured medium and fixed for
1 h by adding 0.2 ml of 10% of methanol free formaldehyde, into (.8 mi cell mixiure, After
filtration to remove cell ctump, FACS was performed using FACScalibur from Becton
Dickinson (San Jose, CA). Analysis was done on a total of 10,000 cells in each gated region

using CellQuest software. The percentage of positive green cells were determined.

Example 5 - Generation of an efficient stable 2934 cell line for screening and

analysis.
Previous experiments had already shown that a stable cell line with

optimized sensitivity for cumate induction is important for further library screening.
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10 thawing were used to release the amplified viruses. | ul of the
supernatant was applied as a template for the 50-ul volume of PCR
reaction with the same primers as mentioned before. The resulting PCR
%6%%?’&?Were digested with Bgill and Notl and ligated into%ﬁé@&ﬂ‘-’%’gfﬁos
regiiciedRiASIidRALGAINSGEA toireRiace el iddYRE Si%ER e plasmid
Transformations were then performed using E. coli Dh 5a. 15 293A stable
cgﬂwwasemenef@ieanuﬁmelfﬂt?\?ivakh/e@t@m@g(pfemiﬁg@miﬁcm@teéponer
(Lenti-CymR), reverse rcTA fusion protein (Lenti-rcTA), and reporter GFP
prajein(hentk SRIGREN Sirais@ 952 sells wetedpieried it At
mentioned lentiviruses. In order to optimize the efficacy of the transgene
integrations to hostcel osomes, the.infection was_carrie t.three
i D g s A it BT RN GRS
lingarized BRSRIRRAICMYEICTA:BE AOHIetRRM (EienieshGAor
selection were co-transfected to 10 X 106 CHO cells usmi;é 40 ul of PEl in

160enmaIRthORROESY SeRer The iurrmst st meerwie (éle (hadiewiartivn
PBS,And sesHsraRIaHd A GaiEa e and Rlatasd8tad into the

96-well plates with the ratio of 3000 cells per well under 6 ugiml of
p&Fn‘)’ﬁhycine selection. Three weeks later, the positive 25 clone pools were
verified by infection of adenoviral vector CR5-GFP in the presence or

absence of inducer cumate. The verijfied positive pools were subclonjed
eima BRI T B8 KR HGGT TR AR Ve PREL St
agaigebyifectigniadticanadefeovit sarNSGRGFGER, usiythile Isansensitivity
congig' rtl as described ?E)ove. S{tablg gells garb?ug[n%hr mos%maIrIX .
inflgrated ESPIEs o e LEE7 FelSoret B0 CoRett e pARCRA L A7 Werd ™™
trdmsibntiyp s ibetedbwithrdOGnigrofaeressise ciitdngiquAd@ MY BloTeAthan
D|Z§6l‘l igm iuféa\ n%sz lé?eofzr%%geigrbDN en@\if)l(r%g %Iz\ﬂ'gc]t%g zg.'lnlcp E]: F.';Flzgcp g & eg}ge
induction of ugyvm of cumate - Asa comparative control, the wilc type
ofipdet G5 cilinatDNithwizesctragesieatilynted 3 Sfeegau limonting 2 98Anstalglelone

%angagg%@&%ﬁﬂ%ﬁ?iﬁcant 40-fold

ce ith t itions
Péﬁ?\é\:é/i%do%leg%%@ Ogé?}%%%cn Oe@j ere. Two days later, the transfected

celidwobre Blsjdcimd to P-galactosidase staining using the
(3-Galactosidase Reporter Gene Staining Kit (Sigma,). Alternatively, the
guantitative determination of é??;galactosidase activity in the transfeeted

cefisamak ferfsiféa e Raesar SR RIEGROERS YRR efydaremutants using
trapsfesiedecellsmpgremvashed with PBS, harvested by

Random mutagenesis is a powerful tool to modify proteins for desired
6 . . .
purposes( ), Amongst the different techniques, error prone PCR is the one for

generating amino acid substitution in proteins by introducing mutations into a gene
during PCR. This technique allows us to generate iarge sized libraries. However,
efficient screening of the library in mammalian cells was a potential bottieneck for

the application of this technique. The inventors have previously developed a very

4)

useful system, adenovirus positive select system( , highly suitable for searching for

CymR protein reverse mutants.
In order to optimize the binding efficacy of fusion transactivator cTA, before

doing PCR random mutagenesis of CymR protein, the inventors designed a five-
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5 centrifugation and lysed by cell lysis reagent. 50 ul of cell extract and
100 ul of substrate reagent were mixed into a microtiter plate and

incubated for 15 min at room temperature with gentle rocking}.ﬁ?o ul of
Wﬁﬁg‘ffé%wﬁgent was added to each well and the measurenférlt o #E/001508

”Qﬂ%ﬁéc_&iﬁm\ﬁéﬁ@@ HorngRe %ﬁﬁﬂ@ﬁﬂﬂ&&W@é@@:ﬁﬁé[‘@%@{%&“ pY%. THE
enzymatic activity was measured at 37C using a microplate reader
Sﬁegfﬁ%f‘

A SFIMANEE AR SELREEE 519, SNeis A ¢ AT B RSy,
the-samplas wasRiheriadi AL0RE derStanitdioainctyate: the, R BRGaNAUS the

Seap._ArI;g}uots were diluted to a final volume of 50.cl of growth medium

aftt RIS O BN YAt Sb ISR SERE Ui GRpal one.
digthanelamine ph@stnamhMgRa o mbdl ishnmessgiting aaska0dn bt

p-nitrophenyl. phaosphate) was added and the increase qf optical density
O ESB  SBEE0y  HEIRH LR SURy TG U W6 RNOLS it
vaatitndidbA20 astheftinalion ofithe timMbeecomes@darTds to the SEAP

activity (QD/min table CHQ, cells expressi T nsactivator were
rected P e G e A MU P b et 1 e
cumnsiiti ¢8O0 gasiban drbebatedat 36Cotr87® N d3pechUdynrAdter«8ith
infegtion. all of.the e har i) 0 Idehyde.
0 R B A R
anaiy/sibclionhaito 9Banudl IsWENd ¥ocinfelateeplagdditividsepe CymR. Three

CM&&&&%@%@\QM&&%%%&&M%& 24 IRpIed SEIFWRTE coii

subjected to analysis following the Same procedure as mentioned

alstanes WietsaHifbtisbadc fity promehpesliswiesenakiied el with fadiiired
mediunpanddixadiiotoldaya0ging,0iimbef: % ot methapalifreeseiection

formaldehyde, into 0.8 ml cell mixture. After 25 filtration to remove cell
15 CISKRSTFALS Wa S Be ROTFRRARIBHTG I A SENRBIGH F6TH BEEIBR PBRAKIRSeh

(SRRNRSEH bk ANAIKSIRWARERNEO ARk 0bdha00 aellsithaskfection

gated region using CellQuest software. The percentage of positive green
cellEeiireed e FiTRag dieRemip s mise dis SiSHY Sh BRTGEHT itk 293A
celkine. fan sereesning and 30 analysis. Previous experiments had already
shown that a stable cell line with optimized sensitivity for cumate
induction is important for further library screening. 21 WO 2006/037215
20 PCI#2pR2005804508 bhednvonDis:Hvadeuse oithe293hnoells bshinecs.

PafgL tmov%gtgrrs] ng: ospeectiha% %ﬁ%@:@ screening procedure found to be suitable for the

(7

e

identification of ¢ TA/rcTA variants with adenovirus in 293 A cells™ 7. This is based

on the concepts that adenovirus repiication and amplification in mammalian celis
needs two important genes, E1 and PS. The inventor’s recombinant adenovirus

25 librartes lack the E1 gene since it is replaced by the transgenes and PS gene.
However, 293 A cells contain the ¢rans EIU), which confers 293A cell to be an ideal

candidate for screening the recombinant adenoviral libraries. In addition, since the

stable 293 A cell genome harbors reporter LacZ gene regulated under CRS promoter,

it is therefore highly suitable for isolating the target recombinant adenoviral plagues,
30 amplify and purify them. Fig. 2 shows the resuits. Compared with the plate

containing the blue wild type of ¢TA viral plaques under the condition of absence of

23



5

16

15

20

25

30

pAdCRS-LacZ-neo constructed (19) with the strong promoter CR5 and the

reporter LacZ gene. CRS is a chimeric promoter (19) and it is recognized

by the fusion transactivator eTA, CymR-VP 16(19). The binding of cTA to
B ERS is S interfered by the inducer, a small non-toXi fy@o1508

cumate, whishresHisJRdnenslgRcing.AtNG FERALERSCOGTRG IVERIIRI

used neomycin G418 for the selection of positive cell clones and
ahaly 286 Bisrtaraskarieiyless Rlesplasisherpliesifdnntesamne esmR preipn-
general, screening and analysis of mammalian positive cell clones in such
large numbers by transient transfection can be inefficient, may have low

sensitiviteARUHE HHE bR R iTyeTTh E YAV MBR v isfetrdRs pat the

dexelensrd anvalliGiensy stend tasdhisranalysis dhaaganavines Yeelobiue
eg?ressing eTA fusion protein. More than 100 E)or%tieig cl?nes were
s &%h

BetrSd B PR EHBUT L e A G ePRFRIRALY BIAB TR SH BT
CumBie witkrihesantanisaionepRafcasgiet Amingstihsificonadgaridied. -
displayed the strong expression of reporter La with significant .. .
PR e e R e
librariesawth@mRR oding ceguatantisusing s2tsthecpdgitiverseledtimysiérmid
Ran nesis.is a powerful tool.to ify, proteins for desired
B T R B B R R P S
om&f@peg@m@thg@iﬁ?ﬁbg@dnb&mbsﬂnqminfﬂm@%ywimmﬂmﬁgn the
THIRIROR RIS 00 BiyfhT MRLSRORIGS RGN0 IANARIR

large sized libraties. However, 25 efticient screening of the library in

marepelianveelishizncd. poteitian bq&i enbdkaorutie applicatbh ofhiised little
te&-@ﬂé%%?&%%ﬂ&?&ﬁ%{&@%@rsyd%b/mxg%%‘s@n@ VeRY ddsefibnding

system, adenovirus positive Select system(4), highly suitable for searching

foPXArhirdinstermeyeiseRn arameten Briefas bz HE Brlgingre
efg{}ﬁ;ﬁ%rﬁ f ]ﬁ%l@&iﬁ@@sﬁx@tm@ chiaRela® 43019AIAGHE CSROEeMerse

mutagenesis of Cymli protein, the inventors designed a five 22 WO

20U6IOBIEL REETCHR 205/ OFESRR S RRSFRS SHANPEptitR 4L a Hirige*
linking.te; the 1WQ RIS 1IN Hy IR AReth ViR (G e TiSrter LacZ gene expression.

Comparison with the wild type ¢TA shown the blue cells in the absence of cumate,
the third mutant, named 3-4C, revealed that it possessed the property of reverse ¢TA,
in that, under the induction of cumate, the transactivator rcTA binds to CRS
promoter and initiated LacZ gene expression, vice verse. All of the mutations

contributing to the three phenotypes of mutated CymR proteins are listed in Table 1.

Table 1. Mutations contributing to the different phenotypes of CymR-Vp16
Transactivator Anmno acid exchanges

3-IB  constiutive  on A;ggo CySI‘w

mutant

3-4C reverse mutant Vall® G]y‘42 e
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is based on the theory that a linker between two domains of a protein may
be necessary for protein flexibility and therefore for activity. The result
showed that the activity of the modified transactivator eTA-linker is similar

WO & OTial one. 5 However, the new version with the linkBF iS4 3141508
as-the e h Al | ' s;anticipated that
e e e Cincing
aotiigdotagiesmutated cTA. In the next step, the CymR gene was
amplifie@‘c@ﬁ;ﬁf&?éﬂ%ﬁ(&%ﬂ%ﬁ&%&&%i&@i\%@%ﬂ@é@@?&%%ﬂ?%o ,
manufactures instruction. Three PCR products with 10 different mutation
fratjirseidiéay ek AYPROME L% 728 PLTAL STk B verd wieiaeeranhepsay

subloneehiniRisIId RAGCMYBE TR reRacg R MIE-YRE LY MR-
Three different frequency libraries with gﬁproxmately 2.5 X105

redaThitftapt €U0 ClonEekpere R aDi¥Red P R AR OB R dra A

ampifies ancirydfivdiasiHassribedmreviensivdagenaiate sdpnavisdsence
libraries by using the positive selection 15 system. Since the size of

re¥ciRtsHEAR U RBREROF AR (erBBRInhitEcpatity U Harnas itAboatfeo!
selgtionsysteredhatnvenidis condoeiathinfestipattansieatonnducaen
times in different dishes to maxi ige the&adiver ity of the’rec%m infmt' :
acﬁ%%vi?&‘lel%V&F?&s?‘%%%ﬁ%l@r% - TS hESPRT R SN 25
regemilinant adienQcaklibrdreperhtdtifiventors dey dlopethaan effigient

screening procedure found to he suitahle for the identificati f /rcTA
A ASEH LT SRR ST TR ot o I S bpts
thabadermddifuscteplicatiofeand armplifichtidnon2hanymaliatycelid cndedsd at
two, impart nes, El.and PS. The inventor's recombinant ad irus
o AT BRI ATE SRS LB e RATACe s (Rl AP e e &
gehein Mawkyed A23BA wekscagtaihbth EAGS SoE Y€rifywpitle eanfeyp298A
cellio B w%?o'rdge;%?a)s(‘sdéga%ﬁté&r | C%%%ﬂé%%@% regompinantadenoiral ¢
libraries. In addition, since the stable cell genome harbors reporter
Lact genba egukatgdionmdertGRS @nomidtens itbisuthirdfdd e igiepthsuiteb kel
fog1 é@g}lﬁém cht@rg i£<.e¢6>3).mbinant adenoviral plaq_ues, 30 amplify a_ngl
purify them. Fig. 2 shows the results. Compared with the plate containing
the blue wild type of eTA viral plaques under the condition of absence of

23Exampz’e 9 - Regulation of the transgene expressions by rcT4 in stable CHO cells.

Chinese hamster ovary (CHO) cells have been widely used for the production
of therapeutic proteins(g’g). The application of using inducible gene switch system

for stably expressing desired genes have been reported. The inventors have
previously generated stable CHO cell lines expressing the therapeutic proteins under
the regulation of ¢TA gene switch system. Compared with Tet-switch in which the
large amounts of activator were required to achieve the required protein expression
level, cTA-switch is a more efficient system for high level protein expression in alt
tested cells including CHO (data not published). However, removal of the inducer
cumate for the induction of protein expression in ¢TA-switch system 15 a
cumbersome process for large-scale production,

In order to extensively exploit the application of ¢TA gene-switch system,

attempts of establishment of stable CHO cells constitutively expressing reverse
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WO 2006/037215 PCT/CA2005/001508 cumate, the plate of recombinant
viral libraries, with the same condition as the wild type one, displayed

VJB%&}(%%Q“JQ plaqgues due to the mutagenic CymR protei

inventors searched for reverse CymR mutants, which mear:% %ﬁg(?%%%ogmmses
%%Ei&zm&l&frww praa Hﬁﬁ@b%wﬂtﬂme]?@n@ym@ds . dhRIRPRER anae of
the blue plagues under the induction of cumate, roximately 60,00
it ierovr bR R e R A A e
aRiaiet weplifisdantpuiiiechild cseovemihe terspldq 2anfolinises line,

e R R R g R e R

that were subSequently r te p asmid
p;ep&ﬂvf\éspl%immbﬁitutammméﬂ@pmm rt]hreremlrssschmred that the
transtections were perfopmed to,Merily. & IERONR or%%t?%%‘ %‘iaggge%e
protein and contirm t?’Ie mutations by sequence analysils. maTIy, three
noutatecQymipraithetisraro titicletir [ropestios e s obtaifidg SASSHOWK B
Fig.,3..the-m - nipited li g ' r, j ince
e S El G
elednetmob CR:PromeEre THETola Mo Iolier 20Bnased|3viteec Bgpalientn

% reing, Ah&;ﬁ?]%mg AN 3-1 B displayad the, CORINNE FeVaISe e

notype. Regardless of the presence or absence of inducer cumate, the

eTArazaAspcHvalesRval/SKR praiigh achi Pt S e Tepureh B Agenes
e g%%aigme&?mﬁ?xfm{h%@, the wdld fipemrARhowN b RIME LaHSithost

the absence of cumate, 20 the third mutant, named 3-4C, revealed that it
possetstidthd biopéehy bf fuodpdw croasitiitivat FiivH dpa ey FeRIEHvI G ator
cumate, the transactivator rcTA binds to CRA¢promoter and initiated LacZ

gBrdxsratside Dycenbare MADPHEMIRtion SR ARSIBHHR § i E TR
prhenoty es.of mutated C roteins.are j in.Tahle 1. 25 Table 1. |
A HEAS CANITIURNG 5 The RArant pRCR S U R R st
Trahsasivataod minmaeicepxehafifR sdrlB mtiltedutad ttfhiss it viahmrGio
lle] 75 C sh?0 3-IB constitutive on Ar s13 mutant 3-4C reverse d
i tghl}eggfzeﬁfze ogté\c {ﬁgth concentra@‘: Q'PPY pil'giem 1o lerticne 7 Second,
the screening of adenoviral libraries for reverse CymR protein was performed at
37°C, and the impact.of changing temperature might contribute to the change of the

mutated CymR configuration, and therefore, resulted in reducing the affinity of

reverse CymR binding to its DNA binding element in CR5 promoter.

fxample 10 - Double regulation of rcTA gene switch in large-scale protein
production.

Given the fact that single regulation of reverse ¢TA to gene expression might
be not sufficient for high level, large-scale production of therapeutic proteins, the
inventors considered that double regulation of rcTA gene switch might be a suitable
tool for complementing this system. To do so, the inventors constructed a plasmid
with CymR protein-binding element named CuQ down streamed to CRS5 promoter.
The idea is that regulating the expression of reTA using the CymR protein would
reduce the expression of rcTA in absence of cumate thereby reducing the expression

of the gene of interest controlled by the CR5 promoter. Since both CymR and rcTA
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24 WO 2006/037215 PCT/CA2005/001508 Example 8 - Characterization
of the reverse transactivator with different methodologies. To further

“g(;!(gwg%,mg transcriptional activity of the reverse cTA, two lgi&q%%% olge/}{(?ll%s
X : :

experiments were carried out. First, a (3-Gal reporter gene assay

(Ghemiuninescanihyascanductedhby: thapsiamdransiectian RfYc TARksed
cTA plasmldsiggeAdCMVSCTA-Ilnker or pAdCMV5rcTA-linker, into the

Sameho GIRY RO prposE R IWRRRIY R RS S Tresaisr didhsigeranl
Ghitivation iaIibe resenre RhabaeNTEOfpaRIRior AR BahS&haveia

Fig. 4, a 10-fold increase in activation of rcTA was observed with the
RUORBH JF LAnRERE ED MR R AMRRPP SHLSRRISTIR ToRe ArdpALoR(dpsB)
transastivataig dbdbiispiayedabnagtahevaamedevel of activiticasy the wild

type cTA. The second experiment imating the rcTA activity was
RS 1 T VAR AT TS R i e el
ACGREGITR inMormail 293¢ ceid|SFive . irdlentadgatithr MIOts boar@20ind
respectively, and cultivated at 37C, 5% CO2 for 48 h. Since in.this_ .
SRR el e R R IR S
wettena fial yaeda by FXCHefosoatrifyimgs the af ity rofutivep e smsa dtivdtotion,
rcTA. As expgcted results. show a e, '

e R S e e e
theatiofudnkigerdteey e TAO{Eign 6)hizD Ex avpit @ oRegudetivasclithie ished,
transgene expressions TA in stable CHO.cells.. Chin ha r
SRS %feggg‘é% ;ﬁ%ﬁéfﬁ%%fﬁﬁg%%z m}tgj@éﬁﬁ“‘f s
thevapduticdpotednso sapihic atiporohugifg inditlcibtegelie sthitokoten
Sé&sﬁ%”'s‘iofé’fnﬁ%arﬁ!éls%ﬁ‘l%r%%%ﬂ%ﬁ%s&%?ﬁc9&‘%%SJcﬂéﬂ%sb@ﬁﬂa &R Gt [ NSapic
inventors have previously generated stablé CHO cell lines expressing the
thetapeutiB pelteinis: uiodble2Bathatee il ation: whoToulgdramwiteh ayistdntio

R R e S amana e e
nMote &fficiempsysiecxioedsigh Bivet Proteienexpféssidh i aumutsred oellbe
ding CHAOARARURISAT De HOUEY BloFelR¥ah el IRIATHER e
idea) ievel is achieved. '

The inventors have observed that, at least in selected embodiments, reTA can activate
the CR5 promoter to levels similar to what is obtained with ¢cTA. However, for comparable
induced levels, the induction factor observed for the reverse system is not as high as that
obtained with the ¢TA system. In an attempt to further improve the reverse cumate gene
switch system, the inventors have developed further preferred embodiments of the inveniion
involving a double regulatable system and applied it generate stable cell lines (e.g. 293 and

CHO cell lines) tightly controiling and yet highly expressing reporter genes such as GFP and

Seap. Such experimental results are presented in subsequent examples.

Example 11 - Generation of 293rcTA/CRS-SEAP-IRES-GFP and 293-CymR-
reTA/CR5-SEAP-IRES-GFP stable pools;

293 or 293-CymR stable cells were transduced with reverse r¢TA fusion protein
lentiviral vector pRRL.cppt. CMV5-1cTA.WPRE and lentiviral vector
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cumate for the induction of protein expression in eTA-switch system is a

30 cumbersome process for large-scale production. In order to extensively
exploit the application of cTA gene-switch system, attempts of
&Eﬁﬁ?fgﬁﬁfént of stable CHO cells constitutively expressing F&yédrgdt?401508

WRROOMUPBK LS. BT HEARMBR0L08 iransa ivitor rehfy werg nmade

by co-transfecting plasmids pAdCMV5rcTA and pPuro into CHO cells.
AfiEmE fisret- Thetkrsels YR Weth e eiR ithE.smbleRCIBAEIRFSIE F)
Wergakhieced o suheloninoptior ebiainingdhe slablerCiaOsre RA-celhine,
and analyses for the transcriptional activity by infection of adenovirus
bERFRG B et aokh st iribmize ARp AEEsE RPLS BRBFRIAYIY, the
ragtdisasbevedhésaddhenashiyibhk iansaetivate rverk A td o cals wass at
different from 293A cells and the cultivated temperature is another factor

tAAPSETRTA activity (Fig.6). With FACS analysis of reporter GFP gene
expression, the results indicated that the ratio of induction by cumate in

stable CHO cells was lower compared with the induction in 10 the stable
293pgBid 2orihereasting/ 2% meésrofirduction. Moreover, at 30C the
avexag¥ exigessiaRlexth ofe@fpRiproieinintied stabld GhG aelismdsced

higher_than t ressi elof G but the induction ratio
R S T A T L el et

passibbities deiisty iheuievbnsel hamsachyatdntweNA ¥-catiingied GYSFM 2%
e%@“ﬁﬁ RromoIeL M2 %Q)EFhat ROSRgsass e characleristic Qc?saaf&!%%
activity is fug‘ﬁer at 30 than at 376 i CROCENE. 5he Mbre transactivator
rcanfaéxpressiomotie, MafeRe pditan G Prgeneci nitthtbstrand fthentess 50
induction ratio obtained because of the high concentrate rcTA protein as
m%%)gl% ied before. Second, the screening of adenoviral libraries for
reverse CymR protein was performed at 37C, and the impact of changing

L%En}f%’.?nﬁ%teuf ¢ mugh %%‘3%@“’6%9-3}%5%%? of the 20 mutated CymR
guration, and therefore, resulted in reducing the affinity of reverse
CymR bifelswgeaitglDXA rﬁ@dmgdé_r@hieﬁﬂ@ CHs, pﬁ@#@i@t@‘:tﬁﬂaﬁ%ﬂ@}@ -
Sl R R stk el o,
mightmid pAdCMV5-CymR and 10 pg of pPuro (Clontech, CA) were applied. After
the transfection the cells were plated in 96-well piates and puromycin was added at 6
ug/mL. More than 300 clones were picked and analyzed for expression of rcTA by
infection with an adenovirus encoding GFP under the control of the CRS promoter
(AdV-CR5-GFP) at-a MOI of 100. The 2 best clones (10 and 300) were further
subcloned by limiting dilution and the screen for rcTA expression as described
above. The best clone (CHO-10#35) was selected for further analysis. To stably
integrate GFP and SEAP reporter genes in CHO-10#35, these cells were transduced
with a lentiviral vector carrying the SEAP and GFP reporter genes co-expressed
from an IRES under the control of the CRS promoter. Briefly, 1 X 10 stable CHO-
10#35 cells were plated into a 96-well plate one day before being transduced with
the Lenti-CR5-SEAP-IRES-GFP at an MOI of 1.3. The transduction was repeated

twice to increase the proportion of transduced cells in the population. To further

enrich for transduced cells, comate was added and GFP+ cells were sorted by FACS.
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proteins, the inventors considered that double regulation of reTA gene
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Inventors constructed a plasmid with CymR protein-binding €lem
named CuO down streamed to CR5 promoter. 30 The idea is that

regllapng the eypIessiP kA LMsinghe CymR protein would reduce
the expression of rcTA in absence of cumate thereby reducing the

eXSreediion erth ¥ gembtsdimtar L apehti el biaee e prantansfedsdcdhe
botbdzyNR AP A& s 26 ML 2006/030 ARG leAR ORSROEEES! with 1%

proteins are activated by cumate, upon addition of cumate, reTA would be

Xt S8a IR hY B NSE BN Brdter aHt in i S aitd wraibated for
expression of ke gerecafeiniemriicomedien binthe CRMxpomatam hhis

strategy can work only because the CymR and rcTA proteins display

aiBoSittralpdhe drpCertiatd IAGRICHORNFg° 655 Ak elpbeasacyrine o
double negiation ofircTAnsWiteRrRsied i Gratealiaalbn increagingdhe

induction ratio in stable 293A-CymR cells compared with the single

regaPHORGHE ASPHEAS9 806 CENS (Erign ey HREN BLEtHEF REISURTABrtaRE
andho ROSSHUEESs gmﬁéf aua@ta\llak@ @@{Ecﬂliﬁ%@d melglbab@aewit@ @%‘?@;‘ﬁ@gﬂ@m
rcTA-switch system for regulation of large-scale expression of therapeutic
i e e et
theyslepired Yere ety ehsigrltadesiepahimusrhighemieNels amMe®: m
W_?'gg%l’ée inductio& of cumate was diminished, while the induction ratio at
3

évaerrgétﬁfa Butthe protein expression level was lower. This
discovery offers another opportunity for tightly controlling the protein

expression in large-scale, mammalian cell culture, such as C cells,
S e SRR B oI U R TSR ed R
wdlt b indincetoat 3ilove arggelfithe: deshed inductioivieivel fand: thieiy
the temperature could be turned down to, 30C far high protein expression.
e P e R o at 300, (data
nofstranviing fabietimotetheathspassioirwigrecinativgenartiipteesiideshiavskized,
achieyedned TNGINVERIOE NavEARseried et nak e arhif $eIRGEin e

embodiments, reTA can activate the CR5 promoter to levels similar to
witithstetstiimet WieH8Y Aatqolhayas Td exprefsuraples driven by the CMV3-

CuQ promoter, wherein expression from the CMV35 promoter can be inhibited by
CymR binding to the CuO element. As expected, the double regulation of reporter
gene expression resulted in dramatically increasing the induction ratio in both
transient (Fig. 6) and stable 293A-CymR cells (Fig. 7) compared with the single
regulation in normal 293 A cells. It is noteworthy that in stable pools, the induction
factor in the doubly regulated configuration 1s 4-fold better than in 293-cTA (700 vs
175 on/off factor).

Example 16 - Selection of 293-SF-CymR/rcTA clones.

Since 293 cells adapted to grow in serum-free conditions (293-SF) (11), are
advantageous for applications such as large-scale protem production, the inventors
wanted to identify a clone exhibiting high-level expression and high ON/OFF ratios
in this cell line. 293SF-CymR/rcTA clones were infected with AACRS-GFP at an
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induced levels, the induction factor observed for the reverse system is not
as high as that obtained with the cTA system. In an attempt to further
“551% \{rgsthe reverse cumate gene switch system, the invento&% haye

eve %pe%?urther preferred embodiments of the invention 28into \%f‘}r?aﬂg]lsﬁs

desic reguiaiable, systemandapRIGH eenras: FEehis GBS (G the

293 and CHO cell'lines) tightly controlling and yet highly expressing
reidtengeRé st ee oEp by SedlpvSibh Bypsrrmestialdesifitd afdhe
PIRSERGRIARUPSEHHORE EXHNNIE S X AR 4 #PLRELABRA or further
293rcTA/CR5-SEAP-IRES-GFP and 293-CymR- 30 .
refudicrbscaEabe kepd of pp tpTe s SR 2090 RigbgEphkeaibieidemiio
were-transgueedwithiave e ctAduaianeaiein JemtihdrabyesiQector (Adv-
pPRRL.cppt. CMVS-reTA.WPRE and lentiviral vector 27 WO 2006/037215
PEFICATO0BIRBTEEEH RERT b I Eagbitet AWisRE s Bettivel] to
gesesatrad 33 RABRd 293- CymR-rcTA. These pools were then
transduced with (Lenti-CR5-SEAP-IRES-GFP) to generate
293rcTA/CR5-SEAP-IRES-GFP and 293-CymR-reTA/CR5-SEAP-
IRESpkR Btaaledponls! (THOrdB A effitnikadhe efficacy of the transgene

5 jntegrations.t %s&g&l h somes, the infections were carried out
AR TR TD SRR IR T LML R Presatn

2988 ROpMRIETBRY 2 L4 2 IBBFHGYARVESRS WER. flatda ishavddiwelhase
plate, The nsduced with | fS .
P D SNANHE HROSUAEE HIBE PO Blr clone (#10) was catture n the
pwwﬁc@ﬁsdwasesgb@@@ne@tdawithﬁtprgsmmmﬁcmwmlml%&e@(ﬂ@tfsl\nigb
2%, EBk Lhe LONSSTWEIG SELERNGH DY-FEaSYIRG [PRARH SN HO.-

expression (GFP) from an adenoviral reporter, AACR5-GFP In the

prevede bid1Qosencaloticunddis ilsotipgrdintos Ekaidpnt i3 cloenerhioing
of SRV BIBUGT A h fenssaip epybieseguts Rl Gelisoa

triple co-transfection in which 10 g of linearized plasmid

pAHCIINES CEO- o1 g SfdfrRanizuainaddil paderimudasiRiaieTo

9 of BN (B aesinfetonekgRBPISSABE addition of 25ug/m! of cumate.
Figure 9B shows the fluorescence index for the best clones and that for CHO-cTA
{5F1) as a reference. Clone 10-35 has been chosen for further studies because of the

high level of activation and tight regulation of GFP expression.

Example 18 - Effect of temperature on the activity of the doubly regulated reT4
gene switch system in stable a pool.

We have previously deseribed that in CHO-cTA cells the expression level of the
CR5 promoter was increased by 5-10 fold when the cells were shifted at 30°C (19).
This represents a significant asset for large-scale protein production in CHO cells.
We therefore examined whether the selected CHO-CymR/rcTA clone (CHO#10-35)
exhibited the same property. Stable pools of CHO-cTA (5F1) and CHO-CymR/reTA
(10-35) expressing the reporter SEAP and GFP genes from the CRS3 promoter were
established using lentiviral vector transduction as described above. Both pools were
enriched by FACS to similar levels of GFP positive cells {about 80%). Figure 10A

shows the results of SEAP gene expression at days 3, 7, 10 and 14 post-induction of
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20 the transfection the cells were plated in 96-well plates and puromycin
was added at 6 pg/mL. More than 300 clones were picked and analyzed
for expression of rcTA by infection with an adenovirus encoding GFP

z’bzpa_%(&lS(}S
The hastelnnasiQ ansl 3AQrwarefveiesasuhsionad Oy dimiting dibtion

and the screen for rcTA expression as described 25 above. The best

clEN (BT Ghesdyivaresealedted et tier dharsier i d iop peintdyrate™
GiP anehkA Birepertar ganespi Ot (RSB dieta eells WRaRed system is
transduced with a legtiviral vectar carry 9 the SEAP and GFEP reeorter

. 4 |
QRSP ETBTELEbaT o A RS LITORH APl Lo R tHe CHGET atos ae
pranmoie foBsielly Th XniQhsiabliegGikted it 0A3Syaels wesehplatathériau@. Thus

96-well plate one d £fore being, transduced with 30 .the .
O B L AR RGP S0 LB O i

repeated twice to increase the proportion of transduced cells in the

R o U S T Vs 9500

PCT/CAZ0951091 808 Epatinpléon shrRgsdpionfofitdegiviiahectdree®en
mﬂggﬁesﬁgé'd%éﬁée&%t&%r] A4PURR EiFal 19%'385%& BENGitory Authority

transfecte media of these cells was changed 2h before the

transféetdhticmhiyiashivieay s rRsiailyGrrd WS mikediwihiuey
DAV oMt eEM anshinspbated fas, dq:minutesat Rdnpafreneing

added to the cells. The cell culture medium was changed 4 h after the
travareRige (s APISRI may, temeneraad i persRgatedimelaths pepyent
CUMRIR.CaHCAltUrenSUPS MRtARLY Waleihanysstedh 48 datesrandiiasbical

growth medium was added to the cells to continue lentiviral vector
pro@tiEtidhare e PHWS supernatants (48h et 72h) were centrifuged at low
speed to remove the cells and filtered with a 0.45micron filter. The
resulting supernatant was centrifuged at 25 000 rpm for 2h a 4C. The
viraP e NgEh&hended in growt HE8RTH (DMEM or HSFM) were
storeg@t-80 15 Example 15 - In 2933R afllscTegudating the

S T the mduction factor whiP AT RDI L e lovel of

expsessiebsof the reporter gene.  (3-4C) pAd CMV5-rcTA -
In specific embodiments the invention encornpasses such biological materials, ali

cell lines and products derived therefrom. Copies of the receipts for the deposits are

provided on subsequent pages:
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Given the fact that in the absence of cumate, leaky gene expression was
observed, the inventors regulated the expression of rcTA such that it
uld be lower in the 20 OFF state than in the ON state. Thus rcT

9(6?%%%76%Was driven by the CMVS CuO promoter, whereif %ygr%zsog%%mos

from the CMV5 promoter can be |nh|b|ted by CymR binding to the CuO

lement.As e reporter gen g )
lnt}erna?é lﬂ e&?ﬁ% % ? Qt%% ratio in both q’%rng&?%g_gggg
ng’g’:ﬁ f:'" ce s( |g 7) compared Wltht Z5B

in 293 eTA (700 VS 175 on/off factor) Example 16 Selectron of

. 3- lones. 30 Since 293 cells adapted to grow in
intsmatsgg&]%’%{@i%ée@? S (293-SF) (11), are advantageous for applications

illocnlafxl ﬁjs !ﬁ?ﬁ? Bﬁéé‘"’&ﬁ-“ %@ﬁ identify a
I|ne i’@?&: A clfones were in ec ed with A

s ce!
WO 2006/037215 PCT/CA2005/001508 MOI of 10 and analyzed for GFP
ATTACECISS RS HHROSIREAHE T REBSVEBRIHAS P ANBORRERTHY St RTEMENT

cumate. Figure 8 shows the fluorescence index for 6 of the best clones

This rntearP, %ﬁ%@ﬁés%r%ﬁﬁht?ﬁﬁf LR AONR LRHIGE SR HIEFY igy%ﬁsm
spec:ﬁ %JH?Y%LQ& Wﬁn Sardddnber 106 "-z.h‘r:-
ON/OFIE ratio 5 of 17.3 is the hrghest Again usrng transrent expression
To (Nant¥'bragepevital)y depioril Ree s Eouihaieg wwainadactor in the doubly
regulated confrguratron |s 3.5- foId better than in 293 cTA. Example 17 -
Selection of CHO- CymR/rcTA cIones 10 More than 300. CHO-CymR/rcTA
AddressClanog \Reres ; atidnC 4R BReequlation of GEP by
adenoviral infection (AdVCRS GFP) Frg 9A shows the phase contrast
IdentificatioBré? Depeatence when one of the best clone (#10) was cultured in
the presence and absence of cumate In the presence of cumate, the
Referened Assitinatt by dbptsick PESSING YTNE y &
CHO-CymR/rcTA#300 and CHO ,
Accassion Number assigned by this IDA: 1600805 01.

It is noteworthy that in stable pools the

The deposit identified above was accompanied by:

- a scientific description (specify):

O a proposed taxonomic designation (spegify);

Signature of person{s)authorized to represent IDAC:

iz

Date._ /Samember 16,2008 -

Receipt in the Case of an Original Deposit /1 File 080 (05}
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15 CymR/rcTA#10 were sub-cloned by limiting dilution. To identify a clone

exhibiting high-level expression and high ON/OFF ratios

%mn( mR/rcTA#lO and 300 subclones were infected Wrth (1 Xéom 2FPeos

of 10 and analyzed for GFP expression 48 h po

with or without the addition of 25ug/ml of cumate. Figure 9B shows the

fluorescence index for the best clones and that for CHO-cTA 20 (5F1) as

a reference. Clone 10-35 has been chosen for further studies because of

the high level of activation and tight regulation of GFP expression. :
internationalcDép&fitan/ Rutivorihe oh Camadiy of the doubT;ete@ﬂdt)e‘ﬂB&:!O?O
Nationat diigrasintogyitcibeysteny imMeiteCGapadla 25 We have previdisky(204) 789-2097

"33115 Nﬁ@ﬁtﬁb&mﬂtm CHO- CTA cells the expression IeveI of the CR5
nnig anada BOE ©

agoianitaba

(19) Thrs represents a srgnlflcant asset for Iarge scale protern productron
in CHO cells, F refore examined whether the selected
internatieng FormR é:&% j ife (CHO#10-35) exhibited the same property.
Stab'e PO é’éﬁlﬁﬂgf s?ﬁg% ﬁ?tisx Qﬁsﬁ
EXPERRIBG RisrBant S,
were. established using Ientrvrral vector transductron as descrrbed above
Both pools were enriched by FACS to similar levels of GFP positive cells
ATTACH HOP B FFTHEcOFOG AL URE RIS GIBNT BERPAND &/ PBIdTY BTATEMENT
days 3, 7, 10 and 14 post-induction of 30 WO 2006/037215

- This in!a@atbpaoosmarm mmgamsmréemmﬁétgm
spear%a%g%mwmw@mw oRaptemheniS.4al0s

To (NarFégure B e e

mcreased at 30C in comparison to that at 37C, while the ON/OFF ratios

Addres@ 8 fub RIREIRFO ATA andsiesblycrIUpiedIRPA Systems at either

temperature. Thus the doubly regulated rcTA gene switch performs like
identifilxtioRrof\DegmaaitCHO cells. Example 19: Deposits of biological material

at International Depository Authorrty In support of thrs applrcatron three
Referengmanstabedi gy §iearsitRbrial.y X S &

' at the Canadian Internatronal Depository Au in at the National
Accessigh MWBRT ASHEBRY H“é%fﬁﬂ‘ganadal?é%@;ryﬂﬁgmrrsma———————, ,

The deposit identified above was accompanied by:

B a scientific description (specify):

- & proposed taxonomic designation (specify):

Signature of person(s)authorized to represent IDAC:

Date: jsrebtembet’ 168 2005

Receipt in the Case of an Original Deposit 11 File 0BG (05)
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Winnipeg, MB, Canada R3E 3R2. The deposits are merely intended to
provide examples of the clones that may be generated in accordance with

g; sent invention, and are in no way intended to be I|m ;[ e
@%F 5/001508
il %3?2t1r1e biological 15 materials are as follows: Accessio /

Reference 160905-01 293SF-CymR-rcTA #38 160905-02 CHO

R SPRyPSETAmberH CMV5-rcTArds gp84ifias-2070
:‘;?g:;ﬁ% &ﬁ? P%g)@gmes such blologlcak:@@(gmwm.ggg'r

Fratonal Deposi " 7 AUthority of Canada Tel:
(204) 789- 2070 Natlonal Mlcroblology Laboratory, Health Canada -
intematlé:r@i HIRAIBRSBR94 1015 Arlington Street Winnipeg, Manitoba Canada
R3E 3R2 International Form IDACFBP/4 RECEIPT IN THE CASE OF AN
ORIGINAECEIPD N TTHSTASH OFUANCIIGINAL RERQRSETdapest Treaty
Regesabons)radEn GHROB FIE Sitire Begaprstizalitaaoistipns)
CONTRACT AND VIABILITY STATEMENT This International Depository
Authority accepts the deposit of the micro [
Amcwa@ﬁlﬁﬁ%zgwmﬁfnf%h PEERSE TR H@g%iﬁﬁﬁ@?%% "’{"ES"’ENT
National Research Council of Canagda Adress .6 Lé%
This Intefnadipag ReeosPY AN ﬁﬁ%ﬁﬁ 7 OEReS igne
specified Bgiou AR WEST Y. CEss '

To (Mamg Af 68490 0%1 Natzonai Research Councz! of Canada

by

Address: 6100 Rovalmount Ave., Montreal, QC, H4P 2R2

identification of Deposit
Reference assigned by depositor, (3-4C) pAd CMVE-rCTA
Accession Number assigned by this IDA 180906-03

The deposit identified above was accompanied by:

J; a scientific description (specify).

0 a proposed taxonomic designation (specify);

i

Signature of person(s)authorized to represent IDAC:

!
Date: September 18, 2005

Receipt In the Case of an Qriginal Deposit 11 . Fite DBO (05)
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The deposit identified above was accompanied by: D a scientific
description (specify): 13 a proposed taxonomic designation (specify).
Sl ature of person(s)authorized to represent IDAC: Date: S tember 16i
%@%&érm in the Case of an Original Deposit ill File 080 74 10 ke
Internatiooab Dreps sitarg /aotbonityoof Genadshal Depositany ekl 63S-2070
National Bimratioingy (28kprzsorgoiiealiaiGrarmficrobiology Laboratb@ ROt 82-2087
1015 Nﬁl@ﬂ&tﬁfm (204) 789 2097 1015 Arlrngton Street winni eg Manrtoba

=F AN ORIGINAL DEPOSIT (issued pursuant to Rule 7. ' ofthe
Buda est Treat¥ﬁ? ulations) ATTACH COPIES OF THE ORIGINAL

E Internatiqng T AND VIABILITY STATEMENT This International

Dep05|tory Authorrty éﬁ‘ﬁ? Elwroorganlsm speC|f|ed

oo SR T 1 SEEBEL: T e
p03| atlon esearch Council of Canada Address

Party to VSIS ANBI eRsRieniFiIgR2edlentification of Deposit
Reference assrgne by deposrtor CHO rcTA/CymR 10 35 Accessron

Orlgrnal Deposrt III F|Ie 080 (05) 33
Deposlitor

identification of the Deposit

Accession Number given by the intematronal Depository Authonty,__jm_._____

Date of the original deposit (or most recent retevant date)._September 16, 2000

Viability Test .

Viability of the depoeit identified above was tested on (most reoent.date); Sept. 26, 2005
On the date indicated above, the culture was:

E/ viabie ;s

- no lonhger viable

Conditions under which the Viability Test were performed (to be filled in if the
information has been requested and the results of the test were negative):

Signature %son(s) authorized to repraesent {iDAC

Date: Sepyfmber 262005

Statement of Viabllity 1/1 ' BV 094 UET
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WO 2006/037215 PCT/CA2005/001508 International Depositary Authority
of Canada Tel: (204) 789-2070 National Microbiology Laboratory, Health
x:(204) 789-2097 1015 Arlington Street Winnip @;0
“@?ﬁ‘ga j’F:esE 3R2 International Form IDAC/BP/4 RECElPTligﬁ%Efgég SE™
OF AN ORIGINAL DEPOSIT (issued pursuant to Rule 7.1 of the
Budapest Treaty Regulations) ATTACH COPIES OF THE ORIG
DEPOSIPEE %ﬁﬂ@ﬁ%ﬂﬂﬁ/h&%ﬁLF?W%GFA“f‘ﬁmﬁRﬁ“"fﬁPsSﬁﬁ‘é atlonal

D%ﬁﬂ%&ﬁfﬂeﬁtﬁ%ﬂﬂ@@ﬁﬁ%ﬁd&ﬁs@ﬁﬂ%ﬁmhﬁmcrm@mﬁw§melﬁedzam
below, which was received by é n Se%)tember 16 2005 To g%%%wm e art

DD RERIS PRSI %H%‘i % BYRATE- AQGH
5 Rowvalmaadesghve Mansteal Qe RI4BZRS rbdeﬂnbﬁmncmﬁﬂepe@bndmg

Reference assign d by depositor (3-4C CMV5 rcE_Access

SR AR € R RSO D P AL s e g
acemmﬂﬂaimm}iagess’\im sdibitific desthptien(spaoify)[bipropogeatito encompass
taxqno natl ec| Sign uthorized to
rep?gse %éﬁ ate- e‘é‘fé"%éh)é“r" % PZ%%%%%%%%%%% Case of an
Original Deposﬂ 111 File 080 (05) 34 WO 2006/037215
PCT/CA2005/001508 International Depositary Authority of Canada Tel:
(204) 789-2070 National Microbiology Laboratory, Health Canada
Fax:(204) 789-2097 1015 Arlington Street Winnipeg Manitoba Canada

R3E 3R2 International Form IDAC/BPJ9 STATEMENT OF VIABILITY
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(Issued pursuant to Rule 10.2 of the Budapest Treaty Regulations) Party
to Whom the Viability Statement is Issued Name: Barnard Massie

doz%r?%ﬁ%%g\gjltional Res mb Council of Canada 2 6100 Rovz#%p}&&&\é 01508

ntreal.”OC. I-4P 2M Depositor Name: National Research Council o

Cappsnptdpss 51Qf) yalmount Ave Montrea QC H4P 2E2 Identification
of the Deposit Accession Number given by the International Depository
Authority: 160905-03 Date of the original deposit (or most recent relevant

date);heptembasd 6., 200AminbilityIestigmlifnalfh erdrposit identified.
above was tested gn (most recent dat g: Sept. 26, 2005 On the date1
RSB RECHET ETER WAS P AL T HePshger BARE B titions
urgesshichdleMahitity iest e empaiiosmeebioae ftletde Ftha. 2000, 5;
information ?;?S been requested and the results of the test were negative):
Sf)g?ﬁéﬁjrégg nerson(s) authorized to represent IDAC Date: 79 90n.5
Statement of Viability 1/1 ivti" 35 WO 2006/037215 PCT/CA2005/001508

Whilst.the invention has b escri [ r G, oo,
e B o e e e nanune ¢
recanabitramti MNARHACT sxprestio onsyeeins dithaqrfesdAbinvehtion] & 1-
person of skill in the art 5 would recognize that other CymR variants, rcTA
polypeptides, corresponding recombinant DNAs and expression systems
that have not been specifically described would nonetheless lie within the

SPiHt ﬁgm?ﬂWﬁp—@BIéﬁé%HHS@ﬂ@gaEWQmmmonas putida F1: cloning and
characterization of DNA encoding conversion of p-cymene to p-cumate. J Bacieriol,

1997, 179(10): 3171-80.

4, Elahi SM, Qualikene W, Naghdi L, O'Connor-McCourt M, Massie B.
Adenovirus-based libraries: efficient generation of recombinant adenoviruses by

positive selection with the adenovirus protease. Gene Ther. 2002, 9(18): 1238-46.

5. Massie B er al. New adenovirus vectors for proteinproduction and gene transfer.

Cytotechrology 1998, 28: 53-64.

6. Chirumamilla RR, Muralidhar R, Marchant R, Nigam P. Improving the quality of
industrially important enzymes by directed evolution. Mol Cell Biochem. 2001,
224(1-2): 159-68.

7. Oualikene W, Lamoureux L, Weber JM, Massie B. Protease-deleted adenovirus
vectors and complementing cell lines: potential applications of single-round
replication mutants for vaccination and gene therapy. Hum Gene Ther. 2000, 11(9):

1341-53.

8. Miescher S, Zahn-Zabal M, De Jesus M, Moudry R, Fisch I, Vogel M, Kobr M,
Imboden MA, Kragten E, Bichler J, Mermod N, Stadler BM, Amstutz H, Wurm F.
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all such embodiments within the scope of the appended claims, 36 WO
2006/037215 PCT/CA2005/001508 REFERENCES 1. Urlinger S, Baron
%%Q&Iﬁpann M, Hasan MT, Bujard H, Hillen W. Exploring the sequenc

e
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20
s. The polypeptide of claim 3, wherein the polypeptide comprises at least a portion of
CymR sufficient to bindl said CymR response element, and having a sequence comprising
mutations compared to the wild-type CymR sequence, said mutations selected from one or
more of the group consisting of Val at position 125, Gly at position 142 and Ile at position

25 144,

6. The polypeptide of claim S, wherein the polypeptide comprises Val at position 125,
Gly at positon 142 and Ile at positon 144,

30 7 The polypeptide of claim 6, wherein the polypeptide is selected from the group
consisting of:
(1) a polypeptide with the sequence of CymR Val125/Gly142/lie144;
(ii) a polypeptide comprising at least a part of CymR Vall25/Gly142/1le144 that is
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1 An isolated polypeptide comprising a sequence variant of CymR that
exhibits a higher affinity for a CymR response element when in a

Oreg(%ngcel ra%ther than an abse'nce ofan 5 effectpr moleculg. 2. Tr]fz D0S001508
pofypép‘?ha%‘ of claim 1, wherein the polypeptide is substantlglﬁﬂﬁc pé?f)q% -

%faﬁamgmahkﬁg e-Heiaseacs Qf faid SHR AP HIRISE! B cH As3uld: or an

polypeptide of claim 1, wherein the CymR response element is CuO. 4.
?ﬁé‘b%ﬁ%@ﬁ‘i@@id?’éﬁaim 1, wherein said effector molecule is selected

from thﬁi@%@l;?féﬁﬁifémﬁfg(‘éﬂ neate7 19 ety By AV IPaREaARIE St RMhat is
PABA), trimethyl cu mate, ethylbenzoate, 3,4-dimethylbenzoate,

AEHfoehadtes AP iyBEsBeRe  ASHEIIHEIN ot spsh as cumate or an
Ahavayinenzeaie, 4-ethoxybenzoate, 4-propyloxybenzoate,
4-n-butyloxybenzoate, 4- chlorobenzoate, 4-bromobenzoate,

4-iodobenzoate, 4-bromomethylbenzoate, 3,4- dichlorobenzoate,
AtrifluoThenmshybeidtosteladreThithvrimx yideest 46%inidtakitgne tik-polypeptide of CymR.
propyltoluene, 4-allytoluene, 4-fluoro-p-toluate, 3-chloro-p-toluate, and
4-bromo-m-toluate or chemical equivalents or salts thereof. 20 5. The
pblypeplidepoipienni8 pidiarei, fneipe lypeptid® Godptite ® didgmiyptide of CymR.
portion of CymR sufficient to bind said CymR response element, and

having a sequence comprising mutations compared to the wild-type

O¥mR Segumivespsigicl ahclmniohd ke ieid 15 bndoitithorthoptheepbipof CymR.
consisting of Val at position 125, Gly at position 142 and lie at position 25

144. 6. The polypeptide of claim 5, wherein the polypeptide comprises Val

at bositibre p2bP@aohskien 4mng sidaaspbitodenuly 9ohe, pphweptide of

pe ptide of claim 6, wherein the polypeptide is selected from the group
consisting of: (i) a polypeptide with the sequence of CymR Vall

25/Glyl4a2/lel 44; (i) a polypeptide comprising at least a part of CymR

Val125Ghddeiigddddhabis FaMAe SORBHS2 R RGICARDQRMGIRRR alenty

capable of binding CuO in a presence of an effector molecule such as

cEitAsheddp be SqiRRaR AR bR AR

13.  The polypeptide of claim 12, wherein the transactivation domain is suitable for

transactivation via RNA polymerase in a eukaryotic host cell.

13.  The polypeptide of 12, wherein the transactivation domain is derived from a

fransactivation domain is a VP-16 transactivation domain.

14.  The polypeptide of claim 12, wherein the transactivation domain is covalently

attached to the sequence variant of CymR via a linker comprising at least two Gly residues.
15.  Anisolated polynucleotide encoding the polypeptide of any one of claims 1 to 14.

16. A construct compnsing the isolated polynucleotide of claim 15 in operable
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(i) a polypeptide having at least 70% identity to the polypeptide of CymR
that is capable of binding CuO in a presence of an effector molecule such
as cumate or an 5 equivalent thereof. 8. The polypeptide of claim 7,
having at least 80% identity to the polypeptide of CymR. 9. The
polypeptide of claim 8, having at least 90% identity to the polypeptide of
CymR. 10 10. The polypeptide of claim 9, having at least 95% identity to

asstoRIRAIYRERtide k& YN duithbr Wb@t@iﬂﬁ@@;ﬁés@i&kmﬂgd hawingatleast

0,
10 Sadedent g%t‘” ,PQlvpeptide of CYMR, d oa%q%dmgﬂo'é{peﬁ“de of claim
%ﬂurt erc |ng a transactlvatlon domaln covalently attached to the

sequence variant of CymR. 13. The polypeptide of claim 12, wherein the
17 trangactivadien: domain is, suitadie a0 dansasiivaiian wiatRMNA

polymerase in a eukaryotic host cell. 13. The polypeptide of 12, wherein

the transactivation domain is derived from a transactivation domain is a
18.vp-TharansastivhtioindSniaitiensmarisiie heRyFdtitreos Rt pi vt paid
isoueerein,theidsansastivaiondomair issspuateriinalfachedo Hi@ressifm of said

ence variant of CymR via a. lin risin g at least t

P B Y R B vty
threjil bingiagraktye k40 %dIGSPA”é%P@fFH@t comprising the isolated

polynucleotide of claim 15 in operable 41 association with a promoter

1o Seaysas SHitable.[or. causing exerasyion of said peldleotde. o,

enerate said | polypeptidé ‘When said construct g transformed Into a ost

Salg@mf&qt?ﬂﬁﬂé TofstidabmERmids, wherein said host cell is a eukaryotic

host cell. 18. The construct of claim 16, further comprising in operable

oassopiationwiih said splated pRINCIRONAR. Aleast ong GV res

eement where expressmn of said poly hucleotide in a h ost cell
rec@@ﬁé\@fé’%%d polypeptlde can be regulated at least in part through blndlng

of CymR to said response element. 19. The construct of claim 18, wherein

21 Said Atle: aStf”Eo%mlanr& ONSE SISMENt {5, 349,82/ Bromgteg and 5 'to
sald po‘yn C

asmi or

eotl
22. The host cell of claim 21, wherein said cell is a mammalian cell.
23. The host cell of claim 21, wherein the cell is stably transformed with the plasmid.
24, The host celi of claim 23, further transformed with a second construct comprising:

(i) a promoder;

(ii} at least one CymR response element; and

(iii) an open reading frame encoding a protein to be expressed, in operable association
with said promoter and said at ieast one CymR response etement, whereby in an absence of
an effector molecule said CymR variant exhibits reducing binding to said at least one CymR
response element to cause little or no expression of said open reading frame, and in a
presence of an effector molecule said CymR variant exhibits increased binding to said at least
one CymR response element to cause expression of said open reading frame, thereby to

generate said protein.
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20. The construct of claim 16, wherein the construct is selected from a

plasmid or recombinant virus. 21. A eukaryotic host cell in culture

transformed with the plasmid of claim 16. 22. The host cell of claim 21,

wherein said cell is a mammalian cell. 23. The host cell of claim 21,

wherein the cell is stably transformed with the plasmid. 24. The host cell

of claim 23, further transformed with a second construct comprising: (i) a
25, promaigthdi Yatjeastione CoomB et parse ol enent ndiEian oprn

fe din framq en,godir%g a protein to be expressed, in operable association
me ho%jcm :smé he steps oY .
with said promoter ‘and said at least one CymR response element,

whereby in an absence of an effector molecule said CymR variant exhibits

redugingRioeing: osRist allleast Dreky R HRsSpPaRSaAlement to cause
little or no(?ﬁ(pression of said open reading frame, and in a presence of an

OmOter : O o .
effector m eculeaspélim&?m vanant exhibits increased binding to said at

least one (YmR #ElspBrse eraRarPryealrsecaikpréssion of said open

reading frapig, theseklytiogene mie saiddareteind4d:.3mbAmetRadfer operable

producing.arecombinant pratein in e, host sell of elaim- ol e, method. .

comprising the steps of: (@) trahstorming the host cell with & secon
construct comprising: (i) a promoter sequence; (ii) at least one CymR

respenserelement: amdidiaranendieadingfrayimk enepdig gaidsion into

e GERMRINANLPIY 4@@%‘39@“%’&%@ fRsggiation, with,ald e%“r%a@&%f’t'r?a%%%[%‘&%%ﬁ t0
and said at least one CymR response element; (ab introducing an effecto
genfaiectife errat el ateisiCymR-mediated expression into the transformed

cells of step (a) to induce the expression of said open reading frame

26 .the rqiﬁg rtn%ﬂ%g r(‘:\? Ié%ﬁn%' dwrheect;glrp [';%%B 2)3& (gt(%l:e%lﬁ? s'e%ecsfeg ?r%nrﬂ%h 09118 fcg%'ncas:il 9
25, wherein said promoter Is selecteéd from the group consisting” o ;

of GME, YEHSH I LAt M pismeists. 27. The method of claim 25,

wherein said effector molecule is selected from the group consisting of
27.Cum?¥1%’ n@{%ﬁ?&g '[Q_y lc%-iraﬁnﬂlg],oxt%ﬁgl%%icsaaig i(éifﬁeDcJt\(/)lr F])}/’S\J%% ]etriign s%}lgééleg ufrgl.]natt%é oroup
consisting of cumate, Di-methyl p-aminobenzoic acid (DM PABA), trimethyl cu mate,
ethylbenzoate, 3,4-dimethylbenzoate, 4-ethylbenzoate, 4-t-butylbenzoate, 4-phenylbenzoate,
4-henzylbenzoate, 4-ethoxybenzoate, 4-propyloxybenzoate, 4-n-butyloxybenzoate, 4-
chlorobenzoate, 4-bromobenzoate, 4-iodobenzoate, 4-bromomethylbenzoate, 3,4-
dichlorobenzoate, 4-irifluoromethylbenzoate, 4-ethyl-m-xylene, 4-vinyltoluene, 4-n-
propyitoluene, 4-allytoluene, 4-fluoro-p-toluate, 3-chloro-p-toluate, and 4-bromo-m-toluate

or chemical equivalents or salts thereof.

28. The method of claim 25, wherein said second construct comprises a plasmid or a

recombinant virus.

29. The method of claim 25, wherein said construct comprises a nucleotide sequence
encoding an rcTA suitable to facilitate transactivation of said promoter in said second
construct in response to a presence of said effector molecule, thereby 1o cause expression of

said recombinant protein.
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ethylbenzoate, 3,4-dimethylbenzoate, 4-ethylbenzoate, 4-t-butylbenzoate,
4-phenylbenzoate, 4-benzylbenzoate, 4-ethoxybenzoate,
4-propyloxybenzoate, 4-n-butyloxybenzoate, 4- chlorobenzoate,
4-bromobenzoate, 4-iodobenzoate, 4-bromom ethyl benzoate, 3,4-
dichlorobenzoate, 4-trifluoromethylbenzoate, 4-ethyl-m-xylene,
4-vinyltoluene, 4-n- propyltoluene, 4-allytoluene, 4-fluoro-p-toluate,

30.3- Chl‘h@z@tﬁ@ﬂkﬁt@aﬁﬂ@%@éﬂ&%&@&ﬁt@tQbﬁiﬁﬁﬁ@i@ﬁb@%ﬁl@@mﬂoﬁans

B g e mf-z q%d of cl a m 2 ereln sa| onstruct .
with said rsoka e('i po nucicotide, at leas of f:. res ere Y ?x&ressm
comprises a p Sml Oora recom VIr e rhe aim

of spiderdimusiier e stk edhip ﬁ@&aﬁ: m@m&xw@%@q@@ h@éegém@bﬁh@@wn
parfeT:Bush talledterfagilitaiestianspotivadionsaf said promoter in said second
construct in response to a presence of said effector molecule, thereby to
cause expression of said recombinant protein. 43 30. The method of
31.claimonsiing i plgaid G oristrifcttd nepristdsin o perapidassdoration with
ex;ﬁasiﬂdﬁd@@dep@yﬁw@mgmaua@swne £2yRBRHQSPORSE efiRBi@ folecule said

ere @rressm of said pol gtlge in.a host eII 0 generate said
Cym expr 01 3410 €X ss oncd eue CONsty] Hc Imn Sé'x rtﬁsion
ypep de can be reguiated at least m par rough binding o y?n 0

of %é%l ﬁéﬁp@ﬁf‘s@%\ﬂﬁ@ﬁ@ﬁ@ﬁl%@}fﬁéﬂ‘fd@ widctasmBoniitistan saidiost cell
exﬂfemfﬁh31rg‘dﬁ@&r&myﬁa@%m{@gﬁmmﬁﬁm:@ﬁ&@ssiﬂ@l@m&me
of 1 . inan absence-of sad ‘?ﬁeF‘%'iq{Ql? “l'n%sa sa%’t‘ ‘E{‘ Jrgsged
rom sala expression cassette binds to ‘Sal Tonstract and inhi _
consypeEEstarF O TA Frohrshid %?éfh@tmd?}”éﬁw opaéHaIly BReRs tGlsaints in
S_&lﬁ@@@ﬂd CaRsitE anddRhikis.expiessioniobpaid-anan feadingsirame
o ehcod gsglzald recg}mb{n%tt proteln and in a presence of said effector
pmo?ecu e°Said effector molecule inhibiting binding of said CymR to said
construct to cause expression of rcTA, said rcTA binding said CymR
32.resmnﬁar@temaega}hﬂm§aﬂaq§@mad m&%%?&mf@%ﬁi@:ﬂ@ﬁ@ﬂ%vaﬂon of
sai read |n fram in ession of omb rotein.
e S TRt O AN S A
*hecfﬁ@ﬁaqﬁle association with a promoter and at least one CymR response
elem@mrdheiﬁgatmgp@gm@ BsigistheastepR akirl@) prRviding-a.aalypepiide
biﬂ%ox{g pc@%a@ﬁ;% y rtﬂg% ¥1%“ r}!}n?{xﬁgl%ggrqgegg%ﬁgsesg olgger DNA binding activity in the
presence rather than the absence of an effector molecule such as cumate or an equivalent
thereof’ and

(b) altering a concentration of said effector molecule.

33. The method of claim 32, wherein said transcription occurs in a mammalian host cell in
culture.
34. The method of ciaim 32, wherein the CymR variant comprises at least a portion of

wild-type CymR sufficient to bind said DNA response element, and having a sequence
comprising mutafions compared to the wild-type CymR sequence, said mutations selected
from one or more of the group consisting of Val at position 125, Gly at positon 142 and Ile at

positon 144,

33. The method of claim 32, wherein the CymR variant includes a transactivation domain
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binding capability in that the CymR variant exhibits stronger DNA binding
activity in the presence rather than the absence of an effector molecule

such as eumate or an equivalent thereof; and (b) altering a concentration

0t &4 Wi Ctor molecule. 33. The method of claim 32, wherdih '&itf?0s/001508
trajvatsiphontatedrs ikd ManRnaliantkosiidelfon fatilitiemBdankbepmetiddaid open
of cl im§2, wherein the CymR variant comprises at least a portion of

vvrﬁa-f)l}ﬁ &%R sufficient to bind said DNA response element, and having

a sequence comprising mutations compared to the wild-type CymR

seguence q,'(i! u_at'{ons selected from one or more of the gro ,
oot L R SRR O AR B R Sie stecively
14pre36ahis metiipehed ©lainT3anawiod psinfthet@ ymRadeidht rithetayiaing;

transactivation(goé’rgﬂgppgﬂ,éﬁlc%gt%quﬁgggﬁé?CT/CAZOOSIOO1508

covalently attached to said CymR variant suitable for facilitating
transcription ofi$&ifsiRAMeSHIng frame. 36. A kit for generating a

eukaryotic cellgompsizing.an wYRIeHIMSIeAe!antively 5 upregulatable
in response to a presence of an effector molecule, the kit comprising; (a) a

first polynucledtida SeRpHEHidor @ LRAR I Brofmtemtinotienst sl Sghirid open
resROnse-alenoant Refidia floning Gtk AR APSIEFAALIRGHAMS, with said
positioned such that said open 10 reading frame once positioned at said
cBIRmGiae FA' pLieasiO B SEBRIETPRAST S8 BFomoter, and said at

least ones Cyradie pponsel edeimedtinf)stngecond polynucleotide

comprising; (i)1 secon rrc())nrﬂ)?t?r; (i) an open reading frame encoding a
rcTA in operabq LSS Wit said 15 promoter; whereby each of said

first and second: palynuelesiitlesianacseitabiegarbBmgn tramshtr mssckintoawith said
euka{ygtig host cell, and in an absence of an effector molecule, said rcTA
promofer;
whereby each of said first and second polynucleotides are suitable for being
transformed into a eukaryotic host cell, and in an absence of an effector molecule, said rcTA
exhibiting reducing binding to said at least one CymR response element to cause little or no
expression of said open reading frame, and in a presence of an effector molecule said CymR
variant exhibiting increased binding to said at least one CymR response element to cause

expression of said open reading frame.

37.  Thekit of claim 36, wherein said first polynucleotide forms at least part of a first

construct, and said second polynucleotide forms at least part of a second construct.

38.  The kit of claim 36, wherein said first and second polynucleotides form at least part

of a single bicistronic plasmid.
39, The kit of claim 36, wherein said second polynucleotide further comprises at least one
CymR response element, said open reading frame encoding an rcTA in operable association

both with said second promoter and said at least one CymR response element.

40. The kit of claim 39, further comprising;
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exhibiting reducing binding to said at least one CymR response element to
cause little or no expression of said open reading frame, and in a

resence of an effector molecule said CyrR 20 variant exhibitin _
|ﬁ)czr(}e33§)éazbslnding to said at least one CymR response elemlé(ﬁﬁ%%g(ﬂséﬂénms
expresgipn afr& pisl pperdeadbogfagme: 37. The kit of claim 36, wherein
said first polypucleotide forms at least part of a first construct, and said
second polyntrtfe réé’%?%ﬂ%%ﬁbast part of a second construct. 25 38.
The kit of claifii) 36ssvinel eim:satd dingt fandesecorithp OlynBcle atidgsifaimntahercof;
least part of a single bicistronic plasmid. 39. The kit of claim 36, wherein
said second polynucleotide further comprises at least one 30 CymR
relspobs e element; safdap effactacing dealn scshCuaiR g anastd finm perhtiied
a latior I i sa| : R
S e e e e

20061057215 POTIEAL00S/Ei01 968 16) tBeriidpon ssionilly birpiising: irs
(b rdbiickREmOtesiANd i) 2i5Repad PSR teRAIOIABE FOGOHING.CHTR said

or an equivalent thereof; 5 whereby in an absence of said effector
siblelen syl esHre S re satlacHsHnBdide RINEBE ALRAE @ bigdeitbat least one
S RLISASRIEMYI B [BRPARSREIS AN ERIdHSRIANG cRYRNEIeAlEof rcTA,

to inhibit expression of rcTA therefrom, and optionally binds to said first

SO BRI E Rhbiteas AR SR D SERP SHEATPERM § e PRREG Eotide

pigesnes fat st effecisomalesulepeietaifagtarmolecule inhibiting

binding of said CymR to said at least one 10 CymR response element in

said second polynucleotide thereby to cause expression of rcTA, said

il A binging: sdid @l eastvaaeiC ymRibspd askatementinsaigpbirst clement 1s

Eﬁl@ucleotide t egz@y toffacilitate expression of said open reading frame.
Mrife R SHEIAIT 367 Wherein each of said at least one CymR response

element is 15 CuO, or an equivalent thereof. 42. The kit of claim 36,

VXEe relﬁ’ﬁ@%i‘%c(;rf%}g& '%%%%%Azﬁé tr(?f Roc!(glr%n r?geggtmﬁs'?%m&'ﬁg{tx C;[IQ é))h[x]&( sufficient
said DNA response elerhent, and having a sequence comprising
rutatibssdcop aicepbnse element, and having a sequence comprising mutations compared

to the wild-type CymR sequence, sald mutations selected from one or more of the group

consisting of Val at position 125, Gly at positon 142 and Ile at positon 144.

43, The kit of claim 36, wherein the rcTA comprises a transactivation domain derived

from a VP-16 transactivation domain.
44.  The method of any one of claims 25 to 31, further comprising the step of:

shifting the temperatore of the host cell to a lower temperature sufficient o facilitate

induction of rcTA-mediated expression of said open reading frame.

45.  The method of claim 44, wherein the step of shifting cornprises a lowering of the

temperature of from 2-10°C.

46.  The method of claim 45, wherein the step of shifting comprises altering the
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to the wild-type CymR sequence, said mutations selected from one or
more of the group 20 consisting of Val at position 125, Gly at positon 142
and lle at positon 144. 43. The kit of claim 36, wherein the rcTA comprises
a transactivation domain derived from a VP-16 transactivation domain. 25
44. The method of any one of claims 25 to 31, further comprising the step
of: shifting the temperature of the host cell to a lower temperature
tenfeflicientriadagilitale addustionofysit Aeraediated expression of said open
reading frame. 30 45. The method of claim 44, wherein the step of shifting
comprises a lowering of the temperature of from 2-10C. 46. The method
47.of clammashedieé peincise seaISHtg edmpeiseyisne tigene 46
tempeiatg enofithpealbomabaet 34T 02kt 30fpedfurd berortad fbilitate
Y One (%fsgfgimgns;zaé? 3% ifuerther comprising the step of. shifting the
emperature of fie ﬁos’?%eﬁ?o'a lower temperature sufficient to facilitate
transcription of said open reading frame. 48. The method of claim 47,
48 wherej thengleRotishifting camprises adpweringak thanteraparaiueiff of the
te}gr%)%uzrélg%b 49>]T(p method of claim 48, wherein the step of shifting
omprises aﬂle“r'ing 1le temperature of the cell from about 37C to about
30C. 47

49, The method of claim 48, wherein the step of shifting comprises altering the

termperature of the cell from about 37°C to about 30°C,
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